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Send any inquiries to http://www.renesas.com/inquiry.
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Notice

All information included in this document 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 Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics 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 appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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All information contained in these materials, including products and product specifications,
represents information on the product at the time of publication and is subject to change by
Renesas Electronics Corp. without notice. Please review the latest information published by
Renesas Electronics Corp. through various means, including the Renesas Electronics Corp.
website (http://www.renesas.com).
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Keep safety first in your circuit designs!

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

Notes regarding these materials

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

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

All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corporation without notice
due to product improvements or other reasons. It is therefore recommended that custom-
ers contact Renesas Technology Corporation or an authorized Renesas Technology Cor-
poration product distributor for the latest product information before purchasing a product
listed herein.

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

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

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

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

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

If these products or technologies are subject to the Japanese export control restrictions,
they must be exported under a license from the Japanese government and cannot be im-
ported into a country other than the approved destination.

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

Please contact Renesas Technology Corporation for further details on these materials or t
he products contained therein.




How to Use This Manual

This hardware manual provides detailed information on features in the M16C/26 Group
microcomputer.

Users are expected to have basic knowledge of electric circuits, logical circuits and micro-
computer.

Each register diagram contains bit functions with the following symbols and descriptions.

*1
XXX register /
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
0 XXX XXX 0016
el d O
Bit symbol Bit name Function RW *D
H . b1 b0 /7 \/
c] 0 XXX0 | XXXt 1.0: XXX RW
0 1: XXX N U
1 0: Avoid this setting
XXX1 11: XXX RW
S —_— Nothing is assigned.
(b2) When write, should set to "0". When read, its content is indeterminate.| ~——
---------- (b3) Reserved bit Should set to "0" RW *
/ 3
5 _____________ XXX4 XXX bit Function varies depending on each / RW
operation mode
R XXX5 WO
e XXX6 RW
E- ---------------------- . 0: XXX
XXX7 XXX bit 1: XXX RO

*1

Blank:Set to "0" or "1" according to your intended use

0: Set to "0"

1 Set to "1"

X: Nothing is assigned
*2

RW: Read and write

RO: Read only

WO: Write only

— Nothing is assigned
*3

Terms to use here are explained as follows.

* Nothing is assigned
Nothing is assigned to the bit concerned. When write, set to "0" for new function
in future plan.

* Reserved bit
Reserved bit. Set the specified value.

* Avoid this setting
The operation at having selected is not guaranteed.

* Function varies depending on each operation mode
Bit function varies depending on peripheral function mode.
Refer to register diagrams in each mode.
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Description

Description

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The M16C/26 group of single-chip microcomputers incorporates Renesas' 16-bit M16C/60 Series CPU core,
fabricated in a high-performance silicon gate CMOS process and packaged in 48-pin plastic molded LQFPs.
Noted for fast instruction processing, these microcomputers are designed to operate using a sophisticated,
yet highly-efficient instruction set. Their design is optimized for general application to the home, office, audio,

and industrial sectors.

The M16C/26 group comprises a range of products of varied configuration. Note that the term "Virtual
EEPROM" is used in this manual to denote Flash ROM blocks capable of a very high number of erase/write

cycles. Simulated byte or word erase/write (E/W) requires firmware (available from Renesas).

Features

« Shortest Instruction Execution Time .....................

* Supply Voltage ...............

* Low Power Consumption ...........ccccooceeiiieeennnenne

e Interrupts ..........ccovereenn.

eSerial l/O ..o,

* Watchdog Timer .............
e TIMErs ..cooovviiiiieieiien

* Key-on Wake Up ............
* Programmable 1/O ..........
* Brown-out Monitor ..........

* Clock Generation Circuit

Flash ROM 24K to 64K bytes (1K minimum erase/write cycles)

plus Flash ROM 2K bytes x 2 blocks as Virtual EEPROM

(10K minimum erase/write cycles, 100K typical erase/write cycles)

Erase/write voltage for flash is from Vcc =2.7 to 5.5V

RAM 1K to 2K bytes.

50ns (f(XIN)=20 MHz, Vcc=3.0V to 5.5V)

100ns (f(Xin)=10 MHz, Vcc=2.7V to 5.5V)

Vce = 3.0V to 5.5V (f(Xin) = 20MHz, no wait)

Vce = 2.7V to 5.5V (f(Xin) = 10MHz, no wait)

0.7uA (typ) lcc, Stop mode, Vce = 3.0V,

1.8 UA (typ) Icc at 32kHz Wait mode, Vcc = 3.0V

25UA (typ) lcc at 32KHz mode with RAM access (Flash sleep)

16mA (typ) Icc at 20 MHz, Vcc = 5.0V

20 internal and 7 external interrupt sources

4 software interrupt sources; 7 priority levels

2 U(S)ART/SIO (UART 0/1)

1 U(S)ART/SIO/I2C bus/IEBus (UART 2) (Note 1,2)

2 Channels

10 bits X 8 channels

1 15-bit timer (switchable to internal ring oscillator)

8 16-bit timers

» 5 Timer A (Event counter, Event timer, One-shot generator, Pulse
width measurement generation, Quadrature counter)

» 3 Timer B (Event counter, Period measurement,
Pulse width measurement, Timer)

+ 3-phase PWM generators for motor control

4 inputs

38 lines

With interrupt, reset and RAM retention flag capability.

3 built-in clock generation circuits

« 2 internal clock generators (supports ceramic or quartz oscillator);
crystal failure detect

« 1 internal ring oscillator

Note 1: I2C bus is a registered trademark of Koninklijke Philips Electronics N. V.
Note 2: IEBus is a registered trademark of NEC Electronics Corporation.

Specifications written in this manual are believed to be accurate, but are not guaranteed to be
entirely free of error. Specifications in this manual may be changed for functional or performance
improvements. Please make sure your manual is the latest edition.

LENESAS 1

Renesas Technology Corp.



\)ﬂde\‘opme“‘ Preliminary Specifications Rev. 0.9
3eN® Specifications in this manual are tentative and subject to change.

Description M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Applications
Industrial/audio/office equipment, home appliances, and other portable equipment.

Pin Configuration
Figure 1.1 shows the pin configuration for the M16C/26 group. Table 1.2 lists the pin descriptions.
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P10,/AN_/KI, [ 37 24 |P7,/RXD,/SCL/TA
P10/AN/KI,| 38 23 | P7,/CLK,/TA o ,/V
P10/AN/KI, [ 39 22 |P7,/CTS,/RTS,/TA,/V
P10,/AN,/KI,[ 40 21 |P7,/TA o ,7/W
P10/AN;[41 |20 |P7y/TA /W
P10,/AN, [42 19 |P7J/TA 0t
M30262FxGP
P10,/AN, [43 18 |P7,/TA,,
AVss |44 17_|P8y/TA 4our/U
* = N Channel Open Drain
P10,/AN, [45 16 | P8,/TA /U
VREF |46 15 |P8,/INT,
AvVcc [47 14 | P8,/INT,
Po[48 | O | 13 |IVce (Note)
B E ) R R B E g
z z z 9 z 5 |- S @ z Q a
o o oo 2 L 3 [ 3 = X =2 |g
E,E E 2 5 % |4 E
o o o R o T z
a a o L o
o
Note: This pin must be left unconnected.

Figure 1.1. Pin configuration diagram (top view) of the M16C/26 group (48P6Q package)

> RENESAS

Renesas Technology Corp.
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Figure 1.2 shows a block diagram of the M16C/26 group device.

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

T

T

T

T

T

T

3 8 8 7 4 8
/O Ports ' ! v v | '
Port P1 Port P6 Port P7 Port P8 Port P9 Port P10
Internal Peripheral Functions
Timer A_-D converter | System Clock Generator
Timer AO (16 bits) (10bits x 8 channels) Xin-Xout
Timer A1 (16 bits) - Xcin-Xcout
. Serial Ports : .
Timer A2 (16 bits) Ring Oscillator
Timer A3 (16 bits) U(S)AOH" SIo 9
Timer A4 (16 bits)
Timer BO (16 bits) U(S)A1H 1150 | Watchdog Timer | | (z?m§s>
Timer B1 (16 bits) US)ART/SIONC
3-phase PWM Detector
M16C/60 series 16-bit CPU Core Memory
Program Counter
Registers | FC | Flash ROM
DALl | im]all | .
ROH ROL Stack Pointers
ISP Flash ROM
R1H R1L (Virtual EEPROM)
UsP
R2
R3 Vector Table RAM
| INTR |
A0
Al Flag Register
| FLG |
FR
SB | | Multiplier |

Figure 1.2. M16C/26 group block diagram

LENESAS

Renesas Technology Corp.
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Description M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Performance Outline
Table 1.1 lists the parameters and functional description of the M16C/26 group.

Table 1.1. Performance outline

Parameters Functional Description

Number of Basic Instructions 91

50ns (f(XIN)=20 MHz, Vcc=3.0V to 5.5V)

Shortest Instruction Execution Time 100ns (F(XIN)=10 MHz, Vee=2.7V to 5.5V)

(see the ROM expansion diagram)
1K (min) erase/write cycles, Erase/write Vcc = 2.7V to 5.5V

4 Kbytes (2 Kbyte x 2 Blocks)
10K minimum erase/write, 100K typical erase/write cycles
Erase/write Vcc = 2.7V to 5.5V

Flash ROM (Note 3)

Memory Flash ROM as Virtual
EEPROM (Note 3)

RAM 1K to 2K bytes
TAO, TA1, TA2, TAS, Timer mode, Event counter, One-shot generator, PWM
TA4 generation, Quadrature Counter

Multifunctional

16-bit Timers TBO, TB1, TB2 Event counter, Period measurement, Pulse width

measurement, Timer

UN/W 3-phase motor control PWM generator
2 U(S)ART/SIO (UARTO/1 type)
Serial I/0 >
1 U(S)ART/SIO/IC bus/IEBus (UART2) (Note 1,2)
A-D Converter 10 bits x 8 channels
DMAC 2 channels
Watchdog Timer 1 15-bit timer (switchable to internal ring oscillator)
Interrupts 20 internal, 7 external sources, 4 software, 7 priority levels

3 built-in clock generating circuits

« 2 internal clock generators (supports oscillator, crystal,
resonator); crystal failure detect

« 1 internal ring oscillator

Clock Generation Circuit

Brown-out Monitor With interrupt, reset and RAM retention flag capability
Programmable 1/0 38 lines

Temperature Range -20°C t0 85°C/ -40°C to 85°C (Note 3)

Supply Voltage Vce = 3.0V to 5.5 (f(fin) = 20MHz, no wait)

Vce = 2.7V to 5.5 (f(fin) = 10MHz, no wait)
0.7 UA (typ) lcc, Stop mode, At Vec =3.0V,
1.8 PA (typ) Icc at 32 kHz, Wait mode, Vcc =3.0 V

Low Power Consumption
25UA (typ) lcc at 32KHz mode with RAM access (Flash sleep)

16 mA (typ) Icc at 20 MHz, Vcc =5.0 V

I/O I/0 Withstand Voltage 5.0V

Characteristics | Qutput Current 5mA

Device Configuration CMOS high performance silicon gate
Packages 48-pin LQFP

Note 1: I2C bus is a registered trademark of Koninklijke Philips Electronics N. V.
Note 2: IEBus is a registered trademark of NEC Electronics Corporation.

Note 3: See Table 1.2b for erase/write cxcle and temeerature range information.
4 RENESANS

Renesas Technology Corp.
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M16C/26 Group

DeSCFIptIOH SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M16C Family Group
Figure 1.3 shows the type number, memory size and package for the M16C/26 group.

Tables 1.2a, 1.2b, and 1.2c list package, memory, and product marking information for configurations
of the M16C/26 group.

Type No. M30262 F P

Package Type:
GP: Package LQFP
BOMsize:

3: 24K + 4K bytes

4: 32K + 4K bytes
6: 48K + 4K bytes

8: 64K + 4K bytes
Memory type:

F: Flash memory version

Indicates pin count, etc.
(The value has no specific meaning.)

M16C/26 Group

M16C Family

Figure 1.3. M3026x Product Family

Table 1.2a. Product list

RAM Virtual EEPROM
Type No. | Package Type Capacity Flash ROM Flash

M30262F3GP 24 Kbyte (8K x 3)
1024 bytes
M30262F4GP 32 Kbyte (16K x 1, 8K x 2)
48 LQFP (48P6Q) 4 Kbyte (2 Kbyte x 2)
M30262F6GP 48 Kbyte (16K x 2, 8K x 2)
2048 bytes
M30262F8GP 64 Kbyte (32K x 1, 16K x 1, 8K x 2)

Table 1.2b. Microcomputer versus Flash Erase/Write (E/W) Operating Ranges

Product Internal ROM Block (0,1,2,3) | Internal ROM Block (A,B) |Microcomputer
Package Tem t T t operating
Code perature emperature
E/W cycles range E/W cycles range temperature
D3 -40C to 85C
100 100 0C to 60C
D5 -20C to 85C
non-Pb free
D7 -40C to 85C -40C to 85C
1,000 10,000
D9 -20C to 85C -20C to 85C
0C to 60C
U3 *x -40C to 85C
100 100 0C to 60C
Us % -20C to 85C
Pb free
U7 * -40C to 85C -40C to 85C
1,000 10,000
U9 * -20C to 85C -20C to 85C
*: under planning

RENESAS 5

Renesas Technology Corp.
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Description M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.2c. Product Marking (top view)

0262F8 | —— Product Name => indicates M30262F8

A D3 | — Chip Version and Product Code:
A => indicates chip version
XXXXX D3 => indicates product code (see Table 1.2b)

(o) Date Code (5 digits) => indicates manufacturing management code

6 RENESAS

Renesas Technology Corp.
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Pin Description M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin name

Signal name

I/O type

Function

Vcce, Vss

Power supply
input

Supply 2.7V to 5.5V to the Vce pin. Supply 0V to the Vss pin.

CNVss

CNVss

Input

This pin is used to select, at reset, operation in either single-chip
user or serial boot programming mode. If connected to Vss,
operation after reset will employ single-chip user mode. If
connected to Vcc, reset will cause entry into boot mode.

RESET

Reset input

Input

A "L" on this input resets the microcomputer.

IVce

Power supply

The user must leave this pin unconnected.

XN

Xout

Clock input

Clock output

Input

Output

These pins are provided for the main clock generating

circuit. Connect a ceramic resonator or crystal between the Xin
and the Xout pins. To use an externally-derived clock, input it to
the Xin pin and leave the Xout pin open.

AVcc

Analog power
supply input

This pin is a power supply input for the A-D converter. Connect
this pin to Vcc.

AVss

Analog power
supply input

This pin is a power supply input for the A-D converter. Connect
this pin to Vss.

VREF

Reference
voltage input

Input

This pin is a reference voltage input for the A-D converter.

P1sto P17

I/O port P1

Input/output

This is a 3-bit I/0O port. When used for input pin, the port can be
set to have or not have a pull-up resistor by software. P15 to P17
also function as the input pins for external interrupts INT3 to INTs
as selected by software. Additionally, P15 can be configured to act
as the A/D trigger source (ADTRa).

P6o to P67

I/O port P6

Input/output

This is an 8-bit 1/0 port. When used for input pin, the port can be
set to have or not have a pull-up resistor in units of four bits by
software. Pins in this port also function as UARTO and UART1 1/O
pins as selected by software.

P70 to P77

I/O port P7

Input/output

This is an 8-bit 1/0 port. When used for input pin, the port can be
set to have or not have a pull-up resistor in units of four bits by
software (P70 to P71 are N channel open-drain outputs). Pins in
this port also function as timer A0-A3 1/O, UART2 I/O pins, or 3-
phase PWM V/W outputs as selected by software.

P8o to P8s,
P8s to P87

I/O port P8

Input/output

This is a 7-bit I/O port. When used for input pin, the port can be
set to have or not have a pull-up resistor in units of four bits by
software. Using software, they can be made to function as the I/O
pins for timer A4, the input pins for external interrupts INTO, INT1,
NMI, or 3-phase PWM U outputs and 3-phase PWM shutdown
input. P8s to P87 can be set using software to function as the

I/0 pins for a sub clock generation circuit. In this case, connect a
quartz oscillator between P86 (Xcout pin) and P87 (XciN pin).

P9o to P93

I/0 port P9

Input/output

This is a 4-bit /0 port. When used for input pin, the port can be
set to have or not have a pull-up resistor in units of four bits by
software. Pins in this port also function as Timer B0O-B2 input pins
as selected by software.

P100 to P10~

I/0 port P10

Input/output

This is an 8-bit I/O port. When used for input pin, the port can be
set to have or not have a pull-up resistor in units of four bits by
software Pins in this port also function as A-D converter input pins
as selected by software. Furthermore, P104-P107 also function as
input pins for the key input interrupt function pins as selected by
software.

Table 1.3. Pin Descriptions
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Memory M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Functional Block Operation

The M16C/26 group accommodates certain units in a single chip. These units include ROM and
RAM to store instructions and data and the central processing unit (CPU) to execute arithmetic/
logic operations. Also included are peripheral units such as timers, serial I/0, A-D converter, and
I/O ports.

Memory

Figure 1.4.1 is a memory map of the M16C/26 group. The linear address space of 1M bytes extends
from address 0000016 to FFFFF16. From FFFFF16 down is ROM. For example, in the M30262F4, there
is 32K bytes of internal ROM from F800016 to FFFFF16. The vector table for fixed interrupts such as the
reset and NMI are mapped to FFFDC16 to FFFFF16. The starting address of the interrupt routine is
stored here. The address of the vector table for timer interrupts, etc., can be set as desired using the
internal register (INTB). See the section on interrupts for details.

From 0040016 up is RAM. For example, in the M30262F4, 1K bytes of internal RAM is mapped to the
space from 0040016 to 07FF16. In addition to storing data, the RAM also stores the stack used when
calling subroutines and when interrupts are generated.

These devices also contain two blocks of Flash ROM as Virtual EEPROM memory to store data. These
2 blocks of 2K bytes are located from 0F00016 to OFFFF16 on all versions.

The SFR area is mapped from 0000016 to 003FF16. This area accommodates the control registers for
peripheral devices such as I/O ports, A-D converter, serial /0, and timers, etc. Any part of the SFR
area that is not occupied is reserved and cannot be used for other purposes.

00000, Type No. Address XXXXX,, Address YYYYY
M30262F3GP 007FF,¢ FA000,,
SFR area M30262F4GP 007FF,, F8000,,
M30262F6G P 00BFF,, F4000,,
M30262F8GP 00BFF,, F0000,,
00400,
Internal RAM area
/FFEO0,
XXXXX
Special Page
RESERVED Vector Table
0F000; Virtual EEPROM
OF800,4 Virtual EEPROM FFFDC,¢ E  Undefined Instruction )
10000, E Overflow .
F Break Instruction -
RESERVED
F Address Match B
C - - Hardware
= Single Step = Vectors
YYYYY o F Watchdog Timer .
- DBC E
Flash ROM - _
- NMI =
E Reset -
FFFFF,, FFFFF,, 4

Figure 1.4.1. Memory map
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CPU M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Figure 1.4.2. Seven of these registers (R0, R1, R2, R3, A0,
A1, and FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 b0
RO(Note) | H | L |-|
II I | I T |
b15 b8 b7 b0 b19 b0
R (Note) | H | L ” PC | | Program counter
II I | I I I | [N I A v v |
Data
registers
b15 b0 b19 b0
R2(Note) | |-| INTB| H | L | Interrupt table
II 1 I I I | 111 I I A v | register
b15 b0 b15 b0
R3(Note) | USP| | User stack pointer
II 1 T I O I I Y I O |
b15 b0 b15 b0
AO(Note) | ISP | | Interrupt stack
I||||||||||||||||-| L1111 11l pointer
Address
b15 b0 registers b15 b0 Static b
A1 (Note) SB tatic base
||||||||||||||||||-| |IIIIIIIIIIIIIII|register
b15 bo b15 b0
FB(Note) Frame base FLG i
|,""'|||||llllln registers ’||||||||||||||||IFl‘r’lgreglsn':'r
’/’ 1
’,’ 1
| IPL |u[ 1]o]B[s|z]D]c]|
[ L1
Note: These reqisters consist of two reqister banks.

Figure 1.4.2. Central processing unit register

(1) Data registers (R0, ROH, ROL, R1, R1H, R1L, R2, and R3)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.
Registers RO and R1 can each be used as dual 8-bit data registers. As such, their high-order bytes are
designated ROH/R1H, while their low-order bytes become ROL/R1L, respectively. In some instructions,
registers R2 and RO, as well as R3 and R1, can be combined to serve as 32-bit data registers (R2R0/R3R1).

(2) Address registers (A0 and A1)

Address registers (A0 and A1) consist of 16 bits each. Individually, they can be used for three types of
register-based addressing: register direct, address register indirect, and address register relative. They
are also used for transfer and arithmetic/logic operations, as well as three special instruction addressing
modes: address register relative with 20-bit displacement, 32-bit address register indirect, and 32-bit
register direct. These last two modes combine A0 and A1 for use as a single 32-bit register (A1A0).

RENESAS 9
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CPU M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(3) Frame base register (FB)
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.
(4) Program counter (PC)

Program counter (PC) is configured with 20 bits, indicating the address of an instruction to be executed.
(5) Interrupt table register (INTB)

Interrupt table register (INTB) is configured with 20 bits, indicating the start address of an interrupt vector
table.

(6) Stack pointer (USP/ISP)
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config-
ured with 16 bits.
Your desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag).
This flag is located at the position of bit 7 in the flag register (FLG).

(7) Static base register (SB)
Static base register (SB) is configured with 16 bits, and is used for SB relative addressing.
(8) Flag register (FLG)

Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.4.3 shows the flag
register (FLG). The following explains the function of each flag:

e Bit 0: Carry flag (C flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.

e Bit 1: Debug flag (D flag)
This flag enables a single-step interrupt.
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is
cleared to “0” when the interrupt is acknowledged.

e Bit 2: Zero flag (Z flag)
This flag is set to “1” when an arithmetic operation resulted in O; otherwise, cleared to “0”.

* Bit 3: Sign flag (S flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to “0”.

* Bit 4: Register bank select flag (B flag)
This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank 1 is
selected when this flag is “1”.

e Bit 5: Overflow flag (O flag)
This flag is set to “1” when an arithmetic operation resulted in overflow.

e Bit 6: Interrupt enable flag (I flag)
This flag enables a maskable interrupt.
An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared
to “0” when the interrupt is acknowledged.

e Bit 7: Stack pointer select flag (U flag)
Interrupt stack pointer (ISP) is selected when this flag is “0” ; user stack pointer (USP) is selected
when this flag is “1”.
This flag is cleared to “0” when a hardware interrupt is acknowledged or an INT instruction of software
interrupt Nos. 0 to 31 is executed.

. RENESAS
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CPU M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

¢ Bits 8 to 11: Reserved area

e Bits 12 to 14: Processor interrupt priority level (IPL)
Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight
processor interrupt priority levels from level 0 to level 7.
If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt
is enabled.

¢ Bit 15: Reserved area

The C, Z, S, and O flags are changed when instructions are executed. See the software manual for

details.
b15 b0
IIF‘LI | . |Ylt|ofBls]|Z|b|C Flag register (FLG)
L Carry flag
L 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

Reserved area

Figure 1.4.3. Flag register (FLG)
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Reset M16C/26 Group
ese SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Reset

There are two types of reset: a hardware reset and a software reset (See “Software Reset” for details on
software resets.)

Hardware reset
There are two kinds of hardware reset: hardware reset 1 and hardware reset 2.

12

Hardware reset 1

A reset is applied using the RESET pin. When a low-level signal (“L”) is applied to the RESET pin,
while the power supply voltage is within the recommended operating voltage, the pins are initialized
(see Table 1.5.1). When the input level of the RESET pin is released from low to high, the CPU and
SFR are initialized. The program is executed starting from the address indicated by the reset vector.
The internal RAM is not initialized. If the RESET pin is pulled low while writing to the internal RAM, the
internal RAM becomes indeterminate.
Figure 1.5.1 shows an example of the reset circuit. Table 1.5.1 shows the status of the other pins while
the RESET pin is “L”. Figure 1.5.2 shows the reset sequence. Figure 1.5.3 shows the status of the
CPU registers. Refer to the SFR section on the status of SFR registers after reset.
1. When the power supply is stable (warm start)

(1) Apply a low-level signal to the RESET pin

(2) Supply at least 20 clock cycles to the XIN pin

(3) Apply a high-level signal to the RESET pin
2. Power on (cold start)

(1) Apply a low-level signal to the RESET pin

(2) Turn on or increase the power supply voltage until it meets the recommended operation

voltage.

(3) Wait at least 2ms for the power supply to stabilize

(4) Supply at least 20 clock cycles to the XIN pin

(5) Apply a high-level signal to the RESET pin

Hardware reset 2

This reset is generated by the microcomputer's internal voltage detection circuit. The voltage detec-
tion circuit monitors the voltage supplied to the Vcc pin. A reset is generated when the Vcc input
voltage drops to VDET3 or less while VCR2 register's VC26 bit is equal to “1” (VDET3 detection circuit
enabled). When the input voltage increases so it is greater than VDET3, the CPU, SFR, and pins are
initialized, and the program is executed starting from the address indicated by the reset vector. After
VDET3 is detected, it takes about 2ms before the program is executed. The status of the pins and
registers after the reset is similar to that of hardware reset 1.

Take note, however, that the value of VC26 has no effect in stop mode. Therefore, a reset is not
applied even if the Vcc input voltage drops to VDET3 or lower.

RENESAS
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Software reset

When the PMO register's PMO03 bit is set “1” (microcomputer reset), the CPU, SFR, and pins of the
microcomputer are initialized similar to a hardware reset. After reset, the program is executed starting

from the address indicated by the reset vector.

Figure 1.5.2 shows the reset sequence and Figure 1.5.3 shows the status of the CPU registers after

reset.

Recommended ! 4
operating
vee voltage

ov -
RESET _ Vec .

j- RESET Equalto orless |

than 0.2Vce

Equalto or less
than 0.2Vce

—» i4— More than 20 cycles of XIN +2 ms are
needed.

Figure 1.5.1. Example reset circuit

More than = More than
2ms are 20 cycles
needed are needed

Single chip
mode

RESET

BCLK

FFFFCie Content of reset vector

Address { | FFFFEss )

Figure 1.5.2. Reset sequence

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.5.1. Pin status at RESET for User / Boot operating modes

_ Status
Pin name
User Mode (CNVSs = Vss) Boot Mode (CNVss = Vce)
P1i5to P17 Input port (high impedance) Data input (high impedance)
P60 to P63 Input port (high impedance) Data input (high impedance)
P64 Input port (high impedance) BUSY output
P65 Input port (high impedance) SCLK input
P66 Input port (high impedance) RXD input
P67 Input port (high impedance) TXD output
P7 Input port (high impedance) Data input (high impedance)

P8o to P83, P85

Input port (high impedance)

Data input (high impedance)

P86

Input port (high impedance)

CE input

P87

Input port (high impedance)

Data input (high impedance)

P9o to P93, P10

Input port (high impedance)

Data input (high impedance)

b19

b0

000016

Data register(RO0)

000016

Data register(R1)

000016

Data register(R2)

000016

Data register(R3)

000016

Address register(A0)

000016

(
Address register(A1)

000016

b0

0000016

Content of addresses FFFFE16 to FFFFC16

Program counter(PC)

b15

b0

000016

000016

000016

b0

Flag register(FLG)

OB S Z DZC

Figure 1.5.3. CPU register status after reset
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Interrupt table register(INTB)

User stack pointer(USP)

Interrupt stack pointer(ISP)
Static base register(SB)
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Reset

Voltage detection circuit

The voltage detection circuit has monitoring circuits to check the input voltage of the Vcc pin. These
circuits monitor the the input voltage at VDET3 and VDET4. Bits VC26 and VC27 of VCR2 register are

09«\8“\ Preliminary Specifications Rev. 0.9
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used to enable/disable these monitoring circuits.

The VDET3 monitoring circuit is used for detecting the minimum VCC that guarantees proper chip

operation.

The VDET4 monitoring circuit can be set to detect whether the input voltage is equal to and greater or
less than VDET4 depending on the value of VC13 bit of the VCR1 register. In addition, the VDET4

monitoring circuit, if enabled, can generate an interrupt.

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Write to WDC register —

VCR2 register
EsET O ofvrfos] [ | [ [ ]]

CM10 bit = 1
(stop mode)

__D’:D

WDCS5 bit

s Q

|Internal power on reset I—Lr—\_ _
O R

+—» WARM/COLD
(warm or cold start)

> VDET3

Internal power

f 1 shot

o

supply voltage
stable time

td(S-R)

vee O

Internal reset
("L" active)

—) VDET4 detect signal
VCRH1 register

VC13 bit
Figure 1.5.4. Reset circuit block
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After reset
| . | 0| . | . | . | . | ‘ | . | WDC 000F16  00?XXXXX2(Note1)
Bit symbol Bit name | Function RW
ol High-order bit of watchdog timer RO
Cold start/ warm start 0: Cold start
Vo T WG iscrimination flag (Note 2){ 1 : Warm start RW
PoTrrmmeeeeeeeeeeeeend —  |Reserved bit Setto 0 RW
L WDC7 Prescaler select bit 0: Divided by 16 AW
1 Divided by 128

Note 1: The WDCS bit is set to 0 immediately after power-on (cold start).
Note 2: The WDCS bit will always be set to a 1 whenever the WDC SFR is written (regardless of value of WDC5 bit).

Figure 1.5.5. WDC register
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. _____________________________________________________________________________________________________________________________________________|

Power supply detection register 1

b7 D6 bS b4 b3 b2 b1 b0 Symbol Address After reset

[0[oJo]o| [o[o]o] vcRt 001916 000010002
Bit symbol Bit name F unction RW
oo e — Reserved bit Set to “0” RW
e vei3 VDET4 power supply 0: Vcc < VDET4 RO
H : monitor flag (Note) 1:Vce > VDET4
: : — Reserved bit Set to “0” RW

Note: The VC13 bit is useful when the VCR2 register's VC27 bit = 1 (VDET4 detection circuit enabled).
The VC13 bit is always 1 (Vcc > VDET4) when the VCR2 register's VC27 bit = 0 (VDET4 detection circuit disabled).

Power supply detection register 2 (Note 1)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset
| | |o|o|o|o|o|o| VCR2 001A16 0016

Bit symbol Bit name Function RW
e Reserved bit Set to “0” RW
VC26 Power supply VoeTs monitor | 0: Disables detection circuit RW

bit 1: Enables detection circuit
vea7 Power supply VDbeT4 monitor | 0: Disables detection circuit RW

bit (Note 2) 1: Enables detection circuit

Note 1: Write to this register after the PRCR register's PRC3 bit is set to “1” (write enabled).
Note 2: To use the VCR1 register's VC13 bit or D4INT register’'s D42 bit, set the VC27 bit to “1” (VDET4 detection circuit enabled).

Power supply VDET4 detection register (Note 1)

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset
DX [ [ [ | || oawr 001F16 0016
Bit symbol Bit name Function RW
D40 VDET4 detection interrupt 0: Disable RW
enable bit. 1: Enable
D41 STOP mode deactivation 0: Disable (do not use the VDET4
control bit detection interrupt to get out
(Note 4) of stop mode)
1: Enable (use the VDET4 RwW
detection interrupt to get out
of stop mode)
D42 VDET4 up/down detection flag | 0: Not detected (F'g\(/)\tle
(Note 2) 1: VDET4 up/down detected 3)
D43 WDT overflow detected 0: Not detected (Fh%l\é\tle
flag 1: Detected 3)
; b5b4
DFO Sietlmpllng clock select 00 : BCLK divided by 8 RW
01 : BCLK divided by 16
DF1 10 : BCLK divided by 32
11 : BCLK divided by 64 RwW
- Nothing is assigned. In an attempt to write to these bits, write _
(b7-b6) “0”. The value, if read, turns out to be “0”.

Note 1: Write to this register after the PRCR register's PRC3 bit is set to “1” (write enabled).

Note 2: Useful when the VCR2 register's VC27 bit = 1 (VDET4 detection circuit enabled). If the VC27 bit is cleared
to 0 (VDET4 detection circuit disabled), the D42 bit is set to 0 (Not detected).

Note 3: This bit is cleared to “0” by writing a “0” in a program. (Writing a “1” has no effect.)

Note 4: If the VDET4 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.

Figure 1.5.6. VCR1, VCR2, and D4INT registers
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Typical operation of hardware reset 2 (Note)
5.0V 5.0V
VDET4
VDET3r
vce VDET3
VDET3s
Vss

RESET

Internal reset signal

!
1
1
1
|
|
!
}
1
1
!
|
!
!
1
|
| 1
Il

VC13 bit undefined / l

> Set to “1” in a program (reset level detection circuit enable)

VC26 bit undefined \

Set to “1” in a program
(power supply down detection circuit enable)

VC27 bit undefined | |

Note: Please refer to "Electrical Characteristics" section, Table 1.18.6, for values of VDET4, VDETS3,
VDET3s, and VDET3r.

Figure 1.5.7. Typical operation of hardware reset 2
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M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Voltage detection circuit
A VDET4 detection interrupt request is generated when the input voltage of the VCC pin rises over
VDET4 or drops under VDET4 while the D40 bit of the D4INT register is equal to “1” (VDET4 detection
interrupt enabled). The VDET4 detection interrupt shares the interrupt vector with the watchdog
timer and oscillation stop detection interrupts.
To use the VDET4 detection interrupt as a way to get out of stop mode, set D41 bit of the D4INT
register to “1” (enabled) prior to going into stop mode.
D42 bit of the the D4INT register is set to “1” when an input voltage over or under VDET4 is de-
tected. A VDET4 detection interrupt is generated when the D42 bit changes state from “0” to “1”.
The D42 bit needs to be cleared to “0" in the program. However, while in stop mode, if the input
voltage goes over VDET4 when the D41 bit is equal to “1”, a VDET4 detection interrupt is generated
regardless of the value of D42, which causes the microcomputer to get out of stop mode.
Table 1.5.2 shows the conditions under which a VDET4 detection interrupt request is generated.
The sampling clock, used for detecting when the input voltage goes over or under VDET4, is set
using the DF1 and DFO bits of the D4INT register. Table 1.5.3 shows the sampling clock periods.

Table 1.5.2. VDET4 detection interrupt request generation conditions

operation mode | VC27 bit D40 bit D41 bit D42 bit CMO2 bit VC13 bit
Normal 0 to 1 (Note 3)
operation e Oto1 E—
mode (Note 1) (Note 2) 1 to O (Note 3)
Wait mode 0 to 1 (Note 3)
(Note 4) 1 1 Oto1 (0]

— 1 to O (Note 3)
Stop mode
(Note 4) E— 1 Oto1

1 e (0] Oto1

Note 1: The status is handled as normal mode when not in wait or stop modes. (Refer to "Clock
Generating Circuit".)

Note 2: "—" implies either "0" or "1".

Note 3: An interrupt request for voltage reduction is generated a sampling time after the value of

Note 4:

the VC13 bit has changed. Refer to Figure 1.5.9 "VDET4 detection interrupt generation circuit
operation example" for details.

Refer to "Limitations on stop mode", "Limitations on wait instructions with peripheral clocks
turned off".

Table 1.5.3. Sampling clock periods
BOLK Sampling time (ps)
(MHz) | DF1 to DF0=00 DF1 to DF0=01 DF1 to DF0=10 DF1 to DFO=11

(BCLK divided by 8)

(BCLK divided by 16)

(BCLK divided by 32)

(BCLK divided by 64)

16 3.0

6.0

12.0

24.0

Precautions

1. Limitations on stop mode

With the VC13 bit of the VCR1 register equal to “1” (Vcc > VDET4), VC27 bit of the VCR2 register
equal to “1” (VDET4 detection circuit enabled), and D40 bit of the D4INT register equal to “1” (VDET4
detection interrupt enabled), if the CM10 bit of the CM1 register is set to “1” (stop mode), a VDET4
detection interrupt is immediately generated, causing the microcomputer to get out of stop mode.
In systems where the microcomputer enters the stop mode when the input voltage in the Vcc pin
drops under VDET4 and exits from stop mode when the input voltage goes over VDET4, ensure that
the CM10 bit is set to “1” when VC13 = “0” (VCC < VDET4)

RENESAS
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2. Limitations on wait instructions with peripheral clocks turned off
If the WAIT instruction is executed when bit VC13 of the VCR1 register is equal to “1” (Vcc >
VDET4), bit VC27 of the VCR2 register is equal to “1” (VDET4 detection circuit enabled), and bit D40
of the D4INT register is equal to “1” (VDET4 detection interrupt enabled), a VDET4 detection interrupt
is immediately generated, causing the microcomputer to exit from wait mode.
In systems where the microcomputer enters wait mode when the input voltage in the Vcc pin drops
under VDET4 and exits from wait mode when the input voltage goes over VDET4, ensure that the
WAIT instruction is executed when VC13 = “0” (VCC < VDET4).
VDET4 detect circuit VDET4 detect interrupt generation circuit
DF1, DFO
R st o,
veer o CT] e
—o0 disabled), the D42 bit is set to
0.
; ‘; D42 watchdog
vee Noise | Noise rejection Digital timerinterrupl
VREF refection [ |\0e7a detdat | circui filter signal
(Rejection wide:200 ns) signal
H when VC27 VDET4 detect
bit= 0 (disabled) D41 interrupt signal Non-maskable
interrupt signal
Oscillation stop
detection
oMoz { interrupt signal
WAIT instruction(wait mode) ]
Watchdog timer block D43
;\’:I D40 —
Watchdog timer
overflow signal This bit is cleared to 0 (not detected) by writinga 0 in a program.

Figure 1.5.8. VDET4 detection interrupt generation block

vee \ / \ /
VC13 bit |
|
| —l | I<—>
sampling | sampling | I sampling | l sampling
| |

|

|

| No VDET4 detection interrudt signals are generated
| ‘/ when the D42 bitis H. |

]

I
I
I
|
| |

Output of the digital filter (Note 2)

VDET4 detect interrupt signal
(Note 1)

D42 bit |
| | X X
| | Setto 0 ina Setto 0 inaI
program (not program (not |
I I detected) detected) |
| |
|
|

| .
| |

U I I
| | | |

Note 1: D40 is 1 (VDET4 detect interrupt enabled)
Note 2 : Output of the digital filter shown in Figure 1.5.8.

Figure 1.5.9. VDET4 detection interrupt generation circuit operation example
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Special Function Registers

Special Function Registers
Figures 1.6.1 through 1.6.5 display special function register (SFR) names, addresses, acronyms, and

20

reset values.

M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address
0000,

Register Name

Processor mode register O

Processor mode register 1

System clock control register 0

System clock control register 1

Address match interrupt enable register

Protect register

Oscillation stop detection register

Watchdog timer start register

Watchdog timer control register

Address match interrupt register 0 (low)

Address match interrupt register 0 (mid)

Address match interrupt register 0 (high)

Address match interrupt register 1 (low)

Address match interrupt register 1 (mid)

Address match interrupt register 1 (high)

Power supply detection register 1

Power supply detection register 2

Processor mode register 2

Power supply 4 V detection register

DMAO source pointer (low)

DMAO source pointer (mid)

DMAO source pointer (high)

DMAO destination pointer (low)

DMAOQ destination pointer (mid)

DMAOQ destination pointer (high)

DMAO transfer counter (low)

DMAOQ transfer counter (high)

DMAO control register

DMAT1 source pointer (low)

DMAT1 source pointer (mid)

DMAT1 source pointer (high)

DMAT1 destination pointer (low)

DMAT1 destination pointer (mid)

DMAT1 destination pointer (high)

DMAT1 transfer counter (low)

DMAT transfer counter (high)

DMAT1 control register

Reserved address, do not write
Value indeterminate at reset

reset value is zero

reset value is one

reserved bit, must write to zero
reserved bit, must write to one
Nothing is mapped to this bit
(value is indeterminate when read)

= O| = OV

Acronym

PMO
PM1
CMO
CM1

AIER
PRCR

CcMm2

WDTS
WDC
RMADO

RMAD1

VCR1
VCR2

PM2
D4INT
SARO

DARO

TCRO

DMOCON

SAR1

DAR1

TCR1

DM1CON

Value after Reset

0[o[o[0[0]0]0]0
0|0[o[0[T[0[0]0
0l1[0[0[1[0]0]0
0lo[1[0]0[0]0/0
[T T ] T]ofo
[ I"ofolo]o]0

oJoJoJoJo[o[o]0

?

o[o[?2[2[?[?12]?

168

00,,,
[[T"T"]ofo]o]o

00,,,

00,,,
[ T [ Tofofo]o

CTTI?1?1701?

?

?

CTI?1?171?

?

?

oJoJoJo]o]?]0]0

?

?

CTI?1?171?

?

?

CTI?1?[71?

?

?

oJoJoJo]o]?]0]0

Figure 1.6.1. Location of peripheral unit control registers (1)
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Special Function Registers

M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address

Register Name

0040,

0041,

0042,

0043,

0044,

INT3 interrupt control register

0045,

0046,

0047,

0048,

INT5 interrupt control register

0049,

INT4 interrupt control register

004A,,

Bus collision detection interrupt control register

DMAQ interrupt control register

DMAT1 interrupt control register

Key input interrupt control register

A-D conversion interrupt control register

UART2 transmit interrupt control register

UART2 receive interrupt control register

UARTO transmit interrupt control register

UARTO receive interrupt control register

UART1 transmit interrupt control register

UART1 receive interrupt control register

Timer AO interrupt control register

Timer A1 interrupt control register

Timer A2 interrupt control register

Timer A3 interrupt control register

Timer A4 interrupt control register

Timer BO interrupt control register

Timer B1 interrupt control register

Timer B2 interrupt control register

INTO interrupt control register

INT1 interrupt control register

Flash Control Register 4

Flash Control Register 1

Flash Control Register 0

Acronym

INT3IC

INT5IC
INT4IC
BCNIC
DMoIC
DM1IC
KUPIC
ADIC
S2TIC
S2RIC
SOTIC
SORIC
S1TIC
S1RIC
TAOIC
TA1IC
TA2IC
TA3IC
TA4IC
TBOIC
TB1IC
TB2IC
INTOIC
INT1IC

FMR4
FMR1

FMRO

Peripheral Clock Select Register

PLCKR

Reserved address, do not write
Value indeterminate at reset
reset value is zero

reset value is one

reserved bit, must write to zero
reserved bit, must write to one

= O|—= O~

Nothing is mapped to this bit
(value is indeterminate when read)

Value after Reset

["[o]o[?]o[o]0

ESIESIENIENIENIESIESIENIBNIBNIBNIENIENIES RS IENENIENESIEN RS RN EN]
O|O|O|O0O|O0O|0O|0O|0O|0|0|0|0|0|0|0|0|0|0|0|0|O|o|o
O|O|O|O|0O|0O|0O|0O|0|0|0|0|0|0|0|0|0|0|0|0|O|o|o
O|O|0O|O|O|0O|0O|0O|0O|0|0|0|0|0|0|0|0|0|0|0|Oo|o|o

0]1]o]o]ofo]o]o0

0 0/0/1]0]|1

oJoJoJoJo[o]o]1

ojofofofo[o]1]1

Figure 1.6.2. Location of peripheral unit control registers (2)
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Special Function Registers SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
- - -~ - - - - --- - -]
Address Register Name Acronym  Value after Reset
0340,
0341,
0342, |Timer A1-1 register (low) TA11 ?
0343, ;| Timer A1-1 register (high) ?
0344, |Timer A2-1 register (low) TA21 ?
0345, |Timer A2-1 register (high) ?
0346, Timer A4-1 register (low) TA41 ?
0347, |Timer A4-1 register (high) ?
0348, | Three-phase PWM control register 0 INVCO oJoJo[o[o[o]0]O
0349, | Three-phase PWM control register 1 INVCA oj/ojo[o[o[o]0|0
034A, | Three-phase output buffer register 0 IDBO o/ojojojoj0]0[0
034B, | Three-phase output buffer register 1 IDB1 0/o/o/o[o[o]o0]0
034C,|Dead time timer DTT ?
034D, Timer B2 interrupt occurrences frequency set counter |ICTB2 2[?2[2[?[?]?[?]?
034E,,
034F,,
0350,
0351,
0352,
0353,
0354,
0355,
0356,
0357,
0358,
0359,
035A,,
035B,,
035C,
035D,
035E,,
035F[Interrupt request cause select register IFSR oJo[oJoJo[0]0]0
0360,
0361,
0362,
0363,
0364,
0365,
0366,
0367,
0368,
0369,
036A,,
036B,,
036C,,
036D,
036E,,
036F,,
0370,
0371,
0372,
0373,
0374,,|UART2 special mode register 4 U2SMR4 |0/0/0/0]0|0/0|0
0375,,UART2 special mode register 3 U2SMR3 |0/0|0] 0| |0
0376,,|UART2 special mode register 2 U2SMR2 0/0/0]|0|0|0|0
0377,,|UART2 special mode register U2SMR 0/0/0/0|0/0]0
0378,,|UART2 transmit/receive mode register U2MR 0/0j0j0]0j0]0]0
0379,,|UART2 bit rate generator U2BRG ?
037A,|UART2 transmit buffer register (low) u2TB ?
037B,|UART2 transmit buffer register (high) ?
037C,,|JUART2 transmit/receive control register O u2co 0/0[0j0|1]|0/0]0
037D,,|UART2 transmit/receive control register 1 u2C1 0/0/0]/0|0|0|1]|0O
037E,,|UART2 receive buffer register (low) U2RB ?
037F,,|UART2 receive buffer register (high) 2?1222 1 12
Reserved address, do not write
? | Value indeterminate at reset
0 | reset value is zero
1 | reset value is one
0 | reserved bit, must write to zero
1 | reserved bit, must write to one
Nothing is mapped to this bit
(value is indeterminate when read)

Figure 1.6.3. Location of peripheral unit control registers (3)
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Special Function Registers SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
- - -~ - - - - --- - -]
Address Register Name Acronym  Value after Reset
0380, ;|Count start flag TABSR 0|0/0]0|0|0|0]0
0381,,|Clock prescaler reset flag CPSRF 0] |
0382,,|One-shot start flag ONSF 0/0/0/0/0/0]0]0
0383, 4| Trigger select register TRGSR 0/0|0|0|0|0|0]|0
0384, /Up/down flag UDF o[ojojojo|0|0]0O
0385,
0386, Timer AQ register (low) TAO ?
0387, Timer AQ register (high) ?
0388, Timer A1 register (low) TA1 ?
0389, Timer A1 register (high) ?
038A, | Timer A2 register (low) TA2 ?
038B, ;| Timer A2 register (high) ?
038C,; Timer A3 register (low) TA3 ?
038D, Timer A3 register (high) ?
038E, ;| Timer A4 register (low) TA4 ?
038F | Timer A4 register (high) ?
0390, Timer BO register (low) TBO ?
0391, Timer BO register (high) ?
0392, | Timer B1 register (low) TB1 ?
0393, Timer B1 register (high) ?
0394, Timer B2 register (low) TB2 ?
0395, ;| Timer B2 register (high) ?
0396, Timer AO mode register TAOMR 0[0j0j0]|0|0|0]0
0397,|Timer A1 mode register TATMR 0/0/0/0|0|0|0]0
0398, Timer A2 mode register TA2MR 0|0/0]0|0|0|0]0
0399,|Timer A3 mode register TASMR 0/0/0|0|0|0|0]|0O
039A ;Timer A4 mode register TA4MR 0/0/0/0|0|0|0]0
039B,4|Timer BO mode register TBOMR 0|0/?|?]0|0|0]0
039C,; Timer B1 mode register TB1MR 0/0[?| |0]|0[0|0O
039D, Timer B2 mode register TB2MR 0[0/?] |0/0|0]0
039E, | Timer B2 special mode register TB2SC 0|0
039F
OSAOiZ UARTO transmit/receive mode register UOMR 0/oJoJo[o]o]o]0
03A1,,|UARTO bit rate generator UOBRG ?
03A2,,|UARTO transmit buffer register (low) uoTB ?
03A3,,|UARTO transmit buffer register (high) ?
03A4,,|UARTO transmit/receive control register 0 uoco 0/0]0]|0|1|0]0]|0
03A5,,|UARTO transmit/receive control register 1 uoCt 0/0/0|0|0[0|1]0
03A6,,|UARTO receive buffer register (low) UORB 7
03A7,,|UARTO receive buffer register (high) 21?1?22 [ ]?
03A8,,|[UART1 transmit/receive mode register U1IMR lo/olofo]o]0]0
03A9,,|UART1 bit rate generaT1r U1BRG ?
03AA,|UART1 transmit buffer register (low) uiTB ?
03AB,|UART1 transmit buffer register (high) ?
03AC,|JUART1 transmit/receive control register O ui1co 0[0/0]0]|1|0|0]0
03AD,|UART1 transmit/receive control register 1 uiC1 0/0/0|0|0|0]1]0
03AE,|UART1 receive buffer register (low) U1RB ?
03AF,|UARTT receive buffer register (high) 21?21?2]?[?][ [ [?
03B0,,|UART transmit/receive control register 2 UCON [ojo]o[o]o0]0]0
03B1,,
03B2,,
03B3,,
03B4,,
03B5,,
03B6,
03B7,,
03B8,,|DMAO request cause select register DMOSL o/o] | JoJoJo]o
03B9
OSBAlz DMAT1 request cause select register DM1SL o][o[ [ JoJoJo]o
03BB,,
03BC,
03BD,
03BE
03BF
Reserved address, do not write
? | Value indeterminate at reset
0 | reset value is zero
1 | reset value is one
0 | reserved bit, must write to zero
1 | reserved bit, must write to one
Nothing is mapped to this bit
(value is indeterminate when read)

Figure 1.6.4. Location of peripheral unit control registers (4)
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Special Function Registers SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address Register Name Acronym  Value after Reset
03C0,|A-D register 0 (low) ADO ?
03CH1,,/A-D register 0 (high) [T 11
03C2,|A-D register 1 (low) AD1 ?
03C3,,/A-D register 1 (high) [ T 11
03C4,,|A-D register 2 (low) AD2 ?
03C5,,|A-D register 2 (high) [ T 11
03C6,|A-D register 3 (low) AD3 ?
03C7,,|A-D register 3 (high) [T 11

03C8,5|A-D register 4 (low) AD4 ?

’
[
>
\
>
\

1?17

1?1?

1?1?

K

03C9,,|A-D register 4 (high) [ 11
03CA;|A-D register 5 (low) AD5
03CB,, |A-D register 5 (high) [ 11
03CC,¢|A-D register 6 (low) AD6
03CD,|A-D register 6 (high) [ 1]
03CE,;|A-D register 7 (low) AD7
03CF,;|A-D register 7 (high) [ ]
03D0,,
03D1,,
03D2

K

K

[1?1?

1717

A-D control register 2 ADCON2 |o0]o]o]ofofo[0]0

03D6,,|/A-D control register 0 ADCONO |0]0|0|0]0|?|?]?
A-D control register 1 ADCON1 |0]|0|0]0|0|0|0]O

Port P1 register P1 ?[?]?]oJoJo]o]o

Port P1 direction register PD1 oJoJofoJo]o]o]o

03EC,;|Port P6 register P6
03ED,;|Port P7 register P7
Port P6 direction register PD6
Port P7 direction register PD7
Port P8 register P8

Port P9 register P9

03F2,,|Port P8 direction register PD8
Port P9 direction register PD9
Port P10 register P10

WO | OO O|O| |
VO OO~ O|O| )
O OO |~ O|O| )
VOO0 IO OO~
OO OO V)|
N OO OO |V
OO O|O| ||
N[O OO O |~

Port P10 direction register PD10 ojoJofo[o]o]o]0

Pull-up control register 0 PURO
Pull-up control register 1 PUR1
Pull-up control register 2 PUR2
Port control register PCR

o|o|o|o
oO|Oo|o|o
o|o|o|o

o000
o|o|lo|o
[ellellelle]

o|o|o|o
o|O|o|o

Reserved address, do not write
Value indeterminate at reset

reset value is zero

reset value is one

reserved bit, must write to zero
reserved bit, must write to one
Nothing is mapped to this bit
(value is indeterminate when read)

—|o|=|o|v

Figure 1.6.5. Location of peripheral unit control registers (5)
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Processor Mode M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Processor Mode
This device functions in single-chip mode only. In single-chip mode, only internal memory space (SFR,
internal RAM, and internal ROM) can be accessed. Ports P1_5to P1_7, P6, P7, P8, P9_0to P9_3 and P10
can be used as programmable 1/O ports or as 1/O ports for the internal peripheral functions. Figure 1.7.1
shows the processor mode registers 0 and 1. Figure 1.7.2 shows the processor mode register 2.

Processor mode register 0 (Note)
b7 b6 b5 b4 b3 b2 bi bo Symbol Address When reset
PMO 000416 0016
Lofofo]o] Jofo]o]
toro o [ Bitsymbol Bit name Function RIW,
E E E E E el Reserved Bit Must always be set to "0". ©) 3 O
R A PM03 Software reset bit The device is reset when this bit is set 3
e to 1. The value of this bitis 0 when ~ |O:1O
oo read. !
S S Reserved Bit Must always be set to "0". OEO
Note: Set bit 1 of the protect register (address 000A16) to 1 when writing new
values to this register.
Processor mode register 1 (Note 1)
b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
| |o | 0| 0| 1 | |o| | PM1 000516 000010002
R S R S =T symbol Bit name Function R W
S VAL Flash data block 0: Disabled oo
A access bit (Note 4) 1: Enabled (Note 3) !
E E E E E E T Reserved bit Must always be set to "0". (@) 1 @)
. PM12 Watchdog timer function | O : Interrupt O o
N select bit 1: Reset (Note 2) !
E : E : R, Reserved bit Must always be set to "1". 00
E EELETEEFRRP Reserved bit Must always be set to "0". 00
: Must always be setto 0. The |
T SRRREEEEEEEEELERE Reserved bit value, if read, turns out to be X' O
: indeterminate. !
e PM17 Wait bit 0 : No wait state 0.0
1 : Wait state inserted 1
Note 1: Set bit 1 of the protect register (address 000A16) to 1 when writing new values to this register.
Note 2: This bit can only be set to 1.
Note 3: When EW entry bit (FMR0O1) =1, this bit is automatically set to 1 during that time.
Note 4: To access the two 2K byte data blocks in address range F80016 to FFFF1s, this bit must be set to 1.

Figure 1.7.1. Processor mode register 0 and 1

RENESAS 25

Renesas Technology Corp.



\)ode\‘opme“‘ Preliminary Specifications Rev. 0.9

3e® Specifications in this manual are tentative and subject to change.
Processor Mode

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Processor mode register 2 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
0 | O| o | | | PM2 001E1e6 XXX000002
T T T T T T 9 cl)
A _
Vo Vo . ' 1| Bitsymbol Bit name Function RIW
! ! ! 1 1 ! ! ' e . . :
[ o Specifying wait when . . |
Vo : '+ PM20 accessing SFR registers (1) : ? wa!:s 0!0
. . Note 2) : 1 wai !
R I (Note .
1 1 1 1 1 1 . . |
Vo Lo : . PM21 System clock protective bit 0: ?Ieog?s(t:r protected by PRCR O:O
I 1 |
b (Notes 3,4) 1 : Clock modification disabled .
1 1 1 ! :
Lo : \ ! : 0 : CPU clock is used for the |
1 : I
o [ watchdog timer count source |
T Rn PM22 WDT count source 1 : Ring oscillator clock is used  [0'O
[ T protective bit (Notes 3,5) - !
[ for the watchdog timer count !
o source !
X .
Lo R R, Reserved bit Must always be set to "0" 0.0
L T — p— T
L P85/NMI configuration bit | 0: P85 function (NMI disable) [
P! PMa4 (Notes 3,6,7) 1: NMI function ©©
1 1 \
1 1 |

Nothing is assigned. i
Writes must set each bit to "0". Read values are indeterminate. |

Note 1: Set bit 1 of the protect register (address 000A16) to "1" before writing new values
to this register.
Note 2: When the system clock is 16Mhz and more, must set to 2 waits.
Note 3: This bit cannot be changed from "1" to "0" in software.
Note 4: Setting PM21 to "1" results in the following:
* BCLK is not halted by WAIT instruction.
* Writing to the following bits has no effect:
CMO02, of register CMO
CMO5, of register CMO (main clock is not halted)
CMO07, of register CMO (CPU clock source does not change)
CM10, of register CM1 (stop mode is not entered)
CMZ20, of register CM2 (oscillation stop, re-oscillation detection function settings
do not change)
Note 5: Setting PM22 to "1" results in the following:
* The ring oscillator starts oscillating, and the ring oscillator clock becomes the
watchdog timer count source.
e Writing to CM10 disabled (stop mode is not entered).
* Watchdog timer does not stop when in wait mode or hold state.
Note 6: For NMI function, this bit must be set to "1" in first instruction after reset.
Note 7: When this bit is set to "1", the P85 direction register must be "0".

Figure 1.7.2. Processor mode register 2

Software Reset

Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software) reset to the
microcomputer. A software reset has the same effect as a hardware reset except the contents of internal
RAM are preserved after a software reset.

Note: Before attempting to change the contents of the processor mode register 0, set bit 1 of the protect
register (address 000A16) to “1”.
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Processor Mode

Software wait

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address
000516) (Note) and bits 4 to 7 of the chip select control register (address 000816).

A software wait is inserted in the internal ROM/RAM area by setting the wait bit of processor mode register
1. When set to "0", each bus cycle is executed in one BCLK cycle. When set to "1", each bus cycle is
executed in two BCLK cycles. After the microcomputer has been reset, this bit defaults to "0". When set to
"1", a wait is applied to all memory areas (two BCLK cycles). Set this bit after referring to the recommended
operating conditions (main clock input oscilliation frequecny) of the electrical characteristics.

The SFR area is always accessed in two BCLK cycles regardless of the setting of these control bits.
Table 1.7.1 shows the software wait and bus cycles.

Note: Before attempting to change the contents of the processor mode register 1, set bit 1 of the protect
register (address 000A16) to “1”.

Table 1.7.1. Software waits and bus cycles

Area

Wait bit

Bus cycle

Internal

0

1 BCLK cycle

ROM/RAM

1

2 BCLK cycles

LENESAS

Renesas Technology Corp.
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Clock Generating Circuit

Clock Generating Circuit

The clock generating circuit contains three oscillator circuits as follows:
(1) Main clock generating circuit
(2) Sub clock generating circuit
(3) Ring oscillator

Specifications in this manual are tentative and subject to change.

Table 1.8.1 lists the clock generating circuit specifications.

Table 1.8.1. Clock generating circuits

Example of oscillator circuit

Main clock Sub clock i i
Item generating circuit generating circuit Ring oscillator
Use of clock - CPU's operating | - CPU's operating |-CPU clock source

Pins to connect
oscillator

Oscillation stop/
restart function
Oscillator status
after reset

clock source
- Internal peripheral
unit's operating

- Ceramic oscillator
- Crystal oscillator

clock source
- Timer A/B's count
clock source

Externally derived clock can be input

- Peripheral function
clock source

-CPU and peripheral
function clock source
when main clock
requency stops

About 1MHz

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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P : 9 M16C/26 Group

Clock Generating Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Figure 1.8.1 shows some examples of the main clock circuit, one using an oscillator connected to the
circuit, and the other one using an externally derived clock for input. Figure 1.8.2 shows some examples of
sub-clock circuits, one using an oscillator connected to the circuit, and the other one using an externally
derived clock for input. Circuit constants in Figures 1.8.1 and 1.8.2 vary with each oscillator used. Use the
values recommended by the manufacturer of your oscillator.

Microcomputer

Microcomputer
(Built-in feedback resistor)

(Built-in feedback resistor)

XIN Xout XIN Xout
Open
(Note)
Rd

|:| Externally derived clock
T ow T cowr .
— — Vss

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XIiN
and XourT following the instruction.

Figure 1.8.1. Examples of main clock

Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XcIN Xcout XCIN Xcout

Open
(Note) T
Rcd
Externally derived clock
CIN

Vss

I

Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
Also, if the oscillator manufacturer's data sheet specifies that a feedback resistor be added external to the chip,
insert a feedback resistor between XcIN and XcouT following the instruction.

Figure 1.8.2. Examples of sub-clock
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Clock Control
Figure 1.8.3 shows the block diagram of the clock generating circuit.

Sub-clock
generating circuit

XCIN Xcout

fcaz
[1/30 |
1/32

f1
Sub-clock > R PeLKo=1

CMo4

f2
D_ —|>—0 PCLK0=0
Ring fc fs
oscillator —|>
Ring clock
L
Oscillation f1S|oI/
stop, re- PCLK1=1
oscillation f
detection 2510 PCLK1=0
circuit
N fssio
CM10=1(stop mode) S Q |
N faz2sio
R elbTlc |
all . d  CMo7-0
‘ﬂja—o— Divider |
q J 3
Main clock ’ .
CMO5 generating circuit
CM02 ﬂ:>—
s Q —
WAIT instruction —— R [ ’ l\""'""""'"'"""""";
e b c
a 12 1/2 12 1/2 12

_ i 1/32
RESET E 172 1/4 1/8 1/16
Software reset CMO06=0
' CM17-CM16=112

NMI O_OI>J CMO06=1
i CM06=0
Interrupt request level judgment output CM17-CM16=102 O\O

d
H —0
CMO02, CM04, CM05, CM06, CM07: CMO register bits CM06=0
CM10, CM11, CM16, CM17: CM1 register bits B CM17-CM16=012 —O
PCLKO, PCLK1: PCLK register bits H
CM21, CM27  : CM2 register bits : CM06=0
CM17-CM16=002 Details of divider

Figure 1.8.3. Clock generating circuit
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Clock Generating Circuit M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The following paragraphs describes the clocks generated by the clock generating circuit.
(1) Main clock

The main clock is generated by the main clock oscillation circuit. After a reset, the clock is divided by 8 to
the BCLK. The clock can be stopped using the main clock stop bit (bit 5 at address 000616). Stopping the
clock, after switching the operating clock source of CPU to the sub-clock, reduces the power dissipation.
After the oscillation of the main clock oscillation circuit has stabilized, the drive capacity of the main clock
oscillation circuit can be reduced using the XIN-XOUT drive capacity select bit (bit 5 at address 000716).
Reducing the drive capacity of the main clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when shifting from high-speed/medium-speed mode to stop mode, shifting to low power
dissipation mode and at a reset. When shifting from high-speed/medium-speed mode to low-speed
mode, the value before high-speed/medium-speed mode is retained.

(2) Sub-clock

The sub-clock is generated by the sub-clock oscillation circuit. No sub-clock is generated after a reset.
After oscillation is started using the port Xc select bit (bit 4 at address 000616), the sub-clock can be
selected as the BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure
that the sub-clock oscillation has fully stabilized before switching.
After the oscillation of the sub-clock oscillation circuit has stabilized, the drive capacity of the sub-clock
oscillation circuit can be reduced using the XCIN-XcouT drive capacity select bit (bit 3 at address 000616).
Reducing the drive capacity of the sub-clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when the port Xc select bit (bit 4 at address 000616) is set to “0”, shifting to stop mode and
at a reset.
When the XCIN/XCOUT is used, set ports P86 and P87 as the input ports without pull-up.

(3) BCLK
The BCLK is the clock that drives the CPU, and is fC or the clock is derived by dividing the main clock by
1,2, 4, 8, or 16. The BCLK is derived by dividing the main clock by 8 after a reset.
The main clock division select bit O(bit 6 at address 000616) changes to “1” when shifting from high-
speed/medium-speed to stop mode, shifting to low power dissipation mode and at reset. When shifting
from high-speed/medium-speed mode to low-speed mode, the value before high-speed/medium-speed
mode is retained.

(4) Peripheral function clock(f1, fs, f32, f1s102, f8S102,f325102,fAD)
The clock for the peripheral devices is derived from the main clock or by dividing it by 1, 8, or 32. The
peripheral function clock is stopped by stopping the main clock or by setting the WAIT peripheral function
clock stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction.
By setting the timer A, B clock select bit (bit 0 at address 001E16) and SIO clock select bit (bit 1 at address
001E16) to "1" respectively, f1 and f1S102 can be changed to the main clock divided by 2.

(5) fca2
This clock is derived by dividing the sub-clock by 32. It is used for the timer A and timer B counts.
(6) fc
This clock has the same frequency as the sub-clock. It is used for the BCLK and for the watchdog timer.

Figure 1.8.4a shows the system clock control registers 0 and 1 and Figure 1.8.4b shows peripheral clock
select register.
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System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 b1 bo

Symbol Address When reset
||||||||| CMo 000616 4816
v b n Bt symbol Bit name Function RW
iy Reserved bit Must always be setto 0 ofo
. Reserved bit Must always be setto 0 OEO
CMO02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode |
N clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8)|C:O
o XCIN-XCOUT drive capacity | 0 : LOW 3
. CMO3 | Select bit (Note 2) 1:HIGH o0
Vo Port Xc select bit 0: 1/O port !
IR CMo4 (Note 10) 1 : XCIN-XcouT generation (Note 9) o0
e CMo5 Main clock (XIN-XoUT) 0:0n
o stop bit (Note 3, 4, 5) 1: Off O.0
o CMO6 Main clock division select | 0 : CM16 and CM17 valid OEO
P TTTTTmmmmmmmmmm bit 0 (Note 7) 1 : Division by 8 mode
] CcMo7 | System clock select bit 0 : XIN, XouT 00
(Note 6) 1 : XCIN, XcouT :

Note 1: Set bit 0 of the protect register (address 000A16) to 1 before writing to this register.
Note 2: Changes to 1 when shifting to stop mode and at a reset.
Note 3: When entering low power dissipation mode, main clock stops by using this bit. To stop the main clock, when the sub clock

oscillation is stable, set system clock select bit (CM07) to 1 before setting this bit to 1 . The main clock division select

bit 0 (CM06) and the XIN-XouT drive capacity select bit (CM15) change to 1 when this bit is setto 1.
Note 4: When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable.
Note 5: If this bit is setto 1, XouT turns H . The built-in feedback resistor remains being connected, so XIN turns pulled up to Xout

( H) via the feedback resistor.
Note 6: Set port Xc select bit (CM04) to 1 and stabilize the sub-clock oscillating before setting this bit from 0 to 1.

Do not write to both bits at the same time. And also, set the main clock stop bit (CM05) to 0 and stabilize the main clock
oscillating before setting this bit from 1 to 0.

Note 7: This bit changes to 1 when shifting from high-speed/medium-speed mode to stop mode, shifting to low power dissipation
mode and at a reset. When shifting from high-speed/medium-speed mode to low-speed mode, the value before high-speed/
medium-speed mode is retained.

Note 8: fca2 is not included. Do not setto 1 when using low-speed or low power dissipation mode.

Note 9: When the XcIN/XcouT is used, set ports P86 and P87 as the input ports without pull-up.

Note 10: When setting this bit to "0", XcIiN-XcouT drive capacity select bit becomes "1".

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 b1 bo
| | | | 0 | 0 | ofo | | Symbol Address  When reset

S NN T EN A E CM1 000716 2016

Coron B symbol Bit name Function R:W

b i+ 1 L] omio  |Allclock stop control bit | 0: Clock on oo

b : I (Note4) 1 : All clocks off (stop mode) 3

b endoentoon- Reserved bit Must always be setto 0 00

P XIN-XOUT drive capacity 0:LOW

Py T CM15 select bit (Note 2) 1:HIGH O§O

: : b7 b6

] cM1i6 Main clock division 0 0 : No division mode :

' select bit 1 (Note 3) 0 1 : Division by 2 mode 00

] CMi7 10 : Division by 4 mode ;
11 : Division by 16 mode :

Note 1: Set bit 0 of the protect register (address 000A16) to 1 before writing to this register.
Note 2: This bit changes to 1 when shifting from high-speed/medium-speed mode to stop mode, shifting to low power dissipation
mode and at a reset. When shifting from high-speed/medium-speed mode to low-speed mode, the value before high-speed/

medium-speed mode is retained.

Note 3: Can be selected when bit 6 of the system clock control register 0 (address 000616) is 0 . If 1, division mode is fixed at 8.
Note 4: If this bit is setto 1, XouT turns H , and the built-in feedback resistor is cut off. XCIN and XcouT turn high-impedance state.

Figure 1.8.4a. Clock control registers 0 and 1
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Peripheral clock select register (Note)

b7 b6 b5 b4 b3 b2 bl bo g)énlj}lzg %dgdggss Wheor(]; reset

16 16
o ofofo]ofo] | |

¢4 L Bitsymbol Bit name Function RIW

bbb PCLKO Timers A, B clock select bit| . ¢, ‘

e (Clock source for the 11 00

P e timers A, B, and the dead ' |

P time timer) !

A PCLK1 SI/O clock select bit 0 f2s10

N (Clock source for UARTO 1: 1810 00

- to UART2) |

R RREEEEELEELEED Reserved bit Must always be setto 0 OEO

Note: Set the bit 0 of the protect register (address 000A16) to "1" before rewriting
this register.

Figure 1.8.4b. Peripheral clock select register

Processor mode register 2 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
0 | O| 0 | 0| | PM2 001E16 XXX000002

oo
! ' | 1 | Bitsymbol Bit name Function R'W
1 1 1 | \ | | 1 — - ‘
[ T o Specifying wait when . . |
Lo : ' o PM20 accessing SFR registers (1) : f waits 00
T N (Note 2) -1 wait !
! I 1 ! I : : !
1 1 1 I I [ . : |
[ R : . System clock protective bit 0: Cloc.k is protected by PRCR !
o ERREE PM21 t !

[ I (Notes 3,4) register 00
Lo X : o ’ 1 : Clock modification disabled |
| | 1 I L
AR 0: CPU clock is used for the l

1 : |
I watchdog timer count source i
L kb PM22 WDT count source 1 : Ring oscillator clock is used  |Q'O
[ T protective bit (Notes 3,5) . I
[ for the watchdog timer count :
Lo source |

I

Lo HEREEECEEEEERD Reserved bit Must always be set to "0" 00
1 1 1 | [— — |
e P85/NMI configuration bit | 0: P85 function (NMI disable) [
I PM24 | (Notes 3.67) 1: N function 0.0
I 1 |
1 1 1

Nothing is assigned. ;
Writes must set each bit to "0". Read values are indeterminate. |

Note 1: Set bit 1 of the protect register (address 000A16) to "1" before writing new values
to this register.
Note 2: When the system clock is 16Mhz and more, must set to 2 waits.
Note 3: This bit cannot be changed from "1" to "0" in software.
Note 4: Setting PM21 to "1" results in the following:
¢ BCLK is not halted by WAIT instruction.
* Writing to the following bits has no effect:
CMO02, of register CMO
CMO05, of register CMO
CMO07, of register CMO
CM10, of register CM1
CM20, of register CM2
do not change)
Note 5: Setting PM22 to "1" results in the following:
* The ring oscillator starts oscillating, and the ring oscillator clock becomes the
watchdog timer count source.
* Writing to CM10 disabled (stop mode is not entered).
* Watchdog timer does not stop when in wait mode or hold state.
Note 6: For NMI function, this bit must be set to "1" in first instruction after reset.
Note 7: When this bit is set to "1", the P85 direction register must be "0".

main clock is not halted)

CPU clock source does not change)

stop mode is not entered)

oscillation stop, re-oscillation detection function settings

—~ e~~~

Figure 1.8.4c. Processor mode register 2
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Oscillation Stop Detection Function
The oscillation stop detection function detects abnormal stopping of the clock by causes such as opening
and shorting of the XIN oscillation circuit. When oscillation stop is detected, either an internal reset or an
oscillation stop detection interrupt is generated. The selection depends on the value in the bit 7 of the
oscillation stop detection register (address 000C16). When an oscillation stop detection interrupt is gener-
ated, the ring oscillator in the microcomputer operates automatically and is used as the system clock in
place of the XIN clock. This allows interrupt processing.
The oscillation stop detection function can be enabled/disabled with bit O of the oscillation stop detection
register. When this bit is set to “1,” the function is enabled. After the reset is released, the oscillation stop
detection function becomes disabled because the bit value is “0.”
Table 1.8.2 gives an specification overview of the oscillation stop detection function, Figure 1.8.5 is a
configuration diagram of the oscillation stop detection circuit and Figure 1.8.6 shows the configuration of
the oscillation stop detection register.

Table 1.8.2. Specification overview of the oscillation stop detection function
Item Specification

Oscillation stop detectable clock | f(XIN) =2 MHz

and frequency bandwidth

Enabling condition for oscillation | When the oscillation stop detection bit (bit O of address 000C16)

stop detection function is set to “1”

Operation at oscillation stop, e Internal reset occurs (when bit CM27 = "0")

re-oscillation detection * Oscillation stop, re-oscillation detection interrupt occurs (when bit
CM27 =“17)

Notes on STOP mode Before setting up the stop mode, write “0” in the oscillation stop

detection enable bit to disable the oscillation stop detection function.
Write "1" in the bit again after the stop mode is.

Internal reset

Pulse generation . B e
circuit?or clock Charae/ o}f 0 generating circuit Intemal reset
XN edge detection | dischgarge | Oscillation stop
apd charge/ circuit O detection interrupt
discharge control generating circuit
CMo7 To the CPU
Watchdog—
timer
interrupt
CM21, CM20
Main clock switch control
] . 11
Ring oscillator O To th i clock
I Main clock o the main cloc|
010/0_ division circuit

#:When XIN is supplied, this repeats charge and discharge with pulses by XIN edge detection.
When XIN is not supplied, this continues charging. When the charge exceeds a certain level,
it regards the oscillation as stopped.

Figure 1.8.5. Oscillation stop detection circuit
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Oscillation stop detection register (Note 1)

clock status.

Note 6: Effective when bit CM07, of register CMO, is "0".
Note 7: When bit PM21, of register PM2, is "1" (clock modification disabled), writing to CM20 has no effect.

Note 8: Set CM20 to "0" (disable) before entering stop mode. After exiting stop mode, set CM20 back to "1" (enable).
Note 9: Set CM20 to "0" (disable) before setting bit CM05, of register CMO.

Note 10: CM20, CM21, and CM27 do not change at oscillation stop detection reset.

b7 b6 b5 b4 b3 b2 b1 b0
0 Symbol Address ~ When reset

A (.) i cm2 000C;s  0X0000005 (Note 10)

1 1 1 1 1 1 1 1

i 0o o0 | Bitsymbol Bit name Function R'W

! ! 1 1 : : 1 1

P Oscillation stop. fe- 0 : Oscillation stop, re-oscillation l

A - P, 16 detection function is disabled. |

R S CM20 | oscillation detection bit DN - 00

I (Notes 7, 8, 9, 10) 1 : Oscillation stop, re-oscillation ;

A R detection function enabled. !

! E Lo E | 0 : Main clock (Ring oscillator

N CPU clock switch bit turned off !

! E Lo E : M2t (Notes 2, 3, 6, 10) 1 Ring oscillator clock 00

Lo - : | (Ring oscillator oscillating) :

| R ' _ 0 : Main clock stop, re-oscillation :

o Oscillation stop, re- not detected !

g 00 e CM22 | oscillation detection flag M oo (010

T 1 : Main clock stop, re-oscillation |

ot (Note 4) |

oy detected |

A . 0 : Main clock oscillating ‘

E : E : ------------- CM23 XIN monitor ﬂag (NOte 5) 1 : Main ClOCk tumed Off O:X

1 1 L

E T Reserved bit Must always be set to "0". 00

' S —— Nothing is assigned. Writes must set to "0". Reads are indeterminate. :

! %)heerﬁtfnnosflienftgﬁ stop, | 0 Reset |

E  EARRRALLEEEELEELELY CcM27 I P11 Oscillation stop, re-oscillation ~ [O: O
re-oscillation is detected) detection interruot !
(Note 10) P |

ote 1: Write to this register after setting bit , of register , to "1" (write enable).
Note 1: Wri hi i ft ing bit PRCO, of register PRCR, to "1" (wri ble)

: CM21 is set to "1" (ring oscillator clock) when the main clock is stopped, and the following conditions exist:
* CM20 is "1" (oscillation stop, re-oscillation detection function enabled).
* CM27 is "1" (oscillation stop, re-oscillation detection interrupt).

* CPU clock source is the main clock.
Note 3: If CM20 is "1", and CM23 is "1" (main clock turned off), do not set CM21 to "0".
Note 4: This bit is set to "1" by main clock stop detection and re-oscillation detection. Each oscillation stop, re-oscillation

detection interrupt must correspond to a "0" to "1" transition of CM22. Once an interrupt is received, the bit can
only be cleared via an explicit "0" write operation. Otherwise, further interrupts will be disabled. Only "0" writes can
affect the bit value. CM22 is also used as a means for distinguishing between those interrupts caused by the
oscillation stop, re-oscillation detection circuitry, and those initiated by the watchdog timer.

Note 5: Read CM23 in an oscillation stop, re-oscillation detection interrupt handling routine to determine the main

Figure 1.8.6. Oscillation stop detection register
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Oscillation stop detection bit (CM20)
You can start the oscillation stop detection by setting this bit to “1”. The detection is not executed when
this bit is set to “0” or in reset status. Be sure to set this bit to “0” before setting for the stop-mode. Set this
bit again to “1” after release from stop-mode. This is because it is necessary to cancel the oscillation stop
detection function due to a certain period of unstable oscillation after release from stop-mode. Set this bit
to “0” also before setting the main clock stop bit (bit 5 at 000616) to “1”.
Do not set this bit to “1” if the frequency of XIN is lower than 2 MHz.

Main clock switch bit (CM21)

You can use the ring oscillator as a system clock by setting this bit to “1”. When this bit is "0", the ring
oscillator is not in operation. For more explanation, see the section of the clock generating circuit.

Oscillation stop detection status (CM22)

You can see the status of the oscillation stop detection. When this bit is “1”, an oscillation stop is de-
tected. For usage of this bit, see the explanation on CM27.

Clock monitor bit (CM23)

You can see the operation status of the XIN clock. When this bit is “0”, XIN is operating correctly. You can
check the operation status of XIN when an oscillation stop detection interrupt is generated.

Operation select (when an oscillation stop is detected) bit (CM27)

(1) Operation when internal reset is selected (CM27 is set to “0”.)
An internal reset is generated when an abnormal stop of XIN is detected. The microcomputer stops in
reset status and does not operate further.
Note: Release from this status is only possible through an external reset. However, in case of a

defect XIN clock, further operation cannot be compensated.

All ports are configured to input port (floating) after an internal reset is generated.

(2) Operation when oscillation stop detection interrupt is selected (CM27 is set to “17.)
An oscillation stop detection interrupt is generated when an abnormal stop of XIN is detected. The ring
oscillator starts operation instead of the XIN clock which stopped abnormally. The operation goes further
with the supply from the ring oscillator. For the oscillation stop detection interrupt judgement on the
interrupt condition is necessary, because this interrupt shares the vector table with watchdog timer inter-
rupt. Use the oscillation stop detection status (CM22) for the judgment. By clearing CM22, the accep-
tance of oscillation stop detection interrupt resumes. Figure 1.8.7 shows the flow of the judgment.
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or watchdog timer interrupt
is generated

[ Read CM22 }

CM22=1?

[ Oscillation stop detection interrupt }

NO

YES]

Jump to the execution
program for oscillation stop
detection interrupt

Jump to the execution
program for watchdog timer
interrupt

Figure 1.8.7. Flow of the judgment
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Stop Mode
Writing “1” to the all-clock stop control bit (bit 0 at address 000716) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc
remains above 2V.
Because the oscillation , BCLK, f1 to f32, f1S102 to f32s102, fC, fC32, and fAD stops in stop mode, peripheral
functions such as the A-D converter and watchdog timer do not function. However, timer A and timer B
operate provided that the event counter mode is set to an external pulse, and UARTI(i = 0 to 2) functions
provided an external clock is selected. Port pins retain their status from before stop mode is entered.
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop
mode, that interrupt must first have been enabled, and the priority level of the interrupts which are not used
to cancel must have been changed to 0. If returning by an interrupt, that interrupt routine is executed. If only
a hardware reset or an NMI interrupt is used to cancel stop mode, change the priority level of all interrupts
to 0, then shift to stop mode.
The main clock division select bit O (bit 6 at address 000616) changes to “1” when shifting from high-speed/
medium-speed mode to stop mode, shifting to low power dissipation mode and at reset. When shifting from
high-speed/medium-speed mode to low-speed mode, the value before high-speed/medium-speed mode is
retained.

Wait Mode

When a WAIT instruction is executed, the BCLK stops and the microcomputer enters the wait mode. In this
mode, oscillation continues but the BCLK and watchdog timer stop. Writing “1” to the WAIT peripheral
function clock stop bit and executing a WAIT instruction stops the clock being supplied to the internal
peripheral functions, allowing power dissipation to be reduced. However, peripheral function clock fc32
does not stop so that the peripherals using fc32 do not contribute to the power saving. When the microcom-
puter is running in low-speed or low power dissipation mode, do not enter WAIT mode with this bit set to “1”.
Port pins retain their status from before wait mode is entered.

Wait mode is cancelled by a hardware reset or an interrupt. If an interrupt is used to cancel wait mode, that
interrupt must first have been enabled, and the priority level of the interrupts which are not used to cancel
must have been changed to 0. If returning by an interrupt, the clock in which the WAIT instruction executed
is set to BCLK by the microcomputer, and the action is resumed from the interrupt routine. If only a hard-
ware reset or an NMI interrupt is used to cancel wait mode, change the priority level of all interrupts to 0,
then shift to wait mode.
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Status Transition of BCLK
Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table 1.8.3 shows the operating modes corresponding to the settings of system clock control
registers 0 and 1.
When reset, the device starts in division by 8 mode. The main clock division select bit 0 (bit 6 at address
000616) and the XIN-XoUT drive capacity select bit (bit 5 at address 000716) change to “1” when shifting
from high-speed/medium-speed mode to stop mode, shifting to low power dissipation mode and at a reset.
When shifting from high-speed/medium-speed mode to low-speed mode, the value before high-speed/
medium-speed mode is retained. The following shows the operational modes of BCLK.
(1) Division by 2 mode
The main clock is divided by 2 to obtain the BCLK.
(2) Division by 4 mode
The main clock is divided by 4 to obtain the BCLK.
(3) Division by 8 mode
The main clock is divided by 8 to obtain the BCLK. When reset, the device starts operating from this
mode. Before the user can go from this mode to no division mode, division by 2 mode, or division by 4
mode, the main clock must be oscillating stably. When going to low-speed or lower power consumption
mode, make sure the sub-clock is oscillating stably.
(4) Division by 16 mode
The main clock is divided by 16 to obtain the BCLK.
(5) No-division mode
The main clock is divided by 1 to obtain the BCLK.
(6) Low-speed mode

fc is used as the BCLK. Note that oscillation of both the main and sub-clocks must have stabilized before
transferring from this mode to another or vice versa. At least 2 to 3 seconds are required after the sub-
clock starts. Therefore, the program must be written to wait until this clock has stabilized immediately
after powering up and after stop mode is cancelled.

(7) Low power dissipation mode
fc is the BCLK and the main clock is stopped.
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Table 1.8.3. Operating modes dictated by settings of system clock control registers 0, 1, and 2

CM2 register CM1 register CMO register

Modes CM21 CM11 | CMi7,CM16 | CM07 | CMO6 | CMO05 | CMO04
High-speed mode 0 0 002 0 0 0 -
Midium- divided by 2 0 0 012 0 0 0 -
speed divided by 4 0 0 102 0 0 0 —
mode divided by 8 0 0 — 0 1 0 —

divided by 16 0 0 112 0 0 0 -
Low-speed mode — — — 1 — 0 1
Low power dissipation mode — — — 1 1(Note 1)[ 1(Note 1 1
Ring divided by 1 1 — 0 02 0 0 0 —
oscillator  [givided by 2 1 — 0 12 0 0 0 —
mode divided by 4 1 — 1 02 0 0 0 —

divided by 8 1 — 0o — 1 0 —

divided by 16 1 — 1 12 0 0 0 -
Ring oscillator low power 1 - — 0 (Note 2) 1 —
dissipation mode (Note 2)

Note 1: When set the CMO05 bit to “1” (main clock turned off), CM06 bit become “1” (divided by 8 mode).
Note 2: The divide-by-n value can be selected the same way as in ring oscillator mode.
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Power control
The following is a description of the three available power control modes:

Modes
Power control is available in three modes.
(a) Normal operation mode
¢ High-speed mode
Divide-by-1 frequency of the main clock becomes the BCLK. The CPU operates with the BCLK.
Each peripheral function operates according to its assigned clock.
* Medium-speed mode
Divide-by-2, divide-by-4, divide-by-8, or divide-by-16 frequency of the main clock becomes the BCLK.
The CPU operates with the BCLK. Each peripheral function operates according to its assigned clock.
e Low-speed mode
fc becomes the BCLK. The CPU operates according to the fC clock. The fc clock is supplied by the
subclock. Each peripheral function operates according to its assigned clock.
* Low power dissipation mode
The main clock operating in low-speed mode is stopped. The CPU operates according to the fc
clock. The fc clock is supplied by the subclock. The only peripheral functions that operate are
those with the subclock selected as the count source.
* Ring oscillator mode
The ring oscillator clock divided by 1 (undivided), 2, 4, 8, or 16 provides BCLK. The ring 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.
* Ring oscillator low power dissipation mode
The main clock is turned off after being placed in ring oscillator mode. The CPU clock can be selected as
in the ring oscillator mode. The ring 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. When the operation
mode is returned to the high and medium speed modes, set the CM06 bit to “1” (divided by 8 mode).
(b) Wait mode
The CPU operation is stopped. The oscillators do not stop.
(c) Stop mode
All oscillators stop. The CPU and all built-in peripheral functions stop. This mode, among the three
modes listed here, is the most effective in decreasing power consumption.

Table 1.8.4. Oscillation state in each mode

XIN XCIN Ring

Medium-speed mode (divide-by-8

frequency after reset released) B OFF OFF

High/medium-speed BCLK | ON/OFF | ON/OFF
Low-speed mode ON BCLK OFF
Low power dissipation mode OFF BCLK OFF
Ring oscillator mode ON/OFF | ON/OFF | BCLK

Ring oscillator low power

B OFF | ON/OFF | BCLK
dissipation mode

Figure 1.8.8 is the state transition diagram of the above modes.
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Transition of stop mode, wait mode

Reset

All oscillators stopped ~ CM10=1 y WAIT CPU operation stopped
- instruction
Stop mode 44— i Me.dllum-speed mode ]‘—4} mode
——p (divided-by-8 mode) et
Interrupt /V A L
Interrup WAIT
All oscillators stopped instruction
Stop mode (~ High-speed/medium- }— Wait mode
< 3 —
P CM10=1 When " speed mode Interrupt
low power When
inati WAIT
d low-speed
All oscillators stopped = CM10=1 '52'532"" oﬁzzze instruction
N (Note 1) .
Stop mode )¢ > Low-speed/low power < > Wait mode

» dissipation mode Interrupt

WAIT
instruction

—CM10:1 Ring oscillator, Ring oscillator \F (Note 1) R
Stop mode A —— 9 oscillator, Ring — Wait mode
Interrupt dissipation mode Interrupt

(Note 2) Nermal-moede

(Refer to the following for the transition of normal mode.)

Interrupt

P

Main clock is oscillating
Transition of normal mode Sub clock is stopped
Medium-speed mode
(divided-by-8 mode)

CMO06 = 1 g BCLK : f(XIN)/8
il CM07= 0 CMO6 = 1

CMO04 = 0 CM04 = 1
Main clock is oscillating (Notes 3, 5)

Sub clock is oscillating

CMO07 = 0 (Note 3)
CMO06 = 1
CM0o4 = 0
Main clock is oscillating
Sub clock is oscillating

Low-speed mode

Medium-speed mode

CMO07 = 0
(divided-by-2 mode)

High-speed mode

' (Note 3, 5)
BCLK : f(XIN) : BCLK : f(XiN)/2 Medium-speed mods
CMO7= 0 CMO6= 0 ||| CMO7=0 CMOG= 0 (divided-by-8 mode)
CM17= 0 CMi6=0 )il CMI7=0 CMi6= 1 BOLK : f(Xin)/8 BCLK : f(XCIN)
CM07 = 0 CM07 = 1 CMO7 = 1
Medium-speed mode Medium-speed mode CMO06 = 1 (Note 4)

(divided-by-4 mode) (divided-by-16 mode)

BCLK : f(XIN)/4 BCLK : f(XIN)/16
CM07= 0 CMO06= 0 CMO7= 0 CMO6= 0

CM17=1 CM16= 0 CM17=1 CM16= 1 CMO5 = 1

Main clock is stopped
Sub clock is oscillating

Low power
dissipation mode

BCLK : f(XCIN)

CM07= 1, CMO06= 1
CM15= 1

CM04= 0 CM04 = 1

CMO7 = 1 (Note 4)
CMO05 = 1

Main clock is oscillating
Sub clock is stopped

High-speed mode Medium-speed mode CM07 = 0 (Note 3)
(divided-by-2 mode) CM06 = 0 (Note 5)
BCLK : f(XIN) BCLK : f(XiN)/2 CMo4 = 1
CMO7= 0 CMO6= 0 : CMO7= 0 CMO6= 0
CM17=0 CM16= 0 CM17=0 CM16= 1
- '
P :
CMO06 = 0 Medium-speed mode Medium-speed mode
(Notes 3, 5) (divided-by-4 mode) (divided-by-16 mode)
BCLK : f(XIN)/4 BCLK : f(XIN)/16
CMO07= 0 CMO6= 0 CM07= 0 CM06= 0
CM17= 1 CM16= 0 CM17=1 CM16= 1
CM03="1"

Note 1: When bit PM21 = "0" (system clock protective function unused).
Note 2: The ring oscillator clock divided by 8 provides BCLK.

Note 3: Switch clock after oscillation of main clock is sufficiently stable.
Note 4: Switch clock after oscillation of sub clock is sufficiently stable.
Note 5: Change CMO6 after changing CM17 and CM16.

Figure 1.8.8. State transition diagram of power control mode
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Protection

The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 1.8.9 shows the protect register. The values in the processor
mode register 0 (address 000416), processor mode register 1 (address 000516), system clock control reg-
ister 0 (address 000616), system clock control register 1 (address 000716), oscillation stop detection regis-
ter (address 000C16), processor mode register 2 (001E16), peripheral clock select register (address
025E16), timer B2 special mode register (039E16), port P9 direction register (address 03F316), three-phase
PWM control register 0 (address 034816) and three-phase PWM control register 1 (address 034916) can
only be changed when the respective bit in the protect register is set to “1”. Therefore, important outputs
can be allocated to port P9.

Protect register

b7 b6 b5 b4 b3 b2 bl bo

|><|><|><I | | | | Symbol Address When reset
. PRCR 000A16 XXX000002

' Bit symbol Bit name Function R W

i PRCO Enables writing to system clock 0 : Write-inhibited o ! o

control registers 0 and 1 (addresses | 1 : \Write-enabled
! 000616 and 000716), oscillation stop

H detection register (address 000C16),
. peripheral clock select register

: (address 025E16)

PRCA1 Enables writing to processor mode | o : Write-inhibited o0
I registers 0,1 and 2 (addresses 000 | 1 : Write-enabled |
416,000516 and 001E1e), timer B2
special mode register (address
039E1s), three-phase PWM control
registers 0 and 1 (addresses
034816 and 034916)

PRC2 Ena_lbles writing to port P9 direction | g - \Write-inhibited O 0
[ — register (address 03F316) (note) 1 : Write-enabled
D PRC3 Enables writing to VCR2 (address 0 : Write-inhibited 00
001A16) and D4INT (address 001F16)| 1 : Write-enabled
R Reserved bit Must always set to "0" o0

[ R RS SRR —
Fmmmmme;c-;c;-cc-c;c-;cc;c--c-;;;----m-mmmmmmmmmmmmmmmmm e —————————

Nothing is assigned. !
In an attempt to write to these bits, write 0 . The value, if read, turns out to be -
indeterminate.

Note: Writing a value to an address after 1 is written to this bit returns the bit
to 0 . Other bits do not automatically return to 0 and they must therefore
be reset by the program.

Figure 1.8.9. Protect register
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Interrupts

Type of Interrupts
Figure 1.9.1 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software
/

Interrupt Reset
< NMI

DBC

Watchdog timer
Single step
Address matched

Special

\ Hardware

Peripheral 1/0 (Note)

Note: Peripheral I/O interrupts are generated by the peripheral functions built into the microcomputer system.

Figure 1.9.1. Classification of interrupts

* Maskable interrupt : An interrupt which can be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority can be changed by priority level.

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

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

¢ Undefined instruction interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

e Overflow interrupt
An overflow interrupt occurs when executing the INTO instruction with the overflow flag (O flag) set to
“1”. The following are arithmetic instructions changes O flag:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

¢ BRK interrupt
A BRK interrupt occurs when executing the BRK instruction.

¢ INT interrupt
An INT interrupt occurs when specifying one of software interrupt numbers 0 through 63 and execut-
ing the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O inter-
rupts, so executing the INT instruction allows executing the same interrupt routine that a peripheral I/
O interrupt does.
The stack pointer (SP) used for the INT interrupt is dependent on the software interrupt number
involved.
For software interrupt numbers 0 through 31, the microcomputer saves the stack pointer assignment
flag (U flag) when it accepts an interrupt request. The U flag is changed to “0” and the interrupt stack
pointer (ISP) is selected, and then, the interrupt sequence is executed. When returning from the
interrupt routine, the U flag is returned to the state it was before the interrupt request was accepted.
For software numbers 32 through 63, the U flag is not changed, and so the stack pointer is not
affected.

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral 1/O interrupts.
(1) Special interrupts

Special interrupts are non-maskable interrupts.

* Reset
Reset occurs if an “L” is input to the RESET pin.

e NMI interrupt
If enabled, an NMI interrupt occurs if an “L” is input to the NMI pin.

¢ DBC interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances.

e Watchdog timer interrupt
Generated by the watchdog timer. Write to the watchdog timer start register after the watchdog timer
interrupt occurs (initialize watchdog timer).

¢ Single-step interrupt
This interrupt is exclusively for the debugger, do not use it in other circumstances. With the debug
flag (D flag) set to “17, a single-step interrupt occurs after one instruction is executed.

¢ Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated by
the address match interrupt register is executed with the address match interrupt enable bit set to “1”.
If an address other than the first address of the instruction in the address match interrupt register is set,
no address match interrupt occurs.

(2) Peripheral I/O interrupts
A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func-
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through
31 the INT instruction uses. Peripheral I/O interrupts are maskable interrupts.
* Bus collision detection interrupt
This is an interrupt that UART2 generates.
* DMAO interrupt, DMA1 interrupt
These are interrupts that DMA generates.
e Key-input interrupt
A key-input interrupt occurs if an “L” is input to the KI pin.
¢ A-D conversion interrupt
This is an interrupt that the A-D converter generates.
¢ UARTO, UART1, and UART2/NACK2 transmission interrupt
These are interrupts that the serial /O transmission generates.
* UARTO, UART1, and UART2/ACK2 reception interrupt
These are interrupts that the serial 1/0O reception generates.
* Timer AO interrupt through timer A4 interrupt
These are interrupts that timer A generates
* Timer BO interrupt through timer B2 interrupt
These are interrupts that timer B generates.
¢ INTO, INT1, INT3 through INT5 interrupt
An INT interrupt occurs if either a rising edge or a falling edge or a both edge is input to the INT pin.
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Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. The first address of the interrupt routine is stored in the corresponding vector. Figure 1.9.2 shows
the format for specifying the address.
Two types of interrupt vector tables are available — fixed vector table in which addresses are fixed and
variable vector table in which addresses can be varied by the setting.

Specifications in this manual are tentative and subject to change.
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MSB LSB
Vector address + O Low address
Vector address + 1 Mid address
Vector address + 2 0000 High address
Vector address + 3 0000 0000

Figure 1.9.2. Format for specifying interrupt vector addresses

¢ Fixed vector table
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an
address range extending from FFFDC16 to FFFFF16. A vector consists of four bytes. Set the first
address of interrupt routine in the corresponding vector. Table 1.9.1 shows the interrupts assigned to
the fixed vector table and the vector addresses.

Table 1.9.1. Interrupts assigned to the fixed vector tables and addresses of vector tables

Interrupt source

Vector table addresses

Address (L) to address (H)

Remarks

Undefined instruction

FFFDC16 to FFFDF16

Interrupt on UND instruction

Overflow

FFFEO16 to FFFE316

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

If the vector contains FF1e, program execution starts from
the address shown by the vector in the variable vector table.

Address match

FFFE816 to FFFEB16

There is an address-matching interrupt enable bit.

Single step (Note) FFFEC16 to FFFEF16 Do not use.

Watchdog timer, FFFFO16 to FFFF316

Oscillation stop and

re-oscillation detection,

VDET4 detection

DBC (Note) FFFF416 to FFFF716 Do not use.

NMI FFFF816 to FFFFB16 External interrupt by input to NMI pin.
Reset FFFFC16 to FFFFF16

Note: Interrupts used for debugging purposes only.

LENESAS
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e Variable vector tables
The addresses in the variable vector table can be modified by user’s settings. The first address of the
variable vector table is specified by the user using the interrupt table register (INTB). The subsequent
256-byte addresses becomes the area for the variable vector tables. A vector consists of four bytes.
Set the first address of the interrupt routine in the corresponding vector. Table 1.9.2 shows the
interrupts assigned to the variable vector table and the vector addresses.

«e™  Preliminary Specifications Rev. 0.9
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Table 1.9.2. Interrupts assigned to the variable vector tables and addresses of vector tables

Software interrupt number

Vector table address

Address (L) to address (H)

Interrupt source

Remarks

Software interrupt number 0

+0 to +3 (Note 1)

BRK instruction

Cannot be masked | flag

Software interrupt number 4 +16 to +19 (Note 1) INT3
Software interrupt number 5 +20 to +23 (Note 1) Reserved
Software interrupt number 6 +24 to +27 (Note 1) Reserved
Software interrupt number 7 +28 to +31 (Note 1) Reserved
Software interrupt number 8 +32 to +35 (Note 1) INT5
Software interrupt number 9 +36 to +39 (Note 1) INT4

Software interrupt number 10

+40 to +43 (Note 1

UART 2 bus collision detection

Software interrupt number 11

+44 to +47 (Note 1

DMAO

Software interrupt number 12

+48 to +51 (Note 1

DMA1

Software interrupt number 13

+52 to +55 (Note 1

Key input interrupt

Software interrupt number 14

+56 to +59 (Note 1

A-D

Software interrupt number 15

+60 to +63 (Note 1

UART2 transmit/NACK2 (Note 2

Software interrupt number 16

+64 to +67 (Note 1

UART?2 receive/ACK2 (Note 2)

Software interrupt number 17

UARTO transmit

Software interrupt number 18

+72 to +75 (Note 1

UARTO receive

Software interrupt number 19

+76 to +79 (Note 1

UART1 transmit

Software interrupt number 20

+80 to +83 (Note 1

UART1 receive

Software interrupt number 21

+84 to +87 (Note 1

Timer AO

Software interrupt number 22

+88 to +91 (Note 1

Timer A1

Software interrupt number 23

+92 to +95 (Note 1

Timer A2

Software interrupt number 24

+96 to +99 (Note 1

Timer A3

Software interrupt number 25

( )
( )
( )
( )
( )
( )
( )
+68 to +71 (Note 1)
( )
( )
( )
( )
( )
( )
)

1

+100 to +103 (Note

Timer A4

Software interrupt number 26

+104 to +107 (Note 1

Timer BO

Software interrupt number 27

+108 to +111 (Note 1

Timer B1

Software interrupt number 28

+112 to +115 (Note 1

Timer B2

Software interrupt number 29

INTO

Software interrupt number 30

INTAH

Software interrupt number 31

+124 to +127 (Note 1

Reserved

Software interrupt number 32
to

48

Software interrupt number 63

)
)
)
( )
+116 to +119 (Note 1)
+120 to +123 (Note 1)
( )
( )

+128 to +131 (Note 1

to
+252 to +255 (Note 1)

Software interrupt

Cannot be masked | flag

Note 1: Address relative to address specified in interrupt table register (INTB).

Note 2: When 1IC mode is selected, NACK and ACK interrupts are selected.
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Interrupt Control
This section describes how to enable or disable maskable interrupts and how to set the priority to be
accepted. The discussion here does not apply to non-maskable interrupts.
Maskable interrupts are enabled or disabled using the interrupt enable flag (I flag), the interrupt priority
level selection bit, and the processor interrupt priority level (IPL). Whether an interrupt request is present
or absent is indicated by the interrupt request bit. The interrupt request bit and the interrupt priority level
selection bit are located in the interrupt control register of each interrupt. Also, the interrupt enable flag (I
flag) and the IPL are located in the flag register (FLG).
Figure 1.9.3 shows the configuration and memory map of the interrupt control registers.
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b7 b6 b5 b4 b3 b2 bl

Interrupt control register (Note 2)

b0

Symbol Address When reset
BCNIC 004A 16 XXXXX0002
DMIIC(i=0, 1) 004B16, 004C 16 XXXXX0002
KUPIC 004D 16 XXXXX0002
ADIC 004E 16 XXXXX0002
SiTIC(i=0 to 2) 005116, 005316, 004F 16 XXXXX0002
SiRIC(i=0 to 2) 005216, 005416, 005016 XXXXX0002
TAIIC(i=0 to 4) 005516 to 005916 XXXXX0002
TBIilIC(i=0 to 2) 005A16 to 005C16 XXXXX0002
Bit symbol Bit name Function R, W
ILVLO Interrup? priority level o2 b1 bo
select bit 000: Level O (interrupt disabled) O . ©
001: Level1 .
ILVL1 010: Level2 |
011: Level3 o O
100: Level4 !
101: Level 5 .
ILVL2 110: Level 6 |
111: Level 7 O O
IR Interrupt request bit 0 : Interrupt not requested (@) (@)
1: Interrupt requested | (Note 1)
Nothing is assigned.
In an attempt to write to these bits, write 0 . The value, if read, turns | — @ —
out to be indeterminate.

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).
Note 2: To rewrite the interrupt control register, do so at a point that does not generate the
interrupt request for that register. For details, see the precautions for interrupts.

Symbol Address When reset
INTIIC(i=3) 004416  XX00X0002
b7 b6 b5 b4 b3 b2 bl b0 INTilIC(i=4, 5) 004916, 004816  XX00X0002
|><|><| 0 | | | | | | INTIlC(i=0, 1) 005D16, 005E16  XX00X0002
A =T symbol Bit name Function R W
. ILVLO Interrupt priority level |
A select bit bED1 50 _ . 0o 0
R T B R R 000 : Level O (interrupt disabled) !
A 001:Level1 :
A ILVL1 010:Level 2 :
A 011:Level3 o o
- 100:Level 4 '
A 101:Level5 !
A ILVL2 110:Level 6 !
o 111:Level7 O (@)
A IR Interrupt request bit 0: Interrupt not requested o o
1: Interrupt requested :(Note 1)
e POL Polarity select bit 0 : Selects falling edge
o 1: Selects rising edge o ! o
i : S Reserved bit Must always be setto 0 e} o)
R Nothing is assigned.
In an attempt to write to these bits, write 0 . The value, if read, turns | —: —
out to be indeterminate.

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).
Note 2: To rewrite the interrupt control register, do so at a point that does not generate the
interrupt request for that register. For details, see the precautions for interrupts.

Figure 1.9.3. Interrupt control registers
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Interrupt Enable Flag (I flag)
The interrupt enable flag (I flag) controls the enabling and disabling of maskable interrupts. Setting this
flag to “1” enables all maskable interrupts while setting it to “0” disables all maskable interrupts. This flag
is set to “0” after reset.

Interrupt Request Bit
The interrupt request bit is set to “1” by hardware when an interrupt is requested. After the interrupt is
accepted and jumps to the corresponding interrupt vector, the request bit is set to “0” by hardware. The
interrupt request bit can also be set to “0” by software. (Do not set this bit to “17).

Interrupt Priority Level Select Bit and Processor Interrupt Priority Level (IPL)
Set the interrupt priority level using the interrupt priority level select bit, which is one of the component bits
of the interrupt control register. When an interrupt request occurs, the interrupt priority level is compared
with the IPL. The interrupt is enabled only when the priority level of the interrupt is higher than the IPL.
Therefore, setting the interrupt priority level to “0” disables the interrupt.
Table 1.9.3 shows the settings of interrupt priority levels and Table 1.9.4 shows the interrupt levels
enabled, according to the contents of the IPL.

The following are conditions under which an interrupt is accepted:
- interrupt enable flag (I flag) = “1”

- interrupt request bit = “1”

- interrupt priority level > IPL

The interrupt enable flag (I flag), the interrupt request bit, the interrupt priority select bit, and the IPL are
independent, and so, not affected by one another.

Table 1.9.4. Interrupt levels enabled according

Table 1.9.3. Settings of interrupt priority levels to the contents of the IPL

I?ésgrluspélggito tr)iitty Interrlljep\';eplriority Porirggtry IPL Enabled interrupt priority levels
b2 b1 bO IPLz IPL1 IPLo
0 0 O Level O (interrupt disabled) _ 0 0 O Interrupt levels 1 and above are enabled
0 0 1 Level 1 Low 0 0 1 Interrupt levels 2 and above are enabled
01 0 Level 2 010 Interrupt levels 3 and above are enabled
o 1 1 Level 3 o 1 1 Interrupt levels 4 and above are enabled
1 0 0 Level 4 1 0 0 Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 0 1 Interrupt levels 6 and above are enabled
110 Level 6 V 110 Interrupt levels 7 and above are enabled
11 1 Level 7 High 11 1 All maskable interrupts are disabled
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Rewrite the interrupt control register
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCHA1:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCH3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction queue.

When changing an interrupt control register at a point where the interrupt is disabled, please read the
following precautions on instructions used before changing the register.

(1) Changing a non-interrupt request bit (interrupt priority level)
If an interrupt request for an interrupt control register is generated during an instruction to rewrite the
register is being executed, it is possible that the interrupt request bit is overwritten (reset to "0") and
consequently the interrupt is ignored. This will depend on the instruction used. If this creates problems,
use the instructions below to change the register.
Instructions : AND, OR, BCLR, BSET

(2) Changing the interrupt request bit
When attempting to clear the interrupt request bit of an interrupt control register, the interrupt request bit
is not cleared sometimes. This will depend on the instruction used. If this creates problems, use the
instructions below to change the register.
Instructions : MOV
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Interrupt Sequence

This section describes an interrupt sequence — what are performed over a period from the time an inter-

rupt is accepted until the time the interrupt routine is executed .

If an interrupt occurs during execution of an instruction, the processor determines its priority when the

execution of the instruction is completed, and transfers control to the interrupt sequence from the next

cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,

the processor temporarily suspends the instruction being executed, and transfers control to the interrupt

sequence.

In the interrupt sequence, the processor operates in the following sequence:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading address

0000016. After this, the corresponding interrupt request bit becomes “0”.

(2) Saves the content of the flag register (FLG) as it was immediately before the start of interrupt sequence

in the temporary register (Note) within the CPU.

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag) to

“0” (the U flag, however does not change if the INT instruction, in software interrupt numbers 32 through 63,

is executed)

(4) Saves the content of the temporary register (Note) within the CPU in the stack area.

(5) Saves the content of the program counter (PC) in the stack area.

(6) Sets the interrupt priority level of the accepted instruction in the IPL.

After the interrupt sequence is completed, the processor resumes executing instructions from the first

address of the interrupt routine.

Note: This register cannot be utilized by the user.

Interrupt Response Time
'Interrupt response time' is the period between the time an interrupt occurs and the time the first instruc-
tion within the interrupt routine has been executed. This time comprises the period from the occurrence
of an interrupt to the completion of the instruction under execution at that moment (a) and the time
required for executing the interrupt sequence (b). Figure 1.9.4 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

o —,
|

Instruction in
interrupt routine

Instruction Interrupt sequence

/ 7
G (b) -

Interrupt response time

(a) Time from interrupt request is generated to when the instruction then under execution is completed.
(b) Time in which the instruction sequence is executed.

Figure 1.9.4. Interrupt response time
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Time (a) is dependent on the instruction under execution. Thirty cycles is the maximum required for the
DIVX instruction (without wait).

Time (b) is as shown in Table 1.9.5.

Table 1.9.5. Time required for executing the interrupt sequence

Interrupt vector address | Stack pointer (SP) value 6-Bit bus, without wait 8-Bit bus, without wait
Even Even 18 cycles (Note 1) 20 cycles (Note 1)
Even Odd 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1) 20 cycles (Note 1)

Note 1: Add 2 cycles in the case of a DBC interrupt; add 1 cycle in the case either of an address match
interrupt or of a single-step interrupt.
Note 2: Locate an interrupt vector address in an even address, if possible.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
BCLK CLT L LT L L Lol L ol ol o L
Address bus XAggBeoss >< Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2 >< PC
Data bus Interrupt i SP-2 SP-4 vec vec+2
XinformationX Indeterminate ><contents Xcontents Xcontents >< contents ><

R m Indeterminate y u u
" 1

The indeterminate segment is dependent on the queue buffer.
If the queue buffer is ready to take an instruction, a read cycle occurs.

Figure 1.9.5. Time required for executing the interrupt sequence

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 1.9.6 is set in the IPL. Shown in Table 1.9.6 are the IPL values of software and special interrupts
when they are accepted.

Table 1.9.6. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Level that is set to IPL
Watchdog timer, NMI, Oscillation stop and re-oscillation detection, 7
VDET4 detection
Software, address match, DBC, single-step Not changed
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Saving Registers
In the interrupt sequence, only the contents of the flag register (FLG) and that of the program counter
(PC) are saved in the stack area.
First, the processor saves the four higher-order bits of the program counter, and 4 upper-order bits and 8
lower-order bits of the FLG register, 16 bits in total, in the stack area, then saves 16 lower-order bits of the
program counter. Figure 1.9.6 shows the state of the stack as it was before the acceptance of the
interrupt request, and the state the stack after the acceptance of the interrupt request.
To save other necessary registers, use the PUSHM instruction to save these registers except the stack
pointer (SP)at the beginning of the interrupt routine.

Address Stack area Address Stack area
MSB LSB MSB LSB
[SP]
m-4 m-4 Program counter (PC.)  |-a—— New stack

pointer value

m-3 m-3 Program counter (PCwm)
m-2 > m-2 Flag register (FLGL)

m-1 m- 1 Flag register Program
[SP] (FLGH) counter (PCw)
m Content of previous stack |-e—— \?;ﬁfg E;!g:gr m Content of previous stack
interrupt occurs
m+ 1| Content of previous stack m + 1| Content of previous stack
Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Figure 1.9.6. State of stack before and after acceptance of interrupt request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the
content of the stack pointer (Note) , at the time of acceptance of an interrupt request, is even or odd. If
the content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at
a time. Figure 1.9.7 shows the operation of the saving registers.
Note: When any INT instruction in software numbers 32 to 63 has been executed, this is the stack pointer

indicated by the U flag. Otherwise, it is the interrupt stack pointer (ISP).

(1) Stack pointer (SP) contains even number

Address

[SP] - 5 (Odd)

[SP] - 4 (Even)
[SP] - 3 (Odd)
[SP] - 2 (Even)
[SP] - 1 (Odd)

[SP]  (Even)

Stack area

Sequence in which order
registers are saved

Program counter (PCL)

(2) Saved simultaneously,

Program counter (PCw)

all 16 bits

Flag register (FLGL)

Flag register
(FLGH)

Program
counter (PCh)

(1) Saved simultaneously,

all 16 bits

Finished saving reqgisters

in two operations.

(2) Stack pointer (SP) contains odd number

Address

[SP] - 5 (Even)
[SP] - 4 (Odd)
[SP] - 3 (Even)
[SP] - 2 (Odd)
[SP] - 1 (Even)

[SP]  (Odd)

Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged.

Stack area

Sequence in which order
registers are saved

Program counter (PCv)

Program counter (PCw)

Flag register (FLGL)

Flag register
(FLGH)

Program
counter (PCH)

Finished saving registers
in four operations.

After registers are saved, the SP content is [SP] minus 4.

-t— (3)

~*—(4) | saved simultaneously,
all 8 bits

-.— (1)

- (2)

Figure 1.9.7. Operation of saving registers
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Returning from an Interrupt Routine
Executing a REIT instruction at the end of an interrupt routine returns the contents of the flag register (FLG)
as it was immediately before the start of interrupt sequence and the contents of the program counter (PC),
both of which have been saved in the stack area. Then control returns to the program that was being
executed before the acceptance of the interrupt request, so that the suspended process resumes.
To return the other registers saved by software within the interrupt routine, use the POPM or similar instruc-
tion before executing the REIT instruction.

Interrupt Priority
If there are two or more interrupt requests generated at the same time, the interrupt assigned with a higher
priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral I/O interrupts) using the interrupt priority level
select bit. If the same interrupt priority level is assigned, however, the interrupt assigned with a higher
hardware priority is accepted.
Priorities for the special interrupts, such as reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are controlled by hardware.
Figure 1.9.8 shows the priorities of hardware interrupts.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches
invariably to the interrupt routine.

Reset > NMI > DBC > Watchdog timer > Peripheral I/O > Single step > Address match

Figure 1.9.8. Hardware interrupts priorities

Interrupt resolution circuit
When two or more interrupts are generated simultaneously, the circuit in Figure 1.9.9 selects the interrupt
based on the priority level shown.
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Priority level of each interrupt
pommmmmsssmmsssssssssessssssesossses 1 Level O (initial value

I T

) A High

] Timer B2

| Timer BO

| Timer A3

| Timer A1

| INT3

| INTO

] Timer B1

| Timer A4

| Timer A2

| UART1 receive

| UARTO receive Priority of peripheral I/O interrupts

(if priority levels are same)

i| UART2receive/ACK2

: | A-D conversion

] DMA{

| UART 2 bus collision detection

1 TS

| Timer AO

| UART1 transmit

§| UARTO transmit

i| UART2 transmit/NACK2

| Key input interrupt

] DMAQ

a INT4
"""""""""""""""""""" Low —> Interrupt request level judgment output
to clock generating circuit (Fig.1.8.3)

| Processor interrupt priority level (IPL)

| Interrupt enable flag (I flag) Interrupt
| Address match I argg;;:td
| Watchdog timer I
| DEC |
| NI |
| Reset I

Figure 1.9.9. Maskable interrupts priorities (peripheral I/O interrupts)
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INTO, INT1, INT3 to INT5 are triggered by the edges of external inputs. The edge polarity of the interrupt is
selected using the polarity select bit in the interrupt control registers, 004416, 004816, 004916, 005D16 and

005E16.

To generate interrupts on both rising and falling edges, set the INTi interrupt polarity switching bit of the
interrupt request cause select register (035F16) to "1". Interrupt on both rising and falling edges will be
generated regardless of the value set in the polarity select bit of the corresponding interrupt control regis-

ter.

Figure 1.9.10 shows the Interrupt request cause select register.

b7 b6 b5 b4 b3 b2 b1l bo

Interrupt request cause select register

| | | | | | | Symbol Address When reset
— 7 R IFSR 035F1e 0016
Bit symbol Bit name Function RIW
L IFSRO INTO interrupt polarity 0 : One edge
switching bit 1: Two edges ! O
_____ IFSR1 INT1 interrupt polarity 0 : One edge
switching bit 1: Two edges ! O
........ IFSR2 Reserved - -
IFSR3 INT3 interrupt polarity 0 : One edge |
"""""" switching bit 1: Two edges O O
H IFSR4 INT4 interrupt polarity 0 : One edge
""""""" switching bit 1: Two edges O ! O
IFSR5 INT5 interrupt polarity 0 : One edge
--------------- switching bit 1: Two edges O | O
IFSR6 Interrupt request cause 0 : Reserved O o
""""""""""" select bit 1:INT4 (note) !
IFSR7 Interrupt request cause 0 : Reserved i
"""""""""""" select bit 1: INT5 (note) Q O

Note: To use INTi (i=4,5) functionality, this bit must be setto a 1.

Figure 1.9.10. Interrupt request cause select register
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NMI Interrupt

If enabled, an NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The
NMIl interrupt is a non-maskable external interrupt. The pin level can be checked in the port P85 register (bit
5 at address 03F016).

NMI is disabled by default after reset (the pin is a GPIO pin, P85) and can be enabled using bit 4 of
processor mode register 2. Once enabled, it can only be disabled by a reset signal.

Key Input Interrupt

If the direction register of any of P104 to P107 is set for input and a falling edge is input to that port, a key
input interrupt is generated. A key input interrupt can also be used as a key-on wakeup function for cancel-
ling the wait mode or stop mode. However, if you intend to use the key input interrupt, do not use P104 to
P107 as A-D input ports. Figure 1.9.11 shows the block diagram of the key input interrupt. Note that if an “L”
level is input to any pin that has not been disabled for input, inputs to the other pins are not detected as an
interrupt.

Port P104-P107 pull-up

select bit
Pull-gp Key input interrupt control register | (address 004D16)
transistor Port P107 direction

register

Port P107 direction register

P107/KI3 O

Pull-up Port P106 direction
transistor register

Y

Interrupt control circuit

Key input interrupt
P10s/Kl2 O T v P

request
::;glrll-slijgtor ) Port P105 direction
register
P10s/Kl1 O T
Pull-up Port P104 direction
( transistor register

P104Kl0 O—3 @

Figure 1.9.11. Block diagram of key input interrupt
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Address Match Interrupt

An address match interrupt is generated when the address match interrupt address register contents
match the program counter value. Four address match interrupts can be set, each of which can be enabled
and disabled by an address match interrupt enable bit. Address match interrupts are not affected by the
interrupt enable flag (I flag) and processor interrupt priority level (IPL). For an address match interrupt, the
value of the program counter (PC) that is saved to the stack area varies depending on the instruction being
executed. Note that when using the external data bus in width of 8 bits, the address match interrupt cannot

be used for external area.
Figure 1.9.12 shows the address match interrupt-related registers.

Address match interrupt enable register

] Nothing is assigned.

b7 b6 bS5 b4 b3 b2 b1 b0 Symbol Address When reset

MMM_J_J AIER 000916 XXXXXX002

Bit symbol Bit name Function R'W

. 0 | 0: Interrupt disabled :
i enable bit | 1 : |nterrupt enabled ©.0

. e AIERO Address match interrupt 0

' AIER1 |Address match interrupt 1

- O

: Interrupt disabled 0.0

enable bit : Interrupt enabled

In an attempt to write to these bits, write 0 . The value, if read, turns out to —i—
be indeterminated. !

Address match interrupt registeri (i=0, 1)

R Nothing is assigned.

(b23) (b19) (b16)(b15) (08) Symbol Address When reset
- - L L 2 RMADO 001216 to 001016 X0000016
| | RMAD1 001616 to 001416 X0000016

Function Values that can be set |R ‘W

---1 Address setting register for address match interrupt 0000016 to FFFFF16 01O

In an attempt to write to these bits, write 0 . The value, if read, turns out to —_——

be indeterminated. :

Figure 1.9.12. Address match interrupt-related registers
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Precautions for Interrupts

(1) Reading address 0000016
* Do not read address 0000016 by software.
When a maskable interrupt is generated, the CPU reads the interrupt information (the interrupt number
and interrupt request level) in the interrupt sequence. The interrupt request bit of this interrupt is written
in address 0000016. Therefore, reading 0000016 may cancel the interrupt or generate an unexpected
one.

(2) Setting the stack pointer

* The value of the stack pointer immediately after reset is initialized to 000016. Accepting an interrupt
before setting a value in the stack pointer may cause a runaway program. Be sure to set a value in the
stack pointer before accepting an interrupt.

When using the NMI interrupt, initialize the stack pointer at the beginning of the program. Concerning the
first instruction immediately after reset, the generation of any interrupts, including the NMI interrupt, is
prohibited.

(3) The NMI interrupt

*The NMl interrupt is enabled or disabled in bit4 of the processor mode register 2. It is disabled by
default (the pin is used as P8s)after reset. Once enabled, it stays enabled until a reset is applied.

* The NMI interrupt input level can be determined by reading the contents of the P8 register.

e If NMI is enabled, do not attempt to go into stop mode with the NMI input in the “L” state. With the NMI
input in the “L” state, the CM10 is fixed to “0”, therefore, any attempt to go into stop mode is turned
down.

¢ If NMI is enabled, going into wait mode with the NMI input in the “L” state does not reduce the power
consumption. With the NMI input in the “L” state, the CPU stops but the oscillation is not stop, so
power consumption is not reduced. Having NMI in "L" state when going into a wait mode may also
cause an unpredictable behavior of the program.

» Signal input to the NMI pin require an “L” level of '2 cycles of BCLK + 300ns' or more.

(4) External interrupt

e Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTo
, INT1, INT3 through INT5 regardless of the CPU operation clock.

Clear the interrupt enable flag to 0
(Disable interrupt)

Set the interrupt priority level to level 0
(Disable INTi interrupt)

( Set the polarity select bit )

( Clear the interrupt request bit to 0 )

Set the interrupt priority level to level 1 to 7
(Enable the accepting of INTi interrupt request)

Set the interrupt enable flag to 1
(Enable interrupt)

Note: Execute the setting above individually. Don't execute two or
more settings at once(by one instruction).

Figure 1.9.13. Switching condition of INT interrupt request
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* When the polarity of the INTo , INT1, INT3 through INT5 pins is changed, the interrupt request bit is
sometimes set to “1”. After changing the polarity, set the interrupt request bit to “0”. Figure 1.9.13
shows the procedure for changing the INT interrupt generate factor.

(5) Watchdog timer interrupt

* Write to the watchdog timer start register after the watchdog timer interrupt occurs (initialize watchdog

timer).
(6) Rewrite the interrupt control register
Example 1:
INT_SWITCH1:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ; Four NOP instructions are required when using HOLD function.
NOP
FSET | ; Enable interrupts.
Example 2:
INT_SWITCH2:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
MOV.W MEM, RO ; Dummy read.
FSET | ; Enable interrupts.
Example 3:
INT_SWITCHS:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions (four when using the HOLD function) or dummy read are inserted
before FSET | in Examples 1 and 2 is to prevent the interrupt enable flag | from being set before the
interrupt control register is rewritten due to effects of the instruction queue.

* To rewrite the interrupt control register, do so at a point where an interrupt request for that register is not
generated. If there is possibility of the interrupt request occur, disable the interrupt before rewriting the
interrupt control register. Some program examples are described as follow:

When changing an interrupt control register with interrupts enabled, please read the following precau-
tions on instructions used before changing the register.

(1) Changing a non-interrupt request bit
If an interrupt request for an interrupt control register is generated during an instruction to rewrite the
register is being executed, there is a case that the interrupt request bit is not set and consequently the
interrupt is ignored. This will depend on the instruction. If this creates problems, use the instructions
below to change the register.
Instructions : AND, OR, BCLR, BSET

(2) Changing the interrupt request bit
When attempting to clear the interrupt request bit of an interrupt control register, the interrupt request bit
is not cleared sometimes. This will depend on the instruction. If this creates problems, use the instruc-
tions below to change the register.
Instructions : MOV
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Watchdog Timer

The watchdog timer has the function of detecting when the program is out of control. Therefore, we recom-
mend using the watchdog timer to improve reliability of a system. The watchdog timer is a 15-bit counter
which down-counts the clock derived by dividing the BCLK using the prescaler. Whether a watchdog timer
interrupt is generated or reset is selected when an underflow occurs in the watchdog timer. When the
watchdog timer interrupt is selected, write to the watchdog timer start register after the watchdog timer
interrupt occurs (initialize watchdog timer). Watchdog timer interrupt is selected when bit 2 (PM12) of the
processor mode register 1 (address 000516) is “0” and reset is selected when PM12 is “1”. No value other
than “1” can be written in PM12. Once when reset is selected (PM12="1"), watchdog timer interrupt cannot
be selected by software.

When XIN is selected for the BCLK, bit 7 of the watchdog timer control register (address 000F16) selects the
prescaler division ratio (by 16 or by 128). When XCIN is selected as the BCLK, the prescaler is set for
division by 2 regardless of bit 7 of the watchdog timer control register (address 000F16). Thus the watch-
dog timer's period can be calculated as given below. The watchdog timer's period is, however, subject to an
error due to the prescaler.

With XIN chosen for BCLK
prescaler dividing ratio (16 or 128) X watchdog timer count (32768)
BCLK

Watchdog timer period =

With XcIN chosen for BCLK
prescaler dividing ratio (2) X watchdog timer count (32768)
BCLK

Watchdog timer period =

For example, suppose that BCLK runs at 16 MHz and that 16 has been chosen for the dividing ratio of the
prescaler, then the watchdog timer's period becomes approximately 32.8 ms.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16) and when
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer
is reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started
by writing to the watchdog timer start register (address 000E16). In stop mode, wait mode and hold state,
the watchdog timer and prescaler are stopped. Counting is resumed from the held value when the modes
or state are released.

Also PM12 is initialized only when reset. The watchdog timer interrupt is selected after reset is cancelled.
Figure 1.10.1 shows the block diagram of the watchdog timer. Figure 1.10.2 shows the watchdog timer-
related registers.
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- ~--~- -~ "~ =~ "=~ "~ ]
Prescaler
PM12=0
Watchdog timer
interrupt request
ﬂ } Watchdog timer —o)—>
HOLD— J O— Reset
A PM12 =1

Write to the watchdog timer SR ;

start register

(address 000E16) Sf,;;gw

RESET © O{ 1_/
Figure 1.10.1. Block diagram of watchdog timer
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After reset
| 0 . | . | | | | | WDC 000F16 00?XXXXX2(Note1)
i : : : : : : : Bit symbol Bit name | Function RW
High-order bit of watchdog timer RO
oo Cold start / warm start 0: Cold start
N WDC5 discrimination flag (Note 2) | 1 : Warm start RW
SR — Reserved bit Setto 0 RW
L WDC7 Prescaler select bit 0 : Divided by 16 RW
1: Divided by 128

Note 1: The WDCS5 bit is set to 0 immediately after power-on (cold start).
Note 2: The WDCS5 bit will always be set to a 1 whenever the WDC SFR is written (regardless of value of WDCS5 bit).

Watchdog timer start register

o7 50 Symbol Address When reset
WDTS 000E16 Indeterminate

Function R'W|

The watchdog timer is initialized and starts counting after a write instruction to |
"""""" this register. The watchdog timer value is always initialized to 7FFF16 X0
regardless of whatever value is written. |

Figure 1.10.2. Watchdog timer control and start registers
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This microcomputer has two DMAC (direct memory access controller) channels that allow data to be sent
to memory without using the CPU. DMAC shares the same data bus with the CPU. The DMAC is given a
higher right of using the bus than the CPU, which leads to working the cycle stealing method. On this
account, the operation from the occurrence of DMA transfer request signal to the completion of 1-word (16-
bit) or 1-byte (8-bit) data transfer can be performed at high speed. Figure 1.11.1 shows the block diagram
of the DMAC. Table 1.11.1 shows the DMAC specifications. Figures 1.11.2 to 1.11.4 show the registers
used by the DMAC.

{ Address bus \

_I:>| DMAO source pointer SAR0(20)
| | (addresses 002216 to 002016)
:>|DMAO destination pointer DARO (20)
U U (addresses 002616 to 002416)
|DMAO forward address pointer (20) (Note)

vy

—|:>‘ DMAO transfer counter reload register TCRO (16) I:> :>| DMA1 source pointer SART (20) ':>
U (addresses 002916, 002816) | | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) > || o> DMAT1 destination pointer DAR (20) >
U O (addresses 003616 to 003416)
:>| DMAT1 transfer counter reload register TCR1 (16) I:> |DMA1 forward address pointer (20) (Note) |:>
U (addresses 003916, 003816)
|DMA1 transfer counter TCR1 (16) ':> | DMA latch high-order bits | DMA latch low-order bits |
9 Data bus low-order bits \
{ Data bus high-order bits \

Note: Pointer is incremented by a DMA request.

Figure 1.11.1. Block diagram of DMAC

Either a write to the software DMA request bit or an interrupt request factor are used as a DMA transfer
request signal. The DMA transfer is not affected by the interrupt enable flag (I flag) nor by the interrupt
priority level. The DMA transfer does not affect interrupts.

If the DMAC is active (the DMA enable bit is set to 1), data transfer starts every time a DMA transfer request
signal occurs. If the cycle of the occurrences of DMA transfer request signals is higher than the DMA
transfer cycle, there can be instances in which the number of transfer requests do not agree with the
number of transfers. For details, see the description of the DMA request bit.
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Table 1.11.1. DMAC specifications

Item

Specification

No. of channels

2 (cycle steal method)

Transfer memory space

cessed)

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

(Note that DMA-related registers [002016 to 003F16] cannot be ac-

Maximum No. of bytes transferrec

1128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors (Note)

Falling edge of INTO or INT1 or both edge

Timer AO to timer A4 interrupt requests

Timer BO to timer B2 interrupt requests

UARTO transfer and reception interrupt requests
UART1 transfer and reception interrupt requests
UART2 transfer and reception interrupt requests
A-D conversion interrupt requests

Software triggers

Channel priority

DMAO takes precedence if DMAO and DMA1 requests are
generated simultaneously

Transfer unit

8 bits or 16 bits

Transfer address direction

forward/fixed (forward direction cannot be specified for both source and
destination simultaneously)

Transfer mode

* Single transfer mode

After the transfer counter underflows, the DMA enable bit turns to “0”,
and the DMAC turns inactive

* Repeat transfer mode

After the transfer counter underflows, the value of the transfer counter
reload register is reloaded to the transfer counter.

The DMAC remains active unless a “0” is written to the DMA enable bit.

DMA interrupt request
generation timing

When an underflow occurs in the transfer counter

Active When the DMA enable bit is set to “17, the DMAC is active.
When the DMAC is active, data transfer starts every time a DMA
transfer request signal occurs.

Inactive * When the DMA enable bit is set to “0”, the DMAC is inactive.

* After the transfer counter underflows in single transfer mode

At the time of starting data transfer immediately after turning the DMAC
active, the value of one of source pointer and destination pointer - the one
specified for the forward direction- is reloaded to the forward direction
address pointer, and the value of the transfer counter reload register is
reloaded to the transfer counter.

Writing to register

Registers specified for forward direction transfer are always write enabled.
Registers specified for fixed address transfer are write-enabled when
the DMA enable bit is “0”.

Reading the register

Can be read at any time.
However, when the DMA enable bit is “1”, reading the register set up as the
forward register is the same as reading the value of the forward address pointer.

Note: DMA transfer is not effective to

any interrupt. DMA transfer is affected neither by the interrupt enable

flag (I flag) nor by the interrupt priority level.
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DMAO request cause select register
b7 b6 b5 b4 b3 b2 bt bo Symbol Address When reset
| | | | | | DMOSL 03B816 0016
bbbt D Bitsymbol Bit name Function R W
A DMA request cause b3 b2 b1 b0 !
e DSELO select bit 0000 : Falling edge of INTO pin e
A 000 1: Software trigger !
R 001 0: Timer AO |
T A R 001 1:Timer Al "
[ e 0100: Timer A2 !
- 0101 : Timer A3 OEO
o 0110: Timer A4 (DMS=0) !
vor o /two edges of INTO pin (DMS=1) |
N 0111 : Timer BO (DMS=0) ;
I DSEL2 1000: Timer B1 (DMS=0) |
[ 100 1: Timer B2 (DMS=0) 00
Voo 10 10: UARTO transmit !
vor o 1011 :UARTO receive i
- 1100 : UART2 transmit !
oo DSEL3 1101 : UART2 receive !
[ 1110:A-D conversion o ! o
Voo 1111:UART1 transmit !
E : ' ' Nothing is assigned. _ l _
[ In an attempt to write to these bits, write 0 . The value, if read, turns outto be 0 . |
DMA request cause 0 : Normal
poTTTTTTTT s DMS expansion select bit 1 : Expanded cause 0.0
E DSR Software DMA If software trigger is selected, a ‘
R request bit DMA request is generated by o ! o
setting this bitto 1 (When read, !
the value of this bit is always 0) i

Figure 1.11.2. DMAC register (1)
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DMA1 request cause select register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | DM1SL 03BA16 0016
oo 01| Bitsymbol Bit name Function R'W
DMA request cause b3b2b1b0 I
- R T DSELO select bit 0000 : Falling edge of INT1 pin o ! o
- R T 000 1: Software trigger |
A 0010: Timer A0 |
. 0011 :Timer Al ‘
T T U A 0100: Timer A2 |
P DSEL1 0101: Timer A3 (DMS=0) :
A 0110 : Timer A4 (DMS=0) o0:0
T 0111 : Timer BO (DMS=0) '
R /two edges of INT1 (DMS=1) -
oo 1000 : Timer Bi i
oo DSEL2 1001 : Timer B2 o ! o
R 101 0:UARTO transmit |
E E E E 101 1: UARTO receive 3
. 1100 : UART2 transmit X
. 1101 :UART2 receive/ACK2 !
E E E E DSEL3 111 0:A-D conversion o | o
o 1111 :UART1 receive
o Nothing is assigned. _ 3 _
E E bombommmmmmmmee In an attempt to write to these bits, write 0 . The value, if read, turns outtobe 0 . |
DMA request cause 0 : Normal
CoTTTTTTT DMS expansion select bit 1 : Expanded cause 0.0
i DSR Software DMA If software trigger is selected, a
B e R request bit DMA request is generated by 00
setting this bitto 1 (When read, !
the value of this bit is always 0) |
DMAI control register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
|><|><| | | | | | | DMICON(i=0,1) 002C16, 003C16 00000X002
Bit symbol Bit name F unction R w
Con o 0 a0 ol puBIT Transfer unit bit select bit | 0 : 16 bits 1) | o
oroh 1: 8 bits |
oo DMASL | Repeat transfer mode 0 : Single transfer o) ! 1o
select bit 1 : Repeat transfer
R DMAS DMA request bit (Note 1) | 0 : DMA not requested o O
- 1 : DMA requested E(Note 2)
A DMAE | DMA enable bit 0 : Disabled o o
N 1: Enabled i
o Source address direction | g - Fixed i
P Rrmmmmmemmeeey DSD select bit (Note 3) 1 : Forward o ©
Destination address 0 : Fixed
o T DAD direction select bit (Note 3) | 1 - Forward o o
E E Nothing is assigned. 3
"""""""""""" In an attempt to write to these bits, write 0 . The value, if read, turns outto be 0 . - T
Note 1: DMA request can be cleared by resetting the bit. ‘
Note 2: This bit can only be setto 0.
Note 3: Source address direction select bit and destination address direction select bit
cannot be setto 1 simultaneously.

Figure 1.11.3. DMAC register (2)
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DMAI source pointer (i =0, 1)

Set a value one less than the transfer count

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 bo b7 b0 Symbol Address When reset
|><|><|><|><| SARO 002216 to 002016 Indeterminat
AVAVAVAS 1 . ] SAR1 003216 to 003016 Indeterminatg
I ! Function Transfer address | giyy
. : specification !
Source pointer
e Stores the source address 0000016 to FFFFF1e O}O
N T S Nothing is assigned. _3_
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. !
DMAI destination pointer (i = 0, 1)
(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 0 Symbol Address When reset
|><|><|><|><| DARO 002616 to 002416 Indeterminate
T T DAR1 003616 to 003416 Indeterminate
Function Transfer address | g w
oo ' specification ;
L Destination pointer 0000016 to FFFFF1s |00
Stores the destination address |
E___i___i___: ________________________________ Nothing is assigned. i
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. 3
DMA.i transfer counter (i =0, 1)
(b15) (b8)
b7 b0 b7 b0
T Symbol Address When reset
i TCRO 002916, 002816 Indeterminate
TCR1 003916, 003816 Indeterminate
) Transfer count !
Function specification R:W
e ] Transfer counter 000016 to FFFF1s  [O1O

Figure 1.11.4. DMAC register (3)
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(1) Transfer cycle
The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area
(source read) and the bus cycle in which the data is written to memory or to the SFR area (destination
write). The number of read and write bus cycles depends on the source and destination addresses. Also,
the bus cycle itself is longer when software waits are inserted.

(a) Effect of source and destination addresses
When 16-bit data is transferred on a 16-bit data bus, and the source and destination both start at odd
addresses, there are one more source read cycle and destination write cycle than when the source
and destination both start at even addresses.

(b) Effect of software wait
When the SFR area or a memory area with a software wait is accessed, the number of cycles is
increased for the wait by 1 bus cycle. The length of the cycle is determined by BCLK.

Figure 1.11.5 shows the example of the transfer cycles for a source read. For convenience, the destina-
tion 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 the transfer cycle, remember to apply the respec-
tive conditions to both the destination write cycle and the source read cycle. For example (2) in Figure
1.11.5, if 16-bit data is being transferred from an odd source address to an odd destination address, two
bus cycles are required for both the source read cycle and the destination write cycle.

(2) DMAC transfer cycles
Any combination of even or odd transfer read and write addresses is possible. Table 1.11.2 shows the
number of DMAC transfer cycles.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k
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(1) 8-bit transfers
16-bit transfers and the source address is even.

BCLK

Address

Dummy
bus

cycle

><Destination>< ><

RD signal

WR signal

Data

bus CPU use

- Dummy
><Source ><Dest|nat|on><cycle ><

CPU use

(2) 16-bit transfers and the source address is odd

BCLK

Address

bus CPU use

-

><De5tination><

CPU use

RD signal

WR signal

Data

CPU use
bus

>< Source ><Source + 1><De5tination><5;crlgmy

CPU use

(3) One wait is inserted into the source read under the conditions in (1)

BCLK

Address
bus

Dummy

CPU use cycle

><Destination><

CPU use

>< Source

RD signal

WR signal

Data

Dummy
bus

CPU use
cycle

Source

Y Nommno)(2

CPU use

(4) One wait is inserted into the source read under the conditions in (2)

BCLK

Address

I
bus Source

>< Source + 1 ><Destinatior><

Dummy
cycle

>< CPU use

RD signal

WR signal

Data

bus CPU use

Source

X A

Source + 1 ><Destinatior><

Dummy
cycle

>< CPU use

Note: The same timing changes occur with the respective conditions at the desti

nation as at the source

Figure 1.11.5. Example of the transfer cycles for a source read
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Table 1.11.2. No. of DMAC transfer cycles

Single Chip Mode

Transfer Unit Bus Width Access Address | No. of Read Cycles | No. of Write Cycles
8-bit transfers 16 bit Even 1 1
(DMBIT="1") Odd 1 1
16-bit transfers 16 bit Even 1 1
(DMBIT="0") Odd 2 2

Coefficient j, k

Internal Memory
Internal ROM/RAM Internal ROM/RAM
No Wait With Wait SFR Area
1 2 3
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M16C/26 Group

DMA enable bit

Setting the DMA enable bit to “1” makes the DMAC active. The DMAC carries out the following opera-

tions at the time data transfer starts immediately after DMAC is turned active.

(1) Reloads the value of one of the source pointer and the destination pointer - the one specified for the
forward direction - to the forward direction address pointer.

(2) Reloads the value of the transfer counter reload register to the transfer counter.

Thus overwriting “1” to the DMA enable bit with the DMAC being active carries out the operations given

above, so the DMAC operates again from the initial state at the instant “1” is overwritten to the DMA enable

bit.

DMA request bit

The DMAC can generate a DMA transfer request signal triggered by a factor chosen in advance out of

DMA request factors for each channel.

DMA request factors include the following.

* Factors effected by using the interrupt request signals from the built-in peripheral functions and soft-
ware DMA factors (internal factors) effected by a program.

* External factors effected by utilizing the input from external interrupt signals.

For the selection of DMA request factors, see the descriptions of the DMAI factor selection register.

The DMA request bit turns to “1” if the DMA transfer request signal occurs regardless of the DMAC's state (regard-

less of whether the DMA enable bit is set to “1” or “0”). It turns to “0” immediately before data transfer starts.

In addition, it can be set to “0” by use of a program, but cannot be set to “1”.

There can be instances in which a change in DMA request factor selection bit causes the DMA request bit to

turn to “1”. So be sure to set the DMA request bit to “0” after the DMA request factor selection bit is changed.

The DMA request bit turns to “1” if a DMA transfer request signal occurs, and turns to “0” immediately

before data transfer starts. If the DMAC is active, data transfer starts immediately, so the value of the

DMA request bit, if read by use of a program, turns out to be “0” in most cases. To examine whether the

DMAC is active, read the DMA enable bit.

Here follows the timing of changes in the DMA request bit.

(1) Internal factors
Except the DMA request factors triggered by software, the timing for the DMA request bit to turn to “1” due
to an internal factor is the same as the timing for the interrupt request bit of the interrupt control register to
turn to “1” due to several factors.
Turning the DMA request bit to “0” due to an internal factor is timed to be effected immediately before the
transfer starts.

(2) External factors
An external factor is a factor caused to occur by the leading edge of input from the INTi pin (i depends on
which DMAC channel is used).
Selecting the INTi pins as external factors using the DMA request factor selection bit causes input from
these pins to become the DMA transfer request signals.
The timing for the DMA request bit to turn to “1” when an external factor is selected synchronizes with the
signal's edge applicable to the function specified by the DMA request factor selection bit (synchronizes
with the trailing edge of the input signal to each INTi pin, for example).
With an external factor selected, the DMA request bit is timed to turn to “0” immediately before data
transfer starts similarly to the state in which an internal factor is selected.
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(3) The priorities of channels and DMA transfer timing
If a DMA transfer request signal falls on a single sampling cycle (a sampling cycle means one period from
the leading edge to the trailing edge of BCLK), the DMA request bits of applicable channels concurrently
turn to “1”. If the channels are active at that moment, DMAO is given a high priority to start data transfer.
When DMAQO finishes data transfer, it gives the bus right to the CPU. When the CPU finishes single bus
access, then DMA1 starts data transfer and gives the bus right to the CPU.
An example in which DMA transfer is carried out in minimum cycles at the time when DMA transfer
request signals due to external factors concurrently occur.
Figure 1.11.6 shows the DMA transfer effected by external factors.

An example in which DMA transmission is carried out in minimum
cycles at the time when DMA transmission request signals due to
external factors concurrently occur.

BCLK

DMAO R,

Obtainment
of the bus

L b S
CPU 777 f? @ ml > | right
INTO ||

DMAO

request bit
INT1 |

DMA1

request bit

DMA1

Figure 1.11.6. An example of DMA transfer effected by external factors
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Timers

There are eight 16-bit timers. These timers can be classified by function into timers A (five) and timers B
(three). All these timers function independently. Figures 1.12.1 and 1.12.2 show the block diagram of

timers.
f2 L u
oPCLKO bit = Oﬁ 0 Clock prescaler
1 (O—b or
xn - O PCLKO bit = 1" xcin () fcs2

* Ring oscillator Reset

clock

fe Clock prescaler reset flag (bit 7

f1orf2 3o ataddress 038116) setto "1"

fg f32 fC32
O - Timer mode
O - One-shot timer mode
o] - PWM mode
—0— o o\> Timer AO interrupt
i —O O Timer AO *—
TAON O) 2> —o
filter - Event counter mode
O - Timer mode
O - One-shot timer mode
o] - PWM mode
0—0/(> o O\ Timer A1 interrupt
Noi ®—oO O Timer A1 -
TAIN () 2> o
- Event counter mode

- Timer mode
- One-shot timer mode

o}
o}
® o - PWM mode
q._o/C o x Timer A2 interrupt

Timer A2 I
TA2IN O >

- Event counter mode

%.
&

- Timer mode
- One-shot timer mode

O
O
¢ O O OXPWM mode
<
Noise
TA3N () 2>

Timer A3 interrupt
Timer A3 -

- Event counter mode

%o

- Timer mode
- One-shot timer mode

o
o
o - PWM mode
o—oj O\ Timer A4 interrupt

Timer A4 [
TA4N () 2>

- Event counter mode

i
=9
(o7
- o
s
O

Timer B2 overflow

Figure 1.12.1. Timer A block diagram
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f2 H n n
o PCLKO bit = Of f Clock prescaler
f1 (O—> 1ori2 |—|
J . fca2
EI'N O - PCLKO bit = *1" xein () 1/32 -
¢ Ring oscillator Reset
cloci 8 fe Clock prescaler reset flag (bit 7
Horfo 1/4 3o at address 038116) setto "1"
fg f32 fC32
Timer A
t
o o)
® o) ATimer mode
® o) APulse width measuring mode
.—O/ON , ._OE \ Timer BO interrupt
olse i
TBoN () {2>— poise ) o Timer BO
AEvent counter mode
o o)
°

ATimer mode

0
® o) APulse width measuring mode . .
o S o\> vise W s Timer B1 interrupt
0
0
o

TB 1N O ?>_ ’\fl|(|)t§re g}’ Timer B1

AEvent counter mode

|

O

ATimer mode

o) O\APuIse width measuring mode Timer B2 interrupt
TB 21N O—[@>— Noise g% o Timer B2

filter

AEvent counter mode

L

Figure 1.12.2. Timer B block diagram
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Figure 1.12.3 shows the block diagram of timer A. Figures 1.12.4 to 1.12.6 show the timer A-related

78

registers.
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M16C/26 Group
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Except in event counter mode, timers A0 through A4 all have the same function. Use the timer Ai mode

register (i = 0 to 4) bits 0 and 1 to choose the desired mode.
Timer A has the four operation modes listed as follows:
e Timer mode: The timer counts an internal count source.

* Event counter mode: The timer counts pulses from an external source or a timer over flow.

* One-shot timer mode: The timer stops counting when the count reaches “000016”.
* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

(Address 038016)

q Data bus high-order bits S
Clock source 17
selection ATimer q Data bus low-order bits S
f1 orfo ——o0O ﬁ'cj)cveMshot Clock selection Low-order High-order
fs8 —o \O o 1l 8 bits 8 bits
L 4 — \/
fa2 O ATimer Reload register (16) |
fczp——O (gate function) 7 J { 7
AEvent counter A
Polarity Counter (16) |
AN selection Clock selection Up count/down count
(i=0to4) Count start flag [Always down count exce"j
in event counter mode

TAi Addresses TAj TAk
0 Timer AO 038716 038616  Timer A4 Timer A1
TB2 overflow To external Timer A1 038916 038816  Timer AO  Timer A2
i trigger circuit Timer A2 038B1s 038A Timer A1 Timer A3
TAjoverflow ———0 . 9 Down count —Q TimerA3 038D1s 038Cie TimerA2 Timer A4
(=i 1. Note, however, thatj =4 when i = 0) Uo7d i Timer A4 038F1s 038E1e  Timer A3  Timer AO
o o
TAkoveriow —— o [_Up/down flag }—o
(k =i + 1. Note, however, that k = 0 when i = 4) (Address 038416) ?
TAiouT Pulse output
(i=0to4)
O | I Toggle flip-flop I
Figure 1.12.3. Block diagram of timer A
Timer Ai mode register
Symbol Address When reset
| b7 D06 bS b4 b3 b2 bi b0 TAIMR(i=0 to 4) 039616 to 039A16 0016
L4+ 4+ 1 . 1 .| Bitsymbol Bit name Function RIW
| TmoDo Operation mode select bit g LE;] - Timer mode OEO
s E E E E E E 0 1 : Event counter mode |
H TMOD1 1 0 : One-shot timer mode i
T 11 : Pulse width modulation 00
e (PWM) mode i
Vo ] MRO ] , ] ] 0.0
T Function varies with each operation mode .
R R, MR1 0:0
A MRz 0.0
LSUARLEEELEEE MR3 0.0
LT TCKo Count source select bit 0.0
S TCK1 (Function varies with each operation mode) 0.0

Figure 1.12.4. Timer A-related registers (1)
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Timer Ai register (Note 1)

15 o8 Symbol Address When reset
®15) e o TAO 038716,038616 Indeterminate
| | TA1 038916,038816 Indeterminate
TA2 038B16,038A16 Indeterminate
' TA3 038D16,038C16 Indeterminate
H TA4 038F16,038E 16 Indeterminate
E Function Values that can be set | R!W|
“="1 . Timer mode 000016 to FFFF16 OEO
Counts an internal count source H
- Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow ;O
- One-shot timer mode 000016 to FFFF16 '
Counts a one shot width (Note 2,6) ;O
- Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 XEO
Functions as a 16-bit pulse width modulator (Note 3,4,6) !
- Pulse width modulation mode (8-bit PWM) 0016 to FE16
Timer low-order address functions as an 8-bit (H'%Bordf’r 2?:‘1”555) X0
prescaler and high-order address functions as an 8-bit (Low-clrede? add1rgss)
pulse width modulator (Note 3,5,6) H

Note 1: Read and write data in 16-bit units.

Note 2: When the timer Ai register is set to 000016 , the counter does not
operate and the timer Ai interrupt request is not generated. When
the pulse is set to output, the pulse does not output from the TAiouT
pin.

Note 3: When the timer Ai register is set to 000016 , the pulse width
modulator does not operate and the output level of the TAiOUT pin
remains L level, therefore the timer Ai interrupt request is not
generated. This also occurs in the 8-bit pulse width modulator mode
when the significant 8 high-order bits in the timer Ai register are set
to 0016 .

Note 4: When the set value =n, PWM period and "H" width of PWM pule are
as follows:

PWM perild: (216 - 1)/ fi, "H" width of PWM pulse: n / fi

Note 5: When the set value of upper-address=n and lower-address=m,
PWM period and "H" width of PWM pule are as follows:

PWM perild: (28 - 1)x(m+1)/ fi, "H" width of PWM pulse: (m+1)n / fi

Note 6: Use MOV instruction to write to this register.

Count start flag

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | TABSR 038016 0016
E : : : : : : : Bit symbol Bit name Function RW
A TAOS Timer AO count start flag 0 : Stops counting leYe}
Pl bt Lol TAIS |[Timer At countstartflag | 17 Starts counting 00
E I I ' ' R TA2S Timer A2 count start flag OO0
E : : : . TA3S Timer A3 count start flag E
. TA4S Timer A4 count start flag [eXe)
 SCGOECEEEEEEEE TBOS Timer BO count start flag 00
R S TB1S Timer B1 count start flag [eXe)
e TB2S Timer B2 count start flag o0
Up/down flag (Note 1)
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | UDF 038416 0016
i I I : : : : I Bit symbol Bit name F unction R}W
Por o4 b L TAOUD | Timer AO up/down flag 0 : Down count 0.0
A 1: Up count ——
N TA1UD | Timer A1 up/down flag P .0
. - This specification becomes valid [
A TA2UD | Timer A2 up/down flag when the up/down flag contentis |9:O
T TA3UD Timer A3 up/down flag selected for up/down switching o0
[ cause ——
L TA4UD | Timer A4 up/down flag 0.0
[ TA2P Timer A2 two-phase pulse | O : two-phase pulse signal XEO
b signal processing select bit processing disabled '
I 1 : two-phase pulse signal ]
L TA3P Timer A3 two-phase pulse processing enabled (Note 2) | :
: signal processing select bit 1
: When not using the two-phase —v—
R TA4P Timer A4 two-phase pulse | pulse signal processing function, X0
signal processing select bit| set the select bit to 0 !

Note 1: Use MOV instruction to write to this register.
Note 2: Set the TAIIN and TAiOUT pins correspondent port direction reaisters to 0 .

Figure 1.12.5. Timer A-related registers (2)

RENESAS 79

Renesas Technology Corp.




et
I\
\(ie (e\oP

Timer A

«e™  Preliminary Specifications Rev. 0.9
Specifications in this manual are tentative and subject to change.

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
One-shot start flag
Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl bo ONSF 038216 0016
Ll LTTL
poror bt [ Bitsymbol Bit name Function RIW
P n 0 1ty TA0OS | Timer AO one-shot startflag | 1 : Timer start o Xe)
A TA10S | Timer A1 one-shot start flag When read, the value is 0 0.0
o] TA20S | Timer A2 one-shot start flag (@) O
T TA30S | Timer A3 one-shot start flag 00
N S — TA40S | Timer A4 one-shot start flag 00
P T Reserved bit Must always be set to 0 00
b ] TAOTGL | Timer AO event/trigger o706 00
: select bit 0 0 : Input on TAOI is selected (Note) !
: 0 1: TB2 overflow is selected ‘
e TAOTGH 10: TA4 overflow is selected 0.0
11 :TA1 overflow is selected i
Note: Set the corresponding port direction registerto 0 .
Trigger select register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | TRGSR 038316 0016
: .+ 1 1 [ Bitsymbol Bit name Function RIW
: A Timer A1 event/trigger b1b !
! v TATTGL select bit 9 0 0 : Input on TA1IN is selected (Note) (OO
' - 0 1:TB2 overflow is selected !
1 R TA1TGH 10: TAO overflow is selected |
11 : TA2 overflow is selected OEO
E E E i Timer A2 event/trigger b3 b2
H Cor T TA2TGL select bit 0 O : Input on TA2IN is selected (Note) O;O
: . 0 1: TB2 overflow is selected ;
' o] TA2TGH 10: TA1 overflow is selected O:O
11 : TA3 overflow is selected
: . Timer A3 event/trigger b5 b4 !
: TASTGL select bit 9 00 : Input on TA3iN is selected (Note)  |O:O
! 0 1:TB2 overflow is selected -
R TA3TGH 10: TA2 overflow is selected 00
H 11 : TA4 overflow is selected |
H i i b7 b |
VooTTTTTTmm et TA4TGL l—lerirgz; ﬁ:tl event/trigger 0 0 : Input on TA4IN is selected (Note) (OO
: 0 1: TB2 overflow is selected .
] TA4TGH 1.0 : TA3 overflow is selected 00
11 :TAO overflow is selected !
Note: Set the corresponding port direction registerto 0 .
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bi b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
E E i i i E E E Bit symbol Bit name Function R'W
P44 4144 | Nothing is assigned. |
et eE LR P UL R In an attempt to write to these bits, write 0 . The value, if read, turns out to be —i—
: indeterminate. i
CPSR Clock prescaler reset flag 0 : No effect . !
o] 1 : Prescaler is reset 0.0
(When read, the value is 0) |

Figure 1.12.6.
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(1) Timer mode

In this mode, the timer counts an internally generated count source. (See Table 1.12.1.) Figure 1.12.7
shows the timer Ai mode register in timer mode.

Table 1.12.1. Specifications of timer mode

Item Specification
Count source f1, f2, f8, f32, fC32
Count operation e Down count
* When the timer underflows, it reloads the reload register contents before continuing counting
Divide ratio 1/(n+1) n : Set value

Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)
Interrupt request generation timing | When the timer underflows

TAIIN pin function Programmable 1/O port or gate input

TAiouUT pin function Programmable 1/O port or pulse output

Read from timer Count value can be read out by reading timer Ai register
Write to timer * When counting stopped

When a value is written to timer Ai register, it is written to both reload register and counter
* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)
Select function e Gate function
Counting can be started and stopped by the TAIIN pin’s input signal
* Pulse output function
Each time the timer underflows, the TAIOUT pin’s polarity is reversed

Timer Ai mode register

b7 b6 bS5 b4 b3 b2 bi bO Symbol Address When reset
[ T To] T ] Jofo] TAMRG=0to4) o39616t0030A16 0016
Bit symbol Bit name Function RIW
: TMODO | Operation mode brbo 0.0
. TMOD1 | select bit 0 0: Timer mode 00
: MRO Pulse output function 0 : Pulse is not output
e select bit (TAiouT pin is a normal port pin) 00

1: Pulse is output (Note 1)
(TAiouT pin is a pulse output pin)

' Gate function select bit b43 ) ) 1
' MR1 0 X (Note 2): Gate function not available 00

(TAIIN pin is a normal port pin)
1 0 : Timer counts only when TAiIIN pin is
' MR2 held L (Note 3) !
e 11 : Timer counts only when TAIIN pin is |O:O
held H (Note 3) !

[EREEEEELEEELELTE MR3 0 (Must always be 0 in timer mode) [e}te}

H . b7 b6 |
_____________________ TCKO Count source select bit 00:f1orfe 00

! 01:fs -
] TCK1 10:1f32 00

11:fcaz |

Note 1: The settings of the corresponding port register and port direction register
are invalid.

Note 2: The bitcanbe 0 or 1.
Note 3: Set the corresponding port direction registerto 0 .

Figure 1.12.7. Timer Ai mode register in timer mode
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Event Counter Mode
In this mode, the timer counts an external signal or an internal timer’s overflow. Timers A0 and A1 can
count a single-phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-
phase external signal. Table 1.12.2 lists timer specifications when counting a single-phase external
signal. Figure 1.12.8 shows the timer Ai mode register in event counter mode.
Table 1.12.3 lists timer specifications when counting a two-phase external signal. Figure 1.12.9 shows
the timer Ai mode register in event counter mode.

Table 1.12.2. Timer specifications in event counter mode (when not processing two-phase pulse signal)

ltem Specification
Count source * External signals input to TAIIN pin (effective edge can be selected by software)
e TB2 overflow, TAj overflow
Count operation ¢ Up count or down count can be selected by external signal or software

* When the timer overflows or underflows, it reloads the reload register con
tents before continuing counting (Note)

Divide ratio 1/ (FFFF16 - n + 1) for up count
1/ (n + 1) for down count n : Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)
Interrupt request generation timing | The timer overflows or underflows
TAIIN pin function Programmable 1/O port or count source input
TAIoUT pin function Programmable 1/O port, pulse output, or up/down count select input
Read from timer Count value can be read out by reading timer Ai register
Write to timer * When counting stopped

When a value is written to timer Ai register, it is written to both reload register and counter
* When counting in progress

When a value is written to timer Ai register, it is written to only reload
register (Transferred to counter at next reload time)

Select function e Free-run count function

Even when the timer overflows or underflows, the reload register content is not reloaded to it
¢ Pulse output function

Each time the timer overflows or underflows, the TAIOUT pin’s polarity is reversed

Note: This does not apply when the free-run function is selected.

Timer Ai mode register
(When not using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | |0| | | |0| 1| TAIMR(i = 0 to 4) 039616 to 039A16 0016
I Bit symbol Bit name Function R:Wi|
TMODO | Operation mode select bit | b5 o0
TMOD1 0 1 : Event counter mode (Note 1) [eXe)
MRO Pulse output function 0 : Pulse is not output .
________ select bit (TAiouT pin is a normal port pin) OEO

1 : Pulse is output (Note 2)
(TAiouT pin is a pulse output pin)

MR1 Count polarity

___________ 8 0 : Counts external signal's falling edge ‘
select bit (Note 3) 1 : Counts external signal's rising edge 00
e MR2 Up/down switching 0 : Up/down flag's content oo
cause select bit 1 : TAiouT pin's input signal (Note 4) .
oo MR3 0 (Must always be 0 in event counter mode) 00
____________________ TCKO Count operation type 0 : Reload type oio
select bit 1: Free-run type !
[ TCK1 Invalid when not using two-phase pulse signal processing OEO

Canbe 0 or 1

Note 1: In event counter mode, the count source is selected by the event / trigger select bit
(addresses 038216 and 038316).

Note 2: The settings of the corresponding port register and port direction register are invalid.

Note 3: Valid only when counting an external signal.

Note 4: When an L signal is input to the TAiouT pin, the downcount is activated. When H ,

the upcount is activated. Set the corresponding port direction registerto 0 .

Figure 1.12.8. Timer Ai mode register in event counter mode
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Table 1.12.3. Timer 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

¢ Up count or down count can be selected by two-phase pulse signal
* When the timer overflows or underflows, the reload register content is
reloaded and the timer starts over again (Note 1)

Divide ratio

1/ (FFFF16 - n + 1) for up count

1/ (n + 1) for down count n: Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

Timer overflows or underflows

TAIIN pin function

Two-phase pulse input (Set the TAIIN pin correspondent port direction register to “0”.)

TAiouT pin function

Two-phase pulse input
(Set the TAiouT pin correspondent port direction register to “0”.)

Read from timer

Count value can be read out by reading timer A2, A3, or A4 register

Write to timer

¢ When counting stopped
When a value is written to timer A2, A3, or A4 register, it is written to both
reload register and counter

* When counting in progress
When a value is written to timer A2, A3, or A4 register, it is written to only
reload register. (Transferred to counter at next reload time.)

Select function (Note 2)

* Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on the
TAIIN pin when input signal on the TAIOUT pin is “H”.

T UL
TAIIN § § 5 i * t

(i=2,3) up Up Up Down Down Down
count count count count count  count

TAioOUT

e Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that the TAIIN pin goes “H” when the input
signal on the TAiouT pin is “H”, the timer counts up rising and falling edges
on the TAiouT and TAIIN pins. If the phase relationship is such that the
TAIIN pin goes “L” when the input signal on the TAIoOUT pin is “H”, the timer
counts down rising and falling edges on the TAiouT and TAIIN pins.

TAiOUT§i§i§ i§i§i

- J - _J
h hd
Count up all edges Count down all edges

TAiIN
i Ay hyhydhydy
- ~ J — _/

VT
Count down all edges

Count up all edges

Note 1: This does not apply when the free-run function is selected.
Note 2: Timer A3 alone can be selected. Timer A2 is fixed to normal processing operation, and timer A4 is fixed to
multiply-by-4 processing operation.
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b6 b5 b4 b3 b2 bl bo

| | lolt]ofofof1]

Timer Ai mode register
(When using two-phase pulse signal processing)

Symbol Address When reset
TAIMR(i =2 to 4) 039816 to 039A16 0016

Bit name Function RW

TMODO | Operation mode select bit | '™ 0,0

TMODA 0 1 : Event counter mode 00

MRO 0 (Must always be 0 when using two-phase pulse signal OiO
processing)

MR1 0 (Must always be 0 when using two-phase pulse signal OEO
processing) !

MR2 1 (Must always be 1 when using two-phase pulse signal OEO
processing)

MR3 0 (Must always be 0 when using two-phase pulse signal OEO
processing) !

TCko | Count operation type 0 : Reload type 00
select bit 1: Free-run type
Two-phase pulse . .

TCK1 processing operation 0 : Normal processing operation 00
select bit (Note 1)(Note 2) 1 : Multiply-by-4 processing operation !

Note 1: This bit is valid for timer A3 mode register. Timer A2 is fixed to normal processing
operation, and timer A4 is fixed to multiply-by-4 processing operation.

Note 2: When performing two-phase pulse signal processing, make sure the two-phase pulse
signal processing operation select bit (address 038416) is set to "1". Also, always be
sure to set the event/trigger select bit (addresses 038216 and 038316) to '002'. And
finally, set the port direction bits for TAiIN and TAiouT to "0" (input mode).

Figure 1.12.9. Timer Ai

mode register in event counter mode
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(3) One-shot timer mode

In this mode, the timer operates only once. (See Table 1.12.4.) When a trigger occurs, the timer starts

up and continues operating for a given period. Figure 1.12.12 shows the timer Ai mode register in

one-shot timer mode.

Table 1.12.4. Timer specifications in one-shot timer mode

ltem

Specification

Count source

f1, f2, fs, f32, fC32

Count operation

* The timer counts down
* When the count reaches 000016, the timer stops counting after reloading a new count
* |f a trigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio

1/n n : Set value

Count start condition

* An external trigger is input
* The timer overflows
* The one-shot start flag is set (= 1)

Count stop condition

* A new count is reloaded after the count has reached 000016
* The count start flag is reset (= 0)

Interrupt request generation timing

The count reaches 000016

TAIIN pin function

Programmable I/O port or trigger input

TAiouT pin function

Programmable 1/O port or pulse output

Read from timer

When timer Ai register is read, it indicates an indeterminate value

Write to timer

* When counting stopped
When a value is written to timer Ai register, it is written to both reload
register and counter

* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Ai mode register

b7 b6 b5 b4 b3 b2 b1 bo

LI ol T 1 1o

Symbol Address When reset
TAIMR(i = 0 to 4) 039616 to 039A16 0016
' [ Bit symbol Bit name Function RIW,
. TMODO | Operation mode select bit "1‘ 00 One-shot i 00
- Tmop1 0 : One-shot timer mode o)fe)
MRO Pulse output function 0 : Pulse is not output i
. select bit (TAiouT pin is a normal port pin) OEO
1: Pulse is output (Note 1) !
(TAiouT pin is a pulse output pin) |
MR1 External trigger select 0 : Falling edge of TAiIN pin's input signal (Note 3) 3
1 bit (Note 2) 1: Rising edge of TAIIN pin's input signal (Note 3) O;O
MR2 Trigger select bit 0 : One-shot start flag is valid
-1 1 : Selected by event/trigger select o0
bits !
- MR3 0 (Must always be 0 in one-shot timer mode) OEO
--{ TCKo Count source select bit  |** 00
00:f1orf2 i
01:fs
TCK1 10:f32 o0
11:fca2 |

Note 1: The settings of the corresponding port register and port direction register are invalid.
Note 2: Valid only when the TAIIN pin is selected by the event/trigger select bit

(addresses 038216 and 038316). If timer overflow is selected, this bitcanbe 1 or 0.
Note 3: Set the corresponding port direction register to 0 .

Figure 1.12.12. Timer Ai mode register in one-shot timer mode
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(4) Pulse width modulation (PWM) mode
In this mode, the timer outputs pulses of a given width in succession. (See Table 1.12.5.) In this mode, the
counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 1.12.13
shows the timer Ai mode register in pulse width modulation mode. Figure 1.12.14 shows the example of
how a 16-bit pulse width modulator operates. Figure 1.12.15 shows the example of how an 8-bit pulse width
modulator operates.

Table 1.12.5. Timer specifications in pulse width modulation mode

ltem Specification
Count source f1,f2, fs, f32, fc32
Count operation * The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)

* The timer reloads a new count at a rising edge of PWM pulse and continues counting
* The timer is not affected by a trigger that occurs when counting

16-bit PWM High level width n/fi  n:Setvalue

* Cycle time(216-1) /fi fixed

Highlevelwidth X n (m+1)/fi n:values set to timer Ai register’s high-order address

o Cycletime (28-1) X (m+1)/fi  m: values set to timer Al register’s low-order address
Count start condition * External trigger is input

* The timer overflows

* The count start flag is set (= 1)

8-bit PWM

Count stop condition * The count start flag is reset (= 0)

Interrupt request generationtiming | PWM pulse goes “L”

TAIIN pin function Programmable I/O port or trigger input

TAIOUT pin function Pulse output

Read from timer When timer Ai register is read, it indicates an indeterminate value
Write to timer * When counting stopped

When a value is written to timer Ai register, it is written to both reload
register and counter
* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Ai mode register

| b7 | b6 | b5 | b4 | b3 | :2 | :1 | b: | Symbol Address When reset

TAIMR(i=0to 4) 039616 to 039A16 0016

Bit symbol Bit name Function RIW
' TMODO  [Operation mode b1 b0 0%
. TMOD1 select bit 11: PWM mode 00
[N MRO 1 (Must always be 1 in PWM mode) 00
h MR1 External trigger select 0: Falling edge of TAIIN pin's input signal (Note 2) OEO
mmmmmmend bit (Note 1) 1: Rising edge of TAiIN pin's input signal (Note 2) [~
_______________ MR2 Trigger select bit 0: Count start flag is valid OEO
1: Selected by event/trigger select bits |
:L MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator OEO
-------------- select bit 1: Functions as an 8-bit pulse width modulator |
H b7 b6 |
B EGEEEEEEEE TCKO Count source selectbit |0 0:f1 orfo 0.0
01:fs .
! 10:f32 |
"""""""""""" TeKi 11 foa 00

Note 1: Valid only when the TAIIN pin is selected by the event/trigger select bit
(addresses 038216 and 038316). If timer overflow is selected, this bitcanbe 1 or 0.
Note 2: Set the corresponding port direction register to 0 .

Figure 1.12.13. Timer Ai mode register in pulse width modulation mode
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Condition : Reload register = 000316, when external trigger
(rising edge of TAIIN pin input signal) is selected

1/fix@2"° 1)

Count source i .

Ah\i\ ;

Trigger is not generated by this signal

TAIIN pin
input signal L

a«— 1/fiXn ‘

PWM pulse output  H ‘
from TAiouT pin L ‘ L e

Timer Ai interrupt 1
requestbit . | ______
fi: Frequency of count source \ /

(f1, f2, s, fa2, fCa2) Cleared to 0 when interrupt request is accepted, or cleared by software

o

Note: n = 000016 to FFFE1s.

Figure 1.12.14. Example of how a 16-bit pulse width modulator operates

Condition : Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
External trigger (falling edge of TAIIN pin input signal) is selected

| 1/fi X (m+1) X(@2° 1)
Count source (Note1) .-

TAIN pin input signal ~ H —+

A
I

Underflow signal of H i ¥ —— - - - = '
8-bit prescaler (Note2) | |_| |_| |_| |_| |_| | |

(

PWM pulse output H '

from TAiOUT pin L : o

Timer Ai interrupt 1 |—|
request bit 0

fi: Frequency of count source

(1, f2, fs, fa2, fos2) Cleared to 0 when interrupt request is accepted, or cleaerd by software

Note 1: The 8-bit prescaler counts the count source.
Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.
Note 3: m = 0016 to FF16; n = 0016 to FE16.

Figure 1.12.15. Example of how an 8-bit pulse width modulator operates
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Figure 1.13.16 shows the block diagram of timer B. Figures 1.13.17 and 1.13.18 show the timer B-related
registers.
Use the timer Bi mode register (i = 0 to 2) bits 0 and 1 to choose the desired mode.
Timer B has three operation modes listed as follows:

* Timer mode: The timer counts an internal count source.
* Event counter mode: The timer counts pulses from an external source or a timer overflow.
* Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or
pulse width.

Clock source selection

Data bus high-order bits

Data bus low-order bits

Pulse period/pulse width measurement

ftorfo— o Timer
f8 —o \O
f&2 —o
fcaa—_o Event counter
. Polarity switching
TBiIN
(i=0t02) O— and edge pulse

Can be selected in only
event counter mode

TBjoverflow — O
(j=1 1. Note, however,

j=2wheni=0)

O Clock selection

[Low-order 8 bits ‘J

High-order 8 bits

Reload register (16)

|
0T |

Counter (16)

Count start flag

(address 038016)

[ Counter reset circuit

TBi Address

TBj

Timer BO 039116 039016 Timer B2
Timer B1 039316 039216 Timer BO

Timer B2 039516 039416 Timer B1

Figure 1.13.16. Block diagram of timer B

b7 b6 b5 b4 b3 b2 b1 b0

Timer Bi mode register

Symbol

Address When reset

| | | | | | | | | TBiMR(i=0to 2) 039B16 to 039D16 00XX00002
i+ i ¢ [ Bitsymbol Bit name Function
L TMODO Operation mode select bit 8160: Timer mode o 1o
Voo 0 1 : Event counter mode
R TMOD1 1 0 : Pulse period/pulse width '
P measurement mode o 0O
oo 1 1: Must not be set. :
— MRO Function varies with each operation mode O O
O S MR1 O ' 0
; MR2 O ' O
] (Note 1)J' ______
X
(Note 2) |
----------------- MR3 O | X
""""""""""" TCKO Count source select bit O 0
e ] TCK1 (Function varies with each operation mode) o O

Note 1: Timer BO.
Note 2: Timer B1, timer B2.

Figure 1.13.17. Timer B-related registers (1)
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Timer Bi register (Note)

out to be indeterminate.

CPSR | Clock prescaler reset flag (1) s?ezz:f:gr < roset oo

(When read, the value is 0)

(b15) (b8)
b7 b0 b7 bo Symbol Address When reset
TBO 039116, 039016  Indeterminate
TB1 039316, 039216  Indeterminate
' TB2 039516, 039416  Indeterminate
E Function Values that can be set REW
---{ ATimer mode 000016 to FFFF16 |/ 5
Counts the timer's period
AEvent counter mode 000016 to FFFF16 |
Counts external pulses input or a timer overflow O;O
APulse period / pulse width measurement mode
Measures a pulse period or width O X
Note: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | TABSR 038016 0016
i1 1 1 00 [ Bitsymbol Bit name Function RW
- TAOS Timer AO count start flag 0 : Stops counting oio
ol e TA1S Timer A1 count start flag 1 Starts counting 0.0
R TA2S Timer A2 count start flag ofo
ST T S TA3S Timer A3 count start flag 00
T R TA4S | Timer A4 count start flag 00
A TBOS | Timer BO count start flag 0.0
E S TB1S Timer B1 count start flag OEO
e TB2S | Timer B2 count start flag o)fe)
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
CPSRF 038116 OXXXXXXX2
b1 1 1 1 1 1 1| Bitsymbol Bit name Function RIW
¢ 1+« o o | Nothing is assigned.
! te-i--a--a-.ao-oo--o0 |nan attempt to write to these bits, write 0 . The value, if read, turns |— —

Figure 1.13.18. Timer B-related registers (2)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.13.6.) Figure 1.13.19
shows the timer Bi mode register in timer mode.

Table 1.13.6. Timer specifications in timer mode

ltem Specification
Count source f1, s, f32, fCc32
Count operation e Counts down

* When the timer underflows, it reloads the reload register contents before
continuing counting

Divide ratio 1/(n+1) n : Set value

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | The timer underflows

TBIIN pin function Programmable 1/O port

Read from timer Count value is read out by reading timer Bi register
Write to timer * When counting stopped

When a value is written to timer Bi register, it is written to both reload register
and counter

* When counting in progress
When a value is written to timer Bi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b Symbol Address When reset
| | | | | | | 0 | 0 | TBiMR(i=0to 2) 039B16 to 039D16 00XX00002
Bit symbol Bit name Function R W
H “{ Tm™MODO - | b1bo O . 0
A Operation mode select bit 00 : Timer mode :
S TMOD1 O ' O
[ MRo Invalid in timer mode O 0
R T MR1 Canbe 0 or 1 o o
: — - 0. O
oo MR2 0 (Must always be 0 in timer mode ; i = 0) (Note 1)
I [Nothing s assigned (=1, . 0 X X
H H In an attempt to write to this bit, write 0 . The value, if read, turns out (Note 2)3

to be indeterminate.

T MR3 Invalid in timer mode. i
L CECEECEEEEPERE In an attempt to write to this bit, write 0 . The value, ifreadin | O | X
timer mode, turns out to be indeterminate. '

b Count source select bit o706 1

[ TCKO 00:ftorf2 o ! o

: 01:fs T

U TCKA1 10:f32 o) 3 e}
11 :fcaz i

Note 1: Timer BO.
Note 2: Timer B1,B2.

Figure 1.13.19. Timer Bi mode register in timer mode
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(2) Event counter mode

In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.13.7.)

Figure 1.13.20 shows the timer Bi mode register in event counter mode.

Table 1.13.7. Timer specifications in event counter mode

ltem

Specification

Count source

 External signals input to TBIIN pin
» Effective edge of count source can be a rising edge, a falling edge, or falling
and rising edges as selected by software

Count operation

* Counts down
* When the timer underflows, it reloads the reload register contents before
continuing counting

Divide ratio

1/(n+1) n : Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

The timer underflows

TBIIN pin function

Count source input

Read from timer

Count value can be read out by reading timer Bi register

Write to timer

* When counting stopped
When a value is written to timer Bi register, it is written to both reload register
and counter

* When counting in progress
When a value is written to timer Bi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | 0| 1 | TBiMR(i=0 to 2) 039B16 to 039D16  00XX00002
Bit symbol Bit name Function R w
TMODO | Operation mode select bit | ' O . O
' o 01: Event counter mode
H HE TMOD1 (o] (o]
: v MRO Count polarity select bob2
L bit (Notz 1) v 00 : Counts external signal's o O
! ! falling edges
! ! 0 1: Counts external signal's
' ' MR1 rising edges o o
H V0 emmmcceaaa 10 : Counts external signal's
falling and rising edges
! ! 11 : Must not be set.
: MR2 0 (Must always be 0 in event counter mode; i = 0) (N(g 2
I Nothing is assigned (i = 1, 2) .
! In an attempt to write to this bit, write 0 . The value, if read, X X
H turns out to be indeterminate. (Note 3)
MR3 Invalid in event counter mode.
e In an attempt to write to this bit, write 0 . The value, if read in @) X
E : event counter mode, turns out to be indeterminate.
____________________ TCKO Invalid in event counter mode.
Canbe 0 or 1. © ©
TCK1 Event clock select 0 : Input from TBIIN pin (Note 4)
----------------------- 1: TBj overflow O .0
(j=i 1;however, j=2wheni=0)

Note 1: Valid only when input from the TBiIN pin is selected as the event clock.
If timer's overflow is selected, this bit canbe 0 or 1.

Note 2: Timer BO.

Note 3: Timer B1, timer B2. .

Note 4: Set the corresponding port direction register to 0 .

Figure 1.13.20. Timer Bi mode register in event counter mode

LENESAS

Renesas Technology Corp.

91



ue® e Preliminary Specifications Rev. 0.9

\oP
geN® Specifications in this manual are tentative and subject to change.
Timer B P ) g M16C/26 Group
Imer SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
.}

(3) Pulse period/pulse width measurement mode
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.13.8.)
Figure 1.13.21 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure
1.13.22 shows the operation timing when measuring a pulse period. Figure 1.13.23 shows the operation
timing when measuring a pulse width.

Table 1.13.8. Timer specifications in pulse period/pulse width measurement mode

Item Specification
Count source f1, f2, f8, f32, fC32
Count operation e Up count

* Counter value “000016” is transferred to reload register at measurement
pulse's effective edge and the timer continues counting

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | ®* When measurement pulse's effective edge is input (Note 1)

*When an overflow occurs. (Simultaneously, the timer Bi overflow flag

changes to “1”. Assume that the count start flag condition is “1” and then

the timer Bi overflow flag becomes “1”. If the timer Bi mode register has a

write-access after next count cycle of the timer from the above condition, the

timer Bi overflow flag becomes “0”.)

TBiIN pin function Measurement pulse input

Read from timer When timer Bi register is read, it indicates the reload register’s content
(measurement result) (Note 2)

Write to timer Cannot be written to

Note 1: An interrupt request is not generated when the first effective edge is input after the timer has started counting.
Note 2: The value read out from the timer Bi register is indeterminate until the second effective edge is
input after the timer has started counting.

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| 1 | 0 | TBiIMR(i=0 to 2) 039B16to 039D16  00XX00002

' [Bit symbol Bit name Function R W

-1 TMODO i o1 o 0

Opler?ttl)c_)tn mode 10 : Pulse period / pulse width .
TMOD1 selectdl measurement mode [eJENe)
MRO M t o
-------- s;::tul;ﬁmen mode 00 : Pulse period measurement (Interval between

measurement pulse's falling edge to falling edge) o ! o
0 1: Pulse period measurement (Interval between

measurement pulse's rising edge to rising edge)
! MR1 10 : Pulse width measurement (Interval between
[EEEEEEETLE measurement pulse's falling edge to rising edge,

and between rising edge to falling edge)
11 : Must not be set.

MR2 0 (Must always be 0 in pulse period/pulse width measurement mode; i = 0) (NmOe 2)1
Nothing is assigned (i = 1, 2). X X

In an attempt to write to this bit, write 0 . The value, if read, turns outtobe | oy 3)3

indeterminate. |
________________ MR3 Timer Bi overflow 0 : Timer did not overflow 1) 1 %

flag ( Note 1) 1 : Timer has overflowed |
R TCKO | Count source 00:forfe o 0

: select bit 01:1s .

. 10:fa2 |
"""""""""""" TeKi 11:fcae o o

Note 1: It is indeterminate when reset. Assume that the count start flag condition is 1 and then the timer Bi
overflow flag becomes 1 . If the timer Bi mode register has a write access after next count cycle of
the timer from the above condition, the timer Bi overflow flag becomes 0. This flag cannot be set to

1 by software.

Note 2: Timer BO.

Note 3: Timer B1, timer B2.

Figure 1.13.21. Timer Bi mode register in pulse period/pulse width measurement mode
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When measuring measurement pulse time interval from falling edge to falling edge

Count source | --

Measurement pulse

Transfer Transfer
(indeterminate value) (measured value)

transfer timing

Timing at which counter
reaches 000016

Reload register + counter |_| |_|

Count start fla !
g o 4 3

Timer Bi interrupt 1 |—| Ii
request bit 0 A
Cleared to 0 when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag 1

0 -

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.13.22. Operation timing when measuring a pulse period

Count source --

Measurement pulse

v T

Transfer Transfer \ Transfer 1 Transfer

/(indeterminate/q (measured value) )(measurey (measured value)
' value) i '/t value) !

Reload register « counter
transfer timing

3 (Note 1) ‘ (Note 1) ‘ (Note 1‘) (No';e- 1)
/! v S
[ [ [ ) —

Timing at which counter
reaches 000016

Count start flag
o — | -

Timer Bi interrupt 1 ‘ ‘ i

request bit 0 .

> ~ 1

Cleared to 0 when interrupt request is accepted, or cleared by software.

Timer Bi overflow flag !

0 --

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.13.23. Operation timing when measuring a pulse width
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Three-Phase Motor Control Timer Function M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Three-Phase Motor Control Timer Function
Use of more than one built-in timer A and timer B provides the means of outputting three-phase motor
driving waveforms. This function requires that P85 become SD, making it important that P85 not be used for
general purpose I/0 (GPIO). If the SD feature is not needed, then P85/SD must always be driven high.

Three-phase PWM control register O (Note 4)
b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
| | INVCO 034816 0016
¢+ v v | Bit symbol Bit name Description RIW
Effective interrupt output 0: A timer B2 interrupt occurs when the
oo or o r e e INVOO polarity select bit timer A1 reload control signalis 1. !
. 1: A timer B2 interrupt occurs whenthe  [O ' O
timer A1 reload control signal is 0 . :
Do (Note3) | .
Effective interrupt output 0: Not specified.
Coro v o ono INVOT specification bit 1: Selected by the INVOO bit. 0o
P (Note 2) (Note 3) !
I INV02 Mode select bit 0: Normal mode 0.0
(Note 4) 1: Three-phase PWM output mode |
INVO3 Output control bit (Note 9) [ 0: Output disabled (Note 10) o o
"""""" 1: Output enabled !
______________ Positive and negative 0: Feature disabled
INVO4 | phases concurrent L output| 1: Feature enabled 0.0
A disable function enable bit
Positive and negative 0: Not detected yet
T EEROCEEEEEE INVO5 phases concurrent L output| 1: Already detected (Note 5) |O1 O
o detect flag !
o INVO6 Modulation mode select | O: Triangular wave modulation mode (Note 6) | ! (y
E bit 1: Sawtooth wave modulation mode  (Note 7) |
R LA EELETLEEEY INVO7 Software trigger bit 0: Ignored 0.0
1: Trigger generated (Note 8) |

Note 1: Set bit 1 of the protect register (address 000A16) to 1 before writing to this register.

Note 2: Set bit 1 of this register to 1 after setting timer B2 interrupt occurrences frequency set counter.

Note 3: Effective only in three-phase mode 1(Three-phase PWM control register's bit 1 = 1).

Note 4: Selecting three-phase PWM output mode causes the dead time timer, the U, V, W phase output control circuits,
and the timer B2 interrupt frequency set circuit works.

Note 5: No value other than 0 can be written.

Note 6: The dead time timer starts in synchronization with the falling edge of timer Ai output. The data transfer from the
three-phase buffer register to the three-phase output shift register is made only once in synchronization with the
transfer trigger signal after writing to the three-phase output buffer register.

Note 7: The dead time timer starts in synchronization with the falling edge of timer A output and with the transfer trigger
signal. The data transfer from the three-phase output buffer register to the three-phase output shift register is
made with respect to every transfer trigger.

Note 8: The value, when read, is O .

Note 9: The INVO3 bit is set to 0 in the following cases:

* When reset.

* When positive and negative go active simultaneously while INV04 bitis 1.

* When setto 0 in a program. _

* When input on the SD pin changes state from H to L. (The INVO3 bit cannot be setto 1 when SD inputis L .)

Note 10: When INVO3 = 1 (three-phase motor control timer output enabled) P80, P81, P72, P73, P74, and P75 function

asU,U,V,V,W,and W.

Figure 1.14.1. Registers related to timers for three-phase motor control (1)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Three-phase PWM control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
| | | | | | | | | INVC1 034916 0016
Bit symbol Bit name D escription R W

Timer Ai start trigger signal| 0: Timer B2 overflow signal !
INV10 select bit 1: Timer B2 overflow signal, 00
signal for writing to timer B2

Timer A1-1, A2-1, Ad-1 0: Three-phase mode 0 !

""" INVIT | control bit 1: Three-phase mode 1 00
Dead time timer count 0:forfe
P INV12 source select bit 1 : f1 divided by 2, or f2 divided by 2 0:0

0: Rising edge of triangular waveform

PoomTmmmmeees INV13 Carrier wave detect flag 1: Falling edge of triangular waveform
! (Note 2) (Note 4)
_____________ Output polarity control bit | 0 : Low active
INV14 1 : High active © | ©
Dead time invalid bit 0: Dead time valid bit
S INV15 1: Dead time invalid bit 0.0
Dead time timer trigger 0: Triggers from corresponding timer !
brmmmmmmenosonnnes INV16 | select bit 1: Rising edge of corresponding phase |0 O
output (Note 3)|
Rk (b7) Reserved bit This bit should be set to "0". 0:0

Note 1: Set bit 1 of the protect register (address 000A16) to 1 before writing to this register.

Note 2: INV13 is valid only in triangular waveform mode (INV06=0) and three-phase mode (INV11=1).

Note 3:Usually setto 1.

Note 4: When INV14="1", INV13="0" is falling edge of triangular waveform and INV13="1"is rising edge of triangular
waveform.

Figure 1.14.2. Registers related to timers for three-phase motor control (2)
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Three-phase output buffer register 0
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
IDBO 034A16 0016
i+ | Bitsymbol Bit name Function R w
L DUO U phase output buffer 0 | Setting in U phase output buffer 0 (Note)i O

bt DUBO U phase output buffer 0 | Setting in U phase output buffer 0 |(Note): O

I ettt DVO V phase output buffer 0 | Setting in V phase output buffer 0 (Note)} O

----------- DVBO V phase output buffer 0 | Setting in V phase output buffer 0 (Note)i

O
I ALLLLLEELEE DWO W phase output buffer 0 | Setting in W phase output buffer 0 (N0te)} O
O

R EELEEEGREEEE DWBO W phase output buffer 0 | Setting in W phase output buffer 0 |(Note);

P ———

Nothing is assigned. |
In an attempt to write to these bits, write 0 . The value, if read, turns outtobe 0. |

Note: When executing read instruction of this register, the contents of three-phase shift
register is read out.

Three-phase output buffer register 1
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
DO T 1111 ] Tiost 034816 0016
v+ 1| BitSymbol Bit name Function R W
b DUA1 U phase output buffer 1 | Setting in U phase output buffer 1 |(Note): O

A DUBH1 U phase output buffer 1 Setting inU phase output buffer 1 (Note)} O

: o] DV1 V phase output buffer 1 | Setting in V phase output buffer 1 (Note)i O
----------- DVB1 V phase output buffer 1 Setting inV phase output buffer 1 (Note)i O
R RRREEEE DW1 W phase output buffer 1 | Setting in W phase output buffer 1 (Note)i O
S DWBH1 W phase output buffer 1 | Setting in W phase output buffer 1 (Note)i O

Nothing is assigned.
-------------------- In an attempt to write to these bits, write 0 . The value, if read, turns out tobe 0 .

Note: When executing read instruction of this register, the contents of three-phase shift
register is read out.

Dead time timer (Note)
b7 b0

Symbol Address When reset
| DTT 034C16 Indeterminate
Function Values that can be set | R w
. Set dead time timer 1 to 255 — 0
Note: Use MOV instruction to write to this register.
Timer B2 interrupt occurrences frequency set counter (Note 1, 2, 3)
= 20 Symbol Address When reset
ICTB2 034D16 Indeterminate
: Function Values that can be set | R |
[ Set occurrence frequency of timer B2 o
interrupt request Tt015 o

Note 1: In setting 1 to bit 1 (INVO1) - the effective interrupt output specification bit - of three-
phase PWM control register 0, do not change the B2 interrupt occurrences frequency
set counter to deal with the timer function for three-phase motor control.

Note 2: Do not write at the timing of an overflow occurrence in timer B2.

Note 3: Use MOV instruction to write to this register.

Figure 1.14.3. Registers related to timers for three-phase motor control (3)
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Timer Ai (i=1, 2, 4) register (Notes 1, 4)

(%175) (Bg) b7 b0 Symbol Address When reset
TA1 038916,038816 Indeterminate
| | TA2 038B16,038A16 Indeterminate
! TA4 038F16,038E16 Indeterminate
E Function Values that can be set | R :W
St - Timer mode 000016 to FFFF16 OEO
Counts an internal count source |
- One-shot timer mode 000016 to FFFF16 X:O
Counts a one shot width (Note 2, 3) !

Note 1: Read and write data in 16-bit units.
Note 2: When the timer Ai register is set to "000016", the counter does not operate
and a timer Ai interrupt does not occur.
Note 3: Use MOV instruction to write to this register.
Note 4: Do not write to these registers synchronously with a timer B2 underflow.

Timer Ai-1 (i=1, 2, 4) register (Notes 1, 2)

SD control bit 1
(Note 1,2,3)

1 : SD pin input port Hi-z enabled

Nothing is assigned.
When write, set 0 . When read, its contentis O .

(b15) (b8) bo Symbol Address When reset
b7 Do b7 TA11 034316,034216  Indeterminate
TA21 034516,034416 Indeterminate
! TA41 034716,034616 Indeterminate
; Function Values that can be set | RIW
R Counts an internal count source 000016 to FFFF16 [O o
Note 1: Read and write data in 16-bit units.
Note 2: Do not write to these registers synchronously with a timer B2 underflow.
Timer B2 special mode register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
TB2SC 039E16 XXXXXX002
¢+ o+ o+ oo | Bit symbol Bit name Function R'W
t 1 1 1 1+ 1 1 | PWCOM [ Timer B2 reload timing | O : Next underflow
Vo T switching bit 1 : Synchronized rising edge of 0,0
T triangular wave
E ' ' ' ' ' N IVPCR1 Three phase output port | 0: E) pin input port Hi-z disabled 0.0

Note 1: Set the protect register (address 000A16) to "1" before writing to this register.
Note 2: Related pins are P8o, P81, P72, P73, P74, and P75, regardless of function

assi

gned.

Note 3: Select P85 as input port prior to setting IVPCR1 to "1".

Figure 1.14.4.

Registers related to timers for three-phase motor control (4)
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Three-Phase Motor Control Timer Function

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Trigger select register
b7 b6 b5 b4 b3 b2 bl pg

Symbol Address When reset
| | | | | | | | TRGSR 038316 0016
Bit symbol Bit name Function R'W
- ) . b1 b0 |
E E E E E E E L-- TAITGL ;r:err:ai; ﬁ|1 event/trigger 0 0 : Input on TA1IN is selected (Note) Of O
. 0 1: TB2 overflow is selected :
R TAITGH 10: TAO overflow is selected O o
oo 11 : TA2 overflow is selected !
e TaoTGL | Timer A2 event/trigger | P302 00
o select bit 0 0 : Input on TA2IN is selected (Note) l
0 1: TB2 overflow is selected
oo ] TA2TGH 1 0: TA1 overflow is selected 0.0
N 1 1: TA3 overflow is selected 1
o TA3TGL | Timer A3 event/trigger | b5b4
T select bit g 0 0 : Input on TA3IN is selected (Note) O: O
0 1: TB2 overflow is selected ;
L i TA3TGH 1 0: TA2 overflow is selected 00
. 1 1: TA4 overflow is selected
R TA4TGL i i b7 b6 i
H ;rg;i; ﬁ: event/trigger 0 O : Input on TA4IN is selected (Note) 0.0
0 1: TB2 overflow is selected
EEEECCEEE PP TA4TGH 1 0: TA3 overflow is selected 0.0
11:TAO overflow is selected 1
Note: Set the corresponding port direction registerto 0 .
Count start flag
b7 b6 b5 b4 b3 b2 bi b0 Symbol Address When reset
TABSR 038016 0016
v+ 4+ 4+ 1 1 1 1| Bitsymbol Bit name F unction R W
-1 TA0S Timer AO count start flag 0 : Stops counting 0.0
e TA1S Timer A1 count start flag 1 Starts counting 0.0
R TA2S Timer A2 count start flag ©) ©)
R TAS3S Timer A3 count start flag O O
R LREEE TA4S Timer A4 count start flag 00
T SGGCEETTEEEEEEE TBOS Timer BO count start flag 0.0
T RRRRREEEEEEEEEEE TB1S Timer B1 count start flag o0
EREEEEEEEEEEEEEEEE LR, TB2S Timer B2 count start flag 00

Figure 1.14.5. Registers related to timers for three-phase motor control (5)
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Three-Phase Motor Control Timer Function M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Three-phase motor driving waveform output mode (three-phase PWM output mode)
Setting “1” in the mode select bit (bit 2 at 034816) shown in Figure 1.14.1 - causes three-phase PWM
output mode that uses four timers A1, A2, A4, and B2 to be selected. As shown in Figure 1.14.6, set
timers A1, A2, and A4 in one-shot timer mode, set the trigger in timer B2, and set timer B2 in timer mode
using the respective timer mode registers.

Timer Ai mode register

Symbol Address When reset
b7 b6 b5 b4 b3 b2 bl b0 TATMR 03971 0016
|,|,|9 1 9|1|9| TA2MR 039816 0016
. TASMR 039A16 0016
Poro | Bit symbol Bit name Function RIW
- TMODO Operation mode b1b0 . O}O
A TMOD1 select bit 10 : One-shot timer mode 00
N MRO Pulse output function 0 (Must always be 0 in three-phase PWM
e select bit output mode) 00
P ey MR1 External trigger select Invalid in three-phase PWM output mode
P bit 00
T T TP e MR2 Trigger select bit 1 : Selected by event/trigger select OEO
oo register :
A ERREEEEEEED MR3 0 (Must always be 0 in one-shot timer mode) 0.0
H . .................... TCKO . b7 b6
: Count source select bit 00:forf 0.0
: 01:1f8 ‘
"""""""""""" TCK1 10:f32 00
11:fcs2 i
Timer B2 mode register
b7 b6 b5 b4 b3 b2 bi_ b0 Symbol Address When reset
Ll ] lo] | [o]o] TB2MR 039D16 00XX00002
po4on 111 1| Bitsymbol Bit name Function RW
bbb b b L TMODO | Operation mode select bit | b1 bo o0
. peration mode select bf 0 0 : Timer mode 1
T TMOD1 o0
e MRO Invalid in timer mode o0
A MR1 Canbe 0 or 1 0.0
P e MR2 0 (Must always be 0 in timer mode) 00
P MR3 | Invalid in timer mode. |
T —— In an attempt to write to this bit, write "0". When read in timer mode, ~ |OiX
v its content is indeterminate. !
Count source select bit (7 b6 :
L] TCKO 00:f1orfe OEO
. 01:fs :
H 10:fa2 |
SRR TCK 11:fca2 o0

Figure 1.14.6. Timer mode registers in three-phase PWM output mode
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Figure 1.14.7 shows the block diagram for three-phase PWM output mode. When selecting output polar-
ity “L” active in three-phase PWM output mode, the positive-phase waveforms (U phase, V phase, and W
phase) and negative waveforms (U phase, V phase, and W phase), six waveforms in total, are output
from P8o, P81, P72, P73, P74, and P75 as active on the “L” level. Of the timers used in this mode, timer A4
controls the U phase and U phase, timer A1 controls the V phase and V phase, and timer A2 controls the
W phase and W phase respectively; timer B2 controls the periods of one-shot pulse output from timers
A4, A1, and A2.

In outputting a waveform, dead time can be set so as to cause the “L” level of the positive waveform
output (U phase, V phase, and W phase) not to lap over the “L” level of the negative waveform output (U
phase, V phase, and W phase).

To set short circuit time, use three 8-bit timers sharing the reload register for setting dead time. A value
from 1 through 255 can be set as the count of the timer for setting dead time. The timer for setting dead
time works as a one-shot timer. If a value is written to the dead time timer (034C16), the value is written
to the reload register shared by the three timers for setting dead time.

Any of the timers for setting dead time takes the value of the reload register into its counter, if a start
trigger comes from its corresponding timer, and performs a down count in line with the clock source
selected by the dead time timer count source select bit (bit 2 at 034916). The timer can receive another
trigger again before the workings due to the previous trigger are completed. In this instance, the timer
performs a down count from the reload register’s content after its transfer, provoked by the trigger, to the
timer for setting dead time.

Since the timer for setting dead time works as a one-shot timer, it starts outputting pulses if a trigger comes;
it stops outputting pulses as soon as its content becomes 0016, and waits for the next trigger to come.

The positive waveforms (U phase, V phase, and W phase) and the negative waveforms (U phase, V
phase, and W phase) in three-phase PWM output mode are output from respective ports by means of
setting “1” in the output control bit (bit 3 at 034816). Setting “0” in this bit causes the ports to be the state
of set by port direction register. This bit can be set to “0” not only by use of the applicable instruction, but
by entering a falling edge in the NMI terminal or by resetting. Also, if “1” is set in the positive and negative
phases concurrent L output disable function enable bit (bit 4 at 034816) causes one of the pairs of U
phase and U phase, V phase and V phase, and W phase and W phase concurrently go to “L”, as a result,
the port becomes the state of set by port direction register.
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Figure 1.14.7. Block diagram for three-phase PWM output mode
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Triangular wave modulation

To generate a PWM waveform of triangular wave modulation, set “0” in the modulation mode select bit
(bit 6 at 034816). Also, set “1”in the timers A4-1, A1-1, A2-1 control bit (bit 1 at 034916). In this mode, each
of timers A4, A1, and A2 has two timer registers, and alternately reloads the timer register’s content to the
counter every time timer B2 counter's content becomes 000016. If “0” is set to the effective interrupt
output specification bit (bit 1 at 034816), the frequency of interrupt requests that occur every time the
timer B2 counter’s value becomes 000016 can be set by use of the timer B2 counter (034D16) for setting
the frequency of interrupt occurrences. The frequency of occurrences is given by (setting; setting ¢ 0).
Setting “1” in the effective interrupt output specification bit (bit 1 at 034816) provides the means to choose
which value of the timer A1 reload control signal to use, “0” or “1”, to cause timer B2’s interrupt request to
occur. To make this selection, use the effective interrupt output polarity selection bit (bit 0 at 034816).
An example of U phase waveform is shown in Figure 1.14.8, and the description of waveform output
workings is given below. Set “1” in DUO (bit 0 at 034A16). And set “0” in DUBO (bit 1 at 034A16). In
addition, set “0” in DU1 (bit 0 at 034B16) and set “1” in DUB1 (bit 1 at 034B16). Also, set “0” in the effective
interrupt output specification bit (bit 1 at 034816) to set a value in the timer B2 interrupt occurrence
frequency set counter. By this setting, a timer B2 interrupt occurs when the timer B2 counter’s content
becomes 000016 as many as (setting) times. Furthermore, set “1” in the effective interrupt output speci-
fication bit (bit 1 at 034816), set “0” in the effective interrupt output polarity select bit (bit 0 at 034816) and
set "1" in the interrupt occurrence frequency set counter (034D16). These settings cause a timer B2
interrupt to occur every other interval when the U phase output goes to “H”.

When the timer B2 counter’s content becomes 000016, timer A4 starts outputting one-shot pulses. In
this instance, the content of DU1 (bit 0 at 034B16) and that of DUO (bit O at 034A16) are set in the three-
phase output shift register (U phase), the content of DUB1 (bit 1 at 034B16) and that of DUBO (bit 1 at
034A16) are set in the three-phase output shift register (U phase). After triangular wave modulation
mode is selected, however, no setting is made in the shift register even though the timer B2 counter’s
content becomes 000016.

The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (038F16, 038E16) and when
timer A4 finishes outputting one-shot pulses, the three-phase shift register’s content is shifted one posi-
tion, and the value of DU1 and that of DUB1 are output to the U phase output signal and to U phase
output signal respectively. At this time, one-shot pulses are output from the timer for setting dead time
used for setting the time over which the “L” level of the U phase waveform does not lap over the “L” level
of the U phase waveform, which has the opposite phase of the former. The U phase waveform output that
started from the “H” level keeps its level until the timer for setting dead time finishes outputting one-shot
pulses even though the three-phase output shift register’s content changes from “1” to “0” by the effect of
the one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, “0” already
shifted in the three-phase shift register goes effective, and the U phase waveform changes to the “L”
level. When the timer B2 counter’s content becomes 000016, the timer A4 counter starts counting the
value written to timer A4-1 (034716, 034616), and starts outputting one-shot pulses. When timer A4 fin-
ishes outputting one-shot pulses, the three-phase shift register’s content is shifted one position, but if the
three-phase output shift register’s content changes from “0” to “1” as a result of the shift, the output level
changes from “L” to “H” without waiting for the timer for setting dead time to finish outputting one-shot
pulses. A U phase waveform is generated by these workings repeatedly. With the exception that the
three-phase output shift register on the U phase side is used, the workings in generating a U phase
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waveform, which has the opposite phase of the U phase waveform, are the same as in generating a U
phase waveform. In this way, a waveform can be picked up from the applicable terminal in a manner in
which the “L” level of the U phase waveform doesn’t lap over that of the U phase waveform, which has the
opposite phase of the U phase waveform. The width of the “L” level too can be adjusted by varying the
values of timer B2, timer A4, and timer A4-1. In dealing with the V and W phases, and V and W phases,
the latter are of opposite phase of the former, have the corresponding timers work similarly to dealing with
the U and U phases to generate an intended waveform.

Timer B2
i Timber B2 interrupt occurres
Rewriting timer A4 and timer A4-1. H
: { Possible to set the number of overflows to generate an ' : : : !
Trigger signal for : interrupt by use of the interrupt occurrences frequency ' ' : : :
timer Ai start 11~ setcircuit C . N : ; E E :
(timer B2 overflow || N PO I ; ﬂ\\ﬂ : [1 ; I
signal) Lo : o : N ' : : : '
P oo ; P \ : i The three-phase
T ' i 1 shift register
Timer A4 output shifts in

Control signal for

timer A4 reload output.
U phase
output signal :
U phase L ; P g L P : P
output signal b ; : : ; : l_—l__
(Note 1) ' L : : : :
Dead time : .
Uphase | | ! : L :
(Note2) { : :I I I: b
Uphase : [ ] :
e il | e R e
Dead time

INV13(Triangular wave m
modulation detect flag) n ' d : H . !

Carrier wave \/\
Signal wave - : Y

synchronization
with the falling
edge of the A4

(Note 3)

Note 1: When INV14="0" (output wave Low active)
Note 2: When INV14="1" (output wave High active)
Note 3: Set to triangular wave modulation mode and to three-phase mode 1.

Figure 1.14.8. Timing chart of operation (1)
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Assigning certain values to DUO (bit 0 at 034A16) and DUBO (bit 1 at 034A16), and to DU1 (bit 0 at
034B16) and DUB1 (bit 1 at 034B16) allows the user to output the waveforms as shown in Figure 1.14.9,
that is, to output the U phase alone, to fix U phase to “H”, to fix the U phase to “H,” or to output the U phase

alone.

Carrier wave —, /" /\ /\ /\
Signal wave —p. ; /

Timer B2

Réwriting timer A4 every timer B2 inferrupt occurs.

Trigger signal for : Timer B2 interrupt occurs.
timer Ai start ; Reyvrlt!ng three-phase bulfferl register.

(timer B2 overflow
signal)
imer A4 outpu _ﬂ ﬂ |'| ﬂ H ” ﬂ ”

Th TR

U phase
output signal

U phase

output signal

U phase R

U phase

D : >iel>le >erie | oplile | plie !
Dead time

Note: Set to triangular wave modulation mode and to three-phase mode 0.

Figure 1.14.9. Timing chart of operation (2)
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Figures 1.14.1 to 1.14.5 show registers related to timers for three-phase motor control.
Sawtooth modulation

To generate a PWM waveform of sawtooth wave modulation, set “1” in the modulation mode select bit (bit
6 at 034816). Also, set “0” in the timers A4-1, A1-1, and A2-1 control bit (bit 1 at 034916). In this mode, the
timer registers of timers A4, A1, and A2 comprise conventional timers A4, A1, and A2 alone, and reload
the corresponding timer register’s content to the counter every time the timer B2 counter’s content be-
comes 000016. The effective interrupt output specification bit (bit 1 at 034816) and the effective interrupt
output polarity select bit (bit 0 at 034816) go nullified.

An example of U phase waveform is shown in Figure 1.14.10, and the description of waveform output
workings is given below. Set “1”in DUO (bit 0 at 034A16), and set “0” in DUBO (bit 1 at 034A16). In addition,
set “0” in DU1 (bit 0 at 034A16) and set “1” in DUB1 (bit 1 at 034A1s).

When the timber B2 counter’s content becomes 000016, timer B2 generates an interrupt, and timer A4
starts outputting one-shot pulses at the same time. In this instance, the contents of the three-phase buffer
registers DU1 and DUO are set in the three-phase output shift register (U phase), and the contents of
DUB1 and DUBO are set in the three-phase output shift register (U phase). After this, the three-phase
buffer register’s content is set in the three-phase shift register every time the timer B2 counter’s content
becomes 000016.

The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (038F16, 038E16) and when
timer A4 finishes outputting one-shot pulses, the three-phase output shift register’s content is shifted one
position, and the value of DU1 and that of DUB1 are output to the U phase output signal and to the U
output signal respectively. At this time, one-shot pulses are output from the timer for setting dead time
used for setting the time over which the “L” level of the U phase waveform doesn’t lap over the “L” level of
the U phase waveform, which has the opposite phase of the former. The U phase waveform output that
started from the “H” level keeps its level until the timer for setting dead time finishes outputting one-shot
pulses even though the three-phase output shift register’s content changes from “1” to “0 "by the effect of
the one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, 0 already
shifted in the three-phase shift register goes effective, and the U phase waveform changes to the “L”
level. When the timer B2 counter's content becomes 000016, the contents of the three-phase buffer
registers DU1 and DUO are set in the three-phase output shift register (U phase), and the contents of
DUB1 and DUBO are set in the three-phase output shift register (U phase) again.

A U phase waveform is generated by these workings repeatedly. With the exception that the three-phase
output shift register on the U phase side is used, the workings in generating a U phase waveform, which
has the opposite phase of the U phase waveform, are the same as in generating a U phase waveform. In
this way, a waveform can be picked up from the applicable terminal in a manner in which the “L” level of
the U phase waveform doesn’t lap over that of the U phase waveform, which has the opposite phase of
the U phase waveform. The width of the “L” level too can be adjusted by varying the values of timer B2
and timer A4. In dealing with the V and W phases, and V and W phases, the latter are of opposite phase
of the former, have the corresponding timers work similarly to dealing with the U and U phases to gener-
ate an intended waveform.

Setting “1” both in DUBO and in DUB1 provides a means to output the U phase alone and to fix the U
phase output to “H” as shown in Figure 1.14.11.
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A carrier wave of sawtooth waveform

Carrier wave —,

Signal wave —

Timer B2

Interrupt occurs.
Trigger signal for Rewriting the value of timer A4.

timer Ai start

Data transfer is made from the three-
phase buffer register to the three-
phase shift register in step with the
timing of the timer B overflow.

(timer B2 overflow ﬂ
signal) :

T/ =\ T

o

The three-phase

Timer A4 output

shift register

/shifts in
i |4 synchronization

with the falling

) _ _

Dead time

U phase output . [~ edge of timer A4.
signal ; : : : : : : P
U phase ' |—| ' f
output signal : 5 ; : : : : P
Uphase  fl__T} I ] [
L_J phase : ' L :- : I—' 5 I—r
> <— > . - - - > - -

Note: Set to sawtooth modulation mode and to three-phase mode 0.

Figure 1.14.10. Timing chart of operation (3)
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A carrier wave of sawtooth waveform

Carrier wave —_,

Signal wave—s

Timer B2

Interrtjpt occurs.
Rewriting the value of timer A4.

! Interrupt occurs.
i Rewriting the value of timer A4. |

Trigger signal for
timer Ai start :
(timer B2 overflow

Data transfer is made from the three-
phase buffer register to the three-
phase shift register in step with the
timing of the timer B overflow.

ReWriting three-phase
output buffer register

signal)

¥,

v

I

The three-phase
shift register shifts

Timer A4 output

in synchronization

i\ 1~ with the falling
H /edge of timer A4.

U phase

u phase

output signal ; : : ; : l

output signal

U phase

lj phase

Dead time

Note: Set to sawtooth modulation mode and to three-phase mode 0.

Figure 1.14.11. Timing chart of operation (4)
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Serial I/0

Serial I/O is configured as three channels: UARTO, UART1, and UART2.

UARTi (i=0to 2)
UARTO, UART1 and UART2 each have an exclusive timer to generate a transfer clock, so they operate
independently of each other.
Figure 1.15.1 shows the block diagram of UARTO, UART1 and UART2. Figures 1.15.2 and 1.15.3 show
the block diagram of the transmit/receive unit.
UARTI (i = 0 to 2) has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous
serial 1/0 mode (UART mode). The contents of the serial I/O mode select bits (bits 0 to 2 at addresses
03A016, 03A816 and 037816) determine whether UARTI is used as a clock synchronous serial 1/0O or as a
UART. Although a few functions are different, UARTO, UART1 and UART2 have almost the same functions.
UARTZ2, in particular, is used for the SIM (Subscriber Identity Module) interface with some extra settings
added in clock-asynchronous serial /0O mode.
Table 1.15.1 shows the comparison of functions of UARTO through UART2, and Figures 1.15.4t0 1.15.10
show the registers related to UARTI.

Table 1.15.1. Comparison of functions of UARTO through UART2

Function UARTO UART1 UART2
CLK polarity selection Supported  (Note 1) | Supported (Note 1) | Supported (Note 1)
LSB first / MSB first selection Supported  (Note 1) | Supported (Note 1) | Supported (Note 2)

Continuous receive mode selection Supported (Note 1) | Supported (Note 1) | Supported (Note 1)

Transfer clock output from muiltiple Not Supported Supported (Note 1) | Not Supported
pins selection
Serial data logic switch Not Supported Not Supported Supported  (Note 3)
TxD, RxD 1/O polarity switch Not Supported Not Supported Supported

N-channel open-drain
TxD, RxD port output format CMOS output/Nch OD| CMOS output/Nch OD output
Parity error signal output Not Supported Not Supported Supported (Note 3)
Bus collision detection Not Supported Not Supported Supported

Note 1: Only when in clock synchronous serial I/0O mode.
Note 2: Only when in clock synchronous serial /0 mode and 8-bit UART mode.
Note 3: Used for SIM interface.
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(UARTO)
RxD0O

Clock source selection UART reception

————O TxDo

Receive

CLK1 to CLKO

o Reception clock
Clock synchronous comrolpcircLli
type "0

! "
1510 or f2s10 — 222 UOBRG ‘ Transmit/
fasio 012 Internal CKDIR=0  register ' receive
ta0510 102 © Q . 17 1 UART transmission | Transmit unit
External —o (no+1) ! Transmission control] _J clock
Clock synchronous circuit
CKDIR=1 type
Clock synchronous type
(when internal clockis selected)
CKDIR=0|
Clock synchronous type \
CKPOL when external clock is selected)  ckp|R=1
Clock synchronous type
CLK (when internal clock is selected)
polarity
CLKOO— reversing AN|
circuit
CTS/RTS selected CTS/RTS disabled
CRS= RTS0
CTS0/RTS0 AN
CRS=0 Vee
HosPoo l CTS/RTS disabled
= CRD=1 CTSo
CTSo from UART1 ———o0 CRD=0
RCSP=1
RxD1O ——QO TxD1
Clock source selection UART reception ° Receive
CLK1 1o CLKO Clock synchronous R?celpt.ion it clock
' control circui ;
T it/
1510 or f2s10 —2220 type "O 1 recoe
01 ' it
fssio uni
f32510 102 UART transmission , | Transmit
Glock synch ~ Transmission | | clock
ock synchronous control circuit
External type E |
Clock synchronous type
(when internal cloclis selected)
\CKDIR:O
Clock synchronous type o—
CKPOL | when external clock is selected CKDIR=1
CLK Clock synchronous type
polarity . (when internal clock is selected)
CLK1(OH rev‘ersi‘?g CLKMDO0=0 J/‘
circui CLKMDO=1 \
Clock output I
— pin select CTS/RTS selected  CTS/RTS disabled
8$§1 // CRI:I—KSS” CLKMD1=1 CRS=1 RTST
0, 1 N
CLKMD1=0 CRS=0 N
Vee
CTS/RTS disabled
l CRD=1 RGSP=0  CTS
CRD=0 o——— CTSo from UARTO
(UART2) RosPt —
X
RxD RxD polarity polarity
xD2 reversing circuit ] reversing _( ) TxD2
. circuit
Clock source selection UART reception Receive
CLK1 to CLKO Clock Synchronou\s ° Reception clock (Note)
! control circuit [ i
1810 or f2810 —222 type : Transmit/
012 . rece!;/e
fzgg 102 UART transmission Transmit un
o Clock synchronousI Transmission l dlock
External iype control circuit |
Clock synchronous type
(when internal clock is selected)
——————————— 0
\CKDIR:O

Clock synchronous type
(when external clock is selected)o CKDIR=1

CKPOL Clock synchronous type
CLK (when internal clock is selected)
polarity
CLK2 OA reversing \I
circuit
CTS/RTS CTS/RTS disabled
selected CRS=1 RTS2
cT82/RTS20—— (e ~N
Vce
l CTS/RTS disabled
CRD=1 CTS2
0
CRD=0

i=0to2

ni: Values set to the UiBRG register

SMD2 to SMDO, CKDIR: UiMR register's bits

CLK1 to CLKO, CKPOL, CRD, CRS: UiCO register's bits
CLKMDO, CLKMD1, RCSP: UCON register's bits

Note: UART2 is the N-channel open-drain output. Cannot be set to the CMOS output.

Figure 1.15.1. Block diagram of UARTI (i = 0 to 2)
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Clock
synchronous type

UART (7 bits)
UART (8 bits)
UART (7 bits) UARTI receive register

RxDi(O)—

PAR UART
enabled

Clock
synchronous type

UART (8 bits)
UART (9 bits)

UARTI receive

0:0{0{0:0;0;0iDs| [DriDeiDs:DsiDsiDejiDijDo| buierreqster
- — Address 03A616
| MSB/LSB conversion circuit | Address 03A716
Address 03AE16
Address 03AF16

Data bus high-order bits

Data bus low-order bits

| MSB/LSB conversion circuit |

| <>
|D8 | | D7i De{ Dsi{ Dai Dai D2 i D1i Do | UARTitransmit

buffer register

Address 03A216
Address 03A316

Address 03AA16
UART (8 bits) Address 03AB16
UART (9 bits)

Clock synchronous

UART (9 bits) type
PAR
2SP enabled UART
O o) .
G P Sz e L HHHHHH O
1SP Clock - - ‘ .
4,—(1;;::bled syg?:hronous UART (7 bits) UARTi transmit register
type UART (7 bits)
UART (8 bits) ‘
0 Clock synchronous SP: Stop bit

type PAR: Parity bit

Figure 1.15.2. Block diagram of UARTI (i = 0, 1) transmit/receive unit
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) M16C/26 Grou
Serial 1/10 SINGLE-CHIP 16-BIT CMOS MICROCOMPUT?ER

No reverse
. RxD data
01 O— e

O
Reverse

Clock
synchronous type

UART
(7 bits)
UART

Clock (8 bits) UART(7 bits) UARTI receive register

synchronous
ty)

PAR UART Clock
enabled (9 bits) synchronous type
(9 bits)
0i0i0i0i0i{0i0iDs| |DriDeiDsiDsiDsiDziDiiDo| UARTIeceve
( Address 037E16)
| Logic reverse circuit + MSB/LSB conversion circuitl Address 037F16
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuit|
|Ds | | D7{ Deéi DsiDaiDsiDz2iDr i Do| UARTI transmit
buffer register
( Address 037A16 )
Address 037B16
UART
(8 bits)
UART
(9 bits)
UART Clock
PAR (9 bits) synchronous type

enabled UART

28P
Q Q
[sebe{se] Sopfee] St %
O o}
1SP PAR
disabled | synchronous

type

UART(7 bits) UARTI transmit register

(8 bits)

Clock
synchronous type

0

Error signal output
disameg P No reverse

Error signal TxD data TxDi
output circuit reverse circuit
Error signal output Reverse
enable
SP: Stop bit

PAR: Parity bit

Figure 1.15.3. Block diagram of UART2 transmit/receive unit
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UARTI transmit buffer register (Note)

(b15) (68) Symbol Address When reset
b7 b0 b7 b0 uoTB 03A316, 03A216 Indeterminate
|><|><|><|><|><|><|><| | | uUiTB 03AB16s, 03AA16 Indeterminate
u2TB 037B16, 037A16 Indeterminate
Function RIW|
LT L Transmit data X ‘ O

Nothing is assigned.
In an attempt to write to these bits, write 0 . The value, if read, turns out to be indeterminate.

Note: Use MOV instruction to write to this register.

UARTIi receive buffer register

(b15) (b8) Symbol Address When reset

b7 b0 b7 £o UORB  03A71s, 03A61s Indeterminate
U1RB 03AF16, 03AE16 Indeterminate
U2RB 037F16, 037E16 Indeterminate

Bit . . Function Function i
symbol Bit name (During clock synchronous (During UART mode) R :W

serial /0 mode)

- - Receive data Receive data O X

Nothing is assigned.
In an attempt to write to these bits, write 0 . The value, if read, turns outto be 0 .

ABT | Arbitration lost detecting 0 : Not detected Invalid o0
flag (Note 2) 1 : Detected
OER | Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error O'%
1 : Overrun error found 1 : Overrun error found
FER Framing error flag (Note 1) | Invalid 0 : No framing error oO!x%

-

: Framing error found

PER | Parity error flag (Note 1) Invalid 0 : No parity error 0%
1 : Parity error found

SUM | Error sum flag (Note 1) Invalid 0 : No error O'X
1 : Error found

Note 1: Bits 15 through 12 are setto 0 when the serial I/O mode select bit (bits 2 to 0 at addresses 03A01s,
03A81s and 037816) are setto 0002 or the receive enable bit is setto 0 .
(Bit 15is setto O when bits 14 to 12 all are setto 0 .) Bits 14 and 13 are also setto 0 when the
lower byte of the UARTI receive buffer register (addresses 03A61s, 03AE1s and 037E1s) is read out.
Note 2: Arbitration lost detecting flag is allocated to U2RB and only "0" must be written. Nothing is assigned
in bit 11 of UORB and U1RB. Set to "0" when writing. If read, value is "0".

UARTI bit rate generator (Note 1, 2)

b7 b0 Symbol Address When reset
| UOBRG 03A116 Indeterminate
U1BRG 03A916 Indeterminate
: U2BRG 037916 Indeterminate
Function Values that can be set R'W
H T
: Assuming that set value = n, BRGi divides the count source by 0016 to FFis X'0
""""""""""""""""""""" n+1 |

Note 1: Write a value to this register while transmit/receive halts.
Note 2: Use MOV instruction to write to this register.

Figure 1.15.4. Serial I/O-related registers (1)
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UARTI transmit/receive mode register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| 0 | | | | | | | | UiMR(i=0,1) 03A016, 03A816 0016

Bit Bit name (During c::)l::rllc;i;r?chronous Function R W
oo symbol serial /O mode) (During UART mode) !
bbb b b SMDO | ger Must be fixed to 001 b2r o0 3
T Serial I/_O mode b2 b1 b0 100 : Transfer data 7 bits long [O:O
select bits 000 : Serial /O invalid 101 : Transfer data 8 bits long
R SMD1 010 : Inhibited 11 0: Transfer data 9 bits long '
011 : Inhibited 000 : Serial I/O invalid 0.0
H 11 1 : Inhibited 01 0: Inhibited .
ST T S SMD2 011 : Inhibited 3
bbb 111 : Inhibited 0:0
R S RREEEETE CKDIR |Internal/external clock 0 : Internal clock 0 : Internal clock O§O
. select bit 1 : External clock 1 : External clock (Note 1) :
e STPS | Stop bit length select bit | Invalid 0 : One stop bit 3

P o 1: Two stop bits O}O
N S PRY | Odd/even parity select bit | Invalid Valid when bit 6 = “1”
Vo 0 : Odd parity 0.0
1 : Even parity
S ESELRROEEETEEE T L PRYE |Parity enable bit Invalid 0 : Parity disabled 0.0
: 1 : Parity enabled '
s Reserved Must always be “0” o) o

UARTI transmit/receive control register 0

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| UiC0(i=0,1) 03A416, 03AC 16 0816

Bit Bit name (Durin c:;%rllc;ior?chronous Function R W
: symbol s%rial o) ?'Inode) (During UART mode) |

E b1bo b1 b0 "

: CLKo |BRG count source 00 : f1s10 or f2si0 is selected | 0 0 : fisi0 or f2sio is selected 00
: select bits (Note 2) (Note 2) |

: 0 1 :fssio is selected 0 1 :fssio is selected '

: CLKA1 10:fazsio is selected 10:f32s10 is selected 0.0
: 11 : Inhibited 11 : Inhibited |
~Ta//Ta . Valid when bit 4 = “0” Valid when bit 4 = “0” :

1 CRS CTS/RTS function 0 : CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) (O 1O
: select bit 1: RTS function is selected (Note 3) | { : RTS function is selected (Note 3)

0 : Data present in transmit

0 : Data present in transmit register '
register (during transmission) p 9

TXEPT | Transmit register empty (during § ission)
uring transmission

fla . p :
g 1: No_data presen{ |n_transm|t 1 : No data present in transmit (@] | X
register (transmission register (transmission completed) ‘
completed)
I CTS/RTS di f 0: CTS/RTS function enabled 0 : CTS/RTS function enabled
T S CRD | CTS/RTS disable bit | 5r5/RTS function disabled | 1 CTS/RTS function disabled :
o (P60 and P64 function as (P60 and P64 function as o o
! ! programmable 1/0 port) programmable 1/O port) i
f 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output '
Yooy TTTTTTTTTmTTmmmmeeee NCH Data output select bit 1 : TXDi pin is N-channel 1: TXDi pin is N-channel OO0
open-drain output open-drain output |

; ; 0 : Transmit data is output at Must always be “0”
CKPOL | CLK polarity select bit falling edge of transfer clock 4

R and receive data is input at

rising edge !

1 : Transmit data is output at O;O
rising edge of transfer clock
and receive data is input at
falling edge

S UFORM |Transfer format select bit |0 : LSB first 0
1 MSB first Must always be “0 O;O
Note 1: Set the corresponding port direction register to “0”.
Note 2: Periperal clock select register bit PCLK1 is used to select between f1SI10 and f2sio.
Note 3: The settings of the corresponding port register and port direction register are invalid.

Figure 1.15.5. Serial I/0O-related registers (2)
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UART2 transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bO
| | | | | | | | | Symbol Address When reset
i U2MR 037816 0016
E . Function . |
H Bit . ) Function |
' Bit name (During clock synchronous . Rw
: symbol serial /0 mode) (During UART mode) :
: SMDO ; i [ p2brbo b2 b1 b0 i
: Serial I/O mode select bit | 0 0 : Serial I/0 invalid 000 : Serial /0 invalid 00
H 00 1: Serial /0 10 0 : Transfer data 7 bits long .
: SMD1 010:12C mode 10 1: Transfer data 8 bits long | !
: 011: 11 0: Transfer data 9 bits long [O:1O
! . Must not be set Except the above : Must not be set .
: SMD2 111: |
: 0,0
: CKDIR |Internal/external clock 0 : Internal clock 0 : Internal clock OEO
! select bit 1 : External clock (Note 1) 1 : External clock (Note 1) !
STPS | stop bit length select bit | Invalid 0': One stop bit 00
' 1 : Two stop bits !
: PRY | Odd/even parity select bit | Invalid Valid when bit 6 = 1
: 0 : Odd parity o0
' 1 : Even parity !
' PRYE | Parity enable bit Invalid 0 : Parity disabled oo
H 1 : Parity enabled |
RN R JoPOL | TxD, RxD I/O polarity 0 : No reverse 0 : No reverse i
reverse bit 1: Reverse 1: Reverse 00
Usually setto 0 Usually setto 0 !
UART2 transmit/receive control register O
b7 b6 b5 b4 b3 b2 bt bo
Symbol Address When reset
| A\l | | U2Co 037C 16 0816
A ) Function ) !
e Bit . ’ Function i
A Bit name (During clock synchronous ' RIW
P ' P symbol serial 1/O mode) (During UART mode)
I ! HE ! b1 b0 b1 b0 '
bbb 1] giko | BRG countsource 00: fisio or f2sio is selected | 00 : fisio or fasio is selected  |g!o
A select bit (Note 2) (Note 2) |
A 01 : fsslo is selected 0 1: fssio is selected !
oo b o] ok 1 0: f32s10 is selected 10 :f32sl0 is selected 00
b ' - 11 : Must not be set. 11 : Must not be set. !
oo ATe/RTE . Valid when bit 4 = "0" Valid when bit 4 = "0" 1
T S CRS CTIS/?J-tS function 0: CTS function is selected (Note 1)| 0 : CTS function is selected (Note 1) |O'1O
Voo select bi 1: RTS function is selected (Note 3) [ { : RTS function is selected (Note 3) | |
R . . 0 : Data present in transmit . ) + reqi |
o Transmit register empty register (during transmission)| 0: aﬁgngr?;ir:#;;;ﬁ;s)mn register |
Pl EEEEELETEES TXEPT | flag 1:No data present in transmit | 1 . No data present in transmit OiX
[ register (transmission register (transmission completed) | !
Voo completed) ‘
' : E 5 STa/RTa A . 0: CTS/RTS function enabled | 0: CTS/RTS function enabled
R CRD CTS/RTS disable bit | 1" 575/RTS function disabled | 1 : GTS/RTS function disabled oo
. T (P60, P64 and P73 functiorn) (P60, P64 and P73 function !
I ' as programmable /O port as programmable I/O port) !
A Nothing is assigned. e
. In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0”.
E E . . 0 : Transmit data is output at 9"
Lo CKPOL | CLK polarity select bit falling edge of transfer clock Must always be "0 !
] and receive data is input at |
! rising edge i
! 1 : Transmit data is output at o 10
! rising edge of transfer clock !
! and receive data is input at !
' falling edge !
] UFORM | Transfer format select bit| O : LSB first 0: LSB first 00
(Note 4) 1: MSB first 1: MSB first !
Note 1: Set the corresponding port direction register to "0".
Note 2: Periperal clock select register bit PCLKT is used to select between f1s10 and f2s10.
Note 3: The settings of the corresponding port register and port direction register are invalid.
Note 4: Only clock synchronous serial /O mode and 8-bit UART mode are valid.

Figure 1.15.6. Serial I/O-related registers (3)
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Serial /O M16C/26 Group
ena SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
. _____________________________________________________________________________________________________________________________________________|
UARTi transmit/receive control register 1 (i=0, 1)
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
|>q><]><|><| | | | | UiC1(i=0,1) 03A516,03AD16 0216
AR . Function ' |
A Bit . ) Function 1
b4 | symbol Bit name (Durlr;%r(i:;cl)(lt/kosmfggnous (During UART mode) R}W
E i . . . TE Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled O§O
o 1 : Transmission enabled | 1 : Transmission enabled 1
Lo Tl Transmit buffer 0 : Data present in 0 : Data present in ‘
! or T empty flag transmit buffer register transmit buffer register Oi X
oo 1: No data present in 1 : No data present in |
oo transmit buffer register transmit buffer register |
S RE Receive enable bit 0 : Reception disabled 0 : Reception disabled O§O
oo 1 : Reception enabled 1: Reception enabled 1
P RI Receive complete flag | 0 : No data present in 0 : No data present in 1
N hathtt receive buffer register receive buffer register 0O'X
o 1: Data present in 1: Data present in !
A receive buffer register receive buffer register
S R Nothing is assigned. i
In an attempt to write to these bits, write 0 . The value, if read, turns outto be 0 . |
UART?2 transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | U2ct 037D16 0216
A . Function " !
T Bit . . Function |
N Bit name (During clock synchronous ) R/W
: P : : : : symbol serial /0 mode) (During UART mode) |
i . E i . . . TE | Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OEO
A 1 : Transmission enabled | 1: Transmission enabled
P Lo TI | Transmit buffer 0 : Data present in 0 : Data present in
vl E E P T empty flag transmit buffer register transmit buffer register 0'X
oy 1: No data present in 1 : No data present in !
R transmit buffer register transmit buffer register |
. RE | Receive enable bit 0 : Reception disabled 0 : Reception disabled 00
o 1 : Reception enabled 1 : Reception enabled !
RI Receive complete flag 0 : No data present in 0 : No data present in
Lo e receive buffer register receive buffer register o %
- 1: Data present in 1: Data present in |
oo receive buffer register receive buffer register
E . E E U2IRS | UART2 transmit interrupt | O : Transmit buffer empty | 0 : Transmit buffer empty
' L e cause select bit (TI=1) (TI=1) OEO
' . 1: Transmit is completed | 1: Transmit is completed !
Lo (TXEPT = 1) (TXEPT =1) !
U2RRM | UART2 continuous 0 : Continuous receive Must always be "0"
i ] receive mode enable bit mode disabled 0'0
Lo 1: Continuous receive |
mode enabled
o U2LCH | Data logic select bit 0: No reverse 0: No reverse OEO
1 : Reverse 1 : Reverse !
e U2ERE | Error signal output Must be fixed to 0 0 : Output disabled OEO
enable bit 1: Output enabled 1

Figure 1.15.7. Serial I/O-related registers (4)
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UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 b1l bO

Symbol Address When reset
UCON 03B016 X00000002
[ . Function ) !
e Bit . ; Function |
Voo Bit (During clock synchronous B R'W
Poion i | symbol name serial /O mode) (During UART mode) :
V4 v 4+ % 1 & 1| UOIRS | UARTO transmit 0 : Transmit buffer empty (TI=1) | 0 : Transmit buffer empty (Tl = 1) |
T T interrupt cause select bit | 1: Transmission completed 1 : Transmission completed 00
N (TXEPT = 1) (TXEPT = 1) |
U1IRS | UART1 transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (Tl = 1)
[ interrupt cause select bit | 1: Transmission completed 1 : Transmission completed O ;O
R (TXEPT = 1) (TXEPT = 1) :
UORRM | UARTO continuous 0 : Continuous receive Must always be 0
[ Tt receive mode enable bit mode disabled 00
oo 1 : Continuous receive '
A mode enable .
A U1RRM | UART1 continuous 0 : Continuous receive Must always be 0 '
R receive mode enable bit mode disabled 00
oror 1: Continuous receive '
- mode enabled '
oo CLKMDO| CLK/CLKS select bit 0 | Valid when bit 5 = 1 Invalid |
SRS 0 : Clock output to CLK1 )
1 : Clock output to CLKS1 1
CLKMD1| CLK/CLKS select 0 : Normal mode Must always be 0
oo bit 1 (Note) (CLK output is CLK1 only) '
e 1 : Transfer clock output 00
I from multiple pins |
function selected !
S RCSP | Separate CTS/RTS bit | 0: CTS/RTS shared pin 0 : CTS/RTS shared pin 00
' 1: CTS/RTS separated 1: CTS/RTS separated '
:l _______________________ Nothing is assigned. i
In an attempt to write to this bit, write 0 . The value, if read, turns out to be indeterminate.

Note: When using multiple pins to output the transfer clock, the following requirements must be met:
* UART1 internal/external clock select bit (bit 3 at address 03A816) = O .

UART2 special mode register

b7 b6 b5 b4 b3 b2 b1 b0

| | | | Symbol Address When reset

N L U2SMR 037716 X00000002

. . Function ) i
N Bit . ) Function i
N Bit (During clock synchronous ) RW
5 E E 5 E E 5 i symbol name serial /O mode) (During UART mode) :
00 0 4 01wl 1IeM | 12C mode select bit 0 : Normal mode Must always be 0 o) O
1:12C mode !
¢4 4 o4 | ABC | Arbitration lost detecting | 0 : Update per bit Must always be 0 o O
Cooron e flag control bit 1 : Update per byte |
A BBS | Bus busy flag 0: STOP condition detected | Must always be 0 0.0
Cooror 1: START condition detected (Note1)
e H Reserved bit Must always be 0. Must always be 0. e} o
ABSCS | Bus collision detect Must always be 0 0 : Rising edge of transfer |
R sampling clock 00
b clock select bit 1 : Underflow signal of timer Aj !
P (Note 2) !
ACSE | Auto clear function Must always be 0 0 : No auto clear function
------------------ select bit of transmit 1 : Auto clear at occurrence of |O 'O
v enable bit bus collision |
v SSS | Transmit start condition | Must always be 0 0: Ordinary
SRR sooe bt v 1 Falling edge of RxDi o0
Nothing is assigned.
"""""""""""" In an attempt to write to this bit, write 0 . The value, if read, turns out to be indeterminate. T

Note 1: Nothing but 0 may be written.
Note 2: Underflow signal of timer A0 in UART2.

Figure 1.15.8. Serial I/0O-related registers (5)
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Serial /O M16C/26 Group
era SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
. _________________________________________________________________________________________________________________________________________________________|

UART2 special mode register 2

e Symbol Address When reset

L | L | | . | . | U2SMR2 037616 X00000002

E I I I I I I l Bit Bit name Function R w

Loy 4 4 0 1 i symbol :

Pl bbb ilicM2  [12C mode selectbit2 | Refer to Table 1.15.14 o 0

A CcscC Clock-synchronous bit 0 : Disabled

A 1 : Enabled 0.0

oo SWC | SCL wait output bit 0 : Disabled !

A 1: Enabled 0.0

A ALS | SDA output stop bit 0 : Disabled o ! o

. 1: Enabled

I S STAC | UARTI initialization bit | 0 : Disabled oo

v 1 : Enabled ;

e ECEDREEEEEEE SWC2 | SCL wait output bit 2 0: UART2 clock o o

b 1: 0 output 1

S SDHI | SDA output disable bit | 0: Enabled oo

H 1: Disabled (high impedance) !

; Nothing is assigned.

"""""""""""" In an attempt to write to these bits, write 0 . The value, if read, turns out to be —_— =
indeterminate. |

UART2 special mode register 3

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | | |><| |><| |><| U2SMR3 037516 000X0X0X2

I Bit Bit name Function R w
L4 4 4 4+ 4 4+ 1| symbol
¢+ 1+ 1 1 1| Nothing is assigned. !
¢ v o] Inan attempt to write to these bits, write 0 . The value, if read, turns out to be —_—
[ indeterminate. 1
N CKPH | Clock phase set bit 0 : Without clock delay |
A 1: With clock delay ©.0
A Nothing is assigned. 1
et In an attempt to write to these bits, write 0 . The value, if read, turns out to be ——
oo indeterminate. |
A NODC | Clock output select bit | 0 : CLKiis CMOS output o o
oo 1 : CLKi is N-channel open drain output !
Nothing is assigned. |
AL EEEEEEY In an attempt to write to these bits, write 0 . The value, if read, turns out to be - -
oo indeterminate. ‘
A DLO | SDAI (TxDi) digital delay | b7 b6 bS oo
P setup bit 0 0 0: Without delay
P (Note 1, Note 2) 0 0 1:1to2cycle(s) of BRG count source :
. DL1 0 1 0:2to 3 cycles of BRG count source ‘
. 0 1 1:3to 4 cycles of BRG count source 0.0
, 1 0 0:4to5 cycles of BRG count source i
DL 1 0 1:5to 6 cycles of BRG count source !
L] 2 1 1 0:61to 7 cycles of BRG count source [ORNe)

1 1 1:7to 8 cycles of BRG count source |

Note 1 : These bits are used for SDAI (TxDi)output digital delay when using UARTi for 12C interface.
Otherwise,must set to 0002 .

Note 2 : The amount of delay varies with the load on SCL and SDA pins. Also, when using an external clock, the amount of
delay increases by about 100 ns, so be sure to take this into account when using the device.

Figure 1.15.9. Serial I/O-related registers (6)
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era SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
. _____________________________________________________________________________________________________________________________________________|
UART2 special mode register 4
b7 b6 b5 b4 b3 b2 bl b0
z 2 Symbol Address When reset
| U2SMR4 037416 0016
' Bit Bit name Function R ‘ w
T symbol !
r o+ o+ o+ o+ ¢+ +| STAREQ | Start condition 0: Clear 00
. generate bit (Note) 1: Start !
A RSTAREQ | Restart condition 0: Clear
. generate bit (Note) 1: Start o ! O
A STPREQ | Stop condition 0: Clear |
e generate bit (Note) 1: Start o o
A STSPSEL | SCL,SDA output 0 : Ordinal block o o
oy select bit 1 : Start/stop condition generate block !
T T A ACKD | ACK data bit 0:ACK |
A 1: NACK ©10
SRR LEEEEEEE ACKC | ACK data output 0 : SI/O data output o | o
enable bit 1 : ACKD output
L SCLHI | SCL output stop 0 : Disabled o o
: enable bit 1: Enabled :
; SWC9 | Final bit L hold enable 0:SCL L hold disabled o } o
"""""""""""" bit 1:SCL L hold enabled !
Note: When start condition is generated,these bits automatically become 0 .

Figure 1.15.10. Serial I/O-related registers (7)
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Clock Synchronous Serial I/O Mode

Clock Synchronous Serial I/0 Mode

The clock synchronous serial I/0 mode uses a transfer clock to transmit and receive data. Tables 1.15.2
and 1.15.3 list the specifications of the clock synchronous serial I/O mode. Figure 1.15.11 shows the

UARTI transmit/receive mode register.
Table 1.15.2. Specifications of clock synchronous serial /0 mode (1)

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Item

Specification

Transfer data format

* Transfer data length: 8 bits

Transfer clock

037816

* When internal clock is selected (bit 3 at addresses 03A016, 03A816, 037816
="“0") : fi/ 2(n+1) (Note 1) fi = f1s10, f2SI0, f8sI0, fa2siO
* When external clock is selected (bit 3 at addresses 03A016, 03A816,
=“1”) : Input from CLKi pin

Transmission/reception control

e CTS function, RTS function, CTS and RTS function disabled: selectable

Transmission start condition

e To start transmission, the following requirements must be met:

- Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D 16) = “0”

- When CTS function selected, CTS input level = “L”

* Furthermore, if external clock is selected, the following requirements must also be met:

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “0”:
CLKi input level = “H”

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “1”:
CLKi input level = “L”

Reception start condition

* To start reception, the following requirements must be met:

- Receive enable bit (bit 2 at addresses 03A516, 03AD16, 037D16) = “1”

- Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D16) = “0”

* Furthermore, if external clock is selected, the following requirements must
also be met:

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “0”:
CLKi input level = “H”

- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “1”:
CLKi input level = “L”

Interrupt request
generation timing

UARTI

* When transmitting

- Transmit interrupt cause select bit (bits 0, 1 at address 03B016, bit 4 at
address 037D16) = “0”: Interrupts requested when data transfer from
transfer buffer register to UARTI transmit register is completed

- Transmit interrupt cause select bit (bits 0, 1 at address 03B016, bit 4 at
address 037D16) = “1”: Interrupts requested when data transmission from

UARTi transfer register is completed

* When receiving

- Interrupts requested when data transfer from UARTI receive register to
UARTi receive buffer register is completed

Error detection

* Overrun error (Note 2)
Generated 7 clock periods after the device started receiving the next data
before reading out the contents of the UARTI receive buffer register.

Note 1: “n” denotes the value 0016 to FF16 that is set in the UART bit rate generator.
Note 2: If an overrun error occurs, the UARTI receive buffer will have the next data written in. In addition,

the UARTI receive interrupt request bit does not change.
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Table 1.15.3. Specifications of clock synchronous serial /0O mode (2)

Item Specification
Select function * CLK polarity selection
Whether transmit data output/input timing is at the rising edge or falling
edge of the transfer clock can be selected
* LSB first/MSB first selection
Whether transmission/reception begins with bit 0 or bit 7 can be selected
 Continuous receive mode selection
Reception is enabled automatically after the receive buffer register is
read
* Switching serial data logic (UART2)
Whether to invert data (1's complement) when writing to the
transmission buffer register or reading the reception buffer register can
be selected.
* TxD, RxD 1/O polarity reverse (UART2)
This function inverts the TxD port output and RxD port input. All I/O
data level is reversed.
¢ Transfer clock output from multiple pins selection (UART1)
UART1 transfer clock can be chosen by software to be output from one
of the two pins set
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Table 1.15.4. Registers used in clock synchronous serial I/O mode and the register values set

Register Bit Function

UiTB(Note3)| Oto 7 Set transmission data

UiRB(Note3)] Oto 7 Reception data can be read
OER Overrun error flag

UiBRG Oto7 Set a transfer rate

UiMR(Note3) SMD2 to SMDO Set to “0012”
CKDIR Select the internal clock or external clock
IOPOL Set to “0”

uiCo CLK1 to CLKO Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode (Note 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
Rl Reception complete flag
U2IRS (Note 1) Select the source of UART2 transmit interrupt
U2RRM (Note 1) Set this bit to “1” to use continuous receive mode
UiLCH Set this bit to “1” to use inverted data logic
UIERE Set to “0”

UiSMR Oto7 Set to “0”

UiSMR2 Oto7 Set to “0”

UiSMR3 Oto2 Set to “0”
NODC Select clock output mode
4107 Set to “0”

UiSMR4 Oto7 Set to “0”

UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, U1RRM Set this bit to “1” to use continuous receive mode
CLKMDO Select the transfer clock output pin when CLKMD1 = 1
CLKMD1 Set this bit to “1” to output UART1 transfer clock from two pins
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin
7 Set to “0”

Note 1: Set the UOC1 and U1C1 register bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are in the UCON register.

Note 2: TxD2 pin is N channel open-drain output. Set the U2CO0 register's NCH bit to “0”.

Note 3: Not all register bits are described above. Set those bits to “0” when writing to the registers in clock
synchronous serial I/0 mode.

i=0 to 2
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UARTI transmit/receive mode register (i=0 to 1)
b7 b6 b5 b4 b3 b2 b1 b0
| 0| | | | | 0| 0| ] | Symbol Address When reset
nll N N O el Bl B UiMR(i=0 to 1) 03A016, 03A816 0016
E Bit symbol Bit name Function R W
A SMDO Serial I/O mode select bit | " ) 0.0
. SMD1 00 1 : Clock synchronous serial [Q'O
A I/O mode :
A SMD2 0.0
P ] CKDIR Internal/external clock 0 : Internal clock 00
oo select bit 1 : External clock (Note) ;
S T - STPS 0.0
E P tmmmmmmmmmseeeoy PRY Invalid in clock synchronous serial /O mode 0.0
 OEEEEEEEEEEEEEEE PRYE 0:0
R EREELEEY Reserved Must always be "0". 0.0
Note: Set the corresponding port direction register to "0".
UART2 transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo S bol Add Wh t
ymbo ress en rese
|°|||||0|0|1| U2MR 0378 16 0016
Bit symbol Bit name Function R'W
porobor b r M1 SMDO Serial I/0 mode select bit | =" ) O}O
T SMD1 00 1 : Clock synchronous serial  [Q'O
A T T T I/0 mode :
A SMD2 0.0
R N CKDIR Internal/external clock 0 : Internal clock O:O
Vo select bit 1 : External clock (Note 2) |
b3 Temeeeeeeeeeeed STPS 00
Pop o mmmmmmmmmommesooy PRY Invalid in clock synchronous serial I/O mode 00
e R RREREEEEEEEE, PRYE 00
] IOPOL TxD, RxD 1/O polarity 0: No reverse OEO
reverse bit (Note 1) 1: Reverse 1
Note 1: Usually setto O .
Note 2: Set the corresponding port direction registerto 0 .

Figure 1.15.11. UARTi transmit/receive mode register in clock synchronous serial I/O mode
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Table 1.15.5 lists the functions of the input/output pins during clock synchronous serial I/O mode. This
table shows the pin functions when the transfer clock output from multiple pins function is not selected.
Note that for a period from when the UARTi operation mode is selected to when transfer starts, the TxDi
pin outputs an “H”. (If the N-channel open-drain is selected, this pin is in floating state.)

Table 1.15.5. Input/output pin functions in clock synchronous serial /0 mode
(when transfer clock output from multiple pins is not selected)

Pin name

Function

Method of selection

TXDi
(P63, P67, P70)

Serial data output

(Outputs dummy data when performing reception only)

RxDi
(P62, P66, P71)

Serial data input

Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE s,
bit 1 at address 03EF16)= 0

(Can be used as an input port when performing transmission only)

CLKi Transfer clock output Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = 0

(P61, PG5, P72) [~ o o oSS oooooooooo
; Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = 1

Transfer clock input Port P61, P65 and P72 direction register (bits 1 and 5 at address 03EE s,

bit 2 at address 03EF16) = 0

CTSi/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = 0
(P60, P64, P73) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = 0
Port P60, P64 and P73 direction register (bits 0 and 4 at address 03EE s,
bit 3 at address 03EF16) = 0
RTSouput | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16)= 0

CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = 1

CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = 1

Programmable I/O port

Table 1.15.6. P64 pin function in clock synchronous serial I/O mode

Pin function Bit set value
U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 | CLKMDO PD6_4

P64 1 — 0 0 — Input: 0, Output: 1

CTSH 0 0 0 0 — 0

RTS 0 i 0 0 — |—

CTSo(Note1) 0 0 1 0 -

CLKS1 — — — 1(Note 2) 1 —

Note 1: In addition to this, set the UOCO register’s CRD bit to “0” (CTS0o/RTSo enabled) and the U0
CO register's CRS bit to “1” (RTSo selected).

Note 2: When the CLKMD1 bit = 1 and the CLKMDO bit = 0, the following logic levels are output:
* High if the U1CO register's CLKPOL bit =0
e Low if the U1CO register's CLKPOL bit = 1
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* Example of transmit timing (when internal clock is selected)

Tc

Transfer clock |||| ||| ||| ||| ||| |||| |||| |

1 ;
Transmit enable |
bit (TE) 0 Data is set in UARTI transmit buffer register

Transmit buffer 1 [ | 1f
empty flag (TI) 4)\

oy |

: Transferred from UARTI transmit buffer register to UARTI transmit register
orsi L_I_J ER L L
—4—'4— Stopped pulsing because CTS=H Stopped pulsing because transfer enable bit = 0
CLKi

PERRREREPOEEERR DROREEEEE
R m — B

flag (TXEPT) ‘ . '
P 1 N N '
roaueston R o | | 1 [

Cleared to 0 when interrupt request is accepted, or cleared by software

o

Shown in ( ) are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(n+ 1) /fi
* Internal clock is selected. fi frequency of BRGi count source (f1, 8, f32)
* CTS function is selected n: value set to BRGi

* CLK polarity select bit =0
* Transmit interrupt cause select bit =0

* Example of receive timing (when external clock is selected)

1
Receive enable
bit (RE) 0 J

1
Transmit enable I
bit (TE) 0 Dummy data is set in UARTI transmit buffer register

1 i
Transmit buffer I
empty flag (TI) l——l | (I)\

|| Transferred from UARTI transmit buffer register to UARTI transmit register

0
H
RTSI | ||
L Even if the reception is completed, RTS do not assert,
| —»‘—‘4— 1/ fext "~ and it is asserted by readout of receive buffer register.

CLKi
Receive data is taken in

RxDi

Transferred from UARTI receive register Read out from UARTI receive buffer register
Receive complete to UARTI receive buffer register™y,_}
flag (RI) 0
Receive interrupt 1 ‘ |
request bit (IR) 0

.

Cleared to 0 when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings: Meet the following conditions are met when the CLK
* External clock is selected input before data reception = H
* RTS function is selected * Transmit enable bit> 1
* CLK polarity select bit =0 . * Receive enable bit= 1

* Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 1.15.12. Typical transmit/receive timings in clock synchronous serial /O mode
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(a) Polarity select function
As shown in Figure 1.15.13, the CLK polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16)
allows selection of the polarity of the transfer clock.

1. When CLK polarity select bit = 0

c Lot er

| o
TXDi X o ¥ b1 X Dz/ X D3 X D4 X Ds X s X D7 Note 1: mig'e;r’(ﬂ'ng%ft‘ﬂswn‘fn not

RXDi X po X D1 X D2 X D3 X D4 X Ds X Ds X D7

2. When CLK polarity select bit = 1

CLKi l

Note 2: The CLKi pin level when not

TXDi >< Do }8{ D1 >< D2 )>< D3 >< D4 >< D5 >< D6 >< D7 transferring datais L .
/
RXDi X po X D1 X D2 X D3 X D4 X Ds X Ds X D7

Figure 1.15.13. Polarity of transfer clock

(b) LSB first/MSB first select function
As shown in Figure 1.15.14, when the transfer format select bit (bit 7 at addresses 03A416, 03AC1s6,
037C16) = “0”, the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

1. When transfer format select bit = 0

e LI LI LT LI LIl
TXDi X Do X D1 X D2 X D3 X Da X Ds X D6 X D7

= | SB first
RXDi X Do X D1 X D2 X D3 X D4 X D5 X Ds X D7
2. When transfer format select bit = 1
ck | LI LT LT LT
TXDi D7 X D6 D5><D4><D3><D2><D1><D0
= [\ISB first

X b7 X ps X
RXDi X b7 X b6 X b5 X Da X D3 X D2 X D1 X Do

Note: This applies when the CLK polarity select bit= 0 .

Figure 1.15.14. Transfer format
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(c) Transfer clock output from multiple pins function (UART1)
This function allows the setting two transfer clock output pins and choosing one of the two to output a
clock by using the CLK and CLKS select bit (bits 4 and 5 at address 03B016). (See Figure 1.15.15.)
The multiple pins function is valid only when the internal clock is selected for UART1.

Microcomputer

TxD1 (P67)
CLKS1 (P64)
CLK1 (P65) IN IN
CLK CLK

Note: This applies when the internal clock is selected and transmission
is performed only in clock synchronous serial I/O mode.

Figure 1.15.15. The transfer clock output from the multiple pins function usage

(d) Continuous receive mode
If the continuous receive mode enable bit (bits 2 and 3 at address 03B016, bit 5 at address 037D16) is
setto “17, the unit is placed in continuous receive mode. In this mode, when the receive buffer register
is read out, the SIO simultaneously goes to a receive enable state without having to write dummy data
to the transmit buffer register back again.

(e) Serial data logic switch function (UART2)
When the data logic select bit (bit6 at address 037D16) = “1”, and writing to transmit buffer register or
reading from receive buffer register, data is reversed. Figure 1.15.16 shows the example of serial data
logic switch timing.

ANhen LSB first

Transfer clock H | | | | | | | | | |

L

(no reverse)

TXDZT \"Do ) D1 D2\ D3 ) D4 \ D5 | D6 | D7 ¥

TxD2 H

(reverse) Do o1 (D2 D3 (D2 (D5 [ D6 D7 J

Figure 1.15.16. Serial data logic switch timing
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(f) CTS/RTS separate function (UARTO)
This function separates C_TSo/R_TSo, outputs RTSo from the P60 pin, and accepts as input the CTSo
from the P64 pin. To use this function, set the register bits as shown below.
* UOCO register's CRD bit = 0 (enables UARTOﬁS/ﬁ'S)
* UOCO register's CRS bit = 1 (outputs UARTOﬁS)
* U1CO register's CRD bit = 0 (enables UART1TI’S/ﬁ'S)
* U1CO register's CRS bit = 0 (inputs UART1FS)
* UCON register's RCSP bit = 1 (inputsESo from the P64 pin)
* UCON register's CLKMD1 bit = 0 (CLKS1 not used)
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be

used.
Microcomputer IC
TxDo (P63) ! IN
RXDo (P62) |«g ouT
CLKo (P61) | CLK
RTSo (P60) p| CTS
CTSo (P64) | RTS

Figure 1.15.17. CTS/RTS separate function usage
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Clock Asynchronous Serial I/0 (UART) Mode
The UART mode allows transmitting and receiving data after setting the desired transfer rate and
transfer data format. Tables 1.15.7 and 1.15.8 list the specifications of the UART mode. Figure
1.15.18 shows the UARTI transmit/receive mode register.
Table 1.15.7. Specifications of UART Mode (1)

ltem

Specification

Transfer data format

» Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected
* Start bit: 1 bit

e Parity bit: Odd, even, or nothing as selected

e Stop bit: 1 bit or 2 bits as selected

Transfer clock

* When internal clock is selected (bit 3 at addresses 03A016, 03A816, 037816 = “0”) :
fi/16 (n+1) (Note 1) fi = f1810, f2s10, f8s10, 32510

¢ When external clock is selected (bit 3 at addresses 03A016, 03A816, 037816 ="1") :
fEXT/16(n+1) (Note 1) (Note 2)

Transmission/reception control

e CTS function, RTS function, CTS and RTS function disabled: selectable

Transmission start condition

e To start transmission, the following requirements must be met:

- Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 037D16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D16) = “0”
- When CTS function selected, CTS input level = “L”

Reception start condition

* To start reception, the following requirements must be met:
- Receive enable bit (bit 2 at addresses 03A516, 03AD16, 037D16) = “1”
- Start bit detection

Interrupt request
generation timing

* When transmitting

- Transmit interrupt cause select bits (bits 0,1 at address 03B01s, bit4 at
address 037D16) = “0”: Interrupts requested when data transfer from UARTI
transfer buffer register to UARTI transmit register is completed

- Transmit interrupt cause select bits (bits 0, 1 at address 03B01s, bit4 at
address 037D16) = “1”: Interrupts requested when data transmission from
UARTi transfer register is completed

* When receiving

- Interrupts requested when data transfer from UARTI receive register to
UARTi receive buffer register is completed

Error detection

* Overrun error (Note 3)
Generated 6.5, 7, or 8.5 clock periods after the device started receiving the
next data before reading out the contents of the UARTI receive buffer register.
* Framing error
This error occurs when the number of stop bits set is not detected
e Parity error
This error occurs when if parity is enabled, the number of 1’s in parity and
character bits does not match the number of 1’s set
* Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is
encountered

Note 1: ‘n” denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.

Note 2: fEXT is input from the CLKi pin.

Note 3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also that
the UARTI receive interrupt request bit does not change.
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Table 1.15.8. Specifications of UART Mode (2)

Item Specification
Select function » Serial data logic switch (UART2)
This function is reversing logic value of transferring data. Start bit,
parity bit and stop bit are not reversed.
e TxD, RxD I/O polarity switch (UART2)
This function is reversing TXD port output and RXD port input. All I/O
data level is reversed.
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Table 1.15.9 Registers used in UART mode and the register values set
Register Bit Function
uiTB Oto8 Set transmission data (Note 1)
UiRB Oto8 Reception data can be read (Note 1)
OER,FER,PER,SUM| Error flag
UiBRG Set a transfer rate
UiIMR SMD2 to SMDO Set these bits to ‘1002’ when transfer data is 7 bits long
Set these bits to ‘1012" when transfer data is 8 bits long
Set these bits to ‘1102" when transfer data is 9 bits long
CKDIR Select the internal clock or external clock
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
IOPOL Select the TxD/RxD input/output polarity
uUiCo CLKO, CLK1 Select the count source for the UiBRG register
CRS Select CTS or RTS to use
TXEPT Transmit register empty flag
CRD Enable or disable the CTS or RTS function
NCH Select TxDi pin output mode (Note 2)
CKPOL Set to “0”
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this
bit to “0” when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
U2IRS (Note 2) Select the source of UART2 transmit interrupt
U2RRM (Note 2) Set to “0”
UiLCH Set this bit to “1” to use inverted data logic
UIERE Set to “0”
UiSMR 0to7 Set to “0”
UiSMR2 | Oto7 Set to “0”
UiSMR3 | Oto7 Set to “0”
UiSMR4 | Oto7 Set to “0”
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM, UTRRM | Setto “0”
CLKMDO Invalid because CLKMD1 =0
CLKMD1 Set to “0”
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin
7 Set to “0”

Note 1: 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.

Note 2: Set the UOC1 and U1C1 registers bit 4 to bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits
are included in the UCON register.

Note 3: TxD2 pin is N channel open-drain output. Set the U2CO0 register's NCH bit to “0”.

i=0 to 2
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UARTI transmit / receive mode registers
b7 b6 bS5 b4 b3 b2 bl bO Symbol Address When reset
| | | | UiMR(i=0,1) 03A016, 03A816 0016
poiob b1t Bit symbol Bit name Function R W
E E E E E E E " SMDO . . b2 b1b0 OfO
. Serial /O mode select bit | | 00 : Transfer data 7 bits long :
N SMD1 10 1: Transfer data 8 bits long 0.0
et SMD2 11 0: Transfer data 9 bits long 00
L ____________ CKDIR Internal / external clock 0 : Internal clock OEO
select bit 1 : External clock (Note) !
STPS Stop bit length select bit 0 : One stop bit 1
P 1: Two stop bits 0.0
P PRY Odd / even parity Valid when bit 6 = “1” 3
 SREELEEEEEEEE select bit 0 : Odd parity 0.0
Vo 1 : Even parity
P PRYE | Parity enable bit 0 : Parity disabled oo
VTt 1 : Parity enabled
bennnsseen s Reserved Must always be "0". 00
Note: Set the corresponding port direction register to "0".
UART2 transmit / receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | U2MR 037816 0016
Bit symbol Bit name Function RW
BEREEE R T e N 50
e Serial /O mode select bit 10 0: Transfer data 7 bits long |
A SMD1 101 : Transfer data 8 bits long 0.0
I SO SMD2 11 0: Transfer data 9 bits long 00
S CKDIR Internal / external clock Must always be fixed to “0” 00
select bit !
STPS Stop bit length select bit 0 : One stop bit
e 1: Two stop bits O;O
PRY Odd / even parity Valid when bit 6 = “1”
e SSRGRRCLEEEELEEEE select bit 0 : Odd parity 0.0
- 1 : Even parity
P PRYE Parity enable bit 0 : Parity disabled oi o
P 1 : Parity enabled
] IOPOL TxD, RxD 1/O polarity 0 : No reverse OEO
reverse bit (Note) 1 : Reverse !
Note: Usually set to “0”.

Figure 1.15.18. UARTi transmit/receive mode register in UART mode
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Table 1.15.10 lists the functions of the input/output pins during UART mode. Note that for a period
from when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs an “H”.
(If the N-channel open-drain is selected, this pin is in floating state.)

Table 1.15.10. Input/output pin functions in UART mode

Pin name Function Method of selection

TXDi
(P63, P67, P70)

Serial data output

RxDi Serial data input Port P62, P66 and P71 direction register (bits 2 and 6 of address 03EE1s,
(P62, P66, P71) bit 1 of address 03EF16)= 0
(Can be used as an input port when performing transmission only)

CLKi Programmable 1/0O port | Internal/external clock select bit (bit 3 of address 03A016, 03A816, 037816) = 0

(P61, P65 P72) [ T ransfer clock input | Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = 1

Port P61, P65 and P72 direction register (bits 1 and 5 of address 03EE16) = 0
(Do not use external for UART2)

CTSI/RTSi CTS input CTS/RTS disable bit (bit 4 of address 03A416, 03AC16, 037C16) = O

(P60, P64, P73) CTS/RTS function select bit (bit 2 of address 03A416, 03AC16, 037C16) = 0
Port P60, P64 and P73 direction register (bits 0 and 4 of address 03EEH1s,
bit 3 at address 03EF16) = 0

RTS output CTS/RTS disable bit (bit 4 of address 03A416, 03AC16, 037C16) = 0
CTS/RTS function select bit (bit 2 of address 03A416, 03AC16, 037C16) = 1

Programmable /0 port | CTS/RTS disable bit (bit 4 of address 03A416, 03AC16, 037C16) = 1

Table 1.15.11. P64 pin function in UART mode

Pin function Bit set value
U1CO register UCON register PD6 register
CRD CRS RCSP | CLKMD1 PD6_4
P64 1 — 0 0 Input: 0, Output: 1
CTSt 0 0 0 0 0
RTSH 0 1 0 0 —
CTSo (Note) 0 0 1 0 0

Note: In addition to this, set the UOCO register’s CRD bit to “0” (CTS0o/RTSo
enabled) and the UOCO register's CRS bit to “1” (RTSo selected).
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* Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is H when the stop bit is checked.
Tc The transfer clock starts as the transfer starts immediately CTS changesto L .

— /
Transfer clock || || || || ||_||_”_||_||_||_||_|U|_|U]—|U]—|I—I UUU]—H—

—

Transmit enable
bit(TE) 0

J Data is set in UARTI transmit buffeli regiéter.
Transmit buffer 1 ] —l X
empty flag(Tl) 0 >\\ ‘
Transferred from UARTI transmit buffer register to UARTI transmit register

H H
CTSi |

L : P

Start Parity Stop Stopped pulsing because transmit enable bit = 0
bit bit  bit v

i STAONOXDKONONLKHKONPY . 5P NSTARKLNONLXDKONON DK P 5P
Transmit register 11— d
empty flag (TXEPT)

o 1 ; ;
fequeatbLUR) T g [ ]
N i

Cleared to 0 when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16 (n + 1)/ fext
* Parity is enabled. fi : frequency of BRGi count source (f1SI0, f2S10, f8SI0, f32SI0)
* One stop bit. fEXT : frequency of BRGi count source (external clock)
* CTS function is selected. n : value set to BRGi

* Transmit interrupt cause select bit=1 .

* Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)
Tc

Transfer clock || || || || || |||| || || || || || JU]_ILH_

Transmit enable 1 J
0

bit(TE) : Data is set in UARTI transmit buffer register : | |_

Transmit buffer 1 | qf | |
empty flag(Tl) 0 \
Transferred from UARTI transmit buffer register to UARTI transmit register

Start Stop Stop
bit bit bit

o KX XXX oXoXoX e 5P s \STA oKX oX XXX oo Koo sP e

Transmit register 1T —
empty flag (TXEPT)

ety NN a— —
N Vi

Cleared to 0 when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16 (n+ 1)/ fexT
* Parity is disabled fi : frequency of BRGi count source (f1SI0, f2S10, f8SI0, f32S10)
* Two stop bits fEXT : frequency of BRGi count source (external clock)
* CTS function is disabled n : value set to BRGi

* Transmit interrupt cause select bit=0 .

Figure 1.15.19. Typical transmit timing in UART mode (UARTO, UART1)
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* Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

Tc
Transfer clock | ||| ||| ||| || || ||| ||_|U|_||_II_
Transmit enable 1 : :
bit(TE) 0 J Data is set in UART2 transmit buffer register
Note
Transmit buffer 1 : N

empty flag(Tl) \

Transferred from UART2 transmit buffer register to UARTI transmit register

Start Parity  Stop
b bit bit

o T\sEEEEEEEEE O EERENENEY

Transmit register
empty flag (TXEPT) o

o

Transmit interrupt 1
request bit (IR)

N el

Cleared to 0 when interrupt request is accepted, or cleared by software
Shown in () are bit symbols.

The above timing applies to the following settings:  Tc =16 (n+ 1) /fi
* Parity is enabled. fi : frequency of BRG2 count source (f1SI0, f2S10, f8SI0O, f32SI0)
* One stop bit. n : value set to BRG2
* Transmit interrupt cause select bit=1 .

Note: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing.

Figure 1.15.20. Typical transmit timing in UART mode (UART2)

* Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)
cource " (AR,
source - .

1 ......
Receive enable bit _I
0

L Stop bit
RO | Di. .D7f \
Receive data taken in
Transfer clock ' |
Reception triggered when transfer clock ~ Transferred from UARTI receive register to
Receive

complete flag

]
0 =
RTSi 'L"-I_I |
! ]
o

is generated by falling edge of start bit UARTI receive buffer register ~— ﬁ

Receive interrupt
request bit

Cleared to 0 when interrupt request is accepted, or cleared by software

The above timing applies to the following settings :
* Parity is disabled.
* One stop bit.
* RTS function is selected.

Figure 1.15.21. Typical receive timing in UART mode
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(a) Function for switching serial data logic (UART2)
When the data logic select bit (bit 6 of address 037D16) is assigned 1, data is inverted in writing to
the transmission buffer register or reading the reception buffer register. Figure 1.15.22 shows the
example of timing for switching serial data logic.

When LSB first, parity enabled, one stop bit

Transfer clock H | | | | | | | | | | | | | | | | |
L

(norevTe’:sgz) T \_sT {Do b1 [ D2\ D3 D4 \ D5 \ D6 (D7 \ P ) sP
v " T\ st (Do J(D1 (D2 J(Ds N D J( D5 N e o7 X P ) s
ST : Start bit
P : Even parity
SP : Stop bit

Figure 1.15.22. Timing for switching serial data logic (UART2)
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(b) TxD, RxD I/O polarity reverse function (UART2)
This function reverses/inverts TXD pin output and RXD pin input. The level of any data to be input or
output (including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “0” (not re-
versed/inverted) for normal use.

(c) Bus collision detection function (UART2)
This function samples the output level of the TXD pin and the input level of the RXD pin at the rising
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 1.15.23
shows the example of detection timing of a bus collision (in UART mode).

TxD2 'z \ ST/ \ [\ ] SP
RxD2 'Z \ sT/ \ ] \ SP

Bus collision detection 1

interrupt request signal o u

Bus collision detection 1
interrupt request bit |

ST : Start bit
SP : Stop bit

Figure 1.15.23. Detection timing of a bus collision (in UART mode)
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Clock-Asynchronous Serial I/0 Mode (used for SIM interface)
The SIM (Subscriber Identity Module) interface is used for connecting the microcomputer with a memory
card or the like; adding some extra settings in UART2 clock-asynchronous serial /0O mode allows the user
to use this function. Table 1.15.12 shows the specifications of clock-asynchronous serial /O mode (used
for SIM interface).

Table 1.15.12. Specifications of clock-asynchronous serial /O mode (used for SIM interface)

Item Specification

e Transfer data 8-bit UART mode (bit 2, bit1, bit 0 of address 037816 = “1012")
Transfer data format ¢ One stop bit (bit 4 of address 037816 = “0”)
* With the direct format chosen
Set parity to “even” (bit 5, bit 6 of address 037816 = “112”)
Set data logic to “direct” (bit 6 of address 037D16 = “0”)
Set transfer format to LSB (bit 7 of address 037C16 = “0”)
* With the inverse format chosen
Set parity to “odd” (bit 5, bit 6 of address 037816 = “012")
Set data logic to “inverse” (bit 6 of address 037D16 = “17)
Set transfer format to MSB (bit 7 of address 037C16 = “1”)
Transfer clock * With the internal clock chosen (bit 3 of address 037816 = “0”) : fi/ 16 (n + 1)
(Note 1) : fi = f1810, f2s10, f8sl10, 32510 (Do not set external clock)
Transmission/reception control | e Disable the CTS and RTS function (bit 4 of address 037C16 = “1”)
Other settings ¢ UART2 does not support sleep mode function.
* Set transmission interrupt factor to “transmission completed” (bit 4 of
address 037D16 = “1”)
Transmission start condition * To start transmission, the following requirements must be met:
- Transmit enable bit (bit 0 of address 037D1s) = “1”
- Transmit buffer empty flag (bit 1 of address 037D16) = “0”
Reception start condition * To start reception, the following requirements must be met:

- Reception enable bit (bit 2 of address 037D16) = “1”
- Detection of a start bit

Interrupt request * When transmitting
generation timing When data transmission from the UART2 transmit register is completed
(bit 4 of address 037D16 = “17)

* When receiving
When data transfer from the UART2 receive register to the UART2 receive
buffer register is completed
Error detection * Overrun error (see the specifications of clock-asynchronous serial 1/0) (Note 2)
e Framing error (see the specifications of clock-asynchronous serial I/O)
e Parity error (see the specifications of clock-asynchronous serial 1/0)
- On the reception side, an “L” level is output from the TXD2 pin by use of

the parity error signal output function (bit 7 of address 037D16 = “1”)
when a parity error is detected
- On the transmission side, a parity error is detected by the level of input to
the RXD2 pin when a transmission interrupt occurs
* The error sum flag (see the specifications of clock-asynchronous serial I/O)

Note 1: ‘n’ denotes the value 0016 to FF16 that is set to-the UART2 bit rate generator.
Note 2: If an overrun error occurs, the UART2 receive buffer will have the next data written in. In addition, the
UART2 receive interrupt request bit does not change.
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Tc
—f
Transfer clock _ |||||||||||||||| ||||||||_||_||_||_I|_|UU|_||_

Transmit enable 1 J
0

bit(TE)

Data is set in UART2 transmit buffer register

Transmit buffer 1 : x
empty flag(Tl)

0 \

Transferred fro_m UART2 transmit buffer register to UART2 transmit register

Séin Parity étop
bit bit

TxD2 - @@@@@@@@G SP STADX DYDY DX DY DX D XD Y PY s

RxD2
\ An L level returns from TxD2 due to "

the occurrence of a parity error.

f‘,\i‘%'t‘:)' conductor level @@@@@@@@Q SP STADoX D1 XD2X DX DsXDs XDs XD7 X P X SP \/ The level is

Qetected by the
The level is qetected by the interrupt routine.
Transmit register 1 — interrupt routine. [

empty flag (TXEPT)

Transmit interrupt
request bit (IR) 0

\

Cleared to 0 when interrupt request is accepted, or cleared by software
Shown in () are bit symbols.

The above timing applies to the following settings:  Tc =16 (n+ 1) /fi
* Parity is enabled. fi : frequency of BRG2 count source (f1SIO, f2SI0, f8SIO, f32SI0)
* One stop bit. n : value set to BRG2
* Transmit interrupt cause select bit =1 .

Note : Equal in waveform because TxD2 and RxD2 are connected.

Tc

ot
Transfer clock |||||| | |||| | |||| | ||| ||||

Receive enable
bit (RE) 0 J

Start Parity 5 Stop
bit bit bit

RxD2 STADoX D1X D2X D3sX DaX Ds X DeXD7X P )i SP ST, @@@@@@@@e SP
TxD2 / J
An L level returns from TxD2 due to

the occurrence of a parity error.

(S'\|‘gor;|:)| conductor level STADoX D1X D2X DsX DaX DsX DsXD7X P ) SP ST, @@@@@@@@e SP/

Receive complete 1 —
flag (RI) 0 L

1 Read to receive buffer Read to receive buffer

[ ]
X A

Cleared to 0 when interrupt request is accepted, or cleared by software

Receive interrupt
request bit (IR) 0

Shown in () are bit symbols.

The above timing applies to the following settings:  Tc =16 (n+ 1) /fi
* Parity is enabled. fi : frequency of BRG2 count source (f1SIO, f2SIO, f8SIO, f32SI0)

* One stop bit. n : value set to BRG2
* Transmit interrupt cause select bit =0 .

Note : Equal in waveform because TxD2 and RxD2 are connected.

Figure 1.15.24. Typical transmit/receive timing in UART mode (used for SIM interface)
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(a) Function to output a parity error signal

During reception, with the error signal output enable bit (bit 7 of address 037D16) assigned “1”, you
can output an “L” level from the TxD2 pin when a parity error is detected. And during transmission,
comparing with the case in which the error signal output enable bit (bit 7 of address 037D1s6) is as-
signed “0”, the transmission completion interrupt occurs in the half cycle later of the transfer clock.
Therefore parity error signals can be detected by a transmission completion interrupt program. Figure

1.15.25 shows the output timing of the parity error signal.

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

LSB first

Transfer
clock

RxD2

TxD2

Receive
complete flag

\ STf{Do)XD1)XD2)D3)D4)D5)D6)D7) P ) SP

Hi-Z

/[
—

ST : Start bit
P : Even Parity
SP : Stop bit

Figure 1.15.25. Output timing of the parity error signal

(b) Direct format/inverse format
Connecting the SIM card allows you to switch between direct format and inverse format. If you choose

the direct format, Do data is output from TxD2. If you choose the inverse format, D7 data is inverted

and output from TxDz2.
Figure 1.15.26 shows the SIM interface format.

Transfer
cleck

TxD2
(direct)

TxD2
(inverse)

LM L

o

fDo YD1 D2YD3)Da D5 D6 D7) P/

o\

A D7 f D6 | D5 | D4 f D3 \ D2 { D1 DO f P /

P : Even parity

Figure 1.15.26. SIM interface format
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Figure 1.15.27 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and

apply pull-up.

Microcomputer

SIM card

TxD2

RxD2

Figure 1.15.27. Connecting the SIM interface
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UART2 Special Mode Register

UART2 Special Mode Register

The UART2 special mode register (address 037716) is used to control UARTZ2 in various ways.
Bit 0 of the UART2 special mode register are used as the I2C mode select bit.

Setting “1” in the 12C mode select bit (bit 0) goes the circuit to achieve the I2C bus (simplified 12C bus)
interface effective.

Table 1.15.13 shows the relation between the 12C mode select bit and respective control workings.

«e™  Preliminary Specifications Rev. 0.9
Specifications in this manual are tentative and subject to change.

Since this function uses clock-synchronous serial /0 mode, set this bit to “0” in UART mode.

Table 1.15.13. Features in 12C mode

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Function Normal mode [2C mode (Note 1)

1 | Factor of interrupt number 10 (Note 2, 4) Bus collision detection g(t)?]r(’;i;:igzddigct):cgg’;ection or stop

2 | Factor of interrupt number 15 (Note 2) UART2 transmission No acknowledgment detection (NACK)
3 | Factor of interrupt number 16 (Note 2) UART2 reception Acknowledgment detection (ACK)

4 | UART2 transmission output delay Not delayed Delayed

5 | P70 at the time when UART2 is in use TxD2 (output) SDA (input/output) (Note 3)

6 | P71 at the time when UART2 is in use RxD2 (input) SCL (input/output)

7 | P72 at the time when UART2 is in use CLK2 P72

8 | DMAT factor at the time when 1101 is assigned to UART?2 reception Acknowledgment detection (ACK)

the DMA request factor selection bits
9 | Noise filter width 15ns 200ns
10 | Reading P71 aRseseilding the terminal when 0 is Readin? the terminal regardless of the
gned to the direction register value of the direction register
11 | Initial value of UART2 output H level (when 0 is assigned to The value set in latch P7owhen the
the CLK polarity select bit) port is selected (Note 3)

Note 1: Make the settings given below when I1°C mode is in use.

Set 0 1 0in bits 2, 1, 0 of the UART2 transmission/reception mode register.
Disable the RTS/CTS function. Choose the MSB First function.

Note 2: Follow the steps given below to switch from a factor to another.

1. Disable the interrupt of the corresponding number.

2. Switch from a factor to another.

3. Reset the interrupt request flag of the corresponding number.
4. Set an interrupt level of the corresponding number.
Note 3: Set an initial value of SDA transmission output when serial I/O is invalid.
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TxD2/SDA2
— Timer
O
sl +—— 1/0 lICM=1 » To DMAO, DMA1
elector UART2 ICM=0 UARTZ2 transmission/NACK
. Transmission or licma=1 interrupt request
dela register IICM=1
and ICM2=0
. Arbitration
> -
Timer » To DMAO, DMA1
IICM=1 25’;’53271 UART2 reception/ACK interrupt
—» = request, DMA1 request
IICM=0 UART2
— 1ICM=1
Start condition and lICM2=0
1 detection S ,
— Bus busy
Stop condition
detection
NACK
. L-synchronous
Falling edge output enabling
detection bit
RxD2/SCL2 acK
O Data bus
l—o( Port P7 tput latch] . .
Selector ( Or‘_ 1outpu dlata atch) icM=1  Bus collision/start, stop condition
UARTI nternal clock PR
detection interrupt request
lICM=1 swez | gLk | Bus collision —so
1ICM=1 control detection IICM=0
External clock UARTI
° Falli f 9 bit
1ICM=0 alling edge of 9 bi
SWC
Port reading
UART2
CLK2 1ICM=0 * With [ICM set to 1, the port terminal is to be readable

O<>—o<]—o<]— Selector| even if 1 is assigned to P71 of the direction register.
—— /0

j—Timer

Figure 1.15.28. Functional block diagram for I2°C mode

Figure 1.15.28 shows the functional block diagram for I2C mode.
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Setting “1” in the 12C mode select bit (IICM) causes ports to work as data transmission-reception terminal
SDAI, clock input-output terminal SCLi, and port respectively. A delay circuit is added to the SDA2 trans-
mission output, so the SDA2 output changes after SCL2 fully goes to “L".

An attempt to read Port (SCL2) results in getting the terminal’s level regardless of the content of the port
direction register. The initial value of SDA2 transmission output in this mode goes to the value set in port.
The interrupt factors of the bus collision detection interrupt, UART2 transmission interrupt, and of UART2
reception interrupt turn to the start/stop condition detection interrupt, acknowledgment non-detection
interrupt, and acknowledgment detection interrupt respectively.

The start condition detection interrupt refers to the interrupt that occurs when the falling edge of the SDA2
terminal is detected with the SCL2 terminal staying “H”. The stop condition detection interrupt refers to
the interrupt that occurs when the rising edge of the SDA2 terminal is detected with the SCL2 terminal
staying “H”. The bus busy flag (bit 2 of the UART2 special mode register) is set to “1” by the start condition
detection, and set to “0” by the stop condition detection.

The acknowledgment non-detection interrupt refers to the interrupt that occurs when the SDA2 terminal
level is detected still staying “H” at the rising edge of the 9th transmission clock. The acknowledgment
detection interrupt refers to the interrupt that occurs when SDA2 terminal’s level is detected already went
to “L” at the 9th transmission clock. Also, assigning (UART2 reception) to the DMA1 request factor select
bits provides the means to start up the DMA transfer by the effect of acknowledgment detection.

Bit 1 of the UART2 special mode register is used as the arbitration lost detecting flag control bit. Arbitra-
tion means the act of detecting the nonconformity between transmission data and SDA2 terminal data at
the timing of the SCL2 rising edge. This detecting flag is located at bit 11 of the UART2 reception buffer
register, and “1” is set in this flag when nonconformity is detected. Use the arbitration lost detecting flag
control bit to choose which way to use to update the flag, bit by bit or byte by byte. When setting this bit to
“1” and updated the flag byte by byte if nonconformity is detected, the arbitration lost detecting flag is set
to “1” at the falling edge of the 9th transmission clock.

If update the flag byte by byte, must judge and clear (“0”) the arbitration lost detecting flag after complet-
ing the first byte acknowledge detect and before starting the next one byte transmission.

Bit 3 of the UART2 special mode register is used as SCL2- and L-synchronous output enable bit. Setting
this bit to “1” goes the port data register to “0” in synchronization with the SCL2 terminal level going to “L".
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Some other functions added are explained here. Figure 1.15.29 shows their workings.

Bit 4 of the UART2 special mode register is used as the bus collision detect sampling clock select bit. The
bus collision detect interrupt occurs when the RxD2 level and TxD2 level do not match, but the noncon-
formity is detected in synchronization with the rising edge of the transfer clock signal if the bit is set to “0”.
If this bit is set to “1”, the nonconformity is detected at the timing of the overflow of timer Aj rather than at
the rising edge of the transfer clock.

Bit 5 of the UART2 special mode register is used as the auto clear function select bit of transmit enable
bit. Setting this bit to “1” automatically resets the transmit enable bit to “0” when “1” is set in the bus
collision detect interrupt request bit (nonconformity).

Bit 6 of the UART2 special mode register is used as the transmit start condition select bit. Setting this bit
to “1” starts the TxD transmission in synchronization with the falling edge of the RxD terminal.

1. Bus collision detect sampling clock select bit (Bit 4 of the UART2 special mode register)
0: Rising edges of the transfer clock
r‘“ ‘q -

RaRakaEaE i e
TxD/RxD | |

Timer AO

1: Timer A0 overflow

2. Auto clear function select bit of transmt enable bit (Bit 5 of the UART2 special mode register)

CLK [ N A N A O
TxD/RxD_l | I

Bus collision
detect interrupt |
request bit

Transmit |>

enable bit

3. Transmit start condition select bit (Bit 6 of the UART2 special mode register)
0: In normal state

oLk P L L Lf Lf [Lf
TxD T | |

Enabling transmission

With "1: falling edge of RxD2" selected

Figure 1.15.29. Some other functions added
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UART2 Special Mode Register 2
UARTI special mode register 2 (address 037616) is used to further control UART2 in I12C mode.

Bit 0 of the UART2 special mode register 2 (address 037616) is used as the I2C mode select bit 2. Table
1.15.14 shows the types of control to be changed by I2C mode select bit 2 when the I2C mode select bit
is set to “1”. Table 1.15.15 shows the timing characteristics of detecting the start condition and the stop

condition.

Table 1.15.14. Functions changed by I12C mode select bit 2

Function

IICM2 =0

IICM2 =1

1 | Factor of interrupt number 15

No acknowledgment detection (NACK)

UART2 transmission (the rising edge
of the final bit of the clock)

2 |Factor of interrupt number 16

Acknowledgment detection (ACK)

UART2 reception (the falling edge of
the final bit of the clock)

3 |DMAT factor at the time when 1101 is
assigned to the DMA request factor
selection bits.

Acknowledgment detection (ACK)

UART2 reception (the falling edge of
the final bit of the clock)

4 | Timing for transferring data from the
UART?2 reception shift register to the
reception buffer.

The rising edge of the final bit of the
reception clock

The falling edge of the final bit of the
reception clock

5 | Timing for generating a UART2
reception/ACK interrupt request

The rising edge of the final bit of the
reception clock

The falling edge of the final bit of the
reception clock

Table 1.15.15. Timing characteristics of detecting the start condition and the stop condition (Note 1)

3 to 6 cycles < duration for setting-up (Note)

3 to 6 cycles < duration for holding (Note)

Note: Cycles is in terms of the input oscillation frequency f(XIN) of the main clock.

SCL

SDA

. Duration for
! setting up

holding

Duration for

(Start condition)

SDA
(Stop condition)

LENESAS

Renesas Technology Corp.

145



\)ode\‘opme“‘ Preliminary Specifications Rev. 0.9
3eN® Specifications in this manual are tentative and subject to change.

M16C/26 Group

UART2 Special Mode Register 2 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Bit 3 of the UARTI special mode register 2 are used as the SDAI output stop bit. Setting this bit to “1”
causes an arbitration loss to occur, and the SDA.I pin turns to high-impedance state at the instant when
the arbitration lost detecting flag is set to “1”.

Bit 1 of the UART2 special mode register 2 are used as the clock synchronization bit. With this bit set to
“1” at the time when the internal SCL2 is set to “H”, the internal SCL2 turns to “L” if the falling edge is
found in the SCL2 pin; and the baud rate generator reloads the set value, and start counting within the “L”
interval.

When the internal SCL2 changes from “L” to “H” with the SCL2 pin set to “L”, stops counting the baud rate
generator, and starts counting it again when the SCL2 pin turns to “H”. Due to this function, the UART2
transmission-reception clock becomes the logical product of the signal flowing through the internal SCL2
and that flowing through the SCL2 pin. This function operates over the period from the moment earlier by
a half cycle than falling edge of the UART2 first clock to the rising edge of the ninth bit. To use this
function, choose the internal clock for the transfer clock.

Bit 2 of the UART2 special mode register 2 are used as the SCL2 wait output bit. Setting this bit to “1”
causes the SCL2 pin to be fixed to “L” at the falling edge of the ninth bit of the clock. Setting this bit to “0”
frees the output fixed to “L”.

Bit 4 of the UART2 special mode register 2 are used as the UART2 initialization bit. Setting this bit to “1”,
and when the start condition is detected, the microcomputer operates as follows.

(1) The transmission shift register is initialized, and the content of the transmission register is transferred
to the transmission shift register. This starts transmission by dealing with the clock entered next as the
first bit. The UART2 output value, however, doesn’t change until the first bit data is output after the
entrance of the clock, and remains unchanged from the value at the moment when the microcomputer
detected the start condition.

(2) The reception shift register is initialized, and the microcomputer starts reception by dealing with the
clock entered next as the first bit.

(3) The SCL2 wait output bit turns to “1”. This turns the SCL2 pin to “L” at the falling edge of the ninth bit
of the clock.

Starting to transmit/receive signals to/from UART2 using this function doesn’t change the value of the
transmission buffer empty flag. To use this function, choose the external clock for the transfer clock.

Bit 5 of the UART2 special mode register 2 are used as the SCL2 pin wait output bit 2. Setting this bit to
“1” with the serial 1/0O specified allows the user to forcibly output an “1” from the SCL2 pin even if UART2
is in operation. Setting this bit to “0” frees the “L” output from the SCL2 pin, and the UART2 clock is input/
output.

Bit 6 of the UART2 special mode register 2 are used as the SDA2 output disable bit. Setting this bit to “1”
forces the SDA2 pin to turn to the high-impedance state. Refrain from changing the value of this bit at the
rising edge of the UART2 transfer clock. There can be instances in which arbitration lost detecting flag is
turned on.
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UART2 Special Mode Register 3
Bit 1 of UART2 special mode register 3 (address 037516) are used to clock phase set bit. Figure1.15.9
shows UART2 special mode register 3.
When both the 1IC mode select bit (bit 0 of UART2 special mode select register) and the [IC mode select
bit 2 (bit 0 of U2SMR2 register) are “1”, functions changed by these bits are shown in table 1.15.16 and
figure 1.15.30.
Bits 5 to 7 of UART2 special mode register 3 are SDA digital delay setting bits. By setting these bits, it is
possible to turn the SDA delay OFF or set the BRG count source delay to 2 to 8 cycles.

Table 1.15.16. Functions changed by clock phase set bits

Function CKPH=0,lICM=1,lICM2=1 | CKPH=1,IlICM =1, lICM2 =1
SCL initial and last value Initial value = H, last value =L | Initial value = L, last value = L
Transfer interrupt factor Rising edge of 9th bit Falling edge of 10th bit

Data transfer times from UART Two times :falling edge of 9th bit
receive shift register to receive | Falling edge of 9th bit and rising edge of 9th bit

buffer register

(1) CKPH="0" (IICM=1, lICM2=1)

seo [ L)L) L)L) L)L L L L
SDA :><D7><D6><D5><D4><D3>< D2><D1><DO><D8

(Internal clock, transfer data 9 bits long and MSB first selected.) T T
Receive interrupt  Transmit interrupt

Transfer to receive buffer

(2) CKPH="1" (IICM=1, [ICM2=1)

sCL |
sopaA X b7 X ps X Ds X ps X p3 X b2 X b1 X Do X Ds

(Internal clock, transfer data 9 bits long and MSB first selected.) f T
Receive interrupt Transmit interrupt

f

Transfer to receive buffer

Figure 1.15.30. Functions changed by clock phase set bits
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UART2 Special Mode Register 4
Bit 0 of UART2 special mode register 4 (address 037416) are used to start condition generate bit. When

the SCL, SDA output select bit (bit 3 of U2SMRA4 register) is “1” and this bit is “1”, then the start condition
is generated.

Bit 1 of UART2 special mode register 4 are used to restart condition generate bit.

When the SCL, SDA output select bit (bit 3 of U2SMR4 register) is “1” and this bit is “1%, then the restart
condition is generated.

Bit 2 of UART2 special mode register 4 are used to stop condition generate bit.
When the SCL, SDA output select bit (bit 3 of U2SMR4 register) is “1” and this bit is “1”, then the stop
condition is generated.

Bit 3 of UART2 special mode register 4 are used to SCL, SDA output select bit.
Functions changed by these bits are shown in table 1.15.17 and figure 1.15.31.

Bit 4 of UART2 special mode register 4 are used to ACK data bit.
When the SCL, SDA output select bit (bit 3 of U2SMRA4 register) is “0” and the ACK data output enable bit
(bit 5 of U2SMRA4 register) is “1”, then the content of ACK data bit is output to SDA pin.

Bit 5 of UART2 special mode register 4 are used to ACK data output enable bit.
When the SCL, SDA output select bit (bit 3 of U2SMR4 register) is “0” and this bit is “1”, then the content
of ACK data bit is output to SDA pin.

Bit 6 of UART2 special mode register 4 are used to SCL output stop bit.
When this bit is “1”, SCL output is stopped at stop condition detection. (Hi-impedance status).

Bit 7 of UART2 special mode register 4 are used to SCL wait output bit.
When this bit is “1”, SCL output is fixed to "L" at falling edge of 10th bit of clock. When this bit is “0”, SCL
output fixed to “L” is released.

148 RENESAS

Renesas Technology Corp.



o'

e
UART2 Special Mode Register 4

2\oP

«e™  Preliminary Specifications Rev. 0.9
Specifications in this manual are tentative and subject to change.

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.15.17. Functions changed by SCL, SDA output select bit

Function

STSPSEL =0 STSPSEL =1

SCL, SDA output

Output of start/stop
conditioncontrol circuit

Output of SI/O control circuit

Start/stop condition interrupt factor

Completion of start/stop condition
generation

Start/stop condition detection

SCL

SDA

interrupt

(1) When slave mode (CKDIR=0, STSPSEL=0)

Start condition detection

(2) When master mode (CKDIR=1, STSPSEL=1)

STSPSEL=0 STSPSEL:

Stop condition detection
interrupt

STSPSEL=1 STSPSEL=0

N
<

1 STSPSEL=0

N
g

>
P

SCL
SDA

STAREQ:1T

Y

STPREQ=1 T
Start condition detection Stop condition detection
interrupt interrupt

<
<

Figure 1.15.31 Functions changed by SCL, SDA output select bit
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Serial Interface Special Function
UARTI can control communications on the serial bus (Figure 1.15.32). The master outputting the transfer
clock transfers data to the slave inputting the transfer clock. In this case, in order to prevent a data
collision on the bus, the master floats the output pin of other slaves/masters using the SSi input pins.

IC1 IC2

P13
Pl2f——

P93

P72(CLK2)
P71(RxD2)
P70(TxD2)

M16C/26 (Master)

P72(CLK2)
P71(RxD2)
P70(TxD2)

M16C/26 (Slave)

IC3

P93

P72(CLK2)
P71(RxD2)
P70(TxD2)

M16C/26 (Slave)

Figure 1.15.32. Programmable serial bus communication control example
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* Clock Phase Setting
With bit 1 of UART2 special mode register 3 (addresses 036D16, 037116 and 037516) and bit 6 of
UART2 transmission-reception control register 0 (addresses 03A416, 02AC16 and 037C1s), four com-
binations of transfer clock phase and polarity can be selected.
Bit 6 of UART2 transmission-reception control register O sets transfer clock polarity, whereas bit 1 of
U2SMRS3 register sets transfer clock phase.
Transfer clock phase and polarity must be the same between the master and slave involved in the
transfer.

(a) Master (Internal Clock)
Figure 1.15.33 shows the transmission and reception timing.

(b) Slave (External Clock)
* Figure 1.15.34 shows the timing when bit 1 of address 037516)="0"
* Figure 1.15.35 shows the timing when bit 1 of address037516)="1"

Clock output H” | | | | |
(CKPOL=0, CKPH=0) "L"
Clock output "H" | | | | | |_|
(CKPOL=1, CKPH=0) "L"
Clock output "He
(CKPOL=0, CKPH=1) u» | | | | |
(CKPOL=1, CKPH=1) "L"
- up
Pataoutputtiming " X Do X D1 X D2 X Ds X Da X Ds X Ds X D7
Data input timing T T T T T T T T

Figure 1.15.33. The transmission and reception timing in master mode (internal clock)
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Slave control input L

Clock input
(CKPOL=0, CKPH=0) "L"

Clock input "H"
(CKPOL=1, CKPH=0) "L"

Data output timing "H

(Note)

Data input timing

Note :UART2 output is an N-channel open drain and needs to be pulled-up externally.

e E N E EDED EY S

inpedance

E
Uy e
Bl nEEEnEEEEEE RN

inpedance

=t 1ttt

Figure 1.15.34. The transmission and reception timing (CKPH=0) in slave mode (external clock)

Slave control input

Clock input
(CKPOL=0, CKPH=0) "L"

Clock input "H"
(CKPOL=1, CKPH=0) "L"

Data output timing "H"
(Note)

Data input timing

Note :UART2 output is an N-channel open drain and needs to be pulled-up externally.

- —< Do X D1 X D2 X D3 X D4 X Ds X Ds X D7 >—
L" igh- High-
inpedance

-
S A

o UuUuuyuuuyy

inpedance

rrrrr e

Figure 1.15.35. The transmission and reception timing (CKPH=1) in slave mode (external clock)
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The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive coupling
amplifier. Pins P100 to P107 also function as the analog signal input pins ANo to AN7. The direction registers of these pins
for A-D conversion must therefore be set to input. The Vref connect bit (bit 5 at address 03D716) can be used to isolate the
resistance ladder of the A-D converter from the reference voltage input pin (VREF) when the A-D converter is not used.
Doing so stops any current flowing into the resistance ladder from VREF, reducing the power dissipation. When using the
A-D converter, start A-D conversion only after setting bit 5 of 03D716 to connect VREF.
The result of A-D conversion is stored in the A-D registers of the selected pins. When set to 10-bit precision, the low 8 bits
are stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit precision, the low 8 bits are
stored in the even addresses. Table 1.16.1 shows the performance of the A-D converter. Figure 1.16.1 shows the
block diagram of the A-D converter, and Figures 1.16.2 and 1.16.3 show the A-D converter-related registers.

Table 1.16.1. Performance of A-D converter

ltem

Performance

Method of A-D conversion

Successive approximation (capacitive coupling amplifier)

Analog input voltage (Note 1)

0V to AVcc (Vce)

Operating clock fab (Note 2)
Resolution

fAD, fAD/2, fAD/3, fAD/4, fAD/6, or fAD/12 where fAD=f(XIN)
8-bit or 10-bit (selectable)

Integral nonlinearity error

When AVcc = VREF = 5V

¢ With 8-bit resolution: +2L.SB
¢ With 10-bit resolution: +3LSB
When AVcc = VREF = 3.3V

¢ With 8-bit resolution: +2L.SB
¢ With 10-bit resolution: +5LSB

Operating modes

One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
and repeat sweep mode 1

Analog input pins
A-D conversion start condition

8pins (ANo to AN7)
* Software trigger
A-D conversion starts when the A-D conversion start flag changes to “1”
 External trigger (can be retriggered)
A-D conversion starts when the A-D conversion start flag is “1” and the
ADTRG/P15 input (shared with INT3) changes from “H” to “L”

Conversion speed per pin

¢ Without sample and hold function

8-bit resolution: 49 fAD cycles, 10-bit resolution: 59 fAD cycles
* With sample and hold function

8-bit resolution: 28 fAD cycles, 10-bit resolution: 33 fAD cycles

Note 1: Does not depend on use of sample and hold function.

Note 2: Divide the faD if f(XIN) exceeds 10MHz, and make ¢AD frequency equal to or less than 10MHz.
Without sample and hold function, set the ¢AD frequency to 250kHz min.
With the sample and hold function, set the ¢AD frequency to 1MHz min.
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A-D conversion rate
selection
CKS2-0 CKS1=1 0
) — [0}
2 | | 7 o > oksi-0
fapO— 1/3 a CKS0=0
CKS2=1
VREF O |
VCUT=0 Resistor ladder
AVSSQ———~———o0
o ITITI¢ITITITITITITITI<— SERRRRRN
Successive conversion register A-D control register 1
(address 03D716) Y \%
A-D control register 0
Addresses (address 03D616) Vv
(03C116, 03C016) A-D register 0(16) |«
(03C316, 03C216) A-D register 1(16) [«
(03C516, 03C416) A-D register 2(16) <
(03C716,03C616) | A-D register 3(16) |« f Eeg‘)de_r
(03C916,03C816) | A-D register 4(16) |« or A-D register
(03CB16, 03CA16) A-D register 5(16) [«
(03CD16, 03CC16) | A-D register 6(16) |«
(03CF16, 03CE16) A-D register 7(16) (<«
~Z [
S Data bus high-order S NNN.E ofo] |
7
S Data bus low-order A-D control register 2
PMOG. (address 03D416)
PMO1:D V_‘L YY |V
Decoder
for channel
r selection Ve Comparator
 YYYYVYYY
Port P2 group CH2,CH1,CHO
P100/ANo O——=2%% o
P101/AN1 O_W
P102/AN2 O— Q2
P103/AN3 O =T 5o
P104/ANs O———— "0
P105/ANs O————135-0
P106/AN6 O————35°
P107/AN7Q———— o

Figure 1.16.1. Block diagram of A-D converter
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A-D control register 0 (Note 1)
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | ADCONO 03D616 00000XXX2
vt | Bit symbol Bit name Function RW
P o261 60 ‘
A CHo Analog input pin select bit | 000 : ANo is selected 00
e 00 1:AN1 is selected '
e 010:AN2is selected '
A CH1 011 :ANsis selected o0
E . . . , , 100 : AN4 is selected |
oo 101 :ANs is selected 3
T CH2 110:ANsis selected 00
- 111 :AN7is selected (Note 2) |
o A-D operation mode ne 1
. MDO f 0 0 : One-shot mode 00
oo select bit 0 0 1 : Repeat mode !
o 10 : Single sweep mode :
T LEREEEEEE MD1 11 : Repeat sweep mode 0 (Note 2) |00
oo Repeat sweep mode 1
S S S TRG Trigger select bit 0 : Software trigger 00
- 1: ADTRG trigger !
: L ____________________ ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
' 1: A-D conversion started !
A CKS0 Frequency select bit Refer to table 1.16.2 00
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: When changing A-D operation mode, set analog input pin again.
A-D control register 1 (Note 1)
b7 D6 b5 b4 b3 b2 b1 b0 Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function R'W

When single sweep and repeat sweep
mode 0 are selected !

SCANO o160 o0
00 : ANo, AN1 (2 pins)

01 : ANo to AN3 (4 pins)
10 : ANo to ANs (6 pins)
11 : ANo to AN7 (8 pins)

A-D sweep pin select bit

P

When repeat sweep mode 1 is selected
D SCAN1 b1 b0 i
00: ANo (1 pin) 00
0 1: ANo, AN1 (2 pins) !
10 : ANo to AN2 (3 pins
11 : ANo to AN3 (4 pins)

g

b A-D operation mode 0 : Any mode other than repeat sweep

T MD2 select bit 1 mode 1 00
: ' 1 : Repeat sweep mode 1 !
] 8/10-bit mode select bit |0 : 8-bit mode
5 BITS 1: 10-bit mode 0:0
: frmmmmmmmmmmney CKS1 | Frequency select bit Refer to table 1.16.2 00
R VCUT Vref connect bit 0 Vref not connected 00
' 1 : Vref connected :
T Nothing is assigned. O e}

In an attempt to write to these bits, write 0. The value, if read, turns out to be 0.

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.

Figure 1.16.2. A-D converter control registers (1)
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. _________________________________________________________________________________________________________________________________________________________|
A-D control register 2 (Note 1)
D oy 2 8 12 bl 1O Symbol Address When reset
DIXIX] |olo]o] | ADCON2 03D416 0016
P P Bit symbol Bit name Function R;W
E !._ A-D conversion method 0 : Without sample and hold
: SMP | select bit 1: With sample and hold 00
S Reserved bits Must always be set to 0 o o
beereeeeenes CKs2 Frequency select bit 2 Refer to table 1.16.2 ©) O
________________________ Nothing is assigned.
In an attempt to write to these bits, write 0 . The value, if read, turns outtobe 0. [~ ™

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

A-D register i Symbol Address When reset
o15) o0 ADi(i=0 to 7) 03CO016 to 03CF16 Indeterminate
b7 b0 b7 b0

Function RIW
E .--| Eight low-order bits of A-D conversion result O X

During 10-bit mode !
Two high-order bits of A-D conversion result ‘

During 8-bit mode X
When read, the content is indeterminate

hmmcmecccccccccc - —————
bmmcmmcccccccccc e e e e m == o
Uy |
F==mmemmmmeecececcaaaaaaaad

In an attempt to write to these bits, write 0 . The value, if -
read, turns outtobe 0.

Nothing is assigned.

Figure 1.16.3. A-D converter control registers (2)

Table 1.16.2. Operation clock $AD

CKSO | CKS1 | CKS2 $AD
0 0 0 fAD/4
0 0 1 faD/12
0 1 0 fAD
0 1 1 fAD/3
1 0 0 faD/2
1 0 1 fAD/6
1 1 0 fAD
1 1 1 faD/3

Note: Divide the fAD if f(XIN) exceeds 10MHz, and make ¢AD
frequency equal to or less than 10MHz.
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(1) One-shot mode

In one-shot mode, the pin selected using the analog input pin select bits , is used for one-shot A-D
conversion. Table 1.16.3 shows the specifications of one-shot mode. Figure 1.16.4 shows the settings of

the A-D control registers in one-shot mode.
Table 1.16.3. One-shot mode specifications

Item Specification
Function The pin selected by the analog input pin select bits is used for one A-D conversion
Start condition Writing "1" to the A-D conversion start flag
Stop condition * End of A-D conversion (A-D conversion start flag changes to "0" - except when

external trigger is selected
» Writing "0" to the A-D conversion start flag

Interrupt request End of A-D conversion
generation timing
Input pin Select one from ANo to AN7

Reading of A-D result | Read A-D register that corresponds to selected analog input pin

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | 0 | 0| | | | ADCONO 03D616 00000XXX2
©or o1 o1 ¢+ o+ | Bit symbol Bit name Function RIW
A : ! b2 b1 b0 T
Pl i i b il cHo  |Analoginputpinselect g0 ang is selected oo
T 00 1:AN1 is selected :
T 010:AN2is selected |
T T R - CH1 011:ANsis selected O}O
oo e 100:AN4is selected !
A 101 :ANs is selected !
Vo el CH2 110:ANe is selected 00
111:AN7is selected (Note 2)
S MDO _ : b4 0.0
oo A-D operation mode 0 0 : One-shot mode (Note 2) T
S PO MD1 select bit 0 00
R Trigger select bit 0 : Software trigger
ot TRG 1 : ADTRG trigger O:O
R ADST A-D conversion start flag [0 : A-D conversion disabled oo
1: A-D conversion started |
e CKSo Frequency select bit0 | Refer to table 1.16.2 00
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: When changing A-D operation mode, set analog input pins again.
A-D control register 1 (Note 1)
b7 6 bS b4 b3 b2 bl b0 Symbol Address When reset
DX 1] | [o] | | ADcont 03D716 0016
Bit symbol Bit name Function RiW
SCANO A-D sweep pin Invalid in one-shot mode OiO
select bit .
SCAN1 00
MD2 A-D operation mode Setto 0 when this mode is selected OEO
select bit 1 3
BITS 8/10-bit mode select bit | 0 : 8-bit mode OEO
1:10-bit mode !
CKs1 Frequency select bit1 Refer to table 1.16.2 OiO
VCUT | Vref connect bit (Note 2) | 1 : Vref connected OiO
Nothing is assigned. OEO
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0.

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.

A-D conversion.

Note 2: If the VCUT bit is reset from "0" (Vref unconnected) to "1" (Vref connected), wait for 1 us or more before starting

Figure 1.16.4. A-D conversion control registers in one-shot mode
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A-D Converter

(2) Repeat mode
In repeat mode, the pin selected using the analog input pin select bits , is used for one-shot A-D conver-
sion. Table 1.16.4 shows the specifications of repeat mode. Figure 1.16.5 shows the settings of the A-D
control registers in repeat-shot mode.

Table 1.16.4. Repeat mode specifications

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ltem

Specification

Function

The pin selected by the analog input pin select bits is used for one A-D conversion

Start condition

Writing "1" to the A-D conversion start flag

Stop condition

Writing "0" to the A-D conversion start flag

Interrupt request
generation timing

None generated

Input pin

Select one from ANo to AN7

Reading of A-D result

Read A-D register that corresponds to selected analog input pin (at any time)

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

LI foff [ 1]

A-D control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

[o] | ]

[

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function R'W
H H b2 b1 b0 !
CHo /t?ir;alog input pin select 000 : ANo is selected 00
00 1: ANt is selected :
010:AN2zis selected |
CH1 011:ANsis selected 00
100:AN4is selected !
101 :ANsis selected ]
CH2 110:ANeis selected 00
111 :AN7is selected (Note 2)
MDO A-D o . b4 b3 O:O
peration mode . |
VD1 select bit 0 0 1 : Repeat mode (Note 2) OfO
Trigger select bit 0 : Software trigger
TRG 1: ADTRG trigger O:O
ADST A-D conversion start flag | 0 : A-D conversion disabled O:O
1: A-D conversion started i
CKSO0 Frequency select bit 0 Refer to table 1.16.2 00
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: When changing A-D operation mode, set analog input pins again.
Symbol Address When reset
ADCON1 03D716 0016
Bit symbol Bit name Function RiW
SCANO | A-D sweep pin Invalid in repeat mode O o
select bit .
SCAN{1 00
MD2 A-D operation mode Setto 0 when this mode is selected OEO
select bit 1 }
BITS 8/10-bit mode select bit | 0 : 8-bit mode OEO
1: 10-bit mode 3
CKS1 Frequency select bit1 Refer to table 1.16.2 O @)
VCUT | Vref connect bit (Note 2) | 1 : Vref connected O O
Nothing is assigned.

In an attempt to write to these bits, write 0. The value, if read, turns out to be 0.

oo

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: If the VCUT bit is reset from "0" (Vref unconnected) to "1" (Vref connected), wait for 1 ps or more before starting

A-D conversion.

Figure 1.16.5. A-D conversion control registers in repeat mode

158

RENESAS

Renesas Technology Corp.




A-D Converter

(3) Single sweep mode
In single sweep mode, the pins selected using the A-D sweep pin select bits, are used for one-by-one A-
D conversion. Table 1.16.5 shows the specifications of single sweep mode. Figure 1.16.6 shows the
settings of the A-D control registers in single sweep mode.

«e™  Preliminary Specifications Rev. 0.9
Specifications in this manual are tentative and subject to change.

M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.16.5. Single sweep mode specifications

Item

Specification

Function

The pin selected by the analog input pin select bits is used for one A-D conversion

Start condition

Writing "1" to the A-D conversion start flag

Stop condition

¢ End of A-D conversion (A-D conversion start flag changes to "0" - except when
external trigger is selected
* Writing "0" to the A-D conversion start flag

Interrupt request
generation timing

End of A-D conversion

Input pin

ANo - AN1 (2 pins), ANo - ANBa (4 pins), ANo - ANs (6 pins), or ANo - AN7 (8 pins)

Reading of A-D result

Read A-D register that corresponds to selected analog input pin

b7 b6 b5 b4 b3 b2 bl bO

LI T2]o]

b7 b6 b5 b4 b3 b2 bl bo

A-D control register 0 (Note)

[ —

[p—

A-D conversion.

A-D control register 1 (Note 1)

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function R'W
CHo Qir:alog input pin select Invalid in single sweep mode OiO
CH1 0.0
CH2 oio
MDO _ : b4 b3 Oio
A-D aperation mode 1 0: Single sweep mode T
MDA select bit 0 O.0
Trigger select bit 0 : Software trigger
TRG 1: ADTRG trigger OJO
ADST A-D conversion start flag | 0 : A-D conversion disabled 00
1: A-D conversion started |
CKS0 Frequency select bit 0 Refer to table 1.16.2 00
Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
| Symbol Address When reset
ADCON?1 03D716 0016
Bit symbol Bit name Function R W
A-D sweep pin When single sweep mode is selected 00
SCANp | Selectbit babo 3
0 0: ANo, AN1 (2 pins) |
0 1: ANo to AN3 (4 pins) :
10 : ANo to AN5 (6 pins) |
SCANT1 11 : ANo to AN7 (8 pins) |
00
MD2 A-D operation mode Setto 0 when this mode is selected 0 :O
select bit 1 |
BITS 8/10-bit mode select bit | 0 : 8-bit mode o O
1: 10-bit mode |
CKS1 | Frequency select bit1 | Refer to table 1.16.2 0.0
VCUT | Vref connect bit (Note 2) | 1 : Vref connected 0.0
Nothing is assigned. oo
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: If the VCUT bit is reset from "0" (Vref unconnected) to "1" (Vref connected), wait for 1 ps or more before starting

Figure 1.16.6. A-D conversion control registers in single sweep mode
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A-D Converter

(4) Repeat sweep mode 0
In repeat sweep mode 0, the pins selected using the A-D sweep pin select bits , are used for repeat
sweep A-D conversion. Table 1.16.6 shows the specifications of repeat sweep mode 0. Figure 1.16.7

«e™  Preliminary Specifications Rev. 0.9
Specifications in this manual are tentative and subject to change.

shows the settings of the A-D control registers in repeat sweep mode 0.

Table 1.16.6. Repeat sweep mode 0 specifications

ltem

Specification

Function

The pin selected by the analog input pin select bits is used for one A-D conversion

Start condition

Writing "1" to the A-D conversion start flag

Stop condition

Writing "0" to the A-D conversion start flag

Interrupt request
generation timing

None generated

Input pin

ANo - AN1 (2 pins), ANo - ANs (4 pins), ANo- ANs (6 pins), or ANo - AN7 (8 pins)

Reading of A-D result

Read A-D register that corresponds to selected analog input pin (at any time)

A-D control register 0 (Note)

A-D conversion.

b7 b6 b5 b4 b3 b2 bi b0 Symbol Address ~ When reset

[ ] [1]4] ADCONO 03D616  0000OXXX2
¢t or 01| Bitsymbol Bit name Function RIW
E : E E E i _ CHO g\i?alog input pin select Invalid in repeat sweep mode 0 OiO
E E E i S CH1 Oi o
E R CH2 oo
: E E E eeennnees MDO A-D operation mode babs [e}{e)
' . L MD1 select bit 0 11 : Repeat sweep mode 0 ﬁ
H , _________________ Trigger select bit 0 : Software trigger
b TRG 1: ADTRG trigger O;O
[ ADST A-D conversion start flag | 0 : A-D conversion disabled Ol o
1: A-D conversion started |
] CKSo Frequency select bit 0 | Refer to table 1.16.2 00

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.

A-D control register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl b0

|><|><| 1 | | | Ol | | Symbol Address When reset

N LT ADCONT1 03D716 0016
L= . . \
©or v, | Bitsymbol Bit name Function R:W|
: : . : \ i H A-D sweep pin When repeat sweep mode 0 is selected 00
' H ' N H ] ' 1 i !
vorov oot SCANO select bit b1b0 ‘
A 00 : ANo, AN1 (2 pins) |
e 01 : ANo to AN3 (4 pins)
oo 10 : ANo to ANs (6 pins)
N SCAN1 11 : ANo to AN7 (8 pins) '
P oo
' : Vo] MD2 A-D operation mode Setto 0 when this mode is selected o :O
oo select bit 1 :
T BITS | 8/10-bit mode select bit | 0 : 8-bit mode oo
A 1 : 10-bit mode |
R CKS1 Frequency select bit1 Refer to table 1.16.2 0.0
: E EREGRCEEEEEE VCUT | Vref connect bit (Note 2) | 1 : Vref connected [e}fe)
] Nothing is assigned. o0
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. '
Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.

: If the VCUT bit is reset from "0" (Vref unconnected) to "1" (Vref connected), wait for 1 ps or more before starting

Figure 1.16.7. A-D conversion control registers in repeat sweep mode 0
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(5) Repeat sweep mode 1
In repeat sweep mode 1, all pins are used for A-D conversion with emphasis on the pin or pins selected
using the A-D sweep pin select bits. Table 1.16.7 shows the specifications of repeat sweep mode 1.
Figure 1.16.8 shows the settings of the A-D control registers in repeat sweep mode 1.

Table 1.16.7. Repeat sweep mode 1 specifications

Specifications in this manual are tentative and subject to change.
A-D Converter

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ltem

Specification

Function

The pin selected by the analog input pin select bits is used for one A-D conversion

Start condition

Writing "1" to the A-D conversion start flag

Stop condition

Writing "0" to the A-D conversion start flag

Interrupt request
generation timing

None generated

Input pin

With emphasis on these pins:
ANo, ANo - AN1 (2 pins), ANo-AN2 (3 pins), ANo- AN3 (4 pins)

Reading of A-D result

Read A-D register that corresponds to selected analog input pin (at any time)

b7 b6 b5 b4 b3 b2 bl bo

4=
—_

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo

DD | o] 1]

A-D control register 1 (Note 1)

[ —

[Rp——

In an attempt to write to these bits, write 0. The value, if read, turns out to be 0.

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RW
Analog input pin select Invalid in repeat sweep mode 1
CHo bit o:o
CH1 0.0
CH2 00
MDO ) - bia 50
A-D opgratlon mode 11 : Repeat sweep mode 1 T
MD1 select bit 0 00
Trigger select bit 0 : Software trigger
TRG 1: ADTRG trigger O:O
ADST A-D conversion start flag | 0 : A-D conversion disabled O: 0
1 : A-D conversion started |
CKS0 Frequency select bit 0 | Refer to table 1.16.2 o0
Note: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Symbol Address When reset
ADCONT1 03D716 0016
Bit symbol Bit name Function R'W
A-D sweep pin When repeat sweep mode 1 is selected 00
SCANO select bit
b1b0 i
00 : ANo (1 pin) .
0 1: ANo, AN1 (2 pins) !
SCANT1 10 : ANo to AN2 (3 pins) !
11 : ANo to AN3 (4 pins) oo
MD2 A-D operation mode Setto 1 when this mode is selected o fe)
select bit 1 |
BITS 8/10-bit mode select bit | 0 : 8-bit mode o O
1:10-bit mode |
CKS1 Frequency select bit1 Refer to table 1.16.2 0.0
VCUT Vref connect bit (Note 2) | 1 : Vref connected 0.0
Nothing is assigned.

oo

A-D conversion.

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is indeterminate.
Note 2: If the VCUT bit is reset from "0" (Vref unconnected) to "1" (Vref connected), wait for 1 ps or more before starting

Figure 1.16.8. A-D conversion control registers in repeat sweep mode 1
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A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
.}

(a) Sample and Hold
Sample and hold is selected by setting bit O of the A-D control register 2 (address 03D416) to "1". When
sample and hold is selected, the rate of conversion of each pin increases. As a result, a 28 ¢AD cycle is
achieved in 8-bit resolution and 33 ¢AD in 10-bit resolution. Sample and hold can be selected in all
modes. However, in all modes, be sure to specify whether to use sample and hold before starting A-D
conversion.

(b) Caution of using A-D converter

(1) Set the port direction bits corresponding to the following pins to input: those P10 pins to be used for
analog input, plus external trigger input pin (P15).

(2) In using a key-input interrupt, none of 4 pins (AN4 through AN7) can be used as an A-D conversion port
(if the A-D input voltage goes to “L” level, a key-input interrupt occurs).

(3) Insert the capacitor between AVcc and AVSS, between VREF and AVss, and between the analog input
pin (ANi) and AVss, to prevent a malfunction or program runaway, and to reduce conversion error,
due to noise. Figure 1.16.9 is an example connection of each pin.

Microcomputer

-i Vce AVce

Ca—— VREF

L

Lo

e |vss  Avss {_T
C3
ANi ——[_
777 777

Note 1: C1 > 0.47uF, C2 > 0.47uF, C3 > 100pF, C4 > 0.1uF (reference)
Note 2: Ensure these connections are as thick and short as possible.

Figure 1.16.9. Example connection of Vcc, Vss, AVcc, AVss, VREF and ANi
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Programmable I/O Ports M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Programmable I/O Ports
There are 38 programmable 1/O ports: P15 - P17, P6, P7, P8 (except P84), P90 - P93, and P10. Each port
can be set independently for input or output using the direction register. A pull-up resistance for each block
of 4 ports can be set.

Figures 1.17.1 to 1.17.3 show the programmable 1/O ports. Figure 1.17.4 shows the 1/O pins.

Each pin functions as a programmable 1/O port and as the I/O for the built-in peripheral devices.

To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input
mode. When the pins are used as the outputs for the built-in peripheral devices, they function as outputs
regardless of the contents of the direction registers. See the descriptions of the respective functions for
how to set up the built-in peripheral devices.

(1) Direction registers
Figure 1.17.5 shows the port direction registers.
These registers are used to choose the direction of the programmable 1/0 ports. Each bit in these
registers corresponds one for one to each I/O pin.

Note: The Port 9 direction register incorporates a write protection function. Before writing to the port 9
direction register the write protection must be disabled by setting PRC2 of the Protect register (bit 2 at
000A16) to "1". Note that PRC2 is automatically reset to "0" after the next write to an SFR address.

(2) Port registers
Figure 1.17.6 shows the port registers.
These registers are used to read and write data for input and output to and from an external device. A
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit
in the port registers corresponds one for one to each I/O pin.

(3) Pull-up control registers
Figure 1.17.7 shows the pull-up control registers.
The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register
is set to input.

(4) Port control register
Figure 1.17.8 shows the port control register.
Bit O of the port control register is used to control the read of port P1 as follows:
0 : When port P1 is set as an input port, the port input level is read.
When port P1 is set as an output port , the contents of the port P1 register are read.
1 : The contents of the port P1 register are always read.
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Programmable I/O Ports M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pull-up selection

Pisto P17 [ Direction register i
/I Haw!

~N
Data bus H»% Port latch

J

J
\1
)
N

F'S
i (Note)
77T

jzze

Input to respective peripheral functions

Pull-up selection
| Direction
P60, P61, P64, P65, register .‘1.. j ﬁ
-o-
P72 - P76, P80, P81 =
Output x
Data bus —¢—{ Port latch | i#@

x
i (Note)
777

A\

T AI

Input to respective peripheral functions %7

Pull-up selection

P62, P6s, P77,

P90 to P92 <1

: dhg
Databus —¢—{  Portlaich | £ ;j—‘—o

T
~N
~N

Input to respective peripheral functions \é}

Pull-up selection

P100 to P10a

(inside dotted-line not included) j
P104 to P107 1 -

(inside dotted-line included) N FDJ j i
Data bus—e—| ___ Port latch :

)/I—' t (Note)
N
~

77‘7

Analog input

Input to respective peripheral functions @

Note : -4 l«------symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Figure 1.17.1. Programmable I/O ports (1)
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M16C/26 Grou
Programmable 1/O Ports SINGLE-CHIP 16-BIT CMOS MICROCOMPUTFI;R

Pull-up selection

~ Direction register

SEREN J

N | T—DJ j X
Data bus —%/ Port latch | ST }

P63, P67

x
i (Note 1)
777

N

I
N

Switching between CMOS and Nch

—{ Direction register F

/I 1
\1 KT
Output
Data bus—¢ Port latch | v—f—O
x
1 \_DO_LDT " (Note 2)
777

N

P
N

Input to respective peripheral functions

P70, P71

Pull-up selection

P82, P83
—1 Direction register —
P J L4 -
N §
x
% (N01e1)
777

Data bus —+— Port latch |

.
~N
N

; %

Input to respective peripheral functions

Pull-up selection

—1 Direction register —

P93

a
g
b

e
~N
Data bus —$—] Port latch |

3

IEs
il

P
N
e
~N

Note :1 --4a----- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Note 12 -4 symbolizes a parasitic diode.

Figure 1.17.2. Programmable I/O ports (2)
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Programmable I/O Ports M16C/26 Group
9 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pull-up selection
NMI Enable

P —
% | Direction register -9

oy >0 ¥
Databus —e-  Portlatch | J_f_o
D] O

N

P
N

NMI Interrupt Input

NMI Enable
Pull-up selection SD
Port Xc Select bit

—{ Direction re§ister
P87

)

1
N
Data bus ——( Port latch

B

Y e
Pull-up selection
Port Xc Select bit

—4 Direction reéister
P86

Data bus ——( Port latch

ks
g

-~--44------ symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Figure 1.17.3. Programmable I/O ports (3)

-
CNVss % (Note 2)
CNVss signal input @ O
£ (Note 1)
777
-
RESET B
RESET signal input 4 0
(Note 1)
777
Note 1

R symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each pin.

Note 2: A parasitic diode on the Vcc side is added to the mask ROM version.
Do not apply a voltage higher than Vcc to each pin.

Figure 1.17.4. 1/O pins
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Programmable I/O Ports

M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port Pi direction register

b7 6 b5 b4 b3 b2 bl 80 Symbol Address When reset
[l || ][] ] ]| Poii=6710  o03EEs, 03EFs 03F61s 0016
v | Bit symbol Bit name Function R'W|
-1 PDi_0 Port Pio direction register O}O
[ A N PDi_1 Port Pi1 direction register | O * Input mode , 00
oo e - — - (Functions as an input port) ;
e PDi_2 Port Pi2 direction register | 1 : Qutput mode 0.0
R GOttt PDi_3 Port Pis direction register (Functions as an output port) (0O
SRR Rt PDi_4 Port Pia direction register (i=6,7,10) 00
R EELEEEEE PDi_5 Port Pis direction register 0.0
R PDi_6 Port Pis direction register o0
B EELEEEEEEEE PDi_7 Port Pi7 direction register 00
Port P1 direction register
b7 b6 bS5 b4 b3 b2 bl B0 Gympol Address When reset
LLLW PD1 03E316 000XXXXX2
¢+ 1| Bit symbol Bit name | Function R'W|
© o+ 1 wooa....u_.v L Nothing is assigned. —_
. Write "0" when writing to this bit. The value is "0" when read. .
A RRRRELELEEEE PD1_5 Port P15 direction register | 0 : Input mode 00
] A - (Functions as an input port) !
: PD1_6 Port P16 d!rect!on reg!ster 1 Output mode O:O
R EEEEEEEEEREEEE PD1_7 Port P17 direction register (Functions as an output port) |00
Port P8 direction register
S ML BLULY Symbol Address When reset
| | | |><| | | | | PD8 03F216 000X00002
tor 1 [ Bit symbol Bit name Function RW
E . . . . . . -4 PD8_0 Port P8o direction register 0 Input mode O}O
e PD8_1 Port P81 direction register (Functions as an input port) o0
R R PD8_2 Port P8z direction register | 1 * Output mode 0.0
or e (Functions as an output port)
L RbtLEl PD8_3 Port P83 direction register 00
E ' ' Vo] Nothing is assigned. _ —
v Write "0" when writing to this bit. The value is "0" when read. |
R L EEEEE PD8_5 Port P85 direction register | 0 : Input mode OEO
, A —— PD8 6 Port P8 direction register | ; . g:t?)ﬂtlonqcs)c?: an input port) O§O
S ECEEETEEREEEPEEEPEEEY PD8_7 Port P87 direction register (Functions as an output port)  |0,0
Port P9 direction register (Note)
b7 b6 DS bi b3 b2 bl B0 Sympol Address When reset
PD9 03F316 XXXX00002
¢oro o 4| Bit symbol Bit name Function R'W|
oo =qPD9 Port P9 direction register | o : |nput mode 0.0
e PD9_2 Port P91 direction register (Functions as an input port) o0
A — - 1 : Output mode !
E - - - . PD9_3 Port P92 direction register (Functions as an output port) OEO
[ Rt PD9_4 Port P93 direction register 0.0
U S VR Nothing is assigned. T
Write "0" when writing to this bit. The value is "0" when read.

Note : Set bit 2 of the protect register (address 000A16) to "1" when writing new values to this register.

Figure 1.17.5. Direction registers
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Port Pi register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
Pi(i=6,7,10) 03ECt16, 03ED16, 03F416 XX16
Bit symbol Bit name Function R'W|
-{1Pi_0 Port Pio register (Note) [o)(®)
Pi_1 Port Pi1 register 0:"L" level data O}O
Pi 2 Port Pi2 register 1:"H" level data 00
Pi_3 Port Pia register OfO
Pi_4 Port Pi4 register (i=6,7,10) 00
Pi_5 Port Pis register 0.0
Pi_6 Port Pis register 00
Pi_7 Port Pi7 register O}O

Note : Since P70 and P71 are N-channel open drain ports, the data is high impedance.

Port P1 register

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3S b2 b1 K0 Symbol Address When reset
P1 03E116 XX16
pii i b [ Bitsymbol | Bit name | Function RW
oo A T Nothing is assigned. i
. Write "0" when writing to this bit. The value is "0" when read. .
R SERCEECEEEEE P1_5 Port P15 register (Note) 0.0
e GhGLGCECIOEPEETES P1_6 Port P16 register 0:'L" level data 00
e P1.7 Port P17 register 1:"H" level data 00
Port P8 register
b7 b6 b5 b4 b8 b2 b1 b0 Symbol Address When reset
LT IXEL LT ee 03F016 XXi6
S A =T symbol Bit name Function R'W
N ) Port P8o register (Note) 00
L P8_1 Port P81 register 0:"L" level data 00
R P8_2 Port P82 register 1:"H" level data 00
R Lt P8_3 Port P83 register 0.0
R Nothing is assigned. i
E E E IR bbbt Write "0" when writing to this bit. The value is "0" when read. ‘
I SGULEEEELLLEEE P8_5 Port P85 register (Note) 00
e ECLEECEEET T P8_6 Port P86 register 0:"L" level data OEO
RRREEELEEEEEEEEEEEEEEEED P8_7 Port P87 register 1:"H" level data 00
Port P9 register
b7 b6 05 b4 b3 b2 b1 B0 Symbol Address When reset
P9 03F116 XX16
v | Bitsymbol Bit name Function R'W|
Poro o =P9.0 Port P9o register (Note) 00
R P9_1 Port P91 register 0:"L" level data 0.0
e P9_2 Port P92 register 1:"H" level data 0.0
R P9_3 Port P93 register 00
T S S Nothing is assigned. o
Write "0" when writing to this bit. The value is "0" when read. |

: Data is input and output to and from each pin by reading and writing to and from each corresponding bit.

Figure 1.17.6. Port registers

168

RENESAS

Renesas Technology Corp.




yeee! pme“‘ Preliminary Specifications Rev. 0.9

ge1e®

Specifications in this manual are tentative and subject to change.
Programmable I/O Ports

M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl b0

Pull-up control register O

| -

b7 b6 b5 b4 b3 b2 bl bo

Pull-up control register 1

Symbol Address When reset
PURO 03FC16 000000002
Bit symbol | Bit name Function R'W
Nothing is assigned. i
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. 1
PUO3 P15 to P17 pull-up The corresponding port is pulled
high with a pull-up resistor 00
0 : Not pulled high !
1 : Pulled high |
Nothing is assigned. i
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. !
Symbol Address When reset
PUR1 03FD16 000000002
Bit symbol Bit name Function RIW
Nothing is assigned. |
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. - -
PU14 P60 to P63 pull-up The corresponding port is pulled  |© o
PUT5 P64 to P67 pull-up high with a pull-up resistor 0’0
0 : Not pulled high ‘
PU16 P72 to P73 pull-up (Note 1)| 1 . pyied high o0
PU17 P74 to P77 pull-up 0.0

b7 b6 b5 b4 b3 b2 bl bo

Note 1: Since P70 and P71 are N-channel open drain ports, pull-up is not available for them.

Pull-up control register 2

Symbol Address When reset
PUR2 03FE16 000000002
Bit symbol Bit name Function R'W
1 PU20 P8o to P83 pull-up The corresponding port is pulled  |©:O
R high with a pull-up resistor !
PU21 P85 to P87 pull-up 0 : Not pulled high (@] : O
PU22 P90 to P93 pull-up 1: Pulled high 0.0
Nothing is assigned.
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. -
PU24 P100 to P103 pull-up 0 : Not pulled high 00
PU25 P104 to P107 pull-up 1 : Pulled high 00
Nothing is assigned. i
In an attempt to write to these bits, write 0. The value, if read, turns out to be 0. 3

Figure 1.17.7. Pull-up Control registers
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Programmable I/O Ports

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Port control register

b7 b6 b5 b4 b3 b2 bl

hmmmemcccccccc e ;e ————— -
Lemccccccmccccc e e e ——m =

r-------------
Frme-meeccmc_cccccec_e—————————

b0 Symbpl Address When reset

PCR 03FF16 000000002
Bit symbol Bit name Function RW
E_ PCRO Port P1 control register 0 : When input port, read port |

input level. When output port,
read the contents of port P1
register. 00
1 : Read the contents of port P1 |
register when input and output '
port.

Nothing is assigned. ;
In an attempt to write to these bits, write 0. The value, if read, turns  |——
out to be 0. :

Figure 1.17.8. Port control register

Table 1.17.1. Example connection of unused pins in single-chip mode

Pin name

Connection

Ports P15-P17, P6, P7,
P80-P83, P86-P87,
P90-P3, P10

After setting to input mode, connect every pin to Vss via a resistor (pull-down);
or after setting to output mode, leave these pins open.

P85(NMI/SD)

After setting to input mode, connect to Vcc via a resistor (pull-up).

XouT (Note 1)

Open

AVcc Connect to Vcc
AVss, VREF Connect to Vss
VvDC Connect via a 0.1uF capacitor to Vss

Note 1: With external clock input to XN pin.

Microcomputer

Port P15-P17, P6, P7, P80-P83,
P8s5-P87, P90-P93, P10
(Input mode) NN\
(Output mode) Open
NMI (Note)—/\/\/\,ﬁ
XouTt Open
?— Vcc
AVcc
AVss
VREF
vDC 4' |—o
Vss

Note: When P85 is to be used as NMI,
a pullup resistor should be connected.

Figure 1.17.9. Example connection of unused pins
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Electrical Characteristics

Specifications in this manual are tentative and subject to change.

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Electrical Characteristics
Table 1.18.1. Absolute maximum ratings

Symbol Parameter Condition Rated Value Unit
Vce Supply voltage Vce=AVcce -0.3t0 6.5 \
AVcc Analog supply voltage Vcec=AVcc -0.3t06.5 \%

Input P15 to P17, P60 to P67, P72 to P77,
voltage P8o to P83,P85 to P87, P9o to P93, -0.3to Vcc+0.3 Vv
Vi P100 to P107, XN, VRer, RESET, CNVss

P70, P71 -0.3t06.5 Vv
Output P15 to P17, P6o to P67, P72 to P77,
voltage P8o to P83, P85 to P87, P9o to P93, -0.3to Vee+0.3 \
P100 to P107, Xout
Vo
P70, P71 -0.3t06.5 \
Pd Power dissipation Topr=25T 300 mwW
Topr Operating ambient temperature -20 to 85/ -40 to 85 (Note) ‘
Tstg Storage temperature -65 to 150 ‘c

Note : Specify a product of -40°C to 85°C to use it.

Tables 1.18.2a. & 1.18.2b. Electrical Characteristics for Flash ROM E/W Cycles
Table 1.18.2a. Characteristics (Note 1) for 100 E/W cycle products (D3, D5, U3, U5)

Standard value

Symbol Parameter Min. Typ. Max. Unit
(Note 2)
- Erase/Write cycle (Note 3) 100 (Note 4) cycle
- Word write time 75 600 us
- Block erase time 2Kbyte block 0.2 9
8Kbyte block 0.4 9 s
16Kbyte block 0.7 9 s
32Kbyte block 1.2 9
td(SR-ES) | Time delay from Suspend Request until Erase Suspend 20 ms
- Data retention time (Note 5) 10 year

Table 1.18.2b. Characteristics (Note 6) for 10000 E/W cycle products (D7, D9, U7, U9) [Block A and Block B (Note 7)]

Standard value

Symbol Parameter Min. Typ. Max. Unit
(Note 2)

- Erase/Write cycle (Notes 3, 8, 9) 10000 (Notes 4, 10) cycle
- Word write time 100 us
- Block erase time (2Kbyte block) 0.3 s

td(SR-ES) | Time delay from Suspend Request until Erase Suspend 20 ms

Note 1: When not otherwise specified, Vcc = 2.7-5.5V; Topr = 0-60C.

Note 2: Vce=5.0V; Topr = 25°C.

Note 3: Definition of E/W cycle: Each block may be written to a variable number of times - up to a maximum of the total number of

Note 4:
Note 5:
Note 6:
Note 7:
Note 8:

Note 9:

distinct word addresses - for every block erase. Performing multiple writes to the same address before an erase operation is
prohibited.

Maximum number of E/W cycles for which operation is guaranteed.

Topr = -40-85°C (D3, D7, U3, U7) / -20-85°C (D5, D9, U5, U9).

When not otherwise specified, Vcc = 2.7-5.5V; Topr = -20-85 C (D9, U9) / -40-85°C (D7, U7).

Table 1.18.2b applies for Block A or B E/W cycles > 1000. Otherwise, use Table 1.18.2a.

To reduce the number of E/W cycles, a block erase should ideally be performed after writing as many different word
addresses (only one time each) as possible. It is important to track the total number of block erases.

Should erase error occur during block erase, attempt to execute clear status register command, then block erase
command at least three times until erase error disappears.

Note 10: When Block A or B E/W cycles exceed 100 (D7, D9, U7, U9), select one wait state per block access. When

FMR17 is set to "1", one wait state is inserted per access to Block A or B - regardless of the value of PM17.
Wait state insertion during access to all other blocks, as well as to internal RAM, is controlled by PM17 -
regardless of the setting of FMR17.

Note 11: Customers desiring E/W failure rate information should contact their Renesas technical support representative.
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Electrical Characteristics

M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.18.3. Recommended operating conditions (referenced to Vcc = 2.7V to 5.5V
at Topr = — 20°C to 85°C / — 40°C to 85°C (Note 3) unless otherwise specified)

Standard .
Symbol Parameter Min. Tvp. Max. Unit
Vce Supply voltage(Vce) 2.7 5.5 \Y
AVce Analog supply voltage Vee Vi
Vss Supply voltage 0 v
AVss Analog supply voltage 0 v
HIGH input | P15 to P17, P6o to P67, P72 to P77, P8o to P83, P85 to P87,
voltage P90 to P93, P100 to P107, XiN, RESET, 0.8Vce Vce \%
CNVss
VIH
P70, P71 0.8Vce 6.5 V
ViL LOW input P15 to P17, P6o to P67, P70 to P77, P8o to P83, P8s to P87, 0 0.2Vee v
voltage P9o to P93, P100 to P107, XIN, RESET,
CNVss
HIGH peak output P15 to P17, P6o to P67, P72 to P77, P8o to P83,
I0H (peak) current P85 to P87, P9o to P93, P100 to P107 -10.0 mA
HIGH average P1s to P17, P60 to P67, P72 to P77, P8o to P83,
IOH (avg) output current P8s to P87, P9o to P93, P100 to P107 -5.0 mA
LOW peak outout P1s to P17, P6o to P67, P70 to P77, P8o to P83,
lOL (peak) P p P85 to P87, P9o to P93, P100 to P107 10.0 mA
current
LOW average P15 to P17, P6o to P67, P70 to P77, P8o to P83,
loL (avg) output current P8s to P87, P9o to P93, P100 to P107 5.0 mA
Main clock input No wait Vee=3.0V to 5.5V 0 20 MHz
f (XIN) oscillation frequency Veee2 7V 10 3.0V 0 33.33XVee | MHz
(Note4) -80
f (Xcin) Subclock oscillation frequency 32.768 50 kHz
f (Ring) Ring oscillation frequency 1 MHz
f (BCLK) CPU operation clock 0 20 MHz

Note 1: The mean output current is the mean value within 100ms.
Note 2: The total loL (peak) output current for all ports must be 80mA max. The total IoH (peak) output current for all ports must be

-80mA max.

Note 3: Specify a product of -40°C to 85°C to use it.
Note 4: Relationship between main clock oscillation frequency and supply voltage.

Main clock input oscillation frequency
( No wait )

20,0} -on o

RTo o] EE—

N

27 3.0 5.0

Supply voltage[V]
(BCLK: no division)

Operating maximum frequency [MHZ]

AT T IS

0.0
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Electrical Characteristics

Table 1.18.4. A-D conversion characteristics (Notes 1-3)

M16C/26 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Standard
i iti . Unit
Symbol Parameter Measuring condition Min. Typ. Max.
- Resolution VREF =VcCC 10 Bits
VREF= ANo to AN7 input +3 LSB
Vce =
Integral 5V
INL non- 10 bit i
linearity Vrer= | ANo to AN7 input +5 LSB
error Vce =
3.3V
8 bit VRer =Vce =3.3V +2 LSB
VREF= ANo to AN7 input +3 LSB
Vce =
Absolut oV
solute ; :
_ 10 bit ANo to AN t
accuracy VREF= 0 to AN7 inpu +5 | LSB
Vce =
3.3V
8 bit VRer =Vcc =3.3V +2 LSB
DNL Differential non-linearity error +1 LSB
- Offset error +3 LSB
- Gain error +3 LSB
Ruapper | Ladder resistance VRer =Voo 10 10 | KkQ
tconv Conversion time(10bit), Sample & hold VREF =Vcc =5V, gAD=10MHz 3.3 s
function available H
tconv Conversion time(8bit), Sample & hold VREF =Vcc= 5V, gAD=10MHz 2.8 us
function available
tsavp Sampling time 0.3 us
VREF Reference voltage 2.0 Vee | V
Via Analog input voltage 0 Vrer |V

Note 1: Referenced to Vcc = AVcc=VRerF=3.3 to 5.5V, Vss=AVss=0V at Topr = -20 to 85 "C / -40 to 85 °C unless otherwise

specified. Specify a product of -40 to 85 °C to use it.

Note 2: AD operation clock frequency (JAD frequency) must be 10 MHz or less. And divide the faD if VccC is less than 4.2V,

and make QAD frequency equal to or lower than fap/2.
Note 3: When not using sample & hold function, DAD frequency must be > 250 kHz, but less than the upper limit set by Note 2.
When using sample & hold function, @AD frequency must be > 1MHz, but less than the upper limit set by Note 2.

Table 1.18.5. Flash memory version electrical characteristics
(referenced to Vcc = 5.0V, at Topr = 25°C, unless otherwise specified)

Standard
. Typ.
Min. Max. i
Parameter I ~1K E/W cycles |~10K E/W cycles ax. | Unit
Word program time - 75 100 - us
Block erase time: 2Kbyte block - 0.2 0.3 -
8Kbyte block - 0.4 - - s
16Kbyte block - 0.7 - -
32Kbyte block - 1.2 - -

LENESAS
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.18.6. Low Voltage Detection Circuit Electrical Characteristics (Note 1)

M16C/26 Group

Symbol Parameter Measuring condition _ Standard Unit
Min. | Typ. Max.
Vdetd Power supply down detection voltage (Note 1) 3.3 38 44 v
Vdet3 Reset level detection voltage (Note 1) 2.2 2.8 36 \
Vec=0.8105.5V
Vdet3s | Low voltage reset retention voltage (Note 2) 0.8 v
Vdet3r | Low voltage reset release voltage 22 29 4.0 v

Note 1: VDET4 > VDET3
Note 2: VDET3s is the min voltage at which "hardware reset 2" is maintained. Below this voltage, "hardware reset 1" (using reset pin) must be
applied in order to resume operation.

Table 1.18.7. Power Supply Circuit Timing Characteristics

Symbol Parameter Measuring condition ___ Standard Unit
Min. | Typ. Max.

td(R-S) | STOP release time (Note 2) 150 us

td(W-S) | Low power dissipation mode wait mode release time (Note 2) Vec=27t055V 180 s

td(M-L) | Time for internal power supply stabilization when main clock oscillation starts 50 us

td(S-R) | Hardware reset 2 release wait time Vee = VoETar to 5.5V 6 (Note 1) 20 ms

td(E-A) | Low voltage detection circuit operation start time (Note 3) Vee=2.71t055V 20 us

Note 1: When Vce =5V
Note 2: This is the time between interrupt for (STOP/WAIT) mode release and resumption of CPU clock operation.
Note 3: After enabling low voltage detection, this time is required before proper detection can occur.

Table 1.18.8. Hardware Reset 2 Release Wait Time

Vcc

CPU clock

1
M

td(S-R)

Table 1.18.9. STOP Release Time

Interrupt for
stop mode |

CPU clock

release

td(R-S)
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M16C/26 Group

Electrical Characteristics (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcec =5V
Table 1.18.10. Electrical characteristics (referenced to Vcc = 4.2V to 5.5V, Vss = 0V
at Topr = — 20°C to 85°C / — 40°C to 85°C (Note 2), f(XIN) = 20MHz unless otherwise specified)

Symbol Parameter Measuring condition _ Standard i
y 9 Min. | Typ. | Max.| Ynit
HIGH output P1sto P17, P6o to P67, P72 to P77, P8o to P83,
voltage P8sto P87, P9oto P93, P100 to P107
VoH loH=-5mA 3.0 Vce \Y
HIGH output P15 to P17, P6o to P67, P72 to P77, P8o to P83,
Von voltage P8sto P87, P9oto P93, P100 to P107 IoH=-2001A 47 Vee v
HIGH output  your HIGHPOWER loL=-1mA 3.0 Vce v
VoH voltage LOWPOWER loH=-0.5mA 3.0 Vee
HIGH output  Xcout HIGHPOWER With no load applied 25 v
voltage LOWPOWER With no load applied 1.6
LOW output P15 to P17, P60 to P67, P70 to P77, P8o to P83,
voltage P8sto P87, P9o to P93, P100 to P107
VoL loL=5mA 2.0 \
LOW output P15 to P17, P6o to P67, P70 to P77, P8o to P83,
P8sto P87, P9o to P93, P100 to P10
VoL voltage oo Fer, FRoto P58, Fifo to PG loL=2004A 045 | V
VoL LOW output  yqour HIGHPOWER loL=1mA 2.0 v
voltage LOWPOWER loL=0.5mA 2.0
LOW output  xgour HIGHPOWER W!th no load applfed 0 v
voltage LOWPOWER With no load applied 0
Hysteresis ~ TAOIN to TA4iN, TBOIN to TB2IN,
VTV INTo, INT1, INT3 to INTs, NMI,
TV ADTRG, CTSo to CTSz, SCL, SDA, 0.2 1.0 v
CiLKo to CLK2, TA20out to TA4our,
Klo to Kls, RxDo to RxD2
VT+VT-  |Hysteresis RESET 0.2 25 \
HIGH input P15 to P17, P6o to P67, P70 to P77, P8o to P83,
current P85 to P87, P9o to P93, P100 to P107
I Xin, RESET, CNVss Vi=5V 50 | wA
LOW input P1s5to P17, P6o to P67, P70 to P77, P8o to P83,
current P85 to P87, P9o to P93, P100 to P107
m XN, RESET, CNVss Vi=0V 5.0 uA
RpuLLuP Pull-up P15 to P17, P6o to P67, P72 to P77, P8o to P83,
resistance  P8sto P87, P9o to P93, P100 to P107 Vi=0V 30.0 50.0 | 170.0 K
RixIN Feedback resistance XiN 1.5 MQ
RixcIN Feedback resistance XcIN 15 MQ
VRAM RAM retention voltage When clock is stopped 2.0 Vv
The output pins are open and Flash memory f(XIN) = 20MHz 16 19 mA
other pins are Vss version Square wave, no division
Flash memory f(Xcin) = 32kHz
version Square wave, in RAM 25 HA
Flash memory f(Xcin) = 32kHz
version Square wave, in Flash 420 HA
f(XciN) = 32kHz
When a WAIT instruction
N 7.5 A
. Power supply current 'Se)fﬁct.'md' (Nmi 1?4. h .
(VCC -30to 55\/) scillation capacity Hig
Flash memory f(XciN) = 32kHz
version When a WAIT instruction 2.0 uA
is executed. (Note 1)
Oscillation capacity Low
Topr = 25°C
when clock is stopped 08 30 uA
IDET4 VDET4 detection dissipation current (Note 3) 0.7 4 HA
IDET3 Reset level detection dissipation current (Note 3) 1.2 8 HA

Note 1: With one timer operated using fcs2.
Note 2: Specify a product of -40°C to 85°C to use it.

Note 3+ IDFT ig discination atirrant when the followina hit is sat ta "1" (datactinn circnit enahled)
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Electrical Characteristics (Vcc = 5V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Vce =5V

Timing requirements
(referenced to Vce = 5V, Vss = 0V, at Topr = - 20 to 85°C / — 40 to 85°C (*) unless otherwise specified)
*: Specify a product of -40 to 85°C to use it.

Table 1.18.11. External Clock Input (XIN input)

Standard .

Symbol Parameter Min. | Max Unit
te External clock input cycle time 50 ns
tw(H) External clock input HIGH pulse width 22 ns
tw(L) External clock input LOW pulse width 22 ns
tr External clock rise time 5 ns
tf External clock fall time 5 ns
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Electrical Characteristics (Vcc = 5V) M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Timing requirements
(referenced to Vcc = 5V, Vss = 0V, at Topr = - 20 to 85°C / — 40 to 85°C (*) unless otherwise specified)
* : Specify a product of -40 to 85°C to use it.

Table 1.18.12. Timer A input (counter input in event counter mode)
Standard )
Symbol Parameter Min. Max. Unit
te(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 1.18.13. Timer A input (gating input in timer mode)
Standard )
Symbol Parameter Min. Max. Unit
te(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 1.18.14. Timer A input (external trigger input in one-shot timer mode)
Svmbol P ‘ Standard Unit
m rameter ni
ymbo aramete Min. Max.
te(TA) TAIIN input cycle time 200 ns
tw(TAH) TAIiIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 1.18.15. Timer A input (external trigger input in pulse width modulation mode)
S | P Standard )
ymbo arameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns
Table 1.18.16. Timer A input (up/down input in event counter mode)
Svmbol P ‘ Standard Unit
ymbo| arameter Min. Max. ni
te(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 1.18.17. Timer A input (two-phase pulse input in event counter mode)
Svmbol P ‘ Standard Unit
ymbol arameter Min. Max. ni
te(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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Electrical Characteristics (Vcc = 5V) M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcc =5V

Timing requirements

(referenced to Vcc = 5V, Vss = 0V, at Topr = — 20 to 85°C / — 40 to 85°C (*) unless otherwise specified)
* : Specify a product of -40 to 85°C to use it.

Table 1.18.18. Timer B input (counter input in event counter mode)

Symbol P ‘ Standard Unit
ymbo arameter Min Max. ni
te(TB) TBiINn 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
te(TB) TBIiIN 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 1.18.19. Timer B input (pulse period measurement mode)
tandard
Symbol Parameter _S andar Unit
Min. Max.
te(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 1.18.20. Timer B input (pulse width measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
te(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 1.18.21. A-D trigger input
Symbol Paramete - Standard Unit
Min. Max.
te(AD) ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
Table 1.18.22. Serial I/0
tand
Symbol Parameter - Standard Unit
Min. Max.
te(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 30 ns
th(c-D) RxDi input hold time 90 ns
Table 1.18.23. External interrupt INTi inputs
Standard
Symbol Parameter - andar 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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Electrical Characteristics (Vcc = 3V) M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vcec =3V

Table 1.18.24. Electrical characteristics (referenced to Vcc = 2.7 to 3.3V, Vss = 0V
at Topr = — 20°C to 85°C / — 40°C to 85°C (Note 1), f(XiN) = 1T0MHz with wait
unless otherwise specified)

Symbol Parameter Measuring condition _ Standard Unit
Min. | Typ. | Max.
HIGH output P15 to P17, P6o to P67, P72 to P77, P8o to P83
) f ) ) - . \Y
Vo voltage P8sto P87, P9 to P93, P100 to P107 lor=-1mA 25
HIGH output oyt HIGHPOWER IoH=-0.1mA 25
VoH voltage LOWPOWER |oH=-50pA 25 v
HIGH output  Xcout HIGHPOWER With no load applied 25 v
voltage LOWPOWER With no load applied 1.6
LOW output P15 to P17, P6o to P67, P70 to P77, P8o to P8s, loL=1mA 05 Vv
VoL voltage P8sto P87, P9oto P93, P10o to P107
loL=0.1mA 0.5
VoL LOW output  yoyur HIGHPOWER v
voltage LOWPOWER loL=50pA 0.5
LOW output  Xcout HIGHPOWER With no load applied 0 v
voltage LOWPOWER With no load applied 0
Hysteresis TAOIN to TA4IN, TBOIN to TB2IN,
VT VT INTo, INT1, INT3 to INTs, NMI,
i ADtRa, CTSo to CTS2, SCL, SDA, 0.2 0.8 v
CLKo to CLK2, TA20uT to TA4our,
Klo to Kls, RxDo to RxD2
VT+VT- | Hysteresis  RESET 0.2 18 |V
HIGH input P15 to P17, P60 to P67, P70 to P77, P8o to P83,
IH current P85 to P87, P9o to P93, P100 to P107
Xin, RESET, CNVss Vi=3v 40 | pA
LOW input P15 to P17, P60 to P67, P70 to P77, P8o to P83,
liL current P85 to P87, P9o to P93, P100 to P107
XiN, RESET, CNVss Vi=0V 4.0 uA
RPULLUP | Pull-up P1s to P17, P6o to P67, P72 to P77, P8o to P83,
resistance P8sto P87, P9oto P93, P10o to P107
Vi=0V 66 160 500 kQ
RiXIN Feedback resistance  XIN 3.0 MQ
RixcIN Feedback resistance  XcIN 25.0 MQ
VRAM RAM retention voltage When clock is stopped 2.0 \
. Flash memory f(XIN) = 10MHz
The output Plns are open version Square wave, no division 8 13 mA
and other pins are Vss
Flash memory f(XcIN) = 32kHz
version Square wave, in RAM 25 A
Flash memory f(XcIN) = 32kHz
version Square wave, in Flash 420 HA
f(Xcin) = 32kHz
When a WAIT instruction
lec Power supply current is executed.(Note 2) 6.0 uA
(Vee=2.7 to 3.0V) Oscillation capacity High
Flash memory f(XcIN) = 32kHz
version When a WAIT instruction 18 A
is executed.(Note 2) . H
Oscillation capacity Low
Topr =25°C
when clock is stopped 07 30 KA
IDET4 VDET4 detection dissipation current (Note 3) 0.6 4 uA
IDET3 Reset level detection dissipation current (Note 3) 0.4 2 uHA

Note 1: Specify a product of -40°C to 85°C to use it.

Note 2: With one timer operated using fca2.

Note 3: IDET is dissipation current when the following bit is set to "1" (detection circuit enabled).
IDET4: VC27 bit of VCR2 register
IDET3: VC26 bit of VCR2 register

RENESAS 179

Renesas Technology Corp.



\)(\de\‘opme“‘ Preliminary Specifications Rev. 0.9

aeN® Specifications in this manual are tentative and subject to change. M16C/26 Group
Electrical Characteristics (Vcc = 3V) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Vce =3V

Timing requirements
(referenced to Vce = 3V, Vss = 0V, at Topr = - 20 to 85°C / — 40 to 85°C (*) unless otherwise specified)
* : Specify a product of -40 to 85°C to use it.

Table 1.18.25. External Clock Input (XIN input)

Standard ,
Symbol Parameter Min | Max. Unit
te External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Vce =3V

Timing requirements
(referenced to Vcc = 3V, Vss = 0V, at Topr = - 20 to 85°C / - 40 to 85°C (*) unless otherwise specified)
* : Specify a product of -40 to 85°C to use it.

Table 1.18.26. Timer A input (counter input in event counter mode)

Svmbol P Standard Uni
ymbo arameter Min. Max. nit
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 1.18.27. Timer A input (gating input in timer mode)
Standard
Symbol Parameter Min Max Unit
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIIN input HIGH pulse width 300 ns
tw(TAL) TAIIN input LOW pulse width 300 ns
Table 1.18.28. Timer A input (external trigger input in one-shot timer mode)
Svmbol P ‘ Standard Unit
ymbo arameter Min. Mo ni
te(TA) TAIIN input cycle time 300 ns
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns
Table 1.18.29. Timer A input (external trigger input in pulse width modulation mode)
Svmbol P Standard Un
ymbo arameter Min. Max. nit
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns
Table 1.18.30. Timer A input (up/down input in event counter mode)
Standard i
Symbol Parameter Min Max Unit
te(uP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(uPL) TAiouT input LOW pulse width 1500 ns
tsu(UP-TIN) TAiouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns
Table 1.18.31. Timer A input (two-phase pulse input in event counter mode)
Standard .
Symbol Parameter Min Max Unit
te(TA) TAIIN input cycle time 2 us
tsu(TAIN-TAouT) | TAioUT input setup time 500 ns
tsu(TAout-TAIN) | TAIIN input setup time 500 ns
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Vce =3V

Timing requirements
(referenced to Vce = 3V, Vss = 0V, at Topr = - 20 to 85°C / — 40 to 85°C (*) unless otherwise specified)
* : Specify a product of -40 to 85°C to use it.

Table 1.18.32. Timer B input (counter input in event counter mode)

Svmbol b Standard Uni
ymbo arameter Min. Max. nit
te(TB) TBiINn input cycle time (counted on one edge) 150 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 60 ns
te(mB) TBiIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 160 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 160 ns
Table 1.18.33. Timer B input (pulse period measurement mode)
Symbo Parameter - Standard Unit
Min. Max.
tc(TB) TBiIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 1.18.34. Timer B input (pulse width measurement mode)
Standard
Symbo Parameter - andar Unit
Min. Max.
te(TB) TBiIIN input cycle time 600 ns
tw(TBH) TBiIN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 1.18.35. A-D trigger input
Standard
Symbol Parameter U - andar Unit
Min. Max.
te(AD) ADTRG input cycle time (trigger able minimum) 1500 ns
tw(ADL) ADTRG input LOW pulse width 200 ns
Table 1.18.36. Serial I/O
Standard
Symbol Parameter - andar Unit
Min. Max.
te(ck) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(c-q) TxDi output delay time 160 ns
th(c-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 50 ns
th(C-D) RxDi input hold time 90 ns
Table 1.18.37. External interrupt INTi inputs
tandard
Symbo Parameter _S andar Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
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tc(TA)
tw(TAH)
TAIIN input \
tw(TAL)
[
tc(uP)
tw(UPH)
TAIOUT input \
tw(UPL)
[
TAIOUT input
(Up/down input) ><
During event counter mode
TAIIN input —
(When count on falling th(Tin UP) tsu(UP Tin)
edge is selected)
TAIIN input
(When count on rising
edge is selected)
te(TB)
tw(TBH)
TBIIN input
w(TBL)
[
tc(AD)
tw(ADL)
ADTRG input j
te(CK)
tw(CKH)
CLKi
tw(CKL)
TXDi X ><
tdc @ | tsud C) th(C D)
RxDi * *
tw(INL)
INTi input $ /
tw(INH)

Figure 1.18.1. Timing diagram (1)

LENESAS

Renesas Technology Corp.

183



\)ode\‘opme“‘ Preliminary Specifications Rev. 0.9

3e® Specifications in this manual are tentative and subject to change.
Flash Memor M16C/26 Group
y SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Outline Performance
Table 1.19.1 shows the outline performance of the M16C/26 (flash memory version).

Table 1.19.1. Outline performance of the M16C/26 (flash memory version)

ltem Performance

Flash memory operation mode Three user modes (standard serial I/0, CPU rewrite, parallel 1/0)

E_ra}sg block User ROM area | See Figure 1.19.1
division

Write method In units of word.
Erase method Block erase

Erase/Write (E/W) control method| E/W control by software command

Protect method Two 8Kbyte user by register lock bit (FMR02)

Number of commands 5 commands

Erase/Write count (Notes 1, 2) Depends on device code (see Table 1.2b)

Data Retention 10 years

ROM code protect Parallel 1/0 and standard serial I/O modes are supported.

Note 1: Block A and Block B are 10,000 times E/W. All other blocks are 1000 times E/W. (Under
development; mass production scheduled to start in the 3rd quarter of 2003.)

Note 2: Definition of E/W times:
The E/W times are defined to be per-block erasure times. For example, assume a case whereby a
4-Kbyte Block A is programmed one word at a time and erased once all 2048 write operations
have completed. In this case, the block is considered to have been written and erased once.
If a product is 100 times E/W, each block in it can be erased up to 100 times. When 10,000 times
E/W, Block A and Block B can each be erased up to 10,000 times. All other blocks can each be
erased up to 1000 times.
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Flash Memory

The M16C/26 (flash memory version) contains the flash memory that can be rewritten with a single voltage.
For this flash memory, three flash memory modes are available in which to read, program, and erase:
parallel I/O and standard serial I/O modes in which the flash memory can be manipulated using a program-
mer and a CPU rewrite mode in which the flash memory can be manipulated by the Central Processing Unit
(CPU). Each mode is detailed in the following sections.

The flash memory is divided into several blocks as shown in Figure 1.19.1, so that memory can be erased
one block at a time.

00F00016
Block B :2K bytes (Note 2)
Block A :2K bytes (Note 2)
O00FFFF16
0F000016
Block 3 : 32K bytes
OF7FFF1e
0F800016
Block 2 : 16K bytes
OFBFFF16
O0FCO00016
Block 1 : 8K bytes
OFDFFF16
OFEO00016
Block 0 : 8K byt
¢ vies Note 1: To specify a block, use the maximum address in the block
that is an even address.
OFFFFF16 Note 2: To access 2Kbyte data blocks, set PM10 to "1".
User ROM area

Figure 1.19.1. Block diagram of flash memory (64-Kbyte) version (Note 1)
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CPU Rewrite Mode

The CPU rewrite mode is used to perform a read, program, or erase operation on the internal flash memory
under control by the central processing unit (CPU). There are two variations of this mode: erase write 0
mode (EWO) in which said operation is performed using a rewrite program residing in memory (i.e. RAM)
other than the internal flash memory and erase write 1 mode (EW1) in which said operation is performed
using the program residing in the internal flash memory.
In CPU rewrite mode, only the user ROM area shown in Figure 1.19.1 can be rewritten. The Program and
Block Erase commands can be executed only for the user ROM area in block intervals.
The EWO0 mode control program must be stored in the user ROM area. In EW0 mode, because the flash
memory cannot be read from the CPU, the rewrite control program must be transferred to memory loca-
tions other than the internal flash memory before it can be executed.
The EW1 mode control program must be stored in the user ROM area. In this mode, the rewrite control
program does not have to be transferred to other memory locations before executing it. However, in this
mode, the block where the rewrite control program is stored cannot be operated on by the Program or
Erase commands.
User Mode and Boot Mode
The control program for CPU rewrite mode must be written into the user ROM area, in parallel I/O mode,
beforehand.
Normal user mode is entered when the microcomputer is reset with pulling CNVSsSs pin low. In this case,
the CPU starts operating using the control program in the user ROM area.
When the microcomputer is reset by pulling both the CNVss and the P86 [ﬁ] pins high, the CPU starts
operating using the standard serial I/O control program. This mode is called the “boot” mode. When reset
is deasserted in boot mode, be sure the P65 pin is not at high or the P67 pin is not at low.

Block Address

Block addresses refer to an even address of each block. These addresses are used in the block erase
command.
Outline Performance (CPU Rewrite Mode)
In the CPU rewrite mode, the CPU erases, programs and reads the internal flash memory as instructed by
software commands. There are two variations of this mode: erase write 0 mode (EWO0) where operation is
executed in other than the internal flash memory such as the internal RAM and erase write 1 mode (EW1)
where operation is executed in the internal flash memory. One-wait must be set in both modes.

EWO0 mode (CPU rewrite mode)

In this mode, the program must be executing out of RAM. The microcomputer is placed in EW0 mode by
setting the CPU rewrite mode select bit (address 01B716, bit 1) to 1, becoming ready to accept software
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commands.

In CPU rewrite mode (whether EWO0 or EW1), make sure all software commands and data are written to
and read from even addresses (byte address Ao = 0) in 16 bit units. Make sure the write data is written in
16 bit units beginning with an even address. Writing in 16 bit units beginning with an odd address and
writing in 8 bit units are inhibited. When using 8-bit software commands, always be sure to write to even
addresses. Writing to odd addresses has no effect.

Use software commands to control program and erase operations. Whether program and erase opera-
tions have terminated normally or in error can be verified by reading the status register. Even when
reading the status register, set to even addresses in the user ROM area also.

EW1 mode (CPU rewrite mode)

In EW1 mode, operation is executed using the control program residing in the internal flash memory.
Unlike in EW0 mode, there is no need to transfer the control program to other than the internal flash
memory (e.g., internal RAM). However, make sure the control program is located in the 64-Kbyte user
block or 4-Kbyte data block.

For EW1 mode, set the EW0 mode select bit (address 01B716, bit 1) to 1 (by writing O and then 1 in
succession) and set the EW1 mode select bit (address 01B516, bit 6) to 1 (by writing 0 and then 1 in
succession). This places the microcomputer in EW1 mode, ready to accept software commands. Al-
though software commands operate the same way as in EW0 mode, there are following differences.

(1) Do not perform Block Erase or Program operations on control program execution blocks (blocks in
which the control program is located).

(2) Do not execute the Read Status Register command. (In EW1 mode, this command has no effect.)
After erase and program operations are completed during EW1 mode, the microcomputer is in read
array mode, and not in read status mode. (During EW0 mode, the microcomputer is in read status
mode after operations are completed.)

Therefore, to verify whether program or erase operations have terminated normally or in error, read the
flash memory control register 0. Be aware that during EW1 mode, the status register cannot be read.
During EW1 mode, the CPU remains in a hold state while executing erase and program operations. The
ports retain the status in which they were before commands were issued. (They do not go Hi-Z even while
executing erase or program operations.)

After erase or program operations are completed, the CPU restarts execution of the rest of the control
program.

While erase or program operations are underway in EW1 mode, make sure that no interrupts except
NMI, watchdog timer, and reset will be generated, and that no DMA transfers will be committed.
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Erase-Suspend Feature

The M16C/26 Flash ROM has been designed to be more compact and require a smaller layout footprint.
This, as a result, causes longer erase times. The M16C/26 Flash ROM is however not available/acces-
sible during an erase operation. This may sometimes cause time critical interrupt driven operations re-
quiring data/program in the flash to not be satisfied during the erase operation.

To circumvent this issue, the M16C/26 Flash ROM offers a new 'erase-suspend' feature which allows the
erase operation to be suspended, and access made available to the flash. The erase operation may
subsequently be resumed via software.

There are CPU erase/write (CPUEW) modes available EWO0 (execution out of RAM) and EW1 (execution
out of FLASH). The erase-suspend feature is different in each of these modes. Please note that 1-wait
needs to be set in CPUEW operations.

EWO:
In EWO, program code is executed out of the RAM. After the erase command has been executed,
program execution continues in the RAM. As stated earlier the FLASH is not accessible during an
erase operation. If there is a request for data/code from the FLASH (via a maskable peripheral/exter-
nal interrupt), the interrupt must first request an erase-suspend. This is achieved by setting bits
FMR40 (SUSPEND_ENABLE) and FMR41 (SUSPEND_REQUEST). The routine then polls FMR46
(SUSPENDL) until it is set. At this point the erase has been suspended and the flash is accessible.
Once the required accesses are complete FMR41 (SUSPEND_REQUEST) is cleared and the routine
is completed. The erase operation resumes and continues to completion or until another erase-sus-
pend request occurs.
User actions:
1.0 Execute erase command out of RAM.
2.0 Maskable Interrupt request.
2.1 Set FMR40 & FMR41.
2.2 Poll FMR46 until '1'.
2.3 Access flash data/code.
2.4 Clear FMR41.
2.5 Return
3.0 Continue execution out of RAM
FMR40 may also be set before the erase command is executed, instead of in the interrupt routine.
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EW1:
In EW1, program code is executed out of the FLASH. First FMR40 (SUSPEND_ENABLE) must be set
to allow the erase-suspend feature. After ther erase command is executed the CPU goes into HOLD.
A maskable interrupt will set FMR41 (SUSPEND_REQUEST) if in an erase operation. Once the erase
is suspended the HOLD is deasserted and execution from the FLASH continues. The interrupt routine
can now be servised, after which control is returned to the main program. If the
SUSPEND_REQUEST has been set, it should be cleared, and when the erase resumes the CPU
goes back into HOLD until the erase operation is complete or another interrupt occurs.
User actions:
1.0 Set FMR40
2.0 Execute erase command out of FLASH.
3.0 HOLD_POINT (in HOLD)
4.0 Maskable Interrupt request. (FMR41 set by h/w)
4.1 Access flash data/code.
4.2 Return
5.0 if FMR41 is set, clear FMR41, jump to HOLD_POINT.
6.0 Continue execution out of FLASH.
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Register Description

Figure 1.20.1 shows the flash identification register, flash memory control register 0 and flash memory

control register 1.

Flash memory control register 0 (FMRO):
Bit 0 of the flash memory control register 0 is the RY/BY status flag used exclusively to read the
operating status of the flash memory. During programming, erase, and erase-suspend operations, it
is “0”. Otherwise, it is “1”.
Bit 1 of the flash memory control register 0 is the CPU rewrite mode select bit. The CPU rewrite mode
is entered by setting this bit to “1”, so that software commands become acceptable. To set this bit to
“1”, it is necessary to write “0” and then write “1” in succession. To set this bit to “0” by only writing a
“0”.
Bit 2 of the flash memory control register O allows program and erase operations to occur on the two
8K byte user blocks. When this bit is set to "0", no program or erase operations can occur on these
blocks. To permit program and erase operations to occur on these blocks, set this bitto a "1". To set
this bit to “17, it is necessary to write “0” and then write “1” in succession. This bit can be manipulated
only when the CPU rewrite mode select bit = “1” (Bit 1 of this register).
Bit 3 of the flash memory control register is the flash memory reset bit used to reset the control circuit
of the internal flash memory. This bit is used when exiting CPU rewrite mode and when flash memory
access has failed. When the CPU rewrite mode select bit is “1”, writing “1” for this bit resets the control
circuit. To release the reset, it is necessary to set this bit to “0” when RY/BY status flag is “1”. Also
when this bit is set to “1”, power is not supplied to the internal flash memory, thus power consumption
can be reduced. However, in this state, the internal flash memory cannot be accessed. To set this bit
to “17, it is necessary to write “0” and then write “1” in succession when the CPU rewrite mode select
bit is “1”. Use this bit mainly in the low speed mode (when XCIN is the count source of BCLK).
It is not particularly necessary to set bit 3 of the flash memory control register 0 on return from STOP/
WAIT.
Figure 1.20.2c shows a flowchart for shifting to the low power dissipation mode. Always perform
operation as indicated in these flowcharts.
Bit 6 of the flash memory control register 0 is the program status flag used exclusively to read the
operating status of the auto program operation. If a program error occurs, it is set to “1”. Otherwise,
it is “0”.
Bit 7 of the flash memory control register 0 is the erase status flag used exclusively to read the
operating status of the auto erase operation. If an erase error occurs, it is set to “1”. Otherwise, it is “0”.

Figure 1.20.2a shows a EWO0 mode set/reset flowchart, figure 1.20.2b shows a EW1 mode set/reset
flowchart. Always perform operation as indicated in these flowcharts.
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Flash memory control register 1 (FMR1):
Bit 1 allows the user to enter EW1 mode. This bit is relevant only if bit FMRO1 is set.
Bit 7, when set to "0", inserts one wait state per access to Block A or B - regardless of the value of
PM17. Wait state insertion during access to all other blocks, as well as to internal RAM, is controlled
by PM17 - regardless of the setting of FMR17. In cases where E/W cycles to Block A or B exceed 100
times (D7, D9, U7, U9), please set FMR17 to "1" (with wait).

Flash memory control register 4 (FMR4):
Bit 0 must be set to enable the erase-suspend feature.
Bit 1 is to be used to request a suspend of an erase operation. This bit is set automatically in EW1 by
a maskable interrupt, and by software in EWO. This bit is to be always cleared by software at the end
of the erase suspend.
Bit 6 indicates suspend status. Poll this bit in EWO0 after requesting a suspend, before accessing the

flash.
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Flash memory control register 0

(Software commands acceptable)

b7 b6 bS b4 b3 b2 b1 bo Symbol Address When reset
| | | 0 | 0 | | | | | FMRO 01B716 000000012
i | Bit symbol Bit name Function RiW
E_ FMROO RY/BY status flag 0: Busy (being written or erased) o %
HE 1: Ready :
FMRO1 EW entry bit 0: Normal mode :
e (Note 1) (Software commands invalid) !
R 1: EW mode o0

8Kbyte EW mode enable bit 0: EW mode disabled on 8Kbyte blockg o O

B T FMRO2 (Note 2) 1: EW mode enabled on 8Kbyte blocks
: _ __________ Flash memory reset bit 0: Normal operation |
H FMSTP (Note 3, Note 5) 1: Reset o 30
R EREREEEEE Reserved bits Must always be set to 0 oio
] FMRO6 | Program status flag (Note 6) | 0: Pass 0 x
1: Error :
] FMRO7 Erase status flag (Note 6) 0: Pass oix
1: Error !

Flash memory control register 1

Nothing is assigned.
---------------- In an attempt to write to these bits, write 0. The value, if read, turns out to be —
indeterminate.
Blocks A and B access wait 0: PM17 controls wait state insertion o Xe)
bit (Note 7) 1: Wait state inserted (1 wait)

FMR17

b7 b6 bS b4 b3 b2 b1 b0 Symbol Address When reset
o| o| 1 | 1 | FMR1 01B516 0XX001012
Bit symbol | Bit name Function
: 4 Reserved bit Must always be set to "1" O i X
Lo FMRTY |EW mode select bit (Note 1) | 5. Ewvy moge
R— Reserved bit Must always be set to "1" o X
"t ------------- Reserved bits Must always be set to "0" i

Flash memory control register 4

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
[o] [ofofo]o] | | FMR4 01B316 010000002
Bit symbol Bit name Function R w
FMR40 Suspend enable (Note 1) 0: Invalid oo
1: Valid
FMR41 Suspend request (Note 4) 0: Erase restart oo
1: Suspend request
Reserved bits Must always be set to 0 [ORDS
____________________ FMR46 Suspend status 0: Erase Active o %
1: Erase Inactive
 RERUEREECEEEEEEED Reserved bits Must always be set to 0 OO0

Note 1: To set this bit to "1", write a "0" and then a "1" to it in succession. Make sure no interrupts or DMA
transfers occur before completion of these two write operations. While in EWO0 mode, write to this
bit from a program located in other than flash memory.

Note 2: To set this bit to "1", first ensure that the CPU rewrite mode select bit is set = "1"; then write a "0"
followed by a "1" to FMRO02 in succession. Make sure no interrupts or DMA transfers occur before
completion of these last two successive write operations. Additionally, bit FMRO1 must also be set
to "1" prior to setting this bit to a "1". -

Note 3: Effective only when the CPU rewrite mode select bit = "1". After writing "1", write "0" when RY/BY
status flag is "1".

Note 4: This bit becomes valid only when FMR40 = "1" and when in an erase operation.

« In EWO0 mode, this bit can be set to "0" or "1" by program.
«In EW1 mode, this bit is automatically set to "1" when a maskable interrupt occurs. It can NOT be
set to "1" by program. (Writing "0" is available.)

Note 5: Write to this bit from a program in other than the flash memory.

Note 6: This flag is cleared to "0" by executing the Clear Status command.

Note 7: In cases where E/W cycles to Block A or B exceed 100 times (D7, D9, U7, U9), please set this bit
to "1" (with wait). When FMR17 is set to "1", one wait state is inserted per access to Block A or B -
regardless of the value of PM17. Wait state insertion during access to all other blocks, as well as
to internal RAM, is controlled by PM17 - regardless of the setting of FMR17.

Figure 1.20.1. Flash memory control registers 0, 1
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EWO mode operation procedure

Program in ROM Program in RAM

Single-chip mode, memory expansion (Boot mode only)
mode, or boot mode (Note 1) Set user ROM area select bit to 1
‘ Set processor mode register (Note 2) | Set CPU rewrite mode select bitto 1 (by

writing 0 and then 1 in succession)(Note 3)

Transfer CPU rewrite mode control Using software command execute erase,

program to internal RAM program, or other operation
l (Set lock bit disable bit as required)

Jump to transferred control program in RAM l
(Subsequent operations are executed by control
program in this RAM)

Execute read array command or reset flash
memory by setting flash memory reset bit (by
writing 1 and then 0 in succession) (Note 4)

l

| Write 0 to CPU rewrite mode select bit

(Boot mode only)
Write 0 to user ROM area select bit (Note 5)

Note 1: In EW0 mode, must not be set to boot mode.

Note 2: During CPU rewrite mode, set the BCLK as shown below using the main clock divide ratio select bit (bit 6
at address 000616 and bits 6 and 7 at address 000716):

6.25 MHz or less when wait bit (bit 7 at address 000516) = 0 (without internal access wait state)
10.0 MHz or less when wait bit (bit 7 at address 000516) = 1 (with internal access wait state)

Note 3: For CPU rewrite mode select bit to be setto 1, the user needs to writea 0 andthena 1 toitin
succession. When it is not this procedure, it is not enacted in 1 . This is necessary to ensure that no
interrupt or DMA transfer will be executed during the interval. “Wsite to this bit only when executing out of
an area other than the internal flash memory. Also only when NMI pinis H level.

Note 4: Before exiting the CPU rewrite mode after completing erase or program operation, always be sure to
execute a read array command or reset the flash memory.

Note 5: 1 can be set. However, when this bitis 1, user ROM area is accessed.

Figure 1.20.2a. EW0 mode set/reset flowchart

EW1 mode operation procedure

Program in ROM

Single-chip mode or memory expansion mode
(Note 1)

l

Set processor mode register (Note 2)

l

Set EW1 mode select bitto 1 after
having set EW0 mode select bit to 1
(by writing 0 and then 1 in succession)(Note 3)

l

Using software command execute erase,
program, or other operation
(Set lock bit disable bit as required)

]

| Write 0 to EWO0 mode select bit |

Note 1: In EW0 mode, must not be set to boot mode.

Note 2: During CPU rewrite mode, set the BCLK as shown below using the main clock divide ratio select bit (bit 6
at address 000616 and bits 6 and 7 at address 000716):

6.25 MHz or less when wait bit (bit 7 at address 000516) = 0 (without internal access wait state)
10.0 MHz or less when wait bit (bit 7 at address 000516) = 1 (with internal access wait state)

Note 3: For CPU rewrite mode select bit to be setto 1, the user needs to writea 0 andthena 1 toitin
succession. When it is not this procedure, it is not enacted in 1 . This is necessary to ensure that no
interrupt or DMA transfer will be executed during the interval. Write to this bit only when executing out of
an area other than the internal flash memory. Also only whenNMI pinis H level.

Note 4: Before exiting the CPU rewrite mode after completing erase or program operation, always be sure to
execute a read array command or reset the flash memory.

Note 5: 1 can be set. However, when this bitis 1, user ROM area is accessed.

Figure 1.20.2b. EW1 mode set/reset flowchart
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Program in ROM Program in RAM
Transfer the program to be executed in the low Set CPU rewrite mode select bit to 1
power dissipation mode, to the internal RAM. (by writing 0 and then 1 in succession)
Jump to transferre_d control program in RAM Set flash memory reset bit to 1
(Subsequent operations are executed by control (by writing 0 and then 1 in succession)(Note 1)
program in this RAM)

N Switch the count source of BCLK.
X siop. (e 2)

Process of low power dissipation mode

|

XIN oscillating - Wait until the XIN has stabilized

—-» Switch the count source of BCLK (Note 2)

|

Set flash memory reset bitto 0

l

Set CPU rewrite mode select bitto 0

|

Wait time until the internal circuit stabilizes (10 us)
(Note 3)

End

Note 1: For flash memory reset bit to be setto 1, the user needs to write a 0 andthena 1 toitin succession.
When it is not this procedure, it is not enacted in 1 . This is necessary to ensure that no interrupt or DMA
transfer will be executed during the interval.

Note 2: Before the count source for BCLK can be changed from XIN to XCIN or vice versa, the clock to which
the count source is going to be switched must be oscillating stably.

Note 3: Make a waiting time for 10 us by software.

In this waiting time, do not access flash memory.

Figure 1.20.2c. Shifting to the low power dissipation mode flowchart
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Precautions on CPU Rewrite Mode
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite mode.
(1) Operation speed
During CPU rewrite mode (EWO/EW1 mpde), set the BCLK as shown below using the main clock
divide ratio select bit (bit 6 at address 000616 and bits 6 and 7 at address 000716):
10.0 MHz or less when wait bit (bit 7 at address 000516) = 1 (with internal access wait state)
Note : Always perform it with a condition mentioned above.

(2) Instructions inhibited against use
The instructions listed below cannot be used during EW0 mode because they refer to the internal data
of the flash memory:
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

(3) Interrupts inhibited against use

The address match interrupt cannot be used during EW0 mode because they refer to the internal data
of the flash memory. If interrupts have their vector in the variable vector table, they can be used by
transferring the vector into the RAM area. The NMI and watchdog timer interrupts can be used to
automatically initialize the flash identification register and flash memory control register 0 to “0”, then
return to normal operation. However, these two interrupts' jump addresses are located in the fixed
vector table and there must exsist a routine to be executed. Since the rewrite operation is halted when
an NMI or watchdog timer interrupts occurs, you must reset the CPU rewite mode select bit to “1” and
the perform the erase/program operation again.

(4) How to access
For EW0 mode select bit and lock bit disable select bit to be set to “17, the user needs to write a “0” and
then a “1” to it in succession. When it is not this procedure, it is not enacted in “1”. This is necessary
to ensure that no interrupt or DMA transfer will be executed during the interval. Also only when NMI
pin is “H” level.

(5) Writing in the user ROM area
If power is lost while rewriting blocks that contain the flash rewrite program with the CPU rewrite
mode, those blocks may not be correctly rewritten and it is possible that the flash memory can no
longer be rewritten after that. Therefore, it is recommended to use the standard serial /O mode or
parallel I/O mode to rewrite these blocks.

(6) STOP/WAIT
Both instructions disrupt erase/program operation, and the state of the blocks operated upon is not
guaranteed. Inhibit these instructions when in CPU rewrite mode.
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CPU Rewrite Mode (Flash Memory Version) M16C/26 Group

Software Commands
Table 1.20.1 lists the software commands available with the M16C/26 (flash memory version).
After setting the CPU rewrite mode select bit to 1, write a software command to specify an erase or
program operation. Note that when entering a software command, the upper byte (D8 to D15) is ignored.
The content of each software command is explained below.
The first bus cycle commands must be written to an even address in the user ROM area.

Table 1.20.1. List of software commands (CPU rewrite mode)

First bus cycle S econd bus cycle
Command Mode Address (D(I)D g[%ﬂ Mode Address (D(l)) f;am)
Read array Write X FF16
Read status register Write X 7016 Read X SRD (Note 2)
Clear status register Write X 5016
Program (Note 3) Write WA 4016 Write WA (Note 3) | WD (Note 3)
Block erase Write X 2016 Write BA (Note4) | DO16

Note 1: When a software command is input, the high-order byte of data (Ds to D15) is ignored.
Note 2: SRD = Status Register Data (Set an address to even address in the user ROM area)
Note 3: WA = Write Address (even address), WD = Write Data (16-bit data)

Note 4: BA = Block Address (Enter the maximum address of each block that is an even address.)
Note 5: X denotes a given address in the user ROM area (that is an even address).

Read Array Command (FF16)
The read array mode is entered by writing the command code “FF16” in the first bus cycle. When an
even address to be read is input in one of the bus cycles that follow, the content of the specified
address is read out at the data bus (Do-D15), 16 bits at a time.
The read array mode is retained intact until another command is written.
However, please begin to read data in the following procedures when a user uses read array com-
mand after program command.
(1) Set FF1e, FF16, FF16, FF16 to arbitrary continuing four address beforehand
(2) Input the top address which FF16 was set at (in read array mode)
(3) Input the top address till FFFF16 agrees with the value that begins to have been read
(4) Input top address +2
(5) Input top address +2 till FFFF16 agrees with the value that begins to have been read
(6) Input an arbitrary address

Read Status Register Command (7016)
When the command code “7016” is written in the first bus cycle, the content of the status register is
read out at the data bus (Do—D7) by a read in the second bus cycle (Set an address to even address
in the user ROM area).
The status register is explained in the next section.
In EW1 mode, cannot use read status register command.

Clear Status Register Command (5016)
This command is used to clear the bits SR4 and SR5 of the status register after they have been set.
These bits indicate that operation has ended in an error. To use this command, write the command
code “5016” in the first bus cycle.
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Program Command (4016)
Program operation starts when the command code “4016” is written in the first bus cycle. Then, if the
address and data to program are written in the 2nd bus cycle, program operation (data programming
and verification) will start. Make an address in the first bus cycle same as an address to program by
the second bus cycle.
Whether the write operation is completed can be confirmed by reading the status register or the RY/
BY status flag. When the program starts, the read status register mode is accessed automatically and
the content of the status register is read into the data bus (DO - D7). The status register bit 7 (SR7) is
set to 0 at the same time the write operation starts and is returned to 1 upon completion of the write
operation. In this case, the read status register mode remains active until the Read Array command
(FF1e) is written.
The RY/BY status flag is O during write operation and 1 when the write operation is completed as is
the status register bit 7.
At program end, program results can be checked by reading the status register.
Figure 1.20.3 shows an example of a program flowchart.
Each block of the flash memory can be write protected by using a lock bit. For details, refer to the
section where the data protect function is detailed.
Additional writes to the already programmed pages are prohibited.

Do a command to use in right after of program command as follows
Make an address in the first bus cycle same as an address to program by the second bus cycle of
program command.

( st )

v

] (Set an address to even address in the
Write 4016 user ROM area when write 4016 )
v
Write data to target
address
v .
Status register (Set an address to even address in the user
read - ROM area when reading the status register)

Program
error

Program
completed

Figure 1.20.3. Program flowchart
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Block Erase Command (2016/D016)
By writing the command code “2016” in the first bus cycle and the confirmation command code “D016”
in the second bus cycle that follows to the block address of a flash memory block, the system initiates
an auto erase (erase and erase verify) operation.
Whether the auto erase operation is completed can be confirmed by reading the status register or the
flash memory control register 0. At the same time the auto erase operation starts, the read status
register mode is automatically entered, so the content of the status register can be read out. The
status register bit 7 (SR7) is set to 0 at the same time the auto erase operation starts and is returned
to 1 upon completion of the auto erase operation. In this case, the read status register mode remains
active until the Read Array command (FF16) or Read Lock Bit Status command (7116) is written or the
flash memory is reset using its reset bit.
The RY/BY status flag of the flash memory control register 0 is O during auto erase operation and 1
when the auto erase operation is completed as is the status register bit 7.
After the auto erase operation is completed, the status register can be read out to know the result of
the auto erase operation. For details, refer to the section where the status register is detailed.
Figure 1.20.4 shows an example of a block erase flowchart.
Each block of the flash memory can be protected against erasure by using a lock bit. For details, refer
to the section where the data protect function is detailed.
During EW1 mode, do not execute this command on blocks in which the control program is stored.

[ Start j
-

Write 2016

(Set an address to even address in the
user ROM area when write 2016 )

Write DO16
Block address

!

Status register
read

(Set an address to even address in the user
< ROM area when reading the status register)

YES

Check full status check , [Erase error (Note 28

Error

(Note 1)

Block erase
completed

Note 1: Refer to Figure 1.20.6

Note 2: If the error occurs, try to execute clear status register command,
then block erase command at least three times until erase error
disappears.

Figure 1.20.4. Block erase flowchart
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(EWO0 mode)
[ Start j ( Interrupt (Note 3) j
FMR40=1 FMR41=1
Write 'XX2016' (Note 1) NO
Write 'XXDO16' to the
uppermost address YES
(Note 1) Access to Flash Memory
NO FMR41=0
YES ( REIT )
Full Status Check
(Note 2, 4)
Block erase
completed
(EW1 mode)
[ Start ] ( Interrupt j
FMR40=1 Access to Flash Memory
Write 'XX2016' (Note 1) ( REIT ]

Write 'XXDO16' to the
uppermost address
(Note 1)

FMR41=0

NO

YES

Full Status Check
(Note 2, 4)

v

Block erase
completed

Note 1: Write value to highest even address within the block.

Note 2: If the error occurs, try to execute Clear Status Register command then
Block Erase command at least three times until erase error disappears.

Note 3: Please set interrupt vector table on RAM region with EWO0 mode.

Note 4: Please refer to Figure 1.20.6, "Full status check flowchart and remedial
procedure for errors".

Figure 1.20.5. Block erase flowchart with erase suspend function
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Status Register

The status register shows the operating state of the flash memory and whether erase operations and
programs ended successfully or in error. It can be read only in the EW0 mode, in the following ways. The
status cannot be read out in the EW1 mode and during suspend.
(1) By reading an arbitrary even address from the user ROM area after writing the read status register
command (7016)
(2) By reading an arbitrary even address from the user ROM area in the period from when the program
starts or erase operation starts to when the read array command (FF16) is input

Table 1.20.2 shows the status register.

In the EW1 mode, the status corresponding to the below is stored in the flash memory control register 0.
Read this register for status check.

Also, the status register can be cleared in the following way.

(1) By writing the clear status register command (5016)

After a reset, the status register is set to “8016”.

Each bit in this register is explained below.

Sequencer status (SR7) / FMR0O
After power-on, the sequencer status is set to 1(ready).
The sequencer status indicates the operating status of the device. This status bit is set to “0” (busy)
during write or erase operation and is set to “1” upon completion of these operations.

Erase status (SR5) / FMR07
The erase status informs the operating status of erase operation to the CPU. When an erase error
occurs, it is set to “1”.
The erase status is reset to “0” when cleared.

Program status (SR4)
The program status informs the operating status of write operation to the CPU. When a write error
occurs, it is set to “1”.
The program status is reset to “0” when cleared.
When an erase command is in error (which occurs if the command entered after the block erase
command (2016) is not the confirmation command (D016), both the program status and erase status
(SR5) are set to “1”.
When the program status or erase status =“1”, only the following flash commands will be accepted:
Read Array, Read Status Register, and Clear Status Register.

Also, in one of the following cases, both SR4 and SR5 are set to 1 (command sequence error):
(1) When the valid command is not entered correctly
(2) When the data entered in the second bus cycle of lock bit program (7716/D016), block erase
(2016/D016), or erase all unlock blocks (A716/D016) is not the D016 or FF16. However, if FF16 is
entered, read array is assumed and the command that has been set up in the first bus cycle is
canceled.
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Table 1.20.2. Definition of each bit in status register

Definition
Each SRD bit Status name
wyr «“o”

SR7 (D7) Write state machine (WSM) Ready Busy

SR6 (Dg) Reserved — _

SR5 (Ds) Erase status Terminated in error Terminated normally
SR4 (Dy) Program status Terminated in error Terminated normally
SR4 (Dy) Program status after program Terminated in error Terminated normally
SR2 (Do) Reserved _ _

SR1 (Dy) Reserved _ _

SRO (D) Reserved _ _

Full Status Check
By performing full status check, it is possible to know the execution results of erase and program
operations. Figure 1.20.6 shows a full status check flowchart and the action to be taken when each

error occurs.

and

SR4=1/FMR06

SR5=1/FMR07?

SR5=0?/FMR07?

SR4=0?/FMR06?

JES Command

sequence error

NO

( End (block erase, program)j

Block erase error |- = =

Program error |- -

(Read status registerj (Set an address to even when reading the status register)

. (1) Execute the Clear Status Register command (5016) to clear

the status register.
(2) Try performing the operation one more time after confirming
that the command is entered correctly.

(1) Execute the Clear Status Register command to set the erase
status flag to "0".

(2) Re-execute the Block Erase command.

(8) Until erase error disappears, please retry (1) and (2) at least
3 times.

Note 1: If the error still occurs, the block in error cannot be used.

. [During programming]

(1) Execute the Clear Status Register command to set the
program status flag to "0".

(2) Re-execute the Program command.

Note 2: If the error still occurs, the block in error cannot be used.

Note: When one of SR5 to SR4 is set to 1, neither program nor block erase commands
are accepted. Execute the clear status register command (5016) before executing
these commands.

Figure 1.20.6. Full status check flowchart and remedial procedure for errors
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Functions To Inhibit Rewriting Flash Memory Version
To prevent the contents of the flash memory version from being read out or rewritten easily, the device
incorporates a ROM code protect function for use in parallel /O mode and an ID code check function for
use in standard serial I/O mode.

ROM code protect function
The ROM code protect function is used to prohibit reading out or modifying the contents of the flash
memory during parallel I/O mode and is set by using the ROM code protect control address register
(OFFFFF16). Figure 1.21.1 shows the ROM code protect control address (OFFFFF16). (This address
exists in the user ROM area.)
If either bit of ROMCP1 is set to '0', ROM code protect level 1 is turned on, so that the contents of the flash
memory are protected against readout and modification.
If either bit of ROMCP2 is set to '0', ROM code protect level 2 is turned on, enabling additional protection
against readout and modification (such as by a production LSI tester). If both level 1 and level 2 are
enabled, level 2 is selected by default.
If both of the two ROM code protect reset bits are set to “00,” ROM code protect is turned off, so that the
contents of the flash memory version can be read out or modified. Once ROM code protect is turned on,
the contents of the ROM code protect reset bits cannot be modified in parallel /O mode. Use the serial I/
O or some other mode to rewrite the contents of the ROM code protect reset bits.

ROM code protect control address

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | 1 | 1 | ROMCP OFFFFF16 FF16
' Bit symbol | Bit name Function
...l Reserved bit Always set this bit to 1.

v b3 b2
o ROMCP2 ROM code protect level 2

set bit (Note 1, 2) 00: Protect enabled
’ 01: Protect enabled
10: Protect enabled
11: Protect disabled
S ROMCR | ROM code protect reset | 2>°*

00: Protect removed

01: Protect set bit effective
10: Protect set bit effective
11: Protect set bit effective

bit (Note 3)

ROM code protect level b7b6
"""""""""""" ROMCP1 1 set bit (N(gte 1) 00: Protect enabled

01: Protect enabled
10: Protect enabled
11: Protect disabled

Note 1: When ROM code protect is turned on, the on-chip flash memory is protected against
readout or modification in parallel input/output mode.

Note 2: When ROM code protect level 2 is turned on, ROM code readout by a shipment inspection
LSI tester, etc. also is inhibited. Customers desiring to use ROM code protect level 2 should
first contact their Renesas technical support representative.

Note 3: The ROM code protect reset bits can be used to turn off ROM code protect level 1 and
ROM code protect level 2. However, since these bits cannot be changed in parallel input/
output mode, they need to be rewritten in serial input/output or some other mode

Figure 1.21.1. ROM code protect control address
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Use this function in standard serial I/O mode. When the contents of the flash memory are not blank, the
ID code sent from the peripheral unit is compared with the ID code written in the flash memory to see if
they match. If the ID codes do not match, the commands sent from the peripheral unit are not accepted.
The ID code consists of 8-bit data, the areas of which, beginning with the first byte, are OFFFDF1s,
OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. Write a program which has had
the ID code preset at these addresses to the flash memory.

Address =

:W

OFFFDC16 to OFFFDF16

D1

Undefined instruction vector

OFFFEO16 to OFFFE316

ID2!

Overflow vector

OFFFE416 to OFFFE716

+ BRK instruction vector

OFFFE816 to OFFFEB16

ID3!

Address match vector

OFFFEC16 to OFFFEF16

ID4

Single step vector

OFFFFO16 to OFFFF316 | ID5: Watchdog timer vector
OFFFF416 to OFFFF716 | 1D6} DBC vector
OFFFF816 to OFFFFB16 |D7§ NMI vector

OFFFFC16 to OFFFFF16

+ Reset vector

~—
4 bytes

Figure 1.21.2. ID code store addresses

LENESAS

Renesas Technology Corp.

203



\)ode\‘op(“e“\ Preliminary Specifications Rev. 0.9
3eN® Specifications in this manual are tentative and subject to change.

Appendix Standard Serial /0 Mode (Flash Memory Version) M16C/26 Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Appendix Standard Serial /0 Mode (Flash Memory Version)

Table 1.22.1. Pin functions (Flash memory standard serial I/O mode)

Pin Name I/0 Description

Viee,Vss Power input Apply program/erase protection voltage to Vcc pin and 0 V to Vss pin.

CNVss CNVss || Connect to Vcce pin.

RESET Reset input || Resetinput pin. While reset is "L" level, a 20 cycle or longer clock
must be input to XIN pin.

XIN Clock input | | Connect a ceramic resonator or crystal oscillator between XIN and
XouT pins. To input an externally generated clock, input it to XIN pin

Xout Clock output O | and open XouUT pin.

Avcce, AVss Analog power supply input || Connect AVss to Vss and AVcc to Ve, respectively

IvVee Power supply — | This pin must be left unconnected.

VREF Reference voltage input || Enter the reference voltage for AD from this pin.

Ploto P17 Input port P1 || Input "H" or "L" level signal or open

P60 to P63 Input port P6 I Input "H" or "L" level signal or open.

P64 BUSY output 0 | Standard serial I/0O mode 1: BUSY signal output pin
Standard serial I/O mode 2: Monitors the boot program operation

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, check signal output pin.
P65 SCLK input | Standard serial I/O mode 1: Serial clock input pin
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Standard sefial YO mode 2: Input*L".

P66 RxD input || Serial data input pin

P67 TxD output O | Serial data output pin

P7010 P77 Input port P7 | Input "H" or "L" level signal or open.

P80 to P83’ u n upn H

P85, P87 Input port P8 | Input "H" or "L" level signal or open.

P86 CE input | Input "H" level signal.

P9oto P97 Input port P9 [ Input "H" or "L" level signal or open.

P100to P107 Input port P10 I Input "H" or "L" level signal or open.
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~a—» P17/INTs
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[ |- P62/RXDo
[Z ]~ P63/TXDo
[ |-e— P66/RXD1
[ | — P67/TXD1

il
El
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-~ P71/RXD2/SCL/TA0IN *
-~ P72/CLK2/TA10UT/V
~a»~ P73/CTS2/RTS2/TAINV
= P74/TA20UT

- P75/TA2IN

—a— P76/TA30UT

~a— P77/TA3IN
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P100/ANo  ~=t—w=
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(Flash Memory Version)
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—
e
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=

Sl (IRB>]|B||w]|w]|w
N[O ||a|| &[] ||=[|of|o]|o]|N

VREF —#= [15] = P82/INTo ._—®
Vee —» O O |14 -~ P83/INT1
P93 -t | 18] —— IVcc (This pin must be

[l e e Tle Tholf i left unconnected.) .—@
ZZzZ2ZEIFE®ZOQQO
§56253hggxgle
SEESESET | |E
§ef Eg 2
o «©
o
Package: 48P6Q-A
Mode setup method
|Signal _ Value |
gNVSS Vcce &9
CE Vee Connect
RESET Vss to Vce oscillator
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}—
w
1%}
w
o
L
o

Figure 1.22.1. Pin connections for serial /O mode (1)
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Standard Serial I/0 mode

The standard serial /0O mode inputs and outputs the software commands, addresses and data needed to
operate (read, program, erase, etc.) the internal flash memory using the serial 1/0 port UART1. The serial
I/O mode transfers the data serially in 8-bit units.

The standard serial 1/0 mode is different from the parallel I/O mode in that the CPU executes a control
program for flash memory rewrite (using the CPU's rewrite mode), rewrite data input and so forth. It is
started when both the P86(CE) pin and the CNVss pin are in “H” level after the reset is released. (In normal
operation mode, set CNVss pin to “L” level.)

Figure 1.22.1 shows the pin connections for the standard serial I/O mode.

There are actually two standard serial I/O modes: mode 1, which is clock synchronized, and mode 2, which
is asynchronized. Standard serial 1/0 switches between mode 1 (clock synchronous) and mode 2 (clock
asynchronous) depending on the level of CLK1 pin when the reset is released.

To use standard serial I/O mode 1 (clock synchronous), set the CLK1 pin to “H” level and release the reset.
The operation uses the four UART1 pins CLK1, RxD1, TxD1 and RTS1 (BUSY). The CLK1 pin is the transfer
clock input pin through which an external transfer clock is input. The TxD1 pin is for CMOS output. The
RTS1 (BUSY) pin outputs an “L” level when ready for reception and an "H" level when reception starts. In
mode 1, be sure the TxD1 (P67) pin is at high before reset being deasserted.

To use standard serial /O mode 2 (clock asynchronous), set the CLK1 pin to “L” level and release the reset.
The operation uses the two UART1 pins RxD1 and TxD1.

In the standard serial /0O mode, only the user ROM area indicated in Figure 1.19.1 can be rewritten. In
addition, a 7-byte ID code exists to protect the device. When there is data in the flash memory, commands
sent from the peripheral unit are not accepted unless the ID code matches.
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Appendix Standard Serial /0 Mode 1 (Flash Memory Version)

Overview of standard serial I/0 mode 1 (clock synchronous)
In standard serial I/O mode 1, software commands, addresses and data are input and output between
the microcomputer and peripheral units (serial programer, etc.) using 4-wire clock-synchronized serial I/
O (UART1). Standard serial /O mode 1 is entered by releasing the reset with the P65 (CLK1) pin “H” level
(and P86 (CE) pin and the CNVss pin are in “H” level).
When receiving software commands, addresses and program data are synchronized with the rising edge
of the transfer clock that is input to the CLK1 pin, and are then input to the RXD1 pin. When transmitting,
read data and status are synchronized with the falling edge of the transfer clock, and output from the
TxD1 pin. The data transfer is in 8-bit units with LSB first.
The TxD1 pin is a CMOS level output.
When the device is busy, such as during transmission, reception, erasing or program execution, the
RTS1 (BUSY) pin is “H” level. Accordingly, always start the next transfer after the RTS1 (BUSY) pin is “L”
level.
Also, data and status registers in memory can be read after inputting software commands. Status, such
as the operating state of the flash memory or whether a program or erase operation ended successfully
or not, can be checked by reading the status register. The following table shows the software com-
mands, status registers, etc. in serial I/O mode 1.
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Software Commands
Table 1.22.2 lists the software commands, and their descriptions, in standard serial I/O mode 1. Erase
operations, programming, reading status, etc. are controlled by transferring software commands via the
RxD1 pin.

Table 1.22.2. Software commands (Standard serial I/O mode 1) (Note 1)

Control Command 1st Byte 2nd 3rd 4th 5th 6th ..nth  WhenIDis
Transfer ~ Byte Byte Byte Byte Byte Byte not verified
1| Page read (Note 2) FFis | Address | Address | Data Data Data Data Not
(middle) (high) output output output | outputto | acceptable
259th byte
2| Page program 4116 | Address | Address Data Data Data Data Not
(middle) (high) input input input inputto | acceptable
259th byte
3 | Block erase 2016 | Address | Address D016 Not
(middle) (high) acceptable
4 | Erase all code blocks (Note 4) A716 D016 Not
acceptable
5 | Read status register (Notes 2,3) | 7016 SRD SRD1 Acceptable
output output
6 | Clear status register 5016 Not
acceptable
7 | ID check function F5is | Address | Address | Address | |D size ID1 ToID7 | Acceptable
(low) (middle) | (high)
8 | Download function FA1s Size Size  |Checksum| Data | To required Not
(low) (high) input  |no. of times acceptable
9 | Version data output function FBis | Version | Version | Version | Version | Version | Version | Acceptable
(Note 2) data data data data data | data output
output output output output output | o 9th byte
10| Read check data (Note 2) FD1 | Check Check Not
data data acceptable
(low) (high)

Note 1: All commands can be accepted when the flash memory is totally blank.

Note 2: Shaded area indicates transfer from flash memory microcomputer to peripheral unit. All other data is
transferred from the peripheral unit to the flash memory microcomputer.

Note 3: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 4: The 'erase all' command does not erase the Flash data blocks.
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Page Read Command

This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the “FF16” command code with the 1st byte.
(2) Transfer addresses As to A15 and Ate to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first in sync with the fall of the clock.

RxD1 ( FE1s | A8 tO A16to)
(M16C reception data) A15 A23

TxD1
(M16C transmit data)
RTS1(BUSY) |_| |_| |_| |_|_ T

Figure 1.22.2. Timing for page read

Read Status Register Command

This command reads status information. When the “7016” command code is sent with the 1st byte, the

contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

RxD1 >< 7016
(M16C reception data)

SRD SRD1
TxD1 X X

(M16C transmit data) output | output
RTS1(BUSY) |_| I_I

Figure 1.22.3. Timing for reading the status register
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Clear Status Register Command
This command clears the bits (SR4, SR5) which are set when the status register operation ends in error.
When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared. When the
clear status register operation ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level.

owr I

RxD1 X
(M16C reception data) 5016

TxD1
(M16C transmit data)

RTS1(BUSY)

Figure 1.22.4. Timing for clearing the status register

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the “4116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A1e to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
As to A23 is input sequentially from the smallest address first, that page is automatically written.

When reception setup for the next 256 bytes ends, the RTS1 (BUSY) signal changes from the “H” to
the “L” level. The result of the page program can be known by reading the status register. For more
information, see the section on the status register.

Each block can be write-protected with the lock bit. For more information, see the section on the data
protection function. Additional writing is not allowed with already programmed pages.

RxD1 As to | Ate to
(M16C reception data) 4116 A15 A23 X data0 X_ data255
TxD1
(M16C transmit data)

RTS1(BUSY) ) ” ” IJ “ \ ”

Figure 1.22.5. Timing for the page program
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Block Erase Command
This command erases the data in the specified block. Execute the block erase command as explained
here following.
(1) Transfer the “2016” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(8) Transfer the verifycommand code “D016” with the 4th byte. With the verify command code, the
erase operation will start for the specified block in the flash memory. Write the highest address of
the specified block for addresses As to A23.

When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. After block
erase ends, the result of the block erase operation can be known by reading the status register. For
more information, see the section on the status register.

Each block can be erase-protected with the lock bit. For more information, see the section on the data
protection function.

RxD1 As to | A1teto
(M16C reception data) ( 2016 A15 X_Az:_m

TxD1
(M16C transmit data)

RTS1(BUSY) ] |_| |_| |_|

Figure 1.22.6. Timing for block erasing

Erase All Code Blocks Command
This command erases the content of all code blocks. Execute the erase all code blocks command as
explained here following.
(1) Transfer the “A716” command code with the 1st byte.
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the
erase operation will start and continue for all code blocks in the flash memory.
When block erasing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. The result of
the erase operation can be known by reading the status register.
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|
RxD1
(M16C reception data) D016

TxD1
(M16C transmit data)

RTS1(BUSY) | | |

Figure 1.22.7. Timing for erasing all code blocks.

Download Command

This command downloads a program to the RAM for execution. Execute the download command as
explained here following.

(1) Transfer the “FA16” command code with the 1st byte.

(2) Transfer the program size with the 2nd and 3rd bytes.

(8) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.

(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

CLK1 I
RxD1 ( X X Check X PlogramX Program
(M16C reception data) FA16 — sum data data
Data size (low) \
TxD1 . .
Dat high
(M16C transmit data) ata size (high)

RTS1(BUSY) . |_| |_| |_| |_|

Figure 1.22.8. Timing for download

— T
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Version Information Output Command
This command outputs the version information of the control program. Execute
the version information output command as explained here following.
(1) Transfer the “FB16” command code with the 1st byte.
(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

RxD1 ( )
(M16C reception data) FB1s

(M160transmi’;r<)j(5c;1) ( V! X 'E' X R ™

RTS1(BUSY) B H |_| |_| T_

Figure 1.22.9. Timing for version information output
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ID Check
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the “F516” command code with the 1st byte.
(2) Transfer addresses Ao to A7, As to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,
3rd and 4th bytes respectively.
(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

on (P50 | DFte | FFio [ oF1s fiDsizef D1 [ |
(M16C recegtitor; F516 DF16 } FF16 OF16 | ID size} ID1 ID7
ata

TxD1
(M16C transmit
data)

e [ UL

Figure 1.22.10. Timing for the ID check

ID Code
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716 and OFFFFB16. Write
a program into the flash memory, which already has the ID code set for these addresses.

P L
Address = o=

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 | ID2} Overflow vector

OFFFE416 to OFFFE716 BRK instruction vector
OFFFE816 to OFFFEB16 | ID3: Address match vector

OFFFEC16 to OFFFEF16 ID4§ Single step vector

OFFFFO16 to OFFFF316 | ID5: Watchdog timer vector

OFFFF416 to OFFFF716 ID65 DBC vector

OFFFF816 to OFFFFB16 | 1D7: NMI vector
OFFFFC16 to OFFFFF16 : Reset vector

~—
4 bytes

Figure 1.22.11. ID code storage addresses
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Read Check Data
This command reads the check data that confirms that the write data, which was sent with the page
program command, was successfully received.
(1) Transfer the "FD16" command code with the 1st byte.
(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd.

To use this read check data command, first execute the command and then initialize the check data.
Next, execute the page program command the required number of times. After that, when the read
check command is executed again, the check data for all of the read data that was sent with the page
program command during this time is read. The check data is the result of CRC operation of write data.

RxD1 >( FD16
(M16C reception data)

TxD1 ( X
(M16C transmit data) A Ly

Check data (low) Check data (high)

RTS1(BUSY) |_| |_|

Figure 1.22.12. Timing for the read check data
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Status Register (SRD)
The status register indicates operating status of the flash memory and status such as whether an erase
operation or a program ended successfully or in error. It can be read by writing the read status register
command (7016). Also, the status register is cleared by writing the clear status register command (5016).
Table 1.22.3 gives the definition of each status register bit. After clearing the reset, the status register
outputs “8016”.

Table 1.22.3. Status register (SRD)

SRDO bits Status name “qm Definition e

SR7 (bit7) Sequencer status Ready Busy

SR6 (bit6) Reserved - _

SR5 (bit5) Erase status Terminated in error |Terminated normally
SR4 (bit4) Program status Terminated in error |Terminated normally
SR3 (bit3) Reserved - _

SR2 (bit2) Reserved - .

SR1 (bit1) Reserved - _

SRO (bit0) Reserved - _

Sequencer status (SR7)
After power-on, the sequencer status is set to 1(ready).
The sequencer status indicates the operating status of the device. This status bit is set to “0” (busy)
during write or erase operation and is set to 1 upon completion of these operations.

Erase Status (SR5)
The erase status reports the operating status of the auto erase operation. If an erase error occurs, it is
set to “1”. When the erase status is cleared, it is set to “0”.

Program Status (SR4)
The program status reports the operating status of the auto write operation. If a write error occurs, it is
set to “1”. When the program status is cleared, it is set to “0”.
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Status Register 1 (SRD1)
Status register 1 indicates the status of serial communications, results from ID checks and results from
check sum comparisons. It can be read after the SRD by writing the read status register command (7016).
Also, status register 1 is cleared by writing the clear status register command (5016).
Table 1.22.4 gives the definition of each status register 1 bit. “0016” is output when power is turned ON
and the flag status is maintained even after the reset.

Table 1.22.4. Status register 1 (SRD1)

SRD1 bits Status name » Definition o
SR15 (bit7) Boot update completed bit | Update completed Not update
SR14 (bit6) Flash identification value HND DINOR
SR13 (bit5) Reserved - -
SR12 (bit4) Check sum match bit Match Mismatch
SR11 (bit3) ID check completed bits 8? \N/g;%/s:tf:s: -
SR10 (bit2) 10 Resenved

11 Verified
SR9 (bit1) Data receive time out Time out Normal operation
SR8 (bit0) Reserved i -

Boot Update Completed Bit (SR15)
This flag indicates whether the control program was downloaded to the RAM or not, using the down-
load function.

Flash Identification Value (SR14)
This flag indicates whether the flash memor type is HND or DINOR.

Check Sum Match Bit (SR12)
This flag indicates whether the check sum matches or not when a program, is downloaded for execu-
tion using the download function.

ID Check Completed Bits (SR11 and SR10)
These flags indicate the result of ID checks. Some commands cannot be accepted without an ID check.

Data Receive Time Out (SR9)
This flag indicates when a time out error is generated during data reception. If this flag is attached during
data reception, the received data is discarded and the microcomputer returns to the command wait state.

d
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Full Status Check

Results from executed erase and program operations can be known by running a full status check.
Figure 1.22.13 shows a flowchart of the full status check and explains how to remedy errors which occur.

[Read status register]

( Command ) . . Execute the clear status register command (5016)

sequence error to clear the status register. Try performing the
~ - operation one more time after confirming that the
command is entered correctly.

SR4=1 and SR5

s N .
Block erase error |- = - Should a block erase error occur, the block in error
cannot be used.
N J
( Program error \_ . . Execute the read lock bit status command (7116)
L ) to see if the block is locked. After removing lock,

execute write operation in the same way. If the
error still occurs, the page in error cannot be
used.

[ End (block erase, program)]

Note: When one of SR5 to SR4 is set to 1, none of the program, erase all blocks, and
block erase commands is accepted. Execute the clear status register command
(5016) before executing these commands.

Figure 1.22.13. Full status check flowchart and remedial procedure for errors
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Example Circuit Application for The Standard Serial I/0 Mode 1
The below figure shows a circuit application for the standard serial I/O mode 1. Control pins will vary
according to programmer, therefore see the peripheral unit manual for more information.

( Clock input ) | CLK1
BUSY output RTS1(BUSY)

( Datainput ) p-| RXD1
M16C/26 Group

% (Flash memory version)

CNVss

P86(CE)

(1) Control pins and external circuitry will vary according to peripheral unit.
For more information, see the peripheral unit manual.

(2) In this example, the microprocessor mode and standard serial /O mode
are switched via a switch.

Figure 1.22.14. Example circuit application for the standard serial I/0 mode 1
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Appendix Standard Serial I/O Mode 2 (Flash Memory Version)

Overview of standard serial /0 mode 2 (clock asynchronized)
In standard serial I/0 mode 2, software commands, addresses and data are input and output between the
microcomputer and peripheral units (serial programer, etc.) using 2-wire clock-asynchronized serial 1/O
(UART1). Standard serial /0O mode 2 is engaged by releasing the reset with the P65 (CLK1) pin “L” level
and P86 (CE) pin and the CNVss pin are in “H” level).
The TxD1 pin is for CMOS output. Data transfer is in 8-bit units with LSB first, 1 stop bit and parity OFF.
After the reset is released, connections can be established at 9,600 bps when initial communications
(Figure 1.23.1) are made with a peripheral unit that requires a main clock with a minimum 2 MHz input
oscillation frequency. Baud rate can also be changed from 9,600 bps to 19,200, 38,400 or 57,600 bps by
executing software commands. However, if communication errors due to the oscillation frequency of the
main clock, change the main clock's oscillation frequency and the baud rate.
After executing commands from a peripheral unit that requires time, i.e. erase, or write (program) data,
allow sufficient time to pass or execute the read status command to check the device status, before execut-
ing the next command.
Data and status registers in memory can be read after transmitting software commands. Status, such as
the operating state of the flash memory or whether a program or erase operation ended successfully or not,
can be checked by reading the status register. The following describes the initial communications with
peripheral units, how frequency is identified, and software commands.

Initial communications with peripheral units

After the reset is released, the bit rate generator is adjusted to 9,600 bps to match the oscillation fre-
quency of the main clock, by sending the code as prescribed by the protocol for initial communications
with peripheral units (Figure 1.23.1).

(1) Transmit “B016” from a peripheral unit. If the oscillation frequency input by the main clock is 10 or 16
MHz, the microcomputer with internal flash memory outputs the “B016” check code. If the oscillation
frequency is anything other than 10 or 16 MHz, the microcomputer does not output anything.

(2) Transmit “0016” from a peripheral unit 16 times. (The microcomputer with internal flash memory sets the
bit rate generator so that “0016” can be successfully received.)

(3) The microcomputer with internal flash memory outputs the “B016” check code and initial communica-
tions end successfully *1. Initial communications must be transmitted at a speed of 9,600 bps and a
transfer interval of a minimum 15 ms. Also, the baud rate at the end of initial communications is 9,600
bps.

*1. If the peripheral unit cannot receive “B016” successfully, change the oscillation frequency of the main clock.

Peripheral unit Microcomputer with
internal flash memory
M Reset

(1) Transfer "BO16" "BO16"

! If the oscillation frequency input
"BO16" ; by the main clock is 10 or 16 MHz,
v the microcomputer outputs "B016".

\

A

(2) Transfer "0016" 16 times1 ot

‘ “0016" > If other than 10 or 16 MHz, the
At least 15ms ¢ 2nd! "0016" N microcomputer does not output
transfer interval — g anything.
15th 0016" >
16th 016" >
"B016" ! (3) Transfer check code "B016"

<

<

The bit raté generator setting completes (9600bps)—

Figure 1.23.1. Peripheral unit and initial communication
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How frequency is identified
When “0016” data is received 16 times from a peripheral unit at a baud rate of 9,600 bps, the value of the
bit rate generator is set to match the operating frequency (2 - 20 MHz). The highest speed is taken from
the first 8 transmissions and the lowest from the last 8. These values are then used to calculate the bit
rate generator value for a baud rate of 9,600 bps.
Baud rate cannot be attained with some operating frequencies. Table 1.23.1 gives the operation fre-
quency and the baud rate that can be attained for.

Table 1.23.1 Operation frequency and the baud rate

Operation frequency Baud rate Baud rate Baud rate Baud rate
(MHZz) 9,600bps 19,200bps 38,400bps 57,600bps

M
|

20MHz
16MHz

12MHz
11MHz
10MHz
8MHz
7.3728MHz
6MHz
5MHz

4 5MHz
4.194304MHz
4MHz
3.58MHz
3MHz
2MHz

RN RNE

M
|

EN (R R S R S S R S R R R
CRNNERENEENRNENENE
IR

I -]
&

|Z[: Communications possible
— : Communications not possible
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Software Commands
Table 1.23.2 lists software commands. In the standard serial /O mode 2, erase operations, programs
and reading are controlled by transferring software commands via the RxD1 pin. Standard serial /O
mode 2 adds four transmission speed commands - 9,600, 19,200, 38,400 and 57,600 bps - to the soft-
ware commands of standard serial /0O mode 1. Software commands are explained here below.

Table 1.23.2. Software commands (Standard serial I/O mode 2) (Note 1)

1stByte  2nd 3rd 4th 5th 6th ..nth - WhenIDis
Control Command Transfer ~ Byte Byte Byte Byte Byte Byte  not verified
1 Page read (Note 2) FFig | Address | Address | Data | Data Data Data Not
(middle) | (high) | output | output | output | Outputto | acceptable
259th byte
2 | Page program 4116 | Address | Address | Data Data Data Data Not
(middle) | (high) input input input | inputto | acceptable
259th byte
3 | Block erase 2016 | Address | Address = DO1s Not
(middle) | (high) acceptable
4 | Erase all code blocks (Note 4) A71 | DO16 Not
acceptable
5 | Read status register (Notes 2,3) | 7016 SRD SRD1 Acceptable
output output
6 | Clear status register 5016 Not
acceptable
7 | 1D check function F5:c | Address | Address | Address | |Dsize ID1 ToID7 | Acceptable
(low) | (middle) | (high)
8 | Download function FAs Size Size  |Checksum| Data |To required Not
(low) (high) input | no. of times acceptable
9 | Version data output function FBis | Version | Version | Version | Version | Version | Version | Acceptable
(Note 2) data data data data data | data output
output output output | output output | to 9th byte
10| Read check data (Note 2) FD1s | Check Check Not
data data acceptable
(low) (high)
11| Baud rate 9600 (Note 2) BO1s BO1s Acceptable
12 Baud rate 19200 (Note 2) Bite Bl Acceptable
13| Baud rate 38400 (Note 2) B216 B216 Acceptable
14| Baud rate 57600 (Note 2) B316 B316 Acceptable

Note 1: All commands can be accepted when the flash memory is totally blank.

Note 2: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is
transferred from the peripheral unit to the flash memory microcomputer.

Note 3: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 4: The 'erase all' command does not erase the Flash data blocks.
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Page Read Command
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Transfer the “FF16” command code with the 1st byte.
(2) Transfer addresses As to A15 and Ate to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first.

RxD1 ( FFie | A8 O A16t0) /
(M16C reception data) Ai5 A23

TxD1
(M16C transmit data) data255

Figure 1.23.2. Timing for page read

Read Status Register Command
This command reads status information. When the “7016” command code is sent with the 1st byte, the

contents of the status register (SRD) specified with the 2nd byte and the contents of status register 1
(SRD1) specified with the 3rd byte are read.

RxD1 >< 7016
(M16C reception data)

X SRD X SRD1

TxDi1 output \ output

(M16C transmit data)

Figure 1.23.3. Timing for reading the status register
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Clear Status Register Command
This command clears the bits (SR4, SR5) which are set when the status register operation ends in
error. When the “5016” command code is sent with the 1st byte, the aforementioned bits are cleared.

RxD1 X
(M16C reception data) 5016

TxD1
(M16C transmit data)

Figure 1.23.4. Timing for clearing the status register

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Transfer the “4116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A1e to A23 with the 2nd and 3rd bytes respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
As to A23 is input sequentially from the smallest address first, that page is automatically written.

The result of the page program can be known by reading the status register. For more information,
see the section on the status register.

Each block can be write-protected with the lock bit. For more information, see the section on the data
protection function. Additional writing is not allowed with already programmed pages.

RxD1 As to (A6 to / X
(M16C reception data) ( 4116 A15 X A23 XdataOX_ data255

TxD1
(M16C transmit data)

Figure 1.23.5. Timing for the page program
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Block Erase Command
This command erases the data in the specified block. Execute the block erase command as explained
here following.
(1) Transfer the “2016” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(8) Transfer the verify command code “D016” with the 4th byte. With the verify command code, the

erase operation will start for the specified block in the flash memory. Write the highest address of
the specified block for addresses As to A23.

After block erase ends, the result of the block erase operation can be known by reading the status
register. For more information, see the section on the status register.

Each block can be erase-protected with the lock bit. For more information, see the section on the data
protection function.

RxD1 As to X A16toX
(M16C reception data) ( 2016 A15 A23 DO16

TxD1
(M16C transmit data)

Figure 1.23.6. Timing for block erasing

Erase All Code Blocks Command
This command erases the content of all code blocks. Execute the erase all code blocks command as
explained here following.
(1) Transfer the “A716” command code with the 1st byte.
(2) Transfer the verify command code “D016” with the 2nd byte. With the verify command code, the
erase operation will start and continue for all code blocks in the flash memory.
The result of the erase operation can be known by reading the status register.

RxD1
(M16C reception data) DO1e

TxD1
(M16C transmit data)

Figure 1.23.7. Timing for erasing all code blocks.
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Download Command
This command downloads a program to the RAM for execution. Execute the download command as
explained here following.
(1) Transfer the “FA16” command code with the 1st byte.
(2) Transfer the program size with the 2nd and 3rd bytes.
(3) Transfer the check sum with the 4th byte. The check sum is added to all data sent with the 5th
byte onward.
(4) The program to execute is sent with the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

RxD1 ( FA16 X X X Check XP gramX Program
(M16C reception data) — sum data data
Data size (low) \
TxD1

Data size (high
(M16C transmit data) ota size (high)

Figure 1.23.8. Timing for download
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Version Information Output Command
This command outputs the version information of the control program. Execute the version informa-
tion output command as explained here following.
(1) Transfer the “FB16” command code with the 1st byte.
(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

RxD1 < ) /
(M16C reception data) FB1e

(M16Ctransmi’;rc)i(5[1a) ( V! X 'E' X R ™

Figure 1.23.9. Timing for version information output
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ID Check
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Transfer the “F516” command code with the 1st byte.
(2) Transfer addresses Ao to A7, A8 to A15 and A16 to A23 of the 1st byte of the ID code with the 2nd,
3rd and 4th bytes respectively.
(3) Transfer the number of data sets of the ID code with the 5th byte.
(4) The ID code is sent with the 6th byte onward, starting with the 1st byte of the code.

(M16C receRr;(t%L ( F516X DF16X FF16X OF16 XID sizeX ID1 X—’ X ID7
data)

TxD1
(M16C transmit
data)

Figure 1.23.10. Timing for the ID check

ID Code
When the flash memory is not blank, the ID code sent from the peripheral units and the ID code written
in the flash memory are compared to see if they match. If the codes do not match, the command sent
from the peripheral units is not accepted. An ID code contains 8 bits of data. Area is, from the 1st byte,
addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, OFFFF716 and OFFFFB16. Write
a program into the flash memory, which already has the ID code set for these addresses.

//—:\_/_\_//
Address = o

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 | 1D2} Overflow vector

OFFFE416 to OFFFE716 BRK instruction vector

OFFFE816 to OFFFEB16 | ID3: Address match vector

OFFFEC16 to OFFFEF16 ID4§ Single step vector

OFFFF016 to OFFFF316 | ID5: Watchdog timer vector

OFFFF416 to OFFFF716 ID65 DBC vector

OFFFF816 to OFFFFB16 | 1D7: NMI vector
OFFFFC16 to OFFFFF16 : Reset vector

~—
4 bytes

Figure 1.23.11. ID code storage addresses
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Read Check Data
This command reads the check data that confirms that the write data, which was sent with the page
program command, was successfully received.
(1) Transfer the "FD16" command code with the 1st byte.
(2) The check data (low) is received with the 2nd byte and the check data (high) with the 3rd.

To use this read check data command, first execute the command and then initialize the check data.
Next, execute the page program command the required number of times. After that, when the read
check command is executed again, the check data for all of the read data that was sent with the page
program command during this time is read. The check data is the result of CRC operation of write
data.

RxD1 >( FD16
(M16C reception data)

TxD1 ( X
(M16C transmit data) A N

Check data (low) Check data (high)

Figure 1.23.12. Timing for the read check data

Baud Rate 9600
This command changes baud rate to 9,600 bps. Execute it as follows.
(1) Transfer the "B0O16" command code with the 1st byte.
(2) After the "B016" check code is output with the 2nd byte, change the baud rate to 9,600 bps.

RxD1 ( >
(M16C reception data) BO16
TxD1 < >
(M16C transmit data) BO1s

Figure 1.23.13. Timing of baud rate 9600
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Baud Rate 19200
This command changes baud rate to 19,200 bps. Execute it as follows.
(1) Transfer the "B116" command code with the 1st byte.
(2) After the "B116" check code is output with the 2nd byte, change the baud rate to 19,200 bps.

RxD1 < >
(M16C reception data) Bite
TxD1 < >
(M16C transmit data) Bl1o

Figure 1.23.14. Timing of baud rate 19200

Baud Rate 38400
This command changes baud rate to 38,400 bps. Execute it as follows.
(1) Transfer the "B216" command code with the 1st byte.
(2) After the "B216" check code is output with the 2nd byte, change the baud rate to 38,400 bps.

RxD1
(M16C reception data) < B216 >

TxD1 (_)
(M16C transmit data) B216

Figure 1.23.15. Timing of baud rate 38400

Baud Rate 57600
This command changes baud rate to 57,600 bps. Execute it as follows.
(1) Transfer the "B316" command code with the 1st byte.
(2) After the "B316" check code is output with the 2nd byte, change the baud rate to 57,600 bps.

RxD1 < >
(M16C reception data) B3te
TxD1 < >
(M16C transmit data) B316

Figure 1.23.16. Timing of baud rate 57600
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Example Circuit Application for The Standard Serial I/0 Mode 2
The below figure shows a circuit application for the standard serial I/O mode 2.

—  p=| CLK1

BUSY output RTS1(BUSY)
( Datainput ) p| RXD1
M16C/26 Group

? (Flash memory version)

CNVss

P86(CE)

(1) Control pins and external circuitry will vary according to peripheral unit.
For more information, see the peripheral unit manual.

(2) In this example, the microprocessor mode and standard serial I/O mode
are switched via a switch.

Figure 1.23.17. Example circuit application for the standard serial I/0O mode 2
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