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Notes regarding these materials

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




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.

— 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 LS|, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. 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.

— 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.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| 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.

— 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 part number, confirm
that the change will not lead to problems.

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




How to Use This Manual

1. Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A basic
knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions, peripheral
functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer
to the text of the manual for details.

The following documents apply to the M16C/28 Group (T-ver./V-ver.). Make sure to refer to the latest versions of
these documents. The newest versions of the documents listed may be obtained from the Renesas Technology Web
site.

Document Type Description Document Title | Document No.
Hardware manual | Hardware specifications (pin assignments, M16C/28 Group | This hardware
memory maps, peripheral function (T-ver./V-ver.) manual

specifications, electrical characteristics, timing | Hardware Manual
charts) and operation description

Note: Refer to the application notes for details on
using peripheral functions.

Software manual | Description of CPU instruction set M16C/60, REJ09B-0137
M16C/20,
M16C/Tiny Series
Software Manual
Application note |Information on using peripheral functions and Available from Renesas
application examples Technology Web site.
Sample programs

Information on writing programs in assembly
language and C

Renesas Product specifications, updates on documents,
technical update | etc.




2.

Notation of Numbers and Symbols
The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.
(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word
“register,” “bit,” or “pin” to distinguish the three categories.
Examples the PMO03 bit in the PMO register
P3_5 pin, VCC pin
(2) Notation of Numbers

The indication “2” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. The indication “16” is appended to numeric values given in hexadecimal format. Nothing
is appended to numeric values given in decimal format.
Examples Binary: 112

Hexadecimal: EFAQ16

Decimal: 1234




3. Register Notation

The symbols and terms used in register diagrams are described below.

XXX Register

b7 b6

b5 b4 b3 b2

0 Symbol Address After Reset
XXX XXX 0016

1 1 1 1 1 1 1 1
I T T T A R
vt b1 Bit Symbol Bit Name Function RW *9
1 1 1 1 1 1 1 1 /
A A XXX bit b1.00
Py its 10: XXX @
A A A 0 1: XXX
i i i i i i i 1 0: Do not set.
: : : : : : I XXX1 11 XXX RW
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
A R — Nothing is assigned. If necessary, set to 0.
HE B (b2) When read, the content is undefined. - |3
b —
1 1 1 1 1
A A . | Reserved bits |
oo (b3) eserved bits Setto O. RW |«
T
P ) . . , ]
L S XXXA XXX bits Function varies according to the operating RW
o mode.
1 1 1
1 1 1
1 1 1
1 1 1
IR R OV XXX5 WO
P
1 1
1 1
P
| mmmmmmmmmmmemeoed XXX6 RW
i
i
L L L PP L P L XXX bit 0: XXX

XXX7 1 XXX RO

*1

Blank: Set to 0 or 1 according to the application.
0: Setto 0.
1: Setto 1.

X: Nothing is assigned.

*2
RW: Read and write.
RO: Read only.
WO: Write only.
—: Nothing is assigned.

*3
* Reserved bit
Reserved bit. Set to specified value.

*4

* Nothing is assigned
Nothing is assigned to the bit. As the bit may be used for future functions, if necessary, set to 0.

* Do not set to a value
Operation is not guaranteed when a value is set.

» Function varies according to the operating mode.
The function of the bit varies with the peripheral function mode. Refer to the register diagram for information
on the individual modes.




4.

List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBus Inter Equipment bus
/0 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connection
PLL Phase Locked Loop
PWM Pulse Width Modulation
SFR Special Function Registers
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.

IEBus is a registered trademark of NEC Electronics Corporation.
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Quick Reference to Pages Classified by Address

Address Register Symbol Page Address Register Symbol | Page
000016 004016

000116 004116

000216 004216

000316 004316

00041 | Processor mode register 0 PMO 34 004416 | INT3 interrupt control register INT3IC 65
00051 | Processor mode register 1 PM1 34 00451 | IC/OC 0 interrupt control register ICOCOIC 65
00061 | System clock control register 0 CMO 38 00461 |IC/OC 1 interrupt control register, ICOC1IC 65
00071 | System clock control register 1 CM1 39 12C bus interface interrupt control register | [ICIC 65
000816 004716 | IC/OC base timer interrupt control register| BTIC 65
0009+ | Address match interrupt enable register | AIER 77 ScLSDA interrupt control register SCLDAIC 65
000A1s | Protect register PRCR 58 00481 | SI/O4 interrupt control register, S4IC, 65
000B16 INTS5 interrupt control register INT5IC 65
oo0ocs | Oscillation stop detection register CM2 40 00491 | SI/O3 interrupt control register, S3IC, 65
000D+ INT4 interrupt control register INT4IC 65
000E | Watchdog timer start register WDTS 79 004A16 | UART2 Bus collision detection interrupt control register | BCNIC 65
00oF+s | Watchdog timer control register WDC 79 004B1s | DMAO interrupt control register DMOIC 65
001016 004cis | DMA1 interrupt control register DM1IC 65
0011+ |Address match interrupt register 0 RMADO 77 004D1s

001216 004E+s | A/D conversion interrupt control register | ADIC 65
001316 Key input interrupt control register KUPIC 65
001416 004F+s | UART2 transmit interrupt control register S2TIC 65
001516 | Address match interrupt register 1 RMAD1 77 005016 | UARTZ receive interrupt control register S2RIC 65
001616 005116 | UARTO transmit interrupt control register SOTIC 65
001716 005216 | UARTO receive interrupt control register SORIC 65
001816 005316 | UART1 transmit interrupt control register S1TIC 65
001916 005416 | UART1 receive interrupt control register S1RIC 65
001A16 00551s_| Timer AQ interrupt control register TAQIC 65
001B1s 00561 | Timer A1 interrupt control register TA1IC 65
001c1s | PLL control register 0 PLCO 42 005716 | Timer A2 interrupt control register TA2IC 65
001D16 00581 | Timer A3 interrupt control register TA3IC 65
001E16 | Processor mode register 2 PM2 35, 41 005916 | Timer A4 interrupt control register TA4IC 65
001F16 005A16 | Timer BO interrupt control register TBOIC 65
002016 005B+s | Timer B1 interrupt control register TB1IC 65
002116 | DMAO source pointer SARO 84 005C+s | Timer B2 interrupt control register TB2IC 65
002216 005D+s | INTO interrupt control register INTOIC 65
002316 005E1s | INT1 interrupt control register INT1IC 65
002416 005F+s | INT2 interrupt control register INT2IC 65
00251 | DMAQ destination pointer DARO 84 006016

002616 006116

002716 006216

0028t | \IAQ transfer counter TCRO 84 0063re

002916 006416

002A16 006516

002B16 006616

002c1s | DMAQ control register DMOCON 83 006716

002D1s 006816

002E16 | 006916

002F 16 006A1s

003016 | 006B16

003116 | DMA1 source pointer SAR1 84 006C1s

003216 | 006D16

003316 006E 16

003416 | 006F16

00351s | DMA1 destination pointer DAR1 84 007015

003616 007118

003716 007215

0038 | VA1 transfer counter TCR1 84 007310

003916 007416

003A16 007516

003B16 007616

003cis | DMA1 control register DM1CON 83 007716

003D1s 007816

003E1e to

003F16 017F16

Note: The blank areas are reserved and cannot be accessed by users.
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Quick Reference to Pages Classified by Address

Address Register Symbol Page Address Register Symbol Page
018016 024016
018116 024116
018216 024216
018316 024316
018416 024416
018516 024516
018616 024616
018716 024716
to 024816
01AF1s 024916
01BO016 024A16
01B116 024C16
01B216 024D1s
01B3+ | Flash memory control register 4 (Note 2)] FMR4 304 024E1s
01B416 024F1s
01BS+ | Flash memory control register 1 (Note 2)| FMR1 303 025015
01B616 025116
01B716 | Flash memory control register 0 (Note 2)| FMRO 303 025215
01B816 025316
01B91s 025416
01BA16 025516
01BB16 025616
01BC1s 025716
01BD1s 025816
to 025916
019F16 025A1 | Three-phase protect control register TPRC 128
020016 025B16
020116 025C1 | On-chip oscillator control register ROCR 39
020216 025D16 | Pin assignment control register PACR 166, 289
020316 025E1s | Peripheral clock select register PCLKR 41
020416 025F1s | Low-power consumption control register 1 LPCC1 359
020516 026016
020616 026116
020716 026216
020816 026316
020916 026416
020A16 026516
020B16 026615
020C1s 026716
020D1s 026816
020E16 026916
020F16 026A16
021016 || ow-power consumption control register 0 LPCCO 359 026B1s
021116 026C16
021216 026D16
021316 to
021416 02DF16
021516 02DF16
021616 02E01 | [2CO data shift register S00 247
021716 02E116
02181 02E216 | 12CO address register S0DO 246
02191 02E31 | 12CO control register 0 S1D0 248
021A16 02E4+s | 2CO clock control register S20 247
021B1s 02E51 | 2CO start/stop condition control registerl S2D0 252
021C16 02E61 | 2CO control register 1 S3D0 250
021D1s 02E7+s | 12CO control register 2 $4D0 251
021E1s 02E81s | 12CO status register S10 249
021F16 02E916
021016 02EA1s
021116 02EB1s
to to
02FD1s 02FE1e
02FE1s 02FE1e
02FF1s 02FF1s

Note 1: The blank areas are reserved and cannot be accessed by users.

Note 2: This register is included in the flash memory version.




Quick Reference to Pages Classified by Address

Address Register Symbol | Page Address Register Symbol | Page
0300 | Tp WG register 0 G1TMO, G1PO0| 135, 136 0340:5

030116 034116

0302t | Tp WG register 1 G1TM1, G1PO1| 135, 136 0342t | Timer A1-1 register TA11 119
030316 034318

0304 | T\ WG register 2 G1TM2, G1PO2| 135, 136 0344% | 1 er A2-1 register TA21 119
030516 034518

0505 | TM, WG register 3 G1TM3, 61PO3| 135,136| | > | Timer Ad-1 register TA4 119
030815 . 034815 | Three-phase PWM control register 0 INVCO 116
oa0a | | WG register 4 CITM4, G1PO4) 135,136 | 140, | Three-phase PWM control register 1 | INVC1 117
030A1s . 034A:s | Three-phase output buffer register 0 IDBO 118
030B1s ™, WG register 5 G1TMs, G1POS| 135,136 034B1s | Three-phase output buffer register 1 IDB1 118
030C16 TM, WG register 6 G1TMe, G1PO8| 135, 136 034Ci6 Dgad tlme timer DTT 118
030D1s 034D1s | Timer B2 interrupt occurrence frequency set counter] |ICTB2 118
030Es | Ty WG register 7 G1TM7, G1PO7| 135,136 034E1s | Position-data-retain function contol register PDRE 126
030F1s 034F15

031016 | WG control register 0 G1POCRO 135 035016

031116 | WG control register 1 G1POCR1 135 035116

031216 | WG control register 2 G1POCR2 135 035216

031316 | WG control register 3 G1POCR3 135 035316

031415 | WG control register 4 G1POCR4 135 035416

031516 | WG control register 5 G1POCR5 135 035516

03161 | WG control register 6 G1POCR®6 135 035616

03171s_| WG control register 7 G1POCR7 135 035718

031816 | TM control register 0 G1TMCRO 134 035816 | Port Function control register PECR 128
031915 | TM control register 1 G1TMCR1 134 035915

031A1 | TM control register 2 G1TMCR2 134 035A16

031B1s | TM control register 3 G1TMCR3 134 035B16

031cs | TM control register 4 G1TMCR4 134 035C1s

031D | TM control register 5 G1TMCR5 134 035D16

031E1 | TM control register 6 G1TMCR6 134 035E16 | Intemupt request cause select register 2 IFSR2A 66
031F:s | TM control register 7 G1TMCR?7 134 035F+ | Interrupt request cause select register | IFSR 66, 74
0320 | poce timer register G1BT 131 036015 | SI/O3 transmit/receive register S3TRR 207
032116 | 036116

032215_| Base timer control register 0 G1BCRO 131 036215 | SI/O3 control register S3C 207
032315 | Base timer control register 1 G1BCR1 132 036315 | SI/O3 bit rate generator S3BRG 207
03241s_| TM prescale register 6 G1TPR6 134 036415 | SI/O4 transmit/receive register S4TRR 207
032515 | TM prescale register 7 G1TPR7 134 036515

03261 | Function enable register G1FE 137 036615 | SI/O4 control register S4C 207
032716 | Function select register G1FS 137 036715 | SI/O4 bit rate generator S4BRG 207
0328 | Base timer reset register G1BTRR 133 036810

032916 036916

032A:s | Divider register G1DbV 132 036A16

032B16 036B1s

032C1s 036C16

032D1s 036D16

032E16 036E16

032F1s 036F 16

03301s_| Interrupt request register G1IR 138 037016

033115 | Interrupt enable register 0 G1IEO 139 037116

033216 | Interrupt enable register 1 G1IE1 139 037216

033316 037316

033416 037416 | UART2 special mode register 4 U2SMR4 168
033516 037516 | UART2 special mode register 3 U2SMR3 168
033616 037615 | UART2 special mode register 2 U2SMR2 167
033716 037716 | UART2 special mode register U2SMR 167
033816 0378+ | UART2 transmit/receive mode register U2MR 164
033916 037916 | UART2 bit rate generator U2BRG 163
033A%0 037A% | | ART2 transmit buffer register u2TB 163
033B16 037B16

033C1s 037C1s | UART2 transmit/receive control register 0 U2Co 165
033D1s 037D1s | UART2 transmit/receive control register 1 U2C1 166
033E1s | NMI digital debounce register NDDR 290 037E16 . )

0331 | P17 digital debounce register P17DDR 290 037w | PART2 receive buffer register UZRB 163

Note : The blank areas are reserved and cannot be accessed by users.
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Quick Reference to Pages Classified by Address

Address Register Symbol Page Address Register Symbol Page

0380 | Gount start flag TABSR | 5| | 2 A register 0 ADO 215
16

038146 | Clock prescaler reset flag CPSRF 94, 107 03C216 .

038216 | One-shot start flag ONSF 94 03C316 AID register AD1 215

038315 | Trigger select register TRGSR 94, 121 03C41s .

0384+ | Up-down flag UDF 93 03C516 AID register 2 AD2 215

o _ oo | AID register 3 AD3 215

0367 Timer AO register TAO 93 03C8 '

03880 | — ] 03C9us A/D register 4 AD4 215

03801 Timer A1 register TA1 93 03CA® .

0387 | — ] 03CB1s A/D register 5 AD5 215

03881 Timer A2 register TA2 93 03CCue -

038G | . ] 03CD1s A/D register 6 AD6 215

038010 Timer A3 register TA3 93 03CEw -

038Ew | . ] 03CF1s A/D register 7 AD7 215

Timer A4 register TA4 93

038F16 03D016

039016 . . 03D116

039116 Timer BO register T80 1o7 03021 | A/D trigger control register DTRGCON 214

039216 | . 03D31s | A/D convert status register O ADSTATO 215

039316 Timer B1 register 81 107 03D41 | A/D control register 2 ADCON2 213

039416 . . 03D516

039516 Timer B2 register B2 1o7 03061 | A/D control register 0 ADCONO 213

03961 | Timer AO mode register TAOMR 92,122 03D7+s | A/D control register 1 ADCON1 213

039716 | Timer A1 mode register TAITMR 92,122 03D81s

039816 | Timer A2 mode register TA2MR 92,122 03D916

0399+ | Timer A3 mode register TA3MR 92,122 03DA6

039A1s | Timer A4 mode register TA4AMR 92,122 03DB16

0398+ | Timer BO mode register TBOMR 106,122 03DC16

039Cs | Timer B1 mode register TB1MR 106,122 03DD1s

039Dss | Timer B2 mode register TB2MR 106,122 03DE1s

039E+s | Timer B2 special mode register TB2SC 120,216 03DF1s

039F16 03E01 | Port PO register PO 287

03A016 | UARTO transmit/receive mode register UOMR 164 03E11 | Port P1 register P1 287

03A11 | UARTO bit rate generator UOBRG 163 03E2:6 | Port PO direction register PDO 286

03A215 . . 03E3+ | Port P1 direction register PD1 286

033 UARTO transmit buffer register uoTB 163 03841 | Port P2 register P2 287

03A416 | UARTO transmit/receive control register 0 uUoco 165 0351 | Port P3 register P3 287

03A51 | UARTO transmit/receive control register 1 UocC1 165 0361 | Port P2 direction register PD2 286

03A8'6 | | ARTO receive buffer register UORB 163 03E7+6 | Port P3 direction register PD3 286

03A716 03E816

03A81s | UART1 transmit/receive mode register UTMR 164 03E916

03a9:s | UART1 bit rate generator U1BRG 163 03EA1s

03AA16 . . 03EB1s

03AB. UART1 transmit buffer register u1TB 163 03ECss | Port P register PG 287

03AC1s | UART1 transmit/receive control register 0 u1Co 165 03ED1 | Port P7 register P7 287

03AD1s | UART1 transmit/receive control register 1 uicC1 166 03EE1 | Port P6 direction register PD6 286

03AE1s . . 03EF1 | Port P7 direction register PD7 286

03AF: UART1 receive buffer register U1RB 163 03F0ss | Port P8 register Pg 287

03B01s | UART transmit/receive control register 2 UCON 165 03F11 | Port P9 register P9 287

03B116 03F21 | Port P8 direction register PD8 286

03B216 03F316 | Port P9 direction register PD9 286

03B316 03F416 | Port P10 register P10 287

03B416 . 03F516

03B516 CRC snoop address register CRCSAR 2r 03F616 | Port P10 direction register PD10 286

038615 | CRC mode register CRCMR 277 03F716

03B716 03F816

0388+ | DMAQ request cause select register DMOSL 82 03F916

03B91s 03FA16

03BA1s | DMA1 request cause select register DM1SL 83 03FB16

03BB1s 03FCts | Pull-up control register 0 PURO 288

03BC16 . 03FDss | Pull-up control register 1 PUR1 288

03BD1s CRC data register CRCD 2m 03FEss | Pull-up control register 2 PUR2 288

03BE+s | CRC input register CRCIN 277 03FF1s | Port control register PCR 289

03BF16

Note : The blank areas are reserved and cannot be accessed by users.
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LENESANS

M16C/28 Group (T-ver./V-ver.)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1. Overview

1.1 Features

The M16C/28 Group (T-ver./V-ver.) of single-chip control MCU incorporates the M16C/60 Series CPU
core, employing the high-performance silicon gate CMOS technology and sophisticated instructions for a
high level of efficiency. The M16C/28 Group (T-ver./V-ver.) is housed in 64-pin and 80-pin plastic molded
LQFP packages. This single-chip MCU operates using sophisticated instructions featuring a high level of
instruction efficiency. This MCU is capable of executing instructions at high speed, makes it suitable for
control of cars and LAN system of FA. In addition, the CPU core boasts a multiplier and DMAC for high-
speed processing to make adequate for office automation, communication devices, and other high-speed
processing applications.

, also making it suitable for control of various OA, communication, and industrial equipment which requires
high-speed arithmetic/logic operations.

1.1.1 Applications

Automotive body, car audio, LAN system of FA, etc.

Rev. 1.10 Mar. 30, 2007 page 1 of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./\V-ver.) 1. Overview

1.1.2 Specifications
Table 1.1 lists performance overview of M16C/28 Group (T-ver./V-ver.) 80-pin package.
Table 1.2 lists performance overview of M16C/28 Group (T-ver./V-ver.) 64-pin package.

Table 1.1 Performance Overview of M16C/28 Group (T-ver./V-ver.) (80-Pin Package)

ltem Performance
CPU Number of basic instructions| 91 instructions
Shortest instruction 50 ns (f(BCLK)= 20MHz, Vcc=3.0t0 5.5V)  (T-ver.)
excution time 50 ns (f(BCLK)= 20MHz, Vcc=4.2 to 5.5V, -40 to 105°C)  (V-ver.)
62.5 ns (f(BCLK)= 16MHz, Vcc= 4.2 t0 5.5V, -40 to 125°C)  (V-ver.)
Operation mode Single chip mode
Address space 1 Mbytes
Memory capacity ROM/RAM : See Table 1.3 and Table 1.4
Peripheral port Input/Output : 71 lines
Function Multifunction timer TimerA:16 bits x 5 channels, TimerB:16 bits x 3 channels

Three-phase Motor Control Timer
TimerS (Input Capture/Output Compare)

: 16bit base timer x 1 channel (Input/Output x 8 channels)
Serial 1/0 2 channels (UART, clock synchronous serial I/O)
1 channel (UART, clock synchronous serial 1/0, 12C bus, or [Ebus(!)
2 channels (Clock synchronous serial 1/0)
1 channel (Multi-Master 12C bus)

A/D converter 10 bits x 27 channels

DMAC 2 channels

CRC calculation circuit 2 polynomial (CRC-CCITT and CRC-16) with MSB/LSB selectable
Watchdog timer 15 bits x 1 channel (with prescaler)

Interrupt 25 internal and 8 external sources, 4 software sources, 7 levels

Clock generation circuit 4 circuits

« Main clock I:|(These circuits contain a built-in feedback

« Sub-clock [jresistor)

+» On-chip oscillator(main-clock oscillation stop detect function)
* PLL frequency synthesizer

Oscillation Stop Detect Main clock oscillation stop, re-oscillation detect function
Function
Voltage detection circuit Not available
Electrical Power supply voltage Vce=3.0 to 5.5V (T-ver.)
Characteristics Vce=4.2 to 5.5V (V-ver.)
Power consumption 18mA (Vcc=5V, f(BCLK)=20MHz)

25 pA (Vce=5VY, f(BCLK)=f(Xcn)=32kHz on RAM)
3 PA (Vce=5V, f(BCLK)=f(Xcin)=32kHz, in wait mode)
0.8 pA (Vcc=5V, in stop mode)

Flash Memory| Program/erase voltage 3.0Vto 5.5V (T-ver.) 4.2Vto5.5V (V-ver.)
Number of program/erase 100 times (all space) or 1,000 times (blocks 0 to 4)/ 10,000 times
(blocks A and B(2))
Operating Ambient Temperature -40 to 85°C (T-ver.), -40 to 125°C (V-ver.)
Package 80-pin plastic mold LQFP
NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.
2. Refer to Table 1.5 and Table 1.6 for number of program/erase endurance and ambient temperature.
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M16C/28 Group (T-ver./V-ver.)

1. Overview

Table 1.2 Performance Overview of M16C/28 Group (64-Pin Package)

Item Performance
CPU Number of basic instructions| 91 instructions
Shortest instruction 50 ns (f(BCLK)= 20MHz, Vcc=3.0t0 5.5V)  (T-ver.)
excution time 50 ns (f(BCLK)= 20MHz, Vcc= 4.2 to 5.5V, -40 to 105°C)  (V-ver.)
62.5 ns (f(BCLK)= 16MHz, Vcc= 4.2 to 5.5V, -40 to 125°C)  (V-ver.)
Operation mode Single chip mode
Address space 1 Mbytes
Memory capacity ROM/RAM : See Table 1.3 and Table 1.4
Peripheral port Input/Output : 55 lines
Function Multifunction timer TimerA:16 bits x 5 channels, TimerB:16 bits x 3 channels
Three-phase Motor Control Timer
TimerS (Input Capture/Output Compare)
: 16bit base timer x 1 channel (Input/Output x 8 channels)
Serial 1/0 2 channels (UART, clock synchronous serial I/O)
1 channel (UART, clock synchronous serial I/0, I2C bus, or IEbus(!) )
1 channel (Clock synchronous serial 1/O)
1 channel (Multi-Master 12C bus)
A/D converter 10 bits x 16 channels
DMAC 2 channels
CRC calculation circuit 2 polynomial (CRC-CCITT and CRC-16) with MSB/LSB selectable
Watchdog timer 15 bits x 1 channel (with prescaler)
Interrupt 24 internal and 8 external sources, 4 software sources, 7 levels
Clock generation circuit 4 circuits
« Main clockH (These circuits contain a built-in feedback
* Sub-clock resistor)
+ On-chip oscillator(main-clock oscillation stop detect function)
* PLL frequency synthesizer
Oscillation Stop Detect Main clock oscillation stop, re-oscillation detect function
Function
Voltage detection circuit Not available
Electrical Power supply voltage Vce=3.0 to 5.5V (T-ver.)
Characteristics Vce=4.2 t0 5.5V (V-ver.)
Power consumption 18mA (Vcc=5V, f(BCLK)=20MHz)
25 pA (Vce=5V, f(BCLK)=f(Xcin)=32kHz on RAM)
3 PA (Vce=5V, f(BCLK)=f(Xcin)=32kHz, in wait mode)
0.8 pA (Vce=5V, in stop mode)
Flash Memory| Program/erase voltage 3.0Vto 5.5V (T-ver.) 4.2Vto5.5V (V-ver.)
Number of program/erase 100 times (all space) or 1,000 times (blocks 0 to 4)/ 10,000 times
(blocks A and B(?))
Operating Ambient Temperature -40 to 85°C (T-ver.), -40 to 125°C (V-ver.)
Package 64-pin plastic mold LQFP
NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.
2. Refer to Table 1.5 and Table 1.6 for number of program/erase endurance and ambient temperature.
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M16C/28 Group (T-ver./\V-ver.) 1. Overview
1.2 Block Diagram
Figure 1.1 is a block diagram of the M16C/28 Group (T-ver./V-ver.), 80-pin package.
} 8 ? 8 8 i 8
I/0 Ports Port PO Port P1 | Port P2 | |£ort P3 |
3
Internal Peripheral Functions % -
o
o
Timer (16 bits) UART/clock synchronous SI/O System clock generator —
) (8 bits x 3 channels) XIN-XOoUT ]
Output (Tlmer A):5 XCIN-XCOUT o
Input (Timer B) : 3 Clock synchronous SI/O On-chip oscillator g P -
(8 bits x 2 channels) PLL frequency synthesizer T o
3-phase PWM N
Multi-master 12C bus CRC calculation circuit .
Timer S (CRC-CCITT and CRC16) ]
( Input capture/ ) :::U
Output compare - 2 [
Time measurement : 8 channels M16C/60 Series CPU Core Memory g o3}
Waveform generating : 8 channels —
ROM(M) ]
A/D converter ROH [ ROL | SB | 9
i R1H | RIL Oop o
(10 bits x 27 channels) =0 A <
= RAM) g | ~
—
Watchdog timer A0 BC
(15 bits) A [ PC ] F |
FB [ FLG | Multiplier % TN .
DMAC T ®
(2 channels) o
NOTES:
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

Figure 1.1 M16C/28 Group (T-ver./V-ver.), 80-Pin Package Block Diagram
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M16C/28 Group (T-ver./V-ver.)

1. Overview
Figure 1.2 is a block diagram of the M16C/28 Group (T-ver./V-ver.), 64-pin package.
A S M
I/0 Ports ’_Y_‘Port PO ’_Y_‘Port P1 ’_V_‘Pon P2 Port P3
g
|'| Internal Peripheral Functions %41\—:
o
Timer (16 bits) UART/Clock synchronous SI/O System clock generator L
' 8 bits x 3 channels XIN-XouT ]
Output (Tlmer A):5 ( ) XCIN-XCOUT o)
Input (Timer B) : 3 Clock synchronous SI/O On-chip oscillator S |t
(8 bits x 1 channel) PLL frequency synthesizer T ©
3-phase PWM - > ~
Multi-master 1C bus CRC calculation circuit -
Timer S (CRC-CCITT and CRC16)
( Input capture/ ;_-,U
Output compare . A
Time measurement : 8 channels M16C/60 Series CPU Core Memory 3 ©
[ Waveform generating : 8 channels L
ROH | SB | ROM® (]
L
A/D converter R1A I E?L Osp S
. A |-
(10 bits x 16 channels) I;g RAM@) 8 -
€]
Watchdog timer AO S
(15 bits) A1 .]
FB [ Ffe ] Multiplier S |t
DMAC o ®
(2 channels) 3
NOTES:
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

Figure 1.2 M16C/28 Group (T-ver./V-ver.), 64-Pin Package Block Diagram

Rev. 1.10 Mar. 30, 2007
REJ09B0287-0110

page 5 of 390

RENESAS



M16C/28 Group (T-ver./V-ver.)

1. Overview

1.3 Product List

Tables 1.3 and 1.4 list the M16C/28 Group (T-ver./V-ver.) products and Figure 1.3 shows the type num-
bers, memory sizes and packages. Tables 1.5 and 1.8 list the product code for M16C/28 Group.

Figure 1.4 shows the marking diagram of flash memory version for M16C/28 Group T version. Figure 1.5
shows the marking diagram of flash memory version for M16C/28 Group V version.

Table 1.3 Product List (1) -T Version

As of March, 2007

ROM RAM Product
Type Number Capacity Capacity Package Type Remarks Code
M30280FATHP 96 K+ 4K 8K PLQPO080KB-A (80P6Q-A) Flash U3, U7
M30281FATHP 9B K+4K 8K PLQP0064KB-A (64P6Q-A) | Memory '
M30280M8T-XXXHP 64 K 4K
PLQPO080KB-A (80P6Q-A)
M30280MAT-XXXHP 96 K 8K
Mask ROM uo
M30281M8T-XXXHP 64 K 4K
PLQPO0064KB-A (64P6Q-A)
M30281MAT-XXXHP 96 K 8K
Table 1.4 Product List (2) -V Version As of March, 2007
ROM RAM Product
Type Number Capacity Capacity Package Type Remarks Code
M30280FAVHP 96 K+4K 8K PLQPO0080KB-A (80P6Q-A) Flash U3, U7
M30281FAVHP 9B K+4K 8K PLQPO064KB-A (64P6Q-A) Memory '
M30280M8V-XXXHP 64 K 4K
PLQP008OKB-A (80P6Q-A)
M30280MAV-XXXHP 96 K 8K
Mask ROM uo
M30281M8V-XXXHP 64 K 4K
PLQP0064KB-A (64P6Q-A)
M30281MAV-XXXHP 96 K 8K
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M16C/28 Group (T-ver./V-ver.) 1. Overview

\— Product code

Package type:
HP :Package PLQPO0080KB-A(80P6Q-A)
PLQPO0064KB-A(64P6Q-A)

Version
(no): Normal-ver.
T :T-ver.
V :V-ver.

ROM capacity /RAM capacity:
8: (64K+4K) bytes (Note 1)/4K bytes
A: (96K+4K) bytes (Note 1)/8K bytes

Note 1: Only flash memory version exists in "+4K bytes"

Memory type:
M: Mask ROM version
F: Flash memory version

Show pin count
(The value itself has no specific meaning)

M16C/28 Group

M16C Family

Figure 1.3 Product Numbering System

Rev. 1.10 Mar. 30, 2007 page 7 of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./V-ver.)

1. Overview

Table 1.5 Product Code of Flash Memory Version -M16C/28 Group T-ver.

Internal ROM Internal ROM
(Program Space: Blocks 0 to 4) | (Data Space: Blocks A and B) ) .
Product Package 5 " 5 r Operating Ambient
Code rogram an Temperature rogram and | 1o herature Temperature
Erase Range Erase Ranae
Endurance 9 Endurance 9

u3 100 100
Lead-free 0 to 60°C -40 to 85°C -40 to 85°C

u7z 1,000 10,000

Table 1.6 Product Code of Flash Memory Version -M16C/28 Group V-ver.

Internal ROM Internal ROM
(Program Space: Blocks 0 to 4) | (Data Space: Blocks A and B) ) )
Product Package 5 r 5 r Operating Ambient
Code rogEram an Temperature rogram and | o perature Temperature
rase Range Erase Range
Endurance 9 Endurance

U3 100 100
Lead-free 0 to 60°C -40 to 125°C -40 to 125°C

u7 1,000 10,000

Table 1.7 Product Code of Mask ROM Version -M16C/28 Group T-ver.

Product Package Operating Ambient
Code 9 Temperature
uo Lead-free -40 to 85°C
Table 1.8 Product Code of Mask ROM Version -M16C/28 Group V-ver.
Product Operating Ambient
Code Package Temperature
uo Lead-free -40 to 125°C
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M16C/28 Group (T-ver./V-ver.)

(1) Flash Memory Version, PLQPO080KB-A (80P6Q-A), T-ver.

M16C
M30280FATHP Product Name : indicates M30280FATHP
AU3[— Chip Version and Product Code:
A :indicates chip version
XXXXXXX The first edition is shown to be blank and continues with A and B.
@ U3 : indicates product code (see Table 1.5)

Date Code (7 digits) : indicates manufacturing management code

(2) Flash Memory Version, PLQP0064KB-A (64P6Q-A), T-ver.

A U3|— Chip Version and Product Code:
M30281FATHP A : indicates chip version
The first edition is shown to be blank and continues with A and B.
KXHXXRX U3 : indicates product code (see Table 1.5)
o Product Name : indicates M30281FATHP

Date Code (7 digits) : indicates manufacturing management code

Figure 1.4 Marking Diagram of Flash Memory Version - M16C/28 Group  T-ver. (Top View)

1. Overview

(1) Flash Memory Version, PLQP0O080KB-A (80P6Q-A), V-ver.

M16C
M30280FAVHP Product Name : indicates M30280FAVHP
A u3|— Chip Version and Product Code:
A : indicates chip version
XHXRXXX The first edition is shown to be blank and continues with A and B.
o U3 : indicates product code (see Table 1.6)

Date Code (7 digits) : indicates manufacturing management code

(2) Flash Memory Version, PLQP0064KB-A (64P6Q-A), V-ver.

A U3 |— Chip Version and Product Code:
M30281FAVHP A :indicates chip version
The first edition is shown to be blank and continues with A and B.
XRHXRXX U3 : indicates product code (see Table 1.6)
O Product Name : indicates M30281FAVHP

Date Code (7 digits) : indicates manufacturing management code

Figure 1.5 Marking Diagram of Flash Memory version - M16C/28 Group  V-ver. (Top View)
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M16C/28 Group (T-ver./\V-ver.) 1. Overview

1.4 Pin Configuration
Figures 1.6 and 1.7 show the pin configurations (top view).

sz
<
g0
0w 9N
. 23 :oozoenx
3 er
8 200000000
K ":D_O_D_D.D_D_D_CL
© OZZZZZZZZ|RB
£ £
E2EA35S33333FE
B Z S 55550 n 0l
58888 PR RRREERClges
Q
zzzzz '-l’-l'-::::::::._J
EE g |§%%9999999999é
SRR EEEEEF RN EENEEE R
O ™ ™ v v T T & NN AN NNNNN O O ©
[V« Wy« W Y WY T o I o Y o WY Y I o N o I o A o AR o MY o MY a Y s HY o
ool el bs] 7] el s o 5] [l [s] oo | ] [ e e ][] o o]
r —

~- P63/TxDo
~ P30/CLK3

P0s/ANOs ~-#= [61]
POs/ANOs - [62]

O

Avss —m= [75]
P100/ANo ~a-= (76}
Vrer —» [77]

AVee —m [78]
P97/AN27/SIN4 <= [79)]

~4 P71/RXD2/SCL2/TAOIN/CLK1
~&» p7,/CLK2/TA10uT/V/RXD1
~&» p73/CTS2/RTS2/TA1INN/TXD1
~> p74TA20UT/W

~P P75 TA2INW

O
O

[40]
[39]
PO4/ANOs -3 [63] [38] = P31/SIN3
PO3/ANO3 -3 [64] [37] ~#= p3,/SOUTs
P02/ANO2 - [65] [36] e p3;
PO1/ANO1 ~e- (66} [35] <> p3,
rouanos == [zl - M16C/28 Group (T-ver./V-ver.) [ <=rpss
P107/AN7/KI3 ~-= [68] [33] <> p3g
P106/AN6/KI2 ~a-# [69] PLQPOO8OKB_A [32] < p3;
P10s/ANS/KI1 ~t-s % % ~&P P64/CTS1/RTS1/CTSO/CLKS1
P104/AN4/Klo ~a-B= |71 30| & pgs/CLK1
P103/ANs e [22] (SOPGQ_A) [20] ~a-~ pgo/RxD1
P102/AN2 ~a-= [73] . 28]~ pg;/TxD:
P101/AN1 ~a-m [74] (TOP VleW) % ~&P p70/TXD2/SDA2/TA0OUT/CTST/RTS1/CTS0/CLKS1
26
[25]
[24]
23]
[22]
[21]

P96/AN26/SOUT4 —a-m= [80| J21] ~a»p76TA30UT
L T2] [s] o] [s]To] (] To To] ol [ izl Tl Fra] re] re] i re] ] oo
S s kkktitii§i¢¢£
28525852 m3dREBREIERRS
ozxpaozXolX SIERS3I3E
g3EEZ65%k Zlzs33R
£egsg g g3rebEgER
s 223 ¢ & 2g
g &k o

NOTES:
1. Set bits PACR2 to PACRO in the PACR register to 0112 before you input and output it after resetting to each
pin. When the PACR register is not set, the input and output function of some of the pins are disabled.

Figure 1.6 Pin Assignment (Top View) of 80-Pin Package
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M16C/28 Group (T-ver./V-ver.)

1. Overview

Table 1.9 Pin Characteristics for 80-Pin Package

Zic: C‘;”i;ro' Port '”t‘;ri;”pt Timer Pin | Timer S Pin UART Pin '\I";é'ttz‘salitiir Analog Pin
1 P95 CLK4 AN2s5
2 P93 AN24
3 P92 TB2IN AN32
4 P91 TB1IN AN31
5 |CLKout |P90 TBoIN AN3o
6 |CNVss
7 [XciN P87
8 |Xcout P86
9 |RESET
10 | Xout
11 |Vss
12 [XIN
13 |Vce
14 P85 |NMI SD
15 P84 [INT2 zZP
16 P83 |INT1
17 P82 |INTo
18 P81 TAaN/ U
19 P80 TA40uT /U
20 P77 TA3IN
21 P76 TA30UT
22 P75 TA2IN / W
23 P74 TA20uT / W
24 P73 TAIN/V CTS2/RTS2 / TxD1
25 P72 TA10UT/ V CLK2 / RxD1
26 P71 TAOIN RxD2 / SCL2 / CLK1

TxD2/SDA2/ RTS1/

27 P70 TAoouT CTS1/CTSo / CLKSH1
28 P67 TXD1
29 P66 RxD1
30 P65 CLK1

RTS1/CTS1/ CTSo/

31 P64 CLKS1
32 P37
33 P36
34 P3s
35 P34
36 P33
37 P32 SouTs
38 P31 SIN3
39 P30 CLK3
40 P63 TxDo
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M16C/28 Group (T-ver./V-ver.)

1. Overview

Table 1.9 Pin Characteristics for 80-Pin Package (continued)

Zg‘_ CCI’:,”i:"' Port '”tgri;“pt Timer Pin Timer S Pin UART Pin '\I’luc'“t;[j":;tiir Analog Pin
41 P62 RxDo
42 P61 CLKo
43 P60 RTSo/CTSo
44 P27 OUTC17/ INPC17
45 P26 OUTC16/ INPC16
46 P25 OUTC15/ INPC15
47 P24 OUTC14 / INPC14
48 P23 OUTC13/ INPC13
49 P22 OUTC12/ INPC12
50 P21 OUTC11/ INPC11 SCLMM
51 P20 OUTC10/ INPC10 SDAMM
52 P17 |INTs IDU INPC17
53 P16 [INT4 IDW
54 P15 [INT3 IDV ‘ADTRG
55 P14
56 P13 AN23
57 P12 AN22
58 P11 AN21
59 P10 AN20
60 P07 ANO7
61 P06 ANOs
62 P05 ANOs
63 P04 ANO4
64 P03 ANO3
65 P02 ANO2
66 P01 ANO1
67 P00 ANOo
68 P107 [Ki3 AN7
69 P106 [Kl2 AN6
70 P105 |KI1 ANs
71 P104 |Klo AN4
72 P103 AN3
73 P102 AN2
74 P101 AN
75|AVss
76 P100 ANo
77 | VREF
78|AVcc
79 P97 SIN4 AN27
80 P96 SouT4 AN26
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M16C/28 Group (T-ver./V-ver.)

1. Overview

P02/ANO2 «—»[ 49
PO1/ANO1 «—»[ 50
P00/ANO0 +—» E
P107/AN7/KT3 «—» E
P106/AN6/KI2 «—»[ 53
P105/ANS/KTT «—» E
P104/AN4/KIo «—» E
P103/AN3 «—» E
P102/AN2 «—»[ 57
P101/AN1 «—»[ 58
AVss — [ 59
P100/ANo «+—»[60
VREF — [ 61

AVcc _>|E
P93/AN24 «—»[63
P92/AN32/TB2IN «—»[ 64
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NOTE:

-

5«

7]«

5]«
5]«

M16C/28 Group (T-ver./V-ver.)
PLQP0064KB-A
(64P6Q-A)

(Top view)

O

— &

XouT ¢—— |I

Vss —» [8_|

XIN —» E

Vee — E

]

2]

[5]

P80/TAdouT/U +—> IE

P85/NWII/SD «—» [11
P81/TA4IN/U +—>

P83/INT1 +—»

CNVss —» [3 |

P87/XcIN «—» [ 4
P86/XCOUT +—» [ 5

RESET

P84/INT2/ZP +—»

P91/AN31/TB1IN 4—p ’1
P82/[NTo +—» IE

P90/AN30/TBOIN/CLKOUT 4— [ 2

7]«

1. Set bits PACR2 to PACRO in the PACR register to 0102 before you input and output it after resetting to each
pin. When the PACR register is not set, the input and output function of some of the pins are disabled.

P30/CLK3

P31/SiN3

P32/Souts

P33
P64/CTS1/RTS1/CTSO/CLKS1
P65/CLK1

P66/RxD1

P67/TxD1
P70/TxD2/SDA2/TA00UT/RTST/CTS1/CTSO/CLKS1
P71/RxD2/SCL2/TAQIN/CLK1
P72/CLK2/TA10ouT/V/RxD1
P73/CTS2/RTS2ITATINV/TXD1
P74/TA20uT/W

P75/TA2INW

P76/TA30uT

P77/TA3IN

Figure 1.7 Pin Assignment (Top View) of 64-Pin Package
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M16C/28 Group (T-ver./V-ver.)

1. Overview

Table 1.10 Pin Characteristics for 64-Pin Package

Ei(: control | port | MM Timer pin Timer S Pin UART Pin '}f‘c‘:'tg::sptﬁ: Analog Pin
1 P91 TB1IN AN31
2 [CLKout |[P9 TBoIN AN30
3 |CNVss
4 | XcCIN P87
5 |Xcout |P8s
6 |RESET
7 |Xour
8 |Vss
9 [XIN
10 |Vce
11 P85 [NMI SD
12 P84 |INT2 ZP
13 P83 |INT1
14 P82 |INTo
15 P81 TA4N /U
16 P8o TA4ouT /U
17 P77 TASIN
18 P76 TAsouT
19 P75 TA2N /W
20 P74 TA20UT / W
21 P73 TAIN/V CTS2/RTS2/ TxD1
22 P72 TA10UT/V CLK2 / RxD1
23 P71 TAOIN RxD2 / SCL2 / CLK1

TxD2/SDA2/ RTS1/

24 P70 TAooUT CTS1/CTSo / CLKSH1
25 P67 TxD1
26 P66 RxD1
27 P65 CLK1

RTS1/CTS1/ CTSo/

28 P64 CLKS1
29 P33
30 P32 SouTs
31 P31 SIN3
32 P30 CLK3
33 P63 TxDo
34 P62 RxDo
35 P61 CLKo
36 P60 RTSo/ CTSo
37 P27 OUTC17 / INPC17
38 P26 OUTC16 / INPC16
39 P25 OUTC15/INPC15
40 P24 OUTC14 / INPC14
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M16C/28 Group (T-ver./V-ver.)

1. Overview

Table 1.10 Pin Characteristics for 64-Pin Package (continued)

Ei:_ COF[}:O' Port '”tgiL“pt Timer Pin Timer S Pin UART Pin '\I’i‘gtt:"sa;tiir Analog Pin
41 P23 OUTC13/ INPC13
42 P22 OUTC12/ INPC12
43 P21 OUTC11/ INPC11 SCLmm
44 P20 OUTC10/ INPC10 SDAMM
45 P17 |INTs IDU INPC17
46 P16 |INT4 IDW
47 P15 [INT3 IDV ADTRG
48 P03 ANO3
49 P02 ANO2
50 P01 ANO1
51 P00 ANOo
52 P107 |Ki3 AN7
53 P106 |KI2 ANe
54 P105 |Kl1 ANs
55 P104 |Klo AN4
56 P103 AN3
57 P102 AN2
58 P101 AN
59| AVss
60 P100 ANo
61| VREF
62| AVcc
63 P93 AN24
64 P92 TB2IN AN32

Rev. 1.10 Mar. 30, 2007

REJ09B0287-0110

page 15 of 390

RENESAS



M16C/28 Group (T-ver./\V-ver.)

1. Overview

1.5 Pin Description
Table 1.11 Pin Description (64-Pin and 80-Pin Packages)

Classification Symbol 1/10 Type Function
Power supply | Vcc, Vss | Apply 0V to the Vss pin. Apply following voltage to the Vcc pin.
2.7t0 5.5V (Normal), 3.0 to 5.5V (T-ver.), 4.2 t0 5.5V (V-ver.)
Analog power | AVcc | Supplies power to the A/D converter. Connect the AVcc pin to Vcc and
supply AVss the AVss pin to Vss
Reset input RESET | The microcomputer is in a reset state when "L" is applied to the RESET pin
CNVss CNVss | Connect the CNVss pin to Vss
Main clock XIN | I/O pins for the main clock oscillation circuit. Connect a ceramic resonator
input or crystal oscillator between XIN and XouT. To apply external clock, apply
Main clock XouT 0 it to XIN and leave XouT open. If XIN is not used (for external oscillator or
output external clock) connect XIN pin to Vcc and leave XouT open
Sub clock input | XCIN | I/0O pins for the sub clock oscillation circuit. Connect a crystal oscillator
Sub clock output | XcouT (0] between XCIN and XcouTt
Clock output CLKouTt (6] Outputs the clock having the same frequency as f1, f8, 32, or fC
INT interrupt | INTO to INT5 I Input pins for the INT interrupt. INT2 can be used for Timer A Z-phase
input function
NMI interrupt | NMI I Input pin for the NMI interrupt. NMI cannot be used as 1/O port while the three-
input phase motor control is enabled. Apply a stable "H" to NMI after setting it's
direction register to "0" when the three-phase motor control is enabled
Key input interrupt | Klo to KI3 I Input pins for the key input interrupt
Timer A TAOOUT to 110 I/O pins for the timer AO to A4
TA4ouT
TAOIN to | Input pins for the timer AO to A4
TA4IN
ZP | Input pin for Z-phase
Timer B TBOIN to | Input pins for the timer BO to B2
TB2IN
Three-phase | U, U,V,V, 0 Output pins for the three-phase motor control timer
motor control | W, W
timer output IDU, IDW, 110 Input and output pins for the three-phase motor control timer
IDV, SD
Serial 1/0 CTS0to CTS2 I Input pins for data transmission control
RTS0 to RTS2 0 Output pins for data reception control
CLKO to CLK3 110 Inputs and outputs the transfer clock
RxDO0 to RxD2 | Inputs serial data
SIN3 | Inputs serial data
TxDO0 to TxD2 (0] Outputs serial data
SouT3 (0] Outputs serial data
CLKS1 (0] Output pin for transfer clock
I2C bus Mode | SDA2 1/0 Inputs and outputs serial data
SCL2 Inputs and outputs the transfer clock
Multi-master SDAMM 110 Inputs and outputs serial data
12C bus SCLmm Inputs and outputs the transfer clock
Reference VREF | Applies reference voltage to the A/D converter
voltage input
A/D converter | ANo to AN7 | Analog input pins for the A/D converter
ANOo to ANO3
AN24
AN30 to AN32
ADTRG I Input pin for an external A/D trigger
| : Input O : Output I/O : Input and output
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M16C/28 Group (T-ver./V-ver.) 1. Overview

Table 1.11 Pin Description (64-Pin and 80-Pin Packages) (Continued)

Classification Symbol 1/0 Type Function
Timer S INPC10 to INPC17 | Input pins for the time measurement function
OUTC10to OUTC17 o Output pins for the waveform generating function
1/0 Ports POo to P03 110 CMOS 1/0O ports which have a direction register determines an individual
P15 to P17 pin is used as an input port or an output port. A pull-up resistor is select-
P20 to P27 able for every 4 input ports.
P30 to P33
P60 to P67
P70 to P77
P80 to P87
P90 to P93
P100 to P107

| : Input O : Output I/0O : Input and output

Rev. 1.10 Mar. 30,2007 page 17 of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./\V-ver.)

1. Overview

Table 1.12 Pin Description (80-Pin Packages Only) (Continued)

Classification Symbol I/0 Type Function

Serial I/0 CLK4 110 Inputs and outputs the transfer clock
SiN4 | Inputs serial data
SouT4 (@) Outputs serial data

A/D Converter | AN04 to ANO7 | Analog input pins for the A/D converter
AN20 to AN23
AN25 to AN27

I/O Ports P04 to PO7 1/0 CMOS 1/0O ports which have a direction register determines an individual
P10 to P14 pin is used as an input port or an output port. A pull-up resistor is select-
P34 to P37 able for every 4 input ports.
P95 to P97

I : Input O : Output

I/0 : Input and output
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M16C/28 Group (T-ver./V-ver.)

2. Central Processing Unit(CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. The CPU has 13 registers. Of these, RO, R1, R2, R3, A0, A1 and FB
comprise a register bank. There are two register banks.

b15

b8b7

b0

ROH(RO's high bits

R1H(R1's high bits

b19

ROL(RO's low bits)]

R1L(R1's low bits)]|
R2 I
R3
A0
Al
FB

b15

b0

[ INTBH |

INTBL

b19

The upper 4 bits of INTB are INTBH and
the lower 16 bits of INTB are INTBL.

b0

| PC | Program counter
b15 b0
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 b0
| FLG | Flag register
b1_5,——"‘—“ b8 b7 boi
LI [ [T [ Jyulrofs]s]z[p]c]
I— Carry flag
Debug flag
Zero flag
Sign flag

Data registers (Note)

} Address registers (Note)

Frame base registers (Note)

Interrupt table register

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Note: These registers comprise a register bank. There are two register banks.

Figure 2.1. Central Processing Unit

Register

2.1 Data Registers (RO, R1, R2 and R3)
The RO register consists of 16 bits, and is used mainly for transfers and arithmetic/logic operations. R1 to

R3 are the same as RO.

The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit data registers.

R1H and R1L are the same as ROH and ROL. Conversely, R2 and RO can be combined for use as a 32-bit

data register (R2R0). R3R1 is the same as R2R0.
2.2 Address Registers (A0 and Al)

The register A0 consists of 16 bits, and is used for address register indirect addressing and address regis-

ter relative addressing. They also are used for transfers and arithmetic/logic operations. A1 is the same as

AO.

In some instructions, registers A1 and A0 can be combined for use as a 32-bit address register (A1A0).
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M16C/28 Group (T-ver./V-ver.) 2. Central Processing Unit(CPU)

2.3 Frame Base Register (FB)

FB is configured with 16 bits, and is used for FB relative addressing.
2.4 Interrupt Table Register (INTB)

INTB is configured with 20 bits, indicating the start address of an interrupt vector table.
2.5 Program Counter (PC)

PC is configured with 20 bits, indicating the address of an instruction to be executed.
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG.

2.7 Static Base Register (SB)

SB is configured with 16 bits, and is used for SB relative addressing.
2.8 Flag Register (FLG)

FLG consists of 11 bits, indicating the CPU status.

2.8.1 Carry Flag (C Flag)

This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
2.8.2 Debug Flag (D Flag)

The D flag is used exclusively for debugging purpose. During normal use, it must be set to 0.
2.8.3 Zero Flag (Z Flag)

This flag is set to 1 when an arithmetic operation resulted in 0; otherwise, it is 0.
2.8.4 Sign Flag (S Flag)

This flag is set to 1 when an arithmetic operation resulted in a negative value; otherwise, it is 0.
2.8.5 Register Bank Select Flag (B Flag)

Register bank 0 is selected when this flag is 0; register bank 1 is selected when this flag is 1.
2.8.6 Overflow Flag (O Flag)

This flag is set to 1 when the operation resulted in an overflow; otherwise, it is O.
2.8.7 Interrupt Enable Flag (I Flag)

This flag enables a maskable interrupt.
Maskable interrupts are disabled when the | flag is 0, and are enabled when the | flag is 1.
The | flag is cleared to 0 when the interrupt request is accepted.

2.8.8 Stack Pointer Select Flag (U Flag)

ISP is selected when the U flag is 0; USP is selected when the U flag is 1.
The U flag is cleared to 0 when a hardware interrupt request is accepted or an INT instruction for software
interrupt Nos. 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from level
Otolevel 7.
If a requested interrupt has priority greater than IPL, the interrupt is enabled.

2.8.10 Reserved Area

When write to this bit, write 0. When read, its content is indeterminate.
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M16C/28 Group (T-ver./V-ver.)

3. Memory

Figure 3.1 is a memory map of the M16C/28 group. M16C/28 group provides 1-Mbyte address space from
addresses 0000016 to FFFFF16. The internal ROM is allocated lower addresses beginning with address
FFFFF16. For example, 64 Kbytes internal ROM is allocated addresses FO00016 to FFFFF16.

Two 2-Kbyte internal ROM areas, block A and block B, are available in the flash memory version. The
blocks are allocated addresses FO0016 to FFFF16.

The fixed interrupt vector tables are allocated addresses FFFDC16 to FFFFF16. It stores the starting ad-
dress of each interrupt routine. See the section on interrupts for details.

The internal RAM is allocated higher addresses beginning with address 0040016. For example, 4-Kbytes
internal RAM is allocated addresses 0040016 to 013FF16. Besides sotring data, it becomes stacks when the
subroutines is called or an interrupt is acknowledged.

SFR, consisting of control registers for peripheral functions such as 1/O port, A/D converter, serial 1/O,
timers is allocated addresses 0000016 to 003FF16. All blank spaces within SFR are reserved and cannot be
accessed by users.

The special page vector table is allocated to the addresses FFE0016 to FFFDB16. This vector is used by the
JMPS or JSRS instruction. For details, refer to the M16C/60 and M16C/20 Series Software Manual.

3. Memory

Internal RAM Internal ROM
Memory size XXXXX16 Memory size YYYYY 16
4 Kbytes 013FF 16 64 Kbytes F000016
8 Kbytes 023FF 16 96 Kbytes E800016
0000016
SFR
0040016
Internal RAM
FFEO0O016
XXXXX16
RESERVED space
Special page
0F00016
Internal ROM vector table
(data space) ™
OFFFF 16
FFFDC16  Undsfinied insiruction 3
RESERVED Space : Sl 3
I’ E  BRKiinstruction E
1 E  Address match 3
1 - . =
, E Single step E
YYYYY 16 ,’ F Watchdog timer E
Internal ROM | bsc 3
(program space) @ E NMI =
FFFFFwel | _____._ FFFFF1s E Reset 3
NOTES:
1. The block A (2 Kbytes) and block B (2 Kbytes) are shown (only flash memory)
2. When using the masked ROM version, write nothing to internal ROM area.

Figure 3.1 Memory Map
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M16C/28 Group (T-ver./V-ver.) 4. Special Function Registers (SFRs)

4. Special Function Register (SFRSs)
SFRs (Special Function Registers) are the control registers of peripheral functions. Table 4.1 to 4.7 list the
SFR address map.
Table 4.1 SFR Information(1)®)

Address Register Symbol After Reset
000016

000116

000216

000316

000416 | Processor mode register 0 PMO 0016

000516 | Processor mode register 1 PM1 000010002
000616 | System clock control register 0 CMO 010010002
000716 | System clock control register 1 CM1 001000002
000816

000916 | Address match interrupt enable register AIER XXXXXX002
000A1s__| Protect register PRCR XX0000002
000B1s

ooocs | Oscillation stop detection register (2) CM2 0X0000102
000D16

000E+s | Watchdog timer start register WDTS XX16

000Fs | Watchdog timer control register WDC 00XXXXXX2
001016 |Address match interrupt register 0 RMADO 0016

001116 0016

001216 X016

001316

00141¢ | Address match interrupt register 1 RMAD1 0016

001516 0016

001616 X016

001716

001816

001916

001A16

001B1s

001Ccss | PLL control register 0 PLCO 0001X0102
001D16

001E1s | Processor mode register 2 PM2 XXX000002
001F16

002016 | DMAO source pointer SARO XX16

002116 XX16

002216 XX16

002316

002416 | DMAQO destination pointer DARO XX16

002516 XX16

002616 X/16

002716

0028 | DMAO transfer counter TCRO XX16

002916 XX16

002A16

002B1s

002cis | DMAO control register DMOCON 00000X002
002D16

002E1s

002F 16

003016 | DMA1 source pointer SAR1 XX16

003116 XX16

003216 XX16

003316

00341 | DMA1 destination pointer DAR1 XX16

003516 XX16

003616 XX16

003716

00386 |DMA1 transfer counter TCR1 XX16

003916 XX16

003A1s

003B1s

003css | DMA1 control register DM1CON 00000X002
003D16

003E1s

003F1s

NOTES:

1. The blank areas are reserved and cannot be used by users.
2. The CM20, CM21, and CM27 bits do not change at oscillation stop detection reset.
X : Undefined
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M16C/28 Group (T-ver./\V-ver.) 4. Special Function Registers (SFRs)

Table 4.2 SFR Information(2)®

Address Register Symbol After Reset
004016
004116
004216
004316

004416 | INT3 interrupt control register INT3IC XX00X0002
004516 | |IC/OC 0 interrupt control register ICOCOIC XXXXX0002
004616 IC/OC 1 interrupt control register, 12C bus interface interrupt control register | ICOC1IC, lICIC XXXXX0002
004716 | IC/OC base timer interrupt control register, SCLSDA interrupt control register| BTIC, SCLDAIC XXXXX0002
004816 | SI/O4 interrupt control register, INT5 interrupt control register S4IC, INT5IC XX00X0002
004916 | SI/O3 interrupt control register, INT4 interrupt control register S3IC, INT4IC XX00X0002
004A16 | UARTZ2 Bus collision detection interrupt control register BCNIC XXXXX0002
004B1s | DMAO interrupt control register DMOIC XXXXX0002
004C16 | DMAT1 interrupt control register DM1IC XXXXX0002
004D1s | Key input interrupt control register KUPIC XXXXX0002
004E16 | A/D conversion interrupt control register ADIC XXXXX0002
004F1s | UARTZ2 transmit interrupt control register S2TIC XXXXX0002
005016 | UART?Z receive interrupt control register S2RIC XXXXX0002
005116 | UARTO transmit interrupt control register SOTIC XXXXX0002
005216 | UARTO receive interrupt control register SORIC XXXXX0002
005316 | UART1 transmit interrupt control register S1TIC XXXXX0002
005416 | UART1 receive interrupt control register S1RIC XXXXX0002
005516 | Timer AQ interrupt control register TAOQIC XXXXX0002
005616 | Timer A1 interrupt control register TA1IC XXXXX0002
005716 | Timer A2 interrupt control register TA2IC XXXXX0002
005816 | Timer A3 interrupt control register TA3IC XXXXX0002
005916 | Timer A4 interrupt control register TA4IC XXXXX0002
005A16 | Timer BO interrupt control register TBOIC XXXXX0002
005B16 | Timer B1 interrupt control register TB1IC XXXXX0002
005C1s | Timer B2 interrupt control register TB2IC XXXXX0002
005D1s | INTO interrupt control register INTOIC XX00X0002
005E16 | INT1 interrupt control register INT1IC XX00X0002
005F16s | INT2 interrupt control register INT2IC XX00X0002
006016
006116
006216
006316
006416
006516
006616
006716
006816
006916
006A16
006B16
006C16
006D16
006E16
006F 16
007016
007116
007216
007316
007416
007516
007616
007716
007816
007916
007A16
007B16
007C16
007D16
007E16
007F16

Note 1: The blank spaces are reserved. No access is allowed.

X : Undefined
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M16C/28 Group (T-ver./V-ver.) 4. Special Function Registers (SFRs)

Table 4.3 SFR Information(3)(!)
,Address Register Symbol After Reset

)
8
)) ]
W

01B016
01B116
01B216

01B316 | Flash memory control register 4 ) FMR4 010000002
01B416

01B516 | Flash memory control register 1 ) FMR1 000XXX0X2
01B616
01B716 | Flash memory control register 0 ) FMRO 000000012
01B816
01B916

0

021016 | Low-power Consumption Control 0 LPCCO X00000012
021116

021216
021316
021416
021516
021616
021716
021816
021916

0

025016
025116
025216
025316
025416
025516
025616
025716
025816
025916
025A16 | Three-phase protect control register TPRC 0016
025B16
025C16 | On-chip oscillator control register ROCR X00001012
025D16 | Pin assignment control register PACR 0016

025E16 | Peripheral clock select register PCLKR 000000112
025F1s | Low-power Consumption Control 1 LPCC1 0016

02E016 | 12C0 data shift register S00 XX16
02E116
02E216 | |2CO address register S0DO0 0016
02E316 | |2CO control register 0 S1D0 0016
02E416 | |2C0 clock control register S20 0016
02E516 | |2CO0 start/stop condition control register S2D0 000110102
02E616 | [2CO control register 1 S3D0 001100002
02E716 | |2CO control register 2 S4D0 0016

02E816 | |2CO status register S10 0001000X2
02E916

02EA16

P~

N

02FE16
02FF16

Note 1:The blank spaces are reserved. No access is allowed.
Note 2:This register is included in the flash memory version.

X : Undefined
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M16C/28 Group (T-ver./\V-ver.)

4. Special Function Registers (SFRs)

Table 4.4 SFR Information(4)()

Address Register Symbol After Reset
0300+ | Time measurement, Pulse generation register 0 G1TMO0,G1PO0| XX16
030116 XX16
030216 | Time measurement, Pulse generation register 1 G1TM1,G1PO1| XXie
030316 XX16
03041 | Time measurement, Pulse generation register 2 G1TM2,G1PO2| XX16
030516 XX16
03061 | Time measurement, Pulse generation register 3 G1TM3,G1PO3| XX16
030716 XX16
03081 | Time measurement, Pulse generation register 4 G1TM4,G1P0O4| XXie
030916 XX16
030As | Time measurement, Pulse generation register 5 G1TM5,G1PO5| XX16
030B1s XX16
030C | Time measurement, Pulse generation register 6 G1TM6,G1PO6| XX16
030D16 XX16
030E:¢ | Time measurement, Pulse generation register 7 G1TM7,G1PO7| XXie
030F1s XX16

03101 | Pulse generation control register 0

G1POCRO 0X00XX002

031116 | Pulse generation control register 1

G1POCR1 0X00XX002

031216 | Pulse generation control register 2

G1POCR2 0X00XX002

03131 | Pulse generation control register 3

G1POCR3 0X00XX002

031416 | Pulse generation control register 4

G1POCR4 0X00XX002

03151 | Pulse generation control register 5

G1POCR5 0X00XX002

03161 | Pulse generation control register 6

G1POCR6 0X00XX002

031716 | Pulse generation control register 7

G1POCR7 0X00XX002

03181 | Time measurement control register 0

G1TMCRO 0016

031916 | Time measurement control register 1

G1TMCR1 0016

031A1s | Time measurement control register 2

G1TMCR2 0016

031B1s__| Time measurement control register 3

G1TMCR3 0016

031Css | Time measurement control register 4

G1TMCR4 0016

03101 | Time measurement control register 5

G1TMCR5 0016

031E+s | Time measurement control register 6

G1TMCR6 0016

031Fss | Time measurement control register 7

G1TMCRY 0016

03201s |Base timer register G1BT XX16
032116 XX16
03221« | Base timer control register 0 G1BCRO 0016
03231 | Base timer control register 1 G1BCR1 0016
03241s | Time measurement prescale register 6 G1TPR6 0016
032516 | Time measurement prescale register 7 G1TPRY 0016
03261 | Function enable register G1FE 0016
0327+ | Function select register G1FS 0016
03281 |Base timer reset register G1BTRR XX16
032916 XX16
032A1s__| Count source division register G1DV 0016
032B16
032C16
032D16
032E16
032F 16
033016 | Interrupt request register G1IR XX16
033115 | Interrupt enable register 0 G1IEO 0016
033216 | Interrupt enable register 1 G1IE1 0016
033316
033416
033516
033616
033716
033816
033916
033A1s
033B1s
033C16
033D16
0331 | NMI digital debounce register NDDR FF16
033F1s__|Port P17 digital debounce register P17DDR FF16

NOTE:
1. The blank areas are reserved and cannot be used by users.

X : Undefined
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M16C/28 Group (T-ver./V-ver.) 4. Special Function Registers (SFRs)

Table 4.5 SFR Information(5)(d)

Address Register Symbol After Reset
034016

034116

034216 | Timer A1-1 register TA11 XX16
034316 XX16

0344+ | Timer A2-1 register TA21 XX16
034516 XX16

03461 | Timer A4-1 register TA41 XX16
034716 XX16

034816 | Three phase PWM control register 0 INVCO 0016

03491 | Three phase PWM control register 1 INVC1 0016

034As | Three phase output buffer register 0 IDBO 001111112
034816 | Three phase output buffer register 1 IDB1 001111112
034Cs | Dead time timer DTT XX16

034D+s | Timer B2 Interrupt occurrence frequency set counter ICTB2 XX16

034E+s | Position - data - retain function control register PDRF XXXX00002
034F16

035016

035116

035216

035316

035416

035516

035616

035716

03581 | Port function control register PFCR 001111112
035916

035A16

035B16

035C16

035D16

0351 | Interrupt cause select register 2 IFSR2A 00XXXXX02(2)
035F+s | Interrupt cause select register IFSR 0016

0360+ | SI/O3 transmit/receive register S3TRR XX16

036116

036216 | SI/O3 control register S3C 010000002
03631 | SI/O3 bit rate register S3BRG XX16

036416 | SI/O4 transmit/receive register S4TRR XX16

036516

036616 | SI/O4 control register S4C 010000002
036716 | SI/O4 bit rate register S4BRG XX16

036816

036916

036A16

036B1s

036C1s

036D16

036E1s

036F 16

037016

037116

037216

037316

03741 | UART2 special mode register 4 U2SMR4 0016

037516 | UART2 special mode register 3 U2SMR3 000X0X0X2
03761 | UART2 special mode register 2 U2SMR2 X00000002
0377+ | UARTZ2 special mode register U2SMR X00000002
0378 | UART2 transmit/receive mode register U2MR 0016

03791« | UART2 bit rate register U2BRG XX16

037A  |UART2 transmit buffer register u2TB XX16

037B1s XX16

037cis | UART2 transmit/receive control register 0 U2Co 000010002
037Ds | UART2 transmit/receive control register 1 U2C1 000000102
03716 | UART2 receive buffer register U2RB XX16

037F1s XX16
NOTES:

1. The blank areas are reserved and cannot be used by users.
2. Write "1" to bit 0 after reset.
X : Undefined
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M16C/28 Group (T-ver./\V-ver.)

4. Special Function Registers (SFRs)

Table 4.6 SFR Information(6)()

Address Register Symbol After Reset
038015 | Count start flag TABSR 0016

038115 | Clock prescaler reset flag CPSRF OXXXXXXX2
03821 | One-shot start flag ONSF 0016

03831 | Trigger select register TRGSR 0016

038416 | Up-dowm flag UDF 0016

038516

0386+ | Timer AQ register TAO XX16

038716 XX16

03881 | Timer A1 register TA1 XX16

038916 XX16

038As | Timer A2 register TA2 XX16

038B1s XX16

038Cis | Timer A3 register TA3 XX16

038D16 XX16

038E+s | Timer A4 register TA4 XX16

038F1s XX16

0390+ | Timer BO register TBO XX16

039116 XX16

039216 | Timer B1 register TB1 XX16

039316 XX16

0394+ | Timer B2 register TB2 XX16

039516 XX16

039616 | Timer AO mode register TAOMR 0016

039716 | Timer A1 mode register TATMR 0016

03981 | Timer A2 mode register TA2MR 0016

039916 | Timer A3 mode register TA3MR 0016

039A16 | Timer A4 mode register TA4AMR 0016

0398+ | Timer BO mode register TBOMR 00XX00002
039Cs | Timer B1 mode register TB1MR 00XX00002
039D+ | Timer B2 mode register TB2MR 00XX00002
03916 | Timer B2 special mode register TB2SC X00000002
039F 16

03A01s | UARTO transmit/receive mode register UOMR 0016

03A116 | UARTO bit rate register UOBRG XX16

03a2:s | UARTO transmit buffer register uoTB XX16

03A316 XX16

03A4s | UARTO transmit/receive control register 0 Uoco 000010002
03A516 | UARTO transmit/receive control register 1 UocC1 000000102
03a6:s | UARTO receive buffer register UORB XX16

03A716 XX16

03A81s | UART1 transmit/receive mode register UTMR 0016

03A91s | UART1 bit rate register U1BRG XX16

03aAs  [UART1 transmit buffer register u1TB XX16

03AB1s XX16

03ACs |UART1 transmit/receive control register 0 U1Co 000010002
03ADs | UART1 transmit/receive control register 1 U1C1 000000102
03AEs | UART1 receive buffer register U1RB XX16

03AF16 XX16

0380+ | UART transmit/receive control register 2 UCON X00000002
03B11s

03B21s

03B31s

03B41 | SFR snoop address register CRCSAR XX16

03B516 OOXXXXXX2
038616 | CRC mode register CRCMR OXXXXXX02
03B716

03B81s | DMAOQ request cause select register DMOSL 0016

03B91s

03BAs | DMA1 request cause select register DM1SL 0016

03BB1s

03BCis |CRC data register CRCD XX16

03BD:1s XX16

03BEs | CRC input register CRCIN XX16

03BF16

NOTE:

1. The blank areas are reserved and cannot be used by users.

X : Undefined
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M16C/28 Group (T-ver./V-ver.) 4. Special Function Registers (SFRs)

Table 4.7 SFR Information (7))

Address Register Symbol After Reset
03cos |A/D register 0 ADO XX16
03C11s XX16
03c2w | A/D register 1 AD1 XX16
03C316 XX16
03c4s |A/D register 2 AD2 XX16
03C516 XX16
03ces |A/D register 3 AD3 XX16
03C71s XX16
o3csws |A/D register 4 AD4 XX16
03C916 XX16
03cAws |A/D register 5 AD5 XX16
03CB1s XX16
03ccs |A/D register 6 AD6 XX16
03CD1s XX16
03Ccen |A/D register 7 AD7 XX16
03CF1s XX16
03D016
03D116
03D2:6 | A/D trigger control register ADTRGCON 0016
03D31 | A/D status register 0 ADSTATO 00000X002
03D41s | A/D control register 2 ADCON2 0016
03D516
03D61 | A/D control register 0 ADCONO 00000XXX2
03D7+s | A/D control register 1 ADCON1 0016
03D816
03D916
03DA16
03DB16s
03DC16
03DD16
03DE1s
03DF1e
03016 | Port PO register PO XX16
0316 |Port P1 register P1 XX16
03e216 | Port PO direction register PDO 0016
03E31s | Port P1 direction register PD1 0016
03E41s | Port P2 register P2 XX16
03516 | Port P3 register P3 XX16
03e61 | Port P2 direction register PD2 0016
03716 | Port P3 direction register PD3 0016
03E816
03E91s
03EA1s
03EB1s
03eCis | Port P6 register P6 XX16
03EDss | Port P7 register P7 XX16
03EE+s | Port P6 direction register PD6 0016
03EFs | Port P7 direction register PD7 0016
03F0+s | Port P8 register P8 XX16
03F116 | Port P9 register P9 XX16
03F216 | Port P8 direction register PD8 0016
03F31 | Port P9 direction register PD9 000X00002
03F416 | Port P10 register P10 XX16
03F516
03F61 | Port P10 direction register PD10 0016
03F716
03F816
03F916
03FA16
03FB1s
03FCs | Pull-up control register 0 PURO 0016
03FDss | Pull-up control register 1 PUR1 0016
03FEss | Pull-up control register 2 PUR2 0016
03FF1s__| Port control register PCR 0016
NOTE:
1. The blank areas are reserved and cannot be used by users.

X : Undefined
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5. Reset

Hardware reset 1, software reset, watchdog timer reset, and oscillation stop detection reset are imple-
mented to reset the MCU.

5.1 Hardware Reset

5.1.1 Hardware Reset 1

Pins, CPU, and SFRs are reset by using the RESET pin. When a low-level (“L”) signal is applied to the
RESET pin while the supply voltage meets the recommended operating condition, pins, CPU, and SFRs
are reset (see Table 5.1 Pin Status When RESET Pin Level is “L"). The oscillation circuit is also reset and
the on-chip oscillator starts oscillating as the CPU clock. CPU and SFRs re reset when the signal applied
to the RESET pin changes from “L” to high (“H”). The MCU executes a program beginning with the
address indicated by the reset vector. The internal RAM is not reset. When an “L” signal is applied to the
RESET pin while writing data to the internal RAM, the content of internal RAM is undefined.

Figure 5.1 shows an example of the reset circuit. Figure 5.2 shows a reset sequence. Table 5.1 shows
status of the other pins while the RESET pin is held “L”. Figure 5.3 shows CPU register states after reset.
Refer to 4. Special Function Register (SFR) about SFR states after reset.

1. Reset on a stable supply voltage

(1) Apply an “L” signal to the RESET pin
(2) Wait fofROC)or more

(3) Apply an “H” signal to the RESET pin

2. Power-on reset

(1) Apply an “L” signal to the RESET pin

(2) Increase the supply voltage until it meets the the recommended performance condition
(3) Wait for fafP-R)or more to allow the internal power supply to stabilize

(4) Wait fofROC)or more

(5) Apply an “H” signal to the RESET pin
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Recommended E
operating L
voltage
Vce
oV
RESET vce
—VW— ? RESET
N 0.2 VCC or below 0.2 VCC or below

N ov

—»! <¢—— More than td(ROC) + td(P-R)

Figure 5.1 Example Reset Circuit

5.2 Software Reset

The MCU resets its pins, CPU, and SFRs when the PMO03 bit in the PMO register is set to 1 (reset) and the
MCU executes a program in an address indicated by the reset vector. Then the on-chip oscillator is se-
lected as the CPU clock.

The software reset does not reset some portions of the SFRs. Refer to 4. Special Function Registers
(SFRs) for details.

5.3 Watchdog Timer Reset

The MCU resets its pins, CPU, and SFRs when the PM12 bit in the PM1 register is set to 1 (watchdog timer
reset) and the watchdog timer underflows. The MCU executes a program in an address indicated by the
reset vector. Then the on-chip oscillator is selected as the CPU clock.

The watchdog timer reset does not reset some portions of the SFRs. Refer to 4. Special Function Regis-
ters (SFRs) for details.

5.4 Oscillation Stop Detection Reset

The MCU resets its pins, CPU, and SFRs and stops if the main clock stop is detected when the CM20 bit in
the CM2 register is set to 1 (oscillation stop, re-oscillation detection function enabled) and the CM27 bit in
the CM2 register is 0 (reset at oscillation stop detection). Refer to the section 7.8 oscillation stop, re-
oscillation detection function for details.

The oscillation stop detection reset does not reset some portions of the SFRs. Refer to 4. Special Func-
tion Registers (SFRs).
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5. Reset

Vce
roc RN e oA A AA A AATE
td(P-R) | More than
td(ROC)
RESET
Max. 2 ms
CPU clock: 28 cycles
CPU clock e
FFFFC1e Content of reset vector
Address \ FFFFEss | )

Figure 5.2 Reset Sequence

Table 5.1 Pin Status When RESET Pin Level is “L”

Pin Name Status
PO to P3, .
P6 t0 P10 Input port (high impedance)
b15 b0
000016 Data register(R0)
000016 |  Data register(R1)
000016 1 Data register(R2)
000016 1 Data register(R3)
000016 |  Address register(A0)
000016 I Address register(A1)
| 000016 |  Frame base register(FB)
b19 b0
0000016 Interrupt table register(INTB)

Content of addresses FFFFE16 to FFFFC16

Program counter(PC)

b15

b0

User stack pointer(USP)

Interrupt stack pointer(ISP)

Static base register(SB)

Flag register(FLG)

000016

000016

000016
b15 b0
| 000016 |
_b1_5,-—"'// b8 b7 bOi
RN EE
IPL Ul OBS Z DC

Figure 5.3 CPU Register Status After Reset
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6. Processor Mode

The MCU supports single-chip mode only. Figures 6.1 and 6.2 show the associated registers.

Processor Mode Register 0 (1)

The MCU is reset when
bemm-mm-m o PMO03 Software reset bit this bit is set to 1. When read, RW
its content is 0.

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset

|0|0|0|0| |0|0|0| PMO 000416 0016
; i+ ¢ 1| Bit Symbol Bit Name Function RW
EEPRURRES (b2-b0) Reserved bit Setto 0 RW

-------------- (b7-b4) Reserved bit Setto 0 RwW

NOTE:
1. Set the PMO register after the PRC1 bit in the PRCR register is set to 1 (write enable).

Processor Mode Register 1"

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
||0|0|0|1||0|| PM1 000516 000010002
P11 b it | Bit Symbol Bit Name Function RW
P o Flash data block access | 0: Disabled
oo =4 PM10 RW
oo bit (2) 1: Enabled @
e ) Reserved bit Setto 0 RW
] Watchdog timer function | 0 : Watchdog timer interrupt
Voo PM12 select bit 1: Watchdog timer reset (4) RW
b (ﬁ) Reserved bit Setto 1 RwW
P R (b6-b4) Reserved bit Setto 0 RW
_______________________ it (5) 0 : No wait state
PMT7 | Wait bit 1: Wait state (1 wait) RW
NOTES:

1. Rewrite the PM1 register after the PRC1 bit in the PRCR register is set to 1 (write enable).

2. To access the two 2K-byte data spaces in data block A and data block B, set the PM10 bit to 1. The PM10
bit is not available in mask version.

3. When the FMRO01 bit in the FMRO register is set to 1 (enables CPU rewrite mode), the PM10 bit is
automatically set to 1.

4. Set the PM12 bit to 1 by program. (Writing 0 by program has no effect)

5. When the PM17 bit is set to 1 (wait state), one wait is inserted when accessing the internal RAM or the
internal ROM.

Figure 6.1 PMO Register, PM1 Register
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Processeor Mode Register 2 (1)

T Symbol Address After Reset
DW |0| | | | PM2 001E16 XXX000002

Bit Symbol Bit Name Function RW

Specifying wait when

-1 PM20 accessing SFR during PLL 0: 2 waits RW

operation(?) 1: 1 wait

0: Clock is protected by PRCR
P PM21 System clock protective bit®4) | register RW
: 1: Clock modification disabled

0: CPU clock is used for the

WDT count source watchdog timer count source

L PM22 rotective bit (3.5) 1: On-chip oscillator clock is used | RW
P for the watchdog timer count
source
R N (b3) Reserved bit Setto “0” RW

0: P8s function (NMI disable)

R, NI : ; +(6,7)
PM24 P85/NMI configuration bit 1+ NI function

RW

e — Nothing is assigned. When write, set to“0”.

"""""""""""""" (b7-bS) | \When read,its content is indeterminate T

NOTES:
1. Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable).
2. The PM20 bit become effective when PLCO7 bit in the PLCO register is set to "1" (PLL on). Change the PM20 bit
when the PLCO7 bit is set to "0" (PLL off). Set the PM20 bit to "0" (2 waits) when PLL clock > 16 MHz.
3. Once this bit is set to “1”, it cannot be set to “0” by program.
4. Writing to the following bits has no effect when the PM21 bit is set to “1”:
CMO02 bit in the CMO register
CMO05 bit in the CMO register (main clock is not halted)
CMO7 bit in the CMO register (CPU clock source does not change)
CM10 bit in the CM1 register (stop mode is not entered)
CM11 bit in the CM1 register (CPU clock source does not change)
CM20 bit in the CM2 register (oscillation stop, re-oscillation detection function settings do not change)
All bits in the PLCO register (PLL frequency synthesizer setting do not change)
When the PM21 bit is set to "1", do not execute the WAIT instruction.
5. Setting the PM22 bit to “1” results in the following conditions:
- The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock or
PLL clock) (system clock of count source selected by the CM21 bit is valid)
- The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer count
source.
- The CM10 bit in the CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode
entered)
- The watchdog timer does not stop in wait mode.
6. For NMI function, the PM24 bit must be set to “1”(NMI function). Once this bit is set to “1”, it cannot be cleared to
“0” by program.
7. SD input is valid regardless of the PM24 setting.

Figure 6.2 PM2 Register
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The internal bus consists of CPU bus, memory bus, and peripheral bus. Bus Interface Unit (BIU) is used to
interfere with CPU, ROM/RAM, and perpheral functions by controling CPU bus, memory bus, and periph-
eral bus. Figure 6.3 shows the block diagram of the internal bus.

ROM

il ﬁT

CPU Memory address bus

BIU
CPU data bus
Memory data bus >

DMAC ] X
i — | Timer |
N WDT

CPU clock /\ o | - |
o B —\/ | Serial I/0 | -
e Q ()
Clock > -%/l % 4,\ w | ADC | -§'
generation Peripheral function o \[ g —I/ - ®
circuit & g - E‘_J
gl g \ £
Q
=
=}

/O

Figure 6.3 Bus Block Diagram

The number of bus cycle varies by the internal bus. Table 6.1 lists the accessible area and bus cycle.

Table 6.1 Accessible Area and Bus Cycle

Accessible Area Bus Cycle
SFR PM20 bit = 0 (2 waits) 3 CPU clock cycles
PM20 bit = 1 (1 wait) 2 CPU clock cycles

ROM/RAM PM17 bit = 0 (no wait) 1 CPU clock cycle
PM17 bit = 1 (1 wait) 2 CPU clock cycles
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7. Clock Generation Circuits

7. Clock Generation Circuits

The MCU has four clock generation circuits as follows:

(1) Main clock

oscillation circuit

(2) Sub clock oscillation circuit

(3) On-chip os

cillator

(4) PLL frequency synthesizer

Table 7.1 lists the specifications of the clock generation circuit. Figure 7.1 shows the clock generation
circuits. Figures 7.2 to 7.7 show the clock-associated registers.

Table 7.1 Clock Generation Circuit Specifications

Pins to connect
oscillator

Oscillation stop,
restart function
Oscillator status
after reset

- Peripheral function
clock source

- Ceramic oscillator
- Crystal oscillator

- Timer A, B's clock
source

Externally derived clock can be input

Main Clock Sub Clock ; i : PLL Frequency
ltem Oscillation Gircdi Oscillation Circuit Variable On-chip Oscillator Synthesizer
Use of clock - CPU clock source | - CPU clock source |- CPU clock source - CPU clock source

- Peripheral function clock source

- CPU and peripheral function
clock sources when the main
clock stops oscillating

Selectable source frequency:
f1(RoC), f2(ROC), f3(ROC)
Selectable divider:
by 2, by 4, by 8

Oscillating
(CPU clock source)

- Peripheral function clock
source

Rev. 1.10 Mar. 30, 2
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7. Clock Generation Circuits

Sub clock oscillation

1/0 ports

PCLK5=0,CM01-CM00=002

circuit

PCLK5=0.CM01-CM00=012 ° )\
o CLKout

PCLK5=1,CM01-CM00=002
o

Oscillation stop, re-oscillation detection circuit

XCIN XcouT PCLKS 9 PCLK5=0
CMO01-CM00=102] | cMo1-CMO0=112
Mo 1132 feze
f1 | PCLKO=1
Sub clock b
| S
fc © PCLKO0=0
cM21 Z‘:} On-chip | On-chip _l> f22
L oscillator oscillator >
clock
N~ fap
Oscillation f1si0 -
stop, re- PCLK1=1
oscillation
detection >—0'ZSIO PCLK1=0
circuit
ﬁ ™~ fasio
CM10=1(stop mode) s Q PLL <
frequency [N f32s10
R synthesizer el|bTlc L
CMO07=0 D4INT clock
PLL cm21=1 @-« Divider
1 | clock U, CPU clock
[ o
Main clock CM21=0
CcMo5  oscillation circuit ’ BCLK
CM02 ﬁ; ;
s Q —
WAIT instruction —— R promeeemseesssoseeeo oo ! "
; e b c
a _"{ 1/2 }_04 1/2 12 }_0_‘ 12 12 HSZ
RESET ; 1/2 1/8 116
Software reset CM06=0
_ : CM17, CM16=112
NMIO : CM06=1
H CM06=0
Interrupt request level judgment output CM17, CM16=102 ~— O d
CM00, CMO01, CM02, CM04, CM05, CM06, CMO7: Bits in the CMO register CM06=0
CM10, CM11, CM16, CM17: Bits in the CM1 register H CM17, CM16=012 —O
PCLKO, PCLK1, PCLKS5: Bits in the PCLKR register
CM21, CM27: Bits in the CM2 register CM06=0
: CM17, CM16=002 Details of divider

Variable On-chip Oscillator

- ROCR1, ROCR0=002
f1(ROC)
Reset
Pulse generation P CM27=0 generating Oscillation stop
. circuit for clock arge, circuit detection reset
Main dge detection |— discharge f2Ro0) o}
clock ; h: ‘ circuit " N o A ROCR1,ROCR0=012
and charge, O— Oscillation stop, [—® Oscillation stop, 1/8
dischar trol it illati
'ge control CM27=1 re-oscillation re-oscilllatlo_n ROCR3, ROCR2=112
detection interrupt detection signal
generating circuit ROCR1, ROCRO=112 ROCR3, RCR2:102
On-chip !
ROCR3, ROCR2=012 oscillator
» CM21 switch signal clock
PLL frequency synthesizer
T
|
!
| Programmable
counter L Voltage — PLL clock
! Phase Charge control |
| comparator pump oscillator i
i (VCO) i
Main clock I |
! !
! Internal low- l
| ass filter |
h P h
| |
Figure 7.1 Clock Generation Circuits
Rev. 1.10 Mar. 30,2007  Ppage 36 of 390 RENESAS

REJ09B0287-0110



M16C/28 Group (T-ver./V-ver.) 7. Clock Generation Circuits

System Clock Control Register 0 (1)

b7 b6 b5 b4 b3 b2 b1 b0

| | | | | | | | | Symbol Address After Reset

L CMO 000616 010010002

T

¢ 44 41+ [ BitSymbol Bit Name Function RW
) ) ) '

: o E E E L CMO00 Clock output function See Table 7.3 RW

R I select bit

E AR S e Yk RW
) ) )

] N ' ]

' E E : : . CM02 Wait Mode peripheral function [ 0: Do not stop peripheral function clock in wait mode RW

oot it (10) 1: Stop peripheral function clock in wait mode (8)

I P clock stop bit ( p perip
)

Yy o ) - ; R

' ' XcIN-XcourT drive capacity | 0: LOW

P T CMO3 | Select bit @) 1: HIGH RW

) .

; v CMo4 Port Xc select bit (2) 0: 1/0 port P8s, P87 _ - RW

TR 1: XcIN-XcouT generation function

N Main clock stop bit 0:0On @

T RRREREEELD CMo5 | 330 72073 5P 1- OFf ) RW

) N "

] ' N .. -

L T CMO06 Main clock division select | 0: CM16 and CM17 valid

: bit 0 (713, 14) 1: Division by 8 mode RW

)

] System clock select bit 0: Main clock, PLL clock, or on-chip oscillator clock

* CMo7 (6,10, 11, 12) 1: Sub-clock RW

NOTES:

-

. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).

2. The CMO3 bit is set to 1 (high) when the CMO04 bit is set to 0 (I/O port) or the MCU goes to a stop mode.

3. This bit is provided to stop the main clock when the low power dissipation mode or on-chip oscillator low power dissipation mode
is selected. This bit cannot be used for detection as to whether the main clock stopped or not. To stop the main clock, the
following setting is required:

(1) Set the CMO07 bit to 1 (Sub-clock select) or the CM21 bit in the CM2 register to 1 (on-chip oscillator select) with the sub-
clock stably oscillating.

(2) Set the CM20 bit in the CM2 register to 0 (Oscillation stop, re-oscillation detection function disabled).

(3) Set the CMO5 bit to 1 (Stop).

4. During external clock input, set the CMO5 bit to 0 (On).

5. When CMO5 bit is set to 1, the XouT pin goes "H". Futhermore, because the internal feedback resistor remains connected,
the XIN pin is pulled "H" to the same level as XourT via the feedback resistor.

6. After setting the CMO04 bit to 1 (XcIN-XcouT oscillator function), wait until the sub-clock oscillates stably before switching
the CMO7 bit from O to 1 (sub-clock).

7. When entering stop mode from high or middle speed mode, on-chip oscillator mode or on-chip oscillator low power mode, the
CMOB6 bit is set to 1 (divided-by-8 mode).

8. The fc32 clock does not stop. During low speed or low power dissipation mode, do not set this bit to 1(peripheral clock turned
off in wait mode).

9. To use a sub-clock, set this bit to 1. Also, make sure ports P86 and P87 are directed for input, with no pull-ups.

10. When the PM21 bit in the PM2 register is set to 1 (clock modification disable), writing to bits CM02, CM05, and CMO07 has
no effect.

11. If the PM21 bit needs to be set to 1, set the CMO07 bit to 0 (main clock) before setting it.

12. To use the main clock a the clock source for the CPU clock, follow the procedure below.
(1) Set the CMO05 bit to 0 (oscillate).
(2) Wait the main clock oscillation stabilized.
(3) Set all bits CM11, CM21, and CMO7 to 0.

13. When the CM21 bit is set to 0 (on-chip oscillaor turned off) and the CMO05 bit is set to 1 (main clock turned off), the CM06 bit
is fixed to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capability High).

14. To return from on-chip oscillator mode to high-speed or middle-speed mode set both bits CM06 and CM15 to 1.

Figure 7.2 CMO Register
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System Clock Control Register 1 (1)

b7 b6 b5 b4 b3 b2 bl b0

| | | | 0 | 0 | 0 | | | Symbol Address After Reset

CM1 000716 001000002
i 1| Bit Symbol Bit Name Function RW
b cM10 Al clock stop control bit 0 : Clock on RW
[ ! (4,6) 1 : All clocks off (stop mode)
CM11 | System clock select bit 1 |0 : Main clock RW
P ©n 1: PLL clock ()
P held (b4-b2) | Reserved bit Setto 0 RW
XIN-XouT drive capacity 0:LOW
N M1 8
[ cM15 select bit (2) 1: HIGH RW
I b7 b6
R CM16 Main clock division 00 : No division mode RW
! select bits (3) 0 1 : Division by 2 mode
H 1 0 : Division by 4 mode
........................... M17

c 11 : Division by 16 mode RwW
NOTES:

1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).

2. When entering stop mode from high or middle speed mode, or when the CMO5 bit is set to 1 (main clock
turned off) in low speed mode, the CM15 bit is set to 1 (drive capability high).

3. Effective when the CMO06 bit is 0 (bits CM16 and CM17 enable).

4. If the CM10 bit is 1 (stop mode), XouT goes “H” and the internal feedback resistor is disconnected. The XcIN
and Xcour pins are placed in the high-impedance state. When the CM11 bit is set to 1 (PLL clock), or the
CM20 bit in the CM2 register is set to 1 (oscillation stop, re-oscillation detection function enabled), do not set
the CM10 bit to 1.

5. After setting the PLCO7 bit in the PLCO register to 1 (PLL operation), wait until tsu (PLL) elapses before setting
the CM11 bit to 1 (PLL clock).

6. When the PM21 bit in the PM2 register is set to 1 (clock modification disable), writing to bits CM10, CM11 has
no effect. When the PM22 bit in the PM2 register is set to 1 (watchdog timer count source is on-chip oscillator
clock), writing to the CM10 bit has no effect.

7. Effective when CMO07 bit is 0 and CM21 bitis O .

Figure 7.3 CM1 Register

On-chip Oscillator Control Register(!)
o S B S R Symbol Address After Reset

|X|9 |9 |9 | 111 ROCR 025C16 X00001012
boror o1t | BitSymbol Bit Name Function RW
A h . b1 b0
i1 1 1 1 1] ROCRO Frequency select bits 00: f1 (ROC) RW
T R T A 0 1: f2 (ROC)
1 0: Do not set to this value
S T S ROCRH1 11:f3 (ROC) RW
Pl — )
T ROCR2 | Divider select bits 0 0: Do not set to this value RW
i Vo 0 1: divide by 2
; o 1 0: divide by 4
: P ey ROCRS3 1 1: divide by 8 RW
L S — (b6-b4) | Reserved bit Setto 0 RW
o (b_7) Nothing is assigned. When write, set to 0. -

When read, the content is undefined
NOTE:
1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).

Figure 7.4 ROCR Register
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Oscillation Stop Detection Register (1)

b7 b6 b5 b4 b3 b2 bl b0

| |><| 0 | 0 | | | | | Symbol Address After Reset

N L LT CM2 000C16 0X0000102(11)
L1 b 111 | Bit Symbol Bit Name Function RW
CM20 Oscillation stop, re- 0: Oscillation stop, re-oscillation
A oscillation detection bit detection function disabled RW
e (7,9, 10, 11) 1: Oscillation stop, re-oscillation
detection function enabled
CM21 System clock select bit 2 | 0: Main clock or PLL clock
T e (2,3,6,8,11,12) 1: On-chip oscillator clock RW
(On-chip oscillator oscillating)
CM22 Oscillation stop, re- 0: Main clock stop,or re-oscillation
e oscillation detection flag not detected RW
A (4) 1: Main clock stop,or re-oscillation
detected
S XIN monitor flag 0: Main clock oscillating
Cm23 (5) 1: Main clock not oscillating RO
P e (b5-b4) | Reserved bit Setto 0 RW
] —_ Nothing is assigned. When write, set to 0. When read, its _
(b6) content is undefined
CM27 Operation select bit 0: Oscillation stop detection reset
R RRRRREEEEELEEERED (when an oscillation stop, | 1: Oscillation stop, re-oscillation RW

re-oscillation is detected) detection interrupt
(11

NOTES:

1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).

2. When the CM20 bit is 1 (oscillation stop, re-oscillation detection function enabled), the CM27 bit is set to 1
(oscillation stop, re-oscillation detection interrupt), and the CPU clock source is the main clock, the CM21 bit is
automatically set to 1 (on-chip oscillator clock) if the main clock stop is detected.

3. If the CM20 bit is set to 1 and the CM23 bit is set to 1 (main clock not oscillating), do not set the CM21 bit to 0.

4. This flag is set to 1 when the main clock is detected to have stopped or when the main clock is detected
to have restarted oscillating. When this flag changes state from 0 to 1, an oscillation stop, reoscillation restart
detection interrupt is generated. Use this flag in an interrupt routine to discriminate the causes of interrupts
between the oscillation stop, reoscillation detection interrupts and the watchdog timer interrupt. The flag is
cleared to 0 by writing 0 by program. (Writing 1 has no effect. Nor is it cleared to 0 by an oscillation stop or an
oscillation restart detection interrupt request acknowledged.) If when the CM22 bit is set to 1 an oscillation
stoppage or an oscillation restart is detected, no oscillation stop, reoscillation restart detection interrupts are
generated.

5. Read the CM23 bit in an oscillation stop, re-oscillation detection interrupt handling routine to determine the
main clock status.

6. Effective when the CMOQ7 bit in the CMO register is set to 0.

7. When the PM21 bit in the PM2 register is 1 (clock modification disabled), writing to the CM20 bit has no effect.

8. When the CM20 bit is set to 1 (oscillation stop, re-oscillation detection function enabled), the CM27 bit is set 1
(oscillation stop, re-oscillation detection interrupt), and the CM11 bit is 1 (the CPU clock source is PLL clock),
the CM21 bit remains unchanged even when main clock stop is detected. If the CM22 bit is set to 0 under
these conditions, oscillation stop, re-oscillation detection interrupt occur at main clock stop detection; it is,
therefore, necessary to set the CM21 bit to 1 (on-chip oscillator clock) inside the interrupt routine.

9. Set the CM20 bit to 0 (disable) before entering stop mode. After exiting stop mode, set the CM20 bit back to 1
(enable).

10. Set the CM20 bit to 0 (disable) before setting the CMO05 bit in the CMO register.

11. Bits CM20, CM21 and CM27 do not change at oscillation stop detection reset.

12. When the CM21 bit is set to 0 (on-chip oscillator turned off) and the CMO05 bit is set to 1 (main clock turned
off), the CMOG bit is fixed to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capability High).

Figure 7.5 CM2 Register
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Peripheral Clock Select Register ("

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
|0 | 0 | |0 | 0| 0| | | PCLKR 025E16 000000112
Bit Symbol Bit Name Function RW
Timers A, B clock select bit
(Clock source for the timers A, 0 2
oo T PCLKO B, the timer S, the dead timer, 1: f1 RW
E E E E E E E S1/03, SI/04 and multi-master .
T A I°C bus)
SI/O clock select bit 0 5SI0
voor o e PCLK1 (Clock source for UARTO to 1: £1S10 RW
P UART2) '
Pl e {ab2) | Reserved bit Setto 0 RW
beooee e pCLKs | Clock output function Refer to Table 7.3 RW
expansion select bit
e ESLAGLEECEEEEE R (b7-b6) | Reserved bit Setto 0 RW

NOTE:
1. Write to this register after setting the PRCO bit in PRCR register to 1 (write enable).

Processeor Mode Register 2 (1)

b7 b6 b5 b4 b3 b2 b1 bo

operation(2)

Symbol Address After Reset
| 0 | | | | PM2 001E16 XXX000002
Bit Symbol Bit Name Function RW
Specifying wait when _ )
i 1 %] PM20 |accessing SFR during PLL (1); mz:ﬁs RW

0: Clock is protected by PRCR

P PM21 System clock protective bit(®4) |  register RW
1: Clock modification disabled

0: CPU clock is used for the

WDT count source watchdog timer count source

I PM22 rotective bit (3.5) 1: On-chip oscillator clock is used [ RW
H P for the watchdog timer count
source

b (b3) Reserved bit Setto “0” RW

0: P8s function (NMI disable)

1: NMIT function RW

............... PM24 P85/NMI configuration bit(®7)

___________________________ — Nothing is assigned. When write, set to"0”".
(b7-b5) | \when read,its content is indeterminate

NOTES:
1. Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable).
2. The PM20 bit become effective when PLCO7 bit in the PLCO register is set to "1" (PLL on). Change the PM20 bit
when the PLCO7 bit is set to "0" (PLL off). Set the PM20 bit to "0" (2 waits) when PLL clock > 16 MHz.
. Once this bit is set to “1”, it cannot be set to “0” by program.
. Writing to the following bits has no effect when the PM21 bit is set to “1”:
CMO2 bit in the CMO register
CMOS5 bit in the CMO register (main clock is not halted)
CMO7 bit in the CMO register (CPU clock source does not change)
(
(

»w

CM10 bit in the CM1 register (stop mode is not entered)
CM11 bit in the CM1 register (CPU clock source does not change)
CM20 bit in the CM2 register (oscillation stop, re-oscillation detection function settings do not change)
All bits in the PLCO register (PLL frequency synthesizer setting do not change)
When the PM21 bit is set to "1", do not execute the WAIT instruction.
. Setting the PM22 bit to “1” results in the following conditions:
- The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock or
PLL clock) (system clock of count source selected by the CM21 bit is valid)
- The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer count
source.
- The CM10 bit in the CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode
entered)
- The watchdog timer does not stop in wait mode.
. For NMI function, the PM24 bit must be set to “1”(NMI function). Once this bit is set to “1”, it cannot be cleared to
“0” by program.
7. 8D input is valid regardless of the PM24 setting.

[$)]

[}

Figure 7.6 PCLKR Register and PM2 Register
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PLL Control Register 0 (12

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset

| | 0 |0 | 1 |><| | | | PLCO 001C16 0001X0102
A A T Bit N Functi
Porob ot bt 1| Symbol it Name unction RW
A i b2b1b0
A A e PL|L m‘t‘)'_"p'y'"g factor 1 .00 Do not set RW
A select bit 00 1: Multiply by 2
A 0 1 0: Multiply by 4
Piob i b PLCOY 011: RW
o 100:
10 1: } Do not set
T T S A PLCO2 110 RwW
Pl 111
Nothing is assigned. When write, set to 0. o
O (b3) |When read, its content is undefined
Pl e (b4) | Reserved bit Set to 1 RW
. (b6-b5) | Reserved bit Setto 0 RW
e . @ | O:PLLOff RW

PLCO07 |Operation enable bit 1-PLL On

NOTES:
1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enable).
2. When the PM21 bit in the PM2 register is 1 (clock modification disable), writing to this register has no effect.
3. These three bits can only be modified when the PLCO7 bit is set to O (PLL turned off). The value once written to
this bit cannot be modified.
4. Before setting this bit to 1, set the CMO07 bit to 0 (main clock), set bits CM17 to CM16 bits to 002 (main
clock undivided mode), and set the CMO06 bit to 0 (CM16 and CM17 bits enable).

Figure 7.7 PLCO Register
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The following describes the clocks generated by the clock generation circuit.

7.1 Main Clock
The main clock is generated by the main clock oscillation circuit. This clock is used as the clock source for
the CPU and peripheral function clocks. The main clock oscillator circuit is configured by connecting a
resonator between the XIN and XouT pins. The main clock oscillator circuit contains a feedback resistor,
which is disconnected from the oscillator circuit during stop mode in order to reduce the amount of power
consumed in the chip. The main clock oscillator circuit may also be configured by feeding an exter nally
generated clock to the XIN pin. Figure 7.8 shows the examples of main clock connection circuit.
The power consumption in the chip can be reduced by setting the CMO05 bit in the CMO register to 1 (main
clock oscillator circuit turned off) after switching the clock source for the CPU clock to a sub clock or on-chip
oscillator clock. In this case, XoUT goes “H”. Furthermore, because the internal feedback resistor remains
on, XIN is pulled “H” to XouT via the feedback resistor.
During stop mode, all clocks including the main clock are turned off. Refer to “power control”.
If the main clock is not used, it is recommended to connect the XIN pin to VCC to reduce power consump-
tion during reset.

MCU MCU
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CIN

XIN I I l— XN |«@— External Clock

Oscillator[__| vee
Vss
XouTt 4/\/\/\/L{ l—Q

Rd(" Cout

Vss ;
NOTE:

1. Insert a damping resistor if required. Resistance value varies depending on the oscillator setting.
Use resistance value recommended by the oscillator manufacturer. If the oscillator manufacturer
recommends that a feedback resistor be added to the chip externally, insert a feedback resistor
between XIN and XourT.

2. The external clock should not be stopped when it is connected to the XIN pin and the main clock is
selected as the CPU clock.

Xout | Open

Figure 7.8 Examples of Main Clock Connection Circuit
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7.2 Sub Clock

The sub clock is generated by the sub clock oscillation circuit. This clock is used as the clock source for the
CPU clock, as well as the timer A and timer B count sources.

The sub clock oscillator circuit is configured by connecting a crystal resonator between the XCIN and XcouT
pins. The sub clock oscillator circuit contains a feedback resistor, which is disconnected from the oscillator
circuit during stop mode in order to reduce the amount of power consumed in the chip. The sub clock
oscillator circuit may also be configured by feeding an externally generated clock to the XCIN pin. Figure
7.9 shows the examples of sub clock connection circuit.

After reset, the sub clock is turned off. At this time, the feedback resistor is disconnected from the oscillator
circuit.

To use the sub clock for the CPU clock, set the CMOQ7 bit in the CMO register to 1 (sub clock) after the sub
clock becomes oscillating stably.

During stop mode, all clocks including the sub clock are turned off. Refer to “power control”.

MCU MCU
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CcIN

XCIN I I }— XciN |<— External Clock

Oscillator[ ] vee
Vss
XcouT 4/\/\/\,L{ }—0

Red™ Ccout

Vss 1 Xcout | Open
NOTE:

1. Place a damping resistor if required. Resistance values vary depending on the oscillator setting.
Use values recommended by each oscillator manufacturer.
Place a feedback resistor between XcIN and Xcour if the oscillator manufacturer recommends
placing the resistor externally.

Figure 7.9 Examples of Sub Clock Connection Circuit
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7.3 On-chip Oscillator Clock

This clock is supplied by a variable on-chip oscillator. This clock is used as the clock source for the CPU
and peripheral function clocks. In addition, if the PM22 bit in the PM2 register is 1 (on-chip oscillator clock
for the watchdog timer count source), this clock is used as the count source for the watchdog timer (Refer
to 10. Watchdog Timer <« Count source protective mode”).

After reset, the on-chip oscillator clock divided by 16 is used for the CPU clock. It can also be turned on by
setting the CM21 bit in the CM2 register to 1 (on-chip oscillator clock), and is used as the clock source for
the CPU and peripheral function clocks. If the main clock stops oscillating when the CM20 bit in the CM2
register is 1 (oscillation stop, re-oscillation detection function enabled) and the CM27 bit is 1 (oscillation
stop, re-oscillation detection interrupt), the on-chip oscillator automatically starts operating, supplying the
necessary clock for the MCU.

7.4 PLL Clock

The PLL clock is generated from the main clock by a PLL frequency synthesizer. This clock is used as the
clock source for the CPU and peripheral function clocks. After reset, the PLL clock is turned off. The PLL
frequency synthesizer is activated by setting the PLCO7 bit to 1 (PLL operation). When the PLL clock is
used as the clock source for the CPU clock, wait tsu(PLL) for the PLL clock to be stable, and then set the
CM11 bit in the CM1 register to 1.
Before entering wait mode or stop mode, be sure to set the CM11 bit to 0 (CPU clock source is the main
clock). Furthermore, before entering stop mode, be sure to set the PLCO7 bit in the PLCO register to 0 (PLL
stops). Figure 7.10 shows the procedure for using the PLL clock as the clock source for the CPU.
The PLL clock frequency is determined by the equation below.

PLL clock frequency=f(XIN) x (multiplying factor set by bits PLC02 to PLCOO in the PLCO register

(However, 10 MHz < PLL clock frequency < 20 MHz)

Bits PLCO02 to PLCOO0 can be set only once after reset. Table 7.2 shows the example for setting PLL clock
frequencies.

Table 7.2 Example for Setting PLL Clock Frequencies

XIN PLCO2 PLCO1 PLCOO Multiplying factor PLL clock
(MHz) (MHz)™
10 0 0 1 2
5 0 1 0 4 20
NOTE:

1. 10MHz < PLL clock frequency < 20MHz.
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C START )

Set the CMO07 bit to 0 (main clock), bits CM17 and CM16 to
002(main clock undivided), and the CMO6 bit to 0
(bits CM17 and CM16 enabled). (1)

Set bits PLC02 to PLCO0 (multiplying factor).

(To select a 16 MHz or higher PLL clock)
Set the PM20 bit to 0 (2-wait states).

Set the PLCO7 bit to 1 (PLL operation).

Wait until the PLL clock becomes stable (tsu(PLL)).

Set the CM11 bit to 1 (PLL clock for the CPU clock source).

( END )
NOTE:

1. PLL operation mode can be entered from high speed mode.

Figure 7.10 Procedure to Use PLL Clock as CPU Clock Source
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7.5 CPU Clock and Peripheral Function Clock

The CPU clock is used to operate the CPU and peripheral function clocks are used to operate the peripheral
functions.

7.5.1 CPU Clock

This is the operating clock for the CPU and watchdog timer.

The clock source for the CPU clock can be chosen to be the main clock, sub clock, on-chip oscillator clock
or the PLL clock.

If the main clock or on-chip oscillator clock is selected as the clock source for the CPU clock, the selected
clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CMO06 bit in
CMO register and bits CM17 to CM16 in CM1 register to select the divide-by-n value.

When the PLL clock is selected as the clock source for the CPU clock, the CMO06 bit should be set to 0 and
bits CM17 and CM16 to 002 (undivided).

After reset, the on-chip oscillator clock divided by 16 provides the CPU clock.

Note that when entering stop mode from high or middle speed mode, on-chip oscillator mode or on-chip
oscillator low power dissipation mode, or when the CMO05 bit in the CMO register is set to 1 (main clock
turned off) in low-speed mode, the CMO6 bit in the CMO register is set to 1 (divide-by-8 mode).

7.5.2 Peripheral Function Clock(f1, f2, f8, f32, f1si0, f2sio, f8sio, f32s10, fAD, fC32)

These are operating clocks for the peripheral functions.

Of these, fi (i=1, 2, 8, 32) and fisio are derived from the main clock, PLL clock, or on-chip oscillator clock
divided by 1, 2, 8, or 32. The clock fi is used for Timer A, Timer B, SI/O3 and SI/O4 while fiSIO is used for
UARTO to UART2. Additionally, the f1 and f2 are also used for dead time timer, Timer S, and multi-master
12C bus. The fAD is produced from the main clock, PLL clock, or on-chip oscillator clock, and is used for the
A/D converter.

When the WAIT instruction is executed after setting the CMO02 bit in the CMO register to 1 (peripheral
function clock turned off during wait mode), or when the MCU is in low power dissipation mode, the fi, fisio,
and fAD are turned off.

The fc32 clock is produced from the sub clock, and is used for timers A and B. This clock can only be used
when the sub clock is on.

7.5.3 ClockOutput Function
The f1, f8, f32 or fC clock can be output from the CLKoUT pin. Use the PCLKS5 bit in the PCLKR register
and bits CM01 to CMO0O0 in the CMO register to select. Table 7.3 shows the function of the CLKOUT pin.

Table 7.3 The function of the CLKOUT pin

PCLK5 CM01 CMO00 The function of the CLKouT pin

0 0 0 I/O port P90

0 0 1 fc

0 1 0 f8

0 1 1 f32

1 0 0 fi

1 0 1 Do not set

1 1 0 Do not set

1 1 1 Do not set
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7.6 Power Control
There are three power control modes. In this chapter, all modes other than wait and stop modes are
referred to as normal operation mode.

7.6.1 Normal Operation Mode

Normal operation mode is further classified into seven modes.
In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the
CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU clock
frequency. The higher the CPU clock frequency, the greater the processing capability. The lower the
CPU clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator circuits
are turned off, the power consumption is further reduced.
Before the clock sources for the CPU clock can be switched over, the new clock source must be in stable
oscillation. If the new clock source is the main clock, sub clock or PLL clock, allow a sufficient wait time
in a program until it becomes oscillating stably.
Note that operation modes cannot be changed directly from low power dissipation mode to on-chip oscil-
lator mode or on-chip oscillator dissipation mode. Nor can operation modes be changed directly from on-
chip oscillator mode or on-chip oscillator dissipation mode to low power dissipation mode.
When the CPU clock source is changed from the on-chip oscillator to the main clock, change the opera-
tion mode to the medium speed mode (divided by 8 mode) after the clock was divided by 8 (the CM06 bit
in the CMO register was set to 1) in the on-chip oscillator mode.
7.6.1.1 High-speed Mode
The main clock divided by 1 provides the CPU clock. If the sub clock is on, fc32 can be used as the
count source for timers A and B.
7.6.1.2 PLL Operation Mode
The main clock multiplied by 2 or 4 provides the PLL clock, and this PLL clock serves as the CPU
clock. If the sub clock is on, fc32 can be used as the count source for timers A and B. PLL operation
mode can be entered from high speed mode. If PLL operation mode is to be changed to wait or stop
mode, first go to high speed mode before changing.
7.6.1.3 Medium-speed Mode
The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the sub clock is on, fc32 can be used
as the count source for timers A and B.
7.6.1.4 Low-speed Mode
The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral
function clock when the CM21 bit is set to 0 (on-chip oscillator turned off), and the on-chip oscillator
clock is used when the CM21 bit is set to 1 (on-chip oscillator oscillating).
The fc32 clock can be used as the count source for timers A and B.
7.6.1.5 Low Power Dissipation Mode
In this mode, the main clock is turned off after being placed in low speed mode. The sub clock
provides the CPU clock. The fc32 clock can be used as the count source for timers A and B. Periph-
eral function clock can use only fc32.
Simultaneously when this mode is selected, the CMO06 bit in the CMO register becomes 1 (divided by
8 mode). In the low power dissipation mode, do not change the CMO06 bit. Consequently, the medium
speed (divided by 8) mode is to be selected when the main clock is operated next.
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7.6.1.6 On-chip Oscillator Mode
The selected on-chip oscillator clock divided by 1 (undivided), 2, 4, 8 or 16 provides the CPU clock.
The on-chip oscillator clock is also the clock source for the peripheral function clocks. If the sub clock
is on, fc32 can be used as the count source for timers A and B. The on-chip oscillator frequency can be
selected by bits ROCR3 to ROCRO in the ROCR register. When the operation mode is returned to the
high and medium speed modes, set the CM06 bit to 1 (divided by 8 mode).

7.6.1.7 On-chip Oscillator Low Power Dissipation Mode
The main clock is turned off after being placed in on-chip oscillator mode. The CPU clock can be se-
lected as in the on-chip oscillator mode. The on-chip oscillator clock is the clock source for the periph-
eral function clocks. If the sub clock is on, fc32 can be used as the count source for timers A and B.

Table 7.4 Setting Clock Related Bit and Modes

CM2 Register CM1 Register CMO Register
Modes CM21 CM11 | CM17,CM16 | CM07 | CM06 | CM05 | CM04
PLL operation mode 0 1 002 0 0 0 —
High-speed mode 0 0 002 0 0 0 —
Medium- | divided by 2 0 0 012 0 0 0 —
speed divided by 4 0 0 102 0 0 0 —
mode divided by 8 0 0 — 0 1 0 —
divided by 16 0 0 112 0 0 0 —
Low-speed mode — — — 1 — 0 1
Low power dissipation mode _ — — 1 1(1) 1(1) 1
divided by 1 1 — 002 0 0 0 —
On-chip [ divided by 2 1 — 012 0 0 0 —
;Sgg:g)’r divided by 4 1 — 102 0 0 0 —
divided by 8 1 — —_ 0 1 0 —
divided by 16 1 — 112 0 0 0 —
On-chip oscillator low power 1 — 2 0 (2) 1 S
dissipation mode

NOTES:
1. When the CMO05 bit is set to 1 (main clock turned off) in low-speed mode, the mode goes to low power
dissipation mode and CMO0B6 bit is set to 1(divided by 8 mode) simultaneously.
2. The divide-by-n value can be selected the same way as in on-chip oscillator mode.
3. On-chip oscillator frequency can be any of those described in the section 7.6.1.6 On-chip Oscillator Mode.

7.6.2 Wait Mode
In wait mode, the CPU clock is turned off, so are the CPU (because operated by the CPU clock) and the
watchdog timer. However, if the PM22 bit in the PM2 register is 1 (on-chip oscillator clock for the watch-
dog timer count source), the watchdog timer remains active. Because the main clock, sub clock, on-chip
oscillator clock and PLL clock all are on, the peripheral functions using these clocks keep operating.

7.6.2.1 Peripheral Function Clock Stop Function
When the CMO02 bit is 1 (peripheral function clocks turned off during wait mode), f1, f2, f8, f32, f1sI0,
f2sl10, f8sl10, f32s10, and fAD stop running in wait mode to reduce power consumption. However, fC32
remains active.

7.6.2.2 Entering Wait Mode
The MCU enters wait mode by executing the WAIT instruction.
When the CM11 bit is set to 1 (CPU clock source is the PLL clock), be sure to clear the CM11 bitto 0
(CPU clock source is the main clock) before going to wait mode. The power consumption of the chip
can be reduced by clearing the PLCO7 bit to O (PLL stops).
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7.6.2.3 Pin Status During Wait Mode
Table 7.5 lists pin status during wait mode.

Table 7.5 Pin Status in Wait Mode

selected

When f1, 18, f32

Pin Status
I/O ports Maintains status immediately before entering wait mode
When fC selected | Outputs clock
CLKout Outputs the clock when the CMO02 bit in the CMO register is set

to O (peripheral clock does not stop in wait mode

Maintains state immediately before entering stop mode when the CM02
bit is set to 1 (peripheral clock stops in wait mode)

7.6.2.4 Exiting Wait Mode
The MCU exits from wait mode by a hardware reset, NMI interrupt, or peripheral function interrupt.
If wait mode is exited by a hardware reset or NMI interrupt, set the peripheral function interrupt priority
bits ILVL2 to ILVLO to 0002 (interrupts disabled) before executing the WAIT instruction.
The CMO02 bit affects the peripheral function interrupts. If the CMO02 bit is O (peripheral function clocks
not turned off during wait mode), all peripheral function interrupts can be used to exit wait mode. If the
CMO2 bit is 1 (peripheral function clock stops during wait mode), the peripheral functions using the
peripheral function clock stops operating, so that only the peripheral functions clocked by external sig-
nals can be used to exit wait mode.
Table 7.6 lists the interrupts to exit wait mode.

Table 7.6 Interrupts to Exit Wait Mode

Interrupt

CM02 =0

CM02 =1

NMI interrupt

Available

Available

Serial 1/O interrupt

Available when internal and external
clocks are used

Available when external clock is used

mode

Multi-master 12C interrupt Available Do not used
Key input interrupt Available Available
A/D conversion interrupt Available in one-shot or single sweep Do not use

Timer A interrupt
Timer B interrupt

Available in all modes

Available in event counter mode or when
count source is f{C32

Timer S interrupt

Available in all modes

Do not use

INT interrupt

Available

Available

To use peripheral function interrupts to exit wait mode, set the followings before executing the WAIT

instruction.

1. Set the interrupt priority level to the bits ILVL2 to ILVLO in the interrupt control register of the periph-
eral function interrupts that are used to exit wait mode. Also, set bits ILVL2 to ILVLO of all peripheral
function interrupts that are not used to exit wait mode to 0002 (interrupt disabled).

2. Setthe | flag to 1.

3. Operate the peripheral functions that are used to exit wait mode.
When the peripheral function interrupts are used to exit wait mode, an interrupt routine is executed
after an interrupt request is generated and the CPU is clocked.

The CPU clock used when exiting wait mode by a peripheral function interrupt is the same CPU clock
that is used when executing the WAIT instruction.
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7.6.3 Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function clocks.
Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least amount of
power is consumed in this mode. If the voltage applied to Vcc pin is VRAM or more, the internal RAM is
retained. When applying 2.7 or less voltage to Vcc pin, make sure Vcc=VRAM.
However, the peripheral functions clocked by external signals keep operating. The following interrupts can
be used to exit stop mode.

« NMI interrupt

* Key interrupt

« INT interrupt

» Timer A, Timer B interrupt (when counting external pulses in event counter mode)

+ Serial 1/0 interrupt (when external clock is selected)

7.6.3.1 Entering Stop Mode
The MCU is placed into stop mode by setting the CM10 bit in the CM1 register to 1 (all clocks turned off).
At the same time, the CMOG bit in the CMO register is set to 1 (divide-by-8 mode) and the CM15 bit in the
CM10 register is set to 1 (main clock oscillator circuit drive capability high).
Before entering stop mode, set the CM20 bit to 0 (oscillation stop, re-oscillation detection function dis-
able).
Also, if the CM11 bitis 1 (PLL clock for the CPU clock source), set the CM11 bit to 0 (main clock for the
CPU clock source) and the PLCO7 bit to 0 (PLL turned off) before entering stop mode.

7.6.3.2 Pin Status during Stop Mode
The 1/O pins retain their status held just prior to entering stop mode.

7.6.3.3 Exiting Stop Mode
The MCU is moved out of stop mode by a hardware reset, NMI interrupt or peripheral function interrupt.
If the MCU is to be moved out of stop mode by a hardware reset or NMI interrupt, set the peripheral
function interrupt priority bits ILVL2 to ILVLO to 0002 (interrupts disable) before setting the CM10 bit to 1.
If the MCU is to be moved out of stop mode by a peripheral function interrupt, set up the following before
setting the CM10 bit to 1.
1. In bits ILVL2 to ILVLO of the interrupt control register, set the interrupt priority level of the peripheral
function interrupt to be used to exit stop mode.
Also, for all of the peripheral function interrupts not used to exit stop mode, set bits ILVL2 to ILVLO to
0002.
2. Set the | flag to 1.
3. Enable the peripheral function whose interrupt is to be used to exit stop mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt service routine is executed.

Which CPU clock will be used after exiting stop mode by a peripheral function or NMI interrupt is deter-
mined by the CPU clock that was on when the MCU was placed into stop mode as follows:

If the CPU clock before entering stop mode was derived from the sub clock: sub clock

If the CPU clock before entering stop mode was derived from the main clock: main clock divide-by-8

If the CPU clock before entering stop mode was derived from the on-chip oscillator clock: on-chip oscil-
lator clock divide-by-8
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Figure 7.11 shows the state transition from normal operation mode to stop mode and wait mode. Figure
7.12 shows the state transition in normal operation mode.

Table 7.7 shows a state transition matrix describing allowed transition and setting. The vertical line
shows current state and horizontal line shows state after transition.

Normal ration m .
All oscillators stopped / ormal operation mode \WAIT CPU operation stopped

_LCM10=1(6) Viedi Tmod instruction
edium-speed mode .
—>»| Stopmode >/\ (divided-by-6 mode) [« Z| Wait mode )
Interrupt / Y ’'y Interrupt
3 Interrupt
CM07=0 / ! AT

gmggzs ] A instruction
CM11=0 Stop mode /¢ &H'Q“'Speed' medium- Y g »|  Wait mode
EM10=1 CM10=16) speed mode Interrupt

(5) A A

(1,2

v

PLL operation
mode
WAIT
CM10=1(6) v v instruction
d b
Stop mode |- » Low-speed mode < = Wait mode )
—»\ /; Interrupt

Interrupt 2
@
WAIT
_CMm10=1 ©) instruction
Stop mode | o( Low power dissipation mode P ~|  Wait mode )
Interrupt 4 Interrupt
CcM21=0 CM21=1
WAIT
CM10=16®) instruction
Stop mode - On-chip oscillator low power » :
P t( dissipation mode )« Wait mode
Interrupt(®) 2 Interrupt
v
v
On-chip oscillator mode
(selectable frequency) WAIT

CM10=1(6) instruction

— —_—Pp .
Stopmode T, «— " Wait mode

Interrupt(®) Interrupt

On-chip oscillator
mode (f,(ROC)/16)

= T /

|
CMO05, CM06, CMO7: Bits in the CMO register
CM10, CM11: Bits in the CM1 register Reset

—: Arrow shows mode can be changed. Do not change mode to another mode when no arrow is shown.

NOTES:

Do not go directly from PLL operation mode to wait or stop mode.

PLL operation mode can be entered from high speed mode. Similarly, PLL operation mode can be changed back to high speed mode.
When the PM21 bit is set to 0 (system clock protective function unused).

The on-chip oscillator clock divided by 8 provides the CPU clock.

Write to the CMO register and CM1 register simultaneously by accessing in word units while CM21 bit is set to 0 (on-chip oscillator
turned off). When the clock generated externally is input to the XCIN pin, transit to stop mode with this process.

Before entering stop mode, be sure to clear the CM20 bit in the CM2 register to 0 (oscillation stop and oscillation restart detection
function disabled).

. The CMO6 bit is set to 1 (divide-by-8).

arwnN =

o

~

Figure 7.11 State Transition to Stop Mode and Wait Mode
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Main clock oscillation

On-chip oscillator clock
oscillation
PLL operation mode PLCO7=1 | Middle-speed mode Middle-speed mode  Middle-speed mode Middle-speed mode On-chip oscillator mode S”'cml‘{oscl"a:’f low power
CM11=_1 High-speed mode (divide by 2) (divide by 4) (divide by 8) (divide by 16) lissipation mode

[ !

CPU CE’:A';;(_';'-'-’ (5) CPU clock: f(xm) \ | (CPU dlock: f(xm)2 CPU clodk (X4 ) (" CPU clock: fpany8 SPU clock: X6 C?A;‘s—;o C'?(L;g‘g‘;k CM05=0 C:‘;ggk
CMoB=0 “ [ cMo7=0 cMo7=0 CoMo7=0 fROC)2 fROC)2
Py | CM06=0 CM06=0 f(ROC)/4 f(ROC)4

= ] 9 - > f(ROC)/8 (ROC)/8
PLCO7=0 CM17=1 CM17=1 M05=T
= = = f(ROC)/16 f(ROC)/16
CM16=0 ) cmti=o ] CM16=0 CM0B=1 CM16=1 cM21=1 (ROC)/ 1 (ROC)/
(5) ]
CMo4=1 CM04=0 CM04=1 CM04=0 CMo4=1 CM04=0 CMo4=1 CM04=0
On-chip oscillator
:\I;;:Derahoﬂ ] Middle-speed mode Middle-speed mode  Middle-speed mode Middle-speed mode 22':: Ip oecilator ¥ E’l:'s,pms; mode
PLCO7=1 High-speed mode ] (divide by 2) (divide by 4) (divide by 8) (divide by 16) P
CPU clock: f(PLL) CM11=1 1 CM21=0 CPU clock CPU clock
CMO7=0 (5) CPU clock: f(XiN) H CPU clock: f(Xn)2 CPU clock: f(Xn)/4 CPU clock: (X8 CPU clock: f(X)116 (2,6) (ROC) CMo5=0 f(ROC)
B CMo; CM07=0 CMo7=0 _ CMo7=0 f(ROC)12 f(ROC)/2
gm’s'g ] CM06=0 CMo7=0 CM06=0 (ROC)/4 (ROC)/4
= PLCO7=0 » ] - _ _ > f(ROC)/8 (ROC)/8
CM16=0 CM11=0 Ccm17=0 ] CM17=0 em17=1 CM06=1 em17=1 cM21=1 f(ROC)/16 f(ROC)/16
®) CM16=0 . CM16=1 CM16=0 CM16=1
CM05=1
1)
CcMo7=1 CMo7=0 CMo7=1 CMo7=0
) 2.4) (3) )
Low-speed
v Low-speed mode CM21=0 mode
CPU clock: f(XciN) } ™ CPU clock: f(Xc)
CMo7=0 A — Ccmo7
cM21=1
CMO5=1 CM05=0
.7
¥ Low power dissipation mode
CPU clock: f(XCIN)
CMo7=0
CM06=1
CM15=1

Sub clock oscillation

—: Arrow shows mode can be changed. Do not change mode to another mode when no arrow is shown.

NOTES:
1. Avoid making a transition when the CM20 bit is set to 1 (oscillation stop, re-oscillation detection function enabled).
Set the CM20 bit to 0 illation stop, re-oscillati ion function disabled) before transiting.
2. Wait for the main clock oscillation stabilization time before switching over. Set the CM15 bit in the CM1 register to 1 (drive capacity High) until main clock oscillation is stabilized.
3. Switch clock after oscillation of sub-clock is sufficiently stable.
4. Change bits CM17 and CM16 before changing the CMO06 bit.
5. The PM20 bit in the PM2 register becomes effective when the PLCO7 bit in the PLCO register is set to 1 (PLL on). Change the PM20 bit when the PLCO7 bit is set to 0 (PLL off).

Set the PM20 bit to 0 (2 waits) when PLL clock > 16MHz.

Set the CMO06 bit to 1 (division by 8 mode) before changing back the operation mode from on-chip oscillator mode to high- or middle-speed mode.

. When the CM21 bit is set to 0 (on-chip oscillator turned off) and the CMO05 bit is set to 1 (main clock turned off), the CMO06 bit is fixed to 1 (divide-by-8 mode) and the
CM15 bit is fixed to 1 (drive capability High).

No

Figure 7.12 State Transition in Normal Mode

Rev. 110 Mar. 30, 2007  Ppage 52 of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./V-ver.) 7. Clock Generation Circuits

Table 7.7 Allowed Transition and Setting

State after transition
. y i . On-chip oscillator
st o, | owspessmose? Lo | PLgerion | Onanooretar | gwooner "7 | spmese | watmoce
ke poed v 8 o7 - (13 (15) - (16! (17)
- 2
Low-speed mode" (8) (11)1’ 6 _ (8) . (16)1 (17)
Low power dissipation 1
L) mode - (10) - = - (16) (17)
©
+ - 2
42 PLL operation mode (1 2)3 . - . — - -
2 —
8 On-chip oscillator mode (14)4 (9)7 . - 8 (11)1 (16)1 (17)
On-chip oscillator
low power dissipation - - - - (1 0) 8 (1 6)1 (1 7)
mode
Stop mode (18) (18) (18) - (18) (18) -
Wettmode (18) (18) (18) - (18) (18) -
NOTES:

--: Cannot transit
1. Avoid making a transition when the CM20 bit is set to 1 (oscillation stop, re-oscillation detection function enabled).

Set the CM20 bit to 0 (oscillation stop, re-oscillation detection function disabled) before transiting.

2. On-chip oscillator clock oscillates and stops in low-speed mode. In this mode, the on-chip oscillator can be used as peripheral function clock.
Sub clock oscillates and stops in PLL operation mode. In this mode, sub clock can be used as a clock for the timers A and B.

3. PLL operation mode can only be entered from and changed to high-speed mode.

4. Set the CMO06 bit to 1 (division by 8 mode) before transiting from on-chip oscillator mode to high- or middle-speed mode.

5. When exiting stop mode, the CMO6 bit is set to 1 (division by 8 mode).

6. If the CMO05 bit is set to 1 (main clock stop), then the CMO06 bit is set to 1 (division by 8 mode).

7. Atransition can be made only when sub clock is oscillating.

8. State transitions within the same mode (divide-by-n values changed or subclock oscillation turned on or off) are shown in the table below.

Sub clock oscillating Sub clock turned off
No Divided | Divided | Divided | Divided | No Divided | Divided | Divided |Divided
division | by 2 by 4 by 8 by 16 division | by 2 by 4 by 8 by 16
No division (4) (5) (7) (6) (1) - - - —
. oPvidedby2 | (3) ® o e [ - o |- - |-
2 G|Dividedby4 | (3) (4) 7) 6) - - (1) - -
3 Bloivided by 8 | (3) (4) (5) (6) - - - o | -
Divided by 16|  (3) (4) (5) (7) - - - - (1)
No division 2) - - -- - 4) (5) ) (6)
sgpvsedby2 |~ @ | - | - | - | @ ® | ™[ ®
o
H E Divided by 4 - - (2) - - (3) (4) (7) (6)
3 3|Divided by 8 | - - - () - (3) @ | ) (6)
Divided by 16| - - - - () () @ | (5 @)
9. () : setting method. Refer to following table. -t Cannot transit
Setting Operation
CM04, CM05, CM06, CM07 : Bits in the CMO register
(1) CM04 =0 Sub clock turned off CM10, CM11, CM16, CM17 : Bits in the CM1 register
. CM20, CM21 : Bits in the CM2 register
(2) CM04 = 1 Sub clock oscillating PLCO7 : Bit in the PLCO register
3) CM1$2A86, (::lsl’16 = o| CPU clock no division mode
4) CM1(7:'\£%6 =C%/’I16 -1 CPU clock division by 2 mode
B cmrg O o1 = o | CPU clock division by 4 mode
CMO06 =0, .
(6) CM17 =1, CM16 =1 CPU clock division by 16 mode
(7) CMO06 =1 CPU clock division by 8 mode
- Main clock, PLL clock,
(8) CMO7 =0 or on-chip oscillator clock selected
9) CMO07 =1 Sub clock selected
(10)| CM05=0 Main clock oscillating
(11) CMO5 =1 Main clock turned off
(12) FéLMC,IOZJOO’ Main clock selected
(13) F(’:LMCﬂ7: 11' PLL clock selected
(14) CM21=0 Main clock or PLL clock selected
(15)| CM21 =1 On-chip oscillator clock selected
(16)) CM10 =1 Transition to stop mode
(17) wait instruction Transition to wait mode
(18)| Hardware interrupt | Exit stop mode or wait mode
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7.7 System Clock Protective Function
When the main clock is selected for the CPU clock source, this function protects the clock from modifica-
tions in order to prevent the CPU clock from becoming halted by run-away.
If the PM21 bit in the PM2 register is set to 1 (clock modification disabled), the following bits are protected
against writes:
* Bits CM02, CM05, and CMO07 in CMO register
* Bits CM10 and CM11 in CM1 register
* CM20 bit in CM2 register
* All bits in the PLCO register

Before the system clock protective function can be used, the following register settings must be made while
the CMO05 bit in the CMO register is 0 (main clock oscillating) and CMO07 bit is 0 (main clock selected for the
CPU clock source):

(1) Set the PRC1 bit in the PRCR register to 1 (enable writes to PM2 register).

(2) Set the PM21 bit in the PM2 register to 1 (disable clock modification).

(3) Set the PRC1 bit in the PRCR register to 0 (disable writes to PM2 register).

Do not execute the WAIT instruction when the PM21 bit is 1.

7.8 Oscillation Stop and Re-oscillation Detect Function
The oscillation stop and re-oscillation detect function detects the re-oscillation after stop of main clock
oscillation circuit. When the oscillation stop and re-oscillation detection occurs, the oscillation stop detect
function is reset or oscillation stop and re-oscillation detection interrupt is generated, depending on the
CM27 bit set in the CM2 register. The oscillation stop detect function is enabled or disabled by the CM20 bit
in the CM2 register. Table 7.8 lists a specification overview of the oscillation stop and re-oscillation detect
function.

Table 7.8 Specification Overview of Oscillation Stop and Re-oscillation Detect Function
Item Specification

Oscillation stop detectable clock and | f(Xin) = 2 MHz
frequency bandwidth
Enabling condition for oscillation stop, | Set CM20 bit to 1(enable)
re-oscillation detection function

Operation at oscillation stop, *Reset occurs (when CM27 bit =0)
re-oscillation detection +Oscillation stop, re-oscillation detection interrupt occurs(when CM27 bit =1)
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7.8.1 Operation When CM27 bit = 0 (Oscillation Stop Detection Reset)
When main clock stop is detected when the CM20 bit is 1 (oscillation stop, re-oscillation detection func-
tion enabled), the MCU is initialized, coming to a halt (oscillation stop reset; refer to “SFR”, “Reset”).
This status is reset with hardware reset 1. Also, even when re-oscillation is detected, the MCU can be

initialized and stopped; it is, however, necessary to avoid such usage. (During main clock stop, do not set
the CM20 bit to 1 and the CM27 bit to 0.)

7.8.2 Operation When CM27 bit = 1 (Oscillation Stop and Re-oscillation Detect Interrupt)

When the main clock corresponds to the CPU clock source and the CM20 bit is 1 (oscillation stop and re-
oscillation detect function enabled), the system is placed in the following state if the main clock comes to
a halt:
* Oscillation stop and re-oscillation detect interrupt request occurs.
» The on-chip oscillator starts oscillation, and the on-chip oscillator clock becomes the CPU clock and
clock
source for peripheral functions in place of the main clock.
» CM21 bit = 1 (on-chip oscillator clock for CPU clock source)
* CM22 bit = 1 (main clock stop detected)
* CM23 bit =1 (main clock stopped)

When the PLL clock corresponds to the CPU clock source and the CM20 bit is 1, the system is placed in
the following state if the main clock comes to a halt: Since the CM21 bit remains unchanged, set it to 1
(on-chip oscillator clock) inside the interrupt routine.

* Oscillation stop and re-oscillation detect interrupt request occurs.

» CM22 bit = 1 (main clock stop detected)

* CM23 bit =1 (main clock stopped)

» CM21 bit remains unchanged

When the CM20 bit is 1, the system is placed in the following state if the main clock re-oscillates from the
stop condition:

* Oscillation stop and re-oscillation detect interrupt request occurs.

* CM22 bit = 1 (main clock re-oscillation detected)

* CM23 bit =0 (main clock oscillation)

* CM21 bit remains unchanged
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7.8.3 How to Use Oscillation Stop and Re-oscillation Detect Function
* The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter-
rupt. If the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read
the CM22 bit in an interrupt routine to determine which interrupt source is requesting the interrupt.
* Where the main clock re-oscillated after oscillation stop, return the main clock to the CPU clock and
peripheral function clock source by program. Figure 7.13 shows the procedure for switching the clock

source from the on-chip oscillator to the main clock.

 Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be-
comes 1. When the CM22 bit is set at 1, oscillation stop, re-oscillation detection interrupt are disabled.
By setting the CM22 bit to 0 by program, oscillation stop, re-oscillation detection interrupt are enabled.

« If the main clock stops during low speed mode where the CM20 bit is 1, an oscillation stop, re-oscillation
detection interrupt request is generated. At the same time, the on-chip oscillator starts oscillating. In
this case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred,
the peripheral function clocks now are derived from the on-chip oscillator clock.

* To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CM02 bit to

0 (peripheral function clocks not turned off during wait mode).

« Since the oscillation stop, re-oscillation detection function is provided in preparation for main clock stop
due to external factors, set the CM20 bit to 0 (Oscillation stop, re-oscillation detection function disabled)
where the main clock is stopped or oscillated by program, that is where the stop mode is selected or the

CMO5 bit is altered.

* This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit

to 0.

( Switch to the main clock )

Determine several times whether
the CM23 bit is set to 0
(main clock oscillates)

Set the CMO6 bit to 1
(divide-by-8 mode)

Set the CM22 bit to 0
("oscillatin stop, re-oscillation" not detected)

Set the CM21 bit to 0
(main clock or PLL clock)

N
L

NOTE:

mode after set to high-speed mode.

CMO6: Bit in the CMO register
C End ) CM23 to CM21: Bits in the CM2 register

1. If the clock source for CPU clock is to be changed to PLL clock, set to PLL operation

Figure 7.13 Procedure to Switch Clock Source From On-chip Oscillator to Main Clock
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In the event that a program runs out of control, this function protects the important registers so that they will
not be rewritten easily. Figure 8.1 shows the PRCR register. The following lists the registers protected by
the PRCR register.

* Registers protected by the PRCO bit: CM0, CM1, CM2, LPCC1, PLCO, ROCR, and PCLKR

* Registers protected by the PRC1 bit: PM0O, PM1, PM2, TB2SC, INVCO0, and INVCA1

* Registers protected by the PRC2 bit: PD9 , PACR, S4C, and NDDR

The PRC2 bit is set to 0 (write enabled) when data is written to the SFR area after setting the PRC2 bit to 1
(write enable). Set registers PD9, PACR, S4C and NDDR immediately after setting the PRC2 bit in the
PRCR register to 1 (write enable). Do not generate an interrupt or a DMA transfer between the instruction
to set the PRC2 bit to 1 and the next instruction. Bits PRC3, PRC1, and PRCO are not set to 0 even if data
is written to the SFR area. Set bits PRC3, PRC1, and PRCO to 0 by program.

Protect Register
b7 b6 b5 b4 b3 b2 b1 bO

|><|><| 0 | 0 |0 | | | | Symbol Address After Reset
L L PRCR 000A16 XX0000002
Pl : | Bit Symbol Bit Name Function RW
E i E . Enable write to registers CMO, CM1,
; ;1 "] PRCO Protect bit 0 CM2, LPCC1, ROCR, PLCO, and
: ' PCLKR RW
: 0 : Write protected
: 1 : Write enabled
Enable write to PMO, PM1, PM2,
. PRC1 Protect bit 1 TB2SC, INVCO and INVC1
: registers RW
; 0 : Write protected
: 1 : Write enabled
Enable write to PD9, PACR, S4C,
N T S PRC2 Protect bit 2 and NDDR registers RW
: 0 : Write protected
; 1 : Write enabled(")
Pl e (b5-03) Reserved bit Setto 0 RW
L _______________________ Nothing is assigned. If necessary, set to 0. _

(b7-b6) When read, the content is undefined
NOTE:
1. The PRC2 bit is set to 0 when writing into the SFR area after the PRC2 bit is set to 1. Bits PRCO
and PRC1 are not automatically set to 0. Set them to 0 by program.

8. Protection

Figure 8.1 PRCR Register
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9. Interrupts

Note
| The S1/04 interrupt of peripheral function interrupts is not available in the 64-pin package. I

9.1 Type of Interrupts
Figure 9.1 shows types of interrupts.

L] Undefined instruction (UND instruction)
Software [ overflow (INTO instruction)
[] (Non-maskable interrupt) BRK instruction
B [] INT instruction
[ [ —
Interrupt [] ] NMI
] [] DBC @
E [] Special E tchdog timer
0 ] (Non-maskable interrupty ] Oscillation stop and re-oscillation detection
B L] [] Single step @
Hardware N [] Address match
E 0
O_ -
[] Peripheral function ™
(Maskable interrupt)
NOTES:
1. Peripheral function interrupts are generated by the MCU's internal functions.
2. Do not normally use this interrupt because it is provided exclusively for use by development
tools.

Figure 9.1 Interrupts

» Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or
whose interrupt priority can be changed by priority level.
* Non-maskable Interrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.
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9.1.1 Software Interrupts

A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable
interrupts.

9.1.1.1 Undefined Instruction Interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

9.1.1.2 Overflow Interrupt
An overflow interrupt occurs when executing the INTO instruction with the O flag set to 1 (the opera-
tion resulted in an overflow). The following are instructions whose O flag changes by arithmetic: ABS,
ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

9.1.1.3 BRK Interrupt
A BRK interrupt occurs when executing the BRK instruction.

9.1.1.4 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63
can be specified for the INT instruction. Because software interrupt Nos. 1 to 31 are assigned to
peripheral function interrupts, the same interrupt routine as for peripheral function interrupts can be
executed by executing the INT instruction.

In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is
cleared to 0 (ISP selected) before executing an interrupt sequence. The U flag is restored from the
stack when returning from the interrupt routine. In software interrupt Nos. 32 to 63, the U flag does not
change state during instruction execution, and the SP then selected is used.
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9.1.2 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts.

9.1.2.1 Special Interrupts
Special interrupts are non-maskable interrupts.

9.1.2.1.1 NMI Interrupt
An NMl interrupt is generated when input on the NMI pin changes state from high to low. For details
about the NMI interrupt, refer to the section "NMI interrupt".

9.1.2.1.2 DBC Interrupt
This interrupt is exclusively for debugger, do not use in any other circumstances.

9.1.2.1.3 Watchdog Timer Interrupt
Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize
the watchdog timer. For details about the watchdog timer, refer to the section "watchdog timer".

9.1.2.1.4 Oscillation Stop and Re-oscillation Detection Interrupt
Generated by the oscillation stop and re-oscillation detection function. For details about the oscilla-
tion stop and re-oscillation detection function, refer to the section "clock generating circuit".

9.1.2.1.5 Single-step Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development tools.

9.1.2.1.6 Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADO or RMAD1 register, if the corresponding enable bit (AIERO or AIER1 bit in
the AIER register) is set to 1. For details about the address match interrupt, refer to the section
“address match interrupt”.

9.1.2.2 Peripheral Function Interrupts
Peripheral function interrupts are maskable interrupts and generated by the MCU's internal functions.
The interrupt sources for peripheral function interrupts are listed in Table 9.2 Relocatable Vector
Tables. For details about the peripheral functions, refer to the description of each peripheral function
in this manual.
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9.2 Interrupts and Interrupt Vector
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the
corresponding interrupt vector. Figure 9.2 shows the interrupt vector.

MSB LSB
Vector address (L) Low address
Mid address
0000 High address
Vector address (H) 0000 0000

Figure 9.2 Interrupt Vector

9.2.1 Fixed Vector Tables
The fixed vector tables are allocated to the addresses from FFFDC16 to FFFFF16. Table 9.1 lists the
fixed vector tables. In the flash memory version of MCU, the vector addresses (H) of fixed vectors are
used by the ID code check function. For details, refer to the section "flash memory rewrite disabling
function"”.

Table 9.1 Fixed Vector Tables

Interrupt source Vector table addresses Remarks Reference
Address (L) to address (H)

Undefined instruction FFFDC16 to FFFDF16 Interrupt on UND instruction M16C/60, M16C/20

Overflow FFFEO16 to FFFE316 Interrupt on INTO instruction serise software

BRK instruction FFFE416 to FFFE716 If the contents of address FFFE716 | maual

is FF16, program execution starts
from the address shown by the vec-
tor in the relocatable vector table

Address match FFFE816 to FFFEB16 Address match interrupt
Single step (1) FFFEC16 to FFFEF16
Watchdog timer FFFFO16 to FFFF316 Watchdog timer,
Oscillation stop and clock generation circuits
re-oscillation detection
DBC(1) FFFF416 to FFFF716
NMI FFFF816 to FFFFB16 NMI interrupt
Reset(2) FFFFC16 to FFFFF16 Reset

NOTE:

1. Do not normally use this interrupt because it is provided exclusively for use by development tools.
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9.2.2 Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a reloacatable vector
table area. Table 9.2 lists the relocatable vector tables. Setting an even address in the INTB register
results in the interrupt sequence being executed faster than in the case of odd addresses.

Table 9.2 Relocatable Vector Tables

Interrupt source

Vector address (1)

Software interrupt

Reference

Address (L) to address (H) number

BRK instruction (5) +0 to +3 (000016 to 000316) 0 M16C/60, M16C/20
— (Reserved) 1103 ;e:r:eja?oftware
iNT3 +16 to +19 (0010 16 to 001316) 4 INT interrupt
IC/OC interrupt 0 +20 to +23 (0014 16 to 0017 16) 5 Timer S
ICIOC interrupt 1, 12C bus interface | _*+24t0 +27 (001816 to 001B16) 6 Emﬁf I\/?aster 26 bus
IC/OC base timer, ScL/Spa +28 to +31 (001C16 to 001F16) 7 interface

SI/04, INTE @ +32 to +35 (0020 16 to 0023 16) 8 INT interrupt
SI/03,INT4 (2 +36 to +39 (0024 16 to 0027 16) 9 Serial I/0

UART 2 bus collision detection (6) +40 to +43 (0028 16 to 002B 16) 10 Serial I/0

DMAO +44 to +47 (002C 16 to 002F 16) 11

DMA1 +48 to +51 (0030 16 to 0033 16) 12 DMAC

Key input interrupt +52 to +55 (0034 16 to 0037 16) 13 Key input interrupt
AD +56 to +59 (0038 16 to 003B 16) 14 A/D convertor
UART2 transmit, NACK2 (3) +60 to +63 (003C 16 to 003F 16) 15

UART2 receive, ACK2 (3) +64 to +67 (004016 to 0043 16) 16

UARTO transmit +68 to +71 (0044 16 to 0047 16) 17

UARTO receive +72 to +75 (0048 16 to 004B16) 18 Serial /0

UART1 transmit +76 to +79 (004C 16 to 004F 16) 19

UART1 receive +80 to +83 (0050 16 to 0053 16) 20

Timer AO +84 to +87 (0054 16 to 0057 16) 21

Timer A1 +88 to +91 (0058 16 to 005B16) 22

Timer A2 +92 to +95 (005C 16 to 005F 16) 23

Timer A3 +96 to +99 (0060 16 to 0063 16) 24 _

Timer A4 +100 to +103 (0064 16 to 0067 16) 25 Timer

Timer BO +104 to +107 (0068 16 to 006B 16) 26

Timer B1 +108 to +111 (006C 16 to 006F 16) 27

Timer B2 +112 to +115 (0070 16 to 0073 16) 28

INTO +116 to +119 (0074 16 to 0077 16) 29

INT1 +120 to +123 (0078 16 to 007B16) 30 INT interrupt
INT2 +124 to +127 (007C 16 to 007F16) 31

+128 to +131 (0080 16 to 0083 16) 32 M16C/60, M16C/20
Software interrupt ® to to series software
+252 to +255 (0O0FC 16 to 00FF 16) 63 manual

NOTES:

1. Address relative to address in INTB.

2. Use the IFSR6 and IFSRY7 bits in the IFSR register to select.
3. During 12C bus mode, NACK and ACK interrupts comprise the interrupt source.
4. Use the IFSR26 and IFSR27 bits in the IFSR2A register to select.
5. These interrupts cannot be disabled using the | flag.

6. Bus collision detection:

During IEBus mode, this bus collision detection constitutes the cause of an interrupt.

During 12C Bus mode, however, a start condition or a stop condition detection constitutes the cause of an interrupt.

Rev. 1.10 Mar. 30, 2007
REJ09B0287-0110

page 62 of 390

RENESAS



M16C/28 Group (T-ver./V-ver.) 9. Interrupts

9.3 Interrupt Control
The following describes how to enable/disable the maskable interrupts, and how to set the priority in which
order they are accepted. What is explained here does not apply to nonmaskable interrupts.
Use | flag in the the FLG register, IPL, and bits ILVL2 to ILVLO in the each interrupt control register to
enable/disable the maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each
interrupt control register.
Figure 9.3 shows the interrupt control registers.

Also, the following interrupts share a vector and an interrupt control register.

*INT4 and SIO3

sINT5 and S104

*IC/OC base timer and ScL/SbA

+IC/OC interrupt 1 and I2C bus interface

An interrupt request is set by bits IFSR7 and IFSR6 in the IFSR register and bits IFSR27 and IFSR26 in the
IFSR2A register. Figure 9.4 shows registers IFSR and IFSR2A.
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Interrupt Control Register(2)

Symbol Address After Reset
ICOCO0IC 004516 XXXXX0002
ICOC1IC, lICIC®) 004616 XXXXX0002
BTIC, SCLDAIC®) 004716 XXXXX0002
BCNIC 004A16 XXXXX0002
DMOIC, DM1IC 004B16, 004C16 XXXXX0002
ADIC, KUPIC(3) 004E 16 XXXXX0002
SOTIC to S2TIC 005116, 005316, 004F 16 XXXXX0002
D e, D4 B3 b2 b1 b0 SORIC to S2RIC 005216, 005416, 005016 XXXXX0002
TAOIC to TA4IC 005516 to 005916 XXXXX0002
H L TBOIC to TB2IC 005A16 to 005C16 XXXXX0002
é oo B Symbol Bit Name Function RW
: HE R ILVLO Interrupt priority level
! o select bit b2 b1 b0 . . RW
' I 000: Level O (interrupt disabled)
: Vo0 001: Level1
E E E E E ILVLA 010: Level 2
: R A 011: Level 3 RW
! oo 100: Level4
: Vo 101: Level5
: Vo o] ILVL2 110: Level 6
111: Level 7 RW
T IR Interrupt request bit 0: Interrupt not requested RW(1)
' ! 1: Interrupt requested
PR SR Y R — Nothing is assigned. If necessary, set to 0. R
(b7-b4) When read, the contents are undefined

NOTES:

For details, refer to 21. 4 Interrupts.
3. Use the IFSR2A register to select.

1. This bit can only be reset by writing 0 (Do not write 1).
2. To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that register.

Symbol Address After Reset
INT3IC 004416 XX00X0002
b W1 1% b4 b3 b2 b1 b0 S4IC, INTSIC 004816 XX00X0002
W 0 | | | | | | S3IC, INT4IC 004916 XX00X0002
f\VZ25 "Endl K L [ T INTOIC to INT2IC 005D16 to 005F 16 XX00X0002
Bit Symbol Bit Name Function RW
ILVLO Interrupt priority level 4261 b0
select bit . . RW
000 : Level O (interrupt disabled)
001:Level1
ILVLA1 010:Level 2
011:Level3
100 Level 4 RW
101:Level5
ILVL2 110:Level 6
111:Level 7 RW
IR Interrupt request bit 0: Interrupt not requested
RwW(1)
1: Interrupt requested
POL Polarity select bit 0: Selects falling edge 3. 4)
1: Selects rising edge RW
(b5) Reserved bit Setto 0 RW
— Nothing is assigned. If necessary, set to 0. -
(b7-b6) When read, the contents are undefined

NOTES:

(falling edge).

1. This bit can only be reset by writing 0 (Do not write 1).
2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that

register. For details, refer to 21.4 Interrupts.
3. If the IFSRi bit in the IFSR register (i = 0 to 5) is 1 (both edges), set the POL bit in the INTIIC register to O

4. Set the POL bit in register S3IC or S4IC to 0 (falling edge) when the IFSR®6 bit in the IFSR register is set to 0
(S1/03 selected) or IFSR7 bit in the IFSR register to 0 (SI/O4 selected), respectively.

Figure 9.3 Interrupt Control Registers
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b7 b6 b5 b4 b3 b2 b1 b0

Interrupt Request Cause Select Register

[ ———

NOTES:

b7 b6 b5 b4 b3 b2 b1 bO

Interrupt Request Cause Select Register 2

Symbol Address After Reset
IFSR 035F16 0016
Bit Symbol Bit Name Function RW
IFSRO INTO interrupt polarity 0 : One edge RW
switching bit 1 : Both edges (1)
IFSR1 INT1 interrupt polarity 0 : One edge
switching bit 1:Bothedges (1) Rw
IFSR2 INTZ2 interrupt polarity 0: One edge
switching bit 1:Bothedges (1) RW
IFSR3 INT3 interrupt polarity 0: One edge
switching bit 1: Both edges (1 RW
IFSR4 INT4 interrupt polarity 0 : One edge
switching bit 1:Bothedges (1) RwW
IFSR5 INTS5 interrupt polarity 0 : One edge
switching bit 1:Both edges (1) RW
IFSR6 Interrupt request cause 0:8I/03 (2)
select bit 1:INT4 RW
IFSR7 Interrupt request cause 0:SI/I04 (2)
select bit 1:INT5 RW
1. When setting this bit to 1 (both edges), make sure the POL bit in registers INTOIC to INT5IC is set to O (falling edge).
2. When setting this bit to 0 (SI/03, SI/04), make sure the POL bit in registers S3IC and S4IC is set to 0 (falling edge).
Symbol Address After Reset
IFSR2A 035E16 00XXXXX02
Bit Symbol Bit Name Function RW
()
IFSR20 Reserved bit Setto 1 RW
_ Nothing is assigned. If necessary, set to 0 o
(b5-b1) When read, their contents are undefined
Interrupt request cause 0: IC/OC base timer
IFSR26 | select bit 1: SCL/SDA RW
Interrupt request cause 0: IC/OC interrupt 1
IFSR27 select bit 1: 12C bus interface RW

NOTE:

1. After reset, set this bit to 1 to enable interrupt.

Figure 9.4 IFSR Register and IFSR2A Register
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9.3.1 1 Flag

The | flag enables or disables the maskable interrupt. Setting the | flag to 1 (= enabled) enables the
maskable interrupt. Setting the | flag to 0 (= disabled) disables all maskable interrupts.

9.3.2 IR Bit

The IR bit is set to 1 (= interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit is
cleared to 0 (= interrupt not requested).

The IR bit can be cleared to 0 in a program. Note that do not write 1 to this bit.

9.3.3ILVL2 to ILVLO Bits and IPL

Interrupt priority levels can be set using bits ILVL2 to ILVLO.
Table 9.3 shows the settings of interrupt priority levels and Table 9.4 shows the interrupt priority levels
enabled by the IPL.

The following are conditions under which an interrupt is accepted:
-l flag=1

IR bit = 1

- interrupt priority level > IPL

The | flag, IR bit, bits ILVL2 to ILVLO, and IPL are independent of each other. In no case do they affect
one another.

Table 9.3 Settings of Interrupt Priority Table 9.4 Interrupt Priority Levels
Levels Enabled by IPL
. Interrupt priority Priority

ILVL2 to ILVLO bits level order IPL Enabled interrupt priority levels
0002 Level O (interrupt disabled) _ 0002 Interrupt levels 1 and above are enabled
0012 Level 1 Low 0012 Interrupt levels 2 and above are enabled
0102 Level 2 0102 Interrupt levels 3 and above are enabled
0112 Level 3 0112 Interrupt levels 4 and above are enabled
1002 Level 4 1002 Interrupt levels 5 and above are enabled
1012 Level 5 1012 Interrupt levels 6 and above are enabled
1102 Level 6  J 1102 Interrupt levels 7 and above are enabled
1112 Level 7 High 1112 All maskable interrupts are disabled
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9.4 Interrupt Sequence
An interrupt sequence (the device behavior from the instant an interrupt is accepted to the instant the
interrupt routine is executed) is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt
sequence.
The CPU behavior during the interrupt sequence is described below. Figure 9.5 shows time required for
executing the interrupt sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by reading
the address 0000016. Then it clears the IR bit for the corresponding interrupt to O (interrupt not
requested).

(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU’s internal
temporary register(Note),

(3) The I, D and U flags in the FLG register become as follows:

The | flag is cleared to O (interrupts disabled).

The D flag is cleared to 0 (single-step interrupt disabled).

The U flag is cleared to 0 (ISP selected).
However, the U flag does not change state if an INT instruction for software interrupt Nos. 32 to 63 is
executed.

(4) The CPU’s internal temporary register(!) is saved to the stack.

(5) The PC is saved to the stack.

(6) The interrupt priority level of the accepted interrupt is set in the IPL.

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, the processor resumes executing instructions from the start
address of the interrupt routine.

NOTE:
1. This register cannot be used by user.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
CPU clock
Address bus %%%@SSSX Undefined( X SP-2 X SP-4 X vec X vec+2 X PC
Data bus Interrupt ) SP-2 SP-4 vec vec+2
u XinformationX Undefined(") Xcontents Xcontents Xcontents XcontentsX

RD m Undefined(!) y |_| |_|
WR(2) I_I I_I

NOTES:
1. The undefined state depends on the instruction queue buffer. A read cycle occurs when the instruction queue
buffer is ready to accept instructions.
2. When the stack is in the internal RAM, the WR signal indicates the write timing by changing high-level to low-level.

Figure 9.5 Time Required for Executing Interrupt Sequence

Rev. 1.10 Mar. 30,2007  Ppage 67 of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./V-ver.)

9. Interrupts

9.4.1 Interrupt Response Time
Figure 9.6 shows the interrupt response time. The interrupt response or interrupt acknowledge time
denotes time from when an interrupt request is generated till when the first instruction in the interrupt
routine is executed. Specifically, it consists of the time from when an interrupt request is generated till
when the instruction then executing is completed ((a) in Figure 9.6) and the time during which the inter-

rupt sequence is executed ((b) in

Figure 9.6).

Interrupt request generated

!

Interrupt request acknowledged

}

— Time

S Instruction Interrupt sequence inltgﬁﬁéiﬁr%r& tii?1e S
[t @ - (b) |
Interrupt response time -

(a) The time from when an interrupt request is generated till when the instruction then
executing is completed. The length of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
(without wait state, the divisor being a register).

(b) The time during which the interrupt sequence is executed. For details, see the table
below. Note, however, that the values in this table must be increased 2 cycles for the
DBC interrupt and 1 cycle for the address match and single-step interrupts.

Interrupt vector address | SP value Without wait
Even Even 18 cycles
Even Odd 19 cycles
Odd Even 19 cycles
Odd Odd 20 cycles

Figure 9.6 Interrupt response time

9.4.2 Variation of IPL when Interrupt Request is Accepted

When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set

in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels listed
in Table 9.5 is set in the IPL. Shown in Table 9.5 are the IPL values of software and special interrupts

when they are accepted.

Table 9.5 IPL Level That is Set to IPL When A Software or Special Interrupt Is Accepted

Interrupt sources IPL setting
Watchdog timer, NMI, Oscillation stop and re-oscillation detection 7
Software, address match, DBC, single-step No change
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9.4.3 Saving Registers
In the interrupt sequence, the FLG register and PC are saved to the stack.
At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits of the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved.
Figure 9.7 shows the stack status before and after an interrupt request is accepted.

The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use
the PUSHM instruction, and all registers except SP can be saved with a single instruction.

Address
MSB

Stack

m Content of previous stack |-wa——

m + 1| Content of previous stack

Stack status before interrupt request
is acknowledged

(o]

[SP]
<«¢— New SP value

Address Stack
MSB LS
m-4 PCL
m-3 PCwm
> m-2 FLGL

m-1 FLGH PCH
[SP]
SP value before .
interrupt request is m Content of previous stack
accepted.

m+1 Content of previous stack

Stack status after interrupt request

is acknowledged

Figure 9.7 Stack Status Before and After Acceptance of Interrupt Request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the SP(1),
at the time of acceptance of an interrupt request, is even or odd. If the stack pointer (1) is even, the FLG
register and the PC are saved, 16 bits at a time. If odd, they are saved in two steps, 8 bits at a time.
Figure 9.8 shows the operation of the saving registers.

NOTE:
1. When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indicated
by the U flag. Otherwise, it is the ISP.

(1) SP contains even number

Address Stack Sequence in which order
registers are saved
[SP] -5 (Odd)
[SP] — 4 (Even) PCL i
(2) Saved simultaneously,
[SP] _ 3(Odd) PCwm - all 16 bits
[SP] -2 (Even) FLGL -
(1) Saved simultaneously,
[SP] - 1(Odd) FLGH PCH - all 16 bits
[SP] (Even)
Finished saving reqisters
in two operations.

(2) SP contains odd number

Address Stack Sequence in which order
registers are saved
[SP] -5 (Even)
[SP] — 4(Odd) PCL -— (3)
[SP] - 3 (Even) PCw ~-— (4)
Saved, 8 bits at a time
[SP] - 2(Odd) FLGL (1)
[SP] -1 (Even) FLGH PCH —(2)
[SP] (Odd)
Finished saving registers
in four operations.

NOTE:
1. [SP] denotes the initial value of the SP when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 9.8 Operation of Saving Register
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9.4.4 Returning from an Interrupt Routine
The FLG register and PC in the state in which they were immediately before entering the interrupt se-
quence are restored from the stack by executing the REIT instruction at the end of the interrupt routine.
Thereafter the CPU returns to the program which was being executed before accepting the interrupt
request.
Return the other registers saved by a program within the interrupt routine using the POPM or similar
instruction before executing the REIT instruction.

9.5 Interrupt Priority
If two or more interrupt requests are generated while executing one instruction, the interrupt request that
has the highest priority is accepted.
For maskable interrupts (peripheral functions), any desired priority level can be selected using bits ILVL2 to
ILVLO. However, if two or more maskable interrupts have the same priority level, their interrupt priority is
resolved by hardware, with the highest priority interrupt accepted.
The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 9.9
shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset High
NMI A
DBC

Watchdog timer, oscillation stop
and re-oscillation detection

Peripheral function

Single step v

Low

Address match

Figure 9.9 Hardware Interrupt Priority

9.5.1 Interrupt Priority Resolution Circuit
The interrupt priority resolution circuit is used to select the interrupt with the highest priority among those
requested.
Figure 9.10 shows the circuit that judges the interrupt priority level.
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Priority level of each interrupt Level 0 (initial value)

A

Highest

| Timer B2

| Timer BO

| Timer A3

| Timer A1

|IC/OC interrupt 1, 12C bus interface

| INT3

| INT2

INTO

| Timer B1

[ Timer A4

| Timer A2

[ icioc base timer, Scu/Soa

| IC/OC interrupt 0

[ UART1 reception

| UARTO reception Priority of peripheral function interrupts

(if priority levels are same)

| UART2 reception, ACK2

| A/D conversion

[ DMA1

[ UART 2 bus collision

| S1/04, INT5

| Timer AO

| UART1 transmission

| UARTO transmission

[ UART2 transmission, NACK2

| Key input interrupt

[ DMAO

Lowest

| S1/03, iNT4

Interrupt request level resolution output to clock
generation circuit (Figure 7.1)

PR R R R e R R R

Interrupt
request
accepted

| flag

Address match

Watchdog timer

Oscillation stop and
re-oscillation detection

DBC

NMI

Figure 9.10 Interrupts Priority Select Circuit
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9.6 INT Interrupt

INTi interrupt (i=0 to 5) is triggered by the edges of external inputs. The edge polarity is selected using the
IFSRi bit in the IFSR register.

The INT5 input has an effective digital debounce function for a noise rejection. Refer to "18.6 Digital
Debounce function" for this detail. To use INT5 interrupt to exit stop mode, set the P17DDR register to

FF16 before entering stop mode.

To use the INT4 interrupt, set the IFSR6 bit in the IFSR register to 1 (INT4). To use the INT5 interrupt, set
the IFSRY7 bit in the IFSR register to 1 (INT5).

After modifiying bit IFSR6 or IFSR7, clear the corresponding IR bit to 0 (interrupt not requested) before
enabling the interrupt.

Figure 9.11 shows the IFSR registers.

Interrupt Request Cause Select Register
b7 b6 b5 b4 b3 b2 b1l b0
| | | | | | | | | Symbol Address After Reset
O I IFSR 035F16 0016
Bit Symbol Bit Name Function RW
L IFSRO INTO interrupt polarity 0: One edge RW
switching bit 1: Both edges (1)
I IFSR1 INT1 interrupt polarity 0 : One edge
switching bit 1: Both edges (1) RW
! IFSR2 INT2 interrupt polarity 0 : One edge
""""" switching bit 1:Bothedges (1) RW
] IFSR3 INT3 interrupt polarity 0 : One edge
switching bit 1:Bothedges (1) RwW
' IFSR4 INT4 interrupt polarity 0 : One edge
"""""""" switching bit 1:Bothedges (1) RW
IFSR5 INTS interrupt polarity 0: One edge
"""""""""" switching bit 1:Bothedges (1) RW
IFSR6 Interrupt request cause 0:8I/03 (2)
"""""""""""" select bit 1:INT4 RwW
- __________________________ IFSR7 Interrupt request cause 0:SII04 (2)
select bit 1:INT5 RW
NOTES:
1. When setting this bit to 1 (both edges), make sure the POL bit in registers INTOIC to INTSIC is set to O (falling edge).
2. When setting this bit to 0 (SI/03, SI/O4), make sure the POL bit in registers S3IC and S4IC is set to 0 (falling edge).

9. Interrupts

Figure 9.11 IFSR Register
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9.7 NMI Interrupt
An NMI interrupt request is generated when input on the NMI pin changes state from high to low, after the
NMI interrupt was enabled by writing a 1 to bit 4 in the register PM2. The NMI interrupt is a non-maskable
interrupt, once it is enabled.
The input level of this NMI interrupt input pin can be read by accessing the P8_5 bit in the P8 register.
NMl is disabled by default after reset (the pin is a GPIO pin, P85) and can be enabled using bit 4 in the PM2
register. Once enabled, it can only be disabled by a reset signal.
The NMI input has a digital debounce function for noise rejection. Refer to "19.6 Digital Debounce func-
tion" for details. To use NMI interrupt to exit stop mode, set the NDDR register to FF16 before entering stop
mode.

9.8 Key Input Interrupt
A key input interrupt is generated when input on any of the P104 to P107 pins which has had bits PD10_7 to
PD10_4 in the PD10 register set to 0 (= input) goes low. Key input interrupts can be used for a key-on
wakeup function to get the MCU to exit stop or wait modes. However, if you intend to use the key input
interrupt, do not use P104 to P107 as analog input ports. Figure 9.12 shows the block diagram of the key
input interrupt. Note, however, that while input on any pin which has had bits PD10_7 to PD10_4 setto 0 (=
input mode) is pulled low, inputs on all other pins of the port are not detected as interrupts.

PU25 bit in the PUR2

register
Pull-qp KUPIC register
transistor PD10_7 bitin the

PD10 register

PD10_7 bit in the PD10 register

B O
Pull-up PD10_6 bit in the
( transistor ) PD10 register
Kz O T Interrupt control circuit rKeeq):JiensF;Ut interrupt
[ Pull-up PD10_5 bit in the
ransistor PD10 Tegister
KA O—&
PD10_4 bit in the
Pull-up PD10 register
transistor

Kio O T ‘_D

Figure 9.12 Key Input Interrupt
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9.9 Address Match Interrupt
An address match interrupt request is generated immediately before executing the instruction at the ad-
dress indicated by the RMAD:i register (i=0 to 1). Set the start address of any instruction in the RMADI
register. Use bits AIER1 and AIERO in the AIER register to enable or disable the interrupt. Note that the
address match interrupt is unaffected by the | flag and IPL. For address match interrupts, the value of the
PC that is saved to the stack area varies depending on the instruction being executed (refer to “Saving
Registers”).
(The value of the PC that is saved to the stack area is not the correct return address.) Therefore, follow one
of the methods described below to return from the address match interrupt.
» Rewrite the content of the stack and then use the REIT instruction to return.
* Restore the stack to its previous state before the interrupt request was accepted by using the POP or
similar other instruction and then use a jump instruction to return.
Table 9.6 shows the value of the PC that is saved to the stack area when an address match interrupt
request is accepted.
Figure 9.13 shows registers AIER, RMADO, and RMAD1.

Table 9.6 Value of the PC that is saved to the stack area when an address match interrupt request is accepted.

Value of the PC that is

Instruction at the address indicated by the RMAD:I register saved to the stack area

« 2-byte op-code instruction The address

* 1-byte op-code instructions which are followed: indicated by the
ADD.B:S #IMM8,dest SUB.B:S #IMM8,dest AND.B:S  #IMM8,dest RMAD:i register +2
OR.B:S #IMM8,dest MOV.B:S  #IMM8,dest STZ.B #IMM8,dest
STNZ.B #IMM8,dest STZX.B #IMM81 #IMM82,dest
CMP.B:S #IMM8,dest PUSHM src POPM dest
JMPS #IMM8 JSRS #IMM8

MOV.B:S #IMM,dest (However, dest=A0 or A1)

The address
Instructions other than the above indicated by the

RMAD:i register +1

Value of the PC that is saved to the stack area : Refer to “Saving Registers”.

Op-code is an abbreviation of Operation Code. It is a portion of instruction code.

Refer to Chapter 4 Instruction Code/Number of Cycles in M16C/60, M16C/20 Series Software Manual. Op-code is shown
as a bold-framed figure directly below the Syntax.

Table 9.7 Relationship Between Address Match Interrupt Sources and Associated Registers

Address match interrupt sources | Address match interrupt enable bit | Address match interrupt register
Address match interrupt 0 AIERO RMADO
Address match interrupt 1 AIER1 RMAD1
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Address Match Interrupt Enable Register
b7 D6 BS b4 b3 b2 bl b0 Symbol Address After Reset
Mu AER 000916 XXXXXX002
P Bit Symbol Bit Name Function RW
Pt Address match interrupt 0 | 0. |nterrupt disabled
AIERO  lenable bit 1: Interrupt enabled RW
T R Address match interrupt 1 | 0: Interrupt disabled
AIER1 enable bit 1: Interrupt enabled RW
Bommote et oo b7_b2 Nothing is assigned. If necessary, set to 0. _
(b7-b2) When read, the content is undefined
Address Match Interrupt Registeri (i=0to 1)
(v23) (2139) (bfg(ff) (Eg)w o Symbol Address After Reset
RMADO 001216 to 001016 X0000016
| . | | RMAD1 001616to 001416 X0000016
Function Setting Range RW
‘---1 Address setting register for address match interrupt 0000016 to FFFFF16 |RW
e Nothing is assigned. If necessary, set to 0. _
When read, the content is undefined

Figure 9.13 AIER Register, RMADO and RMAD1 Registers
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10. Watchdog Timer

The watchdog timer is the function of detecting when the program is out of control. Therefore, we recom-
mend using the watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit
counter which counts down the clock derived by dividing the CPU clock using the prescaler. Whether to
generate a watchdog timer interrupt request or apply a watchdog timer reset as an operation to be per-
formed when the watchdog timer underflows after reaching the terminal count can be selected using the
PM12 bit in the PM1 register. The PM12 bit can only be set to 1 (reset). Once this bit is set to 1, it cannot
be set to 0 (watchdog timer interrupt) in a program. Refer to 5.3 Watchdog Timer Reset for the details of
watchdog timer reset.

When the main clock source is selected for CPU clock, on-chip oscillator clock, PLL clock, the WDCY7 bit in
the WDC register value for prescaler can be chosen to be 16 or 128. If a sub-clock is selected for CPU
clock, the prescaler is always 2 no matter how the WDCY7 bit is set. The period of watchdog timer can be
calculated as given below. The period of watchdog timer is, however, subject to an error due to the

RFREFARNN clock source chosen for CPU clock, on-chip oscillator clock, PLL clock
Prescaler dividing (16 or 128) X Watchdog timer count (32768)

Watchdog timer period =
CPU clock

With sub-clock chosen for CPU clock
Prescaler dividing (2) X Watchdog timer count (32768)

CPU clock

Watchdog timer period =

For example, when CPU clock is set to 16 MHz and the divide-by-N value for the prescale ris set to 16, the
watchdog timer period is approx. 32.8 ms.

The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset.
Note that the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is
activated to start counting by writing to the WDTS register.

Write the WDTS register with shorter cycle than the watchdog timer cycle. Set the WDTS register also in the
beginning of the watchdog timer interrupt routine.

The watchdog timer and prescaler stop in stop mode and wait mode. When the modes are exited counting
is resumed from the held value .

Figure 10.1 shows the block diagram of the watchdog timer. Figure 10.2 shows the WDC register and the
WDTS register.

Prescaler
T icmor=0
116 {WDC7 =0
: : PM12=0
: {CM07 =0 !
H H = - Watchdog timer
CPU clock 1/128 ;WDC? 10 P22 =0 interrupt request
— ;CM07:1 T ovppe s O— Watchdog timer ———o~
H 2 ° A PM12=1
Reset
On-chip oscillator clock
Set to 7FFF16
Write to WDTS register
Internal reset signal ol>
(low active) l
Figure 10.1 Watchdog Timer Block Diagram
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Watchdog Timer Control Register
b7 b6 b5 b4 b3 b2 b1 b0
olo Symbol Address After Reset
| i | ; | - | . | . | . | i | | WDC 000F 16 00XXXXXX2
Bit Symbol Bit Name Function RW
(b4-b0) High-order bit of watchdog timer RO
 RSRRRREEELTEEEEY 05) Reserved bit Setto 0 RW
R LAGELECEEEEEPPEPEE (b_ﬁ) Reserved bit Setto 0 RW
o WDC7 Prescaler select bit 0 : Divided by 16 RW
1 : Divided by 128
Watchdog Timer Start Register
b7 b0 Symbol Address After Reset
WDTS 000E16 Undefined
Function RW
: The watchdog timer is initialized and starts counting after a write instruction to
"""""""" this register. The watchdog timer value is always initialized to 7FFF16 WO
regardless of whatever value is written.

Figure 10.2 WDC Register and WDTS Register

10.1 Count Source Protective Mode

In this mode, a on-chip oscillator clock is used for the watchdog timer count source. The watchdog timer

can be kept being clocked even when CPU clock stops as a result of run-away.

Before this mode can be used, the following register settings are required:

(1) Set the PRC1 bit in the PRCR register to 1 (enable writes to PM1 and PM2 registers).

(2) Set the PM12 bit in the PM1 register to 1 (reset when the watchdog timer underflows).

(3) Set the PM22 bit in the PM2 register to 1 (on-chip oscillator clock used for the watchdog timer count source).

(4) Set the PRC1 bit in the PRCR register to 0 (disable writes to PM1 and PM2 registers).

(5) Write to the WDTS register (watchdog timer starts counting).

Setting the PM22 bit to 1 results in the following conditions

» The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock
or PLL clock) (system clock of count source selected by the CM21 bit is valid)

» The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer

count source.
Watchdog timer count (32768)

on-chip oscillator clock

Watchdog timer period =

» The CM10 bit in the CM1 register is disabled against write. (Writing a 1 has no effect, nor is stop mode entered.)
» The watchdog timer does not stop when in wait mode.
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11. DMAC

Note
I Do not use SI/O4 interrupt request as a DMA request in the 64-pin package. I

The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention.
Two DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit)
data from the source address to the destination address. The DMAC uses the same data bus as used by
the CPU. Because the DMAC has higher priority of bus control than the CPU and because it makes use of
a cycle steal method, it can transfer one word (16 bits) or one byte (8 bits) of data within a very short time
after a DMA request is generated. Figure 11.1 shows the block diagram of the DMAC. Table 11.1 shows
the DMAC specifications. Figures 11.2 to 11.4 show the DMAC-related registers.

{ Address bus {
_IZ">|DMA0 source pointer SAR0(20) |:>
| | (addresses 002216 to 002016)
~=>{DMAO destination pointer DARO (20) >
U {} (addresses 002616 to 002416)
|DMAO forward address pointer (20) (1) l:>
—I:>| DMAQO transfer counter reload register TCRO (16) ':> DMAT1 source pointer SAR1 (20) ':>
1/ (addresses 0029 16, 002816) [ | (addresses 003216 to 003016)
[DMAO transfer counter TCRO (16) > DMA1 destination pointer DART (20) >
U Q (addresses 003616 to 0034 16)
>| DMA1 transfer counter reload register TCR1 (16) ':> |DMA1 forward address pointer (20) () |:>
1/ (addresses 0039 16, 003816)
|DMA1 transfer counter TCR1 (16) |:> | DMA latch high-order bits | DMA latch low-order bits |
S_ Data bus low-order bits S
{ Data bus high-order bits §
NOTE:
1. Pointer is incremented by a DMA request.

Figure 11.1 DMAC Block Diagram

A DMA request is generated by setting the DSR bit in the DMiSL register (i = 0,1), as well as by an interrupt
request which is generated by any function specified by bits DMS, DSEL3, DSEL2, DSEL1, and DSELO in
the DMISL register. However, unlike in the case of interrupt requests, DMA requests are not affected by the
| flag and the interrupt control register, so that even when interrupt requests are disabled and no interrupt
request can be accepted, DMA requests are always accepted. Furthermore, because the DMAC does not
affect interrupts, the IR bit in the interrupt control register does not change state due to a DMA transfer.

A data transfer is initiated each time a DMA request is generated when the DMAE bit in the DMiCON
register is set to 1 (DMA enabled). However, if the cycle in which a DMA request is generated is faster than
the DMA transfer cycle, the number of transfer requests generated and the number of times data is trans-
ferred may not match. For details, refer to “DMA Requests”.
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Table 11.1 DMAC Specifications

Item

Specification

No. of channels

2 (cycle steal method)

Transfer memory space

* From any address in the 1M bytes space to a fixed address
* From a fixed address to any address in the 1M bytes space
* From a fixed address to a fixed address

Maximum No. of bytes transferred

128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors (1. 2)

Falling edge of INTO or INT1

Both edge of INTO or INT1

Timer AO to timer A4 interrupt requests

Timer BO to timer B2 interrupt requests

UARTO transfer, UARTO reception interrupt requests
UART1 transfer, UART1 reception interrupt requests
UART?2 transfer, UART2 reception interrupt requests
SI/03, SI/O4 interrupt requests

A/D conversion interrupt requests

Timer S(IC/OC) requests

Software triggers

Channel priority

DMAO > DMA1 (DMAO takes precedence)

Transfer unit

8 bits or 16 bits

Transfer address direction

forward or fixed (The source and destination addresses cannot both be
in the forward direction)

Transfer mode [Single transfer

Transfer is completed when the DMAI transfer counter (i = 0,1)
underflows after reaching the terminal count

Repeat transfer

When the DMA.i transfer counter underflows, it is reloaded with the value
of the DMA.i transfer counter reload register and a DMA transfer is con
tinued with it

DMA interrupt request generation timing

When the DMAI transfer counter underflowed

DMA startup Data transfer is initiated each time a DMA request is generated when
the DMAE bit in the DMAICON register = 1 (enabled)
DMA shutdown [Single transfer |+ When the DMAE bit is set to 0 (disabled)

» After the DMAIi transfer counter underflows

Repeat transfer

When the DMAE bit is set to 0 (disabled)

Reload timing for forward ad-
dress pointer and transfer
counter

When a data transfer is started after setting the DMAE bit to 1 (en
abled), the forward address pointer is reloaded with the value of the
SARi or the DARI pointer whichever is specified to be in the forward
direction and the DMAI transfer counter is reloaded with the value of the
DMAI transfer counter reload register

NOTES:

1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the | flag nor by the

interrupt control register.
2. The selectable causes of DMA

requests differ with each channel.

3. Make sure that no DMAC-related registers (addresses 002016 to 003F16) are accessed by the DMAC.
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DMAO Request Cause Select Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | DMOSL 03B816 0016
Bit Symbol Bit Name Function RW
~{ DSELO RW
e DSEL1 DMA request cause Refer to note (1) RW
_________ DSEL2 select bit RW
"""""" DSEL3 RW
—_ Nothing is assigned. When write, set to 0. _
"""""""""" (b5-b4) When read, their content are 0
DMA request cause 0: Basic cause of request
_______________________ DMS . ) : RW
expansion select bit 1: Extended cause of request
A DMA request is generated by
__________________________ setting this bit to 1 when the DMS bit
DSR Si‘t’ﬂ‘”are DMA request | i°0 (basic cause) and bits DSEL3to | RW
DSELO are 00012 (software trigger).
The value of this bit when read is 0
NOTE:

1. The causes of DMAO requests can be selected by a combination of DMS bit and bits DSEL3 to DSELO in the
manner described below.

DSEL3 to DSELOQ

DMS=0(basic cause of request)

DMS=1(extended cause of request)

00002 Falling edge of INTO pin IC/OC base timer
00012 Software trigger -

00102 Timer AQ IC/OC channel 0
00112 Timer A1 IC/OC channel 1
01002 Timer A2 -

01012 Timer A3 —

01102 Timer A4 Two edges of INTO pin
01112 Timer BO —

10002 Timer B1 -

10012 Timer B2 -

10102 UARTO transmit IC/OC channel 2
10112 UARTO receive IC/OC channel 3
11002 UART2 transmit IC/OC channel 4
11012 UART2 receive IC/OC channel 5
11102 A/D conversion IC/OC channel 6
11112 UART1 transmit IC/OC channel 7

Figure 11.2 DMOSL Register
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DMA1 Request Cause Select Register

Symbol Address After Reset
DM1SL 03BA16 0016
Bit Symbol Bit Name Function RW
DSELO DMA request cause Refer to note (1) RwW
DSELA select bit RW
DSEL2 RW
DSEL3 RW
Nothing is assigned. If necessary, set P
(b5-b4) to 0. When read, their contents are 0
DMS DMA re_queSt cause 0: Basic cause of request RW
expansion select bit 1: Extended cause of request
Software DMA A DMA request is generated by
request bit setting this bit to 1 when the DMS bit
DSR is 0 (basic cause) and the DSEL3 to RW
DSELO bits are 00012
(software trigger).
The value of this bit when read is O

NOTES:
1. The causes of DMA1 requests can be selected by a combination of DMS bit and bits DSEL3 to DSELO in the
manner described below.

DSEL3 to DSELO | DMS=0(basic cause of request) DMS=1(extended cause of request)
00002 Falling edge of INT1 pin IC/OC base timer
00012 Software trigger —

00102 Timer AO IC/OC channel O
00112 Timer A1 IC/OC channel 1
01002 Timer A2 —

01012 Timer A3 SI/03

01102 Timer A4 SI/04

01112 Timer BO Two edges of INT1
10002 Timer B1 —

10012 Timer B2 —

10102 UARTO transmit 1IC/OC channel 2
10112 UARTO receive IC/OC channel 3
11002 UART2 transmit IC/OC channel 4
11012 UART2 receive/ACK2 IC/OC channel 5
11102 A/D conversion IC/OC channel 6
11112 UART1 receive IC/OC channel 7

b5 b4 b3 b2

DMAI Control Register(i=0,1)

Symbol Address After Reset
DMOCON 002C16 00000X002
DM1CON 003C16 00000X002
Bit Symbol Bit Name Function RwW
DMBIT Transfer unit bit select bit | 0: 16 bits RW
1: 8 bits
Repeat transfer mode 0: Single transfer
DMASL select bit 1: Repeat transfer RwW
DMA reguest bit 0: DMA not requested Rw
DMAS 9 1: DMA requested 1
DMAE DMA enable bit 0: Disabled RW
1: Enabled
Source address direction 0: Fixed
DsD select bit (2) 1+ Forward RW
Destination address 0: Fixed
DAD direction select bit (2) 1: Forward RW
Nothing is assigned. If necessary, set to 0. When
(b7-b6) read, their contents are O

NOTES:

1. The DMAS bit can be set to 0 by writing O by program (This bit remains unchanged even if 1 is written).
2. At least one of bits DAD and DSD must be set to 0 (address direction fixed).

Figure 11.3 DM1SL Register, DMOCON Register, and DM1CON Registers
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DMAI Source Pointer (i =0, 1) (1)

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 b0 Symbol Address After Reset
|><|><|><|><| ' ' SARO 002216to 002016 Undefined
—L L N . : SAR1 003216 to 003016 Undefined
Function Setting Range RW
oo L Set the source address of transfer 0000016 to FFFFF16 | RW

Nothing is assigned. If necessary, set 0. When read, the contents
"""""""""""""""""""""""" are 0 -

NOTE:
1. If the DSD bit in the DMICON register is 0 (fixed), this register can only be written to when the DMAE bit in the
DMIiCON register is set to 0 (DMA disabled).
If the DSD bit is set to 1 (forward direction), this register can be written to at any time.
If the DSD bit is set to 1 and the DMAE bit is set to 1 (DMA enabled), the DMAI forward address pointer can be
read from this register. Otherwise, the value written to it can be read.

DMAI Destination Pointer (i = 0, 1)()

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 o7 20 Symbol Address After Reset
DXXIXIX] : ; | DARO 002616 to 002416 Undefined
HEH T DAR1 003616 to 003416 Undefined
Function Setting Range RW
__________ Set the destination address of transfer 0000016 to FFFFF16 | RW
L Nothing is assigned. If necessary, set 0. When read, the contents —
are 0

NOTE:
1. If the DAD bit in the DMiICON register is O (fixed), this register can only be written to when the DMAE bit in the
DMIiCON register is set to 0 (DMA disabled).
If the DAD bit is set to 1 (forward direction), this register can be written to at any time.
If the DAD bit is set to 1 and the DMAE bit is set to 1 (DMA enabled), the DMAI forward address pointer can be
read from this register. Otherwise, the value written to it can be read.

DMAI Transfer Counter (i =0, 1)

(b15) (b8)
b7 b0 b7 b0
H Symbol Address After Reset
: TCRO 002916, 002816 Undefined
H TCR1 003916, 003816 Undefined
H Function Setting Range RW

Set the transfer count minus 1. The written value is
stored in the DMAI transfer counter reload register,
and when the DMAE bit in the DMiCON register is
: set to 1 (DMA enabled) or the DMAI transfer
"""""""""" counter underflows when the DMASL bit in the
DMICON register is 1 (repeat transfer), the value
of the DMAi transfer counter reload register is
transferred to the DMAI transfer counter.

When read, the DMAI transfer counter is read

000016 to FFFF16 | RW

Figure 11.4 SARO, SAR1, DARO, DAR1, TCRO, and TCR1 Registers
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11.1 Transfer Cycles
The transfer cycle consists of a memory or SFR read (source read) bus cycle and a write (destination write)
bus cycle. The number of read and write bus cycles is affected by the source and destination addresses of
transfer. Furthermore, the bus cycle itself is extended by a software wait.

11.1.1 Effect of Source and Destination Addresses

If the transfer unit is 16 bits and the source address of transfer begins with an odd address, the source
read cycle consists of one more bus cycle than when the source address of transfer begins with an even
address.

Similarly, if the transfer unit is 16 bits and the destination address of transfer begins with an odd address,
the destination write cycle consists of one more bus cycle than when the destination address of transfer
begins with an even address.

11.1.2 Effect of Software Wait

For memory or SFR accesses in which one or more software wait states are inserted, the number of bus
cycles required for that access increases by an amount equal to software wait states.

Figure 11.5 shows the example of the cycles for a source read. For convenience, the destination write
cycle is shown as one cycle and the source read cycles for the different conditions are shown. In reality, the
destination write cycle is subject to the same conditions as the source read cycle, with the transfer cycle
changing accordingly. When calculating transfer cycles, take into consideration each condition for the
source read and the destination write cycle, respectively. For example, when data is transferred in 16 bit
units and when both the source address and destination address are an odd address ((2) in Figure 11.5),
two source read bus cycles and two destination write bus cycles are required.
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

CPU clock

Address - Dummy
bus CPU use >< Source >< Destination >< cycle CPU use

RD signal

WR signal
bDua;a CPU use >< Source >< Destination >< E);Crlr;my >< CPU use

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address.

CPU clock

Address

bus CPU use >< Source ><Source + 1>< Destination >< E;Jcr]rémy >< CPU use
RD signal

WR signal

Data CPU use Source Source + 1 Destination Dummy CPU use
bus cycle

(3) When the source read cycle under condition (1) has one wait state inserted

CPU clock

- Dumm
Qggress CPU use >< Source >< Destination >< cycle Y >< CPU use

RD signal

WR signal
Data - D
bus CPU use >< Source >< Destination >< Cyucr;;my >< CPU use

(4) When the source read cycle under condition (2) has one wait state inserted

CPU clock

éggress CPU use >< Source >< Source + 1 >< Destination >< E;Crr;my >< CPU use

RD sgnal D Y

wRsgnal 1

bDlji;a CPU use >< Source >< Source + 1 >< Destination >< E;cf:;my ><EJ use
NOTE:

1. The same timing changes occur with the respective conditions at the destination as at the source.

Figure 11.5 Transfer Cycles for Source Read
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11.2 DMA Transfer Cycles

Any combination of even or odd transfer read and write adresses is possible. Table 11.2 shows the
number of DMA transfer cycles. Table 11.3 shows the Coefficient j, k.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k

Table 11.2 DMA Transfer Cycles

Transfer unit Access address | No. of read cycles No. of write cycles
8-bit transfers Even 1 1
(DMBIT= “17) Odd 1 1
16-bit transfers Even 1 1
(DMBIT= “07) Odd 2 2

Table 11.3 Coefficient j, k
Internal Area

Internal ROM, RAM SFR

No wait |With wait| | 'Walt | 2Wwait

il 2 2 3
k| 1 2 2 3

NOTE:
1. Depends on the set value of PM20 bit in PM2 register
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11.3 DMA Enable

When a data transfer starts after setting the DMAE bit in the DMICON register (i= 0, 1) to 1 (enabled), the
DMAC operates as follows:
(a) Reload the forward address pointer with the SARI register value when the DSD bit in DMiCON register
is 1 (forward) or the DARI register value when the DAD bit in the DMICON register is 1 (forward).
(b) Reload the DMAI transfer counter with the DMAI transfer counter reload register value.

If the DMAE bit is set to 1 again while it remains set, the DMAC performs the above operation. However,
if a DMA request may occur simultaneously when the DMAE bit is being written, follow the steps below.
(1) Write 1 to bits DMAE and DMAS in DMiCON register simultaneously.
(2) Make sure that the DMAI is in an initial state as described above (a) and (b) by program.
If the DMAI is not in an initial state, the above steps should be repeated.

11.4 DMA Request

The DMAC can generate a DMA request as triggered by the cause of request that is selected with the DMS
bit and bits DSEL3 to DSELO in the DMISL register (i = 0, 1) on either channel. Table 11.4 shows the timing
at which the DMAS bit changes state.

Whenever a DMA request is generated, the DMAS bit is set to 1 (DMA requested) regardless of whether or
not the DMAE bit is set. If the DMAE bit was set to 1 (enabled) when this occurred, the DMAS bit is set to
0 (DMA not requested) immediately before a data transfer starts. This bit cannot be set to 1 by program (it
can only be set to 0).

The DMAS bit may be set to 1 when the DMS or the DSEL3 to DSELO bits change state. Therefore, always
be sure to set the DMAS bit to 0 after changing the DMS or the DSEL3 to DSELO bits.

Because if the DMAE bit is set to 1, a data transfer starts immediately after a DMA request is generated, the
DMAS bit in almost all cases is 0 when read by program. Read the DMAE bit to determine whether the
DMAC is enabled.

Table 11.4 Timing at Which the DMAS Bit Changes State
DMA Factor DMAS Bit in the DMICON Register
Timing at which the bit is set to 1 Timing at which the bit is set to 0

Software trigger When the DSR bit in the DMiSL * Immediately before a data transfer starts
register is set to 1 * When set by writing 0 by program

Peripheral function When the interrupt control register
for the peripheral function that is
selected by bits DSEL3 to DSELO
and the DMS bit in the DMiSL
register has its IR bit set to 1
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11.5 Channel Priority and DMA Transfer Timing

If both DMAO and DMA1 are enabled and DMA transfer request signals from DMAO and DMA1 are de-
tected active in the same sampling period (one period from a falling edge to the next falling edge of CPU
clock), the DMAS bit on each channel is set to 1 (DMA requested) at the same time. In this case, the DMA
requests are arbitrated according to the channel priority, DMAO > DMA1. The following describes DMAC
operation when DMAOQO and DMA1 requests are detected active in the same sampling period. Figure 11.6
shows an example of DMA transfer effected by external factors.

DMADO request having priority is received first to start a transfer when a DMAO request and DMA1 request
are generated simultanelously. After one DMAO transfer is completed, a bus arbitration is returned to the
CPU. When the CPU has completed one bus access, a DMA1 transfer starts. After one DMA1 transfer is
completed, the bus arbitration is again returned to the CPU.

In addition, DMA requsts cannot be counted up since each channel has one DMAS bit. Therefore, when

DMA requests, as DMA1 in Figure 11.6 occurs more than one time, the DAMS bit is set to 0 as soon

as getting the bus arbitration. The bus arbitration is returned to the CPU when one transfer is completed.

An example where DMA requests for external causes are detected active at the same

oMY S z
DMAT &2 |_Obtainment
P P : P 5 of the bus
- aam e I
=y == ,
Nto | -

DMAO

request bit ;
INTA N e

DMA1

request bit | l

Figure 11.6 DMA Transfer by External Factors
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12. Timer

Eight 16-bit timers, each capable of operating independently of the others, can be classified by function as
either timer A (five) and timer B (three). The count source for each timer acts as a clock, to control such
timer operations as counting, reloading, etc. Figures 12.1 and 12.2 show block diagrams of timer A and
timer B configuration, respectively.

» Main clock

* PLL clock

» On-chip oscillato
clock

TAON ()

Set the CPSR bit in the

32 CPSREF register to 1

(prescaler reset)

Clock prescaler

* Timer mode
* One-shot timer mode

* Pulse Width Measuring (PWM) mode
o\o | Timer AO |

Timer AO interrupt

« Event counter mode

* Timer mode
* One-shot timer mode

TAIN (O

TA2N ()

\WM mode

Timer A1 }

Timer A1 interrupt

o
|

« Event counter mode

* Timer mode
* One-shot timer mode

\CWM mode

Timer A2 |

Timer A2 interrupt

« Event cou nter mode

* Timer mode
* One-shot timer mode

TA3IN O

\CWM mode

Timer A3

Timer A3 interrupt

-
|

« Event cou nter mode

* Timer mode
* One-shot timer mode

TA4N (O

< [¢]
—O
—{RH
' filter ?
N
O
—O ]
- —O
RN Noise
Z —<
&c
O
—O O
- —O
RN Noise
Z —
&
O
—O O
- —O
5 Noise
Z =
&
O
—O O
n —O
RN Noise
Z —<

\WM mode

Timer A4 }

Timer A4 interrupt

-
-

« Event counter mode

Timer B2 overflow or underflow

-
|

Figure 12.1 Timer A Configuration
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2 PCLKO bit = 0

* Main clock florf2

f1
« PLL clock . xein O
« On-chip oscillator PCLKO bit =1
clock Set the CPSR bit in the

32 CPSREF register to 1
(prescaler reset)
f1or f2 fg f32 fC32

Timer B2 overflow or underflow ( to Timer A count source)

Clock prescaler

Timer BO interrupt

o

|

« Timer mode
O « Pulse width measuring mode,
O pulse period measuring mode
TBON () ' sl P00 o Timer BO
filter
« Event counter mode
« Timer mode
O « Pulse width measuring mode,
O pulse period measuring mode
TBIN (O ) Nolse 5o o | Timer B1
filter |

« Event counter mode

Timer B1 interrupt

|—0—>

* Timer mode
* Pulse width measuring mode,

N

\Cpulse period measuring mode
'e} Timer B2

gC

*—O
-

Timer B2 interrupt

[

« Event counter mode

-

Figure 12.2. Timer B Configuration
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12.1 Timer A

Figure 12.3 shows a block diagram of the timer A. Figures 12.4 to 12.6 show registers related to the timer A.
The timer A supports the following four modes. Except in event counter mode, timers AO to A4 all have the
same function. Use bits TMOD1 to TMODO in the TAIMR register (i = 0 to 4) to select the desired mode.

* Timer mode: The timer counts an internal count source.

» Event counter mode: The timer counts pulses from an external device or overflows and underflows of

other timers.

*» One-shot timer mode: The timer outputs a pulse only once before it reaches the minimum count 000016.

* Pulse width modulation (PWM) mode: The timer outputs pulses in a given width successively.

Clock source

selection . gmerh t
f1 orf2—o « One shof
s —o « PWM
fs2 —oO « Timer
fczg——O (gate function)
« Event counter
Polarity
O— selection
TAIIN
(i=0to4)

Clock selection

q Data bus high-order bits S
A
q Data bus low-order bits S
11 Low-order High-order
8 bits 1l 8 bits
iy \/
[ Reload register |
Clock selection
Counter }
Increment/decrement

TABSR register

in event counter mode

[Always counts down excepj

1) TAI Addresses TAj TAk
- 5 Timer AO 038715 - 0386 Timer A4 Timer A1
TB2 Overﬂmﬁ) To external T;mz:m 038912 - OSSBJZ T;mz: A0 T;mZ:AZ
TAj overflow ©  —————0 1199er AU pocrement —Q | TimerAs 036Dre-038CK  TmerAz Timer Ad
(j=1-1.however, j =4 when i = 0) OBF reoiet \\ Timer A4 038F1 - 038E1  Timer A3  Timer AQ
TAk overfown ————0O ©
(k =i+ 1. however, k =0 when i = 4) ?
TAiouT Pulse output
(i=0to4)
O | I Toggle flip-flop I
NOTE:
1. Overflow or underflow
Figure 12.3 Timer A Block Diagram
Timer Ai Mode Register (i=0 to 4)
b7 b6 b5 b4 b3 b2 b1 bo
| | | | | | | | | Symbol Address After Reset
S S [ N N SN B TAOMR to TAAMR 039616 to 039A16 0016
A Bit Symbol Bit Name Function RW
b _ TMODO Operation mode select bit 81’8 - Timer mode RW
- 0 1 : Event counter mode
TMOD1 1 0 : One-shot timer mode
N 1 1 : Pulse width modulation RW
S (PWM) mode
N Rl MRO . . . RW
o Function varies with each
P e MR1 operation mode RW
LI MR2 RW
O LEEETTIOIN, MR3 RW
P Tmmmmmmmmmemenene oo TCKO Count source select bit Function varies with each RW
e ] TCK1 operation mode RW

Figure 12.4 TAOMR to TA4AMR Registers
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Timer Ai Register (i= 0 to 4) (1)

width modulator.

Count Start Flag

b7 b6 b5 b4 b3 b2 bl

b0

Up/Down Flag

b7 b6 b5 b4 b3 b2 b1

1. The register must be accessed in 16 bit units.

2. If the TAi register is set to 000016, the counter does not work and timer Ai interrupt requests are not
generated either. Furthermore, if “pulse output” is selected, no pulses are output from the TAIOUT pin.

3. If the TAi register is set to 000016, the pulse width modulator does not work, the output level on the
TAIOUT pin remains low, and timer Ai interrupt requests are not generated either. The same applies
when the 8 high-order bits of the timer TAi register are set to 000016 while operating as an 8-bit pulse

4. Use the MOV instruction to write to the TAi register.
5. The timer counts pulses from an external device or overflows or underflows in other timers.

Symbol Address After Reset
®19 ©o oo TAO 038716, 038616 Undefined
TA1 038916, 038816 Undefined
| | TA2 038B16, 038A16 Undefined
: TA3 038D16, 038C16 Undefined
TA4 038F 16, 038E 16 Undefined
Mode Function Setting Range RW
-1 Timer Divide the count source by n + 1 where n = set 000016 to FFFF16 RW
mode value
Event Divide the count source by FFFF16 —n + 1
counter where n = set value when counting up or by n + | 000016 to FFFF16 | RW
mode 1 when counting down(s)
One-shot | Divide the count source by n where n = set 000016 to FFFF16 WO
timer mode | value and cause the timer to stop (2,4)
Pulse width | Modify the pulse width as follows:
modulation | PWM period: (216 — 1) / fj
mode High level PWM pulse width: n / fj where n = set (()393?16 toFFFE®s | wo
(16-bit PWM) | value, fj = count source frequency
Pulse width | Modify the pulse width as follows: 0016 to FE16
modulation | PWM period: (28 — 1) x (m + 1)/ fj (High-order address)
mode High level PWM pulse width: (m + 1)n / fj where |0016 to FF16 WO
(8-bit PWM) | n = high-order address set value, m = low-order |(Low-order address)
address set value, fj = count source frequency |3 4)
NOTES:

NOTES:

input mode.

Symbol Address After Reset
TABSR 038016 0016
Bit Symbol Bit Name Function RW
TAOS Timer AO count start flag 0 : Stops counting RW
TA1S Timer A1 count start flag 1 Starts counting RW
TA2S Timer A2 count start flag RW
TA3S Timer A3 count start flag RW
TA4S Timer A4 count start flag RW
TBOS Timer BO count start flag RW
TB1S Timer B1 count start flag RW
TB2S Timer B2 count start flag RW
Symbol Address After Reset
UDF 038416 0016
Bit Symbol Bit Name Function RW
TAOUD | Timer AO up/down flag 0: Down count RW
TA1UD [ Timer A1 up/down flag 1: Up count RW
" Enabled by setting the MR2 bit in
TA2UD | T A2 fl RW
y imer A2 up/down flag the TAIMR register to 0
TA3UD | Timer A3 up/down flag (= switching source in UDF register)] RW
TA4UD | Timer A4 up/down flag during event counter mode RW
TA2P Timer A2 two-phase pulsg 0: two-phase pulse signal WO
signal processing select bit processing disabled
Timer A3 two-phase pulse | 1: two-phase pulse signal
TA3P signal processing select bit processing enabled (2, 3) WO
Timer A4 two-phase pulse
TA4P signal processing select bit wo

1. Use MOV instruction to write to this register.
2. Make sure the port direction bits for the TA2IN to TA4IN and TA20UT to TA40UT pins are set to 0

3. When the two-phase pulse signal processing function is not used, set the corresponding bit to 0.

Figure 12.5 TAO to TA4 Registers, TABSR Register, and UDF Register
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One-shot Start Flag

b7 b6 b5 b4 b3 b2 b1l bO

| Symbol Address After Reset
ONSF 038216 0016
Bit Symbol Bit Name Function RW
TA0OS [ Timer AO one-shot start flag | The timer starts counting by setting | RW
- this bit to 1 while bits TMOD1 and
TA10S Timer A1 one-shot startflag | TnmoODO in the TAIMR register (i = 0 RwW
: to 4) = 102 (= one-shot timer mode)
TA20S | Timer A2 one-shot start fl RW
Mer A2 one-sho? SR 149 | and the MR2 bit in the TAIMR
TA30S | Timer A3 one-shot start flag | register = 0 (=TAiOS bit enabled). RW
When read, its content is 0
TA40S [ Timer A4 one-shot start flag RW
. . 0: Z-phase input disabled
TAZIE - RW
Z-phase input enable bit 1: Z-phase input enabled
TAOTGL | Timer AO ttri b7b6
Sg;irt bit eventirniager 0 0: Input on TAOIN is selected (™ RW
0 1: TB2 overflow is selected (2)
TAOTGH 1 0: TA4 overflow is selected (2) RW
1 1: TA1 overflow is selected
NOTES:
1. Make sure the PD7_1 bit in the PD7 register is set to 0 (input mode).
2. Overflow or underflow.
Trigger Select Register
b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address After Reset
| TRGSR 038316 0016
Bit Symbol Bit Name Function RW
Timer A1 event/trigger b1b0
- TATTGL select bit 9 0 0: Input on TA1IN is selected (1) RwW
01: TB2 is selected (2)
N TA1TGH 1 0: TAQ is selected (2) RW
11: TA2 is selected (2)
Timer A2 event/trigger b3 b2
P TA2TGL select bit 99 0 0: Input on TA2IN is selected (1) Rw
H 0 1: TB2 is selected (2)
TA2TGH 1 0: TA1 is selected (2) RW
v 11: TA3 is selected (2)
HE i i b5 b4
b TASTGL -srggirt ﬁg event/trigger 0 0: Input on TA3IN is selected (1) RW
HE 0 1: TB2 is selected (2)
P TA3TGH 1.0: TA2 is selected (2) RW
v 11: TA4 is selected (2)
b : - b7 b6
P T TA4TGL -srel:lré?:; ﬁ: event/trigger 0 0: Input on TA4IN is selected (1) RW
H 0 1: TB2 is selected (2)
] TA4TGH 10: TA3 is selected (2) RW
11: TAO is selected (2)
NOTES:
1. Make sure the port direction bits for the TA1IN to TA4IN pins are set to 0 ( input mode).
2. Overflow or underflow.
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address After Reset
s e CPSRF 038116 OXXXXXXX2
P 4+ v Bit Symbol Bit Name Function RW
. — Nothing is assigned. If necessary, set to 0. _
VT (b6-b0) | When read, their contents are undefined
CPSR Clock prescaler reset flag Setting this bit to 1 initializes the RW

prescaler for the timekeeping clock.
(When read, its content is Q

Figure 12.6 ONSF

Register, TRGSR Register, and CPSRF Register
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12.1.1 Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 12.1). Figure 12.7 shows
TAIMR register in timer mode.

Table 12.1 Specifications in Timer Mode

Item Specification
Count source f1, f2, f8, f32, fc32
Count operation » Decrement

» When the timer underflows, it reloads the reload register contents and continues counting

Divide ratio 1/(n+1)  n: set value of TAi register (i=0to4) 000016 to FFFF16
Count start condition Set TAIS bit in the TABSR register to 1 (start counting)
Count stop condition Set TAIS bit to 0 (stop counting)
Interrupt request generation timing | Timer underflow
TAIIN pin function I/O port or gate input
TAiouT pin function I/0O port or pulse output
Read from timer Count value can be read by reading TAi register
Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select function + Gate function

Counting can be started and stopped by an input signal to TAIIN pin

* Pulse output function
Whenever the timer underflows, the output polarity of TAIOUT pin is inverted.
When not counting, the pin outputs a low.

Timer Ai Mode Register (i=0 to 4)

| b7| b8| (b)s b4| b3| b2| g1| (b)o| Symbol Address After Reset

TAOMR to TAAMR 039616 to 039A16 0016

Bit Symbol Bit Name Function RW

: TMODO | Operation mode b RW

v T™MODA select bit 0 0: Timer mode RW
MRO Pulse output function 0: Pulse is not output

_________ select bit (TAiouT pin is a normal port pin) RW

1: Pulse is output
(TAioUT pin is a pulse output pin)

H H b4 b3
MR1 Gate function select bit 0 0: \ Gate function not available RW
"""""" 01:J (TAIIN pin functions as 1/O port)
1 0: Counts while input on the TAi IN pin
: MR2 is low (M
e et 1 1: Counts while input on the TAi IN pin  |RW
is high()
ERRREE LR EEELE LD MR3 Set to 0 in timer mode RW
. b7 b6
_______________________ TCKO Count source select bit 00 f1 or f2 RW
01:fs
__________________________ TCK1 10: f32 RW
11:fc32

NOTE:
1. The port direction bit for the TAi IN pin must be set to 0 ( input mode).

Figure 12.7 Timer Ai Mode Register in Timer Mode
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12.1.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Timers A2, A3, and A4 can count two-phase external signals. Table 12.2 lists specifica-
tions in event counter mode (when not processing two-phase pulse signal). Table 12.3 lists specifica-
tions in event counter mode (when processing two-phase pulse signal with the timers A2, A3 and A4).
Figure 12.8 shows TAIMR register in event counter mode (when not processing two-phase pulse signal).
Figure 12.9 shows TA2MR to TA4MR registers in event counter mode (when processing two-phase
pulse signal with the timers A2, A3 and A4).

Table 12.2 Specifications in Event Counter Mode (when not processing two-phase pulse signal)
Item Specification

Count source  External signals input to TAIIN pin (i=0 to 4) (effective edge can be selected
in program)

* Timer B2 overflows or underflows,
timer Aj (j=i-1, except j=4 if i=0) overflows or underflows,
timer Ak (k=i+1, except k=0 if i=4) overflows or underflows

Count operation * Increment or decrement can be selected by external signal or program

* When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divided ratio 1/ (FFFF16 - n + 1) for increment
1/ (n + 1) for down-count  n: set value of TAi register 000016 to FFFF16
Count start condition Set TAIS bit in the TABSR register to 1 (start counting)
Count stop condition Set TAIS bit to 0 (stop counting)
Interrupt request generation timing | Timer overflow or underflow
TAIIN pin function I/O port or count source input
TAiouT pin function I/O port, pulse output, or up/down-count select input
Read from timer Count value can be read by reading TAi register
Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
» When counting (after 1st count source input)
Value written to TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select function  Free-run count function
Even when the timer overflows or underflows, the reload register content is
not reloaded to it
 Pulse output function
Whenever the timer underflows or underflows, the output polarity of TAiouT
pin is inverted . When not counting, the pin outputs a low.
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Timer Ai Mode Register (i=0 to 4)
(When not using two-phase pulse signal processing)
or b8 05 b4 b3 b7 ml od Symbol Address After Reset
| | |0 | | | |0 | 1 | TAOMR to TAMR 039616 to 039A16 0016
A Bit Symbol Bit Name Function RwW
S A S I Vo))
A oDo Operation mode select bit o . 1 RY
oo ] TMOD1 0 1 : Event counter mode (1) RW
Vo 0: Pulse is not output
. MRO Pulse output function (TAiouT pin functions as 1/0 port) RW
o select bit 1: Pulse is output
oo (TAiouT pin functions as pulse output pin)
T R T EEPEEEEEREY MR1 Count polarityselect bit (2) 0 Counts external S!gnal:s fgl!ing edge RW
A 1: Counts external signal's rising edge
] Up/down switching 0: UDF register
MR2 cause select bit 1: Input signal to TAiouT pin(® RW
Hesesesessenooood MR3 Set to 0 in event counter mode RW
R Count operation type 0: Reload type
: TCKO select bit 1: Free-run type RW
oo TCK1 Can be 0 or 1 when not using two-phase pulse signal processing RW
NOTES:
1. During event counter mode, the count source can be selected using registers ONSF and TRGSR.
2. Effective when bits TAITGH and TAITGL in the ONSF or TRGSR register are 002 (TAIIN pin input).
3. Decrement when input on TAIOUT pin is low or increment when input on that pin is high. The port
direction bit for TAIOUT pin must be set to 0 (input mode).

Figure 12.8 TAIMR Register in Event Counter Mode (when not using two-phase pulse signal

processing)
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Table 12.3 Specifications in Event Counter Mode
(when processing two-phase pulse signal with timers A2, A3 and A4)

Item

Specification

Count source

» Two-phase pulse signals input to TAIIN or TAIOUT pins (i = 2 to 4)

Count operation

* Increment or down-count can be selected by two-phase pulse signal

* When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divide ratio

1/ (FFFF16 - n + 1) for increment
1/ (n + 1) for down-count n : set value of TAi register 000016 to FFFF16

Count start condition

Set TAIS bit in the TABSR register to 1 (start counting)

Count stop condition

Set TAIS bit to 0 (stop counting)

Interrupt request generation timing

Timer overflow or underflow

TAIIN pin function

Two-phase pulse input

TAiouT pin function

Two-phase pulse input

Read from timer

Count value can be read by reading timer A2, A3 or A4 register

Write to timer

» When not counting and until the 1st count source is input after counting start
Value written to TAi register is written to both reload register and counter
» When counting (after 1st count source input)
Value written to TAi register is written to reload register
(Transferred to counter when reloaded next)

Select function (Note)

» Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on TA]jIN pin
when input signals on TAjouT pin is “H”.

TAjouT i L
TAjIN J A Ay ' L

0:2,3) Increment  Increment Increment Decrement ~ Decrement  Decrement

» Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that TAkIN(k=3, 4) pin goes “H” when the
input signal on TAkouT pin is “H”, the timer counts up rising and falling
edges on TAkouT and TAKIN pins. If the phase relationship is such that
TAKIN pin goes “L” when the input signal on TAkouT pin is “H”, the timer
counts down rising and falling edges on TAkouT and TAKIN pins.

TAKOUT\J**vf YA*AtJ

Increment all edges Decrement all edges
TAKIN
s h v dvdvdvdy
N\ D _
~~ ~"
Increment all edges Decrement all edges

+ Counter initialization by Z-phase input (timer A3)
The timer count value is initialized to 0 by Z-phase input.

NOTE:

1. Only timer A3 is selectable. Timer A2 is fixed to normal processing operation, and timer A4 is fixed to
multiply-by-4 processing operation.
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Timer Ai Mode Register (i=2 to 4)
(When using two-phase pulse signal processing)

b6 b5 b4 b3 b2 b1l bO

L fo[t]o]o]o]1]

Symbol Address After Reset
TA2MR to TA4AMR 039816 to 039A16 0016
Bit Symbol Bit Name Function RW
TMODO . oo RwW
TMOD1 Operation mode select bit [0 1: Event counter mode RW
MRO To use two-phase pulse signal processing, set this bit to 0 RW
MR1 To use two-phase pulse signal processing, set this bit to 0 RW
MR2 To use two-phase pulse signal processing, set this bit to 1 RwW
MR3 To use two-phase pulse signal processing, set this bit to 0 RW
TCKO Count operation type 0: Reload type RW
select bit 1: Free-run type
Two-phase pulse signal . . .
TCKA1 processing operation 0: Normal processing operation RW

select bit (1)(2)

1: Multiply-by-4 processing operation

NOTES:

1. The TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate
in normal processing mode and x4 processing mode, respectively.

2. If two-phase pulse signal processing is desired, following register settings are required:
* Set the TAIP bit in the UDF register to 1 (two-phase pulse signal processing function enabled).
+ Set bits TAITGH and TAITGL in the TRGSR register to 002 (TAIIN pin input).
+ Set the port direction bits for TAiIN and TAiouT to 0 (input mode).

Figure 12.9 TA2MR to TA4MR Registers in Event Counter Mode (when using two-phase pulse

signal processing with timer A2, A3 or A4)

Rev. 1.10 Mar. 30, 2007
REJ09B0287-0110

page 98

of 390

ENESAS



M16C/28 Group (T-ver./V-ver.) 12. Timer A

12.1.2.1 Counter Initialization by Two-Phase Pulse Signal Processing
This function initializes the timer count value to 0 by Z-phase (counter initialization) input during two-
phase pulse signal processing.

This function can only be used in timer A3 event counter mode during two-phase pulse signal process-
ing, free-running type, x4 processing, with Z-phase entered from the INT2 pin.

Counter initialization by Z-phase input is enabled by writing 000016 to the TA3 register and setting the
TAZIE bit in ONSF register to 1 (Z-phase input enabled).

Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be cho-
sen to be the rising or falling edge by using the POL bit in the INT2IC register. The Z-phase pulse
width applied to the INT2 pin must be equal to or greater than one clock cycle of the timer A3 count
source.

The counter is initialized at the next count timing after recognizing Z-phase input. Figure 12.9 shows
the relationship between the two-phase pulse (A phase and B phase) and the Z phase.

If timer A3 overflow or underflow coincides with the counter initialization by Z-phase input, a timer A3
interrupt request is generated twice in succession. Do not use the timer A3 interrupt when using this
function.

TA3ouTt ‘ r
(A phase) ‘ AI ‘ !
B | \ \ .
Count source |_| |_| |_| |_| —I |_| —I |_| |_| |_|
INT2 O j
(Z phase) : !

! l ’ i Input equal to or greater than one clock cycle
of count source

Timer A3 X m Xme1X 1 X 2 X 3X 4 X5

NOTE:
1. This timing diagram is for the case where the POL bit in the INT2IC register is set to 1 (rising edge).

Figure 12.10 Two-phase Pulse (A phase and B phase) and the Z Phase

Rev. 1.10 Mar. 30, 2007 Ppage 99  of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./\V-ver.) 12. Timer A

12.1.3 One-shot Timer Mode

In one-shot timer mode, the timer is activated only once by one trigger. (See Table 12.4) When the
trigger occurs, the timer starts up and continues operating for a given period. Figure 12.11 shows the
TAIMR register in one-shot timer mode.

Table 12.4 Specifications in One-shot Timer Mode

Item Specification
Count source f1, f2, f8, f32, fC32
Count operation * Decrement

+ When the counter reaches 000016, it stops counting after reloading a new value
« If atrigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n n:setvalue of TAiregister 000016 to FFFF16
However, the counter does not work if the divide-by-n value is set to 000016.
Count start condition TAIS bit in the TABSR register is set to 1 (start counting) and one of the

following triggers occurs.

» External trigger input from the TAIIN pin

* Timer B2 overflow or underflow,
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

* The TAIOS bit in the ONSF register is set to 1 (timer starts)

Count stop condition » When the counter is reloaded after reaching 000016

* TAIS bit is set to “0” (stop counting)

Interrupt request generation timing | When the counter reaches 000016

TAIIN pin function I/0 port or trigger input

TAIOUT pin function I/O port or pulse output

Read from timer An undefined value is read by reading TAi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select function * Pulse output function

The timer outputs a low when not counting and a high when counting.
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b7 b6 b5 b4 b3 b2 b1 bO

Timer Ai Mode Register (i=0 to 4)

Symbol Address After Reset
| | | 0 | | | | 1 | 0 | TAOMR to TA4MR 39616 to 039A16 0016
. [ Bit Symbol Bit Name Function RW
Pl it ] TMODO | operati I e W
v HE peration mode select bit . ~ .
- TMOD1 1 0: One-shot timer mode RW
) 0: Pulse is not output (TAiouT pin functions
] MRO Pulse output function as I/O_port) _ ) ) RW
oo select bit 1: Pulse is output (TAioUT pin functions as a
. pulse output pin)
P . . 0: Falling edge of input signal to TAIiIN pin @)
R € LY
oo MR1 External trigger select bit 1: Rising edge of input signal to TAIIN pin RW
P . . 0: TAIOS bit is enabled
poro T MR2 | Trigger select bit 1: Selected by bits TAITGH to TAITGL RW
P MR3 Set to 0 in one-shot timer mode RW
E b7 b6
. TCKO 00: fior f2 RW
Count source select bit 01:f8
R TCKA1 10:f32 RW
11:fcaz2

NOTES:

1. Effective when bits TAITGH and TAITGL in the ONSF or TRGSR register are 002 (TAIIN pin input).
2. The port direction bit for the TAIIN pin must be set to 0 (input mode).

Figure 12.11 TAIMR Register in One-shot Timer Mode
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12.1.4. Pulse Width Modulation (PWM) Mode
In PWM mode, the timer outputs pulses of a given width in succession (see Table 12.5). The counter
functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 12.12 shows
TAIMR register in pulse width modulation mode. Figures 12.13 and 12.14 show examples of how a 16-
bit pulse width modulator operates and how an 8-bit pulse width modulator operates.

Table 12.5 Specifications in Pulse Width Modulation Mode

ltem Specification
Count source f1, f2, fs, f32, fC32
Count operation » Decrement (operating as an 8-bit or a 16-bit pulse width modulator)

* The timer reloads a new value at a rising edge of PWM pulse and continues counting
» The timer is not affected by a trigger that occurs during counting

16-bit PWM * High level width n/fj n : set value of TAi register (i=o to 4)
« Cycletime (2'6-1)/fjfixed fj: count source frequency (f1, f2, f8, f32, fc32)
8-bit PWM + High level width nx(m+1)/f n:setvalue of TAi register high-order address

« Cycletime (28-1)x (m+1)/fi m : set value of TAi register low-order address
Count start condition * TAIS bit in the TABSR register is set to “1” (= start counting)
* The TAIS bit = 1 and external trigger input from the TAIIN pin
* The TAIS bit = 1 and one of the following external triggers occurs
* Timer B2 overflow or underflow,
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

Count stop condition TAIS bit is set to 0 (stop counting)

Interrupt request generation timing | PWM pulse goes “L”

TAIIN pin function I/O port or trigger input

TAiouT pin function Pulse output

Read from timer An undefined value is read by reading TAi register

Write to timer » When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to TAi register is written to only reload register

(Transferred to counter when reloaded next)
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Timer Ai Mode Register (i= 0 to 4)

b7 b6 b5 b4 b3 b2 b1 bO

| | | ’ | ’ | Symbol Address After Reset
B I I I I N A TAOMR to TA4MR 039616 to 039A16 0016

P41 4| Bit Symbol Bit Name Function RW
oo bt 2T TMOoDo o150 RW
[ S Operation mode select bit | 1 1: PWM mod
e TMOD1 P mode RW
) 0: Pulse is not output (TAIOUT pin functions as 1/0
R R MRO Pulse ot_Jtput funcion port) . . . RW
H ' H ' H . Pulse Is outpu | In functions as a pulse
oo select bit 1: Pul tput (TAIOUT pin functi I
- output pin)
oo ] . | 0: Falling edge of input signal to TAIIN pin®
A 0
N MR1 External trigger select bit 1: Rising edge of input signal to TAIIN pin® RW
R A - - 0: Write 1 to TAIS bit in the TASF register
R MR2 Ti | RW
oo rigger select bit 1: Selected by bits TAITGH to TAITGL
S S MR3 |16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator | o
P select bit 1: Functions as an 8-bit pulse width modulator
: : b7 b6
bbbl TCKO 00: f1orf2 RW
. . 01:fs
Count source select bit 10: fa2
mmmmmmmmmmmmmmmmmmmm-mm - - TCK1 11: fcaz RwW

NOTES:
1. Effective when bits TAITGH and TAITGL in the ONSF or TRGSR register are 002 (TAIIN pin input).
2. The port direction bit for the TAIIN pin must be set to 0 ( input mode).

Figure 12.12 TAIMR Register in Pulse Width Modulation Mode
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Count source J I_I

) “wp e -
Input signal to |
TAIN pin “L AN

PWM pulse output ~ “H” |
from TAioOUT pin oL | L o ____ I

IR bit in the 1
TAIIC register S N
fj : Frequency of count source \ /

i= O(ftg 22 fe, fa2, fcaz) Set to 0 upon accepting an interrupt request or by program

NOTES:
1.n =000016 to FFFE16.
2. This timing diagram is for the case where the TAi register is 0003 16, bits TAITGH and TAITGL in the ONSF or
TRGSR register is set to 002 (TAIIN pin input), the MR1 bit in the TAIMR register is set to 1 (rising edge), and
the MR2 bit in the TAIMR register is set to 1 (trigger selected by TAITGH and TAITGL bits).

Figure 12.13 Example of 16-bit Pulse Width Modulator Operation

countsource @ [|[IITTTTUTTUUUUTIOES SO

Input signal to H
TAIIN pin w » * )

Underflow signal of H—rr i r—r—r—----- -
8-bit prescaler (2) W |_I I_I |_| U |_I

PWM pulse output R

from TAiouUT pin oL ! o

IR bit in the ! I—I_ —I_
TAIIC register 0o — ! - ____

fj : Frequency of count source \

(f1, f2, fs, f32, fc32) Set to 0 upon accepting an interrupt request or by program
i=0to4
NOTES:

1. The 8-bit prescaler counts the count source.

2. The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.

3. m = 0016 to FF16; n = 0016 to FE16.

4. This timing diagram is for the case where the TAi register is 020216, bits TAITGH and TAITGL in the ONSF or
TRGSR register is set to 002 (TAIIN pin input), the MR1 bit in the TAIMR register is set to 0 (falling edge), and the
MR2 bit in the TAIMR register is set to 1 (trigger selected by bits TAITGH and TAITGL).

Figure 12.14 Example of 8-bit Pulse Width Modulator Operation
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12.2 Timer B

Figure 12.15 shows a block diagram of the timer B. Figures 12.16 and 12.17 show registers related to the
timer B.
Timer B supports the following four modes. Use bits TMOD1 and TMODO in the TBiMR register (i = 0 to 2)
to select the desired mode.
» Timer mode: The timer counts the internal count source.
» Event counter mode: The timer counts the external pulses or overflows and underflows of other timers.
* Pulse period/pulse width measurement mode: The timer measures the pulse period or pulse width of
external signal.
» A/D trigger mode: The timer starts counting by one trigger until the count value becomes 000016.
This mode is used together with simultaneous sample sweep mode or delayed trigger mode 0 of A/D
converter to start A/D conversion.

S Data bus high-order bits
Clock source selection ) Data bus low-order bits
« Timer mode ] Low-order 8 bits U High-order 8 bits
frorf2 —0 * Pulse period/, pulse width measuring mode L Reload st
fs —o + A/D trigger mode | _ cload register - |
22 o Clock selection ] J l [
fcz2g ——O « Event counter Counter |
A
; Polarity switching, TABSR regist
TBiIN register
(i=0t02) O— edge pulse
Can be selected in Counter reset circuit ||
onlyevent counter mode
TBi Address TBj
TBjoverflow () ~  ——0 TimerBO 039116 - 039016 Timer B2
(=i-1, except j=2ifi=0) TimerB1  039316-039216  Timer BO

Timer B2 039516 - 039416 Timer B1

NOTE:
1. Overflow or underflow.

Figure 12.15 Timer B Block Diagram

Timer Bi Mode Register (i=0 to 2)

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | Symbol Address After Reset

TBOMR to TB2MR  039B16 to 039D 16 00XX00002

v [Bit Symbol Bit Name Function RwW
e K .| b1b0
porobon b TMODO Operation mode select bit | 9 0 : Timer mode or A/D trigger mode RW
[ ! 0 1 : Event counter mode
. 1 0 : Pulse period measurement mode,
A TMOD1 pulse width measurement mode RW
A 11 : Do not set
T A R A MRO . ,. ,
oo _— Function varies with each operation RW
[ MR1 mode RW
S MR2 | RW)
P g
R CGUGLEEEEEEEEEE MR3 RO
D e TCKO Count lect bit Function varies with each operation RW
L oK ount source select bi mode

RW

NOTES:
1. Timer BO.

2. Timer B1, Timer B2.

Figure 12.16 TBOMR to TB2MR Registers
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(b15)
b7

(b8)
b0 b7

Timer Bi Register (i=0 to 2)(")

b0 Symbol Address After Reset
| TBO 039116, 039016 Undefined
TB1 039316, 039216 Undefined
TB2 039516, 039416 Undefined
Mode Function Setting Rrange | RW
Timer mode Divide the count source by n + 1 000016 to FFFF16 RW
where n = set value
Event counter Divide the count source by n + 1 000016 to FFFF16 RW
mode where n = set value (2)
Pulse period Measures a pulse period or width
modulation mode,
Pulse width B RO
modulation mode
A/D trigger Divide the count source by n + 1 where | 000016 to FFFF16 RW
mode (3) n = set value and cause the timer stop

NOTES:
1. The register must be accessed in 16 bit units

2. The timer counts pulses from an external device or overflows or underflows of other timers.

3. When this mode is used combining delayed trigger mode 0, set the larger value than the value in

the timer BO register to the timer B1 register.

Count Start Flag

b7 b6 b5 b4 b3 b2 b1 b0

Clock Prescaler Reset flag

b7 b6 b5 b4 b3 b2 b1l b0

Symbol Address After Reset
TABSR 038016 0016
Bit Symbol Bit Name Function RwW
TAOS Timer AO count start flag | 0: Stops counting RW
1: Starts counting
TA1S Timer A1 count start flag RW
TA2S Timer A2 count start flag RW
TA3S Timer A3 count start flag RW
TA4S Timer A4 count start flag RwW
TBOS Timer BO count start flag RW
TB1S Timer B1 count start flag RW
TB2S Timer B2 count start flag RW
Symbol Address After Reset
CPSRF 038116 OXXXXXXX2
Bit Symbol Bit Name Function RwW
— Nothing is assigned. If necessary, set to 0. When read, the _
(b6-b0) | contents are undefined
Setting this bit to 1 initializes the
CPSR Clock prescaler reset flag |prescaler for the timekeeping clock. RW
(When read, the value of this bit is 0)

Figure 12.17 TBO to TB2 Registers, TABSR Register, CPSRF Register
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12.2.1 Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 12.6). Figure 12.18

shows TBiMR register in timer mode.

Table 12.6 Specifications in Timer Mode

Item

Specification

Count source

f1, f2, f8, fa2, fc32

Count operation

» Decrement
* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio

1/(n+1) n: set value of TBiregister (i=0to2) 000016 to FFFF16

Count start condition

Set TBiS bit(!) to 1 (start counting)

Count stop condition

Set TBIS bit to 0 (stop counting)

Interrupt request generation timing

Timer underflow

TBIIN pin function

1/0O port

Read from timer

Count value can be read by reading TBi register

Write to timer

* When not counting and until the 1st count source is input after counting start
Value written to TBi register is written to both reload register and counter
» When counting (after 1st count source input)
Value written to TBi register is written to only reload register
(Transferred to counter when reloaded next)

NOTE:

1. Bits TBOS to TB2S are assigned to the bit 7 to bit 5 in the TABSR register.

b7 b6 b5 b4 b3 b2 b1 bo

Timer Bi Mode Register (i= 0 to 2)

EEENEEO0

Symbol Address After Reset
TBOMR to TB2MR 039B16 to 039D 16 00XX00002
Bit Symbol Bit Name Function RW
TMODO i it o1 RW
Operation mode select bit 0 0: Timer mode or A/D trigger mode
TMOD1 RW
MRO No effect in timer mode RwW
MRA1 Canbe settoOor1 RW
TBOMR register
Set to 0 in timer mode RW
MR2 TB1MR, TB2MR registers
Nothing is assigned. If necessary, set to 0. When read, the J—
content is undefined
MR3 When write in timer mode, set to 0. When read in timer mode, the
content is undefined RO
I H b7 b6
TCKO Count source select bit 00 f10orf2 RW
01:fs
10:f32 RW
TCK1 11:fc32

Figure 12.18 TBiMR Register in Timer Mode
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12.2.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers (see Table 12.7). Figure 12.19 shows the TBiMR register in event counter mode.

Table 12.7 Specifications in Event Counter Mode

ltem Specification
Count source * External signals input to TBIIN pin (i=0 to 2) (effective edge can be selected
in program)
* Timer Bj overflow or underflow (j=i-1, except j=2 if i=0)
Count operation » Decrement

* When the timer underflows, it reloads the reload register contents and
continues counting

Divide ratio 1/(n+1) n: set value of TBi register 000016 to FFFF16

Count start condition Set TBiS bit() to 1 (start counting)

Count stop condition Set TBiS bit to 0 (stop counting)

Interrupt request generation timing | Timer underflow

TBIIN pin function Count source input

Read from timer Count value can be read by reading TBi register

Write to timer * When not counting and until the 1st count source is input after counting start

Value written to TBi register is written to both reload register and counter
* When counting (after 1st count source input)

Value written to TBi register is written to only reload register

(Transferred to counter when reloaded next)

NOTE:
1. Bits TB2S to TBOS are assigned to the bit 7 to bit 5 in the TABSR register.

Timer Bi Mode Register (i=0 to 2)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
| | | | | | | 0 | 1 TBOMR to TB2MR ~ 039B16 to 039D16  00XX00002
Bit Symbol Bit Name Function RW
TMODO o i q lect b't b1b0 RW
H peration mode select bi .
TMOD1 0 1: Event counter mode RW
' i it (1) b3 b2
[ Count polarity select bit 0 0: Counts external signal's
MRO h RW
falling edges
0 1: Counts external signal's rising
edges
' 1 0: Counts external signal's
"""""" MR1 falling and rising edges RW
1 1: Do not set
TBOMR register
: | SettoOintimermode | "
"""""""" MR2 TB1MR, TB2MR registers
Nothing is assigned. If necessary, set to 0. When read, the -
content is undefined
When write in event counter mode, set to 0. When read in event
................... MR3 . . RO
counter mode, the content is undefined
R TCKO No effect in event counter mode RW

Can be setto 0 or 1

: 0 : Input from TBiIN pin (2)
B R EEEE L L e L e TCKA1 Event clock select 1 : TBj overflow or underflow RwW
(j=i—1,exceptj=2ifi=0)

NOTES:
1. Effective when the TCK1 bit is set to 0 (input from TBIIN pin). If the TCK1 bit is set to 1 (TBj overflow or underflow),
these bits can be setto 0 or 1.
2. The port direction bit for the TBiIN pin must be set to 0 (= input mode).

Figure 12.19 TBiMR Register in Event Counter Mode
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12.2.3 Pulse Period and Pulse Width Measurement Mode

In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal (see Table 12.8). Figure 12.20 shows the TBiMR register in pulse period and pulse width
measurement mode. Figure 12.21 shows the operation timing when measuring a pulse period. Figure

12.22 shows the operation timing when measuring a pulse width.

Table 12.8 Specifications in Pulse Period and Pulse Width Measurement Mode

Item Specification
Count source f1, f2, f8, 32, fc32
Count operation * Increment

* Counter value is transferred to reload register at an effective edge of mea-
surement pulse. The counter value is set to 000016 to continue counting.

Count start condition Set TBIS (i=0 to 2) bit *) to 1 (start counting)

Count stop condition Set TBIS bit to 0 (stop counting)

Interrupt request generation timing | « When an effective edge of measurement pulse is input (1)

this time, make sure TBiS bit is set to 1 (start counting).

* Timer overflow. When an overflow occurs, MR3 bit in the TBiIMR register is set to
1 (overflowed) simultaneously. MRS bit is cleared to 0 (no overflow) by writing
to TBIMR register at the next count timing or later after MR3 bit was setto 1. At

TBIIN pin function Measurement pulse input

Read from timer Contents of the reload register (measurement result) can be read by reading TBi register (¢)

Write to timer Value written to TBi register is written to neither reload register nor counter
NOTES:

1. Interrupt request is not generated when the first effective edge is input after the timer started counting.
2. Value read from TBi register is undefined until the second valid edge is input after the timer starts counting.
3. Bits TBOS to TB2S are assigned to the bit 5 to bit 7 in the TABSR register .

Timer Bi Mode Register (i=0 to 2)
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | 1 | 0 | Symbol Address After Reset
TBOMR to TB2ZMR  039B16 to 039D 16 00XX00002
Bit Symbol Bit Name Function RW
. b1 b0
: TMODO Oqeretlttl)qtn mode 1 0 : Pulse period / pulse width RW
.-y TmMOD1 select bi measurement mode RW
Measurement mode | %
: select bit 0 0: Pulse period measurement
-------- MRO (Measurement between a falling edge and the RW
next falling edge of measured pulse)
0 1: Pulse period measurement
(Measurement between a rising edge and the next
rising edge of measured pulse)
: 1 0: Pulse width measurement
. MR1 (Measurement between a falling edge and the RW
next rising edge of measured pulse and between
a rising edge and the next falling edge)
1 1: Do not set.
TBOMR register RW
: Setto 0in pulse period and pulse width measurementmode | 7
] MR2 TB1MR, TB2MR registers
Nothing is assigned. If necessary, set to 0. —
When read, the content is undefined
: Timer Bi overflow 0 : Timer did not overflow
------------------ MR3 flag (1) 1 : Timer has overflowed RO
H b7 b6
---------------------- TCKO Count source 00: f1orf2 RW
select bit 01:f8
e e mmm—m———a TCKA1 10:f32 RW
11:fc32
NOTE:
1.This flag is undefined after reset. When the TBiS bit is set to 1 (start counting), the MR3 bit is cleared to 0 (no overflow) by
writing to the TBIMR register at the next count timing or later after the MR3 bit was set to 1 (overflowed). The MRS bit cannot
be set to 1 by program. Bits TBOS to TB2S are assigned to the bit 5 to bit 7 in the TABSR register.

Figure 12.20 TBiMR Register in Pulse Period and Pulse Width Measurement Mode
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Count source -~

g

Measurement pulse @

Transfer Transfer !
(undefined value) /(measured value) :

Reload register «counter |_| |_|

transfer timing ; ;
A A @
1

Timing at which counter
reaches 000016

1

TBIS bit |
0 4 |
TBIIC register's 1 ‘
IR bit o 3
. . 1
TBIMR register's
MR3 bit

0 .
Bits TBOS to TB2S are assigned to the bit 5 to bit 7 in the TABSR register.

-

i=0to2

NOTES:
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where bits MR1 and MRO in the TBiMR register are 002 (measure the interval
from falling edge to falling edge of the measurement pulse).

Figure 12.21 Operation timing when measuring a pulse period

Count source

Measurement pulse

L --
Transfer Transfer ! Transfer | Transfer
value) value) |

Reload register «counter |‘|
transfer timing
| y M

I

€ | |
(undefined / (measured value) ‘/(measured 1o (measured value) !
I

I

Timing at which counter
reaches 000016

/!
1 1 [ |

TBIS bit 1

TBIIC register' 1
e Ibit register's . |_| l_u—l_
S e

Set to 0 upon accepting an interrupt request or by

1 program
The MR3 bit in the

0 -
TBiIMR register
Bits TB2S to TBOS are assigned to the bit 7 to bit 5 in the TABSR register.

i=0to2

NOTES:
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where bits MR1 to MRO in the TBiMR register are 102 (measure the
interval from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge
of the measurement pulse).

Figure 12.22 Operation timing when measuring a pulse width
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12.2.4 A/D Trigger Mode
A/D trigger mode is used together with simultaneous sample sweep mode or delayed trigger mode 0 of
A/D conversion to start A/D conversion. It is used in timer BO and timer B1 only. In this mode, the timer
starts counting by one trigger until the count value becomes 000016. Figure 12.23 shows the TBIMR
register in A/D trigger mode and Figure 12.24 shows the TB2SC register.

Table 12.9 Specifications in A/D Trigger Mode

Item

Specification

Count Source

f1, f2, f8, f32, and fc32

Count Operation

» Decrement

* When the timer underflows, reload register contents are reloaded before
stopping counting

* When a trigger is generated during the count operation, the count is not
affected

Divide Ratio 1/(n+1) n: Setting value of TBi register (i=0,1)
000016-FFFF16
Count Start Condition When the TBiS (i=0,1) bit in the TABSR register is 1(count started),

TBIiEN(i=0,1) in TB2SC register is 1 (A/D trigger mode) and the following
trigger is generated.(Selection based on bits TB2SEL in the TB2SC)

* Timer B2 interrupt

» Underflow of Timer B2 interrupt generation frequency counter setting

Count Stop Condition

* After the count value is 000016 and reload register contents are reloaded
* Set the TBIS bit to 0 (count stopped)

Interrupt Request
Generation Timing

Timer underflows ()

TBIiIN Pin Function

1/0O port

Read From Timer

Count value can be read by reading TBi register

Write To Timer (2) « When writing in the TBi register during count stopped.
Value is written to both reload register and counter
» When writing in the TBi register during count.
Value is written to only reload register (Transfered to counter when reloaded next)
NOTES:

1: A/D conversion is started by the timer underflow. For details refer to 15. A/D Converter.
2: When using in delayed trigger mode 0, set the larger value than the value of the timer BO register
to the timer B1 register.

RENESAS

Rev. 1.10 Mar. 30, 2007  page 111 of 390

REJ09B0287-0110



M16C/28 Group (T-ver./V-ver.)

12. Timer B

NOTE:

Timer Bi Mode Register (i= 0 to 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | 0 | 0 | TBOMR to TB1MR 039B16 to 039C16  00XX00002

P4 o044 i Bit Symbol Bit Name Function RW
[ T TMODO Operation mode select bit |°'® _ . RW
0 0: Timer mode or A/D trigger mode
A TMOD1 RW
e MRO Invalid in A/D trigger mode RwW
s MR1 Either 0 or 1 is enabled RW
TBOMR register RW
Voo Set to 0 in A/D trigger mode
e MR2 TB1MR register
HEH Nothing is assigned. If necessary, set to 0. When read, its —
content is undefined
I MR3 When write in A/D trigger mode, set to 0. When read in A/D trigger
mode, the content is undefined RO
E E i (1) b7 b6
S TCKO Count source select bit 00: 1 or f2 RW
1 01:fs
e 10: fa2

ek 11: fcaz RW

1. When this bit is used in delayed trigger mode 0, set the same count source to the timer BO and timer B1.

Figure 12.23 TBiIMR Register in A/D Trigger Mode

w

bit to

IS

o,

~

Timer B2 special mode register ("

0 (= input mode).

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

. If the INV11 bit is 0 (three-phase mode 0) or the INVOG6 bit is 1 (triangular wave modulation mode), set
this bit to 0 (timer B2 underflow). .
. When setting the IVPCR1 bit to 1 (three-phase output forcible cutoff by SD pin input enabled), set the PD8_5

b7 b6 b5 b4 b3 b2 bl b0
olo 111 Symbol Address After Reset
r L TB2SC 039E16 X00000002
Poiob ittt Bit Symbol Bit Name Function RW
Poi b 0 b V[ PWCON | Timer B2 reload timing | 0: Timer B2 underflow
E o switch bit @ 1: Timer A output at odd-numbered RW
, ' - IVPCR1 |Three-phase output port | 0: Three-phase output forcible cutoff
A - SD control bit 1 by SD pin input (high impedance)
I I A 3, 4,7) disabled RW
N 1: Three-phase output forcible cutoff
I A by SD pin input (high impedance)
ol enabled
H ; ________ TBOEN [Timer BO operation mode | 0: Other than A/D trigger mode RW
Voo select bit 1: A/D trigger mode ~ ®
:L ___________ TB1EN |Timer B1 operation mode | 0: Other than A/D trigger mode RW
select bit 1: AID trigger mode ~~ ®)
TB2SEL | Trigger select bit © 0: TB2 interrupt RW
S SnECLT e e 1: Underflow of TB2 interrupt
P generation frequency setting counter [ICTB2]
Pt (b6-b5) | Reserved bits Setto 0 RW
L — Nothing is assigned. If necessary, set to 0. _
""""""""""""" (b7) When read, its content is 0
NOTES:

. Related pins are U(P8o), U(P81), V(PT72), V(P73), W(P74), W(P7s). After forcible cutoff, input "H" to the P85/NMI/SD pin.
Set the IVPCR1 bit to 0, and this forcible cutoff will be reset. If “L” is input to the P85/NMI/SD pin, a three-phase motor
control timer output will be disabled (INV03=0). At this time, when the IVPCR1 bit is 0, the target pins changes to
programmable 1/O port. When the IVPCR1 bit is 1, the target pins changes to high-impedance state regardless of
which functions of those pins are used.

. When this bit is used in delayed trigger mode 0, set bits TBOEN and TB1EN to 1 (A/D trigger mode).

. When setting the TB2SEL bit to 1 (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), set the
INVO02 bit to 1 (three-phase motor control timer function).

. Refer to "18.6 Digital Debounce function" for the SD input.

Figure 12.24 TB2SC Register in A/D Trigger Mode
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M16C/28 Group (T-ver.N-ver.) 12. Timer (Three-phase Motor Control Timer Function)

12.3 Three-phase Motor Control Timer Function

Timers A1, A2, A4 and B2 can be used to output three-phase motor drive waveforms. Table 12.10 lists the
specifications of the three-phase motor control timer function. Figure 12.25 shows the block diagram for
three-phase motor control timer function. Also, the related registers are shown on Figures 12.26 to 12.32.

Table 12.10 Three-phase Motor Control Timer Function Specifications

ltem Specification
Three-phase waveform output pin Six pins (U, U, V, V, W, W)
Forced cutoff input (1) Input “L” to SD pin
Used Timers Timer A4, A1, A2 (used in the one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer A1: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in the timer mode)
Carrier wave cycle control
Dead time timer (3 eight-bit timer and shared reload register)
Dead time control
Output waveform Triangular wave modulation, Sawtooth wave modification
Enable to output “H” or “L” for one cycle
Enable to set positive-phase level and negative-phase
level respectively
Carrier wave cycle Triangular wave modulation: count source x (m+1) x 2
Sawtooth wave modulation: count source x (m+1)
m: Setting value of TB2 register, 0 to 65535
Count source: f1, f2, f8, f32, fc32
Three-phase PWM output width Triangular wave modulation: count source x n x 2
Sawtooth wave modulation: count source x n
n: Setting value of TA4, TA1 and TAZ2 register (of TA4,
TA41, TA1, TA11, TA2 and TA21 registers when setting
the INV11 bit to 1), 1 to 65535
Count source: f1, f2, f8, f32, fc32
Dead time Count source x p, or no dead time
p: Setting value of DTT register, 1 to 255
Count source: f1, f2, f1 divided by 2, f2 divided by 2

Active level Eable to select “H” or “L”

Positive and negative-phase concurrent Positive and negative-phases concurrent active disable
function
Positive and negative-phases concurrent active detect func-
tion

Interrupt frequency For Timer B2 interrupt, select a carrier wave cycle-to-cycle

basis through 15 times carrier wave cycle-to-cycle basis

NOTE:

1. When the INVO02 bit in the INVCO register is set to 1 (three-phase motor control timer function), the SD function of

the P85/SD pin is enabled. At this time, the P85 pin cannot be used as a programmable /O port. When the SD
function is not used, apply “H” to the P85/SD pin.
When the IVPCR1 bit in the TB2SC register is set to 1 (enable three-phase output forced cutoff by SD pin input),
and “L” is applied to the SD pin, the related pins enter high-impedance state regardless of the functions which are
used. When the IVPCR1 bit is set to 0 (disabled three-phase output forced cutoff by SD pin input) and “L” is
applied to the SD pin, the related pins can be selected as a programmable 1/O port and the setting of the port and
port direction registers are enable.

Related pins: P72/CLK2/TA10UT/V/RXD1 P73/CTS2/RTS2/TA1IN/V/TXD1
P74/TA20UT/W P75/TA2IN'W
P80/TA40uT/U P81/TA4IN/U
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M16C/28 Group (T-ver.N-ver.) 12. Timer (Three-phase Motor Control Timer Function)

Three-phase PWM Control Register 0 (1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
LT ] mveo 034816 0016
Bit Symbol Bit Name Function RwW

0: ICTB2 counter is incremented by 1 on
the rising edge of timer A1 reload control
Effective interrupt output signal RW

P —

INVOO 1 olarity select bit(®) 1: ICTB2 counter is incremented by 1 on
the falling edge of timer A1 reload control
signal
L 0: ICTB2 counter incremented by 1 at a
INVO1 Effective interrupt output timer B2 underflow RW

Pl specification bit(: 3)

[N

: Selected by INVOO bit

0: Three-phase motor control timer
4) function unused
S INVOZ  |Mode select bit 1: Three-phase motor control timer RW
H function (5)
0: Three-phase motor control timer output
: . disabled (5)
bl INV03 Output control bit® 1: Three-phase motor control timer output RW
enabled
Positive and negative 0: Simultaneous active output enabled
! INV04 phases concurrent output e ; ) RW
P e disable bit 1: Simultaneous active output disabled
Positive and negative
INVO5  |phases concurrent output |0 Not detected yet RW
pooTTrmeeemreoaeeees detect flag 1: Already detected ()
. . |0: Triangular wave modulation mode
INV06 Modulation mode select bit®) 4. gawtooth wave modulation mode © RW

Setting this bit to 1 generates a transfer
trigger. If the INVO6 bit is 1, a trigger for the RW
dead time timer is also generated. The
value of this bit when read is 0

INVO7 Software trigger select bit

NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enable). Note also that bits INV0O to INV02,
bits INV04 and INV06 can only be rewritten when timers A1, A2, A4 and B2 are idle.

2. If this bit needs to be set to 1, set any value in the ICTB2 register before writing to it.

3. Effective when the INV11 bit in the INV1 register is 1 (three-phase mode 1). If INV11 is set to O (three-phase mode 0), the
ICTB2 counter is incremented by 1 each time the timer B2 underflows, regardless of whether the INV0O and INVO1 bits are
set. When setting the INVO1 bit to 1, the first interrupt is generated when the timer B2 underflows n-1 times, if n is the value
set in the ICTB2 counter. Subsequent interrupts are generated every n times the timer B2 underflow.

4. Setting the INV02 bit to 1 activates the dead time timer, U/V/W-phase output control circuits and ICTB2 counter.

5. When the INVO2 bit is set to 1 and the INVO3 bit is set to 0, 0, U, V, V, W, W pins, including pins shared with other output
functions, enter a high-impedance state. When INVO03 is set to 1, U/V/W corresponding pins generate the three-phase PWM
output.

6. The INV03 bit is set to 0 in the following cases:

* When reset

* When positive and negative go active (INV05 = 1) simultaneously while INV04 bit is 1

* When set to 0 by program

+ When input on the SD pin changes state from “H” to “L” regardless of the value of the INVCR1 bit. (The INVO03 bit cannot be
set to 1 when SD input is “L”.) INVO3 is set to 0 when both bits INV05 and INV04 are set to 1.

Item INV06=0 INV06=1
Mode Triangular wave modulation mode Sawtooth wave modulation mode
Timing at which transferred from registers Transferred only once synchronously Transferred every transfer trigger
IDBO to IDB1 to three-phase output shift with the transfer trigger after writing to
register registers IDBO to IDB1
Timing at which dead timg _timer trigger is Synchronous with the falling edge of Synchronous with the transfer
generated when INV16 bit is 0 timer A1, A2, or A4 one-shot pulse trigger and the falling edge of timer
A1, A2, or A4 one-shot pulse
INV13 bit Effective when INV11 is set to 1 and No effect
INVO6 is set to O

Transfer trigger: Timer B2 underflow, write to the INVO7 bit or write to the TB2 register when the INV10 bit is set to 1.
9: If the INVO6 bit is set to 1, set the INV11 bit to 0 (three-phase mode 0) and set the PWCON bit to O (timer B2 reloaded by a
timer B2 underflow)
10. When the PFCi (i = 0 to 5) bit in the PFCR register is set to 1 (three-phase PWM output), individual pins are enabled to output.

Figure 12.26 INVCO Register
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M16C/28 Group (T-ver./V-ver.) 12. Timer (Three-phase Motor Control Timer Function)

Three-phase PWM Control Register 1 (1)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
0 | | | | | | INVC1 034916 0016
[ N 1T Symbol Bit Name Function RW
[ Timer A1, A2, Ad start 0: Timer B2 underflow
- INV10 trigger signal select bit 1: Timer B2 underflow and write to the RW

TB2 register(2)

Timer A1-1, A2-1, A4-1 0: Three-phase mode 0 4
..... INV11 control bit () | 1: Three-phase mode 1 @ RW
Dead time timer count 0:f1orf2
A INVIZ 1 Source select bit 1: 1 divided by 2 o f2 divided by 2 RW

0: Timer Reload control signal is set to 0 RO

T S S INV13 Carrier wave detect flag () ! ! !
: Timer Reload control signal is set to 1

N

0 : Output waveform “L” active

b T INV14 Output polarity control bit | - Output waveform “H” active RW
. . I 0: Dead time timer enabled

oL T INV15 Dead time invalid bit 1- Dead time timer disabled RW
b 0: Falling edge of timer A4, A1 or A2
s Dead time timer trigger one-shot pulse

H INV16 select bit 1: Rising edge of three-phase output shift RW
: register (U, VV or W phase) output(®)
e o7) | Reserved bit Setto 0 RW

NOTES:
1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enable). Note also that this register
can only be rewritten when timers A1, A2, A4 and B2 are idle.
2. A start trigger is generated by writing to the TB2 register only while timer B2 stops.
3. The effects of the INV11 bit are described in the table below.

Iltem INV11=0 INV11=1
Mode Three-phase mode 0 Three-phase mode 1
TA11, TA21, TA41 registers Not Used Used
INVOO bit, INVO1 bit Has no effect. ICTB2 counted every time | Effect

timer B2 underflows regardless of
whether bits INV0O and INVO1 are set

INV13 bit Has no effect Effective when INV11 bit is 1 and
INVO6 bit is 0

4. If the INVO6 bit is 1 (sawtooth wave modulation mode), set this bit to 0 (three-phase mode 0). Also, if the INV11 bit is
0, set the PWCON bit to 0 (timer B2 reloaded by a timer B2 underflow).
5. The INV13 bit is effective only when the INVO6 bit is set to 0 (triangular wave modulation mode) and the INV11 bit is
set to 1 (three-phase mode 1).
6. If all of the following conditions hold true, set the INV16 bit to 1 (dead time timer triggered by the rising edge of three-
phase output shift register output)
* The INV15 bit is 0 (dead time timer enabled)
» When the INVO3 bit is set to 1 (three-phase motor control timer output enabled), the Dij bit and DiB;j bit (i:U, V, or
W, j: 0 to 1) have always different values (the positive-phase and negative-phase always output different levels
during the period other than dead time).
Conversely, if either one of the above conditions holds false, set the INV16 bit to 0 (dead time timer triggered by the
falling edge of one-shot pulse).

Figure 12.27 INVC1 Register
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Three-phase Output Buffer Register(i=0,1) (1)

------ DUBi | U phase output buffer i 1: Inactive level RW

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
|0 | 0| | | | | | | IDBO 034A16 001111112
H H HE IDB1 034B16 001111112
: i1t 1| Bit Symbol Bit Name Function RW
: ool DUi U phase output buffer i Write the output level RW
0: Active level

When read, these bits show the three-phase

e DVi V phase output buffer i output shift register value. RW

. ............ DVBi v phase output buffer i RW
................. DWi W phase output buffer i Rw

T EEEPETPLTCTETEEERD DWBI W phase output buffer i RW
________________________ (b?bG) Nothing is assigned. If necessary, setto 0. When read, RO

these contents are 0

NOTE:

1. Registers IDB0 and IDB1 values are transferred to the three-phase shift register by a transfer trigger. The value
written to the IDBO register aftera transfer trigger represents the output signal of each phase, and the next value
written to the IDB1 register at the falling edge of the timer A1, A2, or A4 one-shot pulse represents the output signal
of each phase.

Dead Time Timer (1. 2)

b7 b0 Symbol Address After Reset
| | DTT 034C16 Undefined
Function Setting Range RwW

Assuming the set value = n, upon a start trigger the timer starts | 1 o 255
counting the count souce selected by the INV12 bit and stops
after counting it n times. The positive or negative phase

whichever is going from an inactive to an active level changes wo
at the same time the dead time timer stops.

NOTES:
1. Use MOV instruction to write to this register.
2. Effective when the INV15 bit is set to 0 (dead time timer enable). If the INV15 bit is set to 1, the dead time timer is
disabled and has no effect.

Timer B2 Interrupt Occurrences Frequency Set Counter
W—m‘ Symbol Address After Reset
ICTB2 034D16 Undefined

Function Setting Range RW

time timer B2 underflows), assuming the set value 1to 15

=n, a timer B2 interrupt is generated at every nth
occurrence of a timer B2 underflow.

"""" If the INVO1 bit is 1 (ICTB2 counter count timing
selected by the INVOO bit), assuming the set value
=n, a timer B2 interrupt is generated at every nth
occurrence of a timer B2 underflow that meets the
condition selected by the INVOO bit. (1)

If the INVO1 bit is 0 (ICTB2 counter counted every

WO

........................... Nothing is assigned. When write, set to "0". When read, the content is JR—
undefined.

NOTE:
1. Use MOV instruction to write to this register.
If the INVO1 bit is set to 1, make sure the TB2S bit also is set to 0 (timer B2 count stopped) when writing to
this register. If the INVO1 bit is set to 0, although this register can be written even when the TB2S bit is set to
1 (timer B2 count start), do not write synchronously with a timer B2 underflow.

Figure 12.28 IDBO Register, IDB1Register, DTT Register, and ICTB2 Register
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Timer Ai, Ai-1 Register (i=1, 2,4) (1,2,3,4,9)

Symbol Address After reset
TA1 038916-038816 Undefined
TA2 038B16-038A16 Undefined
(15 8 b0 TA4 038F16-038E16 Undefined
| | TA116.7) 034316-034216 Undefined
| TA216.7) 034516-034416 Undefined
: TA416.7) 034716-034616 Undefined
Function Setting Range | RW

----- Assuming the set value = n, upon a start trigger the timer | 000016 to FFFF16
starts counting the count source and stops after counting WO
it n times. The positive and negative phases change at
the same time timer A, A2 or A4 stops.

NOTES:
1. The register must be accessed in 16 bit units.
2. When the timer Ai register is set to 000016, the counter does not operate and a timer Ai interrupt does not occur.
3. Use MOV instruction to write to these registers.
4. If the INV15 bit is 0 (dead time timer enable), the positive or negative phase whichever is going from an inactive
to an active level changes at the same time the dead time timer stops.
5. If the INV11 bitis 0 (three-phase mode 0), the TAi register value is transferred to the reload register by
a timer Ai (i = 1, 2 or 4) start trigger.
If the INV11 bitis 1 (three-phase mode 1), the TAi1 register value is transferred to the reload register by a timer Ai
start trigger first and then the TAi register value is transferred to the reload register by the next timer Ai start trigger.
Thereafter, the TAi1 register and TAi register values are transferred to the reload register alternately.
6. Do not write to TAi1 registers synchronously with a timer B2 underflow In three-phase mode 1.
7. Write to the TAi1 register as follows:
(1) Write a value to the TAi1 register
(2) Wait for one cycle of timer Ai count source.
(3) Write the same value to the TAi1 register again.

Figure 12.29 TA1, TA2, TA4, TA1l, TA21, and TA41 Registers
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Timer B2 Special Mode Register

b7 b6 b5 b4 b3 b2 bl b0

|><| 0 | | | | | | | Symbol Address After Reset
: e TB2SC 039E16 X00000002
; i1 1| Bit Symbol Bit Name Function RW
1 | PWCON [Timer B2 reload timing | o: Timer B2 underflow
switch bit (2) 1: Timer A output at odd-numbered RW

e IVPCR1 |Three-phase output port | 0: Three-phase output forcible cutoff by SD pin input
SD control bit 1 (high impedance) disabled

(3,4,7) 1: Three-phase output forcible cutoff by SD pin input | RW
(high impedance) enabled

[ TBOEN |[Timer BO operation mode | 0: Other than A/D trigger mode RW

select bit 1: A/D trigger mode (5)
HO TB1EN |Timer B1 operation mode | 0: Other than A/D trigger mode RW

select bit 1: A/D trigger mode (5)
TB2SEL | Trigger select bit (6) 0: TB2 interrupt RW

---------------- 1: Underflow of TB2 interrupt
generation frequency setting counter [ICTB2]
................... (m) Reserved bits Setto 0 RW
] — Nothing is assigned. If necessary, set to 0. _
""""""""""""" (b7) When read, the content is 0.
NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. If the INV11 bit is 0 (three-phase mode 0) or the INVO06 bit is 1 (triangular wave modulation mode), set this bit to 0 (timer
B2 underflow).

3. When setting the IVPCR1 bit to 1 (three-phase output forcible cutoff by SD pin input enabled), Set the PD85 bit to 0 (= input
mode).

4. Related pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P75). When a high-level ("H") signal is applied to the SD pin
and set the IVPCR1 bit to 0 after forcible cutoff, pins U, U, V, V, W, and W are exit from the high-impedance state. If a low-
level (“L”) signal is applied to the SD pin, three-phase motor control timer output will be disabled (INV03=0). At this time,
when the IVPCR1 bitis 0, pins U, U, V, V, W, and W become programmable 1/0 ports. When the IVPCR1 bit is set to 1,
pins U, U, V, V, W, and W are placed in a high-impedance state regardless of which function of those pins is used.

5. When this bit is used in delayed trigger mode 0, set bits TBOEN and TB1EN to 1 (A/D trigger mode).

6. When setting the TB2SEL bit to 1 (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), set the INV02
bit to 1 (three-phase motor control timer function).

7. Refer to "18.6 Digital Debounce Function" for the SD input.

The effect of SD pin input is below.
1.Case of INV03 = 1(Three-phase motor control timer output enabled)

IVPCR1 bit SD pin inputs® Status of U/V/W pins Remarks
1 H Three-phase PWM output
(Three-phase output L Three-phase output
forcrible cutoff enable) LM High impedance(®) forcriblz Ccutoff P
0 H Three-phase PWM output
(Three-phase output
forcrible cutoff disable) LM Input/output port(2)

NOTES:
1. When "L" is applied to the SD pin, INVO3 bit is changed to 0 at the same time.
2. The value of the port register and the port direction register becomes effective.
3. When SD function is not used, set to 0 (Input) in PD8s and pullup to "H" in SD pin from outside.
4. To leave the high-impedance state and restart the three-phase PWM signal output after the three-phase PWM signal
output forced cutoff, set the IVPCR1 bit to 0 after the SD pin input level becomes high (“H”).

2.Case of INV03 = 0(Three-phase motor control timer output disabled)

IVPCR1 bit SD pin inputs Status of U/V/W pins Remarks
Peripheral input/output
(Three—phl}se output H or input/output port

Three-phase output

forcrible cutoff enable) forcrible cutoff(1)

L High impedance
H Peripheral input/output
L

or input/output port

Peripheral input/output
or input/output port

(Three-phase output
forcrible cutoff disable)

NOTE:
1. The three-phase output forcrible cutoff function becomes effective if the INPCR1 bit is set to 1 (three-phase output
forcrible cutoff function enable) even when the INVO3 bit is 0 (three-phase motor control timer output disalbe)

Figure 12.30 TB2SC Register
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Timer B2 Register (V)

(b15) (b8) b0
b7 b0’ b7
Symbol Address After Reset
: TB2 039516-039416 Undefined
E Function Setting Range RW
" Divide the count source by n + 1 where n = set value. 000016 to FFFF16
Timer A1, A2 and A4 are started at every occurrence of RwW
underflow.
NOTE:
1. Access the register by 16 bit units.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
| | | | | | | | | TRGSR 038316 0016
A Bit Symbol Bit Name Function RW
R TA1TGL Timer A1 event/trigger To use the V-phase output control RW
R select bit circuit, set these bits to “012"(TB2
N underflow).
. TA1TGH RW
T T Ta2TGL | Timer A2 event/trigger [ To use the W-phase output control RW
R select bit circuit, set these bits to “012"(TB2
[ R A A underflow).
R TA2TGH RW
' ' E E Ti A3 t/tri b5 b4
1 1 1 Pemmmmmmmmmmmm e e e TASTGL imer . eventitrigger 00: |nput on TA3IN is selected (1) RW
I select bit
P 0 1: TB2is selected (2)
T N TA3TGH 10: TA2 s selected (2) RW
P 11: TA4is selected (2)
H LLEECCEEETEEREREEPRE, TA4TGL | Timer A4 eventitrigger | To use the U-phase output control RW
select bit circuit, set these bits to “012”(TB2
] TAATGH underflow). W
NOTES:
1. Set the corresponding port direction bit to O (input mode).
2. Overflow or underflow.
Count Start Flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
TABSR 038016 0016
Bit Symbol Bit Name Function RW
- TAOS Timer AO count start flag 0 : Stops counting RW
teeee] TA1S Timer A1 count start flag 1 Starts counting RW
s TA2S | Timer A2 count start flag RW
R GOhREEEEt TA3S Timer A3 count start flag RW
T TA4S Timer A4 count start flag RW
R RICEEEEEREEE TBOS Timer BO count start flag RW
b TB1S Timer B1 count start flag RW
S e e PP EEEEEEEEEEEEEEE TB2S Timer B2 count start flag RW

Figure 12.31 TB2 Register, TRGSR Register, and TABSR Register
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Timer Ai Mode Register

b7 b6 b5 b4 b3 b2 bl b0 ?XT&% Qgg;?:s nger Reset
L[ Tof+] Tof1]o]  taowr 039815 0016
R T TA4MR 039A16 0016
P 1+ | Bit Symbol Bit Name Function RW
P o -1 TMODO Operation mode Set to 102 (one-shot timer mode) for the RW
e TMODA1 select bit three-phase motor control timer function RW
A MRO Pulse output function Setto 0 for the three-phase motor control RW
R T select bit timer function
""""""" MR1 External trigger select bit No effect for the three-phase motor control RW

timer function

---------------- Set to 1 (selected by event/trigger select
! MR2 Trigger select bit register) for the three-phase motor control RW
timer function

SR e ERREEEE MR3 Setto 0 for the three-phase motor control timer function RW
e e e e ] b7 b6
L 00:frorf2 RW
Count source select bit 01:fs
"""""""""""""" TCKA 10:f32 RW
11:fcsz
Timer B2 Mode Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | 0 | | | 0 | 0 | TB2MR 039D16 00XX00002
P 1 11| Bit Symbol Bit Name Function RW
bbb - TMODO | Operation mode select bit | Set to 002 (timer mode) for the three- RW
. TMODA1 phase motor control timer function RW
: R MRO No effect for the three-phase motor control timer function. RW
T T MR1 If necessary, set to 0. When read, the contents are undefined RW
Pl e MR2 Set to 0 for the three-phase motor control timer function RW
L MR3 When write in three-phase motor control timer function, write 0. RO
oy T When read, the content is undefined
P b7 b6
R TCKO 00:frorf2 RW
Count source select bit 01:fs
L] TCK1 10: fa2 RW
11:fc32

Figure 12.32 TAIMR, TA2MR, TA4MR, and TB2MR Registers
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12. Timer (Three-phase Motor Control Timer Function)

The three-phase motor control timer function is enabled by setting the INV02 bit in the INVCO register to 1.
When this function is on, timer B2 is used to control the carrier wave, and timers A4, A1 and A2 are used to
control three-phase PWM outputs (U, U, V, V, W and W). The dead time is controlled by a dedicated dead-
time timer. Figure 12.33 shows the example of triangular modulation waveform, and Figure 12.34 shows

the example of sawtooth modulation waveform.

Triangular waveform as a Carrier Wave
Triangular wave . . .

TB2S bit in the

i

| | |

I I I

Signal wave —| \/ l

I I I I
I I

I I I

I | I

I I

Il Il

I I

I I

I I

_

TABSR register

Timer B2

Start trigger signal
for timer A4(")

Timer A4

one-shot pulse(!)

Reuwrite registers IDB:O and IDB1

U phase
output signal (1)

U phase

L

\ Transfer the values

to the three-phase
/ output shift register
Il

output signal (1

-

E

INV13

mode 1))

NOTE:
1. Internal signals. See Figure 12.25.

The above applies under the following conditions:

Examples of PWM output change are:
(1)When INV11 = 1 (three-phase mode 1)

- INV01 = 0 and ICTB2 = 216 (the timer B2 interrupt is generated
every two times the timer B2 underflows),
or INVO1 =1, INVOO = 1, and ICTB2=116 (the timer B2 interrupt is
generated at the falling edge of the timer A1 reload control signal.)

- Default value of the timer: TA41 =m, TA4 =m.
Registers TA4 and TA41 are changed whenever the timer B2
interrupt is generated.

First time, TA41 =n, TA4 = n. Second time, TA41 =p, TA4 = p.

- Default values of registers IDBO and IDB1:
DUO =1, DUB0 =0, DU1 =0, DUB1 = 1.
They are changed to DUO = 1, DUBO = 0, DU1= 1 and DUB1 =0
when the third timer B2 interrupt is generated.

I I
I I
I I
| |
! :
INV14 =0 ! ; ! L ! m :
(“L” active) | | | o - |
B Lo ! !
U phase I : Cl i !
| | | | il | [ [ |
- L eposame
U hase I I I I I | I I I
INVI4 = 1 phase . || — ook : 1] :
(*H’ active) ! Lo ! ‘ o !
I I I I I | I I
I I I 1 1 1
U phase | | . ! ! !
I I
I I
I I
I I
I I
!

I
(INV11=1(three-phase

INVCO = 00XX11XX2 (X varies depending on each system) and INVC1 = 010XXXX02.

The value written to registers TA4 and TA41 becomes effective at the rising edge of the timer A1 reload control signal.

(2)When INV11 = 0 (three-phase mode 0)

-INVO1 = 0, ICTB2 = 116 (the timer B2 interrupt is generated
whenever timer B2 underflows)

- Default value of the timer: TA4 = m. The TA4 register is changed
whenever the timer B2 interrupt is generated.
First time: TA4 = m. Second tim:, TA4 =n.
Third time: TA4 = n. Fourth time: TA4 = p.
Fifth time: TA4 = p.

- Default values of registers IDB0 and IDB1:
DUO =1, DUBO =0, DU1 =0, DUB1 = 1.
They are changed to DUO = 1, DUBO = 0, DU1 =1, and DUB1 =0
when the sixth timer B2 interrupt is generated.

Figure 12.33 Triangular Wave Modulation Operation
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Sawtooth Waveform as a Carrier Wave

Sawtooth wave —

e SV

Timer B2

Start trigger signal ”
for timer A4(1)

Timer A4 | ‘ ‘ | | | |
one-shot pulse(!)

I I I ' I

! ! ' Rewrite registers | ' . :

! ! ! IDBO and |IDB1 ! Transfer the values to the three-
I I I \/ phase output shift register

guFt):LiS:ignal U] | | | | | | | |

U phase
output signal (1)

U phase
INV14 =0

|
|
L
[
|
|
|
|
|
T
|
|

)

—» 4— Dead time

(“L” active) ‘ ‘
T phase R I : L L
INvi4 =1 | UPphase 1 1 1 1 1 : | :
(“H” active) ! } —» i#— Dead time ‘ : ,—| : m :
U phase 1 1 1 1 : ‘ : 1 |_|_
NOTE:

1. Internal signals. See Figure 12.25.
The above applies under the following conditions:
INVCO = 01XX110X2 (X varies depending on each system) and INVC1 = 010XXX002.
Examples of PWM output change are:
« Default value of registers IDBO and IDB1: DU0=0, DUB0=1, DU1=1, DUB1=1.
They are changed to DUO=1, DUB0=0, DU1=1, DUB1=1 when the timer B2 interrupt is generated.

Figure 12.34 Sawtooth Wave Modulation Operation
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12.3.1 Position-Data-Retain Function
This function is used to retain the position data synchronously with the three-phase waveform
output.There are three position-data input pins for U, V, and W phases.
A trigger to retain the position data (hereafter, this trigger is referred to as "retain trigger") can be selected
by the PDRT bit in the PDRF register. This bit selects the retain trigger to be the falling edge of each
positive phase, or the rising edge of each positive phase.

12.3.1.1 Operation of the Position-data-retain Function
Figure 12.35 shows a usage example of the position-data-retain function (U phase) when the retain
trigger is selected as the falling edge of the positive signal.
(1) At the falling edge of the U-phase waveform ouput, the state at pin IDU is transferred to the PDRU
bit in the PDRF register.
(2) Until the next falling edge of the Uphase waveform output,the above value is retained.

Carrier wave /\/\A/\

N4 ®

U-phase waveform output

U-phase waveform output |
I

I | !
. ! ! I
1 0 A 1
Pin IDU i . . | A
: ¥ Transferred ¥ Transferred M
. 1§ Transferred | Transferred
PDRU bit

Note: The retain trigger is the falling edge of the positive signal.

Figure 12.35 Usage Example of Position-data-retain Function (U phase)
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12.3.1.2 Position-data-retain Function Control Register
Figure 12.36 shows the structure of the position-data-retain function contol register.

Position-data-retain Function Control Registerm

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
DAXDXIX] | | | | Pore 034E+6 XXXX 00002
Bit Symbol Bit Name Function RW
' 3 " Input level at pin IDW is read out.
.l PDRW \év tphaste. p‘z)s."t't"’n 0: "L" level RO
ata retain bi 1:"H" level
' . " Input level at pin IDV is read out.
feeed PDRV Z ‘t’hasf .poz!:'on 0: "L" level RO
ata retain bi 1:"H" level
H _ i Input level at pin IDU is read out.
e eoRy | T | SR 0
1: "H" level
: Retain-trigger 0: Rising edge of positive phase
PDRT polarity select bit | 1: Falling edge of positive phase RW
‘._‘ ________________ (b7-b4) Nothing is assigned. When write, set to 0. When read, .
contents are undefined

NOTE:
1.This register is valid only in the three-phase mode.

Figure 12.36 PDRF Register

12.3.1.2.1 W-phase Position Data Retain Bit (PDRW)
This bit is used to retain the input level at pin IDW.

12.3.1.2.2 V-phase Position Data Retain Bit (PDRV)
This bit is used to retain the input level at pin IDV.

12.3.1.2.3 U-phase Position Data Retain Bit (PDRU)
This bit is used to retain the input level at pin IDU.

12.3.1.2.4 Retain-trigger Polarity Select Bit (PDRT)
This bit is used to select the trigger polarity to retain the position data.
When this bit is set to 0, the rising edge of each positive phase selected.
When this bit is set to 1, the falling edge of each pocitive phase selected.
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12.3.2 Three-phase/Port Output Switch Function
When the INVCO3 bit in the INVCO register set to 1 (Timer output enabled for three-phase motor control)
and setting the PFCi (i=0 to 5) in the PFCR register to 0 (/O port), the three-phase PWM output pin (U, U,
V, V, W and W) functions as I/O port. Each bit of the PFCi bits (i=0 to 5) is applicable for each one of
three-phase PWM output pins. Figure 12.37 shows the example of three-phase/port output switch func-
tion. Figure 12.38 shows the PFCR register and the three-phase protect control register.

Timer B2

Uphase | ! ' l
V Phase | l I i

W phase

4444_ﬁ444

c
3
Q
f=o
5]
>
w
©
"

ael

154

=
o
~
S

» . Writing PFCR register
Writing PFCR register

o PFCO bit: 1
broo bft: ) PFC2 bit: 0
' PFC4 bit: 1

PFC4 bit: 0

Figure 12.37 Usage Example of Three-phse/Port Output Switch Function
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Port Function Control Register (1)

b7 b6 bS5 b4 b3 b2 b1 bo Symbol Address After Reset
I><|><I | | | | | PFCR 035816 0011 11112
Piob i1 il |BitSymbol | BitName Function RW
0: Input/Output port P8o
: Port P
A I e fu%réﬁoi‘)sc’e‘f;‘;‘:tbit 1: Three-phase PWM output RW
T (U phase output)
Port P81 output 0 Input/Qutput port P81
S A B B PFC1 function select bit 1: Three-phase PWM output RW
- (U phase output)
Porod Port P72 output | O Input/Output port P72
T A B bbb PFC2 function select bit 1: Three-phase PWM output RW
R (V phase output)
Pl 0: Input/Output port P73
H Port P7 tput
L S — PFC3 | or 2o P | 1: Three-phase PWM output RW
oo (V phase output)
Port P74 output 0 Input/Output port P74
P Temmmmmememeeeend PFC4 function select bit 1: Three-phase PWM output RW
I (W phase output)
: Port P75 output 0: Input/Output port P75
Por o T PFC5 function select bit 1: Three-phase PWM output RW
I (W phase output)
H Nothing is assigned. When write, set to 0. When read,
LR LR LT EE PP P (b7-b6) —
these contents are 0
NOTE:
1. This register is valid only when the INVCO3 bit in the INVCO register is 1 (Three-phase motor control
timer.

Three-phase Protect Control Register

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset
DMM_J TPRC 025A16 0016
Bit Symbol Bit Name Function RW

Enable write to PFCR register

Three-phase

-| TPRCO tect trol bit 0: Write protected RwW
protect control b 1: Write enabled
__________________________ (b7-b1) Nothing is assigned. If necessary, setto 0. When read, .

the contents are 0

Figure 12.38 PFCR Register, and TPRC Register
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13. Timer S

The Timer S (Input Capture/Output Compare : here after, Timer S is referred to as "IC/OC".) is a high-
performance 1/O port for time measurement and waveform generation.

The IC/OC has one 16-bit base timer for free-running operation and eight 16-bit registers for time measure-
ment and waveform generation.

Table 13.1 lists functions and channels of the IC/OC.

Table 13.1 IC/OC Functions and Channels

Function Description

Time measurement (1) 8 channels

Digital filter 8 channels

Trigger input prescaler 2 channels

Trigger input gate 2 channels
Waveform generation (1) 8 channels

Single-phase waveform output Available

Phase-delayed waveform output Available

Set/Reset waveform output Available

NOTE:
1. The time measurement function and the waveform generating function share a pin.
The time measurement function or waveform generating function can be selected for each channel.
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13. Timer S

Figure 13.1 shows the block diagram of the IC/OC.

) PCLKO=1
oscillator clock

Request by matching G1BTRR and base timer

Main clock, PCLK0=0
PLL clock, O
On-chip oo >

f1or f2

Request by matching G1POO register and base timer

Request from INT1 pin —l

Base timer reset

BTS — o
?PKW to BCKO I
frorfa —4—0 _(n+1) f8T1
Two-phase —o0 Divider register Base timer Base timer over flow request
pulsepinput 1 (G1DV)
Base timer interrupt request
Base timer reset
register (G1 BTRR) Base timer reset request
e g — .
Digital 11:ftorf2 Edge G1TMO, G1PO0
INPCTo O DF1 toDD select register (Note 1) OUTC1o
on 00 CTS1to CTSO g&{m
BT
SN e R - B T 6175 woren
fiter DF1toDF0  Lsolect register L |
CTS1to CTSO
ST — .
NPet2 ol Digtal |_1t:fiore [S] Edge G1TM2, G1PO2 ouTC12
filter DF1 5 DFO select register
PWM
INPCTs od] Distal]_ttifioree (] Edge G1TM3, G1PO3 0 0UTCHs
filter DF1 t5 DFO select register
CTS1to CTSO
= -
INPC14 © al | tt:fioree [ Edge G1TM4, G1PO4 ———
r DF1 to DFO select register
i 00 CTS1to CTSO PWM
10:f8T1 output
INPCTs o [ ab Fage GTTWB, G1PO5 0 0UTCHs
T DF1 to DFO select register
[ ] CTST to CTSO L
00 0
g —
INPC16 o+ Digital M:frorfz .‘, Edge Gate G1TM6, G1PO6 0 OUTC1s
filter select | Jfunction| L register
DF1 to DFO T M
. 00 CTS1 to CTSO 1D output
10:/8T1
INPC17 0 Digil ‘. 8] o G1TM7, G1PO7 © OUTCH7
debounce filter DF1 to DFO select |  [function| T unction PR register I
CTS1to CTSO 1D
\— ChOtoch7

BCK1 to BCKO : Bits in the G1BCRO register

BTS: Bits in the G1BCR1 register

CTS1 to CTS0, DF1 to DFO, GT, PR : Bits in the G1TMCR; register (j= 0 to 7)
PCLKO : Bits in the PCLKR register

interrupt request signal

Figure 13.1 IC/OC Block Diagram
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13. Timer S

Figures 13.2 to 13.10 show registers associated with the IC/OC base timer, the time measurement func-
tion, and the waveform generating function.

(b7

) (b0) b7 b0

Base Timer Register!"

b15 b8

Symbol Address

After Reset

G1BT 032116 - 032016 Indeterminate

NOTES:
1. The G1BT register reflects the value of the base timer, synchronizing with the count source f8T1 cycles.
2. This base timer stops only when the BCK1 to BCKO bits in the G1BCRO register are set to "002" (count
source clock stop). The base timer operates when the BCK1 to BCKO bits are set to other than "002".
When the BTS bit in the G1BCR1 register is set to "0", the base timer is reset continuously, and remaining

Function

Setting Range

RW

e When the base timer is operating:
When read, the value of base timer plus 1 can
be read. When write, the counter starts counting
from the value written. When the base timer is
reset, this register is set to "000016". (2) 000016 to FFFF16
e \When the base timer is reset:
This register is set to "000016" but a value read
is indeterminate. No value is written (2)

RW

set to "000016". When the BTS bit is set to "1", this state is cleared and the timer starts counting.

Base Timer Control Register 0

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address After Reset

| | [o]o]o] | ] G1BCRO 032216 0016
Porob b bbbt | BitSymbol | BitName Function RW
S b1b0
P54+ 111 = BCKO 0 0: Clock stop RW
- Count source .
- ) 0 1: Do not set to this value
e select bit . 1
A BCK1 1 0: Two-phase input (1) RW
11:florf2 @
; 0: Do not reset Base timer by matching
e RsT4 | PO%e t'mfr rte;(ft‘l G1BTRR RW
A cause select bl 1: Reset Base timer by matching
Pl G1BTRRG)
A
e RSRRILRIIIIIILLLLL (b5-b3) Reserved bit Setto 0 RW
, _______________________ Channel 7 input 0: P27/OUTC17/INPC17 pin
: CHTINSEL | 1ot bit 1: P17/INT5/INPC17/IDU pin RW
__________________________ IT Base timer 0: Bit 15 overflow

interrupt bit 1: Bit 14 overflow RW
NOTES:

1. This setting can be used when bits UD1 to UDO in the G1BCR1 register are set to 102 (two-
phase signal processing mode). Do not set bits BCK1 to BCKO to 102 in other modes.

2. When the PCLKO bit in the PCLKR register is set to 0, the count source is f2 cycles. And when
the PCLKO bit is set to set to 1, the count source is f1 cycles.

3. When the RST4 bit is set to 1, set the RST1 bit in the G1BCR1 register to 0.

Figure 13.2 G1BT and G1BCRO Registers
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Divider Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset

| | G1DV 032A16 0016

Function Setting range RW
L Divide f1, f2 or two-phase pullse input by (n+1) 0016 to FE16 RW
for fBT1 clock cycles generation.
n: the setting value of the G1DV register

Base Timer Control Register 1

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset

|0| | | |0| | |0| G1BCR1 032316 0016
H R Bit . .
P i b bbb | symbol Bit Name Function RW
(b0) | Reserved bit Setto 0 RW
0: The base timer is not reset by
A RsTq | Base timer reset matching the G1POO register RW
R cause select bit 1 |1: The base timer is reset by matching
Pl with the G1POO register (1)
0: The base timer is not reset by
o] RST2 Base timer resgt _ applying L to the INT1 pin . IrRwW
- cause select bit 2 1: The base timer is reset by applying "L
P to the INT1 pin
R (b3) Reserved bit Setto 0 RW
CE S BTS | Base timer start bit 0: Base t!mer Is reset . RW
oo 1: Base timer starts counting
: : é b6b5
I T uDO 0 0: Counter increment mode RW
P Counter increment/ 0 1: Counter increment/decrement mode
decrement control bit 1 0: Two-phase pulse signal processing
A UD1 mode . RW
' 1 1: Do not set to this value
e RRRTITETOPRRRIPEE (b7) | Reserved bit Setto 0 RW

NOTE:

1. The base timer is reset two fBT1 clock cycles after the base timer matches the value set in the
G1POO register. (See Figure 13.7 for details on the G1POO register) When the RST1 bit is set to 1,
the value of the G1POj register (j=1 to 7) for the waveform generating function must be set to a
value smaller than that of the G1PQOO register.
When the RST1 bit is set to 1, set the RST4 bit in the G1BCRO register to 0.

Figure 13.3 G1DV Register and G1BCR1 Register
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Symbol
G1BTRR

Address
032916 - 032816

After Reset
Undefined

Function

Setting Range

RwW

When enabled by the RST4 bit in the G1BCRO
register, the base timer is reset by matching the
G1BTRR register setting value and the base

timer setting value.

000016 to FFFF16

RwW

Base Timer Reset Register(
b15 b8

(b7) (b0) b7 b0

NOTE:

1. The G1BTRR register reflects the value of the base timer, synchronizing with the count source f8T1 cycles.

Figure 13.4 G1BTRR Register
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13. Timer S

Time Measurement Control Register j (j=0 to 7)

b7 b6 b5 b4 b3 b2 b1l b0

G1TMCRO to G1TMCR3 031816, 031916, 031A16, 031B16 0016

G1TMCR4 to GITMCR7  031C+1e, 031D16, 031E16, 031F 16 0016

| | | | | | | | | Symbol Address After Reset

Sy?'ri1tbol Bit Name Function RW

P b1 b0

s ) 0 0: No time measurement RwW

- Time measurement i

ST S R I trigger select bit 0 1:Rising edge

- i [ e

P ] ot 1/0: Faling edge RW

- 1 1: Both edges

A b3b2

S T DFO Diaital filter functi 0 0: No digital filter RW

|g|;|ta bl' er function 0 1: Do not set to this value

S N 10: far1 W

11:f1orfa®

________________ - Gate function 0: Gate function is not used RW

select bit @) 1: Gate function is used

: 0: Not cleared

Pl Feeeeeeeeeeseeeee. GOC Ga:te fl:)r.m(téog i:)lear 1: The gate is cleared when the base | RW

select bit ' = timer matches the G1POk register

_______________________ Gate function clear The gate is cleared by setting the

: GSC 1 hird) GSC bit to 1 RW

, __________________________ PR Prescaler function 0: Not used RW
select bit (@) 1: Used

NOTES:
PCLKO bit is set to 1, the count source is f1 cycles.

G1TMCR5 to 0.
. These bits are enabled when the GT bit is set to 1.

w

register (k=4 when j=6 and k=5 when j=7).

Time Measurement Prescale Register j (j=6,7)"

1. When the PCLKO bit in the PCLKR register is set to 0, the count source is f2 cycles. And when the

2. These bits are in registers G1TMCR6 and G1TMCR?. Set all bits 4 to 7 in registers G1TMCRO to

4. The GOC bit is set to 0 after the gate function is cleared. See Figure 13.7 for details on the G1POk

ever a trigger input is counted by n+1 (@)

b7 b0 Symbol Address After Reset
| | G1TPR6 to GITPR7 032416, 032516 0016
Function Setting Range RW
_______________ As the setting value is n, time is measured when- 0016 to FF16 RW

NOTES:

fBT1 cycles.
2. The first prescaler, after the PR bit in the G1TMCR; register is changed from 0 (not used) to 1
(used), may be divided by n, rather than n+1. The subsequent prescaler is divided by n+1.

1. The G1TPR®6 to G1TPRY registers reflect the base timer value, synchronizing with the count source

Figure 13.5 G1TMCRO to G1TMCRY7 Registers, and G1TPR6 to G1TPR7 Registers
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Waveform Generation Register j (j=0 to 7)

b15 b8 Symbol Address After Reset
(07) (b0)b7 bo G1TMO to G1TM2  030116-030016, 030316-030216, 030516-030416  Indeterminte
| G1TM3 to G1TM5  030716-030616, 030916-030816, 030B16-030A16 Indeterminte

)

: G1TM6 to G1TM7  030D16-030C16, 030F 16-030E16 Indeterminte

Function Setting Range RW

L] The base timer value is stored every RO
measurement timing

Waveform Generation Control Register j (j=0 to 7)

b7 b6 b5 b4 b3 b2 b1 b0

Nothing is assigned. If necessary, set to 0.

| | | | | Symbol Address After Reset
— G1POCRO to G1POCR3 031016, 031116, 031216, 031316 0X00 XX002
E E E E E E G1POCR4 to G1POCR7 031416, 031516, 031616, 031716 0X00 XX002
TS B Bit . :
Pf L 1t 1| Symbol Bit Name Function RW
R S - b1b0
P01 ' MODO 00: Single waveform output mode RW
- Operating mode 01: SR waveform output mode (1)
[ select bit 10: Phase-delayed waveform
- output mode
I MOD1 11: Do not set to this value RW

v mmmTmmmmmenes (b3-b2) | \when read, their contents are undefined B
VL Output initial value 0: "L" output as a default value RW
P select bit*) 1: "H" output as a default value
0: Reloads the G1PQj register when
R RLD | G1POiregister value value is written RW
reload timing select bit | 1: Reloads the G1POj register when
the base timer is reset
— Nothing is assigned. If necessary, set to 0. B
Trmmmmmmnnmommmmmennees (b6) When read, its content is undefined
___________________________ INV Inverse output function | 0: Output is not inversed RW

select bit ) 1: Output is inversed

NOTES :

1. This setting is enabled only for even channels. In SR waveform output mode, values written to the
corresponding odd channel (next channel after an even channel) are ignored. Even channels
provide waveform output. Odd channels provide no waveform output.

2. The inverse output function is the final step in waveform generating process. When the INV bit is set
to 1, and "H" signal is provided a default output by setting the IVL bit to 0, and an "L" signal is
provided by setting it to 1.

3. In the SR waveform output mode, set not only the even channel but also the correspoinding even
channel (next channel after the even channel).

4. To provide either "H" or "L" signal output set in the IVL bit, set the FSCj bit in the G1FS register to 0
(select waveform generating function) and IFEj bit in the G1FE register to 1 (functions for channel j
enabled). Then set the IVL bitto 0 or 1.

Figure 13.6 G1TMO to G1TMY7 Registers, and G1POCRO to G1POCR7 Registers
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b15 b8
(b7) (b0

)b7 b0

Waveform Generation Register j (j=0 to 7)

Symbol Address

G1POO0 to G1PO2 030116-030016, 030316-030216, 030516-030416
G1PO3 to G1PO5 030716-030616, 030916-030816, 030B16-030A16

G1PO6 to G1PO7 030D16-030C16, 030F16-030E16

After Reset
Undefined
Undefined
Undefined

Function

Setting Range

RW

¢ When the RLD bit in the G1POCR;j register is
set to 0, value written is immediately reloaded
into the G1POQj register for output, for example,
a waveform output,reflecting the value.

®* When the RLD bit is set to 1, value reloaded
while the base timer is reset.
The value written can be read until reloaded

000016 to FFFF16

RW

Figure 13.7 G1POO0 to G1PO7 Registers
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b7 b6 b5 b4

b3 b2 b1 bo

Function Select Register

b7 b6 b5 b4 b3 b2 b1 bo

Enable Register

NOTES:

Symbol Address After Reset
G1FS 032716 0016
Bit . .
Symbol Bit Name Function RwW
Channel 0 time measure- .
FSCO | mentiwaveform generating 0: Select the waveform generating | gy
function select bit function
Channel 1 Time Measure- 1: Select the time measurement
FSC1 ment/Waveform Generating function RW
Function Select Bit
Channel 2 time measure-
ment/waveform generating
FSC2 function select bit RW
Channel 3 time measure-
FSC3 ment/waveform generating RW
function select bit
Channel 4 time measure-
FSC4 ment/waveform generating RW
function select bit
Channel 5 time measure-
FSC5 | mentiwaveform generating RwW
function select bit
Channel 6 time measure-
FSC6 | mentiwaveform generating RW
function select bit
Channel 7 time measure-
FSC7 ment/waveform generating RW
function select bit
Symbol Address After Reset
G1FE 032616 0016
Bit . .

Symbol Bit Name Function RW
IFEO |Channel O function enable bit 0 : Disable function s for channel j @ RwW
IFE1 |Channel 1 function enable bit 1 : Enable functions for channel j RW

(=0to 7)
IFE2 |[Channel 2 function enable bit RW
IFE3 [Channel 3 function enable bit RW
IFE4 | Channel 4 function enable bit RW
IFES | Channel 5 function enable bit RW
IFE6 |Channel 6 function enable bit RwW
IFE7 |Channel 7 function enable bit RwW
1. The G1FE register reflects the base timer value, synchronizing with the count source fBT1 cycles.
2. When functions for the channel j are disabled, each pin functions as an 1/O port.

Figure 13.8 G1FS and G1FE Registers

Rev. 1.10 Mar. 30, 2007
REJ09B0287-0110

page 136 of 390

RENESAS



M16C/28 Group (T-ver./V-ver.)

13. Timer S

Interrupt Request Register (1)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset

| | | | | | | | | G1IR 033016 Undefined
poror b b r b | symbol Bit Name Function RW
0 : No interrupt request
G1IR0 Interrupt request, ChO 1 Interrupt requested RW
R G1IR1 Interrupt request, Ch1 RW
e G1IR2 Interrupt request, Ch2 RwW
e G1IR3 Interrupt request, Ch3 RW
e G1IR4 Interrupt request, Ch4 RW
T ORI G1IR5 Interrupt request, Ch5 RW
. G1IR6 Interrupt request, Ch6 RW
L oe L Ee LS SEE i G1IR7 Interrupt request, Ch7 RW

NOTE:
1. When writing 0 to each bit in the G1IR register, use the following instruction:
AND, BCLR

Figure 13.9 G1IR Register
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b7

b6

b5 b4 b3 b2 b1 bo

b7

Interrupt Enable Register 0

b6

b5 b4 b3 b2 b1 bo

Interrupt Enable Register 1

Symbol Address After Reset
G1IEO 033116 0016
Bit . .
Symbol Bit Name Function RW
0 : IC/OC interrupt O request disable
G1IEQO | Interrupt enable 0, CHO 1 : IC/OC interrupt 0 request enable RW
G11EO01 | Interrupt enable 0, CH1 RwW
G11EQ02 | Interrupt enable 0, CH2 RW
G11EQ03 | Interrupt enable 0, CH3 RW
G11E04 | Interrupt enable 0, CH4 RwW
G11E05 | Interrupt enable 0, CH5 RwW
G1IE06 | Interrupt enable 0, CH6 RW
G11EQ7 | Interrupt enable 0, CH7 RwW
Symbol Address After Reset
G1IE1 033216 0016
Bit . .
Symbol Bit Name Function RwW
0 : IC/OC interrupt 1 request disable
G1IE10 | Interrupt enable 1, CHO 1 : IC/OC interrupt 1 request enable RW
G1IE11 | Interrupt enable 1, CH1 RwW
G1IE12 | Interrupt enable 1, CH2 RwW
G11E13 | Interrupt enable 1, CH3 RwW
G1IE14 | Interrupt enable 1, CH4 RwW
G11E15 | Interrupt enable 1, CH5 RW
G1IE16 | Interrupt enable 1, CHE RwW
G1IE17 | Interrupt enable 1, CH7 RW

Figure 13.10 G1IEO and G1IE1 Registers
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13.1 Base Timer

The base timer is a free-running counter that counts an internally generated count source.

Table 13.2 lists specifications of the base timer. Table 13.3 shows registers associated with the base timer.
Figure 13.11 shows a block diagram of the base timer. Figure 13.12 shows an example of the base timer
in counter increment mode. Figure 13.13 shows an example of the base timer in counter increment/decre-

ment mode. Figure 13.14 shows an example of two-phase pulse signal processing mode.

Table 13.2 Base Timer Specifications

Item

Specification

Count source(fBT1)

f1 or f2 divided by (7+7), two-phase pulse input divided by (7+7)
n: determined by the DIV7 to DIVO bits in the G1DV register. n=0 to 255
However, no division when n=0

Counting operation

The base timer increments the counter value
The base timer increments/decrements the counter value
Two-phase pulse signal processing

Count start condition

The BTS bit in the G1BCR1 register is set to 1 (base timer starts counting)

Count stop condition

The BTS bit in the G1BCR1 register is set to 0 (base timer reset)

Base timer reset condition

(1) The value of the base timer matches the value of the G1BTRR register
(2) The value of the base timer matches the value of G1POO register.
(3) Apply a low-level signal ("L") to external interrupt pin,INT1 pin

Value for base timer reset

000016

Interrupt request

The base timer interrupt request is generated:

(1) When the bit 14 or bit 15 in the base timer overflows

(2) The value of the base timer value matches the value of the base timer
reset register

Read from timer

» The G1BT register indicates a counter value while the base timer is running
» The G1BT register is undefined when the base timer is reset

Write to timer

When a value is written while the base timer is running, the timer counter
immediately starts counting from this value. No value can be written while
the base timer is reset.

Selectable function

» Counter increment/decrement mode

The base timer starts counting from 000016. After incrementing to FFFF 16,
the timer counter is then decremented back to 000016. The base timer
increments the counter value again when the timer counter reaches 000016.
(See Figure 13.13)

» Two-phase pulse processing mode
Two-phase pulse signals from pins P80 and P81 are counted (See Figure

13.14)
U EEENEN RN

The timer increments  The timer decrements
a counter on all edges a counter on all edges
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fat1
BCK1 to BCKO

frorfa —H—0O —
—O (n+1) divider Base timer b4 b15|
Two-phase pulse input i—O A
L Overflow signal
. . 0 Base timer
-
BTS bitin G1BCR1 register -goko overflow request
1

IT
Matched with G1IBTRR
Base timer reset
Matched with G1POO register
RST2
won . NOTE:
Input *L" to INT1 pln—@— 1. Divider is reset when the BTS bit is set to 0.

IT, RST4, BCK1 to BCKO: Bits in the G1BCRO register
RST2 to RST1: Bits in the G1BCR1 register

Figure 13.11 Base Timer Block Diagram

Table 13.3 Base Timer Associated Register Settings (Time Measurement Function, Waveform
Generation Function, Communication Function)

Register Bit Function
G1BCRO BCK1 to BCKO Select a count source
RST4 Select base timer reset timing
IT Select the base timer overflow
G1BCR1 RST2 to RST1 Select base timer reset timing
BTS Used to start the base timer
UD1 to UDO Select how to count
G1BT - Read or write base timer value
G1DV - Divide ratio of a count source

Set the following registers to set the RST1 bit to 1 (base timer reset by matching the base timer with the G1POO register)
G1POCRO MOD1 to MODO | Set to 002 (single-phase waveform output mode)

G1POO0 - Set reset cycle
G1FS FSCO Set to 0 (waveform generating function)
G1FE IFEO Set to 1 (channel operation start)
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State of a counter

IT=1 in the G1BCRO register
(Base timer interrupt generated
by the bit 14 overflow)

b14 overflow signal

Base Timer interrupts

IT=0 in the G1BCRO register
(Base timer interrupt generated
by the bit 15 overflow)

b15 overflow signal

Base Timer interrupt

FFFF16

C00016

800016

400016

000016

The above applies to the following conditions.
=The RST4 bit in the G1BCRO register is set to 0 (the base timer is not reset by matching the G1BTRR register)
=The RST1 bit in the G1BCR1 register is set to 0 (the base timer is not reset by matching the G1POO register)

-Bits UD1 to UDO in the G1BCR1 register are set to 002 (counter increment mode)

Figure 13.12 Counter Increment Mode

State of a counter

[ T e e

400016 |-

000016

C00016 [---------------—------- l—‘
800016 |- ------- SJ_I% S S L

IT=1in the G1BCRO register
(Base timer interrupt generated
by the bit 14 overflow)

b14 overflow signal

Base Timer interrupts

T et

by the bit 15 overflow)

IT=0 in the G1BCRO register
(Base timer interrupt generated

b15 overflow signal

Base Timer interrupt

Figure 13.13 Counter Increment/Decrement Mode
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(1) When the base timer is reset while the base timer increments the counter
e

P8o (A-phase)

Input waveform < >

P81 (B-phase) —| : min 1 us
- :

Whenseectsno ) 1T 1T asE

division with the divider by (n+1)

A

INT1 (Z-phase)

Base timer starts counting
0 C 1 X 2 X

Set to 0 at this timing Set to 1 at this timing

Value of counter X m Xm+1

(2) When the base timer is reset while the base timer decrements the counter

-
P80 (A-phase) —|

H
|

Input waveform < ' min 1 ps

P81 (B-phase)
~ :

( ren s o ﬂ ] T_I j ssE

division with the divider by (n+1)

min 1 ps

E— ™)

7 N

INT1 (Z-phase)

A 4

Base timer: starts counting

0 KEFFF19<FEFE 19X

Value of counter X m >< m-1

Set to 0 at this timing Set to FFFF16 at this timing

NOTE:
1. 1.5 fBT1 clock cycle or more are required.

Figure 13.14 Base Timer Operation in Two-phase Pulse Signal Processing Mode
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13.1.1 Base Timer Reset Register(G1BTRR)
The G1BTRR register provides the capability to reset the base timer when the base timer count value
matches the value stored in the G1BTRR register. The G1BTRR register is enabled by the RST4 bit
in the G1BCRO register. This function is identical in operation to the G1POO0 base timer reset that is
enabled by the RST1 bit in the G1BCRO reigster. If the free-running operation is not selected, the
channel 0 can be used for a waveform generation when the base timer is reset by the G1BTRR
register. Do not enable bits RST1 and RST4 simultaneously.

RST4 7|

Base timer Xm-2Xm-1)Y m X m+1f000016f 000116
G1BTRR register X m
(Base timer reset register)

Base timer interrupt |

Base timer overflow request (1)

NOTE:
1. Following conditions are required to generate a base timer overflow request by resetting the base timer.
If the IT bit is set to 0: 07FFF16 <m <OFFFE16
If the IT bit is set to 1: 07FFF16 <m < OFFFE16 or 0BFFF16 <m < OFFFE16

Figure 13.15 Base Timer Reset operation by Base Timer Reset Register

RST1 |

Base timer Xm-2Xm-1Y m X m+1)000016) 000116
G1PO0 X m
G1IR0

Figure 13.16 Base Timer Reset operation by G1POO0 register

RST2

Base timer X m -2 X m -1 X m X m + 1X000016X 000116

P83/INT1 | |

NOTE:
1. INT1 Base Timer reset does not generate a Base Timer interrupt. INT1 may generate an interrupt if enabled.

Figure 13.17 Base Timer Reset operation by INT1

Rev. 1.10 Mar. 30, 2007  page 143 of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./V-ver.) 13. Timer S

13.2 Interrupt Operation

The IC/OC interrupt contains several request causes. Figure 13.18 shows the IC/OC interrupt block dia-
gram and Table 13.4 shows the IC/OC interrupt assignation.

When either the base timer reset request or base timer overflow request is generated, the IR bit in the BTIC
register corresponding to the IC/OC base timer interrupt is set to 1 (with an interrupt request). Also when an
interrupt request in each eight channels (channel i) is generated, the bit i in the G1IR register is set to 1 (with
an interrupt request). At this time, if the bit i in the G1IEOQ register is 1 (IC/OC interrupt 0 request enabled),
the IR bit in the ICOCOIC register corresponding to the IC/OC interrupt 0 is set to 1 (with an interrupt
request). And if the bit i in the G1IE1 register is 1 (IC/OC interrupt 1 request enabled), the IR bit in the
ICOCH1IC register corresponding to the IC/OC interrupt 1 is set to 1(with an interrupt request).
Additionally, because each bit in the G1IR register is not automatically set to 0 even if the interrupt is
acknowledged, set to 0 by program. If these bits are left as 1, all IC/OC channel interrupt causes, which are
generated after setting the IR bit to 1, will be disabled.

Interrupt Select Logic
DMA Requests (channel 0 to 7)

Channel 0 to 7 Interrupt requests [

All register are read / write G1IE0 G1IR G1IE1

ENABLE | REQUEST] | ENABLE
[TTTTTTT] [TTTTTTT

\J:D—D— IC/OC interrupt 1 request

[_D—[>—> IC/OC interrupt 0 request

Base timer reset request D—» IC/OC base timer interrupt request
Base timer overflow request g

Base Timer Interrupt / DMA Request

Figure 13.18 IC/OC Interrupt and DMA request generation

Table 13.4 Interrupt Assignment

Interrupt Interrupt control register
IC/OC base timer interrupt BTIC(004716)
IC/OC interrupt 0 ICOCOIC(004516)
IC/OC interrupt 1 ICOCOIC(004616)

13.3 DMA Support

Each of the interrupt sources - the eight IC/OC channel interrupts and the one Base Timer interrupt - are
capable of generating a DMA request.
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13.4 Time Measurement Function

In synchronization with an external trigger input, the value of the base timer is stored into the G1TMj
register (j=0 to 7). Table 13.5 shows specifications of the time measurement function. Table 13.6 shows
register settings associated with the time measurement function. Figures 13.19 and 13.20 display opera-
tional timing of the time measurement function. Figure 13.21 shows operational timing of the prescaler
function and the gate function.

Table 13.5 Time Measurement Function Specifications

Item Specification
Measurement channel Channels 0 to 7
Selecting trigger input polarity Rising edge, falling edge, both edges of the INPC1j pin (1)
Measurement start condition The IFEj bit in the G1FE register should be set to 1 (channels j function

enabled) when the FSCj bit (j=0 to 7) in the G1FS register is set to 1 (time

measurement function selected).

Measurement stop condition The IFE;j bit should be set to 0 (channel j function disabled)

Time measurement timing *No prescaler: every time a trigger signal is applied
*Prescaler (for channel 6 and channel 7):

every G77PRx (k=6,7) register value +17times a trigger signal is applied

Interrupt request generation timing | The G1IRi bit (i=0 to 7) in the interrupt request register (See Figure 13.9) is

set to 1 at time measurement timing

INPC1j pin function (1) Trigger input pin

Selectable function « Digital filter function

The digital filter samples a trigger input signal level every f1, f2 or fBT1
cycles and passes pulse signal matching trigger input signal level three

times

* Prescaler function (for channel 6 and channel 7)
Time measurement is executed every G77PRk register value +17times a
trigger signal is applied

» Gate function (for channel 6 and channel 7)
After time measurement by the first trigger input, trigger input cannot be
accepted. However, while the GOC bit in the G1TMCRK register is set to 1
(gate cleared by matching the base timer with the G1POp register (p=4
when k=6, p=5 when k=7)), trigger input can be accepted again by
matching the base timer value with the G1POp register setting

« Digital Debounce function (for channel7)

See 13.6.2 Digital Debounce Function for P17/INT5/INPC17 and 18.6

Digital Debounce Function for details

NOTE:
1. The INPC10 to INPC17 pins
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Table 13.6 Register Settings Associated with the Time Measurement Function

Register Bit Function
G1TMCR;j CTS1to CTSO Select time measurement trigger
DF1 to DFO Select the digital filter function
GT, GOC, GSC Select the gate function
PR Select the prescaler function
G1TPRk - Setting value of prescaler
G1FS FSCj Set to 1 (time measurement function)
G1FE IFEj Set to 1 (channel j function enabled)

j=0to7 k=6,7
Bit configurations and function varys with channels used.
Registers associated with the time measurement function must be set after setting registers associated with the base timer.

INPC1j pin input

Base timer

FFFF16 |----
n |----

p |---------q---o -

m |----

000016

i

G1TM; register

m x n

o

p

G1IRj bit

When setting to 0, write 0 by f.)rogram

Y

[ 1

j=0to7

G1IR;j bit: Bits in the G1IR register

The above applies to the following condition.
« Bits CTS1 to CTSO0 in the G1TMCR; registers are set to 012 (rising edge). The PR bit is
set to 0 (no prescaler used) and the GT bit is set to 0 (no gate function used).

» Bits RTS4, RTS2, and RTS1 in registers G1IBCRO and G1BCR1 are set to 0 (no base
timer reset). Bits UD1 to UDO bits are set to 002 (counter increment mode).

Set the base timer to 000016 (setting the RST1 bit to 1, and bits RST4 and RST2 to 0),
when the base timer value matches the G1POO register setting. The base timer is set to 000016
after it reaches the G1POO register value + 2.

Figure 13.19 Time Measurement Function (1)
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(a) When selecting the rising edge as a timer measurement trigger
(Bits CTS1 and CTSO0 in the G1TMCR; register (j=0 to 7)=012)

fBT1

Base fimer E@ﬂ@@@@@@@@@@@@@ 0419

INPC1j pin input or

trigger signal after
passing the digital
filter

G1IRj bit M
V Delayed by 1 clock v V wrlte 0 by program if setting to 0
G1TM,; register X o X 5 X s
NOTES :

1. Bits in the G1IR register.
2. Input pulse applied to the INPC1j pin requires 1.5 fBT1 clock cycles or more.

(b) When selecting both edges as a timer measurement trigger
(Bits CTS1 and CTS0 = 112)

fBT1

Base timer (2 Xt Ko X s 2K sl meaX nsf ok e e o190 125K 13K+ 19

INPC1j pin input or

trigger signal after
passing the digital
filter

G1IRj bit M

‘\wnte 0 by program
if setting to 0

\/ \/ \/ V V
G1TM,j register @ X n X n+2 X n+5 X n+8 X n+12

NOTES :
1. Bits in the G1IR register.
2. No interrupt is generated if the MCU receives a trigger signal when the G1IRj bit is set to 1.
However, the value of the G1TM); register is updated.

(c) Trigger signal when using digital filter
(Bits DF1 to DFO in the G1TMCR; register =102 or 112)

f1 or f2 or fBT1 (M

INPC1j pin m ‘ ‘ m

! ' Maximum 3.5 f1 or f2 or fBT1
' \ / - > - | 7
Trigger signal after Signals, which do not match 3 clock cycles
passing the digital times, are stripped off
filter The trigger signal is delayed
by the digital filter
NOTE:

1. fBT1 when bits DF1 to DFO are set to 102, and f1 or f2 when set to 112.

Figure 13.20 Time Measurement Function (2)
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(a) With the prescaler function
(When the G1TPR register (j = 6, 7) is set to 0216, the PR bit in the G1TMCR;j (j = 6, 7) register is setto 1)

fBT1

Base timer (X 1 X _n XX ne2X meaf ne4X 5K nsoX 7 nsX o 10K 1K +12K0+13(r+19

INPC1j pin input or

trigger signal after
passing the digital /I I_I I_—
filter
A
Internal time
\/ \/

measurement trigger

\/
Prescaler (") 2 X 1 X 0 X 2

Set 0 by program if necessary
G1IRj bit @ ’/

\/ \/
G1TM,; register X n+1 X n+13

NOTES:
1. This applies to 2nd or later prescaler cycle after the PR bit in the G1TMCR]j register is set to 1 (prescaler used).
2. Bits in the G1IR register.

(b) With the gate function
(The gate function is cleared by matching the base timer with the G1POKk register(k=4,5),
the GT bit in the G1TMCR;j register is set to 1, the GOC bit is set to 1)

FFFF16

. Value of the G1POk register - - -------- - - - ==
Base timer

000016

IFEj bit in G1FE

register _|
INPC1j pin input or m
trigger signal after |_|

passing the digital

filter This trigger input is disabled
due to gate function.

Internal time |—|
measurement trigger

G1POK register T_l

match signal
Y

Gate control signal I

AN Gate Gate cleared > A Gate

Set 0 by program if necessal

GAIRj bit ™ [[]a P8 i [

\/ \/
G1TMj register X X

NOTE:

1. Bits in the G1IR register.

Figure 13.21 Prescaler Function and Gate Function
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13.5 Waveform Generating Function

Waveforms are generated when the base timer value matches the G1POj (j=0 to 7) register value.
The waveform generating function has the following three modes :

* Single-phase waveform output mode

» Phase-delayed waveform output mode

* Set/Reset waveform output (SR waveform output) mode

Table 13.7 lists registers associated with the waveform generating function.

Table 13.7 Registers Related to the Waveform Generating Function Settings

Register Bit Function
G1POCR;j MOD1 to MODO Select output waveform mode
IVL Select default value
RLD Select G1POj register value reload timing
INV Select inverse output
G1PQj - Select timing to output waveform inverted
G1FS FSCj Set to 0 (waveform generating function)
G1FE IFEj Set to 1 (enables function on channel j)
j=0to7

Bit configurations and functions vary with channels used.
Registers associated with the waveform generating function must be set after setting registers associated with the base timer.
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13.5.1 Single-Phase Waveform Output Mode

Output signal level of the OUTC1j pin becomes high ("H") when the INV bit in the G1POCR;j (j=0 to 7)
register is set to O(output is not reversed) and the base timer value matches the G1PQj (j=0 to 7) register
value. The "H" signal switches to a low-level ("L") signal when the base timer reaches 000016. Table 13.8
lists specifications of single-phase waveform mode. Figure 13.22 lists an example of single-phase wave-

form mode operation.

Table 13.8 Single-phase Waveform Output Mode Specifications

Item

Specification

Output waveform

* Free-running operation

(bits RST1, RST2, and RST4 of registers G1BCR1 and G1BCRO are set to 0

(no reset))

Cvale . 65536
y T fBT1
Default output level width :
fBT1
Inverse level width m
fBT1

» The base timer is cleared to 000016 by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to 1, and RST4 and RST2 bits to 0), or

(b) G1BTRR register (enabled by setting RST4 bit to 1, and RST2 and RST1 bits to 0)

Cycle . _N+2
fBT1

Default output level width : __M
fBT1

Inverse level width n+2-m
fBT1

m : setting value of the G1PQ;j register (j=0 to 7), 000116 to FFFD16
n : setting value of the G1POO register or the G1BTRR register, 000116 to FFFD16

Waveform output start condition

The IFE]j bit in the G1FE register is set to 1 (channel j function enabled)

Waveform output stop condition

The IFE;j bit is set to 0 (channel j function disabled)

Interrupt request

The G1IRj bit in the G1IR register is set to 1 when the base timer value
matches the G1POQOj register value (See Figure 13.22)

ouTC1j pin (1

Pulse signal output pin

Selectable function

« Default value set function: Set starting waveform output level

* Inverse output function: Waveform output signal is inversed and provided
from the OUTC1j pin

NOTE:
1. Pins OUTC10 to OUTC17.
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(1) Free-running operation
(The RST4, RST2, and RST1 bits in the G1BCRO and G1BCR1 registers are set to 0)

| e T R e i
Base timer
M bommmm e T e e e oo
000016 E E
poom o1 65536m :
L BT faT1 ! !
OUTCH] pin ; “~Inverse I [™~Inverse
. . ‘:\ Return to default output level
| 65536 ' '
i fBT1 i
! When setting to 0, !
G1IR] bit l_l/ write 0 by program l
j=0to 7

m : Setting value of the G1POj register
G1IR; bit : Bits in the G1IR register

The above applies under the following conditions.
-The IVL bit in the G1POCR; register is set to 0 ("L" output as a default value) and the INV bit is set to 0
(not inversed).
-Bits UD1 to UDO are set to 002 (counter increment mode).

(2) The base timer is reset when the base timer matches either following register

(a) G1POO (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)
FFFF1e
I R miaieii Y
Base timer
1 T e o 7
000016 i . i i
om !l n#2m ' ; '
| faT1 | faT1 ! i ' '
OUTCHj pin L T verse kT verse L Tavers e ——TTvere
i ,on+2 : Return to cliefault
faT1 xvsrg?ﬁggbg'opéoglram output |ev<?|
G1IR] bit [ [
jF1to7

m : Setting value of the G1POQj register
n: Setting value of either G1POO register or G1BTRR register
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
-The IVL bit in the G1POCR;] register is set to 0 ("L" output as a default value) and the INV
bit is set to 0 (not inversed).
-Bits UD1 to UDO are set to 002 (counter increment mode).

Figure 13.22 Single-phase Waveform Output Mode
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13.5.2 Phase-Delayed Waveform Output Mode

Output signal level of the OUTCA1j pin is inversed every time the base timer value matches the G1POj
register value (j=0 to 7). Table 13.9 lists specifications of phase-delayed waveform mode. Figure 13.23
shows an example of phase-delayed waveform mode operation.

Table 13.9 Phase-delayed Waveform Output Mode Specifications

ltem Specification

Output waveform * Free-running operation

(bits RST1, RST2, and RST4 in registers G1BCR1 and G1BCRO are setto 0
(no reset))

Cvel 65536 x2

ycle fBT1

IIHII and ||L|| Width : 65536
fBT1

» The base timer is cleared to 000016 by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to 1, and bits RST4 and RST2 to 0), or

(b) G1BTRR register (enabled by setting RST4 bit to 1, and bits RST2 and RST1 to 0)

. 2(n*2)
Cycle fBT1
. n+2

"H" and "L" width _—
fBT1

n : setting value of either G1POQ register or G1BTRR register

Waveform output start condition The IFEj bit in the G1FE register is set to 1 (channel j function enabled)

Waveform output stop condition The IFE;j bit is set to 0 (channel j function disabled)

Interrupt request The G1IRj bit in the interrupt request register is set to 1 when the base timer
value matches the G1POj register value. (See Figure 13.23)

OUTCH1j pin (1 Pulse signal output pin

Selectable function + Default value set function: Set starting waveform output level

* Inverse output function : Waveform output signal is inversed and provided
from the OUTC1j pin

NOTE:
1. Pins OUTC10 to OUTC17.
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(1) Free-running operation
(Bits RST4, RST2, and RST1 in the registers G1BCRO and G1BCR1 are set to 0)

[ o T R 7 I
Base timer
Mmoo e e SO
000016
! 65536 ! 65536 !
i fBT1 ! fBT1 .
- .\ i .~ Inverse ii
OUTCH1j pin 4! Inverse . |
' ' 65536X2 '
E Write 0 by program E faT1 E
| if setting to 0 \ !
G1IRj bit e |
j=0to7

m : Setting value of the G1POj register
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
e The IVL bit in the G1POCR; register is set to 0 (L output as a default value). The INV bit
is set to 0 (not inversed).
e Bits UD1 to UDO are set to 002 (counter increment mode).

(2) Base timer is reset when the base timer matches either following register
(a) G1POO0 (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)

FFFF16
[ i ¥ B
Base timer
0 T e S gy T
000016
m ! n+2 ! n+2 !
fBT1 ! fBT1 ! fBT1 !
OUTCA1j pin ~nverse | Inverse ~
| 0 1 Inverse
! ) ' 2(n+2) !
' Write 0 by program | T '
! if setting to 0 ! BT !
G1IRj bit ,_|/ l_l |_|_
j=1to7

m : Setting value of the G1POj register n: Setting value of either register G1PO0 or G1BTRR
G1IRj bit : Bits in the G1IR register
The above applies under the following conditions.
e The IVL bit in the G1POCR;j register is set to 0 (L output as a default value).
The INV bit is set to 0 (not inversed).
¢ Bits UD1 to UDO are set to 002 (counter increment mode).

Figure 13.23 Phase-delayed Waveform Output Mode
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13.5.3 Set/Reset Waveform Output (SR Waveform Output) Mode
Output signal level of the OUTC1j pin becomes high ("H") when the INV bit in the G1POCRI (i=0 to 7) is
set to 0 (output is not reversed) and the base timer value matches the G1PQj register value (j=0, 2, 4, 6).
The "H" signal switches to a low-level ("L") signal when the base timer value matches the G1POk (k=j+1)
register value. Table 13.10 lists specifications of SR waveform mode. Figure 13.24 shows an example of
the SR waveform mode operation.

Table 13.10 SR Waveform Output Mode Specifications

ltem Specification

Output waveform * Free-running operation

(the RST1, RTS2, and RST4 bits of the G1BCR1 and G1BCRO registers are set
to 0 (no reset))

Cycle 65536
fBT1

Inverse level width() ; _-M__
fBT1

* The base timer is cleared to 000016 by matching the base timer with either
following register
(a) G1POO register (enabled by setting RST1 bit to 1, and bits RST4 and RST2 to 0)(2), or

(b) G1IBTRR register (enabled by setting RST4 bit to 1, and bits RST2 and RST1 to 0)

Cycle p+2
fBT1

Inverse level width(D) : —-1_
fBT1

m : setting value of the G1PQj register (j=0, 2, 4,6 )

n : setting value of the G1POk register (k=j+1)

p : setting value of the G1POO register or G1BTRR register
value range of m, n, p: 000116 to FFFD16

Waveform output start condition Bits IFEj and IFEk in the G1FE register are set to 1 (channel j function enabled)

Waveform output stop condition Bits IFEj and IFEk are set to 0 (channel j function disabled)

Interrupt request The G1IRj bit in the G1IR register is set to 1 when the base timer value
matches the G1PQj register value.

The G1IRKk bit in the interrupt request register is set to 1 when the base timer
value matches the G1POKk register value (See Figure 13.24)

OUTC1j pin ® Pulse signal output pin

Selectable function + Default value set function : Set starting waveform output level

* Inverse output function: Waveform output signal is inversed and provided
from the OUTC1j pin

NOTES:
1. The odd channel's waveform generating register must have greater value than the even channel's.
2. When the G1POO register resets the base timer, the channel 0 and channel 1 SR waveform generating functions
are not available.
3. Pins OUTC10, OUTC12, OUTC14, OUTC1s.
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(1) Free-running operation
(Bits RST2 and RST1 in the G1BCRO register and the RST4 bit in the G1BCR1
register are set to 0)

o T e e
N oo L.
Base timer , ,
m S s
000016 ; : E :
©on-m X 65536-n+m ! i
v fam : far1 ! |
h T d Return to default
. output level
OUTC1j pin .\ Inverse P/ .\ Inverse / P
; " 65536 ; E
! H faT1 ! H
: Write 0 by program ; H
G1IR] bit  if setting to 0 :
¢ inverse :
G1IRk bit 1 [

j=0,2,4,6 k=j+1
m : Setting value of the G1POQj register n: Setting value of the G1POk register
G1IRj, G1IRKk bits: Bits in the G1IR register
The above applies under the following conditions.
® The IVL bit in the G1POCR; register is set to 0 (L output as a default value). The INV bit is set to 0
(not inversed).
® Bits UD1 and UDO are set to 002 (counter increment mode).

(2) Base timer is reset when the base timer matches either following register
(a) G1POO0 (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)

FFFF16
p+2 -----------------------------------------------------------------------
T 2 <

Base timer mbocmee oL

p+2-n+m
faT1

outcipn [ b T — W

000016 E

: T pe2 | :
i E fBT1 E ; ! E
; Write 0 by program ! ! ! :
G1IRj bit [ .~ if setting to 0 [ ] : - .
E When setting to 0, : ,
G1IRK bit o~ write 0 by program ' '—\_
j=2,4,6 k=j+1
m : Setting value of the G1PQ;j register n: Setting value of the G1POk register

p: Setting value of either register G1PO0 or G1BTRR
G1IRj, G1IRk bits: Bits in the G1IR register

The above applies under the following conditions.
® The IVL bit in the G1POCR;j register is set to O (L output as a default value). The INV bit is set to 0 (not
inversed).
® Bits UD1 and UDO are set to 002 (counter increment mode).

Figure 13.24 Set/Reset Waveform Output Mode
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13.6 I/O Port Function Select

The value in the G1FE and G1FS registers decides which IC/OC pin to be an input or output pin.

In SR waveform generating mode, two channels, a set of even channel and odd channel, are used every
output waveform, however, the waveform is output from an even channel only. In this case, the correspond-
ing pin to the odd channel can be used as an 1/O port.

Table 13.11 Pin setting for Time Measurement and Waveform Generating Functions

Pin IFE | FSC [MOD1|MODO | Port Direction Port Data
P27/INPC17/| O X X X Determined by PD27 P27
OUTC17 1 1 X X Determined by PD27, Input to INPC17 is always active| P27 or INPC17
1 0 0 0 Single-phase Waveform Output OuTC17
1 0 0 1 Determined by PD27, SR Waveform Output mode P27
1 0 1 0 Phase-delayed Waveform Output OUTC17
P26/INPC16/| O X X X Determined by PD2s P26
OUTC1s 1 1 X X Determined by PD2s, Input to INPC1s is always active | P26 or INPC16
1 0 0 0 Single-phase Waveform Output OUTC1e
1 0 0 1 SR Waveform Output OUTC1e
1 0 1 0 Phase-delayed Waveform Output OUTC1s
P2s/INPC1s/| O X X X Determined by PD2s P2s
OUTC1s 1 1 X X Determined by PD2s, Input to INPC15s is always active | P250r INPC15
1 0 0 0 Single-phase Waveform Output OUTC1s
1 0 0 1 Determined by PD2s, SR Waveform Output mode P25
1 0 1 0 Phase-delayed Waveform Output OUTC1s
P24/INPC14/| O X X X Determined by PD24 P24
OUTC14 1 1 X X Determined by PD24, Input to INPC14 is always active | P24 or INPC14
1 0 0 0 Single-phase Waveform Output OUTC14
1 0 0 1 SR Waveform Output OUTC14
1 0 1 0 Phase-delayed Waveform Output OUTC14
P23/INPC13/| O X X X Determined by PD2s3 P23
OUTC13 1 1 X X Determined by PD2s, Input to INPC13 is always active | P23 or INPC13
1 0 0 0 Single-phase Waveform Output OUTC13
1 0 0 1 Determined by PD23, SR Waveform Output mode P23
1 0 1 0 Phase-delayed Waveform Output OUTC13
P22/INPC12/| O X X X Determined by PD22 P22
OUTC12 1 1 X X Determined by PD22, Input to INPC12 is always active] P22 or INPC12
1 0 0 0 Single-phase Waveform Output OUTC12
1 0 0 1 SR Waveform Output OUTC12
1 0 1 0 Phase-delayed Waveform Output OUTC12
P21/INPC14/| O X X X Determined by PD21 P21
OUTC11 1 1 X X Determined by PD21, Input to INPC11 is always active | P21 or INPC114
1 0 0 0 Single-phase Waveform Output OUTC114
1 0 0 1 Determined by PD21, SR Waveform Output mode P21
1 0 1 0 Phase-delayed Waveform Output OUTC11
P20/INPC10/| O X X X Determined by PD2o P20
OUTC1o0 1 1 X X Determined by PD2o, Input to INPC1o is always active | P20or INPC10
1 0 0 0 Single-phase Waveform Output OUTC1o0
1 0 0 1 SR Waveform Output OUTC1o0
1 0 1 0 Phase-delayed Waveform Output OUTC1o

IFE: IFE]j (j=0 to 7) bits in the G1FE register.
FSC: FSCj (j=0 to 7) bits in the G1FS register.

MOD2 to MOD1: Bits in the G1POCRj (j=0 to 7) register.
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13.6.1 INPC17 Alternate Input Pin Selection
The input capture pin for IC/OC channel 7 can be assigned to one of two package pins. The CH7INSEL
bit in the G1BCRO register selects IC/OC INPC17 from P27/OUTC17/INPC17 or P17/INT5/INPC17/IDU.

13.6.2 Digital Debounce Function for Pin P17/INT5/INPC17

The INTS5/INPC17 input from the P17/INT5/INPC17/IDU pin has an effective digital debounce function
against a noise rejection. Refer to 18.6 Digital Debounce function for this detail.
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14. Serial I/0O

Note
| The SI/O4 interrupt of peripheral function interrupt is not available in the 64-pin package. I

Serial I/O is configured with five channels: UARTO to UARTZ2, SI/0O3 and SI/O4.

14.1 UARTI (i=0 to 2)

UARTI each have an exclusive timer to generate a transfer clock, so they operate independently of each
other.

Figure 14.1 shows the block diagram of UARTI. Figures 14.2 and 14.3 shows the block diagram of the
UARTI transmit/receive.

UARTI has the following modes:

» Clock synchronous serial 1/0O mode

* Clock asynchronous serial /O mode (UART mode).

« Special mode 1 (I2C bus mode): UART2

* Special mode 2: UART2

* Special mode 3 (Bus collision detection function, IEBus mode): UART2
* Special mode 4 (SIM mode): UART2

Figures 14.4 to 14.9 show the UARTi-associated registers.
Refer to Tables 14.2, 14.6, 14.11, 14.12, 14.16, 14.17, and 14.19 to set the registers in individual mode.

Rev. 1.10 Mar. 30, 2007  page 158 of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./\V-ver.)

14. Serial I/O

Rev. 1.10 Mar. 30, 2007
REJ09B0287-0110

fisioPOLK1=0
P /o—> f1s10 or f2si0
Main clock, PLL clock, 1819
or on-chip oscillator clock PCLK1=1
1/8 > fgsio
(UARTO) L o
RxD0O ——O TxDo
Clock source selection UART reception Receive
Reception clock
%'—(;;1 to CLKO Clock synchronous ' control circuit T W
f1SI0 or f2810 0 type i ransmi
fssio 01z, ! receive
f32s10 102 UART transmission ! | Transmit unit
External —o L [Transmission control| | clock
Clock synchronous circuit |
type
Clock synchronous type
(when internal clockis selected)
CKDIR=0
Clock synchronous type ¢
CKPOL (when external clock is ) 5 CKDIR=1
Clock synchronous type
CLK (when internal clock is selected)
polarity
CLKOO— reversing
ersi N
circuit
CTS/RTS selected CTS/RTS disabled
o CRS=1 RTS0
CTSo/RTSo N
CRS=0 Vce
l CTSIRTS disabled
CRD=1 CTSo
CTSo from UART1 ———0 CRD=0
RCSP=1
RXD1O  OTo
Clock source selection UART reception o Receive
CLK1 to CLKO Reception clock
Clock synchronous ' control circuit Transmit/
1810 or f2si0 type ' receive
fesio —010 UART & T unit
2 ransmission | ransmit
fazsio o Clock " ! Transmission | | clock
IOCK synchronous il i
External|  CKDIR=1 S Y control circuit |
Clock synchronous type
1/2 | (when internal clockiis selected
\CKDIR=0
Clock synchronous type
CKPOL (when external clock is selected) CKDIR=1
CLK Clock synchronous type
polarity _ (when internal clock is selected)
CLK1(OH reversing CLKMDO0=0 gy
circuit CLKMDO=1 AN
Clock output I
pin select CTS/RTS selected CTS/RTS disabled
CTS1/RTS1/ CLKMD1=1 CRS=1 RTSA
CTSo0/ CLKS1 Z
CLKMD1=0 _ N
CRS=0 Vce
CTS/RTS disabled e
l CRD=1 RCSP=0 _ CTS1
T CRD=0 o——— CTSo from UARTO
(UART2) Rese=1 —
Xi
RxD polarity polarity
RxD2 reversing circuit [ | reversing _O TxD2
. circuit
Clock source selection UART reception Receive
CLK1 to CLKO Reception clock
tCkJeCk synchronous . control circuit Transmit/
1810 or f2s10 yp! : receive
ffSSIO UART transmission ! | Transmit unit
32810 ! Transmission | [ clock
Ext Clock synchronous control circuit |
xternal type
Clock synchronous type
(when internal clock is selected)
IWNen Thierna’ oot
CKDIR=0
Clock synchronous type Y
CKPOL T (when external clock is selected) CKDIR=1
ynchronous type
CLK (when internal clock is selected)
polarity
CLK2 O reversin
9
circuit \I
CTS/RTS CTS/RTS disabled
setected crs=1 RTS2
CTS2/RTS2 RS20 ~N
Vce
l CTS/RTS disabled
CRD=1 CTS2
O-
CRD=0
i=0to2
ni: Values set to the UiBRG register
SMD2 to SMDO, CKDIR: Bists in the UiMR register
CLK1 to CLKO, CKPOL, CRD, CRS: Bits in the UiCO register
CLKMDO, CLKMD1, RCSP: Bits in the UCON register

Figure 14.1 Block diagram of UARTi (i = 0to 2)
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Clock
synchronous type

PAR

! UART (7 bits)
disabled

UART (8 bits)

Clock

synchronous UART (7 bits) UARTi receive register

RxDi(O—

o] 0
PAR PRYE=1 UART
enabled

UART (9 bits)

Clock
synchronous type

UART (8 bits)
UART (9 bits)

UARTi receive

0000000D8| |D7D6D5D4D3D2D1DO| buffer register

Address 03A616
| MSB/LSB conversion circuit Address 03A716
| Address 03AE16

Address 03AF16

Data bus high-order bits

Data bus low-order bits

==

| MSB/LSB conversion circuit |

) <>

|D8 | | D7: De: Ds: Da: D3: D2: D1: Do | UARTI transmit

: - - . - : : buffer register
Address 03A216
Address 03A316
Address 03AA16
UART (8 bits) Address 03AB16

UART (9 bits)
UART (9 bits) Slpo:k synchronous
PAR
2SP STPS=1  enabled pPRYE=1 UART

O Q .
ot o

STPS=0 PRYE=0| Clock
synchronous
type

UART (7 bits) UARTI transmit register

UART (7 bits)

18P PAR UART (8 bits)

disabled

SP: Stop bit
PAR: Parity bit

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bits in the UIMR

Clock synchronous
type

Figure 14.2 Block diagram of UARTI (i = 0, 1) transmit/receive unit
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No reverse
I0POL=0
3 RxD data
RxD2
I0POL=1
Reverse

Clock
synchronous type
UART

(7 bits)

(L;SAgi‘t-ls—) UART(7 bits) UARTI receive register

PAR
disabled

Clock
synchronous
type

Clock
synchronous type

PAR
enabled

(9 bits)

0;0;0;0;0;0;0i{Ds| |DriDeiDs;DajDs;iDz;DiiDo|

(-

| Logic reverse circuit + MSB/LSB conversion circuitl

]

Data bus high-order bits

Data bus low-order bits

G (A

| Logic reverse circuit + MSB/LSB conversion circuitl

&

Y
|Ds| |D7§D6§D5§D4§D3§D2§D1§D0|

UART
(8 bits)
UART
(9 bits)

Clock
synchronous type

UART
PAR (9 bits)
ogp STPS=1 enabledppyp=1 UART
Q

)
)
STPS=0 PRYE=0| Clock
synchronous

type

UART(7 bits) UARTi transmit register

18P PAR
disabled

UART2 receive
buffer register

( Address 037E18)
Address 037F16

UART2 transmit
buffer register

( Address 037A16 )
Address 037B16

synchronous type
Error signal output
U2ERE disable |OPOL Noreverse

= Error signal output =1 Reverse
enable

SP: Stop bit
PAR: Parity bit

U2ERE : Bits in the U2C1 register

=0 =0
Error signal TxD data TxD2
output circuit reverse circuit

U2ERE 10POL

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : Bits in the U2MR register

Figure 14.3 Block diagram of UART2 transmit/receive unit
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UARTI Transmit Buffer Register (i=0 to 2)(1)

(b15) (68) Symbol Address After Reset
b7 b0 b7 b0 uoTB 03A316-03A216 Undefined
|><|><|><|><|><|><|><| | | u1TB 03AB16-03AA16 Undefined
U2TB 037B16-037A16 Undefined
Function RW
O Transmit data WO
N Nothing is assigned. If necessary, set to 0. _
When read, their contents are undefined
NOTES:
1. Use MOV instruction to write to this register.
UARTi Receive Buffer Register (i=0 to 2)
(b15) (b8) Symbol Address After Reset
b7 b0 b7 80 UORB 03A716-03A616 undefined
LT ] ] XX | | utrs 03AF 16-03AE 16 undefined
— U2RB 037F16-037E 16 undefined
P Bit . .
o Bit Name Function RW
o Symbol
(b7-b0) _— Receive data (D7 to Do) RO
B8 S Receive data (Ds) RO
R Nothing is assigned. If necessary, set to 0.
oo (b10-b9) | When read, their contents are undefined -
Vo L Arbitration lost 0 : Not detected
ABT detecting flag (2) 1: Detected RW
e ] OER |Overrun error flagt 0 No overrun error RO
o 1: Overrun error found
. 0 : No framing error
e (1)
P FER [Framing error flag 1 : Framing error found RO
HE . 0 : No parity error
e (1)
H PER  |Parity error flag 1 : Parity error found RO
1 0 : No error
------------------------------------------------ )
SUM  |Error sum flag 1 - Error found RO

NOTES:

register.

UARTI Baud Rate Generation Register (i=0 to 2)(1.2.3)

1. When the SMD2 to SMDO bits in the UiIMR register are set to 0002 (serial /0 disabled) or the RE bit in the UiC1 register is set to
0 (reception disabled), all bits SUM, PER, FER and OER are set to 0 (no error). The SUM bit is set to 0 (no error) when all of the
PER, FER and OER bits are set to 0 (no error). Also, bits PER and FER are set to 0 by reading the lower byte of the UIRB

2. The ABT bit is set to 0 by setting to 0 by program. (Writing 1 has no effect.) Nothing is assigned at the bit 11 in the UORB and
U1RB registers. If necessary, set to 0. When read, its content is 0.

2. Use MOV instruction to write to this register.

» Clock synchronous serial /0O mode

* Clock synchronous serial /0O mode

* Clock asynchronous serial I/0 (UART) mode
(2) When the CKDIR bit in the UiMR register to 1 (external clock)

* Clock asynchronous serial I/0 (UART) mode

1. Write to this register while serial I/O is neither transmitting nor receiving.

S fil2(n+1))
- fi(16(n+1))

: fext
: fext/(16(n+1))
fi: f1S

b7 b0 Symbol Address After Reset
UOBRG 03A116 Undefined
U1BRG 03A916 Undefined
U2BRG 037916 Undefined
Function Setting Range RW
L Assuming that set value = n, UiBRG divides 0016 to EF16 WO
"""""""""""""""""""" the count source by n + 1
NOTES:

The transfer clock is shown below when the setting value in the UiBRG register is set as n.
(1) When the CKDIR bit in the UiMR register to 0 (internal clock)

10, f2810, f8SI0, f32SI0

fext : Input from CLKi pin

3. Set the UiBRG register after setting bits CLK1 and CLKO in the registers UiCO.

Figure 14.4 UOTB to U2TB, UORB to U2RB, UOBRG to U2BRG Registers
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UARTI Transmit/receive Mode Register (i=0, 1)
b7 D6 D05 b4 b3 b2 b1 b0 Symbol Address After Reset
| UOMR, UTMR 03A016, 03A816 0016
Bit Bit Name Function RwW
Vv v v v v i| Symbol
Pl b b L) SMDO [gey it | o .
A Serial /0 mode select bit | 9 ¢ 0 : Serial I/O disabled RW
00 1 : Clock synchronous serial /0 mode
o L SMD1 100 : UART mode transfer data 7 bit long RW
10 1 : UART mode transfer data 8 bit long
SMD2 110 : UART mode transfer data 9 bit long
oo e Do not set the value other than the above RW
------------ CKDIR [ Internal/external clock 0 : Internal clock RW
P select bit 1: External clock (V)
R STPS | stop bit length select bit | 0 : One stop bit RW
HE 1 : Two stop bits
R PRY |Odd/even parity select bit | Effective when PRYE = 1 RW
! 0 : Odd parity
1 : Even parity
T ITTTTRRR PRYE |Parity enable bit 0 : Parity disabled RW
1 : Parity enabled
.......................... (b_7) Reserve bit Setto 0 RW
NOTES:
1. Set the corresponding port direction bit for each CLKi pin to 0 (input mode).
2. To receive data, set the corresponding port direction bit for each RxDi pin to 0.
UART2 Transmit/receive Mode Register
b7 b6 b5 b4 b3 b2 b1 bO
| | | | | | | | | Symbol Address After Reset
U2MR 037816 0016
EERRRRIN . o
Pobo i | symbol Bit Name unction RW
poioi b1~ SMDO Iserial 110 mode select bit | 500 : Serial /O disabled RW
00 1 : Clock synchronous serial I/O mode
A SMD1 010 : 12C bus mode(3)
1 0 0 : UART mode transfer data 7 bit long RW
N 10 1: UART mode transfer data 8 bit long
SMD2 110 : UART mode transfer data 9 bits long RW
Do not set the value other than the above
CKDIR [Internal/external clock 0 : Internal clock RW
select bit 1 : External clock ()
R — . : 0 : One stop bit
b STPS |Stop bit length select bit 1+ Two stop bits RW
FH T PRY  [Odd/even parity select bit | Effective when PRYE = 1
H 0 : Odd parity RW
1 : Even parity
LTI TRITa PRYE |Parity enable bit 0 : Parity disabled RW
1 : Parity enabled
.......................... joPoL |TxD, RxD I/O polarity 0 : No reverse RW
reverse bit 1: Reverse
NOTES:
1. Set the corresponding port direction bit for each CLK2 pin to 0 (input mode).
2. To receive data, set the corresponding port direction bit for each RxD2 pin to 0 (input mode).
3. Set the corresponding port direction bit for SCL2 and SDA2 pins to 0 (input mode).

Figure 14.5 UOMR to U2MR Registers
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b7 b6 b5 b4 b3 b2 b1 bO

UARTI Transmit/receive Control Rregister 0 (i=0 to 2)

Symbol Address After Reset
| | UOCO to U2CO  03A416, 03AC16, 037C16 000010002
Bit " .
Symbol Bit Name Function RW
b1 b0
CLKO | BRG CO_“{;E source 00 : f1si0 or f2si0 is selected RW
select bit 01: fssio is selected
CLK1 10:f32s10 is selected
11 : Do not set RW
CRS CTS/RTS function Effective when CRD is set to 0
select bit (3) 0 : CTS function is selected (1) RW
1 : RTS function is selected
TXEPT | Transmit register empty [0 : Data present in transmit register (during transmission)
flag 1 : No data present in transmit register RO
(transmission completed)
CRD | CTS/RTS disable bit |0 : CTS/RTS function enabled
1 : CTS/RTS function disabled RW
(P60, P64 and P73 can be used as /O ports)®)
NCH | Data output select bit® |0 : TxD2/SDA2 and SCLi pins are CMOS output RW
1: TxD2/SDA2 and SCLi pins are N-channel open-drain output(®
CKPOL | CLK polarity select bit 0 : Transmit data is output at falling edge of transfer clock
and receive data is input at rising edge RW
1 : Transmit data is output at rising edge of transfer clock
and receive data is input at falling edge
__________________________ UFORM |Transfer format select bit |0 : LSB first RW
1: MSB first

NOTES:

w

[0

are N-channel open-drain output).

No

b7 b6 b5 b4 b3 b2 bl bO

UART Transmit/receive Control Register 2

1. Set the corresponding port direction bit for each CTSi pin to 0 (input mode).
2. Effective when bits SMD2 to SMDO in the UMR register to 0012 (clock synchronous serial /0 mode) or 0102 (UART mode transfer
data 8 bits long). Set the UFORM bit to 1 when bits SMD2 to SMDO are set to 1012 (12C bus mode) and 0 when they are set to 1002.
CTS1/RTS1 can be used when the CLKMD1 bit in the UCON register is set to 0 (only CLK1 output) and the RCSP bit in the UCON
register is set to 0 (CTS0/RTS0 not separated).
. SDA2 and SCL2 are effective when i = 2.

. When bits SMD2 to SMD in the UiMR regiser are set to 0002 (serial I/O disable), do not set NCH bit to 1 (TxDi/SDA2 and SCL2 pins

When the U1MAP bit in PACR register is 1 (P73 to P70), P70 functions as CTS/RTS pin in UART1.
. When the CLK1 and CLKO bit settings are changed, set the UiBRG register.

Symbol Address After Reset
UCON 03B016 X00000002

Bit Bit Name Function RW
oo Symbol
UOIRS [UARTO transmit interrupt| O : Transmit buffer empty (Tl = 1)
cause select bit 1 : Transmission completed (TXEPT = 1) RwW
U1IRS |UART1 transmit 0 : Transmit buffer empty (TI = 1) RW
interrupt cause select 1 : Transmission completed (TXEPT = 1)
UORRM | UARTO continuous 0 : Continuous receive mode disabled RW
T receive mode enable bit | 1 : Continuous receive mode enable
P U1RRM |UART1 continuous 0 : Continuous receive mode disabled
receive mode enable bit | 1: Continuous receive mode enabled RW
P CLKMDO | UART1 CLK/CLKS Effective when the CLKMD1 bit is set to 1
oy TTTTTTTTTT select bit 0 0 : Clock output from CLK1 RwW
1 : Clock output from CLKS1
R CLKMD1|UART1 CLK/CLKS 0 : Output from CLK1 only
I select bit 1 (1) 1 : Transfer clock output from multiple pins function selected RW
e RCSP | Separate UARTO 0: CTS/RTS shared pin @ RW
CTS/RTS bit 1: CTS/RTS separated (P64 pin functions as CTS0 pin )
e —— | Nothing is assigned. If necessary, set to 0.

(b7) | When read, the content is undefined -

NOTES:

register to O (internal clock)

2. When the UTMAP bit in PACR register is set to 1 (P73 to P70), P70 pin functions as CTSo pin.

1. When using multiple transfer clock output pins, make sure the following conditions are met:set the CKDIR bit in the UTMR

Figure 14.6 UOCO to U2C0 and UCON Registers
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UARTI Transmit/receive Control Register 1 (i=0, 1)

NOTE:

1. Set the PACR register by the next instruction after setting the PRC2 bit in the PRCR register to 1(write enable).

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
| uoC1, U1C1 03A516,03AD 16 000000102
Bit . .
Bit Name Function RW
Symbol
TE Transmit enable bit 0 : Transmission disabled RW
1 : Transmission enabled
Tl Transmit buffer 0 : Data present in UiTB register RO
empty flag 1 : No data present in UiTB register
RE Receive enable bit 0 : Reception disabled RW
1 : Reception enabled
RI Receive complete flag 0 : No data present in UiRB register RO
1 : Data present in UiRB register
— Nothing is assigned. _
(b7-b4) | If necessary, set to 0. When read, the content is 0
UART2 Transmit/receive Control Register 1
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | | | | u2c1 037D16 000000102
P Bit ) .
HEE Bit Name Function RW
oo Symbol
TE Transmit enable bit 0 : Transmission disabled
HE A : s RW
o 1 : Transmission enabled
TI Transmit buffer 0 : Data present in U2TB register RO
A empty flag 1: No data present in U2TB register
oo RE | Receive enable bit 0 : Reception disabled RW
A 1 : Reception enabled
RI Receive complete flag 0 : No data present in U2RB register RO
H Vo 1 : Data present in U2RB register
] U2IRS | UART2 transmit interrupt | O : Transmit buffer empty (Tl = 1) RW
o cause select bit 1 : Transmit is completed (TXEPT = 1)
U2RRM | UART2 continuous 0 : Continuous receive mode disabled
[ LR EEEEEEEEEEEE ) ) : ’ . RW
v receive mode enable bit | 1: Continuous receive mode enabled
R U2LCH | Data logic select bit 0 : No reverse RW
1: Reverse
e U2ERE | Error signal output 0 : Output disabled RW
enable bit 1 : Output enabled
Pin Assignment Control Register (1)
b7 b6 b5 b4 b3 b2 bl b0 Symbpl Address After Reset
PACR 025D 16 0016
Bit Symbol Bit Name Function RW
' PACRO 010 : 64 pin RwW
T . . . 011 : 80 pin
PACR1__ |Pin enabling bit All other values are reserved. Do | RW
PACR2 not use. RW
Nothing is assigned.
FH T S S S (b6-b3) | Reserved bits If necessary, set to 0. When _
: read, the contentis O
UART1 pins assigned to
R RREEELEEEEEL UTMAP  |UART1 pin remapping bit | 0 : P67 to P64 RwW
1:P73to P70

Figure 14.7 UOC1 to U2C1 Register, and PACR Register
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UART2 Special Mode Register
b7 b6 b5 b4 b3 b2 bl b0
I><| | | | 0 | | | | Symbol Address After Reset
U2SMR 037716 X00000002
N A Bit ' )
e Symbol Bit Name Function RW
oo bt ieM | 12C mode select bit 0 : Other than 12C mode RW
A A A 1:12C mode
[ A :_ _| ABC Arbitration lost detecting | 0 : Update per bit RW
oo flag control bit 1 : Update per byte
e BBS Bus busy flag 0 : STOP condition detected RV\}”
I 1: START condition detected (busy)
v ] (b3) |Reserved bit Setto 0 RW
[ ABSCS | Bus collision detect 0 : Rising edge of transfer clock
Voo sampling clock select bit |1 : Underflow signal of timer AO RW
: : ACSE | Auto clear function 0 : No auto clear function
Vb mmmmemeemeeieeee select bit of transmit 1 : Auto clear at occurrence of bus collision RW
[ enable bit
e SSS Transmit start condition | O : Not synchronized to RxD2
select bit 1 : Synchronized to RxD2? RwW
_________________________ (bT) Nothing is assigned. If necessary, setto 0. When read, the content is undefined _
NOTES:
1: The BBS bit is set to 0 by writing 0 by program. (Writing 1 has no effect).
2: When a transfer begins, the SSS bit is set to 0 (Not synchronized to RxD2).
UART2 Special Mode Register 2
b7 b6 b5 b4 b3 b2 b1l b0
Symbol Address After Reset
| | | i | | | | U2SMR2 037616 X00000002
s Bit . .
oy o Bit Name Function RW
Vv v+« 1| Symbol
Db 1 il ucM2 | 12C bus mode select bit 2 | Refer to Table 14.13 RW
CsC Clock-synchronous bit 0 : Disabled RW
1: Enabled
SWC | SCL2 wait output bit 0 : Disabled o
oo T 1: Enabled
b ALS | SDAz output stop bit 0 : Disabled
[ 1 : Enabled RW
A R STAC | UART initialization bit 0 : Disabled RW
1: Enabled
L SWC2 | SCL2 wait output bit 2 0: Transfer clock
Lap RW
1: “L” output
______________________ SDHI SDA2 output disable bit 0: Enabled RW
1: Disabled (high impedance)
- Nothing is assigned. If necessary, set to 0. _
""""""""""""" (b7) [ When read, the content is undefined

Figure 14.8 U2SMR and U2SMR2 Registers
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UART2 Special Mode Register 3

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
| | | |><| |><| U2SMR3 037516 000X0X0X2

Bit Bit Name Function RW
P i 1% 1| Symbol
[ R Nothing is assigned. If necessary, set to 0. _
oot (00) | when read, the content is undefined
I A CKPH | Clock phase set bit 0 : Without clock delay RW
A 1 : With clock delay
— Nothing is assigned. If necessary, set to 0. .
s (b2) When read, the content is undefined
NODC | Clock output select bit 0 : CLK2 is CMOS output
R 1 : CLK2 is N-channel open drain output RwW
- Nothing is assigned. If necessary, set to 0. _
N (b4) When read, the content is undefined
T DLO | sDA2 digital delay b7 b6 b5 RW
setup bit 0 0 0: Without delay
. (1.2 0 0 1:1to 2 cycle(s) of U2BRG count source
DL1 0 1 0:2to 3 cycles of U2BRG count source
Voo TTTTTTTT e 0 1 1:3to4 cycles of U2BRG count source RW
1 0 0:4to 5 cycles of U2BRG count source
H DL2 1 0 1:5to6 cycles of U2BRG count source
R 1 1 0:6to7 cycles of U2BRG count source RW

1 1 1:7 to 8 cycles of U2BRG count source

NOTES:
mode, set these bits to 0002 (no delay).

delay increases by about 100 ns.

UART2 Special Mode Register 4

b7 b6 b5 b4 b3 b2 b1 b0

1. Bits DL2 to DLO are used to generate a delay in SDA output by digital means during I2C bus mode. In other than 12C bus

2. The amount of delay varies with the load on pins SCL2 and SDA2. Also, when using an external clock, the amount of

Symbol Address After Reset
| | | | | U2SMR4 037416 0016
Bit Bit Name Function RW
o {0 i| Symbol
STAREQ | Start condition 0 : Clear RW
o generate bit (1) 1: Start
RSTAREQ | Restart condition 0: Clear RW
generate bit (1) 1: Start
L STPREQ | Stop condition 0 : Clear RW
e generate bit(") 1: Start
_____________ STSPSEL | SCL2,SDA2 output 0 : Start and stop conditions not output
HE select bit 1 : Start and stop conditions output RW
R R S —— ACKD | ACK data bit 0:ACK RW
o 1:NACK
R S EGREEELELE ACKC | ACK data output 0 : Serial I/0 data output RW
enable bit 1 : ACK data output
e SCLHI | SCL2 output stop 0 : Disabled
; enable bit 1: Enabled RW
: SWcC9 | SCL2 wait bit 3 0: SCL2 “L” hold disabled RW
"""""""""""""" 1:SCL2 “L” hold enabled
NOTE:
1. Set to 0 when each condition is generated.
Figure 14.9 U2SMR3 and U2SMR4 Registers
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14.1.1 Clock Synchronous serial I/O Mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Table 14.1
lists the specifications of the clock synchronous serial I/O mode. Table 14.2 lists the registers used in
clock synchronous serial I/O mode and the register values set.

Table 14.1 Clock Synchronous Serial /O Mode Specifications

ltem Specification
Transfer data format * Transfer data length: 8 bits
Transfer clock » The CKDIR bit in the UIMR(i=0 to 2) register is set to 0 (internal clock) : fj/ (2(n+1))

fj = f1sl10, f2s10, f8sl0, f32s10. n: Setting value of UiIBRG register 0016 to FF16
» CKDIR bit is set to 1 (external clock ) : Input from CLKi pin
Transmission, reception control « Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition « Before transmission can start, the following requirements must be met (1)
- The TE bit in the UiC1 register is set to 1 (transmission enabled)
—The TI bit in the UiC1 register is set to 0 (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin is set to “L”
Reception start condition « Before reception can start, the following requirements must be met (1)
— The RE bit in the UiC1 register is set to 1 (reception enabled)
— The TE bit in the UiC1 register is set to 1 (transmission enabled)
- The TI bit in the UiC1 register is set to 0 (data present in the UiTB register)
« For transmission, one of the following conditions can be selected
—The UilRS bit @) is set to 0 (transmit buffer empty): when transferring data from the
UiTB register to the UARTI transmit register (at start of transmission)
— The UIIRS bit is set to 1 (transfer completed): when the serial 1/O finished sending
data from the UARTI transmit register
» For reception
When transferring data from the UARTi receive register to the UiRB register (at
completion of reception)
Error detection « Overrun error )
This error occurs if the serial /O started receiving the next data before reading the
UiRB register and received the 7th bit in the the next data
Select function * CLK polarity selection
Transfer data input/output can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock
« LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected
* Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register
» Switching serial data logic (UART2)
This function reverses the logic value of the transmit/receive data
* Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have been set
« Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins
* UART1 pin remapping selection
The UART1 pin can be selected from the P67 to P64 or P73 to P70

Interrupt request
generation timing

NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register is set to 0
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in the high state; if the CKPOL bit in the UiCO register is set to 1 (transmit data output at the rising edge
and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

2. If an overrun error occurs, bits 8 to 0 in the UiRB register (i = 0 to 2) are undefined. The IR bit in the SiRIC register
remains unchanged.

3. The UOIRS and U1IRS bits respectively are the bits 0 and 1 in the UCON register; the U2IRS bit is bit 4 in the U2C1
register.
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Table 14.2 Registers to Be Used and Settings in Clock Synchronous Serial /O Mode
Register Bit Function
uiTB® Oto7 Set transmission data
UiRB®) Oto7 Reception data can be read
OER Overrun error flag
UiBRG Oto7 Set a transfer rate
UIMR®) | SMD2 to SMDO Set to 0012
CKDIR Select the internal clock or external clock
IOPOL(i=2) ¥4 Setto 0
UiCo CLK1 to CLKO Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first
UiC1 TE Set this bit to 1 to enable transmission/reception
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
U2IRS (M Select the source of UART2 transmit interrupt
U2RRM (D Set this bit to 1 to use UART2 continuous receive mode
U2LCH ©) Set this bit to 1 to use UART2 inverted data logic
U2ERE ) Setto 0
U2SMR Oto7 Setto 0
U2SMR2 | Oto7 Setto 0
U2SMR3 | Oto2 Setto 0
NODC Select clock output mode
4t07 Setto 0
U2SMR4 | Oto7 Setto 0
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, U1RRM | Set this bit to 1 to use continuous receive mode
CLKMDO Select the transfer clock output pin when CLKMD1 is set to 1
CLKMD1 Set this bit to 1 to output UART1 transfer clock from two pins
RCSP Set this bit to 1 to accept as input the UARTO CTSo signal from the P64 pin
7 Setto 0
NOTES:

1. Set bits 5 and 4 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the
UCON register.

2. Not all register bits are described above. Set those bits to 0 when writing to the registers in clock
synchronous serial /0 mode.

3. Set bits 7 and 6 in registers UOC1 and U1C1 to 0.

4. Set the bit 7 in registers UUMR and UTMR to 0.

i=0to 2
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Table 14.3 lists pin functions for the case where the multiple transfer clock output pin select function is
deselected. Table 14.4 lists the P64 pin functions during clock synchronous serial /0O mode.

Note that for a period from when the UARTI operation mode is selected to when transfer starts, the TxDi
pin outputs an “H”. (If the N-channel open-drain output is selected, this pin is in a high-impedance state.)

Table 14.3 Pin Functions (When Not Select Multiple Transfer Clock Output Pin Function)(!)

Pin Name

Function

Method of Selection

TxDi (i=0to 2)
(P63, P67, P70)

Serial data output

(Outputs dummy data when performing reception only)

RxDi

(P62, P66, P71)

Serial data input

Set the PD6_2 bit and PD6_6 bit in the PD6 register, and PD7_1 bit in the PD7
register to 0 (Can be used as an input port when performing transmission only)

CLKi

(P61, P65, P72)

Transfer clock output

Transfer clock input

Set the CKDIR bit in the UiMR register to 0

Set the CKDIR bit in the UiMR register to 1
Set the PD6_1 bit and PD6_5 bit in the PD6 register, and the PD7_2 bit in the
PD7 register to 0

CTSi/RTSi

(P60, P64, P73)

CTS input

Set the CRD bit in the UiCO register to 0

Set the CRS bit in the UiCO register to 0

Set the PD6_0 bit and PD6_4 bit in the PD6 register is set to 0, the PD7_3 bit
in the PD7 register to 0

Set the CRD bit in the UiCO register to 0
Set the CRS bit in the UiCO register to 1

Set the CRD bit in the UiCO register to 1

NOTE:

1: When the U1MAP bit in PACR register is 1 (P73 to P70), UART1 pin is assgined to P73 to P70.

Table 14.4 P64 Pin Functions(l)

Bit Set Value
Pin Function U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 | CLKMDO PD6_4
P64 1 — 0 0 — Input: 0, Output: 1
CTSH4 0 0 0 0 — 0
RTS1 0 1 0 0 — —
CTSo(2) 0 0 1 0 — 0
CLKS1 - - — 10) 1 —
NOTES:

1. When the UTMAP bit in PACR register is 1 (P73 to P70), this table lists the P70 functions.
2. In addition to this, set the CRD bit in the UOCO register to 0 (CT00/RTO0 enabled) and the CRS bit in the
UOCO register to 1 (RTSo selected).
3. When the CLKMD1 bit is set to 1 and the CLKMDO bit is set to 0, the following logic levels are output:
« High if the CLKPOL bit in the U1CO register is set to 0
* Low if the CLKPOL bit in the U1CO register is set to 1
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(1) Example of Transmit Timing (Internal clock is selected)

Tc

Transfer clock

1 3
UiC1 register J ; | |
TE bit 0 'Write data to the UiTB register =

UiC1 register 1 ‘
Tl bit 0 LI q: 4>\

Transferred from UiTB register to UARTIi transmit register

S I e

Stopped pulsing because CTSi = “H”

L

Stopped pulsing because the TE bit = 0
CLKi

EHEEREEEERERREE DREEREEE

s 1] 1 1 ~

s 1 ]
T——— X /

Cleared to “0” when interrupt request is accepted, or cleared to 0 by program
Tc=TCLK=2(n + 1) /fj
fj: frequency of UIBRG count source (f1SI10, f2S10, f8SIO, f32S10)
n: value set to UIBRG register
i:0to2

The above timing diagram applies to the case where the register bits are set as follows:
*» The CKDIR bit in the UIMR register is set to 0 (internal clock) _
* The CRD bit in the UiCO register is set to 0 (CTS/RTS enabled); CRS bit is set to 0 (CTS selected)
* The CKPOL bit in the UiCO register is set to 0 (transmit data output at the falling edge and receive data taken in at the rising edge of the
transfer clock)
* The UilRS bit is set to 0 (an interrupt request occurs when the transmit buffer becomes empty): UOIRS bit is the bit 0 in the UCON register
U1IRS bit is the bit 1 in the UCON register, and U2IRS bit is the bit 4 in the U2C1 register.

(2) Example of Receive Timing (External clock is selected)

1
UiC1 register
RE bit 0 J

1
UiC1 register
TE bit 0 Write dummy data to UiTB register

) ) 1 1 I—CI P4
UiC1 register |
Tl bit 0 —I — c|>\
I

i Transferred from UiTB register to UARTIi transmit register

o
RTSi I I_I Even if the reception is completed, the RTS
“L ! ~_ does not change. The RTS becomes “L”
! 4"—44* 1/ fext when the RI bit changes to 0 from 1.
CLKi Q
Receive data is taken in
RxDi

Transferred from UARTIi receive register Read out from UiRB register
to UiRB register’

UiC1 register
RI bit 0

SiRIC register 1 |
IR bit 0
P

Cleared to 0 when interrupt request is
accepted, or cleared to 0 by program

The above timing diagram applies to the case where the register bits are set Make sure the following conditions are met when input
as follows: to the CLKi pin before receiving data is high:
» The CKDIR bit in the UiMR register is set to 1 (external clock) « UiCO register TE bit is set to 1 (transmit enabled)
* The CRD bit in the UiCO register is set to 0 (CTS/RTS enabled); « UiCO register RE bit is set to 1 (Receive enabled)
The CRS bit is set to 1 (RTS selected) » Write dummy data to the UiTB register

« UiCO register CKPOL bit is set to 0 (transmit data output at the falling edge and
receive data taken in at the rising edge of the transfer clock)

fEXT: frequency of external clock

Figure 14.10 Typical transmit/receive timings in clock synchronous serial /O mode
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14.1.1.1 Counter Measure for Communication Error Occurs
If a communication error occurs while transmitting or receiving in clock synchronous serial I/O mode,
follow the procedures below.
*Resetting the UiRB register (i=0 to 2)
(1) Set the RE bit in the UiC1 register to 0 (reception disabled)
(2) Set bits SMD2 to SMDO in the UiMR register to 0002 (Serial I/O disabled)
(3) Set bits SMD2 to SMDO in the UiMR register to 0012 (Clock synchronous serial /0O mode)
(4) Set the RE bit in the UiC1 register to 1 (reception enabled)

*Resetting the UiTB register (i=0 to 2)
(1) Set bits SMD2 to SMDO in the UiMR register to 0002 (Serial 1/0 disabled)
(2) Set bits SMD2 to SMDO in the UiMR register to 0012 (Clock synchronous serial /O mode)
(3) 1 is written to TE bit in the UiC1 register (reception enabled), regardless to the TE bit.
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14.1.1.2 CLK Polarity Select Function
Use the CKPOL bit in the UiCO register (i=0 to 2) to select the transfer clock polarity. Figure 14.11

shows the polarity of the transfer clock.

(1) When the CKPOL bit in the UiCO register is set to 0 (transmit data output at the falling edge
and the receive data taken in at the rising edge of the transfer clock)

CLKi 2

XD XDo)I(miﬁ;DszXDsXDsXm

RXDi X_Do X D1 X D2 X b3 X Da X_Ds X _Ds_X_Dr

(2) When the CKPOL bit in the UiCO register is set to 1 (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock)

CLKi 3)
TXDi XDo)!(m D2 )X D3 X D4 X D5 X _Ds X b7

RXDi XDOXD1§¥§D3XD4XD5XD6XD7

i=0t02

NOTES:

1. This applies to the case where the UFORM bit in the UiCO register is set to 0 (LSB first) and the
UILCH bit in the UiC1 register is set to 0 (no reverse).
2. When not transferring, the CLKi pin outputs a high signal.

Figure 14.11 Polarity of transfer clock

14.1.1.3 LSB First/MSB First Select Function
Use the UFORM bit in the UiCO register (i=0 to 2) to select the transfer format. Figure 14.12 shows
the transfer format.

(1) When the UFORM bit in the UiCO register 0 (LSB first)

CLKi
TXDi X Do X D1 X D2 X D3 X D4 X D5 X Ds X D7
RXDi X po X D1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the UFORM bit in the UiCO register is set to 1 (MSB first)

CLKi
TXDi X D7 X Ds X Ds X D4 X D3 X D2 X D1 X Do
RXDi X b7 X D6 X D5 X Da X D3 X D2 X D1 X Do

i=0to2

NOTE:
1. This applies to the case where the CKPOL bit in the UiCO register is set to 0 (transmit data output at
the falling edge and the receive data taken in at the rising edge of the transfer clock) and the
UILCH bit in the UiC1 register 0 (no reverse).

Figure 14.12 Transfer format
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14.1.1.4 Continuous receive mode
When the UiRRM bit (i=0 to 2) is set to 1 (continuous receive mode), the Tl bit in the UiC1 register is
set to “0” (data present in the UiTB register) by reading the UiRB register. In this case, i.e., UIRRM bit
is set to 1, do not write dummy data to the UiTB register in a program. The UORRM and U1RRM bits

are the bit 2 and bit 3 in the UCON register, respectively, and the U2RRM bit is the bit 5 in the U2C1
register.

14.1.1.5 Serial data logic switch function (UART2)
When the U2LCH bit in the U2C1 register is set to 1 (reverse), the data written to the U2TB register
has its logic reversed before being transmitted. Similarly, the received data has its logic reversed
when read from the U2RB register. Figure 14.13 shows serial data logic.

(1) When the U2LCH bit in the U2C1 register is set to 0 (no reverse)

Transfer clock FL' m
TxD2 W
(no reve)r(se) @ \ Do D2 ) D3 ) D4 D6 ) D7

(2) When the U2LCH bit in the U2C1 register is set to 1 (reverse)

Transfer clock ':

S ) 61 57 55 63 5 i i

NOTE:

1. This applies to the case where the CKPOL bit in the U2CO register is set to 0 (transmit data
output at the falling edge and the receive data taken in at the rising edge of the transfer
clock) and the UFORM bit is set to 0 (LSB first).

Figure 14.13 Serial data logic switch timing

14.1.1.6 Transfer clock output from multiple pins function (UART1)
The CLKMD1 to CLKMDO bits in the UCON register can choose one from two transfer clock output
pins. (See Figure 14.14) This function is valid when the internal clock is selected for UART1.

MCU
TXD1 (P67)
CLKS1 (P64)
CLK1 (P65) IN IN
CLK CLK
Transfer enabled Transfer enabled
when the CLKMDO when the CLKMDO
bit in the UCON bit in the UCON
register is set to 0 register is set to 1
NOTES:
1. This applies to the case where the CKDIR bit in the UTMRregister is set to O (internal clock) and
the CLKMD1 bit in the UCON register is set to 1 (transfer clock output from multiple pins).
2. This applies to the case where UTMAP bit in PACR register is set to 0 (P67 to P64).

Figure 14.14 Transfer Clock Output From Multiple Pins
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14.1.1.7 CTS/RTS separate function (UARTO)
This function separates CTS0/RTS0, outputs RTSo from the P60 pin, and accepts as input the CTS0
from the P64 pin or P70 pin. To use this function, set the register bits as shown below.
* The CRD bit in the UOCO register is set to 0 (enables UARTO CTS/RTS)
+ The CRS bit in the UOCO register is set to 1 (outputs UARTO RTS)
* The CRD bit in the U1CO register is set to 0 (enables UART1 CTS/RTS)
+ The CRS bit in the U1CO register is set to 0 (inputs UART1 CTS)
« The RCSP bit in the UCON register is set to 1 (inputs CTSo from the P64 pin or P70 pin)
* The CLKMD1 bit in the UCON register is set to 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.
MCU IC
TxDo (P63) = IN
RXDo (P62) [ ouT
CLKo (P61) | CLK
RTSo (P60) »| CTS
CTSo (P64) |~ RTS

NOTE:
1. This applies to the case where the UTMAP bit in the PACR register is set to 0 (P67 to P64).

Figure 14.15 CTS/RTS separate function usage
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14.1.2 Clock Asynchronous Serial I/O (UART) Mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 14.5 lists the specifications of the UART mode.

Table 14.5 UART Mode Specifications
Item Specification
Transfer data format » Character bit (transfer data): Selectable from 7, 8 or 9 bits
« Start bit: 1 bit
« Parity bit: Selectable from odd, even, or none
« Stop bit: Selectable from 1 or 2 bits
Transfer clock » The CKDIR bit in the UiMR(i=0 to 2) register is set to 0 (internal clock) : fj/ (16(n+1))
fj = f1810, f2s10, f8sI0, f32810. n: Setting value of UiBRG register 0016 to FF16
* CKDIR bit is set to “1” (external clock ) : fEXT/16(n+1)
fEXT: Input from CLKi pin. n :Setting value of UiBRG register ~ 0016 to FF16
Transmission, reception control | * Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition | * Before transmission can start, the following requirements must be met
— The TE bit in the UiC1 register is set to 1 (transmission enabled)
— The TI bit in the UiC1 register is set to 0 (data present in UiTB register)
— If CTS function is selected, input on the CTSi pin is set to “L”
Reception start condition » Before reception can start, the following requirements must be met"
— The RE bit in the UiC1 register is set to 1 (reception enabled)
— Start bit detection
« For transmission, one of the following conditions can be selected
—The UilRS bit (@) is set to 0 (transmit buffer empty): when transferring data from the
Interrupt request UiTB register to the UARTi transmit register (at start of transmission)
generation timing — The UiIRS bit is set to1 (transfer completed): when the serial I/O finished sending
data from the UARTI transmit register
» For reception
When transferring data from the UARTi receive register to the UiRB register (at
completion of reception)
Error detection « Overrun error (1)
This error occurs if the serial /O started receiving the next data before reading the
UiRB register and received the bit one before the last stop bit in the the next data
» Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
This error occurs when if parity is enabled, the number of 1 in parity and
character bits does not match the number of 1 set
* Error sum flag
This flag is set to 1 when any of the overrun, framing, and parity errors is encountered
Select function « LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected
« Serial data logic switch (UART2)
This function reverses the logic of the transmit/receive data. The start and stop bits
are not reversed.
* TXD, RXD 1/O polarity switch (UART2)
This function reverses the polarities of hte TXD pin output and RxD pin input. The
logic levels of all I/O data is reversed.
* Separate CTS/RTS pins (UARTO)
CTSo and RTSo are input/output from separate pins
* UART1 pin remapping selection
The UART1 pin can be selected from the P67 to P64 or P73 to P70

NOTES:
1. If an overrun error occurs, bits 8 to 0 in the UiRB (i=0 to 2) register are undefined. The IR bit in the
SIRIC register remains unchanged.
2. Bits UOIRS and U1IRS respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1
register bit 4.
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Table 14.6 Registers to Be Used and Settings in UART Mode

Register Bit Function
uiTB Oto8 Set transmission data (1)
UiRB 0to 8 Reception data can be read (1)
OER,FER,PER,SUM| Error flag
UiBRG Oto7 Set a transfer rate
UiMR SMD2 to SMDO Set these bits to 1002 when transfer data is 7 bits long
Set these bits to 1012 when transfer data is 8 bits long
Set these bits to 1102 when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL(i=2) ¥4 Select the TxD/RxD input/output polarity
UiCo CLKO, CLK1 Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode
CKPOL Setto 0
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this
bit to 0 when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to 1 to enable transmission
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
U2IRS @ Select the source of UART2 transmit interrupt
U2RRM (2) Setto 0
UiLCH ©®) Set this bit to 1 to use UART2 inverted data logic
UIiERE ©®) Setto 0
UiSMR Oto7 Setto 0
UiSMR2 Oto7 Setto 0
UiSMR3 Oto7 Setto 0
UiSMR4 Oto7 Setto 0
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, UTRRM | Setto 0
CLKMDO Invalid because CLKMD1 is set to 0
CLKMD1 Setto 0
RCSP Set this bit to 1 to accept as input the UARTO CTSo signal from the P64 pin
7 Setto 0

NOTES:
1. The bits used for transmit/receive data are as follows: Bit O to bit 6 when transfer data is 7 bits long;
bits 7 to 0 when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.
2. Set bits 5 and 4 in registers U0OC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM and U1RRM are
included in the UCON register.
3. Set bits 7 and 6 in registers UOC1 and U1C1 to 0.
4. Set the bit 7 in registers UUMR and UTMR to 0.
i=0 to 2
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Table 14.7 lists the functions of the input/output pins in UART mode. Table 14.8 lists the P64 pin func-
tions during UART mode. Note that for a period from when the UARTI operation mode is selected to when
transfer starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output is selected, this pinisin a
high-impedance state.)

Table 14.7 1/0O Pin Functions in UART mode®

(P61, P65, P72)

Transfer clock input

Pin Name Function Method of Selection
TxDi (i = 0 to 2) | Serial data output (Outputs "H" when performing reception only)
(P63, P67, P70)
RxDi Serial data input PD6_2 bit, PD6_6 bit in the PD6 register and the PD7_1 bit in the PD7 register
(P62, P66, P71) (Can be used as an input port when performing transmission only)
CLKi Input/output port Set the CKDIR bit in the UiMR register to 0

Set the CKDIR bit in the UiMR register to 1
Set the PD6_1 bit and PD6_5 bit in the PD6 register to 0, PD7_2 bit in the PD7
register to 0

CTSi/RTSi
(P60, P64, P73)

CTS input

Input/output port

Set the CRD bit in the UiCO register to 0

Set the CRS bit in the UiCO register to 0

Set the PD6_0 bit and PD6_4 bit in the PD6 register to 0, the PD7_3 bit in the
PD7 register 0

Set the CRD bit in the UiCO register to 0
Set the CRS bit in the UiCO register to 1

Set the CRD bit in the UiCO register 1

NOTE:

1. When the UTMAP bit in PACR register is set to 1 (P73 to P70), UART1 pin is assgined to P73 to P7o0.

Table 14.8 P64 Pin Functions in UART mode )

Bit Set Value
Pin Function U1CQO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 PD6_4
P64 1 — 0 0 Input: 0, Output: 1
CTS1 0 0 0 0 0
RTS1 0 1 0 0 —
CTSo @ 0 0 1 0 0
NOTES:

1. When the U1MAP bit in PACR register is 1 (P73 to P70), this table lists the P70 functions.
2. In addition to this, set the CRD bit in the UOCO register to 0 (CTS0o/RTSo0 enabled) and the
CRS bit in the UOCQO register to 1 (RTSo selected).
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» Example of transmit timing when transfer data is 8-bit long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTSi is “H” when the stop bit is checked.
Tc The transfer clock starts as the transfer starts immediately CTSi changes to “L”".

-t e
Transfer clock H_ﬂ

UiC1 register 1

TE bit J | Ii
UiC1 register Write data to the UiTB register X

TI bit 1 j,/
, L

Transferred from UiTB register to UARTI transmit register

o7 . |
Stgrt Parity S'top Sé?:gﬁig ‘t)#tlas'IPEg bit
bit bit : bit ! ="0"
0 STAPKOKOXOXOXOXLXOXKPY 5 NSTACKLKOKOKONX XX P ) 5P
UiCO register 1 :
TXEPT bit
0

SITIC register 1 I |
IR bit 0

Cleared to 0 when interrupt request is accepted, or cleared to 0 by program

The above timing diagram applies to the case where the register bits Tc=16(n+1)/fjor 16 (n + 1)/ fext

are set as follows: fj: frequency of UIBRG count source (f1SI0, f2S10, f8SI0, f32S10)
« Set the PRYE bit in the UIMR register to 1 (parity enabled) fEXT: frequency of UIBRG count source (external clock)
« Set the STPS bit in the UIMR register to 0 (1 stop bit) n: value set to UIBRG
+ Set the CRD bit in the UiCO register to 0 (CTS/RTS enabled), i=0to 2

the CRS bit to 0 (CTS selected).
« Set the UiIRS bit to 1 (an interrupt request occurs when transmit completed):
UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

* Example of transmit timing when transfer data is 9-bit long (parity disabled, two stop bits)
Tc

e
Uiy

UiC1 registt -
TIIE bitregls e 0 J Write data to the UiTB register | l_
L AN

Transferred from UiTB register to UARTI

Transfer clock

UiC1 register
Tl bit

transmit register

T\ EEOEEREEF N\ EEEERREDRE

;s,Fi{Tg% register ; —l —| —
AN v

Cleared to 0 when interrupt request is accepted, or cleared to 0 by program

The above timing diagram applies to the case where the register bits are Tc=16(n+1)/fjor 16 (n + 1)/ fext

set as follows: - . . o fj: frequency of UiBRG count source (f1S10, f2S10, f8SI0, f32S10)
+ Set the PRYE bit in the UiMR register to 0 (parity disabled) fEXT: frequency of UIBRG count source (external clock)
« Set the STPS bit in the UiMR register to 1 (2 stop bits) n: value set to UIBRG

« Set the CRD bit in the UiCO register to 1 (CTS/RTS disabled)
« Set the UiIRS bit to 0 (an interrupt request occurs when transmit buffer
becomes empty):
UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON
register bit 1, and U2IRS bit is the U2C1 register bit 4

i=0to 2

Figure 14.16 Typical transmit timing in UART mode (UARTO, UART1)
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

source T mroUmmim. - JmrmimmmT
source - R

Sampled “L”

Receive data taken in

Transfer clock

UiC1 register 1 -I ......
RE bi

' o Stop bit
R A Do D1 br) \

[ S I

Reception triggered when transfer clock Transferred from UARTI receive Read out from
UiC1 register 1 is generated by falling edge of start bit register to UiRB register \m/ UiRB register
RI bit 0 —— ]
RTS: E T 3
SIRIC register 1 i
IR bit 0

ol

The above timing diagram applies to the case where the register bits are set as follows:
« Set the PRYE bit in the UiMR register to 0 (parity disabled)
« Set the STPS bit in the UiMR register to 0 (1 stop bit) _
« Set the CRD bit in the UiCO register to 0 (CTSi/RTSi enabled), the CRS bit to 1 (RTSi selected) i=0to 2

Cleared to 0 when interrupt request is accepted, or cleared to 0 by program

Figure 14.17 Receive Operation

14.1.2.1 Bit Rates

In UART mode, the frequency set by the UiBRG register (i=0 to 2) divided by 16 become the bit rates.

Table 14.9 lists example of bit rate and settings.

Table 14.9 Example of Bit Rates and Settings

Bit Rate |Count Source Peripheral Function Clock : 16MHz | Peripheral Function Clock : 20MHz
(bps) of BRG Set Value of BRG : n |Actual Time (bps)| Set Value of BRG : n | Actual Time (bps)
1200 f8 103(67h) 1202 129(81h) 1202
2400 f8 51(33h) 2404 64(40h) 2404
4800 f8 25(19h) 4808 32(20h) 4735
9600 1 103(67h) 9615 129(81h) 9615
14400 f1 68(44h) 14493 86(56h) 14368
19200 1 51(33h) 19231 64(40h) 19231
28800 f1 34(22h) 28571 42(2Ah) 29070
31250 f1 31(1Fh) 31250 39(27h) 31250
38400 f1 25(19h) 38462 32(20h) 37879
51200 1 19(13h) 50000 24(18h) 50000
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14.1.2.2 Counter Measure for Communication Error

If a communication error occurs while transmitting or receiving in UART mode, follow the procedure
below.

* Resetting the UiRB register (i=0 to 2)
(1) Set the RE bit in the UiC1 register to 0 (reception disabled)
(2) Set the RE bit in the UiC1 register to 1 (reception enabled)

* Resetting the UiTB register (i=0 to 2)

(1) Set bits SMD2 to SMDO in UiMR register 0002 (Serial 1/0 disabled)

(2) Set bits SMD2 to SMDO in UiMR register 0012, 1012, 1102

(3) 1 is written to TE bit in the UiC1 register (reception enabled), regardless of the TE bit

14.1.2.3 LSB First/MSB First Select Function

As shown in Figure 14.18, use the UFORM bit in the UiCO register to select the transfer format. This
function is valid when transfer data is 8 bits long.

(1) When the UFORM bit in the UiCO register is set to 0 (LSB first)

e | JUYYYyy
TXDi sT A Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 X P Y sp
RXDi sT A Do X b1 X D2 X b3 X Da X Ds X bs X b7 X P Y sP

(2) When the UFORM bit in the UiCO register is set to 1 (MSB first)

>0  \.ST A b7 X Ds X D5 X D4 X D3 X D2 X 1 X Do X P Y spP
RDi \ ST A b7 X D6 X D5 X D4 X D3 X D2 X D1 X Do X P Y sP

ST : Start bit
P : Parity bit
SP : Stop bit
i=0to2

NOTE:
1.This applies to the case where the CKPOL bit in the UiCO register is set to 0 (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock), the UiLCH bit in the UiC1 register is set
to 0 (no reverse), the STPS bit in the UiMR register is set to 0 (1 stop bit) and the PRYE bit in the UiMR register is
set to 1 (parity enabled).

Figure 14.18 Transfer Format
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14.1.2.4 Serial Data Logic Switching Function (UART2)
The data written to the U2TB register has its logic reversed before being transmitted. Similarly, the
received data has its logic reversed when read from the U2RB register. Figure 14.19 shows serial
data logic.

(1) When the U2LCH bit in the U2C1 register is set to 0 (no reverse)

Transfer clock

L

TxD2 W

(no reverse) \ sT (Do D1 ) D2)D3)D4)D5)D6) D7) P )sP

(2) When the U2LCH bit in the U2C1 register is set 1 (reverse)

LPL L L L e L

\_sT (Do \ DT \ D2 D3 ) D4 | D5 \ D6 D7 _P | SP

Transfer clock

TxD2

o
W
o
(reverse) “r

NOTE: ST: Start bit
1. This applies to the case where the CKPOL bit in the U2CO register is set to 0 P: Parity bit
(transmit data output at the falling edge of the transfer clock), the UFORM bit in SP: Stop bit
the U2CO register is set to 0 (LSB first), the STPS bit in the U2MR register is set
to 0 (1 stop bit) and the PRYE bit in the U2MR register is set to 1 (parity

Figure 14.19 Serial Data Logic Switching

14.1.2.5 TxD and RxD I/O Polarity Inverse Function (UART2)
This function inverses the polarities of the TXD2 pin output and RXD2 pin input. The logic levels of all
input/output data (including the start, stop and parity bits) are inversed. Figure 14.20 shows the TXD
pin output and RXD pin input polarity inverse.

(1) When the IOPOL bit in the U2MR register is set to 0 (no reverse)

Transfer clock 'E

TxD2 “H

(noreve’r‘se) L \ sT (DO )Y D1)YD2)YD3YD4YD5)D6)D7Y) P YSP
RxD2 " ST (DOYD1YD2YD3)YD4)YD5)YD6YD7Y P YspP

OO oS Vo =0 (S 2 2 D 0 0

(2) When the IOPOL bit in the U2MR register is set to 1 (reverse)

Transfer clock “H’

L
TxD2 “H”
(reverse) “L”
H

L

/ST\DO)YDTYD2)D3 D4 D5 )D6 ) D7 | P ) SP

R«D2 ..  [ST\DO) DT )Dz)D3)D4)D5)D6)D7) P )SP
(reverse)
NOTE: ST: Start bit
1. This applies to the case where the UFORM bit in the U2CO register is set gingTtV tt))',tt
to 0 (LSB first), the STPS bit in the U2MR register is set to 0 (1 stop bit) - Sop bl

and the PRYE bit in the U2MR register is set to 1 (parity enabled).

Figure 14.20 TxD and RxD I/O Polarity Inverse
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14.1.2.6 CTS/RTS Separate Function (UARTO)
This function separates CTS0/RTS0, outputs RTSo from the P60 pin, and accepts as input the CTSo
from the P64 pin or P70 pin. To use this function, set the register bits as shown below.
* The CRD bit in the UOCO register is set to 0 (enables UARTO CTS/RTS)
+ The CRS bit in the UOCO register is set to 1 (outputs UARTO RTS)
* The CRD bit in the U1CO register is set to 0 (enables UART1 CTS/RTS)
+ The CRS bit in the U1CO register is set to 0 (inputs UART1 CTS)
« The RCSP bit in the UCON register is set to 1 (inputs CTSo from the P64 pin or P70 pin)
* The CLKMD1 bit in the UCON register is set to 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.
MCU IC
TxDo (P63) B IN
RXDo (P62) [~ ouT
RTSo (P60) | CTS
CTSo (P64) |-t RTS

NOTE:
1. This applies to the case where the UTMAP bit in the PACR register is set to 0 (P67 to P64).

Figure 14.21 CTS/RTS Separate Function
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14.1.3 Special Mode 1 (I2C bus Mode) (UART2)
I2C bus mode is provided for use as a simplified 12C bus interface compatible mode. Table 14.10 lists the
specifications of the I2C bus mode. Tables 14.11 and 14.12 list the registers used in the 12C bus mode
and the register values set. Table 14.13 lists the I2C bus mode fuctions. Figure 14.22 shows the block
diagram for I2C bus mode. Figure 14.23 shows SCL2 timing.

As shown in Table 14.11, the MCU is placed in I2C bus mode by setting bits SMD2 to SMDO to 0102 and
the IICM bit to 1. Because SDA2 transmit output has a delay circuit attached, SDA output does not
change state until SCL2 goes low and remains stably low.

Table 14.10 12C bus Mode Specifications

ltem Specification
Transfer data format | * Transfer data length: 8 bits
Transfer clock * During master

the CKDIR bit in the U2MR register is set to 0 (internal clock) : fj/ (2(n+1))

fj = f1s10, f2s10, f8sI0, f32s10. n: Setting value in the U2BRG register 0016 to FF16
* During slave

CKDIR bit is set to 1 (external clock) : Input from SCL2 pin

Transmission start * Before transmission can start, the following requirements must be met )
condition —The TE bit in the U2C1 register is set to 1 (transmission enabled)

— The TI bit in the U2C1 register is set to 0 (data present in U2TB register)
Reception start « Before reception can start, the following requirements must be met (1)
condition — The RE bit in the U2C1 register is set to 1 (reception enabled)

— The TE bit in the U2C1 register is set to 1 (transmission enabled)
— The TI bit in the U2C1 register is set to 0 (data present in the UiTB register)

Interrupt request When start / stop condition is detected, acknowledge undetected,
generation timing and acknowledge detected
Error detection « Overrun error (2)

This error occurs if the serial I/O started receiving the next data before reading
the U2RB register and received the 8th bit in the the next data
Select function * Arbitration lost

Timing at which the ABT bit in the U2RB register is updated can be selected
» SDA digital delay

No digital delay or a delay of 2 to 8 U2BRG count source clock cycles selectable
* Clock phase setting

With or without clock delay selectable

NOTES:
1. When an external clock is selected, the conditions must be met while the external clock is in the high
state.
2. If an overrun error occurs, bits 8 to 0 in the UiRB register (i = 0 to 2) are undefined. The IR bitin the
S2RIC register remains unchanged.
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Start and stop condition generation block
SDA2 O STSPSEL=1 » DMAO, DMA1 request
SDASTsP
—]SCLsTsp
lICM2=1
Transmission UART2 transmit,
register 0 NACK interrupt
UART2 IICM=1 and request
1ICM2=0
ALS
Arbitration > DMAO
> Noise
Filter
1ICM2=1
Reception register | UART2 receive,
ACK interrupt request,
UART2 0
IICM=1 and DMA1 request
Start condition licM2=0
detection L
[ R busy
Stop condition NACK
detection
—
D q
Falling edge T
detection
SCL2 D q
IICM=0 Port register T | |ACK
M 9th bit
Internal clock
Start/stop condition
— D o<FSWC2| [ cLKk . el
NCM=1UARTZ [ obsEl =1 | Extornal control detection interrupt
Noise clock request
Filter UART2
This diagram applies to the case where bits SMD2 to SMDO in the U2MR register is set to 0102 and the I1ICM bit in the U2SMR register
is setto 1.
IICM: Bit in the U2SMR register
1ICM2, SWC, ALS, SWC2, SDHI: Bits in the U2SMR2 register
STSPSEL, ACKD, ACKC: Bits in the U2SMR4 register
NOTE:
1. If the lICM bit is set to 1, the pin can be read even when the PD7_1 bit is set to 1 (output mode).

Figure 14.22 12C bus Mode Block Diagram
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Table 14.11 Registers to Be Used and Settings in 12C bus Mode (1) (Continued)

Register Bit Function
Master Slave
u2TB Oto7 Set transmission data Set transmission data
U2RBM [0to 7 Reception data can be read Reception data can be read
8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
U2BRG [0to 7 Set a transfer rate Invalid
U2MR(")|SMD2 to SMDO | Setto 0102 Set to 0102
CKDIR Setto 0 Setto 1
IOPOL Setto 0 Setto 0
uU2Co CLK1, CLKO Select the count source for the U2BRG Invalid
register
CRS Invalid because CRD =1 Invalid because CRD = 1
TXEPT Transmit buffer empty flag Transmit buffer empty flag
CRD Setto 1 Setto 1
NCH Setto 1 Setto 1
CKPOL Setto 0 Setto 0
UFORM Setto 1 Setto 1
u2C1 TE Set this bit to 1 to enable transmission Set this bit to 1 to enable transmission
TI Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to 1 to enable reception Set this bit to 1 to enable reception
RI Reception complete flag Reception complete flag
U2IRS Invalid Invalid
U2RRM, Setto 0 Setto 0
U2LCH, U2ERE
U2SMR |lICM Setto 1 Setto 1
ABC Select the timing at which arbitration-lost| Invalid
is detected
BBS Bus busy flag Bus busy flag
3to7 Setto 0 Setto 0
U2SMR2| lICM2 Refer to Table 14.13 Refer to Table 14.13
CSC Set this bit to 1 to enable clock Setto 0
synchronization
SWC Set this bit to 1 to have SCL2 output Set this bit to 1 to have SCL2 output
fixed to L at the falling edge of the 9th fixed to “L” at the falling edge of the 9t
bit of clock bit of clock
ALS Set this bit to 1 to have SDA2 output Setto 0
stopped when arbitration-lost is detected
STAC Setto 0 Set this bit to 1 to initialize UART2 at
start condition detection
SWC2 Set this bit to 1 to have SCL2 output Set this bit to 1 to have SCL2 output
forcibly pulled low forcibly pulled low
SDHI Set this bit to 1 to disable SDA2 output Set this bit to 1 to disable SDA2 output
7 Setto 0 Setto 0
U2SMR3| 0, 2, 4 and NODC| Setto 0 Setto 0
CKPH Refer to Table 14.13 Refer to Table 14.13
DL2 to DLO Set the amount of SDA2 digital delay Set the amount of SDA2 digital delay

NOTE:

1. Not all bits in the register are described above. Set those bits to 0 when writing to the registers in 12C

bus mode.
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Table 14.12 Registers to Be Used and Settings in 12C bus Mode (2) (Continued)

Register Bit Function
Master Slave
U2SMR4| STAREQ Set this bit to 1 to generate start Setto 0
condition
RSTAREQ Set this bit to 1 to generate restart Setto 0
condition
STPREQ Set this bit to 1 to generate stop Setto 0
condition
STSPSEL Set this bit to 1 to output each condition | Setto 0
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to 1 to output ACK data Set this bit to 1 to output ACK data
SCLHI Set this bit to 1 to have SCL2 output Setto 0
stopped when stop condition is detected
SWC9 Setto 0 Set this bit to 1 to set the SCL2 to “L”
hold at the falling edge of the 9th bit of
clock
NOTE:

1: Not all bits in the register are described above. Set those bits to 0 when writing to the registers in 12C bus mode.
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Table 14.13 12C bus Mode Functions

for number 15 (1)
(See Fig.14.23)

operation - transmit
operation is started
or completed

(selected by U2IRS

Clock 12C bus mode (SMD2 to SMDO0 801ICM = 1)
synchronous IICM2=0 IICM2 =1
Function serial /0 mode (NACK/ACK interrupt) (UART transmit/ receive interrupt)
(SMD2 to SMDO = CKPH=0 CKPH = 1 CKPH =0 CKPH =1
0012, ICM = 0) (no clock delay) (clock delay) (no clock delay) (clock delay)
Interrupt source | = Start condition detection or stop condition detection (Refer to Table 14.14)
for number 10 ()
(See Fig.14.23)
Interrupt source | UART2 transmit No acknowledgment detection UART2 transmit UART2 transmit

(NACK) - at the rising edge of 9th
bit of SCL2

operation - at the
rising edge of 9th bit
of SCL2

operation - at the
next falling edge
after the 9th bit of
SCL2

Interrupt source
for number 16 (1)
(See Fig.14.23)

UART2 receive
timing - when 8th bit
is received,

CKPOL =0

(rising edge)
CKPOL =1

(falling edge)

Acknowledgment detection (ACK) -
at the risiﬁg edge of 9th bit of SCL2

UART2 receive operation - at the falling edge of 9th
bit of SCL2

Data transfer
timing from the
UART receive
shift register to
the U2RB register

CKPOL =0
(rising edge)
CKPOL =1
(falling edge)

At the rising edge of 9th bit of SCL2

Falling edge of 9th bit
of SCL2

Falling edge and rising edge
of 9th bit of SCL2

UART2 transmit | No delay Delay

output delay

Function of P70 [ TxD2 output SDA2 input and output
Function of P71 |RxD2 input SCL2 input and output

Function of P72

Select CLK2 input
or output

- (Not used in I2C bus mode)

Noise filter width

15ns

200n

Reading RxD2,
SCL2 pin levels

Can be read if the
corresponding port

direction bit is set to 0

Can be read regardless of the corresponding port direction bit

Default value of | CKPOL =0 (H) Value set in the port register before entering 12C bus mode(")

TxD2, SDA2 CKPOL =1 (L)

output

SCL2 default and Acknowledgment detection (ACK) | UART2 receive operation - at the falling edge of 9th
end values bit of SCL2

DMA1 source
(See Fig.14.23)

UART2 receive
operation

H L

H L

Storing receive
data

1st to 8th bits are
stored into bits 7 to
0in the U2RB
register

1st to 8th bits are stored into bits 7
to 0 in the U2RB register

1st to 7th bits are stored into the bit 6 to bit 0 in
the U2RB register, with 8th bit stored in the bit 8 in
the U2RB register

1st to 8th bits are stored
into bits 7 to 0 in the U2RB
register(®)

Reading receive
data

The U2RB register status is read

Bit 6 to bit 0 in the U2RB
register are read as bit 7 to
bit 1. Bit 8 in the U2RB
register is read as bit 0 (4)

NOTES:

1. If the interrupt source is changed, the IR bit in the interrupt control register for the changed interrupt may be set to 1
(interrupt requested). (Refer to “Interrupts” in Precautions.) If any of the following bits are changed, the interrupt
source, the interrupt timing, etc. will be changed also. Therefore, set the IR bit to 0 (interrupt not requested) after
those bits are changed.

Bits SMD2 to SMDO in the U2MR register, the IICM bit in the U2SMR register,
the IICM2 bit in the U2SMR2 register, the CKPH bit in the U2SMR3 register
2. Set the default value of the SDA2 output when bits SMD2 to SMDO in the U2MR register are set to 0002 (serial I/O

disabled).

3. Second data transfer to the U2RB register (at the rising edge of the ninth bit of SCL2)
4. First data transfer to the U2RB register (at falling edge of the ninth bit of SCL2)
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(1) When the 1ICM2 bit is set to 0 (ACK or NACK interrupt) and the CKPH bit is set to 0 (No clock delay)
1st  2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit
SCL2
SpA2 X D7 X Ds X Ds X Da X Ds X D2 X D1 X Do XDs(ACK or NACK)
ACK interrupt (DMA
request) or NACK interrupt
b15 b9 b8 b7 b0
Data is transferred to the U2RB register [_] - [_|D8]D7]De[D5[D4]D3[D2[D1[Do|

Contents of the U2RB register

(2) When the 1ICM2 bit is set to 0 and the CKPH bit is set to 1 (clock delay)
1st 2nd 3rd 4th 5th 6th 7th 8th oth
bit bit bit bit bit bit bit bit bit

scL2
spaz X D7 X Ds X Ds X D4 X Ds X D2 X D1 X Do XDs(ACK or NACK)
f

ACK interrupt (DMA
request) or NACK interrupt

b15 b9 b8 b7 b0

Data is transferred to the U2RB register ]~ [_]Dg[D7[Dé[D5[D4]D3[D2[D1[Do]
Contents of the U2RB register

(3) When the IICM2 bit is set to 1 (UART transmit or receive interrupt) and the CKPH bit is set to 0

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

scL2
spa2 X D7 X De X Ds X Da X Ds X D2 X D1 X Do XDs(ACK or NACK)
!

Receive interrupt Transmit interrupt
(DMA request)

? b15 b9 b8 b7 b0

Data is transferred to the U2RB register 1+ [ oo =o7[De[Ds[D4]D3[D2[D1]
Contents in the U2RB register

(4) When the IICM2 bit is set to 1 and the CKPH bit is set to 1

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

ST [ T O S
spA2 X D7 X Ds X Ds X D4 X D3 X D2 X D1 X Do )Ds(ACK or NACK)
bt

Receive interrupt Transmit interrupt
(DMA request)

f

Data is transferred to the U2RB register  Data is transferred to the U2RB register

b15 b9 b8 b7 b0 b15

b9 b8 b7 b0
]~ [Ioo] =]o7]oe[Ds[D4[bs[D2[p1] [~ [[ps[b7]os[ps[b4]p3[b2]b1]bo]
Contents in the U2RB register Contents in the U2RB register

The above timing applies to the following setting :
* The CKDIR bit in the U2MR register is set to 1 (slave)

Figure 14.23 Transfer to U2RB Register and Interrupt Timing
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14.1.3.1 Detection of Start and Stop Condition
Whether a start or a stop condition has been detected is determined.
A start condition-detected interrupt request is generated when the SDA2 pin changes state from high
to low while the SCL2 pin is in the high state. A stop condition-detected interrupt request is generated
when the SDA2 pin changes state from low to high while the SCL2 pin is in the high state.
Because the start and stop condition-detected interrupts share the interrupt control register and vec-

tor, check the BBS bit in the U2SMR register to determine which interrupt source is requesting the
interrupt.

3 to 6 cycles < setup time (1)
3 to 6 cycles < hold time ()

' Setup time i Hold time

SCL2 S I—

SDA2
(Start condition)

SDA2
(Stop condition)

NOTE:
1. When the PCLK1 bit in the PCLKR register is set to 1, the cycles indicates the f1SIO's

generation frequency cycles; when PCLK1 bit is set to 0, the cycles indicated the
f2S10's generation frequency cycles.

Figure 14.24 Detection of Start and Stop Condition

14.1.3.2 Output of Start and Stop Condition
A start condition is generated by setting the STAREQ bit in the U2SMR4 register to 1 (start).
A restart condition is generated by setting the RSTAREQ bit in the U2SMRA4 register to 1 (start).
A stop condition is generated by setting the STPREQ bit in the U2SMRA4 register to 1 (start).
The output procedure is described below.
(1) Set the STAREQ bit, RSTAREQ bit or STPREQ bit to 1 (start).
(2) Set the STSPSEL bit in the U2SMRA4 register to 1 (output).
Make sure that no interrupts or DMA transfers will occur between (1) and (2).
The function of the STSPSEL bit is shown in Table 14.14 and Figure 14.25.
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Table 14.14 STSPSEL Bit Functions

Function

STSPSEL =0

STSPSEL =1

Output of SCL2 and SDA2 pins

Output transfer clock and data/

The STAREQ, RSTAREQ and

Program with a port determines | STPREQ bit determine how the
how the start condition or stop | start condition or stop condition is

condition is output output
Start/stop condition interrupt Start/stop condition are detec- | Start/stop condition generation
request generation timing ted are completed

(1) In slave mode,
CKDIR is set to 1 (external clock)

STPSEL bit 0

st 2nd 3rd 4t 5th  6th 7th 8th 9th bit
SCL2

SDA2

!

Start condition detection Stop condition detection
interrupt interrupt

(2) In master mode,
CKDIR is set to 0 (internal clock), CKPH is set to 1(clock delayed)

STPSEL bit

Set to 1 by Set to 0 by Set to 1 by Set to 0 by
program program program program
1st 9th bit
SCL2
SDA2

Set STAREQ /

to 1 (start) - )
Start condition detection tsoez ?;;EE)EQ Stop condition detection

interrupt interrupt

Figure 14.25 STSPSEL Bit Functions

14.1.3.3 Arbitration

Unmatching of the transmit data and SDA2 pin input data is checked synchronously with the rising
edge of SCL2. Use the ABC bit in the U2SMR register to select the timing at which the ABT bit in the
U2RB register is updated. If the ABC bit is set to 0 (updated bitwise), the ABT bit is set to 1 at the same
time unmatching is detected during check, and is cleared to 0 when not detected. In cases when the
ABC bit is set to 1, if unmatching is detected even once during check, the ABT bit is set to 1
(unmatching detected) at the falling edge of the clock pulse of 9th bit. If the ABT bit needs to be
updated bytewise, clear the ABT bit to 0 (undetected) after detecting acknowledge in the first byte,
before transferring the next byte.

Setting the ALS bit in the U2SMR2 register to 1 (SDA2 output stop enabled) causes arbitration-lost to
occur, in which case the SDA2 pin is placed in the high-impedance state at the same time the ABT bit
is set to 1 (unmatching detected).
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14.1.3.4 Transfer Clock
Data is transmitted/received using a transfer clock like the one shown in Figure 14.25.
The CSC bit in the U2SMR2 register is used to synchronize the internally generated clock (internal
SCL2) and an external clock supplied to the SCL2 pin. In cases when the CSC bit is set to 1 (clock
synchronization enabled), if a falling edge on the SCL2 pin is detected while the internal SCL2 is high,
the internal SCL2 goes low, at which time the U2BRG register value is reloaded with and starts count-
ing in the low-level interval. If the internal SCL2 changes state from low to high while the SCL2 pin is
low, counting stops, and when the SCL2 pin goes high, counting restarts.
In this way, the UART2 transfer clock is comprised of the logical product of the internal SCL2 and SCL2
pin signal. The transfer clock works from a half period before the falling edge of the internal SCL2 1st
bit to the rising edge of the 9t bit. To use this function, select an internal clock for the transfer clock.
The SWC bit in the U2SMR2 register allows to select whether the SCL2 pin should be fixed to or freed
from low-level output at the falling edge of the 9th clock pulse.
If the SCLHI bit in the U2SMR4 register is set to 1 (enabled), SCL2 output is turned off (placed in the
high-impedance state) when a stop condition is detected.
Setting the SWC2 bit in the U2SMR2 register is set to 1 (0 output) makes it possible to forcibly output
a low-level signal from the SCL2 pin even while sending or receiving data. Clearing the SWC2 bitto 0
(transfer clock) allows the transfer clock to be output from or supplied to the SCL2 pin, instead of
outputting a low-level signal.
If the SWC9 bit in the U2SMRA4 register is set to 1 (SCL2 hold low enabled) when the CKPH bit in the
U2SMRa3 register is set to 1, the SCL2 pin is fixed to low-level output at the falling edge of the clock
pulse next to the ninth. Setting the SWC9 bit to 0 (SCL2 hold low disabled) frees the SCL2 pin from
low-level output.

14.1.3.5 SDA Output
The data written to the bit 7 to bit 0 (D7 to Do) in the U2TB register is sequentially output beginning
with D7. The ninth bit (D8) is ACK or NACK.
The initial value of SDA2 transmit output can only be set when [ICM is set to 1 (12C bus mode) and bits
SMD2 to SMDO in the U2MR register is set to 0002 (serial 1/0O disabled).
Bits DL2 to DLO in the U2SMR3 register allow to add no delays or a delay of 2 to 8 U2BRG count
source clock cycles to SDA2 output.
Setting the SDHI bit in the U2SMR2 register to 1 (SDA2 output disabled) forcibly places the SDA2 pin
in the high-impedance state. Do not write to the SDHI bit synchronously with the rising edge of the
UART2 transfer clock. This is because the ABT bit may inadvertently be set to 1 (detected).

14.1.3.6 SDA Input

When the [ICM2 bit is set to 0, the 1st to 8th bits (D7 to Do) in the received data are stored in bits 7 to
0 in the U2RB register. The 9th bit (D8) is ACK or NACK.

When the IICM2 bit is set to 1, the 1st to 7th bits (D7 to D1) in the received data are stored in the bit 6
to bit 0 in the U2RB register and the 8th bit (Do) is stored in the bit 8 in the U2RB register. Even when
the [ICM2 bit is set to 1, providing the CKPH bit is set to 1, the same data as when the IICM2 bit is set
to 0 can be read out by reading the U2RB register after the rising edge of the corresponding clock
pulse of 9th bit.
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14.1.3.7 ACK and NACK
If the STSPSEL bit in the U2SMRA4 register is set to 0 (start and stop conditions not generated) and the
ACKC bit in the U2SMR4 register is set to 1 (ACK data output), the value of the ACKD bit in the
U2SMR4 register is output from the SDA2 pin.
If the ICM2 bit is set to 0, a NACK interrupt request is generated if the SDA2 pin remains high at the
rising edge of the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDA2 pin
is low at the rising edge of the 9th bit of transmit clock pulse.
If ACK2 is selected for the cause of DMA1 request, a DMA transfer can be activated by detection of an
acknowledge.

14.1.3.8 Initialization of Transmission/Reception

If a start condition is detected while the STAC bit is set to 1 (UARTZ2 initialization enabled), the serial I/

O operates as described below.

- The transmit shift register is initialized, and the content of the U2TB register is transferred to the
transmit shift register. In this way, the serial I/O starts sending data synchronously with the next clock
pulse applied. However, the UARTZ2 output value does not change state and remains the same as
when a start condition was detected until the first bit in the data is output synchronously with the input
clock.

- The receive shift register is initialized, and the serial I/O starts receiving data synchronously with the
next clock pulse applied.

- The SWC bit is set to 1 (SCL2 wait output enabled). Consequently, the SCL2 pin is pulled low at the
falling edge of the ninth clock pulse.

Note that when UART2 transmission/reception is started using this function, the Tl does not change

state. Note also that when using this function, the selected transfer clock should be an external clock.
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14.1.4 Special Mode 2 (UART?2)
Multiple slaves can be serially communicated from one master. Transfer clock polarity and phase are
selectable. Table 14.15 lists the specifications of Special Mode 2. Table 14.16 lists the registers used in
Special Mode 2 and the register values set. Figure 14.26 shows communication control example for
Special Mode 2.

Table 14.15 Special Mode 2 Specifications

Item Specification
Transfer data format * Transfer data length: 8 bits
Transfer clock » Master mode

the CKDIR bit in the U2MR register is set to 0 (internal clock) : fj/ (2(n+1))
fj = f1s10, f2sl0, f8sI0, f32s10. n: Setting value in the U2BRG register 0016 to FF16
+ Slave mode
CKDIR bit is set to 1 (external clock selected) : Input from CLK2 pin
Transmit/receive control Controlled by input/output ports
Transmission start condition | « Before transmission can start, the following requirements must be met ™
— The TE bit in the U2C1 register is set to 1 (transmission enabled)
— The Tl bit in the U2C1 register is set to 0 (data present in U2TB register)
Reception start condition « Before reception can start, the following requirements must be met (1)
- The RE bit in the U2C1 register is set to 1 (reception enabled)
— The TE bit in the U2C1 register is set to 1 (transmission enabled)
— The Tl bit in the U2C1 register is set to 0 (data present in the U2TB register)
Interrupt request « For transmission, one of the following conditions can be selected
generation timing — The U2IRS bit in the U2C1 register is set to 0 (transmit buffer empty): when trans

ferring data from the U2TB register to the UART2 transmit register (at start of transmission)
— The U2IRS bit is set to 1 (transfer completed): when the serial I/O finished sending

data from the UART2 transmit register
» For reception

When transferring data from the UART2 receive register to the U2RB register (at
completion of reception)
Error detection « Overrun error (2)
This error occurs if the serial I/O started receiving the next data before reading the
U2RB register and received the 7th bit in the the next data
Select function * Clock phase setting
Selectable from four combinations of transfer clock polarities and phases

NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the U2C0
register is set to 0 (transmit data output at the falling edge and the receive data taken in at the rising
edge of the transfer clock), the external clock is in the high state; if the CKPOL bit in the U2C0
register is set to 1 (transmit data output at the rising edge and the receive data taken in at the falling
edge of the transfer clock), the external clock is in the low state.

2. If an overrun error occurs, bits 8 to 0 in the U2RB register are undefined. The IR bit in the S2RIC
register remains unchanged.

Rev. 1.10 Mar. 30, 2007  page 194 of 390 RENESAS
REJ09B0287-0110



M16C/28 Group (T-ver./V-ver.)

14. Serial I/O

P13
P12
P93
P72(CLK2) P72(CLKz2)
P71(RxD2) |— P71(RxD2)
P70(TxD2) P70(TxD2)
MCU MCU
(Master) (Slave)
P93
P72(CLK2)
P71(RxD2)
P70(TxDz)
MCU
(Slave)

Figure 14.26 Serial Bus Communication Control Example (UART2)

Table 14.16 Registers to Be Used and Settings in Special Mode 2

Register Bit Function
U2T1BM [0to7 Set transmission data
U2RBM [0to7 Reception data can be read
OER Overrun error flag
U2BRG Oto7 Set a transfer rate
U2MR() | SMD2 to SMDO Set to 0012
CKDIR Set this bit to 0 for master mode or 1 for slave mode
IOPOL Setto 0
u2Co CLK1, CLKO Select the count source for the U2BRG register
CRS Invalid because CRD is set to 1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TxD2 pin output format
CKPOL Clock phases can be se