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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.




To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Description

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

The M16C/62N (80-pin version) group of single-chip microcomputers are built using the high-performance
silicon gate CMOS process using a M16C/60 Series CPU core and are packaged in a 80-pin plastic molded
QFP. These single-chip microcomputers operate using sophisticated instructions featuring a high level of
instruction efficiency. With 1M bytes of address space, low voltage (2.4V(mask ROM version is 2.2V) to
3.6V), they are capable of executing instructions at high speed. They also feature a built-in multiplier and
DMAC, making them ideal for controlling office, communications, industrial equipment, and other high-
speed processing applications.

The M16C/62N (80-pin version) group includes a wide range of products with different internal memory
types and sizes and various package types.

Features

e Memory capacity...........oeeeeuvvvivieeenennnnn. ROM (See Figure 1.1.3. ROM Expansion)

RAM 10K to 20K bytes
* Shortest instruction execution time ...... 62.5ns (f(XIN)=16MHz, Vcc=3.0V to 3.6V)

142.9ns (f(XIN)=7MHz, Vcc=2.4V to 3.6V without software wait)
e Supply voltage .......ccccoevviiiiiiiiiieneeenn. 3.0V to 3.6V (f(XIN)=16MHz, without software wait)

2.4V to 3.6V (f(XIN)=7MHz, without software wait)

2.2V to 3.6V (f(XIN)=7MHz, with software one-wait) :mask ROM version

* Low power consumption ...........ccccee..... 34.0mW (Vcc = 3V, f(XIN)=10MHz, without software wait)
66.0mW (Vcc = 3.3V, f(XIN)=16MHz, without software wait)

¢ INLEITUPES .. 25 internal and 5 external interrupt sources, 4 software
interrupt sources; 7 levels (including key input interrupt)

 Multifunction 16-bit timer...................... 5 output timers + 6 input timers (3 for timer function only)

eSerial O ., 5 channels (2 for UART or clock synchronous, 1 for UART, 2 for clock synchronous)

*DMAC .. 2 channels (trigger: 25 sources)

* A-D CONVEIEN .....evveiiiiiiiiee e 10 bits X 8 channels (Expandable up to 18 channels)

* D-A CONVEITEr......vvvviiiiiiiie e 8 bits X 2 channels

* CRC calculation circuit............cccceeenneee 1 circuit

* Watchdog timer........ccocveeeiiniiiineennn 1line

e Programmable I/O ..., 70 lines

* INPUE POt ... 1 line (P85 shared with NMI pin)

* Clock generating Circuit ............c..c....... 2 built-in clock generation circuits

(built-in feedback resistor, and external ceramic or quartz oscillator)
Note: Memory expansion mode and microprocessor mode are not supported.

Applications

Audio, cameras, office equipment, communications equipment, portable equipment

About the M16C/62N (80-pin version) group .. 7 THME i 68
Central Processing Unit (CPU) .........c..co..... 11 Serial O e 86
RESEL ... 14 A-D CONVEIEr ... 127
Processor Mode ..........ccccoveveeeieiiiiiece e, 21 D-A CONVEIEN .oceeeeiiiiiiieeeeeeee e 137
Clock Generating CirCuit ..........ccccoevvveeeernnne 26 CRC Calculation CirCuit ........cccceevvvreeeennnnne 139
Protection ..........cccovciiiiiiiiiiie 35 Programmable /0O POrts ...........ccccvveveennnn 141
INLEITUPLS ..o 36 Electric Characteristics .........covvvveeveieieeennn. 151
Watchdog Timer..........cccocvviiiiiiiiiic 56 Flash memory Version .............cooceeeeeeeueenn, 158
DMAC oo 58
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

Fr SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description

Pin Configuration
Figures 1.1.1 show the pin configurations (top view).

PIN CONFIGURATION (top view)

(2 | - p2s
[Z ] <> p2s
[5] < p3s
[&] <> p3g
(X ] <> p3;
[& ] <2 pgg
[S ] < pgy
S | <> pyy

(] <> p2;
(3 ] <> p2;
(5] < p2s
(S ] <> p2;
[Z] <> p3o
[ ] <> p3;
(5] =» p3;
[&] <> p3;
[5] <> p3,

[2 ] <> Po7/ANG?
[B] <> p2o
(5] <> p2;

P06/ANos —~= —~» P43
POs/ANos ~e—= [62] Q - ps5,
PO4/ANos e [63] > pg;
P03/ANo3 —~—5— - p5,
PO2/ANoz —~a—#— [65] ~+* pss
PO1/ANo1 = [66] —-> p5,
POo/ANoo ~=—= [67] ~> pgg
P107/AN7/KI3 ~a—=— [68] ~> pg;

P106/AN6/KI2 a3
P1os/ANs/KIL === [70] M16C/62N Group (80-pin version)
P104/ANa/kio —~—— |71
P10s/ANs —e— [72]
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P101/AN1 8= [74]
AVss — E
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Note : P70 and P71 are N channel open-drain output pin.

Package: 80P6S-A

Figure 1.1.1. Pin configuration (top view)
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Description

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Block Diagram
Figure 1.1.2 is a block diagram of the M16C/62N (80-pin version) group.

A8

I/O ports

_ _ ¥ _
Port PO

Internal peripheral functions

Timer TAO (16 bits)
Timer TAL1 (16 bits)
Timer TA2 (16 bits)
Timer TA3 (16 bits)
Timer TA4 (16 bits)
Timer TBO (16 bits)
Timer TB1 (16 bits)
Timer TB2 (16 bits)
Timer TB3 (16 bits)
Timer TB4 (16 bits)
Timer TB5 (16 bits)

Watchdog timer
(15 bits)

DMAC
(2 channels)

D-A converter
(8 bits X 2 channels)

A8 A8 A4 8 8
| PortP2 | | PortP3 | [ PortP4 | [ PortP5 | | Port P6 |
S
A-D converter _System clock generator | I B
(10 bits x 8 channels XIN-XOUT ~
Expandable up to 18channels) XCIN-XCOouT —
S
UART/clock synchronous SI/O Clock synchronous SI/O b= I AN .
(8 bits x 3 channels)(Note 3) (8 bits x 2 channels) 3 ~
CRC arithmetic circuit (CCITT ) Bl
(Polynomial : X16+X12+X5+1) g
M16C/60 series16-bit CPU core Memory 3
Registers Program counter ROM Il
mAT T e (Note 1) ]
ROH [ ROL [P 1| RAM T
R1H R1L Vector table )
=7 (Note 2) =
[ INTB | - ~
R3 . ©
A0 Stack pointer L
AL 1 |
5 — D
Flag register Multiplier =
I SB | | 3 @
o

Note 1: ROM size depends on MCU type.
Note 2: RAM size depends on MCU type.
Note 3: One of three channels is used for UART and IIC mode.

Figure 1.1.2. Block diagram of M16C/62N (80-pin version) group
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

Fr SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description

Performance Outline

Table 1.1.1 is a performance outline of M16C/62N (80-pin version) group.

Table 1.1.1. Performance outline of M16C/62N (80-pin version) group

Item

Performance

Number of basic instructions

91 instructions

Shortest instruction execution time

62.5ns (f(XIN)=16MHz, Vcc=3.0V to 3.6V)
142.9ns (f(XiN)=7TMHz, Vcc=2.4V to 3.6V without software wait)

Memory ROM (See the figure 1.1.3. ROM Expansion)
capacity RAM 10K to 20K bytes
1/O port PO to P10 (except P8s) 8 bits x 6, 7 bits x 2, 4 bits x 2

Input port P85

1bitx1

Multifunction | TAQ, TA3, TA4

16 bits x 3 (timer mode, internal/external event count,

timer one-shot timer mode and pulse width measurement mode)
TBO, TB2, TB3, TB4, TB5 16 bits x 5 (timer mode, internal/external event count
and pulse period/pulse width measurement mode)
TAL, TA2 16 bits x 2 (timer mode, internal event count and
a trigger through one-shot timer mode occurs.)
TB1 16 bits x 1 (timer mode and internal event count)
Serial I/0 UARTO, UART1, UART2 (UART or clock synchronous) x 2, UART x 1(UART2)
SI/03, SI/04 (Clock synchronous) x 2 (SI/03 is output only)
A-D converter 10 bits x (8 x 2 + 2) channels
D-A converter 8 bits x 2
DMAC 2 channels (trigger: 25 sources)
CRC calculation circuit CRC-CCITT

Watchdog timer

15 bits x 1 (with prescaler)

Interrupt

25 internal and 5 external sources, 4 software sources, 7 levels

Clock generating circuit

2 built-in clock generation circuits
(built-in feedback resistor, and external ceramic or quartz oscillator)

Supply voltage

3.0V to 3.6V (f(XIN)=16MHz, without software wait)
2.4V to 3.6V (f(XIN)=7MHz, without software wait)
2.2V to 3.6V (f(XIN)=7MHz, with software one-wait)
:mask ROM version

Power consumption

34.0mW (Vcce = 3V, f(XIN)=10MHz, without software wait)
66.0mW (Vcc = 3.3V, f(XIN)=16MHz, without software wait)

I/0 I/O withstand voltage

3.3V

characteristics| Output current

1mA

Device configuration

CMOS high performance silicon gate

Package

80-pin plastic mold QFP

Note : M16C/62N (80-pin version) group does not support memory expansion or microprocessor mode.
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Description

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mitsubishi plans to release the following products in the M16C/62N (80-pin version) group:

(1) Support for mask ROM vers
(2) ROM capacity
(3) Package

ion and flash memory version

80P6S-A  : Plastic molded QFP (mask ROM and flash memory versions)

ROM Size
(Byte)

96K

80K

(Mask ROM versiorD

( Flash memory version)

Figure 1.1.3. ROM expansion

The M16C/62N (80-pin version) group products currently supported are listed in Table 1.1.2.

Table 1.1.2. M16C/62N (80-pin

version) group

As of May 2002

Type No ROM capacity | RAM capacity Package type Remarks
M30621MCN-XXXGP % | 128 Kbytes 10 Kbytes 80P6S-A .
Mask ROM version
M30625MGN-XXXGP%* | 256 Kbytes 20 Kbytes 80P6S-A
M30621FCNGP ** 128 Kbytes 10 Kbytes 80P6S-A ,
Flash memory version
M30625FGNGP 256 Kbytes 20 Kbytes 80P6S-A

**: Under development

RENESAS
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description
TypeNo. M30621 M C N- XXX GP
L Package type:
GP :Package 80P6S-A
ROM No.

Omitted for flash memory version

ROM capacity:
C : 128K bhytes
G: 256K bytes

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

Shows RAM capacity, pin count, etc
(The value itself has no specific meaning)

M16C/62 Group

M16C Family

Figure 1.1.4. Type No., memory size, and package
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

e SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description

About the M16C/62N (80-pin version) group
The M16C/62N (80-pin version) group is packaged in a 80-pin plastic mold package. The number of pins
in comparison with the 100-pin package products is decreased. So be careful about the following.

(a) The M16C/62N (80-pin version) group supports single chip mode alone. It supports neither
memory expansion mode nor microprocessor mode.

(b) The input/output ports given below are absent from the M16C/62N (80-pin version) group. To
stabilize the internal state, set to output mode the direction register of each input/output port. Fail-
ing in setting to output mode involves an increase in current consumption.

<Pins absent from the 80-pin version>
Ploto P17, P44 to P47, P72 to P75, P91

(c) INT3 to INT5 allocated to P15 to P17 cannot be used. Keep the INT3 interrupt control register
disabled for interrupts. The INT4 interrupt control register and the INT5 interrupt control register
are shared with SI/O3 and SI/O4. When the user don’t use them as SI/O3 and SI/O4, set them
disabled for interrupts.

(d) The output pins of timers A1 and A2 - TALIN, TAlouT, TA2IN and TA20uT - allocated to P72 to P75
cannot be used. In connection with this, the gate function and pulse outputting function of timers Al
and A2 cannot be used. Use timer mode and internal event count, or use as trigger signal genera-
tion in one-shot timer mode.

(e) The UART2 input/output pins - CLK2 and CTS2/RTS2 - allocated to P72 and P73 cannot be used.
In connection with this, UART2 solely as UART of the internal clock can be used. And UART2 must
be used by setting the CTS/ RTS disable bit (bit 4 at address 037Cz16) to “1”.

(f) The input pin TB1IN of timer B1 allocated to P91 cannot be used. With timer B1 under this state, use
only timer mode or the internal event count.

(9) The input pin SIN3 of serial I/03 allocated to P91 cannot be used. In connection with this, use serial
I/03 as a serial I/O exclusive to transmission.

(h) The output pins for three-phase motor control allocated to P72 to P75 cannot be used. So setto 0
(ordinary mode) the mode select bit (bit 2) of three-phase PWM control register 0.

(i) The registers given below are reserved registers. Do not access these registers for read or write.

Address Register Address Register
000816 | Chip select control register (CSR) 034B16 | Thrree-phase output buffer register 1(IDB1)
000B16 |Data bank register (DBR) 034C16 |Dead time timer(DTT)

Timer B2 interrupt occurrence frequency set
counter(ICTB2)

034A16 | Thrree-phase output buffer register 0(IDBO) 03FF16 |Port control register (PCR)

034916 |Three-phase PWM control register 1(INVC1) [ 034D1ie
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. .. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Pin Description

Pin Description

Pin name Signal name I/O Function

vce, Vss Power supply Supply 2.2V to 3.6 V (mask ROM version), 2.4V to 3.6 V (flash memory

input version) to the Vcc pin. Supply 0 V to the Vss pin.

CNVss CNVss | This pin switches between processor modes. Connect it to the
Vss pin.

(BYTE) External data | This pin is connected to CNVss in microcomputer. Connect this pin to
bus width Vss.
select input
RESET Reset input I An “L” on this input resets the microcomputer.
XIN Clock input | These pins are provided for the main clock generating circuit. Connect
X Clock outout o a ceramic resonator or crystal between the XIiN and the XouT pins. To
out ock outpu use an externally derived clock, input it to the XIN pin and leave the
XOuT pin open.

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

supply input pin to Vcc.

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

supply input pin to Vss.

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

voltage input

POo to PO7 I/ port PO o This is an 8-bit CMOS 1/O port. It has an input/output port direction
register that allows the user to set each pin for input or output
individually. When set for input, the user can specify in units of four
bits via software whether or not they are tied to a pull-up resistor.

PO also function as A-D converter extended input pins as selected by
software.

P20 to P27 1/0 port P2 I/O | This is an 8-bit I/O port equivalent to PO.

P30 to P37 1/0 port P3 I/O | This is an 8-bit I/O port equivalent to PO.

P40 to P43 1/0 port P4 I/O | This is a 4-bit I/O port equivalent to PO.

P50 to P57 I/0 port P5 /O | Thisis an 8-bit I/O port equivalent to PO. In single-chip mode, P57 in
this port outputs a divide-by-8 or divide-by-32 clock of XIN or a clock of
the same frequency as XCIN as selected by software.

P60 to P67 I/O port P6 I/O | This is an 8-bit I/O port equivalent to PO. Pins in this port also function
as UARTO and UART1 I/O pins as selected by software.

P70, P71, I/O port P7 /O This is a 4-bit I/O port equivalent to PO (P70 and P71 are N channel

P76, P77 open-drain output). Pins in this port also function as timer Ao—A3,
timer B5 or UART2 I/O pins as selected by software.

P8o to P84, I/0 port P8 /O P8o to P84, P86, and P87 are I/O ports with the same functions as PO.
Using software, they can be made to function as the I/O pins for timer
A4 and the input pins for external interrupts.

P86,P87, I/0 P86 and P87 can be set using software to function as the I/O pins for a
sub clock generation circuit. In this case, connect a quartz oscillator
between P86 (XcouT pin) and P87 (XCIN pin).

P8s I/O port P85 | P8s is an input-only port that also functions for NMI. The NMI interrupt
is generated when the input at this pin changes from “H” to “L". The
NMI function cannot be cancelled using software. The pull-up cannot be
set for this pin.
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Pin Description

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin name Signal name 1/0 Function
P90, I/0 port P9 I/O | Thisis an 7-bit I/O port equivalent to PO. Pins in this port also function
P92 to P97 as Sl/03, 4 1/0 pins, Timer BO-B4 input pins, D-A converter output
pins, A-D converter extended input pins, or A-D trigger input pins as
selected by software.
P100 to P107 | 1/O port P10 110 This is an 8-bit 1/0 port equivalent to PO. Pins in this port also function

as A-D converter input pins. Furthermore, P104-P107 also function as
input pins for the key input interrupt function.

Note: Memory expansion mode and microprocessor mode are not be supported.
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
Memory SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Operation of Functional Blocks
The M16C/62N (80-pin version) 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 /0, D-A converter, DMAC, CRC
calculation circuit, A-D converter, and I/O ports.
The following explains each unit.

Memory
Figure 1.4.1 is a memory map of the M16C/62N (80-pin version) group. The address space extends the 1M
bytes from address 0000016 to FFFFF16. From FFFFF16 down is ROM. For example, in the M30621MCN-
XXXGP, there is 128K bytes of internal ROM from E000016 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 M30621MCN-XXXGP, 10K bytes of internal RAM is mapped
to the space from 0040016 to 02BFF16. In addition to storing data, the RAM also stores the stack used when
calling subroutines and when interrupts are generated.
The SFR area is mapped to 0000016 to 003FF16. This area accommodates the control registers for periph-
eral devices such as I/O ports, A-D converter, serial I/O, and timers, etc. Figures 1.7.1 to 1.7.3 are location
of peripheral unit control registers. Any part of the SFR area that is not occupied is reserved and cannot be
used for other purposes.
The special page vector table is mapped to FFEO0O16 to FFFDB16. If the starting addresses of subroutines
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions
can be used as 2-byte instructions, reducing the number of program steps.

0000016
SFR area
For details, see Figures
171t01.7.3
FFEOQO16
0040016 ;
II
Internal RAM area K
RAM size | Address XXXXX16 i
10K bytes 02BFF16 XXXXX16 ’, SpeCIaI page
y ) vector table
20K bytes 053FF16 I'
1
1
1
Reserved K FFFDC16 £ {jndefined instruction 3
area ) E Overflow 3
ROM size | Address YYYYY1e I’ E BRK instruction f
i E Address match 3
128K bytes E000016 ! 3 Single step E
256K bytes C000016 / E Watchdog ti E
YYYYY16 ) E al Cﬂ imer 3
Internal ROM area |/ £ DBC E
E NMI E
FFFFF6 | | FFFFF16 E Reset E
Note : These memory maps show an instance in which PM13 is set to O; but in the
case of products in which the internal RAM and the internal ROM are expanded
to over 15 Kbytes and 192 Kbytes, respectively, they show an instance in which
PM13is setto 1.

Figure 1.4.1. Memory map
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CPU

Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Figure 1.5.1. Seven of these registers (RO, R1, R2, R3, A0,
Al, and FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 b0
RONote) | H | L |-|
II I | I |
b15 b8 b7 b0 b19 b0
R1(Note) | m | L PC | | Program counter
II I | I | I N o v |
Data
registers
b15 b0 b19 b0
R2(Note) | |-| INTB| H | L | Interrupt table
II T Y I A 1 11 I Y I v | register
b15 b0 b15 b0
R3(Note) | |-| Usp| | User stack pointer
N O O O A B | I I A I B N A |
b15 b0 b15 b0
AQ(Note) | ISP | | Interrupt stack
ALl L1111l pointer
Address
b5 b0 registers bi5 bo .
A1 (Note) | SB | | Static base
|||||||||||||||n L1111l register
b15 bo b15 b0
FB(Note) Frame base FLG Flag register
||I I Y I I O O N | |-| registers .- | N I !
,—” 1
’,’ 1
- 1
| IPL ] |[u] 1]o]B]s]z]Dp]c]
[ L1
Note: These registers consist of two register banks.

Figure 1.5.1. Central processing unit register

(1) Data registers (RO, 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 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H),
and low-order bits as (ROL/R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can
use as 32-bit data registers (R2R0/R3R1).

(2) Address registers (A0 and Al)

Address registers (A0 and Al) are configured with 16 bits, and have functions equivalent to those of data
registers. These registers can also be used for address register indirect addressing and address register
relative addressing.

In some instructions, registers A1l and AO can be combined for use as a 32-bit address register (A1A0).

RENESAS 11
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
CPU 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 1.5.2 shows the flag
register (FLG). The following explains the function of each flag:
* Bit 0: Carry flag (C flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
* 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.
* Bit 2: Zero flag (Z flag)
This flag is set to “1” when an arithmetic operation resulted in 0; 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”.
« Bit 5: Overflow flag (O flag)
This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0".
« 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.

12 RENESAS
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CPU

« 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. O to 31 is executed.

* Bits 8 to 11: Reserved area

* 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 O 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

IIPLI | C|Yf']9o]B]|s|Z[Dp|cC 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 1.5.2. Flag register (FLG)

RENESAS 13

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Reset

Reset
There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See “Software Reset” for details of software resets.) This section explains on hardware resets.
When the supply voltage is in the range where operation is guaranteed, a reset is effected by holding the
reset pin level “L” (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to the “H”
level while main clock is stable, the reset status is cancelled and program execution resumes from the
address in the reset vector table.
The RAM is undefined at power on. The initial values must therfore be set. When a reset signal is applied
while the CPU is writing a value to the RAM, the value may be set as unknown due to the termination of the
CPU access.
Figure 1.6.1 shows the example reset circuit. Figure 1.6.2 shows the reset sequence.

3V -~
i 2.4v
Vee :
ov
RESET vee 3V
VYV RESET
| S —

; ov

—» <4— More than 20 cycles of XN are needed.

Example when Vcc = 3V.

Figure 1.6.1. Example reset circuit

w [
~ ™ More than 20 cycles are needed

Single chip
mode

RESET
BCLK 28cycles
T —— e

BOLK oo \ o

FFFFC16 Content of reset vector

A R
Address [ FrrFEls ) [

Figure 1.6.2. Reset sequence
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset
|

Table 1.6.1 shows the statuses of the other pins while the RESET pin level is “L”. Figures 1.6.3 and 1.6.4
show the internal status of the microcomputer immediately after the reset is cancelled.

Table 1.6.1. Pin status when RESET pin level is “L”

) Status
Pin name
CNVss =Vss
PO, P2, P3, P40 to P43, P5, P6,
P70, P71, P76, P77, P80 to P84, Input port (floating)
P8s, P87, P90, P92 to P97, P10

RENESAS
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Reset

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) Processor mode register O
(2) Processor mode register 1
(3) System clock control register 0
(4) System clock control register 1

(©) Chip select control register

(6) Address match interrupt enable
register

(7) Protect register

=

(8) Data bank register
(9) Watchdog timer control register

(10) Address match interrupt register 0

(11) Address match interrupt register 1

(12) DMAO control register

(13)DMAL1 control register

(14) INT3 interrupt control register
(15) Timer B5 interrupt control register
(16) Timer B4 interrupt control register
(17) Timer B3 interrupt control register
(18) S1/O4 interrupt control register

(19) SI/03 interrupt control register

(ZO)B“S collision detection interrupt
control register

(21) DMAO interrupt control register
(22) DMA1 interrupt control register
(23) Key input interrupt control register

(24) A-D conversion interrupt control
register

(25) UART2 transmit interrupt control
register

(26) UART2 receive interrupt control
register

(27) YARTO transmit interrupt control
register

x : Nothing is mapped to this bit
? : Undefined

The content of other registers are undefined when the microcomputer is reset. The initial values must therefore be set.
The RAM is undefined at power on. The initial values must therefore be set. When a reset signal is applied while the CPU is writing a value to the RAM,

(000416)---

(000516)
(000616)
(000716)

(000816)
(000916)

(000A16)--
(000B16)--
(O00F16)--
(001016)--
(001116)---
(001216)--
(001416)---

(001516)-

(001616)
(002C1s)
(003C1s)
(004416)
(004516)
(004616)
(004716)
(004816)
(004916)
(004A16)

(004B16)

(004Cz1s6)---
(004D16)---

(004E16)--

(004F16)

(005016)--

(005116)

] (2 A 7 ] el el B T :A a'rmaaa
= B
B
ol [o] [ [=] [l o] [o] [5] [=] [ [&] [= [=] [=] [o] [&] [o] B Sl B e E e

0016
[0[of o[ of o]
[1[0[o]2[o]0]
[0[1[o]o[o]0]

[o[ofo[o[o[ 0]
LDPDDIo]

L PDPI]o]o]

0016
[ofo[2[2[?][>

0016

0016
DD 0fo]o]

0016

0016
PP oo]o]
[0]o]o]o[2[0]
[0]o]o]o[?[0]
LJ]o]o[>[o]o]
DDA ] o] o]
DD 2]o]o]
DDA 2[o]o]
{Jofo]>[0[0]
LL0fo[2[o]o]
BRI
BN R
L DDA >[o]o]
PP 2]o]o]
LD 2]o]o]
R ENE
B EONE
R ENEEN

(28) UARTO receive interrupt control
register

(29) UART1 transmit interrupt control register

(30) UARTL receive interrupt control register

(31) Timer AO interrupt control register
(32) Timer A1l interrupt control register
(33) Timer A2 interrupt control register
(34) Timer A3 interrupt control register
(35) Timer A4 interrupt control register
(36) Timer BO interrupt control register
(37) Timer B1 interrupt control register
(38) Timer B2 interrupt control register
(39) INTO interrupt control register
(40)INT1 interrupt control register

(41) INT2 interrupt control register

(42) Timer B3,4,5 count start flag

(43) Three-phase PWM control register 0
(44) Three-phase PWM control register 1
(45) Three-phase output buffer register 0
(46) Three-phase output buffer register 1
(47) Timer B3 mode register

(48) Timer B4 mode register

(49) Timer B5 mode register
(50)Interrupt cause select register

(51) SI/03 control register

(52)S1/04 control register

(53) UART2 special mode register 3

(54) UART2 special mode register 2

(55) UART2 special mode register

(56) UART2 transmit/receive mode register
(57)UART?2 transmit/receive control register O

(58)UART?2 transmit/receive control register 1

the value may be set as unknown due to the termination of the CPU access.

(005216)-

(005316)-
(005416)--
(005516)--
(005616)--
(005716)---
(005816)-
(005916)--
(005A16)--
(005B16)---
(005C16)-4
(005D16)-+
(O05E16)-+
(O05F16)--
(034016)---
(034816)-
(034916)--
(034A16)---
(034Bz16)-+
(035B16)---
(035Ca16)+
(035D16)--
(035F16)--
(036216)-
(036616)---
(037516)-+
(037616)--
(037716) -
(037816)--
(037Ca16)-+

(037D16)--

SR ENE

EENERE
EENERD
EENEED
BRI
LD 2[00
EEENEON
B ENEEN
B ENEEN
EENEON
EENENE
L{ofo]2[o[o]
LLo]o]>[o]o]
Lo]o]>[o]o]

[0 o D]
0016

o] [o] [e] [e] [=]

B
o] [=] [o] [=] [o] [o] [o] [2]

0016

0016

0016
[0]?[2[ 0] o]o]
[o[?[-] o[ o]o]
[o[?[-] o[ o]o0]

0016
4016

4016

0016

8016

0016

[0]o]o[ 1]o]o]
[0]oo[ ofo]1]

o
o
5
(o] o] [=] []

Figure 1.6.3. Device's internal status after areset is cleared
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Reset

(59) Count start flag (038016)--- (85) A-D control register 1 (03D716)---
(60)Clock prescaler reset flag (038116)--- (86) D-A control register (03DC16)---
(61)One-shot start flag (038216)--[ 0] 0] 0] 0] 0] 0] 0] (87) Port PO direction register (03E216)---
(62)Trigger select flag (038316)--- (88) Port P1 direction register (03E316)---
(63) Up-down flag (038416)--- (89) Port P2 direction register (03E616)---
(64) Timer A0 mode register (039616)--- (90) Port P3 direction register (03E716)---
(65) Timer A1 mode register (039716)--- (91) Port P4 direction register (03EA16)~--
(66) Timer A2 mode register (039816)--- (92) Port P5 direction register (03EBIG)---
(67) Timer A3 mode register (039916)-[ 0016 |  (93) PortP6 direction register (O3EE1e)-[ 001 |
(68) Timer A4 mode register (039A16)--- (94) Port P7 direction register (03EF16)---
(69) Timer BO mode register (039B15)--- (95) Port P8 direction register (03F21e)---
(70) Timer B1 mode register (039C16)--- (96) Port P9 direction register (03F316)---
(71) Timer B2 mode register (039D16)--- (97) Port P10 direction register (03F616)---
(72) UARTO transmit/receive mode register (03A016)--- (98) Pull-up control register 0 (03FC16)---
(73)UARTO transmit/receive control register 0 (03A415)--- (99)  Pull-up control register 1 (03FD16)---
(74) UARTO transmit/receive control register 1 (O3A51e)--- (100) Pull-up control register 2 (03FE16)---
(75) UART1 transmit/receive mode register (O3A81e)--- (101) port control register (03FF16)---
(76) UART1 transmit/receive control register 0 (03AC16)--- (102) Data registers (RO/R1/R2/R3)
(77)UARTL1 transmit/receive control register 1 (03AD1e)--- (103) Address registers (AO/AL)
(78)UART transmit/receive control register 2 (038016)--- (104) Frame base register (FB)
(79)Flash identification register (Note) (038416)--- (105) Interrupt table register (INTB)
(80) Flash memory control register 0 (Note) (038716)--- (106) User stack pointer (USP)
(81)DMAO cause select register (03B815)--- (107) Interrupt stack pointer (ISP)
(82) DMAL1 cause select register (O3BA16)--- (108) Static base register (SB)
(83) A-D control register 2 (03D416)--- (109) Flag register (FLG)
(84)A-D control register 0 (03D616)--[ 0] 0[0] 0] 0] 2] 2] ?]

x : Nothing is mapped to this bit

? : Undefined

The content of other registers are undefined when the microcomputer is reset. The initial values must therefore be set.

The RAM is undefined at power on. The initial values must therefore be set. When a reset signal is applied while the CPU is writing a value to the RAM,

the value may be set as unknown due to the termination of the CPU access.

Note: This register is only exist in flash memory version.

Figure 1.6.4. Device's internal status after areset is cleared
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

000016 004016
000116 004116
000216 004216
000316 004316
000416 | Processor mode register 0 (PMO) 004416 | INT3 interrupt control register (INT3IC)*
000516 | Processor mode register 1(PM1) 004516 | Timer B5 interrupt control register (TB5IC)
000616 | System clock control register 0 (CMO0) 004616 | Timer B4 interrupt control register (TB4IC)
000716 | System clock control register 1 (CM1) 004716 | _Timer B3 interrupt control register (TB3IC)
000816 | Chip select control register (CSR) 004816 | SI/O4 interrupt control register (S4IC)
000916 | Address match interrupt enable register (AIER) INT5 interrupt control register (INT5IC)*
000A1s | Protect register (PRCR) 004916 | SI/O3 interrupt control register (S3IC)
000B1s | Data bank register (DBR) INT4 interrupt control register (INT4IC)*
000C16 004A16 | Bus collision detection interrupt control register (BCNIC)
000D16 004B1s | DMAO interrupt control register (DMOIC)
000E1s | Watchdog timer start register (WDTS) oo4cis | DMAL interrupt control register (DM1IC)
oooFis | Watchdog timer control register (WDC) 004D1s | Key input interrupt control register (KUPIC)
001016 004t | A-D conversion interrupt control register (ADIC)
001116 | Address match interrupt register 0 (RMADO) 004F1s | UART2 transmit interrupt control register (S2TIC)
001216 005016 | UART2 receive interrupt control register (S2RIC)
001316 005116 | UARTO transmit interrupt control register (SOTIC)
001416 005216 | UARTO receive interrupt control register (SORIC)
001516 | Address match interrupt register 1 (RMAD1) 005316 | UARTL1 transmit interrupt control register (S1TIC)
001616 005416 | UARTL receive interrupt control register (S1RIC)
001716 005516 | Timer AO interrupt control register (TAOIC)
001816 005616 | Timer Al interrupt control register (TALIC)
001916 005716 | Timer A2 interrupt control register (TA2IC)
001A16 0os816 | Timer A3 interrupt control register (TA3IC)
001B16 005916 | Timer A4 interrupt control register (TA4IC)
001C16 00sAs | Timer BO interrupt control register (TBOIC)
001D16 oosB1s | Timer B1 interrupt control register (TB1IC)
001E16 00scis | Timer B2 interrupt control register (TB2IC)
001F16 00sD1s | INTO interrupt control register (INTOIC)
002016 oosEss | INTL interrupt control register (INT1IC)
002116 | DMAO source pointer (SARO) 00sF1s | INTZ2 interrupt control register (INT2IC)
002216 006016
002316 006116
002416 006216
002516 | DMAO destination pointer (DARO) 006316
002616 006416
002716 006516
002815 | HIMAO transfer counter (TCRO)
002916 A A
002A16 -~ ’\’
002B16
002c1s | DMADO control register (DMOCON) 032A16
002D16 032B16
002E16 032C16
002F16 032D16
003016 032E16
003116 | DMAL source pointer (SAR1) 032F16
003216 033016
003316 033116
003416 033216
003516 | DMA1 destination pointer (DAR1) 033316
003616 033416
003716 033516
003816 033616
o0ozgs | PMAL transfer counter (TCR1) 033716
003A16 033816
003B16 033916
003cis | DMAL control register (DM1CON) 033A16
003D16 033B16
003E16 033C16
003F16 033D16

033E16

033F16

Note 1: M16C/62N (80-pin version) group is not provided with the functions, in whole or in part, of the registers marked with an *. But the relevant
registers need to be dealt with as given on page 7.
Note 2: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write.

Figure 1.7.1. Location of peripheral unit control registers (1)
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

034016 | Timer B3, 4, 5 count start flag (TBSR) 03801 | Count start flag (TABSR)
034116 038116 | Clock prescaler reset flag (CPSRF)
034216 ) ) 038216 | One-shot start flag (ONSF)
034316 | 1imer Al-1 register (TA11) 038316 | Trigger select register (TRGSR)
034416 . . 038416 | Up-down flag (UDF)
034516 Timer A2-1 register (TA21) 038516
034616 ) ) 038616 . .
034715 | TIMer Ad-1 register (TA41) vasne | TIMer AO register (TAO)
034816 | Three-phase PWM control register O(INVCO0)* 038816 . .
034916 | Three-phase PWM control register 1(INVC1) 03geis | 1IMer Al register (TAL)
034A1s | Thrree-phase output buffer register O(IDBO) 038A16 ) .
034B1s | Thrree-phase output buffer register 1(IDB1) 038B16 Timer A2 register (TA2)
034cis | Dead time timer(DTT) 038C16 ) .
034D16 | Timer B2 interrupt occurrence frequency set counter(ICTB2) 038D16 Timer A3 register (TA3)
034E16 038E16 ) .
034F16 038F16 Timer A4 register (TA4)
035016 . . 039016 . .
035156 | TiMer B3 register (TB3) 030156 | Timer BO register (TBO)
035216 . . 039216 . .
o353, | TiMer B4 register (TB4) 0393, | 1imer Bl register (TB1)
035416 . . 039416 ) .
035616 Timer B5 register (TB5) 039516 Timer B2 register (TB2)
035616 039616 | Timer A0 mode register (TAOMR)
035716 039716 | Timer A1 mode register (TAIMR)
035816 039816 | Timer A2 mode register (TA2MR)
035916 039916 | Timer A3 mode register (TA3MR)
035A16 039A16 | Timer A4 mode register (TAAMR)
035B1s | Timer B3 mode register (TB3MR) 039816 | Timer BO mode register (TBOMR)
035C16 | Timer B4 mode register (TB4MR) 039C1s | Timer B1 mode register (TBIMR)
035D16 | Timer B5 mode register (TB5SMR) 039D1s | Timer B2 mode register (TB2MR)
035E16 039E16
03sF16 | Interrupt cause select register (IFSR) 039F16
036016 | SI/O3 transmit/receive register (S3TRR) 03A016 | UARTO transmit/receive mode register (UOMR)
036116 03A116 | UARTO bit rate generator (UOBRG)
036216 | SI/O3 control register (S3C) 03A216 . )
036316 | SI/O3 bit rate generator (S3BRG) 03A316 UARTO transmit buffer register (UOTB)
036416 | SI/O4 transmit/receive register (S4TRR) 03A416 | UARTO transmit/receive control register 0 (UOCO)
036516 03A516 | UARTO transmit/receive control register 1 (U0C1)
036616 | Sl/O4 control register (S4C) 03A616 ] ]
036716 | SI/O4 bit rate generator (S4BRG) o0sa7s | UARTO receive buffer register (UORB)
036816 03A816 | UARTI transmit/receive mode register (U1IMR)
036916 03A%16 | UART1 bit rate generator (U1BRG)
036A16 03AA16 . .
036815 o0anpis| UARTL transmit buffer register (U1TB)
036C16 03AC1s | UART1 transmit/receive control register 0 (U1CO)
036D16 03AD1s | UARTL1 transmit/receive control register 1 (U1C1)
036E16 03AE16 . .
036F16 03AF1s UART1 receive buffer register (U1RB)
037016 03B016 | UART transmit/receive control register 2 (UCON)
037116 03B116
037216 03B216
037316 03B316
037416 03B416 | Flash identification register (FIDR) (Note1)
037516 | UART2 special mode register 3 (U2SMR3) 03B516
037616 | UART2 special mode register 2 (U2SMR2) 03B616
037716 | UART2 special mode register (U2SMR) 03B716 | Flash memory control register 0 (FMRO) (Note1)
037816 | UART2 transmit/receive mode register (U2MR) 038816 | DMAQ request cause select register (DMOSL)
037916 | UART2 bit rate generator (U2BRG) 03B916
037A16 ] ) 03BA1s | DMAI request cause select register (DM1SL)
UART2 transmit buffer register (U2TB)
037B16 03BB16
037cis | UART2 transmit/receive control register 0 (U2C0)* 03BC16 .
037D1s | UART2 transmit/receive control register 1 (U2C1) 03BD16 CRC data register (CRCD)
037E16 . ] 03BEws | CRC input register (CRCIN)
UART2 receive buffer register (U2RB)
037F16 03BF16
Note 1 : This register is only exist in flash memory version.
Note 2 : Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for read or write.
Note 3 : M16C/62N (80-pin version) group is not provided with the functions, in whole or in part, of the registers marked with an *.
But the relevant registers need to be dealt with as given on page 7.

Figure 1.7.2. Location of peripheral unit control registers (2)
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03CO016
03C1l16
03C216
03C316
03C416
03C516
03C616
03C716
03C816
03C916
03CA16
03CB16
03CC1s
03CD16
03CEz16
03CF16
03D016
03D116
03D216
03D316
03D416 | A-D control reqgister 2 (ADCONZ2)
03D516
03p61s | A-D control register 0 (ADCONO)
030716 | A-D control register 1 (ADCON1)
03D816 | D-A register 0 (DAOQ)

03D916
03DA1s | D-A register 1 (DA1)
03DB16
03DC16| D-A control register (DACON)
03DD16
03DE1s
03DF16
03E016 | Port PO register (P0)

03Eli6 | Port P1 register (P1) *
03e216 | Port PO direction register (PDO)

03E316 | Port P1 direction register (PD1) *
03E416 | Port P2 register (P2)

03e516 | _Port P3 register (P3)

03616 | Port P2 direction register (PD2)

03716 | Port P3 direction register (PD3)

A-D register 0 (ADO)

A-D register 1 (AD1)

A-D register 2 (AD2)

A-D register 3 (AD3)

A-D register 4 (AD4)

A-D register 5 (AD5)

A-D register 6 (AD6)

A-D register 7 (AD7)

03E816 | Port P4 register (P4) *
03E916 | Port P5 register (P5)
03EA1s | Port P4 direction register (PD4) *

03EB1s | Port P5 direction register (PD5)
03EC1s| Port P6 register (P6)

03ED1s | Port P7 register (P7) *
03EE1s | Port P6 direction register (PD6)

03EF16 | Port P7 direction register (PD7) *
03F016 | Port P8 register (P8)

03F1is | Port P9 register (P9) *
03r216 | Port P8 direction register (PD8)

03r316 | Port P9 direction register (PD9) *
03F416 | Port P10 register (P10)

03F516

03r616 | Port P10 direction register (PD10)
03F716

03F816

03F916

03FA16

03FB16

03FC1s | Pull-up control register 0 (PUROQ)
03FD1s | Pull-up control register 1 (PUR1)
03FEs | Pull-up control register 2 (PUR2)
03FF1s |_Port control register (PCR)

Note 1: M16C/62N (80-pin version) group is not provided with the functions, in whole or in part, of the registers
marked with an *. But the relevant registers need to be dealt with as given on page 7.

Note 2: Locations in the SFR area where nothing is allocated are reserved areas. Do not access these areas for
read or write.

Figure 1.7.3. Location of peripheral unit control registers (3)
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M16C / 62N Group (80-pin)

Software Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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 almost the same effect as a hardware reset. The contents of internal
RAM are preserved.

Processor Mode
Single-chip mode
M16C/62N (80-pin version) group support single-chip mode only.
In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be ac-
cessed. Ports PO to P10 can be used as programmable I/O ports or as 1/O ports for the internal peripheral
functions.
Figure 1.8.1 shows the processor mode registers 0 and 1.
Figure 1.8.2 shows the memory map.
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Processor mode register 0 (Note)

[P is set to “1”. The value of this bit [O'O
is “0” when read.

b7 b6 b5 b4 b3 b2 bl bO g?\l/an]bOI %%%TSS Whgg reset
16 16

Lofofofof fof | ]
4 4 4+ 1 4 4 1| Bitsymbol Bit name Function RIW
A R R T A Processor mode bit bLb0 ‘
e PMO0 0 0: Single-chip mode O o
e 0 1: Must not be set ;
A PMO1 1 0: Must not be set 0.0
1 1: Must not be set
________ Reserved bit Must always be set to “0” 00

Reserved bit Must always be set to “0” 00

PMO3 Software reset bit The device is reset when this bit

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 b5 b4 b3 b2 bl b0 Symbol Address When reset
PM1 000516 000000X02
[ Lofolo] | o]
. [ Bitsymbol | Bit name Function RIW
i =] Reserved bit Must always be set to “0” 0!0

Nothing is assigned.
In an attempt to write to this bit, write “0”. The value, if read, turns out [— —
to be indeterminate. ;

[ PM12 Watchdog timer function | O : Interrupt o o
select bit 1: Reset (Note 3) (Note 3)
kbbb PM13 Internal reserved area 0: The internal RAM area is 15 kbytes

; ; f or less and the internal ROM area :
: expansion bit (Note 2) is 192 kbytes or less 1
! 1: Expands the internal RAM area 00
! and internal ROM area to over |
! 15 kbytes and to over 192 kbytes !

respectively. (Note 2)

A Reserved bit Must always be set to “0” 0'0

ToTTTrmemmmmemesesees PM17 Wait bit 0 No wait state 0o
1: Wait state inserted |

Note 1: Set bit 1 of the protect register (address 000Az16) to “1” when writing new values
to this register.

Note 2: When the reset is revoked, this bit is set to “0”. To expand the internal area,
set this bit to “1” in user program. And the top of user program must be allocated
to D000016 or subsequent address.

Note 3: This bit can only be set to “1".

Figure 1.8.1. Processor mode registers 0 and 1

22 RENESAS

RenesasTechnology Corp.



Processor Mode

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
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Single-chip mode

0000016
0040016
XXXXX16
RAM size Address XXXXXz16 ROM size | Address YYYYY16
10K bytes 02BFF16 128K bytes E000016
20K bytes 053FF16 256K bytes C000016
YYYYY16
FFFFF16

SFR area

Internal
RAM area

Reserved
area

Internal
ROM area

Note : These memory maps show an instance in which PM13 is set to 0; but in the case of products
in which the internal RAM and the internal ROM are expanded to over 15 Kbytes and 192 Kbytes,
respectively, they show an instance in which PM13 is set to 1.

Figure 1.8.2. Memory map

Internal Reserved Area Expansion Bit (PM13)
This bit expands the internal RAM area and the internal ROM area, and changes the chip select area. In
M30625MGN, for example, to set this bit to “1” expands the internal RAM area and the internal ROM area
to 20 Kbytes and 256 Kbytes respectively. When the reset is revoked, this bit is set to “0”. To expand the
internal area, set this bit to “1” in user program. And the top of user program must be allocated to DO00016
or subsequent address.
In the case of the product in which the internal ROM is 192 Kbytes or less and the internal RAM is 15
Kbytes or less, set this bit to “0”. The internal area is not expanded and any action is not affected, even if
this bit is set to “1".
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Software Wait SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Software wait

A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address
000516) (Note).
A software wait is inserted in the internal ROM/RAM area by setting the wait bit of the 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”. Set this bit
after referring to the recommended operating conditions (main clock input oscillation frequency) of the
electric characteristics.
The SFR area is always accessed in two BCLK cycles regardless of the setting of this control bit.
Table 1.8.1 shows the software wait and bus cycles. Figure 1.8.3 shows example bus timing when using
software waits.

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 1.8.1. Software waits and bus cycles

Area Wait bit Bus cycle
SFR Invalid 2 BCLK cycles
Internal 0 1 BCLK cycle
ROM/RAM
1 2 BCLK cycles
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Software Wait SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

< No wait > Bus cycle (Notel)
|—1
BCLK
Write signal
Read signal
Data bus {Output) { Input>
Address bus (Note2) X ><Address>< XAddressx ><
Chip select (Note2)
< With wait > Bus cycle (Notel)
l—————— P
BCLK
Write signal
Read signal |
Data bus \ Output } Input
Address bus (Note2) >< Address X X Address ><
Chip select (Note2) |
Note 1 : These example timing charts indicate bus cycle length.
After this bus cycle sometimes come read and write cycles in succession.
Note 2 : The address bus and chip select may be extended depending on the CPU status
such as that of the instruction queue buffer.
Note 3 : This figure shows microcomputer internal state.

Figure 1.8.3. Typical bus timings using software wait
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M16C / 62N Group (80-pin)

Clock Generating Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock Generating Circuit
The clock generating circuit contains two oscillator circuits that supply the operating clock sources to the
CPU and internal peripheral units.

Table 1.9.1. Main clock and sub clock generating circuits
Main clock generating circuit

Sub clock generating circuit

Use of clock » CPU’s operating clock source » CPU’s operating clock source
* Internal peripheral units’ » Timer A/B’s count clock
operating clock source source
Usable oscillator Ceramic or crystal oscillator Crystal oscillator
Pins to connect oscillator XIN, XouT XCIN, XcouT
Oscillation stop/restart function Available Available
Oscillator status immediately after reset | Oscillating Stopped

Other

Externally derived clock can be input

Example of oscillator circuit

Figure 1.9.1 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 1.9.2 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 1.9.1 and 1.9.2 vary with each oscillator used. Use the
values recommended by the manufacturer of your oscillator.

Microcomputer
(Built-in feedback resistor)

Microcomputer
(Built-in feedback resistor)

XIN

Xout

XIN

Xout

T Open
Rd

(Note)
Externally derived clock

e -
Vss

t+—ll

Tow T cour

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 XN
and Xour following the instruction.

Figure 1.9.1. Examples of main clock

Microcomputer
(Built-in feedback resistor)

Microcomputer
(Built-in feedback resistor)

XcIN Xcout XCIN Xcout
Open
(Note)
Rcd
] |:| Externally derived clock
— 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 Xcin
and Xcour following the instruction.

Figure 1.9.2. Examples of sub clock
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Clock Control

Figure 1.9.3 shows the block diagram of the clock generating circuit.

CM10 “1”
Write signal

RESET
Software reset
NMI

Interrupt request

level judgment
output

WAIT instruction

XCIN XcouTt

Sub clock

Main clock
CcMO5 CMO02

fca2

cMo4
fAD
"DE 1 D—fsy fesioz

D f1
.—D_ fisi02

lr—D—
4{>_ f32s102
D 32

b|c
Divider

BCLK

_________________________________

ey [ e [ [

C
" p

CM06=0
CM17,CM16=01

CMO06=0
CM17,CM16=11

CM06=1

L— 0O

) ~~o——d

.

CMO06=0
CM17,CM16=10

CM06=0
CM17,CM16=00

CMOi : Bit i at address 000616
CM1i : Biti at address 000716
WDCi : Bit i at address 000F16

Details of divider

Figure 1.9.3. Clock generating circuit
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Clock Generating Circuit 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(fi, fs, f32, f1s102, f8s102,f32s102,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.

(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.
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Clock Generating Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Figure 1.9.4 shows the system clock control registers 0 and 1.

System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address  When reset
|||||| CcMo 000616 4816
Pt i [Bitsymbol Bit name Function RIW
1 ' ] 1 ' ' ' ' . b1 b0 H
P mp CMoo ) Clock output function 00: /O port P57 o0
oo b f\‘jaﬁlf; Ogly in single-chip | O L - fc output ‘
[ R R R CMO1 A 10 : fs output !
mode) 11 : fs2 output 0.0
A CMO2 | WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode | !
oo e clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8) Oio
E ' ' ' ' XcIN-XcourT drive capacity | 0 : LOW ‘
Do ey CMO3 | select bit (Note 2) 1:HIGH 00
o Port Xc select bit 0: /O port !
E , , Tttt CMo4 (Note 10) 1 : XcIN-XcouT generation (Note 9) O}O
E , _________________ CMO05 Main clock (XIN-XouT) 0:0n OEO
. stop bit (Note 3, 4, 5) 1: Off !
E ] CMO6 Main clock division select | 0 : CM16 and CM17 valid OEO
[ bit 0 (Note 7) 1 : Division by 8 mode
E CMO7 System clock select bit 0 : XIN, XouT OEO
"""""""""""" (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 the port Xc select bit (CM04) is set to “0”, shiffing 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
(CMO06) and the XIN-XouT drive capacity select bit (CM15) change to “1” when this bit is set to “1”.

Note 4: When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable.

Note 5: If this bit is set to “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 (CMO05) 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: fc32 is not included. Do not set to “1” when using low-speed or low power dissipation mode.

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

Note10: The XcIN-XcouT drive capacity select bit changes to “1” when this bit is set to “0”.

System clock control register 1 (Note 1)

DT b0 b5 pe b3 b2 DL DO Symbol Address When reset
|.|.|,|f’|?|‘?|?|.| cMm1 000716 2016
Bit symbol Bit name Function RIW
A cM10 | Al clock stop control bit | 0 : Clock on OEO
e (Note4) 1 : All clocks off (stop mode) |
Do ey Reserved bit Must always be set to “0” 00
T bbbt Reserved bit Must always be set to “0” 00
i Reserved bit Must always be set to “0” 00
Pl e Reserved bit Must always be set to “0” 00
XIN-XouT drive capacity 0:LOW !
Pty CM15 select bit (Note 2) 1:HIGH O;O
- . . b7 b6 ]
D] CM16 | Main clock division 0 0 : No division mode
: select bit 1 (Note 3) 01 : Division by 2 mode 0.0
] CM17 10 : Division by 4 mode ;
11 : Division by 16 mode |

Note 1: Set bit O 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 O (address 000616) is “0”. If “1", division mode is fixed at 8.

Note 4: If this bit is set to “1”, XouT turns “H”, and the built-in feedback resistor is cut off. XcIN and XcouT turn high-impedance state.

Figure 1.9.4. Clock control registers 0O and 1
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Clock Output
In single-chip mode, the clock output function select bits (bits 0 and 1 at address 000616) enable fs, f32, or
fc to be output from the P57/CLKouT pin. When the WAIT peripheral function clock stop bit (bit 2 at address
0006186) is set to “1”, the output of fg and f32 stops when a WAIT instruction is executed.

Stop Mode
Writing “1” to the all-clock stop control bit (bit O 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 VVcc re-
mains above 2V.
Because the oscillation , BCLK, f1 to f32, fisi02 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), SI/03,4
functions provided an external clock is selected. Table 1.9.2 shows the status of the ports in stop mode.
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 interrupt which is 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 interrupt to
0, then shift to stop mode.
The main clock division select bit 0 (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.

Table 1.9.2. Port status during stop mode

Pin Single-chip mode
Port Retains status before stop mode
CLKouTt When fc selected “H”
When f8, f32 selected Retains status before stop mode
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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 MCU
running in low-speed or low power dissipation mode, do not enter WAIT mode with this bit set to “1”. Table
1.9.3 shows the status of the ports in wait mode.

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 interrupt which is 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 hardware
reset or an NMI interrupt is used to cancel wait mode, change the priority level of all interrupt to 0,then shift
to wait mode.

Table 1.9.3. Port status during wait mode

Pin Single-chip mode
Port Retains status before wait mode
CLKourt When fc selected Does not stop
When f8, f32 selected | Does not stop when the WAIT peripheral function clock stop bit
is “0".
When the WAIT peripheral function clock stop bit is “1”, the sta-
tus immediately prior to entering wait mode is retained.
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Status Transition Of BCLK

32

Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table 1.9.4 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 O (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.

Note : 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. Allow a wait time in software for

the oscillation to stabilize before switching over the clock.
Table 1.9.4. Operating modes dictated by settings of system clock control registers 0 and 1

CM17 CM16 CMO07 CMO06 CMO05 CM04 Operating mode of BCLK
0 1 0 0 0 Invalid Division by 2 mode
1 0 0 0 0 Invalid Division by 4 mode
Invalid Invalid 0 1 0 Invalid Division by 8 mode
1 1 0 0 0 Invalid Division by 16 mode
0 0 0 0 0 Invalid No-division mode
Invalid Invalid 1 Invalid 0 1 Low-speed mode
Invalid Invalid 1 Invalid 1 1 Low power dissipation mode

CM1i : bit i of the address 000716
CMOi : bit i of the address 000616
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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 as-
signed clock.

* Low-speed mode
fc becomes the BCLK. The CPU operates according to the fc clock. The fc clock is supplied by the
sub-clock. 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 sub-clock. The only peripheral functions that operate are those
with the sub-clock selected as the count source.

(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.

Figure 1.9.5 is the state transition diagram of the above modes.
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Transition of stop mode, wait mode

CMO6 = *

All oscilla opped \ wWAIT CPU operation stopped
CM10="1" M. __L instruction .
—( Stopmode |¥——15 C M(fd.'grzsbpegd mgde ) — < Wait mode
CMO7 = 0" Interrupt (divided-by-8 mode) Interrupt
CMO06 =*1" +
CMO5 =*0” Pl
CM10 ="1" Interrupt
(Note) All oscillato opped v WAIT CPU operation stopped
— g High-speed/medium- —instruction _,, .
Stop mode  |<CM1O="1 C —— Wait mode
P speed mode Interrupt
Low power 4 Low-speed
dissipation | mode
mode
All oscillators stopped I v WAIT CPU operation stopped
CM10 ="1" instruction
= Low-speed/low power B e —_ :
Stop mode |—/—— C dissipation mode [ | Waitmode
Interrupt Interrupt

\__ Normalmode —

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

Note : To CMO, CM1 registers, do a si

Transition of normal mode

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

17

Main clock is oscillating cmo4 = “0

CM04 = 1"

1l

Sub clock is oscillating (Notes 1, 3)
( Medium-speed mode
High-speed mode (divided-by-2 mode)
BCLK : f(Xin) BCLK : f(Xin)/2 )
CMO7 ="0" CM06="0" | | CM07 ="0" CMo6 ="0 | Medium-speed mode
CM17=*0" CM16="0" ) { CM17="0" cM16="1" | (divided-by-8 mode)

Medium-speed mod
(divided-by-4 mode

BCLK : f(Xin)/8

e

)

Medium-speed mode
(divided-by-16 mode)

CMO07 =*0"
CMO06 ="1"

BCLK : f(Xin)/4
CMO7 =0 CM06 = *
CM17=*1" CM16 =*

BCLK : f(XiN)/16
CMO7 =“0" CMO06 = “0”
CM17 =“1" CM16="1"

0’
0’

\_
CMO04 ="0"] Main clock is oscillating | CM04 =1
Sub clock is stopped
( Medium-speed mode R
High-speed mode (divided-by-2 mode)
BCLK : f(Xin) BCLK : f(Xin)/2 cM™
CMO7 =“0" CM06=“0" | | CMO07 =“0" CMO06 = “0" M
CM17=“0" CM16="0" ) | CM17=“0" CM16 =*“1"
oMB =0 Medium-speed mode  Medium-speed mode gmgg z 8 Emg}: ég
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) CMO4 = “1”
BCLK : f(XiN)/4 BCLK : f(Xin)/16
CMO7 =“0" CM06=“0" | | CMO07 =“0" CM06 = “0"
CM17=*1" CM16=“0" ) | CM17=“1" CM16 =*“1"

N

CM03 ="“1"

J

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.

Note 3: Change CMO6 after changing CM17 and CM16.

Note 4: Tral

nsit in accordance with arrow.

multaneous write by word access.

CMO7 = “0” (Note 1)
CMO6 = “1”

Main clock is oscillating
Sub clock is oscillating
Low-speed mode

CM07 =*0"
(Note 1, 3)
—— BCLK : f(XciN)
CMO7 =*1"
CM07 =*1"
(Note 2)

CMO5 = 0" CMO05 ="1"

Main clock is stopped
Sub clock is oscillating
Low power dissipation mode

07 =“1” (Note 2)
05 = 1"

BCLK : f(Xcin)

CMO07 ="1" CMO06 ="1"
CM15="1"

Figure 1.9.5. 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 1.9.6 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), port P9 direction register (ad-
dress 03F316), SI/O3 control register (address 036216), and S1/O4 control register (address 036616) 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.
If, after “1" (write-enabled) has been written to the port P9 direction register and SI/Oi control register
(i=3,4) write-enable bit (bit 2 at address 000A16), a value is written to any address, the bit automatically
reverts to “0” (write-inhibited). However, the system clock control registers 0 and 1 write-enable bit (bit O at
000A16) and processor mode register 0 and 1 write-enable bit (bit 1 at 000A16) do not automatically return
to “0” after a value has been written to an address. The program must therefore be written to return these
bits to “0".

Protect register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
PRCR 000A16 XXXXX0002
Bit symbol Bit name Function RIW

Enables writing to system clock
control registers 0 and 1 (addresses
000616 and 000716)

_____ Enables writing to processor mode
PRC1 registers 0 and 1 (addresses 000416
and 000516)

- Write-inhibited 0.0
1 : Write-enabled |

o

PRCO

0 : Write-inhibited 0.0
1: Write-enabled |

E ......... PRC2 Ena_lbles writing to port P9 direction_ 0: Wr@te-inhibited o o
H register (address 03F316) and SI/Oi | 1 : Write-enabled !

' control registers (i=3,4) (addresses w
! 036216 and 036616) (Note)

v : Nothing is assigned. !
R R R R 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 1.9.6. Protect register
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Overview of Interrupt

Type of Interrupts
Figure 1.10.1 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

Reset

NMI

DBC

Watchdog timer
Single step
Address matched

Interrupt

[]Special
[
[

[l
[]Peripheral I/O (Note)

N o o

Hardware

N o o o

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

Figure 1.10.1. 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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Software Interrupts

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

e 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 instructions whose O flag changes by arithmetic:
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 instruction interrupt
An INT interrupt occurs when assiging one of software interrupt numbers 0 through 63 and executing
the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O interrupts,
so executing the INT instruction allows executing the same interrupt routine that a peripheral 1/O
interrupt does.
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and
select the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from
the interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt re-
guest. So far as software numbers 32 through 63 are concerned, the stack pointer does not make a
shift.
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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.

« NMI interrupt
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.

» 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 “1”, 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 the serial I/O bus collision detection generates.
* DMAO interrupt, DMAL interrupt
These are interrupts that DMA generates.
» 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, UARTL1, UART2/NACK, SI/0O3 and SI/O4 transmission interrupt
These are interrupts that the serial I/0O transmission generates.
* UARTO, UART1, UART2/ACK, SI/O3 and SI/O4 reception interrupt
These are interrupts that the serial /0O reception generates.
» Timer AO interrupt through timer A4 interrupt
These are interrupts that timer A generates
» Timer BO interrupt through timer B5 interrupt
These are interrupts that timer B generates.
« INTO interrupt through INT2 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. Set the first address of the interrupt routine in each vector table. Figure 1.10.2 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.

MSB LSB
Vector address + 0 Low address
Vector address + 1 Mid address
Vector address + 2 0000 High address
Vector address + 3 0000 0000

Figure 1.10.2. Format for specifying interrupt vector addresses

* Fixed vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 1.10.1 shows the interrupts assigned to the fixed vector
tables and addresses of vector tables.

Table 1.10.1. Interrupts assigned to the fixed vector tables and addresses of vector tables

Interrupt source Vector table addresses Remarks
Address (L) to address (H)
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 FF16, program execution starts from
the address shown by the vector in the variable vector table
Address match FFFES816 to FFFEB16 | There is an address-matching interrupt enable bit
Single step (Note) FFFEC16 to FFFEF16 | Do not use
Watchdog timer FFFFO16 to FFFF316
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.
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* Variable vector tables
The addresses in the variable vector table can be modified, according to the user’s settings. Indicate
the first address using the interrupt table register (INTB). The 256-byte area subsequent to the ad-
dress the INTB indicates becomes the area for the variable vector tables. One vector table comprises
four bytes. Set the first address of the interrupt routine in each vector table. Table 1.10.2 shows the
interrupts assigned to the variable vector tables and addresses of vector tables.

Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.10.2. 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 (Note 4)

Software interrupt number 5 +20 to +23 (Note 1) Timer B5
Software interrupt number 6 +24 to +27 (Note 1) Timer B4
Software interrupt number 7 +28 to +31 (Note 1) Timer B3

Software interrupt number 8

+32 to +35 (Note 1)

SI/O4/INT5 (Note 3, 4)

Software interrupt number 9

+36 to +39 (Note 1)

SI/O3/INT4 (Note 3, 4)

Software interrupt number 10

+40 to +43 (Note 1)

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)

UART?2 transmit/NACK (Note 2)

Software interrupt number 16

+64 to +67 (Note 1)

UART?2 receive/ACK (Note 2)

Software interrupt number 17

+68 to +71 (Note 1)

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 Al

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

+100 to +103 (Note 1)

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

+116 to +119 (Note 1)

INTO

Software interrupt number 30

+120 to +123 (Note 1)

INT1

Software interrupt number 31

+124 to +127 (Note 1)

INT2

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note 1)

to
+252 to +255 (Note 1)

Software interrupt

Cannot be masked | flag

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

Note 2: When IIC mode is selected, NACK and ACK interrupts are selected.

Note 3: It is selected by interrupt request cause select bits (bits 6, 7 in address 035F16 ).

Note 4: P15/INT3 to P17/INT5 do not connect to outside. INT3 to INT5 interrupt cannot
be used in M16C/62N (80-pin version) group.
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Interrupt Control
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the
priority to be accepted. What is described here does not apply to non-maskable interrupts.
Enable or disable a maskable interrupt using the interrupt enable flag (I flag), interrupt priority level select
bit, or 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 1.10.3 shows the interrupt control registers.
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Interrupt control register (Note 2)

Symbol Address When reset
TBIIC(i=3 to 5) 004516 to 004716 XXXXX0002
BCNIC 004A16 XXXXX0002
DMIIC(i=0, 1) 004B16, 004C16 XXXXX0002
KUPIC 004D16 XXXXX0002
ADIC 004Ez1s XXXXX0002
SIiTIC(i=0 to 2) 005116, 005316, 004F16 XXXXX0002
b7 b6 b5 b4 b3 b2 bl bo SiRIC(i=0t0 2) 005216, 005416, 005016 XXXXX0002
TAIIC(i=0 to 4) 005516 to 005916 XXXXX0002
TBIIC(i=0 to 2) 005A16 to 005C16 XXXXX0002
cor o or v Bitsymbol Bit name Function R W
e ILVLO Interrupt priority level 1
S select bit b2 b1 b0 o' O
- 000: Level O (interrupt disabled) |
A 001: Levell
o ILVL1 010: Level2 !
A 011: Level3 o o
N 100: Level 4 |
R 101: Level5
A . ILVL2 110: Level6 ;
oo 111: Level7 o, O
O R IR Interrupt request bit 0 : Interrupt not requested o' 0
v 1: Interrupt requested ! (Note 1)
E ' ' ' Nothing is assigned.
ToTTTTETTTTTTTTTTTTTT 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 dose 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 SIIC/INT]IC (i=4,3) 004816, 004916 XX00X0002
|><|><| 0 | | | | | | (=5,4) 004816, 004916 XX00X0002
—~~ L, INTIIC(i=0 to 2) 005D16 to 005F16  XX00X0002
S =T symbol Bit name Function R: W
H Vo ILVLO Interrupt priority level
: Do select bit b2 D100 . . o O
H o 000 : Level O (interrupt disabled) :
H Vo 001:Levell |
: oo ILVL1 010:Level2 !
! Coor o 7T 011:Level3 O O
H o 100:Level 4 |
: - 101:Level5
: P ILVL2 110 Level 6 |
: v 111:Level?7 o, O
o] IR Interrupt request bit 0: Interrupt not requested O O
; ; 1: Interrupt requested ' (Note 1)
______________ POL Polarity select bit 0 : Selects falling edge |
! 1: Selects rising edge o o
T SGARREEEEEEE Reserved bit Must always be set to “0” o 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 dose not generate the
interrupt request for that register. For details, see the precautions for interrupts.

Note 3: INT3 to INT5 interrupts cannot be used. However, must set INT3IC to "0016". INT4IC
and INT5IC are shared with S3IC and S4IC respectively. When not using as S3IC and

S4IC, must set INT3IC and INT4IC to "0016".

Figure 1.10.3. 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; 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 "1").

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 1.10.3 shows the settings of interrupt priority levels and Table 1.10.4 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 they are not affected by one another.

Table 1.10.3. Settings of interrupt priority Table 1.10.4. Interrupt levels enabled according
levels to the contents of the IPL

I?és(rerluglg(r:ito lr3||tty InterrLljé)\teﬁriority P()r:c(;[;try IPL Enabled interrupt priority levels
b2 bl bO IPL2 IPL1 IPLo
0 0 O Level O (interrupt disabled) _ 0 0 O Interrupt levels 1 and above are enabled
0 01 Level 1 Low 0 01 Interrupt levels 2 and above are enabled
010 Level 2 01 0 Interrupt levels 3 and above are enabled
01 1 Level 3 01 1 Interrupt levels 4 and above are enabled
1 00 Level 4 1 0 O 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 | 1 1 0 Interrupt levels 7 and above are enabled
111 Level 7 High 1 11 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_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.

When changing an interrupt control register in a sate of interrupts being disabled, please read the
following precautions on instructions used before changing the register.

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 below instruc-
tions to change the register.
Instructions : AND, OR, BCLR, BSET

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 below
instructions to change the register.
Instructions : MOV
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Interrupt Sequence
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the
instant the interrupt routine is executed — is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when the
execution of the instruction is completed, and transfers control to the interrupt sequence from the next
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction,
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt
sequence.
In the interrupt sequence, the processor carries out the following in sequence given:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading ad-
dress 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 instant an interrupt occurs and the instant the first
instruction 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 1.10.4 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

0 o

Instruction in
interrupt routine

Instruction Interrupt sequence

-t @ L (b) L

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 1.10.4. 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 1.10.5.

Table 1.10.5. Time required for executing the interrupt sequence

Interrupt vector address | Stack pointer (SP) value 16-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

[ Y e e e e o A

>< Address ><
0000

BCLK

Address bus Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2>< PC

Data bus Interrupt
information

" ]
! L

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

>< SpP-2 >< SP-4 >< vec vec+2
contents /\ contents contents contents

S

Indeterminate

Indeterminate Y

Figure 1.10.5. Time required for executing the interrupt sequence

Variation of IPL when Interrupt Request is Accepted
If an interrupt request is accepted, the interrupt priority level of the accepted interrupt is set in the IPL.
If an interrupt request, that does not have an interrupt priority level, is accepted, one of the values shown
in Table 1.10.6 is set in the IPL.

Table 1.10.6. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels

Value set in the IPL

Watchdog timer, NMI 7
Reset 0
Other 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 1.10.6 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.

Save other necessary registers at the beginning of the interrupt routine using software. Using the

PUSHM instruction alone can save all the registers except the stack pointer (SP).

Stack area

LSB

Program counter (PC.)

Program counter (PCw)

Flag register (FLGL)

Flag register

(FLGH)

Program
counter (PCw)

[SP]
<« New stack
pointer value

Content of previous stack

Address Stack area Address
MSB LSB MSB

m-4 m-4

m-3 m-3

m-1 m-1
[SP]

m Content of previous stack |-g—— s;if: ngl(r;::r m
interrupt occurs

m+ 1| Content of previous stack m+1

Content of previous stack

Stack status before interrupt request
is acknowledged

Stack status after interrupt request
is acknowledged

Figure 1.10.6. 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, 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
atime. Figure 1.10.7 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 (PC.)

(2) Saved simultaneously,

Program counter (PCw)

all 16 bits

Flag register (FLGL)

Flag register
(FLGH)

Program
counter (PCw)

all 16 bits

(1) Saved simultaneously,

Finished saving registers

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 (PCw)

~-— (2)

Finished saving registers
in four operations.

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

-— (3)
I (4) Saved simultaneously,
all 8 bits
~—(1)

Figure 1.10.7. Operation of saving registers
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Returning from an Interrupt Routine
Executing the 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.
Return the other registers saved by software within the interrupt routine using the POPM or similar instruc-
tion before executing the REIT instruction.

Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned 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 a higher hardware
priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 1.10.8 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 1/0 > Single step > Address match

Figure 1.10.8. Hardware interrupts priorities

Interrupt resolution circuit
When two or more interrupts are generated simultaneously, this circuit selects the interrupt with the highest
priority level. Figure 1.10.9 shows the circuit that judges the interrupt priority level.
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Priority level of each interrupt

INT1

Timer B2

Timer BO

Timer A3

Timer A1

Timer B4

INT2

INTO

Timer B1

Level O (initial value)

High

Timer A4

Timer A2

Timer B3

Timer B5

UART1 reception

UARTO reception

UART2 reception/ACK

Priority of peripheral I/O interrupts
(if priority levels are same)

A-D conversion

DMA1

Bus collision detection

Serial I/104

Timer AO

UART1 transmission

UARTO transmission

UART2 transmission/NACK

Key input interrupt

DMAO

Serial I/103

Processor interrupt priority level (IPL)

Interrupt enable flag (I flag)

Y Low

Interrupt request level judgment output
to clock generating circuit (Fig.1.9.3)

: Interrupt
request

Address match

accepted

Watchdog timer

DBC

NMI

Reset

Figure 1.10.9. Maskable interrupts priorities (peripheral I/O interrupts)
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INT Interrupt
INTO to INT2 are triggered by the edges of external inputs. The edge polarity is selected using the polarity
select bit.
As for external interrupt input, an interrupt can be generated both at the rising edge and at the falling edge
by setting “1” in the INTI interrupt polarity switching bit of the interrupt request cause select register
(035F16). To select both edges, set the polarity switching bit of the corresponding interrupt control register
to ‘falling edge’ (“0).
Figure 1.10.10 shows the Interrupt request cause select register.

Interrupt request cause select register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset

R IFSR 035F16 0016

v+ t| Bitsymbol Bit name Function RIW
E : : : : : : '. IFSRO INTO interrupt polarity 0: One edge ‘
S switching bit 1: Two edges O; O
A . IFSR1 INT1 interrupt polarity 0 : One edge ;
[ switching bit 1: Two edges 010
E ' : : : : IFSR2 INT2 interrupt polarity 0: One edge Oi O
A switching bit 1: Two edges !

E : : : - IFSR3 INT3 interrupt polarity 0: One edge |
S switching bit (Note) 1: Two edges 0.0
' . P IFSR4 INT4 interrupt polarity 0 : One edge :
Coo T switching bit (Note) 1: Two edges O; O
b IFSR5 | INT5 interrupt polarity 0 : One edge
Por mmmmmemmemmoooooy switching bit (Note) 1: Two edges 0:0
IFSR6 Interrupt request cause 0:SIOo3 O O
vooTTTTTTET T select bit (Note) 1:INT4 i

E IFSR7 Interrupt request cause 0:SI04 |
"""""""""""" select bit (Note) 1:INT5 O} O

Note : INT3 to INT5 interrupts cannot be used in M16C/62N (80-pin version) group. Thus,
set this bit to “0”.

Figure 1.10.10. Interrupt request cause select register
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NMI Interrupt
An NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The NMI interrupt
is a non-maskable external interrupt. The pin level can be checked in the port P8s register (bit 5 at address
03FO0186).
This pin cannot be used as a normal port input.

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 1.10.11 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-qp 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

Key input interrupt

Interrupt control circuit
request

P106/Kl2 O T

( tprglrl;ffmr Port P10s direction
register
P10s/KlL O T
Pull-up Port P104 direction
transistor ) register

P104/Klo O T

Figure 1.10.11. 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. Two 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 inter-
rupt 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.

Figure 1.10.12 shows the address match interrupt-related registers.

Address match interrupt enable register

b7 b6 b5 bd b3 b2 bl b0 Symbol Address When reset
AIER 000916 XXXXXX002
Bit symbol Bit name Function R'W
A AIERO |Address match interrupt O | o - |nterrupt disabled OEO
: enable bit | 1. nterrupt enabled

: AIER1 [Address match interrupt 1

__________ . Interrupt disabled |
enable bit e 0.0

. Interrupt enabled

- O

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns outto  [——
be indeterminated. w

Address match interrupt registeri (i=0, 1)

(b23) (b19) (b16)b15) (08) Symbol Address When reset

o7 = b b7 ho b7 ? RMADO 001216 to 001016 X0000016

|><|><M><| | | | RMADL 001616 to 001416 X0000016
Function Values that can be set |R 'W/|

---1 Address setting register for address match interrupt 0000016 to FFFFF16 [O:0O

O S P Nothing is assigned. !
In an attempt to write to these bits, write “0”. The value, if read, turns out to ——
be indeterminated.

Figure 1.10.12. Address match interrupt-related registers
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Precautions for Interrupts

(1) Reading address 0000016

* When maskable interrupt is occurred, CPU reads the interrupt information (the interrupt number and
interrupt request level) in the interrupt sequence.
The interrupt request bit of the certain interrupt written in address 0000016 will then be set to “0".
Even if the address 0000016 is read out by software, “0” is set to the enabled highest priority interrupt
source request bit. Therefore interrupt can be canceled and unexpected interrupt can occur.

Do not read address 0000016 by software.
(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 become a factor of runaway. Be sure to set a value in
the stack pointer before accepting an interrupt. When using the NMI interrupt, initialize the stack point
at the beginning of a program. Concerning the first instruction immediately after reset, generating any
interrupts including the NMI interrupt is prohibited.

(3) The NMlI interrupt

» The NMl interrupt can not be disabled. Be sure to connect NMI pin to Vcc via a pull-up resistor if unused.

Be sure to work on it.

» The NMI pin also serves as P85, which is exclusively input. Reading the contents of the P8 register
allows reading the pin value. Use the reading of this pin only for establishing the pin level at the time
when the NMI interrupt is input.

« Do not attempt to go into stop mode with the input to the NMI pin being in the “L” state. With the input to the
NMI being in the “L” state, the CM10 is fixed to “0”, so attempting to go into stop mode is turned down.

« Do not attempt to go into wait mode with the input to the NMI pin being in the “L” state. With the input to
the NMI pin being in the “L” state, the CPU stops but the oscillation does not stop, so no power is saved.
In this instance, the CPU is returned to the normal state by a later interrupt.

« Signals input to the NMI pin require “L” level and “H” level of 2 clock +300ns or more, from the operation

clock of the CPU.
(4) External interrupt

« Either an “L” level or an “H” level of at least 250 ns width is necessary for the signal input to pins INTO to
INT2 regardless of the CPU operation clock.
» When the polarity of the INTO to INT2 pins is changed, the interrupt request bit is sometimes set to “1”.
After changing the polarity, set the interrupt request bit to “0”. Figure 1.10.13 shows the procedure for
changing the INT interrupt generate factor.

Clear the interrupt enable flag to “0”
(Disable interrupt)

Set the polarity select bit

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

( Nopl:xz

( Clear the interrupt request bit to “0" )

( Set the interrupt priority level to level 1 to 7
( t)

Enable the accepting of INTi interrupt reques

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 1.10.13. Switching condition of INT interrupt request
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(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
« 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_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_SWITCHS3:
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 gueue.

When changing an interrupt control register in a sate of interrupts being disabled, please read the
following precautions on instructions used before changing the register.

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 below instruc-
tions to change the register.
Instructions : AND, OR, BCLR, BSET

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 below
instructions 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 XN 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 XcCIN 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 watchdog
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 and wait mode, 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 1.11.1 shows the block diagram of the watchdog timer. Figure 1.11.2 shows the watchdog timer-
related registers.
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Prescaler
[TTToTeIIIIIIRMCMOT7 = 0
H 1 “WDC7 = 0" “ =0
T1e L 2 PM12 =0 .
H H Watchdog timer
: : interrupt request
: 1“CMO7 = 0"
112875 i o
BCLK : : o] Watchdog timer
: : O— Reset
: feemo7 = 17 “PM12=1"
12 H
]
Write to the watchdog timer — tee-eeoemonaasd ;
start register
(address 000E16) A
RESET © O[> D
Figure 1.11.1. Block diagram of watchdog timer
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
| | 0 | 0 | | | | | | WDC 000F16 000XXXXX2
E ' I I I I I I Bit symbol Bit name Function R W
E ' ' beodoodooan] High-order bit of watchdog timer OEX
P ] Reserved bit Must always be set to “0” 00
I RRREEEEEEEEEEEEEE Reserved bit Must always be set to “0” 0.0
o WDC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128 1
Watchdog timer start register
b7 50 Symbol Address When reset
WDTS 000E16 Indeterminate
: Function RIW
H The watchdog timer is initialized and starts counting after a write instruction to
fommmmmmom oy this register. The watchdog timer value is always initialized to “7FFF16” X0
regardless of whatever value is written. 1

Figure 1.11.2. Watchdog timer control and start registers
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DMAC

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 1.12.1 shows the block diagram
of the DMAC. Table 1.12.1 shows the DMAC specifications. Figures 1.12.2 to 1.12.4 show the registers
used by the DMAC.

{ Address bus \
A/\k
_|:>| DMAO source pointer SAR0(20) |:>
| | (addresses 002216 to 002016)
:>|DMAO destination pointer DARO (20) |:>
U {) (addresses 002616 to 002416)
|DMAO forward address pointer (20) (Note) |:>
—|:>{ DMAO transfer counter reload register TCRO (16) '::> :>| DMAL1 source pointer SAR1 (20) '::>
\/ (addresses 002916, 002816) || (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) '::> :>|DMA1 destination pointer DAR1 (20) |:>
U U (addresses 003616 to 003416)
:>| DMAL transfer counter reload register TCR1 (16) ':> | DMAL1 forward address pointer (20) (Note) I::>
\/ (addresses 003916, 003816)
|DMA1 transfer counter TCR1 (16) l:> | DMA latch high-order bits | DMA latch low-order bits |
X XX /} £\ ﬁ X
¢ Data bus low-order bits - VS
{ Data bus high-order bits v y
Note: Pointer is incremented by a DMA request.

Figure 1.12.1. Block diagram of DMAC

Either a write signal to the software DMA request bit or an interrupt request signal is used as a DMA transfer
request signal. But the DMA transfer is affected neither by the interrupt enable flag (I flag) nor by the
interrupt priority level. The DMA transfer doesn't affect any interrupts either.

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 doesn't agree with the
number of transfers. For details, see the description of the DMA request bit.
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Table 1.12.1. DMAC specifications

Item Specification
No. of channels 2 (cycle steal method)
Transfer memory space « From any address in the 1M bytes space to a fixed address

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

(Note that DMA-related registers [002016 to 003F16] cannot be accessed)
Maximum No. of bytes transferred | 128K 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 B5 interrupt requests

UARTO transfer and reception interrupt requests
UARTL1 transfer and reception interrupt requests
UART2 transfer and reception interrupt requests
Serial 1/03, 4 interrpt requests

A-D conversion interrupt requests

Software triggers

Channel priority DMAQ takes precedence if DMAO and DMAL 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 “1”, 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
Reload timing for forward At the time of starting data transfer immediately after turning the DMAC active, the
address pointer and 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.

transfer counter
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DMADO request cause select register

b7 b6 b5 b4 b3 b2 bl b0

Symbol
DMOSL

Address
03B816

When reset
0016

Bit symbol Bit name

Function

DMA request cause

DSELO select bit

DSEL1

DSEL2

DSEL3

b3 b2 b1 b0

0000:
0001:
0010:
0011:
0100:
0101:
0110:

Timer AO
Timer Al
Timer A2
Timer A3
Timer A4

0111:TimerBO

1000: Timer B1

1001:TimerB2

Falling edge of INTO pin
Software trigger

/two edges of INTO pin (DMS=1)
Timer B3 (DMS=1)
Timer B4 (DMS=1)
Timer B5 (DMS=1)
: UARTO receive
: UART2 transmit
: UART2 receive

: A-D conversion
: UART1 transmit

(DMS=0)

(DMS=0)

(DMS=0)

(DMS=0)

Nothing is assigned.
In an attempt to write to these bits, write “0”

. The value, if read, turns out to be “0".

DMA request cause

DMS expansion select bit

0 : Normal

1: Expanded cause

Software DMA

DSR request bit

If software trigger is selected, a
DMA request is generated by
setting this bit to “1” (When read,

: UARTO transmit ‘
the value of this bit is always “0”) |

Figure 1.12.2. DMAC register (1)
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DMAL request cause select register

DMAI control register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
DM1SL 03BA16 0016
Bit symbol Bit name Function R'W
DMA request cause b3 b2 b1 b0 —
DSELO select bit 0000 : Falling edge of INT1 pin o | o
000 1: Software trigger !
0010: Timer AO !
0011:TimerAl :
0100: Timer A2 !
DSEL1 0101: Timer A3(DMS=0) '
/serial 1103 (DMS=1) e} | 0]
0110: Timer A4 (DMS=0) |
/serial /04 (DMS=1) |
0111: Timer BO (DMS=0)
/two edges of INT1 (DMS=1) !
DSEL2 1000: Timer Bl !
1001: Timer B2 O;O
101 0:UARTO transmit '
1011:UARTO receive !
1100: UART2 transmit '
DSEL3 1101:UART2 receive !
1110:A-D conversion 0.0
1111:UARTI1 receive '
Nothing is assigned. 3
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”". -
DMA request cause 0 : Normal !
DMS 8 : |
expansion select bit 1: Expanded cause o | o
DSR Software DMA If software trigger is selected, a
request bit DMA request is generated by o'o
setting this bit to “1” (When read, '
the value of this bit is always “0”) |
Symbol Address When reset
DMICON(i=0,1) 002C16, 003C16 00000X002
Bit symbol Bit name Function R w
DMBIT Transfer unit bit select bit | 0: 16 _bits o o
1: 8 bits !
DMASL Repeat transfer mode 0 : Single transfer ¢!
select bit 1 : Repeat transfer !
DMAS DMA request hit (Note 1) | 0 : DMA not requested o
1 : DMA requested |(Note 2)
DMA enable bit 0 : Disabled
DMAE 1: Enabled © | ©
Source address direction | : Eixed |
DSD select bit (Note 3) 1 : Eorward o 0O
Destination address 0 : Fixed
DAD direction select bit (Note 3)| 1 - Forward o ! o
Nothing is assigned. — 3 —_
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0". !
Note 1: DMA request can be cleared by resetting the bit.
Note 2: This bit can only be set to “0”.
Note 3: Source address direction select bit and destination address direction select bit
cannot be set to “1” simultaneously.

Figure 1.12.3. 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 bo b7 bo b7 bo  Symbol Address When reset
|><|><|><|><| : ' SARO 002216 to 002016 Indeterminate
A NZ L . L SAR1 003216 to 003016 Indeterminate
oo : Function Transfer address | g1y
R : specification !
oo ; - Source pointer
oo (R 0000016 to FFFFF16 |
Voo Stores the source address O:O
R 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 50 Symbol Address When reset
|><|><|><|><| ; ; DARO 002616 to 002416 Indeterminate
T T DAR1 003616 to 003416 Indeterminate
. : Function Transfer address | o\
oo ' specification ‘
P O * Destination pointer 0000016 to FFFFF16 |O'O
I Stores the destination address 1
R Nothing is assigned. 1
""""""""""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0". -
DMAi. transfer counter (i = 0, 1)
(b15) (b8)
b7 b0 b7 b0
T Symbol Address When reset
: TCRO 002916, 002816 Indeterminate
i TCR1 003916, 003816 Indeterminate
E Functi Transfer count !
: unction specification R:W
] * Transfer counter 000016 to FFFF16  [O10

Figure 1.12.4. 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 1.12.5 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
1.12.5, if data is being transferred in 16-bit units and source address is odd, two bus cycles are required
for both the source read cycle and the destination write cycle.
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BCLK

Address
bus

RD signal

WR signal

Data
bus

BCLK

Address
bus

RD signal

WR signal

Data
bus

BCLK

Address
bus

RD signal

WR signal

Data
bus

BCLK

Address
bus

RD signal

WR signal

Data
bus

(1) 16-bit transfers from even address and the source address is even.

>< Source ><Destination>< Dummy ><
cycle

CPU use

N Dummy
><Source ><Dest|r1at|on><cyCle ><

CPU use

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

CPU use

>< Source ><Source + 1><Destination><5;£;my ><

CPU use

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

CPU use ><

Source

CPU use

- Dummy
><Dest|nat|0n><cycIe ><

CPU use

X

Source CPU use

><Destinatio>< Dummy ><
cycle

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

Source >< Source + 1 ><Destinatior>< Dummy ><
cycle

CPU use

X

Source

>< Source + 1 ><Destinatior><

Dummy
cycle >< CPU use

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

Figure 1.12.5. Example of the transfer cycles for a source read
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(2) DMAC transfer cycles

Any combination of even or odd transfer read and write addresses is possible. Table 1.12.2 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

Table 1.12.2. 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") (BYTE="“L") Odd 1 1
16-bit transfers 16-bit Even 1 1
(DMBIT=“0") (BYTE ="“L") Odd 2 2

Coefficient j, k

Internal memory
Internal ROM/RAM | Internal ROM/RAM | SFR area
No wait With wait
1 2 2
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DMA enable bit
Setting the DMA enable bit to "1" makes the DMAC active. The DMAC carries out the following operations
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 software
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
(regardless 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.
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 INTIi 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 (synchro-
nizes 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, DMAQO is given a high priority to start
data transfer. When DMAO finishes data transfer, it gives the bus right to the CPU. When the CPU
finishes single bus access, then DMAL 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 1.12.6 shows an example of 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.

owo
DMAL — - e | Obtainm
‘ ent of the

pL //// / ! bus right
INTO —| 5 3 :

DMAO

request bit |
NTL ]

DMA1l

request bit

Figure 1.12.6. An example of DMA transfer effected by external factors
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Timer

Timer
There are eleven 16-bit timers. These timers can be classified by function into timers A (five) and timers B
(six). All these timers function independently. Figures 1.13.1 and 1.13.2 show the block diagram of timers.

Clock prescaler

XN () * > f1 fcaz
f8 . Reset
1/8 Clock prescaler reset flag (bit 7
14 f3o ataddress 038116) set to “1”
f1 fg f32 fC32
O » Timer mode
O * One-shot timer mode
o) « PWM mode
0—0} o O\ | . 1 | Timer AO interrupt
. —O o} | Timer AO I -
TAOIN O > —O
filter « Event counter mode
O
0o Ti
5 « Timer mod_e
) 9 s <:'XOne—::,hot timer mode Timer A1 interrupt
—oO o) I Timer Al I -
?/ « Event counter mode
O
O « Timer mode
O » One-shot timer mode . .
o—o} o I 1 Timer A2 interrupt
—oO o) | Timer A2 I -
« Event counter mode

» Timer mode
« One-shot timer mode

o)
o)
O * PWM mode
o—o) ¢} 9\ Timer A3 interrupt

.

I -
- —O Timer A3 -
TA3N O D Lo L

fiter « Event counter mode

(¢]

» Timer mode
* One-shot timer mode

'}
° PWM mode
5 .
o—o) o Timer A4 interrupt

I -
- —O Timer A4 .
man O—HH-—{ B H = |

« Event counter mode

(¢]

Timer B2 overflow

Note 1: The TAOIN pin (P71) is shared with RxD2, SCL and the TB5IN pin, so be careful.
Note 2: Timer Al and A2 have no pin to perform input/output. Thus 1/O functions like as external event input, PWM output
and one-shot output cannot be used.

Figure 1.13.1. Timer A block diagram
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XIN O * - 1 XCIN .
fe Clock prescaler reset flag (bit 7
f2o ataddress 038116) set to “1”

f1 fg 32 fCc32

Clock prescaler

fc32

Timer A
T
O
O « Timer mode
o]  Pulse width measuring mode
o—o/ — ¢ \
TBON () @—@ o o Timer BO

Timer BO interrupt

|

« Event counter mode

O

Timer B1 interrupt

e N

<3'&Timer mode
o} I Timer B1

I—o—»

« Event counter mode

O
O « Timer mode

Timer B2 interrupt

o © C'xPulse width measuring mode
Noise | .
E>—| filter gB o 1 Timer B2

821N ()

E—

« Event counter mode

« Timer mode

o
0
| o7

Timer B3 interrupt

TB3IN Q

o\-Pulse width measuring mode

P

« Event counter mode

* Timer mode

Timer B4 interrupt

‘o)
‘e}
D—g/o -

O\-Pulse width measuring mode
O I Timer B4

TB4IN O

|—o—>

« Event counter mode

O
o} * Timer mode

Timer B5 interrupt

85N ()

O * Pulse width measuring mode
GD—O) No OB x I
{b_@ © © | Timer B5

|« =

« Event counter mode

Note 1: The TB5IN pin (P71) is shared with RxD2, SCL and the TAOIN pin, so be careful.

pulse width measurement mode.

Note 2: TB1IN pin is not connect to outside. Thus, timer B1 can use neither in external event count mode or

Figure 1.13.2. Timer B block diagram
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Timer A

Figure 1.13.3 shows the block diagram of timer A. Figures 1.13.4 to 1.13.6 show the timer A-related registers.
Except in event counter mode, timers A0 through A4 all have the same function. However, in M16C/62N
(80-pin version) group, timer Al and A2 are used for internal timer since timer A1 and A2 have no pin to
perform input/output. 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:

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

» Event counter mode: The timer counts pulses from an external source or a timer overflow.

» 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.

ock q Data bus high-order bits S
Clock source | A
selection « Timer q Data bus low-order bits §
fl —o0 . S\?\?MShOt | Low-order High-order
f8 —o0 \O o U 8 bits Vi 8 bits
fa2 O : (le[grfunction) [ Reload register (16) |
fcaa—oO 9 7 7
« Event counter 4 1)
Polarity Counter (16) }
TAiN selection Clock selection Up count/down count
(i=0to4) Count start flag [Always down count except]
in event counter mode

(Address 038016)

TB2 overflow —O To external TAI Addresses TAj TAk
. trigger circuit Timer AO 038716 038616 Timer A4 Timer Al
TAj overfow ~——O Timer Al 038916 038815 Timer AO Timer A2
(j =i-1. Note, however, that j = 4 when i = 0) Down count —Q Timer A2 038Bis 038A1s Timer Al Timer A3
AN Timer A3 038D1s 038Cis Timer A2 Timer A4
TAk overfow ~——0O Up/down flag O Timer A4 038F1s 038Eis Timer A3  Timer AO
(k =i+ 1. Note, however, that k = 0 when i = 4) (Address 038416) ?

Pulse output

TAiouT
(i=0to4) J/l
o | [ |

| Toggle flip-flop |

Note 1: The TAOQIN pin (P71) is shared with RxD2, SCL and the TB5IN pin, so be careful.
Note 2: TALIN, TAlouT, TA2IN and TA20uT do not connect to outside. Do not set functions using these pins.

Figure 1.13.3. Block diagram of timer A

Timer Ai mode register

Symbol Address When reset
| b7 | b6 | bS b4 b3 b2 bl bO TAIMR(i=0to 4) 039616 to 039A16 0016
¢ ¢ 1| Bitsymbol Bit name Function R'W,
,_ TMODO Operation mode select bit 16“8’: Timer mode OEO
oo 0 1: Event counter mode i
Y TMOD1 10 : One-shot timer mode T
R T S S S 11 : Pulse width modulation 00
- (PWM) mode i
T MRO ] ] ] ] 0.0
Vo Function varies with each operation mode -
N S ERERED MR1 o0
T MR2 00
R CEEGEREEEEEEE MR3 0:0
P TTmmmmmmmmmemmmeey TCKO Count source select bit o0
R TCK1 (Function varies with each operation mode) 0.0

Figure 1.13.4. Timer A-related registers (1)
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Timer Ai register (Note 1)

(b15)
b7

(b8)
b0 b7

Symbol Address When reset
b0 TAO 038716,038616 Indeterminate
TAL 038916,038816 Indeterminate
| TA2 038B16,038A16 Indeterminate
TA3 038D16,038C16 Indeterminate
TA4 038F16,038E16 Indeterminate
Function Values that can be set | R'W|
« Timer mode 000016 to FFFF16 0'0
Counts an internal count source
« Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow 0.0
» One-shot timer mode 000016 to FFFF16
Counts a one shot width (Note 2,4) o
 Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 x'0
Functions as a 16-bit pulse width modulator (Note 3,4)
« Pulse width modulation mode (8-bit PWM) i 0h015dt0 FdEdlB
Timer low-order address functions as an 8-bit (High-order address) |y | -
. . . 0016 to FF16
prescaler and high-order address functions as an 8-bit | (Low-order address)
pulse width modulator (Note 3,4)

Note 1:

Count start flag

Read and write data in 16-bit units.

the pulse does not output from the TAiouT pin.

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,

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: Use MOV instruction to write to this register.

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | TABSR 038016 0016
Bit symbol Bit name Function RIW,|
“{ TAOS  |TimerAOcountstartflag | - sops counting 0.0
Pl L---{ TA1S  |TimerAlcountstartflag | 1-Startscounting 00
------- TA2S Timer A2 count start flag 0.0
T R TA3S Timer A3 count start flag 0.0
E ' ' O TA4S Timer A4 count start flag o0
o GREEEEEEEEE TBOS Timer BO count start flag 00
I RREEEEEEEEEEEY TB1S Timer B1 count start flag [eX{®)
S TITT TB2S Timer B2 count start flag 0.0
Up/down flag (Note 2)
b7 b6 b5 b4 b3 b2 bl ho Symbol Address When reset
| | | | | UDF 038416 0016
Bit symbol Bit name Function R'W
~{ TAOUD |Timer AO up/down flag 0 : Down count 0.0
T : 1: Up count <Al
oo TA1UD Timer Al up/down flag P 0.0
A - This specification becomes valid [ ]
A TA2UD | Timer A2 up/down flag when the up/down flag contentis |©:O
O TA3UD  |Timer A3 up/down flag selected for up/down switching oo
A cause ——
R TA4UD | Timer A4 up/down flag 0.0
L TA2P Timer A2 two-phase pulse [ 0 : two-phase pulse signal
o signal processing select bit processing disabled X0
- (Note 1)| 1: two—pha_se pulse signal
| Sesemmeccnscsanceaas TA3P Timer A3 two-phase pulse processing enabled (Note 3) %<0
: signal processing select bit .
! When not using the two-phase -
e Timer A4 two-phase pulse | Pulse signal processing function,
TA4P i “g”
signal processing select bit | set the select bit to “0 X0

Note 1: Since timer A2 have no pin to perform input/output, must set this bit to “0” .
Note 2: Use MOV instruction to write to this register.
Note 3: Set the TAiIN and TAiouT pins correspondent port direction registers to “0”.

Figure 1.13.5. Timer A-related registers (2)
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One-shot start flag
Symbol Address When reset
b7| b6|>bS<| b4| b3| b2| b1| b0 ONSF 038216 00X000002
T symbol Bit name Function RIW|
A TA0OS | Timer AO one-shot start flag | 1 : Timer start 00
H R s TA10S [ Timer Al one-shot start flag When read, the value is 0 (e}{e]
SR TA20S | Timer A2 one-shot start flag ofo
T TA30S | Timer A3 one-shot start flag 00
A S — TA40S | Timer A4 one-shot start flag 00
E : , Nothing is assigned. In an attempt to write to these bits, write “0”. The value, if read, |
Voo TTTTTTTTTTTmmeT turns out to be indeterminate. -
R TAOTGL [ Timer AO event/trigger b7 b8 00
: select bit 00 : Input on TAOIN is selected (Note) !
: 0 1:TB2 overflow is selected ;
] TAOTGH 10 : TA4 overflow is selected 0.0
11:TA1 overflow is selected |
Note: Set the corresponding port direction register to “0”.
Trigger select register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | TRGSR 038316 0016
i 4 4+ % 4+ % 1 | Bitsymbol Bit name Function RIW
Vv v 0 0 v L] Ta1TeL | Timer Al event/trigger b1 b0 !
oo e e T select bit 00 : Input on TALIN is selected (Note1,2)|O' O
e 0 1: TB2 overflow is selected !
[ T TALTGH 10: TAO overflow is selected O:O
11: TA2 overflow is selected
E i i E i i Timer A2 event/trigger b3 b2 i
e TAZTGL select bit 0 0 : Input on TA2IN is selected (Notel,2) O;O
A 0 1: TB2 overflow is selected ,
[ R TA2TGH 10: TA1 overflow is selected O: o
11: TA3 overflow is selected
[ Timer A3 event/trigger b5 b4 !
o TASTGL select bit 99 00 : Input on TA3i is selected (Note1) (OO
[ 01:TB2 overflow is selected -
L R TA3TGH 10: TA2 overflow is selected 00
- 11 : TA4 overflow is selected B
. i i b7 b6 |
v T TA4TGL ;r:er;;irt ﬁ: eventftrigger 0 0 : Input on TA4IN is selected (Notel) (OO
: 01 : TB2 overflow is selected :
] TA4TGH 10: TA3 overflow is selected OEO
11:TAO overflow is selected !
Note 1: Set the corresponding port direction register to “0”.
Note 2: Since TALIN and TA2IN are not connected to external pin, do not select these
functions.
Clock prescaler reset flag
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
L4 4+ 4 1 1 1 1| Bitsymbol Bit name Function R'W
\ 1 1+ 1+ 1 1 1 | Nothing is assigned. In an attempt to write to these bits, write “0”. The value, if read, _ : .
el turns out to be indeterminate. !
CPSR | Clock prescaler reset flag 0: No effect |
] 1 : Prescaler is reset 00
(When read, the value is “0”) |

Figure 1.13.6. Timer A-related registers (3)
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.13.1.) Figure 1.13.7
shows the timer Ai mode register in timer mode.

Table 1.13.1. Specifications of timer mode

Item Specification
Count source f1, f8, f32, fc32
Count operation » Down count

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

Divide ratio 1/(n+1) n: Setvalue
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 I/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 » 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
Note: Timer Al and A2 do not have I/O port (TAiIN and TAiouT).

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | o| | | | o| o| TAIMR(i=0to 4) 039616t0 039A16 0016
P o Bit symbol Bit name Function R'W
i+ 1 4+ . 1 4 -1 TMODO _|Operation mode bk 0.0
R TMODL select bit 00 : Timer mode roXe)
I MRO Pulse output function 0 : Pulse is not output
o] select bit (Note 4)|  (TAiouT pin is a normal port pin) 0.0

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

; B b4 b3
' MR1 Gate function select bit 0 X (Note 2): Gate function not available O:O
Pty (Note 4) (TAIIN pin is a normal port pin) :
! 1 0 : Timer counts only when TAIIN pin is
H MR2 held “L” (Note 3) :
R 11 : Timer counts only when TAiN pin is |O:O
held “H” (Note 3) !

 REEEEELEELES MR3 0 (Must always be “0” in timer mode) 0.0

: TCKO . b7 b6 :
..................... Count source select bit 00:fi O:O

: 01:fs i

e TCK1 10:f32 ;
11:fcs32 O:O

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

Note 2: The bit can be “0” or “1”.

Note 3: Set the corresponding port direction register to “0”.

Note 4: Set these bits to “0” in timer A1 and A2 mode registers.

Figure 1.13.7. Timer Ai 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. Timers A0 and Al can
count a single-phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase
external signal. Table 1.13.2 lists timer specifications when counting a single-phase external signal.

Figure 1.13.8 shows the timer Ai mode register in event counter mode.

Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.13.3 lists timer specifications when counting a two-phase external signal. Figure 1.13.9 shows
the timer Ai mode register in event counter mode.

Table 1.13.2. Timer specifications in event counter mode (when not processing two-phase pulse signal)

Item

Specification

Count source

External signals input to TAIIN pin (effective edge can be selected by software)
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 I/O port or count source input

TAiouT pin function

Programmable I/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

* 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 2: Timer A1 and A2 do

Note 1: This does not apply when the free-run function is selected.

not have I/O port (TAiIN and TAiouT).

b7 b6 b5 b4 b3 b2 bl bo

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

L1 1]

[o]2]

Symbol Address When reset
TAIMR(i = 0 to 4) 039616 to 039A16 0016
Bit symbol Bit name Function RIW|
TMODO | Operation mode select bit | o0 0.0
TMOD1 01 : Event counter mode (Note 1) 0.0
MRO Pulse output function 0: Pulse is not output |
select bit (Note 5) (TAiOU.T pin is a normal port pin) OEO
1: Pulse is output (Note 2) '
(TAiouT pin is a pulse output pin) !
MR1 Count polarity 0 : Counts external signal's falling edge |~
select bit (Note 3, 5) 1: Counts external signal's rising edge OEO
MR2 Up/down switching 0 : Up/down flag's content OEO
cause select bit (Note 5) 1 : TAiouT pin's input signal (Note 4) .
MR3 0 (Must always be “0” in event counter mode) 0.0
TCKO Count operation type 0 : Reload type OEO
select bit 1: Free-run type !
TCK1 Invalid when not using two-phase pulse signal processing OEO
Can be “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 register to “0".

Note 5: Set these bits “0” in timer Al and A2 mode registers.

Figure 1.13.8. Timer Ai mode register in event counter mode

RENESAS

RenesasTechnology Corp.




Mitsubishi microcomputers

M16C / 62N Group (80-pin)
Timer A SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.13.3. Timer specifications in event counter mode (when processing two-phase pulse signal with timers A2, A3, and A4)

Item Specification
Count source » Two-phase pulse signals input to TAIIN or TAIOUT 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)

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 3) [+ Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on the TAIiIN
pin when input signal on the TAiouT pin is “H”

TAiouT J L
TAIIN _+ 4 + * * L

(i=2,3)  up Up Up  Down Down Down
count count count count count count
< Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that the TAIiIN 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 TAiouT pin is “H”, the timer

counts down rising and falling edges on the TAiouT and TAIIN pins.

TAiouT \JA U *_f U !(_4 L

Count upTe(H edges Count down all edges
TAIIN
=39 Ay dyhvhvydy
- J/ - J
Vv '
Count up all edges Count down all edges

Note 1: This does not apply when the free-run function is selected.

Note 2: Timer A1 and A2 do not have I/O port (TAIIN and TAIouUT).

Note 3: 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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M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timer A

Timer Ai mode register
(When using two-phase pulse signal processing) (Note 3)

b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
|||O|1|0|0|0|1| TAIMR(i = 2 to 4) 039816 to 039A16 0016

Bit name Function RIW

b0 o 4w =1 TMODO | Operation mode select bit |** 0.0

. TVMOD1 0 1 : Event counter mode 00

oo MRO 0 (Must always be “0” when using two-phase pulse signal OiO

- processing)

o ] MR1 0 (Must always be “0” when using two-phase pulse signal OEO

oo processing) !

T MR2 1 (Must always be “1” when using two-phase pulse signal OEO

oo processing)

_________________ MR3 0 (Must always be “0” when using two-phase pulse signal O:O

N processing)

T TCko | Count operation type 0 : Reload type oo
select bit 1: Free-run type |

TCK1 Two-phase pulse . .
------------------------ processing operation 0: Normal processing operatlon i O}O
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 bits (addresses 038216 and 038316) to “00".

Note 3: Timer A2 cannot be used for two-phase pulse signal processing.

Figure 1.13.9. 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 1.13.4.) When a trigger occurs, the timer starts up and
continues operating for a given period. Figure 1.13.10 shows the timer Ai mode register in one-shot timer mode.

Tablel1.13.4. Timer specifications in one-shot timer mode

Item

Specification

Count source

f1, f8, f32, fc32

Count operation

* The timer counts down
» When the count reaches 000016, the timer stops counting after reloading a new count
« If atrigger 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 I/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)

Note: Timer A1 and A2 do not have I/O port (TAiIN and TAioUT).

b7 b6 b5 b4 b3 b2 bl bo

LL Io]

[ [z]o]

Timer Ai mode register

Symbol Address When reset
TAIMR(i = 0to 4) 039616 to 039A16 0016
Bit symbol Bit name Eunction RIW
TMODO Operation mode select bit "1“’8 . hot ti d 0,0
TMODIL : One-shot timer mode 00
MRO Pulse output function 0 : Pulse is not output
select bit (Note 4) (TAiouT pin is a normal port pin) 00
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) 0.0
bit (Note 2,4) 1: Rising edge of TAiIN pin's input signal (Note 3) 3
MR2 Trigger select bit 0 : One-shot start flag is valid 0.0
1: Selected by event/trigger select bits |
MR3 0 (Must always be “0” in one-shot timer mode) 0.0
TCKO  |count source select bit ~ [*7*°
00:f1 O:O
01:fs
TCK1 10:f32 o0
11:fc32 |

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 bit can be “1” or “0”.
Note 3: Set the corresponding port direction register to “0”.
Note 4: Set these bits to “0” in timer A1 and A2 mode registers.

Figure 1.13.10. Timer Ai mode register in one-shot timer mode
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Timer A

(4) Pulse width modulation (PWM) mode

In this mode, the timer outputs pulses of a given width in succession. (See Table 1.13.5.) In this mode, the
counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Timer Al
and A2 have no output pin, so it doesn't work in this mode. Figure 1.13.11 shows the timer Ai mode
register in pulse width modulation mode. Figure 1.13.12 shows the example of how a 16-bit pulse width
modulator operates. Figure 1.13.13 shows the example of how an 8-bit pulse width modulator operates.

Table 1.13.5. Timer specifications in pulse width modulation mode

Item Specification
Count source f1, 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

 Cycletime  (216-1)/fi fixed
8-bit PWM * High level width nX(m+1)/fi  n:values set to timer Ai register's high-order address

* Cycle time (28-1)X (m+1) / fi m : values set to timer Ai register's low-order address
Count start condition  External trigger is input

* The timer overflows
» The count start flag is set (= 1)

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

Interrupt request generation timing | PWM pulse goes “L”

TAIIN pin function Programmable 1/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)

Note: Timer Al and A2 do not have I/O port (TAiIN and TAiouUT).

Timer Ai mode register

| b7 | b6 | b | b | b3| b2 b1 bO Symbol Address When reset
1]1]12

TAIMR(i=0t0 4) 039616 to 039A16 0016

Bit symbol Bit name Function RIW,
' TMODO Operation mode b1b0 o0
o] TMODL1 select bit 11 :PWM mode 00
e MRO 1 (Must always be “1" in PWM mode) (Note 3) 00
: MR1 External trigger select |0 Falling edge of TAi pin's input signal (Note 2) OEO
"""""" bit (Note 1,3) 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 i
: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 ]
EELEEEEELERTREEETTERE TCKO Count source selectbit |00 :f1 00
! 01:fs !
! 10:f32 i
"""""""""""" TCK1 11:fca2 Oio

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 bit can be “1” or “0”.
Note 2: Set the corresponding port direction register to “0”.
Note 3: Set these bits "0" in timer A1 and A2 mode registers.

Figure 1.13.11. 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 ‘ ' ‘ '
TAIIN pin H } i }‘ _____________
input signal 'K 3 ;

—————————<—1/fiXn

PWM pulse output “H” ‘ ‘
from TAiouT pin o L |
Timer Aiinterrupt ~ “1”
request bit wy
o e _____
fi: Frequency of count source \ /

(f1, f8, f32, fc32) Cleared to “0” when interrupt request is accepted, or cleared by software

Note 1: n = 000016 to FFFEz1s6.
Note 2: Timer A1 and A2 do not have I/O port (TAiIN and TAiouT).

Figure 1.13.12. 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) :
cancsouse ey [N AU

TAIN pin input signal ~ “H” —+

Underflow signal of
8-bit prescaler (Note2) . »

]
N
|

PWM pulse output H

from TAiouT pin K ' - — - -
Timer Ai interrupt S

request bit o — - -

fi : Frequency of count source

(f, fs, f32, fca2) 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.
Note 4: Timer A1 and A2 do not have I/O port (TAiIN and TAiouT).

Figure 1.13.13. Example of how an 8-bit pulse width modulator operates
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Timer B

Timer B
Figure 1.13.14 shows the block diagram of timer B. Figures 1.13.15 and 1.13.16 show the timer B-related
registers. However, timer B1 is used for internal timer since timer B1 does not have input port.
Use the timer Bi mode register (i = 0 to 5) 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.
{ Data bus high-order bits
Clock source selection § Data bus low-order bits
] [Low-order 8 bits U High-order 8 bits
i —o « Timer AV4 i
f8 —o « Pulse period/pulse width measurement | Reload register (16) |
o P
f22 — o ] [ J [ [
fcaa— o « Event counter Counter (16) |
A
TBiIN Polarity switching Count start flag
(i=0t05) O— and edge pulse (address 038016)
Counter reset circuit |_

Can be selected in only
event counter mode

TBi Address TBj
TBj overflow —O Timer BO 039116 039016 Timer B2
(j =i-1. Note, however, Timer B1 039316 039216 Timer BO
j=2wheni=0, Timer B2 039516 039416 Timer Bl
j=5wheni=3) Timer B3 035116 035016 Timer B5

Timer B4 035316 035216 Timer B3
Timer B5 035516 035416 Timer B4

Note: TB1IN does not connect to outside. Thus, do not select the function using this pin.

Figure 1.13.14. Block diagram of timer B

Timer Bi mode register

| b7| b6| "5| "“| "3| "2| "1| b°| ?é?&bé’h =0105) OSQB?S?(r)eOS?s)QDm gg?&%%%ezt

035B16 to 035D16  00XX00002

to 01 0t [ Bit symbol Bit name Function R W
E E i E i E +{ TMODO Operation mode select bit 6160: Timer mode (0] (@]
. : 0 1 : Event counter mode
A TMOD1 10 : Pulse period/pulse width ;
R measurement mode (Note 3)| © | O
- 11 : Must not be set i
e MRO Function varies with each operation mode (@) (@)
o ] MR1 O ' 0
oo MR2 O ' 0
' : H R (Note 1)1 ______
b X
o (Note 2) |

Dol oo MR3 I
PRy TCKO Count source select bit O ' 0
] TCK1 (Function varies with each operation mode) o ' O

Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.
Note 3: Do not set this mode in timer B1 mode register because timer B1 does not have input port.

Figure 1.13.15. Timer B-related registers (1)
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Timer B

Timer Bi register (Note 1) Symbol Address When reset
TBO 039116, 039016  Indeterminate
(b15) (08) TB1 039316, 039216  Indeterminate
b7 bob7 0o TB2 039516, 039416  Indeterminate
| | B3 035116, 035016  Indeterminate
T TB4 035316, 035216  Indeterminate
! TB5 035516, 035416  Indeterminate
E Function Values that can be set | R EW
'===1 « Timer mode 000016 to FFFF16 OEO

Counts the timer's period |

« Event counter mode 000016 to FFFF16

Counts external pulses input or a timer overflow (Note 2) 00
« Pulse period / pulse width measurement mode
Measures a pulse period or width (Note 2) O:X

Note 1: Read and write data in 16-bit units.
Note 2: Timer B1 is provided with no input pin, so it does not work in this mode. The
overflow of the timer, however, can be counted in event counter mode.

Count start flag

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TABSR 038016 0016

Bit symbol Bit name Function RIW]
e TAOS Timer AO count start flag 0 : Stops counting 0.0
i i E E E 5 — TA1S Timer Al count start flag 1: Starts counting OiO
i i i E i R TA2S Timer A2 count start flag OEO
T M — TA3S | Timer A3 count start flag oio
] TA4S | Timer A4 count start flag 0:0
s TBOS Timer BO count start flag 0.0
R S — TB1S | Timer BL count start flag 00
] TB2S Timer B2 count start flag OiO

Timer B3, 4, 5 count start flag

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
|: $ $ ;I: ;Iz ;I TBSR 034016 000XXXXX2
poron oo 1| Bitsymbol Bit name Function RW
" v 4 1 1+ 1 1+ | Nothingis assigned. In an attempt to write to these bits, write “0”. The value, if read, |
Voo TTTmmTmrTt turns out to be indeterminate. —3 -
e EREEEEEEEEEEE TB3S Timer B3 count start flag 0 : Stops counting O}O
CH TB4S Timer B4 count start flag 1 Starts counting ofo
R TB5S Timer B5 count start flag 00
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
CPSRF 038116 OXXXXXXX2
boron oo 1| Bitsymbol Bit name Function RIW
V'« 4+ 1 & 1 1 1| Nothing is assigned. In an attempt to write to these bits, write “0”. The value, if read, _ _
E bombomde e e e turns out to be indeterminate. |
; CPSR Clock prescaler reset flag | 0 - No effect ‘
] P 9 |1 Prescaler is reset 0.0
(When read, the value is “0”)

Figure 1.13.16. Timer B-related registers (2)
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timer B

(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.13.6.) Figure 1.13.17
shows the timer Bi mode register in timer mode.

Table 1.13.6. Timer specifications in timer mode

ltem Specification
Count source f1, fs, f32, fc32
Count operation » Counts down

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

Divide ratio 1/(n+1) n: Setvalue

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 I/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)

Note: Timer B1 works exclusively as an internal timer since timer B1 does not have input port (TBLIN).

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | 0 | 0 | TBiMR(i=0to 5) 039B16 to 039D16 00XX00002
B N T A N N Ml M 035B16 to 035D16 00XX00002
E ' ' ' ' ' ' ' Bit symbol Bit name Function R ' W
e TMODO ’ ) O . O
A Operation mode select bit 00 : Timer mode :
R TMOD1 o . 0
A MRO Invalid in timer mode O . O
. MR1 Can be “0” or “1” e
oo MR2 0 (Must always be “0” in timer mode ;i = 0, 3) (Ng?e 111 %
R Rl Nothing is assiigned (i = 1, 2, 4, 5). X X
- In an attempt to write to this bit, write “0”. The value, if read, turns out (Note 2)1
E E E to be indeterminate. |
o MR3 Invalid in timer mode.
P rmmmmmmmmmmmmmmm o In an attempt to write to this bit, write “0”. The value, if read in o ! X
HE timer mode, turns out to be indeterminate. |
N Count source select bit b7 b6 |
SRGREELCEEEEECEEEE TCKO 00:f1 o0
' 01:fs T
I TCK1 10:f32 1
11:fc32 © 1 o

Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.

Figure 1.13.17. Timer Bi mode register in timer mode
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M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timer B

(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.13.7.)
However, timer B1 works exclusively as an internal timer because timer B1 does not have input port.
Figure 1.13.18 shows the timer Bi mode register in event counter mode.

Table 1.13.7. Timer specifications in event counter mode
Item 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)

Note: Timer B1 works exclusively as an internal timer since timer B1 does not have input port (TBLIN).

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | 0 | 1 | TBiIMR(i=0to 5) 039B16 to 039D16  00XX00002
035B16 to 035D16  00XX00002
T symbol Bit name Function R I W
foror v -1 TMODO [ operation mode select bit | > O 0
R T T R 01: Event counter mode T
R L TMOD1 o ! 0
A MRO Count polarity select b3 b2
D bit (No?e 1) Y 00 : Counts external signal's (6] 1 (o]
[ falling edges !
oo 0 1 : Counts external signal's !
Voo MR1 rising edges o | o
T T T S, 10 : Counts external signal's
falling and rising edges ;
oo 11: Must not be set '
Voo wy i o [e)
AR MRz | O (Mustaiways be ‘0"in event counter mode; 120, 3) (Nole2)
voor o tmmmmmmmmeees Nothing is assigned (i=1, 2, 4, 5). X X
oo In an attempt to write to this bit, write “0”. The value, if read, turns out !
[ to be indeterminate. (Note 3);
I MR3 Invalid in event counter mode.
b In an attempt to write to this bit, write “0”. The value, ifreadin | O | X
[ event counter mode, turns out to be indeterminate. !
s TCKO Invalid in event counter mode. Can be “0” or “1". o o
TCK1 Event clock select (Note 5)[ O : Input from TBiIN pin (Note 4)
----------------------- 1:TBj overflow O ' 0
(j=1i-1; however,j=2wheni=0, !
j=5wheni=3) !

Note 1: Valid only when input from the TBiIN pin is selected as the event clock.
If TBj overflow is selected, this bit can be “0” or “1".
Note 2: Timer BO, timer B3.
Note 3: Timer B1, timer B2, timer B4, timer B5.
Note 4: Set the corresponding port direction register to “0”.
Note 5: Must always “1” in timer B1 mode register because timer B1 does not have input port.

Figure 1.13.18. Timer Bi mode register in event counter mode
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Timer B

(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.)
However, this function cannot be used since timer B1 does not have input port. Figure 1.13.19 shows the
timer Bi mode register in pulse period/pulse width measurement mode. Figure 1.13.20 shows the opera-
tion timing when measuring a pulse period. Figure 1.13.21 shows the operation timing when measuring

a pulse width.
Table 1.13.8. Timer specifications in pulse period/pulse width measurement mode
ltem Specification
Count source f1, fs, f32, fc32
Count operation * 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 bS5 b4 b3 b2 bl bo Symbol Address When reset

| | | | | | | 1 | 0 | TBIMR(i=0to 5) 039B16to 039D16  00XX00002

035B16to 035D16  00XX00002
V4 v v 4 v 4 V| Bitsymbol Bit name Function R | W
H H Voo~ TMODO : b1b0 o 0
- (s)eﬁzé?ttl)pln mode 1 0: Pulse period / pulse width .
oo k.-l TMOD1 I measurement mode (Note 4) o' 0
H H H MRO Measurement mode | 23°2 .
e select bit 00 : Pulse period measurement (Interval between

01 : Pulse period measurement (Interval between
measurement pulse's rising edge to rising edge)

E measurement pulse's falling edge to falling edge) o ‘ o

R MR1 10 : Pulse width measurement (Interval between
Vo e measurement pulse’s falling edge to rising edge, !

- and between rising edge to falling edge)

[ 11: Must not be set

I 0 (Must always be “0” in pulse period/pulse width measurement mode; i = 0, 3) .
- MR2 (Note 2),
e Nothing is assigned (i=1,2,4,5. T ><><
[ In an attempt to write to this bit, write “0”. The value, if read, turns out to be 1
HE indeterminate. (Note 3).

E : '_ ________________ MR3 Timer Bi overflow 0 : Timer did not overflow o ‘ X
. flag ( Note 1) 1: Timer has overflowed !
e TCKO Count source b7he o' 0
: select bit 00:f1 :

' 01:fs -

B 10:f32 !
FroTmmrommroenemoenees TCK1 11:fca2 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, timer B3.

Note 3: Timer B1, timer B2, timer B4, timer B5.

Note 4: Do not set this mode in timer B1 mode register because timer B1 dose not have input port.

Figure 1.13.19. Timer Bi mode register in pulse period/pulse width measurement mode
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M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

When measuring measurement pulse time interval from falling edge to falling edge

Count source

Measurement pulse

—

ransfer Transfer

indeterminate value) / (measured value)

—

transfer timing (Note 1)
/ ote

1 [ E—

Timing at which counter
reaches “000016"

Reload register+ counter | |_| |_|

Count start flag

Timer Bi interrupt
request bit “g

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

—

Timer Bi overflow flag

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

Figure 1.13.20. Operation timing when measuring a pulse period

Count source

U R R R TR R AA]

wpgqn

Measurement pulse

1 Transfer Transfer | Transfer | Transfer
}/}1 (indeterminate |4 (measured value) | (measurey (measured value)
1/ value) i /1 value) '

Reload register + counter
transfer timing

1

3/,(N0te1) i/(Notel) !
1 1 [ S —

Timing at which counter
reaches “000016”

Count start flag

" | | |
— | | |

Timer Bi interrupt ‘1"
request bit ug”

> A 4 |

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

o

Timer Bi overflow flag

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

Figure 1.13.21. Operation timing when measuring a pulse width
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial I/O

Serial 1/10
Serial I/0O is configured as five channels: UARTO, UART1, UART2, S I/O3 and S 1/04.

UARTO to 2
UARTO, UART1 and UART2 each have an exclusive timer to generate a transfer clock, so they operate
independently of each other.
Figure 1.14.1 shows the block diagram of UARTO, UART1 and UART2. Figures 1.14.2 and 1.14.3 show
the block diagram of the transmit/receive unit.
UARTI (i = 0 to 2) has two operation modes: a clock synchronous serial /O mode and a clock asynchronous
serial I/0 mode (UART mode). The contents of the serial /O mode select bits (bits 0 to 2 at addresses
03A016, 03A816 and 037816) determine whether UARTI is used as a clock synchronous serial I/O or as a
UART.
UARTO through UART2 are almost equal in their functions with minor exceptions. UART2, in particular, is
used for the SIM interface with some extra settings added in clock-asynchronous serial /O mode (Note). It
also has the bus collision detection function that generates an interrupt request if the TxD pin and the RxD
pin are different in level. UART and IIC mode can be used in UART2.
Table 1.14.1 shows the comparison of functions of UARTO through UART2, and Figures 1.14.4to 1.14.9
show the registers related to UARTI.
Note: SIM : Subscriber Identity Module

Table 1.14.1. Comparison of functions of UARTO through UART2

86

Function UARTO UART1 UART2
CLK polarity selection Possible (Note 1) | Possible (Note 1) Possible  (Note 5)
LSB first / MSB first selection Possible (Note 1) | Possible (Note 1) Possible  (Note 2)
Continuous receive mode selection Possible (Note 1) | Possible (Note 1) Possible  (Note 5)
Transfer clock output from multiple Impossible Possible (Note 1) | Impossible
pins selection
Serial data logic switch Impossible Impossible Possible  (Note 4)
Sleep mode selection Possible (Note 3) | Possible (Note 3) Impossible
TxD, RxD 1I/O polarity switch Impossible Impossible Possible

N-channel open-drain

TxD, RxD port output format CMOS output CMOS output output (Note 6)
Parity error signal output Impossible Impossible Possible  (Note 4)
Bus collision detection Impossible Impossible Possible

Note 1: Only when clock synchronous serial /O mode.
Note 2: Only when clock synchronous serial I/O mode and 8-bit UART mode.

Note 3: Only when UART mode.
Note 4: Using for SIM interface.

Note 5: Since CLK2 and CTS2/RTS2 do not connect to outside, this function cannot be used.
Note 6: Connect this pin to Vcc via a pull-up resistor on the outside.
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Serial I/0

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(UARTO)
RxD0 O —O TxDo
UART reception Receive
Clock source selection Reception clock Transmit/
f1 —o Bit rate generator Clock synchronous type E control circuit receive
o Internal  (address 03A116) TO . ) unt
1/ +1 UART transmission ' Transmit
fe2 o (no ) U Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is selected)
:
Clock synchronous type Clock synchronous type
K (when internal clock is selected) (when external clock is
selected)
polarity )/‘
CLKo O reversing \I
circuit
S CTSQ:TS disabled
CTS/RTS selected RTSO
cTs0/RTs0 O o <l
? Vee
L arejore a4
5 CTS/RTS disabled CTSo
(UART1)
RxD1O —O TxD1
UART reception Receive )
Clock source selection clock Transmiy
f1 Bit rate generator | Clock synchronous type ro E control circuit resﬁ;;/e
fg —O Internal (address 03A916) .
8 1/ 1 UART transmission ' Transmit
fa2 o (n1+1) Iﬂﬁl ! Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is slected)
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
CLK
polarity selected)
CLK1 : reversing
circuit I CTSIRTS disabled
el —— CTS/RTS selected STa.
CTS1/RTS1() —5 % RTS1
/ CLKS1 Clock output pin Vce
select switch ’ o
o CTS/RTS disabled cTs1
RxD2 C RxD polarity H p;—léﬁty FO TxD2
reversing circuit reversin X
I¢]
UART reception Receive circuit
Clock source selection Recept_lon . clock Trans_mit/
f Bit rate generator | Clock synchronous type fo . control circuit receive
Internal  (address 037916) . I unit
fs —0 N\o__o o | )
UART transmission Transmit
fsg—o 1/ (n2+1) &4,_| Transmission | Jclock
Clock synchronous type —o control circuit
Clock synchronous type
(when internal clock is selected)
Q
e e . n0 : Values set to UARTO bit rate generator (UOBRG
Note: CLK and CTS/RTS of UART2 do not connect to outside. n1 - Values set to UART1 bit rate generator §U1BRG3
Clock synchronous serial I/0O mode cannot be used in UART2. n2 : Values set to UART2 bit rate generator (U2BRG)

Figure 1.14.1. Block diagram of UARTi (i = 0 to 2)
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M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock
synchronous type

UART (7 bits)
Clock UART (8 bits)
synchronous

UART (7 bits)
lype

rRxDi(O—4

PAR

enabled
Clock
synchronous type

UART (8 bits)
UART (9 bits)

UARTI receive register

0§D8|

|D7§D6§D5§D4§D3§D2§D1§D0|

UARTi receive
buffer register

| MSBI/LSB conversion circuit |

Address 03AE16

Address 03A616
Address 03A716
Address 03AF16

Data bus high-order bits

Data bus low-order bits

| MSBI/LSB conversion circuit |

==

| Ds |

| D7 i Doi Dsi Dsi Dsi Dz DiiDol

UARTI transmit

UART (8 bits)
UART (9 bits)

UART (9 bits) :;I;’):k synchronous

AR
enabled UART

2SP
Q Q
o \O_,—O
0 o
1sp PAR Clock -
disabled | synchronous UART (7 bits)

type UART (7 bits)

UART (8 bits)
0 Clock synchronous
type

buffer register

Address 03A216
Address 03A316
Address 03AA16
Address 03AB16

TxDi

UARTI transmit register

SP: Stop bit
PAR: Parity bit

Figure 1.14.2. Block diagram of UARTI (i = 0, 1) transmit/receive unit
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial I/0

No reverse
RxD data
RO S

Reverse

Clock
synchronous type

Clock
PAR synchronous
disabled | type

(8 bits) UART(7 bits) UART2 receive register

2sP PAR UART Clock
enabled synchronous type

(9 bits)

; ; : ; H : ; : ; H : ; H : UART2 receive
0:0:0:0:0:0:0 :D8| |D7:D6:D5:D4:D3:D2:D1:Do| buffer regioter
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|
|D3 | | D7 DeiDsiDaiDsiDz2iDiiDo | UART?2 transmit
buffer register

Address 037A16
Address 037B16

UART

(8 bits)

UART

(9 bits)

UART Clock
PAR (9 bits) synchronous type

enabled  yART

synchronous UART(7 bits) UART2 transmit register

type

synchronous type
Error signal output

disable No reverse
Error signal TxD data TxD2
output circuit reverse circuit
Error signal output Reverse
enable
SP: Stop bit

Note: Clock synchronous serial /O mode cannot be used in UART2. PAR: Parity bit

Figure 1.14.3. Block diagram of UART2 transmit/receive unit
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit buffer register (Note)

(b15) ©8) Symbol Address When reset
b7 b0 b7 b0 uoTB 03A316, 03A216 Indeterminate
|><|><|><|><|><|><|><| | uiTB 03AB16, 03AA16 Indeterminate
u2TB 037B16, 037A16 Indeterminate
Function RIW
H : H ;
L] EEEREPERY Transmit data X0
: Nothing is assigned. 1
"""""""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns out to be indeterminate. _ -

UARTI receive buffer register

(b15) (b8)
b7 b0 b7

Note: Use MOV instruction to write to this register.

HEERRE

S

UARTI bit rate generator (Note 1, 2)

b7 bo

Symbol Address When reset
£o UORB  03A715, 03A61s  Indeterminate
U1RB 03AF16, 03AE16 Indeterminate
U2RB 037F16, 037E16 Indeterminate
Bit Bit name ~ Function Function RIW
symbol (During clock synchronous (During UART mode) !

serial I/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 out to be “0”. ‘

ABT | Arbitration lost detecting 0 : Not detected Invalid O:O
flag (Note 2) 1 : Detected }

OER | Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error OEX
1 : Overrun error found 1 : Overrun error found '

FER Framing error flag (Note 1) | Invalid 0 : No framing error le
1 : Framing error found

PER | Parity error flag (Note 1) Invalid 0 : No parity error OEX
1 : Parity error found i

SUM | Error sum flag (Note 1) Invalid 0 : No error O'X
1 : Error found

Note 1: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to 0 at addresses 03A01s,

Note 2:

03A816 and 037816) are set to “0002” or the receive enable bit is set to “0”.

(Bit 15 is set to “0” when bits 14 to 12 all are set to “0”.) Bits 14 and 13 are also set to “0” when the
lower byte of the UARTI receive buffer register (addresses 03A616, 03AE16 and 037Eus) is read out.
Arbitration lost detecting flag is allocated to U2RB and noting but “0” may be written. Nothing is
assigned in bit 11 of UORB and U1RB. When write, set “0”. The value, if read, turns out to be “0".

Symbol Address When reset
UOBRG 03Al1s Indeterminate
U1BRG 03A916 Indeterminate
U2BRG 037916 Indeterminate
Function Values that can be set R'W|
1
Assuming that set value = n, BRGi divides the count source by 0015 to FF16 X0
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 1.14.4. Serial I/O-related registers (1)
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial I/0

UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | UiMR(i=0,1) 03A016, 03A816 0016
. Function :
S ?Em Bit name (During clock synchronous (DurinFlﬂ]ng'nmode) RIW
oo Y serial /0 mode) 9 |
P4 0 0 0 1 1 1) sSMDO | serial /O mode Must always be 001 b2 b1 60
- select bit 52 b1 b0 100 : Transfer data 7 bits long [O'O
000 : Serial I/O invalid 101 : Transfer data 8 bits long ‘
Poror o b w...] SMD1 010 : Must not be set 110: Transfer data 9 bits long | !
A 011 : Must not be set 000 : Serial I/O invalid Ofo
T T 111:Mustnot be set 01 0 : Must not be set ‘
RERCERR SMD2 011 : Must not be set !
P 111:Mustnot be set O:O
P e CKDIR | Internal/external 0 : Internal clock 0 : Internal clock OEO
oo clock select bit 1 : External clock (Note) 1 : External clock (Note)
P e STPS | Stop bit length Invalid 0 : One stop bit OEO
HE select bit 1 : Two stop bits :
N PRY | Odd/even parity Invalid Valid when bit 6 = 1"
v select bit 0: Odd parity 0.0
v 1: Even parity ;
b ] PRYE | Parity enable bit Invalid 0 : Parity disabled o0
. 1: Parity enabled !
R SLEP | Sleep select bit Must always be “0" 0 : Sleep mode deselected
1: Sleep mode selected O;O
Note : Set the corresponding port direction register to “0”".
UART?2 transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | U2MR 037816 0016
. Function : |
' ' ' ' ' ' ' ' Bit . . Function I
R Bit name (During clock synchronous : R:W
A symbol serial /O mode) (During UART mode) :
i bbb 1 1] SMDO | serial /O mode Clock synchronous serial pz0100 _
N select bit 1/0 mode can not be used 100: Transfer data 7 b!ts long O:O
- in UART2 (Note). 10 1: Transfer data 8 bits long :
oo b ) SMDL 110: Transfer data 9 bits long | _:
A 000 : Serial /O invalid 0.0
A 01 0 : Must not be set 1
e SMD2 011 : Must not be set O:O
R 111: Must not be set
___________ CKDIR | Internal/external . |
clock select bit Must always be "0 o o
SRRl STPS | Stop bit length 0 : One stop bit OEO
N select bit 1 : Two stop bits !
_________________ PRY | Odd/even parity Valid when bit 6 = “1”
select bit 0 : Odd parity 00
I 1 : Even parity
LR PRYE | Parity enable bit 0 : Parity disabled
: oo 0.0
H 1: Parity enabled |
b IOPOL | TXD, RxD 1/O 0: No reverse !
polarity reverse bit 1: Reverse 00
Usually set to “0” !
Note : Bit 2 to bit 0 are set to “0102” when 1°C mode is used.

Figure 1.14.5. Serial I/0O-related registers (2)
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl

b0

UARTI transmit/receive control register 0

b7 b6 b5

b4 b3 b2 bl b0

UART?2 transmit/receive control register 0

| Symbol Address When reset
UiCO0(i=0,1) 03A416, 03AC16 0816
Bit Function Function
Bit name (During clock synchronous . R'W
symbol serial /O mode) (During UART mode) !
blbo bl b0 3
CLKO | BRG countsource | 9g:f1is selected 00:fiis selected 0.0
select bit 01:fsis selected 01:fsis selected :
CLK1 10:f32is selected 10:f32is selected O:O
11 : Must not be set 11: Must not be set |
~o/bTo : Valid when bit 4 = “0” Valid when bit 4 = “0” |
CRS | CTS/RTS function | o&7s function is selected (Note 1) 0: CTS function is selected (Note 1) (OO
select bit 1: RTS function is selected (Note 2) 1: RTS function is selected (Note 2) 3
TXEPT | Transmit register 0 : Data present in transmit 0 : Data present in transmit register 3
register (during transmission) (during transmission) '
empty flag
1: No data present in transmit 1: No data present in transmit (@] ! X
register (transmission completed) register (transmission completed) !
CTSRTS di 0 : CTS/RTS function enabled 0 : CTS/RTS function enabled
CRD bc.-trS/RTS disable 1: CTS/RTS function disabled 1: CTS/RTS function disabled !
I (P60 and P64 function as (P60 and P64 function as @) ' @)
programmable 1/0 port) programmable 1/0 port) '
NCH Data output 0: TXD! p!n @s CMOS output 0: TXD! p@n @s CMOS output 3
select bit 1: TXDi pin is N-channel 1: TXDi pin is N-channel O;O
open-drain output open-drain output '
" 0 : Transmit data is output at falling | Must always be “0” i
CKPOL CLlK pct))llanty edge of transfer clock and receive 4 :
select bit data is input at rising edge |
1: Transmit data is output at rising o i o
edge of transfer clock and receive i
data is input at falling edge i
UFORM | Transfer format 0: LSB first Must always be “0” :
select bit 1: MSB first y O:O
Note 1: Set the corresponding port direction register to “0”".
Note 2: The settings of the corresponding port register and port direction register are invalid.
| Symbol Address When reset
u2co 037C16 0816
i Function . '
Bit f - Function ;
Bit name . R'W
symbol (During clock synchronous (During UART mode) ‘
serial /0 mode) '
bl b0 bl bo :
CLKO | BRG countsource (gq: 1 s selected 00:fiis selected 0:0
select bit 01:fsis selected 01:fsis selected ‘
CLK1 10:f32is selected 10:f32is selected OEO
11: Must not be set 11 : Must not be set !
o= : Valid when bit 4 = “0” Valid when bit 4 = “0” '1
CRS | CTS/RTS function | o cTs function is selected (Note 1) 0: CTS function is selected (Note 1) |O 1O
select bit 1: RTS function is selected (Note 2) 1: RTS function is selected (Note 2) |
TXEPT | Transmit register 0 : Data present in transmit 0 : Data present in transmit register 3
empty fla register (during transmission) (during transmission) :
ptyflag 1: No data present in transmit 1: No data present in transmit O ; X
register (transmission completed) register (transmission completed) '
CRD | CTS/RTS disable | 0: CTS/RTS function enabled 0 : CTS/RTS function enabled |
bit (Note 4) 1: CTS/RTS function disabled 1: CTS/RTS function disabled ;
(P73 functions (P73 functions programmable o ; o
programmable 1/0 port) 1/0 port) ;
Nothing is assigned. i
In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0". |
CKPOL | CLK polarity 0: Transmit data is output at falling | Must always be “0” !
select bit edge of transfer clock and receive |
data is input at rising edge i
1: Transmit data is output at rising i
edge of transfer clock and receive 0.0
data is input at falling edge 3
Transfer format 0 : LSB first 0 : LSB first |
UFORM ; : : '
select bit (Note 3) | 1: MSB first 1: MSB first ©:0
Note 1: Set the corresponding port direction register to “0”.
Note 2: The settings of the corresponding port register and port direction register are invalid.
Note 3: Only clock synchronous serial I/O mode and 8-bit UART mode are valid.
Note 4: This bit must be set to “1” in M16C/62N (80-pin version) group.
Note 5: UART2 clock synchronous serial I/O mode cannot be used in M16C/62N (80-pin version) group.

Figure 1.14.6. Serial I/O-related registers (3)
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Serial I/0

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl bO

UART?2 transmit/receive control register 1

b5 b4 b3 b2 bl bo

Symbol Address When reset
| UiC1(i=0,1) 03A516,03AD16 0216

i Function . i

Bit . : Function !
Bit name (During clock synchronous ! R!W|

symbol serial I/0 mode) (During UART mode) |
TE Transmit enable bit 0 : Transmission disabled | O : Transmission disabled OEO

1 : Transmission enabled 1 : Transmission enabled !

TI Transmit buffer 0 : Data present in 0 : Data present in
empty flag transmit buffer register transmit buffer register OEX

1: No data present in 1: No data present in !

transmit buffer register transmit buffer register '
RE Receive enable bit 0 : Reception disabled 0 : Reception disabled OlO

1 : Reception enabled 1 : Reception enabled

RI Receive complete flag 0 : No data present in 0 : No data present in
receive buffer register receive buffer register O'X

1: Data present in 1: Data present in !

receive buffer register receive buffer register |
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
| uz2c1 037D16 0216

. Function ; '
s E:tbol Bit name (During clock synchronous (DurinFLiJr]Xg?I'nmode) RIW|

Y serial /0 mode) 9 3
TE Transmit enable bit 0 : Transmission disabled | O : Transmission disabled OEO

1: Transmission enabled 1 : Transmission enabled

TI Transmit buffer 0 : Data present in 0 : Data present in
empty flag transmit buffer register transmit buffer register 0O'X

1: No data present in 1: No data present in |

transmit buffer register transmit buffer register |
RE | Receive enable bit 0 : Reception disabled 0 : Reception disabled OEO

1: Reception enabled 1: Reception enabled '

RI Receive complete flag 0 : No data present in 0 : No data present in
receive buffer register receive buffer register O'X

1: Data present in 1: Data present in |

receive buffer register receive buffer register

U2IRS | UART2 transmit interrupt | O : Transmit buffer empty | 0 : Transmit buffer empty |
cause select bit (TI=1) (TI=1) 00

1: Transmit is completed [ 1: Transmit is completed '

(TXEPT = 1) (TXEPT =1) '

U2RRM [ UART2 continuous 0 : Continuous receive Must always be “0”
receive mode enable bit mode disabled 00

1 : Continuous receive |

mode enabled
U2LCH | Data logic select bit 0: No reverse 0: No reverse OEO

1: Reverse 1: Reverse '
U2ERE | Error signal output Must always be “0” 0 : Output disabled OEO

enable bit 1 : Output enabled |

Note: UART2 clock synchronous serial I/O mode cannot be used in M16C/62N (80-pin version) group.

Figure 1.14.7. Serial I/O-related registers (4)
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial I/O

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

UCON 03B016 X00000002
: . Function " !
H Bit . . Function |
: symbol Bit name (During glock synchronous (During UART mode) R:W
' serial I/0 mode) |
\ UOIRS | UARTO transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (TI = 1) |
H interrupt cause select bit | 1: Transmission completed 1 : Transmission completed O 1O
H (TXEPT = 1) (TXEPT =1) :
E U1IRS | UART1 transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (TI = 1) 3
! interrupt cause select bit | 1 : Transmission completed 1: Transmission completed O ;O
: (TXEPT =1) (TXEPT =1) '
UORRM | UARTO continuous 0 : Continuous receive Must always be “0”
! receive mode enable bit mode disabled 00
' 1: Continuous receive |
! mode enable '
H U1RRM | UART1 continuous 0 : Continuous receive Must always be “0” '
receive mode enable bit mode disabled 00
: 1: Continuous receive '
! mode enabled '
CLKMDO| CLK/CLKS select bit 0 Valid when bit 5 = “1" Invalid
\ 0 : Clock output to CLK1 0.0
1 : Clock output to CLKS1 |
CLKMD1| CLK/CLKS select 0 : Normal mode Must always be “0”
H bit 1 (Note) (CLK output is CLK1 only) !
. 1: Transfer clock output 00
from multiple pins
! function selected '
Reserved bit Must always be set to “0” o O
e e e e e Nothing is assigned. — _

In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. i

Note: When using multiple pins to output the transfer clock, the following requirements must be met:
* UARTL1 internal/external clock select bit (bit 3 at address 03A816) = “0".

UART2 special mode register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
H U2SMR 037716 8016
A . Function ) i
e Bit . ' Function :
R Bit name (During clock synchronous . RIW
symbol serial 1/0 mode) (During UART mode) 1
. IICM | IC mode select bit 0 : Normal mode Must always be “0” OEO
1:12C mode
__] ABC | Arbitration lost detecting | 0 : Update per bit Must always be “0” O o
e flag control bit 1: Update per byte '
T BBS | Bus busy flag 0: STOP condition detected | Must always be “0” 00
o 1: START condition detected (Note 1)
‘_ __________ LSYN | SCLL sync output 0 : Disabled Must always be “0” OEO
HE enable bit 1: Enabled '
- ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer
Rttt sampling clock 00
o clock select bit 1: Underflow signal of timer AO |
A ACSE | Auto clear function Must always be “0” 0 : No auto clear function !
I select bit of transmit 1: Auto clear at occurrence of |O!O
H enable bit bus collision
E E ____________________ Transmit start condition Must always be “0” 0 : Ordinary 3
: SSS select bit Y 1 : Falling edge of RxD2 0.0
e SpDs | SDA digital delay select (0 Must always be *0” Must always be “0” 1
bit (Note 2) when not using 12C mode O:O
1 : Digital delay output
is selected !

Note 1: Nothing but "0" may be written.

Note 2: When not in 12C mode, do not set this bit by writing a “1". During normal mode, fix it to “0". When this
bit = “0", UART2 special mode register 3 (U2SMR3 at address 037516) bits 7 to 5 (DL2 to DLO = SDA
digital delay setup bits) are initialized to “000". Also, when SDDS = “0", the U2SMR3 register cannot be
read or written to.

Note 3: UART2 clock synchronous serial I/O mode cannot be used in M16C/62N (80-pin version) group.

Figure 1.14.8. Serial I/0O-related registers (5)
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Serial I/0

UART2 special mode register 2 (I2C bus exclusive use register)
b7 b6 bS b b3 b2 bl bo Symbol Address When reset

| | | | | | | U2SMR2 037616 0016
- Bit . Function ‘
1 1 ' 1 1 ' 1 Ll Bt R i W
P4 b | symbol t hame (12C bus exclusive use) !
por b b lieM2 | 12C mode select bit 2 Refer to Table 1.14.11 0.0
A csc Clock-synchronous bit 0 : Disabled !
e 1: Enabled 0:0
I I swc SCL wait output bit 0 : Disabled
S 1 Enabled o0
A ALS SDA output stop bit 0 : Disabled o o
Vo 1: Enabled 1
R S STAC | UARTZ initialization bit | O : Disabled o : o)
oo 1: Enabled :
(A R SWC2 | SCL wait output bit 2 0: UART2 clock |
Vo : (ONNe)
v 1: 0 output !
. ___________________ SDHI SDA output disable bit 0: Enabled o | o
' 1: Disabled (high impedance) w
i SHTC | Start/stop condition Set this bit to “1” in I2C mode o' 6
"""""""""""" control bit (refer to Table 1.14.12) !
UART2 special mode register 3 (I2C bus exclusive use register)
b7 b6 b5 b4 b3 b2 bl b0

| | | W Symbol Address When reset
1 1 VNN/N/N/ U2SMR3 037516 0016
i . . . . . . . Bit . Function ‘
i v 4 4 a1 4 1 | symbol Bit name (12C bus exclusive use register) R W
P4+ 1 1 41| Nothing is assigned. !
Voo Lot _!l Inan attempt to write to these bits, write “0”. The value, if read, turns out to be ——
oo indeterminate. However, when SDDS = “1”, the value “0” is read out (Note 1)
R DLO | SDA digital delay setup | b7 b6 bs |
. bit 0 0 0: Must not be set when using 12C mode % w %
b (Note 1, Note 2, Note 3) | o g 1:1 to 2 cycle(s) of L/f(XIN) ;
o DL1 0 1 0:2to 3 cycles of 1/f(XIN) !
VooTTTTTTT e 0 1 1:3to4 cycles of 1/f(XIN) Digital delay 6.0
' 1 0 0:4to5 cycles of 1/f(XIN) is selected |
; DL2 1 0 1:5to 6 cycles of 1/f(XIN) !
RN 1 1 0:6to 7 cycles of 1/f(XIN) 0.0

1 1 1:7to 8 cycles of 1/f(XIN) |

Note 1: This bit can be read or written to when UART2 special mode register (U2SMR at address 037716) bit
7 (SDDS: SDA digital delay select bit) = “1”. When the initial value of UART2 special mode register 3
(U2SMR3) is read after setting SDDS = “1", the value is “0016”. When writing to UART2 special mode
register 3 (U2SMR3) after setting SDDS = “1”, be sure to write 0's to bits 0-4. When SDDS = “0”,
this register cannot be written to; when read, the value is indeterminate.

Note 2: These bits are initialized to “000” when SDDS = “0". After a reset, these bits are set to “000”. However,
because these bits can be read only when SDDS = “1”, the value read from these bits when SDDS = “0”
is indeterminate.

Note 3: 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 200 ns, so be sure to take this into account when using the device.

Figure 1.14.9. Serial I/O-related registers (6)
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Clock synchronous serial I/O mode

(1) Clock synchronous serial I/O mode

The clock synchronous serial /0O mode uses a transfer clock to transmit and receive data. Tables 1.14.2
and 1.14.3 list the specifications of the clock synchronous serial I/O mode. Figure 1.14.10 shows the
UARTI transmit/receive mode register. Clock synchronous serial I/O mode cannot be used in UART2.

Table 1.14.2. Specifications of clock synchronous serial I/O mode (1)

ltem Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * When internal clock is selected (bit 3 at addresses 03A016, 03A816 = “0")

:fil 2(n+1) (Note 1) fi = f1, fs, f32
* When external clock is selected (bit 3 at addresses 03A016, 03A816 = “1")
. Input from CLKi pin
Transmission/reception control | ¢ CTS function, RTS function, CTS and RTS function invalid: selectable
Transmission start condition | « To start transmission, the following requirements must be met:
- Transmit enable bit (bit O at addresses 03A516, 03AD16) = “1”
— Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16) = “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) = “0”
: CLKi input level = “H”
- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16) = “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) = “1”
- Transmit enable bit (bit O at addresses 03A516, 03AD16) = “1”
— Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16) = “0”
 Furthermore, if external clock is selected, the following requirements must
also be met:
— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16) = “0”
: CLKi input level = “H”
- CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16) = “1”
: CLKi input level = “L”
Interrupt request * When transmitting
generation timing - Transmit interrupt cause select bit (bits 0, 1 at address 03B016) = “0”
. Interrupts requested when data transfer from UARTI transfer buffer register
to UARTI transmit register is completed
- Transmit interrupt cause select bit (bits 0, 1 at address 03B016) = “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)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out
Note 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
Note 2: 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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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock synchronous serial I/0O mode
. __________________________________________________________________________________________________________________________|

Table 1.14.3. Specifications of clock synchronous serial I/O mode (2)

Item

Specification

Select function

* CLK polarity selection
Whether transmit data is output/input 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 O or bit 7 can be selected
* Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register
» Transfer clock output from multiple pins selection (UART1) (Note)
UART1 transfer clock can be chosen by software to be output from one of
the two pins set

Note : Clock synchronous serial I/O mode cannot be used in UART2.
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Clock synchronous serial I/O mode

UARTI transmit/receive mode registers

o
J
o
>
o
o

b4 b3 b2

o
=

b0

Symbol Address When reset
| 0| | | | | 0| 0| 1| UiMR(i=0,1) 03A016, 03A816 0016

Bit symbol Bit name Function R W
{01 0 1 1 1 "]_SMDO_|serial IO mode selectbit | "™ |90
A SMD1 00 1: Clock synchronous serial 00
N 1/0 mode

o T SMD2 0.0
] CKDIR Internal/external clock 0 : Internal clock OEO
N select bit 1: External clock (Note) !
A EEREETEEED STPS 00
e R LT PRY Invalid in clock synchronous serial I/O mode OEO
R PRYE 00
R ELEEEEPEEEEEREPEEPE SLEP 0 (Must always be “0” in clock synchronous serial I/O mode) (OO

Note : Set the corresponding port direction register to “0”.

Figure 1.14.10. UARTI transmit/receive mode register in clock synchronous serial /0O mode
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Clock synchronous serial I/0O mode

Table 1.14.4 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 is_not selected. Note that
for a period from when the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs
a “H". (If the N-channel open-drain is selected, this pin is in floating state.)

Table 1.14.4. Input/output pin functions in clock synchronous serial I/O mode
(when transfer clock output from multiple pins is not selected)

Pin name Function Method of selection
TxDi Serial data output (Outputs dummy data when performing reception only)
(P63, P67)
RxDi Serial data input Port P62 and P66 direction register (bits 2 and 6 at address 03EE16)= “0”
(P62, P66) (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) = “0”
[(Z(CHMN ={515) EE R U

Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “1”

Transfer clock input Port P61 and P65 direction register (bits 1 and 5 at address 03EE16) = “0”

CTSI/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) =“0"
(P60, P64) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) = “0”
Port P60 and P64 direction register (bits 0 and 4 at address 03EE16) = “0”
RTS output CTSIRTS disable bit (bit 4 at address 03A416, 03AC16) = “0”
CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) = “1”
Programmable 1/10 CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “1”
port

Note: Clock synchronous serial I/O mode cannot be used in UART2.
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Clock synchronous serial I/O mode

» Example of transmit timing (when internal clock is selected)

Tc

Transfer clock ||||||| ||||||| ||||||| |||||| ||||||| |||||||

Transmit enable
bit (TE)

Transmit buffer
empty flag (TI)

J 'Data is set in UARTI transmit buffer register

iy

Transferred from UARTI transmit buffer register to UARTI transmit register

CTSi o —|__| TcLk \l_l |_

Stopped pulsing because CTS = “H" Stopped pulsing because transfer enable bit = “0”

T 34 g+

CLKi

o @@@@@@@@@@@@@@@@@@@@@ >

Transmit agr
poseeney g | - : -
Tansmi merupt 1 ] — o

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=Tck=2(n+1)/fi
« Internal clock is selected. fi: frequency of BRGi count source (f1, f8, 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)

wgr
Receive enable
bit (RE) ‘0" J

1
Transmit enable I ) ) . ) .
bit (TE) 0" Dummy data is set in UARTi transmit buffer register

v B y
Transmit buffer i
empty flag (TI) “ —| : (l)\

| Transferred from UARTI transmit buffer register to UARTI transmit register

CLKi
RxDi
Transferred from UARTi receive register Read out from UARTI receive buffer register
Receive complete 1 to UARTI receive buffer register~y_}
flag (RI) “0”
Receive interrupt 1’ | |
request bit (IR) “0"
P

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 — “

* CLK polarity select bit = “0". « Receive enable bit — “1”
« Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 1.14.11. Typical transmit/receive timings in clock synchronous serial /0O mode
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Clock synchronous serial /0O mode

(a) Polarity select function

As shown in Figure 1.14.12, the CLK polarity select bit (bit 6 at addresses 03A416, 03AC16) allows
selection of the polarity of the transfer clock.

* When CLK polarity select bit = “0”

e LIV TP L

| .
TXDi >< DO ){ D1 >< D2/)>< D3 >< D4 >< D5 >< D6 >< D7 Note 1: Lgis?éfrir?éndlgéf!swﬁh not

RXDi X po X b1 X D2 X D3 X Da X D5 X D6 X D7

» When CLK polarity select bit = “1"

CLKi l

Note 2: The CLK pin level when not

TXDi >< Do ){ D1 >< D2 )>< D3 >< D4 >< D5 >< D6 >< D7 transferring data is “L”".
/
RXDi X po X b1 X b2 X p3 X pa X D5 X ps X D7

Figure 1.14.12. Polarity of transfer clock

(b) LSB first/MSB first select function
As shown in Figure 1.14.13, when the transfer format select bit (bit 7 at addresses 03A416, 03AC16) =
“0", the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

» When transfer format select bit = “0”

ok ) LU U U UL
TXDi X po X b1 X D2 X D3 X D4 X D5 X Ds X D7

=P | SB first
RXDi X po X D1 X D2 X D3 X Da X Ds X D6 X D7
* When transfer format select bit = “1”
e L L L L L L)L
TXDi X b7 X ps X Ds X pa X D3 X D2 X D1 X Do
=P \SB first

RXDi X b7 X D6 X Ds X Da X b3 X D2 X D1 X Do

Note: This applies when the CLK polarity select bit = “0".

Figure 1.14.13. Transfer format
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
C|OCk synchronous serial |/O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(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 1.14.3.)
The multiple pins function is valid only when the internal clock is selected for UART1. Note that when
this function is selected, UART1 CTS/RTS function cannot be used.

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 /O mode.

Figure 1.14.14. 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 03B01s, bit 5 at address 037D16) is
set to “1”, the unit is placed in continuous receive mode. In this mode, when the receive buffer register
is read out, the unit simultaneously goes to a receive enable state without having to set dummy data to
the transmit buffer register back again.
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Clock asynchronous serial 1/0 (UART) mode

(2) Clock asynchronous serial 1/0 (UART) mode

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 1.14.5 and 1.14.6 list the specifications of the UART mode. Figure 1.14.15 shows
the UARTI transmit/receive mode register.

Table 1.14.5. Specifications of UART Mode (1)

Item

Specification

Transfer data format

* Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected
* Start bit: 1 bit

» Parity bit: Odd, even, or nothing as selected

« Stop bit: 1 bit or 2 bits as selected

Transfer clock

* When internal clock is selected (bit 3 at addresses 03A016, 03A816, 037816 = “0")
: fill6(n+1) (Note 1) fi =f1, fs, f32

» When external clock is selected (bit 3 at addresses 03A016, 03A816 ="1")

: fExT/16(n+1)(Note 1,2,4)

Transmission/reception control

» CTS function, RTS function, CTS and RTS function invalid: selectable (Note 5)

Transmission start condition

* 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 03B016, 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)
This error occurs when the next data is ready before contents of UARTI
receive buffer register are read out

» Framing error
This error occurs when the number of stop bits set is not detected

* Parity error
This error occurs when if parity is enabled, the number of 1'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.

Note 4: Since CLK2 does not have external port, external clock cannot be selected as UART? transfer clock.

Note 5: Set the CTS/RTS disable bit (bit 4 at address 037C16) to “1” because CTS2/RTS2 does not have

external port.
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Table 1.14.6. Specifications of UART Mode (2)

ltem Specification
Select function « Sleep mode selection (UARTO, UART1)
This mode is used to transfer data to and from one of multiple slave micro-
computers

« Serial data logic switch (UART2)
This function is reversing logic value of transferring data. Start bit, parity bit
and stop bit are not reversed.

* TxD, RxD 1/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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UARTI transmit / receive mode registers

STPS Stop bit length select bit 0 : One stop bit |

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UIMR(i=0,1) 03A016, 03A816 0016
P 1| Bit symbol Bit name Function RiW
t 1t 1 1 1 "1 SMDO | serial I/O mode select bit O reter data 7 bis | 00
P R T : Transfer data 7 bits long ;
A SMD1 10 1: Transfer data 8 bits long c.0
S SMD2 11 0: Transfer data 9 bits long 00
A CKDIR Internal / external clock 0 : Internal clock OEO
N select bit 1: External clock (Note) |

T 1 : Two stop bits Oio
' PRY Odd / even parity Valid when bit 6 = “1”
L GGLEETTTEEEEEE select bit 0 : Odd parity 0:0
' 1: Even parity !
PRYE Parity enable bit 0 : Parity disabled O:O
VT 1 : Parity enabled
E_ _______________________ SLEP Sleep select bit 0 : Sleep mode deselected O:O
1: Sleep mode selected
Note : Set the corresponding port direction register to “0”.
UART?2 transmit / receive mode register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | 0 | | | | U2MR 037816 0016
i+ | Bit symbol Bit name Function RW
¢+ =1 SMDO Serial I/0 mode select bit | *2**% 0!0

10 0: Transfer data 7 bits long

T SMD1 101 : Transfer data 8 bits long |90
femmmm e SMD2 11 0: Transfer data 9 bits long 0.0
R CKDIR Internal / external clock Must always be “0”. OEO

select bit |
STPS Stop bit length select bit 0 : One stop bit 1

VT 1: Two stop bits Oio
H PRY Odd / even parity Valid when bit 6 = “1”
GGLLETTTEEEET select bit 0 : Odd parity 00
' 1: Even parity 1
PRYE Parity enable bit 0 : Parity disabled O:O
e 1 : Parity enabled
E_ _______________________ IOPOL TxD, RxD /O polarity 0 : No reverse O:O
reverse bit (Note) 1: Reverse

Note: Usually set to “0”".

Figure 1.14.15. UARTI transmit/receive mode register in UART mode
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Table 1.14.7 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 1.14.7. Input/output pin functions in UART mode

Pin name Function Method of selection
TxDi Serial data
(P63, P67, P70) | output
RXDi Serial data Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE1s,
(P62, P66, P71) | input bit 1 at address 03EF16)= “0”

(Can be used as an input port when performing transmission only)

CLKi Programmable | Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “0”
(P61, P65) 1/0O port
Transfer clock | Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “1”
input Port P61 and P65 direction register (bits 1 and 5 at address 03EE16) = “0”
CTSIi/RTSi CTS input CTSIRTS disable bit (bit 4 at address 03A416, 03AC16) =“0”
(P60, P64) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) = “0”
Port P60 and P64 direction register (bits 0 and 4 at address 03EE16) = “0”
RTS output CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “0”

CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) = “1”

CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “1”

Programmable
I/O port

Note 1: Since CLK2(P72) does not have external port, use internal as UART?2 transfer clock.
Note 2: Set the CTS/RTS disable bit (bit 4 at address 037C16) to “1” because CTS2/RTS2(P73) does not have
external port.
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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.

Te The transfer clock starts as the transfer starts immediately CTS changes to “L".

— ’d
Transfer clock ||||||| | | | |||||||||||||||||| |||| |

Transmit buffer

empty flag(Tl) wry
0 : | X\
Transfe%red f:rom UARTI transmit buffer register to UARTI transmit register
Start Parity Sto;) Stopped pulsing because transmit enable bit = “0”
bit bt bit
i STADKONDKONDRONLHAOK P 5P \STADKONLHKONDKONHKON P 5

Transmit register ‘1"
empty flag (TXEPT)

Transmit enable “1" J
bit(TE) Q"

Data is set in UARTI transmit buffer regiéter.

Transmit interrupt

request bit (IR) g ‘ | ‘ |

N 7

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 (f1, 8, f32)
* 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".

Note: CTS2 does not have external port so that this porrt function cannot be used.

» Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

Transfer clock ||||||||| | | | |||||||||||||||||| | |

Transmit enable 1’ J
bit(TE) “«q Data is set in UARTI transmit buffer register

Transmit buffer . E qf J
empty flag(T1) g ; \

Transferred from UARTi_ transmit buffer register to UARTI transmit register

iy

OO\ EEEORREEE

Transmit register 1 —
empty flag (TXEPT) w0

et [ ] —
N /

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)/fexr
« Parity is disabled. fi : frequency of BRGi count source (f1, 8, f32)
» 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 1.14.16. Typical transmit timings in UART mode(UARTO, UART1)
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» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

Tc

-

Transfer clock ||| ||||||| || |||||| ||
Transmit enable 1 : ;
bit(TE) Qo J Data is set in UART2 transmit buffer register
H Note
Transmit buffer " 1 -
empty flag(Tl) w0 \
Transferred from UART2 transmit buffer register to UARTI transmit register

Start Parity  Stop
TXD2 bit gL

STALNOXD KON DX KK P ) = STAOKONOXDHKOKON KK P 52
Transmit register 1" I
empty flag (TXEPT) «g»
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 (f1, f8, f32)
« 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 1.14.17. Typical transmit timings in UART mode(UART2)
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)
BRGi count

“ v o -—
Receive enable bit _I
0"

e .. . Stop bit
o D1 D7) \

Receive data taken in

RxDi Sta’r\t bit I(

Sampled “L”

Transfer clock

[ S I

ll?ecéption triggered when transfer clock ~ Transferred from UARTI receive register to

Receive is generated by falling edge of start bit UARTI receive buffer register ~—p. h

complete flag

1

s i L
o 1
0 /

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.

Note: RTS in UART?2 is not connected to the outside.

Figure 1.14.18. Typical receive timing in UART mode

(a) Sleep mode (UARTO, UART1)
This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTIi. The sleep mode is selected when the sleep select bit (bit 7 at addresses
03A016, 03A816) is set to “1” during reception. In this mode, the unit performs receive operation when
the MSB of the received data = “1” and does not perform receive operation when the MSB = “0".

(b) 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 1.14.19 shows the ex-
ample of timing for switching serial data logic.

* When LSB first, parity enabled, one stop bit

Transfer clock | | | | | | | | | | | | | | |
n

(0 revoren T \ st (Do YD1 \D2) D3 D405 D6)D7) P ) sp
(evey o \_sT (D0 (D1t )02 |3 N Ba {05 X D6 (D7 X B ) P
ST : Start bit
P : Even parity
SP : Stop bit

Figure 1.14.19. Timing for switching serial data logic
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(c) TxD, RxD /O polarity reverse function (UART2)
This function is to reverse 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 to reverse) for
usual use.

(d) Bus collision detection function (UART2)
This function is to sample 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 1.14.20
shows the example of detection timing of a bus collision (in UART mode).

ansercock | f A LA LA LA LA LA LA LA
e T \st T\ [\ w
wor T\ 1 e

Bus collision detection wpn

interrupt request signal g u
Bus collision detection “pn
interrupt request bit - |
ST : Start bit
SP : Stop bit

Figure 1.14.20. Detection timing of a bus collision (in UART mode)
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(3) Clock-asynchronous serial /O mode (used for the SIM interface)
The SIM interface is used for connecting the microcomputer with a memory card or the like; adding some
extra settings in UART2 clock-asynchronous serial I/O mode allows the user to effect this function. Table
1.14.8 shows the specifications of clock-asynchronous serial I/O mode (used for the SIM interface).

Table 1.14.8. Specifications of clock-asynchronous serial I/O mode (used for the SIM interface)

Item

Specification

Transfer data format

« Transfer data 8-bit UART mode (bit 2 through bit 0 of address 037816 = “1012")
* One stop bit (bit 4 of address 037816 = “0")
* With the direct format chosen
Set parity to “even” (bit 5 and bit 6 of address 037816 = “1” and “1” respectively)
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 and bit 6 of address 037816 = “0” and “1” respectively)
Set data logic to “inverse” (bit 6 of address 037D16 = “1")
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=f1, {8, f32

Transmission / reception control

* Disable the CTS and RTS function (bit 4 of address 037C16 = “1")

Other settings

» The sleep mode select function is not available for UART2
* 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 O of address 037D16) = “1”
- Transmit buffer empty flag (bit 1 of address 037Dz16) = “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
generation timing

* When transmitting
When data transmission from the UART2 transfer register is completed
(bit 4 of address 037D16 = “1”")

* 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 I/0O) (Note 2)
* Framing error (see the specifications of clock-asynchronous serial 1/0)
« 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 1/0)

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. Note also
that the UART2 receive interrupt request bit does not change.

RENESAS

RenesasTechnology Corp.

111



Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Clock asynchronous serial I/O0 (UART) mode

Tc

e
Transfer clock | ||||| ||||| |||| | ||||| |||| ||||

Transmit enable E J

bit(TE) ‘0" Data is set in UART2 transmit buffer register Note 1
Transmit buffer 1 E “t

empty flag(Tl) - \

Transferred from UART2 transmit buffer register to UART2 transmit register

Sgirt Parity  Stop
bit bit

TxD2 ~ Ast @@@@@@@@9 sp 5T/DoY DX DX DY DX DX DX DX P Y 'SP

RxD2
\ An “L” level returns from TxD2 due to /

the occurrence of a parity error.

(S,\il%rt‘glz‘;onducmr level ST @@@@@@@@Q sp STADoX D1 XD2X DsX DX DsXDs XD7 X P )\ SP ggfetl:et\elzlllilthe

The level is detected by the interrupt routine.
Transmit register " — interrupt routine. I
empty flag (TXEPT) o

Transmit interrupt B —l

request bit (IR) “gr
N e

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 (f1, f8, 32)
* One stop bit. n : value set to BRG2

« Transmit interrupt cause select bit = “1".

Tc

e

Transfer clock ||| || ||| || || | ||| || |||||| ||
Receive enable E
bit (RE) o J
Start Parity = Stop
bit bit bit
RxD2 STA DoX D1X D2X D3X DX DsX DeXD7X P ) sP ST ADoXD1 X D2X D3 XD2XDs XDs XD7X P SP
TxD2 / /
An “L” level returns from TxD2 due to
the occurrence of a parity error.

Signal conductor level STA DoX D1)X D2X D3X DaXDsX DsXD7X P Y SP STA DoX D1X D2X D3X DaX DsX DsXD7X P\ SP /

(Note 2)
Receive complete 1" ———— I_l
flag (RI
g (RI) o N
. aqn Read to receive buffer Read to receive buffer
Receive interrupt
request bit (IR) “or

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 (f1, 8, f32)
« One stop bit. n : value set to BRG2
« Transmit interrupt cause select bit = “0".

Note 1: The transmit is started with overflow timing of BRG after having written in a value at the transmit buffer in the above timing.
Note 2: Equal in waveform because TxD2 and RxD2 are connected.

Figure 1.14.21. Typical transmit/receive timing in UART mode (used for the SIM interface)
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(a) Function for outputting 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
1.14.22 shows the output timing of the parity error signal.

 LSB first
e inipipipipipipipinipininie
clock ‘L’
RxD2 E \ ST/ DO ) D1 D2)D3)D4)fD5)KD6)D7) P ) SP
o :
TXD2 wm Hi-Z ~ ’
Receive ‘1 —
complete flag “0"
ST : Start bit
P : Even Parity
SP : Stop bit

Figure 1.14.22. 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 TxD2.
Figure 1.14.23 shows the SIM interface format.

Transfer |||||| || || || ||

cleck
(dlchS \ [ooYpi1Yo2YpsYpalos osp7) P/
D2 \__ D7 )D6)fD5fDafD3)fD2fD1foof P/

(inverse)

P : Even parity

Figure 1.14.23. SIM interface format
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Figure 1.14.24 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply
pull-up.

Microcomputer

SIM card

TxD2 ®

RxD2

Figure 1.14.24. Connecting the SIM interface
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UART2 Special Mode Register
The UART2 special mode register (address 037716) is used to control UART2 in various ways.
Figure 1.14.25 shows the UART?2 special mode register.
Bit 0 of the UART2 special mode register (037716) is used as the 12C mode select bit.
Setting “1” in the 12C mode select bit (bit 0) goes the circuit to achieve the 12C bus (simplified 12C bus)
interface effective.
Table 1.14.9 shows the relation between the I2C mode select bit and respective control workings.
Since this function uses clock-synchronous serial I/O mode, set this bit to “0” in UART mode.

UART2 special mode register

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
HERER U2SMR 037716 8016
A " Function .
Lo Bit " . Function
T Bit name (During clock synchronous . RIW
symbol serial 1/0 mode) (During UART mode)
L IICM | lIC mode select bit 0 : Normal mode Must always be “0” folle)
1:12C mode
i+ 1| ABC |Arbitration lost detecting | 0 : Update per bit Must always be “0” oo
Vo flag control bit 1: Update per byte
H BBS | Bus busy flag 0: STOP condition detected | Must always be “0" 0.0
H 1: START condition detected (Note 1)
L LSYN | SCLL sync output 0 : Disabled Must always be “0” o0
enable bit 1: Enabled
ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer
------------- sampling clock 00
clock select bit 1 : Underflow signal of timer AO
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
enable bit bus collision
................... Transmit start condition | Must always be “0” 0:: Ordinary
SSS select bit 1 : Falling edge of RxD2 0.0
_______________________ spDs | SDA digital delay select |0 : Must always be *0" Must always be “0”
bit (Note 2) when not using 12C mode 00
1: Digital delay output
is selected

Note 1: Nothing but "0" may be written.

Note 2: When not in 12C mode, do not set this bit by writing a “1”. During normal mode, fix it to “0”. When this
bit = “0”, UART2 special mode register 3 (U2SMR3 at address 037516) bits 7 to 5 (DL2 to DLO = SDA
digital delay setup bits) are initialized to “000". Also, when SDDS = “0”, the U2SMR3 register cannot be
read or written to.

Note 3: UART2 clock synchronous serial /0 mode cannot be used in M16C/62N (80-pin version) group.

UART?2 special mode register 3 (IZC bus exclusive use register)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

U2SMR3 037516 0016
Bit . Function
o symbol Bit name (12C bus exclusive use register) R:wW
o Nothing is assigned.
[ In an attempt to write to these bits, write “0”. The value, if read, turns out to be J
I indeterminate. However, when SDDS = “1”, the value “0” is read out (Note 1)
R DLO SDA digital delay setup | b7 b6 b5
. bit 0 0 0: Must not be set when using I12C mode o o
. (Note 1, Note 2, Note 3) | 9 0 1:1 to 2 cycle(s) of 1/f(XiN) :
Vo DL1 0 1 0:2to 3 cycles of 1/f(XIN) !
. 0 1 1:3to 4 cycles of L/f(XIN) Digital delay o0
1 10 0:4to5 cycles of 1/f(XIiN) is selected ;
H DL2 1 0 1:5to 6 cycles of 1/f(XIN) !
e 1 1 0:6to7 cycles of 1/f(XiN) 0.0

11 1:7to8cycles of 1/f(XIN) i

Note 1: This bit can be read or written to when UART2 special mode register (U2SMR at address 037716) bit
7 (SDDS: SDA digital delay select bit) = “1". When the initial value of UART2 special mode register 3
(U2SMR3) is read after setting SDDS = “1”, the value is “0016". When writing to UART2 special mode
register 3 (U2SMR3) after setting SDDS = “1", be sure to write 0's to bits 0—4. When SDDS = “0",
this register cannot be written to; when read, the value is indeterminate.

Note 2: These bits are initialized to “000” when SDDS = “0". After a reset, these bits are set to “000”. However,
because these bits can be read only when SDDS = “1”, the value read from these bits when SDDS = “0”
is indeterminate.

Note 3: 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 200 ns, so be sure to take this into account when using the device.

Figure 1.14.25. UART2 special mode register
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» To DMAO, DMA1
UART2 transmission/
NACK interrupt request

» To DMAO

UART?2 reception/ACK interrupt
request, DMA1 request

Bus collision/start, stop condition
detection interrupt request

P70.through P72 conforming to the simplified 12C bus
P70/TxD2/SDA
“— Timer
On
[«—— 1/0
Selector| SDDS<0 UART2 1ICM=0
UARTZ 5 bL=000 Transmission or licM2=1
register lICM=1
¢ and IICM2=0
-
(Divider) | ~spps=1and
DL 000 ALS
Avrbitration
> —
Timer
lICM=1 lICM=0
or [ICM2=1
—[ Recepton egite]
1ICM=0 UART2 °
lICM=1
Start condition and ICM2=0
1 detection )
S
— Bus busy
Stop condition
detection
NACK
. L-synchmnous-
Fa“'n‘-‘! edge output enabling
detection bit
P71/RxD2/SCL acK
Oy Data bus
|—O< Selector! (Port P71 output data latch)
UART?2 Internal clock lICM=1
licM=1 swc2 | ok | Bus collision —so
lICM=1 control| detection 1ICM=0
External clock UART2
° Falling edge of 9 bit
IICM=0 —s
sSwcC
Port reading
UART2
P72/CLK2 1ICM=0 *With [ICM set to 1, the port terminal is to be readable
o< o< Selector even if 1 is assigned to P71 of the direction register.
——1/0
l—Timer Note: P72/CLKz2 is not connected to the outside.

Figure 1.14.26. Functional bloc

k diagram for 12C mode

Table 1.14.9. Features in 12C mode

Function Normal mode I2C mode (Note 1)

1 | Factor of interrupt number 10 (Note 2) Bus collision detection ?é%gigggd(;i?gcgg;ection or stop
2 | Factor of interrupt number 15 (Note 2) UART?2 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 (digital delay)
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 g“fr?eléﬁf;:(;sz;ﬂf?;g: ZZTe%:tiJr? éltlz assigned UART2 reception Acknowledgment detection (ACK)
8 | Noise filter width 15ns 200ns

. Reading the terminal when 0 is Reading the terminal regardless of the
9 | Reading P71 assigned to the direction register value of the direction register
10 | Initial value of UART2 output H level (when 0 is assigned to The value set in latch P70 when the port is

the CLK polarity select bit) selected

Note 1: Make the settings given below when 12C mode is in use.
Set“0102"in bits 2, 1, and 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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Figure 1.14.26 shows the functional block diagram for 12C mode. Setting “1” in the 12C mode select bit
(ICM) causes ports P70, P71, and P72 to work as data transmission-reception terminal SDA, clock input-
output terminal SCL, and port P72 respectively. A delay circuit is added to the SDA transmission output,
so the SDA output changes after SCL fully goes to “L". The amount of delay can be selected in the range
of 2 cycles to 8 cycles of f1 using UART2 special mode register 3 (at address 037516). Delay circuit select
conditions are shown in Table 1.14.10.

Table 1.14.10. Delay circuit select conditions

Register value

Contents
IICM | SDDS| DL
o ] 001
Digital delay is 1 1 to | Digital delay is added
selected
111
When IICM = “0", no delay circuit is selected. When [ICM = “0”,
No delay 0 0 (OOO) however, always make sure SDDS = “0".

An attempt to read Port P71 (SCL) results in getting the terminal’s level regardless of the content of the
port direction register. The initial value of SDA transmission output in this mode goes to the value set in
port P70. 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 SDA
terminal (P70) is detected with the SCL terminal (P71) staying “H”. The stop condition detection interrupt
refers to the interrupt that occurs when the rising edge of the SDA terminal (P70) is detected with the SCL
terminal (P71) 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 SDA 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 SDA terminal’s level is detected already went
to “L" at the 9th transmission clock. Also, assigning 1 1 0 1 (UART?2 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 (037716) is used as the arbitration lost detecting flag control bit.
Arbitration means the act of detecting the nonconformity between transmission data and SDA terminal
data at the timing of the SCL 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 SCL- and L-synchronous output enable bit. Setting
this bit to “1” goes the P71 data register to “0” in synchronization with the SCL terminal level going to “L".
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Some other functions added are explained here. Figure 1.14.27 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 nonconfor-
mity 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 AO 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 edggs of the transfer clock

w LTI LT
TxD/RxD | |

1,.---- 1: Timer AO overflow

Timer AO

2. Auto clear function select bit of transmt enable bit (Bit 5 of the UART2 special mode register)

cLK [ O T O O A A A A A I O T O O O
TXD/RXD —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

cik N R T O S A O
TxD T | |

Enabling transmission

With "1: falling edge of RxD2" selected

e L f Ll L L L
— | |
RxD / | |

Figure 1.14.27. Some other functions added
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UART2 Special Mode Register 2
UART2 special mode register 2 (address 037616) is used to further control UART2 in 12C mode. Figure
1.14.28 shows the UART2 special mode register 2.

UART2 special mode register 2
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset

| U2SMR2 037616 0016
P E E E E E E Bit Bit name Function R 3 W
iG] symbol :
bbb iliucM2 | 12C mode select bit 2 Refer to Table 1.14.11 o o
CsC Clock-synchronous bit 0 : Disabled o o
e 1: Enabled |
e SWC [ SCL wait output bit 0 : Disabled o o
Coron 1: Enabled |
R ALS SDA output stop bit 0 : Disabled o o
oy 1: Enabled i
S STAC | UARTZ initialization bit | 0 : Disabled 0.0
oo 1: Enabled |
S RRCEEEEEEEED SWC2 | SCL wait output hit 2 0: UART2 clock o i o
P 1: 0 output :
___________________ SDHI SDA output disable bit 0: Enabled o ! o
' 1: Disabled (high impedance)
SHTC | Start/stop condition 1: Set this bit to “1” in 12C mode o o
"""""""""""" control bit (refer to Table 1.14.12) |

Figure 1.14.28. UART2 special mode register 2
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Bit 0 of the UART2 special mode register 2 (address 037616) is used as the I2C mode select bit 2. Table
1.14.11 shows the types of control to be changed by 12C mode select bit 2 when the 12C mode select bit
is setto "1". Table 1.14.12 shows the timing characteristics of detecting the start condition and the stop
condition. Set the start/stop condition control bit (bit 7 of UART2 special mode register 2) to "1" in 12C
mode.

Table 1.14.11. Functions changed by 12C 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 |DMAL factor at the time when 1 1 0 1 | Acknowledgment detection (ACK) UART?2 reception (the falling edge of
is assigned to the DMA request the final bit of the clock)

factor selection bits

4 | Timing for transferring data from the | The rising edge of the final bit of the | The falling edge of the final bit of the
UART2 reception shift register to the | reception clock reception clock
reception buffer.

5 | Timing for generating a UART2 The rising edge of the final bit of the The falling edge of the final bit of the
reception/ACK interrupt request reception clock reception clock

Table 1.14.12. Timing characteristics of detecting the start condition and the stop condition (Note 1)

3 to 6 cycles < duration for setting-up (Note2)

3 to 6 cycles < duration for holding (Note2)

Note 1 : When the start/stop condition control bit SHTC is “1”.
Note 2 : "cycles" is in terms of the input oscillation frequency f(XIN) of the main clock.

. Durationfor ~ Duration for
! setting up ! holding |

SCL I
SDA ; : !
(Start condition) :
SDA !

(Stop condition)
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P70 through P72 conforming to the simplified 1%C bus

P70/TxD2/SDA

T

[— Timer

[4—— 110

» To DMAO, DMAL

Selector UART2

Transmission
register

lICM=0
or lICM2=1

UART?2 transmission/
NACK interrupt request

SDDS=0
or DL=000

UART2

licM=1
6 and ICM2=0
>
(Divider) SDDS=1 and
DL 000 ALS
Arbitration
D— (e —
Timer » To DMAO
lICM=1 lolrcnllc:ﬁzzl UART?2 reception/ACK interrupt
y——[ Reception register] =N request, DMAL request
1ICM=0 UART2 ©
— lIcM=1
Start condition and IICM2=0
1 detection ’
S
— Bus busy
Stop condition
detection
NACK
Lrsynchronous-
Falling edge output enabling
detection bit
P71/RxD2/SCL T ack
O Data bus
|—0<} Selector|  (Port P71 output df‘nt{ae:ﬁ;hc)‘ock licm=1  Bus collision/start, stop condition
UART2 —— detection interrupt request
liIcM=1 swcz2 | gk | Bus collision —so
llcM=1 control| detection lICM=0

UART2

External clock

Falling edge of 9 bit
swc

Port reading

lICM=0

UART2
lICM=0

*With IICM set to 1, the port terminal is to be readable
even if 1 is assigned to P71 of the direction register.

P72/CLK2

Selector

—— /0

f——Timer Note: P72/CLK2 is not connected to the outside.

Figure 1.14.29. Functional block diagram for 12C mode

Functions available in I2C mode are shown in Figure 1.14.29 — a functional block diagram.

Bit 3 of the UART?2 special mode register 2 (address 037616) is used as the SDA output stop bit. Setting
this bit to "1" causes an arbitration loss to occur, and the SDA 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 (address 037616) is used as the clock synchronization bit.
With this bit set to "1" at the time when the internal SCL is set to "H", the internal SCL turns to "L" if the
falling edge is found in the SCL pin; and the baud rate generator reloads the set value, and start counting
within the "L" interval. When the internal SCL changes from "L" to "H" with the SCL pin set to "L", stops
counting the baud rate generator, and starts counting it again when the SCL pin turns to "H". Due to this
function, the UART2 transmission-reception clock becomes the logical product of the signal flowing
through the internal SCL and that flowing through the SCL pin. This function operates over the period
from the moment earlier by a half cycle than falling edge of the UART?2 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 (037616) is used as the SCL wait output bit. Setting this bit to
"1" causes the SCL 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".
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Bit 4 of the UART2 special mode register 2 (address 037616) is 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 SCL wait output bit turns to "1". This turns the SCL pin to "L" at the falling edge of the ninth bit of
the clock.

Starting to transmit/receive signals to/from UART?2 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 (037616) is used as the SCL pin wait output bit 2. Setting this
bit to "1" with the serial I1/O specified allows the user to forcibly output an "L" from the SCL pin even if
UART?2 is in operation. Setting this bit to "0" frees the "L" output from the SCL pin, and the UART2 clock
is input/output.

Bit 6 of the UART2 special mode register 2 (037616) is used as the SDA output disable bit. Setting this bit
to "1" forces the SDA 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.

122 RENESAS

RenesasTechnology Corp.



S1/03, 4

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

S1/03, 4

S 1/03 and S 1/04 are exclusive clock-synchronous serial I/Os.

Figure 1.14.30 shows the S I/O3, 4 block diagram, and Figure 1.14.31 shows the S 1/03, 4 related register.

Table 1.14.13 shows the specifications of S 1/03, 4.

SMi2
SMi3
P92/SouTs O )/I __ SMi5 LSB ~a— MSB
(P96/SouTa) | ' }J

(PPle/SSIN; O—>| S I/Oi transmission/reception register (8)
7ISING

8

Y

Note 1:i =3, 4.
ni = A value set in the S I/Oi bit rate generator (036316, 036716).
Note 2: P91/SIN3 is not connected to outside.

f1—o SMil Data_bus
fs O\C SMi0
f32 _O\O—T
Synchronous .
—o\’ o 7 aircuit 12 1/(ni+1)
SMi3 Bit rate generator (8)
SMi6 SMi6
P90/CLK3 . l S I/Oi
( )_' - — S 1/O counter i (3) »
(P95/CLK4) /\l/ | ' interrupt request

Figure 1.14.30. S1/03, 4 block diagram
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S 1/Oi control register (i = 3, 4) (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

e

_____

| Symbol Address When reset
SiC 036216, 036616 4016
Bit Bit name Description
symbol RIW
SMi0 |Internal synchronous bol 80; Selecting f1 ) EO
clock select bit 01: Selecting fs |
SMil 10: Selecting f32 00
11 : Must not be set. |
SMi2 | Souri output disable bit | 0 : Sourti output o EO
1 : Sourti output disable(high impedance)|
SMi3 | S I/Oi port select bit 0 : Input-output port O Q
(Note 2) 1 : Sourti output, CLK function |
Nothing is assigned. 3
In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0". -
SMi5 | Transfer direction select | O : LSB first e O
bit 1: MSB first |
SMi6 | Synchronous clock 0 : External clock O EO
select bit (Note 2) 1: Internal clock |
SMi7 | Souri initial value Effective when SMi3 =0 |
set bit 0: L output 0,0
1: H output |

SI/Oi bit rate generator (Note 1, 2)

b7 b0

Note 1: Set “1” in bit 2 of the protection register (000A16) in advance to write to the
S I/Oi control register (i = 3, 4).

Note 2: When using the port as an input/output port by setting the SI/Oi port
select bit (i = 3, 4) to “0”, be sure to set the sync clock select bit to “1”.

SI/Oi transmit/receive register (Note 1, 2)

b7 b0

Symbol Address When reset
| S3BRG 036316 Indeterminate
S4BRG 036716 Indeterminate
Indeterminate Values that can be set [R W
Assuming that set value = n, BRGi divides the count 0015 to FF1s 7o)
source by n+1 !
Note 1: Write a value to this register while transmit/receive halts.
Note 2: Use MOV instruction to write to this register.
Symbol Address When reset
S3TRR 036016 Indeterminate
S4TRR 036416 Indeterminate
Indeterminate RIW|
Transmission/reception starts by writing data to this register. O o
After transmission/reception finishes, reception data is input. 1

Note 1: SI/O3 is exclusive to transmission.
Note 2: Write a value to this register while transmit/receive halts.

Figure 1.14.31. S /03, 4 related register
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Table 1.14.13. Specifications of S1/03, 4

Item Specifications
Transfer data format | « Transfer data length: 8 bits
Transfer clock « With the internal clock selected (bit 6 of 036216, 036616 = “1"): f1/2(ni+1),

f8/2(ni+1), f32/2(ni+1) (Note 1)
« With the external clock selected (bit 6 of 036216, 036616 = 0):Input from the CLKi terminal (Note 2)

Conditions for « To start transmit/reception, the following requirements must be met:
transmission/ - Select the synchronous clock (use bit 6 of 036216, 036616).
reception start Select a frequency dividing ratio if the internal clock has been selected (use bits

0 and 1 of 036216, 036616).
- Souri initial value set bit (use bit 7 of 036216, 036616)= 1.
- S 1/QOi port select bit (bit 3 of 036216, 036616) = 1.
- Select the transfer direction (use bit 5 of 036216, 036616)
-Write transfer data to SI/Oi transmit/receive register (036016, 036416)

» To use S I/QOi interrupts, the following requirements must be met:

- Clear the SI/Oi interrupt request bit before writing transfer data to the SI/Oi
transmit/receive register (bit 3 of 004916, 004816) = 0.

Interrupt request | « Rising edge of the last transfer clock. (Note 3)

generation timing

Select function * LSB first or MSB first selection
Whether transmission/reception begins with bit O (LSB) or bit 7 (MSB) can be
selected.

« Function for setting an SouTi initial value selection
When using an external clock for the transfer clock, the user can choose the
SouTi pin output level during a non-transfer time. For details on how to set, see
Figure 1.14.33.

Precaution * Unlike UARTO0-2, SI/Oi (i = 3, 4) is not divided for transfer register and buffer.
Therefore, do not write the next transfer data to the SI/Oi transmit/receive register
(addresses 036016, 036416) during a transfer.

* When the internal clock is selected for the transfer clock, SouTi holds the last data
for a 1/2 transfer clock period after it finished transferring and then goes to a high-
impedance state. However, if the transfer data is written to the SI/Oi transmit/
receive register (addresses 036016, 036416) during this time, SouTi is placed in
the high-impedance state immediately upon writing and the data hold time is
thereby reduced.

Note 1: n is a value from 0016 through FF16 set in the S I/Oi bit rate generator (i = 3, 4).
Note 2: With the external clock selected:
» Before data can be written to the SI/Oi transmit/receive register (addresses 036016, 036416), the
CLKi pin input must be in the high state. Also, before rewriting the SI/Oi control register (addresses
036216, 036616)’s bit 7 (SouTi initial value set bit), make sure the CLKi pin input is held high.
» The S I/Qi circuit keeps on with the shift operation as long as the synchronous clock is entered in it,
so stop the synchronous clock at the instant when it counts to eight. The internal clock, if selected,
automatically stops.

Note 3: If the internal clock is used for the synchronous clock, the transfer clock signal stops at the “H” state.
Note 4: SI/03 is provided with no connection to the external pin, so is used exclusively for transmission.
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B Functions for setting an SourTi initial value
When using an external clock for the transfer clock, the SouTi pin output level during a non-transfer
time can be set to the high or the low state. Figure 1.14.32 shows the timing chart for setting an SouTi
initial value and how to set it.

(Example) With “H” selected for SouTi:

S I/Oi port select bit SMi3 = 0

: v

SOUTi initial value select bit
SMi7 =1

(Sourti: Internal = “H” level)

v

S 1/Oi port select bit
SMi3=0—>1

Signal written to the S I/Oi
transmit/receive register

Sourti's initial value
set bit (SMi7)

i

I

I

I

S I/Oi port select bit |

(SMi3) I
I /

1

1

|

| (Port select: Normal port = SouTi)
1
1
o : Do Sourti terminal = “H” output
Souri (internal) |
| v
. . Signal written to the S 1/Oi register
Port output : \:/ DO —HLP —> ST —> "
SouTi terminal output " v (Falling edge)
1 1 Initial value = “H" (Note)
(i=3,4) A4 ¥ ¢

Setting the SouTi  Port selection

- ! Sourti terminal = Outputting
initial value to H ~ (normal port == SouTi)

stored data in the S I/Oi transmission/
reception register

Note: The set value is output only when the external clock has been selected. When
initializing SouTi, make sure the CLKi pin input is held “H” level.
If the internal clock has been selected or if SouT output disable has been set,
this output goes to the high-impedance state.

Figure 1.14.32. Timing chart for setting SOUTI’s initial value and how to set it

B S 1/Oi operation timing
Figure 1.14.33 shows the S I/Oi operation timing

1.5 cycle (max)
|————'

e |
swoiinternaldock - L LI L I LI 1L T 1L L1 LI

|
|
|
|
L
| | Note2
. )

Transfer clock H
(Note 1) L
Signal written to the "
S I/Oi transmit/receive "L —I_I

register &
SOiouput Souri v 2 5 b1 X 2] X 05 X i X 5 X b6 X _br =
Suoiinput simi 4 )4 X ¢ X X X X X

(i=3, 4)

SI/Oi interrupt request
bit (i=3,4) "0"

|

Note 1: With the internal clock selected for the transfer clock, the frequency dividing ratio can be selected using bits 0 and 1 of the S 1/Oi control register.
(i=3,4) (No frequency division, 8-division frequency, 32-division frequency.)

Note 2: With the internal clock selected for the transfer clock, the SOUTi pin becomes to the high-impedance state after the transfer finishes.

Note 3: Shown above is the case where the SOUTI (i = 3, 4) port select bit ="1".

Figure 1.14.33. S 1/Oi operation timing chart
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A-D Converter
The A-D converter consists of one 10-bit successive approximation A-D converter circuit with a capacitive coupling
amplifier. Pins P100 to P107, P95, P96 and P0Oo to P07 also function as the analog signal input pins. 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, reduc-
ing 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 1.15.1 shows the performance of the A-D converter. Figure 1.15.1 shows the block diagram of the
A-D converter, and Figures 1.15.2 and 1.15.3 show the A-D converter-related registers.
Table 1.15.1. Performance of A-D converter
Item Performance
Method of A-D conversion| Successive approximation (capacitive coupling amplifier)
Analog input voltage (Note 1)| OV to AVcc (Vcc)
Operating clock @AD (Note 2)| Vcc =3.3V  fabp/divide-by-2 of fab/divide-by-4 of fAD, fAD=f(XIN)

Resolution 8-bit or 10-bit (selectable)
Absolute precision Vcc = 3.3V « Without sample and hold function
+5L.SB
» With sample and hold function (8-bit resolution)
+2LSB

» With sample and hold function (10-bit resolution)
ANo to AN7 input : +5LSB
ANEXO0 and ANEX1 input (including mode in which external
operation amp is connected) : +7LSB
ANOo0 to ANo7 input : +7LSB

Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,
and repeat sweep mode 1
Analog input pins 8pins (ANo to AN7) + 2pins (ANEXO0 and ANEX1) + 8pins (ANoo to AN07)

A-D conversion start condition | » 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/P97 input changes from “H” to “L”
Conversion speed per pin | « Without sample and hold function
8-bit resolution: 49 @AD cycles, 10-bit resolution: 59 @aD cycles
 With sample and hold function
8-bit resolution: 28 @AD cycles, 10-bit resolution: 33 @aD 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. And
divide the faD if Vcc is less than 3.0V, and make @AD frequency equal to or lower than fAp/2.
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

CKSI=T"o0— > @AD

CKS1=0

12 1 | 17 1 CKS0=1
fap O 1/2 1/2 Ko =¢
VReR VCUT =0 Resistor ladder I
AVss O——===°
veur=1 ?IﬁlflflTlTlT 11 T
Successive convers on reg|ster H—_[j]]]@
A-D control register 1
(address 03D716) ?‘%
A-D control register 0
(address 03D616)
Addresses YYY
(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) Decoder

o —4 )

(03C916, 03C816)
(03CB16, 03CA16)
(03CDz16, 03CC16)
(03CF16, 03CE16)

for A-D register

A-D register 4 (16)

A-D register 5 (16)

A-D register 6 (16)

AAAAAAAA

A-D register 7 (16)

72 [

S

Data bus high-order S

2

S

Data bus low-order S

A-D control register 2

(address 03D416)

190,

Vref
Decoder
for channel selection
1 Comparator
YYVYYVYVYYY ‘ i
Port P10 group CHZ_'CHLCHO .
P100/ANo O——— =000 ADGSEL1,ADGSELO = 00
P101/AN1 O——=001, g% OPA1,0PAO = 00
P102/AN2O——F———o
Port PO group PMOl'PMOO(%SSOCHl CHO P103/AN3 O = %é oo o ;
POC/ANoIO) . = 000015 PL04AN4C . 101 PMO1 llDMOO =00
P01/AN01O = 000102 P105/AN5s O——F———*0 1102 ADGSELl,ADéSELO ~10
P02/AN020O — o P106/AN6 O—F———-—= OPAL OPAD = 00
P0O3/AN03O =300, P107/AN7 O—f—=2115 JOPAD =
P04/AN04O — o)
POs/AN0sO 001015 o oo
POs/AN06O = ij :
PO7/AN0TO =00111, !
ADGSEL1,ADGSELO = 00[ & 1
OPA1,0PAO=11| J X """~~~ ’
PMO1,PMO0 = 00
ADGSEL1,ADGSEL0=10| /e - _ | ________ “
OPA1,0PA0 = 11 |
OPAL,0PA0 Y
ANEXo O OPAO = 10\0 =01 o\c
OPAl=1 OPAl = 1%
ANEX1 O oo o

Figure 1.15.1. Block diagram of A-D converter
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A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
ADCONO 03D616 00000XXX2

Bit symbol Bit name Function R'W
b2 b1 b0 :

CHO Analog input pin select bit | 0 0 0 : ANo is selected 00
00 1:ANz1is selected !
010:AN2is selected !

CH1 01 1:ANs3is selected 0.0
100 : AN4 is selected
101:ANsis selected T

CH2 110:ANs is selected (Note2) |0'O
111:ANz7is selected (Note 3) .
. b4 b3 '

MDO A'IID opt;e_ratlon mode 00 : One-shot mode 00
select bit 0 01 : Repeat mode !
10 : Single sweep mode !

MD1 11 : Repeat sweep mode 0 00
Repeat sweep mode 1 (Note 3)

TRG Trigger select bit 0 : Software trigger (@) o
1: ADTRG trigger !

ADST A-D conversion start flag | 0 : A-D conversion disabled o) O
1 : A-D conversion started !

CKSO Frequency select bit 0 0 : fan/4 !s selected o) O
1:fAD/2 is selected !

b7 b6 b5 b4 b3 b2 bl bo

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.

Note 2: ANoo to ANo7 can be used the same as ANo to AN7.
Note 3: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note 1)

Symbol Address

ADCON1 03D716

When reset
0016

Bit symbol Bit name

Function

RIW

A-D sweep pin select bit

SCANO

SCAN1

When single sweep and repeat sweep
mode 0 are selected

b1 b0

0 0 : ANo, AN1 (2 pins)

01 : ANo to AN3 (4 pins)

10 : ANo to ANs (6 pins)

11 : ANoto AN7 (8 pins)

When repeat sweep mode 1 is selected
b1 b0
00 : ANo (1 pin)
0 1: ANo, AN1 (2 pins)
1 0: ANo to AN2 (3 pins)

11 :ANoto AN3 (4 pins) (Note 2)

o0

A-D operation mode

MD2 select bit 1

: Any mode other than repeat sweep
mode 1
: Repeat sweep mode 1

0.0

BITS 8/10-bit mode select bit

: 8-bit mode
: 10-bit mode

(o)(e}

CKS1 Frequency select bit 1

: fAD/2 or faD/4 is selected
: fAD is selected

00

oo

Vref connect bit
VCUT

: Vref not connected
: Vref connected

= O RPO|FRrO [l o

00

External op-amp

OPAD connection mode bit

OPA1l

b7 b6

0 0 : ANEXO and ANEX1 are not used
0 1: ANEXO input is A-D converted

1 0: ANEX1 input is A-D converted

11 : External op-amp connection mode

oo

00

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result is

indeterminate.

Note 2: ANoo to ANo7 can be used the same as ANo to AN7.

Figure 1.15.2. A-D converter-related registers (1)
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A-D control register 2 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

|><I><|><|><| 0 | | | | ADCON2 03D416 0000XXX02
P v 0 1| Bitsymbol Bit name Function R'W|
:.. A-D conversion method 0 : Without sample and hold
R T T R Smp select bit 1 : With sample and hold 0.0
A b2 b1 :
e ----1 ADGSELO i 0 0 : Port10 group is selected O 0
HE - Anlalogbl_nput group 0 1 : Must not be set. ;
. select bit 1 0 : PortO group is selected (Note 2)| ~'
oo T ADGSEL1 11 : Must not be set. O 9
Pt Reserved bit Must always be set to “0” O o

Nothing is assigned. 1
TmTTmmTomSmmmmmmmmmmmm o In an attempt to write to these bits, write “0”. The value, if read, turns out to —3 —
be “0”. !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Note 2: In selecting port PO group, P104 to P107 can not be used as a key-input
interrupt function input pin.

A-D register i Symbol Address When reset
ADi(i=0to 7) 03CO016 to 03CF16 Indeterminate

(b15) (b8)

b7 b0 b7 bo

Function R'W
o Eight low-order bits of A-D conversion result @) X
« During 10-bit mode OEX

Two high-order bits of A-D conversion result I

* During 8-bit mode XX
When read, the content is indeterminate

hemmmmcccemceeeeem———————
T LT T T T TP

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if —_—
read, turns out to be “0”. |

Figure 1.15.3. A-D converter-related registers (2)
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A-D Converter

(1) One-shot mode
In one-shot mode, the pin selected using the analog input pin select bit is used for one-shot A-D conver-
sion. Table 1.15.2 shows the specifications of one-shot mode. Figure 1.15.4 shows the A-D control regis-
ter in one-shot mode.
Table 1.15.2. One-shot mode specifications

Item Specification
Function The pin selected by the analog input pin select bit is used for one A-D conversion
Start condition Writing “1” to 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 A-D conversion start flag
Interrupt request generation timing | End of A-D conversion
Input pin One of ANo to AN7, as selected (Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin
Note : ANoo to ANo7 can be used the same as ANo to AN7.

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | 0 | Ol | | | ADCONO 03D616 00000XXX2

P Bit symbol Bit name Function RIW

EEEEEE oo ;

: S CHO ﬁ\ir:alog input pin select | 0 6. ANo is selected o0

H N 00 1:AN1is selected :

: o 010:AN2is selected |

: P e CH1 011:ANsis selected o0

[ A 100: AN4is selected '

R 101:ANsis selected !

R S — CH2 110:ANsis selected (Note 2) |O0'O

I 111:AN7is selected (Note 3) |

A T MDO A-D operation mode bib3 0.0

R VDL select bit 0 00 : One-shot mode (Note 3) 00|

[ Trigger select bit 0 : Software trigger ;

HE - TRG 1 : ADTRG trigger OJO

T ADST A-D conversion start flag | 0 : A-D conversion disabled oo

H 1: A-D conversion started '

] CKSO0 Frequency select bit 0 0: fan/4 is selected 0.0
1: faD/2 is selected '

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Note 2: ANoo to ANo7 can be used the same as ANo to AN7.

Note 3: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note)

b7 6 b5 b4 b3 b2 bl b0 Symbol Address When reset

[ [ ]a] [ [o] [ ] Abcom 03D716 0016
P : Bit symbol Bit name Function RfW
i b = scano  |A-Dsweeppin Invalid in one-shot mode 00
! [ select bit .
: oo -1 scani fe)e)
H MD2 A-D operation mode Set to “0” when this mode is selected OEO

Vo select bit 1

LR BITS 8/10-bit mode select bit | 0 : 8-bit mode

H : HE 1 : 10-bit mode O}O
! CKS1 Frequency select bitl 0: fap/2 or fap/4 is selected 00
H 1:fapis selected !

P VCUT | Vref connect bit 1 : Vref connected (o)fe}
E [ External op-amp orve OEO
: OPAO . ] 00 : ANEXO and ANEX1 are not used ‘

1 connection mode bit 01 : ANEXO input is A-D converted —
e OPAL 10: ANEX1 input is A-D converted o0

11 : External op-amp connection mode

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Figure 1.15.4. A-D conversion register in one-shot mode
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(2) Repeat mode
In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion.
Table 1.15.3 shows the specifications of repeat mode. Figure 1.15.5 shows the A-D control register in
repeat mode.

Table 1.15.3. Repeat mode specifications

ltem Specification
Function The pin selected by the analog input pin select bit is used for repeated A-D conversion
Star condition Writing “1” to A-D conversion start flag
Stop condition Writing “0” to A-D conversion start flag
Interrupt request generation timing | None generated
Input pin One of ANo to AN7, as selected (Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)

Note : ANoo to ANo7 can be used the same as ANo to AN7.

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
| | | | 0 | 1| | ADCONO 03D616 00000XXX2

. Co| Bt symbol Bit name Function RW
: : : : : . . b2 bl b0 :
b P CHO ’s‘\e”lg'c"tgb'i;‘p”‘ pin 000: ANo s selected olo
Vo Vo 00 1:ANz1is selected .
. . 010:AN2is selected
P P CH1 011:ANsis selected 0.0
HE : 100:AN4is selected |
H ! 101:ANsis selected |
. H CH2 110:ANsis selected (Note2) |00
P 111:AN7is selected (Note 3)
P MDO A-D operation mode b3 00
[ MD1 select bit 0 0 1: Repeat mode (Note 3) o0l
TRG Trigger select bit 0 : Software trigger 00
HE 1: ADTRG trigger ‘
[ ADST A-D conversion start flag | 0: A-D conversion disabled OEO
1: A-D conversion started '
b CKSO0 Frequency select bit 0 0: fap/4 is selected i

a y 1:fap/2 is selected O:O

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Note 2: ANoo to ANo7 can be used the same as ANo to AN7.

Note 3: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note)

b7 b6 bS5 b4 b3 b2 bl bO

| | | 1 | | | 0 | | | Symbol Address When reset
ADCON1 03D716 0016
boror oo | Bit symbol Bit name Function RIW
b Pt 1 i il scaNo  |A-Dsweep pin Invalid in repeat mode oo
e select bit e
P Co SCAN1 0.0
A-D operation mode Set to “0” when this mode is selected |
A MD2 select bit 1 OEO
: 8/10-bit mode select bit |0 : 8-bit mode
oo BITS 1 : 10-bit mode O}O
A S PR ckst  |E lectbit1 |0 fAD/2 or faD/4 is selected
o requency setect bl 1:faD is selected O:O
 EREEEEE LT VCUT Vref connect bit 1: Vref connected 00
Vo External op-am b7 b6
R OPAO Connectior?modpe bit 00 : ANEXO and ANEX1 are not used O;O
. 0 1 : ANEXO input is A-D converted ——
S OPAL 10: ANEX1 input is A-D converted 0'0

1 1: External op-amp connection mode

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Figure 1.15.5. A-D conversion register in repeat mode
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(3) Single sweep mode
In single sweep mode, the pins selected using the A-D sweep pin select bit are used for one-by-one A-D
conversion. Table 1.15.4 shows the specifications of single sweep mode. Figure 1.15.6 shows the A-D
control register in single sweep mode.
Table 1.15.4. Single sweep mode specifications

Item Specification
Function The pins selected by the A-D sweep pin select bit are used for one-by-one A-D conversion
Start condition Writing “1” to A-D converter 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 A-D conversion start flag
Interrupt request generation timing | End of A-D conversion
Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins), or ANo to AN7 (8 pins) (Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin
Note : ANoo to ANo7 can be used the same as ANo to AN7.

A-D control register 0 (Note)

b7 b6 bS b4 b3 b2 bl bO Symbol Address  When reset
[ [ ] [efo] [ ][] ADcono 03D616  0000OXXX2
Por o or oot 4| Bitsymbol Bit name Function RW
E H ' : : : : :__ CHO Analog input pin Invalid in single sweep mode OEO
R I select bit :
s e 00
P CH2 00
P MDO A-D operation mode A 00
: b select bit 0 1 0: Single sweep mode ;
S RGRRREEEEE, MD1 0.0
I TRG Trigger select bit 0 : Software trigger 00
N 1 : ADTRG trigger !
i : A-D conversion start flag | 0 : A-D conversion disabled
R ADST 1: A-D conversion started O;O
] CKSO | Frequency select bit 0 0 : faD/4 is selected 00
1:faD/2 is selected H

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
ADCON1 03D716 0016

A = symbol Bit name Function R'W

HE T A-D sweep pin select bit | When single sweep and repeat sweep mode 0 !

Vo . SCANO are selected 0.0

Lo [ b1b0 !

' ! 00 : ANo, AN1 (2 pins) ——

Vo : 0 1: ANo to AN3 (4 pins) '

P ----1 SCAN1 10 : ANo to AN (6 pins) 00

H ' H 11 : ANo to AN7 (8 pins) (Note 2) '

E i E E i : _______ A-D operation mode Set to “0” when this mode is selected

R MD2 | select bit 1 0.0

E H 8/10-bit mode select bit | 0 : 8-bit mode

N BITS 1 :10-bit mode O;O

. R Frequency select bit 1 0 : faD/2 or fAD/4 is selected .

o CKs1 1: fap is selected 0.0

R RREEEEE VCUT Vref connect bit 1: Vref connected (eXe}

- Ext | op- b7 b6 !

Vo TTTTTTTTTTTI T OPAD an?]rengic?rfrﬁgndi 00 : ANEXO and ANEX1 are not used 0.0

: bit (Note 3) 0 1: ANEXO input is A-D converted ——

L S R RS OPA1 10: ANEX1 input is A-D converted O:O
11: External op-amp connection mode !

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Note 2: ANoo to ANo7 can be used the same as ANo to AN7.

Note 3: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit.

Figure 1.15.6. A-D conversion register in single sweep mode
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(4) Repeat sweep mode O
In repeat sweep mode 0, the pins selected using the A-D sweep pin select bit are used for repeat sweep
A-D conversion. Table 1.15.5 shows the specifications of repeat sweep mode 0. Figure 1.15.7 shows the
A-D control register in repeat sweep mode 0.

Table 1.15.5. Repeat sweep mode 0 specifications

ltem Specification
Function The pins selected by the A-D sweep pin select bit are used for repeat A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition Writing “0” to A-D conversion start flag
Interrupt request generation timing | None generated
Input pin ANo and AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs (6 pins), or ANo to AN7 (8 pins) (Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)

Note : ANoo to ANo7 can be used the same as ANo to AN7.

A-D control register O (Note)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset

| | | | 1 | 1| | ADCONO 03D616 00000XXX2
¢ 1 1 1 1| Bitsymbol Bit name Function R'W
CHO Analog input pin Invalid in repeat sweep mode 0 o0
Voo HE select bit
P . cH1 00
CH2 oo
MDO A-D operation mode s 00
v select bit 0 11 : Repeat sweep mode 0O
I MD1 fo¥(e)
[ S TRG Trigger select bit 0 : Software trigger oo
I 1 : ADTRG trigger
A-D conversion start flag | 0 : A-D conversion disabled
v T ADST 1: A-D conversion started 0.0
] CcKso | Frequency selectbit0 | 0: fap/4 is selected oo

1:fap/2 is selected

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 bo

| | | 1 | | | Ol | | Symbol Address When reset
ADCON1 03D716 0016
P Bt symbol Bit name Function R'W
N I A-D sweep pin select bit | When single sweep and repeat sweep mode 0
I i1 { SCAND are selected o0
] I b1 b0
HE HE 00 : ANo, AN1 (2 pins)
I N 0 1: ANo to AN3 (4 pins)
I H SCANL 10: ANo to ANs (6 pins) o0
. H 11: ANo to AN7 (8 pins) (Note 2)
A-D operation mode Set to “0” when this mode is selected
mD2 select bit 1 0.0
8/10-bit mode select bit | 0 : 8-bit mode
P BITS 1 : 10-bit mode o0
CKS1 Frequency select bit 1 0 : fap/2 or faD/4 is selected 0o
[ 1:fapis selected
VCUT Vref connect bit 1: Vref connected o0
: : E | - b7 b6
e OPAD c;rtliggigr?rﬁgndpe 00 : ANEXO and ANEX1 are not used o0
H bit (Note 3) 0 1 : ANEXO input is A-D converted
L OPAL 10: ANEX1 input is A-D converted oo
11 : External op-amp connection mode

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Note 2: ANoo to ANo7 can be used the same as ANo to AN7.

Note 3: Neither “01” nor “10” can be selected with the external op-amp connection mode bit.

Figure 1.15.7. A-D conversion register 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 bit. Table 1.15.6 shows the specifications of repeat sweep mode 1. Figure
1.15.8 shows the A-D control register in repeat sweep mode 1.

Table 1.15.6. Repeat sweep mode 1 specifications
Item Specification
Function All pins perform repeat A-D conversion, with emphasis on the pin or pins
selected by the A-D sweep pin select bit
Example : ANo selected ANo — AN1— ANo — AN2 — ANo — ANS, etc

Start condition Writing “1” to A-D conversion start flag

Stop condition Writing “0” to A-D conversion start flag

Interrupt request generation timing | None generated

Input pin With emphasis on these pins ; ANo (1 pin), ANo and AN1 (2 pins),

ANo to AN2 (3 pins), ANo to AN3 (4 pins) (Note)
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)
Note : ANoo to ANo7 can be used the same as ANo to AN7.

A-D control register 0 (Note)

D7 b6 b5 b4 b3 b2 b1 b0 Symbol Address  When reset
| | | | 1| 1| | | ADCONO 03D616 00000XXX2
P i | Bit symbol Bit name Function RW
H , H . . CHO Analog input pin Invalid in repeat sweep mode 1 o O
T select bit !
e s o0
S T A CH2 oo
T MDO A-D operation mode ne o0
R select bit 0 11: Repeat sweep mode 1 ‘
P MD1 00
[T S TRG Trigger select bit 0 : Software trigger 00
. 1 : ADTRG trigger !
A-D conversion start flag | 0 : A-D conversion disabled
VooTTTTTTTTTm e ADST 1 : A-D conversion started o ;O
] CKSO Frequency select bit 0 0 : fAD/4 is selected 00
1:faD/2 is selected 1

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 bo

| | | 1 | | 1 | | | Symbol Address When reset
ADCON1 03D716 0016

P [ Bit symbol Bit name Function R'W

P i A-D sweep pin select bit | When repeat sweep mode 1 is selected '
; L] SCANO pp /ne P p 0o

H 00 : ANo (1 pin)

HE 01 : ANo, AN1 (2 pins) !
o SCAN1 10: ANo to AN2 (3 pins) 00

[ 11 : ANo to AN3 (4 pins) (Note 2) i

R A-D operation mode Set to “1” when this mode is selected
HE MD2 select bit 1 o :O

[ 8/10-bit mode select bit | 0 : 8-bit mode
Pl BITS 1 : 10-bit mode 0.0
R PO CKS1 Frequency select bit 1 0 fAD/2 or faD/4 is selected oo

[ 1:fap is selected i
IR ETEREEERTLRLEOT VCUT Vref connect bit 1: Vref connected 0.0

o Ext | op-. b7 b6 !
P OPAD | 00: ANEXO and ANEX1 are not used 00
H bit (Note 3) 01 : ANEXO input is A-D converted ——

e OPAL 10: ANEX1 input is A-D converted i
) ) [e}(e]

11 : External op-amp connection mode '

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Note 2: ANoo to ANo7 can be used the same as ANo to AN7.

Note 3: Neither ‘01’ nor ‘10’ can be selected with the external op-amp connection mode bit.

Figure 1.15.8. A-D conversion register in repeat sweep mode 1
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M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
A-D Converter

(a) Sample and hold
Sample and hold is selected by setting bit 0 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 with 8-bit resolution and 33 @aD with 10-bit resolution. Sample and hold can be selected in all
modes. However, in all modes, be sure to specify before starting A-D conversion whether sample and
hold is to be used.

(b) Extended analog input pins
In one-shot mode and repeat mode, the input via the extended analog input pins ANEXO and ANEX1 can
also be converted from analog to digital.
When bit 6 of the A-D control register 1 (address 03D716) is “1” and bit 7 is “0”, input via ANEXO is
converted from analog to digital. The result of conversion is stored in A-D register 0.
When bit 6 of the A-D control register 1 (address 03D716) is “0” and bit 7 is “1”, input via ANEX1 is
converted from analog to digital. The result of conversion is stored in A-D register 1.
Furthermore, the input via 8 pins of the extended analog input pins ANoo to ANo7 can be converted from
analog to digital. These pins can be used the same as ANo to AN7.

Use the A-D control register 2 (address 03D416) bit 1 and bit 2 to select the pin group ANo to AN7, ANoo
to ANo7.

(c) External operation amp connection mode
In this mode, multiple external analog inputs via the extended analog input pins, ANEX0 and ANEX1, can
be amplified together by just one operation amp and used as the input for A-D conversion.
When bit 6 of the A-D control register 1 (address 03D716) is “1” and bit 7 is “1”, input via ANo to AN7 (Note)
is output from ANEXO. The input from ANEX1 is converted from analog to digital and the result stored in
the corresponding A-D register. The speed of A-D conversion depends on the response of the external
operation amp. Do not connect the ANEXO and ANEX1 pins directly. Figure 1.15.9 is an example of how
to connect the pins in external operation amp mode.
Note : ANoo to ANo7 can be used the same as ANo to AN7.

ADGSEL1,ADGSELO
=0,0

m 8—0 o II
AN2 O—— 60—

Port P10 group S~o0—1

Analog input pins ﬁmj O———-F—6—o— .........

ANs O———F—0—~o0— Successive conversion register|

ADGSEL1,ADGSELO
=10
ANoo O S—~o—rt

Port PO group ANz O | 6~
Analog input pinsY  ANo4 O——— 60—

ANEXo

Ny >

Comparator

External op-amp

Figure 1.15.9. Example of external op-amp connection mode
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
D-A Converter

D-A Converter
This is an 8-bit, R-2R type D-A converter. The microcomputer contains two independent D-A converters of
this type.
D-A conversion is performed when a value is written to the corresponding D-A register. Bits 0 and 1 (D-A
output enable bits) of the D-A control register decide if the result of conversion is to be output. Do not set the
target port to output mode if D-A conversion is to be performed. When the D-A output is enabled, the pull-
up function of the corresponding port is automatically disabled.
Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register.
V = VREF X n/ 256 (n = 0 to 255)
VREF : reference voltage
Table 1.16.1 lists the performance of the D-A converter. Figure 1.16.1 shows the block diagram of the D-A
converter. Figure 1.16.2 shows the D-A control register. Figure J1.16.3 shows the D-A converter equiva-
lent circuit.

Table 1.16.1. Performance of D-A converter

Iltem Performance
Conversion method R-2R method
Resolution 8 bits
Analog output pin 2 channels

Data bus low-order bits

D-A register0 (8) (Address 03D816)
l D-AO0 output enable bit
R-2R resistor ladder o~ 0—) P93/DA0
D-A registerl (8) (Address 03DA16)
l D-A1l output enable bit
R-2R resistor ladder OO (O P94/DAL

Figure 1.16.1. Block diagram of D-A converter
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M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
D-A Converter

D-A control register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
MXM—J—J DACON 03DC16 0016

i 1| Bit symbol Bit name Function RIW,

E : : : : ~ f 0 : Output disabled ‘

E . . . -] DAOE D-AO output enable bit 1 Output enabled O; o)

o : DALE D-Al output enable bit 0: Output disabled o o

. tTt 1 : Output enabled

In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. |~

Nothing is assigned.

D-A register
Symbol Address When reset
b7 “°| DAi(i=0,1)  03D816 03DA16 Indeterminate
Function R'W|
] Output value of D-A conversion 0.0

Figure 1.16.2. D-A control register

D-A0 output enable bit

o R R R R R R R 2R
pA0 O—AN\—0—0

wqn

2R 2R
MSB ] LsSB
D-A register 0 :

: "O"T o1 T o !

Avss ()

VREF O

Note 1: The above diagram shows an instance in which the D-A register is assigned “2A16".

Note 2: The same circuit as this is also used for D-AL.

Note 3: To reduce the current consumption when the D-A converter is not used, set the D-A output enable bit to 0 and set the D-A register to “0016”
so that no current flows in the resistors Rs and 2Rs.

Figure 1.16.3. D-A converter equivalent circuit
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M16C / 62N Group (80-pin)
CRC SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CRC Calculation Circuit
The Cyclic Redundancy Check (CRC) calculation circuit detects an error in data blocks. The microcom-
puter uses a generator polynomial of CRC_CCITT (X186 + X12 + X5 + 1) to generate CRC code.
The CRC code is a 16-bit code generated for a block of a given data length in multiples of 8 bits. The CRC
code is set in a CRC data register each time one byte of data is transferred to a CRC input register after
writing an initial value into the CRC data register. Generation of CRC code for one byte of data is com-
pleted in two machine cycles.
Figure 1.17.1 shows the block diagram of the CRC circuit. Figure 1.17.2 shows the CRC-related registers.
Figure 1.17.3 shows the calculation example using the CRC calculation circuit

q Data bus high-order bits S
{ Data bus low-order bits S
} [Eight low-order bits Eight high-order bits

CRC data register (16)

] [ (Addresses 03BD16, 03BC16)

CRC code generating circuit
x16 4 12 4 x5+ 1

CRC input register (8) | (Address 03BE16)

| )

Figure 1.17.1. Block diagram of CRC circuit

CRC data register

15 b8 bo Symbol Address When reset
CRCD 03BD16, 03BC16  Indeterminate
Function Values that g\
can be set :
1 CRC calculation result output register 000016 to FFFF16 O}O
CRC input register
b7 b0 Symbo Address When reset
| | CRCIN 03BEz16 Indeterminate

: Function Values that R'W
: can be set !
T Data input register 001610 FF1s |0 O

Figure 1.17.2. CRC-related registers
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b15 bo .
(1) Setting 000016 —»~ | CRC data register
b7 b0
(2) Setting 0116 ~ —» I:I CRC input register
2 cycles
b15 bo

After CRC calculation is complete

118916

CRC data register

Y

b

The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial,
(X8 + x12 + X5 + 1), becomes the remainder resulting from dividing (1000 0000) X8 by (1 0001 0000 0010 0001) in

conformity with the modulo-2 operation.

Stores CRC code

LSB  MSB
L 1000 1000
10001 0000 0010 0001 | 1000 0OOO 0000 0000 0000 0000
1000 1000 0001 0000 1
1000 0001 0000 1000 0
1000 1000 0001 0000 1
1001 0001 1000 100
Lss” O\MSB
9 8 1 1
Ly ¥

Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary in the CRC operation
circuit built in the M16C, switch between the LSB side and the MSB side of the input-holding bits, and carry out the CRC
operation. Also switch between the MSB and LSB of the result as stored in CRC data.

b7

[ ]

(3) Setting 2316 —

b15

b0

After CRC calculation is complete

b0

0A4116

CRC data register

Y

b

Stores CRC code

CRC input register

CRCD
[03BD16, 03BC16]

CRCIN
[03BE16]

CRCD
[03BD16, 03BC16]

Modulo-2 operation is
operation that complies
with the law given below.

0+0=0
0+1=1
1+0=1
1+1=0

-1=1

CRCIN
[03BEz16]

CRCD
[03BD16, 03BC16]

Figure 1.17.3. Calculation example using the CRC calculation circuit
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Programmable I/O Port

Programmable I/O Ports

The M16C/62N (80-pin version) group has 70 programmable input/output ports given below (except P85).
* POo-PO7
» P20-P27
* P30-P37
* P40-P43
* P50-P57
* P60—-P67
* P70, P71, P76, P77
» P80—P84, P86, P87 (P8s is input port)
* P90, P92—-P97
» P100—P107

Note: P1, P44 to P47, P72 to P75, P91 are not connected to external pins.

Figures 1.18.1 to 1.18.4 show the programmable 1/O ports. Figure 1.18.5 shows the 1/O pins.

Each pin functions as a programmable 1/0O 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 (other than the D-A con-
verter), they function as outputs regardless of the contents of the direction registers. When pins are to be
used as the outputs for the D-A converter, do not set the direction registers to output mode. See the
descriptions of the respective functions for how to set up the built-in peripheral devices.

(1) Direction registers

Figure 1.18.6 shows the direction registers.

These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis-
ters corresponds one for one to each 1/O pin.

Note: There is no direction register bit for P8s.

(2) Port registers

Figure 1.18.7 shows the port registers.

These registers are used to write and read 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 port registers corresponds one for one to each 1/O pin.

(3) Pull-up control registers

Figure 1.18.8 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 for input.
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Programmable I/O Port

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

POo to PO7

P20 to P27,
P30 to P37,
P40 to P47,
P50 to P54,
P56

Ploto P14

P1sto P17

Inside dotted-line included

Inside dotted-line not
included

P57, P6o, P61, P64, P65,
P72to P7s, P80, P81,

P9o, P92

Do

Data bus —— Port latch

Data bus ——{ Port latch %

Data bus —% Port latch %

Input to respective peripheral functions

Data bus

Pull-up selection

b

~N

5
~N
P
~

Analog input ——o ~o——!

‘ Port P1 control register |-‘

Pull-up selection
—! Direction register
j I Ld
~N

|

~N

)

~N

‘ Port P1 control register )-‘

Pull-up selection
—]| Direction register |
o I Ld
N

P
N
P

N

o

~N

Pull-up selection

4

o
< o
Output
—¢ Port latch o

)/1_4
~N

J
e

(Note 1)

77‘7

T

Input to respective peripheral functions

symbolizes a parasitic diode.

Do not apply a voltage higher than Vcc to each port.

microcomputer.

4

Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are present within the

Figure 1.18.1. Programmable I/O ports (1)
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M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Programmable I/O Port

Pull-up selection

Direction register

d
~N

mg

1
~N
~

P82 to P84

g

(Note 1)
77T

Data bus

g

Input to respective peripheral functions

Pull-up selection

P55, P62, P66, P77,

P91, P97 1
N

<
Data bus ——4-[ Portaich ] ﬂiy
<

(Note 1)

1
~N
N

Input to respective peripheral functions

Pull-up selection

P63, P67 uqe
1 N s
Output ; A
Data bus —% Port latch P 3 ;
Jrm %>0—L)>°7 ? (Note )
< il
~N
-
P85 P t
Data bus <] t O
NMI interrupt input @ (Note 1)
777
P70, P71 .
1 1=
N |
Output—=
Data bus —¢— Port latch P ——+—0
' \—[>°—LDDT - § (Note2)
\1 i i
N
Input to respective peripheral functions \@I

Note 1: ----fa----- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Note 2: ---fa---- symbolizes a parasitic diode.

Note 3: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are present
within the microcomputer.

Figure 1.18.2. Programmable I/O ports (2)
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Programmable I/O Port

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

P100 to P103

P104 to P107
(inside dotted-line included)

(inside dotted-line not included)

P93, P94
1 -
~N TDJ §
X
Databus —4{  Portlaich | Fiﬁo
. t (Note 1)
< N
N
Input to respective peripheral functions %7
Analog output
D-A output enabled
Pull-up selection
P96 HE j
I -
N —v rE>J I
Data bus —«»—{ Port latch Output%\:\c
o N S
< N
N
Analog input
Pull-up selection
i e T j j s
< ’—DJ il
Output— A
Databus —¢ Port latch P :
~[>°—LDT * (Note 1)
j7 i

Note 1:

Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are

Pull-up selection

Direction register

b
~

Data bus ——( Port latch
P
N

~N

77‘7

Analog input

Input to respective peripheral functions 7%7

Pull-up selection
D-A output enabled

—{ Direction reéister

717

Input to respective peripheral functions

4

Analog input

----- j«--—- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

present within the microcomputer.

Figure 1.18.3. Programmable I/O ports (3)
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M16C / 62N Group (80-pin)
Programmable 1/O Port SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pull-up selection

Direction register

!
~N

J
Data bus — Port latch ’—D}JT
- Portlatch | %7

1
~N
~N

P87

o

<
x

+—O
t (Note 1)

Input to respective peripheral functions \@I o

Pull-up selection

b
A

Rd
P86

T J d =

T (Note 1)

7T

Note 1: ----4e--- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.

Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are
present within the microcomputer.

Figure 1.18.4. Programmable I/O ports (4)

-
BYTE £ (Note2)
BYTE signal input \@I O
% (Notel)
77
-
CNVss r (Note2)
CNVss signal input @ O
% (Note1)
7
-
RESET *
RESET signal input \@I ¢ O
% (Note1)
77
Note 1: e 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.
Note 3: The BYTE and CNVss pins are connected on the inside.

Figure 1.18.5. 1/O pins
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Programmable I/O Port

Port Pi direction register (Note 1, 2)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | PDi (i =0 to 10, except 8) 03E216, 03E316, 03E616, 03E716, 03EA16 0016
—— 03EB16, 03EE16, 03EF16, 03F316, 03F616 0016
Bit symbol Bit name Function RW|
v -{PDi_0 Port Pio direction register o0
] - P - 0 : Input mode 1
PDi_1 Port Pi1 direction register (Functions as an input port) OEO
--------- PDi_2 Port Pi2 direction register | 1 : Output mode 0.0
............ PDi_3 Port Pi3 direction register (Functions as an output port) OEO
-------------- PDi_4 Port Pia direction register (i=0to 10 except 8) 00
----------------- PDi_5 Port Pis direction register oY)
--------------------- PDi_6 Port Pie direction register o0
------------------------ PDi_7 Port Pi7 direction register o0

Note 1: Set bit 2 of protect register (address 000A16) to “1” before rewriting to
the port P9 direction register.

Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to the outside, but
are present within the microcomputer, so set the direction registers to
output so that these pin are reserved for future use.

Port P8 direction register

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address When reset

LI XTI os 03F216 00X000002
p 11 1 [ Bitsymbol Bit name Function R'W
V1 1 1 1 . -{PD8.O Port P8o direction register o}o

A F— ; 0 : Input mode ‘
PD8_1 Port P81 d-|rect-|on reg.lster (Functions as an input port) o0
e, PD8_2 Port P82 direction register | 1 : Qutput mode 0.0
it PD8_3 Port P83 direction register | (Functions as an output port) 50
CER PD8_4 Port P84 direction register (e}{®)

Nothing is assigned. |
Voo tmmmmmmmmmmmmmm o In an attempt to write to this bit, write “0”. The value, if read, turns out to be - -
' indeterminate. !

R R RREEEEEEEEEEE PD8_6 Port P8s direction register | 0 : Input mode ) 00

(Functions as an input port) |
1 : Output mode 0
"""""""""""" PD8_7 Port P87 direction register (Functions as an output port) O:O

Figure 1.18.6. Direction register

146 RENESAS

RenesasTechnology Corp.
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M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Programmable I/O Port

Port Pi register (Note 2)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | Pi(i=0to 10, except8) 03EO16, 03E116, 03E416, 03E516, 03E816  Indeterminate
03E916, 03EC16, 03ED16, 03F116, 03F416  Indeterminate

Bit symbol Bit name Function R'W

v 0 4 4 4 PO Port Pio register o 0.0
oo - - - Data is input and output to and from -

e Pi_1 Port Pi1 register each pin by reading and writing to 0.0
T S R R Pi 2 Port Pi2 register and from each corresponding bit 00
N — - - 0:“L" level data 1

E E E E """""" P|_3 Port Pi3 register 1:“H” level data (Notel) O io
[ REEEEEr Pi_4 Port Pia register 00
Dol Mmoo Pi_5 Port Pis register (=010 10 except 8) 0.0
H ERREEEEEDEEEEEEE Pi_6 Port Pie register O.0
EEREEEEEEEEEEEEEEEEEEEEE Pi_7 Port Pi7 register o0

Note 1: Since P70 and P71 are N-channel open drain ports, the data is high-impedance.
Note 2: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are present
within the microcomputer, so set the unused pin processing.

Port P8 register

b7 b6 b5 b4 b3 b2 b1 K0 Symbol Address When reset
| | | | | | P8 03F016 Indeterminate

L+ 4 4 4 4 1 | Bitsymbol Bit name Function RIW
. ) Port P8o register 0.0
. P 1 Port P81 register Data is input and output to and from 57~
oo — - each pin by reading and writing to -
[ P8_2 Port P82 register and from each corresponding bit 0.0
R EEREETE P8_3 Port P83 register (except for P8s) 00
. - 0: “L" level data T
[ AELECEEEE P8_4 Port P84 register 1 “H” level data 0.0
 GRGLECEEEEPERE P85 Port P8s register O X
L CECEEEEPEEPERE P8_6 Port P8s register 0.0
B Lt P8_7 Port P87 register 0.0

Figure 1.18.7. Port register
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Programmable I/O Port

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pull-up control register O (Note)

b7 b6 b5 b4 b3 b2 bl bo

| | | | Symbol Address When reset

B I N N A T PURO 03FCz1s 0016
S S R R =T symbol Bit name Function R'W
A e Rl POo to P03 pull-up The corresponding port is pulled oo
R PUO1 P04 to PO7 pull-up high with a pull-up resistor 0.0
R i 0 : Not pulled high :
S N PU02 P1o to P13 pull-up 1" Pulled high O: @)
[ ARREEEEE PUO3 P14 to P17 pull-up O:0
T T P — PUO4 P20 to P23 pull-up 00
T T R PUO5 P24 to P27 pull-up 00
 REEEEEEEEEEEEEEEE PU06 P30 to P33 pull-up o0
ERECEEEEEEEEEEEEEEEEEEEE PUO7 P34 to P37 pull-up 0.0

set the unused pin processing.

Pull-up control register 1 (Note 2)

b7 b6 b5 b4 b3 b2 bl bo

Note: P1 is not connected to external pins, but are present within the microcomputer, so

Symbol Address When reset
LTI TT T Pure 03FD16 001

A A T symbol Bit name Function R:W
oo ={PUIO0 P4o to P43 pull-up The corresponding port is pulled  |O'O
e PU11 P44 to P47 pull-up high with a pull-up resistor 0'0
A 0 : Not pulled high 1

P e PU12 P50 to P53 pull-up 1: Pulled high 00
R R RanEEE PU13 P54 to P57 pull-up 0:0
 CGREEEEEEE PU14 P60 to P63 pull-up 0.0
Dol Mmoo PU15 P64 to P67 pull-up 0o
Potmmmmmmmssommeeeeeng PU16 P72 to P73 pull-up (Note 1) oo
R REEEREEEE PU17 P74 to P77 pull-up 0.0

Note 1: Since P70 and P71 are N-channel open drain ports, pull-up is not available for them.
Note 2: P44 to P47, P72 to P75 are not connected to external pins, but are present within the
microcomputer, so set the unused pin processing.

Pull-up control register 2 (Note)

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
DO LI LTI “Pure 03FE1s 0015

S A N T symbol Bit name Function RIW
b RPU20 P8o to P8s pull-up The corresponding port is pulled o o
A PU21 P84 to P87 pull-up high with a pull-up resistor 0o
N (Except P8s) 0: NoltI p(thlLe_:dhmgh ‘
T A N PU22 P90 to P93 pull-up 1: Pulled hig 00
P e PU23 P94 to P97 pull-up 00
P e PU24 P100 to P103 pull-up 00
Rttt PU25 P104 to P107 pull-up 0.0
R Nothing is assigned. - 3 -

In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. -

Note: P91 is not connected to external pins, but are present within the microcomputer, so
set the unused pin processing.

Figure 1.18.8. Pull-up control register
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Programmable I/O Port

Table 1.18.1. Example connection of unused pins in single-chip mode

Pin name Connection
Ports PO to P10 After setting for input mode, connect every pin to VSs via a resistor;
(excluding P8s) (Note 1) or after setting for output mode, leave these pins open.
XouT (Note 2) Open
NMI Connect via resistor to Vcc (pull-up)
Avcc Connect to Vcc
AVss, VREF, BYTE Connect to Vss

Note 1: P1, P44 to P47, P72 to P75, P91 are not connected to external pins, but are present within the
microcomputer, so set the unused pin processing.
Note 2: With external clock input to XIN pin.

Microcomputer

Port PO to P10 (except for P8s)

(Input mode)

y

(Inpu‘t mode)

(Output mode) Open

]

NMI

XouTt

Open

$<
)
O

Avcc

CNVss (BYTE)
AVss
VREF

Vss

Note: P1, P44 to P47, P72 to P75, P91 are not connected to external pins.

Figure 1.18.9. Example connection of unused pins
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical characteristics

Electrical characteristics

Table 1.20.1. Absolute maximum ratings

Symbol Parameter Condition Rated value Unit
Vce Supply voltage Vcc=AVcc -0.3t04.2 \4
AVce Analog supply voltage Vcc=AVcc -0.3t0 4.2 \Y;

Input RESET, CNVss (BYTE)
voltage POo to P07, P20 to P27,
P30 to P37, P40 to P43, P50 to P57,
Vi P60 to P67, P76 to P77, P8o to P87, -0.3 10 Veer0.3 v
P9o, P92 to P97, P10o to P107,
VREF, XIN
P70, P71 -0.3t0 4.2 \Y
Output P0Oo to P07, P20 to P27,
voltage | p3; to P37,P40 to P43, P50 to P57,
Vo P60 to P67,P76 to P77, P80 to P8a, -0.3 0 Vee+0.3 v
P8e, P87, P90, P92 to P97,
P100 to P107, XouTt
P70, P71 -0.3t04.2 \%
Pd Power dissipation Topr=25"C 300 mw
Topr Operating ambient temperature -20to 85 / -40to 85 (Note) c
Tstg Storage temperature -65 to 150 [

Note: Specify a product of -40 to 85°C to use it.
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Electrical characteristics

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.20.2. Recommended operating conditions (referenced to Vcc = 2.4V (Mask ROM version is 2.2V) to
3.6V 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 24(Note 4)| 3.3 3.6 \Y
AVcc Analog supply voltage Vcc \
Vss Supply voltage 0 \%
AVss Analog supply voltage 0 Vv
HIGH input | POo to P07, P20 to P27,
VIH voltage P30 to P37, P4o to P43, P50 to P57, P6o to P67,
P76, P77, P80 to P87,P9, P92 to P97, P100 to P107, 0.8Vee vee v
XN, RESET, CNVss (BYTE)
P70,P71 0.8Vce 4.2 \Y;
LOW input | POo to P07, P20 to P27, P30 to P37,
ViL voltage P40 to P43, P50 to P57, P6o to P67, P70, P71,P76, P77, 0 0.2Vee v
P8o to P87, P9o, P92 to P97, P10o to P107, ’
XN, RESET, CNVss (BYTE)
HIGH peak output POo to P07, P20 to P27,P30to P37,
loH (peak) | CUrTENt P4o to P43, P50 to P57, P6o to P67, P76, P77, ~10.0 mA
P8o to P84, P86, P87, P90, P92 to P97, P100 to P107
HIGH average output POo to P07, P20 to P27, P30t P37,
loH (avg) | current P40 to P43, P50 to P57, P6o to P67, P76, P77, -5.0 mA
P8o to P84, P86, P87, P90, P92 to P97, P100 to P107
LOW peak output POo to P07, P20 to P27,P30t0 P37,
loL (peak) | current P40 to P43, P50 to P57, P6o to P67, P70, P71, P76, P77 10.0 mA
P8o to P84, P8s, P87, P90, P92 to P97, P100 to P107
LOW average PO0o to P07, P20 to P27,P30to P37,
loL (avg) output current P40 to P43, P50 to P57, P6o to P67, P70, P71, P76, P77 5.0 mA
P8o to P84, P86, P87, P90, P92 to P97, P100 to P107
Mask ROM version Vee=3.0V 1o 3.6V 0 16 MHz
No wait | Flash memory version Vee=2.4V to 3.0V 0 15_)(?23/0(: MHz
Main clock input Mask ROM version Vee=2.2V to 2.4V 0 17.5Xvee | wmhz
f(XiN) oscillation Veom3.0V 10 3.6V
cc=3.0V to 3.
fr’\?qtue;m% te 6 Mask ROM version 0 16 MHz
(Note 5, Note 6) with wait | Flash memory version Vee=2.4V to 3.0V 0 11-_2157X7},__J/CC MHz
Mask ROM version Vee=2.2V to 2.4V 0 112X Vee| iz
f(Xcin) Subclock oscillation frequency 32.768 50 kHz

Note 1: The mean output current is the mean value within 100ms.
Note 2: The total oL (peak) for all ports must be 80mA max. The total IoH (peak) for all ports must be 80mA max.
Note 3: Specify a product of —40°C to 85°C to use it.

Note 4: 2.2V is minimum supply voltage of mask ROM version.

Note 5: Relationship between main clock oscillation frequency and supply voltage.

Main clock input oscillation frequency (No wait)

[ Mask ROM version

=
s
=)

~
=)

w
5

Operating maximum frequency [MHz]

0.0

Mask ROM and flash memory versions

Main clock input oscillation frequency (With wait)
[ Mask ROM version
Mask ROM and flash memory versions

11.25 X Vee -17.75MHz

=
d
=)

7

9.25

N

=)

Y
A

//

Operating maximum frequency [MHZz]

0.0

22 24 3.0 3.6

Supply voltage[V]
(BCLK: no division)

N
[N}
INd
b

3.0

w
=

Supply voltage[V]
(BCLK: no division)

Flash memory version program/erase voltage and read
operation voltage characteristics

Flash program/erase voltage Flash read operation voltage

Vee=3.0V to 3.6V Vee=2.4V to 3.6V

Note 5: Execute case without wait, program / erase of flash memory by Vcc=3.0V to 3.6V and f(BCLK) < 6.25 MHz.
Execute case with wait, program / erase of flash memory by Vcc=3.0V to 3.6V and f(BCLK) < 10.0 MHz.

RENESAS

RenesasTechnology Corp.

151



Electrical characteristics

Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.20.3. Electrical characteristics (referenced to Vcc = 3.0V to 3.6V, Vss = 0V at Topr =—20°C to

85°C / — 40°C to 85°C (Note 1), f(XIN) = 16MHz unless otherwyise spec
Symbol Parameter Measuring condition Min Typ. [ Max Unit
POo to P07, P20 to P27, P30 to P37,
VOH HIGH output P40 to P43, P50 to P57, P6o to P67, _ _ \Y
voltage P76, P77, P80 to P84, P85, P87, low=—1mA, Vcc=3.3V 28
P90, P92 to P97, P100 to P107
HIGH output Xour HIGHPOWER loH=-0.1mA, Vcc=3.3V 2.8
VoH voltage LOWPOWER | loH=—50pA, Vcc=3.3V 2.8 \
HIGH output y o1 HIGHPOWER With no load applied, Vcc=3.3V 2.8 v
voltage LOWPOWER With no load applied, Vcc=3.3V 1.6
POo to P07, P20 to P27, P30 to P37,
VoL LOW output P40 to P43, P50 to P57, P6o to P67, JoL=1mA, Vcc=3.3V 05 v
voltage P70, P71, P76, P77, P80 to P84, P8s,
P87, P90, P92 to P97, P100 to P107
LOW output your HIGHPOWER | loL=0.1mA, Vcc=3.3V 05 v
v voltage LowPower | loL=50pA, Vcc=3.3V 0.5
oL
LOW output ycour HIGHPOWER | With no load applied, Vcc=3.3V 0 v
voltage Lowpower | With no load applied, Vcc=3.3V 0
TAOIN, TA3IN, TA4IN,
VT+VT- | Hysteresis TBOIN, TB2IN to TBSIN, INTo to INT2, 0.2 0.8 \V
ADTRG,CTS0,CTS1 CLKo0,CLK1,CLK3, Vce=3.3V
CLKa4, TA30uT, TAd4out, NMI, Klo to Ki3,
Sina, RxDo to RxDz2
VT+VT- | Hysteresis RESET Vce=3.3V 0.2 18 | V
HIGH input  POo to P07, P20 to P27, P30 to P37,
current P4o to P43, P50 to P57, P6o to P67,
IiH P70, P71, P76, P77, P80 to P87, VI=3V, Vce=3.3V 40 | WA
P90, P92 to P97, P10o to P107,
XiN, RESET, CNVss (BYTE)
LOW input  POo to P07, P20 to P27, P30 to P37,
current P4o to P43, P50 to P57, P60 to P67,
I P70, P71, P76, P77, P80 to P87, VI=0V, Vee=3.3V —40 | pA
P90, P92 to P97, P10o to P107,
XN, RESET, CNVss (BYTE)
P0o to P07, P20 to P27, P30 to P37,
R Pull-up P40 to P43, P50 to P57, P60 to P67, _ B
PULLUP| resistance P75, P77, P8o to P84, P86,P87, VI=0V, Vee=3.3v 200 | 100.0]500.0 | kQ
P90, P92 to P97, P10o to P107
RixiN Feedback resistance Xin 3.0 MQ
RicxiN - | Feedback resistance XCIN 100 MQ
VRam RAM retention voltage When clock is stopped 2.0 \%
The output pins | Mask ROM f(XiIN)=16MHz 125 | 250 | mA
are open and version Square wave, no division ) i
other pins are _
Flash memory f(XiN)=16MHz mA
Vss version Square wave, no division 200 | 320
Mask ROM f(XciN)=32kHz, Vcc=3.3V 40.0 HA
version Square wave
Flash memory f(XcIN)=32kHz, Vcc=3.3V 25 A
version Square wave, in RAM (Note 3) H
Flash memory f(XcIN)=32kHz, Vcc=3.3V 225 A
version Square wave, in flash memory M
Flash memory f(XiN)=16MHz , Vcc=3.3V 190 mA
version, program | Division by 2 :
Flash memory f(XIN)=16MHz , Vcc=3.3V 21.0 mA
version, erase Division by 2 )
Icc Power supply current f(XciN)=32kHz, Vce=3.3V
When a WAITinstruction
is executed. 58 HA
Mask ROM Oscillation capacity High (Note2)
version f(XcIN)=32kHz, Vcc=3.3V
When a WAIT instruction 27 HA
is executed. )
Oscillation capacity Low (Note2)
f(XcIN)=32kHz, Vcc=3.3V
When a WAITinstruction 7.0 PA
is executed.
Flash memory Oscillation capacity High (Note2)
version f(XcIN)=32kHz, Vcc=3.3V
When a WAIT instruction
is executed. 3.0 HA
Oscillation capacity Low (Note2)
Topr=25°C, Vcc=3.3V
Mask ROM i
version when clock is stopped 0.1 2.0 uA
Flash memory Topr=85°C, Vcc=3.3V 0.4 100
version when clock is stopped .

Note 1: Specify a product of -40°C to 85°C to use it.
Note 2: With one timer operated using fca2.
Note 3: Refer to the shifting to the low power dissipation mode flowchart (Figure 1.29.2b).
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.20.4. A-D conversion characteristics (referenced to Vcc = AVcc = VREF = 2.4V to 3.6V, VsS = AVss = 0V,

at Topr = - 20°C to 85°C / - 40°C to 85°C (Note 4), f(XIN) =16MHz unless otherwise specified)

) N Standard )
Symbol Paramete Measuring condition Min. | Typ. | Max. Unit
- Resolution Vrer = Vce 10 | Bits
_ Absolute |[Sample & hold function not available VREF = Vcc = 3.3V +2 +5 | LSB
accuracy ANo to AN7 input +2 +5| LSB
Sample & hold function available(10bit) VREF=VcC ANEXO0, ANEX1 input,
=33V ANoo to ANo7 input 7| LSB
Sample & hold function available(8bit) VREF = Vcc = 3.3V +2 | LSB
RLADDER Ladder resistance VREeF = Vce 10 40 | kQ
tconv Conversion time(10bit) 3.3 us
tconv Conversion time(8bit) 2.8 us
tsamp Sampling time 0.3 us
VREF Reference voltage 2.4 Vce \
Via Analog input voltage 0 VRer | V
Note 1: Do f(XIN) in range of main clock input oscillation frequency prescribed with recommended operating
conditions of table 1.20.2. Divide the fAD if f(XIN) exceeds 10MHz, and make AD operation clock frequency
(DAD) equal to or lower than 10MHz. And divide the faD if Vcc is less than 3.0V, and make AD operation
clock frequency (JAD) equal to or lower than fap/2.
Note 2: A case without sample & hold function turn AD operation clock frequency (JAD) into 250 kHz or more in
addition to a limit of Note 1.
A case with sample & hold function turn AD operation clock frequency (@AD) into 1IMHz or more in addition
to a limit of Note 1.
Note 3: Connect AVcc pin to Vcc pin and apply the same electric potential.
Note 4: Specify a product of -40°C to 85°C to use it.

Table 1.20.5. D-A conversion characteristics (referenced to Vcc = VREF = 2.4V to 3.6V, VSS = AVss = 0V, at

Topr = - 20°C to 85°C / - 40°C to 85°C (Note 2), f(XIN) =16MHz unless otherwise specified)

. » Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max Unit
— Resolution 8 Bits
- Absolute accuracy, VRer = Vcc = 3.3V 1.0 %
tsu Setup time 3 us
Ro Output resistance 4 15 25 | kQ
Ivrer Reference power supply input current (Notel) 1.0 mA
Note 1: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to

Note 2:

“0016".

The A-D converter's ladder resistance is not included.

Also, when D-A register contents are not “0016”, the current IVREF always flows even though Vref may
have been set to be unconnected by the A-D control register.

Specify a product of -40°C to 85°C to use it.

Table 1.20.6. Flash memory version electrical characteristics

(referenced to Vcc = 3.0V to 3.6V, at Topr = 0°C to 60°C unless otherwise specified)

Standard )
Parameter Min. Typ. Max Unit
Word program time 15 150 us
4K block erase time 0.3 8 s
64K block erase time 0.5 8 s
Erase all unlocked blocks time 0.5Xn 8Xn s
Lock bit program time 0.02 0.4 ms

Note : n denotes the number of block erases.

Table 1.20.7. Flash memory version program/erase voltage and read operation voltage characteristics

(at Topr = 0°C to 60°C)

Flash program/erase voltage Flash read operation voltage

Vcc=3.0V to 3.6V Vcc=2.4V to 3.6V
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical characteristics

Timing requirements
(referenced to Vcc = 3.3V, Vss = 0V, at Topr = - 20°C to 85°C /- 40°C to 85°C (*) unless otherwise specified)
* . Specify a product of -40°C to 85°C to use it.

Table 1.20.8. External clock input

Standard .

Symbol Parameter Min. | Max. Unit
tc External clock input cycle time 62.5 ns
tw(H) External clock input HIGH pulse width 25 ns
tw(L) External clock input LOW pulse width 25 ns
tr External clock rise time 15 ns
tf External clock fall time 15 ns
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

Electrical characteristics SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing requirements
(referenced to Vcc = 3.3V, Vss = 0V, at Topr = - 20°C to 85°C / — 40°C to 85°C (*) unless otherwise specified)
* . Specify a product of —40°C to 85°C to use it.

Table 1.20.9. 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 1.20.10. 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) TAIN input LOW pulse width 200 ns

Table 1.20.11. Timer A input (external trigger input in one-shot timer mode)

Standard .

Symbol Parameter Nin, Mo Unit
te(TA) TAIIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 1.20.12. Timer A input (external trigger input in pulse width modulation mode)

Standard .

Symbol Parameter Min. Ma. Unit
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 1.20.13. Timer A input (up/down input in event counter mode)

Standard .

Symbol Parameter Min. Max. Unit
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) TAiour input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Electrical characteristics

Timing requirements
(referenced to Vcc = 3.3V, Vss = 0V, at Topr = - 20°C to 85°C /- 40°C to 85°C (*) unless otherwise specified)
* . Specify a product of —40°C to 85°C to use it.

Table 1.20.14. Timer B input (counter input in event counter mode)

Standard )
Symbol Parameter Min, Mo, Unit
te(TB) TBiIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBIIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBIIN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns
Table 1.20.15. Timer B input (pulse period 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 1.20.16. Timer B input (pulse width measurement mode)
Symbol Parameter : Standard Unit
Min. Max.
tc(TB) TBiIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 1.20.17. A-D trigger input
Symbol Parameter - Standard Unit
Min. Max.
tc(AD) 'ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) 'ADTRG input LOW pulse width 125 ns
Table 1.20.18. Serial I/O
Standard .
Symbol Parameter - 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 100 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 1.20.19. External interrupt INTi inputs
Symbol Parameter - Standard Unit
Min. Max.
tw(NH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timing
te(TA)
tw(TAH
TAIIN input \
tw(TAL)
fc(UP)
tw(UPH
TAIOUT input
tw(UPL)
TAIOUT input ><
(Up/down input)
During event counter mode
TAIIN input th(TIn-UP) tsu(UP-Tin)
(When count on falling
edge is selected)
TAIIN input A m

(When count on rising

edge is selected) te(TB)
tw(TBH
TBIIN in —_— r ﬂ \
N Input ‘ tw(TBL) |
tc(AD)
fw(ADL
ADTRG input — /
fe(CK)
[w(CKH),
cLK tw(CKL
w(CkL th(C-Q
TXDi X X
td(C-Q) |, tsu(D-C) ' thic-n)
RxDi *
tw(INL
INTi input # /
tw(INH)

Figure 1.20.1. Timing diagram
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description (Flash Memory Version)

Outline Performance (Flash Memory Version)
Table 1.28.1 shows the outline performance of the M16C/62N (flash memory version).

Table 1.28.1. Outline performance of the M16C/62N (flash memory version)

Item Performance
Flash memory operation mode Three modes (parallel I/O, standard serial I/0, CPU rewrite)
Erase block | User ROM area | See Figure 1.28.1
division

Boot ROM area One division (4 Kbytes) (Note 1)

Program method In units of word/byte (Note 2)
Erase method Collective erase/block erase
Program/erase control method Program/erase control by software command
Protect method Protected for each block by lock bit
Number of commands 8 commands
Program/erase count 100 times
Data Retention 10 years
ROM code protect Parallel I/0O and standard serial I/O modes are supported.

Note 1: The boot ROM area contains a standard serial I/O mode control program which is stored in it when
shipped from the factory. This area can be erased and programmed in only parallel I/O mode.
Note 2: Can be programmed in byte unit only when using parallel /O mode.
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Description (Flash Memory Version)

Flash Memory
The M16C/62N (flash memory version) contains the flash memory that can be rewritten with a single volt-
age. For this flash memory, three flash memory modes are available in which to read, program, and erase:
parallel 1/0 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 pages to follow.
The flash memory is divided into several blocks as shown in Figure 1.28.1, so that memory can be erased
one block at a time. Each block has a lock bit to enable or disable execution of an erase or program
operation, allowing for data in each block to be protected.
In addition to the ordinary user ROM area to store a microcomputer operation control program, the flash
memory has a boot ROM area that is used to store a program to control rewriting in CPU rewrite and
standard serial I/O modes. This boot ROM area has had a standard serial I/O mode control program stored
in it when shipped from the factory. However, the user can write a rewrite control program in this area that
suits the user’s application system. This boot ROM area can be rewritten in only parallel /O mode.

0C000016
Block 6 : 64K byte

0D000016
Block 5 : 64K byte

0E000016

Block 4 : 64K byte Note 1: The boot ROM area can be rewritten in
only parallel input/output mode. (Access
to any other areas is inhibited.)

Note 2: To specify a block, use an even address

0F000016 in the block.
Block 3 : 32K byte

Flash memory| Flash memory
size start address 0F800016

256Kbytes 0C000016

Block 2 :24K byte

128Kbytes |  OE000015 OFE00016 | Block 1 : 4K byte orro00
OFF00016 - 16
OFFFFF1s | BIOK 0 4K byte OFFFFF16 4K byte
User ROM area Boot ROM area

Figure 1.28.1. Block diagram of flash memory version
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Mitsubishi microcomputers

M16C / 62N Group (80-pin)

. . SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CPU Rewrite Mode (Flash Memory Version)

CPU Rewrite Mode
In CPU rewrite mode, the on-chip flash memory can be operated on (read, program, or erase) under control
of the Central Processing Unit (CPU).
In CPU rewrite mode, only the user ROM area shown in Figure 1.28.1 can be rewritten; the boot ROM area
cannot be rewritten. Make sure the program and block erase commands are issued for only the user ROM
area and each block area.
The control program for CPU rewrite mode can be stored in either user ROM or boot ROM area. In the CPU
rewrite mode, because the flash memory cannot be read from the CPU, the rewrite control program must
be transferred to any area other than the internal flash memory before it can be executed.

Microcomputer Mode and Boot Mode
The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in
parallel I/0 mode beforehand. (If the control program is written into the boot ROM area, the standard
serial /0O mode becomes unusable.)
See Figure 1.28.1 for details about the boot ROM area.
Normal microcomputer mode is entered when the microcomputer is reset with pulling CNVss 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 the P55 pin low, the CNVss pin high, and the P50 pin high, the
CPU starts operating using the control program in the boot ROM area. This mode is called the “boot”
mode. The control program in the boot ROM area can also be used to rewrite the user ROM area (When
rewriting the user ROM area in boot mode, bit 5 of the flash memory control register 0 must be set to “1”.
Write to this bit only when executing out of an area other than the internal flash memory).

Block Address

Block addresses refer to an even address of each block. These addresses are used in the block erase
command, lock bit program command, and read lock status command.
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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. Operations must be executed from a memory other than the internal flash memory,
such as the internal RAM.
When the CPU rewrite mode select bit (bit 1 at address 03B716) is set to “1”, transition to CPU rewrite mode
occurs and software commands can be accepted.
In the CPU rewrite mode, write to and read from software commands and data into even-numbered ad-
dress (“0” for byte address AQ) in 16-bit units. Write data into even address in 16-bit units. Do not write 16-
bit data into odd address or data in 8-bit units. Always write 8-bit software commands into even-numbered
address. Commands are ignored with odd-numbered addresses.
Use software commands to control program and erase operations. Whether a program or erase operation
has terminated normally or in error can be verified by reading the status register. Read data from an even
address in the user ROM area when reading the status register.

Figure 1.29.1 shows the flash identification register and flash memaory control register 0.

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 lock-bit programming 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. In CPU rewrite mode, the
CPU becomes unable to access the internal flash memory directly. Therefore, Write to this bit only when
executing out of an area other than the internal flash memory. Also only when NMI pin is "H" level. 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 0 is a lock bit disable select bit. By setting this bit to “1”, it is
possible to disable erase and write protect (block lock) effectuated by the lock bit data. The lock bit disable
select bit only disables the lock bit function; it does not change the lock data bit value. However, if an erase
operation is performed when this bit =*1”, the lock bit data that is “0” (locked) is set to “1” (unlocked) after
erasure. To set this bit to “1”, 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 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. How-
ever, in this state, the internal flash memory cannot be accessed. To set this bit to “1”, 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).

When the CPU is shifted to the stop or wait modes, power to the internal flash memory is automatically shut
off. It is reconnected automatically when CPU operation is restored. Therefore, it is not particularly neces-
sary to set flash memory control register 0.

Figure 1.29.2b shows a flowchart for shifting to the low power dissipation mode. Always perform operation
as indicated in these flowcharts.
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Bit 5 of the flash memory control register 0 is a user ROM area select bit which is effective in only boot
mode. If this bit is set to “1” in boot mode, the area to be accessed is switched from the boot ROM area to
the user ROM area. When the CPU rewrite mode needs to be used in boot mode, set this bit to “1”. Note
that if the microcomputer is booted from the user ROM area, it is always the user ROM area that can be
accessed and this bit has no effect. When in boot mode, the function of this bit is effective regardless of
whether the CPU rewrite mode is on or off. Write to this bit only when executing out of an area other than

the internal flash memory.

Bit 6 of the flash memory control register O 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 O 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”".

Flash identification register

b7 b6 b5 b4 b3 b2 bl b0

Flash memory control register 0

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
FIDR 03B416 0016
Bit symbol Bit name Function RIW
FIDRO Flash identification value| Flash value output o'%
HND: 0016 !
Procedure
(1) Write FF16 to the address 03B416
(2) Read address 03B416
Read value = FF16 «- DINOR flash memory
Read value = 0016 «- HND flash memory
Symbol Address When reset
FMRO 03B716 XX0000012
Bit symbol Bit name Function R'W
| EMROO |RY/BY status flag 0: Busy (being written or erased) o' x
1: Ready
FMRO1 |[CPU rewrite mode 0: Normal mode
select bit (Note 1) (Software commands invalid)
1: CPU rewrite mode 0.0
(Software commands acceptable)
FMRO2 |Lock bit disable 0: Block lock by lock bit data is
select bit (Note 2) enabled
1: Block lock by lock bit data is 0.0
disabled
EMRO03 | Flash memory reset bit | 0: Normal operation o0
(Note 3) 1: Reset
Reserved bit Must always be set to “0” 0.0
FMRO5 |User ROM area select bit | 0: Boot ROM area is accessed
(Note 4) (Effective inonly | 1: User ROM area is accessed [el}e]
boot mode)
FMRO6 | Program status flag 0: Pass 0! %
1: Error
FMRO7 | Erase status flag 0: Pass o' X
1: Error

: For this bit to be set to “1”, 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. Write to this bit only when

executing out of an area other than the internal flash memory. Also only when NMT pin is
“H” level. Clear this bit to “0” after read array command.

Note 2:

when the CPU rewrite mode select bit = “1”. 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 3:

RY/BY status flag is “1".

Note 4:

For this bit to be set to “1”, the user needs to write a “0” and then a “1” to it in succession

Effective only when the CPU rewrite mode select bit = 1. After write “1”, write “0” when

Write to this bit only when executing out of an area other than the internal flash memory.

Figure 1.29.1. Flash identification register and flash memory control register 0
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Program in ROM

Program in RAM

Single-chip mode, or boot mode

(Boot mode only)
Set user ROM area select bit to “1”

!

|

Set processor mode register (Note 1)

}

Transfer CPU rewrite mode control
program to internal RAM

Set CPU rewrite mode select bit to “1” (by
writing “0” and then “1” in succession)(Note 2)

l

Using software command execute erase,
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 3)

I

Write “0” to CPU rewrite mode select bit

(Boot mode only)
Write “0” to user ROM area select bit (Note 4)

End

Note 1: 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 2: For CPU rewrite mode select bit to be set to “1”, 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. Write to this bit only when executing out of
an area other than the internal flash memory. Also only when NMI pin is “H” level.

Note 3: 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 4: “1” can be set. However, when this bit is “1”, user ROM area is accessed.

Figure 1.29.2. CPU rewrite mode set/reset flowchart

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)

l l

Jump to transferred 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 (Nots 2

‘ | Process of low power dissipation mode |

I

Xin oscillating = Wait until the Xin has stabilized

- Switch the count source of BCLK (Note 2)

I

‘ Set flash memory reset bit to 0 ‘

I

‘ Set CPU rewrite mode select bit to “0” ‘

I

Wait time until the internal circuit stabilizes (10 ps)
(Note 3)

End

Note 1: For flash memory reset bit to be set to “1”, 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.

Note 2: Before the count source for BCLK can be changed from XN 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 ps by software.

In this waiting time, do not access flash memory.

Figure 1.29.2b. 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, 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)

(2) Instructions inhibited against use
The instructions listed below cannot be used during CPU rewrite 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 CPU rewrite 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) Access disable
Write to CPU rewrite mode select bit and user ROM area select bit only when executing out of an area
other than the internal flash memory.

(5) How to access
For CPU rewrite mode select bit and lock bit disable select bit to be set to “1”, 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. Write to
CPU rewrite mode select bit and user ROM area select bit only when executing out of an area other
than the internal flash memory.Also only when NMI pin is “H” level.

(6)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 /O
mode to rewrite these blocks.

(7)Using the lock bit
To use the CPU rewrite mode, use a boot program that can set and cancel the lock command.

(8) Internal reserved area expansion bit (Bit 3 at address 000516)
To use the products which RAM size is over 15 Kbytes or flash memory size is over 192 Kbytes,
change into the CPU rewrite mode after setting the internal reserved area expansion bit (bit 3 at
address 000516) to “1”. Even if the CPU rewrite mode select bit (bit 1 at address 03B716) is set to “1”,
the internal reserved area expansion bit (bit 3 at address 000516) is not set to “1” automatically.
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Software Commands
Table 1.29.1 lists the software commands available with the M16C/62N (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.

Table 1.29.1. List of software commands (CPU rewrite mode)

First bus cycle Second bus cycle

Command Mode Address (D(?g[%7) Mode Address (Dt??ot?:h)
Read array Write X FFie6
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 2016 Write BA (Note4) | D016
Erase all unlock block Write AT716 Write X D016
Lock bit program Write BA 7716 Write BA D016
Read lock bit status Write X 7116 Read BA De (Note 5)

Note 1: When a software command is input, the high-order byte of data (Ds to D1s) 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: De corresponds to the block lock status. Block not locked when Ds = 1, block locked when Deé = 0.
Note 6: X denotes a given address in the user ROM area (that is an even address).

Read Array Command (FF1e)
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 FF16, 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.

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 O 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

(FF16) is written.

The RY/BY status flag is 0 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 1.29.3 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.

(s )

Write 4016

v

Write address
Write data

v

Status register
read

Write

YES

Program
completed

Program
error

(Set an address to even address in the user
ROM area when reading the status register)

Figure 1.29.3. 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 0 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 1.29.4 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.

[ Start j
|

Write 2016

Write D016
Block address

}

Status register
read

(Set an address to even address in the user
ROM area when reading the status register)

Error

Check full status check
(Note)

Block erase
completed

Note: Refer to Figure 1.29.7 .

Erase error ]

Figure 1.29.4. Block erase flowchart
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Erase All Unlock Blocks Command (A716/D016)
By writing the command code “A716” in the first bus cycle and the confirmation command code “D016”
in the second bus cycle that follows, the system starts erasing blocks successively.
Whether the erase all unlock blocks command is terminated can be confirmed by reading the status
register or the flash memory control register 0, in the same way as for block erase. Also, the status
register can be read out to know the result of the auto erase operation.
When the lock bit disable select bit of the flash memory control register 0 = 1, all blocks are erased no
matter how the lock bit is set. On the other hand, when the lock bit disable select bit = 0, the function of
the lock bit is effective and only nonlocked blocks (where lock bit data = 1) are erased.

Lock Bit Program Command (7716/D016)
By writing the command code “7716” 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 sets the
lock bit for the specified block to O (locked). Make an address in the first bus cycle same as an address
to block by the second bus cycle.
Figure 1.29.5 shows an example of a lock bit program flowchart. The status of the lock bit (lock bit
data) can be read out by a read lock bit status command.
Whether the lock bit program command is terminated can be confirmed by reading the status register
or the flash memory control register 0, in the same way as for page program.
For details about the function of the lock bit and how to reset the lock bit, refer to the section where the
data protect function is detailed.

[ Start j
!

Write 7716

Write D016
block address

l

Status register
read

(Set an address to even address in the user
ROM area when reading the status register)

Lock bit program in ]
error

Lock bit program
completed

Figure 1.29.5. Lock bit program flowchart
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. __________________________________________________________________________________________________________________________|

Read Lock Bit Status Command (7116)
By writing the command code “7116” in the first bus cycle and then the block address of a flash

memory block in the second bus cycle that follows, the system reads out the status of the lock bit of

the specified block on to the data bus(D6).
Figure 1.29.6 shows an example of a read lock bit program flowchart.

[ Start ]
!

Write 7116

I

Enter block address

(Note)
D6 =02

YES v
[ Blocks locked ] [Blocks not Iockedj

Note: Data bus bit 6.

Figure 1.29.6. Read lock bit status flowchart
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Data Protect Function (Block Lock)
Each block in Figure 1.28.1 has a nonvolatile lock bit to specify that the block be protected (locked)
against erase/write. The lock bit program command is used to set the lock bit to 0 (locked). The lock bit of
each block can be read out using the read lock bit status command.
Whether block lock is enabled or disabled is determined by the status of the lock bit and how the flash
memory control register 0’s lock bit disable select bit is set.

(1) When the lock bit disable select bit = “0”, a specified block can be locked or unlocked by the lock bit
status (lock bit data). Blocks whose lock bit data = 0 are locked, so they are disabled against erase/
write. On the other hand, the blocks whose lock bit data = “1” are not locked, so they are enabled for
erase/write.

(2) When the lock bit disable select bit = 1, all blocks are nonlocked regardless of the lock bit data, so
they are enabled for erase/write. In this case, the lock bit data that is “0” (locked) is set to “1”
(nonlocked) after erasure, so that the lock bit-actuated lock is removed.

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 in the following ways.
(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 1.29.2 shows the status register.

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)
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 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.
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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/D01s6), or erase all unlock blocks (A716/D016) is not the DO16 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.

Table 1.29.2. Definition of each bit in status register

Each bit of Definition
SRD Status name nqn no"
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 (bitl) | Reserved - -
SRO (bit0) Reserved - -
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Full Status Check
By performing full status check, it is possible to know the execution results of erase and program
operations. Figure 1.29.7 shows a full status check flowchart and the action to be taken when each
error occurs.

(Set an address to even
(Read status registerj when reading the 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.

. . Should a block erase error occur, the block in error

Block erase error |-
cannot be used.

Execute the read lock bit status command (7116)
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.

-
[ Program error ] -

[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 1.29.7. Full status check flowchart and remedial procedure for errors

172 RENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62N Group (80-pin)

Functions To Inhibit Rewriting Flash Memory Version (Flash Memory Version) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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 I/O mode and an ID code check function for
use in standard serial /0O 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
(OFFFFF1s). Figure 1.30.1 shows the ROM code protect control address (OFFFFF16). (This address ex-
ists in the user ROM area.)
If one of the pair of ROM code protect bits is set to 0, ROM code protect is turned on, so that the contents
of the flash memory version are protected against readout and modification.
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 I/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 b5 b4 b3 b2 bl bo Symbol Address When reset

ROMCP OFFFFF16 FF1e
HERRBEBERER
N Bitsymboll Bit name Function
©o1 1 Lo d_.] Reserved bit Always set this bit to 1.

[ ROM code protect reset
P ROMCR bit (Note 2)p 0 0: Protect removed

""""""""" 0 1: Protect set hit effective
N 1 0: Protect set bit effective
b 1 1: Protect set bit effective

ROMCP1 ?ng gi(:?’(\al(ﬁreotlce)ct level 1 5 0- Protect enabled

......................... 0 1: Protect enabled
1 0: Protect enabled
1 1: 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: The ROM code protect reset bits can be used to turn off ROM code protect level 1.
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 1.30.1. ROM code protect control address
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ID Code Check Function
Use this function in standard serial /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 OFFFDF16, OFFFE316,
OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. Write a program which has had the ID code
preset at these addresses to the flash memory.

/_j\/\_/j
Address = o =]

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 | ID2! Overflow vector

OFFFE416 to OFFFE716 i BRK instruction vector

OFFFES16 to OFFFEB16 | 1D3: Address match vector

OFFFEC16 to OFFFEF16 ID4§ Single step vector

OFFFF016 to OFFFF316 | ID5: Watchdog timer vector

OFFFF416 to OFFFF716 ID6 | DBC vector

OFFFF816 to OFFFFB16 | ID7: NMI vector

OFFFFC16 to OFFFFF16 ! Reset vector

~—
4 bytes

Figure 1.30.2. ID code store addresses
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Parallel I/O Mode
The parallel I/O mode inputs and outputs the software commands, addresses and data needed to operate
(read, program, erase, etc.) the internal flash memory. This I/O is parallel.
Use an exclusive programer supporting M16C/62N (flash memory version).
Refer to the instruction manual of each programer maker for the details of use.

User ROM and Boot ROM Areas
In parallel /O mode, the user ROM and boot ROM areas shown in Figure 1.28.1 can be rewritten. Both
areas of flash memory can be operated on in the same way.
Program and block erase operations can be performed in the user ROM area. The user ROM area and its
blocks are shown in Figure 1.28.1.
The boot ROM area is 4 Kbytes in size. In parallel I/O mode, it is located at addresses OFF00016 through
OFFFFF16. Make sure program and block erase operations are always performed within this address
range. (Access to any location outside this address range is prohibited.)
In the boot ROM area, an erase block operation is applied to only one 4 Kbyte block. The boot ROM area
has had a standard serial I/O mode control program stored in it when shipped from the Mitsubishi factory.
Therefore, using the device in standard serial input/output mode, you do not need to write to the boot
ROM area.
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Pin functions (Flash memory standard serial /O mode)

Pin Name 1/0 Description

Vce,Vss Power input Apply program/erase protection voltage to VVcc pin and 0 V to Vss pin.

CNVss (BYTE) | CNVss I Connect to Vcc pin.

RESET Reset input | Reset input pin. While reset is "L" level, a 20 cycle or longer clock
must be input to XIN pin.

XIN Clock input I Connect a ceramic resonator or crystal oscillator between XN and
XouT pins. To input an externally generated clock, input it to XIN pin

Xout Clock output o | and open XouT pin.

AvVcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.

VREF Reference voltage input | Enter the reference voltage for AD from this pin.

POo to P07 Input port PO | Input "H" or "L" level signal or open.

P20 to P27 Input port P2 | Input "H" or "L" level signal or open.

P30 to P37 Input port P3 | Input "H" or "L" level signal or open.

P40 to P43 Input port P4 | Input "H" or "L" level signal or open.

P51 to P54, Input port P5 | Input "H" or "L" level signal or open.

P56, P57

P50 ‘CE input | | Input "H" level signal.

P55 EPM input I Input "L" level signal.

P60 to P63 Input port P6 | Input "H" or "L" level signal or open.

P64 BUSY output o Standard serial I/O mode 1: BUSY signal output pin
Standard serial I/O mode 2: Monitors the boot program operation
check signal output pin.

P65 SCLK input I Standard serial I/O mode 1: Serial clock input pin

e | Standard serial YO mode 2: nput”Lt. L

P66 RxD input | Serial data input pin

P67 TxD output O Serial data output pin

P70to P77 Input port P7 | Input "H" or "L" level signal or open.

P8o to P84, P86,| Input port P8 | Input "H" or "L" level signal or open.

P87

P8s NMI input | | Connect this pin to Vce.

P90, P92to P97 | Input port P9 | Input "H" or "L" level signal or open.

P100 to P107 Input port P10 | Input "H" or "L" level signal or open.
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/ANo7

mmmmmmmmmmmmmmmmmm

PO6s/ANos ~5— Q

POS/ANos -8

]

P04/ANos —~—— ~& pg,
PO3/AN03 ~— ~> p5,
PO2/ANo2 &= -5,
POL/ANo1 ~*5= ~=> pg,

PO0/ANo0 ~5=
/K13 == [68]

P Lounis = M16C/62N

P105/ANSs/KI1 8=

P104/AN4/KIO - (80'p|n ﬂaSh memory

P103/AN3 ~—=—

PLOAN: version) group

P101/AN1 ~a—9=—

;

~*» p57/CLKouT
~» pGo/CTSO/RTS0
~= pP61/CLKo
~= pgz/RxDo
~= P63/TxDo
~-> PG4/CTSI/RTSI/CLKS1 @

Avss — [75] = pEs/CLK1 SCLK
P100/ANo ~a-3— ~> PGo/RxD1 C R0

VREF —#

AVce —=
P97/ADTRG/SING
POY6/ANEX1/SouT4 ~at—m

~=» PgG7/TxD1 TxD
< P70/TXD2/SDA/TAOOUT
~* p71/RxD2/SCL/TAOIN/TB5IN
~& pP76/TA30UT

TR TSI T TN TR Te TTeo TTee e [Teo TTe TTee [ Tes TTeeTee T
FIR (3] R] o] ]|o | (o] [R5 [6] B0 o] N][]|8][S

O
O

o]
O————— Xour=— 5
E]
&]
E]

Vee— [5 ]
P81/TA4IN <= [ |
P80/TAdouT <= [ |
P77TA3N<— ]

P8s/NMI —

Vss— [£]
xn— [5]

P8y/INTL < [5 |

P82/INTo -

P84/INT2 -~

Pg7/Xcin<a- [~
P8s/XcouT <= [

RESET—»

P94/DA1/TB4IN ]
P93/DA0TBN <+ (]
PY2TB2N/SOUT3 <= (=]
P90/TBOIN/CLK3 ~ E
CNVss(BYTE) —»= [

1

P95/ANEX0/CLK4 ~&5 =]

O

Mode setup method

~—_—
Signal Value Connect
CNVss Vee pr——
I circuit.
EPM Vss
RESET Vss to Vecec
CE Vee

Package: 80P6S-A

Figure 1.32.1. Pin connections for serial /O mode
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Standard serial I/O mode
The standard serial /O mode inputs and outputs the software commands, addresses and data needed to
operate (read, program, erase, etc.) the internal flash memory. This I/O is serial. There are actually two
standard serial I/O modes: mode 1, which is clock synchronized, and mode 2, which is asynchronized. Both
modes require a purpose-specific peripheral unit.

The standard serial /O mode is different from the parallel I/O mode in that the CPU controls flash memory
rewrite (uses the CPU's rewrite mode), rewrite data input and so forth. It is started when the reset is re-
leased, which is done when the P50 (CE) pin is "H" level, the P55 (EPM) pin "L" level and the CNVss pin "H"
level. (In the ordinary command mode, set CNVss pin to "L" level.)

This control program is written in the boot ROM area when the product is shipped from Mitsubishi. Accord-
ingly, make note of the fact that the standard serial I/O mode cannot be used if the boot ROM area is
rewritten in the parallel I/O mode. Figure 1.32.1 shows the pin connections for the standard serial I/O mode.
Serial data I/O uses UARTL1 and transfers the data serially in 8-bit units. Standard serial I/O switches
between mode 1 (clock synchronized) and mode 2 (clock asynchronized) according to the level of CLK1 pin
when the reset is released.

To use standard serial I/O mode 1 (clock synchronized), 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 TxDz1 pin is for CMOS output. The
RTS1 (BUSY) pin outputs an "L" level when ready for reception and an "H" level when reception starts.

To use standard serial I/O mode 2 (clock asynchronized), 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 I/O mode, only the user ROM area indicated in Figure 1.32.18 can be rewritten. The
boot ROM cannot.

In the standard serial I/O mode, a 7-byte ID code is used. When there is data in the flash memory, com-
mands sent from the peripheral unit are not accepted unless the ID code matches.
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Overview of standard serial I/O mode 1 (clock synchronized)
In standard serial I/O mode 1, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using 4-wire clock-synchronized serial /O (UART1).
Standard serial I/O mode 1 is engaged by releasing the reset with the P65 (CLK1) pin "H" level.
In reception, software commands, addresses and program data are synchronized with the rise of the
transfer clock that is input to the CLK1 pin, and are then input to the MCU via the RxD1 pin. In transmis-
sion, the read data and status are synchronized with the fall of the transfer clock, and output from the
TxD1 pin.
The TxDz1 pin is for CMOS output. Transfer is in 8-bit units with LSB first.
When 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. Here following are explained software commands,
status registers, etc.
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Software Commands
Table 1.32.1 lists software commands. In the standard serial /O mode 1, erase operations, programs and
reading are controlled by transferring software commands via the RxD1 pin. Software commands are
explained here below.

Table 1.32.1. Software commands (Standard serial I/O mode 1)

1st byte When ID is
Control command trans¥er 2nd byte | 3rd byte | 4th byte | 5th byte | 6th byte not verified
1|p d Address | Address Data Data Data Data Not
agerea FFi6 | (middle) | (high) | output | output | output | outputto | acceptable
259th byte
>l p Address | Address Data Data Data |Data input Not
age program 4116 | (middle) | (high) input input | input | to 259th | acceptable
byte
3 | Block Address | Address D016 Not
ock erase 2016 | (middle) (high) acceptable
4 | Erase all unlocked blocks A716 D016 accgl;t;me
5 | Read status register 7016 Oilt?plil)“ (?Ligult Acceptable
6 | Clear status register 5016 accglp?t;ble
. Address | Address | Lock bit Not
7 | Read lock bit status 7116 | (middle) | (high) data acceptable
output
8 | Lock bi Address | Address D016 Not
ock bit program 7716 | (middle) | (high) acceptable
9 | Lock bit enable 7A16 accgl;ttable
10| Lock bit disable 7516 accg'&;b,e
. Address | Address | Address .
11| ID check function F516 (low) (middle) | (high) ID size ID1 To ID7 Acceptable
121 o load f . Size Check- To Not
ownload function FA16 |Size (low)| (high) sum Data |required acceptable
input | number
of times
13| version d tout functi Version | Version | Version | Version | Version | Version
ersion data output function | FB1e | gata data data data data data Acceptable
output output output | output | output | output to
9th byte
14| Boot ROM tout Address | Address Data Data Data Data Not
oot area outpu FCi6 | (middle) | (high) | output | output | output | outputto | acceptable
function 259th
byte
Check Check Not
15| Read check data FD16 |data (low)| data acceptable
(high)

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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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 A16 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 ( FF16 X As to | A6 to)
(M16C reception data) A15 A23

TxD1
(M16C transmit data)
RTS1(BUSY) |_| |_| |_| |_| |_|

Figure 1.32.2. 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

. tput tput

(M16C transmit data) oby ouen
RTS1(BUSY) |_| |_|

Figure 1.32.3. 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.

CLK1 || || || |||

RxD1 X
(M16C reception data) 5016

TxD1
(M16C transmit data)

RTS1(BUSY)

Figure 1.32.4. 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
A8 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 A8 to | A16 to

(M16C reception data) 4116 A1s X A3 XdataOX_ data255
TxD1

(M16C transmit data)

RTS1(BUSY) o ” ” ” m ”

Figure 1.32.5. 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.
(3) 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.

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 X A16 toX
(M16C reception data) ( 2016 A15 A23 D016

TxD1
(M16C transmit data)

RTS1(BUSY) B |_| |_| |_|

Figure 1.32.6. Timing for block erasing
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked 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 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. Each block can be erase-protected with the
lock bit. For more information, see the section on the data protection function.

R 1 11
RxD1
(M16C reception data) D016

TxD1
(M16C transmit data)

RTS1(BUSY) |_|

Figure 1.32.7. Timing for erasing all unlocked blocks

Lock Bit Program Command
This command writes “0” (lock) for the lock bit of the specified block. Execute the lock bit program
command as explained here following.
(1) Transfer the “7716” command code with the 1st byte.
(2) Transfer addresses As to A1s5 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) Transfer the verify command code “D016” with the 4th byte. With the verify command code, “0” is
written for the lock bit of the specified block. Write the highest address of the specified block for
addresses As to A23.

When writing ends, the RTS1 (BUSY) signal changes from the “H” to the “L” level. Lock bit status can
be read with the read lock bit status command. For information on the lock bit function, reset proce-

dure and so on, see the section on the data protection function.

RxD1 As to X A16 to X
(M16C reception data) X 76 X A15 A23 D016

TxD1
(M16C transmit data)

RTS1(BUSY) |_| I_I |_| B

Figure 1.32.8 Timing for the lock bit program
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Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the “7116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. The lock bit data is the 6th
bit(D6) of the output data. Write the highest address of the specified block for addresses As to
A23.

RxD1 X 7116 X Ag to X Als toX
(M16C reception data) A15 A23

TXD1 X D6
(M16C transmit data)

RTSI(BUSY) |_| |_| |_| |

Figure 1.32.9. Timing for reading lock bit status

Lock Bit Enable Command
This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com-
mand. The command code “7A16” is sent with the 1st byte of the serial transmission. This command
only enables the lock bit function; it does not set the lock bit itself.

CLK1 “”H"H"””

RxD1
(M16C reception data) X A16

_TxD1
(M16C transmit data)

RTS1(BUSY)

Figure 1.32.10. Timing for enabling the lock bit
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Lock Bit Disable Command
This command disables the lock bit. The command code “7516” is sent with the 1st byte of the serial
transmission. This command only disables the lock bit function; it does not set the lock bit itself.
However, if an erase command is executed after executing the lock bit disable command, “0” (locked)

lock bit data is set to “1” (unlocked) after the erase operation ends. In any case, after the reset is
cancelled, the lock bit is enabled.

CLK1 ||| || || ||

RxD1
(M16C reception data) X 7516

TxD1
(M16C transmit data)

RTS1(BUSY) |

Figure 1.32.11. Timing for disabling the lock bit

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 FAL6 Check gram Program
(M16C reception data) / sum data data
Data size (low) \
TxD1 . .
. Dat; high
(M16C transmit data) ata size (high)

RTS1(BUSY) | U |_| |_| H H L

Figure 1.32.12. Timing for download
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Version Information Output Command
This command outputs the version information of the control program stored in the boot area. 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.

CLK1

RxD1 ( >
(M16C reception data) FBi6

TxD1 (XX et
(M16C transmit data) M E R X

RTS1(BUSY) ] |_| |_| H [T || |

Figure 1.32.13. Timing for version information output

Boot ROM Area Output Command
This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.
(1) Transfer the “FC16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 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 ( Fcis | A8 toX A16 to)
(M16C reception data) A15 A23

TxD1
(M16C transmit data) data255
RTS1(BUSY) |-| |_| |_| I_I |-|

Figure 1.32.14. Timing for boot ROM area 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, Ag 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.

CLK1 |

RxD1

(M16C reception ( F516 X DF16X FFi6 X OF16 XID sizeX ID1 ID7
data)

TxD1
(M16C transmit
data)

RTS1(BUSY)

B e e e o [ e

Figure 1.32.15. 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 = =

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 | ID2! Overflow vector

OFFFE416 to OFFFE716 1 BRK instruction vector

OFFFES816 to OFFFEB16 | ID3: Address match vector

OFFFEC16 to OFFFEF16 | ID4} Single step vector

OFFFF016 to OFFFF316 | ID5: Watchdog timer vector

OFFFF416 to OFFFF716 | ID6; DBC vector

OFFFF816 to OFFFFB16 | ID7: NMI vector

OFFFFC16 to OFFFFF16 : Reset vector

—~—
4 bytes

Figure 1.32.16. 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 1.32.17. Timing for the read check data
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Data Protection (Block Lock)

Each of the blocks in Figure 1.32.18 have a nonvolatile lock bit that specifies protection (block lock)
against erasing/writing. A block is locked (writing “0” for the lock bit) with the lock bit program command.
Also, the lock bit of any block can be read with the read lock bit status command.

Block lock disable/enable is determined by the status of the lock bit itself and execution status of the lock
bit disable and lock enable bit commands.

(1) After the reset has been cancelled and the lock bit enable command executed, the specified block
can be locked/unlocked using the lock bit (lock bit data). Blocks with a “0” lock bit data are locked
and cannot be erased or written in. On the other hand, blocks with a “1” lock bit data are unlocked
and can be erased or written in.

(2) After the lock bit disable command has been executed, all blocks are unlocked regardless of lock bit
data status and can be erased or written in. In this case, lock bit data that was “0” before the block

was erased is set to “1” (unlocked) after erasing, therefore the block is actually unlocked with the
lock bit.

0C000016
Block 6 : 64K byte

0D000016
Block 5 : 64K byte

OE000016
Block 4 : 64K byte

OF000016
Block 3 : 32K byte

Flash memory| Flash memory
size tart add 0F800016
start adcress Block 2 :24K byte
256Kbytes 0CO000016
128Kbytes 0E000016 OFEO00016 | Block 1 : 4K byte
OFF00016

OFFFEF16 Block O : 4K byte

User ROM area

Figure 1.32.18. Blocks in the user area
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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 1.32.2 gives the definition of each status register bit. After clearing the reset, the status register
outputs “8016".

Table 1.32.2. Status register (SRD)

SRDO bits Status name e Definifion 0

SR7 (bit7) Sequencer status Ready Busy

SR6 (bit6) Reserved - i

SRS (bit5) Erase status Terminated in error |Terminated normally
SR4 (bit4) Program status Terminated in error |Terminated normally
SR3 (bit3) Reserved - j

SR2 (bit2) Reserved - i

SR1 (bitl) Reserved - i

SRO (bit0) Reserved - i

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 1.32.3 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 1.32.3. Status register 1 (SRD1)

. Definition
SRD1 bits Status name K "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 00 Not verified

. 01 Verification mismatch
SR10 (bit2) 10  Reserved

11 Verified

SR9 (bitl) Data receive time out Time out Normal operation
SR8 (bit0) Reserved - -

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 1D

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.
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Full Status Check

Results from executed erase and program operations can be known by running a full status check. Figure
1.32.19 shows a flowchart of the full status check and explains how to remedy errors which occur.

(Read status registerj

sequence error to clear the status register. Try performing the
operation one more time after confirming that the
command is entered correctly.

Command ] . . Execute the clear status register command (5016)

. . Should a block erase error occur, the block in error

Block erase error |-
cannot be used.

Execute the read lock bit status command (7116)
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.

Program error ] - -

[ 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 1.32.19. Full status check flowchart and remedial procedure for errors
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Example Circuit Application for The Standard Serial /0 Mode 1

The below figure shows a circuit application for the standard serial /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)

( Data input ) | RXD1
Data output TxD1

M16C/62N
(80-pin flash memory

i version) group
CNVss NMI

P50(CE)

% P55(EPM)

(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 1.32.20. Example circuit application for the standard serial /O mode 1
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Overview of standard serial I/O mode 2 (clock asynchronized)
In standard serial /0O mode 2, software commands, addresses and data are input and output between the
MCU and peripheral units (serial programer, etc.) using 2-wire clock-asynchronized serial /O (UART1).
Standard serial I/O mode 2 is engaged by releasing the reset with the P65 (CLK1) pin "L" level.
The TxDz1 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 (Fig-
ure 1.32.21) are made with a peripheral unit. However, this 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, communication errors may occur because of the oscillation
frequency of the main clock. If errors occur, change the main clock's oscillation frequency and the baud
rate.
After executing commands from a peripheral unit that requires time to erase and write data, as with erase
and program commands, allow a sufficient time interval or execute the read status command and check
how processing ended, before executing 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. Here following are explained 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-
guency of the main clock, by sending the code as prescribed by the protocol for initial communications
with peripheral units (Figure 1.32.21).

(1) Transmit "BO16" from a peripheral unit. If the oscillation frequency input by the main clock is 10 or 16
MHz, the MCU with internal flash memory outputs the "B016" check code. If the oscillation frequency
is anything other than 10 or 16 MHz, the MCU does not output anything.

(2) Transmit "0016" from a peripheral unit 16 times. (The MCU with internal flash memory sets the bit
rate generator so that "0016" can be successfully received.)

(3) The MCU with internal flash memory outputs the "B016" check code and initial communications 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 MCU with internal
flash memory

M Reset

(1) Transfer "B0O16" 3 "BO16" ‘
‘ - 3 If the oscillation frequency input
" 1A i < "BO16" 3 by the main clock is 10 or 16
(2) Transfer "0016" 16 times, "0016" ~ | MHz, the MCU outputs "BO16". If
At least 15ms ‘ > : other than 10 or 16 MHz, the
transfer interval # 2nd. "0016" > i MCU does not output anything.
15th — "0016" .
16th : “0016” > :
_ "B016" : (3) Transfer check code "B016"

<

The bit raté generator setting completes (9600bps)_

Figure 1.32.21. 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 - 16 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 1.32.4 gives the operation fre-
guency and the baud rate that can be attained for.

Table 1.32.4 Operation frequency and the baud rate

Operation frequency Baud rate Baud rate Baud rate Baud rate

(MHz) 9,600bps 19,200bps 38,400bps 57,600bps
16MHz N N v v
12MHz N v v -
11MHz J N v -
10MHz N v - v
8MHz y N _ v
7.3728MHz N Vv Vv v
6MHZz N v v -
5MHz N N — -
4.5MHz J v - v
4.194304MHz J v v -
AMHz J v - -
3.58MHz N v v v
3MHz N N v -
2MHz N - - -

v : Communications possible
— : Communications not possible
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Software Commands
Table 1.32.5 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 software com-
mands of standard serial I/O mode 1. Software commands are explained here below.

Table 1.32.5. Software commands (Standard serial I/O mode 2)

1st byte When ID is
Control command transfer 2nd byte | 3rd byte | 4th byte | 5th byte | 6th byte not verified
1|p q Address | Address Data Data Data Data Not
agerea FFi6 | (middle) | (high) | output | output | output | outputto | acceptable
259th hyte
5| p Address | Address Data Data Data |Data input Not
age program 4116 | (middle) | (high) input input | input | to 259th | acceptable
byte
3 | Block Address | Address D016 Not
ock erase 2016 | (middle) | (high) acceptable
4 | Erase all unlocked blocks | A715 | D°® accomable
5 | Read status register 7016 oﬂ?p?ﬂ (?Lip?ult Acceptable
6 | Clear status register 5016 accglpc;table
. Address | Address | Lock bit Not
7 | Read lock bit status 7116 | (middle) | (high) | data acceptable
output
. Address | Address D016 Not
8 | Lock bit program 7716 | (middle) | (high) acceptable
9 | Lock bit enable 7A16 accglpﬁ;ble
10| Lock bit disable 7516 accgﬁ;ble
. Address | Address | Address .
11| ID check function F516 (low) (middle) | (high) ID size ID1 To ID7 Acceptable
121 D load functi Size Check- To Not
ownload function FA16 [Size (low)| (high) sum Data |required acceptable
input | number
of times
13| Version dat tout functi Version | Version | Version |Version | Version | Version
ersion data outputfunction | FB1s | data data data data | data data Acceptable
output output output | output | output | output to
9th byte
14| Boot ROM tout Address | Address Data Data Data Data Not
oot area outpu FC16 | (middle) | (high) | output | output | output | outputto | acceptable
function 259th byte
Check Check Not
15| Read check data FDi6 |data (low)| data acceptable
(high)
16 | Baud rate 9600 BO16 B016 Acceptable
17| Baud rate 19200 Blis Blie Acceptable
18| Baud rate 38400 B216 B216 Acceptable
19 | Baud rate 57600 B316 B316 Acceptable

Note 1: Shading indicates transfer from flash memory microcomputer to peripheral unit. All other data is trans-
ferred from the peripheral unit to the flash memory microcomputer.

Note 2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note 3: All commands can be accepted when the flash memory is totally blank.
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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 A1s and A16 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 ( FE | A8 10 XA16 to) /
(M16C reception data) A15 A23

TxD1
(M16C transmit data) data255

Figure 1.32.22. 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
. tput tput
(M16C transmit data) — o-en

Figure 1.32.23. 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 1.32.24. 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 A16 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
A8 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 |A16 to '

(M16C reception data) ( 4116X A15 X A23 XdataOX_ data2s5
TxD1

(M16C transmit data)

Figure 1.32.25. 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.
(3) 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 A16 to X
(M16C reception data) ( 2016 X Al5 A23 D016
TxD1
(M16C transmit data)

Figure 1.32.26. Timing for block erasing
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked 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 blocks in the flash memory.
The result of the erase operation can be known by reading 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
(M16C reception data) D016

TxD1
(M16C transmit data)

Figure 1.32.27. Timing for erasing all unlocked blocks

Lock Bit Program Command
This command writes “0” (lock) for the lock bit of the specified block. Execute the lock bit program
command as explained here following.

(1) Transfer the “7716” command code with the 1st byte.

(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.

(3) Transfer the verify command code “D016" with the 4th byte. With the verify command code, “0” is
written for the lock bit of the specified block. Write the highest address of the specified block for
addresses A8 to A23.

Lock bit status can be read with the read lock bit status command. For information on the lock bit
function, reset procedure and so on, see the section on the data protection function.

RxD1 As to | Aleto
(M16C reception data) X 716 X A15 X A23 X D016

TxD1
(M16C transmit data)

Figure 1.32.28. Timing for the lock bit program
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Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Transfer the “7116” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 to A23 with the 2nd and 3rd bytes respectively.
(3) The lock bit data of the specified block is output with the 4th byte. The lock bit data is the 6th
bit(D6) of the output data. Write the highest address of the specified block for addresses As to
A23.

RxD1 X 7116 X Ag to X Ate toX
(M16C reception data) A15 A23

TXD1 X D6
(M16C transmit data)

Figure 1.32.29. Timing for reading lock bit status

Lock Bit Enable Command
This command enables the lock bit in blocks whose bit was disabled with the lock bit disable com-
mand. The command code “7A16” is sent with the 1st byte of the serial transmission. This command
only enables the lock bit function; it does not set the lock bit itself.

RxD1
(M16C reception data) X 7A16

TxD1
(M16C transmit data)

Figure 1.32.30. Timing for enabling the lock bit
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Lock Bit Disable Command
This command disables the lock bit. The command code “7516” is sent with the 1st byte of the serial
transmission. This command only disables the lock bit function; it does not set the lock bit itself.
However, if an erase command is executed after executing the lock bit disable command, “0” (locked)
lock bit data is set to “1” (unlocked) after the erase operation ends. In any case, after the reset is
cancelled, the lock bit is enabled.

RxD1
(M16C reception data) X 7516

TxD1
(M16C transmit data)

Figure 1.32.31. Timing for disabling the lock bit

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 ( FALG X X XCheck XP/ogramX Program
(M16C reception data) sum data data
o\
Data size (low)
TxD1

, Data size (high
(M16C transmit data) ata size (high)

Figure 1.32.32. Timing for download
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Version Information Output Command
This command outputs the version information of the control program stored in the boot area. 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) FB16

TxD1 (XX e
(M16C transmit data) v E R X

Figure 1.32.33. Timing for version information output

Boot ROM Area Output Command
This command outputs the control program stored in the boot ROM area in one page blocks (256
bytes). Execute the boot ROM area output command as explained here following.
(1) Transfer the “FC16” command code with the 1st byte.
(2) Transfer addresses As to A15 and A16 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 ( FC16 X As toX A16 to)
(M16C reception data) A15 A23

TxD1
(M16C transmit data) data255

Figure 1.32.34. Timing for boot ROM area 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, Ag 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.

oy (510 | DFio | FFi6 | oFis fiDsizef )
(M16C rece([j)titor; F516 DF1e6 FFie6 OF16 | ID size ID1 ID7
ata

TxD1
(M16C transmit
data)

Figure 1.32.35. 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 = Lo =

OFFFDC16 to OFFFDF16 | ID1: Undefined instruction vector

OFFFEO16 to OFFFE316 | 1D2 Overflow vector

OFFFE416 to OFFFE716 i BRK instruction vector

OFFFE816 to OFFFEB16 | D3} Address match vector

OFFFEC16 to OFFFEF16 | ID4 Single step vector

OFFFFO016 to OFFFF316 | ID5: Watchdog timer vector

OFFFF416 to OFFFF716 | ID6; DBC vector

OFFFF816 to OFFFFB16 ID7§ NMI vector

OFFFFC16 to OFFFFF16 : Reset vector

L L

—~—
4 bytes

Figure 1.32.36. 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 X FD16
(M16C reception data)

TxD1 ( X
(M16C transmit data) l A

Check data (low) Check data (high)

Figure 1.32.37. 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 "B016" 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) BO16

Figure 1.32.38. Timing of baud rate 9600

206 RENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62N Group (80-pin)
Appendix Standard Serial I/0 Mode 2 (Flash Memory Version) SINGLE-CHIP 16-8IT CMOS MICROCOMPUTER

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) Bl16
TxD1 ( )
(M16C transmit data) Blis

Figure 1.32.39. 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 1.32.40. 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) B316
TxD1 ( )
(M16C transmit data) B316

Figure 1.32.41. Timing of baud rate 57600
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Example Circuit Application for The Standard Serial I/0O Mode 2
The below figure shows a circuit application for the standard serial I/O mode 2.

| CLK1

( Data input ) | RxD1
Data output TxD1

M16C/62N
(80-pin flash memory

version) group

7 ]
{ ChVss i

P50(CE)

% P55(EPM)

(1) In this example, the microprocessor mode and standard serial I/O mode
are switched via a switch.

Figure 1.32.42. Example circuit application for the standard serial /O mode 2
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Package Outline

Package Outline

80P6S-A MMP Plastic 80pin 14014mm body QFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material M
QFP80-P-1414-0.65 1.11 Alloy 42 2
HD
D
HHHHHHHHHHHHHHHHHH
- -]
- -]
=4 = Recommended Mount Pad
(- -]
== = Symbol Dimension in Millimeters
= = ow| o4 Min Nom Max
o v A - - 3.05
o o= A1 0 0.1 0.2
= = A2 — 2.8 —
== Q = b 025 | 03 0.4
e = c 0.13 0.15 0.2
@ =@ D | 138 | 140 | 142
GRS I E | 138 | 140 | 14.2
@ LA ] - 0.65 -
L1 HD 16.5 16.8 17.1
HE 16.5 16.8 17.1
L 0.4 0.6 0.8
N \ L1 - 1.4 -
< ) X - - 0.13
g\a o y — - 0.1
S :% %) 0° — 10°
2 L b2 — 0.35 —
Detail F l2 1.3 - -
MD — 14.6 —
ME — 14.6
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Differences between M16C/62N and M16C/62M

Differences between M16C/62N and M16C/62M

Differences between M16C/62N and M16C/62M(Note)

Item

M16C/62N(80-pin)

M16C/62M(80-pin)

Shortest instruction
execution time

62.5ns (f(XIN)=16MHz, Vcc=3.0V to 3.6V)
142.9ns (f(XIN)=7MHz, Vcc=2.4V to 3.6V
without software wait)

100ns (f(XIN)=10MHz, Vcc=2.7V to 3.6V)
142.9ns (f(XIN)=7MHz, Vcc=2.2V to 3.6V
with software one-wait)

66.0mW (Vcc = 3.3V, f(XIN)=16MHz,
without software wait)

Supply voltage 3.0V to 3.6V (f(XIN)=16MHz, without 2.7V to 3.6V (f(XIN)=10MHz, without
software wait) software wait)
2.4V to 3.0V (f(XiIN)=7MHz, without 2.4V to 2.7V (f(XIN)=7MHz, without
software wait) software wait)
2.2V to 3.0V (f(XiN)=7MHz, with software 2.2V to 2.4V (f(XIN)=7MHz with
one-wait) :mask ROM version software one-wait)
Low power 34.0mW (Vcc = 3V, f(XIN)=10MHz, 28.5mW (Vcc = 3V, f(XiN)=10MHz,
consumption without software wait) without software wait)

Clock Generating
Circuit

Main clock division rate when main
clock is stopped: Division by 8 mode

Main clock division rate when main
clock is stopped: Does not change

Watchdog timer

Watchdog timer interrupt or reset is
selected

Watchdog timer interrupt

Serial I/O
(lIC bus mode)

Only digital delay is selected as SDA
delay

Analog or digital delay is selected as
SDA delay

A-D converter

10 bits X 8 channels
Expandable up to 18 channels

10 bits X 8 channels
Expandable up to 10 channels

Note: About the details and the electric characteristics, refer to data sheet.

Differences in SFR between M16C/62N and M16C/62M

Address Register name M16C/62N(80-pin) M16C/62M(80-pin)
000516 | Processor mode register 1 (PM1) [ b2 Watchdog timer function b2 Nothing is assigned
select bit
037716 | UART2 special mode register b7 SDA digital delay select bit b7 SDA digital delay select bit
(U2SMR) ("1" when reset) ("0" when reset)
03D416 | A-D control register 2 b2, bl Analog input group b2,b1 Reserved bits
(ADCON2) select bit
o]0) A-D conversion method b0 Reserved bit
select bit
03B416 | Flash identification register Have Reserved register
(FIDR)
03B616 | Flash memory control register 1 Reserved register Have
(FMR1)
03B716 | Flash memory control register O b7 Erase status flag b7 Nothing is assigned
(FMRO) b6 Program status flag b6 Nothing is assigned
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REVISION HISTORY M16C/62N(80-PIN) GROUP DATA SHEET

Rev. Date Description
Page Summary

1.0 | 29/05/02 |5 Table 1.1.2 M30625FGNGP Delete “**"

14 Figure 1.5.1 Add “More than...needed”

54 (3) The NMl interrupt Line 12 is partly revised.

173 ROM code protect Line 6 to 9 Delete “ROM code...selected by default.”

Figure 1.30.1 is partly revised.

1.1 | 30/08/02 | 1,5 DMAC trigger:24 sources -->25 sources

34

Figure 1.9.5 is partly revised.
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—— Keep safety first in your circuit designs!

* Mitsubishi Electric Corporation puts the maximum effort into making semiconductor products 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 appropriate such as (i) 1t of substitutive, auxiliary circuits, (i) use of non-flammable
material or (jii) 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 Mitsubishi semiconductor 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 Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement 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, programs and algorithms represents information on products at the time of publication of these materials, and are subject to change by
Mitsubishi Electric Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors. Mitsubishi Electric 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 Mitsubishi Electric Corporation by various means, including the Mitsubishi Semiconductor home page (http://www.mitsubishichips.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 information as a total system before making a final decision
on the applicability of the information and products. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability or other loss resulting from the information contained herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use in a device or system that is used under circumstances in which human life is potentially at stake. Please contact Mitsubishi Electric
Corporation or an authorized Mitsubishi Semiconductor product distributor when considering the use of a product contained 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 Mitsubishi Electric 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 imported 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 Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor for further details on these materials or the products contained therein.

© 2002 MITSUBISHI ELECTRIC CORP. E N ESAS
Printed in Japan (ROD) [I1] |
New publication, effective September. 2002.

Specifications subject to change without notice. RenesaSTeChn()IOgy Corp.
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