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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:

(2) artificial life support devices or systems

(2) surgical implantations

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

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.




General Precautions in the Handling of MPU/MCU Products

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

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

1.

Handling of Unused Pins

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

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

Processing at Power-on

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

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

In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.

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

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

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

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

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

Differences between Products

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

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




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/64 Group |REJ03B0216
Datasheet
Hardware manual | Hardware specifications (pin assignments, mem-|M16C/64 Group | This hardware
ory maps, peripheral function specifications, Hardware Manual | manual

electrical characteristics, timing charts) and
operation description

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

Application note | Information on using peripheral functions and Available from Renesas Technol-
application examples ogy Web site.

Sample programs

Information on writing programs in assembly lan-
guage 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 b1l 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
Pl
poror oo 1) Bit Symbol Bit Name Function RW *9
[ T T R T T B | | —
1 1 1 1 1 1 1 L_ XXX b|tS b1 b0
I XXX0 1.0: XXX
T A 0 1: XXX
T T T R 1 0: Do not set.
P Tt X 1 1: XXX RW
o
-
A N - Nothing is assigned. If necessary, set to 0.
oo (b2) When read, the content is undefined. - *3
A
1 1 1 1 1
1 1 1 1 1 —_— —
Vol b (b3) Reserved bits Setto 0. RW N
[ T |- *4
P
P . , . , -
TR S S VO XXX4 XXX bits Function varies according to the operating RW
[ | mode.
P
1 1 1
1 1 1
I TSR XXX5 wo
P
1 1
1 1
1 1
| XXX6 RwW
!
1
EE——— XXX7 | XXX bit O RO

*1

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

0: Setto 0.

1: Setto 1.

X: Nothing is assigned.

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

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

*4

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

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

* Function varies according to the operating mode.
The function of the bit varies with the peripheral function mode. Refer to the register diagram for infor-
mation 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
SFR Special Function Registers
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver/Transmitter
VCO Voltage Controlled Oscillator

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

IEBus is a registered trademark of NEC Electronics Corporation.




SFR Page Reference

Address Register Symbol Page Address Register Symbol Page
0000h 0042h INT7 Interrupt Control Register INT7IC 106
0001h 0043h INT6 Interrupt Control Register INT6IC 106
0002h 0044h INT3 Interrupt Control Register INT3IC 106
0003h 0045h Timer B5 Interrupt Control Register TBSIC 105
0004h Processor Mode Register 0 PMO 48 0046h EISISGFC B‘:I lnterrgpt Comr?l Registecn UARIT1 L?glgNIC 105
ollision Detection Interrupt Control
0005h Processor Mode Register 1 PM1 49 Register sl : up
0006h System Clock Control Register 0 CMO 76 0047h Timer B3 Interrupt Control Register, UARTO BUS | TB3IC, 105
0007h System Clock Control Register 1 cM1 77 go/llision Detection Interrupt Control Register UOBCNIC
n n 0048h 1/04 Interrupt Control Register, INT5 Inter- | S4IC, INT5IC 106
0008h Chip Select Control Register CSR 55 rupt Control Register
0009h 0049h SI/03 Interrupt Control Register, INT4 Inter- | S3IC, INT4IC 106
000Ah | Protect Register PRCR 98 rupt Control Register
n 004Ah UART2 BUS Collision Detection Interrupt BCNIC 106
000Bh Data Bank Register DBR 67 Control Register
000Ch Oscillation Stop Detection Register CMm2 78 004Bh | DMAO Interrupt Control Register DMOIC 105
000Dh 004Ch | DMAT Interrupt Control Register DM1IC 105
000Eh 004Dh | Key Input Interrupt Control Register KUPIC 105
000Fh 004Eh A/D Conversion Interrupt Control Register ADIC 105
0010h Program 2 Area Control Register PRG2C 50 004Fh | UART2 Transmit Interrupt Control Register | S2TIC 105
0011h 0050h UART2 Receive Interrupt Control Register S2RIC 105
0012h Peripheral Clock Select Register PCLKR 79 0051h UARTO Transmit Interrupt Control Register | SOTIC 105
0013h 0052h UARTO Receive Interrupt Control Register SORIC 105
0014h 0053h UART1 Transmit Interrupt Control Register | S1TIC 105
0015h Clock Prescaler Reset Flag CPSRF 141 0054h UART1 Receive Interrupt Control Register S1RIC 105
0016h 0055h Timer AO Interrupt Control Register TAOIC 105
0017h 0056h Timer A1 Interrupt Control Register TA1IC 105
0018h Reset Source Determine Flag RSTFR 46 0057h Timer A2 Interrupt Control Register TA2IC 105
0019h Voltage Detection 2 Circuit Flag Register VCR1 38 0058h Timer A3 Interrupt Control Register TA3IC 105
001Ah Voltage Detection Circuit Operation Enable VCR2 38 0059h Timer A4 Interrupt Control Register TA4IC 105
Reglster - . 005Ah Timer BO Interrupt Control Register TBOIC 105
001Bh Chip Select Expansion Control Register CSE 62 . .
. 005Bh Timer B1 Interrupt Control Register TB1IC 105
001Ch PLL Control Register 0 PLCO 80
00TDh 005Ch Timer B2 Interrupt Control Register TB2IC 105
. 005Dh INTO Interrupt Control Register INTOIC 106
001Eh Processor Mode Register 2 PM2 79 _
_ _ 005Eh INT1 Interrupt Control Register INT1IC 106
001Fh Low Voltage Detection Interrupt Register D4INT 39 ‘
005Fh INT2 Interrupt Control Register INT2IC 106
0020h
0060h
0021h
0022h 0061h
0023h 0062h
0024n 0063h
0025h 0064h
0026h 0065h
0027h 0066h
0028h 0067h
0029h 0068h
. S . 0069 DMAZ2 Interrupt Control Register DM2IC 105
002Ah Voltage Monitor 0 Circuit Control Register VWO0C 40 .
T 006Ah DMAS Interrupt Control Register DM3IC 105
006Bh UARTS5 BUS Collision Detection Interrupt Control | USBCNIC 105
002Ch Register
002Dh 006Ch UARTS5 Transmit Interrupt Control Register S5TIC 105
002Eh 006Dh UART5 Receive Interrupt Control Register S5RIC 105
002Fh 006Eh UART®6 BUS Collision Detection Interrupt UBBCNIC 105
0030h Control Register
0031h 006Fh UART®6 Transmit Interrupt Control Register S6TIC 105
00azh 0070h UARTG6 Receive Interrupt Control Register S6RIC 105
0071h UART?7 BUS Collision Detection Interrupt U7BCNIC 105
0033h Control Register
0034h 0072h UART?7 Transmit Interrupt Control Register S7TIC 105
0035h 0073h UART7 Receive Interrupt Control Register S7RIC 105
0036h 0074h
0037h 0075h
0038h 0076h
0039%h 0077h
003Ah 0078h
003Bh 007%h
003Ch 007Ah
003Dh 007Bh
003Eh 007Ch
003Fh 007Dh
0040h 007Eh
0041h 007Fh
NOTE: 1. Blank columns are all reserved space. No access is allowed. B??gn to

B-1




Address Register Symbol Page Address Register Symbol Page
0180h DMAO Source Pointer SARO 128 01C3h
0181h 01C4h
0182h 01C5h
0183h 01C6h
0184h DMAQO Destination Pointer DARO 128 01C7h
0185h 01C8h Timer B Count Source Select Register 0 TBCSO 157
0186h 01C9h Timer B Count Source Select Register 1 TBCS1 157
0187h 01CAh
0188h DMAQ Transfer Counter TCRO 128 01CBh
0189h 01CCh
018Ah 01CDh
018Bh 01CEh
018Ch | DMAO Control Register DMOCON 128 01CFh
018Dh 01DOh Timer A Count Source Select Register 0 TACSO 141
018Eh 01D1h Timer A Count Source Select Register 1 TACS1 141
018Fh 01D2h Timer A Count Source Select Register 2 TACS2 142
0190h DMA1 Source Pointer SAR1 128 01D3h
0191h 01D4h
0192h 01D5h Timer A Waveform Output Function Select TAPOFS
0193h Register 142
0194h | DMAT Destination Pointer DART1 128 01D6h
0195h 01D7h
0196h 01D8h
0197h 01D%h
0198h | DMAT Transfer Counter TCR1 128 01DAh
0199h 01DBh
019Ah 01DEh
019Bh 01DCh
019Ch | DMAT1 Control Register DM1CON 127 01DDh
019Dh 01DFh
019Eh 01EOh
019Fh 01E1h
01AOh | DMA2 Source Pointer SAR2 128 01E2h
01A1h 01E3h
01A2h 01E4h
01A3h 01E5h
01A4h | DMA2 Destination Pointer DAR2 128 01EGh
01A5h 01E7h
01A6h 01E8h Timer B Count Source Select Register 2 TBCS2 157
01A7h 01ESh Timer B Count Source Select Register 3 TBCS3 157
01A8h | DMA2 Transfer Counter TCR2 128 01EAh
01A9h 01EBh
01AAN 01ECh
01ABh 01EDh
01ACh | DMA2 Control Register DM2CON 127 01EEh
01ADh 01EFh
01AEh 01FOh
01AFh 01F1h
01BOh | DMA3 Source Pointer SAR3 128 01F2h
01B1h 01F3h
01B2h 01F4h
01B3h 01F5h
01B4h | DMA3 Destination Pointer DAR3 128 01F6h
01B5h 01F7h
01B6h 01F8h
01B7h 01F9h
01B8h DMAZ3 Transfer Counter TCR3 128 01FAh
01B9h 01FBh
01BAh 01FCh
01BBh 01FDh
01BCh | DMAB3 Control Register DM3CON 128 01FEh
01BDh 01FFh
01BEh 0200h
01BFh 0201h
01COh 0202h
01C1h 0203h
01C2h 0204h
NOTE: 1. Blank columns are all reserved space. No access is allowed.

B-2




Address Register Symbol Page Address Register Symbol Page
0205h Interrupt Source Select Register 3 IFSR3A 114 024%h UARTO Bit Rate Register UOBRG 180
0206h Interrupt Source Select Register 2 IFSR2A 114 024Ah UARTO Transmit Buffer Register uoTB 179
0207h Interrupt Source Select Register IFSR 13 024Bh

0208h 024Ch UARTO Transmit/Receive Control Register 0 | UOCO 181
0209h 024Dh UARTO Transmit/Receive Control Register 1 | UOC1 182
020Ah 024Eh UARTO Receive Buffer Register UORB 179
020Bh

020Ch 024Fh

020Dh 0250h UART Transmit/Receive Control Register 2 UCON 183
020Eh Address Match Interrupt Enable Register AIER 17 0251h

020Fh Address Match Interrupt Enable Register 2 AIER2 17 0252h

0210h Address Match Interrupt Register 0 RMADO 17 0253h

0211h 0254h UART1 Special Mode Register 4 U1SMR4 185
0212h 0255h UART1 Special Mode Register 3 U1SMR3 184
0213h 0256h UART1 Special Mode Register 2 U1SMR2 184
0214h | Address Match Interrupt Register 1 RMAD1 17 0257h | UARTH Special Mode Register U1SMR 183
0215h 0258h UART1 Transmit/Receive Mode Register U1TMR 180
0216h 0259h UART1 Bit Rate Register U1BRG 180
0217h 025Ah UART1 Transmit Buffer Register u1TB 170
0218h Address Match Interrupt Register 2 RMAD2 "7 0258h

0219h 025Ch UART1 Transmit/Receive Control Register 0 [ U1C0O 180
021Ah 025Dh UART1 Transmit/Receive Control Register 1 | U1C1 182
021Bh 025Eh UART1 Receive Buffer Register U1RB 170
021Ch Address Match Interrupt Register 3 RMAD3 17 025Fh

021Dh 0260n

021Eh 0261h

021Fh 0262h

0220h Flash Memory Control Register 0 FMRO 272 0263 .

0221h | Flash Memory Control Register 1 FMRT 273 0264h | UART2 Special Mode Register 4 U2SMR4 185
0222h | Flash Memory Control Register 2 FMR2 274 0265h | UART2 Special Mode Register 3 U2SMR3 184
0223h 0266h UART2 Special Mode Register 2 U2SMR2 184
0224h 0267h UART?2 Special Mode Register U2SMR 183
0225h 0268h UART2 Transmit/Receive Mode Register U2MR 180
0226h 0269h UART?2 Bit Rate Register U2BRG 180
0227h 026Ah UART2 Transmit Buffer Register u2TB 170
0228h 0268h

0229h 026Ch UART2 Transmit/Receive Control Register 0 | U2C0O 181
022Ah 026Dh UART2 Transmit/Receive Control Register 1 | U2C1 182
022Bh 026Eh UART2 Receive Buffer Register U2RB 179
022Ch 026Fh

022Dh 0270h SI/03 Transmit/Receive Register S3TRR 224
022Eh 0271h

022Fh 0272h SI/03 Control Register S3C 224
0230h | Flash Memory Control Register 6 FMR6 275 0273h | SIOS3 Bit Rate Register S3BRC 224
0231h 0274h SI/04 Transmit/Receive Register S4TRR 224
023zh 0275h

0233h 0276h S1/04 Control Register S4C 224
0234h 0277h S1/04 Bit Rate Register S4BRG 224
0235h 0278h S1/034 Control Register 2 S34C2 225
0236h 027%h

0237h 027A

0238h 0278h

0239%h 027Ch

023Ah 027Dh

023Bh 027Eh

023Ch 027Fh

023Dh 0280h

023Eh 0281h

023Fh 0282h

0240h 0283h

0241h 0284h UARTS5 Special Mode Register 4 U5SMR4 185
0242h 0285h UARTS5 Special Mode Register 3 U5SMR3 184
0243h 0286h UART5 Special Mode Register 2 U5SMR2 184
0244h | UARTO Special Mode Register 4 UOSMRA4 185 0287h | UARTS Special Mode Register USSMR 183
02450 UARTO Special Mode Register 3 UOSMR3 184 0288h UART5 TransmitIRecleive Mode Register USMR 180
0246h | UARTO Special Mode Register 2 UOSMR2 184 028%h | UARTS Bit Rate Register USBRS 180
0247h UARTO Special Mode Register UOSMR 183 NOTE: 1. Blank columns are all reserved space. No access is allowed.

0248h UARTO Transmit/Receive Mode Register UOMR 180




Address Register Symbol Page Address Register Symbol Page
028Ah UART5 Transmit Buffer Register U5TB 179 031Ah
028Bh 031Bh Timer B3 Mode Register TB3MR 155
028Ch UARTS5 Transmit/Receive Control Register 0 | U5CO 181 031Ch Timer B4 Mode Register TB4MR 155
028Dh | UARTS Transmit/Receive Control Register 1 | U5C1 182 031Dh Timer BS Mode Register TB5MR 155
028Eh UART5 Receive Buffer Register U5RB 031Eh
028Fh 170 031Fh
0290h 0320h Count Start Flag TABSR 156
0291h 0321h
0292h 0322h One-Shot Start Flag ONSF 140
0293h 0323h Trigger Select Register TRGSR 140
0294h UART®6 Special Mode Register 4 U6SMR4 185 0324h Up/Down Flag UDF 139
0295h UART6 Special Mode Register 3 UBSMR3 184 0325h
0296h UART®6 Special Mode Register 2 UBSMR2 184 0326h Timer AO Register TAO 152
0297h UART®6 Special Mode Register UBSMR 183 0327h
0298h UART®6 Transmit/Receive Mode Register UBMR 180 0328h Timer A1 Register TA1 152
0299h UARTS Bit Rate Register UBBRG 180 0329h
029Ah UART®6 Transmit Buffer Register UeTB 179 032Ah Timer A2 Register TA2 152
029Bh 032Bh
029Ch | UART6 Transmit/Receive Control Register 0 | U6CO 181 032Ch Timer A3 Register TA3 152
029Dh UART®6 Transmit/Receive Control Register 1 | U6C1 182 032Dh
029Eh UART®6 Receive Buffer Register UGBRB 179 032Eh Timer A4 Register TA4 152
029Fh 032Fh
02A0h 0330h Timer BO Register TBO 155
02A1h 0331h
02A2h 0332h Timer B1 Register TB1 155
02A3h 0333h
02A4h UART?7 Special Mode Register 4 U7SMR4 185 0334h Timer B2 Register TB2 155
02A5h UART7 Special Mode Register 3 U7SMR3 184 0335h
02A6h UART7 Special Mode Register 2 U7SMR2 184 0336h Timer A0 Mode Register TAOMR 138
02A7h UART7 Special Mode Register U7SMR 183 0337h Timer A1 Mode Register TATMR 138
02A8h UART7 Transmit/Receive Mode Register U7MR 180 0338h Timer A2 Mode Register TA2MR 138
02A%h UART?7 Bit Rate Register U7BRG 180 0339%h Timer A3 Mode Register TASMR 138
02AAh [ UART?7 Transmit Buffer Register u7TB 179 033Ah Timer A4 Mode Register TA4AMR 138
02ABh 033Bh Timer BO Mode Register TBOMR 155
02ACh UART7 Transmit/Receive Control Register 0 | U7C0 181 033Ch Timer B1 Mode Register TB1MR 155
02ADh | UART?7 Transmit/Receive Control Register 1 | U7C1 182 033Dh Timer B2 Mode Register TB2MR 155
02AEh UART7 Receive Buffer Register U7RB 179 033Eh Timer B2 Special Mode Register TB2SC 170
02AFh 033Fh
02B0h 0340h
to 0341h
02FFh 0342h
0300h Timer B3,4,5 Count Start Flag TBSR 156 0343h
0301h 0344h
0302h | Timer A1-1 Register TAN 170 0345h
0303h 0346h
0304h Timer A2-1 Register TA21 170 0347h
0305h 0348h
0306h Timer A4-1 Register TA41 170 034%h
0307h 034Ah
0308h Three-Phase PWM Control Register 0 INVCO 167 034Bh
0309h | Three-Phase PWM Control Register 1 INVC1 168 034Ch
030Ah | Three-Phase Output Buffer Register 0 IDBO 169 034Dh
030Bh Three-Phase Output Buffer Register 1 IDB1 169 034Eh
030Ch | Dead Time Timer DTT 169 034Fh
030Dh | Timer B2 Interrupt Generation Frequency Set | ICTB2 169 0350h

Counter 0351h
030Eh 0352h
030Fh 0353h
0310h Timer B3 Register TB3 155 0354h
0311h . - 03550
0312h Timer B4 Register TB4 155 0356h
0313h . A 0357h
0314h Timer B5 Register TBS 155 0358h
0315h 0359
0316h 035Ah
0317h 0358
0318h
0319h NOTE: 1. Blank columns are all reserved space. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
035Ch 03A0h
035Dh 03A1h
035Eh 03A2h
035Fh 03A3h
0360h Pull-Up Control Register 0 PURO 258 03A4h
0361h Pull-Up Control Register 1 PUR1 258 03A5h
0362h Pull-Up Control Register 2 PUR2 259 03A6h
0363h 03A7h
0364h 03A8h
0365h 03A%h
0366h Port Control Register PCR 259 03AAh
0367h 03ABh
0368h 03ACh
0369h 03ADh
036Ah 03AEh
036Bh 03AFh
036Ch 03B0h
036Dh 03B1h
036Eh 03B2h
036Fh 03B3h
0370h 03B4h
0371h 03B5h
0372h 03B6h
0373h 03B7h
0374h 03B8h
0375h 03B%h
0376h 03BAh
0377h 03BBh
0378h 03BCh CRC Data Register CRCD 248
0379h 03BDh
037Ah 03BEh CRC Input Register CRCIN 248
037Bh 03BFh
037Ch | Count Source Protection Mode Register CSPR 120 03CO0h A/D Register 0 ADO 233
037Dh | Watchdog Timer Reset Register WDTR 119 03C1h
037Eh | Watchdog Timer Start Register WDTS 119 03C2h A/D Register 1 AD1 233
037Fh | Watchdog Timer Control Register WDC 119 03C3h
0380h 03C4h A/D Register 2 AD2 233
0381h 03C5h
0382h 03C6h A/D Register 3 AD3 233
0383h 03C7h
0384h 03C8h A/D Register 4 AD4 233
0385h 03C%h
0386h 03CAh | A/D Register 5 ADS5 233
0387h 03CBh
0388h 03CCh | A/D Register 6 AD6 233
0389h 03CDh
038Ah 03CEh | A/D Register 7 AD7 233
038Bh 03CFh
038Ch 03D0h
038Dh 03D1h
038Eh 03D2h
038Fh 03D3h
0390h DMA2 Source Select Register DM2SL 125 03D4h A/D Control Register 2 ADCON2 233
0391h 03D5h
0392h DMAS3 Source Select Register DM3SL 125 03D6h A/D Control Register 0 ADCONO 232
0393h 03D7h A/D Control Register 1 ADCON1 232
0394h 03D8h D/AO Register DAO 247
0395h 03D%h
0396h 03DAh | D/A1 Register DA1 247
0397h 03DBh
0398h DMAO Source Select Register DMOSL 125 03DCh D/A Control Register DACON 247
0399h 03DDh
039Ah | DMA1 Source Select Register DM1SL 125 03DEh
039Bh 03DFh
039Ch 03EOh Port PO Register PO 257
039Dh 03E1h Port P1 Register P1 257
039Eh 03E2h Port PO Direction Register PDO 256
039Fh 03E3h Port P1 Direction Register PD1 256
NOTE: 1. Blank columns are all reserved space. No access is allowed.
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Address Register Symbol Page
03E4h Port P2 Register P2 257
03E5h Port P3 Register P3 257
03E6h Port P2 Direction Register PD2 256
03E7h Port P3 Direction Register PD3 256
03E8h Port P4 Register P4 257
03ES%h Port P5 Register P5 257
03EAh Port P4 Direction Register PD4 256
03EBh Port P5 Direction Register PD5 256
03ECh | Port P6 Register P6 257
03EDh | Port P7 Register P7 257
03EEh Port P6 Direction Register PD6 256
03EFh Port P7 Direction Register PD7 256
03FOh Port P8 Register P8 257
03F1h Port P9 Register P9 257
03F2h Port P8 Direction Register PD8 256
03F3h Port P9 Direction Register PD9 256
03F4h Port P10 Register P10 257
03F5h
03F6h Port P10 Direction Register PD10 256
03F7h
03F8h
03F%h
03FAh
03FBh
03FCh
03FDh
03FEh
03FFh
DO000h
to
D7FFh

| OFS1 | Optional Feature Select Address OFS1 269

NOTE: 1. Blank columns are all reserved space. No access is allowed.



TABLE OF CONTENTS

SFR PAge REFEIENCE .....eeeiiieii it e e e e e e e e e e e e e e e e e e eaeannnas B-1
(I O 1Y =T TR 1
1.1 == (U] = 1
1.1.1 Y o] o] [T= 1] o I S 1

1.2 SPECIFICALIONS ... e 2
1.3 o 0o [T = U 4
1.4 =] [oTed [q 1= | = T o [P RTTTRPPRP 6
1.5 Pin ASSIGNMENTS ...t 7
1.6 Pin FUNCHONS. ..o 11

2. Central Processing Unit (CPU).........oouuiiiiiiiiiieeeeeeeeee e 14
2.1 Data Registers (RO, R1, R2and R3).......ooiiiiiiiiccieeee e 14
2.2 Address Registers (AD and A1) .....eeeiiiieiie e 15
2.3 Frame Base Registers (FB)........ooo oo 15
2.4 Interrupt Table Register (INTB) .....ccoooiiiieiiieeeeee e 15
2.5 Program Counter (PC) ......ouueei i 15
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)...........oovvviieeennnn. 15
2.7 Static Base RegiSter (SB).......ccoooiiiiiieeeeeee e 15
2.8 Flag Register (FLG)......cooooieeee e 15
2.8.1 Carry FlIag (C Flag) ...ccceeeeeiiieieeeeeeeeeeeee ettt 15
2.8.2 Debug Flag (D FIag) ...cccooee ettt 15
2.8.3  ZerOFlIag (Z Flag)......coooooieiiiiiceee et 15
284  SigN FlIag (S Flag).....ueeeeeeeeeiiiiiaaiiii et 15
2.8.5 Register Bank Select Flag (B Flag) ........cceevieiiiiiiiiiieee e 15
2.8.6  Overflow Flag (O Flag) ...cccoeuiiiiiiiiiiiiiie e 15
2.8.7 Interrupt Enable Flag (1 FIag).......ccouaiiieee e 15
2.8.8  Stack Pointer Select Flag (U FIag) .....cccooeeieiiiiieieeeceeiee e, 16
289 Processor Interrupt Priority Level (IPL) ... 16
2.8.10 RESEIVEA SPACE ....cci i it aaaaaa 16

1-1



4.

1Y/ =T o 0 o Y 17
Special Function Registers (SFRS) ... 18
RS . e eees 32
5.1 Hardware ReSet 1 ... 32
51.1 Reset on a Stable Supply Voltage ... 32
51.2 POWEr-0Nn RESET..... . e 32
5.2 Brown-0Ut RESEt.......coiiiee e 35
5.3 SOftWArE RESEL ... 35
54 Watchdog Timer RESEt........coo i 35
5.5 Oscillation Stop Detection ReSet..........ooveieiiiiiiii e 35
5.6 INEEINAI SPACE ... 36
Voltage Detection CirCUit...........couvuiiiiiiiiiiic e, 37
6.1 Brown-0Ut RESEt.......cooiiiieie e 41
6.2 Low Voltage Detection Interrupt ... 42
6.3 Limitations on Exiting Stop Mode .........coooiiiiiiiiiiceee e 44
6.4 Limitations on Exiting Wait MOde ...........ccoooiiiiiiiiiii e 44
6.5 Cold Start-up / Warm Start-up Discrimination.............cccooeveeiiiiiiiiiiiiee e, 45
Processor MOE ........ooooiiiiiiiiie e 47
7.1 Types Of Processor MOAE...........ooouuiiiiiiiiieee et eeeaaans 47
7.2 Setting Processor MOUES .........oouiiiiiiiiiiii et 47
7.3 INterNal MEMOTY ..o 51
BUS e 53
8.1 BUS MOAE ... e 53
8.1.1 SEPArAte BUS ... oo a e 53
8.1.2 MURIPIEXEA BUS ... 53
8.2 BUS CONIIOL... e s 54
8.2.1 AAAreSS BUS ...t 54
8.2.2 Data BUS ... 54
8.2.3  Chip SeleCt Signal........ooiiiiiii e 54
8.24 Read and Write SignalS...........uueeeiiiiiiiiiiii e 57
8.2.5  ALE SHGNAl.. .. 57
8.2.6  RDY SNl ....uiiiiiioeieeeeeeeeeeeee et 58



8.2.7  HOLD SigNal......ccoiiiiiiiiiiiiee ettt 59

8.2.8  BCLK OUIPUL ...eeeiieieeieeee e 59
8.2.9 External Bus Status When Internal Area IS Accessed ............ueeveeevvieeneen.n. 61
8.2.10  SOftware Walit ..........eeeiiiiiiiiiiii e 61
9. Memory Space Expansion FUNCHION ............ccoviiiiiiiiiiiiiii e 66
9.2 4-MDBYLE MOAE ... 66
9.2.1 Addresses 04000h to 3FFFFh, CO000h to FFFFFh ........cccvvviiieiiiiiee. 66
9.2.2  Addresses 40000h to BFFFFh ......ccoiiiiieeeeeee e 66
10. Clock Generation CirCUit ............oviiiiiiiiiiii e 74
10.1  Type of the Clock Generation CirCuit..............cooovmmiiiiiiiiiiieeeeeeeen 74
0 g It O | =Y I [ o U PPUPPR 81
10.1.2  SUD ClOCK ...ttt e e e e e e e eaaaaeee s 82
10.1.3 125 kHz On-Chip Oscillator Clock (fOCO-S).........uuvvvuiiiiiiieiiiieieeeeeeeeeeeeians 83
10.1.4  PLL ClOCK ...ceiieieiete ettt e e e e e e e e et e e e e e e e e nnnneeeeeas 83
10.2 CPU Clock and Peripheral Function ClOCK................ccoiiiiiiiiiiieiiieeeeeennn 86
10.2.1  CPU Clock and BCLK........ooiiiiiiiiiiei et 86
10.2.2 Peripheral Function Clock (f1, fC32) ......coooiiiiiiicceeee e, 87
10.3  Clock OUtPUt FUNCHION ..o 87
10.4  POWEE CONIIOL......uuiiiiiiiiiiiiee ettt e e e e e e e e e e e e e e e e e s annnnnes 88
10.4.1  Normal Operating MOde ............uuiiiiiiieei e 88
10.4.2 WAt MOAE ......eeiiiiiei e e e e e e e e 90
(L0 R S (o] o Y o Yo [PPSR 92
10.5 System Clock Protection FUNCtion ..., 95
10.6  Oscillation Stop and Re-Oscillation Detect Function...............ccoooeiiiiil. 96
10.6.1 Operation When CM27 bit = 0 (Oscillation Stop Detection Reset)............. 96
10.6.2 Operation When CM27 bit = 1 (Oscillation Stop and
Re-oscillation Detect INnterrupt) ..., 96
10.6.3 How to Use Oscillation Stop and Re-Oscillation Detect Function............... 97
11, ProteClion ... 98
(P2 | 01 =T 4 1 o 99
12,1 Type Of INTeITUPLS ... 99
12.2  SOftware INtEITUPES ......eeieee e e 100
12.2.1 Undefined Instruction Interrupt ... 100

1-3



12.2.2  Overflow INterrupt........oooommm e 100

12.2.4 INT Instruction INterrupt..........ccooooiiiiii e 100
12.3  Hardware INterruptS......coooeeeiieeeeeee et 101
12.3.1  Special INterrupts.......coooiiiiieiie e 101
12.3.2 Peripheral Function Interrupts ... 101
12.4 Interrupts and Interrupt VECIOr..........ooiiiiiieicee e, 102
12.4.1  Fixed Vector Tables ... 102
12.4.2 Relocatable Vector Tables .........ccoooiiiiiiiiiiiiiecc e, 103
12.5  INterrupt CONTIOl .......eeeeeeee e 105
(2 Tt N N = Vo RS EUEEPRRP 107
12.5.2 IR Biloe oo e e e e e e e e 107
12.5.3 Bits ILVL2 to ILVLO @nd IPL.....cooeiiiieeeeeee et 107
12.5.4  INterrupt SEQUENCE .......ooeeeeeeee et 108
12.5.5 Interrupt Response TiMe ........uuiiiiiiii i 109
12.5.6  Variation of IPL when Interrupt Request IS Accepted ..........ccccceeeeeeeeene. 109
12.5.7 Saving REQISIEIS .....cooiiiieeeeeee e 110
12.5.8 Returning from an Interrupt Routine ..............cccoiiiiiiiis 111
12.5.9  INterrupt Priority ......coo o 111
12.5.10 Interrupt Priority Level Select Circuit...............ooovmiiiiiiiiiiiee, 111
12.6  INT INEEITUPE ..ttt et st 113
12.7  NMEINEEITUPE .ottt ettt ee e ee e, 115
12.8  Key INpuUt INterrupt.. ... e 115
12.9  Address Match INterrupt...........oeeeeeiiiiei e 116
13. Watchdog TIMEN ... 118
13.1  Count Source Protection Mode Disabled .............cccuvviiieiiiiiiiiiiiieeeeeeeeeecee 121
13.2 Count Source Protection Mode Enabled ..., 122
T4, DIMAC ... et 123
141 Transfer CYCIES .....ccoooiiieeeee e e e e e e e e e e aeaaanees 129
14.1.1 Effect of Source and Destination Addresses..........cccceeeieeiiiiiiiiieiiiieeeeenne, 129
14.1.2 Effect Of BYTE PINLEVEI ..ooooiiiiiiiii e 129
14.1.3 Effect of Software Wait ... 129
14.1.4  Effect of RDY SIGNQl.......coooeieieeeeeeeeeeeeeeee e 129
14.2  DMA Transfer CYCIES ..ot 131
14.3  DMA ENGDIEA ..ottt a e 132



T4.4  DMA REQUEST ... oot e e e et e e e e e ee e 132

14.5 Channel Priority and DMA Transfer Timing ..........ccccuuvuiiiiiiiiiiiiiis 133

L T 1 01T = USSR 134
1 TR O o =T U UUURURUPR 137
15.1.1  TIMEIr MOAE ... e e e e e e e e e e e eeeeaeees 143
15.1.2  Event Counter MOE............uuuuiiiiieiiee e 144
15.1.3  One-Shot TIMEr MOE ........ccoouiiiiiiiiie et 149
15.1.4 Pulse Width Modulation (PWM) Mode...........cccuviiiiiiiiiiiiieieeeee e 151

1 T T2 0= = PSRRI 154
15.2.1  TIMEIr MOAE ... e e e e e e e eeeeaeees 158
15.2.2 Event Counter MOE...........ouueuniiiieeee e 160
15.2.3 Pulse Period and Pulse Width Measurement Modes ..............ccccovvveeeenes 162

16. Three-Phase Motor Control Timer Function.............cccooveiiiiiiiiinnnen. 165
17. Serial INterface .......ooovveeeeee s 175
171 UARTI (1= 010 2, 510 7)) eeiiiiiiiiieeiee ettt e e e 175
17.1.1  Clock Synchronous Serial /O Mode............ccccuuuiiiiiiiiiiiiiiiiieee 186
17.1.2 Clock Asynchronous Serial I/O (UART) Mode.........cccoceieeeiiieiiiiiiiiiiieiin, 194
17.1.3  Special Mode 1 (12C MOUE) .......ccveieiiieeirieieeie et 202
17.1.4  SPeCial MOUE 2. e e e e e e e e e e eeeeeeeaeees 212
17.1.5 Special Mode 3 (IE MOdE) ......uuuuiiiiiiiiiie e, 216
17.1.6  Special Mode 4 (SIM Mode) (UART2) ...t 218

17.2  SHOB ANA SI/OA ... e e e e e e e e e e e e e e e e e e 223
17.2.1  SI/Oi Operation TiMING ........uuuueiiiiiiiee e e eeaanans 227
17.2.2 CLK Polarity Selection.............cooiiiiiiiiiiiieeeeeee e 227
17.2.3 Functions for Setting an SOUTi Initial Value.............ccccooeeeiiiiiiiiniiiiiiien, 228
17.2.4 Functions for Selecting SOUTi State after Transmission.......................... 229

LR T VA o] 1Y =T = PSSP 230
18.1  Mode DeSCHIPLION .. .o e e e e e e e e e e e eeeeeeannnes 234
18.1.1  ONE-ShOt MOGE .......euiiiiiiiiiiiiiiiie et 234
18.1.2 RePeat MOUE ... ..o e e e e e e e eeennnees 236
18.1.3  Single SWEEP MOAE.......cooiiiiiiiiiiiie e 238
18.1.4 Repeat SWeep Mode O.......ccooiiiiiiiiiieeecc e 240
18.1.5 Repeat SWeep Mode 1 ... ..o 242



18.2 CONVEISION RaAtC... i e 244

18.3 Extended Analog INPUt PiNS ... 244
18.4 Current Consumption Reducing Function ...............ccccceiiiiieiiiiiii e, 244
18.5 Output Impedance of Sensor under A/D CONVErsion.........cccceeeeeeeeeeeeeeeeeeennnn, 245
19. D/A CONVEIEI ...t e e e e e e eeeees 246
191 SUMMAIY ..ottt e ettt e e e e e e e e e e e e e e e e aaaannes 246
20. CRC OPeration.......ccccuuiiiiii et e e et 248
21. Programmable /O POMS..........iiiiiii e 250
21.1  Port Pi Direction Register (PDi Register, i =0t0 10).........cooovviiiiiiiiiiiiiiiieee. 250
21.2 Port Pi Register (Pi Register, i = 010 10) ....ouviiiiiiiiiiiieeeee 250
21.3  Pull-up Control Register 0 to Pull-up Control Register 2 (Registers
O (o T = 1 ) PP 250
21.4  Port Control Register (PCR RegiSter) .........uuuiiiiiiiiiiiiieeee 250
22. Flash Memory VErsiON..........ooiiiiiiiiiiiie et 263
P2 I Y/ =T 0 0T Y 1V = T o RSP 264
2720 I T = T o 1Y, [ Yo [PPSR 265
22.1.2  User Boot FUNCHON.........ooiiiiiieee e 265
22.2  Functions to Prevent Flash Memory from Rewriting ............ccceeiiiiiiieinnnnn, 267
22.2.1 ROM Code Protect FUNCHON ........ccooviiiiiiiiiieeeeeeeeee e 267
22.2.2 ID Code Check FUNCHON ......cocoiiiiiiiii e 267
22.2.3 Forced Erase FUNCHON ......oooiiieiiiie e 268
22.2.4 Standard Serial I/O Mode Disable Function ............cccccovviiiiiiiiiiiiiiiiiiiiin, 268
22.3  CPU ReWrte MOUE......cciiiiieii ettt 270
2231 EWO MOE ...ttt e e e e e e e e e e e e e e e e e e e e e annnnes 271
22.3.2  EWT MOGE.....eiiiiiiiiiiiieeeeeeeeee et e e e e e e e e e e e e e e e e e 271
22.3.3 Flash Memory Control Register (Registers FMRO, FMR1, FMR2 and
1Y ) SRR 271
22.3.4 Precautions on CPU Rewrite Mode............coovviiiiiiiiiiiiiiiiieeee e 282
22.3.5 Software ComMmMAaNAS ......cccouiiiiiiiiiiiii e 284
22.3.6 Data Protect FUNCHON........ooiiiie e 290
22.3.7  SHAtUS REQGISTEN ...uuiiiiiiiiiiiiieeee e 290
22.3.8  FUll Status CheCK.......eiiiiiiiiiiiiieeee e 292
22.4 Standard Serial /O MOAE .......coooiiiie e 294

1-6



2241 ID Code CheCk FUNCHION ....onieeeeee e, 294

22.4.2 Example of Circuit Application in the Standard Serial /O Mode............... 298
22.5 Parallel 1/O MOUE........cooi ittt 300
2251 ROM Code Protect FUNCLION ...........ooiiiieeeeeeee e 300
23. Electrical CharacteristiCs ...........uiiiiiiiiiiiiceci e 301
23.1  Electrical CharacteristiCS .........oovviiiiiiiiiciiie e 301
24, PreCauUliONS ....cooiiii ettt e eaeaa 341
g S | PSSP 341
2411 RegiSter SENGS ...uuueeiiiiiiiiiiiei e 341
24.2 RSB . 342
24.2.0 VO T ettt e e e aaaaaaaaaaaaaaaaaann 342
24.2.2  CNVSS ... a e e e e e e e e 342
e = T 1 USSP 343
24.4 PLL Frequency SYNtheSIiZer ...........oovvmiiiiiiiiiii e 344
245  POWEE CONIOL.....oeiiiiiiiee et e e e e e e e e eeees 345
24,6 ProteCl.....oooiee e 347
S A 101 (= o 4 U o ) PSP 348
2471 Reading address 00000h ...........oooiiiiiii e 348
24.7.2  SP SetliNG. ...ttt a e 348
24.7.3  NMIINEITUDL. ...ttt 348
24.7.4 Changing an Interrupt Generate Factor.............cccceevieiiiiiiiiiiiiiis 349
24.7.5  INT INEEITUDE .ottt eee et et e e eeeee e 349
24.7.6 Rewriting the Interrupt Control Register..............oovvviiiiiiieiiiiiiiieei, 350
24.7.7 Watchdog Timer Interrupt ... 351
24.8  DIMAC ... et e e e e e e e e e e e e 352
24.8.1 Write to the DMAE Bit in the DMICON Register (i=01t0 3)...........ccecnes 352
PR T o 1= = R 353
Pt R I 0 1= NP PEERPRUUPPPR 353
24.9.2  TIMEI B ..o e e e e e e e e e e e e e e annns 357
2410 Serial INterface ........uueiiiee e 360
24.10.1 Clock Synchronous Serial l1/O.......ccccoooiiiiiiiiieecce e 360
24.10.2 UART (Clock Asynchronous Serial I/O) Mode.........coeevvviiiiiiiiiiiiiiiis 362
24.10.3 Special Mode 1 (I2C MOAE) .......ccooiiii i 362
24.10.4 Special Mode 4 (SIM MOE) .....uuuieeeiiieieeeeieeeeeeeeee e 362



24.10.5 Sl/O3, SHOA ... 363

P S TV D I o 1Y =Y o (= SRR 364
24.12 Programmable 1/O POIS.........coooiiiiieee e 366
24.13 Flash Memory VEISION........couuuiie ettt e s 367
24 .13.1 Functions to Inhibit Rewriting Flash Memory............ccccocon, 367
24.13.2 STOP MOAE ...t 367
24.13.3 WAt MOGE .....coeeiiiieieceeee ettt e et e e e e e e nnnnneea s 367
24.13.4 Low Power Consumption Mode,
On-Chip Oscillator Low Power Consumption Mode .............ccccceeeeeeeeennee. 367
24.13.5 Writing Command and Data ................coooiiiiiiiiiiicceee e, 367
24.13.6 Program COomMMEaNGd ........ccoouiiiiiiiiiiiiiii et e e e 367
24.13.7 Lock Bit Program Command ...........cccoooiiiiiiiiiiiiieceeeee e 367
24.13.8 Operation SPEEQ...........ooiiiiiiiiiicice e, 368
24 .13.9 Instructions Inhibited against Use...........ccccciiiiiiiiiiiiie s 368
2413 A0INTEITUPLS ..oeveiieeeeeece et e e e e e e e e e e e e aeens 368
241311 HOW 10 ACCESS ... ettt e e e e e e e e e e e e eeeeeeeennees 368
24 13.12Writing in the User ROM Area..........ooooiiiiiiiieieeeeeeeeeeee e 368
24 13 1A3DMA FANSTEN ...t 368
24.13.14 Programming / Erasing Endurance and Execution Time.......................... 369
g S o 1 SO 370
Appendix 1.Package DImeNnSioNS ............covvviiiiiiiiiiiiie e 371
Register Index Appendix 1-372

1-8



1RENESAS PRELIMINARY

M16C/64 Group
RENESAS MCU

1. Overview

1.1 Features

The M16C/64 Group MCUs incorporate the M16C/60 Series CPU core and flash memory, employing
sophisticated instructions for a high level of efficiency. With 1 Mbyte of address space (expandable to 4
Mbyte), this MCU is capable of executing instructions at high speed. In addiditon, the CPU core boasts a
multiplier for high-speed operation processing.

Power consumption is low, and the M16C/64 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 EMI. Integration of many peripheral functions, including multifunction timer and
serial interface, reduces the number of system components.

1.1.1 Applications

Audio, cameras, television, home appliance, office equipment, communication equipment, portable
equipment, industrial equipment, etc.

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
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Preliminary Specification

Under development
Specification in this preliminary version is subject to change.

M16C/64 Group 1. Overview

1.2

Specifications

Tables 1.1 and 1.2 list Specifications Outline.

Table 1.1 Specifications (1)
Item Function Specification
CPU Central processing unit M16C/60 core (multiplier: 16-bit x 16-bit — 32 bits,
multiply and accumulate instruction: 16 x 16 + 32 —32 bits)
* Number of basic instructions: 91
* Minimum instruction execution time:
40.0 ns ( f(BCLK) = 25 MHz, VCC1=VCC2=2.7t0 5.5V)
» Operating modes: Single-chip, memory expansion, and microproces-
sor
Memory ROM, RAM, See Table 1.3 Product List.
data flash
Voltage Voltage detection circuit Low-voltage detection unit
Detection
Clock Clock generation circuit * 4 circuits: Main clock, sub clock, on-chip oscillator (125 kHz), PLL

« 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

* Low-power consumption modes: Wait mode, stop mode

External Bus

Bus and memory expansion

» Address space: 1 Mbyte

Expansion » External bus interface: 0 to 3 waits states, chip select 4 outputs, mem-
ory area expansion function (up to 4 Mbytes), 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 buses)
1/0 Ports Programmable I/O ports » CMOS 1/O ports: 85, selectable pull-up resistor
* Nch 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)
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 channels
Timer B 16-bit timer x 6
Timer mode, event counter mode, pulse period measurement mode,
pulse width measurement mode
Timer functions for three- Three-phase inverter control (timer A1, timer A2, timer A4, timer B2),
phase motor control On-chip dead time timer
Serial Inter- |UARTO to UART2, UART5 to | Clock synchronous/asynchronous x 6 channels
face UART7 I2C-bus, IEBus (1), special mode 2, SIM (UART2)
S1/03, SI/04 Clock synchronization only x 2 channels
NOTE:

1. |EBus is a registered trademark of NEC Electronics Corporation.
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Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 1. Overview

Table 1.2 Specifications (2)

Item | Function Specification
A/D Converter 10-bit resolution x 26 channels, including sample and hold function,
Conversion time: 1.72 ys
D/A Converter 8-bit resolution x 2
CRC Calculation Circuit CRC-CCITT (X16 + X12 + X5 + 1) compliant
Flash Memory Programming and erasure power supply voltage: 2.7 Vto 5.5V

Programming and erasure endurance: 100 times
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=VCC2=27t0 55V
Power Consumption 20 mA (25 MHz/VCC1=VCC2=3V)
3.0 yJA(VCC1 =VCC2 =3V, in stop mode)
Operating Temperature -20°C to 85°C, -40°C to 85°C
Package 100-pin QFP: PRQP0100JD-B (Previous package code: 100P6F-A)

100-pin LQFP: PLQP0100KB-A (Previous package code: 100P6Q-A)
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Under development

Preliminary Specification

Specification in this preliminary version is subject to change.

M16C/64 Group

1. Overview

1.3

Product List

Table 1.3 lists product information. Figure 1.1 shows part numbers, memory sizes, and packages.

Table 1.3 Product List
ROM Capacity RAM

Part No. Pr\:gg'\r/la:n PRr%gl\r/la;n Data Flash| Capacity Package Code Remarks
R5F36406NFA (D) |128 Kbytes |16 Kbytes |4 Kbytes |12 Kbytes |PRQP0100JD-B |Operating
R5F36406NFB (D) x 2 blocks PLQPO100KB-A |temperature
R5F3640DNFA (D) |256 Kbytes |16 Kbytes |4 Kbytes |16 Kbytes |PRQP0100JD-B | 20 C1085°C
R5F3640DNFB (D) x 2 blocks PLQP0100KB-A
R5F3640MNFA (D) |512 Kbytes |16 Kbytes |4 Kbytes |31 Kbytes [PRQP0100JD-B
R5F3640MNFB (D) * 2 blocks PLQP0100KB-A
R5F36406DFA (D) |128 Kbytes |16 Kbytes |4 Kbytes |12 Kbytes |PRQP0100JD-B |Operating
R5F36406DFB (D) x 2 blocks PLQPO100KB-A |temperature
R5F3640DDFA (D) |256 Kbytes |16 Kbytes |4 Kbytes |16 Kbytes |PRQP0100JD-B | 0 C1085°C
R5F3640DDFB (D) x 2 blocks PLQP0100KB-A
R5F3640MDFA (D) |512 Kbytes |16 Kbytes |4 Kbytes |31 Kbytes [PRQP0100JD-B
R5F3640MDFB (D) * 2 blocks PLQP0100KB-A

(D) : Under development

NOTE:

1. Previous package codes are as follows.
PRQP0100JD-B: 100P6F-A, PLQP0100KB-A: 100P6Q-A

Part No.

R 5 F 3 640

6 D

FA

I— Package type:

FA: Package PRQP0100JD-B (100P6F-A)
FB: Package PLQP0100KB-A (100P6Q-A)

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

Memory capacity
Program ROM 1/ RAM
6: 128 Kbytes / 12 Kbytes
D: 256 Kbytes / 16 Kbytes
M: 512 Kbytes / 31 Kbytes
M16C / 64 Group
16-bit microcomputer

Memory type:
F: Flash memory

Renesas microcomputer

Renesas semiconductor

Figure 1.1

Correspondence of Part No., with Memory Size and Package
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M16C/64 Group 1. Overview

M1 6 C |
R5F36406DFA— Part No. (See Figure 1.1 Correspondence of Part No.,

with Memory Size and Package)
XXXXXXX

Date code seven digits

O

Figure 1.2  Marking Diagram of Flash Memory Version (Top View)
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M16C/64 Group 1. Overview

1.4 Block Diagram
Figure 1.3 is a M16C/64 Group Block Diagram.

A S S S S &
v v v v v v
| PortPO | | PortP1 | [ PortP2 | | PortP3 | | PortP4 | [ PortP5 |
VCC2 ports

Internal peripheral functions

UART or Clock generation circuits
i ) clock synchronous serial 1/0 XIN-XOUT
Timer (16-bit) (6 channels) XCIN-XCOUT
) . PLL frequency synthesizer
Outputs (Timer A?- 5 Clock synchronous serial /0O On-chip oscillator (125 kHz)
Inputs (Timer B): 6 (8 bits x 2 channels)
DMAC
Three-phase motor control circuit (4 channels)

CRC calculation circuit (CCITT)

Watchdog timer (Polynomial X6+ X2+ X5+ 1)

(15 bits)
A/D converter M16C/60 Series CPU core Memory
(10 bits x 26 channels) )
ROH [ RoL [ [ SB | ROM
R1H R1L USP
D/A converter R2 I
2
(8 bits x 2 channels) , R3 ISP RAM @
[ INTB |
A0
A1 | PC |
FB I FLG Multiplier
VCC1 ports

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

As As 4s 43 48

b b

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

Figure 1.3  Block Diagram
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Under development
Specification in this preliminary version is subject to change.

M16C/64 Group 1. Overview

1.5 Pin Assignments

Figures 1.4 and 1.5 show pin assignments (top view).

c

[A1/D1], [A1/DO]

. [AO/DO], AO
[7o]4—» P2_2/AN2_2/A2, [A2/D2], [A2/DA]

[71]4—> P2_1/AN2_1/A1,

0/CTS6/RTS6/D8

[80 | ¢—» P1
[79 | 4—» P1_1/CLK6/D9

5/INT3/D13

6/INT4/D14

7/INT5/D15

4/INT6/AN2_4/A4, [A4/D4], [A4/D3]

5/NT7/AN2_5/A5, [A5/D5], [A5/D4]

3/A11

[78 | 4—» P1_2/RXD6/SCL6/D10
[77 14— P1_3/TXD6/SDA6/D11

[76 | ¢—» P1_4/D12
[75 |¢—» P1
[74 [ 4—» P1
[73 |[4—> P1

[57 |¢—> P3_5/A13

[56 | ¢—» P3_6/A14

[53 |4 P4_1/A17

[52 | 4—» P4 _2/A18

Voors
(514> P4_3/A19

[65 | ¢—» P2_7/AN2_7/A7, [A7/D7], [A7/D6]
VSS

[69 [ —» P2_3/AN2_3/A3, [A3/D3], [A3/D2]
[66 [¢—» P2_6/AN2_6/A6, [A6/D6], [A6/D5]
[64]

[68 | ¢—» P2

[67 | ¢—» P2

[63 ] P3_0/A8 [A8/D7]
[61]4—» P3_1/A9
[60 | ¢—» P3_2/A10
[59 | ¢—> p3

[58 |[€¢—» P3_4/A12
[55]4—» P3_7/A15
[54]4—» P4 0/A16

52]

[72 | 4—» P2_0/AN2_0/A0

[50] «—» P4_4/CTS7/RTS7/CSO
l49] «—» P4_5/CLK7/CST

48] €«—» P4_6/RXD7/SCL7/CS2
l47] €«—» P4_7/TXD7/SDA7/CS3
l46] «—» P5_O/WRL/WR

|45] «— p5_1/WRH/BAE

l44] > p5_2/RD

l43] 4 p5_3/BCLK

l42] «—» p5_4/HIDA

l41] 4—» p5_5/HOLD

l40] 4> p5_6/ALE

<—» p5_7/RDY/CLKOUT

[38] «—» p_0/CTSO/RTSO

[37] «—> p6_1/CLKO

[36] 4P P6_2/RXDO/SCLO

[35] «— P6_3/TXDO/SDAO

[34] «—» P6_4/CTST/RTST/CTSO/CLKS1
|33] «—» pg_5/CLK1

|32] «—» P6_6/RXD1/SCL1

|a1] «—> pP6_7/TXD1/SDA1

NOTES:
1. N-channel open-drain output.
2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
3. Symbols in brackets [ ] represent a functional signal as a whole.

P0O_7/ANO_7/D7 <—»[81]
PO_6/ANO_6/D6 4—»[82] VCC2 ports
PO_5/ANO_5/D5 «—»[83]
PO_4/ANO_4/D4 <484
PO_3/ANO_3/D3 4—»%
PO_2/ANO_2/D2 4—»[86
PO_1/ANO_1/D1 4—»[87] M1 6C/64 Group
PO_O/ANO_0/D0 <4—p[s8] ¥
P10_7/AN7/KT3 <4—»[89] 1
P10_6/AN6/KI2 4—[90]
P10_5/ANS/KTT <4—p[o1] PRQP0100JD-B
P10_4/AN4/KI0 <—¥[92]
HYHD4 (100P6F-A) I
P10_2/AN2 <—»[94] ( : )
P10_TIAN1 €—b[o3] top view
AVSS (o8]
P10_0/ANO <—»[97]
VREF —»[98]
AVCC 199 M VCC1 ports —é
P9_7/ADTRG/SIN4 <€—¥|i00|
HbﬂzlbﬂzﬂsﬂﬂUU@HM?HH@HE@HHMHUHHHM@U
IIZZOQAQUWANZE|FE®NZ TS OO WL YVES>>c
EEEEF R R R A PRSI R T E
09 0LoamzX3w SoNEErh O D2=290
<X = = o x = s L LDy OmoO
09582z OnxKk ‘gz BeZ2Zw<OT 2P
c8582a3 &9 A EEER R
Uz3sake ® 9 o Qﬂé»:':,\l'g‘.‘i’mga
I8 oo S oo BINEE Tk X2
S N D o ZE~ NI =
S50 = olNON®
| @ o g 2 o 0 <3S
o [*2) < [32] [V N
g o < O < = YNO R/
£E3 & Qrex
e 9 8k
® S ~ ~ <
o g\ o o %IE\
N~
o

Figure 1.4  Pin Assignment (Top View)
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M16C/64 Group 1. Overview
®)
o9
< O
orallno
Qo =919
s dOY0OeR
o9
PO i T2 I
Srynollor
b Qaoaoa - ;00
o O\—N("):E<<Dl\
g 22223223
Q- AN M O N~ N~
3 £¥2<<<<L22<< o
Y QoO3TIABIIBRN B
BNBQBN‘NIN‘NIB’:NIN‘ < O+~ NM<< O © N~
Xr‘E‘E‘EZZZZ‘E‘EZZ 0 == e
EQEEE LSS CEE LT L (L LLLLLL
B ¥ 0O S =85 E 00N, OF % &3 F 5O NS
T AN ANNNNNNND OO omon st <
papnfofNAAOOOAAASOASAAAAQARARAAAQ
EEEEEREEREEEE 8

P1_2/RXD6/SCL6/D10 <«—» <4—» p4 2/A18
P1_1/CLK6/D9 <—p <—» P4 _3/A19
P1_0/CTS6/RTS6/D8 «—p L18 ﬁ VCC2 ports <4—» p4_4/[CTS7/RTS7/CSO
PO_7/ANO_7/D7 <—» \ <4 p4_5/CLK7/CST
PO_6/ANO_6/D6 4 L8 <4—» p4_6/RXD7/SCL7/CS2
PO_5/ANO_5/D5 <—» <4 p4 7/TXD7/SDA7/CS3
PO_4/ANO_4/D4 <—» <4—» P5_0/WRLWR
PO_3/ANO_3/D3 <+—» <—» P5_1/\WRH/BHE
PO ANG DS < M16C/64 Group < PeoRD
PO_1/ANO_1/D1 <—» 141] «—» P5 3/BCLK
PO_O/ANO_0/D0 <—» A [40] «—» pP5_4/HLDA
P10_7/AN7/KI3 <+—» 39] «—» p5_5HOLD
P10_6/AN6/KI2 <—» PLQPO1 O0OKB-A 38] «—» P5_6/ALE
P10_5/AN5/KIT <—» Y [37] «—» p5_7/RDY/CLKOUT
P10_4/AN4/KI0 <—» (1 00 PGQ-A) 4 [s6] «—» pg O/CTSORTSO
P10_3/AN3 <4—p : [35] «—» P6_1/CLKO
P10_2/AN2 <—p (top VIeW) [34] «— P6_2/RXD0O/SCLO
P10_1/AN1 <> 133 <4—» P6_3/TXD0/SDAO
AVSS 32| «4—» pp_4/CTST/RTST/CTSO/CLKS1
P10_0/ANO <—» 31] €—» P6_5/CLK1
VREE —» [30] «—» P6_6/RXD1/SCL1
AVCC [29] «—» P6_7/TXD1/SDA1
P9 7/ADTRG/SIN4 <P VCC1 ports 128] €— P7_0/TXD2/SDA2/TAOOUT
P9_6/ANEX1/SOUT4 P O 27| «4—» P7_1/RXD2/SCL2/TAOIN/TB5IN(
P9_5/ANEX0/CLK4 4— [100] 126] 4—P p7_2/CLK2/TA1OUTIV

] lellefl~l=]l 2=l ll

OO MWW EFE® o o (=3
%%"ZKI—(J)ZDLLIDU)ZODN '—m—'><<‘§§‘§
>535%08 mo8Xg| NEERGSSSEZ
ERo%0mzXgux” >2E55kodagag
=ss®Zz2 oOonNxlkx Sz Yo wZu <O
X223 o3 Z\coco(/JDEDI—Nt
=z m | S0 al-X2xXesIN
Sogep & » [ on:é»— e v
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ra N o ZENs B
Qn S2a09 %
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NOTES: o

1. N-channel open-drain output.
2. Check the position of Pin 1 by referring to appendix 1, Package Dimensions.
3. Symbols in brackets [ ] represent a functional signal as a whole.

Figure 1.5  Pin Assignment (Top View)
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M16C/64 Group 1. Overview
Table 1.4 Pin Names, for 100-Pin Package(1)
Pin No. [Control Pin| Port | Interrupt Timer Pin UART Pin Analog Pin | Bus Control Pin
FA | FB Pin
1 99 P9 _6 SOUT4 ANEX1
2 100 P9 5 CLK4 ANEXO
3 1 PO_4 TB4IN DA1
4 2 PO 3 TB3IN DAO
5 3 P9O_2 TB2IN SOUT3
6 4 P9 1 TB1IN SIN3
7 5 P9 0 TBOIN CLK3
8 6 BYTE
9 7 CNVSS
10 |8 XCIN P8_7
1 |9 XCOUT P8_6
12 110 |RESET
13 |11 |XOUT
14 |12 |VSS
15 |13 |XIN
16 |14 |VCC1
17 115 P8 5 |NMI 3D
18 |16 P8 4 |INT2 |ZP
19 |17 P8 3 |INTT
20 |18 P8_2 |INTO
21 119 P8_1 TA4IN/U CTS5/RTS5
22 |20 P8_0 TA40UT/U RXD5/SCL5
23 |21 P7_7 TA3IN CLK5
24 |22 P7_6 TA30UT TXD5/SDA5S
25 |23 P7_5 TA2IN/W
26 |24 P7_4 TA20UT/W
27 125 P73 TA1INV CTS2/RTS2
28 |26 P7_2 TA10OUT/V CLK2
29 |27 P7_1 TAOIN/TB5SIN RXD2/SCL2
30 |28 P7_0 TAOOUT TXD2/SDA2
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 RXD0/SCLO
37 |35 P6_1 CLKO
38 |36 P6_0 CTSO/RTSO
39 |37 PS_7 RDY/CLKOUT
40 |38 P5_6 ALE
41 |39 P5 5 HOLD
42 |40 P5 4 HLDA
43 |41 P5_3 BCLK
44 (42 P52 RD
45 |43 P5_1 WRH/BHE
46 |44 P5_0 L7
47 |45 P4_7 TXD7/SDA7 CS3
48 |46 P4_6 RXD7/SCL7 CS2
49 |47 P4 5 CLK7 CS1
50 |48 P4_4 CTS7/RTS7 CS0

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
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M16C/64 Group 1. Overview

Table 1.5 Pin Names for 100-Pin Package(2)
Pin No. Control | Port |Interrupt| Timer Pin UART Pin Analog Pin Bus Control Pin
FA | FB Pin Pin

51 |49 P4_3 A19

52 |50 P4_2 A18

53 |51 P4_1 A17

54 |52 P4_0 A16

55 |53 P3_7 A15

56 |54 P3_6 A14

57 |55 P3_5 A13

58 |56 P3_4 A12

59 |57 P3_3 A11

60 |58 P3_2 A10

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 P25 |INT7 AN2_5 A5, [A5/D5], [A5/D4

68 |66 P2_ 4 |INTe AN2_4 A4, [A4/D4], [A4/D3]

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 A1, [A1/D1], [A1/DO

72 |70 P2_0 AN2_0 A0, [A0/DO], AO

73 |71 P1_7 |INT5 D15

74 |72 P16 |INTZ D14

75 |73 P1_.5 |INT3 D13

76 |74 P1_4 D12

77 |75 P1_3 TXD6/SDA6 D11

78 |76 P12 RXD6/SCL6 D10

79 |77 P1_1 CLK6 D9

80 |78 P1_0 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 ANO_2 D2

87 |85 PO_1 ANO_1 D1

88 |86 PO_0O ANO_O DO

89 |87 P10_7 |ki3 AN7

90 |88 P10_6 |ki2 ANG6

91 1|89 P10_5 |ki7 ANS

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 PO _7 SIN4 ADTRG

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
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M16C/64 Group 1. Overview

1.6 Pin Functions

Table 1.6 Pin Functions (1)

Signal Name Pin Name /O |Power Supply Description
Power supply VCCA1 | - 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 | VCCA1 Low active input pin. Driving this pin Low resets the MCU.
CNVSS CNVSS I VCCA1 Input pin to switch processor mode. To start up in single-chip

mode after a reset, connect the CNVSS pin to VSS via
resister. To start up in microprocessor mode, connect the
CNVSS pin to VSS1.

External data BYTE | VCCA1 Input pin to select the data bus of the external memory area.
bus width The data bus is 16-bit when it is Low and 8-bit when it is
select input High. This 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 exter-
pins nal memory area with separate bus
D8 to D15 /10 |VCC2 Inputs or outputs data (D8 to D15) while accessing an exter-
nal memory area with 16-bit separate bus
A0 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 mem-
ory area with 8-bit multiplexed bus
A1/DO0 to /10 |VCC2 Inputs or outputs data (DO to D7) and outputs address bits
A8/D7 (A1 to A8) by timesharing, while accessing an external mem-
ory area with 16-bit multiplexed bus
S0 to CS3 O |vCC2 Outputs chip-select signals CSO0 to CS3 to specify an exter-
nal memory 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 or BHE and
D WR can be selected by a program.

WRL, WRH and RD selected

If the external data bus is 16-bit, data is written to an even
address in external memory 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 are selected

Data is written to external memory area when WR is driven
low. Data in external memory 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 |vCeC2 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 |VvCC2 Low active output pin. In a hold state, HLDA outputs a low-
level signal.

RDY | VCC2 Low active input pin. The MCU is placed in wait state while

the RDY pin is driven low.

Power supply: VCC2 is used to supply power to external bus related pins.

NOTE:
1. VCC1 is hereinafter referred to as VCC unless otherwise noted.
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M16C/64 Group 1. Overview
Table 1.7 Pin Functions (2)
Signal Name Pin Name I/0 Power Description
Supply
Main clock input XIN | VCCA1 I/O pins for the main clock oscillation circuit. Connect
a ceramic resonator or crystal oscillator between XIN
Main clock output | XOUT O |vccC1 and XOUT(). To apply an external clock, connect it to
XIN and leave XOUT open.
Sub clock input XCIN | VCC1 I/0O pins for a sub clock oscillation circuit. Connect a
crystal oscillator between XCIN and XCOUT (1).
Sub clock output XCOUT O (|vCcC1 To apply an external clock, connect it to XCIN and
leave XCOUT open
BCLK output BCLK O (|vCC2 Output pin for BCLK signal
Clock output CLKOUT O |vCeC2 This pin outputs the clock having the same frequency
as fC, 8, or f32
INT interrupt input ~ |INTO to INT2 | |VCC1 Low active input pins for INT interrupt
INT3 to INT7 | VCC2
NMI interrupt input  |NMI | VCC1 Low active input pin for NMI interrupt
Key input KIO to KI3 | |vCCH1 Low active input pins for key input interrupt
interrupt input
Timer A TAOOUT to /0 |VCCH1 Timer AO to A4 1/O pins (TAOOUT as an output pin is
TA40UT N-channel open drain output)
TAOIN to TA4IN | VCC1 Timer AO to A4 input pins
ZP | VCC1 Input pin for Z-phase
Timer B TBOIN to TB5IN I VCCA1 Timer BO to B5 input pins
Three-phase motor |U, U, V, V, W, W O |VvCC1 Output pins for three-phase motor control timer output
control timer SD | |vCCHt Input pin for three-phase motor control timer input
Serial interface CTSO0 to CTS2, | VCCA1 Input pins to control data transmission
UARTO to UART2, |CTS5
UART5to UART7  I5TS6, CTS7 I |vee2
RTSO0 to RTS2, O |VvCC1 Output pins to control data reception
RTS5
RTS6, RTS7 O |vCeC2
CLKOto CLK2, CLK5| /O |VCC1 Transfer clock I/O pins
CLK®6, CLK7 /O |VCC2
RXDO0 to RXD2, RXD5 | VCC1 Serial data input pins
RXD6, RXD7 | VCC2
TXDO to TXD2, TXD5 O (|vCcC1 Serial data output pins(2)
TXD6, TXD7 O |vce2
CLKS1 O |VvCC1 Output pin for transfer clock multiple-pin output func-
tion

NOTES:

1. Consult 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/64 Group 1. Overview
Table 1.8 Pin Functions (3)
Signal Name Pin Name /0 | Power Sup- Description
ply

UARTO to SDAO to SDA2, /10 |VCC1 Serial data 1/0 pins (1)

UART2, SDA5

UARTSto  5pag, SDA7 1o |vce2

UART7

12C mode  |SCLOto SCL2, 110 |VCC1 Transfer clock I/O pins (1)
SCL5
SCL6, SCL7 /0 |VCC2

Serial CLKS3, CLKS4 /1O |VCC1 Transfer clock I/O pins

interface SIN3, SIN4 I |vcet Serial data input pins

S1/03, S1/04
SOUT3, SOUT4 O |vCC1 Serial data output pins

Reference VREF | VCCA1 Reference voltage input pins for the A/D converter and D/A

voltage input converter. Connect to VCC1.

A/D ANO to AN7 | VCCA1 Analog input pins for the A/D converter

converter  aANO 0to ANO 7| | |VCC2
AN2_0to AN2_7
ADTRG | VCCA1 Input pin for an external A/D trigger
ANEXO0, ANEX1 | VCC1 Extended analog input pin for the A/D converter

D/A DAO, DA1 O |vCC1 Output pin for the D/A converter

converter

1/0 port PO_OtoPO_7 /10 |VCC2 8-bit CMOS /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_0toP3_7 units.
P4 0toP4 7
P5 0toP5 7
P6_0to P6_7 /10 |VCC1 8-bit I/O ports having equivalent functions to PO.
P7_0toP7_7 However, P7_0, P7_1, and P8_5 are N-channel open-drain
P8 0toP8 7 output ports. No pull-up resistor is provided. P8 5 is an input
P9 0toP9 7 port for verifying the NMI pin level and shares a pin with NMI.
P10_0to P10_7

NOTE:

1. TXD2, SDA2, and SCL2 are N-channel open drain output pins. TXDi (i = 0, 1, 5 to 7), SDAIi, SCLi can be
selected as CMOS output pin or N-channel open drain output pin by program.
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Specification in this preliminary version is subject to change.

M16C/64 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, A1, and FB) out of thirteen regis-
ters configure a register bank. There are two sets of register banks.

b31

b15

b8b7 b0

R2 ROH (righ order bits of RO)

ROL (lowarder bits o RD) ||

R3 RiH (high order bits of R1)

RIL (owarder bits of R1) |

R2

R3

A0

A1

FB

b19 b15

b0

[ INTBH |

INTBL

NOTE:

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

b19

b0

PC

b15

b0

USP

ISP

SB

b0

| FLG

b8 b7

b0,

LLwPy [ [ 11 Julilofs]s]z]p]c

Data registers ()

} Address registers (1)

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

1. These registers comprise a register bank. There are two sets of register banks.

Reserved area

Figure 2.1  Cent

2.1 DataReg

ral Processing Unit Register

isters (RO, R1, R2 and R3)

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

R3R1.
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M16C/64 Group 2. Central Processing Unit (CPU)

2.2 Address Registers (A0 and Al)

AO and A1 are 16-bit registers used for AO-/A1-indirect addressing, AO-/A1-relative addressing, transfer,
arithmetic and logic operations. A0 can be combined with A1 and used as a 32-bit address register
(A1A0).

2.3 Frame Base Registers (FB)

FB is configured with 16 bits, and is used for FB relative addressing.

2.4 Interrupt Table Register (INTB)
INTB is a 20-bit register indicating the start address of an relocatable interrupt vector table.

2.5 Program Counter (PC)
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), as USP and ISP, are each 16 bits wide. The U flag is used to switch between
USP and ISP.

2.7 Static Base Register (SB)
SB is a 16-bit register used for SB-relative addressing.

2.8 Flag Register (FLG)
FLG is a 11-bit register indicating the CPU state.

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

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

2.8.3 Zero Flag (Z Flag)

The Z flag is set to 1 when an arithmetic operation results in 0; otherwise to 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 to 0.

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 to 0.

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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M16C/64 Group 2. Central Processing Unit (CPU)

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 soft-
ware 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 level 0 to level 7.
If a requested interrupt has higher priority than IPL, the interrupt is enabled.

2.8.10 Reserved Space
Only write 0 to bits assigned as reserved bits. The read value is undefined.
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3. Memory

M16C/64 Group

3. Memory
Figure 3.1 is a memory map of the M16C/64 Group. The M16C/64 Group has 1 Mbyte address space from

address 00000h to FFFFFh.

The internal ROM is flash memory. Program ROM 1 is allocated from address FFFFFh to lower.

For example, a 64-Kbyte program ROM 1 is addressed from FOO00h to FFFFFh. An 8-Kbyte data flash is
addressed from OEOOOh to OFFFFh. This data flash space is used not only for data storage but also for pro-
gram storage. Program ROM 2 is allocated addresses 10000h to 13FFFh. The user boot code area is

assigned addresses 13FFOh to 13FFFh in the program ROM 2.
The fixed interrupt vectors are addressed from FFFDCh to FFFFFh. They store the starting address of each

interrupt routine.

The internal RAM is allocated from address 00400h to higher. For example, a 10-Kbyte internal RAM is
addressed from 00400h to 02BFFh. The internal RAM is used not only for data storage but also for stack
area when subroutines are called or when interrupt request are acknowledged.

SFRs are allocated from address 00000h to 003FFh and from 0D000Oh to OD7FFh. Peripheral function con-
trol registers are located here. All blank spaces within SFRs are reserved and cannot be accessed by users.
The special page vectors are addressed from FFEOOh to FFFD7h. They are used for the JMPS instruction
and JSRS instruction. Refer to the M16C/60, M16C/20 Series Software Manual for details.

In memory expansion mode or microprocessor mode, some spaces are reserved and cannot be accessed

by users.
00000h
SFR
00400h
Internal RAM
XXXXXh
Reserved area
0D000h 1 13FFOh
SFR :" User boot code area
0D80Oh ! /13FFFh
¥
External area /',,’
)
OE000h Internal ROM ,"I/
(data flash) i jFFE0on Special page
10000h Internal ROM l’l’l :" v%ctor thlge
/I FFFD8h
(program ROM 2) [/ 1
14000h H Reserved area
External area ! FFFDCh b ===———=
27000h ! E Undefined mstructlonf
Reserved area ,,' E Overflow E
28000h ! E  BRK instruction 3
! 3 3
Internal RAM Internal ROM Externalarea | E_Address match 3
: - 80000h ! E Single step E
Size Address XXXXXh Size Address YYYYYh @ !
Reserved area ! E Watchdog timer 3
12 Kbytes 033FFh 128 Kbytes E0000h YYYYYh ! 3 oie 3
1 = -
16 Kbytes 043FFh | 256 Kbytes C0000h Internal ROM |} 5 S E
y y (program ROM 1) ," = NMI =
31 Kbytes 07FFFh 512 Kbytes 80000h FEEFFh ' EFFFFhE Reset 3
NOTES:
1. This memory map is based on the case that the PM10 bit in the PM1 register is 1, the PM13 bit in the PM1 register is 1,
and the PRG2CO bit in the PRG2C register is 0.
2. Available as external area in microprocessor mode.

Figure 3.1  Memory Map
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M16C/64 Group 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

An SFR (Special Function Register) is a control register for a peripheral function. Tables 4.1 to 4.14 list SFR
information.

Table 4.1 SFR Information (1) (')

Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00000000b (CNVSS pinis “L")
00000011b(CNVSS pin is “H") (2)
0005h Processor Mode Register 1 PM1 00001000b
0006h System Clock Control Register 0 CMO 01001000b
0007h System Clock Control Register 1 CM1 00100000b
0008h Chip Select Control Register CSR 00000001b
0009h
000Ah Protect Register PRCR 00h
000Bh Data Bank Register DBR 00h
000Ch Oscillation Stop Detection Register CM2 0X000010b 3
000Dh
000Eh
000Fh
0010h Program 2 Area Control Register PRG2C XXXXXXX0b
0011h
0012h Peripheral Clock Select Register PCLKR 00000011b
0013h
0014h
0015h Clock Prescaler Reset Flag CPSRF OXXXXXXXb
0016h
0017h
0018h Reset Source Determine Flag RSTFR OXXXXXXXb (4)
0019h Voltage Detection 2 Circuit Flag Register VCR1 00001000b (@)
001Ah Voltage Detection Circuit Operation Enable Register VCR2 000X0000b (Hardware reset 1)
001X0000b (Brown-out reset) (2)
001Bh Chip Select Expansion Control Register CSE 00h
001Ch PLL Control Register 0 PLCO 0X01X010b
001Dh
001Eh Processor Mode Register 2 PM2 XXX00X01b (2
001Fh Low Voltage Detection Interrupt Register D4INT 00h
0020h
0021h
0022h
0023h
0024h
0025h
0026h
0027h
0028h
0029
002Ah Voltage Monitor O Circuit Control Register VWOC 10001X10b (Hardware Reset 1)
11001X11b (Brown-out reset) (2)

002Bh
002Ch
002Dh
002Eh
002Fh

NOTES: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
2. Software reset, watchdog timer reset, and oscillation stop detection reset do not affect bits PM01 and PMOO in the PMO register, and registers
VCR1, VCR2, and VWOC.
3. Oscillation stop detection reset do not affect bits CM20, CM21, and CM27.
4. The CWR bit in the RSTFR register is set to 0 after brown-out reset. This bit does not change by any other reset.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.2 SFR Information (2) ()

Address Register Symbol After Reset

0030h

0031h

0032h

0033h

0034h

0035h

0036h

0037h

0038h

0039

003Ah

003Bh

003Ch

003Dh

003Eh

003Fh

0040h

0041h

0042h INT7 Interrupt Control Register INT7IC XX00X000b
0043h INT6 Interrupt Control Register INT6IC XX00X000b
0044h INT3 Interrupt Control Register INT3IC XX00X000b
0045h Timer B5 Interrupt Control Register TB5IC XXXXX000b
0046h Timer B4 Interrupt Control Register, UART1 BUS Collision Detection Interrupt TB4IC, U1IBCNIC | XXXXX000b

Control Register
0047h Timer B3 Interrupt Control Register, UARTO BUS Collision Detection Interrupt TB3IC, UOBCNIC | XXXXX000b
Control Register
0048h S1/O4 Interrupt Control Register, INT5 Interrupt Control Register S4IC, INT5IC XX00X000b
0049h S1/O3 Interrupt Control Register, INT4 Interrupt Control Register S3IC, INT4IC XX00X000b
004Ah UART2 BUS Collision Detection Interrupt Control Register BCNIC XXXXX000b
004Bh DMAQO Interrupt Control Register DMOIC XXXXX000b
004Ch DMAT1 Interrupt Control Register DM1IC XXXXX000b
004Dh Key Input Interrupt Control Register KUPIC XXXXX000b
004Eh A/D Conversion Interrupt Control Register ADIC XXXXX000b
004Fh UART2 Transmit Interrupt Control Register S2TIC XXXXX000b
0050h UART?2 Receive Interrupt Control Register S2RIC XXXXX000b
0051h UARTO Transmit Interrupt Control Register SOTIC XXXXX000b
0052h UARTO Receive Interrupt Control Register SORIC XXXXX000b
0053h UART1 Transmit Interrupt Control Register S1TIC XXXXX000b
0054h UART1 Receive Interrupt Control Register S1RIC XXXXX000b
0055h Timer AO Interrupt Control Register TAOIC XXXXX000b
0056h Timer A1 Interrupt Control Register TA1IC XXXXX000b
0057h Timer A2 Interrupt Control Register TA2IC XXXXX000b
0058h Timer A3 Interrupt Control Register TA3IC XXXXX000b
0059h Timer A4 Interrupt Control Register TA4IC XXXXX000b
005Ah Timer BO Interrupt Control Register TBOIC XXXXX000b
005Bh Timer B1 Interrupt Control Register TB1IC XXXXX000b
005Ch Timer B2 Interrupt Control Register TB2IC XXXXX000b
005Dh INTO Interrupt Control Register INTOIC XX00X000b
005Eh INT1 Interrupt Control Register INT1IC XX00X000b
005Fh INT2 Interrupt Control Register INT2IC XX00X000b
NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.3 SFR Information (3) ()

Address Register Symbol After Reset
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h
0069h DMA2 Interrupt Control Register DM2IC XXXXX000b
006Ah DMARS Interrupt Control Register DM3IC XXXXX000b
006Bh UART5 BUS Collision Detection Interrupt Control Register U5BCNIC XXXXX000b
006Ch UARTS5 Transmit Interrupt Control Register S5TIC XXXXX000b
006Dh UARTS5 Receive Interrupt Control Register S5RIC XXXXX000b
006Eh UART®6 BUS Collision Detection Interrupt Control Register U6BCNIC XXXXX000b
006Fh UART6 Transmit Interrupt Control Register S6TIC XXXXX000b
0070h UART®6 Receive Interrupt Control Register S6RIC XXXXX000b
0071h UART7 BUS Collision Detection Interrupt Control Register U7BCNIC XXXXX000b
0072h UART7 Transmit Interrupt Control Register S7TIC XXXXX000b
0073h UART7 Receive Interrupt Control Register S7RIC XXXXX000b
0074h
0075h
0076h
0077h
0078h
0079h
007Ah
007Bh
007Ch
007Dh
007Eh
007Fh
0080h
0081h
0082h
0083h
0084h
0085h
0086h
0087h
0088h
0089
008Ah
008Bh
008Ch
008Dh
008Eh
008Fh
0090h
0091h
0092h
0093h
0094h
0095h
0096h
0097h
0098h
0099
009Ah
009Bh
009Ch
009Dh
009Eh
009Fh to 015Fh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.4  SFRInformation (4) (1)

Address Register Symbol After Reset
0160h
0161h
0162h
0163h
0164h
0165h
0166h
0167h
0168h
0169h
016Ah
016Bh
016Ch
016Dh
016Eh
016Fh
0170h
0171h
0172h
0173h
0174h
0175h
0176h
0177h
0178h
0179h
017Ah
017Bh
017Ch
017Dh
017Eh
017Fh
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 00000X00b
018Dh
018Eh
018Fh
0190h DMA1 Source Pointer SAR1 XXh
0191h XXh
0192h 0Xh
0193h
0194h DMA1 Destination Pointer DAR1 XXh
0195h XXh
0196h 0Xh
0197h
0198h DMA1 Transfer Counter TCR1 XXh
0199h XXh
019Ah
019Bh
019Ch DMAT1 Control Register DM1CON 00000X00b
019Dh
019Eh
019Fh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) ()

Address Register Symbol After Reset
01A0h DMA2 Source Pointer SAR2 XXh
01A1h XXh
01A2h 0Xh
01A3h
01A4h DMAZ2 Destination Pointer DAR2 XXh
01A5h XXh
01A6h 0Xh
01A7h
01A8h DMAZ2 Transfer Counter TCR2 XXh
01A%h XXh
01AAh
01ABh
01ACh DMA2 Control Register DM2CON 00000X00b
01ADh
01AEh
01AFh
01BOh DMAZ3 Source Pointer SAR3 XXh
01B1h XXh
01B2h 0Xh
01B3h
01B4h DMAZ3 Destination Pointer DAR3 XXh
01B5h XXh
01B6h 0Xh
01B7h
01B8h DMAZ3 Transfer Counter TCR3 XXh
01B%h XXh
01BAh
01BBh
01BCh DMAS Control Register DM3CON 00000X00b
01BDh
01BEh
01BFh
01COh
01C1h
01C2h
01C3h
01C4h
01C5h
01C6h
01C7h
01C8h Timer B Count Source Select Register 0 TBCSO0 00h
01C9h Timer B Count Source Select Register 1 TBCS1 XO0h
01CAh
01CBh
01CCh
01CDh
01CEh
01CFh
01DO0Oh 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 XO0h
01D3h
01D4h
01D5h Timer A Waveform Output Function Select Register TAPOFS XXX00000b
01D6h
01D7h
01D8h
01D9%h
01DAh
01DBh
01DCh
01DDh
01DEh
01DFh
NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6) (1)

Address Register Symbol After Reset
01EOh
01E1h
01E2h
01E3h
01E4h
01E5h
01E6h
01E7h
01E8h Timer B Count Source Select Register 2 TBCS2 00h
01E9h Timer B Count Source Select Register 3 TBCS3 X0h
01EAh
01EBh
01ECh
01EDh
01EEh
01EFh
01FOh
01F1h
01F2h
01F3h
01F4h
01F5h
01F6h
01F7h
01F8h
01F9h
01FAh
01FBh
01FCh
01FDh
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 XXXXXX00b
020Fh Address Match Interrupt Enable Register 2 AIER2 XXXXXX00b
0210h Address Match Interrupt Register 0 RMADO 00h
0211h 00h
0212h XOh
0213h
0214h Address Match Interrupt Register 1 RMAD1 00h
0215h 00h
0216h XOh
0217h
0218h Address Match Interrupt Register 2 RMAD2 00h
0219h 00h
021Ah X0h
021Bh
021Ch Address Match Interrupt Register 3 RMAD3 00h
021Dh 00h
021Eh X0h
021Fh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.7 SFR Information (7) ()

Address Register Symbol After Reset
0220h Flash Memory Control Register 0 FMRO 00000001b
0221h Flash Memory Control Register 1 FMR1 00X0XX0Xb
0222h Flash Memory Control Register 2 FMR2 XXXX0000b
0223h
0224h
0225h
0226h
0227h
0228h
0229h
022Ah
022Bh
022Ch
022Dh
022Eh
022Fh
0230h Flash Memory Control Register 6 FMR6 XX0XXX00b
0231h
0232h
0233h
0234h
0235h
0236h
0237h
0238h
023%h
023Ah
023Bh
023Ch
023Dh
023Eh
023Fh
0240h
0241h
0242h
0243h
0244h UARTO Special Mode Register 4 UOSMR4 00h
0245h UARTO Special Mode Register 3 UOSMR3 000X0X0Xb
0246h UARTO Special Mode Register 2 UOSMR2 X0000000b
0247h UARTO Special Mode Register UOSMR X0000000b
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 00001000b
024Dh UARTO Transmit/Receive Control Register 1 uocC1 00XX0010b
024Eh UARTO Receive Buffer Register UORB XXh
024Fh XXh
0250h UART Transmit/Receive Control Register 2 UCON X0000000b
0251h
0252h
0253h
0254h UART1 Special Mode Register 4 U1SMR4 00h
0255h UART1 Special Mode Register 3 U1SMR3 000X0X0Xb
0256h UART1 Special Mode Register 2 U1SMR2 X0000000b
0257h UART1 Special Mode Register U1SMR X0000000b
0258h UART1 Transmit/Receive Mode Register UIMR 00h
0259 UART1 Bit Rate Register U1BRG XXh
025Ah UART1 Transmit Buffer Register uU1TB XXh
025Bh XXh
025Ch UART1 Transmit/Receive Control Register 0 u1Co 00001000b
025Dh UART1 Transmit/Receive Control Register 1 u1C1 00XX0010b
025Eh UART1 Receive Buffer Register U1RB XXh
025Fh XXh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.8 SFR Information (8) (1)

Address Register Symbol After Reset
0260h
0261h
0262h
0263h
0264h UART2 Special Mode Register 4 U2SMR4 00h
0265h UART2 Special Mode Register 3 U2SMR3 000X0X0Xb
0266h UART2 Special Mode Register 2 U2SMR2 X0000000b
0267h UART?2 Special Mode Register U2SMR X0000000b
0268h UART2 Transmit/Receive Mode Register U2MR 00h
0269h UART?2 Bit Rate Register U2BRG XXh
026Ah UART2 Transmit Buffer Register u2TB XXh
026Bh XXh
026Ch UART2 Transmit/Receive Control Register 0 u2Co 00001000b
026Dh UART?2 Transmit/Receive Control Register 1 u2C1 00000010b
026Eh UART2 Receive Buffer Register U2RB XXh
026Fh XXh
0270h S1/0O3 Transmit/Receive Register S3TRR XXh
0271h
0272h SI/03 Control Register S3C 01000000b
0273h SI/O3 Bit Rate Register S3BRG XXh
0274h S1/0O4 Transmit/Receive Register S4TRR XXh
0275h
0276h S1/04 Control Register S4C 01000000b
0277h SI/04 Bit Rate Register S4BRG XXh
0278h SI/034 Control Register 2 S34C2 00XXX0X0b
0279
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 000X0X0Xb
0286h UART5 Special Mode Register 2 U5SMR2 X0000000b
0287h UART5 Special Mode Register U5SMR X0000000b
0288h UARTS5 Transmit/Receive Mode Register U5MR 00h
0289 UARTS5 Bit Rate Register USBRG XXh
028Ah UARTS5 Transmit Buffer Register U5TB XXh
028Bh XXh
028Ch UARTS5 Transmit/Receive Control Register 0 uU5Co 00001000b
028Dh UARTS5 Transmit/Receive Control Register 1 U5C1 00000010b
028Eh UARTS5 Receive Buffer Register U5RB XXh
028Fh XXh
0290h
0291h
0292h
0293h
0294h UART®6 Special Mode Register 4 U6SMR4 00h
0295h UART6 Special Mode Register 3 UBSMR3 000X0X0Xb
0296h UART®6 Special Mode Register 2 UBSMR2 X0000000b
0297h UART®6 Special Mode Register UBSMR X0000000b
0298h UART6 Transmit/Receive Mode Register U6MR 00h
0299 UART6 Bit Rate Register UBBRG XXh
029Ah UART6 Transmit Buffer Register U6TB XXh
029Bh XXh
029Ch UART6 Transmit/Receive Control Register 0 u6Co 00001000b
029Dh UART®6 Transmit/Receive Control Register 1 u6C1 00000010b
029Eh UART6 Receive Buffer Register U6RB XXh
029Fh XXh
NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.9 SFR Information (9) ()

Address Register Symbol After Reset
02A0h
02A1h
02A2h
02A3h
02A4h UART7 Special Mode Register 4 U7SMR4 00h
02A5h UART7 Special Mode Register 3 U7SMR3 000X0X0Xb
02A6h UART7 Special Mode Register 2 U7SMR2 X0000000b
02A7h UART7 Special Mode Register U7SMR X0000000b
02A8h UART?7 Transmit/Receive Mode Register U7MR 00h
02A%h UARTY7 Bit Rate Register U7BRG XXh
02AAh UART7 Transmit Buffer Register u7TB XXh
02ABh XXh
02ACh UART?7 Transmit/Receive Control Register 0 u7Cco 00001000b
02ADh UART7 Transmit/Receive Control Register 1 u7C1 00000010b
02AEh UART?7 Receive Buffer Register U7RB XXh
02AFh XXh
02B0Oh
02B1h
02B2h
02B3h
02B4h
02B5h
02B6h
02B7h
02B8h
02B%h
02BAh
02BBh
02BCh
02BDh
02BEh
02BFh
02C0h
02C1h
02C2h
02C3h
02C4h
02C5h
02C6h
02C7h
02C8h
02C9%h
02CAh
02CBh
02CCh
02CDh
02CEh
02CFh
02D0h
02D1h
02D2h
02D3h
02D4h
02D5h
02D6h
02D7h
02D8h
02D%h
02DAh
02DBh
02DCh
02DDh
02DEh
02DFh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 26 of 373



Under development  Preliminary Specification

Specification in this preliminary version is subject to change.

M16C/64 Group

4. Special Function Registers (SFRs)

Table 4.10

SFR Information (10) (1)

Address

Register

Symbol After Reset

02EOh

02E1h

02E2h

02E3h

02E4h

02E5h

02E6h

02E7h

02E8h

02E9h

02EAh

02EBh

02ECh

02EDh

02EEh

02EFh

02FOh

02F1h

02F2h

02F3h

02F4h

02F5h

02F6h

02F7h

02F8h

02F9h

02FAh

02FBh

02FCh

02FDh

02FEh

02FFh

0300h

Timer B3,4,5 Count Start Flag

TBSR 000XXXXXb

0301h

0302h
0303h

Timer A1-1 Register

TAN XXh

XXh

0304h
0305h

Timer A2-1 Register

TA2

1 XXh
XXh

0306h
0307h

Timer A4-1 Register

TA4

1 XXh
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 XX111111b

030Bh

Three-Phase Output Buffer Register 1

IDB1 XX111111b

030Ch

Dead Time Timer

DTT XXh

030Dh

Timer B2 Interrupt Generation Frequency Set Counter

ICTB2 XXh

030Eh

030Fh

0310h
0311h

Timer B3 Register

TB3

XXh
XXh

0312h
0313h

Timer B4 Register

TB4

XXh
XXh

0314h
0315h

Timer B5 Register

TB5

XXh
XXh

0316h

0317h

0318h

0319h

031Ah

031Bh

Timer B3 Mode Register

TB3

MR 00XX0000b

031Ch

Timer B4 Mode Register

TB4

MR 00XX0000b

031Dh

Timer B5 Mode Register

TB5

MR 00XX0000b

031Eh

031Fh

NOTE:

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

X: Undefined
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.11  SFR Information (11) ()

Address Register Symbol After Reset
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 A1 Register TA1 XXh
0329 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 TATMR 00h
0338h Timer A2 Mode Register TA2MR 00h
0339h Timer A3 Mode Register TASMR 00h
033Ah Timer A4 Mode Register TA4MR 00h
033Bh Timer BO Mode Register TBOMR 00XX0000b
033Ch Timer B1 Mode Register TB1MR 00XX0000b
033Dh Timer B2 Mode Register TB2MR 00XX0000b
033Eh Timer B2 Special Mode Register TB2SC XXXXXX00b
033Fh
0340h
0341h
0342h
0343h
0344h
0345h
0346h
0347h
0348h
0349h
034Ah
034Bh
034Ch
034Dh
034Eh
034Fh
0350h
0351h
0352h
0353h
0354h
0355h
0356h
0357h
0358h
0359h
035Ah
035Bh
035Ch
035Dh
035Eh
035Fh

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.12  SFR Information (12) (1)

Address Register Symbol After Reset
0360h Pull-Up Control Register 0 PURO 00h
0361h Pull-Up Control Register 1 PUR1 00000000b (2)
00000010b
0362h Pull-Up Control Register 2 PUR2 00h
0363h
0364h
0365h
0366h Port Control Register PCR 00000XX0bh
0367h
0368h
0369
036Ah
036Bh
036Ch
036Dh
036Eh
036Fh
0370h
0371h
0372h
0373h
0374h
0375h
0376h
0377h
0378h
0379
037Ah
037Bh
037Ch Count Source Protection Mode Register CSPR 00h (3)
037Dh Watchdog Timer Reset Register WDTR XXh
037Eh Watchdog Timer Start Register WDTS XXh
037Fh Watchdog Timer Control Register WDC O00XXXXXXb
0380h
0381h
0382h
0383h
0384h
0385h
0386h
0387h
0388h
0389h
038Ah
038Bh
038Ch
038Dh
038Eh
038Fh

NOTES: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
2. Values after hardware reset 1 or brown-out reset are as follows:
« 00000000b when "L" is input to the CNVSS pin
* 00000010b when "H" is input to the CNVSS pin
Values after software reset, watchdog timer reset, and oscillation stop detection reset are as follows:
* 00000000b when bits PM01 and PMOO in the PMO register are set to 00b (single-chip mode).
« 00000010b when bits PM01 and PMO0O in the PMO register are set to 01b (memory expansion mode) or 11b (microprocessor mode).
3. When the CSPROINT bit in the OFS1 address is set to 0, value after reset is 10000000b
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.13  SFR Information (13) (1)

Address Register Symbol After Reset
0390h DMAZ2 Source Select Register DM2SL 00h
0391h
0392h DMAS Source Select Register DM3SL 00h
0393h
0394h
0395h
0396h
0397h
0398h DMAO Source Select Register DMOSL 00h
0399
039Ah DMA1 Source Select Register DM1SL 00h
039Bh
039Ch
039Dh
039Eh
039Fh
03A0h
03A1h
03A2h
03A3h
03A4h
03A5h
03A6h
03A7h
03A8h
03A%h
03AAh
03ABh
03ACh
03ADh
03AEh
03AFh
03B0Oh
03B1h
03B2h
03B3h
03B4h
03B5h
03B6h
03B7h
03B8h
03B%h
03BAh
03BBh
03BCh CRC Data Register CRCD XXh
03BDh XXh
03BEh CRC Input Register CRCIN XXh
03BFh
03COh A/D Register 0 ADO XXXXXXXXb
03C1h 000000XXb
03C2h A/D Register 1 AD1 XXXXXXXXb
03C3h 000000XXb
03C4h A/D Register 2 AD2 XXXXXXXXb
03C5h 000000XXb
03C6h A/D Register 3 AD3 XXXXXXXXb
03C7h 000000XXb
03C8h A/D Register 4 AD4 XXXXXXXXb
03C9h 000000XXb

NOTE: X: Undefined
1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 4. Special Function Registers (SFRs)

Table 4.14  SFR Information (14) (1)

Address Register Symbol After Reset
03CAh A/D Register 5 AD5 XXXXXXXXb
03CBh 000000XXb
03CCh A/D Register 6 AD6 XXXXXXXXb
03CDh 000000XXb
03CEh A/D Register 7 AD7 XXXXXXXXb
03CFh 000000XXb
03D0h
03D1h
03D2h
03D3h
03D4h A/D Control Register 2 ADCON2 0000X00Xb
03D5h
03D6h A/D Control Register 0 ADCONO 00000XXXb
03D7h A/D Control Register 1 ADCON1 0000X000b
03D8h D/AO Register DAO 00h
03D%h
03DAh D/A1 Register DA1 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
03ESh 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
03F6h Port P10 Direction Register PD10 00h
03F7h
03F8h
03F9h
03FAh
03FBh
03FCh
03FDh
03FEh
03FFh
DO000h to
D7FFh
NOTE: X: Undefined

1. The blank areas are reserved and cannot be accessed by users.
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M16C/64 Group 5. Reset

5. Reset

Hardware reset 1, brown-out reset, software reset, watchdog timer reset and oscillation stop detection reset
are available to reset the microcomputer.

51 Hardware Reset 1

The microcomputer resets pins, the CPU, and SFR by setting the RESET pin. If the supply voltage meets
the recommended operating conditions, the microcomputer resets all pins, the CPU, and SFR when an
“L” signal is applied to the RESET pin (see Table 5.1 “Pin Status When RESET Pin Level is “L"").
When the signal applied to the RESET pin changes low (“L”) to high (“H”), the microcomputer executes
the program in an address indicated by the reset vector. The 125 kHz on-chip oscillator clock divided by 8
is automatically selected as a CPU clock after reset.

Refer to 4. “Special Function Registers (SFRs)” for SFR states after reset.

The internal RAM is not reset. When an “L” signal is applied to the RESET pin while writing data to the
internal RAM, the internal RAM is in an indeterminate state.

Figure 5.1 shows an Example Reset Circuit. Figure 5.2 shows a Reset Sequence. Table 5.1 lists Pin Sta-
tus When RESET Pin Level is “L".

5.1.1 Reset on a Stable Supply Voltage
(1) Apply “L” to the RESET pin
(2) Wait for 1/fOCO-S x 20
(3) Apply an “H” signal to the RESET pin

5.1.2 Power-on Reset
(1) Apply “L” to the RESET pin
(2) Raise the supply voltage to the recommended operating level
(3) Insert td(P-R) ms as wait time for the internal voltage to stabilize
(4) Wait for 1/fOCO-S x 20
(5) Apply “H” to the RESET pin

, oV

<+ {d (P-R)+W x 20 or above

1

1

Recommended—# i

operation P

vect voltage E E

1 1

1 1

v 5

RESET VCCA1 E E

1 1

1 1

VvV ? RESET !

lb—”—(

_— 0.2 VCC1 or below—=T=" 0.2 VCC1 or below

1

1 1

1 1

B

Figure 5.1 Example Reset Circuit

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 32 of 373



Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 5. Reset
VCC1, VCC2
XIN -1
-—>
Microprocessor mode|| td(P-R) g/loore t'IWan ’
=y’ cycles 0
BYTE ="H fOCO-S are
necessary.
RESET BCLK 48 cycles
_— (fOCO-S divided by 8 x 48)
sk ey S e O e e Y Y e e Y I o
Address FFFFCh X FFFFDh X FFFFEh X Content of reset vector

o) [ ] [ ] I

oS —

Microprocessor mode
BYTE =“L"

Address FFFFCh X FFFFEh X Content of reset vector X

il

3

O
2]
(=)
=

Single-chip
mode FFFFCh Content olresel vector

Address X FFFFEN X X

Figure 5.2  Reset Sequence
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M16C/64 Group 5. Reset

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

Status
Pin Name CNVSS =VCC1 (1)
CNVSS =VSS
BYTE = VSS BYTE = VCC1

PO Input port Data input Data input
P1 Input port Data input Input port
P2, P3,P4_0toP4_3 |Input port Address output (undefined) Address output (undefined)
P4 4 Input port CSO0 output (“H” is output) CSO0 output (“H” is output)
P4 5toP4 7 Input port Input port (pulled high) Input port (pulled high)
P50 Input port WR output (“H” is output) WR output (“H” is output)
P5 1 Input port BHE output (undefined) BHE output (undefined)
P5 2 Input port RD output (“H” is output) RD output (“H” is output)
P5 3 Input port BCLK output BCLK output
P5 4 Input port HLDA output (The output HLDA output (The output

value value

depends on the input to the depends on the input to the

HOLD pin) HOLD pin)
P5_5 Input port HOLD input () HOLD input ()
P5 6 Input port ALE output (“L” is output) ALE output (“L” is output)
P5 7 Input port RDY input RDY input
P6, P7, P8, P9, P10 |Input port Input port Input port

NOTE:

1. Shown here is the valid pin state when the internal power supply voltage has stabilized after power
on. When CNVSS = VCCH1, the pin state is indeterminate until the internal power supply voltage sta-
bilizes.

2. Apply a “H” signal.
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M16C/64 Group 5. Reset

52 Brown-out Reset

The microcomputer resets pins, the CPU, or SFRs by setting the built-in voltage detection 0 circuit. The
voltage detection 0 circuit monitors the voltage applied to the VCC1 pin (Vdet0).

The microcomputer resets pins, the CPU, and SFR as soon as the voltage that is applied to the VCC1 pin
drops to Vdet0 or below.

Then, 125 kHz on-chip oscillator clock starts counting when the voltage that is applied to the VCC1 pin
goes up to Vdet0 or above. The internal reset signal becomes “H” after the 125 kHz on-chip oscillator
clock is counted 32 times, and then reset sequence starts (see Figure 5.2). The 125 kHz on-chip oscillator
clock divided by 8 is automatically selected as a CPU clock after reset.

Refer to 4. “Special Function Registers (SFRs)” for the SFR status after brown-out reset.

The internal RAM is not reset. When the voltage that is applied to the VCC1 pin drops to Vdet0 or below
while writing data to the internal RAM, the internal RAM is in an indeterminate state.

Refer to 6. “Voltage Detection Circuit” for details of the voltage detection O circuit.

53 Software Reset

The microcomputer resets pins, the CPU, and SFRs when the PMO03 bit in the PMO register is set to 1
(microcomputer reset). Then the microcomputer executes the program in an address determined by the
reset vector. The 125 kHz on-chip oscillator clock divided by 8 is automatically selected as a CPU clock
after reset.

In the software reset, the microcomputer does not reset a part of the SFRs. Refer to 4. “Special Func-
tion Registers (SFRs)” for details.

The internal RAM is not reset.

5.4 Watchdog Timer Reset

The microcomputer resets pins, the CPU, and SFRs when the PM12 bit in the PM1 register is set to 1
(reset when watchdog timer underflows) and the watchdog timer underflows. Then the microcomputer
executes the program in an address determined by the reset vector. The 125 kHz on-chip oscillator clock
divided by 8 is automatically selected as a CPU clock after reset.

In the watchdog timer reset, the microcomputer does not reset a part of the SFRs. Refer to 4. “ Special
Function Registers (SFRs)” for details.

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

Refer to 13. “Watchdog Timer” for details.

5.5 Oscillation Stop Detection Reset

The microcomputer resets and stops pins, the CPU, and SFRs when the CM27 bit in the CM2 register is
0 (reset when oscillation stop detected), if it detects main clock oscillation circuit stop. Refer to 10.6
“Oscillation Stop and Re-Oscillation Detect Function” for details.

In the oscillation stop detection reset, the microcomputer does not reset a part of the SFRs. Refer to 4.
“Special Function Registers (SFRs)” for details. Processor mode remains unchanged since bits PMO01
to PMOO in the PMO register are not reset.
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M16C/64 Group

5. Reset

5.6 Internal Space
Figure 5.3 shows CPU Register Status After Reset. Refer to 4. “ Special Function Registers (SFRs)” for

SFR states after reset.

b19

b15 b0
0000h
0000h
0000h
0000h
0000h
0000h
0000h

b0

00000h

Content of addresses FFFFEh to FFFFCh

b15 b0
0000h
0000h
0000h
b15 b0
| 0000h
- b8 b7 bol

Data register (R0)

Data register (R1)

Data register (R2)

Data register (R3)
Address register (A0)
Address register (A1)
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 5.3 CPU Register Status After Reset
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M16C/64 Group

6. Voltage Detection Circuit

6. Voltage Detection Circuit

The voltage detection circuit consists of the voltage detection 0 circuit and the low voltage detection circuit.

The voltage detection 0 circuit monitors the voltage applied to the VCC1 pin. The microcomputer is reset if
the voltage detection 0 circuit detects VCC1 is VdetO or below.
The low voltage detection circuit also monitors the voltage applied to the VCC1 pin. The low voltage detec-
tion signal is generated when the low voltage detection circuit detects that VCC1 passes through Vdet2.
This signal generates the low voltage detection interrupt. The VC13 bit in the VCR1 register determines

whether VCC1 is Vdet2 and above or below Vdet2.
The voltage detection circuit is available when VCC1 =5 V.

Figure 6.1 shows a Voltage Detection Circuit Block Diagram.

Low voltage
detection circuit

veet O—a

vC27

Voltage
detection 0
circuit

~ 2 Vdet2

VC25

Internal
reference
voltage

> Vdet0

Noise
filter

Low voltage detection

VCR1 register

VC13 bit

Voltage detection 0 signal

ﬂ_{ interrupt signal
———————

Loutl

Figure 6.1  Voltage Detection Circuit Block Diagram
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M16C/64 Group 6. Voltage Detection Circuit

Voltage Detection 2 Circuit Flag Register

b7 b6 b5 b4 b3 b2 b1 bO

0:VCC1 < Vdet2
1:VCC1 = Vdet2

--------- VC13  |Low voltage monitor flag (" RO

|9|9|9|9|.|9|9|9| Symbol Address After Reset @
] ] ] ] ] ] ]

A VCR1 0019h 00001000b
: I T A

] ] ] ] ] ] ]

| I A

H V1t 1 1 |Bit Symbol Bit Name Function RW
P

H I A — )

i E i i e (b2-b0) Reserved bits Setto 0 RW
] ] ] 1

1 ) ) 1

] ] ] ]

] ] ] ]

] ] ]

] ] ]

] ) ]

1 ) ]

1 ] ]

) ) )

Loboid

feemcccccccccccccccccccccacacnn

___________ (b7Tb 4) Reserved bits Setto 0 RW

NOTES :

1. The VC13 bit is enabled when the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled).
The VC13 bit is always 1 (VCC1 > Vdet2) when the VC27 bit is set to O (low voltage detection circuit disabled).

2. This register dose not change at software reset, watchdog timer reset, and oscillation stop detection reset.

Voltage Detection Circuit Operation Enable Register (")

b7 b6 b5 b4 b3 b2 b1 b0

0 5 0|0]0]0 Symbol Address After Reset )

000X0000b (Hardware reset 1)

] 1 ) ] ] ) ] ]

] ] 1 ] ] ) ] 1

E i E E i E E i VCR2 001Ah 001X0000b (Brown-out reset)

] ] ) ] ] ) ] ]

bbb bbb |Bit Symbol Bit Name Function RW

I A A A A

] ) ) ) ] ) ] 1

] ] ) ) ] ) ] ] _

T TR R R R SR (63-60) Reserved bits Setto 0 RW

N

P _

I (b4) No register bit. If necessary, set to 0. Read as undefined value —

P

] ] )

P Voltage detection 0 enable bit |0 : Disable voltage detection O circuit

b Ve25 @) 1 : Enable voltage detection 0 circuit RW

P

] 1

PR o~ Reserved bit Setto 0 RW

i (b6) et to

]

]

1 A . . .

[ VC27 Low voltage monitor bit (3,5) 0 Disable low voltage detec?lon (?II'CU'It RW
1 : Enable low voltage detection circuit

NOTES :

1. Write to this register after setting the PRC3 bit in the PRCR register to 1 (write enabled).

2. To use brown-out reset, set the VC25 bit to 1 (voltage detection 0 circuit enabled).

3. When the VC13 bit in the VCR1 register and D42 bit in the D4INT register are used or the D40 bit is set to 1 (low
voltage detection interrupt enabled), set the VC27 bit to 1 (low voltage detection circuit enabled).

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

The detection circuit does not start operation until td(E-A) elapses after the VC25 bit or VC27 bit is set to 1.

o s

Figure 6.2  Registers VCR1 and VCR2
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M16C/64 Group 6. Voltage Detection Circuit

Low Voltage Detection Interrupt Register (1)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
bbbt paNT 001Fh 00h
1 1 1 1 1 1 1 1
] 1 1 ) 1 1 ) 1
R
Vb v v b v 1 |Bit Symbol Bit Name Function RW
T T R R
I AR A Low voltage detection 0 : Disabled
] ] 1 ) 1 1 ) ] .
i i i E i i E =1 D40 interrupt enable bit 1: Enabled RW
] ] ] ) ] ] )
I 0 : Disabled (the low voltage
I detection interrupt is not used for
I D41 STOP mode deactivation recovery from stop mode) RW
(O T T R control bit ) 1 : Enabled (the low voltage detection
I interrupt is used for recovery from stop
P mode)
R Volt h detecti 0 : Not detected
I T T oltage change detection : Not detecte @)
R L D42 |fag 3 1 : Vdet2 passing detection RW
P
] ] ] ] ]
[ T T T SO 0 : Not detected @)
E E E E D43 WDT overflow detect flag 1’ Detected RW
] ] ] )
] 1 1 1
] ] ] )
T T R DFO bS b4 RW
R 0 0: D4INT clock divided by 8
I Sampling clock select bit 0 1:DA4INT clock divided by 16
U 1 0:D4INT clock divided by 32
. DF1 1 1:D4INT clock divided by 64 RW
E
]
]

(b7Tb6) No register bits. If necessary, set to 0. Read as undefined value. —

NOTES :
1. Wirite to this register after setting the PRC3 bit in the PRCR register to 1 (write enabled).
2. This flag is enabled when the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled).
If the VC27 bit is set to 0 (low voltage detection circuit disabled), the D42 bit is set to 0 (not detected).
3. This bit is set to 0 by writing a 0 in a program. (writing a 1 has no effect.)
4. If the low voltage detection interrupt needs to be used to get out of stop mode again after once used for that
purpose, reset the D41 bit by writing a 0 and then a 1.
5. The D40 bit is effective when the VC27 bit in the VCR2 register = 1.
To set the D40 bit to 1, set bits in the following order.
(a) Set the VC27 bit to 1.
(b) Wait for td(E-A) until the detection circuit is actuated.
(c) Wait for the sampling time. (See Table 6.3 Sampling Period.)
(d) Set the D40 bit to 1.
6. This bit is used for wait mode exiting control when the CMO02 bit in the CMO register is 1 (stop peripheral function
clock f1 in wait mode).

Figure 6.3  D4INT Register
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M16C/64 Group 6. Voltage Detection Circuit

Voltage Monitor 0 Circuit Control Register (V
b7 b6 b5 b4 b3 b2 b1 b0
| 1 | 1 | | | |O | Symbol Address After Reset @
[ T I I 10001X10b (Hardware reset 1)
i E i i E i i E vwoc 002Ah 11001X11b (Brown-out reset)
1 1 1 [ 1 1 )
i E E i i i i E Bit Symbol Bit Name Function RW
T T R T
T T T O 0 : Disabled
bbb bbb 54 vwoco |Brown-out reset enable bit @ | 1 21522 RwW
: : : : : : : 1 : Enabled
P
O T T T R Voltage monitor 0 digital filter [0 : Enable digital filter
Pl VWOCT | fisable mode select bit 1: Disable digital filter RW
P
Pl — . Setto 0.
i E E i i _______ (b2) Reserved bit Read as undefined value RW
P
] ] ] [
T R R (E,) Reserved bit Read as undefined value RO
P
1 ] ] 1
oo VWOFO b5 b4
T 0 0:fOCO-S divided by 1
[ Sampling clock select bit 0 1:fOCO-S divided by 2 RW
P 1 0:fOCO-S divided by 4
. VWO 1 1:fOCO-S divided by 8
P
1 ]
] ] — .
e (b7-b6) Reserved bits Set to 1 RW
NOTES:
1. Set the PRC3 bit in the PRCR register to 1 (write enabled) to rewrite the VWOC register.
2. The value of this register remain unchanged after software reset, watchdog timer reset, or oscillation stop detection
reset.
3. Set the VC25 bit in the VCR2 register to 1 (voltage detection 0 circuit enabled) to enable the VWOCO bit. Set the
VWOCO bit to 0 (disabled) when the VC25 bit is set to 0 (voltage detection 0 circuit disabled).

Figure 6.4 VWOC Register
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M16C/64 Group 6. Voltage Detection Circuit

6.1 Brown-out Reset

Figure 6.5 is a block diagram illustrating brown-out reset generation circuit. Table 6.1 shows a setting pro-
cedure of the bits for brown-out reset. Figure 6.6 provides an example of brown-out reset operation.
When using brown-out resetbrown-out reset to exit stop mode, set the VWOC1 bit in the VWOC register to
1 (digital filter disabled).

Table 6.1 Setting Procedures of the Bits for Brown-out Reset
Procedure |When using the digital filter |When not using the digital filter
1 Set the VC25 bit in the VCR2 register to 1 (voltage detection 0 circuit enabled)
2 Wait for td (E-A)
3 Use bits VWOFO0 to VWOF1 in the VWOC regis- | Set the VWOC1 bit in the VWOC register to 1
ter to select the digital filter sampling clock. Set | (digital filter disabled), and bits 6 and 7 to 1
the VWOCH1 bit to O (digital filter enabled), bits 6
and 7 to 1
4 Set bit 2 in the VWOC register to 0 (setting bit 2 to 0 once again after procedure 3 is neces-
sary)
5 Set the CM14 bit in the CM1 register to 0 (125 |-
kHz on-chip oscillator oscillates)
6 Wait for digital filter sampling clock x 4 cycles |- (no wait time)
7 Set the VWOCO bit in the VWOC register to 1 (brown-out reset enabled)
Brown-out reset generation circuit
VWOF1 to VWOFO
=00b
=01b
Voltage detection 0 circuit =10b © X_
f0CO-S 112 12 o
VC25
VWO0C1
veeH+ Digital
Internal _| _ Voltage filter
reference detection
Lvoltage 0 signal
When the VC25 bit is set to
0 (disabled), the voltage
detection 0 signal becomes EEE—
“q Brown-out
reset signal
VWO0C1
l_‘,D_T_Di VWOCO
] 1
VWOCO to VWOC1, VWOFO0 to VWOF1 = the bits in the VWOC register
VC25 = the bit in the VC2 register

Figure 6.5 Brown-out Reset Generation Circuit
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M16C/64 Group 6. Voltage Detection Circuit

vCC

1
Digital filter sampling dock

]
1
1
]
32
fOCO-S
X4 cyfles | g
1 ]
H i
When the VWOCH1 bit is O Internal reset signal ! '
(digital filter enabled) niernal reset signa ' E
H 1
{ i
: :;X32
i 1f0CO-S ",
H —
’ !

,

When the VWOCH1 bit is 1 Internal reset signal
(digital filter disabled)

VWOC1 = the bit in the VWOC register

The above diagram shows an instance in which the following conditions are all met.
eThe VC25 bit in the VCR2 register = 1 (voltage detection 0 circuit enabled)
The VWOCO bit in the VWOC register = 1 (brown-out reset enabled)

Pins, the CPU, and SFRs are initialized when the internal reset signal becomes low.

The microcomputer executes the program in an address indicated by the reset vector when the internal reset signal changes low
to high.

Refer to 4. SFRs for the SFR status after reset.

Figure 6.6  Brown-out Reset Operation Example

6.2 Low Voltage Detection Interrupt

If the D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled), the low voltage
detection interrupt request is generated when the voltage applied to the VCC1 pin is above or below
Vdet2. The low voltage detection interrupt shares the same interrupt vector with the watchdog timer inter-
rupt, oscillation stop, and re-oscillation detection interrupt.

Set the D41 bit in the D4INT register to 1 (enabled) to use the low voltage detection interrupt to exit stop
mode.

The D42 bit in the D4INT register is set to 1 as soon as the voltage applied to the VCC1 pin reaches
Vdet2 due to the voltage rise and voltage drop. When the D42 bit changes 0 to 1, the low voltage detec-
tion interrupt request is generated. Set the D42 bit to 0 by program. However, when the D41 bit is set to 1
and the microcomputer is in stop mode, the low voltage detection interrupt request is generated regard-
less of the D42 bit state if the voltage applied to the VCC1 pin is detected to be above Vdet2. The micro-
computer then exits stop mode.

Table 6.2 shows Low Voltage Detection Interrupt Request Generation Conditions.

Bits DF1 to DFO in the D4INT register determine the sampling period that detects the voltage applied to
the VCC1 pin reaches Vdet2. Table 6.3 shows the Sampling Periods.
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M16C/64 Group 6. Voltage Detection Circuit

Table 6.2 Low Voltage Detection Interrupt Request Generation Conditions

Operating Mode VC27 Bit D40 Bit D41 Bit D42 Bit CMO02 Bit | VC13 Bit
Normal Operating Mode (1) 0to1)
- Oto1 -
1t00 Q)
i 2 (3)
Wait Mode 1 1 0to 1 0 Oto1
- 1t00 )
- 1 Oto1
Stop Mode (2) 1 - 0 Oto1

- indicates either 0 or 1 is settable.
NOTE:

1. The status except wait mode and stop mode is handled as normal mode. (Refer to 10. “Clock Gen-
eration Circuit”)

2. Referto 6.3 “Limitations on Exiting Stop Mode” and 6.4 “Limitations on Exiting Wait Mode”.

3. Aninterrupt request for voltage reduction is generated after the value of the VC13 bit changes and a
sampling time elapses. See Figure 6.8 “Low Voltage Detection Interrupt Generation Circuit
Operation Example” for details.

Table 6.3 Sampling Periods

CPU Clock Sampling Clock (us)
(D4INT clock) |DF1to DF0 =00 DF1 to DFO = 01 DF1 to DFO = 10 DF1 to DFO = 11
(MHz) (CPU clock divided by 8) | (CPU clock divided by 16) | (CPU clock divided by 32) | (CPU clock divided by 64)
16 3.0 6.0 12.0 24.0

Low voltage detection interrupt generation circuit

DF1, DFO
00b
01b it
X o e The D42 bit is set to 0 (not

Low voltage detection circuit 10b K__ detected) by program. When the

o O VC27 bit is set to 0 (low voltage
D4INT clock detection circuit disabled), the
VC27 (the clock with ] — D42 bit is set to 0.

which it operates

also in wait mode)
—VC13
VCC1 Noise oise

rejection hd rejection

Watchdog timer
interrupt sig

Digital
filter

VREF. Low voltage circuit
detection
(Rejection range : 200 ns) signal
The low voltage detection Low voltage
signal becomes “H” when the D41 detection
EC Non-maskable
VC27 bitis set to 0 interrupt signal interrupt sognal
(disabled).
CM10 Oscillation stop,
re-oscillation
detection interrupt
CM02 signal

WAIT instruction (wait mode)

Watchdog timer block
g D43

» D40 —

Watchdog timer
underflow signal This bit is set to 0 (not detected) by program.

Figure 6.7 Low Voltage detection Interrupt Generation Block Diagram
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M16C/64 Group 6. Voltage Detection Circuit
VCC1 \ / \ .
VC13 bit ] [ | [
SRV . I
Sampling Sampling | Sameing. | ! Sampling
|

No low voltage detection
interrupt signals are genera#ed
when the D42 bit is “H.”

Output of the digital filter @)

I
U

!
|
:

D42 bit :
I I I
I Set the D42 bt to 0 (not |
: detected) by program. |
| |
I I I
I I I
. . . T
Low voltage detection interrupt signal | |_| |_|
\:_J | |
| |
'

NOTES :
1. The D40 bit is set to 1 (low voltage detection interrupt enabled).
2. Output of the digital filter is shown in Figure 6.7.

Figure 6.8  Low Voltage Detection Interrupt Generation Circuit Operation Example

6.3 Limitations on Exiting Stop Mode

The low voltage detection interrupt is immediately generated and the microcomputer exits stop mode if
the CM10 bit in the CM1 register is set to 1 (stop mode) under the conditions below.

» the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled)

 the D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled)

 the D41 bit in the D4INT register is set to 1 (low voltage detection interrupt is used to exit stop mode)

« the voltage applied to the VCC1 pin is higher than Vdet2 (the VC13 bit in the VCR1 register is 1)
If the microcomputer is set to enter stop mode when the voltage applied to the VCC1 pin drops below
Vdet2 and to exit stop mode when the voltage applied rises to Vdet2 or above, set the CM10 bit to 1 when
VC13 bitis 0 (VCC1 < Vdet2).

6.4 Limitations on Exiting Wait Mode

The low voltage detection interrupt is immediately generated and the microcomputer exits wait mode If
WAIT instruction is executed under the conditions below.
» the CMO02 bit in the CMO register is set to 1 (stop peripheral function clock)

the VC27 bit in the VCR2 register is set to 1 (low voltage detection circuit enabled)
the D40 bit in the D4INT register is set to 1 (low voltage detection interrupt enabled)
the D41 bit in the D4INT register is set to 1 (low voltage detection interrupt is used to exit wait mode)

+ the voltage applied to the VCC1 pin is higher than Vdet2 (the VC13 bit in the VCR1 register is 1)

If the microcomputer is set to enter wait mode when the voltage applied to the VCC1 pin drops below
Vdet2 and to exit wait mode when the voltage applied rises to Vdet2 or above, perform WAIT instruc-
tion when the VC13 bit is 0 (VCC1 < Vdet2).

3

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 44 of 373



Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 6. Voltage Detection Circuit

6.5 Cold Start-up / Warm Start-up Discrimination

As for the cold start-up / warm start-up discrimination, the CWR bit in the RSTFR register determines
either cold start-up (reset process) when power-on or warm start-up (reset process) when reset signal is
applied during the microcomputer running.

The value of the CWR bit is 0 when power is applied. The CWR bit is also set to 0 after brown-out reset.
The CWR bit is set to 1 by writing a 1 in a program and does not change at hardware reset 1, software
reset, watchdog timer reset, and oscillation stop detection reset.

Use brown-out reset for cold start-up / warm start-up discrimination.

Follow Table 6.1 Setting Procedures of the Bits for Brown-out Reset to set the bits for brown-out reset.

Figure 6.9 shows Cold Start-up / Warm Start-up Discrimination Example. Figure 6.10 shows RSTFR Reg-
ister.

5V
VCC1

Vdet0 ------====3-=====ofrmmmmmmmm oo oo oo e
0] VZ— T R ——

Setto 1 by Set to 1 by i

program program 1

CWR bit . ,

Brown-out reset |_’ |_|

The above diagram shows an instance in which the digital filter is not used.

Figure 6.9  Cold Start-up / Warm Start-up Discrimination Example
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Reset Source Determine Flag
b7 b6 b5 b4 b3 b2 b1 b0
[o]o]
N N T N T Symbol Address After Reset
1 1 ) 1 1 ) 1 1
A R RSTFR 0018h OXXXXXXXb (1
SRR
1 1 ) 1 1 ) 1 1
1 1 1 1 1 1 1 1
1 1 ) 1 1 ) 1 1
v 1 v 1 1 4 11 |Bit Symbol Bit Name Function RW
EEEREEE
(R I S T T Cold start-up / warm start 0 : Cold start-up
A CWR | determine flag @ 1 : Warm start-up RW
O T T R
I N W L R d bit Read defined val RO
E i (b5-b1) eserved bits ead as undefined value
.
1 1 -_— .
————————————————— (b7-b6) Reserved bits Setto 0 RW
NOTES :
1. The CWR bit is set to 0 (cold start-up) after power activation or brown-out reset. The CWR bit remains unchanged
after hardware reset 1, software reset, watchdog timer reset, or oscillation stop detection reset.
2. The CWR bit is set to 1 by writing a 1 in a program (writing a 0 has no effect).
3. The CWR bit is undefined when the VWOCO bit in the VWOC register is set to 0 (brown-out reset disabled).

Figure 6.10 RSTFR Register
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M16C/64 Group 7. Processor Mode

7. Processor Mode

7.1 Types of Processor Mode

Three processor modes are available to choose from: single-chip mode, memory expansion mode, and
microprocessor mode. Table 7.1 shows the Features of Processor Modes.

Table 7.1 Features of Processor Modes

Processor Modes Access Space Pins Which Are Assigned I/O Ports
Single-chip mode SFR, internal RAM, internal ROM All pins are /O ports or peripheral function I/
O pins
Memory expansion SFR, internal RAM, internal ROM,  |Some pins serve as bus control pins (1)
mode external area (1)
Microprocessor mode |[SFR, internal RAM, external area (1) [Some pins serve as bus control pins (1)

NOTE:
1. Referto 8. “Bus” for details.

7.2  Setting Processor Modes

Processor mode is set by using the CNVSS pin and bits PM01 to PMOO in the PMO register.

Table 7.2 shows the Processor Mode After Hardware Reset. Table 7.3 shows Bits PM01 to PM00 Set
Values and Processor Modes

Table 7.2 Processor Mode After Hardware Reset

CNVSS Pin Input Level Processor Modes
VSS Single-chip mode
VCC1 (1.2) Microprocessor mode
NOTES:

1. If the microcomputer is reset in hardware by applying VCC1 to the CNVSS pin (hardware reset 1 or

brown-out reset), the internal ROM cannot be accessed regardless of the status of bits PM10 to
PMOO.

2. The multiplexed bus cannot be assigned to the entire CS space.

Table 7.3 Bits PMO1 to PMOO Set Values and Processor Modes

Bits PM01 to PMOO Processor Modes
00b Single-chip mode
01b Memory expansion mode
10b Do not set
11b Microprocessor mode

Rewriting bits PM01 to PMO0O places the microcomputer in the corresponding processor mode regardless
of whether the input level on the CNVSS pin is “H” or “L”. Note, however, that bits PM01 to PM00 cannot
be rewritten to 01b (memory expansion mode) or 11b (microprocessor mode) at the same time bits PM07
to PMO2 are rewritten. Note also that these bits cannot be rewritten to enter microprocessor mode in the
internal ROM, nor can they be rewritten to exit microprocessor mode in areas overlapping the internal
ROM.

If the microcomputer is reset in hardware by applying VCC1 to the CNVSS pin (hardware reset 1 or
brown-out reset), the internal ROM cannot be accessed regardless of bits PM01 to PMOO.

Figures 7.1 to 7.3 show the PMO Register and PM1 Register. Figure 7.4 show the Memory Map in Single-
Chip Mode.
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M16C/64 Group

7. Processor Mode

b7 b6 b5 b4 b3 b2 b1 b0

Processor Mode Register 0 (")

Symbol Address After Reset )
PMO 0004h 00000000b (CNVSS pin = “L")
00000011b (CNVSS pin = “H")
Bit Symbol Bit Name Function RW
b1 b0
PMOO 0 0: Single-chip mode RW
. 0 1:Memory expansion mode
Processor mode bit ¢ 1 0:Do not set
PMO1 1 1: Microprocessor mode RW
o 0:RD, BHE, WR
PM02 [R/W mode select bit @ 1'RD. WRH, WRL RwW
PMO3 Software reset bit Sgtting this bit to 1 resets the RW
microcomputer. Read as 0
b5 b4
PMO04 0 0: Multiplexed bus is unusﬂ Rw
Multiplexed bus space select (separate bus in the entire CS space)
bit (2) 0 1:Allocated to CS2 space
PMO5 1 0: Allocated to CS1 space RW
1 1: Allocated to the entire CS space ®
Port P4_0 to P4_3 function 0 : Address output
PMO6  |sglect bit @ 1 : Port function (address is not output) RW
0 : BCLK is output
PM07 |BCLK output disable bit 1: BCLK is not output RW
(pin is left high-impedance)

NOTES :

1.  Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
2. Bits PM02, and PM04 to PMO07 are effective when bits PM01 and PMO0O are set to 01b (memory expansion mode) or 11b
(microprocessor mode).
3. To set bits PM0O1 and PMO0O to 01b and bits PM05 and PM04 to 11b (multiplexed bus assigned to the entire CS space),
apply an “H” signal to the BYTE pin (external data bus is 8 bits wide). While the CNVSS pin is held “H” (= VCC1), do not
rewrite the PMO05 and PMO04 bits to 11b after reset. If bits PM05 and PM04 are set to 11b during memory expansion
mode, P3_1to P3_7 and P4_0 to P4_3 become I/O ports, in which case the accessible area for each CS is 256 bytes.
4. Bits PM01 and PMO0O do not change at software reset, watchdog timer reset, and oscillation stop detection reset.

Figure 7.1  PMO Register
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Processor Mode Register 1 (V)

b7 b6 b5 b4 b3 b2 b1 b0

| | |(')| | | | | | | . | | . | Symbol Address After Reset
. !
! i E i i i i E PM1 0005h 00001000b
1 yotoa b
EEERREE
] ] 1 1
{1 [BitSymbol Bit Name Function RW
1 [
R
A CS2 area switch bit 0 : CS2 (OE000h to OFFFFh )
b PM10 ity @ 1 Data flash (OE000h to OFFFFh RW
AR (data flash enable bit) : Data flash ( to )
Pl
[ T B . .
I I | Port P3_7 to P3_4 function 0 : Address output
i E E i i E ==l PM11 select bit @ 1 : Port function RW
Pl
[ T T . . . .
[ T I Watchdog timer function select|0 : Watchdog timer interrupt
i i E E i ------ PMI12 pip @) 1 : Watchdog timer reset RW
[ B B
] I
i i N Internal reserved area
I PM13 | expansion bit 2 ©) (NOTE 6) RW
1 T
P
A b5 b4
i i E b PM14 0 0:1-Mbyte mode (no expansion) RW
o : +@ [0 1:Donotset
i i i Memory area expansion bit 1 0 Do not set
I S S PM15 1 1:4-Mbyte mode RW
P
1o
[ _
i Lomccmmccmmmem e (b6) Reserved bit Setto 0 RW
1
1
|
i oo 0 : No wait state
] (5)
PM17 Wait bit 1 : Wait state (1 wait) RW

NOTES :

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. Bits PM10 and PM13 are automatically set to 1 while the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite
mode).

3. Bits PM11, PM14, and PM 15 are effective when bits PM01 and PMOQO are set to 01b (memory expansion mode) or 11b
(microprocessor mode).

4. The PM12 bit is set to 1 by writing a 1 in a program (writing a 0 has no effect).

The PM12 bit is automatically set to 1 when the CSPRO bit in the CSPR register is 1 (count source protection mode
enabled).

5. When the PM17 bit is set to 1 (wait state), one wait state is inserted when accessing the internal RAM or internal ROM.
When the PM17 bit is set to 1 and accesses an external area, set the CSiW bit in the CSR register (i =0 to 3) to 0
(wait state).

6. The access area is changed by the PM13 bit as listed in the table below.

Access Area PM13=0 PM13 =1

Internal RAM Up to Addresses 00400h to 03FFFh (15 Kbytes) [ The entire area is usable

Program ROM 1 | Up to Addresses DO00Oh to FFFFFh (192 Kbytes) | The entire area is usable

External Address 04000h to 0OCFFFh are usable Address 04000h to OCFFFh are reserved
Address 80000h to CFFFFh are usable Address 80000h to CFFFFh are reserved
Note that 08000h to OCFFFh are reserved when | (in memory expansion mode)

PM10 is set to 1 during microprocessor mode.

Figure 7.2  PM1 Register
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7. Processor Mode

feee-ccccccccccccccccccccncaa-
beemcmcm e e ————————

Program 2 Area Control Register ()

frmmmm———————————

Ry Uy Sy Sy S
becccccccccccccccccccccrc e

Symbol Address After Reset
PRG2C(") 0010h XXXXXXXO0h
Bit Symbol Bit Name Function RW
PRG2C |Program ROM 2 disable bit ? E?SZTE?%%?J& i%h&zz RW
(a) Reserved bit Setto 0 RW
(b7:)2) No register bits. If necessary, set to 0. Read as undefined value —

NOTE :

1. Write to this register after setting the PRC6 bit in the PRCR register to 1 (write enabled).

Figure 7.3

PRG2C Register
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7.3 Internal Memory

The internal RAM can be used in all processor modes. The range of the internal RAM depends on the set-
ting of the PM 13 bit in the PM1 register.

The internal ROM is used in single-chip mode and memory expansion mode. Three internal ROMs are
available: data flash, program ROM 2, and program ROM 1.

Data flash includes block A (addresses OEO0Oh to OEFFFh) and block B (addresses OF000h to OFFFFh).
When data flash is selected by the setting of the PM10 bit in the PM1 register, both block A and block B
can be used. Table 7.4 shows Data Flash (addresses OEOO0Oh to OFFFFh).

Table 7.4 Data Flash (addresses OEQ0Oh to OFFFFh)

PM10 Bit in PM1 Register 0 1
Processor Modes Single-chip mode Unusable Data flash
Memory expansion mode External area Data flash
Microprocessor mode External area Reserved area

Set the PRG2CO bit in the PRG2C register to select program ROM 2. Table 7.5 shows Program ROM 2
(addresses 10000h to 13FFFh).

Do not use the last 16 bytes (addresses 13FFOh to 13FFFh) when using program ROM 2 in single-chip

mode or memory expansion mode. These bytes are assigned as the user boot code area (refer to 22.1.2
“User Boot Function”).

Table 7.5 Program ROM 2 (addresses 10000h to 13FFFh)

PRG2CO bit in PRG2C Register 0 1
Processor Modes Single-chip mode Program ROM 2 Unusable
Memory expansion mode Program ROM 2 External area
Microprocessor mode Reserved area External area

The range of program ROM 1 depends on the setting of the PM13 bit in the PM1 register. Figure 7.4 indi-
cates the Memory Map in Single-Chip Mode.
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Single-chip Mode
00000h
SFR
00400h
Internal RAM PM13 =0
Internal RAM Internal ROM
XXXXXh Size Address XXXXXh Size Address YYYYYh
Unusable
12 Kbytes | 033FFh 128 Kbytes| E0000h
0D000h - 16 Kbytes| 03FFFh ™ | 256 Kbytes| D0000h ()
0D800h 31 Kbytes | 03FFFh () | 512 Kbytes| D0000h ()
Unusable
0E000N PM13 =1
2,
Int&rgtzl fﬁgm @ Internal RAM Internal ROM
10000h Size Address XXXXXh Size Address YYYYYh
Internal ROM ©
(program ROM 2) 12 Kbytes 033FFh 128 Kbytes E0000h
14000h 16 Kbytes 043FFh 256 Kbytes C0000h
Unusable 31 Kbytes| O7FFFh | 512 Kbytes| _ 80000h
YYYYYh
Internal ROM
(program ROM 1)
FFFFFh
NOTES :
1. If the PM13 bit is set to 0, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.
2. Data flash can be used when the PM10 bit in the PM1 register is 1 (OEO00h to OFFFFh = data flash).
3. Program ROM 2 can be used when the PRG2CO bit in the PRG2C register is 0 (program ROM 2 enabled).

Figure 7.4  Memory Map in Single-Chip Mode
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M16C/64 Group 8. Bus

8. Bus

During memory expansion or microprocessor mode, some pins serve as the bus control pins to perform
data input /output to and from external devices. These bus control pins include A0 to A19, DO to D15, CS0O
to CS3, RD, WRL /WR, WRH / BHE, ALE, RDY, HOLD, HLDA, and BCLK.

8.1 Bus Mode

Bus mode, either multiplexed or separate, can be selected using bits PM05 and PM04 in the PMO regis-
ter. Table 8.1 shows the Difference between Separate Bus and Multiplexed Bus.

8.1.1 Separate Bus

In this bus mode, data and address are separate.

8.1.2 Multiplexed Bus
In this bus mode, data and address are multiplexed.

8.1.2.1  When the Input Level on BYTE Pin is High (8-Bit Data Bus)
DO to D7 and AO to A7 are multiplexed.

8.1.2.2  When the Input Level on BYTE Pin is Low (16-Bit Data Bus)

DO to D7 and A1 to A8 are multiplexed. D8 to D15 are not multiplexed. Do not use D8 to D15. Exter-
nal devices connecting to a multiplexed bus are allocated to only the even addresses of the micro-
computer. Odd addresses cannot be accessed.

Table 8.1 Difference between Separate Bus and Multiplexed Bus

Multiplexed Bus
i 1
Pin Name (1) Separate Bus BYTE =1 BYTE= T
PO_0to PO_7 /DO to D7 >< DO to D7 >< (NOTE 2) (NOTE 2)
I/0O port
P1 OtoP1_7/D8toD15 >< D8 to D15 >< P1.0toP1 7 (NOTE 2)
P2 0/A0(/DO/- A0 A0 DO A0
0/A0(DOI) Y KX A0 X0 (1 X X
P2 1to P2_7/A1to A7
(/D1 to D7/ DO to D6) >< Alto A7 >< ><A1 to A7><D1 to D7>< ><A1 to A7><D0 to D6><
P3_0/A8(/-/D7) >< A8 >< A8 >< A8 >< D7 ><

NOTES:
1. See Table 8.6 “Pin Functions for Each Processor Mode” for bus control signals other than the
above.

2. It changes with a setting of PM05 and PM04, and area to access.
See Table 8.6 “Pin Functions for Each Processor Mode” for details.
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M16C/64 Group 8. Bus

8.2 Bus Control

The following describes the signals needed for accessing external devices and the functionality of soft-
ware wait.

821 Address Bus

The address bus consists of 20 lines: A0 to A19. The address bus width can be chosen to be 12, 16, or
20 bits by using the PMO06 bit in the PMO register and the PM11 bit in the PM1 register. Table 8.2 shows
the Set Value of Bits PM06 and PM11, and Address Bus Width.

Table 8.2 Set Value of Bits PM06 and PM11, and Address Bus Width

Bits Set Value (1) Pin Function Address Bus Width
PM11 =1 P3_4toP3 7 12 bits
PMO6 = 1 P4 0to P4 3
PM11 =0 A12 to A15 16 bits
PMO6 = 1 P4 Oto P4 3
PM11 =0 A12 to A15 20 bits
PMO06 =0 A16 to A19
NOTE:

1. No values other than those shown above can be set.

When processor mode is changed from single-chip mode to memory expansion mode, the address bus
is indeterminate until any external area is accessed.

8.2.2 Data Bus

When input on the BYTE pin is high (data bus is 8 bits wide), 8 lines DO to D7 comprise the data bus;
when input on the BYTE pin is low (data bus is 16 bits wide), 16 lines DO to D15 comprise the data bus.
Do not change the input level on the BYTE pin while in operation.

8.2.3 Chip Select Signal

The chip select (hereafter referred to as the CS) signals are output from the CSi (i = 0 to 3) pins. These
pins can be chosen to function as 1/0 ports or as CS by using the CSi bit in the CSR register. Figure 8.1
shows the CSR Register.

During 1-Mbyte mode, the external area can be separated into up to 4 by the CSi signal which is output
from the CSi pin. During 4-Mbyte mode, CSi signal or bank number is output from the CSi pin. Refer to
9. “Memory Space Expansion Function”. Figure 8.2 shows Examples of Address Bus and CSi Sig-
nal Output in 1-Mbyte mode.

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 54 of 373



Under development

M16C/64 Group

Preliminary Specification

Specification in this preliminary version is subject to change.

8. Bus

b7 b6 b5 b4 b3 b2 b1 bO

et

NOTES :

Prmmme—— e e —m———————————————————————

Chip Select Control Register

e Symbol Address After Reset
P CSR 0008h 01h
Pl
b
N i Bit Symbol Bit Name Function RW
P
P 0 : Disable chip select output
i 1| cso CSO0 output enable bit (functions as I/O port) RW
i i 1 : Enable chip select output
(] 1
] ]
i Lt---| Cs1 CST output enable bit RW
i
i
Lo CS2  |CSZ output enable bit RW
-------- CS3 CS3 output enable bit RwW
0 : Wait state
----------- CSOW | CSO0 wait bit 1 : No wait state (123 RW
------------- CS1W |CS1 wait bit RwW
CS2W  |CS2 wait bit RW
CS3w S3 wait bit RwW

1. When the RDY signal is used in the area indicated by CSi (i = 0 to 3) or the multiplex bus is used, set the CSiW bit to 0
(wait state).

2. When the PM17 bit in the PM1 register is set to 1 (wait state), set the CSiW bit to 0 (wait state).

3. When the CSiW bit = 0 (wait state), the number of wait states can be selected using bits CSEi1W to CSEiOW in the CSE
register.

Figure 8.1

CSR Register
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M16C/64 Group

8. Bus

Example 1

To access the external area indicated by CSj in the next cycle after
accessing the external area indicated by CSi

The address bus and chip select signal both change state between these

two cycles.
Access to the external  Access to the external
area indicated by CSi  area indicated by CSj
BCLK
Read signal (
Data bus {Data}--+ Datad--
Address bus Address ¥ Address
CSi
Csj
Example 3

accessing the external area indicated by the same CSi

state

Access to the external ~ Access to the same
area indicated by CSi external area

BCLK

Read signal

]

I/ETI_H,

Gy

Address ¥ Address

Data bus

Address bus

CSi

NOTE :

i=0to 3,j=0to 3 (notincluding i, however)

To access the external area indicated by TSi in the next cycle after

The address bus changes state but the chip select signal does not change

Example 2

To access the internal ROM or internal RAM in the next cycle after
accessing the external area indicated by CSi

The chip select signal changes state but the address bus does not change
state

Access to the external  Access to the internal
area indicated by CSi  ROM or internal RAM

BCLK
Read signal
Data bus @
Address bus Address
CSi
Example 4

Not to access any area (nor instruction prefetch generated) in the next cycle after
accessing the external area indicated by CSi

Neither the address bus nor the chip select signal changes state between these
two cycles

Access to the external No access

area indicated by CSi

P

Read signal
\
Data bus Dat: 2
Address bus Addfess
CSi

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 more than two cycles depending on a combination of these examples.

Shown above is the case where separate bus is selected and the area is accessed for read without wait states.

Figure 8.2

Examples of Address Bus and CSi Signal Output in 1-Mbyte Mode
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M16C/64 Group 8. Bus

8.2.4 Read and Write Signals
When the data bus is 16 bits wide, the read and write signals can be chosen to be a combination of RD,
BHE, and, WR or a combination of RD, WRL, and WRH by using the PMO02 bit in the PMO register.
When the data bus is 8 bits wide, use a combination of RD, WR, and BHE.
Table 8.3 shows the Operation of RD, WRL, and WRH Signals. Table 8.4 shows the Operation of RD,
WR, and BHE Signals.

Table 8.3 Operation of RD, WRL, and WRH Signals

Data Bus Width RD RL RH Status of External Data Bus
16-bit L H H Read data
(BYTE pin input = “L”) |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 8.4 Operation of RD, WR, and BHE Signals
Datg 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 = “L") 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 _ (M | HorL |Write 1 byte of data
(BYTE pin
input = “H”) L H _(1) | HorL |Read 1 byte of data
NOTE:

1. Do not use.

8.2.5 ALE Signal
The ALE signal latches the address when accessing the multiplexed bus space. Latch the address
when the ALE signal falls.

When BYTE pin input = “H” When BYTE pin input = “L”
ALE ALE
AO/DO to A7/D7 >< Address >< Data >< A0 >< Address ><

A1/DO0 to A8/D7 >< Address >< Data
A8 to A19 X Address (1 X

A9 to A19 >< Address

NOTE :
1. If the entire CS space is assigned a multiplexed bus, these pins function as 1/0 ports.

Figure 8.3  ALE Signal, Address Bus, Data Bus
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8.2.6 RDY Signal

This signal is provided for accessing external devices which need to be accessed at low speed. If input
on the RDY pin is low at the last falling edge of BCLK of the bus cycle, one wait state is inserted in the
bus cycle. While in a wait state, the following signals retain the state in which they were when the RDY
signal was acknowledged.

A0 to A19, DO to D15, CSO to CS3, RD, WRL, WRH, WR, BHE, ALE, HLDA

Then, when the input on the RDY pin is detected high at the falling edge of BCLK, the remaining bus
cycle is executed. Figure 8.4 shows Examples in which the Wait State was Inserted into Read Cycle by
RDY Signal. To use the RDY signal, set the corresponding bit (bits CS3W to CSOW) in the CSR regis-
ter to O (with wait state). When not using the RDY signal, the RDY pin need to be pulled-up.

In an instance of separate bus

s/ /A
RD —\ \( /T == ]
-

<
<

tsu (RDY-BCLK)

?

Accept timing of RDY signal

In an instance of multiplexed bus

s T\ Y

i=0to3)
ROY A \ /

tsu (RDY-BCLK)

v

Accept timing of RDY signal

o

: Wait using RDY signal
: Wait using software

tsu (RDY - BCLK): Duration for RDY input setup

Shown above is the case where bits CSEi1W to CSEiOW (i = 0 to 3) in the CSE register
are 00b (one wait state).

Figure 8.4  Examples in Which Wait State Was Inserted into Read Cycle by RDY Signal
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M16C/64 Group 8. Bus

8.2.7 HOLD Signal

This signal is used to transfer control of the bus from the CPU or DMAC to an external circuit. When the
input on the HOLD pin is pulled low, the microcomputer is placed in a hold state after the bus access at
that time finishes. The microcomputer remains in the hold state while the HOLD pin is held low, during
which time the HLDA pin outputs a low-level signal.

Table 8.5 shows the Microcomputer Status in Hold State.

Bus-using priorities are given to 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 during two separate
accesses.

HOLD > DMAC > CPU

Figure 8.5  Bus-Using Priorities

Table 8.5 Microcomputer Status in Hold State

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 P10 Maintains status when HOLD signal is received
HLDA Output “L”
Internal Peripheral Circuits On (but watchdog timer stops) (2)
ALE Undefined
NOTES:

1. When I/O port function is selected.
2. The watchdog timer does not stop when the CSPRO bit in the CSPR register is set to 1 (count source
protection mode enabled).

8.2.8  BCLK Output

If the PMO7 bit in the PMO register is set to 0 (output enabled), a clock with the same frequency as that
of the CPU clock is output as BCLK from the BCLK pin. Refer to 10.2 “CPU Clock and Peripheral
Function Clock”.
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M16C/64 Group 8. Bus
Table 8.6 Pin Functions for Each Processor Mode
Processor Mode Memory Expansion Mode or Microprocessor Mode Memory
Expansion Mode
Bits PM05 and PM04 00b (separate bus) 01b (CS2 is for multiplexed bus and | 11b (multi-
the others are for separate bus) plexed bus for
10b (CS1 is for multiplexed bus and | the entire space)
the others are for separate bus) (1)
Data Bus Width 8 bits 16 bits 8 bits 16 bits 8 bits
BYTE Pin “H” “L “H” “L” “H”
PO_0Oto PO_7 DO to D7 DO to D7 DO to D7 4) DO to D7 (4) I/O ports
P1_ OtoP1_7 I/O ports D8 to D15 1/0 ports D8 to D15(4) I/O ports
P2 0 AO AO A0/DO (2) AO A0/DO
P2_1toP2_7 A1l to A7 A1l to A7 A1l to A7 A1lto A7 A1l to A7
/D1 to D7 (2) /DO to D6 (2) /D1 to D7
P3_0 A8 A8 A8 A8/D7 (2) A8
P3 1toP3 3 A9 to A1 1/O ports
P3_4to PM11=0 |A12to A15 I/0 ports
P3_7 PM11=1 |1/O ports
P4 0to PM06 =0 |A16to A19 I/O ports
P4_3 PMO06 =1 |1/O ports
P4 4 CS0=0 I/O ports
CS0=1 |CSO
P4_5 CS1=0 I/0 ports
CS1=1 CS1
P4 6 CS2=0 I/O ports
cs2=1 |CS2
P4 7 CS3=0 I/O ports
CS3=1 |CS3
P50 PM02=0 |WR
PMO2=1 |- | WRL ) | WRL )
P5_1 PM02=0 |BHE
PMO2=1 |- | WRH |- ® | WRH - ®
P5 2 RD
P53 BCLK
P5 4 HLDA
P5 5 HOLD
P5 6 ALE
P5 7 RDY
I/O ports : Function as I/O ports or peripheral function 1/O pins.
NOTES:

1. When bits PM01 and PMOO are set to 01b (memory expansion mode) and bits PM05 and PM04 are
set to 11b (multiplexed bus assigned to the entire CS space), apply “H” to the BYTE pin (external
data bus 8 bits wide). While the CNVSS pin is held “H” (= VCC1), do not rewrite bits PM05 and
PMO04 to 11b after reset. If bits PM05 and PM04 are set to 11b during memory expansion mode,
P3 1to P3 7 and P4_0 to P4_3 become /O ports, in which case the accessible area for each CS is
256 bytes.

2. In separate bus mode, these pins serve as the address bus.

If the data bus is 8 bits wide, make sure the PM02 bit is set to 0 (RD, BHE, WR).

4. When accessing the area that uses a multiplexed bus, these pins output an indeterminate value dur-
ing a write.

w
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8.2.9 External Bus Status When Internal Area IS Accessed
Table 8.7 shows the External Bus Status When Internal Area Accessed.
Table 8.7 External Bus Status When Internal Area Accessed
ltem SFR Accessed Internal ROM, RAM Accessed

A0 to A19 Address output Maintain the last accessed address of
external area or SFR

DO to D15 [When Read High-impedance High-impedance

When Write Output data Undefined

RD, WR, WRL, WRH RD, WR, WRL, WRH output Output “H”

BHE BHE output Maintain the last accessed status of exter-
nal area or SFR

CS0 to CS3 Output “H” Output “H”

ALE Output “L” Output “L”

8.2.10 Software Wait

The PM17 bit in the PM1 register, which is a software-wait-related bit, has an influence over the internal
memory and the external area.

The SFR area is accessed in 2 BCLK or 3 BCLK cycles as determined by the PM20 bit in the PM2 reg-
ister. Data flash, one of the internal ROMs, is affected by the PM17 bit and the FMR17 bit in the FMR1
register. See Table 8.8 “Bits and Bus Cycles Related to Software Wait (SFR, Internal Memory)”
for details.

Software waits 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 (with wait state). Refer to Table 8.9 “Bits and Bus Cycles
Related to Software Wait (External Area)” for details.

Table 8.8 shows the Bits and Bus Cycles Related to Software Wait (SFR, Internal Memory), Figure 8.6
shows the CSE register, and Table 8.9 shows the Bits and Bus Cycles Related to Software Wait (Exter-
nal Area).

Table 8.8 Bits and Bus Cycles Related to Software Wait (SFR, Internal Memory)

Area Setting of Software-Wait-related Bits Soft- Bus cycle
PM2 Register |FMR1 Register | PM1 Register |ware
PM20 Bit (1)  |FMR17 Bit PM17 Bit Wait
SFR 1 - - 1 wait |2 BCLK cycles(3)
0 - - 2 waits |3 BCLK cycles
Internal - - 0 No wait | 1 BCLK cycle(3)
RAM 1 1 wait |2 BCLK cycles
Internal | Program ROM 1 |- - 0 No wait | 1 BCLK cycle(3)
ROM Program ROM 2 1 1 wait |2 BCLK cycles
Data Flash @) |- 0 - 1 wait |2 BCLK cycles(3)
1 0 No wait | 1 BCLK cycle
1 1wait |2 BCLK cycle

— indicates that either 0 or 1 can be set.
NOTES:

1.
2.

3.

The PM 20 bit is valid when the PLCO7 bit in the PLCO register is set to 1 (PLL operation).

When 2.7V < VCC1 < 3.0V and f (BCLK) > 16 MHz, or when 3.0 V< VCC1 < 5.5V and f (BCLK) >
20 MHz, 1 wait is necessary to read data flash. Use the PM17 bit or the FMR 17 bit to set 1 wait.
Status after reset.
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8. Bus

b7 b6 b5 b4 b3 b2 b1 b0

Chip Select Expansion Control Register

AL L Symbol Address After Reset

] 1 ] 1 1

A CSE 001Bh 00h

R I R A

" : [ N -

[ T A

O I A R A

dobr b v |Bit Symbol Bit Name Function RW

PLE

P b1 b0

b4 t-| cseoow 0 0:1wait RW

[ [ — . . . 0 1:2 it

i i E E E E i SO wait expansion bit (" 1 0.3 a::tz

i E i i E E L.--| CSEO1W 1 1:Do not set RW

A

R b3 b2

IR R — CSE10W 0 0:1wait RW

[ ] - : .

b i i E ST wait expansion bit () (1) 8 % ag:}:

E i i E b CSE11W 1 1:Do not set RW

i i i E b5 b4

1 1 [

b (I CSE20W 0 0:1wait RW
[ . : .

. CS2 wait expansion bit | § 12 wails

P e CSE21W 1 1:Do not set RW

1 1

1 1

P b7 b6

E Rttty CSE30W 0 0:1wait RW

| CS3 wait expansion bit (") (1) (1) g ag:}:

:_ _________________ CSE31W 1 1:Donotset RW

NOTE :

1. Set the CSiW bit (i = 0 to 3) in the CSR register to 0 (wait state) before writing to bits CSEi1W to CSEiOW. If the CSiW bit
needs to be set to 1 (no wait state), set bits CSEi1W and CSEiOW to 00b before setting it.

Figure 8.6  CSE Register
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Table 8.9 Bits and Bus Cycles Related to Software Wait (External Area)

Area Bus Mode Setting of Software-Wait-related Bits Software |Bus Cycle
PM1 Regis- |CSR Register |CSE Register |Wait
ter PM17 Bit |CSiw Bit (1) Bits CSEi1W to
CSEi0W
External |Separate 0 1 00b No wait 1 BCLK cycle
Area Bus (Read)
2 BCLK cycles
(Write)
- 0 00b 1 wait 2 BCLK cycles 4)
- 0 01b 2 waits 3 BCLK cycles
- 0 10b 3 waits 4 BCLK cycles
1 0@® 00b 1 wait 2 BCLK cycles
Multiplexed |- 0@ 00b 1 wait 3 BCLK cycles
Bus - 0@ 01b 2 waits 3 BCLK cycles
- 0@ 10b 3 waits 4 BCLK cycles
1 0(23) 00b 1 wait 3 BCLK cycles
i=0to3
— indicates that either 0 or 1 can be set.
NOTES:

1. To use the RDY signal, set the CSiW bit to 0 (with wait state).

2. To access in multiplexed bus mode, set the CSiW bit to 0 (with wait state).

3.  When the PM17 bit is set to 1 and accesses an external area, set the CSiW bit to 0 (with wait state).

4. After reset, the PM17 bit is set to 0 (without wait state), bits CSOW to CS3W are set to 0 (with 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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M16C/64 Group

8. Bus

(1) Separate Bus, No Wait Setting

Bus cycle Bus cycle "

BCLK

Write signal

Read signal

Data bus : { Output ——_é—____'é'____;
Address bus >< Addfess >< XAddressX >< :

(2) Separate Bus, 1-Wait Setting
Bus cycle (" Bus cycle "

BCLK

Write signal

Read signal

Data bus
Address bus >< Add;ress X >< Add;ress ><

(3) Separate Bus, 2-Wait Setting Bus cycle ™ Bus cycle ()

Y

BCLK

Write signal

Read signal

Data bus E____é____{ Output §>—___§F___‘§_____§-_

Address bus X EAddress >< X éAddress

NOTE :
1. These example timing charts indicate bus cycle length. After this bus cycle sometimes come read and
write cycles in succession.

Figure 8.7  Typical Bus Timings Using Software Wait (1)
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M16C/64 Group 8. Bus

(1) Separate Bus, 3-Wait Setting
Bus cycle " Bus cycle (M
< : : > < : >
o | L[ L L L L L L L
Write signal ; . : | i :
Read signal | e
Databus &———- Output, >————————§————?———————<Erut>——
Address bus X é Adéress Adciéress C
- : A
(2) Multiplexed Bus, 1- or 2-Wait Setting
< : Bus cycl:e ) > < : Bus cycl:e (U] >
BCLK I I I I
Write signal |
Read signal ,_
ALE _| _|
Address bus iAddress }< ;Address ! -
Address bus/ XAddressf( Data foutput X XAddress)g— —_ - -
Data bus /3 ; ] : : :
(3) Multiplexed Bus, 3-Wait Setting
< Bus cycle () N < Bus cycle () >
BCLK
Write signal |
Read signal ,_
me| | v 1
Address bus Addriess ‘( Add;*ess .—
Addlg:;bbuussl Address EData outpEJt ‘< Address } — — — —i— — — — @ — 4
CS
NOTE :
1. These e?(ample timing charts indicate bus cycle length. After this bus cycle sometimes come read and write cycles in
succession.

Figure 8.8  Typical Bus Timings Using Software Wait (2)
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M16C/64 Group 9. Memory Space Expansion Function

9. Memory Space Expansion Function

The following describes a memory space expansion function.

During memory expansion or microprocessor mode, the memory space expansion function allows the
access space to be expanded using the appropriate register bits.

Table 9.1 shows Setting of Memory Space Expansion Function, Memory Space.

Table 9.1 Setting of Memory Space Expansion Function, Memory Space

Memory Space Expansion Function Setting (PM15 to PM14) Memory Space
1-Mbyte Mode 00b 1 Mbyte (no expansion)
4-Mbyte Mode 11b 4 Mbytes

9.1 1-Mbyte Mode

In this mode, the memory space is 1 Mbyte. In 1-Mbyte mode, the external area to be accessed is speci-
fied using the CSi (i = 0 to 3) signals (hereafter referred to as the CSi area). Figures 9.2 and 9.3 show the
Memory Mapping and CS Area in 1-Mbyte mode.

9.2 4-Mbyte Mode

In this mode, the memory space is 4 Mbytes. Figure 9.1 shows the DBR Register. Bits BSR2 to BSRO0 in
the DBR register select a bank number which is to be accessed to read or write data. Setting the OFS bit
to 1 (with offset) allows the accessed address to be offset by 40000h.

In 4-Mbyte mode, the CSi (i = 0 to 3) pin function differs depending on an area to be accessed.

9.2.1 Addresses 04000h to 3FFFFh, C0000h to FFFFFh

« The CSi signal is output from the CSi pin (same operation as 1-Mbyte mode; however, the last
address of the CS1 area is 3FFFFh).

9.2.2 Addresses 40000h to BFFFFh

* The CSO pin outputs “L”
* Pins CS1 to CS3 output the setting values of bits BSR2 to BSR0 (bank number)

Figures 9.4 and 9.5 show the Memory Mapping and CS Area in 4-Mbyte mode. Note that banks 0 to 6
are data-only areas. Locate the program in bank 7 or the CSi area.
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M16C/64 Group

9. Memory Space Expansion

Function

Data Bank Register (!

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
CTTTTTITD oew o008 oon
] ) ) ] ) ) ] )
] ] ] ] ] ] ] ]
T R R I R
Vbov v b b 1 |Bit Symbol Bit Name Function RW
I T A I A
1 1 1 1 1 1 1 1
] ] ] ] ] ] ] ] _
I T (b1-b0) | No register bits. If necessary, set to 0. Read as 0 —
b
bbb 0 : Not offset
1 ] ] 1 ] ] A .
I A OFS Offset bit 1 : Offset RW
P
] ] ] ] ]
] ] ] ] ]
A BSRO RW
N b5 b4 b3 b5 b4 b3
P 0 0 0 :Bank0 0 0 1:Bank1
I S S SO BSR1 |Bank selection bits 0 1 0 :Bank2 0 1 1 :Bank3 RW
o 1 0 0 :Bank4 1 0 1:Bank5
E i i 1 1 0 :Bank6 11 1:Bank7
R BSR2 RW
b
P
R OERCEEEEEE (b7Tb6) No register bits. If necessary, set to 0. Read as 0 —

NOTE :

1. Effective when bits PM01 and PMOO in the PMO register are set to 01b (memory expansion mode) or 11b

(microprocessor mode).

Figure 9.1

DBR Register
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M16C/64 Group 9. Memory Space Expansion Function
Memory expansion mode Microprocessor mode
00000h SFR SFR
oo400h [ |~
Internal RAM Internal RAM
XXXXXh
Reserved area Reserved area
04000h
08000h [FZ 7= E T External area
0D000h
0D800h SFR SFR
0E000h Data flash @) Reserved, external area 2
10000h Prpgram ROM 2 ) Reserved, external area ()
14000h
27000h Reservedarea | Reserved area
28000h [ [T "7
R R B B
External area External area
DO0000h
Reserved area
YYYYYh
Internal ROM
FFFFFh L |
PM13=0
Internal RAM Internal ROM External Area
Capacity | Address xxxxxh | Capacity | Address YYYYYh CS0 Cs1 CS2 CS3
12 Kbytes | 033FFh 128 Kbytes| E0000h Memory expansion mode (28000 to ~ |38990h to OGFFER 04000h to
16 Kbytes | 03FFFh (" 256 Kbytes|D0000h (" 30000h to CFFFFh 2FFFFh ;\kl;lte that this appli‘es_ t(:hme 07FFFh
lollowing areas only In the
31 Kbytes | 03FFFh () 512 Kbytes|D0000h | Microprocessor mode conditions described below.
30000h to FFFFFh In memon gxpansion mode
or when PM10 =0,
08000h to OCFFFh
When PM10 = 0
0E000h to OFFFFh
When PRG2CO = 1
10000h to 13FFFh
NOTES :
1. When the PM13 bit in the PM1 register is set to 0, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.
2. When the PM10 bit is set to 0, this area is used as external area; when 1, reserved area.
3. When the PM10 bit is set to 0, this area is used as external area; when 1, internal ROM (data flash).
4. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, internal ROM (program ROM 2).
5. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, reserved area.

Figure 9.2  Memory Mapping and CS Area in 1-Mbyte Mode (PM13 = 0)

Memory expansion mode Microprocessor mode
00000h SFR SFR
00400h [ |77
Internal RAM Internal RAM
XXKXXXh oo
08000h [ Reservedarea | | | Reserved area
0Doooh ——m——— 1 ————-—
0D800h SFR | _____ SFR
0E000R Dataflash ® | Reserved, external area )
10000h Program ROM 2 @ Reserved, external area )
14000h
27000n Reserved area Reserved area
28000h
R R I
External area External area
CS0 (memory expansion mode : 320 Kbytes)
80000h [ T |7 T T T T T T T T T T
Reserved area CS0 (misropocessor mode : 832 Kbytes)
YYYYYh
Internal ROM
FFFFFh L A
PM13 = 1
Internal RAM Internal ROM External area
Capacity |Address XXXXxh| Capacity _|Address YYYYYh CS0 CS1 CS2 CS3
12 Kbytes 033FFh 128 Kbytes E0000h Memory expansion mode | 28000h to R]D:loluhh :t{hz’SFFFF o th No area
16 Kbytes | 043FFh | 256 Kbytes | C0000h | 30000h to 7FFFFh 2FFFFh | following areas anly in the.

. conditions described below.|
Microprocessor mode

When PM10 = 0,
30000h to FFFFFh 0EOQ00h to OFFFFh

When PRG2CO = 1,
10000h to 13FFFh

NOTES :
1. When the PM10 bit is set to 0, this area is used as external area; when 1, internal ROM (data flash).
2. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, internal ROM (program ROM 2).
3. When the PM10 bit is set to 0, this area is used as external area; when 1, reserved area.
4. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, reserved area.

Figure 9.3 Memory Mapping and CS Area in 1-Mbyte Mode (PM13 = 1)
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M16C/64 Group 9. Memory Space Expansion Function
Memory expansion mode Microprocessor mode
00000n SFR SFR
00400h [—  _ __ |° 7777
Internal RAM Internal RAM
XXXXXh

Reserved area Reserved area

04000h
08000h [T TR T External area
oboooh —m—m————— 1 ————-—
0D800h SFR SFR o
0EO000h
Data flash ) Reserved, external area )
10000h Program ROM 2 () Reserved, external area (©) CS2 (102 Kbytes)
14000h [ [T
27000n Reservedarea | Reserved area -
28000h
40000h
C0000h
DO0000h
Reserved area CSO0 (misropocessor mode : 256 Kbytes)
YYYYYh
Internal ROM
FFFFFRO L | @ @1y _______
PM13 =0
Internal RAM Internal ROM External area
Capacity |Address XXXXXh| Capacity |Address YYYYYh TS0 CS1 Cs2 CS3 Other than the TS area ()
12 Kbytes | 033FFh 128 Kbytes | E0000h Memory expansion mode | 28000h to | 08000 to 9GFEFh 04000hto | 40000h to BFFFFh
16 Kbytes | 03FFFh @  [256 Kbytes | D0O00Oh C0000h to CFFFFh 3FFFFh Note that this applies to the O07FFFh
31 Kbytes | 03FFFh ® | 512 Kbytes | D0000h ® | Microprocessor mode conditions deserbed below.
C0000h to FFFFFh .
Inmemory expansion mode
or when =0,
08000h to OCFFFh
When PM10 =0,
0E000h to OFFFFh:
When PRG2CO =1,
10000h to 13FFFh
NOTES :

1. The CSO pin outputs a low signal, and pins CST to CS3 output a bank number.

2. When the PM13 bit is set to 0, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used.

3. When the PM10 bit is set to 0, this area is used as external area; when 1, reserved area.

4. When the PM10 bit is set to 0, this area is used as external area; when 1, internal ROM (data flash).

5. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, internal ROM (program ROM 2).
6. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, reserved area.

Figure 9.4  Memory Mapping and CS Area in 4-Mbyte Mode (PM13 = 0)

Memory expansion mode Microprocessor mode
00000h SFR SFR
oo400h |— | T "7~
Internal Internal RAM
XXXXXh RAM | _ ____
08000h [ " "Reservedarea | | | Reserved area
0DOOOh ————— —————
0D800h SFR | _____ SFR
OE000R Dataflash @ | Reserved, external area )
10000h ProgamROM 2® | Reserved, external area
140000 [ |77
270000 Reservedarea | Reserved area
28000h [ |77
40000h '";"_I_ _____________ E_ "_I ______ B
enaaee SEmE] e Other than the TS area (memory expansion mode: 256 Kbytes x 8 banks)
* Change offset to use 256 Kbytes x 8 banks x2
80000h [———————————|——————————————————1 S Mttt S )
Other than the CS area (microprocessor mode: 512 Kbytes x 8 banks)
C0000h = -~~~ == =TT rTTTTT T T T T T T T T T B
Reserved area
YYYYYh CSO0 (misropocessor mode: 256 Kbytes)
Internal ROM
FFFFFh L | A
PM13 =1
Internal RAM Internal ROM External Area
Capacity |Address XXXXXh| Capacity |Address YYYYYh CS0 CS1 CS2 CS3 Other than the CS area ()
12 Kbytes 033FFh 128 Kbytes E0000h Microprocessor mode 28000h to R‘Dgoohh tOhZGFFF‘h n No area | Memory expansion mode
16Kbytes | 043FFh  [256 Kbytes | C0000h | C0000h to FFFFFh BFFFFh (Rt aroaa e T the” 40000h to 7FFFFh
31 Kbytes 07FFFh__ |512Kbytes |  80000h conditions described below. Microprocessor mode
When PM10 = 0, 40000h to BFFFFh
0E000h to OFFFFh
When PRG2CO =1,
10000h to 13FFFh
NOTES :

1. The CS0 pin outputs a low signal, and pins CST to CS3 output a bank number.

2. When the PM10 bit is set to 0, this area is used as external area; when 1, internal ROM (data flash).

3. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, internal ROM (program ROM 2).
4. When the PM10 bit is set to 0, this area is used as external area; when 1, reserved area.

5. When the PRG2CO bit in the PRG2C register is set to 1, this area is used as external area; when 0, reserved area.

Figure 9.5 Memory Mapping and CS Area in 4-Mbyte Mode (PM13 = 1)
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M16C/64 Group 9. Memory Space Expansion Function

Figure 9.6 shows the External Memory Connect Example in 4-Mbyte Mode.

In this example, the CS pin of 4-Mbyte ROM is connected to the CS0 pin of the microcomputer. The 4-
Mbyte ROM address input pins AD21, AD20, and AD19 are connected to pins CS3, CS2, and CS1 of
the microcomputer, respectively. The address input AD18 pin is connected to the A19 pin of microcom-
puter. Figures 9.7 to 9.9 show the relationship of addresses between the 4-Mbyte ROM and the micro-
computer for the case of a connection example in Figure 9.6.

In microprocessor mode or in 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, so that even the data overlapping at a bank boundary can 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 over with the OFS bit.

Because the SRAM can be accessed on condition that the chip select signals S2 = “H” and S1 = “L”,
CS0 and CS2 can be connected to S2 and S1, respectively. If the SRAM does not have the input pins
which accept “H” active and “L” active chip select signals (S1, S2), CS0 and CS2 should be decoded
external to the chip.

8
DO to D7 DQO to DQ7
A0 to A16 17 ADO to AD16
A17 AD17 s
5 A9 AD18 O
2 Q
Q -
E ST AD19 12?
s S2 AD20 3
Q S3
s = AD21
RD OE
SO CS
R DQO to
WR | s
DQ7 <
ADOto
AD16 g
OFE Fy
OE 2
S2 0
Sl o
w
NOTE : -
1. If only one chip select pin (S1 or S2) is present, using an external circuit is required for decode.

Figure 9.6  External Memory Connect Example in 4-Mbyte Mode
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M16C/64 Group 9. Memory Space Expansion Function

Memory expansion mode where PM13 =0
ROM address Microcomputer address - -
. . Output from the Microcomputer Pins
Ofesgltg:elp =D(?R Ofesgltg:elp =D18R NE;nbl;r OFS Af\fee:s 7@2{)1117 Address Output
CS3 | CS2 | TST| A19 | A18 | A17 | A6 |A151t0 AO
“777"A "000000h 40000h ) o L40000h | o | o | o | o] 1| o] o |ooon 000000h
bank 0 e 0 BFFFFh | o 0 0 1 0 1 1 FFFFh O07FFFFh
040000h (512 Kbytes) \ 40000h 1 40000h 0 0 0 1 0 0 0 0000h 040000h
BFFFFh _bank 0 BFFFFh | 0 | © 1 0 1 1 1 | FFFFh OBFFFFh
080000h 40000h (512 Kbytes) 0 40000h 0 0 1 0 1 0 0 | 0000h 080000h
bank 1 | ___BFFFFh__ 1 BFFFFh | o0 0 1 1 0 1 1 FFFFh OFFFFFh
0C0000h [ (512 Kbytes) 40000h , 1400000 | o | o | 1| 1] o] oo | oooen 0C0000h
BEFFFh < bank 1 BFFFFh | o 1 0 0 1 1 1 | FFFFh 13FFFFh
100000h \ 40000h (512 Kbytes) o |40000h | o | 1 | o] o] 1| o] o | oooon 100000h
bank 2 < _____ BFFFFh__ 2 BFFFFh | o 1 0 1 0 1 1 | FFFFh 17FFFFh
140000h (512 Kbytes) 40000h y 40000h | o | 1 | o | 1 | 0 | o | o | 0000h 140000h
BFFFFh bank 2 BFFFFh | o | 1 1 0 | 1 1 1 | FFFFh 1BFFFFh
180000h \ 40000h (512 Kbytes) 0 40000h 0 1 1 0 1 0 0 | 0000h 180000h
Data onl bank 3 < _____ BEFFFh__ 3 BFFFFh | o | 1 1 1 ] 0 | 1 | 1 |FFFFh 1FFFFFh
1C0000h (512 Kbytes) 40000h ; 40000h 0 1 1 1 0 0 0 | 0000h 1C0000h
BFFFFh bank 3 BFFFFh | 1 0 0 0 1 1 1_| FFFFh 23FFFFh
200000h \ 40000h (512 Kbytes) 0 40000h 1 0 0 0 1 0 0 | 0000h 200000h
bank 4 < _____ BEEFFh _ 4 BFFFFh | 1 | o | o | 1 | 0 | 1 | 1 | FFFFh 27FFFFh
240000h j(512 Kbytes) 40000h y 40000h 1 0 0 1 0 0 0 | 0000h 240000h
BEFFEh, bank 4 BFFFFh | 4 o | 1 0| 1 1 1 | FFFFh 2BFFFFh
280000h 40000h (512 Kbytes) 0 40000h | 1 o | 1 0 | 1 0 | o | 000Oh 280000h
\hank 5 < _____ BFFFFh _ 5 BFFFFh [ 1 0 1 1 0 1 1 FFFFh 2FFFFFh
2C0000h ) (512 Kbytes) 40000h ] 40000h 1 0 1 1 0 0 0 | 0000h 2C0000h
BFFFFh bank 5 BFFFFh | 1 1 0 0 1 1 1 | FFFFh 33FFFFh
300000h \ 40000h (512 Kbytes) 0 40000h 1 1 0 0 1 0 0 0000h 300000h
bank 6 < _____ BFFFFh _ 6 BFFFFh | 4 1 o | 1 0o | 1 1 | FFFFh 37FFFFh
340000h j(S‘IZ Kbytes) 40000h 1 40000h 1 1 0 1 0 0 0 0000h 340000h
_____ \ BFFFFh bank 6 BFFFFh | 1 1 1 0 1 1 1 FFFFh 3BFFFFh
Program A 3800000 \ 40000h / (512 Kbytes) 40000n [ 1 [ 1| 1 | o] 1] o] o[ oooon 380000h
or data y bank 7 ./ ____BFFFFh__ 7FFFFh | 1 1 1 0 1 1 1 | FFFFh 3BFFFFh
Program A 3C0000h (512 Kbytes) 80000h 1 1 1 1 0 0 0 | 0000h 3C0000h
ordata W 3pEEEER __BFFFFh - 0 BFFFFh | 1 1 1 1] 0 | 1 | 1 |FFFFh 3FFFFFh
C0000h 1 1 1 1 1 0 0 | 0000h 3C0000h
CFFFFh | 1 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 | A18 | N.C. [ A17 | A16 [A1510A0 4 Mbyte ROM
Address input for 4-Mbyte ROM access area

Figure 9.7 Relationship Between Addresses on 4-Mbyte ROM and Those on Microcomputer (1)
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M16C/64 Group 9. Memory Space Expansion Function

Memory expansion mode where PM13 = 1
ROM address Microcomputer address Output from the Microcomputer Pins
OFSbitinDBR  OFS bit in DBR ook Lops | Agess TS Output Address Output
register = 0 register = 1 CS3 | TS2 | CST| A19 | A18 | A17 | A16 |A15to AD
A 000000h bank 0 40000h 40000h | o 0 0 0 1 0 0 | 0000h 000000h
(256 Kbytes) 0 0 7FFFFh | o | o | o | o | 1 | 1 | 1 | Freen 03FFFFh
040000h bank o 40000h 40000h [ o | o [ o | 1 | 0o | o | o | ooooh 040000h
) 256 Kbyteg) " I7FFFFR | 0 | 0 | o | 1 | o | 1| 1 | e | o7FFFFN
080000h bank 1 40000h 40000h | o | o | 1 | o | 1 | o | o | oooonh 080000h
(256 Kbytes) O ZFrren | 0 [0 | 1 | o [ 1 | 1 | 1 | reeem O0BFFFFh
0C0000h bank 1 40000h ! 40000h [ o | o | 1 1 ] 0o | o | o | 0o0oh 0C0000h
) 256 Kbytes) ! TFFFFh | o | o | 1 | 1 | o | 1 | 1 | FFFFh OFFFFFh
100000h bank 2 40000h 40000h | o 1 0 0 1 0 0 | 0000h 100000h
)<255 Koytes) 5 O I7rrFFn | o | 1 | o | o | 1 | 1 | 1 | eeeen | 13FFFFR
140000h bank 2 40000h 40000h [ o | 1 | o | 1 | 0o | o | o | oooon 140000h
(256 Kbytes) " 7FFFFn | 0 | 1 | o | 1 | o | 1| 1 | e | 17FFFFn
180000h bank 3 40000h 0 40000h [ o | 1 | 1 | o | 1| o | o | 0000 180000h
Data only @ Kbytes% 3 7FFFFh | o | 1 1 o |1 1 1 | FFFFh 1BFFFFh
1C0000h bank 3 40000h 40000h | o 1 1 1 0 0 0 | 0000h 1C0000h
) 256 Kbytesr_) ! 7FFFFh | o 1 1 1 0 1 1 | FFFFh 1FFFFFh
200000h )bank 4 40000h 40000h | 1 | o | o | o | 1| o | o | oooon 200000h
(256 Kbytes) . O [7FFFFn [ 1 | 0 | o | o | 1 | 1 | 1 | eremm 23FFFFh
240000h ) bank 4 40000h 40000h | 1 | o | o | 1| o | o | o | oooon 240000h
256 Koyleg) o) " T7FFFFn | 1 | o | 0 | 1 | o | 1| 1 | eeeen | 27FFFFN
280000h bank 5 40000h 40000h | 1 | o | 1 ] o | 1 | o | o | oooon 280000h
(256 Kbytes) 5 O T7FFFFn | 1 |0 | 1 | o | 1 | + | 1 | reren | 2BFFFFh
2C0000h bank 5 40000h 40000h | 1 | o | 1| 1| o | o | o | ooooh 2C0000h
) 256 Kbytes) ! 7FFFFh | 1 | o | 1 | 1 | o | 1 | 1 | FFFFh 2FFFFFh
300000h )bank 6 40000h 40000h [ 1 | 1 | o | o | 1| o | o | 0000 300000h
(256 Kbytes) 6 O 7eFFFn | 1 | + | o | o | 1| 1+ | 1 | reren | 33FFFER
340000h bank 6 40000h 40000h | 1 1 0 | 1 0 | 0o | o | 0oooh 340000h
_ ) 256 Kbytes) " T7FRRFn | 1 | 1 | o | 1 | o | 1| 1 | eeeen | a7FFFFN
Program | 380000 bank 7 40000h 40000h | 1 1 1 0o | 1 0 | 0 | 0000h 380000h
_ordatay (256 Kbytes) 7 | o |7FFFER ] 4 |4 | x| o | x| 1 | 1 | Freen 3BFFFFh
Data onIyA 3C0000h )”fs%kxl 40000h 80000h Internal ROM access
VW 3FFFFFh ytes,g FFFFFh Internal ROM access|
40000h | 1 1 1 1 0 0 0 | 0000h 3C0000h
7 41 | 7FFFFh | 1 1 1 1 01 1 | FFFFh 3FFFFFh
80000h Internal ROM access|
FFFFFh Internal ROM access|
A21 | A20 | A9 | A18 | N.C. | A17 | A16 [A1510A0]  4-Mbyte ROM
Address input for 4-Mbyte ROM access area

Figure 9.8  Relationship Between Addresses on 4-Mbyte ROM and Those on Microcomputer (2)
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M16C/64 Group 9. Memory Space Expansion Function

Microprocessor mode
ROM address Microcomputer address Output from the Microcomputer Pins
OFSbitin DBR  OFS bitin DBR NEZ’L“H OFS Aﬁf::s TS Output Address Output

_ register = 0 register = 1 T53 | 52| ©5T | a19 | A18 [ A17 | A16 [A15t0 A0
A 000000h 40000h 0 40000n [ o | o 0 0 1 0 | o | 0000h 000000h
bank0 0 BFFFFh | o 0 0 1 0 1 1 FFFFh 07FFFFh
040000h (512 Kbytes) 40000h ; 40000h | o | o | o | 1| o | o | o | ooooh 040000h
BFFFFh bank 0 i BFFFFh [ o 0 1 0 1 1 1 | FFFFh O0BFFFFh
080000h 40000h (512 Kbytes) o 1400000 | o | o | 1] o] 1] oo | oo 080000h
bank 1 ___J_____BFFFFh_ ] BFFFFh | o 0 1 1 0 1 1 | FFFFh OFFFFFh
0C0000h (512 Kbytes) 40000h 1 40000h [ o | o | 1 | 1| o | o | o | ooooh 0C0000h
BFFFFh bank 1 . BFFFFh | o 1 0 0 1 1 1 | FFFFh 13FFFFh
100000h 40000h (512 Kbytes) 0 40000h [ o | 1 | o | o | 1 | o | o | ooooh 100000h
bank 2 ___J_____BFFFFh_ 5 BFFFFh | o 1 0 1 0 1 1 | FFFFh 17FFFFh
140000h (512 Kbytes) 40000h 1 40000h | o 1 0 1 0 | o | o | 0o0ooh 140000h
BFFFFh bank 2 BFFFFh [ o 1 1 0 1 1 1 FFFFh 1BFFFFh
180000h \ 40000h (512 Kbytes) 0 40000h | o | 1 1 | o | 1 | o | o | 0oooh 180000h
Data only bank 3 /. ____BFFFFh_ 3 BFFFFh | o 1 1 1 0 1 1 FFFFh 1FFFFFh
1C0000h (512 Kbytes) 40000h ’ 40000h 0 1 1 1 0 0 0 0000h 1C0000h
BFFFFh bank 3 . BFFFFh | 1 0 0 0 1 1 1 | FFFFh 23FFFFh
200000h \ 40000h (512 Kbytes) o |40000n | 4+ | o | o | o] 1| o | o | ooon 200000h
bank 4 ___/_ ____BFFFFh_ 4 BFFFFh [ 1 0 0 1 0 1 1 | FFFFh 27FFFFh
240000h ] (512 Kbytes) 40000h ’ 40000h 1 0 0 1 0 0 0 0000h 240000h
BFFFFh bank 4 . BFFFFh | 1 0 1 0 1 1 1 | FFFFh 2BFFFFh
280000h \ 40000h (512 Kbytes) 40000h 1 0 1 0 1 0 0 0000h 280000h
bank 5 ol ___BFFFFh_ s 0 BFFFFh | 1 0 1 1 g 1 | FFFFh 2FFFFFh
2C0000h } (512 Kbytes) 40000h 4 |40000h | v | o | 1| 1 | 0| o | o | oooon 2C0000h
BFFFFh bank 5 BFFFFh | 1 1 0 0 1 1 1 | FFFFh 33FFFFh
300000h \ 40000h (512 Kbytes) o [40000h | 1 | 4 [ o | o | 1| o] o oo 300000h
bank 6 ___J ___ _BFFFFh_ 6 BFFFFh | 1 1 0 1 0 1 1 FFFFh 37FFFFh
340000h ] (512 Kbytes) 40000h ’ 40000h 1 1 0 1 0 0 0 0000h 340000h
y BFFFFh bank 6 BFFFFh | 1 1 1 0 1 1 1 | FFFFh 3BFFFFh
Program 4% 3800000 bank 7 40000h (512 Koytes) ~ 40000 | 1 | 1 | 1 | o | 1| 0| o | 0000h 380000h
ordata y (G12Kbyles) BFFFFh TFFFFh [ 1 | 1 | 1 | o | 1 | 1 | 1 | FrFen 3BFFFFh
Program A 3C0000h COOOOh 7 0 80000h | 1 1 1 1 0 | o | o | 0000h 3C0000h
ordata W 3rrrrrh _FFFFFh - BFFFFh [ 1 1 1 1 0 1 1 FFFFh 3FFFFFh
C0000h | 1 1 1 1 1 0 0 | 0000h 3C0000h
FFFFFh | 1 1 1 1 1 1 1| FFFFh 3FFFFFh

A21 | A20 | A19 | A18 | NC. | A17 | A16 |A1510A0| 4. \byte ROM
Address input for 4-Mbyte ROM access area

Figure 9.9  Relationship Between Addresses on 4-Mbyte ROM and Those on Microcomputer (3)
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M16C/64 Group

10. Clock Generation Circuit

10. Clock Generation Circuit

10.1

Type of the Clock Generation Circuit

4 circuits are incorporated to generate the system clock signal:
» Main clock oscillation circuit
* Sub clock oscillation circuit
125 kHz on-chip oscillator
* PLL frequency synthesizer

Table 10.1 lists the Clock Generation Circuit Specifications. Figure 10.1 shows the System Clock Gener-

ation Circuit.

Figures 10.2 to 10.6 show the clock-related registers.

Table 10.1 Clock Generation Circuit Specifications
ltem Main Clock Sub Clock 125 kHz On-Chip PLL Frequency
Oscillation Circuit | Oscillation Circuit Oscillator Synthesizer
Use of Clock CPU clock source CPU clock source |CPU clock source CPU clock source

Peripheral function

Clock source of

Peripheral function

Peripheral function

clock source timer A and B. clock source clock source
CPU and peripheral
function clock
sources when the
main clock stops
oscillating
Clock Frequency |0 to 20 MHz 32.768 kHz About 125 kHz 10 to 25 MHz
Usable Oscillator | Ceramic oscillator | Crystal oscillator - - (1)
Crystal oscillator
Pins to Connect | XIN, XOUT XCIN, XCOUT - -1
Oscillator
Oscillation Stop, |Presence Presence Presence Presence
Restart Function
Oscillator Status | Oscillating Stopped Oscillating Stopped
After Reset
Other Externally derived clock can be input - -1
NOTE:

1. The PLL frequency synthesizer uses the main clock oscillation circuit as a reference clock source.
The items above are based on those of the main clock oscillation circuit.
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10. Clock Generation Circuit

CMO1 to CMO0O0 = 00b

CM10 = 1 (stop mode)

WAIT instruction ——

Subclock 1/0 ports
oscillation circuit PMO1 to PMOO = 00b, CMO1 to CM0O = 04b
XGIN XCOUT PMO1 to PMOO = 00b, CMO1 to CMO00 = 19b CLKoUT
PMO1 to PM0O = 00b,
fc32 CMO1 to CM00 = 11b
CMmo4 1132 |
Subclock
D4r
“ M.
8
cMm14 125K | 1Bk L
q on-chip -onip
ilat oscillator
oscillator clock [ 32
Oscillation foco-s
stop, 1
re-oscillation >
detection
m circuit
S Q
XIN PLL
frequenpy ble
R SY”F"hes'Zef D4INT clock
CM21 1 ivi
s clock Divider CPU clock
clock
Main clock CM21=0 BCLK
illation circui CM11
CMososcnlatlon circuit
/
CcM02 ﬁ); /,,,
/
/
s Q * 4 ) o %
I’ ‘\
R I’ _________________________

RESET
Software reset

NMI

PM24
Brown-out reset

Interrupt request level judgement output

Watchdog timer reset

Oscillation stop detect reset

PCLKO, PCLK1
CM21, CM27

CMO02, CM04, CM05, CM06, CMO7 : bits in the CMO register
CM10, CM11, CM14, CM16, CM17 : bits in the CM1 register
: bits in the PCLKR register

: bits in the CM2 register

Main clock ———

CMO06 = 0

C
12 F{P{ 1/2 12 L—(}—{ 12 }J
1/32
12 1/8 116
CMO6 = 0
CM17 to CM16 = 11b
CM06—1
CM17toCM16—10b
~o—d
CMO06 = 0

CM17 to CM16 = 01b

CM17 to CM16 = 00b

Details of the Divider

Oscillation Stop, Re-Oscillation Detection Circuit

Reset
Pulse generation CM27=0 generating |5 Oscillation stop
Main circuit for clock Charge / circuit detection reset
lock H edge detection — discharge "
cloc! and charge / circuit Oscillation stop, Oscillation stop,
discharge control O _ re-oscillation re-oscillation
CM27 =1 detection interrupt detection interrupt
generating circuit signal

CM21 switch signal

|

|
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Figure 10.1 System Clock Generation Circuit
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10. Clock Generation Circuit

System Clock Control Register 0 (")

7
8.
9

10

b7 b6 b5 bd b3 b2 b1 b0 Symbol Address After Reset
CMO 0006h 01001000b
HE ! b T
A R
b P i | Bit Symbol Bit Name Function RW
H oo !
[ A
[ T A T
I B R b1 b0
] ) ] i ] [
: i P | i i CMO0 | )60k output function select bit| 0 0 : I/O port P5_7
Vo E i i ! (valid only in single-chip 0 1:OutputfC RW
pb d 1 0:Outputf8
o) v mode) p
; | i E | | CMO1 1 1:Output f32
P
E i i E E i 0 : Peripheral function clock f1 does not
E E E I CM02 WAIT mode peripheral stop in wait mode RW
I E i function clock stop bit (19 1 : Peripheral function clock f1 stops in
Poba wait mode ®
] Vo
] ) ) i
| I L S . : .
v XCIN-XCOUT drive capacity select|0 : Low
A CMO3 it 1: High RW
o)
[ .
A 4 @) 0: 1/O ports P8_6, P8_7
b CMO4  |Port XC select bit 1: XCIN-XCOUT oscillation function © RW
] ] 1
] ] ]
b Main clock stop bit 0:0n
E e CMO5 (3,4, 10, 12, 13) P 1:0Off ® RW
b :
) ]
] . .
vl Main clock division 0: CM16 and CM17 enabled
poTTTTTTTTTTTTT CMO6 | select bit 0 71314 1 : Division-by-8 mode RW
)
E System clock select bit 0 : Main clock, PLL clock, or 125 kHz on-
B RO LEELEEEEES CMo7 (s,ym, 1,12) chip oscillator clock RW
1: Sub clock
NOTES :

. Rewrite this register after setting the PRCO bit in the PRCR register to 1 (write enabled).
. The CMO03 bit is set to 1 (high) while the CMO04 bit is set to 0 (1/O port) or when entering stop mode.
. This bit is provided to stop the main clock when the low power consumption mode or 125 kHz on-chip oscillator

low power dissipation mode is selected. This bit cannot be used for detection as to whether the main clock
stops or not. To stop the main clock, set bits as follows:
(a) Set the CMO7 bit to 1 (sub clock selected) with the sub-clock stably oscillates, or set the CM21 bit in
the CM2 register to 1 (125 kHz on-chip oscillator selected).
(b) Set the CM20 bit in the CM2 register to 0 (oscillation stop, re-oscillation detection function
disabled).
(c) Set the CMO05 bit to 1 (stop).

. During external clock input, set the CMO05 bit to 0 (oscillate).
. When the CMO05 bit is set to 1, the XOUT pin is held “H”. Because the internal feedback resistor remains

connected, the XIN pin is pulled “H” to the same level as XOUT via the feedback resistor.

. After setting the CMO04 bit to 1 (XCIN-XCOUT oscillator function), wait until the sub-clock oscillates stably

before switching the CMO07 bit from 0 to 1 (sub clock).

. When entering stop mode, the CMO6 bit is set to 1 (divide-by-8 mode).

The fC32 and fOCO-S clock do not stop.

. To use a sub-clock, set this bit to 1. Also make sure ports P8_6 and P8_7 are directed for input, with no pull-

ups.
. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), this bit remains unchanged
even if writing to bits CM02, CM05, and CMO07.

11. When setting the PM21 bit to 1, set the CMO07 bit to 0 (main clock) before setting the PM21 bit to 1.
12. To use the main clock as the clock source for the CPU clock, set bits as follows.
(a) Set the CMO05 bit to O (oscillate).
(b) Wait the main clock oscillation stabilizes.
(c) Set bits CM11, CM21, and CMO07 to O.
13. When the CMO7 bit is set to 1 (sub clock) and the CMO05 bit is set to 1 (main clock stops), the
CMO6 bit is fixed to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capacity high).
14. To return from 125 kHz on-chip oscillator mode to high-speed or middle-speed mode, set bits CM06 and
CM15to 1.
Figure 10.2 CMO Register
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M16C/64 Group 10. Clock Generation Circuit

System Clock Control Register 1 ()

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
| | | 0]0 CM1 0007h 00100000b
R
O R B
E ! i i i i E Bit Symbol Bit Name Function RW
AR
! oo | +@e |0:Clockon
. E i i i CM10 | All clock stop control bit 1+ All clocks off (stop mode) RW
! ! P
! ! N . 0 : Main clock
1 1 [ 6.7)
i E E i i CM11 | System clock select bit 1 1+ PLL clock ® RW
RERE
A N S - -
i (b3-b2) Reserved bits Setto 0 RW
I
i i e CcM14 125 kHz on-chip oscillator stop |0 : 125 kHz on-chip oscillator on RW
! E bit ¢ 9 1 : 125 kHz on-chip oscillator off
[
N
. XIN-XOUT drive capacit 0:Low
v Y ] P y
bl CM15 1 select bit @ 1: High RW
(I
I b7 b6
. CM16 N g
: Main clock division select bit 1 | 0 O+ NO division mode
! @) 0 1 : Divide-by-2 mode RW
| 1 0: Divide-by-4 mode
cm17 1 1: Divide-by-16 mode

NOTES :

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

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

3. This bit is valid when the CMO6 bit is set to 0 (bits CM16 and CM17 enabled).

4. If the CM10 bit is set to 1 (stop mode), XOUT is held “H” and the internal feedback resistor is disconnected. Pins
XCIN and XCOUT are in high-impedance state. When the CM11 bit is set to 1 (PLL clock), or the CM20 bit in the
CM2 register is set to 1 (oscillation stop detection function enabled), do not set the CM10 bit to 1.

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

6. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), this bit remains unchanged even if
writing to bits CM10 and CM11. When the CSPRO bit in the CSPR register is set to 1 (count source protection
mode), this bit remains unchanged even if writing to the CM10 bit.

7. The CM11 bit is valid when bits CM07 and CM21 are set to 0.

8. The CM14 bit can be set to 1 (125 kHz on-chip oscillator off) when the CM21 bit is set to O (main clock or PLL
clock). When the CM21 bit is set to 1 (125 kHz on-chip oscillator clock), the CM14 bit is set to 0 (125 kHz on-chip
oscillator on) and remains unchanged even if writing 1 to this bit.

9. When the CSPRO bit in the CSPR register is set to 1 (count source protection mode), the CM14 bit is automatically
set to 0 (125 kHz on-chip oscillator on) and remains unchanged even if writing a 1 to this bit (125 kHz on-chip
oscillator does not stop).

Figure 10.3 CM1 Register
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Oscillation Stop Detection Register ()

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
| ool [ [ [] cM2 000Ch 0X000010b (11
T
Bit Symbol Bit Name Function RwW

0: Oscillation stop and re-oscillation

Oscillation stop and detection function disabled

o o e e

P I

-4 CM20 re-oscillation detection enable |, . o _—— RW
bit 7.9, 10.11) 1: Oscillation stop and re-oscillation
detection function enabled
System clock select bit 2 0: Main clock or PLL clock
----| OM21 leles i 1: 125 kHz on-chip oscillator clock RW
Oscillation stop and 0: (I;/Ieezlencgzck stops and re-oscillation not
““““ CM22 re-oscillation detection 1 Mai i RwW
4 : Main clock stops and re-oscillation
flag ¥
detected

_________ CM23 | XIN monitor flag ® 0: Main clock oscillates RO
1: Main clock stops

.............. (b5-b4) Reserved bits Setto 0 RW
................ (b_6) No register bit. If necessary, set to 0. Read as undefined value —
Operation select bit 0: Oscillation stop detection reset
................... CM27  [(when an oscillation stops and | 1: Oscillation stop, re-oscillation detection RW
re-oscillation is detected) (' interrupt

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

2. When the CM20 bit is set to 1 (oscillation stop and re-oscillation detection function enabled), the CM27 bit is
set to 1 (oscillation stop and re-oscillation detection interrupt), and the CPU clock source is the main clock, the
CM21 bit is set to 1 (125 kHz on-chip oscillator clock) if the main clock stop is detected.

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

4. This bit is set to 1 when the main clock stop is detected and the main clock re-oscillation is detected. When
this flag changes state from 0 to 1, an oscillation stop or a re-oscillation detection interrupt is generated. Use
this bit in an interrupt routine to determine the factors of interrupts between the oscillation stop, re-oscillation
etection interrupt and the watchdog timer interrupt. This bit is set to 0 by writing 0 in a program.

(This bit remains unchanged even if a 1 is written. Nor is it set to 0 when an oscillation stop or a re-oscillation
detection interrupt request is acknowledged.) When the CM22 bit is set to 1 and an oscillation stop or a re-
oscillation is detected, an oscillation stop or a re-oscillation detection interrupt is not generated.

5. Determine the main clock status by reading the CM23 bit several times in an oscillation stop or a re-oscillation
detection interrupt routine.

6. This bit is valid when the CMO07 bit in the CMO register is set to 0.

7. When the PM21 bit in the PM2 register is set to 1 (disable clock modification), this bit remains unchanged even
if writing to the CM20 bit.

8. When the CM20 bit is set to 1 (oscillation stop and re-oscillation detection function enabled), the CM27 bit is 1
(oscillation stop and re-oscillation detection interrupt), and the CM11 bit is set to 1 (PLL clock is selected as
the CPU clock source), the CM21 bit remains unchanged even if a main clock stop is detected. When the
CM22 bit is set to 0 under these conditions, an oscillation stop, a re-oscillation detection interrupt request is
generated at main clock stop detection. Set the CM21 bit to 1 (125 kHz on-chip oscillator clock) in the interrupt
routine.

9. Set the CM20 bit to 0 (disabled) before entering stop mode. Exit stop mode before setting the CM20 bit back to
1 (enabled).

10. Set the CM20 bit in the CM2 register to 0 (disabled) before setting the CMO05 bit in the CMO register to 1 (main
clock stops).

11. Bits CM20, CM21, and CM27 remain unchanged at the oscillation stop detection reset.

12. When the CM21 bit is set to 0 (main clock or PLL clock) and the CMO05 bit is set to 1 (main clock stops), the
CMO0B6 bit is fixed to 1 (divide-by-8 mode) and the CM15 bit is fixed to 1 (drive capacity high).

Figure 10.4 CM2 Register
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Peripheral Clock Select Register ()

b7 b6 b5 b4 b3 b2 b1 bo Symbol Address After Reset
lo[oJo]oofo] | |  Pckr 0012h 00000011b
T T T T T T

Bit Symbol Bit Name Function RW

Timers A and B clock select bit .

PCLKO |(clock source for Timers A, B, 0 ) f2TIMAB RW
. ) :f1TIMAB

and the dead time timer)

SI/O clock select bit
(clock source for UARTO to 0:f2SI0

=N

PCLK1 UART2, UART5 to UART7, SI/|1: f1SIO RW
03, and S1/04)
(b7-b2) Reserved bits Set to 0. Read as undefined value RW
NOTE :
1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enabled).
Processor Mode Register 2 ()
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
0 PM2 001Eh XX000X01b
[ : [ I
BRI
o i ¢ tor L] Bit Symbol Bit Name Function RW
P
A Specifyi it wh .
I pecifying wait when .
Pbbd ot b i pM20  |accessing SFRat PLL 0:2 waits RW
[ T R A B tion @ 1:1 wait
P Pl operation
]
E E i i i E E PM21 System clock protection bit 0 : Clock is protected by PRCR register RW
ot T &4 1 : Clock modification disabled
[}
REERE
1 1 _
i E i i i L (b2) No register bit. If necessary, set to 0. Read as undefined value —
I
b
A _
1 L et it
i i i E (b3) Reserved bit Setto 0 RW
Voo
Voo
[ - . .
R R PM24  |P8_5 /N function select bit @ |0 * Port P8_S function RW
P 1 : NMI function
A
o ! . . . .
i E e PM25 D4INT clock provide enable b|t(5) 0 : prov!de enabled RW
(. 1 : provide disabled
P
1 1
S aGEEEEE Ly (b7Tb6) No register bits. If necessary, set to 0. Read as undefined value —

NOTES :
1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).
2. The PM20 bit becomes effective when the PLCO7 bit in the PLCO register is set to 1 (PLL on). Change the PM20
bit when the PLCO7 bit is set to 0 (PLL off).
3. Once this bit is set to 1, it cannot be cleared to 0 in a program.
4. If the PM21 bit is set to 1, writing to the following bits has no effect:
CMO02 bit in CMO register
CMO5 bit in CMO register (main clock does not stop)
CMO7 bit in CMO register (clock source for the CPU clock does not change)
CM10 bit in CM1 register (stop mode is not entered)
CM11 bit in CM1 register (clock source for the CPU clock does not change)
CM20 bit in CM2 register (oscillation stop and re-oscillation detection function settings do not change)
All bits in PLCO register (PLL frequency synthesizer settings do not change)
Be aware that the WAIT instruction cannot be executed when the PM21 bit = 1.
5. When using low voltage detection interrupt, set the PM25 bit to 1 (provide enabled).

Figure 10.5 PCLKR Register and PM2 Register
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PLL Control Register 0 (1-2)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
PLCO 001Ch 0X01X010b
HE
T R A I
H E [ i ! i Bit Symbol Bit Name Function RW
: ] : : : 1 H I
AR i i b2 b1 bo
1 1 1
Ppor ot == PLCOO 0 0 O0:Donotset RW
i i i i ; i E 0 0 1:Multiplyby 2
I A B L 0 1 0:Multiply by 4
bbb Ll pLcor ;';I'ég‘g::'g'}””g factor 0 1 1:Multiply by 6 RW
o Pl | 1 0 0:Multiply by 8
P 1.0 1:
i E i E i lomeeee PLCO2 1 1 0: | Donot set RW
[ T T B 1 1 1:
] [} [} ]
1 ] [} ]
I _
T S R SN Reserved bit Read as undefined value RO
o (b3)
ERR
[ ] b5 b4
: : : e e PLCO4 0 O :Nodivision RW
I Reference frequency counter SN
P set bit @ 0 1:Divide-by-2
I PLCO5 1 0: Divide-by-4 RW
[ 1 1:Do not set
B
1 ] J—
I (b6) No register bit. If necessary, set to 0. Read as undefined value —
]
1
1
1
e e e, PLCO7 |Operation enable bit ¢4) (1) : IFD)IEt g]: RW

NOTES :
1. Write to this register after setting the PRCO bit in the PRCR register to 1 (write enabled).
2. When the PM21 bit in the PM2 register is 1 (clock modification disabled), writing to this register has no
effect.
3. Bits PLCOO0 to PLC02, PLCO04, and PLC5 can only be modified when the PLCO7 bit = 0 (PLL turned off). The
value once written to this bit cannot be modified.
4. Before setting the PLCO7 bit to 1, set the CMO05 bit to 0 (main clock oscillation).

Figure 10.6 PLCO Register
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M16C/64 Group 10. Clock Generation Circuit

The following describes the clocks generated by the clock generation circuit.

10.1.1 Main Clock

This clock is provided by the main clock oscillation circuit and used as the clock source for the CPU and
peripheral function clocks. The main clock oscillation circuit is configured by connecting a resonator
between pins XIN and XOUT. The main clock oscillation circuit contains a feedback resistor, which is dis-
connected from the oscillation circuit during stop mode in order to reduce the amount of power consumed
in the chip. The main clock oscillation circuit may also be configured by feeding an externally generated
clock to the XIN pin. Figure 10.7 shows the Examples of Main Clock Connection Circuit.

The power consumption in the chip can be reduced by setting the CMO05 bit in the CMO register to 1 (main
clock oscillation circuit turned off) after switching the clock source for the CPU clock to a sub clock or 125
kHz on-chip oscillation clock. In this case, XOUT goes “H”. Furthermore, because the internal feedback
resistor remains on, XIN is pulled “H” to XOUT via the feedback resistor.

During stop mode, all clocks including the main clock are turned off. Refer to 10.4 “Power Control” for

details.
Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
CIN
XIN I |— XIN | -«—— External clock
Oscillator C3
| e LU
XOUT—AAN\—e— |—o VSS
Rd ™ couT
VSS T XOUT| Open
/
NOTE :
1. Place a damping resistor if required. The resistance will vary depending on the
oscillator and the oscillation drive capacity setting. Use the value recommended by
each oscillator manufacturer.
When the oscillation drive capacity is set to low, check if oscillation is stable at low.
Also, place a feedback resistor between XIN and XOUT if the oscillator manufacturer
recommends placing the resistor externally.

Figure 10.7 Examples of Main Clock Connection Circuit
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M16C/64 Group 10. Clock Generation Circuit

10.1.2 Sub Clock

The sub clock is generated by the sub clock oscillation circuit. This clock is used as the clock source for
the CPU clock, as well as the timer A and timer B count sources. In addition, an fC clock with the same
frequency as that of the sub clock can be output from the CLKOUT pin.

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

Figure 10.8 shows the Examples of Sub Clock Connection Circuit.

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

To use the sub clock for the CPU clock, set the CMO7 bit in the CMO register to 1 (sub clock) after the
sub clock becomes oscillating stably.

During stop mode, all clocks including the sub clock are turned off. Refer to 10.4 “Power Control” for

details.
Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)

CCIN

XCINf————o—}— XCIN |<«—— External clock
Oscillator T
T e LI

XCOUTHAANN\—o— |—o VsS
RCA™M  ccout

VSS j XCOUT| Open

/

NOTE :

1. Place a damping resistor if required. The resistance will vary depending on the
oscillator and the oscillation drive capacity setting. Use the value recommended by
each oscillator manufacturer.

When the oscillation drive capacity is set to low, check if oscillation is stable at low.
Also, place a feedback resistor between XCIN and XCOUT if the oscillator
manufacturer recommends placing the resistor externally.

Figure 10.8 Examples of Sub Clock Connection Circuit
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M16C/64 Group 10. Clock Generation Circuit

10.1.3 125 kHz On-Chip Oscillator Clock (fOCO-S)

This clock, approximately 125 kHz, is supplied by 125 kHz on-chip oscillator. This clock is used as the
clock source for the CPU and peripheral function clocks. In addition, if the CSPRO bit in the CSPR reg-
ister is 1 (count source protection mode enabled), this clock is used as the count source for the watch-
dog timer (Refer to 13.2 “Count Source Protection Mode Enabled”).

After reset, the 125 kHz on-chip oscillator divided by 8 provides the CPU clock. It stops when the CM14
bit in the CM1 register is set to 0 (125 kHz on-chip oscillator stops). If the main clock stops oscillating
when the CM20 bit in the CM2 register is 1 (oscillation stop, re-oscillation detection function enabled)
and the CM27 bit is 1 (oscillation stop, re-oscillation detection interrupt), the 125 kHz on-chip oscillator
automatically starts operating and supplying the necessary clock for the microcomputer.

10.1.4 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 turned off. The
PLL frequency synthesizer is activated by setting the PLCO7 bit to 1 (PLL operation). When the PLL
clock is used as the clock source for the CPU clock, wait for tsu (PLL) until the PLL clock to be stable,
and then set the CM11 bit in the CM1 register to 1.

Before entering wait mode or stop mode, be sure to set the CM11 bit to 0 (CPU clock source is the
main clock). Furthermore, before entering stop mode, be sure to set the PLCO7 bit in the PLCO register
to O (PLL stops). Figure 10.10 shows the Procedure to Use PLL Clock as CPU Clock Source.

The PLL clock is the main clock divided by the selected values of bits PLC05 and PLCO04 in the PLCO
register, and then multiplied by the selected values of bits PLC02 to PLCO00. Set bits PLC05 and PLC04
to fit divided frequency between 2 MHz and 5 MHz. Figure 10.9 shows the Relation between the Main
Clock and the PLL Clock.

Main clock ——»| Divided by n T> Multiplied by m TP PLL clock

n :1,2,4 (selected by bits PLC05 and PLCO04 in the PLCO register)
m :2,4,6, 8 (selected by bits PLC02 to PLCO0O in the PLCO register)

NOTES :
1. Set the frequency divided by n between 2 MHz and 5 MHz.
2. Set 10 MHz < PLL clock frequency < 25 MHz

Figure 10.9 Relation between the Main Clock and the PLL Clock
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10. Clock Generation Circuit

Bits PLCO05 and PLCO04 and bits PLC02 to PLCOO0 can be set only once after reset. Table 10.2 shows
the Example for Setting PLL Clock Frequencies.

Table 10.2  Example for Setting PLL Clock Frequencies

. Setting Value
Main Clock e P05 and PLCO4 Bits PLCO2 to PLCO0 PLL Clock
10 MHz 01b (divided by 2) 010b (multiplied by 4) |20 MHz
5 MHz 00b (not divided) 010b (multiplied by 4)
12 MHz 10b (divided by 4) 700b (multiplied by 8) | 24 MHz
6 MHz 01b (divided by 2) 700b (multiplied by 8)
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C Using the PLL clock as the clock source for the CPU )

Set the CMO7 bit to 0 (main clock)

Set bits PLC05 and PLC04 (reference clock divided).
Set bits PLC02 to PLCO0 (multiplying factor)

Set the PLCO7 bit to 1 (PLL operation)

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

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

( END >

Figure 10.10 Procedure to Use PLL Clock as CPU Clock Source
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10.2 CPU Clock and Peripheral Function Clock

Two types of clock exists: CPU clock to operate the CPU
Peripheral function clocks to operate the peripheral functions.

10.2.1 CPU Clock and BCLK

These are operating clocks for the CPU and watchdog timer.

The main clock, sub clock, 125 kHz on-chip oscillator clock, or the PLL clock can be selected as the
clock source for the CPU clock.

When the main clock, PLL clock, or 125 kHz on-chip oscillator clock is selected as the clock source for
the CPU clock, the selected clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the
CPU clock. Use the CMO06 bit in the CMO register and bits CM17 and CM16 in the CM1 register to
select a divide-by-n value.

After reset, the 125 kHz on-chip oscillator clock divided by 8 provides the CPU clock.

During 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 PMO07 bit in the PMO register to 0 (output
enabled).

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).
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10.2.2 Peripheral Function Clock (f1, fC32)

These are operating clocks for the peripheral functions.

f1 is produced from the main clock, the PLL clock, or the 125 kHz on-chip oscillator clock, and is used
for timers A and B, UARTO to UART2, UARTS5 to UART7, SI/O3, SI/O4, and 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), or when the microcomputer is in low power consumption
mode, the f1 clock is turned off.

The fC32 clock is produced from the sub clock, and is used for timers A and B. This clock can be used
when the sub clock is on.

fOCO-S is used for timers A and B. fOCO-S can be used when the CM14 bit in the CM1 register is set
to 0 (125 kHz on-chip oscillator oscillates).

Figure 10.11 shows the Peripheral Function Clock.

[1/32 ]_fC32 J . L
fC S - — Timer A, Timer B
f0CO-S fOCO-S | er A, e

UARTO to UART2

Main clock

CMO02

PLL clock —O
CM11 =1

CM21 =0 SI/03, S1/04

*—| UARTS to UART7

A/D converter

Figure 10.11 Peripheral Function Clock

10.3 Clock Output Function

During single-chip mode, the 8, f32, or fC clock can be output from the CLKOUT pin. Use bits CM01 and
CMOO in the CMO register to select.
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10.4 Power Control

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

10.4.1 Normal Operating Mode

Normal operating mode is further classified into seven modes.

In normal operating mode, because the CPU clock and the peripheral function clocks both are on, the
CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU
clock frequency. The higher the CPU clock frequency, the greater the processing capability. The lower
the CPU clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator
circuits are turned off, the power consumption is further reduced.

Before the clock sources for the CPU clock can be switched over, the new clock source to which
switched must be oscillating stably. If the new clock source is the main clock, sub clock, or PLL clock,
allow a sufficient wait time in a program until it becomes oscillating stably.

When the CPU clock source is changed from the 125 kHz on-chip oscillator to the main clock, change
the operating mode to the medium speed mode (divided by 8 mode) after the clock was divided by 8
(the CMO06 bit in the CMO register was set to 1) in the 125 kHz on-chip oscillator mode.

10.4.1.1 High-speed Mode

The main clock divided by 1 provides the CPU clock. If the sub clock is on, fC32 can be used as the
count source for timers A and B.

10.4.1.2 PLL Operating Mode

The PLL clock serves as the CPU clock. If the sub clock is on, fC32 can be used as the count source
for timers A and B. If fOCO-S is oscillating, fOCO-S can be used as the count source for timers A and
B. PLL operating mode can be entered from high-speed mode or medium-speed mode. If PLL oper-
ating mode is to be changed to wait or stop mode, first go to high-speed mode or medium-speed
mode before changing.

10.4.1.3 Medium-Speed Mode

The main clock divided by 2, 4, 8, or 16 provides the CPU clock. If the sub clock is on, fC32 can be
used as the count source for timers A and B. If fOCO-S is oscillating, fOCO-S can be used as the
count source for timers A and B.

10.4.1.4 Low-Speed Mode

The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral
function clock when the CM21 bit in the CM2 register is set to 0 (main clock or PLL clock), and the
125 kHz on-chip oscillator clock is used when the CM21 bit is set to 1 (125 kHz on-chip oscillator
clock).

The fC32 clock can be used as the count source for timers A and B.

10.4.1.5 Low Power Consumption Mode

In this mode, the main clock is turned off after being placed in low speed mode. The sub clock pro-
vides the CPU clock. The fC32 clock can be used as the count source for timers A and B. If f{OCO-S
is oscillating, fOCO-S can be used as the count source for timers A and B.

Simultaneously when this mode is selected, the CMO06 bit in the CMO register becomes 1 (divided by
8 mode). In the low power consumption mode, do not change the CMO06 bit. Consequently, the
medium-speed (divided by 8) mode is to be selected when the main clock is operated next.
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10.4.1.6 125 kHz On-Chip Oscillator Mode

The 125 kHz on-chip oscillator clock divided by 1 (undivided), 2, 4, 8, or 16 provides the CPU clock.
The 125 kHz on-chip oscillator clock is also the clock source for the peripheral function clocks. If the
sub clock is on, fC32 can be used as the count source for timers A and B. When the operating mode
is returned to the high- and medium-speed modes, set the CMO6 bit in the CMO register to 1 (divided
by 8 mode).

10.4.1.7 125 kHz On-Chip Oscillator Low Power Consumption Mode
The main clock is turned off after being placed in 125 kHz on-chip oscillator mode. The CPU clock
can be selected as in the 125 kHz on-chip oscillator mode. The 125 kHz on-chip oscillator clock is the
clock source for the peripheral function clocks. If the sub clock is on, fC32 can be used as the count
source for timers A and B.

Table 10.3  Setting Clock Related Bit and Modes

CM2
Mode R(tagris- CM1 Register CMO Register
CM21 | CM11 | CM14 | CM17,CM16 | CM07 | CM06 | CMO5 | CM04
PLL divided by 1 |0 1 - 00b 0 0 0 -
Operating divided by 2 |0 1 - 01b 0 0 0 -
Mode divided by 4 [0 1 - 10b 0 0 0 -
divided by 8 |0 1 - - 0 1 0 -
divided by 16 |0 1 - 11b 0 0 0 -
High-Speed Mode 0 0 - 00b 0 0 0 -
Medium- divided by 2 |0 0 - 01b 0 0 0 -
Speed Mode |divided by 4 |0 0 - 10b 0 0 0 -
divided by 8 |0 0 - - 0 1 0 -
divided by 16 |0 0 - 11b 0 0 0 -
Low-Speed Mode - 0 - - 1 - 0 1
Low Power Consumption 0 0 - - 1 1M |11 |1
Mode
125 kHz divided by 1 |1 0 0 00b 0 0 0 -
On-chip divided by 2 |1 0 0 01b 0 0 0 -
Oscillator divided by 4 |1 0 0 10b 0 0 0 -
Mode divided by 8 |1 0 0 - 0 1 0 -
divided by 16| 1 0 0 11b 0 0 0 -
125 kHz On-Chip Oscillator |1 0 0 (2) 0 (2) 1 -
Low Power Consumption
Mode
- indicates that either 0 or 1 is set.
NOTES:

1. When the CMO05 bit is set to 1 (main clock turned off) in low-speed mode, the mode goes to low
power consumption mode and the CMO6 bit is set to 1 (divided by 8 mode) simultaneously.
2. The divide-by-n value can be selected the same way as in 125 kHz on-chip oscillator mode.
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10.4.2 Wait Mode

In wait mode, the CPU clock is turned off, so are the CPU and the watchdog timer because they are
operated by the CPU clock. However, if the CSPRO bit in the CSPR register is 1 (count source protec-
tion enabled), the watchdog timer remains active. Because the main clock, sub clock, and 125 kHz on-
chip oscillator clock all are on, the peripheral functions using these clocks keep operating.

10.4.2.1 Peripheral Function Clock Stop Function

If the CMO2 bit in the CMO register is 1 (peripheral function clock f1 turned off during wait mode), the
f1 clock is turned off while in wait mode, with the power consumption reduced that much. However,
fC32 and fOCO-S (clock source of Timers A and B) remain on for the CMO02 bit.

10.4.2.2 Entering Wait Mode

The microcomputer is placed into wait mode by executing the WAIT instruction.

When the CM11 bit = 1 (CPU clock source is the PLL clock), be sure to clear the CM11 bit in the CM1
register to 0 (CPU clock source is the main clock) before going to wait mode. The power consumption
of the chip can be reduced by clearing the PLCO7 bit in the PLCO register to 0 (PLL stops).

10.4.2.3 Pin Status during Wait Mode
Table 10.4 lists Pin Status during Wait Mode.

Table 10.4  Pin Status during Wait Mode

A0 to A19, DO to D15, Retains status just prior to enter- | Cannot be used as a bus control pin
CSO0 to CS3, BHE ing wait mode
RD, WR, WRL, WRH “H”
HLDA, BCLK “H”
ALE “L”
I/0O ports Retains status just prior to enter- | Retains status before wait mode
ing wait mode
CLKOUT When fC Cannot be used as a CLKOUT | Does not stop
selected pin
When f8, 32 Does not stop when the CM02 bit is 0.
selected When the CMO02 bit is 1, the status
immediately prior to entering wait
mode is maintained
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10.4.2.4 Exiting Wait Mode

The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt, low voltage detec-
tion interrupt or peripheral function interrupt.

If the microcomputer is to exit wait mode by a hardware reset, NMI interrupt, or low voltage detection
interrupt, set the peripheral function interrupt bits ILVL2 to ILVLO to 000b (interrupts disabled) before
executing the WAIT instruction.

The peripheral function interrupts are affected by the CM02 bit. If the CMO02 bit is 0 (peripheral func-
tion clocks not turned off during wait mode), peripheral function interrupts can be used to exit wait
mode. If the CMO02 bit is 1 (peripheral function clocks turned off during wait mode), the peripheral
functions using the peripheral function clocks stop operating, so that only the peripheral functions
activated by external signals can be used to exit wait mode.

Table 10.5 Resets and Interrupts to Exit Wait Mode and Use Conditions

Reset, Interrupt CM02=0 CM02 =1
NMI Interrupt Usable Usable
Serial Interface Interrupt | Usable when operating with internal or Usable when operating with exter-
external clock nal clock
Key Input Interrupt Usable Usable
A/D Conversion Usable in one-shot mode or single sweep |Do not use
Interrupt mode
Timer A Interrupt Usable in all modes Usable in event counter mode or
Timer B Interrupt when the count source is fC32
INT Interrupt Usable Usable
Low Voltage Detection |Usable Usable
Interrupt
Hardware Reset 1 Usable
Brown-out Reset Usable (See 6.1 Brown-out Reset)
Watchdog Timer Reset | Usable when count source protection mode is enabled (CSPRO = 1)

Table 10.5 lists the Resets and Interrupts to Exit Wait Mode and Use Conditions.
If the microcomputer is to be moved out of wait mode by a peripheral function interrupt, set up the fol-
lowing before executing the WAIT instruction.

(1) Set bits ILVL2 to ILVLO in the interrupt control register, for peripheral function interrupts used to
exit wait mode.
Bits ILVL2 to ILVLO in all other interrupt control registers, for peripheral function interrupts not
used to exit wait mode, are set to 000b (interrupt disabled).

(2) Set the | flag to 1.

(3) Start operating the peripheral functions used to exit wait mode.
When the peripheral function interrupt is used, an interrupt routine is performed after an interrupt
request is generated and then the CPU clock is supplied again.

When the microcomputer exits wait mode by the peripheral function interrupt, the CPU clock is the
same clock as the CPU clock executing the WAIT instruction.
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10.4.3 Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function
clocks.

Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least
amount of power is consumed in this mode. If the voltage applied to pins VCC1 and VCC2 is VRAM or
greater, the internal RAM is retained. When applying 2.7 or less voltage to pins VCC1 and VCC2, make
sure VCC1 =VCC2 > VRAM.

However, the peripheral functions activated by external signals keep operating. The following resets
and interrupts can be used to exit stop mode. Table 10.6 lists Resets and Interrupts to Stop Mode and
Use Conditions

Table 10.6  Resets and Interrupts to Stop Mode and Use Conditions

Reset, Interrupt Condition
NMI Interrupt Usable
Key Input Interrupt Usable
INT Interrupt Usable
Timer A Interrupt Usable when counting external pulses in event counter
Timer B Interrupt mode
Serial Interface Interrupt Usable when external clock is selected
Low Voltage Detection Interrupt Usable (See 6.2 Low Voltage Detection Interrupt)
Hardware Reset 1 Usable
Brown-out Reset Usable when digital filter is disabled (VWOC = 1)

10.4.3.1 Entering Stop Mode

The microcomputer is placed into stop mode by setting the CM10 bit in the CM1 register to 1 (all
clocks turned off). At the same time, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode)
and the CM15 bit in the CM1 register is set to 1 (main clock oscillator circuit drive capability high).
Before entering stop mode, set the CM20 bit in the CM2 register to 0 (oscillation stop, re-oscillation
detection function disabled).

Also, if the CM11 bit in the CM1 register is 1 (PLL clock for the CPU clock source), set the CM11 bit to
0 (main clock for the CPU clock source) and the PLCOQ7 bit in the PLCO register to 0 (PLL turned off)
before entering stop mode.

10.4.3.2 Pin Status in Stop Mode
Table 10.7 lists Pin Status in Stop Mode.

Table 10.7  Pin Status in Stop Mode

. Memory Expansion Mode . .

Pin Micrc%rocissor Mode Single-Chip Mode
A0 to A19, DO to D15, Retains status just prior to stop mode [Cannot be used as a bus control pin
CS0 to CS3, BHE
RD, WR, WRL, WRH “H”
HLDA, BCLK “H”
ALE indeterminate
I/O ports Retains status just prior to stop mode | Retains status just prior to stop mode
CLKOUT Cannot be used as a CLKOUT pin |“H”
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10.4.3.3 Exiting Stop Mode

Stop mode is exited by a hardware reset, NMI interrupt, low voltage detection interrupt, or peripheral
function interrupt.
When the hardware reset, NMI interrupt, or low voltage detection interrupt is used to exit stop mode,
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.
When the peripheral function interrupt is used to exit stop mode, set the CM10 bit to 1 after the fol-
lowing settings are completed.
(1) Set bits ILVL2 to ILVLO in the interrupt control registers to decide the peripheral priority level of
the peripheral function interrupt.
Set the interrupt priority levels of the interrupts, not being used to exit stop mode, to 0 by setting
bits ILVL2 to ILVLO to 000b (interrupt disabled).
(2) Setthe | flag to 1.
(3) Start operation of peripheral function being used to exit stop mode.
When exiting stop mode by the peripheral function interrupt, the interrupt routine is performed
after an interrupt request is generated and then the CPU clock is supplied again.
When stop mode is exited by the peripheral function interrupt, low voltage detection interrupt, or NMI
interrupt, the CPU clock source is as follows, in accordance with the CPU clock source setting before
the microcomputer had entered stop mode.
* When the sub clock is the CPU clock before entering stop mode: sub clock
* When the main clock is the CPU clock source before entering stop mode: main clock divided by 8
* When the 125 kHz on-chip oscillator clock is the CPU clock source before entering stop mode: 125
kHz on-chip oscillator clock divided by 8
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Figure 10.12 shows the power Control Transition

Power Control Mode State Transition

Reset

Normal Operation
( Mode / v \ \
125 kHz on-chip oscillator mode
CM07 =0, CM21 =1
CM14=0,CM05=0
125 kHz on-chip oscillator
low power consumption mode
CMO05 = 1, CM07 = 0
CM14=0,CM21 =1
PLL operation mode zlﬁf 17 z g High-speed mode, Low-speed mode
CMO5 =0 - medium-speed mode CM04 =1, CMOS5 = 0, CM07 =1
CMO7 =0 CMO05 =0
CM11 =1 CMo7 =0 Low power
cM21 =0 cM11=0 consumption mode
CM11 =1 - CM04 = 1, CMO5 = 1
PLCO7 =1 CM21 =0 ,
PLCO7 =1 CMO07 =1

WAIT instruction

CPU operation stopped

Interrupt

CMO04, CM05, CM06, CMO7: bits in the CMO register
CM11, CM14, CM16, CM17: bits in the CM1 register
CM21: bits in the CM2 register

Interrupt CM10=1

Stop mode

All the oscillations stopped

Figure 10.12 Power Control Transition
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10.5 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 by an unex-
pected program operation.
When the PM21 bit in the PM2 register is set to 1 (clock change disabled), the following bits cannot be
written to:

* Bits CM02, CMO05, and CMO07 in the CMO register

* Bits CM10 and CM11 in the CM1 register

* The CM20 bit in the CM2 register

* All bits in the PLCO register

When using the system clock protection function, set the CM05 bit in the CMO register to 0 (main clock
oscillation) and CMOQ7 bit to 0 (main clock as CPU clock source) and follow the procedure below.

(1) Set the PRCA1 bit in the PRCR register to 1 (write to the 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 the PM2 register disabled).
When the PM21 bit is set to 1, do not execute the WAIT instruction.
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10.6 Oscillation Stop and Re-Oscillation Detect Function

The oscillation stop and re-oscillation detect function is such that main clock oscillation circuit stop and re-
oscillation are detected. At oscillation stop or re-oscillation detection, reset oscillation stop or re-oscillation
detection interrupt are generated. Which is to be generated can be selected using the CM27 bit in the
CM2 register. The oscillation stop and re-oscillation detect function can be enabled and disabled by the
CM20 bit in the CM2 register. Table 10.8 lists a Specification Overview of Oscillation Stop and Re-Oscilla-
tion Detect Function.

Table 10.8  Specification Overview of Oscillation Stop and Re-Oscillation Detect Function

ltem 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, Reset occurs (when CM27 bit = 0)
Re-Oscillation Detection Oscillation stop, re-oscillation detection interrupt generated
(when CM27 bit = 1)

10.6.1 Operation When CM27 bit = 0 (Oscillation Stop Detection Reset)

When main clock stop is detected when the CM20 bit is 1 (oscillation stop, re-oscillation detection func-
tion enabled), the microcomputer is initialized, coming to a halt (oscillation stop reset. Refer to 4. “ Spe-
cial Function Registers (SFRs)”, 5. “Reset”).

This status is reset with hardware reset 1 or brown-out reset. Also, even when re-oscillation is detected,
the microcomputer can be initialized and stopped; it is, however, necessary to avoid such usage (Dur-
ing main clock stop, do not set the CM20 bit to 1 and the CM27 bit to 0).

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

When the main clock corresponds to the CPU clock source and the CM20 bit is 1 (oscillation stop and
re-oscillation detect function enabled), the system is placed in the following state if the main clock
comes to a halt.

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

* CM14 bit = 0 (125 kHz on-chip oscillator clock oscillates)

* CM21 bit = 1 (125 kHz on-chip oscillator clock for CPU clock source and clock source of peripheral

function.)

* CM22 bit = 1 (main clock stop detected)

* CM23 bit = 1 (main clock stopped)
When the PLL clock corresponds to the CPU clock source and the CM20 bit is 1, the system is placed
in the following state if the main clock comes to a halt. Since the CM21 bit remains unchanged, set it to
1 (125 kHz on-chip oscillator clock) inside the interrupt routine.

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

* CM14 bit = 0 (125 kHz on-chip oscillator clock oscillates)

» CM22 bit = 1 (main clock stop detected)

* CM23 bit = 1 (main clock stopped)

* CM21 bit remains unchanged
When the CM20 bit is 1, the system is placed in the following state if the main clock re-oscillates from
the stop condition.

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

* CM14 bit = 0 (125 kHz on-chip oscillator clock oscillates)

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

* CM23 bit = 0 (main clock oscillation)

* CM21 bit remains unchanged
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10.6.3 How to Use Oscillation Stop and Re-Oscillation Detect Function

* The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer
interrupt and low voltage detection interrupt. If the oscillation stop, re-oscillation detection and
watchdog timer interrupts both are used, read the CM22 bit in an interrupt routine to determine
which interrupt source is requesting the interrupt.

* When the main clock re-oscillated after oscillation stop, the clock source for the CPU clock and
peripheral functions must be switched to the main clock in a program. Figure 10.13 shows the Pro-
cedure to Switch Clock Source from 125 kHz On-chip Oscillator to Main Clock.

+ Simultaneously with oscillation stop and re-oscillation detection interrupt occurrence, the CM22 bit
becomes 1. When the CM22 bit is set to 1, oscillation stop and re-oscillation detection interrupt are
disabled. By setting the CM22 bit to 0 in a program, oscillation stop and re-oscillation detection
interrupt are enabled.

« If the main clock stops during low speed mode where the CM20 bit is 1, an oscillation stop and re-
oscillation detection interrupt request is generated. At the same time, the 125 kHz on-chip oscilla-
tor starts oscillating. In this case, although the CPU clock is derived from the sub clock as it was
before the interrupt occurred, the peripheral function clocks now are derived from the 125 kHz on-
chip oscillator clock.

* To enter wait mode while using the oscillation stop and re-oscillation detection function, set the
CMO02 bit to 0 (peripheral function clocks not turned off during wait mode).

* Since the oscillation stop and re-oscillation detection function is provided in preparation for main
clock stop due to external factors, set the CM20 bit to 0 (oscillation stop and re-oscillation detection
function disabled) where the main clock is stopped or oscillated in a program, that is where the
stop mode is selected or the CMO05 bit is altered.

* This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the
CM20 bit to 0.

( Switch the main clock J

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

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

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

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

( End ) Bits CM21 to CM23: bits in the CM2 register

Figure 10.13 Procedure to Switch Clock Source From 125 kHz On-chip Oscillator to Main Clock
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11. Protection

In the event that a program runs out of control, this function protects the important registers so that they will
not be rewritten easily. Figure 11.1 shows the PRCR Register. The following lists the registers protected by
the PRCR register.

* The PRCO bit protects registers CM0, CM1, CM2, PLCO, and PCLKR.

* The PRC1 bit protects registers PM0, PM1, PM2, TB2SC, INVCO, and INVCA1.

» The PRC2 bit protects registers PD9, S3C, and S4C.

» The PRC3 bit protects registers VCR2, D4INT, and VWOC.

* The PRCEG6 bit protects the PRG2C register.

Set the PRC2 bit to 1 (write enabled) and then write to given SFR address, and the PRC2 bit will be cleared
to 0 (write protected). The registers protected by the PRC2 bit should be changed in the next instruction
after setting the PRC2 bit to 1. Make sure no interrupts or DMA transfers will occur between the instruction
in which the PRC2 bit is set to 1 and the next instruction. Bits PRC0, PRC1, PRC3, and PRC6 are not auto-
matically cleared to 0 by writing to given SFR address. They can only be cleared in a program.

Protect Register ()

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
f fofof TT1] eprer 000An ooh
H T T
Bit Symbol Bit Name Function RW

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

0 : Write protected

1 : Write enabled

Enable write to registers PM0, PM1, PM2,
TB2SC, INVCO, and INVC1

0 : Write protected

1 : Write enabled

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

1 : Write enabled

Enable write to registers VCR2, D4INT,
. and VWOC
i PRC3 |Protect bit 3 0 : Write protected RW

1 : Write enabled

*=1 PRCO Protect bit 0 RwW

Ity PRC1 Protect bit 1 o

.............. (b5-b4) Reserved bits Setto 0 RW

Enable write to the PRG2C register
bossossssmsmees PRC6 Protect bit 6 0 : Write protected RwW
1 : Write enabled

___________________ (b7) Reserved bit Setto 0 RwW

NOTE :
1. The PRC2 bit is set to 0 by writing to given SFR address after setting it to 1. Other bits are not set to 0
automatically by the same token. Therefore, set them to 0 in a program.

Figure 11.1 PRCR Register
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12. Interrupt

12.1 Type of Interrupts
Figure 12.1 shows Type of Interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

~ Software ) .
(non-maskable interrupt) BRK instruction
INT instruction
/ —
Interrupt < NMI
DBC @
Watchdog timer
Special < Oscillation stop
(non-maskable interrupt) and re-oscillation detection
Low voltage detection
\. Hardware —_— Single step @
Peripheral function U L Address match
(maskable interrupt)
NOTES :
1. The peripheral functions in the microcomputer are used to generate the peripheral
interrupt.

2. Do not normally use this interrupt because it is provided exclusively for use by
development tools.

Figure 12.1 Type of Interrupts

» Maskable Interrupt : The interrupt priority can be changed by enabling (disabling) an inter-
rupt with the interrupt enable flag (I flag) or by using interrupt priority
levels.

* Non-Maskable Interrupt : The interrupt priority cannot be changed by enabling (disabling) an
interrupt with the interrupt enable flag (I flag) or by using interrupt prior-
ity levels.
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12.2 Software Interrupts

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

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

12.2.2 Overflow Interrupt

An overflow interrupt occurs when executing the INTO instruction with the O flag in the FLG register set
to 1 (the operation resulted in an overflow). The followings are instructions whose O flag changes by
arithmetic: ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

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

12.2.4 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63
can be specified for the INT instruction. Because software interrupt Nos. 2 to 31 and 41 to 51 are
assigned to peripheral function interrupts, the same interrupt routine as for peripheral function inter-
rupts can be executed by executing the INT instruction.

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

12.3.1 Special Interrupts
Special interrupts are non-maskable interrupts.

12.3.1.1 NMI Interrupt

An NMI interrupt is generated when input on the NMI pin changes state from high to low. For details
about the NMI interrupt, refer to 12.7 “NMI Interrupt”.

12.3.1.2 DBC Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development tools.

12.3.1.3 Watchdog Timer Interrupt

Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize
the watchdog timer. For details about the watchdog timer, refer to 13. “Watchdog Timer”.

12.3.1.4 Oscillation Stop and Re-Oscillation Detection Interrupt

Generated by the oscillation stop and re-oscillation detection function. For details about the oscilla-
tion stop and re-oscillation detection function, refer to 10. “Clock Generation Circuit”.

12.3.1.5 Low Voltage Detection Interrupt

Generated by the voltage detection circuit. For details about the voltage detection circuit, refer to 6.
“Voltage Detection Circuit”.

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

12.3.1.7 Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address
indicated by registers RMADO to RMAD3 that correspond to one of the AIERO or AIER1 bit in the
AIER register or the AIER20 or AIER21 bit in the AIERZ2 register which is 1 (address match interrupt
enabled). For details about the address match interrupt, refer to 12.9 “Address Match Interrupt”.

12.3.2 Peripheral Function Interrupts

The peripheral function interrupt occurs when a request from the peripheral functions in the microcom-
puter is acknowledged. The peripheral function interrupt is a maskable interrupt. See Tables 12.2 and
12.3 Relocatable Vector Tables. Refer to the descriptions of each function for details about how the
peripheral function interrupt occurs.
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12.4 Interrupts and Interrupt Vector

One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the cor-
responding interrupt vector. Figure 12.2 shows the Interrupt Vector.

MSB LSB

Vector address (L) Low-order address

Middle-order address

0000 High-order
address
Vector address (H) 0000 0000

Figure 12.2 Interrupt Vector

12.4.1 Fixed Vector Tables

The fixed vector tables are allocated to the addresses from FFFDCh to FFFFFh. Table 12.1 lists the
Fixed Vector Table. In the flash memory version of microcomputer, the vector addresses (H) of fixed
vectors are used by the ID code check function. For details, refer to 22.2 “Functions to Prevent Flash
Memory from Rewriting”.

Table 12.1 Fixed Vector Table

Interrupt Source Vector Table Addresses Reference
P Address (L) to Address (H)

Undefined Instruction FFFDCh to FFFDFh M16C/60, M16C/20 series software
(UND instruction) manual
Overflow (INTO instruction) FFFEOh to FFFE3h
BRK Instruction (2) FFFE4h to FFFE7h
Address Match FFFES8h to FFFEBh 12.9 “Address Match Interrupt”
Single Step (1) FFFECh to FFFEFh -
Watchdog Timer, FFFFOh to FFFF3h 13. “Watchdog Timer”
Oscillation Stop and Re-Oscil- 10. “Clock Generation Circuit”
lation Detection, 6. “Voltage Detection Circuit”
Low Voltage Detection
DBC (1) FFFF4h to FFFF7h -
NMI FFFF8h to FFFFBh 12.7 “NMI Interrupt”
Reset FFFFCh to FFFFFh 5. “Reset”

NOTES:
1. Do not normally use this interrupt because it is provided exclusively for use by development tools.
2. If the contents of address FFFE7h is FFh, program execution starts from the address shown by the
vector in the relocatable vector table.
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12.4.2 Relocatable Vector Tables

The 256 bytes beginning with the start address set in the INTB register comprise a relocatable vector
table area. Tables 12.3 and 12.3 list the Relocatable Vector Tables. Setting an even address in the

INTB register results in the interrupt sequence being executed faster than setting an odd address.

Table 12.2  Relocatable Vector Table (1)
Interrupt Source Vector Address (1) \Isn(;fet\r/\rlszs Reference
Address (L) to Address (H) Number

BRK Instruction (5) +0 to +3 (0000h to 0003h) 0 M16C/60, M16C/20 series
_ (Reserved) 1 software manual
INT7 +8 to +11 (0008h to 000Bh) 2 12.6 “INT Interrupt”
INT6 +12 to +15 (000Ch to 000Fh) 3

INT3 +16 to +19 (0010h to 0013h) 4

Timer B5 +20 to +23 (0014h to 0017h) 5 15. “Timers”

Timer B4, UART1 Bus Collision Detect | +24 to +27 (0018h to 001Bh) 6 15. “Timers”

(4.6) 17. “Serial Interface”
Timer B3, UARTO Bus Collision Detect | +28 to +31 (001Ch to 001Fh) 7

(4.6)

SI/04, INT5 (2) +32 to +35 (0020h to 0023h) 8 12.6 “INT Interrupt”
SI/03, INTZ (2) +36 to +39 (0024h to 0027h) 9 17. " Serial Interface”
UART2 Bus Collision Detection (6) +40 to +43 (0028h to 002Bh) 10 17. “Serial Interface”
DMAO +44 to +47 (002Ch to 002Fh) 11 14. “DMAC”

DMA1 +48 to +51 (0030h to 0033h) 12

Key Input Interrupt +52 to +55 (0034h to 0037h) 13 12.8 “Key Input Interrupt”
A/D +56 to +59 (0038h to 003Bh) 14 18. “A/D Converter”
UART2 Transmit, NACK2 (3) +60 to +63 (003Ch to 003Fh) 15 17. “Serial Interface”
UART2 Receive, ACK2 3) +64 to +67 (0040h to 0043h) 16

UARTO Transmit, NACKO ®) +68 to +71 (0044h to 0047h) 17

UARTO Receive, ACKO () +72 to +75 (0048h to 004Bh) 18

UART1 Transmit, NACK1 (3) +76 to +79 (004Ch to 004Fh) 19

UART1 Receive, ACK1 (3) +80 to +83 (0050h to 0053h) 20

Timer AO +84 to +87 (0054h to 0057h) 21 15. “Timers”

Timer A1 +88 to +91 (0058h to 005Bh) 22

Timer A2 +92 to +95 (005Ch to 005Fh) 23

Timer A3 +96 to +99 (0060h to 0063h) 24

Timer A4 +100 to +103 (0064h to 0067h) |25

Timer BO +104 to +107 (0068h to 006Bh) |26

Timer B1 +108 to +111 (006Ch to 006Fh) |27

Timer B2 +112 to +115 (0070h to 0073h) |28

NOTES:

1. Address relative to address in INTB.

o0k wN

Use bits IFSR6 and IFSRY in the IFSR register to select.
During 12C mode, interrupts NACK and ACK comprise the interrupt source.
Use bits IFSR26 and IFSR27 in the IFSR2A register to select.

These interrupts cannot be disabled using the | flag.
Bus collision detection: During IE mode, this bus collision detection constitutes the interrupt source.

During 12C mode, however, a start condition or a stop condition detection constitutes the interrupt

source.
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M16C/64 Group 12. Interrupt
Table 12.3  Relocatable Vector Table (2)
Interrupt Source Vector Address (1) ISnot:\r/:s;)T Reference
Address (L) to Address (H) Number
INTO +116 to +119 (0074h to 0077h) 29 12.6 “INT Interrupt”
INT1 +120 to +123 (0078h to 007Bh) 30
INT2 +124 to +127 (007Ch to 007Fh) 31
INT Instruction Interrupt 3) | +128 to +131 (0080h to 0083h) M16C/60, M16C/20
to 32t040 |series software manual
+160 to +163 (00AOh to 00A3h)
DMA2 +164 to +167 (00A4h to 00A7h) 41 14. “DMAC”
DMA3 +168 to +171(00A8h to 00ABh) 42
UARTS Bus Collision Detec- |+172 to +175(00ACh to OAFh) 43 17. “ Serial Interface”
tion(4)
UARTS5 Transmit, NACK5(2) [+176 to +179(00BOh to 00B3h) 44
UART5 Receive, ACK5 (2) +180 to +183(00B4h to 00B7h) 45
UART®6 Bus Collision Detec- |+184 to +187(00B8h to 00BBh) 46
tion (4)
UART6 Transmit, NACK6 (2) |+188 to +191(00BCh to 00BFh) 47
UART6 Receive, ACK6 (2) +192 to +195(00CO0h to 00C3h) 48
UART7 Bus Collision Detec- |+196 to +199(00C4h to 00C7h) 49
tion (4)
UART?7 Transmit, NACK7 (2) |+200 to +203(00C8h to 00CBh) 50
UART7 Receive, ACK7 (2) +204 to +207(00CCh to 00CFh) 51
- (Reserved) 52 to 63
NOTES:

1. Address relative to address in INTB.

During I2C mode, interrupts NACK and ACK comprise the interrupt source.

2
3. These interrupts cannot be disabled using the | flag.
4. Bus collision detection: During IE mode, this bus collision detection constitutes the factor of an inter-

rupt.

5. Bus collision detection: During IE mode, this bus collision detection constitutes the interrupt source.
During 12C mode, however, a start condition or a stop condition detection constitutes the interrupt

source.
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12.5 Interrupt Control

The following describes how to enable / disable the maskable interrupts, and how to set the priority in
which order they are accepted. What is explained here does not apply to nonmaskable interrupts.

Use the | flag in the FLG register, IPL, and bits ILVL2 to ILVLO in each interrupt control register to
enable / disable the maskable interrupts. Whether an interrupt is requested or not is indicated by the IR
bit in each interrupt control register.

Figures 12.3 and 12.4 show the Interrupt Control Registers.

Interrupt Control Register 1 @
b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address After Reset
A TB5IC 0045h XXXXX000b
R R B TB4IC / U1BCNIC ®) 0046h XXXXX000b
bbb TB3IC / UOBCNIC © 0047h XXXXX000b
b BCNIC 004Ah XXXXX000b
I B I DMOIC to DM3IC 004Bh, 004Ch, 0069h, 006Ah XXXXX000b
I A A R KUPIC @ 004Dh XXXXX000b
I A A ADIC 004Eh XXXXX000b
A R SOTIC to S2TIC 0051h, 0053h, 004Fh XXXXX000b
A A SORIC to S2RIC 0052h, 0054h, 0050h XXXXX000b
I A A B TAOIC to TA4IC 0055h to 0059h XXXXX000b
A TBOIC to TB2IC 005Ah to 005Ch XXXXX000b
b USBCNIC to U7BCNIC 006Bh, 006Eh, 0071h XXXXX000b
L S5TIC to S7TIC 006Ch, 006Fh, 0072h XXXXX000b
I A A S5RIC to S7TRIC 006Dh, 0070h, 0073h XXXXX000b
EEREEEE
{1p v b | Bit Symbol Bit Name Function RW
oo ot
A b2 b1 bo
foron b e ILVLO 0 0 O0:LevelO (interrupt disabled) Rw
i b i i 0 0 1:Levell
[ . 0 1 O:Level2
i i i i E i e VL Ibri\:errupt priority level select 0 1 1:Level3 RW
A 1 0 O:lLeveld4
i::::i 1 0 1:Level5
: i i E i R ILVL2 1 1 O0:Level6 RW
E oo 1 1 1:Level7
1 1 1 1
| T T |
i R R S IR Interrupt request bit O Interrupt not requested RwW ™
by 1: Interrupt requested
R
C_1_a__ - H H :
------------------- (b7-b4) No register bits. If necessary, set to 0. Read as undefined value —
NOTES :
1. The IR bit can only be reset by writing a 0. (Do not write a 1).
2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register.
3. Use the IFSR2A register to select.
4. To use the key input interrupts, set the PCR7 bit in the PCR register to 0 (key input enabled).

Figure 12.3 Interrupt Control Register (1)
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Interrupt Control Register 2 ()

b7 b6 b5 b4 b3 b2 b1 b0

|><|>q 0 | | | | | | Symbol Address After Reset
EREEEEE INT7IC ©7) 0042h XX00X000b
bbb INT6IC ©7) 0043h XX00X000b
Pl INT3IC @ 0044h XX00X000b
bbb S4IC/INT5IC @ 0048h XX00X000b
A A S3IC/INT4IC @ 0049h XX00X000b
P bbb INTOIC to INT2IC 005Dh to 005Fh XX00X000b
[ T S R T B
Vo HE
i E E i i i i i Bit Symbol Bit Name Function RW
REERERE
A b2 b1 b0
A A 0 0 0:Level O (interrupt disabled) RwW
Pl 0 0 1:Leveld
: i i : i o Interrupt priority level select 0 1 0O:level?
A A VLt | ptpriority 0 1 1:Level3 RW
P ! 1 0 0:Leveld
i : E b 1 0 1:lLevel5
i i ! E i """" ILVL2 1 1 0 :Level 6 RwW
b E b 1 1 1:Level7
] 1 1
H A O .
i i E i IR Interrupt request bit ?j :n:errup: not reqtuzsted Rw ()
i : : : . Interrupt requeste:
I _ .
P POL  |Polarity select bit &9 0: Select falling edge RW
Pl 1 : Select rising edge
P
[ R e —
H Reserved bit Setto 0 RW
i i (b5)
P

(b7Tb6) No register bits. If necessary, set to 0. Read as undefined value —

NOTES :

1. The IR bit can only be reset by writing a 0. (Do not write a 1).

2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that
register.

3. If the IFSRi bit in the IFSR register are 1 (both edges), set the POL bit in the INTIIC register to 0
(falling edge) (i = 0 to 5). Similarly, if bits IFSR30 and IFSR31 in the IFSR3A register are 1 (both edges), set
the POL bits in registers INT6IC and INT7IC to O (falling edge).

4. When the BYTE pin is low and the processor mode is memory expansion or microprocessor mode, set bits
ILVL2 to ILVLO in registers INT5IC to INT3IC to 000b (interrupts disabled).

5. Set the POL bit in the S3IC or S4IC register to O (falling edge) when the IFSR®6 bit in the IFSR register = 0 (SI/
03 selected) or IFSRY7 bit = 0 (SI/O4 selected), respectively.

6. When the processor mode is memory expansion or microprocessor mode, set bits ILVL2 to ILVLO in registers
INT6IC and INT7IC to 000b (interrupts disabled).

7. To use the INTG interrupts, set the PCR5 bit in the PCR register to 0 (INT6 input enabled).
To use the INT7 interrupts, set the PCR® bit in the PCR register to 0 (INT7 input enabled).

Figure 12.4 Interrupt Control Register (2)
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12.5.1 |Flag

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

12.5.2 IR Bit

The IR bit is set to 1 (interrupt requested) when an interrupt request is generated. Then, when the inter-
rupt request is accepted, the IR bit is cleared to 0 (interrupt not requested).
The IR bit can be cleared to 0 in a program. Do not write a 1 to this bit.

12.5.3 Bits ILVL2 to ILVLO and IPL

Interrupt priority levels can be set using bits ILVL2 to ILVLO.
Table 12.4 shows the Settings of Interrupt Priority Levels and Table 12.5 shows the Interrupt Priority
Levels Enabled by IPL.

The followings are conditions under which an interrupt is accepted:
*lflag = 1
*IR bit=1
* Interrupt priority level > IPL

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

another.

Table 12.4 Settings of Interrupt Priority Levels Table 12.5 Interrupt Priority Levels Enabled by IPL
Bits ILVL2 to Interrupt Priority Level Priority IPL Enabled Interrupt Priority Levels
ILVLO Order 000b Interrupt levels 1 and above are enabled
000b Level O (interrupt disabled) - 001b Interrupt levels 2 and above are enabled
001b Level 1 Low 010b Interrupt levels 3 and above are enabled
010b Level 2 011b Interrupt levels 4 and above are enabled
011b Level 3 100b Interrupt levels 5 and above are enabled
100b Level 4 101b Interrupt levels 6 and above are enabled
101b Level 5 110b Interrupt levels 7 and above are enabled
110b Level 6 111b All maskable interrupts are disabled
111b Level 7 High
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12.5.4 Interrupt Sequence

An interrupt sequence — what are performed over a period from the instant an interrupt request is
accepted to the instant the interrupt routine is executed - is described here.

If an interrupt request occurs during execution of an instruction, the processor determines its priority
when the execution of the instruction is completed, and transfers control to the interrupt sequence from
the next cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA
instruction, the processor temporarily suspends the instruction being executed, and transfers control to
the interrupt sequence.

The CPU behavior during the interrupt sequence is described below. Figure 12.5 shows Time Required
for Executing Interrupt Sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading
address 00000h. Then, the IR bit applicable to the interrupt information is set to 0 (interrupt not
requested).

(2) The FLG register, prior to an interrupt sequence, is saved to a temporary register (1) within the
CPU.

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

* The | flag is set to O (interrupt disabled)

* The D flag is set to O (single-step interrupt disabled)

* The U flag is set to 0 (ISP selected)
Note that the U flag does not change states if an INT instruction for software interrupt Nos. 32 to 63
is executed.

(4) The temporary register (1) within the CPU is saved to the stack.

(5) The PC is saved to the stack.

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

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

After the interrupt sequence is completed, an instruction is executed from the starting address of the
interrupt routine.

NOTE:
1.  Temporary register cannot be modified by users.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Address bus XAddress OOOOOrX Indeterminate (" X SP-2 X SP-4 X vec X vec+2 X PC

Interrupt : SP-2 SP-4 vec vec+2
Data bus >< information >( Indeterminate ) X contents X contents contents contents
RD m Indeterminate y
WR®

NOTES :
1. The indeterminate state depends on the instruction queue buffer. A read cycle occurs when
the instruction queue buffer is ready to accept instructions.
2. The WR signal timing shown here is for the case where the stack is located in the internal RAM.

Figure 12.5 Time Required for Executing Interrupt Sequence
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12.5.5 Interrupt Response Time

Figure 12.6 shows the Interrupt Response Time. The interrupt response or interrupt acknowledge time
denotes a time from when an interrupt request is generated till when the first instruction in the interrupt
routine is executed. Specifically, it consists of a time from when an interrupt request is generated till
when the executing instruction is completed ((a) on Figure 12.6) and a time during which the interrupt

sequence is executed ((b) on Figure 12.6).

Interrupt request  Interrupt request

generated acknowledged
/ —> Time/
Instruction Interrupt sequence _Instruction in
interrupt routine
7

Interrupt response time

register).

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

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

Interrupt Vector Address | SP Value 16-Bit Bus, Without Wait 8-Bit Bus, Without Wait
Even Even 18 cycles 20 cycles
Even Odd 19 cycles 20 cycles
Odd Even 19 cycles 20 cycles
Odd Odd 20 cycles 20 cycles

Figure 12.6 Interrupt Response Time

12.5.6  Variation of IPL when Interrupt Request IS Accepted
When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is

set in the IPL.

When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels
listed in Table 12.6 is set in the IPL. Table 12.6 lists the IPL Level That is Set to IPL When a Software

or Special Interrupt is Accepted.

Table 12.6  IPL Level That is Set to IPL When a Software or Special Interrupt is Accepted

Interrupt Sources

Level Set to IPL

Voltage Detection

Watchdog Timer, NMI, Oscillation Stop and Re-Oscillation Detection, Low

7

Software, Address Match, DBC, Single-Step

Not changed
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12.5.7 Saving Registers

In the interrupt sequence, the FLG register and PC are saved to the stack.

At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits in the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved.
Figure 12.7 shows the Stack Status Before and After Acceptance of Interrupt Request.

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

Address Stack Address Stack
[SP]

m-4 m-4 PCL l4—— New SP value

m-3 m-3 PCM

m-1 m-1 FLGH PCH

[SP]
; SP value before i

m Content of previous stack ¢—— interrupt request is accepted. m Content of previous stack PCL - 8 low-order bits of PC
PCM : 8 middle-order bits of PC

m+1 Content of previous stack m+1 Content of previous stack PCH : 4 high-order bits of PC
FLGL : 8 low-order bits of FLG
FLGH : 4 high-order bits of FLG

Stack status Stack status
before interrupt request is acknowledged after interrupt request is acknowledged

Figure 12.7 Stack Status Before and After Acceptance of Interrupt Request

The operation of saving registers carried out in the interrupt sequence is dependent on whether the SP
(1), at the time of acceptance of an interrupt request, is even or odd. If the SP (1) is even, the FLG reg-
ister and the PC are saved, 16 bits at a time. If odd, they are saved in two steps, 8 bits at a time. Figure
12.8 shows the Operation of Saving Register.

NOTE:

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

(1) SP contains even number (2) SP contains odd number

Address Stack Sequence in which order Address Stack Sequence in which order

registers are saved registers are saved
[SP] - 5 (Odd) [SP] - 5 (Even)
[SP] - 4 (Even) PCL [SP] - 4 (Odd) PCL 4—(3)
(2) Saved simultaneously,
[SP] - 3 (Odd) PCM all 16 bits [SP] - 3 (Even) PCM 4—(4)
Saved, 8 bits at a time
[SP] - 2 (Even) FLGL [SP] - 2 (Odd) FLGL 4—(1 )
(1) Saved §imultaneously,
[SP] - 1 (Odd) FLGH | PCH all 16 bits [SP]- 1 (Even) FLGH PCH  [4——(2)
[SP]  (Even) ) ) [SP]  (Odd)
Completed saving registers Completed saving registers
in two operations. in four operations.

PCL : 8 low-order bits of PC
PCM : 8 middle-order bits of PC
NOTE : PCH : 4 high-order bits of PC
FLGL : 8 low-order bits of FLG
FLGH : 4 high-order bits of FLG

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

Figure 12.8 Operation of Saving Register
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12.5.8 Returning from an Interrupt Routine

The FLG register and PC in the state in which they were immediately before entering the interrupt
sequence are restored from the stack by executing the REIT instruction at the end of the interrupt rou-
tine.

Thereafter the CPU returns to the program which was being executed before accepting the interrupt
request.

Return the other registers saved by a program within the interrupt routine using the POPM or similar
instruction before executing the REIT instruction.

Register bank is switched back to the bank used prior to the interrupt sequence by the REIT instruction.

12.5.9 Interrupt Priority

If two or more interrupt requests are sampled at the same sampling points (a timing to detect whether
an interrupt request is generated or not), the interrupt with the highest priority is acknowledged.

For maskable interrupts (peripheral functions interrupt), any desired priority level can be selected using
bits ILVL2 to ILVLO. However, if two or more maskable interrupts have the same priority level, their
interrupt priority is resolved by hardware, with the highest priority interrupt accepted.

The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 12.9
shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. If an instruction is executed, control
branches invariably to the interrupt routine.

Reset High
NMI A
DBC

Watchdog Timer
Oscillation Stop
and Re-Oscillation Detection,
Low Voltage Detection

Peripheral Function

Single Step v

Address Match Low

Figure 12.9 Hardware Interrupt Priority

12.5.10 Interrupt Priority Level Select Circuit

The interrupt priority level select circuit selects the highest priority interrupt in a sampled interrupt
request(s) at the same sampling point.
Figure 12.10 shows the Interrupts Priority Select Circuit.
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12. Interrupt

A

Higher T

Priority level of each interrupt

: UART?7 transmit, NACK7
1

[ UARTS receive, ACK6

UARTS6 bus collision detection

[ UARTS transmit, NACKS

[ DMA3

| UART?7 receive, ACK7

| UART? bus collision detection

[ uARTS transmit, NACKs

Level 0
(initial value)

Priority level of each interrupt

UARTO receive, ACKO

UART2 receive, ACK2

A/D conversion

DMA1

UART2 bus collision

SI/04, INTS

Timer AO

UART1 transmit, NACK1

[ UARTS receive, ACK5 [ UARTO transmit, NACKO

| UARTS5 bus collision detection | UART2 transmit, NACK2

I I I I I I T T JT__ I __J- - J-__I-_-_TI-

| DMA2 | Key input interrupt
I INTT [ DMAQ
I Timer B2 [ SI03, INT&
| Timer BO | INT6
Priority of peripheral
function interrupts | Timer A3 | NT7
(if priority levels are same)
[ Timer A1

[ Timer B4, UART1 bus collision

| Timer B1

[ Timer A4

| Timer A2

| Timer B3, UARTO bus collision

[ Timer B5

B Y S s St oo Py o Ay SO Sy SV SO N S N Py S S Y N S S N [

[ UARTT receive, ACKI

Lower

IPL }
Interrupt request level determinate
$——output to clock generating circuit
(Figure 10.1 Clock Generation Circuit)
| flag Interrupt request

accepted

Address match

Watchdog timer

re-oscillation detection

Low voltage detection

)
Ol

B

NI

=

I
I
I
| Oscillation stop and
I
I
I

Figure 12.10 Interrupts Priority Select Circuit
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12.6  INT Interrupt

INTi interrupt (i = 0 to 7) is triggered by the edges of external inputs. The edge polarity is selected using
the IFSRi bit in the IFSR register, or the IFSR30 or IFSR31 bit in the IFSR3A register.
INT4 and INT5 share the interrupt vector and interrupt control register with SI/O3 and SI/O4, respectively.
To use the INT4 interrupt, set the IFSR6 bit in the IFSR register to 1 (INT4). To use the INT5 interrupt, set

the IFSR7 bit in the IFSR register to 1 (INT5).
After modifying the IFSR6 or IFSR7 bit, clear the corresponding IR bit to O (interrupt not requested) before

enabling the interrupt.

To use the INT® interrupt, set the PCRS5 bit in the PCR register to 0 (INT6 input enabled). To use the INT7
interrupt, set the PCR®6 bit in the PCR register to 0 (INT7 input enabled).
Figure 12.11 shows the IFSR Register, and Figure 12.12 shows Registers IFSR2A, IFSR3A, and PCR.

b7 b6 b5 b4 b3 b2 b1 b0

Interrupt Source Select Register

NOTES :

(falling edge).

(falling edge).

this bit to 0 (SI/03, SI/04).

Symbol Address After Reset
IFSR 0207h 00h
Bit Symbol Bit Name Function RW
IESRO Ibl\iltTO interrupt polarity switch (1) ggti Z(?j%zs " RW
IFSR1 Ll\iltT1 interrupt polarity switch (1) ggt?] Zc(ij%zs " RW
IFSR2 Ibl\iltTZ interrupt polarity switch (1) Sgte; e;ccij%ees " RW
IFSR3 Ll\iltT3 interrupt polarity switch (1) ggte;] Zc(ij%ees " RW
IESR4 Ibl\iltT4 interrupt polarity switch (1) ggti e;cé%ees " RW
IESR5 Ll\iltTS interrupt polarity switch (1) ggteh e;c(ij%ees " RW
Fore |meruptisestauce 08400 " Rw
IFSR7 Isrgﬁarcr;,lgittrg)quest source (1) : %4 @ RW
1. When setting this bit to 1 (both edges), make sure the POL bit in registers INTOIC to INT5IC are set to 0
2. During memory expansion and microprocessor modes, when the data bus is 16 bits wide (BYTE pin is “L”), set
3. When setting this bit to 0 (SI/O3, SI/O4), make sure the POL bit in registers S3IC and S4IC are set to 0

Figure 12.11 IFSR Register
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Interrupt Source Select Register 2

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
0]0jojojofo IFSR2A 0206h 00h
Bit Symbol Bit Name Function RW
(bETbO) Reserved bits Setto 0 RW
IFSR26 LFEIE(EI)FUpt reauest source select ? IJTF?‘:’(;Bﬁus collision detection RW
IFSR27 LFEIE(EZF)rUpt reauest source select ? -LI—JIK::;—'IBf)US collision detection RW

NOTES :
1. Timer B3 and UARTO bus collision detection share the vector and interrupt control register. When using Timer
B3 interrupt, clear the IFSR26 bit to 0 (Timer B3). When using UARTO bus collision detection, set the IFSR26
bit to 1.
2. Timer B4 and UART1 bus collision detection share the vector and interrupt control register. When using
Timer B4 interrupt, clear the IFSR27 bit to 0 (Timer B4). When using UART1 bus collision detection, set the
IFSR27 bit to 1.

Interrupt Source Select Register 3

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
ojojojofojo IFSR3A 0205h 00h
.
i Bit Symbol Bit Name Function RW
[
[
[
[ INT6 interrupt polarity switch |0 : One edge
E IFSR30 1154 1: Both edges (" RwW
[}
[}
| INT7 interrupt polarity switch [0 : One edge
----- IFSR31 bit 1: Both edges (" Rw
(b7-b2) Reserved bits Setto 0 RW
NOTE :
1. When setting this bit to 1 (both edges), make sure the POL bit in registers INT6IC and INT7IC are set to 0 (falling
edge).
Port Control Register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
PCR 0366h 00000XX0b
i
1
H Bit Symbol Bit Name Function RW
1
E Operation performed when the P1 register is
! read
i 0 : When the port is set for input, the input
-4 PCRO [Port P1 control bit levels of pins P1_0 to P1_7 are read. RW
When set for output, the port latch is read.
1: The port latch is read regardless of
whether the port is set for input or output.
(bzaﬂ) No register bits. If necessary, set to 0. Read as 0 —
INTG6 input enable bit " |0 : Enabled
"""""""" PCR5 1 Disabled Rw
INT7 input enable bit ? 0 : Enabled
PCR6 1' Disabled RwW
Key input enable bit ) 0 : Enabled
PCR7 1' Disabled Rw

NOTES :
1. To use the AN2_4 pin as an analog input pin, set the PCR5 bit to 1 (INT6 input disabled).
2. To use the AN2_5 pin as an analog input pin, set the PCR6 bit to 1 (INT7 input disabled).

(ke

3. To use pins AN4 to AN7 as analog input pins, set the PCR7 bit to 1 y input disabled).

Figure 12.12 Registers IFSR2A, IFSR3A, and PCR
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12.7 NMI Interrupt

An NMIl interrupt is generated when input on the NMI pin changes state from high to low. The NMI inter-
rupt is a non-maskable interrupt. To use the NMI interrupt, set the PM24 bit in the PM2 register to 1

(NMI function).

12.8 Key Input Interrupt

Of P10_4 to P10_7, a key input interrupt is generated when input on any of pins P10_4 to P10_7 which
has had bits PD10_4 to PD10_7 in the PD10 register set to 0 (input) goes low. Key input interrupts can be
used as a key-on wake up function, the function which gets the microcomputer out of wait or stop mode.
However, if using the key input interrupt, do not use P10_4 to P10_7 as analog input pins. Figure 12.13
shows the block diagram of the Key Input Interrupt. Note, however, that while input on any pin which has
had bits PD10_4 to PD10_7 set to 0 (input mode) is pulled low, inputs on all other pins of the port are not
detected as interrupts. Set the PCR7 bit in the PCR register to 0 (key input enabled) to use key input inter-

rupts.

K3 O

PU25 bit in
Pull-up PUR?2 register
transistor PD10_7 bitin

PD10 register

PD10_7 bit in PD10 register

Pull-up
transistor

|

PD10_6 bit in
PD10 register

g2 O—%

N

Pull-up
transistor

|

PD10_5 bit in
PD10 register

R O—%

Pull-up
transistor

|

PD10_4 bitin
PD10 register

Ko O—%

=

KUPIC register

Interrupt control circuit

Key input
interrupt request

Figure 12.13 Key Input Interrupt
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12.9 Address Match Interrupt

An address match interrupt is generated immediately before executing the instruction at the address indi-
cated by the RMAD:i register (i = 0 to 3). Set the start address of any instruction in the RMADi register.
Use bits AIERO and AIER1 in the AIER register and bits AIER20 and AIER21 in the AIER2 register to
enable or disable the interrupt. Note that the address match interrupt is unaffected by the | flag and IPL.
When address match interrupt requests are acknowledged, the value of the PC that is saved to the stack
area (refer to 12.5.7 " Saving Registers”) varies depending on the instruction at the address indicated by
the RMAD:I register (The value of the PC that is saved to the stack area is not the correct return address.)
Therefore, follow one of the methods described below to return from the address match interrupt.

* Rewrite the content of the stack and then use the REIT instruction to return.

* Restore the stack to its previous state before the interrupt request was accepted by using the POP or

similar other instruction and then use a jump instruction to return.

Table 12.7 shows the Value of the PC That Is Saved to the Stack Area When an Address Match Interrupt
Request is Accepted. Note that when using the external bus in 8 bits width, no address match interrupts
can be used for external areas.
Figure 12.14 shows Registers AIER, AIER2, and RMADO to RMAD3.

Table 12.7  Value of the PC That Is Saved to the Stack Area When an Address Match Interrupt
Request is Accepted

Instruction at the Address Indicated by the RMADi Register Value of the PC that is
saved to the stack area
16-bit op-code instruction The address
Instruction shown below among 8-bit operation code instructions indicated by the
ADD.B:S  #IMMS8, dest SUB.B:S #IMM8, dest AND.B:S #IMM8, dest RMAD: register +2

OR.B:S #IMMS8, dest MOV.B:S #IMM8, dest STZ.B:S #IMM8, dest
STNZ.B:S #IMM8, dest STZX.B:S #IMM81, #IMM82,dest
CMP.B:S #IMM8, dest PUSHM src POPM dest

JMPS #IMM8 JSRS #IMM8

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

Instructions other than the above The address
indicated by the
RMAD: register +1

NOTE:

Value of the PC that is saved to the stack area: Refer to 12.5.7 “ Saving Registers”.

Table 12.8  Relationship between Address Match Interrupt Sources and Associated Registers

Address Match Interrupt Sources |Address Match Interrupt Enable Bit | Address Match Interrupt Register
Address Match Interrupt O AIERO RMADO
Address Match Interrupt 1 AIER1 RMAD1
Address Match Interrupt 2 AIER20 RMAD2
Address Match Interrupt 3 AIER21 RMAD3
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Address Match Interrupt Enable Register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
AIER 020Eh XXXXXX00b
RRERER
tob b | Bitsymool Bit Name Function RW
1 1
A A A
A Address match interrupt 0 0 : Interrupt disabled
i i E E E E i t-1 AIERD enable bit 1. Interrupt enabled RW
R T T T T |
L A I
A Address match interrupt 1 0 : Interrupt disabled
i i E E E E ----- AIER1 enable bit 1 Interrupt enabled RW
ERERE -
CA - S S S (b7-b2) No register bits. If necessary, set to 0. Read as undefined value —
Address Match Interrupt Enable Register 2
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
AIER2 020Fh XXXXXX00b
ERREREE
E P i | BitSymbol Bit Name Function RW
L T A A H
I A A A ; . ;
E P L_ AIER20 Address .match interrupt 2 0 : Interrupt disabled RW
A enable bit 1 : Interrupt enabled
[ T T T T |
A ) . }
E P L AIER21 Address .match interrupt 3 0 : Interrupt disabled RW
b enable bit 1 : Interrupt enabled
Pl
borob —
LI SO N WA N (b7-b2) No register bits. If necessary, set to 0. Read as undefined value —

Address Match Interrupt Registeri (i = 0 to 3)

(b23)  (b19) (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 b0
|><D<|><|><| | Symbol Address After Reset
T T T T T
P | RMADO 0212h to 0210h X00000h
P ! RMAD1 0216h to 0214h X00000h
P i RMAD2 021Ah to 0218h X00000h
b | RMAD3 021Eh to 021Ch X00000h
] ] 1
] ] 1
i E i Function Setting Range RW
oo i
i i i ________ Address setting register for address match interrupt 00000h to FFFFFh RW
i i i (b19 to b0)
R
G e LR P PR R PR No register bits. If necessary, set to 0. Read as undefined value —

Figure 12.14 Registers AIER, AIER2, and RMADO to RMAD3
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13. Watchdog Timer

The watchdog timer detects whether the program is out of control. Therefore, we recommend using the
watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit counter, and count
source protection mode (enabled / disabled) is set here.

Table 13.1 shows the Watchdog Timer Specification.

Refer to 5.4 “Watchdog Timer Reset” for details of watchdog timer reset.

Figure 13.1 shows the Watchdog Timer Block Diagram. Figure 13.2 shows the Registers WDTR, WDTS,
and WDC. Figure 13.3 shows the CSPR Register and OFS1 Address.

Table 13.1  Watchdog Timer Specification

When count source protection mode When count source protection mode is
Item .
is disabled enabled
Count Source CPU clock 125kHz on-chip oscillator clock
Count Operation Decrement

Count Start Condition

Either of the followings can be selected.
Count automatically starts after reset.
Count starts by writing to the WDTS register.

Count Stop Condition |Stop mode, wait mode, hold state None

Watchdog Timer Reset

Reset Condition Write 00h, and then FFh to the WDTR register.
Underflow

Operation When the
Timer Underflows

Watchdog timer interrupt or watchdog Watchdog timer reset
timer reset

Select Function

Prescaler divide ratio

Set the WDCY bit in the WDC register to select this mode.

Count source protection mode

Set the CSPROINI bit (flash memory) in the OFS1 address to select whether this
mode is enabled or disabled after reset. If this mode is set to disabled after reset,
set the CSPRO bit (program) in the CSPR register.

Start up or stop watchdog timer after reset

Set the WDTON bit in the OFS1 address to select startup or stop.

(“L” active)

NOTE :

clock | : WDC7
HOLD — CMO07 =1 1

Internal reset signal

Write to WDTR register —\_r\

Prescaler
F------ y CMO07=0
WDC7 =0
: 1/16

1
1
i

H i CSPRO=0 PM12=0

q 1/128 H o} Watchdog timer

1 y CM07 =0, interrupt request
1 0 - H))—»
L Watchdog timer |—<
1

o—p
. H PM12 =1
foco-s —O Watchdog timer
CSPRO =1 reset

Set to 7FFFh (1)

CSPRO : bit in CSPR register
WDC7 : bitin WDC register
PM12 : bitin PM1 register
CMO7 : bitin CMO register

1. OFFFh is set when the CSPRO bit is set to 1 (count source protection mode enabled).

Figure 13.1 Watchdog Timer Block Diagram
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Watchdog Timer Reset Register

b7 b0 Symbol Address After Reset
| WDTR 037Dh Indeterminate
Function RW

Setting 00h and then FFh initializes the watchdog timer. (-3

and to OFFFh when count source protection mode is enabled. @

"""""" The watchdog timer is initialized to 7FFFh when count source protection mode is disabled,| WO

NOTES :

protection mode enabled).

Watchdog Timer Start Register

1. Make sure no interrupts or DMA transfers will occur before writing FFh after writing 00h.
2. The watchdog timer is set to OFFFh when the CSPRO bit in the CSPR register is set to 1 (count source

3. After the watchdog timer interrupt occurs, reset the watchdog timer by setting the WDTR register.

b7 b0 Symbol Address After Reset
| | WDTS 037Eh Indeterminate
E
]
' Function RW
i
]
i The watchdog timer starts counting after a write instruction to this register WO
Watchdog Timer Control Register
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
| |0 N | | | | | WDC 037Fh 00XXXXXXb
A
I A R R
! E v E E !t [ Bit Symbol Bit Name Function RW
1 1 1 1
SEERERE
A N O O S Y W igher- i i
i i E (b4-b0) Higher-order bits of watchdog timer RO
o
o
i i I —— (b_5) No register bit. If necessary, set to 0. Read as 0 —
|
P — )
i ---------------- (b6) Reserved bit Setto 0 RW
1
1
: . 0 : Divided by 16
—————————————————— WDC7 |Prescaler select bit 1 Divided by 128 RW

Figure 13.2 Registers WDTR, WDTS, and WDC
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Count Source Protection Mode Register

0 : Count source protection mode
disabled RW
1 : Count source protection mode enabled

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset (1)
[ ToJofo]o]oJo]o]  cspr 037Ch 00h

R

I R T A

: E T R Bit Symbol Bit Name Function RW
] 1 1 1 1 1 1

RRRRERE

i I A I (b&)O) Reserved bits Setto 0 RW
i

1

1

Count source protection mode

"""""""""" CSPRO select bit @

NOTES :
1. When a 0 is written to the CSPROINI bit in the OFS1 address, 10000000b is set after reset.
2. Write a 0 and then a 1 to set the CSPRO bit to 1. 0 cannot be set in a program.

Optional Feature Select Address ()

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
[ [1]t]1] [1[1] | oFst FFFFFh FFh @
[ T T [ T T
ERREIRR
P i | BitSymbol Bit Name Function RW
[
i b i 0 : Watchdog timer starts automatically
1 1 . .
[ A el Watchdog timer start select bit after reset
i T R WDTON |3 1 : Watchdog timer is in a stopped state RW
I A A after reset
R T B T T
[ T R A
I T R . Reserved bits Setto 1 RW
any 20
1 ] ) ] ]
N N 0 : ROM code protection enabled
H E i E ROMCP1 |ROM code protection bit 1 : ROM code protection disabled RW
P
T T S — .
i (b6-b4) Reserved bits Setto 1 RW
1
i 0 : Count source protection mode
1 After-reset count source enabled after reset
ommmmmmmm oo CSPROINI protection mode select bit ) |1 : Count source protection mode RwW
disabled after reset

NOTES :
1. The OFS1 address exists in flash memory. Set the values when writing a program.
2. The OFS1 address is set to FFh when a block including the OFS1 address is erased.
3. 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).

Figure 13.3 CSPR Register and OFS1 Address
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13.1 Count Source Protection Mode Disabled

The CPU clock is used for the watchdog timer count source when count source protection mode is dis-
abled.
Table 13.2 lists the Watchdog Timer Specifications (When Count Source Protection Mode is Disabled).

Table 13.2  Watchdog Timer Specifications (When Count Source Protection Mode is Disabled)

Item Specification
Count Source CPU Clock
Count Operation Decrement
Period - : .
Prescaler divide ratio (n) x watchdog timer count value (32768) ()
CPU clock
n: 16 or 128 (selected by the WDC7 bit in the WDC register)
example: When CPU clock frequency = 16 MHz and prescaler divided by 16,
period = approximately 32.8ms
Watchdog Timer * Reset
Reset Condition * Write 00h, and then FFh to the WDTR register.
* Underflow
Count Start Condi- | Set the WDTON bit (2) in the OFS1 address (FFFFFh) to select the watchdog timer
tion operation after reset.
* When the WDTON bit is set to 1 (watchdog timer is in stop state after reset)
The watchdog timer and prescaler stop after reset and count starts by writing to
the WDTS register.
* When the WDTON bit is set to 0 (watchdog timer starts automatically after reset)
The watchdog timer and prescaler start counting automatically after reset.
Count Stop Condi- | Stop mode, wait mode, hold state (count resumes from the hold value after exiting.)
tion
Operation when the | * When the PM 12 bit in the PM1 register is setto 0
Timer Underflows Watchdog timer interrupt
* When the PM 12 bit in the PM1 register is set to 1
Watchdog timer reset (see 5.4 “Watchdog Timer Reset”)
NOTES:

1. Write 00h, and then FFh to the WDTR register to initialize the watchdog timer. The prescaler is ini-
tialized after reset. Some errors in the period of the watchdog timer may be caused by the prescaler.

2. The WDTON bit cannot be changed by a program. Write a 0 to bit 0 of address FFFFFh with a flash
programmer to set the WDTON bit.
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13.2 Count Source Protection Mode Enabled
The 125 kHz on-chip oscillator clock is used for the watchdog timer count source when count source pro-
tection mode is enabled. If the CPU clock stops when a program is out of control, the clock can still be
supplied to the watchdog timer.
Table 13.3 lists the Watchdog Timer Specifications (When Count Source Protection Mode is Enabled).

Table 13.3  Watchdog Timer Specifications (When Count Source Protection Mode is Enabled)

Item Specification
Count Source 125 kHz on-chip oscillator clock
Count Operation Decrement
Period Watchdog timer count value (4096)
125 kHz on-chip oscillator clock
example: When 125 kHz on-chip oscillator clock = 125 kHz, period = approximately
32.8ms
Watchdog Timer * Reset
Reset Condition * Write 00h, and then FFh to the WDTR register.
* Underflow
Count Start Condi- | Set the WDTON bit (1) in the OFS1 address (FFFFFh) to select the watchdog timer
tion operation after reset.
* When the WDTON bit is set to 1 (watchdog timer is in stop state after reset)
The watchdog timer and prescaler stop after reset and count starts by writing to
the WDTS register.
* When the WDTON bit is set to 0 (watchdog timer starts automatically after reset)
The watchdog timer and prescaler start counting automatically after reset.
Count Stop Condi- | None (Count does not stop in wait mode or in hold state once count starts. The
tion MCU does not enter stop mode.)

Operation when the | Watchdog timer reset (see 5.4 “Watchdog Timer Reset” )
Timer Underflows
Registers, Bits * When the CSPRO bit in the CSPR register is set to 1 (count source protection
mode enabled) (2), the followings are set automatically.

-Set OFFFh to the watchdog timer.

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

-Set the PM12 bit in the PM1 register to 1 (The watchdog timer reset is generated
when watchdog timer underflows.).

The following conditions apply in count source protection mode.

-Writing to the CM10 bit in the CM1 register is disabled (It remains unchanged
even ifit is set to 1. The MCU does not enter stop mode.).

-Writing to the CM14 bit in the CM1 register is disabled (It remains unchanged
even if it is set to 1. The 125 kHz on-chip oscillator does not stop.).

3

NOTES:
1. The WDTON bit cannot be changed by a program. Write 0 to bit O of address FFFFFh with a flash
programmer to set the WDTON bit.
2. Evenif 0 is written to the CSPROINI bit in the OFS1 address, the CSPRO is set to 1. The CSPROINI
bit cannot be changed by a program. Write 0 to bit 7 of address FFFFFh with a flash programmer to
set the CSPROINI bit.
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14. DMAC

The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention.
Four DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit)
data from the source address to the destination address. The DMAC uses the same data bus as used by
the CPU. Because the DMAC has higher priority of bus control than the CPU and because it makes use of a
cycle steal method, it can transfer one word (16 bits) or one byte (8 bits) of data within a very short time after
a DMA request is generated. Figure 14.1 shows the DMAC Block Diagram. Table 14.1 lists the DMAC
Specifications. Figures 14.2 to 14.5 show the DMAC-related registers.

& Address bus /\ S
DMAO source pointer SARO (20) |:>
|_| (addresses 0182h to 0180h)
DMAO destination pointer DARO (20) |:>
(Vi {J(addresses 0186h to 0184h)
DMAO forward address pointer (20) (1) |:>
DMA1 source pointer SAR1 (20) ':>
[ (addresses 0192h to 0190h)
DMA1 destination pointer DAR1 (20) |:>
_ iV {) (addresses 0196h to 094h)
—\:>|DMAO transfer counter reload register TCRO (16) l:> DMA1 forward address pointer (20) (" |:>
U (addresses 0189h, 0188h)
|DMAO transfer counter TCRO (16) |:> DMA2 source pointer SAR2 (20) |:>
[ (addresses 01A2h to 01A0h)
:>|DMA1 transfer counter reload register TCR1 (16) ':> DMA?2 destination pointer DAR2 (20) |:>
{/ (addresses 0199h, 0198h) (Vi {J(addresses 01A6h to 01A4h)
[DMA1 transfer counter TCR1 (16) > [DMA forward address pointer (20) ) >
:>|DMA2 transfer counter reload register TCR2 (16) |:> DMAS source pointer SAR3 (20) |:>
1/ (addresses 01Agh, 01A8h) [ (addresses 01B2h to 01B0h)
|DMA2 transfer counter TCR2 (16) |:> DMAB destination pointer DAR3 (20) |:>
iV { /(addresses 01B6h to 01B4h)
:>|DMA3 transfer counter reload register TCR3 (16) ':> |DMA3 forward address pointer (20) |:>
v (addresses 01B9h, 01B8h)
|DMA3 transfer counter TCR3 (16) ':> | DMA latch high-order bits | DMA latch low-order bits |
\' \% \
A\ A A\ A
V \Y
C Data bus low-order bits S
V
S Data bus high-order bits S
NOTE :
1. Pointer is incremented by a DMA request.

Figure 14.1 DMAC Block Diagram

A DMA request is generated by a write to the DSR bit in the DMISL register (i = 0 to 3), as well as by an
interrupt request which is generated by any function specified by bits DMS and DSEL4 to DSELO in the
DMiSL register. However, unlike in the case of interrupt requests, DMA requests are not affected by the |
flag and the interrupt control register, so that even when interrupt requests are disabled and no interrupt
request can be accepted, DMA requests are always accepted. Furthermore, because the DMAC does not
affect interrupts, the IR bit in the interrupt control register does not change state due to a DMA transfer.

A data transfer is initiated each time a DMA request is generated when the DMAE bit in the DMiCON regis-
ter = 1 (DMA enabled). However, if the cycle in which a DMA request is generated is faster than the DMA
transfer cycle, the number of transfer requests generated and the number of times data is transferred may
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not match. Refer to 14.4 “DMA Request” for details.

Table 14.1 DMAC Specifications ()

Item Specification
No. of Channels 4 (cycle steal method)
Transfer Memory Space * From given address in the 1-Mbyte space to a fixed address

* From a fixed address to given address in the 1-Mbyte space

* From a fixed address to a fixed address

Maximum No. of Bytes 128 Kbytes (with 16-bit transfers) or 64 Kbytes (with 8-bit transfers)
Transferred
DMA Request Factors (1. 2) |Falling edge of INTO to INT7

Both edges of INTO to INT7

Timer AOQ to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to 2, UART5 to 7 transmission interrupt requests

UARTO to 2, UARTS5 to 7 reception / ACK interrupt requests

S1/03, SI/O4 interrupt requests

A/D conversion interrupt requests

Software triggers

Channel Priority DMAO > DMA1 > DMA2 > DMA3 (DMAO takes precedence)

Transfer Unit 8 bits or 16 bits

Transfer Address Direction | Forward or fixed (The source and destination addresses cannot both be in
the forward direction.)

Transfer Single Transfer is completed when the DMA. transfer counter underflows.
Mode Transfer
Repeat When the DMA.i transfer counter underflows, it is reloaded with the value of
Transfer the DMAI transfer counter reload register and a DMA transfer is continued
with it.

DMA Interrupt Request When the DMA.i transfer counter underflowed
Generation Timing

DMA Transfer Start Data transfer is initiated each time a DMA request is generated when the
DMAE bit in the DMAICON register = 1 (enabled).
DMA Trans- |Single * When the DMAE bit is set to 0 (disabled)
fer Stop Transfer « After the DMAI transfer counter underflows
Repeat When the DMAE bit is set to 0 (disabled)
Transfer

Reload Timing for Forward |When a data transfer is started after setting the DMAE bit to 1 (enabled), the
Address Pointer and DMAIi |forward address pointer is reloaded with the value of the SARi or DARI
Transfer Counter pointer whichever is specified to be in the forward direction and the DMAI
transfer counter is reloaded with the value of the DMAI transfer counter
reload register.

DMA Transfer Cycles Minimum 3 cycles between SFR and internal RAM

NOTES:
1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the | flag nor by the
interrupt control register.
2. The selectable factors of DMA requests differ with each channel.
3. Make sure that no DMAC-related registers (addresses 0180h to 01BFh) are accessed by the DMAC.
i=0to3
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DMAI Source Select Register (i = 0 to 3)
b7 b6 b5 b4 b3 b2 b1 b0
| | Symbol Address After Reset
— T DMOSL 0398h 00h
A R DM1SL 039Ah 00h
A DM2SL 0390h 00h
Pl by bwst 0392h 00h
toag oo :
t i bt | BitSymbol Bit Name Function RW
EEREEEE
| [
R
| : | S T T [ ISR DSEL1
Pl RW
! E ! E E ] DSEL2 DMA request source select (NOTE 1)
| bit
P RW
e et DSEL3
RN
1
e DSEL4 RwW
o
P
i i (R (b_5) No register bit. If necessary, set to 0. Read as 0 —
[
[
[
E l_ _______________ DMS DMA request source 0: Basic request source RW
! expansion select bit 1: Extended request source
1
]
E A DMA request is generated by setting this
! bit to 1 when the DMS bit is 0 (basic
B e LT DSR Software DMA request bit source) and bits DSEL4 to DSELO are RW
00001b (software trigger).
Read as 0
NOTE :
1. The sources of DMAI requests can be selected by a combination of the DMS bit and bits DSEL4 to DSELO in
the manner described in Figure 14.3.

Figure 14.2 Registers DMOSL, DM1SL, DM2SL, and DM3SL (1)
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DMAO DMA2
DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) |DMS = 1 (Extended Factor of Request) DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) [DMS = 1 (Extended Factor of Request;
00000b Falling edge of INTO pin - 00000b Falling edge of INT2 pin -
00001b Software trigger - 00001b Software trigger -
00010b Timer AO - 00010b Timer AO -
00011b Timer A1 - 00011b Timer A1 -
00100b Timer A2 - 00100b Timer A2 -
00101b Timer A3 - 00101b Timer A3 -
00110b Timer A4 Both edges of INTO pin 00110b Timer A4 Both edges of INT2 pin
00111b Timer BO Timer B3 00111b Timer BO Timer B3
01000b Timer B1 Timer B4 01000b Timer B1 Timer B4
01001b Timer B2 Timer B5 01001b Timer B2 Timer BS
01010b UARTO transmission - 01010b UARTO transmission -
01011b UARTO reception - 01011b UARTO reception -
01100b UART2 transmission - 01100b UART2 transmission -
01101b UART2 reception - 01101b UART2 reception -
01110b A/D conversion - 01110b A/D conversion -
01111b UART1 transmission - 01111b UART1 transmission -
10000b UART1 reception Falling edge of INT4 pin 10000b UART1 reception Falling edge of INT6 pin
10001b UARTS transmission Both edges of INT4 pin 10001b UARTS transmission Both edges of INT6 pin
10010b UARTS5 reception - 10010b UARTS5 reception -
10011b UARTS6 transmission - 10011b UARTS6 transmission -
10100b UARTS reception - 10100b UARTG6 reception -
10101b UART7 transmission - 10101b UART? transmission -
10110b UART7 reception - 10110b UART7 reception -
10111b - - 10111b - -
11XXXb - - 11XXXb - -
X indicates 0 or 1. - indicates no setting. Xindicates 0 or 1. - indicates no setting.
DMA1 DMA3
DSEL4 to DSELO | DMS = 0 (Basic Factor of Request) | DMS = 1 (Extended Factor of Request DSEL4 to DSELO| DMS = 0 (Basic Factor of Request) | DMS = 1 (Extended Factor of Request
00000b Falling edge of INT1 pin - 00000b Falling edge of INT3 pin -
00001b Software trigger - 00001b Software trigger .
00010b Timer AO - 00010b Timer AO -
00011b Timer A1 - 00011b Timer A1 -
00100b Timer A2 - 00100b Timer A2 -
00101b Timer A3 SI/03 00101b Timer A3 SI/03
00110b Timer A4 SI/ 04 00110b Timer A4 SI/ 04
00111b Timer BO Both edges of INT1 pin 00111b Timer BO Both edges of INT3 pin
01000b Timer B1 - 01000b Timer B1 -
01001b Timer B2 - 01001b Timer B2 -
01010b UARTO transmission - 01010b UARTO transmission -
01011b UARTO reception / ACKO - 01011b UARTO reception / ACKO -
01100b UART2 transmission - 01100b UART2 transmission -
01101b UART2 reception / ACK2 - 01101b UART2 reception / ACK2 -
01110b A/D conversion - 01110b A/D conversion -
01111b UART1 reception / ACK1 - 01111b UART1 reception / ACK1 -
10000b UART1 transmission Falling edge of INT5 pin 10000b UART1 transmission Falling edge of INT7 pin
10001b UARTS5 transmission Both edges of INT5 pin 10001b UARTS5 transmission Both edges of INT7 pin
10010b UARTS5 reception / ACK5 - 10010b UARTS5 reception / ACK5 -
10011b UARTS6 transmission - 10011b UARTS6 transmission -
10100b UARTS6 reception / ACK6 - 10100b UARTS6 reception / ACK6 -
10101b UART7 transmission - 10101b UART? transmission N
10110b UARTY reception / ACK7 - 10110b UART7 reception / ACK7 -
10111b - - 10111b - -
11 XXXb - - 11XXXb - -

X indicates 0 or 1. - indicates no setting.

X indicates 0 or 1. - indicates no setting.

Figure 14.3 Registers DMOSL, DM1SL, DM2SL, and DM3SL (2)
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DMAI Control Register (i = 0 to 3)
07 06, 09 b4 b3 b2 b1 60 Symbol Address After Reset
DMOCON 018Ch 00000X00b
R DM1CON 019Ch 00000X00b
I A DM2CON 01ACh 00000X00b
bii i 411 i  DM3CON 01BCh 00000X00b
| R TR R TR T T
]
i1 | Bitsymbol Bit Name Function RW
1 1 ] ] ] ] ]
bbb
1 ] ] ] - i
bp ot L DMBIT |Transfer unit bit select bit ?;gﬁbﬁ'ts RW
AR ik
] ] 1 1 ] ] ]
A Repeat transfer mode select |0 : Single transfer
o i i b DMASL ¢ 1 : Repeat transfer RW
1 1 ] 1 ] 1
1 1 1 1 1 1
A . 0 : DMA not requested )
A DMAS |DMA request bit 1: DMA requested RW
EREE
T T S . 0 : Disabled
E E E E DMAE |DMA enable bit 1 Enabled RW
1 1 1 ]
1 1 ] 1
. Source address direction select [0 : Fixed
] ] ] 1
E E i """"""""" DSD bit @ 1 : Forward RW
] 1 1
1 1 1
L L SO —— Destination address direction |0 : Fixed
b DAD select bit @ 1 : Forward RW
o
] 1 —_
L EEE LR (b7-b6) No register bits. If necessary, set to 0. Read as 0 —

NOTES :

1. The DMAS bit can be set to 0 by writing a 0 in a program (This bit remains unchanged even if 1 is written).
2. Set at least either the DAD bit or DSD bit to 0 (address direction fixed).

Figure 14.4 Registers DMOCON, DM1CON, DM2CON, and DM3CON
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DMAI Source Pointer (i=0to 3) ("
(023)  (b19) (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 b0
|><D.<|>.<|>.<| | | | Symbol Address After Reset
P i SARO 0182h to 0180h OXXXXXh
b : SAR1 0192h to 0190h OXXXXXh
| SAR2 01A2h to 01A0h OXXXXXh
! SAR3 01B2h to 01BOh 0XXXXXh
1
1
1 . .
! Function Setting Range RW
!
— Set the source address of transfer 00000h to FFFFFh RW
e L B P e No register bits. If necessary, set to 0. Read as 0 —
NOTE :
1. If the DSD bit in the DMiCON register is 0 (fixed), write to this register when the DMAE bit in the
DMICON register is 0 (DMA disabled).
If the DSD bit is 1 (forward direction), this register can be written to at any time.
If the DSD bit is 1 and the DMAE bit is 1 (DMA enabled), the DMAI forward address pointer can be read from this
register. Otherwise, the value written to it can be read.
DMAI Destination Pointer (i = 0 to 3) ()
(023)  (b19) (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 b0
| Symbol Address After Reset
HEHE ! DARO 0186h to 0184h OXXXXXh
bl | DAR1 0196h to 0194h OXXXXXh
| DAR2 01A6h to 01A4h OXXXXXh
! DAR3 01B6h to 01B4h OXXXXXh
1
) 1
' |
E i Function Setting Range RW
i
1
—— Set the destination address of transfer 00000h to FFFFFh RW
Lo No register bits. If necessary, set to 0. Read as 0 —
NOTE :

(b15)

DMIiCON register is 0 (DMA disabled).
If the DAD bit is 1 (forward direction), this register can be written to at any time.

If the DAD bit is 1 and the DMAE bit is 1 (DMA enabled), the DMAI forward address pointer can be read from this

register. Otherwise, the value written to it can be read.

DMAI Transfer Counter (i = 0 to 3)

(b8)

1. If the DAD bit in the DMICON register is 0 (fixed), write to this register when the DMAE bit in the

register is 1 (repeat transfer), the value of the DMAI transfer
counter reload register is transferred to the DMAI transfer
counter.

When read, the DMAI transfer counter is read.

b7 b0 b7 b0
| | Symbol Address After Reset
TCRO 0189h to 0188h Indeterminate
TCR1 0199h to 0198h Indeterminate
TCR2 01A9h to 01A8h Indeterminate
TCR3 01B9h to 01B8h Indeterminate
Function Setting Range RW
! Set the transfer count minus 1. The written value is stored in the
\ DMAI transfer counter reload register, and when the DMAE bit
i in the DMIiCON register is set to 1 (DMA enabled) or the DMAi
[ transfer counter underflows when the DMASL bit in the DMICON 0000h to FFFFh RW

Figure 14.5 Registers SARO, SAR1, SAR2, SAR3, DARO, DAR1, DAR2, DAR3, TCRO, TCR1, TCR2,

and TCR3
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14.1 Transfer Cycles

Transfer cycle is composed of a bus cycle to read data from source address (source read) and a bus
cycle to write data to destination address (destination write). The number of read and write bus cycles
depends on source and destination addresses. During memory extension and microprocessor modes, it
is also affected by the BYTE pin level. Furthermore, the bus cycle itself is extended by a software wait or
RDY signal.

14.1.1 Effect of Source and Destination Addresses

When a 16-bit data is transferred with a 16-bit data bus and a source address starts with an odd
address, source-read cycle is incremented by one bus cycle, compared to a source address starting
with an even address.

When a 16-bit data is transferred with a 16-bit data bus and a destination address starts with an odd
address, destination-write cycle is incremented by one bus cycle, compared to a destination address
starting with an even address.

14.1.2 Effect of BYTE Pin Level

During memory extension and microprocessor modes, if 16 bits of data are to be transferred on an 8-bit
data bus (input on the BYTE pin = high), the operation is accomplished by transferring 8 bits of data
twice. Therefore, this operation requires two bus cycles to read data and two bus cycles to write data.
Furthermore, if the DMAC is to access the internal area (internal ROM, internal RAM, or SFR), unlike in
the case of the CPU, the DMAC does it through the data bus width selected by the BYTE pin.

14.1.3 Effect of Software Wait

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

14.1.4 Effect of RDY Signal

During memory extension and microprocessor modes, DMA transfers to and from an external area are

affected by the RDY signal. Refer to 8.2.6 “RDY Signal”.
Figure 14.6 shows the example of the Transfer Cycles for Source Read. For convenience, the destination
write cycle is shown as one cycle and the source read cycles for the different conditions are shown. In
reality, the destination write cycle is subject to the same conditions as the source read cycle, with the
transfer cycle changing accordingly. When calculating transfer cycles, take into consideration each condi-
tion for the source read and the destination write cycle, respectively. For example, when data is trans-
ferred in 16 bit units using an 8-bit bus ((2) on Figure 14.6), two source read bus cycles and two
destination write bus cycles are required.
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address

BCLK

Address

Dummy CPU use
bus

CPU use Source Destination cycle

RD signal

WR signal

Data bus CPU use Source Destination Dé’;gl’zy CPU use

(2) When the transfer unit is 16 bits and the source address of transfer is an odd address, or when the
transfer unit is 16 bits and an 8-bit bus is used

BCLK

Address CPU use Source K Source + 1 Destination Dummy CPU use
bus cycle

RD signal

WR signal

Data bus CPU use Source X Source + 1 Destination Dg;glrgy CPU use

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

BCLK

Address CPU use Source Destination Dummy CPU use
bus cycle

RD signal

WR signal

Data bus CPU use Dummy CPU use

Source Destination cycle

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

BCLK

Address CPU use Source Source + 1 Destination Dumrmy CPU use
bus cycle

RD signal

WR signal

Dummy

Data bus CPU use Source Source + 1 Destination cycle

CPU use

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

Figure 14.6 Transfer Cycles for Source Read
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14.2 DMA Transfer Cycles

The number of DMA transfer cycles can be calculated as follows.
Table 14.2 lists the DMAC Transfer Cycles. Table 14.3 lists the Coefficients j and k.

Number of transfer cycles per transfer unit = Number of read cycles x j + Number of write cycles x k

Table 14.2 DMAC Transfer Cycles

Single-Chip Mode MerT\ory Expansion Mode
Transfer Unit Bus Width Access Microprocessor Mode
Address No. of Read | No. of Write | No. of Read | No. of Write
Cycles Cycles Cycles Cycles
8-bit Transfers | 16-bit Even 1 1 1 1
(DMBIT= 1) (BYTE ="L") Odd 1 1 1 1
8-bit Even - - 1 1
(BYTE = “H") Odd - - 1 1
16-bit Transfers | 16-bit Even 1 1 1 1
(DMBIT= 0) (BYTE =“L") Odd 2 2 2 2
8-bit Even - - 2 2
(BYTE = “H") Odd - - 2 2
- indicates that no condition exists.
Table 14.3  Coefficients j and k
Internal Area External Area
Inter;:;l\l\l/QIOM, SFR Separate Bus Multiplex Bus
No With | 1-Wait | 2-Wait No With Wait (1) With Wait (1)
Wait Wait @) ) Wait | 1-Wait | 2-Wait | 3-Wait | 1-Wait | 2-Wait | 3-Wait
j 1 2 2 3 1 2 3 4 3 3 4
k 1 2 2 3 2 2 3 4 3 3 4
NOTES:

1. It depends on the set value of the CSE register.
2. It depends on the set value of the PM20 bit in the PM2 register.

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 131 of 373



Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 14. DMAC

14.3 DMA Enabled

When a data transfer starts after setting the DMAE bit in the DMiICON register (i = 0 to 3) to 1 (enabled),
the DMAC operates as follows:

(1) Reload the forward address pointer with the SARI register value when the DSD bit in the DMiICON
register is 1 (forward) or the DARI register value when the DAD bit in the DMICON register is 1
(forward).

(2) Reload the DMAI transfer counter with the DMAI transfer counter reload register value.

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

14.4 DMA Request

The DMAC can generate a DMA request as triggered by the factor of request that is selected with the
DMS bit and bits DSEL4 to DSELO in the DMISL register (i = 0 to 3) on either channel. Table 14.1 lists
the Timing at Which the DMAS Bit Changes State.

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

The DMAS bit may be set to 1 when the DMS bit or bits DSEL4 to DSELO change state. Therefore,
always be sure to set the DMAS bit to 0 after changing the DMS bit or bits DSEL4 to DSELO.

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

Table 14.4  Timing at Which the DMAS Bit Changes State

DMA Factor DMAS Bit in the DMICON Register
Timing at which the bit is set to 1 Timing at which the bit is set to 0
Software Trigger When the DSR bit in the DMISL register | « Immediately before a data transfer
is set to 1 starts

Peripheral Function |When the interrupt control register for * When set by writing a 0 in a program
the peripheral function that is selected
by bits DSEL4 to DSELO and DMS in
the DMISL register has its IR bit set to 1

i=0to3
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14.5 Channel Priority and DMA Transfer Timing

If several channels of DMAO to DMA3 are enabled and DMA transfer request signals are detected active
in the same sampling period (one period from a falling edge to the next falling edge of BCLK), the DMAS
bit on each channel is set to 1 (DMA requested) at the same time. In this case, the DMA requests are
arbitrated according to the channel priority: DMAO > DMA1 > DMA2 > DMAGS. The following describes
DMAC operation when DMAO and DMA1 requests are detected active in the same sampling period. Fig-
ure 14.7 shows an example of DMA Transfer by External Factors.

In Figure 14.7, DMAO request having priority is received first to start a transfer when DMAO and DMA1
requests are generated simultaneously. After one DMAO transfer is completed, a bus access privilege is
returned to the CPU. When the CPU has completed one bus access, a DMA1 transfer starts. After one
DMAT1 transfer is completed, the bus access privilege is again returned to the CPU.

In addition, DMA requests cannot be incremented since each channel has one DMAS bit. Therefore,
when DMA requests, as DMA1 in Figure 14.7, occurs more than one time, the DMAS bit is set to 0 after
getting the bus access privilege. The bus access privilege is returned to the CPU when one transfer is
completed.

Refer to 8.2.7 “HOLD Signal” for details about bus access privilege.

An example when DMA requests for external factors are detected active
at the same time and DMA transfer is executed in the shortest cycle

o JJUULDUHUHUUHUUL

DMAO Y,
DMA1 m — Bus

access

CPU {Z_ privilege
INTO

DMAS bit
in DMAO

Nt |

DMAS bit
in DMA1

Figure 14.7 DMA Transfer by External Factors
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15. Timers

15. Timers

Eleven 16-bit timers, each capable of operating independently of the others, can be classified by function as
either Timer A (five) and Timer B (six). The count source for each timer acts as a clock, to control such timer
operations as counting, reloading, etc. Figure 15.1 shows Timers A and B count source, and Figures 15.2

and 15.3 show block diagrams of Timer A and Timer B configuration, respectively.

Clock Generation Circuit
———— =~~~ ~-~-~-~-~-=-—-- T
| Main clock oM21 =0 |
| | generation circuit > | -
| [or PLL frequency 0 L f1 " fTIMAB ZCLKO ! f1TIMAB
| | synthesizer (c 1 o/o—> or
| CM21 = 1 | t f2TIMAB
1 1 PCLKO =0
: : p f8TIMAB

125 KHz
Il onchip |[fOCO-S  foco-s 1/4 f32TIMAB
| | oscillator I 12 f64TIMAB
| |

Subclock P
I generation fC 1/32 1632
I circuit I P f0CO-S
| Reset |
I I P C32
| Set the CPSR bit in the CPSRF |
| register to 1 (prescaler reset). | . .
R E——— - CM21 : bit in the CM2 register

PCLKO : bit in the PCLKR register

Figure 15.1 Timers A and B Count Source
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fC32

fOCO-S
f64TIMAB
f32TIMAB
f8TIMAB

fITIMAB
or 2TIMAB

TCK1 to TCKO
—

| OQ o 1CS8

TMOD1 to TMOD!I

0 00: Timer mode
10: One-shot timer mode

TCS2 to TCSO

11: PWM mode

Timer AO

e x
W'O(C O

001

5

101

110

O
O

Ta0N ® O

1N O

Noise
filter

&

TCK1 to TCKO

TCS7

O

O

11 [TAOTGH to TAOTGL

_|

Timer AO interrupt
-

00| o 01: Event counter mode

TMOD1 to TMODO  Q0: Timer mode

10: One-shot timer mode

O
TCS6 to TCS4

7 \c
- o

11: PWM mode

01

l Timer A1

00090/0

[N Noise

00

| filter

[

TCK1 to TCKO

01

10

11

00|
11 [TA1TGH to TA1TGL

oo\oc

Timer A1 interrupt
>

01: Event counter mode

TMOD1 to TMOD!

0 00: Timer mode
10: One-shot timer mode

o e 0 TCS3
O

TCS2 to TCSO
0]

001

010

011

101

110

a2n O

@ Noise
filter

7 L

TCK1 to TCKO

TCS7

?(}o

11 [TA2TGH to TA2TGL

Timer A2 interrupt
>

= \O 11: PWM mode
'F'g/c o I Timer A2
000 01: Event counter mode

000

TCS6 to TCS4

TMOD1 to TMODO  00: Timer mode

10: One-shot timer mode
11: PWM mode

RN

01

001

010]

011

101

110

Ta3N O

@ Noise
filter

Jan

TCK1 to TCKO

00

01

10

Q TCS3
0

11

00l 01: Evel
11 [TA3TGH to TA3TGL

l Timer A3

Timer A3 interrupt
>

nt counter mode

TCSO

TMOD1 to TMODO  00: Timer mode

10: One-shot timer mode
11: PWM mode

01

10 \Q
S
o—g/c o

001

010

011

= [eXe)
q)/()% O
| 5%

101

110

TN O

TAIGH to TAIGL
TCSO to TCS7
i=0to4
NOTE:

Noise
filter

00 01: Evel
11 [TA4TGH to TA4TGL

l Timer A4

Timer A4 interrupt

nt counter mode

Timer B2 overflow or underflow

TCK1 to TCKO, TMOD1 to TMODO : bits in the TAIMR register
: bits in the ONSF register or TRGSR register

: bits in registers TACS0 to TACS2

1. Be aware that TAOIN shares pins with TB5IN.

Figure 15.2 Timer A Configuration
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M16C/64 Group 15. Timers
iCc32
fOCO-S
164TIMAB —————————————
132TIMAB —————— Timer B2 overflow or underflow
8TIMAB. ——————— (to a count source of Timer A)
fITIMAB —0 ——— 'r
or f2TIMAB
4o LCK1to TCKO TMOD1 to TMODO
o1 TCcs3 00: Timer mode
o[@ 0 10: Pulse width / pulse period measurement mode
0o : .
11 Timer BO interrupt
o 0 \o—| Timer BO |—<>—>
TCS2 to TCSO 10 o
000 TCK1 01: Event counter mode
001
o2
101 %
.110 9
Noise
reon O p—{ e —

Ly
o
o

3|28
[e)e)
0(0

TCKO TMOD1 to TMODO
TCs7 00: Timer mode
0 10: Pulse width / pulse period measurement mode

11 Timer B1 interrupt
o i p————
T 1 Z\O—l Timer B1 |-<

TCS6 to TCS4 0 |_lco
000 TCK1 01: Event counter mode
001
010 é
011
101 Oo
110 0
81N O >— ier
aopICKlto TCKO TMOD1 to TMODO
” TCS3 00: Timer mode
I 0 10: Pulse width / pulse period measurement mode
O
11 Timer B2 interrupt
ve) KO- . p
T 1[e] —l Timer B2 |‘<'—>
TCS2 to TCSO A ©
gg? TCK1 01: Event counter mode
010 é
011
101 %
110 0
Noise
82N O §>—| fter I—
% TCK1 to TCKO TMOD1 to TMODO
o1 TCcs3 00: Timer mode
m g 10: Pulse width / pulse period measurement mode
11 Timer B3 interrupt
o) xo ) P!
T _"61 —l Timer B3 |‘<'—>
TCS2 10 TCSO 01001 o
22? TCK1 01: Event counter mode
oul9
O
101 o
.110 9
Noise
83N O §>—| fter I—
% TCK1 to TCKO TMOD1 to TMODO
o1 Tcs7 00: Timer mode
n g 0 10: Pulse width / pulse period measurement mode
EE] S 5 KO - Timer B4 interrupt
7 1 —l Timer B4 |"'—>
TCS6 to TCS4 0 005 o
gg? TCK1 01: Event counter mode
o
O
101 o
.110 9
Noise
84N O §>—| fter I—
TCKA to TCKO TMOD1 to TMODO
00— Tcs3 00: Timer mode
?;IO { 10: Pulse width / pulse period measurement mode
) 1—|_§1 KO - Timer B5 interrupt
; 1 O_l Timer B5 p——>
TCS2 to TCSO 10701 o
000 TCK1 01: Event counter mode

TCK1 to TCKO, TMOD1 to TMODO : bits in the TBiMR register (i = 0 to 5)
TCSO0 to TCS7 : bits in registers TBCSO to TBCS3

851N V()

NOTE:
1. Be aware that TB5IN shares pins with TAOIN.

Figure 15.3 Timer B Configuration
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M16C/64 Group 15. Timers

15.1 Timer A

Figure 15.4 shows a Timer A Block Diagram. Figures 15.5 to 15.9 show registers related to Timer A.
Timer A supports the following four modes. Except in event counter mode, Timers AO to A4 all have the
same function. Use bits TMOD1 to TMODO in the TAIMR register (i = 0 to 4) to select the desired mode.

* Timer Mode The timer counts an internal count source.

» Event Counter Mode The timer counts pulses from an external device or overflows and
underflows of other timers.

* One-shot Timer Mode The timer outputs a pulse only once before it reaches the minimum
count 0000h.

* Pulse Width Modulation (PWM) Mode
The timer outputs pulses in a given width successively.

TAITGH to TAITGL

fC32
fOCO-S
f64TIMAB
f32TIMAB
8TMAB. ——reonoey | | | e _____ Count source select
firmas — P oS3 18 RatlBis) 5
or 2TIMAB I o JCKitoTCKo  TC Tmer. TMOD! 1o TMIODO = 0. MRZ <0
-One-shot timer: o =
: o1 02 TCST_pyise width modulation: TMOD1 to TMODO = 11 ROD1 to TMODO,
10 ]
O V
-Tii te function): -
| Lo TSRt e IS Fomairegse )
TCS2to TCSO 1 . ) -
I 0ol 7386 o TCA Event counter: TMOD1 to TMODO = 01 o I ﬂ
| of N | ! | T ="
| 010 Ir . Counter
O Increment / decrement
| o115 |
| 101 o Always decrement except
110 o | 00 in event counter mode
: | 10
11
| O Psol?rit : Decrement
elec
| TAIN 0 |
I of io I TMOD! to TMODO
| TB2 overflow (! T'O i » To external
TAj overflow ) ——1O trigger circuit
| 11 |
TAk overflow () ——0O
| I
I |

Eo MR2
POFSi
TAIOUT 0 Toggle Flip Floj
o o/cCi ) ] < ggle Flip Flop

i=0to4

j=i-1,however,j=4ifi=0
NOTES: k=i+1,however, k=0ifi=4

1. Overflow or underflow Tai TA] TAK

TCK1 to TCKO, TMOD1 to TMODO, MR2 to MR1 : bits in the TAIMR register Timer AO Timer A4 [ Timer A1
TAITGH to TAITGL : bits in the ONSF register when i=0, bits in the TRGSR register when i = 1 to 4 Timer A1 Timer AO Timer A2
TAIS : bits in the TABSR register Timer A2 Timer A1 Timer A3
TAIUD : bits in the UDF register Timer A3 Timer A2 Timer A4
TCSO0 to TCS7 : bits in the registers TACSO0 to TACS2 Timer Ad Timer A3 Timer AO

POFSi : bits in the TAPOFS register

Figure 15.4 Timer A Block Diagram
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M16C/64 Group

15. Timers

Timer Ai Mode Register (i= 0 to 4)

2.

3.

1. Access to the register in 16-bit units.
If the TAi register is set to 0000h, the counter does not work and timer Ai interrupt requests are not generated
either. Furthermore, if pulse output is selected, no pulses are output from the TAIOUT pin.
If the TAi register is set to 0000h, the pulse width modulator does not work, the output level on the TAIOUT pin
remains low, and timer Ai interrupt requests are not generated either. The same applies when the 8 high-order
bits of the timer TAi register are set to 00h while operating as an 8-bit pulse width modulator.
. Use the MOV instruction to write to the TAi register.
. The timer counts pulses from an external device or overflows or underflows in other timers.

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
| TAOMR to TA4MR 0336h to 033Ah 00h
RERRE
i [ Bit Symbol Bit Name Function RwW
b
i E Operation mode select bit b1 bo
i --1 TMODO 0 0: Timer mode RW
! 0 1: Event counter mode
: i 1 0: One-shot timer mode
! [ — TMOD1 1 1: Pulse width modulation (PWM) RW
N mode
]
; T P MRO RW
]
N S MR1 RW
! Function varies with each operation mode
[ V. MR2 RW
1
T MR3 RW
1
1
e -
: TCKO | count source select bit RW
L TCK1 (Function varies with each operation mode) RW
NOTE :
1. Valid when the bit3 or the bit 7 in registers TACS0 to TACS2 is set to 0 (TCKO, TCK1 enabled).
Timer Ai Register (i= 0 to 4) ("
(b15) (b8)
o b0 b7 &0 Symbol Address After Reset
TAO 0327h to 0326h Indeterminate
H TA1 0329h to 0328h Indeterminate
E TA2 032Bh to 032Ah Indeterminate
! TA3 032Dh to 032Ch Indeterminate
| TA4 032Fh to 032Eh Indeterminate
]
1
E Mode Function Setting Range RW
]
1
) .
] Timer mode DI\_/Ide the count source by n + 1 where 0000h to FFFFh RW
n = set value
Divide the count source by FFFFh —n +
Event counter mode |1 where n = set value when counting up 0000h to FFFFh RW
or by n + 1 when counting down ©
One-shot timer mode | 2¥1de the count source by nwhere n = | 5001 4 Frrrn 2.4 | wo
set value, and the counter stops
Pulse width Modify the pulse width as follows: 0000h to FFFEh 3.4) WO
modulation mode |PWM period: (216 — 1) /fj
(16-bit PWM) PWM pulse width: n/fj
where n = set value, fj = count source
frequency
Modify the pulse width as follows: 00h to FEh
) PWM period: (28 — 1) X (m + 1)/ fj (High-order
Pulse width PWM pulse width: (m + 1)n / fj address)
modulation mode | where n = high-order address set wo
. _ 00h to FFh
(8-bit PWM) value, m = low-order address set L
value., ( ow-orc:ser;)address)
fj = count source frequency '
NOTES :

Figure 15.5 Registers TAOMR to TA4MR and TAO to TA4
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Count Start Flag
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
TABSR 0320h 00h
RN
R
i : E AR Bit Symbol Bit Name Function RW
1 1 ] ] ] 1 1 1
1 1 ] ] ] 1 1 1 "
b1l b L] TAOS  |TimerAOcountstartfiag |0 Stop counting RW
AR R A 1 : Start counting
] Voot
b A TA1S  |Timer A1 count start flag RW
] 1 1
[ S T
I T T B
i i E E E C— TA2S  |Timer A2 count start flag RW
[ ]
[ ]
e TA3S  |Timer A3 count start flag RW
[
]
T - TA4S  |Timer A4 count start flag RW
] 1 1
] 1 ]
E 1 [EE—— TBOS  |Timer BO count start flag RW
[
[
[
ety TB1S  [Timer B1 count start flag RwW
]
1
B e E e e R TB2S  [Timer B2 count start flag RW
Up / Down Flag
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
UDF 0324h 00h
R
P
i byodoi bt | BitSymbol Bit Name Function RW
1 | I
E E i i i i i : 0 : Decrement
b1t a1 Y9 TAOUD  |Timer AO up/ down flag : RW
Lo i o E i 1 : Increment
[ [
IR R TA1UD | Timer AT up/ down flag RW
1 1
i i Yoo Enabled during event counter mode (when not
1 1 . .
bl I TA2UD | Timer A2 up/ down flag using two-phase pulse signal) RW
[ R |
[ T ]
[ T T |
I TA3UD | Timer A3 up/ down flag RW
o
ooy
[ ]
R TA4UD  |Timer A4 up/ down flag RW
I H
i i i Timer A2 two-phase 0 : Two-phase pulse signal processing
E |l TA2P pulse signal processing disabled RW
! E select bit 1 : Two-phase pulse signal processing
1 (,2)
. E Timer A3 two-phase enabled
i S ——— TA3P  |pulse signal processing RW
! select bit
]
i Timer A4 two-phase
S TA4P  |pulse signal processing RW
select bit
NOTES :
1. Set the port direction bits for pins TA2IN to TA4IN and pins TA20UT to TA40UT to 0 (input mode).
2. When not using the two-phase pulse signal processing function, set the bit corresponding to Timer A2 to Timer
A4 to 0.

Figure 15.6 Registers TABSR and UDF
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One-Shot Start Flag
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
ONSF 0322h 00h
HE i N
Vo i P
! E i HEE Bit Symbol Bit Name Function RW
] 1 I H
\ 1 [ X X - .
! 1 Voo . ) The timer starts counting by setting this bit
A R TADOS | Timer AQ one-shot startflag |, \'y'\ e pits TMOD1 and TMODO in the RW
! i i P _ TAIMR register (i = 0 to 4) = 10b (one-shot
e TA10S | Timer A1 one-shot startflag |timer mode) and the MR2 bit in the TAIMR | RW
E o register = 0 (TAIOS bit enabled). Read as 0
1 )
H i [ (R TA20S |Timer A2 one-shot start flag RW
) 1 ]
P
i i i L TA30S |[Timer A3 one-shot start flag RW
[
] : : [}
. NN TA4OS |Timer A4 one-shot start flag RW
! 1
P
b . ) . 0 : Z-phase input disabled
i E ! TAZIE Z-phase input enable bit 1: Z-phase input enabled RW
.
I b7 b6
E TAOTGL Timer A0 event / trigger 0 0:Inputon TAOIN pin is selected () RW
! seloct bit 0 1:TB2is selected @
b TAOTGH 1 0:TA4is selected @ RW
1 1:TA1is selected @
NOTES :
1. Make sure the PD7_1 bit in the PD7 register is set to 0 ( input mode).
2. Overflow or underflow.
Trigger Select Register
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
i i TRGSR 0323h 00h
REEER R
! ] : ] : 1
i E p !t | BitSymbol Bit Name Function RW
P I
| bl P Timer A1 event / trigger b1 b0
b ! [ TAITGL select bit 0 0:Inputon TA1IN is selected () RW
E i ! 0 1:TB2is selected @
i 1 : 1 0:TAOis selected @
----- TA1TGH RW
A 1 1:TA2is selected @
) 1
E o Timer A2 event / trigger b3 b2
! i TA2TGL | select bit 0 O0:Inputon TA2IN is selected RW
i ! ! 0 1:TB2is selected @
] ] .
i ) i 1 0:TA1is selected @
| R TA2TGH RW
Pl 1 1:TA3is selected @
! ]
b | Timer A3 event / trigger b5 b4
! potTTTTTTTT TASTGL [select bit 0 0:Inputon TA3IN is selected (") RW
E Lo 0 1:TB2is selected @
[ TA3TGH 1 0:TA2is selected @ RW
P 1 1:TA4is selected @
1 1
v Timer A4 event / trigger b7 b6
! TA4TGL select bit 0 0:Inputon TA4IN is selected (") RW
i 0 1:TB2is selected @
I 1 0:TA3is selected @
TA4TGH RW
1 1:TAO s selected @

NOTES :

2. Overflow or underflow

1. Set the port direction bits for the pins TA1IN to TA4IN to O (input mode).

Figure 15.7 Registers ONSF and TRGSR
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Clock Prescaler Reset Flag
b7 b6 b5 bd b3 b2 b1 b0 Symbol Address After Reset
CPSRF 0015h OXXXXXXXb
[
EEEEEEE
HE A Bit Symbol Bit Name Function RW
A
I —
IO PR S N S I No register bits. If necessary, set to 0. Read as undefined value —
! (b6-b0)
1
1
1
] Initializing the clock prescaler.
CPSR |Clock prescaler reset flag (Read as 0) RW
Timer A Count Source Select Register 0, Timer A Count Source Select Register 1
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
TACSO to TACS1 01D0h to 01D1h 00h
T M
RERRERE
! i oo i Pl Bit Symbol Bit Name Function RW
EEEEEEE
i ; b Pl TAi count source select bit |2 b1 b0
bbb = TCSO 0 0 0:fITIMAB or f2TIMAB RW
A 0 0 1:18TIMAB
bbb 0 1 0:f32TIMAB
bl e TCS1 0 1 1:f64TIMAB RW
b 1 0 0:Donotset
P 1 0 1:f0CO-S
i ! i E E t===---q TCS2 1 1 0:fC32 RW
:i P 1 1 1:Donotset
]
AR 1: TCKO, TCK1 enabled, TCSO to TCS2
[ R TAi count source option disabled
; ; R TCS3 | pecified bit 0 : TCKO, TCK1 disabled, TCSO to TCS2 RW
A enabled
Pl E b6 b5 b4
T L] TCS4 0 0 O0:fTIMAB orf2TIMAB ™ RW
i i i 0 0 1:f8TIMAB
P 0 1 0:f32TIMAB
E L T TCS5 |TAjcountsource selectbit |0 1 1:f64TIMAB RW
o 1 0 0:Donotset
b 1 0 1:fOCO-S
E ] TCS6 1 1 0:fC32 RW
! 1 1 1:Donotset
E 1: TCKO, TCK1 enabled, TCS4 to TCS6
] TAj count source option disabled
Tes7 specified bit 0 : TCKO, TCK1 disabled, TCS4 to TCS6 RW
enabled
TACSO register:i=0,j=1 TACS1 register: i=2,j=3
NOTE :
1. Set this value at the PCLKO bit in the PCLKR register.

Figure 15.8 Registers CPSRF, TACSO0, and TACS1
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Timer A Count Source Select Register 2
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
TACS2 01D2h XO0h
[ : :
A A A
i i i i ! i Pl Bit Symbol Bit Name Function RW
[ I I | : ! : :
i bl i P TA4 count source select bit (b2 b1 b0
I I i t-4{ TCSo 0 0 O : fTIMAB or f2TIMAB ™ RW
A 0 0 1:f8TIMAB
EEEE:E: 0 1 0:f32TIMAB
AR AR RS TCS1 0 1 1:f64TIMAB RW
A 1 0 O : Donotset
P 1 0 1:fOCO-S
Eor o temmeed TCS2 1 1 0:fC32 RW
i i i i ! 1 1 1 : Donotset
1
AR 1: TCKO, TCK1 enabled, TCSO to TCS2
v i TCS3 TA4 count source option disabled RW
I R ity specified bit 0 : TCKO, TCK1 disabled, TCSO to TCS2
P enabled
oo
P -
L IO (b7-b4) No register bits. If necessary, set to 0. Read as undefined value. —
NOTE :
1. Set this value at the PCLKO bit in the PCLKR register.
Timer A Waveform Output Function Select Register
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
TAPOFS 01D5h XXX00000b
oo ! !
A
i E i i I Bit Symbol Bit Name Function RW
|
[ T A R
[ . g .
Pror o | .. |0 : Output waveform "H" active
i i i E E i E POFSO [TAOOUT output polar control bit 1 - Output waveform "H" active RW
i E oo (output reversed)
P E E i Lo POFS1 | TA10UT output polar control bit RW
[T T T T T
| B T T
R — POFS2 |TA20UT output polar control bit RW
1 1 ] 1 ]
1 1 ] ] ]
1 1 ] ] ]
R et POFS3 [ TA30UT output polar control bit RW
1 ] ' ]
] ] ] ]
1 1 ] 1
i E E b POFS4 | TA40UT output polar control bit RW
] ] '
:L_j__i ______________ — No register bits. If necessary, set to 0. Read as undefined value _
(b7-b5)
Figure 15.9 Registers TACS2 and TAPOFS
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M16C/64 Group 15. Timers

15.1.1 Timer Mode

In timer mode, the timer counts a count source generated internally (see Table 15.1). Figure 15.10
shows TAIMR Register in Timer Mode.

Table 15.1  Specifications in Timer Mode

ltem Specification
Count Source fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
Count Operation * Decrement

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

Divide Ratio 1/ (n+1) n: set value of TAi register 0000h to FFFFh
Count Start Condition Set the TAIS bit in the TABSR register to 1 (start counting)
Count Stop Condition Set the TAIS bit to 0 (stop counting)
Interrupt Request Generation Timer underflow
Timing
TAIIN Pin Function I/0 port or gate input
TAIOUT Pin Function I/O port or pulse output
Read from Timer Count value can be read by reading the TAi register
Write to Timer * When not counting

Value written to the TAi register is written to both reload register and counter
* When counting

Value written to the TAi register is written to only reload register

(Transferred to counter when reloaded next)

Select Function + Gate function
Counting can be started and stopped by an input signal to the TAIIN pin

* Pulse output function
Whenever the timer underflows, the output polarity of TAIOUT pin is inverted.
When the TAIS bit is set to 0 (stop counting), the pin outputs “L.”

* Output polarity control
While the output polarity of the TAIOUT pin is inverted (the TAIS bit is set to 0
(stop counting)), the pin outputs “H.”

i=0to4

Timer Ai Mode Register (i = 0 to 4)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
0 0fo TAOMR to TA4MR 0336h to 033Ah 00h
B
]
| E Bit Symbol Bit Name Function RW
] 1
[
[
i -4 TMODO RW
H Operation mode select bit |2 20
i P 0 0: Timer mode
e TMOD1 RW
0 : No pulse output
MRO Pulse oytput function -(TAIOUT pin flinctlons as |/O port) RW
select bit 1 : Pulse output ("
(TAIOUT pin functions as a pulse output pin)
b4 b3
MR1 0 0: ) Gate function not available RW
Gate function select bit 0 1: [ (TAIIN pin functions as I/O port)
____________ MR2 1 0 : Counts while input on the TAIIN pin is low @ RW
1 1 : Counts while input on the TAIIN pinis_high @
MR3 Set to 0 in timer mode RW
b1 b0
TCKO 0 0:fTIMAB or f2TIMAB ©
Count source select bit @ [ 0 1:f8TIMAB RW
TCK1 1 0:f32TIMAB
1 1:fC32

NOTES :
1. The TAOOUT pin is N-channel open drain output.
2. Set the port direction bit for the TAIIN pin to 0 (input mode).
3. Selected by the PCLKO bit in the PCLKR register.
4. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 15.10 TAIMR Register in Timer Mode
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M16C/64 Group

15. Timers

15.1.2

Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Timers A2, A3, and A4 can count two-phase external signals. Table 15.2 lists Specifica-
tions in Event Counter Mode (When Not Processing Two-Phase Pulse Signal). Figure 15.11 shows the

TAIMR Register in Event Counter Mode (when not using two-phase pulse signal processing).

Table 15.2  Specifications in Event Counter Mode (When Not Processing Two-Phase Pulse Signal)
ltem Specification
Count Source * External signals input to the TAIIN pin (effective edge can be selected in a
program)
* Timer B2 overflows or underflows,
Timer Aj (j =i-1, exceptj=4ifi=0)overflows or underflows,

Timer Ak (k =i + 1, except k=0 if i = 4) overflows or underflows

Count Operation

* Increment or decrement can be selected by program.

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

Divide Ratio * 1/ (FFFFh - n + 1) for increment
* 1/ (n + 1) for decrement
n: set value of the TAi register 0000h to FFFFh
Count Start Condition Set the TAIS bit in the TABSR register to 1 (start counting)

Count Stop Condition

Set the TAIS bit to 0 (stop counting)

Interrupt Request Genera-
tion Timing

Timer overflow or underflow

TAIIN Pin Function

I/O port or count source input

TAIOUT Pin Function

I/O port, pulse output

Read from Timer

Count value can be read by reading the TAi register

Write to Timer

* When not counting
Value written to the TAi register is written to both reload register and
counter

* When counting
Value written to the TAI register is written to only reload register
(Transferred to counter when reloaded next)

Select Function

* Free-run count function
Even when the timer overflows or underflows, the reload register content is
not reloaded to it

* Pulse output function
Whenever the timer underflows or underflows, the output polarity of the
TAIOUT pin is inverted. When the TAIS bit is set to 0 (stop counting), the pin
outputs low.

* Output polarity control
While the output polarity of the TAIOUT pin is inverted (the TAIS bit is set to
0 (stop counting)), the pin outputs high.

i=0to4
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M16C/64 Group 15. Timers
Timer Ai Mode Register (i = 0 to 4)
(When Not Using Two-Phase Pulse Signal Processing)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
L[ [olof | Jo[1]  taomrto TASMR 0336h to 033Ah 00h
EEEE RN
] ]
i i E E ; i E i | BitSymbol Bit Name Function RW
] : [ : 1 : :
[ : [ : Vo
i . i t 11 b4 TMODO b1 b0 RW
! i . E ! E Operation mode select bit |0 1 : Event counter mode ("
A R AL TMOD1 RW
Vb
| i E E E i 0 : Pulse is not output
i ! i E )t MRO Pulse output function (TAIOUT pin functions as I/O port) RW
P E select bit 1: Pulse is output @
E i E E ! (TAIOUT pin functions as pulse output pin)
] : ] ] :
] 1 | I S —— . H H
i i I MR1 Count polarity select bit @ 0 : Counts falling edge of external signal RW
o b 1 : Counts rising edge of external signal
Voo ]
E i E MR2 Write 0 in event counter mode RW
1 : '
[
E i MR3 Write 0 in event counter mode RW
T
]
i et TCKO Count operation type 0 : Reload type RW
! select bit 1 : Free-run type
1
V]
TCK1 Can be 0 or 1 when not using two-phase pulse signal processing RW
NOTES :
1. During event counter mode, the count source can be selected using registers ONSF and TRGSR.
2. Valid when bits TAITGH and TAITGL in the ONSF or TRGSR register are 00b (TAIIN pin input).
3. The TAOOUT pin is N-channel open drain output.

Figure 15.11 TAIMR Register in Event Counter Mode (when not using two-phase pulse signal

processing)
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Table 15.3 lists Specifications in Event Counter Mode (when processing two-phase pulse signal with
Timers A2, A3, and A4). Figure 15.12 shows Registers TA2MR to TA4MR in Event Counter Mode
(when using two-phase pulse signal processing with Timers A2, A3, and A4).

Table 15.3  Specifications in Event Counter Mode (when processing two-phase pulse signal with
Timers A2, A3, and A4)

ltem Specification
Count Source Two-phase pulse signals input to TAIIN or TAIOUT pin
Count Operation * Increment or decrement can be selected by two-phase pulse signal

* When the timer overflows or underflows, it reloads the reload register contents and con-
tinues counting. When operating in free-running mode, the timer continues counting with-
out reloading.

Divide Ratio * 1/ (FFFFh - n + 1) for increment
*1/(n + 1) for decrement  n: set value of the TAi register  0000h to FFFFh

Count Start Condition Set the TAIS bit in the TABSR register to 1 (start counting)
Count Stop Condition Set the TAIS bit to 0 (stop counting)
Interrupt Request Generation Timing [ Timer overflow or underflow

TAIIN Pin Function Two-phase pulse input

TAIOUT Pin Function Two-phase pulse input

Read from Timer Count value can be read by reading Timer A2, A3, or A4 register
Write to Timer When not counting

Value written to the TAi register is written to both reload register and counter

When counting

Value written to the TAi register is written to only reload register

(Transferred to counter when reloaded next)

Select Function (1) Normal processing operation (Timer A2 and Timer A3)

The timer increments rising edges or decrements falling edges on the TAjIN pin when input
signals on the TAJOUT pin is “H”.

TAjOUT J L
TAJIN J + * + + L

Increment  Increment  Increment Decrement Decrement Decrement

Multiply-by-4 processing operation (Timer A3 and Timer A4)

If the phase relationship is such that TAKIN pin goes “H” when the input signal on the TAk-
OUT pin is “H,” the timer increments rising and falling edges on pins TAKOUT and TAKIN.
If the phase relationship is such that the TAKIN pin goes “L” when the input signal on the
TAKOUT pin is “H,” the timer counts down rising and falling edges on pins TAKOUT and

TAkOUTJth Ut—*tj

Increment all edges Decrement all edges
N YA EEER XN
- J - J

Y h'd

Increment all edges Decrement all edges

Counter initialization by Z-phase input (Timer A3)

The timer count value is initialized to 0 by Z-phase input.
i=2t04,j=2,3,k=3,4

NOTE:

1. Only Timer A3 is selectable. Timer A2 is fixed to normal processing operation, and Timer A4 is fixed
to multiply-by-4 processing operation.
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Timer Ai Mode Register (i = 2 to 4)
(When Using Two-Phase Pulse Signal Processing)
b7 b6 %5 :4 b3 %2 b1 b10 Symbol Address After Reset
|.|-|.| |0||O|I| TA2MR to TA4MR 0338h to 033Ah 00h
] [ ] ]
P
E i i | E i E i Bit Symbol Bit Name Function RW
[ R T R R
A
E i E E E E E L.l TMODO ‘ . b1 bO RwW
iy b Operation mode select bit 0 1:Event counter mode
! i I TMOD1 ’ RwW
| [ R |
: : [
E i i i i (E— MRO Set to 0 to use two-phase pulse signal processing RW
P
i E i E (YRR MR1 Set to 0 to use two-phase pulse signal processing RW
]
P
i i E EEEEEEEEEEES MR2 Set to 1 to use two-phase pulse signal processing RW
b
1
E E b MR3 Set to 0 to use two-phase pulse signal processing RwW
N
]
E i ________________ TCKO Count operation type select |0 : Reload type RW
E bit 1 : Free-run type
]
! Two-phase pulse signal . . .
L TCK1 processing operation type (1) : Ir\\lllzrl’[inTl-F;Jro-iesfcl)r::%sosri)sra:)logration RW
select bit -2 ) ply-by-2 p 9 op
NOTES :
1. The TCK1 bit can be set only for Timer A3 mode register. No matter how this bit is set, Timers A2 and A4 always
operate in normal processing mode and x4 processing mode, respectively.
2. To use two-phase pulse signal processing, following the register setting below:
« Set the TAIP bit in the UDF register to 1 (two-phase pulse signal processing function enabled).
« Set bits TAITGH and TAITGL in the TRGSR register to 00b (TAIIN pin input).
« Set the port direction bits for TAIIN and TAIOUT to 0 (input mode).

Figure 15.12 Registers TA2MR to TA4MR in Event Counter Mode (when using two-phase pulse
signal processing with Timers A2, A3, and A4)
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15.1.2.1 Counter Initialization by Two-Phase Pulse Signal Processing

This function initializes the timer count value to 0 by Z-phase (counter initialization) input during two-
phase pulse signal processing.

This function can only be used in Timer A3 event counter mode during two-phase pulse signal pro-
cessing, free-running type, multiply-by-4 processing, with Z phase entered from the ZP pin.

Counter initialization by Z-phase input is enabled by writing 0000h to the TA3 register and setting the
TAZIE bit in the ONSF register to 1 (Z-phase input enabled).

Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be cho-
sen to be the rising or falling edge by using the POL bit in the INT2IC register. The Z-phase pulse
width applied to the ZP pin must be equal to or greater than one clock cycle of Timer A3 count
source.

The counter is initialized at the next count timing after recognizing Z-phase input. Figure 15.13 shows
the Relationship between the Two-Phase Pulse (A Phase and B Phase) and the Z Phase.

If Timer A3 overflow or underflow coincides with the counter initialization by Z phase input, a Timer
A3 interrupt request is generated twice in succession. Do not use Timer A3 interrupt when using this
function.

TA30UT —
(A phase)

(B phase)

camsowee [ | [ [T [T [T T JT T JT ]I

zP ™

TA3IN |

<4—® | Input equal to or greater than one clock cycle
of count source

Timer A3 X m Xm+1X 1 X 2 X 3 X 4 X 5

NOTE :
1. This timing diagram is for the case where the POL bit in the INT2IC register = 1
(rising edge).

Figure 15.13 Relationship between the Two-Phase Pulse (A Phase and B Phase) and the Z Phase
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15.1.3 One-Shot Timer Mode
In one-shot timer mode, the timer is activated only once by one trigger (see Table 15.4). When the trig-
ger occurs, the timer starts up and continues operating for a given period. Figure 15.14 shows the
TAIMR Register in One-Shot Timer Mode.

Table 15.4

Specifications in One-shot Timer Mode

ltem

Specification

Count Source

fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32

Count Operation

* Decrement

* When the counter reaches 0000h, it stops counting after reloading a new
value.

« If a trigger occurs when counting, the timer reloads a new count and restarts
counting.

Divide Ratio 1/n n: set value of the TAi register  0000h to FFFFh
However, the counter does not work if the divide-by-n value is set to 0000h.
Count Start Condition | The TAIS bit in the TABSR register = 1 (start counting) and one of the following

triggers occurs.
* External trigger input from the TAIIN pin
* Timer B2 overflow or underflow,
Timer Aj (j =i- 1, exceptj=4ifi=0)overflow or underflow,
Timer Ak (k =i+ 1, except k = 0 if i = 4) overflow or underflow
* The TAIOS bit in the ONSF register is set to 1 (timer starts)

Count Stop Condition

* When the counter is reloaded after reaching 0000h
* The TAIS bit is set to 0 (stop counting)

Interrupt Request
Generation Timing

When the counter reaches 0000h

TAIIN Pin Function

I/O port or trigger input

TAIOUT Pin Function

I/O port or pulse output

Read from Timer

An indeterminate value is read by reading the TAi register

Write to Timer

* When not counting and until the 1st count source is input after counting starts
Value written to the TAi register is written to both reload register and counter
* When counting (after 1st count source input)
Value written to the TAi register is written to only reload register
(Transferred to counter when reloaded next)

Select Function

* Pulse output function
The timer outputs low when not counting and high when counting.

* Output polarity control
While the output polarity of TAIOUT pin is inverted (the TAIS bit is set to 0
(stop counting)), the pin outputs high.

i=0to4
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Timer Ai Mode Register (i = 0 to 4)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
o] [ | [1o]  TaomRtoTAamR 0336h to 033Ah 00h
H 1 H H 1 1 ]
EERRERE
E ! i i E Pl Bit Symbol Bit Name Function RW
T
oyt b bt X .
A Operation mode select bit |b1 b0
; i i | E E i TMODO 1 0: One-shot timer mode RW
T
P by TMOD!1 RW
tyopor :
E E P E i 0 : No pulse output
I i TAIOUT pin functions as 1/O port
[ (TAi p port)
i : E i i ] MRO SP':II:Z%lijttput function 1 : Pulse output " RW
! i I (TAIOUT pin functions as a pulse output
Pl pin)
A
P! i i i _________ MRA External trigger select 0 : Falling edge of input signal to TAIIN pin @) RW
P bit @ 1 : Rising edge of input signal to TAIIN pin ®)
H . 1
1 H 1 1
A ) . 0 : TAIOS bit enabled
1 H 1 ]
I MR2 | Trigger select bt 1: Selected by bits TAITGH and TATTGL RW
] ] 1
] ) !
i E P MR3 Set to 0 in one-shot timer mode RW
[
[
i b7 b6
et TCKo 0 0:f1TIMAB or f2TIMAB
‘ Count source select bit ® | 0 1 : f8STIMAB RW
:_ __________________ TCK1 1 0 : f32TIMAB
1 1:fC32
NOTES :

1. The TAOOUT pin is N-channel open drain output.

2. Valid when bits TAITGH and TAITGL in the ONSF register or TRGSR register are set to 00b (TAIIN pin input).

3. Set the port direction bit for the TAIIN pin to 0 (input mode).

4. Selected by the PCLKO bit in the PCLKR register.

5. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 15.14 TAIMR Register in One-Shot Timer Mode
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15.1.4 Pulse Width Modulation (PWM) Mode

In PWM mode, the timer outputs pulses of a given width in succession (see Table 15.5). The counter
functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 15.15 shows
TAIMR Register in PWM Mode. Figures 15.16 and 15.17 show an Example of 16-Bit Pulse Width Mod-
ulator Operation and 8-bit Pulse Width Modulator Operation, respectively.

Table 15.5  Specifications in PWM Mode

Item Specification
Count Source fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
Count Operation » Decrement (operating as an 8-bit or a 16-bit pulse width modulator)
* The timer reloads a new value at a rising edge of PWM pulse and continues
counting.
* The timer is not affected by a trigger that occurs during counting.
16-bit PWM * Pulse width n / fj n: set value of the TAI register

* Cycle time (216 - 1)/ fj fixed fj: count source frequency (1TIMAB, f2TIMAB,
f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32)

8-bit PWM * Pulse width n x (m+1) / fj n: set value of the TAi register high-order
address

* Cycle time (28-1) x (m+1) /fj m: set value of the TAi register low-order
address

Count Start Condition * The TAIS bit of the TABSR register is set to 1 (start counting)

* The TAIS bit = 1 and external trigger input from the TAIIN pin

» The TAIS bit = 1 and one of the following external triggers occurs
Timer B2 overflow or underflow,
Timer Aj (j =i-1, exceptj=4ifi=0)overflow or underflow,
Timer Ak (k =i+ 1, except k = 0 if i = 4) overflow or underflow

Count Stop Condition The TAIS bit is set to 0 (stop counting)

Interrupt Request On the falling edge of PWM pulse

Generation Timing

TAIIN Pin Function I/O port or trigger input

TAIOUT Pin Function Pulse output

Read from Timer An indeterminate value is read by reading the TAi register
Write to Timer * When not counting

Value written to the TAi register is written to both reload register and counter
* When counting
Value written to the TAi register is written to only reload register
(Transferred to counter when reloaded next)
Select Function * Output polarity control
While the output polarity of TAIOUT pin is inverted (the TAIS bit is set to 0
(stop counting)), the pin outputs high.

i=0to4
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Timer Ai Mode Register (i = 0 to 4)
b7 b6 bS5 b4 b3 b2 b1 b0 Symbol Address After Reset
[1]1]  TAoMR o TA4MR 0336h to 033Ah 00h
R
P
! E Pror Bit Symbol Bit Name Function RwW
[ : ) : [
[ L S T N N
R T I R Operation mode select bit [b1 b0
R TMODO 1 1:PWM mode RW
A A
;ii;ii: ----- TMOD1 RW
I R
o by i 0 : No pulse output
bt . (TAIOUT pin functions as I/0 port)
E i E E i et MRO ;:II:; ?)lijttﬁ?t function 1 : Pulse output M RW
P ! : (TAIOUT pin functions as a pulse output
P ! H pin)
Pl
E E i H E MRA1 External trigger select 0 : Falling edge of input signal to TAIIN pin ® RW
P E """"" bit @ 1 : Rising edge of input signal to TAIIN pin ¢
[
P . e )
Vo ] . . 0: Write 1 to the TAIS bit in the TABSR register
ol MR2 |Trigger select bit 1: Selected by bits TATGH and TATGL RW
P
E i E ______________ MR3 16 / 8-bit PWM mode select |0 : Functions as a 16-bit pulse width modulator RW
! i bit 1: Functions as an 8-bit pulse width modulator
[
bl b7 b6
: TCKO 0 0:f1TIMAB or f2TIMAB ©
i Count source select bit ® | 0 1 : fsSTIMAB RW
e ] TCK1 1 0: f32TIMAB
1 1:fC32
NOTES :
1. The TAOOUT pin is N-channel open drain output.
2. Valid when bits TAITGH and TAITGL bit in the ONSF register or TRGSR register are set to 00b (TAIIN pin
input).

3. Set the port direction bit for the TAIIN pin to O (input mode).

4. Set this bit to 1 (pulse output) to output PWM pulse.

5. Selected by the PCLKO bit in the PCLKR register.

6. Valid when the TCS3 bit or TCS7 bit in registers TACSO0 to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 15.15 TAIMR Register in PWM Mode
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176% (218 1)

i
Count source [
Input signal to TAIIN pin H ~ T
o

Trigger is not generated by this signal.;
PWM pulse output

from TAIOUT pin 1/fixn

When TOFSi =0 “H”

(waveform output = “H”

active, not inverted) “LP — e e —

When TOFSi = 1 H— e
(waveform output = “L” W

active, inverted)

“qn
IR bit in TAIIC register
v —m 1

fj: count source frequency V\ . . /'
(M TIMAB, f2TIMAB, f8TIMAB, f32TIMAB, Set to 0 upon accepting an interrupt
f64TIMAB, fOCO-S, fC32) request or by writing in program.
i=0to4
TOFSi: bit in the TAPOFS register
NOTES :

1.n =0000h to FFFEh

2. This timing diagram is for the case where the TAi register is 0003h, bits TAITGH and TAITGL in the
ONSF register or TRGSR register are 00b (input to the TAIIN pin), the MR1 bit in the TAIMR register is 1
(rising edge), and the MR2 bit in the TAIMR register is 1 (trigger selected by bits TAITGH and TAITGL).

Figure 15.16 Example of 16-Bit Pulse Width Modulator Operation

1/fix(m+1) x(28-1)

ni A
Count source i !
=] [N Q=)
o
Input signal to TAIIN pin }
L S e I
1/fix (m+1)
8-bit prescaler ‘H — e
underflow signal @ W
PWM pulse output 1/fix (m+1)xn
from TAIOUT pin -+
When TOFSi =0
(waveform output = “H”

H’ctive, not inverted)  «.” - -

When TOFSi = 1 H — A _\—,_
(waveform output =“L"  « »

active, inverted)

IR bit in TAIIC register !
‘v -

fi:  count source frequency \ . )
(FITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, Set to 0 upon accepting an interrupt request or by

vi0a f64TIMAB, fOCO-S, fC32) writing inprogram.
i=0to

TOFS:i: bit in TAPOFS register

NOTES :

1. The 8-bit prescaler counts the count source.

2. The 8-bit pulse width modulator counts underflow signals of the 8-bit prescaler.

3. m = 00h to FFh, n=00h to FEh

4. This timing diagram is for the case where the TAi register is 0202h, bits TAITGH and TAITGL in the
ONSF register or TRGSR register are 00b (input to the TAIIN pin), the MR1 bit in the TAIMR register is 0
(falling edge), and the MR2 bit in the TAIMR register is 1 (trigger selected by bits TAITGH and TAITGL).

Figure 15.17 Example of 8-Bit Pulse Width Modulator Operation
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15.2 Timer B

Figure 15.18 shows Timer B Block Diagram. Figures 15.19 to 15.21 show registers related to Timer B.
Timer B supports the following three modes. Use bits TMOD1 and TMODO in the TBiMR register (i = 0 to
5) to select the desired mode.
* Timer Mode : The timer counts an internal count source.
» Event Counter Mode : The timer counts pulses from an external device
or overflows or underflows of other timers.
* Pulse Period, Pulse Width Measurement Mode: The timer measures pulse period or pulse width of
an external signal.

{ Data Bus {
4
f1TIMAB Select Clock Source
or TCK1 to TCKO
f2TIMAB JD——%C TCTSgs7 00: Timer \/
Ul or 10: Pulse Period -

f8TIMAB 0 roload R "
f32T|MABA.8 O and Pulse Width Measurement ~ TMOD1 to TMODO | eload kegister |
fC32 o 50 x

TCS2 to TCSO 1
nglMAB or TCS6 to TCS4 4 TCK1 . Counter |

—000] . 01: Event Counter y

f2TIMAB T8 ° o
8TIMAB —2LL 0o Overflow () .
f32TIMAB—1210
f64TIMAB—LLY

7o)
foco-s —9 o

fc2 oo .

TBIIN (O—{ Switching and
Edge Pulse

I Counter Reset Circuit |—

. i=0to5
NOIEdveﬁIows or underflows j=1i-1;however,j=2wheni=0,j=5wheni=3
TCK1 to TCKO, _TBI _TBj
TMOD1 to TMODO : bits in the TBiMR register Timer BO | Timer B2
TBiS : bits in the TABSR register or TBSR register Timer B1 Timer BO
TCSO0 to TCS7 : bits in registers TBCSO to TBCS3 Timer B2 Timer B1

Timer B3 Timer B5
Timer B4 Timer B3
Timer B5 Timer B4

Figure 15.18 Timer B Block Diagram
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Timer Bi Mode Register (i = 0 to 5)
b7 b6 b5 bd b3 b2 b1 b0 Symbol Address After Reset
TBOMR to TB2MR 033Bh to 033Dh 00XX0000b
N I R TB3MR to TB5MR 031Bh to 031Dh 00XX0000b
Vo ! [
i ; i i i i i ' | Bit Symbol Bit Name Function RW
A
E E i E E i i E Operation mode select bit b1 b0
i b -] TMoDo 0 0:Timer mode RW
! E H i Vo 0 1:Event counter mode
I i I i 1 0 : Pulse period measurement mode
A I S TMOD1 Pulse width measurement mode RW
AR 1 1:Do not set
] ] 1
A . MRO RW
i R i Function varies with each operation mode
! E i i ---------- MR1 RwW
ooy
Voo
E E E U (b_4) No register bit. If necessary, set to 0. Read as undefined value —
[
Yoo
E E L MR3 Function varies with each operation mode RO
Yo
[
i fommmmmmmommmoeee TCKO | count source select bit @) RwW
R TCKA1 (Function varies with each operation mode) RW
NOTE :
1. Valid when the TCS3 bit or TCS7 bit in registers TACSO0 to TACS2 is set to 0 (TCKO, TCK1 enabled).
Timer Bi Register (i = 0 to 5) ()
(©15)  (b8)
b7 b0 b7 b0
| | Symbol Address After Reset
TBO 0331h to 0330h Indeterminate
i TB1 0333h to 0332h Indeterminate
! TB2 0335h to 0334h Indeterminate
H TB3 0311h to 0310h Indeterminate
i TB4 0313h to 0312h Indeterminate
! TBS 0315h to 0314h Indeterminate
1
1
i Mode Function Setting Range RW
1
1
1 P
S Timer mode D|l/|de the count source by n + 1 where 0000h to FFFFh RW
n = set value
Event counter mode | 2Vde the countsource by n +1where | 4041t FFFFR RW
n = set value @
Pulse period
measurgment mode Measures a pulse period or width 0000h to FFFFh ®) RW *)
Pulse width
measurement mode
NOTES :

1. Access to the register in 16-bit units.
2. The timer counts pulses from an external device or overflows or underflows of other timers.

3. Set it when the TBiS bit in the TABSR or TBSR register is set to 0 (count stops).

4. Read only (RO) when the TBiS bit in the TABSR or TBSR register is set to 1 (count starts).

Figure 15.19 Register TBOMR to TB5MR and TBO to TB5
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Count Start Flag
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
TABSR 0320h 00h
R
P
b b1 | Bitsymbol Bit Name Function RW
1 1 1 ] ] 1 1 ]
[ K .
E i i b i 1 L1 TA0S |Timer A0 count start flag 0 : Stop counting RW
AR A 1 : Start counting
1 1 ] ] ]
E i i E E i ---- TA1S  |Timer A1 count start flag RW
] 1
I T T B
I ]
R R TA2S  |Timer A2 count start flag RW
[ ]
] 1 ] ' ]
i | E e TA3S | Timer A3 count start flag RW
]
o
T N—— TA4S  |Timer A4 count start flag RW
] 1 ]
] 1 1
i H [ — TBOS  |Timer BO count start flag RwW
I
I
[
ety TB1S  [Timer B1 count start flag RW
1
1
R R eI R TB2S  [Timer B2 count start flag RW
Timer B3, B4, B5 Count Start Flag
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
TBSR 0300h 000XXXXXb
] ] ] 1 ) 1 1 ]
: : : [ I T |
A . . i
T I A Bit Symbol Bit Name Function RW
] 1 1 1 ) ] 1 ]
E i E i i E i i _ No register bits. If necessary, set to 0. Read as undefined value
1 ., . ' ] . JE—
I (b4-b0)
1
! 1 ] .
i i (S TB3S  |Timer B3 count start flag 0 : Stop countllng RW
P 1 : Start counting
1 1
e TB4S | Timer B4 count start flag RW
]
]
]
L et TB5S  |Timer B5 count start flag RW
Clock Prescaler Reset Flag
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
CPSRF 0015h OXXXXXXXb
] ] ] ] ] ] 1 ]
SRR
U Bit Symbol Bit Name Function RW
ERRRRE
i :___:__:__:__l__:__:___ (bGTbO) No register bits. If necessary, set to 0. Read as undefined value —
]
1
1
! e P
e CPSR  |Clock prescaler reset flag zggzlézgnsgot;] e clock prescaler. RW

Figure 15.20

Register TABSR, TBSR, and CPSRF
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Timer B Count Source Select Register 0, Timer B Count Source Select Register 2
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset

TBCSO 01C8h 00h
I T TBCS2 01E8h 00h
: 1 [ : 1
i Pl | t | Bitsymbol Bit Name Function RW
[ 1 H
! i H TBi count source select bit |02 b1 b0
i ! ! -4 TCSO 0 0 O0:f1TIMAB or f2TIMAB () RW
! ! 0 0 1:f8TIMAB
! 0 1 0:f32TIMAB
AL EEE TCS1 0 1 1:f64TIMAB RW
1 0 0:Donotset
1 0 1:fOCO-S
"""" TCS2 1 1 0:fC32 RW
i 1 1 1:Donotset
P 1 : TCKO, TCK1 enabled, TCSO to TCS2
[ TBi count source option disabled
i ! i TCS3 specified bit 0 : TCKO, TCK1 disabled, TCSO to TCS2 RW
i . enabled
1
Pl i ! TBj count source select bit  |b6 b5 b4
et TCS4 0 0 0:fITIMAB or f2TIMAB RW
b 0 0 1:f8TIMAB
P i 0 1 0:f32TIMAB
R TCS5 0 1 1:f64TIMAB RW
! 1 0 0:Donotset
! 1 0 1:fOCO-S
 EEECGET TR, TCS6 1 1 0:fC32 RW
1 1 1:Donotset
1: TCKO, TCK1 enabled, TCS4 to TCS6
___________________ TBj count source option disabled
TCS7 specified bit 0 : TCKO, TCK1 disabled, TCS4 to TCS6 RW
enabled
TBCSO register:i=0,j=1 TBCS2 register: i=3,j=4
NOTE :
1. Set this value at the PCLKO bit in the PCLKR register.
Timer B Count Source Select Register 1, Timer B Count Source Select Register 3
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
TBCS1 01C9h XO0h
: T TBCS3 01ESh XO0h
] : [
i i E i Bit Symbol Bit Name Function RW
1 [
] [
i P TBi count source select bit  |[b2 b1 b0
i H -4 TCSO 0 0 O :fTIMAB orf2TIMAB (" RW
; i 0 0 1:f8TIMAB
| ! 0 1 0 :f32TIMAB
i e TCS1 0 1 1 :f64TIMAB RW
! i 1 0 O :Donotset
| ! 1 0 1 :fOCO-S
s TCS2 1 1 0:fC32 RW
P i 1 1 1 :Donotset
) 1 1
Pb b 1: TCKO, TCK1 enabled, TCSO to TCS2
R T R S TBi count source option disabled
P TCS3 | specified bit 0 : TCKO, TCK1 disabled, TCSOto TCS2 | WV
P enabled
Pl
I T I (b7Tb4) No register bits. If necessary, set to 0. Read as undefined value —
TBCSH1 register:i=2 TBCS3 register: i=5
NOTE :
1. Set this value at the PCLKO bit in the PCLKR register.

Figure 15.21 Registers TBCSO0, TBCS1, TBCS2, and TBCS3
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15.2.1 Timer Mode
In timer mode, the timer counts a count source generated internally (see Table 15.6). Figure 15.22
shows the TBiIMR Register in Timer Mode.

Table 15.6  Specifications in Timer Mode

ltem Specification
Count Source f1ITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
Count Operation * Decrement
* When the timer underflows, it reloads the reload register contents and continues
counting
Divide Ratio 1/(n+1) n: set value of the TBi register 0000h to FFFFh

Count Start Condition | Set the TBIS bit (1) to 1 (start counting)
Count Stop Condition | Set the TBiS bit to 0 (stop counting)
Interrupt Request Timer underflow

Generation Timing
TBIIN Pin Function I/0O port

Read from Timer Count value can be read by reading the TBi register

Write to Timer * When not counting
Value written to the TBi register is written to both reload register and counter
* When counting
Value written to the TBi register is written to only reload register
(Transferred to counter when reloaded next)

i=0to5
NOTE:
1. Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are
assigned to bits 5 to 7 in the TBSR register.
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Timer Bi Mode Register (i = 0 to 5)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
| | | [Xlo]o]o]o]  TBOMRtoTB2MR 033Bh to 033Dh 00XX0000b
[ R B B TB3MR to TB5MR 031Bh to 031Dh 00XX0000b
[
bbb b | Bitsymbol Bit Name Function RW
] ]
RERRERE
P b L4 T™MODO RW
o E : E o Operation mode select bit b1 b0
E E ! E ' i E P 0 0:Timer mode
: : : : : : """ TMOD1 RW
RRRRR
Pl e MRO RW
E i E i E Set to 0 in timer mode
Pl i femeeee MR1 RW
RN
)
i i E S — No register bit. If necessary, set to 0. Read as undefined value —
1!
P
P Write 0 in timer mode.
E i [ MR3 Read as undefined value in timer mode RO
) 1
) ]
P b7 b6
P TCKo 0 0:fTIMAB or f2TIMAB ™ RW
! Count source selectbit @ | 0 1: f8STIMAB
: 1 0:f32TIMAB
L e mmmmmmm e TCK1 1 1-fC32 RW
NOTES :
1. Selected by the PCLKO bit in the PCLKR register.
2. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS2 is set to 0 (TCKO, TCK1 enabled).

Figure 15.22 TBiMR Register in Timer Mode
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15.2.2 Event Counter Mode

In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers (see Table 15.7). Figure 15.23 shows the TBiMR Register in Event Counter Mode.

Table 15.7  Specifications in Event Counter Mode

ltem Specification
Count Source * External signals input to TBIIN pin (effective edge rising edge, falling edge,
or both rising and falling edges) can be selected in a program)
* Timer Bj overflow or underflow (j=i- 1, exceptj=2ifi=0,j=5ifi=3)
Count Operation » Decrement
* When the timer underflows, it reloads the reload register contents and con-
tinues counting.

Divide Ratio 1/(n+1) n: set value of the TBi register 0000h to FFFFh
Count Start Condition Set the TBIS bit (1) to 1 (start counting)

Count Stop Condition Set the TBiIS bit to 0 (stop counting)

Interrupt Request Timer underflow

Generation Timing

TBIIN Pin Function Count source input

Read from Timer Count value can be read by reading the TBi register.

Write to Timer * When not counting

Value written to the TBi register is written to both reload register and counter
* When counting

Value written to the TBi register is written to only reload register

(Transferred to counter when reloaded next)

i=0to5
NOTE:
1. Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are

assigned to bits 5 to 7 in the TBSR register.
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Timer Bi Mode Register (i = 0 to 5)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
[o]1]  TBOMR to TB2MR 033Bh to 033Dh 00XX0000b
I A TB3MR to TBSMR 031Bh to 031Dh 00XX0000b
[ : I : [
o E b | i 1| Bit Symbol Bit Name Function RW
v [ [
A
iiiiiii"" TMODO b1 b0 RW
E i o i Operation mode select bit |0 1 : Event counter mode
A R AL TMOD?1 RW
I [
P b i b3 b2
E E E (I S MRO 0 0: Counts falling edges of external RW
o E i signal
i i b Count polarity select bit (| 0 1 : Counts rising edges of external signal
Pl 1 0: Counts falling and rising edges
b T MR1 external signal RW
b 1 1:Do not set to this value
oo
E i E e — No register bit. If necessary, set to 0. Read as undefined value —
[
P
P Write 0 in event counter mode.
E E B MR3 Read as undefined value in event counter mode RO
] ]
] ]
b ] Tcko  |Invalid in event counter mode. RW
! SetOor1
]
| 0 : Input from TBIIN pin @
B LR TCK1 Event clock select 1 : TBj overflow or underflow RW
(i=i-1; however, j=2ifi=0, j=5ifi = 3)
NOTES :
1. Valid when the TCK1 bit = 0 (input from TBIIN pin). If the TCK1 bit = 1 (TBj overflow or underflow), these bits
can be setto 0 or 1.
2. Set the port direction bit for the TBilIN pin to O (input mode).

Figure 15.23 TBiMR Register in Event Counter Mode
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15.2.3 Pulse Period and Pulse Width Measurement Modes

In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of
an external signal (see Table 15.8). Figure 15.24 shows the TBiMR Register in Pulse Period and Pulse
Width Measurement Mode. Figure 15.25 shows the Operation Timing when Measuring a Pulse Period.
Figure 15.26 shows the Operation Timing when Measuring a Pulse Width.

Table 15.8  Specifications in Pulse Period and Pulse Width Measurement Mode

Item Specification
Count Source f1TIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S, fC32
* Increment
Count Operation » Counter value is transferred to reload register at an effective edge of

measurement pulse. The counter value is set to 0000h to continue counting.
Count Start Condition | Set the TBiS bit (3) to 1 (start counting)
Count Stop Condition | Set the TBiS bit to 0 (stop counting)

Interrupt Request + When an effective edge of measurement pulse is input (1)

Generation Timing Timer overflow. When an overflow occurs, the MR3 bit in the TBiMR register is
set to 1 (overflowed) simultaneously.

TBIIN Pin Function Measurement pulse input

Contents of the reload register (measurement result) can be read by reading the

Read from Timer TBi register (2)

Write to Timer Value written to the TBi register is written to neither reload register nor counter
i=0to5
NOTES:
1. Interrupt request is not generated when the first effective edge is input after the timer started count-
ing.

2. Value read from the TBi register is indeterminate until the second valid edge is input after the timer

starts counting.
3. Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are
assigned to bits 5 to 7 in the TBSR register.
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Timer Bi Mode Register (i = 0 to 5)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
110 TBOMR to TB2MR 033Bh to 033Dh 00XX0000b
T T T | : | TB3MR to TB5SMR 031Bh to 031Dh 00XX0000b
[
i i E i E ! i | Bit Symbol Bit Name Function RW
[ T I T
ooy Vo
. b + L-{ TMODO b1 b0 RW
i i i ! P! i Operation mode select bit| 1 0 : Pulse period, pulse width
P i E E i I TMOD1 measurement mode RW
[ [
P b3 b2
v ! i 0 0: Pulse period measurement
N i . (Measurement between a falling edge and
E ' E b MRO the next falling edge of measured pulse) Rw
! i ' E 0 1: Pulse period measurement
Froa ! M t mod (Measurement between a rising edge and
o ! elastutl;(_-:;men mode the next rising edge of measured pulse)
I E i H selectbi 1 0: Pulse width measurement
E i I | (Measurement between a falling edge and
I Gt MR1 the next rising edge of measured pulse RW
by and between a rising edge and the next
P i falling edge)
E ' E : 1 1: Do not set to this value
]
gy
P i o] — No register bit. If necessary, set to 0. Read as undefined value —
b
[
[ ) . 0 : No overflow
______________ ™
i i ! MR3 Timer Bi overflow flag 1 - Overflow RO
[}
A b7 b6
: TCKO 0 0:f1TIMAB or f2TIMAB @ RW
i Count source selectbit ® [ 0 1: f8TIMAB
] .
[ TCKA 1 0:f32TIMAB RW
1 1:fC32
NOTES :
1. This flag is indeterminate after reset. When the TBiS bit in the TABSR register or TBSR register is set to 1
(start counting), the MR3 bit is cleared to 0 (no overflow) by writing to the TBiMR register. The MR3 bit cannot
be set to 1 in a program.
2. Selected by the PCLKO bit in the PCLKR register.
3. Valid when the TCS3 bit or TCS7 bit in registers TACSO to TACS3 is set to 0 (TCKO, TCK1 enabled).

Figure 15.24 TBIiMR Register in Pulse Period and Pulse Width Measurement Mode
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15. Timers

Count source Uiy u-fuuy Ut
Measurement pulse ::' tq * | * —

/Transfer ¥ Transfer
(indeterminate value) (measured value)

Reload register-4-counter
transfer timing

/(NOTE 1) /(NOTE 1) /(NOTE 2)

Timing at which counter —l ]
reaches 0000h

TBiS bit
“Q
IR bit in TBIIC register
“ -
A

Set to 0 upon accepting an interrupt request or by writing in program:

MR3 bit in TBIMR register |
-

Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are assigned to bits 5
to 7 in the TABSR register.

i=0to5

NOTES :
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where bits MR1 and MRO in the TBiMR register are 00b (measure the interval from
falling edge to falling edge of the measurement pulse).

Figure 15.25 Operation Timing when Measuring a Pulse Period

Count source |_|_|_|_|_ J | | _H_l_u_l_—l_l_l_l"ﬂ_l_l_—um
Measurement pulse T _*__J v *

Transfer Transfer Transfer Transfer

i¥(indeterminatg W (measured I (measured ¥ (measured
value) 1A value) value) value)

Reload register<—counter
transfer timing

/ (NOTE 1) /(NOTE 1) /(NOTE )/(NOTE 1) /(NOTE 2)

Timing at which counter —l ']
reaches 0000h
- “"

TBIS bit
w0

IR bit in TBIIC register 1 _l
“g” \ ! |

MR3 bit in TBIMR register “1” Set to 0 upon accepting an interrupt request or by writing in program
w0

Bits TBOS to TB2S are assigned to bits 5 to 7 in the TABSR register, and bits TB3S to TB5S are assigned to bits 5
to 7 in the TABSR register.

i=0to5

NOTES :
1. Counter is initialized at completion of measurement.
2. Timer has overflowed.
3. This timing diagram is for the case where bits MR1 and MRO in the TBiMR register are 10b (measure the interval
from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge of the
measurement pulse).

Figure 15.26 Operation Timing when Measuring a Pulse Width
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M16C/64 Group 16. Three-Phase Motor Control Timer Function

16. Three-Phase Motor Control Timer Function

Timers A1, A2, A4, and B2 can be used to output three-phase motor drive waveforms. Table 16.1 lists the
Three-phase Motor Control Timer Functions Specifications. Figure 16.1 shows the Three-phase Motor Con-
trol Timer Functions Block Diagram. Also, the related registers are shown on Figures 16.2 to 16.7.

Table 16.1  Three-phase Motor Control Timer Functions Specifications

Item Specification
Three-Phase Waveform  |Six pins (U, U, V, V, W, W)

Output Pin

Forced Cutoff Input (1) Input “L” to the SD pin

Used Timers Timer A4, A1, A2 (used in one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer A1: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in timer mode)
Carrier wave cycle control
Dead time timer (3 eight-bit timers and shared reload register)
Dead time control
Output Waveform Triangular wave modulation, sawtooth wave modulation
 Enable to output “H” or “L” for one cycle
* Enable to set positive-phase level and negative-phase level independently
Carrier Wave Cycle Triangular wave modulation : count source x (m + 1) x 2
Sawtooth wave modulation : count source x (m + 1)
m: setting value of the TB2 register, 0000h to FFFFh
Count source: fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S,

fC32
Three-Phase PWM Output | Triangular wave modulation: count source x n x 2
Width Sawtooth wave modulation: count source x n

n: setting value of registers TA4, TA1, and TA2 (of registers TA4, TA41, TA1,
TA11, TA2, and TA21 when setting the INV11 bit to 1), 0001h to FFFFh
Count source: fITIMAB, f2TIMAB, f8TIMAB, f32TIMAB, f64TIMAB, fOCO-S,
fC32

Dead Time Count source x p, or no dead time

p: setting value of the DTT register, 01h to FFh

Count source: fITIMAB, f2TIMAB, fITIMAB divided by 2, f2TIMAB divided by

2
Active Level Enable to select “H” or “L”
Positive and Negative- Positive-and negative-phases concurrent active disable function

Phase Concurrent Active | Positive-and negative-phases concurrent active detect function
Disable Function
Interrupt Frequency Timer B2 interrupt is generated every q times
g: carrier wave cycle-to-cycle basis, 1 to 15

NOTES:

1. Forced cutoff with SD input is effective when the IVPCR1 bit in the TB2SC register is set to 1 (three-
phase output forcible cutoff by SD input enabled). If an “L” signal is applied to the SD pin when the
IVPCRA1 bit is 1, the related pins go to a high-impedance state regardless of which functions of those
pins are being used.

2. Related pins: P7_2/CLK2/TA10UT/V, P7_3/CTS2/RTS2/TA1IN/V, P7_4/TA20UT/W,

P7_5/TA2IN/W, P8_0/TA40UT/RXD5/SCL5/U, P8_1/TA4IN/CTS5/RTS5/U
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INVOO to INVO7 : bits in the INVCO register
INV10 to INV15: bits in the INVC1 register

DUi, DUBI : bits in the IDBi register (i = 0,1)

TA1S to TA4S : bits in the TABSR register - INVO3

PWCOM : bits in the TB2SC register ICTB2 register Value to be written to
n=1t15 INVO3 bit

Circuit to set interrupt Write signal to INVO3 bit

generation frequency

INVO1

INVOO
Reload control signal for Timer A1 Timer B2 N
r>Interrupt |\vo5

request bit

ICTB2 counter
n=1to15

Timer B2 underflow

(Timer mode)

INV04

INV06 —! )Trigiger
Transfer trigger (" d time ti . Tnverse E u
ia= 1IT062:5H516 *ba control > O

Trigger 30 i
U-phase output
| TA4 register | |TA41 registerl control circuit

Write signal to
Timer B2
INV10

Start trigger signal for Timers A1, A2, and A

| Reload || Reload |

Timer A4
control signal

U-phaie
utput signal
\ Three-phase

Timer A4
one-shot output
pulse shift register
(U phase)

q V13 ﬁ. Inverse >_O U
When setting the TA4S bit to 0, DQ control
signal is set to 0. U-phase T

TA1 register TA11 register output signal
I I
[ Reoad |[ Recad |
Timer A4

control signal

[Tnverse

control

Zir:re]zestrﬁ)l V-phase output
pulse control circuit Inverse

control

When setting the TA1S bit to 0, signal is spt fo 0.

output signal
| TA2 register | |TA21 registerl

| Reload || Reload |
Timer A2 one-

ead Time Time

ot pulse n=1to 255
>Ow
Timer A2 W-phase output W-phase
one-shot M output signal
pulse control circuit W
control
W-phase
When setting the TA2S bit to 0, output signal

signal is set to 0.

Switching to P8_0, P8_1 and P7_2 to P7_5 is not shown in this diagram.
NOTE:

1. Transfer trigger is generated only when registers IDBO and IDB1 are set and the first timer B2 underflows, if the INV06
bit is set to 0 (triangular wave modulation).

Figure 16.1 Three-phase Motor Control Timer Functions Block Diagram
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Three-Phase PWM Control Register 0 ()

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After Reset
INVCO 0308h 00h

E

E Bit Symbol Bit Name Function RW

E 0: The ICTB2 counter is decremented by one onthe

E__ INVOO Interr-upt enable.output n'singedgeof'ﬁrrng reload contral signal RW
polarity select bit 1: The ICTB2 counter is decremented by one on the

falling edge of Timer A1 reload contrd signal ©

| 0 : ICTB2 counter is decremented by one when
nterrupt enable output

----- INVO1 Timer B2 underflows RW

ification bit @
specification bit - Selected by the INVOO bit @

N

0 : No three-phase control timer functions

[ it @
INVO2  [Mode select bit 1 : Three-phase control timer function RW
- Di - i 6)
_________ INVO3 | Output control bit © 0 : Disables three-phase control Flmer output RW
1 : Enables three-phase control timer output
Positive-and negative- X .
----------- INV04 |phases concurrent active 0 . E_nables concurrent achye output RW
. ) . 1 : Disables concurrent active output
disable function bit
Positive-and negative- .
-------------- INVO5 |phases concurrent active 0 X Not detect;ed RW
1 : Detected
output detect flag
________________ INVOS Modulation mode 0 : Triangular wave modulation mode RW
select bit ) 1 : Sawtooth wave modulation mode ©)
Transfer trigger is generated when the INVO7 bit
INVO7 | Software trigger select bit is set to 1. Trigger to the dead time timer is also RW

generated when setting the INVO6 bit to 1. Read
as 0.

NOTES :

1. Set the INVCO register after the PRC1 bit in the PRCR register is set to 1 (write enabled). Rewrite bits INVOO

to INVO2 and INV06 when Timers A1, A2, A4 and B2 stop.

2. Set the INVO1 bit to 1 after setting the ICTB2 register

3. Bits INV0O and INVO1 are enabled only when the INV11 bit is set to 1 (three-phase mode 1). The ICTB2
counter is decremented by one every time Timer B2 underflows, regardless of INVOO and INVO1 bit settings,
when the INV11 bit is set to O (three-phase mode). When setting the INVO1 bit to 1, set Timer A1 count start
flag to 1 before the first Timer B2 underflow. When the INVOO bit is set to 1, the first interrupt is generated
when Timer B2 underflows n-1 times, if n is the value set in the ICTB2 counter. Subsequent interrupts are
generated every n times Timer B2 underflows.

. Set the INV02 bit to 1 to operate the dead time timer, U-, V-and W-phase output control circuits and ICTB2

counter.

5. When the INVCO3 bit is set to 1, the pins applied to U/V/W output three-phase PWM. Pins U, U, V, V, W and
W, including pins shared with other output functions, are all placed in high-impedance states when the
following conditions are all met.

» The INVO02 bit is set to 1 (three-phase motor control timer function)
* The INVO03 bit is set to 0 (three-phase motor control timer output disabled)
« Direction registers of each port are set to 0 (input mode)

6. The INVO3 bit is set to 0 when the followings conditions are all met.

* Reset

* A concurrent active state occurs while the INV04 bit is set to 1

» The INVO3 bit is set to 0 by program

* A signal applied to the SD pin changes “H” to “L”

When both bits INVC04 and INVCO05 are set to 1, the INVCO03 bit is set to 0.

7. The INVO05 bit can not be set to 1 by program. Set the INV04 bit to 0 as well when setting the INV05 bit to 0.

8. The following table describes how the INV06 bit works.

S

Item INVO6 =0 INVO6 = 1

Mode Triangular wave modulation mode Sawtooth wave modulation mode
Timing to transfer from registers | Transferred once by generating a Transferred every time a transfer
IDBO and IDB1 to three-phase [transfer trigger after setting registers |trigger is generated
output shift register IDBO and IDB1
Timing to trigger the dead time |On the falling edge of a one-shot On the falling edge of a one-shot pulse of the
timer when the INV16 bit =0 pulse of the timer A1, A2, or A4 timer A1, A2, or A4, and transfer a trigger

. Enabled when the INV11 bit=1and |.
INV13 bit the INVO6 bit = 0 Disabled

Transfer trigger : Timer B2 underflows and write to the INV07 bit, or write to the TB2 register when INV10 = 1

9. When the INVO6 bit is set to 1, set the INV11 bit to 0 (three-phase mode 0) and the PWCON bit in the TB2SC
register to 0 (reload Timer B2 with Timer B2 underflow).

Figure 16.2 INVCO Register
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Three-Phase PWM Control Register 1 (1)

. . . 0 : Dead time enabled
[ INV15 [Dead time disable bit 1 Dead time disabled RW

0 : Falling edge of a one-shot pulse of Timer A1,

Dead time timer trigger A2, and A4

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
|0| | | | | | | | INVC1 0309h 00h
R

R

i E i E i i E i Bit Symbol Bit Name Function RW
1 ] 1 ] 1 ] ] ]

T R R S R I ! 0 : Timer B2 underflow

bbb b Ny |TimerAl A2 and Adstart g o Bo Gnderflow and write to Timer | RW
Voo trigger select bit

] ] 1 ] 1 ] 1 82

T T T R B

T T T Timer A1-1, A2-1 and A4-1 |0 : Three-phase mode 0 @

E E i i E E ----  INVIT control bit @ 1 : Three-phase mode 1 RW
] ) ] ] ] ()

A Dead time ti t 0 : f1TIMAB or f2TIMAB

S A A - INV12 S:jrce";‘;e'cr?;rfo“” 1 : fITIMAB divided by 2 RW
A or f2TIMAB divided by 2

] ) ] ] ]

[ I N | e . .

T INVA3 | Carrier wave detectbit @ |0+ Timer At reload control signal is 0 RO
vy 1 : Timer A1 reload control signal is 1

) ) 1 )

) ] 1 ]

) ] 1 ] .

. . 0 : Active “L” of an output waveform

R EO—— INV14  |Output polarity control bit |17y too 2 ur Out‘;utwaveform RW
b

] ) 1

Vo

] )

] )

] ]

] )

] )

] )

1 ]

]

)

]

]

)

]

]

]

H

"""""""" INVI6 | et bit ©) 1: Rising edge of the three-phase output shift RW
register (U-, V-, W-phase)
__________________ (b7) Reserved bit Setto 0 RW
NOTES :

1. Rewrite the INVC1 register after the PRC1 bit in the PRCR register is set to 1 (write enabled). Rewrite while
the timers A1, A2, A4, and B2 stop.
2. The following table lists how the INV11 bit works.

Item INV11 =0 INV11 =1
Mode Three-phase mode 0 Three-phase mode 1
Registers TA11, TA21, and TA41 Not used Used
Bits INVOO and INVO1 in the INVCO | Disabled. Enabled
register The ICTB2 counter is decremented
whenever Timer B2 underflows
INV13 bit Disabled Enabled when INV11 =1 and INVO6 =0

3. When the INVO6 bit is set to 1 (sawtooth wave modulation mode), set the INV11 bit to O (three-phase mode 0).
Also, when the INV11 bit is set to 0, set the PWCON bit in the TB2SC register to 0 (timer B2 is reloaded when
Timer B2 underflows).

4. The INV13 bit is enabled only when the INVO6 bit is set to 0 (triangular wave modulation mode) and the INV11
bit to 1 (three-phase mode 1).

5. If the following conditions are all met, set the INV16 bit to 1 (rising edge of the three-phase output shift register).

» The INV15 bit is set to 0 (dead time timer enabled)

+ The Dij bit and DiBj bit always have different values when the INV03 bit is set to 1 (the positive-phase and
negative-phase always output opposite level signals) (i= U, Vor W, j=0, 1).

If above conditions are not met, set the INV16 bit to 0 (dead time timer is triggered on the falling edge of a one-

shot pulse of timers).

Figure 16.3 INVC1 Register
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Three-Phase Output Buffer Registeri () (i =0, 1)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
IDBO 030Ah XX111111b
T IDB1 030Bh XX111111b
[
[
i E Bit Symbol Bit Name Function RW
[
o
1o .
[ . . Write output level
E - DUi U-phase output buffer i 0 : Active level RW
i 1: Inactive level
1 . -— .
'----] DUBiI |U-phase output buffer i When read, the value of the three-phase RW
shift register is read.
DVi V-phase output buffer i RW
DVBi  |V-phase output buffer i RW
----------- DWi W-phase output buffer i RW
DWBi |W-phase output buffer i RW
(b7-b6) No register bits. If necessary, set to 0. Read as undefined value —

NOTE :

1. Values of registers IDBO and IDB1 are transferred to the three-phase output shift register by a transfer trigger.
After the transfer trigger occurs, the values written in the IDBO register determine each phase output signal
first. Then the value written in the IDB1 register on the falling edge of Timers A1, A2, and A4 one-shot pulse
determines each phase output signal.

Dead Time Timer (-2

b7 b0 Symbol Address After Reset
DTT 030Ch Indeterminate
Function Setting Range RW

If setting value is n, the timer stops when counting n times
a count source selected by the INV12 after start trigger
occurs. Positive or negative phase, which changes from 110 255 WO
inactive level to active level, shifts when the dead time
timer stops.

NOTES :
1. Use the MOV instruction to set the DTT register.
2. The DTT register is enabled when the INV15 bit in the INVC1 register is set to 0 (dead time enabled). No
dead time can be set when the INV15 bit is set to 1 (dead time disabled). The INV06 bit in the INVCO register
determines start trigger of the DTT register.

Timer B2 Interrupt Generation Frequency Set Counter (12 3)

b7 b0 Symbol Address After Reset
W—l ICTB2 030Dh Indeterminate
Function Setting Range RW

When the INVO1 bit is set to 0 (the ICTB2 counter increments
whenever Timer B2 underflows) and the setting value is n,
Timer B2 interrupt is generated every nth time Timer B2
------ underflow occurs.

When the INVO1 bit is set to 1 (the INVOO bit selects count
timing of the ICTB2 counter) and setting value is n, Timer B2
interrupt is generated every nth time Timer B2 underflow
meeting the condition selected in the INVOO bit occurs.

1to 15 WO

No register bits. If necessary, set to 0 —

NOTES :

1. Use the MOV instruction to set the ICTB2 register.

2. If the INVO1 bit in the INVCO register is set to 1, set the ICTB2 register when the TB2S bit in the TABSR
register is set to 0 (Timer B2 counter stopped).
If the INVO1 bit is set to 0 and the TB2S bit to 1 (Timer B2 counter start), do not set the ICTB2 register when
Timer B2 underflows.

3. If the INVOO bit is set to 1, the first interrupt is generated when Timer B2 underflows n-1 times, n being the
value set in the ICTB2 counter. Subsequent interrupts are generated every n times Timer B2 underflows.

Figure 16.4 Registers IDBO, IDB1, DTT, and ICTB2
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Timer Ai Mode Register (i = 1, 2, 4)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
of1(ofof1|0 TATMR 0337h 00h
T TA2MR 0338h 00h
! E TA4MR 033Ah 00h
HE
E E Bit symbol Bit Name Function RW
b
! TMODO RW
) . . Set to 10b (one-shot timer mode) with the
H Operation mode select bit X .
o] three-phase motor control timer function
TMOD1 RW
MRO Eulse output function select $et to 0 WIFh the three-phase motor control RW
bit timer function
MR1 External trigger select bit $et to 0 WIFh the three-phase motor control RW
timer function
Set to 1 (selected by the TRGSR register)
--- MR2 Trigger select bit with the three-phase motor control timer RW
function
""" MR3 Set to 0 with the three-phase motor control timer function RW
b7 b6
------- Teko 0 0:fTIMAB or f2TIMAB RW
Count source select bit @ 0 1:f8TIMAB
1 0:f32TIMAB
T TCK1 1 1:fC32 RW

NOTES :
1. Selected by the PCLKO bit in the PCLKR register.
2. Valid when bits TCS3 and TCS7 in registers TACSO0 to TACS?2 are set to 0. Selected by bits TCS2 to TCSO0 or
TCS6 to TCS4 in registers TACSO to TACS2 when bits TCS3 and TCS7 are set to 1. (Refer to Figure 15.8
Registers TACS0 and TACS and Figure 15.9 TACS2 Register ).

Timer B2 Special Mode Register ()

occurrences @

™ h iout port S5 0 : Three-phase output forcible cutoff by
_____ ree-phase output po SD input (high-impedance) disabled

IVPCR1 RW
control bit 1@ 1 : Three-phase output forcible cutoff by
SD input (high-impedance) enabled ©)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
A TB2SC 033Eh XXXXXX00b
[
[
[
i 1| BitSymbol Bit Name Function RW
T
[
[
b Timer B2 reload timin 0: Timer B2 underflow
i -1 PWCON |uitch bit 9 1 : Timer A output at odd-numbered RW
:
1}
L}
1
L}

No register bits. If necessary, set to 0. Read as 0 —

(b7:)2)

NOTES :

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. If the INV11 bitis O (three-phase mode 0) or the INVO06 bit is 1 (sawtooth wave modulation mode), set the
PWCON bit to 0 (Timer B2 underflow).

3. Make sure to set the PD8_5 bit to 0 (input) when setting the IVPCR1 bit to 1 (three-phase output forcible cutoff
by SD input enabled ).

4. Related pins are U(P8_0), U(P8_1), V(P7_2), V(P7_3), W(P7_4), and W(P7_5). If a low-level signal is applied to
the P8_5/NMI/SD pin, three-phase motor control timer output is disabled (INVO3 = 0). Then, the target pins go
to a high-impedance state regardless of which functions of those pins are being used. After forced interrupt
(cutoff), input “H” to the P8_5/NMI/SD pin and set the IVPCR1 bit to 0 to cancel the forced cutoff.

Figure 16.5 Registers TAl, TA2, TA4, TA1l, TA21, TA41, and TB2SC
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Timer B2 Register (V)
(b15)  (b8) Symbol Address After Reset
b7 b0 b7 b0 )
TB2 0335h to 0334h Indeterminate
Function Setting Range RW
L}
v ] If setting value is n, count source is divided by n+1.
Timers A1, A2 and A4 start every time an underflow occurs. 0000h to FFFFh RW
NOTE :
1. Read and write in 16-bit units.
Trigger Select Register
b7 b6 b5 b4 b3 b2 b1 b0
Symbol Address After Reset
; - TRGSR 0323h 00h
1 )
: o
i ! Bit Symbol Bit Name Function RW
)
1
[
Pi| TA1TGL RW
' Timer A1 event / trigger Set to 01b (TB2 underflow) before using
H select bit a V-phase output control circuit
o A1TGH Rw
------- TA2TGL RW
Timer A2 event / trigger Set to 01b (TB2 underflow) before using
select bit a W-phase output control circuit
---------- TA2TGH RW
b5 b4
"""""" TASTGL Timer A3 event / triager 0 0:Inputon TA3IN is selected (" Rw
soloat bit 99 0 1:TB2is selected @
______________ TA3TGH 1 0:TA2is selected @ RW
1 1:TA4is selected @
---------------- TA4TGL RW
Timer A4 event / trigger Set to 01b (TB2 underflow) before using
H select bit a U-phase output control circuit
[ - TA4TGH RW
NOTES :
1. Set the corresponding port direction bit to 0 (input mode).
2. Overflow or underflow
Count Start Flag
b7 b6 b6 b4 b3 b2 b1 b0 Symbol Address After Reset
TABSR 0320h 00h
i
1
H Bit Symbol Bit Name Function RW
; :
t-4 TAOS (Timer AO count start flag 0 : Stop counting RW
1 : Start counting
----- TA1S Timer A1 count start flag RwW
TA2S Timer A2 count start flag RwW
--------- TA3S Timer A3 count start flag RwW
____________ TA4S | Timer A4 count start flag RW
-------------- TBOS | Timer BO count start flag RW
________________ TB1S  |Timer B1 count start flag RW
------------------- TB2S | Timer B2 count start flag RW

Figure 16.6 Registers TB2, TRGSR, and TABSR
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Timer Ai Mode Register (i = 1, 2, 4)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
[ | [o][t]o]o]1]o]  TAIMR 0337h 00h
T T HE TA2MR 0338h 00h
H i ! E TA4MR 033Ah 00h
o [
1
i i | Bitsymbol Bit Name Function RW
]
P Pl
P | TMODO RW
! ) . Set to 10b (one-shot timer mode) with the
| Operation mode select bit . .
[ three-phase motor control timer function
! | TMOD1 RW
P
L Pulse output function select |Set to 0 with the three-phase motor control
MRO . . ) RW
bit timer function
.......... MR External trigger select bit $et to0 W|_th the three-phase motor control RW
timer function
Set to 1 (selected by the TRGSR register)
------------ MR2 Trigger select bit with the three-phase motor control timer RW
function
Ul Mmoo MR3 Set to 0 with the three-phase motor control timer function RwW
!
i b7 b6
S — TCKo 0 0:fTIMAB or 2TIMAB () RW
Count source select bit @ 0 1:f8TIMAB
1 0:f32TIMAB
................... TCK1 1 1-ic32 RW

NOTES :
1. Selected by the PCLKO bit in the PCLKR register.
2. Valid when bits TCS3 and TCS7 in registers TACSO to TACS2 are set to 0. Selected by bits TCS2 to TCSO0 or
TCS6 to TCS4 in registers TACSO0 to TACS2 when bits TCS3 and TCS7 are set to 1. (Refer to Figure 15.8
Registers TACSO and TACS and Figure 15.9 TACS2 Register ).

Timer B2 Mode Register

b7 b6 b5 b4 b3 b2 b1 b0

|0|0| Symbol Address After Reset
e —A TB2MR 033Dh 00XX0000b
RERERE
i i i1 | Bitsymbol Bit Name Function RW
1 (]
N
P11 L] TMODO . ) RW
b . . Set to 00b (timer mode) when using the
I Operation mode select bit three- ) )
' Vol ree-phase motor control timer function
i [ TMOD1 RW
i H !
H 1
: feemeee MRO Disabled when using the three-phase motor control timer function. RW
: If necessary, set to 0.
! E R MR1 Read as undefined value RW
E 1
____________ (b_4) No register bit. If necessary, set to 0. Read as undefined value —
______________ MR3 When write in three-phase motor control timer function, set to 0. RO
Read as undefined value in three-phase motor control timer function
] b7 b6
TCKo 0 0:fTIMAB or f2TIMAB () RW
Count source select bit @ 0 1:f8TIMAB
------------------- TCK1 19 RaTVAB RW

NOTES :
1. Selected by the PCLKO bit in the PCLKR register.
2. Valid when the TCS3 bit in the TBCS1 register is set to 0. Selected by bits TCS2 to TCSO0 in the TBCS1
register when the TCS3 bit in the TBCS1 register is set to 1 (Refer to Figure 15.21 TBCS1 Register).

Figure 16.7 Registers TAIMR, TA2MR, TA4AMR, and TB2MR
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The three-phase motor control timer function is enabled by setting the INV02 bit in the INVCO register to 1.
When this function is on, timer B2 is used to control the carrier wave, and timers A4, A1, and A2 are used to
control three-phase PWM outputs (U, U, V, V, W, and W). The dead time is controlled by a dedicated dead
time timer. Figure 16.8 shows an Example of Triangular Wave Modulation Operation and Figure 16.9 shows

an Example of Sawtooth Wave Modulation Operation.

Triangular Waveform as a Carrier Wave

Carrier wave ———»
Signal wave —»

TB2S bit

in TABSR register J

Timer B2 \
Timer A1

reload control signal (")

Timer A4
start trigger signal (")

TA4 register @ — m

TA4-1 register @ —

3|
X
e =1 o =1

~---la|f---{a

3|
3
E]

Reload register @

X
X T
q

Timer A4 m

& q

el

one-shot pulse (1

I I

ewrite registers IDBO and IbB1

il
A

U-phase output signal

U-phase output signal

i / \ Rewritten value is

H ‘/ reflected here

U-phase
INV14 =0

(“L” active)

U-phase

I H

Dead time

U-phase
INV14 =1

(“H” active)

—» 4= Dead time

U-phase

INVO00,INVO1 : bits in the INVCO register
INV11, INV14: bits in the INVC1 register

NOTES:
2. Applies only when the INV11 bit is set to 1 (three-phase mode).

The followings are examples of PWM output change.

(a) When INV11 = 1 (three-phase mode 1)

-INVO1 =0 and ICTB2 = 2h (Timer B2 interrupt is
generated with every second Timer B2 underflow) or
INVO1 =1, INV0OO0 =1, and ICTB2 = 1h (Timer B2 interrupt
is generated on the falling edge of Timer A reload control
signal) _

- Default value of the timer: TA41 =m, TA4 =m
Registers TA4 and TA41 are changed whenever
Timer B2 interrupt is generated.

First time: TA41 =n, TA4 = n.
Second time: TA41 =p, TA4 =p.

- Default value of registers IDB0 and IDB1
DU0O=1,DUB0O =0, DU1=0,DUB1 =1
They are changed to DUO = 1, DUBO = 0, DU1 =1,
DUB1 = 0 by the third Timer B2 interrupt.

1. Internal signals. See Figure 16.1 Three-phase Motor Control Timer Functions Block Diagram.

The above applies when INVCO = 00XX11XXb (X varies depending on each system) and INVC1 = 010XXXXb.

(b) When INV11 = 0 (three-phase mode 0)

-INVO1 =0, ICTB2 = 1h (Timer B2 interrupt is generated
whenever Timer B2 underflows) __

- Default value of the timer: TA4 =m
The TA4 register is changed whenever Timer B2
interrupt is generated. _
First time: TA4 =m Second time: TA4 =n.
Third time: TA4 = n Fourth time: TA = p.
Fifth time: TA4=p.

- Default value of registers IDBO and IDB1:
DUO =1, DUB0 =0, DU1 =0, DUB1 =1
They are changed to DUO = 1, DUBO = 0, DU1 =1,
DUB1 = 0 by the sixth Timer B2 interrupt.

Figure 16.8

Example of Triangular Wave Modulation Operation
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Sawtooth Waveform as a Carrier Wave

Carrier Wave
T

Signal Wave —p

Timer B2

Timer A4 start trigger sign(a:! —I —I —I —I —I —I —I

Timer A4 one-shot puls(?) | | | | | | |

Reuwrite registers
DBO and IDB1

Rewritten value is reflected here

U-phase output signal
| | |

U-phase output signal
g | | | |

INv14 =0 [ UPhase L L] N

(“L” active) —»{ i+ Dead time

L

Upnase || L] ] [ ]

—»! = Dead time

INV14 = 1
(“H” active)

Ll L Ll

U-phase

INV14: bit in the INVC1 register

NOTE:
1. See Figure 16.1 Three-Phase Motor Control Timer Functions Block Diagram.

The above applies when INVCO = 01XX110Xb (X varies depending on each system) and INVC1 = 010XXX00b
The following is an example of PWM output change.
- Default value of registers IDBO and IDB1: DUQ = 0, DUBO = 1, DU1 =1, DUB1 =1
They are changed to DUO = 1, DUBO = 0, DU1 = 1, DUB1 = 1 by the timer B2 interrupt.

Figure 16.9 Example of Sawtooth Wave Modulation Operation
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17. Serial Interface
Serial interfaces consist of eight channels: UARTO to UART2, UART5 to UART7, SI/0O3, and SI/O4.

17.1 UARTi(i=0t0 2,50 7)

Each UARTI has an exclusive timer to generate a transfer clock, so it operates independently of each
other.

Figures 17.1 to 17.3 show the block diagrams of UARTiI. Figure 17.4 shows the UARTi Transmit / Receive
Unit.

UARTI has the following modes:
* Clock synchronous serial /0O mode
* Clock asynchronous serial I/O mode (UART mode)
* Special mode 1 (I12C mode)
* Special mode 2
« Special mode 3 (Bus collision detection function, IE mode)
* Special mode 4 (SIM mode) : UART2

Figures 17.5 to 17.11 show the UARTi-related registers.
Refer to tables for each mode for register setting.

UART6 and UART?7 cannot be used in memory expansion mode or microprocessor mode.

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 175 of 373



Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 17. Serial Interface

f1SIO or f2S10

f8SIo

32810

TXD | TXDO

RXD polarity polarity
RXDO ( )—i A P olarit O
switching circuit UART reception SMD2 to SMDO switching

circuit

010, 100, 101, 110 p=== i .
_ r'S™"7 [Reception Receive [ Transmit/
Clock source selection Clock synctype | 1 control clock receive
CLK1t0 CLKO  ckpiR N ind B circuit unit
ft SfIZOSIOOr& internal ~ UOBRG 1}
01 l\ 0 register 1
8SI0 o | . T .
UART transmission I — Transmit
f32s10 —104 o '°\O 1/ (n+ 1) #1570 100, 701, 170 _‘Kloi_Tfansm'SS'On clock
e Clock sync type Tcontrol circuit
External -
001
Clock synchronous type
(when internal clock is selected)
0
R~
o
Clock synchronous type
CKPOL Clock synchronous ty(‘\;\g\en external clock is selected) CKDIR
CLK (when internal clock is selected)
polarity
CLko - O reversing AN
circuit
TS J RS selected CTS/@:TS disabled
selecte ST
~=r RTSO
CTSO0/ 13 N
RTSO RCSP
TS / RTS disabled
CTSO0 from UART1 CTS0
. Vss
n: values set to the UOBRG register PCLKA - bit in the PCLKR register
SMD2 to SMDO, CKDIR : bits in the UOMR register
CLK1 to CLKO, CKPOL, CRD, CRS:: bits in the UOCO register
RCSP : bit in the UCON register

Figure 17.1 UARTO Block Diagram

1810 or 2810

f8SI10
32810
- TIXD‘ TXD1
RXD! oy g LS
switching circuit UART reception  sMD2 to SMDO tchin
010,100, 101, 110_p===9 Receive | Transmit/
Clock source selection Clock sync type ; R‘fcelpt.'on it clock receive
CLK1t0 CLKO  cxpiR o1 [0 | [control circu i
f1S10 or [ uni
2510 —4 internal ~ U1BRG |
—01ls \ | o register UART transmission I
OGET) ‘ 010, 100, 101, 110 : i Transmit
32310 0 h 1/(n+1) e 'Koi_Transmission clock
12 Clock sync type Lo 1 control circuit
External 001 ===

Clock synchronous type

(when internal clock is selected)
.

Clock synchronous type’

(when external clock is selected) 1 °
CKPOL
Clock synchronous type CKDIR

CILKt 0 CLKMDO  (when internal clock is selected)

polarity
CLK1 O_ reversing {c

circuit N

C_Iock Iouzpu‘ TS / RTS selected TS/ RTS disabled
CTST/RTS/ (M) P eeee 1 RTST

CTS0/CLKS1

~N

o__CTS/RTS disabled

0
CLKMD1

1
ves CRD RCSP

n: Values set to the U1BRG register PCLK1 : bit in the PCLKR register

SMD2 to SMDO, CKDIR : bits in the UTMR register

CLK1 to CLKO, CKPOL, CRD, CRS: bits in the U1CO register

CLKMDO, CLKMD1, RCSP : bits in the UCON register

Figure 17.2 UART1 Block Diagram
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. RXD polarity
RXDi switching circuit

PCLK1

f8SIO

32810

o/(>-—>f1SIO or 2810

UART reception  gvD2 to SMDO
010, 100, 101, 110

VSss

n: values set to the UiBRG register
i=2,5t07

NOTE :

7

PCLK1
SMD2 to SMDO, CKDIR
CLK1 to CLKO, CKPOL, CRD, CRS: bits in the U2CO register

it Receive
P Reception clock
1
Clocléfgﬂceé EE:)ectlon Clock sync type i T control circuit
o CKDIR 00112 |
f1S10 or 00 f 1
2510 — Internal U|B_RG 1 1
—01ls 0 register L
f8SI10 | O .. L] .
10 'o\o_ UART transmission 1 ! Transmit
132510 —1—0 1y 1/7(n+1) ""16[ 570 100, 101, 110 _Ko.i_Transmission clock
1 F— Clock sync type 1 control circuit
oo1| 777
Clock synchronous type
(when internal clock is selected
.
! 0
Clock synchronous type
CKPOL Clock synchronous type (when external clock is selected) CKDIR
(when internal clock is selected)
CLK
. polarity
CLKi O_ reversing N
circuit
TS / RTS disabled
CTS / RTS selected }/] RTSi
CTSi/ T |
RTSi crs o CTS/ RTS disabled
CTSi

CRD

: bitin the PCLKR register
: bits in the U2MR register

1. UART2 is an N-channel open-drain output. CMOS output cannot be set.

Transmit/
receive
unit

TXD TXDi

| | polarity ()
switching
circuit (1

Figure 17.3 UART2, and UART5 to UART7 Block Diagram
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I0POL
H No reverse
RXDi 0
. RXD data r,‘.
reverse circuit LS
Reverse

Clock sync type

12C
Clock sync
type

(8 bits)
UART (7 bits)
0

]

1

[~ =S T [y
1

12C

clock sync type

1
PAR enabled UART
2sp SMD2 to SMDO

UART
(9 bits)

UARTI receive register

0!0!0!0jo0!o0'!0ip8| |D7!D6!D5{D4}D3}D2|D1!D0]| YRS

register

|Logic reverse circuit + MSB / LSB conversion circuitl

Data bus high-order bits

(=

Data bus low-order bits

G

|Logic reverse circuit + MSB / LSB conversion circuitl

(

i
[Ds] |D7!D6!D5!D4!D3{D2!D1!DO

UiTB
register

UART
(8 bits)
UART
(9 bits)
12C 12c
STPS PRYE  SMD2to SMDO | gyt clock sync type
28P PAR enabled  jaRT (9 bits)

PAR
! disabled clock sync

type

UART (7 bits)

UARTI transmit register

. Clock sync type
SP ¢ StOP blt_ ' Error signal
PAR: parity bit output
UERE 1 circuit
i=0to 2, 5t07 Error signal output enabled

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR : bits in the UiMR register
CLK1 to CLKO, CKPOL, CRD, CRS : bits in the UiCO register
UIERE : bit in the UiC1 register

Error signal output disabled I0POL No reverse
0 0

TXDi

TXD data
reverse
circuit

1
Reverse

Figure 17.4 UARTI Transmit / Receive Unit
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UARTI Transmit Buffer Register (i=0to 2, 5to 7)

g>715) (gg)w b0 Symbol Address After Reset
[XIX[X[X[XIXN uoTB 024Bh to 024Ah Indeterminate
e ,| ; | U1TB 025Bh to 025Ah Indeterminate
b Pl ! u2TB 026Bh to 026Ah Indeterminate
: [ ] : : : UsTB 028Bh to 028Ah Indeterminate
A ' ' uUeTB 029Bh to 029Ah Indeterminate
A : : u7TB 02ABh to 02AAh Indeterminate
1 1 1 1 1 1 ]

It

R ! Function RW
I H H '

I B I R '} H i

I !

R e Transmit data WO
INEnnE

SERRRE

el dod ol

------------------ No register bits. If necessary, set to 0. Read as undefined value —

NOTE :
1. Use MOV instruction to write to this register.

UARTI Receive Buffer Register (i=0to 2, 5t0 7)

(b15)  (b8)
b7 b0 b7 b0 Symbol Address After Reset
MM | UORB 024Fh to 024Eh Indeterminate
RN v U1RB 025Fh to 025Eh Indeterminate
b i U2RB 026Fh to 026Eh Indeterminate
PR USRB 028Fh to 028Eh Indeterminate
EREREN ' U6BRB 029Fh to 029Eh Indeterminate
i b i ¥ i ! U7RB 02AFh to 02AEh Indeterminate
REREREY d
i E E i | i E i E Bit Symbol Bit Name Function RW
e 1y ]
HHH -
] ] | - - .

i i E i i i E E (b7-b0) Receive data (D7 to DO) RO
I

vpr gt — _ .
i E E i | i E (b8) Receive data (D8) RO
i
Vg g — . . . .
i i E i i W] (b10-b9) No register bits. If necessary, set to 0. Read as undefined value
Pagua
oy
RN - 0 : Not detected
i i i i N ABT Avrbitration lost detect flag @ |3 potected RW
Py
i E E i_ ________________ OER o flag ® 0 : No overrun error RO
L ; verrun error flag 1 : Overrun error found
[
[
T . .
Y] . ) 0 : No framing error
| E FER  |Framing error flag ("3 1 Framing error found RO
[
y
[ .
N e cccccccccc e . 0 : No parity error
i PER Parity error flag ("% 1 : Parity error found RO
|
]
1
! 0 : No error
fommmmmm oo oo SUM  |Error sum flag (-3 1" Error found RO

NOTES :

1. When bits SMD2 to SMDO in the UiIMR register = 000b (serial interface disabled) or the RE bit in the UiC1 register
= 0 (reception disabled), all of bits SUM, PER, FER, and OER are set to 0 (no error). The SUM bit is set to 0 (no
error) when all of bits PER, FER, and OER = 0 (no error). Bits PER and FER are set to 0 by reading the lower
byte of the UiRB register.

2. The ABT bit is set to 0 by writing 0 in a program. (Writing a 1 has no effect.)

3. These error flags are disabled when bits SMD2 to SMDO are set to 001b (clock synchronous serial I/O mode) or
to 010b (I°C mode). Read as undefined values.

Figure 17.5 Registers UOTB to U2TB, U5TB to U7TB, UORB to U2RB, and U5RB to U7RB
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UARTI Bit Rate Register (i=0to 2, 5to 7) .23
b bo| Symbol Address After Reset
a UOBRG, U1BRG, U2BRG 0249h, 0259h, 0269h Indeterminate
i U5BRG, U6BRG, U7BRG 0289h, 0299h, 02A9h Indeterminate
1
1
i Function Setting Range RW
1
1
1
e If set value = n, UiIBRG divides the count source by n + 1 00h to FFh wo
NOTES :
1. Write to this register while serial interface is neither transmitting nor receiving.
2. Use MOV instruction to write to this register.
3. Write to this register after setting bits CLK1 to CLKO in the UiCO register.
UARTI Transmit / Receive Mode Register (i=0to2,5t0 7)
b7 b6 b5 bd b3 b2 b1 b0 Symbol Address After Reset
UOMR, U1MR, U2MR 0248h, 0258h, 0268h 00h
: : I —— USMR, UBMR, U7TMR 0288h, 0298h, 02A8h 00h
1 1 ] 1 H ]
1 1 ) 1 1
AR o i I | Bit Symbol Bit Name Function RW
[ : ] : [
P P b2 b1 b0
bbby 771 Smbo 0 0 0: Serial interface disabled RW
A 0 0 1:Clock synchronous serial I/0 mode
o e _ |0 1 0:12C mode @
i i Pobo SMD1  |Serial I/O mode select bit |1 o o:UART mode transfer data 7 bits long [ RW
P E E E 1 0 1:UART mode transfer data 8 bits long
[ ] . i
I N 1 1 0:UART mode transfer data 9 bits long
i i E E | SMD2 Do not set except above RW
AR
P Internal / external clock 0 : Internal clock
i i i E (TR CKDIR select bit 1 : External clock (") RW
[ :
Vb . .
Voo . . 0 : 1 stop bit
i i i ] STPS  |Stop bit length select bit 1: 2 stop bits RW
b
N . Valid when PRYE = 1
: i [ ettt PRY Odd / even parlty select 0:0dd parlty RW
Pl bit 1 : Even parity
! -
) 1
Ve . . 0 : Parity disabled
i PRYE [|Parity enable bit 1 Parity enabled RW
1
1
1 H .
] IOPOL TXD, RXD 1/0 polarity 0 : No reverse RW
reverse bit 1: Reverse
NOTE :
1. Set the corresponding port direction bit for each CLKi pin to O (input mode).
2. To receive data, set the corresponding port direction bit for each RXDi pin to 0 (input mode).
3. Set the corresponding port direction bit for pins SCL and SDA to 0 (input mode).

Figure 17.6 Registers UOBRG to U2BRG, U5BRG to U7BRG, UOMR to U2MR, and U5MR to U7MR
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UARTI Transmit / Receive Control Register 0 (i=0to 2, 5to 7)

f1S10 or f2SI0 is selected
f8SIO is selected

f32SI0 is selected

Do not set to this value

UiBRG count source select
bit ©)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After Reset
uoCo, U1Co, Uu2co 024Ch, 025Ch, 026Ch 00001000b
i ' U5Co0, U6C0, U7C0 028Ch, 029Ch, 02ACh 00001000b
1 1
R
1
[ i Bit Symbol Bit Name Function RW
] ]
B
1
{1 Ll clko b1 b0 RW
L
Pl
[} ]
1

————— CLK1 RwW

- a0 0

0:
1:
0:
1:

[RE— ) .. | Valid when CRD =0

....... CRS S)TS /'RTS function select bit 0 : CTS function selected M RW
1
0

: RTS function selected

: Data present in transmit register
(during transmission)
1 : No data present in transmit register
(transmission completed)

0: CTS/RTS function enabled
——e S . : CTS / RTS function disabled
"""""" CRD  |CTS/RTS disable bit (P6_0, P6_4, P7_3,P8_1,P1_0, and RW

P4 _4 can be used as I/O ports)
0 : Pins TXDi / SDAi and SCLi are CMOS
output

1 : Pins TXDi / SDAi and SCLi are N-
channel open-drain output

bemmmee TXEPT |Transmit register empty flag RO

N

""""""" NCH Data output select bit @ RW

0 : Transmit data is output at the falling
edge of transfer clock and receive data
is input at the rising edge

1 : Transmit data is output at the rising
edge of transfer clock and receive data
is input at the falling edge

0 : LSB first

___________________ it 3 :
UFORM | Transfer format select bit - MSB first RwW

oo d] CKPOL |CLK polarity select bit RW

N

NOTES :

1. Set the corresponding port direction bit for each CTSi pin to 0 (input mode).

2. TXD2 / SDA2 and SCL2 are N-channel open-drain output. Cannot be set to the CMOS output. No NCH bit in
the U2CO register is assigned. If necessary, set to 0.

3. The UFORM bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (clock synchronous
serial /0 mode), or 101b (UART mode, 8-bit transfer data).
Set this bit to 1 when bits SMD2 to SMDO are set to 010b (12C mode), and to 0 when bits SMD2 to SMDO are
set to 100b (UART mode, 7-bit transfer data) or 110b (UART mode, 9-bit transfer data).

4. CTS1/RTS1 can be used when the CLKMD1 bit in the UCON register = 0 (only CLK1 output) and the RCSP
bit in the UCON register = 0 (CTS0 / RTSO0 not separated).

5. Selected by the PCLK1 bit in the PCLKR register.

6. When changing bits CLK1 and CLKO, set the UiBRG register.

Figure 17.7 Registers U0OCO to U2C0 and U5CO0 to U7CO
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UARTI Transmit / Receive Control Register 1 (i=0, 1)
b7 b6 bS b4 b3 b2 bi bo Symbol Address After Reset
T ™ : uocC1, U1C1 024Dh, 025Dh 00XX0010b
1 1
EEREEEE
E E ! E ! i Bit Symbol Bit Name Function RW
. : [ : ]
I R . seion di
bbbt Ll TE |Transmit enable bit 0 : Transmission disabled RW
; ! A 1 : Transmission enabled
1 ! |
1 1 oq ! i
' 1 1 I . . . .
i | i ] . 0 : Data present in UiTB register
E E E 1 Tl Transmit buffer empty flag 1 : No data present in UiTB register RO
1 1 1!
1 I !
] 1 [ . . .
R R RE  |Receive enable bit 0 Reception disabled RW
P E i 1 : Reception enabled
b - )
[ ] ) 0 : Data present in UiRB register
i H E 1 RI Receive complete flag 1 : No data present in UiRB register RO
Pl
i bl —
! LA No register bits. If necessary, set to 0. Read as undefined value —
i (b5-b4)
P
1 .
IR UILCH [Data logic select bit (" 0 : No reverse RW
! 1: Reverse
]
]
H . ) . 0 : Output disabled
------------------ UIERE | Error signal output enable bit 1+ Output enabled RW
NOTE :
1. The UIiLCH bit enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (clock sychronous serial I/
O mode), 100b (UART mode, 7-bit transfer data), or 101b (UART mode, 8-bit transfer data). Set this bit to 0
when bits SMD2 to SMDO are set to 010b (I1°C mode) or 110b (UART mode, 9-bit transfer data).
UARTI Transmit / Receive Control Register 1 (i=2, 510 7)
b7 16 b3 bt b3 b2 b1 o0 Symbol Address After Reset
L ; — u2Cc1 026Dh 00000010b
i i ! Vo U5C1, U6C1, U7C1 028Dh, 029Dh, 02ADh 00000010b
i 1 H [
1 | H '
i ! i i i i Bit symbol Bit Name Function RW
[ 1 '
[ \ : H
! H ] Vo i I .
Pt TE |Transmitenable bit 0 : Transmission disabled RW
: : ! ! 1 : Transmission enabled
[ H !
[ i . . .
g b . 0 : Data present in UiTB register
i I i i E i Tl Transmit buffer empty flag 1: No data present in UiTB register RO
1
P —
S L N RE  |Receive enable bit 0:: Reception disabled RW
: i ; 1 : Reception enabled
I 1 H
1 ] 1 . . .
o ] . 0 : No data present in UiRB register
i | i RI Receive complete flag 1: Data present in UiRB register RO
1
i ____________ UlRs | VYARTI transmit interrupt 0 : UiTB register empty (Tl = 1) RW
: E source select bit 1 : Transmit completed (TXEPT = 1)
1 1 1
| i i ______________ UIRRM UARTI continuous receive |0 : Continuous receive mode disabled RW
H mode enable bit 1 : Continuous receive mode enabled
!
o . . e 0 : No reverse
P S — UILCH |Data logic select bit () 1R RW
| : Reverse
. . .. |0 : Output disabled
___________________ UIERE |Error signal output enable bit 1: Output enabled RW
NOTE :
1. The UILCH bit is enabled when bits SMD2 to SMDO in the UiMR register are set to 001b (clock synchronous
serial /0 mode), 100b (UART mode, 7-bit transfer data), or 101b (UART mode, 8-bit transfer data).
Set this bit to 0 when bits SMD2 to SMDO are set to 010b (12C mode) or 110b (UART mode, 9-bit transfer data).

Figure 17.8 Registers UOC1 to U2C1 and U5C1 to U7C1
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UART Transmit / Receive Control Register 2

BT b0 S be b3 b2 b1 50 Symbol Address After Reset
. UCON 0250h X0000000b
Vo o [
A
i ! i ! 1 | Bitsymbol Bit Name Function RW
1 H : E E
! i : l___ UOIRS UARTO transmit interrupt 0 : Transmit buffer empty (Tl = 1) RW
E source select bit 1 : Transmission completed (TXEPT = 1)
1
)
] U1IRS UART1 transmit interrupt 0 : Transmit buffer empty (Tl = 1) RW
source select bit 1 : Transmission completed (TXEPT = 1)
1 ! . . . . . .
! ; ] UORRM UARTO contlnupus receive |0 : Cont!nuous rece!ve mode disabled RW
mode enable bit 1 : Continuous receive mode enabled
1 UART1 continuous receive |0 : Continuous receive mode disabled
e U1RRM . X ) . RW
mode enable bit 1 : Continuous receive mode enabled

Valid when CLKMD1 =1
————————— CLKMDO [UART1CLK, CLKS select bit0 |0 : Clock output from CLK1 RwW
1 : Clock output from CLKS1
0 : CLK output is only from CLK1
1 : Transfer clock output from multiple-pin RW
output function selected
0 : CTS/RTS shared pin
1

______________ CLKMD1 H)ART1 CLK, CLKS select bit 1

Separate UARTO

S —— RCSP TS/ RTS bit :CTS/RTS separated (CTSO supplied RW
from the P6_4 pin)
................... (b_7) No register bit. If necessary, set to 0. Read as undefined value —
NOTE :

1. When using multiple transfer clock output pins, make sure the following conditions are met:
the CKDIR bit in the UTMR register = 0 (internal clock)

UARTi Special Mode Register (i=0to 2, 5t0 7)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
0 _| UOSMR, U1SMR, U2SMR 0247h, 0257h, 0267h X0000000b
i ! i1 U5SSMR, UBSMR, U7SMR 0287h, 0297h, 02A7h X0000000b
1 1
)
E E Bit Symbol Bit Name Function RW
1
1 1
) )
) ) . 2,
 1-1 IcM  |”C mode select bit 0: Other than F°C mode RW
! ! 1:1?°C mode
I !
b ' Arbitration lost detect flag 0 : Update per bit
1 | — .
! | ABC control bit 1 : Update per byte RW
) i
! 1
! I " 0 : Stop-condition detected
I BBS Bus busy flag 1 : Start-condition detected (busy) RW
--------- (b3) Reserved bit Setto 0 RW
1
1
[ T T Bus collision detect sampling [0 : Rising edge of transfer clock
P ABSCS clock select bit 1 : Underflow signal of Timer Aj ) RW
)
)
Vo] ACSE Auto clear function select bit |0 : No auto clear function RW
of transmit enable bit 1 : Auto clear at occurrence of bus collision
________________ sss Transmit start condition 0 : Not synchronized to RXDi RW
select bit 1 : Synchronized to RXDi ©)
——————————————————— (b_7) No register bit. If necessary, set to 0. Read as undefined value —

NOTES :
1. The BBS bit is set to 0 by writing a 0 in a program (Writing a 1 has no effect).
2. Underflow signal of Timer A3 in UARTO and UARTS6, underflow signal of Timer A4 in UART1 and UART?7,
and underflow signal of Timer AO in UART2 and UART5
3. When a transfer begins, the SSS bit is set to 0 (not synchronized to RXDi).

Figure 17.9 Registers UCON, UOSMR to U2SMR, and U5SMR to U7SMR
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UARTi Special Mode Register 2 (i=0to0 2,510 7)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
_| UOSMR2, U1SMR2, U2SMR2 0246h, 0256h, 0266h X0000000b
! i i1 1 1 U5SMR2, UBSMR2, U7SMR2 0286h,0296h,02A6h X0000000b
] Py
b b 1Ll | BitSymbol Bit Name Function RW
1
ERRRERE
1
i E E E i t-4 IICM2 |I2C mode select bit 2 See Table 17.13 1°C Mode Functions RwW
1 ]
EERREN
1! A . . 0 : Disabled
i E E E CSsC Clock synchronization bit 1 - Enabled RW
1 1 1
P I .
[ v . . 0 : Disabled
i i E ! SWC SCL wait output bit 1 - Enabled RW
1 H :
' | .
! [ . 0 : Disabled
i ALS SDA output stop bit 1 - Enabled RW
]
1
1 . H
I STAC |UARTI initialization bit 0 - Disabled RW
P 1: Enabled
f
1 N
b SWC2  |SCL wait output bit 2 0: Transfer clock RW
! 1: “L” output
1
1
: . . 0: Enabled
PO SDHI | SDA output disable bit 1: Disabled (high-impedance) RW
1
1
1
et - No register bit. If necessary, set to 0. Read as undefined value —
(b7)
UARTI Special Mode Register 3 (i=0to 2,5t0 7)
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
UOSMR3, U1SMR3, U2SMR3 0245h, 0255h, 0265h 000X0X0Xb
T I U5SMR3, U6SMR3, U7SMR3 0285h, 0295h, 02A5h 000X0X0Xb
: b
i i i E Bit Symbol Bit Name Function RW
1 [
P
i i - (%) No register bit. If necessary, set to 0. Read as undefined value —
1
1
[
. 0 : Without clock delay
bl CKPH |Clock phase set bit 1 * With clock delay RW
[
I
E i ! Rty (b_2) No register bit. If necessary, set to 0. Read as undefined value —
[
P
b . 0 : CLKi is CMOS output
b Pt NODC | Clock output select bit |1 % 5| i is N-channel open drain output RW
P
) —
E i bomemmeme (b4) No register bit. If necessary, set to 0. Read as undefined value —
! i
! 1
! 1
i ! b7 b6 b5
e DLO 0 0 0:Without delay RW
i 0 0 1:1to2cycle(s) of UBBRG count source
) s iy 0 1 0:2to 3 cycles of UBRG count source
I DL1 SDAI d|g|(t1a|2)delay 0 1 1:3to4 cycles of UBRG count source RW
! setup bit " 1 0 0:4to5 cycles of UIBRG count source
' 1 0 1:5to06 cycles of UBRG count source
' DL2 1 1 0:6to7 cycles of UBRG count source RW
"""""""""" 1 1 1:7to8cycles of UBBRG count source
NOTES :
1. Bits DL2 to DLO are used to generate a delay in SDAI output by digital means during 12C mode. In other
than I2C mode, set these bits to 000b (no delay).
2. The amount of delay varies with the load on pins SCLi and SDAI. Also, when using an external clock, the
amount of delay increases by about 100 ns.

Figure 17.10 Registers UOSMR2 to U2SMR2, USSMR2 to U7SMR2, UOSMR3 to U2SMR3, and
U5SMR3 to U7SMR3
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UARTI Special Mode Register4 (i=0to2,5t0 7)

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

UOSMR4, U1SMR4, U2SMR4 0244h, 0254h, 0264h 00h

i 1 I U5SMR4, U6SMR4, U7SMR4 0284h, 0294h, 02A4h 00h

P

b 11| Bit Symbol Bit Name Function RW

ol

[ Start condition generate bit [0 : Clear

i 1 "] STAREQ g 1: Start RW

1

.

[ Restart condition generate |0 : Clear

. RSTAREQ bit (1 1: Start RW

_______ STPREQ E)top condition generate bit (1) g{g?tr RW

0 : Start and stop conditions not output

"""""" STSPSEL |SCL, SDA output select bit 1 - Start and stop conditions output RW
. 0:ACK
E ____________ ACKD |ACK data bit 1+ NACK RwW
]
)
] N .
N ACKC [ACK data output enable bit (1) 2(ér}?gg1ttaegi?§u?ata output RW
[ttty SCLHI |SCL output stop enable bit (1) ELS:&)IIeeéj RW
L 0: SCL “L” hold disabled
-------------- SWC9 SCL wait bit 3 1 SCL “L” hold enabled RW

NOTE :
1. Set to 0 when each condition is generated.

Figure 17.11 Registers UOSMR4 to U2SMR4 and U5SMR4 to U7SMR4
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17.1.1 Clock Synchronous Serial /0 Mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Table 17.1 lists
the Clock Synchronous Serial I/O Mode Specifications. Table 17.2 lists Registers to Be Used and Set-
tings in Clock Synchronous Serial I/0 Mode.

Table 17.1  Clock Synchronous Serial I/O Mode Specifications

ltem Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock * CKDIR bit in the UiMR register = 0 (internal clock): fj / (2(n+1))

fj = f1SIO, f2SIO, f8SIO, f32SI0  n = setting value of UiBRG register 00h to FFh
» CKDIR bit = 1 (external clock) : input from CLKi pin

Transmission, Reception Selectable from CTS function, RTS function or CTS / RTS function disable
Control

Transmission Start Condition | Before transmission starts, satisfy the following requirements (1)

» The TE bit in the UiC1 register = 1 (transmission enabled)

» The Tl bit in the UiC1 register = 0 (data present in UiTB register)
« If CTS function is selected, input on the CTSi pin = “L”

Reception Start Condition Before reception starts, satisfy the following requirements (1)

» The RE bit in the UiC1 register = 1 (reception enabled)

» The TE bit in the UiC1 register = 1 (transmission enabled)

* The Tl bit in the UiC1 register = 0 (data present and dummy written in the UiTB reg-

ister)
Interrupt Request For transmission, one of the following conditions can be selected
Generation Timing + The UIIRS bit (3) = 0 (transmit buffer empty): when transferring data from the UiTB

register to the UARTI transmit register (at start of transmission)

» The UIIRS bit =1 (transfer completed): when the serial interface finished sending
data from the UARTIi transmit register

For reception

» When transferring data from the UARTI receive register to the UiRB register (at com-
pletion of reception)

Error Detection Overrun error (2)

This error occurs if the serial interface started receiving the next data before reading

the UiRB register and received the 7th bit of the next data

Select Function * CLK polarity selection
Transfer data input / output can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock

« LSB first, MSB first selection
Whether to start sending / receiving data beginning with bit 0 or beginning with bit 7
can be selected

» Continuous receive mode selection
Reception is enabled immediately by reading the UiRB register

» Switching serial data logic
This function reverses the logic value of the transmit / receive data

« Transfer clock output from multiple pins selection (UART1)
The output pin can be selected in a program from two UART1 transfer clock pins that
have been set

+ Separate CTS / RTS pins (UARTO)
CTSO0 and RTSO are input / output from separate pins

i=0to2,5t07
NOTES:
1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO
register = 0 (transmit data output at the falling edge and the receive data taken in at the rising edge
of the transfer clock), the external clock is in the high state; if the CKPOL bit in the UiCO register = 1
(transmit data output at the rising edge and the receive data taken in at the falling edge of the
transfer clock), the external clock is in the low state.
2. If an overrun error occurs, the receive data of the UiRB register will be indeterminate. The IR bit in
the SIiRIC register does not change to 1 (interrupt requested).
3. Bits UOIRS and U1IRS correspond to bits 0 and 1 in the UCON register respectively. Bits U2IRS,
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USIRS, U6IRS, and U7IRS are in registers U2C1, U5C1, U6C1, and U7C1 respectively.

Table 17.2  Registers to Be Used and Settings in Clock Synchronous Serial /0 Mode
Register Bit Function
uiTB ) Oto7 Set transmission data
UiRB (3) Oto7 Reception data can be read
OER Overrun error flag
UBRG Oto7 Set a bit rate
UiIMR 3) |SMD2 to SMDO [Setto 001b
CKDIR Select the internal clock or external clock
IOPOL Setto 0
UiCo CLK1 to CLKO Select the count source for the UiBRG register
CRS Select either CTS or RTS to use functions
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TXDi pin output mode (2)
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first
UiC1 TE Set this bit to 1 to enable transmission / reception
TI Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
UiIRS (1) Select the source of UARTI transmit interrupt
UiRRM (1) Set this bit to 1 to use continuous reception mode
UiLCH Set this bit to 1 to use inverted data logic
UIERE Setto 0
UiSMR Oto7 Setto 0
UiSMR2 |0to7 Setto 0
UiSMR3 |0to2 Setto 0
NODC Select clock output mode
4t07 Setto 0
UiSMR4 |0to7 Setto 0
UCON UOIRS, U1IRS Select the source of UARTO / UART1 transmit interrupt
UORRM, U1RRM | Set this bit to 1 to use continuous reception mode
CLKMDO Select the transfer clock output pin when CLKMD1 =1
CLKMD1 Set this bit to 1 to output UART1 transfer clock from two pins
RCSP Set this bit to 1 to accept as input the CTSO0 signal of UARTO from the
P6_4 pin
7 Setto 0
i=0to2,5t07
NOTES:

1. Set bits 4 and 5 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in
the UCON register.

2. The TXD2 pin is N channel open-drain output. Set the NCH bit in the U2CO register to 0.

3. Set bits not listed above to 0 when writing to the registers in clock synchronous serial /0O mode.
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Table 17.3 lists the functions of the input / output pins during clock synchronous serial I/O mode. Table
17.3 shows pin functions for the case where the multiple transfer clock output pin select function is not
selected. Table 17.4 lists the P6_4 Pin Functions during clock synchronous serial I/O mode.

Note that for a period from when UARTI operating mode is selected to when transfer starts, the TXDi pin
outputs “H” (If the N-channel open-drain output is selected, this pin is in high-impedance state).

Table 17.3  Pin Functions during Clock Synchronous Serial I/O Mode (Multiple Transfer Clock
Output Pin Function Not Selected)

Pin Name Function Method of Selection
TXDi Serial data output (Outputs dummy data when performing reception only)
RXDi Serial data input Set the port direction bit corresponding to the RXDi pin =0
(can be used as an input port when performing transmission
only)
CLKi Transfer clock output | The CKDIR bit in the UiMR register = 0

Transfer clock input | The CKDIR bit in the UiMR register = 1
Set the port direction bit corresponding to the CLKi pin =0

CTSi/RTSi |CTS input The CRD bit in the UiCO register = 0
The CRS bit in the UiCO register = 0
Set the port direction bit corresponding to the CTSi pin =0

RTS output The CRD bit in the UiCO register = 0
The CRS bit in the UiCO register = 1
1/O port The CRD bit in the UiCO register = 1

i=0to2,5t07

Table 17.4  P6_4 Pin Functions during Clock Synchronous Serial /0 Mode

Bit Set Value
Pin Function U1CO Register UCON Register PD6 Register
CRD CRS RCSP CLKMD1 | CLKMDO PD6_4

P6 4 1 - 0 0 - Input: 0, Output: 1
CTS1 0 0 0 0 - 0

RTS1 0 1 0 0 - -

CTS0 (1) 0 0 1 0 - 0

CLKSH1 - - - 1) 1 -

- indicates either 0 or 1

NOTES:

1. In addition to this, set the CRD bit in the UOCO register to 0 (CTS0 / RTS0 enabled) and the CRS bit
in the UOCO register to 1 (RTSO selected).

2. When the CLKMD1 bit = 1 and the CLKMDO bit = 0, the following logic levels are output:
* High if the CLKPOL bit in the U1CO register =0
* Low if the CLKPOL bit in the U1CO register = 1
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(1) Example of Transmit Timing (when internal clock is selected)

e

Transfer clock

UiC1 register

“0” Data is transferred from the UiTB register to
| the UARTI transmit register

TE bit in ! | ! | |
UiC1 register O :Data is set in the UiTB register
Tl bit in ‘"

Pulse stops because an "H”
signal is applied to CTSi

“q
CTSi o Il TCLK

TXEPT flag in “Q7 |
UiCO register “0?

X0 @@@@@@@ﬂ@@@@@@@@@@@@@@ o7

L

Pulse stops because the TE bit is set to 0

[ ] [

IR bit in “1” l
SiTIC register “Q”

[ 1]

T XN

i=0to2,5t07

The above timing diagram applies to the case where the register bits are set as follows:
- The CKDIR bit in the UiMR register = 0 (internal clock) o
- The CRD bit in the UiCO register =0 (CTS/RTS enabled), the CRS bit = 0 (CTS selected)
- The CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and receive
data taken in at the rising edge of the transfer clock)
- The UiIRS bit in the UiC1 register = 0 (an interrupt request occurs when the UiTB register
becomes empty)

(2) Example of Receive Timing (when external clock is selected)

Set to 0 by an interrupt request acknowledgement or by program

/

To=Tox=2(n+1)/1
fj: frequency of UIBRG count source
(f1SIO, f2SI10, f8SI0O, f32S10)
n: value set to the UiBRG register

RE bit in “”

UiC1 register [ —
TE bit in “qn

UiC1 register

“0"—| Dummy data is set in the UiTB register \A
TI bitin RO
UiC1 register

“? |

Data is transferred from the UiTB register to the UARTI transmit register

“y
RTSi
“Lr

CLKi

Received data i.s taken in
RXDi

. .., Datais transferred from the UARTi | Read by the UiRB register
Rl bit in 1 receive register to the UiRB register
UiC1 register

| —"_k— 1/fEXT |'\ An "L” signal is applied when the UiRB register is read
(M

“?
|
IR bit in “1” I
SiRIC register “0”
/

Set to 0 by an interrupt request acknowledgement or by program

OER flag in “1”
UiRB register “Q"
i=0to2,5t07

The above timing diagram applies to the case where the register bits are set as follows:
- The CKDIR bit in the UiMR register = 1 (external clock) -
- The CRD bit in the UiCO register = 0 (CTS / RTS enabled), the CRS bit = 1 (RTS selected)
- The CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and receive
data taken in at the rising edge of the transfer clock)

fEXT: frequency of the external clock

Make sure the following conditions are met when input to
the CLKi pin before receiving data is high:
- The TE bit in the UiCO register = 1 (transmit enabled)
- The RE bit in the UiC1 register = 1 (receive enabled)
- Write dummy data to the UiTB register

Figure 17.12 Transmit and Receive Operation during Clock Synchronous Serial /0 Mode
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17.1.1.1 Counter Measure for Communication Error
If a communication error occurs while transmitting or receiving in clock synchronous serial /O mode,
follow the procedures below.
* Resetting the UiRB register (i=0t0 2, 5to 7)
(1) Set the RE bit in the UiC1 register to 0 (reception disabled)
(2) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled)
(3) Set bits SMD2 to SMDO in the UiMR register to 001b (clock synchronous serial I/O mode)
(4) Set the RE bit in the UiC1 register to 1 (reception enabled)

* Resetting the UiTB register (i=0to 2, 5t0 7)
(1) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled)
(2) Set bits SMD2 to SMDO in the UiMR register to 001b (clock synchronous serial I/O mode)
(3) A 1is written to the RE bit in the UiC1 register (transmission enabled), regardless of the value of
the TE bit in the UiCi register

17.1.1.2 CLK Polarity Select Function
Use the CKPOL bit in the UiCO register (i = 0 to 2, 5 to 7) to select the transfer clock polarity. Figure
17.13 shows the Transfer Clock Polarity.

(1) When the CKPOL bit in the UiCO register = 0 (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

CLKi “H” is output from the CLKi pin
\L \ during no transmission.
TXDi X D0 ¥ D1 X D2)X D3 X D4 X D5 X D6 X D7
/

RXDi X oo X D1 X D2 X 03 X 04 X D5 X D6 X D7

(2) When the CKPOL bit = 1 (transmit data output at the rising edge and the
receive data taken in at the falling edge of the transfer clock) “L”is output from the CLKi pin

during no transmission.
T [ O N A B

\
TXDi X DO l;sé D1XD‘2/)XD3XD4XD5XD6XD7

RXDi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

The above applies to the case where

the UFORM bit in the UiCO register = 0 (LSB first) and
the UILCH bit in the UiC1 register = 0 (no reverse).
i=0to2,5t07

Figure 17.13 Transfer Clock Polarity
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17.1.1.3 LSB First/ MSB First Select Function

Use the UFORM bit in the UiCO register (i = 0 to 2, 5 to 7) to select the transfer format. Figure 17.14
shows the Transfer Format.

(1) When the UFORM Bit in the UiCO Register = 0 (LSB First)

o L UL
TXDi X po X b1 X D2 X D3 X D4 X D5 X D6 X D7
RXDi X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7

(2) When the UFORM Bit in the UiCO Register = 1 (MSB First)

i L UL
TXDi X D7 XD6 X D5 X D4 X D3 X D2 X D1 X DO
RXDi X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

The above applies to the case where

the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge
and the receive data taken in at the rising edge of the transfer clock), and

the UiLCH bit in the UiC1 register = 0 (no reverse).

i=0to2,5t0 7

Figure 17.14 Transfer Format

17.1.1.4 Continuous Reception Mode

In continuous reception mode, receive operation becomes enabled when the receive buffer register
is read. It is not necessary to write dummy data into the transmit buffer register to enable receive
operation in this mode. However, a dummy read of the receive buffer register is required when start-
ing the operating mode.

When the UIRRM bit (i=0to 2, 5to 7) = 1 (continuous reception mode), the Tl bit in the UiC1 register
is set to 0 (data present in the UiTB register) by reading the UiRB register. In this case, i.e., URRM
bit = 1, do not write dummy data to the UiTB register in a program. Bits UOURRM and U1RRM corre-
spond to bits 2 and 3 in the UCON register, respectively. Bits U2RRM, U5S5RRM, U6RRM, and
U7RRM are in registers U2C1, U5C1, U6C1, and U7C1.
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17.1.1.5 Serial Data Logic Switching Function

When the UILCH bit in the UiC1 register (i=0to 2, 5to 7) = 1 (reverse), the data written to the UiTB
register has its logic reversed before being transmitted. Similarly, the received data has its logic
reversed when read from the UiRB register. Figure 17.15 shows Serial Data Logic Switching.

(1) When the UIiLCH Bit in the UiC1 Register = 0 (No Reverse)

Transfer Clock “H"
W

No Rev;’;‘é’; ': Y Do Y o1 \ D2 \ D3 D4 { D5 |\ D6 ) D7

(2) When the UIiLCH Bit in the UiC1 Register = 1 (Reverse)

Transfer Clock “H"
W

(Rovens) 4~ D0 J(DT Y D2 D5 |z {05 |6 Y 7

This applies to the case where
the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge of the transfer clock), and
the UFORM bit in the UiCO register = 0 (LSB first)

i=0to2,5t07

Figure 17.15 Serial Data Logic Switching

17.1.1.6 Transfer Clock Output from Multiple Pins (UART1)

Use bits CLKMD1 to CLKMDO in the UCON register to select one of the two transfer clock output
pins (see Figure 17.16). This function can be used when the selected transfer clock for UART1 is an
internal clock.

Microcomputer

TXD1 (P6_7)

CLKS1 (P6_4)

CLK1 (P6_5) —I— IN IN

CLK CLK

Transfer enabled when the CLKMDO Transfer enabled when the CLKMDO
bit in the UCON register =0 bit in the UCON register = 1

The above applies to the case where
the CKDIR bit in the UTMR register = 0 (internal clock) and
the CLKMD1 bit in the UCON register = 1 (transfer clock output from multiple pins).

Figure 17.16 Transfer Clock Output from Multiple Pins
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17.1.1.7 CTS/RTS Function

The CTS function is used to start transmit and receive operation when “L” is applied to the CTSi /
RTSi (i = 0 to 2, 5 to 7) pin. Transmit and receive operation begins when the CTSi/ RTSi pin is held
“L”. If the “L” signal is switched to “H” during a transmit or receive operation, the operation stops
before the next data.
For the RTS function, the CTSi / RTSi pin outputs “L” when the microcomputer is ready to receive.
The output level becomes “H” on the first falling edge of the CLKi pin.
+ The CRD bit in the UiCO register = 1 (disable CTS / RTS function)

CTSi/ RTSi pin is programmable I/O function
+ The CRD bit = 0, CRS bit = 0 (CTS function selected) CTSi/ RTSi pin is CTS function
+ The CRD bit = 0, CRS bit = 1 (RTS function selected) CTSi/ RTSi pin is RTS function

17.1.1.8 CTS/RTS Separate Function (UARTO)
This function separates CTS0 / RTSO0, outputs RTS0 from the P6_0 pin, and inputs CTSO from the
P6_4 pin. To use this function, set the register bits as shown below.

+ The CRD bit in the UOCO register =0 (enable CTS / RTS of UARTO)

+ The CRS bit in the UOCO register =1 (output RTS of UARTO)

+ The CRD bit in the U1CO register =0 (enable CTS / RTS of UART1)

» The CRS bit in the U1CO register =0 (input CTS of UART1)

* The RCSP bit in the UCON register =1 (inputs CTSO from the P6_4 pin)

* The CLKMD1 bit in the UCON register = 0 (CLKS1 not used)
Note that when using the CTS / RTS separate function, CTS / RTS of UART1 function cannot be

used.
Microcomputer IC
TXDO (P6_3) » IN
RXDO (P6_2) | ouT
CLKO (P6_1) P CLK
RTS0 (P6_0) P CTS
CTSO (P6_4) (<€ RTS

Figure 17.17 CTS/RTS Separate Function
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17.1.2 Clock Asynchronous Serial I/O (UART) Mode

The UART mode allows transmitting and receiving data after setting the desired bit rate and transfer
data format. Table 17.5 lists the UART Mode Specifications.

Table 17.5 UART Mode Specifications

ltem Specification
Transfer Data Format  Character bit (transfer data): selectable from 7, 8, or 9 bits
« Start bit : 1 bit
* Parity bit : selectable from odd, even, or none
« Stop bit : selectable from 1 bit or 2 bits
Transfer Clock » The CKDIR bit in the UiMR register = 0 (internal clock): fj/ (16(n + 1))

fi = f1SIO, f2SI10, f8SIO, f32SI0 n: setting value of UiBRG register 00h to FFh

* CKDIR bit = 1 (external clock): fEXT / (16(n + 1))
fEXT: input from CLKi pin n: setting value of UiBRG register 00h to FFh

Transmission, Reception Control | Selectable from CTS function, RTS function or CTS / RTS function disabled

Transmission Start Condition | Before transmission starts, satisfy the following requirements

» The TE bit in the UiC1 register = 1 (transmission enabled)

» The Tl bit in the UiC1 register = 0 (data present in the UiTB register)

« If CTS function is selected, input on the CTSi pin = “L”

Reception Start Condition Before reception starts, satisfy the following requirements

» The RE bit in the UiC1 register = 1 (reception enabled)

« Start bit detection

Interrupt Request For transmission, one of the following conditions can be selected

Generation Timing * The UiIRS bit (2) = 0 (transmit buffer empty): when transferring data from the UiTB
register to the UARTI transmit register (at start of transmission)

» The UiIRS bit =1 (transfer completed): when the serial interface completes sending
data from the UARTI transmit register

For reception

» When transferring data from the UARTI receive register to the UiRB register (at com-
pletion of reception)

Error Detection * Overrun error (1)
This error occurs if the serial interface started receiving the next data before reading
the UiRB register and received the bit one before the last stop bit of the next data

* Framing error (3)
This error occurs when the number of stop bits set is not detected

* Parity error (3)
This error occurs when if parity is enabled, the number of 1 in parity and character
bits does not match the number of 1 set

* Error sum flag
This flag is set to 1 when any of the overrun, framing, or parity errors occur

Select Function + LSB first, MSB first selection
Whether to start sending / receiving data beginning with bit 0 or beginning with bit 7
can be selected

+ Serial data logic switch
This function reverses the logic of the transmit / receive data. The start and stop bits
are not reversed.

* TXD, RXD 1/O polarity switch
This function reverses the polarities of the TXD pin output and RXD pin input. The
logic levels of all /O data are reversed.

« Separate CTS / RTS pins (UARTO)
CTS0 and RTSO are input / output from separate pins.

i=0to2,5t07
NOTES:
1. If an overrun error occurs, the receive data of the UiRB register will be indeterminate. The IR bit in the SiRIC reg-
ister does not change.
2. Bits UOIRS and U1IRS are bits 0 and 1 in the UCON register. Bits U2IRS, U5IRS, U6IRS, and U7IRS are in reg-
isters U2C1, U5C1, U6C1, and U7C1.
3. The timing at which the framing error flag and the parity error flag are set is detected when data is transferred
from the UARTI receive register to the UiRB register.
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Table 17.6  Registers to Be Used and Settings in UART Mode
Register Bit Function
uiTB Oto8 Set transmission data (1)
UiRB Oto8 Reception data can be read (1)
OER, FER, PER, Error flag
SUM
UBRG |Oto7 Set a bit rate
UiMR SMD2 to SMDO Set these bits to 100b when transfer data is 7 bits long
Set these bits to 101b when transfer data is 8 bits long
Set these bits to 110b when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL Select the TXD / RXD input / output polarity
UiCo CLKO, CLK1 Select the count source for the UIBRG register
CRS Select CTS or RTS to use functions
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TXDi pin output mode (3)
CKPOL Setto 0
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long.
Set this bit to 0 when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to 1 to enable transmission
Tl Transmit buffer empty flag
RE Set this bit to 1 to enable reception
RI Reception complete flag
UilRS (@) Select the source of UARTI transmit interrupt
UiRRM (2) Setto 0
UiLCH Set this bit to 1 to use reversed data logic
UIERE Setto 0
UiSMR |0to7 Setto 0
UiSMR2 |0to 7 Setto 0
UiSMR3 |0to 7 Setto 0
UiSMR4 |0to 7 Setto 0
UCON |UOIRS, U1IRS Select the source of UARTO / UART1 transmit interrupt
UORRM, U1RRM Setto 0
CLKMDO Invalid because CLKMD1 =0
CLKMD1 Setto 0
RCSP Set this bit to 1 to accept as input CTSO0 signal of UARTO from the P6_4
pin
7 Setto 0
i=0to2,5t07
NOTES:

1.

2.

The bits used for transmit / receive data are as follows: bit O to bit 6 when transfer data is 7 bits long;
bit 0 to bit 7 when transfer data is 8 bits long; bit 0 to bit 8 when transfer data is 9 bits long.

Set the bit 4 and bit 5 in registers UOC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and UTRRM
are included in the UCON register.

TXD2 pin is N channel open-drain output. Set the NCH bit in the U2CO register to 0.
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Table 17.7 lists the functions of the input / output pins during UART mode. Table 17.8 lists the P6_4 Pin
Functions in UART Mode. Note that for a period from when the UARTi operating mode is selected to
when transfer starts, the TXDi pin outputs “H” (If the N-channel open-drain output is selected, this pin is
in high-impedance state).

Table 17.7 1/0 Pin Functions in UART Mode

Pin Name Function Method of Selection

TXDi Serial data output (“H” output when performing reception only)

RXDi Serial data input Set the port direction bit corresponding to the RXDi pin to 0
(can be used as an input port when performing transmission
only)

CLKi Input / output port The CKDIR bit in the UiMR register = 0

Transfer clock input | The CKDIR bit in the UiMR register = 1

Set the port direction bit corresponding to the CLKi pin to 0
CTSi/ RTSi CTS input The CRD bit in the UiCO0 register =0

The CRS bit in the UiCO register = 0

Set the port direction bit corresponding to the CTSi pin to 0
RTS input The CRD bit in the UiCO register =0

The CRS bit in the UiCO register = 1

Input / output port The CRD bit in the UiCO register = 1

i=0to2,5t07

Table 17.8  P6_4 Pin Functions in UART Mode

Bit Set Value
Pin Function U1CO Register UCON Register PD6 Register
CRD CRS RCSP CLKMD1 PD6_4

P6 4 1 - 0 0 Input: 0, Output: 1
CTS1 0 0 0 0 0
RTS1 0 1 0 0 -
CTS0 (1) 0 0 1 0 0
— indicates either 0 or1.
NOTE:

1. In addition to this, set the CRD bit in the UOCO register to 0 (CTS0 / RTSO0 enabled) and the CRS bit
in the UOCO register to 1 (RTSO0 selected).
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(1) 8-bit Data Transmit Timing (with a Parity and 1 Stop Bit)

the stop bit is verified.

——f—

Transfer clock

The transfer clock stops once because an “H” signal is applied to the CTS pin when

Tc The transfer clock resumes running as soon as an “L” signal is applied to the CTS pin.

The above timing diagram applies to the case where the register bits are set as follows:

(2) 9-bit Data Transmit Timing (with No Parity and 2 Stop Bits)

Tc

e

Transfer clock

1 | | | |
TE bitin J 1 I | I | II
UiC1 register o : Data is set in the UiTB register : : 1 |
aqn |
Tl bitin 1 —L I ﬁ I X ‘
UiC1 register w0 : O\ }
| Data is transferred from the UiTB register | |
e to the YART| transmit register | |
CTSi —|_ |_ l
v | | |
; Pulse stops because the TE
1 Parityl St . H
Start bit bit y| qci)tp bit is set to Ol |
TXDi
TXEPT bit in “” —l _‘
UiCO register “Qr |
|
|
IR bit in r l—|
SiTIC register “«Qr
Set to 0 by an interrupt request acknowledgement or by program
i=0to2,5t07 Tc=16(n+1)/fjor 16 (n + 1)/ fEXT

- The PRYE bit in the UiIMR register = 1 (parity enabled)
- The STPS bit in the UiMR register = 0 (1 stop bit)
- The CRD bit in the UiCO register =0 (CTS/RTS enabled) and
the CRS bit =0 (CTS selected)
- The UIIRS bit in the UiC1 register =1 (an interrupt request occurs when transmit completed)

Upuirirrririrpirirridur iy g

fj : frequency of UiIBRG count source

(f1SI0, f2SI0, f8SI0, f32SI10)
fEXT : frequency of UIBRG count source (external clock)
n : value set to UIBRG

1
TE bit in 1_] 1
UiC1 register «" : : Data is set in the UiTB register

'l b

Tl bit in
UiC1 register

|
|
.
Start bit

| Data is transferred from the UiTB register
| to the UARTI transmit register

;ym@@@@@@@miTm@@@@@m@@@@wﬁIN@@

I

]

Stpp ' Stpp
TXDi |
o | |
TXEPT bitin I | I
UiCO register “Qr

IR bit in "1”
SiTIC register ~ «p» ———1

i=0t02,5t07
The above timing diagram applies to the case where the register bits are set as follows:
- The PRYE bit in the UiMR register = 0 (parity disabled)
- The STPS bit in the UIMR register =1 (2 stop bits)
- The CRD bit in the UiCO register =1 (CTS/RTS disabled)
- The UIIRS bit in the UiC1 register = 0 (an interrupt request occurs when transmit
buffer becomes empty)

]

Set to 0 by an interrupt request acknowledgement or by program

—

TC=16(n+1)/fjor16 (n+ 1)/ fEXT
fj : frequency of UiIBRG count source
(f1SI0, f2SI0, f8SI0, f32S10)
fEXT: frequency of UiIBRG count source (external clock)
n  :value set to UBRG

Figure 17.18 Transmit Timing in UART Mode
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UiBRG count
source

RE bit in
UiC1 register

RXDi

Transfer clock

RI bit in
UiC1 register

RTSi

IR bit in
SIRIC register

Example of Receive Timing When Transfer Data is 8 Bits Long

(Parity Disabled, One Stop Bit)

Stop bit

Start bit { YO

Sampled “L”

Receive data taken in

Transferred from UARTi receive register :
to UiRB register

\Aﬁ

1

'Reéeption triggered when transfer clock
lis anerated by falling edge of start bit

wp L

uon ! 'l
o I
=

“n

“"

L
1

Set to 0 by an interrupt request acknowledgement or by program

The above timing diagram applies to the case where the register bits are set as follows:

- The PRYE bit in the UIMR register = 0 (parity disabled)

- The STPS bit in the UIMR register = 0 (1 stop bit)

- The CRD bit in the UiCO register =0 (CTSi/ RTSi enabled) and
the CRS bit =1 (RTSi selected)

i=0to2,5t07

Figure 17.19 Receive Timing in UART Mod

17.1.2.1

Bit Rate

In UART mode, the frequency set by the UiBRG register (i = 0 to 2, 5 to 7) divided by 16 become bit
rates. Table 17.9 lists an Example of Bit Rates and Settings.

Table 17.9  Example of Bit Rates and Settings
Peripheral Function Clock: 16 Peripheral Function Clock: 24
Bit Rate Count Source MHz MHz
(bps) of UIBRG Set Value of Bit Rate (bps) |Set value of Bit Rate (bps)
UBRG: n UBRG: n

1200 f8SI0 103 (67h) 1202 155 (9Bh) 1202
2400 f8SIO 51 (33h) 2404 77 (4Dh) 2404
4800 f8SI10 5 (19h) 4808 38 (26h) 4808
9600 f1S10 103 (67h) 9615 155 (9Bh) 9615
14400 f1SIO 68 (44h) 14493 103 (67h) 14423
19200 f1SIO 51 (33h) 19231 77 (4Dh) 19231
28800 f1SI10 34 (22h) 28571 51 (33h) 28846
31250 f1SI10 31 (1Fh) 31250 47 (2Fh) 31250
38400 f1S10 5 (19h) 38462 38 (26h) 38462
51200 f1S10 9 (13h) 50000 28 (1Ch) 51724
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17.1.2.2 Counter Measure for Communication Error
If a communication error occurs while transmitting or receiving in UART mode, follow the procedures
below.
* Resetting the UiRB register (i=0t0 2, 5to 7)
(1) Set the RE bit in the UiC1 register to 0 (reception disabled)
(2) Set the RE bit in the UiC1 register to 1 (reception enabled)
* Resetting the UiTB register
(1) Set bits SMD2 to SMDO in the UiMR register to 000b (serial interface disabled)
(2) Reset bits SMD2 to SMDO in the UiMR register to 001b, 101b, and 110b.

(3) 1 is written to the RE bit in the UiC1 register (transmission enabled), regardless of the TE bit in
the UiC1 register

17.1.2.3 LSB First/ MSB First Select Function

As shown in Figure 17.20, use the UFORM bit in the UiCO register to select the transfer format. This
function is valid when transfer data is 8 bits long.

(1) When the UFORM Bit in the UiCO Register = 0 (LSB First)
CLKi _| |_| |_| |_| |_| |—|

TXDi \ sT A Do X D1 X D2 X D3 X D4 X D5 X D6 X D7 X P Y sP
RXDi \ sT Ao X D1 X D2 XD3 XD4 X D5 X D6 X D7 X P ) sp

(2) When the UFORM Bit in the UiCO Register = 1 (MSB First)
CLKi

TXDi \ ST A b7 X D6 X D5 X b4 X D3 X D2 X b1 XD0 X P ) sP
RXDi \ ST AD7 X D6 X D5 X D4 X D3 X D2 X D1 X Do X P Y spP

ST : start bit

P : parity bit
SP : stop bit
i=0to2,5t07

The above applies to the case where
the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge and the receive

data taken in at the rising edge of the transfer clock),
the UILCH bit in the UiC1 register = 0 (no reverse),

the STPS bit in the UIMR register = 0 (1 stop bit), and
the PRYE bit in the UIMR register = 1 (parity enabled).

Figure 17.20 Transfer Format
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17.1.2.4 Serial Data Logic Switching Function
The data written to the UiTB register has its logic reversed before being transmitted. Similarly, the
received data has its logic reversed when read from the UiRB register. Figure 17.21 shows Serial
Data Logic Switching.

(1) When the UILCH bit in the UiC1 Register = 0 (No Reverse)
Tansfer | LT LT L L LML LT L L L L
Clock

L
;rl\)l(oDli?everse):l—L"’” \ s7 {Do Y D1 \ D2 \ D3 \ D4 \ D5 \ D6 X D7 \ P J SP

(2) When the UiLCH Bit in the UiC1 Register = 1 (Reverse)
Transfer Hl I | I | I | I | I | I | I | I | I | I | I | I | I
Clock

(Tgeﬂyerse) “”" \ st (Do \D1 \D2 D3 (D4 \ D5 \ D6 \ D7 |\ P ) SP

ST : start bit

P : parity bit
SP : stop bit
i=0to2,5t07

The above applies to the case where
the CKPOL bit in the UiCO register = 0 (transmit data output at the falling edge of the transfer clock),
the UFORM bit in the UiCO register = 0 (LSB first),
the STPS bit in the UiMR register =0 (1 stop bit), and
the PRYE bit in the UiMR register = 1 (parity enabled).

Figure 17.21 Serial Data Logic Switching

17.1.2.5 TXD and RXD I/O Polarity Reverse Function
This function reverses the polarities of the TXDi pin output and RXDi pin input. The logic levels of all
input / output data (including bits for start, stop, and parity) are reversed. Figure 17.22 shows the
TXD and RXD 1I/O Polarity Reverse.

(1) When the IOPOL Bit in the UIMR Register = 0 (No Reverse)

Transter | LT L LML LML L L L L

Clock L
;rl\)l(oDli?everse):t: \_ST A Do\ D1\ D2 kD3 D4 \ D5 f D6 kD7 \ P ) sP
RXDi H \ sT A\Do X D1 )XD2fXD3XD4)XD5) D6 D7) P )sP

(No Reverse)“L”
(2) When the IOPOL Bit in the UIMR Register = 1 (Reverse)

Transter | LML LML L LML L L L L

Clock L
TXDi H
(Reverse)  “L”
H
L

RXDi
(Reverse)

ST: start bit

P : parity bit
SP: stop bit
i=0to2,5t07

The above applies to the case where the UFORM bit in the UiCO0 register = 0 (LSB first), the
STPS bit in the UIMR register = 0 (1 stop bit), and the PRYE bit in the UiMR register = 1
(parity enabled).

Figure 17.22 TXD and RXD I/O Polarity Reverse
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17.1.2.6 CTS/RTS Function

The CTS function is used to start transmit operation when “L” is applied to the CTSi/ RTSi (i= 0 to 2,
5 to 7) pin. Transmit operation begins when the CTSi / RTSi pin is held “L”. If the “L” signal is
switched to “H” during a transmit operation, the operation stops after the ongoing transmit / receive
operation is completed.
When the RTS function is used, the CTSi / RTSi pin outputs “L” when the microcomputer is ready to
receive. The output level becomes “H” on the first falling edge of the CLKi pin.
« CRD bit in the UiCO register = 1 (disable CTS / RTS function)

CTSi/ RTSi pin is programmable I/O function
+» The CRD bit = 0, the CRS bit = 0 (CTS function is selected) CTSi/ RTSi pin is CTS function
+ The CRD bit = 0, the CRS bit = 1 (RTS function is selected) CTSi/ RTSi pin is RTS function

17.1.2.7 CTS/RTS Separate Function (UARTO)
This function separates CTS0 / RTSO0, outputs RTS0 from the P6_0 pin, and inputs CTSO from the
P6_4 pin. To use this function, set the register bits as shown below.

* The CRD bit in the UOCO register =0 (enable CTS / RTS of UARTO0)
* The CRS bit in the UOCO register =1 (output RTS of UARTO)
* The CRD bit in the U1CO register =0 (enable CTS / RTS of UART1)
* The CRS bit in the U1CO register =0 (input CTS of UART1)
* The RCSP bit in the UCON register =1 (inputs CTSO from the P6_4 pin)
* The CLKMD1 bit in the UCON register = 0 (CLKS1 not used)
Note that when using the CTS / RTS separate function, CTS / RTS of UART1 function cannot be
used.
microcomputer IC

TXDO (P6_3) P IN

RXDO (P6_2) |« ouT

RTS0 (P6_0) P CTS

CTSO0 (P6_4) |« RTS

Figure 17.23 CTS/RTS Separate Function
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17.1.3 Special Mode 1 (12C mode)

I2C mode is provided for use as a simplified I2C interface compatible mode. Table 17.10 lists the speci-
fications of 12C mode. Tables 17.11 and 17.12 list the registers used in 12C mode and the register val-
ues set. Table 17.13 lists the 12C Mode Functions. Figure 17.24 shows the block diagram for I2C mode.
Figure 17.25 shows Transfer to UiRB Register and Interrupt Timing.

As shown in Table 17.13, the microcomputer is placed in I2C mode by setting bits SMD2 to SMDO to
010b and the IICM bit to 1. Because SDAI transmit output has a delay circuit attached, SDAIi output

does not change state until SCLi goes low and remains stably low.

Table 17.10 12C Mode Specifications

ltem Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock * During master

CKDIR bit in the UiMR register = 0 (internal clock): fj / (2(n+1))

fj = f1SI0, f2SI0, f8SIO, f32SI10

n = setting value of the UiBRG register 00h to FFh
* During slave

CKDIR bit = 1 (external clock): input from the SCLi pin
Transmission Start Condi- |Before transmission starts, satisfy the following requirements (1)
tion * The TE bit in the UiC1 register = 1 (transmission enabled)
* The Tl bit in the UiC1 register = 0 (data present in UiTB register)
Reception Start Condition | Before reception starts, satisfy the following requirements (1)
* The RE bit in the UiC1 register = 1 (reception enabled)
* The TE bit in the UiC1 register = 1 (transmission enabled)
* The Tl bit in the UiC1 register = 0 (data present in the UiTB register)

Interrupt Request When start or stop condition is detected, acknowledge undetected, or
Generation Timing acknowledge detected
Error Detection Overrun error (2)

This error occurs if the serial interface started receiving the next data
before reading the UiRB register and received the 8th bit of the next data
Select Function * Arbitration lost

Timing at which the ABT bit in the UiRB register is updated can be selected
+ SDAI digital delay

No digital delay or a delay of 2 to 8 UiBRG count source clock cycles

selectable
* Clock phase setting

With or without clock delay selectable

i=0to2,5t07
NOTES:
1. When an external clock is selected, the conditions must be met while the external clock is in high
state.
2. If an overrun error occurs, the received data of the UiRB register will be indeterminate. The IR bit in
the SiRIC register does not change.
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SDAI

Delay
circuit

STSPSEL =1
A\

Start and stop condition generation block

STSPSEL =0

SDA (STSP)
SCL (STSP)

Noise
filter

Transmission
register

UARTIi

Reception

Start condition

register

lICM2 =1

~——

IICM =1 and
IICM2=0

» DMAO to DMA3 request

UARTI transmit, NACK
interrupt request

IICM2 =1

UARTi

detection

Stop condition

—

i

Bus
busy

o

IICM

i=0t02,5t07

STSPSEL, ACKD, ACKC

: bit in the UiSMR register

1ICM2, SWC, ALS, SWC2, SDHI : bits in the UISMR2 register
: bits in the UiSMR4 register

SWC

=4

detection
—
D q
! Falling edge T
SCLi detection
D q
IICM=0 Port register (') T
9th bi
Internal clock
UARTI oswel| ek
- IICM = STSPSEL | External control
poise =1 clock
filter UARTI

9th bit falling edge

ACK

IICM =1 and
lIICM2=0

NACK

» DMAO, DMA2 request

UARTi receive,
ACK interrupt request,
DMA1, DMAS3 request

. Start/ stop condition detection

This diagram applies to the case where bits SMD2 to SMDO in the UiMR register = 010b and the [ICM bit in the UiSMR register = 1.

If the 1ICM bit = 1, the pin can be read even when the port direction bit corresponding to the SCLi pin = 1 (output mode).

" interrupt request

Figure 17.24 12C Mode Block Diagram
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Table 17.11 Registers to Be Used and Settings in 12C Mode (1)

. . Function
Register Bit Master Slave
uiTB Oto7 Set transmission data Set transmission data
UIRB@®) [0to7 Reception data can be read Reception data can be read
8 ACK or NACK is set in this bit ACK or NACK is set in this bit
ABT Arbitration lost detection flag Invalid
OER Overrun error flag Overrun error flag
UiBRG Oto7 Set a bit rate Invalid
UiMR 3) [SMD2 to Set to 010b Set to 010b
SMDO
CKDIR Setto 0 Setto 1
IOPOL Setto 0 Setto 0
UiCo CLK1, CLKO | Select the count source for the UiBRG reg- | Invalid
ister
CRS Invalid because CRD =1 Invalid because CRD = 1
TXEPT Transmit register empty flag Transmit register empty flag
CRD 4) Setto 1 Set to 1
NCH Setto 1) Setto 1)
CKPOL Setto 0 Setto 0
UFORM Setto 1 Set to 1
uiC1 TE Set this bit to 1 to enable transmission Set this bit to 1 to enable transmission
TI Transmit buffer empty flag Transmit buffer empty flag
RE Set this bit to 1 to enable reception Set this bit to 1 to enable reception
RI Reception complete flag Reception complete flag
UIIRS (1) Invalid Invalid
UiRRM (1), Setto 0 Setto 0
UILCH,
UIERE
UiSMR IICM Setto 1 Set to 1
ABC Select the timing at which arbitration lost is | Invalid
detected
BBS Bus busy flag Bus busy flag
3to7 Setto 0 Setto 0
UiSMR2 |lICM2 See Table 17.13 12C Mode Functions |See Table 17.13 I12C Mode Functions
CSC Set this bit to 1 to enable clock synchroniza- | Set to 0
tion
SWC Set this bit to 1 to have SCLi output fixed to | Set this bit to 1 to have SCLi output fixed to
“L” at the falling edge of the 9th bit of clock | “L” at the falling edge of the 9th bit of clock
ALS Set this bit to 1 to have SDAI output stopped | Set to 0
when arbitration lost is detected
STAC Setto 0 Set this bit to 1 to initialize UARTi at start
condition detection
SWC2 Set this bit to 1 to have SCLi output forcibly | Set this bit to 1 to have SCLi output forcibly
pulled low pulled low
SDHI Set this bit to 1 to disable SDAI output Set this bit to 1 to disable SDAI output
7 Setto 0 Setto 0
i=0to2,5t07
NOTES:

1. Set the bit 4 and bit 5 in registers U0OC1 and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the
UCON register.

2. The TXD2 pin is N channel open-drain output. No NCH bit in the U2CO register is assigned. When write, set to 0.

3. Set the bits not listed above to 0 when writing to the registers in I2C mode.

4. When using UART1 in I12C mode and enabling the CTS / RTS separate function of UARTO, set the CRD bit in the
U1CO register to 0 (CTS / RTS enabled) and the CRS bit to 0 (CTS input).
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Table 17.12 Registers to Be Used and Settings in 12C Mode (2)

. . Function
Register Bit Master Slave
UiSMR3 |0, 2,4,and |Setto 0 Setto 0
NODC
CKPH See Table 17.13 “12C Mode Func- See Table 17.13 “12C Mode Func-
tions” tions”
DL2 to DLO |Set the amount of SDAI digital delay Set the amount of SDAI digital delay
UiSMR4 | STAREQ Set this bit to 1 to generate start condi- [Setto 0
tion
RSTAREQ | Set this bit to 1 to generate restart con- | Set to 0
dition
STPREQ Set this bit to 1 to generate stop condi- [Setto 0
tion
STSPSEL | Set this bit to 1 to output each condition | Set to 0
ACKD Select ACK or NACK Select ACK or NACK
ACKC Set this bit to 1 to output ACK data Set this bit to 1 to output ACK data
SCLHI Set this bit to 1 to have SCLi output Setto 0
stopped when stop condition is
detected
SWC9 Setto 0 Set this bit to 1 to set the SCLi to “L”
hold at the falling edge of the 9th bit of
clock
IFSR2A |IFSR26, Setto 1 Setto 1
ISFR27
UCON |UOIRS, Invalid Invalid
U1IRS
2to7 Setto 0 Setto 0
i=0to2,5t07
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Table 17.13 12C Mode Functions
Function Clock Synchronous Serial | 12C Mode (SMD2 to SMDO = 010b, [ICM = 1)

1/0 Mode (SMD2 to SMDO
=001b, ICM = 0)

IICM2 =0
(NACK/ACK interrupt)

CKPH =0
(No clock delay)

CKPH =1
(Clock delay)

IICM2 = 1

(UART transmit / receive interrupt)
CKPH =0 CKPH =1
(No clock delay) (Clock delay)

Factor of Interrupt Number
5,6,7,10,27,and 28 (1. 5,
7))

Start condition detection or stop condition detection
(See Table 17.14 “STSPSEL Bit Functions”)

Factor of Interrupt Number
15,17,19, 21, 23, and 24 (1,
6)

UARTi transmission
Transmission started or
completed (selected by
UiIRS)

No acknowledgment
detection (NACK)
Rising edge of SCLi 9th bit

UARTI transmission
Falling edge of SCLi
next to the 9th bit

UARTi transmission
Rising edge of SCLi
9th bit

Factor of Interrupt Number
16, 18, 20, 22, 25, and 26 (1.
6)

UARTi reception

When 8th bit received
CKPOL = 0 (rising edge)
CKPOL = 1 (falling edge)

Acknowledgment detection (ACK)
Rising edge of SCLi 9th bit

UARTi reception
Falling edge of SCLi 9th bit

Timing for Transferring Data
from the UART Reception
Shift Register to the UiRB
Register

CKPOL = 0 (rising edge)
CKPOL = 1 (falling edge)

Rising edge of SCLi 9th bit

Falling edge of SCLi
9th bit

Falling and rising
edges of SCLi 9th bit

UARTI Transmission Out- Not delayed Delayed

put Delay

Functions of TXDi / SDAI TXDi output SDAI input / output
Functions of RXDi / SCLi RXDi input SCLi input / output

Functions of CLKi

CLKi input or output port
selected

— (Cannot be used in 12C mode)

Noise Filter Width

15ns

200ns

Read RXDi and SCLi Pin
Levels

Possible when the corre-
sponding port direction
bit=0

Always possible no matter how the corresponding port direction bit is set

Initial Value of TXDi and
SDAI Outputs

CKPOL =0 ("H")
CKPOL =1 (‘L")

The value set in the port register before setting 12C mode (2)

Initial and End Values of
SCLi

“H L

“H o

DMA1 Factor (6)

UARTi reception

Acknowledgment detection (ACK)

UARTI reception
Falling edge of SCLi 9th bit

Store Received Data

1st to 8th bits of the
received data are stored
into bits 0 to 7 in the
UiRB register

1st to 8th bits of the received data are
stored into bits 7 to 0 in the UiRB register

1st to 7th bits of the received data are stored
into bits 6 to 0 in the UiRB register. 8th bit is
stored into bit 8 in the UiRB register

1st to 8th bits are
stored into bits 7 to 0
in the UIRB register (3)

Read Received Data

The UiRB register status is read

Bits 6 to 0 in the UiRB
register are read as
bits 7 to 1. Bit 8 in the
UiRB register is read
as bit 0 4)

i=0to2,5t07
NOTES:

1. If the source or factor of any interrupt is changed, the IR bit in the interrupt control register for the changed
interrupt may inadvertently be set to 1 (interrupt requested). (Refer to 24.7 “Interrupt”)
If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore,
always be sure to clear the IR bit to O (interrupt not requested) after changing those bits.
Bits SMD2 to SMDO in the UiMR register, the IICM bit in the UiSMR register, the IICM2 bit in the UiSMR
register, and the CKPH bit in the UiSMRS register
2. Set the initial value of SDAI output while bits SMD2 to SMDO in the UiMR register = 000b (serial interface

disabled).

No ok w

collision).

Second data transfer to the UiRB register (rising edge of SCLi 9th bit)
First data transfer to the UiRB register (falling edge of SCLi 9th bit)
See Figure 17.27 “STSPSEL Bit Functions”.

See Figure 17.25 “Transfer to UiRB Register and Interrupt Timing”.
When using UARTO, be sure to set the IFSR26 bit in the IFSR2A register to 1 (factor of interrupt: UARTO bus

When using UART1, be sure to set the IFSR27 bit in the IFSR2A register to 1 (factor of interrupt: UART1 bus

collision).
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(1) ICM2 = 0 (ACK and NACK interrupts), CKPH = 0 (no clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

sev L LI Ly
spai X D7 X o6 X b5 X b4 X 03 X D2 X b1 X Do X D8 (ACK, NACK)
T

NACK interrupt

f

b15 b9 b8 b7

ACK interrupt (DMA1, DMAS3 request),

Transfer to UiRB register

b0

|:|| Jos]o7]os[os[o4]os[2]o1] 0]

(2) ICM2 = 0, CKPH = 1 (clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

ot LI
soai X 07 X o6 X b5 X b4 X b3 X b2 X b1 X Do X D8 (ACK, NACK)
T

NACK interrupt

b15 b9 b8 b7

UiRB register

ACK interrupt (DMA1, DMAS3 request),

Transfer to UiRB register

b0

Dl ]DS]D7]D6|D5]D4]D3]D2|D‘\]D0|

(3) ICM2 = 1 (UART transmit / receive interrupt), CKPH =0

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCLi

spai X D7 X6 X s X D4 X 03 X D2 X D1 X D0 X D8 (ACK, NACK)

UiRB register

1

Receive interrupt Transmit
(DMA1, DMA3 interrupt

request) f

Transfer to UiRB register
b15 b9 b8 b7

b0

Dl ]DOl_|D7ID6|D5|D4|D3ID2]D1|

(4)ICM2 =1, CKPH =1

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCLi

UiRB register

soai X b7 X D6 X D5 X b4 X 03 X b2 X D1 X Do X D8 (ACK, NACK)

£11

i=0to2,5t07

This diagram applies to the case where the following condition is met.
- The CKDIR bit in the UiIMR register = 0 (slave selected)

Receive interrupt Transmit interrupt
(DMA1, DMA3
request) ?
Transfer to UiRB register ~ Transfer to UiRB register
b15 b9 b8 b7 b0 b15 b9 b8 b7 b0
|:|| [oo] =Jo7[os]os[o4]os]p2]o1] |:|| Jos [ o7 Jos [os [ o4 p3[p2]p1]oo]
UiRB register UiRB register

Figure 17.25 Transfer to UiRB Register and Interrupt Timing
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17.1.3.1 Detection of Start and Stop Condition

Whether a start or a stop condition has been detected is determined.

A start condition detect interrupt request is generated when the SDAI pin changes state from high to
low while the SCLi pin is in the high state. A stop condition detect interrupt request is generated when
the SDAI pin changes state from low to high while the SCLi pin is in the high state.

Because the start and stop condition detect interrupts share the interrupt control register and vector,
check the BBS bit in the UiSMR register to determine which interrupt source is requesting the inter-
rupt.

3 to 6 cycles < duration for setting-up (")
3 to 6 cycles < duration for holding

Duration for Duration for |
1 setting up holding I

SCLi

SDAI
(Start condition)

SDA
(Stop condition)

i=0to2,5t07

When the PCLK1 bit in the PCLKR register = 1, this is the cycle number of
f1S10, and the PCLK1 bit = 0, the cycle number of f2SIO.

Figure 17.26 Detection of Start and Stop Condition

17.1.3.2 Output of Start and Stop Condition

A start condition is generated by setting the STAREQ bit in the UiSMR4 register (i=0to 2,510 7) to
1 (start).
A restart condition is generated by setting the RSTAREQ bit in the UiSMR4 register to 1 (start).
A stop condition is generated by setting the STPREQ bit in the UiSMR4 register to 1 (start).
The output procedure is described below.
(1) Set the STAREQ bit, RSTAREQ bit or STPREQ bit to 1 (start).
(2) Set the STSPSEL bit in the UiSMR4 register to 1 (output).
The function of the STSPSEL bit is shown in Tables 17.14 and 17.27.
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Table 17.14 STSPSEL Bit Functions

Function STSPSEL =0

STSPSEL =1

Output of Pins SCLi and
SDAI

Output of transfer clock and data
Output of start / stop condition is
accomplished by a program using
ports (not automatically generated in
hardware)

Output of a start / stop condition
according to bits STAREQ,
RSTAREQ, and STPREQ

Start / Stop Condition
Interrupt Request Genera-
tion Timing

Detect start / stop condition

Complete generating start / stop con-
dition

(1) When Slave
CKDIR = 1 (external clock)

STSPSEL bit 0

1st 2nd 3rd 4¢

SCLi

SDA

1

Start condition
detection interrupt

(2) When Master
CKDIR = 0 (internal clock), CKPH = 1 (clock delayed)

5th 6th 7th 8th 9th bit

Stop condition
detection interrupt

Set STAREQ =1

(start) Start condition detection

i=0t02,5t07 interrupt

STSPSEL bit
Setto1in SettoOin
a program a program
1st 2nd 3rd 4th,5th 6th 7th 8th 9th bit
SCLi
SDAI

Set STPREQ=1

\

Setto 1in

\

Setto 0 in
a program a program

o

Stop condition detection

(start) interrupt

Figure 17.27 STSPSEL Bit Functions

17.1.3.3 Arbitration

Unmatching of the transmit data and SDAI pin input data is checked synchronously with the rising
edge of SCLi. Use the ABC bit in the UiSMR register to select the timing at which the ABT bit in the

UiRB register is updated. If the ABC bit = 0 (update per bit),

unmatching is detected during check, and is cleared to 0 wh

the ABT bit is set to 1 at the same time
en not detected. In cases when the ABC

bit is set to 1, if unmatching is ever detected, the ABT bit is set to 1 (unmatching detected) at the fall-

ing edge of the clock pulse of 9th bit. If the ABT bit needs to
0 (undetected) after detecting acknowledge in the first byte,

be updated per byte, clear the ABT bit to
before transferring the next byte.

Setting the ALS bit in the UiISMR2 register to 1 (SDA output stop enabled) factors arbitration-lost to
occur, in which case the SDAI pin is placed in the high-impedance state at the same time the ABT bit

is set to 1 (unmatching detected).
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17.1.3.4 Transfer Clock

The transfer clock is used to transmit and receive data as is shown in Figure 17.25 Transfer to UiRB
Register and Interrupt Timing.

The CSC bit in the UiSMR2 register is used to synchronize the internally generated clock (internal
SCLi) and an external clock supplied to the SCLi pin. In cases when the CSC bit is set to 1 (clock
synchronization enabled), if a falling edge on the SCLi pin is detected while the internal SCLi is high,
the internal SCLi goes low, at which time the value of the UIBRG register is reloaded with and starts
counting in the low-level interval. If the internal SCLi changes state from low to high while the SCLi
pin is low, counting stops, and when the SCLi pin goes high, counting restarts.

In this way, the UARTI transfer clock is equivalent to AND of the internal SCLi and the clock signal
applied to the SCLi pin. The transfer clock works between a half cycle before the falling edge of the
internal SCLi 1st bit and the rising edge of the 9th bit. To use this function, select an internal clock for
the transfer clock.

The SWC bit in the UiISMR2 register determines whether the SCLi pin is fixed to be or freed from low-
level output at the falling edge of the 9th clock pulse.

If the SCLHI bit in the UiISMRA4 register is set to 1 (enabled), SCLi output is turned off (placed in the
high-impedance state) when a stop condition is detected.

Setting the SWC2 bit in the UiSMR2 register = 1 (0 output) makes it possible to forcibly output a low-
level signal from the SCLi pin even while sending or receiving data. Clearing the SWC2 bit to 0
(transfer clock) allows the transfer clock to be output from or supplied to the SCLi pin, instead of out-
putting a low-level signal.

If the SWC9 bit in the UiSMR4 register is set to 1 (SCL hold low enabled) when the CKPH bit in the
UiSMRS3 register = 1, the SCLi pin is fixed to low-level output at the falling edge of the clock pulse
next to the 9th. Setting the SWC9 bit = 0 (SCL hold low disabled) frees the SCLi pin from low-level
output.

17.1.3.5 SDA Output

The data written to bits 7 to 0 (D7 to DO) in the UiTB register is output in descending order from D7.
The 9th bit (D8) is ACK or NACK.

Set the initial value of SDAI transmit output when IICM = 1 (I12C mode) and bits SMD2 to SMDO in the
UiMR register = 000b (serial interface disabled).

Bits DL2 to DLO in the UiSMR3 register allow to add no delays or a delay of 2 to 8 UiBRG count
source clock cycles to SDAI output.

Setting the SDHI bit in the UiISMR2 register = 1 (SDA output disabled) forcibly places the SDAI pin in
the high-impedance state. Do not write to the SDHI bit at the rising edge of the UARTI transfer clock.
This is because the ABT bit may inadvertently be set to 1 (detected).

17.1.3.6 SDA Input

When the [ICM2 bit = 0, the 1st to 8th bits (D7 to DO) of received data are stored in bits 7 to 0 in the
UiRB register. The 9th bit (D8) is ACK or NACK.

When the IICM2 bit = 1, the 1st to 7th bits (D7 to D1) of received data are stored in bits 6 to 0 in the
UiRB register and the 8th bit (DO0) is stored in bit 8 in the UiRB register. Even when the IICM2 bit = 1,
providing the CKPH bit = 1, the same data as when the IICM2 bit = 0 can be read. To read the data,
read the UiRB register after the rising edge of 9th bit of the corresponding clock pulse.
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17.1.3.7 ACK and NACK

If the STSPSEL bit in the UiSMRA4 register is set to O (start and stop conditions not generated) and
the ACKC bit in the UiSMR4 register is set to 1 (ACK data output), the value of the ACKD bit in the
UiSMRA4 register is output from the SDAI pin.

If the IICM2 bit = 0, the NACK interrupt request is generated if the SDAI pin remains high at the rising
edge of the 9th bit of transmit clock pulse. The ACK interrupt request is generated if the SDAI pin is
low at the rising edge of the 9th bit of transmit clock pulse.

If ACKi is selected to generate a DMA1 or DMAS3 request source, a DMA transfer can be activated by
detection of an acknowledge.

17.1.3.8 Initialization of Transmission / Reception

If a start condition is detected while the STAC bit = 1 (UARTI initialization enabled), the serial inter-

face operates as described below.

* The transmit shift register is initialized, and the content of the UiTB register is transferred to the
transmit shift register. In this way, the serial interface starts sending data synchronously with the
next clock pulse applied. However, the UARTI output value does not change state and remains the
same as when a start condition was detected until the first bit of data is output synchronously with
the input clock.

* The receive shift register is initialized, and the serial interface starts receiving data synchronously
with the next clock pulse applied.

* The SWC bit is set to 1 (SCL wait output enabled). Consequently, the SCLi pin is pulled low at the
falling edge of the 9th clock pulse.

Note that when UARTI transmission / reception is started using this function, the Tl bit does not

change state. Select the external clock as the transfer clock to start UARTi transmission / reception

with this setting.
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17.1.4 Special Mode 2

In special mode 2, serial communication between one or multiple masters and multiple slaves is avail-
able. Transfer clock polarity and phase are selectable. Table 17.15 lists the Special Mode 2 Specifica-
tions. Table 17.16 lists the Registers to Be Used and Settings in Special Mode 2. Figure 17.28 shows
Special Mode 2 Communication Control Example (UART2).

Table 17.15 Special Mode 2 Specifications

Item Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock » Master mode

The CKDIR bit in the UiMR register = 0 (internal clock): fj / (2(n + 1))

fj = f1SIO, f2SI0O, f8SI0, f32SI0 n: setting value of UiBRG register 00h to FFh
+ Slave mode
» The CKDIR bit = 1 (external clock selected): input from the CLKi pin

Transmit / Receive Control Controlled by input / output ports
Transmission Start Condition | Before transmission starts, satisfy the following requirements (1)
* The TE bit in the UiC1 register = 1 (transmission enabled)
* The TI bit in the UiC1 register = 0 (data present in UiTB register)
Reception Start Condition Before reception starts, satisfy the following requirements (1)
* The RE bit in the UiC1 register =1 (reception enabled)
* The TE bit =1 (transmission enabled)
* The TI bit = 0 (data present in the UiTB register)
Interrupt Request Generation | While transmitting, one of the following conditions can be selected
Timing * The UiIRS bit in the UiC1 register= 0 (transmit buffer empty): when transferring
data from the UiTB register to the UARTi transmit register (at start of transmission)
* The UiIRS bit =1 (transfer completed):

when the serial interface completed sending data from the UARTI transmit register
While receiving
» When transferring data from the UARTi receive register to the UiRB register (at
completion of reception)

Error Detection Overrun error (2)

This error occurs if the serial interface starts receiving the next data before reading
the UIiRB register and receives the 7th bit of the next data

Select Function Clock phase setting

Selectable from four combinations of transfer clock polarities and phases

i=0to2,5t07
NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the UiCO register = 0
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the
external clock is in high state; if the CKPOL bit = 1 (transmit data output at the rising edge and the receive data
taken in at the falling edge of the transfer clock), the external clock is in low state.

2. If an overrun error occurs, the received data of the UiRB register will be indeterminate. The IR bit in the SiRIC
register does not change.

P1_3
P1_
P9 3
P7_2(CLK2) P7_2(CLK2)
P7_1(RXD2)[] P7_1(RXD2)
P7_0(TXD2), P7_0(TXD2)
Microcomputer Microcomputer
(master) (slave)
P9 3
P7_2(CLK2)
P7_1(RXD2)
P7_0(TXD2)
Microcomputer
(slave)

Figure 17.28 Special Mode 2 Communication Control Example (UART2)

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 212 of 373



Preliminary Specification

Under development
Specification in this preliminary version is subject to change.

M16C/64 Group 17. Serial Interface

Table 17.16 Registers to Be Used and Settings in Special Mode 2

Register Bit Function
uitB@®@ |O0to7 Set transmission data
UIRB®) |0to7 Reception data can be read
OER Overrun error flag
UBRG Oto7 Set a bit rate
UiMR (3) |SMD2 to SMDO Set to 001b
CKDIR Set to 0 in master mode or 1 in slave mode
IOPOL Setto 0
uiCo CLKO, CLK1 Select the count source for the UiBRG register
CRS Invalid because CRD = 1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TXDi pin output format (2)
CKPOL Clock phases can be set in combination with the CKPH bit in the
UiSMR3 register
UFORM Setto 0
uiC1 TE Set to 1 to enable transmission / reception
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
UiIRS (1) Select UART2 transmit interrupt source
UiRRM (1),UiLCH, |Setto0
UIERE
UiSMR Oto7 Setto 0
UiSMR2 |Oto7 Setto 0
UiSMR3 |CKPH Clock phases can be set in combination with the CKPOL bit in the UiCO
register
NODC Setto 0
0,2,4t07 Setto 0
UiSMR4 |0to7 Setto 0
UCON UOIRS, U1IRS Select UARTO0 and UART1 transmit interrupt source
UORRM, U1IRRM [Setto 0
CLKMDO Invalid because CLKMD1 =0
CLKMD1, RCSP, 7 [Setto 0
i=0to2,5t07
NOTES:

1. Set bits 4 and 5 in registers UOCO and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in
the UCON register.

2. The TXD2 pin is N channel open-drain output. No NCH bit in the U2CO register is assigned. When
write, set to 0.

3. Set the bits not listed above to 0 when writing to the registers in special mode 2.
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17.1.4.1 Clock Phase Setting Function

One of four combinations of transfer clock phases and polarities can be selected using the CKPH bit
in the UiISMR3 register and the CKPOL bit in the UiCO register.

Make sure the transfer clock polarity and phase are the same for the master and salves to be com-
municated.

Figure 17.29 shows the Transmission and Reception Timing in Master Mode (Internal Clock).

Figure 17.30 shows the Transmission and Reception Timing (CKPH = 0) in Slave Mode (External
Clock) while Figure 17.31 shows the Transmission and Reception Timing (CKPH = 1) in Slave Mode
(External Clock).

Clock output H i
(CKPOL =0, CKPH = 0) “L” ;
Clock output r L I e e R i
(CKPOL =1, CKPH = 0) « » :
Clock output H JNN S S S B
(CKPOL =0, CKPH = 1) « »
Clock output H”
(CKPOL =1, CKPH=1) «» !

imi i — | L
peta oulputiming oL >< Do A D1 A D2 A D3 X D4 X D5 /< D6 A D7 !
Data input timing T T T T T T T

Figure 17.29 Transmission and Reception Timing in Master Mode (Internal Clock)
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“H
Slave control input oL
Clock input H
(CKPOL =0, CKPH =0) “L”
Clock input “H
(CKPOL =1, CKPH = 0) « »
Data output timing () “H”
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1. UART2 output is an N-channel open drain and must be pulled-up externally.
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Figure 17.30 Transmission and Reception Timing (CKPH = 0) in Slave Mode (External Clock)

“q
Slave control input "
Clock input “qr
(CKPOL=0, CKPH=1) . »
Clock input H
(CKPOL=1, CKPH=1)  «~
Data output timing ¥ "H”
W

Data input timing
Note:

1. UART2 output is an N-channel open drain and must be pulled-up externally.

Figure 17.31 Transmission and Reception Timing (CKPH = 1) in Slave Mode (External Clock)
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17.1.5 Special Mode 3 (IE mode)

In this mode, one bit of IEBus is approximated with one byte of UART mode waveform.

Table 17.17 lists the Registers to Be Used and Settings in IE Mode. Figure 17.32 shows the Bus Colli-
sion Detect Function-Related Bits.

If the TXDi pin (i = 0 to 2, 5 to 7) output level and RXDi pin input level do not match, a UARTi bus colli-
sion detect interrupt request is generated.

Use bits IFSR26 and IFSR27 in the IFSR2A register to enable the UARTO / UART1 bus collision detect
function.

Table 17.17 Registers to Be Used and Settings in IE Mode

Register Bit Function
UiTB Oto8 Set transmission data
UiRB (3) Oto 8 Reception data can be read
OER, FER, PER, SUM Error flag
UBRG Oto7 Set a bit rate
UiMR SMD2 to SMDO Set to 110b
CKDIR Select the internal clock or external clock
STPS Setto 0
PRY Invalid because PRYE =0
PRYE Setto 0
IOPOL Select the TXD and RXD input / output polarity
uiCo CLK1, CLKO Select the count source for the UiBRG register
CRS Invalid because CRD =1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Select TXDi pin output format (2)
CKPOL Setto 0
UFORM Setto 0
uiC1 TE Set to 1 to enable transmission
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
UilIRS (1) Select the source of UARTi transmit interrupt
UiRRM (), UILCH, UIERE Setto 0
UiSMR 0to 3,7 Setto 0
ABSCS Select the sampling timing at which to detect a bus collision
ACSE Set this bit to 1 to use the auto clear function of transmit enable bit
SSS Select the transmit start condition
UiSMR2 Oto7 Setto 0
UiSMR3 Oto7 Setto 0
UiSMR4 Oto7 Setto 0
IFSR2A IFSR26, IFSR27 Setto 1
UCON UOIRS, U1IRS Select the source of UARTO / UART1 transmit interrupt
UORRM, U1RRM Setto 0
CLKMDO Invalid because CLKMD1 =0
CLKMD1, RCSP, 7 Setto 0
i=0to2,5t07
NOTES:

1. Set bits 4 and 5 in registers UOCO and U1C1 to 0. Bits UOIRS, U1IRS, UORRM, and U1RRM are in the UCON

register.

2. The TXD2 pin is N channel open-drain output. No NCH bit in the U2CO register is assigned. When write, set to

0

3. Set the bits not listed above to 0 when writing to the registers in IE mode.
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(1) The ABSCS Bit in the UiSMR Register (Bus collision detect sampling clock select) (i=0to2,51t07)

If ABSCS = 0, bus collision is determined at the rising edge of the transfer clock

\\
4

Transfer clock I o O

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi ]

RXDi

Trigger signal is applied to the TAjIN pin

Timernp O |

If ABSCS = 1, bus collision is determined when timer Aj (one-shot timer mode) underflows.

Timer Aj: Timer A3 in UARTO; Timer A4 in UART1; Timer AO in UART2
Timer AO in UARTS; Timer A3 in UART6; Timer A4 in UART7

(2) The ACSE Bit in the UiSMR Register (Auto clear of transmit enable bit)

Transfer clock B B

ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP

TXDi ;
RXDi J I
IR bit in UIBCNIC and ; .
. If ACSE bit = 1 (automatically
BCNIC register clear when bus collision occurs),

the TE bit is cleared to 0
(transmission disabled) when the

TE bit in UiC1 register IR bit in the UIBCNIC register =
| 1 (unmatching detected).

(3) The SSS Bit in the UiSMR Register (Transmit start condition select)

If SSS bit = 0, the serial interface starts sending data one transfer
clock cycle after the transmission enable condition is met.

Transfer clock mmmmmmm_ummm_l_r_

TXDi T | |

Transmit enable conditions are met

If SSS bit = 1, the serial interface starts sending data at the rising edge of RXDi ()
CLKi R e A O O A
ST DO D1 D2 D3 D4 D5 D6 D7 D8 SP
TXDi @ ) | |
RXDi 4}/ | I

NOTES :
1. The falling edge of RXDi when IOPOL = 0; the rising edge of RXDi when IOPOL = 1.
2. The transmit condition must be met before the falling edge of RXD ().

The above diagram applies to the case where IOPOL = 1 (reversed).

i=0to2,5t07

Figure 17.32 Bus Collision Detect Function-Related Bits
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17.1.6 Special Mode 4 (SIM Mode) (UART?2)

SIM interface devices can communicate in UART mode. Both direct and inverse formats are avail-
able. The TXD2 pin outputs a low-level signal when a parity error is detected.

Table 17.18 lists the SIM Mode Specifications. Table 17.19 lists the Registers to Be Used and Set-
tings in SIM Mode.

Table 17.18 SIM Mode Specifications

ltem Specification

Transfer Data Format * Direct format

* Inverse format

Transfer Clock * The CKDIR bit in the U2MR register = 0 (internal clock): fi / (16(n + 1))

fi = f1SIO, f2SI0, f8SI0, f32SI0

n = setting value of the U2BRG register 00h to FFh
* The CKDIR bit = 1 (external clock): fEXT / (16(n + 1))

fEXT = input from the CLK2 pin

n = setting value of the U2BRG register 00h to FFh

Transmission Start Before transmission starts, satisfy the following requirements
Condition * The TE bit in the U2C1 register =1 (transmission enabled)

* The Tl bit in the U2C1 register = 0 (data present in the U2TB register)

Reception Start Condi- |Before reception starts, satisfy the following requirements
tion

* The RE bit in the U2C1 register = 1 (reception enabled)
» Start bit detection

Interrupt Request * While transmitting
Generation Timing (2) When the serial interface completed sending data from the UART2 transmit

register (the U2IRS bit =1)

* While receiving
When transferring data from the UART2 receive register to the U2RB register
(at completion of reception)

Error Detection « Overrun error (1)

This error occurs if the serial interface started receiving the next data before
reading the U2RB register and received the bit one before the last stop bit of
the next data

« Framing error (3)
This error occurs when the number of stop bits set is not detected

« Parity error (3)
During reception, if a parity error is detected, parity error signal is output from
the TXD2 pin.
During transmission, a parity error is detected by the level of input to the RXD2
pin when a transmission interrupt occurs

* Error sum flag
This flag is set to 1 when one of the overrun, framing, and parity errors occurs

NOTES:

1.

2.

If an overrun error occurs, the received data of the U2RB register will be indeterminate. The IR bit in
the S2RIC register does not change.

A transmit interrupt request is generated by setting the U2IRS bit to 1 (transmission completed) and
the U2ERE bit to 1 (error signal output) in the U2C1 register after reset is canceled. Therefore, when
using SIM mode, set the IR bit to 0 (interrupt not requested) after setting the bits.

The timing at which the framing error flag and the parity error flag are set is detected when data is
transferred from the UART2 receive register to the U2RB register.
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Table 17.19 Registers to Be Used and Settings in SIM Mode
Register Bit Function
u2TB (1) Oto7 Set transmission data
U2RB (1) Oto7 Reception data can be read
OER,FER,PER,SUM Error flag
U2BRG Oto7 Set a bit rate
U2MR SMD2 to SMDO Set to 101b
CKDIR Select the internal clock or external clock
STPS Setto 0
PRY Set to 1 in direct format or 0 in inverse format
PRYE Setto 1
IOPOL Setto 0
U2CO0 CLKO,CLK1 Select the count source for the U2BRG register
CRS Invalid because CRD = 1
TXEPT Transmit register empty flag
CRD Setto 1
NCH Setto 0
CKPOL Setto 0
UFORM Set to 0 in direct format or 1 in inverse format
U2C1 TE Set to 1 to enable transmission
TI Transmit buffer empty flag
RE Set to 1 to enable reception
RI Reception complete flag
U2IRS Setto 1
U2RRM Setto 0
U2LCH Set to 0 in direct format or 1 in inverse format
U2ERE Setto 1
U2SMR (1) |0to3 Setto 0
U2SMR2 Oto7 Setto 0
U2SMR3 Oto7 Setto 0
U2SMR4 Oto7 Setto 0
NOTE:

1. Set the bits not listed above to 0 when writing to the registers in SIM mode.
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(1) Transmit Timing e

Transfer clock

TE bitin ‘" : :
U2C1 register OJ |1
[

Start
TXD2

Tl bitin “”

U2C1 register .
|
|
|
|
|
|

Parity error signal

|
I '
Data is written to the U2TB register | (Note 1)

LT W

|

|

|

|

Parity
bit

Yeececeec o Eareceseees ol

TR

| : Data is transferred from the U2TB

I register to the UART2 transmit register
by
|

Stop
bit

returned from
receiving end

RXD2 pin level @

|
|
| An‘L"signal is applied from the /|
I SIM card due to a parity error

™ An interrupt

An |nterrupt rou{ln'e detects
‘ reL”

SRR

|
|
TXEPT bit in “r : routine - H’
U2CO register 0 | detects "H" or L :
IR bit i o | : I X
itin | | |
S2TIC register o 1 I—I I 1 |_|_

The above timing diagram applies to the case where data is
transmitted in the direct format.

« The STPS bit in the U2MR register = 0 (1 stop bit)

« The PRY bit in the U2MR register = 1 (even parity)

* The UFORM bit in the U2CO register = 0 (LSB first)

* The U2LCH bit in the U2C1 register = 0 (no reverse)

* The U2IRS bit in the U2C1 register = 1 (transmit completed)

(2) Receive Timing Te

Transfer clock

Set to 0 by an interrupt request acknowledgement or by program

TC=16(n+1)/fior16 (n + 1)/ fEXT
fi : frequency of U2BRG count source (f1SI0, f2SI0, f8SIO, f32SI0)
fEXT : frequency of U2BRG count source (external clock)
n : value set to U2BRG

RE bit in “1" J
U2C1 register “0”

Transmit waveform

Par|ty
bit

Stop
bit

RXD2 pin level &)

RI bit in
U2C1 register

ransiting ond w@@@@@@@@@w Iw@@@@@@@@@f
TXD2

\sTAoX oKX oKoXeokoX 2 ) = sAeKoX Kok eskosXoXoXe ) |

TXD2 provides “L” output/’\_/_

|
I ]
T T
| |
I : due to a parity error

e

IR bitin

1
| Read the U2RB register

—

S2RIC register 0"

The above timing diagram applies to the case where data is
received in the direct format.

* The STPS bit in the U2MR register =0 (1 stop bit)

« The PRY bit in the U2MR register = 1 (even parity)

* The UFORM bit in the U2CO register = 0 (LSB first)

* The U2LCH bit in the U2C1 register = 0 (no reverse)

* The U2IRS bit in the U2C1 register = 1 (transmit completed)

NOTES:

b

™

Set to 0 by an interrupt request acknowledgement or by program

TC=16(n+1)/fior 16 (n + 1)/ fEXT
fi : frequency of U2BRG count source (f1S10, f2SI0, f8SIO, f32SI0)
fEXT : frequency of U2BRG count source (external clock)
n : value set to U2BRG

1. Data transmission starts when BRG overflows after a value is set to the U2TB register on the rising edge of the Tl bit.

2. Because pins TXD2 and RXD2 are connected, a composite waveform, consisting of transmit waveform from the
TXD2 pin and parity error signal from the receiving end, is generated.

3. Because pins TXD2 and RXD2 are connected, a composite waveform, consisting of transmit waveform from the
transmitting end and parity error signal from the TXD2 pin, is generated.

Figure 17.33 Transmit and Receive Timing in SIM Mode
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Figure 17.34 shows an Example of SIM Interface Connection. Connect TXD2 and RXD2, and then
place a pull-up resistance.

Microcomputer

TXD2 I
RXD2 |

SIM card

Figure 17.34 Example of SIM Interface Connection

17.1.6.1 Parity Error Signal Output
The parity error signal is enabled by setting the U2ERE bit in the U2C1 register to 1 (error signal out-
put).
The parity error signal is output when a parity error is detected while receiving data. A low-level signal
is output from the TXD2 pin in the timing shown in Figure 17.35. If the U2RB register is read while
outputting a parity error signal, the PER bit is cleared to 0 (no parity error) and at the same time the
TXD2 output is returned high.
When transmitting, a transmission complete interrupt request is generated at the falling edge of the
transfer clock pulse that immediately follows the stop bit. Therefore, whether a parity error signal has
been returned can be determined by reading the port that shares the RXD2 pin in a transmission
complete interrupt routine.

Transfer clock “H”
W

RXD2 Z' \ st (Do X b1 \ D2 Y D3 )Y D4 Y D5 D6 \ D7\ P )sP

o
TXD?2 - (NOTE 1) \_/_
li

Rlbitin "
U2C1 register ‘0"

This timing diagram applies to the case where the direct format is implemented. ST : Start bit
P : Even Parity
Note: SP : Stop bit

1. The output of microcomputer is in the high-impedance state (pulled up externally).

Figure 17.35 Parity Error Signal Output Timing
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17.1.6.2 Format

Two formats are available: direct format and inverse format.

In direct format, set the PRYE bit in the U2MR register to 1 (parity enabled), the PRY bit to 1(even
parity), the UFORM bit in the U2CO0 register to 0 (LSB first) and the U2LCH bit in the U2C1 register to
0 (not inverted). When data are transmitted, data set in the U2TB register are transmitted with the
even-numbered parity, starting from DO. When data are received, received data are stored in the
U2RB register, starting from DO. The even-numbered parity determines whether a parity error occurs.
In inverse format, set the PRYE bit to 1, the PRY bit to 0 (odd parity), the UFORM bit to 1 (MSB first),
and the U2LCH bit to 1 (inverted). When data are transmitted, values set in the U2TB register are
logically inversed and are transmitted with the odd-numbered parity, starting from D7. When data are
received, received data are logically inversed to be stored in the U2RB register, starting from D7. The
odd-numbered parity determines whether a parity error occurs.

(1) Direct format

o
Transfer clock L

TXD2 T \_ [pofb1)Xp2)p3]D4)XD5) D6 D7 P /

P : Even parity

(2) Inverse format

Transterciock | [| [ L LI LI LI L LI L L L L
™2 "7\ (57 D6 X D5 ) D4 J D3 J D2 J DT kDO X P |

P : Odd parity

r

Figure 17.36 SIM Interface Format
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17.2  SI/O3 and SI1/0O4

SI/O3 and S1/O4 are exclusive clock-synchronous serial I/Os.
Figure 17.37 shows the SI/O3 and SI/0O4 Block Diagram, and Figure 17.38 shows the Registers S3C,

S4C, S3BRG, S4BRG, S3TRR, and S4TRR.

Table 17.20 shows the SI/O3 and S1/04 Specifications.

Data bus

o SI/0i

L

Clock source select
f2S1I0 PCLK1=0 SMi1 to SMi0
O =00b
Main clock, f1SI10 -
PLL clock, or *—9 01b
on-chip oscillator clock PCLK1 =1 f8SIO =
P L{ 1/8 } » o o
=10b
/4 f32SI10
SMi6 =0 Sl\qi6
0= = Synchronous;
Y circuit ! 1 /(n + 1)
. SMi3 A SiBRG register
SMi4 SMi6 SMi6
CLK polarity
CLKi 07 reversing //I { S I/0 counter i }
circuit |
SMi2
SMi3
souTi () //} SMi5 LSB<——» MSB
sini (O { SITRR register }J
) 8
NOTE :
i=3,4
n: velue set in the SiBRG register

" interrupt request

Figure 17.37 SI/O3 and SI/0O4 Block Diagram
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SI/Oi Control Register (i = 3, 4) ("

b7 b6 bS5 b4 b3 b2 b1 b0 Symbol Address After Reset
S3C 0272h 01000000b
T S4C 0276h 01000000b
]
[
11| Bitsymbol Bit Name Function RW
y !
1 )
v ! b1 b0
[ :
SMi0 . ; (5)
E Internal synchronous 0 0: Select!ng f1SIO or f2SI10
1 clock select bit © 0 1: Selecting f8SIO RwW
Rt SMit 1 0:Selecting f32S10
1 1:Do not set
H SMi2 SOUTI output disable bit [0 : SOUTi output enabled RW
i @) 1: SOUTI output disabled (high-Impedance)
i 0 : Input / output port
1 . . .
] SMi3  |SI/0i port select bit serial interface disabled RW

1 : SOUTi output, CLKi function
serial interface enabled

0 : Transmit data is output at falling edge of transfer
clock and receive data is input at rising edge RW

Pemmmmmmemeemeememeememmmemmem e mmmmmem——m————————————————

R et SMi4 CLK polarity select bit 1 : Transmit data is output at rising edge of transfer
H clock and receive data is input at falling edge
]
]
H . Transfer direction select |0 : LSB first
)
e SMIS it 1: MSB first RW
) Synchronous clock 0 : External clock @
""""""""" Swie select bit 1 : Internal clock @) RW
| Valid when SMi6 = 0 @
"""""""""" SMi7 SOUTi initial value set bit [0 : “L” output RwW
1:"“H” output
NOTES :
1. Make sure this register is written to by the next instruction after setting the PRC2 bit in the PRCR register

to 1 (write enabled).

Set the SMi3 bit to 1 and the corresponding port direction bit to O (input mode).

Set the SMi3 bit to 1 (SOUTi output, CLKi function).

When the SMi2 bit is set to 1, the target pin goes to high-impedance state regardless of which function of

the pin is being used.

Selected by the PCLK1 bit in the PCLKR register.

When the values of bits SMi1 and SMi0 are changed, set the SiBRG register.

. Set the value when SMi3 bit is set to 0 (I/O port). When the SMi3 bit is set to 1 (SOUTi output)
subsequently, the selected level signal by the SMi7 bit is output from the SOUTi pin.

ponN

No o

SI/Oi Bit Rate Register (i = 3, 4) (:2.3)

NOTES :

b7 b0 Symbol Address After Reset
I:I S3BRG 0273h Indeterminate
i S4BRG 0277h Indeterminate
1
1
i Function Setting Range RW
:
1
b BRGi divides the count source by n + 1 where n = set value 00h to FFh WO
NOTES :
1. Write to this register while serial interface is neither transmitting nor receiving.
2. Use MOV instruction to write to this register.
3. Write to this register after setting bits SMi1 and SMi0 in the SiC register.
SI/Oi Transmit / Receive Register (i = 3, 4) (1.2)
b7 b0 Symbol Address After Reset
I:I S3TRR 0270h Indeterminate
E S4TRR 0274h Indeterminate
]
1
E Function Setting Range RW
]
]
[ Transmission / reception starts by writing transmit data to this register. After RW
transmission / reception completes, reception data can be read by reading this register.

1. Write to this register while serial interface is neither transmitting nor receiving.
2. To receive data, set the corresponding port direction bit for SINi to O (input mode).

Figure 17.38 Registers S3C, S4C, S3BRG, S4BRG, S3TRR, and S4TRR
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b7 b6 b5 b4 b3 b2 b1 b0

L D00

S1/O 34 Control Register 2

Symbol Address After Reset
S34C2 0278h 00XXX0X0b
Bit Symbol Bit Name Function RW
(b0) Reserved bit Setto 0 RW
(a) No register bit. If necessary, set to 0. Read as undefined value —
(b2) Reserved bit Setto 0 RW
(b;b3) No register bits. If necessary, set to 0. Read as undefined value —
SOUTS3 status after transmission
SM26 |SOUTS3 output control bit M [0 : High-impedance RW
1 : Last bit level retained
SOUT4 status after transmission
SM27  |SOUT4 output control bit " [0 : High-impedance RW
1 : Last bit level retained

NOTE :

1. Bits SM26 and SM27 are valid when the SMi3 bit in registers S3C and S4C are set to 1 (SOUT, CLK)

Figure 17.39 S34C2 Register
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Table 17.20 SI/O3 and SI/O4 Specifications

Item Specification
Transfer Data Format Transfer data length: 8 bits
Transfer Clock * The SMi6 bit in the SiC (i = 3, 4) register = 1 (internal clock): fj / (2(n + 1))

fj = f1SI0O, f8SI0O, f32SI0
n = setting value of the SiBRG register 00h to FFh
+ The SMi6 bit = 0 (external clock): input from the CLKi pin (1)

Transmission / Reception Before transmission / reception starts, satisfy the following requirements
Start Condition Write transmit data to the SiTRR register (2. 3)

Interrupt Request Genera- * When the SMi4 bit in the SiC register = 0

tion Timing The rising edge of the last transfer clock pulse (4)

* When the SMi4 bit = 1
The falling edge of the last transfer clock pulse (4)

CLKi Pin Function I/O port, transfer clock input, transfer clock output
SOUTi Pin Function I/O port, transmit data output, high-impedance
SINi Pin Function I/O port, receive data input

Select Function + LSB first or MSB first selection

Whether to start sending / receiving data beginning with bit 0 or beginning
with bit 7 can be selected

* CLK polarity selection
Whether transmit data is output / input at the rising edge or falling edge of
transfer clock can be selected.

* Function for setting an SOUTi initial value set function
When the SMi6 bit in the SiC register = 0 (external clock), the SOUTi pin
output level while not transmitting can be selected.

« SOUTi state selection after transmission
Whether to set to high-impedance or retain the last bit level can be
selected.

NOTES:

1. To set the SMi6 bit in the SiC register to 0 (external clock), follow the procedure described below.

« If the SMi4 bit in the SiC register = 0, write transmit data to the SiTRR register while input on the
CLKi pin is high. The same applies when rewriting the SMi7 bit in the SiC register.

« If the SMi4 bit = 1, write transmit data to the SiTRR register while input on the CLKi pin is low. The
same applies when rewriting the SMi7 bit.

* Because shift operation continues as long as the transfer clock is supplied to the SI/QOi circuit, stop
the transfer clock after supplying eight pulses. If the SMi6 bit = 1 (internal clock), the transfer clock
automatically stops.

2. Unlike UARTO to UARTZ2, SI/Qi (i = 3 to 4) is not separated between the transfer register and buffer.
Therefore, do not write the next transmit data to the SiTRR register during transmission.

3.  When the SMi6 bit = 1 (internal clock) and bits SM26 (SOUT3) and SM27 (SOUT4) in the S34C2 reg-
ister = 0 (high-impedance after transmission), SOUTi retains the last data for a 1/2 transfer clock
period after completion of transfer and, thereafter, goes to high-impedance state. However, if trans-
mit data is written to the SiTRR register during this period, SOUTi immediately goes to high-imped-
ance state, with the data hold time thereby reduced.

4.  When the SMi6 bit = 1 (internal clock), the transfer clock stops in the high state if the SMi4 bit = 0, or
stops in the low state if the SMi4 bit = 1.
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17.2.1 SI/Oi Operation Timing
Figure 17.40 shows the SI/Oi Operation Timing

0.5 to 1.0 cycle (max.) @

<€ >

SI/Oi internal clock ‘ft,’,’ [

L
CLKi output H L]
Signal written to )
0 & D1
X

o Iy o N N
LT

\

ST

SiTRR register

SOUTi output ‘jty’,’ ————— —D X D2) X D3 XTD4 X D5 X D6 X D7} —
SINi input o X X X X X X X

IR bit in

SilC register w0

i=3,4

NOTES :

1. This diagram applies to the case where the SiC register bits are set as follows:
SMi2 = 0 (SOUTi output), SMi3 = 1 (SOUTi output, CLKi function), SMi4 = 0 (transmit data output at the falling edge and receive
data input at the rising edge of the transfer clock), SMi5 = 0 (LSB first) and SMi6 = 1 (internal clock)
Bits SM26 (SOUT3) and SM27 (SOUT4) in the S34C2 register are 0 (high-impedance after transmission).

2. If the SMi6 bit = 1 (internal clock), the serial I/0 starts sending or receiving data a maximum of 0.5 to 1.0 transfer clock cycles after
writing to the SiTRR register.

Figure 17.40 SI/Oi Operation Timing

17.2.2 CLK Polarity Selection

The SMi4 bit in the SiC register allows selection of the polarity of the transfer clock. Figure 17.41 shows
the Polarity of Transfer Clock

(1) When the SMi4 bit in the SiC register = 0

CLKi

e D €10 (o5 (B 555 (o
SINi X oo X o1 X 02 X D3 X D4 X 05 X D6 X D7

(2) When the SMi4 bit = 1

CLKi

|
SOUT XDOXD1XDi)XD3XD4XDs)(D6XD7

SINi X Do X D1 X D2 X D3 X D4 X D5 X D6 X D7

i=3,4

NOTES:
This diagram applies to the case where the SiC register bits are set as follows:
1. When the SMi5 = 0 (LSB first) and the SMi6 = 1 (internal clock)
2. When the SMi6 bit =1 (internal clock), high level is output from the CLKi pin if not transferring data.
3. When the SMi6 bit =1

Figure 17.41 Polarity of Transfer Clock
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17.2.3

Functions for Setting an SOUTi Initial Value

If the SMi6 bit in the SiC register = 0 (external clock), the SOUTi pin output can be fixed high or low
when not transferring. However, the last bit value of the former data is retained between data and data
when transmitting data consecutively. Figure 17.42 shows the timing chart for setting an SOUTi initial

value and how to set it.

SMi3 bit

SOUTi (internal)

SOUTi pin output

(i=3,4)

NOTES:

transfer clock).

Signal written to
SIiTRR register

SMi7 bit

initial value to “H” @

(Example) When “H” Selected for SOUTi Initial Value ()

-

and

Initial value setting of SOUTi output
starting of transmission / reception

)

'

Set the SMi3 bit to 0
(SOUTi pin functions as an I/O port)

'

DO

Set the SMi7 bit to 1
(SOUTi initial value = “H”)

Port output

Setting the SOUTi

DO

—
Initial value = “H” @)

Port selection switching
(/O port — SOUTI)

This diagram applies to the case where the bits in the SiC register are set as follows:

1. SMi2 = 0 (SOUTi output), SMi5 = 0 (LSB first) and SMi6 = 0 (external clock)

2. SOUTi can only be initialized when input on the CLKi pin is in the high state if the
SMi4 bit in the SiC register = 0 (transmit data output at the falling edge of the transfer clock)
or in the low state if the SMi4 bit = 1 (transmit data output at the rising edge of the

3. If the SMi6 bit = 1 (internal clock) or if the SMi2 bit = 1 (SOUT output disabled),
this output goes to the high-impedance state.

'

Set the SMi3 bit to 1
(SOUTi pin functions as SOUTi output)

l“H" level is output from the SOUTI pin

Write to the SiTRR register

Serial transmit / reception starts

Figure 17.42 SOUTi Initial Value Setting
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17.2.4 Functions for Selecting SOUTi State after Transmission

If bits SM26 and SM27 in the S34C2 register = 1 (last bit level retained), output from the SOUTi pin
retains the last bit level after transmission. Figure 17.43 shows the Level of SOUT3 Pin after Transmis-

sion.
S1/O internal clock
CLK3 output i
When SM26 = 0 !
(high-impedance) >< D6 >< D7 >' """"""
SOUT3
output When SM26 = 1
en =
(last bit level retained) >< D6 >< D7

The above SOUT3 example applies to the case where
The SM32 bit in the S3C register = 0 (SOUT3 output),
The SM33 bit in the S3C register = 1 (SOUT3 output, CLK3 selected),
The SM34 bit in the S3C register = 0 (transmit data output at the falling edge and the receive
data taken in at the rising edge of the transfer clock),
The SM35 bit in the S3C register = 0 (LSB first), and
The SM36 bit in the S3C register = 1 (internal clock)

Figure 17.43 Level of SOUT3 Pin after Transmission
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18. A/D Converter

The microcomputer contains one A/D converter circuit based on 10-bit successive approximation method.
The analog inputs share the pins with P10_0 to P10_7, P9_5, P9_6, PO_0to PO_7, and P2_0to P2_7. Sim-
ilarly, ADTRG input shares the pin with P9_7. Therefore, when using these inputs, make sure the corre-
sponding port direction bits are set to 0 (input mode).

When not using the A/D converter, set the ADSTBY bit to 0 (A/D operation stop: standby), so that no current
will flow for the A/D converter, helping to reduce the power consumption of the chip.

The A/D conversion result is stored in the ADi register for pins ANi, ANO i, and AN2_i (i=0to 7).

Table 18.1 shows the A/D Converter Specifications. Figure 18.1 shows the A/D Converter Block Diagram,
and Figures 18.2 and 18.3 show the A/D converter-related registers.

Table 18.1  A/D Converter Specifications

ltem Performance
A/D Conversion Successive approximation
Method
Analog Input Voltage [0V to AVCC (VCC1)
(M
Operating clock ¢AD |fAD, divide-by-2 of fAD, divide-by-3 of fAD, divide-by-4 of fAD, divide-by-6 of fAD,

M divide-by-12 of fAD

Resolution 10-bit

Integral Nonlinearity |When AVCC = VREF = 5V

Error ANO to AN7 input, ANO_0 to ANO_7 input or AN2_0 to AN2_7 input: £3LSB

ANEXO or ANEX1 input: +3LSB
When AVCC = VREF = 3.0V
ANO to AN7 input, ANO_0 to ANO_7 input or AN2_0 to AN2_7 input: +3LSB
ANEXO0 or ANEX1 input: £3LSB
Operating Modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
repeat sweep mode 1
Analog Input Pins 8 pins (ANO to AN7) + 2 pins (ANEXO0 and ANEX1) + 8 pins (ANO_0 to ANO_7)
+ 8 pins (AN2_0 to AN2_7)
A/D Conversion Start | « Software trigger
Condition The ADST bit in the ADCONO register is set to 1 (A/D conversion start)
 External trigger (retriggerable)
Input on the ADTRG pin changes state from high to low after the ADST bit is set
to 1
(A/D conversion start)
Conversion Speed per |43 ¢AD cycles minimum
Pin
NOTES:
1. Set ¢AD frequency as follows:
When VCC1=4.0t05.5V, 2 MHz < $AD <25 MHz
When VCC1=3.2t04.0V, 2 MHz < $¢AD <16 MHz
When VCC1=3.0t0 3.2V, 2 MHz < $AD <10 MHz
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A/D conversion rate selection 1 2'61
CKS2
0 iy
0| o> ¢AD
0
AD AN 12} | {12 ] s°
fl ——— 1/3 = CKS0

0

Software trigger —
99 ; ‘\0
ADTRG O o
TRG

VREF 8:0@_" Aaoa croutt ]
AVSS 1 nalog circul I
ADSTEY % hj]]@

ivi nversion register
Successive conversion registel ADCONA register

Trigger

]

ADCONO register

ADO register (16 bits) [«
AD1 register (16 bits)  [€
AD2 register (16 bits)  [€
AD3 register (16 bits)  [€ Decoder
AD4 register (16 bits) [« for register
ADS5 register (16 bits)  [€
ADG register (16 bits) €
AD7 register (16 bits)  [€
Z I1

§ Databus (high-order) mm
Z ADCON2 register
S Data bus (low-order) S
PMOO , _l
PMO1 v Vref

(1)

Decoder
for channel
selection

Comparator
N

T
Port P10group YYVYVY VY ¢ ;

ADGSEL1.0 ANEX10 CH2 to CHO
=00b  =00b = 000b
ANOO =00b = 00b = 001bo
a3 - Qb = 00b = 010bg
= = — 0
Port PO group ﬁ“%g = 00b =00b = 011b ™\
PMO1 and PM00 = 00b AN4 O =00b =o00p =100b,
ADGSEL1.0 ANEXT.0 CH2 to CHO AN5 O =00 =006 - 100
ANO_0 O =g NG9 =0 = oo = 1iibg
AN O — 10 - o = 01063 © -
ﬁ“g—gg =10b = 00b = 011b o~g_
ANO 4 O = 10b = 0Q0b = 100b
ANG 5 O =10b _=00b = 101b 3
ANO_6 O =10b__=00b = 110b,
ANO7 O = 10b __=00b = 111b
Port P2 group
PMO1andPM00=00b v v v v ¥V Vv Vv Y
ADGSEL1.0 ANEXT.0 CH2 to CHO
= 11b_ = 00b = 000b
AR =T1b__= 00b__= 001b 3
ANZ 2 O = 11b =0 = 010b 4
AN O =1l -oob = 01lbg
AN2_4 O = 11b = 00b = 100b )
ANZT5 O = 11b =0 = 101b &
ANZ G O = 11b =0 = 110b &
ANZ7 & = 11b =00 = 111b
- ADEX1 to ADEX0 = 01b
ANEXO0 & o
ADEX1 tg ADEX0 = 10b
ANEX1 O o

NOTE :
1. Port PO group (ANO_0 to ANO_7) can be used as analog input pins even when bits PM01 and PM0O are set to 01b
(memory expansion mode) and bits PM05 and PMO04 are set to 11b (multiplex bus allocated to the entire CS space).

Figure 18.1 A/D Converter Block Diagram
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b7 b6 b5 b4 b3 b2 b1 b0

A/D Control Register 0 (!

___________

Symbol Address After Reset
ADCONO 03D6h 00000XXXb
Bit Symbol Bit Name Function RW
CHO Analog input pin select bit | Function varies with each operation mode RW
CH1 RW
CH2 RW
A/D operation mode select |b4 b3
MDO  |bit0 0 0 : One-shot mode RW
0 1 : Repeat mode
1 0 : Single sweep mode
MD1 11 : Repeat sweep mode 0 or RW
repeat sweep mode 1
. . 0 : Software trigger
TRG Trigger select bit 1 ADTRG trigger RW
. 0 : A/D conversion stop
ADST |A/D conversion start flag 1+ A/D conversion start RW
CKSO0 [Frequency select bit 0 Refer to NOTE 3 of the ADCONZ2 Register RW

NOTE :

b7 b6 b5 b4 b3 b2 b1 b0

A/D Control Register 1 (1)

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

................

Symbol Address After Reset
ADCON1 03D7h 0000X000b
Bit Symbol Bit Name Function RwW
SCANO RW
A/D sweep pin select bit  [Function varies with each operation mode
SCAN1 RW
A/D operation mode select 0 : Any mode other than repeat sweep mode
MD2 bit 1 1 RW
1: Repeat sweep mode 1
(&) No register bit. If necessary, set to 0. Read as undefined value —
CKS1 [Frequency select bit 1 Refer to NOTE 3 of the ADCON2 Register RW
. 0 : A/D operation stopped (standby)
)
ADSTBY |A/D standby bit 1 : A/D operation enabled RW
ADEXO0 RW
Extended pin select bit Function varies with each operation mode
ADEX1 RW

NOTES:

1. If the ADCON1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1 ¢AD
cycle or more before starting A/D conversion.

Figure 18.2 Registers ADCONO and ADCONL1
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b7 b6 b5 b4 b3 b2 b1 b0

A/D Control Register 2 ()

Symbol Address After Reset
|0|9|9| AL | . |><| ADCON2 03D4h 0000X00Xb

Pl

1
bbb b Bitsymbol Bit Name Function RW
REEREnY
] ] J—
oo i E - (bo)  |No register bit. If necessary, set to 0. Read as undefined value —
P
RN b2 b
|| Voo
P i P ADGSELO 0 0: Select port P10 group RW
E b E ! A/D input group select bit |0 1 : Do not set

[ [ 1 0: Select port PO group
E i i E E f-mmmmm ADGSEL1 1 1:Select port P2 group RW
RN
] p—
E E i L (b3) No register bit. If necessary, set to 0. Read as undefined value —
[ ] :
| ]
E I i 0: Selects fAD, fAD divided by 2, or fAD
T S . divided by 4.
Pl CKS2  |Frequency selectbit2 @ |4. Sgjects fAD divided by 3, fAD divided RW
N by 6, or fAD divided by 12.
oo
[ P S —— - i
(b7-b5) Reserved bits Setto 0 RW
NOTES :

1. If the ADCONZ2 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. $AD frequency is selected by a combination of the CKSO bit in the ADCONO register, the CKS1 bit in
the ADCON1 register, and the CKS2 bit in the ADCONZ2 register.

CKS2 CKS1 CKS0 dAD
0 0 0 fAD divided by 4
0 0 1 fAD divided by 2
0 1 0
0 1 1 fAD
1 0 0 fAD divided by 12
1 0 1 fAD divided by 6
1 1 0 -
7 : 1 fAD divided by 3

(b15) (b8)

b0 b7

A/D Register (i=0to 7)

b0

NOTE :

Fem———ececcc——————

______________________________

Symbol Address After Reset

ADO 03C1h to 03COh 000000XXb, XXXXXXXXb
AD1 03C3h to 03C2h 000000XXb, XXXXXXXXb
AD2 03C5h to 03C4h 000000XXb, XXXXXXXXb
AD3 03C7h to 03C6h 000000XXb, XXXXXXXXb
AD4 03C9h to 03C8h 000000XXb, XXXXXXXXb
AD5 03CBh to 03CAh 000000XXb, XXXXXXXXb
AD6 03CDh to 03CCh 000000XXb, XXXXXXXXb
AD7 03CFh to 03CEh 000000XXb, XXXXXXXXb

Function RwW

Eight low-order bits of A/D conversion result RO

Two high-order bits of A/D conversion result RO

No register bits. If necessary, set to 0. Read as undefined value —

Reserved bit Setto 0 RO

1. Use the MOV instruction to write to this register.

Figure 18.3 Registers ADCON2 and ADO to AD7
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18. A/D Converter

18.1

Mode Description

18.1.1 One-Shot Mode

In one-shot mode, analog voltage applied to a selected pin is converted to a digital code once. Table
18.2 shows the One-Shot Mode Specifications. Figure 18.4 shows the Registers ADCONO and

ADCON?1 (One-shot Mode).

Table 18.2  One-Shot Mode Specifications

ltem

Specification

Function

Bits CH2 to CHO in the ADCONO register and bits ADGSEL1 and
ADGSELO in the ADCONZ2 register, or bits ADEX1 and ADEXO in the
ADCONT1 register select a pin. Analog voltage applied to the pin is con-
verted to a digital code once.

A/D Conversion Start Condi-
tion

* When the TRG bit in the ADCONO register is 0 (software trigger)
the ADST bit in the ADCONO register is set to 1 (A/D conversion starts)
* When the TRG bit is 1 (ADTRG trigger)
input on the ADTRG pin changes state from high to low after the ADST bit
is set to 1 (A/D conversion start)

A/D Conversion Stop Condi-
tion

» Completion of A/D conversion (The ADST bit is cleared to 0 (A/D conver-
sion stop))
* Set the ADST bitto 0

Interrupt Request Genera-
tion Timing

Completion of A/D conversion

Analog Input Pin

Select one pin from ANO to AN7, ANO_0 to ANO_7, AN2_0to AN2 7,
ANEXO0, and ANEX1

Reading of Result of A/D
Converter

Read one of the registers ADO to AD7 that corresponds to the selected pin

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS

Page 234 of 373




Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 18. A/D Converter

A/D Control Register 0 (1)

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

1 lofo] | ADCONO 03D6h 00000XXXb
IR
vl Voo
i b b4 1| BitSymbol Bit Name Function RW
[ T T
b b2 b1 b0
e ! CHoO 0 0 O0:SelectANO RW
b P P 0 O 1:SelectAN1
' I bt 0 1 O0:Select AN2
oo i ! --- CH1 Analog input pin selectbit® [0 1 1:Select AN3 RW
T I 1 0 0:Select AN4
s Lo s

' I CH2 : Selec RW
. i b 1 1 1:Select AN7
[ 1
A b4 b3
[T T R N MDO ) RW
E ' E A/D operation mode select | 0 0 : One-shot mode

oy bit 0
I S—— MD1 RW
) 1 1
A
[ . . 0 : Software trigger
E i lemmmmmmmmm e TRG  |Trigger select bit 1 ADTRG trigger RW
[
[
R . 0 : A/D conversion stop
) .
E ADST |A/D conversion start flag 1+ A/D conversion start RW
[)
R — . Refer to NOTE 3 of the ADCON2

CKSO |Frequency select bit 0 Register RW

NOTES :
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_O to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits ADGSEL1
and ADGSELO in the ADCONZ2 register to select the desired pin.

A/D Control Register 1 (1)

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
1 M? 1 | ADCON1 03D7h 0000X000b

ot
Vo
i } i | Bit Symbol Bit Name Function RW
: ] ]
P 1 - SCANO RW
i A/D sweep pin select bit  |Invalid in one-shot mode
i '---1 SCANf1 RW
1
]
1

lemeee MD2 Q{ﬂ operation mode select Set to 0 when one-shot mode is selected RW

-------- (b3) No register bit. If necessary, set to 0. Read as undefined value —

I bl CKS1 Frequency select bit 1 Refer to NOTE 3 of the ADCON2 Register RW

1

i

B ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW

________________ b7 b6

i ADEX0 0 0:ANEX0 and ANEX1 are not used RW
! Extended pin select bit 0 1:ANEXO input is A/D converted
""""""""" ADEX1 1 0:ANEX1 input is A/D converted RW

1 1:Do not set

NOTES :
1. If the ADCON1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
®AD cycle or more before starting A/D conversion.

Figure 18.4 Registers ADCONO and ADCONL1 (One-shot Mode)
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M16C/64 Group 18. A/D Converter

18.1.2 Repeat Mode

In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
18.3 shows the Repeat Mode Specifications. Figure 18.5 shows the Registers ADCONO and ADCON1
(Repeat Mode).

Table 18.3 Repeat Mode Specifications

Item Specification

Function Bits CH2 to CHO in the ADCONO register and bits ADGSEL1 and
ADGSELO in the ADCONZ2 register, or bits ADEX1 and ADEXO in the
ADCONT1 register select a pin. Analog voltage applied to this pin is repeat-
edly converted to a digital code.
A/D Conversion Start * When the TRG bit in the ADCONO register is 0 (software trigger)
Condition the ADST bit in the ADCONO register is set to 1 (A/D conversion start)
* When the TRG bit is 1 (ADTRG trigger)

input on the ADTRG pin changes state from high to low after the ADST bit

is set to 1 (A/D conversion start)

A/D Conversion Stop Set the ADST bit to 0 (A/D conversion stop)

Condition

Interrupt Request No interrupt requests generated

Generation timing

Analog Input Pin Select one pin from ANO to AN7, ANO_0 to ANO_7, AN2_0 to AN2_7,

ANEXO0, and ANEX1
Reading of Result of A/D Read one of the registers ADO to AD7 that corresponds to the selected pin
Converter

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 236 of 373



Under development

M16C/64 Group

Preliminary Specification

Specification in this preliminary version is subject to change.

18. A/D Converter

A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 b1 b0

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

Symbol Address After Reset
1 Jof1] ADCONO 03D6h 00000XXXb
RERERERE
1 1 |
R t 1 | Bitsymbol Bit Name Function RW
A
I b2 b1 b0
R CHO 0 0 0:Select ANO RW
R R 0 0 1:Select AN1
A ! 0 1 0:Select AN2
b 4110 el CH1  |Analog input pin select bit @{0 1 1: Select AN3 RW
AR 1 0 0:Select AN4
A 1 0 1:Select AN5
! i ! i i I CH2 1 1 0:Select AN6 RW
o i b 1 1 1:Select AN7
1 ] I 1 1
I I I MDO _ b4 b3 RW
b Q_/Dooperanon mode select [0 1:Repeat mode
I it
Voo ST MD1 RW
1 1 1
1 1 1
] 1 ]
R T : . 0 : Software trigger
i i ! TRG Trigger select bit 1. ADTR trig%%r RW
]
'
] 1 .
[ : 0 : A/D conversion stop
E [ ADST |A/D conversion start flag 1 * AJD conversion start RW
1
1
et L EELEE CKSO0 |Frequency select bit 0 Refer to NOTE 3 of the ADCON2 Register| RW
NOTES :

2. ANO_0 to ANO_7, and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits
ADGSEL1 and ADGSELO in the ADCON2 register to select the desired pin.

A/D Control Register 1 ()

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset

1 1] |>.<|0| 1] aocont 03D7h 0000X000b
. o
b o b i | Bit Symbol Bit Name Function RW
P [
o i i1l scAND RW
1 P A/D sweep pin select bit Invalid in repeat mode
b i 1 =771 SCAN1 RW

H [

H [ .

i i (—— MD2 'g‘(ﬂ operation mode select |ge 1 0 when repeat mode is selected RW

Pl

| :

i e (EB) No register bit. If necessary, set to 0. Read as undefined value —
P
P e CKS1 |Frequency select bit 1 Refer to NOTE 3 of the ADCON2 Register | RW
b
1 1
i E (R ADSTBY |A/D standby bit Set to 1 (A/D operation enabled) RW

1

1

1

[ b7 b6

ADEX0 0 0:ANEX0 and ANEX1 are not used RW
Extended pin select bit 0 1:ANEXO input is A/D converted
""""""""" 1 0:ANEX1 inputis A/D converted
ADEX1 1 1:Do not set RW

NOTES :

1. If the ADCONT1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. When the ADSTBY bit is reset from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1

®AD cycle or more before starting A/D conversion.

Figure 18.5 Registers ADCONO and ADCONL1 (Repeat Mode)
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M16C/64 Group 18. A/D Converter

18.1.3 Single Sweep Mode

In single sweep mode, analog voltage that is applied to selected pins is converted one-by-one to a dig-
ital code. Table 18.4 shows the Single Sweep Mode Specifications. Figure 18.6 shows Registers
ADCONO and ADCON1 (Single Sweep Mode).

Table 18.4  Single Sweep Mode Specifications

ltem Specification

Function Bits SCAN1 and SCANO in the ADCON(1 register and bits ADGSEL1 and
ADGSELDO in the ADCONZ2 register select pins. Analog voltage applied to
the pins is converted one-by-one to a digital code.
A/D Conversion Start * When the TRG bit in the ADCONOQO register is 0 (software trigger)
Condition the ADST bit in the ADCONO register is set to 1 (A/D conversion start)
* When the TRG bit is 1 (ADTRG trigger)

input on the ADTRG pin changes state from high to low after the ADST bit

is set to 1 (A/D conversion start)

A/D Conversion Stop » Completion of A/D conversion (The ADST bit is cleared to 0 (A/D conver-
Condition sion stop))
* Set the ADST bitto 0
Interrupt Request Completion of A/D conversion
Generation timing
Analog Input Pin Select from ANO and AN1 (2 pins), ANO to AN3 (4 pins), ANO to AN5 (6

pins), and ANO to AN7 (8 pin) (1)
Reading of Result of A/D Read one of the registers ADO to AD7 that corresponds to the selected pin
Converter

NOTE:
1. ANO_0to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7.
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18. A/D Converter

A/D Control Register 0 ()

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset

| E - ADCONO 03D6h 00000XXXb

] ] : 1

! [

P Bitsymbol Bit Name Function RW

1 ! : 1

i P b2 b1 b0
b P CHO 0 0 0:Select ANO RW
o 0 0 1:Select AN1

P 0 1 0:Select AN2

| bt CHA1 Analog input pin select bit @{0 1 1: Select AN3 RW

i ! 1 0 0:Select AN4

| 1 0 1:Select AN5
i I CH2 1 1 0:Select AN6 RW
! ! 1 1 1:Select AN7
]
T T MDO b4 b3 RW
i AD operation mode select [0 1: Repeat mode
bit 0

P bemeee] MD1 RW
1
1
1
[ P : . 0 : Software trigger
E TRG Trigger select bit 1 ADTRG trigger RW
1
1
i . 0 : A/D conversion stop
1
SR ADST  [A/D conversion start flag 1 : A/ID conversion start RW
"""""""""" CKSO [Frequency select bit 0 Refer to NOTE 3 of the ADCON2 Register| RW

NOTES :

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

2. ANO_0 to ANO_7, and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits
ADGSEL1 and ADGSELO in the ADCONZ2 register to select the desired pin.

A/D Control Register 1 ()

b7 b6 b5 b4 b3 b2 b1 b0

1. If the ADCON1 register is rewritten during A/D conversion, the conversion result will be indeterminate.

Symbol Address After Reset
1 s ADCON1 03D7h 0000X000b
H [
I [
| Do i | Bit symbol Bit Name Function RW
H [
H i | Pl When repeat sweep mode 1 is selected
N P SCANO b1 b0 RW
1 . H
H E b i A/D sweep pin select bit @ 8 (1) : ﬁ“? g g:ﬂé)
! :
Pob T SscAN 1 0:AN2(3pins) RW
i | 1 1:AN3 (4 pins)
1 1 N
i ! o] MD2 ﬁ‘{ﬂ operation mode select 1 : Repeat sweep mode 1 RW
: 1
i i
! o (ﬁ) No register bit. If necessary, set to 0. Read as undefined value —
1
[
H i ——————————— CKS1 |Frequency select bit 1 Refer to NOTE 3 of the ADCON2 Register RW
P
' CR— ADSTBY |A/D standby bit @ Set to 1 (A/D operation enabled) RW
b7 b6
"""""""" ADEX0 0 0:ANEXO and ANEX1 are not used Rw
Extended pin select bit 0 1:Do not set
1 0:Do not set
__________________ ADEX1 1 1:Do not set RW
NOTES :

2. ANO_O to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits
ADGSEL1 and ADGSELO in the ADCON2 register to select the desired pin.

3. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1

®AD cycle or more before starting A/D conversion.

Figure 18.6 Registers ADCONO and ADCONL (Single Sweep Mode)
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M16C/64 Group 18. A/D Converter

18.1.4 Repeat Sweep Mode 0

In repeat sweep mode 0, analog voltage applied to selected pins is repeatedly converted to a digital
code.

Table 18.5 shows the Repeat Sweep Mode 0 Specifications. Figure 18.7 shows Registers ADCONO
and ADCON1 (Repeat Sweep Mode 0).

Table 18.5 Repeat Sweep Mode 0 Specifications

ltem Specification
Function Bits SCAN1 and SCANO in the ADCON(1 register and bits ADGSEL1 and
ADGSELDO in the ADCONZ2 register select pins. Analog voltage applied to
the pins is repeatedly converted to a digital code.
A/D Conversion Start * When the TRG bit in the ADCONO register is 0 (software trigger)
Condition the ADST bit in the ADCONO register is set to 1 (A/D conversion start)

* When the TRG bit is 1 (ADTRG trigger)
input on the ADTRG pin changes state from high to low after the ADST bit

is set to 1 (A/D conversion start)

A/D Conversion Stop Set the ADST bit to 0 (A/D conversion stop)

Condition

Interrupt Request No interrupt requests generated

Generation timing

Analog Input Pin Select from ANO and AN1 (2 pins), ANO to AN3 (4 pins), ANO to AN5 (6

pins), and ANO to AN7 (8 pin) (1)
Reading of Result of A/D Read one of the registers ADO to AD7 that corresponds to the selected pin
Converter

NOTE:
1. ANO_Oto ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7.
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18. A/D Converter

A/D Control Register 0

b7 b6 b5 b4 b3 b2 b1 b0

A/D Control Register 1 ()

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset
AL [1]1] ADCONO 03D6h 00000XXXb
T TR
SRR
¢ E i [ i Bit Symbol Bit Name Function RwW
I |
Vol :
Pl oHo RW
H I I H
P i '==-1 CH1 Analog input pin select bit |Invalid in repeat sweep mode 0 RW
A
bl b R CH2 RW
A
Vo e MDO RW
[ . b4 b3
P C/t%operatlon mode select |’y 1. Repeat sweep mode 0 or
E ! E L —— MD1 ! repeat sweep mode 1 RW
v
[ ]
' [
Vol ) . 0 : Software trigger
E i B Rt e TRG Trigger select bit 1. ADTRG trigger RW
I
]
1 . H
E e ADST [A/D conversion start flag ? : %8 ggmgz:gﬂ zzg?t RW
! :
)
]
)
L R CKSO0 [Frequency select bit 0 Refer to NOTE 3 of the ADCON2 Register RW
NOTE :

1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

Symbol Address After Reset
{1 X9l . ADCON1 03D7h 0000X000b
) ) ] ] [}
BERRRRE . .
¢! : P : i Bit Symbol Bit Name Function RW
[ [
E | i i i i ' i When repeat sweep mode 0 is selected
bl -y SCANO b1 b0 _ RW
E ! i ! i i E A/D sweep pin select bit @ 8 (1) : ﬁ“g Eg 2“; 2421 B:g:;
1 ] .

A I = AN 10 AN o ANS (6 pin) RW
! i ' E P : (o] pins
[ T B A/D operation mode select [Set to 0 when repeat sweep mode 0 is
E i i E i I MD2 e selected RW
A
E i i E N (E’) No register bit. If necessary, set to 0. Read as undefined value —
P
[ |
E i i LS CKS1 |Frequency select bit 1 Refer to NOTE 3 of the ADCON2 Register | RwW
) ]
P
! i [ ADSTBY |A/D standby bit @) Set to 1 (A/D operation enabled) RW
[
[
N b7 b6
b obmmmmmmmeeee ADEX0 0 0:ANEXO0 and ANEX1 are not used RW
H Extension pin select bit 0 1:Do notset
| 1 0:Do not set

ADEX1 1 1:Do not set RW

NOTES :

dAD cycle or more before starting A/D conversion.

1. If the ADCONA1 register is rewritten during A/D conversion, the conversion result will be indeterminate.

2. ANO_O to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits
ADGSEL1 and ADGSELO in the ADCONB2 register to select the desired pin.

3. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1

Figure 18.7

Registers ADCONO and ADCON1 (Repeat Sweep Mode 0)
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M16C/64 Group 18. A/D Converter

18.1.5 Repeat Sweep Mode 1

In repeat sweep mode 1, analog voltage selectively applied to all pins is repeatedly converted to a digi-
tal code. Table 18.6 shows the Repeat Sweep Mode 1 Specifications. Figure 18.8 shows Registers
ADCONO and ADCON1 (Repeat Sweep Mode 1).

Table 18.6

Repeat Sweep Mode 1 Specifications

Item

Specification

Function

The input voltages on all pins selected by bits ADGSEL1 and ADGSELO in

the ADCONZ2 register are A/D converted repeatedly, with priority given to

pins selected by bits SCAN1 and SCANO in the ADCON1 register and bits

ADGSEL1 and ADGSELO.

Example: If ANO selected, input voltages are A/D converted in order of
ANO—AN1—->ANO—AN2—-ANO—AN3, and so on.

A/D Conversion Start
Condition

* When the TRG bit in the ADCONO register is 0 (software trigger),
the ADST bit in the ADCONO register is set to 1 (A/D conversion start)
* When the TRG bit is 1 (ADTRG trigger),
input on the ADTRG pin changes state from high to low after the ADST
bit is set to 1 (A/D conversion start)

A/D Conversion Stop
Condition

Set the ADST bit to 0 (A/D conversion stop)

Interrupt Request
Generation timing

No interrupt requests generated

Analog Input Pins to be
Given Priority When A/D
Converted

Select from ANO (1 pin), ANO and AN1 (2 pins), ANO to AN2 (3 pins),
and ANO to AN3 (4 pins) (1)

Reading of Result of A/D
Converter

Read one of the registers ADO to AD7 that corresponds to the selected pin

NOTES:

1. ANO_O to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7.
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M16C/64 Group 18. A/D Converter

A/D Control Register 0 (1)

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset

. 1|1 AL ADCONO 03D6h 00000XXXb
RENERRE

] 1 1
AR i 1| Bitsymbol Bit Name Function RW
H 1 Vo I I
Pl cHo RW
-
] UL
o i i | i '---1 CH1 Analog input pin select bit |Invalid in repeat sweep mode 1 RW
: ! : : [
e «

] 1

A MDO b4 b3
E i b A/D operation mode select |1 1:Repeat sweep mode 0 or RW
vl bit 0 repeat sweep mode 1
. MD1 RW
Vo
I ' . 0 : Software trigger
E i e TRG  |Trigger select bit 1 ADTRG trigger RW
)
[
H . 0 : A/D conversion stop
E --------------- ADST |A/D conversion start flag 1 A/D conversion start RW
()
)
)
e L EEE L CKSO0 |Frequency select bit 0 Refer to NOTE 3 of the ADCON2 Register | RW

NOTE :
1. If the ADCONO register is rewritten during A/D conversion, the conversion result will be indeterminate.

A/D Control Register 1 (M

b7 b6 b5 b4 b3 b2 b1 b0

| I, (%) No register bit. If necessary, set to 0. Read as undefined value —

Symbol Address After Reset
1] X1 ADCON1 03D7h 0000X000b
BEEEE
[ 1
. E i E i Bit Symbol Bit Name Function RW
[ 1
Vo [
P E P When repeat sweep mode 1 is selected
P SCANO b1 bo RW
[ T . . 0 0:ANO(1pin
i i : i i A/D sweep pin select bit @ 0 1:AN1 EZ gin)s)
P 7Tl scANt 1 0:AN2 (3 pins) RW
Lo Pl 1 1:AN3 (4 pins)
o) .
i i i R MD2 Qi/tlaoperatlon mode select 1: Repeat sweep mode 1 RW
Pl
] 1 1
T
1 1
1 1
1 1
1 1
1 1

e CKS1 [Frequency select bit 1 Refer to NOTE 3 of the ADCON2 Register RW
1
]
—— ADSTBY |A/D standby bit @) Set to 1 (A/D operation enabled) RW
! b7 b6
"""""""" ADEX0 0 0:ANEXO and ANEX1 are not used RW
Extended pin select bit 0 1:Do not set
1 0:Do not set
_________________ ADEX1 1 1:Do not set RwW

NOTES :
1. If the ADCONT1 register is rewritten during A/D conversion, the conversion result will be indeterminate.
2. ANO_O to ANO_7 and AN2_0 to AN2_7 can be used in the same way as ANO to AN7. Use bits
ADGSEL1 and ADGSELO in the ADCONZ2 register to select the desired pin.
3. If the ADSTBY bit is changed from 0 (A/D operation stopped) to 1 (A/D operation enabled), wait for 1
$dAD cycle or more before starting A/D conversion.

Figure 18.8 Registers ADCONO and ADCONL1 (Repeat Sweep Mode 1)
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18.2 Conversion Rate

The conversion rate is defined as follows.

Start dummy time depends on which ¢AD is selected. Table 18.7 shows Start Dummy Time. When the
ADST bit in the ADCONO register is set to 1 (A/D conversion start), A/D conversion starts after start
dummy time elapses. 0 (A/D conversion stop) is read if the ADST bit is read before A/D conversion starts.
For multiple pins or A/D conversion repeat mode, for each pin, between-execution dummy time is inserted
between A/D conversion execution time and the next A/D conversion execution time.

The ADST bit is set to 0 during the end dummy time, and the last A/D conversion result is set to the ADi
register in one-shot mode and single sweep mode.

While in one-shot mode:
Start dummy time + A/D conversion execution time + end dummy time

When two pins are selected while in single sweep mode:
Start dummy time + (A/D conversion execution time + between-execution dummy time + A/D conversion
execution time) + end dummy time

Start dummy time: See Table 18.7 “ Start Dummy Time”
A/D conversion execution time: 40 ¢AD cycles per pin
Between-execution dummy time: 1 $AD cycle

End dummy time: 2 to 3 cycles of fAD

Table 18.7  Start Dummy Time

dAD Selection Start Dummy Time
fAD 1 to 2 cycles of fAD
fAD divided by 2 2 to 3 cycles of fAD
fAD divided by 3 3 to 4 cycles of fAD
fAD divided by 4 3 to 4 cycles of fAD
fAD divided by 6 4 to 5 cycles of fAD
fAD divided by 12 7 to 8 cycles of fAD

18.3 Extended Analog Input Pins

In one-shot and repeat modes, pins ANEXO and ANEX1 can be used as analog input pins. Use bits
ADEX1 and ADEXO in the ADCON1 register to select whether or not to use ANEX0 and ANEX1.

The A/D conversion results of ANEXO and ANEX1 inputs are stored in registers ADO and AD1, respec-
tively.

18.4 Current Consumption Reducing Function

When not using the A/D converter, power consumption can be reduced by setting the ADSTBY bit in the
ADCONT1 register to 0 (A/D operation stopped: standby) to shut off any analog circuit current flow.

To use the A/D converter, set the ADSTBY bit to 1 (A/D operation enabled) after operating longer than
one cycle of a timer count source, and then set the ADST bit in the ADCONO register to 1 (A/D conversion
start). Do not set bits ADST and ADSTBY to 1 at the same time.

Also, do not set the ADSTBY bit to 0 (A/D operation stopped: standby) during A/D conversion.
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18. A/D Converter

18.5 Output Impedance of Sensor under A/D Conversion

Microcomputer

Sensor equivalent
circuit

__________________

R (10.0 kW)

W

C (10.0 pF) —l’

3

vC

Sampling time
15
@AD

Figure 18.9 Analog Input Pin and External Sensor Equivalent Circuit
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19. D/A Converter

19. D/A Converter

19.1 Summary

The D/A converter consists of two independent 8-bit R-2R type D/A converters.
D/A conversion is performed by writing to the DA register (i = 0 to 1). To output the result of conversion,
set the DAIE bit in the DACON register to 1 (output enabled). Before using D/A conversion, clear the cor-
responding port direction bit to 0 (input mode). When the DAIE bit is set to 1 (input enabled), pull-up of a
corresponding port is disabled.

Output analog voltage (V) is determined by a set value (n: decimal) in the DAI register.

V = VREF x - (n =0 to 255)
256

VREF: reference voltage

Table 19.1 lists the D/A Converter Performance. Figure 19.1 shows the D/A Converter Block Diagram.
Figure 19.2 shows Registers DACON, DAO, and DA1. Figure 19.3 shows the D/A Converter Equivalent

Circuit.

Table 19.1 D/A Converter Performance

Iltem

Performance

D/A Conversion Method

R-2R

Resolution

8 bits

Analog Output Pin

2 channels (DAO and DA1)

Low-Order Bits of Data Bus

DAO register

R-2R resistor ladder

0

DA1 register

R-2R resistor ladder

ol o+ DAO

1
DAOE bit

0

o ¢ O+— DA1

1
DA1E bit

Figure 19.1 D/A Converter Block Diagram
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D/A Control Register (!

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
DACON 03DCh 00h

1 1 1 1 1 ] 1 )

1 ) ) ) ) ) 1 1

1 1 1 1 1 ] 1 ()

Py by v | BitSymbol Bit Name Function RW

A A

IR 0 : Output disabled

| T T R B T A} . .

v e DAOE D/A 0 output enable bit 1 : Output enabled RW

I A A A

bbb 0 : Output disabled

1 ] ] 1 ) ) ] B -

AR DA1E D/A 1 output enable bit 1 : Output enabled RW

I

I

HRE S W O SN (b7-b2) No register bits. If necessary, set to 0. Read as 0 —
NOTE :

1. When not using the D/A converter, clear the DAIE bit (i = 0 to 1) to 0 (output disabled) to reduce the
unnecessary current consumption in the chip and set the DAI register to 00h to prevent current from flowing
into the R-2R resistor ladder.

D/Ai Register (i=0to 1) (M

b7 b0 Symbol Address After Reset
| DAO 03D8h 00h
i DA1 03DAh 00h
i
i
: Function Setting Range RW
i
1
L Output value of D/A conversion 00h to FFh RW
NOTE :

1. When not using the D/A converter, clear the DAIE bit (i = 0 to 1) to 0 (output disabled) to reduce the
unnecessary current consumption in the chip and set the DAI register to 00h to prevent current from flowing
into the R-2R resistor ladder.

Figure 19.2 Registers DACON, DAO, and DA1

DAIE bit

0 R R R 2R

on O—AM oo Yy — Y

2R 2R 2R
MSB LSB
S (S s A iy A E R i T-=="1~~~° r-==—a---" | I A
1 1 1 1 1
DA register 1 i i i i
i register
i i o | T i i
1 [N RN SR S T D—) SR A — | —" Sp—_ |
avss O
REF@ O
i=0to1

NOTES:
1. The above diagram applies when the DAI register is set to 2Ah.
2. VREF is not related to ADSTBY bit in the ADOCON1 register.

Figure 19.3 D/A Converter Equivalent Circuit

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 247 of 373



Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 20. CRC Operation

20. CRC Operation

The Cyclic Redundancy Check (CRC) operation detects an error in data blocks. The microcomputer uses a
generator polynomial of CRC_CCITT (X16 + X12 + X5 + 1) to generate CRC code.

The CRC code consists of 16 bits which are generated for each data block in given length, separated in 8 bit
units. After the initial value is set in the CRCD register, the CRC code is set in that register each time one
byte of data is written to the CRCIN register. CRC code generation for one-byte data is finished in two
cycles.

Figure 20.1 shows the CRC Circuit Block Diagram. Figure 20.2 shows Registers CRCD and CRCIN.

Figure 20.3 shows an example using the CRC Operation.

q Data bus (high-order)
q Data bus (low-order)
|Eight low-order bits ‘ l Eight high-order bits

CRCD register

I I

CRC code generating circuit
X164+ X124+ X5+ 1

CRCIN register

! )

Figure 20.1 CRC Circuit Block Diagram

CRC Data Register

(b15) (b8)

b7 b0 b7 bo Symbol Address After Reset

| CRCD 03BDh to 03BCh Indeterminate
Function Setting Range RW

When data is written to the CRCIN register after setting the
initial value in the CRCD register, the CRC code can be 0000h to FFFFh RW
read out from the CRCD register.

CRC Input Register

b7 b0 Symbol Address After Reset

|:| CRCIN 03BEh Indeterminate

Function Setting Range RW

___________ Data input 00h to FFh RW

Figure 20.2 Registers CRCD and CRCIN
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Setup procedure and CRC operation when generating CRC code “80C4h”
» CRC operation performed by the M16C
CRC code : remainder of a division in which the value written to the CRCIN register with its bit positions reversed is divided

by the generator polynomial
Generator polynomial : X6 + X2 + X5 + 1 (1 0001 0000 0010 0001b)

« Setting procedure

(1) Reverse the bit positions of the value “80C4h” by program in 1-byte units.

80h — 01h, C4h — 23h

b15 b0
(2) Write 0000h (initial value) —» | CRCD register

b7 b0

(3) Write 01h —> |:| CRCIN register

Two cycles later, the CRC code for 80h, i.e., 9188h, has its bit

positions reversed to become 1189h which is stored in the CRCD
register.
b15
1189h | CRCD register
b7 b0

(4) Write 23h — |:| CRCIN register

Two cycles later, the CRC code for 80C4h, i.e., 8250h, has its bit
positions reversed to become 0A41h which is stored in the CRCD
register.

b15 b0

0A41h | CRCD register

* Details of CRC operation

As shown in (3) above, bit position of 01h (00000001b) written to the CRCIN register is reversed and becomes 10000000b.
Add 1000 0000 0000 0000 0000 0000b, as 10000000b plus 16 digits, to 0000 0000 0000 0000 0000 0000b,
as 0000 0000 0000 0000b plus 8 digits as the default value of the CRCD register to perform the modulo-2 division.

Modulo-2 operation is

1000 1000 operation that complies
10001 0000 0010 0001 [1000 0000 0000 0000 0000 0000 4— Data with the law given below.
1000 1000 0001 0000 1

Generator polynomial 1000 0001 0000 1000 O 0+0 = 0
1000 1000 0001 0000 1 0+1=

1001 0001 1000 1000 1+0=1

1+1=0

/ -1=1

CRC code

0001 0001 1000 1001b (1189h), the remainder 1001 0001 1000 1000b (9188h) with inversed bit position, can
be read from the CRCD register.

When going on to (4) above, 23h (0010001 1b) written in the CRCIN register is reversed and becomes 11000100b.
Add 1100 0100 0000 0000 0000 0000b, as 11000100b plus 16 digits, to 1001 0001 1000 1000 0000 0000b, as 1001 0001 1000 1000b

plus 8 digits as a remainder of (3) left in the CRCD register to perform the modulo-2 division.
0000 1010 0100 0001b (0A41h), the remainder with reversed bit position, can be read from the CRCD register.

Figure 20.3 CRC Operation
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21. Programmable I/O Ports

88 programmable input / output ports (I/O ports) are available. The direction registers determine individual
port status, input or output. The pull-up control registers determine whether the pots, divided into groups of
four ports, are pulled up or not. P8 5 is an input port and no pull-up is allowed. Port P8 5 shares the pin
with NMI, so that the NMI input level can be read from the P8_5 bit in the P8 register.

Figures 21.1 to 21.5 show the I/O ports. Figure 21.6 shows the 1/O Pins.

Each pin functions as an /O port, a peripheral function input / output, or a bus control pin.

To set peripheral functions, refer to the description for individual functions. If any pin is used as a peripheral
function input or D/A converter output pin, set the direction bit of the corresponding pin to 0 (input mode).
Any pin used as an output pin for peripheral functions other than the D/A converter is directed for output no
matter how the corresponding direction bit is set.

To use as bus control pins, refer to 8.2 “Bus Control”.

PO to P5 are capable of VCC2-level input / output; P6 to P10 are capable of VCC1- level input / output.

21.1 Port Pi Direction Register (PDi Register, i =0to 10)

Figure 21.7 shows the Pi Direction Registers.

This register selects whether the 1/O port is to be used for input or output. Each bit in the PDi register cor-
responds to one port.

During memory extension or microprocessor mode, the PDi registers for the pins functioning as bus con-
trol pins (AO to A19, DO to D15, CS0 to CS3, RD, WRL / WR, WRH / BHE, ALE, RDY, HOLD, HLDA, and
BCLK) cannot be modified.

21.2 Port Pi Register (Pi Register, i =0 to 10)

Figure 21.8 shows the Pi Registers.

Data input / output to and from external devices are accomplished by reading and writing to the Pi regis-
ter.

Each bit of the Pi register consists of a port latch to hold the output data and a circuit to read the pin sta-
tus.

For ports set for input mode, the input level of the pin can be read by reading the corresponding Pi regis-
ter, and data can be written to the port latch by writing to the Pi register.

For ports set for 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 correspond to each port.

During memory extension or microprocessor mode, the Pi registers for the pins functioning as bus control
pins (A0 to A19, DO to D15, CSO0 to CS3, RD, WRL / WR, WRH / BHE, ALE, RDY, HOLD, HLDA, and
BCLK) cannot be modified.

21.3 Pull-up Control Register 0 to Pull-up Control Register 2 (Registers PURO to
PUR2)

Figures 21.9 and 21.10 show the Registers PURO to PUR2.

Bits in registers PURO to PUR2 can be used to select whether or not to pull the corresponding port high in
4 pin units. The port chosen to be pulled high has a pull-up resistor connected to it when the direction bit
is set for input mode.

However, the pull-up control register has no effect on PO to P3, P4_0 to P4_3, and P5 during memory
extension or microprocessor mode. Although the register contents can be modified, no pull-up resistors
are connected.

21.4 Port Control Register (PCR Register)

Figure 21.11 shows the PCR Register.
When the P1 register is read after setting the PCRO bit in the PCR register to 1, the corresponding port
latch can be read no matter how the PD1 register is set.
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M16C/64 Group 21. Programmable 1/O Ports
Pull-up selection
register
PO_0to PO_7,
P2 0toP2_3, (dotted section <II i,
P2 _6toP2_7, included) *
P10_0to P10_3 i
Data bus —¢—_Portfatch | :
. 3
i (NOTE 1)
P3_0to P3_7, q 77
P4 0toP4_3, (dotted section
P5_0to P5_4, P5_6 | notincluded) g
AN '
Analog input 0\0 i
Pull-up selection
P10 register
- 1
<|I _g\l'\o—-
| Port P1 control reglster}—‘ | i
output | *
Data bus—¢—{ Portaton | 5 v 0
¥
! (NOTE 1)
77
j .j'/
~
Pull-up selection
P1_1toP1_3 register
9 : 1
: i —-©-
| Port P1 control reg|ster}—‘ i i
output ! *
Deta bus—¢—{ Portlaeh | 5 S S
3
! (NOTE 1)
77
\l 57
CMOS /Nch__|
ﬁ Selection
~
NOTE:
1. ----i¢---- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
VCC: VCC1 for ports P6 to P10, and VCC2 for ports PO to P5.
Figure 21.1 1/O Ports (1)
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21. Programmable 1/O Ports

P1_4

(dotted section not included)
P1 5toP1_7

(dotted section included)

P2 4,P2.5
P10_4to P10_7

Pull-up selection

Direction
register

d

~

|Por‘[ P1 control register

Data bus —->—| Port latch }—‘

e

S

Py

(NOTE 1)

}--»--»-ﬂ--¢

N

E Input to respective

iperipheral functions

<

Pull-up selection

Direction
register

<

Data bus —1—| Port latch

~

@Dﬂj

(NOTE 1)

N

Analog input

Input to respective peripheral functions

Pull-up selection

—0\0—0

@

Port control register

Direction
P4_4,P5_7, P6_0, register
P6_4, P7_3to P7_5,
P8 1, P9 0, P9 2 1 ' T j j -
~ i I—DD_‘ %
output H i
Data bus —1—| Port latch _oo\'\c ¢
. 3
:l 1(NOTE 1)
< ’j_, r
~
Input to respective peripheral functions @
NOTE:
<4+----- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
VCC: VCC1 for ports P6 to P10, and VCC2 for ports PO to P5.
Figure 21.2 1/O Ports (2)
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21. Programmable 1/O Ports

P4 5toP4 7,
P6_1toP6_3,
P6 5to P6_7,
P7 6toP7 7,

P7 2,
P8 0

Data bus —0—| Port latch

P5 5, P8_2to P8_4,

|
[

Pull-up selection
Direction
register
output 1
CMOS / Nch

selection

(NOTE 1)

Ad
4
+
r

o

Input to respective peripheral functions

Pull-up selection

Direction
register

> >

G

P9_1,P9 7
b : 1
*
Data bus —<>—| Port latch v
. ¥
! (NOTE 1)
. j7 7
N
Input to respective peripheral functions @
Direction
P7_0,P7_1 register
1
0—<—0—o |
output i
Data bus —0—| Port latch _‘OKO - O
i
' ! (NOTE 1)
. 77T
N
Input to respective peripheral functions @
NOTE:
1. ----l4---- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
VCC: VCC1 for ports P6 to P10, and VCC2 for ports PO to P5.
Figure 21.3 1/O Ports (3)
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M16C/64 Group 21. Programmable 1/O Ports
NMI enabled
] Direlction
P8 5 register

—

Data bus —0—| Port latch

— 1O
+

(NOTE 1)

o

N
S
N

NMI interrupt input —CL‘ @

NMI enabled
SD input

Pull-up selection

D/A output enabled
Direction Dc
P9 3, P9_4 register
Data bus —0—| Port latch
1
1
, ¥
:I ! (NOTE1)
7
~
~
Input to respective peripheral functions @
Analog output oG
D/A output enabled
Pull-up selection
P9 5 Direction

register

(Inside dotted-line included)

P9_6 1
(Inside dotted-line not included) b < _g\"\c

output !
Data bus —1—| Port latch _‘;\C

LT
<=

Input to respective
peripheral functions

Analog input O\C

R

NOTE:
1. ----4---- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
VCC: VCC1 for ports P6 to P10, and VCC2 for ports PO to P5.

Figure 21.4 1/0O Ports (4)
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M16C/64 Group 21. Programmable 1/O Ports

Pull-up selection

Direction
P8_7 register

Data bus —0—| Port latch FDJ {%

g

}--*—-»-»—-4}

I

(NOTE 1)

/

/

Rf

Pull-up selection

Direction Rd
P8 6 register j

1
S o |
output i *
Data bus ——— Port latch _g\\o I J—Q—LO

_ %
i (NOTE 1)
< 17

i

T

NOTE:
1. ----&---- symbolizes a parasitic diode.
Make sure the input voltage on each port will never exceed VCC.
VCC: VCCH1 for ports P6 to P10, and VCC2 for ports PO to P5.
Figure 21.5 1/O Ports (5)
1
1
BYTE T
BYTE signal input \@I 4 O
1
'y
I (NOTE 1)
777
1
1
CNVSS T
1
CNVSS signal input @ * O
x
I (NOTE1)
777
1
1
RESET T
RESET signal input @ + O
1
'y
NOTE: I (NOTE1)
1. ---l--- symbolizes a parasitic diode. 777
Make sure the input voltage on each port will never exceed VCC1.

Figure 21.6 1/O Pins
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Port Pi Direction Register (i=0to 10) (.2
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
PDO to PD3 03E2h, 03E3h, 03E6h, 03E7h 00h
A PD4 to PD7 03EAh, 03EBh, 03EEh, 03EFh 00h
O T R B ! PD8 03F2h 00h
t1 b1 PD9,PD10 03F3h, 03F6h 00h
: ] : ] : [ :
i i E i E i i i Bit Symbol Bit Name Function RW
] : | : ] : : !
P ; b ‘-1 PDi 0 |PortPi_0 direction bit 0 : Input mode _ RW
i i N { -~ PDL1_|[Port Pi_1 direction bit 1 (guu?;ﬂ?pni,gg an input port) RW
A PDi_2 |Port Pi_2 direction bit (Functions as an output port) RW
R PDi_3 |Port Pi_3 direction bit RW
1 ] 1
P temmeeeee PDi_4 |Port Pi_4 direction bit RW
1 ] ]
i i oo PDi_5 [Port Pi_5 direction bit RW
i b PDi_6 |Port Pi_6 direction bit RW
S GRCELEELEEEELE PDi_7 [Port Pi_7 direction bit RW
NOTES :
1. Make sure the PD9 register is written following the instruction to set the PRC2 bit in the PRCR register to 1
(write enabled).
2. During memory extension and microprocessor modes, the PDi register for the pins functioning as bus control
pins (A0 to A19, DO to D15, CSO0 to CS3, RD, WRL / WR, WRH / BHE, ALE, RDY, HOLD, HLDA and BCLK)
cannot be modified.

Figure 21.7 Registers PDO to PD10
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M16C/64 Group 21. Programmable 1/O Ports

Port Pi Register (i = 0 to 10) @

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
| PO to P3 03EOh, 03E1h, 03E4h, 03E5h Indeterminate

ooy P4 to P7 03E8h, 03E9h, 03ECh, 03EDh Indeterminate
I A A P8 03F0h Indeterminate
i E E i E i E ' P9, P10 03F1h, 03F4h Indeterminate
[ T T N T T T
[ [ T
P i i i E E i Bit Symbol Bit Name Function RW
: : I R A
P ; Pl ‘1 Pio [PortPi_obit fThe pin level on an)t; 110 pgrg whicr:j is ser: RW
[ T T T T - - - or input mode can be read by reading the
R A Pi_1 Port Pi_1 bit corresponding bit in this register. RwW
Pl E i e Pi 2 |PortPi_2 bit The pin level on any 1/O port which is set [ Ry
[ I B - - - for output mode can be controlled by
T Pi_3  |Port Pi_3 bit writing to the corresponding bit in this RW
T S A " A b register
I Pi_4 Port Pi_4 bit 0 “L” level RW
] 1 1 .
E E emmmm oo Pi_ 5 Port Pi_5 bit 1:“H" level ™ RW
b Pi_6 |PortPi_6 bit RW
et Pi_7 |PortPi_7 bit RW

NOTES :
1. Since P7_0, P7_1, and P8_5 are N-channel open drain ports, the pin status becomes high-impedance.
2. During memory extension and microprocessor modes, the Pirﬁ;ister for the pins functioning as bus

control pins (AO to A19, DO to D15, CS0 to CS3, RD, WRL / WR, WRH / BHE, ALE, RDY, HOLD, HLDA
and BCLK) cannot be modified.

Figure 21.8 Registers PO to P10
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M16C/64 Group 21. Programmable 1/O Ports

Pull-up Control Register 0 (")
b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
PURO 0360h 00h
HEE
R A R
i E E i ! E H Bit Symbol Bit Name Function RW
1 1 1
1 ) 1 ] ) 1 1 1
Cb b b4 L.l PU0O  [PO_Oto PO_3 pull-up 0 : Not pulled high RW
O T T R 1 : Pulled high ¢
popr ot - PUOT PO_4 to PO_7 pull-up RW
A R - PUO2 |P1_0to P1_3 pull-up RW
1 ] ] ]
HE (R PUO3 P1_4 to P1_7 pull-up RW
] 1 1 1
e e P PUO4 P2_0 to P2_3 pull-up RW
1 ) ]
i i e PUO5 P2_4 to P2_7 pull-up RW
R PU06 |P3_0to P3_3 pull-up RW
e, PU0O7 |P3_4to P3_7 pull-up RW
NOTES :
1. During memory extension or microprocessor mode, the corresponding register contents can be
modified, but the pins are not pulled high.
2. The pin for which this bit is 1 (pulled high) and the direction bit is O (input mode) is pulled high.
Pull-up Control Register 1
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset ©®)
PUR1 0361h 00000000b
HEHEHEH 00000010b
P
i E i i ' E Vol Bit Symbol Bit Name Function RW
1 ] 1
] ] 1 1 ) 1 ) ]
Cb b L puto P4_0to P4_3 pull-up @ 0 : Not pulled high RW
I B I @ 1 : Pulled high ¢
Pror b beeeel PUT P4_4 to P4_7 pull-up RW
A T N S— PU12 |P5_0toP5_3 pull-up @ RW
1 ) 1 1
[ (T PU13 P5_4 to P5_7 pull-up @ RW
1 ] ] ]
HE L PP PU14 P6_0 to P6_3 pull-up RW
] 1 1
i E L PU15 P6_4 to P6_7 pull-up RW
i B T PU16 P7_2to P7_3 pull-up RW
e R, PU17 |P7_4to P7_7 pull-up RW
NOTES :
1. Pins P7_0 and P7_1 do not have pull-ups.
2. During memory extension and microprocessor modes, the pins are not pulled high although the contents of
these bits can be modified.
3. To enable the pull-up registers, the corresponding bit in the register should be set to 1 (pulled high) and the
respective bits in the direction register should be set to 0 (input mode).
4. If bits PM01 to PMO0O in the PMO register are set to 01b (memory expansion mode) or 11b (microprocessor
mode) in a program during single-chip mode, the PU11 bit becomes 1.
5. The values after hardware reset 1 or brown-out reset is as follows:
» 00000000b when input on CNVSS pin is “L”
*+ 00000010b when input on CNVSS pin is “H”
The values after software reset, watchdog timer reset, and oscillation stop detection reset are as follows:
+ 00000000b when bits PM01 to PM0O are 00b (single-chip mode)
+ 00000010b when bits PM01 to PM0O are 01b (memory expansion mode) or 11b (microprocessor mode)

Figure 21.9 Registers PURO and PUR1
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Pull-up Control Register 2

b7 b6 bS5 b4 b3 b2 b1 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 1 ]

i E E i E E i ! Bit Symbol Bit Name Function RW
1

1 1 1 1 1 1 ] 1

i i E i E E E -4 PU20 |P8_0toP8_3 pull-up (1) : 'F\>loltl pulrl]e_dhh(i h RW

bbb - TPU2T  |P8_4toP8 7 pull-up @ + Pulled hig RW

A T T PU22 [P9 0to P9 3 pull-up RW

R PU23 |P9_4 to P9_7 pull-up RW

1 1 1 1

T T . PU24 |P10_0to P10_3 pull-up RW

1 1 1

i i e PU25 [P10_4 to P10_7 pull-up RW

] ]

1 1

] (bYTbG) No register bits. If necessary, set to 0. Read as 0 —

NOTES :
1. To enable the pull-up registers, the corresponding bit in the register should be set to 1 (pulled high) and the
respective bits in the direction register should be set to 0 (input mode).
2. The P8_5 pin does not have pull-up.

Figure 21.10 PUR2 Register

Port Control Register

When set for output, the port latch is read.
1 : The port latch is read regardless of
whether the port is set for input or output.

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
PCR 0366h 00000XX0b
Pt
P
i 1 1} | BitSymbol Bit Name Function RW
[
i i i i Operation performed when the P1 register is
[ read
i i i 0 : When the port is set for input, the input
i 11 -1 PCRO |PortP1 control bit levels of pins P1_0 to P1_7 are read. RW
L
[
P
[
[ |
1 1 1

-==-| (b4-b1) No register bits. If necessary, set to 0. Read as 0 —

INT6 input enable bit (") 0 : Enabled
b hemmmmme oo PCR5 1 - Disabled RW
]
' INT7 input enable bit ) 0 : Enabled
pohemmmmmeoeeee PCR6 1' Disabled RW
1
1 . .
i Key input enable bit ® 0 : Enabled
leccccccccccaaaaaad PCR7 1 - Disabled RW

NOTES :
1. To use the AN2_4 pin as an analog input pin, set the PCR5 bit to 1 (INT6 input disabled).
2. To use the AN2_5 pin as an analog input pin, set the PCR6 bit to 1 (INT7 input disabled).
3. To use pins AN4 to AN7 as analog input pins, set the PCR?7 bit to 1 (key input disabled).

Figure 21.11 PCR Register
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Table 21.1  Unassigned Pin Handling in Single-chip Mode

Pin Name Connection (2)
Ports PO to P5 One of the followings:
Set for input mode and connect a pin to VSS via resistor (pull-down)
Set for input mode and connect a pin to VCC2 via resistor (pull-up)
Set for output mode and leave the pins open (1)
Ports P6 to P10 One of the followings:
Set for input mode and connect a pin to VSS via resistor (pull-down)
Set for input mode and connect a pin to VCC1 via resistor (pull-up)
Set for output mode and leave the pins open (1. 3)

XOUT 4) Open

XIN Connect to VCC1 (pull-up) via resistor
AVCC, VREF Connect to VCC1

AVSS, BYTE Connect to VSS

NOTES:

1. When setting the port for output mode and leave it open, be aware that the port remains in input
mode until it is switched to output mode in a program after reset. For this reason, the voltage level on
the pin becomes indeterminate, causing the power supply current to increase while the port remains
in input mode.

2. Furthermore, by considering a possibility that 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 regis-
ters be regularly reset in software to improve reliability of the program.

3. Make sure the unused pins are processed with the shortest possible wiring from the microcomputer
pins (within 2 cm).

4. When the ports P7_0, P7_1, and P8_5 are set for output mode, make sure a low-level signal is out-
put from the pins.

5. The ports P7_0, P7_1, and P8_5 are N-channel open-drain outputs.

6. This applies when external clock is input to the XIN pin or when VCC1 is connected to via a resistor.
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Table 21.2  Unassigned Pin Handling in Memory Expansion Mode and Microprocessor Mode

Pin Name Connection (2)

Ports PO to P5 One of the followings:

Set for input mode and connect a pin to VSS via resistor (pull-down)
Set for input mode and connect a pin to VCC2 via resistor (pull-up)
Set for output mode and leave the pins open (1. 3)

Ports P6 to P10 One of the followings:

Set for input mode and connect a pin to VSS via resistor (pull-down)
Set for input mode and connect a pin to VCC1 via resistor (pull-up)
Set for output mode and leave the pins open (1. 4)

BHE, ALE, HLDA, Open

XOUT (5), BCLK (6)

HOLD , RDY Connect to VCC2 (pull-up) via resistor
XIN Connect to VCC1 (pull-up) via resistor
AVCC, VREF Connect to VCCH1

AVSS Connect to VSS

NOTES:

1. When setting the port for output mode and leave it open, be aware that the port remains in input
mode until it is switched to output mode in a program after reset. For this reason, the voltage level on
the pin becomes indeterminate, causing the power supply current to increase while the port remains
in input mode.

2. Furthermore, by considering a possibility that 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 regis-
ters be regularly reset in software to improve reliability of the program.

3. Make sure the unused pins are processed with the shortest possible wiring from the microcomputer
pins (within 2 cm).

4. If the CNVSS pin has the VSS level applied to it, these pins are set for input ports until the processor
mode is switched over in a program after reset. For this reason, the voltage levels on these pins
become indeterminate, causing the power supply current to increase while they remain set for input
ports.

5. When the ports P7_0, P7_1, and P8_5 are set for output mode, make sure a low-level signal is out-
put from the pins.

6. The ports P7_0, P7_1, and P8_5 are N-channel open-drain outputs.

This applies when external clock is input to the XIN pin or when VCC1 is connected to via a resistor.

8. If the PMO7 bit in the PMO register is set to 1 (BCLK not output), connect this pin to VCC2 via a resis-
tor (pulled high).

N
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Microcomputer Microcomputer
Port POto P10 (Input mode)——A A\, PortP6to P10 (Inputmode) NN\
(Input. mode) V V'V ’ (Input mode) V'V Vieer
(Output mode)— Open  yccq| VCC2 (Output mode)— Open ?
]:‘ N A A Port P4_5/CST XIN
XIN toP4_7/CS3 BHE |——
HLDA [———
XOouT Open ALE |——
YCet XOUT f—— open
BOLK O VCC2
AvVCC
HOLD VCCA
VREF S
RDY
BYTE
AvCC
AVSS VREF
AvSS
VSS VSS
In single-chip mode "7 In memory expansion mode or 7T
in microprocessor mode
NOTE:
1. 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).

Figure 21.12 Unassigned Pin Handling
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22. Flash Memory Version

The flash memory can perform in three rewrite modes: CPU rewrite mode, standard serial I/O mode, and
parallel I/O mode. Table 22.1 lists specifications of the flash memory version. See Tables 1.1 and 1.2 Spec-
ifications Overview for the items not listed in Table 22.1.

Table 22.1  Flash Memory Version Specifications

ltem Specification
Flash Memory Rewrite Mode 3 modes (CPU rewrite, standard serial 1/0O, parallel 1/0)
Erase Block Program ROM 1 See Figure 22.1 “Flash Memory Block Diagram”

Program ROM 2

1 block (16 Kbytes)

Data Flash

2 blocks (4 Kbytes each)

Program Method

In units of 2 words

Erase Method Block erase

Program and Erase Control Method

Program and erase controlled by software command

Protect Method

The lock bit protects each block

Number of Commands 8 commands

Program and Erase Endurance

100 times (2. 3)

Data Retention 10 years

ROM Code Protection

Parallel 1/0 and standard serial /O modes are supported

NOTE:
1.  Definition of program and erase endurance

The program and erase endurance refers to the number of per-block erasures.
For example, assume a case where a 4 Kbyte block is programmed in 1,024 operations, writing two words at a
time, and erased thereafter. In this case, the block is reckoned as having been programmed and erased once.
If the program and erase endurance is 100 times, each block can be erased up to 100 times.

Table 22.2  Flash Memory Rewrite Modes Overview
Flash'Memory CPU rewrite Mode (1) Standard Serial /0O Mode Parallel /0 Mode
Rewrite Mode
Function Program ROM 1, program ROM 2, and | Program ROM 1, program ROM | Program ROM 1, pro-
data flash are rewritten when the CPU |2, and data flash are rewritten gram ROM 2 and data
executes software commands. using a dedicated serial pro- flash are rewritten using
EWO0 mode: grammer. a dedicated parallel pro-
Rewritable in areas other than flash Standard serial /0 mode 1: grammer.
memory () clock synchronous serial I/O
EW1 mode: Standard serial I/O mode 2:
Rewritable in the flash memory clock asynchronous serial I/O
Areas Which Can | Program ROM 1, program ROM 2, and | Program ROM 1, program ROM | Program ROM 1 and
Be Rewritten data flash 2, and data flash program ROM 2
Operating Mode | Single-chip mode Boot mode Parallel /0 mode
Memory expansion mode (EWO0 mode)
ROM Programmer | None Serial programmer Parallel programmer

NOTES:

1. The PM13 bit remains set to 1 while the FMRO01 bit in the FMRO register = 1 (CPU rewrite mode enabled). The
PM13 bit is reverted to its original value by clearing the FMRO1 bit to 0 (CPU rewrite mode disabled). However, if
the PM13 bit is changed during CPU rewrite mode, its changed value is not reflected until after the FMRO1 bit is

cleared to 0.

2. In CPU rewrite mode, bits PM10 and PM13 in the PM1 register are set to 1. The rewrite control program can only
be executed in the internal RAM or in an external area that is enabled for use when the PM13 bit = 1. When the
PM13 bit = 0 and the flash memory is used in 4-Mbyte mode, the extended accessible area (40000h to BFFFFh)

cannot be used.
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22.1 Memory Map

The flash memory contains program ROM 1, program ROM 2, and data flash. Figure 22.1 shows a Flash

Memory Block Diagram.

Program ROM 1 is divided into several blocks, each of which can be protected (locked) from program or
erase. Program ROM 1 and program ROM 2 can be rewritten in CPU rewrite, standard serial I/O, and par-

allel I/0 modes.

Program ROM 2 can be used when the PRG2CO bit in the PRG2C register is set to 0 (program ROM 2
enabled). The user boot code area is in program ROM 2. Data flash can be used when the PM10 bit in the
PM1 register is set to 1 (OEO00h to OFFFFh: data flash). Data flash is divided into block A and block B.

00E000h

00EFFFh
00F000h
00FFFFh
010000h

013FFFh

080000h

08FFFFh
090000h

09FFFFh
0A0000h

OAFFFFh
0B0000h

0BFFFFh
0C0000h

OCFFFFh
0D0000K

ODFFFFh
0E0000h

OEFFFFh
0F0000h

OFFFFFh

NOTES:

Block A

Block B

Program ROM 2

Block 7 : 64 Kbytes

Block 6 : 64 Kbytes

Block 5 : 64 Kbytes

Block 4 : 64 Kbytes

Block 3 : 64 Kbytes

Block 2 : 64 Kbytes

Block 1 : 64 Kbytes

Block 0 : 64 Kbytes

} Data flash

~ Program ROM 1

1. To specify a block, use an even address in that block.
2. Shown here is a block diagram during single-chip mode.

Figure 22.1 Flash Memory Block Diagram
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22.1.1 Boot Mode

The microcomputer enters boot mode when a hardware reset occurs while an “L” signal is applied to the
P5_5 pin and an “H” signal is applied to pins CNVSS and P5_0. In boot mode, user boot mode or stan-
dard serial /0 mode is selected in accordance with the data in the user boot code area. Refer to 22.4
“Standard Serial 1/0 Mode” for details.

22.1.2 User Boot Function

User boot mode can be selected by the status of a port when the MCU starts in boot mode. Table 22.3
shows the user boot function specifications.

Table 22.3  User Boot Function Specifications

Item Specification

Entry Pin None or select a port from PO_0 to P10_7

User Boot Start Level Select “H” or “L”

User Boot Start Address Address 10000h (the start address of program ROM 2)

Set “UserBoot” in ASCII code to the addresses 13FF0h to 13FF7h in the user boot code area and
select a port for entry from addresses13FF8h to 13FF9h and the start level with the address 13FFBh.
After starting boot mode, user boot mode or standard serial I/O mode is selected in accordance with the
level of the selected port.

In addition, if addresses 13FFOh to 13FF7h are set to “UserBoot” in ASCII code and address 13FF8h to
13FFBh are set to “00h”, user boot mode is selected.

In user boot mode, the program of address 10000h (the start address of program ROM2) is executed.
Figure 22.2 shows user boot code area, Table 22.4 shows the start mode, Tables 22.5 and 22.6 the
values to be set to the user boot code area.

P ROM 2
rogram User Boot Code Area
10000h User Boot Start Address
/ 13FFOh Boot Code
II
s
’
s
/
II
II
/ 13FF8h Address . .
Y Port information for
/’ 13FFAh Bit entry
I,’ BIEECB)E Start Level Select
,/ Reserved Space
13FFOh ’
13FFFh User BootCode Area | 1_?:'?_:_FP

Figure 22.2 User Boot Code Area
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Table 22.4  Start Mode (When the Port Pj_j is Selected for Entry)
Boot Code Port information for entry Port Start Mode
(13FFOh to Address Bit Start level Pi_jinput
13FF7h) (13FF8hto  |(13FFAh) |Select level
13FF9h) (13FFBh)
“UserBoot” in  |0000h 00h 00h - User boot mode
ASClII code Pi register 00h to 07h |00h H Standard serial I/O mode
address (value of j) L User boot mode
Pi register 00h to 07h |01h H User boot mode
address (value of j) L Standard serial I/O mode
Other Than - - - - Standard serial 1/0 mode
“UserBoot” in
ASCII code

i=0to 10, j=0 to 7

NOTES:

1. Do not use another combination of values apart from Table 22.4.

2. Referto Table 22.5 ““UserBoot”in ASCIl code”

3. Referto Table 22.6 “Addresses of Selectable Ports for Entry”

Table 22.5  “UserBoot”in ASCII code
Address |13FFOh [13FF1h [13FF2h |13FF3h |13FF4h |13FF5h |13FF6h [13FF7h

ASCIl code [55h 73h 65h 72h 42h 6Fh 6Fh 74h
(V) (s) (e) (r) (B) (o) (o) (t)
Upper- Lower-case Upper- Lower-case
case case

Table 22.6  Addresses of Selectable Ports for Entry

Port Address Port Address

PO 03EOh P6 03ECh

P1 03E1h P7 03EDh

P2 03E4h P8 03FO0h

P3 03E5h P9 03F1h

P4 03E8h P10 03F4h

P5 03ES%h
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22.2 Functions to Prevent Flash Memory from Rewriting

The flash memory has a built-in ROM code protect function for parallel I/O mode and a built-in ID code
check function for standard 1/0 mode to prevent the flash memory from reading or rewriting.

2221

ROM Code Protect Function

The ROM code protect function inhibits the flash memory from being read or rewritten during parallel
input/output mode. Figure 22.3 shows the OFS1 Address. The OFS1 address is located in block 0 in
program ROM 1.

The ROM code protect function is enabled when the ROMCP1 bit is set to 0.

When exiting ROM code protect, erase block 0 including the OFS1 address by the CPU rewrite mode
or the standard serial I/O mode.

22.2.2 ID Code Check Function

Use the ID code check function in standard serial /O mode. The ID code sent from the serial program-
mer is compared with the ID code written in the flash memory for a match. If the ID codes do not match,
commands sent from the serial programmer are not accepted. However, if the four bytes of the reset
vector are “FFFFFFFFh”, ID codes are not compared, allowing all commands to be accepted.

The ID codes are 7-byte data stored consecutively, starting with the first byte, into addresses OFFFDFh,
OFFFE3h, OFFFEBh, OFFFEFh, OFFFF3h, OFFFF7h, and OFFFFBh. The flash memory must have a
program with the ID codes set in these addresses.

Table 22.7 shows address for ID code stored.

The reserved character sequence of the ASCII codes “ALeRASE” is used for forced erase function.
The reserved character sequence of the ASCII codes “Protect” is used for standard serial I/O mode dis-
abled function. Table 22.7 lists reserved character sequence.

When the ID codes stored in the ID code addresses in the user ROM area are set to the ASCII codes:
“ALeRASE” as the combination table listed in Table 22.7, forced erase function becomes active. When
the forced erase function or standard serial I/O mode disabled function is not used, use another combi-
nation of the ASCII codes.

Table 22.7 Reserved Character Sequence (Reserved Word)

Reserved word combination

ID Code Address of ID Code (ASCII)
ALeRASE Protect
FFFDFh ID1 41h (A) 50h (upper-case P)
FFFE3h ID2 4Ch (L) 72h (lower-case r)
FFFEBh ID3 65h (e) 6Fh (lower-case 0)
FFFEFh ID4 52h (R) 74h (lower-case t)
FFFF3h ID5 41h (A) 65h (lower-case e)
FFFF7h ID6 53h (S) 63h (lower-case c)
FFFFBh ID7 45h (E) 74h (lower-case t)

Reserve word for forced erase function: A set of reserved characters that match
all the ID code addresses in sequence as the combination table listed in Table

22.7.
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22.2.3

Forced Erase Function

This function is available only in standard serial I/O mode.

When the reserved characters, “ALeRASE” in ASCII code, are sent from the serial programmer as ID
codes, the content of the user ROM area will be erased at once. However, if the ID codes stored in the
ID code addresses in the user ROM area are set to other than a reserved word “ALeRASE” (other than
the combination table listed in Table 22.7) when the ROMCP bit in the ROMCP address is set to other
than 11b (ROM code protect enabled), forced erase function is ignored and ID code check is executed.
Table 22.8 lists conditions and functions for forced erase function.

When both the ID codes sent from the serial programmer and the ID codes stored in the ID code
addresses correspond to the reserved word “ALeRASE”, the user ROM area will be erased. However,
when the serial programmer sends other than “ALeRASE”, even if the ID codes stored in the ID code
addresses are “ALeRASE”, there is no ID match and any command is ignored. The user ROM area
remains protected accordingly.

Table 22.8  Forced Erase Function
Condition Function
ID code from Code in ID code |ROMCP1 bit in the
serial programmer |stored address OFS1 address
ALeRASE ALeRASE - User ROM area all erase (forced erase
Other than 1 (ROM code protect |function)
ALeRASE (1) disabled)
O(ROM code protect  |ID code check
enabled)
Other than ALeRASE - ID code check (no ID match)
ALeRASE Other than - ID code check
ALeRASE (1)
NOTE:

1. For the combination of the stored addresses is “Protect”, refer to 22.2.4 “Standard Serial /O
Mode Disable Function”.

22.2.4 Standard Serial I/O Mode Disable Function

This function is available in standard serial I/O mode. When the ID codes in the ID code stored
addresses are set to “Protect” in ASCII code, the MCU does not communicate with a serial program-
mer. Therefore, the flash memory cannot be read, written or erased by a serial programmer. User boot
mode can be selected, when the ID codes set to “Protect”.

When the ID codes are set to “Protect” and the ROMCP1 bit in the address OFS1 is set to 0 (ROM
code protect enabled), ROM code protection cannot be disabled by a serial programmer. Therefore, the
flash memory cannot be read, written or erased by a serial or parallel programmer.
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Optional Feature Select Address ()

1. The OFS1 address exists in flash memory. Set the values when writing a program.

2. The OFS1 address is set to FFh when a block including the OFS1 address is erased.

3. 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).

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After Reset
[ [1]1]1] [1] OFs1 FFFFFh FFh @

T T 1 3 T 1

RERRIRR

Py E L v 1| Bit Symbol Bit Name Function RW

VY or oy : [

i i E E E ! E i 0 : Watchdog timer starts automatically

[ I T O I W i -

[ T T T R atchdog timer start select bit after reset

i E i E ! i i WDTON (3 1 : Watchdog timer is in a stopped state RW

by P ' after reset

P

[ T L__| _____ — .

i E i E : (b2-b1) Reserved bits Setto 1 RW

[ :

[ .

[ I . . 0 : ROM code protection enabled

] ] ] ] [P ———

i P ROMCP1 [ROM code protection bit 1: ROM code protection disabled RW

] ] ]

R —

i (b6-b4) Reserved bits Setto 1 RW

1

i 0 : Count source protection mode

! After-reset count source enabled after reset

Fommmmmmmmmmemeod CSPROINI protection mode select bit @ |1 : Count source protection mode RW
disabled after reset

NOTES :

Figure 22.3 OFS1 Address

I

Address ¢:W
OFFFDFh to OFFFDCh ID1 E Undefined instruction vector
OFFFE3h to OFFFEOh ID2 i Overflow vector
OFFFE7h to OFFFE4h i BRK instruction vector
OFFFEBh to OFFFES8h ID3 i Address match vector
OFFFEFh to OFFFECh ID4 i Single step vector
OFFFF3h to OFFFFOh ID5 i Watchdog timer vector
OFFFF7h to OFFFF4h ID6 i DBC vector
OFFFFBh to OFFFF8h ID7 i NMI vector
OFFFFFh to OFFFFCh OFS1 i Reset vector .

— —— _
4 bytes

\

Figure 22.4 Address for ID Code Stored
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22.3 CPU Rewrite Mode

In CPU rewrite mode, the flash memory can be rewritten when the CPU executes software commands.
Program ROM 1, program ROM 2, and data flash can be rewritten with the microcomputer mounted on a
board without using a ROM programmer.

The program and block erase commands are executed only in each block area of program ROM 1, pro-
gram ROM 2, and data flash.

Erase-write 0 (EWO0) mode and erase-write 1 (EW1) mode are provided as CPU rewrite mode. Table 22.9

lists differences between erase-write 0 (EWO0) and erase-write 1 (EW1) modes.

Table 22.9

EWO0 Mode and EW1 Mode

ltem

EWO Mode

EW1 Mode

Operating Mode

» Single-chip mode
* Memory expansion mode

Single-chip mode

Rewrite Control Pro-
gram Allocatable
Area

* Program ROM 1
* Program ROM 2

* Program ROM 1
* Program ROM 2

Rewrite Control Pro-
gram Executable
Area

The rewrite control program must be
transferred to any area other than the
flash memory (e.g., RAM) before being
executed (2)

The rewrite control program can be exe-
cuted in program ROM 1, program ROM
2, and data flash.

Rewritable Area

* Program ROM 1
* Program ROM 2
* Data flash

Program ROM 1, program ROM 2, and
data flash, excluding blocks with the
rewrite control program

Software Command
Restriction

None

* Program and block erase commands
cannot be executed in a block having
the rewrite control program.

* Read status register command cannot
be used.

Mode after Program
or Erase

Read status register mode

Read array mode

CPU State during
Auto Write and Auto
Erase

Operating

Maintains hold state (1/O ports maintains
the state before the command execu-

tion) (1)

Flash Memory Sta-
tus Detection

* Read bits FMR00, FMRO06, and
FMRO7 in the FMRO register by pro-
gram

» Execute the read status register com-
mand to read bits SR7, SR5, and SR4
in the status register.

Read bits FMR00, FMR06, and FMRO07
in the FMRO register by program

NOTES:

1. Do not generate an interrupt (except NMI interrupt) or start a DMA transfer.

2. When in CPU rewrite mode, bits PM10 and PM13 in the PM1 register are set to 1. The rewrite control
program can only be executed in the internal RAM or in an external area that is enabled for use when
the PM13 bit = 1. When the PM13 bit = 0 and the flash memory is used in 4-Mbyte mode, the
extended accessible area (40000h to BFFFFh) cannot be used.
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M16C/64 Group 22. Flash Memory Version

22.3.1 EWO Mode

The microcomputer enters CPU rewrite mode by setting the FMRO01 bit in the FMRO register to 1 (CPU
rewrite mode enabled) and is ready to accept commands. EW0 mode is selected by setting the FMR60
bit in the FMRG6 register to 0. Figure 22.7 shows setting and resetting of EW0 mode.

The software commands control programming and erasing. The FMRO register or the status register
indicates whether a program or erase operation is completed as expected or not.

22.3.2 EW1 Mode

EW1 mode is selected by setting the FMRG60 bit to 1 after setting the FMRO1 bit to 1. Figure 22.8 shows
setting and resetting of EW1 mode.

The FMRO register indicates whether or not a program or erase operation has been completed as
expected. The status register cannot be read in EW1 mode.

When a program / erase operation is initiated, the CPU halts all program execution until the operation is
completed.

22.3.3 Flash Memory Control Register (Registers FMRO, FMR1, FMR2 and FMR6)
Figures 22.5 to 22.8 show the registers FMRO, FMR1, FMR2 and FMRG, respectively.
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Flash Memory Control Register 0

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address After Reset
| | |O|?| : | | . | , | FMRO 0220h 00000001b
EEEEERE
]
i | i o t 11 | BitSymbol Bit Name Function RW
I
. ——
{1 Y4 EMRo0 |RY/BY status flag 0 : Busy (being written or erased) RO
I i 1: Ready
[ T L |
I T T I T
[ CPU rewrite mode select |0 : CPU rewrite mode disabled
i i E E i i REEEL FMRO1 bit (1) 1 : CPU rewrite mode enabled RW
| I T T R
[
[ T T N B T B .
[ T T T T VN Lock bit disable select bit [0 : Lock bit enabled
bbb FMROZ ) 1 Lock bit disabled RW
1
[ : ]
i i E i E ) 0 : Flash memory operation enabled
I T T A S EMSTP Flash memory stop bit 1 : Flash memory operation stopped RW
oo (3,57) (placed in low power mode, flash memory
: i b initialized)
RN
i i [ SR (b_4) Reserved bit Setto 0 RW
N
1 1 ] —_— .
i i [ (b5) Reserved bit Setto 0 RwW
[
[ .
[ 0 : Terminated normall
! A —— FMRO6 |Program status flag 1 Terminated in errory RO
1
1
1
1 X .
P e LT FMRO7 |Erase Status Flag ¥ (1) ¥2;mm:}gg ir:}og::ﬁglrly RO

NOTES :

1. To set the FMRO1 bit to 1, write a 0 and then a 1 in succession. Make sure no interrupts or DMA transfers will
occur before writing a 1 after writing a 0. While in EW0 mode, write to this bit from a program in other than the
flash memory. Enter read array mode, and then set this bit to 0.

2. To set the FMRO02 bit to 1, write a 0 and then a 1 in succession when the FMRO1 bit = 1. Make sure no interrupts
or no DMA transfers will occur before writing a 1 after writing a 0.

3. Write to the FMSTP bit from a program in area other than the flash memory.

4. Bits FMR06 and FMRO7 are cleared to 0 by executing the clear status command.

5. The FMSTP bit is valid when the FMRO1 bit = 1 (CPU rewrite mode). If the FMRO1 bit = 0, although the FMSTP
bit can be set to 1 by writing 1 in a program, the flash memory is neither placed in low power mode nor initialized.

6. This status includes writing or reading with the lock bit program, block blank check, or read lock bit status
command.

7. When the FMR23 bit in the FMR 2 register is set to 1 (low-current consumption), do not set the FMSTP bit to 1
(flash memory stop). Also, when the FMSTP bit is set to 1, do not set the FMR23 bit to 1.

Figure 22.5 FMRO Register
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Flash Memory Control Register 1
b7 b6 bS bd b3 b2 b1 b0 Symbol Address After Reset
. 0 | . | , FMR1 0221h 00X0XX0Xb
EEREREE
] ] ]
b E ' E P i Bit Symbol Bit Name Function RW
[ } ]
P
] ] ] J—
P (b0) Reserved bit Read as undefined value RO
[ [
I B
T T L
T L L R . . .
[ A T | Write to FMR®6 register 0 : Disabled
R FMR11 | enable bit 1: Enabled RW
]
RERRE
1 ]
T I - f :
bl i : (b3-b2) Reserved bits Read as undefined value RO
R
[ T I I — .
ol i (b4) Reserved bit Setto 0 RW
b
[ T (b_5) No register bit. If necessary, set to 0. Read as undefined value RW
1 ]
1 ]
1 ]
H : 0 : Lock
]
E L FMR16 |Lock bit status flag 1 * Unlock RO
]
E FMR17 |Data flash wait bit 0:1 wait RW
"""""""""" 1 : Follow the setting of the PM17 bit
NOTE :
1. 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 is necessary to read the data flash. Use the PM17 or FMR17 bit to set one wait.

Figure 22.6 FMRL1 Register
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Flash Memory Control Register 2

b7 b6 b5 bd b3 b2 b1 b0 Symbol Address After Reset
0]0 FMR2 0222h XXXX0000b

EEEEEEN

A I Bit Symbol Bit Name Function RW

R

I ,

i E E i i E oL (b1-b0) Reserved bit Setto 0 RW

b

I .

[ T T R Slow read mode enable |0 : Disabled

i i E i i [ FMR22 | /5(1.3,2) 1 : Enabled RW

[ T T |

Py Low-current consumption :

Py ? 0 : Disabled

1

: E E E D et FMR23 [f?%g‘gdﬁ enable bit 1 Enabled RW

P

[ N | —

Y I N (b7-b4) No register bit. If necessary, set to 0. Read as undefined value —

1. Slow read mode can be used when f(BCLK) < 5 MHz. When f(BCLK) > 5 MHz, set the FMR22 bit to 0 (slow
read mode disabled).

2. The low-current consumption read mode can be used when f(BCLK)< 32.768 kHz. When f(BCLK) >
32.768 kHz, set the FMR23 bit to 0 (low-current consumption read mode disabled).

3. To set the FMRO01 bit to 1, write a 0 and then a 1 in succession. Make sure no interrupts or DMA transfers
will occur before writing a 1 after writing a 0.

4. This bit enables the mode to reduce the amount of current consumption when reading the flash memory.
To rewrite flash memory (CPU rewrite mode), set the FMR22 and FMR23 bits to 0.

5. 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 O (slow read mode disabled) after the FMR23 bit is
set to 0 (slow read mode disabled). Do not write the FMR22 and FMR23 bits at same time.

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

7. When the FMR23 bit in the FMR2 register is set to 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 O (low-
current consumption read mode disabled) before entering.

Figure 22.7 FMR2 Register
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Flash Memory Control Register 6
b7 b6 bS bd b3 b2 b1 b0 Symbol Address After Reset
|.|-|0|- INER FMR6 0230h XXOXXX00b
RERRERE
)
b E A i Bit Symbol Bit Name Function RwW
EEEEEEE
] I .
i d i t-{ FMRe0 |EW1mode select bit ™ |§1ERD MOCe RW
P
|
'] : : o _
I T T R N Reserved bit Set to 1 RW
P ®1
R
EEREE
[ S T R - i i
E : E (b4-b2) Reserved bits Read as undefined value RO
] ]
o !
o !
T —_ .
ol [ (b5) Reserved bit Setto 0 RwW
B
1 —
'y . )
___________________ (b7-b6) Reserved bits Read as undefined value RO
NOTE :
1. To set the FMR60 bit to 1, write 1 when both bits FMR01 and FMR11 are 1.

Figure 22.8 FMR6 Register
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22.3.3.1 FMRO0O Bit

This bit indicates the flash memory operating state. It is set to 0 while the program, block erase, lock
bit program, read lock bit status command, or block blank check command is being executed; other-
wise, it is set to 1.

22.3.3.2 FMRO1 Bit

The microcomputer can accept commands when the FMRO1 bit is set to 1 (CPU rewrite mode).

22.3.3.3 FMRO02 Bit

The lock bit is disabled by setting the FMRO02 bit to 1 (lock bit disabled). (Refer to 22.3.6 “Data Pro-
tect Function”.) The lock bit is enabled by setting the FMRO02 bit to 0 (lock bit enabled).

The FMRO02 bit does not change the lock bit status but disables the lock bit function. If an erase com-
mand is executed when the FMRO02 bit is set to 1, the lock bit status changes 0 (locked) to 1
(unlocked) after command execution is completed.

22.3.3.4 FMSTP Bit

The FMSTP bit resets the flash memory control circuits and minimizes power consumption in the

flash memory. Access to the flash memory is disabled when the FMSTP bit is set to 1 (flash memory

stops). Set the FMSTP bit by program in an area other than the flash memory.

Set the FMSTP bit to 1 if one of the followings occurs:

+ A flash memory access error occurs while erasing or programming in EW0 mode (the FMROO bit
does not switch back to 1 (ready)).

» Low-power consumption mode or on-chip oscillator low-power consumption mode is entered

Use the following steps to stop the flash memory.

(1) Set the FMSTP bit to 1

(2) Wait tps (the wait time to stabilize the flash memory circuit)
Use the following steps to restart.

(1) Set the FMSTP bitto 0

(2) Wait tps (the wait time to stabilize the flash memory circuit)

Figure 22.13 shows a Flow Chart lllustrating How to Start and Stop the Flash Memory Processing
Before and After Low-Power Consumption Mode or On-Chip Oscillator Low-Power Consumption
Mode. Follow the procedure on this flow chart.

When entering stop or wait mode, the flash memory is automatically turned off. When exiting stop or
wait mode, the flash memory is turned back on. The FMRO register does not need to be set.

22.3.3.5 FMRO06 Bit

This is a read-only bit indicating an auto program operation state. The FMRO06 bit is set to 1 when a
program error occurs; otherwise, it is set to 0. Refer to 22.3.8 “Full Status Check”.

22.3.3.6 FMRO7 Bit

This is a read-only bit indicating the auto erase operation status. The FMRO7 bit is set to 1 when an
erase error occurs; otherwise, it is set to 0. The FMRO7 bit is also used for blank check. For details,
refer to 22.3.8 “Full Status Check”.

22.3.3.7 FMR11 Bit
The FMR11 bit enables programming to the FMRG6 register.
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22.3.3.8 FMR16 Bit
This is a read-only bit indicating the execution result of the read lock bit status command.
When the block, where the read lock bit status command is executed, is locked, the FMR16 bit is set

to 0.
When the block, where the read lock bit status command is executed, is unlocked, the FMR16 bit is

setto 1.

22.3.3.9 FMR17 Bit
This is a bit to select wait state for data flash.

22.3.3.10 FMR22 Bit
This bit enables the mode to reduce the amount of current consumption when reading the flash mem-
ory. When rewriting the flash memory (CPU rewrite mode), set the FMR22 bit to 0 (slow read mode
disabled).
Also, when f(BCLK) > 5 MHz, set the FMR22 bit to 0 (slow read mode disabled).
Figure 22.9 shows setting and resetting of the slow read mode.

( Slow read mode )
-
Set the frequency of CPU clock to 5 MHz or less
Setting
procedure
After writing 0, write 1 (enabled) to the FMR22 bit
Process in slow read mode
-
Write 0 to FMR22 bit
Resetting
procedure
Return to the prior frequency of the CPU clock
/
( Slow read mode is completed )

Figure 22.9 Setting and Resetting of Slow Read Mode
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22. Flash Memory Version

22.3.3.11 FMR23 Bit

This bit enables the mode to reduce the amount of current consumption when reading the flash mem-
ory. When rewriting the flash memory (CPU rewrite mode), set the FMR23 bit to 0 (low-current con-
sumption read mode disabled).
This bit is effective when the FMR22 bit is enabled. When f(BCLK) > 32.768 kHz, set the FMR23 bit
to 0 (low-current consumption read mode disabled).
Figure 22.10 shows setting and resetting of the low-current consumption read mode.

C

Low-current consumption read mode

)

Write 1 to the CMO7 bit to select
the sub clock in CPU clock (™

Set the CMO05 bit to 1 (main clock oscillation stop)

After writing 0, write 1 (enabled) to the FMR22 bit

After writing 0, write 1 (enabled) to the FMR23 bit

Process in low-current consumption mode

s

Write 0 to FMR23 bit )

Write 0 to FMR22 bit )

Return to the prior CPU clock

C

Slow read mode is completed

NOTES :

1. This is to use the low-power consumption mode.
To use 125 kHz on-chip oscillator low power consumption mode, set the 125 kHz
on-chip oscillator divided by 8 or 16 (Refer to Table 10.3 Setting Clock Related Bit
and Modes).

2. Do not write the FMR22 bit and FMR23 bit at the same time.

Setting
procedure

Resetting
Procedure

Figure 22.10 Setting and Resetting of Low-current Consumption Read Mode
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22.3.3.12 FMRG60 Bit
This bit is used to select EW1 mode when the FMRO1 bit is set to 1 (CPU rewrite mode enabled).

Figure 22.11 shows Setting and Resetting of EWO0 Mode. Figure 22.12 shows Setting and Resetting
of EW1 Mode.

Procedure to Enter EW0 Mode

— Rewri o)
l Rewrite control program ¢ 3
. . Set the FMRO01 bit to 0,
Single-chip m_Ode and then 1 (CPU rewrite mode enabled). @
or memory expansion mode Set the FMR11 bit to 1 (FMR6 register write enabled),
and then set the FMR® register to 02h (EW0 mode),
l and then set the FMR11 bit to 0 (FMRG6 register write disabled)
Transfer the rewrite control program in CPU rewrite l
mode to an area other than the flash memory ¢
l Execute the software commands
Set registers CM0, CM1, and PM1 () l
l Execute the read array command @
Jump to the rewrite control program transferred to an| l N
area other than the flash memory. (In the following CPSljet the.FMROJ b('jt to;)l q
steps, use the rewrite control program in an area ( rewrite mode disabled)
other than the flash memory) l

Jump to a desired address in the flash memory

NOTES :
1. In CPU rewrite mode, set the CMO06 bit in the CMO register and bits CM17 and CM16 in the l
CM1 register to CPU clock frequency of 10 MHz or less. Set the PM17 bit in the PM1

register to 1 (with wait state). -
. Set the FMRO1 bit to 1 immmediately after setting it to 0. Do not generate an interrupt or a
DMA transfer between setting the bit to 0 and setting it to 1. Set the FMRO01 bit in a space
other than flash memory.
Exit CPU rewrite mode after executing the read array command.
. When in CPU rewrite mode, bits PM10 and PM13 in the PM1 register are set to 1. The

rewrite control program can only be executed in the internal RAM or in an external area that

is enabled for use when the PM13 bit = 1. When the PM13 bit = 0 and the flash memory is

used in 4-Mbyte mode, the extended accessible area (40000h to BFFFFh) cannot be used.

N

W

Figure 22.11 Setting and Resetting of EW0 Mode
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Procedure to Enter EW1 Mode

Program in the ROM

l

Single-chip mode ()

|

Set registers CM0, CM1, and PM1 @

|

Set the FMRO01 bit to 1 (CPU rewrite mode enabled) after
writing a 0. @

Set the FMR11 bit to 1 (FMR® register rewrite enabled),
and then set the FMR® register to 03h (EW1 mode),

and then set the FMR11 bit to 0 (FMRG register rewrite
disabled).

Execute the software commands

}

Set the FMRO1 bit to 0
(CPU rewrite mode disabled)

NOTES:

1. In EW1 mode, do not enter memory expansion.

2. In CPU rewrite mode, set the CMO06 bit in the CMO register and bits CM17 and CM16
in the CM1 register to CPU clock frequency of 10 MHz or less. Set the PM17 bit in
the PM1 register to 1 (with wait state).

3. To set the FMRO1 bit to 1, write a 0 and then a 1 to the FMRO01 bit. Make sure no
interrupts or no DMA transfers will occur before writing a 1 after writing a 0. When
setting the FMR11 bit to 1, set 1 while the FMRO01 bit is set to 1.

Figure 22.12 Setting and Resetting of EW1 Mode
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}

- Low-power consumption
Transfer the low-power consumption mode or ,-mode or on-chip oscillator
on-chip oscillator low-power consumption mode I low-power consumption mode i
program to an area other than the flash memory 1 program v i
l Set the FMRO1 bit to 1 after setting to 0

Jump to the low-power consumption mode or (CPU rewrite mode enabled)
on-chip oscillator low-power consumption mode program
transferred to an area other than the flash memory. (In the

following steps, use the .
low-power consumption mode or on-chip oscillator low- Set the FMSTP bit to 1 (The flash memory stops

power consumption mode program in an area other than operating. In a low-power consumption state) ()
the flash memory.) l

Switch clock source of the CPU clock.
The main clock stops @

}

Process in low-power consumption mode or
on-chip oscillator low-power consumption mode “)

|

NOTES: P —
1. Set the FMSTP bit to 1 after the FMRO1 bit is set to 1 Start main it utl Switch clock source
(CPU rewrite mode enabled). clock oscillation —> stabilizes —® of the CPU clock @
2. Wait until clock stabilizes to switch clock source of
the CPU clock to the main clock or sub clock.
3. Add tps wait time by program. Do not access the i .
flash memory during this wait time. Set the FMSTP bit to 0 (flash memory operation)
4. Before entering wait mode or stop mode, be sure
to set the FMRO1 bit to 0. l

Set the FMRO01 bit to 0
(CPU rewrite mode disabled)

|

Wait until the flash memory stabilizes (tps) ©)

l

Jump to a desired address in the flash memory

}

Figure 22.13 Processing Before and After Low-Power Consumption Mode or On-Chip Oscillator
Low-Power Consumption Mode
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22.3.4 Precautions on CPU Rewrite Mode

22.3.4.1 Operating Speed
Set the CMO06 bit in the CMO register and bits CM17 and CM16 in the CM1 register to a CPU clock

frequency of 10 MHz or less before entering CPU rewrite mode (EWO0 or EW1 mode). Also, set the
PM17 bit in the PM1 register to 1 (wait state).

22.3.4.2 Prohibited Instructions

The following instructions cannot be used in EW0 mode because the CPU tries to read data in the
flash memory: the UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK
instruction.

22.3.4.3 Interrupts (EWO0 mode)

* To use interrupts with vectors in a relocatable vector table, relocate the vectors to the RAM area.

« The NMI and watchdog timer interrupts are available since registers FMRO and FMR1 are forcibly
reset when either interrupt occurs. Allocate the jump addresses for each interrupt routine to the fixed
vector table. Flash memory rewrite operation stops when the NMI or watchdog timer interrupt
occurs. Execute the rewrite program again after exiting the interrupt routine.

* The address match interrupt is not available since the CPU tries to read data in the flash memory.

22.3.4.4 Interrupts (EW1 mode)

» Do not acknowledge any interrupts with vectors in a relocatable vector table or address match inter-
rupt during the auto program or auto erase period.

* Do not use the watchdog timer interrupt.

+ The NMI interrupt is available since registers FMRO and FMR1 are forcibly reset when the interrupt
occurs. Allocate the jump address for the interrupt routine to the fixed vector table. Flash memory
rewrite operation stops when the NMI interrupt occurs. Execute the rewrite program again after exit-
ing the interrupt routine.

22.3.4.5 How to Access

To set the FMRO1 or FMRO2 bit to 1, write a 1 after first setting the bit to 0. Make sure that no inter-
rupts or no DMA transfers will occur before writing a 1 after writing a 0.

22.3.4.6 Rewrite (EW0 mode)

If the supply voltage drops while rewriting the block where the rewrite control program is stored, the
rewrite control program is not correctly rewritten. This may cause the flash memory not to be rewrit-
ten. If this error occurs, use standard serial I/O mode or parallel I/O mode for rewriting.

22.3.4.7 Rewrite (EW1 mode)

Do not rewrite any block in which the rewrite control program is stored.

22.3.4.8 DMA Transfer

In EW1 mode, do not generate a DMA transfer while the FMROO bit in the FMRO register is set to 0
(auto programming or auto erasing).
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22.3.4.9 Writing Command and Data
Write commands and data to even addresses.

22.3.4.10 Wait Mode
When entering wait mode, set the FMRO01 bit to 0 (CPU rewrite mode disabled) before executing the

WAIT instruction.

22.3.4.11 Stop Mode
To enter stop mode, set the FMRO1 bit to 0 (CPU rewrite mode disabled), and then disable DMA

transfer before setting the CM10 bit to 1 (stop mode).

22.3.4.12 Low-Power Consumption Mode and On-Chip Oscillator Low-power Con-

sumption Mode
When the CMO05 bit is set to 1 (main clock stopped), do not execute the following commands:

* Program

* Block erase

* Lock bit program

* Read lock bit status
* Block blank check
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22.3.5 Software Commands

Software commands are described below. Read and write the command code and data in 16-bit units,
from and to even addresses in the program ROM 1, program ROM 2, and data flash. When the com-
mand code is written, the 8 high-order bits (D15 to D8) are ignored.

Table 22.10 Software Commands

First Bus Cycle Second Bus Cycle Third Bus Cycle
Command Data Data Data
Mode |Address | (D15to | Mode |Address|(D15to | Mode |Address|(D15to
DO) DO0) DO)
Read Array Write X xxXFFh
Read Status Register | Write X xx70h | Read X SRD
Clear Status Register | Write X xx50h
Program Write | WAO | xx41h | Write WAO WDO | Write | WA1 WDA1
Block Erase Write X xx20h | Write BA xxD0h
Lock Bit Program Write BA xX77h | Write BA xxD0h
Read Lock Bit Status | Write X xx71h | Write BA xxD0h
Block Blank Check Write X xx25h | Write BA xxD0h

SRD : Data in the status register (D7 to DO)

WAO : Address which low-order words are written (The address specified in the first bus
cycle is the same even address as the address specified in the second bus cycle.)

WA1 : Address which high-order words are written

WDO : Write data low-order word (16 bits)

WD1 : Write data high-order word (16 bits)

BA : Highest-order block address (even address)

X : Given even address in the program ROM 1, program ROM 2, and data flash

XX : Eight high-order bits of command code (ignored)

22.3.5.1 Read Array Command

The read array command reads the flash memory.

By writing the command code xxFFh in the first bus cycle, read array mode is entered. Content of a
specified address can be read in 16-bit units by entering an address to be read after the next bus
cycle.

The microcomputer remains in read array mode until another command is written. Therefore, con-
tents from multiple addresses can be read consecutively.

22.3.5.2 Read Status Register Command

The read status register command reads the status register.

By writing the command code xx70h in the first bus cycle, the status register can be read in the sec-
ond bus cycle (refer to 22.3.7 “ Status Register”l). Read an even address in the program ROM 1,
program ROM 2, and data flash.

Do not execute this command in EW1 mode.
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22.3.5.3 Clear Status Register Command

The clear status register command clears the status register. By writing xx50h in the first bus cycle,
bits FMRO7 and FMRO6 in the FMRO register are set to 00b, and bits SR5 and SR4 in the status reg-
ister are set to 00b.

22.3.5.4 Program Command

The program command writes 2-word (4 bytes) data to the flash memory. By writing xx41h in the first
bus cycle and data to the write address in the second and third bus cycles, an auto program opera-
tion (data program and verify) will start. The address value specified in the first bus cycle must be the
same even address as the write address specified in the second bus cycle.

The FMROO bit in the FMRO register indicates whether an auto program operation has been com-
pleted. The FMROO bit is set to 0 (busy) during auto program and to 1 (ready) while in an auto pro-
gram operation.

After the completion of an auto program operation, the FMRO06 bit in the FMRO register indicates
whether or not the auto program operation has been completed as expected. (Refer to 22.3.8 “Full
Status Check”.)

An address that is already written cannot be altered or rewritten. Figure 22.14 shows a Flow Chart of
the Program Command Programming.

The lock bit protects each block from being programmed inadvertently. (Refer to 22.3.6 “Data Pro-
tect Function”.)

In EW1 mode, do not execute this command on the block to which the rewrite control program is allo-
cated.

In EWO0 mode, the microcomputer enters read status register mode as soon as an auto program
operation starts. The status register can be read. The SR7 bit in the status register is set to 0 at the
same time an auto program operation starts. It is set to 1 when the auto program operation is com-
pleted. The microcomputer remains in read status register mode until the read array command is
written. After completion of an auto program operation, the status register indicates whether or not
the auto program operation has been completed as expected.

(s )

v

Write the command
code xx41h to an
address to be written

v

Write data to an
address to be written

[P
<

NO

YES

Full status check

v

Program operation is
completed

NOTE:
1. Write the command code and data to even addresses.

Figure 22.14 Program Command
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22.3.5.5 Block Erase Command

By writing xx20h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even
address of a block, an auto erase operation (erase and verify) will start in the specified block.

The FMROO bit in the FMRO register indicates whether an auto erase operation has been completed.
The FMROO bit is set to 0 (busy) during auto erase and to 1 (ready) when the auto erase operation is
completed.

After the completion of an auto erase operation, the FMRO7 bit in the FMRO register indicates
whether or not the auto erase operation has been completed as expected. (Refer to 22.3.8 “Full Sta-
tus Check”.)

Figure 22.15 shows a Block Erase Command.

The lock bit protects each block from being erased inadvertently. (Refer to 22.3.6 “Data Protect
Function”.)

In EW1 mode, do not execute this command on the block where the rewrite control program is allo-
cated.

In EWO0 mode, the microcomputer enters read status register mode as soon as an auto erase opera-
tion starts. The status register can be read. The SR7 bit in the status register is set to 0 at the same
time an auto erase operation starts. It is set to 1 when an auto erase operation is completed. The
microcomputer remains in read status register mode until the read array command or read lock bit
status command is written. If an erase error occurs, execute the clear status register command and
then block erase command at least 3 times until an erase error is not generated.

( Start )
v

Write the command code
xx20h (M

y

Write xxDOh to the highest-
order block address

L«

NO

YES

Full status check 3

Block erase operation
is completed

NOTES:
1. Write the command code and data to even addresses.
2. Refer to Figure 22.15 Full Status Check and Handling Procedure
for Each Error.
3. If an erase error occurs, execute the clear status register command and then
block erase command at least 3 times until an erase error is not generated.

Figure 22.15 Block Erase Command
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22.3.5.6 Lock Bit Program Command

The lock bit program command sets the lock bit for a specified block to 0 (locked).

By writing xx77h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even
address of a block, the lock bit for the specified block is set to 0. The address value specified in the
first bus cycle must be the same highest-order address of a block specified in the second bus cycle.
Figure 22.16 shows a Flow Chart of the Lock Bit Program Command Programming. Execute read
lock bit status command to read lock bit state (lock bit data).

The FMROO bit in the FMRO register indicates whether a lock bit program operation is completed.
Refer to 22.3.6 “Data Protect Function” for details on lock bit functions and how to set it to 1
(unlocked).

(s )
'

Write the command code xx77h
to the highest-order block
address

!

Write xxDOh to the highest-
order block address

2

NO

YES

Full status check

Lock bit program
operation is completed

NOTE:
1. Write the command code and data to even addresses.

Figure 22.16 Lock Bit Program Command
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22.3.5.7 Read Lock Bit Status Command

The read lock bit status command reads the lock bit state of a specified block.

By writing xx71h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even
address of a block, the FMR16 bit in the FMR1 register stores information on the lock bit status of a
specified block. Read the FMR16 bit after the FMROO bit in the FMRO register is set to 1 (ready).
Figure 22.17 shows a Flow Chart of the Read Lock Bit Status Command Programming.

(s )
I

Write the command code xx71h|

Write xxDOh to the highest-
order block address

[ Block is locked J [ Block is not Iockedj

NOTE:
1. Write the command code and data to even addresses.

Figure 22.17 Read Lock Bit Status Command
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22.3.5.8 Block Blank Check

The block blank check command checks whether or not a specified block is blank (state after erase).
By writing xx25h in the first bus cycle and xxDOh in the second bus cycle to the highest-order even
address of a block, the check result is stored in the FMRO7 bit in the FMRO register. Read the FMR07
bit after the FMROO bit in the FMRO register is set to 1 (ready).

The block blank check command is valid for unlocked blocks. If the block blank check command is
executed to a block whose lock bit is 0 (locked), the FMRO7 bit (SR5) is set to 1 (not blank) regard-
less of the FMRO2 bit state.

Figure 22.18 shows a Flow Chart of the Block Blank Check Command Programming.

(s )
!

Write the command code xx25h|

!

Write xxDOh to the highest-
order block address

(o ) (o)

NOTE:
1. Write the command code and data to even addresses.

Figure 22.18 Block Blank Check Command
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22.3.6 Data Protect Function

Each block in the flash memory has a nonvolatile lock bit. The lock bit is enabled by setting the FMR02
bit to 0 (lock bit enabled). The lock bit allows each block to be individually protected (locked) against
program and erase. This prevents data from being inadvertently written to or erased from the flash
memory.
A block changes its status according to the lock bit status:

* When the lock bit status is set to 0, the block is locked (block is protected against program and

erase).
* When the lock bit status is set to 1, the block is not locked (block can be programmed or erased).

The lock bit status is set to 0 (locked) by executing the lock bit program command and to 1 (unlocked)
by erasing the block. No commands can set the lock bit status to 1.
The lock bit status can be read by the read lock bit status command.

When the FMRO02 bit is set to 1, the lock bit function is disabled, and all blocks are unlocked. However,
individual lock bit status remains unchanged. The lock bit function is enabled by setting the FMRO02 bit
to 0. Lock bit status is retained.

If the block erase command is executed while the FMRO02 bit is set to 1, the target block or all blocks are
erased regardless of lock bit status. The lock bit status of each block is set to 1 after an erase operation
is completed.

Refer to 22.3.5 “ Software Commands” for details on each command.

22.3.7 Status Register

The status register indicates the flash memory operation state and whether or not an erase or program
operation is completed as expected. Bits FMR00, FMRO06, and FMRO7 in the FMRO register indicate
status register states.
Table 22.11 shows the Status Register.
In EWO0 mode, the status register can be read when the followings occur.
* Any even address in the program ROM 1, program ROM 2, or data flash is read after writing the
read status register command.
* Any even address in the program ROM 1, program ROM 2, or data flash is read from when the pro-
gram, block erase, lock bit program, or block blank check command is executed until when the
read array command is executed.

22.3.7.1 Sequence Status (Bits SR7 and FMRO00)

The sequence status indicates the flash memory operation state. It is set to 0 while the program,
block erase, lock bit program, block blank check, or read lock bit status command is being executed;
otherwise, it is set to 1.

22.3.7.2 Erase Status (Bits SR5 and FMRQ7)
Refer to 22.3.8 “Full Status Check”.

22.3.7.3 Program Status (Bits SR4 and FMRO06)
Refer to 22.3.8 “Full Status Check”.
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Table 22.11 Status Register

Bits in Status [Bitin FMRO Definition Value after
. . Status name
Register Register 0 1 Reset
SRO (DO0) - Reserved - - -
SR1 (D1) - Reserved - - -
SR2 (D2) - Reserved - - -
SR3 (D3) - Reserved - - -
SR4 (D4) FMRO6 Program status | Terminated normally | Terminated in error 0
SRS (D5) FMRO7 Erase status Terminated normally | Terminated in error 0
SR6 (D6) - Reserved - - -
SR7 (D7) FMROO |Sequencer status Busy Ready 1

DO to D7 are the data buses read when the read status register command is executed.

Bits FMRO7 (SR5) and FMRO06 (SR4) are set to 0 when the clear status register command is executed.
When the FMRO07 (SR5) or FMRO6 bit (SR4) is set to 1, the program, block erase, lock bit program, block
blank check, and read lock bit status commands are not accepted.
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22.3.8 Full Status Check

If an error occurs when a program or erase operation is completed, bits FMR06 and FMRO7 in the
FMRO register are set to 1, indicating a specific error. Therefore, execution results can be confirmed
by checking these status (full status check).

Table 22.12 lists Errors and FMRO Register State. Figure 22.19 shows a Full Status Check and Han-

dling Procedure for Each Error.

Table 22.12 Errors and FMRO Register State

FMROO Register
(Status Register)
State .
FVIRO7 FVIRO0G Error Error Occurrence Conditions
bit bit
(SR5 bit) | (SR4 bit)
Command * Command is written incorrectly . . .
1 1 Sequence error * A value other than xxDOh or xxFFh is written in the second bus
9 cycle of the lock bit program or block erase command (1)

» The block erase command is executed on a locked block (2)
* The block erase command is executed on an unlocked block,

1 0 Erase error but auto erase operation is not completed as expected
* The block blank check command is executed, and the check

result is not blank

* The block blank check command is executed on a locked block
« The program command is executed on a locked block (2)
» The program command is executed on an unlocked block, but

0 1 Program error program operation is not completed as expected
* The lock bit program command is executed, but the lock bit is

not written as expected (2)
NOTES:

1. The flash memory enters read array mode by writing command code xxFFh in the second bus cycle
of the commands. The command code written in the first bus cycle becomes invalid.
2. When the FMRO02 bit is set to 1 (lock bit disabled), no error occurs even under the conditions above.
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( Full status check )

FMRO07=07?

FMR

v YES

Full status check )
completed

Command
sequence error
Erase error .-

Program error

NOTE: When either FMR06 or FMRO?7 bit is set to 1 (terminated by error), the program, block erase, lock bit program, block blank check, and read

= (1) Execute the clear status register command and set bits FMR06 and FMR07
to 0 (completed as expected) .
(2) Rewrite command and execute again.

= (1) Execute the clear status register command and set the FMRO7 bit to 0.
(2) Execute the read lock bit status command. Set the FMRO2 bit to 1
(lock bit disabled) if the lock bit in the block where the error occurred is
set to O (locked).
(3) Execute the block erase command again.
(4) Execute (1), (2), and (3) at least 3 times until an erase error is not generated.

NOTE: If similar error still occurs, that block cannot be used.
If the lock bit is set to 1 (unlocked) in (2) above, that block
cannot be used.

= » = [When a program operation is executed]
(1) Execute the clear status register command and set the FMRO6 bit to 0
(completed
as expected) .
(2) Execute the read lock bit status command and set the FMRO2 bit to 1 if the
lock bit in the block where the error occurred is set to 0.
(3) Execute the program command again.

NOTE: If similar error occurs, that block cannot be used.
If the lock bit is set to 1 in (2) above, that block cannot be used.

[When a lock bit program operation is executed]
(1) Execute the clear status register command and set the FMRO06 bit to 0.
(2) Set the FMRO02 bit in the FMRO register to 1.
(3) Execute the block erase command to erase the block where the error
occurred.
(4) Execute the lock bit program command again.

NOTE: If similar error occurs, that block cannot be used.

lock bit status commands cannot be accepted. Execute the clear status register command before each command.

Figure 22.19 Full Status Check and Handling Procedure for Each Error
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22.4 Standard Serial 1/O Mode

In standard serial I/O mode, the serial programmer supporting the M16C/64 Group can be used to
rewrite the program ROM 1, program ROM 2, and data flash in the microcomputer mounted on a

board.
For more information about the serial programmer, contact your serial programmer manufacturer.

Refer to the user's manual included with your serial programmer for instructions.
Table 22.13 lists Pin Functions (Flash Memory Standard Serial I/0O Mode). Figures 22.20 and 22.21

show Pin Connections in Serial I/O Mode.

22.4.1 ID Code Check Function

The ID code check function determines whether the ID codes sent from the serial programmer match
those written in the flash memory. (Refer to 22.2 “Functions to Prevent Flash Memory from Rewrit-

ing”.)
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Table 22.13 Pin Functions (Flash Memory Standard Serial 1/0 Mode)

Pin Name I/0 Power Description
Supply
VCC1, VCC2, |Power input - Apply the flash program and erase voltage to the VCC1 pin,
VSS and VCC2 to the VCC2 pin. The VCC apply condition is that
VCC2 =VCCA1. Apply 0 V to the VSS pin.
CNVSS CNVSS I VCC1 [Connect to VCC1 pin.
RESET Reset input || VCC1 |Reset input pin. While the RESET pin is “L” level, input a 20-
cycle or longer clock to the XIN pin.
XIN Clock input | VCC1 |Connect a ceramic resonator or crystal oscillator between
XOouT Clock output |O [VCC1 |pins XIN and XOUT. To input an externally generated clock,
input it to the XIN pin and open the XOUT pin.
BYTE BYTE input || VCC1 | Connect this pin to VCC1 or VSS.
AVCC, AVSS |Analog Connect AVSS to VSS and AVCC to VCC1, respectively.
power sup-
ply input
VREF Reference I Reference voltage input pin for A/D converter. Connect to
voltage input VCCA1.
PO 0to PO_7 |Inputport PO (I VCC2 |Input “H” or “L” level signal or open.
P1 0toP1_7 |Inputport P1 |I VCC2 |Input “H” or “L” level signal or open.
P2 _0toP2_7 |Input port P2 (I VCC2 |Input “H” or “L” level signal or open.
P3 0to P3 7 |[Inputport P3 (I VCC2 |Input “H” or “L” level signal or open.
P4 0toP4_7 |Inputport P4 |I VCC2 |Input “H” or “L” level signal or open.
P5_1to P5_4, |Input port P5 (I VCC2 |Input “H” or “L” level signal or open.
P5 6,P5_7
P5 0 CE input I VCC2 |Input “H” level signal.
P55 EPM input I VCC2 |Input “L” level signal.
P6_0to P6_3 |Input port P6 (I VCC1 |Input “H” or “L” level signal or open.
P6_4/RTS1 |BUSY output |O |VvCC1 [Standard serial I/O mode 1: BUSY signal output pin
Standard serial I/O mode 2: monitor signal output pin to
check the boot program
operation
P6_5/CLK1 SCLK input |l VCC1 | Standard serial I/O mode 1: serial clock input pin
Standard serial /0O mode 2: Input “L”.
P6_6/RXD1 [RXD input I VCC1 |Serial data input pin.
P6_7/TXD1 |TXD input O |VCC1 |Serial data output pin. (1)
P7 _0to P7_7 |Inputport P7 (I VCC1 |[Input “H” or “L” level signal or open.
P8 0toP8_3, |Input port P8 |lI VCC1 |Input “H” or “L” level signal or open.
P8 6, P8_7
P8 4 P8 4 input I VCC1 |Input “L” level signal. (2)
P8 5/NMI  [NMIinput I VCC1 |Input “H” or “L” level signal or open.
P9 0to P9 _7 |Input port P9 (I VCC1 [Input “H” or “L” level signal or open.
P10 _0Oto Input port I VCC1 |Input “H” or “L” level signal or open.
P10_7 P10
NOTES:

1. When using the standard serial /0O mode, the internal pull-up is enabled for the TXD1 (P6_7) pin
while the RESET pin is “L".

2. When using the standard serial /0O mode, pins PO_0 to PO_7 and P1_0 to P1_7 may become indeter-
minate while the P8_4 pin is “H” and the RESET pin is “L”. If this causes a program, apply “L” to the
P8_4 pin.
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CNVSS VCC1
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CE VCC2

Package: PRQP0100JD-B (100P6F-A)

Figure 22.20 Pin Connections for Standard Serial /0 Mode (1)
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Figure 22.21 Pin Connections for Standard Serial 1/0 Mode (2)
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22.4.2 Example of Circuit Application in the Standard Serial 1/0 Mode

Figures 22.22 and 22.23 show examples of Circuit Application in Standard Serial /O Mode 1 and Mode
2, respectively. Refer to the user's manual of your serial programmer to handle pins controlled by the
serial programmer.

VCC1
. VCC2
% Microcomputer
SCLKi ®
( input J‘ch P P6_5/CLK1 L §
% P5_0 (CE)
TXD output )= ® P6_7/TXD1 p5 5 (EPM)
VCCA1
BUSY output P6_4 /RTS1 ?

{

RXD input  } » P6_6/RXD1 CNVSS

VCC1

Reset input

User reset signal

NOTES:

1. Control pins and external circuitry will vary according to a programmer.
For more information, see the programmer manual.

2. In this example, modes are switched between single-chip mode and standard
serial input / output mode by controlling the CNVSS input with a switch.

3. If in standard serial input / output mode 1 there is a possibility that the user reset
signal will go low during serial input / output mode, break the connection between
the user reset signal and RESET pin by using, for example, a jumper switch.

Figure 22.22 Circuit Application in Standard Serial /0 Mode 1
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VCC2

Microcomputer
p P6 5/ CLK1 P5 0 (CE) g
; ( TXD output )= P6_7 / TXD1 P5_5 (EPM)
VCCA1

( Monitor output)< P6_4 /RTS1 ‘?—

( RXDintput ) | P6_6 / RXD1 CNVSS
VCC1

Reset input

User reset signal

NOTE:
1. In this example, modes are switched between single-chip mode and standard serial input /
output mode by controlling the CNVSS input with a switch.

Figure 22.23 Circuit Application in Standard Serial I/0 Mode 2

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 299 of 373



Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 22. Flash Memory Version

22.5 Parallel /0 Mode
In parallel /O mode, the program ROM 1 and program ROM 2 can be rewritten by a parallel programmer
supporting the M16C/64 Group. Contact your parallel programmer manufacturer for more information on
the parallel programmer. Refer to the user's manual included with your parallel programmer for instruc-
tions.

22.5.1 ROM Code Protect Function
The ROM code protect function prevents the flash memory from being read and rewritten. (Refer to
22.2 “Functions to Prevent Flash Memory from Rewriting”.)
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23. Electrical Characteristics

23.1 Electrical Characteristics
Table 23.1  Absolute Maximum Ratings
Symbol Parameter Condition Rated Value Unit
VCC1, Supply Voltage VCC1=VCC2 -0.3t0 6.5 \Y,
VCC2 =AVCC
AVCC Analog Supply Voltage VCC1=AvVCC -0.3t0 6.5 \Y,
\ Input Voltage |RESET, CNVSS, BYTE, -0.3to VCC1+0.3 | V
P6_0toP6_7,P7_2toP7_7,
P8 0toP8 7,P9 0toP9 7,
P10_0to P10_7,P11_0to P11_7,
P14_0, P14_1,
XIN
PO _OtoP0O_7,P1 _0toP1_7, -0.3to VCC2+0.3 | V
P2 0toP2_7,P3 0toP3_7,
P4 OtoP4_7,P5 0toP5_7,
P7_0,P7_1,P8_5 -0.3t06.5 Y,
VO Output Voltage |P6_0to P6_7,P7_2to P7_7, -0.3to VCC1+0.3 | V
P8 0to P8 4,P8 6, P8 7,
P9 0toP9 7,P10_0to P10_7,
XOuT
PO _OtoP0O_7,P1 0toP1_7, -0.3to VCC2+0.3 | V
P2 0toP2 7,P3 0toP3_7,
P4 OtoP4 7,P5 O0toP5 7
P7_0,P7_1,P8_5 -0.3t06.5 Y,
Pd Power Dissipation —40°C<Topr<85°C 300 mwW
Topr Operating When the Microcomputer is Operating -20t085/-40t0 85| °C
Ambient Tem-|Fiash Program Erase 0 to 60
perature
Tstg Storage Temperature —65 to 150 °C
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Table 23.2 Recommended Operating Conditions (1)
Symbol Parameter Standard Unit
Min. Typ. Max.
VCC1, Supply Voltage (VCC1 =VCC2) 2.7 5.0 5.5 \Y
VCC2
AVCC Analog Supply Voltage VCC1 \Y
VSS Supply Voltage 0 \Y
AVSS Analog Supply Voltage 0 Vv
VIH HIGH Input Volt- |P3_1to P3_7,P4_0to P4_7,P5_0to P5_7 0.8vCC2 VCC2 \
age PO_0toP0_7,P1_0toP1_7,P2 0to P2_7,P3_0 0.8VCC2 VCC2 v
(during single-chip mode)
PO_0toPO_7,P1_0toP1_7,P2_0toP2_7,P3 0 0.5VCC2 VCC2 \
(data input during memory expansion and microprocessor mode)
P6_0to P6_7,P7_2toP7_7,P8_0to P8 4,P8 6,P8_7, |0.8VCC1 VCCA1 \
P9_0to P9_7,P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
P7_0,P7_1,P8_5 0.8VCC1 6.5 \
VIL LOW Input Volt- |P3_1to P3_7,P4_0toP4_7,P5_0to P5_7 0 0.2vCC2 \
age PO_0toPO_7,P1_0toP1_7,P2_0toP2_7,P3 0 0 0.2vCC2 \
(during single-chip mode)
PO_0toPO_7,P1_0toP1_7,P2_0toP2_7,P3 0 0 0.16VCC2 \
(data input during memory expansion and microprocessor mode)
P6_0to P6_7,P7_0toP7_7,P8_0toP8_7,P9_0to P9 7, 0 0.2vCC \
P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
IOH(peak) |HIGH Peak PO_0toPO_7,P1_0toP1_7,P2_0toP2_7,P3_0to P3_7, -10.0 mA
Qutput Current |P4 O0toP4_7,P5 0toP5_7,P6 0toP6_7,P7_2to P7_7,
P8_0to P8 4,P8_6,P8_7,P9 0toP9_7,P10_0to P10_7
IOH(avg) HIGH Average |PO_0toPO_7,P1_0toP1_7,P2_0toP2_7,P3_0toP3_7, -5.0 mA
Output Current [P4_0toP4_7,P5 0toP5_7,P6_0toP6_7, P7_2to P7_7,
P8_0toP8_4,P8_6,P8 7,P9 _0toP9_7,P10_0to P10_7,
IOL(peak) |LOW Peak Out- |PO_0to PO_7,P1_0toP1_7,P2_0toP2_7,P3_0toP3_7, 10.0 mA
put Current P4 0toP4_7,P5 0toP5 7,P6_0toP6_7,P7 _0toP7_7,
P8_0toP8 7,P9_0toP9 7,P10_0to P10_7
I0L(avg) LOW Average |PO_OtoPO_7,P1_0toP1_7,P2_0toP2_7,P3_0toP3_7, 5.0 mA
Output Current [P4_0toP4_7,P5 0toP5_7,P6_0toP6_7, P7_0to P7_7,
P8_0toP8 7,P9_0toP9_7,P10_0to P10_7
f(XIN) Main Clock Input Oscillation Frequency |VCC1=2.7V to 5.5V 0 20 MHz
f(XCIN) Sub-Clock Oscillation Frequency 32.768 50 kHz
f(OCO) 125kHz On-chip Oscillation Frequency 125 kHz
f(PLL) PLL Clock Oscillation Frequency |VCC1=2.7V to 5.5V 10 25 MHz
f(BCLK) CPU Operation Clock 0 25 MHz
tSU(PLL) PLL Frequency Synthesizer Stabilization Wait |VCC1=5.5V 20 ms
Time
NOTES:

1. Referenced to VCC1 = VCC2 = 2.7 to 5.5V at Topr = —20 to 85°C / —40 to 85°C unless otherwise specified.
2. The Average Output Current is the mean value within 100ms.

3. The total IOL(peak) for ports PO, P1, P2, P8_6, P8 7, P9 and P10 must be 80mA max. The total IOL(peak) for
ports P3, P4, P5, P6, P7 and P8_0 to P8_5 must be 80mA max. The total IOH(peak) for ports PO, P1, and P2
must be —40mA max. The total IOH(peak) for ports P3, P4 and P5 must be -40mA max. The total IOH(peak) for
ports P6, P7_2 to P7_7 and P8_0 to P8_4 must be —~40mA max.

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 302 of 373



Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 23. Electrical Characteristics

Table 23.3  A/D Conversion Characteristics (1)

Symbol Parameter Measuring Condition Standard Unit
Min. Typ. Max.
- Resolution VREF=VCC1 10 Bits
INL Integral Non-Linearity 10bit VREF= |ANO to AN7 input, +3 LSB
Error VCC1=|ANO_0 to ANO_7 input,

5.0V AN2_0 to AN2_7 input,
ANEXO0, ANEX1 input

VREF=|ANO to AN7 input, +3 LSB
VCC1=|ANO_0 to ANO_7 input,
3.3V |AN2_0 to AN2_7 input,
ANEXO0, ANEX1 input

VREF=|ANO to AN7 input, +3 LSB
VCC1=|ANO_0 to ANO_7 input,
3.0V |AN2_0 to AN2_7 input,
ANEXO0, ANEX1 input

- Absolute Accuracy 10bit VREF= |ANO to AN7 input, +3 LSB
VCC1=|ANO_0 to ANO_7 input,
5.0V |AN2_0 to AN2_7 input,
ANEXO0, ANEX1 input

VREF= | ANO to AN7 input, +3 LSB
VCC1 |ANO_O to ANO_7 input,
=3.3V |AN2_0 to AN2_7 input,
ANEX0, ANEX1 input

VREF=|ANO to AN7 input, +3 LSB
VCC1 |ANO_O to ANO_7 input,
=3.0V |AN2_0 to AN2_7 input,
ANEXO0, ANEX1 input

- Tolerance Level Impedance 3 kQ
DNL Differential Non-Linearity Error +1 LSB
- Offset Error +3 LSB
- Gain Error +3 LSB
RLADDER Ladder Resistance VREF=VCC1 10 40 kQ
tCONV 10-bit Conversion Time VREF=VCC1=5V, $AD=25MHz 1.60 us
tSAMP Sampling Time 0.60 us
VREF Reference Voltage VCCA1 \%
VIA Analog Input Voltage 0 VREF \Y
NOTES:
1. Referenced to VCC1=AVCC=VREF=3.0 to 5.5V, VSS=AVSS=0V at Topr = -20 to 85°C / -40 to 85°C unless otherwise speci-
fied.

2. Set ¢AD frequency as follows:
When VCC1=4.0t0 5.5V, 2 MHz < $AD < 25 MHz
When VCC1=3.2t0 4.0V, 2 MHz < ¢AD < 16 MHz
When VCC1=3.0t0 3.2V, 2 MHz < ¢AD < 10 MHz
3. Use when VREF=VCC1.
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23. Electrical Characteristics

Table 23.4  D/A Conversion Characteristics (1)

Symbol Parameter Measuring Condition Standard Unit

Min. Typ. Max.

- Resolution 8 Bits
- Absolute Accuracy 25 LSB
tSuU Setup Time 3 us
RO Output Resistance 6 kQ
IVREF Reference Power Supply Input Current (NOTE 2) 1.5 mA
NOTES:

1.  Referenced to VCC1=VREF=3.3 to 5.5V, VSS=AVSS=0V at Topr = -20 to 85°C / -40 to 85°C unless otherwise specified.

2. This applies when using one D/A converter, with the D/A register for the unused D/A converter set to “00h”. The resistor ladder
of the A/D converter is not included. Also, when D/A register contents are not “00h”, the IVREF will flow even if Vref id discon-
nected by the A/D control register.

Table 23.5 Flash Memory Version Electrical Characteristics ()
Symbol Parameter Standard Unit
Min. Typ. Max.
- Program and Erase Endurance (2) Other than data flash 100 CyCle
Data flash 100 cycle
- 2 Word Program Time Other than data flash 150 us
(VCC1=3.3V at Topr=25°C) Data flash 300 us
- Lock Bit Program Time Other than data flash 70 us
(VCC1=3.3V at Topr=25°C) Data flash 140 us
- Block Erase Time 4-Kbyte block 0.20 s
- (VCC1=3.3V at Topr=25°C) 16-Kbyte block 0.20 s
- 64-Kbyte block 0.20 S
tPS Flash Memory Circuit Stabilization Wait Time 50 us
- Data Hold Time () 10 year
NOTES:
1. Referenced to VCC1=2.7 to 5.5V at Topr = 0 to 60 °C unless otherwise specified.
2. Definition of program and erase endurance
The program and erase endurance refers to the number of per-block erasures.
If the program and erase endurance is n (n=100), each block can be erased n times.
For example, if a 4 Kbyte block is erased after writing two word data 1,024 times, each to a different address, this
counts as one program and erase endurance. Data cannot be written to the same address more than once with-
out erasing the block. (Rewrite prohibited)
3. Topr=-40t085°C /-201to0 85°C
Table 23.6  Flash Memory Version Program / Erase Voltage and Read Operation Voltage

Characteristics (at Topr =0to 60 °C)

Flash Program, Erase Voltage

Flash Read Operation Voltage

VCC2=271t055V

VCC1=2.7t0 5.5V
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Table 23.7 Low Voltage Detection Circuit Electrical Characteristics

Symbol Parameter Measuring Condition Standard Unit
Min. Typ. Max.
Vdet2 Low Voltage Detection Voltage (1) VCC1=0.8V to 5.5V 3.3 3.8 4.4 V
Vdet0 Reset Level Detection Voltage (1) 1.9 \%
Vdet2 -Vdet0 |Electric potential difference of Low Voltage 0.3 \%
Detection and Reset Level Detection

VdetOs Low Voltage Reset Retention Voltage 0.8 V
VdetOr Low Voltage Reset Release Voltage (2) 2.0 \
NOTES:

1. Vdet2 > VdetO.
2. VdetOr > VdetO is not guaranteed.
3. The voltage detection circuit is designed to use when VCC1 is set to 5V.

Table 23.8  Power Supply Circuit Timing Characteristics

Symbol Parameter Measuring Condition Standard Unit
Min. Typ. Max.

td(P-R) Time for Internal Power Supply Stabiliza- |[VCC1=2.7V to 5.5V 5 ms
tion During Powering-On

td(R-S) STOP Release Time 150 us

td(W-S) Low Power Dissipation Mode Wait Mode 150 us
Release Time

td(S-R) Brown-out Detection Reset (Hardware VCC1=Vdet3r to 5.5V 6 (1) 20 ms
Reset 2) Release Wait Time

td(E-A) Low Voltage Detection Circuit Operation |VCC1=2.7V to 5.5V 20 us
Start Time

NOTE:

1.  When VCC1 =5V.
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Figure 23.1 Power Supply Circuit Timing Diagram
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23. Electrical Characteristics

VCC1=VCC2=5V

Table 23.9  Electrical Characteristics (1) (1)
Symbol Parameter Measuring Condition Standard Unit
Min. Typ. Max.
VOH HIGH Output |P6_0 to P6_7, P7_2to P7_7, P8_0 to P8_4, IOH=-5mA VCC1-2.0 VCC1 \
Voltage P8 6,P8 7,P9 0toP9 7,P10_0to P10_7
PO_0to PO_7,P1_0toP1_7,P2_0to P2_7, IOH=-5mA VCC2-2.0 VCC2
P3_0toP3_7,P4 _0toP4_7,P5_0toP5_7
VOH HIGH Output |P6_0 to P6_7, P7_2to P7_7, P8_0 to P8_4, OH=-200pA VCC1-0.3 VCC1 \
Voltage P8 6,P8 7,P9 0toP9 7,P10_0to P10_7
PO_0to PO_7,P1_0toP1_7,P2_0to P2_7, IOH=-200pA VCC2-0.3 VCC2
P3_0toP3_7,P4_0toP4_7,P5_0toP5_7
VOH HIGH Output Voltage =~ XOUT HIGHPOWER IOH=—1mA VCC1-2.0 VCC1 \
LOWPOWER I0H=-0.5mA VCC1-2.0 VCC1
HIGH Output Voltage XCOUT HIGHPOWER With no load applied 29 \%
LOWPOWER With no load applied 2.2
VOL LOW Output |P6_0to P6_7,P7_0toP7_7,P8 0toP8_7,P9 0toP9_ 7, |IOL=5mA 2.0 \
Voltage P10_0to P10_7
PO_0to PO_7,P1_0toP1_7,P2_0to P2_7, I0L=5mA 2.0
P3_0toP3_7,P4 0toP4_7,P5_0toP5_7
VOL LOW Output |P6_0to P6_7, P7_0to P7_7,P8_0to P8_7, 10L=200pA 0.45 \
Voltage P9_0to P9_7,P10_0to P10_7
PO_0to PO_7,P1_0toP1_7,P2_0to P2_7, 10L=200pA 0.45
P3_0toP3_7,P4 0toP4_7,P5_0toP5_7
VOL LOW Output Voltage  XOUT HIGHPOWER I0L=1mA 2.0 \
LOWPOWER 10L=0.5mA 2.0
LOW Output Voltage  XCOUT HIGHPOWER With no load applied 0 \Y
LOWPOWER With no load applied 0
VT+-VT- |Hysteresis HOLD, RDY, TAOIN to TA4IN, TBOIN to TB5IN, 0.2 1.0 \
INTO to INT7, NMI, ADTRG, CTSO to CTS2, CTS5 to CTS7,
SCLO to SCL2, SCL5 to SCL7, SDAO to SDA2,
SDAS5 to SDA7, CLKO to CLK7, TAOOUT to TA4OUT,
KIO to KI3, RXDO to RXD2, RXD5 to RXD7, SIN3, SIN4
VT+-VT- |Hysteresis RESET 0.2 2.5 \%
IIH HIGH Input PO_0toPO_7,P1_0toP1_7,P2 0toP2_7, P3_0toP3_7, |VI=5V 5.0 pA
Current P4 0toP4_7,P5 0toP5 7, P6 0toP6_7,P7 0toP7_7,
P8_0toP8_7, P9_0toP9_7,P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
IIL LOW Input PO_0toP0O_7,P1_0toP1_7,P2 0toP2_7, P3_0toP3_7, |VI=0V -5.0 pA
Current P4_0toP4_7,P5 0toP5_7, P6_0toP6_7, P7_0to P7_7,
P8_0to P8_7,P9_0to P9_7, P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
RPULLUP | Pull-Up PO_0toPO_7,P1_0toP1_7,P2_0toP2_7, P3_0toP3_7, |[VI=0V 30 50 170 kQ
Resistance P4 0toP4 7,P5 0toP5 7,P6 0toP6_7,P7 _2toP7_7,
P8_0to P8_4, P8 6,P8_7, P9_0to P9_7,P10_0to P10_7
RfXIN Feedback Resistance XIN 1.5 MQ
RfXCIN Feedback Resistance XCIN 15 MQ
VRAM RAM Retention Voltage At stop mode 2.0 \%
NOTES:
1. Referenced to VCC1=VCC2=4.2 to 5.5V, VSS = 0V at Topr = -20 to 85°C / —40 to 85°C, f(BCLK)=25MHz unless
otherwise specified.
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Table 23.10 Electrical Characteristics (2) (1)

Symbol Parameter Measuring Condition Standard Unit
Min. | Typ. | Max.
ICC Power Supply Current In single-chip Flash f(BCLK)=25MHz, 20 mA
(VCC1=VCC2=4.0V to 5.5V) |mode, the output |Memory No division,
pins are open and PLL operation
other pins are VSS No division, 450 pA
125 kHz On-chip
oscillation
Flash Memory |f(BCLK)=10MHz, 20 mA
Program VCC1=5.0V
Flash Memory |f(BCLK)=10MHz, 30 mA
Erase VCC1=5.0V
Flash Memory |f(BCLK)=32kHz 45 pA
Low power dissipation
mode, RAM (3)
f(BCLK)=32kHz 160 pA

Low power dissipation
mode, Flash Memory (3)
FMR22=FMR23=1

125 kHz On-chip 12 pA
oscillation,
Wait mode
f(BCLK)=32kHz 11.5 pA
Wait mode (2),
Oscillation capability High
f(BCLK)=32kHz 6.2 pA
Wait mode (2),
Oscillation capability Low
Stop mode 3.0 pA
Topr =25°C
Idet2 Low Voltage Detection Dissipation Current (4) 3.0 pA
Idet0 Reset Area Detection Dissipation Current (4) 6.0 pA

NOTES:
1.  Referenced to VCC1=VCC2=4.2 to 5.5V, VSS = 0V at Topr = -20 to 85°C / —40 to 85°C, f(BCLK)=25MHz unless
otherwise specified.
2. With one timer operated using fC32.
3. This indicates the memory in which the program to be executed exists.
4. Idet is dissipation current when the following bit is set to “1” (detection circuit enabled).
Idet2: VC27 bit in the VCR2 register
Idet0: VC25 bit in the VCR2 register
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VCC1=VCC2=5V
Timing Requirements

(VCC1=VCC2 =5V, VSS =0V, at Topr = -20 to 85°C / —40 to 85°C unless otherwise specified)

Table 23.11 External Clock Input (XIN input) (1)

Symbol Parameter Standard Unit
Min. Max.

tc External Clock Input Cycle Time 50 ns
tw(H) External Clock Input HIGH Pulse Width 25 ns
tw(L) External Clock Input LOW Pulse Width 25 ns
tr External Clock Rise Time 15 ns
tf External Clock Fall Time 15 ns
NOTE:

1. The condition is VCC1=VCC2=3.0 to 5.0V.

Table 23.12 Memory Expansion Mode and Microprocessor Mode

Symbol Parameter Standard Unit
Min. Max.
tac1(RD-DB) Data Input Access Time (for setting with no wait) (NOTE 1) ns
tac2(RD-DB) Data Input Access Time (for setting with wait) (NOTE 2) ns
tac3(RD-DB) Data Input Access Time (when accessing multiplex bus area) (NOTE 3) ns
tsu(DB-RD) Data Input Setup Time 40 ns
tsu(RDY-BCLK) |RDY Input Setup Time 30 ns
tsu(HOLD- HOLD Input Setup Time 40 ns
BCLK)
th(RD-DB) Data Input Hold Time 0 ns
th(BCLK-RDY) |RDY Input Hold Time 0 ns
th(BCLK-HOLD) |HOLD Input Hold Time 0 ns
NOTES:
1. Calculated according to the BCLK frequency as follows:
9
1‘(285()_(‘,:_?() —45[ns]
2. Calculated according to the BCLK frequency as follows:
% —45[ns] nis "2” for 1-wait setting, “3” for 2-wait setting and “4” for 3-wait setting.
3. Calculated according to the BCLK frequency as follows:
m—f_(%%)—o? —45[ns] n is “2” for 2-wait setting, “3” for 3-wait setting.
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VCC1=VCC2=5V
Timing Requirements

(VCC1=VCC2 =5V, VSS =0V, at Topr = -20 to 85°C / —40 to 85°C unless otherwise specified)

Table 23.13 Timer A Input (Counter Input in Event Counter Mode)

Symbol Parameter Standard Unit
Min. Max.

tc(TA) TAIIN Input Cycle Time 100 ns

tw(TAH) TAIIN Input HIGH Pulse Width 40 ns

tw(TAL) TAIIN Input LOW Pulse Width 40 ns

Table 23.14 Timer A Input (Gating Input in Timer Mode)

Symbol Parameter Standard Unit
Min. Max.
tc(TA) TAIIN Input Cycle Time 400 ns
tw(TAH) TAIIN Input HIGH Pulse Width 200 ns
tw(TAL) TAIIN Input LOW Pulse Width 200 ns

Table 23.15 Timer A Input (External Trigger Input in One-shot Timer Mode)

Symbol Parameter Standard Unit
Min. Max.
tc(TA) TAIIN Input Cycle Time 200 ns
tw(TAH) TAIIN Input HIGH Pulse Width 100 ns
tw(TAL) TAIIN Input LOW Pulse Width 100 ns

Table 23.16 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Symbol Parameter Standard Unit
Min. Max.

tw(TAH) TAIIN Input HIGH Pulse Width 100 ns

tw(TAL) TAIIN Input LOW Pulse Width 100 ns

Table 23.17 Timer A Input (Counter Increment/Decrement Input in Event Counter Mode)

Symbol Parameter Standard Unit
Min. Max.
tc(UP) TAIOUT Input Cycle Time 2000 ns
tw(UPH) TAIOUT Input HIGH Pulse Width 1000 ns
tw(UPL) TAIOUT Input LOW Pulse Width 1000 ns
tsu(UP-TIN) TAIOUT Input Setup Time 400 ns
th(TIN-UP) TAIOUT Input Hold Time 400 ns

Table 23.18 Timer A Input (Two-phase Pulse Input in Event Counter Mode)

Symbol Parameter Standard Unit
Min. Max.

tc(TA) TAIIN Input Cycle Time 800 ns

tsu(TAIN-TAOUT) |TAIOUT Input Setup Time 200 ns

tsu(TAOUT-TAIN) |TAIIN Input Setup Time 200 ns
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VCC1=VCC2=5V
Timing Requirements

(VCC1=VCC2 =5V, VSS =0V, at Topr = -20 to 85°C / —40 to 85°C unless otherwise specified)

Table 23.19 Timer B Input (Counter Input in Event Counter Mode)

Symbol Parameter Standard Unit
Min. Max.

tc(TB) TBIIN Input Cycle Time (counted on one edge) 100 ns
tw(TBH) TBIIN Input HIGH Pulse Width (counted on one edge) 40 ns
tw(TBL) TBIIN Input LOW Pulse Width (counted on one edge) 40 ns
tc(TB) TBIIN Input Cycle Time (counted on both edges) 200 ns
tw(TBH) TBIIN Input HIGH Pulse Width (counted on both edges) 80 ns
tw(TBL) TBIIN Input LOW Pulse Width (counted on both edges) 80 ns

Table 23.20 Timer B Input (Pulse Period Measurement Mode)

Symbol Parameter Standard Unit
Min. Max.

tc(TB) TBIIN Input Cycle Time 400 ns

tw(TBH) TBIIN Input HIGH Pulse Width 200 ns

tw(TBL) TBIIN Input LOW Pulse Width 200 ns

Table 23.21 Timer B Input (Pulse Width Measurement Mode)

Symbol Parameter Standard Unit
Min. Max.

tc(TB) TBIIN Input Cycle Time 400 ns

tw(TBH) TBIIN Input HIGH Pulse Width 200 ns

tw(TBL) TBIIN Input LOW Pulse Width 200 ns

Table 23.22 A/D Trigger Input

Symbol Parameter Standard Unit
Min. Max.

tc(AD) ADTRG Input Cycle Time 1000 ns

tw(ADL) ADTRG input LOW Pulse Width 125 ns

Table 23.23 Serial Interface

Symbol Parameter Standard Unit
Min. Max.

tc(CK) CLKi Input Cycle Time 200 ns
tw(CKH) CLKi Input HIGH Pulse Width 100 ns
tw(CKL) CLKi Input LOW Pulse Width 100 ns
td(C-Q) TXDi Output Delay Time 80 ns
th(C-Q) TXDi Hold Time 0 ns
tsu(D-C) RXDi Input Setup Time 70 ns
th(C-D) RXDi Input Hold Time 90 ns

Table 23.24 External Interrupt INTi Input

Symbol Parameter Standard Unit
Min. Max.
tw(INH) INTi Input HIGH Pulse Width 250 ns
tw(INL) INTi Input LOW Pulse Width 250 ns
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Switching Characteristics

(VCC1=VCC2 =5V, VSS =0V, at Topr = -20 to 85°C / —40 to 85°C unless otherwise specified)

VCC1=VCC2=5V

Table 23.25 Memory Expansion and Microprocessor Modes (for setting with no wait)

Symbol Parameter Measuring Standard Unit
Condition Min. Max.
td(BCLK-AD) Address Output Delay Time 25 ns
th(BCLK-AD) Address Output Hold Time (in relation to BCLK) 4 ns
th(RD-AD) Address Output Hold Time (in relation to RD) 0 ns
th(WR-AD) Address Output Hold Time (in relation to WR) (NOTE 2) ns
td(BCLK-CS) Chip Select Output Delay Time 25 ns
th(BCLK-CS) Chip Select Output Hold Time (in relation to BCLK) 4 ns
td(BCLK-ALE) ALE Signal Output Delay Time 15 ns
th(BCLK-ALE) ALE Signal Output Hold Time -4 ns
td(BCLK-RD) RD Signal Output Delay Time Fig 32323 5 25 ns
th(BCLK-RD) RD Signal Output Hold Time ' 0 ns
td(BCLK-WR) WR Signal Output Delay Time 25 ns
th(BCLK-WR) WR Signal Output Hold Time 0 ns
td(BCLK-DB) Data Output Delay Time (in relation to BCLK) 40 ns
th(BCLK-DB) Data Output Hold Time (in relation to BCLK) (3) 4 ns
td(DB-WR) Data Output Delay Time (in relation to WR) (NOTE 1) ns
th(WR-DB) Data Output Hold Time (in relation to WR) (3) (NOTE 2) ns
td(BCLK-HLDA) |HLDA Output Delay Time 40 ns
NOTES:
1.  Calculated according to the BCLK frequency as follows:
9
0.5x10 ;
=== —40[ns f(BCLK) is 12.5MHz or less.
f(BCLK) [ns] ( )
2. Calculated according to the BCLK frequency as follows:
9
0.5x10
==———_-10[ns
f(BCLK) [ns]
3. This standard value shows the timing when the output is off, and
does not show hold time of data bus.
Hold time of data bus varies with capacitor volume and pull-up
(pull-down) resistance value. R
Hold time of data bus is expressed in
t=-CR XIn (1-VOL / VCC2) DBi
by a circuit of the right figure. c
For example, when VOL = 0.2VCC2, C = 30pF, R = 1k, hold time
of output "L” level is
t =-30pF X 1k Q X In(1-0.2VCC2 / VCC2)
=6.7ns.
PO
P1 O
P2
P3 30pF
P4
S
P6
P7
P8
P9
P10
P11
P12
P13
P14

Figure 23.2 Ports PO to P14 Measurement Circuit
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Preliminary Specification

Under development
Specification in this preliminary version is subject to change.

M16C/64 Group 23. Electrical Characteristics

VCC1=VCC2=5V
Switching Characteristics

(VCC1=VCC2 =5V, VSS =0V, at Topr = -20 to 85°C / —40 to 85°C unless otherwise specified)

Table 23.26 Memory Expansion and Microprocessor Modes (for 1- to 3-wait setting and external

area access)

Symbol

Parameter

Measuring
Condition

Standard

Min.

Max.

Unit

td(BCLK-AD)

Address Output Delay Time

th(BCLK-AD)

Address Output Hold Time (in relation to BCLK)

th(RD-AD)

Address Output Hold Time (in relation to RD)

th(WR-AD)

Address Output Hold Time (in relation to WR)

td(BCLK-CS)

Chip Select Output Delay Time

th(BCLK-CS)

Chip Select Output Hold Time (in relation to BCLK)

td(BCLK-ALE)

ALE Signal Output Delay Time

th(BCLK-ALE)

ALE Signal Output Hold Time

td(BCLK-RD)

RD Signal Output Delay Time

th(BCLK-RD)

RD Signal Output Hold Time

td(BCLK-WR)

WR Signal Output Delay Time

th(BCLK-WR)

WR Signal Output Hold Time

td(BCLK-DB)

Data Output Delay Time (in relation to BCLK)

th(BCLK-DB)

Data Output Hold Time (in relation to BCLK) ()

td(DB-WR)

Data Output Delay Time (in relation to WR)

th(WR-DB)

Data Output Hold Time (in relation to WR)(3)

td(BCLK-HLDA)

HLDA Output Delay Time

See
Figure 23.2

25

ns

4

ns

0

ns

(NOTE 2)

ns

25

ns

ns

15

ns

ns

25

ns

ns

25

ns

ns

40

ns

4

ns

(NOTE 1)

ns

(NOTE 2)

ns

40

ns

NOTES:

1. Calculated according to the BCLK frequency as follows:
9 n is “1” for 1-wait setting, “2” for 2-wait setting
(n-05)x10_ _ 40[ns] and “3” for 3-wait setting.
f(BCLK) (BCLK) is 12.5MHz or less.

2. Calculated according to the BCLK frequency as follows:

O.5x109

f(BCLK)
3. This standard value shows the timing when the output is

off, and does not show hold time of data bus.

Hold time of data bus varies with capacitor volume and pull-

up (pull-down) resistance value.

Hold time of data bus is expressed in

=-CR XIn (1-VOL / VCC2) DBi

by a circuit of the right figure. c

For example, when VOL = 0.2VCC2, C = 30pF, R = 1kQ,

hold time of output "L” level is

t = -30pF X 1kQ X In(1-0.2VCC2 / VCC2)

=6.7ns.

-10[ns]

H
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Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 23. Electrical Characteristics

VCC1=VCC2=5V
Switching Characteristics

(VCC1=VCC2 =5V, VSS =0V, at Topr = -20 to 85°C / —40 to 85°C unless otherwise specified)

Table 23.27 Memory Expansion and Microprocessor Modes (for 2- to 3-wait setting, external area
access and multiplex bus selection)

Symbol Parameter Measuring Standard Unit
Condition Min. Max.
td(BCLK-AD) |Address Output Delay Time 25 ns
th(BCLK-AD) |Address Output Hold Time (in relation to BCLK) 4 ns
th(RD-AD) Address Output Hold Time (in relation to RD) (NOTE 1) ns
th(WR-AD) Address Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-CS) |Chip Select Output Delay Time 25 ns
th(BCLK-CS) |Chip Select Output Hold Time (in relation to BCLK) 4 ns
th(RD-CS) Chip Select Output Hold Time (in relation to RD) (NOTE 1) ns
th(WR-CS) Chip Select Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-RD) |RD Signal Output Delay Time 25 ns
th(BCLK-RD) |RD Signal Output Hold Time 0 ns
td(BCLK-WR) [WR Signal Output Delay Time 25 ns
th(BCLK-WR) |WR Signal Output Hold Time See 0 ns
td(BCLK-DB) |Data Output Delay Time (in relation to BCLK) Figure 23.2 40 ns
th(BCLK-DB) |Data Output Hold Time (in relation to BCLK) 4 ns
td(DB-WR) Data Output Delay Time (in relation to WR) (NOTE 2) ns
th(WR-DB) Data Output Hold Time (in relation to WR) (NOTE 1) ns
td(BCLK-HLDA) |HLDA Output Delay Time 40 ns
td(BCLK-ALE) |ALE Signal Output Delay Time (in relation to BCLK) 15 ns
th(BCLK-ALE) |ALE Signal Output Hold Time (in relation to BCLK) -4 ns
td(AD-ALE) ALE Signal Output Delay Time (in relation to Address) (NOTE 3) ns
th(AD-ALE) ALE Signal Output Hold Time (in relation to Address) (NOTE 4) ns
td(AD-RD) RD Signal Output Delay From the End of Address 0 ns
td(AD-WR) WR Signal Output Delay From the End of Address 0 ns
tdz(RD-AD) Address Output Floating Start Time 8 ns
NOTES:
1. Calculated according to the BCLK frequency as follows:
9
2508 s

2. Calculated according to the BCLK frequency as follows:
9
% -40[ns] nis “2” for 2-wait setting, “3” for 3-wait setting.
3. Calculated according to the BCLK frequency as follows:
0.5x10°
f(BCLK)
4. Calculated according to the BCLK frequency as follows:

—25[ns]

0.5x10°
f(BCLK)

-15[ns]
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Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group

23. Electrical Characteristics

XIN input

TAIIN input

TAIOUT input

TAIOUT input
(Up/down input)

During event counter mode
TAIIN input

edge is selected)
TAIIN input

edge is selected)

Two-phase pulse input in
event counter mode

TAIOUT input

tr

(When count on rising

TAIIN input /

Vcc1=Vecee=5V

tr

tw(H) L tw(L) -
> < >
< te )
e te(rA) N
tw(TAH)
< tw(TAL) N
teur) R
tw(uPH
B tw(upL) R
N >

X

(When count on falling

th(TIN-UP) | tsu(UP-TIN)

te(TA)

tsu(TAIN-TAOUT)

S( 7

TBIIN input

ADTRG input

tsu(TAIN-TAOUT)
tsu(TAOUT-TAIN) /7

tsu(TAOUT-TAIN)

te(tB)

tw(TBH)

)

tw(TBL)

A4

te(AD) |

tw(aDL)

Figure 23.3 Timing Diagram (1)
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Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 23. Electrical Characteristics

Vcc1=Veee=5V

te(ck)

A 4

tw(CKH)

CLKi

tw(CKL)

th(c-Q)

TXDi >< ><

tdc-) tsu(D-C)
> th(c-D)
RXDi 4 F

tw(NL)

INTiinput

tw(INH)

Figure 23.4 Timing Diagram (2)
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Under development  Preliminary Specification
Specification in this preliminary version is subject to change.

M16C/64 Group 23. Electrical Characteristics

Vcc1=Vcee=5V

Memory Expansion Mode, Microprocessor Mode
(Effective for setting with wait)

BCLK A

RD \ jmmmm e 7T
(Separate bus) /

WR, WRL, WRH \ /____/
(Separate bus) /

RD [T
(Multiplexed bus) \ 7

WR., WRL, WRH
(Multiplexed bus)

RDY input
tsu(RDY-BCLK) €| th(BCLK-RDY)

(Common to setting with wait and setting without wait)

BCLK
tsu(HOLD-BCLK) th(BCLK-HOLD)
D =
L / }

HOLD input _\\ Py ) l / )

FLDA input '/ \
\
/

—> —

td(BCLK-HLDA) BCLK-HLDA)

—
a

Hi-Z

/\'\

NOTES:
1. These pins are set to high-impedance regardless of the input level of the
BYTE pin, PMO06 bit in PMO register and PM11 bit in PM1 register.

- Measuring conditions :

-Vcc1=Veea=5V

- Input timing voltage : Determined with ViL=1.0V, VIH=4.0V

- Qutput timing voltage : Determined with VoL=2.5V, VoH=2.5V

Figure 23.5 Timing Diagram (3)
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Preliminary Specification

Under development
Specification in this preliminary version is subject to change.

M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(For setting with no wait)

Read timing

Vcc1=Vcee=5V

40ns.min Ons.min

Write timing

I I ! I I ! ! I
I l ! | I | ! I
Fd(BCLK-CS) I ! | | | I |
| I th(BCLK-CS) | | I 1 |
1% 25nsmax | H 4ns.min I | : : 1
— I I | '
csi L ! L | b\ ! L/ !
1 | | | | |
I tcvc! N] | : | | |
I | I I | I I I
I I ! | I ! ! |
| i | | i | | |
td(BCLK-AD) : | | : | | |
| | | 1th(BCLK-AD) | | | 1 |
ADi :4—’: 25ns.max : H 4ns.min ! : : : :
BHE X ! L X ’ X ’ . X !
[N | I I |
Itd(BCILK-ALE) 'I[h(BCLK»ALE). |—>|l (4= th(RD-AD) | : | | !
[P 25ns.max —» :‘_ -4ns.min : I Onsmin | [ ! : !
[ |
ALE I I 11 : : : | 1
1 ' I
: td(BC'-lK'RD) : : th(BCLK-RD): : : : :
| h j 25ns.max —» [ Ons.min | | | | |
— 11 | I
- N VR 2 N 7 2 N VA o
: tac1(RD-DB>I | : : [ : ! :
1
| (0.5x teyc-45)ns.max 4P [ | : 1 1 |
| | ! [ I I I |
| Hi-z | [ I
I iy GEETE S S G DS T G S
I I
! tsu(DB-RD) H—»H—HI >t Ith(RD-DB) ! : ! ! !

Measuring conditions

-Vce1=Vee2=5V

- Input timing voltage : ViL=0.8V, VIH=2.0V

- Output timing voltage : VoL=0.4V, VoH=2.4V

I I ! | I I
BCLK m
1 I | | 1 | ! |
1 tdI(BCLK-CS) : : | I th@okcs) : |
h j25ns.max | | : IF—DI 4ns.min | | !
- I\ | | [ t 1
CSi 1 | ! ! | / ' ' :
t T T 1 I 1
1 I I ! P I | |
« teye | N : | | : | :
| i | ' ! I i I
1 I I ! | I I I
: ¥d<BCLK-AD) : : i : th(BCLK-AD) : : i
F—H 25ns.max : : | :1—»{ 4ns.min : : |
ADi ] X | | T | X T I H
_ I 1 | !
BHE 1 1 1 \ 1 \
1 1 I § “—I_’]i t T t
I | | |
I tdBCLK-ALE) | | thBCLK-ALE) | 11 thwr-aD) ! | I
Ih—’i25ns.max — |h_ -4ns.min : : :(0,5xtcyc-10)ns.m;in | : :
I
ALE L N\ : 1l L/ 1\ | |
| T | 1
| i I | tapoLkwR) | : thBCLK-WR) | I ! i
1 ! 1'_'}ZSns.max_" 1*— ons.min | : : :
WR, WRL, — : . ¥ ; . . .
WRH I [ [ \,\_:./., | ! ! :
1 ! ! |
1 I | td(BCLK-DB) H | tnecikos) | I :
: : H 40ns.max | | H—b: 4ns.min : : |
Hi-Z 1 }
T === e SR I e
1 [ 1 e :::‘ HEN 1 | :
I ! Pt o P ! ! !
td(DB-WR) th(WR-DB)
(0.5 x tcye-40)ns.min (0.5 x teyc-10)ns.min
teye=
f(BCLK)

Figure 23.6 Timing Diagram (4)
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Under development

M16C/64 Group

Preliminary Specification
Specification in this preliminary version is subject to change.

23. Electrical Characteristics

: : Vcc1=Vceee=5V
Memory Expansion Mode, Microprocessor Mode
(for 1-wait setting and external area access)
Read timing
. . . | . | ' |
| | | : 1 | :
I tagoLkcs) I I | I thgekes) | ! |
I 25ns.max : : | 4ns.min | | |
_ —/\l | | I b T T '
CSi | | | | L / | | |
[ ] ] f L I | I
I teyc ! J : | : : :
I | i ! : I I I
. | | | | | ' |
| | I d 1 | ! |
: td|(BCLK_AD) : : ! : th(gcLK-AD) | : !
< '|25ns.max : : : H—V: dns.min : : :
ADi ! | | T t ] 1 T
BHE ! I I ! ! X | | !
BHE | | | T prp b T I !
| tdBCLK-ALE)  |th(BCLK-ALE) | I th(RD-AD)| | | | | |
H—P:zsns.max —pl :1— -4ns.min : : Ons.min | : I : :
| 1
ALE L A | | 11/ N\ | |
| 1 : I K | | I
| | foBCLKRD) [ 1 thecikro) | | [
| ¥ 2505 max : : —» r—Ons.min : ! :
. t + 1
RD i Y ! I ! ! ! !
I =
I Lo I tacz(Ro-DB) | I . : : :
: | : (1-5teyc-d5)ns.max N : o I | I
. I_HiZ 1 T T _{ ! _:_
DBi '—: ————— T ————— : ————— T -t :_____ L —
| | | ! ———PH th(RD-DB) ! I !
tsu(DB-RD) ! Ons.min
40ns.min
Write timing
I I ! | I I I
T A S U e G A
1 1
1 tdI(BCLK-CS) : : : I th@cLk-cs) : : :
\ |25ns.max | | : ! 4ns.min | | |
. I I I I t f t
S S | ’ ] l ’
| | |
L ! | | L | | |
I I I : | I I !
! ' ' | ! : | |
| : : | | . : .
1
| tld(BCLK-AD) | | : 1 th(BCLK-AD) : : :
IH_N 25ns.max : : | il 4ns.min | | |
ADi . X i i ; Y ! ! i
BHE I I I = L : : :
le—— | I
| '[d(IBCLK-ALE) | th(BCLK-ALE) | : I thwr-aD) | I |
:<—>|25ns.ma><_’l |h_ -4ns.min : [ : (0»5"tCVC-10)”5«r|"in : : [
I I
AT S G | e\ .
i Il It ™ 0 I T t
| | | d(lIECLK-WR) | | th(BCLK-WR) | 1 | :
! : :‘_ﬂ 25ns.max_’: 1*~ ons.min ! : : |
m, WRL, 1 | | \ 1! | ! | I
WA o | : |
: | | td(BCLK-DB) : : : fh(BCLK-DB) | | :
| | 40ns.max | | H—b: 4ns.min : | |
1 I Hiz ) m } 1 : |
DBi —t————- l————— + ! I y———7————= —————T—
i | | ke oy —»! ! [ '
1 I [ r P ! | !
- td(DB-WR) th(wWR-DB)
1 (0.5xtcyc-40)ns.min (0.5xteyc-10)ns.min
tcyc= -
f(BCLK)
*Measuring conditions
-Vcc1=Veee=5V
* Input timing voltage : ViL=0.8V, VIH=2.0V
- Output timing voltage : VoL=0.4V, VoH=2.4V

Figure 23.7 Timing Diagram (5)
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Preliminary Specification

Under development
Specification in this preliminary version is subject to change.

M16C/64 Group

23. Electrical Characteristics

_ _ Vcc1=Vcee=5V
Memory Expansion Mode, Microprocessor Mode
(for 2-wait setting and external area access)
Read timing
e | tye ) I 1 I I I I I I I
) I | l 1 I I | | | | |
BCLK _/—\_/—\_,."—\_/ \ / \_/—\_
I I 1 I 1 I I I I I I I
| | 1 I 1 I I ! | | I I
I 1 1 1 1 I [ th(BCLK-Cs) [ [ [ 1
: F—E‘é&iﬁh;fs’ i i i i :“—“.““S-m'“: : : : :
CSi I I i I i I I A I I I I I
11 T T T T T T | I I I | I
11 1 1 I 1 I [ 1 I I I I
: td(BCLK-AD) : : : : | th(BCII_K-AD) : : : :
. I<_25ns.m|ax 1 i 1 i H 4ns.m|nI | | | |
AL ) (S T N T S R G T A R
BHE 1 T T T T T T : T T T T T
ta@cLkaLe) | 1 I 1 I [ l I I I I
25ns max : th(BCLI-ALE) : : : [ gh<RD_-AD> : : : :
e e N
ALE | | 1 | 1 | | : | [ [ [ [
| I T T T T m| | T T T T
I 1y 1 I 1 I 1 I I I I I
: : td(BCLK-RD) : : : —>: le— th(BCLK-RD) : : : :
: r_,: 25ns.mai< : : : : : Ons.mln: : : : :
RD I I 1 I 1 I I i/ I I I I I
I b t t t t H I I I I I
i L Htac2(RO-0B); L i i i i i
| | L 1 (2 5xteyc-45)ns.max | | 1 | | | | | |
I | e T T T T 1 I I I I I
TR L N SR S A @] ----- LA .
I I 1 | 1 I I | I I I I I
! ! ! ! ! tsu(DB-RD) ¢ bie> th(RD-DB) ! ! ! !
40ns.min Ons.min
Write timing
I | 1 | 1 | | | | I | |
ey I I I I I I I I
I I I I I I
BCLK
1 ) 1 ) 1 ) 1 ) 1 1 |
I . 1 | 1 I I I I I I I
| | taeoikes) | | l | |, i teoes) | | | l
i le—25ns.max I I i I (™ dnsmip I I I I
o r\i\ I ] I ] I I / T T T T T
i I I 1 I 1 I I I I I I I
Csi I } } } } } —/ I I I I I
1! I 1 I 1 I [ 1 I I I I
: td(BCLK-AD) : : : : : | th(BCLK-AD) : : : :
» :‘—25”5'”\3" 1 I 1 I > 4ns.mjn I I I I
ADi_ ) i i i i i PN i i i i
BHE | | 1 1 1 | ) 1 | 1 | 1
tapoLcAs) | ! | i | hovean) | | | |
25ns.mag I thBcLKALE) I 1 11 (0.5xtcyc-1Pjnsmin I I I I
el T A e o S N
AT T A W ENN NN N | IV VO A S N
[ 11 1 ] 1 I I I ] ] ] ]
i 1 | tyeous | Il teowws) | i i i i
I | Sl Q_Z%%Z?;:;WR) 1 —P 4= Ons.min, I | I | I
- t T n\l I I | t t t T T T
WRWRC L L L L b
RH I I 1 : ] 1 |: I I I I I I
| | | | toeckos) | 1 | thecikos) | | | |
I I b le—Onsmpx 1 i i | 4—ans.min, I I I I
I (- 1 t t H t I I I I I
DBi _L_____I_H'Z__.Lq | 1 1 |>____1._____| _____ I [ o
I | 1 1 1 11 1 I | | I ]
1 1 1T 1 1 [ [y I I 1 1 1
| I 1 F ' L I n I | | I I
' ' ' td(DB-WR) . thowR.DB) ' ' ' '
(1.5xtcyc-40)ns.min (0.5xtcyc-10)ns.min
Topom —
f(BCLK)
Measuring conditions
-Vcc1=Vee=5V
- Input timing voltage : ViL=0.8V, VIH=2.0V
- Output timing voltage : VoL=0.4V, VoH=2.4V

Figure 23.8 Timing Diagram (6)
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M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode Vce1=Veez=5V
(for 3-wait setting and external area access)
Read timing
le | feye I I I I I 1 I I I
| I | | | | | | ] | | |
BCLK _/—\_/—\_/—\_/ k II \\_/—\_
T o e T e ey SO v A
: | tacLiCs) : : : : : : Il |£:(ngli}1K_CS) : :
e i | i i i i I i l
CSi I I I I I I I I ] /{, I I I
11 T T T T T T T T 1 | | |
11 1 I I I I I I 1 ' I I
I td(BCLK-AD) I I I I I I 1 th@CLk-AD) I I
SIS SN N W S N SN SN . i SR N
ADi Y 1 | | 1 | 1 | 1 X 1 1 1
BOE I I I I I I I I 1 I I I
BHE 1 T T T T T T T T 1 T T T
{d(BCLK-ALE) [ [ 1 I I I [ [ 1 1
25ns.max th(BCLK-ALE) : : : : : L: | g’;(SRr'ai-?D) : :
el s A T T R A R A 7 A R
ALE ¥ | | | | | | | i) | | |
| I T T T T T T ™ |
e L e
| Ll td(BCLK-RD) | | | | | b Or;(ssriiLnK-RD) | !
e i
RD ! ! I I I I I I i / ! ! !
Il T T T T T T T I
| 1l | I | I I | 1 | I I
I Il I I | tac2(RD-DB), I I i I I I
| [ | | (3.5xteyc-45)ns.max | | | 1 | | | |
1 1 ¢ ] ] | | »l 1 | | |
L e L
I I I I I I I I | i I I I
! ! ! ! ! ! ! tsu(DB-RD) [ .".F'. th(RD-DB) ! !
40ns.min Ons.min
Write timing
| | toye | | | 1 | | 1 | | |
A EE—— I I 1 I I 1 I I I
I I 1 I I I
BCLK
i i | i | . | i l | i i
|t L1 beakey L
h_je-28nsmpx I I I I I I ! Ans.mip I I
| I I | 1 | I 1 T T T
=T G T S SR S S e s 0 S
1! I I I I i I I . I I I
< T A R R -«
. —»i :4—25”3'"\“ I I I | I I —b 4ns.mip | I
ADE I i I | i i | | 1 | |
BHE I I I I 1 I I . I I I
s | | I ] 1 | ] vl ] I |
tageikate) § 3 I I 1 I | th(wr-AD) I I I
25ns.p1ai< _4 . Zr(ECn:-i:'ALE) | | 1 | | (0.5><tcyc-10).ns.m|in | | |
-4ns. I I 1 I I g L, I I I
_': = I I I | 1 I 1 1 I I
SIS VN (N SN NS SN S N B0 AN W S
T e L e
I I | td(BCLK-WR) " | | -+ e gr;(ngli_nK-WR) ! ! !
1 1 > 25ns.max 1 | | 1 | | | |
- T T M\ | | 1 I 1, 1 T T t
R,WRL | I |\ I I 1 I I / 1 I I I
WBH I I I 1 1 1 1 ] 1 I I I
RH I I I I I 1 I I 1 I I I
: : : ' tdBCcLK-DB) : : : H : :th(BC!_K-DB) : :
| | —»l !4_40ns.m@x | 1 | 1 k_H4ns.m|n . | |
) I I | t t t t + t I I I
DBi _L_____I_ﬂ'E__.Lq I I 1 I 1 1 }.___4. _____ —— 4
I I ] ] ] ] ] 11 ] ] | ]
o T
H H H  tdDOB-WR) H i Ry H H
(2.5xtcyc-40)ns.min }g.(gZEyS-%)ns,min
1
tcyc= —_—
f(BCLK)
Measuring conditions
-Vcc1=Vceea=5V
- Input timing voltage : ViL=0.8V, VIH=2.0V
- Output timing voltage : VoL=0.4V, VOH=2.4V

Figure 23.9 Timing Diagram (7)
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M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(For 1- or 2-wait setting, external area access and multiplex bus selection)

Read timing

Vcc1=Vceee=5V

Write timing
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Measuring conditions

-Vcec1=Veea=5V

- Input timing voltage : VIL=0.8V, VIH=2.0V

- Output timing voltage : VoL=0.4V, VOH=2.4V

BOLK I ( I I I I
I tdeoLk-cs) ! L teye | | ! thwr-cs) | th(BCLKCS) |
| : 25ns.max : r : r: (0,I5><t;cyc-10)nsmin II II 4ns.min :

— | | | | | | ¥

CSi o\ [ 1 [ [ [ [ * I
| [ T T ; T T T : T |t |
[ [ I tdBCcLk-DB) | | [ I h(BCLK-DB) |
| | ol amnar | | | T e

fl‘:)DB' -+ —{ Address | u( | Data output | : : : iX Address'

I I T - T T Toe Tt T
 —L h ple i
b toapae) | b !15 Ed(DZ-)WR) ) ! ! : th(WR-DB):. ' !
: I(O.5><tcyc-25)ns.lmin : : (i‘ xteyc-40)ns.min i : |(0.5xtcyc-10)ns.mi|n :
[ I
I | 1| I I I I I
Loy | 1| I I I : Iy I
| d(BCLK-AD) | | P | | ) i thEckAD)
—Ppy 25ns.max | : ] : | | I h_dl 4ns.min |

ADl 1 L 1 I 1 1 1 1 1 1 1
] X ] [ | ] I ] IX ]

BHE L ! [ L L L [ L

BHE Iy [ T ] ] ] :<—|—>l ]
| W(BCLKALE) ) | thgoLkealE) | 1y ta(aD-wR) | I Il thwrAD)! !
by 2515 MAX —pl @ —4ns.min :-»'[ ka—ns.min ! ! ! ! (0.5xtcye-10)ns,min '

I —\
I I [ I I I I I

ALE _A_I/—:—:\ 1 ! ! ! ! : ! |
] I 1 ] ] ] ] I
I I 1 [tdBCLK-WR)] I I :th(BCLK-WR) I I
! ! 'H| 25ns.max : : —D: 4— Ons.min ! !

WR,WRL I

BALMAALL I I 1 I I I I I

WRH | | | \|\ ! ! ! }./ | |
! ! Lo ! ! I ! !

I

Figure 23.10 Timing Diagram (8)
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M16C/64 Group

23. Electrical Characteristics

Memory Expansion Mode, Microprocessor Mode
(For 3-wait setting, external area access and multiplex bus selection)
Read timing
e 1 foc | | | | | | [ | [
I 1 | l | l | l I l I l
ST A U B G R G A U B S A
I 1 I I I I I ' | I I I
I 1 I I I I I th(RD-CS) I ' I I
| td(BCIiK . : : : : : (0.5xtcyc|—10)ns.min | Eh(BCpK-CS) : :
- ns.min
- :<_25ns,max | | | | | | r—’:"’i ] 1 1
- I 1 I I I I I I I ] ] ]
Si | k 1 | | | | | ! | / | I I
[ T T T T T T T 1 | I I
| td(AD-ALE) . I th(ALE-AD) | | | | : | | | |
1 (0.5xtcyc-25)ns.min ! (0.5xtcyc15)ns.min | | | | | | | | |
N T (R A
ADi ' ! I
I | e e T
Itd(BCLK-AD) : ! |r_t§Z(RD-AD) : : : I !‘_0”(3""‘-" ) ! : :
= ns.max N -
e T R o B O - B
ADi ] |h_ 1] 1’!:‘ 1 1 1 |~! : | : _’I I<_ | | |
BHE | 1 | | I | I | | | | I
BHE. |)Q |: || I I I I ! I K I I I
(no mumplex) T 1 LI} T : T T T T T L ] T T T
tBoLK-ALE) H P : : : : : I th(RD-AD) : : :
25nsv,mal>< 1| th(BCLK-ALE) | | | | | :(0_5xtcyc-10)ns.min 1 | |
—»i |<_ 14~ _4ns.min [ [ [ [ [ | [ [ [
I 1 I I I I I I I | I I
ALE I 1 1! I I I I 1! I I I I
! ¥ 1 | | | | |l i | | |
I P! | I I I I 11 thecLkro) I I I
! ! | td(BCLK-RD) ! | I | Ons.min I I |
_ I " 2snsmax i i L I I I
RD I 1 |\ I I I I I /{ 1 | l I
I 1 || } } } } | I I I I
| 1 I I I I I I I | I I
Write timing
lq—ltcLﬂ | | I | | 1 | | I
1 I I I I I
BCLK | | 1 1 | |
I 1 I I I I I D tnwrecs) | I I I
: Lt ! : : : : : (O.Sxtcylc-10)ns.min Ig:(sBﬁ_LnK'CS) : :
d(BCLK-CS) | I | | | I mny [ [
I'ﬂ 25ns.max | | | | | Iq—L>"—’i T T T
CSi 1\ 1 I | I | I 11 1 / I I I
] b 1 1 1 1 1 1 | 1 | ] ] ]
: : : td(BCLK-DB) : : : : : : | th@EcLk-DB) : :
|, | | 40ns.n|13x | | | L “_’I 4ns.m|nI | |
i v T T T T T T T T T T T
fb%i |><: Address | | | Data output 11 1 XX I | |
tcli(AD ALE) ! : ' T t T < T =: ! ! !
- 11 I I I t I 11 I I I
h | d(DB-WR) th(wRr-DB)
(O.?xtcyc-zs)ns.m:nl : | : : (2.5xteyc-40)ns.min : : :(0_(5xtcyc»10)ns.min : : :
11 1l 1 1 I 1 11 1 ! 1 1
ta@cLk-AD) | | 11 I I I I 11 1 thBcLK-AD) I I
2nsmax | | I : 1 1 1 1 11 _’: I dns.min 1 1
; [oag 1] 1 1 1 1 1 11 i | 1
ADi ] ] 1T i i i i ] ) i ] i
BHE I 11 I I I I I 11 1 K I I I
(o multilex) td(BCLKI-ALE) i ;th(BCLK-AILE) i i i i i I ™ i i i
250 max } 1-4ns.min ! : : : I Mhwreany : :
e UL A A
ALE Y 1 | r_ons'm.'" I I I 11 1 I I I
R P i i i Tl i i . .
I ] Iy I I I I I 1 th(BCLK-WR) I I I
I 1 It . I I I I | Ons.min. I I I
| td(BCLK-WR)
1 1 »l I I I e 1 | 1 1
WR, WRL 1 ] |\{"—25”s"“a.X I I I o ] T T T
WRH I 1 I I I I I I 1 I I I
WRR ! | : : : : ! ! ! !
1
toye= —8 —
f(BCLK)
Measuring conditions
-Vce1=Veea=5V
- Input timing voltage : ViL=0.8V, VIH=2.0V
- Output timing voltage : VoL=0.4V, VOH=2.4V

Figure 23.11 Timing Diagram (9)
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M16C/64 Group 23. Electrical Characteristics

VCC1=VCC2=3V

Table 23.28 Electrical Characteristics (1) (1)

Symbol Parameter Measuring Condition Standard Unit
Min. Typ. | Max.
VOH HIGH Out- (P6_0toP6_7,P7_2to P7_7,P8_0toP8 4, [IOH=—1mA VCC1- VCC1| V
put Voltage (P8 6, P8 7,P9 0to P9 7, P10 _0to P10_7 0.5
PO OtoPO_7,P1_0toP1_7,P2 0toP2_7, |IOH=-1mA () VCC2- VCC2
P3 0toP3 7,P4 OtoP4 7,P5 OtoP5_7 0.5
VOH HIGH Output Voltage ~ XOUT HIGHPOWER IOH=-0.1mA VCC1- VCC1| V
0.5
LOWPOWER IOH=-50pA VCC1- VCC1
0.5
HIGH Output Voltage XCOUT HIGHPOWER With no load applied 2.9 \%
LOWPOWER With no load applied 2.2
VOL LOW Out- (P6 _0toP6_7,P7_0toP7_7,P8_0toP8_7, |[IOL=1mA 0.5 \Y
put Voltage [P9_0toP9_7,P10_0to P10_7
PO OtoPO_7,P1_0toP1_7,P2 0toP2_7, |IOL=1mA (2 0.5
P3_0toP3_7,P4 OtoP4_7,P5 0toP5_ 7
VOL LOW Output Voltage  XOUT HIGHPOWER I0L=0.1mA 0.5 \Y
LOWPOWER I0L=50pA 0.5
LOW Output Voltage = XCOUT HIGHPOWER With no load applied 0 \
LOWPOWER With no load applied 0
VT+-VT- |Hysteresis HOLD, RDY, TAOIN to TA4IN, 0.2 0.8 Y
TBOIN to TB5IN, INTO to INT7, NMI,
ADTRG, CTS0 to CTS2, CTS5 to CTS7,
SCLO to SCL2, SCL5 to SCL7,
SDAO to SDA2, SDA5 to SDA7,
CLKO to CLK7, TAOOUT to TA40UT,
KI0 to KI3, RXDO to RXD2, RXD5 to RXD7,
SIN3, SIN4
VT+-VT- |Hysteresis RESET 0.2 0.7) | 1.8 Y
IIH HIGH Input PO_0toP0_7,P1_0toP1_7,P2 0toP2_7, |VI=3V 4.0 pA
Current P3 0toP3 7,P4 0toP4_7,P5 0toP5 7,
P6_0toP6_7,P7_0toP7_7,P8 0toP8_7,
P9 O0toP9 7,P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
lIL LOW Input PO 0toP0O_7,P1_ 0toP1_7,P2_ 0toP2_7, |VI=OV -4.0 | pA
Current P3 0toP3_7,P4 0toP4_7,P5 0toP5 7,
P6_0to P6_7, P7_0to P7_7,P8_0 to P8_7,
P9 O0to P9 7,P10_0to P10_7,
XIN, RESET, CNVSS, BYTE
RPUL- |Pull-Up PO OtoPO_7,P1_0toP1_7,P2 0toP2_7, |VI=0V 50 100 | 500 | kQ
LUP Resistance P3 0toP3_7,P4 OtoP4 7,P5 0toP5 7,
P6_0to P6_7,P7_2to P7_7,P8 0to P8_4,
P8 6,P8_7,P9 0to P9 _7,P10_0to P10_7
RfXIN Feedback Resistance XIN 3.0 MQ
RfXCIN |Feedback Resistance XCIN 25 MQ
VRAM |RAM Retention Voltage At stop mode 2.0 \%
NOTES:

1. Referenced to VCC1 = VCC2 = 2.7 to 3.3V, VSS = 0V at Topr = —20 to 85°C / —40 to 85°C, f(XIN)=25MHz
unless otherwise specified.
2. VCC1 for the port P6 to P10 and VCC2 for the port PO to P5.

REJ09B0392-0064 Rev.0.64 Oct 12,2007 s LENESANAS
Page 