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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with them.
Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with
appropriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of
nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as a reference to assist our customers in the selection of the
Renesas Technology Corp. product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Renesas Technology Corp. or athird party.

Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any
third-party'srights, originating in the use of any product data, diagrams, charts, programs,
algorithms, or circuit application examples contained in these materials.

All information contained in these material's, including product data, diagrams, charts,
programs and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corp. without notice due to
product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for
the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various
means, including the Renesas Technology Corp. Semiconductor home page
(http://www.renesas.com).

When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate al information as a total
system before making afinal decision on the applicability of the information and products.
Renesas Technology Corp. assumes no responsibility for any damage, liability or other loss
resulting from the information contained herein.

Renesas Technology Corp. semiconductors are not designed or manufactured for use in a
device or system that is used under circumstances in which human life is potentially at stake.
Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product
distributor when considering the use of a product contained herein for any specific purposes,
such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or
undersea repeater use.

The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technol ogies are subject to the Japanese export control restrictions, they
must be exported under alicense from the Japanese government and cannot be imported into a
country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or
the country of destination is prohibited.

Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix al unused input pinsto high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noisein the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power isfirst supplied, the product’s state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have areset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system'’s
operation is ot guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

o gk~ wbdhrE

When designing an application system that includes this L Sl, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, asthe
final part of each section.

7. List of Registers

8. Electrica Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsis a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

ThisLSl isamicroprocessor with the 32-bit SH-3 CPU asits core and peripheral functions
necessary for configuring a user system.

ThisLSl isbuilt in with avariety of peripheral functions such as cache memory, memory
management unit (MMU), interrupt controller, timer, three serial communication interfaces, real-
time clock (RTC), use break controller (UBC), bus state controller (BSC) and 1/O ports.

This LSl can be used as a microcomputer for devices that require both high speed and low power
consumption.

Target Readers: Thismanual is designed for use by people who design application systems using
the SH7709S.

To use this manual, basic knowledge of electric circuits, logic circuits and microcomputersis
required.

Purpose: This manual provides the information of the hardware functions and electrical
characteristics of the SH7709S.

The SH3, SH-3E, SH3-DSP Programming Manual contains detailed information of executable
instructions. Please read the Programming Manual together with this manual.

How to Use the Book:

* Tounderstand general functions
0 Read the manual from the beginning.

The manual explainsthe CPU, system control functions, peripheral functions and electrical
characteristicsin that order.

» Tounderstanding CPU functions
0 Refer to the separate SH3, SH-3E, SH3-DSP Programming Manual.

Explanatory Note: Bit sequence: upper bit at 1eft, and lower bit at right

List of Related Documents: The latest documents are available on our Web site. Please make
sure that you have the latest version.
(http://www.renesas.com/eng/)

e User manuals for SH7709S

Name of Document Document No.
SH7709S Group Hardware Manual This manual
SH3, SH-3E, SH3-DSP Programming Manual ADE-602-156

Rev. 5.00, 09/03, page vii of xliv
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¢ User manuas for development tools

Name of Document Document No.

C/C++ Compiler, Assembler, Optimizing Linkage Editor User's Manual ADE-702-246

Simulator/Debugger User's Manual ADE-702-186

Embedded Workshop User’'s Manual ADE-702-201

Rev. 5.00, 09/03, page viii of xliv
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List of Items Revised or Added for ThisVersion

Section Page

Description

1.2 Block Diagram 6

Figure 1.1 Block
Diagram

ASERAM deleted from figure

BRIDGE

ubl K

N

12}

>

o)

INTC K

CPGWDT [

External bus

interface

ASERAM deleted from legend

2.5.1 Processor States 53

Description amended

In the power-on reset state, the internal states of the CPU and the
on-chip supporting module registers are initialized. In the manual
reset state, the internal states of the CPU and registers of on-chip
supporting modules other than the bus state controller (BSC) are
initialized. Refer to
the register configurations in the relevant sections for further
details.

5.4 Memory-Mapped 113
Cache

5.4.1 Address Array

Description amended

This operation is used to invalidate the address specification for a
cache. Write back will take place when the U bit of the entry that
received a hit is 1. Note that, when a 0 is written to the V bit, a 0
should always be written to the U bit of the same entry, too.

Rev. 5.0, 09/03, page ix of xliv
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Section Page Description
5.4.3 Examples of 115, (1) Invalidating a Specific Entry
Usage 116 Description amended
A specific cache entry can be invalidated by accessing the allocated
memory cache and writing a 0 to the entry’s U and V hits. The A bit is
cleared to 0, and an address is specified for the entry address and the
way. If the U bit of the way of the entry in question was set to 1, the
entry is written back and the V and U bits specified by the write data are
written to.
In the following example, the write dataiis specified in RO and the
address is specified in R1.
; RO = H 0000 0000 LRU = H000, U=0, V=0
; Rl = H FOOO 1080, Wy = 1, Entry = H08, A=10
’ MOV.L RO, @Rl
Toinvalidate all entries and ways, write O to the following addresses.
Addresses
FO00 0000
FO00 0010
FO00 0020
FO00 3FFO
Thisinvolves atotal of 1,024 writes.
The above operation should be performed using a non-cacheable area.
(2) Invalidating a Specific Address
Newly added
(3) Reading Data from a Specific Entry
Description amended
RO = H F100 004C, Data array access, Entry = H 04,
Way = 0, Longword address = 3
MOV.L RO, @Rl ; Longword 3 is read.
6.2.6 Interrupt 127 IPR (bit numbers) for SCI amended
Eﬁg‘fﬁ“on Handling and (Before)lPRB(3-0) — (After)IPRB(7-4)
y
Table 6.4 Interrupt
Exception Handling
Sources and Priority
(IRQ Mode)
6.3.6 Interrupt 138 Description amended
(Flesg%e)st Register 0 When clearing an IRQ5R-IRQOR bit to 0, read the bit while bit set

to 1, and then write 0. In this case, 0 should be written only to the
bits to be cleared and 1 to the other bits. The contents of the bits
to which 1 is written do not change.

8.2.1 Standby Control 184
Register (STBCR)

Description added
Bit 1—Module Standby 1 (MSTP1)

Before switching the RTC to module standby, access at least one
among the registers RTC, SCI, and TMU.

Rev. 5.0, 09/03, page x of xliv
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Section Page Description
8.3.3 Precautions 187 Newley added
when Using the Sleep

Mode

8.5.1 Transition to 191
Module Standby
Function

Note *3 added to bit table

Note: 3. Before putting the RTC into module standby status, first
access one or more of the RTC, SCI, and TMU
registers. The RTC may then be put into module standby
status.

9.3 Clock Operating 210
Modes

Table 9.4 Available
Combinations of Clock
Mode and FRQCR
Values

2. under cautions amended

The peripheral clock frequency should not be set higher than the
frequency of the CKIO pin, higher than 33.34 MHz.

9.5.1 Changing the 213
Multiplication Rate

Description added

5.Supply of the clock that has been set begins at WDT count
overflow, and the processor begins operating again. The WDT
stops after it overflows.

When the following three conditions are all met, FRQCR should
not be changed while a DMAC transfer is in progress.

e Bits IFC2 to IFCO are changed.

e STC2 to STCO are not changed.

» The clock ratio of g (on-chip clock) to Bg (bus clock) after the
change is other than 1:1.

9.8.2 Changing the 218,
Frequency 219

Description added

5.The counter stops at a value of H'00 or H'01. The stop value
depends on the clock ratio.

When the following three conditions are all met, FRQCR should
not be changed while a DMAC transfer is in progress.

» Bits IFC2 to IFCO are changed.

e STC2 to STCO are not changed.

» The clock ratio of I (on-chip clock) to Bg (bus clock) after the
change is other than 1:1.

10.1.1 Features 223

Refresh function description deleted

10.2.5 Individual 246
Memory Control
Register (MCR)

Description added

Bit 7—Synchronous DRAM Bank Active (RASD): Specifies
whether synchronous DRAM is used in bank active mode or auto-
precharge mode. Set auto-precharge mode when areas 2 and 3
are both designated as synchronous DRAM space.

The bank active mode should not be used unless the bus width
for all areas is 32 bits.
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Section Page Description

10.2.13 MCSO0 Control 258 Description added

Register (MCSCRO) Bit 6—CS2/CS0 Select (CS2/0)
Only 0 should be used for the CS2/0 bit in MCSCRO. Either 0 or 1
may be used for MCSCR1 to MCSCRY.

10.3.4 Synchronous 290 Bank Active description added

DRAM Interface ... .In bank active mode, too, all banks become inactive after a

refresh cycle or after the bus is released as the result of bus
arbitration.

The bank active mode should not be used unless the bus width
for all areas is 32 hits.

10.3.6 PCMCIA 310 Figure amended
Interface D15 to DO
Figure 10.32 Basic .

Timing for PCMCIA (Write)

Memory Card Interface

10.3.7 Waits between 320 Figure amended

Access Cycles
<—N<—>\<—>}<—N<—N<—>\<—>\<—>

Figure 10.40 Waits ! ! | i

|
between Access Cycles oo Y\ T\ T\
A25tvoiX | i)( i)( X iX | iX

v Ty Ty Twait | Ty T, | Twait | Ty | T,
I

10.3.10 MCSJ[0] to 323 Description amended

MCS{] Pin Control This enables 32-, 64-, 128-, or 256-Mbit memory to be connected
to area O or area 2. However, only CS2/0 = 0 (area 0) should be
used for MCSCRO. Table 10.15 shows MCSCR0O-MCSCR7
settings and MCS[0]-MCSJ[7] assertion conditions.

11.6 Usage Notes 387 Description added

13. DMAC transfers should not be performed in the sleep mode
under conditions other than when the clock ratio of lg (on-
chip clock) to Bg (bus clock) is 1:1.

14. When the following three conditions are all met, the
frequency control register (FRQCR) should not be changed
while a DMAC transfer is in progress.

* Bits IFC2 to IFCO are changed.
e STC2to STCO in FRQCR are not changed.

» The clock ratio of Ig (on-chip clock) to Bg (bus clock) after
the change is other than 1:1.

13.4.3 Precautions 426 Newly added
when Using RTC
Module Standby
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Section Page

Description

16.4 SCIF Interrupts 550

Description amended

When the TDFE flag in the serial status register (SCSSR) is set to
1, a TXI interrupt request is generated. The DMAC can be
activated and data transfer performed when this interrupt is
generated. When data exceeding the transmit trigger number is
written to the transmit data register (SCFTDR) by the DMAC, 1 is
read from the TDFE flag, after which O is written to it to clear it.

When the RDF flag in SCSSR is set to 1, an RXI interrupt request
is generated. The DMAC can be activated and data transfer
performed when the RDF flag in SCSSR is set to 1. When
receive data less than the receive trigger number is read from the
receive data register (SCFRDR) by the DMAC, 1 is read from the
RDF flag, after which 0 is written to it to clear it.

16.5 Usage Notes 551

Description amended

1. SCFTDR Writing and TDFE Flag:

However, if the number of data bytes written to SCFTDR is equal
to or less than the transmit trigger number, the TDFE flag will be
set to 1 again even after having been cleared to 0. TDFE clearing
should therefore be carried out after data exceeding the specified
transmit trigger number has been written to SCFTDR.

2. SCFRDR Reading and RDF Flag:

However, if the number of data bytes in SCFRDR exceeds the
trigger number, the RDF flag will be set to 1 again even after
having been cleared to 0. RDF should therefore be cleared to 0
after being read as 1 after all the receive data has been read.

19.13.2 SC Port Data 610
Register (SCPDR)

Title Amended

Rev. 5.0, 09/03, page xiii of xliv
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Section Page Description
20.3 Bus Master 622 Figure amended
Interface
. Upper byte read
Figure 20.2 A/D Data
Reglster Access ; CPU Bus Module internal data bus
Operation (Reading receives H interface ﬁ
H'AA40) data H'AA
TEMP
[H'40]
ADDRn H ADDRn L _
[HAA] [H40] n=AtD
Lower byte read
CPU Bus Module internal data bus
receives H interface ﬁ
data H'40 f
TEMP
[H'40]
ADDRn H ADDRn L _
[HAA] [H40] n=AtD
23.1 Absolute 657 Caution added
Maximum Ratings 2.Until voltage is applied to all power supplies, a low level is input
Table 23.1 Absolute at the RESETP pin, and CKIO has operated for a maximum of 4
Maximum Ratings clock cycles, internal circuits remain unsettled, and so pin states
are also undefined. The system design must ensure that these
undefined states do not cause erroneous system operation.
Note that the RESETP pin cannot receive a low level signal while
a low level signal is being input to the CA pin.
23.2 DC 659,  Test conditions for in sleep mode amended
Characteristics 662 . . .
Item Symbol Min Typ Max Unit Test Conditions
Table 23.2 DC T e e
Characteristics Sleep*1 Icc — 15 30 : When there is no
mode IccQ _ 10 20 other external bus

cycle other than the
refresh cycle.

Vec=19V
VeecQ =33V

By = 33MHz

Note * added
* |f the IRL and IRLS interrupts are used, the minimum is 1.9 V.
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Section Page

Description

23.3.6 Synchronous 690
DRAM Timing

Figure 23.31
Synchronous DRAM
Burst Read Bus Cycle
(RAS Down, Same Row
Address, CAS Latency
= 2)

Tnop cycle deleted from figure

-

tap

Tel | Tc2 | Ted/Td1|Ted/Td2| Td3 | Td4
CKio JF\_JL_\JF\JF\J
tap
A25to A16 _§< Row address
tap tap
A12 or A0 _:§N Read command ‘;117

n

tap

nn 4ddres:

YCIX

tosps

ROWR | _%

Ty

CAS i

DQMxx JK

tcasp2

toamp

xﬁt

D31 to DO

tros2
[

troH2

tros2|tRoH2

< XF—'

tasp

Y

CKE (High)

-« tDAKD1

toakp1
DACKn §<

ol
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Section Page Description

A.2 Pin Specifications 723 Function information amended for Vcc—RTC, Vec—PLL1, Ve
Table A.2 Pin PLL2, and Vcc
Specifications Pin  PinNo. PinNo.  I/O Function
(FP-208C, (BP-
FP-208E) 240A)

Vee— 3 E2 Power RTC oscillator power
RTC supply supply
(2.0/1.9/1.8/1.7 V)
Vee— 145 F16, Power PLL power supply
PLL1 150 E17 supply (2.0/1.9/1.8/1.7 V)
Vee—
PLL2
Vee 29, 81, L3, L4, Power Internal power supply
134,154, U11,T11, supply (2.0/1.9/1.8/1.7 V)
175 J17, J16,
E18, C19,
C12, D12
A.3 Trea'tment of 724 "When RTC is not used" and "When PLL2 is not used" amended
Unused Pins (Before) (1.9/1.8V) _(After) (2:0/1.9/1.8[17V)
A.4 Pin States in 726to Note 2 amended
Access to Each 738

Note: 2.Unused data pins should be switched to the port

Address Space ’
function, or pulled up.

Table A.3 Pin States
(Ordinary Memory/Little
Endian)

Table A.4 Pin States
(Ordinary Memory/Big
Endian)

Table A.5 Pin States
(Burst ROM/Little
Endian)

Table A.6 Pin States
(Burst ROM/Big
Endian)

Table A.9 Pin States
(PCMCIA/Little Endian)

Table A.10 Pin States
(PCMCIA/Big Endian)
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Section 1 Overview and Pin Functions

1.1 SH7709S Features

ThisLSl isasingle-chip RISC microprocessor that integrates a Renesas Technol ogy-original
RISC-type SuperH™ architecture CPU asits core that has an on-chip multiplier, cache memory,
and a memory management unit (MMU) as well as peripheral functions required for system
configuration such as atimer, arealtime clock, an interrupt controller, and a serial communication
interface. This LSl includes data protection, virtual memory, and other functions provided by
incorporating an MMU into a SuperH Series microprocessor (SH-1 or SH-2).

High-speed data transfers can be performed by an on-chip direct memory access controller
(DMAC) and an external memory access support function enables direct connection to different
types of memory. The SH7709S microprocessor also supports an infrared communication
function, an A/D converter, and a D/A converter.

A powerful built-in power management function keeps power consumption low, even during high-
speed operation. ThisLSI can run at six times the frequency of the system bus operating speed,
making it optimum for electrical devices such as PDAs that require both high speed and low
power.

The features of thisL Sl islisted in table 1.1. The specifications are shown in table 1.2.

Note: SuperH isatrademark of Renesas Technology, Corp.
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Tablel.l SH7709S Features

Item Features

CPU .

Original Renesas Technology SuperH architecture

Object code level with SH-1, SH-2, and SH-3 Series

32-bit internal data bus

General-register files

O Sixteen 32-bit general registers (eight 32-bit shadow registers)

0 Eight 32-bit control registers

O Four 32-bit system registers

RISC-type instruction set

O Instruction length: 16-bit fixed length for improved code efficiency
O Load-store architecture

0 Delayed branch instructions

O Instruction set based on C language

Instruction execution time: one instruction/cycle for basic instructions
Logical address space: 4 Ghytes

Space identifier ASID: 8 bits, 256 logical address space

Five-stage pipeline

Clock pulse .
generator (CPG)

Clock mode: An input clock can be selected from the external input (EXTAL
or CKIO) or crystal oscillator.

Three types of clocks generated:

O CPU clock: 1-24 times the input clock, maximum 200 MHz

O Bus clock: 1-4 times the input clock, maximum 66.67 MHz

O Peripheral clock: 1/4-4 times the input clock, maximum 33.34 MHz
Power-down modes:

0 Sleep mode

0 Standby mode

0 Module standby mode

One-channel watchdog timer

Memory .
management
unit (MMU)

4 Gbhytes of address space, 256 address spaces (ASID 8 hits)
Page unit sharing

Supports multiple page sizes: 1, 4 kbytes

128-entry, 4-way set associative TLB

Supports software selection of replacement method and random-replacement
algorithms
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Item

Features

Cache memory

16-kbyte cache, mixed instruction/data

256 entries, 4-way set associative, 16-byte block length
Write-back, write-through, LRU replacement algorithm
1-stage write-back buffer

Maximum 2 ways of the cache can be locked

Interrupt
controller (INTC)

23 external interrupt pins (NMI, IRQ5-IRQO, PINT15 to PINTO)
On-chip peripheral interrupts: set priority levels for each module

User break
controller (UBC)

2 break channels

Addresses, data values, type of access, and data size can all be set as break
conditions

Supports a sequential break function

Bus state
controller (BSC)

Physical address space divided into six areas (area 0, areas 2 to 6), each a
maximum of 64 Mbytes, with the following features settable for each area:

O Bus size (8, 16, or 32 bits)
O Number of wait cycles (also supports a hardware wait function)

O Setting the type of space enables direct connection to SRAM,
Synchronous DRAM, and burst ROM

O Supports PCMCIA interface (2 channels)

0 Outputs chip select signal (CS0, CS2-CS6) for corresponding area
Synchronous DRAM refresh function

0 Programmable refresh interval

O Support self-refresh mode

Synchronous DRAM burst access function

Usable as either big or little endian machine

User-debugging
Interface (UDI)

E10A emulator support

JTAG-compliant

Realtime branch address trace

1-kB on-chip RAM for fast emulation program execution

Timer (TMU)

3-channel auto-reload-type 32-bit timer

Input capture function

6 types of counter input clocks can be selected
Maximum resolution: 2 MHz

Realtime clock
(RTC)

Built-in clock, calendar functions, and alarm functions

On-chip 32-kHz crystal oscillator circuit with a maximum resolution (interrupt
cycle) of 1/256 second
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Item

Features

Serial communi-
cation interface 0
(SClo/sCl)

3

Asynchronous mode or clock synchronous mode can be selected

Full-duplex communication
Supports smart card interface

Serial communi-
cation interface 1
(SCIL/IrDA)

16-byte FIFO for transmission/reception

DMA can be transferred
IrDA: interface based on 1.0

Serial communi-
cation interface 2
(SCI2/SCIF)

16-byte FIFO for transmission/reception

DMA can be transferred
Hardware flow control

Direct memory
access controller
(DMAC)

4 channels

Burst mode and cycle-steal mode

Data transfer size: 8-/16-/32-bit and 16-byte

1/0 port

Twelve 8-bit ports

A/D converter
(ADC)

10 bits + 4 LSB, 8 channels
Conversion time: 16 ps
Input range: 0—AVcc (max. 3.6 V)

D/A converter
(DAC)

8 bits + 4 LSB, 2 channels
Conversion time: 10 us
Output range: 0—AVcc (max. 3.6 V)

Product lineup

Abbr.

Power Supply Voltage

Operating

I/O Internal Frequency

Model Name

Package

SH7709S 3.3+0.3V 2.0+0.15V* 200 MHz

HD6417709SHF200B

208-pin plastic
HQFP (FP-208E)

1.9+0.15V 167 MHz  HD6417709SF167B  208-pin plastic
LQFP (FP-208C)
HD6417709SBP167B 240-pin CSP
(BP-240A)
1.8+0.25V 133MHz  HD6417709SF133B  208-pin plastic
1.8-0.15 V LQFP (FP-208C)
HD6417709SBP133B 240-pin CSP
(BP-240A)
1.7+40.25V 100 MHz  HD6417709SF100B  208-pin plastic
1.7-0.15 V LQFP (FP-208C)
HD6417709SBP100B 240-pin CSP
(BP-240A)

Note: * 2.0 (+0.15, —0.1) V when an IRL or IRLS interrupt is used.

Rev. 5.00, 09/03, page 4 of 760

RENESAS



Tablel.2 Characteristics

Item Characteristics

Power supply voltage e 1/0:3.3x0.3V
Internal: 2.0 +0.15 V (200 MHz model)*, 1.9+0.15 V (167 MHz model),
1.8 (+0.25, —0.15) V (133 MHz model), 1.7(+0.25, —0.15) V (100 MHz
model)

Operating frequency ¢ Internal frequency: maximum 200 MHz(200 MHz model), 167 MHz
(167 MHz model) 133.34 MHz (133 MHz model), 100 MHz (100 MHz
model); external frequency: maximum 66.67 MHz

Process e 0.25-pym CMOS/5-layer metal

Note: * 2.0 (+0.15, —0.1) V when an IRL or IRLS interrupt is used.
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1.2 Block Diagram

SH-3
MMU <] - CPU
<>
<=
n (2}
TLB S 2 < uBC
-— -
CCN
< <> AUD
- SCI
<] 2]
CACHE 2
< 3
L]
< SO ™MU
5
o
BRIDGE
K> RTC
L\
N
ubl K ——| BSsC
K IrDA
> puy
~ N
(2]
INTC K 3
- K SCIF
o~
| [ >| bmMAC K> §
CPGWDT K> =
I Sk Anc
<
=
oMT K
K> DAC
L\
External bus | /0 port KA
interface
Legend:
ADC: A/D converter INTC:  Interrupt controller
AUD: Advanced user debugger IrDA: Serial communicatiion interface (with IrDA)
BSC: Bus state controller MMU:  Memory management unit
CACHE: Cache memory RTC: Realtime clock
CCN: Cache memory controller SCl: Serial communication interface (with smart card interface)
CMT: Compare match timer SCIF:  Serial communication interface (with FIFO)
CPG/WDT: Clock pulse generator/watchdog timer TLB: Address translation buffer
CPU: Central processing unit TMU: Timer unit
DAC: D/A converter UBC: User break controller
DMAC: Direct memory access controller
uDI: User debugging interface

Rev. 5.00, 09/03, page 6 of 760

Figure1l.1 Block Diagram

RENESAS




13 Pin Description

131 Pin Assignment

AUDCK/PTH6]

156 [ EXTAL
155 [ XTAL
Vss
Vss
135 [=] AUDATA[OJ/PTG[0]

RASBL/PTJ[0]
CKE/PTK[5]

STATUSO/PTJ[6] [] CE2B/PTE[5]
STATUS1/PTJ[7] [ CE2A/PTE[4]
TCLK/PTH[7] ] CS6/CE1B
IRQOUT ] CS5/CE1A/PTKI[3]
VssQ ] CSa/PTK2
CKIO [] CS3/PTK[1]
VecQ ] CSZ/PTK[O]
TXDO/ISCPT[0] VeeQ
SCKO/SCPT[1] ] CS0/MCS0
TxD1/SCPT[2] VssQ
SCK1/SCPT[3] AUDSYNC/PTE[7]
TxD2/SCPT[4] RD/WR
SCK2/SCPT[5] WES3/DQMUU/ICIOWR/PTK[7]
RTS2/SCPT[6] WE2/DQMUL/ICIORD/PTK[6]
RxDO/SCPT]| WE1/DOMLU/WE
RxD1/SCPT] WEO/DQMLL
Vsg RD
RXD2/SCPT[4] BS/PTK[4]
Ci 5
CTS2/IRQ5/SCPT| VecQ
MCS[7]/PTC[7)/PIN AZd
MCS[6]/PTC[6]/PINT| VgsQ
MCS[51/PTC[5]/PINT]| A23
MCS[4]/PTC[4]/PINT| SH77098 Vee
Vs A22
WAKEUP/PTD[ FP-208C b5
Ve A21
RESETOUT/PTD] - A20
MCSISlPTCIS/PINT _'I:_P ZQSE A19
MCS[2]/PTC[2}/PI A18
MCS[11/PTC[1]/PINT]| ( op VIeW) A17
MCS[O}/PTC[O)/PINT| A16
DRAKO/PTI A15
DRAK1/PTD| VeeQ
DREQO/PTD| A14
DREQ1/PTD[6; VssQ
RESETP A13
CA A12
MD3 A11
MD4 A10
MD5 A9
AVsg A8
AN[0)/PTL[0] AT
ANMJPTL1]
AN[2]/PTL[2]
AN[3JPTL[3]
AN[4]/PTL[4]
AN[5]/P/I|\;[5] INDEX MARK
cc
AN[6)/DA[1])/PTL[6]
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1.3.2 Pin Function

Table1l.3 SH7709S Pin Function

Number of Pins

FP-208C

FP-208E BP-240A Pin Name 110 Description

1 D2 MD1 | Clock mode setting

2 C2 MD2 | Clock mode setting

3 E2 Vce-RTC* — RTC power supply (*3)

4 D1 XTAL2 @) On-chip RTC crystal oscillator pin

5 D3 EXTAL2 I On-chip RTC crystal oscillator
pin*®

6 E1l Vss-RTC** — RTC power supply (0 V)

C3 NMI | Nonmaskable interrupt request

8 E3 IRQO/IRLO/PTHIO] | External interrupt request/input
port H

9 E4 IRQL/IRLI/PTHI[1] | External interrupt request/input
port H

10 F1 IRQ2/IRL2/PTHI[2] | External interrupt request/input
port H

11 F2 IRQ3/IRL3/PTH[3] | External interrupt request/input
port H

12 F3 IRQ4/PTHI[4] | External interrupt request/input
port H

13 F4 D31/PTBJ[7] 110 Data bus / input/output port B

14 Gl D30/PTBJ[6] 110 Data bus / input/output port B

15 G2 D29/PTBI[5] 110 Data bus / input/output port B

16 G3 D28/PTBJ[4] 110 Data bus / input/output port B

17 G4 D27/PTBJ[3] 110 Data bus / input/output port B

18 H1 D26/PTBJ[2] 110 Data bus / input/output port B

19 H2 VssQ — Input/output power supply (0 V)

20 H3 D25/PTBJ[1] 110 Data bus / input/output port B

21 H4 VeeQ — Input/output power supply (3.3 V)

22 J1 D24/PTBJ0] 1/0 Data bus / input/output port B

23 J2 D23/PTA[7] 110 Data bus / input/output port A

24 J4 D22/PTA[6] 110 Data bus / input/output port A

25 J3 D21/PTA[5] 1/0 Data bus / input/output port A

26 K2 D20/PTA[4] 110 Data bus / input/output port A

RENESAS
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Number of Pins

FP-208C

FP-208E BP-240A Pin Name 110 Description

27 K3 Vss — Power supply (0 V)

— K4 Vss — Power supply (0 V)

28 K1 D19/PTA[3] 110 Data bus / input/output port A
29 L3 vce — Power supply (1.9 V/1.8 V*%)
— L4 Vee — Power supply (*%)

30 L2 D18/PTA[2] 110 Data bus / input/output port A
31 L1 D17/PTA[1] 110 Data bus / input/output port A
32 M4 D16/PTA[O] 110 Data bus / input/output port A
33 M3 VssQ — Input/output power supply (0 V)
34 M2 D15 110 Data bus

35 M1 VeeQ — Input/output power supply (3.3 V)
36 N4 D14 110 Data bus

37 N3 D13 /0 Data bus

38 N2 D12 110 Data bus

39 N1 D11 /0 Data bus

40 P4 D10 110 Data bus

41 P3 D9 /0 Data bus

42 P2 D8 110 Data bus

43 P1 D7 /0 Data bus

44 R4 D6 /0 Data bus

45 R3 VssQ — Input/output power supply (0 V)
46 T4 D5 /0 Data bus

47 R1 VeeQ — Input/output power supply (3.3 V)
48 T3 D4 /0 Data bus

49 T1 D3 110 Data bus

50 R2 D2 /0 Data bus

51 uz2 D1 110 Data bus

52 T2 DO /0 Data bus

53 V4 AO (0] Address bus

54 V3 Al (0] Address bus

55 V5 A2 (0] Address bus

56 w4 A3 (@) Address bus

Rev. 5.00, 09/03, page 10 of 760
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Number of Pins

FP-208C

FP-208E BP-240A Pin Name 110 Description

57 U4 VssQ — Input/output power supply (0 V)
58 W5 A4 (@) Address bus

59 U3 VeeQ — Input/output power supply (3.3 V)
60 us A5 0] Address bus

61 T5 A6 (@) Address bus

62 w6 A7 0] Address bus

63 V6 A8 0] Address bus

64 u6 A9 0] Address bus

65 T6 Al10 (@) Address bus

66 w7 All o] Address bus

67 V7 Al12 (@) Address bus

68 u7 A13 o] Address bus

69 T7 VssQ — Input/output power supply (0 V)
70 w8 Al4 0] Address bus

71 V8 VeeQ — Input/output power supply (3.3 V)
72 us Al15 (@) Address bus

73 T8 Al16 0] Address bus

74 W9 Al7 (@) Address bus

75 V9 A18 0] Address bus

76 T9 Al19 (@) Address bus

77 u9 A20 o] Address bus

78 V10 A21 (@) Address bus

79 u10 Vss — Power supply (0 V)

— T10 Vss 0] Power supply (0 V)

80 w10 A22 0] Address bus

81 u11 Vce — Power supply (*%)

— T11 vee — Power supply (*3)

82 V11 A23 0] Address bus

83 w11 VssQ — Input/output power supply (0 V)
84 T12 A24 0] Address bus

85 ui2 VeeQ — Input/output power supply (3.3 V)
86 V12 A25 0] Address bus

RENESAS
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Number of Pins

FP-208C

FP-208E BP-240A Pin Name 110 Description

87 w12 BS/IPTK[4] O/1/0  Bus cycle start signal / input/output
port K

88 T13 RD 0 Read strobe

89 ui13 WEO/DQMLL (@) D7-DO0 select signal / DQM
(SDRAM)

90 V13 WE1/DQMLU/WE 0 D15-D8 select signal / DQM
(SDRAM)

91 w13 WE2/DQMUL/ICIORD/ O/ 1/0 D23-D16 select signal / DQM

PTK[6] (SDRAM) / PCMCIA 1/O read /

input/output port K

92 T14 WE3/DQMUU/ICIOWR/ O/ 1/0 D31-D24 select signal / DQM

PTK[7] (SDRAM) / PCMCIA 1/O write /

input/output port K

93 ul4 RD/WR o) Read/write

94 V14 AUDSYNC/PTE[7] O/10 AUD synchronous / input/output
port E

95 w14 VssQ — Input/output power supply (0 V)

96 T15 CS0/MCSJ0] o Chip select 0/mask ROM chip
select 0

97 uis VeeQ — Input/output power supply (3.3 V)

98 T16 CS2/PTKI0] o/l/o Chip select 2 / input/output port K

99 w15 CS3/PTK[1] O/10 Chip select 3 / input/output port K

100 ui6 CS4/PTK][2] o/l/o Chip select 4 / input/output port K

101 w16 CS5/CE1A/PTK]3] O/10 Chip select 5/CE1 (area 5
PCMCIA) / input/output port K

102 V15 CS6/CE1B o Chip select 6/CE1 (area 6
PCMCIA)

103 V17 CE2A/PTE[4] O/1/0  CE2 (area5 PCMCIA) /
input/output port E

104 V16 CE2B/PTE[5] O/1/0  CE2 (area 6 PCMCIA) /
input/output port E

105 T18 CKE/PTK[5] O/1o CK enable (SDRAM) / input/output

port K
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Number of Pins

FP-208C

FP-208E BP-240A Pin Name 110 Description

106 uis RAS3L/PTJ[0] O/10 Lower 32 M/ 64 Mbytes address
(SDRAM) RAS / input/output port J

107 u19 PTJ[1] Oo/l1/o0 Input/output port J*

108 R18 CASL/PTI[2] /10 Lower 32 M/ 64 Mbytes address
(SDRAM) CAS / input/output port J

109 T19 VssQ — Input/output power supply (0 V)

110 T17 CASU/PTJ[3] /10 Lower 32 Mbytes address
(SDRAM) CAS / input/output port J

111 R19 VeeQ — Input/output power supply (3.3 V)

112 ui7 PTJ[4] 1/0 Input/output port J

113 R17 PTJ[5] 1/0 Input/output port J

114 R16 DACKO/PTDI[5] Oo/10 DMA acknowledge 0 / input/output
port D

115 P19 DACK1/PTD[7] Oo/10 DMA acknowledge 1 / input/output
port D

116 P18 PTE[6] 1/0 Input/output port E

117 P17 PTE[3] 1/0 Input/output port E

118 P16 RAS3U/PTE[2] O/10 Upper 32 Mbytes address
(SDRAM) RAS / input/output port
E

119 N19 PTE[1] 1/0 Input/output port E

120 N18 TDO/PTE[0] Oo/1o Test data output / input/output
port E

121 N17 BACK (@) Bus acknowledge

122 N16 BREQ | Bus request

123 M19 WAIT | Hardware wait request

124 M18 RESETM | Manual reset request

125 M17 ADTRG/PTH[5] | Analog trigger / input port H

126 M16 I0IS16/PTGI[7] | I01S16 (PCMCIA) / input port G

127 L19 ASEMDO/PTG[6] | ASE mode** / input port G

128 L18 ASEBRKAK/PTGI[5] o/ ASE break acknowledge / input
port G

129 L16 PTG[4]/CK102 Input port G / clock output

RENESAS
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Number of Pins

FP-208C

FP-208E BP-240A Pin Name 110 Description

130 L17 AUDATA[3]/PTG[3] /O /1 AUD data / input port G

131 K18 AUDATA[2]/PTG[2] 1/0/ AUD data / input port G

132 K17 Vss — Power supply (0 V)

— K16 Vss — Power supply (0 V)

133 K19 AUDATA[L1]/PTG[1] /O /1 AUD data / input port G

134 J17 vee — Power supply (*3)

— J16 Vee — Power supply (*%)

135 Ji8 AUDATA[O]/PTG[O] /1O /1 AUD data / input port G

136 J19 TRST/PTF[7)/PINT[15] | Test reset / input port F / port
interrupt

137 H16 TMS/PTF[6]/PINT[14] I Test mode switch / input port F /
port interrupt

138 H17 TDI/PTF[5])/PINT[13] I Test data input / input port F / port
interrupt

139 H18 TCK/PTF[4]/PNT[12] | Test clock / input port F / port
interrupt

140 H19 IRLS3/PTF[3]/ | External interrupt request / input

PINT[11] port F / port interrupt
141 G16 IRLS2/PTF[2]/ | External interrupt request / input
PINT[10] port F / port interrupt

142 G17 IRLS1/PTF[1)/PINT[9] | External interrupt request / input
port F / port interrupt

143 G18 IRLSO/PTF[OJ/PINT[8] | External interrupt request / input
port F / port interrupt

144 G19 MDO | Clock mode setting

145 F16 Vee-PLL1*? — PLL1 power supply (*%)

146 F17 CAP1 — PLL1 external capacitance pin

147 F18 Vss-PLL1*? — PLL1 power supply (0 V)

148 F19 Vss-PLL2*? — PLL2 power supply (0 V)

149 E16 CAP2 — PLL2 external capacitance pin

150 E17 Vee-PLL2*? — PLL2 power supply (*°)

151 D16 AUDCK/PTH[6] | AUD clock / input port H

152 E19 Vss — Power supply (0 V)

153 D17 Vss — Power supply (0 V)
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Number of Pins

FP-208C

FP-208E BP-240A Pin Name 110 Description

— D19 Vss — Power supply (0 V)

154 E18 Vee — Power supply (*%)

— Cc19 vee — Power supply (*3)

155 C18 XTAL (@) Clock oscillator pin

156 D18 EXTAL I External clock / crystal oscillator
pin

157 B16 STATUSO/PTJ[6] Oo/10 Processor status / input/output
port J

158 B17 STATUS1/PTI[7] /10 Processor status / input/output
port J

159 B15 TCLK/PTHI7] I/O TMU or RTC clock input/output /
input/output port H

160 Al6 IRQOUT o Interrupt request notification

161 C1l6 VssQ — Input/output power supply (0 V)

162 Al5 CKIO le] System clock input/output

163 C17 VeeQ — Power supply (3.3 V)

164 C15 TxDO/SCPTIO0] (@) Transmit data 0 / SCI output port

165 D15 SCKO/SCPT[1] 110 Serial clock 0 / SCI input/output
port

166 Al4 TxD1/SCPT[2] (@) Transmit data 1 / SCI output port

167 B14 SCK1/SCPTI[3] Ie] Serial clock 1 / SCI input/output
port

168 Cl4 TxD2/SCPT[4] (@) Transmit data 2 / SCI output port

169 D14 SCK2/SCPTI[5] 110 Serial clock 2 / SCI input/output
port

170 Al13 RTS2/SCPT[6] o/l/o Transmit request 2 / SCI
input/output port

171 B13 RxDO/SCPT[0] | Transmit data 0 / SCI output port

172 C13 RxD1/SCPT[2] | Transmit data 1 / SCI output port

173 D13 Vss — Power supply (0 V)

— Al12 Vss — Power supply (0 V)

174 B12 RxD2/SCPT[4] | Transmit data 2 / SCI output port

175 c12 vee — Power supply (*3)

— D12 Vee — Power supply (*%)

RENESAS
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Number of Pins

FP-208C

FP-208E BP-240A Pin Name 110 Description

176 All CTS2/IRQ5/SCPT[7] I Transmit clear 2 / external interrupt
request / SCI input port

177 B11 MCSI[7]/PTC[7]/PINT[7] O/1/O/1 Mask ROM chip select/
input/output port C / port interrupt

178 D11 MCSI[6])/PTC[6]/PINT[6] O/I1/O/1 Mask ROM chip select/
input/output port C / port interrupt

179 Ci11 MCS[5/PTC[5]/PINT[5] O/1/O/1 Mask ROM chip select/
input/output port C / port interrupt

180 B10 MCS[4]/PTC[4]/PINT[4] O/1/O/1 Mask ROM chip select/
input/output port C / port interrupt

181 C10 VssQ — Input/output power supply (0 V)

182 D10 WAKEUP/PTDI3] o/llo Standby mode interrupt request
notification / input/output port D

183 A10 VeeQ — Input/output power supply (3.3 V)

184 Cc9 RESETOUT/PTD[2] o/l/o Reset output / input/output port D

185 D9 MCS[3)/PTC[3]/PINT[3] O/I/O/1 Mask ROM chip select/
input/output port C / port interrupt

186 B9 MCS[2/PTC[2]/PINT[2] O/1/O/1 Mask ROM chip select/
input/output port C / port interrupt

187 A9 MCS[1)/PTC[1]/PINT[1] O/I/O/1 Mask ROM chip select/
input/output port C / port interrupt

188 D8 MCSI[O0])/PTC[O]/PINT[0] O/I/O/1 Mask ROM chip select/
input/output port C / port interrupt

189 Cc8 DRAKO/PTD[1] Oo/1o DMA request acknowledge /
input/output port D

190 B8 DRAK1/PTD[0] O/10 DMA request acknowledge /
input/output port D

191 A8 DREQO/PTD[4] | DMA request / input port D

192 D7 DREQ1/PTDI[6] | DMA request / input port D

193 C7 RESETP | Power-on reset request

194 B7 CA | Chip activate (hardware standby
request signal)

195 A7 MD3 | Area 0 bus width setting

196 D6 MD4 | Area 0 bus width setting

197 C6 MD5 | Endian setting
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Number of Pins

FP-208C
FP-208E BP-240A Pin Name 110 Description
198 B6 AVss — Analog power supply (0 V)
199 A6 ANJ[0])/PTL[O] I A/D converter input / input port L
200 D5 AN[1])/PTL[1] I A/D converter input / input port L
201 C5 AN[2]/PTL[2] I A/D converter input / input port L
202 D4 ANJ[3]/PTL[3] I A/D converter input / input port L
203 A5 AN[4]/PTL[4] I A/D converter input / input port L
204 C4 ANI[5]/PTLI[5] I A/D converter input / input port L
205 A4 AVcc — Analog power supply (3.3 V)
206 B5 ANI[6]/DA[1]/PTL[6] A/D converter input /

D/A converter output / input port L
207 B3 ANJ[7]/DA[O]/PTL[7] A/D converter input /

D/A converter output / input port L
208 B4 AVss — Analog power supply (0 V)

Notes: 1. Must be connected to the power supply even when the RTC is not used.

2. Except in hardware standby mode, all of the power supply pins must be connected to
the system power supply. (Supply power constantly.) In hardware standby mode, power
must be supplied at least to Vcc —RTC and Vss —RTC. If power is not being supplied to
any of the power supply pins other than Vcc —RTC and Vss —RTC, hold the CA pin low.

3. 2.0V for the 200 MHz model, 1.9 V for the 167 MHz model, 1.8 V for the 133 MHz
model, 1.7 V for the 100 MHz model.

4. When this LSl is used on the user system alone, without an emulator and the UDI, hold
this pin at high level. When this pin is low or open, RESETP may be masked (see
section 22, User Debugging Interface (UDI)).

5. B2,B1, C1, U1, V1, W1, V2, W2, W3, W17, W18, W19, V18, V19, B19, A19, B18, Al8,
Al7, A3, A2, and Al are NC pins. Do not connect anything to these pins.

6. If EXTAL2 is not used, pull this pin up to the Vcc-RTC level.
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Section2 CPU

2.1 Register Configuration

211 Privileged M ode and Banks

Processor M odes. There are two processor modes: user mode and privileged mode. The
SH7709S normally operatesin user mode, and enters privileged mode when an exception occurs
or an interrupt is accepted. There are three kinds of registers—general registers, system registers,
and control registers—and the registers that can be accessed differ in the two processor modes.

General Registers: There are 16 general registers, designated RO to R15. General registers RO to
R7 are banked registers which are switched by a processor mode change. In privileged mode, the
register bank bit (RB) in the status register (SR) defines which banked register set is accessed as
general registers, and which set is accessed only through the load control register (LDC) and store
control register (STC) instructions.

When the RB bit is 1, the 16 registers comprising BANK1 general registers RO_ BANK1—
R7_BANK?1 and non-banked general registers R8—-R15 function as the general register set, with
the 8 registers comprising BANKO general registers RO BANKO-R7_BANKO accessed only by
the LDC/STC instructions.

When the RB bit is 0, BANKO genera registers RO BANK0-R7_BANKO0 and nonbanked general
registers R8—R15 function as the general register set, with BANK1 general registers RO BANK1—
R7_BANK1 accessed only by the LDC/STC instructions. In user mode, the 16 registers
comprising bank O general registers RO_BANKO0-R7_BANKO and non-banked registers R8—R15
can be accessed as general registers RO—R15, and bank 1 general registers RO BANK1—
R7_BANK1 cannot be accessed.

Control Registers: Control registers comprise the global base register (GBR) and status register
(SR) which can be accessed in both processor modes, and the saved status register (SSR), saved
program counter (SPC), and vector base register (VBR) which can only be accessed in privileged
mode. Some bits of the status register (such as the RB bit) can only be accessed in privileged
mode.

System Registers. System registers comprise the multiply and accumul ate registers
(MACL/MACH), the procedure register (PR), and the program counter (PC). Accessto these
registers does not depend on the processor mode.

The register configuration in each mode is shown in figures 2.1 and 2.2.

Switching between user mode and privileged mode is controlled by the processor mode bit (MD)
in the status register.
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RO_BANKO*1*2
R1_BANKO0™?
R2_BANKO0*2
R3_BANK0*2
R4_BANKO0™?
R5_BANK0*2
R6_BANKO0™?
R7_BANKO0*?

R8
R9
R10
R11
R12
R13
R14
R15

SR

GBR
MACH
MACL

PR

| PC |
User mode register configuration

Notes: 1. RO functions as an index register in the indexed register-indirect addressing
mode and indexed GBR-indirect addressing mode.
2. Banked register.

Figure2.1 User Mode Register Configuration
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31 0 31
RO_BANK1*1*2 RO_BANKO0™1*3
R1_BANK1*2 R1_BANKO0*3
R2_BANK1*2 R2_BANKO0*3
R3_BANK1*2 R3_BANK0*3
R4 BANK1*2 R4 BANKO*3
R5_BANK1*2 R5_BANKO0™*3
R6_BANK1*2 R6_BANKO0*3
R7_BANK1*2 R7_BANKO0™3
R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13 R13
R14 R14
R15 R15
SR SR
SSR SSR
Notes: 1. RO functions as an index
GBR GBR register in the indexed
MACH MACH register-indirect addressing
MACL MACL indirecs adcressing moce.
PR PR
VBR VBR 2. Banked register
When the RB bit of the SR
PC PC register is 1, the register can
SPC SPC be accessed for general use.
When the RB bit is 0, it can
RO BANKO*1*3 RO BANK1*1*2 only be accessed with the
R;_B ANKO™3 R;_B ANK1"2 LDC/STC instruction.
R2_BANKO0™ R2_BANK1" 3. Banked register
R3_BANKO0"? R3_BANK1"2 When the RB bit of the SR
R4 BANKO™3 R4 BANK1*2 register is 0, the register can
R5 BANKO*3 R5 BANK1*2 be accessed for general use.
R7_BANKO™ R7_BANK1"2 LDC/STC instruction.
a. Privileged mode b. Privileged mode
register configuration register configuration
(RB=1) (RB=0)

Figure2.2 Privileged Mode Register Configuration
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Register values after areset are shown in table 2.1.

Table2.1 Initial Register Values

Type Registers Initial Value®
General registers RO to R15 Undefined
Control registers SR MD bit =1, RB bit =1, BL bit =1,

I13-10 = 1111 (H'F), reserved bits =
0, others undefined

GBR, SSR, SPC Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined

PC H'A0000000

Note: * Register values are initialized at power-on reset or manual reset.

212 General Registers

There are 16 general registers, designated RO to R15 (figure 2.3). General registers RO to R7 are
banked registers, with a different RO—R7 register bank (RO_BANKO-R7_BANKO or
RO_BANK1-R7 BANKZ1) being accessed according to the processor mode. For details, see
figures2.1 and 2.2.

The general register configuration is shown in figure 2.3.

General Registers

31 0
RO*1 *2 Notes:
E;*i 1. RO functions as an index register in the indexed
R372 register-indirect addressing mode and indexed
R42 GBR-indirect addressing mode. In some instructions,
R5%2 only RO can be used as the source register or
R6%2 destination register.
R7*2
RS 2. RO-R7 are banked registers.
R9 In privileged mode, SR.RB specifies which banked
R10 registers are accessed as general registers
SE (RO_BANKO0-R7_BANKO or RO_BANK1-R7_BANK1).
R13
R14
R15

Figure2.3 General Registers
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213

System Registers

System registers can be accessed by the LDS and STSinstructions. When an exception occurs, the
contents of the program counter (PC) are saved in the saved program counter (SPC). The SPC
contents are restored to the PC by the RTE instruction used at the end of the exception handling.
There are four system registers, as follows.

Multiply and accumulate high register (MACH)
Multiply and accumulate low register (MACL)

Procedure register (PR)
Program counter (PC)

The system register configuration is shownin figure 2.4.

System Registers

31
MACH Multiply and Accumulate High and Low Registers
MACL (MACHIL)
Store the results of multiply-and-accumulate operations.
|31 PR O| Procedure Register (PR)
Stores the return address for exiting a subroutine
procedure.
31 0
| PC | Program Counter (PC)
Indicates the address four addresses (two instructions)
ahead of the currently executing instruction. Initialized
to H'A0000000 by a reset.
Figure2.4 System Registers
214 Control Registers

Control registers can be accessed in privileged mode using the LDC and STC instructions. The
GBR register can also be accessed in user mode. There are five control registers, as follows:

Status register (SR)

Saved status register (SSR)
Saved program counter (SPC)
Global base register (GBR)
Vector base register (VBR)
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31 0 Saved Status Register (SSR)
| SSR Stores current SR value at time of exception to
indicate processor status in return to instruction
stream from exception handler.
31 0 Saved Program Counter (SPC)
| SPC Stores current PC value at time of exception to
indicate return address at completion of exception
handling.
31 0 Global Base Register (GBR)
| GBR Stores base address of GBR-indirect
addressing mode. The GBR-indirect addressing mode
is used for on-chip supporting module register area
data transfers and logic operations.
The GBR register can also be accessed in user mode.
Its contents are undefined after a reset.
31 0 Vector Base Register (VBR)
| VBR | Stores base address of exception handling vector area.
Initialized to H'0000000 by a reset.
31 30 29 28 27 13121110 9 8 7 3 1 0 Status
|o|mD[rB[BL| 0 o-lct/o[o[m[a]13121110]0]0s]|T] register
(SR)
MD: Processor operation mode bit: Indicates the processor operation mode as follows:
MD =1: Privileged mode; MD = 0: User mode
MD is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
RB: Register bank bit: Determines the bank of general registers R0—R7 used in processing mode.
RB = 1: RO_BANK1-R7_BANK1 and R8-R15 are general registers, and RO_BANKO-
R7_BANKO can be accessed by LDC/STC instructions.
RB = 0: RO_BANKO-R7_BANKO and R8-R15 are general registers, and RO_BANK1-
R7_BANK1 can be accessed by LDC/STC instructions.
RB is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
BL: Block bit
BL = 1: Exceptions and interrupts are suppressed. See section 4, Exception
Handling, for details.
BL = 0: Exceptions and interrupts are accepted.
BL is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
CL: Cache lock bit
When set to 1, the cache lock function can be used.
M and Q bits: Used by the DIVOS/U and DIV1 instructions.
I13-10 bits: Interrupt mask bits: 4-bit field indicating the interrupt request mask level.
13-10 do not change to the interrupt acceptance level when an interrupt is generated.
Initialized to B'1111 by a reset.
S bit: Used by the MAC instruction.
T bit: Used by the MOVT, CMP/cond, TAS, TST, BT, BF, SETT, CLRT, and DT instructions to
indicate true (1) or false (0).
Used by the ADDV/C, SUBV/C, DIVOU/S, DIV1, NEGC, SHAR/L, SHLR/L, ROTRIL, and
ROTCRIL instructions to indicate a carry, borrow, overflow, or underflow.
0 bits: These bits always read 0, and the write value should always be 0.

Note: The M, Q, S, and T bits can be set or cleared by special instructions in user mode.
Their values are undefined after a reset. All other bits can be read or written in privileged mode.

Figure2.5 Register Set Overview, Control Registers
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits, figure 2.6). When amemory operand isonly a
byte (8 bits) or aword (16 bits), it is sign-extended into a longword when loaded into a register.

31 0

| Longword

Figure2.6 Longword

222 Data Format in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in
8-hit byte, 16-bit word, or 32-bit longword form. A memory operand less than 32 bitsin length is
sign-extended before being stored in aregister.

A word operand must be accessed starting from a word boundary (even address of a 2-byte unit:
address 2n), and a longword operand starting from alongword boundary (even address of a 4-byte
unit: address 4n). An address error will result if thisrule is not observed. A byte operand can be
accessed from any address.

Big-endian or little-endian byte order can be selected for the data format. The endian mode should
be set with the MD5 external pinin a power-on reset. Big-endian mode is selected when the MD5
pinislow, and little-endian when high. The endian mode cannot be changed dynamically. Bit
positions are numbered |eft to right from most-significant to least-significant. Thus, in a 32-bit
longword, the leftmost hit, bit 31, isthe most significant bit and the rightmost bit, bit 0, isthe least
significant bit.

The dataformat in memory is shown in figure 2.7.

Address 10\ +1 Address A+ 3 Address A+ 10 Addlress A+8

Address A Address A + 2| Address A + 11| Address A + 9
31y 23y 154 740 |31y 23y 15§ 740
Address A -»(Byte0 [Byte1 |Byte2 | Byte3| |Byte3 |Byte2|Byte1|Byte0|«Address A + 8

Address A+4 »| Word0 Word1 Word1 Word0 |« AddressA +4
Address A + 8 » Longword Longword <+ Address A
Big-endian mode Little-endian mode

Figure2.7 DataFormatin Memory
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2.3 Instruction Features

2.3.1 Execution Environment

Data L ength: The SH7709S instruction set isimplemented with fixed-length 16-bit wide
instructions executed in a pipelined sequence with single-cycle execution for most instructions.

All operations are executed in 32-bit longword units. Memory can be accessed in 8-bit byte, 16-bit
word, or 32-bit longword units, with byte or word units sign-extended into 32-bit longwords.
Literals are sign-extended in arithmetic operations (MOV, ADD, and CMP/EQ instructions) and
zero-extended in logical operations (TST, AND, OR, and XOR instructions).

Load/Store Architecture: The SH7709S features aload-store architecture in which basic
operations are executed in registers. Operations requiring memory access are executed in registers
following register loading, except for bit-manipulation operations such as logical AND functions,
which are executed directly in memory.

Delayed Branching: Unconditional branching isimplemented as delayed branch operations.
Pipeline disruptions due to branching are minimized by the execution of the instruction following
the delayed branch instruction prior to branching. Conditional branch instructions are of two
kinds, delayed and normal.

BRA TRGET
ADD R1, RO ;ADD is executed prior to branching to TRGET
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T bit: The T bit in the status register (SR) is used to indicate the result of compare operations, and
isread as a TRUE/FALSE condition determining if a conditional branch istaken or not. To
improve processing speed, the T bit logic state is modified only by specific operations. An
example of how the T bit may be used in a sequence of operationsis shown below.

ADD #1, RO ;T bit not modified by ADD operation
CW/EQ RI1, RO ;T bitsetto lwhenRO =0
BT TRGET ;branch taken to TRGET when T bit =1 (RO = 0)

Literals: Byte-length literals are inserted directly into the instruction code asimmediate data. To
maintain the 16-bit fixed-length instruction code, word or longword literals are stored in atablein
main memory rather than inserted directly into the instruction code. The memory table is accessed
by the MOV instruction using PC-relative addressing with displacement, as follows:

MV.W  @disp, PC), RO

Absolute Addresses: Aswith word and longword literals, absolute addresses must also be stored
in atablein main memory. The value of the absolute address is transferred to aregister and the
operand access is specified by indexed register-indirect addressing, with the absolute address
loaded (like word and longword immediate data) during instruction execution.

16-Bit and 32-Bit Displacements: In the same way, 16-bit and 32-bit displacements also must be
stored in atable in main memory. Exactly like absolute addresses, the displacement valueis
transferred to aregister and the operand access is specified by indexed register-indirect addressing,
loading the displacement (like word and longword immediate data) during instruction execution.
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232 Addressing M odes

Addressing modes and effective address cal culation methods are shown in table 2.2.

Table2.2
Addressing Instruction
Mode Format

Addressing M odes and Effective Addresses

Effective Address Calculation Method Calculation Formula

Register direct Rn

Effective address is register Rn. (Operandis —
register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

indirect

Register @Rn+ Effective address is register Rn contents. A Rn

indirect with constant is added to Rn after instruction After instruction

post-increment

execution: 1 for a byte operand, 2 for a word execution
operand, 4 for a longword operand.
Byte: Rn +1 - Rn

n Word: Rn+2 - Rn

Longword: Rn +4 - Rn

Igi
©

1/2/4

Register @-Rn
indirect with

pre-decrement

Effective address is register Rn contents, Byte:Rn—1 - Rn
decremented by a constant beforehand: 1 for Word: Rn—2 - Rn
a byte operand, 2 for a word operand, 4 for a
longword operand. Longword: Rn —4 — Rn
(Instruction executed
with Rn after

calculation)

Rn - 1/2/4
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Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Register @(disp:4, Effective address is register Rn contents with Byte: Rn + disp
indirect with  Rn) 4-bit displacement disp added. After disp is Word: Rn + disp x 2
displacement zero-extended, it is multiplied by 1 (byte), 2 ' )
(word), or 4 (longword), according to the Longword: Rn + disp x
operand size. 4
disp e Rn 12
(zero-extended) disp x 1/2/4
Indexed @(RO, Rn) Effective address is sum of register Rn and Rn + RO

register indirect

RO contents.

—{TRr=roT]

GBRindirect @(disp:8, Effective address is register GBR contents Byte: GBR + disp
With GBR) With _8-bit displacement_ d_isp adQe_d. After Word: GBR + disp x 2
displacement disp is zero-extended, it is multiplied by 1 ]
(byte), 2 (word), or 4 (longword), according ~ Longword: GBR + disp
to the operand size. x4
(zero-extended) + disp x 1/2/4
Indexed GBR @(RO, Effective address is sum of register GBR and GBR + RO
indirect GBR) RO contents.

GBR + RO
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Addressing
Mode

Instruction
Format

Effective Address Calculation Method

Calculation Formula

PC-relative
with
displacement

@(disp:8,
PC)

Effective address is register PC contents
with 8-bit displacement disp added. After
disp is zero-extended, it is multiplied by 2
(word), or 4 (longword), according to the
operand size. With a longword operand, the
lower 2 bits of PC are masked.

(for longword)

' PC + disp x 2
or

PC&H'FFFFFFFC
+ disp x 4

H'FFFFFFFC

disp
(zero-extended)

Word: PC + disp x 2

Longword:
PC & H'FFFF FFFC +
disp x 4

PC-relative

disp:8

Effective address is register PC contents
with 8-bit displacement disp added after
being sign-extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2

PC + disp x 2

disp:12

Effective address is register PC contents
with 12-bit displacement disp added after
being sign-extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2

PC + disp x 2
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Addressing Instruction

Mode

Format Effective Address Calculation Method Calculation Formula

PC-relative Rn Effective address is sum of register PC and PC + Rn

Rn contents.

()—{ Pc+ro_|

Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —

or XOR instruction is zero-extended.

#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.

#imm:8 8-bit immediate data imm of TRAPA —
instruction is zero-extended and multiplied by
4,

Note:

For the addressing modes below that use a displacement (disp), the assembler descriptions
in this manual show the value before scaling (x1, x2, or x4) is performed according to the
operand size. This is done to clarify the operation of the IC. Refer to the relevant assembler
notation rules for the actual assembler descriptions.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, Rn) ; GBR indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12; PC-relative
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233 Instruction For mats

Table 2.3 explains the meaning of instruction formats and source and destination operands. The
meaning of the operands depends on the operation code. The following symbols are used.

XXXX: Operation code
mmmm: Source register
nnnn; Destination register
iiii: Immediate data
dddd: Displacement
Table2.3 Instruction Formats
Source Destination Instruction
Instruction Format Operand Operand Example
0 format 15 0o — — NOP
XXXX  XXXX XXXX XXXX |
n format 15 0 — nnnn: register MOVT Rn
xxxx| nnnn | XXXX  XXXX | direct
Control register or nnnn: register STS
system register direct MACH,Rn
Control register or  nnnn: register STC.L
system register indirect with SR,@-Rn
pre-decrement
m format 15 mmmm: register Control register LDC
XXXX |mmmm| XXXX  XXXX direct or system Rm,SR
register
mmmm: register Control register LDC.L
indirect with post-  or system @Rm+,SR
increment register
mmmm: register — JMP @Rm
indirect
mmmm: PC- — BRAF Rm

relative using Rm
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Source Destination Instruction

Instruction Format Operand Operand Example
nm format 15 0 mmmm: register  nnnn: register ADD Rm,Rn
| XXXX | nnnn |mmmm| XXXX | direct direct

mmmm: register  nnnn: register MOV.L
indirect indirect Rm,@Rn

mmmm: register  MACH,MACL MAC.W
indirect with post- @RmM+,@Rn+
increment

(multiply-and-

accumulate

operation)

nnnn: * register
indirect with post-
increment
(multiply-and-
accumulate
operation)

mmmm: register  nnnn: register MOV.L
indirect with post- direct @Rm+,Rn
increment

mmmm: register  nnnn: register MOV.L
direct indirect with Rm,@-Rn
pre-decrement

mmmm: register  nnnn: indexed  MOV.L

direct register indirect Rm,@(RO,Rn)
md format 15 0 mmmmdddd: RO (register MOV.B
| XXXX  XXXX |mmmm| dddd | register indirect direct) @(disp,Rm),R0O
with displacement
nd4 format 15 0 RO (register nnnndddd: MOV.B
| XXXX  XXXX | nnnn | dddd | direct) register indirect RO,@(disp,Rn)
with

displacement
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Source Destination Instruction
Instruction Format Operand Operand Example
nmd 15 mmmm: register ~ nnnndddd: MOV.L
format | XXXX | nnnn |mmmm| dddd | direct register Rm,@(disp,Rn)
indirect with
displacement
mmmmdddd: nnnn: register MOV.L
register indirect direct @(disp,Rm),Rn
with displacement
d format 15 0 dddddddd: GBR RO (register MOV.L
| XXXX  xxxx | dddd dddd | indirect with direct) @(disp,GBR),R
displacement 0
RO (register dddddddd: MOV.L
direct) GBRindirect  RO,@(disp,GBR
with )
displacement
dddddddd: RO (register MOVA

PC-relative with
displacement

direct)

@(disp,PC),R0

dddddddd: — BF label
PC-relative
d12 format 15 0 dddddddddddd: — BRA label
| XXXX | dddd dddd dddd| PC-relative (label = disp +
PC)
nd8 format 15 dddddddd: nnnn: register MOV.L

0
| XXXX | nnnn | dddd dddd| PC-relative with

displacement

direct

@(disp,PC),Rn

iformat 15 0 iiiiiiii: immediate Indexed GBR AND.B
oo oo | iiii i | indirect #imm,
@(RO,GBR)
iiiiiiii: immediate RO (register AND
direct) #imm,R0
jiiiiiii: immediate — TRAPA #imm
ni format 15 0 iiiiiiii: immediate nnnn: register ADD
XXXX | nnnn | Piii direct #imm,Rn

Note: * In a multiply-and-accumulate instruction, nnnn is the source register.
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24 I nstruction Set

241 Instruction Set Classified by Function
The SH7709S instruction set includes 68 basic instruction types, aslisted in table 2.4.

Table2.4 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer 39

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Initialization of signed division

DIVoU Initialization of unsigned division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate operation,
double-precision multiply-and-accumulate
operation
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Operation No. of
Classification Types Code Function Instructions
Arithmetic 21 MUL Double-precision multiplication (32 x 32 33
operations bits)
(cony) MULS Signed multiplication (16 x 16 bits)

MULU Unsigned multiplication (16 x 16 bits)

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow check
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

SHAD Dynamic arithmetic shift

SHLD Dynamic logical shift
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Operation No. of
Classification Types Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11

branch (T =0)
BT Conditional branch, delayed conditional
branch (T =1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRMAC  MAC register clear 75
control CLRT Clear T bit

CLRS Clear S bit

LDC Load to control register

LDS Load to system register

LDTLB Load PTE to TLB

NOP No operation

PREF Prefetch data to cache

RTE Return from exception handling

SETS Set S bit

SETT Set T bit

SLEEP Shift to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling

Total: 68 188

RENESAS
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Table 2.5 lists the SH7709S instruction code formats.

Table2.5 Instruction Code Format

Item Format Explanation
Instruction OP.Sz SRC,DEST OP: Operation code
mnemonic Sz: Size

SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement

Instruction MSB -~ LSB mmmm: Source register
code nnnn: Destination register
0000: RO
0001: R1
1111: R15

iiii. Immediate data
dddd: Displacement®

Operation o, e Direction of transfer
summary (xx) Memory operand

M/QIT Flag bits in SR

& Logical AND of each bit

| Logical OR of each bit

A Exclusive OR of each bit

~ Logical NOT of each bit

<<n, >>n n-bit shift
Privileged Indicates whether privileged mode applies
mode
Execution Value when no wait states are inserted
cycles

The execution cycles listed in the table are minimums. The

actual number of cycles may be increased in cases such as

the followsing:

1. When contention occurs between instruction fetches and
data access

2. When the destination register of the load instruction

(memory - register) and the register used by the next
instruction are the same

T bit Value of T bit after instruction is executed
—: No change

Note: * Scaling (X1, x2, x4) is performed according to the instruction operand size.
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Table 2.6 lists the SH7709S data transfer instructions

Table2.6 Data Transfer Instructions
Privileged

Instruction Operation Code Mode Cycles T Bit

MoV #i mm Rn imm - Sign extension 1110nnnnidiiiiiii — 1 —
- Rn

MOV. W @disp, PO,Rn (disp x2+PC) - Sign 1001nnnndddddddd — 1 —
extension —» Rn

MOV.L @disp,PC),Rn (dispx4+PC) -~ Rn 1101nnnndddddddd  — 1 —

MoV Rm Rn Rm - Rn 0110nnnnmmm0011 — 1 —

MOV.B  Rm @un Rm - (Rn) 0010nnnnmMMmMMO000  — 1 —

MOV. W  Rm @un Rm - (Rn) 0010nnnnmmm0001  — 1 —

MOV.L Rm @un Rm - (Rn) 0010nnnnmMMMmMO010 — 1 —

MOV.B  @m Rn (Rm) - Sign extension 0110nnnnmMmmMm®O000  — 1 —
- Rn

MOV. W  @Rm Rn (Rm) - Sign extension 0110nnnnmMmmMm®O001  — 1 —
- Rn

MOV.L @m Rn (Rm) - Rn 0110nnnnmmm0010 — 1 —

MOV. B Rm @Rn Rn-1 - Rn,Rm - (Rn)  0010nnnnmmm®0100 — 1 —

MOV. W Rm @Rn Rn-2 -~ Rn, Rm - (Rn)  0010nnnnnmmD101 — 1 —

MOV.L Rm @Rn Rn-4 - Rn,Rm - (Rn)  0010nnnnmmm?0110 — 1 —

MOV. B @mt, Rn (Rm) - Sign extension 0110nnnnmmm0100 — 1 —
- Rn,Rm+1 - Rm

MOV. W @Rmt+, Rn (Rm) - Sign extension 0110nnnnmmmMm®O101 — 1 —
- Rn,Rm+2 - Rm

MOV.L  @Rmt, Rn (Rm) - Rn,Rm+4 -~ Rm 0110nnnnnmmm0110 — 1 —

MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd  — 1 —

MOV. W RO, @di sp, Rn) RO - (disp x2 + Rn) 10000001nnnndddd  — 1 —

MOV.L Rm @di sp, Rn) Rm - (disp x4 + Rn) 0001nnnnmmmdddd — 1 —

MOV.B  @disp, R, RO (disp+ Rm) - Sign 10000100mMmmmdddd  — 1 —
extension - RO

MOV. W @disp, R), R0 (disp x2+Rm) - Sign 10000101mmmdddd — 1 —
extension - RO

MOV.L @disp,R),Rn (disp x4+ Rm) - Rn 0101nnnnmmmdddd — 1 —

MOV. B Rm @ RO, Rn) Rm - (RO + Rn) 0000NnnNNMMO100 — 1 —
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Privileged

Instruction Operation Code Mode Cycles T Bit

MOV. W Rm @ RO, Rn) Rm - (RO + Rn) 0000NnnnnmMmMO101 — 1 —

MOV.L Rm @RO, Rn) Rm - (RO + Rn) 0000nnnnmMmmMmMO110 — 1 —

MOV.B @RO, RM, Rn (RO + Rm) - Sign 0000nnnnMMML100 — 1 —
extension - Rn

MOV. W @RO, R, Rn (RO + Rm) - Sign 0000nnnnmmMML101 — 1 —
extension —» Rn

MOV.L @RO,RM,Rn (RO +Rm) - Rn 0000nnnnmMMML110 — 1 —

MOV.B RO, @disp, GBBR) RO - (disp + GBR) 11000000dddddddd  ~ — 1 —

MV. W RO, @disp, GBR) RO - (disp x2 + GBR) 11000001dddddddd — 1 —

MOV.L RO, @disp, GBR) RO - (disp x4 + GBR) 11000010dddddddd  ~ — 1 —

MOV. B  @di sp, BBR), RO (disp + GBR) - Sign 11000100dddddddd ~ — 1 —
extension - RO

MV. W  @di sp, GBR), RO (disp x2 + GBR) - 11000101dddddddd  — 1 —
Sign extension - RO

MOV.L @disp, GBBR), RO (disp x4+ GBR) - RO 11000110dddddddd ~ — 1 —

MOVA @disp, PO, R0 dispx4+PC - RO 11000111dddddddd — 1 —

MOVT Rn T - Rn 0000nnnn00101001 — 1 —

SWAP. B Rm Rn Rm - Swap the bottom 0110nnnnmmml000 — 1 —
two bytes — Rn

SWAP. W Rm Rn Rm - Swap two 0110nnnnmmml001  — 1 —
consecutive words — Rn

XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnmMmmM1101 — 1 —

Rn - Rn
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Table 2.7 lists the SH7709S arithmetic instructions.

Table2.7 Arithmetic Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 0011nnnnmmm1100 — 1 —
ADD #i mm Rn Rn +imm - Rn Ollinnnniiiiiiii — 1 —
ADDC Rm Rn Rn+Rm+T - Rn, 001lnnnnmmmMmill0 — 1 Carry
Carry - T
ADDV Rm Rn Rn + Rm - Rn, 001lnnnnmmmilll — 1 Overflow
Overflow - T
CWP/ EQ #i mm RO IfRO=imm,1 - T 10001000i iiiiiii — 1 Comparison
result
CW/ EQ Rm Rn fRn=Rm,1 - T 0011nnnnmmm0000 — 1 Comparison
result
CW/HS Rm Rn If Rn = Rm with 001lnnnnmMmmO010 — 1 Comparison
unsigned data, 1 - T result
CW/ GE RmRn If Rn = Rm with signed ~ 0011nnnnmmm0011 — 1 Comparison
data,1 - T result
CW/H RmRn If Rn > Rm with 0011nnnnmmm0110 — 1 Comparison
unsigned data, 1 - T result
CW/ GT Rm Rn If Rn > Rm with signed 001lnnnnmmmm0111 — 1 Comparison
data,1 - T result
CW/ PZ Rn fRn=0,1-T 0100nnnn00010001 — 1 Comparison
result
CW/ PL Rn IfRN>0,1-T 0100nnnn00010101 — 1 Comparison
result
CWP/ STR Rm Rn If Rn and Rm have an 0010nnnnmMMmmM1100 — 1 Comparison
equivalent byte, 1 - T result
DI V1 Rm Rn Single-step division 0011nnnnmmm0100 — 1 Calculation
(Rn/Rm) result
DIVOS RmRn MSB of Rn - Q, MSB 0010nnnnmmmO111 — 1 Calculation
of Rm - M,M"*"Q - T result
DI VOU 0 - M/IQIT 0000000000011001 — 1 0

RENESAS
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Instruction

Operation

Code

Privileged
Mode

Cycles

T Bit

DMULS. LRm Rn

Signed operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmmmi101

2(to 5)"

DMULU. L Rm Rn

Unsigned operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmm0101

2(to 5)"

DT Rn

Rn—-1 - Rn,ifRn=
0,1 - T,else0 - T

0100nnnn00010000

Comparison
result

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmmm1110

EXTS. W Rm Rn

A word in Rm is sign-
extended - Rn

0110nnnnmmml111

EXTU.B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmmmi100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnmmmm1101

MAC. L @Rmt, @+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+4 - Rn,

Rm+4 - Rm,

32 x 32+ 64 - 64 bits

0000NnnnnMMMML111

2(to 5)*

MAC. W @ mt, @+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+2 - Rn,

Rm+2 - Rm,

16 x 16 + 64 — 64 bits

0100nnnnmmm1111

2(to 5)"

MILL.L RmRn

Rn x Rm - MACL,
32 x 32 - 32 bits

0000nnnnmMMO111

2(to 5)"

MJLS. W Rm Rn

Signed operation of Rn
x Rm - MACL,
16 x 16 — 32 bits

0010nnnnmmm111

1(to 3)*

MJLU. W Rm Rn

Unsigned operation of
Rn xRm - MACL,
16 x 16 — 32 bits

0010nnnnmmm110

1(to 3)*
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Privileged

Instruction Operation Code Mode Cycles T Bit

NEG Rm Rn 0-Rm - Rn 0110nnnnmmmm1011 — 1 —

NEGC Rm Rn 0-Rm-T - Rn, 0110nnnnmmm1010 — 1 Borrow
Borrow - T

SuUB Rm Rn Rn-Rm - Rn 0011nnnnmmmi000 — 1 —

SUBC Rm Rn Rn-Rm-T - Rn, 0011nnnnmmm1010 — 1 Borrow
Borrow - T

SUBV Rm Rn Rn—-Rm - Rn, 001innnnmmmilO0ll — 1 Underflow

Underflow —» T

Note: * The normal number of execution cycles is shown. The value in parentheses is the number
of cycles required in case of contention with the preceding or following instruction.
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Table 2.8 lists the SH7709S logic operation instructions.

Table2.8 Logic Operation Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
AND Rm Rn Rn & Rm - Rn 0010nnnnmmmm1001 — 1 —
AND #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —
AND. B #i rm @ RO, GBR) (RO + GBR) & imm - 1100110%iiiiiiii — 3 —
(RO + GBR)
NOT Rm Rn ~Rm - Rn 0110nnnnmmm0111 — 1 —
R Rm Rn Rn|Rm - Rn 0010nnnnmMmmMM011 — 1 —
OR #i mm RO RO | imm - RO 1100101%iiiiiiii — 1 —
OR B #i nm @ RO, GBR) (RO + GBR) | imm - 1100111%iiiiiiii — 3 —
(RO + GBR)
TAS. B @n If(Rn)is0,1 - T; 0100nnnn00011011 — 3 Test
1 - MSB of (Rn) result
TST Rm Rn Rn & Rm; if the result 0010NnnnnmmmM1.000 — 1 Test
is0,1-T result
TST #i mm RO RO & imm; if the result 11001000iiiiiiii — 1 Test
is0,1-T result
TST.B #inm @R0, GBR) (RO + GBR) & imm; 11001100 iiiiiii — 3 Test
iftheresultis0,1 - T result
XOR Rm Rn Rn~"Rm - Rn 0010nnnnmmm1010 — 1 —
XOR #i mm RO RO~ imm - RO 11001010iiiiiiii — 1 —
XOR B #i nm @ RO, GBR) (RO + GBR) " imm - 11001110iiiiiiii — 3 —

(RO + GBR)
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Table 2.9 lists the SH7709S shift instructions.

Table2.9  Shift Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit
ROTL Rn T « Rn -« MSB 0100nnnn00000100 — 1 MSB
ROTR Rn LSB - Rn - T 0100nnnn00000101 — 1 LSB
ROTCL Rn T<RnN T 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 — 1 LSB
SHAD Rm Rn Rn=0:Rn<<Rm - Rn 0100nnnnMMM100 — 1 —

Rn<0: Rn>>Rm -

[MSB - Rn]
SHAL Rn T-~Rn-0 0100nnnNn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 — 1 LSB
SHLD Rm Rn Rn=0: Rn<<Rm - Rn 0100nnnnMMM1101 — 1 —

Rn<0: Rn>>Rm -

[0 - Rn]
SHLL Rn T<Rn<0 0100nnnn00000000 — 1 MSB
SHLR Rn O-Rn-T 0100nnnNn00000001 — 1 LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnNn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —
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Table 2.10 lists the SH7709S branch instructions.

Table2.10 Branch Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

BF | abel IfT=0,dispx2+PC - PC; 10001011dddddddd — 3/1* —
if T=1, nop

BF/'S | abel Delayed branch, if T =0, 10001111dddddddd — 2/1* —
disp x2 + PC - PC;
if T=1, nop

BT | abel ifT=1, 10001001dddddddd — 3/1" —
disp x2 + PC - PC;
if T=0, nop

BT/S | abel Delayed branch, 10001101dddddddd — 2/1* —
IfT=1,dispx2+PC - PC;
if T=0, nop

BRA | abel Delayed branch, 1010dddddddddddd — 2 —
dispx2+PC - PC

BRAF Rm Delayed branch, 0000mMmmMMD0100011 — 2 —
Rm+PC - PC

BSR | abel Delayed branch, PC - PR, 1011dddddddddddd — 2 —
dispx2+PC - PC

BSRF Rm Delayed branch, PC - PR, 0000mMmmMMD0000011 — 2 —
Rm+PC - PC

JMP @Rm Delayed branch, Rm - PC 0100mmD0101011 — 2 —

JSR @Rm Delayed branch, PC - PR, 0100mMmmMmMD0001011 — 2 —
Rm - PC

RTS Delayed branch, PR - PC 0000000000001011 — 2 —

Note: * One state when there is no branch.
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Table 2.11 lists the SH7709S system control instructions.

Table2.11 System Control Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
CLRVMAC 0 - MACH, MACL 0000000000101000 — 1 —
CLRS 0-S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC Rm SR Rm - SR 0100nMmMmM®D0001110 v 5 LSB
LDC Rm GBR Rm - GBR 0100mMmmMm00011110 — 3 —
LDC Rm VBR Rm - VBR 0100mMmMm®D0101110 v 3 —
LDC Rm SSR Rm - SSR 0100mmm00111110 vV 3 —
LDC Rm SPC Rm - SPC 0100mMmMm®D1001110 v 3 —
LDC Rm RO_BANK Rm - RO_BANK 0100mmm 0001110 V 3 —
LDC Rm R1_BANK Rm - R1_BANK 0100mMmMm10011110 v 3 —
LDC Rm R2_BANK Rm - R2_BANK 0100mmm 0101110 v 3 —
LDC Rm R3_BANK Rm - R3_BANK 0100mmm 0111110 V 3 —
LDC Rm R4_BANK Rm - R4_BANK 0100mMmMm11001110 v 3 —
LDC Rm R5_BANK Rm - R5_BANK 0100mmm 1011110 V 3 —
LDC Rm R6_BANK Rm - R6_BANK 0100mMmMm11101110 v 3 —
LDC Rm R7_BANK Rm - R7_BANK 0100mmml 1111110 V 3 —
LDC. L @mt, SR (Rm) - SR,Rm+4 - Rm 0100mMmMmMD0000111 v 7 LSB
LDC. L @m+, GBR (Rm) - GBR,Rm +4 - Rm 0100mMmmm00010111 — 5 —
LDC. L @m+, VBR (Rm) - VBR,Rm +4 - Rm 0100nMmMmD0100111 v 5 —
LDC. L @mt, SSR (Rm) -~ SSR,Rm +4 - Rm 0100mmM00110111 vV 5 —
LDC. L @m+, SPC (Rm) - SPC,Rm +4 - Rm 0100mMmMmD1000111 v 5 —
LDC. L @Rmt, (Rm) - RO_BANK, 0100mmm 0000111 vV 5 —
RO_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R1_BANK, 0100mmMM10010111 v 5 —
R1_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) - R2_BANK, 0100mmm 0100111 vV 5 —
R2_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R3_BANK, 0100mmMM10110111 v 5 —
R3_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R4_BANK, 0100mmMM11000111 v 5 —
R4_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) - R5_BANK, 0100mmm 1010111 v 5 —
R5_BANK Rm+4 - Rm
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Privileged

Instruction Operation Code Mode Cycles T Bit
LDC. L @Rm+, (Rm) - R6_BANK, 0100mmMM11100111 v 5 —
R6_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) - R7_BANK, 0100mmm 1110111 v 5 —
R7_BANK Rm+4 - Rm
LDS Rm MACH Rm - MACH 0100mMmmMm00001010 — 1 —
LDS Rm MACL Rm - MACL 0100mMmmMm00011010 — 1 —
LDS Rm PR Rm - PR 0100mMmmMm®D0101010 — 1 —
LDS. L @m+, MACH (Rm) -~ MACH,Rm+4 . Rm 0100mmm00000110 — 1 —
LDS. L @m+, MACL (Rm) - MACL,Rm+4 -~ Rm 0100mmm0D0010110 — 1 —
LDS. L @mt, PR (Rm) -~ PR,Rm+4 - Rm 0100mMmmMm00100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 v 1 —
NOoP No operation 0000000000001001 — 1 —
PREF @m (Rm) - cache 0000mMMmM10000011 — 2 —
RTE Delayed branch, 0000000000101011 4 —
SSR - SR, SPC - PC
SETS 1-S 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011 v 4" —
STC SR Rn SR - Rn 0000nNNN00000010 1 —
STC GBR, Rn GBR - Rn 0000nnnn00010010 — 1 —
STC VBR, Rn VBR - Rn 0000nNNN00100010 vV 1 —
STC SSR, Rn SSR - Rn 0000nnnn00110010 v 1 —
STC SPC, Rn SPC -~ Rn 0000nnnn01000010 v 1 —
STC RO_BANK, Rn  RO_BANK - Rn 0000nNNN10000010 vV 1 —
STC R1_BANK, R R1_BANK- Rn 0000nnnn10010010 v 1 —
STC R2_BANK, Rn  R2_BANK- Rn 0000nNNN10100010 vV 1 —
STC R3_BANK, Rn R3_BANK- Rn 0000nnnn10110010 v 1 —
STC R4_BANK, Rn  R4_BANK- Rn 0000nNNN11000010 v 1 —
STC R5_BANK, Rn R5_BANK- Rn 0000nnnn11010010 v 1 —
STC R6_BANK, Rn  R6_BANK - Rn 0000nnNNN11100010 vV 1 —
STC R7_BANK, Rn R7_BANK- Rn 0000nnnn11110010 v 1 —
STC.L SR @Rn Rn—-4 - Rn, SR - (Rn) 0100nnnn00000011 v 2 —
STC.L GBR @Rn Rn-4 - Rn, GBR - (Rn) 0100nnnn00010011 — 2 —
STC. L VBR @Rn Rn-4 - Rn, VBR - (Rn) 0100nnnn00100011 vV 2 —

Note: * The number of cycles until the sleep state is entered.
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Privileged

Instruction Operation Code Mode Cycles T Bit

STC.L SSR @Rn Rn-4 - Rn, SSR - (Rn) 0100nnnn00110011 v 2 —

STC. L SPC, @Rn Rn—4 - Rn, SPC - (Rn) 0100nnnNn01000011 vV 2 —

STC. L RO_BANK, Rn—4 - Rn, RO_BANK - (Rn) 0100nnnn10000011 v 2 —
@Rn

STC. L R1_BANK, Rn—4 - Rn, R1_BANK - (Rn) 0100nnnn10010011 v 2 —
@Rn

STC. L R2_BANK, Rn—4 - Rn, R2_BANK - (Rn) 0100nnnn10100011 v 2 —
@Rn

STC. L R3_BANK, Rn—4 - Rn, R3_BANK - (Rn) 0100nnnn10110011 V 2 —
@Rn

STC. L R4_BANK, Rn—4 - Rn, R4_BANK - (Rn) 0100nnnn11000011 v 2 —
@Rn

STC.L R5_BANK, Rn—4 - Rn, R5_BANK - (Rn) 0100nnnn11010011 V 2 —
@Rn

STC. L R6_BANK, Rn—4 - Rn, R6_BANK - (Rn) 0100nnnn11100011 v 2 —
@Rn

STC. L R7_BANK, Rn—4 - Rn, R7_BANK - (Rn) 0100nnnn11110011 v 2 —
@Rn

STS MACH, Rn MACH - Rn 0000nnnn00001010 — 1 —

STS MACL, Rn MACL - Rn 0000nnnn00011010 — 1 —

STS PR, Rn PR - Rn 0000nnnn00101010 — 1 —

STS. L MACH, @Rn Rn-4 - Rn, MACH - (Rn) 0100nnnn00000010 — 1 —

STS. L MACL, @Rn Rn-4 - Rn, MACL - (Rn) 0100nnnn00010010 — 1 —

STS.L PR @Rn Rn-4 - Rn, PR - (Rn) 0100nnnn00100010 — 1 —

TRAPA #i mm PC - SPC, SR - SSR, 1100001Liiiiiiii — 8 —

imm - TRA

Notes: 1. The table shows the minimum number of execution cycles. The actual number of
instruction execution cycles will increase in cases such as the following:

* When there is contention between an instruction fetch and data access

« When the destination register in a load (memory-to-register) instruction is also used
by the next instruction

2. With the addressing modes using displacement (disp) listed below, the assembler
descriptions in this manual show the value before scaling (x1, x2, or x4) is performed.
This is done to clarify the operation of the chip. For the actual assembler descriptions,
refer to the individual assembler notation rules.

@ (disp:4, Rn) ; Register-indirect with displacement
@ (disp:8, Rn) ; GBR-indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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2.4.2 I nstructi

on Code Map

Table 2.12 shows the instruction code map.

Table2.12 Instruction Code Map

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0000| Rn | Fx |0000
0000| Rn | Fx |0001
0000| Rn |00MD|0010|STC  SRRn STC GBR,Rn STC VBR,Rn STC SSR,Rn
0000| Rn |01MD|0010|STC  SPC,Rn
0000| Rn |1OMD|0010|STC RO BANK,Rn |STC  RL BANKRn |STC  R2 BANK,Rn |STC  R3 BANK,Rn
0000| Rn |11MD|0010|STC R4 _BANK,Rn [STC ~ R5_BANKRn |STC  R6_BANK.Rn |STC  R7_BANK,Rn
0000 Rm |00MD|0011|BSRF ~ Rm BRAF  Rm
0000| Rn |1OMD|0011|PREF ~ @Rn
0000| Rn | Rm [01MD|MOV.B Rm,@(RO,Rn) [MOV.W Rm,@(RO,Rn) [MOV.L Rm,@(RO,Rn) |[MULLL Rm,Rn
0000| 0000 |00MD| 1000 |CLRT SETT CLRMAC LDTLB
0000| 0000 |01MD| 1000 |CLRS SETS
0000|0000 Fx |1001|NOP DIVOU
0000/ 0000| Fx |1010
0000 0000| Fx |1011|RTS SLEEP RTE
0000| Rn | Fx |1000
0000| Rn | Fx |1001 MOVT Rn
0000 Rn | Fx [1010|STS  MACHRn STS  MACLRn STS  PRRn
0000| Rn | Fx |1011
0000| Rn | Rm [11MD|MOV.B @(RO,Rm),Rn [MOV.W @(RO,Rm),Rn |MOV.L @(RO,Rm)Rn |MAC.L @Rm+@Rn+
0001 Rn | Rm | disp [MOV.L Rm,@(disp:4,Rn)
0010/ Rn | Rm |[0OMD|MOV.B Rm,@Rn MOV.W Rm,@Rn MOV.L Rm,@Rn
0010/ Rn | Rm [01MD|MOV.B  Rm,@-Rn MOV.W Rm,@-Rn MOV.L Rm,@-Rn DIVOS Rm,Rn
0010/ Rn | Rm [10MD|TST  Rm,Rn AND  Rm,Rn XOR  Rm,Rn OR Rm,Rn
0010/ Rn | Rm [11MD|CMP/STR Rm,Rn XTRCT Rm,Rn MULU.W Rm,Rn MULSW Rm,Rn
0011/ Rn | Rm |0OMD|CMP/EQ Rm,Rn CMP/HS Rm,Rn CMP/GE Rm,Rn
0011/ Rn | Rm [0IMD|DIVI  Rm,Rn DMULU.LRm,Rn CMP/HI Rm,Rn CMP/GT Rm,Rn
0011/ Rn | Rm [10MD|SUB  Rm,Rn SUBC Rm,Rn SUBV  RmRn
0011/ Rn | Rm [11MD|ADD  Rm,Rn DMULS.LRm,Rn ADDC  Rm,Rn ADDV  Rm,Rn
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Instruction Code

Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0100/ Rn Fx | 0000 |SHLL Rn DT Rn SHAL Rn
0100 Rn | Fx |0001|SHLR Rn CMP/PZ Rn SHAR Rn
0100/ Rn Fx |0010|STS.L MACH,@-Rn |STS.L MACL,@-Rn STS.L PR,@-Rn
0100/ Rn |00MD| 0011 STC.L SR,@-Rn STC.L GBR,@-Rn STC.L VBR,@-Rn STC.L SSR,@-Rn
0100| Rn |01MD| 0011 |STC.L  SPC,@-Rn
0100/ Rn |10MD| 0011 |STC.L RO_BANK,@-Rn [STC.L R1_BANK@-Rn [STC.L R2_BANK,@-Rn |STC.L  R3_BANK,@-Rn
0100/ Rn |11MD| 0011 |STC.L R4_BANK,@-Rn [STC.L  R5_BANK,@-Rn |[STC.L R6_BANK,@-Rn |STC.L  R7_BANK,@-Rn
0100 Rn | Fx |0100|ROTL Rn ROTCL Rn
0100, Rn Fx |0101|ROTR Rn CMP/PL Rn ROTCR Rn
0100 Rm | Fx |0110|LDS.L. @Rm+MACH [LDS.L @Rm+MACL [LDS.L @Rm+PR
0100 Rm |00MD| 0111 [LDC.L @Rm+,SR LDC.L @Rm+,GBR LDC.L @Rm+,VBR LDC.L @Rm+,SSR
0100 Rm |01MD| 0111 [LDC.L @Rm+,SPC
0100| Rm |10MD| 0111 |LDC.L @Rm+,R0_BANK [LDC.L @Rm+RLBANK  |LDC.L @Rm+,R2_BANK |LDC.L @Rm+,R3_BANK
0100/ Rm |11MD| 0111 |LDC.L @Rm+,R4_BANK [LDC.L @Rm+,R5_BANK |LDC.L @Rm+,R6_BANK |LDC.L @Rm+,R7_BANK
0100/ Rn | Fx |1000|SHLL2 Rn SHLL8 Rn SHLL16 Rn
0100 Rn | Fx |1001|SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100 Rm | Fx |1010|LDS Rm,MACH LDS Rm,MACL LDS Rm,PR
0100| Rm/ | Fx |1011|JSR @Rm TASB @Rn JMP @Rm
Rn
0100/ Rn | Rm | 1100 [SHAD Rm,Rn
0100 Rn | Rm | 1101 |SHLD Rm,Rn
0100/ Rm |00MD| 1110 |LDC Rm,SR LDC Rm,GBR LDC Rm,VBR LDC Rm,SSR
0100/ Rm |01MD| 1110 |LDC Rm,SPC
0100 Rm |10MD| 1110 |LDC Rm,RO_BANK |LDC Rm,R1_BANK [LDC Rm,R2_BANK |LDC Rm,R3_BANK
0100/ Rm |11MD| 1110 |LDC Rm,R4_BANK |LDC Rm,R5_BANK [LDC Rm,R6_BANK [LDC Rm,R7_BANK
0100/ Rn | Rm |1111 MAC.W  @Rm+,@Rn+
0101| Rn | Rm | disp [MOV.L @(disp:4,Rm),Rn
0110 Rn | Rm [0OMD|MOV.B  @Rm,Rn MOV.W @Rm,Rn MOV.L @Rm,Rn MOV Rm,Rn
0110 Rn | Rm |[01MD|MOV.B @Rm+,Rn MOV.W  @Rm+,Rn MOV.L @Rm+,Rn NOT Rm,Rn
0110 Rn | Rm |10MD|SWAP.B Rm,Rn SWAP.W Rm,Rn NEGC Rm,Rn NEG Rm,Rn
0110 Rn | Rm |11MD|EXTU.B  Rm,Rn EXTUW Rm,Rn EXTS.B  Rm,Rn EXTS.W Rm,Rn
0111 Rn imm ADD #imm:8,Rn
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Instruction Code

Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
1000/00MD| Rn | disp |[MOV.B MOV.W
RO,@(disp:4,Rn) RO,@(disp:4,Rn)
1000/01MD| Rm | disp |MOV.B MOV.W
@(disp:4,Rm),R0O @(disp:4,Rm),RO
1000/10MD| imm/disp |CMP/EQ #imm:8,R0 BT label:8 BF label:8
1000{11MD| imm/disp BT/S label:8 BF/S label:8
1001/ Rn disp  |[MOV.W @(DISP:8,PC),RN
1010 disp BRA label:12
1011 disp BSR label:12
1100/00MD| imm/disp |MOV.B MOV.W MOV.L TRAPA #imm:8
RO,@(disp:8,GBR) RO,@(disp:8,GBR) RO,@(disp:8,GBR)
1100|01MD disp MOV.B MOV.W MOV.L MOVA
@(disp:8,GBR),R0 @(disp:8,GBR),R0 @(disp:8,GBR),R0 @(disp:8,PC),R0O
1100/10MD imm TST #imm:8,R0 AND #imm:8,R0 XOR #imm:8,R0 OR #imm:8,R0
1100{11MD imm TST.B AND.B XOR.B OR.B
#imm:8,@(R0,GBR) #imm:8,@(R0,GBR) #imm:8,@(R0,GBR) #imm:8,@(R0,GBR)
1101 Rn disp MOV.L @(disp:8,PC),Rn
1110/ Rn imm MOV #imm:8,Rn
1111 kkkkkkkkkkkk
Note: See the SH-3/SH-3E/SH3-DSP Programming Manual for details.
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25 Processor States and Processor M odes

25.1 Processor States

The SH7709S has five processor states. the reset state, exception-handling state, bus-released
state, program execution state, and power-down state.

Reset State: In this state the CPU isreset. The CPU enters the power-on reset state if the RESETP
pinislow, or the manual reset state if the RESETM pin islow. See section 4, Exception Handling,
for more information on resets.

In the power-on reset state, the internal states of the CPU and the on-chip supporting module
registers are initialized. In the manual reset state, the internal states of the CPU and registers of on-
chip supporting modules other than the bus state controller (BSC) are initialized. Refer to the
register configurationsin the relevant sections for further details.

Exception-Handling State: Thisisatransient state during which the CPU’ s processor state flow
isaltered by areset, general exception, or interrupt exception handling.

In the case of areset, the CPU branches to address H'A 0000000 and starts executing the user-
coded exception handling program.

In the case of ageneral exception or interrupt, the program counter (PC) contents are saved in the
saved program counter (SPC) and the status register (SR) contents are saved in the saved status
register (SSR). The CPU branches to the start address of the user-coded exception service routine
found from the sum of the contents of the vector base address and the vector offset. See section 4,
Exception Processing, for more information on resets, general exceptions, and interrupts.

Program Execution State: In this state the CPU executes program instructions in sequence.

Power-Down State: In the power-down state, CPU operation halts and power consumptionis
reduced. There are two modes in the power-down state: sleep mode, and standby mode. See
section 8, Power-Down Modes, for more information.

Bus-Released State: In this state the CPU has released the bus to a device that requested it.

Transitions between the states are shown in figure 2.8.
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From any state when From any state but hardware standby
RESETP =0 mode when RESETM = 0

Manual reset
state

Reset state

RESETP =1 RESETM =1

Exception-handling state

Interrupt ) End of exception
Exception transition
|nterrupt processing

Bus SLEEP

Bus

request request ing’tlr_chizn instruction
clearance with STBY

bit set

Sleep mode Standby mode

Note: * The hardware standby mode is entered when the CA pin goes low from any state.

Interrupt

— - Hardware standby mode*
CA = 1,RESETP=0 Power-down state

Figure2.8 Processor State Transitions

252 Processor M odes

There are two processor modes: privileged mode and user mode. The processor mode is

determined by the processor mode bit (MD) in the status register (SR). User mode is sel ected

when the MD bit is 0, and privileged mode when the MD bit is 1. When the reset state or

exception state is entered, the MD bit is set to 1. When exception handling ends, the MD bit is
cleared to 0 and user mode is entered. There are certain registers and bits which can only be

accessed in privileged mode.
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Section 3 Memory Management Unit (MMU)

31 Overview

311 Features

The SH7709S has an on-chip memory management unit (MM U) that implements address
trandation. The SH7709S features a resident trandation look-aside buffer (TLB) that caches
information for user-created address trandation tables located in external memory. It enables high-
speed trandation of virtual addresses into physical addresses. Address translation uses the paging
system and supports two page sizes (1 kbytes and 4 kbytes). The access right to virtual address
space can be set for privileged and user modes to provide memory protection.

312 Role of MM U

The MMU is afeature designed to make efficient use of physical memory. As shown in figure 3.1,
if aprocessissmaller in size than the physical memory, the entire process can be mapped onto
physical memory. However, if the process increases in size to the extent that it no longer fits into
physical memory, it becomes necessary to partition the process and to map those parts requiring
execution onto memory as occasion demands ((1)). Having the processitself consider this
mapping onto physical memory would impose alarge burden on the process. To lighten this
burden, the idea of virtual memory was born as a means of performing en bloc mapping onto
physical memory ((2)). Inavirtual memory system, substantially more virtual memory than
physical memory is provided, and the process is mapped onto this virtual memory. Thus a process
only hasto consider operation in virtual memory. Mapping from virtual memory to physical
memory is handled by the MMU. The MMU is normally controlled by the operating system,
switching physical memory to allow the virtual memory required by a process to be mapped onto
physical memory in a smooth fashion. Switching of physical memory is carried out via secondary
storage, etc.

The virtual memory system that came into being in thisway is particularly effective in atime-
sharing system (TSS) in which a number of processes are running simultaneously ((3)). If
processes running in a TSS had to take mapping onto virtual memory into consideration while
running, it would not be possible to increase efficiency. Virtual memory is thus used to reduce this
load on the individual processes and so improve efficiency ((4)). In the virtual memory system,
virtual memory is alocated to each process. The task of the MMU isto perform efficient mapping
of these virtual memory areas onto physical memory. It also has a memory protection feature that
prevents one process from inadvertently accessing another process' s physical memory.

When address tranglation from virtual memory to physical memory is performed using the MM U,
it may occur that the relevant trandation information is not recorded in the MMU, with the result
that one process may inadvertently access the virtual memory allocated to another process. In this
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case, the MMU will generate an exception, change the physical memory mapping, and record the
new address translation information.

Although the functions of the MM U could also be implemented by software alone, the need for
trangd ation to be performed by software each time a process accesses physical memory would
result in poor efficiency. For thisreason, a buffer for address trandation (translation look-aside
buffer: TLB) is provided in hardware to hold frequently used address translation information. The
TLB can be described as a cache for storing address trandlation information. Unlike cache
memory, however, if address trandation fails, that is, if an exception is generated, switching of
address trangdlation information is normally performed by software. This makesit possible for
memory management to be performed flexibly by software.

The MMU has two methods of mapping from virtual memory to physical memory: a paging
method using fixed-length address trandation, and a segment method using variable-length
address trandlation. With the paging method, the unit of trandlation is a fixed-size address space
(usually of 1 to 64 kbytes) called a page. This LS| uses the paging method.

In the following text, the SH7709S address space in virtual memory is referred to as virtual
address space, and address space in physica memory as physical memory space.
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313 SH7709SMMU

Virtual Address Space: The SH7709S uses 32-hit virtual addresses to access a 4-Gbyte virtual
address space that is divided into several areas. Address space mapping is shown in figure 3.2.

» Privileged Mode
In privileged mode, there are five areas, PO—P4. The PO and P3 areas are mapped onto physical
address space in page units, in accordance with address trandlation table information. Write-
back or write-through can be selected for write access by means of a cache control register
(CCR) setting.
Mapping of the P1 areaisfixed in physical address space (H'00000000 to H'1FFFFFFF). In
the P1 area, setting a virtual address MSB (bit 31) to O generates the corresponding physical
address. P1 area accesses can be cached, and the cache control register (CCR) is set to indicate
whether to cache or not. Write-back or write-through mode can be selected.
Mapping of the P2 areaisfixed in physical address space (H'00000000 to H'1FFFFFFF). In the
P2 area, setting the top three virtual address bits (bits 31, 30, and 29) to 0 generates the
corresponding physical address. P2 area access cannot be cached.
The P1 and P2 areas are not mapped by the address translation table, so the TLB is not used
and no exceptions such as TLB misses occur. Initialization of MMU control registers,
exception handling routines, and the like should be located in the P1 and P2 areas. Routines
that require high-speed processing should be placed in the P1 area, since it can be cached.
Some peripheral module control registers are located in area 1 of the physical address space.
When the physical address spaceis not used for address translation, these registers should be
located in the P2 area. When address trandation is to be used, set no caching.

The P4 areais used for mapping peripheral module register addresses, etc.

¢ User Mode

In user mode, 2 Ghytes of the virtual address space from H'00000000 to H'7FFFFFFF (area
UO0) can be accessed. U0 is mapped onto physical address space in page units, in accordance
with address translation table information.
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H'00000000 H'00000000

2-Gbyte virtual space, 2-Gbyte virtual space,

cacheable Area PO cacheable Area U0
(write-back/write-through) (write-back/write-through)
H'80000000 | 4 5 Gpyte fixed physical H'80000000
space, cacheable Area P1

(write-back/write-through)

H'A0000000 0.5-Gbyte fixed

physical space, Area P2

non-cacheable
Address error

H'C0000000 | 0.5-Gbyte virtual space,
cacheable Area P3
(write-back/write-through)

H'E0000000
0.5-Gbyte control space,
non-cacheable Area P4
H'FFFFFFFF H'FFFFFFFF
Privileged mode User mode

Figure3.2 Virtual Address Space Mapping

Physical Address Space: The SH7709S supports a 32-bit physical address space, but the upper 3
bits are actually ignored and treated as a shadow. See section 10, Bus State Controller (BSC), for
details.

Address Trandation: When the MMU is enabled, the virtual address space is divided into units
called pages. Physical addresses are translated in page units. Address translation tablesin external
memory hold information such as the physical address that corresponds to the virtual address and
memory protection codes. When an access to an area other than P4 occurs, if the accessed virtual
address belongs to area P1 or P2 thereisno TLB access and the physical addressis uniquely
defined. If it belongs to area PO, P3, or UO, the TLB is searched by virtual address and, if that
virtual addressisregistered in the TLB, the access hits the TLB. The corresponding physical
address and the page control information are read from the TLB and the physical addressis
determined.
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If the virtual addressis not registered inthe TLB, a TLB miss exception occurs and processing
will shift to the TLB miss handler. In the TLB miss handler, the TLB address translation table in
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that caused
the TLB missis re-executed. When the MMU is enabled, address trandlation information that
resultsin a physical address space of H'80000000—H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, the virtual addressis used directly as the physical address. Asthe
SH7709S supports a 29-bit address space as the physical address space, the top 3 bits of the
physical address are ignored, and constitute a shadow space (see section 10, Bus State Controller
(BSC)). For example, addresses H'00001000 in the PO area, H'80001000 in the P1 area,
H'A0001000 in the P2 area, and H'C0001000 in the P3 area are all mapped onto the same physical
address. When access to these addresses is performed with the cache enabled, an address with the
top 3 bits of the physical address masked to O is stored in the cache address array to ensure data
congruity.

Single Virtual Memory Mode and Multiple Virtual Memory Mode: There are two virtual
memory modes: single virtual memory mode and multiple virtual memory mode. In single virtual
memory mode, multiple processes run in parallel using the virtual address space exclusively and
the physical address corresponding to a given virtual addressis specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, so a
given virtual address may be translated into different physical addresses depending on the process.
Single or multiple virtual mode is selected by avalue set in the MMU control register (MMUCR).
In terms of operation, the only difference between single virtual memory mode and multiple
virtual memory mode isin the TLB address comparison method (see section 3.3.3, TLB Address
Comparison).

Address Space | dentifier (ASID): In multiple virtual memory mode, the address space identifier
(ASID) is used to differentiate between processes running in parallel and sharing virtual address
space. The ASID is 8 bitsin length and can be set by software setting of the ASID of the currently
running process in the page table entry register high (PTEH) within the MMU. When the process
isswitched using the ASID, the TLB does not have to be purged.

In single virtual memory mode, the ASID is used to provide memory protection for processes
running simultaneously and using the virtual address space exclusively (see section 3.4.2, MMU
Software Management).
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314 Register Configuration

A register that has an undefined initial value must be initialized by software. Table 3.1 shows the
configuration of the MMU control registers.

Table3.1 Register Configuration

Name Abbreviation R/W  Size {;]allfluaé*l Address

Page table entry register high PTEH R/W  Longword Undefined H'FFFFFFFO
Page table entry register low PTEL R/W  Longword Undefined H'FFFFFFF4
Translation table base register TTB R/W  Longword Undefined H'FFFFFFF8
TLB exception address register  TEA R/W  Longword Undefined H'FFFFFFFC
MMU control register MMUCR RW  Longword *2 H'FFFFFFEO

Notes: 1. Initialized by a power-on reset or manual reset.
2. SV bit: undefined
Other bits: 0

3.2 Register Description

There arefive registers for MMU processing. These registers are located in address space area P4
and can only be accessed from privileged mode by specifying the address.

1. The page table entry register high (PTEH) register residing at address H'FFFFFFFO, which
consists of avirtual page number (VPN) and ASID. The VPN set isthe VPN of the virtual
address at which the exception is generated in case of an MMU exception or address error
exception. When the page size is 4 kbytes, the VPN is the upper 20 bits of the virtual address,
but in this case the upper 22 bits of the virtual address are set. The VPN can aso be modified
by software. Asthe ASID, software sets the number of the currently executing process. The
VPN and ASID arerecorded inthe TLB by the LDTLB instruction.

2. The pagetable entry register low (PTEL) register residing at address H'FFFFFFF4, and used to
store the physical page number and page management information to be recorded in the TLB
by the LDTLB instruction. The contents of this register are only modified in response to a
software command. (Refer to section 3.4.3, MMU Instruction (LDTLB), and section 3.5,
MMU Exceptions.)

3. Thetrandation table base register (TTB) residing at address H'FFFFFFF8, which points to the
base address of the current page table. The hardware does not set any valuein TTB
automatically. TTB isavailable to software for general purposes.

4. The TLB exception address register (TEA) residing at address H'FFFFFFFC, which stores the
virtual address corresponding to a TLB or address error exception. Thisvalue remains valid
until the next exception or interrupt.
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5. The MMU control register (MMUCR) residing at address H'FFFFFFEQ, which makes the
MMU settings described in figure 3.3. Any program that modifies MMUCR should reside in
the P1 or P2 area.

The MMU registers are shown in figure 3.3.

31 10 7 0
| VPN | 0 | ASID |
PTEH

31 2928 109876 4 3 2
|ooo| PPN |ohf||PR H'l0
PTEL
31 0

| TTB
TTB
31 0

Virtual address causing TLB-related
or address error exception

TEA
31 8 7654321 0

0 |SV|00|RC|O|TF|IX|AT|
MMUCR

0: Reserved bits. Always read as 0. Writing is ignored. However, 0 should also be

specified in a write to MMUCR only.

SV: Single virtual memory mode bit.  0: Multiple virtual memory mode

1: Single virtual memory mode

RC: A 2-bit random counter, automatically updated by hardware according to the
following rules in the event of an MMU exception. When a TLB miss exception
occurs, all TLB entry ways corresponding to the virtual address at which the
exception occurred are checked, and if all ways are valid, 1 is added to RC; if
there is one or more invalid way, they are set by priority from way 0, in the order:
way 0, way 1, way 2, way 3. In the event of an MMU exception other than a TLB
miss exception, the way which caused the exception is set in RC.

TF: TLB flush bit. Write 1 to flush the TLB (clear all valid bits of the TLB to 0). Always
reads 0.

IX: Index mode bit. When 0, VPN bits 16—-12 are used as the TLB index number.
When 1, the value obtained by EX-ORing ASID bits 4-0 in PTEH and VPN bits
16-12 are used as the TLB index number.

AT: Address translation bit. Enables/disables the MMU.
0: MMU disabled
1: MMU enabled

Note: * Refer to section 3.3, TLB Functions.

Figure3.3 MMU Register Contents
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3.3 TLB Functions

331 Configuration of the TLB

The TLB caches address trandl ation table information located in the external memory. The address
trand ation table stores the physical page number translated from the virtual page number and the
control information for the page, which is the unit of address translation. Figure 3.4 shows the
overall TLB configuration. The TLB is4-way set associative with 128 entries. There are 32 entries
for each way. Figure 3.5 shows the configuration of virtual addresses and TLB entries.

Ways 0-3 Ways 0-3
[ I | | [ | | | | |
[ I I I [ I I I I I

[ I I I | [ I I I I I ||

Entry 0 | VPN(31-17) [VPN(11-10){ ASID(7-0) | V | Entry O [PPN(28-10)|PR(1-0)[SZ| C | D |SH|H
Entry 1 H | Entry 1 H]
Entry 31 H Entry 31 H

Address array Data array

Figure3.4 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 11 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) (2) @ (1 (19) 2) (1) (M) ()
[VPN (31-17)| VPN (11-10)| ASID [ V] | PPN |PR [sz|c [sH|D]
TLB entry
Legend:

VPN: Virtual page number. Top 22 bits of virtual address for a 1-kbyte page, or top 20 bits of
virtual address for a 4-kbyte page. Since VPN bits 16-12 are used as the index number, they
are not stored in the TLB entry.

ASID: Address space identifier. Indicates the process that can access a virtual page. In single
virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit is 0,
the address is compared with the ASID in PTEH when address comparison is performed.

SH: Share status bit
0 = Page not shared between processes
1 = Page shared between processes

SZ: Page-size bit
0 = 1-kbyte page
1 = 4-kbyte page

V: Valid bit. Indicates whether entry is valid.

0 = Invalid
1 = Valid
Cleared to 0 by a power-on reset. Not affected by a manual reset.

PPN: Physical page number. Top 29 bits of physical address. PPN bits 11-10 are not used in case
of a 4-kbyte page. Attention must be paid to the synonym problem in case of a 1-kbyte page
(see section 3.4.4, Avoiding Synonym Problems).

PR: Set the most significant bit to 0.

Protection key field. 2-bit field encoded to define the access rights to the page.
00: Reading only is possible in privileged mode.
01: Reading/writing is possible in privileged mode.
10: Reading only is possible in privileged/user mode.
11: Reading/writing is possible in privileged/user mode.

C: Cacheable bit. Indicates whether the page is cacheable.
0: Non-cacheable
1: Cacheable

D: Dirty bit. Indicates whether the page has been written to.
0 = Not written to
1 = Written to

Figure3.5 Virtual Addressand TLB Structure
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332 TLB Indexing

The TLB uses a 4-way set associative scheme, so entries must be selected by index. VPN bits 16
to 12 and ASID bhits4 to 0in PTEH are used as the index number regardless of the page size. The
index number can be generated in two different ways depending on the setting of the IX bit in
MMUCR.

1. WhenIX =0, VPN bits 16-12 alone are used as the index number

2. WhenIX =1, VPN bits 16-12 are EX-ORed with ASID bits 4-0 to generate a 5-bit index
number

The second method is used to prevent lowered TLB efficiency that results when multiple
processes run simultaneously in the same virtual address space (multiple virtual memory) and a
specific entry is selected by generating an index number for each process. Figures 3.6 and 3.7
show the indexing schemes.

Virtual address PTEH register
31 1716 1211 0 31 10 7 0
‘ ’ VPN ‘ 0 ‘ ASID ‘
ASID(4-0
Exclusive-OR )« @0
Index
Ways 0-3

I I I I 1 [
[ I I I ‘ [ I I I
[ | | | [

0| VPN@31-17) |VPN(11-10)| ASID(7-0) | V || PPN(28-10) |PR(1-0)|SZ| C | D | SH

31

Address array Data array

Figure3.6 TLBIndexing (I1X =1)

Rev. 5.00, 09/03, page 65 of 760
RENESAS




Virtual address
31 17 16 1211 0

Index

Ways 0-3

0 VPN(31-17) | VPN(11-10) | ASID(7-0) | V PPN(28-10) [PR(1-0)|{SZ| C | D |SH

31

Address array Data array

Figure3.7 TLB Indexing (I1X =0)

333 TLB Address Comparison

The results of address comparison determine whether a specific virtual page number is registered
inthe TLB. The virtual page number of the virtual address that accesses external memory is
compared to the virtual page number of theindexed TLB entry. The ASID withinthe PTEH is
compared to the ASID of the indexed TLB entry. All four ways are searched simultaneously. If the
compared values match, and the indexed TLB entry isvalid (V bit = 1), the hit is registered.

It is necessary to have software ensure that TLB hits do not occur simultaneoudy in more than one
way, as hardware operation is not guaranteed if this occurs. For example, if there are two identical
TLB entries with the same VPN and a setting is made such that a TLB hit is made only by a
process with ASID = H'FF when oneisin the shared state (SH = 1) and the other in the non-shared
state (SH = 0), then if the ASID in PTEH is set to H'FF, there is a possibility of simultaneous TLB
hitsin both these ways. It is therefore necessary to ensure that this kind of setting is not made by
software.

The object compared varies depending on the page management information (SZ, SH) inthe TLB
entry. It also varies depending on whether the system supports multiple virtual memory or single
virtual memory.

The page-size information determines whether VPN (11-10) is compared. VPN (11-10) is
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).
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The sharing information (SH) determines whether the PTEH.ASID and the ASID inthe TLB entry
are compared. ASIDs are compared when there is no sharing between processes (SH = 0) but not
when thereis sharing (SH = 1).

When single virtual memory is supported (MMUCR.SV = 1) and privileged mode is engaged
(SR.MD =1), al process resources can be accessed. This meansthat ASIDs are not compared
when single virtual memory is supported and privileged mode is engaged. The objects of address
comparison are shown in figure 3.8.

SH=1or
(SR.MD = 1 and No
MMUCR.SV = 1)?

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

A\
Bits compared:

A\ 4

Bits compared:
VPN (31-17)
VPN (11-10)

Bits compared:
VPN (31-17)

Bits compared:
VPN (31-17)
VPN (11-10)
ASID (7-0)

VPN (31-17)
ASID (7-0)

Figure 3.8 Objects of Address Comparison
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334 Page M anagement I nfor mation

In addition to the SH and SZ bits, the page management information of TLB entries also includes
D, C, and PR hits.

The D hit of a TLB entry indicates whether the pageis dirty (i.e., has been written to). If the D bit
is 0, an attempt to write to the page results in an initial page write exception. For physical page
swapping between secondary memory and main memory, for example, pages are controlled so that

adirty page is paged out of main memory only after that page iswritten back to secondary

memory.

The C bit in the entry indicates whether the referenced page resides in a cacheable or non-
cacheable area of memory. When the control register in area 1 is mapped, set the C bit to 0. The
PR field specifies the access rights for the page in privileged and user modes and is used to protect
memory. Attempts at honpermitted accessesresult in TLB protection violation exceptions.

Access states designated by the D, C, and PR bits are shown in table 3.2.

Table3.2 Access States Designated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11 Permitted Permitted Permitted Permitted
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34 MMU Functions

341 MM U Hardwar e Management

There are two kinds of MM U hardware management as follows:

1

The MMU decodes the virtual address accessed by a process and performs address trandlation
by controlling the TLB in accordance with the MMUCR settings.

In address trand ation, the MM U receives page management information from the TLB, and
determines the MM U exception and whether the cache is to be accessed (using the C bit). For
details of the determination method and the hardware processing, see section 3.5, MMU
Exceptions.

34.2 MM U Softwar e Management

There are three kinds of MMU software management, as follows.

1

MMU register setting. MMUCR setting, in particular, should be performed in areas P1 and P2
for which address trandation is not performed. Also, since SV and I X bit changes constitute
address translation system changes, in this case, TLB flushing should be performed by
simultaneoudly writing 1 to the TF bit also. Since MMU exceptions are not generated in the
MMU disabled state with the AT bit cleared to O, use in the disabled state must be avoided
with software that does not use the MMU.

TLB entry recording, deletion, and reading. TLB entry recording can be done in two ways by
using the LDTLB instruction, or by writing directly to the memory-mapped TLB. For TLB
entry deletion and reading, the memory allocation TLB can be accessed. See section 3.4.3,
MMU Instruction (LDTLB), for details of the LDTLB instruction, and section 3.6,
Configuration of Memory-Mapped TLB, for details of the memory-mapped TLB.

MMU exception processing. When an MMU exception is generated, it is handled on the basis
of information set from the hardware side. See section 3.5, MMU Exceptions, for details.

When single virtual memory mode is used, it is possible to create a state in which physical
memory accessis enabled in the privileged mode only by clearing the share status bit (SH) to O to
specify recording of all TLB entries. This strengthens inter-process memory protection, and
enables special access levelsto be created in the privileged mode only.

Recording a 1-kbyte page TLB entry may result in a synonym problem. See section 3.4.4,
Avoiding Synonym Problems.
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34.3 MMU Instruction (LDTLB)

Theload TLB instruction (LDTLB) is used to record TLB entries. When the IX bitin MMUCR is
0, the LDTLB instruction changesthe TLB entry in the way specified by the RC bitin MMUCR
to the value specified by PTEH and PTEL, using VPN bits 16-12 specified in PTEH as the index
number. When the IX bitin MMUCR is 1, the EX-OR of VPN bits 16-12 specified in PTEH and
ASID bits4-0 in PTEH are used as the index number.

Figure 3.9 shows the case where the I X bitin MMUCR is 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. Theway is set in the RC bit of MMUCR for each
exception (see figure 3.3). Consequently, if the LDTLB instruction isissued after setting only
PTEL inthe MMU exception handling routine, TLB entry recording is possible. Any TLB entry
can be updated by software rewriting of PTEH and the RC bitsin MMUCR.

Asthe LDTLB instruction changes address trandlation information, there isarisk of destroying
address trandation information if thisinstruction isissued in the PO, UQ, or P3 area. Make sure,
therefore, that thisinstruction isissued in the P1 or P2 area. Also, an instruction associated with an
access to the PO, UO, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDTLB instruction.
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MMUCR

31 9 0
o [sv[o]olre]o]t] xAT]
Index T Way selection
PTEH register —L— PTEL register
31 1 12 10 8 0 312928 10 0
VPN ‘VPN ‘ 0‘ ASID | ’OOO‘ PPN ‘O‘V‘O‘PR‘SZ‘C‘D‘SH‘O‘
v
Ways 0 to 3

[

[ [ [

[

1 [
[ [ [ 1 [ [ [ [ [ [
[ [ [ [

0| VPN@31-17)  |VPN(11-10) | ASID(7-0) |V |I{ PPN(28-10)|PR(1-0)|SZ| C | D |SH

31

Address array Data array

Figure3.9 Operation of LDTLB Instruction
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344 Avoiding Synonym Praoblems

When a 1-kbyte pageisrecorded in a TLB entry, a synonym problem may arise. If a number of
virtual addresses are mapped onto a single physical address, the same physical address datawill be
recorded in anumber of cache entries, and it will not be possible to guarantee data congruity. The
reason why this problem only occurs when using a 1-kbyte page is explained bel ow with reference
to figure 3.10.

To achieve high-speed operation of the SH7709S cache, an index number is created using virtual
address bits 11-4. When a 4-kbyte page is used, virtual address bits 114 are included in the
offset, and since they are not subject to address trand ation, they are the same as physical address
bits 11—4. In cache-based address comparison and recording in the address array, since the cache
tag addressis a physical address, physical address bits 28-10 are recorded.

When a 1-kbyte page is used, also, a cache index number is created using virtual address bits 11-4.
However, in case of a 1-kbyte page, virtual address bit (11, 10) is subject to address trandlation
and therefore may not be the same as physical address bit (11, 10). Consequently, the physical
addressisrecorded in a different entry from that of the index number indicated by the physical
addressin the cache address array.

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the following
trang ation has been performed are recorded in two TLBs:

Virtual address1 H'00000000 - physical address H'00000400
Virtual address2 H'00000400 - physical address H'00000400

Virtual address 1 isrecorded in cache entry H'00, and virtual address 2 in cache entry H'CO. Since
two virtual addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as awrite is performed to either
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical addressisthe same
asaphysical address already used in another TLB entry, it should be recorded in such away that
physical address bit (11, 10) isthe same.

Note: Inreadiness for the future expansion of the SuperH RISC engine family, we recommend
that, when multiple sets of address translation information are mapped onto the same
physical area of memory, you set the VPN numbers so that each VPN [20:10] is equa to
the others. We a so recommend that you do not map multiple sets of address-translation
information that include 1- and 4-kbyte pages to asingle physical area.
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When using a 4-kbyte page
Virtual address

31 121110 0
VPN R\ Offset |

>

Virtual address (11-4)

Physical address
31 2928 121110 0
looo | PPN N offset |

Physical address (28-10) >

Cache address
array

When using a 1-kbyte page
Virtual address
31 11109 0

VPN N ﬁ Offset |

. Virtual address (11-4) q
Physical address

31 2928 11109 0
| 000 | PPN \ﬁ Offset |

Physical address (28-10) q

Cache address
array

Figure3.10 Synonym Problem
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35 MMU Exceptions

There are four MMU exceptions: TLB miss, TLB protection violation, TLB invalid, and initial
page write.

351 TLB Miss Exception

A TLB missresults when the virtual address and the address array of the selected TLB entry are
compared and no match isfound. TLB miss exception processing includes both hardware and
software operations.

Hardware Operations: InaTLB miss, the SH7709S hardware executes a set of prescribed
operations, as follows:

1. The VPN field of the virtual address causing the exception is written to the PTEH register.

2. Thevirtual address causing the exception is written to the TEA register.

3. Either exception code H'040 for aload access, or H'060 for a store access, iswritten to the
EXPEVT register.

4. The PC value indicating the address of the instruction in which the exception occurred is
written to the save program counter (SPC). If the exception occurred in adelay slot, the PC
value indicating the address of the related delayed branch instruction is written to the SPC.

5. The contents of the status register (SR) at the time of the exception are written to the save

status register (SSR).

The mode (MD) bitin SR is set to 1 to place the SH7709S in the privileged mode.

Theblock (BL) bit in SR is set to 1 to mask any further exception requests.

Theregister bank (RB) bit in SRisset to 1.

The random counter (RC) field in the MMU control register (MMUCR) is incremented by 1

when all ways are checked for the TLB entry corresponding to the logical address at which the

exception occurred, and all ways are valid. If one or more ways are invalid, those ways are set

in RC in prioritized order from way 0 through way 1, way 2, and way 3.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000400 to invoke the user-written TLB miss exception handler.

© © N o

Software (TLB MissHandler) Operations. The software searches the page tables in external
memory and allocates the required page table entry. Upon retrieving the required page table entry,
software must execute the following operations:

1. Write the value of the physical page number (PPN) field and the protection key (PR), page size
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
recorded in the address trandlation table in the external memory into the PTEL register in the
SH7709S.
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2. If using software for way selection for entry replacement, write the desired value to the RC
fieldin MMUCR.

3. Issuethe LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

4. Issuethereturn from exception handler (RTE) instruction to terminate the handler routine and
return to the instruction stream.

352 TLB Protection Violation Exception

A TLB protection violation exception results when the virtual address and the address array of the
selected TLB entry are compared and avalid entry isfound to match, but the type of accessis not
permitted by the access rights specified in the PR field. TLB protection violation exception
processing includes both hardware and software operations.

Hardware Operations: InaTLB protection violation exception, the SH7709S hardware executes
a set of prescribed operations, asfollows:

1. The VPN field of the virtual address causing the exception is written to the PTEH register.
2. Thevirtual address causing the exception is written to the TEA register.

3. Either exception code H'0AO for aload access, or H'0CO for a store access, iswritten to the
EXPEVT register.

4. The PC value indicating the address of the instruction in which the exception occurred is
written into SPC (if the exception occurred in adelay slot, the PC value indicating the address
of the related delayed branch instruction is written into SPC).

The contents of SR at the time of the exception are written to SSR.

The MD bitin SR is set to 1 to place the SH7709S in the privileged mode.
TheBL bitin SR isset to 1 to mask any further exception regquests.

The register bank (RB) bit in SRis set to 1.

The way that generated the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the TLB protection violation exception handler.

© © N o u

Software (TLB Protection Violation Handler) Operations: Software resolvesthe TLB
protection violation and issues the RTE (return from exception handler) instruction to terminate
the handler and return to the instruction stream.
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353 TLB Invalid Exception

A TLB invalid exception results when the virtual addressis compared to aselected TLB entry
address array and a match is found but the entry isnot valid (the V bitis0). TLB invalid exception
processing includes both hardware and software operations.

Hardware Operations: InaTLB invalid exception, the SH7709S hardware executes a set of
prescribed operations, asfollows:

A w DN

o

© © N

The VPN number of the virtual address causing the exception is written to the PTEH register.
The virtual address causing the exception iswritten to the TEA register.
The way number causing the exception iswritten to RC in MMUCR.

Either exception code H'040 for aload access, or H'060 for a store access, is written to the
EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in a delay slot, the PC value indicating the
address of the delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written into SSR.

The mode (MD) bit in SR is set to 1 to place the SH7709S in the privileged mode.
Theblock (BL) bitin SR is set to 1 to mask any further exception requests.
Theregister bank (RB) bit in SRis set to 1.

10. Execution branches to the address obtained by adding the value of the VBR contents and

H'00000100, and the TLB protection violation exception handler starts.

Software (TLB Invalid Exception Handler) Operations: The software searches the page tables
in external memory and assigns the required page table entry. Upon retrieving the required page
table entry, software must execute the following operations:

1

Write the values of the physical page number (PPN) field and the values of the protection key
(PR), page size (S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page
table entry recorded in the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to the RC
fieldin MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

Issue the RTE instruction to terminate the handler and return to the instruction stream. The
RTE instruction should be issued after two LDTLB instructions.
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354 Initial Page Write Exception

Aninitial page write exception results in a write access when the virtual address and the address
array of the selected TLB entry are compared and a valid entry with the appropriate accessrights
isfound to match, but the D (dirty) bit of the entry is O (the page has not been written to). Initial
page write exception processing includes both hardware and software operations.

Hardware Operations: Inaninitial page write exception, the SH7709S hardware executes a set
of prescribed operations, asfollows:

The VPN field of the virtual address causing the exception is written to the PTEH register.
The virtual address causing the exception iswritten to the TEA register.
Exception code H'080 is written to the EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in adelay slot, the PC value indicating the
address of the related delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written to SSR.

The MD bitin SR is set to 1 to place the SH7709S in the privileged mode.
TheBL bitin SR isset to 1 to mask any further exception requests.
Theregister bank (RB) bit in SRis set to 1.

The way that caused the exceptionis set in the RC fieldin MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the user-written initial page write exception handler.

A w DN
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Softwar e (I nitial Page Write Handler) Operations: The software must execute the following
operations:

1. Retrieve the required page table entry from external memory.
2. Setthe D bit of the page table entry in the external memory to 1.

3. Write the value of the PPN field and the PR, SZ, C, D, SH, and V bits of the page table entry
in the external memory to the PTEL register.

4. If using software for way selection for entry replacement, write the desired value to the RC
fieldin MMUCR.

5. Issuethe LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

6. Issuethe RTE instruction to terminate the handler and return to the instruction stream. The
RTE instruction should be issued after two LDTLB instructions.

Figure 3.11 shows the flowchart for MMU exceptions.

Rev. 5.00, 09/03, page 77 of 760
RENESAS



No
and ASIDs
Yes match?
No
\4 l
TLB miss TLB invalid
exception exception

User mode User or

privileged?

Privileged mode

A4 A 4

| PR check | | PR check |
00/01 10 11 01/11 00/10
w w W
R/W?
R R R
Yy A\ \ 4 v
TLB protection TLB protection
violation violation
exception
A4
Initial page No (noncacheable) Yes (cacheable)
write
exception Memory Cache

access access

Figure3.11 MMU Exception Generation Flowchart
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355 Processing Flow in Event of MM U Exception (Same Processing Flow for Address

Error)

Figure 3.12 shows the MMU exception signalsin the instruction fetch mode.

B

| IF | ID EX | MA | WB
D | B | va | we Handler.transmon
processing
ID EX MA | WB
NOP
NOP
MMU exception handler —» | IF | ID | EX MA| VVB|

I:I : Exception source stage

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

Figure3.12 MMU Exception Signalsin Instruction Fetch
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Figure 3.13 shows the MMU exception signalsin the data access mode.

—

IF| ID | EX | MA [WB
IF| 1D | EX [MA[wB
IF | D [EX/|MA| WB
ID | EX| MA| WB
ID | EX|MA | WB
ID | EX | MA [wB |
NOP |
NOP
MMU exception handler — | IF | ID |EX | MA| WB |
|:| : Exception source stage

|:| : Stage cancellation for instruction
that has begun execution

Handler transition
processing

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution

MA = Memory access
WB = Write back
NOP = No operation

Figure3.13 MMU Exception Signalsin Data Access

3.6 Configuration of Memory-Mapped TLB

To alow the management of TLB operations by software, the MOV instruction can be used, in the
privileged mode, to read and write TLB contents. The TLB is mapped to the P4 area of the virtua
address space. The TLB address array (VPN, V bit, and ASID) is mapped to H'F2000000 to
H'F2FFFFFF, and the TLB data array (PPN, PR, SZ, CD, S, and H bits) is mapped to H'F3000000
to H'F3FFFFFF. It is also possible to access the V bitsin the address array from the dataarray.
Only longword access is possible, for both the address and data arrays.

3.6.1 AddressArray

The address array is mapped to H'F2000000 to H'F2FFFFFF. To access the address array, the 32-
bit addressfield (for read/write access) and 32-bit data field (for write access) must be specified.
The address field has the information that selects the entry to be accessed; the data field specifies
the VPN, the V bit, and the ASID to be written to the address array (figure 3.14 (1)).
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In the address field, specify VPN in bits 16-12 as the index address that selects the entry, W in bits
9-8 to select the way, and H'F2 in bits 31-24 to indicate access to the address array. Selection of
the index address depends on the MMUCR.IX setting.

The following 2 types of operations on the address array are possible.

(1) Address Array Read
Reads VPN, V hit, and ASID from the entry that corresponds to the entry address and way that
were specified in the addressfield.

(2) Address Array Write

Writes the data set in the data field to the entry that corresponds to the entry address and way
that were specified in the addressfield.

3.6.2 Data Array

The dataarray is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
addressfield (for read/write operations), and 32-bit data field (for write operations) must be
specified. These are specified in the general register. The address section specifiesinformation for
selecting the entry to be accessed; the data section specifies the longword data to be written to the
dataarray (figure 3.14 (2)).

In the address section, specify the entry address for selecting the entry (bits 16-12), W for
selecting the way (bits 9-8: 00 isway 0, Ol isway 1, 10 isway 2, 11 isway 3), and H'F3 to
indicate data array access (bits 31-24). The IX bitin MMUCR indicates whether an EX-OR is
taken of the entry addressand ASID.

Both reading and writing use the longword of the data array specified by the index address and
way number. The access size of the data array isfixed at longword.
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(1) TLB Address Array Access

Read access

31 24 23 17 16 121110987 6 0

Address field | 11110010 S * | VPN |* |*| W |0|* ........... * |

31 1716 12111098 7 0

Data field | VPN lo------olven[olv]  AsiD |

Write access

31 24 23 1716 121110987 6 0

Address field | 11110010 P, % | VPN |*|*| W |0|* ........... % |

31 1716 12111098 7 0

Data field | VPN [« «[veN[+][V[  AsD |
VPN: Virtual page number ASID: Address space identifier

V: Valid bit *: Don't care bit

W:  Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

(2) TLB Data Array Access
Read/write access

31 24 23 17 16 12111098 7 0
Address field | 11110011 Kot * | VPN |*|*| w |* .............. % |
31 2928 109 87654 3 2 10
Data field | 000 | PPN [x|v|x|PRlsz|c | D]sH[X]
PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page-size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit *: Don't care bit

VPN: Virtual page number
X: 0 for read, don’t care bit for write
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

Figure3.14 Specifying Address and Data for Memory-Mapped TLB Access
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3.6.3 Usage Examples

Invalidating Specific Entries: Specific TLB entries can be invalidated by writing O to theentry’s
V bit. When the A hit is 1, the VPN and ASID specified by the write datais compared to the VPN
and ASID within the TLB entry selected by the entry address and data is written to the matching
way. If no match isfound, there is no operation. RO specifies the write data and R1 specifiesthe
address.

; RO=H 1547 381C R1=H F201 3000
MVUCR. | X=0

; VPN(31-17)=B' 0001 0101 0100 011  VPN(11-10)=B 10 ASID=B' 0001 1100
corresponding entry association is nade fromthe entry selected by

; the VPN(16-12)=B'1 0011 index, the V bit of the hit way is cleared to
0, achi eving invalidation.

MOV.L RO, @1

Reading the Data of a Specific Entry: This example reads the data section of a specific TLB
entry. The bit order indicated in the datafield in figure 3.14 (2) isread. RO specifies the address
and the data section of a selected entry isread to R1.

; R1=H F300 4300 VPN(16-12) =B' 00100 Way 3
MOV. L @RO, R1

3.7 Usage Note

The operations listed below must only be performed when the TLB is disabled or inthe P1 or P2
area. Any subsequent operation that accesses the PO, P3, or U0 area must take place two or more
instructions after any of the below operations.

Change SR.MD or SR.BL

Execute the LDTLB instruction
Write to the memory-mapped TLB
Change MMUCR.

A w DN
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Section 4 Exception Handling

41 Overview

411 Features

Exception handling is separate from normal program processing, and is performed by a routine
separate from the normal program. In response to an exception handling request due to abnormal
termination of the executing instruction, control is passed to a user-written exception handler.
However, in response to an interrupt request, normal program execution continues until the end of
the executing instruction. Here, all exceptions other than resets and interrupts will be called
general exceptions. There are thus three types of exceptions: resets, general exceptions, and
interrupts.

41.2 Register Configuration

Table 4.1 liststhe registers used for exception handling. A register with an undefined initial value
should beinitialized by software.

Table4.1 Register Configuration

Register Abbr. R/W  Size Initial Value Address

TRAPA exception register TRA R/W Longword Undefined H'FFFFFFDO

Exception event register EXPEVT R/W Longword Power-onreset: H000 H'FFFFFFD4
Manual reset: H'020**

Interrupt event register INTEVT R/MW Longword Undefined H'FFFFFFD8
Interrupt event register2 INTEVT2 R Longword Undefined H'04000000
(H'A4000000)*?

Notes: 1. H'000 is setin a power-on reset, and H'020 in a manual reset.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

4.2 Exception Handling Function

421 Exception Handling Flow

In exception handling, the contents of the program counter (PC) and status register (SR) are saved
in the saved program counter (SPC) and saved status register (SSR), respectively, and execution of
the exception handler isinvoked from avector address. The return from exception handler (RTE)
instruction isissued by the exception handler routine on completion of the routine, restoring the
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contents of PC and SR to return to the processor state at the point of interruption and the address
where the exception occurred.

A basic exception handling sequence consists of the following operations:

The contents of PC and SR are saved in SPC and SSR, respectively.

Theblock (BL) bit in SR is set to 1, masking any subsequent exceptions.

The mode (MD) bit in SR is set to 1 to place the SH7709S in privileged mode.
Theregister bank (RB) bit in SRisset to 1.

An exception code identifying the exception event iswritten to bits 11-0 of the exception
event (EXPEVT) or interrupt event (INTEVT or INTEVT2) register.

6. Instruction execution jumps to the designated exception vector address to invoke the handler
routine.

ok~ wbdpRE

422 Exception Vector Addresses

The reset vector address is fixed at H'A0000000. The other three events are assigned offsets from
the vector base address by software. Trand ation look-aside buffer (TLB) miss exceptions have an
offset from the vector base address of H'00000400. The vector address offset for general exception
events other than TLB miss exceptions is H'00000100. The interrupt vector address offset is
H'00000600. The vector base address is |oaded into the vector base register (VBR) by software.
The vector base address should reside in P1 or P2 fixed physical address space. Figure 4.1 shows
the relationship between the vector base address, the vector offset, and the vector table.

»
>

'

VBR + Vector offset ——

(Vector base address)

H'A000 0000 ——»

Vector table

Figure4.1 Vector Table

Intable 4.2, exceptions and their vector addresses are listed by exception type, instruction
completion state, relative acceptance priority, relative order of occurrence within an instruction
execution sequence and vector address for exceptions and their vector addresses.
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Table4.2

Exception Event Vectors

Exception Current Exception Vector Vector
Type Instruction Exception Event Priority"‘l Order Address Offset
Reset Aborted Power-on reset 1 — H'A00000000 —
Manual reset 1 — H'A00000000 —
UDI reset 1 — H'A00000000 —
General Aborted CPU address error 2 1 — H'00000100
exception and retried (instruction access)
events TLB miss 2 — H'00000400
TLB invalid — H'00000100
(instruction access)
TLB protection 2 4 — H'00000100
violation (instruction
access)
General illegal 2 5 — H'00000100
instruction exception
lllegal slot instruction 2 5 — H'00000100
exception
CPU address error 2 6 — H'00000100
(data access)
TLB miss (data access 2 7 — H'00000400
not in repeat loop)
TLB invalid (data 2 8 — H'00000100
access)
TLB protection 2 9 — H'00000100
violation (data access)
Initial page write 2 10 — H'00000100
Completed Unconditional trap 2 5 — H'00000100
(TRAPA instruction)
User breakpoint trap 2 n*? — H'00000100
DMA address error 2 — — H'00000100
General Completed Nonmaskable interrupt 3 — — H'00000600
interrupt External hardware 4*3 — — H'00000600
requests interrupt
UDI interrupt 4*3 — — H'00000600
Notes: 1. Priorities are indicated from high to low, 1 being the highest and 4 the lowest.

2.

The user defines the break point traps. 1 is a break point before instruction execution
and 11 is a break point after instruction execution. For an operand break point, use 11.

Use software to specify relative priorities of external hardware interrupts and peripheral

module interrupts (see section 6, Interrupt Controller (INTC)).

RENESAS
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423 Acceptance of Exceptions

Processor resets and interrupts are asynchronous events unrelated to the instruction stream. All
exception events are prioritized to establish an acceptance order whenever two or more exception
events occur simultaneously.

All general exception events occur in arelative order in the execution sequence of aninstruction
(i.e. execution order), but are handled at priority level 2 ininstruction-stream order (i.e. program
order), where an exception detected in a preceding instruction is accepted prior to an exception
detected in a subsequent instruction.

Three general exception events (reserved instruction code exception, unconditional trap, and slot
illegal instruction exception) are detected in the decode stage (ID stage) of different instructions
and are mutually exclusive events in the instruction pipeline. They have the same execution
priority. Figure 4.2 shows the order of general exception acceptance.
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Pipeline Sequence:

Instruction n | F [ D | Ex | MA [ wB |

¢ A TLB miss (data access)
Instruction n + 1 | IF | D | EX | MA [ wB |

¢ A TLB miss (instruction access)
Instruction n + 2 | IF | o | EX | MA [ wB |

RIE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

'

TLB miss (instruction n) and general illegal instruction exception (instruction n + 2)
= simultaneous detection

Handling Order: Program Order:

TLB miss (instruction n)

¢ 1

Re-execution of instruction n

'

TLB miss (instruction n + 1)

¢ 2

Re-execution of instruction n + 1

'

RIE (instruction n + 2) 3
IF = Instruction fetch
ID = Instruction decode

EX = Instruction execution
MA = Memory access
WB = Write back

Figure4.2 Example of Acceptance Order of General Exceptions

All exceptions other than areset are detected in the pipeline ID stage, and accepted at instruction
boundaries. However, an exception is not accepted between a delayed branch instruction and the
delay dot. A re-execution type exception detected in a delay slot is accepted before execution of
the delayed branch instruction. A completion type exception detected in a delayed branch
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instruction or delay dot is accepted after execution of the delayed branch instruction. The delay
slot here refers either to the next instruction after a delayed unconditional branch instruction or to
the next instruction when a delayed conditional branch instruction istrue.

424 Exception Codes

Table 4.3 lists the exception codes written to the EXPEV T register (for reset or general
exceptions) or the INTEVT and INTEV T2 registers (for general interrupt requests) to identify
each specific exception event.

Table4.3 Exception Codes

Exception Type Exception Event Exception Code
Reset Power-on reset H'000
Manual reset H'020
UDI reset H'000
General exception events TLB miss/invalid (read) H'040
TLB miss/invalid (write) H'060
Initial page write H'080
TLB protection violation (read) H'0A0
TLB protection violation (write) H'0CO
CPU address error (read) H'OEOQ
CPU address error (write) H'100
Unconditional trap (TRAPA instruction) H'160
lllegal general instruction exception H'180
lllegal slot instruction exception H'1A0
User breakpoint trap H'1EOQ
DMA address error H'5C0
General interrupt requests Nonmaskable interrupt H'1CO
UDI interrupt H'5EOQ
External hardware interrupts:
IRL3-IRLO = 0000 H'200
IRL3-IRLO = 0001 H'220
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Exception Type

Exception Event

Exception Code

General interrupt requests

(cont)

External hardware interrupts (cont):

IRL3—-IRLO = 0010

H'240

IRL3—-IRLO = 0011

H'260

IRL3—-IRLO = 0100

H'280

IRL3-IRLO = 0101

H'2A0

IRL3—-IRLO = 0110

H'2CO0

IRL3-IRLO = 0111

H'2EOQ

IRL3-IRLO = 1000

H'300

IRL3-IRLO = 1001

H'320

IRL3—-IRLO = 1010

H'340

IRL3—-IRLO = 1011

H'360

IRL3—-IRLO = 1100

H'380

IRL3-IRLO = 1101

H'3A0

IRL3—-IRLO = 1110

H'3CO

425 Exception Request M asks

When the BL bit in SR is 0, exceptions and interrupts are accepted.

If ageneral exception event occurs when the BL bit in SRis 1, the CPU’sinternal registers are set
to their post-reset state, other module registers retain their contents prior to the general exception,

and a branch is made to the same address (H'A0000000) as for a reset.

If ageneral interrupt occurs when BL = 1, the request is masked (held pending) and not accepted
until the BL hit is cleared to 0 by software. For reentrant exception handling, SPC and SSR must
be saved and the BL bit in SR cleared to 0.

426 Retur ning from Exception Handling

The RTE instruction is used to return from exception handling. When RTE is executed, the SPC
valueisset in PC, and the SSR valuein SR, and the return from exception handling is performed

by branching to the SPC address.

If SPC and SSR have been saved in external memory, set the BL bit in SR to 1, then restore SPC
and SSR, and issue an RTE instruction.

RENESAS
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4.3 Register Descriptions

There are four registers related to exception handling. These are peripheral module registers, and
therefore reside in area P4. They can be accessed by specifying the addressin privileged mode
only.

1. The exception event register (EXPEVT) resides at address H'FFFFFFD4, and contains a 12-hit
exception code. The exception code set in EXPEVT isthat for areset or general exception
event. The exception code is set automatically by hardware when an exception occurs.
EXPEVT can also be modified by software.

2. Theinterrupt event register INTEVT) resides at address H'FFFFFFD8, and contains a 12-bit
interrupt exception code or a code indicating the interrupt priority. Which is set when an
interrupt occurs depends on the interrupt source (see tables 6.4 and 6.5). The exception code or
interrupt priority codeis set automatically by hardware when an exception occurs. INTEVT
can also be modified by software.

3. Interrupt event register 2 (INTEVT2) resides at address H'04000000, and contains a 12-bit
exception code. The exception code set in INTEV T2 isthat for an interrupt request. The
exception code is set automatically by hardware when an exception occurs.

4. The TRAPA exception register (TRA) resides at address H'FFFFFFDO, and contains 8-bit
immediate data (imm) for the TRAPA instruction. TRA is set automatically by hardware when
a TRAPA instruction is executed. TRA can also be modified by software.

The bit configurations of the EXPEVT, INTEVT, INTEVT2, and TRA registersare shown in
figure 4.3.

EXPEVT, INTEVT, and INTEVT2 registers TRA register

31 11 0 31 9 20
0 0| Exception code | | 0 0 imm |OO|
0: Reserved bits, always read as 0

imm: 8-bit immediate data in TRAPA instruction

Figure4.3 Bit Configurations of EXPEVT, INTEVT, INTEVTZ2, and TRA Registers
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44 Exception Handling Operation

441 Reset

The reset sequence is used to power up or restart the SH7709S from the initialization state. The
RESETP and RESETM signals are sampled every clock cycle, and in the case of a power-on reset,
all processing being executed (excluding the RTC) is suspended, all unfinished events are
canceled, and reset processing is executed immediately. In the case of amanual reset, however,
reset processing is executed after completion of any memory access being executed. The reset
sequence consists of the following operations:

1. TheMD bitin SRisset to 1 to place the SH7709S in privileged mode.

2. TheBL bitin SRisset to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bitis1).

3. TheRB bitin SR isset to 1.

4. An encoded value of H'000 in a power-on reset or H'020 in a manual reset iswritten to bits 11—
0 of the EXPEVT register to identify the exception event.

5. Instruction execution jumps to the user-written exception handler at address H'A0000000.

442 Interrupts

Aninterrupt handling request is accepted on completion of the current instruction. The interrupt
acceptance sequence consists of the following operations:

1. The contents of PC and SR are saved to SPC and SSR, respectively.

2. TheBL bitin SRisset to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bitis 1).

3. TheMD hitin SRis set to 1 to place the SH7709S in privileged mode.

4. TheRB hitin SRissetto 1.

5. Anencoded value identifying the exception event is written to bits 11-0 of the INTEVT and
INTEVTZ2 registers.

6. Instruction execution jumps to the vector location designated by the sum of the value of the
contents of the vector base register (VBR) and H'00000600 to invoke the exception handler.
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443 General Exceptions

When the SH7709S encounters any exception condition other than areset or interrupt request, it
executes the following operations:

1. The contents of PC and SR are saved to SPC and SSR, respectively.

2. TheBL bitin SRisset to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bitis 1).

3. The MD hitin SRis set to 1 to place the SH7709S in privileged mode.

4. TheRB bitin SRissetto 1.

5. Instruction execution jumps to the vector location designated by either the sum of the vector
base address and offset H'00000400 in the vector tablein aTLB misstrap, or by the sum of the

vector base address and offset H'00000100 for exceptions other than TLB miss traps, to invoke
the exception handler.

45 Individual Exception Operations

This section describes the conditions for specific exception handling, andthis LS| operations.

451 Resets

¢ Power-On Reset

0 Conditions: RESETP low

0 Operations: EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'A0000000.
Initialization setsthe VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the interrupt mask bits (13 to 10) are set to B'1111. The CPU and on-chip peripheral
modules are initialized. See the register descriptions in the relevant sections for details. A
power-on reset must always be performed when powering on. A low leve is output from
the RESETOUT pin, and a high level is output from the STATUSO and STATUSL pins.

*  Manual Reset
00 Conditions;: RESETM low

0 Operations: EXPEVT set to H'020, VBR and SR initialized, branch to PC = H'A0000000.
Initialization setsthe VBR register to H'0000000. In SR, the MD, RB, and BL bits are set
to 1 and the interrupt mask bits (13 to 10) are set to B'1111. The CPU and on-chip
peripheral modules are initialized. See the register descriptions in the relevant sections for
details. A low level is output from the RESETOUT pin, and a high level is output from the
STATUSO and STATUSL pins.
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UDI Reset

U
g

Conditions: UDI reset command input (see section 22.4.3, UDI Reset)

Operations: EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the interrupt mask bits (13 to 10) are set to B'1111. The CPU and on-chip peripheral
modules are initialized. See the register descriptionsin the relevant sections for details.

Table4.4 Typesof Reset

Conditions for Transition Internal State

Type to Reset State CPU On-Chip Peripheral Modules
Power-on RESETP = Low Initialized (See register configuration in
reset relevant sections)

Manual RESETM = Low Initialized

reset

uDI UDI reset command input Initialized

reset

452 General Exceptions

TLB miss exception

U
U

Conditions. Comparison of TLB addresses shows no address match.

Operations. The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) isset in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. If all waysarevalid, 1 is added to
the RC bitin MMUCR. If thereis one or more invalid way, they are set by priority starting
with way O.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,
respectively. If the exception occurred during aread, H'040 is set in EXPEVT; if the exception
occurred during awrite, H'060 is set in EXPEVT. The BL, MD and RB bitsin SR are set to 1
and a branch occursto PC = VBR + H'0400.

To speed up TLB miss processing, the offset differs from other exceptions.
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TLB invalid exception

0 Conditions: Comparison of TLB addresses shows address match but the TLB entry valid
bit (V) isO.

0 Operations. The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) isset in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bitsin MMUCR.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,

respectively. If the exception occurred during aread, H'040 is set in EXPEVT; if the exception

occurred during awrite, H'060 is set in EXPEVT. The BL, MD, and RB bitsin SR are set to 1

and a branch occursto PC = VBR + H'0100.

Initial page write exception

0 Conditions: A hit occurred to the TLB for a store access, but the TLB entry data bit (D) is
0.

Thisoccurs for initial writes to the page registered by the load.

0 Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) isset in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bit in MMUCR.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,

respectively. H'080 isset in EXPEVT. The BL, MD, and RB bitsin SR aresetto 1 and a

branch occursto PC = VBR + H'0100.

TLB protection exception

O Conditions: When a hit access violates the TLB protection information (PR bits) shown
below:

PR Privileged mode User mode

00 Only read enabled No access

01 Read/write enabled No access

10 Only read enabled Only read enabled
11 Read/write enabled Read/write enabled

0 Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) isset in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bitsin MMUCR.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,

respectively. If the exception occurred during aread, H'OAQ is set in EXPEVT; if the exception

occurred during awrite, H'OCO issetin EXPEVT. The BL, MD, and RB hitsin SR are setto 1

and a branch occursto PC = VBR + H'0100.
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CPU address error

O

Conditions:
a. Ingtruction fetch from odd address (4n + 1, 4n + 3)
b. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)
c. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,

an + 3)
d. Virtual space accessed in user mode in the area H'80000000 to H'FFFFFFFF
Operations. The virtual address (32 bits) that caused the exception isset in TEA. PC and
SR of the instruction that generated the exception are saved to SPC and SSR, respectively.
If the exception occurred during aread, H'OEQ is set in EXPEVT; if the exception occurred
during awrite, H'100 isset in EXPEVT. The BL, MD, and RB bitsin SR areset to 1 and a
branch occursto PC = VBR + H'0100. See section 3.5.5, Processing Flow in Event of
MMU Exception, for more information.

Unconditional trap

U
g

Conditions: TRAPA instruction executed

Operations. The exception is a processing-completion type, so PC of the instruction after
the TRAPA instruction is saved to SPC. SR from the time when the TRAPA instruction
was executing is saved to SSR. The 8-bit immediate value in the TRAPA instruction is
quadrupled and set in TRA (9-0). H'160 isset in EXPEVT. The BL, MD, and RB bitsin
SR are set to 1 and a branch occurs to PC = VBR + H'0100.

Illegal general instruction exception

O

O

Conditions:
a. When undefined code not in adelay dot is decoded
Delay branch ingtructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S,
BF/S
Undefined instruction: H'Fxxx
b. When a privileged instruction not in adelay dot is decoded in user mode
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; Instructions that access
GBR with LDC/STC are not privileged instructions and therefore do not apply.
Operations. PC and SR of the instruction that generated this instruction are saved to SPC
and SSR, respectively. H'180 isset in EXPEVT. The BL, MD, and RB bitsin SR are set to
1 and a branch occursto PC = VBR + H'100. When an undefined code other than H'Fxxx is
decoded, operation cannot be guaranteed.
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Illegal dlot instruction

O

Conditions:

a. When undefined code in a delay dot is decoded
Delay branch ingtructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S,
BF/S

b. When an instruction that rewrites PC in adelay dot is decoded
Instructions that rewrite PC: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR

c. When aprivileged instruction in adelay dlot is decoded in user mode
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; Instructions that access
GBR with LDC/STC are not privileged instructions and therefore do not apply.

Operations. PC of the immediately preceding delay branch instruction is saved to SPC. SR
of the instruction that generated the exception is saved to SSR. H'1AQ isset in EXPEVT.
TheBL, MD, and RB bitsin SR are set to 1 and a branch occurs to PC = VBR + H'0100.
When an undefined instruction other than H'Fxxx is decoded, operation cannot be
guaranteed.

User break point trap

U
g

Conditions: When a break condition set in the user break controller is satisfied

Operations. When a post-execution break occurs, PC of the instruction immediately after
the instruction that set the break point is set in SPC. If a pre-execution break occurs, PC of
the instruction that set the break point is set in SPC. SR when the break occursis set in
SSR. H'1EQ isset in EXPEVT. The BL, MD, and RB hitsin SR are set to 1 and a branch
occursto PC = VBR + H'0100. See section 7, User Break Controller, for more information.

DMA address error

O

O

Conditions:

a. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)

b. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
an + 3)

Operations. PC of the instruction immediately after the instruction executed before the

exception occursis saved to SPC. SR when the exception occursis saved to SSR. H'5CO is

setin EXPEVT. The BL, MD, and RB bitsin SR are set to 1 and a branch occursto PC =

VBR + H'0100.
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453 Interrupts

1

NMI

— Conditions: NMI pin edge detection

— Operations. PC after the instruction that receives the interrupt is saved to SPC, and SR at
the point the interrupt is accepted is saved to SSR. H'01CO isset to INTEVT and
INTEVT2. The BL, MD, and RB hits of the SR are set to 1 and a branch occursto PC =
VBR + H'0600. Thisinterrupt is not masked by SR.IMASK and is accepted with top
priority when the BL bit in SR is0. When the BL bit is 1, the interrupt is masked. See
section 6, Interrupt Controller (INTC), for more information.

IRL Interrupts

— Conditions: The value of the interrupt mask bitsin SR islower than the IRL3—IRLO level
and the BL bit in SR is0. The interrupt is accepted at an instruction boundary.

— Operations. The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the time the interrupt is accepted is saved to SSR. The code corresponding to
the IRL3-IRLO level issetin INTEVT and INTEVT2. The corresponding code is given as
H'200 + [IRL3-IRLQ] x H'20. See table 6.5, for the corresponding codes. The BL, MD, and
RB bitsin SR are set to 1 and a branch occurs to VBR + H'0600. The received level is not
setin SR.IMASK. See section 6, Interrupt Controller (INTC), for more information.

IRQ Pin Interrupts

— Conditions: The IRQ pinisasserted, SR.IMASK islower than the IRQ priority level, and
the BL hitin SR is0. The interrupt is accepted at an instruction boundary.

— Operations: The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the point the interrupt is accepted is saved to SSR. The code corresponding to
the interrupt sourceis set in INTEVT and INTEVT2. The BL, MD, and RB hitsin SR are
set to 1 and abranch occurs to VBR + H'0600. The received level isnot set in the interrupt
mask bitsin SR. See section 6, Interrupt Controller (INTC), for more information.

PINT Pin Interrupts

— Conditions: The PINT pin is asserted, the interrupt mask bitsin SR. islower than the PINT
priority level, and the BL bitin SR is 0. Theinterrupt is accepted at an instruction
boundary.

— Operations. The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the point the interrupt is accepted is saved to SSR. The code corresponding to
the interrupt sourceis setin INTEVT and INTEVT2. TheBL, MD, and RB bits of SR are
set to 1 and abranch occursto VBR + H'0600. The received level isnot set in the interrupt
mask bitsin SR. See section 6, Interrupt Controller (INTC), for more information.
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On-Chip Peripheral Interrupts
— Conditions: The interrupt mask bits in SR are lower than the on-chip module (TMU, RTC,

SCI, IrDA, SCIF, A/D, DMAC, WDT, REF) interrupt level and the BL bit in SRis0. The
interrupt is accepted at an instruction boundary.

— Operations. The PC value after the instruction at which the interrupt is accepted is saved to

SPC. SR at the point the interrupt is accepted is saved to SSR. The code corresponding to
the interrupt sourceis set in INTEVT and INTEVT2. The BL, MD, and RB bitsin SR are
set to 1 and abranch occursto VBR + H'0600. See section 6, Interrupt Controller (INTC),
for more information.

UDI Interrupt
— Conditions: An UDI interrupt command is input (see section 22.4.4, UDI Interrupt),

SR.IMASK islower than 15, and the BL bitin SR is 0. Theinterrupt is accepted at an
instruction boundary.

— Operations. The PC value after the instruction that accepts the interrupt is saved to SPC.

4.6

SR at the point the interrupt is accepted is saved to SSR. H'5EQ isset to INTEV T and
INTEVT2. The BL, MD, and RB bhitsin SR are set to 1 and a branch occursto VBR +
H'0600. See section 6, Interrupt Controller (INTC), for more information.

Cautions

Return from exception handling

O

O

Check the BL hit in SR with software. When SPC and SSR have been saved to external
memory, set the BL bit in SR to 1 before restoring them.

Issue an RTE instruction, which sets SPC in PC and SSR in SR, and causes a branch to the
SPC address, and return from exception handling.

Operation when exception or interrupt occurs while SR.BL =1

O

Interrupt: Acceptanceis suppressed until the BL bitin SRiscleared to 0. If thereisan
interrupt request and the reception conditions are satisfied, the interrupt is accepted after
the execution of the instruction that clearsthe BL bit in SR to 0. In sleep or standby mode,
however, the interrupt will be accepted even when the BL bitin SRis 1.

Exception: No user break point trap will occur even when the break conditions are met.
When one of the other exceptions occurs, a branch is made to the fixed address of the reset
(H'A0000000). In this case, the values of the EXPEV T, SPC, and SSR registers are
undefined. Differently from general reset processing, the RESETOUT pin is not asserted,
and reset statusis output from the STATUSO and STATUSL pins.
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» SPC when exception occurs: The PC saved to SPC when an exception occursis as shown
below:

0 Re-executing-type exceptions: PC of the instruction that caused the exception is set in SPC
and re-executed after return from exception handling. If the exception occurred in a delay
dot, however, PC of the immediately prior delayed branch instruction is set in SPC. If the
condition of the conditional delayed branch instruction is not satisfied, the delay slot PCis
set in SPC.

0 Completed-type exceptions and interrupts: PC of the instruction after the one that caused
the exception is set in SPC. If the exception was caused by a conditional delayed branch
instruction, however, the branch destination PC is set in SPC. If the condition of the
conditional delayed branch instruction is not satisfied, the delay slot PC is setin SPC.

« Initial register values after reset
0 Undefined registers
RO_BANKO0/1-R7_BANKO0/1, R8-R15, GBR, SPC, SSR, MACH, MACL, PR
O Initialized registers
VBR = H'00000000
SR.MD =1, SR.BL =1, SR.RB =1, SR.I3-SR.I0 = H'F. Other SR bits are undefined.
PC = H'A0000000

» Ensurethat an exception is not generated at an RTE instruction delay slot, as operation is not
guaranteed in this case.

e Whenthe BL bit inthe SR register isset to 1, ensure that a TL B-related exception or address
error does not occur at an LDC instruction that updates the SR register and the following
instruction. Thiswill be identified as the occurrence of multiple exceptions, and may initiate
reset processing.
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Section5 Cache

51 Overview

511 Features
The cache specifications arelisted in table 5.1.

Table5.1 Cache Specifications

Parameter Specification

Capacity 16 kbytes

Structure Instruction/data mixed, 4-way set associative
Locking Way 2 and way 3 are lockable

Line size 16 bytes

Number of entries 256 entries/way

Write system PO, P1, P3, UO: Write-back/write-through selectable
Replacement method Least-recently-used (LRU) algorithm

51.2 Cache Structure

The cache mixes data and instructions and uses a4-way set associative system. It is composed of
four ways (banks), each of which isdivided into an address section and a data section. Each of the
address and data sections is divided into 256 entries. The data section of the entry iscalled aline.
Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 4 kbytes (16 bytes x 256
entries), with atotal of 16 kbytesin the cache asawhole (4 ways). Figure 5.1 shows the cache
structure.
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Address array (ways 0-3) Data array (ways 0-3) LRU

| I
1 1
1 1
Entry O v | U [Tag address O Lwo | Lw1 | Lw2 | Lw3 0
Entry 1 1
Entry 255 | 255 | 255
24 (1 + 1 + 22) bits 128 (32 x 4) bits 6 bits
- - -

LWO-LW3: Longword data 0-3

Figure5.1 Cache Structure

Address Array: TheV bit indicates whether the entry datais valid. Whenthe V bitis 1, datais
valid; when 0, datais not valid. The U hit indicates whether the entry has been written to in write-
back mode. When the U bit is 1, the entry has been written to; when 0, it has not. The addresstag
holds the physical address used in the external memory access. It is composed of 22 bits (address
bits 31-10) used for comparison during cache searches.

In the SH7709S, the top three of 32 physical address bits are used as shadow bits (see section 10,
Bus State Controller (BSC)), and therefore in anormal replace operation the top three bits of the
tag address are cleared to O.

TheV and U bits are initialized to 0 by a power-on reset, but are not initialized by a manual reset.
Thetag addressis not initialized by either a power-on or manual reset.

Data Array: Holds a 16-byte instruction or data. Entries are registered in the cache in line units
(16 bytes). The data array is not initialized by a power-on or manual reset.

L RU: With the 4-way set associative system, up to four instructions or data with the same entry
address (address bits 11-4) can be registered in the cache. When an entry is registered, the LRU
shows which of the four waysit is recorded in. There are six LRU bits, controlled by hardware. A
least-recently-used (LRU) algorithm is used to select the way.

The way that is to be replaced on acache missis determined by the 6-bit LRU. Table 5.2 shows
the correspondence between the LRU bits and the way to be replaced when the cache-lock
function is not used (when the cache-lock function is used, refer to section 5.2.2, Cache Control
Register 2 (CCR?2)). If abit pattern other than those listed in table 5.2 is set in the LRU bits by
software, the cache will not function correctly. When modifying the LRU bits by software, set one
of the patternslisted in table 5.2.
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The LRU bits are initialized to 000000 by a power-on reset, but are not initialized by a manual
reset.

Table5.2 LRU and Way Replacement (When the cache lock function is not used)

LRU (5-0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0

51.3 Register Configuration
Table 5.3 shows details of the cache control register.

Table5.3 Register Configuration

Register Abbr. R/W Initial Value  Address Access Size
Cache control register CCR R/W  H'00000000 H'FFFFFFEC  32-hit
Cache control register 2 CCR2 R/W  H'00000000 H'040000B0 32-bit
(H’A40000B0)*
Note: * When address translation by the MMU does not apply, the address in parentheses should
be used.

5.2 Register Description

521 Cache Control Register (CCR)

The cacheis enabled or disabled using the CE bit of the cache control register (CCR). CCR aso
has a CF bit (which invalidates all cache entries), and aWT and CB bits (which select either write-
through mode or write-back mode). Programs that change the contents of the CCR register should
be placed in address space that is not cached. When updating the contents of the CCR register,
always set bits 4 to 0. Figure 5.2 shows the configuration of the CCR register.
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31 6 5 4 3 2 1 0
—_— “ee eee e e e e e e E— | E— | E— | CF | CB | WT | CE |

— Reserved bits. Always 0 when reading. Data written here is also always 0.

CF: Cache flush bit. Writing 1 flushes all cache entries (clears the V, U, and LRU bits of all
cache entries to 0). Always reads 0. Write-back to external memory is not performed when
the cache is flushed.

CB: Write-back/write-through switchover bit. Indicates the cache’s operating mode for area P1.
1 = write-back mode, 0 = write-through mode.

WT: Write-through bit. Indicates the cache’s operating mode for area PO, U0, and P3.
1 = write-through mode, 0 = write-back mode.

CE: Cache enable bit. Indicates whether the cache function is used.
1 = cache used, 0 = cache not used.

Figure5.2 CCR Register Configuration

522 Cache Control Register 2 (CCR2)

CCR2 isused to control the cache-lock function and is valid only in cache locking mode. Cache
locking mode means that the cache lock bit (bit 12) in SR (status register) is set to 1. The cache-
lock functionisinvalid in non-cache locking mode (the cache-lock hit is 0).

When a prefetch instruction (PREF) is executed in cache locking mode and a cache miss occurs,
one line size of data pointed to by Rn is brought to cache according to the setting of bits9 and 8
(W3LOAD and W3LOCK) and bits 1 and 0 (W2LOAD and W2LOCK) in CCR2. Table 5.4
shows the relationship between the bit setting and way to be replaced when a prefetch instruction
is executed. When a prefetch instruction is executed and there is a cache hit, new datais not
fetched and an entry which has already been valid is retained. For example, when the cache-lock,
W3LOAD, and W3LOCK hits are set to 1 and a prefetch instruction is executed while one line
size of data pointed to by Rnisalready in way 0, a cache hit occurs and datais not fetched to way
3.

When cache is accessed by means of instructions except for aprefetch instruction in cache locking
mode, away that isreplaced by the W3LOCK and W2LOCK bitsis restricted. Table 5.5 shows
the relationship between the bit setting of CCR2 and way to be replaced.

The program which modifies the contents of CCR2 must be placed in an address space which does
not cache.

Figure 5.3 shows the configuration of CCR2.

CCR2 isawrite-only register; if read, an undefined value will be returned.
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31 9 8 7 2 1 0
W3 | W3 W2 | W2

LOAD|LOCK LOAD|LOCK]|

W2LOCK: Way 2 lock bit. W2LOAD: Way 2 load bit.

When W2LOCK =1 & W2LOAD =1 & SR, CL = 1, the prefetched data will always be
loaded into Way?2. In all other conditions the prefetched data will be loaded into the way
pointed by LRU.

WB3LOCK: Way 3 lock bit. W3LOAD: Way 3 load bit.

When W3LOCK =1 & W3LOAD =1 & SR, CL = 1, the prefetched data will always be
loaded into Way3. In all other conditions the prefetched data will be loaded into the way
pointed by LRU.

Note: W2LOAD and W3LOAD should not be set to high at the same time.

—: Reserved bits.

Figure5.3 CCR2 Register Configuration

Whenever CCR2 hit 8 (W3LOCK) or bit 0 (W2LOCK) is high the cacheislocked. The locked
data will not be overwritten unless W3LOCK hit and W2LOCK bit are reset or the PREF
condition during DSP mode matched. During cache locking mode, the LRU in table 5.2 will be
replaced by tables 5.4 to 5.8.

Table54 Way Replacement when PREF Instruction Ended Up in a Cache Miss

DSP bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be replaced

0 * * * * Depends on LRU (table 5.2)
1 * 0 * 0 Depends on LRU (table 5.2)
1 * 0 0 1 Depends on LRU (table 5.6)
1 0 1 * 0 Depends on LRU (table 5.7)
1 0 1 0 1 Depends on LRU (table 5.8)
1 0 * 1 1 Way 2

1 1 1 0 * Way 3

*: Don't care

Do not set as W3LOAD=1 and also W2LOAD=1
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Table55 Way Replacement when Instructions Except for PREF Instruction Ended Up in

aCacheMiss

DSP bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be replaced

* * * * Depends on LRU (table 5.2)

* *

Depends on LRU (table 5.2)

Depends on LRU (table 5.6)

*

0

1 0 0

1 * 0 * 1

1 1 * 0 Depends on LRU (table 5.7)
1 1 * 1 Depends on LRU (table 5.8)

*

*: Don't care
Do not set as W3LOAD=1 and also W2LOAD=1

Table5.6 LRU and Way Replacement (when W2L OCK =1)

LRU (5-0) Way to be Replaced

000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3

000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1

101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0

Table5.7 LRU and Way Replacement (when W3LOCK=1)

LRU (5-0) Way to be Replaced

000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2

000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1

110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0

Table5.8 LRU and Way Replacement (when W2L OCK=1 and W3LOCK=1)

LRU (5-0) Way to be Replaced

000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0
111011, 111100, 111110, 111111
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53 Cache Operation

531 Sear ching the Cache

If the cacheis enabled, whenever instructions or datain memory are accessed the cache will be
searched to see if the desired instruction or dataisin the cache. Figure 5.4 illustrates the method
by which the cache is searched. The cache is aphysical cache and holds physical addressesin its
address section.

Entries are selected using bits 114 of the address (virtual) of the access to memory and the
address tag of that entry isread. In parallel to reading of the address tag, the virtual addressis
trandated to a physical addressinthe MMU. The physical address after trandation and the
physical address read from the address section are compared. The address comparison uses all four
ways. When the comparison shows a match and the selected entry isvalid (V = 1), a cache hit
occurs. When the comparison does not show a match or the selected entry isnot valid (V =0), a
cache miss occurs. Figure 5.4 shows a hit on way 1.
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Virtual address

31 12 11 4 3210
L[]
- —-——
Entry selection Longword (LW) selection
Ways 0-3 Ways 0-3
|
] :
MMU 0 | V|U|Tag address LWO | Lwi1 Lw2 | Lw3
1
255 |
Physical address ; v ; + L

CMPO|CMP1|CMP2|CMP3

l

Hit signal 1

CMPQ: Comparison circuit 0
CMP1: Comparison circuit 1
CMP2: Comparison circuit 2
CMP3: Comparison circuit 3

Figure5.4 Cache Search Scheme (Normal Mode)
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5.3.2 Read Access

Read Hit: In aread access, instructions and data are transferred from the cache to the CPU. The
transfer unit is 32 bits. The LRU is updated.

Read Miss: An external bus cycle starts and the entry is updated. The way replaced isthe one
least recently used. Entries are updated in 16-byte units. When the desired instruction or data that
caused the missis loaded from external memory to the cache, the instruction or datais transferred
to the CPU in parallel with being loaded to the cache. When it isloaded in the cache, the U bit is
clearedto O and the V bitisset to 1.

533 Prefetch Operation

Prefetch Hit: The LRU will be updated to correctly indicate the latest way to have been hit. Other
contents of the cache will remain unchanged. Neither instructions nor data are transferred to the
CPU.

Prefetch Miss: Neither instructions nor data are transferred to the CPU, and way replacement
takes place as shown in table 5.4. All other action is the same as for aread miss.

534 Write Access

Write Hit: In awrite access in the write-back mode, the data is written to the cache and the U bit
of the entry writtenis set to 1. Writing occurs only to the cache; no external memory write cycleis
issued. In the write-through mode, the data is written to the cache and an external memory write
cycleisissued.

Write Miss: In the write-back mode, an external write cycle starts when a write miss occurs, and
the entry is updated. Theway to be replaced is shown in table 5.5. When the U bit of the entry to
be replaced is 1, the cachefill cycle starts after the entry is transferred to the write-back buffer.
The write-back unit is 16 bytes. Datais written to the cache and the U bit is set to 1. After the
cache completesitsfill cycle, the write-back buffer writes back the entry to the memory. In the
write-through mode, no write to cache occurs in awrite miss; the writeis only to the external
memory.

535 Write-Back Buffer

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory. To increase performance, the entry to be replaced isfirst transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. During the write back cycles, the cache can be accessed. The write-back buffer
can hold one line of the cache data (16 bytes) and its physical address. Figure 5.5 shows the
configuration of the write-back buffer.
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PA (31-4)|Longword 0 |Longword 1 |Longword 2 | Longword 3

PA (31-4): Physical address written to external memory
Longword 0-3: The line of cache data to be written to
external memory

Figure5.5 Write-Back Buffer Configuration

5.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LS| and another deviceis placed in an address space to be cached, the memory
allocation cache is manipulated if necessary and a write back should be performed by invalidating
the entry. Thisis also applied to memory shared by the CPU and DMAC in thisLSI.

54 Memory-M apped Cache

To allow software management of the cache, cache contents can be read and written by means of
MOV instructionsin the privileged mode. The cache is mapped onto the P4 areaiin virtual address
space. The address array is mapped onto addresses H'FO000000 to H'FOFFFFFF, and the data
array onto addresses H'F1000000 to H'F1FFFFFF. Only longword can be used as the access size
for the address array and data array, and instruction fetches cannot be performed.

54.1 Address Array

The address array is mapped to H'FO000000 to H'FOFFFFFF. The 32-bit addressfield (for
read/write accessed) and 32-bit data field (for write access) must be specified to access an el ement
of the address array. The address field specifies information that selects the entry to be accessed;
the data field specifies the tag address, V hit, U hit, and LRU bits to be written to the address array
(figure 5.6 (1)).

In the address field, specify the entry's address in bits 11-4 to select the entry, W in bits 13-12 to
select the way, the A bit (bit 3) to specify an associative operation, and H'FO in bits 31-24 to
indicate access to the address array. Settings for the W bits (13-12) are as follows: 00isway 0, 01
isway 1, 10isway 2, and 11 isway 3.

In the datafield, specify the tag addressin bits 31-10, LRU in bits 9-4, U bitin bit 1, and V bit in
bit 0. The upper 3 bits (bit 31-29) of the tag address must always be 0.
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The following three operations on the address array are possible.

(1) Address Array Read

Reads the tag address, LRU, U bit, and V bit from the entry that corresponds to the entry address
and w'ay that were specified in the address field. No associative operation will be performed,
regardless of the value of the associative bit (the A bit).

(2) Address Array Write (without Associative Operation)

Writes the tag address, LRU, U bit, and V bit specified in the data field to the entry that
corresponds to the entry address and way that were specified in the address field. The associative
bit (A bit) of the address field must be set to 0. An attempt to write to a cache line for which both
the U bit and V bit are set resultsin awrite-back for that cache line. The tag address, LRU, U hit,
and V bit specified in the data field are then written. Note that, when a0 is written to the V bit, a0
should always be written to the U bit of the same entry, too.

(3) Address Array Write (with Associative Operation)

The associative bit (A bit) in the address field indicates whether the addresses are compared
during writing. With the A bit set to 1, all 4 ways for the entry specified in the address field will be
compared to the tag address specified in the data field for amatch. The values of the U bit and V
bit specified in the data field will be written to the way that has a hit. However, the tag address and
the LRU will not be changed. If noway receives a hit, writing does not take place and the result is
no operation.

This operation is used to invalidate the address specification for a cache. Write back will take
place when the U bit of the entry that received a hit is 1. Note that, when a 0 iswritten to the V hit,
a 0 should always be written to the U hit of the same entry, too.

542 Data Array

The address array is mapped to H'F1000000 to H'F1FFFFFF. To access an element of the data
array, the 32-bit addressfield (for read/write access) and 32-bit data field (for write access) must
be specified. The address field specifies the information that selects the entry to be accessed; the
data field specifies the longword data to be written to the data array.

In the address field, specify the entry's address in bits 11-4, L in bits 3-2 to indicate the longword's
position within aline (which consists of 16 bytes), W in bits 13-12 to select theway, and H'F1 in
bits 31-24 to indicate access to the data array. The L bits (3-2) specification isin the following
form: 00 islongword 0, 01 islongword 1, 10 islongword 2, and 11 is longword 3. Settings for the
W bits (13-12) are asfollows: 00isway 0, 01 isway 1, 10 isway 2, and 11 isway 3. Since access
isnot allowed crossing longword boundaries, always set 00 in bits 1-0 of the address field.
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The following two operations on the data array are possible. Note that these operations will not
change the information in the address array.

(1) Data Array Read
Reads the data at the position selected by the L hits (3-2) of the address field from the entry that
corresponds to the entry address and way that were specified in the address field.

(2) Data Array Write

Writes the longword data set in the data field into the entry that corresponds to the entry address
and way that were specified in the addressfield. The longword datawill be written to the entry at
the position selected by the L bits (3-2) of the addressfield.

1. Address array access

Address specification

Read access
31 24 23 14 13 12 1" 4 3 2 0
[ 1111 0000 Kerresenens * W Entry address | 0 |

*
*
*

Write access
31 24 23 14 13 12 1" 4 3 2 0
[ 11110000 | oo * | W |  Entryaddress | A |

*
*
*

Data specification (both read and write accesses)
31 30 29 10 9 4 3 2 1
[o[o]o] Addresstag (28-10) | LRU X

o

x
C
<

2. Data array access (both read and write accesses)

Address specification

31 24 23 14 13 12 1 4 3 2 1 0
| 1111 0001 | Haveeriiinins * w Entry address L 0 0

Data specification
31 0

| Longword

X: O for read, don't care for write
*: Don't care bit

Figure5.6 Specifying Addressand Data for Memory-Mapped Cache Access
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54.3 Examples of Usage

(1) Invalidating a Specific Entry

A specific cache entry can be invalidated by accessing the allocated memory cache and writing a0
totheentry’sU and V bits. The A bit is cleared to 0, and an addressis specified for the entry
address and the way. If the U bit of the way of the entry in question was set to 1, the entry is
written back and the VV and U bits specified by the write data are written to.

In the following example, the write datais specified in RO and the address is specified in R1.

. RO
R1

H 0000 0000 LRU = H 000, U=0, V=0
H FOOO 1080, Wy = 1, Entry = H08, A = 0

MOV.L RO, @1
Toinvalidate al entries and ways, write 0 to the following addresses.

Addresses
FO00 0000
FO00 0010
FO00 0020

FO0O0 3FFO
Thisinvolves atotal of 1,024 writes.

The above operation should be performed using a non-cacheable area.

(2) Invalidating a Specific Address

A specific address can be invalidated by writing a0 to the entry’sU and V bits. When the A bitis
1, the tag address specified by the write data is compared to the tag address within the cache
selected by the entry address. If the tag addresses match, data is written to the memory at that
address. If no match is found, no operation is carried out. If the entry’sU bitis1 at that time, the
entry is written back.

; RO = H 0110 0010; Tag address = B 0000 0001 0001 0000 0000 00, U = O,
V=0
R1 = H FO0OO 0088; Address array access, Entry = H08, A=1

MOV.L RO, @1
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In the following example, an address (32-bit) to be purged is specified in RO.

MOV. L #H O0OOOFFO, R1

AND RO, R1 ; The entry address is fetched.

MOV. L #H FO000008, R2

OR Rl, R2 : The start is set to HFO and the A bit
to 1.

MOV. L #H 1FFFFCO0, R3 ;

AND RO, R3 ; The tag address is fetched. U=V = 0.

MOV.L R3, @R ; Associ ative purge.

The above operation should be performed using a non-cacheable area.

(3) Reading Data from a Specific Entry
This example reads the data section of a specific entry. The longword in the data field of the data
array infigure 5.6 isread to the register.

; RO = H F100 004C, Data array access, Entry = H 04,
Way = 0, Longword address = 3

MOV.L RO, @1 ; Longword 3 is read.
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Section 6 Interrupt Controller (INTC)

6.1 Overview

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
reguests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to process interrupt requests according to the user-set priority.

6.1.1 Features
The INTC hasthe following features:

« 16 levelsof interrupt priority can be set: By setting the five interrupt-priority registers, the
priorities of on-chip peripheral module, IRQ, and PINT interrupts can be selected from 16
levelsfor individual request sources.

* NMI noise canceler function: An NMI input-level bit indicates the NMI pin state. By reading
this bit in the interrupt exception service routine, the pin state can be checked, enabling it to be
used as a noise canceler.

» Externa devices can be notified that an interrupt has been received (IRQOUT): When the
SH7709S has released the bus, the external bus master can be notified that an external
interrupt, an on-chip peripheral module interrupt, or amemory refresh request has occurred,
enabling the bus to be requested.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the INTC.

S

Interrupt
request

SR
13]12[11]io]

CPU

Internal bus

__ |
IRQOUT = |
NMI ——>
IRL3-IRLO —#P Inoutioutout >
IRLS3-IRLS0 ——— 0o !
IRQO-IRQ5 —:—»‘LP contro »
% >
PINTO-PINT15 ——2—
1 16 A
(Interrupt request) Com-
DMAC >
DA (Interrupt request) - parator
r (Interrupt request) .| Priority
Sg('; (Interrupt request) “| identifier
ADC (Interrupt request) -~
(Interrupt request) N
T™U (Interrupt request) |
RTC (Interrupt request) |
\gg; (Interrupt request/ |
I'refresh request) "
Interrupt request _
uDI (: pt request) > :
|
|
|
|
|
| Cer = ]
|
: IPRA-IPRE
|
|
: < Bus
: interface
|
Legend e e Tt
T™MU : Timer unit INTC
RTC : Realtime clock unit
SCI : Serial communication interface
IrDA : Serial communication interface (with IrDA)
SCIF : Serial communication interface (with FIFO)
WDT : Watchdog timer
REF : Refresh requests in the bus state controller
ICR : Interrupt control register
IPRA-IPRE : Interrupt priority registers A-E
SR : Status register
DMAC : Direct memory access controller
ADC : Analog-to-digital converter
uDI : User-debugging interface

Figure6.1 Block Diagram of INTC
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6.1.3 Pin Configuration

Table 6.1 showsthe INTC pin configuration.

Table6.1 INTC Pins

Name Abbreviation 110 Description
Nonmaskable interrupt NMI | Input of interrupt request signal, not
input pin maskable by the interrupt mask bits in
SR.
Interrupt input pins IRQ5-IRQO0 | Input of interrupt request signals,
IRL3-IRLO maskable by the interrupt mask bits in
IRLS3-IRLS0 SR.
Port interrupt input pins PINTO-PINT15 | Input of port interrupt request signals,
maskable by the interrupt mask bits in
SR.
Bus request output pin IRQOUT o Output of signal that notifies external

devices that an interrupt source or
memory refresh has occurred

RENESAS
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6.1.4 Register Configuration

The INTC hasthe 12 registerslisted in table 6.2.

Table6.2 INTC Registers

Access
Name Abbr. R/W Initial Value*! Address Size
Interrupt control register 0 ICRO R/W *2 H'FFFFFEEO 16
Interrupt control register 1 ICR1 R/W H'0000 H'04000010 16
(H'A4000010)*®
Interrupt control register 2 ICR2 R/W H'0000 H'04000012 16
(H'A4000012)*®
PINT interrupt enable register PINTER R/W H'0000 H'04000014 16
(H'A4000014)*®
Interrupt priority register A IPRA R/W H'0000 H'FFFFFEE2 16
Interrupt priority register B IPRB R/W H'0000 H'FFFFFEE4 16
Interrupt priority register C IPRC R/W H'0000 H'04000016 16
(H'A4000016)*°
Interrupt priority register D IPRD R/W H'0000 H'04000018 16
(H'A4000018)**
Interrupt priority register E IPRE R/W H'0000 H'0400001A 16
(H'A400001A)*®
Interrupt request register 0 IRRO R/W H'00 H'04000004 8
(H'A4000004)*®
Interrupt request register 1 IRR1 R H'00 H'04000006 8
(H'A4000006)**
Interrupt request register 2 IRR2 R H'00 H'04000008 8
(H'A4000008)**

Notes: 1. Initialized by a power-on or manual reset.
2. H'8000 when the NMI pin is high, H'0000 when the NMI pin is low.
3. When address translation by the MMU does not apply, the address in parentheses

should be used.
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6.2 Interrupt Sources

There arefive types of interrupt sources: NMI, IRQ, IRL,PINT, and on-chip peripheral modules.
Each interrupt has a priority level (0-16), with O the lowest and 16 the highest. Priority level 0
masks an interrupt.

6.2.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BLM SK hit in the interrupt
control register (ICR1) is 1 or the BL bit in the statusregister (SR) is 0, NMI interrupts are
accepted when the MALI bit in the ICR1 register is0. NMI interrupts are edge-detected. In sleep or
standby mode, the interrupt is accepted regardless of the BL setting. The NMI edge select bit
(NMIE) inthe interrupt control register 0 (ICRO) is used to select either rising or falling edge
detection. When the NMIE bit in the ICRO register is changed, an NMI interrupt is not detected for
20 cycles after changing ICRO. NMIE to avoid afalse detection of NMI. NMI interrupt exception
handling does not affect the interrupt mask level bits (13-10) in the status register (SR).

When the BL hit island the BLMSK bit inthe ICR1 register is set to 1 and only NMI interrupts
are accepted, the SPC register and SSR register are updated by the NMI interrupt handler, making
it impossible to return to the original processing from exception handling initiated prior to the
NMI interrupt. Use should therefore be restricted to cases where return is not necessary.

It is possible to wake the chip up from the standby state with an NMI interrupt (except when the
MAI bit inthe ICR1 register isset to 1).

6.2.2 IRQ Interrupts

IRQ interrupts are input by level or edge from pins IRQO- RQ5. The priority level can be set by
interrupt priority registers C-D (IPRC-HPRD) in arange from 0 to 15.

When using edge-sensing for IRQ interrupts, clear the interrupt source by having software read 1
from the corresponding bit in IRRO, then write O to the bit.

When the ICR1 register is rewritten, IRQ interrupts may be mistakenly detected, depending on the
pin states. To prevent this, rewrite the register while interrupts are masked, then release the mask
after clearing theillegal interrupt by writing O to interrupt request register 0 (IRRO).

Edge input interrupt detection requires input of a pulse width of more than two cycleson a
peripheral clock (Pg) basis.

The interrupt mask bits (13-10) in the status register (SR) are not affected by IRQ interrupt
handling.
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Interrupts IRQ4— RQO can wake the chip up from the standby state when the relevant interrupt
level is higher than the setting of 13-10 in the SR register (but only when the RTC 32-kHz
oscillator is used).

If the IRQ edgeisinput immediately before the CPU enters the standby mode (during the period
between when the CPU executes a SLEEP instruction and when STATUSO becomes high level),
the interrupt may not be detected. However, the interrupt will be accepted correctly if the IRQ
edge isre-input after the CPU has entered the standby mode (when STATUSO ishigh level). In
addition, the interrupt may not be detected if the IRQ edge is input during frequency change
processing (WDT count).

6.2.3 IRL Interrupts

IRL interrupts areinput by level at pins IRL3-IRLO and IRLS3—IRLS0. IRLS3—-IRLS0 are
enabled when the IRQLVL bit and IRLSEN bit in interrupt control register 1 (ICR1) are both 1.
The priority level isthe higher level indicated by pinsIRL3-IRL0O and IRLS3-IRLSO. AnIRL3—
IRLO/IRLS3—IRLSO0 value of 0 (0000) indicates the highest-level interrupt request (interrupt
priority level 15). A value of 15 (1111) indicates no interrupt request (interrupt priority level 0).
Figure 6.2 shows an example of IRL interrupt connection. Table 6.3 shows IRL/IRLS pins and
interrupt levels.

SH7709S
B — e
L 4 _
R —
Interrupt q Priority | IRL3 to IRLO
request ——2—p=| encoder 0
> IRL3 to IRLO
—_—
. 4 e T o
—_— P
Interrupt q Priority /| IRLS3 to IRLSO
request ——2— | encoder S—
I IRLS3 to IRLSO

Figure6.2 Exampleof IRL Interrupt Connection
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Table6.3 IRL3-IRLO/IRLS3-IRLSO Pinsand Interrupt Levels

IRL3/ IRL2/ IRL1/ IRLO/
IRLS3 IRLS2 IRLS1 IRLSO Interrupt Priority Level Interrupt Request

15 Level 15 interrupt request

o
o
o
o

14 Level 14 interrupt request

13 Level 13 interrupt request

12 Level 12 interrupt request

11 Level 11 interrupt request

=
o

Level 10 interrupt request

Level 9 interrupt request

Level 8 interrupt request

Level 7 interrupt request

Level 6 interrupt request

Level 5 interrupt request

Level 4 interrupt request

Level 3 interrupt request

Level 2 interrupt request

Level 1 interrupt request

R|R|Rr|Rr|R|R|R|R|lojlo|jojo|o|o|o
RrlRr|Rr|lkr|lo|lo|lo|o|rRr|rR|FR|R|lo|o|o
RrlrRr|lo|lo|r|rkr|lo|lo|rRr|rRr|lo|o|kr|rR|oO
Rrlo|lr|lolr| olr|lolr|lO|lrR O|R|O|R

OlRLrIN W OO N| 00| ©

No interrupt request

A noise-cancellation feature is built in, and the IRL interrupt is not detected unless the levels
sampled at every peripheral module clock cycle remain unchanged for two consecutive cycles, so
that no transient level on the IRL/IRLS pin change is detected. In standby mode, as the peripheral
clock is stopped, noise cancellation is performed using the 32-kHz clock for the RTC instead.
Therefore when the RTC is not used, interruption by means of IRL interrupts cannot be performed
in standby mode.

The priority level of the IRL interrupt must not be lowered until the interrupt is accepted and
interrupt handling starts. Correct operation cannot be guaranteed if the level is not maintained.
However, the priority level can be changed to a higher one.

The interrupt mask bits (13-10) in the status register (SR) are not affected by IRL/IRLS interrupt
handling.

When the interrupt level of the IRL interrupt is higher than the level set by the I3-10 bitsin the SR,
the IRL interrupt can be used to recover from standby mode (however, this only applies when the
RTC isused for 32-kHz oscillator).
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6.2.4 PINT Interrupts

PINT interrupts are input by level from pins PINTO-PINT15. The priority level can be set by
interrupt priority register D (IPRD) in arange from 0 to 15, in groups of PINTO-PINT7 and
PINT8-PINT15.

The PINTO/1 interrupt level should be held until the interrupt is accepted and interrupt handling is
started. Correct operation cannot be guaranteed if the level is not maintained.

The interrupt mask bits (13-10) in the status register (SR) are not affected by PINT interrupt
handling.

PINTO/1 interrupts can wake the chip up from the standby state when the relevant interrupt level is
higher than the setting of 13-10 in the SR register (but only when the RTC 32-kHz oscillator is
used).

6.2.5 On-Chip Peripheral M odule Interrupts
On-chip peripheral module interrupts are generated by the following ten modules:

e Timer unit (TMU)

* Reatimeclock (RTC)

e Seria communication interfaces (SCI, IrDA, SCIF)
* Busstate controller (BSC)

e Watchdog timer (WDT)

« Direct memory access controller (DMAC)

e Anaog-to-digital converter (ADC)

e User-debugging interface (UDI)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected in the
interrupt event registers (INTEVT and INTEVT2). It is easy to identify sources by using the value
of the INTEVT or INTEVT2 register as a branch offset.

A priority level (from 0 to 15) can be set for each module except UDI by writing to interrupt
priority registers A, B, and E (IPRA, IPRB, and IPRE). The priority level of the UDI interrupt is
15 (fixed).

The interrupt mask bits (13-10) in the status register are not affected by on-chip peripheral module
interrupt handling.

TMU and RTC interrupts can wake the chip up from the standby state when the relevant interrupt
level is higher than the setting of 13-10 in the SR register (but only when the RTC 32-kHz
oscillator is used).
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6.2.6 Interrupt Exception Handling and Priority

Tables 6.4 and 6.5 list the codes for the interrupt event registers (INTEVT and INTEVT2), and the
order of interrupt priority. Each interrupt source is assigned a unique code. The start address of the
interrupt service routine is common to each interrupt source. Thisiswhy, for instance, the value of
INTEVT or INTEVT2 is used as offset at the start of the interrupt service routine and branched to
in order to identify the interrupt source.

The priority of the on-chip peripheral module, IRQ, and PINT interruptsis set within priority
levels 0-15 asrequired by using interrupt priority registers A—E (IPRA-IPRE). The priority of the
on-chip peripheral module, IRQ, and PINT interruptsis set to 0 by areset.

When the priorities of multiple interrupt sources are set to the same level and such interrupts are
generated simultaneously, they are handled according to the default order shown in tables 6.4 and
6.5.
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Table6.4 Interrupt Exception Handling Sourcesand Priority (IRQ M ode)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit Priority
NMI H'1CO0 (H'1CO0) 16 — — High
uDlI H'5EO0 (H'5E0) 15 — — A
IRQ IRQO H'200-3C0* (H'600) 0-15 (0) IPRC (3-0) —

IRQ1 H'200-3C0" (H'620) 0-15 (0) IPRC (7-4) —

IRQ2 H'200-3C0* (H'640) 0-15 (0) IPRC (11-8) —

IRQ3 H'200-3C0" (H'660) 0-15 (0) IPRC (15-12) —

IRQ4 H'200-3C0* (H'680) 0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0" (H'6A0) 0-15 (0) IPRD (7-4) —
PINT  PINTO-7 H'200-3C0" (H'700) 0-15 (0) IPRD (15-12) —

PINT8-15  H'200-3C0* (H'720) 0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0* (H'800) 0-15 (0) IPRE (15-12) High

DEI1 H'200-3C0" (H'820)

DEI2 H'200-3C0" (H'840) I

DEI3 H'200-3C0" (H'860) Low
DA  ERI1 H'200-3C0* (H'880) 0-15 (0) IPRE (11-8) High

RXI1 H'200-3C0" (H'8A0)

BRI1 H'200-3C0* (H'8C0) I

TXI1 H'200-3C0" (H'8E0) Low
SCIF  ERI2 H'200-3C0* (H'900) 0-15 (0) IPRE (7-4)  High

RXI2 H'200-3C0" (H'920)

BRI2 H'200-3C0* (H'940) I

TXI2 H'200-3C0" (H'960) Low
ADC  ADI H'200-3C0* (H'980) 0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMUL TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High v

TICPI2 H'460 (H'460) Low Low
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Interrupt Priority

INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit Priority
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High High

PRI H'4A0 (H'4A0)

CUI H'4CO (H'4C0) Low
SCI ERI H'4EO (H'4EO) 0-15 (0) IPRB (7-4)  High

RXI H'500 (H'500)

TXI H'520 (H'520)

TEI H'540 (H'540) Low
wDT [Tl H'560 (H'560) 0-15 (0) IPRB (15-12) —
REF RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High

ROVI H'5A0 (H'5A0) Low Low

Note: * The code corresponding to an interrupt level shown in table 6.6 is set.
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Table6.5

Interrupt Exception Handling Sourcesand Priority (IRL M ode)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit Priority
NMI H'1CO (H'1C0) 16 — — High
uDI H'SEO (H'5E0) 15 — — A
IRL  TRL(3:0)"? = 0000 H'200 (H'200) 15 — —

IRL(3:0)** = 0001 H'220 (H'220) 14 — —

IRL(3:0)*2 = 0010 H'240 (H'240) 13 — —

IRL(3:0)** = 0011 H'260 (H'260) 12 — —

IRL(3:0)*2 = 0100 H'280 (H'280) 11 — —

IRL(3:0)** = 0101 H'2A0 (H'2A0) 10 — —

IRL(3:0)*2 = 0110 H'2CO (H'2CO) 9 — —

IRL(3:0)** = 0111 H'2EO0 (H'2E0) 8 — —

IRL(3:0)*2 = 1000 H'300 (H'300) 7 — —

IRL(3:0)*2 = 1001 H'320 (H'320) 6 — —

IRL(3:0)** = 1010 H'340 (H'340) 5 — —

IRL(3:0)*? = 1011 H'360 (H'360) 4 — —

IRL(3:0)** = 1100 H'380 (H'380) 3 — —

IRL(3:0)*% = 1101 H'3A0 (H'3A0) 2 — —

IRL(3:0)** = 1110 H'3CO (H'3C0) 1 — —
IRQ IRQ4 H'200-3C0** (H'680) 0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0** (H'6A0) 0-15 (0) IPRD (7-4) —
PINT PINTO-7 H'200-3C0*! (H'700) 0-15 (0) IPRD (15-12) —

PINT8-15 H'200-3C0** (H'720) 0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0** (H'800) 0-15 (0) IPRE (15-12) High

DEI1 H'200-3C0** (H'820)

DEI2 H'200-3C0** (H'840)

DEI3 H'200-3C0** (H'860) Low
I'DA  ERI1 H'200-3C0** (H'880) 0-15 (0) IPRE (11-8) High

RXI1 H'200-3C0** (H'8A0)

BRI1 H'200-3C0** (H'8C0) v

TXI1 H'200-3C0** (H'8E0) Low Low
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Interrupt Source

INTEVT Code
(INTEVT2 Code)

Interrupt
Priority

IPR (Bit

(Initial Value) Numbers)

Priority
within IPR  Default
Setting Unit Priority

SCIF  ERI2 H'200-3C0** (H'900) 0-15 (0) IPRE (7-4)  High High
RXI2 H'200-3C0*! (H'920) A
BRI2 H'200-3C0** (H'940) I
TXI2 H'200-3C0** (H'960) Low
ADC ADI H'200-3C0** (H'980) 0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMUL TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High
TICPI2 H'460 (H'460) Low
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High
PRI H'4A0 (H'4A0) ¢
cul H'4CO (H'4C0) Low
SCl  ERI H'4EQ (H'4EO) 0-15 (0) IPRB (7-4)  High
RXI H'500 (H'500)
TXI H'520 (H'520)
TEI H'540 (H'540) Low
WDT ITI H'560 (H'560) 0-15 (0) IPRB (15-12) —
REF  RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High v
ROVI H'5A0 (H'5A0) Low Low

Notes: 1. The code corresponding to an interrupt level shown in table 6.6 is set.
2. When IRLS3—-IRLSO0 are enabled, IRL is the higher level of IRL3—-IRLO and IRLS3-

IRLSO.
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Table6.6 Interrupt Levelsand INTEVT Codes

Interrupt level INTEVT Code
15 H'200
14 H'220
13 H'240
12 H'260
11 H'280
10 H'2A0
9 H'2C0
8 H'2EO
7 H'300
6 H'320
5 H'340
4 H'360
3 H'380
2 H'3A0
1 H'3CO
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6.3

6.3.1

INTC Registers

Interrupt Priority RegistersA to E (IPRA-IPRE)

Interrupt priority registers A to E (IPRA to IPRE) are 16-bit readable/writable registersin which
priority levels from 0 to 15 are set for on-chip peripheral module, IRQ, and PINT interrupts. These
registers are initialized to H'0000 by a power-on reset or manual reset, but are not initialized in

standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
I N A N R R
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
I N A N R R
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Table 6.7 lists the rel ationship between the interrupt sources and the |PRA—IPRE bits.

Table6.7 Interrupt Request Sourcesand IPRA-IPRE

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRA TMUO TMU1 TMU2 RTC

IPRB WDT REF SCI0 Reserved”
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTO to PINT7 PINT8 to PINT15 IRQ5 IRQ4
IPRE DMAC IrDA SCIF ADC

Note: * Always read as 0. Only 0 should be written.

Asshown in table 6.7, on-chip peripheral module, IRQ, or PINT interrupts are assigned to four 4-
bit groups in each register. These 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to
0) are set with values from H'0 (0000) to H'F (1111). Setting H'O means priority level 0 (masking
isrequested); H'F is priority level 15 (the highest level). A reset initializes IPRA—IPRE to H'0000.
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6.3.2 Interrupt Control Register 0 (ICRO0)

ICRO is aregister that sets the input signal detection mode of external interrupt input pin NMI, and
indicates the input signal level at the NMI pin. Thisregister isinitialized to H'0000 or H'8000 by a
power-on reset or manual reset, but is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
\ NMIL \ — — — — — — \ NMIE \
Initial value:  0/1* 0 0 0 0 0 0 0
RIW: R R R R R R R RIW
Bit: 7 6 5 4 3 2 1 0
-l -1 -1-1=-1=-7]T=171T=1
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R

Note: * 1 when NMI input is high, 0 when NMI input is low.

Bit 15—NMI1 Input Level (NMIL): Setsthelevel of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description

0 NMI input level is low

1 NMI input level is high

Bit 8—NMI Edge Select (NMIE): Selects whether the falling or rising edge of the interrupt
reguest signal at the NMI pin is detected.

Bit 8: NMIE Description

0 Interrupt request is detected on falling edge of NMI input

1 Interrupt request is detected on rising edge of NMI input

Bits 14 to 9 and 7 to 0—Reserved: These bits are always read as 0. Thewrite value should
always be 0.

Rev. 5.00, 09/03, page 132 of 760
RENESAS



6.3.3 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQO to
IRQ5 individually: rising edge, falling edge, or low level. Thisregister isinitialized to H'4000 by a
power-on reset or manual reset, but is not initialized in standby mode.

Bit. 15 14 13 12 11 10 9 8
\ MAI \ IRQLVL \ BLMSK \ IRLSEN \ IRQ51S \ IRQ50S \ IRQ41S \ IRQ40S \
Initial value: 0 1 0 0 0 0 0 0

RW: RW R/W R/W RW R/W R/W R/W R/W

Bit. 7 6 5 4 3 2 1 0
\ IRQ31S \ IRQ30S \ IRQ21S \ IRQ20S \ IRQ11S \ IRQ10S \ IRQO1S \ IRQO0S \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bit 15—Mask All Interrupts (MAI): When set to 1, al interrupt requests are masked while a
low level is being input to the NMI pin. Masks NMI interrupts in standby mode.

Bit 15: MAI Description
0 All interrupt requests are not masked when NMI pin is low level (Initial value)
1 All interrupt requests are masked when NMI pin is low level

Bit 14—Interrupt Request Level Detect (IRQLVL): Selects whether the IRQ3-1RQO pins are
used as four independent interrupt pins or as 15-level interrupt pins encoded as IRL3—IRLO.

Bit 14: IRQLVL Description

0 Used as four independent interrupt request pins IRQ3-IRQO

1 Used as 15-level interrupt pins encoded as IRL3-IRLO (Initial value)

Bit 13—BL Bit Mask (BL M SK): Specifies whether NMI interrupts are masked when the BL bit
inthe SRregister is 1.

Bit 13: BLMSK Description

0 NMI interrupts are masked when BL bitis 1 (Initial value)

1 NMI interrupts are accepted regardless of BL bit setting
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Bit 12—IRLS Enable (IRL SEN): Enables pins IRLS3-IRLSO0. Thisbit isvalid only when the
IRQLVL bitis1.

Bit 12: IRLSEN Description

0 Pins IRLS3-IRLSO disabled (Initial value)

1 Pins IRLS3-IRLSO enabled

Bits 11 and 10—IRQ5 Sense Select (IRQ51S, IRQ50S): Select whether the interrupt signal to
the IRQ5 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 11: IRQ51S Bit 10: IRQ50S Description

0 0 An interrupt request is detected at IRQ5 input falling edge
(Initial value)

An interrupt request is detected at IRQ5 input rising edge

1 0 An interrupt request is detected at IRQ5 input low level

Reserved

Bits 9 and 8—I1RQ4 Sense Select (IRQ41S, IRQ40S): Select whether the interrupt signal to the
IRQ4 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 9: IRQ41S Bit 8: IRQ40S Description

0 0 An interrupt request is detected at IRQ4 input falling edge
(Initial value)

An interrupt request is detected at IRQ4 input rising edge

1 0 An interrupt request is detected at IRQ4 input low level

Reserved

Bits 7 and 6—IRQ3 Sense Select (IRQ31S, IRQ30S): Select whether the interrupt signal to the
IRQ3 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 7: IRQ31S Bit 6: IRQ30S Description

0 0 An interrupt request is detected at IRQ3 input falling edge
(Initial value)

An interrupt request is detected at IRQ3 input rising edge

1 0 An interrupt request is detected at IRQ3 input low level

Reserved
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Bits5 and 4—IRQ2 Sense Select (IRQ21S, IRQ20S): Select whether the interrupt signal to the
IRQ2 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 5: IRQ21S Bit 4: IRQ20S Description

0 0 An interrupt request is detected at IRQ2 input falling edge
(Initial value)

An interrupt request is detected at IRQZ2 input rising edge

1 0 An interrupt request is detected at IRQZ2 input low level

Reserved

Bits 3 and 2—IRQ1 Sense Select (IRQ11S, IRQ10S): Select whether the interrupt signal to the
IRQL1 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 3: IRQ11S Bit 2: IRQ10S Description

0 0 An interrupt request is detected at IRQ1 input falling edge
(Initial value)

An interrupt request is detected at IRQ1 input rising edge

1 0 An interrupt request is detected at IRQ1 input low level

Reserved

Bits 1 and 0—IRQO Sense Select (IRQO1S, IRQO00S): Select whether the interrupt signal to the
IRQO pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 1: IRQO1S Bit 0: IRQO0S Description

0 0 An interrupt request is detected at IRQO input falling edge
(Initial value)

An interrupt request is detected at IRQO input rising edge

1 0 An interrupt request is detected at IRQO input low level

Reserved
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6.34 Interrupt Control Register 2 (ICR2)

ICR2 is a 16-hit readable/writable register that sets the detection mode for external interrupt input
pins PINTO to PINT15. Thisregister isinitialized to H'0000 by a power-on reset or manual reset,
but isnot initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSS‘PINTMS‘PINT13S‘PINT14S‘PINT11$‘PINTlos‘ PINT9S \ PINTSS \
Initial value: 0 0 0 0 0 0 0 0

RW:  RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ PINT7S \ PINT6S \ PINT5S \ PINT4S \ PINT3S \ PINT2S \ PINTLS \ PINTOS \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bits 15to 0—PINT15to PINTO Sense Select (PINT15Sto PINTOS): Select whether interrupt
request signalsto PINT15 to PINTO are detected at the low level or high level.

Bits 15-0:
PINT15S to PINTOS Description
0 Interrupt requests are detected at low level input to the PINT pin
(Initial value)
1 Interrupt requests are detected at high level input to the PINT pin
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6.3.5 PINT Interrupt Enable Register (PINTER)

PINTER is a 16-bit readable/writable register that enables interrupt requests input to external
interrupt input pins PINTO to PINT15. Thisregister isinitialized to H'0000 by a power-on reset or
manual reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSE‘PINTME‘PINT13E‘PINTlZE‘PINTllE‘PINTlOE‘ PINT9E \ PINTSE \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ PINT7E \ PINT6E \ PINTSE \ PINT4E \ PINT3E \ PINT2E \ PINTLE \ PINTOE \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bits15to 0—PINT15to PINTO Interrupt Enable (PINT15E to PINTOE): Enable or diable
interrupt request input to pins PINT15 to PINTO.

Bits 15-0:

PINT15E to PINTOE Description

0 PINT input interrupt requests disabled (Initial value)
1 PINT input interrupt requests enabled

When all or some of pins PINTO—PINT15 are not used for interrupt input, bits corresponding to
pins not used as interrupt request pins should be cleared to 0.
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6.3.6 Interrupt Request Register 0 (IRROQ)

IRRO is an 8-hit register that indicates interrupt requests from external input pins IRQO to IRQ5
and PINTO to PINT15. Thisregister isinitialized to H'00 by a power-on reset or manual reset, but
isnot initialized in standby mode.

Bit. 7 6 5 4 3 2 1 0
‘PINTOR \ PINTlR‘ IRQ5R \ IRQ4R \ IRQ3R \ IRQ2R \ IRQ1R \ IRQOR \

Initial value: 0 0 0 0 0 0 0 0

RW: R R RW RW RW RW RW  RW

When clearing an IRQ5R-IRQOR bit to O, read the bit while bit set to 1, and then write 0. In this
case, 0 should be written only to the bits to be cleared and 1 to the other bits. The contents of the
bitsto which 1 is written do not change.

Bit 7—PINTO to PINT7 Interrupt Request (PINTOR): Indicates whether there isinterrupt
reguest input to pins PINTO to PINT7.

Bit 7: PINTOR Description

0 No interrupt request to pins PINTO to PINT7 (Initial value)
1 Interrupt to pins PINTO to PINT7

Bit 6—PINT8 to PINT15 Interrupt Request (PINT 1R): Indicates whether there isinterrupt
reguest input to pins PINT8 to PINT15.

Bit 6: PINT1IR Description

0 No interrupt request input to pins PINT8 to PINT15 (Initial value)

1 Interrupt request input to pins PINT8 to PINT15

Bit 5—IRQ5 Interrupt Request (IRQ5R): Indicates whether there isinterrupt request input to
the IRQ5 pin. When edge detection mode is set for IRQ5, an interrupt request is cleared by
clearing the IRQ5R bit.

Bit 5: IRQ5R Description

0 No interrupt request input to IRQ5 pin (Initial value)

1 Interrupt request input to IRQ5 pin
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Bit 4—IRQ4 Interrupt Request (IRQ4R): Indicates whether there isinterrupt request input to
the IRQ4 pin. When edge detection mode is set for IRQ4, an interrupt request is cleared by
clearing the IRQ4R bit.

Bit 4: IRQ4R Description

0 No interrupt request input to IRQ4 pin (Initial value)

1 Interrupt request input to IRQ4 pin

Bit 3—IRQ3 Interrupt Request (IRQ3R): Indicates whether there isinterrupt request input to
the IRQ3 pin. When edge detection mode is set for IRQ3, an interrupt request is cleared by
clearing the IRQ3R hit.

Bit 3: IRQ3R Description

0 No interrupt request input to IRQ3 pin (Initial value)

1 Interrupt request input to IRQ3 pin

Bit 2—IRQ2 Interrupt Request (IRQ2R): Indicates whether there isinterrupt request input to
the IRQ2 pin. When edge detection mode is set for IRQ2, an interrupt request is cleared by
clearing the IRQ2R hit.

Bit 2: IRQ2R Description

0 No interrupt request input to IRQ2 pin (Initial value)

1 Interrupt request input to IRQ2 pin

Bit 1—IRQ1 Interrupt Request (IRQ1R): Indicates whether there isinterrupt request input to
the IRQ1 pin. When edge detection mode is set for IRQ1, an interrupt request is cleared by
clearing the IRQ1R bit.

Bit 1: IRQ1R Description

0 No interrupt request input to IRQ1 pin (Initial value)

1 Interrupt request input to IRQ1 pin

Bit 0—IRQO Interrupt Request (IRQOR): Indicates whether there isinterrupt request input to
the IRQO pin. When edge detection mode is set for IRQO, an interrupt request is cleared by
clearing the IRQOR bhit.

Bit 0: IRQOR Description

0 No interrupt request input to IRQO pin (Initial value)

1 Interrupt request input to IRQO pin
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6.3.7 Interrupt Request Register 1 (IRR1)

IRR1 is an 8-bit read-only register that indicates whether DMAC or IrDA interrupt requests have
been generated. Thisregister isinitialized to H'00 by a power-on reset or manual reset, but is not
initialized in standby mode.

Bit. 7 6 5 4 3 2 1 0
\ TXI1IR \ BRILR \ RXI1R \ ERILR \ DEI3R \ DEI2R \ DEI1R \ DEIOR \

Initial value: 0 0 0 0 0 0 0 0

RW: R R R R R R R R

Bit 7—TXI1 Interrupt Request (TXI1R): Indicates whether a TX11 (IrDA) interrupt request has
been generated.

Bit 7: TXI1 Description
0 TXI1 interrupt request not generated (Initial value)
1 TXI1 interrupt request generated

Bit 6—BRI 1 Interrupt Request (BRI1R): Indicates whether a BRI1 (IrDA) interrupt request has
been generated.

Bit 6: BRI1R Description

0 BRI1 interrupt request not generated (Initial value)

1 BRI1 interrupt request generated

Bit 5—RXI1 Interrupt Request (RXI1R): Indicates whether an RXI1 (IrDA) interrupt request
has been generated.

Bit 5: RXI1R Description

0 RXI1 interrupt request not generated (Initial value)

1 RXI1 interrupt request generated

Bit 4—ERI 1 Interrupt Request (ERI1R): Indicates whether an ERI1 (IrDA) interrupt request
has been generated.

Bit 4: ERI1R Description

0 ERI1 interrupt request not generated (Initial value)

1 ERI1 interrupt request generated
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Bit 3—DEI 3 Interrupt Request (DEI3R): Indicates whether a DEI3 (DMAC) interrupt request
has been generated.

Bit 3: DEI3R Description

0 DEI3 interrupt request not generated (Initial value)

1 DEI3 interrupt request generated

Bit 2—DEI 2 Interrupt Request (DEI2R): Indicates whether a DEI2 (DMAC) interrupt request
has been generated.

Bit 2: DEI2R Description

0 DEI2 interrupt request not generated (Initial value)

1 DEI2 interrupt request generated

Bit 1—DEI 1 Interrupt Request (DEI1R): Indicates whether a DEI1 (DMAC) interrupt request
has been generated.

Bit 1: DEI1R Description

0 DEI1 interrupt request not generated (Initial value)

1 DEI1 interrupt request generated

Bit 0—DEIO Interrupt Request (DEIOR): Indicates whether a DEIO (DMAC) interrupt request
has been generated.

Bit 0: DEIOR Description

0 DEIO interrupt request not generated (Initial value)

1 DEIO interrupt request generated

6.3.8 Interrupt Request Register 2 (IRR2)

IRR2 is an 8-hit read-only register that indicates whether an A/D converter or SCIF interrupt
reguest has been generated. Thisregister isinitialized to H'00 by a power-on reset or manual reset,
but is not initialized in standby mode.

Bit. 7 6 5 4 3 2 1 0

\ — \ — \ — \ ADIR \ TXI2R \ BRI2R \ RXI2R \ ERI2R \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R
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Bits 7 to 5—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 4—ADI Interrupt Request (ADIR): Indicates whether an ADI (ADC) interrupt request has
been generated.

Bit 4: ADIR Description
0 ADI interrupt request not generated (Initial value)
1 ADI interrupt request generated

Bit 3—TXI2 Interrupt Request (TXI2R): Indicates whether a TX12 (SCIF) interrupt request has
been generated.

Bit 3: TXI2R Description

0 TXI2 interrupt request not generated (Initial value)

1 TXI2 interrupt request generated

Bit 2—BRI 2 Interrupt Request (BRI 2R): Indicates whether a BRI2 (SCIF) interrupt request has
been generated.

Bit 2: BRI2R Description

0 BRI2 interrupt request not generated (Initial value)

1 BRI2 interrupt request generated

Bit 1—RXI2 Interrupt Request (RXI2R): Indicates whether an RX12 (SCIF) interrupt request
has been generated.

Bit 1: RXI2R Description

0 RXI2 interrupt request not generated (Initial value)

1 RXI2 interrupt request generated

Bit 0—ERI 2 Interrupt Request (ERI2R): Indicates whether an ERI2 (SCIF) interrupt request
has been generated.

Bit 0: ERI2R Description

0 ERI2 interrupt request not generated (Initial value)

1 ERI2 interrupt request generated
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6.4 INTC Operation

6.4.1 Interrupt Sequence

The sequence of interrupt operations is described below. Figure 6.3 is aflowchart of the
operations.

1

Theinterrupt request sources send interrupt request signals to the interrupt controller.

2. Theinterrupt controller selects the highest-priority interrupt from the interrupt requests sent,

© N o’

following the priority levels set in interrupt priority registers A to E (IPRA to IPRE). Lower

priority interrupts are held pending. If two of these interrupts have the same priority level or if
multiple interrupts occur within a single module, the interrupt with the highest default priority
or the highest priority within its IPR setting unit (asindicated in tables 6.4 and 6.5) is selected.

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (13-10) in the status register (SR) of the CPU. If the request priority level is
higher than the level in bits I3-10, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU. When the interrupt controller receives an interrupt, alow
level is output from the IRQOUT pin.

Detection timing: The INTC operates, and notifies the CPU of interrupt requests, in
synchronization with the peripheral clock (Pg). The CPU receives an interrupt at abreak in
instructions.

Theinterrupt source code is set in the interrupt event registers (INTEVT and INTEVT2).

The status register (SR) and program counter (PC) are saved to SSR and SPC, respectively.
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumpsto the start address of the interrupt handler (the sum of the value set in the
vector base register (VBR) and H'00000600). This jump is nhot a delayed branch. The interrupt
handler may branch with the INTEVT and INTEV T2 register value as its offset in order to
identify the interrupt source. This enablesit to branch to the handling routine for the individual
interrupt source.

Notes: 1. Theinterrupt mask bits (13-10) in the status register (SR) are not changed by

acceptance of an interrupt in the SH7709S.

2. TRQOUT outputs alow level until the interrupt request is cleared. However, if the
interrupt source is masked by an interrupt mask bit, the IRQOUT pin returns to the
high level. The level is output without regard to the BL bit.

3. Theinterrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt request that should have been cleared is not inadvertently accepted again, read
the interrupt source flag after it has been cleared, then wait for the interval shownin
table 6.8 (Time for priority decision and SR mask bit comparison) before clearing the
BL bit or executing an RTE instruction.
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Program
execution state

Interrupt
generated?

No

ICR1.BLMSK = 1?

SR.BL=0
or sleep mode?

Level 15
interrupt?

Level 14
interrupt?

L
TRQOUT = low Yes

1

Set interrupt cause in
INTEVT, INTEVT2

1

Save SR to SSR;
savePCtoSPC | — 1~

1

Set BL/MD/RB
bits in SR to 1

1

Branch to exception
handler

13-10 level

14 or lower? No

interrupt?

13-10 level
13 or lower?

‘ Y

13-10: Interrupt mask bits in status register (SR)

Figure6.3 Interrupt Operation Flowchart
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6.4.2 Multiple Interrupts

When handling multiple interrupts, an interrupt handler should include the following procedures:

1

o 0k~ WD

Branch to a specific interrupt handler corresponding to a code set in INTEVT and INTEVT2.
Thecodein INTEVT and INTEV T2 can be used as a branch-offset for branching to the
specific handler.

Clear the cause of the interrupt in each specific handler.

Save SSR and SPC to memory.

Clear the BL hit in SR, and set the accepted interrupt level in the interrupt mask bitsin SR.
Handle the interrupt.

Execute the RTE instruction.

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted after clearing BL in step 4. Figure 6.3 shows a sampleinterrupt operation
flowchart.

6.5 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception handling is performed
and fetching of the first instruction of the exception handler is started (the interrupt response time)
isshown in table 6.8. Figure 6.4 shows an example of pipeline operation when an IRL interrupt is
accepted. When SR.BL is 1, interrupt exception handling is masked, and is kept waiting until
completion of aninstruction that clears BL to O.
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Table6.8 Interrupt Response Time

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Time for priority 0.5 x Iecyc 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc
decision and SR +0.5xBcyc +1xBcyc +35xPcyc +1.5x
mask bit comparison + 0.5 xPcyc +4.5x Pcyc*5

*4 .
Peyc 0.5 x Icyc
+3 x Pcyc*®

Wait time until end
of sequence being
executed by CPU

X (=0)xlcyc X (=0)xlcyc X(=0) xIcyc X (=0) xIcyc

Interrupt exception
handling is kept
waiting until the
executing instruc-
tion ends. If the
number of instruc-
tion execution
states is S*1, the
maximum wait
timeis: X=S-1.
However, if BL is
set to 1 by instru-
ction execution or
by an exception,
interrupt exception
handling is
deferred until
completion of an
instruction that
clears BL to 0. If
the following
instruction masks
interrupt exception
handling, the
handling may be
further deferred.

Time from interrupt
exception handling
(save of SR and PC)
until fetch of first
instruction of
exception handler is
started

5 xIcyc 5 xIcyc 5 xIcyc

5 xIcyc
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Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Response Total (5.5 +X) (5.5 +X) (5.5 +X) (5.5 + X)
time x |cyc x Icyc x |cyc x |cyc
+ 0.5 xBcyc + 1 xBcyc + 3.5 x +15
+0.5 xPcyc +4.5 x Pcyc*® x Pcyc™®
*4 -
Pcyc (5.5 + X)
x |cyc
+ 3 x Pcyc*®
Minimum 7.5 16.5 12.5 8.5*°/11.5*® At 60-MHz (CKIO
case*? = 30) operation:
0.13-0.28 ps
Maximum 8.5+ S 26.5+S 185+S 105+S™  At60-MHz (CKIO
case™® 165+ = 15) operation:
0.26-0.56 ps (in
case of operand
cache-hit)
At 60-MHz (CKIO
= 15) operation:
0.29-0.59 ps
(when external
memory access is
performed with
wait = 0)
Icyc: Duration of one cycle of internal clock supplied to CPU.
Bcyc: Duration of one CKIO cycle.
Pcyc: Duration of one cycle of peripheral clock supplied to peripheral modules.
Notes: 1. S also includes the memory access wait time.

oA~ W

The processing requiring the maximum execution time is LDC.L @Rm+, SR. When the
memory access is a cache-hit, this requires seven instruction execution cycles. When
the external access is performed, the corresponding number of cycles must be added.
There are also instructions that perform two external memory accesses; if the external
memory access is slow, the number of instruction execution cycles will increase
accordingly.

The internal clock:CKIO:peripheral clock ratio is 2:1:1.

The internal clock:CKIO:peripheral clock ratio is 4:1:1.

IRQ mode

Modules: TMU, RTC, SCI, WDT, REFC

Modules: DMAC, ADC, IrDA, SCIF
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Interrupt Start of interrupt
acceptance handling

0.5 x leyc
+ 0.5 x Beyc

+ 2 x Pcyc 5 x lcyc

IRL

Instruction (instruction T
replaced by interrupt | IF | ID | EX | EX | EX | EX
exception handling) ! '

Overrun fetch IF
First instruction of interrupt !
handler IF m

IF: Instruction fetch: Instruction is fetched from memory in which program is stored.
ID: Instruction decode: Fetched instruction is decoded.
EX: Instruction execution: Data operation and address calculation are performed.

Figure 6.4 Example of Pipeline Operationswhen IRL Interrupt is Accepted
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7.1

Section 7 User Break Controller

Overview

The user break controller (UBC) provides functions that simplify program debugging. This
function makes it easy to design an effective self-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Break conditions that can be set inthe UBC are
instruction fetch or data read/write, data size, data content, address value, and stop timing during
instruction fetches.

711

Features

The user break controller has the following features:

The following break comparison conditions can be set.

Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on channels A
and B (sequential break setting: channel A and, then channel B match with logical AND, but
not in the same bus cycle).

O0Ooooogdg

Address (Compares 40 bits comprised of a 32-bit logical address prefixed with an ASID
address. Comparison bits are maskable in 32-bit units, user can easily program it to mask
addresses at bottom 12 bits (4-k page), bottom 10 bits (1-k page), or any size of page, etc.

One of two address buses (CPU address bus (LAB), cache address bus (IAB)) can be
selected.

Data (only on channel B, 32-bit maskable)

One of the two data buses (CPU data bus (L DB), cache data bus (IDB)) can be selected.
Bus master: CPU cycle or DMAC cycle

Bus cycle: instruction fetch or data access

Read/write

Operand size: byte, word, or longword

User break is generated upon satisfying break conditions. A user-designed user-break
condition exception processing routine can be run.

In aninstruction fetch cycle, it can be selected that a break is set before or after an instruction
is executed.

Maximum repeat times for the break condition: 2'? — 1 times.
Eight pairs of branch source/destination buffers.
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7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the UBC.

Access
Control IAB  LAB MDB
' W} A A
o | Access
" | comparator BBRA
BARA
> Address
.| comparator
jal BAMRA
ASID
comparator. BASRA
-4 Channel A
- Access . - - >
© | comparator EERE
> BARB
»| Address
comparator
BAMRB
ASID
comparator. <—-<—>BASRB
AN
Data BDRB
»| comparator
BDMRB
- Channel B 4_—4 BETR = -
o BRSR
= PC Trace
> BRDR
Y Y = CONTROL BRCR
\
LDB/IDB/ |—> User break t v
ser break reques
XDB/YDB CPU state u
signals
[ ] UBC Location XY CCN Location
Legend
BBRA: Break bus cycle register A BASRB: Break ASID register B
BARA: Break address register A BDRB: Break data register B
BAMRA: Break address mask register A BDMRB: Break data mask register B
BASRA: Break ASID register A BETR: Break execution times register
BBRB: Break bus cycle register B BRSR: Branch source register
BARB: Break address register B BRDR:  Branch destination register
BAMRB: Break address mask register B BRCR: Break control register

Figure7.1 Block Diagram of User Break Controller
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7.1.3 Register Configuration
Table7.1 Register Configuration

Access
Name Abbr. R/W Initial Value™ Address Size Location
Break address register A BARA R/W  H'00000000 H'FFFFFFBO 32 UBC
Break address mask BAMRA R/W  H00000000 HFFFFFFB4 32 UBC
register A
Break bus cycle register A BBRA R/W  H'0000 H'FFFFFFB8 16 uUBC
Break address register B BARB R/W  H'00000000 H'FFFFFFAO 32 UBC
Break address mask BAMRB R/W  H'00000000 HFFFFFFA4 32 UBC
register B
Break bus cycle registerB. BBRB  R/W  H'0000 H'FFFFFFA8 16 UBC
Break data register B BDRB R/W  H'00000000 H'FFFFFF90 32 UBC
Break data mask register B BDMRB R/W  H'00000000 H'FFFFFF94 32 UBC
Break control register BRCR R/W  H'00000000 H'FFFFFF98 32 UBC
Execution count break BETR R/W  H'0000 H'FFFFFFOC 16 UBC
register
Branch source register BRSR R Undefined*?  H'FFFFFFAC 32 UBC
Branch destination register BRDR R Undefined*®>  H'FFFFFFBC 32 UBC
Break ASID register A BASRA R/W  Undefined H'FFFFFFE4 16 CCN
Break ASID register B BASRB R/W  Undefined H'FFFFFFE8 16 CCN

Notes: 1.
resets.

Initialized by power-on reset. Values held in standby state and undefined by manual

2. Bit 31 of BRSR and BRDR (valid flag) is initialized by power-on resets. But other bits

are not initialized.

RENESAS
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7.2 Register Descriptions

721 Break Address Register A (BARA)

BARA isa32-hit read/write register. BARA specifies the address used as a break conditionin
channel A. A power-on reset initializes BARA to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BAA31 \ BAA30 \ BAA29 \ BAA2S \ BAA27 \ BAA26 \ BAA25 \ BAA24 \
Initial value: 0 0 0 0 0 0 0 0

RW:  RW R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BAA23 \ BAA22 \ BAA21 \ BAA20 \ BAA19 \ BAA18 \ BAA17 \ BAAL6 \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BAA15 \ BAA14 \ BAA13 \ BAA12 \ BAA11 \ BAA10 \ BAA9 \ BAAS \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ BAA7 \ BAAG \ BAAS \ BAA4 \ BAA3 \ BAA2 \ BAAL \ BAAO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bits 31 to 0—Break Address A31to AO (BAA31to BAAO): Storesthe address onthe LAB or
IAB specifying break conditions of channel A.
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7.2.2 Break AddressMask Register A (BAMRA)

BAMRA isa 32-bit read/write register. BAMRA specifies bits masked in the break address
specified by BARA. A power-on reset initializes BAMRA to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BAMA31 \ BAMASO‘ BAMAZQ‘ BAMA28‘ BAMA27 \ BAMAZG‘ BAMAZS‘ BAMA24‘
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BAMAZS‘ BAMA22 \ BAMA21 \ BAMAZO‘ BAMAlQ‘ BAMA18‘ BAMAL7 \ BAMAlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
‘BAMA15‘BAMA14‘BAMA13‘BAMA12‘BAMAll‘BAMAlO‘ BAMAQ \ BAMAS \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ BAMA7 \ BAMAG \ BAMAS \ BAMA4 \ BAMA3 \ BAMA2 \ BAMAL \ BAMAO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bits 31 to 0—Break Address Mask Register A31to A0 (BAMA31to BAMADOQ): Specifies bits
masked in the channel A break address bits specified by BARA (BAA31-BAADO).

Bits 31 to O:
BAMAnN Description
0 Break address bit BAAn of channel A is included in the break condition
(Initial value)
1 Break address bit BAAn of channel A is masked and is not included in the break
condition
n=31to0
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7.2.3 Break Bus Cycle Register A (BBRA)

Break bus cycleregister A (BBRA) isa 16-bit read/write register, which specifies (1) CPU cycle
or DMAC cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand sizein the
break conditions of channel A. A power-on reset initializes BBRA to H'0000.

Bitt 15 14 13 12 11 10 9 8
-l -1 -1T-T-=-7T=-1=-71T="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CDAl \ CDAO \ IDAL \ IDAO \ RWAL \ RWAO‘ SzA1 \ SZAO
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 8—Reserved: These bits are always read as 0. The write value should always be 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select A (CDA1, CDAOQ): Selectsthe CPU cycle or
DMAC cycle as the bus cycle of the channel A break condition.

Bit 7: CDA1 Bit 6: CDAO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle

1 0 The break condition is the DMAC cycle

*: Don’t care

Bits 5 and 4—Instruction Fetch/Data Access Select A (IDAL, IDAQ): Selectsthe instruction
fetch cycle or data access cycle as the bus cycle of the channel A break condition.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 Condition comparison is not performed (Initial value)

The break condition is the instruction fetch cycle

1
1 0 The break condition is the data access cycle
1

The break condition is the instruction fetch cycle or data access
cycle
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Bits 3 and 2—Read/Write Select A (RWA1, RWAOQ): Selectstheread cycle or write cycle as the
bus cycle of the channel A break condition.

Bit 3: RWAL Bit 2: RWAO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the read cycle

1 0 The break condition is the write cycle
1 The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select A (SZA1, SZA0): Selects the operand size of the bus cycle
for the channel A break condition.

Bit 1: SZA1 Bit 0: SZAO Description

0 0 The break condition does not include operand size
(Initial value)

The break condition is byte access

1 0 The break condition is word access

The break condition is longword access

Rev. 5.00, 09/03, page 155 of 760
RENESAS



724 Break Address Register B (BARB)

BARB is a 32-bit read/write register. BARB specifies the address used as a break condition in
channel B. A power-on reset initializes BARB to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BAB31 \ BAB30 \ BAB29 \ BAB28 \ BAB27 \ BAB26 \ BAB25 \ BAB24 \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BAB23 \ BAB22 \ BAB21 \ BAB20 \ BAB19 \ BAB18 \ BAB17 \ BAB16 \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BAB15 \ BAB14 \ BAB13 \ BAB12 \ BAB11 \ BAB10 \ BAB9 \ BABS \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ BAB7 \ BAB6 \ BAB5 \ BAB4 \ BAB3 \ BAB2 \ BAB1 \ BABO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Rev. 5.00, 09/03, page 156 of 760
RENESAS



7.25 Break AddressMask Register B (BAMRB)

BAMRSB is a 32-hit read/write register. BAMRB specifies bits masked in the break address
specified by BARB. A power-on reset initializes BAMRB to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BAMB31 \ BAMBSO‘ BAMBZQ‘ BAMBZS‘ BAMB27 \ BAMBZG‘ BAMBZS‘ BAMBZ4‘
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BAMBZS‘ BAMB22 \ BAMB21 \ BAMBZO‘ BAMBlQ‘ BAMBlS‘ BAMB17 \ BAMBlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
‘BAMBlS‘BAMBl4‘BAMBlS‘BAMBl2‘BAMBll‘BAMBlO‘ BAMB9 \ BAMBS \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ BAMB7 \ BAMB6 \ BAMB5 \ BAMB4 \ BAMB3 \ BAMB2 \ BAMB1 \ BAMBO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bits 31 to 0—Break Address Mask Register B31 to BO (BAMB31 to BAMBO): Specifies bits
masked in the channel B break address bits specified by BARB (BAB31—BABO).

Bits 31 to O:

BAMBnN Description

0 Break address BABnN of channel B is included in the break condition (Initial value)

1 Break address BABnN of channel B is masked and is not included in the break
condition

n=31to0
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7.2.6 Break Data Register B (BDRB)

BDRB is a 32-bit read/write register. A power-on reset initializes BDRB to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BDB31 \ BDB30 \ BDB29 \ BDB28 \ BDB27 \ BDB26 \ BDB25 \ BDB24 \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16
\ BDB23 \ BDB22 \ BDB21 \ BDB20 \ BDB19 \ BDB18 \ BDB17 \ BDB16 \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BDB15 \ BDB14 \ BDB13 \ BDB12 \ BDB11 \ BDB10 \ BDB9 \ BDBS \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ BDB7 \ BDB6 \ BDB5 \ BDB4 \ BDB3 \ BDB2 \ BDB1 \ BDBO \
Initial value: 0 0 0 0 0 0 0 0
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7.2.7 Break Data Mask Register B (BDMRB)

BDMRB is a 32-hit read/write register. BDMRB specifies bits masked in the break data specified
by BDRB. A power-on reset initializes BDMRB to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BDMB31 \ BDMBBO‘ BDMB29 \ BDMBZS‘ BDMB27 \ BDMBZG‘ BDMBZS‘ BDMBZ4‘
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BDMBZB‘ BDMB22 \ BDMB21 \ BDMBZO‘ BDMB19 \ BDMBlS‘ BDMB17 \ BDMBlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
‘BDMBlS‘BDMBl4‘BDMBlS‘BDMBlZ‘BDMBll‘BDMBlO‘ BDMB9 \ BDMBS \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ BDMB7 \ BDMB6 \ BDMB5 \ BDMB4 \ BDMB3 \ BDMB2 \ BDMBL1 \ BDMBO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bits 31 to 0—Break Data Mask Register B31 to BO (BDMB31 to BDMBO): Specifieshitsin
the channel B break data bits specified by BDRB (BDB31—BDBO).

Bits 31 to O:

BDMBnN Description

0 Break data BDBn of channel B is included in the break condition (Initial value)

1 Break data BDBn of channel B is masked and is not included in the break
condition

n=31to0

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When a byte size is specified as a break condition, the same-byte data must be set in
bits 15 to 8 and bits 7 to 0 in BDRB for the break data.
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7.2.8 Break Bus Cycle Register B (BBRB)

Break bus cycleregister B (BBRB) is a 16-bit read/write register, which specifies, (1) CPU cycle
or DMAC cycle, (2) instruction fetch or data access, (3) read/write, and (4) operand sizein the
break conditions of channel B. A power-on reset initializes BBRB to H'0000.

Bitt 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CDB1 \ CDBO \ IDB1 \ IDBO \ RWB1 \ RWBO \ SZB1 \ SZBO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 8—Reserved: These bits are always read as 0. These bits are always read as 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select B (CDB1, CDBO0): Select the CPU cycle or
DMAC cycle as the bus cycle of the channel B break condition.

Bit 7: CDB1 Bit 6: CDBO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle

1 0 The break condition is the DMAC cycle

*: Don't care

Bits 5 and 4—Instruction Fetch/Data Access Select B (IDB1, IDB0): Select the instruction
fetch cycle or data access cycle as the bus cycle of the channel B break condition.

Bit 5: IDB1 Bit 4: IDBO Description
0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle
1 0 The break condition is the data access cycle
1 The break condition is the instruction fetch cycle or data access
cycle
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Bits 3 and 2—Read/Write Select B (RWB1, RWBO0): Select the read cycle or write cycle asthe
bus cycle of the channel B break condition.

Bit 3: RWB1 Bit 2: RWBO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the read cycle

1 0 The break condition is the write cycle
1 The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select B (SZB1, SZBO0): Select the operand size of the bus cycle for

the channel B break condition.

Bit 1: SZB1 Bit 0: SZBO

Description

0 0 The break condition does not include operand size
(Initial value)
The break condition is byte access
1 0 The break condition is word access

The break condition is longword access
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7.2.9

BRCR sets the following conditions:

1.

© 0k~ wbd

Break Control Register (BRCR)

Channels A and B are used in two independent channels condition or under the sequential

condition.

A break is set before or after instruction execution.

A break is set by the number of execution times.
Determine whether to include data bus on channel B in comparison conditions.

Enable PC trace.

Enable the ASID check.

The break control register (BRCR) is a 32-hit read/write register that has break conditions match
flags and bits for setting avariety of break conditions. A power-on reset initializes BRCR to
H'00000000.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
- [ -T-[-T-[-1]-]
0 0 0 0 0 0 0 0
R R R R R R R R
23 22 21 20 19 18 17 16
\ — — ‘BASMA‘BASMB‘ — \ — — \ — \
0 0 0 0 0 0 0 0
R R RW  RW R R R R
15 14 13 12 11 10 9 8
‘SCMFCA‘SCMFCB‘SCMFDA‘SCMFDB‘ PCTE \ PCBA \ — \ — \
0 0 0 0 0 0 0 0

RW RW RW RW RW  RW
7 6 5 4 3 2 1 0
\ DBEB \ PCBB \ — — \ SEQ \ — — \ ETBE \
0 0 0 0 0 0 0 0
RW  RW RIW RIW

Bits 31 to 22—Reserved: These bits are always read as 0. Thewrite value should always be 0.
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Bit 21—Break ASID Mask A (BASMA): Specifies whether the bits of the channel A break
ASID7-ASIDO (BASA7 to BASAO) set in BASRA are masked or not.

Bit 21: BASMA Description
0 All BASRA bits are included in break condition, ASID is checked  (Initial value)
1 No BASRA bits are included in break condition, ASID is not checked

Bit 20—Break ASID Mask B (BASM B): Specifies whether the bits of channel B break ASID7-
ASIDO (BASB7 to BASBO) set in BASRB are masked or not.

Bit 20: BASMB Description
0 All BASRB bits are included in break condition, ASID is checked  (Initial value)
1 No BASRB bits are included in break condition, ASID is not checked

Bits 19 to 16—Reserved: These bits are always read as 0. Thewrite value should always be 0.

Bit 15—CPU Condition Match Flag A (SCMFCA): When the CPU bus cycle condition in the
break conditions set for channel A is satisfied, thisflagis set to 1 (not cleared to 0). In order to
clear this flag, write O into this bit.

Bit 15:

SCMFCA Description

0 The CPU cycle condition for channel A does not match (Initial value)
1 The CPU cycle condition for channel A matches

Bit 14—CPU Condition Match Flag B (SCMFCB): When the CPU bus cycle condition in the
break conditions set for channel B is satisfied, thisflag is set to 1 (not cleared to 0). In order to
clear this flag, write O into this bit.

Bit 14:

SCMFCB Description

0 The CPU cycle condition for channel B does not match (Initial value)
1 The CPU cycle condition for channel B matches
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Bit 13—DMAC Condition Match Flag A (SCMFDA): When the on-chip DMAC bus cycle
condition in the break conditions set for channel A is satisfied, thisflagis set to 1 (not cleared to
0). In order to clear this flag, write O into this bit.

Bit 13:

SCMFDA Description

0 The DMAC cycle condition for channel A does not match (Initial value)
1 The DMAC cycle condition for channel A matches

Bit 122—DMAC Condition Match Flag B (SCM FDB): When the on-chip DMAC bus cycle
condition in the break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write 0 into this bit.

Bit 12:

SCMFDB Description

0 The DMAC cycle condition for channel B does not match (Initial value)
1 The DMAC cycle condition for channel B matches

Bit 11—PC Trace Enable (PCTE): Enables PC trace.

Bit 11: PCTE Description

0 Disables PC trace (Initial value)

1 Enables PC trace

Bit 10—PC Break Select A (PCBA): Selects the break timing of the instruction fetch cycle for
channel A asbefore or after instruction execution.

Bit 10: PCBA  Description

0 PC break of channel A is set before instruction execution (Initial value)

1 PC break of channel A is set after instruction execution

Bits 9 and 8—Reserved: These bits are aways read as 0. The write value should always be 0.

Bit 7—Data Break Enable B (DBEB): Selects whether or not the data bus condition is included
in the break condition of channel B.

Bit 7: DBEB Description

0 No data bus condition is included in the condition of channel B (Initial value)

1 The data bus condition is included in the condition of channel B
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Bit 6—PC Break Select B (PCBB): Selectsthe break timing of the instruction fetch cycle for
channel B as before or after instruction execution.

Bit 6: PCBB Description

0 PC break of channel B is set before instruction execution (Initial value)

1 PC break of channel B is set after instruction execution

Bits5 and 4—Reserved: These bits are aways read as 0. The write value should always be 0.

Bit 3—Sequence Condition Select (SEQ): Selectstwo conditions of channels A and B as
independent or sequential.

Bit 3: SEQ Description

0 Channels A and B are compared under the independent condition (Initial value)

1 Channels A and B are compared under the sequential condition (channel A, then
channel B)

Bits 2 and 1—Reserved: These hits are always read as 0. The write value should always be 0.

Bit 0—The Number of Execution Times Break Enable (ETBE): Enable the execution-times
break condition only on channel B. If thishit is 1 (break enable), auser break isissued when the
number of break conditions matches with the number of execution times that is specified by the
BETR register.

Bit 0: ETBE Description

0 The execution-times break condition is masked on channel B (Initial value)

1 The execution-times break condition is enabled on channel B
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7.210 Execution TimesBreak Register (BETR)

When the execution-times break condition of channel B is enabled, this register specifies the
number of execution times to make the break. The maximum number is 2% — 1 times. A power-on
reset initializes BETR to H'0000. When a break condition is satisfied, it decreasesthe BETR. A
break isissued when the break condition is satisfied after the BETR becomes H'0001. Bits 15-12
are always read as 0 and 0 should always be written in these bits.

Bit: 15 14 13 12 11 10 9 8
A = = T S N R E
R/W: R R R R R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0

RW: RW R/W R/W R/W R/W R/W R/W R/W
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7.211  Branch Source Register (BRSR)

BRSR isa 32-bit read register. BRSR stores the last fetched address before branch and the pointer
(3 bits) which indicates the number of cycles from fetch to execution for the last executed
instruction. BRSR has the flag hit that is set to 1 when branch occurs. This flag bit is cleared to O,
when BRSR isread and also initialized by power-on resets or manual resets. Other bits are not
initialized by reset. Eight BRSR registers have queue structure and a stored register is shifted
every branch.

Bitt 31 30 29 28 27 26 25 24

\ SVF \ PID2 \ PID1 \ PIDO \ BSA27 \ BSA26 \ BSA25 \ BSA24 \
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bit. 23 22 21 20 19 18 17 16

\ BSA23 \ BSA22 \ BSA21 \ BSA20 \ BSA19 \ BSA18 \ BSA17 \ BSA16 \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit. 15 14 13 12 11 10 9 8

\ BSA15 \ BSA14 \ BSA13 \ BSA12 \ BSA11 \ BSA10 \ BSA9 \ BSAS \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit. 7 6 5 4 3 2 1 0

\ BSA7 \ BSA6 \ BSA5 \ BSA4 \ BSA3 \ BSA2 \ BSA1 \ BSAO \
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined value

Bit 31—BRSR Valid Flag (SVF): Indicates whether the address and the pointer by which the
branch source address can be calculated. When a branch source addressis fetched, this flag is set
to 1. Thisflagiscleared to Oin reading BRSR.

Bit 31: SVF Description

0 The value of BRSR register is invalid

1 The value of BRSR register is valid
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Bits 30 to 28—I nstruction Decode Pointer (PID2 to PIDO): PID isa 3-bit binary pointer (0-7).
These bits indicate the instruction buffer number which stores the last executed instruction before
branch.

Bits 30 to 28:

PID Description

Even PID indicates the instruction buffer number.
Odd PiD+2 indicates the instruction buffer number

Bits 27 to 0—Branch Source Address (BSA27 to BSAQ): These hits store the last fetched
address before branch.

7.212  Branch Destination Register (BRDR)

BRDR isa 32-hit read register. BRDR stores the branch destination fetch address. BRDR hasthe
flag bit that is set to 1 when branch occurs. This flag bit is cleared to 0, when BRDR isread and
also initialized by power-on resets or manual resets. Other bits are not initialized by resets. Eight
BRDR registers have queue structure and a stored register is shifted every branch.

Bitt 31 30 29 28 27 26 25 24

\ DVF \ — \ — \ — \ BDA27 \ BDA26 \ BDA25 \ BDA24 \
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bit. 23 22 21 20 19 18 17 16

\ BDA23 \ BDA22 \ BDA21 \ BDA20 \ BDA19 \ BDA18 \ BDAL7 \ BDA16 \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit. 15 14 13 12 11 10 9 8

\ BDAL5 \ BDA14 \ BDAL3 \ BDA12 \ BDA11 \ BDA10 \ BDA9 \ BDAS \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bit. 7 6 5 4 3 2 1 0

\ BDA7 \ BDA6 \ BDA5 \ BDA4 \ BDA3 \ BDA2 \ BDAL \ BDAO \
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined value
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Bit 31—BRDR Valid Flag (DVF): Indicates whether a branch destination addressis stored.
When a branch destination addressiis fetched, thisflagisset to 1. Thisflagis setto O inreading
BRDR.

Bit 31: DVF Description

0 The value of BRDR register is invalid

1 The value of BRDR register is valid

Bits 30 to 28—Reserved: These bits are always read as 0. Thewrite value should always be 0.

Bits 27 to 0—Branch Destination Address (BDA27 to BDAO): These hits store the first fetched
address after branch.

7213 Break ASID Register A (BASRA)

Break ASID register A (BASRA) isan 8-hit read/write register that specifiesthe ASID that serves
as the break condition for channel A. It isnot initialized by resets.

Bit: 7 6 5 4 3 2 1 0
‘BASA?‘ BASAG‘ BASAs\ BASA4\ BASAs\ BASAZ\ BASAl‘ BASAO‘
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined value

Bits 7to 0—Break ASID A7 to 0 (BASA7 to BASAOQ): These bits storethe ASID (bits 7 to 0)
that is the channel A break condition.

7214 Break ASID Register B (BASRB)

Break ASID register B (BASRB) isan 8-hit read/write register that specifiesthe ASID that serves
as the break condition for channel B. Itisnot initialized by resets.

Bit: 7 6 5 4 3 2 1 0
\ BASB7 \ BASB6 \ BASB5 \ BASB4 \ BASB3 \ BASB2 \ BASB1 \ BASBO \
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined value

Bits 7to 0—Break ASID A7 to 0 (BASB7 to BASBO): These hits store the ASID (bits 7 to 0)
that is the channel B break condition.
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7.3 Operation Description

731 Flow of the User Break Operation

The flow from setting of break conditionsto user break exception processing is described below:

1

The break addresses and the corresponding ASIDs are loaded in the break address registers
(BARA and BARB) and break ASID registers (BASRA and BASRB). The masked addresses
are set in the break address mask registers (BAMRA and BAMRB). The break datais set in the
break dataregister (BDRB). The masked datais set in the break data mask register (BDMRB).
The breaking bus conditions are set in the break bus cycle registers (BBRA and BBRB). Three
groups of the BBRA and BBRB (CPU cycle/DMAC cycle select, instruction fetch/data access
select, and read/write select) are each set. No user break will be generated if even one of these
groupsis set with 00. The respective conditions are set in the bits of the BRCR.

When the break conditions are satisfied, the UBC sends a user break request to the interrupt
controller. The break type will be sent to CPU indicating the instruction fetch, pre/post
instruction break, data access break. When conditions match up, the CPU condition match
flags (SCMFCA and SCMFCB) and DMAC condition match flags (SCMFDA and SCMFDB)
for the respective channels are set.

The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can
be used to check if the set conditions match or not. The matching of the conditions sets flags,
but they are not reset. 0 must first be written to them before they can be used again.

There is a chance that the data access break and its following instruction fetch break occur
around the same time, there will be only one break request to the CPU, but these two break
channel match flags could be both set.

732 Break on Instruction Fetch Cycle

When CPU/instruction fetch/read/word or longword is set in the break bus cycle registers
(BBRA/BBRB), the break condition becomes the CPU instruction fetch cycle. Whether it then
breaks before or after the execution of the instruction can then be selected with the
PCBA/PCBB hits of the break control register (BRCR) for the appropriate channel.

Aninstruction set for a break before execution breaks when it is confirmed that the instruction
has been fetched and will be executed. This means this feature cannot be used on instructions
fetched by overrun (instructionsfetched at a branch or during an interrupt transition, but not to
be executed). When thiskind of break is set for the delay dot of adelay branch instruction, the
break is generated prior to execution of the instruction that then first accepts the break.
Meanwhile, the break set for pre-instruction-break on delay ot instruction and post-
instruction-break on SLEEP instruction are also prohibited.
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3. When the condition is specified to be occurred after execution, the instruction set with the
break condition is executed and then the break is generated prior to the execution of the next
instruction. As with pre-execution breaks, this cannot be used with overrun fetch instructions.
When thiskind of break is set for a delay branch instruction, the break is generated at the
instruction that then first accepts the break.

4. When an instruction fetch cycle is set for channel B, break dataregister B (BDRB) isignored.
There isthus no need to set break data for the break of the instruction fetch cycle.

7.3.3 Break by Data Access Cycle
1. The memory cyclesin which CPU data access breaks occur are from instructions.

2. Therelationship between the data access cycle address and the comparison condition for
operand size arelisted in table 7.2:

Table7.2 Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31-2 to address bus bits 31-2
Word Compares break address register bits 31-1 to address bus bits 31-1
Byte Compares break address register bits 31-0 to address bus bits 31-0

This means that when address H'00001003 is set without specifying the size condition, for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003

3. When the data value isincluded in the break conditions on B channel:

When the data value isincluded in the break conditions, either longword, word, or byte is
specified as the operand size of the break bus cycle registers (BBRA and BBRB). When data
values are included in break conditions, a break is generated when the address conditions and
data conditions both match. To specify byte data for this case, set the same data in two bytes at
bits 15-8 and bits 7-0 of the break data register B (BDRB) and break data mask register B
(BDMRB). When word or byteis set, bits 31-16 of BDRB and BDMRB are ignored.

4. When the DMAC data access is included in the break condition:

When the addressis included in the break condition on DMAC data access, the operand size of
the break bus cycle registers (BBRA and BBRB) should be byte, word or no specified operand
size. When the data value is included, select either byte or word.
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734 Sequential Break

By specifying SEQ in BRCRis set to 1, the sequential break is issued when channel B break
condition matches after channel A break condition matches. A user break isignored even if
channel B break condition matches before channel A break condition matches. When channels
A and B condition match at the same time, the sequential break is not issued.

In sequential break specification, alogical bus or internal bus can be selected and the execution
times break condition can be also specified. For example, when the execution times break
condition is specified, the break condition is satisfied at channel B condition match with BETR
= H'0001 after channel A condition match.

7.35 Value of Saved Program Counter

The PC when a break occursis saved to the SPC in user breaks. The PC value saved is as foll ows
depending on the type of break.

1

When instruction fetch (before instruction execution) is specified as a break condition:

The value of the program counter (PC) saved is the address of the instruction that matches the
break condition. The fetched instruction is not executed, and a break occurs before it.

When instruction fetch (after instruction execution) is specified as a break condition:

The PC value saved is the address of the instruction to be executed following the instruction in
which the break condition matches. The fetched instruction is executed, and a break occurs
before the execution of the next instruction.

When data access (address only) is specified as a break condition:

The PC value is the address of the instruction to be executed following the instruction that
matched the break condition. The instruction that matched the condition is executed and the
break occurs before the next instruction is executed.

When data access (address + data) is specified as a break condition:

The PC value isthe start address of the instruction that follows the instruction already executed
when break processing started up. When a data value is added to the break conditions, the
place where the break will occur cannot be specified exactly. The break will occur before the
execution of an instruction fetched around the data access where the break occurred.
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7.3.6 PC Trace

1. Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, repeat, and
interrupt) is generated, the address from which the branch source address can be calculated and
the branch destination address are stored in BRSR and BRDR, respectively. The branch
address and the pointer, which corresponds to the branch, are included in BRSR.

2. The branch address before branch occurs can be calculated from the address and the pointer
stored in BRSR. The expression from BSA (the addressin BRSR), PID (the pointer in BRSR),
and IA (the instruction address before branch occurs) isasfollows: IA = BSA —2* PID.
Notes are needed when an interrupt (a branch) isissued before the branch destination
instruction is executed. In case of the next figure, the instruction “Exec” executed immediately
before branch is calculated by IA = BSA — 2 * PID. However, when branch “branch” has delay
dot and the destination addressis 4n + 2 address, the address “ Dest” which is specified by
branch instruction is stored in BRSR (Dest = BSA). Therefore, as|A =BSA —2* PID isnot
applied to this case, thisPID isinvalid. The case where BSA is4n + 2 boundary is applied
only to this case and then some cases are classified as follows:

Exec: branch Dest

Dest:instr (not executed)
interrupt

Int: interrupt routine

If the PID value is odd, instruction buffer indicates PID+2 buffer. However, these expressions
in thistable are accounted for it. Therefore, the true branch source address is calculated with
BSA and PID values stored in BRSR.

3. The branch address before branch occurrence, | A, has different values due to some kinds of
branch.
a. Branchinstruction
The branch instruction address
b. Interrupt
The last instruction executed before interrupt
The top address of interrupt routineis stored in BRDR.

4. BRSR and BRDR have eight pairs of queue structures. The top of queuesis read first when the
address stored in the PC trace register is read. BRSR and BRDR share the read pointer. Read
BRSR and BRDR in order, the queue only shifts after BRDR isread. When reading BRDR,
longword access should be used. Also, the PC trace has a trace pointer, which initially points
to the bottom of the queues. The first pair of branch addresses will be stored at the bottom of
the queues, then push up when next pairs come into the queues. The trace pointer will points to
the next branch address to be executed, unlessit got push out of the queues. When the branch
address has been executed, the trace pointer will shift down to next pair of addresses, until it
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reaches the bottom of the queues. After switching the PCTE bit (in BRCR) off and on, the
valuesin the queues areinvalid. The read pointer stay at the position before PCTE is switched,
but the trace pointer restart at the bottom of the queues.

7.3.7 Usage Examples
Break Condition Specified to a CPU Instruction Fetch Cycle

1. Register specifications
BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300400

Specified conditions: Channel A/channel B independent mode
+ Channel A
Address.  H'00000404, Address mask: H'00000000

Buscycle: CPU/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

No ASID check isincluded

e Channel B
Address;  H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check isincluded

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of adresses H'00008010 to H'00008016 are executed.
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2. Register specifications
BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,

BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
e Channel A
Address.  H'00037226, Address mask: H'00000000, ASID = H'80
Buscycle: CPU/instruction fetch (before instruction execution)/read/word
+ Channel B
Address.  H'0003722E, Address mask: H'00000000, ASID = H'70
Data: H'00000000, Data mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/word

An instruction with ASID = H'80 and address H'00037226 is executed, and a user break occurs
before an instruction with ASID = H'70 and address H'0003722E is executed.

3. Register specifications
BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031415,

BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300000

Specified conditions: Channel A/channel B independent mode

e Channe A
Address.  H'00027128, Address mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/write/word
No ASID check isincluded

 Channel B
Address:  H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check isincluded

On channel A, no user break occurs since instruction fetch is not awrite cycle. On channel B,
no user break occurs since instruction fetch is performed for an even address.
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4. Register specifications
BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
e Channel A
Address.  H'00037226, Address mask: H'00000000, ASID: H'80
Buscycle: CPU/instruction fetch (before instruction execution)/write/word
+ Channel B
Address.  H'0003722E, Address mask: H'00000000, ASID: H'70
Data: H'00000000, Data mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/word

Since instruction fetch is not awrite cycle on channel A, a sequence condition does not match.
Therefore, no user break occurs.

5. Register specifications
BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode
e Channe A
Address.  H'00000500, Address mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/longword
+ Channel B
Address:.  H'00001000, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)

On channel A, auser break occurs before an instruction of address H'00000500 is executed.
On channel B, auser break occurs before the fifth instruction execution after instructions of
address H'00001000 are executed four times.
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6. Register specifications
BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000400, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channe A
Address:  H'00008404, Address mask: H'00000FFF, ASID: H'80

Buscycle: CPU/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

 Channel B
Address;  H'00008010, Address mask: H'00000006, ASID: H'70
Data: H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read (operand sizeis not
included in the condition)

A user break occurs after an instruction with ASID = H'80 and address H'00008000 to
H'00008FFE is executed or before instructions with ASID = H'70 and addresses H'00008010
to H'00008016 are executed.

Break Condition Specified to a CPU Data Access Cycle

1. Register specifications
BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = H'000ABCDE,
BAMRB = H'000000FF, BBRB = H'006A, BDRB = H'0000A512, BDMRB = H'00000000,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channel A

Address:  H'00123456, Address mask: H'00000000

Buscycle: CPU/data access/read (operand sizeis not included in the condition)
e Channel B

Address:  H'000ABCDE, Address mask: H'000000FF, ASID: H'70

Data: H'0000A512, Data mask: H'00000000

Buscycle: CPU/data access/write/word

On channel A, auser break occurs with ASID = H'80 during longword read to address
H'00123454, word read to address H'00123456, or byte read to address H'00123456. On
channel B, auser break occurs with ASID = H'70 when word H'A512 is written in addresses
H'000ABCO00 to H'000ABCFE.
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Break Condition Specified to aDMAC Data Access Cycle

1. Register specifications:
BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,

BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00000078, BDMRB = H'0000000F,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channe A

Address:  H'00314156, Address mask: H'00000000, ASID: H'80

Buscycle: DMAC/instruction fetch/read (operand size is not included in the condition)
+ Channel B

Address.  H'00055555, Address mask: H'00000000, ASID: H'70

Data: H'00000078, Data mask: H'0000000F

Buscyclee DMAC/data access/write/byte

On channel A, no user break occurs since instruction fetch is not performed in DMAC cycles.
On channel B, a user break occurs with ASID = H'70 when the DMAC writes byte H'7* in
address H'00055555.
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7.3.8 Notes

1. Only CPU can read/write UBC registers.

2. UBC cannot monitor CPU and DMAC access in the same channel.

3. Notesin specification of sequential break are described below:

a. A condition match occurs when B-channel match occursin abus cycle after an A-channel
match occursin another bus cyclein sequential break setting. Therefore, no condition
match occurs even if abus cycle, in which an A-channel match and a channel B match
occur simultaneoudly, is set.

b. Sincethe CPU has a pipeline configuration, the pipeline determines the order of an
instruction fetch cycle and amemory cycle. Therefore, when a channel condition matches
in the order of bus cycles, a sequential condition is satisfied.

¢. When the bus cycle condition for channel A is specified as a break before execution
(PCBA = 0in BRCR) and an instruction fetch cycle (in BBRA), the attention is as follows.
A break isissued and condition match flagsin BRCR are set to 1, when the bus cycle
conditions both for channels A and B match simultaneously.

4. Thechange of aUBC register value is executed in MA (memory access) stage. Therefore,
even if the break condition matches in the instruction fetch address following the instruction in
which the pre-execution break is specified as the break condition, no break occurs. In order to
know the timing UBC register is changed, read the last written register. Instructions after then
arevalid for the newly written register value.

5. The branch instruction should not be executed as soon as PC trace register BRSR and BRDR
areread.

6. When PC breaks and TLB exceptions or errors occur in the same instruction. The priority isas
follows:

a. Break and instruction fetch exceptions: Instruction fetch exception occursfirst.
b. Break before execution and operand exception: Break before execution occurs first.
c. Break after execution and operand exception: Operand exception occurs first.
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Section 8 Power-Down Modes

8.1 Overview

In the power-down modes, all CPU and some on-chip peripheral module functions are halted. This
lowers power consumption.

811 Power-Down Modes
The SH7709S has the following power-down modes and function:

1. Sleep mode
2. Standby mode

3. Module standby function (TMU, RTC, SCI, UBC, DMAC, DAC, ADC, SCIF, and IrDA on-
chip peripheral modules)

4. Hardware standby mode

Table 8.1 shows the transition conditions for entering the modes from the program execution state,
as well asthe CPU and peripheral module states in each mode and the procedures for canceling
each mode.
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Table8.1

Power-Down M odes

State
CPU On-Chip

Transition Reg- On-Chip Peripheral External Canceling
Mode Conditions CPG CPU ister Memory Modules Pins Memory Procedure
Sleep Execute SLEEP  Runs Halts Held Held Run Held Refresh 1. Interrupt
mode instruction with 2 R

STBY bit cleared - Reset

to 0in STBCR
Standby Execute SLEEP  Halts Halts Held Held Halt** Held Self- 1. Interrupt
mode instruction with refresh 2 R

STBY bit set to - Reset

1in STBCR
Module Set MSTP bit to Runs Runs Held Held Specified *2 Refresh 1. Clear MSTP
standby 1in STBCR or module bitto 0
function halts halts

2. Reset

Hardware Drive CA pinlow Halts Halts Held Held Halt*® Held Self- Power-on reset
standby refresh
mode
Notes: 1. The RTC still runs if the START bit in RCR2 is set to 1 (see section 13, Realtime Clock

(RTC)). The TMU still runs when output of the RTC is used as input to its counter (see
section 12, Timer (TMU)).

Depends on the on-chip peripheral module.

TMU external pin: Held
SCI external pin: Reset
The RTC still runs if the START bit in RCR2 is set to 1. The TMU does not run.
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8.1.2 Pin Configuration
Table 8.2 lists the pins used for the power-down modes.

Table8.2 Pin Configuration

Pin Name Abbreviation 1/O Description

Processing state 1 ~ STATUSL1 @) Operating state of the processor.

Processing state 0 STATUSO HH: Reset, HL: Sleep mode, LH: Standby mode,
LL: Normal operation

Wakeup from WAKEUP (@) Active-low assertion after accepting wakeup

standby mode interrupt in standby mode until returning to normal

operation with WDT overflow

Note: H: high level; L: low level

8.1.3 Register Configuration
Table 8.3 shows the control register configuration for the power-down modes.

Table8.3 Register Configuration

Name Abbreviation R/W Initial Value Access Size  Address
Standby control register STBCR RW H'00" HFFFFFF82 8
Standby control register 2 STBCR2 RW H'00" H'FFFFFF88 8

Note: * Initialized by a power-on reset. This value is not initialized by a manual reset; the current
value is retained.

8.2 Register Descriptions

8.21 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit readable/writable register that sets the power-
down mode. STBCR isinitialized to H'00 by a power-on reset.

Bit. 7 6 5 4 3 2 1 0
\ STBY \ — \ — ‘STBXTL‘ — \ MSTP2 \ MSTP1 \ MSTPO \
Initial value: 0 0 0 0 0 0 0 0
RW: RMW R R RIW R RW  RW  RW
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Bit 7—Standby (STBY): Specifiestransition to standby mode.

Bit 7: STBY Description
0 Executing SLEEP instruction puts chip into sleep mode (Initial value)
1 Executing SLEEP instruction puts chip into standby mode

Bits 6, 5, and 3—Reserved: These bits are always read as 0. The write value should always be O.

Bit 4—Standby Crystal (STBXTL): Specifies halting or operating of the clock pulse generator
in standby mode.

Bit 4: STBXTL Description
0 Clock pulse generator is halted in standby mode (Initial value)
1 Clock pulse generator is operates in standby mode

Bit 2—M odule Standby 2 (M STP2): Specifies halting of the clock supply to the timer unit TMU
(an on-chip peripheral module). When the MSTP2 bit is set to 1, the supply of the clock to the
TMU is halted.

Bit 2: MSTP2 Description
0 TMU runs (Initial value)
1 Clock supply to TMU is halted

Bit 1—Module Standby 1 (M STP1): Specifies halting of the clock supply to the realtime clock
RTC (an on-chip peripheral module). When the MSTPL bit is set to 1, the supply of the clock to
the RTC is halted. When the clock halts, all RTC registers become inaccessible, but the counter
keeps running.

Bit 1: MSTP1 Description
0 RTC runs (Initial value)
1 Clock supply to RTC is halted

Before switching the RTC to module standby, access at |east one among the registers RTC, SClI,
and TMU.
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Bit 0—M odule Standby 0 (M STPO0): Specifies halting of the clock supply to the serial
communication interface SCI (an on-chip peripheral module). When the MSTPO bit is set to 1, the
supply of the clock to the SCI is halted.

Bit 0: MSTPO Description
0 SCI operates (Initial value)
1 Clock supply to SCI is halted

8.2.2 Standby Control Register 2 (STBCR2)

The standby control register 2 (STBCR?2) is areadable/writable 8-bit register that sets the power-
down mode. STBCR2 isinitialized to H'00 by a power-on reset.

Bit: 7 6 5 4 3 2 1 0
\ O \MDCHG\ MSTP8 \ MSTP7 \ MSTP6 \ MSTP5 \ MSTP4 \ MSTP3 \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bit 7—Reserved: The write value set in the program should always be 1.

Bit 6—Pin MD5 to M DO Control (MDCHG): Specifies whether or not pins MD5 to MDO are
changed in standby mode. When this bit is set to 1, the MD5 to MDO pin values are latched when
returning from standby mode by means of areset or interrupt.

Bit 6: MDCHG Description
0 Pins MD5 to MDO are not changed in standby mode (Initial value)
1 Pins MD5 to MDO are changed in standby mode

Bit 5— Module Stop 8 (M STP8): Specifies halting of the clock supply to the user break
controller UBC (an on-chip peripheral module). When the MSTP8 bit is set to 1, the supply of the
clock to the UBC is halted.

Bit 5: MSTP8 Description
0 UBC runs (Initial value)
1 Clock supply to UBC is halted
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Bit 4—Module Stop 7 (M STP7): Specifies halting of the clock supply to the DMAC (an on-chip
peripheral module). When the MSTP7 bit is set to 1, the supply of the clock to the DMAC is
halted.

Bit 4: MSTP7 Description
0 DMAC runs (Initial value)
1 Clock supply to DMAC halted

Bit 3—Module Stop 6 (M STP6): Specifies halting of the clock supply to the DAC (an on-chip
peripheral module). When the MSTP6 bit is set to 1, the supply of the clock to the DAC is halted.

Bit 3: MSTP6 Description
0 DAC runs (Initial value)
1 Clock supply to DAC halted

Bit 2—Module Stop 5 (M STP5): Specifies halting of the clock supply to the ADC (an on-chip
peripheral module). When the MSTP5 hit is set to 1, the supply of the clock to the ADC is halted
and all registers areinitialized.

Bit 2: MSTP5 Description
0 ADC runs (Initial value)
1 Clock supply to ADC halted and all registers initialized

Bit 1—Module Stop 4 (M STP4): Specifies halting of the clock supply to the SCI2 (SCIF) seria
communication interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set to
1, the supply of the clock to SCI2 (SCIF) is halted.

Bit 1: MSTP4 Description
0 SCI2 (SCIF) runs (Initial value)
1 Clock supply to SCI2 (SCIF) halted

Bit 0—M odule Stop 3 (M STP3): Specifies halting of the clock supply to the SCI1 (IrDA)
Infrared Data Association interface with FIFO (an on-chip peripheral module). When the MSTP3
bit is set to 1, the supply of the clock to SCI1 (IrDA) is halted.

Bit 0: MSTP3 Description
0 SCI1(IrDA) runs (Initial value)
1 Clock supply to SCI1(IrDA) halted
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8.3 Sleep Mode

8.3.1 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is 0 causes a transition from the
program execution state to sleep mode. Although the CPU haltsimmediately after executing the
SLEEP instruction, the contents of itsinternal registers remain unchanged. The on-chip periphera
modules continue to run in sleep mode and the clock continues to be output to the CKI10 and
CKI10O2 pins. In sleep mode, the STATUSI pinis set high and the STATUSO pin low.

8.3.2 Canceling Sleep Mode

Sleep mode is canceled by an interrupt (NMI, IRQ, IRL, on-chip peripheral module, PINT) or
reset. Interrupts are accepted in sleep mode even when the BL bit in the SR register is 1. If
necessary, save SPC and SSR to the stack before executing the SL EEP instruction.

Canceling with an Interrupt: When an NMI, IRQ, IRL or on-chip peripheral module interrupt
occurs, sleep mode is canceled and interrupt exception handling is executed. A codeindicating the
interrupt sourceisset inthe INTEVT and INTEV T2 registers.

Canceling with a Reset: Sleep mode is canceled by a power-on reset or a manual reset.

8.3.3 Precautions when Using the Sleep M ode

DMAC transfers should not be performed in the sleep mode under conditions other than when the
clock ratio of 1¢ (on-chip clock) to Be (bus clock) is1:1.

Rev. 5.00, 09/03, page 187 of 760
RENESAS



8.4 Standby Mode

84.1 Transition to Standby Mode

To enter standby mode, set the STBY bit to 1 in STBCR, then execute the SLEEP instruction. The
chip switches from the program execution state to standby mode. In standby mode, power
consumption is greatly reduced by halting not only the CPU, but the clock and on-chip peripheral
modules as well. The clock output from the CK10O and CKIO2 pins also halts. CPU and cache
register contents are held, but some on-chip peripheral modules are initialized. Table 8.4 liststhe
states of registersin standby mode.

Table8.4 Register Statesin Standby M ode

Module Registers Initialized Registers Retaining Data
Interrupt controller (INTC) — All registers

On-chip clock pulse generator — All registers

(0sC)

User break controller (UBC) — All registers

Bus state controller (BSC) — All registers

Timer unit (TMU) TSTR register Registers other than TSTR
Realtime clock (RTC) — All registers

A/D converter (ADC) All registers —

D/A converter (DAC) — All registers

The procedure for moving to standby mode is as follows:

1. Clear the TME bit in the WDT’ stimer control register (WTCSR) to 0 to stop the WDT. Clear
the WDT’ stimer counter (WTCNT) to 0 and the CKS2—CK S0 bitsin the WTCSR register to
appropriate values to secure the specified oscillation settling time.

2. After the STBY hitinthe STBCR register is set to 1, a SLEEP instruction is executed.

3. Standby mode is entered and the clocks within the chip are halted. The STATUSL pin output
goes low and the STATUSO pin output goes high.
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8.4.2 Canceling Standby M ode

Standby mode is canceled by aninterrupt (NMI, IRQ, IRL, PINT, or on-chip peripheral module)
or areset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip detects
anNMI, IRL, IRQ, PINT*?, or on-chip peripheral module (except interval timer)*? interrupt, the
clock will be supplied to the entire chip and standby mode canceled after the time set in the
WDT’stimer control/status register has elapsed. The STATUSL and STATUSO pins both go low.
Interrupt handling then begins and a code indicating the interrupt sourceis set inthe INTEVT and
INTEVT2 registers. After the branch to the interrupt handling routine, clear the STBY bit in the
STBCR register. WTCNT stops automatically. If the STBY bit isnot cleared, WTCNT continues
operation and a transition is made to standby mode”*® when it reaches H'80. This function prevents
the data from being destroyed due to arise in voltage with an unstable power supply, etc.
Interrupts are accepted in standby mode even when the BL bit in the SR register is 1. If necessary,
save SPC and SSR to the stack before executing the SLEEP instruction. Immediately after an
interrupt is detected, the phase of the CK10 pin clock output may be unstable, until the processor
starts interrupt handling. (The canceling condition is that the IRL3-IRLO level is higher than the
mask level in the I3-10 bitsin the SR register.)

Notes: 1. Whenthe RTC isbeing used, standby mode can be canceled using IRL3-IRLO, IRQ4—
IRQO, or PINTO/1.

2. Standby mode can be canceled with an RTC or TMU (only when running on the RTC
clock) interrupt.

3. Thisstandby mode can be canceled only by a power-on reset.

Interrupt WDT overflow and branch to
request interrupt handling routine
Crystal oscillator settling Clear bit STBCR.STBY before
time and PLL synchronization WTCNT reaches H'80. When
time STBCR.STBY is cleared, WTCNT
WTCNT value \ 4 halts automatically.
A < > —
HFF F--------------"---"---"---"--~-~--~------
H80 fF--------------"---"-"----

» Time

Figure8.1 Canceling Standby Mode with STBCR.STBY
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Canceling with a Reset: Standby mode is canceled by areset (power-on or manual). Keep the

RESET pin low until the clock oscillation settles. The internal clock will continue to be output to
the CKI10 and CKI0O2 pins.

8.4.3 Clock Pause Function

In standby mode, the clock input from the EXTAL pin or CKIO pin can be halted and the
frequency can be changed. This function isused as follows:

1
2.

Enter standby mode using the appropriate procedures.

Once standby mode is entered and the clock stopped within the chip, the STATUSL pin output
islow and the STATUSO pin output is high.

Once the STATUSL pin goes low and the STATUSO pin goes high, the input clock is stopped
or the frequency is changed.

When the frequency is changed, an NMI, IRL, IRQ, PINT, or on-chip peripheral module
(except interval timer) interrupt isinput after the change. When the clock is stopped, the same
interrupts are input after the clock is applied.

After the time set in the WDT has elapsed, the clock starts being applied internally within the
chip, the STATUSL and STATUSO pins both go low, and operation resumes from interrupt
exception handling.
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8.5

851

Module Standby Function

Transition to M odule Standby Function

Setting the standby control register MSTP8-MSTPO bitsto 1 halts the supply of clocksto the
corresponding on-chip peripheral modules. This function can be used to reduce the power
consumption in normal mode and sleep mode. The module standby function holds the state prior
to halting the external pins of the on-chip peripheral modules. TMU external pins hold their state
prior to the halt. SCI external pins go to the reset state. With afew exceptions, al registers hold

their values.
Bit Value Description
MSTPS8 0 UBC runs

1 Supply of clock to UBC halted
MSTP7 0 DMAC runs

1 Supply of clock to DMAC halted
MSTP6 0 DAC runs

1 Supply of clock to DAC halted
MSTP5 0 ADC runs

1 Supply of clock to ADC halted, and all registers initialized
MSTP4 0 SCIF runs

1 Supply of clock to SCIF halted
MSTP3 0 IrDA runs

1 Supply of clock to IrDA halted
MSTP2 0 TMU runs

1 Supply of clock to TMU halted. Registers initialized™*
MSTP1 0 RTC runs

1 Supply of clock to RTC halted. Register access prohibited****
MSTPO 0 SCI runs

1 Supply of clock to SCI halted
Notes: 1. The registers initialized are the same as in standby mode (see table 8.4).

2. The counter runs.
3. Before switching the RTC to module standby, access at least one among the registers

852

RTC, SCI, and TMU.

Clearing M odule Standby Function

The module standby function can be cleared by clearing the MSTPSL PO and M STP8-M STPO hits
to O, or by a power-on reset or manual reset.
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8.6 Timing of STATUS Pin Changes

Thetiming of STATUSL and STATUSO pin changesis shown in figures 8.1 to 8.8.

8.6.1 Timing for Resets

Power-On Reset

CKIO, CKIO2** )) ))

— I I
'PLL settling } }
| time | }

RESETP ! | }
| | |
l ! l i
Il | Il

STATUS Normal*? ! ! Reset*' Normal*?2
S A

|
o | |
RESETOUT ; | l —
S
0 to 5 Beyc*® 0 to 30 Beyc*®

Notes: 1. Reset: HH (STATUS1 high, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)
3. Bcyc: Bus clock cycle
4. The CKIO2 output is available only in clock modes 0, 1, and 2.

Figure8.2 Power-On Reset (Clock MaodesO, 1, 2, and 7) STATUS Output
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M anual Reset

cKio, cki02+s _[ L L L L LS r r i r LT

| | | |
RESETM j i j
| | | |
1 1 1 1
TAT Normal*? | ‘ | Reset*2 ‘ Normal*3
STATLS D S A
- *
RESETOUT | ! | |
L
0 Bcyc or more** 0 to 30 Beyc**

Notes: 1. In a manual reset, STATUS becomes HH (reset) and the internal reset begins
after waiting for the executing bus cycle to end.

Reset: HH (STATUS1 high, STATUSO high)

Normal: LL (STATUS1 low, STATUSO low)

Beyc: Bus clock cycle

The CKIO2 output is available only in clock modes 0, 1, and 2.

oo

Figure8.3 Manual Reset STATUS Output
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8.6.2 Timing for Canceling Standby

Standby to Interrupt

Oscillation stops Interrupt request WDT overflow

CKIO, CKIo2** _[ 1 [ [ l ll_ﬂmm_\—ll—\—‘_\—‘_‘

WDT count

STATUS Normal*? >< Standby*’ >< Normal*?

WAKEUP

Notes: 1. Standby: LH (STATUS1 low, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)
3. The CKIO2 output is available only in clock modes 0, 1, and 2.

Figure8.4 Standby to Interrupt STATUS Output
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Standby to Power-On Reset

Oscillation stops  Reset

CKIO, CKIO2*" _[ [ L[] l *THTTTHﬁi[L_FT_Iﬂjy_LJ_LJ_l_FT

T

| ‘ |
\ ‘ \

RESETP+! | L |
| ‘ | ! |
1 ! 1 1
\ ‘ \
STATUS Normal*® X = Standby** : Reset*® | ><Norma|>k5
| — “
0 to 10 Beyc*® 0 to 30 Beyc*®

Notes: 1. When standby mode is cleared with a power-on reset, the WDT does not
count. Keep RESETP low during the PLL’s oscillation settling time.
Undefined

Reset: HH (STATUS1 high, STATUSO high)

Standby: LH (STATUS1 low, STATUSO high)

Normal: LL (STATUS1 low, STATUSO low)

Beyc: Bus clock cycle

The CKIO2 output is available only in clock modes 0, 1, and 2.

Nookwh

Figure8.5 Standby to Power-On Reset STATUS Output
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Standby to M anual Reset

CKIO, CKIO2%8

Oscillation stops Reset

l |

RESETM>'

STATUS  Normal* X Standby*? X Reset?
|
I

o

0 to 20 Beyc*

Notes: 1. When standby mode is cleared with a manual reset, the WDT does not count.
Keep RESETM low during the PLL’s oscillation settling time.

ok whN

Reset:  HH (STATUS1 high, STATUSO high)
Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)
Beyc:
The CKIO2 output is available only in clock modes 0, 1, and 2.

Bus clock cycle

Figure8.6 Standby to Manual Reset STATUS Output

8.6.3 Timing for Canceling Sleep M ode

Sleep to Interrupt

Interrupt request

|

ckio, ckioz= T 111N L L

STATUS

Notes: 1.

Normal*? >< Sleep*!

Sleep:  HL (STATUS1 high, STATUSO low)
Normal: LL (STATUS1 low, STATUSO low)
The CKIO2 output is available only in clock modes 0, 1, and 2.

Figure8.7 Sleep toInterrupt STATUS Output
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Sleep to Power-On Reset

| |

| |

RESETP*' ; I |
[ ‘ \

[ ‘ \

‘ \

I T

STATUS  Normal® ) Sieep* X(x2 X( Reset* | X Normal*®
|

| | —

' [
0 to 10 Beyc*® 0 to 30 Beyc*®

Notes: 1. When the PLL1’s multiplication ratio is changed by a power-on reset,
keep RESETP low during the PLL'’s oscillation settling time.
Undefined

Reset:  HH (STATUS1 high, STATUSO high)

Sleep:  HL (STATUS1 high, STATUSO low)

Normal: LL (STATUS1 low, STATUSO low)

Beyc: Bus clock cycle

The CKIO2 output is available only in clock modes 0, 1, and 2.

NookwN

Figure 8.8 Sleep to Power-On Reset STATUS Output
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Sleep to Manual Reset

Reset

cKio, ek [ L L L L L L

RESETM+*"

STATUS Normal** Normal**

|
|
|
;
|
Sleep*® >K
|
L

0 to 80 Beyc*® 0 to 30 Beyc*®

|
|
« >

Notes: 1. Keep RESETM low until STATUS becomes reset.
2. Reset: HH (STATUS1 high, STATUSO high)

3. Sleep: HL (STATUS1 high, STATUSO low)

4. Normal: LL (STATUS1 low, STATUSO low)

5. Bcyc: Bus clock cycle

6

The CKIO2 output is available only in clock modes 0, 1, and 2.

Figure8.9 Sleep to Manual Reset STATUS Output
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8.7 Har dwar e Standby Mode

8.7.1 Transition to Hardwar e Standby M ode

Driving the CA pinlow causes atransition to hardware standby mode. In hardware standby mode,
all modules except those operating on an RTC clock are halted, asin the standby mode entered on
execution of a SLEEP instruction ((software) standby mode).

Hardware standby mode differs from (software) standby mode as follows.

1. Interrupts and manual resets are not accepted.
2. The TMU does not operate.

Operation when alow-level signal isinput at the CA pin depends on the CPG state, as follows.

1. Instandby mode

The clock remains stopped and the chip enters the hardware standby state. Acceptance of
interrupts and manual resetsis disabled, TCLK output isfixed low, and the TMU halts.

2. During WDT operation when standby mode is canceled by an interrupt
The chip enters hardware standby mode after standby mode is canceled and the CPU resumes
operation.

3. Indeep mode
The chip enters hardware standby mode after sleep mode is canceled and the CPU resumes
operation.

Hold the CA pin low in hardware standby mode.

8.7.2 Canceling Har dwar e Standby M ode

Hardware standby mode can only be canceled by a power-on reset.

When the CA pinisdriven high whilethe RESETP pinislow, clock oscillation is started. Hold
the RESETP pin low until clock oscillation stabilizes. When the RESETP pin isdriven high, the
CPU begins power-on reset processing.

Operation is not guaranteed in the event of an interrupt or manual reset.
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8.7.3 Hardwar e Standby M ode Timing
Figures 8.10 and 8.11 show examples of pin timing in hardware standby mode.

The CA pinissampled using EXTAL2 (32.768 kHz), and a hardware standby request isonly
recognized when the pinislow for two consecutive clock cycles.

The CA pin must be held low while the chip isin hardware standby mode.

Clock oscillation starts when the CA pin is driven high after the RESETP pinisdriven low.

Rcyc: EXTAL2 (32.768 kHz) cycle

| |
| |
CKIO, CKIOZ2*® TTTTTTTTITITITITITITI11] 88 [T T
| |
| |
* 3
o 3 —
|
| | | |
RESETP | o | |
| f |
1 1 l |
| | |
|
STATUS . Normal*® : Standby*2 : Undeﬁnec>< Reset*’
- > — >
2 Reyc or more*® 0-10Bcyc**
Notes: 1. Reset: HH (STATUS1 high, STATUSO high)

1
2. Standby: LH (STATUS1 low, STATUSO high)

3. Normal: LL (STATUS1 low, STATUSO low)

4. Bceyc: Bus clock cycle

5. Rcyc: EXTALZ2 (32.768 kHz) cycle

6. The CKIO2 output is available only in clock modes 0, 1, and 2.

Figure8.10 Hardware Standby Mode
(When CA GoesLow in Normal Operation)
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| |
| | |
CKIO, CKI02*®_ [TTTTTTTTTITIITIIITITT] 8() [T
| | |
| |
| |
|
|
|

CA —

|
|
|
|
|
|
| T
. |
[ 1 I |
- i .
RESETP — ] | |
[ } } | ‘
} \ } } }
1 |
STATUS i Standby >< Normal*3>K Standby*? : Undefine(>< Reset*'
| | | | | ‘
D | | -
WDT operation | 0-10 Beye
. 4
. >
2 Reyc or more*®
Notes:

1. Reset: HH (STATUS1 high, STATUSO high)

2.  Standby: LH (STATUS1 low, STATUSO high)

3. Normal: LL (STATUS1 low, STATUSO low)

4. Bcyc: Bus clock cycle

5. Rcyc: EXTAL2 (32.768 kHz) cycle

6. The CKIO2 output is available only in clock modes 0, 1, and 2.

Figure8.11 Hardware Standby Mode Timing
(When CA GoesLow during WDT Operation on Standby M ode Cancellation)
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Section 9 On-Chip Oscillation Circuits

9.1 Overview

The on-chip oscillation circuits consist of a clock pulse generator (CPG) block and a watchdog
timer (WDT) block. The WDT is asingle-channel timer that counts the clock settling time and is
used when clearing standby mode and temporary standbys, such as frequency changes. It can also
be used as an ordinary watchdog timer or interval timer.

911 Features

The CPG hasthe following features:

Four clock modes. Selection of four clock modes for different frequency ranges, power
consumption, direct crystal input, and external clock input.

Three clocks generated independently: An internal clock for the CPU, cache, and TLB (1¢); a
peripheral clock (Pg) for the on-chip peripheral modules; and a bus clock (CKI10O) for the
external businterface.

Frequency change function: Internal and peripheral clock frequencies can be changed
independently using the PLL circuit and divider circuit within the CPG. Frequencies are
changed by software using frequency control register (FRQCR) settings.

Power-down mode control: The clock can be stopped for sleep mode and standby mode and
specific modules can be stopped using the module standby function.

The WDT has the following features:

Can be used to ensure the clock settling time: Use the WDT to cancel standby mode and the
temporary standbys which occur when the clock frequency is changed.

Can switch between watchdog timer mode and interval timer mode.

Generates internal resets in watchdog timer mode: Internal resets occur after counter overflow.
Selection of power-on reset or manual reset.

Generates interruptsin interval timer mode: Internal timer interrupts occur after counter
overflow.

Selection of eight counter input clocks. Eight clocks (%1 to x1/4096) can be obtained by
dividing the peripheral clock.
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9.2 Overview of CPG

9.21 CPG Block Diagram

A block diagram of the on-chip clock pulse generator is shown in figure 9.1.

Clock pulse generator

Divider 1
cAP1 [X | x 1
PLL circuit 1 x 1/2 Internal
> (x1,2,3, 4, > x 1/3 [-»—1» clock (1)
6) x 1/4 Cycle = Icyc
ckio X <'| x 1/6
Cycle = Beyc
caP2 [ Divider 2
Crystal o x1 .
XTAL |X; oscillator| | o|PLLcircuit2| _ _| %172 Peripheral
1 1 o(x1,4) " | x 1/3 |»—» clock (Pg)
EXTAL [X] . > x 1/4 Cycle = Pcyc
x1/6
A A
CPG control unit
A\ 4
. | Clock frequency |« » Standby control _ Standby
mp2 [X] | control circuit circuit " control
mp1 [X] T T
mpo [ FRQCR STBCR
A A
A4 A4
( Bus interface >
A
A4
Internal bus
Legend

FRQCR: Frequency control register STBCR: Standby control register

Figure9.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:

1

PLL Circuit 1: PLL circuit 1 doubles, triples, quadruples, sextuples, or leaves unchanged the
input clock frequency from the CK10 pin. The multiplication rate is set by the frequency
control register. When thisis done, the phase of the leading edge of theinternal clock is
controlled so that it will agree with the phase of the leading edge of the CKIO pin.

PLL Circuit 2: PLL circuit 2 leaves unchanged or quadruples the frequency of the crystal
oscillator or the input clock frequency from the EXTAL pin. The multiplication ratio is fixed
by the clock operation mode. The clock operation mode is set by pins MDO, MD1, and MD2.
See table 9.3 for more information on clock operation modes.

Crystal Oscillator: This oscillator is used when a crystal oscillator element is connected to the
XTAL and EXTAL pins. It operates according to the clock operating mode setting.

Divider 1: Divider 1 generates a clock at the operating frequency used by the internal clock.
The operating frequency can be 1, 1/2, 1/3, 1/4 or 1/6 times the output frequency of PLL
circuit 1, aslong asit is not lower than the CKIO pin clock frequency. The division ratio is set
in the frequency control register.

Divider 2: Divider 2 generates a clock at the operating frequency used by the peripheral clock.
The operating frequency can be 1, 1/2, 1/3, 1/4 or 1/6 times the output frequency of PLL
circuit 1 or the CKIO pin clock frequency, aslong asit is not higher than the CKI10O pin clock
frequency. The division ratio is set in the frequency control register.

Clock Freguency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MD pins and the frequency control register.

Standby Control Circuit: The standby control circuit controls the state of the clock pulse
generator and other modules during clock switching and sleep/standby modes.

Frequency Control Register: The frequency control register has control bits assigned for the
following functions: the frequency multiplication ratio of PLL 1, and the frequency division
ratio of the internal clock and the peripheral clock.

Standby Control Register: The standby control register has bits for controlling the power-down
modes. See section 8, Power-Down Modes, for more information.
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9.2.2 CPG Pin Configuration
Table 9.1 lists the CPG pins and their functions.

Table9.1 CPG Pinsand Functions

Pin Name Symbol 110 Description
Mode control MDO | Set the clock operating mode
pins MD1 |
MD2 |
Crystal 1/0O pins XTAL (0] Connects a crystal oscillator
(clock input pins) EXTAL I Connects a crystal oscillator. Also used to input an
external clock
Clock 1/O pin CKIO 1/0 Inputs or outputs an external clock
Capacitor CAP1 I Connects capacitor for PLL circuit 1 operation
connection pins (recommended value 470 pF)
for PLL CAP2 Connects capacitor for PLL circuit 2 operation

(recommended value 470 pF)

9.2.3 CPG Register Configuration
Table 9.2 shows the CPG register configuration.

Table9.2 CPG Register

Register Name Abbreviation R/W Initial Value Address Access Size

Frequency control register FRQCR R/W  H'0102 H'FFFFFF80 16
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9.3 Clock Operating Modes

Table 9.3 shows the relationship between the mode control pin (MD2-MDO) combinations and the
clock operating modes. Table 9.4 shows the usable frequency rangesin the clock operating modes.

Table9.3 Clock Operating M odes

Pin Values Clock O pLL2  PLL1 Divider 1 Divider 2 CKIO
Mode MD2 MD1 MDO Source Output On/Off On/Off Input Input Frequency

0 0 0 0 EXTAL CKIO On, On PLL1 PLL1 (EXTAL)
multi- output
plication
ratio: 1
1 0 0 1 EXTAL CKIO On, On PLL1 PLL1 (EXTAL) x 4
multi- output
plication
ratio: 4
2 0 1 0 Crystal CKIO On, On PLL1 PLL1 (Crystal) x 4
oscillator multi- output
plication
ratio: 4
7 1 1 1 CKIO — Off On PLL1 PLL1 (CKIO)
output
— Except above Reserved
value

Mode 0: An external clock isinput from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside the chip. PLL circuit 1 is constantly on. Aninput clock
frequency of 25 MHz to 66.67 MHz can be used, and the CKIO freguency rangeis 25 MHz to
66.67 MHz.

Mode 1: An external clock isinput from the EXTAL pin and its frequency is multiplied by 4 by
PLL circuit 2 before being supplied inside the chip, allowing a low-frequency external clock to be
used. Aninput clock frequency of 6.25 MHz to 16.67 MHz can be used, and the CK10O frequency
rangeis 25 MHz to 66.67 MHz.

Mode 2: The on-chip crystal oscillator operates, with the oscillation frequency being multiplied
by 4 by PLL circuit 2 before being supplied inside the chip, allowing a low crystal frequency to be
used. A crystal oscillation frequency of 6.25 MHz to 16.67 MHz can be used, and the CK10
frequency rangeis 25 MHz to 66.67 MHz.
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Mode 7: In this mode, the CKIO pinisan input, an external clock isinput to this pin, and
undergoes waveform shaping, and also frequency multiplication according to the setting, by PLL
circuit 1 before being supplied to the chip. In modes 0 to 2, the system clock is generated from the
output of the chip’'s CKIO pin. Consequently, if alarge number of ICs are operating on the clock
cycle, the CKIO pin load will be large. This mode, however, assumes a comparatively large-scale
system. If alarge number of |Cs are operating on the clock cycle, a clock generator with a number
of low-skew clock outputs can be provided, so that the | Cs can operate synchronously by
distributing the clocks to each one.

AsPLL circuit 1 compensates for fluctuations in the CKI10O pin load, this mode is suitable for
connection of synchronous DRAM.

Table9.4 Available Combinationsof Clock Mode and FRQCR Values

Clock Clock Rate® Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

0 H'0100 ON(x1) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0102 ON(x1) ON(x1) 1:1:1/4 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0111 ON(x2) ON(x1) 2:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0115 ON(x2) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0116 ON (x2) ON(x1) 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0122 ON(x4) ON(x1) 4:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0126 ON(x4) ON(x1) 2:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'012A ON(x4) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A100 ON (x3) ON(x1) 3:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A101 ON (x3) ON(x1) 3:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
HE100 ON(x3) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'E101 ON (x3) ON(x1) 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'A111 ON(x6) ON(x1) 6:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
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Clock Clock Rate* Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

1,2 H'0100 ON (x1) ON(x4) 4:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'0101 ON(x1) ON(x4) 4:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'0102 ON (x1) ON(x4) 4:4:1 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H0111 ON(x2) ON(x4) 8:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'0112 ON (x2) ON(x4) 8:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'0115 ON(x2) ON(x4) 4:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'0116 ON (x2) ON(x4) 4:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'0122 ON(x4) ON(x4) 16:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'0126 ON (x4) ON (x4) 8:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'O12A ON(x4) ON (x4) 4:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'A100 ON (x3) ON (x4) 12:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
H'A101 ON(x3) ON(x4) 12:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'E1I00 ON (x3) ON(x4) 4:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz
HE101 ON(x3) ON(x4) 4:4:2 6.25 MHz to 16.67 MHz 25 MHz to 66.67 MHz
H'A111 ON (x6) ON (x4) 24:4:4 6.25 MHz to 8.34 MHz 25 MHz to 33.34 MHz

7 H'0100 ON (x1) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0101 ON (x1) OFF 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0102 ON (x1) OFF 1:1:1/4 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0111 ON (x2) OFF 2:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0112 ON (x2) OFF 2:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0115 ON (x2) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0116 ON (x2) OFF 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'0122 ON (x4) OFF 4:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'0126 ON (x4) OFF 2:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'012A ON (x4) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A100 ON (x3) OFF 3:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A101 ON (x3) OFF 3:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'E100 ON (x3) OFF 1.1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'E101 ON (x3) OFF 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to 66.67 MHz
H'A111 ON (x 6) OFF 6:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz

Do not set values other than those in the table above in the FRQCR register.

Note: * Taking input clock as 1.
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Cautions:

1. Thefrequency of the internal clock (1) becomes:
« Theproduct of the frequency of the CKIO pin, the frequency multiplication ratio of PLL
circuit 1, and the division ratio of divider 1.
» Do not set theinterna clock frequency lower than the CK10O pin frequency.
2. Thefrequency of the peripheral clock (Pg) becomes:
» Theproduct of the frequency of the CKIO pin, the frequency multiplication ratio of PLL
circuit 1, and the division ratio of divider 2.
« The peripheral clock frequency should not be set higher than the frequency of the CK10
pin, higher than 33.34 MHz.
3. Theoutput frequency of PLL circuit 1 isthe product of the CKIO frequency and the
multiplication ratio of PLL circuit 1.

4. x1,x2,%x3, x4, orx 6 can be used as the multiplication ratio of PLL circuit 1. x 1, x 1/2,
x 1/3, x 1/4, and x 1/6 can be selected as the division ratios of dividers 1 and 2. Set the ratein
the frequency control register. The on/off state of PLL circuit 2 is determined by the mode.
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9.4 Register Descriptions

94.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-hit readable/writable register used to specify the
frequency multiplication ratio of PLL circuit 1 and the frequency division ratio of the internal
clock and the peripheral clock.

Only word access can be used on the FRQCR register.

FRQCR isinitialized to H'0102 by a power-on reset, but retainsits valuein amanual reset and in
standby mode.

FRQCR:

Bitt 15 14 13 12 11 10 9 8

\ STC2 \ IFC2 \ PFC2 \ — — — — —

Initial value: 0 0 0 0 0 0 0 1

RW: RMW RIW RIW R R R R R

Bit: 7 6 5 4 3 2 1 0
\ — \ — \ sTC1 \ STCO \ IFC1 \ IFCO \ PFC1 \ PFCO

Initial value: 0 0 0 0 0 0 1 0

RIW: R R RIW RIW RIW RIW RIW RIW

Bits 15, 5, and 4—Frequency Multiplication Ratio (STC): These bits specify the frequency
multiplication ratio of PLL circuit 1.

Bit 15: STC2 Bit 5: STC1 Bit 4: STCO Description

0 0 0 x1 (Initial value)
0 0 1 x2

1 0 0 x3

0 1 0 x4

1 0 1 X6

Except above value Reserved
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Bits 14, 3, and 2—Internal Clock Frequency Division Ratio (IFC): These bits specify the
frequency division ratio of the internal clock with respect to the output frequency of PLL circuit 1.

Bit 14: IFC2 Bit 3: IFC1 Bit 2: IFCO Description

0 0 0 x1 (Initial value)
0 0 1 x 1/2

1 0 0 x1/3

0 1 0 x1/4

Except above value Reserved (Setting prohibited)

Note: Do not set the internal clock frequency lower than the CKIO pin frequency.

Bits 13, 1, and O—Peripheral Clock Frequency Division Ratio (PFC): These bits specify the
division ratio of the peripheral clock frequency with respect to the frequency of the output
frequency of PLL circuit 1 or the frequency of the CKIO pin.

Bit 13: PFC2 Bit 1: PFC1 Bit 0: PFCO Description

0 0 0 x1

0 0 1 x 1/2

1 0 0 x1/3

0 1 0 x1/4 (Initial value)

1 0 1 x 1/6

Except above value Reserved (Setting prohibited)

Note: Do not set the peripheral clock frequency higher than the CKIO pin frequency.

Bits12t0 9, 7, and 6—Reserved: These bits are always read as 0. The write value should always
be 0.

Bit 8—Reserved: Thishit isalwaysread as 1. Thewrite value should always be 1.
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9.5 Changing the Frequency

The frequency of theinternal clock and peripheral clock can be changed either by changing the
multiplication ratio of PLL circuit 1 or by changing the division ratios of dividers 1 and 2. All of
these are controlled by software through the frequency control register. The methods are described
below. To the FRQCR register, do not set val ues other than those given in table 9.4.

951 Changing the M ultiplication Rate

A PLL settling timeis required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

1. Intheinitial state, the multiplication rate of PLL circuit 1is1.

2. Set avauethat will become the specified oscillation settling time in the WDT and stop the
WDT. The following must be set:
WTCSR register TME bit = 0: WDT stops
WTCSR register CKS2—CK S0 bits: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Setthedesired value in the STC2 to STCO bits. The division ratio can also be set in the IFC2—
IFCO bits and PFC2—PFCO hits.

4. The processor pauses internally and the WDT startsincrementing. In clock modes 0-2 and 7,
the internal and peripheral clocks both stop. (except for the periphera clock supplied to the
WDT)

5. Supply of the clock that has been set beginsat WDT count overflow, and the processor begins
operating again. The WDT stops after it overflows.

When the following three conditions are al met, FRQCR should not be changed whileaDMAC
transfer isin progress.

e BitsIFC2to IFCO are changed.
e STC2to STCO are not changed.
* Theclock ratio of 1¢ (on-chip clock) to B (bus clock) after the change is other than 1:1.

9.5.2 Changing the Division Ratio
The WDT will not count unless the multiplication ratio is changed simultaneously.

1. Intheinitia state, IFC2—IFCO = 000 and PFC2—PFCO = 010.

2. SetthelFC2, IFC1, IFCO, PFC2, PFC1, and PFCO hits to the new division ratio. The values
that can be set are limited by the clock mode and the multiplication ratio of PLL circuit 1. Note
that if the wrong value is set, the processor will malfunction.

3. Theclock isimmediately supplied at the new division ratio.
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9.6 Overview of WDT

9.6.1 Block Diagram of WDT

Figure 9.2 shows a block diagram of the WDT.

WDT
Standby Standby 1« Standby
cancellation ~ controi e mode
I | Peripheral
Y l clock
Internal Reset | L
reset < coi?fol ) vider
t <
rodues b Clock selection l l l l l l l l
A4 Clock selector
Interrupt Interrupt |« Overflow |C| )
request control <_| oc
Y
WTCSR WTCNT
( Bus interface )
h
-« A4 N
Legend

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure9.2 Block Diagram of WDT

9.6.2 Register Configuration

The WDT has two registers that select the clock, switch the timer mode, and perform other
functions. Table 9.5 showsthe WDT registers.

Table9.5 Register Configuration

Name Abbreviation R/W Initial Value Address Access Size
Watchdog timer counter ~ WTCNT R/W* H'00 H'FFFFFF84 R:8;

w: 16"
Watchdog timer WTCSR RW* H'00 H'FFFFFF86 R:8§;
control/status register W: 16*

Note: * Write with word access. Write with H'5A and H'A5, respectively, in the upper byte. Byte or
longword writes are not possible. Read with byte access.
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9.7 WDT Registers

9.71 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) is an 8-hit readabl e/writable counter that increments on the
selected clock. WTCNT differs from other registersin that it is more difficult to write to. See
section 9.7.3, Notes on Register Access, for details. When an overflow occurs, it generates a reset
in watchdog timer mode and an interrupt in interval time mode. Its address is H'FFFFFF84. The
WTCNT counter isinitialized to H'00 only by a power-on reset through the RESETP pin. Use
word access to write to the WTCNT counter, with H'5A in the upper byte. Use byte access to read
WTCNT.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

9.7.2 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit readable/writable register
composed of bits to select the clock used for the count, bits to select the timer mode, and overflow
flags. WTCSR differs from other registersin that it is more difficult to write to. See section 9.7.3,
Notes on Register Access, for details. Its addressis H'FFFFFF86. The WTCSR register is
initialized to H'00 only by a power-on reset through the RESETP pin. When aWDT overflow
causes an internal reset, WTCSR retainsits value. When used to count the clock settling time for
canceling a standby, it retains its value after counter overflow. Use word access to write to the
WTCSR counter, with H'A5 in the upper byte. Use byte access to read WTCSR.

Bit: 7 6 5 4 3 2 1 0
\ TME \ WT/AT \ RSTS ‘WOVF‘ IOVF \ CKS2 \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bit 7—Timer Enable (TME): Starts and stops timer operation. Clear this bit to 0 when using the
WDT in standby mode or when changing the clock frequency.

Bit 7: TME Description
0 Timer disabled: Count-up stops and WTCNT value is retained

(Initial value)
1 Timer enabled
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Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or an
interval timer.

Bit 6: WT/IT Description
0 Used as interval timer (Initial value)
1 Used as watchdog timer

Note: If WT/IT is modified when the WDT is running, the up-count may not be performed correctly.

Bit 5—Reset Select (RSTS): Selectsthe type of reset when WTCNT overflows in watchdog
timer mode. In interval timer mode, this setting is ignored.

Bit 5: RSTS Description
0 Power-on reset (Initial value)
1 Manual reset

Note: RESETOUT is output.

Bit 4—Watchdog Timer Overflow (WOVF): Indicates that the WTCNT has overflowed in
watchdog timer mode. Thisbit isnot set in interval timer mode.

Bit 4: WOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in watchdog timer mode

Bit 3—Interval Timer Overflow (IOVF): Indicatesthat WTCNT has overflowed in interval
timer mode. Thisbit is not set in watchdog timer mode.

Bit 3: IOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in interval timer mode

Bits2to 0—Clock Select 2to 0 (CKS2 to CKS0): These bits select the clock to be used for the
WTCNT count from the eight types obtainable by dividing the peripheral clock. The overflow
period in the table is the value when the peripheral clock (Pg) is 15 MHz.
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Overflow Period
Bit 2: CKS2 Bit1l: CKS1 Bit0: CKSO Clock Division Ratio (when P@= 15 MHz)

0 0 0 1 (Initial value) 17 ps
1 1/4 68 ps
1 0 1/16 273 ps
1 1/32 546 ps
1 0 0 1/64 1.09 ms
1 1/256 4.36 ms
1 0 1/1024 17.48 ms
1 1/4096 69.91 ms

Note: If bits CKS2—CKSO0 are modified when the WDT is running, the up-count may not be
performed correctly. Ensure that these bits are modified only when the WDT is not running.

9.7.3 Noteson Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR) are
more difficult to write to than other registers. The procedure for writing to these registersis given
below.

Writing to WTCNT and WTCSR: These registers must be written to using aword transfer
instruction. They cannot be written to with a byte or longword transfer instruction. When writing
to WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data, as shown in
figure 9.3. When writing to WTCSR, set the upper byte to H'A5 and transfer the lower byte as the
write data. Thistransfer procedure writes the lower byte datato WTCNT or WTCSR.

WTCNT write
15 8 7 0
Address: H'FFFFFF84 H'5A Write data
WTCSR write
15 8 7 0
Address: H'FFFFFF86 H'A5 Write data

Figure9.3 WritingtoWTCNT and WTCSR
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9.8 Usingthe WDT

9.8.1 Canceling Standby

The WDT can be used to cancel standby mode with an NMI or other interrupt. The procedureis
described below. (The WDT does not run when areset is used for canceling, so keep the RESET
pinlow until the clock stabilizes.)

1

Before transitioning to standby mode, always clear the TME bit in WTCSR to 0. When the
TME bitis 1, an erroneous reset or interval timer interrupt may be generated when the count
overflows.

Set the type of count clock used in the CKS2—CK S0 bitsin WTCSR and the initial valuesfor
the counter in the WTCNT counter. These values should ensure that the time till count
overflow islonger than the clock oscillation settling time.

Switch to standby mode by executing a SLEEP instruction to stop the clock.

The WDT dtarts counting by detecting the edge change of the NMI signal or detecting
interrupts.

When the WDT count overflows, the CPG starts supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set when this happens.

Sincethe WDT continues counting from H'00, set the STBY bit in the STBCR register to O in
the interrupt handling routine and this will stop the WDT. When the STBY hit remainsat 1,
the SH7709S again enters standby mode when the WDT has counted up to H'80. This standby
mode can be canceled by a power-on reset.

9.8.2 Changing the Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only by
switching the divider, do not use the WDT.

1

Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME hit
is 1, an erroneous reset or interval timer interrupt may be generated when the count overflows.
Set the type of count clock used in the CKS2-CK S0 bits of WTCSR and theinitial values for
the counter in the WTCNT counter. These values should ensure that the time till count
overflow islonger than the clock oscillation settling time.

When the frequency control register (FRQCR) is written to, the clock stops and the processor
enters standby mode temporarily. The WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set when this happens.

The counter stops at a value of H'00 or H'01. The stop value depends on the clock ratio.
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When the following three conditions are al met, FRQCR should not be changed whileaDMAC
transfer isin progress.

e BitsIFC2to IFCO are changed.
e STC2to STCO are not changed.
e Theclock ratio of 1¢ (on-chip clock) to B (bus clock) after the change is other than 1:1.

9.8.3 Using Watchdog Timer Mode

1. Setthe WT/IT bit in the WTCSR register to 1, set the reset type in the RSTS bit, set the type of
count clock in the CK S2—CK S0 bits, and set theinitial value of the counter in the WTCNT
counter.

2. Setthe TME bitin WTCSR to 1 to start the count in watchdog timer mode.

3. While operating in watchdog timer mode, rewrite the counter periodically to H'00 to prevent
the counter from overflowing.

4. When the counter overflows, the WDT setsthe WOVF flagin WTCSR to 1 and generates the
type of reset specified by the RSTS bit. The counter then resumes counting. When areset is
generated, alow level isoutput at the RESETOUT pin, and a high level at the STATUSO and
STATUSL pins. The output period is approximately 1 count clock cycle in the case of a power-
on reset, and approximately 5 peripheral clock cycles in the case of a manual reset.

9.84 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow of
the counter. This enables interrupts to be generated at set periods.

1. Clear the WT/IT bit in the WTCSR register to 0, set the type of count clock in the CKS2—
CK S0 bits, and set the initial value of the counter inthe WTCNT counter.

2. Setthe TME bit in WTCSR to 1 to start the count in interval timer mode.

3. When the counter overflows, the WDT setsthe IOVF flagin WTCSR to 1 and an interval
timer interrupt request is sent to the INTC. The counter then resumes counting.
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9.9 Notes on Board Design

When Using an External Crystal Resonator: Place the crystal resonator, capacitors CL1 and
CL2 closeto the EXTAL and XTAL pins. To prevent induction from interfering with correct
oscillation, use a common grounding point for the capacitors connected to the resonator, and do
not locate awiring pattern near these components.

Avoid crossing
signal lines

et e J7

—

EXTAL XTAL

SH7709S

Note: The values for CL1 and CL2 should be determined after
consultation with the crystal manufacturer.

Figure9.4 Pointsfor Attention when Using Crystal Resonator

Decoupling Capacitors: Insert alaminated ceramic capacitor of 0.1 to 1 pF as a passive capacitor
for each V s¢/V ¢ pair. Mount the passive capacitors close to the SH7709S power supply pins, and

use components with afrequency characteristic suitable for the chip’s operating frequency, as well
as a suitable capacitance value.

Digital system VsV pairs: 19-21, 27-29, 33-35, 45-47, 57-59, 69-71, 79-81, 83-85, 95-97, 109-
111, 132-134, 153-154, 161-163, 173-175, 181-183, 205-208

On-chip oscillator VsV pairs: 3-6, 145-147, 148-150
Note:  The pin numbers above apply to LQFP and HQFP packages.

When Usinga PLL Oscillator Circuit: Keep the wiring from the PLL V ¢ and V ss connection
pattern to the power supply pins short, and make the pattern width large, to minimize the
inductance component. Ground the oscillation stabilization capacitors C1 and C2to Vs (PLL1)
and Vg5 (PLL2), respectively. Place C1 and C2 close to the CAP1 and CAP2 pins and do not
locate awiring pattern in the vicinity. In clock mode 7, connect the EXTAL pinto V¢ or Vs and
leave the X TAL pin open.
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Avoid crossing

Vee (PLL2)

CAP2
Vgg (PLL2)

Ve (PLL1)

CAP1

Vgg (PLL1)

signal lines
________ |
|
i
1T v
C2 I cc
Lo
|
|
T
__: Vss
T
|

Power supply

Reference values
C1 =470 pF
C2 =470 pF

Figure9.5 Pointsfor Attention when Using PLL Oscillator Circuit
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10.1

Section 10 Bus State Controller (BSC)

Overview

The bus state controller (BSC) divides physical address space and output control signals for
various types of memory and bus interface specifications. BSC functions enable the chip to link
directly with synchronous DRAM, SRAM, ROM, and other memory storage devices without an
external circuit. The BSC also allows direct connection to PCMCIA interfaces, smplifying system
design and allowing high-speed data transfers in a compact system.

10.1.1

Features

The BSC has the following features:

e Physical address space isdivided into six areas

g
U
g
U

O

O

A maximum 64 Mbytes for each of the six areas, 0, 2—6
Area bus width can be selected by register (area 0 is set by external pin)
Wait states can be inserted using the WAIT pin

Wait state insertion can be controlled through software. Register settings can be used to
specify the insertion of 1-10 cyclesindependently for each area (1-38 cycles for areas 5
and 6 and the PCMCIA interface only)

The type of memory connected can be specified for each area, and control signals are
output for direct memory connection

Wait cycles are automatically inserted to avoid data bus conflict for continuous memory
accessesto different areas or writes directly following reads in the same area

« Direct interface to synchronous DRAM

O

U
g
U
g

Multiplexes row/column addresses according to synchronous DRAM capacity
Supports burst operation

Supports bank active mode

Has both auto-refresh and self-refresh functions

Controls timing of synchronous DRAM direct-connection control signals according to
register setting

e Burst ROM interface

g
U

Insertion of wait states controllable through software
Register setting control of burst transfers

« PCMCIA direct-connection interface

U
g

Insertion of wait states controllable through software
Bus sizing function for 1/0 bus width (only in little-endian mode)
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» Short refresh cycle control

O The overflow interrupt function of the refresh counter enables the refresh function
immediately after a self-refresh operation using low power-consumption DRAM
» Therefresh counter can be used asan interval timer
0 Outputs an interrupt request signal using the compare-match function
0 Outputs an interrupt request signal when the refresh counter overflows
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10.1.2 Block Diagram

Figure 10.1 shows a block diagram of the bus state controller.
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Legend
WCR: Wait state control register RFCR: Refresh count register
BCR: Bus control register RTCNT: Refresh timer count register
MCR: Memory control register RTCOR: Refresh time constant register
PCR: PCMCIA control register RTCSR: Refresh timer control/status register

MCSCRn: MCSn control register (n = 0-7)

Figure10.1 Block Diagram of Bus State Controller
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10.1.3 Pin Configuration

Table 10.1 shows the BSC pin configuration.

Table10.1 BSC Pins

Pin Name Signal 110 Description

Address bus A25-A0 (@) Address output

Data bus D15-D0 110 Data 1/0

D31-D16 1/0 Data I/0 when using 32-bit bus width

Bus cycle start BS (@) Shows start of bus cycle. During burst transfers,
asserted every data cycle.

Chip select0,2-4 CS0,CS2-CS4 O Chip select signals to indicate area being accessed.

Chip select 5, 6 CS5/CE1A, o Chip select signals to indicate area being accessed.

CS6/CE1B CS5/CE1A and CS6/CE1B can also be used as
CE1A and CE1B of PCMCIA.

PCMCIA card CE2A, CE2B (@) CE2A and CE2B signals when PCMCIA is used

select

Read/write RD/WR @) Data bus direction indication signal. PCMCIA write
indication signal.

Row address RAS3L (@] When synchronous DRAM is used, RAS3L for lower

strobe 3L 32-Mbyte address and 64-Mbyte address.

Row address RAS3U (0] When synchronous DRAM is used, RAS3U for

strobe 3U upper 32-Mbyte address.

Column address CASL O When synchronous DRAM is used, CASL signal for

strobe lower 32-Mbyte address and 64-Mbyte address.

Column address CASU (@) When synchronous DRAM is used, CASU signal for

strobe LH upper 32-Mbyte address.

Data enable 0 WEO/DQMLL (0] When memory other than synchronous DRAM is
used, D7-DO0 write strobe signal. When
synchronous DRAM is used, selects D7-D0.

Data enable 1 WE1/DQMLU/ @) When memory other than synchronous DRAM and

E PCMCIA is used, D15-D8 write strobe signal. When
synchronous DRAM is used, selects D15-D8. When
PCMCIA is used, strobe signal indicating write
cycle.

Data enable 2 WE2/DQMUL/ (@) When memory other than synchronous DRAM and

ICIORD PCMCIA is used, D23-D16 write strobe signal.

When synchronous DRAM is used, selects D23—
D16. When PCMCIA is used, strobe signal
indicating 1/O read.
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Pin Name Signal 110 Description
Data enable 3 WES3/DQMUU/ o When memory other than synchronous DRAM and
ICIOWR PCMCIA is used, D31-D24 write strobe signal.

When synchronous DRAM is used, selects D31
D24. When PCMCIA is used, strobe signal
indicating I/0O write.

Read RD 0 Strobe signal indicating read cycle

Wait WAIT | Wait state request signal

Clock enable CKE (@) Clock enable control signal for synchronous DRAM

10IS16 10IS16 | Signal indicating PCMCIA 16-bit I/0. Valid only in
little-endian mode.

Bus release BREQ | Bus release request signal

request

Bus release BACK (@) Bus release acknowledge signal

acknowledgment

Mask ROM chip
select

MCS[0]- MCS[7] O

Chip select signal for mask ROM connected to area
Oor2.
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10.1.4 Register Configuration

The BSC has 21 registers (table 10.2). Synchronous DRAM also has a built-in synchronous
DRAM mode register. These registers control direct connection interfaces to memory, wait states,
and refreshes devices.

Table10.2 BSC Registers

Name Abbr. R/W Initial Value® Address Bus Width
Bus control register 1 BCR1 R/W H'0000 H'FFFFFF60 16
Bus control register 2 BCR2 R/W H'3FFO H'FFFFFF62 16
Wait state control register 1 WCR1 R/W H'3FF3 H'FFFFFF64 16
Wait state control register 2 WCR2 R/W H'FFFF H'FFFFFF66 16
Individual memory control MCR R/W H'0000 H'FFFFFF68 16
register

PCMCIA control register PCR R/W H'0000 H'FFFFFF6C 16
Refresh timer control/status RTCSR R/W H'0000 H'FFFFFF6E 16
register

Refresh timer counter RTCNT R/W H'0000 H'FFFFFF70 16
Refresh time constant register RTCOR R/W H'0000 H'FFFFFF72 16
Refresh count register RFCR R/W H'0000 H'FFFFFF74 16
Synchronous DRAM mode SDMR W — H'FFFFDO0O0- 8
register, area 2 H'FFFFDFFF
Synchronous DRAM mode H'FFFFEO00—
register, area 3 H'FFFFEFFF
MCSO0 control register MCSCRO R/W H'0000 H'FFFFFF50 16
MCS1 control register MCSCR1 R/W H'0000 H'FFFFFF52 16
MCS2 control register MCSCR2 R/W H'0000 H'FFFFFF54 16
MCS3 control register MCSCR3 R/W H'0000 H'FFFFFF56 16
MCS4 control register MCSCR4 R/W H'0000 H'FFFFFF58 16
MCS5 control register MCSCR5 R/W H'0000 H'FFFFFF5A 16
MCS6 control register MCSCR6 R/W H'0000 H'FFFFFF5C 16
MCS?7 control register MCSCR7 R/W H'0000 H'FFFFFF5E 16

Notes: For details, see section 10.2.7, Synchronous DRAM Mode Register (SDMR).
* |nitialized by a power-on reset.
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10.1.5 AreaOverview

Space Allocation: In the architecture of the SH7709S, both logical spaces and physical spaces
have 32-bit address spaces. Thelogical space is divided into five areas by the value of the upper
bits of the address. The physical spaceis divided into eight areas.

Logical space can be allocated to physical space using a memory management unit (MMU). For
details, refer to section 3, Memory Management Unit (MMU), which describes area allocation for

physical space.
Asshown in table 10.3, the SH7709S can be connected directly to six memory/PCMCIA interface

asserted during area 0 access; CS6 is asserted during area 6 access. When PCMCIA interface is
selected in area’5 or 6, in addition to CS5/CS6, CE2A/CE2B are asserted for the corresponding

bytes accessed.

H'00000000 - ,A,r,e,?}? 7(7C§707) 77777 H'00000000
= _...Intemal /O | H04000000
H'20000000 | Area2(CS2) | H'08000000
o | Area3(CS3) | H'0C000000
H'40000000 | Area4(CS4) | H'10000000
IS //// ,I%/ )| ___Area5(CS5) | H'14000000
H'60000000 ,///,,;’,,, Y\ Area6 (CS6) H'18000000
e ,” /%’/,/ \ “Reserved area
H'80000000 / //// )
P1 //////// Physical address space
vrzrrzrzzzz7z 7y i
H'A0000000 11l
) f
SR 4y
H'C0000000 /
P3 /
NN, /
H'E0000000
P4

Logical address space

Note: For logical address spaces PO and P3, when the memory management unit (MMU) is
on, it can optionally generate a physical address for the logical address. This diagram
can be applied when the MMU is off, and when the MMU is on and each physical
address corresponding to a logical address is equal except for the upper three bits.
When translating logical addresses to arbitrary physical addresses, refer to table 10.3.

Figure10.2 Correspondence between Logical Address Space and Physical Address Space
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Table10.3 Physical Address Space M ap

Area  Connectable Memory Physical Address Capacity Access Size
0 Ordinary memory*?, H'00000000 to H'03FFFFFF 64 Mbytes 8, 16, 32*2
burst ROM H'00000000 + H'20000000 x nto ~ Shadow  n =1-6
H'03FFFFFF + H'20000000 x n
1 Internal 1/O registers®’  H'04000000 to H'07FFFFFF 64 Mbytes 8, 16, 32*3
H'04000000 + H'20000000 x nto  Shadow n=1-6
H'07FFFFFF + H'20000000 x n
2 Ordinary memory™?, H'08000000 to H'OBFFFFFF 64 Mbytes 8, 16, 32*3**
synchronous DRAM H'08000000 + H20000000 xnto  Shadow  n=1-6
H'OBFFFFFF + H'20000000 x n
3 Ordinary memory™*?, H'0C000000 to H'OFFFFFFF 64 Mbytes 8, 16, 32*3**
synchronous DRAM  1116c000000 + H20000000 xnto ~ Shadow  n=1-6
H'OFFFFFFF + H'20000000 x n
4 Ordinary memory™* H'10000000 to H'13FFFFFF 64 Mbytes 8, 16, 32*3
H'10000000 + H'20000000 x nto ~ Shadow n=1-6
H'13FFFFFF + H'20000000 x n
5 Ordinary memory**, H'14000000 to H'15FFFFFF 32 Mbytes 8, 16, 32 *3*®
PCMCIA, burst ROM 1416000000 to H'17FFFFFF 32 Mbytes
bord'”aré memory, H'14000000 + H'20000000 x nto  Shadow  n=1-6
urst ROM H'17FFFFFF + H'20000000 X n
6 Ordinary memory*?, H'18000000 to H'19FFFFFF 32 Mbytes 8, 16, 32 *3*®
PCMCIA, burst ROM 1111 A000000 to H'1BFFFFFF
H'18000000 + H'20000000 x nto  Shadow n=1-6
H'1BFFFFFF + H'20000000 x n
7*0 Reserved area H'2C000000 + H'20000000 x n n=0-7
to H'1FFFFFFF + H'20000000 X n
Notes: Memory with interface such as SRAM or ROM.

ok whpRE

Use external pin to specify memory bus width.
Use register to specify memory bus width.
With synchronous DRAM interfaces, bus width must be 16 or 32 bits.
With PCMCIA interface, bus width must be 8 or 16 hits.
Do not access the reserved area. If the reserved area is accessed, correct operation
cannot be guaranteed.

7. When the control register in area 1 is not used for address translation by the MMU, set
the first three bits of the logical address to 101 for allocation to the P2 space.
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Area 0: H'00000000 Ordinary memory/

burst ROM
Area 1: H'04000000

Internal 1/O
Area 2: H'08000000 Ordinary memory/

synchronous DRAM

Area 3: H'0C000000 Ordinary memory/
synchronous DRAM

Area 4: H'10000000
Ordinary memory

Area 5: H'14000000 Ordinary memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and I/O card

Area 6: H'18000000 Ordinary memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and I/O card

Figure 10.3 Physical Space Allocation

Memory Bus Width: The memory bus width in the SH7709S can be set for each area. In area 0,
external pins can be used to select byte (8 bits), word (16 bits), or longword (32 bits) on power-on
reset. The correspondence between the external pins (MD4 and MD3) and the memory size is
shown in table below.

Table10.4 Correspondence between External Pins (M D4 and MD3) and Mamory Size

MD4 MD3 Memory Size

0 0 Reserved (Do not set)
0 1 8 bits

1 0 16 bits

1 1 32 hits

For areas 2—6, byte, word, and longword can be chosen for the bus width using bus control register
2 (BCR2) whenever ordinary memory, ROM, or burst ROM are used. When the synchronous
DRAM interface is used, word or longword can be chosen as the bus width.

When the PCMCIA interface is used, set the bus width to byte or word. When synchronous
DRAM isconnected to both area 2 and area 3, set the same bus width for areas 2 and 3. When
using the port function, set each of the bus widths to byte or word for all areas. For more
information, see section 10.2.2, Bus Control Register 2 (BCR2).
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Shadow Space: Areas 0 and 2—6 are decoded by physical addresses A28-A26, which correspond
to areas 000 to 110. Address bits 31-29 are ignored. This means that the range of area 0 addresses,
for example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space is the address
space obtained by adding to it H'20000000 x n (n = 1-6). The address range for area 7, which is
on-chip /O space, is H'1C000000 to H'1FFFFFFF. The address space H'1C000000 + H'20000000
x n—H'1FFFFFFF + H'20000000 % n (n = 0—7) corresponding to the area 7 shadow spaceis
reserved, and must not be used.

10.1.6 PCMCIA Support
The SH7709S supports PCMCIA standard interface specificationsin physical space areas 5 and 6.

The interfaces supported are basically the “IC memory card interface” and “1/O card interface’
stipulated in JEIDA Specifications Ver. 4.2 (PCMCIA2.1).

Table10.5 PCMCIA Interface Characteristics

Item Feature

Access Random access

Data bus 8/16 bits

Memory type Mask ROM, OTPROM, EPROM, EEPROM, flash memory, SRAM
Memory capacity Maximum 32 Mbytes

1/0 space capacity Maximum 32 Mbytes

Other features Dynamic bus sizing of I/O bus width*

The PCMCIA interface can be accessed from the address translation
area or non-address translation area.

Note: * Dynamic bus sizing of the 1/0 bus width is supported only in little-endian mode.

Area 5: H'14000000 | Common memory/Attribute memory

Area 5: H'16000000 I/0 space

Area 6: H'18000000 | Common memory/Attribute memory

Area 6: H'1A000000 1/0 space

Figure10.4 PCMCIA SpaceAllocation
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Table10.6 PCMCIA Support Interface

IC Memory Card Interface I/O Card Interface
Pin Signal I/O  Function Signal I/0  Function SH7709S Pin
1 GND — Ground GND — Ground —
2 D3 I/O Data D3 /O Data D3
3 D4 I/O Data D4 /O Data D4
4 D5 I/O Data D5 /O Data D5
5 D6 I/O Data D6 /O Data D6
6 D7 I/O Data D7 /O Data D7
7 CE1 | Card enable CE1 I Card enable CE1A or CE1B
8 A10 I Address Al10 | Address A10
9 OE I Output enable OE I Output enable RD
10 A11 I Address All | Address All
11 A9 I Address A9 | Address A9
12 A8 I Address A8 | Address A8
13 A13 I Address Al13 | Address A13
14 Al4 I Address Al4 | Address Al4
15 WE/PGM | Write enable WE/PGM | Write enable WE
16 RDY/BSY O Ready/Busy IREQ O Ready/Busy —
17  Vcc Operation power Vee Operation power —
18 VPP1 Program power VPP1 Program/ —

peripheral power

19 A1l6 I Address Al6 | Address Al6
20 Al15 I Address A15 | Address A15
21 A12 I Address Al12 | Address Al12
22 A7 I Address A7 | Address A7
23 A6 I Address A6 | Address A6
24 A5 I Address A5 | Address A5
25 A4 I Address A4 | Address A4
26 A3 I Address A3 | Address A3
27 A2 I Address A2 | Address A2
28 Al I Address Al | Address Al
29 A0 I Address AO | Address A0
30 DO I/O Data DO /O Data DO
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IC Memory Card Interface

I/O Card Interface

Pin Signal I/O  Function Signal /0 Function SH7709S Pin

31 D1 I/O Data D1 /O Data D1

32 D2 I/O Data D2 /O Data D2

33 WP O  Write protect 101S16 O  16-bit1/O port I01S16

34 GND Ground GND Ground —

35 GND Ground GND Ground —

36 CD1 O  Card detection CD1 O Card detection —

37 D11 I/O Data D11 /O Data D11

38 D12 I/O Data D12 /0 Data D12

39 D13 I/O Data D13 /O Data D13

40 D14 I/O Data D14 /O Data D14

41 D15 I/O Data D15 /O Data D15

42 CE2 I Card enable CE2 I Card enable CE2A or CE2B

43 VST | Voltage sense 1 VSt I  Voltagesensel —

44 RFU Reserved IORD I I/O read ICIORD

45 RFU Reserved IOWR I 1/O write ICIOWR

46 Al7 I Address Al7 | Address Al7

47 Al18 I Address A18 | Address A18

48 Al9 I Address A19 | Address A19

49 A20 I Address A20 | Address A20

50 A21 I Address A21 | Address A21

51 Vcc Power supply Vee Power supply —

52 VPP2 Program power VPP2 Program/ —
peripheral power

53 A22 I Address A22 | Address A22

54 A23 I Address A23 | Address A23

55 A24 I Address A24 | Address A24

56 A25 I Address A25 | Address A25

57 VS2 | Voltage sense 2 Vs2 |  Voltage sense 2 —

58 RESET | Reset RESET I Reset —

59 WAIT O  Wait request WAIT O  Wait request —

60 RFU Reserved INPACK O Input acknowledge —
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IC Memory Card Interface

I/O Card Interface

Pin Signal I/O  Function Signal /0 Function SH7709S Pin

61 REG I Attribute memory REG | Attribute memory —
space select space select

62 BVD2 O Battery voltage SPKR O Digital voice signal —
detection

63 BVD1 O Battery voltage STSCHG O Card state —
detection change

64 D8 /O Data D8 /0 Data D8

65 D9 I/O Data D9 /0 Data D9

66 D10 /O Data D10 /0 Data D10

67 CD2 O  Card detection CD2 O Card detection —

68 GND Ground GND Ground —

10.2 BSC Registers

10.21 BusControl Register 1 (BCR1)

Bus control register 1 (BCR1) is a 16-bit readable/writable register that sets the functions and bus
cycle state for each area. It isinitialized to H'0000 by a power-on reset, but is not initialized by a
manual reset or in standby mode. Do not access external memory outside area O until BCR1
register initialization is complete.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
\ PULA \ PULD ‘HIZMEM‘HIZCNT‘ENDIAN‘AOBSTl‘AOBSTO‘ASBSTl‘

0 0 0 0 o/1* 0 0 0

RW RW RW  RW R RW  RW  RW

7 6 5 4 3 2 1 0
ASBSTO | A6BST1 | A6BSTO| DRAM | DRAM | DRAM | A5 PCM | A6 PCM

TP2 TP1 TPO
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW

Note: * Samples the value of the external pin (MD5) designating the endian in a power-on reset.

RENESAS
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Bit 15—Pin A25to A0 Pull-Up (PULA): Specifies whether or not pins A25 to A0 are pulled up
for 4 cyclesimmediately after BACK is asserted.

Bit 15: PULA Description
0 Not pulled up (Initial value)
1 Pulled up

Bit 14—Pin D31 to DO Pull-Up (PULD): Specifies whether or not pins D31 to DO are pulled up
when not in use.

Bit 14: PULD Description
0 Not pulled up (Initial value)
1 Pulled up

Bit 13—Hi-Z Memory Control (HIZMEM): Specifiesthe state of A25-A0, BS, CS, RD/WR,
WE/DQM, RD, CE2A, CE2B and DRAK0/1 in standby mode.

Bit 13: HIZMEM Description

0 A25-A0, BS, CS, RD/WR, WE/DQM, RD, CE2A, CE2B and DRAKO0/1 are
Hi-Z in standby mode (Initial value)

1 A25-A0, BS, CS, RD/WR, WE/DQM, RD, CE2A, CE2B and DRAKO/1 are

high in standby mode

Bit 12—High-Z Control (HIZCNT): Specifiesthe state of the RAS and CAS signasin standby
mode and when the busis rel eased.

Bit 12: HIZCNT Description

0 RAS and CAS signals are high-impedance (High-Z) in standby mode and
when bus is released (Initial value)

1 RAS and CAS signals are driven in standby mode and when bus is released

Bit 11—Endian Flag (ENDIAN): Samplesthe value of the external pin designating the endianin
apower-on reset. The endian for all physical spacesisdecided by this bit, which is read-only.

Bit 11: ENDIAN Description

0 (On reset) Endian setting external pin (MD5) is low. Indicates the SH7709S
is set as big-endian

1 (On reset) Endian setting external pin (MD5) is high. Indicates the SH7709S

is set as little-endian
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Bits 10 and 9—Area 0 Burst ROM Control (AOBST 1, AOBST0): Specify whether to use burst
ROM in physical space area 0. When burst ROM is used, these hits set the number of burst
transfers.

Bit 10: AOBST1 Bit 9: AOBSTO Description
0 0 Access area 0 accessed as ordinary memory
(Initial value)
1 Access area 0 accessed as burst ROM (4 consecutive

accesses). Can be used when bus width is 8, 16, or 32.

1 0 Access area 0 accessed as burst ROM (8 consecutive
accesses). Can be used when bus width is 8 or 16.
Should not be specified when bus width is 16 or 32.

1 Access area 0 accessed as burst ROM (16 consecutive
accesses). Can be used only when bus width is 8.
Should not be specified when bus width is 16 or 32.

Bits8 and 7—Area 5 Burst Enable (A5BST 1, A5BST0): Specify whether to use burst ROM
and PCMCIA burst mode in physical space area 5. When burst ROM and PCMCIA burst mode
are used, these bits set the number of burst transfers.

Bit 8: AGBST1 Bit 7: ASBSTO Description
0 0 Access area 5 accessed as ordinary memory
(Initial value)
1 Burst access of area 5 (4 consecutive accesses). Can
be used when bus width is 8, 16, or 32.
1 0 Burst access of area 5 (8 consecutive accesses). Can

be used when bus width is 8 or 16. Should not be
specified when bus width is 32.

1 Burst access of area 5 (16 consecutive accesses). Can
be used only when bus width is 8. Should not be
specified when bus width is 16 or 32.

Bits6 and 5—Area 6 Burst Enable (A6BST 1, A6BST0): Specify whether to use burst ROM
and PCMCIA burst mode in physical space area 6. When burst ROM and PCMCIA burst mode
are used, these bits set the number of burst transfers.
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Bit 6: A6BST1 Bit 5: A6BSTO

Description

0 0 Access area 6 accessed as ordinary memory
(initial value)
1 Burst access of area 6 (4 consecutive accesses). Can
be used when bus width is 8, 16, or 32.
1 0 Burst access of area 6 (8 consecutive accesses). Can
be used when bus width is 8 or 16. Should not be
specified when bus width is 32.
1 Burst access of area 6 (16 consecutive accesses). Can

be used only when bus width is 8. Should not be
specified when bus width is 16 or 32.

Bits4 to 2—Area 2, Area 3 Memory Type (DRAMTP2, DRAMTP1, DRAMTPO): Designate
the types of memory connected to physical space areas 2 and 3. Ordinary memory, such as ROM,
SRAM, or flash ROM, can be directly connected. Synchronous DRAM can aso be directly

connected.

Bit 4: DRAMTP2 Bit 3: DRAMTP1 Bit 2: DRAMTPO Description

0 0 0

Areas 2 and 3 are ordinary memory
(Initial value)

Reserved (Setting prohibited)

Area 2: ordinary memory; area 3:
synchronous DRAM*?

Areas 2 and 3 are synchronous DRAM*!
*x2

Reserved (Setting prohibited)

Reserved (Setting prohibited)

Reserved (Setting prohibited)

0
1
0
1

Reserved (Setting prohibited)

Notes: 1. When selecting this mode, set the same bus width for area 2 and area 3.
2. Do not access synchronous DRAM when clock ratio [gBg=1:1

Bit 1—Area 5 Bus Type (A5PCM): Designates whether to access physical space area 5 as

PCMCIA space.

Bit 1: ASPCM Description

0 Physical space area 5 accessed as ordinary memory (Initial value)
1 Physical space area 5 accessed as PCMCIA space
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Bit 0—Area 6 Bus Type (A6PCM): Designates whether to access physical space area 6 as
PCMCIA space.

Bit 0: AGPCM Description
0 Physical space area 6 accessed as ordinary memory (Initial value)
1 Physical space area 6 accessed as PCMCIA space

10.2.2 BusControl Register 2 (BCR2)

Bus control register 2 (BCR2) is a 16-bit readable/writable register that selects the bus size of each
area and whether an 8-bit port is used or not. It isinitialized to H'3FFO by a power-on reset, but is
not initialized by amanual reset or in standby mode. Do not access external memory outside area
0 until BCR2 register initialization is complete.

Bit. 15 14 13 12 11 10 9 8
\ — \ — \ A6SZ1 \ ABSZ0 \ A5SZ1 \ A5SZ0 \ A4SZ1 \ AA4SZ0 \
Initial value: 0 0 1 1 1 1 1 1
RW: R R RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
\ A3SZ1 \ A3SZ0 \ A2S71 \ A2SZ0 \ — — — —
Initial value: 1 1 1 1 0 0 0 0

RW: RW R/W R/W R/W
Bits 15, 14, 3, 2, 1, and 0—Reserved: These bits are always read as 0. The write value should
always be 0.

Bits2n + 1, 2n—Area n (2-6) Bus Size Specification (AnSZ1, AnSZ0): Specify the bus size of
physical space arean (n =210 6).
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Bit 2n + 1: AnSZ1 Bit 2n: AnSZ0 Port A/ B Description
0

Not used Reserved (Setting prohibited)
Byte (8-bit) size
Word (16-bit) size
Longword (32-bit) size

Used Reserved (Setting prohibited)
Byte (8-bit) size
Word (16-hit) size
Reserved (Setting prohibited)

o
P O|lFRr|O|FR|O|FL|O

10.23 Wait State Control Register 1 (WCR1)

Wait state control register 1 (WCRL1) is a 16-bit readable/writable register that specifies the
number of idle (wait) state cyclesinserted for each area. For some memories, data bus drive may
not be turned off quickly even when the read signal from the external deviceis turned off. This
can result in conflicts between data buses when consecutive memory accesses are to different
memories or when awrite immediately follows a memory read. This LS| automatically insertsthe
number of idle states set in WCR1 in those cases.

WCRL isinitialized to H'3FF3 by a power-on reset. It is not initialized by a manual reset or in
standby mode, and retains its contents.

Bitt 15 14 13 12 11 10 9 8
WAITSE | — | Aelw1 | A6iwo | Asiw1 | Asiwo | Adaiw1 | Adiwo
L
Initial value: 0 0 1 1 1 1 1 1
RW: RMW R RIW RIW RIW RIW RIW RIW
Bit: 7 6 5 4 3 2 1 0
\ A3IW1 \ A3IWO0 \ A2IW1 \ A2IWO0 \ — — \ AOIW1 \ AOIWO \
Initial value: 1 1 1 1 0 0 1 1
RW: RMW RIW RIW RIW R R RIW RIW
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Bit 15—WAIT Sampling Timing Select (WAITSEL): Specifiesthe WAIT signal sampling
timing.

Bit 15: WAITSEL  Description

0 Setting to 1 when using the WAIT signal® (Initial value)

1 Sampled WAIT signal at fall of CKIO
Note: * Operation is not guaranteed if WAIT is asserted while WEITSEL = 0.

Bits 14, 3, and 2 —Reserved: These bits are always read as 0. The write value should always be
0.

Bits2n + 1, 2n—Arean (6-2, 0) Intercycle I dle Specification (AnIW1, AnlWQ): Specify the
number of idles inserted between bus cycles when switching between physical space arean (6-2,
0) and another space or between aread access and a write access in the same physical space.

Bit 2n + 1: AnlW1 Bit 2n: AnIWO Description
0 0 1 idle cycle inserted
1 1 idle cycle inserted
1 0 2 idle cycles inserted
1 3 idle cycles inserted (Initial value)

10.24 Wait State Control Register 2 (WCR2)

Wait state control register 2 (WCR?2) is a 16-bit readable/writable register that specifies the
number of wait state cycles inserted for each area. It also specifies the data access pitch for burst
memory accesses. This allows direct connection of even low-speed memories without an external
circuit. WCR2 isinitialized to H'FFFF by a power-on reset. It isnot initialized by a manual reset
or in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ A6 W2 \ A6 W1 \ A6 WO \ A5 W2 \ A5 W1 \ A5 WO \ A4 W2 \ A4 W1 \
Initial value: 1 1 1 1 1 1 1 1

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ A4 WO \ A3 W1 \ A3 WO \ A2 W1 \ A2 WO \ A0 W2 \ AOW1 \ A0 WO \
Initial value: 1 1 1 1 1 1 1 1

RW: RW R/W R/W R/W R/W R/W R/W R/W
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Bits 15to 13—Area 6 Wait Control (A6W2, A6W1, A6WO0): Specify the number of wait states
inserted in physical space area 6. Also specify the number of states for burst transfer.

Description
Burst Cycle
First Cycle (Excluding First Cycle)
Bit 15: Bit14: Bit13: Inserted L Number of States

ABW2 A6W1 A6WO0  Wait States WAIT Pin Per Data Transfer WAIT Pin

0 0 0 0 Disabled 2 Enabled

1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled

1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 Enabled 10 Enabled

(Initial value)

Bits 12 to 10—Area 5 Wait Control (A5W2, ASW1, ASWO0): Specify the number of wait states
inserted in physical space area 5. Also specify the number of states for burst transfer.

Description
Burst Cycle
First Cycle (Excluding First Cycle)
Bit 12: Bit11: Bit10: Inserted L Number of States

A5W2 A5W1 A5BWO0  Wait States WAIT Pin Per Data Transfer WAIT Pin

0 0 0 0 Disabled 2 Enabled

1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled

1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 Enabled 10 Enabled

(Initial value)
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Bits9to 7—Area 4 Wait Control (A4W2, AAW 1, AAWO0): Specify the number of wait states
inserted in physical space area 4.

Description
Bit 9: A4W2 Bit 8: A4W1 Bit 7: A4W0 Inserted Wait State  WAIT Pin
0 0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled
1 0 0 4 Enabled
1 6 Enabled
1 0 8 Enabled
1 10 Enabled (Initial value)

Bits6 and 5—Area 3 Wait Control (A3W1, A3WO0): Specify the number of wait states inserted
in physical space area 3.

e For Ordinary Memory

Description
Bit 6: A3W1 Bit 5: A3WO0 Inserted Wait States ~ WAIT Pin
0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled (Initial value)
» For Synchronous DRAM
Description
Bit 6: A3W1 Bit 5: A3WO0 Synchronous DRAM: CAS Latency
0 0 1
1 1
1 0 2
1 3 (Initial value)
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Bits4 and 3—Area 2 Wait Control (A2W1, A2WO0): Specify the number of wait states inserted
in physical space area 2.

» For Ordinary Memory

Description
Bit 4: A2W0 Bit 3: A2W0 Inserted Wait States WAIT Pin
0 0 0 Ignored
1 1 Enabled
1 0 2 Enabled
1 3 Enabled (Initial value)
» For Synchronous DRAM
Description
Bit 4: A2W1 Bit 3: A2WO0 Synchronous DRAM: CAS Latency
0 0 1
1 1
1 0 2
1 3 (Initial value)

Bits2to 0—Area 0 Wait Control (AOW2, AOW 1, AOWO0): Specify the number of wait states
inserted in physical space area 0. Also specify the burst pitch for burst transfer.

Description
Burst Cycle
First Cycle (Excluding First Cycle)
Bit2:  Bit 1: Bit O: Inserted _ Number of States _

AOW2 AOW1 AOWO  Wait States WAIT Pin Per Data Transfer WAIT Pin

0 0 0 0 Ignored 2 Enabled

1 1 Enabled 2 Enabled

1 0 2 Enabled 3 Enabled

1 3 Enabled 4 Enabled

1 0 0 4 Enabled 4 Enabled

1 6 Enabled 6 Enabled

1 0 8 Enabled 8 Enabled

1 10 Enabled 10 Enabled

(Initial value)
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10.25 Individual Memory Control Register (M CR)

The individual memory control register (MCR) is a 16-bit readable/writable register that specifies
RAS and CAS timing for synchronous DRAM (areas 2 and 3), specifies address multiplexing, and
controls refresh. This enables direct connection of synchronous DRAM without external circuits.

MCRisinitialized to H'0000 by a power-on reset, but is not initialized by amanual reset or in
standby mode. Bits TPC1-TPCO, RCD1-RCDO, TRWL1-TRWLO, TRASI-TRASO, RASD, and
AMX3-AMXO0 are written to in the initialization after a power-on reset and should not then be
modified again. When RFSH and RMODE are written to, write the same valuesto the other bits.
When using synchronous DRAM, do not access areas 2 and 3 until this register isinitialized.

Bitt 15 14 13 12 11 10 9 8
\ TPC1 \ TPCO \ RCD1 \ RCDO ‘TRWLl \ TRWLO \ TRAS1 \ TRASO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ RASD \ AMX3 \ AMX2 \ AMX1 \ AMXO0 \ RFSH ‘RMODE‘ —
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W

Bits 15 and 14—RAS Precharge Time (TPC1, TPCO): When synchronous DRAM interfaceis
selected as connected memory, they set the minimum number of cycles until output of the next
bank-active command after precharge. However, the number of cyclesinput immediately after the
issue of an all-bank-precharge command (PALL) in the case of an auto-refresh or a precharge
command (PRE) in the bank active mode is one fewer than the normal value. TPC1 should not be
set to 0 and TPCO to 1 in the bank active mode.

Description
Bit 15: Bit 14: Immediately after Immediately after
TPC1 TPCO Normal Operation Precharge Command® Self-Refresh
0 0 1 cycle (Initial value) 0 cycle (Initial value) 2 cycles (Initial value)
1 2 cycles 1 cycle 5 cycles
1 0 3 cycles 2 cycles 8 cycles
1 4 cycles 3 cycles 11 cycles

Note: * Immediately after all-bank-precharge (PALL) in the case of an auto-refresh or precharge
(PRE) in the bank active mode.
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Bits 13 and 12—RAS-CAS Delay (RCD1, RCDOQ): When synchronous DRAM interfaceis
selected as connected memory, these bits set the bank active read/write command delay time.

Bit 13: RCD1 Bit 12: RCDO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 11 and 10—Write-Precharge Delay (TRWL 1, TRWLOQ): Set the synchronous DRAM
write-precharge delay time. This designates the time between the end of awrite cycle and the next
bank-active command. This setting is valid only when synchronous DRAM is connected. After the
write cycle, the next bank-active command is not issued for the period TPC + TRWL.

Bit 11: TRWL1 Bit 10: TRWLO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 Reserved (Setting prohibited)

Bits9 and 8—CAS-Before-RAS Refresh RAS Assert Time (TRASL, TRASO): When
synchronous DRAM interface is selected, no bank-active command is issued during the period
TPC + TRAS after an auto-refresh command.

Bit 9: TRAS1 Bit 8: TRASO Description

0 0 2 cycles (Initial value)
1 3 cycles

1 0 4 cycles
1 5 cycles

Bit 7—Synchronous DRAM Bank Active (RASD): Specifies whether synchronous DRAM is
used in bank active mode or auto-precharge mode. Set auto-precharge mode when areas 2 and 3
are both designated as synchronous DRAM space.

Bit 7: RASD Description
0 Auto-precharge mode (Initial value)
1 Bank active mode

The bank active mode should not be used unless the bus width for all areasis 32 bits.
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Bits6 to 3—Address M ultiplex (AM X3, AMX2, AM X1, AM X0): Specify address multiplexing

for synchronous DRAM.

For Synchronous DRAM Interface:

Bit6: Bit5: Bit 4:
AMX3 AMX2 AMX1

Bit 3:

AMXO0 Description

1 1 0

1

The row address begins with A10 (The A10 value is output at
Al when the row address is output. 4M x 16-bit x 4-bank
products)

The row address begins with A11 (The A1l value is output at
Al when the row address is output. 8M x 16-bit x 4-bank
products)**

The row address begins with A9 (The A9 value is output at A1
when the row address is output. 1M x 16-bit x 4-bank
products)

The row address begins with A10 (The A10 value is output at
Al when the row address is output. 2M x 8-bit x 4-bank
products, 2M x 16-bit x 4-bank products)

The row address begins with A9 (The A9 value is output at Al
when the row address is output. 512k x 32-bit x 4-bank
products)*?

Begin synchronous DRAM access after setting AMX3 to 0 =
*]F* (Initial value)

Except above value

Reserved (Setting prohibited)

Notes: 1. Can only be set when using a 16-bit bus width.
2. Can only be set when using a 32-bit bus width.

Bit 2—Refresh Control (RFSH): The RFSH bit determines whether or not synchronous DRAM
refresh operations are is performed. If the refresh function is not used, the timer for generation of
periodic refresh requests can also be used as an interval timer.

Bit 2: RFSH Description
0 No refresh (Initial value)
1 Refresh
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Bit 1—Refresh Mode (RM ODE): Selects whether to perform an ordinary refresh or a self-
refresh when the RFSH bit is 1. When the RFSH bit is 1 and this bit is O, an auto-refresh is
performed on synchronous DRAM at the period set by refresh-related registers RTCNT, RTCOR,
and RTCSR. When arefresh request occurs during an external bus cycle, the refresh cycleis
performed after the bus cycle ends. When the RFSH bit is 1 and this bit isaso 1, the synchronous
DRAM will wait for the end of any executing external bus cycle before going into a self-refresh.
All refresh requests to memory that is in the self-refresh state are ignored.

Bit 1: RMODE Description
0 Auto refresh (RFSH must be 1) (Initial value)
1 Self-refresh (RFSH must be 1)

Bit 0—Reserved: Thisbit isaways read as 0. Thewrite value should always be 0.

10.2.6 PCMCIA Control Register (PCR)

The PCMCIA control register (PCR) is a 16-bit readable/writable register that specifies the
assertion and negation timing of the OE and WE signals for the PCM CI A interface connected to
areas 5 and 6. The OE and WE signal assertion width is set by the wait control bits in the WCR2
register.

PCR isinitialized to H'0000 by a power-on reset, but is not initialized, and retains its contents, in a
manual reset and in standby mode.

Bit: 15 14 13 12 11 10 9 8
\ ABW3 \ ASW3 \ — \ — ‘ASTEDZ‘AGTEDZ‘ASTEHZ‘AGTEHZ‘
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ ASTED1 \ ASTEDO \ A6TED1 \ AGTEDO \ ASTEH1 \ ASTEHO \ A6TEH1 \ AGTEHO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W
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Bit 15—Area 6 Wait Control (A6W 3): Specifies the number of inserted wait states for area 6
combined with bits ABW2-A6WO0 in WCR2. Also specifies the number of transfer statesin burst
transfer. Clear thisbit to O when area 6 is not set to PCMCIA.

First Cycle Burst Cycle
Number of
States per
Inserted Wait _ One-data _
A6W3 ABW2 ABW1 A6WO  States WAIT Pin Transfer WAIT Pin
0 0 0 0 0 Ignored 2 Enabled
0 0 0 1 1 Enabled 2 Enabled
0 0 1 0 2 Enabled 3 Enabled
0 0 1 1 3 Enabled 4 Enabled
0 1 0 0 4 Enabled 5 Enabled
0 1 0 1 6 Enabled 7 Enabled
0 1 1 0 8 Enabled 9 Enabled
0 1 1 1 10 Enabled 11 Enabled
(Initial value)
1 0 0 0 12 Enabled 13 Enabled
1 0 0 1 14 Enabled 15 Enabled
1 0 1 0 18 Enabled 19 Enabled
1 0 1 1 22 Enabled 23 Enabled
1 1 0 0 26 Enabled 27 Enabled
1 1 0 1 30 Enabled 31 Enabled
1 1 1 0 34 Enabled 35 Enabled
1 1 1 1 38 Enabled 39 Enabled

Bit 14—Area 5 Wait Control (A5W3): Specifies the number of inserted wait states for area 5
combined with bits ABW2-A5W0 in WCR2. Also specifies the number of transfer statesin burst
transfer. Clear this bit to O when area 5 is not set to PCM CIA.

The relationship between the set value and the number of waitsisthe same as for AGW3.

Bits 13 and 12—Reserved: These bits are always read as 0. The write value should always be 0.
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Bits 11, 7, and 6—Area 5 Address OE/WE Assert Delay (ASTED2, ASTED1, A5TEDO):
Specify the delay time from address output to OE/WE assertion for the PCMCIA interface

connected to area 5.
Bit 11: Bit 7: Bit 6:
AS5TED2 AS5TED1 AS5TEDO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay

Bits 10, 5, and 4—Area 6 Address OE/WE Assert Delay (A6TED2, AGTED1, AGTEDO): The
ABTED bits specify the delay time from address output to OE/WE assertion for the PCMCIA

interface connected to area 6.

Bit 10: Bit 5: Bit 4:
A6TED2 AG6TED1 AG6TEDO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay
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Bits 9, 3, and 2—Area 5 OE/WE Negate Address Delay (ASTEH2, ASTEH1, ASTEHO):
Specify the address hold delay time from OE/WE negation for the PCMCIA interface connected to
area 5.

Bit 9: Bit 3: Bit 2:
AS5TEH2 AS5TEH1 AS5TEHO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay

Bits 8, 1, and 0—Area 6 OE/WE Negate Address Delay (A6TEH2, AGTEH1, A6TEHO):
Specify the address hold delay time from OE/WE negation for the PCMCIA interface connected to
area 6.

Bit 8: Bit 1: Bit 0:
A6TEH2 A6TEH1 AG6TEHO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay
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10.2.7 Synchronous DRAM Mode Register (SDMR)

The synchronous DRAM mode register (SDMR) is an 8-bit write-only register that is written to
viathe synchronous DRAM address bus. It sets synchronous DRAM mode for areas 2 and 3.
SDMR must be set before accessing the synchronous DRAM.

Writes to the synchronous DRAM mode register use the address bus rather than the data bus. If
the value to be set is X and the SDMR addressis Y, the value X is written in the synchronous
DRAM mode register by writing in address X + Y. Since, with a 32-bit bus width, A0 of the
synchronous DRAM is connected to A2 of the chip and A1 of the synchronous DRAM is
connected to A3 of the chip, the value actually written to the synchronous DRAM isthe X value
shifted two bits right. With a 16-bit bus width, the value written is the X value shifted one hit
right. For example, with a 32-hit bus width, when H'0230 is written to the SDMR register of area
2, random data is written to the address H'FFFFDOO0O0 (address Y) + H'08CO (value X), or
H'FFFFD8CO. As aresult, H'0230 is written to the SDMR register. The range for value X is
H'0000 to H'OFFC. When H'0230 is written to the SDMR register of area 3, random data iswritten
to the address H'FFFFEOQO (address Y) + H'08CO (value X), or H'FFFFE8SCO0. As aresult, H'0230
iswritten to the SDMR register. The range for value X is H'0000 to H'OFFC.

Bit: 31 12 11 10 9 8

‘ SDMR address ‘ — ‘ — ‘ — ‘ — ‘
Initial value: — — — — — —
R/W: — e, — w* w* w w
Bit: 7 6 5 4 3 2 1 0
Initial value: — — — — — — — —
R/W: W W W W W W — —

Note: * Depending on the type of synchronous DRAM.
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10.28 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTCSR) is a 16-bit readable/writable register that
specifies the refresh cycle, whether to generate an interrupt, and the cycle of that interrupt. It is
initialized to H'0000 by a power-on reset, but isnot initialized by a manual reset or in standby
mode. Make the RTCOR setting before setting bits CKS2 to CKS0 in RTCSR.

Note: The method of writing to RTCSR differs from that for general registers to ensure that
RTCSR is not rewritten incorrectly. Use aword transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For details, see section 10.2.12, Cautions
on Accessing Refresh Control Related Registers.

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-7T-=-7T=-1=-7T="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CMF \ CMIE \ CKS2 \ CKS1 \ CKSO \ OVF \ OVIE \ LMTS \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 8—Reserved: These bits are always read as 0. The write value should always be 0.
Bit 7—Compare Match Flag (CMF): Indicates that the values of RTCNT and RTCOR match.

Bit 7: CMF Description
0 The values of RTCNT and RTCOR do not match (Initial value)

Clearing condition: When a refresh is performed after 0 has been written to
CMF and RFSH =1 and RMODE = 0 (to perform a CBR refresh)

1 The values of RTCNT and RTCOR match
Setting condition: RTCNT = RTCOR*

Note: * Contents do not change when 1 is written to CMF.

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables an interrupt request
caused when CMFin RTCSR is set to 1. Do not set this bit to 1 when using auto-refresh.

Bit 6: CMIE Description
0 Interrupt request by CMF is disabled (Initial value)
1 Interrupt request by CMF is enabled
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Bits5to 3—Clock Select Bits (CKS2 to CK S0): Select the clock input to RTCNT. The source
clock isthe external bus clock (CKIO). The RTCNT count clock is CKIO divided by the specified
ratio. RTCOR must be set before setting CK S2-CK SO.

Description

Bit 5: CKS2 Bit 4. CKS1 Bit 3: CKSO Normal external bus clock

0 0 0 Clock input disabled
1 Bus clock (CKIO)/4
1 0 CKIO/16
1 CKlO/64
1 0 0 CKI0O/256
1 CK10/1024
1 0 CKl0/2048
1 CKI10/4096

Bit 2—Refresh Count Overflow Flag (OVF): Indicates when the number of refresh requests
indicated in the refresh count register (RFCR) exceeds the limit set inthe LMTS bit in RTCSR.

Bit 2: OVF Description

0 RFCR has not exceeded the count limit value set in LMTS (Initial value)
Clearing condition: When 0 is written to OVF

1 RFCR has exceeded the count limit value set in LMTS

Setting condition: When the RFCR value has exceeded the count limit value
set in LMTS*

Note: * Contents do not change when 1 is written to OVF.

Bit 1—Refresh Count Overflow Interrupt Enable (OVIE): Selects whether to suppress
generation of interrupt requests by the OVF bit in RTCSR when OVF isset to 1.

Bit 1: OVIE Description
0 Interrupt request by OVF is disabled (Initial value)
1 Interrupt request by OVF is enabled
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Bit 0—Refresh Count Overflow Limit Select (LMTS): Indicates the count limit value to be
compared to the number of refreshesindicated in the refresh count register (RFCR). When the
value in RFCR overflows the value specified by LMTS, the OVF flag is set.

Bit 0: LMTS Description
0 Count limit value is 1024 (Initial value)
1 Count limit value is 512

10.29 Refresh Timer Counter (RTCNT)

RTCNT isa 16-hit register containing a readable/writable 8-bit counter that counts up on an input
clock. The clock select bits (CKS2—CK S0) in RTCSR select the input clock. When RTCNT
matches RTCOR, the CMF bit in RTCSR isset and RTCNT is cleared. RTCNT isinitialized to
H'00 by a power-on reset, but continues incrementing after amanual reset. It isnot initialized in
standby mode, but holdsits contents.

Note: The method of writing to RTCNT differs from that for general registers to ensure that
RTCNT is not rewritten incorrectly. Use aword transfer instruction to set the upper byte
as B'10100101 and the lower byte as the write data. For details, see section 10.2.12,
Cautions on Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8

Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
RIW: — — — — — — — —

Bit: 7 6 5 4 3 2 1 0

Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W
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10.2.10 Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) specifies the upper-limit value of RTCNT. The values
of RTCOR and RTCNT (lower 8 hits) are constantly compared. When the values match, the
compare match flag (CMF) in RTCSR is set and RTCNT is cleared to 0. When the refresh bit
(RFSH) in the individual memory control register (MCR) is set to 1 and the refresh mode is set to
auto refresh, amemory refresh cycle occurs when the CMF bit is set. RTCOR isa
readable/writable register. RTCOR isinitialized to H'00 by a power-on reset. It is not initialized by
amanual reset or in standby mode, but holds its contents. Make the RTCOR setting before setting
bits CKS2 to CKS0 in RTCSR.

Note: The method of writing to RTCOR differs from that for general registers to ensure that
RTCOR is not rewritten incorrectly. Use aword transfer instruction to set the upper byte
as B'10100101 and the lower byte as the write data. For details, see section 10.2.12,
Cautions on Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8

Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
RIW: — — — — — — — —

Bit: 7 6 5 4 3 2 1 0

Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

10.2.11 Refresh Count Register (RFCR)

The refresh count register (RFCR) counts the number of refreshing. When RFCR exceeds the
count limit value set in the LM TS bitin RTCSR, the OVF bitin RTCSR is set and RFCR is
cleared. RFCR is a 10-hit readable/writable counter. RFCR is initialized to H'0000 by a power-on
reset. RFCR continues incrementing in a manual reset. It isnot initialized by in standby mode, but
holdsits contents.

Note: The method of writing to RFCR differs from that for general registers to ensure that RFCR
is not rewritten incorrectly. Use aword transfer instruction to set the six bits starting from
the MSB in the upper byte as B'101001, and the remaining bits as the write data. For
details, see section 10.2.12, Cautions on Accessing Refresh Control Related Registers.
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Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — R/W R/W
Bit: 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

10.2.12 Cautionson Accessing Refresh Control Related Registers

RFCR, RTCSR, RTCNT, and RTCOR require that a specific code be appended to the data when it
iswritten to prevent datafrom being mistakenly overwritten by program overruns or other write
operations (figure 10.5). Perform reads and writes using the following methods:

1. Whenwriting to RFCR, RTCSR, RTCNT, and RTCOR, use only word transfer instructions.
Byte transfer instructions cannot be used.
When writing to RTCNT, RTCSR, or RTCOR, place B'10100101 in the upper byte and the
write datain the lower byte. When writing to RFCR, place B'101001 in the upper 6 bits and
the write data in the remaining bits, as shown in figure 10.5.

2. When reading from RFCR, RTCSR, RTCNT, and RTCOR, carry out reads with a 16-bit
width. 0 isread from undefined bits.

15 8 7 0

RTCSR,RTCNT, | 1 [ o [1 [o|o[1][o0] 1] Write data |
RTCOR

15 10 9 0

RFCR[1 [o|1]o]o]1] Write data |

Figure10.5 Writingto RFCR, RTCSR, RTCNT, and RTCOR
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10.2.13 MCS0 Control Register (M CSCRO)

The MCSO0 control register (MCSCRO) is a 16-bit readable/writable register that specifiesthe

MCSI0] pin output conditions.

MCSCRO isinitialized to H'0000 by a power-on reset, but is not initialized by amanual reset or in
standby mode.

Asthe MCSJ0] pin is multiplexed as the PTCO pin, when using the pin as MCS[0], bits
PCOMDIJ1:0] in the PCCR register should be set to 00 (other function).

Bitt 15 14 13 12 11 10 9 8

-l -1 -1T-1T=-7T=-1=171T=

Initial value: 0 0 0 0 0 0 0 0
R/W:

Bit: 7 6 5 4 3 2 1 0

\ — \ CS2/0 \ CAP1 \ CAPO \ A25 \ A24 \ A23 \ A22

Initial value: 0 0 0 0 0 0 0 0

RW: R RIW RIW RIW RIW RIW RIW RIW

Bits 15 to 7—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 6—CS2/CS0 Select (CS2/0): Selects whether an area 2 or area 0 address is to be decoded.

Bit 6: CS2/0 Description
0 Area 0 is selected
1 Area 2 is selected

Only 0 should be used for the CS2/0 bit in MCSCRO. Either O or 1 may be used for MCSCR1 to
MCSCRY.

Bits 5 and 4—Connected Memory Size Specification (CAP1, CAPO)

Bit 5: CAP1 Bit 4: CAPO Description

0 0 32-Mbit memory is connected
0 1 64-Mbit memory is connected
1 0 128-Mbit memory is connected
1 1 256-Mbit memory is connected

Bits 3 to 0—Start Address Specification (A25, A24, A23, A22): These bits specify the start
address of the memory area for which MCS[0] is asserted.
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10.2.14 MCSI1 Control Register (MCSCR1)
The MCS1 control register (MCSCR1) specifies the MCS[1] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.15 MCS2 Control Register (MCSCR2)
The MCS2 control register (MCSCR2) specifies the MCS[2] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.16 MCS3 Control Register (MCSCR3)
The MCS3 control register (MCSCR3) specifies the MCS[3] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.17 MC$A Control Register (MCSCR4)
The MC$4 control register (MCSCR4) specifies the MCS[4] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.18 MCS5 Control Register (M CSCR5)
The MCS5 control register (MCSCRS) specifies the MCS[5] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.19 MCS6 Control Register (M CSCR®6)
The MCS6 control register (MCSCR6) specifies the MCS[6] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.20 MCS7 Control Register (MCSCR7)
The MCS7 control register (MCSCR7) specifies the MCS[7] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.
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10.3 BSC Operation

10.3.1 Endian/Access Size and Data Alignment

The SH7709S supports both big endian, in which the 0 addressis the most significant byte in the
byte data, and little endian, in which the 0 address is the |east significant byte. Switching between
the two is designated by an external pin (MD5 pin) at the time of a power-on reset. After a power-
on reset, big endian is engaged when MD5 islow; little endian is engaged when MD5 is high.

Three data bus widths are available for ordinary memory (byte, word, longword) and two data bus
widths (word and longword) for synchronous DRAM. For the PCMCIA interface, choose from
byte and word. This means data alignment is done by matching the device' s datawidth and
endian. The access unit must also be matched to the device' s bus width. This also means that when
longword datais read from a byte-width device, four read operations must be performed. In the
SH7709S, data alignment and conversion of datalength is performed automatically between the
respective interfaces.

Tables 10.7 to 10.12 show the relationship between endian, device data width, and access unit.

Table 10.7 32-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WET1, WEQO,

Operation D31-D24 D23-D16 D15-D8 D7-DO DQMUU  DQMUL DQMLU DQMLL
Byte access  Data — — — Asserted
ato0 7-0
Byte access — Data — — Asserted
atl 7-0
Byte access — — Data — Asserted
at 2 7-0
Byte access — — — Data Asserted
at3 7-0
Word access Data Data — — Asserted  Asserted
ato0 15-8 7-0
Word access — — Data Data Asserted  Asserted
at 2 15-8 7-0
Longword Data Data Data Data Asserted  Asserted Asserted Asserted

access at0 31-24 23-16 15-8 7-0
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Table 10.8 16-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
D31- D23- WES, WE2, WET1, WEO,
Operation D24 D16 Di15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — Data — Asserted —
7-0
Byte access at 1 — — — Data Asserted
7-0
Byte access at 2 — — Data — Asserted —
7-0
Byte access at 3 — — — Data Asserted
7-0
Word access at 0 — — Data Data Asserted  Asserted
15-8 7-0
Word access at 2 — — Data Data Asserted  Asserted
15-8 7-0
Longword 1sttime — — Data Data Asserted  Asserted
access at0 31-24 23-16
ato 2nd time — — Data Data Asserted  Asserted
at 2 15-8 7-0
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Table10.9 8-Bit External Device/Big-Endian Access and Data Alignment

Data Bus Strobe Signals
D31- D23- D15- WES3, WE2, WET{, WEO,

Operation D24 D16 D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data 7-0 Asserted
Byte access at 1 — — — Data 7-0 Asserted
Byte access at 2 — — — Data 7-0 Asserted
Byte access at 3 — — — Data 7-0 Asserted
Word access 1sttime — — — Data Asserted
ato ato 15-8

2nd time — — — Data Asserted

atl 7-0
Word access 1sttime — — — Data Asserted
at 2 at 2 15-8

2nd time — — — Data Asserted

at3 7-0
Longword 1sttime — — — Data Asserted
accessat0 atO 31-24

2nd time — — — Data Asserted

atl 23-16

3rd time — — — Data Asserted

at 2 15-8

4th time — — — Data Asserted

at3 7-0
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Table 10.10 32-Bit External Device/L ittle-Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WET1, WEO,

Operation D31-D24 D23-D16 D15-D8 D7-DO DQMUU  DQMUL DQMLU DQMLL
Byte access — — — Data Asserted
at0 7-0
Byte access — — Data — Asserted
at 1 7-0
Byte access — Data — — Asserted
at 2 7-0
Byte access  Data — — — Asserted
at 3 7-0
Word access — — Data Data Asserted  Asserted
ato0 15-8 7-0
Word access Data Data — — Asserted  Asserted
at 2 15-8 7-0
Longword Data Data Data Data Asserted  Asserted Asserted Asserted
access at0 31-24 23-16 15-8 7-0

Table 10.11 16-Bit External Device/Little-Endian Access and Data Alignment

Data Bus Strobe Signals
D31- D23- WES, WE2, WET1, WEO,
Operation D24 D16 Di15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data Asserted
7-0
Byte access at 1 — — Data — Asserted
7-0
Byte access at 2 — — — Data Asserted
7-0
Byte access at 3 — — Data — Asserted
7-0
Word access at 0 — — Data Data Asserted  Asserted
15-8 7-0
Word access at 2 — — Data Data Asserted  Asserted
15-8 7-0
Longword 1sttime — — Data Data Asserted  Asserted
access at0 15-8 7-0
ato 2nd time — — Data Data Asserted  Asserted
at 2 31-24 23-16
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Table 10.12 8-Bit External Device/Little-Endian Access and Data Alignment

Data Bus Strobe Signals
D31- D23- D15-D8 WES3, WE2, WE1, WEO,
Operation D24 D16 D7-DO DQMUU  DQMUL DQMLU DQMLL
Byte access at 0 — — — Data Asserted
7-0
Byte access at 1 — — — Data Asserted
7-0
Byte access at 2 — — — Data Asserted
7-0
Byte access at 3 — — — Data Asserted
7-0
Word access 1sttime — — — Data Asserted
ato0 ato0 7-0
2nd time — — — Data Asserted
atl 15-8
Word access 1sttime — — — Data Asserted
at 2 at 2 7-0
2nd time — — — Data Asserted
at3 15-8
Longword 1sttime — — — Data Asserted
access at0 ato 7-0
2nd time — — — Data Asserted
atl 15-8
3rd time — — — Data Asserted
at 2 23-16
4th time — — — Data Asserted
at3 31-24
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10.3.2 Description of Areas

Area 0: Area 0 physical address hits A28-A26 are 000. Address hits A31-A29 are ignored and
the address range is H'00000000 + H'20000000 x n — H'03FFFFFF + H'20000000 % n (n = 0-6
and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM, ROM, and burst ROM can be connected to this space. Byte,
word, or longword can be selected as the bus width using external pins MD3 and MD4. When the
area 0 space is accessed, the CS0 signal is asserted. The RD signal that can be used as OE and the
WEO-WE3 signals for write control are also asserted. The number of bus cyclesis selected
between 0 and 10 wait cycles using the AOW2-A0WO bitsin WCR2. When the burst function is
used, the bus cycle pitch of the burst cycle is determined within arange of 2—10 according to the
number of waits.

Area 1: Areal physical address bits A28-A26 are 001. Address bits A31-A29 are ignored and
the address range is H'04000000 + H'20000000 x n — H'07FFFFFF + H'20000000 x n (n = 0-6
and n = 1-6 are the shadow spaces).

Area listhe area specifically for internal peripheral modules. External memories cannot be
connected.

Control registers of the peripheral modules shown below are mapped to thisarea 1. Their
addresses are physical addresses, to which logical addresses can be mapped when the MMU is
enabled:

DMAC, PORT, IrDA, SCIF, ADC, DAC, INTC (except INTEVT, IPRA, IPRB)
These registers must be set not to be cached by using software.

Area 2: Area 2 physical address bits A28-A26 are 010. Address bits A31-A29 are ignored and
the address range is H'08000000 + H'20000000 x n — H'0BFFFFFF + H'20000000 x n (n = 0-6
and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM and ROM, as well as synchronous DRAM, can be connected
to this space. Byte, word, or longword can be selected as the bus width using bits A2SZ1 and
A2S70in BCR2 for ordinary memory.

When the area 2 space is accessed, the CS2 signal is asserted. When ordinary memories are
connected, the RD signal that can be used as OE and the WEO-WE3 signals for write control are
also asserted and the number of bus cyclesis selected between 0 and 3 wait cycles using hits
A2W1 and A2WO0 bitsin WCR2. Only when ordinary memories are connected, any way can be
inserted in each bus cycle by means of the external wait pin (WAIT).

When synchronous DRAM is connected, the RAS3U and RAS3L signals, CASU and CASL
signals, RD/WR signal, and byte control signals DQMHH, DQMHL, DQMLH, and DQMLL are
all asserted and addresses multiplexed. Control of RAS3U, RAS3L, CASU, CASL, datatiming,
and address multiplexing is set with MCR.
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Area 3: Area 3 physical address bits A28-A26 are 011. Address bits A31-A29 are ignored and
the address range is H'0C000000 + H'20000000 x n — H'OFFFFFFF + H'20000000 % n (n = 0-6
and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM and ROM, as well as synchronous DRAM, can be connected
to this space. Byte, word or longword can be selected as the bus width using bits A3SZ1 and
A3SZ0 bitsin BCR2 for ordinary memory.

When area 3 space is accessed, CS3 is asserted.

When ordinary memories are connected, the RD signal that can be used as OE and the WEO—WE3
signals for write control are asserted and the number of bus cyclesis selected between 0 and 3 wait
cycles using the A3W1 and A3WO bitsin WCR2.

When synchronous DRAM is connected, the RAS3U and RAS3L signals, CASU and CASL
signals, RD/WR signal, and byte control signals DQMHH, DQMHL, DQMLH, and DQMLL are
all asserted and addresses multiplexed.

Area 4: Area4 physical address bits A28-A26 are 100. Address bits A31-A29 are ignored and
the address range is H'120000000 + H'20000000 x n— H'13FFFFFF + H'20000000 x n (n = 0-6
and n = 1-6 are the shadow spaces).

Only ordinary memories such as SRAM and ROM can be connected to this space. Byte, word, or
longword can be selected as the bus width using bits A4SZ1 and A4SZ0 in BCR2. When the area
4 space is accessed, the CS4 signal is asserted. The RD signal that can be used as OE and the
WEO0-WE3 signals for write control are also asserted. The number of buscyclesis selected
between 0 and 10 wait cycles using the A4W2-A4WO0 bitsin WCR2. Any wait can be inserted in
each bus cycle by means of the external wait pin (WAIT).

Area5: Area5 physical address bits A28-A26 are 101. Address bits A31-A29 are ignored and
the address range is the 64 Mbytes at H'14000000 + H'20000000 x n — H'17FFFFFF +
H'20000000 x n (n = 0-6 and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM and ROM as well as burst ROM and PCMCIA interfaces can
be connected to this space. When the PCM CIA interface is used, the IC memory card interface
address range comprises the 32 Mbytes at H'14000000 + H'20000000 x n to H'15FFFFFF +
H'20000000 x n (n = 0-6 and n = 1-6 are the shadow spaces), and the 1/O card interface address
range comprises the 32 Mbytes at H'16000000 + H'20000000 x n to H'17FFFFFF + H'20000000 x
n (n = 0-6 and n = 1-6 are the shadow spaces).

For ordinary memory and burst ROM, byte, word, or longword can be selected as the bus width
using bits A5SZ1 and A5SZ0 in BCR2. For the PCMCIA interface, byte or word can be selected
as the bus width using bits A5SZ1 and A5SZ0 hitsin BCR2.
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When the area 5 space is accessed and ordinary memory is connected, the CS5 signal is asserted.
The RD signal that can be used as OE and the WEO-WE3 signals for write control are also
asserted. When the PCMCIA interface is used, the CE1A signal, CE2A signal, RD signal as OE
signal, and WE1 signal are asserted.

The number of bus cyclesis selected between 0 and 10 wait cycles using the ASW2-A5WO bitsin
WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using the ASW2—
A5WO bitsin WCR2 and the ASW3 bit in PCR. In addition, any humber of waits can be inserted
in each bus cycle by means of the external wait pin (WAIT). When aburst function is used, the
bus cycle pitch of the burst cycle is determined within arange of 2-11 (2—39 for the PCMCIA
interface) according to the number of waits. The setup and hold times of address/CS5 for the
read/write strobe signal's can be set in the range 0.5-7.5 using bits ASTED2-A5TEDO and
AS5TEH2-A5TEHO in the PCR register.

Area 6: Area 6 physical address bits A28-A26 are 110. Address bits A31-A29 are ignored and
the address range is the 64 Mbytes at H'18000000 + H'20000000 x n — H'1BFFFFFF +
H'20000000 x n (n = 0-6 and n = 1-6 are the shadow spaces).

Ordinary memories such as SRAM and ROM as well as burst ROM and PCMCIA interfaces can
be connected to this space. When the PCM CIA interface is used, the IC memory card interface
address range is 32 Mbytes at H'18000000 + H'20000000 x n — H'19FFFFFF + H'20000000 % n
and the 1/O card interface address range is 32 Mbytes at H'1A000000 + H'20000000 x nh —
H'1BFFFFFF + H'20000000 % n (n = 0—6 and n = 1-6 are the shadow spaces).

For ordinary memory and burst ROM, byte, word, or longword can be selected as the bus width
using bits A6SZ1 and A6SZ0 in BCR2. For the PCMCIA interface, byte or word can be selected
as the bus width using bits A6SZ1 and A6SZ0 in BCR2.

When the area 6 space is accessed and ordinary memory is connected, the CS6 signal is asserted.
The RD signal that can be used as OE and the WEO-WE3 signals for write control are also
asserted. When the PCMCIA interface is used, the CE1B signal, CE2B signal, RD signal as OE
signal, and WE, ICIORD, and ICIOWR signals are asserted.

The number of bus cyclesis selected between 0 and 10 wait cycles using the ABW2-A6WO bitsin
WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using the A6W2—
ABWO bitsin WCR2 and the A6W3 bit in PCR. In addition, any humber of waits can be inserted
in each bus cycle by means of the external wait pin (WAIT). The bus cycle pitch of the burst cycle
is determined within arange of 2—11 (2-39 for the PCMCIA interface) according to the number of
waits. The address/CS6 setup and hold times for the read/write strobe signals can be set in the
range 0.5-7.5 using bits AGTED2-AG6TEDO and A6TEH2-AG6TEHO in the PCR register.
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10.3.3 BasicInterface

Basic Timing: The basic interface of the SH7709S uses strobe signal output in consideration of
the fact that mainly static RAM will be directly connected. Figure 10.6 shows the basic timing of
normal space accesses. A no-wait normal accessis completed in two cycles. The BS signal is
asserted for one cycle to indicate the start of a bus cycle. The CSn signal is negated on the T2
clock falling edge to secure the negation period. Therefore, in case of access at minimum pitch,
there is a half-cycle negation period.

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 32 bits are always
read in case of a 32-hit device, and 16 bitsin case of a 16-bit device. When writing, only the WE
signal for the byte to bewritten is asserted. For details, see section 10.3.1, Endian/Access Size and
Data Alignment.

Read/write for cache fill or write-back follows the set bus width and transfers atotal of 16 bytes
continuously. The busis not released during this transfer. For cache misses that occur during byte
or word operand accesses or branching to odd word boundaries, the fill isaways performed by
longword accesses on the chip-external interface. Write-through-area write access and non-
cacheable read/write access are based on the actual address size.
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A25 to AO

Figure10.6 Basic Timing of Basic Interface
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Figures 10.7, 10.8, and 10.9 show examples of connection to 32, 16, and 8-bit data-width static
RAM, respectively.

128k x 8-bit
SH7709S SRAM
A18 A16
A2 —{A0
CSn Ccs
RD OE
D31 1107
D24 i 1/00
WE3 WE
D23
D16 i A16
WE2 : :
D15 ’ A0
_D8 OE
WE1 1107
D7 i
s /00
DO WE
WEO
A16
A
Cs
OE
1107
1/00
WE
A16
A0
cs
OE
1107
1/00
WE

Figure 10.7 Example of 32-Bit Data-Width Static RAM Connection
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128k x 8-bit

SH7709S SRAM
A17 A16
A1 : —{ A0
csn cs
RD OE
D15 07
D8 | 100
WET WE
D7
DO : A16
WEO el
A
cs
OE
107
/00
WE

Figure 10.8 Example of 16-Bit Data-Width Static RAM Connection
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SH7709S

128k x 8-bit
SRAM

A16

AO
Csn

RD

D7

DO
WEO

A16

A0
cs
OE
1107

/00
WE

Figure10.9 Example of 8-Bit Data-Width Static RAM Connection
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Wait State Control: Wait state insertion on the basic interface can be controlled by the WCR2
settings. If the WCR2 wait specification bits corresponding to a particular area are not zero, a
software wait is inserted in accordance with that specification. For details, see section 10.2.4, Wait
State Control Register 2 (WCR2).

The specified number of Tw cycles are inserted as wait cycles using the basic interface wait timing
shown in figure 10.10.

X
i

| |
| |
_ ! l
RD/WR :>< X
| |
| |
RD : \ :
| |
Read : :
| |
D31 to DO —! /_*'_>—:—
| i |
| |
WEn i \ / i
Write

-
\

&

Figure 10.10 Basic Interface Wait Timing (Softwar e Wait Only)
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When software wait insertion is specified by WCR2, the external wait input WAIT signal isalso
sampled. WAIT pin sampling is shown in figure 10.11. A 2-cycle wait is specified as a software
wait. Sampling is performed at the transition from the Tw state to the T, state; therefore, if the
WAIT signal has no effect if asserted inthe T, cycle or the first Tw cycle.

When the WAITSEL bit in the WCRL1 register is set to 1, the WAIT signal is sampled at the
falling edge of the clock. If the setup time and hold times with respect to the falling edge of the
clock are not satisfied, the value sampled at the next falling edge is used.

However, the WAIT signal isignored in the following three cases:

e A writeto external address space in dual address mode with 16-byte DMA transfer

» Transfer from an external device with DACK to external address space in single address mode
with 16-byte DMA transfer

* Cache write-back access
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Wait states inserted

by WAIT signal

CKIO
A25 to AO

Figure10.11 Basic Interface Wait State Timing (Wait State Insertion by WAIT Signal

:]_)

WAITSEL
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10.3.4  Synchronous DRAM Interface

Synchronous DRAM Direct Connection: Since synchronous DRAM can be selected by the CS
signal, physical space areas 2 and 3 can be connected using RAS and other control signalsin
common. If the memory type bits (DRAMTP2-0) in BCR1 are set to 010, area 2 is ordinary
memory space and area 3 is synchronous DRAM space; if set to 011, areas 2 and 3 are both
synchronous DRAM space. Note, however, that synchronous DRAM must not be accessed when
clock ratio I@:B = 1:1.

With the SH7709S, burst length 1 burst read/single write mode is supported as the synchronous
DRAM operating mode. A data bus width of 16 or 32 bits can be selected. A 16-bit burst transfer
is performed in a cache fill/write-back cycle, and only one access is performed in awrite-through
area write or a non-cacheable area read/write.

The control signalsfor direct connection of synchronous DRAM are RAS3L, RAS3U, CASL,
CASU, RD/WR, CS2 or CS3, DOMUU, DQMUL, DQMLU, DQMLL, and CKE. All the signals
other than CS2 and CS3 are common to all areas, and signals other than CKE are valid and fetched
to the synchronous DRAM only when CS2 or CS3 is asserted. Synchronous DRAM can therefore
be connected in parallel to a number of areas. CKE is negated (low) only when self-refreshing is
performed, and is always asserted (high) at other times.

In the refresh cycle and mode-register write cycle, RAS3U and RAS3L or CASU and CASL are
output.

Commands for synchronous DRAM are specified by RAS3L, RAS3U, CASL, CASU, RD/WR,
and special address signals. The commands are NOP, auto-refresh (REF), self-refresh (SELF),
precharge all banks (PALL), row address strobe bank active (ACTV), read (READ), read with
precharge (READA), write (WRIT), write with precharge (WRITA), and mode register write
(MRS).

Byte specification is performed by DQMUU, DOQMUL, DQMLU, and DQMLL. A read/writeis
performed for the byte for which the corresponding DQM islow. In big-endian mode, DQMUU
specifies an access to address 4n, and DOMLL specifies an access to address 4n + 3. Inlittle-
endian mode, DQMUU specifies an access to address 4n + 3, and DQMLL specifies an accessto
address 4n.

Figures 10.12 and 10.13 show examples of the connection of two 1M x 16-bit x 4-bank
synchronous DRAMs and one 1M x 16-hit x 4-bank synchronous DRAM, respectively.
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64M synchronous

DRAM
SH7709S (1M x 16-bit x 4-bank)
A15 A13
A2 A0
CKIO0 CLK
CKE CKE
CSn CS
RAS3x RAS
CASx CAS
RD/WR WE
D31 DQ15
D16 DQO
DQMUU DQMU
DQMUL DQML
D15
A13
DO Pl
DQMLU A0
DQMLL CLK
CKE
Cs
RAS
CAS
WE
DQ15
DQO
DQMU
Note : "x"is UorlL DQML

Figure 10.12 Example of 64-Mbit Synchronous DRAM Connection (32-Bit Bus Width)

Rev. 5.00, 09/03, page 277 of 760
RENESAS




64M synchronous DRAM

SH7709S (1M x 16 bit x 4 bank)
A14 A13
A13 A12
A12 A11

A1 A0
CKIO CLK
CKE CKE
CSn Cs_
RAS3x RAS
CASX CAS
RD/WR WE
D15 DQ15
DO DQO
DQMLU DQMU
DQMLL DQML

Figure 10.13 Example of 64-Mbit Synchronous DRAM Connection (16-Bit Bus Width)

Address Multiplexing: Synchronous DRAM can be connected without external multiplexing
circuitry in accordance with the address multiplex specification bits AMX2-AM X0 in MCR. Table
10.13 shows the relationship between the address multiplex specification bits and the bits output at
the address pins.

A25-A17 and A0 are not multiplexed; the original values are always output at these pins.

When AQ, the LSB of the synchronous DRAM address, is connected to the SH7709S, it performs
longword address specification. Connection should therefore be made in the following order: with
a 32-bit bus width, connect pin A0 of the synchronous DRAM to pin A2 of the SH7709S, then
connect pin Al to pin A3; with a 16-bit bus width, connect pin A0 of the synchronous DRAM to
pin Al of the SH7709S, then connect pin Al to pin A2.
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Table 10.13 Relationship between Bus Width, AM X Bits, and Address M ultiplex Output

Setting External Address Pins
Bus Memory AMX AMX AMX AMX Output Alto
Width Type 3 2 1 0 Timing A8 A9 Al0 All Al2 Al3 Al4 Al5 Al6
32 bits 4M x 1 1 0 1 Column Alto A9 Al0 All L/H*3A13 A23 A24**A25™
16bits x address A8
4banks™*
Row Al0t0Al18 A19 A20 A21 A22 A23 A24**p25**
address A17
2M x 0 1 0 1 Column Alto A9 Al0 All L/H*3A13 A23*“A24*
16bits x address A8
4banks*?
Row A10t0A18 Al19 A20 A21 A22 A23**A24*4
address Al17
1M x 0 1 0 0 Column Alto A9 Al0 All L/H*3A13 A22*“A23*
16bits x address A8
4banks*?
Row A9to Al7 Al8 A19 A20 A21 A22**A23**
address Al6
2M x 0 1 0 1 Column Alto A9 Al0 All L/H*3A13 A23*“A24**
8bits x address A8
4banks*?
Row A10t0A18 Al19 A20 A21 A22 A23**A24*4
address A17
512kx 0 1 1 1 Column Alto A9 Al0 All L/H*3 A21**A22*“Al5
32bits x address A8
4banks*?
Row A9to Al7 Al8 A19 A20 A21"*A22**A23
address Al6
16 bits 8M x 1 1 1 0 Column Alto A9 Al0 L/H*3A12 A23 A24**A25*
16bits x address A8
4banks™*
Row AlltoA19 A20 A21 A22 A23 A24**A25**
address A18
4AM x 1 1 0 1 Column Alto A9 Al0 LHSA12 A22 A23*“A24*
16bits x address A8
4banks*?
Row A10t0Al18 Al19 A20 A21 A22 A23**A24*4
address Al7

RENESAS
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Setting

External Address Pins

Bus Memory AMX AMX AMX AMX Output Alto

width Type 3 2 1 0 Timing A8 A9 Al0 All Al2 Al3 Al4 Al5 Al6
2M x 0 1 0 1 Column Alto A9 Al0 LH®A12 A22*“A23*“A24
16bits x address A8
4banks*?
Row A10t0A18 Al19 A20 A21 A22"*A23"“A24
address Al7
1M x 0 1 0 0 Column Alto A9 Al0 LH*3A12 A21**A22**Al5
16bits x address A8
4banks*?
Row A9to Al7 Al8 A19 A20 A21"*A22**A23
address Al6
2M x 0 1 0 1 Column Alto A9 Al0 LH*3A12 A22**A23%*A24
8bits x address A8
4banks*?
Row A10t0A18 Al19 A20 A21 A22"*A23*“A24

address Al7

Notes: 1. Only RAL3L or CASL is output.

2. When addresses are upper 32 Mbytes, RAS3U or CASU is output.

When addresses are lower 32 Mbytes, RAS3L or CASL is output.

3. L/His a bit used in the command specification; it is fixed at L or H according to the

access mode.
4. Bank address specification
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Table 10.14 Example of Correspondence between SH7709S and Synchronous DRAM
Address Pins (AM X [3:0] = 0100 (32-Bit Bus Width))

SH7709S Address Pin Synchronous DRAM Address Pin
RAS Cycle CAS Cycle Function
Al5 A23 A23 A13(BA1) BANK select bank address
Al4 A22 A22 A12(BAO0)
Al3 A21 Al3 All Address
Al12 A20 L/H Al10 Address precharge setting
All Al9 All A9 Address
Al0 Al8 Al0 A8
A9 Al7 A9 A7
A8 Al6 A8 A6
A7 Al5 A7 A5
A6 Al4 A6 A4
A5 Al3 A5 A3
A4 Al12 Ad A2
A3 All A3 Al
A2 Al10 A2 A0
Al A9 Al Not used
A0 A0 A0 Not used

Burst Read: Inthe examplein figure 10.15 it is assumed that four 2M x 8-bit synchronous
DRAMs are connected and a 32-bit datawidth is used, and the burst lengthis 1. Following the Tr
cyclein which ACTV command output is performed, a READ command isissued inthe Tcl, Tc2,
and Tc3 cycles, and a READA command in the Tc4 cycle, and the read data is accepted at the
rising edge of the external command clock (CK10) from cycle Td1 to cycle Td4. TheTpc cycleis
used to wait for completion of auto-precharge based on the READA command inside the
synchronous DRAM; no new access command can be issued to the same bank during this cycle,
but accessto synchronous DRAM for another areais possible. In the SH7709S, the number of Tpc
cyclesisdetermined by the TPC bit specification in MCR, and commands cannot be issued for the
same synchronous DRAM during thisinterval.

The example in figure 10.14 shows the basic cycle. To connect low-speed synchronous DRAM,
the cycle can be extended by setting WCR2 and MCR bits. The number of cycles from the ACTV
command output cycle, Tr, to the READ command output cycle, Tcl, can be specified by the
RCD bitsin MCR, with values of 0 to 3 specifying 1 to 4 cycles, respectively. In case of 2 or more
cycles, aTrw cycle, in which an NOP command isissued for the synchronous DRAM, isinserted
between the Tr cycle and the Tc cycle. The number of cyclesfrom READ and READA command
output cycles Tcl-Tc4 to the first read data latch cycle, Td1, can be specified as 1 to 3 cycles
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independently for areas 2 and 3 by means of bits A2W1 and A2W0 or A3W1 and A3WO0 in
WCR2. This number of cycles corresponds to the number of synchronous DRAM CAS latency

cycles.
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Figure10.14 Basic Timing for Synchronous DRAM Burst Read
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Figure 10.15 shows the burst read timing when RCD isset to 1, A3W1 and A3WO are set to 10,

and TPCissetto 1.

The BS cycle, which is asserted for one cycle at the start of abus cycle for normal access space, is
performed, the address is updated each time CAS is asserted. Asthe unit of burst transfer is 16
updating is performed for A3, A2, and A1). The order of accessis as follows: in afill operationin

asserted in each of cycles Td1-Td4 in a synchronous DRAM cycle. When aburst read is
bytes, address updating is performed for A3 and A2 only (when the buswidth is 16 bits, address

the event of a cache miss, the missed datais read first, then 16-byte boundary data including the

missed datais read in wraparound mode.
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Figure10.15 Synchronous DRAM Burst Read Wait Specification Timing
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Single Read: Figure 10.16 shows the timing when a single address read is performed. As the burst

length is set to 1 in synchronous DRAM burst read/single write mode, only the required datais
output. Consequently, no unnecessary bus cycles are generated even when a cache-through areaiis

accessed.

Td1

Tc1

Tr

CKIO

< 7%
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< MM ot . a
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- Al = ~—
Le o ©ec- ;S < < O 2 9
<< <« << IO o S a8 |

Figure10.16 Basic Timingfor Synchronous DRAM Single Read
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Burst Write: Thetiming chart for a burst write is shown in figure 10.17. In the SH7709S, a burst
write occurs only in the event of cache write-back or 16-byte DMAC transfer. In aburst write
operation, following the Tr cycle in which ACTV command output is performed, a WRIT
command isissued inthe Tcl, Tc2, and Tc3 cycles, and aWRITA command that performs auto-
prechargeisissued in the Tc4 cycle. Inthe write cycle, the write datais output at the same time as
the write command. In case of the write with auto-precharge command, precharging of the
relevant bank is performed in the synchronous DRAM after completion of the write command,
and therefore no command can be issued for the same bank until precharging is completed.
Consequently, in addition to the precharge wait cycle, Tpc, used in aread access, cycle Trwl is
also added as await interval until precharging is started following the write command. | ssuance of
anew command for the same bank is deferred during this interval. The number of Trwl cycles can
be specified by the TRWL bitsin MCR.
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Figure 10.17 Basic Timingfor Synchronous DRAM Burst Write
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Single Write: The basic timing chart for write accessis shown in figure 10.18. In asingle write
operation, following the Tr cycle in which ACTV command output is performed, a WRITA
command that performs auto-precharge isissued inthe Tcl cycle. Inthe write cycle, the write
datais output at the same time as the write command. In case of the write with auto-precharge
command, precharging of the relevant bank is performed in the synchronous DRAM after
completion of the write command, and therefore no command can be issued for the same bank
until precharging is completed. Consequently, in addition to the precharge wait cycle, Tpc, used in
aread access, cycle Trwl is also added as await interval until precharging is started following the
write command. Issuance of anew command for the same bank is deferred during thisinterval.
The number of Trwl cycles can be specified by the TRWL bitsin MCR.
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Figure10.18 Basic Timing for Synchronous DRAM Single Write
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Bank Active: The synchronous DRAM bank function is used to support high-speed accesses to
the same row address. When the RASD bit in MCR is 1, read/write command accesses are
performed using commands without auto-precharge (READ, WRIT). In this case, precharging is
not performed when the access ends. When accessing the same row address in the same bank, it is
possible to issue the READ or WRIT command immediately, without issuing an ACTV command,
in the same way asin the RAS down state in DRAM fast page mode. As synchronous DRAM is
internally divided into two or four banks, it is possible to activate one row address in each bank. If
the next access isto adifferent row address, a PRE command isfirst issued to precharge the
relevant bank, then when precharging is completed, the accessis performed by issuing an ACTV
command followed by a READ or WRIT command. If thisis followed by an accessto a different
row address, the access time will be longer because of the precharging performed after the access
request isissued.

In awrite, when auto-precharge is performed, a command cannot be issued for a period of Trwl +
Tpc cycles after issuance of the WRITA command. When bank active mode is used, READ or
WRIT commands can be issued successively if the row address is the same. The number of cycles
can thus be reduced by Trwl + Tpc cyclesfor each write. The number of cycles between issuance
of the precharge command and the row address strobe command is determined by the TPC bitsin
MCR.

Whether faster execution speed is achieved by use of bank active mode or by use of basic accessis
determined by the probability of accessing the same row address (P1), and the average number of
cycles from completion of one access to the next access (Ta). If Tais greater than Tpc, the delay
due to the precharge wait when writing isimperceptible. In this case, the access speed for bank
active mode and basic access is determined by the number of cycles from the start of accessto
issuance of the read/write command: (Tpc + Tred) x (1 — P1) and Trcd, respectively.

Thereisalimit on Tras, the time for placing each bank in the active state. If there is no guarantee
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set the
refresh cycle to no more than the maximum value of Tras. In thisway, it is possible to observe the
restrictions on the maximum active state time for each bank. If auto-refresh is not used, measures
must be taken in the program to ensure that the banks do not remain active for longer than the
prescribed time.

A burst read cycle without auto-precharge is shown in figure 10.19, a burst read cycle for the same
row addressin figure 10.20, and a burst read cycle for different row addresses in figure 10.21.
Similarly, a burst write cycle without auto-precharge is shown in figure 10.22, a burst write cycle
for the same row address in figure 10.23, and a burst write cycle for different row addressesin
figure 10.24.
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A Tnop cycle, in which no operation is performed, is inserted before the Tc cycle in which the
READ command isissued in figure 10.20, but when synchronous DRAM isread, there is atwo-
cycle latency for the DQMxx signal that performs the byte specification. If the Tc cycle were
performed immediately, without inserting a Tnop cycle, it would not be possible to perform the
DQMxx signal specification for Td1 cycle data output. Thisisthe reason for inserting the Thop
cycle. If the CAS latency istwo cycles or longer, Tnop cycle insertion is not performed, since the
timing requirements will be met even if the DQMxx signal is set after the Tc cycle.

When bank active mode is set, if only accesses to the respective banks in the area 3 space are
considered, aslong as accesses to the same row address continue, the operation starts with the
cyclein figure 10.19 or 10.22, followed by repetition of the cycle in figure 10.20 or 10.23. An
accessto adifferent area 3 space during thistime has no effect. If there is an access to a different
row addressin the bank active state, after thisis detected the bus cycle in figure 10.21 or 10.24 is
executed instead of that in figure 10.20 or 10.23. In bank active mode, too, all banks become
inactive after arefresh cycle or after the bus is released as the result of bus arbitration.

The bank active mode should not be used unless the bus width for all areasis 32 bits.
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Figure 10.19 Burst Read Timing (No Precharge)
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Figure10.20 Burst Read Timing (Same Row Address)
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Figure10.21 Burst Read Timing (Different Row Addresses)
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Figure10.22 Burst Write Timing (No Prechar ge)
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Figure10.23 Burst Write Timing (Same Row Address)
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Figure10.24 Burst Write Timing (Different Row Addresses)
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Refreshing: The bus state controller is provided with afunction for controlling synchronous
DRAM refreshing. Auto-refreshing can be performed by clearing the RMODE bit to 0 and setting
the RFSH bit to 1 in MCR. If synchronous DRAM is not accessed for along period, self-refresh
mode, in which the power consumption for data retention islow, can be activated by setting both
the RMODE bit and the RFSH bit to 1.

e Auto-Refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2-0in
RTCSR, and the value set in RTCOR. The value of bits CKS2-0 in RTCOR should be set so as
to satisfy the refresh interval stipulation for the synchronous DRAM used. First make the
settings for RTCOR, RTCNT, and the RMODE and RFSH bitsin MCR, then make the CK S2-
CK S0 setting. When the clock is selected by CKS2-CK S0, RTCNT starts counting up from the
value at that time. The RTCNT value is constantly compared with the RTCOR value, and if the
two values are the same, a refresh request is generated and an auto-refresh is performed. At the
sametime, RTCNT is cleared to zero and the count-up is restarted. Figure 10.25 shows the
auto-refresh cycle timing.

All-bank precharging is performed in the Tp cycle, then an REF command isissued in the TRr
cycle following the interval specified by the TPC bitsin MCR. After the TRr cycle, new
command output cannot be performed for the duration of the number of cycles specified by the
TRAS bitsin MCR plus the number of cycles specified by the TPC bitsin MCR. The TRAS
and TPC bits must be set so as to satisfy the synchronous DRAM refresh cycle time stipulation
(activel/active command delay time).

Auto-refreshing is performed in normal operation, in sleep mode, and in case of a manual
reset.
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Figure10.25 Auto-Refresh Operation
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Figure10.26 Synchronous DRAM Auto-Refresh Timing
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Self-Refreshing

Self-refresh mode is akind of standby mode in which the refresh timing and refresh addresses
are generated within the synchronous DRAM. Self-refreshing is activated by setting both the
RMODE bhit and the RFSH hit to 1. The self-refresh state is maintained while the CKE signal
islow. Synchronous DRAM cannot be accessed while in the self-refresh state. Self-refresh
mode is cleared by clearing the RMODE bit to 0. After self-refresh mode has been cleared,
command issuance is disabled for the number of cycles specified by the TPC bitsin MCR.
Self-refresh timing is shown in figure 10.27. Settings must be made so that self-refresh
clearing and data retention are performed correctly, and auto-refreshing is performed at the
correct intervals. When self-refreshing is activated from the state in which auto-refreshing is
set, or when exiting standby mode other than through a power-on reset, auto-refreshing is
restarted if RFSH is set to 1 and RMODE is cleared to 0 when self-refresh mode is cleared. If
the transition from clearing of self-refresh mode to the start of auto-refreshing takes time, this
time should be taken into consideration when setting the initial value of RTCNT. Making the
RTCNT value 1 less than the RTCOR value will enable refreshing to be started immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby state
is entered using the SH7709S s standby function, and is maintained even after recovery from
standby mode other than through a power-on reset. In case of a power-on reset, the bus state
controller’ sregisters are initialized, and therefore the self-refresh state is cleared.

Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in case
of amanual reset.

When using synchronous DRAM, use the following procedure to initiate self-refreshing.

1. Clear therefresh control bit to O.
2. Write H'00 to the RTCNT register.
3. Set therefresh control bit and refresh mode bit to 1.
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Figure 10.27 Synchronous DRAM Self-Refresh Timing
* Relationship between Refresh Requests and Bus Cycle Requests

If arefresh request is generated during execution of a bus cycle, execution of the refreshis
deferred until the bus cycle is completed. If arefresh request occurs when the bus has been
released by the bus arbiter, refresh execution is deferred until the busis acquired. If a match
between RTCNT and RTCOR occurs while arefresh is waiting to be executed, so that anew
refresh request is generated, the previous refresh request is eliminated. In order for refreshing
to be performed normally, care must be taken to ensure that no bus cycle or bus right occurs
that islonger than the refresh interval. When arefresh request is generated, the IRQOUT pinis
asserted (driven low). Therefore, normal refreshing can be performed by having the IRQOUT
pin monitored by a bus master other than the SH7709S requesting the bus, or the bus arbiter,
and returning the busto the SH7709S. When refreshing is started, and if no other interrupt
reguest has been generated, the IRQOUT pin is negated (driven high).
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Power-On Sequence: In order to use synchronous DRAM, mode setting must first be performed
after powering on. To perform synchronous DRAM initialization correctly, the bus state controller
registers must first be set, followed by a write to the synchronous DRAM mode register. In
synchronous DRAM mode register setting, the address signal value at that timeis latched by a
combination of the RAS, CAS, and RD/WR signals. If the value to be set is X, the bus state
controller provides for value X to be written to the synchronous DRAM mode register by
performing a write to address H'FFFFDOQ0 + X for area 2 synchronous DRAM), and to address
H'FFFFEQQO + X for area 3 synchronous DRAM. In this operation the dataisignored, but the
mode write is performed as a byte-size access. To set burst read/single write, CAS latency 1 to 3,
wrap type = sequential, and burst length 1 supported by the SH7709S, arbitrary datais writtenin a
byte-size access to the following addresses.

With 32-bit bus width:

Area?2 Area3
CASlatency 1 FFFFD840 FFFFE840
CAS latency 2 FFFFD880 FFFFE880
CAS latency 3 FFFFD8CO FFFFE8CO
With 16-bit bus width:

Area?2 Area3
CASlatency 1 FFFFD420 FFFFE420
CAS latency 2 FFFFD440 FFFFE440
CAS latency 3 FFFFD460 FFFFE460

Mode register setting timing is shown in figure 10.28.

Asaresult of the write to address H'FFFFD000 + X or H'FFFFEQQO + X, a precharge all banks
(PALL) command isfirst issued in the TRpl cycle, then amode register write command is issued
inthe TMwL1 cycle.

Address signals, when the mode-register write command isissued, are as follows:

32-hit bus width:
A15-A9 = 0000100 (burst read and single write)
AB8-A6 = CAS latency
A5 =0 (burst type = sequential)
A4-A2 =000 (burst length 1)

16-bit bus width:
A14-A8 = 0000100 (burst read and single write)
A7-A5 = CAS latency
A4 =0 (burst type = sequential)
A3-A1 =000 (burst length 1)
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Before mode register setting, a 100 psidle time (depending on the memory manufacturer) must be

guaranteed after powering on requested by the synchronous DRAM. If the reset signal pulse width
isgreater than thisidle time, thereis no problem in performing mode register setting immediately.

The number of dummy auto-refresh cycles specified by the manufacturer (usually 8) or more must
short refresh request generation interval just while these dummy cycles are being executed. With
simple read or write access, the address counter in the synchronous DRAM used for auto-

be executed. Thisisusually achieved automatically while various kinds of initialization are being
refreshing is not initialized, and so the cycle must always be an auto-refresh cycle.

performed after auto-refresh setting, but away of carrying this out more dependably isto set a
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10.3.5 Burst ROM Interface

Setting bits AOBST1-0, A5BST1-0, and A6BST1-0 in BCRL1 to a non-zero value allows burst
ROM to be connected to areas 0, 5, and 6. The burst ROM interface provides high-speed access to
ROM that has a nibble access function. The timing for nibble access to burst ROM is shown in
figure 10.29. Two wait cycles are set. Basically, accessis performed in the same way as for
normal space, but when the first cycle ends the CS0 signal is not negated, and only the addressis
changed before the next access is executed. When 8-bit ROM is connected, the number of
consecutive accesses can be set as 4, 8, or 16 by bits AOBST1-0, ASBST1-0, or A6BST1-0.
When 16-bit ROM is connected, 4 or 8 can be set in the same way. When 32-bit ROM is
connected, only 4 can be set.

WAIT pin sampling is performed in the first accessif one or more wait states are set, and is
always performed in the second and subsequent accesses.

The second and subsequent access cycles also comprise two cycles when aburst ROM setting is
made and the wait specification is 0. The timing in this case is shown in figure 10.30.

However, the WAIT signal isignored in the following three cases:

* A writeto external address space in dual address mode with 16-byte DMA transfer

» Transfer from an external device with DACK to external address space in single address mode
with 16-byte DMA transfer

* Cache write-back access
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Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Figure10.29 Burst ROM Wait Access Timing
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Figure 10.30 Burst ROM Basic Access Timing
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10.3.6 PCMCIA Interface

In the SH7709S, setting the ASPCM hit in BCR1 to 1 makes the bus interface for physical space
area 5 an IC memory card and /O card interface as stipulated in JEIDA version 4.2
(PCMCIAZ2.1). Setting the AGPCM bit to 1 makes the bus interface for physical space area6 an IC
memory card and 1/O card interface as stipulated in JEIDA version 4.2.

When the PCMCIA interface is used, a bus size of 8 or 16 bits can be set by bits A5SZ1 and
A5SZ0, or A6SZ1 and A6SZ0, in BCR2.

Figure 10.31 shows an example of PCMCIA card connection to the SH7709S. To enable active
insertion of the PCMCIA cards (i.e. insertion or removal while system power is being supplied), a
3-state buffer must be connected between the SH7709S' s bus interface and the PCM CIA cards.

Asoperation in big-endian mode is not explicitly stipulated in the JEIDA/PCMCIA specifications,
the PCMCIA interface for the SH7709S in big-endian mode is stipulated independently.

However, the WAIT signal isignored in the following three cases:

« A writeto external address space in dual address mode with 16-byte DMA transfer

» Transfer from an external device with DACK to external address space in single address mode
with 16-byte DMA transfer

* Cache write-back access
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Figure 10.31 Example of PCMCIA Interface

Rev. 5.00, 09/03, page 308 of 760

RENESAS




Memory Card Interface Basic Timing: Figure 10.32 shows the basic timing for the PCMCIA IC
memory card interface. When physical space areas 5 and 6 are designated as PCMCIA interface
areas, bus accesses are automatically performed as |C memory card interface accesses.

With a high external bus frequency (CK10), the setup and hold times for the address (A24-A0),
card enable (CS5, CE2A, CS6, CE2B), and write data (D15-DO0) in a write cycle, become
insufficient with respect to RD and WR (the WE pin in the SH7709S). The SH7709S provides for
this by enabling setup and hold times to be set for physical space areas 5 and 6 in the PCR register.
Also, software waits by means of a WCR2 register setting and hardware waits by means of the
WAIT pin can be inserted in the same way as for the basic interface. Figure 10.33 shows the
PCMCIA memory bus wait timing.
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Figure10.32 Basic Timing for PCMCIA Memory Card Interface
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Figure 10.33 Wait Timing for PCMCIA Memory Card Interface
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Memory Card Interface Burst Timing: Inthe SH7709S, when the IC memory card interfaceis
selected, page mode burst access mode can be used, for read access only, by setting bits ASBST1
and A5BSTO0 in BCRL for physical space area 5, or bits A6BST1 and A6BSTO in BCR1 for area

6. Thisburst access mode is not stipulated in JEIDA version 4.2 (PCMCIA2.1), but allows high-

speed data access using ROM provided with aburst mode, etc.

Burst access mode timing is shown in figures 10.34 and 10.35.
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Figure10.34 Basic Timing for PCMCIA Memory Card Interface Burst Access
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Figure10.35 Wait Timing for PCMCIA Memory Card Interface Burst Access
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When the entire 32-Mbyte memory space is used as |C memory card interface space, the common
memory/attribute memory switching signal REG is generated using a port, etc. If 16 Mbytes or
less of memory space is sufficient, using 16 Mbytes of memory space as common memory space
and 16 Mbytes as attribute memory space enables the A24 pin to be used for the REG signal.

32-Mbyte capacity (REG = I/O port)

Area 5: H'14000000 Common memory/
attribute memory

Area 5: H'16000000

I/O space
Area 6: H'18000000 Common memory/
attribute memory
Area 6: H'1A000000
1/0 space
Up to 16-Mbyte capacity (REG = A24)
Area 5: H'14000000 Attribute memory
Area 5: H'15000000 Common memory
Area 5: H'16000000 I/O space
H'17000000
Area 6: H'18000000 Attribute memory
Area 6: H'19000000 Common memory
Area 6: H'1A000000 I/0O space
H1B000000 | ————

Figure 10.36 PCMCIA Space Allocation

Rev. 5.00, 09/03, page 314 of 760
RENESAS




I/O Card Interface Timing: Figures 10.37 and 10.38 show the timing for the PCMCIA 1/O card
interface.

Switching between the I/O card interface and the IC memory card interface is performed
according to the accessed address. When PCMCIA is designed for physical space area 5, the bus
access is automatically performed as an 1/0O card interface access when a physical address from
H'16000000 to H'17FFFFFF is accessed. When PCMCIA is designated for physical space area 6,
the bus access is automatically performed asan /O card interface access when a physical address
from H'LA000000 to H'1BFFFFFF is accessed.

When accessing a PCMCIA 1/0 card, the access should be performed using a non-cacheable area
in virtual space (P2 or P3 space) or an area specified as non-cacheable by the MM U.

When an 1/O card interface accessis made to a PCMCIA card in little-endian mode, dynamic
sizing of the 1/0O bus width is possible using the IOIS16 pin. When a 16-bit bus width is set for are
5or area 6, if the IOIS16 signa is high during aword-size I/O bus cycle, the 1/O port is
recognized as being 8 bitsin width. In this case, a data access for only 8 hitsis performed in the
1/0 bus cycle being executed, followed automatically by a data access for the remaining 8 bits.

Figure 10.39 shows the basic timing for dynamic bus sizing.

In big-endian mode, the IOIS16 signal is not supported, and should be fixed low.
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Figure 10.37 Basic Timing for PCMCIA 1/O Card Interface
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Figure10.39 Dynamic Bus Sizing Timing for PCMCIA /O Card Interface
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10.3.7 Waitsbetween Access Cycles

A problem associated with higher external memory bus operating frequencies is that data buffer
turn-off on completion of aread from alow-speed device may be too slow, causing a collision
with datain the next access. Thisresultsin lower reliability or incorrect operation. To avoid this
problem, a data collision prevention feature has been provided. This memorizes the preceding
access area and the kind of read/write. If thereis a possibility of a bus collision when the next
accessis started, await cycle isinserted before the access cycle thus preventing a data collision.
There are two cases in which await cycle isinserted: when an accessis followed by an accessto a
different area, and when aread accessis followed by a write access from the SH7709S. When the
SH7709S performs consecutive write cycles, the data transfer direction isfixed (from the
SH7709S to other memory) and there is no problem. With read accessesto the same areg, in
principle, datais output from the same data buffer, and wait cycle insertion is not performed. Bits
AnlW1 and AnIWO (n = 0, 2-6) in WCR1 specify the number of idle cyclesto be inserted
between access cycles when a physical space area accessis followed by an access to another area,
or when the SH7709S performs a write access after aread accessto physical space arean. If there
isoriginally space between accesses, the number of idle cyclesinserted is the specified number of
idle cycles minus the number of empty cycles.

Waits are not inserted between accesses when bus arbitration is performed, since empty cycles are
inserted for arbitration purposes.
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Figure10.40 Waits between Access Cycles

10.3.8 BusArhbitration

When a bus release request (BREQ) is asserted from an external device, buses are released after
the bus cycle being executed is completed and a bus grant signal (BACK) is output. The busis not
released during burst transfers for cache fills or write-back, or TAS instruction execution between
the read cycle and write cycle. Bus arbitration is not executed in multiple bus cycles that are
generated when the data bus width is shorter than the access size; i.e. in the bus cycles when
longword accessis executed for the 8-bit memory. At the negation of BREQ, BACK is negated
and bus use is restarted. See Appendix A.1, Pin States, for the pin states when the bus is released.

The SH7709S sometimes needs to retrieve a bus it has released. For example, when memory
generates a refresh request or an interrupt request internally, the SH7709S must perform the
appropriate processing. The SH7709S has a bus request signal (IRQOUT) for this purpose. When
it must retrieve the bus, it asserts the IRQOUT signal. Devices asserting an external busrelease
request receive the assertion of theIRQOUT signal and negate the BREQ signal to release the bus.
The SH7709S retrieves the bus and carries out the processing.
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IRQOUT Pin Assertion Conditions:

* When amemory refresh request has been generated but the refresh cycle has not yet begun

e When aninterrupt is generated with an interrupt request level higher than the setting of the
interrupt mask hits (13-10) in the status register (SR). (This does not depend on the SR.BL hit.)

10.3.9 BusPull-Up

With the SH7709S, address pin pull-up can be performed when the bus is released by setting the
PULA bit in BCR1 to 1. The address pins are pulled up for a 4-clock period after BACK is
asserted. Figure 10.41 shows the address pin pull-up timing. Similarly, data pin pull-up can be
performed by setting the PULD bit in BCR1 to 1. The data pins should be pulled up when the data
busisnot in use. The data pin pull-up timing for aread cycle is shown in figure 10.42, and the
timing for awrite cyclein figure 10.43.

w UL

A25 to A y

Pull-up Hi-Z
BACK JR

Figure10.41 Pull-Up Timing for PinsA25to A0
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Figure 10.42 Pull-Up Timing for PinsD31 to DO (Read Cycle)
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Figure 10.43 Pull-Up Timing for Pins D31 to DO (Write Cycle)
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10.3.10 MCS[0] to MCS[7] Pin Controal

The SH7709S is provided with pins MCS[0]-MCS[7] as dedicated CS pins for the ROM
connected to area 0 or 2. Assertion of MCS[0]-MCS|7] is controlled by settingsin MCSCRO-
MCSCRY. This enables 32-, 64-, 128-, or 256-Mbit memory to be connected to area 0 or area 2.
However, only CS2/0 = 0 (area 0) should be used for MCSCRO. Table 10.15 shows MCSCRO-
MCSCRY settings and MCS[0]-MCS[7] assertion conditions.

Asthe MCS[0]-MCS[7] pins are multiplexed as the PTCO-PTC7 pins, when using these pins as
MCS[0]-MCS[7], the corresponding bits in the PCCR register should be set to “other function.”

When CS2/0 = 0 in the MCSCRO and when the PTCO pin is switched to MCS[0] (when
PCOMD1-PCOMDO are set to “other function”), the CSO0 pin is also switched to MCS[0].

As port register writes operate on the peripheral clock, they take time compared with instruction
execution by the CPU operating on the high-speed internal clock. Therefore, if an instruction that
accesses MCS[1] to MCS[7] islocated several instructions after an instruction that switches port C
to MCS, the switch from PTC[n] to MCSn and from CS0 to MCS[0] may not be performed
correctly.

To prevent this problem, the following switching procedure should be used.

*  When the program runs with cache on

(1) To switch port C to MCS, set the corresponding bitsin the PCCR register to 00 ("other
function").

(2) Read the PCCR register and check whether the set valueisread. Repeat until the set valueis
read.

(3) Perform a dummy read from non-cacheable CS0O space (e.g. address H'A0000000). Thiswill
result in an access to the CS0 space, and immediately afterward, CSO will be switched to
MCSI0], and port C[n] will be switched to MCS[n].

(4) Access can now be made to the MCS[ 1] to MCS[7] spaces.

« When the program runsin MCS[0] space with cache off
(1) Set the PCCR register asin (1) above.
(2) Place at least three NOP instructions after the instruction in (1). Asaresult, when the PCCR

register is rewritten, an access to the CS0 space will be generated, and immediately afterward,
CS0 will be switched to MCS[0], and port C[n] will be switched to MCS[n].

(3) Access can now be made to the MCS[ 1] to MCS[7] spaces.
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Table 10.15 M CSCRx Settings and MCS[x] Assertion Conditions (x: 0-7)

MCSCRXx Settings

MCSIx] Assertion Conditions

CS2/0 CAP1 CAPO A25 A24 A23

A22

cs2

[72)
O

Address Bus A [25:0]

Notes

0 1 1

o

H'0000000 to H'1FFFFFF

H'2000000 to H'3FFFFFF

256-Mbit ROM

H'0000000 to H'OFFFFFF

H'1000000 to H'1FFFFFF

H'2000000 to H'2FFFFFF

H'3000000 to H'3FFFFFF

128-Mbit ROM

H'0000000 to H'07FFFFF

H'0800000 to H'OFFFFFF

H'1000000 to H'17FFFFF

H'1800000 to H'1FFFFFF

H'2000000 to H'27FFFFF

H'2800000 to H'2FFFFFF

H'3000000 to H'37FFFFF

H'3800000 to H'3FFFFFF

64-Mbit ROM

H'0000000 to H'03FFFFF

H'0400000 to H'07FFFFF

H'0800000 to H'OBFFFFF

H'0C00000 to H'OFFFFFF

H'1000000 to H'13FFFFF

H'1400000 to H'17FFFFF

H'1800000 to H'1BFFFFF

H'1C00000 to H'1FFFFFF

H'2000000 to H'23FFFFF

H'2400000 to H'27FFFFF

H'2800000 to H'2BFFFFF

H'2C00000 to H'2FFFFFF

H'3000000 to H'33FFFFF

H'3400000 to H'37FFFFF

H'3800000 to H'3BFFFFF

| P|PIFPPIP OO Ojl0Ol0OjlC|l0C(OCO|F|IPIFPIP OO OOC|FRP|FRP|OC|O|F
RO OO OCO|lO0O|FR|FR|FR|Rr OjlOO|lO|lO|FR|P  O|lO|FRP| P OlO|FR|O|FRL|O

|, O|lO(F| P OOC|FRP|IFRP OC|lO|FR|IFrP|IO|O|FRP|O|FRP|O|Fr|O|F| O

kOl O|FRP|O|P O|FRP|O|FRP|O|FR|O|F|O

| 1 1Y Y Y e s s s st N N N s o N Y Y ot Y el Y ol Y ol Y ol Y ot Y ot Y el Nl N B el B ol B ol W |
IIrrr rr rr rrr r rr rrrrrrrr r T T T T T

H'3C00000 to H'3FFFFFF

32-Mbit ROM
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MCSCRXx Settings MCS[x] Assertion Conditions
CS2/0 CAP1 CAPO A25 A24 A23 A22 CS2 Address Bus A[25:0] Notes
! ! ! H'0000000 to H'1FFFFFF 256-Mbit ROM
H'2000000 to H'3FFFFFF
H'0000000 to H'OFFFFFF 128-Mbit ROM
H'1000000 to H'1FFFFFF
H'2000000 to H'2FFFFFF
H'3000000 to H'3FFFFFF
H'0000000 to H'07FFFFF 64-Mbit ROM
H'0800000 to H'OFFFFFF
H'1000000 to H'17FFFFF
H'1800000 to H'1FFFFFF
H'2000000 to H'27FFFFF
H'2800000 to H'2FFFFFF
H'3000000 to H'37FFFFF
H'3800000 to H'3FFFFFF
H'0000000 to H'03FFFFF 32-Mbit ROM
H'0400000 to H'0O7FFFFF
H'0800000 to H'OBFFFFF
H'0C00000 to H'OFFFFFF
H'1000000 to H'13FFFFF
H'1400000 to H'17FFFFF
H'1800000 to H'1BFFFFF
H'1C00000 to H'1FFFFFF
H'2000000 to H'23FFFFF
H'2400000 to H'27FFFFF
H'2800000 to H'2BFFFFF
H'2C00000 to H'2FFFFFF
H'3000000 to H'33FFFFF
H'3400000 to H'37FFFFF
H'3800000 to H'3BFFFFF
H'3C00000 to H'3FFFFFF

(7]
o

o

RrlrRr|R|RP|RP|rR|PrP|rR|o|oc|lo|o|]o|]o|o|lo|r|rR|r|r|lo|j]o|o]|]o|r|r|o|o]|r
R|lRr|Rr|rlo|lolo|lo|r|r|R|r|lo|lo|lo|o|r|r|lo|lo|r|rRr| o|lOo|r|o|lr|O
I rrrrr rjrrrxrxjrxjrrxrxrrxIT|jlxjxjTjT|xTjT| T T T|TN T|O
rir|l~|l--|-|| ||| ||| ||| ||| |||~

/Rl O|lO|lF|+P O|OC|(F|P OOC|Fr|PFRP OC|lO|FRP|O|FR,|O|F|O|Fr]|O

FR|O|FRP|O|FRP|O|FRP|O|(FP| O|FP| O|FL|O|FL]|O

Rev. 5.00, 09/03, page 325 of 760
RENESAS



Rev. 5.00, 09/03, page 326 of 760
RENESAS



Section 11 Direct Memory Access Controller (DMAC)

111 Overview

The SH7709S includes a four-channel direct memory access controller (DMAC). The DMAC can
be used in place of the CPU to perform high-speed transfers between external devices that have
DACK (transfer request acknowledge signal), external memory, memory-mapped external
devices, and on-chip periphera modules (IrDA, SCIF, A/D converter, and D/A converter). Using
the DMAC reduces the burden on the CPU and increases overall operating efficiency.

11.1.1 Features
The DMAC hasthe following features.

» Four channels

» 4-GB address space in the architecture

« 16-bytetransfer (In 16-byte transfer, four 32-hit reads are executed, followed by four 32-bit
writes.)

» Choice of 8-hit, 16-bit, 32-bit, or 16-byte transfer datalength

e 16 Mbytes (16,777,216 transfers)

» Address mode: Dual address mode and single address mode are supported. In addition, direct
address transfer mode or indirect address transfer mode can be selected.

0 Dual address mode transfer: Both the transfer source and transfer destination are accessed
by address. Dual address mode has direct address transfer mode and indirect address
transfer mode.

Direct address transfer mode: The values specified inthe DMAC registers indicates the
transfer source and transfer destination. Two bus cycles are required for one data transfer.
Indirect address transfer mode: Datais transferred with the address stored prior to the
address specified in the transfer source addressin the DMAC. Other operations are the
same as those of direct address transfer mode. This function is only available in channel 3.
Four bus cycles are required for one data transfer.

O Single address mode transfer: Either the transfer source or transfer destination peripheral
deviceis accessed (selected) by means of the DACK signal, and the other deviceis
accessed by address. One transfer unit of dataistransferred in one bus cycle.

« Channdl functions: The transfer mode that can be specified depends on the channel:

O Channel 0: External request can be accepted.

0 Channel 1: External request can be accepted.

0 Channel 2: This channel has a source address reload function, which reloads a source
address every four transfers.
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O Channel 3: Inthis channel, direct address mode or indirect address transfer mode can be
specified.
» Reload function: The value that was specified in the source address register can be
automatically reloaded every four DMA transfers. Thisfunction isonly availablein channel 2.
e Transfer requests
0 External request (From two DREQ pins (channels 0 and 1 only). DREQ can be detected
either by the falling edge or by low level.)

O On-chip module request (Requests from on-chip peripheral modules such as serial
communications interface (IrDA and SCIF), A/D converter (A/D) and atimer (CMT). This
reguest can be accepted in all the channels.)

O Auto request (The transfer request is generated automatically within the DMAC.)

» Selectable bus modes: Cycle-steal mode or burst mode

» Selectable channel priority levels:
Fixed mode: The channel priority isfixed.
Round-robin mode: The priority of the channel in which the execution request was accepted is
made the lowest.

« Interrupt request: An interrupt request to the CPU can be generated after the specified number
of transfers.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the DMAC.

S

| |
Y (Y DMAC module N
| |
I Iteration ‘
| control |« SARn <:> i
| |
| |
| Register ™ DARn <:> |
! control |
! A |
; >
On-chip 2 o | DMATCRn <:> |
peripheral i) =R « T ‘
module B || Start-up |
g el control || o] |
2 Q| A A CHCRn <:> |
) £ : » |
o | |
: N |
|  / DMAOR <:> }
DREQO, DREQ1 —> B |
IrDA, SCIF > Request | l
A/D converter —T™| priority |
CMT > control |
DEIn « : |
DACKO, DACKT « : |
DRAKO, DRAK1 I }
PN Ly |
External ) |
|
ROM D <:> .~ | Bus interface i
| \
External | [
Ram () ; |
External 1/O Legend
(memory <:> DMAOR: DMAC operation register
mapped) ’ “_- SARn DMAC source address register
DARn: DMAC destination address register
Bus state DMATCRn: DMAC transfer count register
EXt?\Tita}’: 110 D controller CHCRn: DMAC channel control register
acknowledge) DElIn: DMA transfer-end interrupt request to

CPU

n=0to3

Figure11.1 Block Diagram of DMAC
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11.1.3  Pin Configuration
Table 11.1 showsthe DMAC pins.

Table11.1 DMAC Pins

Channel Name Symbol I/O Function
0 DMA transfer request DREQO I DMA transfer request input from
external device to channel 0
DMA transfer request DACKO (0] Strobe output to an external I/O upon
acceptance DMA transfer request from external
device to channel 0
DMA request DRAKO (0] Output showing that DREQO has been
acknowledge accepted
1 DMA transfer request DREQ1 DMA transfer request input from
external device to channel 1
DMA transfer request DACK1 (0] Strobe output to an external I/O upon
acceptance DMA transfer request from external
device to channel 1
DMA request DRAK1 (0] Output showing that DREQ1 has been

acknowledge

accepted
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11.1.4 Register Configuration

Table 11.2 summarizes the DMAC registers. The DMAC has atotal of 17 registers: each channel
has four registers, and one overall DMAC control register.

Table11.2 DMAC Registers

Abbrevi- Register Access
Channel Name ation R/W Initial Value Address Size Size
0 DMA source address SARO R/W  Undefined H'04000020 32 16, 32*2
register 0 (H'A4000020)**
DMA destination DARO R/W  Undefined H'04000024 32 16, 32*2
address register 0 (H'A4000024)**
DMA transfer count DMATCRO R/W  Undefined H'04000028 24 16, 32*3
register 0 (H'A4000028)**
DMA channel control CHCRO R/W*! H'00000000 H'0400002C 32 8, 16, 32*2
register 0 (H'A400002C)**
1 DMA source address SAR1 R/W  Undefined H'04000030 32 16, 32*2
register 1 (H'A4000030)**
DMA destination DAR1 RW  Undefined  H'04000034 32 16, 32*?
address register 1 (H'A4000034)**
DMA transfer count DMATCR1 R/W  Undefined H'04000038 24 16, 32*3
register 1 (H'A4000038)**
DMA channel control ~ CHCR1 R/W** H'00000000 H'0400003C 32 8, 16, 322
register 1 (H'A400003C)**
2 DMA source address SAR2 R/W  Undefined H'04000040 32 16, 32*2
register 2 (H'A4000040)**
DMA destination DAR2 R/W  Undefined H'04000044 32 16, 32*2
address register 2 (H'A4000044)**
DMA transfer count DMATCR2 R/W  Undefined H'04000048 24 16, 32*3
register 2 (H'A4000048)**
DMA channel control CHCR2 R/W*! H'00000000 H'0400004C 32 8, 16, 32*2
register 2 (H'A400004C)**

RENESAS
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Abbrevi- Register Access
Channel Name ation R/W Initial Value Address Size Size
3 DMA source address SAR3 R/W  Undefined H'04000050 32 16, 32*2
register 3 (H'A4000050)**
DMA destination DAR3 RW  Undefined  H'04000054 32 16, 32*?
address register 3 (H'A4000054)**
DMA transfer count DMATCR3 R/W  Undefined H'04000058 24 16, 32*3
register 3 (H'A4000058)**
DMA channel control ~ CHCR3 R/W*! H'00000000 H'0400005C 32 8, 16, 322
register 3 (H'A400005C)"*
Shared  DMA operation register DMAOR R/W*' H'0000 H'04000060 16 8, 16™2
(H'A4000060)**

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is on,
either access these registers from the P2 area of logical space or else make an appropriate
setting using the MMU so that these registers are not cached.

1.

the flag after 1 is read.

value in the 16 bits that were not accessed is retained.

cannot be written with 1 and are always read as 0.

should be used.
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If 16-bit access is used on SARO to SAR3, DARO to DAR3, and CHCRO to CHCR3, the
DMATCR comprises the 24 bits from bit O to bit 23. The upper 8 bits, bits 24 to 31,

When address translation by the MMU does not apply, the address in parentheses



11.2  Register Descriptions

11.21 DMA Source Address Registers0-3 (SARO-SAR3)

DMA source address registers 0-3 (SARO-SARS3) are 32-hit readable/writable registers that
specify the source address of aDMA transfer. During a DMA transfer, these registers indicate the

next source address.

To transfer datain 16 bits or in 32 bits, specify a 16-bit or 32-bit address boundary address. When
transferring data in 16-byte units, a 16-byte boundary (address 16n) must be set for the source
address value. Operation is not guaranteed if other addresses are specified.

An undefined value will be returned in areset. The previous valueis retained in standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
I R N R
MY RW RW RW  RW RW  RW RW
23 22 21 20 0
]
U RW RW R . Ry
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11.2.2 DMA Destination Address Registers 0-3 (DARC-DAR3)

DMA destination address registers 0-3 (DARO-DARS3) are 32-hit readable/writable registers that
specify the destination address of a DMA transfer. These registersinclude a count function, and
during aDMA transfer, these registers indicate the next destination address.

To transfer datain 16-bit or 32-bit units, make sure to specify a destination address with a 16-byte
boundary (16n address).

An undefined value will be returned in areset. The previous valueis retained in standby mode.

Bit: 31 30 29 28 27 26 25 24

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 0
| | | | | ]
Initial value: — — — — —
R/W: R/W R/W R/W R/W R/W

Rev. 5.00, 09/03, page 334 of 760
RENESAS



11.2.3 DMA Transfer Count Registers0-3 (DMATCRO-DMATCR?3)

DMA transfer count registers 0-3 (DMATCRO-DMATCRS3) are 24-bit readable/writable registers
that specify the DMA transfer count (bytes, words, or longwords). The number of transfersis 1
when the setting is H'000001, and 16,777,216 (the maximum) when H'000000 is set. During a
DMA transfer, these registers indicate the remaining number of transfers.

In 16-byte transfer, one 16-byte transfer (128 hits) is counted as one.

Writing to upper eight bitsin DMATCR isinvalid; Osare read if these bits are read. The write
value should always be 0.

An undefined value will be returned in areset. The previous valueis retained in standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
| [
R R R R R R R R
23 22 21 20 0
| ]
R/W R/W R/W R/W R/W
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11.24 DMA Channel Control Registers 0-3 (CHCRO-CHCR3)

DMA channel control registers 0-3 (CHCRO-CHCRS3) are 32-hit readable/writable registers that
specify the operation mode, transfer method, etc., for each channel.

Bit 20 isonly used in CHCRS; it is not used in CHCRO to CHCR2. Consequently, writing to this
bitisinvalid in CHCRO to CHCR2; O isread if thishit isread. Bit 19 isonly used in CHCRZ2; itis
not used in CHCRO, CHCRL, and CHCR3. Conseguently, writing to thisbit isinvalid in CHCRO,
CHCRY1, and CHCRS3; Oisread if thisbit isread. Bits6 and 16 to 18 are only used in CHCRO and
CHCRY,; they are not used in CHCR2 and CHCR3. Consequently, writing to these bitsisinvalid
in CHCR2 and CHCR3; Os are read if these bits are read.

These register values are initialized to 0 in areset. The previousvalue is retained in standby mode.

Bitt 31 21 20 19 18 17 16
E . | = [ o [ RO R | AM | AL |

Initial value: 0 0 0 0 0 0 0
RIW: R R (RW)*  (RW)** (RW)*? (RW)*? (RW)*?

Bitt 15 14 13 12 11 10 9 8
\ DM1 \ DMO \ SM1 \ SMO \ RS3 \ RS2 \ RS1 \ RSO \

Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
\ — \ DS \ ™ \ TS1 \ TSO \ IE \ TE \ DE \
Initial value: 0 0 0 0 0 0 0 0

RIW: R (RW)?  RMW RIW RIW RW  RI(W)**  RW
Notes: 1. Only 0 can be written to the TE bit after 1 is read.
2. The DI, RO, RL, AM, AL, and DS bits are not included in some channels.
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Bits 31 to 21—Reserved: These hits are always read as 0. The write value should always be 0.

Bit 20—Direct/Indirect Selection (DI): Selects direct address mode or indirect address mode in
channel 3.

Thisbit isonly valid in CHCR3. Writing to this bit isinvalid in CHCRO to CHCR?2; Oisread if
this bit isread. The write value should always be 0. When using 16-byte transfer, direct address
mode must be specified. Operation is not guaranteed if indirect address mode is specified.

Bit 20: DI Description
0 Direct address mode operation for channel 3 (Initial value)
1 Indirect address mode operation for channel 3

Bit 19—Source Address Reload Bit (RO): Selects whether the source address initial valueis
reloaded in channel 2.

Thishitisonly valid in CHCR2. Writing to this bit isinvalid in CHCRO, CHCR1, and CHCR3; 0
isread if thishit is read. Thewrite value should always be 0. When using 16-byte transfer, this bit
must be cleared to 0, specifying non-reloading. Operation is not guaranteed if reloading is
specified.

Bit 19: RO Description
0 Source address is not reloaded (Initial value)
1 Source address is reloaded

Bit 18—Request Check Level Bit (RL): Specifies whether DRAK (DREQ acknowledge) signal
output is active-high or active-low.

Thishitisonly valid in CHCRO and CHCR1. Writing to thishitisinvalidin CHCR2 and
CHCRS3; O isread if thisbit is read. The write value should always be 0.

Bit 18: RL Description
0 Active-low DRAK output (Initial value)
1 Active-high DRAK output
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Bit 17—Acknowledge M ode Bit (AM): Specifies whether DACK isoutput in the data read cycle
or in the data write cycle in dual address mode.

DACK isaways output in single address mode, regardless of this bit specification.

Thisbit isonly valid in CHCRO and CHCR1. Writing to thisbit isinvalidin CHCR2 and
CHCRS3; O isread if thisbit is read. The write value should always be 0.

Bit 17: AM Description
0 DACK output in read cycle (Initial value)
1 DACK output in write cycle

Bit 16—Acknowledge Level (AL): Specifies whether DACK (acknowledge) signal output is
active-high or active-low.

Thishitisonly valid in CHCRO and CHCR1. Writing to thishitisinvalidin CHCR2 and
CHCRS3; O isread if thisbit is read. The write value should always be 0.

Bit 16: AL Description
0 Active-low DACK output (Initial value)
1 Active-high DACK output

Bits 15 and 14—Destination Address Mode Bits1 and 0 (DM 1, DMO0): Select whether the
DMA destination address is incremented, decremented, or |eft fixed.

Bit 15: DM1 Bit 14: DMO Description

0 0 Fixed destination address (Initial value)

0 1 Destination address is incremented (+1 in 8-hit transfer, +2 in
16-bit transfer, +4 in 32-bit transfer, +16 in 16-byte transfer)

1 0 Destination address is decremented (-1 in 8-bit transfer, -2 in
16-hit transfer, —4 in 32-bit transfer; illegal setting in 16-byte
transfer)

1 1 Setting prohibited
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Bits 13 and 12—Source Address Mode Bits 1 and 0 (SM 1, SMO0): Select whether the DMA
source address is incremented, decremented, or |eft fixed.

Bit 13: SM1 Bit 12: SMO Description

0 0 Fixed source address (Initial value)

0 1 Source address is incremented (+1 in 8-bit transfer, +2 in 16-
bit transfer, +4 in 32-bit transfer, +16 in 16-byte transfer)

1 0 Source address is decremented (-1 in 8-bit transfer, -2 in 16-
bit transfer, —4 in 32-bit transfer; illegal setting in 16-byte
transfer)

1 1 Setting prohibited

If the transfer source is specified by indirect address, specify the address holding the value of the
address in which the data to be transferred is stored (i.e. the indirect address) in source address
register 3 (SARS3).

Specification of SAR3 incrementing or decrementing in indirect address mode depends on the
SM1 and SMO settings. In this case, however, the SAR3 increment or decrement value is +4, —4,
or fixed at O, regardless of the transfer data size specified in TS1 and TSO.
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Bits 11 to 8—Resour ce Select Bits 3to 0 (RS3 to RS0): Specify which transfer requestswill be

sent to the DMAC.
Bit 11: Bit10: Bit9: Bit 8:
RS3 RS2 RS1 RSO Description
0 0 0 0 External request”, dual address mode (Initial value)
0 0 0 1 Setting prohibited
0 0 1 0 External request / Single address mode
External address space - external device with DACK
0 0 1 1 External request / Single address mode
External device with DACK - external address space
0 1 0 0 Auto request
0 1 0 1 Setting prohibited
0 1 1 0 Setting prohibited
0 1 1 1 Setting prohibited
1 0 0 0 Setting prohibited
1 0 0 1 Setting prohibited
1 0 1 0 IrDA transmission
1 0 1 1 IrDA reception
1 1 0 0 SCIF transmission
1 1 0 1 SCIF reception
1 1 1 0 A/D converter
1 1 1 1 CMT

Notes: When using 16-byte transfer, the following settings must not be made:
IrDA transmission

1010
1011
1100
1101
1110
1111

IrDA reception

SCIF transmission

SCIF reception
A/D converter

CMT

Operation is not guaranteed if these settings are made.

* External request specification is valid only in channels 0 and 1. None of the request
sources can be selected in channels 2 and 3.
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Bit 6—DREQ Select Bit (DS): Selects low-level or falling-edge detection as the sampling method
for the DREQ pin used in external request mode.

Thisbit isonly valid in CHCRO and CHCR1. Writing to thisbitisinvalidin CHCR2 and
CHCRS3; O isread if thisbit is read. The write value should always be 0.

In channels 0 and 1, if an on-chip periphera moduleis specified as atransfer request source or an
auto-request is specified, the specification of thisbit isignored and falling-edge detection is fixed
except in an auto-request.

Bit 6: DS Description
0 DREQ detected by low level (Initial value)
1 DREQ detected at falling edge

Bit 5—Transmit Mode (TM): Specifies the bus mode when transferring data.

Bit 5: TM Description
0 Cycle-steal mode (Initial value)
1 Burst mode

Bits4 and 3—Transmit Size Bits 1 and 0 (T S1, TS0): Specify the size of data to be transferred.

Bit 4: TS1 Bit 3: TSO Description

0 0 Byte size (8 bits) (Initial value)
0 1 Word size (16 bits)

1 0 Longword size (32 bits)

1 1 16-byte unit (4 longword transfers)

Bit 2—Interrupt Enable Bit (1E): If thishit is set to 1, an interrupt is requested on completion of
the number of data transfers specified in DMATCR (i.e. when TE = 1).

Bit 2: IE Description

0 Interrupt request is not generated on completion of data transfers
specified in DMATCR (Initial value)

1 Interrupt request is generated on completion of data transfers specified
in DMATCR
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Bit 1—Transfer End Bit (TE): Set to 1 on completion of the number of data transfers specified
inDMATCR. Atthistime, if the |E bit isset to 1, an interrupt request is generated.

If datatransfer ends due to an NMI interrupt, a DMAC address error, or clearing of the DE bit or
the DME bit in DMAOR before this bit is set to 1, this bit will not be set to 1. Even if the DE bit
isset to 1 whilethisbit is set to 1, transfer is not enabled.

Bit 1: TE Description

0 Data transfers specified in DMATCR not completed (Initial value)
Clearing conditions: Writing O to TE after reading TE =1
Power-on reset, manual reset

1 Data transfers specified in DMATCR completed

Bit 0—DMAC Enable Bit (DE): Enables operation of the corresponding channel.

Bit 0: DE Description
0 Channel operation disabled (Initial value)
1 Channel operation enabled

If an auto-request is specified (RS3 to RS0), transfer starts when thisbit isset to 1. In an external
reguest or an internal module request, transfer starts when a transfer request is generated after this
bitissetto 1. Clearing thisbit during transfer terminates the transfer.

Evenif the DE bit is set, transfer is not enabled if the TE bit is 1, the DME bit in DMAORis O, or
the NMIF or AE bitin DMAOR is 1.
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11.25 DMA Operation Register (DMAOR)

The DMA operation register (DMAOR) is a 16-bit readabl e/writable register that controlsthe

DMAC transfer mode.

These register values are initialized to 0 in areset. The previousvalue is retained in standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
RW:
Note: * Only 0 can be written to the AE and NMIF bits after 1 is read.

15 14 13 12 11 10 9 8
- -1 - — | = [ = [P PrRO
0 0 0 0 0 0 0 0
RIW RIW
7 6 5 4 3 2 1 0
_ _ ‘ _ ‘ — ‘ — ‘ AE \ NMIF \ DME \
0 0 0 0 0 0 0 0
R R R R R RI(W)"  RIW)*  RMW

Bits 15 to 10—Reserved: These hits are always read as 0. The write value should always be 0.

Bits9 and 8—Priority Mode Bits 1 and 0 (PR1, PRO): Select the priority level between
channels when there are simultaneous transfer requests for multiple channels.

Bit 9: PR1 Bit 8: PRO Description

0 0 CHO > CH1 > CH2 > CH3 (Initial value)
0 1 CHO > CH2 > CH3 > CH1

1 0 CH2 > CHO > CH1 > CH3

1 1 Round-robin

Bits 7 to 3—Reserved: These bits are always read as 0. The write value should always be 0.
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Bit 2—AddressError Flag Bit (AE): Indicates that an address error occurred by the DMAC. If
thisbit is set during data transfer, transfers on all channels are suspended. The CPU cannot write
1 tothishit. Thisbit can only be cleared by writing O after reading 1.

Bit 2: AE Description

0 No DMAC address error; DMA transfer is enabled (Initial value)
Clearing conditions: Writing 0 to AE after reading AE =1
Power-on reset, manual reset

1 DMAC address error; DMA transfer is disabled
This bit is set by occurrence of a DMAC address error

Bit 1—NM | Flag Bit (NMI1F): Indicates that an NMI isinput. This bit is set regardless of
whether the DMAC isin the operating or halted state. The CPU cannot write 1 to thisbit. Only O
can be written to clear thisbit after 1 isread.

Bit 1: NMIF Description

0 No NMI input; DMA transfer is enabled (Initial value)
Clearing conditions: Writing 0 to NMIF after reading NMIF = 1
Power-on reset, manual reset

1 NMI input; DMA transfer is disabled
This bhit is set by occurrence of an NMI interrupt

Bit 0—DMA Master Enable Bit (DME): Enables or disablesthe DMAC on all channels. If the
DME bit and the DE bit corresponding to each channel in CHCR are set to 1, transfer is enabled
on the corresponding channedl. If this bit is cleared during transfer, transfer on all the channels will
be terminated.

Even if the DME bit is set, transfer is not enabled if the TE bit is 1 or the DE bit is0in CHCR, or
the NMIF or AE bitis1in DMAOR.

Bit 0: DME Description
0 DMA transfer disabled on all channels (Initial value)
1 DMA transfer enabled on all channels
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11.3  Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it endsthe
transfer. Transfers can be requested in three modes. auto-request, external request, and on-chip
module request. The dual address mode has direct address transfer mode and indirect address
transfer mode. Burst mode or cycle-steal mode can be selected as the bus mode.

11.31 DMA Transfer Flow

After the DMA source address register (SAR), DMA destination address register (DAR), DMA
transfer count register (DMATCR), DMA channel control register (CHCR), and DMA operation
register (DMAOR) are set, the DMAC transfers data according to the following procedure:

1. Checksto seeif transfer isenabled (DE=1, DME=1, TE=0,AE=0, NMIF=0)

2. When atransfer request comes and transfer is enabled, the DMAC transfers 1 transfer unit of
data (according to the TSO and TS1 settings). For an auto-request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented for each transfer. The actual transfer flows vary by address mode and bus mode.

3. When the specified number of transfers have been completed (when DMATCR reaches 0), the
transfer ends normally. If the |E bit in CHCR is set to 1 at thistime, a DEI interrupt is sent to
the CPU.

4. When an address error occurs by the DMAC or an NMI interrupt is generated, the transfer is
aborted.

Figure 11.2 isaflowchart of this procedure.

Rev. 5.00, 09/03, page 345 of 760
RENESAS



( Stelart )

Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR)

[
<

DE, DME =1 and
AE, NMIF, TE = 0?

Bus mode,
%3 transfer request mode,
DREQ detection selection

Transfer (1 transfer unit); system

DMATCR -1 — DMATCR,
SAR and DAR updated

DMATCR =0?

DEI interrupt request (when IE = 1) | ( Transfer aborted )

A4
( Transfer end ) ( Normal end >

Notes: 1. In auto-request mode, transfer begins when AE, NMIF, and TE are both 0 and the DE and
DME bits are set to 1.

DREQ = level detection in burst mode (external request) or cycle-steal mode.

DREQ = edge detection in burst mode (external request), or auto-request mode in burst mode.

w N

Figure11.2 DMAC Transfer Flowchart
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11.3.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated by devices and on-chip periphera modules that are neither the source
nor the destination. Transfers can be requested in three modes: auto-request, external request, and
on-chip module request. The request mode is selected in the RS3-RS0 bits of DMA channel
control registers 0-3 (CHCRO-CHCR3).

Auto-Request M ode: When there is no transfer request signal from an external source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request a transfer, the auto-request mode allows the DMAC to automatically generate a
transfer request signal internally. When the DE bit of CHCRO-CHCR3 and the DME hit of
DMAOR are set to 1, the transfer begins so long as the TE bit of CHCRO-CHCR3 and the NMIF
and AE bitsof DMAOR are 0.

External Request M ode: In this mode atransfer is performed in response to the request signal
(DREQ) of an external device. Choose one of the modes shown in table 11.3 according to the
application system. When this mode is selected, if DMA transfer isenabled (DE = 1, DME = 1,
TE =0, AE =0, NMIF = 0), atransfer is performed upon a request at the DREQ input. Choose
DREQ detection by either afalling edge or low level of the signal input with the DS bit in CHCRO
and CHCRL1 (DS = 0for level detection, DS = 1 for edge detection). The source of the transfer
reguest does not have to be the data transfer source or destination.

Table11.3 Selecting Exter nal Request M odeswith RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destination
0 0 0 0 Dual address Any* Any*
mode
1 0 Single address External memory, External device
mode memory-mapped with DACK
external device
1 External device with External memory,
DACK memory-mapped

external device

Note: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (This applies only to IrDA, SCIF, A/D converter, D/A converter, and I/O ports.)

On-Chip M odule Request Mode: In this mode atransfer is performed in response to a transfer
reguest signal (interrupt request signal) of an on-chip module. This mode cannot be set in case of
16-byte transfer. These are six transfer request signals: the receive-data-full interrupts (RXI) and
the transmit-data-empty interrupts (TXI) from two serial communication interfaces (IrDA, SCIF),
the A/D conversion end interrupt (ADI) of the A/D converter, and the compare match timer
interrupt (CM1) of the CMT (table 11.4). When this mode is selected, if DMA transfer is enabled
(DE=1,DME=1,TE=0, AE =0, NMIF = 0), atransfer is performed upon input of atransfer
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reguest signal. The source of the transfer request does not have to be the data transfer source or
destination. When RXI1 is set as the transfer request, however, the transfer source must be the SCl's
receive dataregister (RDR). Likewise, when TXI is set as the transfer request, the transfer source
must be the SCl's transmit data register (TDR). If the transfer requester isthe A/D converter, the
data transfer source must be the A/D dataregister (ADDR).

Table11.4 Selecting On-Chip Peripheral M odule Request M odes with RS3-0 Bits

DMA
Transfer
Request Desti-

RS3 RS2 RS1 RSO Source DMA Transfer Request Signal Source nation Bus Mode

1 0 1 0 IrDA TXI1 (IrDA transmit-data-empty ~ Any” TDR1 Cycle-steal
transmitter interrupt transfer request)

1 0 1 1 IrDA RXI1 (IrDA receive-data-full RDR1 Any* Cycle-steal
receiver interrupt transfer request)

1 1 0 0 SCIF TXI2 (SCIF transmit-data-empty Any* TDR2 Cycle-steal
transmitter interrupt transfer request)

1 1 0 1 SCIF RXI2 (SCIF receive-data-full RDR1 Any" Cycle-steal
receiver interrupt transfer request)

1 1 1 0 A/D ADI (A/D conversion end ADDR Any*  Cycle-steal
converter interrupt)

1 1 1 1 CMT CMI (Compare match timer Any*  Any*  Burst/

interrupt) cycle-steal

ADDR: A/D data register of A/D converter

Note: * External memory, memory-mapped external device, on-chip peripheral module (This
applies only to IrDA, SCIF, A/D converter, D/A converter, and I/O ports.)

When outputting transfer requests from on-chip periphera modules, the appropriate interrupt
enable bits must be set to output the interrupt signals.

If the interrupt request signal of the on-chip peripheral module is used asa DMA transfer request
signal, an interrupt is not sent to the CPU.

The DMA transfer request signalsin table 11.4 are automatically discontinued when the
corresponding DMA transfer is performed. If cycle-steal mode is being employed, they are
withdrawn at the first transfer; if burst mode is being used, they are discontinued at the last
transfer.
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11.3.3 Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channdls, it selectsa
channel according to a predetermined priority order. Two modes (fixed mode and round-robin
mode) are selected by priority bits PR1 and PRO in the DMA operation register (DMAOR).

Fixed Mode: In these modes, the priority order of the channels remain fixed. There are three kinds
of fixed modes as follows:

CHO > CH1>CH2>CH3
CHO > CH2 > CH3 > CH1
CH2 > CHO>CH1>CH3

These are selected by the PR1 and PRO bitsin DMAOR.

Round-Robin M ode: Each time one word, byte, or longword is transferred on one channel, the
priority order isrotated. The channel on which the transfer was just finished rotates to the bottom
of the priority order. The round-robin mode operation is shown in figure 11.3. The priority of the
round-robin modeis CHO > CH1 > CH2 > CH3 immediately after reset.
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(1) When channel 0 transfers

Initial priority order

Priority order
after transfer

CHO >CH1 >CH2 >CH3

v

CH1>CH2 >CH3 >CHO

(2) When channel 1 transfers

Initial priority order

Priority order
after transfer

CHO >CH1 >CH2 >CH3

\ 4 \ 4

CH2 >CH3 >CHO >CH1

(3) When channel 2 transfers

Initial priority order

Priority order
after transfer

Post-transfer priority order v

when there is an
immediate transfer

CHO >CH1 >CH2 >CH3

""" v v i

v ¥

CH2 >CH3 >CHO0 >CH1

request to channel 1 only

(4) When channel 3 transfers

Priority order
after transfer

Priority order
after transfer

CHO >CH1 >CH2 >CH3

A 4

CHO >CH1 >CH2 >CH3

Channel 0 becomes lowest-
priority.

Channel 1 becomes lowest-
priority.

The priority of channel 0, which
was higher than channel 1, is also
shifted.

Channel 2 becomes lowest-
priority.

The priority of channels 0 and 1,
which were higher than channel 2,
are also shifted. If immediately
after there is a request to transfer
channel 1 only, channel 1 becomes
lowest-priority and the priority of
channels 3 and 0, which were
higher than channel 1, is also
shifted.

Priority order does not change.

Figure11.3 Round-Robin Mode
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Figure 11.4 shows how the priority order changes when channel 0 and channel 3 transfers are
reguested simultaneously and a channel 1 transfer is requested during the channel O transfer. The
DMAC operates as follows:

1. Transfer requests are generated simultaneously for channels 0 and 3.

2. Channel 0 has a higher priority than channel 3, so the channel 0 transfer begins first (channel 3
waits for transfer).

3. A channd 1 transfer request occurs during the channel 0 transfer (channels 1 and 3 are both
waiting)
4. When the channel 0 transfer ends, channel 0 becomes |owest-priority.

5. At thispoint, channel 1 has a higher priority than channel 3, so the channel 1 transfer begins
(channel 3 waits for transfer).

6. When the channel 1 transfer ends, channel 1 becomes lowest-priority.
7. Thechannel 3 transfer begins.

8. When the channel 3 transfer ends, channels 3 and 2 shift downward in priority so that channel
3 becomes the lowest-priority.

Transfer request Waiting channel(s) DMAC operation Channel priority
(1) Channels 0 and 3
—>» —— (2)Channel O transfer «———0>1>2>3
(3) Channel 1 —» _i start
l Priority order
1,3 (4) Channel 0 transfer Chani, 1525350
ends /
—— (5) Channel 1 transfer
starts

Priority order
changes

3 (6) Channel 1 transfer 2>3>0>1
ends /
—T— (7) Channel 3 transfer
starts
None Priority order
changes
—L—  (8) Channel 3 transfer ———— 0>1>2>3
ends

Figure11.4 Changesin Channel Priority in Round-Robin Mode
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11.34 DMA Transfer Types

The DMAC supports the transfers shown in table 11.5. Dual address mode has a direct address
mode and indirect address mode. In direct address mode, an output address value is the data
transfer target address; in indirect address mode, the value stored in the output address, not the
output address value itself, isthe data transfer target address. Datatransfer timing depends on the
bus mode, which may be cycle-steal mode or burst mode.

Table11.5 Supported DMA Transfers

Destination
Memory- On-Chip
External Device  External Mapped External Peripheral

Source with DACK Memory Device Module
External device with  Not available Dual, single  Dual, single Not available
DACK
External memory Dual, single Dual Dual Dual
Memory-mapped Dual, single Dual Dual Dual
external device
On-chip peripheral Not available Dual Dual Dual

module

Notes: 1. Dual: Dual address mode
2. Single: Single address mode
3. Dual address mode includes direct address mode and indirect address mode.
4. 16-byte transfer is not available for on-chip peripheral modules.

Address M odes:

¢ Dua Address Mode

In dual address mode, both the transfer source and destination are accessed (selectable) by an
address. The source and destination can be located externally or internally. Dual address mode
has (1) adirect address transfer mode and (2) an indirect address transfer mode.
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(1) Indirect addresstransfer mode, DMA transfer requires two bus cycles because datais read
from the transfer source in adata read cycle and written to the transfer destination in a
datawrite cycle. At thistime, transfer datais temporarily stored inthe DMAC. Inthe
transfer between external memories as shown in figure 11.5, dataisread to the DMAC
from one external memory in adataread cycle, and then that data is written to the other
external memory in awrite cycle. Figure 11.6 shows an example of the timing at this
time.

-- DMAC --
: PN PN
SAR > Memory
DAR
> Transfer source

Data|bus

module

Address bus

Transfer destination
module

Data buffer [«

~— >~

The SAR value is an address, data is read from the transfer source module,
and the data is temporarily stored in the DMAC.

First bus cycle

-- DMAC -

|
: : S S

: SAR : Memory

| | (g

| DAR Ly 2 8

| : 2 ﬁ Transfer source

| VS = module

I . @]

| | <

! I Transfer destination
I | Data buffer — >

| | module

| ~— ~—

The DAR value is an address, and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Second bus cycle

Figure11.5 Operation of Direct Address M odein Dual Address Mode
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CKIO

| | | |

[ Transfer source | \/ Transfer destination !
A25to AD >< address >< >< address ><

o\ N

|
|
|
|
|
i i
D31 to DO } ‘
: /
|
I e N
|

Data read cycle

(1st cycle) !

Data write cycle

(2nd cycle)

Note: In transfer between external memories, with DACK output in the read cycle, DACK
output timing is the same as that of CSn.

Figure11.6 Exampleof DMA Transfer Timingin the Direct Address Modein Dual Mode
(Transfer Source: Ordinary Memory, Transfer Destination: Ordinary M emory)

(2) Inindirect address transfer mode, the address of memory in which data to be transferred is
stored is specified in the transfer source address register (SAR3) in the DMAC.
Consequently, in this mode, the address value specified in the transfer source address
register inthe DMAC isread first. Thisvalueistemporarily stored inthe DMAC. Next,
the read value is output as an address, and the value stored in that addressis stored in the
DMAC again. Then, the value read afterwards is written to the address specified in the
transfer destination address; this completes one DMA transfer. 16-byte transfer is not
possible.

Figure 11.7 shows an example. In this example, the transfer destination, the transfer
source, and the storage destination of the indirect address are 16-bit external memories,
and transfer datais 16 or 8 bits. Figure 11.8 shows an example of the transfer timing.
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: R »

: D | DAR3 18 2

M N ! © Transfer source
v A [Temporary] ! | < g module

1 C buffer :

H . Transfer destination
E buffer , (U (U module

When the value in SARS3 is an address, the memory data is read and
the value is stored in the temporary buffer. The value to be read must
be 32 bits since it is used for the address. If data bus connected to an
external memory space is 16 bits wide, two bus cycles are necessary.

First and second bus cycles

E SARS . Memory

: = w

D | DAR3 | i 3

M ] = Transfer source

+ A |Temporary| | | 5 g module

E C buffer 2

H | Data I Transfer destination
: buffer U (U module

When the value in the temporary buffer is an address, the data is read
from the transfer source module to the data buffer.

Third bus cycle

: SAR3 : Memory

E D [ DAR3 L 2 3

L} N >

M 113 o Transfer source

v A [Temporary | g s module

E C buffer b a}

H Data Transfer destination
: buffer v (LU (A module

When the value in SAR3 is an address, the value in the data buffer is
written to the transfer source module.

Fourth bus cycle

Note: This example shows memory, the transfer source module, and
the transfer destination module; in practice, any module can be
connected in the addressing space.

Figure11.7 Indirect Address Operation in Dual Address Mode
(When External Memory Space has a 16-Bit Width)
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CKIO

[
| Transfer ‘ Transfer ‘ | . ‘ Transfer
A25t0 A0 | source | source | ¥ NOP, Indirect destination |
| address (H) |/ \ address (L) | | address address
[ \ | \ \
‘ \ [ [ [
CSn ! | | | | |
‘ [ [ [ [ [
‘ f { [ \ \
‘ : indirect | / ‘ ‘ ‘ ‘
| ndirec | Indirect | Transfer | Transfer |
D31toDO | /( address (H) address (L), | data | data
‘ \ [ \ b
Internal ‘ \ ! / ‘ ‘
address I \V Transfer source p Indirect | I
AN addre P, address ! |
bus | !
“ “\ ) Y T 1
j i T r
Internal | 0 | Transfer Transfer
databus | Transfer slou/rce‘ address | >< | >< data data :
[ \
DMAC | ! ¥ |
indirect | I ! | Indirect | \ !
address | ‘ | [ address | :
buffer | : : ‘ : J / ;
[ [ [
DMAC | : : ! " Transfer ;
data | | ‘ ! | data !
buffer T | | ‘ ‘ |
[
[ \ | !
RD |\ /\ | ‘ | |
| I I | | |
WEn | | ; ‘ ‘ }
[ [ [
‘ [
! Address read cycle : NOP ! Data : Data |
| | | cycle | readcycle | wiitecycle |
< > o . |
[l Ll Lt} Lol L] Ll
|
w (1st) r (@nd) | | (3rd) @)
[
[
| I | ‘

External memory space — external memory space (external memory is 16-bit width)

Notes: 1. The internal address bus value does not change, and is controlled by the port.
2. The DMAC does not fetch the value until 32-bit data is output to the internal data bus.

Figure 11.8 Exampleof Transfer Timingin the Indirect Address Mode
in Dual Address Mode

Rev. 5.00, 09/03, page 356 of 760
RENESAS




Single Address Mode

In single address mode, either the transfer source or transfer destination peripheral deviceis
accessed (selected) by means of the DACK signal, and the other device is accessed by address.
In this mode, the DMAC performs one DMA transfer in one bus cycle, accessing one of the
external devices by outputting the DACK transfer request acknowledge signal to it, and at the
same time outputting an address to the other device involved in the transfer. For example, in
the case of transfer between external memory and an external device with DACK shownin
figure 11.9, when the external device outputs data to the data bus, that datais written to the
external memory in the same bus cycle.

External address bus

T~
SH7709S I O N Vs \
External
DMAC memory
: External device
o 5 with DACK
~_ N L
DACK
DREQ
------- + Data flow

External data bus

Figure11.9 DataFlow in Single Address M ode

Two kinds of transfer are possible in single address mode: (1) transfer between an external
device with DACK and a memory-mapped external device, and (2) transfer between an

external device with DACK and external memory. In both cases, only the external request
signal (DREQ) isused for transfer requests.

Figures 11.10 and 11.11 show examples of DMA transfer timing in single address mode.
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cwo [ LI LT 1

A25 to AO X X -a—— Address output to external memory space
CSn —\—/7
WE -a«—— Write strobe signal to external memory space

D31toD0 ——<___ »>—— <= Data output from external device with DACK
DACKn \ / -+— DACK signal (active-low) to external device with DACK

B —__

(a) External device with DACK — external memory space (ordinary memory)

cwo [ LI LT 1

A25 to AO X X -«—— Address output to external memory space
CSn —\I
RD -«—— Read strobe signal to external memory space

D31 to DO 4:>— ~4— Data output from external memory space
DACKn \ / -4—— DACK signal (active-low) to external device with DACK

B8 —_

(b) External memory space (ordinary memory) — external device with DACK

Figure11.10 Example of DMA Transfer Timingin Single Address Mode
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A25 to A0 X Transfer X +4 X +8 X +12 X
isource address E E E E

csn | [ ] ] m B
0s11000 ——< >~ >~ > >
-2 I s N o I o O
WEn — : E § g

Figure11.11 Example of DMA Transfer Timingin Single Address Mode
(16-byte Transfer, External Memory Space (Ordinary Memory) — External Device with
DACK)

Bus M odes. There are two bus modes: cycle-steal and burst. Select the mode in the TM bits of
CHCRO-CHCRS.

e Cycle-Stea Mode
In cycle-steal mode, the busis given to another bus master after a one-transfer-unit (byte,
word, longword, or 16-byte unit) DMAC. When another transfer request occurs, the busis
obtained from the other bus master and transfer is performed for one transfer unit. When that
transfer ends, the bus is passed to the other bus master. Thisis repeated until the transfer end
conditions are satisfied.
In the cycle-steal mode, transfer areas are not affected regardless of the transfer request source,
transfer source, and transfer destination settings. Figure 11.12 shows an example of DMA
transfer timing in cycle-steal mode. Transfer conditions shown in the figure are:

Dual address mode
DREQ level detection
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DREQ  \ /

Bus returned to CPU
—N

Bus cycle X CPU X CPU X CPU XDMACXDMACX CPU XDMACXDMACK CPU X CPU
Read Write Read Write

Figure11.12 Example of DMA Transfer in Cycle-Steal Mode

Burst Mode

Once the bus is obtained, the transfer is performed continuously until the transfer end

condition is satisfied. In external request mode with low level detection of the DREQ pin,
however, when the DREQ pin is driven high, the bus passes to the other bus master after the
DMAC transfer request that has already been accepted ends, even if the transfer end conditions
have not been satisfied.

Burst mode cannot be used when a serial communication interface (IrDA, SCI), or A/D
converter isthe transfer request source. Figure 11.13 shows an example of burst mode timing.

DREQ \ /
Bus cycle X CPU X cPU X CPU XDMACXDMACYXDMACXDMACXDMACKDMACK CPU X

Read Write Read Write Read Write

Figure11.13 Example of Transfer in Burst M ode
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Relationship between Request M odes and Bus Modesby DMA Transfer Category: Table

11.6 shows

the relationship between request modes and bus modes by DMA transfer category.

Table11.6 Relationship between Request M odes and Bus Modes by DM A Transfer
Category
Address Request  Bus Transfer Usable
Mode Transfer Category Mode Mode Size (Bits)  Channels
Dual External device with DACK and External B/C 8/16/32/128 0,1
external memory
External device with DACK and External B/C 8/16/32/128 0,1
memory-mapped external device
External memory and external All*? B/IC 8/16/32/128 0-3*°
memory
External memory and memory- All ** B/IC 8/16/32/128 0-3*°
mapped external device
Memory-mapped external device  All ** B/IC 8/16/32/128 0-3*°
and memory-mapped external
device
External memory and on-chip All *2 B/IC*®  8/16/32** 0-3*°
peripheral module
Memory-mapped external device  All *? B/IC*®  8/16/32** 0-3*°
and on-chip peripheral module
On-chip peripheral module and on-  All *2 B/IC*®  8/16/32** 0-3*°
chip peripheral module
Single External device with DACK and External B/C 8/16/32/128 0,1
external memory
External device with DACK and External B/C 8/16/32/128 0,1
memory-mapped external device
B: Burst, C: Cycle-steal
Notes: 1. External requests, auto requests and on-chip peripheral module (CMT) requests are all

available.

External requests, auto requests and on-chip peripheral module requests are all
available. When the IrDA, SCIF, or A/D converter is also the transfer request source,
however, the transfer destination or transfer source must be the IrDA, SCIF, or A/D
converter, respectively.

If the transfer request source is the IrDA, SCIF, or A/D converter only cycle-steal mode
is available.

The access size permitted when the transfer destination or source is an on-chip
peripheral module register.

If the transfer request is an external request, only channels 0 and 1 are available.
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BusMode and Channel Priority Order: When, for example, channel 1 istransferring in burst
mode and there is atransfer request to channel 0, which has higher priority, the channel 0 transfer
will begin immediately.

At thistime, if the priority is set in the fixed mode (CHO > CH1), the channel 1 transfer will
continue when the channel 0 transfer has completely finished, even if channel 0 is operating in
cycle-steal mode or burst mode.

If the priority is set in round-robin mode, channel 1 will begin operating again after channel 0
completes the transfer of one transfer unit, even if channel 0 isin cycle-steal mode or burst mode.
The bus will then switch between the two in the order channel 1, channel 0, channel 1, channel 0.

Even if the priority is set in fixed mode or in round-robin mode, the bus will not be given to the
CPU since channel 1isin burst mode. Thisexampleisillustrated in figure 11.14.

CPU DMAC \ DMAC Y DMAC \ DMAC \V DMAC \ DMAC \/ DMAC CPU
CHA1 CH1 CHO CHA1 CHO CH1 CH1

CHO | CH1 | CHO
DMAC CH1 Round-robin mode in DMAC CH1
CPU Burst mode DMAC CHO and CH1 Burst mode CPU
> >le >ie >

Priority: Round-robin mode
CHO: Cycle-steal mode
CH1: Burst mode

Figure11.14 Bus State when Multiple Channels Are Operating
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11.35 Number of Bus Cycle States and DREQ Pin Sampling Timing

Number of Bus Cycle States. When the DMAC is the bus master, the number of bus cycle states
is controlled by the bus state controller (BSC) in the same way aswhen the CPU is the bus master.
For details, see section 10, Bus State Controller (BSC).

DREQ Pin Sampling Timing: In external request mode, the DREQ pin is sampled by clock pulse
(CKI0) falling edge or low level detection. When DREQ input is detected, aDMAC bus cycleis
generated and DMA transfer performed, at the earliest, three states later.

The second and subsequent DREQ sampling operations are started two cycles after the first
sample.

Operation

e Cycle-Stea Mode
In cycle-steal mode, the DREQ sampling timing is the same regardless of whether level or
edge detection is used.

For example, in figure 11.15 (cycle-steal mode, level input), DMAC transfer begins, at the
earliest, three cycles after the first sampling is performed. The second sampling is started two
cycles after the first. If DREQ is not detected at this time, sampling is performed in each
subsequent cycle.

Thus, DREQ sampling is performed one step in advance. The third sampling operation is not
performed until theidle cycle following the end of the first DMA transfer.

The above conditions are the same whatever the number of CPU transfer cycles, as shown in
figure 11.16. The above conditions are a so the same whatever the number of DMA transfer
cycles, as shown in figure 11.17.

DACK isoutput in aread in the example in figure 11.15, and in awrite in the example in
figure 11.16. In both cases, DACK isoutput for the same duration as CSn.

Figure 11.18 shows an example in which sampling is executed in all subsequent cycles when
DREQ cannot be detected.
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Burst Mode, Level Detection

In the case of burst mode with level detection, the DREQ sampling timing isthe same asin
cycle-steal mode.

For example, in figure 11.20, DMAC transfer begins, at the earliest, three cycles after the first
sampling is performed. The second sampling is started two cycles after the first. Subsequent
sampling operations are performed in the idle cycle following the end of the DMA transfer
cycle.

In burst mode, also, the DACK output period is the same asin cycle-steal mode.

Burst Mode, Edge Detection
In the case of burst mode with edge detection, DREQ sampling is only performed once.

For example, in figure 11.21, DMAC transfer begins, at the earliest, three cycles after the first
sampling is performed. After this, DMAC transfer is executed continuously until the number
of datatransfers set inthe DMATCR register have been completed. DREQ is not sasmpled
during thistime.

Torestart DMAC after it has been suspended by an NMI, first clear NMIF, then input an edge
reguest again.

In burst mode, also, the DACK output period is the same asin cycle-steal mode.
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Figure11.15 Cycle-Steal Mode, Level Input (CPU Access. 2 Cycles)
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Figure11.16 Cycle-Steal Mode, Level Input (CPU Access: 3 Cycles)
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( DMAQW)b

)

DMAC(R)

(

1st sampling  2nd sampling
CPU

DACK -

Bus cycle (
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CPU
I
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4 Cycles)

RENESAS

Figure11.17 Cycle-Steal Mode, Level input (CPU Access: 2 Cycles, DMA RD Access:
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Figure11.18 Cycle-Steal Mode, Level input (CPU Access: 2 Cycles, DREQ Input Delayed)

Rev. 5.00, 09/03, page 368 of 760

RENESAS



uiod Buldwes ayy alojaq 81942 auo jses)| je 1oy ybiy aq 1snw pIHQ ‘paloalep si abpa Buljie; D3HA e UsUAL 810N

- - - Y - »(1ndino qy)

Aova

Buydwes pig

| |
Ado wma>um:m
i i

Mvya
|

spe)s Bujidwes ajoAo-1ad
‘abpa Buljiey DIHQ Ou SI 818y} B2UIS INg

‘pawuopad si buldwes pig

ow o//,E

Buidwes pug

Buydwes js|

spe)s Buiidwes ajoAo-1ad
‘abpa Buljie} DIHQ Ou SI 818y} oUIS INg
‘pawuopad s bujdwes puz

Figure11.19 Cycle-Steal Mode, Edgeinput (CPU Access: 2 Cycles)
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Figure11.20 Burst Mode, Level Input
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11.3.6  Source Address Reload Function

Channel 2 includes areload function, in which the value is returned to the val ue set in the source
addressregister (SAR2) every four transfers by setting the RO bit in CHCR2 to 1. 16-byte transfer
cannot be used. Figure 11.22 shows this operation. Figure 11.23 shows atiming chart for the
source address rel oad function under the following conditions: burst mode, auto-request, 16-bit
transfer data size, SAR2 incremented, DAR2 fixed, reload function on, and use of channel 2 only.

Transfer ,

request 1

— == =DMAC----------- - - - - - .

RO bit =1

Count signal

CHCR2

Reload control - - -

A

4 time
count

-————»

P

Reload signal

DMATCR2

Reload
signal

" (initial value)

SAR2

>

SAR2

PN

Address bus

Figure11.22 Source Address Reload Function Diagram
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Internal
address bus X SAR2 X DAR2 XSAR2+2X DAR2XSAR2+4X DAR2 XSAR2+6X DAR2 X SARZX

Internal
data bus

E X SAR2 data X SAR2+2 data X SAR2+4 data X SAR2+6 data X

First transfer on

channel 2 ! Second transfer : Third transfer ! Fourth transfer : Fifth transfer
SAR2 output : SAR2+2output : SAR2+4 output : SAR2+6 output
1 DAR2 output | DAR2 output | DAR2output | DAR2output
SAR2 reload
SAR2 output
DAR2 output

Figure11.23 Timing Chart of Source Address Reload Function
The reload function can be executed with atransfer data size of 8, 16, or 32 bits.

DMATCR2, which specifies the transfer count, decrements 1 each time a transfer ends regardless
of whether the reload function is on or off. Consequently, a multiple of four must be specified in
DMATCR2 when the reload function is on. Operation is not guaranteed if other values are
specified.

The counter that counts the execution of four transfersfor the address reload function is reset by
clearing the DME bit in DMAOR or the DE bit in CHCR2, by setting the transfer end flag (TE bit
in CHCR?2), by DMAC address error, and by NMI input, aswell as by areset, but the SAR2,
DAR2, and DMATCR?2 registers are not reset. Therefore, if these sources are generated, there will
be amix of an initialized counter and uninitialized registersin the DMAC, and a malfunction will
be caused by restarting the DMAC in that state. Consequently, if one of these sources other than
setting of the TE bit occurs during use of the address reload function, set SAR2, DAR2, and
DMATCR2 again.
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11.3.7 DMA Transfer Ending Conditions

The DMA transfer ending conditions are different for ending on an individual channel and ending
on al channelstogether. At the end of transfer, the following conditions are applied except in the
case where the value set in the DMA transfer count register (DMATCR) reaches 0.

(a) Cycle-steal mode (external request, internal request, and auto-request)

When the transfer ending conditions are satisfied, DMAC transfer request acceptanceis
suspended. The DMAC stops operating after completing the number of transfersthat it has
accepted until the ending conditions are satisfied.

In cycle-steal mode, the operation is the same regardless of whether the transfer request is
detected by level or edge.

(b) Burst mode, edge detection (external request, internal request, and auto-request)

The timing from the point where the ending conditions are satisfied to the point where the
DMAC stops operating is the same as in cycle-steal mode. With edge detection in burst mode,
though only one transfer request is generated to start the DMAC, stop request sampling is
performed at the same timing as transfer request sampling in cycle-steal mode. Asaresult, the
period when a stop request is not sampled is regarded as the period when atransfer request is
generated, and after performing the DMA transfer for this period, the DMAC stops operating.

(c) Burst mode, level detection (external request)
Sameasin (a).

(d) Bustiming when transfer is suspended

Transfer is suspended when one transfer ends. Even if transfer ending conditions are satisfied
during aread in direct address transfer in dual address mode, the subsequent write processis
executed, and after the transfer in (@) to (c) above has been executed, DMAC operation is
suspended.

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when
the value of the channel’s DMA transfer count register (DMATCR) is 0, or when the DE bit in the
channel’s CHCR register is cleared to 0.

« When DMATCR is 0: When the DMATCR value becomes 0 and the corresponding channel's
DMA transfer ends, the transfer end flag bit (TE) is set in CHCR. If the |E (interrupt enable)
bit has been set, aDMAC interrupt (DEI) request is sent to the CPU. Thistransfer ending does
not apply to (a) to (d) described above.

« When DE in CHCR is 0: Software can halt a DMA transfer by clearing the DE hit in the
channel’s CHCR register. The TE bit is not set when this happens. This transfer ending applies
to (a) to (d) described above.
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Conditionsfor Ending on All Channels Simultaneoudly: Transferson all channelsend (1) when
the AE or NMIF (NMI flag) bitisset to1in DMAOR, or (2) when the DME bitin DMAOR is
cleared to 0.

e Transfer ending when the NMIF bit is set to 1 in DMAOR: When an NMI interrupt occurs, the
AE or NMIF bitissetto 1in DMAOR and all channels stop their transfers according to the
conditionsin (a) to (d) described above, and pass the bus to an other bus master. Consequently,
even if the AE or NMI bit is set to 1 during transfer, SAR, DAR, DMATCR are updated. The
TE bit isnot set. To resumetransfer after NMI interrupt exception handling, clear the NMIF
bit to 0. At thistime, if there are channels that should not be restarted, clear the corresponding
DE bit in CHCR.

* Transfer ending when DME is cleared to 0 in DMAOR: Clearing the DME bit to 0 in DMAOR
forcibly abortstransfer on al channels. The TE bit isnot set. All channels abort their transfer
according to the conditionsin (a) to (d) in section 11.3.7, DMA Transfer Ending Conditions, as
in NMI interrupt generation. In this case, the valuesin SAR, DAR, and DMATCR are also
updated.
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114 CompareMatch Timer (CMT)

11.41 Overview

The DMAC has an on-chip compare match timer (CMT) to generate DMA transfer requests. The
CMT has a 16-bit counter.

Features
The CMT has the following features:

» Four types of counter input clock can be selected
O One of four internal clocks (Pq@/4, P@/8, P@/16, P@/64) can be selected.
» Generatesa DMA transfer request when compare match occurs.

Block Diagram

Figure 11.24 shows a block diagram of the CMT.

P@4 P@8 P@16 Pq64

Control circuit |—>| Clock selection |
A

»
!

-
<
<

CMCSRO
CMCORO
CMCNTO

Comparator

Bus
Module bus interface

CMSTR: Compare match timer start register
CMCSRO0: Compare match timer control/status register 0
CMCORO: Compare match timer constant register 0
CMCNTO: Compare match timer counter 0

Figure11.24 Block Diagram of CMT
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Register Configuration

Table 11.7 summarizes the CMT register configuration.

Table11.7 Register Configuration

Initial Access Size

Name Abbreviation R/W Value Address (Bits)
Compare match timer start CMSTR R/(W) H'0000 H'04000070 8, 16, 32
register (H'A4000070)*?
Compare match timer CMCSRO R/(VV)*l H'0000 H'04000072 8, 16, 32
control/status register 0 (H'A4000072)*2
Compare match counter 0 CMCNTO R/W H'0000 H'04000074 8, 16, 32

(H'A4000074)*?
Compare match constant CMCORO R/W H'FFFF  H'04000076 8, 16, 32
register 0 (H'A4000076)*?

Notes: 1. The only value that can be written to the CMF bit in CMCSRO is 0 to clear the flag.
2. When address translation by the MMU does not apply, the address in parentheses

should be used.

11.4.2 Register Descriptions

Compare Match Timer Start Register (CMSTR)

The compare match timer start register (CMSTR) is a 16-bit register that selects whether compare
match counter 0 (CMCNTO) is operated or halted. It isinitialized to H'0000 by areset, but retains
its previous value in standby mode.

Bit: 15 14 13 12 11 10 9 8
-1 -r1-1-1r-71r=-1r=1-1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
(=T =T =-T-T=1~=1~-[sm]
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W

Bits 15 to 2—Reserved: These bits are always read as 0. The write value should alway be 0.

Bit 1—Reserved: Thisbit can be read or written. The write value should always be 0.
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Bit 0—Count Start 0 (STRO): Selects whether to operate or halt CMCNTO.

Bit 0: STRO Description
0 CMCNTO count operation halted (Initial value)
1 CMCNTO count operation

Compare Match Timer Control/Status Register 0 (CM CSRO0)

The compare match timer control/status register 0 (CMCSRO) is a 16-bit register that indicates the
occurrence of compare matches, sets the enable/disable status of interrupts, and establishes the
clock used for incrementation. It isinitialized to H'0000 by areset, but retainsits previous valuein
standby mode.

Bit: 15 14 13 12 11 10 9 8
-1 -r1T-1-1-1r=-71r=-17-1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
\ CMF \ — — — — — \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0
RW: RIW)" RMW R R R R RIW RIW

Note: * The only value that can be written is O to clear the flag.

Bits 15to 8 and 5 to 2—Reserved: These bits are always read as 0. The write value should
always be 0.

Bit 7—Compare M atch Flag (CMF): Indicates whether or not the compare match timer counter
0 (CMCNTOQ) and compare match timer constant 0 (CMCORO) values match.

Bit 7: CMF Description

0 CMCNTO and CMCORO values do not match (Initial value)
Clearing condition: Write 0 to CMF after reading CMF =1

1 CMCNTO and CMCORO values match
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Bit 6—Reserved: Thisbit can be read or written. Thewite value should always be 0.

Bits1 and 0—Clock Select 1 and 0 (CK S1, CK S0): Select the clock input to CMCNT from
among the four internal clocks obtained by dividing the system clock (Pg). When the STR bit in
CMSTRIisset to 1, CMCNTO begins incrementing on the clock selected by CKS1 and CKS0.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 P @4 (Initial value)
1 P @8
1 0 P @16
1 P @64

Compare Match Counter 0 (CMCNTOQ)
Compare match counter 0 (CMCNTO) is a 16-bit register used as an up-counter.

When an internal clock is selected with the CKS1 and CK S0 bitsin the CMCSRO register and the
STR bitin CMSTRis set to 1, CMCNTO begins incrementing on that clock. When the CMCNTO
value matches that of compare match constant register 0 (CMCORQ0), CMCNTO iscleared to
H'0000 and the CMF flagin CMCSRO isset to 1.

CMCNTO isinitialized to H'0000 by areset, but retains its previous value in standby mode.

Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Compare Match Constant Register 0 (CM CORO)

Compare match constant register 0 (CMCORQ) is a 16-bit register that setsthe CMCNTO compare
match period.

CMCORQOQ isinitialized to H'FFFF by areset, but retains its previous value in standby mode.

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

11.43 Operation
Period Count Operation

When an internal clock is selected with the CKS1 and CK SO bitsin the CMCSRO register and the
STR bitin CMSTRis set to 1, CMCNTO begins incrementing on the selected clock. When the
CMCNT counter value matches that of CMCORO, the CMCNTO counter is cleared to H'0000 and
the CMF flag in the CMCSRO register is set to 1. The CMCNTO counter begins counting up again
from H'0000.

Figure 11.25 shows the compare match counter operation.

CMCNTO value

Counter cleared by
CMCORO compare match

CMCORO

H'0000

Figure 11.25 Counter Operation
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CMCNTO Count Timing

One of four clocks (P@/4, P@/8, P@/16, P@/64) obtained by dividing the P clock can be selected
with the CKS1 and CK SO bitsin CMCSRO. Figure 11.26 shows the timing.

o J LI LU LI Lo

Internal clock _I

5 | ) |

CMCNTO input ,—l
clock 55 « ,—\—

R

(¢

(¢
CMCNTO — N1 X N . N+1

C
U U

Figure11.26 Count Timing

11.44 CompareMatch
Compare Match Flag Setting Timing

The CMF bit inthe CMCSRO register is set to 1 by the compare match signal generated when the
CMCORQO register and the CMCNTO counter match. The compare match signal is generated in the
final state of the match (timing at which the CMCNTO counter matching count value is updated).
Consequently, after the CMCORQO register and the CM CNTO counter match, a compare match
signal will not be generated until a CMCNTO counter input clock occurs. Figure 11.27 shows the
CMF bit setting timing.
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input clock —

CMCNTO N >< 0

CMCORO N

Compare
match signal

CMF

CMI

Figure11.27 CMF Setting Timing
Compare Match Flag Clearing Timing

The CMF bit in the CMCSRO register is cleared by writing 0 to it after reading 1. Figure 11.28
shows the timing when the CMF hit is cleared by the CPU.

CMCSRO write cycle

e
o] L

CMF

Figure11.28 Timingof CMF Clearing by the CPU
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11.5 Examplesof Use

1151 Example of DMA Transfer between On-Chip IrDA and External M emory

In this example, receive data of the on-chip IrDA istransferred to external memory using DMAC
channel 3. Table 11.8 showsthe transfer conditions and register settings. In addition, itis
recommended that the trigger for the number of receive FIFO data bytesin IrDA be set to 1
(RTRG1 = RTRGO = 0in SCFCR).

Table11.8 Transfer Conditionsand Register Settingsfor Transfer between On-Chip SCI
and External M emory

Transfer Conditions Register Setting

Transfer source: RDR1 of on-chip IrDA SARS3 H'0400014A
Transfer destination: External memory DARS3 H'00400000
Number of transfers: 64 DMATCR3 H'00000040
Transfer source address: Fixed CHCRS3 H'00004B05

Transfer destination address: Incremented

Transfer request source: IrDA (RXI1)

Bus mode: Cycle-steal

Transfer unit: Byte

Interrupt request generated at end of transfer

Channel priority order: 0>2>3>1 DMAOR H'0101
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11.5.2 Exampleof DMA Transfer between A/D Converter and External Memory

In this example, DMA transfer is performed between the on-chip A/D converter (transfer source)
and the external memory (transfer destination) with the address reload function on. Table 11.9
shows the transfer conditions and register settings.

Table11.9 Transfer Conditionsand Register Settingsfor Transfer between On-Chip A/D
Converter and External M emory

Transfer Conditions Register Setting

Transfer source: On-chip A/D converter SAR2 H'04000080
Transfer destination: Internal memory DAR2 H'00400000
Number of transfers: 128 (reloading 32 times) DMATCR2 H'00000080
Transfer source address: Incremented CHCR2 H'00089E35

Transfer destination address: Decremented

Transfer request source: A/D converter

Bus mode: Burst

Transfer unit: Longword

Interrupt request generated at end of transfer

Channel priority order:0>2>3>1 DMAOR H'0101

When the address reload function is on, the value set in SAR returns to the initially set value every
four transfers. In this example, when a transfer request is generated from the A/D converter, byte
datais read from the register at address H'04000080 in the A/D converter, and is written to
external memory address H'00400000. Since longword data has been transferred, the values in
SAR and DAR are H'04000084 and H'003FFFFC, respectively. The busiskept and data transfers
are performed successively because this transfer isin burst mode.

After four transfers end, fifth and sixth transfers are performed if the address reload function is off,
and the value in SAR isincremented from H'0400008C to H'04000090, H'04000094... If the
address reload function is on, DMA transfer stops after the fourth transfer ends, and the bus
reguest signal to the CPU iscleared. At thistime, the value stored in SAR is not incremented
from H'0400008C to H'04000090, but returnsto the initially set value, H'04000080. The valuein
DAR continues to be decremented regardless of whether the address reload function is on or off.
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Asaresult, the valuesin the DMAC are as shown in table 11.10 when the fourth transfer ends,
depending on whether the address reload function is on or off.

Table 11.10 Valuesin DM AC after End of Fourth Transfer

Iltems Address reload on Address reload off
SAR H'04000080 H'04000090

DAR H'003FFFFC H'003FFFFC
DMATCR H'0000007C H'0000007C

Bus right Released Held

DMAC operation Stops Keeps operating
Interrupt Not generated Not generated
Transfer request source flag Executed Not executed
clearing

Notes: 1. An interrupt is generated regardless of whether the address reload function is on or off,
if transfers are executed until the value in DMATCR reaches 0 and the IE bit in CHCR
has been set to 1.

2. The transfer request source flag is cleared regardless of whether the address reload
function is on or off, if transfers are executed until the value in DMATCR reaches 0.

3. Specify burst mode when using the address reload function. This function may not be
correctly executed in cycle-steal mode.

4. Set a multiple of four in DMATCR when using the address reload function. This function
may not be correctly executed if other values are specified.

11.53 Example of DMA Transfer between External Memory and SCIF Transmitter
(Indirect Address On)

In this example, DMA transfer is performed between the external memory specified by indirect
address (transfer source) and the SCIF transmitter (transfer destination) using DMAC channel 3.
Table 11.11 shows the transfer conditions and register settings. In addition, the trigger for the
number of transmit FIFO databytesisset to 1 (TTRG1 = TTRGO = 1 in SCFCR).
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Table11.11 Transfer Conditionsand Register Settingsfor Transfer between External
Memory and SCIF Transmitter

Transfer Conditions Register Setting
Transfer source: External memory SAR3 H'00400000
Value stored in address H'00400000 — H'00450000
Value stored in address H'04500000 — H'55
Transfer destination: On-chip SCIF TDR2 DAR3 H'04000156
Number of transfers: 10 DMATCRS3 H'0000000A
Transfer source address: Incremented CHCR3 H'00011C01

Transfer destination address: Fixed

Transfer request source: SCIF (TXI2)

Bus mode: Cycle-steal

Transfer unit: Byte

No interrupt request generated at end of transfer

Channel priority order:0>1>2>3 DMAOR H'0001

If the indirect addressis on, data stored in the address set in SAR is not used as transfer source
data. In the indirect address, after the value stored in the address set in SAR isread, that read value
isused as an address again, and the value stored in that addressis read and stored in the address
set in DAR.

In the example shown in table 11.11, when an SCIF transfer request is generated, the DMAC reads
the value in address H'00400000 set in SAR3. Since the value H'00450000 is stored in that
address, the DMAC reads the value H'00450000. Next, the DMAC uses that read value as an
address again, and reads the value H'55 stored in that address. Then, the DMAC writes the value
H'55 to address H'04000156 set in DARS3; this completes one indirect address transfer.

In the indirect address, when datais read first from the address set in SAR3, the data transfer size
isaways longword regardless of the settings of the TS0 and TS1 hits that specify the transfer data
size. However, whether the transfer source addressis fixed, incremented, or decremented is
specified by the SMO and SM 1 bits. Therefore, in this example, though the transfer datasize is
specified as byte, the value in SAR3 is H'00400004 when one transfer ends. Write operations are
the same as in normal dual address transfer.

Rev. 5.00, 09/03, page 386 of 760
RENESAS



11.6  Usage Notes

1

The DMA channel control registers (CHCRO—-CHCR3) can be accessed with any data size. The
DMA operation register (DMAOR) must be accessed by byte (8 bits) or word (16 bits); other
registers must be accessed by word (16 bits) or longword (32 bits).

Before rewriting the RSO-RS3 bits in CHCRO-CHCR3, first clear the DE hit to 0 (when
rewriting CHCR with a byte address, be sure to set the DE bit to 0 in advance).

Even if an NMI interrupt is input when the DMAC is not operating, the NMIF bit in DMAOR
will be set.

Before entering standby mode, the DME hit in DMAOR must be cleared to 0 and the transfers
accepted by the DMAC completed.

The on-chip peripherals which the DMAC can access are the IrDA, SCIF, A/D converter, D/A
converter, and 1/O ports. Do not access other peripherals with the DMAC.

When starting up the DMAC, set CHCR or DMAOR last. Normal operation is hot guaranteed
if settings for another register are made last.

Even if the maximum number of transfers are performed in the same channel after the
DMATCR count reaches 0 and DMA transfer ends normally, write 0 to DMATCR.

Otherwise, normal DMA transfer may not be performed.

When using the address rel oad function, specify burst mode as the transfer mode. In cycle-steal
mode, normal DMA transfer may not be performed.

When using the address rel oad function, set a multiple of four in DMATCR. Normal operation
isnot guaranteed if other values are specified.

10. When detecting an external request at the falling edge, keep the external request pin high when

setting the DMAC.

11. Do not access the space from H'4000062 to H'400006F, which is not used in the DMAC.

Accessing this space may cause malfunctions.

12. The WAIT signal isignored in the case of a write to external address space in dual address

mode with 16-byte transfer, or transfer from an external device with DACK to external address
space in signal address mode with 16-byte transfer.

13. DMAC transfers should not be performed in the sleep mode under conditions other than when

the clock ratio of ¢ (on-chip clock) to Bg (bus clock) is1:1.

14. When the following three conditions are al met, the frequency control register (FRQCR)

should not be changed while a DMAC transfer isin progress.

e BitsIFC2to IFCO are changed.

e STC2to STCOin FRQCR are not changed.

e Theclock ratio of 1¢ (on-chip clock) to B (bus clock) after the change is other than 1:1.
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Section 12 Timer (TMU)

121  Overview

The SH7709S has a three-channel (channels 0 to 2) 32-bit timer unit (TMU).

12.1.1 Features

The TMU has the following features:

Each channel is provided with an auto-reload 32-bit down counter.
Channel 2 is provided with an input capture function.

All channels are provided with 32-bit constant registers and 32-bit down counters that can be
read or written to at any time.

All channels generate interrupt requests when the 32-bit down counter underflows
(H'00000000 - H'FFFFFFFF).

Allows selection between 6 counter input clocks: External clock (TCLK), on-chip RTC output
clock (16 kHz), P@/4, P@/16, P@/64, P@/256. (P@istheinternal clock for peripheral modules.)
See section 9, On-Chip Oscillation Circuits, for more information on the clock pulse generator.

All channels can operate when the SH7709S is in standby mode: When the RTC output clock
is being used as the counter input clock, the SH7709S is till able to count in standby mode.

Synchronized read: TCNT is asequentially changing 32-bit register. Since the peripheral
module used has an internal bus width of 16 bits, atime lag can occur between the time when
the upper 16 bits and lower 16 bits are read. To correct the discrepancy in the counter read
value caused by this time lag, a synchronization circuit is built into the TCNT so that the entire
32-bit datain the TCNT can be read at once.

The maximum operating frequency of the 32-bit counter is2 MHz on all channels: Operate the
SH7709S so that the clock input to the timer counters of each channel (obtained by dividing
the external clock and internal clock with the prescaler) does not exceed the maximum
operating frequency.
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12.1.2 Block Diagram

Figure 12.1 shows a block diagram of the TMU.
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TOCR: Timer output control register TCNT: 32-bit timer counter
TSTR: Timer start register TCOR: 32-bit timer constant register
TCR: Timer control register TCPR2: 32-bit input capture register

Figure12.1 Block Diagram of TMU
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12.1.3  Pin Configuration

Table 12.1 shows the pin configuration of the TMU.

Table12.1 TMU Pin

Pin /0
TCLK I/O

Channel Description

Clock input/clock output External clock input pin/input capture control input

pin/realtime clock (RTC) output pin

1214 Register Configuration

Table 12.2 shows the TMU register configuration.

Table12.2 TMU Registers

Abbre- Access

Channel Register viation R/W Initial Value® Address Size

Common Timer output control TOCR R/W H'00 H'FFFFFE90 8
register
Timer start register TSTR R/W H'00 H'FFFFFE92 8

0 Timer constant register 0 TCORO R/W H'FFFFFFFF HFFFFFE94 32
Timer counter 0 TCNTO RW H'FFFFFFFF H'FFFFFEQ8 32
Timer control register 0 TCRO R/W H'0000 H'FFFFFE9C 16

1 Timer constant register 1  TCOR1 R/W H'FFFFFFFF H'FFFFFEAO 32
Timer counter 1 TCNT1 R/W H'FFFFFFFF H'FFFFFEA4 32
Timer control register 1 TCR1 R/W H'0000 H'FFFFFEA8 16

2 Timer constant register 2 TCOR2 R/W H'FFFFFFFF H'FFFFFEAC 32
Timer counter 2 TCNT2 R/W H'FFFFFFFF H'FFFFFEBO 32
Timer control register 2 TCR2 R/W H'0000 H'FFFFFEB4 16
Input capture register 2 TCPR2 R Undefined H'FFFFFEB8 32

Note: * Initialized by power-on resets or manual resets.

RENESAS
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122 TMU Registers

12.21  Timer Output Control Register (TOCR)

TOCR isan 8-hit readable/writable register that selects whether to use the external TCLK pin as
an external clock or an input capture control usage input pin, or an output pin for the on-chip RTC
output clock. TOCR isinitialized to H'00 by a power-on reset or manual reset, but is not initialized
in standby mode.

Bit: 7 6 5 4 3 2 1 0
- - -1 - =] = [ = [TcoE

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

Bits 7 to 1—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 0—Timer Clock Pin Control (TCOE): Selects use of the timer clock pin (TCLK) asan
external clock output pin or input pin for input capture control for the on-chip timer, or asan
output pin for the on-chip RTC output clock. Since the TCLK pin is multiplexed as the PTH7 pin,
when the pinisused as TCLK, bits PH7MD1 and PH7MDO in the PHCR register should be set to
00 (the "other function" setting).

Bit 0: TCOE Description

0 Timer clock pin (TCLK) used as external clock input or input capture control
input pin for the on-chip timer (Initial value)

1 Timer clock pin (TCLK) used as output pin for on-chip RTC output clock

12,22 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that selects whether to run or halt the timer counters
(TCNT) for channels 0-2. TSTRisinitialized to H'00 by a power-on reset or manual reset, but is
not initialized in standby mode when the input clock selected for the channel isthe on-chip RTC
clock (RTCCLK). Only when an external clock (TCLK) or the peripheral clock (Pe) is used asthe
input clock, it isinitialized in standby mode when the multiplication ratio of PLL circuit 1is
changed or when the MSTP2 bit in STBCRis set to 1.

Bit: 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ — \ STR2 \ STR1 \ STRO \
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W R/W
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Bits 7 to 3—Reserved: These bits are always read as 0. The write value should always be 0.

Bit 2—Counter Start 2 (STR2): Selects whether to run or halt timer counter 2 (TCNT2).

Bit 2: STR2 Description
0 TCNT2 count halted (Initial value)
1 TCNT2 counts

Bit 1—Counter Start 1 (STR1): Selects whether to run or halt timer counter 1 (TCNT1).

Bit 1: STR1 Description
0 TCNT1 count halted (Initial value)
1 TCNT1 counts

Bit 0—Counter Start 0 (STRO): Selects whether to run or halt timer counter 0 (TCNTO).

Bit 0: STRO Description
0 TCNTO count halted (Initial value)
1 TCNTO counts

12.23 Timer Control Registers(TCR)

Thetimer control registers (TCR) control the timer counters (TCNT) and interrupts. The TMU has
three TCR registers, one for each channel.

The TCR registers are 16-bit readable/writable registers that control the issuance of interrupts
when the flag indicating timer counter (TCNT) underflow has been set to 1, and aso carry out
counter clock selection. When the external clock has been selected, they also select its edge.
Additionally, TCR2 controls the channel 2 input capture function and the issuance of interrupts
during input capture. The TCR registers are initialized to H'0000 by a power-on reset and manual
reset, but are not initialized in standby mode and retain their contents.
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Channels0 and 1 TCR Bit Configuration:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Channel 2 TCR Bit Configuration:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8

B = = = R
0 0 0 0 0 0 0 0
RIW
7 6 5 4 3 2 1 0

\ — — \ UNIE ‘CKEGl‘CKEGO‘TPSCZ \ TPSC1 \ TPSCO‘
0 0 0 0 0 0 0 0

R/W R/W R/W

R/W R/W R/W

15 14 13 12 11 10 9 8

B B I R B -
0 0 0 0 0 0 0 0
RW  RW
7 6 5 4 3 2 1 0

\ ICPE1 \ ICPEO \ UNIE \ CKEG1 \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO \
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW

Bits 15to 10, 9 (except TCR2), 7, and 6 (except TCR2)—Reserved: These bits are always read
as 0. The write value should always be 0.

Bit 9—Input Capture Interrupt Flag (ICPF): A function of channel 2 only: the flag is set when
input capture is requested viathe TCLK pin.

Bit 9: ICPF Description

0 No input capture request has been issued
Clearing condition: When 0 is written to ICPF

(Initial value)

1 Input capture has been requested via the TCLK pin

Setting condition: When input capture is requested via the TCLK pin®

Note: * Contents do not change when 1 is written to ICPF.
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Bit 8—Underflow Flag (UNF): Status flag that indicates occurrence of a TCNT underflow.

Bit 8: UNF Description
0 TCNT has not underflowed

Clearing condition: When 0 is written to UNF (Initial value)
1 TCNT has underflowed

Setting condition: When TCNT underflows™

Note: * Contents do not change when 1 is written to UNF.

Bits 7 and 6—Input Capture Control (ICPE1, |CPEOQ): A function of channel 2 only:
determines whether the input capture function can be used, and when used, whether or not to
enable interrupts.

When using thisinput capture function it is necessary to set the TCLK pin to input mode with the
TCOE hit inthe TOCR register. Additionally, use the CKEG bit to designate use of either the
rising or falling edge of the TCLK pin to set the valuein TCNTZ2 in the input capture register
(TCPR2).

Bit 7: ICPE1 Bit 6: ICPEO Description

0 0 Input capture function is not used (Initial value)
1 Reserved (Setting prohibited)
1 0 Input capture function is used. Interrupt due to ICPF (TICPI2)
is not enabled
1 Input capture function is used. Interrupt due to ICPF (TICPI2)
is enabled

Bit 5—Underflow Interrupt Control (UNIE): Controls enabling of interrupt generation when
the status flag (UNF) indicating TCNT underflow has been set to 1.

Bit 5: UNIE Description
0 Interrupt due to UNF (TUNI) is not enabled (Initial value)
1 Interrupt due to UNF (TUNI) is enabled
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Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO): Select the external clock edge when the
external clock is selected, or when the input capture function is used.

Bit 4. CKEG1 Bit 3: CKEGO Description

0 0 Count/capture register set on rising edge (Initial value)
1 Count/capture register set on falling edge
1 X Count/capture register set on both rising and falling edge

Note: X means 0, 1, or ‘Don’t care’.

Bits2to O—Timer Prescaler 2to 0 (TPSC2to TPSCO): Select the TCNT count clock.

Bit 2: TPSC2 Bit1: TPSC1 Bit0: TPSCO Description

0 0 0 Internal clock: count on P@/4 (Initial value)
1 Internal clock: count on P@/16
1 0 Internal clock: count on P@/64
1 Internal clock: count on P@/256
1 0 0 Internal clock: count on clock output of on-chip

RTC (RTC CLK)

[EEY

Count on TCLK pin input

1 0 Reserved (Setting prohibited)

Reserved (Setting prohibited)
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12.24 Timer Constant Registers (TCOR)

The TMU hasthree TCOR registers, one for each channel. TCOR specifies the value for setting in
TCNT whenaTCNT count-down results in an under flow.

TCOR isa 32-bit readable/writable register. TCOR isinitialized to H'FFFFFFFF by a power-on
reset or manual reset, but is not initialized, and retains its contents, in standby mode.

Bit: 31 30 29 28 27 26 25 24

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

1225 Timer Counters(TCNT)

The timer counters are 32-bit readabl e/writable registers. The TMU has three timer counters, one
for each channel.

TCNT counts down upon input of a clock. The clock input is selected using the TPSC2—TPSCO
bitsin the timer control register (TCR).

When a TCNT count-down results in an underflow (H'00000000 — H'FFFFFFFF), the underflow
flag (UNF) in the timer control register (TCR) of the relevant channel is set. The TCOR valueis
simultaneoudly set in TCNT itself and the count-down continues from that value.
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Because the internal bus for the SH7709S on-chip peripheral modulesis 16 bits wide, atime lag
can occur between the time when the upper 16 bits and lower 16 bits are read. Since TCNT counts
sequentially, thistime lag can create discrepancies between the data in the upper and lower halves.
To correct the discrepancy, a buffer register is connected to TCNT so that the upper and lower

halves are not read separately. The entire 32-bit datain TCNT can thus be read at once.

TCNT isinitialized to H'FFFFFFFF by a power-on reset or manual reset, but is not initialized, and
retains its contents, in standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
23 22 21 20 19 18 17 16
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
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12.2.6 Input Capture Register (TCPR2)

Input capture register 2 (TCPR2) is aread-only 32-bit register provided only in timer 2. Control of
TCPR2 setting conditions due to the TCLK pin is affected by the input capture function bits
(ICPEV/ICPEO and CKEGL/CKEGO) in TCR2. When a TCPR2 setting indication due to the
TCLK pin occurs, the value of TCNT2 is copied into TCPR2.

TCNTZ2 isnot initialized by a power-on reset or manual reset, but is not initialized, and retains its
contents, or in standby mode.

Bit: 31 30 29 28 27 26 25 24

| | | | | | | |
Initial value: — — — — — — — —
R/W: R R R R R R R R
Bit: 23 22 21 20 19 18 17 16

| | | | | | | |
Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 15 14 13 12 11 10 9 8

| | | | | | | |
Initial value: — — — — — — — —
R/W: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value: — — — — — — — —
R/W: R R R R R R R R
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123 TMU Operation

Each of three channels has a 32-bit timer counter (TCNT) and a 32-bit timer constant register
(TCOR). TCNT counts down. The auto-reload function enables cycle counting and counting by
external events. Channel 2 has an input capture function.

12.3.1  General Operation

When the STRO-STR2 hitsin the timer start register (TSTR) are set to 1, the corresponding timer
counter (TCNT) starts counting. When a TCNT underflows, the UNF flag of the corresponding
timer control register (TCR) is set. At thistime, if the UNIE bit in TCR is 1, an interrupt request is
sent to the CPU. Also at thistime, the value is copied from TCOR to TCNT and the down-count
operation is continued.

The count operation is set as follows (figure 12.2):

1. Select the counter clock with the TPSC2-TPSCO bits in the timer control register (TCR). If the
external clock is selected, set the TCLK pin to input mode with the TOCE bit in TOCR, and
select its edge with the CKEG1 and CKEGO bitsin TCR.

2. Usethe UNIE bit in TCR to set whether to generate an interrupt when TCNT underflows.

3. When using the input capture function, set the ICPE bitsin TCR, including the choice of
whether or not to use the interrupt function (channel 2 only).

4. Set avalueinthetimer constant register (TCOR) (the cycleisthe set value plus 1).
5. Settheinitial valuein thetimer counter (TCNT).
6. Setthe STR bit in the timer start register (TSTR) to 1 to start operation.
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Note: When an interrupt has been generated, clear the flag in the interrupt handler that
caused it. If interrupts are enabled without clearing the flag, another interrupt will be
generated.

Figure12.2 Setting the Count Operation
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Auto-Reload Count Operation: Figure 12.3 showsthe TCNT auto-reload operation.

TCOR value set to
/ TCNT during underflow

TCNT value

TCOR

> Time

H'00000000

STRO-STR2

—

Figure12.3 Auto-Reload Count Operation

TCNT Count Timing:

« Interna Clock Operation: Set the TPSC2-TPSCO bitsin TCR to select whether peripheral
module clock Pg or one of the four internal clocks created by dividing it is used (P@/4, P@/16,

P@/64, P@/256). Figure 12.4 shows the timing.

& Sﬂmﬁﬁmﬁm

Internal
clock —hﬁg \
TCNT S (}

input clock

TONT N +1 X 85 N ) X N-1

Figure12.4 Count Timing when Operating on Internal Clock
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» Externa Clock Operation: Set the TPSC2—TPSCO bitsin TCR to select the external clock
(TCLK) asthetimer clock. Use the CKEGL1 and CKEGO bits in TCR to select the detection
edge. Rising, falling, or both edges may be selected. The pulse width of the external clock
must be at least 1.5 peripheral module clock cycles for single edges or 2.5 peripheral module
clock cyclesfor both edges. A shorter pulse width will result in accurate operation. Figure 12.5
shows the timing for both-edge detection.

o L L LT LT LT

External ((
lock input ))

Saﬁ%gfﬁ) S | \ I—
) )

TCNT p
TCNT N+1 X % N X N-1 )

N2 N2

input clock
Figure12.5 Count Timing when Operating on External Clock (Both Edges Detected)

e On-Chip RTC Clock Operation: Set the TPSC2—-TPSCO bitsin TCR to select the on-chip RTC
clock asthe timer clock. Figure 12.6 shows the timing.

RTC output
clock

TCNT input 4#—\ ’—l—\—,i—
clock

TCNT N+1 X N X N -1 X

Figure12.6 Count Timing when Operating on On-Chip RTC Clock

12.3.2 Input Capture Function

Channel 2 has an input capture function (figure 12.7). When using the input capture function, set
the TCLK pin to input mode with the TCOE bit in the timer output control register (TOCR) and
set the timer operation clock to internal clock or on-chip RTC clock with the TPCS2-TPCSO bits
in the timer control register (TCR2). Also, designate use of the input capture function and whether
to generate interrupts on input capture with the IPCE1-1PCEQ bits in TCR2, and designate the use
of either the rising or falling edge of the TCLK pin to set the timer counter (TCNT2) value into the
input capture register (TCPR2) with the CKEG1-CKEGO bitsin TCR2.

The input capture function cannot be used in standby mode.
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Figure12.7 Operation Timing when Using Input Capture Function
(Using TCLK Rising Edge)
124  Interrupts

There are two sources of TMU interrupts: underflow interrupts (TUNI) and interrupts when using
the input capture function (TICPI2).

1241 StatusFlag Setting Timing

UNF isset to 1 when the TCNT underflows. Figure 12.8 shows the timing.

o [ LI L L LT LT

TCNT X H00000000 )y X TCORvalue
((
Underflow
signal A ) |

UNF |

TUNI |

Figure12.8 UNF Setting Timing
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12.4.2 StatusFlag Clearing Timing

The status flag can be cleared by writing O from the CPU. Figure 12.9 shows the timing.

TCR write cycle
Ty T2 T3

e
o [ L L

Peripheral address bus >< TCR address

UNF, ICPF

Figure12.9 StatusFlag Clearing Timing

12.4.3 Interrupt Sourcesand Priorities

The TMU produces underflow interrupts for each channel. When the interrupt request flag and
interrupt enable bit are both set to 1, an interrupt is requested. Codes are set in the interrupt event
registers (INTEVT, INTEVT2) for these interrupts and interrupt handling occurs according to the
codes.

Therelative priorities of channels can be changed using the interrupt controller (see section 4,
Exception Handling, and section 6, Interrupt Controller (INTC)). Table 12.3 lists TMU interrupt
SOUrces.

Table12.3 TMU Interrupt Sources

Channel Interrupt Source Description Priority
0 TUNIO Underflow interrupt O High

1 TUNIL Underflow interrupt 1

2 TUNI2 Underflow interrupt 2 I

2 TICPI2 Input capture interrupt 2 Low
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125 Usage Notes

1251 Writing to Registers

Synchronization processing is not performed for timer counting during register writes. When
writing to registers, always clear the appropriate start bits for the channel (STR2-STRO) in the
timer start register (TSTR) to halt timer counting.

1252 Reading Registers

Synchronization processing is performed for timer counting during register reads. When timer
counting and register read processing are performed simultaneoudly, the register value before
TCNT counting down (with synchronization processing) isread.
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Section 13 Reatime Clock (RTC)

13.1 Overview

The SH7709S has a realtime clock (RTC) with its own 32.768-kHz crystal oscillator.

13.1.1 Features

» Clock and calendar functions (BCD display): Seconds, minutes, hours, date, day of the week,
month, and year

e 1-Hzto 64-Hz timer (binary display)
* Start/stop function
e 30-second adjust function

e Alarminterrupt: Frame comparison of seconds, minutes, hours, date, day of the week, and
month can be used as conditions for the alarm interrupt

« Cyclicinterrupts: Theinterrupt cycle may be 1/256 second, 1/64 second, 1/16 second, 1/4
second, 1/2 second, 1 second, or 2 seconds

e Carry interrupt: A carry interrupt indicates when a carry occurs during a counter read
e Automatic leap year correction
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13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the RTC.

Externally
connected
circuit : 30- :
EXTAL2 : second I
4 |_1__|Z’_._> ) Reset ADJ |
5 | Oscillator 128 Hz |
! circuit i i |
_|Z|<_|_ T3 1
9_| |I_ XTAL2 | : : Bus :
| o)
' 32.768 kHz W EassALI iy interface 3
| v ¢-+» RSECCNT | | B
c
: Pre.scaler : RMINCNT : : 5
I (=2 | I L | E
l 16.384 kHz | | RHRCNT :C> !
RTCCLK +——@ I | RWKCNT | ! !
! | ! |
| v |
I | Prescaler : RDAYCNT : :
L | (+128) ! | RMONCNT | | !
| |
| i | RYRCNT | |
! | ! |
| ! |
! < |
! |
ATl «—1— Interrupt | |
: control o |
PRI 4_=_ circuit . o I
. I @ |
| * ' | RsEcArR |1 3| |
| |
| || RMINAR |1 |Z |
|
I Carry |4 i | RHRAR ) I
CUl «+—— detection I p :
I circuit > : RWKAR I |
| ! | RDAYAR | | !
| |
! ! | RMONAR | i |
|
| I_ _________ 1 :
! |
|
! rRcrl K > |
|
! |
! rRcrz K O |
. :
! |
! |
b RTC-!
Legend
R64CNT: 64 Hz counter RSECAR:  Second alarm register
RSECCNT: Second counter RMINAR: Minute alarm register
RMINCNT:  Minute counter RHRAR: Hour alarm register
RHRCNT:  Hour counter RWKAR: Day-of-week alarm register
RWKCNT:  Day-of-week counter RDAYAR: Day alarm register
RDAYCNT: Day counter RMONAR:  Month alarm register
RMONCNT: Month counter RCR1: RTC control register 1
RYRCNT:  Year counter RCR2: RTC control register 2

Figure13.1 Block Diagram of RTC
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13.1.3  Pin Configuration
Table 13.1 shows the RTC pin configuration.

Table13.1 RTC Pins

Pin Signal Name 110 Description

RTC oscillator crystal pin EXTAL2 | Connects crystal to RTC oscillator*?
RTC oscillator crystal pin XTAL2 @) Connects crystal to RTC oscillator*?
Clock input/clock output TCLK 1/0 External clock input pin/input capture

control input pin/realtime clock (RTC)
output pin (shared by TMU)

*x1

Dedicated power-supply pin Vce—-RTC — Dedicated power-supply pin for RTC
for RTC
Dedicated GND pin for RTC Vss—RTC — Dedicated GND pin for RTC**

Notes: 1. Exceptin hardware standby mode, power must be supplied to all power supply pins,
including these, even when only the RTC is used (including standby mode).
2. When the RTC is not used, pull EXTAL2 up (to Vcc) and make no connection for
XTAL2.
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13.1.4

Table 13.2 shows the RTC register configuration.

RTC Register Configuration

Table13.2 RTC Registers

Name Abbreviation R/W Initial Value Address Access Size
64-Hz counter R64CNT R Undefined H'FFFFFECO 8
Second counter RSECCNT R/W  Undefined H'FFFFFEC2 8
Minute counter RMINCNT R/W  Undefined HFFFFFEC4 8
Hour counter RHRCNT R/W  Undefined H'FFFFFEC6 8
Day of week counter RWKCNT R/W  Undefined H'FFFFFEC8 8
Date counter RDAYCNT R/W  Undefined H'FFFFFECA 8
Month counter RMONCNT R/W  Undefined H'FFFFFECC 8
Year counter RYRCNT R/W  Undefined H'FFFFFECE 8
Second alarm register RSECAR RW  Undefined” H'FFFFFEDO 8
Minute alarm register RMINAR RMW  Undefined” H'FFFFFED2 8
Hour alarm register RHRAR RMW  Undefined” H'FFFFFED4 8
Day of week alarm register RWKAR RMW  Undefined” H'FFFFFED6 8
Date alarm register RDAYAR RMW  Undefined” H'FFFFFED8 8
Month alarm register RMONAR RMW  Undefined” H'FFFFFEDA 8
RTC control register 1 RCR1 R/W  H'00 H'FFFFFEDC 8
RTC control register 2 RCR2 R/W  H'09 H'FFFFFEDE 8

Note: * Only the ENB bits of each register are initialized.
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13.2 RTC Registers

13.21 64-Hz Counter (R64CNT)

The 64-Hz counter (R64CNT) isan 8-hit read-only register that indicates the states of the RTC
divider circuit, RTC prescaler, and R64CNT between 64 Hz and 1 Hz.

R64CNT isinitialized to H'00 by setting the RESET bit in RTC control register 2 (RCR2) or the
ADJbitin RCR2 to 1.

R64CNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit 7 isalwaysread as 0.

Bit. 7 6 5 4 3 2 1 0

\ — \ 1Hz \ 2Hz \ 4Hz \ 8Hz \ 16Hz \ 32Hz \ 64Hz \
Initial value: 0 — — — — — — _
RW: R R R R R R R R

13.2.2  Second Counter (RSECCNT)

The second counter (RSECCNT) is an 8-hit readable/writable register used for setting/counting in
the BCD-coded second section of the RTC. The count operation is performed by a carry for each
second of the 64-Hz counter.

The range that can be set is 00—59 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RSECCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ 10 seconds 1 second
Initial value: 0 — — — — — — —
R/W: R R/W R/W R/W R/W R/W R/W R/W
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13.23 Minute Counter (RMINCNT)

The minute counter (RMINCNT) is an 8-bit readable/writable register used for setting/counting in
the BCD-coded minute section of the RTC. The count operation is performed by a carry for each
minute of the second counter.

The range that can be set is 00-59 (decimal). Errant operation will result if any other valueis set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RMINCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ 10 minutes 1 minute
Initial value: 0 — — — — — — —
R/W: R R/W R/W R/W R/W R/W R/W R/W

13.24 Hour Counter (RHRCNT)

The hour counter (RHRCNT) is an 8-bit readable/writable register used for setting/counting in the
BCD-coded hour section of the RTC. The count operation is performed by a carry for each 1 hour
of the minute counter.

The range that can be set is 00—23 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2 or using
acarry flag as shown in figure 13.2.

RHRCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ 10 hours 1 hour
Initial value: 0 0 — — — — — —
R/W: R R R/W R/W R/W R/W R/W R/W
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13.25 Day of Week Counter (RWKCNT)

The day of week counter (RWKCNT) is an 8-hit readabl e/writable register used for
setting/counting in the BCD-coded day of week section of the RTC. The count operation is
performed by a carry for each day of the date counter.

The range that can be set is 0—6 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RWKCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ - ‘ — ‘ — ‘ — ‘ — ‘ Day of week
Initial value: 0 0 0 0 0 — — —
RW: R R R R R R/W R/W R/W

Days of the week are coded as shown in table 13.3.

Table 13.3 Day-of-Week Codes (RWKCNT)

Day of Week Code
Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

ol bW N|FL|O

Saturday
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13.2.6 Date Counter (RDAYCNT)

The date counter (RDAY CNT) is an 8-bit readable/writable register used for setting/counting in
the BCD-coded date section of the RTC. The count operation is performed by a carry for each day
of the hour counter.

The range that can be set is 01-31 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RDAYCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

The RDAY CNT range that can be set changes with each month and in leap years. Please confirm
the correct setting.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ 10 days 1 day
Initial value: 0 0 — — — — — —
R/W: R R R/W R/W R/W R/W R/W R/W

13.2.7 Month Counter (RMONCNT)

The month counter (RMONCNT) is an 8-bit readable/writable register used for setting/counting in
the BCD-coded month section of the RTC. The count operation is performed by a carry for each
month of the date counter.

The range that can be set is 00—12 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RMONCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
— — — 10 1 month
months
Initial value: 0 0 0 — — — — —
R/W: R R R R/W R/W R/W R/W R/W
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13.2.8 Year Counter (RYRCNT)

The year counter (RYRCNT) is an 8-bit readable/writable register used for setting/counting in the
BCD-coded year section of the RTC. The least significant 2 digits of the western calendar year are
displayed. The count operation is performed by a carry for each year of the month counter.

The range that can be set is 00—99 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RYRCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Leap years are recognized by dividing the year counter value by 4 and obtaining afractional result
of 0. The year counter value: 00 isincluded in leap years.

Bit: 7 6 5 4 3 2 1 0
10 years 1 year

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

13.29 Second Alarm Register (RSECAR)

The second alarm register (RSECAR) is an 8-bit readabl e/writable register, and an alarm register
corresponding to the BCD-coded second section counter RSECCNT of the RTC. When the ENB
bit is set to 1, a comparison with the RSECCNT valueis performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC aarm interrupt is generated.

The range that can be set is 00—59 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bit in RSECAR isinitialized to 0 by a power-on reset. The remaining RSECAR fields
are not initialized and retain their contents by a manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ 10 seconds 1 second
Initial value: 0 — — — — — _ _

RW: RW R/W R/W R/W R/W R/W R/W R/W
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13.2.10 Minute Alarm Register (RMINAR)

The minute dlarm register (RMINAR) is an 8-bit readable/writable register, and an alarm register
corresponding to the BCD-coded minute section counter RMINCNT of the RTC. When the ENB
bit is set to 1, a comparison with the RMINCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is 00—59 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RMINAR isinitialized by a power-on reset. The remaining RMINAR fields are
not initialized and retain their contents by a manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ 10 minutes 1 minute
Initial value: 0 — — — — — _ _

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

13.211 Hour Alarm Register (RHRAR)

The hour alarm register (RHRAR) is an 8-bit readabl e/writable register, and an alarm register
corresponding to the BCD-coded hour section counter RHRCNT of the RTC. When the ENB hit is
set to 1, acomparison with the RHRCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC aarm interrupt is generated.

The range that can be set is 00—23 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RHRAR isinitialized by a power-on reset. The remaining RHRAR fields are not
initialized and retain their contents by a manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ — ‘ 10 hours 1 hour
Initial value: 0 0 — — — — — _
R/W: RW R R/W R/W R/W R/W R/W R/W
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13.212 Day of Week Alarm Regiser (RWKAR)

The day of week alarm register (RWKAR) is an 8-bit readable/writable register, and an alarm
register corresponding to the BCD-coded day of week section counter RWKCNT of the RTC.
When the ENB hit is set to 1, a comparison with the RWKCNT value is performed. From among
the RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is 0—6 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RWKAR isinitialized by a power-on reset. The remaining RWKAR fields are not
initialized and retain their contents by a manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ — ‘ — ‘ — ‘ — ‘ Day of week
Initial value: 0 0 0 0 0 — — —
RW: RW R R R R R/W R/W R/W

Days of the week are coded as shown in table 13.4.

Table13.4 Day-of-Week Codes (RWKAR)

Day of Week Code
Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Ol b~ W|NIF| O

Saturday
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13.2.13 DateAlarm Register (RDAYAR)

The date alarm register (RDAY AR) is an 8-bit readable/writable register, and an alarm register
corresponding to the BCD-coded date section counter RDAY CNT of the RTC. When the ENB bit
isset to 1, acomparison with the RDAY CNT value is performed. From among the registers
RSECAR, RMINAR, RHRAR, RWKAR, RDAY AR, RMONAR, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, an
RTC alarm interrupt is generated.

The range that can be set is 01-31 (decimal) + ENB bit. Errant operation will result if any other
valueisset. The RDAY CNT range that can be set changes with some months and in leap years.
Please confirm the correct setting.

The ENB bitin RDAYAR isinitialized by a power-on reset. The remaining RDAY AR fields are
not initialized and retain their contents by a manual reset, or in standby mode.

Bit. 7 6 5 4 3 2 1 0
\ ENB \ — \ 10 days 1 day
Initial value: 0 0 — — — — — _
RW: RMW R RW RW RW RW RW  RW

13.2.14 Month Alarm Register (RMONAR)

The month alarm register (RMONAR) is an 8-bit readable/writable register, and an alarm register
corresponding to the BCD-coded month section counter RMONCNT of the RTC. When the ENB
bit is set to 1, a comparison with the RMONCNT value is performed. From among the registers
RSECAR, RMINAR, RHRAR, RWKAR, RDAY AR, RMONAR, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, an
RTC alarm interrupt is generated.

The range that can be set is 01-12 (decimal) + ENB bit. Errant operation will result if any other
valueis set.

The ENB bitin RMONAR isinitialized by a power-on reset. The remaining RMONAR fields are
not initialized and retain their contents by a manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
ENB — — 10 1 month
months
Initial value: 0 0 0 — — — — _
R/W: RW R R R/W R/W R/W R/W R/W
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13.2.15 RTC Control Register 1 (RCR1)

The RTC control register 1 (RCRL1) is an 8-bit readable/writable register that affects carry flags
and alarm flags. It also selects whether to generate interrupts for each flag. Because flags are
sometimes set after an operand read, do not use this register in read-modify-write processing.

RCRL1lisinitialized to H'00 by a power-on reset or amanual reset. In amanual reset, al bitsare
initialized to H'00 except for the CF flag, which is undefined. When using the CF flag, it must be
initialized beforehand. Thisregister is not initialized in standby mode.

Bit: 7 6 5 4 3 2 1 0
\ CF \ — \ — \ CIE \ AIE \ — \ — \ AF \
Initial value: 0 0 0 0 0 0 0 0
RW: RMW R R RIW RIW R R RIW

Bit 7—Carry Flag (CF): Statusflag that indicates that a carry has occurred. Setting CFto 1
indicates reading of a counter register value has occurred when (1) the second counter is carried or
(2) the 64-Hz counter is carried. A count register value read at this time cannot be guaranteed;
another read is required.

Bit 7: CF Description
0 No count up of R64CNT or RSECCNT

Clearing condition: When 0 is written to CF (Initial value)
1 Count up of R64CNT or RSECCNT

Setting condition: When 1 is written to CF

Bits 6, 5, 2, and 1—Reserved: These bits are always read as 0. The write value should always be
0.

Bit 4—Carry Interrupt Enable Flag (CIE): When the carry flag (CF) is set to 1, the CIE bit
enablesinterrupts.

Bit 4: CIE Description
0 A carry interrupt is not generated when the CF flag is setto 1 (Initial value)
1 A carry interrupt is generated when the CF flag is setto 1

Rev. 5.00, 09/03, page 419 of 760
RENESAS



Bit 3—Alarm Interrupt Enable Flag (AIE): When the alarm flag (AF) is set to 1, the AIE bit
alowsinterrupts.

Bit 3: AIE Description
0 An alarm interrupt is not generated when the AF flag is setto 1

(Initial value)
1 An alarm interrupt is generated when the AF flag is setto 1

Bit 0—Alarm Flag (AF): The AF flag is set to 1 when the alarm time set in an alarm register
(only registers with ENB hit set to 1) matches the clock and calendar time. Thisflag iscleared to
0 when 0 is written, but holds its previous value when 1 is written.

Bit 0: AF Description

0 Clock/calendar and alarm register have not matched since last reset to O
Clearing condition: When 0 is written to AF (Initial value)

1 Setting condition: Clock/calendar and alarm register have matched (only

registers with ENB set)”

Note: * Contents do not change when 1 is written to AF.

13.2.16 RTC Control Register 2 (RCR2)

The RTC control register 2 (RCR2) is an 8-bit readable/writable register for periodic interrupt
control, 30-second adjustment ADJ, divider circuit RESET, and RTC count start/stop control. It is
initialized to H'09 by a power-on reset. It isinitialized except for RTCEN and START by a
manual reset. It is not initialized, and retains its contents, in standby mode.

Bit: 7 6 5 4 3 2 1 0
\ PEF \ PES2 \ PES1 \ PESO ‘RTCEN‘ ADJ \ RESET \ START‘
Initial value: 0 0 0 0 1 0 0 1

R/W:  RW R/W R/W R/W R/W R/W R/W R/W

Bit 7—Periodic Interrupt Flag (PEF): Indicates interrupt generation with the period designated
by the PES bits. When set to 1, PEF generates periodic interrupts.

Bit 7: PEF Description

0 Interrupts not generated with the period designated by the PES bits
Clearing condition: When 0 is written to PEF (Initial value)

1 Interrupts generated with the period designated by the PES bits

Setting condition: When 1 is written to PEF
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Bits 6 to 4—Periodic Interrupt Flags (PES2-PESD): Specify the periodic interrupt.

Bit 6: PES2 Bit 5: PES1 Bit4: PESO Description

0 0 0 No periodic interrupts generated (Initial value)
1 Periodic interrupt generated every 1/256 second
1 0 Periodic interrupt generated every 1/64 second
1 Periodic interrupt generated every 1/16 second
1 0 0 Periodic interrupt generated every 1/4 second
1 Periodic interrupt generated every 1/2 second
1 0 Periodic interrupt generated every 1 second
1 Periodic interrupt generated every 2 seconds

Bit 3—RTCEN: Controls the operation of the crystal oscillator for the RTC.

Bit 3: RTCEN Description
0 Crystal oscillator for RTC is halted
1 Crystal oscillator for RTC runs (Initial value)

Bit 2—30 Second Adjustment (ADJ): When 1 iswritten to the ADJ bit, times of 29 seconds or
less will be rounded to 00 seconds and 30 seconds or more to 1 minute. The divider circuit, RTC
prescaler, and R64CNT will be simultaneously reset. This bit is aways read as 0. The maximum
duration between when the ADJ bit is set to 1 and when the new setting is reflected in the readout
value from the seconds counter (RSECCNT) is approximately 91.6 us (when a 32.768 kHz quartz
oscillator is connected to the EXTALZ2 pin).

Bit 2: ADJ Description
0 Runs normally (Initial value)
1 (Write) 30-second adjustment

Bit 1—Reset (RESET): When 1 iswritten, initializes the divider circuit (RTC prescaler and
R64CNT). This bit isalways read as 0.

Bit 1: RESET Description
0 Runs normally (Initial value)
1 (Write) Divider circuit is reset
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Bit 0—Start Bit (START): Halts and restarts the counter (clock).

Bit 0: START Description
0 Second/minute/hour/day/week/month/year counter halts
1 Second/minute/hour/day/week/month/year counter runs normally

(Initial value)

Note: The 64-Hz counter always runs unless stopped with the RTCEN bit.

13.3 RTC Operation

13.31 Initial Settings of Registersafter Power-On

All the registers should be set after the power is turned on.

13.3.2  Settingthe Time

Figure 13.2 shows how to set the time when the clock is stopped. This works when the entire
calendar or clock isto be set. Programming can be easily performed.

To reset the divider circuit (RTC prescaler
and R64CNT) and set the counter

Stop clock, Write 1 to RESET and 0 to
reset divider circuit | START in the RCR2 register

Set seconds, minutes,
hour, day, day of the | Order is irrelevant
week, month and year

Write 1 to START in the
Start clock RCR2 register

v

Figure13.2 Settingthe Time
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13.3.3 ReadingtheTime

Figure 13.3 shows how to read the time. If a carry occurs while reading the time, the correct time
will not be obtained, so it must be read again. Part (a) in figure 13.3 shows the method of reading
the time without using interrupts; part (b) in figure 13.3 shows the method using carry interrupts.
To keep programming smple, method (@) should normally be used.

a. To read the time
without using interrupts
l

Disable the carry | o040 CIE in RCR1 to 0
interrupt

Write 0 to CF in RCR1

Clear the carry flag | Note: Set AF to 1 so that alarm
I flag is not cleared.

Read counter
register

Yes

Carry flag = 1? Read RCR1 and check CF

b. To use interrupts

».
-

Write 1 to CIE in RCR1,
interrupt and write 0 to CF in RCR1
Clear the carry flag Note: Set AF in RCR1 to 1 so that
I alarm flag is not cleared.

Enable the carry

Read counter
register

Yes Interrupt

generated?

Disable the carry

interrupt Write 0 to CIE in RCR1

Figure13.3 Readingthe Time
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13.3.4 Alarm Function

Figure 13.4 shows how to use the alarm function.

Alarms can be generated using seconds, minutes, hours, day of the week, date, month, or any
combination of these. Set the ENB hit (bit 7) to 1 in the register to which the alarm applies, and
then set the alarm time in the lower bits. Clear the ENB bit to 0 in registersto which the alarm

does not apply.

When the clock and alarm times match, 1 is set in the AF bit (bit 0) in RCR1. Alarm detection can
be checked by reading this bit, but normally it is done by interrupt. If 1is placed inthe AIE bit (bit
3) in RCR1, an interrupt is generated when an alarm occurs.

Clock running

Set whether to use
alarm interrupt

Set alarm time

Clear alarm flag

Monitor alarm time
(wait for interrupt or
check alarm flag)

Disable interrupts for preventing error
interrupts (clear the AIE bit in RCR1 to 0).
Then write 1 to the AIE bit in RCR1.

Always reset, since the flag may have
been set while the alarm time was being
set (clear the AF bit in RCR1 to 0).

Figure13.4 Usingthe Alarm Function
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13.35 Crystal Oscillator Circuit

Crystal oscillator circuit constants (recommended values) are shown in table 13.5, and the RTC
crystal oscillator circuit in figure 13.5.

Table13.5 Recommended Oscillator Circuit Constants (Recommended Values)

fosc Cin Cout

32.768 kHz 10 to 22 pF 10 to 22 pF
v

SH7709S Ry
ii Rp
EXTAL2 XTAL2
/[A|X|/ SAIIIYY . LIS IS

| | XTAL
LI

Cin Cout

Notes: 1. Select either the C;, or C,; side for the frequency adjustment variable capacitor
according to requirements such as frequency range, degree of stability, etc.

2. Built-in resistance value R¢ (Typ value) = 10 MQ, Rp (Typ value) = 400 kQ

3. Ci, and C,; values include floating capacitance due to the wiring. Take care
when using a ground plane.

4. The crystal oscillation settling time depends on the mounted circuit constants,
floating capacitance, etc., and should be decided after consultation with the
crystal resonator manufacturer.

5. Place the crystal resonator and load capacitors Cj, and C, as close as possible
to the chip.

(Correct oscillation may not be possible if there is externally induced noise in the
EXTAL2 and XTAL2 pins.)

6. Ensure that the crystal resonator connection pin (EXTAL2, XTAL2) wiring is
routed as far away as possible from other power lines (except GND) and signal
lines.

Figure13.5 Example of Crystal Oscillator Circuit Connection
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134  Usage Notes

1341 Register Writing during RTC Count
The following RTC registers cannot be written to during an RTC count (while bit 0 = 1 in RCR2).
RSECCNT, RMINCNT, RHRCNT, RDAYCNT, RWKCNT, RMONCNT, RYRCNT

The RTC count must be halted before writing to any of the above registers.

13.4.2 Useof Realtime Clock (RTC) Periodic Interrupts
The method of using the periodic interrupt function is shown in figure 13.6.

A periodic interrupt can be generated periodically at the interval set by the periodic interrupt
enable flag (PES) in RTC control register 2 (RCR2). When the time set by the periodic interrupt
enable flag (PES) has elapsed, the periodic interrupt flag (PEF) isset to 1.

The periodic interrupt flag (PEF) is cleared to 0 upon periodic interrupt generation when the
periodic interrupt enable flag (PES) is set. Periodic interrupt generation can be confirmed by
reading this bit, but normally the interrupt function is used.

Set PES, clear PEF Set PES, and clear PEF to 0,
in RCR2

»
P

Elapse of time set by PES

Clear PEF Clear PEF to 0

Figure13.6 Using Periodic Interrupt Function

13.4.3 Precautionswhen Using RTC M odule Standby

Before switching the RTC to module standby, access at |east one among the registers RTC, SCI,
and TMU.
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Section 14 Serial Communication Interface (SCI)

141 Overview

The SH7709S has an on-chip serial communication interface (SCI) that supports both
asynchronous and clock synchronous serial communication. It aso has a multiprocessor
communication function for serial communication among two or more processors. The SCI
supports a smart card interface, which isaserial communication feature for 1C card interfaces that
conformsto the ISO/IEC standard 7816-3 for identification cards. See section 15, Smart Card
Interface, for more information.

1411 Features
Selection of asynchronous or synchronous as the serial communication mode.

e Asynchronous mode:

0 Serial data communication is synchronized by start-stop in character units. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other communications chip that employs
a standard asynchronous seria system. It can also communicate with two or more other
processors using the multiprocessor communication function. There are 12 selectable serial
data communication formats.

Datalength: 7 or 8 bits

Stop bit length: 1 or 2 bits

Parity: Even, odd, or none

Multiprocessor bit: 1 or 0

Receive error detection: Parity, overrun, and framing errors

Break detection: By reading the RxD level directly from the SC port data register (SCPDR)
when aframing error occurs

«  Synchronous mode:

0 Serial datacommunication is synchronized with a clock signal. The SCI can communicate
with other chips having a synchronous communication function. Thereis one serial data
communication format.

0 Datalength: 8 bits

0 Receive error detection: Overrun errors

O0Ooooogdg

* Full duplex communication: The transmitting and receiving sections are independent, so the
SCI can transmit and receive simultaneoudly. Both sections use double buffering, so
continuous data transfer is possible in both the transmit and receive directions.

e On-chip baud rate generator with selectable hit rates
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» Internal or external transmit/receive clock source: From either baud rate generator (internal) or
SCK pin (external)

« Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full, and receive-
error interrupts are requested independently.

«  Whenthe SCl isnot in use, it can be stopped by halting the clock supplied to it, saving power.

14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the SCI.

I
I
o) I
[} |
% | Internal
Module data bus i data bus
g
@

| SCRDR | | SCTDR | SCPCR [ SCBRR
SCPDR
SCSSR

SCSCR Baud rate («——+—Po
SCSMR generator

y y
RxD—» | SCRSR || | SCTSR
A

Transmit/
: receive <« Py16
TxD : control «—L P64
XD <
: Parity generation | 1 % Clock | 1 i
| Parity check !
|
External clock i
SCK - i
! > TEI
I - TXI
i » RXI
i > ERI
b SCl---------—--=
Legend
SCRSR: Receive shift register SCSCR: Serial control register
SCRDR: Receive data register SCSSR: Serial status register
SCTSR: Transmit shift register SCBRR: Bit rate register
SCTDR: Transmit data register SCPDR: SC port data register
SCSMR: Serial mode register SCPCR: SC port control register

Figure14.1 Block Diagram of SCI
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Figures 14.2, 14.3, and 14.4 show block diagrams of the SCI 1/O port pins.

SCIF pin I/O and data control is performed by bits 11 to 8 of SCPCR and bits 5 and 4 of SCPDR.
For details, see section 14.2.8, SC Port Control Register (SCPCR)/SC Port Data Register
(SCPDR).

Reset
|
R
D
SCP1MDO
Q

C

I
PCRW
Relset

Internal data bus

R
Q D
_O<:C SCP1MD1

Cc SClI
| e
PCRW

Clock input enable
Reset

|
SCPT[1]/SCKO R

Q D
g SCP1DT1

V4 T

PDRW

Output enable

Serial clock output

A4

>

PDRR*

Serial clock input

Legend

PDRW: SCPDR write
PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCKO pin, clear the C/A bit in SCSMR and the CKE1 and CKEO
bits in SCSCR to 0, and set the SCP1MD1 bit in SCPCR to 1 (see section 14.2.8,
SC Port Control Register (SCPCR)/SC Port Data Register (SCPDR)).

Figure14.2 SCPT[1]/SCKO Pin
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Reset

|
R
D
SCPOMDO
Q

C
I
PCRW

::C Relset
R

Q D)

Internal data bus

,_l

SCPOMD1

i
PCRW

Reset

|
SCPT[0]/TxDO o— R

Q D
SCPODT1

C
I
PDRW

Output enable

Serial
transmission
output

Legend
PCRW: SCPCR write
PDRW: SCPDR write

Figure14.3 SCPT[Q]/TxDO0 Pin
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SCI
SCPT[0)/RxD0 |==mm o
|
:
: Serial
! receive
| data
|
Internal data bus
PDRR*
Legend
PDRR: PDR read
Note: * When reading the RxDO pin, set the RE bit in SCSCR to 1.
Figure14.4 SCPT[0]/RxDO0 Pin
14.1.3 Pin Configuration
The SCI hasthe serial pins summarized in table 14.1.
Table14.1 SCI Pins
Pin Name Abbreviation 110 Function
Serial clock pin SCKO 110 Clock 110
Receive data pin RxDO Input Receive data input
Transmit data pin TxDO Output Transmit data output

Note: These pins are made to function as serial pins by performing SCI operation settings with the
TE, RE, CKEI, and CKEO bits in SCSCR and the C/A bit in SCSMR. Break state
transmission and detection can be performed by means of the SCI's SCSPTR register.
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14.1.4 Register Configuration

Table 14.2 summarizes the SCI internal registers. These registers select the communication mode
(asynchronous or synchronous), specify the data format and bit rate, and control the transmitter
and receiver sections.

Table14.2 SCI Registers

Name Abbreviation R/W Initial Value Address Access size
Serial mode register SCSMR R/W H'00 H'FFFFFE80 8
Bit rate register SCBRR R/W H'FF H'FFFFFE82 8
Serial control register SCSCR R/W H'00 H'FFFFFE84 8
Transmit data register ~ SCTDR R/W H'FF H'FFFFFE86 8
Serial status register SCSSR RI(W)* H84 H'FFFFFE88 8
Receive data register SCRDR R H'00 H'FFFFFESBA 8
SC port data register SCPDR R/W H'00 H'04000136 8
(H'A4000136)*?
SC port control register SCPCR R/W H'A888 H'04000116 16
(H'A4000116)*?

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is on,
either access these registers from the P2 area of logical space or else make an appropriate
setting using the MMU so that these registers are not cached.

1. The only value that can be written is 0 to clear the flags.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

14.2  Register Descriptions

1421 Receive Shift Register (SCRSR)

The receive shift register (SCRSR) receives seria data. Datainput at the RxD pin isloaded into
SCRSR in the order received, LSB (bit 0) first, converting the data to parallel form. When one
byte has been received, it is automatically transferred to SCRDR. The CPU cannot read or write to
SCRSR directly.

Bit: 7 6 5 4 3 2 1 0

RW:  — — — — — — — —
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14.2.2 Receive Data Register (SCRDR)

Thereceive dataregister (SCRDR) stores serial receive data. The SCI compl etes the reception of
one byte of serial data by moving the received data from the receive shift register (SCRSR) into

SCRDR for storage. SCRSR is then ready to receive the next data. This double buffering allows
the SCI to receive data continuously.

The CPU can read but not write to SCRDR. SCRDR isinitialized to H'00 by areset and in standby
or module standby mode.

Bit: 7 6 5 4 3 2 1 0

| | | | | | | |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

14.2.3  Transmit Shift Register (SCTSR)

The transmit shift register (SCTSR) transmits serial data. The SCI loads transmit data from the
transmit data register (SCTDR) into SCTSR, then transmits the data serialy from the TxD pin,
LSB (bit O) first. After transmitting one-byte data, the SCI automatically loads the next transmit
datafrom SCTDR into SCTSR and starts transmitting again. If the TDRE bit in SCSSRis 1,
however, the SCI does not load the SCTDR contents into SCTSR. The CPU cannot read or write
to SCTSR directly.

Bit: 7 6 5 4 3 2 1 0

RW:  — — — — — — — —
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14.24 Transmit Data Register (SCTDR)

The transmit data register (SCTDR) is an 8-hit register that stores datafor seria transmission.
When the SCI detects that the transmit shift register (SCTSR) is empty, it moves transmit data
written in SCTDR into SCTSR and starts serial transmission. Continuous serial transmission is
possible by writing the next transmit datain SCTDR during seria transmission from SCTSR.

The CPU can aways read and writeto SCTDR. SCTDR isinitialized to H'FF by areset and in
standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

1425 Serial Mode Register (SCSMR)

The serial mode register (SCSMR) is an 8-hit register that specifies the SCI serial communication
format and selects the clock source for the baud rate generator.

The CPU can aways read and write to SCSMR. SCSMR isinitialized to H'00 by areset and in
standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
\ C/A \ CHR \ PE \ OE \ STOP \ MP \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0

RW: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—Communication M ode (C/A): Selects whether the SCI operates in asynchronous or
synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (Initial value)
1 Synchronous mode
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Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data in asynchronous mode. In the
synchronous mode, the data length is always eight bits, regardless of the CHR setting.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data”

Note: * When 7-bit data is selected, the MSB (bit 7) of the transmit data register (SCTDR) is not
transmitted.

Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data, in asynchronous mode. In synchronous mode, a parity bit is neither added
nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked®

Note: * When PE is set to 1, an even or odd parity bit is added to transmit data, depending on the
parity mode (O/E) setting. Receive data parity is checked according to the even/odd (O/E)
mode setting.

Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checked.
The O/E setting is used only in asynchronous mode and only when the parity enable bit (PE) is set
to 1 to enable parity addition and checking. The O/E setting isignored in synchronous mode, or in
asynchronous mode when parity addition and checking is disabled.

Bit 4: O/E Description
0 Even parity*l (Initial value)
1 Odd parity*?

Notes: 1. If even parity is selected, the parity bit is added to transmit data to make an even
number of 1s in the transmitted character and parity bit combined. Receive data is
checked to see if it has an even number of 1s in the received character and parity bit
combined.

2. If odd parity is selected, the parity bit is added to transmit data to make an odd number
of 1s in the transmitted character and parity bit combined. Receive data is checked to
see if it has an odd number of 1s in the received character and parity bit combined.

Rev. 5.00, 09/03, page 435 of 760
RENESAS



Bit 3—Stop Bit Length (STOP): Selects one or two hits as the stop bit length in asynchronous
mode. This setting is used only in asynchronous mode. It isignored in synchronous mode because
no stop bits are added.

When receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1, it istreated as a stop hit, but if the second stop hit is 0, it istreated as the start bit of
the next incoming character.

Bit 3: STOP Description

0 One stop bit** (Initial value)

1 Two stop bits*?

Notes: 1. When transmitting, a single 1-bit is added at the end of each transmitted character.
2. When transmitting, two 1-bits are added at the end of each transmitted character.

Bit 2—M ultiprocessor M ode (M P): Selects multiprocessor format. When multiprocessor format
is selected, settings of the parity enable (PE) and parity mode (O/E) bits are ignored. The MP bit
setting is used only in asynchronous mode; it isignored in synchronous mode. For the
multiprocessor communication function, see section 14.3.3, Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): Select the internal clock source of the on-
chip baud rate generator. Four clock sources are available. Pg, P@/4, P@/16 and P@/64 can be set
according to the setting of the CKS1 and CK S0 bits. For further information on the clock source,
bit rate register settings, and baud rate, see section 14.2.9, Bit Rate Register (SCBRR).

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po (Initial value)
1 Pg4

1 0 P@16
1 P@64

Note: Pq Peripheral clock
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14.2.6  Serial Control Register (SCSCR)

The serial control register (SCSCR) operates the SCI transmitter/receiver, selects the seria clock
output in asynchronous mode, enables/disables interrupt requests, and selects the transmit/receive
clock source. The CPU can aways read and write to SCSCR. SCSCR isinitialized to H'00 by a
reset and in standby or module standby mode.

Bit: 7 6 5 4 3 2 1 0
\ TIE \ RIE \ TE \ RE \ MPIE \ TEIE \ CKE1 \ CKEO \
Initial value: 0 0 0 0 0 0 0 0

RW: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI1) requested when the transmit data register empty bit (TDRE) in the serial status register
(SCSSR) isset to 1 dueto transfer of serial transmit data from SCTDR to SCTSR.

Bit 7: TIE Description
0 Transmit-data-empty interrupt request (TXI) is disabled® (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * The TXI interrupt request can be cleared by reading TDRE after it has been set to 1, then
clearing TDRE to 0, or by clearing TIE to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RXI)
reguested when the receive data register full bit (RDRF) in the serial status register (SCSSR) is set
to 1 due to transfer of serial receive data from SCRSR to SCRDR. It also enables or disables
receive-error interrupt (ERI) requests.

Bit 6: RIE Description

0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
disabled” (Initial value)

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the RDRF flag or error flag
(FER, PER, or ORER) after it has been set to 1, then clearing the flag to 0, or by clearing
RIE to 0.
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Bit 5—Transmit Enable (TE): Enables or disablesthe SCI serial transmitter.

Bit 5: TE Description
0 Transmitter disabled™* (Initial value)
1 Transmitter enabled*?

Notes: 1. The transmit data register empty bit (TDRE) in the serial status register (SCSSR) is
fixed at 1.
2. Serial transmission starts when the transmit data register empty (TDRE) bit in the serial
status register (SCSSR) is cleared to 0 after writing of transmit data into the SCTDR.
Select the transmit format in SCSMR before setting TE to 1.

Bit 4—Receive Enable (RE): Enables or disablesthe SCI serial receiver.

Bit 4: RE Description
0 Receiver disabled™* (Initial value)
1 Receiver enabled*?

Notes: 1. Clearing RE to 0 does not affect the receive flags (RDRF, FER, PER, ORER). These
flags retain their previous values.

2. Serial reception starts when a start bit is detected in asynchronous mode, or
synchronous clock input is detected in synchronous mode. Select the receive format in
SCSMR before setting RE to 1.

Bit 3—M ultiprocessor Interrupt Enable (M PIE): Enables or disables multiprocessor interrupts.
The MPIE setting is used only in asynchronous mode, and only if the multiprocessor mode bit
(MP) in the serial mode register (SCSMR) is set to 1 during reception. The MPIE setting is
ignored in synchronous mode or when the MP bit is cleared to 0.

Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation)

(Initial value)
[Clearing conditions]
(1) MPE is cleared to 0 when MPIE is cleared to 0.
(2) The multiprocessor bit (MPB) is set to 1 in receive data.

1 Multiprocessor interrupts are enabled”

Receive-data-full interrupt requests (RXI), receive-error interrupt requests (ERI),
and setting of the RDRF, FER, and ORER status flags in the serial status register
(SCSSR) are disabled until data with a multiprocessor bit of 1 is received.

Note: * The SCI does not transfer receive data from SCRSR to SCRDR, does not detect receive
errors, and does not set the RDRF, FER, and ORER flags in the serial status register
(SCSSR). When it receives data that includes MPB = 1, the SCSSR’s MPB flag is setto 1,
and the SCI automatically clears MPIE to 0, generates RXI and ERI interrupts (if the TIE
and RIE bits in the SCSCR are set to 1), and allows the FER and ORER bits to be set.
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Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if SCTDR does not contain new transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt (TEI) requests are disabled” (Initial value)
1 Transmit-end interrupt (TEI) requests are enabled”

Note: * The TEI request can be cleared by reading the TDRE bit in the serial status register
(SCSSR) after it has been set to 1, then clearing TDRE to 0 and clearing the transmit end
(TEND) bit to 0, or by clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEO): Select the SCI clock source and enable or
disable clock output from the SCK pin. Depending on the combination of CKE1 and CKEQ, the
SCK pin can be used for serial clock output or serial clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in synchronous mode, or when an external
clock source is selected (CKEL = 1). Before selecting the SCI operating mode in the serial mode
register (SCSMR), set CKE1 and CKEQ. For further details on selection of the SCI clock source,
seetable 14.10 in section 14.3, Operation.

Bit 1: Bit O:
CKE1l CKEO Description
0 0 Asynchronous mode Internal clock, SCK pin used for input pin (input signal
is ignored) (Initial value)
Synchronous mode Internal clock, SCK pin used for synchronous clock
output (Initial value)
1 Asynchronous mode Internal clock, SCK pin used for clock output*l
Synchronous mode Internal clock, SCK pin used for synchronous clock
output
1 0 Asynchronous mode External clock, SCK pin used for clock input*2
Synchronous mode External clock, SCK pin used for synchronous clock
input
1 Asynchronous mode External clock, SCK pin used for clock input*2
Synchronous mode External clock, SCK pin used for synchronous clock
input

Notes: 1. The output clock frequency is the same as the bit rate.
2. The input clock frequency is 16 times the bit rate.
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14.2.7  Serial Status Register (SCSSR)

The serial status register (SCSSR) is an 8-bit register containing multiprocessor bit values, and
status flags that indicate the SCI operating state.

The CPU can always read and write to SCSSR, but cannot write 1 to the status flags (TDRE,
RDRF, ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read
(after being set to 1). Bits 2 (TEND) and 1 (MPB) are read-only bits that cannot be written.
SCSSRisinitialized to H'84 by areset and in standby or modul e standby mode.

Bit: 7 6 5 4 3 2 1 0

\ TDRE \ RDRF \ ORER \ FER \ PER \ TEND \ MPB \ MPBT \
Initial value: 1 0 0 0 0 1 0 0
RIW:  RIW)*  RIW)* RIW)* RIW)* RIW)* R R RIW

Note: * The only value that can be written is O to clear the flag.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |oaded transmit data
from SCTDR into SCTSR and new serial transmit data can be writtenin SCTDR.

Bit 7: TDRE Description

0 SCTDR contains valid transmit data

[Clearing condition]
TDRE is cleared to 0 when software reads TDRE after it has been set to 1.

1 SCTDR does not contain valid transmit data (Initial value)
[Setting conditions]
(1) TDRE is set to 1 when the chip is reset or enters standby mode.
(2) The TE bit in the serial control register (SCSCR) is cleared to 0.

(3) SCTDR contents are loaded into SCTSR, so new data can be written in
SCTDR.
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Bit 6—Receive Data Register Full (RDRF): Indicates that SCRDR contains received data.

Bit 6: RDRF Description

0 SCRDR does not contain valid receive data (Initial value)
[Clearing conditions]
(1) RDRF is cleared to 0 when the chip is reset or enters standby mode.
(2) Software reads RDRF after it has been set to 1, then writes 0 in RDRF.

1 SCRDR contains valid receive data

[Setting condition]

RDRF is set to 1 when serial data is received normally and transferred from
SCRSR to SCRDR.

Note: SCRDR and RDRF are not affected by detection of receive errors or by clearing of the RE
bit to 0 in the serial control register. They retain their previous contents. If RDRF is still set
to 1 when reception of the next data ends, an overrun error (ORER) occurs and the receive
data is lost.

Bit 5—Overrun Error (ORER): Indicates that data reception aborted due to an overrun error.

Bit 5: ORER

Description

0

Receiving is in progress or has ended normatlly*l (Initial value)
[Clearing conditions]
(1) ORER is cleared to 0 when the chip is reset or enters standby mode.

(2) When software reads ORER after it has been set to 1, then writes 0 to
ORER.

A receive overrun error occurred”?
[Setting condition]
ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1.

Notes: 1. Clearing the RE bit to 0 in the serial control register does not affect the ORER bit, which
retains its previous value.
2. SCRDR continues to hold the data received before the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while ORER is setto 1. In
synchronous mode, serial transmitting is also disabled.
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Bit 4—Framing Error (FER): Indicates that data reception aborted due to aframing error in

asynchronous mode.
Bit 4: FER Description
0 Receiving is in progress or has ended normatlly*l (Initial value)

[Clearing conditions]
(1) FER is cleared to 0 when the chip is reset or enters standby mode.
(2) When software reads FER after it has been set to 1, then writes 0 to FER.

A receive framing error occurred
[Setting condition]

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be 0.*?

Notes: 1. Clearing the RE bit to O in the serial control register does not affect the FER bit, which

2.

retains its previous value.

When the stop bit length is two bits, only the first bit is checked. The second stop bit is
not checked. When a framing error occurs, the SCI transfers the receive data into
SCRDR but does not set RDRF. Serial receiving cannot continue while FER is set to 1.
In synchronous mode, serial transmitting is also disabled.

Bit 3—Parity Error (PER): Indicates that data reception (with parity) aborted due to a parity
error in asynchronous mode.

Bit 3: PER Description

0 Receiving is in progress or has ended normally*1 (Initial value)
[Clearing conditions]
(1) PER is cleared to 0 when the chip is reset or enters standby mode.
(2) When software reads PER after it has been set to 1, then writes 0 to PER.

1 A receive parity error occurred™?

[Setting condition]

PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SCSMR).

Notes: 1. Clearing the RE bit to 0 in the serial control register does not affect the PER bit, which

2.

retains its previous value.

When a parity error occurs, the SCI transfers the receive data into SCRDR but does not
set RDRF. Serial receiving cannot continue while PER is set to 1. In synchronous
mode, serial transmitting is also disabled.
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Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted, SCTDR did not contain valid data, so transmission has ended. TEND is a read-only
bit and cannot be written to.

Bit 2: TEND Description

0 Transmission is in progress
[Clearing condition]

TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 to TDRE.

1 End of transmission (Initial value)

[Setting conditions]

(1) TEND is set to 1 when the chip is reset or enters standby mode.

(2) When TE is cleared to 0 in the serial control register (SCSCR).

(3) If TDRE is 1 when the last bit of a one-byte serial character is transmitted.

Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor hit in receive data
when a multiprocessor format is selected for receiving in asynchronous mode. MPB is aread-only
bit and cannot be written to.

Bit 1: MPB Description
0 Multiprocessor bit value in receive data is 0 (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If RE is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

Bit 0—M ultiprocessor Bit Transfer (M PBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode.

The MPBT setting isignored in synchronous mode, when a multiprocessor format is not selected,
or when the SCI is not transmitting.

Bit 0: MPBT Description

0 Multiprocessor bit value in transmit data is 0 (Initial value)

1 Multiprocessor bit value in transmit data is 1
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14.2.8

SC Port Control Register (SCPCR)/SC Port Data Register (SCPDR)

The SC port control register (SCPCR) and SC port data register (SCPDR) control 1/0 and data for
the port pins multiplexed with the serial communication interface (SCI) pins.

SCPCR settings are used to perform 1/0 control, to enable datawritten in SCPDR to be output to
the TxD pin, and input data to be read from the RxD pin, and to control serial
transmission/reception breaks.

It isalso possible to read data on the SCK pin, and write output data.

SCPCR

Bit:

Initial value:

15

14 13

12

11

10

9

8

7

6

5

4

3

2

1 0

SCP7

MD1

SCP7/SCP6
MDO | MD1

SCP6

MDO

SCP5
MD1

SCP5|SCP4

MDO

MD1

SCP4

MDO

SCP3|SCP3

MD1

MDO

SCP2
MD1

SCP2
MDO

SCP1
MD1

MDO

SCP1/SCPO|SCPO

MD1 | MDO

1

0 1

0

1

0

0

0

1

0

0

0

1

0

0 0

R/W: R/W RW R/W RW RW RW R/W RW RW RW RW RW R/W RW R/W R/W

SCPDR
Bit:
Initial value:
R/W:

7 6 5 4 3 2 1 0
‘SCP7DT‘SCPGDT‘SCP5DT‘SCP4DT‘SCPSDT‘SCP2DT‘SCP1DT‘SCPODT‘
0 0 0 0 0 0 0 0

R RW RW RW RW RW RW  RW

SCI pin I/O and data control are performed by bits 3-0 of SCPCR and bits 1 and 0 of SCPDR.

SCPCR Bits 3 and 2—Serial Clock Port 1/0 (SCP1IM D1, SCPIMDO): Specify seria port SCK
pin 1/0. When the SCK pinisactually used asaport 1/O pin, clear the C/A bitin SCSMR and bits
CKE1 and CKEQ in SCSCRto 0.

Bit 3: Bit 2:

SCP1MD1 SCP1MDO Description

0 0 SCP1DT bit value is not output to SCK pin

0 1 SCP1DT bit value is output to SCK pin

1 0 SCK pin value is read from SCP1DT bit

1 1 (Initial values: 1 and 0)
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SCPDR Bit 1—Serial Clock Port Data (SCP1DT): Specifiesthe serial port SCK pin 1/0 data.
Input or output is specified by the SCPIMD1 and SCPIMDO bits. In output mode, the value of
the SCP1DT bit is output to the SCK pin.

Bit 1:

SCP1DT Description

0 I/O data is low (Initial value)
1 I/O data is high

SCPCR Bits1 and 0—Serial Port Break 1/0 (SCPOM D1, SCPOM DQ): Specify the serial port
TxD pin output condition. When the TxD pin is actually used as a port output pin and outputs the
value set with the SCPODT hit, clear the TE bit in SCSCR to 0.

Bit 1: Bit O:

SCPOMD1 SCPOMDO Description

0 0 SCPODT bit value is not output to TxD pin (Initial value)
0 1 SCPODT bit value is output to TxD pin

SCPDR Bit 0—Serial Port Break Data (SCPODT): Specifiesthe serial port RxD pin input data
and TxD pin output data. The TxD pin output condition is specified by the SCPOMD1 and
SCPOMDO bits. When the TxD pin is set to output mode, the value of the SCPODT bit is output to
the TXD pin. The RxD pin valueisread from the SCPODT bit regardless of the values of the
SCPOMD1 and SCPOMDO hits, if RE in SCSCR is set to 1. Theinitial value of this bit after a
power-on reset is undefined.

Bit O:

SCPODT Description

0 I/0O data is low (Initial value)
1 I/O data is high

Block diagrams of the SCI /O port pins are shown in figures 14.2, 14.3, and 14.4.
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14.29 Bit RateRRegister (SCBRR)

The bit rate register (SCBRR) is an 8-bit register that, together with the baud rate generator clock
source selected by the CKS1 and CK S0 bits in the serial mode register (SCSMR), determines the
serial transmit/receive bit rate.

The CPU can aways read and write to SCBRR. SCBRR isinitialized to H'FF by areset, and in
modul e standby or standby mode. Each channel has independent baud rate generator control, so
different values can be set in two channels.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The SCBRR setting is calculated as follows:

Asynchronous mode: N = P 106 -1
64x22n-1xpB
Po 6
Synchronous mode: N= ——— ~  x10°-1
8 x 22n -1 B

B: Bit rate (bits/s)

N: SCBRR setting for baud rate generator (0 < N < 255)

P@ Operating frequency for peripheral modules (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources and values of
n, see table 14.3.)

Table14.3 SCSMR Settings

SCSMR Settings

n Clock Source CKS1 CKSO0
0 Po 0 0
1 P@4 0 1
2 P@16 1 0
3 P@64 1 1
Note: The bit rate error in asynchronous is given by the following formula:

Error (%) = ( Pg x10° ) x 100

(N+1)xBx64 x22n-1
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Table 14.4 lists examples of SCBRR settings in asynchronous mode, and table 14.5 lists examples
of SCBRR settings in synchronous mode.

Table14.4 Bit Ratesand SCBRR Settingsin Asynchronous Mode

Pe(MHz)
2 2.097152 2.4576
Bit Rate (bits/s) n N Error (%) n N Error (%) n N Error (%)
110 1 141 0.03 1 148 -0.04 1 174  -0.26
150 1 103 0.16 1 108 0.21 1 127  0.00
300 0 207 0.16 0 217 0.21 0 255 0.00
600 0 103 0.16 0 108 0.21 0 127  0.00
1200 0 51 0.16 0 54 -0.70 0 63 0.00
2400 0 25 0.16 0 26 1.14 0 31 0.00
4800 0 12 0.16 0 13 —-2.48 0 15 0.00
9600 0 6 —6.99 0 6 —-2.48 0 7 0.00
19200 0 2 8.51 0 2 13.78 0 3 0.00
31250 0 1 0.00 0 1 4.86 0 1 22.88
38400 0 1 -18.62 0 1 -14.67 0 1 0.00
Pe(MHz)
3 3.6864 4
Bit Rate (bits/s) n N Error (%) n N Error (%) n N Error (%)
110 1 212 0.03 2 64 0.70 2 70 0.03
150 1 155 0.16 1 191 0.00 1 207 0.16
300 1 77 0.16 1 95 0.00 1 103 0.16
600 0 155 0.16 0 191 0.00 0 207 0.16
1200 0 77 0.16 0 95 0.00 0 103 0.16
2400 0 38 0.16 0 47 0.00 0 51 0.16
4800 0 19 -2.34 0 23 0.00 0 25 0.16
9600 0 9 -2.34 0 11 0.00 0 12 0.16
19200 0 4 -2.34 0 5 0.00 0 —-6.99
31250 0 2 0.00 — — — 0 0.00
38400 — — — 0 2 0.00 0 8.51
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Pe(MH

7)

4.9152 5
Bit Rate (bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 86 0.31 2 88 -0.25 2 106 -0.44
150 1 255 0.00 2 64 0.16 2 77 0.16
300 1 127 0.00 1 129 0.16 1 155 0.16
600 0 255 0.00 1 64 0.16 1 77 0.16
1200 0 127 0.00 0 129 0.16 0 155 0.16
2400 0 63 0.00 0 64 0.16 0 7 0.16
4800 0 31 0.00 0 32 -1.36 0 38 0.16
9600 0 15 0.00 0 15 1.73 0 19 -2.34
19200 0 0.00 0 1.73 0 —-2.34
31250 0 -1.70 0 0.00 0 0.00
38400 0 0.00 0 1.73 0 —-2.34
P (MHz)
6.144 7.3728
Bit Rate (bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 79 0.00 2 95 0.00 2 103 0.16
300 1 159 0.00 1 191 0.00 1 207 0.16
600 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 0.00 0 11 0.00 0 12 0.16
31250 0 2.40 0 5.33 0 0.00
38400 0 0.00 0 0.00 0 -6.99
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P@(MHz)

14.7456 16 19.6608 20
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 0.70 3 70 0.03 3 86 031 3 88 -0.25
150 2 191 0.00 2 207 016 2 255 0.00 3 64 0.16
300 2 95 0.00 2 103 0.16 2 127 0.00 2 129 0.16
600 1 191 0.00 1 207 016 1 255 0.00 2 64 0.16
1200 1 95 000 1 103 0.16 1 127 0.00 1 129 0.16
2400 0 191 0.00 O 207 016 O 255 0.00 1 64 0.16
4800 0 95 000 O 103 0.16 O 127 0.00 O 129 0.16
9600 0 47 000 O 51 016 O 63 000 O 64 0.16
19200 0 23 000 O 25 016 O 31 000 O 32 -1.36
31250 0 14 -170 0 15 000 O 19 -170 O 19 0.00
38400 0 11 000 O 12 016 O 15 000 O 15 1.73
P (MHz)
24 24.576 28.7 30

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 106 -0.44 3 108 0.08 3 126 031 3 132 0.13
150 3 77 0.16 3 79 0.00 3 92 0.46 3 97 -0.35
300 2 155 0.16 2 159 0.00 2 186 -0.08 2 194 0.16
600 2 77 0.16 2 79 0.00 2 92 0.46 2 97 -0.35
1200 1 155 0.16 1 159 0.00 1 186 -0.08 1 194 0.16
2400 1 77 0.16 1 79 0.00 1 92 046 1 97 -0.35
4800 0 155 0.16 O 159 0.00 O 186 -0.08 0 194 -1.36
9600 0 77 016 O 79 000 O 92 046 O 97 -0.35
19200 0 38 016 O 39 000 O 46 061 O 48  -0.35
31250 0 23 000 O 24 -170 O 28 -1.03 0 29 0.00
38400 0 19 -234 0 19 000 O 22 155 0 23 1.73
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Table14.5 Bit Ratesand SCBRR Settingsin Synchronous Mode

Pe(MHz)

Bit Rate 8 16 28.7 30
(bits/s) n N n N n N n N n N
110 — — — — — — — — — —
250 2 249 3 124 3 249 — — — —
500 2 124 2 249 3 124 3 223 3 233
1k 1 249 2 124 2 249 3 111 3 116
2.5k 1 99 1 199 2 99 2 178 2 187
5k 0 199 1 99 1 199 2 89 2 93
10k 0 99 0 199 1 99 1 178 1 187
25k 0 39 0 79 0 159 1 71 1 74
50k 0 19 0 39 0 79 0 143 0 149
100k 0 0 19 0 39 0 71 0 74
250k 0 0 7 0 15 — — 0 29
500k 0 0 3 0 — — 0 14
M 0 0* 0 1 0 — — — —
2M 0 0* 0 — — U —

Notes: Settings with an error of 1% or less are recommended.

Blank: No setting possible
Setting possible, but error occurs
Continuous transmit/receive operation not possible

* -
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Table 14.6 indicates the maximum bit rates in asynchronous mode when the baud rate generator is
used. Tables 14.7 and 14.8 list the maximum rates for external clock input.

Table14.6 Maximum Bit Ratesfor Various Frequencies with Baud Rate Gener ator

(Asynchronous M ode)
Settings
Pe(MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
49152 153600 0 0
8 250000 0 0
9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0
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Table14.7 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

P (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
19.6608 4.9152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750

Table14.8 Maximum Bit Rateswith External Clock I nput (Synchronous M ode)

Pe(MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
8 1.3333 1333333.3
16 2.6667 2666666.7
24 4.0000 4000000.0
28.7 4.7833 4783333.3
30 5.0000 5000000.0
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14.3 Operation

14.3.1 Overview

For serial communication, the SCI has an asynchronous mode in which characters are
synchronized individually, and a synchronous mode in which communication is synchronized with
clock pulses. Asynchronous/synchronous mode and the transmission format are selected in the
serial mode register (SCSMR), as shown in table 14.9. The SCI clock source is selected by the
combination of the C/A bit in the serial mode register (SCSMR) and the CKE1 and CKEO bitsin
the seria control register (SCSCR), as shown in table 14.10.

Asynchronous M ode:

« Datalengthisselectable: 7 or 8 bits.

e Parity and multiprocessor bits are selectable. So isthe stop hit length (1 or 2 bits). The
combination of the preceding selections constitutes the communication format and character
length.

« Inreceiving, it is possible to detect framing errors (FER), parity errors (PER), overrun errors
(ORER) and breaks.

* Aninternal or externa clock can be selected as the SCI clock source.

0O Whenaninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with afrequency matching the bit rate.

0 When an external clock is selected, the external clock input must have afrequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)

Synchronous M ode:

» Thetransmission/reception format has a fixed 8-bit data length.
e Inreceiving, it is possible to detect overrun errors (ORER).
* Aninternal or external clock can be selected asthe SCI clock source.
0 Whenaninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a serial clock signal to external devices.
O When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table14.9 Serial Mode Register Settingsand SCI Communication Formats

SCSMR Settings SCI Communication Format
Bit_7 Bit6 Bit5 Bit2 Bit3 Data Parity  Multipro- Stop Bit
C/A CHR PE MP STOP Mode Length Bit cessor Bit Length
0 0 0 0 0 Asynchronous  8-bit Not set Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
0 * 1 0 Asynchronous  8-bit Not set Set 1 bit
* 1 (multiprocessor 2 bits
format) S -
1 * 0 7-bit 1 bit
* 1 2 bits
1 * * * * Synchronous 8-bit Not set None

Note: Asterisks (*) indicate don't care bits.

Table 14.10 SCSMR and SCSCR Settingsand SCI Clock Sour ce Selection

SCSMR  SCSCR Settings SCI Transmit/Receive Clock

Bit 7 Bit 1 Bit 0 Clock SCK

C/A CKE1 CKEO Mode Source Pin Function

0 0 0 Asynchronous Internal SCI does not use the SCK pin
1 mode Outputs a clock with frequency

matching the bit rate

1 0 External Inputs a clock with frequency 16
1 times the bit rate
1 0 0 Synchronous  Internal QOutputs the synchronous clock
1 mode
1 0 External Inputs the synchronous clock
1
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14.3.2  Operation in Asynchronous Mode

In asynchronous mode, each transmitted or received character begins with a start bit and ends with
astop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
ispossible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 14.5 shows the general format of asynchronous serial communication. In asynchronous
serial communication, the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first; starting from
the lowerest bit), parity bit (high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 timesthe bit rate.
Receive datais latched at the center of each hit.

Idle (mark) state

1 (LSB) (MSB) 1
serial | 0 | b, | D, | D, | D0, Dy |Ds] 0, 0nt |1 1
data

Start Parity| Stop
bit bit bit
Ry Transmit/receive data Ny -~
1bit | 7 or 8 bits tor tor

no bit 2 bits

One unit of communication data (character or frame)

\ 4

Figure14.5 Example of Data Format in Asynchronous Communication
(8-Bit Data with Parity and Two Stop Bits)

Rev. 5.00, 09/03, page 455 of 760
RENESAS




Transmit/Receive Formats: Table 14.11 lists the 12 communication formats that can be selected
in asynchronous mode. The format is selected by settings in the serial mode register (SCSMR).

Table 14.11 Serial Communication Formats (Asynchronous M ode)

SCSMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 o© | START| 8-bit data | sTOP |
o 0 0 1 | START| 8-bit data | sTOP | STOP |
0 1 0 O | START| 8-bit data | P |sTOP
o 1 0 1 | START| 8-bit data | P |STOP |STOP|
1 0 0 O | START| 7-bit data | STOP |
1 0 0 1 | START| 7-bit data | STOP | STOP |
1 1 0 0 | START| 7-bit data | P |sToP|
1 1 0 1 | START| 7-bit data | P |sToP|sTOP|
o — 1 o0 | START| 8-bit data | MPB | STOP |
o — 1 1 | START| 8-bit data | MPB | STOP |STOP |
1 — 1 0 | START| 7-bit data | MPB | STOP |
1 — 1 1 | START| 7-bit data | MPB | STOP | STOP |
Notes: —:  Don'tcare bits

START: Start bit

STOP: Stop bit

P: Parity bit

MPB:  Multiprocessor hit

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SCSMR) and bits CKE1 and CKEO in the serial control
register (SCSCR) (table 14.10).

When an external clock isinput at the SCK pin, it must have afrequency equal to 16 timesthe
desired hit rate.
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When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock isequal to the bit rate. The phaseisaligned asin figure 14.6 so that
the rising edge of the clock occurs at the center of each transmit data bit.

S e B B

| o |po|D1|D2| D3| D4|D5[D6| D7[ 01| 1 1

P 1 frame R
N >

Figure14.6 Output Clock and Serial Data Timing (Asynchronous M ode)

Transmitting and Receiving Data (SCI Initialization (Asynchronous M ode)): Before
transmitting or receiving, clear the TE and RE bitsto 0 in the serial control register (SCSCR), then
initialize the SCI as follows.

When changing the operation mode or communication format, always clear the TE and RE hitsto
0 before following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the
transmit shift register (SCTSR). Clearing RE to 0, however, does not initialize the RDRF, PER,
FER, and ORER flags or receive data register (SCRDR), which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 14.7 shows a sample flowchart for initializing the SCI. The procedure for initializing the
SCl is:

1. Select the clock sourcein the serial control register (SCSCR). Leave RIE, TIE, TEIE, MPIE,
TE, and RE cleared to O. If clock output is selected in asynchronous mode, clock output starts
immediately after the setting is made in SCSCR.

2. Select the communication format in the serial mode register (SCSMR).

3. Write the val ue corresponding to the bit rate in the bit rate register (SCBRR) (not necessary if
an external clock is used).

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
serial control register (SCSCR) to 1. Also set RIE, TIE, TEIE, and MPIE as necessary. Setting
TE or RE enablesthe SCI to use the TxD or RxD pin. Theinitial state isthe mark state when
transmitting, or the idle state (waiting for a start bit) when receiving.
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Note: Numbers in parentheses refer to steps in the preceding procedure description.

( Initialization >

Clear TE and RE bits in SCSCR to 0

Set CKE1 and CKEQO bits in SCSCR
(TE and RE bits are 0)

(1

Select communication
format in SCSMR

)

Set value in SCBRR

©)

Wait

Has a 1-bit
interval elapsed?

No

Set TE and RE bits in SCSCR to 1
and set RIE, TIE, TEIE, and MPIE bits

(4)

( cro )

Transmitting Serial Data (Asynchronous M ode): Figure 14.8 shows a sample flowchart for

Figure 14.7 Sample Flowchart for SCI Initialization

transmitting serial data. The procedure for transmitting serial datais:

1.
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SCI status check and transmit data write: Read the serial status register (SCSSR), check that
the TDRE hit is 1, then write transmit data in the transmit data register (SCTDR) and clear

To continue transmitting serial data: Read the TDRE bit to check whether it is safe to write (if
it reads 1); if so, writedatain SCTDR, then clear TDRE to 0.
To output a break at the end of serial transmission: Set the port SC data register (SCPDR) and
port SC control register (SCPCR), then clear the TE bit to 0 in the serial control register
(SCSCR). For SCPCR and SCPDR settings, see section 14.2.8, SC Port Control Register
(SCPCR)/SC Port Data Register (SCPDR).




( Start of transmission )

l<
[~

| Read TDRE bitin SCSSR | (1)

e

Yes
Write transmit data to
SCTDR and clear TDRE bit in
SCSSRto 0

()

All data transmitted?

Yes

<
[C

| Read TEND bit in SCSSR |

| Set SCPDR and SCPCR |

|
| Clear TE bitin SCSCR to 0 |

le

( End of transmission )

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure 14.8 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitors the TDRE bit in SCSSR. When TDRE is cleared to 0, the SCI recognizes
that the transmit data register (SCTDR) contains new data, and loads this datafrom SCTDR
into the transmit shift register (SCTSR).

2. After loading the data from SCTDR into SCTSR, the SCI setsthe TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) is set to 1 in SCSCR, the SCI
reguests a transmit-data-empty interrupt (TXI) at thistime. Serial transmit datais transmitted
in the following order from the TxD pin:

a. Start bit: One 0 bit is output.
b. Transmit data: Seven or eight bits of data are output, L SB first.

c. Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one multiprocessor
bit is output. Formats in which neither a parity bit nor a multiprocessor bit is output can
also be selected.

d. Stop bit: One or two 1-hits (stop bits) are output.

e. Marking: Output of 1-bits continues until the start bit of the next transmit data.

3. The SCI checksthe TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads new
datafrom SCTDR into SCTSR, outputs the stop bit, then begins serial transmission of the next
frame. If TDRE is 1, the SCI setsthe TEND bit to 1in SCSSR, outputs the stop bit, then
continues output of 1-bits (marking). If the transmit-end interrupt enable bit (TEIE) in SCSCR
isset to 1, atransmit-end interrupt (TEl) is requested.
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Figure 14.9 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit  bit bit Data bit  bit 1
Seal 1o [ o[ Dy | D7 0] 1| 0| Do|Di| [Dr[0nt] 1 Idle(mark
data ( ( state
)
TDRE |
(C
A A ?
TEND
(( (C
) | )) A
TXl interrupt| TXI interrupt TXI interrupt TEIl interrupt
request handler writes request request
generated data to SCTDR  generated generated
and clears
TDRE bitto 0
h 1 frame "

Figure 14.9 Example of SCI Transmit Operation in Asynchronous M ode
(8-Bit Data with Parity and One Stop Bit)

Recelving Serial Data (Asynchronous M ode): Figure 14.10 shows a sample flowchart for
receiving serial data. The procedure for receiving serial data after enabling the SCI for reception
is:

1. Receive error handling and break detection: If areceive error occurs, read the ORER, PER and
FER bitsin SCSSR to identify the error. After executing the necessary error handling, clear
ORER, PER and FER to 0. Receiving cannot resume if ORER, PER or FER remains set to 1.
When a framing error occurs, the RxD pin can be read to detect the break state.

2. SCI status check and receive-data read: Read the serial status register (SCSSR), check that
RDREF is set to 1, then read receive data from the receive data register (SCRDR) and clear
RDRF to 0. The RXI interrupt can also be used to determine if the RDRF bit has changed from
Oto 1.

3. To continue receiving serial data: Read the RDRF and SCRDR bits and clear RDRF to 0
before the stop bit of the current frameis received.
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( Start of reception >

Read ORER, PER, and FER
bits in SCSSR

Yes

PER OFER OORER =1?

(1

Read RDRF bit in SCSSR (2) ( Error handling )

No

Yes

Read receive data from SCRDR 3
and clear RDRF bit in SCSSR to 0 ®)

All data received?

Clear RE bitin SCSCR to 0

< End of reception >

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure14.10 Sample Flowchart for Receiving Serial Data
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No

( Error handling >

Yes

Overrun error handling

‘l
!

A

Framing error handling

Clear RE bitin SCSCRto 0

>l

No

PER =17

Yes

Parity error handling

»ld

L

Clear ORER, PER, and
FER bits in SCSSR to 0

(

End )

Figure14.10 Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates as follows:

1. The SCI monitors the communication line. When it detects a start bit (0), the SCI synchronizes
internally and starts receiving.
2. Receive datais shifted into SCRSR in order from the LSB to the MSB.
3. The parity bit and stop bit are received. After receiving these bits, the SCI makes the following
checks:
a. Parity check: The number of 1sin the receive data must match the even or odd parity
setting of the O/E bit in SCSMR.
b. Stop bit check: The stop hit value must be 1. If there are two stop bits, only the first stop bit
is checked.
c. Status check: RDRF must be 0 so that receive data can be loaded from SCRSR into
SCRDR.
If these checks all pass, the SCI sets RDRF to 1 and stores the received datain SCRDR. If
one of the checksfails (receive error), the SCI operates as indicated in table 14.12.

Note: When areceive error flag is set, further receiving is disabled. The RDRF bit is not set to 1.
Be sure to clear the error flags.

4. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) issetto 1in
SCSCR, the SCI requests a receive-data-full interrupt (RX1). If one of the error flags (ORER,
PER, or FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in SCSCR is also
set to 1, the SCI requests areceive-error interrupt (ERI).

Table 14.12 Receive Error Conditionsand SCI Operation

Receive Error  Abbreviation Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data not
RDREF is still set to 1 in SCSSR transferred from SCRSR
into SCRDR
Framing error FER Stop bitis 0 Receive data transferred
from SCRSR into SCRDR
Parity error PER Parity of receive data differs from  Receive data transferred

even/odd parity setting in SCSMR  from SCRSR into SCRDR
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Figure 14.11 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
bit Data  bit bit bit Data  bit  bit 1
Serial ? ? Idle (mark
Gt [0 Do[Di| JOrjor] 1| 0DojDi] Jorjon] e mar)
)) )

RDRF . )

)) * )
RXI interrupt [

FER « request generated y
))

RXI interrupt handler ERI interrupt
reads data and clears request generated

RDREF bit to 0 by framing error

1 frame

Figure14.11 Example of SCI Receive Operation
(8-Bit Data with Parity and One Stop Bit)

14.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processorsto share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by aunique ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from data-sending
cycles. The transmitting processor starts by sending the ID of the receiving processor with which
it wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting
processor sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
data with their IDs. The receiving processor with amatching ID continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming data
until they again receive datawith the multiprocessor bit set to 1. Multiple processors can send and
receive datain this way.

Figure 14.12 shows an example of communication among processors using the multi processor
format.
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Transmitting

station

X Serial communication line

, ! | |
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID = 01) (ID = 02) (ID = 03) (ID = 04)

data
(MPB = 1) (MPB = 0)

A

ID transmit cycle:

specifies receiving station

MPB: Multiprocessor bit

Data transmit cycle:
data transmission to
receiving station specified

by ID

Figure14.12 Communication Among Processor s Using M ultiprocessor For mat

(Sending Data H'AA to Receiving Processor A)

Communication Formats: Four formats are available. Parity-bit settings are ignored when the
multiprocessor format is selected. For details see table 14.11.

Clock: See the description in the asynchronous mode section.

Transmitting M ultiprocessor Serial Data: Figure 14.13 shows a sample flowchart for

transmitting multiprocessor seria data. The procedure for transmitting multiprocessor serial data

IS

1. SCI status check and transmit data write: Read the serial status register (SCSSR), check that

the TDRE hit is 1, then write transmit data in the transmit data register (SCTDR). Also set
MPBT (multiprocessor bit transfer) to 0 or 1in SCSSR. Finaly, clear TDRE to 0.

2. To continue transmitting serial data: Read the TDRE bit to check whether it is safe to write (if

it reads 1); if so, write datain SCTDR, then clear TDRE to 0.

3. Tooutput abreak at the end of serial transmission: Set the port SC data register (SCPDR) and

port SC control register (SCPCR), then clear the TE bit to 0 in the serial control register
(SCSCR). For SCPCR and SCPDR settings, see section 14.2.8, SC Port Control Register

(SCPCR)/SC Port Data Register (SCPDR).
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( Start of transmission )

<

[

| Read TDREbitin SCSSR | (1)

e

Yes

Write transmit data to SCTDR
and set MPBT bit in SCSSR

| Clear TDRE bitto 0 |

| Set SCPDR and SCPCR |

|
| Clear TE bit SCSCR to 0 |

le

( End of transmission )

Note: Numbers in parentheses refer to steps in the preceding procedure description.

)

Figure14.13 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitorsthe TDRE bit in SCSSR. When TDRE is cleared to 0 the SCI recognizes
that the transmit data register (SCTDR) contains new data, and transfersthis datafrom SCTDR
into the transmit shift register (SCTSR).

2. After loading the data from SCTDR into SCTSR, the SCI setsthe TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCSCR is set to 1, the SCI
reguests a transmit-data-empty interrupt (TXI) at thistime. Serial transmit datais transmitted
in the following order from the TxD pin:

a. Start bit: One O-hit is output.
b. Transmit data: Seven or eight bits are output, LSB first.
Multiprocessor bit: One multiprocessor bit (MPBT value) is output.
d. Stop bit: One or two 1-bits (stop bits) are output.
e. Marking: Output of 1-bits continues until the start bit of the next transmit data.

3. The SCI checksthe TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI transfers data
from SCTDR into SCTSR, outputs the stop bit, then begins seria transmission of the next
frame. If TDRE is 1, the SCI setsthe TEND bit in SCSSR to 1, outputs the stop bit, then
continues output of 1 bits in the mark state. If the transmit-end interrupt enable bit (TEIE) in
SCSCRisset to 1, atransmit-end interrupt (TEI) is requested at this time.

o

Figure 14.14 shows SCI transmission with a multiprocessor format.

Multi- Multi-
processor processor
Start bit Stop Start bit Stop
1 bit Data y bit bit Data vy Dbit 1
Serial s s Idle (mark)
G | 0| Do[Dr| Jorfon] 1|0 foe]Di] |Dr o]
) {5 state
4
TDRE |
((
)
TEND T T T
I 1
TXl interrupt | Writes data to TDR TXI interrupt TEl interrupt
request with the TXI interrupt  request request
generated processing routine generated generated
and clears TDRE
bit to 0
h 1 frame -

Figure 14.14 Example of SCI Multiprocessor Transmit Operation
(8-Bit Data with M ultiprocessor Bit and One Stop Bit)
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Recelving M ultiprocessor Serial Data: Figure 14.15 shows a sample flowchart for receiving
multiprocessor serial data. The procedure for receiving multiprocessor serial datais:

1. ID receive cycle: Set the MPIE bit in the seria control register (SCSCR) to 1.

2. SCI status check and compare to ID reception: Read the serial status register (SCSSR), check
that RDRF is set to 1, then read datafrom the receive data register (SCRDR) and compare with
the processor’sown ID. If the ID does not match the receive data, set MPIE to 1 again and
clear RDRF to 0. If the ID matches the receive data, clear RDRF to 0.

3. SCI status check and data receiving: Read SCSSR, check that RDRF is set to 1, then read data
from the receive dataregister (SCRDR).

4. Receive error handling and break detection: If areceive error occurs, read the ORER and FER
bitsin SCSSR to identify the error. After executing the necessary error handling, clear both
ORER and FER to 0. Receiving cannot resume if ORER or FER remain set to 1. When a
framing error occurs, the RxD pin can be read to detect the break state.
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< Start of reception >

>

=1
Set MPIE bit in SCSCR to 1 (1)
|
Read ORER and FER
bits in SCSSR

FER=10or ORER =17

Read RDRF bit in SCSSR (2)

‘

| Read receive data from SCRDR |

Is ID the
station's ID?

Yes f=
Read ORER and FER
bits in SSCSR

Yes

v

FER =1 0or ORER =17

Read RDREF bit in SCSSR

*

| Read receive data from SCRDR |

v 0

( Error handling )

All data received?

| Clear RE bit in SCSCR to 0 |

I
< End of reception >

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure14.15 Sample Flowchart for Receiving M ultiprocessor Serial Data
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( Error handling >

No

Yes

Overrun error handling

‘l
»

\ 4
Framing error handling Clear RE bitin SCSCR to 0

»
|
<&

Clear ORER and
FER bits in SCSSR to 0

( e )

Figure14.15 Sample Flowchart for Receiving Multiprocessor Serial Data (cont)
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Figure 14.16 shows an example of SCI receive operation using a multiprocessor format.

Start Data Stop Start Data Stop
T bt  (D1) MPB bit bit (data1) MPB bit 1
Serial 7 7 Idle (mark
8 o oo 0 [Tor [+ 1 |0 [oo] o [or] o[+ e ma

state

5
MPIE )

RDRF /
« «

) U

(¢

\

\

e | \, o
e \

RXI interrupt request RXl interrupt handler D is not station's
(multiprocessor interrupt) reads RDR data and  ID, so MPIE bit is
generated, MPIE = 0 clears RDRF bitto 0  set to 1 again

Example: Own ID does not match data

\

No RXl interrupt
generated;
RDR state

is maintained

Figure 14.16 Example of SCI Receive Operation
(8-Bit Data with M ultiprocessor Bit and One Stop Bit)
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Serial
data

MPIE

RDRF

RDR
value

Example: Own ID matches data

1

Start Data

bit

(ID2)

Stop Start

Data Stop

MPB bit bit (Data2) MPB  bit 1

o [ou[oi["Tor T+ 1 [0 [oo[on['Tor] o] + oo
) )

state

]

\,

\, /

/

b2 | | oaw

RXI interrupt request

(multip!

interrupt) generated,

rocessor

MPIE =0

/

RXI interrupt handler
reads RDR data and
clears RDRF bitto 0

(
v/
ID is that of station, MPIE bit
so reception continues set to 1
unchanged and data  again

is received by RXI
interrupt handler

Figure 14.16 Example of SCI Receive Operation (cont)
(8-Bit Data with M ultiprocessor Bit and One Stop Bit)
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14.34  Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver are independent, so full-duplex communication is possible while
sharing the same clock. The transmitter and receiver are also double buffered, so continuous
transmitting or receiving is possible by reading or writing data while transmitting or receivingisin
progress.

Figure 14.17 shows the general format in synchronous serial communication.

One unit of communication data (character or frame)

>

<
<

*

sotooe T [T LT

LSB MSB
Serial data  Don't care |Y Bit 0 )( Bit 1 )( Bit 2 )( Bit 3 )( Bit 4 )( Bit 5 )( Bit 6 )( Bit 7|} Don't care

Note: * High except in continuous transmitting or receiving

Figure 14.17 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is output on the communication line from one
falling edge of the serial clock to the next. Datais guaranteed valid at the rising edge of the seria
clock. In each character, the serial data bits are transmitted in order from the LSB (first) to the
MSB (last). After output of the MSB, the communication line remains in the state of the MSB. In
synchronous mode, the SCI transmits or receives data by synchronizing with the falling edge of
the seria clock.

Communication Format: The datalength isfixed at eight bits. No parity bit or multiprocessor bit
can be added.
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Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SCSMR) and bits CKE1 and CKEO in the serial control
register (SCSCR). See table 14.10.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remains in the high state. When only receiving, the SCI receivesin 2-
character units, so a 16-pulse serial clock is output. To receive in 1-character units, select an
external clock source.

Transmitting and Receiving Data SCI Initialization (Synchronous M ode): Before
transmitting, receiving, or changing the mode or communication format, the software must clear
the TE and RE hitsto 0 in the serial control register (SCSCR), then initialize the SCI. Clearing TE
to 0 sets TDRE to 1 and initializes the transmit shift register (SCTSR). Clearing RE to 0, however,
does not initialize the RDRF, PER, FER, and ORER flags and receive dataregister (SCRDR),
which retain their previous contents.

Figure 14.18 shows a sample flowchart for initializing the SCI. The procedure for initializing the
SCl is:

1

Select the clock sourcein the serial control register (SCSCR). Leave RIE, TIE, TEIE, MPIE,
TE and RE cleared to 0.

Select transmit/receive format in the serial mode register (SCSMR).

Write the val ue corresponding to the bit rate in the bit rate register (SCBRR) (not necessary if
an external clock isused).

Wait for at least theinterval required to transmit or receive one hit, then set TE or RE in the
serial control register (SCSCR) to 1. Also set RIE, TIE, TEIE and MPIE. Setting TE and RE
allows use of the TxD and RxD pins.
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< Initialization >
I
Clear TE and RE bits in SCSCR to 0

Set RIE, TIE, TEIE, MPIE, CKE1,
and CKEO bits in SCSCR (1)
(TE and RE are 0)

I
Set transmit/receive format in SCSMR | (2)

|
Set value in SCBRR (3)

Wait

Has a 1-bit
period elapsed?

No

Set TE and RE bits in SCSCR to 1
and set RIE, TIE, TEIE, and MPIE bits | (4)

( )

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure 14.18 Sample Flowchart for SCI Initialization

Transmitting Serial Data (Synchronous Mode): Figure 14.19 shows a sample flowchart for
transmitting serial data. The procedure for transmitting seria datais:

1. SCI status check and transmit data write: Read the serial status register (SCSSR), check that
the TDRE hit is 1, then write transmit data in the transmit data register (SCTDR) and clear
TDRE to 0.

2. To continue transmitting serial data: Read the TDRE bit to check whether it is safe to write (if
it reads 1); if so, writedatain SCTDR, then clear TDRE to 0.
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< Start of transmission >

[P
<

Read TDRE bit in SCSSR (1)

No

Yes

Write transmit data to SCTDR
and clear TDRE bit in SCSSR to 0

@)

All data transmitted?

<
[N

Read TEND bit in SCSSR

No

Yes
Clear TE bit in SCSCR to 0

|
< End of transmission >

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure14.19 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitorsthe TDRE bit in SCSSR. When TDRE is cleared to 0 the SCI recognizes
that the transmit data register (SCTDR) contains new data and loads this data from SCTDR
into the transmit shift register (SCTSR).

2. After loading the data from SCTDR into SCTSR, the SCI setsthe TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCSCR is set to 1, the SCI
reguests a transmit-data-empty interrupt (TXI) at thistime.

If clock output mode is selected, the SCI outputs eight synchronous clock pulses. If an external
clock source is selected, the SCI outputs data in synchronization with the input clock. Datais
output from the TxD pin in order from the LSB (bit 0) to the MSB (bit 7).

3. The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
datafrom SCTDR into SCTSR, then begins serial transmission of the next frame. If TDRE is
1, the SCI setsthe TEND bit in SCSSR to 1, transmits the MSB, then holds the transmit data
pin (TxD) inthe MSB state. If the transmit-end interrupt enable bit (TEIE) in SCSCR is set to
1, atransmit-end interrupt (TEI) isrequested at thistime.

4. After the end of serial transmission, the SCK pinis held in the high state.

Figure 14.20 shows an example of SCI transmit operation.

Transfer direction

‘_
Serial clock
LSB « MSB «
. . . A . N A U N N
Serial data Bit 0 X Bit 1) S X Bit 7]} Bit 0 X Bit 1 X ; X Bit6 X Bit7
55
TDRE .
A A 7 A
TEND « (¢ I_
U U *
TXlinterrupt | TXl interrupt TXI interrupt TEl interrupt
request handler writes request request
generated datato TDRand generated generated
clears TDRE
bitto 0
h 1 frame |

Figure 14.20 Example of SCI Transmit Operation
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Recelving Serial Data (Synchronous M ode): Figure 14.21 shows a sample flowchart for
receiving seria data. When switching from asynchronous mode to synchronous mode, make sure
that ORER, PER, and FER are cleared to 0. If PER or FER is set to 1, the RDRF bit will not be set
and both transmitting and receiving will be disabled.

The procedure for receiving serial datais:

1. Receiveerror handling: If areceive error occurs, read the ORER bit in SCSSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

2. SCI status check and receive data read: Read the serial status register (SCSSR), check that
RDRF is set to 1, then read receive data from the receive data register (SCRDR) and clear
RDRF to 0. The RXI interrupt can also be used to determine if the RDRF bit has changed from
Oto 1.

3. To continue receiving serial data: Read SCRDR, and clear RDRF to 0 before the MSB (hbit 7)
of the current frame is received.
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( Start of reception >

‘I
|

Read ORER bit in SCSSR

ORER = 17 Yes
No
(1)
Read RDRF bit in SCSSR () ( Error handling >
No
Yes

Read receive data from SCRDR 3
and clear RDRF bit in SCSSR to 0 (3)

All data received?

Clear RE bitin SCSCRto 0

< End of reception >

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure14.21 Sample Flowchart for Receiving Serial Data
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< Error handling >

No

Yes

Overrun error handling

!

Clear ORER bitin SCSSR to 0
I

C End >

Figure14.21 Sample Flowchart for Receiving Serial Data (cont)
In receiving, the SCI operates as follows:

1. The SCI synchronizes with serial clock input or output and initializesinternally.

2. Receive datais shifted into SCRSR in order from the L SB to the MSB. After receiving the
data, the SCI checksthat RDRF is 0 so that receive data can be loaded from SCRSR into
SCRDR. If this check is passed, the SCI sets RDRF to 1 and stores the received datain
SCRDR. If the check is not passed (receive error), the SCI operates asindicated in table 14.12.
This state prevents further transmission or reception. While receiving, the RDRF bit is not set
to 1. Be sureto clear the error flag.

3. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) issetto 1in
SCSCR, the SCI requests a receive-data-full interrupt (RX1). If the ORER hit is set to 1 and the
receive-data-full interrupt enable bit (RIE) in SCSCR is also set to 1, the SCI requests a
receive-error interrupt (ERI).

Figure 14.22 shows an example of SCI receive operation.
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Transfer direction
-

seid | [ | [ J LT LT LTI
clock
Sgg‘f‘; ~Xsit7 X BitOXi X Bit7 X Bito X Bit 1 X ” X Bit6 X Bit7

«

RDRF |_ ) | g

ORER // ] \ . |_

(¢
7 \ U

RXl interrupt | RXI interrupt RXI interrupt ERI interrupt
request handler reads data request request generated
generated and clears RDRF generated by overrun error
bitto 0
< 1 frame

Figure 14.22 Example of SCI Receive Operation

Transmitting and Receiving Serial Data Simultaneously (Synchronous Maode): Figure 14.23
shows a sample flowchart for transmitting and receiving serial data simultaneously. The procedure
for setting the SCI to transmit and receive serial data simultaneoudly is:

1. SCI status check and transmit data write: Read the serial status register (SCSSR), check that
the TDRE bit is 1, then write transmit data in the transmit data register (SCTDR) and clear
TDRE to 0. The TXI interrupt can also be used to determine if the TDRE bit has changed from
Oto 1.

2. Receive error handling: If areceive error occurs, read the ORER bit in SCSSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

3. SCI status check and receive data read: Read the serial status register (SCSSR), check that
RDREF is set to 1, then read receive data from the receive data register (SCRDR) and clear
RDRF to 0. The RXI interrupt can also be used to determine if the RDRF bit has changed from
Oto 1.

4. To continue transmitting and receiving seria data: Read the RDRF bit and SCRDR, and clear
RDRF to 0 before the MSB (bit 7) of the current frameis received. Also read the TDRE hit to
check whether it is safe to write (if it reads 1); if so, write datain SCTDR, then clear TDRE to
0 before the MSB (bit 7) of the current frame s transmitted.
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( Start of transmission/reception >

»)
|

Read TDRE bit in SCSSR 1)

No

Yes

Write transmit data to SCTDR
and clear TDRE bit in SCSSR to 0

»)
71

Read ORER bit in SCSSR

ORER =17 ves
' | 2)

No ( Error processing >

Read RDREF bit in SCSSR (3)

No

Yes

Read receive data from SCRDR 4)
and clear RDRF bit in SCSSR to 0

All data

No
transmitted/received?

Clear TE and RE bits
in SCSCRto 0
I

( End of transmission/reception >

Notes: 1. Numbers in parentheses refer to steps in the preceding procedure description.
2. In switching from transmitting or receiving to simultaneous transmitting
and receiving, clear both TE and RE to 0, then set both TE and RE to 1 simultaneously.

Figure 14.23 Sample Flowchart for Transmitting/Receiving Serial Data
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144  SCI Interrupts

The SCI has four interrupt sources transmit-end (TEI), receive-error (ERI), receive-data-full
(RX1), and transmit-data-empty (TXI1). Table 14.13 lists the interrupt sources and indicates their
priority. These interrupts can be enabled and disabled by the TIE, RIE, and TEIE bitsin the seria
control register (SCSCR). Each interrupt request is sent separately to the interrupt controller.

TXI isrequested when the TDRE bit in SCSSR isset to 1.
RXI isrequested when the RDRF bit in SCSSR is set to 1.
ERI is requested when the ORER, PER, or FER bitin SCSSRis set to 1.

TEI isrequested when the TEND bit in SCSSR is set to 1. Where the TXI interrupt indicates that
transmit data writing is enabled, the TEI interrupt indicates that the transmit operation is complete.

Table 14.13 SCI Interrupt Sources

Interrupt Source Description Priority When Reset Is Cleared
ERI Receive error (ORER, PER, or FER) High

RXI Receive data full (RDRF)

TXI Transmit data empty (TDRE) I

TEI Transmit end (TEND) Low

See section 4, Exception Handling, for priorities and the relationship to non-SCI interrupts.
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145 Usage Notes
Note the following points when using the SCI.

SCTDR Writing and TDRE Flag: The TDRE bit in the serial status register (SCSSR) is a status
flag indicating loading of transmit data from SCTDR into SCTSR. The SCI sets TDRE to 1 when
it transfers datafrom SCTDR to SCTSR. Data can be written to SCTDR regardless of the TDRE
bit state. If new datais writtenin SCTDR when TDRE is 0, however, the old data stored in
SCTDR will be lost because the data has not yet been transferred to SCTSR. Before writing
transmit datato SCTDR, be sure to check that TDRE is set to 1.

Simultaneous M ultiple Receive Errors: Table 14.14 indicates the state of SCSSR status flags
when multiple receive errors occur simultaneously. When an overrun error occurs, the SCRSR
contents cannot be transferred to SCRDR, so receive datais|ost.

Table 14.14 SCSSR Status Flagsand Transfer of Receive Data

SCSSR Status Flags Receive Data Transfer

Receive Error Status RDRF ORER FER PER SCRSR - SCRDR
Overrun error 1 1 0 0 X
Framing error 0 0 1 0 (0]
Parity error 0 0 0 1 (0]
Overrun error + framing error 1 1 1 0 X
Overrun error + parity error 1 1 0 1 X
Framing error + parity error 0 0 1 1 (0]
Overrun error + framing error + parity error 1 1 1 1 X

X: Receive data is not transferred from SCRSR to SCRDR.
O: Receive data is transferred from SCRSR to SCRDR.

Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when aframing error (FER) is detected. In the break state, the input from the RxD pin consists of
all O0s, so FER is set and the parity error flag (PER) may also be set. In the break state, the SCI
receiver continues to operate, so if the FER bit is cleared to O, it will be set to 1 again.

Sending a Break Signal: The TxD pin 1/O condition and level can be determined by means of the
SCPODT hit in the port SC data register (SCPDR) and bits SCPOMDO and SCPOMD1 in the port
SC control register (SCPCR). Thisfeature can be used to send breaks. To send a break during
serial transmission, clear the SCPODT hit to O (designating low level), then clear the TE bitto O
(halting transmission). When the TE hit is cleared to O, the transmitter isinitialized regardless of
the current transmission state, and 0 is output from the TxD pin.
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TEND Flag and TE Bit Processing: The TEND flag is set to 1 during transmission of the stop bit
of thelast data. Consequently, if the TE bit is cleared to O immediately after setting of the TEND
flag has been confirmed, the stop bit will bein the process of transmission and will not be
transmitted normally. Therefore, the TE bit should not be cleared to O for at least 0.5 serial clock
cycles (or 1.5 cyclesif two stop bits are used) after setting of the TEND flag is confirmed.

Receive Error Flagsand Transmitter Operation (Synchronous M ode Only): When areceive
error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting even if TDRE is set
to 1. Be sureto clear the receive error flags to 0 before starting to transmit. Note that clearing RE
to 0 does not clear the receive error flags.

Recelve Data Sampling Timing and Receive Margin in Asynchronous M ode: In asynchronous
mode, the SCI operates on a base clock of 16 times the transfer rate frequency. In receiving, the
SCI synchronizesinternally with the falling edge of the start bit, which it samples on the base
clock. Receive dataislatched at the rising edge of the eighth base clock pulse (figure 14.24).

P 16 clocks
8 clocks
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Figure 14.24 Receive Data Sampling Timing in Asynchronous Mode
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The receive margin in asynchronous mode can therefore be expressed asin equation 1.

Equation 1:

M = ‘(0.5 - %j ~(L-05)F -

D=05 1+ x100%
N
Where: M = Receive margin (%)
N = Ratio of clock frequency to bit rate (N = 16)
D = Clock duty cycle (D =0to 1.0)
L = Framelength (L =910 12)
F = Absolute deviation of clock frequency

From equation 1, if F =0 and D = 0.5, the receive margin is 46.875%, asin equation 2.
Equation 2:

M =(0.5—1/(2 x 16)) x 100%
= 46.875%

Thisisatheoretical value. A reasonable margin to allow in system designsis 20% to 30%.
Notes on Synchronous External Clock M ode:

* Donotset TE = RE = 1 until at least four clocks after external clock SCK has changed from O
to L.

e Set TE = RE =1 only when external clock SCK is 1.

e Whenreceiving, RDRFis set to 1 when RE is set to zero 2.5-3.5 clocks after the rising edge of
the SCK input of the D7 bit in RxD, but data cannot be copied to SCRDR.

Note on Synchronous Internal Clock Mode: When receiving, RDRF is set to 1 when RE is cleared
to zero 1.5 clocks after the rising edge of the SCK output of the D7 bit in RxD, but data cannot be
copied to SCRDR.
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Section 15 Smart Card Interface

151 Overview

Asan added serial communications interface function, the SCI supportsan IC card (smart card)
interface that conforms to the data transfer protocol (asynchronous half-duplex character
transmission protocol) of the | SO/IEC7816-3 (Identification Card) standard. Register settings are
used to switch between the normal serial communication interface and the smart card interface.

1511 Features
The smart card interface has the following features:

e Asynchronous mode

Data length: 8 bits

Parity bit generation and check

Receive mode error signal detection (parity error)

Transmit mode error signal detection and automatic re-transmission of data
Supports both direct convention and inverse convention

« Bit rate can be selected using on-chip baud rate generator.

« Threetypes of interrupts: Transmit-data-empty, receive-data-full, and communication-error
interrupts are requested independently.

O oOooogdg
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15.1.2

Block Diagram

Figure 15.1 shows a block diagram of the smart card interface.
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SCSCMR: Smart card mode register
SCRSR: Receive shift register
SCRDR: Receive data register
SCTSR: Transmit shift register
SCTDR: Transmit data register
SCSMR: Serial mode register
SCSCR: Serial control register
SCSSR: Serial status register
SCBRR: Bit rate register

Figure15.1 Block Diagram of Smart Card Interface
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15.1.3 Pin Configuration
Table 15.1 summarizes the smart card interface pins.

Table15.1 Smart Card Interface Pins

Pin Name Abbreviation 110 Function

Serial clock pin SCKO Output Clock output
Receive data pin RxDO Input Receive data input
Transmit data pin TxDO Output Transmit data output

15.1.4 Smart Card Interface Registers

Table 15.2 summarizes the registers used by the smart card interface. The SCSMR, SCBRR,
SCSCR, SCTDR, and SCRDR registers are the same as for the normal SCI function. They are
described in section 14, Serial Communication Interface (SCI).

Table15.2 Registers

Name Abbreviation R/W Initial Value*® Address Access Size
Serial mode register SCSMR R/W H'00 H'FFFFFES0 8
Bit rate register SCBRR R/W H'FF H'FFFFFE82 8
Serial control register SCSCR R/W H'00 H'FFFFFE84 8
Transmit data register SCTDR R/W H'FF H'FFFFFE86 8
Serial status register SCSSR R/(W)*1 H'84 H'FFFFFE88 8
Receive data register SCRDR R H'00 H'FFFFFESA 8
Smart card mode register SCSCMR R/W H'00*2 H'FFFFFESC 8

Notes: 1. Only O can be written, to clear the flags.
2. Bits 0, 2, and 3 are cleared. The value of the other bits is undefined.
3. Initialized by a power-on or manual reset.
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15.2 Register Descriptions

This section describes the registers added for the smart card interface and the bits whose functions
are changed.

1521 Smart Card Mode Register (SCSCMR)

The smart card mode register (SCSCMR) is an 8-hit readable/writable register that selects smart
card interface functions. SCSCMR hits 0, 2, and 3 are initialized to H'00 by areset and in standby
mode.

Bit. 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ SDIR \ SINV \ — \ SMIF \
Initial value: — — — — 0 0 — 0
RW: R R R R RW  RMW R RIW

Bits 7 to 4 and 1—Reserved: These bits are always read as 0. Thewrite value should always be
0.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
format.

Bit 3: SDIR Description

0 Contents of SCTDR are transferred LSB-first, and receive data is stored in
SCRDR LSB-first (Initial value)

1 Contents of SCTDR are transferred MSB-first, and receive data is stored in

SCRDR MSB-first

Bit 2—Smart Card Data Inversion (SINV): Specifies whether to invert the logic level of the
data. Thisfunction isused in combination with bit 3 for transmitting and receiving with an inverse
convention card. SINV does not affect the logic level of the parity bit. See section 15.3.4, Register
Settings, for information on how parity is set.

Bit 2: SINV Description

0 Contents of SCTDR are transferred unchanged, and receive data is stored
in SCRDR unchanged (Initial value)

1 Contents of SCTDR are inverted before transfer, and receive data is

inverted before storage in SCRDR
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Bit 0—Smart Card Interface M ode Select (SMIF): Enables the smart card interface function.

Bit 0 : SMIF Description
0 Smart card interface function disabled (Initial value)
1 Smart card interface function enabled

15.2.2  Serial Status Register (SCSSR)

In smart card interface mode, the function of SCSSR bit 4 is changed. The setting conditions for
bit 2, the TEND bhit, are also changed.

Bit. 7 6 5 4 3 2 1 0

\ TDRE \ RDRF \ ORER ‘FER/ERS‘ PER \ TEND \ MPB \ MPBT \
Initial value: 1 0 0 0 0 1 0 0
RIW: RIW)* RIW)* RIW)* RIW)* RI(W)* R R RIW

Note: Only 0 can be written, to clear the flag.

Bit 7—Transmit Data Register Empty (TDRE)

Bit 6—Receive Data Register Full (RDRE)

Bit 5—Overrun Error (ORER)

These bits have the same function asin the ordinary SCI. See section 14, Serial Communication
Interface (SCI), for more information.

Bit 4—Error Signal Status (ERS): Inthe smart card interface mode, bit 4 indicates the state of
the error signal returned from the receiving side during transmission. The smart card interface
cannot detect framing errors.

Bit 4: ERS Description

0 Receiving ended normally with no error signal (Initial value)

[Clearing conditions]
(1) By areset or in standby mode
(2) Cleared by reading ERS when ERS =1, then writing 0 to ERS
1 An error signal indicating a parity error was transmitted from the receiving side

[Setting condition]
If the error signal sampled is low
Note: The ERS flag maintains its state even when the TE bit in SCSCR is cleared to 0.
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Bits 3 to 0: These bits have the same function asin the ordinary SCI. See section 14, Serial
Communication Interface (SCI), for more information. The setting conditions for bit 2, the
transmit end bit (TEND), are changed as follows.

Bit 2: TEND Description

0 Transmission is in progress
[Clearing condition]
Cleared by reading TDRE when TDRE = 1, then writing 0 to TDRE

1 End of transmission (Initial value)

[Setting conditions]

(1) the chip is reset or enters standby mode,

(2) the TE bit in SCSCR is 0 and the FER/ERS bit is also 0,

(3) the C/A bit in SCSMR is 0, and TDRE = 1 and FER/ERS = 0 (hormal
transmission) 2.5 etu after a one-byte serial character is transmitted, or

(4) the C/A bit in SCSMR is 1, and TDRE = 1 and FER/ERS = 0 (hormal
transmission) 1.0 etu after a one-byte serial character is transmitted.

Note: etu: Elementary Time Unit (time for transfer of 1 bit).

15.3 Operation

1531 Overview
The primary functions of the smart card interface are described below.

1. Each frame consists of 8-bit dataand 1 parity bit.
. During transmission, the card leaves a guard time of at least 2 etu (elementary time units: time

for transfer of 1 bit) from the end of the parity bit to the start of the next frame.

3. During reception, the card outputs an error signal low level for 1 etu after 10.5 etu has elapsed
from the start bit if a parity error was detected.

4. Duringtransmission, it automatically transmits the same data after allowing at least 2 etu from
the time the error signal is sampled.

5. Only start-stop type asynchronous communication functions are supported; no synchronous
communication functions are available.
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15.3.2  Pin Connections

Figure 15.2 shows the pin connection diagram for the smart card interface. During communication
with an I C card, transmission and reception are both carried out over the same data transfer line,
so connect the TxD and RxD pins on the chip. Pull up the data transfer line to the power supply

Vcc side with aregister.

When using the clock generated by the smart card interface on an I C card, input the SCK pin
output to the IC card’s CLK pin. This connection is not necessary when the internal clock is used

on the IC card.

Use the chip’s port output as the reset signal. Apart from these pins, power and ground pin

connections are usually also required.

Note: Whenthe IC card is not connected and both RE and TE are set to 1, closed communication
is possible and auto-diagnosis can be performed.

Vee
TxD
X ® 10
Data line
RxD
SCK Clock line
CLK
LS| Px (port) Reset line .
Connected device IC card

Figure15.2 Pin Connection Diagram for Smart Card Interface
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15.3.3 Data Format

Figure 15.3 shows the data format for the smart card interface. In this mode, parity is checked
every frame while receiving and error signals sent to the transmitting side whenever an error is
detected so that data can be re-transmitted. During transmission, error signals are sampled and data
re-transmitted whenever an error signal is detected.

With no parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Transmitting station output

A

\ 4

With parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

A

<
<

»
| o

\ 4

Receiving
station output
Ds: Start bit
DO0-D7: Data bits
Dp: Parity bit

DE: Error signal

Figure15.3 Data Format for Smart Card Interface
The operating sequenceis:

1. Thedatalineis high-impedance when not in use and is fixed high with a pull-up register.

2. Thetransmitting side starts one frame of data transmission. The data frame starts with a start
bit (Ds, low level). The start bit isfollowed by eight data bits (D0-D7) and a parity bit (Dp).

3. Onthe smart card interface, the data line returns to high-impedance after this. The datalineis
pulled high with a pull-up register.

4. Thereceiving side checks parity. When the datais received normally with no parity errors, the
receiving side then waitsto receive the next data. When a parity error occurs, the receiving
side outputs an error signal (DE, low level) and requests re-transfer of data. The receiving
station returns the signal line to high-impedance after outputting the error signal for a specified
period. The signd lineis pulled high with a pull-up register.
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5. Thetransmitting side transmits the next frame of data unlessit receives an error signal. If it
does receive an error signal, it returns to step 2 to re-transmit the erroneous data.

15.34 Register Settings

Table 15.3 shows the bit map of the registers that the smart card interface uses. Bits shown as 1 or
0 must be set to the indicated value. The settings for the other bits are described below.

Table15.3 Register Settingsfor Smart Card Interface

Register Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
SCSMR  HFFFFFE80 C/A 0 1 O/E 1 0 CKS1 CKSO
SCBRR  HFFFFFE82 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCSCR  HFFFFFE84 TIE RIE TE RE 0 0 CKE1 CKEO
SCTDR  HFFFFFE86 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SCSSR  HFFFFFE88 TDRE RDRF ORER FER/ PER TEND O 0
ERS

SCRDR  HFFFFFESA RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCSCMR HFFFFFES8C — — — — SDIR SINV — SMIF

Note: Dashes indicate unused bits.

1. Setting the serial mode register (SCSMR): The C/A bit selects the setting timing of the TEND
flag, and selects the clock output state in combination with bits CKE1 and CKEQ in the serial
control register (SCSCR). Clear the O/E bit to 0 if the IC card uses the direct convention, and
set it to 1 if the card uses the inverse convention. Select the on-chip baud rate generator clock
source with the CKS1 and CK S0 hits (see section 15.3.5, Clock).

2. Setting the bit rate register (SCBRR): Set the bit rate. See section 15.3.5, Clock, to see how to
calculate the set value.

3. Setting the serial control register (SCSCR): The TIE, RIE, TE and RE bits function asthey do
for the ordinary SCI. See section 14, Serial Communication Interface (SCI), for more
information. The CKEOQ bit specifies the clock output. When no clock is output, clear CKEOQ to
0; when aclock is output, set CKEO to 1.

4. Setting the smart card mode register (SCSCMR): The SDIR and SINV bits are both cleared to
0 for IC cards that use the direct convention, and both set to 1 when the inverse convention is
used. The SMIF bit is set to 1 for the smart card interface.

Figure 15.4 shows sample waveforms for register settings of the two types of 1C cards (direct
convention and inverse convention) and their start characters.

In the direct convention type, thelogical 1 level isstate Z, the logical O level is state A, and
communication is LSB-first. The start character datais H'3B. Parity is even (from the smart
card standard), and so the parity hitis 1.
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In the inverse convention type, thelogical 1 level isstate A, thelogical O level is state Z, and
communication isMSB first. The start character datais H'3F. Parity is even (from the smart
card standard), and so the parity bit is 0, which corresponds to state Z.

Only data bits D7-DO0 are inverted by the SINV bit. To invert the parity bit, set the O/E bit in
SCSMR to odd parity mode. This applies to both transmission and reception.

) A z z A z z z A A Z (Z) State

Ds | bo D1 | D2 | D3 D4 D5| D6 D7 | Dp

a. Direct convention (SDIR, SINV, and O/E are all 0)

) A z z A A A A A A Z (Z) State

Ds | br D6 | b5 D4 D3 D2 D1 DO | Dp

b. Inverse convention (SDIR, SINV, and O/E are all 1)

Figure15.4 Waveform of Start Character

15.35 Clock

Only theinternal clock generated by the on-chip baud rate generator can be used asthe
communication clock in the smart card interface. The bit rate for the clock is set by the bit rate
register (SCBRR) and the CKS1 and CK S0 hitsin the serial mode register (SCSMR), and is
calculated using the equation below. Table 15.5 shows sample bit rates. If clock output is then
selected by setting CKEO to 1, a clock with afrequency 372 times the bit rate is output from the
SCKO pin.

B= Pe x 108
1488 x 2201 x (N + 1)

Where: N =Vauesetin SCBRR (0 <N < 255)
B = Bit rate (bitg/s)
P = Peripheral module operating frequency (MHz)
n=0to 3 (table 15.4)
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Table15.4 Relationship of nto CKS1 and CKS0

n CKS1 CKSO0
0 0 0
1 0 1
2 1 0
3 1 1

Table15.5 Examplesof Bit Rate B (Bits/s) for SCBRR Settings (n =0)

P@ (MHz)
N 7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
0 9600.0 13440.9 14400.0 17473.1 19200.0 21505.4 24193.5
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7 12096.8
2 3200.0 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5
Note: The bit rate is rounded to one decimal place.

Calculate the value to be set in the bit rate register (SCBRR) from the operating frequency and the
bit rate. N isaninteger in the range 0 < N < 255, specifying a smallish error.

T 1488 x 221 x B

x 106 -1

Table15.6 Examplesof SCBRR Settingsfor Bit Rate B (Bits/s) (n =0)
@ (MHz) (9600 Bits/s)
7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
N  Error N  Error N  Error N  Error N  Error N  Error N  Error
0 0.00 1 30.00 1 25.00 1 8.99 1 0.00 1 12.01 2 15.99

RENESAS
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Table15.7

Maximum Bit Ratesfor Frequencies (Smart Card I nterface M ode)

P@ (MHz) Maximum Bit Rate (Bits/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0

The bit rate error isfound as follows:

Error (%) = ( Pe x 106 = 1) x 100

Table 15.8

1488 x 22071 x B x (N + 1)

shows the relationship between transmit/receive clock register set values and output

states on the smart card interface.

Table15.8 Register Set Valuesand SCK Pin
Register Value SCK Pin
Setting  SMIF  C/A CKE1 CKEO Output State
1** 1 0 0 0 Port Determined by setting of port
register SCP1MD1 and
SCP1MDO bits
1 0 0 1 nn SCK (serial clock) output state
2% 1 1 0 0 Low output Low output state
1 1 0 1 1 SCK (serial clock) output state
3*? 1 1 1 0 High output  High output state
1 1 1 1 e SCK (serial clock) output state
Notes: 1. The SCK output state changes as soon as the CKEO bit is modified. The CKEL1 bit
should be cleared to 0.
2. The clock duty remains constant despite stopping and starting of the clock by

modification of the CKEOQ bit.
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15.3.6 Data Transmission and Reception

Initialization: Initialize the SCI using the following procedure before sending or receiving data.
Initializationis also required for switching from transmit mode to receive mode or from receive
mode to transmit mode. Figure 15.5 shows a flowchart of the initialization process.

1

Clear TE and RE in the serial control register (SCSCR) to 0.

2. Clear error flags FER/ERS, PER, and ORER to 0 in the seria status register (SCSSR).

Set the C/A bit, parity bit (O/E bit), and baud rate generator select bits (CKS1 and CK S0 bits)
in the serial mode register (SCSMR). At this time also clear the CHR and MP bitsto 0 and set
the STOP and PE hitsto 1.

Set the SMIF, SDIR, and SINV bits in the smart card mode register (SCSCMR). When the
SMIF bitisset to 1, the TxD and RxD pins both switch from portsto SCI pins and become
high-impedance.

Set the value corresponding to the bit rate in the bit rate register (SCBRR).

Set the clock source select bits (CKEL and CKEOQ hits) in the serial control register (SCSCR).
Clear the TIE, RIE, TE, RE, MPIE, and TEIE bitsto 0. When the CKEOQ bit is set to 1, aclock
is output from the SCK pin.

After waiting at least 1 hit, set the TIE, RIE, TE, and RE bitsin SCSCR. Do not set the TE and
RE bits simultaneously unless performing auto-diagnosis.
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< Initialization >
I
Clear TE and RE bits in SCSCRto 0 | (1)

|
Clear FER/ERS, PER
and ORER flags in SCSSR to 0
|
Set parity in O/E bit,
set clock in CKS1 and CKSO bits, (3)
and set C/A, in SCSMR

I
Set SMIF, SDIR,
and SINV bits in SCSMR
I
Set value in SCBRR (5)

I
Set clock in CKE1 and CKEO bits,
and clear TIE, RIE, TE, RE, MPIE, (6)
and TEIE bits to 0, in SCSCR

)

(4)

Wait

A

Has a 1-bit
interval elapsed?

No

Set TIE, RIE, TE, and RE bits
in SCSCR @)

( crd )

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure15.5 Initialization Flowchart (Example)
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Serial Data Transmission: The processing procedures in the smart card mode differ from
ordinary SCI processing because data is retransmitted when an error signal is sampled during a
data transmission. This resultsin the transmission processing flowchart shown in figure 15.6.

A w DN

5.
6.

Initialize the smart card interface mode as described in Initialization above.
Check that the FER/ERS bit in SCSSR is cleared to 0.
Repeat steps 2 and 3 until the TEND flag in SCSSRis set to 1.

Write the transmit datainto SCTDR, clear the TDRE flag to 0 and start transmitting. The
TEND flag will be cleared to O.

To transmit more data, return to step 2.
To end transmission, clear the TE bit to 0.

This processing can be interrupted. When the TIE bit is set to 1 and interrupt requests are enabled,
atransmit-data-empty interrupt (TXI) will be requested when the TEND flag is set to 1 at the end
of transmission. When the RIE bit is set to 1 and interrupt requests are enabled, a communication
error interrupt (ERI) will be requested when the ERS flag is set to 1 when an error occursin
transmission. See Interrupt Operation below for more information.
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Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure15.6 Transmission Flowchart

Rev. 5.00, 09/03, page 504 of 760
RENESAS




Serial Data Reception: The processing procedures in smart card mode are the same asin ordinary
SCI processing. The reception processing flowchart is shown in figure 15.7.

1
2.

S e

Initialize the smart card interface mode as described above in Initidization and in figure 15.5.

Check that the ORER and PER flags in SCSSR are cleared to O. If either flag is set, clear both
to O after performing the appropriate error handling procedures.

Repeat steps 2 and 3 until the RDRF flag is set to 1.

Read the receive data from SCRDR.

To receive more data, clear the RDRF flag to 0 and return to step 2.
To end reception, clear the RE hit to 0.

This processing can be interrupted. When the RIE bit is set to 1 and interrupt requests are enabled,
areceive-data-full interrupt (RXI) will be requested when the RDRF flag is set to 1 at the end of
reception. When an error occurs during reception and either the ORER or PER flagissetto 1, a
communication error interrupt (ERI) will be requested. See Interrupt Operation below for more
information.

The received datawill be transferred to SCRDR even when a parity error occurs during reception
and PER is set to 1, so this data can still be read.
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Figure15.7 Reception Flowchart (Example)
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Switching M odes. When switching from receive mode to transmit mode, check that the receive
operation is completed before starting initialization, clearing RE to 0, and setting TE to 1. The
RDRF, PER, and ORER flags can be used to check if reception is completed. When switching
from transmit mode to receive mode, check that the transmit operation is completed before starting
initialization, clearing TE to O, and setting RE to 1. The TEND flag can be used to check if
transmission is completed.

Interrupt Operation: Inthe smart card interface mode, there are three types of interrupts:
transmit-data-empty (TX1), communication error (ERI) and receive-data-full (RXI1). In this mode,
the transmit-end interrupt (TEIl) cannot be requested.

Set the TEND flag in SCSSR to 1 to request a TX| interrupt. Set the RDRF flag in SCSSR to 1 to
reguest an RXI interrupt. Set the ORER, PER, or FER/ERS flagin SCSSR to 1 to request an ERI
interrupt (table 15.9).

Table15.9 Smart Card M ode Operating State and Interrupt Sour ces

Mode State Flag Mask Bit Interrupt Source
Transmit mode Normal TEND TIE TXI
Error FER/ERS RIE ERI
Receive mode Normal RDRF RIE RXI
Error PER, RIE ERI
ORER

154  Usage Notes

When the SCI isused as a smart card interface, be sure that all criteriain sections 15.4.1, Receive
Data Timing and Receive Margin in Asynchronous Mode and 15.4.2, Retransmission are applied.

15.4.1 Receive Data Timing and Receive Margin in Asynchronous Maode

In asynchronous mode, the SCI runs on a base clock with a frequency of 372 timesthe transfer
rate. During reception, the SCI samples the falling of the start bit using the base clock to achieve
internal synchronization. Receive datais latched internally at the rising edge of the 186th base
clock cycle (figure 15.8).
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Figure 15.8 Receive Data Sampling Timingin Smart Card Mode
The receive margin is found from the following equation:
For smart card mode:
=1(0.5 2N) (L - 0.5)F N (1+F)| x 100%

Where: M = Receive margin (%)

N = Ratio of hit rateto clock (N = 372)

D =Clock duty (D =0to 1.0

L = Framelength (L = 10)

F = Absolute value of clock frequency deviation
Using this equation, the receive margin when F = 0 and D = 0.5 isasfollows:

M = (0.5 - 1/2 x 372) x 100% = 49.866%
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15.4.2 Retransmission (Receive and Transmit M odes)

Retransmission when SCI isin Receive Mode: Figure 15.9 shows the retransmission operation
in the SCI receive mode.

1. Whenthereceived parity hit is checked and an error is found, the PER bit in SCSSRis
automatically set to 1. If the RIE bit in SCSCR isenabled at thistime, an ERI interrupt is
reguested. Be sureto clear the PER bit before the next parity bit is sampled.

2. The RDRF bit in SCSSR is not set in the frame that caused the error.

3. When the received parity bit is checked and no error is found, the PER bit in SCSSR is not set.

4. When the received parity bit is checked and no error is found, reception is considered to have
been completed normally and the RDRF bit in SCSSR is automatically set to 1. If the RIE bit
in SCSCR is enabled at thistime, an RXI interrupt is requested.

5. When anormal frame isreceived, the pin maintains a three-state state when it transmits the
error signal.

‘ nth transfer frame Retransmitted frame Transfer frame n + 1

;‘4
r V“

DE
—ps|pojp1|p2]p3|p4|ps|p6|D7|DpfHDE—Ds |Do|p1 |D2|D3|D4|D5|D6|D7|Dp|(TT)|Ds D0[D1|D2|D3|D4

RDRF 1
42 44

PER |
+1 43

;‘4
rr

Figure15.9 Retransmission in SCI Receive M ode
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Retransmission when SCI isin Transmit Mode: Figure 15.10 shows the retransmission
operation in the SCI transmit mode.

1.

After transmission of one frame is completed, the FER/ERS bit in SCSSR is set to 1 when a
error signal is returned from the receiving side. If the RIE bit in SCSCR is enabled at thistime,
an ERI interrupt is requested. Be sure to clear the FER/ERS hit before the next parity bit is
sampled.

The TEND bit in SCSSR isnot set in the frame that received the error signal indicating the
error.

The FER/ERS hit in SCSSR is not set when no error signal is returned from the receiving side.
When no error signal is returned from the receiving side, the TEND bitin SCSSRissetto 1
when the transmission of the frame that includes the retransmission is considered completed. I
the TIE bit in SCSCR is enabled at thistime, a TXI interrupt will be requested.

‘ nth transfer frame Retransmitted frame

;‘4
r V“

DE
—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|‘|%,—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|L|Ds po[p1|p2|p3|p4

Transfer frame n + 1

;‘
r‘

| TDRE L]
4 Transfer from SCTDR 4 Transfer from SCTDR 4 Transfer from SCTDR

|
|
T
|
to SCTSR | to SCTSR to SCTSR
|
|
T
|
|

TEND .
f2 fa

FER/ERS '—|
41 43

Figure15.10 Retransmission in SCI Transmit Mode
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Section 16 Serial Communication Interface with FIFO
(SCIF)

16.1 Overview

The SH7709S has atwo-channel serial communication interface with FIFO (SCIF) that supports
asynchronous serial communication. It also has 16-stage FIFO registers for both transmission and
reception that enable the SH7709S to perform efficient high-speed continuous communication.

16.1.1 Features

» Asynchronous serial communication:

0 Serial datacommunication is performed by start-stop in character units. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other communications chip that employs
a standard asynchronous seria system. There are eight selectable serial data
communication formats.

Datalength: 7 or 8 bits

Stop bit length: 1 or 2 bits

Parity: Even, odd, or none

Receive error detection: Parity and framing errors

Break detection: Break is detected when a framing error isfollowed by at least one frame at

the space O level (low level). It is also detected by reading the RxD level directly from the

port SC data register (SCPDR) when aframing error occurs.

* Full duplex communication: The transmitting and receiving sections are independent, so the
SCI can transmit and receive simultaneously. Both sections use 16-stage FIFO buffering, so
high-speed continuous data transfer is possible in both the transmit and receive directions.

* On-chip baud rate generator with selectable bit rates

« Interna or external transmit/receive clock source: From either baud rate generator (internal) or
SCK pin (external)

» Four types of interrupts: Transmit-FI FO-data-empty, break, receive-FIFO-data-full, and
receive-error interrupts are requested independently. The direct memory access controller
(DMAC) can be activated to execute a data transfer by a transmit-FI FO-data-empty or receive-
FIFO-data-full interrupt.

*  Whenthe SCIFisnotin use, it can be stopped by halting the clock supplied to it, saving
power.

e On-chip modem control functions (RTSand CTS)

e Thequantity of datain the transmit and receive FIFO registers and the number of receive
errors of the receive data in the receive FIFO register can be ascertained.

* A time-out error (DR) can be detected when receiving.

o o
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16.1.2

Block Diagram

Figure 16.1 shows a block diagram of the SCIF.

____________________________________________________

|
|
|
| 3
! ©
: E Internal
i Module data bus = data bus
. ‘ ’ ‘ ’ ‘ 2
! @
I
| [scFrRoRr2| [scFTDR2 Scpek
|
| (16 (16 SCFDR2 [ SCBRR
i stages) stages) SCFCR2
! N U SCSSR2
! Receive Transmit SCSCR2 Baud rate l«———P¢
: buffer buffer SCSMR2 generator P¢/4
| N U v Transmit/ |
RxD _:"i | SCRSR |[ | SCTSR receive DA P¢/16
TXD <. 1 / control «—L— P¢/64
o Parity generation | * $ Clock | 4 !
| |
I Parity check I
E | clock !
SCK < E xternal cloc |
I +—» TEI
! = TXI
I = RXI
i > BRI
———————————————————————————————————— SCIF -—————————-1
Legend
SCRSR: Receive shift register SCSSR2: Serial status register 2
SCFRDR2: Receive FIFO data register 2 SCBRR2: Bit rate register 2
SCTSR: Transmit shift register SCFCR2: FIFO control register 2
SCFTDR2: Transmit FIFO data register 2 SCFDR2: FIFO data count register 2
SCSMR2: Serial mode register 2 SCPDR: Port SC data register
SCSCR2: Serial control register 2 SCPCR: Port SC control register

Figure16.1 Block Diagram of SCIF
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Figures 16.2 to 16.4 show the SCIF 1/O port pins.

SCIF pin I/O and data control is performed by bits 11 to 8 of SCPCR and bits 5 and 4 of SCPDR.
For details, see section 14.2.8, SC Port Control Register (SCPCR)/SC Port Data Register
(SCPDR).

Reset
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SCP5MDO
Q

¥
PCRW
Relset

Internal data bus

_R
Q D
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C SCIF

| _______________
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Q D
’ SCP5DT1
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Output enable

Serial clock output
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>

PDRR*

Serial clock input

Legend

PDRW: SCPDR write
PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCK2 pin, clear the CKE1 and CKEO
bits in SCSCR to 0, and set the SCP5MD1 bit in SCSPR to 1 (see section 14.2.8,
SC Port Control Register (SCPCR)/SC Port Data Register (SCPDR)).

Figure16.2 SCPT[5]/SCK2 Pin
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PDRR: SCPDR read

Note: * When reading the RxD2 pin, set the RE bit in SCSCR to 1.

Figure16.4 SCPT[4]/RxD2 Pin

16.1.3  Pin Configuration

The SCIF has the serial pins summarized in table 16.1.

Table16.1 SCIF Pins

Pin Name Abbreviation /0 Function

Serial clock pin SCK2 110 Clock 1/0

Receive data pin RxD2 Input Receive data input
Transmit data pin TxD2 Output Transmit data output
Request to send pin RTS2 Output Request to send
Clear to send pin CTS2 Input Clear to send

RENESAS
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16.1.4 Register Configuration

Table 16.2 summarizes the SCIF internal registers. These registers specify the dataformat and bit
rate, and control the transmitter and receiver sections.

Table16.2 SCIF Registers

Register Name Abbreviation R/W Initial Value Address Access size

Serial mode register 2 SCSMR2 R/W H'00 H'04000150 8 hits
(H'A4000150)*?

Bit rate register 2 SCBRR2 R/W H'FF H'04000152 8 bits
(H'A4000152)*?

Serial control register 2 SCSCR2 R/W H'00 H'04000154 8 hits
(H'A4000154)*?

Transmit FIFO data register 2 SCFTDR2 w — H'04000156 8 bits
(H'A4000156)*?

Serial status register 2 SCSSR2 R/(W)*1 H'0060 H'04000158 16 bits
(H'A4000158)*?

Receive FIFO data register 2 SCFRDR2 R Undefined  H'0400015A 8 hits
(H'A400015A)*?

FIFO control register 2 SCFCR2 R/W H'00 H'0400015C 8 bits
(H'A400015C)*?

FIFO data count register 2 SCFDR2 R H'0000 H'0400015E 16 bits
(H'A400015E)*?

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is on,
either access these registers from the P2 area of logical space or else make an appropriate
setting using the MMU so that these registers are not cached.

1. Only 0 can be written to clear the flag.
2. When address translation by the MMU does not apply, the address in parentheses
should be used.
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16.2 Register Descriptions

16.2.1 Receive Shift Register (SCRSR)

The receive shift register (SCRSR) receives seria data. Datainput at the RxD pinisloaded into
SCRSR in the order received, LSB (bit 0) first, converting the data to parallel form. When one
byte has been received, it is automatically transferred to SCFRDR, the receive FIFO data register.
The CPU cannot read or write to SCRSR directly.

Bit: 7 6 5 4 3 2 1 0

RIW:  — — — — — — — —

16.2.2 Receive FIFO Data Register (SCFRDR)

The 16-byte receive FIFO dataregister (SCFRDR) stores seria receive data. The SCIF completes
the reception of one byte of serial data by moving the received datafrom the receive shift register
(SCRSR) into SCFRDR for storage. Continuous reception is possible until 16 bytes are stored.

The CPU can read but not write to SCFRDR. [f datais read when there is no receive data in the
SCFRDR, the value is undefined. When thisregister is full of receive data, subsequent serial data
islost.

Bit: 7 6 5 4 3 2 1 0

R/W: R R R R R R R R

16.2.3 Transmit Shift Register (SCTSR)

The transmit shift register (SCTSR) transmits serial data. The SCI loads transmit data from the
transmit FIFO dataregister (SCFTDR) into SCTSR, then transmits the data serially from the TxD
pin, LSB (bit O) first. After transmitting one data byte, the SCI automatically loads the next
transmit data from SCFTDR into SCTSR and starts transmitting again. The CPU cannot read or
writeto SCTSR directly.

Bit: 7 6 5 4 3 2 1 0

RW:  — — — — — — — —
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16.24 Transmit FIFO Data Register (SCFTDR)

The transmit FIFO dataregister (SCFTDR) is a FIFO register comprising sixteen 8-hit stages that
stores data for serial transmission. When the SCIF detects that the transmit shift register (SCTSR)
is empty, it moves transmit data written in the SCFTDR into SCTSR and starts serial transmission.
Continuous serial transmission is performed until thereis no transmit dataleft in SCFTDR. The
CPU can aways writeto SCFTDR.

When SCFTDR is full of transmit data (16 stages), no more data can be written. If writing of new
datais attempted, the dataisignored.

Bit: 7 6 5 4 3 2 1 0

R/W: w w w w w w w w

16.25 Serial Mode Register (SCSMR)

The serial mode register (SCSMR) is an 8-bit register that specifies the SCIF seria
communication format and selects the clock source for the baud rate generator.

The CPU can always read and write to SCSMR. SCSMR isinitialized to H'00 by areset and in
standby or module standby mode.

Bit. 7 6 5 4 3 2 1 0

\ — \ CHR \ PE \ O/E \ STOP \ — \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW  RW R RW  RW

Bit 7—Reserved: Thisbit is always read as 0. Thewrite value should always be 0.

Bit 6—Character Length (CHR): Selects 7-bit or 8-bit datain asynchronous mode.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of the transmit FIFO data register is not
transmitted.
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Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked®

Note: * When PE is set to 1, an even or odd parity bit is added to transmit data, depending on the
parity mode (O/E) setting. Receive data parity is checked according to the even/odd (O/E)
mode setting.

Bit 4—Parity M ode (O/E): Selects even or odd parity when parity bits are added and checked.
The O/E setting is used only when the parity enable bit (PE) is set to 1 to enable parity addition
and checking. The O/E setting isignored when parity addition and checking is disabled.

Bit 4: O/E Description
0 Even parity** (Initial value)
1 Odd parity*?

Notes: 1. If even parity is selected, the parity bit is added to transmit data to make an even
number of 1s in the transmitted character and parity bit combined. Receive data is
checked to see if it has an even number of 1s in the received character and parity bit
combined.

2. If odd parity is selected, the parity bit is added to transmit data to make an odd number
of 1s in the transmitted character and parity bit combined. Receive data is checked to
see if it has an odd number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two hits as the stop bit length.

When receiving, only the first stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis 1, it istreated as a stop hit, but if the second stop hit is 0, it istreated as the start bit of
the next incoming character.

Bit 3: STOP Description

0 One stop bit** (Initial value)

1 Two stop bits*?

Notes: 1. When transmitting, a single 1-bit is added at the end of each transmitted character.
2. When transmitting, two 1-bits are added at the end of each transmitted character.

Bit 2—Reserved: Thisbit is always read as 0. Thewrite value should always be 0.
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Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): Select the internal clock source of the on-
chip baud rate generator. According to the setting of the CKS1 and CK S0 hits four clock sources
are available. P, P@/4, P@/16 and P@/64. For further information on the clock source, bit rate
register settings, and baud rate, see section 16.2.8, Bit Rate Register (SCBRR).

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po (Initial value)
1 P@4

1 0 P@16
1 P@64

Note: Pq Peripheral clock

16.2.6  Serial Control Register (SCSCR)

The serial control register (SCSCR) operates the SCIF transmitter/receiver, selects the serial clock
output in asynchronous mode, enables/disables interrupt requests, and selects the transmit/receive
clock source. The CPU can aways read and write to SCSCR. SCSCR isinitialized to H'00 by a
reset and in standby or module standby mode.

Bit. 7 6 5 4 3 2 1 0

\ TIE \ RIE \ TE \ RE \ — \ — \ CKE1 \ CKEO \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW  RW R R RW  RMW

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-FI FO-data-empty
interrupt (TX1) requested when the serial transmit data is transferred from the transmit FIFO data
register (SCFTDR) to the transmit shift register (SCTSR), when the quantity of datain the
transmit FIFO register becomes | ess than the specified number of transmission triggers, and when
the TDFE flag in the serial FIFO status register (SCFSR) is set tol.

Bit 7: TIE Description
0 Transmit-FIFO-data-empty interrupt request (TXI) is disabled” (Initial value)
1 Transmit-FIFO-data-empty interrupt request (TXI) is enabled

Note: * The TXI interrupt request can be cleared by writing a greater quantity of transmit data than
the specified transmission trigger number to SCFTDR and by clearing TDFE to O after
reading 1 from TDFE, or can be cleared by clearing TIE to 0.
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Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full (RX1) and
receive-error (ERI) interrupts requested when serial receive datais transferred from the receive
shift register (SCRSR) to the receive FIFO dataregister (SCFRDR), when the quantity of datain
the receive FIFO register becomes more than the specified receive trigger number, and when the
RDRF flag in SCSSR is set tol.

Bit 6: RIE Description

0 Receive-data-full interrupt (RXI), receive-error interrupt (ERI), and receive break
interrupt (BRI) requests are disabled” (Initial value)

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the DR, ER, or RDF flag after it
has been set to 1, then clearing the flag to 0, or by clearing RIE to 0. With the RDF flag,
read 1 from the RDF flag and clear it to 0, after reading receive data from SCRDR until the
guantity of receive data becomes less than the specified receive trigger number.

Bit 5—Transmit Enable (TE): Enables or disablesthe SCIF serial transmitter.

Bit 5: TE Description
0 Transmitter disabled (Initial value)
1 Transmitter enabled”

Note: * Serial transmission starts after writing of transmit data into SCFTDR2. Select the transmit
format in SCSMR2 and SCFCR2 and reset the TFIFO before setting TE to 1.

Bit 4—Receive Enable (RE): Enables or disables the SCIF serial receiver.

Bit 4: RE Description
0 Receiver disabled** (Initial value)
1 Receiver enabled*?

Notes: 1. Clearing RE to 0 does not affect the receive flags (DR, ER, BRK, FER, PER, and
ORER). These flags retain their previous values.

2. Serial reception starts when a start bit is detected. Select the receive format in
SCSMR2 before setting RE to 1.

Bits 3 and 2—Reserved: These hits are always read as 0. The write value should always be 0.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEO): Select the SCIF clock source and enable
or disable clock output from the SCK pin. Depending on the combination of CKEL and CKEQ, the
SCK pin can be used for serial clock output or serial clock input.

The CKEO setting is valid only when the SCIF is operating on the internal clock (CKEL = 0). The
CKEQ setting isignored when an external clock sourceis selected (CKEL = 1). Before selecting
the SCIF operating mode in the serial mode register (SCSMR), set CKE1 and CKEOQ. For further
details on selection of the SCIF clock source, see table 16.7 in section 16.3, Operation.

Bit 1: CKE1 Bit 0: CKEO Description

0 0 Internal clock, SCK pin used for input pin (input signal is
ignored) (Initial value)
1 Internal clock, SCK pin used for clock output*l
1 0 External clock, SCK pin used for clock input*2
1 External clock, SCK pin used for clock input*2

Notes: 1. The output clock frequency is 16 times the bit rate.
2. The input clock frequency is 16 times the bit rate.

16.2.7  Serial Status Register (SCSSR)

The serial status register (SCSSR) is a 16-bit register. The upper 8 bitsindicate the number of
receive errorsin the SCFRDR data, and the lower 8 bitsindicate the SCIF operating state.

The CPU can always read and write to SCSSR, but cannot write 1 to the status flags (ER, TEND,
TDFE, BRK, OPER, and DR). These flags can be cleared to 0 only if they have first been read
(after being set to 1). Bits 3 (FER) and 2 (PER) are read-only bits that cannot be written. SCSSR is
initialized to H'0060 by areset and in standby or modul e standby mode.

Lower 8 bits: 7 6 5 4 3 2 1 0
\ ER \ TEND \ TDFE \ BRK \ FER \ PER \ RDF \ DR \

Initial value: 0 1 1 0 0 0 0 0
RW: RIW)*  R/(W)* RIW) RIW)* R R RI(W)*  RIW)*

Note: * The only value that can be written is O to clear the flag.
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Bit 7—Receive Error (ER): Indicatesthe occurrence of aframing error, or of a parity error when
receiving data that includes parity.

Bit 7: ER

Description

0

Receiving is in progress or has ended normatlly*l (Initial value)
[Clearing conditions]

(1) By a power-on reset or in standby mode ER is cleared to 0 when the chip is
reset or enters standby mode

(2) When 0 is written after 1 is read from ER

A framing error or parity error has occurred™?

[Setting conditions]

(1) ER is set to 1 when the stop bit is O after checking whether or not the last
stop bit of the received data is 1 at the end of one data receive operation*2

(2) When the total number of 1s in the receive data plus parity bit does not match
the even/odd parity specified by the O/E bit in SCSMR

Notes: 1. Clearing the RE bit to 0 in SCSCR does not affect the ER bit, which retains its previous
value. Even if a receive error occurs, the receive data is transferred to SCFRDR and
the receive operation is continued. Whether or not the data read from SCRDR includes
a receive error can be detected by the FER and PER bits in SCSSR.

2. In stop mode, only the first stop bit is checked; the second stop bit is not checked.

Bit 6—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted, SCFTDR did not contain valid data, so transmission has ended.

Bit 6: TEND Description
0 Transmission is in progress
[Clearing condition]
When data is written in SCFTDR
1 End of transmission (Initial value)

[Setting conditions]
(1) When the chip is reset or enters standby mode, when TE is cleared to O in
the serial control register (SCSCR)

(2) When SCFTDR does not contain receive data when the last bit of a one-byte
serial character is transmitted
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Bit 5—Transmit FIFO Data Empty (TDFE): Indicates that data has been transferred from the
transmit FIFO dataregister (SCFTDR) to the transmit shift register (SCTSR), the quantity of data
in SCFTDR has become less than the transmission trigger number specified by the TTRG1 and
TTRGO bitsin the FIFO control register (SCFCR), and writing of transmit datato SCFTDR is

enabled.

Bit 5: TDFE Description

0 The quantity of transmit data written to SCFTDR is greater than the specified
transmission trigger number (Initial value)
[Clearing condition]
TDFE is cleared to 0 when data exceeding the specified transmission trigger
number is written to SCFTDR, or when software reads TDFE after it has been
set to 1, then writes 0 to TDFE

1 The quantity of transmit data in SCFTDR is less than the specified transmission

trigger number®
[Setting conditions]
(1) TDFE is set to 1 by a reset or in standby mode

(2) When the quantity of transmit data in SCFTDR becomes less than the
specified transmission trigger number as a result of transmission

Note: * Since SCFTDR is a 16-byte FIFO register, the maximum quantity of data that can be
written when TDFE is 1 is “16 minus the specified transmission trigger number”. If an
attempt is made to write additional data, the data is ignored. The quantity of data in
SCFTDR is indicated by the upper 8 bits of SCFTDR.

Bit 4—Break Detection (BRK): Indicates that a break signal has been detected in receive data.

Bit 4: BRK Description

0 No break signal received (Initial value)
[Clearing conditions]
(1) BRK is cleared to 0 when the chip is reset or enters standby mode
(2) When software reads BRK after it has been set to 1, then writes 0 to BRK

1 Break signal received”

[Setting conditions]
(1) BRK is set to 1 when data including a framing error is received
(2) A framing error occurs with space 0 in the subsequent receive data

Note: * When a break is detected, transfer of the receive data (H'00) to SCFRDR stops after
detection. When the break ends and the receive signal becomes mark 1, the transfer of
receive data resumes. The receive data of a frame in which a break signal is detected is
transferred to SCFRDR. After this, however, no receive data is transferred until a break
ends with the received signal being mark 1, and the next data is received.
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Bit 3—Framing Error (FER): Indicates aframing error in the data read from the receive FIFO

dataregister (SCFRDR).
Bit 3: FER Description
0 No receive framing error occurred in the data read from SCFRDR (Initial value)

[Clearing conditions]
(1) When the chip undergoes a power-on reset or enters standby mode
(2) When no framing error is present in the data read from SCFRDR

A receive framing error occurred in the data read from SCFRDR
[Setting condition]
When a framing error is present in the data read from SCFRDR

Bit 2—Parity Error (PER): Indicates a parity error in the data read from the receive FIFO data

register (SCFRDR).
Bit 2: PER Description
0 No receive parity error occurred in the data read from SCFRDR  (Initial value)

[Clearing conditions]
(1) When the chip undergoes a power-on reset or enters standby mode
(2) When no parity error is present in the data read from SCFRDR

A receive framing error occurred in the data read from SCFRDR
[Setting condition]
When a parity error is present in the data read from SCFRDR
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Bit 1—Receive FIFO Data Full (RDF): Indicates that receive data has been transferred to the
receive FIFO data register (SCFRDR), and the quantity of datain SCFRDR has become greater
than the receive trigger number specified by the RTRG1 and RTRGO bits in the FIFO control

register (SCFCR).
Bit 1: RDF Description
0 The quantity of transmit data written to SCFRDR is less than the specified

receive trigger number (Initial value)
[Clearing conditions]
(1) By a power-on reset or in standby mode

(2) When the quantity of receive data in SCFRDR is less than the specified
receive trigger value and 1 is read from RDF, which is then cleared to 0

The quantity of receive data in SCFRDR is greater than the specified receive
trigger number

[Setting condition]

When a quantity of receive data greater than the specified receive trigger number
is stored in SCFRDR”*

Note: * Since SCFTDR is a 16-byte FIFO register, the maximum quantity of data that can be read
when RDF is 1 is the specified receive trigger number. If an attempt is made to read after
all the data in SCFRDR has been read, the data is undefined. The quantity of receive data
in SCFRDR is indicated by the lower 8 bits of SCFTDR.

Bit 0—Receive Data Ready (DR): Indicates that the quantity of datain the receive FIFO data
register (SCFRDR) isless than the specified receive trigger number, and that the next data has not
yet been received after the elapse of 15 etu from the last stop bit.

Bit 0: DR Description

0 Receiving is in progress, or no receive data remains in SCFRDR after receiving
ended normally (Initial value)
[Clearing conditions]
(1) When the chip undergoes a power-on reset or enters standby mode
(2) When software reads DR after it has been set to 1, then writes 0 to DR

1 Next receive data has not been received

[Setting condition]

When SCFRDR contains less data than the specified receive trigger number,
and the next data has not yet been received after the elapse of 15 etu from the
last stop bit”*

Note: * This is equivalent to 1.5 frames with the 8-bit, 1-stop-bit format. (etu: elementary time unit)
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Upper 8 hits: 15 14 13 12 11 10 9 8
\ PER3 \ PER2 \ PER1 \ PERO \ FER3 \ FER2 \ FER1 \ FERO \

Initial value: 0 0 0 0 0 0 0 0

RW: R R R R R R R R

Bits 15 to 12—Number of Parity Errors 3to 0 (PER3 to PERO): Indicate the quantity of data
including a parity error in the receive data stored in the receive FIFO dataregister (SCFRDR).
The value indicated by bits 15 to 12 represents the number of parity errorsin SCFRDR.

Bits 11 to 8—Number of Framing Errors 3to 0 (FER3 to FERO): Indicate the quantity of data
including aframing error in the receive data stored in SCFRDR. The value indicated by bits 11 to
8 represents the number of framing errorsin SCFRDR.

16.2.8 Bit Rate Register (SCBRR)

The bit rate register (SCBRR) is an 8-bit register that, together with the baud rate generator clock
source selected by the CKS1 and CK S0 bits in the serial mode register (SCSMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write to SCBRR. SCBRR is initialized to H'FF by areset and in
module standby or standby mode. Each channel has independent baud rate generator control, so
different values can be set in two channels.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The SCBRR setting is calculated as follows:

Asynchronous mode:
Nz Pe 1051
64x2""1xB

B: Bit rate (bits/s)

N: SCBRR setting for baud rate generator (0 < N < 255)

P@ Operating frequency for peripheral modules (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources and values of
n, see table 16.3.)
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Table16.3 SCSMR Settings

SCSMR Settings

n Clock Source CKS1 CKSO
0 Po 0 0
1 P@4 0 1
2 P@16 1 0
3 P@64 1 1
Note: The bit rate error is given by the following formula:
Error(%):{ Po x 106 — 1 } x 100

(N+1) x 64 x 22n-1 x B
Table 16.4 lists examples of SCBRR settings.
Table16.4 Bit Ratesand SCBRR Settings

Pe(MHz)
2 2.097152 2.4576

Bit Rate (bits/s) n N Error (%) n N Error (%) n N Error (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26
150 1 103 0.16 1 108 0.21 1 127 0.00
300 0 207 0.16 0 217 0.21 0 255  0.00
600 0 103 0.16 0 108 0.21 0 127 0.00
1200 0 51 0.16 0 54 -0.70 0 63 0.00
2400 0 25 0.16 0 26 1.14 0 31 0.00
4800 0 12 0.16 0 13 -2.48 0 15 0.00
9600 0 6 —6.99 0 6 —2.48 0 7 0.00
19200 0 2 8.51 0 2 13.78 0 3 0.00
31250 0 1 0.00 0 1 4.86 0 1 22.88
38400 0 1 -18.62 0 0 -14.67 0 1 0.00
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Pe(MHz)

3 3.6864 4
Bit Rate (bits/s) n N Error (%) n N Error (%) n N Error (%)
110 1 212 0.03 2 64 0.70 2 70 0.03
150 1 155 0.16 1 191 0.00 1 207 0.16
300 1 77 0.16 1 95 0.00 1 103 0.16
600 0 155 0.16 0 191 0.00 0 207 0.16
1200 0 77 0.16 0 95 0.00 0 103 0.16
2400 0 38 0.16 0 47 0.00 0 51 0.16
4800 0 19 -2.34 0 23 0.00 0 25 0.16
9600 0 9 -2.34 0 11 0.00 0 12 0.16
19200 0 4 -2.34 0 0.00 0 —6.99
31250 0 2 0.00 0 3 -7.84 0 0.00
38400 — — — 0 0.00 0 8.51
Pe(MHz)
4.9152 5 6
Bit Rate (bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 86 0.31 2 88 -0.25 2 106 -0.44
150 1 255 0.00 2 64 0.16 2 77 0.16
300 1 127 0.00 1 129 0.16 1 155 0.16
600 0 255 0.00 1 64 0.16 1 77 0.16
1200 0 127 0.00 0 129 0.16 0 155 0.16
2400 0 63 0.00 0 64 0.16 0 77 0.16
4800 0 31 0.00 0 32 -1.36 0 38 0.16
9600 0 15 0.00 0 15 1.73 0 19 —-2.34
19200 0 7 0.00 0 7 1.73 0 -2.34
31250 0 -1.70 0 0.00 0 0.00
38400 0 0.00 0 1.73 0 -2.34
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Pe(MHz)

6.144 7.3728 8
Bit Rate (bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 108 0.08 2 130 —-0.07 2 141 0.03
150 2 79 0.00 2 95 0.00 2 103 0.16
300 1 159 0.00 1 191 0.00 1 207 0.16
600 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 0.00 0 11 0.00 0 12 0.16
31250 0 2.40 0 5.33 0 0.00
38400 0 0.00 0 0.00 0 —-6.99
Pe(MHz)

9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 174 -0.26 2 177 -025 1 212 0.03 2 217 0.08
150 1 127 0.00 2 129 016 1 155 0.16 2 159 0.00
300 0 255 0.00 2 64 016 1 77 0.16 2 79  0.00
600 0 127 000 1 129 016 O 155 016 1 159 0.00
1200 0 255 0.00 1 64 016 O 77 016 1 79  0.00
2400 0 127 000 O 129 016 O 38 0.16 O 159 0.00
4800 0 63 000 O 64 016 O 19 016 O 79 0.00
9600 0 31 0.00 O 32 -136 O 9 016 O 39 0.00
19200 0 15 0.00 O 15 173 0 4 016 O 19 0.00
31250 0 9 -1.70 O 0.00 O 2 0.00 O 11 2.40
38400 0 1 0.00 O 7 173 0 9 -234 0 9 0.00
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P@(MHz)

14.7456 16 19.6608 20
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 0.70 3 70 0.03 3 86 031 3 88 -0.25
150 2 191 0.00 2 207 0.16 2 255 0.00 2 64 0.16
300 2 95 0.00 2 103 0.16 2 127 0.00 2 129 0.16
600 1 191 0.00 1 207 016 1 255 0.00 1 64 0.16
1200 1 95 000 1 103 0.16 1 127 0.00 1 129 0.16
2400 0 191 0.00 O 207 016 O 255 0.00 O 64 0.16
4800 0 95 000 O 103 0.16 O 127 0.00 O 129 0.16
9600 0 47 000 O 51 016 O 63 000 O 64 0.16
19200 0 23 000 O 25 016 O 31 000 O 32 -1.36
31250 0 14 -170 0 15 000 O 19 -1.70 0 19 0.00
38400 0 11 000 O 12 016 O 15 000 O 15 1.73
115200 0 000 O 851 O 6.67 O 8.51
500000 0 -7.84 0 000 O 0 229 0 0 25.0
P (MHz)
24 24.576 28.7 30

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 106 -0.44 3 108 0.08 3 126 031 3 132 0.13
150 3 77 0.16 3 79 0.00 3 92 0.46 3 97 -0.35
300 2 155 0.16 2 159 0.00 2 186 -0.08 2 194 0.16
600 2 77 0.16 2 79 0.00 2 92 0.46 2 97 -0.35
1200 1 155 0.16 1 159 0.00 1 186 -0.08 1 194 0.16
2400 1 77 016 1 79 000 1 92 046 1 97 -0.35
4800 0 155 0.16 O 159 0.00 O 186 -0.08 0 194 -1.36
9600 0 77 016 O 79 000 O 92 046 O 97 -0.35
19200 0 38 016 O 39 000 O 46 -0.61 O 48 -0.35
31250 0 23 000 O 24 -170 O 28 -1.03 0 29 0.00
38400 0 19 -2.34 0 19 000 O 22 155 0 23 1.73
115200 0 -6.99 0 -4.76 0 7 -2.68 0 1.73
500000 0 -25.0 0 -232 0 1 -103 0 -6.25
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Table 16.5 indicates the maximum bit rates in asynchronous mode when the baud rate generator is
used. Table 16.6 list the maximum rates for external clock input.

Table16.5 Maximum Bit Ratesfor Various Frequencies with Baud Rate Gener ator

(Asynchronous M ode)
Settings
Pe(MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
49152 153600 0 0
8 250000 0 0
9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0
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Table16.6 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

P (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
19.6608 4.9152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750
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16.2.9 FIFO Control Register (SCFCR)

Bit: 7 6 5 4 3 2 1 0
\ RTRG1 \ RTRGO \ TTRG1 \ TTRGO \ MCE \ TFRST \ RFRST \ LOOP \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

The FIFO control register (SCFCR) resets the quantity of datain the transmit and receive FIFO
registers, setsthe trigger data quantity, and contains an enable bit for loop-back testing. SCFCR
can always be read and written to by the CPU. It isinitialized to H'00 by areset, by the module
standby function, and in standby mode.

Bits 7 and 6—Receive FIFO Data Trigger (RTRG1, RTRGO): Set the quantity of receive data
which sets the receive data full (RDF) flag in the serial status register (SCSSR). The RDF flag is
set to 1 when the quantity of receive data stored in the receive FIFO register (SCFRDR) exceeds
the set trigger number shown bel ow.

Bit 7: RTRG1 Bit 6: RTRGO Receive Trigger Number

0 0 1 (Initial value)
0 1 4

1 0 8

1 1 14

Bits5 and 4—Transmit FIFO Data Trigger (TTRG1, TTRGO): Set the quantity of remaining
transmit data which sets the transmit FIFO data register empty (TDFE) flag in the seria status
register (SCSSR). The TDFE flag is set to 1 when the quantity of transmit data in the transmit
FIFO dataregister (SCFTDR) becomes less than the set trigger number shown below.

Bit 5: TTRG1 Bit 4: TTRGO Transmit Trigger Number
0 0 8 (8)"
0 1 4 (12)
1 0 2 (14)
1 1 1 (15)

Note: * Initial value. Values in parentheses mean the number of empty bits in SCFTDR when the
TDFE flag is set to 1.
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Bit 3—M odem Control Enable (M CE): Enables modem control signals CTS and RTS.

Bit 3: MCE Description
0 Modem signal disabled® (Initial value)
1 Modem signal enabled

Note: * CTS is fixed at active 0 regardless of the input value, and RTS is also fixed at 0.

Bit 2—Transmit FIFO Data Register Reset (TFRST): Disables the transmit data in the transmit
FIFO dataregister and resets the data to the empty state.

Bit 2: TFRST Description

0 Reset operation disabled” (Initial value)

1 Reset operation enabled

Note: * Reset is executed in a reset or in standby mode.

Bit 1—Receive FIFO Data Register Reset (RFRST): Disablesthe receive datain the receive
FIFO dataregister and resets the data to the empty state.

Bit 1: RFRST  Description

0 Reset operation disabled” (Initial value)

1 Reset operation enabled

Note: * Reset is executed in a reset or in standby mode.

Bit 0—L oop-Back Test (LOOP): Internally connects the transmit output pin (TXD) and receive
input pin (RXD) and enables loop-back testing.

Bit 0: LOOP Description

0 Loop back test disabled (Initial value)

1 Loop back test enabled
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16.2.10 FIFO Data Count Register (SCFDR)

SCFDR is a 16-hit register which indicates the quantity of data stored in the transmit FIFO data
register (SCFTDR) and the receive FIFO data register (SCFRDR). It indicates the quantity of
transmit datain SCFTDR with the upper 8 bits, and the quantity of receive datain SCFRDR with
the lower 8 bits. SCFDR can always be read by the CPU.

Upper 8 Bits: 15 14 13 12 11 10 9 8
\ — \ — \ — \ T4 \ T3 \ T2 \ T1 \ TO \
Initial value: 0 0 0 0 0 0 0 0
R/W:

The upper 8 bits of SCFDR indicate the quantity of non-transmitted data stored in SCFTDR. H'00
means no transmit data, and H'10 meansthat SCFTDR isfull of transmit data.

Lower 8 Bits: 7 6 5 4 3 2 1 0
\ — \ — \ — \ R4 \ R3 \ R2 \ R1 \ RO \
Initial value: 0 0 0 0 0 0 0 0
R/W:

The lower 8 bits of SCFDR indicate the quantity of receive data stored in SCFRDR. H'00 means
no receive data, and H'10 means that SCFRDR full of receive data.
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16.3 Operation

16.3.1 Overview

For serial communication, the SCIF has an asynchronous mode in which characters are
synchronized individually. Refer to section 14.3.2, Operation in Asynchronous Mode. The SCIF
has a 16-byte FIFO buffer for both transmit and receive operations, reducing the overhead of the
CPU, and enabling continuous high-speed communication. Moreover, it hasRTS and CTS signals
as modem control signals. The transmission format is selected in the serid mode register
(SCSMR), as shownintable 16.7. The SCIF clock source is selected by the combination of the
CKE1 and CKEQ bitsin the serial control register (SCSCR), as shown in table 16.8.

« Datalengthisselectable: 7 or 8 bits.

» Parity and multiprocessor bits are selectable, asisthe stop bit length (1 or 2 bits). The
combination of the preceding selections congtitutes the communication format and character
length.

* Inreceiving, it is possible to detect framing errors (FER), parity errors (PER), receive FIFO
data full, receive data ready, and breaks.

e Intransmitting, it is possible to detect transmit FIFO data empty.
» The number of stored data bytesisindicated for both the transmit and receive FIFO registers.
« Aninternal or external clock can be selected asthe SCIF clock source.

0 When aninternal clock is selected, the SCIF operates using the on-chip baud rate
generator, and can output a serial clock signal with afrequency 16 times the bit rate.

0 When an external clock is selected, the external clock input must have afrequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)

Table16.7 SCSMR Settings and SCIF Communication Formats

SCSMR Settings SCIF Communication Format
Bit6 Bit5 Bit3 Data Parity
Mode CHR PE STOP Length Bit Stop Bit Length
Asynchronous 0 0 0 8-hit Notset 1 hit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
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Table16.8 SCSCR Settingsand SCIF Clock Source Selection

SCSCR Settings SCIF Transmit/Receive Clock

Bit 1 Bit 0
Mode CKE1l CKEO Clock Source  SCK Pin Function
Asynchronous 0 0 Internal SCIF does not use the SCK pin
mode 1 Outputs a clock with a frequency 16 times
the bit rate
1 0 External Inputs a clock with frequency 16 times the
bit rate
16.3.2  Serial Operation

Transmit/Receive For mats. Table 16.9 lists the eight communication formats that can be
selected. The format is selected by settings in the serial mode register (SCSMR).

Table16.9 Serial Communication For mats

SCSMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE  STOP 1 2 3 4 5 6 7 8 9 10 11 12
o 0 o0 | START| 8-bit data  sTOP |
0 0 1 | START| 8-bit data | STOP | STOP |
0 1 0 | START| 8-bit data | P |STOP|
o 1 1 | START| 8-bit data | P |STOP|STOP|
1 0 0 | START| 7-bit data | STOP|
1 0 1 | START| 7-bit data | STOP | STOP |
11 0 | START| 7-bit data | P |sTOP|
1 1 1 | START| 7-bit data | P |sTOP|sTOP|

START: Start bit
STOP: Stop bit
P: Parity bit
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Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCIF transmit/receive clock. The clock sourceis selected
by bits CKE1 and CKEOQ in the serial control register (SCSCR) (table 16.8).

When an external clock isinput at the SCK pin, it must have afrequency equal to 16 timesthe
desired hit rate.

When the SCIF operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is 16 times the bit rate.

Transmitting and Receiving Data (SCIF Initialization): Before transmitting or receiving, clear
the TE and RE bitsto 0 in the serial control register (SCSCR), then initialize the SCIF as follows.

When changing the communication format, always clear the TE and RE bitsto O before following
the procedure given below. Clearing TE to O initializes the transmit shift register (SCTSR).
Clearing TE and RE to 0, however, does not initialize the seria status register (SCSSR), transmit
FIFO dataregister (SCFTDR), or receive FIFO data register (SCFRDR), which retain their
previous contents. Clear TE to 0 after all transmit data has been transmitted and the TEND flag in
the SCSSR is set. The TE bit can be cleared to O during transmission, but the transmit data goesto
the high impedance state after the bit is cleared to 0. Set the TFRST bit in SCFCR to 1 and reset
SCFTDR before TE is set again to start transmission.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCIF operation becomes unreliable if the clock is stopped.

Figure 16.5 shows a sample flowchart for initializing the SCIF. The procedure for initializing the
SCIFis:

1. Settheclock selectionin SCSCR.

Be sureto clear bitsRIE TIE, TE, and RE to 0.

When clock output is selected, the clock is output immediately after SCSCR settings are made.
2. Set the communication format in SCSMR.
3. Write avalue corresponding to the bit rate into the bit rate register (SCBRR).

(Not necessary if an external clock isused.)

4. Wait at least one bit interval, then set the TE bit or RE bitin SCSCR to 1. Also set the RIE
and TIE bits.
Setting the TE and RE bhits enables the TxD and RxD pinsto be used. When transmitting, the
SCIF will go to the mark state; when receiving, it will go to the idle state, waiting for a start
bit.
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< Initialization >
I
Clear TE and RE bits in SCSCR to 0

Set TFRST and RFRST bits in
SCFCR to 1

Set CKE1 and CKEQ
bits in SCSCR (leaving TE and RE
bits cleared to 0)

Set communication format in SCSMR | (2)

|
Set value in SCBRR 3)

1

Wait

1-bit interval elapsed?

(4)

Set RTRG1-0, TTRG1-0, and MCE
in SCFCR
Clear TFRST and RFRST bits to 0
|

Set TE and RE bits in
SCSCRto 1,and set RIE, TIE,
TEIE, and MPIE bits

( )

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure 16.5 Sample Flowchart for SCIF Initialization
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* Serial datatransmission
Figure 16.6 shows a sample flowchart for serial transmission.
Use the following procedure for serial data transmission after enabling the SCIF for transmission.

1. SCIF status check and transmit data write:
Read serial status register (SCSSR) and check that the TDFE flag is set to 1, then write
transmit data to the transmit FIFO data register (SCFTDR), read 1 from the TDFE and TEND
flags, then clear these flagsto O.

The number of transmit data bytes that can be written is (16 - transmit trigger set number).

2. Serial transmission continuation procedure:;

To continue serial transmission, read 1 from the TDFE flag to confirm that writing is possible,
then write datato SCFTDR, and then clear the TDFE flag to O.

3. Break output at the end of serial transmission:
To output abreak in serial transmission, set the port SC data register (SCPDR) and port SC
control register (SCPCR), then clear the TE bit to 0 in the serial control register (SCSCR). For
information on SCPDR and SCPCR, see section 16.2.8, Bit Rate Register (SCBRR).

Insteps 1 and 2, it is possible to ascertain the number of databytesthat can be written from the
number of transmit data bytesin SCFTDR indicated by the upper 8 bits of the FIFO data count
register (SCFDR).
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( Start of transmission >

IA
“

Read TDFE bit in SCSSR

No

Yes

Write transmit data (16 - transmit
trigger set number) to SCFTDR, read 1
from TDFE bit and TEND flag in
SCSSR, then clear to 0

All data transmitted?

Yes

<
€

Read TEND bit in SCSSR

Break output?

Set SCPDR and SCPCR

|
Clear TE bitin SCSCR to 0

<
«

( End of transmission >

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure 16.6 Sample Flowchart for Transmitting Serial Data
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In serial transmission, the SCIF operates as described below.

1. When datais written into the transmit FIFO data register (SCFTDR), the SCIF transfers the
data from SCFTDR to the transmit shift register (SCTSR) and starts transmitting. Confirm
that the TDFE flag in the seria status register (SCSSR) is set to 1 before writing transmit data
to SCFTDR. The number of data bytesthat can be written is (16 — transmit trigger setting).

2. When dataistransferred from SCFTDR to SCTSR and transmission is started, consecutive
transmit operations are performed until thereis no transmit dataleft in SCFTDR. When the
number of transmit data bytesin SCFTDR falls below the transmit trigger number set in the
FIFO control register (SCFCR), the TDFE flag is set. If the TIE bit in the serial control
register (SCSR) isset to 1 at thistime, a transmit-FIFO-data-empty interrupt (TXI) request is
generated.

The serial transmit datais sent from the TxD pin in the following order.

a. Start bit: One-hit 0 is output.

b. Transmit data: 8-bit or 7-bit datais output in LSB-first order.

c. Parity bit: One parity bit (even or odd parity) isoutput. (A format in which a parity bit is
not output can also be selected.)

d. Stop bit(s): One or two 1-bits (stop bits) are output.

e. Mark state: 1 isoutput continuoudly until the start bit that starts the next transmission is
sent.

3. The SCIF checksthe SCFTDR transmit data at the timing for sending the stop bit. If datais
present, the data is transferred from SCFTDR to SCTSR, the stop bit is sent, and then serial
transmission of the next frame is started.

If there is no transmit data, the TEND flag in SCSSRis set to 1, the stop bit is sent, and then
the line goes to the mark state in which 1 is output continuously.
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Figure 16.7 shows an example of the operation for transmission.

Start Parity Stop Start Parity Stop
_ 1 bit Data bit  bit bit Data bit  bit 1
Seral 1 0 | bo] Dy |;;|D7|0/1| 1] 0|D0|D1|;|D7|0/1| 1 ldie (mark)

£
TDFE |
(C

))
TEND T T T
(C (C
| | ) | ))
TXI interrupt Data written to TXI interrupt
request SCFTDR and TDFE  request
flag read as 1 then
cleared to 0 by TXI
interrupt handler

A
A\

One frame

Figure 16.7 Example of Transmit Operation
(8-Bit Data, Parity, One Stop Bit)

4. When modem control is enabled, transmission can be stopped and restarted in accordance with
the CTS input value. When CTS isset to 1, if transmission isin progress, the line goes to the
mark state after transmission of one frame. When CTS is set to 0, the next transmit datais
output starting from the start bit.

Figure 16.8 shows an example of the operation when modem control is used.

Start Parity Stop Start
bit bit  bit bit
Serial ) {5 )
data | 0 | Do| D1 | | D] 0] [0 Do]or] Jor]on
TXD )) ))
£
CTS « | | «

) T ))

Rise at this point
before stop bit

Figure 16.8 Example of Operation Using Modem Control (CTS)
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® Seria datareception
Figures 16.9 and 16.10 show a sample flowchart for serial reception.
Use the following procedure for serial data reception after enabling the SCIF for reception.

1. Receive error handling and break detection: Read the DR, ER, and BRK flagsin SCSSR to
identify any error, perform the appropriate error handling, then clear the DR, ER, and BRK
flagsto 0. Inthe case of aframing error, abreak can also be detected by reading the value of
the RxD pin.

2. SCIF status check and receive data read : Read the seria status register (SCSSR) and check
that RDF = 1, then read the receive datain the receive FIFO data register (SCFRDR), read 1
from the RDF flag, and then clear the RDF flag to 0. Thetransition of the RDF flag from 0 to
1 can beidentified by an RXI interrupt.

3. Serial reception continuation procedure: To continue serial reception, read at least the receive
trigger set number of receive data bytes from SCFRDR, read 1 from the RDF flag, then clear
the RDF flag to 0. The number of receive data bytesin SCFRDR can be ascertained by
reading the lower bits of SCFDR.
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( Start of reception >

Read ORER, PER, FER )
flags in SCSSR

PER v FERv ORER =1?

Error handling

Read RDF flag in SCSSR (2)
No
Yes
Read receive data from SCFRDR,
and clear RDF flag in (3)
SCSSRto 0

All data received?

Clear RE bitin SCSCR to 0

< End of reception >

Note: Numbers in parentheses refer to steps in the preceding procedure description.

Figure 16.9 Sample Flowchart for Receiving Serial Data

Rev. 5.00, 09/03, page 546 of 760
RENESAS




1. Whether aframing error or parity error has occurred in the receive dataread from SCFRDR
can be ascertained from the FER and PER bits in SCSSR.

2. When abreak signal isreceived, receive datais not transferred to SCFRDR while the BRK
flagisset. However, note that the last datain SCFRDR is H'00 and the break datain which a
framing error occurred is stored.

< Error handling > (1)

No

Yes

Receive error handling (2)

»
>

BRK =1?

Yes

Break processing

»
|

DR =17

Yes

Read receive data from SCFRDR

»

Clear DR, ER, BRK flags in
SCSSRto 0

( crd )

Figure16.10 Sample Flowchart for Receiving Serial Data (cont)
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In serial reception, the SCIF operates as described below.

1. The SCIF monitorsthe transmission line, and if a O start bit is detected, performs internal
synchronization and starts reception.

2. Thereceived datais stored in SCRSR in LSB-to-M SB order.

3. The parity bit and stop bit are received.
After receiving these hits, the SCIF carries out the following checks.

a. Stop bit check: The SCIF checks whether the stop bit is 1. If there are two stop bits, only
thefirst is checked.

b. The SCIF checks whether receive data can be transferred from the receive shift register
(SCRSR) to SCFRDR.

c. Break check: The SCIF checksthat the BRK flag is 0, indicating that the break state is not
Set.

If al the above checks are passed, the receive datais stored in SCFRDR.
Note: Receptionis not suspended when areceive error occurs.

4. If the RIE bitin SCSR is set to 1 when the RDF or DR flag changesto 1, areceive-FIFO-data
full interrupt (RXI1) request is generated.
If the RIE bit in SCSR is set to 1 when the ER flag changesto 1, areceive-error interrupt (ERI)
reguest is generated.

If the RIE bit in SCSR is set to 1 when the BRK flag changesto 1, abreak reception interrupt
(BRI) request is generated.
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Figure 16.11 shows an example of the operation for reception.

Start Parity Stop Start Parity Stop

bit Data bit  bit bit Data bit  bit 1
Serial 7 7 Idle (mark
onel 0|D0|D1|()3|D7|0/1| 1| 0|D0|D1|SS|D7|O/1|1 Idle (mark)

RDF
(«

* )
RXI interrupt [

N

FER request
( (C
) ))
) One frame
Data read and RDF ERI interrupt
flag read as 1 then request generated
cleared to 0 by by receive error

RXI interrupt handler

Figure16.11 Example of SCIF Receive Operation
(8-Bit Data, Parity, One Stop Bit)

5. When modem control is enabled, the RTS signal is output when SCFRDR isempty. When
RTS isO, reception ispossible. When RTS is 1, thisindicates that SCFRDR isfull and
reception is not possible.

Figure 16.12 shows an example of the operation when modem control is used.

Start
Serial bit ¢ Parity bit ¢ Start ¢
gata | 0| Do| D1] D2 [Dr[ 0] 1 Lol T LT 1 |
RXD V ”

RTS «

Figure 16.12 Example of Operation Using Modem Control (RTS)
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16.4  SCIF Interrupts

The SCIF has four interrupt sources: transmit-FIFO-data-empty (TXI), receive-error (ERI),
receive-data-full (RX1), and break (BRI).

Table 16.10 shows the interrupt sources and their order of priority. The interrupt sources are
enabled or disabled by means of the TIE and RIE bitsin SCSCR. A separate interrupt request is
sent to the interrupt controller for each of these interrupt sources.

When the TDFE flag in the serial status register (SCSSR) is set to 1, a TXI interrupt request is
generated. The DMAC can be activated and data transfer performed when thisinterrupt is
generated. When data exceeding the transmit trigger number is written to the transmit data register
(SCFTDR) by the DMAC, 1 isread from the TDFE flag, after which O iswritten to it to clear it.

When the RDF flag in SCSSR is set to 1, an RXI interrupt request is generated. The DMAC can
be activated and data transfer performed when the RDF flag in SCSSR is set to 1. When receive
dataless than the receive trigger number is read from the receive data register (SCFRDR) by the
DMAC, 1isread from the RDF flag, after which O iswritten to it to clear it.

When the ER flag in SCSSRis set to 1, an ERI interrupt request is generated.
When the BRK flagin SCSSRis set to 1, aBRI interrupt request is generated.

The TXI interrupt indicates that transmit data can be written, and the RXI interrupt indicates that
there isreceive datain SCFRDR.

Table 16.10 SCIF Interrupt Sources

Interrupt DMAC Priority on
Source Description Activation Reset Release
ERI Interrupt initiated by receive error flag (ER) Not possible High
RXI Interrupt initiated by receive data FIFO full flag Possible

(RDF) or data ready flag (DR) (RDF only)
BRI Interrupt initiated by break flag (BRK) Not possible
TXI Interrupt initiated by transmit FIFO data empty Possible

flag (TDFE) Low

See section 4, Exception Handling, for priorities and the relationship to non-SCIF interrupts.
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16.5 Usage Notes
Note the following when using the SCIF.

1. SCFTDR Writing and TDFE Flag: The TDFE flag in the serial status register (SCSSR) is set
when the number of transmit data bytes written in the transmit FIFO dataregister (SCFTDR) has
fallen below the transmit trigger number set by bits TTRG1 and TTRGO in the FIFO control
register (SCFCR). After TDFE is set, transmit data up to the number of empty bytesin SCFTDR
can be written, allowing efficient continuous transmission.

However, if the number of data bytes written to SCFTDR is equal to or less than the transmit
trigger number, the TDFE flag will be set to 1 again even after having been cleared to 0. TDFE
clearing should therefore be carried out after data exceeding the specified transmit trigger number
has been written to SCFTDR.

The number of transmit data bytesin SCFTDR can be found from the upper 8 hits of the FIFO
data count register (SCFDR).

2. SCFRDR Reading and RDF Flag: The RDF flag in the seria statusregister (SCSSR) is set
when the number of receive data bytes in the receive FIFO data register (SCFRDR) has become
equal to or greater than the receive trigger number set by bits RTRG1 and RTRGO in the FIFO
control register (SCFCR). After RDF is set, receive data equivalent to the trigger number can be
read from SCFRDR, allowing efficient continuous reception.

However, if the number of data bytesin SCFRDR exceeds the trigger number, the RDF flag will
be set to 1 again even after having been cleared to 0. RDF should therefore be cleared to O after
being read as 1 after all the receive data has been read.

The number of receive data bytesin SCFRDR can be found from the lower 8 bits of the FIFO data
count register (SCFDR).

3. Break Detection and Processing: Break signals can be detected by reading the RxD pin
directly when aframing error (FER) is detected. In the break state the input from the RxD pin
consists of al 0s, so the FER flag is set and the parity error flag (PER) may also be set. Note that,
although transfer of receive datato SCFRDR is halted in the break state, the SCIF receiver
continues to operate, so if the BRK flagiscleared to Oit will be set to 1 again.

4. Sending a Break Signal: The I/O condition and level of the TxD pin are determined by the
SCP4DT hit in the port SC data register (SCPDR) and bits SCP4MDO0 and SCP4AMDL in the port
SC control register (SCPCR). Thisfeature can be used to send a break signal.

To send abreak signal during serial transmission, clear the SCPADT bit to O (designating low
level), then set the SCPAM DO and SCPAMD1 bitsto 0 and 1, respectively, and finally clear the TE
bit to 0 (halting transmission). When the TE hit is cleared to O, the transmitter is initialized
regardless of the current transmission state, and O is output from the TxD pin.
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5. TEND Flag and TE Bit Processing: The TEND flag is set to 1 during transmission of the stop
bit of the last data. Consequently, if the TE bit is cleared to O immediately after setting of the
TEND flag has been confirmed, the stop bit will bein the process of transmission and will not be
transmitted normally. Therefore, the TE bit should not be cleared to O for at least 0.5 serial clock
cycles (or 1.5 cyclesif two stop bits are used) after setting of the TEND flag is confirmed.

6. Receive Data Sampling Timing and Receive Mar gin: The SCIF operates on a base clock
with a frequency of 16 times the transfer rate. In reception, the SCIF synchronizes internally with
the fall of the start bit, which it samples on the base clock. Receive dataislatched at therising
edge of the eighth base clock pulse. The timing is shown in figure 16.13.

_ 16 clocks |
8 clocks |
]
0123456 780910111213141501 23 456 7 8 9 1011121314150 1 2 3 4 5
Base clock L]
| _75clocks | +7.5clocks
Receive D o > e
data (RxD) L Startbit iE DO [ D1
Synchro-
nization s
sampling v
timing
Data g 3
sampling v v
timing

Figure 16.13 Receive Data Sampling Timing in Asynchronous Mode
The receive margin in asynchronous mode can therefore be expressed as shown in equation 1.

Equation 1.

1

— _ _ _ |D_0-5| [
M—KO.S 2Nj (L-0.5)F = =21 (14 F) x 100%

Where: M: Receive margin (%)
N: Ratio of clock frequency to bit rate (N = 16)
D: Clock duty cycle (D =0to 1.0)
L: Framelength (L =9to0 12)
F: Absolute deviation of clock frequency

From equation 1, if F= 0 and D = 0.5, the receive margin is 46.875%, as given by equation 2.
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Equation 2:
WhenD =0.5and F=0:

M =(0.5-1/(2 x 16)) x 100%
= 46.875%

Thisisatheoretical value. A reasonable margin to allow in system designsis 20% to 30%.
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Section 17 IrDA

171  Overview

The SH7709S has an on-chip Infrared Data Association (IrDA) interface which is based on the
IrDA 1.0 system and can perform infrared communication. It also can be used as the SCIF by
making register settings.

17.1.1 Features

« Conformsto the IrDA 1.0 system
« Asynchronous serial communication
0 Datalength: 8 bits
O Stop hit length: 1 bit
O Parity bit: None
e On-chip 16-stage FIFO buffers for both transmit and receive operations
*  On-chip baud rate generator with selectable bit rates
e Guard functionsto protect the receiver during transmission
» Clock supply halted to reduce power consumption when not using the IrDA interface
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17.1.2 Block Diagram

Figure 17.1 shows a block diagram of the IrDA.

Clock input )/I
~J
SCK
- ¢ ; > % TxD1
iTranSfer clock Modulation unit -
@ - i
SCIF
g
__ RxD "| Demodulation unit | @ RxD1
A IrDA

Switching IrDA/SCIF

Legend
SCIF: Serial communication interface with FIFO

Figure17.1 Block Diagram of IrDA
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Figures 17.2 to 17.4 show the IrDA 1/O port pins.

SCIF pin I/O and data control is performed by bits 7 to 4 of SCPCR and bits 3 and 2 of SCPDR.
For details, see section 14.2.8, SC Port Control Register (SCPCR)/SC Port Data Register
(SCPDR).

Reset

|
R

D
SCP3MDO
Q

¥
PCRW
Relset

Internal data bus

_ R
Q D

_O<:C SCP3MD1

C IrDA

| Fr——————————— ===

PCRW

Clock input enable
Reset

|
SCPT[3]/SCK1 R

Q D
f SCP3DT1

\V4 T

PDRW

Output enable

Serial clock output

\ 4

rL>

PDRR*

Serial clock input

Legend

PDRW: SCPDR write
PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCK1 pin, the CKE1 and CKEQO bits in SCSCR to 0, and
set the SCP3MD1 bit in SCPCR to 1 (see section 14.2.8, SC Port Control
Register (SCPCR)/SC Port Data Register (SCPDR)).

Figure17.2 SCPT[3]/SCK1 Pin
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Reset

I
R
D
SCP2MDO0
Q
¥
PCRW Internal data bus
( é Relset
_ R
Q D
SCP2MD1
C
I
PCRW
Reset
|
SCPT[2)/TxD1 O— R
Q D
Y SCP2DTH
c IrDA
| oo
|
PDRW !
: Output enable
|
— Serial
: transfer
| output
|
|

Legend
PCRW: SCPCR write
PDRW: SCPDR write

Figure17.3 SCPT[2]/TxD1 Pin
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SCPT[2)/RxD1 |=mmmmm
|
:
: Serial
! receive
| data
|
Internal data bus
PDRR*

Legend

PDRR: SCPDR read

Note: * When reading the RxD1 pin, set the RE bitin SCSCR to 1.

Figure17.4 SCPT[2]/RxD1Pin

17.1.3  Pin Configuration

The IrDA hasthe serial pins summarized in table 17.1.

Table17.1 IrDA Pins

Pin Name Signal Name 110 Function

Serial clock pin SCK1 110 Clock 1/0

Receive data pin RxD1 Input Receive data input

Transmit data pin TxD1 Output Transmit data output

Note: Clock input from the serial clock pin cannot be set in IrDA mode.
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17.1.4 Register Configuration

The IrDA hasthe interna registers shown intable 17.2. These registers select IrDA or SCIF
mode, specify the dataformat and a bit rate, and control the transmit and receive units.

Table17.2 IrDA Registers

Access

Register Name Abbreviation R/W Initial Value Address Size

Serial mode register 1 SCSMR1 R/W H'00 H'04000140 8 bits
(H'A4000140)*?

Bit rate register 1 SCBRR1 R/W H'FF H'04000142 8 bits
(H'A4000142)*?

Serial control register 1 SCSCR1 R/W H'00 H'04000144 8 bits
(H'A4000144)*?

Transmit FIFO data register 1 SCFTDR1 w — H'04000146 8 bits
(H'A4000146)*?

Serial status register 1 SCSSR1 R/ON)*l H'0060 H'04000148 16 bits
(H'A4000148)*?

Receive FIFO data register 1  SCFRDR1 R Undefined H'0400014A 8 bits
(H'A400014A)*?

FIFO control register 1 SCFCR1 R/W H'00 H'0400014C 8 bits
(H'A400014C)*?

FIFO data count register 1 SCFDR1 R H'0000 H'0400014E 16 bits
(H'A400014E)*?

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is on,
either access these registers from the P2 area of logical space or else make an appropriate
setting using the MMU so that these registers are not cached.

1. Only 0 can be written to clear the flag.
2. When address translation by the MMU does not apply, the address in parentheses
should be used.
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17.2  Register Description

Specifications of the registersin the IrDA are the same as those in the SCIF except for the serial
mode register described below. Therefore, refer to section 16, Serial Communication Interface
with FIFO (SCIF), for details of these registers.

17.21  Serial Mode Register (SCSMR)

Bit: 7 6 5 4 3 2 1 0
‘IRMOD‘ ICK3 \ ICK2 \ ICK1 \ ICKO \ PSEL \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

SCSMR isan 8-hit register that selects IrDA or SCIF mode, specifies the SCIF serial
communication format, selectsthe IrDA output pulse width, and selects the baud rate generator
clock source.

This module operates as IrDA when the IRMOD hit is set to 1. At thistime, bits 3 to 6 are fixed at
0. Thisregister functions in the same way as the SCSMR register in the SCIF when the IRMOD
bit is cleared to O; therefore, this module can also operate as an SCIF.

SCSMR isinitialized to H'00 by a power-on reset or manual reset, when the module is stopped by
the module standby function, and in standby mode.

Bit 7—IrDA Mode (IRMOD): Selects whether this module operates as an IrDA seria
communication interface or asan SCIF.

Bit 7: IRMOD  Description

0 Operates as an SCIF (Initial value)

1" Operates as an IrDA

Note: * Do not set the CKE1 bit in the serial control register (SCSCRT) to 1 if the IRMCD bit is set
to 1.
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Bits6to 3—Ir Clock Select Bits(ICK3to 1CKO)

Bit 2—Output Pulse Width Select (PSEL ): PSEL selects an IrDA output pulse width that is 3/16
of the bit length for 115 kbps or 3/16 of the bit length for the selected baud rate.

The Ir clock select bits should be set properly to fix the output pulse width at 3/16 of the bit length
for 115 kbps by setting the PSEL bit to 1.

Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Description
ICK3 ICK2 ICK1 ICKO PSEL Pulse width: 3/16 of 115 kbps bit length
ICK3 ICK2 ICK1 ICKO 1

Don't Don't Don't Don't 0 Pulse width: 3/16 of bit length
care care care care

It is necessary to generate afixed clock pulse, IRCLK, by dividing the Pg clock by 1/2N + 2 (with
the value of N determined by the setting of |CK3—-CKO0).

Example:

Po clock: 14.7456 MHz

IRCLK: 921.6 kHz (fixed)

N: Setting of ICK3-ICKO (0 < N < 15)

Po _
" 2XIRCLK

Accordingly, N is7.

Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): Select the internal baud rate generator clock
source. Pg, P@/4, P@/16, or P@/64 can be selected by setting the CKS1 and CK S0 hits.

Refer to section 14.2.9, Bit Rate Register (SCBRR), for the relationship between the clock source,
the bit rate register set value, and the baud rate.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Poclock (Initial value)
0 1 P@/4 clock

1 0 P@16

1 1 P@64

Note: Pq Peripheral clock
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17.3  Operation Description

The IrDA module can perform infrared communication conforming to IrDA 1.0 by connecting
infrared transmit/receive units. The serial communication interface unit includes a 16-stage FIFO
buffer in the transmit unit and the receive unit, allowing CPU overhead to be reduced and
continuous high-speed communication to be performed. This module a so supports DMAC data
transfer. The IrDA module differs from the SCIF described in section 16, Serial Communication
Interface with FIFO (SCIF) in that it does not include modem control signals RTS and CTS.

Refer to section 16.3, Operation, for SCIF mode operation.

17.3.1 Overview

The IrDA module modifies TXD/RxD transmit/receive data waveformsto satisfy the IrDA 1.0
specification for infrared communication.

Inthe IrDA 1.0 specification, communication is first performed at a speed of 9600 bps, and the
communication speed is changed. However, the communication rate cannot be automatically
changed in this module, so the communication speed should be confirmed, and the appropriate
speed set for this module by software.

Note: InIrDA mode, reception cannot be performed when the TE bit in the serial control register
(SCSCR) is set to 1 (enabling transmission). When performing reception, clear the TE bit
in SCSCR to 0.
Asthe SH7709S's RxD1 pinis active-highin IrDA mode, a (Schmidt) inverter must be
inserted when connecting an active-low IrDA module.
The RxD1 pinis active-low in SCIF mode.

17.3.2 Transmitting

In the case of a serial output signal (UART frame) from the SCIF, its waveforms are modified and
the signal is converted into the IR frame serial output signal by the IrDA module, as shown in
figure 17.5.

When serial datais 0, a pulse of 3/16 the IR frame bit width is generated and output. When serial
datais 1, no pulseis output.

Aninfrared LED isdriven by this signal demodulated to 3/16 width.
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17.3.3 Receiving

Received 3/16 IR frame bit-width pulses are demodulated and converted to a UART frame, as
shown in figure 17.5.

Demodulation to 0 is performed for pulse output, and demodulation to 1 is performed for no pulse

outpu.

Start bit —»

Start bit —»;

B UART frame -
< Data »  le— Stopbit
0 1 0 1 0 0 1 1 0
Transmitl T Receive
» IR frame N
< Data > «— Stop bit

i

1

Ho

—»

-«

Bit cycle

— —

3/16-bit cycle

pulse width

Figure17.5 Transmit/Receive Operation
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Section 18 Pin Function Controller

18.1 Overview

The pin function controller (PFC) is composed of registers for selecting the function of
multiplexed pins and the input/output direction. The pin function and input/output direction can be
selected for each pin individually without regard to the operating mode of the chip. Table 18.1
lists the multiplexed pins.

Table18.1 List of Multiplexed Pins

Port

Port Function
(Related Module)

Other Function
(Related Module)

PTAY input/output (port)

D23 input/output (data bus)

PTAG input/output (port)

D22 input/output (data bus)

PTAS5 input/output (port)

D21 input/output (data bus)

PTA4 input/output (port)

D20 input/output (data bus)

PTAS3 input/output (port)

D19 input/output (data bus)

PTAZ2 input/output (port)

D18 input/output (data bus)

PTAL input/output (port)

D17 input/output (data bus)

PTAO input/output (port)

D16 input/output (data bus)

PTB7 input/output (port)

D31 input/output (data bus)

PTB6 input/output (port)

D30 input/output (data bus)

PTBS5 input/output (port)

D29 input/output (data bus)

PTB4 input/output (port)

D28 input/output (data bus)

PTB3 input/output (port)

D27 input/output (data bus)

PTB2 input/output (port)

D26 input/output (data bus)

PTB1 input/output (port)

D25 input/output (data bus)

PTBO input/output (port)

D24 input/output (data bus)

PTC7 input/output (port)/PINT7 input (INTC)

MCS7 output (BSC)

PTC6 input/output (port)/PINT6 input (INTC)

MCS6 output (BSC)

PTCS input/output (port)/PINTS input (INTC)

MCS5 output (BSC)

PTC4 input/output (port)/PINT4 input (INTC)

MCS4 output (BSC)

PTC3 input/output (port)/PINT3 input (INTC)

MCS3 output (BSC)

PTC2 input/output (port)/PINT2 input (INTC)

MCS2 output (BSC)

OO0 00|0|W| | m|w|m| W w| @|> > > > > > > >

PTC1 input/output (port)/PINTL1 input (INTC)

MCS1 output (BSC)
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Port Function
Port (Related Module)

Other Function
(Related Module)

PTCO input/output (port)/PINTO input (INTC)

MCSO0 output (BSC)

PTD7 input/output (port)

DACK1 output (DMAC)

PTD6 input (port)

DREQ1 input (DMAC)

PTD5 input/output (port)

DACKO output (DMAC)

PTD4 input (port)

DREQO input (DMAC)

PTD3 input/output (port)

WAKEUP output (WTC)

PTD2 input/output (port)

RESETOUT output

PTD1 input/output (port)

DRAKO output (DMAC)

PTDO input/output (port)

DRAK1 output (DMAC)

PTEY input/output (port)

AUDSYNC output (AUD)

PTESG input/output (port)

PTES input/output (port)

CE2B output (PCMCIA)

PTE4 input/output (port)

CE2A output (PCMCIA)

PTE3 input/output (port)

PTE2 input/output (port)

RAS3U output (BSC)

PTEL input/output (port)

PTEO input/output (port)

TDO output (UDI)

PTF7 input (port)/PINT15 input (INTC)

TRST input (AUD, UDI)

PTF6 input (port)/PINT14 input (INTC)

TMS input (UDI)

PTF5 input (port)/PINT13 input (INTC)

TD1 input (UDI)

PTF4 input (port)/PINT12 input (INTC)

TCK input (UDI)

PTF3 input (port)/PINT11 input (INTC)

IRLS3 input (INTC)

PTF2 input (port)/PINT10 input (INTC)

IRLS2 input (INTC)

PTF1 input (port)/PINT9 input (INTC)

IRLS1 input (INTC)

PTFO input (port)/PINT8 input (INTC)

IRLSO input (INTC)

PTG?7 input (port)

[01S16 input (PCMCIA)

PTGS6 input (port)

ASEMDO input (AUD, UDI)

PTGS5 input (port)

ASEBRKAK output (AUD)

PTG4 input (port)

CKIO2 output (CPG)

PTG3 input (port)

AUDATAS3 output (AUD)

Ol mmmmmlmmmmimmmmMm oOolo|lo|lolo|lolgo|lglo

PTG2 input (port)

AUDATAZ2 output (AUD)
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Port Function

Other Function

Port (Related Module) (Related Module)

G PTG1 input (port) AUDATAL1 output (AUD)

G PTGO input (port) AUDATAO output (AUD)

H PTH?7 input/output (port) TCLK input/output (TMU)

H PTH®6 input (port) AUDCK input (AUD)

H PTHS input (port) ADTRG input (ADC)

H PTH4 input (port)/IRQ4 input (INTC) IRQ4 input (INTC)

H PTH3 input (port)/IRQ3 input (INTC) IRQ3 input (INTC)

H PTH2 input (port)/IRQ2 input (INTC) IRQ2 input (INTC)

H PTH1 input (port)/IRQL input (INTC) IRQ1 input (INTC)

H PTHO input (port)/IRQO input (INTC) IRQO input (INTC)

J PTJ7 input/output (port) STATUSLI output (CPG)

J PTJ6 input/output (port) STATUSO output (CPG)

J PTJ5 input/output (port) —

J PTJ4 input/output (port) —

J PTJ3 input/output (port) CASU output (BSC)

J PTJ2 input/output (port) CASL output (BSC)

J PTJ1 input/output (port) —

J PTJO input/output (port) RASSL output (BSC)

K PTK7 input/output (port) WES3 output (BSC)/DQMUU output
(BSC)/ICIOWR output (BSC)

K PTK6 input/output (port) WEZ2 output (BSC)/DQMUL output
(BSC)/ICIORD output (BSC)

K PTKS5 input/output (port) CKE output (BSC)

K PTK4 input/output (port) BS output (BSC)

K PTK3 input/output (port) CS5 output (BSC)/CETA output (BSC)

K PTK2 input/output (port) CS4 output (BSC)

K PTK1 input/output (port) CS3 output (BSC)

K PTKO input/output (port) CS2 output (BSC)

L PTL7 input (port) AN7 input (ADC)/DAO output (DAC)

L PTL6 input (port) ANG input (ADC)/DA1 output (DAC)

L PTL5 input (port) ANS5 input (ADC)
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Port Function

Other Function

Port (Related Module) (Related Module)
L PTL4 input (port) AN4 input (ADC)
L PTL3 input (port) AN3 input (ADC)
L PTL2 input (port) AN2 input (ADC)
L PTL1 input (port) AN1 input (ADC)
L PTLO input (port) ANO input (ADC)
SCPT SCPT7 input (port)/IRQ5 input (INTC) CTS2 input (UART ch 3)/IRQ5 input (INTC)
SCPT SCPT6 input/output (port) RTS2 output (UART ch 3)
SCPT SCPT5 input/output (port) SCK2 input/output (UART ch 3)
SCPT SCPT4 input (port) RxD2 input (UART ch 3)
SCPT4 output (port) TxD2 output (UART ch 3)
SCPT SCPT3 input/output (port) SCK1 input/output (UART ch 2)
SCPT SCPT2 input (port) RxD1 input (UART ch 2)
SCPT2 output (port) TxD1 output (UART ch 2)
SCPT SCPT1 input/output (port) SCKO input/output (UART ch 1)
SCPT SCPTO input (port) RxDO input (UART ch 1)
SCPTO output (port) TxDO output (UART ch 1)
Note: SCPTO, SCPT2, and SCPT4 have the same data register to be accessed although they

have different input pins and output pins.
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18.2 Register Configuration
Table 18.2 summarizes the registers of the pin function controller.

Table 18.2 Pin Function Controller Registers

Access

Name Abbreviation R/W Initial Value Address Size

Port A control register PACR R/W H'0000 H'04000100 16
(H'A4000100)*

Port B control register PBCR R/W H'0000 H'04000102 16
(H'A4000102)*

Port C control register PCCR R/W H'AAAA H'04000104 16
(H'A4000104)*

Port D control register PDCR R/W H'AABA H'04000106 16
(H'A4000106)*

Port E control register PECR R/W H'AAAA/H'2AA8 H'04000108 16
(H'A4000108)*

Port F control register PFCR R/W H'AAAA/H'O0AA H'0400010A 16
(H'A400010A)*

Port G control register PGCR R/W H'AAAA/H'A200 H'0400010C 16
(H'A400010C)*

Port H control register PHCR R/W H'AAAA/H'SAAA H'0400010E 16
(H'A400010E)*

Port J control register PJCR R/W H'0000 H'04000110 16
(H'A4000110)*

Port K control register PKCR R/W H'0000 H'04000112 16
(H'A4000112)*

Port L control register PLCR R/W H'0000 H'04000114 16
(H'A4000114)*

SC port control register SCPCR R/W H'A888 H'04000116 16
(H'A4000116)*

Notes: 1. The initial value of the port E, F, G, and H control registers depends on the state of the

ASEMDO pin.

If a low level is input at the ASEMDO pin while the RESETP pin is asserted, ASE mode
is entered,; if a high level is input, normal mode is entered. See section 22, User
Debugging Interface (UDI), for more information on the UDI.

2. These registers are located in area 1 of physical space. Therefore, when the cache is
on, either access these registers from the P2 area of logical space or else make an
appropriate setting using the MMU so that these registers are not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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18.3 Register Descriptions

18.3.1 Port A Control Register (PACR)

Bit:

15

14

13

12 11 10 9 8 7 6 5 4 3 2 1 0

PA7
MD1

PA7
MDO

PAG6
MD1

PAG | PA5 | PA5 | PA4 | PA4 | PA3 | PA3 | PA2 | PA2 | PA1 | PA1 | PAO | PAO
MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value:

0

0

0

0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: RIW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

The port A control register (PACR) is a 16-bit readable/writable register that selects the pin
functions. PACR isinitialized to H'0000 by a power-on reset, but is not initialized by a manual
reset, in standby mode, or in Sleep mode.

Bits 15 and 14—PA7 Mode 1 and 0 (PA7M D1, PA7TMDO)

Bits 13 and 12—PA6 Mode 1 and 0 (PA6M D1, PA6M DO)

Bits 11 and 10—PA5 Mode 1 and 0 (PA5M D1, PA5M DO)

Bits9 and 8—PA4 Mode 1 and 0 (PA4M D1, PA4M DO)

Bits 7 and 6—PA3 Mode 1 and 0 (PA3M D1, PA3M DO)

Bits5 and 4—PA2 Mode 1 and 0 (PA2M D1, PA2M DO)

Bits3 and 2—PA1 Mode 1 and 0 (PA1IM D1, PA1IM DO)

Bits1 and 0—PAO Mode 1 and 0 (PAOM D1, PAOM DO)

These bits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit2n

PANMD1 PANMDO Pin Function

0 0 Other function (see table 18.1) (Initial value)
0 1 Port output

1 0 Port input (Pull-up MOS: on)

1 1 Port input (Pull-up MOS: off)

(n=0to7)
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18.3.2 Port B Control Register (PBCR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PB7 | PB7 | PB6 | PB6 | PB5 | PB5 | PB4 | PB4 | PB3 | PB3 | PB2 | PB2 | PB1 | PB1 | PBO | PBO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW R/W RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The port B control register (PBCR) is a 16-bit readable/writable register that selects the pin
functions. PBCR isinitialized to H'0000 by a power-on reset, but is not initialized by a manual
reset, in standby mode, or in Sleep mode.

Bits 15 and 14—PB7 Mode 1 and 0 (PB7M D1, PB7MDQ)

Bits13 and 12—PB6 Mode 1 and 0 (PB6M D1, PB6M DO)

Bits 11 and 10—PB5 Mode 1 and 0 (PB5M D1, PB5M DO)

Bits9 and 8—PB4 Mode 1 and 0 (PB4M D1, PB4M DO)

Bits 7 and 6—PB3 Mode 1 and 0 (PB3M D1, PB3M DO)

Bits5and 4—PB2 Mode 1 and 0 (PB2M D1, PB2M DO)

Bits3 and 2—PB1 Mode 1 and 0 (PB1IM D1, PB1M DO)

Bits1 and 0—PB0 Mode 1 and 0 (PBOM D1, PBOM DO)

These bits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit2n
PBnMD1 PBnMDO Pin Function

0 0 Other function (see table 18.1) (Initial value)
0 1 Port output

1 0 Port input (Pull-up MOS: on)

1 1 Port input (Pull-up MOS: off)

(n=0to7)
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18.3.3 Port C Control Register (PCCR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PC7 | PC7 | PC6 | PC6 | PC5 | PC5 | PC4 | PC4 | PC3 |PC3 | PC2 | PC2 | PC1 | PC1 | PCO | PCO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
R/W: RIW R/W RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The port C control register (PCCR) is a 16-bit readable/writable register that selects the pin
functions. PCCR isinitialized to H'AAAA by a power-on reset, but is not initialized by a manual
reset, in standby mode, or in Sleep mode.

Bits 15 and 14—PC7 Mode 1 and 0 (PC7M D1, PC7M DO)

Bits 13 and 12—PB6 Mode 1 and 0 (PC6M D1, PC6M DO)

Bits 11 and 10—PC5 Mode 1 and 0 (PC5M D1, PC5M DO)

Bits9 and 8—PC4 Mode 1 and 0 (PC4M D1, PC4M DO)

Bits 7 and 6—PC3 Mode 1 and 0 (PC3M D1, PC3M DO)

Bits5and 4—PC2 Mode 1 and 0 (PC2M D1, PC2M DO)

Bits3 and 2—PC1 Mode 1 and 0 (PC1M D1, PC1M DO)

Bits1 and 0—PCO Mode 1 and 0 (PCOM D1, PCOM DO)

These bits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit2n
PCnMD1 PCnMDO Pin Function

0 0 Other function (see table 18.1)

0 1 Port output

1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)

(n=0to7)
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18.34 Port D Control Register (PDCR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PD7 | PD7 | PD6 | PD6 | PD5 | PD5 | PD4 | PD4 | PD3 | PD3 | PD2 | PD2 | PD1 | PD1 | PDO | PDO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1 0 1 0 1 0 1 0 1 0 0 0 1 0 1 0
R/W: RIW R/W RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The port D control register (PDCR) is a 16-bit readabl e/writable register that selects the pin
functions. PDCR isinitialized to H'/AA8A by a power-on reset, but is not initialized by a manual
reset, in standby mode, or in Sleep mode.

Bits 15 and 14—PD7 Mode 1 and 0 (PD7M D1, PD7M DO)

Bits 11 and 10—PD5 Mode 1 and 0 (PD5M D1, PD5M DO)

Bits 7 and 6—PD3 Mode 1 and 0 (PD3M D1, PD3M DO)

Bits5 and 4—PD2 Mode 1 and 0 (PD2M D1, PD2M DO)

Bits3 and 2—PD1 Mode 1 and 0 (PD1M D1, PD1IM DO)

Bits1 and 0—PDO0 Mode 1 and 0 (PDOM D1, PDOM DO)

These hits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit 2n
PDnMD1 PDNnMDO Pin Function
0 0 Other function (see table 18.1) (Initial value) (n = 2)

0 1 Port output
1 0 Port input (Pull-up MOS: on) (Initial value) (n=0, 1, 3,5,7)
1 1 Port input (Pull-up MOS: off)

(n=0t03,5,7)
Bits 13 and 12—PD6 Mode 1 and 0 (PD6M D1, PD6M DQ)
Bits9 and 8—PD4 Mode 1 and 0 (PD4M D1, PD4M DO)
These bits select the pin functions and perform input pull-up MOS control.
Bit (2n +1) Bit2n
PDnMD1 PDNMDO Pin Function
0 0 Other function (see table 18.1)
0 1 Reserved
1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)

(n=4,6)
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18.35 Port E Control Register (PECR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PE7 | PE7 | PE6 | PE6 | PES | PE5 | PE4 | PE4 | PE3 | PE3 | PE2 | PE2 | PEL1 | PE1 | PEO | PEO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1/0 0 1 0 1 0 1 0 1 0 1 0 1 0O 10 O
R/W: RIW R/W RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The port E control register (PECR) is a 16-bit readable/writable register that selects the pin
functions. PECR isinitialized to HAAAA (ASEMDO = 1) or H'2AA8 (ASEMDO = 0) by a
power-on reset, but is not initialized by a manual reset, in software standby mode, or in sleep
mode.

Bits15 and 14—PE7 Mode 1 and 0 (PE7TM D1, PE7TMDQ)

Bits13 and 12—PE6 Mode 1 and 0 (PE6M D1, PE6M DO)

Bits 11 and 10—PE5 Mode 1 and 0 (PESM D1, PESM DO)

Bits9 and 8—PE4 Mode 1 and 0 (PE4M D1, PE4M DO)

Bits 7 and 6—PE3 Mode 1 and 0 (PE3M D1, PE3M DO)

Bits5and 4—PE2 Mode 1 and 0 (PE2M D1, PE2M DO)

Bits3 and 2—PE1 Mode 1 and 0 (PEIM D1, PE1IM DO)

Bits1 and 0—PEO Mode 1 and 0 (PEOM D1, PEOM DO)

These bits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit2n
PEnMD1 PEnMDO Pin Function

0 0 Reserved (n = 0, 7) (see table 18.1)  (Initial value) (ASEMDO = 0)
0 1 Port output
1 0 Port input (Pull-up MOS: on) (Initial value) (ASEMDO = 1)
1 1 Port input (Pull-up MOS: off)

(n=0,7)
Bit (2n +1) Bit 2n
PEnMD1 PEnMDO Pin Function
0 0 Other function (n = 2, 4, 5) (see table 18.1), Reserved (n = 1, 3, 6)

0 1 Port output
1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)

(n=1to06)
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18.3.6 Port F Control Register (PFCR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PF7 | PF7 | PF6 | PF6 | PF5 | PF5 | PF4 | PF4 | PF3 | PF3 | PF2 | PF2 | PF1 | PF1 | PFO | PFO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1/0 0 1/0 0 1/0 0 10 0 1 0 1 0 1 0 1 0
R/W: RIW R/W RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The port F control register (PFCR) is a 16-bit readable/writable register that selectsthe pin
functions. PFCR isinitialized to HAAAA (ASEMDO = 1) or H'O0AA (ASEMDO = 0) by a power-
on reset, but is not initialized by a manual reset, in standby mode, or in sleep mode.

Bits 15 and 14—PF7 Mode 1 and O (PF7MD1, PF7M DO)

Bits 13 and 12—PF6 Mode 1 and 0 (PF6M D1, PF6M DO)

Bits 11 and 10—PF5 Mode 1 and 0 (PF5M D1, PF5M DO)

Bits9 and 8—PF4 Mode 1 and 0 (PF4M D1, PF4M DO)

Bits 7 and 6—PF3 Mode 1 and 0 (PF3MD1, PF3M DO)

Bits5 and 4—PF2 Mode 1 and 0 (PF2M D1, PF2M DO)

Bits3 and 2—PF1 Mode 1 and 0 (PFIM D1, PF1MDO)

Bits1 and 0—PFO Mode 1 and 0 (PFOM D1, PFOM DO)

These bits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit2n

PFnMD1 PFNMDO Pin Function
0 0 Other function (see table 18.1) (Initial value) (ASEMDO = 0)
0 1 Reserved
1 0 Port input (Pull-up MOS: on) (Initial value) (ASEMDO = 1)
1 1 Port input (Pull-up MOS: off)

(n=41t07)
Bit (2n +1) Bit 2n
PFnMD1 PFnMDO Pin Function
0 0 Other function (see table 18.1)
0 1 Reserved
1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)

(n=0to 3)
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18.3.7

Bit: 15

14

13

12

11

Port G Control Register (PGCR)

10

9

8

7

6

5

4

3

2

1

PG7
MD1

PG7
MDO

PG6
MD1

PG6
MDO

PG5
MD1

PG5
MDO

PG4
MD1

PG4
MDO

PG3
MD1

PG3
MDO

PG2
MD1

PG2
MDO

PG1
MD1

PG1
MDO

PGO
MD1

PGO
MDO

Initial value: 1

0

1

0

1/0

0

1

0

1/0

0

1/0

0

1/0

0

1/0

0

R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W R/W

The port G control register (PGCR) is a 16-bit readabl e/writable register that selects the pin
functions. PGCR isinitialized to HAAAA (ASEMDO = 1) or H'A200 (ASEMDO = 0) by a power-

on reset, but is not initialized by a manual reset, in standby mode, or in sleep mode.

Bits 15 and 14—PG7 Mode 1 and 0 (PG7MD1, PG7MDO)
Bits 13 and 12—PG6 Mode 1 and 0 (PG6M D1, PG6M DO)
Bits 11 and 10—PG5 Mode 1 and 0 (PG5M D1, PG5M DO)

Bits9 and 8—PG4 Mode 1 and 0 (PG4M D1, PG4M DO)
Bits 7 and 6—PG3 Mode 1 and 0 (PG3M D1, PG3M DO)
Bits5 and 4—PG2 Mode 1 and 0 (PG2M D1, PG2M DO)
Bits3 and 2—PG1 Mode 1 and 0 (PG1IMD1, PG1MDO)
Bits1 and 0—PGO0 Mode 1 and 0 (PGOM D1, PGOM DO)
These bits select the pin functions and perform input pull-up MOS control.
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Bit (2n +1) Bit2n
PGnMD1 PGnMDO Pin Function

0 0 Other function (n = 1-3, 5) (see table 18.1)
(Initial value) (ASEMDO = 0)

0 1 Reserved
0 Port input (Pull-up MOS: on) (Initial value) (ASEMDO = 1)
1 1 Port input (Pull-up MOS: off)
(n=1t03,5)
Bit (2n +1) Bit 2n
PGnMD1 PGnMDO Pin Function
0 0 Other function (n = 4, 6, 7) (see table 18.1)
0 1 Reserved
1 0 Port input (Pull-up MOS: on) (Initial value)*
1 1 Port input (Pull-up MOS: off)
(n=4,6,7)

Note: * When n =6, ASEMDO/PTG6 functions as ASEMDO input while the reset signal is
asserted, and as PTG6 input immediately after the reset signal is nagated.

Bit 3 Bit 0

PG1MD1* PGOMDO Pin Function

0 0 Other function (see table 18.1) (Initial value) ASEMDO = 0
0 1 Reserved

1 0 Port input (Pull-up MOS: on) (Initial value) ASEMDO = 1
1 1 Port input (Pull-up MOS: off)

Note: * Controlled by PG1MD1 (bit 3), not PGOMD1 (bit 1).
18.3.8 Port H Control Register (PHCR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PH7 | PH7 | PH6 | PH6 | PH5 | PH5 | PH4 | PH4 | PH3 | PH3 | PH2 | PH2 | PH1 | PH1 | PHO | PHO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1 0O 10 O 1 0 1 0 1 0 1 0 1 0 1 0
R/W: RIW RW RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The port H control register (PHCR) is a 16-bit readable/writable register that selectsthe pin
functions. PHCR isinitialized to HAAAA (ASEMDO = 1) or H'BAAA (ASEMDO = 0) by a
power-on reset, but is not initialized by a manual reset, in standby mode, or in sleep mode.
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Bits 15 and 14—PH7 Mode 1, 0 (PH7M D1, PH7MDO): These bits select the pin functions and
perform input pull-up MOS control.

Bit 15 Bit 14

PH7MD1 PH7MDO Pin Function

0 0 Other function (see table 18.1)

0 1 Port output

1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)

Bits13 and 12—PH6 Mode 1 and 0 (PH6M D1, PH6M DO)

Bits11 and 10—PH5 Mode 1 and 0 (PH5M D1, PH5M DO)

Bits9 and 8—PH4 Mode 1 and 0 (PH4M D1, PH4M DO)

Bits 7 and 6—PH3 Mode 1 and 0 (PH3M D1, PH3M DO)

Bits5and 4—PH2 Mode 1 and 0 (PH2M D1, PH2M DO)

Bits3 and 2—PH1 Mode 1 and 0 (PH1IMD1, PH1MDO)

Bits1 and 0—PHO Mode 1 and 0 (PHOM D1, PHOM DQ)

These bits select the pin functions and perform input pull-up MOS control.

Bit 13 Bit 12

PH6MD1 PH6MDO Pin Function

0 0 Other function (see table 18.1) (Initial value) (ASEMDO = 0)
0 1 Reserved

1 0 Port input (Pull-up MOS: on) (Initial value) (ASEMDO = 1)
1 1 Port input (Pull-up MOS: off)

Bit (2n +1) Bit 2n
PHNnMD1 PHNMDO Pin Function

0 0 Other function (see table 18.1)

0 1 Reserved

1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)

(n=0to5)

Rev. 5.00, 09/03, page 578 of 760
RENESAS



18.3.9 Port J Control Register (PIJCR)

Bit: 15

14

13

12 11 10 9 8 7 6 5 4 3 2 1 0

PJ7
MD1

PJ7
MDO

PJ6
MD1

PJ6 | PJ5 | PJ5 | PJ4 | PJ4 | PJ3 | PJ3 | PJ2 | PJ2 | PJ1 | PJ1|PJO|PJO
MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 0

0

0

0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: RW RW RW RW RW RW RW RW RW RW RW RW R/W RW R/W R/W

The port J control register (PICR) is a 16-bit readable/writable register that selects the pin
functions. PIJCR isinitialized to H'0000 by a power-on reset, but is not initialized by a manual
reset, in standby mode, or in Sleep mode.

Bits 15 and 14—PJ7 Mode 1 and 0 (PIJ7M D1, PJ7MDO)

Bits 13 and 12—PJ6 Mode 1 and 0 (PJ6M D1, PJ6M DO)

Bits 11 and 10—PJ5 Mode 1 and 0 (PJ5M D1, PI5M DO)

Bits9 and 8—PJ4 Mode 1 and 0 (PJ4MD1, PJ4MDO)

Bits 7 and 6—PJ3 Mode 1 and 0 (PI3MD1, PI3MDO)

Bits5and 4—PJ2 Mode 1 and 0 (PJ2M D1, PJ2MDO)

Bits3 and 2—PJ1 Mode 1 and 0 (PJ1IMD1, PJIMDO)

Bits1 and 0—PJO Mode 1 and 0 (PJOMD1, PJOM DO)

These bits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit2n

PJNnMD1 PJNMDO Pin Function
0 0 Other function (n =0, 2, 3, 6, 7) (see table 18.1),
Reserved (n=1, 4, 5) (Initial value)
0 Port output
0 Port input (Pull-up MOS: on)
1 Port input (Pull-up MOS: off)

(n=0to7)
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18.3.10 Port K Control Register (PKCR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PK7 | PK7 | PK6 | PK6 | PK5 | PK5 | PK4 | PK4 | PK3 | PK3 | PK2 | PK2 | PK1 | PK1 | PKO | PKO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW RW RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The port K control register (PKCR) is a 16-bit readabl e/writable register that selects the pin
functions. PKCR isinitialized to H'0000 by a power-on reset, but is not initialized by a manual
reset, in standby mode, or in Sleep mode.

Bits 15 and 14—PK7 Mode 1 and 0 (PK7MD1, PK7M DO)

Bits13 and 12—PK 6 Mode 1 and 0 (PK6M D1, PK6M DO0)

Bits11 and 10—PK5 Mode 1 and 0 (PK5M D1, PK5M DO)

Bits9 and 8—PK4 Mode 1 and 0 (PK4M D1, PK4MDO)

Bits 7 and 6—PK3 Mode 1 and 0 (PK3M D1, PK3MDO0)

Bits5 and 4—PK2 Mode 1 and 0 (PK2M D1, PK2M DO0)

Bits3 and 2—PK 1 Mode 1 and 0 (PK1MD1, PK1MDO)

Bits1 and 0—PKO0 Mode 1 and 0 (PKOM D1, PKOMDO)

These bits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit2n
PKnMD1 PKnMDO Pin Function

0 0 Other function (see table 18.1) (Initial value)
0 1 Port output

1 0 Port input (Pull-up MOS: on)

1 1 Port input (Pull-up MOS: off)

(n=0to7)
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18.3.11 Port L Control Register (PLCR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PL7 | PL7 | PL6 | PL6 | PL5 | PL5 | PL4 | PL4 | PL3 | PL3 | PL2 | PL2 | PL1 | PL1 | PLO | PLO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW R/W RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The port L control register (PLCR) is a 16-bit readable/writable register that selects the pin
functions. PLCR isinitialized to H'0000 by a power-on reset, but is not initialized by a manual
reset, in standby mode, or in Sleep mode.

Bits15and 14—PL7 Mode 1 and 0 (PL7MD1, PL7MDQ)

Bits13 and 12—PL 6 Mode 1 and 0 (PL6MD1, PL6M DOQ)

Bits11 and 10—PL5 Mode 1 and 0 (PL5M D1, PL5MDO)

Bits9 and 8—PL4 Mode 1 and 0 (PL4MD1, PL4M DO)

Bits7 and 6—PL3 Mode 1 and 0 (PL3MD1, PL3M DO)

Bits5and 4—PL2 Mode 1 and 0 (PL2M D1, PL2M DO)

Bits3and 2—PL 1 Mode 1 and 0 (PL1MD1, PL1MDOQ)

Bits1and 0—PL0O Mode 1 and 0 (PLOM D1, PLOM DO)

These bits select the pin functions and perform input pull-up MOS control.

Bit (2n +1) Bit2n

PLNnMD1 PLNMDO Pin Function

0 0 Other function (see table 18.1) (Initial value)
0 1 Reserved

1 0 Port input (Pull-up MOS: on)

1 1 Port input (Pull-up MOS: off)

(n=0to7)
When the DAO and DA pins are used as the D/A converter outputs or when PTL7 and PTL6 are
used in the “other function” state, PLCR should by kept at itsinitial value.
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18.3.12 SC Port Control Register (SCPCR)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCP7|SCP7/SCP6/SCP6/SCP5SCP5[SCP4|SCP4/SCP3SCP3SCP2|SCP2/[SCP1SCP1SCPOSCPO
MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0
R/W: RIW RW RW RW RW RW R/W R/W RW RW RW RW R/W RW RW RW

The SC port control register (SCPCR) is a 16-bit readable/writable register that selects the pin
functions. The setting of SCPCR is valid only when transmit/receive operations are disabled in the
SCSCR register. SCPCRisinitialized to H'A888 by a power-on reset, but isnot initialized by a
manual reset, in standby mode, or in sleep mode. When the TE bit in SCSCR is set to 1, the “other
function” output state has a higher priority than the SCPCR setting for the TxD[2:0] pins. When
the RE bit in SCSCR is set to 1, the input state has a higher priority than the SCPCR setting for the
RxD[2:0] pins.

Bits 15 and 14—SCP7 Mode 1 and 0 (SCP7M D1, SCP7MDQ): These hits select the pin
function and perform input pull-up MOS control.

Bit 15 Bit 14

SCP7MD1 SCP7MDO Pin Function

0 0 Other function (see table 18.1)

0 1 Reserved

1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)

Bits 13, 12—SCP6 M ode 1, 0 (SCP6M D1, SCP6M DO0): These bits select the pin function and
perform input pull-up MOS control.

Bit 13 Bit 12
SCP6MD1 SCP6MDO Pin Function
0 0 Other function (see table 18.1)

0 1 Port output
1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)
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Bits 11 and 10—SCP5 Mode 1 and 0 (SCP5M D1, SCP5M DO0): These hits select the pin
functions and perform input pull-up MOS control.

Bit 11 Bit 10

SCP5MD1 SCP5MDO Pin Function

0 0 Other function (see table 18.1)

0 1 Port output

1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)

Bits9 and 8—SCP4 Mode 1 and 0 (SCP4M D1, SCP4M DO): These hits select the pin function
and perform input pull-up MOS control.

Bit 9 Bit 8
SCP4MD1 SCP4MDO Pin Function
0 0 Transmit data output 2 (TxD2)
Receive data input 2 (RxD2) (Initial value)
0 1 General output (SCPT[4] output pin)
Receive data input 2 (RxD2)
1 0 SCPT[4] input pin pull-up (input pin)
Transmit data output 2 (TxD2)
1 1 General input (SCPTI[4] input pin)

Transmit data output 2 (TxD2)

Note: There is no SCPT[4] simultaneous I/O combination because one bit (SCP4DT) is accessed
using two pins, TxD2 and RxD2.

When port input is set (bit SCPnMD1 is set to 1) and when the TE bit in SCSCR is set to 1, the
TxD2 pinisinthe output state. When the TE bit is cleared to 0, the TxD2 pin goes to the high-
impedance state.

Bits 7 and 6—SCP3 Mode 1 and 0 (SCP3M D1, SCP3MDO): These bits select the pin function
and perform input pull-up MOS control.

Bit 7 Bit 6
SCP3MD1 SCP3MDO Pin Function
0 0 Other function (see table 18.1)

0 1 Port output
1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)
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Bits5 and 4—SCP2 Mode 1 and 0 (SCP2M D1, SCP2M D0): These hits select the pin function
and perform input pull-up MOS control.

Bit 5 Bit 4
SCP2MD1 SCP2MDO Pin Function
0 0 Transmit data output 1 (TxD1)
Receive data input 1 (RxD1) (Initial value)
0 1 General output (SCPT[2] output pin)
Receive data input 1 (RxD1)
1 0 SCPT[2] input pin pull-up (input pin)
Transmit data output 1 (TxD1)
1 1 General input (SCPT[2] input pin)

Transmit data output 1 (TxD1)

Note: There is no SCPT[2] simultaneous I/O combination because one bit (SCP2DT) is accessed
using two pins, TxD1 and RxD1.

When port input is set (bit SCPnMD1 is set to 1) and when the TE bit in SCSCRis set to 1, the
TxD1 pinisinthe output state. When the TE bit is cleared to 0, the TxD1 pin goes to the high-
impedance state.

Bits3 and 2—SCP1 Mode 1 and 0 (SCP1IM D1, SCP1MDO): These hits select the pin function
and perform input pull-up MOS control.

Bit 3 Bit 2
SCP1MD1 SCP1MDO Pin Function
0 0 Other function (see table 18.1)

Port output

0 1
1 0 Port input (Pull-up MOS: on) (Initial value)
1 1 Port input (Pull-up MOS: off)
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Bits1 and 0—SCP0O Mode 1 and 0 (SCPOM D1, SCPOM DO): These bits select the pin function
and perform input pull-up MOS control.

Bit 1 Bit 0
SCPOMD1 SCPOMDO Pin Function
0 0 Transmit data output 0 (TxDO0)
Receive data input 0 (RxD0) (Initial value)
0 1 General output (SCPT[0] output pin)
Receive data input 0 (RxDO)
1 0 SCPT[0] input pin pull-up (input pin)
Transmit data output 0 (TxDO)
1 1 General input (SCPTI[0] input pin)

Transmit data output 0 (TxDO)

Note: There is no SCPT[0] simultaneous I/O combination because one bit (SCPODT) is accessed
using two pins, TxDO and RxDO.

When port input is set (bit SCPnMD1 is set to 1) and when the TE bit in SCSCRis set to 1, the
TxDO pinisinthe output state. When the TE bit is cleared to 0, the TxDO pin goes to the high-
impedance state.
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Section 19 /0O Ports

19.1 Overview

The SH7709S has twelve 8-hit ports (ports A to L and SC). All port pins are multiplexed with
other pin functions (the pin function controller (PFC) handles the selection of pin functions and
pull-up MOS control). Each port has a data register which stores data for the pins.

19.2 Port A

Port A is an 8-bit input/output port with the pin configuration shown in figure 19.1. Each pin has
an input pull-up MOS, which is controlled by the port A control register (PACR) in the PFC.

<«—» PTA7Y (input/output) / D23 (input/output)
«—» PTAG (input/output) / D22 (input/output)
«—» PTADS (input/output) / D21 (input/output)
Port A [« PTA4 (input/output) / D20 (input/output)
<«—» PTAS (input/output) / D19 (input/output)
«—» PTA2 (input/output) / D18 (input/output)
<«—» PTA1 (input/output) / D17 (input/output)
)

«—>» PTAO (input/output) / D16 (input/output

Figure19.1 Port A

19.21 Register Description
Table 19.1 summarizes the port A register.

Table19.1 Port A Register

Name Abbreviation R/W Initial Value Address Access Size
Port A data register PADR R/W H'00 H'04000120 8
(H'A4000120)*

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.2.2 Port A Data Register (PADR)

Bit: 7 6 5 4 3 2 1 0
\ PA7DT \ PAGDT \ PASDT \ PA4DT \ PA3DT \ PA2DT \ PALDT \ PAODT \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

The port A dataregister (PADR) is an 8-bit readable/writable register that stores data for pins
PTA7 to PTAOQ. BitsPA7DT to PAODT correspond to pins PTA7 to PTAO. When the pin function
isgeneral output port, if the port is read the value of the corresponding PADR bit is returned
directly. When the function is general input port, if the port is read the corresponding pin level is
read. Table 19.2 shows the function of PADR.

PADR isinitialized to H'00 by a power-on reset. It retains its previous value in standby mode and
sleep mode, and in a manual reset.

Table19.2 Port A Data Register (PADR) Read/Write Operations

PANMD1 PAnMDO Pin State Read Write

0 0 Other function PADR value Value is written to PADR, but does not
(See table 18.1) affect pin state
Output PADR value Write value is output from pin

1 0 Input (Pull-up Pin state Value is written to PADR, but does not
MOS on) affect pin state

1 Input (Pull-up Pin state Value is written to PADR, but does not

MOS off) affect pin state

(n=7100)
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19.3 Port B

Port B isan 8-hit input/output port with the pin configuration shown in figure 19.2. Each pin has
an input pull-up MOS, which is controlled by the port B control register (PBCR) in the PFC.

<+«—» PTB7 (input/output) / D31 (input/output)
«—» PTB6 (input/output) / D30 (input/output)
<«—» PTBS (input/output) / D29 (input/output)
PortB [+ PTB4 (input/output) / D28 (input/output)
<«—» PTB3 (input/output) / D27 (input/output)
«—» PTB2 (input/output) / D26 (input/output)
<«—» PTB1 (input/output) / D25 (input/output)
)

«—» PTBO (input/output) / D24 (input/output

Figure19.2 Port B

19.31 Register Description
Table 19.3 summarizes the port B register.

Table19.3 Port B Register

Name Abbreviation R/W Initial Value  Address Access Size
Port B data register PBDR R/W H'00 H'04000122 8
(H'A4000122)*

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.3.2 Port B Data Register (PBDR)

Bit: 7 6 5 4 3 2 1 0
\ PB7DT \ PB6DT \ PB5DT \ PB4DT \ PB3DT \ PB2DT \ PB1DT \ PBODT \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

The port B dataregister (PBDR) is an 8-bit readable/writable register that stores data for pins
PTB7 to PTBO. Bits PB7DT to PBODT correspond to pins PTB7 to PTBO. When the pin function
isgeneral output port, if the port is read the value of the corresponding PBDR bit is returned
directly. When the function is general input port, if the port is read the corresponding pin level is
read. Table 19.4 shows the function of PBDR.

PBDR isinitialized to H'00 by a power-on reset. It retainsits previous value in standby mode and
sleep mode, and in a manual reset.

Table19.4 Port B Data Register (PBDR) Read/Write Operations

PBnMD1 PBnMDO Pin State Read Write

0 0 Other function PBDR value Value is written to PBDR, but does not
(See table 18.1) affect pin state
Output PBDR value Write value is output from pin

1 0 Input (Pull-up Pin state Value is written to PBDR, but does not
MOS on) affect pin state

1 Input (Pull-up Pin state Value is written to PBDR, but does not

MOS off) affect pin state

(n=7100)
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19.4 Port C

Port C isan 8-bit input/output port with the pin configuration shown in figure 19.3. Each pin has
an input pull-up MOS, which is controlled by the port C control register (PCCR) in the PFC.

«—» PTC7 (input/output) / PINT7 (input) / MSC7 (output
«—» PTC6 (input/output) / PINT6 (input) / MSC6 (output
«—» PTCS5 (input/output) / PINT5 (input) / MSC5 (output
/ PINT4 (input) / MSC4 (output
/ PINT3 (input) / MSC3 (output
«—» PTC2 (input/output) / PINT2 (input) / MSC2 (output
«—» PTC1 (input/output) / PINT1 (input) / MSC1 (output
«—» PTCO (input/output) / PINTO (input) / MSCO (

Port C [«—> PTC4 (input/output

( ) )
( ) )
( ) )
( ) )
<«—» PTC3 (input/output) )
( ) )
( ) )
( ) )

output

Figure19.3 Port C

19.4.1 Register Description
Table 19.5 summarizes the port C register.

Table19.5 Port C Register

Name Abbreviation R/W Initial Value  Address Access Size
Port C data register PCDR R/W H'00 H'04000124 8
(H'A4000124)*

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.

Rev. 5.00, 09/03, page 591 of 760
RENESAS




19.4.2 Port C Data Register (PCDR)

Bit: 7 6 5 4 3 2 1 0
\ PC7DT \ PC6DT \ PC5DT \ PC4DT \ PC3DT \ PC2DT \ PC1DT \ PCODT \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

The port C dataregister (PCDR) is an 8-bit readable/writable register that stores data for pins
PTC7 to PTCO. Bits PC7DT to PCODT correspond to pins PTC7 to PTCO. When the pin function
isgeneral output port, if the port is read, the value of the corresponding PCDR bhit is returned
directly. When the function is general input port, if the port is read, the corresponding pin level is
read. Table 19.6 shows the function of PCDR.

PCDRisinitialized to H'00 by a power-on reset, after which the general input port function (pull-
up MOSon) is set asthe initial pin function, and the corresponding pin levels are read.

PCDR retainsits previous value in standby mode and sleep mode, and in a manual reset.

Table19.6 Port C Data Register (PCDR) Read/Write Operations

PCnMD1 PCnMDO Pin State Read Write

0 0 Other function PCDR value Value is written to PCDR, but does not
(see table 18.1) affect pin state
Output PCDR value Write value is output from pin

1 0 Input (Pull-up Pin state Value is written to PCDR, but does not
MOS on) affect pin state

1 Input (Pull-up Pin state Value is written to PCDR, but does not

MOS off) affect pin state

(n=71t00)
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19.5 Port D

Port D comprises a 6-bit input/output port and 2-bit input port with the pin configuration shown in
figure 19.4. Each pin has an input pull-up MOS, which is controlled by the port D control register
(PDCR) in the PFC.

«—» PTD7 (input/output) / DACK1 (output)
«—— PTD6 (input) / DREQT (input)

«—» PTD5 (input/output) / DACKO (output)
PortD [+—— PTD4 (input)/ DREQO (input)

«—» PTD3 (input/output) / WAKEUP (output)
«—» PTD2 (input/output) / RESETOUT (output)
«—» PTD1 (input/output) / DRAKO (output)
<«—» PTDO (input/output) / DRAK1 (output)

Figure19.4 Port D

1951 Register Description
Table 19.7 summarizes the port D register.

Table19.7 Port D Register

Name Abbreviation R/W Initial Value Address Access Size
Port D data register PDDR R/W or R B'0*0*0000 H'04000126 8
(H'A4000126)**

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* Means no value.
*1 When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.5.2 Port D Data Register (PDDR)

Bit. 7 6 5 4 3 2 1 0
\ PD7DT \ PD6DT \ PD5DT \ PD4DT \ PD3DT \ PD2DT \ PD1DT \ PDODT \
Initial value: 0 * 0 * 0 0 0 0
RW: RMW R RIW R RW RW RW  RW

Note: * Undefined

The port D dataregister (PDDR) is a 6-bit readable/writable and 2-bit read-only register that stores
datafor pins PTD7 to PTDO. Bits PD7DT to PDODT correspond to pins PTD7 to PTDO. When the
pin function is general output port, if the port is read, the value of the corresponding PDDR bit is
returned directly. When the function is general input port, if the port is read, the corresponding pin
level isread. Table 19.8 shows the function of PDDR.

PDDR isinitialized to B'0*0*0000 by a power-on reset. After initialization, the general input port
function (pull-up MOS on) is set asthe initial pin function, and the corresponding pin levels are
read from bits PD7DT—PD3DT, PD1DT, and PDODT. PDDR retainsits previousvaluein
standby mode and sleep mode, and in a manual reset.

Note that the low level isread if bits 6 and 4 are read except in general-purpose input.

Table19.8 Port D Data Register (PDDR) Read/Write Operations

PDnMD1 PDnMDO Pin State Read Write
0 0 Other function PDDR value Value is written to PDDR, but does not
(see table 18.1) affect pin state
Output PDDR value Write value is output from pin
1 0 Input (Pull-up Pin state Value is written to PDDR, but does not
MOS on) affect pin state
1 Input (Pull-up Pin state Value is written to PDDR, but does not
MOS off) affect pin state
(n=0,1,2,3,5,7)
PDnMD1 PDnMDO Pin State Read Write
0 0 Other function Low level Ignored (no effect on pin state)
(see table 18.1)
Reserved Low level Ignored (no effect on pin state)
1 0 Input (Pull-up Pin state Ignored (no effect on pin state)
MOS on)
1 Input (Pull-up Pin state Ignored (no effect on pin state)
MOS off)

(n=4,6)
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19.6 Port E

Port E is an 8-bit input/output port with the pin configuration shown in figure 19.5. Each pin has
an input pull-up MOS, which is controlled by the port E control register (PECR) in the PFC.

<«—» PTE7 (input/output) / AUDSYNC (output)
<«—» PTEBG (input/output)

<«—» PTES5 (input/output) / CE2B (output)
input/output) / CE2A (output)
input/output)

Port E [«—> PTE4
<«—» PTE3
«—» PTE2 (input/output) / RAS3U (output)
«—» PTE1 (input/output)

(
(
(
(
(
(
(
(

«—» PTEO (input/output) / TDO (output)

Figure19.5 Port E

19.6.1 Register Description
Table 19.9 summarizes the port E register.

Table19.9 Port E Register

Name Abbreviation R/W Initial Value  Address Access Size
Port E data register PEDR R/W H'00 H'04000128 8
(H'A4000128)"

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.6.2 Port E Data Register (PEDR)

Bit: 7 6 5 4 3 2 1 0
\ PE7DT \ PE6DT \ PESDT \ PE4DT \ PE3DT \ PE2DT \ PELDT \ PEODT \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

The port E data register (PEDR) is an 8-bit readable/writable register that stores data for pins
PTE7 to PTEOQ. Bits PE7DT to PEODT correspond to pins PTE7 to PTEO. When the pin function is
general output port, if the port is read the value of the corresponding PEDR bit is returned directly.
When the function is general input port, if the port isread the corresponding pin level isread.
Table 19.10 shows the function of PEDR.

PEDR isinitialized to H'00 by a power-on reset, after which the general input port function (pull-
up MOSon) is set asthe initial pin function, and the corresponding pin levels areread. It retains
its previous value in standby mode and sleep mode, and in amanual reset.

Table 19.10 Port E Data Register (PEDR) Read/Write Operations

PEnMD1 PEnMDO Pin State Read Write

0 0 Other function PEDR value Value is written to PEDR, but does not
(see table 18.1) affect pin state
Output PEDR value Write value is output from pin

1 0 Input (Pull-up Pin state Value is written to PEDR, but does not
MOS on) affect pin state

1 Input (Pull-up Pin state Value is written to PEDR, but does not

MOS off) affect pin state

(n=0to07)
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19.7 Port F

Port Fisan 8-bit input port with the pin configuration shown in figure 19.6. Each pin has an input
pull-up MOS, which is controlled by the port F control register (PFCR) in the PFC.

-«——— PTF7 (input) / PINT15 (input) / TRST (input)
-«——— PTF6 (input) / PINT14 (input) / TMS (input)
«——— PTF5 (input) / PINT13 (input) / TDI (input)
Port E [«—— PTF4 (input) / PINT12 (input) / TCK (input)
l«——— PTF3 (input) / PINT11 (input) / TRLS3 (input)
-«——— PTF2 (input) / PINT10 (input) / IRSL2 (input)
( (input) / TRLST (input)
( (input) / IRLSO (input)

«— PTF1 (input) / PINT9
«— PTFO (input) / PINT8

Figure19.6 Port F

19.71 Register Description
Table 19.11 summarizes the port F register.

Table 19.11 Port F Register

Name Abbreviation R/W Initial Value  Address Access Size
Port F data register PFDR R H** H'0400012A 8
(H'A400012A)**

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* Means no value.
*1 When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.7.2 Port F Data Register (PFDR)

Bit. 7 6 5 4 3 2 1 0

\ PF7DT \ PF6DT \ PF5DT \ PFADT \ PF3DT \ PF2DT \ PF1DT \ PFODT \
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined

The port F dataregister (PFDR) is an 8-bit read-only register that stores datafor pins PTF7 to
PTFO. Bits PF7DT to PFODT correspond to pins PTF7 to PTFO. When the function is general
input port, if the port is read the corresponding pin level isread. Table 19.12 shows the function of
PFDR.

PFDR isinitialized by a power-on reset, after which the general input port function (pull-up MOS
on) isset astheinitia pin function, and the corresponding pin levels are read.

Table 19.12 Port F Data Register (PFDR) Read/Write Operations

PFnMD1  PFnMDO  Pin State Read Write

0 0 Other function H'00 Ignored (no effect on pin state)
(see table 18.1)
Reserved H'00 Ignored (no effect on pin state)

1 0 Input (Pull-up Pin state Ignored (no effect on pin state)
MOS on)

1 Input (Pull-up Pin state Ignored (no effect on pin state)

MOS off)

(n=0to07)
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19.8 Port G

Port G comprises a 5-bit input/output port and 3-bit input port with the pin configuration shown in
figure 19.7. Each pin has an input pull-up MOS, which is controlled by the port G control register
(PGCR) in the PFC.

-«——— PTG7 (input) / 10IS16 (input)

«—— PTG6 (input) / ASEMDO (input)
.«—» PTGS5 (input) / ASEBRKAK (output)
Port G [«—— PTG4 (input) / CKIO2 (output)
«—» PTG3 (input) / AUDATAS (input/output)
«—» PTG2 (input) / AUDATAZ (input/output)
«—» PTG (input) / AUDATA1 (input/output)
-«—>» PTGO (input) / AUDATAO (input/output)

Figure19.7 Port G

19.8.1 Register Description
Table 19.13 summarizes the port G register.

Table 19.13 Port G Register

Name Abbreviation R/W Initial Value  Address Access Size
Port G data register PGDR R/W H'** H'0400012C 8
(H'A400012C)**

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* Means no value.
*1 When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.8.2 Port G Data Register (PGDR)

Bit. 7 6 5 4 3 2 1 0

\ PG7DT \ PG6DT \ PG5DT \ PG4DT \ PG3DT \ PG2DT \ PG1DT \ PGODT \
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined

The port G data register (PGDR) is an 8-bit read-only register that stores datafor pins PTG7 to
PTGO. Bits PG7DT to PGODT correspond to pins PTG7 to PTG0. When the function is general
input port, if the port is read the corresponding pin level isread. Table 19.14 shows the function of
PGDR.

PGDR isinitialized by a power-on reset, after which the general input port function (pull-up MOS
on) isset astheinitia pin function, and the corresponding pin levels are read.

Table 19.14 Port G Data Register (PGDR) Read/Write Operations

PGnMD1 PGnMDO Pin State Read Write

0 0 Other function H'00 Ignored (no effect on pin state)
(see table 18.1)
Reserved H'00 Ignored (no effect on pin state)

1 0 Input (Pull-up Pin state Ignored (no effect on pin state)
MOS on)

1 Input (Pull-up Pin state Ignored (no effect on pin state)

MOS off)

(n=0to07)
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19.9 Port H

Port H comprises a 1-bit input/output port and 7-bit input port with the pin configuration shown in
figure 19.8. Each pin has an input pull-up MOS, which is controlled by the port H control register
(PHCR) in the PFC.

«—» PTHY7 (input/output) / TCLK (output)
«—— PTHG6 (input) / AUDCK (input)
«—— PTHS5 (input) / ADTRG (input)

)

PortH |[«—— PTH4 (input) / IRQ4 (input)
)/ IRQ3 (input)

<+—— PTH2 (input) / IRQ2 (

<«—— PTHA1 (input) / IRQ1 (input)

<«—— PTHO (input) / IRQO (input)

«—— PTH3 (input

input)

Figure19.8 Port H

19.9.1 Register Description
Table 19.15 summarizes the port H register.

Table 19.15 Port H Register

Name Abbreviation R/W Initial Value Address Access Size
Port H data register PHDR R/W or R B'Q******x* H'0400012E 8
(H'A400012E)**

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* Means no value.
*1 When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.9.2 Port H Data Register (PHDR)

Bit. 7 6 5 4 3 2 1 0

\ PH7DT \ PHEDT \ PH5DT \ PHADT \ PH3DT \ PH2DT \ PH1DT \ PHODT \
Initial value: 0 * * * * * * *
RW: RMW R R R R R R R

Note: * Undefined

The port H data register (PHDR) is a 1-bit readable/writable and 7-bit read-only register that stores
datafor pins PTH7 to PTHO. Bits PH7DT to PHODT correspond to pins PTH7 to PTHO. When the
pin function is general output port, if the port is read, the value of the corresponding PHDR bit is
returned directly. When the function is general input port, if the port is read, the corresponding pin
level isread. Table 19.16 shows the function of PHDR.

PHDR isinitialized to B'0******* by a power-on reset, after which the general input port function
(pull-up MOS on) is set astheinitial pin function, and the corresponding pin levels are read. It
retains its previous value in standby mode and sleep mode, and in amanual reset.

Note that the low level isread if bits 6 to O are read except in genera -purpose input.

Table 19.16 Port H Data Register (PHDR) Read/Write Operations

PHnMD1 PHNnMDO Pin State Read Write
0 0 Other function PHDR value Value is written to PHDR, but does not
(see table 18.1) affect pin state
Output PHDR value Write value is output from pin
1 0 Input (Pull-up Pin state Value is written to PHDR, but does not
MOS on) affect pin state
1 Input (Pull-up Pin state Value is written to PHDR, but does not
MOS off) affect pin state
(n=7)
PHnMD1 PHNnMDO Pin State Read Write
0 0 Other function Low level Ignored (no effect on pin state)
(see table 18.1)
Reserved Low level Ignored (no effect on pin state)
1 0 Input (Pull-up Pin state Ignored (no effect on pin state)
MOS on)
1 Input (Pull-up Pin state Ignored (no effect on pin state)
MOS off)
(n=01o0 6)
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19.10 PortJ

Port Jisan 8-hit input/output port with the pin configuration shown in figure 19.9. Each pin has
an input pull-up MOS, which is controlled by the port J control register (PJICR) in the PFC.

-«— PTJ7 (input/output) / STATUS1 (output)
«——» PTJ6 (input/output) / STATUSO (output)
«—» PTJ5 (input/output
PortJ [« PTJ4 (input/output
/ CASU (output)
«—» PTJ2 (input/output) / CASL (output)

-«—» PTJ1 (input/output

-«—» PTJ3 (input/output

( )
( )
( )
( )
( )
( )
( )
( )

««—» PTJO (input/output) / RAS3L (output)

Figure19.9 PortJ

19.10.1 Register Description
Table 19.17 summarizes the port J register.

Table 19.17 Port J Register

Name Abbreviation R/W Initial Value  Address Access Size
Port J data register PJDR R/W H'00 H'04000130 8
(H'A4000130)"

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.10.2 Port J Data Register (PJDR)

Bit: 7 6 5 4 3 2 1 0
\ PJ7DT \ PJ6DT \ PJ5DT \ PJ4DT \ PJ3DT \ PJ2DT \ PJIDT \ PJODT \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

The port J data register (PIDR) is an 8-bit readabl e/writable register that stores data for pins PTJ7
to PTJO. Bits PJ7DT to PJODT correspond to pins PTJ7 to PTJO. When the pin function is general
output port, if the port is read the value of the corresponding PIDR bit is returned directly. When
the function is general input port, if the port is read, the corresponding pin level isread. Table
19.18 shows the function of PIDR.

PJDR isinitialized to H'00 by a power-on reset. It retains its previous value in software standby
mode and sleep mode, and in a manual reset.

Table 19.18 Port J Data Register (PJDR) Read/Write Operations

PJnMD1  PJnMDO Pin State Read Write

0 0 Other function PJDR value Value is written to PJDR, but does not
(see table 18.1) affect pin state
Output PJDR value  Write value is output from pin

1 0 Input (Pull-up Pin state Value is written to PIDR, but does not
MOS on) affect pin state

1 Input (Pull-up Pin state Value is written to PIDR, but does not

MOS off) affect pin state

(n=0to07)
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1911 PortK

Port K is an 8-hit input/output port with the pin configuration shown in figure 19.10. Each pin has
an input pull-up MOS, which is controlled by the port K control register (PKCR) in the PFC.

.«—» PTK7 (input/output) / WE3 (output) / DQMUU (output) / ICIOWR (output)
l«—» PTKBS (input/output) / WE2 (output) / DQMUL (output) / ICIORD (output)
««— PTKS5 (input/output) / CKE (output)

Port K [«— PTK4 (input/output) / BS (output)

.«—» PTKS3 (input/output) / CS5 (output) / CE1A (output)

«—» PTK2 (input/output) / CS4 (output)

.«—» PTK1 (input/output) / CS3 (output)

«—» PTKO (input/output) / CS2 (output)

Figure19.10 Port K

19.11.1 Register Description
Table 19.19 summarizes the port K register.

Table 19.19 Port K Register

Name Abbreviation R/W Initial Value  Address Access Size
Port K data register PKDR R/W H'00 H'04000132 8
(H'A4000132)"

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.11.2 Port K Data Register (PKDR)

Bit: 7 6 5 4 3 2 1 0
\ PK7DT \ PK6DT \ PK5DT \ PK4DT \ PK3DT \ PK2DT \ PK1DT \ PKODT \
Initial value: 0 0 0 0 0 0 0 0

RW: RW R/W R/W R/W R/W R/W R/W R/W

The port K data register (PKDR) is an 8-bit readable/writable register that stores data for pins
PTK7 to PTKO. Bits PK7DT to PKODT correspond to pins PTK7 to PTKO. When the pin function
isgeneral output port, if the port is read, the value of the corresponding PKDR bit is returned
directly. When the function is general input port, if the port is read, the corresponding pin level is
read. Table 19.20 shows the function of PKDR.

PKDR isinitialized to H'00 by a power-on reset. It retains its previous value in standby mode and
sleep mode, and in a manual reset.

Table 19.20 Port K Data Register (PKDR) Read/Write Operations

PKnMD1 PKnMDO Pin State Read Write

0 0 Other function PKDR value Value is written to PKDR, but does not
(see table 18.1) affect pin state
Output PKDR value Write value is output from pin

1 0 Input (Pull-up Pin state Value is written to PKDR, but does not
MOS on) affect pin state

1 Input (Pull-up Pin state Value is written to PKDR, but does not

MOS off) affect pin state

(n=0to07)
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1912 PortL

Port L isan 8-bit input port with the pin configuration shown in figure 19.11.

«—— PTL7 (input) / AN7 (input) / DAO (input)
<«—— PTL6 (input) / AN6 (input) / DAL (input)
«——— PTL5 (input) / AN5 (input)
Port L [¢—— PTL4 (input)/ AN4 (input)
«——— PTL3 (input) / AN3 (input)
<+—— PTL2 (input) / AN2 (input)
«——— PTL1 (input) / AN1 (input)
«—— PTLO (input) / ANO (input)

Figure19.11 Port L

19.12.1 Register Description
Table 19.21 summarizes the port L register.

Table 19.21 Port L Register

Name Abbreviation R/W Initial Value  Address Access Size
Port L data register PLDR R H'00 H'04000134 8
(H'A4000134)*

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.12.2 Port L Data Register (PLDR)

Bit. 7 6 5 4 3 2 1 0

\ PL7DT \ PL6DT \ PL5DT \ PL4DT \ PL3DT \ PL2DT \ PL1DT \ PLODT \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R

The port L dataregister (PLDR) is an 8-bit read-only register that stores datafor pins PTL7 to
PTLO. BitsPL7DT to PLODT correspond to pins PTL7 to PTLO. When the function is general

input port, if the port is read, the corresponding pin level isread. Table 19.22 shows the function
of PLDR.

PKDR isinitialized to H'00 by power-on reset. It retainsits previous value in software standby
mode and sleep mode, and in a manual reset.

The port L isalso used as an analog pin, therefore does not have a pull-up MOS.

Table 19.22 Port L Data Register (PLDR) Read/Write Operation

PLnMD1 PLnMDO Pin State Read Write

0 0 Other function H'00 Ignored (no effect on pin state)
(see table 18.1)
Reserved H'00 Ignored (no effect on pin state)

1 0 Input Pin state Ignored (no effect on pin state)
Input Pin state Ignored (no effect on pin state)

(n=0to07)
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19.13 SC Port

The SC port comprises a4-bit input/output port, 3-bit output port, and 4-bit input port with the pin
configuration shown in figure 19.12. Each pin has an input pull-up MOS, which is controlled by
the SC port control register (SCPCR) in the PFC.

«——— SCPTY7 (input) / CTS2 (input) / IRQ5 (input)
«—» SCPT6 (input/output) / RTS2 (output)
«—>» SCPT5 (input/output) / SCK2 (input/output)
«——— SCPT4 (input) / RxD2 (input)
—» SCPT4 (output) / TxD2 (output)
SCPort |, SCPT3 (input/output) / SCK1 (input/output)
«——— SCPT2 (input) / RxD1 (input)
—» SCPT2 (output) / TxD1 (output)
«—>» SCPT1 (input/output) / SCKO (input/output)
«——— SCPTO (input) / RxDO (input)
——» SCPTO (output) / TxDO (output)

Figure19.12 SC Port

19.13.1 Register Description
Table 19.23 summarizes the SC port register.

Table 19.23 SC Port Register

Name Abbreviation R/W Initial Value Address Access Size
SC Port data register SCPDR R/W or R B"™0000000 H'04000136 8
(H'A4000136)**

Notes: This register is located in area 1 of physical space. Therefore, when the cache is on, either
access this register from the P2 area of logical space or else make an appropriate setting
using the MMU so that this register is not cached.

* Means no value.
*1 When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.13.2 SC Port Data Register (SCPDR)

Bit. 7 6 5 4 3 2 1 0
‘SCP?DT \ SCP6DT \ SCP5DT \ SCP4DT \ SCP3DT \ SCP2DT \ SCP1DT \ SCPODT‘
Initial value: * 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW  RW

Note: * Undefined

The SC port data register (SCPDR) is a 7-bit readable/writable and 1-bit read-only register that
stores data for pins SCPT7 to SCPTO. Bits SCP7DT to SCPODT correspond to pins SCPT7 to
SCPTO0. When the pin function is general output port, if the port is read, the value of the
corresponding SCPDR bit is returned directly. When the function is general input port, if the port
isread, the corresponding pin level isread. Table 19.24 shows the function of SCPDR.

SCPDRisinitialized to B*0000000 by a power-on reset. After initialization, the general input
port function (pull-up MOS on) is set asthe initial pin function, and the corresponding pin levels
areread from bits SCP7DT—SCP5DT, SCP3DT, and SCP1DT. SCPDR retainsits previous
value in standby mode and sleep mode, and in a manual reset.

Note that the low level isread if bit 7 isread except in general-purpose input.

When the pin states of the RxD2 to RxDO of the SCPADT, SCP2DT, and SCPODT bitsin SCPDR
are read while the TE and RE bitsin SCSCR are not cleared to 0, the RE bit in SCSCR should be
set to 1. When the RE bit is set to 1, the RxD pins become an input state and their pin states can be
read prior to the SCPCR setting.
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Table 19.24 Read/Write Operation of the SC Port Data Register (SCPDR)

SCPnMD1 SCPnMDO Pin State Read Write
0 0 Other function SCPDR value Value is written to SCPDR, but does
(see table 18.1) not affect pin state
Output SCPDR value Write value is output from pin
1 0 Input (Pull-up Pin state Value is written to SCPDR, but does
MOS on) not affect pin state
1 Input (Pull-up Pin state Value is written to SCPDR, but does
MOS off) not affect pin state
(n=0to 6)
SCPnMD1 SCPnMDO Pin State Read Write
0 0 Other function Low level Ignored (no effect on pin state)
(see table 18.1)
Output Low level Ignored (no effect on pin state)
1 0 Input (Pull-up Pin state Ignored (no effect on pin state)
MOS on)
1 Input (Pull-up Pin state Ignored (no effect on pin state)
MOS off)
(n=7)
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Section 20 A/D Converter

20.1 Overview

The SH7709S includes a 10-bit successive-approximation A/D converter allowing selection of up
to eight analog input channels.

20.1.1 Features
A/D converter features are listed bel ow.

e 10-hit resolution
e Eight input channels
» High-speed conversion
O Conversion time: maximum 15 ps per channel (Po= 33 MHz operation)
e Three conversion modes
0 Single mode: A/D conversion on one channel
O Multi mode: A/D conversion on one to four channels
0 Scan mode: Continuous A/D conversion on one to four channels
» Four 16-bit dataregisters

O A/D conversion results are transferred for storage into data registers corresponding to the
channels.

» Sample-and-hold function
e A/D conversion can be externally triggered
* A/D interrupt requested at the end of conversion
0 Attheend of A/D conversion, an A/D end interrupt (ADI) can be requested.
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20.1.2 Block Diagram

Figure 20.1 shows a block diagram of the A/D converter.
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ADCR: A/D control register

ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

Figure20.1 Block Diagram of A/D Converter
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20.1.3 Input Pins

Table 20.1 summarizes the A/D converter’ sinput pins. The eight analog input pins are divided
into two groups: group 0 (ANO to AN3), and group 1 (AN4 to AN7). AVc and AV arethe
power supply inputs for the analog circuitsin the A/D converter. AVcc also functions as the A/D
converter reference voltage pin.

Table20.1 A/D Converter Pins

Pin Name Abbreviation I/O Function

Analog power supply pin AVcc Input Analog power supply

Analog ground pin AVss Input Analog ground and reference voltage
Analog input pin 0 ANO Input Group 0 analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Groupl analog inputs

Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

A/D external trigger input ~ ADTRG Input External trigger input for starting A/D
pin conversion
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20.1.4 Register Configuration

Table 20.2 summarizes the A/D converter’s registers.

Table20.2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address Access size

A/D data register AH ADDRAH R H'00 H'04000080 16, 8
(H'A4000080)*?

A/D data register AL ADDRAL R H'00 H'04000082 8
(H'A4000082)*?

A/D data register BH ADDRBH R H'00 H'04000084 16, 8
(H'A4000084)*?

A/D data register BL ADDRBL R H'00 H'04000086 8
(H'A4000086)*?

A/D data register CH ADDRCH R H'00 H'04000088 16, 8
(H'A4000088)*?

A/D data register CL ADDRCL R H'00 H'0400008A 8
(H'A400008A)*?

A/D data register DH ADDRDH R H'00 H'0400008C 16, 8
(H'A400008C)*?

A/D data register DL ADDRDL R H'00 H'0400008E 8
(H'A400008E)*?

A/D control/status register ADCSR R/(VV)*l H'00 H'04000090 8
(H'A4000090)*?

A/D control register ADCR R/W H'07 H'04000092 8
(H'A4000092)*?

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is on,
either access these registers from the P2 area of logical space or else make an appropriate
setting using the MMU so that these registers are not cached.

1. Only 0 can be written to bit 7, to clear the flag.
2. When address translation by the MMU does not apply, the address in parentheses

should be used.
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20.2 Register Descriptions

20.21 A/D Data RegistersA to D (ADDRA to ADDRD)

Upper register: H
Bitt 7 6 5 4 3 2 1 0
\ AD9 \ ADS \ AD7 \ ADG \ AD5 \ AD4 \ AD3 \ AD2 \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R
Lower register: L
Bitt 7 6 5 4 3 2 1 0
I e e e e
Initial value: 0 0 0 0 0 0 0 0
RW: R R R

n=AtoD

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit read-only registersthat store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which istransferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the upper
byte (bits 7 to 0) of the A/D dataregister. The lower 2 bits are stored in the lower byte (bits 7 and
6). Bits5to 0 of an A/D data register are reserved bits that are always read as 0. Table 20.3
indicates the pairings of analog input channels and A/D data registers.

The A/D dataregistersare initialized to H'0000 by areset and in standby mode.

Table20.3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS5 ADDRB
AN2 ANG ADDRC
AN3 AN7 ADDRD
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20.2.2 A/D Control/Status Register (ADCSR)

Bitt 7 6 5 4 3 2 1 0
\ ADF \ ADIE \ ADST \ MULTI \ CKS \ CH2 \ CH1 \ CHO \
Initial value: 0 0 0 0 0 0 0 0

RW: RIW) RMW RIW RIW RIW RIW RIW RIW
Note: * Write 0 to clear the flag.

ADCSR is an 8-hit readable/writable register that selects the mode and controls the A/D converter.
ADCSR isinitialized to H'00 by areset and in standby mode.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7: ADF Description

0 [Clearing conditions] (Initial value)
(1) Cleared by reading ADF while ADF = 1, then writing O to ADF
(2) Cleared when DMAC is activated by ADI interrupt and ADDR is read

1 [Setting conditions]
(1) Single mode: A/D conversion ends
(2) Multi mode: A/D conversion ends on all selected channels
(3) Scan mode: A/D conversion ends on all selected channels

Bit 6—A/D Interrupt Enable (ADIE): Enables or disablesthe interrupt (ADI) requested at the
end of A/D conversion. The ADIE bit should be set while the A/D conversion stops.

Bit 6: ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)

1 A/D end interrupt request (ADI) is enabled
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Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin.

Bit 5: ADST Description
0 A/D conversion is stopped (Initial value)
1 (1) Single mode: A/D conversion starts; ADST is automatically cleared to 0 when
conversion ends
(2) Multi mode: A/D conversion starts; ADST is automatically cleared to 0 when
conversion ends on all selected channels
(3) Scan mode: A/D conversion starts and continues, cycling through the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a transition
to standby mode

Bit 4—Multi Mode (MULTI): Selects single mode, multi mode or scan mode. For further
information on operation in these modes, see section 20.4, Operation.

Bit 4: MULTI  ADCR: Bit5: SCN Description

0 0 Single mode (Initial value)
1

1 0 Multi mode
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST hit to 0 before
changing the conversion time.

Bit 3:CKS Description
0 Conversion time = 536 states (maximum) (Initial value)
1 Conversion time = 266 states (maximum)
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Bits2to 0—Channel Select 2to 0 (CH2 to CHO): These bits and the MULTI bit select the
analog input channels. Clear the ADST bit to 0 before changing the channel selection.

Channel Selection Description
Single Mode Multi Mode and Scan
CH2 CH1 CHO (MULTI =0) Mode (MULTI = 1)
0 0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 AN5 AN4, AN5
1 0 ANG6 AN4 to AN6
1 AN7 AN4 to AN7
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20.2.3 A/D Control Register (ADCR)

Bit. 7 6 5 4 3 2 1 0

\ TRGE1 \ TRGEO \ SCN ‘RESVDl‘RESVDZ‘ — \ — \ —

Initial value: 0 0 0 0 0 1 1 1
RIW: RMW RIW RIW RIW RIW R R R

ADCR isan 8-bit readable/writable register that enables or disables external triggering of A/D
conversion. ADCR isinitialized to H'07 by areset and in standby mode.

Bit 7 and 6—Trigger Enable (TRGE1, TRGEO): Enables or disables external triggering of A/D
conversion.

The TRGEL and TRGEQO hits should only be set when conversion is not in progress.

Bit 7: TRGE1 Bit 6: TRGEO Description

0 0 A/D conversion does not start when an external trigger is input
0 1 (Initial value)
1 0 A/D conversion starts at the falling edge of an input signal from
1 1 the external trigger pin (ADTRG)

Bit 5—Scan Mode (SCN): Selects multi mode or scan mode when the MULTI bitissetto 1. See
the description of bit 4 in section 20.2.2, A/D Control/Status Register (ADCSR).

Bits4 and 3—Reserved (RESVD1, RESVD2): These bits are always read as 0. Thewrite value
should always be 0.

Bits 2 to 0—Reserved: These bits are always read as 1. The write value should always be 1.
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20.3 BusMaster Interface

ADDRA to ADDRD are 16-hit registers, but they are connected to the bus master by the upper 8
bits of the 16-bit peripheral data bus. Therefore, although the upper byte can be accessed directly
by the bus master, the lower byte is read through an 8-bit temporary register (TEMP).

An A/D dataregister isread as follows. When the upper byte isread, the upper-byte value is
transferred directly to the bus master and the lower-byte value is transferred into TEMP. Next,
when the lower byteis read, the TEMP contents are transferred to the bus master.

When reading an A/D data register, always read the upper byte before the lower byte. It is possible
to read only the upper byte, but if only the lower byte is read, the read value is not guaranteed.

Figure 20.2 shows the data flow for accessto an A/D dataregister.

See section 20.7.3, Access Size and Read Data.

Upper byte read

CPU Bus Module internal data bus
(H'AA) H interface ﬁ

TEMP
[H'40]

¢

ADDRn H ADDRn L
[H'AA] [H'40]

Lower byte read

CPU Bus Module internal data bus
(H'40) H interface ﬁf

TEMP
[H'40]

ADDRn H ADDRnN L

[HAA] [H40] n=AtoD

Figure20.2 A/D Data Register Access Operation (Reading H' AA40)
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20.4  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has three
operating modes: single mode, multi mode, and scan mode.

2041 SingleMode(MULTI =0)

Single mode should be selected when only one A/D conversion on one channel is required. A/D
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to O when
conversion ends.

When conversion ends the ADF bit isset to 1. If the ADIE bitisalso set to 1, an ADI interrupt is
reguested at thistime. To clear the ADF bit to O, first read ADF when ADF = 1, then write O to the
ADF hit.

When the mode or analog input channel must be switched during A/D conversion, to prevent
incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST hit to 1 to start A/D conversion again. The ADST hit can be
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next.

Figure 20.3 shows atiming diagram for this example. (The ADCSR register specifies bitsin the
operation example.)

1

N o oA~ Ww

Single mode is selected (MULTI = 0), input channel AN1 isselected (CH2 =CH1 =0, CHO =
1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

When A/D conversion is completed, the result is transferred into ADDRB. At the same time
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomesidle.

Since ADF =1and ADIE = 1, an ADI interrupt is requested.

The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 to the ADF flag.

The routine reads and processes the conversion result (ADDRB = 0).

Execution of the A/D interrupt handling routine ends. Then, when the ADST bitisset to 1,
A/D conversion starts and steps 2 to 7 are executed.
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Figure20.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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204.2 MultiMode (MULTI =1, SCN = 0)

Multi mode should be selected when performing A/D conversions on one or more channels. When
the ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (ANO when CH2 = 0, AN4 when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN1 or
AND) startsimmediately. When A/D conversions end on the selected channels, the ADST hit is
cleared to 0. The conversion results are transferred for storage into the A/D data registers
corresponding to the channels.

When the mode or analog input channel selection must be changed during A/D conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST hit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channelsin group 0 (ANO to AN2) are selected in scan mode are
described next. Figure 20.4 shows a timing diagram for this example.

1. Multi modeisselected (MULTI =1, SCN = 0), channel group 0 is selected (CH2 = 0), analog
input channels ANO to AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion is started
(ADST =1).

2. When A/D conversion of the first channel (ANO) is completed, the result istransferred into
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN2).

4. When conversion of all selected channels (ANO to AN2) is completed, the ADF flagissetto 1
and ADST bitiscleared to O. If the ADIE bit isset to 1, an ADI interrupt is requested at this
time.
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Figure20.4 Example of A/D Converter Operation (Multi Mode,

Channels ANO to AN2 Selected)
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204.3 ScanMode(MULTI =1, SCN = 1)

Scan mode is useful for monitoring analog inputsin a group of one or more channels. When the
ADST bhit inthe A/D control/status register (ADCSR) is set to 1 by software or external trigger
input, A/D conversion starts on the first channel in the group (ANO when CH2 = 0, AN4 when
CH2 =1)). When two or more channels are selected, after conversion of the first channel ends,
conversion of the second channel (AN1 or ANS) starts immediately. A/D conversion continues
cyclically on the selected channels until the ADST bit is cleared to 0. The conversion results are
transferred for storage into the A/D data registers corresponding to the channels.

When the mode or analog input channel must be changed during analog conversion, to prevent
incorrect operation, first clear the ADST bit to O to halt A/D conversion. After making the
necessary changes, set the ADST bitto 1. A/D conversion will start again from the first channel
inthe group. The ADST bit can be set at the same time as the mode or channel selectionis
changed.

Typical operations when three channels (ANO to AN2) in group 0 are selected in scan mode are
described next. Figure 20.5 shows a timing diagram for this example.

1. Scan modeis selected (MULTI =1, SCN = 1), channel group 0 is selected (CH2 = 0), analog
input channels ANO to AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion is started
(ADST =1).

2. When A/D conversion of the first channel (ANO) is completed, the result istransferred into
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN2).

4. When conversion of all the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of the first channel (ANO) starts again. If the ADIE bitisset to 1, an ADI
interrupt is requested at thistime.

5. Steps2to 4 arerepeated aslong asthe ADST bit remains set to 1. Whenthe ADST hit is
cleared to O, A/D conversion stops. After that, if the ADST bit isset to 1, A/D conversion
starts again from the first channel (ANO).
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Figure20.5 Example of A/D Converter Operation (Scan M ode,

Channels ANO to AN2 Selected)
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20.4.4  Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atime tp after the ADST bit is set to 1, then starts conversion. Figure 20.6 shows the A/D
conversion timing. Table 20.4 indicates the A/D conversion time.

Asindicated in figure 20.6, the A/D conversion time includes tp and the input sampling time. The
length of tp varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the ranges indicated in table 20.4.

In multi mode and scan mode, the conversion time values given in table 20.4 apply to the first
conversion. Inthe second and subsequent conversions, the conversion timeisfixed at 512 states
when CKS=0in ADCSR, or 256 states when CKS = 1. In both cases, the CK S bit should be set
according to the Pg frequency so that the conversion time iswithin the range shown in table 23.10
in section 23, Electrical Characteristics.

*1
Po |
Address
Write _7_,7
signal
Input sampling
timing —4,—| £
ADF | } |

T 4

tb i tspL
- ‘ ‘tconv .
Legend
[15) A/D conversion start delay
tspL Input sampling time

tconv  A/D conversion time
Notes: 1. ADCSR write cycle
2. ADCSR address

Figure20.6 A/D Conversion Timing
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Table20.4 A/D Conversion Time (Single M ode)

CKS=0 CKs=1
Symbol Min Typ Max Min Typ Max
A/D conversion start to 17 — 28 10 — 17
delay
Input sampling time tspL — 129 — — 65 —
A/D conversion time tconv 514 — 525 259 — 266

Note: Values in the table are numbers of states (tcyc).

20.45 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE1 and TRGEO bitsaresetto 1in
ADCR, external trigger input is enabled at the ADTRG pin. A high-to-low transition at the
ADTRG pin setsthe ADST bit to 1in ADCSR, starting A/D conversion. Other operations,
regardless of the conversion mode, are the same asif the ADST bit had been set to 1 by software.
Figure 20.7 shows the timing.

|

- |

ADTRG ~ |
|

|

External L

trigger signal

ADST

A/D conversion

A

Figure20.7 External Trigger Input Timing
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20.5 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
reguest can be enabled or disabled by the ADIE bitin ADCSR.

20.6  Definitions of A/D Conversion Accuracy

The A/D converter compares an analog value input from an analog input channel with its analog
reference value and convertsit to 10-bit digital data. The absolute accuracy of this A/D conversion
is the deviation between the input analog value and the output digital value. It includes the
following errors:

e Offset error

e Full-scale error

* Quantization error
e Nonlinearity error

These four error quantities are explained below with reference to figure 20.8. In the figure, the 10
bits of the A/D converter have been simplified to 3 bits.

Offset error is the deviation between actual and ideal A/D conversion characteristics when the
digital output value changes from the minimum (zero voltage) 0000000000 (000 in the figure) to
000000001 (001 in the figure)(figure 20.8, item (1)). Full-scale error is the deviation between
actual and ideal A/D conversion characteristics when the digital output value changes from the
1111111110 (110 in the figure) to the maximum 1111111111 (111 in the figure)(figure 20.8, item
(2)). Quantization error isthe intrinsic error of the A/D converter and is expressed as 1/2 LSB
(figure 20.8, item (3)). Nonlinearity error isthe deviation between actual and ideal A/D conversion
characteristics between zero voltage and full-scale voltage (figure 20.8, item (4)). Note that it does
not include offset, full-scale, or quantization error.
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(2) Full-scale error

Digital output Digital output
A A |<_>¢ |
Ideal A/D
conversion —p Ideal A/D /
111 characteristic conversion y
characteristic /
110 /
/
101+ ) /’/
Y
100 ) )
/ (4) Nonlinearity
011 4 error
t !
010 (3) Quantization // Actual A/D
001 error «~— convertion
/ characteristic

00 N S R N S > >

0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS |<—Lbl FS

Anakl)tg input (1) Offset error Analog input
FS: Full-scale voltage voltage voltage

Figure 20.8 Definitions of A/D Conversion Accuracy

20.7 Usage Notes

When using the A/D converter, note the following points.

20.7.1  Setting Analog Input Voltage

« Anaog Input Voltage Range: During A/D conversion, the voltages input to the analog input
pins ANn should beintherange AV sg< ANN< AV (N=0t0 7).

e Relationships of AV¢cc and AVss: AV e and AV gg should berelated asfollows: AV e =
Vee203Vand AVgs=Vss

20.7.2  Processing of Analog Input Pins

To prevent damage from voltage surges at the analog input pins (ANO to AN7), connect an input
protection circuit like the one shown in figure 20.9. The circuit shown also includes an CR filter to
suppress noise. This circuit is shown as an example; the circuit constants should be selected
according to actual application conditions. Table 20.5 lists the analog input pin specifications and
figure 20.10 shows an equivalent circuit diagram of the analog input ports.
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20.7.3 Access Size and Read Data

Table 20.6 shows the relationship between access size and read data. Note the read data obtained
with different access sizes, bus widths, and endian modes.

The case is shown herein which H'3FF is obtained when AV ¢ isinput asan analog input. FFis
the data containing the upper 8 bits of the conversion result, and CO is the data containing the

lower 2 bits.

Note:

10

AVee

SH7709S
ANO to AN7
AVgq
/\—/
O
uF 0.01 uF

”CI_L

/X/

Figure20.9 Exampleof Analog Input Protection Circuit

ANO to AN7 O

Figure20.10 Analog Input Pin Equivalent Circuit
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Table20.5 Analog Input Pin Ratings

Item Min Max Unit
Analog input capacitance — 20 pF
Allowable signal-source impedance — 5 kQ

Table20.6 Relationship between Access Size and Read Data

Bus Width
32 Bits (D31-D0) 16 Bits (D15-DO0) 8 Bits (D7-D0)
Access Endian
Size Command Big Little Big Little Big Little
Byte MOV. L#ADDRAH, R9
access MOV. B@R9, R8 FFFFFFFF FFFFFFFF FFFF FFFF FF FF
MOV. L#ADDRAL, R9
MOV. B@R9, R8 C0OCO0CO0CO cocococo coco coco Cco Cco
Word MOV. L#ADDRAH, R9
access MOV. W@R9, R8 FEXXFFxx  FFxXXFFxx  FFxx FFxx FF XX
XX FF
MOV. L#ADDRAL, R9
MOV. W@R9, R8 COxxCOxx COxxCOxx COxx COxx Co XX
XX Cco
Longword MOV. L#ADDRAH, R9
access MOV. L@R9, R8 FFxxCOxx FFxxCOxx Ffxx COxx FF XX
COxx FFxx XX (610]
(60] XX
XX FF

In this table: #ADDRAH . EQU  H 04000080
#ADDRAL .EQU  H 04000082

Values are shown in hexadecimal for the case where read data is output to an

external device via R8.
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Section 21 D/A Converter

211 Overview

The SH7709S includes a D/A converter with two channels.

21.1.1 Features
D/A converter features are listed bel ow.

« Eight-bit resolution

e Two output channels

e Conversion time: maximum 10 ps (with 20-pF capacitive |oad)
e Output voltage: 0V to AVcc

21.1.2 Block Diagram

Figure 21.1 shows a block diagram of the D/A converter.

On-chip
data bus

)

{ Module data bus

U

Bus interface

AVee —

DA1 -~ o | @

won (128 |8

DA, 8-bit D/A 212 <D(
[ajia)

AVgs — o]

Control circuit

Legend

DACR: D/A control register
DADRO: D/A data register 0
DADR1: D/A data register 1

Figure21.1 Block Diagram D/A Converter
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21.1.3 /O Pins

Table 21.1 summarizes the D/A converter’sinput and output pins.

Table21.1 D/A Converter Pins

Pin Name Abbreviation  1/0 Function

Analog power supply pin AVcc Input Analog power supply

Analog ground pin AVss Input Analog ground and reference voltage
Analog output pin 0 DAO Output Analog output, channel 0

Analog output pin 1 DAl Output Analog output, channel 1

21.1.4 Register Configuration
Table 21.2 summarizes the D/A converter’s registers.

Table21.2 D/A Converter Registers

Name Abbreviation R/W Initial Value Address™!

D/A data register 0 DADRO R/W H'00 H'040000A0
(H'A40000A0)*?

D/A data register 1 DADR1 R/W H'00 H'040000A2
(H'A40000A2)*?

D/A control register DACR R/W H'1F H'040000A4
(H'A40000A4)*?

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is on,
either access these registers from the P2 area of logical space or else make an appropriate

setting using the MMU so that these registers are not cached.

1. Lower 16 bits of the address

2. When address translation by the MMU does not apply, the address in parentheses

should be used.
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21.2 Register Descriptions

2121 D/A Data Registers0and 1 (DADRO0/1)

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The D/A dataregisters (DADRO and DADR1) are 8-bit readable/writable registers that store the
data to be converted. When analog output is enabled, the D/A data register values are constantly
converted and output at the analog output pins.

The D/A dataregisters are initialized to H'00 by areset.

21.2.2 DIA Control Register (DACR)

Bit; 7 6 5 4 3 2 1 0

\ DAOE1 \ DAOEO \ DAE \ — ‘ — ‘ — ‘ _ ‘ _ ‘
Initial value: 0 0 0 1 1 1 1 1
RW: RW RW  RW R R R R R

DACR is an 8-bit readable/writable register that controls the operation of the D/A converter.
DACRisinitialized to H'1F by areset.

Bit 7—D/A Output Enable 1 (DAOEZ1): Controls D/A conversion and analog output.

Bit 7: DAOE1 Description
0 DA1 analog output is disabled (Initial value)
1 Channel-1 D/A conversion and DAL analog output are enabled

Bit 6—D/A Output Enable 0 (DAOEDQ): Controls D/A conversion and analog output.

Bit 6: DAOEO Description
0 DAO analog output is disabled (Initial value)
1 Channel-0 D/A conversion and DAO analog output are enabled
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Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOEL.
When the DAE bit is cleared to O, D/A conversion is controlled independently in channels 0 and 1.
When the chip enters standby mode while D/A conversion is enabled, the D/A output is held and
the analog power-supply current is equivalent to that during D/A conversion. To reduce the analog
power-supply current in standby mode, clear the DAOEQ and DAOELX hits and disable the D/A
output.

Bit 7: DAOE1 Bit 6: DAOEO Bit5: DAE Description

0 0 — D/A conversion is disabled in channels 0 and 1
(Initial value)
0 1 0 D/A conversion is enabled in channel 0

D/A conversion is disabled in channel 1

0 1 1 D/A conversion is enabled in channels 0 and 1

0 0 D/A conversion is disabled in channel 0
D/A conversion is enabled in channel 1

1 0 1 D/A conversion is enabled in channels 0 and 1

1 1 — D/A conversion is enabled in channels 0 and 1

When the DAE bit is set to 1, even if bits DAOEQO and DAOEL in DACR and the ADST hitin
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D
and D/A conversion.

Bits4 to 0—Reserved: Read-only bits, always read as 1.
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21.3  Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion
independently.

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADR1 value
is modified, conversion of the new data beginsimmediately. The conversion results are output
when bits DAOEO and DAOEL1 are set to 1.

An example of D/A conversion on channel 0 is given next. Timing isindicated in figure 21.2.

1. Datato be converted is writtenin DADRO.

2. BitDAOEQissetto 1in DACR. D/A conversion starts and DAO becomes an output pin. The
converted result is output after the conversion time. The output value is (DADRO contents/256)
x AV cc. Output of this conversion result continues until the value in DADRO is modified or
the DAOEQ hit is cleared to 0.

3. If the DADRO value is modified, conversion startsimmediately, and the result is output after
the conversion time.

4. When the DAOEDQ bit is cleared to 0, DAO becomes an input pin.

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
|

. L

Address bus

DADRO X Conversion data 1 Conversion data 2
DAOEO I_
. N Conversion
DAO —-mnT Conversion TTteol | result2 —
High-impedance state result 1 )
tocony tocony
Legend

tpcony : D/A conversion time

Figure21.2 Exampleof D/A Converter Operation
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Section 22 User Debugging Interface
(UDI)

221 Overview

This LSl incorporates a User debugging interface (UDI) and advanced user debugger (AUD) for
program debugging.

22.2  User Debugging Interface (UDI)

The UDI (User debugging interface) performs on-chip debugging which is supported by thisLSI.
The UDI described hereis a serial interface which is compatible with JTAG (Joint Test Action
Group, |IEEE Standard 1149.1 and |EEE Standard Test Access Port and Boundary-Scan
Architecture) specifications.

The UDI in the SH7709S supports a boundary scan mode, and is also used for emulator
connection.

When using an emulator, UDI functions should not be used. Refer to the emulator manual for the
method of connecting the emulator.

2221 Pin Descriptions

TCK: UDI serial datainput/output clock pin. Datais serialy supplied to the UDI from the data
input pin (TDI), and output from the data output pin (TDO), in synchronization with this clock.

TMS: Mode select input pin. The state of the TAP control circuit is determined by changing this
signal in synchronization with TCK. The protocol complies with the JTAG standard (IEEE Std.
1149.1).

TRST: UDI reset input pin. Input is accepted asynchronously with respect to TCK, and when low,
the UDI isreset. See section 22.4.2, Reset Configuration, for more information.

TDI: UDI seria datainput pin. Datatransfer to the UDI is executed by changing thissignal in
synchronization with TCK.

TDO: UDI serial data output pin. Data output from the UDI is executed by reading thissignal in
synchronization with TCK.

ASEMDO0: ASE mode select pin. If alow level isinput at the ASEMDO pin while the RESETP
pinisasserted, ASE mode is entered; if ahigh level isinput, normal mode is entered. When using
on the user system alone, without an emulator and the UDI, hold this pin at highlevel. In ASE
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mode, boundary scan and emulator functions can be used. Theinput level at the ASEMDO pin
should be held for at least one cycle after RESETP negation.

ASEBRKAK: Dedicated emulator pin

22.2.2 Block Diagram

Figure 22.1 shows a block diagram of the UDI.

™I [

21 |®

@) = SDIR

@ =

n
DO [<}— MUX
| |

TCK [
T™S @ TAP controller Decoder L Lgﬁ«:l
TRST [X

Figure22.1 Block Diagram of UDI

22.3 Register Descriptions
The UDI has the following registers.

« SDBPR: Bypassregister
e SDIR: Instruction register
« SDBSR: Boundary scan register
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Table 22.1 showsthe UDI register configuration.

Table22.1 UDI Registers

CPU Side UDI Side Initial
Name Abbreviation R/W Size  Address R/W  Size Value*
Bypass register SDBPR — — — R/W 1 Undefined
Instruction register SDIR R 16 H'04000200 R/W 16 H'FFFF
Boundary register =~ SDBSR — — — RW  — Undefined

Note: * Initialized when TRST pin is low or when TAP is in the test-logic-reset state.

2231 BypassRegister (SDBPR)

The bypass register is a 1-bit register that cannot be accessed by the CPU. When SDIR is set to the
bypass mode, SDBPR is connected between UDI pins TDI and TDO.

2232 Instruction Register (SDIR)

Theinstruction register (SDIR) is a 16-bit read-only register. Theregister isin bypass modeinits
initial state. Itisinitialized by TRST assertion or in the TAP test-logic-reset state, and can be
written to by the UDI irrespective of the CPU mode. Operation is not guaranteed if areserved
command is set in this register

Bitt 15 14 13 12 11 10 9 8

\ TI3 \ TI2 \ Tl \ TIO \ — \ — \ — \ —

Initial value: 1 1 1 1 1 1 1 1
Bit: 7 6 5 4 3 2 1 0
-l -1 -1T-1T=-7T=-1=171T=

Initial value: 1 1 1 1 1 1 1 1

Bits 15 to 12—Test Instruction Bits (T13 to T10): Cannot be written by the CPU.
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Table22.2 UDI Commands

Bit 15 to 12
TI3 TI2 TI1 TIO Description
0 0 0 0 EXTEST
0 1 0 0 SAMPLE/PRELOAD
0 1 0 1 Reserved
0 1 1 0 UDI reset negate
0 1 1 1 UDI reset assert
1 0 0 — Reserved
1 0 1 — UDI interrupt
1 1 0 — Reserved
1 1 1 0 Reserved
1 1 1 1 Bypass mode (Initial value)
0 0 0 1 Recovery from sleep

Bits 11 to 0—Reserved: These bitsare awaysread as 1.

22.3.3 Boundary Scan Register (SDBSR)

The boundary scan register (SDBSR) is a shift register, located on the PAD, for controlling the
input/output pins of the SH7709S.

Using the EXTEST and SAMPLE/PRELOAD commands, a boundary scan test conforming to the
JTAG standard can be carried out. Table 22.3 shows the correspondence between the pins of this
LSl and boundary scan register bits.
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Table22.3 Pinsof thisLSI and Boundary Scan Register Bits

Bit Pin Name I/0 Bit Pin Name 1/0
from TDI 308 D1 IN
338 D31/PTB7 IN 307 DO IN
337 D30/PTB6 IN 306 MD1 IN
336 D29/PTB5 IN 305 MD2 IN
335 D28/PTB4 IN 304 NMI IN
334 D27/PTB3 IN 303 IRQO/IRLO/PTHO IN
333 D26/PTB2 IN 302 IRQ1/IRL1/PTH1 IN
332 D25/PTB1 IN 301 IRQ2/IRL2/PTH2 IN
331 D24/PTBO IN 300 IRQ3/IRL3/PTH3 IN
330 D23/PTA7 IN 299 IRQ4/PTHA4 IN
329 D22/PTA6 IN 298 D31/PTB7 ouT
328 D21/PTA5 IN 297 D30/PTB6 ouT
327 D20/PTA4 IN 296 D29/PTB5 ouT
326 D19/PTA3 IN 295 D28/PTB4 ouT
325 D18/PTA2 IN 294 D27/PTB3 ouT
324 D17/PTA1 IN 293 D26/PTB2 ouT
323 D16/PTAO IN 292 D25/PTB1 ouT
322 D15 IN 291 D24/PTBO ouT
321 D14 IN 290 D23/PTA7 ouT
320 D13 IN 289 D22/PTA6 ouT
319 D12 IN 288 D21/PTA5 ouT
318 D11 IN 287 D20/PTA4 ouT
317 D10 IN 286 D19/PTA3 ouT
316 D9 IN 285 D18/PTA2 ouT
315 D8 IN 284 D17/PTA1 ouT
314 D7 IN 283 D16/PTAO ouT
313 D6 IN 282 D15 ouT
312 D5 IN 281 D14 ouT
311 D4 IN 280 D13 ouT
310 D3 IN 279 D12 ouT
309 D2 IN 278 D11 ouT
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Bit Pin Name 110 Bit Pin Name 110
277 D10 ouT 247 D12 Control
276 D9 ouT 246 D11 Control
275 D8 ouT 245 D10 Control
274 D7 ouT 244 D9 Control
273 D6 ouT 243 D8 Control
272 D5 ouT 242 D7 Control
271 D4 ouT 241 D6 Control
270 D3 ouT 240 D5 Control
269 D2 ouT 239 D4 Control
268 D1 ouT 238 D3 Control
267 DO ouT 237 D2 Control
266 D31/PTB7 Control 236 D1 Control
265 D30/PTB6 Control 235 DO Control
264 D29/PTB5 Control 234 BS/PTK4 IN

263 D28/PTB4 Control 233 WE2/DQMUL/ICIORD/ IN

PTK6
262 D27/PTB3 Control 232 WES3/DQMUU/ICIORD/ IN
PTK7

261 D26/PTB2 Control 231 AUDSYNC/PTE7 IN

260 D25/PTB1 Control 230 CS2/PTKO IN

259 D24/PTBO Control 229 CS3/PTK1 IN

258 D23/PTA7 Control 228 CS4/PTK2 IN

257 D22/PTAB Control 227 CS5/CETA/PTK3 IN

256 D21/PTA5 Control 226 CE2A/PTE4 IN

255 D20/PTA4 Control 225 CE2B/PTE5 IN

254 D19/PTA3 Control 224 A0 ouT
253 D18/PTA2 Control 223 Al ouT
252 D17/PTA1 Control 222 A2 ouT
251 D16/PTAO Control 221 A3 ouT
250 D15 Control 220 A4 ouT
249 D14 Control 219 A5 ouT
248 D13 Control 218 A6 ouT
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Bit Pin Name 1/0 Bit Pin Name 1/0
217 A7 ouT 187 CS4/PTK2 ouT
216 A8 ouT 186 CS5/CETA/PTK3 ouT
215 A9 ouT 185 CS6/CE1B ouT
214 A10 ouT 184 CE2A/PTE4 ouT
213 All ouT 183 CE2B/PTES ouT
212 Al12 ouT 182 A0 Control
211 Al13 ouT 181 Al Control
210 Al4 ouT 180 A2 Control
209 Al5 ouT 179 A3 Control
208 Al6 ouT 178 A4 Control
207 A17 ouT 177 A5 Control
206 A18 ouT 176 A6 Control
205 Al19 ouT 175 A7 Control
204 A20 ouT 174 A8 Control
203 A21 ouT 173 A9 Control
202 A22 ouT 172 A10 Control
201 A23 ouT 171 A1l Control
200 A24 ouT 170 Al2 Control
199 A25 ouT 169 A13 Control
198 BS/IPTK4 ouT 168 Al4 Control
197 RD ouT 167 A15 Control
196 WEO/DQMLL ouT 166 Al6 Control
195 WE1/DQMLU/WE ouT 165 Al7 Control
194 WE2/DQMUL/ICIORD/ ouT 164 A18 Control
PTK6
193 WES3/DQMUU/ICIOWR/  OUT 163 A19 Control
PTK7

192 RD/WR ouT 162 A20 Control
191 AUDSYNC/PTE? ouT 161 A21 Control
190 CS0/MCS0 ouT 160 A22 Control
189 CS2/PTKO ouT 159 A23 Control
188 CS3/PTK1 ouT 158 A24 Control
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Bit Pin Name 110 Bit Pin Name 110
157 A25 Control 127 BREQ IN
156 BS/PTK4 Control 126 WAIT IN
155 RD Control 125 AUDCK/PTH6 IN
154 WEO/DQMLL Control 124 10IS16/PTG7 IN
153 WE1/DQMLU/WE Control 123 ASEBRKAK/PTG5 IN
152 WE2/DQMUL/ICIORD/ Control 122 CKIO2/PTG4 IN
PTK6
151 WES3/DQMUU/ICIOWR/  Control 121 AUDATA3/PTG3 IN
PTK7
150 RD/WR Control 120 AUDATA2/PTG2 IN
149 AUDSYNC/PTE7 Control 119 AUDATA1/PTG1 IN
148 CS0/MCS0 Control 118 AUDATAO/PTGO IN
147 CS2/PTKO Control 117 ADTRG/PTH5 IN
146 CS3/PTK1 Control 116 IRLS3/PTF3/PINT11 IN
145 CS4/PTK2 Control 115 IRLS2/PTF2/PINT10 IN
144 CS5/CETA/PTK3 Control 114 IRLS1/PTF1/PINT9 IN
143 CS6/CE1B Control 113 IRLSO/PTFO/PINTS IN
142 CE2A/PTE4 Control 112 MDO IN
141 CE2B/PTE5 Control 111 CKE/PTK5 ouT
140 CKE/PTK5 IN 110 RAS3L/PTJO ouT
139 RAS3L/PTJO IN 109 PTJ1 ouT
138 PTJ1 IN 108 CASL/PTJ2 ouT
137 CASL/PTJ2 IN 107 CASU/PTJ3 ouT
136 CASU/PTJ3 IN 106 PTJ4 ouT
135 PTJ4 IN 105 PTJ5 ouT
134 PTJ5 IN 104 DACKO/PTD5 ouT
133 DACKO/PTD5 IN 103 DACK1/PTD7 ouT
132 DACK1/PTD7 IN 102 PTE6 ouT
131 PTE6 IN 101 PTE3 ouT
130 PTE3 IN 100 RAS3U/PTE2 ouT
129 RAS3U/PTE2 IN 99 PTE1 ouT
128 PTE1 IN 98 BACK ouT
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Bit Pin Name 110 Bit Pin Name 110

97 ASEBRKAK/PTG5 ouT 65 RxD2/SCPT4 IN
96 AUDATA3/PTG3 ouT 64 WAKEUP/PTD3 IN
95 AUDATA2/PTG2 ouT 63 RESETOUT/PTD2 IN
94 AUDATA1/PTG1 ouT 62 DRAKO/PTD1 IN
93 AUDATAO0/PTGO ouT 61 DRAK1/PTDO IN
92 CKE/PTK5 Control 60 DREQO/PTD4 IN
91 RAS3L/PTJO Control 59 DREQ1/PTD6 IN
90 PTJ1 Control 58 RxD1/SCPT2 IN
89 CASL/PTJ2 Control 57 CTS2/IRQ5/SCPT7 IN
88 CASU/PTJ3 Control 56 MCS7/PTC7/PINT7 IN
87 PTJ4 Control 55 MCS6/PTC6/PINT6 IN
86 PTJ5 Control 54 MCS5/PTC5/PINTS IN
85 DACKO/PTD5 Control 53 MCS4/PTC4/PINT4 IN
84 DACK1/PTD7 Control 52 MCS3/PTC3/PINT3 IN
83 PTE6 Control 51 MCS2/PTC2/PINT2 IN
82 PTE3 Control 50 MCS1/PTC1/PINT1 IN
81 RAS3U/PTE2 Control 49 MCSO0/PTCO/PINTO IN
80 PTE1 Control 48 MD3 IN
79 BACK Control 47 MD4 IN
78 ASEBRKAK/PTG5 Control 46 MD5 IN
77 AUDATA3/PTG3 Control 45 STATUSO/PTJ6 ouT
76 AUDATA2/PTG2 Control 44 STATUS1/PTJ7 ouT
75 AUDATA1/PTG1 Control 43 TCLK/PTH7 ouT
74 AUDATAO/PTGO Control 42 TRQOUT ouT
73 STATUSO/PTJ6 IN 41 TxDO/SCPTO ouT
72 STATUS1/PTJ7 IN 40 SCKO/SCPT1 ouT
71 TCLK/PTH7 IN 39 TxD1/SCPT2 ouT
70 SCKO/SCPT1 IN 38 SCK1/SCPT3 ouT
69 SCK1/SCPT3 IN 37 TxD2/SCPT4 ouT
68 SCK2/SCPT5 IN 36 SCK2/SCPT5 ouT
67 RTS2/SCPT6 IN 35 RTS2/SCPT6 ouT
66 RxDO/SCPTO IN 34 MCS7/PTC7/PINT7 ouT
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Bit Pin Name 110 Bit Pin Name 110

33 MCS6/PTC6/PINT6 ouT 15 SCK1/SCPT3 Control
32 MCS5/PTC5/PINT5 ouT 14 TxD2/SCPT4 Control
31 MCS4/PTC4/PINT4 ouT 13 SCK2/SCPT5 Control
30 WAKEUP/PTD3 ouT 12 RTS2/SCPT6 Control
29 RESETOUT/PTD2 ouT 11 MCS7/PTC7/PINT7 Control
28 MCS3/PTC3/PINT3 ouT 10 MCS6/PTC6/PINT6 Control
27 MCS2/PTC2/PINT2 ouT 9 MCS5/PTC5/PINT5 Control
26 MCS1/PTC1/PINT1 ouT 8 MCS4/PTC4/PINT4 Control
25 MCSO0/PTCO/PINTO ouT 7 WAKEUP/PTD3 Control
24 DRAKO/PTD1 ouT 6 RESETOUT/PTD2 Control
23 DRAK1/PTDO ouT 5 MCS3/PTC3/PINT3 Control
22 STATUSO/PTJ6 Control 4 MCS2/PTC2/PINT2 Control
21 STATUS1/PTJ7 Control 3 MCS1/PTC1/PINT1 Control
20 TCLK/PTH7 Control 2 MCSO0/PTCO/PINTO Control
19 TRQOUT Control 1 DRAKO/PTD1 Control
18 TxDO/SCPTO Control 0 DRAK1/PTDO Control
17 SCKO/SCPT1 Control to TDO

16 TxD1/SCPT2 Control

Note: Control is an active-low signal.
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22.4  UDI Operation

2241 TAP Controller

Figure 22.2 showsthe internal states of the TAP controller. State transitions basically conform
with the JTAG standard.

( )Test-logic-reset -

0

( :) Run-test/idle j

/

i}

( Update-DR )=

1] o
Y

Select-IR-scan

—
i}

1

@ure-lR )
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Figure22.2 TAP Controller State Transitions

Note: Thetransition conditionisthe TMSvalue at the rising edge of TCK. The TDI vaueis
sampled at the rising edge of TCK; shifting occurs at the falling edge of TCK. The TDO
value changes at the TCK falling edge. The TDO is at high impedance, except with shift-
DR (shift-SR) and shift-IR states. During the change to TRST = 0, there is atransition to
test-logic-reset asynchronously with TCK.
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22.42 Reset Configuration

Table22.4 Reset Configuration
ASEMDO™* RESETP TRST Chip State
High-level Low-level Low-level Normal reset and UDI reset
High-level Normal reset
High-level Low-level UDI reset only
High-level Normal operation
Low-level Low-level Low-level Reset hold*?
High-level ASE user mode*®; Normal reset
ASE break mode**: RESETP assertion
masked
High-level Low-level UDI reset only
High-level Normal operation
Notes: 1. Selects main chip mode or ASE mode

ASEMDO = H, normal mode
ASEMDO = L, ASE mode

Set ASEMDO = H when using on the user system alone, without an emulator and the
UDI.

In ASE mode, reset hold is enabled by driving the RESETP and TRST pins low for a
constant cycle. In this state, the CPU does not start up, even if RESETP is driven high.
When TRST is driven high, UDI operation is enabled, but the CPU does not start up.
The reset hold state is cancelled by the following:

« Boot request from UDI

» Another RESETP assert (power-on reset)

There are two ASE modes, one for executing software in the emulator’s firmware (ASE
break mode) and one for executing user software (ASE user mode).
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2243 UDI Reset

An UDI reset is executed by setting an UDI reset assert command in SDIR. An UDI reset is of the
same kind as a power-on reset. An UDI reset is released by inputting an UDI reset negate
command.

SDIR UDI reset assert UDI reset negate |
Chip internal reset 3 \
CPU state i ! Branch to H'A0000000

Figure22.3 UDI Reset

2244  UDI Interrupt

The UDI interrupt function generates an interrupt by setting a command from the UDI in the
SDIR. An UDI interrupt is ageneral exception/interrupt operation, resulting in abranch to an
address based on the VBR value plus offset, and with return by the RTE instruction. This interrupt
reguest has afixed priority level of 15.

UDI interrupts are not accepted in sleep mode or standby mode.

2245 Bypass

The JTAG-based bypass mode for the UDI pins can be selected by setting a command from the
UDI in SDIR.

2246 Using UDI to Recover from Sleep Mode

It is possible to recover from sleep mode by setting a command (0001) from the UDI in SDIR.
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22,5 Boundary Scan

A command can be set in SDIR by the UDI to place the UDI pins in the boundary scan mode
stipulated by JTAG.

2251 Supported Instructions

This LSl supports the three essentia instructions defined in the JTAG standard (BYPASS,
SAMPLE/PRELOAD, and EXTEST).

BYPASS: The BYPASSinstruction is an essential standard instruction that operates the bypass
register. Thisinstruction shortens the shift path to speed up serial datatransfer involving other
chips on the printed circuit board. While thisinstruction is executing, the test circuit has no effect
on the system circuits. Theinstruction codeis1111.

SAMPLE/PRELOAD: The SAMPLE/PRELOAD instruction inputs values from this LSI's
internal circuitry to the boundary scan register, outputs values from the scan path, and loads data
onto the scan path. When thisinstruction is executing, this LSI'sinput pin signals are transmitted
directly to theinternal circuitry, and internal circuit values are directly output externally from the
output pins. ThisLSI's system circuits are not affected by execution of thisinstruction. The
instruction code is 0100.

In a SAMPLE operation, a snapshot of avalue to be transferred from an input pin to the internal
circuitry, or avalue to be transferred from the internal circuitry to an output pin, islatched into the
boundary scan register and read from the scan path. Snapshot latching is performed in
synchronization with the rise of TCK in the Capture-DR state. Snapshot latching does not affect
normal operation of thisLSl.

In aPRELOAD operation, an initial value is set in the parallel output latch of the boundary scan
register from the scan path prior to the EXTEST instruction. Without a PRELOAD operation,
when the EXTEST instruction was executed an undefined value would be output from the output
pin until completion of theinitial scan sequence (transfer to the output latch) (with the EXTEST
instruction, the parallel output latch value is constantly output to the output pin).

EXTEST: Thisinstruction is provided to test external circuitry when thisLSI is mounted on a
printed circuit board. When thisinstruction is executed, output pins are used to output test data
(previously set by the SAMPLE/PRELOAD instruction) from the boundary scan register to the
printed circuit board, and input pins are used to latch test resultsinto the boundary scan register
from the printed circuit board. If testing is carried out by using the EXTEST instruction N times,
the Nth test data is scanned-in when test data (N-1) is scanned out.
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Data loaded into the output pin boundary scan register in the Capture-DR state is not used for
external circuit testing (it is replaced by a shift operation).

The instruction code is 0000.

225.2 Pointsfor Attention

1. Boundary scan mode covers clock-related signals (EXTAL, EXTAL2, XTAL, XTAL2,
CKIO).

2. Boundary scan mode does not cover reset-related signals (RESETP, RESETM, CA).
3. Boundary scan mode does not cover UDI-related signals (TCK, TDI, TDO, TMS, TRST).
4. When aboundary scan test is carried out, ensure that the CK10 clock operates constantly.
The CKIO frequency rangeis as follows:
Minimum: 1 MHz
Maximum: Maximum freguency for respective clock mode specified in the CPG section
Set pins MD[2:0] to the clock mode to be used.

After powering on, wait for the CKIO clock to stabilize before performing a boundary scan
test.

5. Fix the RESETP pin low.
6. Fix the CA pinhigh, and the ASEMDO pin low.

226  Usage Notes

1. AnUDI command other than an UDI interrupt, once set, will not be modified aslong as
another command is not re-issued from the UDI. An UDI interrupt command, however, will
be changed to a bypass command once set.

2. Because chip operations are suspended in standby mode, UDI commands are not accepted.
However, the TAP controller remainsin operation at thistime.

3. The UDI isused for emulator connection. Therefore, UDI functions cannot be used when
using an emulator.

22.7  Advanced User Debugger (AUD)

The AUD isafunction exclusively for use by an emulator. Refer to the User's Manual for the
relevant emulator for details of the AUD.
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Section 23 Electrical Characteristics

23.1  Absolute Maximum Ratings
Table 23.1 shows the absolute maximum ratings.

Table23.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Power supply voltage (1/0O) VeeQ -0.3t04.2 \%
Power supply voltage (internal) Vcc -0.3t02.5 \%

Vce — PLL1

Vcc — PLL2

Vcec - RTC
Input voltage (except port L) Vin -0.3to VcecQ + 0.3 \%
Input voltage (port L) Vin -0.3to Avcc +0.3 \%
Analog power-supply voltage  AVcc -0.3t0 4.6 \%
Analog input voltage VAN -0.3to Avcc +0.3 \%
Operating temperature Topr —-20to 75 °C
Storage temperature Tstr —-551t0 125 °C

Caution: Operating the chip in excess of the absolute maximum rating may result in permanent
damage.

e Order of turningon 1.7 V/1.8 /1.9 V/2.0 V power (Vcc, Vee-PLLL, Vee-PLL2, Vee-RTC)

and 3.3V power (VccQ, AVcc):

1. First turnonthe 3.3V power, then turn onthe 1.7 /1.8 V/1.9 V/2.0 V power within 1 ms.
Thisinterval should be as short as possible.

2. Until voltage is applied to all power supplies, alow level isinput at the RESETP pin, and
CKIO has operated for a maximum of 4 clock cycles, internal circuits remain unsettled, and
S0 pin states are also undefined. The system design must ensure that these undefined states
do not cause erroneous system operation. Note that the RESETP pin cannot receive a low
level signal while alow level signal is being input to the CA pin.

Waveforms at power-on are shown in the following figure.
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33V

3.3 V power
1.7VM1.8V/1.9VR220V ---------- Lo 1
1.7 V/1.8 V/1.9 V/2.0 V power ! /

RESETP A

s
Pin states undefined

All other pins* %

-y~ -~
Pin states undefined Power-on reset state

Note: * Except power/GND, clock related, and analog pins

Power-On Sequence

» Power-off order
1. Inthereverse order of powering-on, first turn off the 1.7 V/1.8 V/1.9 V/2.0 V power, then
turn off the 3.3 V power within 1 ms. Thisinterval should be as short as possible.

2. Pin states are undefined while only the 1.7 V/1.8 V/1.9 V/2.0 V power is off. The system
design must ensure that these undefined states do not cause erroneous system operation.
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23.2 DC Characteristics

Tables 23.2 and 23.3 list DC characteristics.

Table23.2 DC Characteristics

Ta=-20to 75°C

Item Symbol Min Typ Max Unit  Measurement Conditions
Power supply voltage  VccQ 3.0 3.3 36 \%
Vcce, 1.85 2.00 2.15 200 MHz model*
Vce-PLLY, 1.75 190 2.05 167 MHz model
Vce-PLL2, 1.65 1.80 2.05 133 MHz model
Vce-RTC 155 1.70 1.95 100 MHz model
Current Normal Icc — 410 680 mA Vcec =2.0V, lg=200 MHz
dissipation  operation 330 540 Vee = 1.9V, lg= 167 MHz
— 250 410 Vee =18V, lo= 133 MHz
— 190 310 Vee =17V, lo= 100 MHz
lccQ — 20 40 VceQ =3.3V, Bp=33 MHz
Sleep Icc — 15 30 *1When there is no other
mode** external bus cycle other
lccQ _ 10 20 than the refresh cycle.
Vec=19V,
VeeQ =3.3V
Bo= 33MHz
Standby Icc — 40 120 A Ta =25°C (RTC on)
mode VeeQ =3.3V,
lccQ _ 10 30 Vec =155V t02.15V
Icc — 290 900 Ta = 25°C (RTC off),
lccQ _ 10 30 Crystal is not used.

VceQ =3.3V,
Vec =155V t02.15V
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Item Symbol Min Typ Max Unit Measurement Conditions

Input high RESETP, Vi VeeQ — VeeQ + V
voltage RESETM, x 0.9 0.3

NMI, IRQ5 to

IRQO, MD5

to MDO, IRL3

to IRLO,

IRLS3 to

IRLSO,

PINT15 to

PINTO,

ASEMDO,

ADTRG,

TRST,

EXTAL,

CKIO, RxD1,

CA

EXTAL2 — — — When not connecting to a
crystal oscillator, connect to
Vcc.

Port L 2.0 — AVcc +
0.3

Other input 2.0 — VeeQ +
pins 0.3
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Item Symbol Min Typ Max Unit Measurement Conditions
Input low RESETP, Vi -03 — VeeQ V
voltage RESETM, x 0.1
NMI,
IRQ5-IRQO,
MD5-MDO,
IRL3 to IRLDO,
IRLS3 to
IRLSO,
PINT15-
PINTO,
ASEMDO,
ADTRG,
TRST,
EXTAL,
CKIO, RxD1,
CA
EXTAL2 — — — When not connecting to a
crystal oscillator, connect to
Vcc.
Port L -03 — AVcc
x 0.2
Other input -0.3 — VeeQ
pins x 0.2
Input leak All input pins 1 lin | — — 1.0 A Vin = 0.5 to VccQ-0.5V
current
Three- 1/0, all | Isti | — — 1.0 HA Vin =0.5to VccQ-0.5V
state leak output pins
current (off
condition)
Output All output ~ Von 2.4 — — \% VeeQ =3.0V, lon =-200 pA
high pins
voltage
2.0 — — VeeQ =3.0V, lon =-2 mA
Output low All output VoL — — 0.55 VeeQ =3.6V, loL =1.6 mA
voltage  pins
Pull-up Port pin Rpull 30 60 120 kQ
resistance
Pin All pins C — — 10 pF
capacity

RENESAS
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Item Symbol Min Typ Max Unit Measurement Conditions
Analog AVcc 3.0 33 36 \%
power-
supply
voltage
Analog During A/ID Alcc — 0.8 2 mA
power- conversion
supply
current During A/D — 2.4 6 mA
and D/A
conversion
Idle — 1 20 HA Ta=25°C

Notes: Even when PLL is not used, always connect Vcc-PLL1 and Vcc-PLL2 to Vec and connect

Vss-PLL1 and Vss-PLL2 to Vss.
Even when RTC is not used, always supply power between Vcc-RTC and Vss-RTC.

AVcc must be under condition of VccQ — 0.3 V < AVcec < VeeQ + 0.3 V. If the A/D and D/A
converters are not used, do not leave the AVcc and AVss pins open. Connect AVcc to

VceQ, and connect AVss to VssQ.

Current dissipation values shown are the values at which all output pins are without load

under conditions of Viymin =VccQ -0.5V, Viimax=0.5 V.
The same voltage should be supplied to Vcc, Vce-RTC, Vee-PLL1, and Vce-PLL2.
* |If the IRL and IRLS interrupts are used, the minimum is 1.9 V.

Table23.3 Permitted Output Current Values

VeeQ=33+03V,Veec=155t02.15V, AVec=3.3+0.3V, Ta=-20to 75°C

Item Symbol Min Typ Max  Unit
Output low-level permissible current (per pin) lou — — 2.0 mA
Output low-level permissible current (total) > lou — — 120 mA
Output high-level permissible current (per pin) —lon — — 2.0 mA
Output high-level permissible current (total) > (—lon) — — 40 mA

Caution: To ensure LSI reliability, do not exceed the value for output current given in table 23.3.
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23.3 AC Characteristics

In general, inputting for this LSI should be clock synchronous. Keep the setup and hold times for
each input signal unless otherwise specified.

Table23.4 Operating Frequency Range
VeeQ=33+0.3V,VeeQ=155t0215V,AVec=3.3+ 0.3V, Ta=-20to 75°C

Item Symbol  Min Typ Max Unit Remarks
Operating CPU, cache, TLB f 30 — 200 MHz 200 MHz model
frequency 25 167 167 MHz model
133 133 MHz model
100 100 MHz model
External bus 30 — 66.67 200 MHz model
25 167 MHz model

133 MHz model
100 MHz model

Peripheral module 7.5 — 33.34 200 MHz model

6.25 167 MHz model
133 MHz model
100 MHz model
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23.3.1 Clock Timing

Table23.5 Clock Timing

VeeQ=33+0.3V,Veec=155t0215V,AVec=3.3+0.3V, Ta=-20to 75°C

Item Symbol Min Max Unit Figure
EXTAL clock input frequency (clock mode 0) fex 25 66.67 MHz  23.1
EXTAL clock input cycle time (clock mode 0) texcye 15 40 ns

EXTAL clock input frequency (clock mode 1) fex 6.25 16.67 MHz

EXTAL clock input cycle time (clock mode 2) texcye 60 160 ns

EXTAL clock input low pulse width text 15 — ns

EXTAL clock input high pulse width texH 15 — ns

EXTAL clock input rise time texr — 6 ns

EXTAL clock input fall time texr — 6 ns

CKIO clock input frequency fex 20 66 MHz  23.2
CKIO clock input cycle time tekicye 15.2 40 ns

CKIO clock input low pulse width tekiL 15 — ns

CKIO clock input high pulse width tekim 15 — ns

CKIO clock input rise time tekir — 6 ns

CKIO clock input fall time tekiF — 6 ns

CKIO clock output frequency fop 25 66 MHz 233
CKIO clock output cycle time teye 15.2 40 ns

CKIO clock output low pulse width texoL 3 — ns

CKIO clock output high pulse width tekon 3 — ns

CKIO clock output rise time tekor — 5 ns

CKIO clock output fall time tekor — 5 ns

CKIO2 clock output delay time tekon -3 3 ns

CKIO2 clock output rise time tekzor — 7 ns

CKIO2 clock output fall time tekzor — 7 ns

Power-on oscillation settling time tosc1 10 — ms 23.4
RESETP setup time tresps 20 — ns 23.4,235
RESETM setup time tresms 6 — ns

RESETP assert time trespw 20 — teye

RESETM assert time tresmw 20 — teye

Standby return oscillation settling time 1 toscz 10 — ms 235
Standby return oscillation settling time 2 toscs 10 — ms 23.6
Standby return oscillation settling time 3 tosca 11 — ms 23.7
PLL synchronization settling time 1 teLia 100 — ps 23.8,23.9
(standby canceled)

PLL synchronization settling time 2 teLi2 100 — ps 23.10
(multiplication rete modified)

IRQ/IRL interrupt determination time tirLsTE 100 — ps 23.9

(RTC used and standby mode)
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EXTAL* EXH EXL
(input)
12 VCCQ7 Vih  ViH X

Vi Vi

A4

A
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Note: * The clock input from the EXTAL pin.

Figure23.1 EXTAL Clock Input Timing

tekieye
tekin tekie
CKIO h ”
(input)
112 VecQ-f ViH XV'H
t
CKIF

Figure23.2 CKIO Clock Input Timing

tcyc

tckon . tekoL
CKIO
(output) VoH

1/2VecQy

t
— CK2D >
CKIO2
(OUtpUt) VOH

-y

A

A
A

4

Figure23.3 CKI10O Clock Output Timing
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Stable oscillation

e e AW/ AV EWE VAN

(
)/

tRESPW

VCC VCC min
tresps

v

tosct

RESETP y
( (/]

Note: Oscillation settling time when built-in oscillator is used

Figure23.4 Power-on Oscillation Settling Time

Standby Stable oscillation
— 7, >
CKIO, / /
internal
clock \ 555( / \_//_\_)/_\_/_\\_
tResPW/MW B JRESPS/MS
tosc2 < >

vy

RESETP 5

RESETM

(( ((
)) ))

Note: Oscillation settling time when built-in oscillator is used in the oscillation off mode

Figure23.5 Oscillation Settling Time at Standby Return (Return by Reset)
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Standby Stable oscillation

> >
CKIO,
internal
clock

toscs

A

N
No2N

NMI

NN
<~

WAKEUP

Note: Oscillation settling time when built-in oscillator is used in the oscillation off mode

Figure23.6 Oscillation Settling Time at Standby Return (Return by NM 1)

Standby Stable oscillation

Ty >
CKIO,
internal
clock
P tosc4 R
_ §§
IRL3 to IRLO [

IRQ4 to IRQO

PINTO/1 \ (¢

77
WAKEUP

Note: Oscillation settling time when built-in oscillator is used
in the oscillation off mode (only when RTC is used)

Figure23.7 Oscillation Settling Time at Standby Return
(Return by IRQ4 to IRQO, PINTO0/1, IRL3 to IRLO)
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Reset or NMI interrupt request

-—
[

EXTAL input | I
or CKIO I I
input ‘
PLL synchronization | | tpL( 1 PLL synchronization
- —— >

|
PLL output, [ « [ ‘
CKIO output | ) ‘
| |
l l
Internal clock/—\_/—\ | | /_\_/—\_/—\
! ) ! )
| | !
| |
| |

1
STATUS 0
STATUS 1

Stable input clock} } Stable input clock
|

1
1( T 1( :
Normal X Standby } x Normal
))

1 |

Note: PLL oscillation settling time during the continued oscillation mode or
when clock is input from EXTAL pin or CKIO pin

Figure23.8 PLL Synchronization Settling Time during Standby Recovery (Reset or NMI)

IRQ4 — IRQO/IRL3 - IRLO interrupt request

Stable input clock : Stable input clock
|

EXTAL input }
or CKIO input | )

PLL synchronization . i tRLsTB tpLL PLL synchronization
PLL output,
CKIO output
Internal clock /—\_/—\

!
!
|
|
!
!
!
T
:
STATUS 0 ’ ‘
STATUS 1 Normal X Standby
i ( w

1

I

I

I

I

) !
( ] 1

I

|

]

|

|

I

))
T(

))
(

Note: PLL oscillation settling time during the continued oscillation mode or
when clock is input from EXTAL pin or CKIO pin

Figure23.9 PLL Synchronization Settling Time during Standby Recovery
(IRQ/IRL or PINTO/PINT1 Interrupt)
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Multiplication rate modified

' |
e A A AT VAT A AN

|
|
Lt
I
I
I
|

Ciiteor BN S WY A U A A
Internal clock /—\ /—\ (><) /—\ /—\_

Notes: 1. CKIO inputin clock mode 7
2. PLL output in other than clock mode 7

Figure23.10 PLL Synchronization Settling Time when Frequency Multiplication
Rate M odified
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23.3.2 Control Signal Timing

Table23.6 Control Signal Timing
Vee=33+£03V,Vee=155t02.15V,AVec=3.3+0.3V, Ta=-20t0 75°C

Item Symbol Min Max Unit Figure
RESETP pulse width tresPw 20 *2 — tcyc 23.11,
RESETP setup time** tresps 20 — ns 23.12
RESETP hold time tresPH 4 — ns

RESETM pulse width trReESMW 20 *3 — tcyc

RESETM setup time tresMs 6 — ns

RESETM hold time tRESMH 34 — ns

BREQ setup time tsreos 6 — ns 23.14
BREQ hold time tereEQH 4 — ns

NMI setup time ** tmis 10 — ns 23.12
NMI hold time tNMIH 4 — ns

IRQ5—-IRQO setup time ** tirgs 10 — ns

IRQ5-IRQO0 hold time tirgH 4 — ns

IRQOUT delay time tirooD — 10 ns 23.13
BACK delay time teackD — 10 ns 23.14,
STATUS1, STATUSO delay time tsto — 10 ns 23.15
Bus tri-state delay time 1 tBoFF1 0 15 ns

Bus tri-state delay time 2 tBoFr2 0 15 ns

Bus buffer-on time 1 teon1 0 15 ns

Bus buffer-on time 2 teonz 0 15 ns

Notes: 1. RESETP, NMI, and IRQ5 to IRQO are asynchronous. Changes are detected at the
clock fall when the setup shown is used. When the setup cannot be used, detection
can be delayed until the next clock falls.

2. In the standby mode, trespw = tosci (100 ps) when XTAL oscillation is continued and
trespw = toscz (10 ms) when XTAL oscillation is off. In the sleep mode, trespw = tpLi1
(100 ps).

When the clock multiplication ratio is changed, trespw = tpri1 (100 pS).

3. In the standby mode, tresmw = toscz (10 ms). In the sleep mode, RESETM must be kept
low until STATUS (0-1) changes to reset (HH). When the clock multiplication ratio is
changed, RESETM must be kept low until STATUS (0-1) changes to reset (HH).
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CKIO

- tRESPW/MW

RESETP /_
RESETM

Figure23.11 Reset Input Timing

ey _f_ﬂ
tresprmH | IRESPSIMS
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RESETP IH
RESETM Vi
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Vin
NMI
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traH  ltRas
ViH
IRQ5 to IRQO
ViL
Figure23.12 Interrupt Signal Input Timing
CKIO
tiraoD tirQoD
IRQOUT (
)

Figure 23.13 TRQOUT Timing
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CKIO

BREQ
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RD, ROWR

tereaH (tBREQS
| <—>‘

WAL WS

tsreaH | tBREQS
ARy —

N
A~

tsackp
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-
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RAS, CAS
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MCSn

A25 to A0,
D31 to DO

N
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- I~
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Figure23.14 BusRelease Timing

Normal mode

Standby mode

Normal mode

ko NN\
tstp tstp
1\
STATUS 0
STATUS 1
\
- tsorFrF2 tgonz
RD, RD/WR, -~ -~
RAS, CAS, )
CSn, WEn, A
BS, MCSn tsoFF1 tsoN
A25 to AO, )
D31 to DO ((
Figure23.15 Pin Drive Timing at Standby
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2333 ACBusTiming

Table23.7 BusTiming

Clock Modes 0/1/2/7,VecQ =33+ 0.3V, Vcc=1.55t02.15V, AVcc=3.3+£ 0.3V,
Ta=-20to 75°C

Item Symbol Min Max Unit Figure

Address delay time tap 15 12 ns 23.16-23.36, 23.39-23.46

Address setup time tas 0 — ns 23.16-23.18

Address hold time** tan 4 — ns  23.16-23.21

BS delay time tasp — 10 ns 23.16-23.36, 23.40-23.46

CS delay time 1 tcsp1 0 10 ns 23.16-23.21, 23.40-23.46

CS delay time 2 tcsoe — 10 ns 23.16-23.21

CS delay time tcsps 1.5 10 ns  23.22-23.39

(SDRAM access)

Read/write delay time trwD 15 10 ns 23.16-23.46, 23.39-23.46

Read/write hold time trwH 0 — ns 23.16-23.21

Read strobe delay time  trsp — 10 ns 23.16-23.21 23.40-23.43

Read data setup time 1 trps1 6 — ns 23.16-23.21, 23.40-23.46

Read data setup time 2 trps2 5 — ns 23.22-23.25, 23.30-23.33

Read data hold time 1*?  trom 0 — ns 23.16-23.21, 23.40-23.46

Read data hold time 2 trDH2 1 — ns 23.22-23.25, 23.30-23.33

Write enable delay time  twep — 10 ns 23.16-23.18, 23.40, 23.41

Write data delay time 1 twpp1 — 14 ns 23.16-23.18, 23.40, 23.41, 23.44-23.46
Write data delay time 2 twop2 15 12 ns 23.26-23.29, 23.34-23.36

Write data hold time 1 twor1 15 — ns 23.16-23.18, 23.40, 23.41, 23.44-23.46
Write data hold time 2 twoH2 15 — ns 23.26-23.29, 23.34-23.36

Write data hold time 3 twoHs 2 — ns 23.16-23.18

Write data hold time 4 twoHa4 2 — ns 23.40, 23.41, 23.44-23.46

WAIT setup time twrs 5 — ns  23.17-23.21, 23.41, 23.43, 23.45, 23.46
WAIT hold time twrh 0 — ns  23.17-23.21, 23.41, 23.43, 23.45, 23.46
RAS delay time 2 trasD2 15 10 ns 23.22-23.39

CAS delay time 2 tcasp? 1.5 10 ns  23.22-23.39

DQM delay time toomp 15 10 ns 23.22-23.36

CKE delay time tekep 15 10 ns 23.38
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Item Symbol Min Max Unit Figure

ICIORD delay time ticrsp — 10 ns  23.44-23.46

ICIOWR delay time ticwsp — 10 ns  23.44-23.46

101S16 setup time tioies 6 — ns  23.45,23.46

101S16 hold time tio1eH 4 — ns  23.45,23.46

DACK delay time 1 tpAKDL — 10 ns  23.16-23.36, 23.39-23.46
(Reference for CKIO rise)

DACK delay time 2 tpaKD2 — 10 ns  23.16-23.22

(Reference for CKIO fall)

Notes: 1. Specified based on the slowest negate timing for CSn, RD, or WEn
2. Specified based on whichever negate timing is faster, CSn or RD.
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23.3.4 Basic Timing

Ty T2
CKIO Z X Z S /
_J N/ N/
tAD‘ tas tap
<+ 4 L [
pos 00 % X
taH
< f >
tcspa tcsp2 trwH
CSn L 7Z
tROH1
trRwp <> |trap
RD/WR ;< ><
tan
< —>
trsD trsD tRwH
—> «—> e
D \ /
(read) N\ 7
tRDH1
>
trRDs1
[
D31 to DO
(read)
tAH
twep t ! .
WED) wep | fRw
WEn x
(write) N 7 ‘twoHs ‘
< >
twop1 | twoH1
D31 to DO < h
(write)
tesp tesp
BS
toakD1 tbakD1
l—>
DACKn % %

Figure23.16 Basic BusCycle (No Wait)
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CKIO 7Z X: 71—\—7Z X- 7Z \
tap tas tap
+——>ie > g
A25 to A0 >< X
tan
tcsp1 tcsoz“‘ trwH
CSn K
tRwD tRPH1 trwp
<> |«
RD/WR _<
tAH
tRsD trsp | tRwH
RD \ /
(read) /| trom
[
trDs1
D31 to DO
(read)
t
twep twep a2
e — g i g R T
(v\\//\:i@) X( 7
twoHs ‘
h ol
twop1 twor1
< > >
D31 to DO
(write)
tssp tssp
[
BS /
tpAkD1 tbakD1
DACKn k
twrs | twrh
WAIT 7Z "

Figure23.17 Basic Bus Cycle (One Wait)
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CKIO / \ / ) / A / \ [
_] \ / \ / \ / ]
faD, tas tap
>l > e
A25 to A ><:
tAH
tcspi tespa | tRw
CSn 7[
trRwD tRllJil trwb
RD/WR * <
taH
trsD| trsD tRwH
_ (—p
RD 1\ /
(read) N 7/ et
trDs1
D31 to DO \
(read) L/
tan
twen twep tR:NH
> . WH L
WEnN
(write) N 7 twons |
|
fwop1 twoH1
D31 to DO
(write)
tesp tasp
BS SQR_J
tbAKD1 tbakp2
DACKn
twrs [twrH twrs | twrh
WAIT JK # ]l 3‘

Figure 23.18 Basic Bus Cycle (External Wait, WAITSEL =1)
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2335

Burst ROM Timing

CKIO

A25 to A4

A3 to A0

O
2]
=]

RD/WR

D31 to DO

Ty Te2 Te1 Te2 Te1 Te2 ‘ Te1 T2
F Y ‘_\_71_\_7‘_\_7‘_\_%r_7[ L
tap tap
] tap tap
[
X X
tan
umd
tcsp1 tesp2 | |tRwH
P A
tR"DH1
j:wn trwp
e
- tAH
trsp | trsD |taH trsp | trsp [tRwH
L]N — [+ I
tROH1 ﬂDW
el
trDs tros1
*4—5
tssp  |tesp tasp tasp
o
] ]
tbakD1 tpakp2
twrs|twrh twrs|twrH twrs|twrH
[ [ —
AR I U

Note: In the write cycle, the basic bus cycle, the basic bus cycle is performed.

Figure23.19 Burst ROM Bus Cycle (No Wait)
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SRARRRRR
R LT 1 Fua_\
A25 to A4 : B>
tap
A3 to A : )( st
taH
tcsp1 ‘ tCSDzrtR H
o5 | )

trsD trsp tan| [ tRsp trsD trsp | [tRwH
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A ] 1, I,
| ER_DH1 __|tRok _| |tRons
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D31 to DO E ( S>
tesp | tBsD tssp  [tBsp
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-+
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wn F T

Note: In the write cycle, the basic bus cycle is performed.

Figure23.20 Burst ROM Bus Cycle (Two Waits)
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T Tw Tw Ta2 Te1 Tew T2

ckio L ] [ [\ 1 [
] Umul_\J T -
taD tap
A25 to A4
B tap
[
A3 to AD ><
taH
tcspt tcsp2 H_t;WH
|
CSn
tRDH1
trRwp trRwD
4_»( el
_ \
RD/WR __% ta [\
trsD trsp1 tan | |tRsD1 trsD | tRwH
amal [
] [ ] [
RD N ] L ]
N tﬁm—n }EDH1
trDs1 tros
[
D31 to DO k %
tasp tasp tesp  [tesp
[ 4—7 [
] [ JN [
BS ]
toakD1 toakD2
(=
DACKn %{ ><
twrs [twh twrs [twrh
twrs Itwrh twrs ftwrH
WAIT SUZ 7[ XR XK 7[ 7[ 3\

Note: In the write cycle, the basic bus cycle is performed.

Figure23.21 Burst ROM Bus Cycle (External Wait, WAITSEL =1)
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23.3.6  SynchronousDRAM Timing

Tc1 Tc2 (Tpc) |

é,

tAD

A25 to A16 4-% Row address *
tAD tAD tAD
hia
Read A
A120r A10 Row address)F R A V
tAD tAD tAD
|
A15to AD Row address Column gddress
tCSD3 tcSD3
CSn
tRWD tRWD

Lh
H
-

tRASD2 tRASD2
-
RAS
tCASD2 tCASD2
- |
CAS 7\[
tDQMD tDQMD
DQMxx %&
tRDS2| tRDH2
D31 to DO \
tBSD tBSD
BS
CKE (High)
tDAKD1 tDAKD1

DACKn ‘%

Figure23.22 Synchronous DRAM Read Bus Cycle (RCD =0, CASLatency =1, TPC =0)
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Tr Trw | Trw Tet Tew Td1 (Tpc) | (Tpc) |
oo JF\JF\A{_\_](_\JF\_](—\JW
tAD tAD
A25 to A16 4-* Row address
tAD tAD tAD
<->| >
A12 or A10 Row address )|( Read AN
comman
tAD tAD tAD
A15 to AO *% Row address ‘% Colimn addregs
tCSD3 tCSD3
CSn %ﬁ 1[
tRWD tRWD
RD/WR j{ JK
tRASD2 |tRASD2
AAS :;l\_}b
tCASD2 [ tCASD2

|

CAS

tDQMD tDQMD
DQMxx %\

tRDS2| tRDH2
\
D31 to DO e
tBSD tBSD

BS
CKE (High)

tDAKD1 tDAKD1

<> |
DACKn *

Figure23.23 Synchronous DRAM Read Bus Cycle (RCD =2, CASLatency =2, TPC =1)
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Tr Tct Tc2/Td1 Tc3/Td2 Tc4/Td3 Td4 (Tpc) (Tpc) ,

.
e Z_\_?[_\JZ_\J(_\_/_\_?(—\JW
—

tAD tAD
A25 to A16 4-% Royv address &

tAD tAD tAD tAD

g
A12 or A10 Row Refad command Read|AN : %
address comnpan 2
tAD tAD tAD

|
Row !
A15 to AO addrbs %umn addyess (1-4)X -

o~
9]
%]
w)
@
9]
2]
|w)
@

|
bl

tRWD tRWD
<—>|

L

tRASD2 | tRASD2

tCASD2 tCASD2
CAS
tDQMD tDQMD
DQMxx %R ;‘L
tRDS2| tRDH2 tRDSZ tRDH2
D31 to DO f

tBSD tBSD

1

CKE (High)

tDAKD1 DAKD1

hig
DACKn

Figure23.24 Synchronous DRAM Read Bus Cycle (Burst Read (Single Read x 4), RCD =0,
CASLatency =1, TPC=1)
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Tr Trw  Tet T2 Tc3 Tc4/Td1 Td2  Td3  Td4  (Tpe)
e F\J[\J[\JF\JF\J(—\J[\JL—\J\F\J(—\}—\_
tAD tAD
A25 to A16 Row addfress &
tAD | tAD | tAD tAD | tAD
> | <->|
A12.0r A10 Roy c} ,/ Read command V A
tAD | tAD tAD
<
Ro I\
A15 to A0 Xaddresy Cefmn address .1/-4\1) /
tCSD3| tCSD3
[
CSn
tRWD tRWD
>
RD/WR *
tRASD!
tRASD2 <>
RAS M
tCASD2 tCASD2
CAS :L ‘;I(
tDQMD tDQMD
>
DQMxx %\
tRDS2| tRDH2 tRDS2| tRDH2
»lad! | 4>
(read) |/
tBSD tBSD
[
BS
CKE (High)
tDAKD1 tDAKD1
||
DACKn

Figure23.25 Synchronous DRAM Read Bus Cycle (Burst Read (Single Read x 4), RCD =1,

CASLatency =3, TPC =0)
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» » »l ol
i 1 SK_/'/_\_%_\_?L_\_?\(_
tAD tAD
A25to A16 4_% ow address
tAD tAD tAD
A12 or A10 - Write A
oW aadress command
tAD tAD tAD
-
A15 to A0 ow add'es;( Column addre
tCSD3 tCSD3
>
CSn 7_
tRWD tRWD tRWD
<—>| ] >
RD/WR % _‘ _Z
tRASD2 tRASD2
-]
RAS ¥
[ tCASD2 tCASD2
o
CAS p
tDQMD tDQMD
DQMxx v /\x )I(
twDD2 tWDH2
-]
D31 to DO
tBSD tBSD
BS y
CKE (High)
tDAKD1 tDAKD1

[
DACKn

gl

Figure23.26 Synchronous DRAM Write Bus Cycle (RCD =0, TPC =0, TRWL =0)
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(Trwl)

(Trwl)

(Tpo)

(Tpe)

1. ]. )
o '%%%W\N
—
tAD tAD
A25 to A16 } Row[address ’%
tAD tAD tAD tAD
[ [ |-
A12or A10 Row| | / Write|A \
address comn auur\
tAD tAD tAD tAD
[
Row| | Colunn
A1510 A0 address addreps,
tCSD1 tCSD1
tRWD tRWD | tRWD
RD/WR _)1 ;]K }
tRASD2 | tRASD2
tCASD2 | tCASD2
CAS ;IZ
tDQMD | tDQMD
higl -
DQMxx W K £
twDD2 | tWDH2
higl -
D31 to DO
L/
tBSD tBSD
BS
CKE (High)
tDAKD1 tDAKD1
> 4|
DACKn * *
Figure 23.27 Synchronous DRAM Write BusCycle (RCD =2, TPC =1, TRWL =1)
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CKIO

A25 to A16

A12 or A10

A15to A0

RD/WR

DQMxx

D31 to DO

CKE

DACKn

S

Tr Tet Tc2 . Tc3 Tc4 (Trwl) (Tpc) (Tpc)
tAD tAD
‘* Row|address %
tAD tAD tAD tAD
|
Row ; Write A
addrgss | Wilte command command
tAD tAD tAD
\ / / \ /
Row Column address (1-4)
address / \ / \ 7/ \
tCSD3 tCSD3
fRWD | tRWD RWD
tRASD2 | tRASD2

tDAKD1

tCASD2 tCASD2
tDQMD tDQMD
twDD2 | twDD2 tWDH2
k XX —
tBSD tBSD
(High)

tDAKD1

X

al

Figure23.28 Synchronous DRAM Write Bus Cycle (Burst Mode (Single Write x 4),
RCD=0,TPC=1, TRWL =0)
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Tr Trw Tel Tc2 ) Tc3 Td4 (Trwl) ) (Tpc) )
oo F\JF\JF\JF\_JZ—\JF\JW
—
tAD tAD
A25 to A16 & Royv address &
tAD tAD tAD tAD
- e
ow | _| ) rite (A .\
Al2or A10 ddresss. Write command comnjan -\
tAD tAD tAD
ow \ / \ /
A15 to A0 Column address (1-4)
J— ddr / \ / \

]
w
o)
2]
o]
w

=
NTG

D tRWD

RD/WR

Léz
B2LE

b
>
w
]
R

tRASD2

|
r,A
(3

tCASD2 tCASD2

g
NT{

tDQMD tDQMD
DQMxx W j& ;L

tWDD2 | twDD2 tWDH2
D31 to DO N X X ;

tBSD

o
7]
o

%

CKE (High)

tDAKD1 tDAKD1

nig
DACKn

r

Figure23.29 Synchronous DRAM Write Bus Cycle (Burst Mode (Single Write x 4),
RCD=1,TPC=0, TRWL =0)
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Tnop Tc1 Tc2/Td1 | Tc3/Td2 | Tc4/Td3 Td4
CKIO _7[_\_7[_\_7[_\_7 Z_\JZ_\_
taD tap
(| Sl
A25 to A16 % Row address %
tap tap
[ -
A12 or A10 L Read command %
tap tap
[ [
A15to AO >< Column address ><
tcsps tcsos
ket |t
CSn # F
trwp trwo
4»‘ <>1
RD/WR /
trasD2
|
RAS _%
toasp2 tcasp2
| [
CAS L
toamp toamp
|| b
DQMxx ‘% F
tros2 | trom2 tros2 | troH2
‘4—»4—» -
D31 to DO { L< X >4 F
tasp tasp
|| b

CKE (High)

«| pAkD1 «»| IDAKD1
DACKn % %

Figure23.30 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Same Row Address, CASLatency = 1)
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Tel Tc2 Tc3/Td1 ‘ Tc4/Td2 Td3 Td4

w PP

tap tap
A25to A16 _i§< Row address

tap tap
A12o0r A1O_:§K Read command

tap tap
A15to AO :§< Colu(nn address X

tcsps tcsps
os | 4;1_

trwo trwo

ik [+
o 17 =

o
>
7]

D2

7
|
CJ

tcasp2

9
>
o
Q
N

toamp toamp
ey
DQMxx _Xl‘ ‘;Z_
tRos2 trRoH2 tros2|troH2
<—><—>1
D31 to DO ( }( X X ‘_};—

tssp tesp

x‘Tt

CKE (High)

toAkD1 -« tDAKD1
wo X Y

Figure23.31 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Same Row Address, CASLatency = 2)
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Tp Tr Tet Tc2/Td1 | Tc3/Td2 | Tc4/Td3 Td4
cKIo AW AW AW M\ A\
tan tap
nig [
A25 to A16 Row address
tan tap tap tap
Py DAY DAy ]
A12 or A10 i a‘ﬁjor;v# Read command Jl
tap tao tap
e |« s
Row
A151t0 AO address X Column address X
tcsos tesps
mig Sl
CSn
trwo trwo trwp
e e
RD/WR } k
trasD2 trasD2
e s
RAS
teaspz tcaspz
s
CAS JN
toavp toamp toamp
4»‘ [T ||
DQMxx jl
tRDSZ lRDHZ tRDSZ lRDH2
J/d‘bd—b‘ -
D31 to DO * }( >< >{ $—
tasp tssp
P l
BS
CKE (High)
t»| toakp1 | toakD1
DACKn

Figure23.32 Synchronous DRAM Burst Read Bus Cycle

(RAS Down, Different Row Address, TPC =0, RCD =0, CAS Latency = 1)
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Tp Tpw Tr Tet Tc2/Td1 | Tc3/Td2 | Tc4/Td3 Td4

NS\ S\ AN\

CKIO /

A25 to A16 Row address

#55@58
]

tap tap tap
L] L] L] s
R«
A12 or A10 A add?ewss L Regd command J[
tap tan tan
s »]
Row
A15to AO < address, X Column address X
tesps tesps
i |
CSn
trwo trwo trwo
:»* e <i1
RD/WR / N
traspz  [traspz  |tRaspz | traspz
] s e s
RAS
teaspz tcaspz
| ewi
CAS
toawo toamp toamp
4»‘ ] bt
DQMxx j
trosz| troHz tros2 | tomz
‘44. d—b‘ "—pq—p
{
D31 to DO 1
tasp tasp
[ ot
BS
CKE (High)

| 'DAKD1 l»| 'DAKD1
DACKn %

Figure 23.33 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Different Row Address, TPC =1, RCD =0, CAS Latency = 1)
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Tet Tc2 Tc3 Tc4

) b Z_\_
tap tao
- Yy
A25 to A16 Row address
tao tao
]
A12 or A10 Write command
tap ltao
i -
A15 to AO X Column address ><
tesps
-

trwp

7]

D2

3
|
L Jig]

tcaspz

|
CAS N\

‘DQMD

<>
DQMxx

twop2

D31 to DO

Py
E
i
|A
’JV
~ T T = [y = =
B ot st e S A et
8 S S <] 8

:J
tesp
q

CKE (High)

x| 'DAKD1 «»| DAKD1
DACKn %

Figure23.34 Synchronous DRAM Burst Write Bus Cycle
(RAS Down, Same Row Address)
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Tp Tr Tet Tc2 Tc3 Tc4
tap tao
i |
A25 to A16 Row address %
tao tap tap tap
By <] e Py
R N
A12 or A10 i kadd?:’ss Write command
tap tap tap
nig ind [
Row
A15 to A0 address X Column iddress X
tcsos tesos
mig ot
CSn
trwo trwo trwo trwp
N [ e e
RD/WR P
trasD2 trasD2
g [
RAS
teasoz tcasp2
i [t
CAS
toavp tpavp tbamp
] nig >
DQMxx j \<</
twopz twopz
D31 to DO ‘ X >< X ‘
tasp tasp
migg [
BS
CKe (High)
«»| DAKD1 les! tDAKD?
DACKn g

Figure 23.35 Synchronous DRAM Burst Write Bus Cycle
(RAS Down, Different Row Address, TPC =0, RCD =0)
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Tp Tpw Tr Trw Tct Tc2 Tc3 Td4

cKio _7/_\_7[_\_7[_\_7[_\_7

-]
A25 to A16 j< Row address

tan tap tap

£
S
=
]

Y

Py Py Py
R )
At20r AT0 A Row X Write command
tap tan tao tao

| | x|
Row
A15to A0 y 7Kaddre s%/ % X Column iddress X

tesps

0
|
pI

trwo trwo trwo
<] s L« e
RD/WR ! d
traspz  [traspz  |traspz | traspz
<] s s s
RAS

toavp toavp

DQMxx }‘ ‘</ 0L(

D31 to DO 0}( X X X

£

g

g
~ = 5" S
#5 #g #é #§
<| g 5 ]N

CKE (High)

| 'DAKD1 les| IDAKD1
DACKn

Figure23.36 Synchronous DRAM Burst Write Bus Cycle
(RAS Down, Different Row Address, TPC =1, RCD =1)
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Tp Tpc TRr TRrw TRrw (Tpc) (Tpc)
- |- »

CKIO _7/_\_7[_\_7[_\_71_\_71_\_71_\_71_\_71_\_

CKE (High)
tcsps tcsps tcsps tcsps
- ot - -
oS T\ T\
N |/ N
trasp2  [trRasD2 trasp2  |tRAsD2
- ot - -
RAS:X T\ T\
N 1/ |
tcaspz | tcasp2
- -
CASxx | _
trwo trwp

- -
RD/WR \ #

Figure 23.37 Synchronous DRAM Auto-Refresh Timing (TRAS=1,TPC =1)
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CAS

RDWR % ;lé

Tp Tpc

1\ \ 7

|
|

T
T

t CSD3 tCSD3

t RASD2| tRASDZ

t RWD tRWD

TRal | (TRs2) (TRs2)
| ||
tckep tckep
X 3 ;‘ \
tcsps [tesps «
L[k X \
trasp2| trASD2
L [k X \
tcasp2|tcaso2
L = -
trwo
=
«

Figure23.38 Synchronous DRAM Self-Refresh Cycle(TRAS=1, TPC =1)
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TRp1 TRp2 \ TRp3 \ TRp4 TMw1 TMw2 ) TMw3 TMw4

VY

tAD tAD tAD
[ >
A13 or A11 ]l Ek/
tAD tAD tAD tAD tAD
<->| <->|
A12 0r A10 _7|£ Ek/
tAD tAD tAD
A11to A2
or A9 to A2
tCSD3 tCSD3

tRWD tRWD tRWD

\_[7

tRASD2 |tRASD2 tRASD2 |tRASD2

RD/WR

g

RAS
tCASD2 |tCASD2

CASxx

T||(j

D31 to DO _—V

CKE

(High)
tDAKD1

|en| [DAKD1 .
DACKn * >k:

Figure23.39 Synchronous DRAM Mode Register Write Cycle
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2337 PCMCIA Timing

Tpcm1 Tpcm2
CKIO 7Z X‘ 7Z X: 7Z
tap tap
tcspi tcspi
oo Y i
trRwD trwp
RD/WR ;< ;<
trsD trsD
-«
RD
(read) % trROH1
trRDS1
|~
D15 to DO
(read)
twep twep
WE1
(write) twoha
—
twop1 twoH1
D15 to DO
(write)
tesp tesp
BS
toakD1 toakD1
DACKn

Figure23.40 PCMCIA Memory Bus Cycle (TED =0, TEH =0, No Wait)
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cKIo JZ_\JZ_\_/

A25 to AO

RD/WR

RD
(read)

D15 to DO
(read)

WEH1
(write)

D15 to DO
(write)

TpcmO ‘ TpcmOw

Tpcm1

Tpcm1w

Tpcm1w

Tpcm2 ‘ Tpcm2w

Z_\_/ﬂ\_%_\_%_

tap tap
tcsp1 tcsp1
trRwD trwp
trsp trsD
tRDH1
trDs1
E
twep| twep
\ twoH4
twop1 —>
jﬁtv:vom
tasp tasp
tbAKD1 tpakD1
twrs tWTH twrs|twrh
4 \
XN

Figure23.41 PCMCIA Memory Bus Cycle
(TED =2, TEH =1, One Wait, External Wait, WAITSEL =1)
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Tpcm1 Tpcm2 Tpcm1 Tpcm2 Tpcm1 Tpcm2 Tpcm1 Tpcm2

| | |
e a a2 YAV AV avav ayn
S/ N N/ N N N
tap tap
s to ’a
" tao tap tap taD
A3toA0 | *;{ *;< X *;C
" tesor tcsp1
CExx
" Ttrwp trwp
[ >
RD/WR X
trsp  |trsD  |trsD  |trsD

i ST\

tRDH1 tRDH1
P
trDS1 trRDS1
[ [l
D15 to DO P‘
(read) N

tsgsp  |tesp |tBsD  |tBSD

IR U W

tbakD1 tbakD1
DACKn *jﬁ

Note: Even though burst mode is set, write cycle operation is the same as in normal mode.

Figure23.42 PCMCIA Memory Bus Cycle
(Burst Read, TED =0, TEH =0, No Wait)
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TpcmO Tpcm1 Tpcm1w|Tpcm1wlTpcm1wl Tpcm2 Tpcm1 Tpcm1w|Tpcm2 ITpcmZW

cKio JF\JHUF\_PU—\LFUHMHWJ\JF\_
tap tap
A25 to A4 k
tap taD taD
A3 to A0 ‘.*:
tcspi tcsp1
CExx
trRwD trRwD
s ]
RD/WR _* X
trsD trsp | trsD trsp
{t—]
RD \i
(read) ”'lRDH1 | IRDH1
trDs1 trDs1
D15 to DO FJ
(read) )
tesp | tesD tasp  |tedp
[
tbaKD1 toakD1
DACKn % ‘9{
tWE twrh
[
twrs [twrH twrs |twrH
W =
WAIT X \ 1 X

Note: Even though burst mode is set, the write cycle operation is the same as in normal mode.
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Figure23.43 PCMCIA Memory Bus Cycle
(Burst Read, TED =1, TEH =1, Two Waits, Burst Pitch =3, WAITSEL =1)
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Tpci1 Tpci2
cwo 7 XA S \
tap tap
A25 to A0 % %
tcspi tcspi
CExx % ;<
trwp trwp
[~
o 5
ticrsp ticrsp
<
ICIORD
(read)
trROH1
>
trDs1
D15 to DO
(read)
ticwsp ticwsp
ICIOWR
(write) t
WDH4
>
twoD1 twpH1
>
D15 to DO
(write) <
tasp tasp
BS
toakp1 toakD1
DACKn

Figure23.44 PCMCIA 1/O BusCycle(TED =0, TEH =0, No Wait)
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TpciO TpciOw Tpci1 Tpci1w ‘ Tpci1w ‘ Tpci2 ‘ Tpci2w

cKio jzt—\_]r\_iﬂuﬂdﬂdﬂdr\_]r

tap
P
A25 to A0 %
tcsp1 Efm
trwp trwp

RD/WR ‘_%
ticrsp ticrsp
ICIORD
(read)
trps1

[
D15 to DO
(read)

ticws

tRDH1

ticwsp

w]

ICIOWR

(write) twpH4
||

twob1

twoH1

D15 to DO
(write)

tasp tesD

BS

toakD1

toakD1

twrs|twrh

|
DACKn *
twrs |twrH

WAIT SE_N_jZ 7l XK

tiotes [tio1eH

Figure23.45 PCMCIA 1/O BusCycle

(TED =2, TEH =1, One Wait, External Wait, WAITSEL =1)
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TpciO Tpci1 Tpci1w Tpci2 Tpci1 Tpci1w ‘ Tpci2 ‘ Tpci2w
CKIO _7[_\_7 N N N N '\_*_X\_*_\Jr
tap tap
A25 to A4 ‘_;{
tap taD tap
-
o K 's
tcsp1 teso1 tcsp1
CExx ‘_;{
trwp trwp
onn X
ticrsp ticrsp | ticrsD ticrsp
ICIORD |
read
(read) tRDH1 trROH1
> o
trps1 trps1
| |
D15 to DO
(read)
ticwsp ticwsp ticwsp ticwsp
ICIOWR —
(write)
twpHa twpH4
T
twop1 twop1 twoH1
D15 to DO
(write)
tesp tesp tesn tasp
1 | ||
. i
tbAKD1 toakD1
DACKn
twrs |twTH twrs | twrh
WA £ X £ %
tiotes [tioteH
b

[0IST6 7 X

Figure23.46 PCMCIA 1/O BusCycle
(TED =1, TEH =1, One Wait, Bus Sizing, WAITSEL =1)
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23.3.8 Peripheral Module Signal Timing

Table23.8 Peripheral Module Signal Timing
VeeQ=33+0.3V,Veec=155t0215V,AVec=3.3+0.3V, Ta=-20to 75°C

Module Item Symbol Min Max Unit Figure
T™MU, Timer input setup time treiks 15 — ns 23.47
RTC Timer clock input setup time treks 15 — 23.48
Timer clock Edge specification trekwH 15 — Pcyc
pulse width Both edge specification  trckwL 25 —
Oscillation settling time trosc 3 — S 23.49
SCI Input clock Asynchronization tscve 4 — Pcyc® 23.50
cycle Clock synchronization 6 — 23.51
Input clock rise time tsckr — 15 23.50
Input clock fall time tscke — 15
Input clock pulse width tsckw 0.4 0.6 tscyc
Transmission data delay time trxp — 100 ns 23.51
Receive data setup time (clock trxs 100 —
synchronization)
Receive data hold time (clock tRxH 100 —
synchronization)
RTS delay time trTsD — 100
CTS setup time (clock synchronization)  tcrss 100 —
CTS hold time (clock synchronization) tersH 100 —
Port Output data delay time tPorTD — 17 ns 23.52
Input data setup time trorts1 15 —
Input data hold time trorTH1 8 —
Input data setup time trorTs2  teyc+  —
15
Input data hold time trortHz 8 —
Input data setup time tporTss 3 xtcyc —
+15
Input data hold time trorTHz 8 —
DMAC DREQ setup time toros 6 — ns 23.53
DREQ hold time toreqn 4 —
DRAK delay time tbrRAKD — 10 23.54

Note: * Pcyc is the P clock cycle.
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CKIO

DRAKO0/1

Figure23.54 DRAK Output Timing

2339 UDI-Réated Pin Timing

Table23.9 UDI-Related Pin

Timing

VeeQ=3.3+0.3V,Veec=1.55t02.15V, AVcc=3.3+ 0.3V, Ta=-20to 75°C

Item Symbol Min Max Unit Figure
TCK cycle time trekeve 50 — ns 23.55
TCK high pulse width trekn 12 — ns

TCK low pulse width trek 12 — ns

TCK riseffall time treke — 4 ns

TRST setup time trrsTs 12 — ns 23.56
TRST hold time tTRsTH 50 — teye

TDI setup time trois 10 — ns 23.57
TDI hold time troiH 10 — ns

TMS setup time trmss 10 — ns

TMS hold time trMmsH 10 — ns

TDO delay time troop — 16 ns

ASEMDO setup time tASEMDH 12 — ns 23.58
ASEMDO hold time tASEMDS 12 — ns

P trckeve N

trekn

Note: When clock is input from TCK pin

Figure23.55 TCK Input Timing
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23.3.10 AC Characteristics Measurement Conditions

* 1/Osignal referencelevel: VeeQ/2 (VecQ=3.3+0.3V,Veec=1.55t02.15V)

* Input pulselevel: Vssto 3.0 V (where RESETP, RESETM, ASENDO, IRLS3 to IRLSO0, IRL3
to IRLO, ADTRG, PINT15 to PINTO, TRST, RxD1, CA, NMI, IRQ5-IRQO0, CKIO, and
MD5-MDO are within Vssto Vcc)

e Inputriseand fall times: 1 ns

lor

LSI output pin DUT output

C. VREF

lon

Notes: 1. C_ is the total value that includes the capacitance of measurement
instruments, etc., and is set as follows for each pin.
30pF: CKIO, RAS, CAS, CS0, CS2-CS6, CE2A, CE2B, BACK
50pF: All other pins
2. loL and lon are the values shown in table 23.3.

Figure23.59 Output Load Circuit
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23.3.11 Delay TimeVariation Dueto Load Capacitance

A graph (reference data) of the variation in delay time when aload capacitance greater than that
stipulated (30 or 50 pF) is connected to thisLSI's pinsis shown below. The graph shown in figure
23.60 should be taken into consideration in the design process if the stipulated capacitanceis
exceeded in connecting an external device.

If the connected |oad capacitance exceeds the range shown in figure 23.60, the graph will not be a
straight line.

-

+3 P

/

)
C
© +2 /
E /
'—
>
& /
8 +1 /

+0

+0 +10 +20 +30 +40 +50

Load Capacitance [pF]

Figure23.60 Load Capacitancevs. Delay Time
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23.4 A/D Converter Characteristics
Table 23.10 lists the A/D converter characteristics.

Table 23.10 A/D Converter Characteristics

VeeQ=33+0.3V,Vec=155t0215V,AVec=3.3+0.3V, Ta=-20to 75°C

Item Min Typ Max Unit
Resolution 10 10 10 bits
Conversion time 15 — — us
Analog input capacitance — — 20 pF
Permissible signal-source (single- — — 5 kQ
source) impedance

Nonlinearity error — — +3.0 LSB
Offset error — — 2.0 LSB
Full-scale error — — 2.0 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — 4.0 LSB

23.5 D/A Converter Characteristics
Table 23.11 lists the D/A converter characteristics.

Table 23.11 D/A Converter Characteristics

VeeQ=33+0.3V,Veec=155t0215V,AVec=3.3+0.3V, Ta=-20to 75°C

Item Min Typ Max Unit Test Conditions

Resolution 8 8 8 bits

Conversion time — — 10.0 us 20-pF capacitive
load

Absolute accuracy — +2.5 +4.0 LSB 2-MQ resistance
load
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Appendix A Pin Functions

A.l Pin States
Table A.1 shows pin states during resets, power-down states, and the bus-released state.

TableA.1 Pin Statesduring Resets, Power-Down States, and Bus-Released State

Reset Power-Down B
Category Pin Power-On | Manual | o | o o Rele:;ed
Reset Reset y P
Clock EXTAL | | | | |
XTAL o*! o*! o*! o*! o*!
CKIO 10** 10** 10** 10** 10**
EXTAL2 [ [ [ [ [
XTAL2 o} o} o} o} o}
CAP1, CAP2 — — — — —
System control |RESETP | I I I I
RESETM [ | | | |
BREQ | [ [ [ [
BACK o} o} o} o} L
MDI[5:0] | | | | |
CA [ | | | |
STATUS[1:0]/PTJ[7:6] o} op*? op*? op*? op*?
Interrupt IRQ[3:0)/IRL[3:0]/ Vel | | | |
PTHI[3:0]
IRQ[4]/ PTH[4] v*7 [ [ [ [
NMI [ | | | |
IRLS[3:0//PTF[3:0)/ v [ 1Z [ [
PINT[11:8]
MCS[7:0)/PTC[7:0]/ v OP*? |zZH*'°K*2| oOP*? ZP*?
PINT[7:0]
TCK/PTF[4]/PINT[12] \Y; | 1Z | |
TDI/PTF[5)/PINT[13] \Y; | 1Z [ [
TMS/PTF[6]/PINT[14] \Y; | 1Z | |
TRST/PTF[7)/PINT[15] \Y] [ 1Z [ [
IRQOUT o} o} o} o} o}
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Reset Power-Down B
Category Pin Power-On | Manual | o | o o Rele:;ed
Reset Reset y P
Address bus  |A[25:0] o} zZL*? o} Z
Data bus D[15:0] z I z 10 z
D[23:16)/PTA[7:0] z IP*? ZK*? lIoP*?2 ZP*?
D[31:24])/PTB[7:0] z Ip*? ZK*? loP*? ZP*?
Bus control CS0/MCS0 H o} ZH*O o} Z
CS[2:4]/PTK[0:2] H OP*? |ZH*¥K*?| oP*? zZp*?
CS5/CETA/PTKI[3] H OP*? | zZH*°Kk*?| oP*? ZP*?
CS6/CE1B H o} ZH*O o} z
BS/PTK[4] H OP*? | ZH*°K*?| opP*? ZP*?
RAS3L/PTJ[0] H opP*? | zok** | opP*? | zop*?
RAS3U/PTE[2] v opP*? | zok*® | op** | zop*®
CASL/PTJ[2] H opP*? | zok*®* | opP*? | zop*?
CASU/PTJ[3] H opP*? | zok*® | op** | zop*?
WEO/DQMLL H o} ZH*O o} Z
WE1/DQMLU/WE H o} ZH* o} z
WE2/DQMUL/ICIORD/ H OP*? |zZH*°K*?| oP*? ZP*?
PTKI6]
WE3/DQMUU/ICIOWR/ H OP*? |zZH*°K*?| oP*? zZp*?
PTK[7]
RD/WR H o) ZH* o) z
RD H o} ZH*O o} z
CKE/PTK[5] H op*? OK*? op*? op*?
WAIT z | z | z
DMAC DREQO/PTD[4] v zI*® z | |
DACKO/PTDI[5] v OoP*? ZK*? op*? op*?
DRAKO/PTD[1] v OP*? |zZH*°K*?| oP*? op*?
DREQ1/PTDI[6] v z1*® z [ [
DACK1/PTD[7] v op*? ZK*? op*? op*?
DRAK1/PTDI[0] v OP*? |zZH*°K*?| oP*? op*?
Timer TCLK/PTH[7] v zZP loP** | 10P** | 10P**
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Reset Power-Down
Category Pin Power-On | Manual Standby | Sleep Re:ael:;ed
Reset Reset
SCl/Smart card |RxDO/SCPT[0] z zI*® Z 1z*° 1z*°
without FIFO 3, 50/5cPT]0] z 70" | z*? | oz | oz
SCKO/SCPT[1] Y, ZP*? ZK*? IoP* | 10P**
SCIF/IrDA RXD1/SCPT[2] z zI*® z 1z*° 1z*°
with FIFO TXD1/SCPT[2] z z0* | zk*? | 0z** | oz*®
SCK1/SCPT[3] v ZP*? ZK*? loP** | 10P**
SCIF with FIFO |RxD2/SCPT[4] Z zI*® Z 1z*° 1z*°
TXD2/SCPT[4] z ZO*® ZK*? 0z*® 0z*®
SCK2/SCPT[5] v ZP*? ZK*? loP** | 10P**
RTS2/SCPTI6] Y, op*? ZK*? op*? op*?
CTS2/IRQ5/SCPT[7] VAl z1*® [ [ [
Port AUDSYNC/PTE[7] oV op*? OK*? op*? op*?
CE2B/PTE[5] v OP*? | ZH*°K*?| opP*? ZP*?
CE2A/PTE[4] v OP*? | zZH*°Kk*?| opP*? ZP*?
TDO/PTE[0] oV op*? OK*? op*? op*?
IOIS16/PTG[7] \Y | z | |
PTG[5:0] Y% | z | |
AUDCK/PHTI[6] % | z | |
ADTRG/PTHI[5] VAl | 1Z [ [
WAKEUP/PTD[3] v op*? OK*? op*? ZP*?
RESETOUT/PTD[2] o} op*? ZK*? op*? op*?
AUDATA[3:0)/PTG[3:0] ov OK OK OK OK
CKIO2/PTG[4] % ol oz ol ol
ASEBRKAK/PTG[5] ov ol 0oz ol ol
ASEMDO/PTG[6] I | z | |
PTJI[1] H oP*? | zok*® | op** | zop*?
PTE[1] v opP*? | zok*®* | oP*? | zop*?
PTE[6] v oP*? | zok*® | op** | zop*?
PTE[3] v opP*? | zok** | opP*? | zop*?
PTJ[4] H oP*? | zok* | opP** | zop*®
PTJ[5] H opP*? | zok** | oP*? | zop*?

Rev. 5.00, 09/03, page 717 of 760
RENESAS




Reset Power-Down
Category Pin Power-On | Manual Bus
Reset Reset | Standby | Sleep Released
Analog AN[5:0])/PTL[5:0] z zI*® z I I
AN[6:7)/DA[1:0)/PTL[6:7] z z1*° oz** 10*® 10*®

I: Input
O: Output
H: High-level output
L: Low-level output
Z: High impedance
P: Input or output depending on register setting
K: Input pin is high impedance, output pin holds its state
V: 1/O buffer off, pull-up MOS on
Notes: 1. Depending on the clock mode (MD2—-MDO setting).

2. Kor P when the port function is used.

3. Kor P when the port function is used. Z or O when the port function is not used

depending on register setting.
4. K or P when the port function is used. | or O when the port function is not used
depending on register setting.

5. Depending on register setting.

6. | or O when the port function is used.

7. Input Schmitt buffers of IRQ[5.0] and ADTRG on; other input buffers off.

8. O when DA output is enabled; otherwise | depending on register setting.

9. In standby mode, Z or L depending on register setting.

10. In standby mode, Z or H depending on register setting.
11.0 when DA output is enabled; Z otherwise.
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A.2

Pin Specifications

Table A.2 shows the pin specifications.

TableA.2 Pin Specifications

Pin No. Pin No
Pin (FP-208C, (BP-240A) 110 Function
FP-208E)

MD5 197 C6 I Operating mode pin (endian mode)

MD4, MD3 196, 195 D6, A7 | Operating mode pin (area 0 bus
width)

MD2 to MDO 2,1,144 C2,D2,G19 | Operating mode pin (clock mode)

RAS3L/PTJ[0] 106 u1s /0 |RAS (SDRAM) / I/O port

PTJ[1] 107 u19 /0 |I/O port

CE2A/PTE[4] 103 V17 /O |PCMCIA CE2A/1/O port

CE2B/PTE[5] 104 V16 /O |PCMCIA CE2B /1/O port

RXDO/SCPT[0] 171 B13 | Serial port 0 data input / input port

RXD1/SCPT[2] 172 C13 | Serial port 1 data input / input port

RXD2/SCPT[4] 174 B12 | Serial port 2 data input / input port

TXDO/SCPTIO0] 164 C15 (0] Serial port 0 data output / output port

TXD1/SCPT[2] 166 Al4 (0] Serial port 1 data output / output port

TXD2/SCPTI[4] 168 Cl4 (0] Serial port 2 data output / output port

SCKO/SCPT[1] 165 D15 I/O  |Serial port O clock input/output / /10O
port

SCK1/SCPT[3] 167 B14 I/O  |Serial port 1 clock input/output / 110
port

SCK2/SCPT[5] 169 D14 I/O |Serial port 2 clock input/output / /10O
port

RTS2/SCPT[6] 170 Al13 /0 |Serial port 2 transfer request / 110
port

STATUS1/PTJ[7] |158 B17 110 Processor state / 1/0 port

STATUSO/PTJ[6] |157 B16 110 Processor state / 1/0 port

RENESAS
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Pin No.

Pin No.

Pin (FP-208C, 110 Function
FP-208E) (BP-240A)
A25to AO 86, 84, 82, 80, V12, T12, (0] Address bus
78to 72,70, |V11, W10,
68 to 60, 58, |V10, U9, T9,
56 to 53 V9, W9, T8,
us, ws, U7,
V7, W7, T6,
U6, V6, W6,
T5, U5, W5,
W4, V5, V3,
V4
D31 to D24/ 13t0 18, 20, |F4,G1, G2, /O  |Data bus/ 1/O port
PTB([7] to PTB[0] |22 G3, G4, H1,
H3, J1
D23 to D16/ 23t0 26, 28, |J2,J4,J3, K2, /O |Data bus/1/O port
PTA[7] to PTA[0] |30 to 32 K1, L2, L1, M4
D15 to DO 34,36t044, |M2, N4, N3, /O |Data bus
46,48t052 |N2, N1, P4,
P3, P2, P1,
R4, T4, T3,
T1, R2, U2,T2
MCSJ[7:0)/ 177 to B11, D11, I/O  |Mask ROM chip select / I/O port /
PTC[7:0)/ 180,185 to C11, B10, D9, port interrupt request
PINT[7:0] 188 B9, A9, D8
WAKEUP/PTD[3] (182 D10 /10 |Wakeup / I/O port
RESETOUT/ 184 C9 /0 |Reset output / I/O port
PTD[2]
DRAKO/PTD[1] 189 C8 I/0 DMA control pin / 1/O port
DRAK1/PTD[0] 190 B8 Ie] DMA control pin / 1/O port
DREQO/PTD[4] |191 A8 | DMA transfer request 0 / input port
DREQ1/PTD[6] |192 D7 | DMA transfer request 1 / input port
ANI[5:0])/PTL[5:0] |204 to 199 C4, A5, D4, I Analog input pin / input port
C5, D5, A6
AN[7:6]/DA[1:0])/ |207, 206 B3, B5 1/0  |Analog I/O pin / input port
PTL[7:6]
CS6/CE1B 102 V15 (0] Chip select 6 / PCMCIA CE1B
CS5/CE1A/ 101 W16 /O |Chip select 5/ PCMCIA CE2B / 1/O
PTK]3] port
CS4/PTK[2] 100 ui6 I/O  |Chip select 4/ 1/O port
CS3/PTK[1] 99 w15 I/0  |Chip select 3/ 1/0 port
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Pin No. Pin No
Pin (FP-208C, (BP-24OA) 110 Function
FP-208E)

CS2/PTK|0] 98 T16 /0 |Chip select 2/ 1/0 port

CS0/MCSO0 96 T15 (0] Chip select 0 / Mask ROM chip
select 0

BS/PTK[4] 87 w12 I/0  |Bus cycle start / 1/O port

PTJ[5] 113 R17 /O |I/O port

PTJ[4] 112 u17 /O |I/O port

CASU/PTJ[3] 110 T17 /O |CAS(SDRAM) /I/O port

CASL/PTI[2] 108 R18 /O |CAS(SDRAM)/I/O port

DACKO/PTD[5] 114 R16 110 DMA transfer strobe 0/ 1/O port

DACK1/PTD[7] 115 P19 /0 DMA transfer strobe 1/ 1/O port

RD 88 T13 O |Read strobe pin

WEO/ DQMLL 89 u13 (0] D7-DO select signal/ DQM(SDRAM)

WE1/DQMLU/WE |90 V13 O |D15-D8 select signal /
DQM(SDRAM)/ PCMCIA
WE signal

WE2/DQMUL/ 91 w13 1/0 D23-D16 select signal /

ICIORD/PTKI6] DQM(SDRAM) / PCMCIA IORD
signal / 1/0 port

WES3/DQMUU/ 92 T14 110 D31-D24 select signal

ICIOWR/PTK]7] /DQM(SDRAM) / PCMCIA IOWR
signal / 1/0 port

RD/WR 93 u14 O  |Read/write select signal

AUDSYNC/ 94 V14 I/0  |AUD synchronous I/O port

PTE[7]

PTE[6] 116 P18 I/O0  |I/O port

PTE[3] 117 P17 1/O  |I/O port

RAS3U/PTE[2] 118 P16 /O |RAS(SDRAM)/I/O port

PTE[1] 119 N19 1/O  |I/O port

TDO/PTE[Q] 120 N18 /0 |Test data output I/O port

RESETM 124 M18 I Manual reset input

ADTRG/PTH[5] [125 M17 I ADC trigger request / Input port

I0IS16/PTG[7] 126 M16 I I/O for PC card / input port

ASMDO/PTG[6] |127 L19 I ASE mode / input port

ASEBRKAK/ 128 L18 I ASE break accept / input port

PTG[5]

RENESAS
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Pin No. Pin No
Pin (FP-208C, (BP-24OA) 110 Function

FP-208E)
CKIO2/PTG[4] 129 L16 /0 | System clock output / input port
AUDATA[3]/ 130 L17 I AUD data / input port
PTG[3]
AUDATA[2)/ 131 K18 AUD data / input port
PTG[2]
AUDATA[1)/ 133 K19 AUD data / input port
PTG[1]
AUDATA[0)/ 135 J18 AUD data / input port
PTG[O]
TRST/PTF[7]/ 136 J19 Test reset / input port / port interrupt
PINT[15] request
TMS/PTF[6]/ 137 H16 Test mode switch / input port / port
PINT[14] interrupt request
TDI/PTF[5)/ 138 H17 Test data input / input port / port
PINT[13] interrupt request
TCK/PTF[4]/ 139 H18 Test clock / input port / port interrupt
PINT[12] request
IRLS[3:0)/ 140 to 143 H19, G186, External interrupt request / input port
PTF[3:0)/ G17, G18 / port interrupt request
PINT[11:8]
AUDCK/PTH[6] |[151 D16 | AUD clock / input port
WAIT 123 M19 I Hardware wait request
BREQ 122 N16 I Bus request
BACK 121 N17 (0] Bus acknowledge
IRQOUT 160 Al16 (0] Interrupt / refresh request output
RESETP 193 C7 I Power-on reset input
NMI 7 C3 I Nonmaskable interrupt request
IRQ[3:0)/IRL[3:0)/ [11t0 8 F2, F1, E4, E3 I External interrupt request / external
PTH[3:0] interrupt source / input port
IRQ4/PTHI[4] 12 F3 | External interrupt request / input port
CTS2/IRQ5/ 176 All I Serial port 2 transfer enable /
SCPT[7] external interrupt request / input port
TCLK/PTH[7] 159 B15 /O |Clock I/O (for TMU/RTC) / 1/O port
EXTAL 156 D18 | External clock / crystal oscillator pin
XTAL 155 C18 (0] Crystal oscillator pin
CAP1 146 F17 — External capacitance pin (for PLL1)
CAP2 149 E16 — External capacitance pin (for PLL2)
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Pin No. Pin No
Pin (FP-208C, (BP-24OA) 110 Function
FP-208E)
CKIO 162 Al5 /O  |System clock I/O
XTAL2 4 D1 (0] Crystal oscillator pin (for on-chip
RTC)
EXTAL2 5 D3 | Crystal oscillator pin (for on-chip
RTC)
CKE/PTKI5] 105 T18 I/O  |CK enable for SDRAM / I/O port
CA 194 B7 I Setting hardware standby pin
VeeQ 21, 35, 47, 59, |H4, M1, R1, Power |Power supply (3.3 V)
71, 85, 97, U3, V8, U15, supply
111, R19, C17,
163, 183 A10, U12
Vcc—RTC 3 E2 Power |RTC oscillator power supply
supply [(2.0/1.9/1.8/1.7 V)
Vee—PLL1 145 F16, Power |PLL power supply (2.0/1.9/1.8/1.7 V)
Vec—PLL2 150 E17 supply
AVcc 205 A4 Power |Analog power supply (3.3 V)
supply
VssQ 19, 33, 45, 57, |H2, M3, R3, Power |Power supply (0 V)
69, 83, 95, T7,U4, W11, | supply
109, W14, T19,
161, 181 C16, C10
Vee 29, 81, 134, L3, L4, U11, Power |Internal power supply
154, 175 T11,J17,J16, | supply |(2.0/1.9/1.8/1.7 V)
E18, C19,
C12, D12
Vss 27,79, 132, K3, K4, U10, Power |Internal power supply (0 V)
152, 153,173 |T10, K17, supply
K16, E19,
D17, D19,
Al12, D13
Vss—RTC 6 El Power |RTC-oscillator power supply (0 V)
supply
Vss—PLL1 147 F18 Power [PLL power supply (0 V)
Vss—PLL2 148 F19 supply
AVss 198, 208 B6, B4 Power |Analog power supply (0 V)
supply
Note: Except in hardware standby mode, power must be supplied constantly to all power supply

pins. In hardware standby mode, power must be supplied to Vcc-RTC and Vss-RTC at
least.
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A3 Treatment of Unused Pins

« When RTCisnot used
0 EXTAL2: Pull up (2.0/1.9/1.8/1.7 V)
0 XTAL2: Leave unconnected
O Vcec—RTC:  Power supply (2.0/1.9/1.8/1.7 V)
0 VsRTC:  Power supply (0V)
* WhenPLL2isnot used
0 CAP2 Leave unconnected
0 VecPLL2: Power supply (2.0/1.9/1.8/1.7 V)
0 VssPLL2: Power supply (0V)
e When on-chip crystal oscillator is not used
0 XTAL: Leave unconnected
When EXTAL pinisnot used
0 EXTAL: Pull up (3.3V)
*  When A/D converter is not used
O AN[7:0]: L eave unconnected
0 AVce Power supply (3.3V)
0 AV Power supply (0 V)
e When UDI isnot used
0 ASEMDO: Pull up (3.3V)
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A4

TableA.3 Pin States(Ordinary Memory/Little Endian)

Pin Statesin Accessto Each Address Space

Pin 8-Bit Bus Width 16-Bit Bus Width
Byte/Word/Long- Byte Access Byte Access Word/Longword
word Access (Address 2n) (Address 2n + 1) Access

CS6to CS2, CSO Enabled Enabled Enabled Enabled
RD R |Low Low Low Low

W [High High High High
RD/WR R |High High High High

W |Low Low Low Low
BS Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High
RAS3L/PTJ[0] High High High High
CASL/PTI[2] High High High High
CASUIPTJ[3] High High High High
WEO/DQMLL R |High High High High

W |Low Low High Low
WE1/DQMLU/WE R |High High High High

W [High High Low Low
WE2/DQMUL/ R |High High High High
ICIORD/PTKI6] W |High High High High
WES3/DQMUU/ R |High High High High
ICIOWR/PTK[7] W |High High High High
CE2A/PTE[4] High High High High
CE2B/PTE[5] High High High High
CKE/PTK][5] Disabled Disabled Disabled Disabled
WAIT Enabled*! Enabled*? Enabled*? Enabled*?
10IS16/PTGJ[7] Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address
D7 to DO Valid data Valid data Invalid data Valid data
D15 to D8 High-z*2 Invalid data Valid data Valid data
D31 to D16 High-z*? High-z*2 High-z*2 High-z*2
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32-Bit Bus Width

Byte Byte Byte Byte Word Word
Pin Access | Access | Access | Access | Access | Access |Longword
(Address | (Address | (Address | (Address | (Address | (Address | Access
4n) 4n +1) 4n +2) 4n + 3) 4n) 4an +2)
CS6to CS2, CSO Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RD R |Low Low Low Low Low Low Low
W |High High High High High High High
RD/WR R |High High High High High High High
W |Low Low Low Low Low Low Low
BS Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RAS3U/PTE[2] High High High High High High High
RAS3L/PTJ[0] High High High High High High High
CASL/PTI[2] High High High High High High High
CASU/PTJ[3] High High High High High High High
WEO/DQMLL R [High High High High High High High
W |Low High High High Low High Low
WE1/DQMLU/WE R |High High High High High High High
W [High Low High High Low High Low
WE2/DQMUL/ R [High High High High High High High
ICIORD/PTKI6] W |High High Low High High Low Low
WE3/DQMUU/ R [High High High High High High High
ICIOWR/PTK[7] W |High High High Low High Low Low
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
CKE/PTK][5] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
WAIT Enabled*! |Enabled*! |Enabled*! |Enabled*! |Enabled*! |Enabled*! |Enabled*!
IOIS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address |Address |Address |Address |Address |Address |Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up.
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TableA.4 Pin States(Ordinary Memory/Big Endian)

8-Bit Bus Width

16-Bit Bus Width

Pin Byte/Word/Long- Byte Access Byte Access Word/Longword
word Access (Address 2n) (Address 2n + 1) Access

CS6to CS2, CSO Enabled Enabled Enabled Enabled
RD R [Low Low Low Low

W |High High High High
RD/WR R |High High High High

W |Low Low Low Low
BS Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High
RAS3L/PTJ[0] High High High High
CASL/PTI[2] High High High High
CASUIPTJ[3] High High High High
WEO/DQMLL R |High High High High

W |Low High Low Low
WE1/DQMLU/WE R |High High High High

W |High Low High Low
WE2/DQMUL/ R |High High High High
ICIORD/PTKIE] W | High High High High
WES3/DQMUU/ R |High High High High
ICIOWR/PTK(7] W | High High High High
CE2A/PTE[4] High High High High
CE2B/PTE[5] High High High High
CKE/PTK][5] Disabled Disabled Disabled Disabled
WAIT Enabled*! Enabled*? Enabled*? Enabled*?
10IS16/PTGJ[7] Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address
D7 to DO Valid data Invalid data Valid data Valid data
D15 to D8 High-z*2 Valid data Invalid data Valid data
D31 to D16 High-z*2 High-Z*2 High-Z*2 High-Z*2
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32-Bit Bus Width

Byte Byte Byte Byte Word Word
Pin Access | Access | Access | Access | Access | Access |Longword
(Address | (Address | (Address | (Address | (Address | (Address | Access
4n) 4n +1) 4n +2) 4n + 3) 4n) 4an +2)
CS6to CS2, CSO Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RD R |Low Low Low Low Low Low Low
W |High High High High High High High
RD/WR R |High High High High High High High
W |Low Low Low Low Low Low Low
BS Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RAS3U/PTE[2] High High High High High High High
RAS3L/PTJ[0] High High High High High High High
CASL/PTI[2] High High High High High High High
CASU/PTJ[3] High High High High High High High
WEO/DQMLL R [High High High High High High High
W |High High High Low High Low Low
WE1/DQMLU/WE R |High High High High High High High
W [High High Low High High Low Low
WE2/DQMUL/ R [High High High High High High High
ICIORD/PTKI6] W |High Low High High Low High Low
WE3/DQMUU/ R [High High High High High High High
ICIOWR/PTK[7] W |Low High High High Low High Low
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
CKE/PTK][5] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
WAIT Enabled*! |Enabled*! |Enabled*! |Enabled*! |Enabled*! |Enabled*! |Enabled*!
IOIS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address |Address |Address |Address |Address |Address |Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
D15 to D8 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D23 to D16 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D31 to D24 Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up.
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Table A5 Pin States(Burst ROM/Little Endian)

8-Bit Bus Width

16-Bit Bus Width

Pin Byte/Word/Long- Byte Access Byte Access Word/Longword
word Access (Address 2n) (Address 2n + 1) Access

CS6to CS2, CSO Enabled Enabled Enabled Enabled
RD R [Low Low Low Low

W |[— R R R
RD/WR R |High High High High

W |[— R R R
BS Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High
RAS3L/PTJ[0] High High High High
CASL/PTI[2] High High High High
CASUIPTJ[3] High High High High
WEO/DQMLL R |High High High High

W |— — — —
WE1/DQMLU/WE R |High High High High

W |[— R R R
WE2/DQMUL/ R |High High High High
ICIORD/PTK]6] W — _ _ —
WES3/DQMUU/ R |High High High High
ICIOWR/PTK]7] W — — — —
CE2A/PTE[4] High High High High
CE2B/PTE[5] High High High High
CKE/PTK][5] Disabled Disabled Disabled Disabled
WAIT Enabled*! Enabled*? Enabled*? Enabled*?
10IS16/PTGJ[7] Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address
D7 to DO Valid data Valid data Invalid data Valid data
D15 to D8 High-z*2 Invalid data Valid data Valid data
D31 to D16 High-z*2 High-Z*2 High-Z*2 High-Z*2
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32-Bit Bus Width

) Byte Byte Byte Byte Word Word
Pin Access | Access | Access | Access | Access | Access |Longword
(Address | (Address | (Address | (Address | (Address | (Address | Access
4n) 4n +1) 4n +2) 4n + 3) 4n) 4an +2)
CS6 to CS2, CSO Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RD R |Low Low Low Low Low Low Low
W |[— — J— J— J— — —
RD/WR R |High High High High High High High
W |— — J— J— J— J— J—
BS Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RAS3U/PTE[2] High High High High High High High
RASS3L/PTJ[0] High High High High High High High
CASL/PTI[2] High High High High High High High
CASU/PTJ[3] High High High High High High High
WEO/DQMLL R [High High High High High High High
W |[— — J— J— J— — —
WE1/DQMLU/WE R |High High High High High High High
W |— — J— J— J— — —
WE2/DQMUL/ R [High High High High High High High
ICIORD/PTK]6] W | — — - - - — —
WE3/DQMUU/ R [High High High High High High High
ICIOWR/PTK][7] W — . _ _ _ . .
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
CKE/PTK][5] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
WAIT Enabled*! |Enabled*! |Enabled*! | Enabled*! |Enabled*! |Enabled*! | Enabled*!
10IS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address |Address |Address |Address |Address |Address |Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D31to D24 Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up.
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TableA.6 Pin States (Burst ROM/Big Endian)

8-Bit Bus Width

16-Bit Bus Width

Pin Byte/Word/Long- Byte Access Byte Access Word/Longword
word Access (Address 2n) (Address 2n + 1) Access

CS6to CS2, CSO Enabled Enabled Enabled Enabled
RD R [Low Low Low Low

W |[— R R R
RD/WR R |High High High High

W |[— R R R
BS Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High
RAS3L/PTJ[0] High High High High
CASL/PTI[2] High High High High
CASUIPTJ[3] High High High High
WEO/DQMLL R |High High High High

W |— — — —
WE1/DQMLU/WE R |High High High High

W |[— R R R
WE2/DQMUL/ R |High High High High
ICIORD/PTK]6] W — _ _ —
WES3/DQMUU/ R |High High High High
ICIOWR/PTK]7] W — — — —
CE2A/PTE[4] High High High High
CE2B/PTE[5] High High High High
CKE/PTK][5] Disabled Disabled Disabled Disabled
WAIT Enabled*! Enabled*? Enabled*? Enabled*?
10IS16/PTGJ[7] Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address
D7 to DO Valid data Invalid data Valid data Valid data
D15 to D8 High-z*2 Valid data Invalid data Valid data
D31 to D16 High-z*2 High-Z*2 High-Z*2 High-Z*2
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32-Bit Bus Width

) Byte Byte Byte Byte Word Word
Pin Access | Access | Access | Access | Access | Access |Longword
(Address | (Address | (Address | (Address | (Address | (Address | Access
4n) 4n +1) 4n +2) 4n + 3) 4n) 4an +2)
CS6 to CS2, CSO Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RD R |Low Low Low Low Low Low Low
W |[— — J— J— J— — —
RD/WR R |High High High High High High High
W |— — J— J— J— J— J—
BS Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RAS3U/PTE[2] High High High High High High High
RASS3L/PTJ[0] High High High High High High High
CASL/PTI[2] High High High High High High High
CASU/PTJ[3] High High High High High High High
WEO/DQMLL R [High High High High High High High
W |[— — J— J— J— — —
WE1/DQMLU/WE R |High High High High High High High
W |— — J— J— J— — —
WE2/DQMUL/ R [High High High High High High High
ICIORD/PTK]6] W | — — - - - — —
WE3/DQMUU/ R [High High High High High High High
ICIOWR/PTK][7] W — . _ _ _ . .
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
CKE/PTK][5] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
WAIT Enabled*! |Enabled*! |Enabled*! | Enabled*! |Enabled*! |Enabled*! | Enabled*!
10IS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address |Address |Address |Address |Address |Address |Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
D15 to D8 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D23 to D16 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D31to D24 Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up.
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Table A.7 Pin States (Synchronous DRAM/L ittle Endian)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Pin Access Access Access Access Access Access |Longword
(Address | (Address | (Address | (Address | (Address | (Address | Access
4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2)
CS6to CS2, CSO Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RD R |High High High High High High High
W |High High High High High High High
RD/WR R |High High High High High High High
W |Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High/Low*? | High/Low** | High/Low** | High/Low** | High/Low** | High/Low"* | High/Low**
RAS3L/PTJ[0] Low/High*? | Low/High** | Low/High** | Low/High** | Low/High** | Low/High** | Low/High**
CASL/IPTI[2] Low Low Low Low Low Low Low
CASUIPTJ[3] High High High High High High High
WEO/DQMLL R |Low High High High Low High Low
W |Low High High High Low High Low
WE1/DQMLU/WE | R |High Low High High Low High Low
W |High Low High High Low High Low
WE2/DQMUL/ R [High High Low High High Low Low
ICIORD/PTKI6] W |High High Low High High Low Low
WES3/DQMUU/ R |High High High Low High Low Low
ICIOWR/PTK[7] W | High High High Low High Low Low
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
CKE/PTK][5] High*? High*? High*? High*? High*? High*? High*?
WAIT Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
10IS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address Address Address Address Address Address Address
command [command |[command |[command |[command |command |command
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data

Notes: 1. Lower 32-MB access/ Upper 32-MB access/64-MB access
2. Normally high. Low in self-refreshing.
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Table A.8 Pin States (Synchronous DRAM/Big Endian)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Pin Access Access Access Access Access Access |Longword
(Address | (Address | (Address | (Address | (Address | (Address |Access
4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2)
CS6to CS2, CSO Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RD R |High High High High High High High
W |High High High High High High High
RD/WR R |High High High High High High High
W |Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High/Low*? | High/Low** | High/Low** | High/Low** | High/Low** | High/Low"* | High/Low**
RAS3L/PTJ[0] Low/High*? | Low/High** | Low/High** | Low/High** | Low/High** | Low/High** | Low/High**
CASL/IPTI[2] Low Low Low Low Low Low Low
CASUIPTJ[3] High High High High High High High
WEO/DQMLL R |High High High Low High Low Low
W |High High High Low High Low Low
WE1/DQMLU/WE | R |High High Low High High Low Low
W |High High Low High High Low Low
WE2/DQMUL/ R |High Low High High Low High Low
ICIORD/PTKI6] W |High Low High High Low High Low
WES3/DQMUU/ R |Low High High High Low High Low
ICIOWR/PTK[7] W |Low High High High Low High Low
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
CKE/PTK][5] High*? High*? High*? High*? High*? High*? High*?
WAIT Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
10IS16/PTGJ[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address Address Address Address Address Address Address
command [command |[command |[command |[command |command |command
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
D15 to D8 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D23 to D16 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D31 to D24 Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data

Notes: 1. Lower 32-MB access/ Upper 32-MB access/64-MB access
2. Normally high. Low in self-refreshing.
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TableA.9 Pin States(PCMCIA/Little Endian)

PCMCIA Memory Interface (Area 5)

PCMCIA/IO Interface (Area 5)

8’5\/': d?hus 16-Bit Bus Width 8’5\/': d?hus 16-Bit Bus Width
i Byte/ Byte Byte Byte/ Byte Byte
oin W)c/)rd/ Acg’ess Acé/ess \Iivoonrg-/ W)c/)rd/ Acé/ess Acé/ess \Ii\i)onrg-/
Long- (Ad- (Ad- Long- (Ad- (Ad-
word dress dress Avc\:lc?ergs word Ac dress dress Avggergs
Access 2n) 2n +1) cess 2n) 2n +1)
CS6to CS2, CSO Enabled |Enabled |High Enabled |Enabled |Enabled |High Enabled
RD R |Low Low Low Low High High High High
W |High High High High High High High High
RD/WR R [High High High High High High High High
W [Low Low Low Low Low Low Low Low
BS Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RAS3U/PTE[2] High High High High High High High High
RAS3L/PTJ[0] High High High High High High High High
CASL/PTI[2] High High High High High High High High
CASU/PTJ[3] High High High High High High High High
WEO/DQMLL R [High High High High High High High High
W |High High High High High High High High
WE1/DQMLU/WE | R |[High High High High High High High High
W |Low Low Low Low High High High High
WE2/DQMUL/ R [High High High High Low Low Low Low
ICIORD/PTKIB] | w [High High High High High High High High
WE3/DQMUU/ R [High High High High High High High High
ICIOWR/PTK[7] W |High High High High Low Low Low Low
CE2A/PTE[4] High High Low Low High High Low Low
CE2B/PTE[5] High High High High High High High High
CKE/PTK][5] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
WAIT Enabled*!|Enabled*! |[Enabled*!|Enabled*!|Enabled*! |Enabled*!|Enabled*! Enabled*!
IOIS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |[Enabled |Enabled
A25 to AO Address |Address |Address |Address |Address |Address |Address |Address
D7 to DO Valid Valid Invalid Valid Valid Valid Invalid Valid
data data data data data data data data
D15 to D8 High-Z*? |Invalid  |Valid Valid High-Z*? |Invalid  |Valid Valid
data data data data data data
D31 to D16 High-Z*? |High-Z*2 |High-2*? |High-Z*? |High-Z*2 |High-Z*? |High-Z*? |High-Z*2
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PCMCIA Memory Interface (Area 6)

PCMCIA/IO Interface (Area 6)

8-Bit 8-Bit
Bus 16-Bit Bus Width Bus 16-Bit Bus Width
Width Width
Pin
V?/)cl)trilll Agé/g;s AS gfeis \Iivoonrg-/ V?/)cl)trilll Agé/g;s AS gfeis \Iivoonrg-/
Long- (Ad- (Ad- word Long- (Ad- (Ad- word
word dress dress Access word dress dress Access
Access 2n) 2n +1) Access 2n) 2n+1)
CS6to CS2, CSO Enabled |Enabled |High Enabled |Enabled |Enabled |High Enabled
RD R |Low Low Low Low High High High High
W [High High High High High High High High
RD/WR R |High High High High High High High High
W |Low Low Low Low Low Low Low Low
BS Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RAS3U/PTE[2] High High High High High High High High
RAS3L/PTJ[0] High High High High High High High High
CASL/PTI[2] High High High High High High High High
CASU/PTJ[3] High High High High High High High High
WEO/DQMLL R [High High High High High High High High
W |High High High High High High High High
WE1/DQMLU/WE | R |[High High High High High High High High
W |Low Low Low Low High High High High
WE2/DQMUL/ R [High High High High Low Low Low Low
ICIORD/PTKI6] | w [High High High High High High High High
WE3/DQMUU/ R |High High High High High High High High
ICIOWR/PTK[7] W |High High High High Low Low Low Low
CE2A/PTE[4] High High High High High High High High
CE2B/PTE[5] High High Low Low High High Low Low
CKE/PTK]5] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
WAIT Enabled*! |Enabled*! |Enabled*!|Enabled*! |Enabled*!|Enabled*! |Enabled*! |Enabled**
IOIS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Enabled |Enabled
A25 to AO Address |Address |Address |Address |Address |Address |Address |Address
D7 to DO Valid Valid Invalid Valid Valid Valid Invalid Valid
data data data data data data data data
D15 to D8 High-Z*2 |Invalid Valid Valid High-Z*2 |Invalid Valid Valid
data data data data data data
D31 to D16 High-Z*? |High-z*2 |High-2*? |High-Z*? |High-Z*2 |High-Z*? |High-Z*? |High-Z*2

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up.
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Table A.10 Pin States (PCMCIA/Big Endian)

PCMCIA Memory Interface (Area 5)

PCMCIA 1/O Interface (Area 5)

8’5\/': d?hus 16-Bit Bus Width 8’5\/': d?hus 16-Bit Bus Width
i Byte/ Byte Byte Byte/ Byte Byte
oin W)c/)rd/ Acg’ess Acé/ess \Iivoonrg-/ W)c/)rd/ Acé/ess Acé/ess \Ii\i)onrg-/
Long- (Ad- (Ad- Long- (Ad- (Ad-
word dress dress Avc\:lc?ergs word dress dress Avggergs
Access 2n) 2n +1) Access 2n) 2n +1)
CS6to CS2, CSO Enabled |Enabled |High Enabled |Enabled |Enabled |High Enabled
RD R |Low Low Low Low High High High High
W |High High High High High High High High
RD/WR R [High High High High High High High High
W [Low Low Low Low Low Low Low Low
BS Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RAS3U/PTE[2] High High High High High High High High
RAS3L/PTJ[0] High High High High High High High High
CASL/PTI[2] High High High High High High High High
CASU/PTJ[3] High High High High High High High High
WEO/DQMLL R [High High High High High High High High
W |High High High High High High High High
WE1/DQMLU/WE | R |[High High High High High High High High
W |Low Low Low Low High High High High
WE2/DQMUL/ R [High High High High Low Low Low Low
ICIORD/PTKIB] | w [High High High High High High High High
WE3/DQMUU/ R [High High High High High High High High
ICIOWR/PTK[7] W |High High High High Low Low Low Low
CE2A/PTE[4] High High Low Low High High Low Low
CE2B/PTE[5] High High High High High High High High
CKE/PTK][5] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
WAIT Enabled*!|Enabled*! |Enabled*!|Enabled*!|Enabled*! |Enabled*!|Enabled*! Enabled*!
IOIS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address |Address |Address |Address |Address |Address |Address |Address
D7 to DO Valid Invalid Valid Valid Valid Invalid Valid Valid
data data data data data data data data
D15 to D8 High-Zz*? |Valid data|Invalid  |Valid High-z*? |Valid Invalid |Valid
data data data data data
D31 to D16 High-Z*? |High-Z*2 |High-2*? |High-Z*? |High-Z*2 |High-Z*? |High-Z*? |High-Z*2
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PCMCIA Memory Interface (Area 6)

PCMCIA/IO Interface (Area 6)

8-Bit 8-Bit
Bus 16-Bit Bus Width Bus 16-Bit Bus Width
Width Width
Pin Byte/ Byte Byte Byte/ Byte Byte
W)(;rd/ Acc):/ess Acé/ess \If\i)onr(gj—/ W)c/)rd/ Acc):/ess Acgess \If\i)onr(gj—/
Long- (Ad- (Ad- Long- (Ad- (Ad-
word dress dress Avc\:lc?ergs word dress dress Avc\:lc?ergs
Access 2n) 2n +1) Access 2n) 2n+1)
CS6to CS2, CSO Enabled |Enabled [High Enabled |Enabled |Enabled |High Enabled
RD R |Low Low Low Low High High High High
W |High High High High High High High High
RD/WR R [High High High High High High High High
W |Low Low Low Low Low Low Low Low
BS Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled |Enabled
RAS3U/PTE[2] High High High High High High High High
RAS3L/PTJ[0] High High High High High High High High
CASL/PTI[2] High High High High High High High High
CASU/PTJ[3] High High High High High High High High
WEO/DQMLL R [High High High High High High High High
W |High High High High High High High High
WE1/DQMLU/WE | R |[High High High High High High High High
W |Low Low Low Low High High High High
WE2/DQMUL/ R |High High High High Low Low Low Low
ICIORD/PTKIE] | \v |High High High High High High High High
WES3/DQMUU/ R |High High High High High High High High
ICIOWR/PTKI7T] [ 'w [High High High High Low Low Low Low
CE2A/PTE[4] High High High High High High High High
CE2B/PTE[5] High High Low Low High High Low Low
CKE/PTK][5] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
WAIT Enabled*!|Enabled*! |[Enabled*!|Enabled*!|Enabled*! |Enabled*!|Enabled*! Enabled*!
10IS16/PTG[7] Disabled |Disabled |Disabled |Disabled |Disabled |Disabled |[Enabled |Enabled
A25 to AO Address |Address |Address |Address |Address |Address |Address |Address
D7 to DO Valid Invalid Valid Valid Valid Invalid Valid Valid
data data data data data data data data
D15 to D8 High-z*2 |valid Invalid Valid High-z*2 |valid Invalid Valid
data data data data data data
D31 to D16 High-Zz*? |High-Z*2 |High-2*? |High-Z*? |High-Z*2 |High-Z*? |High-Z*?> |High-Z*2

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up.
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Appendix B Memory-Mapped Control Registers

B.1 Register AddressMap

TableB.1 Memory-Mapped Control Registers

Control Register | Module** | Bus*® | Address* | Size (Bits) | Access Size (Bits)3:
PTEH CCN L FFFFFFFO 32 32
PTEL CCN L FFFFFFF4 32 32
TTB CCN L FFFFFFF8 32 32
TEA CCN L FFFFFFFC 32 32
MMUCR CCN L FFFFFFEO 32 32
BASRA CCN L FFFFFFE4 32 32
BASRB CCN L FFFFFFES 32 32
CCR CCN L FFFFFFEC 32 32
CCR2 CCN | 40000B0 32 32
TRA CCN L FFFFFFDO 32 32
EXPEVT CCN L FFFFFFD4 32 32
INTEVT CCN L FFFFFFD8 32 32
BARA UBC L FFFFFFBO 32 32
BAMRA UBC L FFFFFFB4 32 32
BBRA UBC L FFFFFFB8 16 16
BARB UBC L FFFFFFAO 32 32
BAMRB UBC L FFFFFFA4 32 32
BBRB UBC L FFFFFFA8 16 16
BDRB UuBC L FFFFFF90 32 32
BDMRB UBC L FFFFFF94 32 32
BRCR UuBC L FFFFFF98 16 16
BETR UBC L FFFFFFOC 16 16
BRSR UBC L FFFFFFAC 32 32
BRDR UBC L FFFFFFBC 32 32
FRQCR CPG | FFFFFF80 16 16
STBCR CPG | FFFFFF82
STBCR2 CPG | FFFFFF88
WTCNT CPG | FFFFFF84 8 16
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Control Register | Module** | Bus*® | Address** | Size (Bits) | Access Size (Bits)*®
WTCSR CPG | FFFFFF86 8 16
BCR1 BSC | FFFFFF60 16 16
BCR2 BSC | FFFFFF62 16 16
WCR1 BSC | FFFFFF64 16 16
WCR2 BSC | FFFFFF66 16 16
MCR BSC | FFFFFF68 16 16
PCR BSC | FFFFFF6C 16 16
RTCSR BSC | FFFFFF6E 16 16
RTCNT BSC | FFFFFF70 16 16
RTCOR BSC | FFFFFF72 16 16
RFCR BSC | FFFFFF74 16 16
SDMR BSC | FFFFDO00— — 8

FFFFEFFF
MCSCRO BSC | |FFFFFF50 16 16
MCSCR1 BSC | |FFFFFF52 16 16
MCSCR2 BSC | |FFFFFF54 16 16
MCSCR3 BSC | |FFFFFF56 16 16
MCSCR4 BSC | |FFFFFF58 16 16
MCSCRS5 BSC | |FFFFFF5A 16 16
MCSCR6 BSC | |FFFFFFSC 16 16
MCSCR7 BSC | |FFFFFF5E 16 16
R64CNT RTC P |FFFFFECO 8 8
RSECCNT RTC P |FFFFFEC2 8 8
RMINCNT RTC P |FFFFFEC4 8 8
RHRCNT RTC P |FFFFFEC6 8 8
RWKCNT RTC P |FFFFFECS 8 8
RDAYCNT RTC P |FFFFFECA 8 8
RMONCNT RTC P |FFFFFECC 8 8
RYRCNT RTC P |FFFFFECE 8 8
RSECAR RTC P  |FFFFFEDO 8 8
RMINAR RTC P |FFFFFED2 8 8
RHRAR RTC P |FFFFFED4 8 8
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Control Register | Module** | Bus*®> | Address** | Size (Bits) | Access Size (Bits)*®
RWKAR RTC P FFFFFEDG6 8 8
RDAYAR RTC P FFFFFEDS8 8 8
RMONAR RTC P FFFFFEDA 8 8
RCR1 RTC P FFFFFEDC 8 8
RCR2 RTC P FFFFFEDE 8 8
ICRO INTC | FFFFFEEO 16 16
IPRA INTC | FFFFFEE2 16 16
IPRB INTC | FFFFFEE4 16 16
TOCR TMU P FFFFFEQ0
TSTR TMU P FFFFFE92
TCORO TMU P FFFFFE94 32 32
TCNTO TMU P FFFFFE98 32 32
TCRO T™MU P FFFFFEQC 16 16
TCOR1 TMU P FFFFFEAO 32 32
TCNT1 TMU P FFFFFEA4 32 32
TCR1 TMU P FFFFFEAS8 16 16
TCOR2 TMU P FFFFFEAC 32 32
TCNT2 TMU P FFFFFEBO 32 32
TCR2 TMU P FFFFFEB4 16 16
TCPR2 TMU P FFFFFEBS8 32 32
SCSMR SCI P FFFFFE8O 8 8
SCBRR SCI P FFFFFE82 8 8
SCSCR SCI P FFFFFE84 8 8
SCTDR SCI P FFFFFE86 8 8
SCSSR SCI P FFFFFE88 8 8
SCRDR SCI P FFFFFE8SA 8 8
SCSCMR SCI P FFFFFE8C 8 8
INTEVT2 INTC | 4000000 32 32
IRRO INTC | 4000004 16 8
IRR1 INTC | 4000006 16
IRR2 INTC | 4000008 16
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Control Register | Module** | Bus*® | Address** | Size (Bits) | Access Size (Bits)*®
ICR1 INTC | 4000010 16 16
ICR2 INTC [ 4000012 16 16
PINTER INTC | 4000014 16 16
IPRC INTC | 4000016 16 16
IPRD INTC | 4000018 16 16
IPRE INTC | 400001A 16 16
SARO DMAC P 4000020 32 16,32
DARO DMAC P 4000024 32 16,32
DMATCRO DMAC P 4000028 32 16,32
CHCRO DMAC P |400002C 32 8,16,32
SAR1 DMAC P 4000030 32 16,32
DAR1 DMAC P 4000034 32 16,32
DMATCR1 DMAC P 4000038 32 16,32
CHCR1 DMAC P |400003C 32 8,16,32
SAR2 DMAC P 4000040 32 16,32
DAR2 DMAC P 4000044 32 16,32
DMATCR2 DMAC P 4000048 32 16,32
CHCR2 DMAC P |400004C 32 8,16,32
SAR3 DMAC P 4000050 32 16,32
DAR3 DMAC P 4000054 32 16,32
DMATCR3 DMAC P 4000058 32 16,32
CHCR3 DMAC P |400005C 32 8,16,32
DMAOR DMAC P 4000060 16 8,16
CMSTR CMT P 4000070 16 8,16,32
CMCSR CMT P 4000072 16 8,16,32
CMCNT CMT P 4000074 16 8,16,32
CMCOR CMT P 4000076 16 8,16,32
ADDRAH A/D P 4000080 8 8,16,32"° *°
ADDRAL A/D P 4000082 8 8,16™°
ADDRBH AID P |4000084 8 8,16,32*°*°
ADDRBL A/D P 4000086 8 8,16™°
ADDRCH AID P 4000088 8 8,16,32*°*°
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Control Register | Module** | Bus*®> | Address** | Size (Bits) | Access Size (Bits)*®
ADDRCL AID P |400008A 8 8,16™°
ADDRDH A/D P |400008C 8 8,16,32*°*°
ADDRDL AID P |400008E 8 8,16™°
ADCSR AID P 4000090 8 8,16,32*°*°
ADCR AD P 4000092 8 8,16
DADRO D/A P |40000A0 8 8,16,32*°*°
DADR1 D/A P |40000A2 8 8,16™°
DACR D/A P |40000A4 8 8,16,32
PACR PORT P 4000100 16 16
PBCR PORT P 4000102 16 16
PCCR PORT P 4000104 16 16
PDCR PORT P 4000106 16 16
PECR PORT P 4000108 16 16
PFCR PORT P |400010A 16 16
PGCR PORT P |400010C 16 16
PHCR PORT P |400010E 16 16
PJCR PORT P 4000110 16 16
PKCR PORT P |4000112 16 16
PLCR PORT P 4000114 16 16
SCPCR PORT P |4000116 16 16
PADR PORT P 4000120 8 8
PBDR PORT P |4000122 8 8
PCDR PORT P 4000124 8 8
PDDR PORT P 4000126 8 8
PEDR PORT P |4000128 8 8
PFDR PORT P |400012A 8 8
PGDR PORT P |400012C 8 8
PHDR PORT P |400012E 8 8
PJDR PORT P 4000130 8 8
PKDR PORT P |4000132 8 8
PLDR PORT P 4000134 8 8
SCPDR PORT P 4000136 8 8
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Control Register | Module** | Bus*® | Address** | Size (Bits) | Access Size (Bits)*®
SCSMR1 IrDA P 4000140 8 8
SCBRR1 IrDA P 4000142 8 8
SCSCR1 IrDA P 4000144 8 8
SCFTDR1 IrDA P 4000146 8 8
SCSSR1 IrDA P 4000148 16 16
SCFRDR1 IrDA P 400014A
SCFCR1 IrDA P 400014C
SCFDR1 IrDA P 400014E 16 16
SCSMR2 SCIF P 4000150
SCBRR2 SCIF P 4000152
SCSCR2 SCIF P 4000154
SCFTDR2 SCIF P 4000156
SCSSR2 SCIF P 4000158 16 16
SCFRDR2 SCIF P 400015A
SCFCR2 SCIF P 400015C
SCFDR2 SCIF P 400015E 16 16
SDIR uDI I 4000200 16 16
Notes: 1. Modules:

CCN: Cache controller UBC: User break controller
CPG: Clock pulse generator BSC: Bus state controller
RTC: Realtime clock INTC: Interrupt controller
TMU: Timer unit SCI: Serial communication interface
2. Internal buses:
L: CPU, CCN, cache, TLB connected
I: BSC, cache, DMAC, INTC, CPG, and UDI connected
P: BSC and peripheral modules (RTC, TMU, SCI, SCIF, IrDA, A/D, D/A, DMAC,
PORT, CMT) connected
3. The access size shown is for control register access (read/write). An incorrect result
will be obtained if a different size from that shown is used for access.
4. To exclude area 1 control registers from address translation by the MMU, set the first 3
bits of the logical address to 101, to locate the registers in the P2 space.
5. With 16-bit access, it is not possible to read data in two registers simultaneously.
6. With 32-bit access, it is possible to read data in the register at [accessed address + 2]

simultaneously.
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B.2 Register Bits

TableB.2 Register Bits

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
SDMR — — — — BSC
SCSMR CIA CHR PE O/E STOP MP CKS1 CKS0 SClI
SCBRR SCI
SCSCR TIE RIE TE RE MPIE TEIE CKE1 CKEO SClI
SCTDR SCI
SCSSR TDRE RDRF | ORER FER PER TEND MPB MPBT SClI
SCRDR SCI
SCSCMR — — — — SDIR SINV — SMIF SClI
TOCR — — — — — — — TCOE TMU
TSTR — — — — — STR2 STR1 STRO T™MU
TCORO TMU
TCNTO TMU
TCRO — — — — — — — UNF TMU

— — UNIE | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
TCOR1 TMU
TCNT1 TMU
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Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TCR1 — — — — — — — UNF TMU
— — UNIE | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
TCOR2 TMU
TCNT2 T™MU
TCR2 — — — — — — ICPF UNF T™MU
ICPE1 ICPEO UNIE CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
TCPR2 T™MU
R64CNT — 1Hz 2Hz 4 Hz 8 Hz 16 Hz 32 Hz 64 Hz RTC
RSECCNT — 10 sec 1sec RTC
RMINCNT — 10 min 1 min RTC
RHRCNT — — 10 hours 1 hour RTC
RWKCNT — — — — — Day of week RTC
RDAYCNT |— — 10 days 1 day RTC
RMONCNT |— — — 10 1 month RTC
months
RYRCNT 10 years 1 year RTC
RSECAR ENB 10 sec 1sec RTC
RMINAR ENB 10 min 1 min RTC
RWKAR ENB — — — — Day of week RTC
RHRAR ENB — 10 hours 1 hour RTC
RDAYAR ENB — 10 days 1 day RTC
RMONAR ENB — — 10 1 month RTC
months
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Register | Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
RCR1 CF — — CIE AIE — — AF RTC
RCR2 PEF | PES2 | PES1 | PESO | RTCEN | ADJ | RESET | START RTC
ICRO NML — — — — — — NMIE INTC
IPRA TMUO TMU1 INTC

TMU2 RTC
IPRB WDT REF INTC
scl — — — —
BCR1 PULA | PULD |HIZMEM | HIZCNT | ENDIAN | AOBST1 | AOBSTO | A5BST1 BSC
A5BSTO | ABBST1 | A6BSTO |DRAMTP2|DRAMTPL | DRAMTPO| ASPCM | AGPCM
BCR2 — — A6SZ1 | ABSZO | A5SZ1 | A5SZ0 | A4SZ1 | A4SZ0 BSC
A3SZ1 | A3SZ0 | A2SZ1 | A2SZ0 — — — —
WCR1 WAITSEL | — A6IW1 | ABIWO | A5IW1 | ASIWO | A4IW1 | A4IWO BSC
A3IW1 | A3IWO | A2IW1 | A2IWO — — AOIW1 | AOIWO
WCR2 ABW2 | ABWL | ABWO | ASW2 | ASW1 | ASWO | AAW2 | A4W1 BSC
AAWO | A3W1 | A3WO | A2W1 | A2WO | AOW2 | AOW1 | AOWO
MCR TPC1 | TPCO | RCD1 | RCDO | TRWL1 | TRWLO | TRAS1 | TRASO BSC
RASD | AMX3 | AMX2 | AMX1 | AMX0 | RFSH |RMODE | —
PCR A6W3 | A5W3 — — | ASTED2 | A6TED2 | ASTEH2 | ABTEH2 BSC
ASTED1 | ASTEDO | AGTED1 | AGTEDO | ASTEH1 | ASTEHO | AGTEH1 | AGTEHO
RTCSR — — — — — — — — BSC
CMF | CMIE | CKS2 | CKS1 | CKSO | OVF | OVIE | LMTS
RTCNT — — — — — — — — BSC
RTCOR — — — — — — — — BSC

Rev. 5.00, 09/03, page 747 of 760
RENESAS



Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
RFCR — — — — — — — — BSC
FRQCR STC2 IFC2 PFC2 — — — SLPFRQ | CKOEN CPG

PLLEN PSTBY STC1 STCO IFC1 IFCO PFC1 PFCO
STBCR STBY — — STBXTL — MSTP2 | MSTP1 | MSTPO CPG
STBCR2 MSTP9 MDCHG MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 CPG
WTCNT CPG
WTCSR TME WT/NT RSTS WOVF IOVF | CKS2 | CKS1 | CKSO CPG
BDRB UBC
BDMRB UBC
BRCR — — — — — — — — UBC
— — BASMA | BASMB — — — —
SCMFCA | SCMFCB | SCMFDA |SCMFDB| PCTE | PCBA — —
DBEB PCBB — — SEQ — — ETBE
BARB UBC
BAMRB — — — — — BASM | BAM BAM UBC
BBRB — — — — — — — — UBC
CDB1 CDBO IDB1 IDBO RWB1 | RWBO | SZB1 SZBO
BARA UBC
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Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

BAMRA UBC

BBRA — — — — — — — — UBC
CDAL | CDAO | IDA1 | IDAO | RWAL | RWAO | SZAl | SZAO

BETR — — — — UBC

BRSR SVF PID2 | PID1 | PIDO | BSA27 | BSA26 | BSA25 | BSA24 UBC

BSA23 | BSA22 | BSA21 | BSA20 | BSA19 | BSA18 | BSAl7 | BSAl6
BSA15 | BSA14 | BSA13 | BSA12 | BSAl1l | BSA10 | BSA9 BSA8
BSA7 BSA6 BSA5 BSA4 BSA3 BSA2 BSAl BSAO

BRDR DVF — — — BDA27 | BDA26 | BDA25 | BDA24 UBC
BDA23 | BDA22 | BDA21 | BDA20 | BDA19 | BDA18 | BDA17 | BDA16
BDA15 | BDA14 | BDA13 | BDA12 | BDA1l | BDA10 | BDA9 BDAS8
BDA7 BDAG BDAS BDA4 BDA3 BDA2 BDA1 BDAO

TRA — — — — — — — — CCN
EXPEVT — — — — — — — — CCN
INTEVT — — — — — — — — CCN
MMUCR — — — — — — — — CCN
— — — — — — — sv
— — RC RC — TF IX AT
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Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
BASRA UBC
BASRB UBC
CCR — — — — — — — — CCN
— — 0 0 CF CB WT CE
CDR2 CCN
W3LOAD | W3LOCK
W2LOAD | W2LOCK
PTEH CCN
PTEL CCN
— \
— PR PR Sz C D SH —
TTB CCN
TEA CCN
INTEVT2 INTC
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Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

IRRO INTC
PINTOR | PINTIR | IRQ5R | IRQ4R | IRQ3R | IRQ2R | IRQ1IR | IRQOR

IRR1 INTC
TXIIR | BRIIR | RXIIR | ERIIR | DEISR | DEI2R | DEIIR | DEIOR

IRR2 INTC

— — — ADIR TXI2ZR BRI2ZR | RXI2ZR | ERI2R

ICR1 MAI IRQLVL | BLMSK — IRQ51S | IRQ50S | IRQ41S | IRQ40S INTC
IRQ31S | IRQ30S | IRQ21S | IRQ20S | IRQ11S | IRQ10S | IRQO1S | IRQO0S
ICR2 PINT15S | PINT14S | PINT13S | PINT12S | PINT11S |PINT10S | PINT9S | PINT8S INTC
PINT7S | PINT6S | PINT5S | PINT4S | PINT3S | PINT2S | PINT1S | PINTOS
PINTER PINT15E | PINT14E | PINT13E | PINT12E | PINT11E | PINT10E | PINTOE | PINT8E INTC
PINT7E | PINT6E | PINTSE | PINT4E | PINT3E | PINT2E | PINT1E | PINTOE
IPRC IRQ3 level IRQ2 level INTC
IRQ1 level IRQO level
IPRD PINTO to 7 level PINT8 to 15 level INTC
IRQ5 level IRQ4 level
IPRE DMAC level IrDA level INTC
SCIF level A/D level
SARO DMAC
DARO DMAC
DMATCRO — — — — — — — — DMAC
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Register Bit 6 Bit 0 Module
CHCRO — — DMAC
— AL
DMO RSO
DS DE
SAR1 DMAC
DAR1 DMAC
DMATCR1 — — DMAC
CHCR1 — — DMAC
— AL
DM1 DMO RS1 RSO
DS DE
SAR2 DMAC
DAR2 DMAC
DMATCR2 — — — DMAC
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Register | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO Module
CHCR2 — — — — — — — — DMAC
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
— — ™ TS1 TSO IE TE DE
SAR3 DMAC
DAR3 DMAC
DMATCR3 — — — — — — — — DMAC
CHCR3 — — — — — — — — DMAC
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
— — ™ TS1 TSO IE TE DE
DMAOR — — — — — — PR1 PRO DMAC
— — — — — AE NMIF | DME
CMSTR — — — — — — — — CcMT
— — — — — — — STR
CMCSR — — — — — — — — CcMT
CMF — — — — — CKS1 | CKSO
CMCNT CcMT
CMCOR CcMT
ADDRAH AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2 AIDC
ADDRAL AD1 ADO — — — — — — A/IDC
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Register | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 Module
ADDRBH AD9 ADS8 AD7 ADB AD5 AD4 AD3 AD2 AIDC
ADDRBL AD1 ADO — — — — — — AIDC
ADDRCH AD9 AD8 AD7 ADB AD5 AD4 AD3 AD2 AIDC
ADDRCL AD1 ADO — — — — — — AIDC
ADDRDH AD9 AD8 AD7 ADB AD5 AD4 AD3 AD2 AIDC
ADDRDL AD1 ADO — — — — — — AIDC
ADCSR ADF | ADE | ADST | MULTL1 | CKS | CH2 CH1 CHO AIDC
ADCR TRGE1 | TRGE2 | SCN |RESVD1| RESVD2| — — — AIDC
DADRO DIAC
DADR1 DIAC
DACR DAOE1 | DAOEO | DAE — — — — — DIAC
PACR PA7TM | PA7TM | PA6M | PA6M | PASM | PA5M | PA4M | PA4M PORT

D1 DO D1 DO D1 DO D1 DO
PASM | PA3M | PA2M | PA2M | PAIM | PAIM | PAOM | PAOM
D1 DO D1 DO D1 DO D1 DO
PBCR PB7M | PB7M | PB6M | PB6M | PB5M | PB5M | PB4M | PB4M PORT
D1 DO D1 DO D1 DO D1 DO
PB3M | PB3M | PB2M | PB2M | PBIM | PBIM | PBOM | PBOM
D1 DO D1 DO D1 DO D1 DO
PCDR PC7M | PC7TM | PC6M | PC6M | PC5M | PC5M | PCAM | PC4M PORT
D1 DO D1 DO D1 DO D1 DO
PC3M | PC3M | PC2M | PC2M | PCIM | PCIM | PCOM | PCOM
D1 DO D1 DO D1 DO D1 DO
PDCR PD7M | PD7M | PD6M | PD6M | PD5M | PD5M | PD4M | PD4M PORT
D1 DO D1 DO D1 DO D1 DO
PD3M | PD3M | PD2M | PD2M | PDIM | PDIM | PDOM | PDOM
D1 DO D1 DO D1 DO D1 DO
PECR PE7M | PE7TM | PE6M | PE6M | PESM | PE5SM | PE4M | PE4M PORT
D1 DO D1 DO D1 DO D1 DO
PE3M | PE3M | PE2M | PE2M | PEIM | PEIM | PEOM | PEOM
D1 DO D1 DO D1 DO D1 DO
PFCR PF7M | PF7M | PF6M | PF6M | PF5M | PF5M | PF4M | PF4M PORT
D1 DO D1 DO D1 DO D1 DO
PF3M | PF3M | PF2M | PF2M | PFIM | PFIM | PFOM | PFOM
D1 DO D1 DO D1 DO D1 DO
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Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
PGCR PG7M PG7M | PG6M | PG6M PG5M PG5M PG4M PG4M PORT
D1 DO D1 DO D1 DO D1 DO
PG3M PG3M | PG2M | PG2M PG1M PG1M PGOM PGOM
D1 DO D1 DO D1 DO D1 DO
PHCR PH7M PH7M PH6M PH6M PH5M PH5M PH4M PH4M PORT
D1 DO D1 DO D1 DO D1 DO
PH3M PH3M PH2M PH2M PH1M PH1M PHOM PHOM
D1 DO D1 DO D1 DO D1 DO
PJCR PJ7M PJ7M PJ6M PJ6M PJ5M PJ5M PJ4M PJ4M PORT
D1 DO D1 DO D1 DO D1 DO
PJ3M PJ3M PJ2M PJ2M PJIM PJIM PJOM PJOM
D1 DO D1 DO D1 DO D1 DO
PKCR PK7M PK7M PK6M PK6M PK5M PK5M PK4M PK4M PORT
D1 DO D1 DO D1 DO D1 DO
PK3M PK3M PK2M PK2M PK1M PK1M PKOM PKOM
D1 DO D1 DO D1 DO D1 DO
PLCR PL7M PL7M PL6M PL6M PL5M PL5M PLAM PLAM PORT
D1 DO D1 DO D1 DO D1 DO
PL3M PL3M PL2M PL2M PL1IM PL1IM PLOM PLOM
D1 DO D1 DO D1 DO D1 DO
SCPCR SCP7M | SCP7M | SCP6M | SCP6M | SCP5M | SCP5M | SCP4M | SCP4M PORT
D1 DO D1 DO D1 DO D1 DO
SCP3M | SCP3M | SCP2M | SCP2M | SCP1M | SCP1M | SCPOM | SCPOM
D1 DO D1 DO D1 DO D1 DO
PADR PA7DT | PAGDT | PASDT | PA4DT | PA3DT | PA2DT | PALDT | PAODT PORT
PBDR PB7DT | PB6DT | PB5DT | PB4DT | PB3DT | PB2DT | PB1DT | PBODT PORT
PCDR PC7DT | PC6DT | PC5DT | PCADT | PC3DT | PC2DT | PC1DT | PCODT PORT
PDDR PD7DT | PD6DT | PD5DT | PDADT | PD3DT | PD2DT | PD1DT | PDODT PORT
PEDR PE7DT | PE6GDT | PESDT | PE4DT | PE3DT | PE2DT | PE1DT | PEODT PORT
PFDR PF7DT | PF6DT | PF5DT | PFADT | PF3DT | PF2DT | PF1DT | PFODT PORT
PGDR PG7DT | PG6DT | PG5DT | PG4DT | PG3DT | PG2DT | PG1DT | PGODT PORT
PHDR PH7DT | PHEDT | PH5DT | PH4DT | PH3DT | PH2DT | PH1DT | PHODT PORT
PJDR PJ7DT | PJ6DT | PJ5DT | PJADT | PJ3DT | PJ2DT | PJIDT | PJODT PORT
PKDR PK7DT | PK6DT | PK5DT | PK4DT | PK3DT | PK2DT | PK1DT | PKODT PORT
PLDR PL7DT | PL6DT | PL5DT | PLADT | PL3DT | PL2DT | PL1DT | PLODT PORT
SCPDR SCP7DT | SCP6DT | SCPSDT | SCP4ADT | SCP3DT | SCP2DT | SCP1DT | SCPODT PORT
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Register BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO Module
SDIR TI3 TI2 TI1 TIO — — — — uDlI
SCSMR1 IRMOD ICK3 ICK2 ICK1 ICKO PSEL CKS1 CKSO0 IrDA
SCBRR1 IrDA
SCSCR1 TIE RIE TE RE — — CKE1 CKEO IrDA
SCFTDR1 IrDA
SCSSR1 PER3 PER2 PER1 PERO FER3 FER2 FER1 FERO IrDA

ER TEND TDFE BRK FER PER RDF DR
SCFRDR1 IrDA
SCFCR1 RTRG1 | RTRGO | TTRG1 | TTRGO MCE TFRST | RFRST | LOOP IrDA
SCFDR1 — — — T4 T3 T2 T1 TO0 IrDA
— — — R4 R3 R2 R1 RO
SCSMR2 — CHR PE O/E STOP — CKS1 CKSO SCIF
SCBRR2 SCIF
SCSCR2 TIE RIE TE RE — — CKE1l CKEO SCIF
SCFTDR2 SCIF
SCSSR2 PER3 PER2 PER1 PERO FER3 FER2 FER1 FERO SCIF
ER TEND TDFE BRK FER PER RDF DR
SCFRDR2 SCIF
SCFCR2 RTRG1 | RTRGO | TTRG1 | TTRGO MCE TFRST | RFRST | LOOP SCIF
SCFDR2 — — — T4 T3 T2 T1 TO SCIF
— — — R4 R3 R2 R1 RO
Legend

MMU: Memory management unit

UBC: User break controller

CPG: Clock pulse generator

BSC: Bus state controller

RTC: Realtime clock

INTC: Interrupt controller

TMU:  Timer unit

SC1: Serial communication interface controller
IrDA:  Serial communication interface with IrDA
SCIF: Serial communication interface with FIFO
CCN: Cache controller

DMAC: Direct memory access controller

ADC: Analog to Digital converter

DAC: Digital to Analog converter

PORT: Port controller

UDl: User debugging interface
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Appendix C Product Lineup

TableC.1 SH7709S Models

Power Supply Voltage i
Abbr. Operating Model Marking Package
I/0 Internal Frequency
SH7709S 3.3+0.3V 2.0£0.15V 200 MHz  |HD6417709SHF200B 208-pin plastic HQFP
(FP-208E)
1.9+0.15V 167 MHz |HD6417709SF167B 208-pin plastic LQFP
(FP-208C)
HD6417709SBP167B 240-pin CSP
(BP-240A)
1.8+0.25V 133 MHz |HD6417709SF133B 208-pin plastic LQFP
1.8-0.15V (FP-208C)
HD6417709SBP133B 240-pin CSP
(BP-240A)
1.7+0.25V 100 MHz |HD6417709SF100B 208-pin plastic LQFP
1.7-0.15V (FP-208C)
HD6417709SBP100B 240-pin CSP
(BP-240A)
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Appendix D Package Dimensions

Figures D.1 to D.3 show the SH7709S package dimensions.
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FigureD.1 Package Dimensions (FP-208C)
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FigureD.2 Package Dimensions (FP-208E)
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