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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
Genera Precautionsin 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 LSI, 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.

2. 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.

3. 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 LSl is not guaranteed if they are
accessed.

4. 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.

5. 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.




1.

HOW TO USE THIS MANUAL

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/64 Group. 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.
Datasheet Hardware overview and electrical characteristics | M16C/65 Group
Datasheet
Hardware manual | Hardware specifications (pin assignments, M16C/65 Group | This hardware
memory maps, peripheral function Hardware Manual | manual

specifications, electrical characteristics, timing
charts) and operation description

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

Software manual | Descriptions of CPU instruction set M16C/60, M16C/ |REJ09B0137
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 PMO3 bit in the PMO register
P3_5 pin, VCC pin

(2) Notation of Numbers
The indication “b” is appended to numeric values given in binary format. However, nothing is
appended to the values of single bits. The indication “h” is appended to numeric values given in
hexadecimal format. Nothing is appended to numeric values given in decimal format.
Examples  Binary: 11b
Hexadecimal: EFAQOh
Decimal: 1234



3. Register Notation

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

XXX Register *1

b7 b6 b5 b4 b3 b2 bl bo

| | | | | 0 |><| [ Symbol Address After Reset
T T T T T T T T XXX XXX OOh
1 1 1 1 1 1 1 1
AR A
oot Bit Symbol Bit Name Function RW *9
[ T T R T N B | | —
1 1 1 1 1 1 1 L_ XXX bltS bl b0
I A XXX0 1.0: XXX
T T T T T 0 1: XXX
(I O T T R N 1 0: Do not set.
Tt o xxxa 11 XXX RW
T R T T
AR
I N - Nothing is assigned. If necessary, set to 0.
T A (b2) When read, the content is undefined. - | %3
T R
1 1 1 1 1
1 1 1 1 1 —_— —
Vol b (b3) Reserved bits Setto 0. RW .
[ R | | — 4
T I
I jon var | ng |
TR S S VO XXX XXX bits Function varies according to the operating RW
1 1 1 mode.
P
1 1 1
1 1 1
I XXX5 \\e}
P
1 1
1 1
1 1
| e XXX6 RW
!
1
bommmmmmmmm oo XXX7 | XXX bit 9 XX RO

*1

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

0: Setto 0.

1: Set to 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
I/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
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.
HDMI and High-Definition Multimedia Interface are registered trademarks of HDMI
Licensing, LLC.
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- Control Register
0007h System Clock Control Register 1 cm1 105 0047h Timer B3 Interrupt Control Register TB3IC 223
0008h Chip Select Control Register CSR 161 UARTO Bus Collision Detection Interrupt UOBCNIC
0009h External Area Recovery Cycle Control EWR 164 Control Register .
Register 0048h SI/04 Interrupt Control Register S4I1C 224
n INTS Interrupt Control Register INT5IC
000AR Protect Reglsle-r PRCR 55 0049h SI/03 Interrupt Control Register S3IC 224
000Bh Data Bank Register DBR 183 INT4 Interrupt Control Register INT4IC
000Ch Oscillation Stop Detection Register CM2 107 004Ah UART2 Bus Collision Detection Interrupt BCNIC 223
000Dh Control Register
004Bh DMAO Interrupt Control Register DMoIC 223
Eh
000 004Ch DMAL Interrupt Control Register DM1IC 223
000Fh _ 004Dh Key Input Interrupt Control Register KUPIC 223
0010h Program 2 Area Clontrol Register . PRG2C 156 004Eh AJD Conversion Interrupt Control Register ADIC 223
001th E’g;g::l Area Wait Control Expansion EwC 164 004Fh | UARTZ Transmit Interrupt Control Register S2TIC 223
0012h Peripheral Clock Select Register PCLKR 109 0050h UART2 Receive Interrupt Control Register S2RIC 223
XXXX SCMO 0051h UARTO Transmit Interrupt Control Register SOTIC 223
X000b 0052h UARTO Receive Interrupt Control Register SORIC 223
0014h 0053h UART1 Transmit Interrupt Control Register SITIC 223
0015h | Clock Prescaler Reset Flag CPSRF 288 0054h | UART1 Receive Interrupt Control Register SIRIC 223
0016h 0055h | Timer AO Interrupt Control Register TAOIC 223
0017h 0056h Timer Al Interrupt Control Register TAlIC 223
0018h Reset Source Determine Register RSTFR 61 0057h Timer A2 Interrupt Control Register TA2IC 223
0019h Voltage Detection 2 Circuit Flag Register VCR1 78 0058h Timer A3 Interrupt Control Register TA3IC 223
001Ah Voltage Detection Circuit Operation Enable VCR2 79 0059h Timer A4 Interrupt Control Register TA4IC 223
Register
Ah Tii BO Int t trol Regist: TBOI 22
001Bh | Chip Select Expansion Control Register CSE 162 005, imer BO Interrupt Control Register oic S
001ich BLL Control Register 0 PLCO 110 005Bh Timer B1 Interrupt Control Register TB1IC 223
001Dh 005Ch Timer B2 Interrupt Control Register TB2IC 223
Dh INTO Int t trol Regist: INTOI 224
001Eh | Processor Mode Register 2 PM2 EET) 005 O Interrupt Control Register e
00iFh 005Eh INT1 Interrupt Control Register INT1IC 224
0020n 005Fh INT2 Interrupt Control Register INT2IC 224
002ih 0060h
- v - 0061h
0022h 40 MHz On-Chip Oscillator Control Register 0 FRAO 112
0023h 0062h
0024h 0o63h
0025h 0064h
- - - 0065h
0026h Voltage Monitor Function Select Register VWCE 80
00ZTh 0066h
- - 0067h
0028h Voltage Detection 1 Level Select Register VDILS 80
0029h 0068: | _
002Ah Voltage Monitor 0 Circuit Control Register vwocC 82 0069 DMA Interrupt Contro Regfster pm2ic 223
002Bh Voltage Monitor 1 Circuit Control Register N 83 006AR DMAS Interrupt Control Register DMsIC 228
006Bh UARTS5 Bus Collision Detection Int t U5BCNIC 223
002Ch Voltage Monitor 2 Circuit Control Register vw2c 85 Control R:gs;ist(;rlsm electio errup CEC1IC
002Dh UARTS5 Bus Collision Detection Interrupt
002Eh Control Register
006Ch UARTS5 Transmit Interrupt Control Register S5TIC 223
002Fh CEC?2 Interrupt Control Register CEC2IC
0030h 006Dh UART5 Receive Interrupt Control Register S5RIC 223
0031h 006Eh UART®6 Bus Collision Detection Interrupt UGBCNIC 223
0032h Control Register RTCTIC
Real-Time Clock Period Interrupt Control
0033h Register
0034h 006Fh UART6 Transmit Interrupt Control Register S6TIC 223
0035h Real-Time Clock Compare Match Interrupt RTCCIC
Control Register
0036h 0070h | UART6 Receive Interrupt Control Register S6RIC 223
0037h 0071h | UART? Bus Collision Detection Interrupt U7BCNIC 223
0038h Control Register PMCOIC
Remote Control Signal Receiver 0 Interrupt
003%h Control Register
003Ah 0072h UART?7 Transmit Interrupt Control Register S7TIC 223
003Bh Remote Control Signal Receiver 1 Interrupt PMC1IC
Control Register
003Ch 0073h UART?7 Receive Interrupt Control Register S7RIC 223
003Dh 0074h
003Eh 0075h
003Fh 0076h
0040h 7{h i
Q871N Blank columns are all reserved space. No access fis allowed.
0041h 0078h




Address Register Symbol Page Address Register Symbol Page
0079h 01BBh
007Ah 01BCh DMAS3 Control Register DM3CON 270
007Bh | lICBus Interface Interrupt Control Register licIC 223 01BDh
007Ch | SCL/SDA Interrupt Control Register SCLDAIC 223 01BEh
007Dh 01BFh
007Eh 01COh Timer BO-1 Register TBO1 341
007Fh 01Cth
0080h 01C2h Timer B1-1 Register TB11 341
to 01C3h
o17Fh - 01C4h Timer B2-1 Register TB21 341
0180h DMAQ Source Pointer SARO 268
01C5h
0181h _
01C6h Pulse Period/Pulse Width Measurement PPWFS1 342
0182h Mode Function Select Register 1
0183h 01C7h
0184h DMAOQ Destination Pointer DARO 268 01C8h Timer B Count Source Select Register 0 TBCSO 343
0185h 01C9h Timer B Count Source Select Register 1 TBCS1 343
0186h 01CAh
0187h 01CBh Timer AB Division Control Register 0 TCKDIVCO 289
0188h DMAQ Transfer Counter TCRO 269 01CCh
0189h 01CDh
018Ah 01CEh
018Bh 01CFh
018Ch | DMAO Control Register DMOCON 270 01D0h Timer A Count Source Select Register 0 TACSO 290
018Dh 01D1h Timer A Count Source Select Register 1 TACS1 290
018Eh 01D2h Timer A Count Source Select Register 2 TACS2 290
018Fh 01D3h
0190h DMAL Source Pointer SAR1 268 01D4h 16-Bit Pulse Width Modulation Mode PWMFS 291
0191h Function Select Register
01D5h Timer A Waveform Output Function Select TAPOFS 292
0192h Register
0193h 01D6h
0194h DMAL1 Destination Pointer DAR1 268 01D7h
0195h 01D8h Timer A Output Waveform Change Enable TAOW 293
0196h Register
01D%h
0197h h h Ph P | Regi TPRC 377
1DAI T -| tect t 1
0198h | DMAL Transfer Counter TCRI 269 0 ree-Phase Protect Control Register
01DBh
0199%h
01DCh
019Ah
01DDh
019Bh iBER
019Ch DMAL1 Control Register DM1CON 270
01DFh
019Dh
OISED 01EOh Timer B3-1 Register TB31 341
01E1lh
019Fh 2h B4-1R TB41 341
O1E Ti - isti
01AOh | DMA2 Source Pointer SAR2 268 mer eoister
01E3h
01A1h _ _
01E4h Timer B5-1 Register TB51 341
01A2h
01E5h
01A3h 01E6h Pulse Period/Pulse Width M t PPWFS2 342
— - ulse Period/Pulse Wi easuremen
01A4h DMA2 Destination Pointer DAR2 268 Mode Function Select Register 2
01A5h 01E7h
01A6h 01E8h Timer B Count Source Select Register 2 TBCS2 343
01A7h 01E9h Timer B Count Source Select Register 3 TBCS3 343
01A8h DMA2 Transfer Counter TCR2 269 01EAh
01A%h 01EBh
01AAh 01ECh
01ABh 01EDh
01ACh | DMA2 Control Register DM2CON 270 01EEh
01ADh 01EFh
01AEh 01FOh PMCO Function Select Register 0 PMCOCONO 445
01AFh 01F1lh PMCO Function Select Register 1 PMCOCON1 447
01BOh | DMAS3 Source Pointer SAR3 268 01F2h | PMCO Function Select Register 2 PMCOCON2 449
01B1h 01F3h PMCO Function Select Register 3 PMCOCON3 451
01B2h 01F4h PMCO Status Register PMCOSTS 452
01B3h 01F5h PMCO Interrupt Source Select Register PMCOINT 455
01B4h | DMA3 Destination Pointer DAR3 268 01F6h PMCO Compare Control Register PMCOCPC 460
01B5h 01F7h PMCO Compare Data Register PMCOCPD 461
01B6h 01F8h PMC1 Function Select Register 0 PMC1CONO 445
01B7h 01F9h PMC1 Function Select Register 1 PMC1CON1 447
01B8h | DMA3 Transfer Counter TCR3 269 01FAh PMC1 Function Select Register 2 PMC1CON2 449
0189 Note: 1. Blank columns are all reserved space. No access is allowed.
01BAh
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Address Register Symbol Page Address Register Symbol Page
01FBh PMC1 Function Select Register 3 PMC1CON3 451 0240h

01FCh | PMC1 Status Register PMC1STS 452 0241h

01FDh PMCL1 Interrupt Source Select Register PMCL1INT 455 0242h

01FEh 0243h

01FFh 0244h UARTO Special Mode Register 4 UOSMR4 507
0200h 0245h UARTO Special Mode Register 3 UOSMR3 506
0201h 0246h UARTO Special Mode Register 2 UOSMR2 505
0202h 0247h UARTO Special Mode Register UOSMR 504
0203h 0248h UARTO Transmit/Receive Mode Register UOMR 498
0204h 024%h UARTO Bit Rate Register UOBRG 498
0205h Interrupt Source Select Register 3 IFSR3A 225 024Ah UARTO Transmit Buffer Register uoTB 495
0206h Interrupt Source Select Register 2 IFSR2A 226 024Bh

0207h Interrupt Source Select Register IFSR 227 024Ch UARTO Transmit/Receive Control Register 0 uoCo 499
0208h 024Dh UARTO Transmit/Receive Control Register 1 uoC1 501
0209h 024Eh UARTO Receive Buffer Register UORB 496
020Ah 024Fh

020Bh 0250h UART Transmit/Receive Control Register 2 UCON 503
020Ch 0251h

020Dh 0252h UART Clock Select Register UCLKSELO 494
020Eh Address Match Interrupt Enable Register AIER 228 0253h

020Fh Address Match Interrupt Enable Register 2 AIER2 228 0254h UART1 Special Mode Register 4 U1SMR4 507
0210h Address Match Interrupt Register 0 RMADO 229 0255h UART1 Special Mode Register 3 U1SMR3 506
0211h 0256h UART1 Special Mode Register 2 U1SMR2 505
0212h 0257h UART1 Special Mode Register U1SMR 504
0213h 0258h UART1 Transmit/Receive Mode Register UIMR 498
0214h Address Match Interrupt Register 1 RMAD1 229 0259h UART1 Bit Rate Register U1BRG 498
0215h 025Ah UART1 Transmit Buffer Register uiTB 495
0216h 025Bh

0217h 025Ch UART1 Transmit/Receive Control Register 0 U1Co 499
0218h Address Match Interrupt Register 2 RMAD2 229 025Dh UART1 Transmit/Receive Control Register 1 uUic1i 501
0219h 025Eh UART1 Receive Buffer Register U1RB 496
021Ah 025Fh

021Bh 0260h

021Ch | Address Match Interrupt Register 3 RMAD3 229 0261h

021Dh 0262h

021Eh 0263h

021Fh 0264h UART2 Special Mode Register 4 U2SMR4 507
0220h Flash Memory Control Register O FMRO 130 0265h UART2 Special Mode Register 3 U2SMR3 506
0221h Flash Memory Control Register 1 FMR1 701 0266h UART2 Special Mode Register 2 U2SMR2 505
0222h Flash Memory Control Register 2 FMR2 131 0267h UART2 Special Mode Register U2SMR 504
0223h Flash Memory Control Register 3 FMR3 703 0268h UART2 Transmit/Receive Mode Register U2MR 498
0224h 0269h UART?2 Bit Rate Register U2BRG 498
0225h 026Ah UART2 Transmit Buffer Register u2TB 495
0226h 026Bh

0227h 026Ch UART2 Transmit/Receive Control Register O u2Co 499
0228h 026Dh UART2 Transmit/Receive Control Register 1 u2C1 501
0229h 026Eh UART2 Receive Buffer Register U2RB 496
022Ah 026Fh

022Bh 0270h SI/0O3 Transmit/Receive Register S3TRR 557
022Ch 0271h

022Dh 0272h SI/03 Control Register S3C 558
022Eh 0273h SI/O3 Bit Rate Register S3BRG 559
022Fh 0274h S1/04 Transmit/Receive Register S4ATRR 557
0230h Flash Memory Control Register 6 FMR6 704 0275h

0231h 0276h SI/04 Control Register S4C 558
0232h 0277h S1/04 Bit Rate Register S4BRG 559
0233h 0278h S1/03, 4 Control Register 2 S34C2 559
0234h 0279h

0235h 027Ah

0236h 027Bh

0237h 027Ch

0238h 027Dh

0239h 027Eh

023Ah 027Fh

023Bh 0280h

023Ch 0281h

023Dh 0282h

023Eh Note: 1. Blank columns are all reserved space. No access is allowed.

023Fh
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Address Register Symbol Page Address Register Symbol Page
0283h 0304h Timer A2-1 Register TA21 295
0284h UARTS5 Special Mode Register 4 USSMR4 507 0305h

0285h UARTS5 Special Mode Register 3 U5SMR3 506 0306h Timer A4-1 Register TA41 295
0286h UARTS5 Special Mode Register 2 U5SMR2 505 0307h

0287h UARTS Special Mode Register U5SMR 504 0308h Three-Phase PWM Control Register 0 INVCO 369
0288h UARTS Transmit/Receive Mode Register US5MR 498 030%h Three-Phase PWM Control Register 1 INVC1 371
0289h UARTS Bit Rate Register U5BRG 498 030Ah Three-Phase Output Buffer Register 0 IDBO 373
028Ah UARTS5 Transmit Buffer Register UsTB 495 030Bh Three-Phase Output Buffer Register 1 IDB1 373
028Bh 030Ch Dead Time Timer DTT 373
028Ch UARTS5 Transmit/Receive Control Register 0 U5Co 499 030Dh Timer B2 Interrupt Generation Frequency Set ICTB2 374
028Dh | UARTS Transmit/Receive Control Register 1 U5C1 501 Counter : :

028Eh | UARTS Receive Buffer Register USRB 496 030Eh EZZ?S'?Q; bata-Retain Function Control PDRF 376
028Fh 030Fh

0290h 0310h | Timer B3 Register TB3 340
0291h 0311h

0292h 0312h | Timer B4 Register TB4 340
0293h 0313h

0294h UART6 Special Mode Register 4 UBSMR4 507 0314h Timer B5 Register TB5 340
0295h UART6 Special Mode Register 3 UGSMR3 506 0315h

0296h UART6 Special Mode Register 2 UBSMR2 505 0316h

0297h UART6 Special Mode Register U6SMR 504 0317h

0298h | UART6 Transmit/Receive Mode Register U6MR 498 0318h Port Function Control Register PFCR 377
0299h | UARTS Bit Rate Register U6BRG 498 0319h

029Ah UART6 Transmit Buffer Register U6TB 495 031Ah

0298h 031Bh | Timer B3 Mode Register TB3MR 346
029Ch | UART6 Transmit/Receive Control Register 0 u6co 499 031Ch | Timer B4 Mode Register TB4MR 346
029Dh UART6 Transmit/Receive Control Register 1 uU6eC1 501 031Dh Timer B5 Mode Register TB5MR 346
029Eh UART6 Receive Buffer Register UGRB 496 031Eh

029Fh 031Fh

02A0h 0320h | Count Start Flag TABSR 296
02A1h 0321h

02A2h 0322h | One-Shot Start Flag ONSF 297
02A3h 0323h | Trigger Select Register TRGSR 298
02A4h | UART?7 Special Mode Register 4 U7SMR4 507 0324h Up/Down Flag UDF 299
02A5h UART7 Special Mode Register 3 U7SMR3 506 0325h

02A6h UART7 Special Mode Register 2 U7SMR2 505 0326h Timer AO Register TAO 204
02A7h UART7 Special Mode Register U7SMR 504 0327h

02A8h UART7 Transmit/Receive Mode Register U7MR 498 0328h Timer Al Register TAL 294
02A%h UART7 Bit Rate Register U7BRG 498 0329h

02AAh | UARTY Transmit Buffer Register u7TB 495 032Ah Timer A2 Register TA2 204
02ABh 032Bh

02ACh | UARTY Transmit/Receive Control Register 0 u7Cco 499 032Ch Timer A3 Register TA3 204
02ADh | UART?7 Transmit/Receive Control Register 1 u7C1 501 032Dh

02AEh UART7 Receive Buffer Register U7RB 496 032Eh Timer A4 Register TA4 204
02AFh 032Fh

02B0Oh 12C0 Data Shift Register S00 573 0330h Timer BO Register TBO 340
02B1lh 0331h

02B2h 12C0 Address Register 0 S0DO 574 0332h Timer B1 Register TB1 340
02B3h | 12C0 Control Register S1D0 575 0333h

02B4h 12C0 Clock Control Register S20 578 0334h Timer B2 Register TB2 340
02B5h 12C0 Start/Stop Condition Control Register S2D0 581 0335h

02B6h | 12C0 Control Register 1 S3D0 582 0336h | Timer A0 Mode Register TAOMR 300
02B7h 12C0 Control Register 2 S4D0 587 0337h Timer A1 Mode Register TAIMR 300
02B8h | 12C0 Status Register 0 s10 589 0338h | Timer A2 Mode Register TA2MR 300
02B9h | 12CO Status Register 1 S11 594 0339h Timer A3 Mode Register TA3MR 300
02BAh 12C0 Address Register 1 S0D1 574 033Ah Timer A4 Mode Register TAAMR 300
02BBh | 12C0 Address Register 2 S0D2 574 033Bh | Timer BO Mode Register TBOMR 346
02BCh 033Ch | Timer B1 Mode Register TBIMR 346
02BDh 033Dh Timer B2 Mode Register TB2MR 346
02BEh 033Eh | Timer B2 Special Mode Register TB2SC 375
02BFh 033Fh

30200“ 0340h | Real-Time Clock Second Data Register RTCSEC 406
02FFh 0341h Real-Time Clock Minute Data Register RTCMIN 407
0300h Timer B3/B4/B5 Count Start Flag TBSR 345 0342h Real-Time Clock Hour Data Register RTCHR 408
0301h 0343h Real-Time Clock Day Data Register RTCWK 409
0302h Timer A1-1 Register TAL1 295 0344h Real-Time Clock Control Register 1 RTCCR1 410
0303h 0345h Real-Time Clock Control Register 2 RTCCR2 412

Note: 1. Blank columns are all reserved space. No access is allowed.
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Address Register Symbol Page Address Register Symbol Page
0346h Real-Time Clock Count Source Select RTCCSR 214 0388h
Register 0389h
0347h » 038AN
0348h Rea!-Tlme Clock Second Compare Data RTCCSEC 215 038Bh
Register
0349h Real-Time Clock Minute Compare Data RTCCMIN 416 038Ch
Register 038Dh
034Ah Real-Time Clock Hour Compare Data RTCCHR 417 038Eh
Register
038Fh
034Bh -
0390h DMA2 Source Select Register DM2SL 271
034Ch
0391h
034Dh -
0392h DMA3 Source Select Register DM3SL 271
034Eh
0393h
034Fh
- - 0394h
0350h CEC Function Control Register 1 CECC1 622619 0395h
0351h CEC Function Control Register 2 CECC2 623620 0396h
0352h CEC Function Control Register 3 CECC3 625621 5357h
0353h CEC Function Control Register 4 CECC4 627 -
- 0398h DMAO Source Select Register DMOSL 271
0354h CEC Flag Register CECFLG 629 5399h
0355h CEC Interrupt Source Select Register CISEL 630 -
- - 039Ah DMAL1 Source Select Register DM1SL 271
0356h CEC Transmit Buffer Register 1 CCTB1 631 0398h
0357h CEC Transmit Buffer Register 2 CCTB2 631 oasch
0358h CEC Receive Buffer Register 1 CCRB1 632 0390h
0359h CEC Receive Buffer Register 2 CCRB2 632 039Eh
035Ah | CEC Receive Follower Address Set Register 1 CRADRI1 633 C3OFh
035Bh | CEC Receive Follower Address Set Register 2 CRADRI2 633 T
035Ch
03A1lh
035Dh — - - -
03A2h Open-Circuit Detection Assist Function AINRST 655
035Eh Register
035Fh 03A3h
0360h Pull-Up Control Register 0 PURO 205 03A4h
0361h Pull-Up Control Register 1 PURL 206 03A5h
0362h Pull-Up Control Register 2 PUR2 207 03A6h
0363h Pull-Up Control Register 3 PUR3 208 03A7h
0364h 03A8h
0365h 03A%h
0366h Port Control Register PCR 209 03AAh
0367h 03ABh
0368h 03ACh
0369h NMI/SD Digital Filter Register NMIDF 213 03ADh
036Ah 03AEh
036Bh 03AFh
036Ch 03B0h
036Dh 03B1h
036Eh 03B2h
036Fh 03B3h
0370h | PWM Control Register 0 PWMCONO 432 03B4h | SFR Snoop Address Register CRCSAR 690
0371h 03B5h
0372h PWMO Prescaler PWMPREO 433 03B6h CRC Mode Register CRCMR 690
0373h PWMO Register PWMREGO 434 03B7h
0374h PWM1 Prescaler PWMPRE1 433 03B8h
0375h PWML1 Register PWMREG1 434 03B9h
0376h PWM Control Register 1 PWMCON1 435 03BAh
0377h 03BBh
0378h 03BCh CRC Data Register CRCD 689
0379 03BDh
037Ah 03BEh | CRC Input Register CRCIN 689
037Bh 03BFh
037Ch Count Source Protection Mode Register CSPR 257 03CO0h A/D Register 0 ADO 661
037Dh | Watchdog Timer Reset Register WDTR 258 03C1h
037Eh Watchdog Timer Start Register WDTS 258 03C2h A/D Register 1 AD1 661
037Fh Watchdog Timer Control Register wDC 259 03C3h
0380h 03C4h A/D Register 2 AD2 661
0381h 03C5h
0382h 03C6h A/D Register 3 AD3 661
0383h 03C7h
0384h 03C8h | A/D Register 4 AD4 661
0385h 03C%h
0386h Note: 1. Blank columns are all reserved space. No access is allowed.
0387h
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Address Register Symbol Page Address Register Symbol Page
03CAh | A/D Register 5 ADS 661 D080h | PMCO Header Pattern Set Register (Min) PMCOHDPMIN 456
03CBh DO081h

03CCh | A/D Register 6 AD6 661 D082h | PMCO Header Pattern Set Register (Max) PMCOHDPMAX 456
03CDh D083h

03CEh | A/D Register 7 AD7 661 D084h | PMCO Data0 Pattern Set Register (Min) PMCODOPMIN 457
03CFh D085h | PMCO Data0 Pattern Set Register (Max) PMCODOPMAX 457
03D0h D086h | PMCO Datal Pattern Set Register (Min) PMCOD1PMIN 457
03D1h D087h | PMCO Datal Pattern Set Register (Max) PMCODIPMAX 457
03D2h D088h | PMCO Measurements Register PMCOTIM 458
03D3h D08%h

03D4h | A/D Control Register 2 ADCON2 657 DOBAh | PMCO Counter Value Register PMCOBC 458
03D5h DO8Bh

03D6h | A/D Control Register 0 ADCONO 658 D08Ch | PMCO Receive Data Store Register 0 PMCODATO 459
03D7h | A/D Control Register 1 ADCON1 660 D08Dh | PMCO Receive Data Store Register 1 PMCODAT1 459
03D8h | D/AO Register DAO 685 DO8SEh | PMCO Receive Data Store Register 2 PMCODAT2 459
03D%h DO8Fh | PMCO Receive Data Store Register 3 PMCODAT3 459
03DAh | D/A1 Register DAL 685 D090h | PMCO Receive Data Store Register 4 PMCODAT4 459
03DBh D091h | PMCO Receive Data Store Register 5 PMCODAT5 459
03DCh | D/A Control Register DACON 685 D092h | PMCO Receive Bit Count Register PMCORBIT 458
03DDh D093h

03DEh D094h | PMC1 Hedder Pattern Set Register (Min) PMCIHDPMIN 456
03DFh D095h

03EOh | Port PO Register PO 210 D096h | PMC1 Header Pattern Set Register (Max) PMCLHDPMAX 456
03E1lh | Port P1 Register P1 210 D097h

03E2h | Port PO Direction Register PDO 212 D098h | PMC1 Data0 Pattern Set Register (Min) PMC1DOPMIN 457
03E3h | Port P1 Direction Register PD1 212 D099h | PMC1 Data0 Pattern Set Register (Max) PMC1DOPMAX 457
03E4h | Port P2 Register P2 210 D09Ah | PMCL1 Datal Pattern Set Register (Min) PMC1D1PMIN 457
03E5h | Port P3 Register P3 210 DO9Bh | PMC1 Datal Pattern Set Register (Max) PMC1D1PMAX 457
03E6h | Port P2 Direction Register PD2 212 D09Ch | PMC1 Measurements Register PMCITIM 458
03E7h | Port P3 Direction Register PD3 212 D09Dh

03E8h | Port P4 Register P4 210 DO9Eh | PMC1 Counter Value Register PMC1BC 458
03E9%h Port P5 Register P5 210 DO9Fh

03EAh | Port P4 Direction Register PD4 212 Note: 1. Blank columns are all reserved space. No access is allowed.

03EBh | Port P5 Direction Register PD5 212

03ECh | Port P6 Register P6 210

03EDh | Port P7 Register P7 210

03EEh | Port P6 Direction Register PD6 212 FFFFFh | Optional Function Select Address 1 OFS1 63

03EFh | Port P7 Direction Register PD7 212 Note: 1. OFS1 address is not an SFR.

03FOh Port P8 Register P8 210

03F1h Port P9 Register P9 210

03F2h Port P8 Direction Register PD8 212

03F3h Port P9 Direction Register PD9 212

03F4h Port P10 Register P10 210

03F5h Port P11 Register P11 210

03F6h Port P10 Direction Register PD10 212

03F7h Port P11 Direction Register PD11 212

03F8h Port P12 Register P12 210

03F9h Port P13 Register P13 210

03FAh Port P12 Direction Register PD12 212

03FBh | Port P13 Direction Register PD13 212

03FCh Port P14 Register P14 210

03FDh

03FEh Port P14 Direction Register PD14 212

03FFh

D000

to

DO7Fh




M16C/65 Group
RENESAS MCU

1. Overview

1.1 Features

The M16C/65 Group microcomputer (MCU) incorporates the M16C/60 Series CPU core and flash
memory, employing sophisticated instructions for a high level of efficiency. This MCU has 1 Mbyte of
address space (expandable to 4 Mbytes), and it is capable of executing instructions at high speed. In
addition, the CPU core boasts a multiplier for high-speed operation processing.

Power consumption is low, and the M16C/65 Group supports operating modes that allow additional power
control. The MCU also uses an anti-noise configuration to reduce emissions of electromagnetic noise and
is designed to withstand electromagnetic interference (EMI). By integrating many of the peripheral
functions, including the multifunction timer and serial interface, the number of system components has
been reduced.

111 Applications

Audio components, cameras, televisions, household appliances, office equipment, communication
devices, mobile devices, industrial equipment, etc.

Information in this manual is beleived to be accurate, but is not guaranteed to be
entirely free of error.

Specifications in this manual are subject to change for functional or performance
improvements. Please make sure your manual is the latest edition.

REJ09B0484-0030 Rev.0.30 Sep 09, 2008 :{ENESAS
Page 1 of 791



Under development  Preliminary Specification
This is a preliminary specification and is subject to change.

M16C/65 Group 1. Overview

1.2 Specifications

The M16C/65 Group includes 128-pin, 100-pin, and 80-pin packages. Table 1.1 to Table 1.6 list
specifications.

Table 1.1 Specifications (128-Pin Package) (1/2)
Item Function Specification

CPU Central processing unit M16C/60 core
(multiplier: 16-bit x 16-bit — 32-bit,
multiply and accumulate instruction: 16-bit x 16-bit + 32-bit —32-bit)
* Number of basic instructions: 91
* Minimum instruction execution time:
31.25 ns (f(BCLK) = 32 MHz, VCC1 = 3.0 to 5.5 V)
* Operating modes: Single-chip, memory expansion, and microprocessor
Memory ROM, RAM, data flash See Table 1.7 “Product List”.
Voltage Voltage detector * Power-on reset

Detection * 3 voltage detection points (detection level of voltage detection 0 and 1 selectable)

Clock Clock generator * 5 circuits: Main clock, sub clock, low-speed on-chip oscillator (125 kHz),
high-speed on-chip oscillator (40 MHz £ 10%), PLL frequency synthesizer

* Oscillation stop detection: Main clock oscillation stop detection and re-
oscillation detection function

* Frequency divider circuit: Divide ratio selectable from 1, 2, 4, 8, and 16

* Power save: Wait mode, stop mode

* Real time clock

External Bus |Bus and memory * Address space: 1 Mbyte
Expansion |expansion * External bus interface: 0 to 8 wait states, 4 chip select outputs, memory

area expansion function (extension enable up to 4 Mbytes), 3V and 5V
interfaces

* Bus format: Separate bus or multiplexed bus selectable, data bus width
selectable (8 or 16 bits), number of address buses selectable (12, 16, or
20)

I/O Ports Programmable 1/O ports * CMOS /O ports: 111, selectable pull-up resistor

* N-channel open drain ports: 3

Interrupts * Interrupt vectors: 70
* External interrupt input: 13 (NMI, INT x 8, key input x 4)
¢ Interrupt priority levels: 7

Watchdog Timer 15 bits x 1 (with prescaler)

Automatic reset start function selectable

DMA DMAC * 4 channels, cycle steal mode

* Trigger sources: 43

* Transfer modes: 2 (single transfer, repeat transfer)
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M16C/65 Group 1. Overview

Table 1.2 Specifications (128-Pin Package) (2/2)
Item Function Specification

Timer Timer A 16-bit timer x 5
Timer mode, event counter mode, one-shot timer mode, pulse width
modulation (PWM) mode
Event counter two-phase pulse signal processing (two-phase encoder input)
x 3
Programmable output mode x 3
Timer B 16-bit timer x 6

Timer mode, event counter mode, pulse period measurement mode,
pulse width measurement mode

Three-phase motor control Three-phase inverter control (timer AL, timer A2, timer A4, timer B2),
timer function on-chip dead time timer

Real-time clock Count: second, minute, hour, day of week

PWM function 8 bits x 2

Remote control signal receiver | e 2 circuits

* 4 wave pattern matchings (differentiate wave pattern for headers, data
0, data 1, and special data)

* 6-byte receive buffer (1 circuit)

® Operating frequency of 32 kHz

Serial UARTO to UART2, UART5 to  |Clock synchronous/asynchronous x 6 channels
Interface UART7 12C-bus, IEBus (1), special mode 2
SIM (UART2)
SI/03, SI/04 Clock synchronization only x 2 channels
Multi-master 12C bus interface |1 channel
CEC function (3 CEC transmit/receive, arbitration lost detection, ACK signal generation,
operation frequency of 32 kHz
A/D Converter 10-bit resolution x 26 channels, including sample and hold function
Conversion time: 1.72 us
D/A Converter 8-bit resolution x 2
CRC Calculator CRC-CCITT (X16 + X12 + X5 + 1),
CRC-16 (X16 + X15 + X2 + 1) compliant
Flash Memory Programming and erasure power supply voltage: 2.7 to 5.5V

Programming and erasure endurance: 1,000 times (program ROM 1,
program ROM 2)/10,000 times (data flash)
Program security: ROM code protect, ID code check

Debug Function Functions on-chip debug, on-board flash rewrite function, address
match x 4
Operation Frequency/Supply Voltage 25 MHz/VCC1=2.7t0 5.5V, VCC2 =2.7 Vto VCC1
32 MHz/VCC1=3.0t0 5.5V, VCC2 =2.7 V to VCC1
Current Consumption TBD (32 MHz/VCC1 =VCC2 = 3V)
TBD (VCC1 =VCC2 =3V, in stop mode)
Operating Temperature -20°C to 85°C, -40°C to 85°C (2
Package 128-pin LQFP: PLQP0128KB-A (Previous package code: 128P6Q-A)
Notes:

1. IEBus is a registered trademark of NEC Electronics Corporation.

2. See Table 1.7 “Product List” for the operating temperature.

3. The CEC function indicates circuitry which supports the transmission and reception of CEC signals standardized
by the High-Definition Multimedia Interface (HDMI). HDMI and High-Definition Multimedia Interface are
registered trademarks of HDMI Licensing, LLC.
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M16C/65 Group 1. Overview

Table 1.3 Specifications (100-Pin Package) (1/2)
ltem Function Specification

CPU Central processing unit M16C/60 core
(multiplier: 16-bit x 16-bit — 32-bit,

multiply and accumulate instruction: 16-bit x 16-bit + 32-bit —32-bit)
* Number of basic instructions: 91
* Minimum instruction execution time:

31.25 ns (f(BCLK) = 32 MHz, VCC1 =3.0t0 5.5 V)
* Operating modes: Single-chip, memory expansion, and microprocessor

Memory ROM, RAM, data flash See Table 1.7 “Product List".

Voltage Voltage detector * Power-on reset

Detection * 3 voltage detection points (detection level of voltage detection 0 and 1
selectable)

Clock Clock generator * 5 circuits: Main clock, sub clock, low-speed on-chip oscillator (125 kHz),

high-speed on-chip oscillator (40 MHz £ 10%), PLL frequency synthesizer
* Oscillation stop detection: Main clock oscillation stop detection and re-
oscillation detection function
* Frequency divider circuit: Divide ratio selectable from 1, 2, 4, 8, and 16
* Power save: Wait mode, stop mode
* Real time clock

External Bus |Bus and memory * Address space: 1 Mbyte

Expansion |expansion * External bus interface: 0 to 8wait states, 4 chip select outputs, memory area

expansion function (extension enable up to 4-Mbyte), 3V, 5V interface

* Bus format: Separate bus or multiplexed bus selectable, data bus width
selectable (8 or 16 bits), number of address buses selectable (12, 16, or
20)

I/0 Ports Programmable I/O ports * CMOS 1/O ports: 85, selectable pull-up resistor

¢ N-channel open drain ports: 3

Interrupts * Interrupt vectors: 70
* External interrupt input: 13 (NMI, INT x 8, key input x 4)
* Interrupt priority levels: 7

Watchdog Timer 15 bits x 1 (with prescaler)

Automatic reset start function selectable

DMA DMAC * 4 channels, cycle steal mode

* Trigger sources: 43

* Transfer modes: 2 (single transfer, repeat transfer)
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M16C/65 Group 1. Overview

Table 1.4 Specifications (100-Pin Package) (2/2)
Item Function Specification

Timer Timer A 16-bit timer x 5

Timer mode, event counter mode, one-shot timer mode, pulse width
modulation (PWM) mode

Event counter two-phase pulse signal processing (two-phase encoder
input) x 3

Programmable output mode x 3

Timer B 16-bit timer x 6

Timer mode, event counter mode, pulse period measurement mode,
pulse width measurement mode

Three-phase motor control Three-phase inverter control (timer A1, timer A2, timer A4, timer B2),
timer function on-chip dead time timer

Real-time clock Count: second, minute, hour, day of week

PWM function 8 bits x 2

Remote control signal receiver | e 2 circuits

* 4 wave pattern matchings (differentiate wave pattern for headers, data
0, data 1, and special data)

* 6-byte receive buffer (1 circuit)

® Operating frequency of 32 kHz

Serial UARTO to UART2, UART5 to  |Clock synchronous/asynchronous x 6 channels
Interface UART7 12C-bus, IEBus (1), special mode 2
SIM (UART2)
SI/03, SI/04 Clock synchronization only x 2 channels
Multi-master 12C bus interface |1 channel
CEC function (3 CEC transmit/receive, arbitration lost detection, ACK signal generation,
operation frequency of 32 kHz
A/D Converter 10-bit resolution x 26 channels, including sample and hold function
Conversion time: 1.72 us
D/A Converter 8-bit resolution x 2
CRC Calculator CRC-CCITT (X16 + X12 + X5 + 1),
CRC-16 (X16 + X15 + X2 + 1) compliant
Flash Memory Programming and erasure power supply voltage: 2.7 to 5.5V

Programming and erasure endurance: 1,000 times (program ROM 1,
program ROM 2)/10,000 times (data flash)
Program security: ROM code protect, ID code check

Debug Function Functions on-chip debug, on-board flash rewrite function, address
match x 4

Operation Frequency/Supply Voltage 25 MHz/VCC1 =2.7t0 5.5V, VCC2 =2.7 V to VCC132 MHz/VCC1 =
3.0t05.5V,VCC2=2.7Vto VCC1

Current Consumption TBD (32 MHz/VCC1 =VCC2 =3 V)
TBD (VCC1 =VCC2 =3V, in stop mode)

Operating Temperature -20°C to 85°C, -40°C to 85°C (2

Package 100-pin QFP: PRQP0100JD-B (Previous package code: 100P6F-A)

100-pin LQFP: PLQPO0100KB-A (Previous package code: 100P6Q-A)

Notes:
1. IEBus is a registered trademark of NEC Electronics Corporation.
2. See Table 1.7 “Product List” for the operating temperature.
3. The CEC function indicates circuitry which supports the transmission and reception of CEC signals standardized
by the High-Definition Multimedia Interface (HDMI). HDMI and High-Definition Multimedia Interface are
registered trademarks of HDMI Licensing, LLC.
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Table 1.5

Specifications (80-Pin Package) (1/2)

Iltem

Function

Specification

CPU

Central processing unit

M16C/60 core
(multiplier: 16-bit x 16-bit — 32-bit,
multiply and accumulate instruction: 16-bit x 16-bit + 32-bit —32-bit)
* Number of basic instructions: 91
* Minimum instruction execution time:
31.25 ns (f(BCLK) = 32 MHz, VCC1 = 3.0 to 5.5 V)
* Operating modes: Single-chip

Memory

ROM, RAM, data flash

See Table 1.7 “Product List”.

Voltage
Detection

Voltage detector

* Power-on reset

* 3 voltage detection points (detection level of voltage detection 0 and 1
selectable)

Clock

Clock generator

5 circuits: Main clock, sub clock, low-speed on-chip oscillator (125 kHz),
high-speed on-chip oscillator (40 MHz + 10%), PLL frequency synthesizer

¢ Oscillation stop detection: Main clock oscillation stop detection and re-
oscillation detection function

* Frequency divider circuit: Divide ratio selectable from 1, 2, 4, 8, and 16
* Power save: Wait mode, stop mode
* Real time clock

1/0O Ports

Programmable 1/O ports

* CMOS 1/O ports: 68, selectable pull-up resistor
* N-channel open drain ports: 3

Interrupts

* Interrupt vectors: 70
¢ External interrupt input: 10 (N
* Interrupt priority levels: 7

I, INT x 5, key input x 4)

Watchdog Timer

15 bits x 1 (with prescaler)
Automatic reset start function selectable

DMA

DMAC

* 4 channels, cycle steal mode
* Trigger sources: 43
* Transfer modes: 2 (single transfer, repeat transfer)

Timer

Timer A

16-bit timer x 5
Timer mode x 5
Event counter mode, one shot timer mode, pulse width modulation (PWM)
mode x 3
Event counter two-phase pulse signal processing (two-phase encoder
input) x 2
Programmable output mode x 1

Timer B

16-bit timer x 6

Timer mode x 6

Event counter mode, pulse period measurement mode, pulse width
measurement mode x 5

Real-time clock

Count: second, minute, hour, day of week

PWM function

8 bits x 2

Remote control signal
receiver

* 2 circuits

* 4 wave pattern matchings (differentiate wave pattern for headers, data 0,
data 1, and special data)

* 6-byte receive buffer (1 circuit)

* Operating frequency of 32 kHz
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M16C/65 Group 1. Overview

Table 1.6 Specifications (80-Pin Package) (2/2)

Item Function Specification
Serial UARTO to UART2, UART5 Clock synchronous/asynchronous x 3 channels
Interface 12C-bus, IEBus (1), special mode 2

SIM (UART2)

Clock asynchronous x 1 channel
I2C-bus, IEBus (1)

SI/03, SI/04 Clock synchronization only x 2 channels
(SI/03 is used for transmission only)

Multi-master 12C bus interface |1 channel

CEC function ®) CEC transmit/receive, arbitration lost detection, ACK signal generation,
operation frequency of 32 kHz

A/D Converter 10-bit resolution x 26 channels, including sample and hold function
Conversion time: 1.72 us

D/A Converter 8-bit resolution x 2

CRC Calculator CRC-CCITT (X16 + X12 + X5 + 1),
CRC-16 (X16 + X15 + X2 + 1) compliant

Flash Memory Programming and erasure power supply voltage: 2.7 to 5.5V

Programming and erasure endurance: 1,000 times (program ROM 1,
program ROM 2)/10,000 times (data flash)
Program security: ROM code protect, ID code check

Debug Function Functions on-chip debug, on-board flash rewrite function, address
match x 4
Operation Frequency/Supply Voltage 25 MHz/VCC1=2.7t0 55V
32 MHz/VCC1=3.0t0 5.5V
Current Consumption TBD (32 MHz/VCC1 =3 V)
TBD (VCC1 =3V, in stop mode)
Operating Temperature -20°C to 85°C, -40°C to 85°C (2
Package 80-pin LQFP: PLQP080JA-A (Previous package code: FP-80W)
Notes:

1. IEBus is a registered trademark of NEC Electronics Corporation.

2. See Table 1.7 “Product List” for the operating temperature.

3. The CEC function indicates circuitry which supports the transmission and reception of CEC signals standardized
by the High-Definition Multimedia Interface (HDMI). HDMI and High-Definition Multimedia Interface are
registered trademarks of HDMI Licensing, LLC.
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Preliminary Specification
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1. Overview

1.3

Product List

Table 1.7 lists product information. Figure 1.1 shows Correspondence of Part No., with Memory Size and

Package, and Figure 1.2 shows Marking Diagram of Flash Memory Package (Top View).

Table 1.7 Product List
ROM Capacity RAM Remarks
Part No. Program Program Data Flash | Capacity Package Code
ROM1 ROM2

R5F36506NFA P) PRQP0100JD-B | Operating
R5F36506NFB P) PLQPO0100KB-A t;r(?[z:e;atg;ec
R5F36526NFP (P) 4 Kbytes PLQPO080JA-A | 20°C to 85°
R5F36506DFA () | 128 Kbytes | 16 Kbytes | plocks | 12 Kbytes PRQP0100JD-B | Operating
R5F36506DFB P) PLQP0100KB-A |temperature
R5F36526DFP P) PLQPO08O0JA-A | "40°C 10 85°C
R5F3651ENFC P) PLQPO0128KB-A | Operating
R5F3650ENFA P) PRQP0100JD-B t(;r;%eratgr:c
R5F3650ENFB (P) 4 Kbytes PLQPO100KB-A | "20°C t0 85°
REF3651EDFC () | 258 Kbytes | 16 Kbytes | plocks | 20 Kbytes PLQPO128KB-A | Operating
R5F3650EDFA (D) PRQP0100JD-B | temperature
R5F3650EDFB D) PLQPO100KB-A | 40°C 10 85°C
R5F3651KNFC P) PLQPO0128KB-A | Operating
R5F3650KNFB P) PRQP0100JD-B tzrgrgaratgrSec
R5F3650KNFA P) 4 Kbytes PLQPO100KB-A | 20°C 10 85°
R5F3651KDFC (p) | 384 Kbytes | 16 Kbytes |, blocks | 31 Kbvees PLQP0128KB-A | Operating
R5F3650KDFB P) PRQP0100JD-B | temperature
R5F3650KDFA P) PLQPO100KB-A | 40°C 10 85°C
R5F3651MNFC P) PLQPO0128KB-A | Operating
R5F3650MNFA P) PRQP0100JD-B tzrgop?rat;;c
R5F3650MNFB ®) | ¢, Kbytes | 16 Kbytes | 4KDYES | 51 oo | PLQPOLOOKB-A fo
R5F3651MDFC P) x 2 blocks PLQP0128KB-A | Operating
R5F3650MDFA P) PRQP0100JD-B | temperature
R5F3650MDFB P) PLQPO100KB-A | 40°C 10 85°C
R5F3651RNFC P) PLQP0128KB-A | Operating
R5F3650RNFB P) PRQP0100JD-B tzmoperatur(z
R5F3650RNFA (P) | 640 Kbytes | 16 Kbytes | 4 PVES | 47 1o | PLQPOLOOKB-A 0°C fo 85°C
R5F3651RDFC P) x 2 blocks PLQP0128KB-A | Operating
R5F3650RDFB P) PRQP0100JD-B | temperature
REF3650RDFA (P) PLQPO100KB-A | 40°C 10 85°C
RSF3651TNFC (D) PLQP0128KB-A | Operating
R5F3650TNFA P) PRQP0100JD-B tt;moperatuni
R5F3650TNFB (P) | 766 Kbytes | 16 Kbytes | <PV | 47 kptes | PLQPOLOOKE-A 0°C fo 85°C
R5F3651TDFC D) x 2 blocks PLQPO0128KB-A | Operating
R5F3650TDFA P) PRQP0100JD-B | temperature
R5F3650TDFB P) PLQPO100KB-A | 40°C 10 85°C
(D): Under development
(P): Planning
Note:

1. Previous package codes are as follows.
PLQP0128KB-A: 128P6Q-A, PRQP0100JD-B: 100P6F-A, PLQP0100KB-A: 100P6Q-A,
PLQPOO80JA-A: FP-80W
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M16C/65 Group 1. Overview

PartNo. R 5 E 3 65 0 6 D EFA

l— Package type

FC: Package PLQP0128KB-A (128P6Q-A)
FA: Package PRQP0100JD-B (100P6F-A)
FB: Package PLQP0O100KB-A (100P6Q-A)
FP: Package PLQPO080JA-A (FP-80W)

Property Code
N: Operating temperature -20°C to 85°C
D: Operating temperature -40°C to 85°C

Memory capacity
Program ROM 1/RAM

: 128 Kbytes/12 Kbytes
: 256 Kbytes/20 Kbytes
: 384 Kbytes/31 Kbytes
: 512 Kbytes/31 Kbytes
: 640 Kbytes/47 Kbytes
: 768 Kbytes/47 Kbytes

0 AmMo

Number of pins
0 :100 pins
1 :128 pins
2 :80 pins

M16C/65 Group
16-bit MCU

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1  Correspondence of Part No., with Memory Size and Package

M16C
Type No. (See Figure 1.1 Correspondence of Part No.,
R5F36506DFA Memory Size, and Package.)
XXXXXXX Date code seven digits

O

Figure 1.2  Marking Diagram of Flash Memory Package (Top View)
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This is a preliminary specification and is subject to change.

M16C/65 Group

1. Overview

1.4 Block Diagram

Figure 1.3 to Figure 1.5 show block diagrams.

b ]

1

38

1

| Port PO| | PortP1]| |PortP2]| |Port P3| [PortP4| |PortP5| |Port P12| |Port P13]

VCC2 ports

Internal peripheral functions

Timer (16-bit)

Outputs (timer A): 5
Inputs (timerB) : 6

Three-phase motor control circuit

Real time clock

PWM function (8 bits X 2)

Remote control signal receiver
(2 circuits)

Watchdog timer

UART or
clock synchronous serial 1/0
(6 channels)

Clock synchronous serial I/O
(8 bits x 2 channels)

System clock generator

XIN-XOUT
XCIN-XCOUT
PLL frequency synthesizer
On-chip oscillator (125 kHz)
High-speed on-chip oscillator

Multi-master 12C bus interface
(1 channel)

DMAC
(4 channels)

CEC function

CRC arithmetic circuit
(CCITT or CRC-16)

Voltage detection circuit

Power-on reset

On-chip debugger

(15 bits X 1)
A/D converter M16C/60 series CPU core Memory
(20 bits X 26 channels) o
ROH| RoL | | SB | ROM
D/A converter R1IH | RIL ] USP
(8 bits X 2 channels) R2 I
R3 ISP RAM®@
[ INTB |
A0 I
Al i PC |
FB FLG Multiplier
VCC1 ports

[Port P14| |Port P11| [PortP10| [Port P9| |Port P8| |Port P7| | Port P6 |

S

1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

A
is

TS
¢

A
is

A
is

Figure 1.3

Block Diagram (128 pins)
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O

38

[ PortP0 | | PortP1 | | PortP2 | | PortP3 | | PortP4 | | PortP5 |

VCC2 ports

Internal peripheral functions

Timer (16-bit)

Outputs (timer A): 5
Inputs (timerB) : 6

Three-phase motor control circuit

Real time clock

PWM function (8 bits X 2)

Remote control signal receiver
(2 circuits)

Watchdog timer

UART or
clock synchronous serial I/0
(6 channels)

Clock synchronous serial I/O
(8 bits x 2 channels)

Multi-master 12C bus interface
(1 channel)

System clock generator

XIN-XOUT
XCIN-XCOUT

PLL frequency synthesizer

On-

High-speed on-chip oscillator

chip oscillator (125 kHz)

DMAC
(4 channels)

CEC function

CRC arithmetic circuit

(CCITT or CRC-16)

Voltage detection circuit

Power-on reset

On-chip debugger

| PortP10 || PortP9 || PortP8 || PortP7 || PortP6 |

A

(15 bits X 1)
A/D converter M16C/60 series CPU core Memory
(10 hits X 26 channels)
1 ROM®
D/A converter 22: 22:: H l B l
(8 bits X 2 channels) "o ! UspP
ISP RAM®@
R3
[ INTB |
A0 I
AL ] PC |
FB FLG Multiplier
VCC1 ports

Notes :
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

S x
OO A A

Figure 1.4  Block Diagram (100 pins)
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o Jo L

)

38

| PortP2 | | PortP3 | | PortP4 | | PortPs |

VCC1 ports

Internal peripheral functions

Timer (16-bit)

OQutputs (timer A): 5

UART or
clock synchronous serial 1/0
(3 channels)
UART
(1 channel)

Inputs (timerB) : 6

System clock generator

XIN-XOUT
XCIN-XCOUT

PLL frequency synthesizer
On-chip oscillator (125 kHz)
High-speed on-chip oscillator

Clock synchronous serial I/O
(8 bits x 2 channels)

DMAC
(4 channels)

Real time clock

Multi-master 12C bus interface
(1 channel)

PWM function (8 bits X 2)

CEC function

CRC arithmetic circuit

(CCITT or CRC-16)

Remote control signal receiver
(2 circuits)

Watchdog timer

Voltage detection circuit

Power-on reset

On-chip debugger

| PortP10 || PortP9 || PortP8 || PortP7 || PortP6 |

*

(15 bits X 1)
AID converter M16C/60 series CPU core Memory
(10 bits X 26 channels) »
ROH | RoL I | SB | ROM
D/A converter R1H R1L N Usp
(8 bits X 2 channels) R2 I
R3 ISP RAM®
INTB |
AQ
AL PC |
FB FLG Multiplier
VCC1 ports

Notes :
1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

S S
vy r

Figure 1.5 Block Diagram (80 pins)
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Preliminary Specification

Pin Assignments
Figure 1.6 to Figure 1.9 show pin assignments (top view). Table 1.8 to Table 1.14 list pin names.

15
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0] 4 P5_1,

<4—» p5 3/BCLK

57| 4—» P13_0
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2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
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Under development
M16C/65 Group

Pin Assignment (128 pins) (Top View)

Figure 1.6
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Under development

Preliminary Specification

This is a preliminary specification and is subject to change.

M16C/65 Group

1. Overview

Table 1.8 Pin Names, 128-Pin Package (1/3)
I/O Pin for Peripheral Function

Pin No. | Control Pin| Port . . A/D converter,| Bus Control Pin

Interrupt Timer Serial interface

D/A converter

1 VREF
2 AVCC
3 P9 7 SIN4 ADTRG
4 P9 6 SOouUT4 ANEX1
5 P9 5 CLK4 ANEXO
6 P9 4 TB4IN/PWM1 DAl
7 P9 3 TB3IN/PWMO DAO
8 P9 2 TB2IN/PMCO SOUT3
9 P9 1 TB1IN/PMC1 SIN3
10 P9 0 TBOIN CLK3
11 P14 1
12 P14 0
13 BYTE
14 CNVSS
15 XCIN P8_7
16 XCOUT P8 6
17 RESET
18 XOUT
19 VSS
20 XIN
21 VCC1
22 P8 5 [NMI SD CEC
23 P8 4 |INT2 |ZP
24 P8_3 |INT1
25 P8 2 [INTO
26 P8_1 TA4IN/U CTS5/RTS5
27 P8 0 TA40UT/U RXD5/SCL5
28 P7 7 TA3IN CLK5
29 P7_6 TA3OUT TXD5/SDAS
30 P7_5 TA2IN/W
31 P7_4 TA20UT/W
32 P7_3 TALINNV CTS2/RTS2
33 P7_2 TA1OUTIV CLK2
34 P7_1 TAOIN/TB5IN RXD2/SCL2/SCLMM
35 P70 TAOOUT TXD2/SDA2/SDAMM
36 P6_7 TXD1/SDA1
37 VCC1
38 P6_6 RXD1/SCL1
39 VSS
40 P6_5 CLK1
41 P6_4 CTS1/RTS1/CTSO/CLKS1
42 P6_3 TXDO/SDAO
43 P6 2 RXDO0O/SCLO
44 P6_1 CLKO
45 P6 0 RTCOUT CTSO0/RTS0O
46 P13 7
47 P13 6
48 P13 5
49 P13 4
50 CLKOUT [P5_7 RDY
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Under development

M16C/65 Group

Preliminary Specification

This is a preliminary specification and is subject to change.

1. Overview

Table 1.9 Pin Names, 128-Pin Package (2/3)
_ Control 1/0 Pin for Peripheral Function _
Pin No. . Port ) I A/D converter, Bus Control Pin
Pin Interrupt Timer Serial interface
D/A converter

51 P5 6 ALE

52 P55 HOLD

53 P5 4 HLDA

54 P13_3

55 P13 2

56 P13 1

57 P13 0

58 P5 3 BCLK

59 P5 2 RD

60 P51 RH/BHE

61 P5 0 WRL/WR

62 P12 7

63 P12 6

64 P12 5

65 P4 7 PWM1 TXD7/SDA7 CS3

66 P4 6 PWMO RXD7/SCL7 CS2

67 P45 CLK?7 CSi

68 P4_4 CTS7/RTS7 CSo

69 P4_3 A19

70 P4 2 A18

71 P4 1 Al17

72 P4 0 Al16

73 P3 7 A15

74 P3_6 Al4

75 P3 5 A13

76 P3_4 Al12

77 P3_3 All

78 P3 2 A10

79 P31 A9

80 P12 4

81 P12_3

82 P12 2

83 P12 1

84 P12 0

85 VCC2

86 P3_0 A8, [A8/D7]

87 VSS

88 P2_7 AN2_7 A7, [A7/D7], [A7/D6
89 P2_6 AN2_6 A6, [A6/D6], [A6/D5
90 P2 5 |[INT7 AN2_5 A5, [A5/D5], [A5/D4
91 P2_4 |INT6 AN2_4 A4[A4/D4], [A4/D3]
92 P2_3 AN2_3 A3, [A3/D3], [A3/D2
93 P2_2 AN2_2 A2, [A2/D2], [A2/D1
94 P2_1 AN2_1 Al, [A1/D1], [A1/DO
95 P2_0 AN2_0 A0, [A0/DO], AO

96 P1 7 |INT5 IDU D15

97 P1 6 |INT4 IDW D14

98 P15 |INT3 IDV D13

99 P1 4 D12

100 P1 3 TXD6/SDA6 D11
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Under development  Preliminary Specification
This is a preliminary specification and is subject to change.

M16C/65 Group 1. Overview

Table 1.10  Pin Names, 128-Pin Package (3/3)

pin | Control I/O Pin for Peripheral Function
. Port ) o A/D converter, Bus Control Pin
No. Pin Interrupt Timer Serial interface
D/A converter
101 P12 RXD6/SCL6 D10
102 P11 CLK6 D9
103 P10 CTS6/RTS6 D8
104 PO_7 ANO_7 D7
105 PO_6 ANO_6 D6
106 PO_5 ANO_5 D5
107 PO_4 ANO_4 D4
108 PO_3 ANO_3 D3
109 PO_2 ANO_2 D2
110 PO_1 ANO_1 D1
111 PO_O ANO_0 DO
112 P11 7
113 P11 6
114 P11 5
115 P11 _4
116 P11 3
117 P11_2
118 P11 1
119 P11 0
120 P10_7 |KI3 AN7
121 P10_6 (K2 ANG6
122 P10_5 [KI1 ANS
123 P10_4 |Kio AN4
124 P10_3 AN3
125 P10_2 AN2
126 P10_1 AN1
127 |AVSS
128 P10 0 ANO
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Under development

Preliminary Specification

This is a preliminary specification and is subject to change.

M16C/65 Group

1. Overview
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1. N-channel open drain output. &

2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
3. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two separate functional signals.

Figure 1.7

Pin Assignment (100 pins) (Top View)
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Under development

M16C/65 Group

Preliminary Specification
This is a preliminary specification and is subject to change.

1. Overview
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1. N-channel open drain output.
2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
3. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two separate functional signals.
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Figure 1.8

Pin Assignment (100 pins) (Top View)
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Under development

Preliminary Specification

This is a preliminary specification and is subject to change.

M16C/65 Group 1. Overview
Table 1.11  Pin Names, 100-Pin Package (1/2)
Pin No. 1/0 Pin for Peripheral Function Bus Control
Control Pin| Port . N A/D converter, .
FA | FB Interrupt Timer Serial interface Pin
D/A converter
1 99 P9 6 SOuUT4 ANEX1
2 100 P9 5 CLK4 ANEXO0
3 1 P9 4 TB4IN/PWM1 DAl
4 2 P9 3 TB3IN/PWMO DAO
5 3 P9 2 TB2IN/PMCO SOUT3
6 4 P9 1 TB1IN/PMC1 SIN3
7 5 P9 0 TBOIN CLK3
8 6 BYTE
9 7 CNVSS
10 |8 XCIN P8 _7
11 |9 XCOUT P8_6
12 |10 |RESET
13 |11 [XOUuT
14 |12 |VSS
15 (13 (XIN
16 |14 |VCC1
17 |15 P85 |NMI 3D CEC
18 |16 P8 4 |INT2 |ZP
19 |17 P8_3 |INTH
20 |18 P8_2 |INTO
21 |19 P8_1 TA4IN/U CTS5/RTS5
22 |20 P8 0 TA40UT/U RXD5/SCL5
23 |21 P7_7 TA3IN CLK5
24 |22 P7_6 TA3OUT TXD5/SDAS
25 |23 P7_5 TA2IN/W
26 (24 P7_4 TA20UT/W
27 |25 P7_3 TALIN/V CTS2/RTS2
28 |26 P7_2 TA1OUT/V CLK2
29 |27 P7_1 TAOIN/TB5IN RXD2/SCL2/SCLMM
30 (28 P70 TAOOUT TXD2/SDA2/SDAMM
31 |29 P6_7 TXD1/SDA1
32 |30 P6_6 RXD1/SCL1
33 [31 P6_5 CLK1
34 |32 P6_4 CTS1/RTS1/CTS0/
CLKS1
35 |33 P6_3 TXDO/SDAO
36 (34 P6_2 RXDO0/SCLO
37 |35 P6_1 CLKO
38 |36 P6_0 RTCOUT CTSO/RTSO
39 [37 |CLKOUT |P5_7 RDY
40 |38 P5 6
41 (39 P5_5 HOLD
42 |40 P5_ 4 HLDA
43 |41 P5 3 BCLK
44 |42 P5_2
45 (43 P5_1 WRH/BHE
46 |44 P5_0 WRLWR
47 |45 P4 7 PWM1 TXD7/SDA7
48 |46 P4_6 PWMO RXD7/SCL7
49 |47 P4 5 CLK7
50 |48 P4_4 CTS7/RTS7
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Under development

Preliminary Specification

This is a preliminary specification and is subject to change.

M16C/65 Group

1. Overview

Table 1.12  Pin Names, 100-Pin Package (2/2)
Pin No. Control I/O Pin for Peripheral Function _
FA | FB Pin Port Interrupt Timer Serial interface A/D converter, Bus Control Pin
D/A converter
51 |49 P4_3 Al9
52 |50 P4 2 Al8
53 |51 P4 1 Al7
54 |52 P4 0 Al6
55 |53 P37 Al5
56 |54 P3_6 Al4d
57 |55 P3_5 Al13
58 |56 P3_4 Al2
59 |57 P3_3 All
60 |58 P32 Al10
61 |59 P3_1 A9
62 |60 |VCC2
63 |61 P3 0 A8, [A8/D7]
64 |62 |VSS
65 |63 P2_7 AN2_7 A7, [A7/D7], [A7/D6
66 |64 P2_6 AN2_6 A6, [A6/D6], [A6/D5
67 |65 P2_5 |INT7 AN2_5 A5, [A5/D5], [A5/D4
68 |66 P2 4 |INTs ANZ2_4 A4, [A4ID4], [A4ID3]
69 |67 P2_3 AN2_3 A3, [A3/D3], [A3/D2
70 |68 P2_2 AN2_2 A2, [A2/D2], [A2/D1
71 |69 P2_1 AN2_1 Al, [A1/D1], [A1/DO
72 |70 P2_0 AN2_0 A0, [A0/DQ], AO
73 |71 P1_7 |INT5 IDU D15
74 |72 P1_ 6 |INT4 IDW D14
75 |73 P1_.5 |INT3 IDV D13
76 |74 P1 4 D12
77 |75 P1_3 TXD6/SDA6 D11
78 |76 P1 2 RXD6/SCL6 D10
79 |77 P11 CLK6 D9
80 |78 P10 CTS6/RTS6 D8
81 |79 PO _7 ANO_7 D7
82 |80 PO_6 ANO_6 D6
83 (81 PO 5 ANO 5 D5
84 |82 PO_4 ANO_4 D4
85 |83 PO_3 ANO_3 D3
86 (84 PO_2 ANOQ_2 D2
87 |85 PO_1 ANO_1 D1
88 (86 PO_0 ANO_0 DO
89 |87 P10_7 |KI3 AN7
90 |88 P10_6 (K2 ANG
91 |89 P10 5 K7 AN5
92 |90 P10_4 (Kio AN4
93 |91 P10_3 AN3
94 |92 P10 _2 AN2
95 |93 P10_1 AN1
96 |94 |AVSS
97 |95 P10_0 ANO
98 |96 |VREF
99 |97 |AVCC
100 |98 P9_7 SIN4 ADTRG
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Under development

Preliminary Specification

This is a preliminary specification and is subject to change.

M16C/65 Group

1. Overview
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M16C/65 Group

PLQPO0O80JA-A
(FP-80W)
(top view)
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1. N-channel open drain output.
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Figure 1.9  Pin Assignment (80 pins) (Top View)
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Under development

M16C/65 Group

Preliminary Specification

This is a preliminary specification and is subject to change.

1. Overview

Table 1.13  Pin Names, 80-Pin Package (1/2)
I/O Pin for Peripheral Function
Pin No. | Control Pin Port ) - A/D converter,
Interrupt Timer Serial interface
D/A converter
1 P9 5 CLK4 ANEXO
2 P9 4 TB4IN/PWM1 DAl
3 P9 3 TB3IN/PWMO DAO
4 P9 2 TB2IN/PMCO SOUT3
5 P9 0 TBOIN CLK3
6 CNVSS
7 XCIN P8 7
8 XCOUT P8 6
9 RESET
10 XOuT
11 VSS
12 XIN
13 VCC1
14 P8 5 NMI 3D CEC
15 P8_4 INT2 ZP
16 P8 3 INTT
17 P8 2 INTO
18 P8_1 TA4IN CTS5/RTS5
19 P8 0 TA40UT RXD5/SCL5
20 P7_7 TA3IN SCL5
21 P7_6 TA30OUT TXD5/SDA5S
22 P7_1 TAOIN/TB5IN RXD2/SCL2/SCLMM
23 P7_0 TAOOUT TXD2/SDA2/SDAMM
24 P6_7 TXD1/SDA1
25 P6_6 RXD1/SCL1
26 P6 5 CLK1
27 P6_4 CTS1/RTS1/CTSO0/
CLKS1
28 P6_3 TXDO/SDAO
29 P6_2 RXDO0O/SCLO
30 P6_1 CLKO
31 P6_0 RTCOUT CTSO/RTSO
32 CLKOUT P5 7
33 P5 6
34 P5 5
35 P5 4
36 P5 3
37 P5 2
38 P5 1
39 P5 0
40 P4 3
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M16C/65 Group

Preliminary Specification
This is a preliminary specification and is subject to change.

1. Overview

Table 1.14  Pin Names, 80-Pin Package (2/2)
I/O Pin for Peripheral Function
Pin No. | Control Pin Port ) L A/D converter,
Interrupt Timer Serial interface
D/A converter
41 P4 2
42 P4 1
43 P4 0
44 P3 7
45 P3 6
46 P3 5
47 P3_4
48 P3 3
49 P3 2
50 P31
51 P3 0
52 P2_7 AN2_7
53 P2 6 AN2_6
54 P2 5 INT7 AN2_5
55 P2 4 INT6 AN2_4
56 P2_3 AN2_3
57 P2 2 AN2_2
58 P2_1 AN2_1
59 P2 0 ANZ2_0
60 PO 7 ANO_7
61 PO_6 ANO_6
62 PO 5 ANO 5
63 PO 4 ANO_4
64 PO_3 ANO_3
65 PO_2 ANOQ_2
66 PO_1 ANO_1
67 PO 0 ANO_0
68 P10_7 K3 AN7
69 P10 6 K2 ANG6
70 P10 5 K1 ANS5
71 P10 4 Kio AN4
72 P10_3 AN3
73 P10 _2 AN2
74 P10 1 AN1
75 AVSS
76 P10 _0 ANO
77 VREF
78 AVCC
79 P9 _7 SIN4 ADTRG
80 P9 6 SOuUT4 ANEX1
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Under development elin Spe o ) )
This is a preliminary specification and is subject to change.

M16C/65 Group 1. Overview

1.6 Pin Functions
Table 1.15  Pin Functions (128-Pin Package) (1/3)
Signal Name Pin Name /O |Power Supply Description
Power supply VCC1 | - Apply 2.7 to 5.5 V to pins VCC1 and VCC2 (VCC1 > VCC2)
input VCC2 and 0 V to the VSS pin. (1)
VSS
Analog power AVCC | VCC1 Apply the power supply for the A/D converter. Connect the
supply input AVSS AVCC pin to VCC1. Connect the AVSS pin to VSS.
Reset input RESET | VCC1 Low active input pin. Driving this pin low resets the MCU.
CNVSS CNVSS I VCC1 Input pin to switch processor mode. Connect the CNVSS pin to
VSS via a resistor to start up after a reset in single-chip mode.
To start up in microprocessor mode, connect it to VCC1.
External data BYTE | VCC1 Input pin to select the data bus of the external area. The data
bus width bus is 16 bits when it is low and 8 bits when it is high. This
select input pin must be fixed either high or low. Connect the BYTE pin to
VSS in single-chip mode.
Bus control DO to D7 /10 |VCC2 Inputs or outputs data (DO to D7) while accessing an
pins external area with separate bus
D8 to D15 /10 |VCC2 Inputs or outputs data (D8 to D15) while accessing an
external area with 16-bit separate bus
AO to A19 O |VCC2 Outputs address bits AO to A19
AO0/DO to /10 |VCC2 Inputs or outputs data (DO to D7) and outputs address bits
A7/D7 (AO to A7) by timesharing, while accessing an external area
with 8-bit multiplexed bus
A1/DO0 to /10 |VCC2 Inputs or outputs data (DO to D7) and outputs address bits
A8/D7 (Al to A8) by timesharing, while accessing an external area
with 16-bit multiplexed bus
S0to CS3 O |vCC2 Outputs chip-select signals CS0 to CS3 to specify an
external area
RL/WR O |vce2 Low active output pins. Outputs WRL, WRH, (WR, BHE), RD
WRH/BHE signals. WRL and WRH can be switched with BHE and WR
D by a program.
*WRL, WRH and RD selected
If the external data bus is 16 bits, data is written to an even
address in external area when WRL is driven low. Data is
written to an odd address when WRH is driven low. Data is
read when RD is driven low.
*WR, BHE and RD selected
Data is written to external area when WR is driven low.
Data in external area is read when RD is driven low. An
odd address is accessed when BHE is driven low. Select
WR, BHE, and RD for external 8-bit data bus.
ALE O |vCC2 Output ALE signal to latch address.
HOLD | VCC2 Low active input pin. The MCU is placed in hold state while
the HOLD pin is driven low.
HLDA O |vce2 Low active output pin. In a hold state, HLDA outputs a low-
level signal.
RDY | VCC2 Low active input pin. The MCU bus is placed in wait state
while the RDY pin is driven low.

Power supply: VCC2 is used to supply power to external bus associated pins. The dual power supply configuration
allows VCC2 to interface at a different voltage than VCC1.

Note:

1. VCC1 is hereinafter referred to as VCC unless otherwise noted.
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Preliminary Specification

This is a preliminary specification and is subject to change.

M16C/65 Group

1. Overview

Table 1.16  Pin Functions (128-Pin Package) (2/3)
. . Power _
Signal Name Pin Name I/0 Supply Description
Main clock input XIN I VCC1 I/O pins for the main clock oscillator. Connect a
ceramic resonator or crystal oscillator between XIN
; and XOUT (). To apply an external clock, connect it to
Main clock output XOUT O |vCc1 XIN and leave XOUT open.
Sub clock input XCIN I VCC1 I/O pins for a sub clock oscillator. Connect a crystal
oscillator between XCIN and XCOUT ().
Sub clock output XCOUT o |vcel To apply an external clock, connect it to XCIN and
leave XCOUT open.
BCLK output BCLK (0] VCC2 Outputs BCLK signal
Clock output CLKOUT (0] VCC2 This pin outputs the clock having the same frequency
as fC, 8, or f32.
INT interrupt input  |INTO to INT2 I VCC1 Input pins for INT interrupt
INT3 to INT7 | VCC2
NMI interrupt input ~ |NMI I VCC1 Input pin for NMI interrupt
Key input KI0 to KI3 I |vcel Input pins for key input interrupt
interrupt input
Timer A TAOOUT to /0 |VCC1 Timer AO to A4 I/O pins (TAOOUT as an output pin is
TA40UT N-channel open drain output)
TAOIN to TA4IN I VCC1 Timer AO to A4 input pins
ZP | VCC1 Input pin for Z-phase
Timer B TBOIN to TB5IN | VCC1 Timer BO to B5 input pins
Three-phase motor |U,U,V,V, W, W (@] VCC1 Output pins for three-phase motor control timer output
control timer SD I |vcel Forced cutoff input
IDU, IDV, IDW | VCC2 Input for position data
Real time clock RTCOUT (0] VCC1 Output for real time clock
output
PWM output PWMO, PWM1 O |vCcy, PWM output
VCC2
Remote control PMCO, PMC1 I VCC1 Input for remote control signal receiver
signal receiver input
Serial interface CTSO0 to CTS2, I |vcel Input pins to control data transmission
UARTO to UART2, |CTS5
UARTS o UARTY 15756, CTs7 | |vcez
RTS0 to RTS2, O |(|vcci Output pins to control data reception
RTS5
RTS6, RTS7 O |vce2
CLKO to CLK2, /0 |VCC1 Transmit/receive clock 1/O pins
CLK5
CLK®6, CLK7 /0 |VCC2
RXDO to RXD2, | VCC1 Serial data input pins
RXD5
RXD6, RXD7 I VCC2
TXDO to TXD2, O |vCC1 Serial data output pins (2)
TXD5
TXD6, TXD7 O |VCC2
CLKS1 O |vcc1 Output pin for transmit/receive clock multiple-pin

output function

Notes:

1. Contact the oscillator manufacturer regarding the oscillation characteristics.
2. TXD2, SDA2, and SCL2 are N-channel open drain output pins. TXDi (i =0, 1, 5 to 7), SDAI, and SCLi can be
selected as CMOS output pins or N-channel open drain output pins by a program.
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Under development

M16C/65 Group

Preliminary Specification

This is a preliminary specification and is subject to change.

1. Overview

Table 1.17  Pin Functions (128-Pin Package) (3/3)
Signal Name Pin Name Ie] Power Description
Supply
UARTO to SDAO to SDA2, /0 |VCC1 I2C mode serial data 1/O pins
UART2, SDA5
UARTS 0 Ispag, SDAT o |vcez
UART7
12C mode SCLO to SCL2, 1o |vCC1 I2C mode transmit/receive clock I/O pins
SCL5
SCL6, SCL7 /0 |vCC2
Serial CLKS3, CLKS4 /0 |VCC1 Transmit/receive clock 1/O pins
interface SIN3, SIN4 | |vcel Serial data input pins
S1/03, SI/04 - -
SOUT3, SOUT4 O |vCcC1 Serial data output pins
Multi-master |SDAMM /0 |VCC1 Serial data 1/0O pin (Output is N-channel open drain)
12C-bus SCLMM /0 |vCC1 Transmit/receive clock I/O pin (Output is N-channel open
Interface drain)
CEC /O CEC /O |VCC1 CEC I/O pin (Output is N-channel open drain)
Reference |VREF | VCC1 Reference voltage input pins for the A/D converter and D/A
voltage input converter
A/D ANO to AN7 | VCC1 Analog input pins for the A/D converter
converter  TANO 0to ANO_7 | | |vcc2
AN2_0to AN2_7
ADTRG | VCC1 Input pin for an external A/D trigger
ANEXO0, ANEX1 | VCC1 Extended analog input pin for the A/D converter
D/IA DAO, DAL O |vCcC1 Output pin for the D/A converter
converter
1/0O port PO_0to PO_7 /0 |VvCC2 8-bit CMOS 1/O ports. A direction register determines whether
P1 OtoP1 7 each pin is used as an input port or an output port. A pull-up
P2 OtoP2_7 resistor may be enabled or disabled for input ports in 4-bit
P3_0to P3_7 units.
P4 Oto P4 _7
P5 0to P5_ 7
P12_0to P12_7
P13_0to P13 7
P6_0to P6_7 /0 |VCC1 8-bit I/O ports having equivalent functions to PO.
P7 Oto P7_7 However, P7_0, P7_1, and P8_5 are N-channel open drain
P8_0to P8_7 output ports. No pull-up resistor is provided. P8_5 is an input
P9 OtoP9 7 port for verifying the NMI pin level and shares a pin with NMI.
P10_0 to P10_7
P11_0Oto P11_7
P14 0,P14 1 /10 |VCC1 I/O ports having equivalent functions to PO
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M16C/65 Group

Preliminary Specification
This is a preliminary specification and is subject to change.

1. Overview

Table 1.18  Pin Functions (100-Pin Package) (1/3)
Signal Name Pin Name I/0  |Power Supply Description
Power supply VCC1 | - Apply 2.7 t0 5.5 V to pins VCCL1 and VCC2 (VCC1 > VCC2)
input VCC2 and 0 V to the VSS pin. )
VSS
Analog power AVCC I VCC1 Apply the power supply for the A/D converter. Connect the
supply input AVSS AVCC pin to VCC1. Connect the AVSS pin to VSS.
Reset input RESET | VCC1 Low active input pin. Driving this pin low resets the MCU.
CNVSS CNVSS I VCC1 Input pin to switch processor mode. Connect the CNVSS pin
to VSS via a resistor to start up after a reset in single-chip
mode. To start up in microprocessor mode, connect it to
VCC1.
External data BYTE | VCC1 Input pin to select the data bus of the external area. The data
bus width bus is 16 bits when it is low, and 8 bits when it is high. This
select input pin must be fixed either high or low. Connect the BYTE pin to
VSS in single-chip mode.
Bus control DO to D7 /10 |VCC2 Inputs or outputs data (DO to D7) while accessing an
pins external area with separate bus
D8 to D15 /10 |VCC2 Inputs or outputs data (D8 to D15) while accessing an
external area with 16-bit separate bus
AO to A19 O |vCC2 Outputs address bits A0 to A19
AO0/DO to /10 |VCC2 Inputs or outputs data (DO to D7) and outputs address bits
A7/D7 (A0 to A7) by timesharing, while accessing an external area
with 8-bit multiplexed bus
A1/DO to /10 |VCC2 Inputs or outputs data (DO to D7) and outputs address bits
A8/D7 (Al to A8) by timesharing, while accessing an external area
with 16-bit multiplexed bus
CSO0 to CS3 O |vCeC2 Outputs chip-select signals CSO0 to CS3 to specify an
external area
WRL/WR O |vce2 Low active output pins. Outputs WRL, WRH, (WR, BHE),
WRH/BHE and RD signals. WRL and WRH can be switched with BHE
RD and WR by a program.
* WRL, WRH and RD selected
If the external data bus is 16 bits, data is written to an even
address in an external area when WRL is driven low. Data
is written to an odd address when WRH is driven low. Data
is read when RD is driven low.
*WR, BHE and RD selected
Data is written to external area when WR is driven low.
Data in an external area is read when RD is driven low. An
odd address is accessed when BHE is driven low. Select
WR, BHE, and RD for external 8-bit data bus.
ALE O |vCC2 Outputs ALE signal to latch address.
HOLD | VCC2 Low active input pin. The MCU is placed in a hold state while
the HOLD pin is driven low.
HLDA O |vCC2 Low active output pin. In a hold state, HLDA outputs a low-
level signal.
RDY I VCC2 Low active input pin. The MCU bus is placed in a wait state
while the RDY pin is driven low.

Power supply: VCC2 is used to supply power to external bus associated pins. The dual power supply configuration
allows VCC2 to interface at a different voltage than VCC1.

Note:

1. VCCl1 is hereinafter referred to as VCC unless otherwise noted.
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Preliminary Specification

This is a preliminary specification and is subject to change.

M16C/65 Group

1. Overview

Table 1.19  Pin Functions (100-Pin Package) (2/3)
. . Power -
Signal Name Pin Name 1/0 Supply Description
Main clock input XIN I VCC1 I/O pins for the main clock oscillator. Connect a
ceramic resonator or crystal oscillator between XIN
Main clock output | XOUT o |vcel and XOUT (). To apply an external clock, connect it to
XIN and leave XOUT open.
Sub clock input XCIN I VCC1 I/O pins for a sub clock oscillator. Connect a crystal
oscillator between XCIN and XCOUT (D),
Sub clock output XCOUT o) VCC1 To apply an external clock, connect it to XCIN and
leave XCOUT open.
BCLK output BCLK O |vce2 Outputs BCLK signal
Clock output CLKOUT O |vCe2 This pin outputs the clock having the same frequency
as fC, f8, or f32.
INT interrupt input ~ |INTO to INT2 I |vCccCl Input pins for INT interrupt
INT3 to INT7 I VCC2
NMI interrupt input ~ |[NMI | VCC1 Input pin for NMI interrupt
Key input KIO to KI3 | |vcecl Input pins for key input interrupt
interrupt input
Timer A TAOOUT to /O |VCC1l Timer AO to A4 1/O pins (TAOOUT as an output pin is
TA40UT N-channel open drain output)
TAOIN to TA4IN I VCC1 Timer AO to A4 input pins
ZP | VCC1 Input pin for Z-phase
Timer B TBOIN to TB5IN | VCC1 Timer BO to B5 input pins
Three-phase motor |U, U, V, V, W, W O |vccl Output pins for three-phase motor control timer output
control timer SD I |vCccCl Forced cutoff input
IDU, IDV, IDW | VCC2 Input for position data
Real time clock output| RTCOUT O |vCc1 Output for real time clock
PWM output PWMO, PWM1 0] VCC1, PWM output
VCC2
Remote control PMCO, PMC1 I VCC1 Input for remote control signal receiver
signal receiver input
Serial interface CTS0to CTS2, I VCC1 Input pins to control data transmission
UARTO to UART2, |CTS5
UARTS to UARTY  [eT56, CTs7 I |vcez
RTSO0 to RTS2, O |vccl Output pins to control data reception
RTS5
RTS6, RTS7 O (|vce2
CLKO to CLK2, /O |VCC1 Transmit/receive clock I/O pins
CLK5
CLK®6, CLK7 /10 |VCC2
RXDO to RXD2, | VCC1 Serial data input pins
RXD5
RXD6, RXD7 I VCC2
TXDO to TXD2, O |vCC1 Serial data output pins (2)
TXD5
TXD6, TXD7 0] VCC2
CLKS1 O |vcCc1 Output pin for transmit/receive clock multiple-pin output function

Notes:

1. Contact the oscillator manufacturer regarding the oscillation characteristics.
2. TXD2, SDA2, and SCL2 are N-channel open drain output pins. TXDi (i =0, 1, 5 to 7), SDAI, and SCLi can be
selected as CMOS output pins or N-channel open drain output pins by a program.
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M16C/65 Group

Preliminary Specification

This is a preliminary specification and is subject to change.

1. Overview

Table 1.20  Pin Functions (100-Pin Package) (3/3)
Signal Name Pin Name Ie] Power Description
Supply
UARTO to SDAO to SDA2, /0 |VCC1 I2C mode serial data 1/O pins
UART2, SDA5
UARTS 0 Ispag, SDAT o |vcez
UART7
12C mode SCLO to SCL2, /0 |vCC1 I2C mode transmit/receive clock 1/0 pins
SCL5
SCL6, SCL7 /0 |vCC2
Serial CLKS3, CLKS4 /0 |VCC1 Transmit/receive clock 1/O pins
interface SIN3, SIN4 | |vecel Serial data input pins
S1/03, SI/04 - -
SOUT3, SOUT4 O |vCcC1 Serial data output pins
Multi-master |SDAMM /O |VCC1 Serial data 1/O pin (output is N-channel open drain)
12C-bus SCLMM /0 |vCC1 Transmit/receive clock I/O pin (output is N-channel open drain)
Interface
CEC /O CEC /0 |VCCl1 CEC /O pin (output is N-channel open drain)
Reference VREF | VCC1 Reference voltage input pins for the A/D converter and D/A
voltage input converter
A/D ANO to AN7 | VCC1 Analog input pins for the A/D converter
converter  'ANO 0to ANO_7 I |vcez
AN2_0to AN2_7
ADTRG | VCC1 Input pin for an external A/D trigger
ANEXO0, ANEX1 | VCC1 Extended analog input pin for the A/D converter
D/IA DAO, DA1 O |vCcC1 Output pin for the D/A converter
converter
1/0 port PO _Oto PO_7 /10 |VCC2 8-bit CMOS I/O ports. A direction register determines whether
P1 OtoP1 7 each pin is used as an input port or an output port. A pull-up
P2 _0toP2_7 resistor may be enabled or disabled for input ports in 4-bit
P3_0to P3_7 units.
P4 Oto P4_7
P5_0to P5_7
P6_0to P6_7 /0 |VCC1 8-bit I/O ports having equivalent functions to PO.
P7 Oto P7_7 However, P7_0, P7_1, and P8_5 are N-channel open drain
P8_0to P8_7 output ports. No pull-up resistor is provided. P8_5 is an input
P9 OtoP9 7 port for verifying the NMI pin level and shares a pin with NMI.
P10_0to P10_7
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M16C/65 Group

Preliminary Specification

This is a preliminary specification and is subject to change.

1. Overview

Table 1.21  Pin Functions (80-Pin Package) (1/2)
Signal Name Pin Name I/10  |Power Supply Description
Power supply VCC1 | - Apply 2.7 to 5.5 V to the VCC1 pin and 0 V to the VSS pin.
input VSS
Analog power AVCC | VCC1 Apply the power supply for the A/D converter. Connect the
supply input AVSS AVCC pin to VCC1. Connect the AVSS pin to VSS.
Reset input RESET I VCC1 Low active input pin. Driving this pin low resets the MCU.
CNVSS CNVSS I VCC1 Input pin to switch processor mode. Connect the CNVSS pin
to VSS via a resistor to start up after a reset in single-chip
mode.
Main clock input | XIN I VCC1 I/O pins for the main clock oscillator. Connect a ceramic
resonator or crystal oscillator between XIN and XOUT ). To
Main clock output | XOUT O |vCccl apply an external clock, connect it to XIN and leave XOUT
open.
Sub clock input | XCIN I VCC1 I/O pins for a sub clock oscillator. Connect a crystal oscillator
between XCIN and XCOUT ().
Sub clock output | XCOUT O |vCcC1 To apply an external clock, connect it to XCIN and leave
XCOUT open.
Clock output CLKOUT O |vCcc1 This pin outputs the clock having the same frequency as fC,
8, or f32.
INT interrupt input|INTO to INT2 | |vcel Input pins for INT interrupt
INT6, INT7 I VCC1
NMI interrupt NMI | VCC1 Input pin for NMI interrupt
input
Key input KIO0 to KI3 I |vccl Input pins for key input interrupt
interrupt input
Timer A TAOOUT /0 |VCC1 Timer AO, timer A3, timer A4 1/O pins (TAOOUT as an output
TA30UT pin is N-channel open drain output)
TA40UT
TAOIN, | VCC1 Timer AO, timer A3, timer A4 input pins
TA3IN,
TA4IN
ZP | VCC1 Input pin for Z-phase
Timer B TBOIN, | VCC1 Timer BO, timers B2 to B5 input pins
TB2IN to
TB5IN
Real time clock |RTCOUT O |vCcC1 Output for real time clock
output
PWM output PWMO, O |vcc1 PWM output
PWM1
Remote control  |PMCO I VCC1 Input for remote control signal receiver
signal receiver
input

Note:

1. Contact the oscillator manufacturer regarding oscillation characteristics.
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M16C/65 Group 1. Overview

Table 1.22  Pin Functions (80-Pin Package) (2/2)

Signal Name Pin Name 1/0 Power Description
Supply
Serial interface CTS0, CTSHT, | |vcel Input pins to control data transmission
UARTO to UART2, |CTS5
UARTS RTSO, RTSH1, O |(|vcci Output pins to control data reception
RTS5
CLKO, CLK1, /0 |VCC1 Transmit/receive clock 1/O pins
CLK5
RXDO to RXD2, I VCC1 Serial data input pins
RXD5
TXDO to TXD2, 0 |vcc1 Serial data output pins (1)
TXD5
CLKS1 O |vcc1 Output pin for transmit/receive clock multiple-pin
output function
UARTO to UART2, |SDAO to SDA2, /O |VCC1 I2C mode serial data 1/0 pins
UARTS5 SDA5
2
12C mode SCLO to SCL2, Il0 |VvCC1l I2C mode transmit/receive clock 1/O pins
SCL5
Serial CLKS3, CLKS4 /0 |VCC1 Transmit/receive clock 1/O pins
interface SIN4 | |vcel Serial data input pins
S1/03, SI/04 - -
SOUT3, SOUT4 O |vCc1 Serial data output pins
Multi-master 12C-bus | SDAMM /0 |VvCC1 Serial data I/O pin (output is N-channel open drain)
Interface SCLMM /0 |vCC1 Transmit/receive clock I/O pin (output is N-channel
open drain)
CECI/O CEC /O |VCC1 CEC I/0 pin (output is N-channel open drain)
Reference VREF I VCC1 Reference voltage input pins for the A/D converter
voltage input and D/A converter
A/D ANO to AN7 | VCC1 Analog input pins for the A/D converter
converter ANO_0 to ANO_7 I |vcel
AN2_0to AN2_7
ADTRG | VCC1 Input pin for an external A/D trigger
ANEXO0, ANEX1 I VCC1 Extended analog input pin for the A/D converter
DI/IA DAO, DA1 O |vCc1 Output pin for the D/A converter
converter
1/O port PO_0Oto PO_7 /O |VCC1 8-bit CMOS /O ports. A direction register determines
P2 OtoP2_7 whether each pin is used as an input port or an output
P3_0to P3_7 port. A pull-up resistor may be enabled or disabled for
P5 O0toP5_7 input ports in 4-bit units.
P6 0toP6_7 P8_5 is an N-channel open drain output port. No pull-
P8 O0to P8_7 up resistor is provided. P8_5 is an input port for
P10 Oto P10 _7 verifying the NMI pin level and shares a pin with NMI.
P4 OtoP4_3 /10 |VvCC1 I/O ports having equivalent functions to PO.
P7 0,P7 1 However, P7_0 and P7_1 are N-channel open drain
P7_6,P7_7 output ports. No pull-up resistor is provided.
P9_0,
P9 2to P9 7
Note:

1. TXD2, SDA2, and SCL2 are N-channel open drain output pins. TXDi (i = 0, 1, 5), SDAI, and SCLi can be
selected as CMOS output pins or N-channel open drain output pins by a program.
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M16C/65 Group

2. Central Processing Unit (CPU)

2. Central Processing

Unit (CPU)

Figure 2.1 shows the CPU registers. Seven registers (R0, R1, R2, R3, A0, Al, and FB) out of thirteen
compose a register bank. There are two sets of register banks.

b31

b5

b8 b7 bo

R2

ROH (high-order Lits of FO)

ROL (lowsorcer bits of RO) ||

R3

RIH (high-order Lits of R1)

RIL (owarcer bits o RY) |

b19

R2

R3

A0

Al

FB

bi5

bo

[ INTBH |

INTBL

INTBH is the 4 high-order bits of the INTB register
and INTBL is 16 low-order bits.

b19

bo

PC

b15

b0

USP

ISP

SB

b0

| FLG

b8 b7

b0

L L[] Juli]ols]s|z]p]c

Data Registers @

} Address Registers @

Frame Base Registers ()

Interrupt Table Register

Program Counter

User Stack Pointer
Interrupt Stack Pointer
Static Base Register

Flag Register

Carry Flag
Debug Flag
Zero Flag
Sign Flag

Register Bank Select Flag

Overflow Flag

Interrupt Enable Flag

Stack Pointer Select Flag

Reserved Area

Processor Interrupt Priority Level

Note:

1. These registers compose a register bank. There are two register banks.

Reserved Area

Figure 2.1

2.1

Central Processing Unit Register

Data Registers (RO, R1, R2, and R3)

RO, R1, R2, and R3 are 16-bit registers used for transfer, arithmetic and logic operations. R0 and R1 can
be split into high-order (ROH/R1H) and low-order (ROL/R1L) bits to be used separately as 8-bit data
registers. RO can be combined with R2 and used as a 32-bit data register (R2R0). Also, R3R1 is the

combination of R3 and R1.
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2.2 Address Registers (A0 and Al)

A0 and Al are 16-bit registers used for indirect addressing, relative addressing, transfer, arithmetic and
logic operations. AO can be combined with Al and used as a 32-bit address register (A1A0).

2.3 Frame Base Register (FB)
The FB is a 16-bit register that is used for FB relative addressing.

2.4 Interrupt Table Register (INTB)

The INTB is a 20-bit register that indicates the start address of a relocatable interrupt vector table.

2.5 Program Counter (PC)
The PC is 20 bits wide and indicates the address of the next instruction to be executed.

2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

The stack pointers (SP), USP, and ISP are each comprised of 16 bits. The U flag is used to switch
between USP and ISP.

2.7 Static Base Register (SB)

The SB is a 16-bit register used for SB-relative addressing.

2.8 Flag Register (FLG)
The FLG is an 11-bit register that indicates the CPU state.

2.8.1 Carry Flag (C Flag)
The C flag retains a carry, borrow, or shift-out bit generated by the arithmetic/logic unit.

2.8.2 Debug Flag (D Flag)
The D flag is for debugging only. Set it to 0.

2.8.3 Zero Flag (Z Flag)
The Z flag becomes 1 when an arithmetic operation results in 0. Otherwise it becomes 0.

2.8.4 Sign Flag (S Flag)
The S flag is set to 1 when an arithmetic operation results in a negative value. Otherwise it is set to O.

2.8.5 Register Bank Select Flag (B Flag)

Register bank 0 is selected when the B flag is set to 0. Register bank 1 is selected when this flag is set
to 1.

2.8.6 Overflow Flag (O Flag)
The O flag is set to 1 when an arithmetic operation results in an overflow. Otherwise it is set to O.

2.8.7 Interrupt Enable Flag (I Flag)

The | flag enables maskable interrupts.
Maskable interrupts are disabled when the | flag is set to 0, and enabled when it is set to 1. The | flag is
set to 0 when an interrupt request is acknowledged.
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2.8.8 Stack Pointer Select Flag (U Flag)

ISP is selected when the U flag is set to 0. USP is selected when the U flag is set to 1.
The U flag is set to 0 when a hardware interrupt request is acknowledged or the INT instruction of
software interrupt number 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is 3 bits wide and assigns processor interrupt priority levels from O to 7.
If a requested interrupt has higher priority than IPL, the interrupt is enabled.

2.8.10 Reserved Space
Only write O to bits assigned as reserved bits. The read value is undefined.
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3. Address Space

3. Address

3.1

Space

Address Space

The M16C/65 Group has a 1 Mbyte address space from address 00000h to FFFFFh. Address space is
expandable to 4 Mbytes with the memory capacity-enhancing feature. Address 40000h to BFFFFh can be
used as external areas from bank 0 to bank 7. Figure 3.1 shows Address Space. The accessible area
depends on processor mode and control bit status.

Memory expand mode
00000h SFR
00400h | | RAM Internal RAM is allocated from
nterna address 00400h to higher.
Reserved area
04000h External area
0DO000h SER
0D800h
External area In 4-Mb d
OE000h Internal ROM When data flash is enabled nibyte mode
(data flash) Bank 7
10000h Internal ROM When program ROM 2 |
Address space (program ROM2) | is enabled Bank 6
1 Vb yt‘; 14000h | Bank 5
External area | Bank 4
27000h |
Reserved area Bank 3
28000h | Bank 2
_____ | Bank 1
40000h
External area
Bank O
[BFFFFh 512 Kbytes x 8
D0000h
Reserved area
Internal ROM ;
Program ROM 1 is allocated from
(program ROM1) | address FFFFFh to lower.
FFFFFh
Notes:
1. Do not access reserved areas.
2. The figure above applies under the following conditions:
- The PM13 bit in the PM1 register is set to O
(addresses from 04000h to OCFFFh and from 80000h to CFFFFh are used as external areas)
- The IRON bit in the PRG2C register is set to 0
(addresses from 40000h to 7FFFFh are used as an external area)

Figure 3.1 Ad

dress Space
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M16C/65 Group 3. Address Space

3.2 Memory Map

Special Function Registers (SFRs) are allocated from address 00000h to 003FFh and from 0DOO0Oh to
O0D7FFh. Peripheral function control registers are located here. All blank spaces within SFRs are reserved,
and should not be accessed by the user.

Internal RAM is allocated from address 00400h and higher, with 10 Kbytes of internal RAM addressed from
00400h to 02BFFh. Internal RAM is used not only for data storage, but also for the stack area when
subroutines are called or when an interrupt request is acknowledged.

The internal ROM is flash memory. Three internal ROM areas are available: data flash, program ROM 1,
and program ROM 2.

The data flash is addressed from OEO0Oh to OFFFFh. This data flash space is used not only for data
storage, but also for program storage.

Program ROM 2 is assigned addresses 10000h to 13FFFh. Program ROM 1 is assigned addresses FFFFFh
and lower, with the 64-Kbyte program ROM 1 space addressed to FO0O00h to FFFFFh.

The special page vectors are assigned addresses FFEOOh to FFFD7h. They are used for the JIMPS instruction
and JSRS instruction. Refer to the M16C/60, M16C/20, M16C/Tiny Series Software Manual for details.

The fixed vector table for interrupts is assigned addresses FFFDCh to FFFFFh.

The 256 bytes beginning with the start address set in the INTB register compose the relocatable vector table
for interrupts.

Figure 3.2 shows the Memory Map.

OOOOO: SFR
00400
Internal RAM N2 Internal RAM
Size Address XXXXXh| XXXXXh
12 Kbytes 033FFh Reserved area
20 Kbytes 053FFh 0D000N SER
31 Kbytes 07FFFh 0D800h External area
47 Kbytes OE000h /13800h -
y OBFFFh I?gggafllaRsoh;w /' On-chip debugger
’ monitor area
10000h Internal ROM / 13FFOh User boot cod
(program ROM 2) |~ 13FFen ser boot code area
14000h
External area
27000h
Reserved area
28000h
Relocatable vector table
External area
256 bytes beginning with the
Program ROM 1 start gddressgset ingthe INTB
Size Address YYYYYh|  40000h register
128 Kbytes E0000h
256 Kbytes|  C0000h Reserved area  FFE00h — —
384 Kbytes A0000h /, FEFDSh pecial page vector table
YYYYYh v Reserved area
512 Kbytes 80000h
640 Kbyt 60000h Internal ROM 'Il FRFDCh Fixed vector table
es 1
Y 40000N (program ROM 1) I/ Address for ID code stored
768 Kbytes EFEEFh o FEFFFh OFS1 address
Notes:
1. Do not access reserved areas.
2. The figure above applies under the following conditions:
- Memory expansion mode
- The PM10 bit in the PM1 register is setto 1
(addresses from OEOOOh to OFFFFh are used as data flash)
- The PRG2CO bit in the PRG2C register is set to 0 (program ROM 2 enabled)
- The PM13 bit in the PM1 register is setto 1
(the entire internal RAM and entire program ROM 1 from address 80000h are usable)
- The IRON bit in the PRG2C register is set to 1
(program ROM 1 addresses from 40000h to 7FFFFh enabled)

Figure 3.2  Memory Map
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3.3 Accessible Area in Each Mode

The accessible area varies depending on processor mode and control bit status. Figure 3.3 shows
Accessible Area in Each Mode.

In single-chip mode, the SFRs, internal RAM, and internal ROM can be accessed.

In memory expansion mode, the SFRs, internal RAM, internal ROM, and external areas can be accessed.
Address space is expandable to 4 Mbytes with the memory capacity-enhancing feature.

In microprocessor mode, the SFRs, internal RAM, and external areas can be accessed. Address space is
expandable to 4 Mbytes with the memory capacity-enhancing feature. Assign ROM to the fixed vector
table addresses from FFFDCh to FFFFFh.

Single-Chip Mode Memory Expansion Mode Microprocessor Mode
00000h SER 00000h SER 00000h SFR
00400h 00400h 00400h

Internal RAM Internal RAM Internal RAM
Reserved area Reserved area Reserved area
0D000h 0D000h 0DO000h
SFR SFR SFR
0D800h Reserved area 0D800h External area 0D800h
OEO000h Internal ROM OEO000Nh Internal ROM
(data flash) (data flash) External
xternal area
10000h Internal ROM 10000h Internal ROM

(program ROM 2) (program ROM 2)

14000h 14000h
External area
27000h 27000h
Reserved area Reserved area
28000h 28000h
Reserved area
External area
40000h
Reserved area External area
Internal ROM Internal ROM
(program ROM 1) (program ROM 1)
FFFFFh FFFFFh FFFFFh
Notes:
1. Do not access reserved areas.
2. The figure above applies under the following conditions:
Single-chip mode and memory expansion mode
- The PM10 bit in the PM1 register is setto 1
(addresses from OE00Oh to OFFFFh are used as data flash)
- The PRG2CO bit in the PRG2C register is set to 0 (program ROM 2 enabled)
- The PM13 bit in the PM1 register is setto 1
(the entire internal RAM and entire program ROM 1 from address 80000h are usable)
- The IRON bit in the PRG2C register is setto 1
(program ROM 1 addresses from 40000h to 7FFFFh enabled)
Microprocessor mode
- The PM10 bit is set to O (addresses from OE000h to OFFFFh are used as CS2 area)
- The PRG2CO bhit is set to 1 (program ROM 2 disabled)

Figure 3.3  Accessible Area in Each Mode
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M16C/65 Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

4.1 SFRs
An SFR is a control register for a peripheral function. Table 4.1 to Table 4.15 list SFR information.

Table 4.1 SFR Information (1/16) ()

Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 0000 0000b (CNVSS pin is low)
0000 0011b (CNVSS pin is high) ()
0005h Processor Mode Register 1 PM1 0000 1000b
0006h System Clock Control Register 0 CMO 0100 1000b
0007h System Clock Control Register 1 CM1 0010 0000b
0008h Chip Select Control Register CSR 0lh
0009h External Area Recovery Cycle Control Register EWR XXXX XX00b
000Ah Protect Register PRCR 00h
000Bh Data Bank Register DBR 00h
000Ch Oscillation Stop Detection Register CM2 0X00 0010b 3
000Dh
000Eh
000Fh
0010h Program 2 Area Control Register PRG2C XXXX XX00b
0011h External Area Wait Control Expansion Register EWC 00h
0012h Peripheral Clock Select Register PCLKR 0000 0011b
0013h
0014h
0015h Clock Prescaler Reset Flag CPSRF OXXX XXXXb
0016h
0017h
0018h Reset Source Determine Register RSTFR XX00 001Xb (hardware reset) ()
0019h Voltage Detection 2 Circuit Flag Register VCR1 0000 X000b @
001Ah Voltage Detection Circuit Operation Enable Register VCR2 000X 0000b (). ()
001X 0000b (2), (6)
001Bh Chip Select Expansion Control Register CSE 00h
001Ch PLL Control Register 0 PLCO 0X01 X010b
001Dh
001Eh Processor Mode Register 2 PM2 XX00 0X01b
001Fh
Notes: X: Undefined
1. The blank areas are reserved. No access is allowed.
2. Software reset, watchdog timer reset, oscillation stop detection reset, voltage monitor 1 reset, and voltage monitor 2 reset do not affect the

following bits: Bits PM0O1 and PMOO in the PMO register, VCR1 register, and VCR2 register.
Oscillation stop detection reset does not affect bits CM20, CM21, and CM27.

The state of bits in the RSTFR register depends on a reset type.

When the LVDAS bit of address OFS1 is 1 at hardware reset

This value shows the value after any of the following resets.

- Voltage monitor O reset

- When the LVDAS bit of address OFS1 is 0 at hardware reset

- Power-on reset

U
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M16C/65 Group 4. Special Function Registers (SFRs)

Table 4.2 SFR Information (2/16) @

Address Register Symbol After Reset
0020h
0021h
0022h 40 MHz On-Chip Oscillator Control Register 0 FRAO XXXX XX00b
0023h
0024h
0025h
0026h Voltage Monitor Function Select Register VWCE 00h ®
0027h
0028h Voltage Detection 1 Level Select Register VDILS 0000 1010b ©®)
0029h
002Ah Voltage Monitor O Circuit Control Register VWO0C 1100 1X10b @. ()
1100 1X11b )4
002Bh Voltage Monitor 1 Circuit Control Register VW1C 1000 XX10b ©)
002Ch Voltage Monitor 2 Circuit Control Register VW2C 1000 0X10b (©)
002Dh
002Eh
002Fh
0030h
0031h
0032h
0033h
0034h
0035h
0036h
0037h
0038h
0039h
003Ah
003Bh
003Ch
003Dh
003Eh
003Fh
0040h
0041h
0042h INT7 Interrupt Control Register INT7IC XX00 X000b
0043h INT6 Interrupt Control Register INT6IC XX00 X000b
0044h INT3 Interrupt Control Register INT3IC XX00 X000b
0045h Timer B5 Interrupt Control Register TB5IC XXXX X000b
0046h Timer B4 Interrupt Control Register UART1 Bus Collision Detection Interrupt TB4IC U1BCNIC XXXX X000b
Control Register
0047h Timer B3 Interrupt Control Register UARTO Bus Collision Detection Interrupt TB3IC UOBCNIC XXXX X000b
Control Register
0048h SI/04 Interrupt Control Register INT5 Interrupt Control Register S4IC INTSIC XX00 X000b
0049h S1/03 Interrupt Control Register INT4 Interrupt Control Register S3IC INT4IC XX00 X000b
004Ah UART?2 Bus Collision Detection Interrupt Control Register BCNIC XXXX X000b
004Bh DMAO Interrupt Control Register DMOIC XXXX X000b
004Ch DMAL1 Interrupt Control Register DM1IC XXXX X000b
004Dh Key Input Interrupt Control Register KUPIC XXXX X000b
004Eh A/D Conversion Interrupt Control Register ADIC XXXX X000b
004Fh UART2 Transmit Interrupt Control Register S2TIC XXXX X000b
Notes: X: Undefined
1. The blank areas are reserved. No access is allowed.
2. Software reset, watchdog timer reset, oscillation stop detection reset, voltage monitor 1 reset, and voltage monitor 2 reset do not affect the

following register or bit: VWOC register and VW2C3 bit in the VW2C register.
3. When the LVDAS bit of address OFS1 is 1 at hardware reset
4. This value shows the value after any of the following resets.
- Voltage monitor O reset
- When the LVDAS bit of address OFS1 is 0 at hardware reset
- Power-on reset
5. Hardware reset, power-on reset, voltage monitor O reset, voltage monitor 1 reset, or voltage monitor 2 reset
6. Hardware reset, power-on reset, or voltage monitor O reset
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Table 4.3 SFR Information (3/16) ()

Address Register Symbol After Reset
0050h UART2 Receive Interrupt Control Register S2RIC XXXX X000b
0051h UARTO Transmit Interrupt Control Register SOTIC XXXX X000b
0052h UARTO Receive Interrupt Control Register SORIC XXXX X000b
0053h UART1 Transmit Interrupt Control Register SI1TIC XXXX X000b
0054h UART1 Receive Interrupt Control Register S1RIC XXXX X000b
0055h Timer AO Interrupt Control Register TAOIC XXXX X000b
0056h Timer Al Interrupt Control Register TALlIC XXXX X000b
0057h Timer A2 Interrupt Control Register TA2IC XXXX X000b
0058h Timer A3 Interrupt Control Register TA3IC XXXX X000b
0059h Timer A4 Interrupt Control Register TA4IC XXXX X000b
005Ah Timer BO Interrupt Control Register TBOIC XXXX X000b
005Bh Timer B1 Interrupt Control Register TB1IC XXXX X000b
005Ch Timer B2 Interrupt Control Register TB2IC XXXX X000b
005Dh INTO Interrupt Control Register INTOIC XX00 X000b
005Eh INT1 Interrupt Control Register INT1IC XX00 X000b
005Fh INT2 Interrupt Control Register INT2IC XX00 X000b
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h
0069h DMAZ2 Interrupt Control Register DM2IC XXXX X000b
006Ah DMAS3 Interrupt Control Register DM3IC XXXX X000b
006Bh UARTS5 Bus Collision Detection Interrupt Control Register U5BCNIC XXXX X000b
CEC1 Interrupt Control Register CEC1IC

006Ch UARTS5 Transmit Interrupt Control Register CEC2 Interrupt Control Register S5TIC, CEC2IC XXXX X000b

006Dh UARTS5 Receive Interrupt Control Register S5RIC XXXX X000b

006Eh UART6 Bus Collision Detection Interrupt Control Register U6BCNIC XXXX X000b
Real-Time Clock Period Interrupt Control Register RTCTIC

006Fh UART®6 Transmit Interrupt Control Register S6TIC XXXX X000b
Real-Time Clock Compare Match Interrupt Control Register RTCCIC

0070h UART6 Receive Interrupt Control Register S6RIC XXXX X000b

0071h UART7 Bus Collision Detection Interrupt Control Register U7BCNIC XXXX X000b
Remote Control Signal Receiver 0 Interrupt Control Register PMCOIC

0072h UART7 Transmit Interrupt Control Register S7TIC XXXX X000b
Remote Control Signal Receiver 1 Interrupt Control Register PMC1IC

0073h UART7 Receive Interrupt Control Register S7RIC XXXX X000b

0074h

0075h

0076h

0077h

0078h

0079h

007Ah

007Bh 1ICBus Interface Interrupt Control Register lICIC XXXX X000b

007Ch SCL/SDA Interrupt Control Register SCLDAIC XXXX X000b

007Dh

007Eh

007Fh

0080h to 017Fh

Note: X: Undefined
1. The blank areas are reserved. No access is allowed.
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Table 4.4 SFR Information (4/16) ()

Address Register Symbol After Reset
0180h DMAO Source Pointer SARO XXh
0181h XXh
0182h 0xh
0183h
0184h DMAO Destination Pointer DARO XXh
0185h XXh
0186h 0Xh
0187h
0188h DMAO Transfer Counter TCRO XXh
0189h XXh
018Ah
018Bh
018Ch DMAO Control Register DMOCON 0000 0X00b
018Dh
018Eh
018Fh
0190h DMA1 Source Pointer SAR1 XXh
0191h XXh
0192h 0Xh
0193h
0194h DMAZ1 Destination Pointer DAR1 XXh
0195h XXh
0196h 0Xh
0197h
0198h DMAL1 Transfer Counter TCR1 XXh
0199h XXh
019Ah
019Bh
019Ch DMA1 Control Register DM1CON 0000 0X00b
019Dh
019Eh
019Fh
01AO0h DMAZ2 Source Pointer SAR2 XXh
01Alh XXh
01A2h 0Xh
01A3h
01A4h DMA2 Destination Pointer DAR2 XXh
01A5h XXh
01A6h 0xh
01A7h
01A8h DMAZ2 Transfer Counter TCR2 XXh
01A%h XXh
01AAh
01ABh
01ACh DMAZ2 Control Register DM2CON 0000 0X00b
01ADh
01AEh
01AFh
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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Table 4.5 SFR Information (5/16) ()

Address Register Symbol After Reset
01B0Oh DMA3 Source Pointer SAR3 XXh
01B1h XXh
01B2h 0Xh
01B3h
01B4h DMAR Destination Pointer DAR3 XXh
01B5h XXh
01B6h 0Xh
01B7h
01B8h DMAS3 Transfer Counter TCR3 XXh
01B9h XXh
01BAh
01BBh
01BCh DMA3 Control Register DM3CON 0000 0X00b
01BDh
01BEh
01BFh
01COh Timer BO-1 Register TBO1 XXh
01C1h XXh
01C2h Timer B1-1 Register TB11 XXh
01C3h XXh
01C4h Timer B2-1 Register TB21 XXh
01C5h XXh
01C6h Pulse Period/Pulse Width Measurement Mode Function Select Register 1 PPWFS1 XXXX X000b
01C7h
01C8h Timer B Count Source Select Register 0 TBCSO 00h
01C9%h Timer B Count Source Select Register 1 TBCS1 X0h
01CAh
01CBh Timer AB Division Control Register 0 TCKDIVCO 0000 X000b
01CCh
01CDh
01CEh
01CFh
01DOh Timer A Count Source Select Register 0 TACSO 00h
01D1h Timer A Count Source Select Register 1 TACS1 00h
01D2h Timer A Count Source Select Register 2 TACS2 X0h
01D3h
01D4h 16-Bit Pulse Width Modulation Mode Function Select Register PWMFS 0XX0 X00Xb
01D5h Timer A Waveform Output Function Select Register TAPOFS XXX0 0000b
01D6h
01D7h
01D8h Timer A Output Waveform Change Enable Register TAOW XXX0 X00Xb
01D9%h
01DAh Three-Phase Protect Control Register TPRC 00h
01DBh
01DCh
01DDh
01DEh
01DFh
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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M16C/65 Group 4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6/16) ()

Address Register Symbol After Reset
01EOh Timer B3-1 Register TB31 XXh
01E1h XXh
01E2h Timer B4-1 Register TB41 XXh
01E3h XXh
01E4h Timer B5-1 Register TB51 XXh
01E5h XXh
01E6h Pulse Period/Pulse Width Measurement Mode Function Select Register 2 PPWFS2 XXXX X000b
01E7h
01E8h Timer B Count Source Select Register 2 TBCS2 00h
01ESh Timer B Count Source Select Register 3 TBCS3 X0h
01EAh
01EBh
01ECh
01EDh
O01EEh
01EFh
01FOh PMCO Function Select Register 0 PMCOCONO 00h
01F1h PMCO Function Select Register 1 PMCOCON1 00XX 0000b
01F2h PMCO Function Select Register 2 PMCOCON2 00h
01F3h PMCO Function Select Register 3 PMCOCON3 00h
01F4h PMCO Status Register PMCOSTS 00h
01F5h PMCO Interrupt Source Select Register PMCOINT 00h
01F6h PMCO0 Compare Control Register PMCOCPC XXX0 X000b
01F7h PMCO Compare Data Register PMCOCPD 00h
01F8h PMCL1 Function Select Register 0 PMC1CONO XXX0 X000b
01F9h PMC1 Function Select Register 1 PMC1CON1 XXXX 0X00b
01FAh PMC1 Function Select Register 2 PMC1CON2 00h
01FBh PMC1 Function Select Register 3 PMC1CON3 00h
01FCh PMC1 Status Register PMC1STS X000 X00Xb
01FDh PMC1 Interrupt Source Select Register PMC1INT X000 X00Xb
01FEh
01FFh
0200h
0201h
0202h
0203h
0204h
0205h Interrupt Source Select Register 3 IFSR3A 00h
0206h Interrupt Source Select Register 2 IFSR2A 00h
0207h Interrupt Source Select Register IFSR 00h
0208h
0209h
020Ah
020Bh
020Ch
020Dh
020Eh Address Match Interrupt Enable Register AIER XXXX XX00b
020Fh Address Match Interrupt Enable Register 2 AIER2 XXXX XX00b
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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M16C/65 Group 4. Special Function Registers (SFRs)

Table 4.7 SFR Information (7/16) ()

Address Register Symbol After Reset
0210h Address Match Interrupt Register 0 RMADO 00h
0211h 00h
0212h Xoh
0213h
0214h Address Match Interrupt Register 1 RMAD1 00h
0215h 00h
0216h XO0h
0217h
0218h Address Match Interrupt Register 2 RMAD2 00h
0219h 00h
021Ah XO0h
021Bh
021Ch Address Match Interrupt Register 3 RMAD3 00h
021Dh 00h
021Eh Xoh
021Fh
0220h Flash Memory Control Register 0 FMRO 0000 0001b
(Other than user boot mode)
0010 0001b
(User boot mode)
0221h Flash Memory Control Register 1 FMR1 00X0 XX0Xb
0222h Flash Memory Control Register 2 FMR2 XXXX 0000b
0223h Flash Memory Control Register 3 FMR3 XXXX 0000b
0224h
0225h
0226h
0227h
0228h
0229h
022Ah
022Bh
022Ch
022Dh
022Eh
022Fh
0230h Flash Memory Control Register 6 FMR6 XX0X XX00b
0231h
0232h
0233h
0234h
0235h
0236h
0237h
0238h
0239%h
023Ah
023Bh
023Ch
023Dh
023Eh
023Fh

Note: X: Undefined
1. The blank areas are reserved. No access is allowed.
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M16C/65 Group 4. Special Function Registers (SFRs)

Table 4.8 SFR Information (8/16) ()

Address Register Symbol After Reset
0240h
0241h
0242h
0243h
0244h UARTO Special Mode Register 4 UOSMR4 00h
0245h UARTO Special Mode Register 3 UOSMR3 000X 0X0Xb
0246h UARTO Special Mode Register 2 UOSMR2 X000 0000b
0247h UARTO Special Mode Register UOSMR X000 0000b
0248h UARTO Transmit/Receive Mode Register UOMR 00h
0249h UARTO Bit Rate Register UOBRG XXh
024Ah UARTO Transmit Buffer Register uoTB XXh
024Bh XXh
024Ch UARTO Transmit/Receive Control Register 0 uoco 0000 1000b
024Dh UARTO Transmit/Receive Control Register 1 uocC1l 00XX 0010b
024Eh UARTO Receive Buffer Register UORB XXh
024Fh XXh
0250h UART Transmit/Receive Control Register 2 UCON X000 0000b
0251h
0252h UART Clock Select Register UCLKSELO X0h
0253h
0254h UART1 Special Mode Register 4 U1SMR4 00h
0255h UART1 Special Mode Register 3 U1SMR3 000X 0X0Xb
0256h UART1 Special Mode Register 2 U1SMR2 X000 0000b
0257h UART1 Special Mode Register U1SMR X000 0000b
0258h UART1 Transmit/Receive Mode Register U1IMR 00h
0259h UART1 Bit Rate Register U1BRG XXh
025Ah UART1 Transmit Buffer Register uiTB XXh
025Bh XXh
025Ch UART1 Transmit/Receive Control Register 0 uico 0000 1000b
025Dh UART1 Transmit/Receive Control Register 1 uic1i 00XX 0010b
025Eh UART1 Receive Buffer Register U1RB XXh
025Fh XXh
0260h
0261h
0262h
0263h
0264h UART?2 Special Mode Register 4 U2SMR4 00h
0265h UART2 Special Mode Register 3 U2SMR3 000X 0X0Xb
0266h UART2 Special Mode Register 2 U2SMR2 X000 0000b
0267h UART2 Special Mode Register U2SMR X000 0000b
0268h UART2 Transmit/Receive Mode Register U2MR 00h
0269h UART2 Bit Rate Register U2BRG XXh
026Ah UART2 Transmit Buffer Register u2TB XXh
026Bh XXh
026Ch UART2 Transmit/Receive Control Register 0 u2co 0000 1000b
026Dh UART2 Transmit/Receive Control Register 1 u2C1 0000 0010b
026Eh UART2 Receive Buffer Register U2RB XXh
026Fh XXh
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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Table 4.9 SFR Information (9/16) ()

Address Register Symbol After Reset
0270h SI/0O3 Transmit/Receive Register S3TRR XXh
0271h
0272h SI/03 Control Register S3C 0100 0000b
0273h SI/O3 Bit Rate Register S3BRG XXh
0274h S1/O4 Transmit/Receive Register S4TRR XXh
0275h
0276h S1/O4 Control Register S4C 0100 0000b
0277h S1/O4 Bit Rate Register S4BRG XXh
0278h S1/03, 4 Control Register 2 S34C2 00XX X0X0b
0279h
027Ah
027Bh
027Ch
027Dh
027Eh
027Fh
0280h
0281h
0282h
0283h
0284h UARTS5 Special Mode Register 4 U5SMR4 00h
0285h UARTS5 Special Mode Register 3 U5SMR3 000X 0X0Xb
0286h UARTS5 Special Mode Register 2 U5SMR2 X000 0000b
0287h UARTS5 Special Mode Register U5SMR X000 0000b
0288h UARTS5 Transmit/Receive Mode Register U5MR 00h
0289h UARTS5 Bit Rate Register US5BRG XXh
028Ah UARTS5 Transmit Buffer Register U5TB XXh
028Bh XXh
028Ch UARTS5 Transmit/Receive Control Register 0 U5Co 0000 1000b
028Dh UARTS5 Transmit/Receive Control Register 1 U5C1 0000 0010b
028Eh UARTS5 Receive Buffer Register U5RB XXh
028Fh XXh
0290h
0291h
0292h
0293h
0294h UART6 Special Mode Register 4 UBSMR4 00h
0295h UART6 Special Mode Register 3 U6SMR3 000X 0X0Xb
0296h UART6 Special Mode Register 2 U6SMR2 X000 0000b
0297h UART6 Special Mode Register UBSMR X000 0000b
0298h UART6 Transmit/Receive Mode Register U6MR 00h
0299h UART®6 Bit Rate Register U6BRG XXh
029Ah UART6 Transmit Buffer Register U6TB XXh
029Bh XXh
029Ch UART6 Transmit/Receive Control Register 0 u6Co 0000 1000b
029Dh UART6 Transmit/Receive Control Register 1 U6C1 0000 0010b
029Eh UART6 Receive Buffer Register U6RB XXh
029Fh XXh
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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M16C/65 Group

4. Special Function Registers (SFRs)

Table 4.10  SFR Information (10/16) )
Address Register Symbol After Reset
02A0h
02A1h
02A2h
02A3h
02A4h UART?7 Special Mode Register 4 U7SMR4 00h
02A5h UART7 Special Mode Register 3 U7SMR3 000X 0X0Xb
02A6h UART?7 Special Mode Register 2 U7SMR2 X000 0000b
02A7h UART?7 Special Mode Register U7SMR X000 0000b
02A8h UART7 Transmit/Receive Mode Register U7MR 00h
02A%h UART?7 Bit Rate Register U7BRG XXh
02AAh UART7 Transmit Buffer Register uU7TB XXh
02ABh XXh
02ACh UART7 Transmit/Receive Control Register 0 u7co 0000 1000b
02ADh UART7 Transmit/Receive Control Register 1 uU7C1 0000 0010b
02AEh UART7 Receive Buffer Register U7RB XXh
02AFh XXh
02BOh I12C0 Data Shift Register S00 XXh
02B1h
02B2h I12C0 Address Register 0 S0DO 0000 000Xb
02B3h 12C0 Control Register S1D0 00h
02B4h 12C0 Clock Control Register S20 00h
02B5h 12CO0 Start/Stop Condition Control Register S2D0 0001 1010b
02B6h 12C0 Control Register 1 S3D0 0011 0000b
02B7h 12CO0 Control Register 2 S4D0 00h
02B8h 12CO Status Register 0 S10 0001 000Xb
02B9h 12C0 Status Register 1 S11 00h
02BAh 12C0 Address Register 1 S0D1 0000 000Xb
02BBh 12C0 Address Register 2 S0D2 0000 000Xb
02BCh
02BDh
02BEh
02BFh
02CO0h to
02FFh
0300h Timer B3/B4/B5 Count Start Flag TBSR 000X XXXXb
0301h
0302h Timer Al-1 Register TAll XXh
0303h XXh
0304h Timer A2-1 Register TA21 XXh
0305h XXh
0306h Timer A4-1 Register TA41 XXh
0307h XXh
0308h Three-Phase PWM Control Register 0 INVCO 00h
0309h Three-Phase PWM Control Register 1 INVC1 00h
030Ah Three-Phase Output Buffer Register 0 IDBO XX11 1111b
030Bh Three-Phase Output Buffer Register 1 IDB1 XX11 1111b
030Ch Dead Time Timer DTT XXh
030Dh Timer B2 Interrupt Generation Frequency Set Counter ICTB2 XXh
030Eh Position-Data-Retain Function Control Register PDRF XXXX 0000b
030Fh
Note: X: Undefined
1. The blank areas are reserved. No access is allowed.
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Table 4.11  SFR Information (11/16) %)

Address Register Symbol After Reset
0310h Timer B3 Register TB3 XXh
0311h XXh
0312h Timer B4 Register TB4 XXh
0313h XXh
0314h Timer B5 Register TB5 XXh
0315h XXh
0316h
0317h
0318h Port Function Control Register PFCR 0011 1111b
0319h
031Ah
031Bh Timer B3 Mode Register TB3MR 00XX 0000b
031Ch Timer B4 Mode Register TB4MR 00XX 0000b
031Dh Timer B5 Mode Register TB5MR 00XX 0000b
031Eh
031Fh
0320h Count Start Flag TABSR 00h
0321h
0322h One-Shot Start Flag ONSF 00h
0323h Trigger Select Register TRGSR 00h
0324h Up/Down Flag UDF 00h
0325h
0326h Timer AO Register TAO XXh
0327h XXh
0328h Timer Al Register TAl XXh
0329h XXh
032Ah Timer A2 Register TA2 XXh
032Bh XXh
032Ch Timer A3 Register TA3 XXh
032Dh XXh
032Eh Timer A4 Register TA4 XXh
032Fh XXh
0330h Timer BO Register TBO XXh
0331h XXh
0332h Timer B1 Register TB1 XXh
0333h XXh
0334h Timer B2 Register TB2 XXh
0335h XXh
0336h Timer A0 Mode Register TAOMR 00h
0337h Timer A1 Mode Register TAIMR 00h
0338h Timer A2 Mode Register TA2MR 00h
0339h Timer A3 Mode Register TA3MR 00h
033Ah Timer A4 Mode Register TA4AMR 00h
033Bh Timer BO Mode Register TBOMR 00XX 0000b
033Ch Timer B1 Mode Register TB1IMR 00XX 0000b
033Dh Timer B2 Mode Register TB2MR 00XX 0000b
033Eh Timer B2 Special Mode Register TB2SC XXXX XX00b
033Fh
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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M16C/65 Group 4. Special Function Registers (SFRs)

Table 4.12  SFR Information (12/16) )

Address Register Symbol After Reset
0340h Real-Time Clock Second Data Register RTCSEC 00h
0341h Real-Time Clock Minute Data Register RTCMIN X000 0000b
0342h Real-Time Clock Hour Data Register RTCHR XX00 0000b
0343h Real-Time Clock Day Data Register RTCWK XXXX X000b
0344h Real-Time Clock Control Register 1 RTCCR1 0000 X00Xb
0345h Real-Time Clock Control Register 2 RTCCR2 X000 0000b
0346h Real-Time Clock Count Source Select Register RTCCSR XXX0 0000b
0347h
0348h Real-Time Clock Second Compare Data Register RTCCSEC X000 0000b
0349h Real-Time Clock Minute Compare Data Register RTCCMIN X000 0000b
034Ah Real-Time Clock Hour Compare Data Register RTCCHR X000 0000b
034Bh
034Ch
034Dh
034Eh
034Fh
0350h CEC Function Control Register 1 CECC1 XXXX X000b
0351h CEC Function Control Register 2 CECC2 00h
0352h CEC Function Control Register 3 CECC3 XXXX 0000b
0353h CEC Function Control Register 4 CECC4 00h
0354h CEC Flag Register CECFLG 00h
0355h CEC Interrupt Source Select Register CISEL 00h
0356h CEC Transmit Buffer Register 1 CCTB1 00h
0357h CEC Transmit Buffer Register 2 CCTB2 XXXX XX00b
0358h CEC Receive Buffer Register 1 CCRB1 00h
0359h CEC Receive Buffer Register 2 CCRB2 XXXX X000b
035Ah CEC Receive Follower Address Set Register 1 CRADRI1 00h
035Bh CEC Receive Follower Address Set Register 2 CRADRI2 00h
035Ch
035Dh
035Eh
035Fh
0360h Pull-Up Control Register 0 PURO 00h
0361h Pull-Up Control Register 1 PUR1 0000 0000b ()
0000 0010b
0362h Pull-Up Control Register 2 PUR2 00h
0363h Pull-Up Control Register 3 PUR3 00h
0364h
0365h
0366h Port Control Register PCR 0000 0XX0b
0367h
0368h
0369h NMI/SD Digital Filter Register NMIDF XXXX X000b
036Ah
036Bh
036Ch
036Dh
036Eh
036Fh
Notes: X: Undefined
1. The blank areas are reserved. No access is allowed.
2. Values after hardware reset, power-on reset, or voltage monitor O reset are as follows:

- 00000000b when a low-level signal is input to the CNVSS pin

- 00000010b when a high-level signal is input to the CNVSS pin

Values after voltage monitor 1 reset, voltage monitor 2 reset, software reset, watchdog timer reset, or oscillation stop detection reset are as follows:
- 00000000b when bits PM01 and PMO0O in the PMO register are 00b (single-chip mode).

- 00000010b when bits PMO1 and PMOO in the PMO register are 01b (memory expansion mode) or 11b (microprocessor mode).
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M16C/65 Group 4. Special Function Registers (SFRs)

Table 4.13  SFR Information (13/16) )

Address Register Symbol After Reset
0370h PWM Control Register 0 PWMCONO 00h
0371h
0372h PWMO Prescaler PWMPREO 00h
0373h PWMO Register PWMREGO 00h
0374h PWML1 Prescaler PWMPRE1 00h
0375h PWM1 Register PWMREG1 00h
0376h PWM Control Register 1 PWMCON1 00h
0377h
0378h
0379h
037Ah
037Bh
037Ch Count Source Protection Mode Register CSPR 00h (@
037Dh Watchdog Timer Reset Register WDTR XXh
037Eh Watchdog Timer Start Register WDTS XXh
037Fh Watchdog Timer Control Register WDC 00XX XXXXb
0380h
0381h
0382h
0383h
0384h
0385h
0386h
0387h
0388h
0389h
038Ah
038Bh
038Ch
038Dh
038Eh
038Fh
0390h DMAZ2 Source Select Register DM2SL 00h
0391h
0392h DMA3 Source Select Register DM3SL 00h
0393h
0394h
0395h
0396h
0397h
0398h DMAO Source Select Register DMOSL 00h
0399h
039Ah DMAL1 Source Select Register DM1SL 00h
039Bh
039Ch
039Dh
039Eh
039Fh

Notes: X: Undefined
1. The blank areas are reserved. No access is allowed.
2. When the CSPROINT bit in the OFS1 address is 0, value after reset is 10000000b
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Table 4.14  SFR Information (14/16) )

Address Register Symbol After Reset
03A0h
03A1h
03A2h Open-Circuit Detection Assist Function Register AINRST XX00 0000b
03A3h
03A4h
03A5h
03A6h
03A7h
03A8h
03A%h
03AAh
03ABh
03ACh
03ADh
03AEh
03AFh
03BOh
03B1h
03B2h
03B3h
03B4h SFR Snoop Address Register CRCSAR XXXX XXXXb
03B5h 00XX XXXXb
03B6h CRC Mode Register CRCMR OXXX XXXO0b
03B7h
03B8h
03B9h
03BAh
03BBh
03BCh CRC Data Register CRCD XXh
03BDh XXh
03BEh CRC Input Register CRCIN XXh
03BFh
03CO0h A/D Register 0 ADO XXXX XXXXb
03C1h 0000 00XXb
03C2h A/D Register 1 AD1 XXXX XXXXb
03C3h 0000 00XXb
03C4h AID Register 2 AD2 XXXX XXXXb
03C5h 0000 00XXb
03C6h A/D Register 3 AD3 XXXX XXXXb
03C7h 0000 00XXb
03C8h A/D Register 4 AD4 XXXX XXXXb
03C9%h 0000 00XXb
03CAh A/D Register 5 AD5 XXXX XXXXb
03CBh 0000 00XXb
03CCh A/D Register 6 AD6 XXXX XXXXb
03CDh 0000 00XXb
03CEh A/D Register 7 AD7 XXXX XXXXb
03CFh 0000 00XXb
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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Table 4.15  SFR Information (15/16) ()

Address Register Symbol After Reset
03DO0h
03D1h
03D2h
03D3h
03D4h A/D Control Register 2 ADCON2 0000 X00Xb
03D5h
03D6h A/D Control Register 0 ADCONO 0000 0XXXb
03D7h A/D Control Register 1 ADCON1 0000 X000b
03D8h D/AO Register DAO 00h
03D%h
03DAh D/Al Register DAl 00h
03DBh
03DCh D/A Control Register DACON 00h
03DDh
03DEh
03DFh
03EOh Port PO Register PO XXh
03E1h Port P1 Register P1 XXh
03E2h Port PO Direction Register PDO 00h
03E3h Port P1 Direction Register PD1 00h
03E4h Port P2 Register P2 XXh
03E5h Port P3 Register P3 XXh
03E6h Port P2 Direction Register PD2 00h
03E7h Port P3 Direction Register PD3 00h
03E8h Port P4 Register P4 XXh
03E9h Port P5 Register P5 XXh
03EAh Port P4 Direction Register PD4 00h
03EBh Port P5 Direction Register PD5 00h
03ECh Port P6 Register P6 XXh
03EDh Port P7 Register P7 XXh
03EEh Port P6 Direction Register PD6 00h
03EFh Port P7 Direction Register PD7 00h
03FOh Port P8 Register P8 XXh
03F1h Port P9 Register P9 XXh
03F2h Port P8 Direction Register PD8 00h
03F3h Port P9 Direction Register PD9 00h
03F4h Port P10 Register P10 XXh
03F5h Port P11 Register P11 XXh
03F6h Port P10 Direction Register PD10 00h
03F7h Port P11 Direction Register PD11 00h
03F8h Port P12 Register P12 XXh
03F9h Port P13 Register P13 XXh
03FAh Port P12 Direction Register PD12 00h
03FBh Port P13 Direction Register PD13 00h
03FCh Port P14 Register P14 XXh
03FDh
03FEh Port P14 Direction Register PD14 XXXX XX00b
03FFh
0400h to
DO7Fh
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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Table 4.16  SFR Information (16/16) ()
Address Register Symbol After Reset
D080h PMCO Header Pattern Set Register (Min) PMCOHDPMIN 00h
DO081h XXXX X000b
D082h PMCO Header Pattern Set Register (Max) PMCOHDPMAX 00h
D083h XXXX X000b
D084h PMCO Data0O Pattern Set Register (Min) PMCODOPMIN 00h
D085h PMCO Data0 Pattern Set Register (Max) PMCODOPMAX 00h
D086h PMCO0 Datal Pattern Set Register (Min) PMCOD1PMIN 00h
D087h PMCO Datal Pattern Set Register (Max) PMCOD1PMAX 00h
D088h PMCO Measurements Register PMCOTIM 0000h
D08%h
DO08Ah PMCO0 Counter Value Register PMCOBC 0000h
D08Bh
D08Ch PMCO Receive Data Store Register 0 PMCODATO 00h
D08Dh PMCO Receive Data Store Register 1 PMCODAT1 00h
DO8Eh PMCO Receive Data Store Register 2 PMCODAT2 00h
DO8Fh PMCO Receive Data Store Register 3 PMCODAT3 00h
D090h PMCO Receive Data Store Register 4 PMCODAT4 00h
D091h PMCO Receive Data Store Register 5 PMCODATS 00h
D092h PMCO Receive Bit Count Register PMCORBIT XX00 0000b
D093h
D094h PMC1 Hedder Pattern Set Register (Min) PMC1HDPMIN 00h
D095h XXXX X000b
D096h PMC1 Header Pattern Set Register (Max) PMC1HDPMAX 00h
D097h XXXX X000b
D098h PMC1 Data0O Pattern Set Register (Min) PMC1DOPMIN 00h
D09%h PMC1 DataO Pattern Set Register (Max) PMC1DOPMAX 00h
DO09Ah PMC1 Datal Pattern Set Register (Min) PMC1D1PMIN 00h
D09Bh PMC1 Datal Pattern Set Register (Max) PMC1D1PMAX 00h
DO09Ch PMC1 Measurements Register PMCI1TIM 00h
D09Dh 00h
D09Eh PMC1 Counter Value Register PMC1BC 00h
DO9Fh 00h
Note: X: Undefined

1. The blank areas are reserved. No access is allowed.
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4.2 Notes on SFRs

4.2.1 Register Settings

Table 4.17 lists Registers with Write-Only Bits and registers whose function differs between reading and
writing. Set these registers with immediate values. When establishing the next value by altering the
existing value, write the existing value to the RAM as well as to the register. Transfer the next value to
the register after making changes in the RAM.

Table 4.17  Registers with Write-Only Bits

Register Symbol Address
Watchdog Timer Reset Register WDTR 037Dh
Watchdog Timer Start Register WDTS 037Eh
Timer AO Register TAO 0327h to 0326h
Timer Al Register TAl 0329h to 0328h
Timer A2 Register TA2 032Bh to 032Ah
Timer A3 Register TA3 032Dh to 032Ch
Timer A4 Register TA4 032Fh to 032Eh
Timer Al-1 Register TAll 0303h to 0302h
Timer A2-1 Register TA21 0305h to 0304h
Timer A4-1 Register TA41 0307h to 0306h
Three-Phase Output Buffer Register 0 IDBO XX11 1111b
Three-Phase Output Buffer Register 1 IDB1 XX11 1111b
Dead Time Timer DTT 030Ch
Timer B2 Interrupt Generation Frequency Set Counter |ICTB2 030Dh
UARTO Bit Rate Register UOBRG 0249h
UART1 Bit Rate Register U1BRG 0259h
UART?2 Bit Rate Register U2BRG 0269h
UARTS Bit Rate Register USBRG 0289h
UART6 Bit Rate Register U6BRG 0299h
UARTY Bit Rate Register U7BRG 02A%h
UARTO Transmit Buffer Register uoTB 024Bh to 024Ah
UART1 Transmit Buffer Register uiTB 025Bh to 025Ah
UART2 Transmit Buffer Register U2TB 026Bh to 026Ah
UARTS Transmit Buffer Register US5TB 028Bh to 028Ah
UART®6 Transmit Buffer Register UeTB 029Bh to 029Ah
UART7 Transmit Buffer Register u7TB 02ABh to 02AAh
SI/O3 Bit Rate Register S3BRG 0273h
SI1/O4 Bit Rate Register S4BRG 0277h
12C0 Control Register 1 S3DO0 02B6h
[2CO0 Status Register 0 S10 02B8h

REJ09B0484-0030 Rev.0.30 Sep 09, 2008 RENESAS
Page 54 of 791



Under development  Preliminary Specification
This is a preliminary specification and is subject to change.

M16C/65 Group 5. Protection

5. Protection

51 Introduction
In the event that a program runs out of control, this function protects the important registers listed below
so that they will not be rewritten easily.

5.2 Register

Table 5.1 Register Structure

Address Register Name Register Symbol After Reset
000AhN Protect Register PRCR 00h

5.2.1 Protect Register (PRCR)

Protect Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
of folof [T [] prer 000AN 0oh
i T
Bit Symbol Bit Name Function RW

Enable write to registers CM0, CM1,
CM2, PLCO, PCLKR, and FRAO

-1 PRCO Protect bit 0 0 : Write protected RW
1 : Write enabled
Enable write to registers PMO, PM1, PM2,
[ — PRC1  |Protect bit 1 TB2SC, INVCO, and INVC1 RW

0 : Write protected
1 : Write enabled

Enable write to registers PD9, S3C, and S4C
"""" PRC2 |Protect bit 2 0 : Write protected RW
1 : Write enabled

Enable write to registers VCR2, VWCE,
VDILS, VWOC, VWI1C, and VW2C

e PRC3 |Protect bit 3 0 Write protected RW
1 : Write enabled
L S S (b5-ba) Reserved bits Setto 0 RW

Enable write to the PRG2C register
Loomommmmmmee e PRC6 |Protect bit 6 0 : Write protected RW
1 : Write enabled

___________________ (b7) Reserved bit Setto O RW

REJ09B0484-0030 Rev.0.30 Sep 09, 2008 RENESAS
Page 55 of 791



Under development  Preliminary Specification
This is a preliminary specification and is subject to change.

M16C/65 Group 5. Protection

PRC6, PRC3, PRC1, PRCO (Protect Bits 6, 3, 1, 0) (b6, b3, b1, b0)
When setting bits PRC6, PRC3, PRC1, and PRCO to 1 (write enabled) by a program, the bits remain 1
(write enabled). To change registers protected by these bits, follow the procedures below:

(1) Setthe PRCi (i=0, 1, 3,6) to 1.

(2) Write to the register protected by the PRCi bit.

(3) Set the PRCi bit to 0 (write protected).

PRC2 (Protect Bit 2) (b2)
After setting the PRC2 bit to 1 (write enabled), by writing to a given SFR, the PRC2 bit becomes 0.
Change the registers protected by the PRC2 bit in the next instruction after setting the PRC2 bit to 1.
The procedure is shown below. Make sure there are no interrupts or DMA transfers between procedure
1and 2.

(1) Set the PRC2 bit to 1.

(2) write to the register protected by the PRC2 bit.
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53 Notes on Protection

After setting the PRC2 bit to 1 (write enabled), by writing to a given SFR, the PRC2 bit becomes 0.
Change the registers protected by the PRC2 bit in the next instruction after setting the PRC2 bit to 1.

Make sure there are no interrupts or DMA transfers between the instruction that sets the PRC2 bitto 1
and the next instruction.
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M16C/65 Group

6. Resets

6.

6.1

Table 6.1

Resets

Introduction

The following resets can be used to reset the MCU: hardware reset, power-on reset, voltage monitor 0
reset, voltage monitor 1 reset, voltage monitor 2 reset, oscillation stop detection reset, watchdog timer reset,
and software reset.
Table 6.1 lists the Types of Resets, Figure 6.1 shows the Reset Circuit Block Diagram, and Table 6.2 lists
the I/O Pins.

Types of Resets

Reset N

ame

Trigger

Hardware reset

A low-level signal is applied to the RESET pin.

Power-on reset

The rise of the voltage on VCC1

Voltage monitor O reset

The drop of the voltage on VCC1 (reference voltage: Vdet0)

Voltage monitor 1 reset

The drop of the voltage on VCC1 (reference voltage: Vdetl)

Voltage monitor 2 reset

The drop of the voltage on VCC1 (reference voltage: Vdet2)

Oscillation stop detection reset

The main clock oscillator stop is detected.

Watchdog timer reset

Watchdog timer underflows.

Software reset

Setting the PMO03 bit in the PMO register to 1

Hardware reset

oSFR

"VCR1 register
VCR2 register
VWOC register

VCC1

Power-on reset
circuit

VWCE register
Bits VW1C2 and VW1C3
in the VWI1C register

Power-on reset

Bits VW2C2 and VW2C3

Voltage
detection circuit

Voltage monitor 0 resetl

in the VW2C register
Bits PM00 and PMO01
in the PMO register

Voltage monitor 1 reset

*M
X 1
Voltage monitor 2 reset

Watchdog timer

SFR

(Bits CM20, CM21, and CM27

)

CPU

in the CM2 register

Watchdog timer reset L
o? ]
® /
)

Software reset

Pins, CPU, or SFR not listed above

XIN O—

Oscillation stop/
re-oscillation
detection circuit

Oscillation stop reset

This diagram shows that reset signals are output to SFRs.
Refer to 4. SFR for values after reset.

Figure 6.1  Reset Circuit Block Diagram
Table 6.2 I/O Pins
1/0 Pin I/0 Type Function
RESET Input Hardware reset input
VCC1 Input Power input. The power-on reset, voltage monitor O reset, voltage monitor
1 reset, and voltage monitor 2 reset are generated by monitoring VCCL1.
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Table 6.2 I/O Pins
1/0 Pin I/O Type Function
XIN Input Main clock input. The oscillation stop detection reset is generated by
monitoring the main clock.

6.2 Registers

Refer to 7. “Voltage Detector” for registers used for the voltage monitor O reset, voltage monitor 1 reset,
and voltage monitor 2 reset. Refer to 15. “Watchdog Timer” for registers used for the watchdog timer
reset. Refer to 8.7 “Oscillation Stop/Re-Oscillation Detect Function” for registers used for oscillation stop
detection reset.

Table 6.3 Register Structure
Address Register Name Register Symbol After Reset

0004h Processor Mode Register 0 PMO 0000 0000b
(CNVSS pin is low)
0000 0011b
(CNVSS pin is high)

0018h Reset Source Determine Register RSTFR XX00 001Xb (hardware reset) (1)

Note:

1. When not using the cold start-up/warm start-up discrimination flag in hardware reset.
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6.2.1 Processor Mode Register 0 (PMO)

b7 b6 b5 b4 b3 b2 bl b0

Processor Mode Register 0

B B R Symbol Address After Reset
1 1
! E P i i i PMO 0004h 0000 0000b (CNVSS pin is held low)
P 0000 0011b (CNVSS pin is held high)
1 ] ' 1
[ T T A T
[ T T T T
P } 11 |Bit Symbol Bit Name Function RW
1 ]
[ T T T T
R
R I B S T bl b0 . RW
I H 0 0: Single-chip mode
A I B Processor mode bit 0 1:Memory expansion mode
br i ! 1 0:Do notset
Lo E E i1 t---| PMO1 1 1:Microprocessor mode RW
1 !
[ B
EEEE 0: RD, BFE, WR
] ) P - RU, s

o R I — PM02  [R/W mode select bit 1. RD. WRH, WRL RwW
1 ] ] ] 1
1 ] ] ] 1
1 ] ] ] 1
[ : ! . . .
i E i i :~ ________ PMO3 Software reset bit Setting this bit to 1 resets the MCU. RW
Py Read as 0.

]
P
T N bS b4
i ' i PMO04 0  0:Multiplexed bus is unused RW
! E ! Multiplexed bus space select (separate bus in the entire CS space)
o bit 0 1:Allocated to CS2 space
I PMO5 1 ‘1) 32::0‘33:93:0551 spase RW
i : Allocated to the entire CS space
1 ]
1 ]
1 ]
1 ] .
(] Port P4_0 to P4_3 function 0 : Address output
i """""""" PMO6 | select bit 1 : Port function (address is not output) RW
1
1
i 0 : BCLK is output
S PM07 |BCLK output disable bit 1: BCLK is not output RW

(pin is left in high-impedance)

Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
The software reset, watchdog timer reset, oscillation stop detection reset, voltage monitor 1 reset, and
voltage monitor 2 reset have no effect on bits PM01 to PMOO.

PMO03 (Software Reset Bit) (b3)
The software reset is generated by setting the PMO03 bit to 1.
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6.2.2 Reset Source Determine Register (RSTFR)
Reset Source Determine Register
b7 b6 b5 b4 b3 b2 bl b0
Pl symool Address After Reset
Py E i E i i RSTFR 0018h See Table 6.4
A A
b E i i ! 1 1| Bit Symbol Bit Name Function RW
A R
P o Cold start-u :
i 1 -up/warm start-up 0 : Cold start
i i i P CWR | discrimination flag 1: Warm start RW
! oy
b .
E i E E i E - HWR Hardware reset detection flag 2 . gg:ggé%ﬁed RO
[ T I T ’
Coroa b
| 1 [ .
i i E E i I SWR |Software reset detection flag (1) ; gg:edgte%cted RO
1 ] ] 1 1
1 1 ] 1 1
R Watchdog timer reset detection |0 : Not detected
i i i i REbRtby WDR flag 9 1 : Detected RO
1 ] ] 1
1 ] ] 1
P! Voltage monitor 1 reset 0 : Not detected
i i E R LVDIR detection flag 1: Detected RO
1 1 ]
1 1 ]
[ Voltage monitor 2 reset 0 : Not detected
i i LVD2R | jetection flag 1 : Detected RO
1 1
1 ]
(i Oscillation stop detection reset |0 : Not detected
i ---------------- OSDR detection flag 1 : Detected RW
1
i __________________ — Reserved bit If necessary, set to 0. Read as undefined RW
(b7) value.
Table 6.4 Bit Values in the RSTFR Register after Reset
Reset Bits in the RSTFR Register
ese
OSDR LVD2R | LVDI1R WDR SWR HWR CWR
Hardware reset No change 0 0 0 0 1 No change
Power-on reset 0 0 0 0 0 0 0
Voltage monitor O reset 0 0 0 0 0 0 0
Voltage monitor 1 reset 0 0 1 0 0 0 No change
Voltage monitor 2 reset 0 1 0 0 0 0 No change
Oscillation sto
. P 1 0 0 0 0 0 | Nochange
detection reset
Watchdog timer reset 0 0 0 1 0 No change
Software reset 0 0 0 1 0 No change
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CWR (Cold Start-Up/Warm Start-Up Discrimination Flag) (b0)
Condition to become 0:

* Power-on

* Power-on reset, voltage monitor O reset
Condition to become 1:

*Writing 1 to the CWR bit

OSDR (Oscillation Stop Detection Reset Detection Flag) (b6)
This bit becomes 0 by writing a 0 by a program. Writing a 1 has no effect.
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6.3

Optional Function Select Area

In the optional function select area, the MCU state after reset and the function to prevent rewrite in parallel
I/O mode are selected.
The optional function select area is not an SFR, and therefore cannot be rewritten by a program. Set a
proper value when writing a program in flash memory. The entire optional function select area becomes
FFh when the block including the optional function select area is erased.

6.3.1

Optional Function Select Address 1 (OFS1)

b7 b6 b5 b4 b3 b2 bl b0
1]

Optional Function Select Address 1

Symbol Address Factory Setting
OFS1 FFFFFh FFh
Bit Symbol Bit Name Function RW
0 : Watchdog timer starts automatically
WDTON |Watchdog timer start select bit after reset. o RW
9 1: Watchdog timer is in a stopped state
after reset.
(b1) Reserved bit Setto 1. RW
. 0 : ROM code protection cancelled.
ROMCR |ROM code protect cancel bit 1 - ROMGP1 bit enabled. RW
. 0 : ROM code protection enabled.
ROMCP1 |ROM code protect bit 1: ROM code protection disabled. RW
(b4) Reserved bit Setto 1. RW
. 0:2.85V (Vdet0_2)
VDSEL1 |VdetO select bit 1 1:1.90 V (Vdet0 0) RW
0 : Voltage monitor O reset enabled
Voltage detection 0 circuit after hardware reset.
LVDAS start bit 1 : Voltage monitor O reset disabled RW
after hardware reset.
f 0 : Count source protection mode
After-reset count source enabled after reset.
CSPROINI protection mode select bit 1 : Count source protection mode RW
disabled after reset.

WDTON (Watchdog Timer Start Select Bit) (b0)

CSPROINI (After-Reset Count Source Protection Mode Select Bit) (b7)

These bits select the state of watchdog timer after reset.
Set the WDTON bit to 0 (watchdog timer starts automatically after reset) when setting the CSPROINI bit
to 0 (count source protection mode enabled after reset).
Refer to 15. “Watchdog Timer” for details of the watchdog timer and count source protection mode.
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ROMCR (ROM Code Protect Cancel Bit) (b2)
ROMCP1 (ROM Code Protect Bit) (b3)

This bit prevents reading and changing of flash memory in parallel I/O mode.

Table 6.5 ROM Code Protection

Bit Setting .
- ROM Code Protection
ROMCR bit ROMCP1

0 0
Cancelled

0 1

1 0 Enabled

1 1 Cancelled

VDSEL1 (VdetO Select Bit 1) (b5)

Set the VDSEL1 bit to 0 (VdetO is 2.85 V) when using power-on reset or voltage monitor 0 reset. Refer
to 6.4.10 “Cold Start-Up/Warm Start-Up Discrimination”.

LVDAS (Voltage Detection 0 Circuit Start Bit) (b6)
Set the LVDAS bit to 0 (voltage monitor O reset enabled after hardware reset) when using power-on

reset.
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6.4 Operations

6.4.1

Status After Reset

The status of SFRs after reset depends on the reset type. Refer to values after reset in 4. “Special
Function Registers (SFRs)". Table 6.6 lists Pin Status When RESET Pin Level is Low, Figure 6.2 shows
CPU Register Status after Reset, and Figure 6.3 shows Reset Sequence.

Table 6.6 Pin Status When RESET Pin Level is Low
Status (1)
Pin Single-Chip Microprocessor Mode (CNVSS = VCC1, P5_5 = high) Boot Mode
Name Mode _ _ (CNVSS = VCCl1,
(CNVSS = VSS) BYTE = VSS BYTE = VCC1 P55 = low)
PO Input port Data input Data input Input port
P1 Input port Data input Input port Input port
P2, P3, |Input port Address output (undefined) | Address output (undefined) |Input port
P4 _0to
P4 3
P4 4 Input port CS0 output CSO0 output Input port
(High level is output) (High level is output)
P4 _5to |Input port Input port (pulled high) Input port (pulled high) Input port
P4 7
P5 0 |Input port WR output WR output CE input @
(High level is output) (High level is output)
P51 Input port BHE output (undefined) BHE output (undefined) Input port
P5 2 |Input port RD output RD output Input port
(High level is output) (High level is output)
P5 3 Input port BCLK output BCLK output Input port
P5 4 Input port HLDA output HLDA output Input port
(The output value depends | (The output value depends
on the input to the HOLD pin) | on the input to the HOLD
pin)
P55 Input port HOLD input () HOLD input (2 EPM input (3
P5 6 Input port ALE output ALE output Input port
(Low level is output) (Low level is output)
P5 7 Input port RDY input RDY input Input port
P6, P7, |Input port Input port Input port Input port
P8, P9,
P10
Notes:
1. These two columns show the valid pin state when the internal power supply voltage has stabilized
after power on. The pin state is undefined until the internal power supply voltage stabilizes.
2. Input a high-level signal.
3. Input a low-level signal.
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b19

b15 bo

0000h
0000h
0000h
0000h
0000h
0000h
0000h

b0

00000h

Content of addresses FFFFEh to FFFFCh

b15 bo
0000h

0000h
0000h

b15 b0

b8 b7 bol

Ul OB S Z DZC

Data register (RO)

Data register (R1)

Data register (R2)

Data register (R3)
Address register (A0)
Address register (Al)
Frame base register (FB)

Interrupt table register (INTB)
Program counter (PC)

User stack pointer (USP)
Interrupt stack pointer (ISP)
Static base register (SB)

Flag register (FLG)

Figure 6.2

CPU Register Status after Reset
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VCC1, VCC2

XIN

Microprocessor mode
BYTE = high

RESET

BCLK

Address

SO

td(P-R)| More than f(OCOS)

BCLK

(fOCO-S divided by 8 x 48)

48 cycles

L UL

gigigigigigipipiph

X Content of

FFFFCh x FFFFDh X roaat vBotOr

FFFFEh

) I B

Microprocessor mode

—

BYTE = low
Content of

Address FFFFCh X FFFFEh Xreggtece(gorx
RD [ ]
WR
CSO )(

Single-chip

mode FFFFCh Content of reset vector
Address | Frrren
Figure 6.3 Reset Sequence
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6.4.2 Hardware Reset
This reset is triggered by the RESET pin. If the power

supply voltage meets the recommended

operating conditions, the MCU resets the pins, CPU, and SFRs when a low-level signal is applied to the

RESET pin.

When the signal applied to the RESET pin changes from low to high, the MCU executes the program at
the address indicated by the reset vector. The fOCO-S divided by 8 is automatically selected as the

CPU clock after reset.

The HWR bit in the RSTFR register becomes 1 (hardware reset detected) after hardware reset. Refer
to 4. “Special Function Registers (SFRs)” for the rest of the SFR states after reset.
The internal RAM is not reset. When a low-level signal is applied to the RESET pin while writing data to

the internal RAM, the internal RAM is in an undefined state.

The procedures for generating a hardware reset are as follows:

When Power Supply is Stable
(1) Apply a low-level signal to the RESET pin.
(2) Wait for f(OCOS).
(3) Apply a high-level signal to the RESET pin.
When Power is Turned on
(4) Apply a low-level signal to the RESET pin.

(5) Raise the power supply voltage to the recommended operating level.

(6) Wait for td(P-R) until the internal voltage stabilizes.
(7) Wait for f(OCOS).
(8) Apply a high-level signal to the RESET pin.

Figure 6.4 shows an Example Reset Circuit.

0.2 VCC1 or below

1

1

Recommended :

operating i

VCCL \oltage ]

ov E

RESET VCC1 i
0—/\/\/\/—b E
? RESET i

0—”— 1
1

1

1

—» 14— td(P-R) + f(OCOS) or above
Note :
1. If VCC1 > VCC2, make sure that the VCC2 voltage is lower than that of VCC1 when the power is turned
on or off.
Figure 6.4 Example Reset Circuit
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6.4.3 Power-On Reset Function

When the RESET pin is connected to the VCCL1 pin via a pull-up resistor, and the VCC1 pin voltage
level rises while the rise gradient is trth or more, the power-on reset function is enabled and the MCU
resets its pins, CPU, and SFRs. Also, when a capacitor is connected to the RESET pin, always keep
the voltage to the RESET pin 0.8 VCC or more.

When the input voltage to the VCC1 pin reaches the VdetO level or above, the fOCO-S starts counting.
When the fOCO-S count reaches 32, the internal reset signal is held high and the MCU executes the
program at the address indicated by the reset vector. The fOCO-S divided by 8 is automatically
selected as the CPU clock after reset.

The CWR bit in the RSTFR register becomes 0 (cold start-up) after power-on reset. Refer to 4. “Special
Function Registers (SFRs)” for the remaining SFR states after reset.

The internal RAM is not reset.

Use the voltage monitor 0 reset together with the power-on reset. Set the LVDAS bit in the OFS1
address to 0 (voltage monitor O reset enabled after hardware reset) to use the power-on reset. In this
case, the voltage monitor O reset is enabled (the VWOCO bit and bit 6 in the VWOC register are 1 and
the VC25 bit in the VCR2 register is 1). Do not set these bits to 0 by a program.

Refer to 7. “Voltage Detector” for details of the voltage monitor O reset.

Figure 6.5 shows Example of Power-On Reset Circuit and Operation.

VCC
4.7 kQ
(reference)
RESET
Vdeto . ew
trth
External trth
power Vcc
—Vpor2
Vpor1 <>
] Sampling clock
< eorD) of digital filter % 4 cycles
Internal
reset signal
(low active) <> <«—>
1 a3 1 =
foco-s foco-s
«< . » < _ »
Power-on reset function Voltage monitor O reset

Figure 6.5  Example of Power-On Reset Circuit and Operation
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6.4.4 Voltage Monitor O Reset

This reset is triggered by the MCU's on-chip voltage detection O circuit. The voltage detection O circuit
monitors the voltage applied to the VCCL1 pin (VdetO0).

The MCU resets the pins, CPU, and SFRs when the voltage applied to the VCC1 pin drops to VdetO or
below.

Then, the fOCO-S starts counting when the voltage applied to the VCC1 pin rises to VdetO or above.
The internal reset signal becomes high after 32 cycles of the fOCO-S, and then the MCU executes the
program at the address indicated by the reset vector. The fOCO-S divided by 8 is automatically
selected as the CPU clock after reset.

The CWR bit in the RSTFR register becomes 0 (cold start-up) after voltage monitor O reset. Refer to 4.
“Special Function Registers (SFRs)” for the remaining SFR states after reset.

The internal RAM is not reset. When the voltage applied to the VCCL1 pin drops to VdetO or below while
writing data to the internal RAM, the internal RAM is in an undefined state.

Refer to 7. “Voltage Detector” for details of the voltage monitor O reset.

6.4.5 Voltage Monitor 1 Reset

This reset is triggered by the MCU's on-chip voltage detection 1 circuit. The voltage detection 1 circuit
monitors the voltage applied to the VCCL1 pin (Vdetl).

When the VW1C6 bit in the VW1C register is 1 (voltage monitor 1 reset when Vdetl passage is
detected), the MCU resets the pins, CPU, and SFRs when the voltage applied to the VCC1 pin drops to
Vdetl or below. Then, after the set amount of time, the MCU executes the program at the address
indicated by the reset vector. The fOCO-S divided by 8 is automatically selected as the CPU clock after
reset.

The LVDI1R bit in the RSTFR register becomes 1 (voltage monitor 1 reset detected) after voltage
monitor 1 reset. Some SFRs are not reset at voltage monitor 1 reset. Refer to 4. “Special Function
Registers (SFRs)” for details. The processor mode remains unchanged since bits PM01 to PMO0O in the
PMO register are not reset.

The internal RAM is not reset.

Refer to 7. “Voltage Detector” for details of the voltage monitor 1 reset.
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6.4.6 Voltage Monitor 2 Reset

This reset is triggered by the MCU's on-chip voltage detection 2 circuit. The voltage detection 2 circuit
monitors the voltage applied to the VCC1 pin (Vdet2).

When the VW2C6 bit in the VW2C register is 1 (voltage monitor 2 reset when Vdet2 passage is
detected), the MCU resets the pins, CPU, and SFRs when the voltage applied to the VCC1 pin drops to
Vdet2 or below. Then, after the set amount of time, the MCU executes the program at the address
indicated by the reset vector. The fOCO-S divided by 8 is automatically selected as the CPU clock after
reset.

The LVD2R bit in the RSTFR register becomes 1 (voltage monitor 2 reset detected) after voltage
monitor 2 reset. Some SFRs are not reset at voltage monitor 2 reset. Refer to 4. “Special Function
Registers (SFRs)” for details. The processor mode remains unchanged since bits PMO0O1 to PMO0O in the
PMO register are not reset.

The internal RAM is not reset.

Refer to 7. “Voltage Detector” for details of the voltage monitor 2 reset.

6.4.7 Oscillation Stop Detection Reset

The MCU resets and stops the pins, CPU, and SFRs when the CM27 bit in the CM2 register is 0 (reset
when oscillation stop detected), if it detects that the main clock oscillator has stopped.

The OSDR bit in the RSTFR register becomes 1 (oscillation stop detection reset detected).

Some SFRs are not reset at oscillation stop detection reset. Refer to 4. “Special Function Registers
(SFRs)” for details. The processor mode remains unchanged since bits PM01 to PMOO in the PMO
register are not reset.

The internal RAM is not reset. When the main clock oscillation stop is detected while writing data to the
internal RAM, the internal RAM is in an undefined state.

Oscillation stop detection reset is canceled by hardware reset or voltage monitor O reset.

Refer to 8.7 “Oscillation Stop/Re-Oscillation Detect Function” for details.
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6.4.8 Watchdog Timer Reset

The MCU resets the pins, CPU, and SFRs when the PM12 bit in the PM1 register is 1 (reset when
watchdog timer underflows) and the watchdog timer underflows. Then the MCU executes the program
at the address determined by the reset vector. The fOCO-S divided by 8 is automatically selected as
the CPU clock after reset.

The WDR bit in the RSTFR register becomes 1 (watchdog timer reset detected). Some SFRs are not
reset at watchdog timer reset. Refer to 4. “Special Function Registers (SFRs)” for details. The
processor mode remains unchanged since bits PM01 to PMO0O in the PMO register are not reset.

The internal RAM is not reset. When the watchdog timer underflows while writing data to the internal
RAM, the internal RAM is in an undefined state.

Refer to 15. “Watchdog Timer” for details.

6.4.9 Software Reset

The MCU resets the pins, CPU, and SFRs when the PMO03 bit in the PMO register is 1 (MCU reset).
Then the MCU executes the program at the address determined by the reset vector. The fOCO-S
divided by 8 is automatically selected as the CPU clock after reset.

The SWR bit in the RSTFR register becomes 1 (software reset detected). Some SFRs are not reset at
software reset. Refer to 4. “Special Function Registers (SFRs)” for details. The processor mode
remains unchanged since bits PM01 to PMO0O in the PMO register are not reset.

The internal RAM is not reset.
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6.4.10 Cold Start-Up/Warm Start-Up Discrimination

The cold start-up/warm start-up discrimination detects whether or not voltage applied to the VCC1 pin
drops to the RAM hold voltage or below. The reference voltage is Vdet0. Therefore, the voltage monitor
0 reset is used for cold start-up/warm start-up discrimination. Follow Table 7.6 “Steps to Set Voltage
Monitor O Reset Related Bits” to set the bits related to the voltage monitor O reset.
The CWR bit in the RSTFR register is 0 (cold start-up) when power is turned on. The CWR bit also
becomes 0 after power-on reset or voltage monitor 0 reset. The CWR bit becomes 1 (warm start-up) by
writing 1 by a program and remains unchanged at hardware reset, voltage monitor 1 reset, voltage
monitor 2 reset, oscillation stop detection reset, watchdog timer reset, or software reset.
In the cold start-up/warm start-up discrimination, the Vdet0O level can be selected by setting the
VDSELL1 bit in the OFS1 address.
*When power-on reset or voltage monitor O reset is used
Set the VDSEL1 bit to 0 (Vdet0 = 2.85 V (Vdet0_2)).
*When neither power-on reset nor voltage monitor O reset is used as the user system
Set the VDSELL1 bit to 1 (Vdet0 = 1.90 V (Vdet0_0)). In this case, voltage monitor O reset and its
cancellation are based on Vdet0O_0. Therefore, execute hardware reset after the cancellation of
voltage monitor O reset.
Figure 6.6 shows the Cold Start-Up/Warm Start-Up Discrimination Example.

5V
VCC1
Vdet0 ------ / e
0V ------ -
Set to 1 by Set to 1 by
a program a program
CWR bit B I S
. Y Y
Voltage monitor O reset _] |
The above diagram shows an instance in which the digital filter is not used.

Figure 6.6  Cold Start-Up/Warm Start-Up Discrimination Example
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6.5 Notes on Resets

6.5.1 Power Supply Rising Gradient

When supplying power to the MCU, make sure that the power supply voltage applied to the VCC1 pin
meets the SVCC conditions.

Standard
Symbol Parameter - Unit
Min. | Typ. | Max.

Svcc | Power supply rising gradient (Vcci) (Voltage range: 0 to 2) 0.05 Vims

Voltage

SVcc
Power supply rising 2V
gradient (Vcci)

oV

Figure 6.7  Timing of SVcc

6.5.2 Power-On Reset

Use the voltage monitor O reset together with the power-on reset. To use power-on reset, set the
LVDAS bit in the OFS1 address to 0 (voltage monitor O reset enabled after hardware reset). In this
case, the voltage monitor O reset is enabled (the VWOCO bit and bit 6 in the VWOC register are 1, and
the VC25 bit in the VCR2 register is 1) after power-on reset. Do not disable the bits by a program.

6.5.3 OSDR Bit (Oscillation Stop Detection Reset Detection Flag)

When the oscillation stop detection reset is generated, the MCU is reset and then stopped. This state is
canceled by hardware reset or voltage monitor O reset.

Note that the OSDR bit remains unchanged at hardware reset, but is set to 0 (not detected) at voltage
monitor O reset.
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7. \Voltage Detector

7.1 Introduction

The voltage detection circuit monitors the voltage applied to the VCCL1 pin. This circuit can be
programmed to monitor the VCCL1 input voltage. Alternately, voltage monitor O reset, voltage monitor 1
interrupt, voltage monitor 1 reset, voltage monitor 2 interrupt, and voltage monitor 2 reset can also be
used.

Table 7.1 lists the Voltage Detector Specifications and Figure 7.1 shows Voltage Detection Circuit.

Table 7.1 Voltage Detector Specifications

Iltem Voltage Detection 0 Voltage Detection 1 Voltage Detection 2
VCC1 Voltage to monitor |VdetO Vdetl Vdet2
MONIOr  Ipetection target | Whether passing Vdet0  |Whether passing Vdetl | Whether passing Vdet2
by rising or falling by rising or falling by rising or falling
Monitor None VW1C3 bit in VW1C VC13 bit in VCRL1 register
register
Whether VCCL1 is higher |Whether VCC1 is higher
or lower than Vdetl or lower than Vdet2
Process Reset Voltage monitor O reset  |Voltage monitor 1 reset  |Voltage monitor 2 reset
when . Reset at VdetO > VCC1; |Reset atVdetl >VCC1; |ResetatVdet2 >VCC1;
voltage is restart CPU operation at |restart CPU operation restart CPU operation
detected VCC1 > Vdet0 after a specified time after a specified time
Interrupt None Voltage monitor 1 Voltage monitor 2
interrupt interrupt
Interrupt request at Interrupt request at
Vdetl > VCC1 and Vdet2 > VCC1 and
VCC1 > Vdetl when VCC1 > Vdet2 when
digital filter is enabled,; digital filter is enabled,;
interrupt request at interrupt request at
Vdetl > VCC1 or Vdet2 > VCC1 or
VCC1 > Vdetl when VCC1 > Vdet2 when
digital filter is disabled digital filter is disabled
Digital Switch enabled/ Available Available Available
filter disabled
Sampling time (Divide-by-n of fOCO-S) |(Divide-by-n of fOCO-S) |(Divide-by-n of fOCO-S)
x 3 x 3 x 3
nl 24,8 nl1 24,38 nl124,38
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vcel O—e

VC27

Internal
reference
voltage

D_‘Voltage detection 2 signal
——————

2 Vdet2

VC26

VC13 bitin
the VCR1 register

_|:|

Voltage detection 1 signal

2 Vdetl VW1C3 bit in
the VWI1C register
VC25
N Voltage detection 0 signal
2 Vdet0

Figure 7.1

Voltage Detection Circuit
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7.2 Registers

Table 7.2 Register Structure
Address Register Name Register Symbol After Reset
001%9h Voltage Detection 2 Circuit Flag Register VCR1 0000 X000b @
001Ah Voltage Detection Circuit Operation Enable VCR2 000X 0000b @
Register 001X 0000b ()
0026h Voltage Monitor Function Select Register VWCE 00h @
0028h Voltage Detection 1 Level Select Register VDI1LS 0000 1010b 4
002Ah Voltage Monitor O Circuit Control Register VWOC 1100 1X10b @)
1100 1X11b ®)
002Bh Voltage Monitor 1 Circuit Control Register VW1C 1000 XX10b (1)
002Ch Voltage Monitor 2 Circuit Control Register VW2C 1000 0X10b (@)
Notes:
1. Hardware reset, power-on reset, or voltage monitor O reset
2. When the LVDAS bit of address OFS1 is 1 at hardware reset
3. This value shows the value after any of the following resets.
- Voltage monitor O reset
- When the LVDAS bit of address OFS1 is 0 at hardware reset
- Power-on reset
4. Hardware reset, power-on reset, voltage monitor O reset, voltage monitor 1 reset or voltage

monitor 2 reset
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7.2.1 Voltage Detection 2 Circuit Flag Register (VCR1)

b7 b6 b5 b4 b3 b2 bl b0
ofofo]o] [o]o[o]

Voltage Detection 2 Circuit Flag Register

L
g gy g g i

—

Symbol Address After Reset
VCR1 0019h 0000 X000b (hardware reset, power-on
reset, voltage monitor O reset)
Bit Symbol Bit Name Function RW
(b2-b0) Reserved bits Setto 0 RW
. 0:VCC1 < Vdet2
VC13 [Low-voltage monitor flag 1:VCC1 > Vdet2 RO
or voltage detection circuit disabled
(b7-b4) Reserved bits Setto 0 RW

This register does not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillation stop
detection reset, watchdog timer reset, or software reset.

VC13 (Low-Voltage Monitor Flag) (b3)
The VC13 bit is enabled when the VW12E bit in the VWCE register is 1 (voltage detection 1 and 2
circuits enabled) and the VC27 bit in the VCR2 register is 1 (voltage detection 2 circuit enabled).
Condition to become O:
*VCC1 < Vdet 2 (when the VW12E bit is 1 and the VC27 bit is 1)
Condition to become 1:
*VCC1 > Vdet 2 (when the VW12E bit is 1 and the VC27 bit is 1)
* The VC27 bit in the VCR2 register is 0 (voltage detector 2 disabled).
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7.2.2 Voltage Detection Circuit Operation Enable Register (VCR2)

Voltage Detection Circuit Operation Enable Register

b7 b6 b5 b4 b3 b2 bl b0
0]0(0|0 Symbol Address After Reset
000X 0000b M

1 1 1 ) 1 1 ) 1

) ] 1 ) 1 1 [) ]

R R VeRe 001Ah 001X 0000b @
EERREEE

dib bt (Bitsymbol Bit Name Function RW
I T T

N — .

I (b3-b0) Reserved bits Setto 0 RW
R

P _

HE L EEE LS L EEEE (b4) No register bit. If necessary, set to 0. Read as undefined value —
N

[ A . . .

R s VC25 |Voltage detection 0 enable bit 0 : Disable voltage detecpon 0 circuit RW
' 1: Enable voltage detection O circuit

) 1

) 1

vl . . o

I VC26 |Voltage detection 1 enable bit 0 : Disable voltage detecpon 1 circuit RW
' 1: Enable voltage detection 1 circuit

)

[) . . . .

O VC27  |Voltage detection 2 enable bit (1) j E:fﬁf\)’;gg:i;fﬁfﬂn 22(:(:IITI;:Cul1Itt RW

Notes :
1. When the LVDAS bit of address OFS1 is 1 at hardware reset
2. This value shows the value after any of the following resets:
- Voltage monitor O reset
- When the LVDAS bit of address OFSL1 is 0 at hardware reset
- Power-on reset

Write to the VCR2 register after setting the PRC3 bit in the PRCR register to 1 (write enabled).
This register does not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillation stop
detection reset, watchdog timer reset, or software reset.

VC25 (Voltage Detection 0 Enable Bit) (b5)

To use voltage monitor O reset, set the VC25 bit to 1 (voltage detection 0 circuit enabled). After
changing the VC25 bit to 1, the detection circuit starts operating when the td(E-A) elapses.

VC26 (Voltage Detection 1 Enable Bit) (b6)
The voltage detection 1 circuit is enabled when the VW12E bit in the VWCE register is set to 1 (voltage
detection 1 and 2 circuits enabled) and the VC26 bit is set to 1 (voltage detection 1 circuit enabled). Set
bits VW12E and VC26 to 1 under the following conditions:

*When using voltage monitor 1 interrupt/reset

* When using bits VW1C2 and VW1C3 in the VWL1C register
The detection circuit does not start operation until td(E-A) elapses after the VC26 bit is changed from 0 to 1.

VC27 (Voltage Detection 2 Enable Bit) (b7)
The voltage detection 2 circuit is enabled when the VW12E bit in the VWCE register is set to 1 (voltage
detection 1 and 2 circuits enabled) and the VC27 bit is set to 1 (voltage detection 2 circuit enabled). Set
bits VW12E and VC27 to 1 under the following conditions:

*When using voltage monitor 2 interrupt/reset

*When using the VC13 bit in the VCR1 register

*When using the VW2C2 bit in the VW2C register
The detection circuit does not start operation until td(E-A) elapses after the VC27 bit is changed from 0 to 1.
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7.2.3 Voltage Monitor Function Select Register (VWCE)

Voltage Monitor Function Select Register

b7 b6 b5 b4 b3 b2 bl bo
|0 | 0 | 0 | 0 | 0 | 0 | o| | Symbol Address After Reset
HEH 0026h 00h (hardware reset,

power-on reset, voltage monitor O reset,
voltage monitor 1 reset, voltage monitor 2 reset)

] ]
1 1 ] ) ) ] ]
1 ] ] ) ) ] ]
1 ] ] ) ) ] ]
1 ] ] ) ) ] ]
1 ] ] ) ) ] ]
I I I R : . _
A R Bit Symbol Bit Name Function RW
1 1 1 ) ) ] ]
1 1 1 ) ) ] ]
[ T T O B B H ; B i I i
[ I T B Voltage detection 1, 2 circuit |0 : Voltage detection 1 and 2 circuits disabled
i i E E i i E | VWIZE enable bit 1 : Voltage detection 1 and 2 circuits enabled RW
RERRES
I S IO S R (b7:)1) Reserved bits Setto 0 RW

Set the PCR3 bit in the PRCR register to 1 (write enabled) before the VWCE register is rewritten.
This register does not change at watchdog timer reset, oscillation stop detection reset, or software
reset.

VW12E Bit

Set the VW12E bit to 1 (enabled) when either or both of bits VC26 and VC27 in the VCR2 register are 1
(enabled).

7.2.4 Voltage Detection 1 Level Select Register (VD1LS)

Voltage Detection 1 Level Select Register

b7 b6 b5 b4 b3 b2 bl b

(; g |05 |(; S b2 bl 0| Symbol Address After Reset
T VDILS 0028h 0000 1010b (Hard_ware reset, power-on re_set, voltage
L monitor O reset, voltage monitor 1 reset,
E E E E E E i E voltage monitor 2 reset)

1 ) ] ] ] ] 1 )

{11111 Bit Symbol Bit Name Function RW
I T T T T A

1 ) ] ] ] ] ] ]

{11 1111 L VvDILSO RW
] ) ] ] ] ] ]

1 ) ] ] ] ] ]

1 ) ] ] ] ] ]

b b3 b2 bl b0

Vrv oy vy Lo vDlLs: RW
I 0 1 1 0:3.09V (Vdetl 6)

A Vdetl Select Bit 1 0 1 1:384V(Vdetl B)

T T R R VD1LS?2 1 1 1 1:4.44V (Vdetl_F) RW
T Do not set values other than the above
G

] ) ] ] ]

(I A VD1LS3 RW
Coro

1 ) ] ]

G — .

R (b7-b4) Reserved bits Setto 0. —

Set the PCR3 bit in the PRCR register to 1 (write enabled) before the VD1LS register is rewritten.

This register does not change at watchdog timer reset, oscillation stop detection reset, or software
reset.

The value of the VD1LS register is affected by the VW12E bit in the VWCE register. Table 7.3 lists
Value of the VD1LS Register. When setting the VW12E bit to 0 and then 1 after setting a value to the
VDLLS register, the setting value to the VDILS register is returned.
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Table 7.3 Value of the VDI1LS Register

VW12E Bit Value of the VD1LS Register
0 0000 1010b
1 Value set in the VD1LS register
(0000 0111b when no value is set in the VD1LS register)

VD1LS3-VD1LSO0 (Vdetl Select Bit) (b3-b0)

To use the voltage detection 1 circuit, set the values shown in the above figure.
When the voltage detection 1 circuit is not used, the values after reset can remain as is.
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7.2.5 Voltage Monitor O Circuit Control Register (VWOC)

Voltage Monitor O Circuit Control Register
b7 b6 b5 b4 b3 b2 bl b0
:!'|:!'| . | i | . |?| . | . | Symbol Address After Reset
[ T T T T R 1100 1X10b @
i i i i i i E i VWO0C 002Ah 1100 1X11b @
(] ] ] ] ] ] (] ]
) ] ] ] ] ] ) ]
i 11 1 1 1 1 1 |BitSymbol Bit Name Function RW
R
1 1 1 1 1 1 1 1 B -
Voo Voltage monitor O reset 0 : Disabled
E E i E i i E VWOCo enable bit 1: Enabled RW
) ] ] ] ] ] )
) ] 1 ] 1 1 )
A Voltage monitor O digital filter |0 : Enable digital filter
HE A R T vwoct disable mode select bit 1 : Disable digital filter RW
) ] ] ] ] 1
) ] ] ] ] 1
) ] ] ] ] 1
Voo — . Set to 0.
P T (b2)  |Reserved bit Read as undefined value RW
EERE
HE R R L PP (@) Reserved bit Read as undefined value RO
) ] ] ]
A
R b5 b4
e VWOF0 0 0:fOCO-S divided by 1
HE Sampling clock select bit 0 1:fOCO-S divided by 2 RW
N 1 0:fOCO-S divided by 4
T P VWOF1 -
v 1 1:fOCO-S divided by 8
b
[ —_ .
bl (b7-b6) Reserved bits Setto 1 RW
Notes :
1. When the LVDAS bit of address OFS1 is 1 at hardware reset
2. This value shows the value after any of the following resets:
- Voltage monitor O reset
- When the LVDAS bit of address OFSL1 is 0 at hardware reset
- Power-on reset

Set the PRC3 hit in the PRCR register to 1 (write enabled) before writing to the VWOC register.
This register does not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillation stop
detection reset, watchdog timer reset, or software reset.

VWOCO (Voltage Monitor 0 Reset Enable Bit) (b0)

The VWOCO bit is enabled when the VC25 bit in the VCR2 register is 1 (voltage detection 0 circuit
enabled). Set the VWOCO bit to 0 (disabled) when the VC25 bit is 0 (voltage detection O circuit
disabled).
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7.2.6 Voltage Monitor 1 Circuit Control Register (VW1C)

Voltage Monitor 1 Circuit Control Register
b7|b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
R B T VW1C 002Bh 1000 XX10b(hardware reset,
E i i i E E E E power-on reset,
I B I voltage monitor O reset)
] ] ] [} ] ] (]
P11 b1 |Bit Symbol Bit Name Function RW
EEE R
] ] 1 [ | ] ] [) . . .
A Voltage monitor 1 interrupt/ |0 : Disabled
i i i i E E i VW1co reset enable bit 1: Enabled RW
] ] 1 [} ] ]
] ] 1 [ | ] ]
A Voltage monitor 1 digital filter |0 : Enable digital filter
] ] 1 [ | ] ]
T T R S Mttt VWicl disable mode select bit 1 : Disable digital filter RW
] ] ] [} ]
] ] 1 [} ]
] ] 1 [} ] .
A Voltage change detection 0 : Not detected
E E i i E VWIC2 flag 1: Vdetl passage detected RW
] ] 1 [ |
] ] 1 [ |
[ . : 0:VCC1 < Vdetl
b e vwicg | votage detection 1signal 1 : yecy > vty RO
oo 9 or voltage detection 1 circuit disabled
] ] 1 1
] 1 1 1
b b5 b4
1 1 1 1
bl Remeeeeee VWIFO 0 0:fOCO-S divided by 1
E E E Sampling clock select bit 0 1:fOCO-S divided by 2 RW
[ 1 0:fOCO-S divided by 4
B VW1F1 o
E E 1 1:fOCO-S divided by 8
] ]
] ]
N VWIC6 Voltage monitor 1 circuit 0 : Voltage monitor 1 interrupt at Vdetl passage RW
E """""""" mode select bit 1: Voltage monitor 1 reset at Vdet1 passage
]
, Voltage monitor 1 interrupt/
H . S 0 : When VCC1 reaches Vdetl or above
]
""""""""" vwic? ;e;gétg;?eratlon condition 1: When VCC1 reaches Vdetl or below RW

Set the PRC3 bit in the PRCR register to 1 (write enabled) before writing to the VWL1C register.
The VW1C2 bit may become 1 when the VW1C register is rewritten. Therefore, set the VW1C2 bit to 0
after rewriting the VW1C register.

VW1CO (Voltage Monitor 1 Interrupt/Reset Enable Bit) (b0)

The VW1CO bit is enabled when the VW12E bit in the VWCE register is 1 (voltage detection 1 and 2
circuits enabled) and the VC26 bit in the VCR2 register is 1 (voltage detection 1 circuit enabled). Set
the VW1CO bit to 0 (disabled) when the VC26 bit is 0 (voltage detection 1 circuit disabled).

VW1C1 (Voltage Monitor 1 Digital Filter Disable Mode Select Bit) (b1)

After using the voltage monitor 1 interrupt to exit stop mode, to use it again to exit stop mode, set the
VWI1CL1 bit to O first, and then to 1.
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VW1C2 (Voltage Change Detection Flag) (b2)

The VW1C2 bit is enabled when the VC26 bit in the VCR2 register is 1 (voltage detection 1 circuit
enabled). The VW1C2 remains unchanged even if 1 is written by a program.
Condition to become O:
* Writing O by a program
Condition to become 1:

Table 7.4 Conditions Under which the VW1C2 Bit Becomes 1

Bit Setting . . .
Wvicl Tvwice [ vwicy Conditions under Which the VW1C2 Bit Becomes 1
0 Oor1l The VW1C3 bit changes (from 0 to 1 and from 1 to 0).
1 The VW1C3 bit changes from 1 to 0.
1 0 The VW1C3 bit changes from 0 to 1.
1 The VW1C3 bit changes from 1 to 0.
1 1 The VW1C3 bit changes from 1 to 0.
Note:

1. Do not set values not listed above.

VW1C3 (Voltage Detection 1 Signal Monitor Flag) (b3)

The VW1C3 bit is enabled when the VW12E bit in the VWCE register is 1 (voltage detection 1 and 2
circuits enabled) and the VC26 bit in the VCR2 register is 1 (voltage detection 1 circuit enabled).
Condition to become 0:

*VCC1 < Vdetl (when the VW12E bit is 1 and the VC26 bit is 1)
Condition to become 1:

*VCC1 > Vdetl (when the VWI12E bit is 1 and the VC26 bit is 1)

*The VC26 bit in the VCR2 register is 0 (voltage detection 1 circuit disabled).

VW1C6 (Voltage Monitor 1 Circuit Mode Select Bit) (b6)
The VWI1CE6 bit is enabled when the VW1CO bit is 1 (voltage monitor 1 interrupt/reset enabled).

VW1C7 (Voltage Monitor 1 Interrupt/Reset Generation Condition Select Bit) (b7)

The voltage monitor 1 interrupt/reset generation condition can be selected by the VW1C7 bit when the
VW1C6 bit is 0 (voltage monitor 1 interrupt at Vdetl passage) and the VW1C1 bit is 1 (digital filter
disabled).

When the VW1C6 bit is 1 (voltage monitor 1 reset at Vdetl passage), set the VW1C7 bit to 1 (when
VCC1 reaches Vdetl or below). (Do not set the VW1C7 bit to 0.)

When the VW1CL1 bit is 0 (digital filter enabled), regardless of the VW1C7 bit setting, the voltage
monitor 1 interrupt is generated when VCC1 reaches Vdetl or above and also when VCC1 reaches
Vdetl or below.
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1.2.7

Voltage Monitor 2 Circuit Control Register (VW2C)

b7 b6 b5 b4 b3 b2 bl b0

Voltage Monitor 2 Circuit Control Register
Symbol Address After Reset
Vw2C 002Ch 1000 0X10b (hardware reset,
power-on reset,
voltage monitor O reset)
Bit Symbol Bit Name Function RW
Voltage monitor 2 interrupt/ |0 : Disabled
VW2co reset enable bit 1: Enabled RW
Voltage monitor 2 digital filter |0 : Enable digital filter
Vwacl disable mode select bit 1: Disable digital filter RW
Voltage change detection 0 : Not detected
Vw2c2 flag 1: Vdet2 passage detected RW
. 0 : Not detected
VW2C3 | WDT detection flag 1: Watchdog timer underflow detected RW
b5 b4
VW2F0 0 0:fOCO-S divided by 1
Sampling clock select bit 0 1:fOCO-S divided by 2 RW
1 0:fOCO-S divided by 4
VW2F1 1 1:fOCO-S divided by 8
VW2C6 Voltage monitor 2 circuit 0 : Voltage monitor 2 interrupt at VVdet2 passage RW
mode select bit 1 : Voltage monitor 2 reset at VVdet2 passage
Voltage monitor 2 interrupt/
- L 0 : When VCC1 reaches Vdet2 or above
Vw2Cr ;e;g(t:tg;?eratlon condition 1: When VCC1 reaches Vdet2 or below RW

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VW2C register.

When rewriting the VW2C register, the VW2C2 bit may become 1. Set the VW2C2 bit to 0 after
rewriting the VW2C register.
The VW2C3 bit does not change at voltage monitor 1 reset, voltage monitor 2 reset, oscillation stop
detection reset, watchdog timer reset, or software reset.

VW2CO0 (Voltage Monitor 2 Interrupt/Reset Enable Bit) (b0)

The VW2CO bit is enabled when the VW12E bit in the VWCE register is 1 (voltage detection 1 and 2
circuits enabled) and the VC27 bit in the VCR2 register is 1 (voltage detection 2 circuit enabled). Set
the VW2CO bit to 0 (disabled) when the VC27 bit is O (voltage detection 2 circuit disabled).

VW2C1 (Voltage Monitor 2 Digital Filter Disable Mode Select Bit) (b1)

After using the voltage monitor 2 interrupt to exit stop mode, to use it again to exit stop mode, set the
VW?2C1 bit to O first and then to 1.
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VW2C2 (Voltage Change Detection Flag) (b2)

The VW2C2 bit is enabled when the VC27 bit in the VCR2 register is 1 (voltage detection 2 circuit

enabled). The VW2C2 remains unchanged even if 1 is written by a program.

Condition to become O:
* Writing O by a program

Condition to become 1:

Table 7.5 Conditions Under which the VW2C2 Bit Becomes 1
Bit Setting . . .
Wvacl Tvwace [ vwacs Conditions under Which the VW2C2 Bit Becomes 1
0 Oor1l The VW1C3 bit changes (from 0 to 1 and from 1 to 0).
1 The VW1C3 bit changes from 1 to 0.
1 0 The VW1C3 bit changes from 0 to 1.
1 The VW1C3 bit changes from 1 to 0.
1 1 The VW1C3 bit changes from 1 to 0.
Note:

1. Do not set values not listed above.

VW2C6 (Voltage Monitor 2 Circuit Mode Select Bit) (b6)
The VW2CG6 bit is enabled when the VW2CO bit is 1 (voltage monitor 2 interrupt/reset enabled).

VW2C7 (Voltage Monitor 2 Interrupt/Reset Generation Condition Select Bit) (b7)

The voltage monitor 2 interrupt/reset generation condition can be selected by the VW2C7 bit when the
VW2C6 bit is 0 (voltage monitor 2 interrupt at Vdet2 passage) and the VW2C1 bit is 1 (digital filter

disabled).

When the VW2C6 bit is 1 (voltage monitor 2 reset at Vdet2 passage), set the VW2C7 bit to 1 (when
VCC1 reaches Vdet2 or below). (Do not set the VW2C?7 bhit to 0.)

When the VW2CL1 bit is O (digital filter enabled), regardless of the VW2C7 bit setting, the voltage
monitor 2 interrupt is generated when VCC1 reaches Vdet2 or above, and also when VCC2 reaches

Vdetl or below.
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7.3

Optional Function Select Area

In the optional function select area, the MCU state after reset and the function to prevent rewrite in parallel

I/0O mode are selected.

The optional function select area is not an SFR, and therefore cannot be rewritten by a program. Set a
proper value when writing a program in flash memory. The entire optional function select area is set to
FFh when the block including the optional function select area is erased.

7.3.1

Optional Function Select Address (OFS1)

Optional Function Select Address 1
b7 b6 b5 b4 b3 b2 bl bo Symbol Address Factory Setting
[TT J2] T[] OFs1 FFFFFh FFh
CT
NEEEEE
o P i 11 |BitSymbol Bit Name Function RW
1
[ T I I T
[ [ I T A
H E by 0 : Watchdog timer starts automatically
b b . . after reset.
i : ! Do i P WDTON |Watchdog timer start select bit 1 : Watchdog timer is in a stopped state RW
o E A after reset.
[ T I I |
P
[ R T R B T IR - B
A (b1) Reserved bit Setto 1. RW
RERRE
! 1 . .
i i i i E LJ—— ROMCR |ROM code protect cancel bit 2 I;gmég(iebﬁrg;(;céllgg.cancelled. RW
1 1
[ I T |
[ T |
HE I . 0 : ROM code protection enabled.
[ [
b i Pt ROMCP1 |ROM code protect bit 1 : ROM code protection disabled. RW
b
b —
E i E |- (b4) Reserved bit Setto 1. RW
[ 1
[ 1
[ .
R . 0:2.85V (Vdet0_2)
: i ! VDSEL1 |VdetO select bit 1 1:1.90 V (Vdet0 0) RW
]
1 1
i i iace d 0 : Voltage monitor O reset enabled
I Voltage detection O circuit after hardware reset.
e LVDAS start bit 1 : Voltage monitor O reset disabled RW
H after hardware reset.
]
i Aft 0 : Count source protection mode
1 er-reset count source enabled after reset.
e CSPROINI protection mode select bit 1: (épurgtl SCC‘JUI;(t:e protetction mode RW
isabled after reset.

VDSEL1 (Vdet0 Select Bit 1) (b5)

The Vdet0 level used in the voltage detection O circuit is selectable. The voltage detection 0 circuit

operates based on Vdet0.

Set the VDSEL1 bit to 0 (VdetO is 2.85 V) when using power-on reset or voltage monitor O reset. Refer
to 6.4.10 “Cold Start-Up/Warm Start-Up Discrimination”.
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7.4 Operations

7.4.1 Digital Filter

A digital filter can be used to monitor VCC1 input voltage. For the voltage detection i circuit (i = 0 to 2),
the digital filter is enabled when the VWIC1 bit in the VWIC register is set to 0 (digital filter enabled).
The fOCO-S divided by 1, 2, 4, or 8 is selected as a sampling clock. When using the digital filter, set the
CM14 bit in the CM1 register to 0 (125 kHz on-chip oscillator on).

The VCC1 input level is sampled by the digital filter for every sampling clock. When the same sampled
level is detected two times in a row, at the next sampling timing, the internal reset signal goes low or a
voltage monitor i interrupt request is generated. Therefore, when the digital filter is used, the time from
when the VCC1 input voltage level passes Vdeti until when a reset or an interrupt is generated is up to
three cycles of the sampling clock.

Since the fOCO-S stops in stop mode, the digital filter does not function. When using the voltage
detection i circuit to exit stop mode, set the VWIC1 bit in the VWIC register to 1 (digital filter disabled).
Figure 7.2 shows Digital Filter Operation Example.

Up to 3 cycles of the sampling clock Up to 3 cycles of the sampling clock

VCC1 [ I I I

D — I

| | | |

Vdetl } } } }

| | | |

| | | |

| | | |

| | |

| | | |

VW1C3 bit in | | I A A |

the VWI1C register | Y T I

o I | | l

Y v Lo

| [ I |

| |
Sampling timing of *

the digital filter T T T T T T T ? T T T

VW1C2 bit in
the VWI1C register

| ! L
Internal signal | \Set to 0 by a program

(Voltage monitor 1
interrupt request)

The above diagram applies to the following cases:
eThe VW12E bit in the VWCE register is 1 (voltage detection 1 and 2 circuits enabled).
eThe VW1CO bit in the VWL1C register is 1 (voltage monitor 1 interrupt/reset enabled).
eThe VWI1C1 bit in the VWI1C register is 0 (digital filter enabled).
eThe VWI1CS6 bit in the VWL1C register is 0 (voltage monitor 1 interrupt at Vdetl passage).

Figure 7.2  Digital Filter Operation Example
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7.4.2

Voltage Detection 0 Circuit

When the VC25 bit in the VCR2 register is 1 (voltage detection O circuit enabled), the voltage detection
0 circuit monitors the voltage applied to the VCC1 pin and detects whether the voltage passes Vdet0 by
rising or falling. The level of VdetO can be selected by the VDSEL1 bit in the OFS1 address.

Voltage detection O circuit

Voltage monitor O reset generator

VWOF1 to VWOFO

00b

fOCO-S

VCC1
Internal
reference
voltage

VC25

01b

172

1/2 111b

‘&}
10b |,

—o

v

Digital

Voltage detection
0 signal

When the VC25 bit is set to 0
(disabled), the voltage detection 0
signal goes high.

—®

filter

0VWOCl

1 Ko

O

VWO0CO

[

VWOCO to VWOC1, VWOFO to VWOF1: Bits in the VWOC register
VC25: Bit in the VCR2 register

———
Voltage
monitor 0
reset signal

Figure 7.3

Voltage Monitor 0 Reset Generator
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7.4.2.1  Voltage Monitor 0 Reset

When using voltage monitor O reset, set the VDSEL1 bit in the OFS1 address to 0 (VdetO is 2.85 V
(Vdet0_2)).
Table 7.6 lists Steps to Set Voltage Monitor 0 Reset Related Bits.

Table 7.6 Steps to Set Voltage Monitor 0 Reset Related Bits

Step When Using the Digital Filter When Not Using the Digital Filter

Set the CM14 bit in the CM1 register to 0 (125
kHz on-chip oscillator enabled).

1

Wait for digital filter sampling clock x 3 cycles. |- (no wait time)

Set the VC25 bit in the VCR2 register to 1 (voltage detection O circuit enabled).

4 Wait for td(E (E-A).

Use bits VWOFO to VWOF1 in the VWOC Set the VWOCT1 bit in the VWOC register to 1
register to select the digital filter sampling (digital filter disabled), and bits 6 and 7 to 1.

clock. Set the VWOCL1 bit to O (digital filter
enabled), and bits 6 and 7 to 1.

6 Set bit 2 in the VWOC register to 0. Set bit 2 to 0 once again after procedure 4.
Set the VWOCO bit in the VWOC register to 1 (voltage monitor O reset enabled).

When using voltage monitor O reset to exit stop mode, set the VWOC1 bit in the VWOC register to 1
(digital filter disabled).

When voltage monitor O reset is generated, the CWR bit in the RSTFR register is automatically set to
0 (cold start-up). Refer to 6.4.4 “Voltage Monitor 0 Reset” for status after reset.

Figure 7.4 shows Voltage Monitor 0 Reset Operation Example.

vcc1\ ,ﬁ
Vdet0
T\/
I

! 1
Digital filter sampling clock x 3 cycles focos * 32
When the VWOCL1 bit is 0 b (1) b
(digital filter enabled) | |
I
Internal reset signal i !
I I
| 1
| 1foco-s * 32
When the VWOCL bit is 1 I R
(digital filter disabled) : :
Internal reset signal |

VWOC1: Bit in the VWOC register

The above diagram applies under the following conditions.
eThe VC25 bit in the VCR2 register is 1 (voltage detection 0 circuit enabled).
eThe VWOCO bit in the VWOC register is 1 (voltage monitor O reset enabled).

The pins, CPU, and SFRs are initialized when the internal reset signal goes low.
The MCU executes the program at the address indicated by the reset vector when the internal reset signal changes from low to high.
Refer to 4. “SFRs” for the SFR status after reset.

Note:
1. Make sure that VCC1 does not drop to 2.7 V or below during sampling time.

Figure 7.4  Voltage Monitor 0 Reset Operation Example
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7.4.3 Voltage Detection 1 Circuit

When the VW12E bit in the VWCE register is 1 (voltage detection 1 and 2 circuits enabled) and the
VC26 bit in the VCR2 register is 1 (voltage detection 1 circuit enabled), the voltage detection 1 circuit
monitors the voltage applied to the VCC1 pin and detects whether the voltage passes Vdetl by rising or

falling.
Voltage monitor 1 interrupt/reset generator
VW1F1 to VW1F0
00b
01b [ R
10b |,
Voltage detection 1 circuit foco-s 12fe{12fe{12H b L o —‘
VC26
Watchdog timer
ﬁ vwics v interrupt signal
veerTs Digital 0VW1C1 MWLC2 Voltage monitor
Internal v Voltage filter - -
reference” ¥ detection 1 _OO\O_ \ |1 interrupt signal
voltage 1 signal j 4/
- - D Voltage monitor |  Non-maskable
The voltage detection 1 signal 2interrupt signall  interrupt signal
becomes high level when the VC26 VW1C7 .
bit is set to 0 (disabled). Oscillation stop
detection
interrupt signal
VW1C6 —| } -
VW1CO0 L Voltage monitor 1 reset signal
VW1CO0 to VW1C3, VW1F0 to VW1F1, VW1C6 to VW1C?7 : Bits in the VW1C register
VC26 : Bitin the VCR2 register

Figure 7.5  Voltage Monitor 1 Interrupt/Reset Generator

7.4.3.1 Monitoring Vdetl

Set the VW12E bit in the VWCE register to 1 (voltage detection 1 and 2 circuits enabled) and the
VC26 bit in the VCR2 register to 1 (voltage detection 1 circuit enabled). Vdetl can be monitored by
using the VW1C3 bit in the VWI1C register after td(E-A) elapses.
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7.4.3.2  \Voltage Monitor 1 Interrupt and Voltage Monitor 1 Reset
Table 7.7 lists Steps to Set Voltage Monitor 1 Interrupt/Reset Related Bits.

Table 7.7 Steps to Set Voltage Monitor 1 Interrupt/Reset Related Bits
When Using the Digital Filter When Not Using the Digital Filter
Step Voltage Monitor 1 Voltage Monitor 1 Voltage Monitor 1 Voltage Monitor 1
Interrupt Reset Interrupt Reset
1 Set the CM14 bit in the CM1 register to 0 (125 |-
kHz on-chip oscillator on)
2 Wait for digital filter sampling clock x 3 cycles. |- (no wait time)
3 Set the VW12E bit in the VWCE register to 1 (voltage detection 1 and 2 circuits enabled).
4 Set bits VD1LS3 to VD1LSO0 in the VD1LS register to select Vdet1.
5 Set the VC26 bit in the VCR2 register to 1 (voltage detection 1 circuit enabled).
6 Wait for td(E (E-A).
Use bits VW1FO to VW1F1 in the VW1C Use the VW1CY7 bit in the VW1C register to
7 register to select the digital filter sampling select the timing of the interrupt and reset
clock. request. (1)
82 Set the VW1CL1 bit in the VWI1C registerto 0 |Set the VW1C1 bit in the VW1C register to 1
(digital filter enabled). (digital filter disabled).
Set the VW1C6 bitin |Set the VW1C6 bitin |Set the VW1C6 bit in |Set the VW1CS6 bit in
92 the VW1C register to 0 |the VW1C register to 1 |the VW1C register to 0 |the VW1C register tol
(voltage monitor 1 (voltage monitor 1 (voltage monitor 1 (voltage monitor 1
interrupt mode). reset mode). interrupt mode). reset mode).
10 Set the VW1C2 bit in the VWL1C register to 0 (Vdetl passage not detected).
11 Set the VW1CO bit in the VWL1C register to 1 (voltage monitor 1 interrupt/reset enabled).
Notes:

1. Setthe VWI1CY7 bitto 1 (when VCC reaches Vdet1 or below) for the voltage monitor 1 reset.
2. When the VW1CO bit is 0, procedures 7, 8, and 9 can be executed simultaneously (with one
instruction).

When using voltage monitor 1 interrupt or voltage monitor 1 reset to exit stop mode, set the VW1C1
bit in the VW1C register to 1 (digital filter disabled).

When voltage monitor 1 reset is generated, the LVD1R bit in the RSTFR register is automatically set
to 1 (voltage monitor 1 reset detected). Refer to 6.4.5 “Voltage Monitor 1 Reset” for status after reset.
Figure 7.6 shows Voltage Monitor 1 Interrupt/Reset Operation Example.
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When the VW1C1 bit
is O (digital filter
enabled)

When the VW1C1 bit

is 1 (digital filter

disabled) and the
VW1C7 bitis 0 (when|
VCC1 reaches Vdetl

VW1C3 bit

VW1C2 bit

Voltage monitor 1
interrupt request
(when VW1CS6 is 0)

Internal reset signal
\ (when VW1C6 is 1)

VW1C2 bit

Voltage monitor 1
interrupt request

or above)

When the VW1C1 bit
is 1 (digital filter
disabled) and the {
VW1C7 bitis 1 (when|
VCC1 reaches Vdetl
or below)

r

(when VW1C6 is 0)

VW1C2 bit

Voltage monitor 1
interrupt request
(when VW1CS6 is 0)

Internal reset signal

L (when VW1C6 is 1)

Digital filter sampling clock x 3 cycles
)

B |

I “—— settoObya prc%gra'm
| Set to 0 automatically by /——Lw
accepting an interrupt request

2 pting p ql
|
} |
L !
|
|

Set to 0 by a program

—/
\_\

Set to 0 automatically by
accepting an interrupt request

Digital filter sampling clock x 3 cycles

Set to 0 by a program

|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
. »

[

| Set to 0 automatically by
accepting an interrupt request
p= pting ptreq

]

VW1C1, VW1C2, VW1C3, VW1C6, VWI1C7 : Bits in the VW1C register

The above diagram applies under the following conditions:
eThe VC26 bit in the VCR2 register is 1 (voltage detection 1 circuit enabled).
eThe VW1CO bit in the VW1C register is 1 (voltage monitor 1 interrupt/reset enabled).

Note:

1. When not using the voltage monitor O reset, operate at 2.7 V or above (VCC1).

Figure 7.6

Voltage Monitor 1 Interrupt/Reset Operation Example
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7.4.4 Voltage Detection 2 Circuit

When the VW12E bit in the VWCE register is 1 (voltage detection 1 and 2 circuits enabled) and the
VC27 bit in the VCR2 register is 1 (voltage detection 2 circuit enabled), the voltage detection 2 circuit
monitors the voltage applied to the VCC1 pin and detects whether the voltage passes Vdet2 by rising or

falling.
Voltage monitor 2 interrupt/reset generator
VW2F1 to VW2F0
00b
01b | Q
10b |
Voltage detection 2 circuit {gco-s 1/2 12fHlb L o
VC27
Watchdog timer
J—[>~— VC13 interrupt signal
\4 .
VCC1—+ — VW2C1 Voltage monitor
Internal L D!gltal 0 o\o_ YW2C2 1 interrupt signall
reference— - ?j/oltag‘e filter 1 N
oltage etection lo -
voltag 2 signal —d____/|Voltage monitor
- . VW2C7 2 interrupt signalf Non-maskable
The voltage detection 2 signal interrupt signal
become_s_hlgh level W_hen the Oscillation stop
VC27 bitis set to 0 (disabled). detection
interrupt signal
VW2CO0 } >
VW2C6 — Voltage monitor 2 reset signal

VW2CO0 to VW2C2, VW2F0 to VW2F1, VW2C6 to VW2C7 : Bits in the VW2C register
VC13: Bitin the VCR1 register
VC27 : Bitin the VCR2 register

Figure 7.7  Voltage Monitor 2 Interrupt/Reset Generator

7.4.4.1 Monitoring Vdet2

Set the VW12E bit in the VWCE register to 1 (voltage detection 1 and 2 circuits enabled) and the
VC27 bit in the VCR2 register to 1 (voltage detection 2 circuit enabled). Vdet2 can be monitored by
using the VCA13 bit in the VCAL register after td(E-A) elapses.
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7.4.4.2  \Voltage Monitor 2 Interrupt and Voltage Monitor 2 Reset
Table 7.8 lists Steps to Set Voltage Monitor 2 Interrupt/Reset Related Bits.

Table 7.8 Steps to Set Voltage Monitor 2 Interrupt/Reset Related Bits
When Using the Digital Filter When Not Using the Digital Filter
Step Voltage Monitor 2 Voltage Monitor 2 Voltage Monitor 2 Voltage Monitor 2
Interrupt Reset Interrupt Reset

1 Set the CM14 bit in the CML1 register to 0 (125 |-
kHz on-chip oscillator on)

2 Wait for digital filter sampling clock x 3 cycles. |- (no wait time)

3 Set the VW12E bit in the VWCE register to 1 (voltage detection circuit enabled).

4 Set the VC27 bit in the VCR2 register to 1 (voltage detection 2 circuit enabled).

5 Wait for td(E (E-A).

6 Use bits VW2F0 to VW2F1 in the VW2C Use the VW2CY7 hit in the VW2C register to
register to select the digital filter sampling select the timing of the interrupt and reset
clock. request. (1)

7@ Set the VW2C1 bit in the VW2C register to 0 |Set the VW2CL1 bit in the VW2C register to 1
(digital filter enabled). (digital filter disabled).

8@ Set the VW2C6 bitin |Set the VW2CB6 bitin |Set the VW2C6 bitin |Set the VW2CS6 bit in
the VW2C register to 0 |the VW2C register to 1 [the VW2C register to 0 [the VW2C register to 1
(voltage monitor 2 (voltage monitor 2 (voltage monitor 2 (voltage monitor 2
interrupt mode). reset mode). interrupt mode). reset mode).

9 Set the VW2C2 bit in the VW2C register to 0 (Vdet2 passage not detected).

10 Set the VW2CO bit in the VW2C register to 1 (voltage monitor 2 interrupt/reset enabled).

Notes:

1. Setthe VW2C7 bitto 1 (when VCC reaches Vdet2 or below) for the voltage monitor 2 reset.
2. When the VW2CO bit is 0, procedures 6, 7, and 8 can be executed simultaneously (with one
instruction).

When using voltage monitor 2 interrupt or voltage monitor 2 reset to exit stop mode, set the VW2C1
bit in the VW2C register to 1 (digital filter disabled).

When voltage monitor 2 reset is generated, the LVD2R bit in the RSTFR register is automatically set
to 1 (voltage monitor 2 reset detected). Refer to 6.4.6 “Voltage Monitor 2 Reset” for status after reset.
Figure 7.8 shows Voltage Monitor 2 Interrupt/Reset Operation Example.
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enabled)

(when VCC1

above)

(when VCC1

below)

Note:

When the VW2C1
bit is 0 (digital filter

When the VW2C1
bitis 1 (digital filter
disabled) and the
VW2C7 bitis O

reaches Vdet2 or

When the VW2C1
bit is 1 (digital filter
disabled) and the
VW2C7 bitis 1

reaches Vdet2 or

VCC1ﬁ.
Vdet2

VC13 bit

VW2C2 bit

Voltage monitor 2
interrupt request
(when VW2CS6 is 0)

Internal reset signal
(when VW2C6 is 1)

VW2C2 bit

A

Voltage monitor 2
interrupt request
(when VW2C6 is 0)

r

VW2C2 bit

Voltage monitor 2
interrupt request
(when VW2 C6 is 0)

Internal reset signal
L (when VW2C6 is 1)

VC13 : Bitin the VCR1 register
VW2C1, VW2C2, VW2C6, VW2C7 : Bits in the VW2C register

The above diagram applies under the following conditions:

eThe VC27 bitin the VCR2 register is 1 (voltage detection 2 circuit enabled).
eThe VW2CO bit in the VW2C register is 1 (voltage monitor 2 interrupt/reset enabled).

1. When not using the voltage monitor O reset, operate at 2.7 V or above (VCC1).

—

¢ Digital filter sampling clock x 3 cycles Digital filter sampling clock x 3 cycles
-

r—V

B 0 [

I ~—Setto 0 by a prog.ramv/'

| Set to 0 automatically by /f\v
accepting an interrupt request
s |

J |

|
Setto 0 by a program

—

—

Set to 0 automatically by

Set to 0 by a program accepting an interrupt request

¥

Set to 0 automatically by
~ accepting an interrupt request

L

Figure 7.8  Voltage Monitor 2 Interrupt/Reset Operation Example
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7.5 Interrupts

The voltage monitor 1 interrupt and voltage monitor 2 interrupt are non-maskable interrupts.

The watchdog timer interrupt, oscillation stop and re-oscillation detection interrupt, voltage monitor 1
interrupt, and voltage monitor 2 interrupt share the same interrupt vector. When using some functions
together, read the detect flags of the events in an interrupt processing program, and determine the
interrupt source of the interrupt request.

The detect flag for voltage monitor 1 is the VW1C2 bit in the VW1C register, and the detect flag for voltage
monitor 2 is the VW2C2 bit in the VW2C register. After the interrupt source is determined, set bits VW1C2
and VW2C2 to 0 (not detected).
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8. Clock Generator

8.1 Introduction
The clock generator generates operating clocks for the CPU and peripheral circuits. Five circuits are
incorporated to generate the system clock signals.
* Main clock oscillation circuit
* PLL frequency synthesizer
* 40 MHz on-chip oscillator
* 125 kHz on-chip oscillator
* Sub clock oscillation circuit
Table 8.1 lists Clock Generator Specifications, and Figure 8.1 shows System Clock Generator Circuitry.

Table 8.1 Clock Generator Specifications

) On-Chip Oscillator o
ltem Main Clock PLL Frequency - - Sub clock Oscillation
Oscillation Circuit | Synthesizer |40 MHz On-Chip | 125 kHz On-Chip Circuit
Oscillator Oscillator
Application * CPU clock * CPU clock * CPU clock * CPU clock source | ® CPU clock source
source source source ¢ Peripheral function | * Peripheral
* Peripheral * Peripheral * Peripheral clock source function clock
function clock function clock | function clock | ¢ CPU and peripheral | source
source source source function clock
* CPU and sources when the
peripheral main clock stops
function clock oscillating
sources when | e Watchdog timer
the main clock | count source when
stops CPU clock is
OSCi”ating stopped
Clock 0to 20 MHz 10to 32 MHz  |Approx. 40 MHz |Approx. 125 kHZ 32.768 kHz
frequency
Connectable e Ceramic -@ - - Crystal oscillator
oscillators oscillator
¢ Crystal oscillator
Pins connecting |XIN, XOUT - - - XCIN, XCOUT
to oscillator
Oscillation start, |Yes Yes Yes Yes Yes
stop function
Oscillator status |Oscillating Stopped Stopped Oscillating Stopped
after reset
Other An externally - (@) - - An externally
generated clock generated clock can
can be input. be input.
Note:

1. The PLL frequency synthesizer uses the main clock oscillation circuit as a reference clock source. The items
above are based on the main clock oscillation circuit.
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CMO01 to CMO0O0 = 00b, PCLK5 =0
osoidock VO Ports 5551 to PMOG = 00b, GMOL to GMO0 = 01b, PCLK5 = 0
PMO1 to PMOO = 00b,
XCIN XCOUT CMO1 to CM0O0 = 10b, PCLK5 =0 CLKOUT
PMO1 to PMOO = 00b,
CM04 PMO1 to PMOO = 00b,| |cM01 to CMOO = 00b,
CMO1 to CM00 = 11b, PCLK5 = 0| [pCLKS = 1
32
Subclock fc
FRA00 40 MHz ._{ >f -
J on-chip 2 g
oscillator Peripheral
>——— fC32 phera
fOCO-F function
| clock
cM14 125kHz | foco-s _ > f0CO40M
¢ on-chip
oscillator _— 1 FRAOL %7 fOCOF
O[sm/llanun
stop/re-
oscpillalion 0 N~ foco-s
m deleg!llon |
cM10=1 s o circui
(stop mode) {>—‘F f1
R b Jc
CPU clock
Main
clock O BCLK
Main clock
oscillation circuit
S Q
WAIT — = S
instruction
b c
RESET a ‘04 1/2 1/2 1/2 L—{P—{ 12 1/2
Software reset 132
i 1/2 1/4 1/8 1/16
CMO06 =0 CMO06 =0
PM24 CM06=0  |Em17 to CM16 CM17 to CM16 = 11b
Interrupt request level judgement output CM1710 =10b d
Voltage monitor O reset’ CM16 = 01b oo
Voltage monitor 1 reset. CMO06 =0, CM17 to CM16 = 00b
Voltage monitor 2 reset
Voltage monitor 1 interrupt-
Voltage monitor 2 interrupt
Watchdog timer reset:
Oscillation stop detect reset:
CMO00 to CM04, CMO05 to CM07 : Bits in the CMO register
CM10, CM11, CM14, CM16, CM17 : Bits in the CM1 register
PCLK5 : Bitin the PCLKR register . L
CM21, CM27 : Bits in the CM2 register Detail of Divider
PMO0O0, PMO1 : Bits in the PMO regjister
PM24 : Bit in the PM2 register
FRAOQO, FRAO1 : Bits in the FRAO register
Oscillation Stop/Re-Oscillation Detection Circuit
i
1
1
i
1 -
CM27=0 Reset illati
Pulse generation generation dO;cel(I:lgggr;:stg?
Main circuit for clock Charge/ circuit
—{edge detection [—| discharge — Oscillation stop/
Clock 1§ |and charge/ circuit o ?esgglf}}fg{i‘osnmp/ o esuliaton P
discharge control _ -oselhatl ion i
9 CM27 =1 detection interrupt gietr?glnon interrupt
generation circuit 9
|—> CM21 switch signal
PLL Frequency Synthesizer
e e e e Rt -
|
|
! 1/32 > Voltage PLL clock
| Phase Charge control
i comparator pump oscillator
glamk Reference (veo)
oc | clock divider
|
. Internal
! lowpass filter
|

Figure 8.1

System Clock Generator Circuitry
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Table 8.2 1/0 Pins

Pin Name 1/0 Type Function
XIN Input I/O pins for the main clock oscillation circuit
XOuT Output
XCIN Input (1) I/O pins for a sub clock oscillation circuit
XCOUT Output (1)
CLKOUT Output Clock output (in single-chip mode)
BCLK Output BCLK output (in memory expansion mode, microprocessor mode)
Note:

1. Setthe port direction bits which share pins to 0 (input mode).
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8.2 Registers

Table 8.3 Register Structure

Address Register Name Register Symbol After Reset

0004h Processor Mode Register 0 PMO 0000 0000b (CNVSS pin
is low)
0000 0011b (CNVSS pin
is high)

0006h System Clock Control Register 0 CMO 0100 1000b

0007h System Clock Control Register 1 CMm1 0010 0000b

000Ch Oscillation Stop Detection Register CM2 0X00 0010b (1)

0012h Peripheral Clock Select Register PCLKR 0000 0011b

001Ch PLL Control Register 0 PLCO 0X01 X010b

001Eh Processor Mode Register 2 PM2 XX00 0X01b

0022h 40 MHz On-Chip Oscillator Control Register 0 | FRAO XXXX XX00b

Note:

1. Bits CM20, CM21, and CM27 remain unchanged at oscillation stop detection reset.
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8.2.1 Processor Mode Register 0 (PMO)

Processor Mode Register 0

b7 b6 b5 b4 b3 b2 bl b0

e Symbol Address After Reset
1 1
AR b PMO 0004h 0000 0000b (CNVSS pin is held low)
A 0000 0011b (CNVSS pin is held high)
1 1 ! 1
[ T R T R I
[ T R o
i E E i E i E Bit Symbol Bit Name Function RW
P
1 o ) [
[ T I A T L bl b0
P E E i E i PMO0 0 0: Single-chip mode RW
i b H Processor mode bit 0 1:Memory expansion mode
P 1 0:Do not set
by s---| PMOL 1 1:Microprocessor mode RW
EEREE

]
[ T I R
A , 0:RD, BHE, WR

1 ] ] . RU,BAE, WR
i i o i (R PMO02 |R/W mode select bit 1 RD. WRH. WRT RW
P
1 1 ] ] 1
[ : 1 . . .
i E E : i ________ PM03 |Software reset bit git;'gga;h(l)s bit to 1 resets the MCU. RW
[ .
1 1 [
1 1 [
1 1 [
A b5 b4
i | i PMO4 0 0:Multiplexed bus is unused RW
! E ! Multiplexed bus space select (separate bus in the entire CS space)
P bit 0 1:Allocated to CS2 space
Pob e PMO5 1 0:Allocated to CS1 space RW
P 1 1: Allocated to the entire CS space
1 ]
1 ]
1 ]
1 ] .
[ Port P4_0 to P4_3 function 0 : Address output
i """"""""" PMO6 | select bit 1: Port function (address is not output) RW
1
1
| 0 : BCLK is output
et PMO7 |BCLK output disable bit 1: BCLK is not output RW
(pin is left in high-impedance)

Write to the PMO register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
Bits PM01 to PMOO do not change at software reset, watchdog timer reset, oscillation stop detection
reset, voltage monitor 1 reset, or voltage monitor 2 reset.

PMO7 (BCLK Output Disable Bit) (b7)

This bit is enabled in memory expansion mode and microprocessor mode. A clock with the same
frequency as that of the CPU clock is output as the BCLK signal from the BCLK pin.
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M16C/65 Group 8. Clock Generator

8.2.2 System Clock Control Register 0 (CMO0)

System Clock Control Register 0

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
CMO 0006h 0100 1000b
T T T T T T
EERRERE
dyb b bt | Bit Symbol Bit Name Function RW
RERRERE
T T O S Ve . N
A ! i Clock output function select bit| 0 0 : /0 port P5_7
Vo E E ! Y (valid in single-chip mode 0 1:OutputfC RW
) ] 1 ] .
[ N only) 1 0:Outputf8
b CMo1 1 1:Outputf32
[ I
E E E E i i 0 : Peripheral function clock f1 does not
Yo E i S CMO02 Wait_mode periphera_ll stop in wait mod_e _ RW
A function clock stop bit 1 : Peripheral function clock f1 stops in
' i
o b wait mode
H R
I | l _________ _ : : .
E E E E CMO3 ;(g:gt)é?t:OUT drive capacity (1) : hclz\;] RW
[ I .
N 1 ] ]
[
v . 0: 1/O ports
oy ]
ol CMO4 | Port XC select bit 1 : XCIN-XCOUT oscillation function RW
) ]
[
[ N
E E PR CMO05  |Main clock stop bit (1) j 82 RW
) ] .
) ]
) ]
I Main clock division 0 : CM16 and CM17 enabled
[ T
: CMO6 | <olect bit 0 1 - Divide-by-8 mode RW
)
]
H 0 : Main clock, PLL clock or on-chip
] CMO07 [System clock select bit oscillator clock RW
1: Sub-clock

Rewrite the CMO register after setting the PRCO bit in the PRCR register to 1 (write enabled).
Refer to Table 9.3 “Clock Related Bit Setting and Modes” to select a clock and a mode.

CMO01-CMO0O0 (Clock Output Function Select Bit) (b1-b0)

The CLKOUT pin outputs can be selected. These bits are enabled when the PCLK5 bit in the PCLKR
register is set to 0 (bits CM01 to CMO0O0 enabled) in single-chip mode. When the PCLKS5 bit is 1, set bits
CMO01 to CMO0O to 00b. Table 8.4 shows CLKOUT Pin Functions for Single-Chip Mode.

Table 8.4 CLKOUT Pin Functions for Single-Chip Mode

PCLKR Register CMO Register _
PCLK5 git CMO1 bit 2 CMOO bit CLKOUT Pin Output
0 0 0 /O port
0 0 1 Output fC
0 1 0 Output 8
0 1 1 Output 32
1 0 0 Output f1

Only set the combinations listed above.
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CMO02 (Wait Mode Peripheral Function Clock Stop Bit) (b2)

The CMO02 bit is used to stop the peripheral function clock f1 in wait mode. The peripheral functions fC,
fC32, fOCO-S, fOCO-F, and fOCO40M are not affected by the CMO02 bit.

When the PM21 bit in the PM2 register is set to 1 (clock change disabled), the CMO02 bit remains
unchanged even when written to.

CMO03 (XCIN-XCOUT Drive Capacity Select Bit) (b3)

Setting the driving capacity to low while sub-clock oscillation is stable reduces power consumption.
The CMO03 bit is set to 1 (high) while the CMO04 bit is 0 (P8_6 and P8_7 are 1/O ports), or when entering
stop mode.

CMO04 (Port XC Select Bit) (b4)
The CMO03 hit is set to 1 (high) while the CMO04 bit is 0 (P8_6 and P8_7 are 1/O ports).

CMO5 (Main Clock Stop Bit) (b5)

The CMO5 bit is provided to stop the main clock when selecting the low power mode or 125 kHz on-chip
oscillator low power mode, or when stopping the main clock at 40 MHz on-chip oscillator mode. The
CMO5 bit cannot be used to detect whether the main clock is stopped or not. Refer to 8.7 “Oscillation
Stop/Re-Oscillation Detect Function” for the main clock stop detection.

When the PM21 bit in the PM2 register is 1 (clock change disabled), the CMO05 bit remains unchanged
even when written to.

CMO06 (Main Clock Division Select Bit) (b6)

The CMO06 bit becomes 1 (divide-by-8 mode) under the following conditions:
*When entering stop mode
*When the CMO7 bit is 1 (sub clock used as CPU clock) and the CMO05 bit is 1 (main clock off)

CMO7 (System Clock Select Bit) (b7)

The CPU clock source and the peripheral function clock f1 depend on combinations of the bit status of
the CMO7 bit, the CM11 bit in the CM1 register, and the CM21 bit in the CM2 register. When the CM07
bit is 0 (main clock, PLL clock or on-chip oscillator clock used as CPU clock), the CPU clock source and
the peripheral function clock f1 can be selected by combinations of the bit status of the CM11 bit and
the CM21 bit. When the CMO7 bit is 1 (sub clock used as CPU clock), the CPU clock source is fC, and
the peripheral function clock f1 can be selected by combinations of the bit status of bits CM11 and
CM21.

When setting the PM21 bit in the PM2 register to 1 (clock change disabled), set the CMO07 bit to 0 (main
clock) before setting the PM21 bit to 1. When the PM21 bit is set to 1, this bit remains unchanged even
when written to.
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8.2.3 System Clock Control Register 1 (CM1)

System Clock Control Register 1

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
| | | | | |0| | | CcM1 0007h 0010 0000b
R
[ L R T B B |
1 1 : 1 1 1 1 1 ) . .
i i : i E i i 1 | Bit Symbol Bit Name Function RW
1 1 1
ERRREEE
T T T R . 0 : Clock on
i i E i E i i -4 CM10 [All clock stop control bit 1: All clocks off (stop mode) RW
EERRER
| . .
{41 111 L-—e cMI11 |System clock select bit 1 0 : Main clock RW
I 1:PLL clock
1 1 ) 1 1 1
1 1 ! 1 1 1
R — .
P E I (b2) Reserved bit Setto 0 RW
NN
Pl XIN-XOUT feedback resistor |0 : Internal feedback resistor connected
[ T T S CM13 . . RW
[ select bit 1: Internal feedback resistor not connected
1 1 [} 1
1 1 [} 1
[] 1 [} 1 . . . .
oo 125 kHz on-chip oscillator stop |0 : 125 kHz on-chip oscillator on
i i E fmmmmmmmoees CM14 bit 1: 125 kHz on-chip oscillator off RW
[
1 1 [}
1 1 [} . . .
O CM15 XIN-XQUT drive capacity 0 : LQW RW
[ select bit 1: High
P
1 1
I b7 b6
i ittt CM16 0 0: No division mode
! Main clock division select bit1 | 0 1 : Divide-by-2 mode RW
i 1 0: Divide-by-4 mode
cM17 1 1:Divide-by-16 mode

Rewrite the CM1 register after setting the PRCO bit in the PRCR register to 1 (write enabled).
Refer to Table 9.3 “Clock Related Bit Setting and Modes” to select a clock and a mode.

CM10 (All Clock Stop Control Bit) (b0)

When the CM11 bit is 1 (PLL clock), or the CM20 bit in the CM2 register is 1 (oscillation stop detection
function enabled), do not set the CM10 bit to 1.

When the PM21 bit in the PM2 register is 1 (clock change disabled), the CM10 bit remains unchanged
even when written to (stop mode is not entered). When the CSPRO bit in the CSPR register is 1
(watchdog timer count source protection mode), the CM10 bit remains unchanged even when written to
(stop mode is not entered).

CM11 (System Clock Select Bit) (b1)

The CM11 bit is valid when the CM21 bit in the CM2 register is set to 0 (main clock or PLL clock).

The CPU clock source and the peripheral function clock f1 can be selected by the CM11 bit when the
CMO7 bit is 0 (main clock, PLL clock, or on-chip oscillator clock used as CPU clock). The peripheral
function clock f1 can be selected by the CM11 bit when the CMO7 bit is 1 (sub clock used as CPU
clock).

When the PM21 bit in the PM2 register is 1 (clock change disabled), the CM11 bit remains unchanged
even when written to.
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CM13 (XIN-XOUT Feedback Resistor Select Bit) (b3)

The CM13 bit can be used when the main clock is not used at all, or when the externally generated
clock is supplied to the XIN pin. When connecting a resonator between pins XIN and XOUT, set the
CM13 bit to 0 (internal feedback resistor connected). Do not set this bit to 1.

When the CM10 bit is 1 (stop mode), the feedback resistor is not connected regardless of the CM13 bit
status.

CM14 (125 kHz On-Chip Oscillator Stop Bit) (b4)

The CM14 bit can be set to 1 (125 kHz on-chip oscillator off) when the CM21 bit is 0 (main clock or PLL
clock). When the CM21 bit is set to 1 (on-chip oscillator clock), the CM14 bit is automatically set to 0
(125 kHz on-chip oscillator on) and remains unchanged even when 1 is written to this bit. Note that the
125 kHz on-chip oscillator does not stop.

When the CSPRO bit in the CSPR register is 1 (watchdog timer count source protection mode), the
CM14 bit is automatically set to 0 (125 kHz on-chip oscillator on) and remains unchanged even when 1
is written to this bit. Note that the 125 kHz on-chip oscillator does not stop.

CM15 (XIN-XOUT Drive Capacity Select Bit) (b5)

When entering stop mode or the CMO5 bit is set to 1 (main clock stopped) in low speed mode, the
CM15 bit is automatically set to 1 (drive capacity high).

CM17-CM16 (Main Clock Division Select Bit 1) (b7-b6)
Bits CM17 to CM16 are valid when the CMO06 bit is set to 0 (bits CM16 and CM17 enabled).
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8. Clock Generator

8.2.4

Oscillation Stop Detection Register (CM2)
Oscillation Stop Detection Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
| |><| 0]0 CcM2 000Ch 0X00 0010b
EEEREEE
) 1
! i E E i i i i Bit Symbol Bit Name Function RW
] 1 ] ] 1 1 1
[ T T T T B
A . 0: Oscillation stop and re-oscillation
[ T T T I A Oscillation stop and . . ;
e e o ! I ) detection function disabled
Pt L CM20  |re-oscillation detection enable |, | o I RW
A bit 1: Oscillation stop and re-oscillation
T I B detection function enabled
] ] ] ] 1 1 1
] 1 ] ] 1 1 1
] 1 ] ] 1 1 1 . H
i1 b1 tee-| cM21  |System clock select bit 2 0: Main clock or PLL clock RW
AR 1: On-chip oscillator clock
] 1 ] ] 1 1
[ ] [ 1 1 . . _ . .
A Oscillation stop and 0: Main clock stopped and re-oscillation
T T A o . not detected
AR CM22 | re-oscillation detection 1: Main clock stopped and re-oscillation RW
] 1 1 1 1 ﬂag N pp
P detected
P
] 1 ] ] ] . H H H
T S— CM23 | XIN monitor flag 0: Main clock oscillating RO
o 1: Main clock stopped
RN
] ]
] 1 ] ] J—
] 1 i
b [N R— (b5-bd) Reserved bits Setto 0 RW
!
E N (%) No register bit. If necessary, set to 0. Read as undefined value —
]
E Operation select bit 0: Oscillation stop detection reset
L CM27  [(when an oscillation stop or 1: Oscillation stop/re-oscillation detection RW
re-oscillation is detected) interrupt

Rewrite the CM2 register after setting the PRCO bit in the PRCR register to 1 (write enabled). Bits
CM20, CM21, and CM27 do not change at oscillation stop detection reset.
Refer to Table 9.3 “Clock Related Bit Setting and Modes” to select a clock and a mode.

CM20 (Oscillation Stop and Re-Oscillation Detection Enable Bit) (b0)

Set the CM20 bit to 0 (oscillation stop and re-oscillation detection function disabled) to enter stop mode.
Set the CM20 bit back to 1 (enabled) after stop mode is exited.

When the PM21 bit in the PM2 register is 1 (clock change disabled), the CM20 bit remains unchanged
even when being written.

CM21 (System Clock Select Bit 2) (b1)

When the CMO7 bit is 0 (main clock, PLL clock, or on-chip oscillator clock used as CPU clock source),
the CPU clock source and the peripheral function clock f1 can be selected by the CM21 bit. When the
CMO7 bitis 1 (sub clock used as CPU clock source), the peripheral function clock f1 can be selected by
the CM21 bit.

To set the CM21 bit to 1 (on-chip oscillator clock), set the FRAOL bit in the FRAO register to select either
the 125 kHz on-chip oscillator, or the 40 MHz on-chip oscillator.

When the CM20 bit is 1 (oscillation stop and re-oscillation detection function enabled) and the CM23 bit
is 1 (main clock stopped), do not set the CM21 bhit to 0 (main clock or PLL clock).

When the CM20 bit is 1 (oscillation stop and re-oscillation detection function enabled), the CM27 bit is 1
(oscillation stop and re-oscillation detection interrupt), and the main clock is used as a CPU clock
source, the CM21 bit is automatically set to 1 (on-chip oscillator clock) if main clock stop is detected.
See 8.7 “Oscillation Stop/Re-Oscillation Detect Function” for details.
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CM22 (Oscillation Stop and Re-Oscillation Detection Flag) (b2)

Condition to become 0:

*Setitto 0.
Condition to become 1:

* Main clock stop is detected.

* Main clock re-oscillation is detected.

(The CM22 bit remains unchanged even if 1 is written.)

When the CM22 bit changes state from 0 to 1, an oscillation stop/re-oscillation detection interrupt is
generated. Use this bit in an interrupt routine to determine the factors of interrupts between the
oscillation stop and re-oscillation detection interrupt and the watchdog timer interrupt.
When the CM22 bit is 1 and oscillation stop or re-oscillation is detected, an oscillation stop/re-oscillation
detection interrupt is not generated. The bit is not set to 0 even if an oscillation stop/re-oscillation
detection interrupt request is accepted.

CM23 (XIN Monitor Flag) (b3)

Determine the main clock status by reading the CM23 bit several times in the oscillation stop and re-
oscillation detection interrupt routine.
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8. Clock Generator

8.2.5

Peripheral Clock Select Register (PCLKR)

Peripheral Clock Select Register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After Reset
|0|0| |0|0|0| | PCLKR 0012h 0000 0011b
EREEREE
i b i Pl ! | Bit Symbol Bit Name Function RW
Pl
i ! E E I i i Timers A and B clock select bit
I [ ] . .
N R A (clock source for timers Aand | 0: f2TIMAB/f2IIC
P PCLKO 15 the dead time timer, and | 1: FITIMAB/f1IIC RW
i P E o muliti-master 1>C-bus interface)
[ T T |
i | E by SI/O clock select bit
'] [ N ] .
I T I R (clock source for UARTO to 0: f2SI10
P PCLKL |UART2, UARTS to UART7,  |1:f1SI0 RW
S SI/03, and SI/04)
RERER
i b e (b4_b2) Reserved bits Setto 0 RW
o ! -
o !
i E E Clock output function 0: Selected by bits CM01 to CM00
I el PCLK5 [extension bit in the CMO register RW
i E (valid in single-chip mode) 1: Output f1
[
[ J— .
(b7-b6) Reserved bits Setto 0 RW

Write to the PCLKR register after setting the PRCO bit in the PRCR register to 1 (write enabled).

PCLKS5 (Clock Output Function Extension Bit) (b5)

The PCLKS5 bit is valid in single-chip mode. Output from the CLKOUT pin is selectable. When the
PCLKS5 bit is 1, set bits CM01 to CMO0O to 00b. Refer to Table 8.4 “CLKOUT Pin Functions for Single-

Chip Mode”.
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8. Clock Generator

8.2.6 PLL Control Register 0 (PLCO)
PLL Control Register 0
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
PLCO 001Ch 0X01 X010b
R
IR
E i vt bt 1 [ BitSymbol Bit Name Function RW
I I I B
I I T b2 bl bo
i i A e 0 0 0:Donotset RW
b i E E i E 0 0 1:Multiply-by-2
I A T N 0 1 O0:Multiply-by-4
] 1
R I e L RW
R A 1 0 O0:Multiply-by-8
Plrd 10 1:
o i i E (N PLCO2 1 1 0: | Donot setthese values RW
N 1 1 1:
[ T B |
[ T B |
P _
i i [ (b3) Reserved bit Read as undefined value RO
o
i P b5 b4
]
: i P pLeos Reference frequency counter 0 0:No division R
b . quency 0 1:Divide-by-2
b olcos | 1 0: Divide-by-4 W
' - 1 1:Do notset
B
1
i S (b_6) No register bit. If necessary, set to 0. Read as undefined value —
1
1
1
[ . . 0: PLL off
PLCO7 |Operation enable bit 1:PLL on RW

Rewrite the PLCO register after setting the PRCO bit in the PRCR register to 1 (write enabled).

PLCO02-PLCOO (PLL Multiplying Factor Select Bit) (b2-b0)

Write to bits PLCOO0 to PLC02 when the PLCO7 bit is 0 (PLL off).
When the PM21 bit in the PM2 register is 1 (clock change disabled), writing to bits PLC02 to PLC00 has
no effect.

PLCO05-PLCO04 (Reference Frequency Counter Set Bit) (b5-b4)

Write to bits PLCO5 to PLC04 when the PLCO7 bit is 0 (PLL off).
When the PM21 bit in the PM2 register is 1 (clock change disabled), writing to bits PLCO05 to PLC04 has
no effect.

PLCO7 (Operation Enable Bit) (b7)

When the PM21 bit in the PM2 register is 1 (clock change disabled), writing to the PLCO7 bit has no
effect.
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8.2.7 Processor Mode Register 2 (PM2)

Processor Mode Register 2
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
0 PM2 001Eh XX00 0X01b
[ R R T B | :
IR AR
{1t 4 111y | BitSymbol Bit Name Function RW
[ S T I T B B
[ O T R B
] ] [ | ] ] 1 ip - . . .
A R :___ PM20 Specifying wait Wht_sn accessing [0 2 Wa!ts RW
I SFR at PLL operation 1:1 wait
1 1 [ | ] 1 ]
1 1 [ | 1 1 ]
R R A ) . 0 : Clock is protected by PRCR register
1 1 1 ] 1 1 1
Prorr o s PM21 |System clock protection bit 1: Clock change disabied RW
R
1 1 [ | ] 1 J—
R L PR S L (b2) No register bit. If necessary, set to 0. Read as 0 —
] 1 [ | 1
G
I I T T M — .
E i i ‘ (b3) Reserved bit Setto 0 RW
{1
vt —_ . 0 : NMI interrupt disabled
1 1 | | -
Pl PM24  [NMI interrupt enable bit 1 - NMT interrupt enabled RW
] 1 1
] 1 1
[ ) .
E i emcmmmmmeeed PM25  [Peripheral clock fC provide bit 2 E:)Otvr;?c?\(/ji de RW
o
1 1 J—
e (b7-b6) No register bits. If necessary, set to 0. Read as undefined value —

Rewrite the PM2 register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

PM20 (Specifying Wait When Accessing SFR at PLL Operation) (b0)

Change the PM20 bit when the PLCO7 bit is O (PLL off). The PM20 bit becomes enabled when the
PLCO7 bit in the PLCO register is set to 1 (PLL on).

PM21 (System Clock Protection Bit) (b1)
The PM21 bit is used to protect the CPU clock. (See 8.6 “System Clock Protection Function”.)
If the PM21 bit is set to 1, writing to the following bits has no effect.
* Bits CM02, CMO05, and CMOQ7 in the CMO register
*Bits CM10 and CM11 in the CML1 register
* The CM20 bit in the CM20 register
¢ All bits in the PLCO register
Do not execute the WAIT instruction when the PM21 bit is 1.

PM25 (Peripheral Clock fC Provide Bit) (b5)

The PM25 bit provides fC to the real-time clock, CEC function, and remote control signal receiver. (See
Figure 8.5 “Peripheral Function Clocks”.)
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8.2.8 40 MHz On-Chip Oscillator Control Register 0 (FRAO)

40 MHz On-Chip Oscillator Control Register 0

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
FRAO 0022h XXXX XX00b

R

Pl

it 1t 111 v | BitSymbol Bit Name Function RW

[ T T R B T B

[ T T T B T B

E i E i i E i :___ FRAQO 40 MHz on-chip oscillator start [0 : 40 MHz on-chip oscillator off RW

T R T T bit 1: 40 MHz on-chip oscillator on

] ] 1 1 ] 1 1

] ] 1 1 ] 1 1

] ] 1 1 ] 1 1 H H

[ T T T . . . 0 : 125 kHz on-chip oscillator

i E i i E i FRAO1 [On-chip oscillator select bit 1 40 MHz on-chip oscillator RW

G

] ] 1 1 ] 1 J—

Ledodocbodadeacnnax (b7-b2) No register bits. If necessary, set to 0. Read as undefined value —

Rewrite the FRAO register after setting the PRCO bit in the PRCR register to 1 (write enabled).
Refer to Table 9.3 “Clock Related Bit Setting and Modes”"Table 9.3 “Clock Related Bit Setting and
Modes” to select a clock and a mode.

FRAOO (40 MHz On-Chip Oscillator Start Bit) (b0)

When using an oscillation stop/re-oscillation detection interrupt, do not set the FRAOQO bit to 0 (40 MHz
on-chip oscillator off), and the FRAQ1 bit to 1 (40 MHz on-chip oscillator).

FRAO1 (40 MHz On-Chip Oscillator Select Bit) (b1)

Change the FRAO1 bit if the both conditions below are met.
*When the FRAOQO bit is 1 (40 MHz on-chip oscillator on) and oscillation is stable
*When the CM14 bit in the CM1 register is 0 (125 kHz on-chip oscillator on) and oscillation is stable
When setting the FRAOQ1 bit to 0 (125 kHz on-chip oscillator), do not set the FRAOO bit to 0 (40 MHz on-
chip oscillator off) at the same time. Set the FRAQO bit to 0 after setting the FRAO1 bit to 0.
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8. Clock Generator

8.3 Clocks Generated by Clock Generators

The clocks generated by the clock generators are described below.

8.3.1 Main Clock

This clock is supplied by the main clock oscillator circuit and used as a clock source for the CPU and
peripheral function clocks. After reset, the main clock is running, but is not used as a clock source for

the CPU.

The main clock oscillator circuit is configured by connecting a resonator between pins XIN and XOUT.
The main clock oscillator circuit contains a feedback resistor, which is separated from the oscillator
circuit in stop mode in order to reduce the amount of power consumed by the chip. The main clock
oscillator circuit may also be configured by feeding an externally generated clock to the XIN pin.

Figure 8.2 shows Main Clock Connection Examples.

MCU MCU
(Built-in feedback resistor) (Built-in feedback resistor)
CIN
XIN L ¢ I |— XIN | -—— External clock
Oscillator C—
] eI LI
XOUT—AAN—o— |9 VSS
Rd @ cout
VSS T XOUT| Open

Note :

placing the resistor externally.

1. Insert a damping resistor if required. The resistance will vary depending on the oscillator and the
oscillation drive capacity setting. Use the value recommended by the oscillator manufacturer.
When the oscillation drive capacity is set to low, check if oscillation is stable in low status. Also,
place a feedback resistor between XIN and XOUT if the oscillator manufacturer recommends

Figure 8.2  Main Clock Connection Examples
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The XOUT becomes high 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 the sub clock (fC) or on-chip oscillator
clock (fOCO-F, fOCO-S). In this case, the XIN is pulled high to the XOUT via the feedback resistor
because the internal feedback resistor remains connected.
When the main clock oscillator circuit is not used, setting the CM13 bit in the CM1 register to 1 enables to
select the internal feedback resistor not connected.
Perform the following steps to start or stop the main clock. Refer to 8.2 “Registers” for access to register
and bit.
Main clock oscillation start
(1) Set the CM15 bit to 1 (drive capacity high) when a resonator is connected between pins XIN and
XOUT.
(2) Set the CMO5 bit to 0 (main clock oscillating).
(3) Wait until main clock oscillation stabilizes. (Enter the external clock when entering it from the XIN
pin.)
Main clock oscillation stop
(1) Set the CM20 bit in the CM2 register to O (oscillation stop/re-oscillation detection function
disabled).
(2) Set the CMO5 bit to 1 (stop).
(3) Stop the external clock (when entering the external clock from the XIN pin).
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8.3.2 PLL Clock

The PLL clock is generated by the PLL frequency synthesizer. This clock is used as the clock source for
the CPU and peripheral function clocks.
After reset, the PLL frequency synthesizer is stopped.
The PLL clock is the main clock divided by the selected values of bits PLC05 to PLCO04 in the PLCO
register, and then multiplied by the selected values of bits PLC02 to PLCO00. Set bits PLCO05 to PLC04
to fit divided frequency between 2 MHz and 5 MHz. Figure 8.3 shows Relation between Main Clock and

PLL Clock.

Main clock —»| Divided by n

T’ Multiplied by m

n

Notes :

1. Set the frequency divided by n to between 2 MHz and 5 MHz.

2. Set 10 MHz < PLL clock frequency < 32 MHz

: 1, 2, 4 (selected by bits PLC0O5 to PLCO04 in the PLCO register)
m :2, 4,6, 8 (selected by bits PLC02 to PLCO0O0 in the PLCO register)

T’ PLL clock

Figure 8.3  Relation between Main Clock and PLL Clock

Bits PLCO5 to PLCO04 and bits PLC02 to PLCOO can be set only once after reset. Table 8.5 lists Example
Settings for PLL Clock Frequencies.

Table 8.5 Example Settings for PLL Clock Frequencies

Main Clock - Setting VaIu? PLL Clock
Bits PLCO5 to PLC04 Bits PLC02 to PLCO0

10 MHz 01b (divide-by-2) 010b (multiply-by-4) 20 MHz

5 MHz 00b (not divided) 010b (multiply-by-4)
12 MHz 10b (divide-by-4) 100b (multiply-by-8) 24 MHz

6 MHz 01b (divide-by-2) 100b (multiply-by-8)
16 MHz 10b (divide-by-4) 100b (multiply-by-8) 32 MHz

8 MHz 01b (divide-by-2) 100b (multiply-by-8)
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8.3.3 fOCO40M

The fOCO40M is a 40 MHz clock (approx.), which is supplied by the 40 MHz on-chip oscillator. It is
used as the clock source for AD of AD converter.
Follow the steps below to start or stop the 40 MHz on-chip oscillator clock. Refer to 8.2 “Registers” for
access to register and bit.
40 MHz on-chip oscillator clock oscillation start

(1) Set the FRAOO bit in the FRAO register to 1 (40 MHz on-chip oscillator on).

(2) Wait for td (OCOF).
40 MHz on-chip oscillator clock oscillation stop

(1) Set the FRAO1 bit in the FRAO register to 0 (125 MHz on-chip oscillator) (when the CM27 bit is 1

(oscillation stop/re-oscillation detection interrupt)).
(2) Set the FRAOQO bit in the FRAO register to 0 (40 MHz on-chip oscillator off).

8.3.4 fOCO-F

The fOCO-F is a 40 MHz clock (approx.), which is supplied by the 40 MHz on-chip oscillator, divided by
2. It is used as the clock source for the CPU and peripheral function clocks.
After reset, the 40 MHz on-chip oscillator is stopped.

If the main clock stops oscillating and the FRAOL bit is 1 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 fOCO-F is used as the clock source for the CPU.

Follow the steps below to start or stop the 40 MHz on-chip oscillator clock. Refer to 8.2 “Registers” for
access to registers and bits.
40 MHz on-chip oscillator clock oscillation start

(1) Set the FRAOQO bit in the FRAO register to 1 (40 MHz on-chip oscillator on).

(2) Wait for td (OCOF).
40 MHz on-chip oscillator clock oscillation stop

(1) Set the FRAO1 bit in the FRAO register to 0 (125 MHz on-chip oscillator) (when the CM27 bit is 1

(oscillation stop/re-oscillation detection interrupt)).
(2) Set the FRAOO bit in the FRAO register to 0 (40 MHz on-chip oscillator off).
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8.3.5 125 kHz On-Chip Oscillator Clock (fOCO-S)

This clock is approximately 125 kHz, and is supplied by the 125 kHz on-chip oscillator. It is used as the
clock source for the CPU and peripheral function clocks. In addition, when the CSPRO bit in the CSPR
register is 1 (count source protection mode enabled), this clock is used as the count source for the
watchdog timer (refer to 15.4.2 “Count Source Protection Mode Enabled”).
After reset, the fOCO-S divided by 8 is used as the CPU clock.

If the main clock stops oscillating and the FRAOL1 bit is 0, 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 125 kHz on-chip oscillator automatically starts operating and
supplying the necessary clock for the MCU.

Follow the steps below to start or stop the fOCO-S. Refer to 8.2 “Registers” for access to register and
bit.
fOCO-S start

(1) Set the CM14 bit in the CM1 register to 0 (125 kHz on-chip oscillator on).

(2) Wait for td (OCQOS).
fOCO-S stop

(1) Set the CM14 bit in the CM1 register to 1 (125 kHz on-chip oscillator off).
When the CM21 bit is 1 (on-chip oscillator used as the clock source for the CPU), the CM14 bit
becomes 0 (125 kHz on-chip oscillator on).
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8.3.6 Sub Clock (fC)

The sub clock is supplied by the sub clock oscillator circuit. This clock is used as the clock source for
count sources of the CPU clock, timer A, timer B, real-time clock, CEC function, and remote control
signal receiver.

The sub clock oscillator circuit is configured by connecting a crystal resonator between pins XCIN and
XCOUT. The sub clock oscillator circuit contains a feedback resistor, which is disconnected from the
oscillation circuit in stop mode in order to reduce the amount of power consumed by the chip. The sub
clock oscillator circuit may also be configured by feeding an externally generated clock to the XCIN pin.
Figure 8.4 shows Sub Clock Connection Examples.

MCU MCU
(Built-in feedback resistor) (Built-in feedback resistor)
CCIN
XCIN L 4 I |— XCIN |--—— External clock
Oscillator E

e J LITLILI

XCOUTAN\—e— |—o Vss
RCA®  ccout

VSS j XCOuUT| Open

/

Note :
1. Insert a damping resistor if required. The resistance will vary depending on the oscillator and the
oscillation drive capacity setting. Use the value recommended by the oscillator manufacturer.
When the oscillation drive capacity is set to low, check if oscillation is stable in low status. Also, place
a feedback resistor between XCIN and XCOUT if the oscillator manufacturer recommends placing the
resistor externally.

Figure 8.4  Sub Clock Connection Examples

After reset, the sub clock is stopped. At this time, the feedback resistor is disconnected from the
oscillator circuit.
Follow the steps below to start the sub clock. Refer to 8.2 “Registers” for access to registers and bits.

(1)Set the PU21 bit in the PUR2 register to 0 (P8_4 to P8_7 not pulled high).

(2)Set bits PD8_6 and PD8_7 in the PD8 register to 0 (P8_6, P8_7 function as input ports).

(3)Set the CMO04 bit to 1 (XCIN-XCOUT oscillation function). Set the CMO03 bit to 1 (XCIN-XCOUT
drive capacity high).

(4)Wait until sub clock oscillation stabilizes (enter the external clock when entering it from the XCIN
pin).
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8.4 CPU Clock and Peripheral Function Clocks

The CPU is run by the CPU clock, and the peripheral functions are run by the peripheral function clocks.

8.4.1 CPU Clock and BCLK

The CPU clock is an operating clock for the CPU and watchdog timer. Also it is used as a sampling
clock of the NMI/SD digital filter.

The main clock, PLL clock, fOCO-F, fOCO-S, or fC can be selected as the clock source for the CPU
clock. (See Table 9.2 “Clocks in Normal Operating Mode”.)

When the main clock, PLL clock, fOCO-F, or fOCO-S is selected as the clock source for the CPU clock,
the selected clock source can be divided by 1 (no division), 2, 4, 8 or 16 to produce the CPU clock. Use
the CMO06 bit in the CMO register, and bits CM17 to CM16 in the CM1 register to select a frequency-
divided value.

When fC is selected as the clock source for the CPU clock, it is not divided and is used directly as the
CPU clock.

After reset, the fOCO-S divided by 8 is used as the CPU clock. Note that when entering stop mode or
when the CMO05 bit in the CMO register is set to 1 (stop) in low-speed mode, the CMO06 bit in the CMO
register is set to 1 (divide-by-8 mode).

BCLK is a bus reference clock.

In memory expansion or microprocessor mode, a BCLK signal with the same frequency as the CPU
clock can be output from the BCLK pin by setting the PMO7 bit in the PMO register to 0 (output
enabled).

8.4.2 Peripheral Function Clocks (f1, fOCO40M, fOCO-F, fOCO-S, fC32, fC)

f1, fOCO40M, fOCO-F, fOCO-S, and fC32 are operating clocks for the peripheral functions.
f1 is produced from one of the following:

* Main clock divided by 1 (no division)

*PLL clock divided by 1 (no division)

*fOCO-S divided by 1 (no division)

*fOCO-F divided by 1 (no division)
f1 is used for timers A and B, PWM, real-time clock, remote control signal receiver, UARTO to UART?2,
UART5 to UART7, SI/O3, SI/O4, multi-master 12C-bus interface, and the A/D converter.
When the WAIT instruction is executed after setting the CMO02 bit in the CMO register to 1 (peripheral
function clock f1 turned off during wait mode), the f1 clock is stopped.
fOCO40M can be used for A/D converter. fOCO40M can be used when the FRAOQO bit in the FRAO
register is 1 (40 MHz on-chip oscillator on).
fOCO-F can be used for timers A and B, UARTO to UART2, UARTS5 to UART?7, SI/O3, and SI/O4. fOCO-
F can be used when the FRAOO bit in the FRAO register is 1 (40 MHz on-chip oscillator on).
fOCO-S is used for timers A and B. It is also used for reset, voltage detector and watchdog timer.
fOCO-S is also used when the CM14 bit in the CM1 register is set to 0 (125 kHz on-chip oscillator on).
fC is divided by 32 to produce fC32. fC32 is used for timers A and B, and is enabled when the sub clock
is on.
fC is used for the watchdog timer. fC is also used as the clock source for the real-time clock, remote
control signal receiver, and CEC function, when the PM25 bit in the PM2 register is 1 (peripheral clock
fC provided). fC can be used when the sub clock is on.
Figure 8.5 shows Peripheral Function Clocks.
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CPU clock

fC
(no influence of PM25)

NMI/SD digital filter

Watchdog timer

fOCO40M -<>-| Divider e

125 kHz on-chip
oscillator clock

Sub-clock

fOCO-S | Reset |
CPU clock 0—| cPU | l
Voltage detector
{ .
Clock generator Ko—— P — Timer A |
—+O |
Main clock —O Timer B

|—-o fl fl
PLL clock _Ciéc

Real-time clock

b Pulse width modulator |

Remote control
signal receiver

 —

UARTO to UART2 |

fOCO-F fOCO-F
fOCO-S
o—| 1/32 fcs2
)
PM25— ) c
. o (influenced
f1 stops if the CMO2 bit is 1 by PM25)

while in wait mode.

S1/03, S1/04

UARTS5 to UARTY

Multi-master 12C bus
interface

PM25: Bit in the PM2 register

A/D converter

-

CEC function

Figure 8.5

Peripheral Function Clocks
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8.5 Clock Output Function
In single-chip mode, the 1, 8, f32 or fC clock can be output from the CLKOUT pin. Use bits CMO01 to
CMO0O0 in the CMO register, and the PCLKS5 bit in the PCLKR register to select the clock. f8 has the same
frequency as f1 divided by 8, and f32 has the same frequency as f1 divided by 32.
Set the frequency of a clock output from the CLKOUT pin to 25 MHz or below.

8.6 System Clock Protection Function

The system clock protection function prohibits the CPU clock from changing clock sources when the main
clock is selected as the CPU clock source. This is to prevent the CPU clock from stopping due to an
unexpected program operation.
When the PM21 bit in the PM2 register is set to 1 (clock change disabled), the following bits remain
unchanged even if they are written to.

* The CMO02 bit in the CMO register (peripheral function clock f1 in wait mode)

* The CMO5 bit in the CMO register (to prevent the main clock from being stopped)

* The CMO7 bit in the CMO register (clock source of the CPU clock)

* The CM10 bit in the CML1 register (stop mode is not entered)

* The CM11 bit in the CML1 register (clock source of the CPU clock)

* The CM20 bit in the CM2 register (oscillation stop/re-oscillation detect function set)

* All bits in the PLCO register (PLL frequency synthesizer set)
To use the system clock protect function, set the CMO05 bit in the CMO register to 0 (main clock oscillation)
and CMO07 bit to 0 (main clock as CPU clock source), and then follow the procedures below.

(1)Set the PRC1 bit in the PRCR register to 1 (write to PM2 register enabled).

(2)Set the PM21 bit in the PM2 register to 1 (clock change disabled).

(3)Set the PRC1 bit in the PRCR register to 0 (write to PM2 register disabled).
When the PM21 bit is 1, do not execute the WAIT instruction.
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8.7 Oscillation Stop/Re-Oscillation Detect Function

This function is to detect the stop and re-oscillation of the main clock oscillation circuit. The oscillation
stop and re-oscillation detect function can be enabled and disabled with the CM20 bit in the CM2 register.
A reset or oscillation stop/re-oscillation detection interrupt is generated when an oscillation stop or re-
oscillation is detected. Set the CM27 bhit in the CM2 register to select the reset or interrupt.

Table 8.6 lists Specification Overview of Oscillation Stop and Re-Oscillation Detect Function.

Table 8.6 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 (enabled)
re-oscillation detect function

Operation at oscillation stop/ When CM27 bit is 0: Oscillation stop detection reset generated
re-oscillation detection When CM27 bit is 1: Oscillation stop/re-oscillation detection
interrupt generated

8.7.1 Operation When CM27 Bit is 0 (Oscillation Stop Detection Reset)

When main clock stop is detected while the CM20 bit is 1 (oscillation stop/re-oscillation detection
function enabled), the MCU is initialized, and then stops (oscillation stop reset). (Refer to 4. “Special
Function Registers (SFRs)” and 6. “Resets”.)

The status is cancelled at hardware reset or voltage monitor O reset. The MCU can also be initialized
and stopped when re-oscillation is detected, but do not use the MCU in this manner (during main clock
stop, do not set the CM20 bit to 1 and the CM27 bit to 0).
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8.7.2 Operation When CM27 Bit is 1 (Oscillation Stop, Re-Oscillation Detect Interrupt)

When the CM20 bit is 1 (oscillation stop/re-oscillation detect function enabled), the system is placed in
the state shown in Table 8.7 if the main clock detects oscillation stop or re-oscillation.

The CM21 bit is automatically set to 1 in high-speed, medium-speed, or low-speed mode. The FRA01
bit does not change. Thus, high-speed and medium-speed mode become 125 kHz on-chip oscillator
mode or 40 MHz on-chip oscillator mode. Because the CMO07 bit does not change, low-speed mode
remains in low-speed mode, but clock sources for the peripheral functions become fOCO-S or fOCO-F.

When the CM21 bit is set to 1, the CM14 bit is set to 0 (125 kHz on-chip oscillator on), but the FRA00
bit remains unchanged (40 MHz on-chip oscillator does not oscillate automatically). Thus, when the
FRAOL bit is set to 1 (40 MHz on-chip oscillator selected), set the FRAQO bit to 1 (40 MHz on-chip
oscillator on). Do not set the FRAQO bit to 0 while the FRAO1 bit is 1, and vice versa.

Since the CM21 bit remains unchanged in PLL operating mode, select 125 kHz on-chip oscillator mode
or 40 MHz on-chip oscillator mode inside the interrupt routine.

Table 8.7 State after Oscillation Stop and Re-Oscillation Detect When CM27 Bitis 1

Condition After Detection
Main clock High-speed mode | « Oscillation stop, re-oscillation detection interrupt is generated
oscillation Medium-speed « CM14 bit is 0 (125 kHz on-chip oscillator on)
stop detected |mode « CM21 bit is 1 (FOCO-S or fOCO-F is used as the clock source for
Low-speed mode the CPU and peripheral function clocks) (). (2)
40 MHz on-chip * CM22 bitis 1 (main clock stop detected)
oscillator mode * CM23 bitis 1 (main clock stopped)

125 kHz on-chip
oscillator mode

PLL operating mode| « Oscillation stop, re-oscillation detection interrupt is generated
* CM14 bit is 0 (125 kHz on-chip oscillator on)

* CM21 bit remains unchanged

* CM22 bitis 1 (main clock stop detected)

* CM23 bitis 1 (main clock stopped)

Main clock - * Oscillation stop, re-oscillation detection interrupt is generated
re-oscillation « CM14 bit is 0 (125 kHz on-chip oscillator on)
detected « CM21 bit remains unchanged
* CM22 bitis 1 (main clock stop detected)
* CM23 bit is 0 (main clock oscillating)
Notes:

1. fOCO-S or fOCO-F is selected depending on the FRAO1 bit status.
2. fCis used as the CPU clock in low-speed mode.
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8.7.3 Using the Oscillation Stop, Re-Oscillation Detect Function

* The oscillation stop/re-oscillation detect interrupt shares a vector with the watchdog timer interrupt,
voltage monitor 1 interrupt, and voltage monitor 2 interrupt. If the oscillation stop/re-oscillation
detection interrupt is used with a watchdog timer interrupt, voltage monitor 1 interrupt, or voltage
monitor 2 interrupt, read the CM22 bit (oscillation stop/re-oscillation detection), VW1C2 bit (Vdetl
passage detection), VW2C2 bit (Vdet2 passage detection) and VW2C3 bit (watchdog timer
underflow detection) in an interrupt routine to determine which interrupt source is requesting the
interrupt.

* After oscillation stop is detected, if the main clock re-oscillates, set the main clock back to the clock

source for the CPU clock and peripheral functions by a program. Figure 8.6 shows the Procedure
to Switch Clock Source from On-Chip Oscillator to Main Clock.

[ Switch the main clock ]

Main clock stopped Determine several times whether

the CM23 bitis setto 0
(main clock oscillates)

Main clock oscillating

Set the CMO06 bit to 1
(divide-by-8)

[

Set the CM22 bitto 0
(main clock stop, re-oscillation not detected)

[

Set the CM21 bitto 0
(main clock or PLL clock)

[ End ] CMO6 bit : Bit in the CMO register
Bits CM21 to CM23 : Bits in the CM2 register

Figure 8.6  Procedure to Switch Clock Source from On-Chip Oscillator to Main Clock

*The CM22 hit becomes 1 at the same time an oscillation stop/re-oscillation detection interrupt is
generated. When the CM22 bit is 1, the oscillation stop/re-oscillation detection interrupt is disabled.

When setting the CM22 bit to 0 by a program, the oscillation stop/re-oscillation detection interrupt
is enabled.
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8.8 Notes on Clock Generator

8.8.1 Oscillation Circuit Using an Oscillator

To connect an oscillator, follow these instructions:

* The oscillation characteristics are tied closely to the user’s board design. Perform a careful
evaluation of the board before connecting an oscillator.

* Oscillation circuit structure depends on the oscillator. The M16C/65 Group contains a feedback
resistor, but an external feedback resistor may be required. Contact the oscillator manufacturer
regarding circuit constants, as they are dependent on the oscillator or stray capacitance of the
mounted circuit.

* Check output from the CLKOUT pin to confirm that the clock generated by the oscillation circuit is
properly transmitted to the MCU. Procedures for outputting a clock from the CLKOUT pin are listed
below. Set the clock output from the CLKOUT pin to 25 MHz or below.

Outputting the main clock
(1) Set the PRCO bit in the PRCR register to 1 (write enabled).
(2) Set the CM11 bit in the CM1 register to 0, the CMO07 bit in the CMO register to 0, and the CM21
bit in the CM2 register to 0 (main clock selected).
(3) Select the clock output from the CLKOUT pin (refer to the following table).
(4) Set the PRCO bit in the PRCR register to 0 (write disabled)

Table 8.8 Output from CLKOUT Pin When Selecting Main Clock

Bit Setting
PCLKR Register CMO Register Output from CLKOUT Pin
PCLK5 Bit Bits CM01 to CM00
1 00b Clock with the same frequency as the main clock
0 10b Main clock divided by 8
0 11b Main clock divided by 32

Outputting the sub clock
(1) Set the PRCO bit in the PRCR register to 1 (write enabled).
(2) Set the CMOQ7 bit in the CMO register to 1 (sub clock selected).
(3) Set the PCLKS5 bit in the PCLKR register to 0, and bits CM01 to CMO0O in the CMO register to 01b
(fC output from CLKOUT pin).
(4) Set the PRCO bit in the PRCR register to 0 (write disabled)

MCU CIN
XIN — |
Rf 3 oscillator
feedback ——
resistor
XouT || o
Rd
damping resistor cout

VSS l

Figure 8.7  Oscillation Circuit Example
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8.8.2 Noise Countermeasure

8.8.2.1  Clock I/O Pin Wiring
* Connect the shortest possible wiring to the clock I/O pin.
* Connect (a) the capacitor's ground lead connected to the oscillator, and (b) the MCU's VSS pin,
with the shortest possible wiring (maximum 20 mm).

Noise

XIN

VSS —

| XOUT

Bad Good

Figure 8.8  Clock I/O Pin Wiring

Reason

If noise enters the clock I/O pin, the clock waveform becomes unstable, which causes an error in
operation or a program runaway. Also, if a potential difference attributed to the noise occurs between
the VSS level of the MCU and the VSS level of the oscillator, an accurate clock is not input to the
MCU.

8.8.2.2 Large Current Signal Line

For large currents that go above the MCU's current range, wire the signal lines as far away from the
MCU as possible (especially the oscillator).

Reason
In the system using the MCU, there are signal lines for controlling motors, LEDs, and thermal heads.
When a large current flows through these signal lines, noise is generated due to mutual inductance.

MCU
Mutual inductance
XIN
Large current
VSS
XOouT

Figure 8.9  Large Current Signal Line Wiring
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8.8.2.3  Signal Line Whose Level Changes at a High-Speed
For a signal line whose level changes at a high-speed, wire it as far away from the oscillator and the
oscillator wiring pattern as possible. Do not wire it across or extend it parallel to a clock-related signal
line or other signal lines which are sensitive to noise.

Reason

A signal whose level changes at a high-speed (such as the signal from the TAOUT pin) affects other
signal lines due to the level change at rising or falling edges. Specially when the signal line crosses
the clock-related signal line, the clock waveform becomes unstable, which causes an error in opera-
tion or a program runaway.

TAIOUT

Do not cross
} - XIN

VSS

} XOUT

Bad

Figure 8.10 Wiring of Signal Line Whose Level Changes at High-Speed

8.8.3 CPU ClockW
*When the external clock is entered from the XIN pin and the main clock is used as the CPU clock,
do not stop the external clock.

8.8.4 Oscillation Stop, Re-Oscillation Detect Function

¢ In the following cases, set the CM20 bit to 0 (oscillation stop/re-oscillation detect function
disabled), and then change the status of each bit.
When the CMO05 bit is set to 1 (main clock stopped)
When the CM10 bit is set to 1 (stop mode)
* To enter wait mode while using the oscillation stop/re-oscillation detection function, set the CM02
bit to O (peripheral function clock f1 not turned off during wait mode).
* This function cannot be used if the main clock frequency is 2 MHz or below. In that case, set the
CM20 bit to 0 (oscillation stop/re-oscillation detect function disabled).
*While the CM27 bit is 1 (oscillation stop/re-oscillation detect interrupt), when the FRAO1 bit is 1 (40
MHz on-chip oscillator selected), set the FRAOO bit to 1 (40 MHz on-chip oscillator on). (Do not set
the FRAOQO bit to 0 while FRAO1 bit is 1, and vice versa.)
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8.8.5 PLL Frequency Synthesizer
To use the PLL frequency synthesizer, stabilize the supply voltage to meet the power supply ripple

standard.
Standard
Symbol Parameter Unit
y Min. Typ. Max.
f (ripple) Power supply ripple allowable frequency (Vcci) 10 kHz
VP-P (ripple) Power supply ripple allowable (Vcci=5V) 0.5 \%
amplitude voltage (Vcci=3V) 0.3 Vv
Vcc (jav iaT)) | Power supply ripple rising/falling (Vcci=5V) 0.3 V/ms
gradient (Vcci=3V) 0.3 V/ms
f (ripple) _ f (ripple)
Power supply ripple allowable —————p
frequency (VCC1)

Vp-p (ripple) ] e
Power supply ripple allowable
amplitude voltage Vccel ~_ Vp-p (ripple)

Figure 8.11 Voltage Fluctuation Timing
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9. Power Control

9.1 Introduction
The following describes how to reduce the amount of current consumption.

9.2 Registers
Refer to 8. “Clock Generator” for the clock-related registers.

Table 9.1 Register Structure

Address Register Name Symbol After Reset
0220h Flash Memory Control Register 0 FMRO 0000 0001b
(Other than user boot mode)
0010 0001b
(User boot mode)
0222h Flash Memory Control Register 2 FMR2 XXXX 0000b
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9.2.1 Flash Memory Control Register 0 (FMRO)

Flash Memory Control Register 0
Symbol Address After Reset
b7 b6 b5 b4 b3 b2 bl bo
|O | O| | | | | FMRO 0220h 0000 0001b (other than user boot mode)
T e L 0010 0001b (user boot mode)
bbb b
1 ' 1 1
P E {1 11 |BitSymbol Bit Name Function RW
A A A
[ T S B
I ' [ . . H :
bbb 1 EMRo0  |RY/BY status flag 0 - Busy (being written or erased) RO
o E P 1: Ready
[ T S
1 ! [ CPU rewrite mode select [0 : CPU rewrite mode disabled
i i E E i b FMRO1 | & 1 : CPU rewrite mode enabled RW
[ T R
by b
I R R . . |0 Lock bit enabled
i i E i i FMRO2 [Lock bit disable select bit 1 Lock bit disabled RW
ooy
1 )
i E E E i 0 : Flash memory operation enabled
N T S D . 1 : Flash memory operation stopped
E H E 1 FMSTP  Flash memory stop bit (placed in low power mode, flash memory RW
o initialized)
RN
oo — .
i i E [ I (b4) Reserved bit Setto 0 RW
P ,
[ — . Set to O in other than user boot mode.
i i i (b5) Reserved bit Set to 1 in user boot mode. RW
b
P 0 : Terminated normally
i ---------------- FMRO6 |Program status flag 1 : Terminated in error RO
'
1
i 0 : Terminated normally
------------------- FMRO7 |Erase Status Flag 1 : Terminated in error RO

FMRO1 (CPU Rewrite Mode Select Bit) (b1)

To set the FMRO1 bit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers
occur before writing 1 after writing O.

In EWO0 mode, write to this bit by a program in any area other than the flash memory.

Enter read array mode first to set this bit to 0.

FMSTP (Flash Memory Stop Bit) (b3)

Write to the FMSTP bit by a program in any area other than the flash memory.

The FMSTP bit is enabled when the FMRO1 bit is 1 (CPU rewrite mode). When the FMROL1 bit is 0,
although the FMSTP bit can be set to 1, the flash memory is neither placed in low power mode nor
initialized.

When the FMR23 bit is 1 (low current consumption read mode enabled), do not set the FMSTP bit to 1
(flash memory stopped). Also, when the FMSTP bit is 1, do not set the FMR23 bit to 1.
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9.2.2 Flash Memory Control Register 2 (FMR2)

Flash Memory Control Register 2

D7 b6 b5 bd b3 b2 bl b0 Symbol Address After Reset
00 FMR2 0222h XXXX 0000b
] ]
R
i P E ' 1 | Bit Symbol Bit Name Function RW
1 1 1 1
EEREEEE
[ T T T T — .
i i i i E i e (b1-b0) Reserved bits Setto O RW
[ T T T |
[ T T T
[ T T T .
[ T R T Slow read mode enable |0 : Disabled
P R FMR221pit 1: Enabled RW
P
| | . .
[ Low current consumption (O : Disabled
i i i i oo FMR23 | ead mode enable bit 1: Enabled RW
N
LI I S (b7Tb4) No register bits. If necessary, set to 0. Read as undefined value —

FMR22 (Slow Read Mode Enable Bit) (b2)

This bit enables mode which reduces the amount of current consumption when reading the flash
memory. When rewriting the flash memory (CPU rewrite mode), set the FMR22 bit to 0 (slow read
mode disabled).

Slow read mode can be used when f(BCLK) is 5 MHz or below. When f(BCLK) is above 5 MHz, set the
FMR22 bit to 0 (slow read mode disabled).

To set the FMR22 bit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers
occur before writing 1 and after writing O.

Set the FMR23 bit to 1 (low current consumption read mode enabled) after the FMR22 bit is set to 1
(slow read mode enabled). Also, set the FMR22 bit to 0 (slow read mode disabled) after the FMR23 bit
is set to O (slow read mode disabled). Do not change the FMR22 bit and FMR23 bit at the same time.

FMR23 (Low Current Consumption Read Mode Enable Bit) (b3)

When this bit is enabled, the slow read mode reduces the amount of current consumption when reading
the flash memory. When rewriting the flash memory (CPU rewrite mode), set the FMR23 bit to 0 (slow
read mode disabled).

Low current consumption read mode can be used when the CMQ7 bit in the CMO register is 1 (sub
clock used as CPU clock). When the CMOQ7 bit is 0, set the FMR23 bit to 0 (slow read mode disabled).
To set the FMR23 bit to 1, write 0 and then 1 in succession. Make sure no interrupts or DMA transfers
occur before writing 1 and after writing O.

Set the FMR23 bit to 1 (low current consumption read mode enabled) after the FMR22 bit is set to 1
(slow read mode enabled). Also, set the FMR22 bit to 0 (slow read mode disabled) after the FMR23 bit
is set to O (slow read mode disabled). Do not change bits FMR22 and FMR23 at the same time.

When the FMR23 bit is 1, do not set the FMSTP bit in the FMRO register to 1 (flash memory stopped).
Also, when the FMSTP bit is 1, do not set the FMR23 bit to 1.

When the FMR23 bit in the FMR2 register is 1 (low current consumption read mode enabled), do

not enter wait mode or stop mode. To enter wait mode or stop mode, set the FMR23 bit to 0 (low current
consumption read mode disabled) before entering.
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9.3 Clock

The amount of current consumption correlates with the number of operating clocks and frequency. If there
are fewer operating clocks and a lower frequency, current consumption will be low.

Normal operating mode, wait mode, and stop mode are provided to control power consumption. All mode
states, except wait mode and stop mode, are called normal operating mode in this document.

9.3.1 Normal Operating Mode

In normal operating mode, because both the CPU clock and the peripheral function clocks are
supplied, 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
unnecessary oscillator circuits are turned off, power consumption is further reduced.

9.3.1.1 High-Speed Mode and Medium-Speed Mode

In high-speed mode, the main clock divided by 1 (no division) is used as the CPU clock.

In medium-speed mode, the main clock divided by 2, 4, 8 or 16 is used as the CPU clock.

f1 with the same frequency of the main clock divided by 1 is used as the peripheral function
clocks in both high-speed and medium-speed modes. When fC is supplied, fC and fC32 can
be used as the peripheral function clocks. When fOCO-S is supplied, it can be used as the
peripheral function clocks. When fOCO40M and fOCO-F are supplied, they can be used as the
peripheral function clocks.

9.3.1.2  PLL Operating Mode

The PLL clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. f1 with the same
frequency of the PLL clock divided by 1 (no division) is used as the peripheral function clocks.

When fC is supplied, fC and fC32 can be used as the peripheral function clocks. When fOCO-S is
supplied, it can be used as the peripheral function clocks. When fOCO40M and fOCO-F are supplied,
they can be used as the peripheral function clocks.

PLL operating mode can be entered and exited from high-speed mode or medium-speed mode. To
enter other modes including wait mode and stop mode, enter high-speed mode or medium-speed
mode first, and then enter the intended mode (refer to Figure 9.1 “Clock Mode Transition”).

9.3.1.3 40 MHz On-Chip Oscillator Mode

The fOCO-F clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. f1 with the same
frequency of the fOCO-F clock divided by 1 is used as the peripheral function clocks.

When fC is supplied, fC and fC32 can be used as the peripheral function clocks. When fOCO-S is
supplied, it can be used as the peripheral function clocks. fOCO40M and fOCO-F can be used as the
peripheral function clocks.

REJ09B0484-0030 Rev.0.30 Sep 09, 2008 RENESAS
Page 132 of 791



Under development  Preliminary Specification
This is a preliminary specification and is subject to change.

M16C/65 Group 9. Power Control

9.3.1.4 125 kHz On-Chip Oscillator Mode

The fOCO-S clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. f1 with the same
frequency of the fOCO-S clock divided by 1 is used as the peripheral function clocks.

When fC is supplied, fC and fC32 can be used as the peripheral function clocks. fOCO-S can
be used as the peripheral function clocks. When fOCO40M and fOCO-F are supplied, they can be
used as the peripheral function clocks.

9.3.1.5 125 kHz On-Chip Oscillator Low Power Mode

The main clock and fOCO-F are turned off after the MCU enters 125 kHz on-chip oscillator mode.
The fOCO-S clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. f1 with the same
frequency of the fOCO-S clock divided by 1 is used as the peripheral function clocks.

When fC is supplied, fC and fC32 can be used as the peripheral function clocks. fOCO-S can be
used as the peripheral function clocks.

9.3.1.6 Low-Speed Mode

fC is used as the CPU clock.

When the CM21 bit is 0 and the CM11 bit is 0 (main clock), f1 with the same frequency of the main
clock divided by 1 is used as the peripheral function clocks. When the CM21 bit is 0 and the CM11 bit
is 1 (PLL clock), f1 with the same frequency of the PLL clock divided by 1 is used as the peripheral
function clocks. When the CM21 bit is 1 (on-chip oscillator clock) and the FRAO1 bit is 0 (125 kHz on-
chip oscillator clock), f1 with the same frequency of the fOCO-S clock divided by 1 is used as the
peripheral function clocks. When the CM21 bit is 1 (on-chip oscillator clock) and the FRAO1 bit is 1
(40 MHz on-chip oscillator clock), f1 with the same frequency of the fOCO-F clock divided by 1 is
used as the peripheral function clocks.

fC and fC32 can be used as the peripheral function clocks. When fOCO-S is supplied, it can
be used as the peripheral function clocks. When fOCO40M and fOCO-F are supplied, they can be
used as the peripheral function clocks.

9.3.1.7 Low Power Mode

The main clock and fOCO-F are turned off after the MCU enters low speed mode. fC is used as the
CPU clock. When the CM21 bit is 1 (on-chip oscillator clock) and the FRAO1 bit is 0 (125 kHz on-chip
oscillator clock), f1 with the same frequency of the fOCO-S clock divided by 1 is used as the
peripheral function clocks.

fC and fC32 can be used as the peripheral function clocks. When fOCO-S is supplied, it can be used
as the peripheral function clocks.

When this mode is selected, the CMO06 bit in the CMO register simultaneously becomes 1 (divide- by-
8 mode). In low power mode, do not change the CM06 bit. Consequently, select the divide-by-8
mode when any clock (except the sub clock) is used for the next operation.
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Table 9.2 Clocks in Normal Operating Mode

Peripheral Clocks
Mode CPU Clock fOCO-F
fl fC, fC32 | fOCO-S fOCO40M
High-speed Main clock Main clock divided by 1 Enabled | Enabled | Enabled
mode divided by 1 2 (©)] 4
@)
Medium-speed | Main clock
mode divided by n
@
PLL operating |PLL clock PLL clock divided by 1
mode divided by n
1
40 MHz on- %CO-F fOCO-F divided by 1 Enabled | Enabled | Enabled
chip oscillator | divided by n @ ©)
mode @)
125 kHz on- fOCO-S fOCO-S divided by 1 Enabled | Enabled | Enabled
chip oscillator | divided by n (2 4
mode @
125 kHz on- fOCO-S fOCO-S divided by 1 Enabled | Enabled | Disabled
chip oscillator |divided by n (2
low power @
mode
Low-speed fC Any of the following: Enabled | Enabled | Enabled
mode Main clock divided by 1 3 4
(when the CM21 is 0 and the CM11 is 0) ()
PLL clock divided by 1
(when the CM21 is 0 and the CM11 is 1) (6)
fOCO-F divided by 1
(when the CM21 is 1 and the FRAOQ1 is 1)
4
fOCO-S divided by 1
(when the CM21 is 0 and the FRAO1 is 0)
(©)
Low power fC fOCO-S divided by 1 Enabled | Enabled | Disabled
mode (when the CM21 is 1 and the FRAO1 is 0) 3
(©)

CM11 : Bitinthe CML1 register

CM21 : Bitin the CM2 register

FRAOL : Bit in the FRAO register

Notes:

Select by using the CMO06 bit in the CMO register and bits CM17 to CM16 in the CM1 register.
When the fC is supplied.

When the fOCO-S is supplied.

When the fOCO40M and fOCO-F are supplied.

When the main clock is supplied.

When the PLL clock is supplied.

ok wnNE

REJ09B0484-0030 Rev.0.30 Sep 09, 2008 RENESAS
Page 134 of 791



Under development  Preliminary Specification
This is a preliminary specification and is subject to change.

M16C/65 Group

9. Power Control

Table 9.3 Clock Related Bit Setting and Modes

Mode CM2 Register | CM1 Register CMO Register FRAO Register
CMm21 CM14 | CM11 |CMO7 |CMO5 | CMO04 | FRAO1 | FRAOO

High-speed mode,
mgdiurz-speed mode 0 i 0 0 0 ) ) )
PLL operating mode 0 - 1 0 0 - - -
40 MHz on-chip oscillator mode 1 - 0 0 - - 1 1
125 kHz on-chip oscillator mode 1 0 0 0 oM - 0 1)
125 kHz on-chip oscillator low 1 0 0 0 1 i 0 0
power mode
Low-speed mode - - 0 1 oM 1 1@
Low power mode - - 0 1 1 1 - 0

Note:

1. Both or either the main clock and fOCO-F are oscillated

Table 9.4 Selecting Clock Division Related Bits (1)

o CM1 Register CMO Register
Division - -
Bits CM17 to CM16 CM16 bit
Divide-by-1 (no division) (2) 00b 0
Divide-by-2 01b 0
Divide-by-4 10b 0
Divide-by-8 1
Divide-by-16 11b 0
Notes:

1. While in high-speed mode, medium-speed mode, PLL operating mode, 125 kHz on-chip oscillator
mode, or 125 kHz on-chip oscillator low power mode.
2. Select divide-by-1 (no division) in high-speed mode.

Table 9.5 Example Settings for 40 MHz On-Chip Oscillator Mode Division Related Bits

. CM1 Register CMO Register
Division CPU Clock Frequency - -
Bits CM17 to CM16 CMO06 bit
Divide-by-2 Approx. 20 MHz 00b (divide-by-1 (no division)) |0
Divide-by-4 Approx. 10 MHz 01b (divide-by-2) 0
Divide-by-8 Approx. 5 MHz 10b (divide-by-4) 0
Divide-by-16 Approx. 2.5 MHz - 1 (divide-by-8)
Divide-by-32 Approx. 1.25 MHz 11b (divide-by-16) 0
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9.3.2 Mode Transitions

Figure 9.1 shows Clock Mode Transition. Arrows indicate that mode transitions are enabled between
modes.

1 Reset )
Normal Operating

Mode Transitions to \

/ wait mode and stop mode enabled N\

125 kHz on-chip
oscillator low power
mode

40 MHz on-chip
oscillator mode

125 kHz on-chip
oscillator mode

High-speed,
medium-speed
mode

PLL operating mode

- d
h Low power mode
- P

Interrupt ) . Interrupt
or WAIT instruction or cM10=1

Wait mode Stop mode

CPU operation stop All oscillations stop

CM10 : Bit in the CM1 register

Figure 9.1  Clock Mode Transition

To start or stop clock oscillations, or to change modes in normal operating mode, follow the instructions
below.

* Enter a mode after the clock for the mode entered stabilizes completely.

* To stop a clock, stop the clock for the mode exited after mode transition is completed. Do not stop
the clock at the same time as mode transition.

* Execute mode transition according to the following procedures. To access registers and bits, see
9.2 “Reqgisters”. Letters a to h correspond to those in Figure 9.1 “Clock Mode Transition”.

* For oscillation start and stop, see 8.3.1 “Main Clock” to 8.3.6 “Sub Clock (fC)”.
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a.Entering high-speed mode or medium-speed mode from 40 MHz on-chip oscillator mode, 125 kHz
on-chip oscillator mode, or low-speed mode
(1)Oscillate the main clock and wait until the oscillation stabilizes. See 8.3.1 “Main Clock”.
(2)Set the CMO06 bit to 1 (divide-by-8 mode).
(3)Set the CM11 bit to 0, the CM21 bit to 0, and the CMO7 bit to 0 (main clock selected as CPU
clock source).

b.Entering PLL operating mode from high-speed mode or medium-speed mode

(1)Set a multiplying factor and reference frequency counter by using bits PLC05 to PLC04 and
bits PLC02 to PLCO0O in the PLCO register.

(2)Specify wait for SFR accessing by the PM20 bit.

(3)Set the PLCO7 bit to 1 (PLL on).

(4)Wait for tsu(PLL) until the PLL clock stabilizes.

(5)Set the CM11 bit to 1, the CM21 bit to 0, and the CM07 bit to 0 (PLL clock selected as CPU
clock source).

c.Entering high-speed mode or medium-speed mode from PLL operating mode
(1)Select a divide ratio by setting the CMO06 bit and bits CM17 to CM16.
(2)Set the CM11 bit to 0, the CM21 bit to 0, and the CMO7 bit to 0 (main clock selected as CPU
clock source).
(3)Set the PLCO7 bit to 0 (PLL off).

d.Entering 40 MHz on-chip oscillator mode from high-speed mode, medium-speed mode, or 125 kHz
on-chip oscillator mode

(1)Oscillate the 40 MHz on-chip oscillator and wait until the oscillation stabilizes. See 8.3.4
“fOCO-F".

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

(3)Set the FRAO1 bit to 1 (40 MHz on-chip oscillator).

(4)Set the CM21 bit to 1 (on-chip oscillator clock selected as CPU clock source).

(5)Set the CMO07 bit to 0 (main clock, PLL clock, or on-chip oscillator clock selected as CPU
clock source).

e.Entering 125 kHz on-chip oscillator mode from high-speed mode, medium-speed mode, or low-speed
mode

(1)Oscillate the 125 kHz on-chip oscillator and wait until the oscillation stabilizes. See 8.3.5 “125
kHz On-Chip Oscillator Clock (fOCO-S)”.

(2)Set the FRAO1 bit to 0 (125 kHz on-chip oscillator).

(3)Set the CM21 hit to 1 (on-chip oscillator clock selected as CPU clock source).

(4)Set the CMO07 bit to 0 (main clock, PLL clock, or on-chip oscillator clock selected as CPU
clock source).

f.Entering low-speed mode from high-speed mode, medium-speed mode, or 125 kHz on-chip oscillator
mode
(1)Oscillate the sub clock and wait until the oscillation stabilizes. See 8.3.6 “Sub Clock (fC)”.
(2)Set the CMO7 bit to 1 (sub clock selected as CPU clock source).

g.Entering 125 kHz on-chip oscillator low power mode from 125kHz on-chip oscillator mode
Entering low power mode from low-speed mode
Follow both or either of the procedures below (in no particular order).
(1)Stop oscillating the main clock. See 8.3.1 “Main Clock”
(2)Stop oscillating the 40 MHz on-chip oscillator. See 8.3.4 “fOCO-F".
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h.Entering 125 kHz on-chip oscillator mode from 125 kHz on-chip oscillator low power mode
Entering low-speed mode from low power mode
Follow both or either of the procedures below (in no particular order).
(1)Oscillate the main clock and wait until the oscillation stabilizes. See 8.3.1 “Main Clock”.
(2)Oscillate the 40 MHz on-chip oscillator and wait until the oscillation stabilizes. See 8.3.4
“fOCO-F".

i.Entering 125 kHz on-chip oscillator mode from 40 MHz on-chip oscillator mode

(1)Oscillate the 125 kHz on-chip oscillator and wait until the oscillation stabilizes. See 8.3.5 “125
kHz On-Chip Oscillator Clock (fOCO-S)".

(2)Set the CMO06 bit to 1 (divide-by-8 mode).

(3)Set the FRAOL1 bit to 0 (125 kHz on-chip oscillator).

(4)Set the CM21 bit to 1 (on-chip oscillator clock selected as CPU clock source).

(5)Set the CMO7 bit to 0 (main clock, PLL clock, or on-chip oscillator clock selected as CPU clock
source).
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9.33 Wait Mode

In wait mode, the CPU clock, CPU, watchdog timer, and NMI/SD digital filter are turned off as they are
operated by the CPU clock. However, if the CSPRO bit in the CSPR register is 1 (count source
protection enabled), the watchdog timer remains active. Because the main clock, fOCO-F, fOCO-S, and
fC do not stop, the peripheral functions using these clocks keep operating.

9.3.3.1 Peripheral Function Clock Stop Function

When the CMO02 bit is 1 (peripheral function clock f1 turned off during wait mode), the f1 clock is
turned off while in wait mode, and power consumption is reduced. However, all the peripheral clocks
except f1 (i.e. fOCO-F, fOCO-S, fC, and fC32) do not stop.

9.3.3.2 Entering Wait Mode

The MCU enters wait mode by executing a WAIT instruction.

When the CM11 bit is 1 (PLL clock selected as CPU clock source), set the CM11 bit to 0 (main clock
selected as CPU clock source) before entering wait mode. Chip power consumption can be reduced
by setting the PLCO7 bit to O (PLL off).

9.3.3.3 Pin Status in Wait Mode
Table 9.6 lists Pin Status in Wait Mode.

Table 9.6 Pin Status in Wait Mode

A0 to A19, DO to D15, Retains the status just prior to Cannot be used as a bus control pin
CSO0to CS3, BHE entering wait mode
RD, WR, WRL, WRH High
HLDA, BCLK High
ALE Low
I/O ports Retains the status just prior to Retains the status just prior to entering
entering wait mode wait mode
CLKOUT fC selected Cannot be used as a CLKOUT | Does not stop
f1, f8, f32 pin Does not stop when the CMO02 bit is 0.
selected When the CMO02 bit is 1, the status
immediately prior to entering wait
mode is maintained
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9.3.3.4  Exiting Wait Mode

The MCU exits wait mode by a reset or interrupt. Table 9.7 lists Resets and Interrupts to Exit Wait
Mode and Conditions for Use.

The peripheral function interrupts are affected by the CM02 bit. When the CMO02 bit is O (peripheral
function clock f1 not turned off in wait mode), peripheral function interrupts can be used to exit wait
mode. When the CMO02 bit is 1 (peripheral function clock f1 turned off in wait mode), the peripheral
functions using the peripheral function clock f1 stop operating, so that the peripheral functions
activated by external signals and the peripheral function clocks except f1 (fOCO40M, fOCO-F, fOCO-
S, fC, fC32) can be used to exit wait mode.

The fOCO-S is also used for the digital filter in the voltage detection circuit, so wait mode is exited
when the digital filter is disabled or when the fOCO-S is supplied.
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Table 9.7 Resets and Interrupts to Exit Wait Mode and Conditions for Use

Conditions for Use
Interrupt, Reset
CM02=0 CmM02=1
Interrupt |Peripheral [INT Usable Usable
function  key input Usable Usable
Interrupt timer A, Usable in all modes Usable when fOCO-F, fOCO-S or fC32 is
timer B supplied and is used as count source.
Usable when counting external signals in
event counter mode
Remote Usable Usable when fC is supplied and is used
control signal as count source.
receiver Usable when fOCO-F, fOCO-S, or fC32 is
supplied and is used as count source for
timer B1 or B2, and timer B1 or B2
underflow is used as count source for
remote control signal receiver.
Serial Usable in internal clock or |Usable in external clock
interface external clock Usable when fOCO-F is supplied and is
used as internal clock
Multi-master |Both 12C-bus interface and |SCL/SDA is usable
I2C-bus SCL/SDA are usable
interface
CEC function |Usable Usable when fC is supplied and is used
as count source.
A/D converter |Usable in one-shot mode or |Usable when fOCO40M is supplied and is
single sweep mode used as fAD in one-shot mode or single
sweep mode
Real-time Usable when fC is supplied and is used as count source
clock
Voltage detection 1, Usable when the digital filter is disabled or fOCO-S is supplied
Voltage detection 2
NMI Usable when the digital filter is disabled (bits NMIDF2 to NMIDFO in
the NMIDF register are 000b)
Reset |Hardware reset Usable
Voltage detection O reset, |Usable when the digital filter is disabled or fOCO-S is supplied
Voltage detection 1 reset,
Voltage detection 2 reset
Watchdog timer Usable when count source protection mode is enabled (CSPRO = 1)
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When the MCU exits wait mode by hardware reset, voltage monitor O reset, voltage monitor 1 reset,
voltage monitor 2 reset, watchdog timer reset, NMI interrupt, voltage monitor 1 interrupt, or voltage
monitor 2 interrupt, set bits ILVL2 to ILVLO in peripheral function interrupt to 000b (interrupt disabled)
before executing the WAIT instruction.

When the MCU exits wait mode by peripheral function interrupts, make the following settings before
executing a WAIT instruction:
(1) Set the interrupt priority level of bits ILVL2 to ILVLO in the interrupt control register for peripheral
function interrupts which are used to exit wait mode.
Set bits ILVL2 to ILVLO in all other interrupt control registers, for peripheral function interrupts not
used to exit wait mode, to 000b (interrupt disabled).
(2) Setthe | flag to 1.
(3) Start operating the peripheral functions used to exit wait mode.

When exiting wait mode by means of an interrupt, an interrupt routine is performed after an interrupt
request is generated, and then the CPU clock is supplied again.

When the MCU exits wait mode by an interrupt, the CPU clock is the same CPU clock used while
executing the WAIT instruction.
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9.34 Stop Mode

In stop mode, all oscillator circuits, the CPU clock, and peripheral function clocks are turned off.
Therefore, the CPU and the peripheral functions using these clocks stop operating. The least amount of
power is consumed in this mode. If the voltage applied to pins VCC1 and VCC2 is VRAM or greater, the
contents of internal RAM are retained. When applying 2.7 V or less to pins VCC1 and VCC2, make sure

VCC1 > VCC2 > VRAM.

However, the peripheral functions activated by external signals keep operating.

9.34.1

Entering Stop Mode

The MCU enters stop mode by setting the CM10 bit in the CM1 register to 1 (all clocks turned off). At
the same time, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode), and the CM15 bit in
the CML1 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

disabled).

Also, when the CM11 bit is 1 (PLL clock used as the CPU clock source), set the CM11 bit to 0 (main
clock used as the CPU clock source), and then the PLCO7 bit to O (PLL turned off) before entering

stop mode.

9.34.2

Pin Status in Stop Mode

Table 9.8 lists Pin Status in Stop Mode.

Table 9.8

Pin Status in Stop Mode

Pin

Memory Expansion Mode
Microprocessor Mode

Single-Chip Mode

A0 to A19, DO to D15,
CSO0to CS3, BHE

Retains status just prior to stop
mode

Cannot be used as bus control pin

RD, WR, WRL, WRH High

HLDA, BCLK High

ALE Undefined

I/O ports Retains status just prior to stop Retains status just prior to stop

mode

mode

CLKOUT | fC selected

f1, f8, f32 selected

Cannot be used as CLKOUT pin

High

Retains status just prior to stop
mode

XOouT

High

XCIN, XCOUT

High-impedance
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9.3.4.3 Exiting Stop Mode

Use a reset or an interrupt to exit stop mode. Table 9.9 lists Resets and Interrupts to Exit Stop Mode
and Conditions for Use.

Table 9.9 Resets and Interrupts to Exit Stop Mode and Conditions for Use

Interrupt, Reset Conditions for Use
Interrupt |Peripheral |INT Usable
function  |key input Usable
interrupt : - - -
timer A, Usable when counting external signals in event counter mode
timer B
Serial Usable when an external clock is selected
interface
Multi-master SCL/SDA is usable
I2C-bus
interface

Voltage detection 1 interrupt, |Usable when the digital filter is disabled (VW1C1 bit in the VW1C
register is 1)
Voltage detection 2 interrupt |Usable when the digital filter is disabled (VW2C1 bit in the VW2C
register is 1)

NMI Usable when the digital filter is disabled (bits NMIDF2 to NMIDFO
in the NMIDF register are 000b)
Reset Hardware reset Usable

Voltage detection O reset Usable when the digital filter is disabled (VWOC1 bit in the VWOC
register is 1)

To exit stop mode by using hardware reset, voltage monitor O reset, NMI interrupt, voltage monitor 1
interrupt, or voltage monitor 2 interrupt, set bits ILVL2 to ILVLO in the interrupt control registers for the
peripheral function interrupt to 000b (interrupt disabled) before setting the CM10 bit to 1.

To use a peripheral function interrupt to exit stop mode, set the CM10 bit to 1 after the following
settings are completed.
(1) Set the interrupt priority level of bits ILVL2 to ILVLO in the interrupt control register for peripheral
function interrupts which are used to exit stop mode.
Set bits ILVL2 to ILVLO in all other interrupt control registers, for peripheral function interrupts not
used to exit stop mode, to 000b (interrupt disabled).
(2) Setthe | flag to 1.
(3) Start operating the peripheral functions used to exit stop mode.

When exiting stop mode by means of a peripheral function interrupt, an interrupt routine is performed
after an interrupt request is generated and then the CPU clock is supplied again.

When stop mode is exited by means of an interrupt, the CPU clock source varies depending on the
CPU clock source setting before the MCU had entered stop mode. Table 9.10 lists CPU Clock After
Exiting Stop Mode.
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Table 9.10 CPU Clock After Exiting Stop Mode

CPU Clock Before Entering Stop Mode CPU Clock After Exiting Stop Mode
Main clock divided by 1 (no division), 2, 4, 8 or 16  |Main clock divided by 8
fOCO-S divided by 1 (no division), 2, 4, 8 or 16 fOCO-S divided by 8
fOCO-F divided by 1 (no division), 2, 4, 8 or 16 fOCO-F divided by 8
fC fC
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9.4 Power Control in Flash Memory

94.1

Stopping Flash Memory

When the flash memory is stopped, consumption current is reduced. Execute a program in any area
other than the flash memory. Figure 9.2 shows Stop and Restart of the Flash Memory. Follow the
flowchart of Figure 9.2.

Notes:

!

Transfer the program within the dashed line below to an
area other than the flash memory

Jump to the program within the dashed line below
transferred to an area other than the flash memory.
(Execute the following steps in an area other than the
flash memory.)

Set the FMROL1 bit to 0 first, and then set it to 1 (CPU rewrite

mode enabled).

l

Set the FMSTP bit to 1 (The flash memory stops operating,

low-power state) @

}

Switch clock sources of the CPU clock.
Main clock stop, 40 MHz on-chip oscillator stop, etc. @

y

Processing

A 4

Start oscillating main Wait until Switch clock
clock or 40 MHz —p» oscillation —Jp source of

on-chip oscillator stabilizes the CPU clock @

Set the FMSTP bit to 0 (flash memory operation).

}

Set the FMROL1 bit to 0 (CPU rewrite mode disabled).

|

Wait until the flash memory stabilizes (tps). @

l

Jump to the desired address in the flash memory.

> Stop Procedure

> Restart Procedure

1. Set the FMSTP bit to 1 after the FMROL1 bit is set to 1 (CPU rewrite mode enabled).

2. Wait until the clock stabilizes before switching the clock source of the CPU clock.

3. Add tps wait time by a program. Do not access the flash memory during this wait time.
4. To enter stop mode or wait mode, set the FMRO1 bit to 0 (CPU rewrite mode disabled).

Figure 9.2

Stop and Restart of the Flash Memory
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9.4.2 Reading Flash Memory

Consumption current while reading the flash memory can be reduced by using bits FMR22 and FMR23.

9.4.2.1 Slow Read Mode

Slow read mode can be used when f(BCLK) is 5 MHz or below. Figure 9.3 shows Setting and
Canceling of Slow Read Mode.

< Slow read mode >

-
Set the CPU clock less than or equal to 5 MHz. Setting
Procedure
Set the FMR22 bit to 0, and then to 1 (enabled).
/
Processing in slow read mode
Set the FMR22 bit to 0. Canceling
Procedure
Restore the CPU clock.

( Completed >

Figure 9.3  Setting and Canceling of Slow Read Mode
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9.4.2.2 Low Current Consumption Read Mode

Low current consumption read mode can be used when the CMO07 bit in the CMO register is 1 (sub
clock used as CPU clock). Figure 9.4 shows Setting and Canceling of Low Current Consumption

Read Mode.
C Low current consumption read mode )
-
Set the CMO7 bit to 1 (sub-clock used as a CPU clock)
Set the CMO5 bit to 1 (main clock oscillation stop)
and the FRAOQO bit to 0 (40 MHz on-chip oscillator stopped)
L Setting
Procedure
Set the FMR22 bit to 0, and then to 1 (enabled).
Set the FMR23 bit to 0, and then to 1 (enabled).
_/
Processing in low current consumption read mode
-
Set the FMR23 bitto 0 @
he EMR22 bi @ Canceling
Set the itto 0 Procedure
Restore the CPU clock
_J
( Completed )
Note:
1. Do not rewrite bits FMR22 and FMR23 simultaneously.

Figure 9.4  Setting and Canceling of Low Current Consumption Read Mode
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9.5 Reducing Power Consumption

To reduce power consumption, refer to the following descriptions when designing a system or writing
a program.

9.5.1 Ports

The MCU retains the state of each 1/0 port even when it enters wait mode or stop mode. A current flows
in the active output ports. A shoot-through current flows to the input ports in the high-impedance state.
When entering wait mode or stop mode, set unused ports to input and stabilize the potential.

95.2 A/D Converter

When not executing A/D conversion, set the ADSTBY bit in the ADCONL1 register to 0 (A/D operation
stop). When executing A/D conversion, start the A/D conversion after setting the ADSTBY bit to 1 (A/D
operation enabled) and waiting 1 $AD cycle or more.

953 D/A Converter

When not executing D/A conversion, set the DAIE bit (i = 0, 1) in the DACON register to 0 (output
inhibited) and the DAI register to 00h.

954 Stopping Peripheral Functions
Use the CMO02 bit in the CMO register to stop the unnecessary peripheral functions while in wait mode.

9.5.5 Switching the Oscillation-Driving Capacity
Set the driving capacity to low when oscillation is stable.
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9.6 Notes on Power Control

9.6.1 CPU Clock

*When switching clock sources of the CPU clock, wait until the clock oscillation switched to is

stabilized.

9.6.2 Wait Mode

* After the WAIT instruction, insert at least four NOP instructions. When entering wait mode, the
instruction queue reads ahead the instructions following WAIT. Thus, depending on timing, some of
the instructions may be executed before the MCU enters wait mode.

Program example when entering wait mode is shown below.

Program Example:

FSET
WAIT

NOP
NOP
NOP
NOP

; Enter wait mode
: More than four NOP instructions

* Do not enter wait mode when the FMR23 bit in the FMR2 register is 1 (low current consumption
read mode enabled). Set the FMR23 bit to 0 (low current consumption read mode disabled) and
the FMROL1 bit to 0 (CPU rewrite mode disabled), and disable DMA transfer before entering wait

mode.
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9.6.3 Stop Mode

* When exiting stop mode by hardware reset, drive the RESET pin low until main clock oscillation is
stabilized.

* Set the MRO bit in the TAIMR register (i = 0 to 4) to 0 (pulse not output) when using timer A to exit
stop mode.

*When entering stop mode, insert a JMP.B instruction immediately after executing an instruction
that sets the CM10 bit in the CM1 register to 1, and then insert at least four NOP instructions.
When entering stop mode, the instruction queue reads ahead the instructions following the
instruction which sets the CM10 bit to 1 (all clock stop). Thus, some of the instructions may be
executed before the MCU enters stop mode or before the interrupt routine for returning from stop

mode.

Program example when entering stop mode

Program Example: FSET |
BSET 0,CM1 ; Enter stop mode

JMPB L2 ; Insert a JMP.B instruction
L2:
NOP ; At least four NOP instructions
NOP
NOP
NOP

* The CLKOUT pin outputs a high-level signal in stop mode. Thus, if stop mode is entered right after
output on the CLKOUT pin changes state from high to low, the high-level durations of the output
signal to the CLKOUT pin becomes shorter.

|

Stop mode
:< p
1

CLKOUT pin output

*When the FMR23 bit in the FMR2 register is 1 (low current consumption read mode enabled), do
not enter stop mode. To enter stop mode, execute an instruction to set the CM10 bit in the CM1
register to 1 (stop mode) after setting the FMR23 bit to O (low current consumption read mode
disabled), setting the FMRO1 bit to 0 (CPU rewrite mode disabled), and disabling DMA transfer.

9.6.4 Low Current Consumption Read Mode

* Enter low current consumption read mode through slow read mode (refer to Figure 9.4 “Setting and
Canceling of Low Current Consumption Read Mode").
*When the FMR23 bit in the FMR2 register is 1 (low current consumption read mode enabled), do

not set the FMSTP bit to 1 (flash memory stopped). Also, when the FMSTP bit is 1, do not set the
FMR23 bit to 1.
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10. Processor Mode

Note

Do not use memory expansion mode and microprocessor mode in the 80-pin package.

10.1 Introduction

Three processor modes are available to choose from: single-chip mode, memory expansion mode, and
microprocessor mode. Table 10.1 shows the Features of Processor Modes.

Table 10.1 Features of Processor Modes

Processor Mode Access Space Pins Assigned as I/0O Ports
Single-chip mode SFR, internal RAM, internal ROM All pins are I/O ports or
peripheral function 1/O pins

Memory expansion mode [SFR, internal RAM, internal ROM,  |Some pins serve as bus control pins ()
external area (1)

Microprocessor mode SFR, internal RAM, external area (1) |Some pins serve as bus control pins (1)
Note:
1. Referto 11. “Bus” for details.

Table 10.2 1/0 Pins

Pin Name I/O Type Function
CNVSS Input

Selects a processor mode
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10.2 Registers

Table 10.3  Register Structure

Address Register Name Symbol After Reset
0004h Processor Mode Register 0 PMO 0000 0000b (CNVSS pin is low)
0000 0011b (CNVSS pin is high)
0005h Processor Mode Register 1 PM1 0000 1000b
0010h Program 2 Area Control Register PRG2C XXXX XX00b

10.2.1 Processor Mode Register 0 (PMO0)

Processor Mode Register O

b7 b6 b5 b4 b3 b2 bl b0

7 — Symbol Address After Reset
1 } ]
il il PO 0004h 0000 0000b (CNVSS pin is held low)
Fol i H I 0000 0011b (CNVSS pin is held high)
[T 1
1 oo ) [ |
oo g [
. E i i E i 1 |Bit Symbol Bit Name Function RW
1 [}
1 1 1 1 1 ] [ |
H ] ) [

oo [ |
bbbl Pmoo bl b0 _ -
A I ) 0 0: Single-chip mode
i I Processor mode bit 0 1:Memory expansion mode
A A 1 0:Do not'set
. E i Pt PMO01 1 1:Microprocessor mode RW
] 1 ]
RN
1 ] 1 J— —_—
b , 0:RD, BHE, WR

[ ) L RU,BAE, VWIR
i i ; E i R PMO02 |R/W mode select bit 1 RD. WRH, WRT RW
A
P

! . -
i i E : : ________ PMO3 Software reset bit Setting this bit to 1 resets the MCU. RW
P Read as 0.
P
I D b5 b4
i i ! PMO4 0 0:Multiplexed bus is unused RW
! E ! Multiplexed bus space select (separate bus in the entire CS space)
o bit 0 1:Allocated to CS2 space
I bt PMO5 1 0:Allocated to CS1 space RW
i 1 1: Allocated to the entire CS space
1 1
1 1
1 1
1 1 -
o Port P4_0 to P4_3 function 0 : Address output
i """""""" PMO6 select bit 1 : Port function (address is not output) RW
1
1
H 0 : BCLK is output
T TR PMO7 BCLK output disable bit 1: BCLK is not output RW
(pin is left in high-impedance)

Rewrite this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
Bits PM0O1 to PMOO do not change at software reset, watchdog timer reset, oscillation stop detection
reset, voltage monitor 1 reset, and voltage monitor 2 reset.

PMO01 to PMOO (Processor Mode Bit) (b1 to b0)
Do not rewrite bits PM01 to PM00 and PMO7 to PMO02 at the same time.
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10.2.2

Processor Mode Register 1 (PM1)

b7 b6 b5 b4 b3 b2 bl b0

Processor Mode Register 1

]
1
[}
[}
]
]
]
]
]
]
]
]
]
]
]
-

Symbol Address After Reset
PM1 0005h 0000 1000b
Bit Symbol Bit Name Function RW
PM10 CS2 area switch bit 0: CS2 (OE0OON to OFFFFh ) RW
(data flash enable bit) 1: Data flash (OEO0Oh to OFFFFh)
Port P3_7 to P3_4 function 0 : Address output
PMIL  |select bit 1: Port function RW
Watchdog timer function select|0 : Watchdog timer interrupt
PM12 bit 1: Watchdog timer reset RW
: . Refer to the bit explanation below “PM13
PM13 Internal area expansion bit 0 (Internal Area Expansion Bit 0) (b3)” RW
b5 b4
PM14 0 0:1-Mbyte mode (no expansion) RW
Memory area expansion bit (1) (l) . Bg 28% Zg:
PM15 1 1:4-Mbyte mode RW
(b6) Reserved bit Setto 0 RW
P 0 : No wait state
PM17 | Wait bit 1: Wait state (1 wait) RW

Rewrite this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
The PM12 bit is set to 1 by writing 1 by a program (writing 0 has no effect).

PM10 (CS2 Area Switch Bit (Data Flash Enable Bit)) (b0)

This bit is used to select the function of addresses OE0Q00h to OFFFFh. Table 10.4 lists Data Flash
(Addresses OEOOOh to OFFFFh).

Table 10.4

Data Flash (Addresses OEO0Oh to OFFFFh)

Processor Mode

PM10 bit in PM1 Register 0 1
Single-chip mode Reserved area Data flash
Memory expansion mode External area Data flash

Microprocessor mode

External area

Reserved area

Data flash includes block A (addresses OE000h to OEFFFh) and block B (addresses OF000h to
OFFFFh). When data flash is selected by the setting of the PM10 bit, both block A and block B can be

used.

The PM10 bit is automatically set to 1 while the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite

mode).
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PM13 (Internal Area Expansion Bit 0) (b3)

This bit is used to select the range of the RAM, program ROM 1, and external area.

When the PM13 bit is 0, the size of the RAM and program ROM 1 is limited, but a wide range can be
selected for the external area.

When the PM13 bit is 1, the entire RAM and the program ROM 1 in addresses 80000h to CFFFFh are
available. Table 10.5 lists the Functions of Bits PM13 and IRON and Table 10.6 lists Functions of
Addresses 80000h to CFFFFh.

Table 10.5 Functions of Bits PM13 and IRON

Bit Setting
Access Area PM13 =0 PM13 =1
IRON =0 (1) IRON=0 IRON =1
Internal |RAM Addresses 00400h upto | The entire area is usable. |The entire area is
03FFFh (15 Kbytes) are usable.
available (addresses
0400h to OCFFFh cannot
be used).
Program ROM 1 Addresses DO0O00Oh up to |Addresses 80000h up to | The entire area is
FFFFFh (192 Kbytes) are |FFFFFh are available usable.
available (addresses (addresses 40000h to
40000h to CFFFFh cannot | 7FFFFh cannot be used).
be used).
External|Memory 04000hto |Usable Reserved Reserved
expansion |OCFFFh
mode 40000hto |Usable Usable Reserved
7FFFFh
80000 to |Usable Reserved Reserved
CFFFFh
Micro- 04000hto |Usable Reserved Reserved
processor |OCFFFh
mode 40000hto |Usable Usable Usable
7FFFFh
80000 to |Usable Usable Usable
CFFFFh
PM13: Bit in the PML1 register
IRON: Bit in the PRG2C register
Note:
1. When the PM13 bit is 0, set the IRON bit to 0.
Table 10.6  Functions of Addresses 80000h to CFFFFh
PM13 Bit in PM1 Register 0 1
Processor Mode |Single-chip mode Reserved area |Program ROM 1 (when program ROM 1 exists)
Memory expansion External area |if not, reserved area

mode

Microprocessor mode External area |External area

The PM13 bit is automatically set to 1 while the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite
mode).
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10.2.3 Program 2 Area Control Register (PRG2C)

Program 2 Area Control Register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
[) ]
b PRG2C 0010h XXXX XX00b
P
P
E E Bit Symbol Bit Name Function RW
) ]
) ]
) ]
v . .. |0 : Enable program ROM 2
E 4 PRG2CO [Program ROM 2 disable bit 1: Disable program ROM 2 RW
)
i Program ROM 1 addresses (40000h to 7FFFFh)
1___| IRON Internal area expansion bit 1 [0 : Disabled RW
1: Enabled

.................. (b7-b2) No register bits. If necessary, set to 0. Read as undefined value —

Rewrite this register after setting the PRC6 bit in the PRCR register to 1 (write enabled).

PRG2CO (Program ROM 2 Disable Bit) (b0)

This bit is used to select the function of addresses 10000h to 13FFFh. Table 10.7 lists Program ROM 2
(Addresses 10000h to 13FFFh).

Table 10.7 Program ROM 2 (Addresses 10000h to 13FFFh)

PRG2CO0 bit in PRG2C Register 0 1
Processor Mode Single-chip mode Program ROM 2 Reserved area
Memory expansion mode Program ROM 2 External area
Microprocessor mode Reserved area External area

Program ROM 2 includes the on-chip debugger monitor area and user boot code area (refer to 30.7
“User Boot Function”).

IRON (Internal Area Expansion Bit 1) (b1)

This bit enables the program ROM 1 (addresses 40000h to 7FFFFh) for products with the size of
program ROM 1 over 512 Kbytes. Table 10.8 lists Functions of Addresses 40000h to 7FFFFh. Table
10.5 lists Functions of Bits PM13 and IRON.

Set the IRON bit to 0 when either of the following is true.

* The PM13 bit in the PM1 register is 0 (maximum of 192 Kbytes are available in program ROM 1).
* Bits PM15 and PM14 in the PM1 register are set to “11b” (4-Mbyte mode).

Table 10.8 Functions of Addresses 40000h to 7FFFFh

IRON Bit in PRG2C Register

0

1

Processor Mode

Single-chip mode

Reserved area

Memory expansion mode

External area

Program ROM 1(when program ROM 1 exists)
if not, reserved area

Microprocessor mode

External area

External area
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10.3 Operations

10.3.1 Processor Mode Settings

Processor mode is set by using the CNVSS pin and bits PM01 to PMOO in the PMO register.

In hardware reset, power-on reset, or voltage monitor O reset, the processor mode is selected by the
CNVSS pin input level. Table 10.9 lists Processor Mode after Hardware Reset, Power-On Reset, or
Voltage Monitor O Reset.

Table 10.9  Processor Mode after Hardware Reset, Power-On Reset, or Voltage Monitor 0 Reset

CNVSS Pin Input Level Processor Mode Bits PM01 to PMOO in the PMO Register
VSS Single-chip mode 00b (single-chip mode)
VCC1 Microprocessor mode 11b (microprocessor mode)

Rewriting bits PM01 to PMOO places the MCU in the mode corresponding to bits PM01 to PM0O
regardless of whether the input level of the CNVSS pin is high or low. When VCCL1 is applied to the
CNVSS pin and then the MCU is reset by hardware reset, power-on reset, or voltage monitor O reset,
the internal ROM cannot be accessed regardless of the value of bits PM01 to PM0OQ. Table 10.10 lists
Bits PMO1 to PMOO Set Values and Processor Modes.

Do not rewrite these bits to enter microprocessor mode in the internal ROM, or to exit microprocessor
mode in areas overlapping the internal ROM.

Table 10.10 Bits PMO01 to PMO0O Set Values and Processor Modes

Bits PM0O1 to PMOO Processor Mode
00b Single-chip mode
01b Memory expansion mode
10b Do not set
11b Microprocessor mode
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Figure 10.1 shows Memory Map in Single-Chip Mode.

00000h

00400h

XXXXXh

0DO000h

0D800h

OE000h

10000h

14000h

YYYYYh

FFFFFh

Notes :

Single-Chip Mode

SFR

Internal RAM

Reserved area

SFR

Reserved area

Internal ROM @
(data flash)

Internal ROM @
(program ROM 2)

Reserved area

Internal ROM
(program ROM 1)

Address XXXXXh
PM13 bit in PM1 register 0 1
RAM size 12 Kbytes | 033FFh | 033FFh
20 Kbytes 03FFFh | 053FFh
31Kbytes | 03FFFh | O7FFFh
47 Kbytes | 03FFFh | OBFFFh
Address YYYYYh
IRON bit in PRG2C register 1
PM13 bit in PM1 register 0 1 0 1
Program 128 Kbytes |E0000h | E0000h [Do notset | EO000h
ROM 1 256 Kbytes | D0000h | C0000h [Do notset | C0O000OK
size 384 Kbytes |D000Oh | AO0OOh |Do not set | A000Oh
512 Kbytes [D0O00Oh | 80000h |Do notset | 80000h
640 Kbytes  |D000Oh | 80000h |Do notset | 60000h
768 Kbytes [D0O00Oh | 80000h |Do notset | 40000h

1. If the PM13 bit is 0, 15 Kbytes of internal RAM and 192 Kbytes of internal ROM can be used.
2. Data flash can be used when the PM10 bit in the PML1 register is 1 (OEO00h to OFFFFh are used as data flash).
3. Program ROM 2 can be used when the PRG2CO bit in the PRG2C register is 0 (program ROM 2 enabled).

Figure 10.1 Memory Map in Single-Chip Mode
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11. Bus
Note

Do not use bus control pins for the 80-pin package.

11.1 Introduction

Two types of buses are available:
* Internal bus in the MCU
 External bus which is used to access to external devices in memory expansion mode or
microprocessor mode

Table 11.1  Bus Specifications

Item Specification
Internal bus * Used in all processor modes
* Separate bus
* 16-bit data bus width
0 to 2 software waits can be inserted
External bus * Used in memory expansion mode or microprocessor mode
* Separate bus or multiplexed bus selectable
 Data bus width selectable (8 or 16 bits)
* Number of address buses selectable (12, 16, or 20 buses)
* 4 chip select outputs CS0 to CS3
« Combinations of read and write signals selectable (RD, BHE, WR or RD, WRL, WRH)
* RDY available
*HOLD, HDLA available
* 0 to 8 software waits can be inserted
* Memory area expansion function (up to 4 Mbytes) (Refer to 12. “Memory Space
Expansion Function”)
*3Vor5Vinterface
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11.2 Registers

Table 11.2 lists bus related registers. Refer to 10. “Processor Mode” for registers PM1 and PM2. Refer to
30. “Flash Memory” for the FMR1 register.

Table 11.2  Register Structure

Address Register Name Register Symbol After Reset
0005h Processor Mode Register 1 PM1 0000 1000b
0008h Chip Select Control Register CSR 01h
000%h External Area Recovery Cycle Control EWR XXXX XX00b

Register
0011h External Area Wait Control Expansion EWC 00h
Register
001Bh Chip Select Expansion Control Register CSE 00h
001Eh Processor Mode Register 2 PM2 XX00 0X01b
0221h Flash Memory Control Register 1 FMR1 00X0 XX0Xb
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11.2.1 Chip Select Control Register (CSR)

Chip Select Control Register

b7 b6 b5 b4 b3 b2 bl b0

L T Symbol Address After Reset
[ 1
S A CSR 0008h 01h
I R
[
A A
R i i E Bit Symbol Bit Name Function RW
A
i E E : i Vo E 0 : Chip select output disabled
Y- cso CSO0 output enable bit (functions as 1/O port) RW
i b i i i 1: Chip select output enabled
1 ] !
I A
A { 1 L---| Cs1 |CSIoutputenable bit RW
I
P
P Poheeeaed CS2 | CS2 output enable bit RW
P
P
Pl bemmmeeem CS3 | CS3 output enable bit RW
AR :
oo 0 : Wait state
I CSOW  |CS0 wait bit 1 : No wait state RW
o
ol
R CS1W ST wait bit RW
b
P
[ S — cS2w  |TS2 wait bit RW
i
i
T CS3W  |CS3 walit bit RW

CSiW (CSi Wait Bit) (b7-b4) (i = 0 to 3)

Set the CSiW bit to 0 (wait state) under the following conditions:
 The RDY signal is used in the area indicated by CSi.
* Multiplexed bus is used in the area indicated by CSi.
* The PM17 bit in the PM1 register is 1 (wait state).

When the CSiW bit is 0 (wait state), the number of wait states can be selected using bits CSEi1W to

CSEIiOW in the CSE register.
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11.2.2 Chip Select Expansion Control Register (CSE)

Chip Select Expansion Control Register

b7 b6 b5 b4 b3 b2 bl b0

e e e Symbol Address After Reset

] ] ] ] ]

R CSE 001Bh 00h

EEE R

[ R T A

EEE

I i 1 | Bit Symbol Bit Name Function RW

[ A

Pl bl bo

Pbr i +-| CSEOOW 0 0:1wait (19 + 1¢) RW

[ T T T —_— . . 0 1:2waits (1¢ + 29)

P E S0 wait expansion bit 1 0:3waits (1$ + 3$)

Pobob o L csEoIw 1 1: Se(I‘eIIE:Wait statehs bé/v?lits EWCO1 | Rw

oo an CO0O0 in the C register

] 1 ] ] ] 1

Voo b3 b2

B B O CSE10W 0 O:1wait(lp+1¢) RW

[ I T R —_ . . . 0 1:2waits(l¢p+2

E i i E E S1 wait expansion bit 1 0-3waits El$ + 33

R A I S CSE11W 1 1: Selectwait states by bits EWC11 RW

b and EWC10 in the EWC register

RS =

T CSE20W 0 0:1wait(lp+1¢) RW
1 —_— . . . . 0 1:2waits (1¢ + 2¢)

b CS2 wait expansion bit 1 0:3waits (16 + 30)

LR PR e e CSE21W 1 1:Selectwait states by bits EWC21 | R

E i and EWC20 in the EWC register

(. b7 b6

Rt CSE30W 0 0:1wait(Lp+14) RW

1 —_— . . . 0 1:2waits (1 + 2¢)

E S3 wait expansion bit 1 0:3waits (1¢ + 30)

'] CSE31W 1 1: Selectwait states by bits EWC31 RW

and EWC30 in the EWC register

Set the CSiW bit (i = 0 to 3) in the CSR register to 0 (wait state) before writing to bits CSEi1W to
CSEIiOW. To set the CSiW bit to 1 (no wait state), set bits CSEi1W to CSEiOW to 00b first, and then set
the CSiW bit to 1.

Do not set bits CSEi1W and CSEiIOW to 11b for a multiplexed bus area.
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11.2.3 External Area Wait Control Expansion Register (EWC)

External Area Wait Control Extension Register
b7 b6 b5 b4 b3 b2 bl b0
e O T Symbol Address After Reset
] ] ] ] ]
Pl Ewe 0011h 0oh
] 1 ] 1
R
A A
Pl E R E Bit Symbol Bit Name Function RW
EEEEEEE
N A bl bO
bbb 1| Ewcoo 0 0:2¢+3¢ RW
Lol bbb CS0 area wait extention bit 0 1:2¢+4¢
R 1 0:3¢+4¢
bbb te-o EWCOL 1 1:4¢+5¢ RwW
R
i ! V! b b3 b2
b EWC10 0 0:2¢+3¢ RW
] —_—
b CS1 area wait extention bit 0 1:2¢+4¢
P 1 0:3¢+4¢
P i S EWC11 1 1:4¢+5¢ RW
1 1 1
Pl i b5 b4
e EWC20 0 0:2¢+3¢ RW
] —_—
bl CS2 area wait extention bit 0 1:2¢+4¢
P! 1 0:3¢+4¢
O EwC21 1 1:4¢0+5¢ RW
1 1
!
P b7 b6
| oTTTTTm e EWC30 0 0:2¢+3¢ RW
i CS3 area wait extention bit 0 1:2¢+4¢
e 1 0:3¢+4¢
EWC31 1 1:46+56 RW

This register can be used as a separate bus area. When bits CSEi1W and CSEiOW in the CSE register
are 11b (select wait states by bits EWCil to EWCIiO0), bits EWCil to EWCIO are enabled. (i = 0 to 3)

The number of cycles is as follows.
Example: 2¢ + 3¢

The number of cycles between the falling edge and the rising edge of the RD or WR signal
The number of cycles between bus access start and the falling edge of the RD or WR signal
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11.2.4 External Area Recovery Cycle Control Register (EWR)

External Area Recovery Cycle Control Register
b7 b6 b5 b4 b3 b2 bl b0
. Symbol Address After Reset
]
A R EWR 0009h XXXX XX00b
A
] 1 1 1 1 1 1 )
N T T S R T
v b byt | Bit Symbol Bit Name Function RW
A A
I A A R bl b0
Pl i o EWRO 0 0: No recovery cycle RW
N Recovery cycle insert bit 0 1:1recovery cycle inserted
S 1 0:2recovery cycles inserted
I A I '---1 EWR1 1 1:3recovery cycles inserted RW
I I A
I A —
Rl (b7-b2) No register bits. If necessary, set to 0. Read as undefined value —

The EWR register is enabled when bits CSEi1W to CSEiIOW in the CSE register is 11b.
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11.3 Operations
11.3.1 Common Specifications of Internal Bus and External Bus

11.3.1.1 Reference Clock

Both the internal and external buses operate based on the BCLK. However, the area accessed and
wait states affect bus operation. Refer to 11.3.2.1 “Software Wait States of the Internal Bus” and
11.3.5.10 “Software Wait States” for details.

11.3.1.2 Bus Hold

Both the internal and external buses are in a hold state under the following conditions:
* Rewriting the flash memory in EW1 mode while auto-programming or auto-erasing
* Inputting a low-level signal to the HOLD pin in memory expansion mode or microprocessor mode

When the bus is in hold state, the following occur:
*CPU is stopped
*DMAC is stopped
*Watchdog timer is stopped when the CSPRO bit in the CSPR register is 0 (count source protection
mode disabled)

Bus use priority is given to bus hold, DMAC, and CPU in descending order. However, if the CPU is
accessing an odd address in word units, the DMAC cannot gain control of the bus between two
separate accesses.

Bus Hold > DMAC > CPU

Figure 11.1 Bus Use Priority
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11.3.2 Internal Bus
The internal bus is used to access the internal area in the MCU.

11.3.2.1 Software Wait States of the Internal Bus
The PM17 bit in the PM1 register, which is a software-wait-related bit, affects both the internal
memory and the external area. Table 11.3 lists Bits and Bus Cycles Related to Software Wait States
(SFR and Internal Memory).
The data flash of the internal ROM is affected by both the PM17 bit in the PM1 register and the
FMR17 bit in the FMR1 register.

Table 11.3  Bits and Bus Cycles Related to Software Wait States (SFR and Internal Memory)

Setting of Software-Wait-Related Bits Software
Area PM2 Register | FMR1 Register | PM1 Register | Wait Bus cycle
PM20 Bit (1) FMR17 Bit PM17 Bit States
SFR 1 Oorl Oorl 1 2 BCLK cycles (2
0 Oorl Oorl 2 3 BCLK cycles
Internal Oorl Oor1l 0 None 1 BCLK cycle ()
RAM 1 1 2 BCLK cycles
Internal |Program ROM 1|0 or 1 Oorl 0 None 1 BCLK cycle @
ROM Program ROM 2 1 1 2 BCLK cycles
Data flash Oorl 0 Oorl 1 2 BCLK cycles (2
1 0 None 1 BCLK cycle
1 1 2 BCLK cycle

Notes:
1. The PM20 bit is valid when the PLCO7 bit in the PLCO register is set to 1 (PLL operation).

2. Status after reset.
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11.3.3 External Bus

The external bus is used to access external devices in memory expansion mode or microprocessor
mode.

In memory expansion or microprocessor mode, some pins serve as the bus control pins to perform data
input to and output from external devices. The bus control pins are as follows: A0 to A19, DO to D15,
CSO0 to CS3, RD, WRL /WR, WRH / BHE, ALE, RDY, HOLD, HLDA, and BCLK.

11.3.4 External Bus Mode

Multiplexed bus mode or separate bus mode can be selected using bits PM05 to PM04 in the PMO
register. Table 11.4 shows the Difference between Separate Bus and Multiplexed Bus Modes.

11.3.4.1 Separate Bus
In external bus mode, data and address are separate.

11.3.4.2 Multiplexed Bus

In external bus mode, data and address are multiplexed.

*When input level to the BYTE pin is high (8-bit data bus)
DO to D7 and A0 to A7 are multiplexed.

*When input level to the BYTE pin is low (16-bit data bus)
DO to D7 and Al to A8 are multiplexed. D8 to D15 are not multiplexed (do not use these pins).
External devices connected to a multiplexed bus are assigned only even addresses of the MCU.

Table 11.4  Difference between Separate Bus and Multiplexed Bus Modes

Multiplexed Bus

i &) Separate B
Pin Name eparate Bus BYTE = high BYTE = low
PO _0to PO_7/D0 to D7 >< DO to D7 >< (Note 2) (Note 2)
I/O port

P1 0to P1_7/D8 to D15 \ oswois X P10t L 7 (Note 2)

P2_0/A0 (/ DO/ -) >< A0 >< >< AO >< DO >< >< A0 ><
P2 1to P2 7/ALto A7

(D1oD7/D0w0De) | X ALwAT X XALto A7 (D110 D7) | XAl to A7XDO to D6X

P3_0/A8 (/ - / D7) Y v XX 28 ¥ X a8 X b7 X

Notes:
1. See Table 11.9 “Pin Functions for Each Processor Mode”, for bus control signals other than the
above.
2. Depends on the setting of PM05 and PM04, and area being accessed.
See Table 11.9 “Pin Functions for Each Processor Mode”, for details.
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11.3.5 External Bus Control

The following describes the signals needed for accessing external devices and the functionality of
software wait states.

11.3.5.1 Address Bus

The address bus consists of 20 lines: A0 to A19. The address bus width can be set to 12, 16, or 20
bits using the PMO6 bit in the PMO register, and the PM11 bit in the PM1 register. Table 11.5 lists the
Set Value of Bits PM06 and PM11 and the Corresponding Address Bus Widths.

Table 11.5  Set Value of Bits PM06 and PM11 and the Corresponding Address Bus Widths

Bit Set Value (1) Pin Function Address Bus Width
PM11 =1 P3 4to P3_7 12 bits
PMO6 = 1 P4 Oto P4 3
PM11 =0 Al12 to A15 16 bits
PMO6 = 1 P4 OtoP4 3
PM11 =0 Al2 to A15 20 bits
PM06 =0 Al16 to A19

Note:
1. Only the values listed above can be set.

When the processor mode is changed from single-chip mode to memory expansion mode, the
address bus is undefined until an external area is accessed.

11.3.5.2 Data Bus

When input to the BYTE pin is high (8-bit width), eight lines (DO to D7) comprise the data bus. When
input to the BYTE pin is low (16-bit width), 16 lines (DO to D15) comprise the data bus.
Do not change the input level to the BYTE pin.

11.3.5.3 Chip Select Signal

The chip select signals (hereafter referred to as CS) are output from the CSi (i = 0 to 3) pin. These
pins can be set to function as 1/0 ports or as CS using the CSi bit in the CSR register.

In 1-Mbyte mode, the external area can be separated into a maximum of four spaces by the CSi
signal. In 4-Mbyte mode, a CSi signal or bank number is output from the CSi pin. Refer to 12.
“Memory Space Expansion Function”. Figure 11.2 shows Examples of Address Bus and CSi Signal
Output in 1-Mbyte Mode.
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Example 1 Example 2
Accessing the external area indicated by CSj in the next cycle after Accessing the internal ROM or internal RAM in the next cycle after
accessing the external area indicated by CSi. accessing the external area indicated by CSi.
The address bus and chip select signal both change state between these The chip select signal changes state but the address bus does not change
two cycles. state.
Access to the external  Access to the external Access to the external  Access to the internal
area indicated by CSi  area indicated by CSj area indicated by CSi  ROM or internal RAM
BCLK BCLK
Read signal ( Read signal
Data bus \Data ‘"'( Datay— Data bus Data;
Address bus Address ¥ Address Address bus Address
CSi CSi
Csj
Example 3 Example 4

Accessing the external area indicated by CSi in the next cycle after Not accessing any area (no instruction prefetch generated) in the next cycle after
accessing the external area indicated by the same CSi. accessing the external area indicated by CSi.

The address bus changes state but the chip select signal does not change
Neither the address bus nor the chip select signal changes state between these

state.
two cycles.
Access to the external ~ Access to the same Access to the external No access
area indicated by CSi external area area indicated by CSi
BCLK BCLK
Read signal ’— Read signal
Data bus \Dat: “'( Dat: >‘ Data bus \ Dat: >
Address bus Address ¥ Address Address bus Address
CSi Csi
Note:

1. These examples show the address bus and chip select signal when accessing areas in two successive cycles. The chip
select bus cycle may be extended to more than two cycles depending on the combination of these examples.

Shown above is the case where separate bus is selected and the area is accessed for read without wait states.
i=0to 3,j=0to 3 (notincluding i, however)

Figure 11.2 Examples of Address Bus and CSi Signal Output in 1-Mbyte Mode
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11.3.5.4 Read and Write Signals

When the data bus is 16 bits wide, the read and write signals can be selected based on combinations
of RD, BHE, and WR, or combinations of RD, WRL, and WRH using the PMO02 bit in the PMO register.
When the data bus is 8 bits wide, use combinations of RD, WR, and BHE.

Table 11.6 shows Operation of the RD, WRL and WRH Signals. Table 11.7 shows Operation of the
RD, WR and BHE Signals.

Table 11.6  Operation of the RD, WRL and WRH Signals
Data Bus Width RD WRL WRH Status of External Data Bus
16-bit L H H Read data
(BYTE pin input = low) H L H Write 1 byte of data to an even address
H H L Write 1 byte of data to an odd address
H L L Write data to both even and odd addresses

Table 11.7  Operation of the RD, WR and BHE Signals

Data Bus RD WR BHE | A0 Status of External Data Bus
Width

16-bit H L L H | Write 1 byte of data to an odd address.

(BYTE pin L H L H |Read 1 byte of data from an odd address.

input = low) H L H L | Write 1 byte of data to an even address.
L H H L Read 1 byte of data from an even address.
H L L L Write data to both even and odd addresses.
L H L L Read data from both even and odd addresses.

8-bit H L _ (@) | HorL |Write 1 byte of data.

fr?p:ij-lt-li Fr:ligh) L H _ (@ | HorL |Read 1 byte of data.

Note:

1. Do not use.

11.3.5.5 ALE Signal

The ALE signal is used to latch the address when a multiplexed bus space is accessed. Latch the
address at the falling edge of the ALE signal.

When BYTE pin input is high When BYTE pin input is low
ALE ALE
A0/DO to A7/D7 >< Address >< Data >< A0 >< Address ><
When bits PM05 and PM04 are 01b or 10b (the multiplexed bus is either the CS2 or CS1 area)
A8to Al9 >< Address >< A1/DO to A8/D7 >< Address >< Data ><
A9 to A19 X Address X

When bits PM05 and PM04 are 11b (the entire CS area is the multiplexed bus)
A8 >< Address

Figure 11.3 ALE Signal, Address Bus, and Data Bus
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11.3.5.6 RDY Signal

This signal is provided for accessing external devices which need to be accessed at low speed. If
input to the RDY pin is low at the last falling edge of BCLK in the bus cycle, one wait state is inserted
in the bus cycle. While in wait state, the following signals retain the state in which they were when the
RDY signal was acknowledged:

A0 to A19, DO to D15, CS0 to CS3, RD, WRL, WRH, WR, BHE, ALE, HLDA

Then, when input to the RDY pin is detected high at the falling edge of BCLK, the remaining bus cycle
is executed. Figure 11.4 shows Examples in Which Wait State Was Inserted into Read Cycle by RDY
Signal. To use the RDY signal, set the corresponding bit (among bits CS3W to CSOW) in the CSR
register to 0 (with wait state). When not using the RDY signal, pull-up the RDY pin.

Separate bus

A

> tsu (RDY-BCLK)

f

Accept timing of RDY signal

Multiplexed bus

BCLK _/—\_/—\ /—L /—\_/—\_

e RS s X R X R X X%
=7\ Y

(i=0to3)
RDY A \ /

» tsu (RDY-BCLK)

Accept timing of RDY signal

o

[T

s . Wait using RDY signal
: Wait using software

tsu (RDY - BCLK) : Duration for RDY input setup

Shown above is a case where bits CSEi1W to CSEIOW (i = 0 to 3) in the CSE register are
00b (one wait state).

Figure 11.4 Examples in Which Wait State Was Inserted into Read Cycle by RDY Signal
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11.3.5.7 HOLD Signal

This signal is used to transfer control of the bus from the CPU or DMAC to an external circuit. When
input to the HOLD pin is pulled low, the bus is placed in a hold state after the current bus access is
completed. While the HOLD pin is held low, the bus remains in a hold state. When the bus is in a hold
state, the HLDA pin outputs a low-level signal.

Table 11.8 shows the Pin Status in Hold State Caused by the HOLD Input.

Table 11.8  Pin Status in Hold State Caused by the HOLD Input

Item Status

BCLK Output
A0 to A19, DO to D15, CSO to CS3, RD, WRL,WRH, |High-impedance
WR, BHE
I/O ports PO, P1, P3,P4 (1) High-impedance

P6 to P14 Maintains status when HOLD signal is received
HLDA Low-level output
ALE Undefined
Note:

1. When I/O port function is selected.

11.3.5.8 BCLK Output

When the PMO7 bit in the PMO register is set to 0 (output enabled), a clock with the same frequency
as the CPU clock is output as BCLK from the BCLK pin. Refer to 8.4 “CPU Clock and Peripheral
Function Clocks”.

REJ09B0484-0030 Rev.0.30 Sep 09, 2008 RENESAS
Page 172 of 791



Preliminary Specification

Under development elin Spe o ) )
This is a preliminary specification and is subject to change.

M16C/65 Group 11. Bus

Table 11.9  Pin Functions for Each Processor Mode
Processor Mode Memory Expansion Mode or Microprocessor Mode Memory
Expansion Mode
Bits PMO05 to PM04 00b (separate bus) 01b (CS2iis for multiplexed bus and | 11b (the entire
the others are for separate bus) space of CS is
10b (CSH1 is for multiplexed bus and | for multiplexed
the others are for separate bus) bus) 1), (2), 3)
Data bus width 8 bits 16 bits 8 bits 16 bits 8 bits
BYTE Pin High Low High Low High
PO _Oto PO _7 DO to D7 DO to D7 DO to D7 (6 DO to D7 (6) I/O ports
P1 OtoP1_7 1/0 ports D8 to D15 1/0 ports D8 to D15(6) I/O ports
P2 0 A0 A0 A0/DO 4 A0 A0/DO
P2_1toP2_7 Alto A7 Alto A7 Alto A7 Alto A7 Alto A7
/D1to D7 4 /DO to D6 4 /D1 to D7
P3_0 A8 A8 A8 A8/D7 4) A8
P3 1toP3 3 A9 to All I/O ports
P3_4to PM11 =0 |Al2to Al5 1/O ports
P3_7 PM11=1 |I/O ports
P4 Oto PM06 =0 |[Al6toAl9 I/O ports
P4_3 PM06 =1 |1/O ports
P4 4 CsS0=0 I/O ports
Ccso=1 |CSO
P4 5 CS1=0 I/O ports
cs1=1 |CS1
P4 6 CS2=0 I/O ports
cs2=1 |CS2
P4 7 CS3=0 I/O ports
cs3=1 |CS3
P5 0 PM02=0 |WR
PMO2=1 |- ) | WRL e | WRL - o
P5 1 PM02=0 |BHE
PMO2=1 |- |WRH He | WRH - o
P5 2 RD
P5 3 BCLK
P5 4 HLDA
P5 5 HOLD
P5_6 ALE
P5 7 RDY
I/O port: Functions as I/O ports or peripheral function 1/O pins.
Notes:

1. When bits PMO1 to PM0OO are 01b (memory expansion mode), and bits PM05 to PM04 are set to 11b
(multiplexed bus assigned to the entire CS space), apply a high-level signal to the BYTE pin (external data
bus 8 bits wide).

While the CNVSS pin is driven high (= VCC1), do not set bits PM05 to PM04 to 11b.

3. When bits PM05 to PM04 are set to 11b in memory expansion mode, P3_1 to P3_7 and P4_0 to P4_3
become /O ports, in which case the accessible area for each CS is 256 bytes.

In separate bus mode, these pins serve as the address bus.

When the data bus is 8 bits wide, set the PM02 bit to 0 (RD, BHE, WR).

6. When accessing an area using a multiplexed bus, these pins output an undefined value while writing.

N

S
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11.3.5.9

External Bus Status When Internal Area is Accessed

Table 11.10 lists the External Bus Status When an Internal Area is Accessed. Figure 11.5 shows the
Typical Bus Timings When Accessing SFRs.

Table 11.10 External Bus Status When an Internal Area is Accessed

Item SFR Accessed Internal ROM or RAM Accessed

A0 to A19 Address output Maintain the last accessed address of external
area or SFR

DO to D15 Read High-impedance High-impedance

Write Data output Undefined

RD, WR, WRL, WRH RD, WR, WRL, WRH output High-level output

BHE BHE output Maintain the last accessed status of external
area or SFRs

CS0to CS3 High-level output High-level output

ALE Low-level output Low-level output

R,

i=0to 3
A : Addre

(1) 1 Wait State (1¢ + 1¢)

Bus cycle = 2¢ Bus cycle = 2¢
BCLK I
Address X A X X A X
___High : : : ;
cst
O
RD ' '

Bus cycle = 3¢

Bus cycle = 3¢ _|
VI

WD

RL, WRH

ss RD:Readdata WD : Write data

Figure 11.5 Typical Bus Timings When Accessing SFRs
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11.3.5.10 Software Wait States

The PM17 bit in the PM1 register, which is a software-wait-related bit, affects both the internal
memory and the external area.
Software wait states can be inserted to the external area by setting the PM17 bit or setting the CSiW
bit in the CSR register or bits CSEi1W to CSEIOW in the CSE register for each CSi (i = 0 to 3). To use
the RDY signal, set the corresponding CSiW bit to 0 (wait state). Refer to Table 11.11 “Bits and Bus
Cycles Related to Software Wait States (External Area)”, for detalils.

Table 11.11 Bits and Bus Cycles Related to Software Wait States (External Area)

Area Bus Mode Setting of Software-Wait-Related Bits Software Bus Cycles
PM17 |CSIW CSEilw, |EWCi1, |Wait
CSEIOW |EWCI0 Cycles
External |Separate 0 1 00b - None 1 BCLK cycle
area bus (read)
2 BCLK cycles
(write)
- 0 00b - 1(1¢+1¢) |2 BCLK cycles®
- 0 01b - 2 (16 +2¢) |3 BCLK cycles
- 0 10b - 3(1¢ +3¢) |4 BCLK cycles
- 0 11b 00b (20 + 3¢) 5 BCLK cycles
01lb (24 + 49) 6 BCLK cycles
10b (3¢ + 4¢) 7 BCLK cycles
11b (4 + 50) 9 BCLK cycles
1 00® 00b - 1(1¢+1¢) |2 BCLK cycles
Multiplexed |- 0@ 00b - 1 3 BCLK cycles
bus - 0@ 01b - 2 3 BCLK cycles
- 0@ 10b - 3 4 BCLK cycles
1 0@.03) 00b - 1 3 BCLK cycles
i=0to 3

— indicates that either 0 or 1 can be set.
PM17: Bit in the PM1 register

CSiW: Bits in the CSR register (1)

CSEi1W, CSEIOW: Bits in the CSE register
EWCi1, EWCIO: Bits in the EWC register

Notes:

1. To use the RDY signal, set the CSiW bit to 0 (wait state).

2. To access in multiplexed bus mode, set the CSiW bit to O (wait state).

3. To access an external area when the PM17 bit is 1, set the CSiW bit to 0 (wait state).

4. After reset, the PM17 bit is set to 0 (no wait state), bits CSOW to CS3W are set to 0 (wait state),
and the CSE register is set to 00h (one wait state for CS0 to CS3). Therefore, all external areas
are accessed with one wait state.
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11. Bus

(1) Separate Bus, No Wait States

Bus cycle = 2¢

Bus cycle = 2¢

A

BCLK I

Address

CSi:

pata F=——+=-—+ wp )

(2) Separate Bus, One Wait State (1¢ + 1¢)

Bus cycle = 2¢

Bus cycle =

(Note 1)

2¢

L

L

BCLK I

Address

CSi i

RD

R,

RL,

RH !

(3) Separate Bus, Two Wait States (1¢ + 2¢)
Bus cycle = 3¢

(Note 1)

Bus cycle = 3¢

.

WD

i=0to3
A : Address

Note:

RD : Read data (input)

WD : Write data (output)

(Note 1)

1. When accessing consecutively to the same chip-select area, CSi keeps ouputting low level.

Figure 11.6 Typical Bus Timings Using Software Wait States (1/4)
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Bus

(1) Separate Bus, Three Wait States (1¢ + 3¢)

Bus cycle = 4¢

Bus cycle = 4¢

= WD

Bus cycle = 3¢

Address A X
Address/Data >( A X WD ;< >< A ﬁ_ — — .._
ALE
CSi
Fo

(Note 1)

Bus cycle = 4¢

(Note 1)

Address/DataX A X ) WD

ALE

i=0to 3

A : Address

Note:

RD : Read data (input)

WD : Write data (output)

(Note 1)

1. When accessing consecutively to the same chip-select area, CSi keeps ouputting low level.

Figure 11.7 Typical Bus Timings Using Software Wait States (2/4)
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11. Bus

(1) Buscycle2 o +3 ¢

lbuscycle=5¢

< 4
BCLK I l I l
Address X — :A — ><
CSi 4‘ l—(Notel)
Read data : >@<
w T
Write data X "' Wb | ><

(2)Buscycle2¢+4 ¢

lbuscycle=6¢

< 4

BCLK l l l l l l
Address >< — :A — ><
Read data : >@<
- T
Write data >< .'. .WI'D : ><

i=0to 3
A :Address RD :Read data (input) WD : Write data (output)

Note:
1. When accessing consecutively to the same chip-select area, CSi keeps ouputting low level.

Figure 11.8 Typical Bus Timings Using Software Wait States (3/4)
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11. Bus

(3) Bus cycle 3¢ + 4¢
1buscycle=7¢

4
N v

e [ LD L L L L L
Address >< — X
Read data >@<

RD

Write data X WD

R, WRL, WRH

(4) Bus cycle 4¢ + 5¢
1 bus cycle = 9¢

&
N

v

BCLK

Address

Csi

reaggna R

RD

Write data >< WD

R, WRL, WRH

i=0to 3

A :Address RD :Read data (input) WD : Write data (output)

Note:
1. When accessing consecutively to the same chip-select area, CSi keeps ouputting low level.

Figure 11.9 Typical Bus Timings Using Software Wait States (4/4)
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11.

Bus

_Recovery cycle

BCLK l | ]

Address (

><<— Address is held

csi i_‘l)
Read data
RD
Write data >< « Data is held
WR, WRL, WRH ;

i=0to 3
A: Address RD: Read data (input) ~ WD: Write data (output)

Note:
1. When consecutively accessing to the same chip-select area, CSi keeps outputting a low level.
The above diagram shows a case under the following conditions:
- Bits EWR1 and EWRO in the EWR register are 01b (one recovery cycle inserted).
- The CSiW bit in the CSR register is 0 (wait state).
- Bits CSEi1W and CSEIOW in the CSE register are 11b (select a bus cycle pattern by the EWC register).
- Bits EWCil and EWCIO in the EWC register are 00b (2 ¢ + 3 ¢).

Figure 11.10 Recovery Cycle

REJ09B0484-0030 Rev.0.30 Sep 09, 2008 RENESAS
Page 180 of 791



Under development  Preliminary Specification
This is a preliminary specification and is subject to change.

M16C/65 Group 11. Bus

11.4 Notes on Bus

11.4.1 Reading Data Flash

When 2.7 V <VCC1 < 3.0 V and f(BCLK) > 16 MHz, or when 3.0 V < VCC1 < 5.5 V and f(BCLK) > 20
MHz, one wait state is necessary to read data flash. Use the PM17 bit or the FMR17 bit to specify one
wait state.

11.4.2 External Bus

When a hardware reset, power-on reset or voltage monitor 0 reset is performed with a high-level input
on the CNVSS pin, contents of internal ROM cannot be read.

11.4.3 External Access Soon After Writing to the SFRs

When writing to the SFRs is followed by accessing to an external device, the write signal and CSi signal
switch simultaneously. Thus, adjust the capacity of individual signal not to make a write signal delay.
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12. Memory Space Expansion Function

Note

Do not use this function for the 80-pin package.

12.1 Introduction

The following describes the memory space expansion function. In memory expansion or microprocessor
mode, the memory space expansion function allows the access space to be expanded. Table 12.1 lists
Specifications of Memory Space Expansion Function. In this chapter, the space for the external devices
accessed by the CSi (i = 0 to 3) signal is referred to as the CSi area.

Table 12.1  Specifications of Memory Space Expansion Function

ltem Specifications
1-Mbyte mode * Memory space 1 Mbyte (no expansion)
« Specify the space for the external devices accessed by the CSi signal.
4-Mbyte mode * Memory space 4 Mbytes
* Select bank numbers to access to data.
* Allows the accessed address to be offset by 40000h
« The CSi pin function differs depending on the area to be accessed.

i=0to 3

12.2 Registers

Table 12.2 lists registers related to the memory expansion function. Refer to 10. “Processor Mode” for the
PM1 register.

Table 12.2  Register Structure

Address Register Name Register Symbol After Reset
0005h Processor Mode Register 1 PM1 0000 1000b
000Bh Data Bank Register DBR 00h
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12.2.1 Data Bank Register (DBR)

Data Bank Register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset

] ]

i DBR 000Bh 00h

b

] ]

1 | [Bit Symbol Bit Name Function RW
b

] 1

L.t

- (b:a)O) No register bits. If necessary, set to 0. Read as 0 —

gy g gy g g gy S S

: 0 : No offset
by OFS Offset bit 1 Offset RW
i
]
R BSRO RW
: b5 b4 b3 b5 b4 b3
: 0 0 0 :BankO 0 0 1:Bank1l
L —— BSR1 |Bank select bit 0 1 0:Bank2 0 1 1:Bank3 RW
1 0 0 :Bank4 1 0 1:Bank5
1 1 0 :Bank6 11 1:Bank7
------------- BSR2 RW

(b7-b6) No register bits. If necessary, set to 0. Read as 0 —

The DBR register is valid when bits PM01 to PMOO in the PMO register are 01b (memory expansion
mode) or 11b (microprocessor mode).

A write to the DBR register is enabled when bits PM15 to PM14 in the PM1 register is 11b (4-Mbyte
mode).
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12.3 Operations

12.3.1

In 1-Mbyte mode, the memory space is 1 Mbyte. The external area to be accessed is specified using
the CSi signals. Figure 12.1 and Figure 12.2 show the memory mapping and CS areas in 1-Mbyte

mode.

1-Mbyte Mode

Memory expansion mode Microprocessor mode
00000h SFR SFR
oo4ooh [ |TT 77
Internal RAM @ Internal RAM @
XXXXxp | | _
Reserved area Reserved area
04000h
08000h
0D000h
0D800h
OE000h Data flash @ Reserved, external area 4
10000h Program ROM 2 @ Reserved, external area ©)
14000h

27000h

28000h

30000h

D0000h

Reserved area

YYYYYh
Program ROM 1 ®

FFFFFh _—

Notes :
1. When the PM13 bit in the PM1 register is 0, 15 Kbytes of the internal RAM and 192 Kbytes of
the internal ROM can be used. See the table below for addresses XXXXXh and YYYYYh.
Internal RAM Program ROM1
Capacity |Address XXXXXh| Capacity [Address YYYYYh
12 Kbytes 033FFh 128 Kbytes E0000h
20 Kbytes 03FFFh 256 Kbytes D0000h
31 Kbytes 03FFFh 384 Kbytes D0000h
47 Kbytes 03FFFh 512 Kbytes DO000h
640 Kbytes D0000h
768 Kbytes D0000h

2. When the PM10 bit is 0, this area is used as an external area; when 1, used as internal ROM
(data flash).

3. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area;
when 0, used as internal ROM (program ROM 2).

4. When the PM10 bit is 0, this area is used as an external area; when 1, used as a reserved area.

5. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area;
when 0, used as a reserved area.

Figure 12.1 Memory Mapping and CS Areas in 1-Mbyte Mode (PM13 = 0)
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Memory expansion mode Microprocessor mode
00000h SFR SFR
oo4oonh [ |77
Internal RAM Internal RAM

XXXXXp |

08000h [ 'Reservedarea | | Reserved area

oboooh —mMmMmMm ™ ————-—

0D80oh SFR SPR |
0EO00h

Data flash eserved, external area
10000h ProgamROM 2@ | Reserved, external area ©® Cs2

14000h

27000h
28000h |;

30000h

80000h
Reserved area
YYYYYh
Program ROM 1 ()
FFFFFh
Notes :

1. See the table below for addresses XXXXXh and YYYYYh.

Internal RAM Program ROM1
Capacity |Address XXXXxh| Capacity Address YYYYYh
12 Kbytes 033FFh 128 Kbytes | E0000h
20 Kbytes 053FFh 256 Kbytes | C0000h
31 Kbytes 07FFFh 384 Kbytes | A0000h
47 Kbytes OBFFFh 512 Kbytes | 80000h

80000h (when IRON = 0)
640 Kbytes 60000h (when IRON = 1)

80000h (when IRON = 0)
40000h (when IRON = 1)

768 Kbytes

IRON : Bit in the PRG2C register

2. When the PM10 bit is 0, this area is used as an external area; when 1, used as
internal ROM (data flash).
3. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area;
when 0, used as internal ROM (program ROM 2).
4. When the PM10 bit is 0, this area is used as an external area; when 1, used as a reserved area.
5. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area;
when 0, used as a reserved area.

Figure 12.2 Memory Mapping and CS Areas in 1-Mbyte Mode (PM13 = 1)
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12.3.2 4-Mbyte Mode

In 4-Mbyte mode, the memory space is 4 Mbytes. Set the IRON bit in the PRG2C register to 0 (program
ROM 1 addresses 40000h to 7FFFFh disabled). Bits BSR2 to BSRO in the DBR register select the bank
number to be accessed to read or write data. Setting the OFS bit to 1 (offset) allows the accessed
address to be offset by 40000h.

In 4-Mbyte mode, the CSi pin function differs depending on the area to be accessed.

12.3.2.1 Addresses 04000h to 3FFFFh, CO000h to FFFFFh

« The CSi signal is output from the CSi pin (same operation as 1-Mbyte mode, except the last
address of the CS1 area is up to 3FFFFh).

12.3.2.2 Addresses 40000h to BFFFFh

* The CSO0 pin outputs a low-level signal.
*Pins CS1 to CS3 output the setting values of bits BSR2 to BSR0 (bank number).

Figure 12.3 and Figure 12.4 show the memory mapping and CS areas in 4-Mbyte mode.
Note that banks 0 to 6 are data-only areas. Place programs in bank 7 or the CSi area.

Memory expansion mode Microprocessor mode

00000h

SFR SFR

00400h
Internal RAM @

Internal RAM @

XXXXXh

04000h

08000h
0D000h
0D800h
0EO000h
10000h
14000h

Data flash @? Reserved, external area )

Program ROM 2 @)

Reserved, external area ©)

27000h
28000h

40000h

C0000h

DO000h
Reserved area

YYYYYh
Program ROM 1

FFFFFh

Notes :
1. When the PM13 bit in the PM1 register is 0, 15 Kbytes of the internal RAM and 192 Kbytes of
the internal ROM can be used. See the table below for addresses XXXXXh and YYYYYh.

Internal RAM Program ROM 1

Capacity |Address XXXXXh| Capacity |Address YYYYYh

12 Kbytes 033FFh 128 Kbytes E0000h

20 Kbytes 03FFFh 256 Kbytes D0000h

31 Kbytes 03FFFh 384 Kbytes D0000h

47 Kbytes 03FFFh 512 Kbytes D0000h
640 Kbytes D0000h
768 Kbytes D0000h

2. When the PM10 bit is 0, this area is used as an external area; when 1, used as internal ROM
(data flash).
3. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area;
when 0, used as internal ROM (program ROM 2).
. When the PM10 bit is 0, this area is used as an external area; when 1, used as a reserved area.
. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area;
when 0, used as a reserved area.
6. The CSO0 pin outputs a low signal, and pins CS1 to CS3 output a bank number.

s

Figure 12.3 Memory Mapping and CS Areas in 4-Mbyte Mode (PM13 = 0)
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Memory expansion mode Microprocessor mode
00000h SFR SFR
oo400h [ — |77
Internal RAM ® Internal RAM @
XXXXXp }\
08000 [~ "Reservedarea | | Reserved area
oboooh —mMmMmMmMm™™™————-—
0D80oh SPR 1A S
0E000N Data flash @ Reserved, external area
10000h Program ROM 2 @ Reserved, external area ©) CS2
14000h
27000
28000h
40000h
80000h
C0000h [~~~ ~"TTTTT 10T~
Reserved area
YYYYYh
Program ROM 1 ®
FFFFFh
Notes :

1. See the table below for addresses XXXXXh and YYYYYh.

Internal RAM Program ROM 1

Capacity |Address XXXXXh| Capacity |Address YYYYYh

12 Kbytes 033FFh 128 Kbytes E0000h

20 Kbytes 053FFh 256 Kbytes C0000h

31 Kbytes 07FFFh 384 Kbytes A0000h

47 Kbytes OBFFFh 512 Kbytes 80000h
640 Kbytes 80000h
768 Kbytes 80000h

N

internal ROM (data flash).

w

. When the PM10 bit is 0, this area is used as an external area; when 1, used as

. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area;

when 0, used as internal ROM (program ROM 2).

o

when 0, used as a reserved area.

I

When the PM10 bit is O, this area is used as an external area; when 1, used as a reserved area.
. When the PRG2CO bit in the PRG2C register is 1, this area is used as an external area;

The CSO pin outputs a low signal, and pins CS1 to CS3 output a bank number.

Figure 12.4 Memory Mapping and CS Areas in 4-Mbyte Mode (PM13 = 1)
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In the example below, the CS pin of a 4-Mbyte ROM is connected to the MCU’s CSO pin. The 4-Mbyte
ROM address input pins AD21, AD20, and AD19 are connected to the MCU’s CS3, CS2, and CS1 pins,
respectively. The address input AD18 pin is connected to the MCU’s A19 pin. Figure 12.6 to Figure 12.8
show the relationship of addresses between the 4-Mbyte ROM and the MCU in the connection example
of Figure 12.5.

In microprocessor mode or memory expansion mode, where the PM13 bit in the PM1 register is 0,
banks are located every 512 Kbytes. Setting the OFS bit in the DBR register to 1 (offset) allows the
accessed address to be offset by 40000h, allowing even data overlapping at a bank boundary to be
accessed in succession.

In memory expansion mode, where the PM13 bit is 1, each 512-Kbyte bank can be accessed in 256
Kbyte units by switching them with the OFS bit.

Because the SRAM can be accessed when the chip select signals S2 is high and S1 is low, CS0 and
CS2 can be connected to S2 and ST, respectively. If SRAM does not have the input pins that accept
high active and low active chip select signals (S1, S2), CS0 and CS2 should be decoded externally to

the chip.
8
DO to D7 DQO to DQ7
A0 to A16 17 ADO to AD16
AL7 AD17 s
o
Al9 AD18 9
2
3 ¢csl AD19 &
=5 =
= Cs=2 AD20 X
Cs3 AD21
RD OE
CS0 [
WR DQO to
WR —oQr 2
ADOto &
AD16 g
& B
OE 8
s2 o
SO N
w
Note : o
1. If only one chip select pin (S1 or S2) is present, an external circuit must be used for decoding.

Figure 12.5 External Memory Connection Example in 4-Mbyte Mode
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Memory expansion mode where PM13 is 0
ROM address MCU address -
OFSbitinDBR OFS bitin DBR | Bank Access e ———uipiLirom the MCU Pins
register =0 register =1 Number | OFS frea @ngpmﬁ A19 AddrislS?OUtApz; A15 to A0
A 000000h 40000h ) o 400000 | 0 | o] oo o | o | oooon 000000h
BFFFFh [ o 0 0 1 1 1 FFFFh 07FFFFh
040000h ?salng%ytes) N""EBE&T - , [40000n [ o ool o | o | oooon 040000h
BFFFFh bank 0 BFFFFh | 0 0 1 0 1 1 | FFFFh O0BFFFFh
080000h 40000h (512 Kbytes) o |-40000h 0 0 1 0 0 0 | 0000h 080000h
bank 1 / ____BFFFFh__ 1 BFFFFh | 0 0 1 1 1 1 | FFFFh OFFFFFh
0C0000h (512 Kbytes) < 40000h 1 40000h | o | o 1 1 0 | o | 0000h 0C0000h
BFFFFh bank 1 BFFFFh [ o 1 ] 0o 1 1 | FFFFh 13FFFFh
100000h \ 40000h (512 Kbytes) 0 40000h 0 1 0 0 0 0 0000h 100000h
bank 2 < _____ BFFFFh__ 2 BFFFFh | o 1] o0 1 1 1 | FFFFh 17FFFFh
140000h (512 Kbytes) 40000h 1 40000h | o 1] o0 1 0 | o | 0000h 140000h
BEFFFh bank 2 BFFFFh [ o | 1 | 1 | o 1 | 1 | FFFFh 1BFFFFh
180000h \ 40000h / (512 Kbytes) 0 40000h | o | 1 | 1| o o | o | ooooh 180000h
Data only] bank 3 BFFFFh 3 BFFFFh [ o | 1 | 1 | 1 1 | 1 | FFFFh 1FFFFFh
1C0000h (512 Kbytes) \ 40000h 1 40000h | o | 1 | 1 | 1 o | o | ooooh 1C0000h
BFFFFh bank 3 BFFFFh | 1 0 0 0 1 1 | FFFFh 23FFFFh
200000h \ 40000h (512 Kbytes) o 40000h 1 o] o]o 0 | o | 0000h 200000h
bank 4 < _____ BEEFEh _ 4 BFFFFh | 1 | o | 0 | 1 1 | 1 | FFFFh 27FFFFh
240000h j (512 Kbytes) 40000h 1 40000h 1 0 0 1 0 0 0000h 240000h
BEFFFh bank 4 BFFFFh [ 1 | o | 1 | 0 1 | 1 | FFFFh 2BFFFFh
280000h 40000h (512 Kbytes) 0 40000h 1] o0 1] 0 0o | o | 0000h 280000h
\ bank 5 ) BFFFFh 5 BFFFFh | 1 0 1 1 1 1 | FFFFh 2FFFFFh
2C0000h j (512 Kbytes) \ 40000h 1 40000h | 1 | o | 1 | 1 o | o | ooooh 2C0000h
BEFFFh bank 5 BFFFFh | 1 1] 0o 1 1 | FFFFh 33FFFFh
300000 \ 40000h j (512 Kbytes) o | 40000h | 1 | 3|0 o o | o | 0000h 300000h
bank 6 BEFFFh 6 BFFFFh [ 1 | 1 | o | 1 1 | 1 | FFFFh 37FFFFh
340000h j (512 Kbytes) \ 40000h 1 40000h 1 1 0 1 0 0 0000h 340000h
. 4 BEEEFh bank 6 BFFFFh | 1 1 1 0 1 1 | FFFFh 3BFFFFh
Program 4 3800000 \ 40000h ) (512 Kbytes) 400000 [ 1 | 1| 1] o o | o | oooon 380000h
or data y bank 7 /o __BFFFFh__ TFFFFh | 1 | 12 | 1 | o 1 | 1 | FFFFh 3BFFFFh
Program A 3c0000h (512 Kbytes) 80000h 1 1 0 0 0000h 3C0000h
or data W_3eepEen _BFFFFh . 0 BFFFFh [ 1 | 1 | 1 | 1 1 | 1 | FFFFh 3FFFFFh
C0000h 1 1 1 0 0 0000h 3C0000h
CFFFFh | 1 1 1 1 0 0 | FFFFh 3CFFFFh
D0000h Internal ROM access|
DFFFFh Internal ROM access|
D0000h Internal ROM access
DFFFFh Internal ROM access|
A21 | A20 | A19 A16 |A1510A0| 4 Mbyte ROM
Address input for 4-Mbyte ROM access area

Figure 12.6 Relationship between Addresses in 4-Mbyte ROM and Those in MCU (1/3)
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Memory expansion mode where PM13 is 1
ROM address MCU address Output from the MCU Pins
OFSbitin DBR  OFS bit in DBR ook Lops | Agess TS Output Address Output
register = 0 register = 1 CS3 | CS2 | CS1 | A19 | | A17 | A16 |A15to AD
A 000000h bank 0 40000h 40000h [ o | o | o | o o | o | ooooh 000000h
(256 Kbytes) 0 ® T7FrFFn | 0 | 0 | o 0 1| 1 | FFFFR 03FFFFh
040000h bank o 40000h 40000h [ o | 0o | o | 1 o | o | ooooh 040000h
) 256 Kbytes) YRR | 0 | 0 | 0 | 1 1| 1 | FFFFR 07FFFFh
080000h bank 1 40000h 40000h | o | o | 1 | o o | o | ooooh 080000h
(256 Kbytes) ® 7errrn | 0 | 0 | 1 | o 1| 1 | FFFFR OBFFFFh
0C0000h bank 1 40000h ! 40000h | o | o | 1 | 1 o | o | ooooh 0C0000h
) 256 Kbytes) Y [ 7reren oo |11 1| 1 | FFFFR OFFFFFh
100000h bank 2 40000h 40000h | o 1 0 0 0 0 | 0000h 100000h
)‘256 Kbytes) ® 7errrn | 0 | 1 | 0 | o 1| 1 | Feeen | 13FFFFR
140000h bank 2 40000h 2 40000h [ o | 1 | o | 1 0 | o | ooooh 140000h
) (256 Kbytes) Y T7erERn | 0 | 1 | o0 | 1 1| 1 | FFFFR 17FFFFh
180000h bank 3 40000h o 40000h | o 1 1] o0 0 0 | 0000h 180000h
Data only (256 Koytes) s 7FFFFh [ o | 1 | 1 | o 1 | 1 | Feeeh | 1BFFFFA
1C0000h bank 3 40000h 40000h | o 1 1 1 0 0 | 0000h 1C0000h
) 256 Kbytes) Y rFeen o | 1| 1|1 1| 1 | FFFFR 1FFFFFh
200000h bank 4 40000h 40000h | 1 0 0 0 0 0 | 0000h 200000h
>(256 Kbytes) ® Zreren | 1 | 0 | o | o 1| 1 | FFFFR 23FFFFh
240000h bank 4 40000h 4 40000h | 1 | o | o | 1 0o | o | ooooh 240000h
) 256 Kbytes) ! 7FFFFh | 1 | o | o | 1 1 | 1 | FFFFh 27FFFFh
280000h bank 5 40000h 40000h | 1 | o | 1| 0 o | o | oooon 280000h
(256 Kbytes) Frh 0 TFFFFh | 1 | o | 1 | o 1 | 1 | FFFFh 2BFFFFh
2C0000h bank 5 40000h > 40000h | 1 | o | 1 | 1 o | o | ooooh 2C0000h
) 256 Kbytes) e |1 o |1 1 | 1 | FFFFh | 2FFFFFh
300000h bank 6 40000h 40000h [ 1 1 0 0 0 0 | 0000h 300000h
)(255 Kbytes?z 0 TFFFFh | 1 | 1 | o | o 1 | 1 | FFFFh 33FFFFh
340000h bank 6 40000h 6 40000h [ 1 | 1 | o | 1 o | o | 000oh 340000h
) 256 Kbytes) Y 7Rrren | 1 | 1 | 0 | o 1 | 1 | Frern | 37FFFFh
Program 380000h pank 7 40000h 40000h | 1 1 1 0 0 0 | 0000h 380000h
or data (256 Kbytes) O 5 1 N O O 1| 1 | FFFFn 3BFFFFh
A\ 3C0000h bank 7 40000h 80000h Internal ROM access|
Data only‘ J— )(256 Kby‘e;')_.FFFh _ EEFFEh Internal ROM access|
40000h 1 1 1 1 0 0 | 0000h 3C0000h
7 1 | 7FFFFh | 1 1 1 1 1 1 | FFFFh 3FFFFFh
80000h Internal ROM access|
FFFFFh Internal ROM access|
A21 | A20 | A19 | A18 |!N:C.| Al7 | Al6 |Al5to AO 4-Mbyte ROM
Address input for 4-Mbyte ROM access area

Figure 12.7 Relationship between Addresses in 4-Mbyte ROM and Those in MCU (2/3)
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Microprocessor mode
ROM address MCU address Output from the MCU Pins
OFSbitinDBR ~ OFSbitin DBR | Bank | o | Access TS output Address Output

_ register = 0 register = 1 Ts3 | cs2 | T51 | A19 A17 | A16 |A151t0 AO
A 000000h 40000h 0 40000h [ o | o | o 0 0 | o | 0000h 000000h
bank0 BFFFFh | o 0 0 1 1 1 FFFFh 07FFFFh
040000h (512 Kbytes) \ 40000h 400000 | o | o | o | 1 o | o | ooooh 040000h
BFFFFh bank 0 i BFFFFh [ o 0 1 0 1 1 | FFFFh 0BFFFFh
080000h 40000h (512 Kbytes) 40000h | o | o | 1| o o | o | oooon 080000h
bank 1 BFFFFh BFFFFh [ o 0 1 1 1 1 | FFFFh OFFFFFh
0C0000h (512Kbytes) | 40000n 400000 | o | o | 1 | 1 o | o | oooon | 0CO0OOK
BFFFFh bank 1 BFFFFh [ o 1 0 0 1 1 | FFFFh 13FFFFh
100000h \ 40000h (512 Kbytes) 40000h | o | 1 | o | o o | o | ooooh 100000h
bank 2 ___J_____BFFFFh_ BFFFFh [ o 1 0 1 1 1 | FFFFh 17FFFFh
140000h (512 Kbytes) 40000h 40000h | o | 1 | o | 1 0 | 0 | 0000h 140000h
BFFEEh bank 2 BFFFFh [ o 1 1 0 1 1 | FFFFh 1BFFFFh
180000h \| 40000h (512 Kbytes) 40000h | o | 1 | 1| o o | o | ooooh 180000h
Data only bank 3 ___j______BI_ZEEEr_\_ BFFFFh | o 1 1 1 1 1 | FFFFh 1FFFFFh
1C0000h (512 Kbytes) 40000h 400000 [ o | 1 | 1 | 1 0 | o | ooooh 1C0000h
BFFFFh bank 3 BFFFFh | 1 0 0 0 1 1 | FFFFh 23FFFFh
200000h 40000h (512 Kbytes) 40000h | 1 | o | o | o 0 | o | ooooh 200000h
\hankzt ___J ____BFFFFh_ BFFFFh | 1 0 0 1 1 1 | FFFFh 27FFFFh
240000h (512 Kbytes) 40000h 40000h | 1 0o | o 1 0o | o | ooooh 240000h
} BFFFFh bank 4 BFFFFh [ 1 0 1 0 1 1 | FFFFh 2BFFFFh
280000h \ 40000h (512 Kbytes) 40000h | 1 | o | 1| 0 o | o | oooon 280000h
bank 5 el ___BFFFFh_ BFFFFh | 1 0 1 1 1 1 | FFFFh 2FFFFFh
2C0000h (512 Kbytes) 40000h 40000h 1 0 1 1 0 0 0000h 2C0000h
) BFFFFh -\bank 5 BFFFFh | 1 1 0 0 1 1 | FFFFh 33FFFFh
300000h 40000h (512 Kbytes) 40000h | 1 | 1| 0| 0 o | o | oooon 300000h
\\ bank 6 ___J o _BFFFFh_ BFFFFh | 1 1 0 1 1 1 | FFFFh 37FFFFh
340000h (512 Kbytes) 40000h 40000h 1 1 0 1 0 0 0000h 340000h
j BFFFFh _____lbank6 BFFFFh | 1 1 1 0 1 1 | FFFFh 3BFFFFh
Program 4% 3800000 bank 7 40000h (512 Kbytes) 400000 | 1 | 1| 1| o o | o | oooon 380000h
ordaia y (G12Kbytes) BFFFFh 7FFFFh | 1 [ 1 [ 1 | o 1| 1 | eeeen | 3BFFFER
P'r;;r'am 3C0000h ) c0000h 80000h | 1 | 1 | 1| 1 o | o | oooon 3C0000h
ordata W 3rerren _FFFFFh - BFFFFh| 1 | 1 | 1 | 1 1 | 1 | FFFFh 3FFFFFh
C0000h | 1 1 1 1 0 0 | 0000h 3C0000h
FFFFFh | 1 1 1 1 1 1 | FFFFh 3FFFFFh

A21 | A20 | A19 | A18 Al7 | A16 |A15to AO 4-Mbyte ROM
Address input for 4-Mbyte ROM access area

Figure 12.8 Relationship between Addresses in 4-Mbyte ROM and Those in MCU (3/3)
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13. Programmable I/O Ports

13. Programmable I/O Ports

Note

P1, P4 4to P4 7, P7_2to P7_5, and P9_1 of the 80-pin package have no external connections.
Program the direction bits of these ports to 1 (output mode) and the output data to O (low level).

For the 80-pin and 100-pin packages, do not access the addresses of registers P11 to P14, PD11
to PD14 and PURS3.

13.1

Introduction

Table 13.1 lists Programmable 1/0O Ports Specifications (hereafter referred to as 1/0 ports).
Each pin functions as an I/O port, a peripheral function input/output, or a bus control pin.

To set peripheral functions, refer to the description for the individual function. To use ports as peripheral

function input/output pins, refer to 13.4 “Peripheral Function I/O”".
To use ports as bus control pins, refer to 11.3.5 “External Bus Control”.

Table 13.1  Programmable I/O Ports Specifications
Specification
Iltem - - -
128-pin package 100-pin package 80-pin package

The number |Total 114 88 71
of ports CMOS output 111 85 68

N-channel open-drain |3 3 3

output
Input/output  |VCC2 level PO to P5, P12, P13 (1)|PO to P5 -

VCC1 level P6 to P11, P14 (1) P6 to P10 PO, P2 to P10
Input/output level Select input or output for each individual port by a program.
Select function Select a pull-up resistor in 4-bit units.

Note:
1.

P11 to P14 can be used when the PU37 bit in the PURS3 register is 1 (P11 to P14 enabled).
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M16C/65 Group 13. Programmable I/O Ports

Table 13.2 1/0 Pins

Pin Name I/O Type Function
PO OtoPO _7,P1 OtoP1 7,|l/O Input/output port
P2 0toP2 7,P3 0to P3_7, CMOS output, pull-up resistor selectable
P4 0toP4_7,P5 0toP5_7,
P6_0to P6_7
P7 OtoP7_7 I/O Input/output port

P7_0to P7_1: N-channel open-drain output, no pull-up resistor
P7_2to P7_7: CMOS output, pull-up resistor selectable

P8 O0toP8 7 I/O Input/output port
P8 0to P8 _4, P8 6, P8 7: CMOS output,

pull-up resistor selectable
P8_5: N-channel open-drain output, no pull-up resistor

P9 0to P9 7, I/O Input/output port

P10 Oto P10 7, CMOS output, pull-up resistor selectable
P11 Oto P11 7,
P12 Oto P12_7,
P13 0to P13_7,
P14 Oto P14 1
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13.2 1/O Ports and Pins
Figure 13.1 to Figure 13.9 show I/O Ports, and Figure 13.10 shows I/O Pins.

Pull-up selection

PO_0to PO_7, Direction DO:DD
P2_0to P2_3, (dotted section register
P2_6to P2_7, ;
— — included)
P10_0to P10_3 .._Q <
x
Data bus —<>—| Port latch ,
P3 0toP3 7, ) 'y
P4 OtoP4_3, ’ | (Note 1)
P5_0to P5_4, [ 777
P5_6, | (dotted section
P11 O0to P11 7, notincluded)
P12 0to P12_7,
P13 Oto P13 7, N
P14 0,P14_1 Analog input o
Pull-up selection
| Direction
P10 register
‘ ]
PCRO bit i
| x
Data bus —$—{_Portlatch ] ——<—0O
¥
i (Note 1)
77
| 57
— <
~

Input to respective peripheral functions @

Note:
1. ----4---- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC.
VCC: VCCI1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12 and P13. (128-pin and 100-pin packages)
VCC1 (80-pin package)

Figure 13.1 1/O Ports (1/9)
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Pull-up selection

P1_1toP1_3 register

PCRO bit
—‘ output
Data bus —0—| Port latch _g\o . O

] (Note 1)
7T
1 > i >o—|
57
CMOS output/

Nch open-drain output
selection

:
J

A
%
¢
%

n

Input to respective peripheral functions @r

Pull-up selection

Direction
P1 4 register

(dotted section not included)

Pl 5t0P1 7 ,_<}
(dotted section included)

PCRO bit

_‘ *
Data bus —0—| Port latch % * ‘i O
x

s ‘DO_ADO—‘E_,

L

Input to respective
peripheral functions

Note:
1. --—----- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC.
VCC: VCC1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12 and P13. (128-pin and 100-pin packages)
VCC1 (80-pin package).

Figure 13.2 1/O Ports (2/9)
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13. Programmable I/O Ports

P2_4,P2_5
P10_4 to P10_7

Data bus —0—‘ Port latch

Pull-up selection

Direction
register

> >

—<

S

Analog input

Input to respective peripheral functions

1
%
3
i (Note 1)
777
- o ¢
(ok

Pull-up selection
Direction
register
- _{'\0—4
»—<}—<>—o T

(Bits PCR5, PCR6, PCR7)

P4_4,P6_0,
P6_4, P7_3to P7_5,
P8_1,P9_0,P9_2 p X D
output i
Data bus —0—| Port latch _;\0
. ¥
! (Note 1)
[ 7T
~
Input to respective peripheral functions @
Note:
1. ----l4---- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC.
VCC: VCCL1 for ports P6 to P10, and VCC2 for ports PO to P5.
Figure 13.3 1/O Ports (3/9)
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M16C/65 Group 13. Programmable I/O Ports

Pull-up selection
Direction
P5_7 register
- _o\'\o—<
o—<}—o—o H

output
Data bus —1>—| Port latch _g\lc I
5‘ |
‘
~

RDY input @

(Note 1)

*
rir

Pull-up selection

Direction {>c
P4_5, register
P6_1to P6_3,

1 @
P6_5to P6_7, P7_2, "—<} _g\!\c j
P7 6to P7_7,P8 0 i t
output H |
Data bus —0—| Port latch _g\c
. x
j —{>O- ! (Note 1)
1 CMOS output/
~

3

Nch open-drain output——
selection

Input to respective peripheral functions @

Note:
1. -------- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC.
VCC: VCC1 for ports P6 to P10, and VCC2 for ports PO to P5.

Figure 13.4 1/O Ports (4/9)
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M16C/65 Group 13. Programmable I/O Ports

Pull-up selection

Direction
P4_6,P4_7 register j— j

0—<} o ! E
i &
PWM output—O output : !
Data bus —0—| Port latch 0 —0 o
1
1
, x
! (Note 1)
CMOS output/

Nch open-drain output

£ ] selection

Input to respective peripheral functions @

Pull-up selection

- register

I

j ?
>—| J—f—@
Data bus —4 Port latch :
*
! (Note 1)
7T

it

Note:
1. ----4---- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC.
VCC: VCC1 for ports P6 to P10, and VCC2 for ports PO to P5.

Figure 13.5 1/O Ports (5/9)
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Pull-up selection

Direction
P8 210P8 4,

P9 1,P9 7
Data bus —<>—| Port latch FD_‘[
q

)

(Note 1)

S

N

7

P7 0,P7 1 Input to respective peripheral functions

Direction
register
‘ ]
output ;
Data bus —— Port latch _;\0
’ J

Input to respective peripheral functions @

(Note 1)

Note:
1. ----4---- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC.
VCC: VCC1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12 and P13. (128-pin and 100-pin packages)
VCC1 (80-pin package)

Figure 13.6 1/O Ports (6/9)
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PM24 bit (NMI enabled)
Direction—\i>>~
register

<}

CEC output—o

Data bus —0—| Port latch 00 r'_ * O

I

21
D\ E—

SD/CEC input
— . - Digital filter Jj
NMI interrupt input q ——
PM24 bit (NMI enabled)

P8_5

(Note 1)

$or

Pull-up selection
Bits DAOE and DALE (D/A output enabled)

Direction
register
PWM

) :II
output °

Data bus —0—| Port latch o—o0

f—

P9_3, P9_4

i
i
4

% !
$or

Input to respective peripheral functions @

Analog input o— O
Bits DAOE and DALE (D/A output enabled)

Note:
1. ----i---- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC.
VCC: VCCI1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12 and P13. (128-pin and 100-pin packages)
VCC1 (80-pin package)

Figure 13.7 1/0O Ports (7/9)
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Direction

Pull-up selection

P9 5 | register
(dotted section included)

P9_6 > < _0_01
(dotted section not included) 1 _{!\0—4

output —KO_
O

Data bus —0—| Port latch

i (Note 1)

|
<

Input to respective
peripheral functions

Note:
1. ----4&---- Symbolizes a parasitic diode.

VCC1 (80-pin package)

Analog input

Make sure the input voltage to each port will never exceed VCC.
VCC: VCCI1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12 and P13. (128-pin and 100-pin packages)

Figure 13.8 1/O Ports (8/9)
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13. Programmable I/O Ports

P8_7

P8 6

Note:

CMO04 bit

Pull

Direction
register
0—<}—0

Data bus —0—| Port latch

-up selection

o

|
;

Pull-up selection

CMO04 bit

|

Direction
register

—<

Data bus —0—| Port latch

b

A1

O

(Note 1)

}--u—-a»-»--(.)

~

1. ----4---- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC.
VCC: VCCI1 for ports P6 to P11 and P14, and VCC2 for ports PO to P5, P12 and P13. (128-pin and 100-pin packages)
VCC1 (80-pin package)

Oscillation circuit
(under review)

i (Note 1)
777

Figure 13.9

1/0 Ports (9/9)
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M16C/65 Group
1
1
BYTE ?
BYTE signal input \@‘ ? O
1
x
i (Note 1)
777
-
Internal signal —I %
CNVSS )—1 i
CNVSS signal input @ d % O
*
! (Note 1)
777
1
RESET ?
RESET signal input @ ? O
1
*
! (Note 1)
Note: 77T
1. ---l&--- Symbolizes a parasitic diode.
Make sure the input voltage to each port will never exceed VCC1.

Figure 13.10 1/O Pins
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13.3 Registers

Table 13.3  Register Structure
Address Register Name Register Symbol After Reset
0360h Pull-Up Control Register 0 PURO 00h
0361h Pull-Up Control Register 1 PUR1 0000 0000b (1)
0000 0010b
0362h Pull-Up Control Register 2 PUR2 00h
0363h Pull-Up Control Register 3 PUR3 00h
0366h Port Control Register PCR 0000 0XXO0b
0369h NMI/SD Digital Filter Register NMIDF XXXX X000b
03EOh Port PO Register PO XXh
03E1lh Port P1 Register P1 XXh
03E2h Port PO Direction Register PDO 00h
03E3h Port P1 Direction Register PD1 00h
03E4h Port P2 Register P2 XXh
03E5h Port P3 Register P3 XXh
03E6h Port P2 Direction Register PD2 00h
03E7h Port P3 Direction Register PD3 00h
03E8h Port P4 Register P4 XXh
03E%h Port P5 Register P5 XXh
03EAh Port P4 Direction Register PD4 00h
03EBh Port P5 Direction Register PD5 00h
03ECh Port P6 Register P6 XXh
03EDh Port P7 Register P7 XXh
03EEh Port P6 Direction Register PD6 00h
03EFh Port P7 Direction Register PD7 00h
03FOh Port P8 Register P8 XXh
03F1h Port P9 Register P9 XXh
03F2h Port P8 Direction Register PD8 00h
03F3h Port P9 Direction Register PD9 00h
03F4h Port P10 Register P10 XXh
03F5h Port P11 Register P11 XXh
03F6h Port P10 Direction Register PD10 00h
03F7h Port P11 Direction Register PD11 00h
03F8h Port P12 Register P12 XXh
03F9h Port P13 Register P13 XXh
03FAh Port P12 Direction Register PD12 00h
03FBh Port P13 Direction Register PD13 00h
03FCh Port P14 Register P14 XXh
03FEh Port P14 Direction Register PD14 XXXX XX00b
Note:

1. Values after hardware reset, power-on reset, or voltage monitor O reset are as follows:
* 00000000b when input on the CNVSS pin is low

* 00000010b when input on the CNVSS pin is high
Values after voltage monitor 1 reset, voltage monitor 2 reset, software reset, watchdog timer reset, or

oscil

lation stop detection reset are as follows:

* 00000000b when bits PM01 to PMO0O in the PMO register are 00b (single-chip mode).

* 00000010b when bits PM01 to PMO0O in the PMO register are 01b (memory expansion mode) or 11b
(microprocessor mode).
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13.3.1 Pull-Up Control Register 0 (PURO)

b7 b6 b5 b4 b3 b2 bl b0

Pull-Up Control Register O

Symbol Address After Reset
PURO 0360h 00h
Bit Symbol Bit Name Function RW
PUOO PO_0 to PO_3 pull-up 0 : Not pulled high RW
PUOL |PO_4to PO_7 pull-up 1 - Pulled high RW
PUO2 [P1_0to P1_3 pull-up RW
PUO3 P1_4to P1_7 pull-up RW
PU0O4 P2_0to P2_3 pull-up RW
PUO5 P2_4to P2_7 pull-up RW
PUO06 P3_0to P3_3 pull-up RW
PU0O7 [P3_4to P3_7 pull-up RW

In memory expansion or microprocessor mode, the corresponding register contents can be modified,
but the pins are not pulled high.

PUOI Bit (b7-b0) (i = 0 to 7)
The pin for which the PUQi bit is 1 (pulled high) and the direction bit is 0 (input mode) is pulled high.
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13.3.2 Pull-Up Control Register 1 (PUR1)

Pull-Up Control Register 1

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

| | | | | | | | | PUR1 0361h 0000 0000b

e 0000 0010b

R A

i E i i H E ! ! | Bit Symbol Bit Name Function RW
1 1 ]

1 ] 1 ] ) ] 1 1

Pr bbb L PU10 [P4_0to P4_3pull-up 0 : Not pulled high RW

A A A 1: Pulled high

A PU11 P4_4to P4_7 pull-up RW

A T I S— PU12 |P5_0to P5_3 pull-up RW

1 ] 1 1

I R PU13  |P5_4to P5_7 pull-up RW

] ] ] 1

R PU14 [P6_0 to P6_3 pull-up RW

1 ] ]

i E ettt PU15 [P6_4to P6_7 pull-up RW

b PU16 |P7_2to P7_3 pull-up RW

T T PU17 |P7_4to P7_7 pull-up RW

Values after hardware reset, power-on reset, or voltage monitor O reset are as follows:

* 00000000b when input on the CNVSS pin is low

*(00000010b when input on the CNVSS pin is high
Values after voltage monitor 1 reset, voltage monitor 2 reset, software reset, watchdog timer reset, ro
oscillation stop detection reset are as follows:

* 00000000b when bits PMO01 to PMOO are 00b (single-chip mode)

*00000010b when bits PM01 to PM0O are 01b (memory expansion mode) or 11b (microprocessor

mode)

PU10 (P4_0 to P4_3 Pull-Up) (bO)

PU11 (P4_4 to P4_7 Pull-Up) (bl)

PU12 (P5_0 to P5_3 Pull-Up) (b2)

PU13 (P5_4 to P5_7 Pull-Up) (b3)

The pin for which the bit in the PUZ1i bit (i = 0 to 3) is 1 (pulled high) and the direction bit is 0 (input
mode) is pulled high.

In memory expansion and microprocessor modes, pins are not pulled high although the contents of
these bits can be modified.

PU14 (P6_0 to P6_3 Pull-Up) (b4)

PU15 (P6_4 to P6_7 Pull-Up) (b5)

PUL17 (P7_4 to P7_7 Pull-Up) (b7)

The pin for which the bit in the PULi bit (i=4, 5, 7) is 1 (pulled high) and the direction bit is 0 (input
mode) is pulled high.

PU16 (P7_2 to P7_3 Pull-Up) (b6)

The pin for which the bit in the PU16 bit is 1 (pulled high) and the direction bit is O (input mode) is pulled
high.

Pins P7_0 and P7_1 are not pulled high.
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13.3.3 Pull-Up Control Register 2 (PUR2)

Pull-up Control Register 2

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
PUR2 0362h 00h

1 1 ] 1 1 1 1 1

] 1 ) 1 1 1 1 ]

1 ] ] 1 1 1 1 ]

i i i i i E ! ! | Bit Symbol Bit Name Function RW
1 1

] ] ] ] 1 1 ) 1

bttt PU20  [P8_0toP8_3 pull-up 0 : Not pulled high RW

R R R 1: Pulled high

I A PU21 |P8_4to P8_7 pull-up RW

A R - PU22 |P9_0to P9_3 pull-up RW

] ] 1 1 1

R e PU23 |P9_4to P9_7 pull-up RW

] ] ] ]

[ T S PU24 |P10_0to P10_3 pull-up RW

] ] ]

i i R EEEEEEEEEE PU25 P10_4 to P10_7 pull-up RW

] ]

] ]

1 1 —_— . .

___________________ (b7-b6) No register bits. If necessary, set to 0. Read as 0 —

The pin for which the bit in the PUR?2 register is 1 (pulled high) and the direction bit is 0 (input mode) is
pulled high.

PU21 (P8_4 to P8 7 Pull-Up) (b1)
The P8_5 pin is not pulled high.
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13.3.4 Pull-Up Control Register 3 (PUR3)

Pull-Up Control Register 3
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
PUR3 0363h 00h

A

] ] ] ] ) ] 1 1

] ] ] 1 1 ] 1 1

i E i i i 1 1 1 |Bit Symbol Bit Name Function RW
1 1 ] 1

1 ) ] ] 1 ] ] 1

Pt Lg PU30  |P11_0to P11 3 pull-up 0 : Not pulled high RW

O A A 1: Pulled high

I R PU31 [P11_4to P11_7 pull-up : RW

A T T PU32 [P12_0to P12_3 pull-up RW

R PU33  |P12_4to P12_7 pull-up RW

1 ] ] ]

A T PU34 |P13_0to P13_3 pull-up RW

] ] ]

i i e e PU35 [P13_4to P13_7 pull-up RW

i PU36 |P14_0, P14_1 pull-up RW

]

: . 0 : Disabled

------------------- PU37 P11 to P14 enable bit 1 Enabled RW

PU3i Bit (b6-b0) (i = 0 to 6)
The pin for which the PU3i bit is 1 (pulled high) and the direction bit is O (input mode) is pulled high.

PU37 (P11 to P14 Enable Bit) (b7)

When the PU37 bit is 1 (P11 to P14 enabled), registers P11 to P14 and registers PDO to PD14 are
enabled.
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13. Programmable I/O Ports

13.3.5 Port Control Register (PCR)

Port Control Register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
[ ] ] [oXX PCR 0366h 0000 0XX0b
T
[ T !
[ R T A ! ! . . .
i i E i { 1+ 1 1 |BitSymbol Bit Name Function RW
LI T T T R A
R E i i ! Operation performed when the P1 register is
I A T read
A R A 0 : When the port is set to input, the input
{111t 1 b Lq PCRO |PortP1 control bit levels of pins P1_0 to P1_7 are read. RW
R R When set to output, the port latch is read.
I A 1: The port latch is read regardless of
i E i i v whether the port is set to input or output.
[ T R B
E E i E bl b2_b1 No register bits. If necessary, set to 0. Read as undefined —
EEEE (b2b1)
bbb
i E i E bmmmm (&) Reserved bit Setto 0 RW
1 ] ] 1
Lo . 0 : CEC output disabled
i E i Cmmmmm oo PCR4  [CEC output enable bit 1 CEC output enabled RW
1 ] )
[ TR i . 0 : Enabled
i E B PCR5 INT6 input enable bit 1 Disabled RW
] ]
P s . 0 : Enabled
i ---------------- PCR6 INT7 input enable bit 1 Disabled RW
]
: : . 0 : Enabled
et PCR7 |Key input enable bit 1 - Disabled RW

PCRO (Port P1 Control Bit) (b0)
When the P1 register is read after the PCRO bit is set to 1, the corresponding port latch is read

regardless of the PD1 register

setting.
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13.3.6  Port Pi Registers (Pi) (i=0to 14)

Port Pi Register (i = 0 to 13)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
PO to P3 03EOh, 03E1h, 03E4h, 03E5h Undefined

R P4 to P7 03E8h, 03E9h, 03ECh, 03EDh Undefined
Pb bbbt P8toPll 03F0h, 03F1h, 03F4h, 03F5h Undefined
ot e b p12to P13 03F8h, 03F9h Undefined
1 ] ] ] [} 1 1 [}
1 ] ] ] [} 1 1 [}
i E i i E E i i Bit Symbol Bit Name Function RW
1 ] ] 1 [} ] 1 !
i E i i i E i - Pi_0 Port Pi_0 bit The pin level of any I/O port which is set RW
[ T A I R - - - to input mode can be read by reading the
P b Pi_l1  [PortPi_1 bit corresponding bit in this register. RW
I S R SR Pi 2 |PortPi 2 bit The pin level of any 1/O port which is set RW
A — —— to output mode can be controlled by
I Pi_3  |Port Pi_3 bit writing to the corresponding bit in this RW
[ T T T : : - register
o Pi_4 Port Pi_4 bit 0> Low level RW
i E ERRRELELIELELE Pi_5 |PortPi_5 bit 1 : High level RW
Pobemmmmmee e Pi_6 [Port Pi_6 bit RW
et Pi_7  |PortPi_7 bit RW

Port P14 Register

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After Reset
P14 03FCh Undefined
Bit Symbol Bit Name Function RW

The pin level of any I/O port which is set
to input mode can be read by reading the

e ————

-1 P14.0 |PortP14_0 bit corresponding bit in this register. RW
The pin level of any I/O port which is set
to output mode can be controlled by
writing to the corresponding bit in this
. register
———-| P14_1 [PortP14_1 bit 0 Low level RW
1: High level

------------------- (b7-b2) No register bit. If necessary, set to 0. Read as undefined value —

Data input/output to and from external devices are accomplished by reading and writing to the Pi
register.

Each bit of the Pi register consists of a port latch to hold the output data and a circuit to read the pin
status.

For ports set to input mode, the input level of the pin can be read by reading the corresponding Pi
register, and data can be written to the port latch by writing to the Pi register.

For ports set to output mode, the port latch can be read by reading the corresponding Pi register, and
data can be written to the port latch by writing to the Pi register. The data written to the port latch is
output from the pin. Each bit in the Pi register corresponds to one port.

In memory expansion and microprocessor modes, the Pi register for the pins functioning as bus control
pins (A0 to A19, DO to D15, CSO to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and
BCLK) cannot be modified (writing a value has no effect).

Since P7_0, P7_1, and P8_5 are N-channel open- drain ports, when set to 1, the pin status becomes
high-impedance.

When the CMO04 bit in the CMO register is 1 (XCIN-XCOUT oscillation function) and bits PD8 6 and
PD8_7 in the PD8 register are 0 (input mode), values of bits P8_6 and P8_7 in the P8 register are
undefined.
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Registers P11 to P14 are enabled when the PU37 bit in the PURS3 register is 1 (P11 to P14 enabled).
Access to registers P11 to P14 after setting the PU37 bit to 1. When the PU37 bit in the PUR3 register
is 0 (P11 to P14 disabled), the contents of registers P11 to P14 are retained. In this case, read as
undefined value.
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13.3.7 Port Pi Direction Registers (PDi) (i =0 to 14)

Port Pi Direction Register (i = 0 to 13)

b7 b6 bS b4 b3 b2 bl bO Symbol Address After Reset
PDO to PD3 03E2h, 03E3h, 03E6h, 03E7h 00h
HEHEHEHHHH PD4 to PD7 03EAh, 03EBh, 03EEh, 03EFh 00h
A I A A PD8 to PD11 03F2h, 03F3h, 03F6h, 03F7h 00h
Lol bt PDI2to PDI3 03FAh, 03FBh 00h
[ R R
[ T R
b b I | Bit Symbol Bit Name Function RW
[
i E E E i i E te PDi_0 |Port Pi_0 direction bit 0 : Input mode ] RW
{111} Y-~ PDi1 |Port Pi_L direction bit 1 <gﬂ?gﬂfr”nsogg an input port) RW
b R PDi_2 |Port Pi_2 direction bit (Functions as an output port) RW
i i i E bommomee- PDi_3 [Port Pi_3 direction bit RW
E i E fommommmmo - PDi_4 [PortPi_4 direction bit RW
E i B PDi_5 |PortPi_5 direction bit RW
E T e PDi_6 |Port Pi_6 direction bit RW
e e EE e e PDi_7 [Port Pi_7 direction bit RW

Port P14 Direction Register

(Functions as an input port)
1 : Output mode
(Functions as an output port) RW

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After Reset

PD14 03FEh XXXX XX00b

-

| 1| Bit Symbol Bit Name Function RW

[

! ]

I i-{ PD14_0 |PortP14_0 direction bit 0 : Input mode RW

,

]

[}

----| PD14_1 (PortP14_1 direction bit

(b7:)2) No register bit. If necessary, set to 0. Read as undefined value —

Write to the PD9 register in the next instruction after setting the PRC2 bit in the PRCR register to 1
(write enabled).

These registers select whether 1/0O ports are to be used for input or output. Each bit in the PDi register
has its corresponding port.

In memory expansion mode or microprocessor mode, the PDi register for the pins functioning as bus
control pins (A0 to A19, DO to D15, CS0 to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA,
and BCLK) cannot be modified (Writing a value has no effect).

Registers PD11 to PD14 are enabled when the PU37 bit in the PUR3 register is 1 (P11 to P14 enabled).
Access to registers PD11 to PD14 after setting the PU37 bit to 1. When the PU37 bit in the PUR3
register is 0 (P11 to P14 disabled), the contents of registers PD11 to PD14 are retained. In this case,
read as undefined value.
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13.3.8 NMI/SD Digital Filter Register (NMIDF)

NMI/SD Digital Filter Register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After Reset
e NMIDF 0369h XXXX X000b
T A
1 1 1 ] 1 1 1 1
Vbbb b b | Bit Symbol Bit Name Function RW
I R A
T A A b2 bl bo
bord i1 ' NMIDRO 0 0 0:Nofilter RW
I T A B - 0 0 1:CPU clock divided by 2
A NMI/SD filter 0 1 0:CPU clock divided by 4
N T S NMIDF1 [sampling clock 0 1 1:CPU clock divided by 8 RW
R T S select bit 1 0 0:CPU clock divided by 16
i i i E i i 1 0 1:CPU clock divided by 32
I A NMIDE2 1 1 0:CPU clock divided by 64 RW
[ 1 1 1:CPU clock divided by 128
1 1 1 ] [}
1 1 1 ] [}
I S S (b7TbS) No register bits. If necessary, set to 0. Read as undefined value —

REJ09B0484-0030 Rev.0.30 Sep 09, 2008 RENESAS
Page 213 of 791



Under development  Preliminary Specification
This is a preliminary specification and is subject to change.

M16C/65 Group 13. Programmable I/O Ports

13.4 Peripheral Function 1/O

13.4.1 Peripheral Function 1/0O and Port Direction Bits

Programmable 1/O ports can share pins with peripheral function 1/0. (See to Table 1.11 to Table 1.12
“Pin Names, Pin Package”.) Some peripheral function 1/O are affected by a port direction bit which
shares the same pin. Table 13.4 lists The Setting of Direction Bits Functioning as Peripheral Function I/
O. For peripheral function settings, see descriptions of each function.

Table 13.4  The Setting of Direction Bits Functioning as Peripheral Function I/O

Peripheral Function 1/0 The Setting of the Port Direction Bit Sharing the Same Pin
Input Set to 0 (input mode).
Output |PWM Set to 1 (output mode).
D/A converter Set to O (input mode).
Others Set to either 0 or 1. (Outputs regardless of the direction bit setting)

13.4.2 Priority Level of Peripheral Function I/O

Multiple peripheral functions can share the same pin.
For example, when peripheral function A and peripheral function B share a pin, input and output are as
follows:
*When the pin functions as input for peripheral functions A and B
The same signal is input as each input signal. However, the timing of accepting the signal differs
depending on conditions (e.g. internal delay) of functions A and B.
*When the pin functions as output for peripheral function A and as input for peripheral function B
Peripheral function A outputs a signal from the pin, and peripheral function B inputs the signal.
*When the pin functions as output for peripheral functions A and B
Peripheral function with higher priority is output. Table 13.5 lists Priority Level of Peripheral
Function Output.

Table 13.5  Priority Level of Peripheral Function Output

Priority Level Function Output Pin

Multi-master 12C-bus interface SCLMM, SDAMM

High PWM PWMO, PWM1
Serial interface RTSi, CLKi, TXDi, SCLi, SDAi (i=0to 2, 5t0 7),
UARTO to UART2, UARTS5 to UART7, |CLK3, SOUT3, CLK4, SOUT4
SI/03, SI/04
CEC CEC
Timer TAOOUT, TA10OUT, TA20UT, TA3OUT, TA40UT
timer A, three-phase control timer uVv,w,u,Vv,w

J function

Low Real-time clock RTCOUT

D/A converter DAO, DAl
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13.4.3 NMI/SD Digital Filter

The NMI/SD input circuit includes a digital filter. Sampling clock can be selected by bits NMIDF2 to
NMIDFO in the NMIDF register. The NMI level is sampled for every sampling clock. When the same
sampled level is detected three times in a row, the level is transferred to the internal circuit.

When using the NMI/SD digital filter, do not enter wait mode or stop mode.

Port P8_5 is not affected by the digital filter.

When using the CEC function, set bits NMIDF2 to NMIDFO to 000b (NMI/SD digital filter disabled).

Figure 13.11 shows NMI/SD Digital Filter, and Figure 13.12 shows NMI/SD Digital Filter Operation

Example.
NMIDF2 to NMIDFO
— Sampling clock
CPU clock
PM24
NMIDF2 to NMIDFO
o Other than 000b
P8_5/NMI/SD/CEC Digital Filter —O } NMI interrupt
000b 0/0_
SD input
CEC input
P8 5 input

PM24: Bit in the PM2 register
NMIDF2 to NMIDFOQ: Bits in the NMIDF register

Figure 13.11 NMI/SD Digital Filter

sampingtming | L L Ll L L Ll

NMI/SD pin |_|

3 levels agrped

\J

NMI interrupt is generated when the PM 24 bit
in the PM2 register is 1 (NMI interrupt enabled).

Note that the above applies when bits NMIDF2 to NMIDFO in the NMIDF register are set to a value
other than 000b (NMI/SD filter enabled).

Figure 13.12 NMI/SD Digital Filter Operation Example

13.4.4 CNVSS

The built-in pull-up resistor of the CNVSS pin is activated after watchdog timer reset, hardware reset,
power-on reset or voltage monitor O reset. Thus, the CNVSS pin outputs a high-level signal up to two
cycles of the fOCO-S. Connect the CNVSS pin to VSS via a resistor to use it in single-chip mode.
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13.5 Unassigned Pin Handling

Table 13.6  Unassigned Pin Handling in Single-Chip Mode

Pin Name Connection (2)
Ports PO to P5, P12, | One of the following:
P13 * Set to input mode and connect a pin to VSS via a resistor (pull-down)
* Set to input mode and connect a pin to VCC2 via a resistor (pull-up) ©)
* Set to output mode and leave the pins open (1)
Ports P6 to P11, P14 | One of the following:
* Set to input mode and connect a pin to VSS via a resistor (pull-down)
* Set to input mode and connect a pin to VCCL1 via a resistor (pull-up)
* Set to output mode and leave the pins open (1), (3)

XOUT 4 Open

XIN Connect to VCCL1 via a resistor (pull-up)
AVCC Connect to VCC1

AVSS, VREF, BYTE |Connect to VSS

Notes:

1. When setting a port to output mode and leaving it open, be aware that the port remains in input mode until it
is switched to output mode by a program after reset. For this reason, the voltage level on the pin becomes
undefined, causing the power supply current to increase while the port remains in input mode.

Furthermore, since the contents of the direction registers could be changed by noise or noise-induced loss of
control, it is recommended that the contents of the direction registers be regularly reset in software to
improve the reliability of the program.

2. Make sure the unassigned pins are connected with the shortest possible wiring from the MCU pins
(maximum 2 cm).

3. Ports P7_0, P7_1 and P8_5 are N-channel open-drain outputs.

When ports P7_0, P7_1 and P8_5 are set to output mode, make sure a low-level signal is output from the

pins.

This applies when an external clock is input to the XIN pin or when VCC1 is connected via a resistor.

In 80-package, a port is set to input mode and is connected to VCC1 via a resistor (pull-up).

ok

MCU

Ports PO to P14  (Input mode)%_

(Input. mode)
(Output mode)— Open  ycc1

XIN —’\/\/\/j

XOouT

Open
VCC1

AVCC |

BYTE

AVSS

VREF

VSS

Single-chip mode

Figure 13.13 Unassigned Pin Handling in Single-Chip Mode
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Table 13.7 Unassigned Pin Handling in Memory Expansion Mode and Microprocessor Mode

Pin Name Connection (2)

P13

Ports PO to P5, P12, One of the following:

* Set to input mode and connect a pin to VSS via a resistor (pull-down)
* Set to input mode and connect a pin to VCC2 via a resistor (pull-up)
* Set to output mode and leave the pins open (1) (3)

Ports P6 to P11, P14 One of the following:

* Set to input mode and connect a pin to VSS via a resistor (pull-down)
* Set to input mode and connect a pin to VCCL1 via a resistor (pull-up)
* Set to output mode and leave the pins open (). (4)

BHE, ALE, HLDA, Open

XOUT (), BCLK (6)

HOLD , RDY Connect to VCC2 via a resistor (pull-up)
XIN Connect to VCCL1 via a resistor (pull-up)
AVCC Connect to VCC1

AVSS, VREF Connect to VSS

Notes:

1. When setting a port to output mode and leaving it open, be aware that the port remains in input mode until it
is switched to output mode by a program after reset. For this reason, the voltage level on the pin becomes
undefined, causing the power supply current to increase while the port remains in input mode.

Furthermore, since the contents of the direction registers could be changed by noise or noise-induced loss of
control, it is recommended that the contents of the direction registers be regularly reset in software to
improve the reliability of the program.

2.  Make sure the unassigned pins are connected with the shortest possible wiring from the MCU pins
(maximum 2 cm).

3. Ifthe CNVSS pin has the VSS level applied to it, these pins are set as input ports until the processor mode is
switched by a program after reset. For this reason, the voltage levels on these pins become undefined,
causing the power supply current to increase while they remain set as input ports.

4. Ports P7_0, P7_1, and P8_5 are N-channel open-drain outputs.

When ports P7_0, P7_1, and P8_5 are set to output mode, make sure a low-level signal is output from the
pins.

5. This applies when an external clock is input to the XIN pin or when VCC1 is connected via a resistor.

6. If the PMO7 bit in the PMO register is set to 1 (BCLK not output), connect this pin to VCC2 via a resistor

(pulled high).

MCU

Ports P6 to P14  (Input mode)

%

(Input'mode)
(Output mode)—— Open

VCC1

i

XIN
BHE
HLDA
ALE
XOouT
BCLK

Open
VCC2

HOLD vcel

RDY

AvVCC

AVSS

VREF

VSS

a

Memory expansion mode or
microprocessor mode

Figure 13.14 Unassigned Pin Handling in Memory Expansion Mode and Microprocessor Mode
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13.6 Notes on Programmable 1/O Ports

13.6.1 Influence of the SD Input

If a low-level signal is applied to the SD pin when the IVPCRL1 bit in the TB2SC register is 1 (three-
phase output forcible cutoff by input on the SD pin enabled), pins P7_2 to P7_5 and P8_0 and P8_1 go
to the high-impedance state.

13.6.2 Influence of SI/O3 and SI/O4

Setting the SM32 bit in the S3C register to 1 causes the P9_2 pin to go to the high-impedance state.
Similarly, setting the SM42 bit in the S4C register to 1 causes the P9_6 pin to go to the high-impedance
state.

13.6.3 100-Pin Package

Do not access to the addresses assigned to registers P11 to P14 and the PUR register.

13.6.4 80-Pin Package

Do not access to the addresses assigned to registers P11 to P14 and the PUR register.
Set the direction bits of the ports corresponding to P1, P4 4to P4 7, P7 2to P7 5and P9 _1to 1l
(output mode). Set the output data to O (low-level signal).
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14. Interrupts

Note
Do not use INT3 to INT5 for the 80-pin package.

14.1 Introduction

Table 14.1 lists Types of Interrupt, and Table 14.2 lists I/O Pins. The pins shown in Table 14.2 are external
interrupt input pins. Refer to the peripheral functions for the pins related to the peripheral functions.

Table 14.1  Types of Interrupt

Type Interrupt Function
Software Undefined instruction (UND An interrupt is generated by executing an instruction.
instruction) Non-maskable interrupt ()

Overflow (INTO instruction)
BRK instruction
INT instruction

Hardware |Specific ~ |NMI Interrupt by the MCU hardware
Watchdog timer Non-maskable interrupt (2)
Oscillation stop and re-oscillation
detection

Voltage monitor 1
Voltage monitor 2
Address match
Single step )

DBC (1)
Peripheral |INT, timers, etc. Interrupt by the peripheral functions in the MCU
function (See 14.6.2 “Relocatable Vector |Maskable interrupt

Tables”.) (interrupt priority level: 7 levels) (2)

Notes:
1. This interrupt is provided