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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each

other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in
the manual.

O The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

O The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

O The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has
become stable. When switching the clock signal during program execution, wait until the
target clock signal has stabilized.

O When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different type number,
confirm that the change will not lead to problems.

0 The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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Preface

The H8/3039 Group comprises high-performance single-chip microcomputers (MCUs) that
integrate system supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SClI), an A/D converter, 1/0 ports, and other facilities. Of the two SCI
channels, one has been expanded to support the ISO/IEC 7816-3 smart card interface. Functions
have also been added to reduce power consumption in battery-powered applications: individual
modules can be placed in standby, and the frequency of the system clock supplied to the chip can
be divided down under software control.

The five MCU operating modes offer a choice of expanded mode, single-chip mode, and address
space size, enabling the H8/3039 Group to adapt quickly and flexibly to avariety of conditions.

In addition to its mask-ROM versions, the H8/3039 Group has an F-ZTAT™ version with user
programmable on-chip flash memory that can be programmed on-board. These versions enable
users to respond quickly and flexibly to changing application specifications.

This manual describes the H8/3039 Group hardware. For details of the instruction set, refer to the
H8/300H Series Software Manual.

Note: F-ZTAT isatrademark of Renesas Technology Corp.
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Main Revisions for This Edition

Item Page

Revision (See Manual for Details)

All —

« Notification of change in company name amended
(Before) Hitachi, Ltd. — (After) Renesas Technology Corp.
* Product naming convention amended
(Before) H8/3039 Series — (After) H8/3039 Group

2.3 Address Space 20

Figure 2.2 Memory
Map

Figure amended
H'0000

HFFFF

1. Normal mode (64-Kbyte mode)

5.2.2 Interrupt Priority 91
Registers A and B
(IPRA, IPRB)

Interrupt Priority
Register B (IPRB)

Description amended

Bit 7 6 5 4 3 2 1 0
‘ IPRB7 ‘ IPRB6 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/IW R/IW R/W RIW R/IW RIW

T T ST T T T T

5.2.3 IRQ Status 93 Description amended

Register (ISR) Bits 5, 4, 1 and 0—IRQ,, IRQ,, IRQ, and IRQ, Flags (IRQS5F,
IRQ4F, IRQ1F, and IRQOF): These bits indicate the status of
IRQ,, IRQ,, IRQ,, and IRQ, interrupt requests.

5.2.4 IRQ Enable 94 Description amended

Register (IER)

Bit 7 6
Initial value 0 0
Read/Write R/W R/W

e

Reserved bits
Bits 5, 4, 1, and 0—IRQ,, IRQ,, IRQ,, and IRQ, Enable (IRQ5E,
IRQ4E, IRQ1E, IRQOE): These hits enable or disable IRQ5 ,
IRQ4 , IRQ1 , IRQO interrupts.
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Item Page

Revision (See Manual for Details)

5.3.3 Interrupt Vector 98
Table

Table 5.3 Interrupt
Sources, Vector
Addresses, and Priority

Table amended
WOQVI (interval timer)

5.5.4 Usage Notes 109

Figure 5.9 IRQNF Flag
when Interrupt
Exception Handling is
not Executed

Figure amended

1read O written

-

lread O
written

(Inadvertent clearing)

‘ Generation condition (2) ‘

6.4.2 Precautionson 131
Setting ASTCR and

Description amended
Modes 5 and 7

ABWCR*
ASTCRO =0
ABWCR = H'FC
11.2.8 Bit Rate 349 Description added

Register (BRR)

The baud rate generator is controlled separately for the
individual channels, so different values may be set for each.

Table 11.3 Examples 351
of Bit Rates and BRR
Settings in

Asynchronous Mode

Table amended

@ (MHz)
1 12 1
Bit Rate Error
(bits/s) in N (%) ‘

11.3.4 Synchronous 376

Description amended

Operation
Clock

An internal clock generated by the on-chip baud rate generator
or an external clock input from the SCK pin can be selected by
clearing or setting the CKE1 and CKEO bits in SCR and the C/A
bit in SMR. See table 11.9.
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Item Page

Revision (See Manual for Details)

16.2.1 Connectinga 500
Crystal Resonator

Table 16.2 Crystal
Resonator Parameters

Preliminary deleted

18.1.3 AC 532 Table amended
Characteristics Condition A Conditon B  Condition C
8 MHz 10 MHz 18 MHz
Table 185 Control Item Symbol  Min Max Min Max Min Max Unit Test Conditions
Signal Timing RES setup time [T 200 — 200 — 2000 — ns  Figure 18.10
RES pulse width teeaw 10 — 10 — 10 — teyc
Mode programming tuos 200 — 200 — 200 — ns
setup time (MD,, MD,,
ey
18.1.4 A/D Conversion 535 Newly added
Characteristics
18.2.2 DC 541 Table amended
Characteristics
Item
Table_ 18'10 Permissible output Total of 27 pins
Permissible Output low current (total) including ports 1, 2, 5
Currents and B
A.1 Instruction List 576 Table amended
8. Block transfer
instructions
%
|Mnemonic ] S |operation
EEPMOV. W — | if R4 20 then
repeat @R5 - @R6
R5+1 ~ R5
R6+1 — R6
R4-1 - R4
until R4=0
else next
A.3 Number of States 584 Table amended
Required for Execution Word Data _Internal
Table A.4 Number of }Access  Operation
: . Instruction  Mnemonic ™ N
Cycles per Instruction nom R o 3 i
Advanced j 2
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Section 1 Overview

Section1l Overview

11 Overview

The H8/3039 Group comprises microcomputers (MCUSs) that integrate system supporting
functions together with an H8/300H CPU core featuring an original Renesas Technology
architecture.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-hit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SCI), an A/D converter, 1/0 ports, and other facilities.

The H8/3039 Group consists of four models: the H8/3039 with 128 kbytes of ROM and 4 kbytes
of RAM, the H8/3038 with 64 kbytes of ROM and 2 kbytes of RAM, the H8/3037 with 32 kbytes
of ROM and 1 kbytes of RAM, and the H8/3036 with 16 kbytes of ROM and 512 bytes of RAM.

The five MCU operating modes offer a choice of expanded mode, single-chip mode and address
space size.

In addition to the mask-ROM version of the H8/3039 Group, an F-ZTAT™ version with an on-
chip flash memory that can be freely programmed and reprogrammed by the user after the board is
installed is also available. This version enables users to respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

Table 1.1 summarizes the features of the H8/3039 Group.

Note: F-ZTAT isatrademark of Renesas Technology Corp.
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Section 1 Overview

Tablel.1 Features

Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine

e Sixteen 16-hit general registers
(also useable as sixteen 8-bit registers or eight 32-bit registers)

High-speed operation

e Maximum clock rate: 18 MHz
* Add/subtract: 111 ns

e Multiply/divide: 778 ns

Two CPU operating modes
* Normal mode (64-kbyte address space)
e Advanced mode (16-Mbyte address space)

Instruction features

« 8/16/32-bit data transfer, arithmetic, and logic instructions

e Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
» Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
» Bit accumulator function

» Bit manipulation instructions with register-indirect specification of bit
positions

Rev.3.00 Mar. 26, 2007 Page 2 of 682
REJ09B0353-0300
RENESAS



Section 1 Overview

Feature Description
Memory H8/3039
« ROM: 128 kbytes
*  RAM: 4 kbytes

H8/3038
*  ROM: 64 kbytes
* RAM: 2 kbytes

H8/3037
* ROM: 32 kbytes
*  RAM: 1 kbyte

H8/3036
*  ROM: 16 kbytes
e RAM: 512 bytes

Interrupt controller «  Five external interrupt pins: NMI, IRQ,, IRQ
e 25internal interrupts
» Three selectable interrupt priority levels

Bus controller * Address space can be partitioned into eight areas, with independent bus
specifications in each area

* Two-state or three-state access selectable for each area

* Selection of four wait modes

16-bit integrated » Five 16-bit timer channels, capable of processing up to 12 pulse outputs
timer unit (ITU) or 10 pulse inputs

» 16-bit timer counter (channels O to 4)

« Two multiplexed output compare/input capture pins (channels 0 to 4)
* Operation can be synchronized (channels 0 to 4)

«  PWM mode available (channels 0 to 4)

* Phase counting mode available (channel 2)

« Buffering available (channels 3 and 4)

* Reset-synchronized PWM mode available (channels 3 and 4)

e Complementary PWM mode available (channels 3 and 4)
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Feature

Description

Programmable
timing pattern
controller (TPC)

Maximum 15-bit pulse output, using ITU as time base

Up to three 4-bit pulse output groups and one 3-bit pulse output group (or
one 15-hit group, one 8-hit group, or one 7-bit group)
Non-overlap mode available

Watchdog timer
(WDT), 1 channel

Reset signal can be generated by overflow

Reset signal can be output externally (However, not available with the
F-ZTAT version.)

Usable as an interval timer

Serial
communication
interface (SCI),
2 channels

Selection of asynchronous or synchronous mode
Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

Smart card interface functions added (SCIO only)

A/D converter

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

Can be externally triggered

I/O ports

55 input/output pins
8 input-only pins

Operating modes

Five MCU operating modes

Mode Address Space Address Pins Bus Width
Mode 1 1 Mbyte A to A, 8 bits
Mode 3 16 Mbytes A to A, 8 bits
Mode 5 1 Mbyte A to A, 8 bits
Mode 6 64 kbytes — —

Mode 7 1 Mbyte — —

On-chip ROM is disabled in modes 1 and 3

Power-down state

Sleep mode

Software standby mode

Hardware standby mode

Module standby function

Programmable System clock frequency division

Rev.3.00 Mar. 26, 2007 Page 4 of 682

REJ09B0353-0300

RENESAS



Section 1 Overview

Feature

Description

Other features

*  On-chip clock oscillator

Product lineup

Model (5 V) Model (3 V)* Package ROM
HD64F3039F HD64F3039VF 80-pin QFP (FP-80A) Flash memory
HD64F3039TE  HD64F3039VTE  80-pin TQFP (TFP-80C)

HD6433039F HD6433039VF 80-pin QFP (FP-80A) Mask ROM
HD6433039TE  HD6433039VTE 80-pin TQFP (TFP-80C)

HD6433038F HD6433038VF 80-pin QFP (FP-80A) Mask ROM
HD6433038TE  HD6433038VTE  80-pin TQFP (TFP-80C)

HD6433037F HD6433037VF 80-pin QFP (FP-80A) Mask ROM
HD6433037TE  HD6433037VTE  80-pin TQFP (TFP-80C)

HD6433036F HD6433036VF 80-pin QFP (FP-80A) Mask ROM
HD6433036TE  HD6433036VTE  80-pin TQFP (TFP-80C)

Note: * There are two 3 V versions: one with V.. =2.7Vto 5.5V and ¢= 2 to 8 MHz,
and one with V. =3.0 Vto 5.5V and ¢ = 2 to 10 MHz. However, there is only
one flash memory version, with V. =3.0t0 5.5V and ¢ =2 to 10 MHz.
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Section 1 Overview

1.2

Block Diagram

Figure 1.1 shows an internal block diagram of the H8/3039 Group.
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Figure1l.1 Block Diagram
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Section 1 Overview

1.3 Pin Description

131 Pin Arrangement

Figure 1.2 shows the pin arrangement of the H8/3039 Group.
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Figure1.2 Pin Arrangement (FP-80A, TFP-80C Top View)
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Section 1 Overview

1.3.2 Pin Functions

Pin Assignmentsin Each Mode

Table 1.2 lists the FP-80A and TFP-80C pin assignments in each mode.

Tablel.2 FP-80A and TFP-80C Pin Assignmentsin Each Mode

Pin Name
Pin PROM Mode
No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory
1 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,
2 PB,/TP/ PB,/TP/ PB,/TP/ PB,/TP/ PB,/TP/ NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
3 PB,/TP,/ PB,TP,/ PB,/TP,/ PB,/TP,/  PBJTP,/ NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,
4 PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/  PBJTP,/ NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
5 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/  PB/JTP,/ NC
TOCXA, TOCXA, TOCXA, TOCXA, TOCXA,
6 PB/TP,/ PB/TP,/ PB/TP,./ PB/TP./  PBJTP./ NC
TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,
MD, MD, MD, MD, MD, Ve
PB,/TP,/ PB,/TP,/ PB,/TP,./ PB/TP./  PBJTP./  NC
ADTRG ADTRG ADTRG ADTRG ADTRG
9 P9,/TxD, P9,/TxD, P9,/TxD, P9/TxD,  P9/TxD, NC
10  P9,/RxD, P9,/RXD, P9,/RxD, P9,/RxD,  P9/RxD, V.
11 P9,/SCK// P9, /SCK/ P9, /SCK/ P9/SCK/  P9,/SCK/ NC
IRQ, IRQ, IRQ, IRQ, IRQ,
12 VSS VSS VSS VSS VSS VSS
13 D, D, D, P3, P3, /0,
14 D, D, D, P3, P3, /0,
15 D, D, D, P3, P3, /0,
16 D, D, D, P3, P3, /0,
17 D, D, D, P3 P3 1/0

4

4

4
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Pin Name
Pin PROM Mode
No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory
18 D, D, D, P3, P3, /0,
19 D, D, D, P3, P3, 110,
20 D, D, D, P3, P3, /0,
2 1 VCC VCC VCC VCC VCC VCC
22 A, A, P1/A, P1, P1, A,
23 A A, P1/A, P1, P1, A,
24 A, A, PLJ/A, P1, P1, A,
25 A, A, P1/A, P1, P1, A,
26 A, A, P1,/A, P1, P1, A,
271 A, A, P1J/A, P1, P1, A,
28 A, A, P1/A, P1, P1, A,
29 A A, PL/A, P1, P1, A,
30 Vg Ve Ve Vg Ve, Ve,
31 A A, P2,/A, P2, P2, A,
32 A A, P2,/A, P2, P2, A,
33 A, A, P2,JA,, P2, P2, A,
34 A, A, P2JA, P2, P2, A,
35 A, A, P2JA,, P2, P2, A,
36 A, A, P2JA,, P2, P2, A,
37 A, A, P2JA,, P2, P2, A,
38 A, A P2JA, P2, P2, A
39 A, A, P5,/A,, P5, P5, A,
40 A, A, P5/A,, PS5, PS5, Ve
41 A, A, P5,/A,, PS5, PS5, Vg,
42 A, A, P5,J/A,, P5, P5, Vi
43 P6,/WAIT P6,/WAIT P6,/WAIT P6, P6, NC
44 MD, MD, MD, MD MD, Ve,
45  MD, MD, MD, MD MD, Vg,
46 o ¢ ) ¢ ¢ NC

RENESAS
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Pin Name

Pin PROM Mode
No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory
47  STBY STBY STBY STBY STBY Ve
48 RES RES RES RES RES RES
49  NMI NMI NMI NMI NMI Ve
50 VSS VSS VSS VSS VSS VSS
51  EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
52  XTAL XTAL XTAL XTAL XTAL XTAL
53 Vcc Vcc Vcc Vcc Vcc Vcc
54 AS AS AS P6, P6, NC
55 RD RD RD P6, P6, NC
56  WR WR WR P6, P6, Ve
57 RESO/ RESO/ RESO/ RESO/ RESO/ FWE

FWE* FWE* FWE* FWE* FWE*
58 AV AV AV AV AV Ve
59  P7/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
60  P7/AN, P7,/AN, P7,/AN, P7/AN, P7 /AN, NC
61  P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
62  P7/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
63  P7,/AN, P7,/AN, P7,/AN, P7/AN, P7,/AN, NC
64  P7/AN, P7.JAN, P7.JAN, P7.J/AN, P7.JAN, NC
65  P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, NC
66  P7,/AN, P7,/AN, P7,/AN, P7./AN, P7,/AN, NC
67 AV, AV AV AV AV Ve,
68  P8/IRQ, P8/IRQ, P8/IRQ, P8,/IRQ, P8/IRQ, Vg
69 P8/IRQ, P8/IRQ, P8/IRQ, P8/IRQ, P8/IRQ, Vg
70  P9/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, NC
71 P9/RxD, P9,/RxD, P9,/RxD, P9,/RXD, P9/RxD, NC
72 P9,/SCK/ P9./SCK/ P9./SCK/ P9/SCK/ P9/SCK/ V.

IRQ, IRQ, IRQ, IRQ, IRQ,
73 PA/JTP/ PA/TP/ PA/TP/ PA TP/ PA TP/ CE

TCLKA TCLKA TCLKA TCLKA TCLKA
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Pin Name

Pin PROM Mode

No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash memory

74 PAJTP/ PA,/TP./ PA,/TP./ PA/TP./ PA/TP./ OE
TCLKB TCLKB TCLKB TCLKB TCLKB

75 PAJTR/ PA TP,/ PA TP,/ PA TP,/ PA TP,/ WE
TIOCA// TIOCA// TIOCA// TIOCA,/ TIOCA,/
TCLKC TCLKC TCLKC TCLKC TCLKC

76 PAJTP/ PAJ/TP./ PA TP/ PATP/ PATP/ NC
TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD TCLKD

77 PAJTP/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ NC
TIOCA, TIOCA/A,, TIOCA, TIOCA, TIOCA,

78  PAJTP/ PATP/ PATP/ PATP./ PATP./ NC
TIOCB, TIOCB,/A,, TIOCB, TIOCB, TIOCB,

79  PAJTR/ PA TP/ PA TP/ PAJTP/ PAJTP/ NC
TIOCA, TIOCA,A,, TIOCA, TIOCA, TIOCA,

80  PA/TP./ A, PAITP./ PAITP./ PAITP./ NC
TIOCB, TIOCB, TIOCB, TIOCB,

Notes: Pins marked NC should be left unconnected.
For details about PROM mode see section 15, ROM.

*  Mask ROM: RESO
Flash Memory: FWE
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1.4 Pin Functions
Table 1.3 summarizes the pin functions.

Table1.3 Pin Functions

Type Symbol Pin No. 110 Name and Function
Power Ve 21, Input Power: For connection to the power supply.
53 Connect all V_ pins to the system power
supply.
Vo 12, Input Ground: For connection to ground (0 V).
30, Connect all V, pins to the 0-V system power
50 supply.
Clock XTAL 52 Input For connection to a crystal resonator

For examples of crystal resonator and
external clock input, see section 16, Clock
Pulse Generator.

EXTAL 51 Input For connection to a crystal resonator or input
of an external clock signal. For examples of
crystal resonator and external clock input, see
section 16, Clock Pulse Generator.

[0} 46 Output System clock: Supplies the system clock to
external devices
Operating MD,, 7, Input Mode 2 to mode O: For setting the operating
mode control  MD,, 45, mode, as follows. These pins should not be
MD, 44 changed during operation.
MD, MD, MD, Operating Mode
0 0 0 —
0 0 1 Mode 1
0 1 0 —
0 1 1 Mode 3
1 0 0 —
1 0 1 Mode 5
1 1 0 Mode 6
1 1 1 Mode 7
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Type Symbol Pin No. 110 Name and Function
System RES 48 Input Reset input: When driven low, this pin resets
control the chip

RESO/ 57 Output/  Reset output (Mask ROM version): Outputs

FWE Input WDT-generated reset signal to an external
device.

Write enable signal (F-ZTAT version): Flash
memory write control signal.

STBY 47 Input Standby: When driven low, this pin forces a
transition to hardware standby mode

Interrupts NMI 49 Input Nonmaskable interrupt: Requests a
nonmaskable interrupt

IRQ,, IRQ, 72,11, Input Interrupt request 5, 4, 1, 0: Maskable

IRQ,, IRQ, 69, 68 interrupt request pins

Addressbus A, toA,, 77t080, Output Address bus: Outputs address signals
A t0 A, 421031,
A 10 A, 29 to 22
Data bus D,to D, 20to0 13 Input/ Data bus: Bidirectional data bus
output
Bus control AS 54 Output  Address strobe: Goes low to indicate valid
address output on the address bus

RD 55 Output  Read: Goes low to indicate reading from the
external address space.

WR 56 Output Write: Goes low to indicate writing to the
external address space indicates valid data on
the data bus.

WAIT 43 Input Wait: Requests insertion of wait states in bus
cycles during access to the external address
space.

16-bit TCLKDto 76to73 Input Clock input A to D: External clock inputs
integrated TCLKA
timer unit .
ITU TIOCA,to 3,1, 79, Input/ Input capture/output compare A4 to AO:
(ITV) TIOCA 77,75 Output GRA4 to GRAO output compare or input
0
capture, or PWM output

TIOCB,to 4, 2, 80, Input/ Input capture/output compare B4 to BO

TIOCB, 78,76 output GRB4 to GRBO output compare or input
capture, or PWM output

TOCXA, Output Output compare XA4: PWM output

TOCXB, Output Output compare XB4: PWM output
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Type Symbol Pin No. 110 Name and Function
Programmable TP, 8,6t01 Output TPC output 15, 13 to 0 : Pulse output
timing pattern TP, to TP, 80 to 73
controller
(TPC)
Serial com- TxD,, 70,9 Output Transmit data:(channels 0 and 1): SCI data
munication TxD, output
|nstgrlface RxD,, 71, 10 Input Receive data:(channels 0 and 1): SCI data
(SCh RxD, input
SCK,, 72,11 Input/ Serial clock:(channels 0 and 1): SCI clock
SCK, output input/output
A/D AN, to AN, 66 to 59 Input Analog 7 to 0: Analog input pins
converter ADTRG 8 Input A/D trigger: External trigger input for starting
A/D conversion
AV . 67 Input Power supply pin and reference voltage input
pin for the A/D converter. Connect to the
system power supply when not using the A/D
converter.
AV 58 Input Ground pin for the A/D converter. Connect to
system power-supply (0 V).
I/O ports P1,to P1, 29to 22 Input/ Port 1: Eight input/output pins. The direction
output of each pin can be selected in the port 1 data
direction register (P1DDR).
P2, to P2, 38to31 Input/ Port 2: Eight input/output pins. The direction
output of each pin can be selected in the port 2 data
direction register (P2DDR).
P3,to P3, 201013 Input/ Port 3: Eight input/output pins. The direction
output of each pin can be selected in the port 3 data
direction register (P3DDR).
P5,t0 P5, 421039 Input/ Port 5: Four input/output pins. The direction of
output each pin can be selected in the port 5 data
direction register (P5DDR).
P6,to P6,, 56to54, Input/ Port 6: Four input/output pins. The direction of
P6, 43 output each pin can be selected in the port 6 data
direction register (P6DDR).
P7,to P7, 66to59 Input Port 7: Eight input pins
P8,, P8, 69, 68 Input/ Port 8: Two input/output pins. The direction of
output each pin can be selected in the port 8 data

direction register (P8DDR).
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Type Symbol Pin No. 110 Name and Function
I/O ports P9, to 72,11 Input/ Port 9: Six input/output pins. The direction of
P9, 71, 10 output each pin can be selected in the port 9 data
70,9 direction register (PO9DDR).
PA, to 80to 73 Input/ Port A: Eight input/output pins. The direction
PA, output of each pin can be selected in the port A data
direction register (PADDR).
PB, PB, 8, 6tol Input/ Port B: Seven input/output pins. The direction
to PB, output of each pin can be selected in the port B data

direction register (PBDDR).
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Section2 CPU

21 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

211 Features
The H8/300H CPU has the following features.

e Upward compatibility with H8/300 CPU
Can execute H8/300 series object programs without alteration
e General-register architecture
Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
e Sixty-two basic instructions
0 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct [Rn]
Register indirect [ @ERN]
Register indirect with displacement [ @(d: 16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8, PC) or @(d:16, PC)]
Memory indirect [ @@aa:8]
e 16-Mbyte linear address space
¢ High-speed operation
O All frequently-used instructions execute in two to four states

OooOooogoooao

O Maximum clock frequency: 18 MHz
O 8/16/32-bit register-register add/subtract: 111 ns
O 8 x 8-hit register-register multiply: 778 ns
O 16 + 8-bit register-register divide: 778 ns
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O 16 x 16-hit register-register multiply: 1222 ns
O 32+ 16-hit register-register divide: 1222 ns
Two CPU operating modes

O Norma mode

O Advanced mode

L ow-power mode

Transition to power-down state by SLEEP instruction

212 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

More general registers

Eight 16-bit registers have been added.

Expanded address space

O Advanced mode supports a maximum 16-Mbyte address space.

O Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-hit data.
O Signed multiply/divide instructions and other instructions have been added.
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22 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2.1.

Unless specified otherwise, all descriptionsin this manual refer to advanced mode.

Maximum 64 kbytes, program
and data areas combined

Normal mode

CPU operating modes

Advanced mode Maximum 16 Mbytes, program
and data areas combined

Figure2.1 CPU Operating Modes
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2.3 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. ThisL S| allows selection of a
normal mode and advanced mode 1-Mbyte mode or 16-Mbyte mode for the address space
depending on the MCU operation mode. Figure 2.2 shows the address ranges of the H8/3039
Group. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating mode uses 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'0000 H'00000 H'000000
H'FFFF
H'FFFFF
H'FFFFFF
(a) 1-Mbyte mode (b) 16-Mbyte mode
1. Normal mode (64-Kbyte mode) 2. Advanced mode

Figure2.2 Memory Map
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24 Register Configuration

24.1 Overview

The H8/300H CPU hasthe internal registers shown in figure 2.3. There are two types of registers:
general registers and control registers.

General Registers (ERn)

15 0 7 0 7 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ERS5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
ccr | 1]ulH]ulN]z]v|c]

Legend:

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

Ul:  User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzczIT

Figure2.3 CPU Registers

Rev.3.00 Mar. 26, 2007 Page 21 of 682
REJ09B0353-0300
RENESAS



Section 2 CPU

242 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registersare all functionally
alike and can be used without distinction between data registers and address registers. When a
genera register isused as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-hit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-hbit
registers.

Figure 2.4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

» Address registers

» 32-bit registers e 16-bit registers « 8-bit registers
E registers
— (extended registers)
EOto E7
ER registers | ] RH registers
ERO to ER7 ROH to R7H
L R registers |
RO to R7
L RL registers

ROL to R7L

Figure2.4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.5 shows the
stack.

/\/

Free area

SP (ER7) —

Stack area

/\/

Figure2.5 Stack

24.3 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-hit condition code register
(CCR).

Program Counter (PC)

This 24-hit counter indicates the address of the next instruction the CPU will execute. The length
of al CPU ingtructionsis 2 bytes (one word) or a multiple of 2 bytes, so the least significant PC
bit isignored. When an instruction is fetched, the least significant PC bit is regarded as 0.

Condition Code Register (CCR)

This 8-hit register containsinternal CPU status information, including the interrupt mask bit (1)
and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. NMI is accepted
regardless of the | hit setting. The | bit is set to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.
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Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to 0 otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Used by:

e Addingtructions, to indicate a carry
* Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset to 1. The other CCR hits and the general registers are not initialized. In particular,
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initialized by an
MOV .L ingtruction executed immediately after a reset.
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25 Data Formats

The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 1) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

251 General Register Data For mats

Figures 2.6 and 2.7 show the data formatsin general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don't care ,
7 0

1-bit data RnL Don't care Ea

7 43 0

4-bit BCD data RnH Don't care '

________________ 7 43 0

4-bit BCD data RnL ! Don'tcare

7 o
Byte data RnH I::j Don't care '
MSB tse
________________ 7 0
Byte data RnL ' Don't care ]:::I
""""""""MSB LSB

Legend:
RnH: General register RH
RnL: General register RL

Figure2.6 General Register Data Formats
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General
Data Type Register
Word data Rn
Word data En

Longword data ERn

Legend:

ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Data Format
15 0
MSB LSB
15 0
MSB LSB
31 16 15 0
MSB LSB

Figure2.7 General Register Data Formats
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25.2 Memory Data For mats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the addressis regarded as 0, so the access starts at the preceding address. This
also appliesto instruction fetches.

Data Type Address Data Format
7 0
1-bit data Address L 7]e|s|al3]2]1]o0
Byte data Address L MSB: - :LSB
Word data Address 2m MSB: ‘ ‘ ‘ ‘ L
Address 2m + 1 | | | | | | :LSB
Address 2n MSB: ‘ ‘ ‘ ‘ L
Longword data Address 2n + 1 T
Address 2n + 2 -
Address 2n + 3 LsB

Figure2.8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 I nstruction Set

26.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified as shown in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types
Data transfer MOV, PUSH**, POP*!, MOVTPE*?, MOVFPE*? 3

Arithmetic operations  ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bce*®, JMP, BSR, JSR, RTS 5

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9

Block data transfer EEPMOV 1

Total 62 types
Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. These instructions are not available on the H8/3039 Group.
3. Bcc is a generic branching instruction.
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26.2

Instructions and Addressing Modes

Table 2.2 indicates the instructions available in the H8/300H CPU.

Table2.2 Instructionsand Addressing Modes
Addressing Modes
jou
—~ | x
. . =2y ~
Function Instruction ﬁ w @ 8 g °
sle (3|23 |«|8|5|8
| |G|z |G |88 |8 |=|2|0|=
£ x| 0®|9|® |8 |0 |®|0 |8 |6 |6 |E
Data MOV BWL |BWL |BWL |BWL {BWL|BWL| B [BWL|BWL| — | — | — | —
transfer POP, PUSH | N N R R — | wL
MOVFPE, -]l ==l=]l=]=|Bl=]l=]|=|=1=
MOVTPE
Arithmetic |ADD, CMP BWLIBWL| — | — | — | — | — | — | — | — | — | — | —
operations [ |5 WL IBWLI — | — | — | — | — | — | — | — | — | — | —
ADDX, SUBX B B S | [ I [ (I N N [ -
ADDS, SUBS — L — — — — —_ _ | — | — | = | = | —
INC, DEC — [BWL| — — — — — _ | — | — | = | = | —
DAA, DAS — B (RN U NN U (I (NI S, [ I (NI —
MULXU, — | BW | — — — — — _ | — | — | = | = | —
MULXS,
DIVXU, DIVXS
NEG — [BWL| — — — — — _ | — | — | = | = | —
EXTU, EXTS — | WL | — — — — — _ | — | - = | = | —
Logic AND, OR, BWLIBWL| — | — | — | — | — | — | — | — | — | — | —
operations | XOR
NOT — [BWL| — — — — — _ | — | - = | = | —
Shift instructions —BWL| — | — | — | — | — | — | — | — | — | — | —
Bit manipulation — B B — | — | = B S [ R RS R —
Branch Bcc, BSR RN [ [ U S e P — ) O | — | —
JMP, JSR — | —]o|l=|=] =] =|=]l0O| =] —=]|0/|—
RTS -l - - === === —=160
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Addressing Modes
jo
—~ | x
o | 2|y .
Function | Instruction & & ® &’3‘ o .

c S N 2 ® 33 er s | & g 3
| |G|zl |H| 88| 8|lcs|les|o|2
£ || ®|©®|®|®|08|0 |6 || |6 |E

System TRAPA — - === =] = == =]=10

control RTE R D e o
SLEEP S [ I (NS [ (N R (- S O
LDC B B W w w W — W w —_ — — —
STC — B W W[ W|W|—|W | W|—|—|—]|—
ANDC, ORC, B |l — | — | - - - - =] = = = ==
XORC
NOP e el el el el el el e el e e e )

Block data transfer — -] =] = =] =] =|=1]—=1|—=|BW

Legend:

B: Byte

W: Word

L: Longword
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26.3 Tables of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The operation notation
used in these tables is defined as follows.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERn General register (32-bit register or address register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition code register

N N (negative) flag of CCR
Z Z (zero) flag of CCR

\% V (overflow) flag of CCR
C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

g Logical AND

ad Logical OR

g Exclusive logical OR

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table2.3 DataTransfer Instructions

Instruction Size* Function
MOV B/W/L (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.
MOVFPE B (EAs) - Rd
Cannot be used in the H8/3039 Group.
MOVTPE B Rs - (EAs)
Cannot be used in the H8/3039 Group.
POP Wi/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. Similarly, POP.L ERn is identical to MOV.L
@SP+, ERn.
PUSH Wi/L Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @—SP. Similarly, PUSH.L ERn is identical to MOV.L ERn,
@-SP.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.4 Arithmetic Operation Instructions

Instruction  Size* Function

ADD, B/WI/L Rd +Rs - Rd, Rd = #IMM - Rd

SuB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data
cannot be subtracted from data in a general register. Use the SUBX or
ADD instruction.)

ADDX, B Rd+Rs+C - Rd,Rdx#MM + C - Rd

SUBX Performs addition or subtraction with carry on data in two general
registers, or on immediate data and data in a general register.

INC, B/WI/L Rd+1 - Rd,Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS, L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA, B Rd decimal adjust — Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits - 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Instruction Size* Function

DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 hits - 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-hit quotient and 16-bit remainder.

DIVXS B/W Rd +Rs - Rd
Performs signed division on data in two general registers: either 16 bits
+ 8 bits - 8-bhit quotient and 8-bit remainder, or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

CMP B/W/L Rd - Rs, Rd — #IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR according to the result.

NEG B/WI/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTS Wi/L Rd (sign extension) — Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by extending the sign bit.

EXTU WI/L Rd (zero extension) — Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by padding with zeros.

Note: * Size refers to the operand size.

B: Byte
W: Word

L: Longword
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Table25 Logic Operation Instructions

Instruction Size* Function
AND B/WI/L Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WIL Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/WIL RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WI/L - Rd - Rd

Takes the one's complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2.6  Shift Instructions

Instruction  Size* Function
SHAL, B/WI/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/WI/L Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/WIL Rd (rotate) —» Rd
ROTR Rotates general register contents.
ROTXL, B/WIL Rd (rotate) —» Rd
ROTXR Rotates general register contents through the carry bit.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.7 Bit Manipulation Instructions

Instruction Size* Function

BSET B 1 - (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The
bit number is specified by 3-bit immediate data or the lower 3 bits of a
general register.

BCLR B 0 - (<hit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower 3 bits of a
general register.

BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a
general register.

BTST B = (<bit-No.> of <EAd>) - Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower 3 bits of a general register.

BAND B C 0 (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C O[~ (<bit-No.> of <EAd>)] - C
ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C 0 (<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C O[- (<bit-No.> of <EAd>)] -~ C

ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.
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Instruction Size* Function

BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to
the carry flag.

BILD B = (<bit-No.> of <EAd>) -~ C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B C - = (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.
The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte

Rev.3.00 Mar. 26, 2007 Page 37 of 682
REJ09B0353-0300
RENESAS



Section 2 CPU

Table2.8 Branching Instructions
Instruction  Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High chz=0
BLS Low or same chz=1
Bcc (BHS) Carry clear (highorsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table2.9 System Control Instructions

Instruction  Size*  Function

TRAPA — Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine

SLEEP — Causes a transition to the power-down state

LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data
is read by word access.

STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word
access.

ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.

ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.

XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data.

NOP — PC+2 - PC
Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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Table2.10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L # 0 then
repeat @ER5+ - @ER6+, R4L-1 - R4L
until R4L=0

else next;
EEPMOV.W if R4 # 0 then
repeat @ER5+ . @ER6+, R4-1 - R4
until R4=0
else next;

Transfers a data block according to parameters set in general registers
R4L or R4, ERS5, and ERG.

R4L or R4: Size of block (bytes)
ERS: Starting source address
ERG6: Starting destination address

Execution of the next instruction begins as soon as the transfer is
completed.

2.6.4 Basic I nstruction For mats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first 4 bits of the
instruction. Some instructions have two operation fields.

Register Field: Specifiesageneral register. Address registers are specified by 3 bits, data registers
by 3 bits or 4 bits. Some instructions have two register fields. Some have no register field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or adisplacement. A 24-bit address or displacement is treated as 32-bit datain which the
first 8 bits are 0 (H'00).

Condition Field: Specifiesthe branching condition of Bcc instructions.
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Figure 2.9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

MOV.B @(d:16, Rn), Rm

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats

2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

The BCLR instruction can be used to clear flagsin the on-chip registers. In an interrupt-handling
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag ahead
of time.

2.7 Addressing Modes and Effective Address Calculation

271 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
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BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify abit
number in the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16, ERn)/@d:24, ERn)
4 Register indirect with post-increment @Ern+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate H#XX:8HXX:16/#xX:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8

1. Register Direct—Rn

Theregister field of the instruction code specifies an 8-, 16-, or 32-hit register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-hit registers. RO to R7 and EO to E7
can be specified as 16-hit registers. ERO to ER7 can be specified as 32-bit registers.

2. Register Indirect—@ERN

Theregister field of the instruction code specifies an address register (ERn), the lower 24 bits of
which contain the address of the operand.

3. Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn)

A 16-bit or 24-bit displacement contained in the instruction code is added to the contents of an
address register (ERn) specified by the register field of the instruction, and the lower 24 bits of the
sum specify the address of a memory operand. A 16-bit displacement is sign-extended when
added.
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4. Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERN

Register indirect with post-increment—@ERN+

Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of amemory operand. After the operand is accessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 hits of the result become the address of a memory
operand. Theresult is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5. Absolute Address—@aa: 8, @aa: 16, or @aa: 24

Theinstruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), or 24 bits long (@aa:24). For an 8-bit absolute
address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-bit absolute address the
upper 8 bits are asign extension. A 24-bit absolute address can access the entire address space.
Table 2.12 indicates the accessible address ranges.

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFOO to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1,048,320 to 1,048,575) (16,776,960 to 16,777,215)
16 bits (@aa:16) H'00000 to H'O7FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0to 32,767, 1,015,808 to 1,048,575) (0 to 32,767, 16,744,448 to 16,777,215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF

(0 to 1,048,575) (0 to 16,777,215)

Rev.3.00 Mar. 26, 2007 Page 43 of 682
REJ09B0353-0300
RENESAS



Section 2 CPU

6. Immediate—#xx:8, #xx:16, or #xx:32

The instruction code contains 8-bit (#xx:8), 16-hit (#xx:16), or 32-bit (#xx:32) immediate data as
an operand.

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.

7. Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

Thismode is used in the Bcc and BSR instructions. An 8-hit or 16-bit displacement contained in
the instruction code is sign-extended to 24 bits and added to the 24-bit PC contents to generate a
24-bit branch address. The PC value to which the displacement is added is the address of the first
byte of the next instruction, so the possible branching range is—126 to +128 bytes (63 to +64
words) or —32766 to +32768 bytes (16383 to +16384 words) from the branch instruction. The
resulting value should be an even number.

8. Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The memory operand is accessed by longword access. The first byte of the memory operand is
ignored, generating a 24-bit branch address. See figure 2.10. The upper bits of the 8-bit absolute
address are assumed to be 0 (H'0000), so the address range is 0 to 255 (H'000000 to H'0000FF).
Note that the first part of thisrange is aso the exception vector area. For further detail s see section
5, Interrupt Controller.

/_\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification
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When aword-size or longword-size memory operand is specified, or when abranch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective addressis calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-bit effective address.
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Table2.13 Effective Address Calculation
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has four processing states: the program execution state, exception-handling
state, power-down state, and reset state. The power-down state includes sleep mode, software

standby mode, and hardware standby mode. Figure 2.11 classifies the processing states. Figure
2.13 indicates the state transitions.

Processing states k% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Reset state

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode ‘

The CPU is halted to conserve power

Software standby mode ‘

Hardware standby mode ‘

Figure2.11 Processing States

282 Program Execution State

In this state the CPU executes program instructions in normal seguence.
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283 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branchesto that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all timesin the program execution state.

Table2.14 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with Exception handling starts
A clock immediately when RES changes
from low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception handling* end of the current instruction or
current exception-handling
sequence
Trap instruction When TRAPA instruction Exception handling starts when
is executed a trap (TRAPA) instruction is
Low executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

Figure 2.12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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STBY = high, RES = low
( Reset state™! >=

/Hardware standby mode*D

Power-down state

Reset
External interrupts
Exception
SOUICES Interrupt
Internal interrupts (from on-chip supporting modules)
Trap instruction
Figure2.12 Classification of Exception Sources
<Program execution state>
SLEEP
instruction
with SSBY =0
End of Exception
exception | !
hand‘I)ing ; Sleep mode > !
Interrupt | SLEEP instruction 3
| with SSBY =1 ;
NMI, IRQo, IRQ 4, 3 !
<E . t\ or IRQ;, interrupt ! Softw wandb g > |
xception-handling s ae/= ; \\ oftware standby mode |
} : }
RES = high 3 3

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2.13 State Transitions

284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
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including NMI, are disabled during the reset exception-handling sequence and immediately after it

ends.

Interrupt Exception Handling and Trap I nstruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) isset to 1, the CPU setsthis set to 1, the CPU setsthe | bit in the condition code
register to 1. If the UE bit is cleared to 0, the CPU sets both the | bit and the Ul bit in the condition
code register to 1. Then the CPU fetches a start address from the exception vector table and
execution branches to that address.

Figure 2.14 shows the stack after the exception-handling sequence.

SPDb4
SPB3
SPP2
SPDb1

SP (ER7) —=|

Legend:

\_/_\

Stack area

\_/_\

SP (ER7) —
SP+1
SP+2
SP+3
SP+4

\_/_\

CCR

PC

\_/_\

Before exception
handling starts

CCR: Condition code register

SP:

Stack pointer

Pushed on stack

= After exception
handling ends

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.

2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Even
address

Figure2.14 Stack Structure after Exception Handling
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2.85 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The |
bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details see section 10,
Watchdog Timer.

2.8.6 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes. sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY bhit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit isset to 1 in SY SCR. The CPU and clock halt and al
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The I/O ports also remain in their existing states.

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input
goes low. Asin software standby mode, the CPU and clock halt and the on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 17, Power-Down State.
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29 Basic Operational Timing

29.1 Overview

The H8/300H CPU operates according to the system clock (). Theinterval from onerise of the
system clock to the next riseisreferred to as a "state." A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

292 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The databusis 16 bits wide, permitting both byte and
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicates the pin
states.

Bus cycle

O I

~— T, state %Tz state —»

: I W e W

Internal address bus X Address X

Internal read signal \ ! : /
Internal data bus 1
(read access) :>—< ‘Read data ‘)

Internal write signal ! \—/—
Internal data bus :‘) ( ‘ . ‘
(write access) ‘ : Write data >—

Figure2.15 On-Chip Memory Access Cycle
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cp I o W e W

Address bus X Address ><

D, WR

AS,

High imbedance

D7 to DO T

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bitswide,
depending on the register being accessed. Figure 2.17 shows the on-chip supporting module access
timing. Figure 2.18 indicates the pin states.

Bus cycle

— o
e |

a— T, state —»e— T, state —»-«— T3 state —»

Internal address bus X Address

Internal read signal : \ ! ! / ‘
Read ! !
access | data b | ! ! |
Internal data bus :> ( Read da;a :)
Internal write signal | \ ! / 1
Write 3 : : i
access ! ! | !
Internal data bus :>—< Write data >—

Figure2.17 AccessCyclefor On-Chip Supporting Modules
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0 S

- Tt T)—a—T3—»

Address bus X Address X
AS, RD, WR — ; | |
i High ! | |
High impedance |
D7 to DO i ' i i

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Access to External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each area accessed in two or three states. For details see section 6, Bus
Controller.
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Section 3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

The H8/3039 Group has five operating modes (modes 1, 3, 5 to7) that are selected by the mode
pins (MD, to MD,) asindicated in table 3.1. The input at these pins determines expanded mode or
single-chip mode.

Table3.1 Operating Mode Selection

Mode Pins Description
Operating Initial Bus On-Chip On-Chip
Mode MD, MD, MD, Address Space Mode*! ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 bits Disabled Enabled**
Mode 2 0 1 0 — — — —
Mode 3 0 1 1 Expanded mode 8 hits Disabled Enabled**
Mode 4 1 0 0 — — — —
Mode 5 1 0 1 Expanded mode 8 hits Enabled Enabled**
Mode 6 1 1 0 Single-chip normal mode  — Enabled Enabled*’
Mode 7 1 1 1 Single-chip advanced mode — Enabled Enabled*’

Notes: 1. If the RAM enable bit (RAME) in the system control register (SYSCR) is cleared to 0,
these addresses become external addresses.

2. In mode 6 and 7, clearing bit RAME in SYSCR to 0 and reading the on-chip RAM
always return H'FF, and write access is ignored. For details, see section 14.3,
Operation.

For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbytes.

Modes 1 and 3 are on-chip ROM disable expanded modes capable of accessing external memory
and peripheral devices.

Mode 1 supports a maximum address space of 1 Mbyte.

Mode 3 supports a maximum address space of 16 Mbytes.
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Mode 5 is externally expanded mode that enables access to external memory and peripheral
devices and also enables access to the on-chip ROM. Mode 5 supports a maximum address space
of 1 Mbyte.

Modes 6 and 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers.
All 1/O ports are available. Mode 6 is a normal mode with 64-kbyte address space. Mode 7 is an
advanced mode with a maximum address space of 1 Mbyte.

The H8/3039 Group can be used only in modes 1, 3, or 5 to 7. The inputs at the mode pins must
select one of these seven modes. The inputs at the mode pins must not be changed during
operation.

312 Register Configuration

The H8/3039 Group has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD, to MD,), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Registers

Address* Name Abbreviation R/W Initial Value
H'FFF1 Mode control register MDCR R Undetermined
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.
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32 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the H8/3039
Group.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: Determined by pins MD, to MDy.

Bits 7 and 6—Reserved: These bits cannot be modified and are awaysread as 1.
Bits 5 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2to 0—Mode Select 2to 0 (MDS, to MDS)): These bits indicate the logic levels at pins
MD, to MD, (the current operating mode). MDS, to MDS, correspond to MD, to MD,. MDS, and
MDS, are read-only bits. The mode pin (MD, to MD,) levels are latched when MDCR is read.
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3.3 System Control Register (SYSCR)

SYSCR is an 8-hit register that controls the operation of the H8/3039 Group.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or

disables
on-chip RAM

Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use Ul bit in CCR
as a user bit or an interrupt mask bit

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Software Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 17, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to STS0): These bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. Set these bits so that the waiting time will be at
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least 7 ms at the system clock rate. For further information about waiting time selection, see
section 17.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 131,072 states

1
0
1 Waiting time = 65,536 states
0
1

Waiting time = 1,024 states

PRI, O|O| O
P O|O|kFR|kF,|O

— lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul hit in the condition code register asa
user bit or an interrupt mask hit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user bit (Initial value)

Bit 2—NM | Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit 2

NMIEG Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI

Bit 1—Reserved: This bit cannot be modified and is always read as 1.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by the rising edge of the RES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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34 Operating Mode Descriptions

34.1 Mode 1

Ports 1, 2, and 5 function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 8 hits, with 8-bit accessto all areas.

34.2 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A, to A, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-bit accessto
al areas. A, to A, arevalid when O iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthismode A, is always used for address output.)

343 Mode 5

Ports 1, 2, and 5 can function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space, but following areset they are input ports. To use ports 1, 2, and 5 as an address bus,
the corresponding bitsin their data direction registers (PLDDR, P2DDR, and PSDDR) must be set
to 1. The address bus width can be selected freely by setting DDR of ports 1, 2, and 5. The initia
bus mode after areset is 8 bits, with 8-bit accessto al areas.

344 Mode 6

This mode operates using the on-chip ROM, RAM, and registers. All I/O ports are available.
Mode 6 is anormal mode with 64-kbyte address space.

3.4.5 Mode 7

This mode is an advanced mode with a 1-Mbyte address space which operates using the on-chip
ROM, RAM, and registers. All I/O ports are available.

Note: The H8/3039 Group cannot be used in mode 2 and 4.
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35 Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 3, port 5 and port A vary depending on the operating mode. Table
3.3 indicates their functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Model  Mode2*' Mode 3 Mode 4** Mode 5 Mode 6  Mode 7

Portl A toA, — — A t0A, — Pl,toP1** P1,toPl, P1,toP1,
Port2 A toA, —— A t0A, — P2, to P2** P2,to P2, P2, to P2,
Port3 D,toD, — D,to D, — D,to D, P3,to P3, P3,toP3,
Port5 A toA, — A toA, — P5,t0 P5** P5,to P5, P5,to P5,
Port A PA toPA, — PAto PAX° A — PA to PA, PA toPA, PA toPA,

Notes: 1. H8/3039 Group cannot be used in these modes.

2. Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.

3. Initial state A, is always an address output pin. PA to PA, are switched over to A, to
A, output by writing 0 in bits 7 to 5 of ADRCR.

3.6 Memory Map in Each Operating Mode

Figure 3.1 shows a memory map of the H8/3039. Figure 3.2 shows a memory map of the H8/3038.
Figure 3.3 shows a memory map of the H8/3037. Figure 3.4 shows a memory map of the H8/3036.
The address space is divided into eight areas.

Modes 1, 3 and 5 are the 8-bit bus mode.

The address locations of the on-chip RAM and on-chip registers differ between the 1-Mbyte
modes (modes 1, 5, and 7) and 16-Mbyte mode (mode 3), and 64-kbyte mode (mode 6). The
address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and
@aa:16) also differs.
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Mode 3

(16-Mbyte expanded modes with
on-chip ROM disabled)

Mode 1
(1-Mbyte expanded modes with
on-chip ROM disabled)
H'00000 RRE D —| H000000
Vector area g k|
_____________ =0 -
H'000FF |--==-==-----1 5 £ |8 g| HO00OFF
SR (=8
E5S|ES
55|98
HO7FFF| | ® Sy | HOOTFFF
HiFFFF| | Aread
H'20000 H'1FFFFF
H3rFFF| | Areal 14200000
H'40000
HSFFFF| | Areaz
H'60000 | External address | preq 3 H'3FFFFF
H7FFFF | ___space ___|"7°9% H'400000
H'80000
HOFFFF | ...l Aread
H'A0000 H'5FFFFF
s N | AreaS | H600000
H'C0000
HDFFFF| ...l Areab —
H'E0000 '
Area 7 H'800000
_______________________ H'OFFFFF
H'F8000 H'A00000
H'FEFOF 0
H'FEF10 _ 2 | HBFFFFF
On-chip RAM* @ g | H'C00000
............. . =}
H'FFFO0 2 |5
H'FFFOF 5 |w@ |HDFFFFF
HFFF10 External ® 3 % HE00000
address £ |8<
= ke]
HFFF1B|  SPace s |Sg
H'FFF1C g |83
On-chip I/0 = Se
— registers 3 H'FF8000
”””” H'FFEFOF
H'FFEF10
H'FFFF00
H'FFFFOF
H'FFFF10
H'FFFF1B
H'FFFF1C
H'FFFFFF

Vector area

External
address

External
address
space

On-chip I/O
registers

16-bit absolute
addresses (first half)

(second half)

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1 H8/3039 Memory Map in Each Operating Mode (1)
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Mode 5

(1-Mbyte expanded mode with
on-chip ROM enabled)

(single-chip normal mode)

Mode 6

H'00000

H'000FF

H'O7FFF

H'1FFFF
H20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEFOF
HFEF10

H'FFF00
H'FFFOF
H'FFF10

H'FFF1B
HFFF1C

H'FFFFF

5 =
Vector area 8 [
_____________ =
To|lwb
£8 |5
............. Y=o oy
S T 2 9
Q
§8 |54
On-chpROM | ES |23
28|58
0 Qa
Area 0
Area 1l
Area 2
‘Extemnal address | o ona
. _space ___|Ar€a3
Area 4
Area 5
Area 6
Area 7
[%]
(]
. " 2
On-chip RAM 0 o
Q —
_____________ . S
%] =}
@ IS
o Q
= S
External © ok
Q 0 c
address = 2
= < O
space 8 - g
g |28
On-chip /0 = Se
registers 2

H'0000

H'00FF

H'F70F
H'F710

FFFO0
FFFOF

HFFLC
HFFFF

Vector area

On-chip ROM

On-chip RAM

On-chip 1/0

registers

8-bit absolute addresses

8-bit memory-indirect

Mode 7
(single-chip advanced mode)
H'00000 ity
Vector area g
1+ S I s 8 g
£ H'O00FF |--=---=-----1 - £E
@ 5538
5 OnchipRoM | EE|S 8
P 25|58
= HO7FFF ] ° ©2y3 R
H'1FFFF
H'F8000 ------==-==--==----7- -
[%2]
H'FEF10 g
On-chip RAM 2 g
_____________ -0 =}
H'FFFO0 2 |8
H'FFFOF S |e
® |3<
2 |88
>
g |Z%
HFFF1C s |29
On-chip /0 = Se
registers 2
HFFFFF[ [y~ v _

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1 H8/3039 Memory Map in Each Operating Mode (2)
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Mode 1

(1-Mbyte expanded modes with
on-chip ROM disabled)

(16-Mbyte expanded modes with
on-chip ROM disabled)

Mode 3

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
HFEF10
HFF70F
HFF710

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
H'FFF1C

HFFFFF

Vector area

Reserved”!

On-chip RAM*?

External
address
space

On-chip I/O
registers

16-bit absolute addresses

(second half)

H'000000

H'0000FF

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

Vector area

External
address

H'FFEF10
H'FFF70F
HFFF710

H'FFFFO0
H'FFFFOF
H'FFFF10

H'FFFF1B
HFFFF1C

H'FFFFFF

Reserved*!

On-chip RAM*2

External
address
space

On-chip I/0
registers

(second half)

Notes: 1. Do not access the reserved area.

2. External addresses can be accessed by disabling on-chip RAM.

Figure3.2 HB8/3038 Memory Map in Each Operating Mode (1)

Rev.3.00 Mar. 26, 2007 Page 66 of 682

REJ09B0353-0300

RENESAS




Section 3 MCU Operating Modes

Mode 5
(1-Mbyte expanded mode with . Mode 6 . . Mode 7
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 S =| H'0000 N H'00000 LT =
Vector area 8 [ Vector area 8 Vector area 8 [
""""""" 28 e T 28 T 28 | e
I 128 |3% I lv_ %8 U 133|3%
H'000FF S£|3g| HOOFF 55 H'000FF 55133
£ET |28 =] ET (R Y
g®|%9 @ 2 [ 2 =3
OnchipROM | E§ |23 On-chip ROM £5 OnchipROM | E§ |23
2g.°° 25 55|88
HO7FFF | _ ] ¢ 2y H'F70F ®© a HO7FFF | ___1_° ©*2y
H'08000 HF710 HORFEE
H'OFFFF On-chip RAM Y
Q
* 1 7]
Reserved HEFOO [[777 7 - —g
H'1FFFF Area 0 HFFOF b
20000 11T 2
:glo:g?:?: Area 1 H'EF1C é
H'40000 [T LT On-chip %
HSFFFF || Areaz | I/O registers £
H'60000 | External address | p(aq 3 HFFFF e
H7FFFF | ___space ___|"""7°
H'80000
HOFFFF | ___________| Aread
H'A0000
HBFFFF|. .| Areas
H'C0000
HDFFFF|.___________| Area6
H'E0000 Area 7
HF8000 --------""""""""-""}3" "~
H'F8000 | "~~~ """ T @
. H'FF710 a
EEE?&S Reserved*? 0 On-chipRAM | o |8
. o | ] __® S
H'FF710 onchipram®| , |3 H'FFFO0 $ |8
_____________ - H'FFFOF T e
H'FFF00 2 12 c |2
H'FFFOF 5 o g |8
' ° S
HFFF10 External s |35 3 |SE
address i) ? ’ a £5
3 |=3 H'FFF1C ] S |29
H'EFF1B space S = On-chip /0 = -2
H'FEF1C % 2 8 registers f-;
On-chip I/0 = |Sa HFFFFFL vy~ ¥
registers 3
HFFFFF[ vy - ¥y __

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure3.2 HB8/3038 Memory Map in Each Operating Mode (2)
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Mode 1

(1-Mbyte expanded modes with
on-chip ROM disabled)

(16-Mbyte expanded modes with
on-chip ROM disabled)

Mode 3

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEF10
H'FFBOF
HFFB10

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
H'FFF1C

HFFFFF

Vector area

8-bit memory-indirect
16-bit absolute
addresses (first half)

Reserved”!

On-chip RAM*?

External
address
space

On-chip I/O
registers

16-bit absolute addresses

(second half)

H'000000

H'0000FF

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'9FFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

H'FFEF10
H'FFFBOF
HFFFB10

H'FFFFO0
H'FFFFOF
H'FFFF10

H'FFFF1B
HFFFF1C

H'FFFFFF

Vector area

External
address

Reserved*!

On-chip RAM*2

External
address
space

On-chip I/0
registers

16-bit absolute
addresses (first half)

(second half)

Notes: 1. Do not access the reserved area.

2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.3 H8/3037 Memory Map in Each Operating Mode (1)
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Mode 5
(1-Mbyte expanded mode with inal hl\_/lode 6 | mod ingle-chi Mo((jje 7 d mod
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 TR H0000 T H'00000 ———— [~ <
Vector area 8 g Vector area 8 Vector area 8 g
""""""" 28|ep el 28 Tl 28 e
33|3% 38 38 |3%
H'000FF |-==-===-==-"1 55 |8 g| HOOFF |-=========-"1 53 H'000FF [-=-=-==-=-="-1 55|83
ER | ER ER [T
. cec |88 : £S5 i ES |53
On-chip ROM Ze|8s On-chip ROM =g On-chip ROM Ze|8s
2g.°° B8 55|88
H'O7FFF B8y | HTFFF & 5 H'O7FFF b8y
H'08000
Reserved*? HFB10
On-chip
H1FFFF Areald RAM "
HSPFPF aear L] N
H40000 77777 meaz | o
HSFFFF | LT o
H'60000 [ External address Area 3 ’ %
H7FFFF | ___space | 77792 HFFIC| onchipio || 8
H: :
Hgg?:?:?: Aread HEFFF registers |, 7%
140000 :
HC0000 [T prens
HOFFFF| .| Areab
H'E0000 Area 7
HF8000 --------"--"""""--"}3""~
H'F8000 [~~~ ° T TN T n
. HFFB10 2
:EEE%E Reserved”? 2 On-chip RAM § é
HFFB10 . & eeep [T T2 |3
On-chip RAM*? @ H'FFF00 g |®
______ PRAV 8 |2 HFFFOF T e
H'FFFO0 2 |3 3 |2€
H'FFFOF 5 e |88
HFFF10 g |22 3 |83
External @ S5 2 =&
address g |25 HFFF1C s |8g
HFFF1B|  Space s |SE onchipio || £ |48
HEEF1C ) 29 registers >
On-chip I/0 o =Ro) HFFFFFL v ¥ __
registers >
HFFFFF| |y -~ ¥y __

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.3 H8/3037 Memory Map in Each Operating Mode (2)
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Mode 1

(1-Mbyte expanded modes with
on-chip ROM disabled)

(16-Mbyte expanded modes with
on-chip ROM disabled)

Mode 3

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FEF10
H'FFDOF
HFFD10

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
H'FFF1C

HFFFFF

Vector area

8-bit memory-indirect
16-bit absolute
addresses (first half)

Reserved”!

On-chip RAM*?

External
address
space

On-chip I/O
registers

16-bit absolute addresses

(second half)

H'000000

H'0000FF

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

Vector area

External
address

H'FFEF10
H'FFFDOF
H'FFFD10

H'FFFFO0
H'FFFFOF
H'FFFF10

H'FFFF1B
HFFFF1C

H'FFFFFF

Reserved*!

On-chip RAM*2

External
address
space

On-chip I/0
registers

16-bit absolute
addresses (first half)

(second half)

Notes: 1. Do not access the reserved area.

2. External addresses can be accessed by disabling on-chip RAM.

Figure3.4 HB8/3036 Memory Map in Each Operating Mode (1)
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Mode 5
(1-Mbyte expanded mode with . Mode 6 . . Mode 7
on-chip ROM enabled) (single-chip normal mode) (single-chip advanced mode)
H'00000 I S =| H0000 . H'00000 Ry S =
Vector area 8 N [ Vector area 8 N Vector area 8 N [
""""""" 28 |eB T B8 N R =R R R
\OOOFE |- == =mmmmmm] L2812 2 HooRE |ocmmmmmmmed 138 \OOOFE |- === m o ome 128|387
H'000FF 53|23 2 H'0O0FF 53 H'000FF 535 |2 4
On-chpROM | 5% |® & 5% 58 |=8
H'O3FFF ES |52 On-chpROM | E§ On-chpRoM | E§ |5 £
5583 55 P 55 4%
0 O 0 O " 0 O
HOTFFF |- L - 22X H'3FFF HOsFRFL | 27y
Reserved*? H'FD10
p— éf?"’} 9”” On-chip RAM §
' 1%
:g?:g?:?: Area 1 FFFOO [~ """"""777] Y g
10T e Yo" e N e 1 o
_______________________ E
E'gg?:?:?: Exterr;:laigdress Area 3 H'FF1C On-chip 110 g
H80000 T T T registers s
H'OFFFF Area 4 H'FFFF . g
HA0000 [T e
HBFFFF| ... Areab
H'C0000
HDFFFF| .| Area6
H'E0000 Area 7
H'F8000 --------"""""""""""34""-
HF8000 [~~~ """ TTh T @
. H'FFD10 *
:EEE%,O: Reserved** 0 On-chipRAM | o |8
\ o | R
HFFD10 on-chip RAM?| | 8 H'FFF00 g |®
v |5 H'FFFOF 5 |e
HFFFOO [ 77777777777 Tg |g ® |2€
H'FFFOF 5 | 2 |83
' ° S
HFFF10 | External s |25 s |SE
address 2 |25 HFFF1C S |29
HFEF1B space 5 |sg On-chip I/0 = |32
H'FFF1C % —§ § registers f-;
On-chip I/0 = |Se HFFFFFL 1y~ v
registers 3
HFFFFF| |y -~ ¥y __

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure3.4 HB8/3036 Memory Map in Each Operating Mode (2)
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3.7

Restrictionson Use of Mode 6

In mode 6 (single-chip normal mode), on-chip ROM area datais undefined if address H'10000 or
above (64 kbytes or above) is accessed, and therefore instruction code fetch and data read
operations may not always be performed normally.

However, there is no problem with address H'10000 and above if the lower 16-bit addressis an
on-chip RAM (H'F710 to H'FFOF) or internal 1/O register (H'FF1C to H'FFFF) address.

Table 3.4 shows the restrictions concerning each addressing mode.

Table3.4 AccessRestrictionsin Mode 6 (Single-Chip Normal Mode)

Conditions

Addressing Mode Restricted Item Address Range Operation Restriction

Register direct (Rn) O O No problem O

Register indirect Contents of ERn H'00010000 or Read datais Set upper 16 bits of ERn

(@ERN) above, with lower  undefined. to H'0000; or, write
16 bits in range Writes are same data as in
H'0000 to H'F710  invalid. H'00000—H'0FFFF to

H'10000-H'1FFFF in
on-chip ROM.

Register indirect with Value of ERn

displacement contents plus

(@(d:16,ERn), displacement

@(d:16,ERn))

Register indirect with Value of ERn

post-increment contents

(@ERnN+) incremented (or

Register indirect with decremented) by

pre-decrement 1.2.0r4

(@ERn-)

Absolute address O O No problem 0O

(@aa:8)

Absolute address Value of @aa H'010000 or Read datais Do not specify H'8000

(@aa:16) sign-extended to above, with lower  undefined. or above as absolute

24 bits 16 bits in range Writes are address; or, write same

H'0000 to H'F710  invalid. data as in H'00000—

H'OFFFF to H'20000—
H'1FFFF in on-chip
ROM.
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Conditions
Addressing Mode Restricted Item Address Range Operation Restriction
Absolute address Value of @aa H'010000 or Read datais Do not access
(@aa:24) above, with lower  undefined. addresses in range
16 bits in range Writes are shown under conditions;
H'0000 to H'F710 invalid. or, write same data as in
H'00000-H'0FFFF to
H'10000-H'1FFFF in
on-chip ROM.
Immediate O O No problem O
Program-counter Value of PC plus H'010000 or Does not Do not access
relative displacement above, with lower  operate addresses in range
(@(d:8,PC), 16 bits in range normally shown under conditions;
@(d:16,PC)) H'0000 to H'F710  since or, write same data as in
instruction H'00000-H'OFFFF to
code is H'10000-H'1FFFF in
undefined. on-chip ROM.
Memory indirect O O No problem O

(@@aa:8)

RENESAS
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Section 4 Exception Handling

Section 4 Exception Handling

41 Overview

41.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at all timesin the program execution state.

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the
RES pin
Interrupt Interrupt requests are handled when execution of the
current instruction or handling of the current exception
is completed
Low Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA)

4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCR interrupt mask bit isset to 1.

3. A vector address corresponding to the exception source is generated, and program execution
starts from the address indicated in the vector address.

For areset exception, steps 2 and 3 above are carried out.
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4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vectors are assigned to
different exception sources. Table 4.2 lists the exception sources and their vector addresses.

¢ Reset
External interrupts: NMI, IRQg, IRQ, IRQ,, IRQs

Exception
sources * Interl’uptS

Internal interrupts: 25 interrupts from on-chip

« Trap instruction supporting modules

Figure4.1 Exception Sources

Rev.3.00 Mar. 26, 2007 Page 76 of 682
REJ09B0353-0300
RENESAS



Section 4 Exception Handling

Table 4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address**

Normal Mode

Advanced Mode

Reset

H'0000 to H'0001

H'0000 to H'0003

Reserved for system use

H'0002 to H'0003

H'0004 to H'0007

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

H'0008 to H'0009

H'0010 to H'0013

H'000A to H'000B

H'0014 to H'0017

H'000C to H'000D

H'0018 to H'001B

External interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction (4 sources)

H'0010 to H'0011

H'0020 to H'0023

Ol N|O|O| Bl W[N|FL,]|O

H'0012 to H'0013

H'0024 to H'0027

[EnY
o

H'0014 to H'0015

H'0028 to H'002B

[ERN
[N

H'0016 to H'0017

H'002C to H'002F

External interrupt IRQ,

[EEY
N

H'0018 to H'0019

H'0030 to H'0033

IRQ,

[EnY
w

H'001A to H'001B

H'0034 to H'0037

Reserved for system use

=
N

H'001C to H'001D

H'0038 to H'003B

[EEY
)]

H'001E to H'O01F

H'003C to H'003F

External interrupt IRQ,

=
[e2]

H'0020 to H'0021

H'0040 to H'0043

IRQ,

[ERY
~

H'0022 to H'0023

H'0044 to H'0047

Reserved for system use

[EnY
(o}

H'0024 to H'0025

H'0048 to H'004B

19

H'0026 to H'0027

H'004C to H'004F

Internal interrupts*?

20
to
60

H'0028 to H'0029
to
H'0078 to H'0079

H'0050 to H'0053
to
H'00FO0 to H'00F3

Notes: 1. Lower 16 bits of the address.
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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4.2 Reset

42.1 Overview

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
H8/3039 Group entersthe reset state. A reset initializes the internal state of the CPU and the
registers of the on-chip supporting modules. Reset exception handling begins when the RES pin
changes from low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 10,
Watchdog Timer.

422 Reset Sequence
The H8/3039 Group enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 10 system clock () cycles. When using
the flash memory version, hold at "Low" level for aleast 1usec. See appendix D.2, Pin States at
Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the H8/3039 Group chip
starts reset exception handling as follows.

e Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1 in CCR.

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode) are read, and
program execution starts from the address indicated in the vector address.

Figure 4.2 shows the reset sequence in modes 5 and 7.
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423 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. Thefirst instruction of the program is
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV .L #xx:32, SP).

4.3 Interrupts

Interrupt exception handling can be requested by five external sources (NMI, IRQ,, IRQ,, IRQ,,
IRQ,) and 25 internal sourcesin the on-chip supporting modules. Figure 4.3 classifies the interrupt
sources and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), 16-bit
integrated timer unit (ITU), serial communication interface (SCI), and A/D converter. Each
interrupt source has a separate vector address.

NMI isthe highest-priority interrupt and is always accepted. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts
P { IRQg, IRQ1, IRQ4, IRQ5 (4)

Interrupts
WDT* (1)
ITU (15)
Internal interrupts | SCI (8)
A/D converter (1)

Notes: Numbers in parentheses are the number of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates
an interrupt request at every counter overflow.

Figure4.3 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bit to 1
in CCR. If the UE bitis O, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, whichis
specified in the instruction code.

4.5 Stack Status after Exception Handling

Figure 4.4 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\\/\

SP-4 SP (ER7) - CCR

SP-3 SP+1 PCe

SP-2 SP+2 PCH

SP-1 SP+3 PC_

SP (ER7) - SP+4 Even address
——— Stack area ———

\/\\/\

Before exception handling ——— After exception handling
Save on stack

Legend:

PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC indicates the address of the first instruction that will be executed after return.
2. Saving and restoring of registers must be conducted at even addresses in word-size
or longword-size units.

Figure4.4 Stack after Completion of Exception Handling (Advanced M ode)
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3039 Group regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP, ER7) should always be kept even. Use the following instructions to save
registers.

PUSH WRn (or MOV. WRn, @SP)
PUSH. L ERn (or MOV.L ERn, @SP)

Use the following instructions to restore registers:

POP.WRn  (or M. W @P+, Rn)
POP.L ERn (or MOV.L @P+, ERn)

Setting SP to an odd value may lead to amalfunction. Figure 4.5 shows an exampl e of what
happens when the SP value is odd.

CCR sp—> R1L HFFEFA

Sp—> HFFEFB
PC PC HFFEFC

i 1 i | ererD
77777777777777777777777777777777777777 HFFEFF

SP —*

TRAPA instruction executed MOV. B R1L, @-ER7
_—
SP set to H'FFEFF Data saved above SP CCR contents lost

Legend: CCR: Condition code register
PC:  Program counter
R1L: General register R1L
SP:  Stack pointer

Note: The diagram illustrates modes 1, 3, and 5.

Figure4.5 Operation when SP ValueisOdd
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Section 5 Interrupt Controller

51 Overview

511 Features
The interrupt controller has the following features:

* Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
ininterrupt priority registers A and B (IPRA and IPRB).

» Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)

* Independent vector addresses
All interrupts are independently vectored; the interrupt service routine does not have to
identify the interrupt source.

» Fiveexterna interrupt pins
NMI has the highest priority and is always accepted; either the rising or falling edge can be
selected. For each of IRQ,, IRQ,, IRQ,, and IRQ,, sensing of the falling edge or level sensing
can be selected independently.
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5.1.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

NMI
input

IRQ input

OVF
TME

ADI :

ADIE

Legend:
I:

IER:
IPRA:
IPRB:
ISCR:
ISR:
SYSCR:
UE:

ul:

|ISCR| | IER | | IPRA, IPRB |
Y w
.| [RQinput -
section ISR
Interrupt
- Priority request
decision logic
Vector
) > number

Interrupt controller

CPU

ul

Interrupt mask bit

IRQ enable register
Interrupt priority register A
Interrupt priority register B
IRQ sense control register
IRQ status register
System control register
User bit enable

User bit/interrupt mask bit

[g]

SYSCR

CCR

Figure5.1 Interrupt Controller Block Diagram
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513 Pin Configuration

Table 5.1 lists the interrupt pins.

Table5.1 Interrupt Pins
Name Abbreviation I/0 Function
Nonmaskable interrupt NMI Input Nonmaskable interrupt, rising edge or

falling edge selectable

External interrupt IRQ

request5,4,1,and 0 IRQ,, IRQ,

Input Maskable interrupts, falling edge or level
sensing selectable

514 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address** Name Abbreviation RIW Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER R/W H'00
H'FFF6 IRQ status register ISR R/(W)*? H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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5.2 Register Descriptions

521 System Control Register (SYSCR)

SY SCR is an 8-bit readable/writable register that controls software standby mode, selects the
action of the Ul bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRisinitialized to H'OB by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘ NMIEG ‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

Standby timer NMI edge select
select 2t0 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bitin CCR
as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR as a user bit or an
interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user bit (Initial value)

Bit 2—NM | Edge Select (NMIEG): Selectsthe NMI input edge.

Bit 2

NMIEG Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

Rev.3.00 Mar. 26, 2007 Page 87 of 682
REJ09B0353-0300
RENESAS



Section 5 Interrupt Controller

522 Interrupt Priority Registers A and B (IPRA, IPRB)

IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority.

Interrupt Priority Register A (IPRA)

IPRA is an 8-bit readable/writable register in which interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRA6 ‘ — ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Priority
level AO
Selects the
priority level
of ITU
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel O interrupt requests

Priority level A3
Selects the priority level of
WDT interrupt requests

Priority level A4
Selects the priority level of IRQ4 and IRQsg
interrupt requests

Reserved bit

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQq interrupt requests
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IPRA isinitialized to H'00 by areset and in hardware standby mode.

Bit 7—Priority Level A7 (IPRA7Y): Selectsthe priority level of IRQO interrupt requests.

Bit7

IPRA7 Description

0 IRQO interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQO interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAB): Selectsthe priority level of IRQL interrupt requests.

Bit6

IPRAG6 Description

0 IRQ1 interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQ1 interrupt requests have priority level 1 (high priority)

Bit 5—Reserved bit: This bit can be written and read, but it does not affect interrupt priority.

Bit 4—Priority Level A4 (IPRA4): Selectsthe priority level of IRQ, and IRQ, interrupt requests.

Bit4

IPRA4 Description

0 IRQ,, IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ,, IRQ, interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WTD interrupt requests.

Bit3

IPRA3 Description

0 WDT interrupt requests have priority level O (low priority) (Initial value)
1 WDT interrupt requests have priority level 1 (high priority)
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Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of ITU channel O interrupt requests.

Bit2

IPRA2 Description

0 ITU channel O interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 0 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRAL): Selectsthe priority level of ITU channel 1 interrupt requests.

Bitl

IPRAL Description

0 ITU channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAOQ): Selectsthe priority level of ITU channel 2 interrupt requests.

Bit0

IPRAO Description

0 ITU channel 2 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB)

IPRB isan 8-bit readable/writable register in which interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRBG‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

Priority level B2
Selects the priority level of SCI
channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Reserved bits

Priority level B6
Selects the priority level of ITU channel 4 interrupt requests

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of ITU channel 3 interrupt requests.

Bit7

IPRB7 Description

0 ITU channel 3 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of ITU channel 4 interrupt requests.

Bit6

IPRB6 Description

0 ITU channel 4 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

Bits 5 and 4—Reserved: These bits cannot be modified and are awaysread as 0.

Bit 3—Priority Level B3 (IPRB3): Selects the priority level of SCI channel O interrupt requests.

Bit3

IPRB3 Description

0 SCI channel O interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 0 interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Sdectsthe priority level of SCI channel 1 interrupt requests.

Bit2

IPRB2 Description

0 SCI channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of A/D converter interrupt requests.

Bitl

IPRB1 Description

0 A/D converter interrupt requests have priority level O (low priority) (Initial value)
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: This bit cannot be modified and is always read as 0.
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523  IRQ StatusRegister (ISR)

ISR is an 8-bit readable/writable register that indicates the status of IRQ,, IRQ,, IRQ,, and IRQ,
interrupt requests.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ — ‘ — ‘ IRQLF ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — RIW)* RIW*  — —  RIW)*  RIW)*

Reserved bits

Reserved bits

IRQs to IRQ,4 flags IRQ4, IRQq flags
These bits indicate IRQs and IRQ4 These bits indicates IRQ; and IRQq
interrupt request status interrupt request status

Note: * Only 0 can be written, to clear flags.

ISR isinitialized to H'00 by areset and in hardware standby mode.
Bits 7, 6, 3 and 2—Reserved: These bits cannot be modified and are always read as 0.

Bits5, 4, 1 and 0—IRQ,, IRQ,, IRQ, and IRQ, Flags (IRQ5F, IRQ4F, IRQ1F, and IRQOF):
These bitsindicate the status of IRQ,, IRQ,, IRQ,, and IRQ, interrupt requests.

Bits 5,4, 1,and 0

IRQ5F, IRQA4F,

IRQ1F, and IRQOF Description

0 [Clearing conditions] (Initial value)
e 0 is written in IRQnNF after reading the IRQnF flag when IRQnF = 1.
« IRQNSC =0, IRQn input is high, and interrupt exception handling is

carried out.

* IRQNSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]

« IRQNSC = 0 and IRQn input is low.
« IRQNSC =1 and IRQn input changes from high to low.
Note: n=5,4,1and0
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524  |IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ,, IRQ,, IRQ,, and IRQ,
interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ — ‘ — ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits Reserved bits

IRQs to IRQ,4 enable IRQq to IRQq enable
These bits enable or disable These bits enable or disable
IRQs and IRQy interrupts IRQ; and IRQyq interrupts

IER isinitialized to H'00 by areset and in hardware standby mode.
Bits 7, 6, 3, and 2—Reserved: These bits cannot be modified and are always read as 0.

Bits5, 4, 1, and 0—IRQ,, IRQ,, IRQ,, and IRQ, Enable (IRQ5E, IRQ4E, IRQ1E, IRQOE):
These bits enable or disable IRQ5, IRQ4, IRQ1, IRQO interrupts.

Bits 5,4, 1,and 0

IRQ5E, IRQA4E,

IRQ1E, and IRQOE  Description

0 IRQ,, IRQ,, IRQ,, IRQ, interrupts are disabled (Initial value)
1 IRQ,, IRQ,, IRQ,, IRQ, interrupts are enabled
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525 IRQ Sense Control Register (ISCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pinsIRQ,, IRQ,, IRQ,, and IRQ,

Bit 7 6 5 4 3 2 1 0
\ — \ — \ IRQSSC‘ IRQ4SC‘ — \ — \ IRQ1SC \ IRQOSC \
Initial value 0 0 0 0 0 0 0 0

Read/Write RIW R/IW RIW R/W RIW R/W R/IW RIW

Reserved bits Reserved bits

IRQs and IRQ,4 sense control
These bits select level sensing or falling-edge
sensing for IRQs and IRQy interrupts

IRQ; and IRQq sense control
These bits select level sensing or falling-edge
sensing for IRQ; and IRQg interrupts

ISCR isinitialized to H'00 by areset and in hardware standby mode.

Bits 7, 6, 3, and 2—Reser ved: These bits are readabl e/writable and do not affect selection of
level sensing or falling-edge sensing.

Bits5, 4, 1, and 0—IRQ,, IRQ,, IRQ, and IRQ, Sense Control (IRQ5SC, IRQ4SC, IRQ1SC,
IRQOSC): These bits selects whether interrupts IRQ,, IRQ,, IRQ,, IRQ, are requested by level
sensing of pinsIRQ,, IRQ,, IRQ,, IRQ, or by falling-edge sensing.

Bits 5,4, 1,and 0
IRQ5SC, IRQ4SC,
IRQ1SC, IRQOSC Description

0 Interrupts are requested when IRQ,, IRQ,, IRQ,, IRQ, inputs are low
(Initial value)
1 Interrupts are requested by falling-edge input at IRQ,, IRQ,, IRQ,, IRQ,

Rev.3.00 Mar. 26, 2007 Page 95 of 682
REJ09B0353-0300
RENESAS



Section 5 Interrupt Controller

5.3 Interrupt Sources

The interrupt sources include external interrupts (NMI, IRQ,, IRQ,, IRQ, and IRQ,) and 25
internal interrupts.

531 External Interrupts

There are five external interrupts: NMI, and IRQ,, IRQ,, IRQ,, and IRQ,. Of these, NMI, IRQO,
IRQL, can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the
| and Ul bitsin CCR. The NMIEG bit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

IRQ,, IRQ,, IRQ,, IRQ, Interrupts: These interrupts are requested by input signals at pins IRQ,,
IRQ,, IRQ,, IRQ,. The IRQ,, IRQ,, IRQ,, IRQ, interrupts have the following features.

* ISCR settings can select whether an interrupt is requested by the low level of the input at pins
IRQ,, IRQ,, IRQ,, IRQ,, or by the falling edge.

* |ER settings can enable or disable the IRQ,, IRQ,, IRQ,, IRQ, interrupts.
Interrupt priority levels can be assigned by four bitsin IPRA (IPRA7, IPRAG, and IPRA4).

* Thestatusof IRQ,, IRQ,, IRQ,, IRQ, interrupt requestsisindicated in ISR. The ISR flags can
be cleared to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ,, IRQ,, IRQ,, IRQ,.

IRQNSC IRQNE
l IRQNF
Edgel/level - s Q IRQn interrupt
sense circuit request
R
IRQn input f

Clear signal

Note: n=5,4,1and 0

Figure5.2 Block Diagram of InterruptsIRQ,, IRQ,, IRQ,, and IRQ,
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQN
input pin

IRQNF

Note: n=5,4,1and0

Figure5.3 Timing of Setting of IRQNF

Interrupts IRQ,, IRQ,, IRQ,, IRQ,have vector numbers 17, 16, 13, 12. These interrupts are
detected regardless of whether the corresponding pin is set for input or output. When using apin
for external interrupt input, clear its DDR hit to 0 and do not use the pin for SCI input or output.

5.3.2 Internal Interrupts
Twenty-five internal interrupts are requested from the on-chip supporting modules.

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.

* Interrupt priority levels can be assigned in IPRA and I PRB.

533 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset is the default order
shown in table 5.3.
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Interrupt Controller

Table5.3 Interrupt Sources, Vector Addresses, and Priority

Vector Vector Address*
Interrupt Source Origin Number Normal Mode Advanced Mode IPR Priority
NMI External pins 7 H'000E to H'000F H'001C to H'001F — High
IRQ, 12 H'0018 to H'0019 H'0030 to H'0033 IPRA7 *
IRQ, 13 H'001A to H'001B H'0034 to HO037 IPRA6
Reserved — 14 H'001C to H'001D H'0038 to H'003B —

15 H'001E to H'001F H'003C to H'003F
IRQ, External pins 16 H'0020 to H'0021 H'0040 to H'0043 IPRA4
IRQ, 17 H'0022 to H'0023 H'0044 to H'0047
Reserved — 18 H'0024 to H'0025 H'0048 to H'004B

19 H'0026 to H'0027 H'004C to H'004F
WOVI (interval timer) Watchdog timer 20 H'0028 to H'0029 H'0050 to H'0053 IPRA3
Reserved — 21 H'002A to H'002B H'0054 to H'0057

22 H'002C to H'002D H'0058 to H'005B

23 H'002E to H'002F H'005C to H'005F
IMIAO (compare match/ ITU channel0 24 H'0030 to H'0031 H'0060 to H'0063 IPRA2
input capture A0)
IMIBO (compare match/ 25 H'0032 to H'0033 H'0064 to H'0067
input capture BO)
OVI0 (overflow 0) 26 H'0034 to H'0035 H'0068 to H'006B
Reserved — 27 H'0036 to H'0037 H'006C to H'006F
IMIA1 (compare match/  ITU channel1 28 H'0038 to H'0039 H'0070 to H'0073 IPRA1
input capture A1)
IMIB1 (compare match/ 29 H'003A to H'003B H'0074 to H'0077
input capture B1)
OVI1 (overflow 1) 30 H'003C to H'003D H'0078 to H'007B
Reserved — 31 H'003E to H'0O03F H'007C to H'007F
IMIA2 (compare match/ ITU channel 2 32 H'0040 to H'0041 H'0080 to H'0083 IPRAO
input capture A2)
IMIB2 (compare match/ 33 H'0042 to H'0043 H'0084 to H'0087
input capture B2)
OVI2 (overflow 2) 34 H'0044 to H'0045 H'0088 to H'008B
Reserved — 35 H'0046 to H'0047 H'008C to H'008F
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Vector Address*

Vector
Interrupt Source Origin Number Normal Mode Advanced Mode IPR Priority
IMIA3 (compare match/ ITU channel 3 36 H'0048 to H'0049 H'0090 to H'0093 IPRB7 A
input capture A3)
IMIB3 (compare match/ 37 H'004A to H'004B  H'0094 to H'0097
input capture B3)
OVI3 (overflow 3) 38 H'004C to H'004D H'0098 to H'009B
Reserved — 39 H'004E to H'004F H'009C to H'009F
IMIA4 (compare match/ ITU channel 4 40 H'0050 to H'0051 H'00AOQ to H'0O0A3 IPRB6
input capture A4)
IMIB4 (compare match/ 41 H'0052 to H'0053 H'00A4 to H'00A7
input capture B4)
OVI4 (overflow 4) 42 H'0054 to H'0055 H'00A8 to H'00AB
Reserved — 43 H'0056 to H'0057 H'O0AC to H'O0OAF —
44 H'0058 to H'0059 H'00BO to H'00B3
45 H'005A to H'005B H'00B4 to H'00B7
46 H'005C to H'005D H'00B8 to H'00BB
47 H'0O05E to H'005F H'00BC to H'00OBF
48 H'0060 to H'0061 H'00CO to H'00C3
49 H'0062 to H'0063 H'00C4 to H'00C7
50 H'0064 to H'0065 H'00C8 to H'00CB
51 H'0066 to H'0067 H'00CC to H'O0CF
ERIO (receive error 0) SClchannel0 52 H'0068 to H'0069 H'00DO to H'00D3 IPRB3
RXI0 (receive data full 0) 53 H'006A to H'006B H'00D4 to H'00D7
TXIO (transmit data 54 H'006C to H'006D H'00D8 to H'00DB
empty 0)
TEIO (transmit end 0) 55 H'006E to H'006F H'00DC to H'OODF
ERI1 (receive error 1) SClchannel1 56 H'0070 to H'0071 H'O0EO to H'0OOE3 IPRB2
RXI1 (receive data full 1) 57 H'0072 to H'0073 H'00E4 to H'OOE7
TXI1 (transmit data 58 H'0074 to H'0075 H'00ES to H'00EB
empty 1)
TEI1 (transmit end 1) 59 H'0076 to H'0077 H'OOEC to H'OOEF
ADI (A/D end) A/D 60 H'0078 to H'0079 H'00F0 to H'OOF3 IPRB1 Low

Note: *

Lower 16 bits of the address.
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54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3039 Group handles interrupts differently depending on the setting of the UE bit. When
UE = 1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and
Ul bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I,
and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states. |RQ interrupts
and interrupts from the on-chip supporting modules have their own enable bits. Interrupt requests
areignored when the enable bits are cleared to 0.

Table54 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE I ul Description

1 0 — All interrupts are accepted. Interrupts with priority level 1 have
higher priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority level 1 have

higher priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE=1

Interrupts IRQ,, IRQ,, IRQ,, and IRQ, and interrupts from the on-chip supporting modules can all
be masked by the | bit in the CPU's CCR. Interrupts are masked when the | hit isset to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority. Figure
5.4 isaflowchart showing how interrupts are accepted when UE = 1.
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1

Program execution state

Y

No
Interrupt requested?

Yes

Priority level 1?

Yes

| Save PC and CCR |
Y

| |
Y

| Read vector address |

]

Branch to interrupt
service routine

Figure5.4 ProcessUp toInterrupt Acceptancewhen UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bitissetto 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same I PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

Theinterrupt controller checksthe | bit. If thel bit is cleared to O, the selected interrupt request
isaccepted. If thel bitisset to 1, only NMI is accepted; other interrupt requests are held
pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC valuethat is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

Next the | bitisset to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

Thel and Ul bitsin the CPU's CCR and the IPR bits enable three-level masking of IRQ,, IRQ,,
IRQ,, and IRQ; interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bit is cleared to 0.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bitiscleared to O.

For example, if theinterrupt enable bits of all interrupt requests are set to 1, IPRA isset to
H'10, and IPRB is set to H'00 (giving IRQ, and IRQ, interrupt requests priority over other
interrupts), interrupts are masked as follows:

a If1=0,al interrupts are unmasked (priority order: NMI > IRQ, > IRQ, > IRQO ...).
b. If I =1and Ul =0, only NMI, IRQ,, and IRQ, are unmasked.
c. If1=1and Ul =1, all interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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<0
a. All interrupts are -~ <1 Ul -0 b. Only NMI, IRQ,, and
unmasked ! - IRQsg are unmasked

Exception handling,
orl <1,Ul <1

Ul <0
Exception handling,
orUl <1

c. All interrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 isaflowchart showing how interrupts are accepted when UE = 0.

« If aninterrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

* When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

» Theinterrupt controller checksthel bit. If thel bit is cleared to O, the selected interrupt request
is accepted regardless of its IPR setting, and regardless of the Ul bit. If the | bitisset to 1 and
the Ul hit iscleared to 0, only NMI and interrupts with priority level 1 are accepted; interrupt
requests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1, only
NMI is accepted; all other interrupt requests are held pending.

*  When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

e Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

e Thel and Ul hitsare set to 1 in CCR, masking all interrupts except NMI.

e Thevector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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1

Program execution state

Y

No
Interrupt requested?

Yes

Priority level 1?

Yes

Pending

'

| Save PC and CCR |

1

| I <1,Ul <1 |

1

| Read vector address |

1

Branch to interrupt
service routine

Figure5.6 ProcessUp to Interrupt Acceptance when UE =0
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Section 5

Interrupt Sequence

54.2

Figure 5.7 shows the interrupt sequence in mode 5 when the program code and stack arein an on-

chip memory area.
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Figure5.7 Interrupt Sequence (Mode5, Stack in On-Chip Memory)

Rev.3.00 Mar. 26, 2007 Page 105 of 682

REJ09B0353-0300

RENESAS



Section 5 Interrupt Controller

54.3 Interrupt Response Time

Table 5.5 indicates the interrupt response time from the occurrence of an interrupt request until the
first instruction of the interrupt service routine is executed.

Table5.5 Interrupt Response Time

External Memory

on-Chip 8-Bit Bus

No. Item Memory 2 States 3 States
Interrupt priority decision 2%t 2%t 2%t

2 Maximum number of states 1to 23 1lto 27 1to 31**
until end of current instruction

3 Saving PC and CCR to stack 4 8 12**

4 Vector fetch 4 8 12%*

5 Instruction prefetch*? 4 8 12**

6 Internal processing*® 4 4 4

Total 19to 41 31to 57 43t0 73

Notes: 1. 1 state for internal interrupts.

2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt
service routine.

3. Internal processing after the interrupt is accepted and internal processing after prefetch.
4. The number of states increases if wait states are inserted in external memory access.
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55 Usage Notes

551 Contention between Interrupt and I nterrupt-Disabling I nstruction

When an instruction clears an interrupt enable bit to O to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs whileaBCLR,
MOV, or other instruction is being executed to clear its interrupt enable bit to O, at the instant
when execution of the instruction ends the interrupt is still enabled, so itsinterrupt exception
handling is carried out. If ahigher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt isignored.
This also appliesto the clearing of an interrupt flag.

Figure 5.8 shows an example in which an IMIEA bit isclearedto 0inthe ITU'S TIER.

, TIER write cycle by CPU | IMIA exception handling
0 |
Internal : :
address bus >< TIER address >< ><
Internal !
write signal
IMIEA

-

IMFA interrupt
signal ‘

Figure5.8 Contention between Interrupt and Interrupt-Disabling Instruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flagiscleared to O.
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55.2 Instructionsthat Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, after
determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the CPU is
currently executing one of these interrupt-inhibiting instructions, however, when the instruction is
completed the CPU always continues by executing the next instruction.

55.3 Interrupts during EEPM OV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV .B instruction is executing a transfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPM OV .W instruction is executing a transfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
atransfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as followsto allow for NMI interrupts during EEPM OV .W execution:

L1: EEPMO V. W
MOV. WR4, R4
BNE L1

554 Usage Notes

The IRQNF flag specification calls for the flag to be cleared by writing O to it after it has been read
while set to 1. However, it is possible for the IRQnF flag to be cleared by mistake simply by
writing 0 to it, irrespective of whether it has been read while set to 1, with the result that interrupt
exception handling is not executed. Thiswill occur when the following conditions are met.

1. Setting Conditions

(1) Multiple external interrupts (IRQa, IRQb) are being used.
(2) Different clearing methods are being used: clearing by writing O for the IRQaF flag, and
clearing by hardware for the IRQbF flag.

(3) A bit-manipulation instruction is used on the IRQ status register for clearing the IRQaF flag, or
else ISR isread as a byte unit, the IRQaF flag bit is cleared, and the values read in the other
bits are written as a byte unit.
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2. Generation Conditions

(1) A read of the ISR register is executed to clear the IRQaF flag whileitis set to 1, then the
IRQbF flag is cleared by the execution of interrupt exception handling.
(2) When the IRQaF flag is cleared, there is contention with IRQb generation (IRQaF flag setting).

(IRQbF was 0 when I SR was read to clear the IRQaF flag, but IRQbF isset to 1 before ISR is
written to.)

If the above setting conditions (1) to (3) and generation conditions (1) and (2) are al fulfilled,
when the ISR write in generation condition (2) is performed the IRQbF flag will be cleared
inadvertently, and interrupt exception handling will not be executed.

However, thisinadvertent clearing of the IRQbF flag will not occur if 0 iswritten to this flag even
once between generation conditions (1) and (2).

IRQaF

(C

e I

1read O written 1 read O written

o B .
b1 b

lread 1 IRQb lread O
written executed written

(Inadvertent clearing)

‘ Generation condition (1) Generation condition (2)

Figure5.9 IRQnF Flagwhen Interrupt Exception Handling is not Executed
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Either of the methods shown below should be used to prevent this problem.

Method 1: When clearing the IRQaF flag, read I SR as a byte unit instead of using a hit-
mani pulation instruction, and write a byte value that clears the IRQaF flag to 0 and sets the other
bitsto 1.

Example: Whena=0

MOV.B @ISR, ROL
MOV .B #HFE, ROL
MOV.B ROL, @ISR

Method 2: Perform dummy processing within the IRQb interrupt exception handling routine to
clear the IRQbF flag.

Examplee Whenb=1

IRQB MOV.B #HFD, ROL
MOV.B ROL, @ISR
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Section 6 Bus Controller

6.1 Overview

The H8/3039 Group has an on-chip bus controller that divides the external address space into eight
areas and can assign different bus specifications to each. This enables different types of memory to
be connected easily.

6.1.1 Features
Features of the bus controller are listed below.

» Independent settings for address areas0to 7
O 128-kbyte areasin 1-Mbyte mode.
0 2-Mbyte areasin 16-Mbyte mode.
O Areas can be designated for two-state or three-state access.
» Four wait modes
O Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be selected.
0 Zero to three wait states can be inserted automatically.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

ASTCR
Internal WCER
address bus Area
I decoder
Bus control
circuit
WAIT Wait-state
controller
WCR
Legend:

ASTCR: Access state control register

WCER: Wait state controller enable register

WCR:  Wait control register

Internal data bus

------ Internal signals -----

EAccess state control signal
EWait request signal

Figure6.1 Block Diagram of Bus Controller
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6.1.3 I nput/Output Pins
Table 6.1 summarizes the bus controller's input/output pins.

Table6.1 BusController Pins

Name Abbreviation 110 Function

Address strobe AS Output Strobe signal indicating valid address output on
the address bus

Read RD Output Strobe signal indicating reading from the external
address space

Write WR Output Strobe signal indicating writing to the external
address space, with valid data on the data
bus(D7 to DO)

Wait WAIT Input Wait request signal for access to external three-
state-access areas

6.1.4 Register Configuration
Table 6.2 summarizes the bus controller's registers.

Table6.2 BusController Registers

Address* Name Abbreviation R/IW Initial Value
H'FFED Access state control register ASTCR R/W H'FF
H'FFEE Wait control register WCR R/W H'F3
H'FFEF Wait state controller enable register WCER R/W H'FF
H'FFF3 Address control register ADRCR R/W H'FE

Note: * Lower 16 bits of the address.
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6.2 Register Descriptions

6.2.1 Access State Control Register (ASTCR)

ASTCR isan 8-bit readable/writable register that selects whether each areais accessed in two
states or three states.

Bit 7 6 5 4 3 2 1 0

‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1 ‘ ASTO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of states in which external areas are accessed. On-chip memory and
registers are accessed in afixed number of states that does not depend on ASTCR settings.
Therefore, in the single-chip modes (modes 6 and 7), the set value is meaningless.
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6.2.2 Wait Control Register (WCR)

WCR is an 8-hit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO ‘
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

Wait mode select 1/0
These bits select the wait mode

WCRisinitialized to H'F3 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 4—Reser ved: These bits cannot be modified and are always read as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WM SL/0): These hits select the wait mode.

Bit3 Bit2

WMS1 WMSO0 Description

0 0 Programmable wait mode (Initial value)
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode
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Bits 1 and 0—Wait Count 1 and 0 (WC1/0): These hits select the number of wait statesinserted
in access to external three-state-access areas.

Bitl Bit0
WC1 WCOo Description
0 0 No wait states inserted by wait-state controller
1 1 state inserted
1 0 2 states inserted
1 3 states inserted (Initial value)

6.2.3 Wait State Controller Enable Register (WCER)

WCER is an 8-bit readable/writable register that enables or disables wait-state control of external
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCE®6 ‘ WCE5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Wait state controller enable 7to 0
These bits enable or disable wait-state control

WCER isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE7 to WCEQ): These bits enable or
disable wait-state control of external three-state-access areas.

Bits 7to 0

WCE7 to WCEO Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Initial value)

WCER enables or disables wait-state control of external three-state-access areas. Therefore, in the
single-chip modes (modes 6 and 7), the set value is meaningless.
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6.2.4 Address Control Register (ADRCR)

ADRCR is an 8-hit readable/writable register that enables address output on buslines A23 to A21.

Bit 7 6 5 4 3 2 1 0
Ao | Ak [ AnE | — | — | — [ — [ — |
Modes 1 | Initial value 1 1 1 1 1 1 1 0
and 510 7 | Read/Write — — — — — — — RIW
Initial value 1 1 1 1 1 1 1 0
Mode 3 ]
Read/Write R/IW R/IW R/W — — — — R/W
Address 23 to 21 enable Reserved bits

These bits enable PAg to
PA, to be used for Ay to
A,q address output

ADRCRisinitialized to H'FE by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Address 23 Enable (AE): Enables PA4 to be used as the A, address output pin. Writing
0in this bit enables A, address output from PA4. In modes other than 3 this bit cannot be
modified and PA4 has its ordinary input/output functions

it7

»E Description

PA, is the A, address output pin

ROl >m

PA, is the PA /TP /TIOCA, input/output pin (Initial value)

Bit 6—Address 22 Enable (AE): Enables PA,to be used asthe A,, address output pin. Writing O
in this bit enables A, address output from PA,. In modes other than 3 this bit cannot be modified
and PA, hasits ordinary input/output functions.

it6

»E Description

PA, is the A, address output pin

ROl >m

PA, is the PA /TP /TIOCB, input/output pin (Initial value)
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Section 6 Bus Controller

Bit 5—Address 21 Enable (A,,E): Enables PA, to be used as the A, address output pin. Writing
0inthisbit enables A, address output from PA. In modes other than 3 this bit cannot be modified
and PA, hasits ordinary input/output functions.

Bit 5

A E Description

0 PA,is the A, address output pin

1 PA, is the PA /TP /TIOCA, input/output pin (Initial value)
Bits4 to 0—Reserved
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6.3 Operation

6.3.1 Area Division
The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytesin the

1-Mbyte mode and 2 Mbytes in the 16-Mbyte mode. Figure 6.2 shows a general view of the
memory map.

H'00000 H'000000 H'00000 On-chip ROM*1
Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H'1FFFFF H1FFFF | Area 0 (128 kbytes)
H'20000 H'200000 H'20000
Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes)
H'3FFFF H'3FFFFF H'3FFFF
H'40000 H'400000 H'40000
Area 2 (128 kbytes) Area 2 (2 Mbytes) Area 2 (128 kbytes)
H'SFFFF H'SFFFFF H'SFFFF
H'60000 H'600000 H'60000
Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes)
H'7FFFF H'7FFFFF H'7FFFF
H'80000 H'800000 H'80000
Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes)
H'OFFFF H'OFFFFF H'OFFFF
H'A0000 H'A00000 H'A0000
Area 5 (128 kbytes) Area 5 (2 Mbytes) Area 5 (128 kbytes)
H'BFFFF H'BFFFFF H'BFFFF
H'C0000 H'C00000 H'C0000
Area 6 (128 kbytes) Area 6 (2 Mbytes) Area 6 (128 kbytes)
H'DFFFF H'DFFFFF H'DFFFF
H'E0000 Area 7 (128 kbytes) H'E00000 Area 7 (2 Mbytes) H'E0000 Area 7 (128 kbytes)
On-chip RAM*1*2 On-chip RAM*1*2 On-chip RAM*1*2
External address space™3 External address space*3 External address space™3
H'EFEEE | On-chip /O registers™ | yepeppr| On-chip /O registers™® | eppee|  On-chip 1/0 registers™?

a. 1-Mbyte modes with b. 16-Mbyte modes with c. 1-Mbyte mode with
on-chip ROM disabled on-chip ROM disabled on-chip ROM enabled
(mode 1) (mode 3) (mode 5)

Notes: There is no area division in modes 6 and 7.

1. The number of access states to on-chip ROM, on-chip RAM, and on-chip I/O registers is fixed.
2. This area follows area 7 specifications when the RAME bit in SYSCR is 0.
3. This area follows area 7 specifications.

Figure6.2 AccessAreaMap (Mode 1, 3, and 5)
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Section 6 Bus Controller

The bus specifications for each area can be selected in ASTCR, WCER, and WCR as shown in
table 6.3.

Table6.3 Bus Specifications

ASTCR WCER WCR Bus Specifications

Bus Access
ASTn WCEn WMS1 WMSO Width  States Wait Mode

0 — — — 8 2 Disabled
1 0 — — 8 3 Pin wait mode 0
0 0 8 3 Programmable wait mode
1 8 3 Disabled
1 0 8 3 Pin wait mode 1
1 8 3 Pin auto-wait mode

Note: n=0to7
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6.3.2 Bus Control Signal Timing

8-Bit, Three-State-Access Areas

Figure 6.3 shows the timing of bus control signals for an 8-hit, three-state-access area. Wait states
can be inserted.

Bus cycle -
T : T, : Ts
]
Address bus >< External address§ ><
AS |
RD ‘
Read
access ! ! !
D7 to DO 3 3 3 Valid
WR
Write
access ! -
D5 to Dg ; Valid

Figure6.3 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas

Figure 6.4 shows the timing of bus control signals for an 8-hit, two-state-access area. Wait states
cannot be inserted.

~—— Buscycle——»

T | T, |
o
Address bus >< External address ><
AS ! 1 |
- | | I
RD ! | }
Read ! ! |
access ! ! :
D to Dg : : Valid :
~ | | |
- ;
WR |
Write :
access \
D7 to Dy ; ' Valid :

Figure6.4 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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6.3.3 Wait Modes
Four wait modes can be selected for each area as shown in table 6.4.

Table6.4 Wait Mode Selection

ASTCR WCER WCR
ASTn Bit WCEn Bit WMS1 Bit WMSO0 Bit WSC Control Wait Mode
0 — — — Disabled No wait states
1 0 — — Disabled Pin wait mode 0
0 0 Enabled Programmable wait mode
1 Enabled No wait states
1 0 Enabled Pin wait mode 1
1 Enabled Pin auto-wait mode

Note: n=0to7

The ASTn and WCERn bits can be set independently for each area. Bits WM S1 and WM S0 apply
to all areas. All areas for which WSC control is enabled operate in the same wait mode.
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Section 6 Bus Controller

Pin Wait Mode O

The wait state controller is disabled. Wait states can only be inserted by WAIT pin control. During
access to an external three-state-access areg, if the WAIT pinislow at the fall of the system clock
(9) inthe T, state, await state (T,,) isinserted. If the WAIT pin remains low, wait states continue
to be inserted until the WAIT signal goes high. Figure 6.5 shows the timing.

Inserted by WAIT signal
Tw T3

Address bus :>< External address ><:
AS
Read "o

access Read data

Data bus Dﬁ
~

Write
access

Data bus Write data

~

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.5 Pin Wait ModeO
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Pin Wait Mode 1

In all accesses to external three-state-access areas, the number of wait states (T,,) selected by bits
WC1 and WCO are inserted. If the WAIT pinislow at thefall of the system clock (¢) in the last of
these wait states, an additional wait state isinserted. If the WAIT pin remains low, wait states
continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode 0.

Figure 6.6 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional wait
state is inserted by WAIT input.

Inserted by Inserted by
wait count | WAIT signal

T T2 Tw Tw T3
o | L0 L] & ]

WAIT pin

Address bus X External address
AS
RD

Read

access Read data

Data bus

W

Data bus Write data

~

Ik

W

Write
access

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.6 Pin Wait Mode 1
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Pin Auto-Wait M ode

If the WAIT pin islow, the number of wait states (T,,) selected by bits WC1 and WCO are
inserted.

In pin auto-wait mode, if the WAIT pin islow at the fall of the system clock (¢) in the T, state, the
number of wait states (T,,) selected by bits WC1 and WCO are inserted. No additional wait states
are inserted even if the WAIT pin remains low.

Figure 6.7 shows the timing when the wait count is 1.

wJIIL/(IIIIILIII

WAIT

Address bus X External address External address

\
X
s ]
—

LA

RD
Read
access Read data Read data
Data bus
L n____/ \ /
( [—
WR
Write
access
Data bus Write data >—< Write data
L \ /

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.7 Pin Auto-Wait Mode
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Programmable Wait Mode

The number of wait states (T,,) selected by bits WC1 and WCO are inserted in all accessesto
external three-state-access areas. Figure 6.8 shows the timing when the wait count is 1 (WC1 = 0,
WCO0 =1).

R DU S S PR R
(-

0 I
Address bus X External address

AS

RD

Data bus
~

1Iut

Read

access Read data

—

WR

Write
access

)

L Data bus Write data

Figure6.8 Programmable Wait Mode
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Example of Wait State Control Settings

A reset initializes ASTCR and WCER to H'FF and WCR to H'F3, selecting programmable wait
mode and three wait states for all areas. Software can select other wait modes for individual areas
by modifying the ASTCR, WCER, and WCR settings. Figure 6.9 shows an example of wait mode
settings.

3-state-access area,

Area 0 programmable wait mode =
Area 1 3-state-access area, P
rea programmable wait mode

Area 2 3-state-access area, A
pin wait mode 0

Area 3 3-state-access area, A
pin wait mode 0O h

2-state-access area,
Area 4 -

no wait states inserted

2-state-access area,
Area 5 -

no wait states inserted

2-state-access area,

Area 6 no wait states inserted

2-state-access area,

Area 7 no wait states inserted T

Bt: 7 6 5 4 3 2 1
ASTCR HOF: [ 0 | o | o [ o | 1 [ 1 [ 1] 1|

WCER H33: | o [ o | 1 [ 1 [ o | o] 1] 1]

wer HF3: | — [ — [ — [ — ] ol o] 1] 1]

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure6.9 Wait Mode Settings (Example)
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6.34 I nter connectionswith Memory (Example)

For each area, the bus controller can select two- or three-state access. In three-state-access areas,
wait states can be inserted in avariety of modes, simplifying the connection of both high-speed
and low-speed devices.

Figure 6.10 shows a memory map for this example.

A 32-kword x 8-bit EPROM is connected to area 2. This deviceis accessed in three states via an
8-bit bus.

Two 32-kword x 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 3. These
devices are accessed in two states via an 8-bit bus.

One 32-kword x 8-hit SRAM (SRAM3) is connected to area 7. Thisdevice is accessed via an 8-hit
bus, using three-state access with an additional wait state inserted in pin auto-wait mode.
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Section 6 Bus Controller

H'00000
H'1FFFF
H'20000
H'3FFFF
H'40000
H'47FFF
H'48000

H'5FFFF
H'60000

H'6FFFF
H'70000

H7FFFF

H'E0000

HE7FFF

H'FFFFF

SRAML1, 2

Not used

w

SRAM3

AN _

Not used

On-chip RAM

On-chip /O registers

On-chip ROM }Area 0
}Area 1
EPROM
Area 2
8-bit, three-state-access area
Not used

Area 3
8-bit, two-state-access area

Areas 4,5, 6

Area 7
8-bit, three-state-access area
(one auto-wait state)

Note: The bus width and the number of access states of the on-chip memories and I/O registers
are fixed; they cannot be changed by register setting.

Figure6.10 Memory Map (H8/3039 Mode 5)
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6.4  UsageNotes

6.4.1 Register Write Timing

ASTCR and WCER Write Timing

Data written to ASTCR or WCER takes effect starting from the next bus cycle. Figure 6.11 shows
the timing when an instruction fetched from area 2 changes area 2 from three-state access to two-
state access.

Address :>< >< ASTCR address >< ><

et
|

2-state access
to area 2

' 3-state access to area 2

Figure6.11 ASTCR Write Timing

6.4.2 Precautionson Setting ASTCR and ABWCR*

Use the H8/3039 Group on-chip program to set ASTCR and ABWCR as shown below, so that the
on-chip ROM access cycle for H8/3039 Group can be emulated using the evaluation chip for
support tools.

Modes5 and 7

ASTCRO=0
ABWCR=H'FC

Note: * The ABWCR (buswidth control register; lower 16-bit address. H'FFEC) is not built
onto thisLSI. For detailed features of the ABWCR, see the H8/3048 Group,
H8/3048F-ZTAT™ Hardware Manual.
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Section 7 1/0 Ports

Section 7 1/0O Ports

71 Overview

The H8/3039 Group has nine input/output ports (ports 1, 2, 3, 5, 6, 8, 9, A, and B) and one input
port (port 7). Table 7.1 summarizes the port functions. The pinsin each port are multiplexed as
shown intable 7.1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, and 5 have an input pull-up
control register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 3 and ports 5, 6, and 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A,
and B can drive one TTL load and a 30-pF capacitive load. Ports 1 to 3 and ports 5, 6, 8, 9, A, and
B can drive a Darlington pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins
P8,, P8, PA_to PA,, and PB, to PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/0O Block Diagrams.
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Table7.1  Port Functions
Port | Description Pins Mode 1 Mode 3 Mode 5 Mode 6 Mode 7
Port 1 |+ 8-bit I/O port |P1,to P1/ Address output Address output |Generic input/ output
« Can drive A to A pins (A, to A) (A, to AO) and
LEDs generic input
DDR = 0:
generic input
DDR = 1:
address output
Port 2 |+ 8-bit I/O port (P2, to P2/ Address output pins (A, to  |Address output |Generic input/ output
« Input pull-up A t0A, A,) (A to' A'B) and
generic input
» Candrive .
LEDs DDR = 0
generic input
DDR =1:
address output
Port 3 |+ 8-bit I/O port |P3, to P3/ Data input/output (D, to D,) Generic input/ output
D,to D,
Port 5 |+ 4-bit I/O port |P5, to P5/ Address output (A, to A,) Address output |Generic input/ output
. |nput pu”_up A19 to AlG (Aw' to AIG) and
4-bit generic
» Candrive input
LEDs
DDR = 0:
generic input
DDR = 1:
address output
Port 6 |+ 4-bit I/O port |P6,/WR, Bus control signal output (WR, RD, AS) Generic input/ output
P6,/RD,
P6,/AS
P6,/WAIT Bus control signal input/output (WAIT) and 1-bit
generic input/output
Port 7 [+ 8-bit Input P7,to P7/ Analog input (AN, to AN,) to A/D converter, and generic input
port AN, to AN,
Port 8 |+ 2-bit I/O port |P8/IRQ, IRQ, input and 1-bit generic input/output IRQ, and IRQ, input
- P8, and P8, and generic input/
have Schmitt |pg /IRQ, TRQ, input and 1-bit generic input/output output
inputs
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Port | Description Pins Mode 1 Mode 3 Mode 5 ‘ Mode 6 ‘ Mode 7
Port 9 |+ 6-bit I/O P9./SCK,/IRQ,, |Input and output (SCK,, SCK,, RxD,, RxD,, TxD,, TxD,) for serial
port P9,/SCK/IRQ,, |communication interfaces 1 and 0 (SCIO, 1), IRQ, and IRQ, input, and
P9./RxD,, 6-bit generic input/output
P9,/RxD,,
P9,/TxD,,
P9,/TxD,
Port A [+ 8-bit I/O port |PA,/TP,/ Output (TP,) |Address TPC output (TP,), ITU input or output
« Schmitt TIOCB,/A,, from pro- output (A,;) [(TIOCB,), and generic input/output
inputs g_ra_mmable
timing pattern
controller
(TPC), input
or output
(TIOCB,) for
16-bit
integrated
timer unit
(ITY), and
generic
input/output
PAJTP,/ TPC output  [TPC output | TPC output (TP, to TP,), ITU input and
TIOCA/A,, |(TP,toTP,), [(TP,toTP,), |output (TIOCA,, TIOCB,, TIOCA)), and
PAJTP,/ ITU input ITU input generic input/output
TIOCB,/A,,, |and output and output
PAJTP,/ (TIOCA,, (TIOCA,,
TIOCA/A,, |TIOCB, TIOCB,,
TIOCA)), and |TIOCA),
generic input/ |address
output output
(Azz to A21)’
and generic
input/output
PAJTP./ TPC output (TP, to TP,), ITU input and output (TCLKD, TCLKC,
TIOCB,/ TCLKB, TCLKA, TIOCB,, TIOCA,), and generic input/output
TCLKD,
PAJTP,/
TIOCA,/
TCLKC,
PA/TP,/
TCLKB,
PA/TP/
TCLKA
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Port | Description Pins Mode 1 Mode 3 Mode 5 ‘ Mode 6 ‘ Mode 7
Port B |* 7-bit I/Oport |PB./TP_./ TPC output (TP,,), trigger input (ADTRG) to A/D converter, and generic
« Can drive ADTRG input/output.
LEDs PB,/TP,/ TPC output (TP, to TP,), ITU input and output (TOCXB,, TOCXA,,
« PB, to PB, TOCXB,, TIOCB,, TIOCA,, TIOCB,, TIOCA,), and generic input/output
have Schmitt [PB/TP../
inputs TOCXA,
PB,/TP,./
TIOCB,,
PB,/TP,/
TIOCA,,
PB,/TP/
TIOCB,,
PB,/TP,/
TIOCA,
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7.2 Port 1

7.2.1 Overview

Port 1 isan 8-bit input/output port with the pin configuration shown in figure 7.1. The pin
functions differ between the expanded modes with on-chip ROM disabled, expanded modes with
on-chip ROM enabled, and single-chip mode. In modes 1, 3 (expanded modes with on-chip ROM
disabled), they are address bus output pins (A, to A,).

In mode 5 (expanded modes with on-chip ROM enabled), settingsin the port 1 data direction
register (PLDDR) can designate pins for address bus output (A, to A,) or generic input. In modes 6
and 7 (single-chip mode), port 1 is ageneric input/output port.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair.

Port 1 pins Modes 1and 3 Mode 5 Modes 6 and 7
s P1,/A, A+ (output) P1; (input)/A; (output) P1; (input/output)
e Plg/Ag Ag (output) P1g (input)/Ag (output) Plg (input/output)
— Plg/Ag Ag (output) P15 (input)/Ag (output) Plg (input/output)
> P1,/A, A, (output) P1, (input)/A, (output) P14 (input/output)
Port1 — P13/A; A3 (output) P13 (input)/A3 (output) P13 (input/output)
— P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
> P1;/A; A (output) P1; (input)/A; (output) P1; (input/output)
~— P1y/Ag A, (output) P1y (input)/Ag (output) P1y (input/output)

Figure7.1 Port 1 Pin Configuration
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7.2.2 Register Descriptions
Table 7.2 summarizes the registers of port 1.

Table7.2 Port 1 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1,3 Modes 5to 7
H'FFCO Port 1 data direction P1DDR w H'FF H'00
register
H'FFC2 Port 1 data register P1DR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1LDDR)

P1DDR is an 8-hit write-only register that can select input or output for each pinin port 1.

Bit 7 6 5 4 3 2 1 0
‘P17DDR‘ PleDDR‘ P15DDR‘ P14DDR‘ PlgDDR‘PlzDDR \ PllDDR‘PloDDR‘

Modes{lnitial value 1 1 1 1 1 1 1 1

1,3 Read/Write — — — — — — — —

Modes{lnitial value 0 0 0 0 0 0 0 0

5107 | Read/Write W W W W W W W W

Port 1 data direction 7 to O
These bits select input or
output for port 1 pins

P1DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP1DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 1 Data Register (P1DR)

P1DR is an 8-bit readable/writable register that stores data for pins P1, to P1,.

Bit 7 6 5 4 3 2 1 0
‘ P1; ‘ Pls ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P14 ‘ Plg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/IW

Port 1data7to 0
These bits store data for port 1 pins

When abitin PADDR isset to 1, if port 1 isread the value of the corresponding P1DR bit is
returned directly, regardless of the actual state of the pin. When abit in PADDRis cleared to O, if
port 1 isread the corresponding pin level isread.

P1DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.2.3 Pin Functionsin Each Mode

The pin functions of port 1 differ between mode 1, 3 (expanded mode with on-chip ROM
disabled), mode 5 (expanded mode with on-chip ROM enabled), mode 6, and 7 (single-chip
mode). The pin functions in each mode are described as follows.

Modes1 and 3

Address output can be selected for each pinin port 1. Figure 7.2 shows the pin functions in modes
land3.

—— A (output)
~~— Ag (output)
~~— Ag (output)
~——> A, (output)
Port 1
~——> A3 (output)
~——> A, (output)
~—— A (output)

~~— A, (output)

Figure7.2 Pin Functionsin Modes 1 and 3 (Port 1)

Mode5

Address output or generic input can be selected for each pinin port 1. A pin becomes an address
output pin if the corresponding PADDR bit is set to 1, and ageneric input pin if thisbit is cleared
to 0. Following areset, all pins are input pins. To use a pin for address output, its PLDDR bit must
be set to 1. Figure 7.3 shows the pin functions in mode 5.
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When P1DDR =1 When P1DDR =0

~——> A5 (output) P1; (input)
~— Ag (output) P1g (input)
~—— Ag (output) P1g (input)
~——> A, (output) P1, (input)
Port 1
~—— A3 (output) P13 (input)
~——> A, (output) P1, (input)
~——> A, (output) P1; (input)
~— A, (output) P1, (input)
Figure 7.3 Pin Functionsin Mode5 (Port 1)

Modes 6 and 7 (Single-Chip M ode)

Input or output can be selected separately for each pinin port 1. A pin becomes an output pin if
the corresponding PLDDR hit isset to 1, and an input pin if thisbit iscleared to 0. Figure 7.4
shows the pin functionsin modes 6 and 7.

Port 1

P1, (input/output)
P1g (input/output)
P15 (input/output)
P1, (input/output)
P15 (input/output)
P1, (input/output)
P1; (input/output)

P14 (input/output)

Figure7.4 Pin Functionsin Modes 6 and 7 (Port 1)
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7.3 Port 2

7.3.1 Overview

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 7.5. Pin functions

differ according to operation mode.

In modes 1 and 3 (expanded mode with on-chip ROM disabled), port 2 consists of address bus
output pins (A, to A,). In mode 5 (expanded mode with on-chip ROM enabled), settingsin the
port 2 data direction register (P2DDR) can designate pins for address bus output (A, to A,) or
generic input. In modes 6 and 7 (single-chip mode), port 2 is a generic input/output port.

Port 2 has software-programmable built-in pull-up transistors. Pinsin port 2 can drive one TTL
load and a 90-pF capacitive load. They can also drive a Darlington transistor pair.

Port 2 pins

D P25/A13
Dl P24/A12
Port 2
R —— P23/A11
I P22/A10
™ P21/A9

i P20/A8

Modes 1 and 3

A15 (output)
Aq4 (output)
A1z (output)
A4, (output)
Aq; (output)
Aqg (output)
Ag (output)

Ag (output)

Modes 5

P2, (input)/A;5 (output)
P2g (input)/A14 (output)
P25 (input)/A13 (output)
P2, (input)/A1, (output)
P23 (input)/A,; (output)
P2, (input)/A1g (output)
P2, (input)/Ag (output)
P2, (input)/Ag (output)

Mode 6 and 7

P2 (input/output)
P2¢ (input/output)
P25 (input/output)
P2, (input/output)
P23 (input/output)
P2, (input/output)
P2, (input/output)
P2, (input/output)

Figure7.5 Port 2 Pin Configuration
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7.3.2 Register Descriptions
Table 7.3 summarizes the registers of port 2.

Table7.3 Port 2 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1and 3 Modes 5to 7
H'FFC1 Port 2 data direction P2DDR w H'FF H'00
register
H'FFC3 Port 2 data register P2DR R/W H'00 H'00
H'FFD8 Port 2 input pull-up P2PCR R/W H'00 H'00

control register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

P2DDR is an 8-hit write-only register that can select input or output for each pin in port 2.

Bit 7 6 5 4 3 2 1 0
‘P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR \ P2,DDR \ P21DDR‘P20DDR‘
Modes {Initial value 1 1 1 1 1 1 1 1
1and 3| Read/Write — — — — — — — —
Modes {Initial value 0 0 0 0 0 0 0 0
St07 | ReadMWrite W W W W W W W W

Port 2 data direction 7to 0
These bits select input or
output for port 2 pins

P2DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP2DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Rev.3.00 Mar. 26, 2007 Page 143 of 682
REJ09B0353-0300
RENESAS



Section 7 1/0 Ports

Port 2 Data Register (P2DR)

P2DR is an 8-bit readable/writable register that stores data for pins P2, to P2,.

Bit 7 6 5 4 3 2 1 0

‘ P2, ‘ P2g ‘ P25 ‘ P24 ‘ P23 ‘ P2, ‘ P24 ‘ P2y ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2data7to 0
These bits store data for port 2 pins

When abit in P2DDR isset to 1, if port 2 isread the value of the corresponding P2DR bit is
returned directly, regardless of the actual state of the pin. When abit in P2DDRis cleared to O, if
port 2 is read the corresponding pin level isread.

P2DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 2 Input Pull-Up Control Register (P2PCR)

P2PCR is an 8-hit readable/writable register that controls the MOS input pull-up transistorsin port
2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘P23PCR ‘ P2,PCR ‘ P2,PCR ‘ P20PCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 input pull-up control 7to 0
These bits control input pull-up
transistors built into port 2

When a P2DDR hit is cleared to 0 (selecting generic input) in modes 7 to 5, if the corresponding
bit from P2,PCR to P2,PCR is set to 1, the input pull-up transistor is turned on.

P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.3.3 Pin Functionsin Each Mode

The pin functions of port 2 differ between mode 1, 3 (expanded mode with on-chip ROM
disabled), mode 5 (expanded mode with on-chip ROM enabled), mode 6, and 7 (single-chip
mode). The pin functions in each mode are described followings.

Modes1 and 3

Address output can be selected for each pinin port 2. Figure 7.6 shows the pin functionsin modes
land3.

— A5 (output)
—— A4, (output)
~— A3 (output)
~——> A1, (output)
Port 2
i All (Output)
D AlO (Output)
~— Ag (output)

~— Ag (output)

Figure7.6 Pin Functionsin Modes1 and 3 (Port 2)

Mode5

Address output or generic input can be selected for each pinin port 2. A pin becomes an address
output pin if the corresponding P2DDR bit is set to 1, and ageneric input pin if thisbit is cleared
to 0. Following areset, all pins are input pins. To use a pin for address output, its P2DDR bit must
be set to 1. Figure 7.7 shows the pin functions in modes 5.
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When P2DDR =1 When P2DDR =0

~— A5 (output) P2, (input)
~— A4, (output) P2¢ (input)
~— Aq3 (output) P2 (input)
~—— A4, (output) P2, (input)
Port 2
~— A, (output) P23 (input)
~—> Ao (output) P2, (input)
~— Ag (output) P2, (input)
~— Ag (output) P2, (input)

Figure7.7 Pin Functionsin Modes 1 and 3 (Port 2)

Modes6 and 7

Input or output can be selected separately for each pinin port 2. A pin becomes an output pin if
the corresponding P2DDR hit is set to 1, and an input pin if thisbit is cleared to 0. Figure 7.8
shows the pin functionsin modes 6 and 7.

~—— P25 (input/output)
~———> P24 (input/output)
+——= P2g (input/output)
—= P2, (input/output)
Port 2
~——> P25 (input/output)
~—— P2, (input/output)
— P2; (input/output)

— P2, (input/output)

Figure7.8 Pin Functionsin Modes 6 and 7 (Port 2)
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7.34 Input Pull-Up Transistors

Port 2 has built-in MOS input pull-up transistors that can be controlled by software. These input
pull-up transistors can be turned on and off individually.

When a P2PCR bhit is set to 1 and the corresponding P2DDR bit is cleared to O, the input pull-up
transistor isturned on.

Theinput pull-up transistors are turned off by areset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 7.4 summarizes the states of the input pull-up transistors in each mode.

Table7.4 Input Pull-Up Transistor States (Port 2)

Hardware Standby Software Standby
Mode Reset Mode Mode Other Modes
1 Off Off Off Off
3
5 Off Off On/Off On/Off
6
7
Legend:
Off: The input pull-up transistor is always off.

On/Off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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7.4 Port 3

7.4.1 Overview

Port 3 is an 8-hit input/output port with the pin configuration shown in figure 7.9. Port 3 is a data
busin modes 1, 3 and 5 (expanded modes) and a generic input/output port in mode 6 and 7
(single-chip mode).

Pinsin port 3 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair.

Port 3 pins Modes 1,3 and 5 Modes 6 and 7

—— P3,/D, D; (input/output) P3, (input/output)
— P34/Dg Dg (input/output) P3¢ (input/output)
«— P35/Dg Dg (input/output) P35 (input/output)
— P3,/D, D, (input/output) P34 (input/output)
Port 3
~— P33/D3 D3 (input/output) P35 (input/output)
~— P3,/D, D, (input/output) P3, (input/output)
— P3,/D, D, (input/output) P3, (input/output)
~—* P3y/Dyg Dy (input/output) P3¢ (input/output)

Figure7.9 Port 3 Pin Configuration

74.2 Register Descriptions
Table 7.5 summarizes the registers of port 3.

Table7.5 Port 3Registers

Address*  Name Abbreviation R/W Initial Value
H'FFC4 Port 3 data direction register P3DDR w H'00
H'FFC6 Port 3 data register P3DR R/W H'00

Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

P3DDR is an 8-hit write-only register that can select input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0

‘ P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P3;DDR ‘ P3,DDR ‘ P31DDR‘P30DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 3 data direction 7to O
These bits select input or output for port 3 pins

Modes 1, 3, and 5: Port 3 functions as a data bus. P3BDDR isignored.

Modes 6 and 7: Port 3 functions as an input/output port. A pinin port 3 becomes an output pin if
the corresponding P3DDR hit isset to 1, and an input pin if thisbit iscleared to O.

P3DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P3DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP3DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 3 Data Register (P3DR)

P3DR is an 8-bit readable/writable register that stores datafor pins P3, to P3,.

Bit 7 6 5 4 3 2 1 0

‘ P3+ ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P3; ‘ P3g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 3data7to 0
These bits store data for port 3 pins

When abitin P3ADDRisset to 1, if port 3 isread the value of the corresponding P3DR bit is
returned directly, regardliess of the actual state of the pin. When abit in PBDDRis cleared to O, if
port 3 isread the corresponding pin level isread.

P3DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.4.3 Pin Functionsin Each Mode

The pin functions of port 3 differ between modes 1, 3 and 5 and modes 6 and 7. The pin functions
in each mode are described below.

Modes1,3and 5

All pins of port 3 automatically become data input/output pins. Figure 7.10 shows the pin
functionsin modes 1, 3 and 5.

~——> D5 (input/output)
~——= Dg (input/output)
~——> Dg (input/output)
~——= D, (input/output)
Port 3
~—> D3 (input/output)
~—> D, (input/output)
~——> D, (input/output)

~— Dy (input/output)

Figure7.10 Pin Functionsin Modes 1, 3and 5 (Port 3)
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Modes6 and 7

Input or output can be selected separately for each pinin port 3. A pin becomes an output pin if
the corresponding P3DDR hit isset to 1, and an input pin if thisbit iscleared to 0. Figure 7.11
shows the pin functionsin modes 6 and 7.

~—— P3- (input/output)
~———> P3¢ (input/output)
+——= P35 (input/output)
~——= P3, (input/output)
Port 3
~~——> P33 (input/output)
~—— P3, (input/output)
~—— P3, (input/output)

—* P3; (input/output)

Figure7.11 Pin Functionsin Modes6 and 7 (Port 3)
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7.5 Port 5

75.1 Overview

Port 5 is a4-bit input/output port with the pin configuration shown in figure 7.12. The pin

functions differ depending on the operating mode.

In modes 1, 3 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (A19 to A16). In modes 5 (expanded modes with on-chip ROM enabled), settingsin the port
5 data direction register (PSDDR) designate pins for address bus output (A, to A,.) or generic
input. In mode 6 and 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up transistors. Port 5 can driveone TTL load and a
90-pF capacitive load. They can also drive an LED or a Darlington transistor pair.

Port 5 Modes 1, 3
pins

~— P53/A19  Aqg (Output)
> P5,/A1g  Aqg(output)
Port 5
[ P51/A17 A17 (Output)

I P50/A16 AlG (Output)

Mode 5

P53 (input)/A;g (output)
P5, (input)/A.g (output)
P54 (input)/A;- (output)

P5; (input)/A,g (output)

Modes 6 and 7

P53 (input/output)
P5, (input/output)
P5, (input/output)

P5 (input/output)

Figure7.12 Port 5 Pin Configuration
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752 Register Descriptions
Table 7.6 summarizes the registers of port 5.

Table7.6 Port 5Registers

Initial Value
Address* Name Abbreviation R/W Modes 1 and 3 Modes 5to 7
H'FFC8 Port 5 data direction P5DDR w H'FF H'FO
register
H'FFCA Port 5 data register PSDR R/W H'FO H'FO
H'FFDB Port 5 input pull-up P5PCR R/W H'FO H'FO

control register

Note: * Lower 16 bits of the address.

Port 5 Data Direction Register (PSDDR)

P5DDR is an 8-hit write-only register that can select input or output for each pin in port 5.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53DDR ‘ P5,DDR ‘ P51DDR‘ PSODDR‘
Modes | Initial value 1 1 1 1 1 1 1 1
1and 3{Read/Write — — — — — — — —
Modes {Initial value 1 1 1 1 0 0 0 0
S07 | ReadWrite — — — — W W w W
Reserved bit‘s Port 5 data (‘jirection 3to0

These bits select input or
output for port 5 pins

P5DDR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aPSDDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 5 Data Register (P5DR)

PSDR is an 8-bit readable/writable register that stores datafor pins P5, to P5,.

Bit 7 6 5 4 3 2 1 0
— | — | — [ — [P Ps, | P5 | P5g |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store data
for port 5 pins

When abit in PSDDR isset to 1, if port 5 is read the value of the corresponding PSDR bit is
returned directly, regardless of the actual state of the pin. When abit in PSDDRis cleared to O, if
port 5 is read the corresponding pin level isread.

Bits P5, to P5, are reserved. They cannot be modified and are always read as 1.

P5DR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 5 Input Pull-Up Control Register (P5PCR)

P5PCR is an 8-bit readable/writable register that controls the MOS input pull-up transistors in port
5.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P5,PCR ‘ P59PCR ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up control 3to 0

These bits control input pull-up
transistors built into port 5

When a P5DDR bit is cleared to O (selecting generic input) in modes 5 to 7, if the corresponding
bit from P5,PCR to P5,PCR is set to 1, the input pull-up transistor is turned on.

P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retains its previous setting.
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7.5.3 Pin Functionsin Each Mode

The pin functions differ between mode 1, 3 (expanded modes with on-chip ROM disabled), mode
5 (expanded modes with on-chip ROM enabled), mode 6, and 7 (single-chip mode). The pin
functions in each mode are described below.

Modes1 and 3

Address output can be selected for each pinin port 5. Figure 7.13 shows the pin functionsin
modes 1 and 3.

~— Ajg (output)
~— A5 (output)
Port 5
— A7 (output)

Figure7.13 Pin Functionsin Modes 1 and 3 (Port 5)

Mode5

Address output or generic input can be selected for each pinin port 5. A pin becomes an address
output pin if the corresponding PSDDR bit is set to 1, and ageneric input pin if thisbit is cleared
to 0. Following areset, all pinsareinput pins. To use a pin for address output, its PSDDR must be
set to 1. Figure 7.14 shows the pin functions in mode 5.

When P5DDR =1 When P5DDR =0

~—* A9 (output) P53 (input)

~— A5 (output) P55 (input)
Port 5

~—> A7 (output) P51 (input)

~— A (output) P54 (input)

Figure7.14 Pin Functionsin Mode5 (Port 5)
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Modes6 and 7

Input or output can be selected separately for each pinin port 5. A pin becomes an output pin if
the corresponding PSDDR hit is set to 1, and an input pin if thisbit is cleared to 0. Figure 7.15
shows the pin functionsin modes 6 and 7.

~— P55 (input/output)
~— P5, (input/output)
Port 5
+— P5, (input/output)

+— P5 (input/output)

Figure7.15 Pin Functionsin Mode 6 and 7 (Port 5)

754 Input Pull-Up Transistors

Port 5 has built-in MOS input pull-up transistors that can be controlled by software. These input
pull-up transistors can be turned on and off individually.

When a P5SPCR bit is set to 1 and the corresponding PSDDR hit is cleared to O, the input pull-up
transistor is turned on.

The input pull-up transistors are turned off by areset and in hardware standby mode. In software
standby mode they retain their previous state.

Table 7.7 summarizes the states of the input pull-up transistors in each mode.

Table7.7 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode  Other Modes

1 Off Off Off Off

3

5 Off Off On/Off On/Off
6

7

Legend:

Off: The input pull-up transistor is always off.

On/Off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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7.6 Port 6

7.6.1 Overview

Port 6 is a 4-bit input/output port that is also used for input and output of bus control signals (WR,

RD, AS, and WAIT).

Figure 7.16 shows the pin configuration of port 6. In modes 1, 3 and 5, the pin functions are WR,
RD, AS, and P6,/WAIT. In modes 6 and 7, port 6 is a generic input/output port.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drivea

Darlington transistor pair.

Port 6 pins Modes 1,3 and 5

~— P65/WR WR (output)

~— P6,/RD RD (output)
Port 6 o o

<~ P63/AS AS (output)

~—™ P6y/WAIT P6¢ (input/output)/WAIT (input)

Modes 6 and 7

P65 (input/output)
P6, (input/output)
P6 5 (input/output)
P6 (input/output)

Figure7.16 Port 6 Pin Configuration
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7.6.2 Register Descriptions
Table 7.8 summarizes the registers of port 6.

Table7.8 Port 6 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1,3,and5 Modes 6 and 7
H'FFC9 Port 6 data direction P6DDR w H'F8 H'80
register
H'FFCB Port 6 data register P6DR R/W  H'80 H'80

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

P6DDR is an 8-bit write-only register that can select input or output for each pin in port 6.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P65DDR‘ P64DDR‘ P63DDR‘ — ‘ — ‘PGODDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — W W w W w W W
Reserved bits Port 6 data direction 5to 3,0

These bits select input or output for port 6 pins

Bits 7, 6, 2, and 1 are reserved.
P6DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P6DDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP6DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 6 Data Register (P6DR)

P6DR is an 8-bit readable/writable register that stores datafor pins PG, to P6, and P6,.

Bit 7 6 5 4 3 2 1 0
— | — [ Pes [ Pes | Pes | — | — | Peo |

Initial value 1 0 0 0 0 0 0 0

Read/Write — R/W R/W R/W R/W R/W R/W R/W
Reserved bits Port 6 data5to0 3,0

These bits store data for port 6 pins

When abitin PB(DDR isset to 1, if port 6 isread the value of the corresponding P6DR bit is
returned directly. When abit in PEBDDR is cleared to O, if port 6 isread the corresponding pin level
isread. Bits 7, 6, 2, and 1 are reserved. Bit 7 cannot be modified and always reads 1. Bits 6, 2, and
1 can be written and read, but cannot be used as ports. If bit 6, 2, or 1in PEDDR isread while its

valueis 1, the value of the corresponding bit in PEDR will be read. If bit 6, 2, or 1in PEDDR is
read while itsvalueis 0, it will alwaysread 1.

P6DR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.6.3 Pin Functionsin Each Mode

Modes 1, 3,and 5

P6, to P6, function as bus control output pins. P6, is either abus control input pin or generic
input/output pin, functioning as an output pin when bit P6,DDR is set to 1 and an input pin when
thishit is cleared to 0. Figure 7.17 and table 7.9 indicate the pin functionsin modes 1, 3, and 5.

— WR (output)
——= RD

Port 6 (output)
— AS (output)

~— P6; (input/output)/WAIT (input)

Figure7.17 Pin Functionsin Modes 1, 3, and 5 (Port 6)
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Table7.9 Port 6 Pin Functionsin Modes 1, 3, and 5
Pin Pin Functions and Selection Method
P6,/WR Functions as follows regardless of P6,DDR

P6,DDR 0 1

Pin function WR output
P6,/RD Functions as follows regardless of P6,DDR

P6,DDR 0 1

Pin function RD output
P6,/AS Functions as follows regardless of P6,DDR

P6,DDR 0 1

Pin function AS output
P6,/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR select the pin

function as follows

WCER All 1s Not all 1s
WMS1 0 1 —
P6,DDR 0 1 o* 0*
Pin function P6, input P6, output WAIT input
Note: * Do not set bit P6,DDR to 1.
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Modes6 and 7

Input or output can be selected separately for each pinin port 6. A pin becomes an output pin if
the corresponding PE6DDR hit is set to 1, and an input pin if thisbit is cleared to 0. Figure 7.18
shows the pin functionsin modes 6 and 7.

~— P65 (input/output)
Port 6 ~— P6, (input/output)
~— P63 (input/output)

™ P6; (input/output)

Figure7.18 Pin Functionsin Modes6 and 7 (Port 6)
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7.7 Port 7

7.7.1 Overview

Port 7 is an 8-bit input port that is also used for analog input to the A/D converter. The pin
functions are the same in all operating modes. Figure 7.19 shows the pin configuration of port 7.

Port 7 pins

——— P75 (input)/AN (input)
—— P7¢ (input)/ANg (input)
——— P75 (input)/AN5 (input)
+—— P74 (input)/AN4 (input)
Port 7
~——— P73 (input)/AN; (input)
~——— P75 (input)/AN, (input)
~—— P74 (input)/AN (input)

~—— P74 (input)/ANg (input)

Figure7.19 Port 7 Pin Configuration

7.7.2 Register Description

Table 7.10 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction
register.

Table7.10 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value
H'FFCE Port 7 data register P7DR R Undetermined
Note: * Lower 16 bits of the address.
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Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7; ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P70 ‘
Initial value —* —* —* —* —* = _* _*
Read/Write R R R R R R R R

Note: * Determined by pins P; to Pg.

When P7DR isread, the pin levels are always read.

7.8 Port 8

7.8.1 Overview

Port 8 is a 2-hit input/output port that is also used for IRQ, and IRQ, input. Figure 7.20 shows the
pin configuration of port 8.

Pin P8, functions as input/output pin or as an IRQ, input pin. Pins P8, function as either input pins
or IRQ, input pinsin modes 1, 3, and 5, and as input/output pins or IRQ, input pinsin modes 6 and
7.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drivea
Darlington transistor pair. Pins P8, and P8, have Schmitt-trigger inputs.

Port 8 pins Modes 1, 3, and 5 Modes 6 and 7

ot © P8,/IRQ; P8, (input)/IRQ; (input) P8 (input/output)/IRQ; (input)
or

— P8y/IRQy P8, (input/output)/IRQg (input) P8, (input/output)/IRQg (input)

Figure7.20 Port 8 Pin Configuration
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7.8.2 Register Descriptions
Table 7.11 summarizes the registers of port 8.

Table7.11 Port 8 Registers

Address*  Name Abbreviation R/W Initial Value
H'FFCD Port 8 data direction register P8DDR w H'EO
H'FFCF Port 8 data register P8DR R/W H'EO

Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (PBDDR)

P8DDR is an 8-hit write-only register that can select input or output for each pin in port 8.

7 6 5 4 3 2 1 0

Bit ‘ —_ ‘ —_ ‘ —_ ‘ — ‘ — ‘ — ‘ P81DDR‘ P8oDDR ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — w wW W w w
Reserved bits Port 8 data direction 1 and 0

These bits select input or
output for port 8 pins

P8DDR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If aP8DDR hit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Rev.3.00 Mar. 26, 2007 Page 165 of 682
REJ09B0353-0300
RENESAS



Section 7 1/0 Ports

Port 8 Data Register (P8DR)

P8DR is an 8-bit readable/writable register that stores datafor pins P8, to P8,

Bit 7 6 5 4 3 2 1 0
- = = =] = = [P | P |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8 data 1l and O

These bits store data
for port 8 pins

When abit in PBDDR isset to 1, if port 8 isread the value of the corresponding P8DR bit is
returned directly. When abit in PBDDR is cleared to O, if port 8 isread the corresponding pin level
isread.

Bits 7 to 2 are reserved. Bits 7 to 5 cannot be modified and always read 1. Bit 4, 3, and 2 can be
written and read, but it cannot be used for port input or output. If bit 4, 3, and 2 of PBDDR isread
whileitsvalueis 1, bit 4, 3and 2 of PBDR isread directly. If bit 4, 3, and 2 of PBDDR is read
whileitsvalueisO, it alwaysreads 1.

P8DR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.8.3

Pin Functions

The port 8 pins are also used for IRQ, and IRQ,. Table 7.12 describes the selection of pin

functions.

Table7.12 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8/IRQ,  Bit P8,DDR selects the pin function as follows
P8,DDR 0
Modes 1, 3, and 5 Modes 6 and 7
Pin function P8, input lllegal setting P8, output
IRQ, input
P8/IRQ,  Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
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7.9 Port 9

7.9.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TxD,, TxD,, RxD,, RxD,,
SCK,, SCK ) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQ,
and IRQ, input.

Port 9 has the same set of pin functionsin all operating modes. Figure 7.21 showsthe pin
configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can also drivea
Darlington transistor pair.

Port 9 pins

l«——= P9 (input/output)/SCK; (input/output)/IRQ5 (input)
«—= P9, (input/output)/SCK (input/output)/IRQ, (input)
+—— P93 (input/output)/RxD1 (input)

Port 9
~——> P9, (input/output)/RxDq (input)
~——> P9, (input/output)/TxD; (output)

~——> P9, (input/output)/TxDg (output)

Figure7.21 Port 9 Pin Configuration

7.9.2 Register Descriptions
Table 7.13 summarizes the registers of port 9.

Table7.13 Port 9 Registers

Address*  Name Abbreviation R/W Initial Value
H'FFDO Port 9 data direction register PODDR W H'CO
H'FFD2 Port 9 data register PODR R/W H'CO

Note: * Lower 16 bits of the address.
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Port 9 Data Direction Register (PO9DDR)

PODDR is an 8-hit write-only register that can select input or output for each pin in port 9.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93;DDR ‘ P9,DDR ‘ P91DDR‘P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w w W W W
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

A pinin port 9 becomes an output pin if the corresponding PODDR bit is set to 1, and an input pin
if thisbit iscleared to 0.

PODDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode

it retainsits previous setting. If aPODDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 9 Data Register (P9DR)

PIDR is an 8-bit readable/writable register that stores output data for pins P9, to P9,.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9y ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

When abitin PODDR isset to 1, if port 9 isread the value of the corresponding PODR bit is
returned. When abit in PODDR iscleared to O, if port 9 is read the corresponding pin level is read.

Bits 7 and 6 are reserved. They cannot be modified and are awaysread as 1.
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PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

7.9.3 Pin Functions

The port 9 pins are also used for SCI input and output (TxD, RxD, SCK), and for IRQ, and IRQ,
input. Table 7.14 describes the selection of pin functions.

Table7.14 Port 9 Pin Functions
Pin Pin Functions and Selection Method
P9./SCK,/ Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9,DDR select
IRQ, the pin function as follows
CKE1 0 1
C/A 1 —
CKEO 1 — —
P9.DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ, input
P9,/SCK,/ Bit C/A in SMR of SCI0, bits CKEO and CKE1 in SCR of SCI, and bit P9,DDR select
IRQ, the pin function as follows
CKE1 0 1
C/A 1 —
CKEO 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQ, input
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Pin Pin Functions and Selection Method
P9./RxD, Bit RE in SCR of SCI1 and bit P9,DDR select the pin function as follows

RE 0 1

P9,DDR 0 1 —

Pin function P9, input P9, output RxD, input
P9,/RxD, Bit RE in SCR of SCI, bit SMIF in SCMR, and bit P9,DDR select the pin function as

follows

SMIF 0 1

RE 0 1 —

P9,DDR 0 1 — —

Pin function P9, input | P9, output RxD, input RxD, input
P9,/TxD,  Bit TE in SCR of SCI1 and bit P91DDR select the pin function as follows

TE 0 1

P9,DDR 0 1 —

Pin function P9, input P9, output TxD, output
P9,/TxD, Bit TE in SCR of SCIO, bit SMIF in SCMR, and bit P9 DDR select the pin function as

follows

SMIF 0 1

TE 0 1 —

P9,DDR 0 1 — —

Pin function P9, input | P9, output TxD, output TxD, output*

Note: * Functions as the TxD, output pin, but there are two states: one in which

the pin is driven, and another in which the pin is at high impedance.
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7.10 Port A

7.10.1 Overview

Port A isan 8-bit input/output port that is also used for output (TP, to TP,) from the programmable
timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB,, TIOCA,, TIOCB,,
TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit integrated timer unit (ITU), and
address output (A, to A,). Figure 7.22 shows the pin configuration of port A.

Pinsin port A can driveone TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair. Port A has Schmitt-trigger inputs.

Port A pins Modes 1,5 and 7
[«— PA;/TP;/TIOCB, /A, PA 7 (input/output)/TP; (output)/TIOCB,, (input/output)
[+— PAG/TP/TIOCA, /Ay, PA ¢ (input/output)/TPg (output)/ TIOCA, (input/output)
(«— PAg/TP/TIOCB, /A5, PA 5 (input/output)/TPg (output)/TIOCB, (input/output)
e PA,/TP,/TIOCA, /A3 PA 4 (input/output)/TP, (output)/TIOCA, (input/output)

Port A «— PA3/TP4/TIOCB, /TCLKD PA 3 (input/output)/TP3 (output)/TIOCB (, (input/output)/TCLKD (input)
[+ PA,/TP,/TIOCA, /TCLKC PA , (input/output)/TP, (output)/TIOCA ( (input/output)/TCLKC (input)
[+ PA/TP,/TCLKB PA ; (input/output)/TP; (output)/ TCLKB (input)
= PAy/TPyTCLKA PA o (input/output)/TP, (output)/ TCLKA (input)

Mode 3

A,y (output)

PAg (input/output)/TPg (output)/TIOCA, (input/output) /A, (output)
PA5 (input/output)/TPg (output)/TIOCB, (input/output) /A,, (output)
PA 4 (input/output)/TP4 (output)/TIOCA; (input/output) /A,3 (output)
PA 3 (input/output)/TP; (output)/TIOCB ( (input/output)/TCLKD (input)
PA ;> (input/output)/TP, (output)/TIOCA  (input/output)/TCLKC (input)
PA; (input/output)/TP; (output)/ TCLKB (input)

PA (input/output)/TP, (output)/ TCLKA (input)

Figure7.22 Port A Pin Configuration
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7.10.2 Register Descriptions
Table 7.15 summarizes the registers of port A.

Table7.15 Port A Registers

Initial Value
Address* Name Abbreviation R/W Modes 1,5,and 7 Mode 3
H'FFD1 Port A data direction =~ PADDR w H'00 H'80
register
H'FFD3 Port A data register PADR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that can select input or output for each pinin port A. The
corresponding PADDR bit should also be set when apinisused as a TPC output.

7 6 5 4 3 2 1
Bit ‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘PA3 DDR‘PAZ DDR ‘ PA1 DDR‘PAODDR‘
Modes Initial value 0 0 0 0 0 0 0 0
1,5 and 7| Read/Write w w w w w W W w
Initial value 1 0 0 0 0 0 0 0
Mode 3 .
Read/Write — W W w W w W W

Port A data direction 7 to 0
These bits select input or output for port A pins

A pinin port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input
pinif thishit is cleared to 0. However, in mode 3, PA, DDR isfixed at 1, and PA7 functions as an
address output pin.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 in modes 1, 5 and 7 and to H'80 in mode 3 by areset and in
hardware standby mode. In software standby mode it retainsits previous setting. If a PADDR bit
is set to 1, the corresponding pin maintains its output state in software standby mode.
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Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores data for pins PA, to PA,.

Bit 7 6 5 4 3 2 1 0

‘ PA 7 ‘ PAg ‘ PAs ‘ PA 4 ‘ PA3 ‘ PA ‘ PA 1 ‘ PAo ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port Adata7to 0
These bits store data for port A pins

When abitin PADDRisset to 1, if port A isread the value of the corresponding PADR bit is
returned directly. When abit in PADDR iscleared to O, if port A isread the corresponding pin
level isread.

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

When port A pins are used for TPC output, PADR stores output data for TPC output groups 0 and
1. If abit in the next data enable register (NDERA) is set to 1, the corresponding PADR bit cannot
be written. In this case, PADR can be updated only when datais transferred from NDRA.
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7.10.3 Pin Functions

The port A pinsare aso used for TPC output (TP, to TR,), ITU input/output (TIOCB, to TIOCB,,
TIOCA, to TIOCA,) and input (TCLKD, TCLKC, TCLKB, TCLKA), and as address bus pins (A,
to A,)). Table 7.16 describes the selection of pin functions.

Table7.16 Port A Pin Functions

Pin Pin Functions and Selection Method

PATP/
TIOCB,/
A, as follows

The mode setting, ITU channel 2 settings (bit PWM2 in TMDR and bits I0B2 to IOB0O
in TIOR2), bit NDER7 in NDERA, and bit PA7DDR in PADDR select the pin function

Mode

1,5t07

ITU channel 2
settings

(1) in table below

(2) in table below

PA DDR

0

1 —

NDER7

0

1 —

Pin function

TIOCB, output

PA,
input

PA

7

output

TP,

output | output

TIOCB2 input*

Note: *

TIOCB2 input when IOB2 =1 and PWM2 = 0.

ITU channel 2
settings

@ @

)

10B2

I0B1

I0B0O
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Pin Pin Functions and Selection Method

PAJTP/  The mode setting, bit A,,E in BRCR, ITU channel 2 settings (bit PWM2 in TMDR and
TIOCA,/  bits IOA2 to IOAO in TIOR2), bit NDER6 in NDERA, and bit PA.DDR in PADDR select
A, the pin function as follows

Mode

1,5t07

A, E

1

ITU
channel 2
settings

(1) in
table
below

(2) in table below

1) in
table
below

(2) in table below

PA,DDR

0

1

0

1

NDERG6

0 1

0

1

Pin
function

TIOCA,
output

PA,
input

PA, | TP

6 6

output | output

TIOCA,
output

TIOCA, input*

PA,
input

PA,
output

TP,
output

TIOCA, input*

21

output

Note: *

TIOCA, input when IOA2 = 1.

ITU
channel 2
settings

)

@

)

@

PWM2

I0A2

IOA1

IOAO

Rev.3.00 Mar. 26, 2007 Page 176 of 682

REJ09B0353-0300

RENESAS




Section 7

1/0 Ports

Pin Pin Functions and Selection Method

PA/TP,/  The mode setting, bit A_,E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and
TIOCB,/  bits IOB2 to IOBO in TIOR1), bit NDER5 in NDERA, and bit PA.DDR in PADDR select
A the pin function as follows

22

Mode

1,5t07

AE

1

ITU
channel 1
settings

(1) in
table
below

(2) in table below

@) in
table
below

)

in table below

PA,DDR

0

1

0

1

NDERS

— 0

1

0 1

Pin
function

TIOCB,
output

PA, PA
input

5

output

TP,
output

TIOCBL1 input*

TIOCB,
output

PA,
input

PA,
output

TP
output

5

TIOCBL1 input*

22

output

Note: *

TIOCB, input when IOB2 = 1 and PWM1 = 0.

ITU
channel 1
settings

)

1)

@

10B2

I0B1

I0B0O
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Pin

Pin Functions and Selection Method

PA/TP,/
TIOCB /
A

23

The mode setting, bit A,_E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and
bits IOA2 to IOAQ in TIOR1), bit NDER4 in NDERA, and bit PA,DDR in PADDR select
the pin function as follows

Mode

1,5t07

A E

1

ITU
channel 1
settings

(1) in
table
below

(2) in table below

@) in
table
below

(2) in table below

PA,DDR

0

1

0

1

NDER4

0

1

0

1

Pin
function

TIOCA,
output

PA,
input

PA

4

TP

5

output | output

TIOCA,
output

TIOCA, input*

PA,
input

PA,
output

TP,
output

TIOCA, input*

23

output

Note: *

TIOCA, input when IOA2 = 1.

ITU
channel 1
settings

)

1)

)

1)

PWM1

I0A2

IOA1

IOAO
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Pin Pin Functions and Selection Method

PAJ/TP,/  ITU channel 0 settings (bit PWMO in TMDR and bits IOB2 to IOBO in TIORO), bits
TIOCB,/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PASDDR in
TCLKD PADDR select the pin function as follows

ITU (1) in table below (2) in table below
channel 0
settings
PA,DDR — 0 1 1
NDERS3 — — 0 1
Pin TIOCB, output PA, input | PA, output | TP, output
function TIOCB, input**
TCLKD input*?

Notes: 1. TIOCBO input when IOB2 =1 and PWMO = 0.
2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR4 to

TCRO.
ITU
channel 0 (2 (1) (2)
settings
10B2 0 1
I0B1 0 0 1 —
I0BO 0 1 — —
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Pin Pin Functions and Selection Method

PAJ/TP,/  ITU channel 0 settings (bit PWMO in TMDR and bits IOA2 to IOAO in TIORO), bits
TIOCA,/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit PA.DDR in PADDR
TCLKC select the pin function as follows

ITU (1) in table below (2) in table below
channel 0
settings
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin TIOCA, output PA, input | PA, output | TP, output
function TIOCA, input**
TCLKC input*?

Notes: 1. TIOCA, input when IOA2 = 1.
2. TCLKC input when TPSC2 = TPSC1 =1 and TPSCO =0 in any of TCR4 to

TCRO.

ITU
channel 0
settings

)

1)

)

1)

PWMO

IOA2

IOA1

IOAO
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Pin Pin Functions and Selection Method
PA/TP,/  Bit NDER1 in NDERA and bit PA1DDR in PADDR select the pin function as follows
TCLKB
PA,DDR 0 1 1
NDER1 — 0 1
Pin PA, input PA, output TP, output
function TCLKB input*
Note: * TCLKB input when MDF =1 in TMDR, or when TPSC2 =1, TPSC1 =0,
and TPSCO =1 in any of TCR4 to TCRO.
PA/TP,/  Bit NDERO in NDERA and bit PAODDR in PADDR select the pin function as follows
TCLKA

PADDR 0 1 1

NDERO — 0 1

Pin PA, input PA, output TP, output
function TCLKA input*

Note: * TCLKA input when MDF =1 in TMDR, or when TPSC2 =1 and TPSC1 =

TPSCO =0 in any

of TCR4 to TCRO.
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7.11 Port B

7.11.1 Overview

Port B is a 7-bit input/output port that is also used for TPC output (TP, TP, to TR,), ITU
input/output (TIOCB,, TIOCB,, TIOCA,, TIOCA,) and ITU output (TOCXB,, TOCXA,), and
ADTRG input to the A/D converter. Port B has the same set of pin functionsin all operating
modes. Figure 7.23 shows the pin configuration of port B.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive an LED or
aDarlington transistor pair. Pins PB, to PB, have Schmitt-trigger inputs.

Port B pins

«—— PB (input/output)/TP;5 (output)/ADTRG (input)
~——= PBg (input/output)/TP;3(output)/ TOCXB 4 (output)
~—— PB, (input/output)/TP;, (output)/ TOCXA 4 (output)
PortB [+ PBj3 (input/output)/TP;; (output)/TIOCB 4 (input/output)
~——— PB, (input/output)/TP;q(output)/TIOCA 4 (input/output)
—* PB (input/output)/TPq (output)/TIOCB 3 (input/output)

~~— PBj (input/output)/TPg (output)/TIOCA 3 (input/output)

Figure7.23 Port B Pin Configuration

7.11.2 Register Descriptions
Table 7.17 summarizes the registers of port B.

Table7.17 Port B Registers

Address*  Name Abbreviation R/W Initial Value
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR R/W H'00

Note: * Lower 16 bits of the address.
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Port B Data Direction Register (PBDDR)

PBDDR isan 8-bit write-only register that can select input or output for each pin in port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ — ‘PB5DDR‘PB4DDR‘P83DDR‘PBZDDR‘PBlDDR‘PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W w w w w w w w

|
_ Port B data7,5to 0
Reserved bit These bits select input or output for port B pins

A pinin port B becomes an output pin if the corresponding PBDDR hit isset to 1, and an input pin
if thisbit is cleared to 0.

Bit 6 isreserved.
PBDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode

it retainsits previous setting. If aPBDDR hit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores data for pins PB,, PB, to PB,,.

Bit 7 6 5 4 3 2 1 0

‘ PB 7 ‘ — ‘ PBsg ‘ PB4 ‘ PB 3 ‘ PB > ‘ PB 1 ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

1
_ Port B data7,5to 0
Reserved bit These bits store data for port B pins

When abitin PBDDR s set to 1, if port B is read the value of the corresponding PBDR bit is
returned directly. When abit in PBDDR iscleared to O, if port B isread the corresponding pin

level isread. Bit 6 isreserved. Bit 6 can be written and read, but cannot be used for a port input or
output.
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If bit 6in PBDDR isread whileitsvalueis 1, the value of bit 6 in PBDR will be read directly. If
bit 6 in PBDDR isread whileitsvalueis 0, it will always be read as 1.

PBDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

When port B pins are used for TPC output, PBDR stores output data for TPC output groups 2 and
3. If abit in the next data enable register (NDERB) is set to 1, the corresponding PBDR bit cannot
be written. In this case, PBDR can be updated only when datais transferred from NDRB.

7.11.3 Pin Functions

The port B pinsare also used for TPC output (TP, TP, to TR,), ITU input/output (TIOCB,,
TIOCB,, TIOCA,, TIOCA,) and output (TOCXB,, TOCXA,), and ADTRG input. Table 7.18
describes the selection of pin functions.
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Table7.18 Port B Pin Functions

Pin Pin Functions and Selection Method
PB./ Bit TRGE in ADCR, bit NDER15 in NDERB and bit PB7DDR in PBDDR select the pin
TP,/ function as follows
ADTRG  [pg ppR 0 1 1
NDER15 — 0 1
Pin function PB, input PB, output TP, output
ADTRG input*
Notes: * ADTRG input when TRGE = 1.
PB./ ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in
TP,/ NDERB, and bit PB,.DDR in PBDDR select the pin function as follows
TOCXB,  Texpa, Not both 1 Both 1
CMD1
PB.DDR 0 1 1 —
NDER13 — 0 1 —
Pin function | PB,input | PB, output | TP output TOCXB, output
PB,/ ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in
TP,/ NDERB, and bit PB4DDR in PBDDR select the pin function as follows
TOCXA, - [Exaa, Not both 1 Both 1
CMD1
PB,DDR 0 1 1 —
NDER12 — 0 1 —
Pin function | PB,input | PB, output | TP, output TOCXA, output

Rev.3.00 Mar. 26, 2007 Page 185 of 682

RENESAS

REJ09B0353-0300




Section 7 1/0 Ports

Pin Pin Functions and Selection Method
PB./ ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and
TP,/ bits I0B2 to IOBO0 in TIOR4), bit NDER11 in NDERB, and bit PB,DDR in PBDDR select
TIOCB,  the pin function as follows
ITU channel (1) in table below (2) in table below
4 settings
PB,DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCB, output PB, input | PB, output | TP, output
TIOCB, input*

Note: * TIOCB, input when CMD1 = PWM4 =0 and IOB2 = 1.

deetmon | @ @ @) @ @
EB4 0 1

CMD1 — 0 1
10B2 — 0 0 0 1 —
10B1 — 0 0 1 — —
10BO — 0 1 — — —_
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Pin Pin Functions and Selection Method
PB,/ ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in TMDR, and
TP,/ bits IOA2 to IOA0 in TIOR4), bit NDER10 in NDERB, and bit PB,DDR in PBDDR select
TIOCA,  the pin function as follows
ITU channel (1) in table below (2) in table below
4 settings
PB,DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCA, output PB, input | PB, output | TP, output
TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM4 =0 and IOB2 = 1.

et | @ | @ &) @ &)
EA4 0 1

CMD1 — 0 1
PWM4 — 0 1 —
I0A2 — 0 0 0 1 — —
I0Al — 0 0 1 — — —
I0A0 — 0 1 — — — —
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Pin Pin Functions and Selection Method

PB,/TP,/  ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR, bit EB3 in TOER, and
TIOCB, bits IOB2 to IOBO in TIOR3), bit NDER11 in NDERB, and bit PB,DDR in PBDDR select
the pin function as follows

ITU channel (1) in table below (2) in table below

3 settings

PB,DDR — 0 1 1

NDER9 — — 0 1

Pin function TIOCB, output PB, input | PB, output | TP, output
TIOCB, input*

Note: * TIOCB3 input when CMD1 = PWM3 = 0 and IOB2 = 1.

et | @ @ @) @ @
EB3 0 1

CMD1 — 0 1
10B2 — 0 0 0 1 —
10B1 — 0 0 1 — —
10BO — 0 1 — — —
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Pin Pin Functions and Selection Method

PB,/TP,/  ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in TMDR, and
TIOCA, bits IOA2 to IOAQ in TIOR3), bit NDERS in NDERB, and bit PB,DDR in PBDDR select
the pin function as follows

ITU channel (1) in table below (2) in table below

3 settings

PB,DDR — 0 1 1

NDERS — — 0 1

Pin function TIOCA, output PB, input | PB, output | TP, output
TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM3 =0 and IOA2 = 1.

et | @ | @ W @ W

EA3 0 1

CMD1 — 0 1
PWM3 — 0 1 —
I0A2 — 0 0 0 1 — —
I0Al — 0 0 1 — — —
IOAO — 0 1 — — — —
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Section 8 16-Bit Integrated Timer Unit (ITU)

8.1

Section 8 16-Bit Integrated Timer Unit (ITU)

Overview

The H8/3039 Group has a built-in 16-bit integrated timer-pulse unit (ITU) with five 16-bit timer
channels.

811

Features

ITU features are listed below.

» Capahility to process up to 12 pulse outputs or 10 pulse inputs

» Ten genera registers (GRs, two per channel) with independently-assignable output compare or
input capture functions

» Sdlection of eight counter clock sources for each channel:
Internal clocks: @, ¢/2, ¢/4, (/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD

» Five operating modes selectablein all channels:

O

Waveform output by compare match

Selection of 0 output, 1 output, or toggle output (only O or 1 output in channel 2)
Input capture function

Rising edge, falling edge, or both edges (selectable)

Counter clearing function

Counters can be cleared by compare match or input capture

Synchronization

Two or more timer counters (TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
five-phase PWM output is possible

» Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
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Section 8 16-Bit Integrated Timer Unit (ITU)

» Three additional modes selectable in channels 3 and 4
O Reset-synchronized PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
complementary waveforms.

O Complementary PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
non-overlapping complementary waveforms.

O Buffering

Input capture registers can be double-buffered. Output compare registers can be updated
automatically.
» High-speed accessviainternal 16-hit bus
The 16-bit timer counters, genera registers, and buffer registers can be accessed at high speed
viaa 16-bit bus.
 Fifteen interrupt sources
Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.
« Output triggering of programmable pattern controller (TPC)
Compare match/input capture signals from channels 0 to 3 can be used as TPC output triggers.

Table 8.1 summarizes the I TU functions.
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Table8.1

Item

ITU Functions

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Clock sources

Internal clocks: @, @2, @4, ¢/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable independently

General registers GRAO, GRBO GRAL,GRB1 GRA2,GRB2 GRA3,GRB3 GRA4, GRB4
(output compare/

input capture registers)

Buffer registers — — — BRA3, BRB3 BRA4, BRB4

Input/output pins

TIOCA,, TIOCB, TIOCA,, TIOCB, TIOCA,, TIOCB,

TIOCA,, TIOCB,

TIOCA,, TIOCB,

Output pins — — — — TOCXA,,
TOCXB,
Counter clearing GRAO/GRBO GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 GRA4/GRB4

function

compare match
or input capture

compare match
or input capture

compare match
or input capture

compare match
or input capture

compare match
or input capture

Compare O

match
output

Toggle

Input capture function

Synchronization

PWM mode

olo|lOo|O|0O]|O

olo|lO|0O|0O]|O

Reset-synchronized
PWM mode

OoO|lO0|O0|O0|0O|0O]|O

o|lO0|O0|O0|O|0O]|O

Complementary PWM
mode

@]

@)

Phase counting mode

(0]

Buffering

(o]

o

Interrupt sources

Three sources

* Compare
match/input
capture AO

* Compare
match/input
capture BO

¢ Overflow

Three sources

* Compare
match/input
capture Al

* Compare
match/input
capture B1

* Overflow

Three sources

* Compare
match/input
capture A2

* Compare
match/input
capture B2

« Overflow

Three sources

* Compare
match/input
capture A3

* Compare
match/input
capture B3

¢ Overflow

Three sources

* Compare
match/input
capture A4

* Compare
match/input
capture B4

* Overflow

Legend:
O: Available
. Not available
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Section 8 16-Bit Integrated Timer Unit (ITU)

8.1.2 Block Diagrams

ITU Block Diagram (Overall)

Figure 8.1 isablock diagram of the ITU.

TCLKA to TCLKD IMIAO to IMIA4

— Clock selector | > IMIBO to IMIB4
¢ @2, ¢4, pi8 > OVIO0 to OVI4
TOCXA4, TOCXB, <_| Control logic

-
-
-
-

]

o

2

TIOCBy to TIOCB, :
<
T
c
C
@
e
o
o
£
3

Bus interface

—
<
O
Py}

©
—

Q

(32] N — o
sllsllsl|s <] ToCcrR K>
C C C c
sl|c||&8||&
< < < < < | TSTR K
(&] (8] (8] (8]
o o o o
E||E||E||E <] TSNC K
2 2 2 2
o © © ©
— — — —

—
T
(@)
Py

<
<
<

Module data bus

Legend:

TOER: Timer output master enable register (8 bits)
TOCR: Timer output control register (8 bits)

TSTR: Timer start register (8 bits)

TSNC: Timer synchro register (8 bits)

TMDR: Timer mode register (8 bhits)

TFCR: Timer function control register (8 bits)

Figure8.1 1TU Block Diagram (Overall)

Internal data bus
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Section 8 16-Bit Integrated Timer Unit (ITU)

Block Diagram of ChannelsO and 1

ITU channels 0 and 1 are functionally identical. Both have the structure shown in figure 8.2.

TCLKA to TCLKD >
Q@2 @4, @8

Legend:
TCNT:
GRA, GRB:
TCR:
TIOR:
TIER:

TSR:

Clock selector

<~ TIOCA,
== TIOCB,

Control logic

Comparator

— IMIAO
— IMIBO
— OVIO

)

A

A

ARG

TCNT

GRA

GRB

TCR
TIOR
TIER
TSR

0 0 0 0

Module data bus

Timer counter (16 bits)

General registers A and B (input capture/output compare registers) (16 bits x 2)

Timer control register (8 bits)
Timer 1/O control register (8 bits)

Timer interrupt enable register (8 bits)

Timer status register (8 bits)

Figure8.2 Block Diagram of Channels0and 1 (for Channel 0)
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Block Diagram of Channel 2

Figure 8.3 isablock diagram of channel 2. Thisisthe channel that provides only 0 output and 1
output.

TCLKA to TCLKD > = TIOCA,
Clock selector < TIOCB,
0. 92, g4, @8 _
Control logic - IMIA2
Comparator —= IMIB2
— OVI2
IR RERE:
) 04 14 O o w n
Module data bus
Legend:
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)
(16 hits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)
TSR2: Timer status register 2 (8 bits)

Figure 8.3 Block Diagram of Channel 2

Rev.3.00 Mar. 26, 2007 Page 196 of 682
REJ09B0353-0300
RENESAS



Section 8 16-Bit Integrated Timer Unit (ITU)

Block Diagramsof Channels3 and 4

Figure 8.4 isablock diagram of channel 3. Figure 8.5 isablock diagram of channel 4.

TCLKA to D
;C@L;D Clock selector
cp'/ " (p)8 >

Legend:
TCNT3:
GRA3, GRB3:

BRA3, BRB3:

TCR3:
TIORS:
TIERS:
TSR3:

Comparator

Control logic

= TIOCA;
= TIOCB,

— IMIA3
— IMIB3
— OVI3

0 [

[ANANIANA

TCNT3
BRA3
GRA3

BRB3

0
GRB3
TCR3
TIOR3
TIER3

00 0

TSR3

.

000

dule data bu

Timer counter 3 (16 bits)
General registers A3 and B3 (input capture/output compare registers)

(16 bits x 2)

Buffer registers A3 and B3 (input capture/output compare buffer registers)

(16 hits x 2)

Timer control register 3 (8 bits)

Timer 1/O control register 3 (8 hits)
Timer interrupt enable register 3 (8 bits)
Timer status register 3 (8 bits)

Figure8.4 Block Diagram of Channel 3
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TCLKA to — TOCXA,
TCLKD —» TOCXB,
0, @2 Clock selector TIOCA
X , - 4
@4, ¢'8 — Control logic ™ TIOCB,
Comparator - :m:gj
— OVI4

O AN NNNMN10

TCNT4
BRA4
GRA4
BRB4
GRB4
TCR4
TIOR4
TIER4
TSR4

00 00 00000

Module data bus

Legend:

TCNT4: Timer counter 4 (16 bits)

GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers)
(16 bits x 2)

BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers)
(16 bits x 2)

TCR4: Timer control register 4 (8 bits)

TIORA4: Timer 1/O control register 4 (8 bits)

TIER4: Timer interrupt enable register 4 (8 bits)

TSR4: Timer status register 4 (8 bits)

Figure8.5 Block Diagram of Channel 4
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8.13 I nput/Output Pins
Table 8.2 summarizesthe ITU pins.

Table8.2 ITU Pins

Abbre-  Input/

Channel Name viation  Output Function
Common  Clock input A TCLKA  Input External clock A input pin
(phase-A input pin in phase counting
mode)
Clock input B TCLKB  Input External clock B input pin
(phase-B input pin in phase counting
mode)
Clock input C TCLKC  Input External clock C input pin
Clock input D TCLKD  Input External clock D input pin
0 Input capture/output  TIOCA,  Input/ GRAO output compare or input capture pin
compare A0 output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRBO output compare or input capture pin
compare BO output
1 Input capture/output  TIOCA,  Input/ GRAL output compare or input capture pin
compare Al output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRBL1 output compare or input capture pin
compare Bl output
2 Input capture/output  TIOCA,  Input/ GRAZ2 output compare or input capture pin
compare A2 output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
3 Input capture/output  TIOCA,  Input/ GRAS3 output compare or input capture pin
compare A3 output  PWM output pin in PWM mode,

complementary PWM mode, or reset-
synchronized PWM mode

Input capture/output  TIOCB,  Input/ GRB3 output compare or input capture pin
compare B3 output ~ PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
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Abbre-  Input/

Channel Name viation  Output Function
4 Input capture/output  TIOCA,  Input/ GRA4 output compare or input capture pin
compare A4 output  PWM output pin in PWM mode,

complementary PWM mode, or reset-
synchronized PWM mode

Input capture/output  TIOCB,  Input/ GRB4 output compare or input capture pin
compare B4 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode

Output compare XA4 TOCXA, Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode

Output compare XB4 TOCXB, Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
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8.14 Register Configuration
Table 8.3 summarizesthe ITU registers.

Table8.3 I1TU Registers

Abbre- Initial
Channel Address** Name viation R/W Value
Common H'FF60 Timer start register TSTR R/W H'EO
H'FF61 Timer synchro register TSNC R/W H'EO
H'FF62 Timer mode register TMDR R/W H'80
H'FF63 Timer function control register TFCR R/W H'CO
H'FF90 Timer output master enable register TOER R/W H'FF
H'FF91 Timer output control register TOCR R/W H'FF
0 H'FF64 Timer control register 0 TCRO R/W H'80
H'FF65 Timer I/O control register 0 TIORO R/W H'88
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8
H'FF67 Timer status register 0 TSRO R/(W)*? H'F8
H'FF68 Timer counter 0 (high) TCNTOH R/W H'00
H'FF69 Timer counter O (low) TCNTOL R/W H'00
H'FF6A General register AO (high) GRAOH R/W H'FF
H'FF6B General register A0 (low) GRAOL R/W H'FF
H'FF6C General register BO (high) GRBOH R/W H'FF
H'FF6D General register BO (low) GRBOL R/W H'FF
1 H'FF6E Timer control register 1 TCR1 R/W H'80
H'FF6F Timer 1/O control register 1 TIOR1 R/W H'88
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8
H'FF71 Timer status register 1 TSR1 R/(W)*? H'F8
H'FF72 Timer counter 1 (high) TCNT1IH R/W H'00
H'FF73 Timer counter 1 (low) TCNT1L R/W H'00
H'FF74 General register Al (high) GRA1H R/W H'FF
H'FF75 General register Al (low) GRALL R/W H'FF
H'FF76 General register B1 (high) GRB1H R/W H'FF
H'FF77 General register B1 (low) GRBI1L R/W H'FF

Rev.3.00 Mar. 26, 2007 Page 201 of 682
REJ09B0353-0300
RENESAS



Section 8 16-Bit Integrated Timer Unit (ITU)

Abbre- Initial
Channel Address** Name viation R/W Value
2 H'FF78 Timer control register 2 TCR2 R/W H'80
H'FF79 Timer I/O control register 2 TIOR2 R/W H'88
H'FF7A Timer interrupt enable register 2 TIER2 R/W H'F8
H'FF7B Timer status register 2 TSR2 RI(W)*? H'F8
H'FF7C Timer counter 2 (high) TCNT2H R/W H'00
H'FF7D Timer counter 2 (low) TCNT2L R/W H'00
H'FF7E General register A2 (high) GRA2H R/W H'FF
H'FF7F General register A2 (low) GRA2L R/W H'FF
H'FF80 General register B2 (high) GRB2H R/W H'FF
H'FF81 General register B2 (low) GRB2L R/W H'FF
3 H'FF82 Timer control register 3 TCRS3 R/W H'80
H'FF83 Timer 1/O control register 3 TIOR3 R/W H'88
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8
H'FF85 Timer status register 3 TSR3 RI(W)*? H'F8
H'FF86 Timer counter 3 (high) TCNT3H R/W H'00
H'FF87 Timer counter 3 (low) TCNT3L R/W H'00
H'FF88 General register A3 (high) GRA3H R/W H'FF
H'FF89 General register A3 (low) GRA3L R/W H'FF
H'FF8A General register B3 (high) GRB3H R/W H'FF
H'FF8B General register B3 (low) GRB3L R/W H'FF
H'FF8C Buffer register A3 (high) BRA3H R/W H'FF
H'FF8D Buffer register A3 (low) BRA3L R/W H'FF
H'FF8E Buffer register B3 (high) BRB3H R/W H'FF
H'FF8F Buffer register B3 (low) BRB3L R/W H'FF
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Abbre- Initial
Channel Address** Name viation R/W Value
4 H'FF92 Timer control register 4 TCR4 R/W H'80
H'FF93 Timer I/O control register 4 TIOR4 R/W H'88
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8
H'FF95 Timer status register 4 TSR4 RI(W)*? H'F8
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00
H'FF97 Timer counter 4 (low) TCNT4L R/W H'00
H'FF98 General register A4 (high) GRA4H R/W H'FF
H'FF99 General register A4 (low) GRAA4L R/W H'FF
H'FF9A General register B4 (high) GRB4H R/W H'FF
H'FF9B General register B4 (low) GRBA4L R/W H'FF
H'FFOC Buffer register A4 (high) BRA4H R/W H'FF
H'FF9D Buffer register A4 (low) BRA4L R/W H'FF
H'FF9E Buffer register B4 (high) BRB4H R/W H'FF
H'FFOF Buffer register B4 (low) BRB4L R/W H'FF

Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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8.2 Register Descriptions

821 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that starts and stops the timer counter (TCNT) in
channels 0 to 4.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTRisinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: These bits cannot be modified and are always read as 1.

Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4).

Bit4

STR4 Description

0 TCNT4 is halted (Initial value)
1 TCNTA4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNT3).

Bit 3

STR3 Description

0 TCNT3 is halted (Initial value)
1 TCNT3 is counting
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Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (TCNT2).

Bit 2

STR2 Description

0 TCNT2 is halted (Initial value)
1 TCNT2 is counting

Bit 1—Counter Start 1 (STR1): Starts and stopstimer counter 1 (TCNT1).

Bit 1

STR1 Description

0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO0): Starts and stops timer counter O (TCNTO).

Bit 0

STRO Description

0 TCNTO is halted (Initial value)
1 TCNTO is counting
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8.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the corresponding bitsto 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Timer sync4to 0

These bits synchronize
channels 4 to 0

TSNC isinitialized to H'EQ by areset and in standby mode.
Bits 7 to 5—Reser ved: These bits cannot be modified and are always read as 1.

Bit 4—Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or
synchronously.

Bit 4

SYNC4  Description

0 Channel 4's timer counter (TCNT4) operates independently TCNT4 is preset and
cleared independently of other channels (Initial value)

1 Channel 4 operates synchronously

TCNT4 can be synchronously preset and cleared

Bit 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or
synchronously.

Bit 3

SYNC3  Description

0 Channel 3's timer counter (TCNT3) operates independently TCNT3 is preset and
cleared independently of other channels (Initial value)

1 Channel 3 operates synchronously

TCNT3 can be synchronously preset and cleared
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Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or

synchronously.

Bit 2

SYNC2  Description

0 Channel 2's timer counter (TCNT2) operates independently TCNT2 is preset and

cleared independently of other channels (Initial value)

Channel 2 operates synchronously
TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or

synchronously.

Bit 1

SYNC1 Description

0 Channel 1's timer counter (TCNT1) operates independently TCNT1 is preset and

cleared independently of other channels (Initial value)

Channel 1 operates synchronously
TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or

synchronously.

Bit O

SYNCO  Description

0 Channel 0's timer counter (TCNTO) operates independently TCNTO is preset and

cleared independently of other channels (Initial value)

Channel 0 operates synchronously
TCNTO can be synchronously preset and cleared
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823 Timer Mode Register (TMDR)

TMDR is an 8-hit readable/writable register that selects PWM mode for channels 0 to 4. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

PWM mode 4to 0
These bits select PWM

mode for channels 4 to 0
Flag direction

Selects the setting condition for the overflow
flag (OVF) in timer status register 2 (TSR2)

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDRisinitialized to H'80 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Phase Counting M ode Flag (MDF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode

When MDF is set to 1 to select phase counting mode, timer counter 2 (TCNT2) operates as an
up/down-counter and pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts
both rising and falling edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction Down-Counting Up-Counting
TCLKA pin 4 High Y Low £ Low Y High
TCLKB pin Low £ High Y High £ Low Y
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In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in
timer control register 2 (TCR2). Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin TCR2 and the compare
match/input capture settings and interrupt functions of timer 1/0 control register 2 (TIOR2), timer
interrupt enable register 2 (TIER2), and timer status register 2 (TSR2) remain effective in phase
counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the overflow flag (OVF) in
timer status register 2 (TSR2). The FDIR designation isvalid in all modesin channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TSR2 when TCNT2 overflows or underflows (Initial value)
1 OVF is set to 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode.

Bit 4

PWM4 Description

0 Channel 4 operates normally (Initial value)
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA4 becomes a PWM output pin. The
output goesto 1 at compare match with general register A4 (GRA4), and to 0 at compare match
with general register B4 (GRB4).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDOQO in the timer function control register (TFCR), the CMD1 and CM DO setting takes
precedence and the PWM4 setting is ignored.

Bit 3—PWM Mode 3 (PWM 3): Selects whether channel 3 operates normally or in PWM mode.

Bit 3

PWM3 Description

0 Channel 3 operates normally (Initial value)
1 Channel 3 operates in PWM mode
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When bit PWM3 is set to 1 to select PWM mode, pin TIOCA3 becomes a PWM output pin. The
output goesto 1 at compare match with general register A3 (GRA3), and to 0 at compare match
with general register B3 (GRB3).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in the timer function control register (TFCR), the CMD1 and CMDO setting takes
precedence and the PWM 3 setting is ignored.

Bit 2—PWM Mode 2 (PWM 2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA2 becomes a PWM output pin. The
output goesto 1 at compare match with general register A2 (GRA?2), and to 0 at compare match
with general register B2 (GRB2).

Bit 1—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWM 1 is set to 1 to select PWM mode, pin TIOCA 1 becomes a PWM output pin. The
output goesto 1 at compare match with general register A1 (GRA1), and to 0 at compare match
with general register B1 (GRB1).

Bit 0—PWM Mode 0 (PWMO0): Selects whether channel 0 operates normally or in PWM mode.

Bit 0

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCAO becomes a PWM output pin. The
output goesto 1 at compare match with general register A0 (GRAO), and to 0 at compare match
with general register BO (GRBO).
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824 Timer Function Control Register (TFCR)

TFCR isan 8-bit readable/writable register that sel ects complementary PWM mode, reset-
synchronized PWM mode, and buffering for channels 3 and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Combination mode 1/0

These bits select complementary
PWM mode or reset-synchronized
PWM mode for channels 3 and 4

Buffer mode B4 and A4
These bits select buffering of
general registers (GRB4 and
GRAA4) by buffer registers
(BRB4 and BRA4) in channel 4

Buffer mode B3 and A3
These bits select buffering
of general registers (GRB3
and GRA3) by buffer
registers (BRB3 and BRA3)
in channel 3

TFCRisinitialized to H'CO by areset and in standby mode.

Bits 7 and 6—Reser ved: These hits cannot be modified and are awaysread as 1.
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Bits 5 and 4—Combination Mode 1 and 0 (CM D1, CMDQ): These bits select whether channels
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode.

Bit 5 Bit 4

CMD1 CMDO Description

0 0 Channels 3 and 4 operate normally (Initial value)
1

1 0 Channels 3 and 4 operate together in complementary PWM mode
1 Channels 3 and 4 operate together in reset-synchronized PWM mode

Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer
counter or counters that will be used in these modes.

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of
timer sync bits SYNC4 and SYNC3 in the timer synchro register (TSNC) arevalid in
complementary PWM mode and reset-synchronized PWM mode, however. When complementary
PWM mode is selected, channels 3 and 4 must not be synchronized (do not set bits SYNC3 and
SYNC4 bothto 1 in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or
whether GRB4 is buffered by BRB4.

Bit 3

BFB4 Description

0 GRB4 operates normally (Initial value)
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or
whether GRA4 is buffered by BRA4.

Bit 2

BFA4 Description

0 GRA4 operates normally (Initial value)
1 GRA4 is buffered by BRA4
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Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or
whether GRB3 is buffered by BRB3.

Bit 1

BFB3 Description

0 GRB3 operates normally (Initial value)
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or
whether GRA3 is buffered by BRA3.

Bit 0

BFA3 Description

0 GRA3 operates normally (Initial value)
1 GRAZ3 is buffered by BRA3
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8.25 Timer Output Master Enable Register (TOER)

TOER is an 8-hit readabl e/writable register that enables or disables output settings for channels 3
and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA4, TOCXB,
These bits enable or disable output
settings for pins TOCXA, and TOCXB,4

Master enable TIOCA3, TIOCB3, TIOCA,, TIOCB,4
These bits enable or disable output settings for pins
TIOCAgz, TIOCB3, TIOCA,, and TIOCB,

TOER isinitialized to H'FF by areset and in standby mode.
Bits 7 and 6—Reser ved: These hits cannot be modified and are awaysread as 1.

Bit 5—Master Enable TOCXB, (EXB4): Enables or disables | TU output at pin TOCXB,.

Bit 5

EXB4 Description

0 TOCXB, output is disabled regardless of TFCR settings (TOCXB, operates as a generic
input/output pin). If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in
channel 1.

1 TOCXB, is enabled for output according to TFCR settings (Initial value)

Bit 4—Master Enable TOCXA, (EXA4): Enables or disables ITU output at pin TOCXA,,.

Bit 4

EXA4 Description

0 TOCXA, output is disabled regardless of TFCR settings (TOCXA, operates as a generic
input/output pin).
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXA, is enabled for output according to TFCR settings (Initial value)
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Bit 3—Master Enable TIOCB, (EB3): Enables or disables ITU output at pin TIOCB..

Bit 3

EB3 Description

0 TIOCB, output is disabled regardless of TIOR3 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD = 0, EB3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB, is enabled for output according to TIOR3 and TFCR settings (Initial value)

Bit 2—Master Enable TIOCB, (EB4): Enables or disables ITU output at pin TIOCB,.

Bit 2

EB4 Description

0 TIOCB, output is disabled regardless of TIOR4 and TFCR settings (TIOCB, operates as
a generic input/output pin).
If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCB, is enabled for output according to TIOR4 and TFCR settings (Initial value)

Bit 1—Master Enable TIOCA, (EA4): Enables or disables ITU output at pin TIOCA,.

Bit 1

EA4 Description

0 TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR settings

(Initial value)

Bit 0—Master Enable TIOCA, (EA3): Enables or disables ITU output at pin TIOCA..

Bit 0

EA3 Description

0 TIOCA, output is disabled regardless of TIOR3, TMDR, and TFCR settings (TIOCA,
operates as a generic input/output pin).
If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR3, TMDR, and TFCR settings

(Initial value)
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8.2.6 Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ XTGD ‘ — ‘ — ‘ oLSs4 ‘ OLS3 ‘

Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W — — R/W R/W
Reserved bits Output level select 3, 4

These bits select output
levels in complementary
PWM mode and reset-
synchronized PWM mode

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized
PWM mode

The settings of the XTGD, OL$4, and OL S3 bits are valid only in complementary PWM mode
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCR isinitialized to H'FF by areset and in standby mode.
Bits 7 to 5—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 4—External Trigger Disable (XTGD): Selects externaly triggered disabling of ITU output
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4
XTGD Description

0 Input capture A in channel 1 is used as an external trigger signal in complementary
PWM mode and reset-synchronized PWM mode.

When an external trigger occurs, bits 5 to 0 in the timer output master enable register
(TOER) are cleared to 0, disabling ITU output.

1 External triggering is disabled (Initial value)
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Bits 3 and 2—Reserved: These bits cannot be modified and are awaysread as 1.

Bit 1—Output Level Select 4 (OL $4): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 1

OLS4 Description

0 TIOCA,, TIOCA,, and TIOCB, pin outputs are inverted

1 TIOCA,, TIOCA,, and TIOCB, pin outputs are not inverted (Initial value)

Bit 0—Output Level Select 3 (OL S3): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 0

OLS3 Description

0 TIOCB,, TOCXA,, and TOCXB, pin outputs are inverted

1 TIOCB,, TOCXA,, and TOCXB, pin outputs are not inverted (Initial value)
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8.2.7 Timer Counters (TCNT)

TCNT isa16-bit counter. The ITU hasfive TCNTSs, one for each channel.

Channel Abbreviation Function

0 TCNTO Up-counter
1 TCNT1
2 TCNT2 Phase counting mode: up/down-counter
Other modes: up-counter
TCNT3 Complementary PWM mode: up/down-counter
TCNT4 Other modes: up-counter

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o o o o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Each TCNT isa 16-bit readable/writable register that counts pulse inputs from a clock source. The
clock source is selected by bits TPSC2 to TPSCO in the timer control register (TCR).

TCNTO and TCNTL1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM
mode and up-counters in other modes.

TCNT can be cleared to H'0000 by compare match with general register A or B (GRA or GRB) or
by input capture to GRA or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the overflow flag (OVF) issetto 1in
the timer status register (TSR) of the corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the overflow flag (OVF) issetto 1in
TSR of the corresponding channel.

The TCNTsare linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each TCNT isinitialized to H'0000 by areset and in standby mode.
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8.2.8 General Registers (GRA, GRB)

The general registers are 16-hit registers. The ITU has 10 general registers, two in each channel.

Channel Abbreviation Function

0 GRAO, GRBO  Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

3 GRA3, GRB3  Output compare/input capture register; can be by buffer registers
4 GRA4, GRB4 BRAand BRB

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvaloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin the timer 1/0
control register (TIOR).

When a general register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1inthe timer status register (TSR). Compare match output can be selected in TIOR.

When ageneral register is used as an input capture register, rising edges, falling edges, or both
edges of an external input capture signal are detected and the current TCNT valueis stored in the
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the sametime. The
valid edge or edges of the input capture signal are selected in TIOR.

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by areset
and in standby mode. The initial value is H'FFFF.
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8.29 Buffer Registers(BRA, BRB)

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3
and 4.

Channel Abbreviation Function
3 BRA3, BRB3 Used for buffering

4 BRA4,BRB4 « When the corresponding GRA or GRB functions as an output
compare register, BRA or BRB can function as an output compare
buffer register: the BRA or BRB value is automatically transferred
to GRA or GRB at compare match

* When the corresponding GRA or GRB functions as an input
capture register, BRA or BRB can function as an input capture
buffer register: the GRA or GRB value is automatically transferred
to BRA or BRB at input capture

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvaloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

A buffer register is a 16-bit readable/writable register that is used when buffering is selected.
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in TFCR.

The buffer register and general register operate as a pair. When the general register functions as an
output compare register, the buffer register functions as an output compare buffer register. When
the general register functions as an input capture register, the buffer register functions as an input
capture buffer register.

The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word or byte access.

Buffer registers areinitialized to H'FFFF by areset and in standby mode.
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8.

210 Timer Control Registers (TCR)

TCRisan 8-hit register. The ITU hasfive TCRs, one in each channel.

Channel Abbreviation Function
0 TCRO TCR controls the timer counter. The TCRs in all channels are
1 TCR1 functionally identical. When phase counting mode is selected in
channel 2, the settings of bits CKEG1 and CKEGO and TPSC2 to
2 TCR2 TPSCO in TCR2 are ignored.
3 TCR3
4 TCR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2to 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each TCR is an 8-bit readable/writable register that selects the timer counter clock source, selects
the edge or edges of external clock sources, and selects how the counter is cleared.

TCRisinitialized to H'80 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO0): These bits select how TCNT is cleared.
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Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input capture**

1 0 TCNT is cleared by GRB compare match or input capture**
1 Synchronous clear: TCNT is cleared in synchronization with other

synchronized timers**

Notes: 1. TCNT is cleared by compare match when the general register functions as an output
compare match register, and by input capture when the general register functions as an
input capture register.

2. Selected in the timer synchro register (TSNC).

Bits4 and 3—Clock Edge 1/0 (CKEG1, CKEGO): These bits select external clock input edges
when an external clock sourceis used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored.
Phase counting takes precedence.

Bits2to 0—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These hits select the counter clock
source.

Bit 2 Bit 1 Bit 0
TPSC2 TPSC1 TPSCO Function
0 0 0 Internal clock: @ (Initial value)
1 Internal clock: @/2
1 0 Internal clock: @/4
1 Internal clock: @/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input

Rev.3.00 Mar. 26, 2007 Page 222 of 682
REJ09B0353-0300
RENESAS



Section 8 16-Bit Integrated Timer Unit (ITU)

When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits TPSC2 to
TPSCO in TCR2 are ignored. Phase counting takes precedence.

8.2.11 Timer 1/O Control Register (TIOR)

TIOR isan 8-hit register. The ITU hasfive TIORs, one in each channel.

Channel Abbreviation Function

0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode. TIOR3 and TIOR4 settings are ignored when complementary
PWM mode or reset-synchronized PWM mode is selected in
2 TIOR2 channels 3 and 4.
3 TIOR3
4 TIOR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ I0B2 ‘ I0B1 ‘ I0BO ‘ — ‘ I0A2 ‘ I0Al ‘ IOA0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

I/O control A2 to AO
These bits select GRA
functions

Reserved bit

1/0 control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the
output compare function is selected, TIOR also selects the type of output. If input captureis
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.
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Bit 7—Reserved: This bit cannot be modified and is always read as 1.
Bits6to 4—I/O Control B2 to BO (10B2 to 10B0): These hits select the GRB function.

Bit 6 Bit 5 Bit 4
I0B2 I0B1 I0BO Function

0 0 0 GRB is an output  No output at compare match (Initial value)

compare register 0 output at GRB compare match**

1
1 0 1 output at GRB compare match**
1

Output toggles at GRB compare match
(1 output in channel 2)***?

1 0 0 GRB is an input GRB captures rising edge of input
1 capture register GRB captures falling edge of input
1 0 GRB captures both edges of input

1

Notes: 1. After a reset, the output is 0 until the first compare match.

2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output
instead.

Bit 3—Reserved: This bit cannot be modified and is always read as 1.
Bits 2to 0—I/O Control A2to A0 (I0OA2to 10A0): These hits select the GRA function.

Bit 2 Bit 1 Bit 0
I0OA2 IOA1 IOAQ Function

0 0 0 GRA is an output  No output at compare match (Initial value)

compare register 0 output at GRA compare match**

1
1 0 1 output at GRA compare match**
1

Output toggles at GRA compare match
(1 output in channel 2)***?

1 0 0 GRA is an input GRA captures rising edge of input
1 capture register GRA captures falling edge of input
1 0 GRA captures both edges of input

1

Notes: 1. After a reset, the output is 0 until the first compare match.

2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output
instead.
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8.2.12 Timer Status Register (TSR)

TSR isan 8-hit register. The ITU hasfive TSRs, one in each channel.

Channel  Abbreviation Function

0 TSRO Indicates input capture, compare match, and overflow status

1 TSR1

2 TSR2

3 TSR3

4 TSR4
Bit 7 6 5 4 3 2 1 0

— ‘ — ‘ — ‘ — ‘ — ‘ OVF ‘ IMFB ‘ IMFA ‘

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — RI(W)*  RI(W)* R/(W)*

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match flag B
Status flag indicating GRB compare
match or input capture

Input capture/compare match flag A
Status flag indicating GRA compare
match or input capture

Note: * Only O can be written to clear the flag.

Each TSR is an 8-bit readable/writable register containing flags that indicate TCNT overflow or
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources
and generate CPU interruptsif enabled by corresponding bits in the timer interrupt enable register
(TIER).

TSRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow.

Bit 2

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

TCNT overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF*

Notes: * TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow
occurs only under the following conditions:

1. Channel 2 operates in phase counting mode (MDF =1 in TMDR)

2. Channels 3 and 4 operate in complementary PWM mode (CMD1 = 1 and CMDO =0
in TFCR)

Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB
compare match or input capture events.

Bit 1
IMFB Description
0 [Clearing condition]
Read IMFB when IMFB = 1, then write O in IMFB (Initial value)
1 [Setting conditions]

¢ TCNT = GRB when GRB functions as a compare match register.

¢« TCNT value is transferred to GRB by an input capture signal, when GRB functions
as an input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA
compare match or input capture events.

Bit 0
IMFA Description
0 [Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IMFA. (Initial value)
1 [Setting conditions]

¢« TCNT = GRA when GRA functions as a compare match register.

e TCNT value is transferred to GRA by an input capture signal, when GRA functions
as an input capture register.
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8.2.13 Timer Interrupt Enable Register (TIER)
TIER isan 8-hit register. The ITU hasfive TIERs, one in each channel.

Channel Abbreviation Function

0 TIERO Enables or disables interrupt requests.

1 TIER1

2 TIER2

3 TIER3
4 TIER4

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB ‘ IMIEA ‘

Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W

Reserved bits

Overflow interrupt enable
Enables or disables OVF
interrupts

Input capture/compare match
interrupt enable B
Enables or disables IMFB interrupts

Input capture/compare match
interrupt enable A

Enables or disables IMFA
interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt
requests and general register compare match and input capture interrupt requests.

TIER isinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the
overflow flag (OVF) in TSR when OVF isset to 1.

Bit 2

OVIE Description

0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVl interrupt requested by OVF is enabled

Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disablesthe
interrupt requested by the IMFB flag in TSR when IMFB isset to 1.

Bit 1

IMIEB Description

0 IMIB interrupt requested by IMFB is disabled (Initial value)
1 IMIB interrupt requested by IMFB is enabled

Bit O—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disablesthe
interrupt requested by the IMFA flag in TSR when IMFA isset to 1.

Bit 0

IMIEA Description

0 IMIA interrupt requested by IMFA is disabled (Initial value)
1 IMIA interrupt requested by IMFA is enabled

8.3 CPU Interface

831 16-Bit Accessible Registers

The timer counters (TCNTS), general registers A and B (GRAs and GRBs), and buffer registers A
and B (BRAs and BRBs) are 16-hit registers, and are linked to the CPU by an internal 16-bit data
bus. These registers can be written or read aword at atime, or abyte at atime.

Figures 8.6 and 8.7 show examples of word access to atimer counter (TCNT). Figures 8.8, 8.9,
8.10, and 8.11 show examples of byte accessto TCNTH and TCNTL.
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Internal data bus

H H

=

CPU L Bus interface L Module

= < T >

| TCNTH | TCNTL |

A\

Figure8.6 Accessto Timer Counter (CPU Writesto TCNT, Word)

Internal data bus

=) =
{} L Module

CPU L Bus interface > data bus

TCNTH | TCNTL

VANIVAN

Figure8.7 Accessto Timer Counter (CPU Reads TCNT, Word)

Internal data bus

H H

=

CPU L Bus interface

>

Module

> data bus

L

YANIVAN

VY

| TCNTH | TCNTL |

Figure8.8 Accessto Timer Counter (CPU Writesto TCNT, Upper Byte)
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Internal data bus

H

=

CPU L

pE—

Bus interface

H

/\

> Module

L

Tv

| TCNTH | TCNTL |

Figure8.9 Accessto Timer Counter (CPU Writesto TCNT, Lower Byte)

Internal data bus

H

R

CPU L

>

Bus interface

H

{} L > Module

YANIVAN

TCNTH TCNTL

>data bus
| | 73

Figure8.10 Accessto Timer Counter (CPU Reads TCNT, Upper Byte)

Internal data bus

H

R

CPU L

>

Bus interface

H

Module

7 :

VANIVAN

> data bus

TCNTH TCNTL

|G

Figure8.11 Accessto Timer Counter (CPU Reads TCNT, Lower Byte)

Rev.3.00 Mar. 26, 2007 Page 230 of 682

REJ09B0353-0300

RENESAS




Section 8 16-Bit Integrated Timer Unit (ITU)

8.32 8-Bit Accessible Registers

The registers other than the timer counters, general registers, and buffer registers are 8-hit
registers. These registers are linked to the CPU by an internal 8-bit data bus.

Figures 8.12 and 8.13 show examples of byte read and write accessto a TCR.

If aword-size datatransfer instruction is executed, two byte transfers are performed.

Internal data bus

<H:> ¢ :
CPU L Bus interface ‘ ‘ L (l;/lodule
<:> < > ata bus
TCR
Figure8.12 TCR Access(CPU Writesto TCR)
Internal data bus
<H:> ¢ .
. Module
CPU L Bus interface < {} L > data bus

TCR

Figure8.13 TCR Access (CPU Reads TCR)
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8.4 Operation

84.1 Overview
A summary of operationsin the various modesiis given below.

Normal Operation: Each channel hasatimer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Oper ation: The timer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer countersin the other channels as well. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
complementary waveforms. (The three phases are related by having a common transition point.)
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically
function as output compare registers, TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and
TOCXB, function as PWM output pins, and TCNT, operates as an up-counter. TCNT4 operates
independently, and is not compared with GRA4 or GRB4.

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
non-overlapping complementary waveforms. When complementary PWM mode is selected
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and
TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and TOCXB, function as PWM output pins.
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting M ode: The phase relationship between two clock signalsinput at TCLKA and
TCLKB isdetected and TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.
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Buffering:
» |If the general register is an output compare register
When compare match occurs the buffer register value is transferred to the general register.
» |If the general register is an input capture register
When input capture occurs the TCNT valueis transferred to the general register, and the
previous genera register value is transferred to the buffer register.
e Complementary PWM mode

The buffer register valueis transferred to the general register when TCNT3 and TCNT4
change counting direction.

* Reset-synchronized PWM mode
The buffer register value is transferred to the general register at GRA3 compare match.
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84.2 Basic Functions

Counter Operation

When one of bits STRO to STR4 is set to 1 in the timer start register (TSTR), the timer counter
(TCNT) in the corresponding channel starts counting. The counting can be free-running or
periodic.

Sample setup procedure for counter: Figure 8.14 shows a sample procedure for setting up a
counter.

( Counter setup )

Select counter clock 1

No

Type of counting?

Yes . .
( Free-running counting )
( Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure8.14 Counter Setup Procedure (Example)

Rev.3.00 Mar. 26, 2007 Page 234 of 682
REJ09B0353-0300
RENESAS




Section 8 16-Bit Integrated Timer Unit (ITU)

1. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock source
is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the external
clock signal.

2. For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA compare
match or GRB compare match.

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

4. Write the count period in GRA or GRB, whichever was selected in step 2.

5. Setthe STRbitto 1in TSTR to start the timer counter.

Free-running and periodic counter operation: A reset leaves the counters (TCNTs) in ITU
channels 0 to 4 all set as free-running counters. A free-running counter starts counting up when the
corresponding bit in TSTR is set to 1. When the count overflows from H'FFFF to H'0000, the
overflow flag (OVF) isset to 1 in the timer status register (TSR). If the corresponding OVIE bitis
set to 1 in the timer interrupt enable register, a CPU interrupt is requested. After the overflow, the
counter continues counting up from H'0000. Figure 8.15 illustrates free-running counting.

TCNT value

H'FFFF

H'0000 ; ‘ ‘ Time

STRO to 1 1
STR4 bit | |
OVF )

Figure8.15 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit CCLR1
or CCLRO in the timer control register (TCR) to have the counter cleared by compare match, and
set the count period in GRA or GRB. After these settings, the counter starts counting up as a
periodic counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or
GRB, the IMFA or IMFB flagisset to 1 in TSR and the counter is cleared to H'0000. If the
corresponding IMIEA or IMIEB bitissetto 1in TIER, aCPU interrupt is requested at thistime.
After the compare match, TCNT continues counting up from H'0000. Figure 8.16 illustrates
periodic counting.
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TCNT value Counter cleared by general

/ register compare match
GR ‘ 7777777777777777777777

H'0000 ‘ |
STR bit | |
IMF

Time

Figure8.16 Periodic Counter Operation

Count timing:

* Interna clock source
Bits TPSC2 to TPSCO in TCR select the system clock (@) or one of three internal clock sources
obtained by prescaling the system clock (¢/2, @4, @¢/8).
Figure 8.17 shows the timing.

0 InEpEuEREREEEnEEER

((
Internal )
ClOCk ‘I \ SS | | \
TCNT input

(
)

TCNT N-1 X E X N+1
)

N

Figure8.17 Count Timingfor Internal Clock Sources

» Externa clock source
Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), and its
valid edge or edges are selected by bits CKEG1 and CKEGO. Therising edge, falling edge, or
both edges can be selected.
The pulse width of the external clock signal must be at least 1.5 system clocks when asingle
edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter pulses
will not be counted correctly.

Figure 8.18 shows the timing when both edges are detected.
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0 InmEnEnEeEnEnEnEEEE
E | ((
cl)c(JtceI:ri]r?put 2 ( | 2 ) I_
TCNT input [

))
TCNT N-1 X N X E N+1

Figure8.18 Count Timing for External Clock Sources (when Both Edges ar e Detected)

Waveform Output by Compare Match

In1TU channels 0, 1, 3, and 4, compare match A or B can cause the output at the TIOCA or
TIOCB pinto goto 0, goto 1, or toggle. In channel 2 the output can only goto 0 or go to 1.

Sample setup procedur e for waveform output by compare match: Figure 8.19 shows a sample
procedure for setting up waveform output by compare match.

( Output setup ) 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function
1 (TIOCA or TIOCB). An output compare pin outputs
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set a value in GRA or GRB to designate the
compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
i counter.

Waveform output

Figure8.19 Setup Procedurefor Waveform Output by Compare Match (Example)
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Examples of waveform output: Figure 8.20 shows examples of 0 and 1 output. TCNT operates
as afree-running counter, 0 output is selected for compare match A, and 1 output is selected for
compare match B. When the pin is already at the selected output level, the pin level does not
change.

TCNT value
i
[l o S e T

GRB  f-----s--smmsoos COCR LR R R R e CARCEEEEREEES

GRA  b--ooeee — A ZC . - S B —

H'0000 1 : 1 : 1 : - Time

TIOCB | ‘ ' No change ' No change 1 output

TIOCA Y No change o No change 0 output

Figure8.20 0and 1 Output (Examples)

Figure 8.21 shows examples of toggle output. TCNT operates as a periodic counter, cleared by
compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
Counter cleared by compare match with GRB

U ‘o

GRA [~ S B S SR

H'0000 | Time
TIOCB ZS%?J?

‘ Toggle
TIOCA 1 \— output

Figure8.21 Toggle Output (Example)
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Output compar e timing: The compare match signal is generated in the last state in which TCNT
and the general register match (when TCNT changes from the matching value to the next value).
When the compare match signal is generated, the output value selected in TIOR is output at the
output compare pin (TIOCA or TIOCB). When TCNT matches a general register, the compare
match signal is not generated until the next counter clock pulse.

Figure 8.22 shows the output compare timing.

¢

TCNT input
clock

TCNT

GR

Compare
match signal

TIOCA,
TIOCB

S S s o

N+1

[ ]
X

Figure8.22 Output Compare Timing
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Input Capture Function

The TCNT value can be captured into ageneral register when atransition occurs at an input
capture/output compare pin (TIOCA or TIOCB). Capture can take place on the rising edge, falling
edge, or both edges. The input capture function can be used to measure pulse width or period.

Sample setup procedure for input capture: Figure 8.23 shows a sample procedure for setting up
input capture.

( Input selection > 1. Set TIOR to select the input capture function of a
general register and the rising edge, falling edge,
‘ or both edges of the input capture signal. Clear the

port data direction bit to O before making these
Select input-capture input | 1 TIOR settings.
Start counter 2 2. Setthe STR bitto 1 in TSTR to start the timer
counter.

!

Input capture

Figure8.23 Setup Procedurefor Input Capture (Example)
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Examples of input capture: Figure 8.24 illustrates input capture when the falling edge of TIOCB
and both edges of TIOCA are selected as capture edges. TCNT is cleared by input capture into

GRB.
TCNT value Counter cleared by TIOCB
/ input (falling edge)
e A
[ O) 510 I S < BN
HO005 [--- (AN e
H'0000 > Time

TIOCA j | \ f
| S \ |
GRA X HO0005 X Hoieo| X
i A
ere X X H'0180
Figure8.24 Input Capture (Example)

RENESAS
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Input capture signal timing: Input capture on the rising edge, falling edge, or both edges can be
selected by settingsin TIOR. Figure 8.25 shows the timing when the rising edge is selected. The

pulse width of the input capture signal must be at least 1.5 system clocks for single-edge capture,
and 2.5 system clocks for capture of both edges.

° | L

Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB >< N

Figure8.25 Input Capture Signal Timing
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8.4.3 Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or
more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for all channels (0 to 4).

Sample Setup Procedurefor Synchronization

Figure 8.26 shows a sample procedure for setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
) channel?
Write to TCNT 2
Yes
| Select counter clear source |3 | Select counter clear source | 4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in TCNT in one of the synchronized channels, the same value is
simultaneously written in TCNT in the other channels.

. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture.

. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously.

. Setthe STR bits in TSTR to 1 to start the synchronized counters.

g~ w

Figure8.26 Setup Procedurefor Synchronization (Example)
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Example of Synchronization

Figure 8.27 shows an example of synchronization. Channels 0, 1, and 2 are synchronized, and are
set to operate in PWM mode. Channel 0 is set for counter clearing by compare match with GRBO.
Channels 1 and 2 are set for synchronous counter clearing. The timer countersin channels0, 1,
and 2 are synchronously preset, and are synchronously cleared by compare match with GRBO. A
three-phase PWM waveform is output from pins TIOCA , TIOCA,, and TIOCA,,. For further
information on PWM mode, see section 8.4.4, PWM Mode.

Value of TCNTO to TCNT2 Cleared by compare match with GRBO

GRBO / / ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

GRB1

GRAO
GRB2

GRA1

GRA2 ‘ |
HoooQ b — Kt . Time

TIOCA, !

TIOCA,;

TIOCA,

Figure8.27 Synchronization (Example)

Rev.3.00 Mar. 26, 2007 Page 244 of 682
REJ09B0353-0300
RENESAS




Section 8 16-Bit Integrated Timer Unit (ITU)

8.4.4 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changesto 1. GRB specifies the time at which
the PWM output changesto 0. If either GRA or GRB is selected as the counter clear source, a
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can
be selected in all channels (0 to 4).

Table 8.4 summarizes the PWM output pins and corresponding registers. If the sasmevalue is set
in GRA and GRB, the output does not change when compare match occurs.

Table84 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO
1 TIOCA, GRA1 GRB1
2 TIOCA, GRA2 GRB2
3 TIOCA, GRA3 GRB3
4 TIOCA, GRA4 GRB4
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Sample Setup Procedurefor PWM Mode

Figure 8.28 shows a sample procedure for setting up PWM mode.

C PWM mode

Select counter clock

Select counter clear source

Set GRA

Set GRB

Select PWM mode

Start counter

l

PWM mode

[N

. Set bits TPSC2 to TPSCO in TCR to

select the counter clock source. If an
external clock source is selected, set
bits CKEG1 and CKEGO in TCR to
select the desired edge(s) of the
external clock signal.

. Set bits CCLR1 and CCLRO in TCR

to select the counter clear source.

. Set the time at which the PWM

waveform should go to 1 in GRA.

. Set the time at which the PWM

waveform should go to 0 in GRB.

. Set the PWM bit in TMDR to select

PWM mode. When PWM mode is
selected, regardless of the TIOR
contents, GRA and GRB become
output compare registers specifying
the times at which the PWM

goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
output pin. The TIOCB pin conforms
to the settings of bits IOB1 and IOBO
in TIOR. If TIOCB output is not
desired, clear both IOB1 and IOBO to 0.

. Setthe STR bitto 1 in TSTR to start

the timer counter.

Figure8.28 Setup Procedurefor PWM Mode (Example)
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Examples of PWM Mode

Figure 8.29 shows examples of operation in PWM mode. The PWM waveform is output from the
TIOCA pin. The output goesto 1 at compare match with GRA, and to 0 at compare match with

GRB.

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match with GRA

TCNT value

GRB

GRA

H'0000

TIOCA

. Counter cleared by GRA

Time

/ Counter cleared by compare match with GRB

b. Counter cleared by GRB

Time

Figure8.29 PWM Mode (Example 1)
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Figure 8.30 shows examples of the output of PWM waveforms with duty cycles of 0% and 100%.
If the counter is cleared by compare match with GRB, and GRA is set to a higher value than GRB,
the duty cycleis 0%. If the counter is cleared by compare match with GRA, and GRB isset to a
higher value than GRA, the duty cycle is 100%.

TCNT value Counter cleared by compare match with GRB
GRB ,,,,,,,,,,,,,,,,,,,, - Z ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
GRA [ SRR |
H'0000 3 — S - Time
TIOCA L -

Write to GRA Write to GRA
a. 0% duty cycle

TCNT value Counter cleared by compare match with GRA
GRA [~ 7 R el it
GRB [ SRR |
H'0000 3 — . = Time
TIOCA |

i N

Write to GRB Write to GRB

b. 100% duty cycle

Figure8.30 PWM Mode (Example 2)
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845 Reset-Synchronized PWM Mode

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of
complementary PWM waveforms, al having one waveform transition point in common.

When reset-synchronized PWM mode is selected TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,,
and TOCXB, automatically become PWM output pins, and TCNT, functions as an up-counter.

Table 8.5 lists the PWM output pins. Table 8.6 summarizes the register settings.

Table85 Output Pinsin Reset-Synchronized PWM Mode

Channel  Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1' (complementary waveform to PWM output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2' (complementary waveform to PWM output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3' (complementary waveform to PWM output 3)

Table8.6 Register Settingsin Reset-Synchronized PWM Mode

Register  Setting
TCNT3 Initially set to H'0000
TCNT4 Not used (operates independently)

GRA3 Specifies the count period of TCNT3

GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and TIOCB,
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Sample Setup Procedurefor Reset-Synchronized PWM Mode

Figure 8.31 shows a sample procedure for setting up reset-synchronized PWM mode.

Geset-synchronized PWM moda

Stop counter

Select counter clock

Select counter clear source

Select reset-synchronized
PWM mode

Set TCNT

Set general registers

Start counter

'

Reset-synchronized PWM mode

[N

. Clear the STR3 bitin TSTR to 0 to

halt TCNT3. Reset-synchronized
PWM mode must be set up while
TCNT3 is halted.

. Set bits TPSC2 to TPSCO in TCR to

select the counter clock source for
channel 3. If an external clock source
is selected, select the external clock
edge(s) with bits CKEG1 and CKEGO
in TCR.

. Set bits CCLR1 and CCLRO in TCR3

to select GRA3 compare match as
the counter clear source.

. Set bits CMD1 and CMDO in TFCR to

select reset-synchronized PWM mode.
TIOCAg, TIOCBg3, TIOCA,, TIOCBy,
TOCXA,, and TOCXB, automatically
become PWM output pins.

. Preset TCNT3 to H'0000. TCNT4

need not be preset.

. GRA3 is the waveform period register.

Set the waveform period value in
GRAS3. Set transition times of the
PWM output waveforms in GRB3,
GRA4, and GRBA4. Set times within
the compare match range of TCNT3.
X £ GRA3 (X: setting value)

. Set the STR3 bit in TSTR to 1 to start

TCNTS.

Figure8.31 Setup Procedurefor Reset-Synchronized PWM Moaode (Example)
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Example of Reset-Synchronized PWM Mode

Figure 8.32 shows an example of operation in reset-synchronized PWM mode. TCNT3 operates as
an up-counter in this mode. TCNT4 operates independently, detached from GRA4 and GRBA4.
When TCNT3 matches GRA3, TCNT3 is cleared and resumes counting from H'0000. The PWM
outputs toggle at compare match with GRB3, GRA4, GRB4, and TCNT3 respectively, and when
the counter is cleared.

TCNT3 value

GRAS3
GRB3
GRA4
GRB4
H'0000

TIOCA;

TIOCB,

TIOCA,

TOCXA,

TIOCB,

TOCXB,

/ Counter cleared at compare match with GRA3

,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,

Time

Figure8.32 Operation in Reset-Synchronized PWM M ode (Example)

(when OLS3=0LS4=1)

For the settings and operation when reset-synchronized PWM mode and buffer mode are both
selected, see section 8.4.8, Buffering.
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8.4.6 Complementary PWM Mode

In complementary PWM mode channels 3 and 4 are combined to output three pairs of
complementary, non-overlapping PWM waveforms.

When complementary PWM modeis selected TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and
TOCXB, automatically become PWM output pins, and TCNT3 and TCNT4 function as up/down-
counters.

Table 8.7 lists the PWM output pins. Table 8.8 summarizes the register settings.

Table8.7 Output Pinsin Complementary PWM Mode

Channel  Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1' (non-overlapping complementary waveform to PWM
output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2' (non-overlapping complementary waveform to PWM
output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3' (non-overlapping complementary waveform to PWM
output 3)

Table8.8 Register Settingsin Complementary PWM Mode

Register  Setting

TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)

TCNT4 Initially set to H'0000

GRA3 Specifies the upper limit value of TCNT3 minus 1

GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and TIOCB,
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Setup Procedurefor Complementary PWM Mode

Figure 8.33 shows a sample procedure for setting up complementary PWM mode.

C Complementary PWM mode )

Stop counting

Select counter clock

Select complementary
PWM mode

Set TCNTs

Set general registers

Start counters

'

Complementary PWM mode

[EnY

. Clear bits STR3 and STR4 to 0 in
TSTR to halt the timer counters.
Complementary PWM mode must be
set up while TCNT3 and TCNT4 are
halted.

. Set bhits TPSC2 to TPSCO in TCR to
select the same counter clock source
for channels 3 and 4. If an external
clock source is selected, select the
external clock edge(s) with bits
CKEG1 and CKEGO in TCR. Do not
select any counter clear source
with bits CCLR1 and CCLRO in TCR.

. Set bits CMD1 and CMDO in TFCR
to select complementary PWM mode.
TIOCA3, TIOCB3, TIOCA,, TIOCBy,
TOCXA,, and TOCXB, automatically
become PWM output pins.

. Clear TCNT4 to H'0000. Set the
non-overlap margin in TCNT3. Do not
set TCNT3 and TCNT4 to the same
value.

. GRA3 is the waveform period
register. Set the upper limit value of
TCNT3 minus 1 in GRAS. Set
transition times of the PWM output
waveforms in GRB3, GRA4, and
GRB4. Set times within the compare
match range of TCNT3 and TCNT4.
T < X (X: initial setting of GRB3,
GRA4, or GRB4. T: initial setting of
TCNT3)

. Set bits STR3 and STR4 in TSTR to
1 to start TCNT3 and TCNTA4.

Note: After exiting complementary PWM mode, to resume operating in complementary

PWM mode, follow the entire setup procedure from step 1 again.

Figure8.33 Setup Procedurefor Complementary PWM M ode (Example)
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Clearing Complementary PWM Mode

Figure 8.34 shows a sample procedure for clearing complementary PWM mode.

Complementary PWM mode

1. Clear bit CMD1 in TFCR to 0, and set
channels 3 and 4 to normal operating

Clear complementary mode 1
mode.

2. After setting channels 3 and 4 to normal
operating mode, wait at least one clock
count before clearing bits STR3 and
STR4 of TSTR to 0 to stop the counter

l operation of TCNT3 and TCNT4.

Stop counting 2

Normal operation

Figure8.34 Clearing Procedurefor Complementary PWM Mode (Example)
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Examples of Complementary PWM Mode

Figure 8.35 shows an example of operation in complementary PWM mode. TCNT3 and TCNT4
operate as up/down-counters, counting down from compare match between TCNT3 and GRA3
and counting up from the point at which TCNT4 underflows. During each up-and-down counting
cycle, PWM waveforms are generated by compare match with general registers GRB3, GRA4,
and GRB4. Since TCNT3 isinitially set to a higher value than TCNT4, compare match events

occur in the sequence TCNT3, TCNT4, TCNT4, TCNT3.

TCNT3 and
TCNT4 values Down-counting starts at compare
/ match between TCNT3 and GRA3
GRA3
GRB3
GRA4
GRB4 [ — S
H0000 —r———+ I i 1 Time
‘ T ' Up-counting starts when
TIOCA; G '\ TCNT4 underflows ;1 |
Toce; 1 1
TocA, || i i
TOCXAY L
TIOCB, ! | |
TOCXB,
Figure8.35 Operation in Complementary PWM M ode (Example 1)

(when OLS3 = OLS4=1)
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Figure 8.36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in
complementary PWM maode. In this example the outputs change at compare match with GRB3, so
waveforms with duty cycles of 0% or 100% can be output by setting GRB3 to a value larger than
GRAZ3. The duty cycle can be changed easily during operation by use of the buffer registers. For
further information see section 8.4.8, Buffering.

TCNT3 and
TCNT4 values

A A Y Y .

GRB3 [—ff----\

ol A,
TIOCA; |_| |_| |_| |_|_
TIOCB3 |_| 0% duty cycle |_| I_,

a. 0% duty cycle

TCNT3 and
TCNT4 values

GRABZ [ e

GRB3 |- 7

H'0000 Time

TIOCA, J |_-’ 1 i
TIOCB, _| |_| : 3 |_| I_I

100% duty cycle

b. 100% duty cycle

Figure8.36 Operation in Complementary PWM M ode (Example 2)
(when OLS3=0LA=1)
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In complementary PWM mode, TCNT3 and TCNT4 overshoot and undershoot at the transitions
between up-counting and down-counting. The setting conditions for the IMFA bit in channel 3 and
the OVF bit in channel 4 differ from the usual conditions. In buffered operation the buffer transfer
conditions also differ. Timing diagrams are shown in figures 8.37 and 8.38.

TCNT3 ><NE)1>< N >< N+l>< N ><NDl
i |

; i Flag not set

IMFA

Setto 1

Buffer transfer
signal (BR to GR)

GR >< L

Buffer transfer

No buffer transfer

Figure 8.37 Overshoot Timing
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Underflow Overflow
TCNT4 >< H'0001 >< H'0000 >< H'FFFF>< H'0000 ><
; Flag not set

OVF

Setto 1

Buffer transfer
signal (BR to GR)

or O

Buffer transfer N No buffer transfer

Figure8.38 Undershoot Timing

In channel 3, IMFA is set to 1 only during up-counting. In channel 4, OVF is set to 1 only when
an underflow occurs. When buffering is selected, buffer register contents are transferred to the
general register at compare match A3 during up-counting, and when TCNT4 underflows.

General Register Settingsin Complementary PWM Mode

When setting up general registers for complementary PWM mode or changing their settings
during operation, note the following points.

* Initial settings
Do not set values from H'0000 to T — 1 (where T isthe initial value of TCNT3). After the
counters start and the first compare match A3 event has occurred, however, settingsin this
range also become possible.

» Changing settings
Use the buffer registers. Correct waveform output may not be obtained if ageneral register is
written to directly.

e Cautions on changes of general register settings
Figure 8.39 shows six correct examples and one incorrect example.
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H'0000
| ] Not allowed

e e
GR ><V ><V ><V ><V ><V [} ><V ><V

Figure8.39 Changing a General Register Setting by Buffer Transfer (Example 1)

O Buffer transfer at transition from up-counting to down-counting
If the general register valueisin the range from GRA3 —T + 1 to GRAS3, do not transfer a
buffer register value outside this range. Conversely, if the general register value is outside
thisrange, do not transfer a value within this range. See figure 8.40.

GRA3+ 1 oo N\ .
GRA3 " lllegal changes
GRA3 — T+ 1 oo o= TCNT3
GRA3-T ~~ 7 e e N

Figure8.40 Changing a General Register Setting by Buffer Transfer (Caution 1)

O Buffer transfer at transition from down-counting to up-counting
If the general register valueisin the range from H'0000 to T — 1, do not transfer a buffer
register value outside this range. Conversely, when a general register valueis outside this
range, do not transfer a value within this range. See figure 8.41.
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TCNT3

lllegal changes

Figure8.41 Changing a General Register Setting by Buffer Transfer (Caution 2)

O General register settings outside the counting range (H'0000 to GRA3)
Waveforms with a duty cycle of 0% or 100% can be output by setting a general register to
avalue outside the counting range. When a buffer register is set to avalue outside the
counting range, then later restored to a value within the counting range, the counting
direction (up or down) must be the same both times. See figure 8.42.

H'0000

Output pin

Output pin

BR D R

Y o Xi) 7 \7
GR \/ \&

Write during down-counting Write during up-counting

Figure8.42 Changing a General Register Setting by Buffer Transfer (Example 2)

Settings can be made in this way by detecting GRA3 compare match or TCNT4 underflow
before writing to the buffer register.
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8.4.7 Phase Counting M ode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO0, CKEGL, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO in TCR2, and settingsin
TIOR2, TIER2, TSR2, GRA?2, and GRB2 are valid. The input capture and output compare
functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedurefor Phase Counting Mode

Figure 8.43 shows a sample procedure for setting up phase counting mode.

( Phase counting mode )

Select phase counting mode 1 1. Setthe MDF bitin TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

3. Setthe STR2 bitto 1 in TSTR to start

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure8.43 Setup Procedurefor Phase Counting M ode (Example)
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Example of Phase Counting Mode

Figure 8.44 shows an example of operationsin phase counting mode. Table 8.9 lists the up-
counting and down-counting conditions for TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. The
phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap must
also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 8.45.

TCNT2 value
A
Counting up

wig dOWn

Time
TCLKB f 1 f 1 f l f { f
TCLKA f | } { } Y f i f
Figure8.44 Operation in Phase Counting M ode (Example)
Table8.9 Up/Down Counting Conditions
Counting Direction Up-Counting Down-Counting
TCLKA pin 4 High Y Low High Y Low £
TCLKB pin Low £ High Y Y Low EY High
P_hase P_hase
difference difference , Pulse width Pulse width
-~ - - :4—»:

—

| Phase difference and overlap: at least 1.5 states

‘ ‘ ‘ ‘ Pulse width: at least 2.5 states
Overlap Overlap

Figure8.45 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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8.4.8 Buffering

Buffering operates differently depending on whether a general register is an output compare
register or an input capture register, with further differences in reset-synchronized PWM mode and
complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering operations
under the conditions mentioned above are described next.

» General register used for output compare

The buffer register valueis transferred to the general register at compare match. See
figure 8.46.

Compare match signal

BR GR Comparator TCNT

Figure8.46 Compare Match Buffering

» General register used for input capture
The TCNT valueistransferred to the general register at input capture. The previous general
register value is transferred to the buffer register.
Seefigure 8.47.

Input capture signal

BR GR TCNT

Figure8.47 Input Capture Buffering

» Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction. This occurs at the following two times:

O When TCNT3 matches GRA3
O When TCNT4 underflows

» Reset-synchronized PWM mode
The buffer register value istransferred to the general register at compare match A3.
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Sample Buffering Setup Procedure

Figure 8.48 shows a sample buffering setup procedure.

( Buffering )

| Select general register functions | 1 1. SetTIOR to select the output compare or input
capture function of the general registers.
2. Set bits BFA3, BFA4, BFB3, and BFB4 in TFCR
- to select buffering of the required general registers.
| Set buffer bits | 2 3. Setthe STR bits to 1 in TSTR to start the timer
counters.

| Start counters | 3

'

Buffered operation

Figure 8.48 Buffering Setup Procedure (Example)

Examples of Buffering

Figure 8.49 shows an example in which GRA is set to function as an output compare register
buffered by BRA, TCNT is set to operate as a periodic counter cleared by GRB compare match,
and TIOCA and TIOCB are set to toggle at compare match A and B. Because of the buffer setting,
when TIOCA toggles at compare match A, the BRA value is ssimultaneously transferred to GRA.
This operation is repeated each time compare match A occurs. Figure 8.50 shows the transfer

timing.
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TCNT value Counter cleared by compare match B

A
GRB |-

Lo T R, B ity (IR
H'0200 |-~ ot b R B L Lttt EELEE

HO0100 |---- 5~ --mmmmbommemoaf oo e R SRR A

H'0000 : : 1 ! 3 3 ‘ Time

BRA H'0200 | | H0100 | >< |~ | H0200 |

GRA H'0250 >< T H0200 ><* H'0100 >< T H0200 |

Toggle
output

e | LT L
T T b T

Compare match A

TIOCB ‘ |

Figure8.49 Register Buffering (Example 1: Buffering of Output Compare Register)

9 [ i A i B i B

TCNT n X n+1
Compare |—|
match signal

Buffer transfer I—I
signal

BR N

GR n X =N

Figure 850 CompareMatch and Buffer Transfer Timing (Example)
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Figure 8.51 shows an example in which GRA is set to function as an input capture register
buffered by BRA, and TCNT is cleared by input capture B. The falling edgeis selected asthe
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous
GRA vaueis simultaneously transferred to BRA. Figure 8.52 shows the transfer timing.

TCNT value Counter cleared by

/ input capture B
H'0180 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,‘,{ ,,,,,,,,,,,,,,,,,,,,
HIOLBO0 |- Tk

H'0005 |----=- i e ]
H'0000 i i = Time

TIOCB |

TIOCA | f

GRA

H'0005 ! H'0160

BRA

GRB :>< >< H'0180

Input capture A

Figure8.51 Register Buffering (Example 2: Buffering of Input Capture Register)
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25 [ e Y o O O B

TIOC pin b . «i>\
N

Input capture

signal S
TCNT n X n+1 N XN+1
¢ ) \
GR M— X %n n., X~N
N {5
BR m X M " M X \n

Figure8.52 Input Captureand Buffer Transfer Timing (Example)
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Figure 8.53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform
with 0% duty cycle. The BRB3 value istransferred to GRB3 when TCNT3 matches GRA3, and
when TCNT4 underflows.

TCNT3 and
TCNT4 values

H'1FFF ‘ ‘
GRAB [ R

H'0999 [~/ i\ |

H'0000 Time

BRB3 Hosge | X

GRB3 H'Oé99 >< H:'(:)999 >< H'1FFF >< H'1FFF >< H'0:9:99

TIOCA, ]

TIOCB,

Figure8.53 Register Buffering (Example 4: Buffering in Complementary PWM M ode)
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8.4.9 ITU Output Timing

The ITU outputs from channels 3 and 4 can be disabled by bit settingsin TOER or by an external
trigger, or inverted by bit settingsin TOCR.

Timing of Enabling and Disabling of ITU Output by TOER

In this example an I TU output is disabled by clearing a master enable bit to 0in TOER. An
arbitrary value can be output by appropriate settings of the data register (DR) and data direction
register (DDR) of the corresponding input/output port. Figure 8.54 illustrates the timing of the
enabling and disabling of ITU output by TOER.

T1 T2 T3
D D

Address X TOER address ><
TOER ><

ITU output pin Timer output >< I/O port

ITU output 4><7 Generic input/output

Figure8.54 Timing of Disabling of ITU Output by Writingto TOER (Example)
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Timing of Disabling of I TU Output by External Trigger

If the XTGD hit iscleared to 0in TOCR in reset-synchronized PWM mode or complementary
PWM mode, when an input capture A signal occursin channel 1, the master enable bits are
cleared to 0in TOER, disabling ITU output. Figure 8.55 shows the timing.

TIOCA; pin o ¢~ | L
Input capture \\ L

signal '—I

{(

)T

55 : 3
TOER N XHeo N X_i HCo
ITU output 4 ‘
ins ITU output X 1o port ITUoutput X 1/ port

)T

ITU output — == Generic ITU output —»==— Generic
‘ input/output ‘ input/output

Legend:

N: Arbitrary setting (H'C1 to H'FF)

Figure8.55 Timing of Disabling of I TU Output by External Trigger (Example)
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Timing of Output Inversion by TOCR

The output levelsin reset-synchronized PWM mode and complementary PWM mode can be
inverted by inverting the output level select bits (OLS4 and OL S3) in TOCR. Figure 8.56 shows

the timing.

Address X TOCR address ><

TOCR ><
~—

ITU output pin ><
Inverted

Figure8.56 Timing of Inverting of ITU Output Level by Writingto TOCR (Example)
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8.5 Interrupts

The ITU hastwo types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

85.1 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match

IMFA and IMFB are set to 1 by a compare match signal generated when TCNT matches a general
register (GR). The compare match signal is generated in the last state in which the values match
(when TCNT is updated from the matching count to the next count). Therefore, when TCNT
matches a general register, the compare match signal is not generated until the next timer clock
input. Figure 8.57 shows the timing of the setting of IMFA and IMFB.

; i L

TCNT input
clock

TCNT N X N+1

GR N

Compare
match signal

IMF

IMI

Figure8.57 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture

IMFA and IMFB are set to 1 by an input capture signal. The TCNT contents are simultaneously
transferred to the corresponding general register. Figure 8.58 shows the timing.

o | L

Input capture

signal

IMF

TCNT N

GR >< N
IMI

Figure8.58 Timing of Setting of IMFA and IMFB by Input Capture

Timing of Setting of Overflow Flag (OVF)

OVF isset to 1 when TCNT overflows from H'FFFF to H'0000 or underflows from H'0000 to
H'FFFF. Figure 8.59 shows the timing.
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o | L

TCNT H'FFFF >< H'0000

Overflow
signal

OVF

ovi

Figure8.59 Timing of Setting of OVF

85.2 Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is
cleared. Figure 8.60 shows the timing.

TSR write cycle

Ty T, T3
|<—>|<—>|<—>|

Address >< TSR address ><

IMF, OVF

Figure8.60 Timing of Clearing of Status Flags
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8.5.3 Interrupt Sources

Each ITU channel can generate a compare match/input capture A interrupt, a compare match/input
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, all
independently vectored. An interrupt is requested when the interrupt request flag and interrupt
enable bit are both set to 1.

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA
and IPRB). For details see section 5, Interrupt Controller.

Table 8.10 lists the interrupt sources.

Table8.10 ITU Interrupt Sources

Channel Interrupt Source Description Priority*
0 IMIAO Compare match/input capture AO High
IMIBO Compare match/input capture BO 4
oVvIo Overflow 0
1 IMIAL Compare match/input capture Al
IMIB1 Compare match/input capture B1
ovii Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2
oVvI2 Overflow 2
3 IMIA3 Compare match/input capture A3
IMIB3 Compare match/input capture B3
oVI3 Overflow 3
4 IMIA4 Compare match/input capture A4
IMIB4 Compare match/input capture B4
ovi4 Overflow 4 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be
changed by settings in IPRA and IPRB.
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8.6 Usage Notes

This section describes contention and other matters requiring special attention during ITU
operations.

Contention between TCNT Write and Clear

If acounter clear signal occursin the T, state of a TCNT write cycle, clearing of the counter takes
priority and the write is not performed. See figure 8.61.

TCNT write cycle
Ty T2 T3

Address X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure8.61 Contention between TCNT Write and Clear
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Contention between TCNT Word Write and | ncrement

If an increment pulse occursin the T, state of a TCNT word write cycle, writing takes priority and
TCNT isnot incremented. See figure 8.62.

TCNT word write cycle
Ty T2 T3

Address X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< P M

TCNT write data

Figure8.62 Contention between TCNT Word Write and I ncrement
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Contention between TCNT Byte Write and I ncrement

If an increment pulse occursin the T, or T, state of a TCNT byte write cycle, writing takes priority
and TCNT is not incremented. The TCNT byte that was not written retains its previous value. See
figure 8.63, which shows an increment pulse occurring in the T, state of a byte writeto TCNTH.

TCNTH byte write cycle
T T2 T3

Address X TCNTH address ><

Internal write signal

TCNT input clock

TCNTH N >< M
A

TCNT write data

TCNTL X >< X+1 >< X

Figure8.63 Contention between TCNT Byte Write and Increment
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Contention between General Register Write and Compare Match

If acompare match occursin the T, state of ageneral register write cycle, writing takes priority
and the compare match signal isinhibited. See figure 8.64.

General register write cycle

T T, T3

Address X GR address ><

Internal write signal

TCNT N >< N+1

GR N >< /M

General register write data

Compare match signal --—— |nhibited

Figure8.64 Contention between General Register Write and Compare Match
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Contention between TCNT Write and Overflow or Under flow

If an overflow occursin the T, state of aTCNT write cycle, writing takes priority and the counter
isnot incremented. OVF is set to 1. The same holds for underflow. See figure 8.65.

TCNT write cycle
Ty T2 T3

Address X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT H'FFFF >< M

TCNT write data

OVF

Figure8.65 Contention between TCNT Write and Overflow
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Contention between General Register Read and Input Capture

If an input capture signal occurs during the T, state of a general register read cycle, the value
before input capture is read. See figure 8.66.

General register read cycle

[ L e |

Address :>< GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus 4< X >7

Figure8.66 Contention between General Register Read and Input Capture
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Contention between Counter Clearing by Input Capture and Counter | ncrement

If an input capture signal and counter increment signal occur simultaneously, the counter is
cleared according to the input capture signal. The counter is not incremented by the increment
signal. The value before the counter is cleared istransferred to the genera register. Seefigure
8.67.

<P .

Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

GR >< N

Figure8.67 Contention between Counter Clearing by Input Captureand
Counter Increment
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Contention between General Register Write and Input Capture

If an input capture signal occursin the T, state of a general register write cycle, input capture takes
priority and the write to the general register is not performed. See figure 8.68.

General register write cycle

T T, T3

Address X GR address ><

Internal write signal

Input capture signal

TCNT M

GR \M
X

Figure8.68 Contention between General Register Writeand Input Capture

Note on Waveform Period Setting

When a counter is cleared by compare match, the counter is cleared in the last state at which the
TCNT value matches the general register value, at the time when this value would normally be
updated to the next count. The actual counter frequency is therefore given by the following
formula:
_®

(N+1

(f: counter frequency. ¢: system clock frequency. N: value set in general register.)
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Contention between Buffer Register Write and I nput Capture

If abuffer register is used for input capture buffering and an input capture signal occursinthe T,
state of awrite cycle, input capture takes priority and the write to the buffer register is not
performed. See figure 8.69.

Buffer register write cycle

Ty T, T3

Address X BR address ><

Internal write signal

Input capture signal

GR N \>< \X

BR M \N
X

TCNT value

Figure8.69 Contention between Buffer Register Write and Input Capture
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Note on Synchronous Preset

When channels are synchronized, if a TCNT value is modified by byte write access, all 16 bits of
all synchronized counters assume the same value as the counter that was addressed.

(Example) When channels 2 and 3 are synchronized

» Byte write to channel 2 or byte write to channel 3

Write A to upper byte

Tent2 [ w | x| ofchannel2 Tent2 | A | x|
Tents |y |z | Tents | oA | x|
Upper byte Lower byte Wite A to lower byte Upper byte Lower byte

of channel 3
—_ Tent2 |y | A |
Tents |y | A |

Upper byte Lower byte

* Word write to channel 2 or word write to channel 3

TeNT2 | w | x| Tent2 | oA | B |

TeNT3 | v |z | WiteABwordto Tent3 | A | B |
channel 2 or 3

Upper byte Lower byte Upper byte Lower byte

Note on Setup of Reset-Synchronized PWM Mode and Complementary PWM Mode
When setting bits CMD1 and CMDO in TFCR, take the following precautions:

*  Writeto bits CMD1 and CMDO only when TCNT3 and TCNT4 are stopped.

» Do not switch directly between reset-synchronized PWM mode and complementary PWM
mode. First switch to normal mode (by clearing bit CMD1 to 0), then select reset-synchronized
PWM mode or complementary PWM mode.
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ITU Operating Modes

Table8.11 (a) 1TU Operating Modes (Channel 0)
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Table8.11 (b) ITU Operating Modes (Channdl 1)
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Table8.11 (c) ITU Operating Modes (Channel 2)
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Table8.11(d) ITU Operating M odes (Channel 3)
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Table8.11 () I1TU Operating Modes (Channel 4)
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Section 9 Programmable Timing Pattern Controller

Section 9 Programmable Timing Pattern Controller

91 Overview

The H8/3039 Group has a built-in programmable timing pattern controller (TPC)* that provides
pulse outputs by using the 16-bit integrated timer-pulse unit (ITU) as atime base. The TPC pulse
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and
independently.

9.1.1 Features
TPC features are listed below.

e 15-bit output data
Maximum 15-bit data can be output. TPC output can be enabled on a bit-by-hit basis.
» Four output groups and one 3-hit output.

Output trigger signals can be selected in 4-bit groups to provide up to three different 4-bit
outputs and one 3-bit output.

e Sdlectable output trigger signals

Output trigger signals can be selected for each group from the compare-match signals of four
ITU channels.

* Non-overlap mode
A non-overlap margin can be provided between pulse outputs.

Note: * Note that sincethisLS| doesnot havea TP, pin, it isa 15-bit programmable timing
pattern controller (TPC).
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9.12

Block Diagram

Figure 9.1 shows a block diagram of the TPC.

TP]_S e B
(TPg)*~— Pulse output
TP;3 ~«— pins, group 3
TP12 ]

ITU compare match signals

Ll

PADDR

PBDDR

Control logic

NDERA

NDERB

TPMR

TPCR

e PBDR

TPy -+— Pulse output
TPy —=— pins, group 2
TP8 -
TP, =+
TPg —+— Pulse output
TPs; —=— pins, group 1
TP4 ]
TPy
TP, —+—| Pulse output
TP, | pins, group O
TPO B

Legend:
TPMR:
TPCR:

NDERB:
NDERA:
PBDDR:

PADDR:
NDRB:
NDRA:
PBDR:
PADR:

Note: * Since this LSI does not have this pin, this signal cannot be output to the outside.

——————————————— PADR

TPC output mode register
TPC output control register
Next data enable register B
Next data enable register A
Port B data direction register
Port A data direction register
Next data register B

Next data register A

Port B data register

Port A data register

————— NDRB --- -

77777 NDRA - - -

Internal
data bus

Figure9.1 TPC Block Diagram
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Section 9 Programmable Timing Pattern Controller
9.1.3 TPC Pins
Table 9.1 summarizes the TPC output pins.
Table9.1 TPC Pins
Name Symbol 1/0 Function
TPC output O TP, Output Group 0 pulse output
TPC output 1 TP, Output
TPC output 2 TP, Output
TPC output 3 TP, Output
TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TP, Output
TPC output 6 TP, Output
TPC output 7 TP, Output
TPC output 8 TP, Output Group 2 pulse output
TPC output 9 TP, Output
TPC output 10 TP, Output
TPC output 11 TP, Output
TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP, Output
(TPC output 14)* (TP, )* (Output)*
TPC output 15 TP, Output

Note: * Since this LS| does not have this pin, this signal cannot be output to the outside.
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9.14 Registers
Table 9.2 summarizes the TPC registers.

Table9.2 TPC Registers

Address** Name Abbreviation R/W Initial Value
H'FFD1 Port A data direction register PADDR W H'00
H'FFD3 Port A data register PADR RI(W)*? H'00
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR RI(W)*? H'00
H'FFAOQ TPC output mode register TPMR R/W H'FO
H'FFA1 TPC output control register TPCR R/W H'FF
H'FFA2 Next data enable register B NDERB R/W H'00
H'FFA3 Next data enable register A NDERA R/W H'00
H'FFA5/ Next data register A NDRA R/W H'00
HFFA7*

H'FFA4/ Next data register B NDRB R/W H'00
H'FFA6*°

Notes: 1. Lower 16 bits of the address.

2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFA5 when the same output trigger is selected for TPC output
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA
address is H'FFA7 for group 0 and H'FFAS for group 1. Similarly, the address of NDRB
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by
settings in TPCR. When the output triggers are different, the NDRB address is H'FFA6
for group 2 and H'FFA4 for group 3.
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9.2 Register Descriptions

921 Port A Data Direction Register (PADDR)

PADDR isan 8-hit write-only register that selects input or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0

‘ PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA3DDR ‘ PA,DDR ‘ PA1DDR‘PA0DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port A data direction 7to 0
These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 7.10, Port A.
922 Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PA5 ‘ PA 4 ‘ PA3 ‘ PA, ‘ PA { ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* R/AW)* RIW)* RIW)* R/AW)* RIAW)* RIW)* R/(W)*

Port Adata7to 0
These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 7.10, Port A.
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9.23 Port B Data Direction Register (PBDDR)

PBDDR is an 8-hit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ — ‘PB5DDR‘PB4DDR‘PB3DDR‘PBZDDR‘PBlDDR‘PBoDDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

Port B data direction 7,5t0 0
These bits select input or
Reserved bit output for port B pins

Port B is multiplexed with pins TP,,, TP,, to TP,. Bits corresponding to pins used for TPC output
must be set to 1. For further information about PBDDR, see section 7.11, Port B.

9.24 Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~ ‘ — ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB, ‘ PB;, ‘ PBy ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  RIW)*  RIW)* RIW)Y* RIW)* RIW)* RIW)* RIW)* RIW)*
[

Port B data7,5t0 0
These bits store output data
Reserved bit for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 7.11, Port B.
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9.25 Next Data Register A (NDRA)

NDRA is an 8-hit readable/writable register that stores the next output data for TPC output groups
1and O (pins TP, to TR,). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRA contents are transferred to the corresponding bitsin PADR. The address of
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or
different output triggers.

NDRA isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Same Trigger for TPC Output GroupsOand 1

If TPC output groups 0 and 1 are triggered by the same compare match event, the NDRA address
isH'FFAS. The upper 4 bits belong to group 1 and the lower 4 bitsto group 0. Address H'FFA7
consists entirely of reserved bits that cannot be modified and always read 1.

Address H'FFA5

Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data 3to 0
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group 0

Address HFFA7

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits

Rev.3.00 Mar. 26, 2007 Page 297 of 682
REJ09B0353-0300
RENESAS



Section 9 Programmable Timing Pattern Controller

Different Triggersfor TPC Output GroupsOand 1

If TPC output groups 0 and 1 are triggered by different compare match events, the address of the
upper 4 bits of NDRA (group 1) is H'FFAS5 and the address of the lower 4 bits (group 0) is
H'FFA7. Bits 3 to O of address H'FFA5 and bits 7 to 4 of address H'FFA7 are reserved bits that
cannot be modified and always read 1.

Address H'FFA5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —

Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1

Address H'FFA7

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — 