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Old Company Name in Catalogs and Other Documents

On April 15!, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.
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April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)
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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 sales 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.

You should not alter, 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. You 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. You 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 electronic appliances; machine tools; personal electronic equipment; and industrial 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; aerospace 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 healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially 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.

(Note 2) “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 st 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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Mitsubishi microcomputers

M16C / 62T Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Description

The M16C/62T 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 100-pin or 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, 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/62T group includes a wide range of products with different internal memory types and sizes and
various package types.

Features

« Memory capacity.........ccccoeeveeiiiiiieinee. M30623M4T-XXXGP : ROM 32K bytes, RAM 3K bytes
M30622M8T/M8V-XXXFP,M30623M8T/M8V-XXXGP : ROM 64K bytes, RAM 4K bytes
M30622MCT/MCV-XXXFP,M30623MCT/MCV-XXXGP : ROM 128K bytes, RAM 5K bytes
M30622ECT/ECV-XXXFP,M30623ECT/ECY-XXXGP : PROM 128K bytes, RAM 5K bytes
« Shortest instruction execution time ...... 62.5ns (f(XiN)=16MHz, Vcc=5V)

o SUPPIY VORAGE o ccoconnanimminsnasizinsiossasinsasss Mask ROM version : 4.2 to 5.5V (f(XIN)=16MHz, without software wait)
One-time PROM version : 4.5 to 5.5V (f(XiN)=16MHz, without software wait)

* Low power consumption ...................... 140mW (Vcc = 5V, f(XIN)=16MHZz)

* Interrupts 25 internal interrupt sources, 8 external interrupt sources (M30622(100-pin package))

15 sources (M30623(80-pin package)), 4 software interrupt sources,
7 levels (including key input interrupt)

« Multifunction 16-bit timer..................... 5 /O timers + 6 input timers(M30622(100-pin package))
3 I/O timers + 5 input timers(M30623(80-pin package))
* Inside 16-bit timer ............................... 3 timers(only M30623(80-pin package))(Note 1)
S SBHAL MO oo s i * M30622(100-pin package) : 3 for UART or clock synchronous + 2 for synchronous

+ M30623(80-pin package) . 3 for UART or clock synchronous(one of exclusive UART)
+ 2 for synchronous(one of exclusive transmission)

*DMAC ....ccvveieeeieeeeeeeeeeeeeeeeeeeeennn. 2 Chaninels (trigger: 24 sources)

* A-D converter......coceeeeeeieeeeeeeeeeeeeeeeee, 10 bits X 8 channels (Expandable up to 26 channels)

* D-Aconverter.......occveeeeeiieeeee 8 bits X 2 channels

* CRC calculation circuit ...................cc..o. 1 circuit

s Watchdag tier. ... ccconessoamcsisasnsisims 1 line

* Programmable /O .........cccccoeeiiiii.n. 87 lines(M30622(100-pin package)),70 lines(M30623(80-pin package))
s Inputport........ccccccceeeveeieeeceseenne.. 1 line (P85 shared with NMI pin)

« Memory expansion ........ccccccoeeeeeeeeen..e. Available (to 1.2M bytes or 4M bytes)

» Chip selectoutput ............................... 4 lines(only M30622(100-pin package))(Note 2)

* Clock generating circuit ....................... 2 buitin clock generation circuits (buitt-in feedback resistor, and external ceramic or quartz oscillator)

Note 1: In M30623(80-pin package), these timers have no corresponding external pin can be used as
internal timers.
Note 2: M30623(80-pin package) has no external pin for chip select output.

Applications 0 _
; 3 : : A Specifications written in this manual are believed to be accurate, but are
Audio, cameras, office equipment, communications | not guaranteed to be entirely free of eror.

i i Specifications in this manual may be changed for functional or performance
equipment, portable equipment, cars, etc improvements. Please make sure your manual is the latest edition.

------ Table of Contents------
Central Processing Unit (CPU) ..................... 12 TIMIBE e e 82
Reset. ... 15 Timers’ function for three-phase motor contral.......... 100
ProcessorMode .........coooiiiiiiiiiieiieee 28 Serial /O e 112
Clock Generating Circuit ..........ccccvveeeee..... 40 A-D Converter ... 148
Profettion o wessmnanmesmmamms s i 49 PACORVEHEr ..o imimmmssnnesnmnzin F O D
INERTUDES - cvnimaannsnnssnmi s s 50 CRC Calculation Circuit ........ccccoeriiviieinennnns 161
Watchdog Timer..........ciinniaas 70 Programmable 1/O Ports ............................. 163
PMAG - wenssnermnismnrananal 2 Electrical characteristics ... 178
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Mitsubishi microcomputers
M16C / 62T Group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Configuration

Figures 1.1.1 show the pin configurations (top view) of M30622(100-pin package) and 1.1.2 show the pin

configurations (top view) of M30623(80-pin package).

PIN CONFIGURATION (top view)
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Package: 100P6S-A

Figure 1.1.1. Pin configuration (top view) of M30622 (100-pin package)
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Description

Mitsubishi microcomputers

M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

[ 60] —» Pl7/ANo7/D7

PIN CONFIGURATION (top view)
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Package: 80P6S-A

Figure 1.1.2. Pin configuration (top view) of M30623 (80-pin package)
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Mitsubishi microcomputers

M16C / 62T Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Block Diagram

Figure 1.1.3 is block diagrams of M30622(100-pin package) and 1.1.4 is block diagrams of M30623(80-pin
package).

T %“—‘% %‘—‘—%—'—%—‘—‘% % ]
! /O ports [ Port PO |[ Port P1 ][ Port P2 | [ Port P3 || Port P4 |[ PortP5 |[ PortP6 | ll
! ]
Internal peripheral functions S |
| A-D converter System clock generator =1 <‘IAT>
I Timer (10 bits X 8 channels T T T T xiwxour E | @
| - _TI;'I e-r T_AD- (?S-big)— - = Expandable up to 26 channels) XCIN-XCOUT L1
I Timer TA1 (16 bits) ] |
| Timer TA2 (16 bits) UART/clock synchronous SI/O Clock synchronous SI/O )
| Timer TA3 (16 bits) (8 bits X 3 channels) (Note 1) (8 bits X 2 channels) g_ |
Timer TA4 (16 bits) 2 NS
| Timer TBO (16 bits) ——— o
I Timer TB1 (16 bltS) CRC anthmetic circuit (CCHT)
| Timer TB2 (16 bits) (Polynominal: X 18+X12+X5+1) — |
| Timer TB3 (16 bits) ol !
Timer TB4 (16 bits) - . =]
| Timer TB5 (16 bits) M16C/60series 16-bit CPU core Memory % 4J|_
' Registers Program conter & |
| o e o - o
I - — ote
| Watfr;gﬁst;mer | | R1H RIL Vector table g |
| || R2 | INTB | =1 LN
RAM 1| |
| DMAC . R3 Sutack pointer (Note 3) ©o I
' (2 channels) 1 A ISP — r
| — Al UsP o
I - FB =]
| D-A converter Multinli =
! (8 bits X 2 channels) SB | | FLG ultiplier g i @
L - _—___.
Note 1: One of 3 channels also functions as IIC bus interface.
MNote 2: ROM size depends on MCU type.
MNote 3: RAM size depends on MCU type.

Figure 1.1.3. Block diagram of M30622 (100-pin package)
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Mitsubishi microcomputers

M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer TAO (16 bits)
Timer TA1 (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)
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Timer TB5 (16 bits)

A-D converter
(10 bits X 8 channels

XIN-XouT
Expandable up to 26 channels) XCIN-XCOUT
UART/clock synchronous SI/O Clock synchronous SI/O
(8 bits X% 3 channels) (Note 1) (8 bits X 2 channels) (Note 2)

CRC anthmetic circuit (CCITT)
(Polynominal: X 18+X12+X5+1)

| /duod |

Watchdog timer
(15 bits)

DMAC
(2 channels)

D-A converter
(8 bits X 2 channels)

MNote 1: One of 3 channels is an exclusive UART, functions as IIC bus interface.

o
o
=
Y
(0.0}
S
- e S
M16C/60series 16-bit CPU core Memory . <JI_
Registers Program conter & |
T PG | ROM -
H ROH ROL (Note 3)
| RrRiH RIL Vector table g |
|
L] R2 | INTB | 2l
= RAM ol |~
m Sutack pointer (Note 4) o i
1 A ISP —
1 Al usP ol
o
— FB 3
Multipli
SB | [ FLG dHpher J e
i
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MNote 2: One of 3 channels is an exclusive transmission.
MNote 3: ROM size depends on MCU type.
MNote 4: RAM size depends on MCU type.

Figure 1.1.4. Block diagram of M30623 (80-pin package)
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Mitsubishi microcomputers
M16C / 62T Group

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Performance Outline
Table 1.1.1 is a performance outline of M16C/62T group.

Table 1.1.1. Performance outline of M16C/62T group

It Performance
o M30622(100-pin package) | _ M30623(80-pin package)
91 instructions

62.5ns(f(XIN)=16MHz, VCC=5V)

Number of basic instructions
Shortest instruction execution time

Memory ROM 32Kbytes (M30623M4T-XXXGP)
capacity 64Kbytes (M30622M8T/MBV-XXXFP, M30623M8T/M8V-XXXGP)
128Kbytes (M30622MCT/MCV-XXXFP, M30623MCT/MCV-XXXGP,
M30622ECT/ECV-XXXFP, M30623ECT/ECV-XXXGP)
RAM 3Kbytes  (M30623M4T-XXXGP)
4Kbytes  (M30622M8T/MBV-XXXFP, M30623M8T/M8V-XXXGP)
5Kbytes  (M30622MCT/MCV-XXXFP, M30623MCT/MCV-XXXGP,
M30622ECT/ECV-XXXFP, M30623ECT/ECV-XXXGP)
I/O port PO, P2, P3, P5, P6, P10 | 8 bits x 6
P1 8 bits x 1 —
P4, P7 8 bits x 2 4 bits x 2
P8 (except P85) 7 bits x 1
P9 8 bits x 1 | 7 bits x 1
Input port P85 1 bit x 1
Multifunction | TAO, A3, TA4 16 bits x 3 (cycle timer, external / internal event count, pulse output)
timer TA1, TA2 16 bits x 2 16 bits x 2
(cycle timer, external / infemal event count, pulse output) | (cycle imer, intemal event count)
TBO, TB2 to TB5 16 bits x 5 (cycle timer, external / internal event count, pulse period / pulse width measurement)
TB1 16 bits X 1 (cycle timer, extemal /intemal event | 16 bits x 1
count, pulse period / pulse width measurement) (cycle timer, intemal event count)
Serial I/0 UARTO, UART1 (UART or clock synchronous) x 2
UART2 (UART or clock synchronous) x 1 UART x 1
SI/03 (Clock synchronous) x 1 (Clock synchronous) x 1 (exclusive transmission)
SI/04 (Clock synchronous) x 1

A-D converter

10 bits x (8 x 3 + 2) channels

D-A converter

8 bits x 2 channels

DMAC 2 channels (trigger: 24 sources)

CRC calculation circuit CRC-CCITT

Watchdog timer 15 bits x 1 (with prescaler)

Interrupt 25 internal and 8 external sources, 25 internal and 5 external sources,

4 software sources, 7 levels 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

Mask ROM version : 4.2 to 5.5V (f(XIN)=16MHz, without software wait)
One-time PROM version : 4.5 to 5.5V (f(XIN)=16MHz, without software wait)

Power consumption

140mW (VCC=5V, f(XIN) = 16MHz)

/0 /0 withstand voltage

5V

characteristics | Output current

5mA

Memory expansion

Available (to 1.2M bytes or 4M bytes)
(The M16C/62T group is not guaranteed to operate in memory expansion.)

Operating ambient temperature

85°C guaranteed version : -40°C to 85°C, 125°C guaranteed version : -40°C to 125°C

Device configuration

CMOS high performance silicon gate

Package

100-pin plastic mold QFP ] 80-pin plastic mold QFP
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Mitsubishi microcomputers

M16C / 62T Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mitsubishi plans to release the following products in the M16C/62T group:

(1) Support for mask ROM version, one-time PROM version
One-time PROM version has the equally functions mask ROM version, with the exception of built-in
electolic-programming-possible PROM.

(2) ROM capacity

(3) Package(number of pin)
100P6S-A  : 100-pin plastic molded QFP
80P6S-A  : 80-pin plastic molded QFP

(4) Support for 85°C guaranteed version, 125°C guaranteed version
125°C guaranteed version M30622MxV/ECV-XXXFP, M30623MxV/ECV-XXXGP is suported. These are
different from 85°C guaranteed version M30622MxT/ECT-XXXFP, M30623MxT/ECT-XXXGP on operating
ambient temperature and the terms of the use, and so please inquire.

_ 100-pin packaege 80-pin packaege
ROM size

M30622ECT-XXXFP i M30623ECT-XXXGP
128K bvtes M30622MCT-XXXFP | M30622ECTFP* M30623MCT-XXXGP | M30623ECTGP*
y M30622ZMCV-XXXFP | M30622ECV-XXXFP M30623MCV-XXXGP | M30623ECV-XXXGP
M30622ECVFP* | M30623ECVGP*
- |
I :
64K bytes M30622MBT-XXXFP M30623MBT-XXXGP |
M30622MBV-XXXFP M30623M8BV-XXXGP |
— |
—— |
32K bytes M30623MAT-XXXGP i

[ Mask ROM version J (One-time PROM versioﬂ ( Mask ROM version J [One-time PROM versioﬂ

3 Shipped in blank

Note 1: It may change in the future.
Note 2: Use shipped in blank of one-time PROM version as the frial, development of program.
In case of vehicle-mount test or mass production, use shipped in programming.

Figure 1.1.5. ROM expansion Now: Mar.1999.
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Mitsubishi microcomputers

M16C / 62T Group
Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The M16C/62T group products currently supported are listed in Table 1.1.2.

Table 1.1.2. M16C/62T group Now: Mar.1999.
ROM RAM it
Type No. capacity | capacity Characteristic Package Remarks
M30622MBT-XXXFP 85 °C guaranteed version -
- 64Kb 4K b i Mask ROM
M30622M8V-XXXFP ytes V€S 195 <C guaranteed version (Note 3) as version
M30622MCT-XXXFP Mask ROM version
M30622ECT-XXXFP 85 °C guaranteed version 100P6S-A One-time PROM version (programming)
M30622ECTFP One-time PROM version (blank)
M30622MCV-XXXFp 128K bytes | SKbytes Mask ROM version
M30622ECV-XXXFP 125 °C guaranteed version (Note 3) One-time PROM version (programming)
M30622ECVFP One-time PROM version (blank)
M30623MAT-XXXGP 32K bytes | 3K bytes 85 °C guaranteed version | Mask ROM version
M30623MBT-XXXGP 85 °C guaranteed version -
64K b 4K b Mask ROM

M30623M8V-XXXGP ytes ytes 125 °C guaranteed version (Note 3) as version
M30623MCT-XXXGP Mask ROM version
M30623ECT-XXXGP 85 °C guaranteed version 80P65S-A One-time PROM version (programming)
M30623ECTGP One-time PROM version (blank)
M30623MCV-XXXGP 28K bytes | SKbytes Mask ROM version
M30623ECV-XXXGP 125 °C guaranteed version (Note 3) One-time PROM version (programming)
M30623ECVGP One-time PROM version (blank)

Note 1: It may change in the future.

Note 2: Use shipped in blank of one-time PROM version as the trial, development of program.
In case of vehicle-mount test or mass production, use shipped in programming.

Note 3: It is different from 85°C guaranteed version on operating ambient temperature and the terms of the
use, pleas inquire.

30622 M C T — XXX FP

|
1
|
1
1
1
1

Package type
FP : Package 100P6S-A
GP: 80P6S-A

ROM No.
Omitted for blank one-time PROM version
and EPROM version

Characteristic
T : 85 °C guaranteed version for automobile
V : 125 °C guaranteed version for automobile

ROM capacity
4 : 32K bytes
8 : 64K bytes
C : 128K bytes

Memory type
M : Mask ROM version
E : EPROM or one-time PROM version

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

M16C/62 Group

M16C Family

Figure 1.1.6. Type No., memory size, and package
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Mitsubishi microcomputers
M16C / 62T Group

Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin name

Signal name

1/O type

Function

Vce, Vss

Power supply
input

Supply 4.2 V to 5.5 V to the Vcc pin. Supply 0 V to the Vss pin.

CNVss

CNVss

Input

This pin switches between processor modes. Connect it to the Vss
pin when operating in single-chip or memory expansion mode.
Connect it to the VVCC pin when operating in microprocessor mode.

RESET

Reset input

Input

A “L" on this input resets the microcomputer.

XIN
XouTt

Clock input
Clock output

Input
Output

These pins are provided for the main clock generating circuit.
Connect a ceramic resonator or crystal between the XIN and the
XouT pins. To use an externally derived clock, input it to the XIN pin
and leave the XOUT pin open.

BYTE

External data
bus width
select input

Input

This pin selects the width of an external data bus. A 16-bit width is
selected when this input is “L”; an 8-bit width is selected when this
input is “H”". This input must be fixed to either “H" or “L". When
operating in single-chip mode, connect this pin to Vss. In M30623
(80-pin package), the BYTE signal is internally connected to the
CNVss signal.

AVcc

Analog power
supply input

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

AVss

Analog power
supply input

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

VREF

Reference
voltage input

Input

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

P00 to PO7

Do to D7

I/O port PO

Input/output

Input/output

This is an 8-bit CMOS |/O port. It has an input/output port direction
register that allows the user to set each pin for input or output
individually. When used for input in single-chip mode, the port can
be set to have or not have a pull-up resistor in units of four bits by
software. In memory expansion and microprocessor modes,
selection of the internal pull-resistor is not available. Pins in this port
also function as A-D converter extended input pins as selected by
software when operating in single-chip mode.

When set as a separate bus, these pins input and output data (Do-D7).

P1oto P17

Ds to D15

1/O port P1

Input/output

Input/output

This is an 8-bit I/O port equivalent to P0. Pins in this port also
function as external interrupt pins as selected by software.
When set as a separate bus, these pins input and output data (Ds-D15).

P20 to P27

Ao/Do to
A7/D7
[ Ao, A1D0 |
to A7/Ds

1/O port P2

Input/output

Input/output

This is an 8-bit I/O port equivalent to P0. Pins in this port also
function as A-D converter extended input pins as selected by
software when operating in single-chip mode.

If the external bus is set as an 8-bit wide multiplexed bus, these pins
input and output data (Do—-D7) and output 8 low-order address bits
(A0—AT7) separated in time by multiplexing.

If the external bus is set as a 16-bit wide multiplexed bus, these pins
input and output data (Do—Ds) and output address (A1-A7)
separated in time by multiplexing. They also output address (A0).

P30 to P37

Ag to A15

11O port P3

Input/output

Input/output

This is an 8-bit I/O port equivalent to PO.

If the external bus is set as a 16-bit wide multiplexed bus, these pins
input and output data (D7) and output address (As) separated in time
by multiplexing. They also output address (Ag—A15).
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Mitsubishi microcomputers

M16C / 62T Group
Pin Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Pin Description

Pin name Signal name 11O type Function
| P4oto P47 | /OportP4 | Inputoutput | This is an 8-bit /O port equivalenttoPO. = = |
CSo to CS3, Output These pins output CS0—-CS3 signals and A16-A19. CS0-CS3 are
A16 to A19 Output chip select signals used to specify an access space. A16—-A19 are 4
high-order address bits.
P50 to P57 1/0O port P5 Input/output | This is 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.

WRLWR, Output Output WRL, WRH (WR and BHE), RD, BCLK, HLDA, and ALE

WRH/BHE, Output signals. WRL and WRH, and BHE and WR can be switched using

RD, Output software control.

BCLK, Output B WRL, WRH, and RD selected

HLDA, Output With a 16-bit external data bus, data is written to even addresses

HOLD, Input when the WRL signal is “L” and to the odd addresses when the
WRH signal is “L”. Data is read when RD is “L".

ALE, Output B WR, BHE, and RD selected

RDY Input Data is written when WR is “L". Data is read when RD is “L”. Odd

addresses are accessed when BHE is “L". Use this mode when
using an 8-bit external data bus.

While the input level at the HOLD pin is “L", the microcomputer is
placed in the hold state. While in the hold state, HLDA outputs a
“L” level. ALE is used to latch the address. While the input level of
the RDY pin is “L”, the microcomputer is in the ready state.

P60 to P67 I/O port P6 Input/output | This is an 8-bit /O port equivalent to PO. When used for input in
single-chip, memory expansion, and microprocessor modes, the
port can be set to have or not have a pull-up resistor in units of four
bits by software. Pins in this port also function as UARTO and
UART1 /O pins as selected by software.

P70to P77 I/O port P7 Input/output | This is an 8-bit I/0 port equivalent to P6 (P70 and P71 are N channel
open-drain output). Pins in this port also function as timer Ao—-A3,
timer B5 or UART2 I/O pins as selected by software.

P80 to P84, I/O port P8 Input/output | P80 to P84, P86 and P87 are |/O ports with the same functions as P8.
P8s, Input/output | Using software, they can be made to function as the 1/O pins for
P87, Input/output | timer A4 and the input pins for external interrupts. P86 and P87 can
P8s I/O port P85 Input be set using software to function as the /O pins for a sub clock

generation circuit. In this case, connect a quartz oscillator between
P86 (XcouT pin) and P87 (XCIN pin). P85 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.
P90 to P97 1/O port P9 Input/output | This is an 8-bit I/O port equivalent to P6. Pins in this port also
function as SI/O 3, 4 I/O 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 | I/O port P10 Input/output | This is an 8-bit I/O port equivalent to P6. Pins in this port also
funciton as A-D converter input pins. Furthermore, P104-P107 also
function as input pins for the key input interrupt function.

Note 1: In M30623(80-pin package), the following signals do not have the corresponding external pin.
® P10/Ds to P14/D12, P15/D13/INT3 to P17/D15/INT5
® P44/CS0 to P47/CS3
® P72/CLK2/TA1ouUT/V, P73/CST2/RTS2/TA1IN/V, P74/TA20UT/W, P75/TA2IN'W
® P91/TB1IN/SING
Note 2: The M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.
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Mitsubishi microcomputers

M16C / 62T Group
Memory SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Operation of Functional Blocks

The M16C/62T 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/62T group. The address space extends the 1M bytes from
address 0000016 to FFFFF16.
Internal ROM is located as the following, in M30623M4T-XXXGP from address F800016 to FFFFF16 (32K
bytes), in M30622M8T/M8V-XXXFP and M30623M8T/M8V-XXXGP from address FO00016 to FFFFF16
(64K bytes), in M30622MCT/MCV-XXXFP and M30623MCT/MCV-XXXGP from address E000016 to
FFFFF16 (128K bytes).
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.
Internal RAM is located as the following, in M30623M4T-XXXGP from address 0040016 to O0OFFF16 (3K
bytes), in M30622M8T/M8V-XXXFP and M30623M8T/M8V-XXXGP from address 0040016 to 013FF16 (4K
bytes), in M30622MCT/MCV-XXXFP and M30623MCT/MCV-XXXGP from address 0040016 to 017FF16
(5K bytes). 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
peripheral devices such as /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 FFEOQO16 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.
In memory expansion mode and microprocessor mode, a part of the spaces are reserved and cannot be
used. For example, in the M30623MCT/MCV-XXXGP, the following spaces cannot be used.

* The space hetween 0100016 and 03FFF16 (Memory expansion and microprocessor modes)

* The space hetween D000016 and D7FFF16 (Memory expansion mode)
But the M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.

0000018 SFR area
For details, see Figures
1710173
0040015 FFEQQ1s Note 1. In memory expansion and microprocessor modes,
Internal RAM area ! Special page can not be used.
) 9.0.0.0.C15 ' vector table Note 2. In memory expansion mode, can not be used.
'"*e’"a{gﬁgr}’f“ area Note 3. The M16C/62T group is not guaranteed to operate
0400016 ! FFFDC16 [ Ungefned instrocion in memory expansion and microprocessor modes.
Ext | : I Overflow
xlemnal area I BRK instruction ]
| I Address match 4 Type No. XXX 16|YYYYY 16
DO00016[ Internal reserved area - Singlestep 7 [M30623MAT-XXXGP 00FFF16 | F800016
(Note 1) ! I Watchdog timer | [ M30622M8T/M8V-XXXFP
YYYYYie —oec | [MsoezameTMBVIKGP | o e | 0000
Internal RAM area | B NM 1 [M30622MCT/MCV-XXXFP
017FF41s | E000O1s
FEFFFis FEEFE1s Reset 1 [ M30623MCT/MCV-XXXGP

Figure 1.4.1. Memory map
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Mitsubishi microcomputers

M16C / 62T Group
CPU SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Figure 1.5.1. Seven of these registers (R0, R1, R2, R3, A0,
A1, and FB) come in two sets; therefore, these have two register banks.

b15 b8 b7 b0
R((Mote) | H | L n
II I I I I |
b15 b8 b7 b0 b19 b0
R 1 (Note) | H | L PC | | Program counter
I| L1l I | I S e v
Data
registers
b15 b0 b19 b0
R2(Note) | H INTB|[ H | L Interrupt table
[I I I I A | (I N o | register
b15 b0 b15 b0
R 3(Mote) | USP | | User stack pointer
ALl NN
b15 b0 b15 b0
AQ(Note) | ISP | | Interrupt stack
I||||||||||||||||-‘ Ll 1111 pointer
Address
b5 b0 registers b15 b0 Static b
A (Note) SB atic base
|||||||||||||||||n |lllllllllllllllregister
b15 b0 b15 b0
FB(Mote) Frame base FLG i
|||||||||||||||||n registers ’||||||||||||||||IF|3Q|'GQ|SteF
=" 1
- 1
NN [u['[o[s[s]z]p[c]
11 L1
Note: These registers consist of two register banks.

Figure 1.5.1. Central processing unit register

(1) Data registers (R0, ROH, ROL, R1, R1H, R1L, R2, and R3)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.

Registers RO and R1 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 R0, as well as R3 and R1 can
use as 32-bit data registers (R2R0/R3R1).

(2) Address registers (A0 and A1)

Address registers (A0 and A1) 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 A1 and A0 can be combined for use as a 32-bit address register (A1AQ).

12 ENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62T Group
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.

(9) 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 (1ISP), 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 “17, 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 “17.
* 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.

RENESAS 13

RenesasTechnology Corp.



CPU

Mitsubishi microcomputers

M16C / 62T Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

« 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 “17.
This flag is cleared to “0” when a hardware interrupt is acknowledged or an INT instruction of software
interrupt Nos. 0 to 31 is executed.

« 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 0 to level 7.
If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt
is enabled.

* Bit 15: Reserved area

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

b15 b0
IPL . UlI[o[B]|s|z|D|c| Flagregister (FLG)
|\ Carry flag
——— Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Figure 1.5.2. Flag register (FLG)
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Reset

Mitsubishi microcomputers

M16C / 62T Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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.

Figure 1.6.1 shows the example reset circuit. Figure 1.6.2 shows the reset sequence.

Example when Vce=5V.
v 4.0V
Vee
ov
RESET Vee 5V L
I S ov 8V
%.: —» 4— More than 20 cycles of XIN are needed.
Figure 1.6.1. Example reset circuit
xiv MEENAARARARARLAARRARARRARAMAT:
- ™! More than 20 cycles are needed
Microprocessor
mode
BYTE =“H"
RESET
« BCLK 24 cycles »
BOLK ~ ceeeeeeeeeesfresnncanenes, ' _I_I_I_Lm_l_‘_mm
Address { FFFFCw X FFFFDi X FFFFEs X Gontent of reset vestor
RD 1 [ [ I |
WR (H)
'CS0 | K
Microprocessor
mode
BYTE="L"
Address (_FFFECe X FFFFEw  Noomemotmsevww)
RD L 1 1 [
WR (H)
€S0 I A
FFFFCi1s Content of reset vector
mode |
Address (K FRRFEe X X
Note 1: In M30623(80-pin package), the BYTE signal has no external pin, and is internally connected to
the CNVss signal. Accordingly, in the microprocessor mode, BYTE = CNVss = Vcc.
Note 2: M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.
Note 3: M30623(80-pin package) is not provided with the chip select signals (CS0 to CS3).

Figure 1.6.2. Reset sequence

LENESAS

RenesasTechnology Corp.

15



Mitsubishi microcomputers
M16C / 62T Group

Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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 CNVss = Vce

name CNVes = Vss BYTE = Vss (Note 1) BYTE = Voo
PO Input port (floating) Data input (floating) Data input (floating)
P1 Input port (floating) Data input (floating) Input port (floating)
P2, P3, P40 to P43 | Input port (floating) Address output (undefined) Address output (undefined)
P44 Input port (floating) €S0 output (*H” level is output) CS0 output ("H” level is output)
P45 to P47 Input port (floating) Input port (floating) Input port (floating)

(pull-up resistor is on) (pull-up resistor is on) (pull-up resistor is on)
P50 Input port (floating) WR output (“H” level is output) | WR output (“H” level is output)
P51 Input port (floating) BHE output (undefined) BHE output (undefined)
P52 Input port (floating) RD output (“H" level is output) RD output (*H” level is output)
P53 Input port (floating) . BCLK output BCLK output
it port fing) LD utot e cupul vl | HLDA auput T oot vl
HOLD pin) HOLD pin)

P55 Input port (floating) HOLD input (floating) HOLD input (floating)
P56 Input port (floating) ALE output (“L" level is output) | ALE output (“L” level is output)
P57 Input port (floating) RDY input (floating) RDY input (floating)
Egé‘P;é;fsgs;?pF;%‘ Input port (floating) Input port (floating) Input port (floating)

Note 1: In M30623(80-pin package), the BYTE signal has no external pin, and is internally connected to the CNVss signal.
Accordingly, in the microprocessor mode, BYTE = CNVss = VccC.
Note 2: In M30623(80-pin package), Port P1, P44 to P47, P72 to P75 and P91 have no external pin, and are internally the
above conditions. After reset, set these ports to one of the following conditions.
= Be output mode, and output “L" level.
= Pull-up resister is on.
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Mitsubishi microcomputers

M16C / 62T Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) Processor mode register 0 (Note 1)
(2) Processor mode register 1

{3) System clock confrol register 0

(4) System clock confrol register 1

{5) Chip select confrol 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) DMAD confrol register

(13) DMA1 confrol 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) SI/O4 interrupt control register

(19) SI/O3 interrupt control register

(20) Bus collision detection interrupt
control register

(21) DMAD interrupt control register

(22) DMA1 interrupt control register

(23) Key input interrupt control register

©oodsep[ 00 |
(0005+)--[0] 0] 0] o] o [<[[ 0]
000s1a)--[0[1[o[o[ 1 0[0[0]
(00071e)-+[0] 0] 1]0]0[ 0]o[0]
(000z1e)--+[0] 0] 0] 0] o[ 0]o[1]
000810)+LOOLT T o] o]
(000ass)++ <[ x[<]4["J olo]o]
(000513]"-
(000F15)=[0] 0[] 2] 2
©0101epe] 001 ]
©tepl____00e |
01210 o 0[o[ o]
©o14sep 00w |
@500 |
o161e)- LD o[ oo[ o]
(o02cse)+[0]0] o] 0] o[ 2]o[0]
003cie)-[o]0[o[ o[ o[ 2[o]a]
004415+ DX o[ o[ 2[ o[0] 0]
(004518)+== XX 2 0] 0] o]
0oss1e)+ DL 2l o]0l 0]
(004718)= [<[<]x]<] ?[ 0] 0] 0]
(004sss) 0] 0] 2] 0]0]0]
004915+ (<ol o[ 2[ o]0] 0]
(0o4are) IR 2T 0] 0] 0]
(004B1g)e- <1 <] 4] 7] 0] 0] 0]
ooacap=PPDI 2] 0]o] o]
(004D18)=- PP 2l 0]0] 0]

(24) A-D conversion interrupt control register  (004E1g)e= Eﬁﬂﬂﬂmﬂ

(25) UARTZ2 transmit interrupt control register

[2[o]o]o]

(004F 15)eer

(26) UARTZ2 receive interrupt control register (005016)“'
(27) UARTO transmit interrupt control register  (005118)=+[> %[~ 2] 0] 0] 0]
(28) UARTO receive interrupt control register (005216)“'
(29) UART1 transmit interrupt control register  (00531a)+==[XD<[>| 2| o[ 0] 0]
(30) UART1 receive interrupt control register (005416)“'

(31) Timer AD interrupt control register
(32) Timer A1 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-phaze 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

005510 2[o[o[o]
(005618)+ DL 2] o]0 o]
(0057 18)+-DPAL 2 0] 0] 0]
(00581e)+[<]<[% T2 o]0 o]
0059:e)+-[ <DL T2l o[o]o]
(05a18)+ DN [ 2[ 0] 0] 0]
00sgsey-PDIT] 2[o[o]o]
0oscie)- DD 2[00 o]
0osD1e)-+[<[<Jo[ o[ 2 o]0 0]
oosesey-PPolo[2[o[o]0]
0osFie)- <X J 0] 0] 2[o]0] 0]
(034018)-=~[0[ 0 [0 [ PXPA]A]
©3sgiey~[ 00w |
3490y 000 |
©aanepe[ 00 |
(3B} 00 |
(03s81a)--[0]0[?[¥] o] o]0 0]
(035ciep--[0]0]?]To[o[0 0]
(035D1e)[0]0[2[*[ o[ o]0 ]0]
(©3sFwepe[ 00w ]

#* : This bit is the cold start / warm start flag, is set to “0” at power on reset (refer to Page 71).

3 : Nothing is mapped to this bit.
? : Undefined

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

Mote 1: When the Vcc level is applied to the CNV=s pin. itis 0318 at a reset.

Figure 1.6.3. Device's internal status after a reset is cleared
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(51) SI/O3 control register
(52) S1/0O4 control register

(53) UART2 special mode register

(54) UARTZ2 transmit/receive mode register
(55) UARTZ2 transmit/receive control register 0

(56) UART2 transmit/receive control register 1

(57) Count start flag

(58) Clock prescaler reset flag
(59) One-shot start flag

(60) Trigger select flag

(61) Up-down flag

(62) Timer AD mode register
(63) Timer A1 mode register
(64) Timer A2 mode register
(65) Timer A3 mode register
(66) Timer A4 mode register
(67) Timer B0 mode register
(68&) Timer B1 mode register

(69) Timer B2 mode register

(70) UARTOD transmit/receive mode register
(71) UARTO transmit/receive control register 0
(72) UARTO transmit/receive control register 1

(73) UART1 transmit/receive mode register

(036215)-[0[ 1] 0] o[ o[ o] o] 0]
(03661e)-++[0] 1[0] o[ o[ o[ 0] 0]

(74) UART transmitireceive control register 0 (03AC1e)=+[0]0]o[o[1] o]0 0]

(75) UART transmitireceive control register 1 (03AD1e)+[0]0]o[o[o[a[1]0]

(76) UART fr it/receive control register 2

(77) DMAD cause select register

(78) DMA1 cause select register

(79) A-D control register 2

(80) A-D control register 0

(03D41)=+[ 00 o[ 0 <[] ] o]
(03D61e)--[0[ 0 o o o[ 2] 2]7]

3778 001 | (81) A-D control register 1 (03074} 001n_____|
(378 006 | (82) D-A control register (030Cwe)s=[____ 00w |
(037cre)=[0]o]o]o]1]0]0]0] (83) Port PO direction register (03E21)=]____ 0D1a |
(037D1g)--[0]0]0[o] o]0 1]0] (84) Port P1 direction register (03E3te)p=|____ 001 |
(03801e)=] 00w | (85) Port P2 direction register (03E61a)=] ___ 0Da |
(038118)---[0 [ DA (86) Port P3 direction register 3T oo |
(038215)--[0]0"J o]0l o]olo] (87) Port P4 direction register (03EA15)ws
(0383 0018 | (88) Port P5 direction register (03EB1a)+=
0384y o00is | (89) Port P6 direction register (03EEtg)e=
(0%t 0018 | (90) Port P7 direction register (03EFte)=[____ o00s |
(0397w 00w | (91) Port P8 direction register (03F215)[ 0] 0 <] oo 0[o]0]
(0398te)=____ 0018 | (92) Port P9 direction register (03F3k] 00w |
(039918)=+| 0018 | (93) Port P10 direction register ©3F6ep-|____ o0 |
(039are)[ 00w | (94) Pull-up control register 0 (03FCi1g)ees
(03gg15)--[0]0]2 [ o] o]0 0] (95) Pull-up control register 1 (Note 1) (03FDie)=|___ 001n_____|
(03aciz)[0]0] 2] o] 0]o]0] (95) Pull-up control register 2 (03FEie)=|____ 00|
(039pe)[0]0]2 [} o[ o] 0] 0] (97) Port control register (03FFse)]____ 0D1a |
(340 001 | (98) Data registers (RO/R1/R2/R3)
(03a415)--[0]0] 0] o] 1] o] 0]0] (99) Address registers(AQ/A1)
(03a5+a)-[0]0]0[00]0[1]0] (100 Frame base register (FB)
(03a8i)-]____ 001 |  (101)Interrupt table register (INTE)

(102) User stack pointer (USP)

(103) Interrupt stack pointer (ISP)
(0380150 0loloolololo]  (104) Static base register (SB)
(0388w~ 005 |  (105)Flag register(FLG)
(03BAw)q-[ 0010 ]

3 : Nothing is mapped to this bit.
? : Undefined

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

Mote 1 : When the Vcc level is applied to the CNVss pin, it is 0218 at a reset.

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

M16C / 62T Group

SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

000018 004018
000118 004118
000218 004218
000318 004318
00041 | Processor mode register 0 (PMO) 004415 | INT3 interrupt control register (INT3IC)
000515 | Processor mode register 1(PM1) 004516 | Timer B5 interrupt control register (TBSIC)
o006 | System clock control register 0 (CMO) 00461 | Timer B4 interrupt control register (TB4IC)
000748 | System clock control register 1 (CM1) 00471s | Timer B3 interrupt control register (TB3IC)
ooos+s | Chip select control register (CSR) 004815 | SI/0O4 interrupt control register (S4IC)
000915 | Address maich interrupt enable register (AIER) INTS interrupt control register (INTSIC)
oooas | Protect register (PRCR) 00491 | SI/O3 interrupt control register (S31C)
oooeis | Data bank register (DBR) INT4 interrupt control register (INT4I1C)
000C18 004A1s | Bus collision detection interrupt control register (BCNIC)
000D 18 00481z | DMAD interrupt control register (DMOIC)
000E1s | Watchdog timer start register (WDTS) oo4cis | DMAT interrupt control register (DM1IC)
oooF+s | Watchdog timer control register (WDC) 004D1s | Key input interrupt control register (KUPIC)
001018 004k | A-D conversion interrupt control register (ADIC)
001118 | Address match interrupt register 0 (RMADO) 004F1s | UART2 transmit interrupt control register (S2TIC)
001218 00501a | UART2 receive interrupt control register (SZRIC)
001318 00511 | UARTO transmit interrupt control register (SOTIC)
001415 005216 | UARTO receive interrupt control register (SORIC)
00151 | Address match interrupt register 1 (RMAD1) 005316 | UART1 transmit interrupt control register (S1TIC)
001618 005415 | UART1 receive interrupt control register (S1RIC)
001718 00551 | Timer AO interrupt control register (TAOIC)
001818 o056 | Timer A1 interrupt control register (TA1IC)
001915 005716 | Timer A2 interrupt control register (TA2IC)
001A18 ooses | Timer AJ interrupt control register (TA3IC)
001B1s oosa1s | 1imer A4 interrupt control register (TA4IC)
001C1s 0054+ | Timer BO interrupt control register (TBOIC)
001D oosess | 1imer B1 interrupt control register (TB1IC)
001E1s ooscis | 1imer B2 interrupt control regisier (TB2IC)
001F 15 00sD+s | INTO interrupt control register (INTOIC)
002015 o0sews | INTT Iinferrupt confrol register (INTTIC)
002115 | DMAD source pointer (SARO) 00sFis | INT2 interrupt control register (INT2IC)
002218 006018
002318 006118
002415 006218
002515 | DMAD destination pointer (DARQ) 006318
002618 006418
002718 006518
0028% | DMAQ transfer counter (TCRO)
002918
002A18 ~ =~
002B1s
o02cs | DMAD control register (DMOCON) 032418
002D1s 032B15
002E1s 032C18
002F18 032D18
003018 032E15
003115 | DMA1 source pointer (SAR1) 032F15
003218 033018
003318 033118
003418 033218
003515 | DMA1 destination pointer (DAR1) 033318
003618 033418
003718 033518
003818 033618
003918 DMA1 transfer counter (TCR1) 033715
003A18 033818
003B1s 033918
o03c | DMA1 control register (DM1CON) 033A15
003D1s 033B15
003E1s 033C18
003F18 033D18

033E15

033F18

Figure 1.7.1. Location of peripheral unit control registers (1)
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SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
0340 | Timer B3, 4, 5 count start flag (TBSR) 0380e | Count start flag (TABSR)
034118 03811 | Clock prescaler reset flag (CPSRF)
034215 ] h 038216 | One-shot start flag (ONSF)
024310 | 11Mer Al-1register (TA11) 038315 [ Trigger select register (TRGSR)
034418 . . 038415 | Up-down flag (UDF)
034515 Timer A2-1 reqgister (TA21) 03351
034618 . . 038618 )
034718 Timer A4-1 register (TA41) 038718 Timer AD (TAQ)
03481 | Three-phase PWM control register 0(INVCO) 038815 ]
034916 | Three-phase PWM control register 1{INVC1) 03ggrs | TIMer A1 (TAT)
034a1s | Three-phase output buffer register 0(IDBO) 038A18 | _
034815 | Three-phase output buffer register 1(IDB1) 03smss | 1IMerAZ (TA2)
034C1s | Dead time timer(DTT) 038C18 ]
034D1s | Timer B2 interrupt occurrence frequency set counter(ICTB2) 038D18 Timer A3 (TA3)
034E1s 038E1s )
034F18 038F1s Timer A4 (TA4)
035018 . B 039018 ,
035115 Timer B3 register (TB3) 039118 Timer BO (TBO)
035218 . ; 039216 -
035315 | 1imer B4 register (TB4) 020915 Timer B1 (TB1)
035418 . B 039415 )
035515 Timer B5 register (TB5) 039512 Timer B2 (TB2)
035618 039618 | Timer A0 mode register (TAOMR)
035718 039718 | Timer A1 mode register (TATMR)
035815 0398w | Timer A2 mode reqgister (TA2ZMR)
035918 039918 | Timer A3 mode register (TAIMR)
035A18 039418 | Timer A4 mode register (TAAMR)
035815 | Timer B3 mode register (TB3MR) 039815 | Timer BO mode register (TBOMR)
035C1 | Timer B4 mode register (TB4MR) 039cie | Timer B1 mode register (TB1MR)
035D | Timer B5 mode reqister (TB5MR) 039018 | Timer B2 mode register (TB2ZMR)
035E18 039E1s
035F+s | Interrupt cause select register (IFSR) 039F1s
036018 | SI/O3 transmit/receive register (S3TRR) 03A01e | UARTO transmit/receive mode register (UOMR)
036118 03A11 | UARTO bit rate generator (UOBRG)
036218 | SI/O3J control register (S3C) 03A218 ) ]
036315 | SI/O3 bit rate generator (S3BRG) 03a3rs | UARTO transmit buffer register (UOTB)
036415 | SI/O4 transmit/receive register (S4TRR) 03A41 | UARTO transmit/receive control register 0 (UOCO)
036518 03A518 | UARTO transmit/receive control register 1 (UOC1)
036618 | SI/04 control register (S4C) 03A615 . ;
036715 | SI/O4 bit rate generator (S4BRG) 0aa7is | UARTO receive buffer register (UORB)
036818 03A81s | UART1 transmit/receive mode register (U1MR)
036918 03A91s | UART1 bit rate generator (U1BRG)
0364ss 0341 UARTA transmit buffer register (U1TB
036B1s 03AB15 er register ( )
036C18 03ACw | UART1 transmit/receive control register 0 (U1C0)
036D1a 03aD1| UART1 transmit/receive control register 1 (U1C1)
036E1s 03AEs . ;
036515 03AFE UART1 receive buffer register (U1RB)
037018 03801 | UART transmit/receive control register 2 (UCON)
037118 03B118
037218 03B218
037318 038318
037418 03B41s
037518 03B518
037618 03B61s
03771s | UART2 special mode register (U2SMR) 03B71s
037815 | UART2 transmit/receive mode register (U2MR) 03881s | DMAO request cause select register (DMOSL)
037918 | UART2 bit rate generator (U2BRG) 03B91s
037A1 ) : 03eais | DMAT request cause select register (DM1SL)
03718 UART2 transmit buffer register (U2TB) 03EB1s
pa7cie | UARTZ2 transmit/receive control register 0 (U2C0) 03BC1s )
03701 | UART2 transmit/receive control register 1 (U2C1) 03BD1s CRC data register (CRCD)
037E1s . ) 03t | CRC input register (CRCIN)
UART2 receive buffer register (U2RB)
037F18 03BF1s

20

Mitsubishi microcomputers

M16C / 62T Group

Figure 1.7.2. Location of peripheral unit control registers (2)

ENESAS

RenesasTechnology Corp.




SFR

Mitsubishi microcomputers

M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

03C01s
03C118
03C218
03C318
03C41s
03C518
03C61s
03CT1s
03C818
03C918
03CA18
03CB1s
03CC1s
03CD1s
03CE1s
03CF1s
03D01s
03D118
03D218
03D318
03D415
03D518
03D618
03DT18
03D818
03D%18
03DA1s
03DB1s
03DC1s
03DD1s
03DE1s
03DF1s
03ED1s
03E11s
03E218
03E318
03E418
03E518
03E6G1s
03ET18
03E81s
03E91s
03EAs
03EB1s
03EC18
03ED1s
03EE1s
03EF18
03F01s
03F 118
03F218
03F318
03F415
03F518
03F61s
03F718
03F81s
03F915
03FA18
03FB1s
03FC1s
03FD1s
03FE18
03FF1s

A-D register 0 (AD0O)

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 (ADT)

A-D control register 2 (ADCONZ2)

A-D control register 0 (ADCONO)

A-D control register 1 (ADCON1)

D-A reqister 0 (DAO)

D-A register 1 (DA1)

D-A control register (DACON)

Port PO (PO}

Port P1 (P1)

Port PO direction register (PD0)

Port P1 direction register (PD1)

Port P2 (P2)

Port P3 (P3)

Port P2 direction register (PD2)

Port P3 direction register (PD3)

Port P4 (P4)

Port P5 (P5)

Port P4 direction register (PD4)

Port P5 direction register (PD5)

Port P6 (P6)

Port P7 (P7)

Port P6 direction register (PD6)

Port P7 direction register (PD7)

Port P8 (P8}

Port P9 (P9)

Port P8 direction register (PD8)

Port P9 direction register (PD9)

Port P10 (P10)

Port P10 direction register (PD10)

Pull-up control register 0 (PURQ)

Pull-up control reqgister 1 (PUR1)

Pull-up control register 2 (PUR2)

Port control register (PCR)

Figure 1.7.3. Location of peripheral unit control registers (3)
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M16C / 62T Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory Space Expansion

Features

Here follows the description of the memory space expansion function.

With the processor running in memory expansion mode or in microprocessor mode, the memory space

expansion features provide the means of expanding the accessible space. The memory space expansion

features run in one of the three modes given below.

(1) Normal mode (no expansion)
(2) Memory space expansion mode 1 (to be referred as expansion mode 1)

(3) Memory space expansion mode 2 (to be referred as expansion mode 2)
Use bits 5 and 4 (PM15, PM14) of processor mode register 1 to select a desired mode. The external
memory area the chip select signal indicates is different in each mode so that the accessible memory space
varies. Table 1.8.1 shows how to set individual modes and corresponding accessible memory spaces. For

external memory area the chip select signal indicates, see Table 1.12.1 on page 33.
But M30623 (80-pin package) is not provided with the output pin for the chip select signal. And, the M16C/62T group
is not guaranteed to operate in memory expansion and microprocessor modes.

Table 1.8.1. The way of setting memory space expansion modes and corresponding memory spaces

Expansion mode How to set PM15 and PM14 Accessible memory space
Normal mode (no expansion) 0,0 Up to 1M byte
Expansion mode 1 1,0 Up to 1.2M bytes
Expansion mode 2 1, 1 Up to 4M bytes

Here follows the description of

individual modes.

(1) Normal mode (a mode with memory not expanded)

‘Normal mode’ means a mode in which memory is not expanded.
Figure 1.8.1 shows the memory maps and the chip select areas in normal mode.

Normal mode (memory area = 1M bytes for PM15 =0, PM14 = 0)
Memory expansion mode Microprocessor mode Type No. XXXXX18| YYYYY15
M3062IMAT-XHHGP 00FFF1s | F80001s
00000 [ oem... 1T TTTTTT M30622MBT/IMBY-XXXFP
013FF1e| F00001s
00400 SfRarea | SFR area M30623MBTIMBV-XXXGP
16
Internal RAM area Internal RAMarea M30622MCT/MCV-XXXFP 017FF16 | E000018
XX |\ . M30623IMCTIMCV-XXXGP
Internal area reserved Internal area reserved
0400018 R
| ¥CS3(6Kbytes)
0800018
CS2 (128K bytes)
280000 [ | e
CS1 (32K bytes)
300000 [ [ TTTTTTTTTTTTTTTpPRTTTTTTTTTT .
External area External area cso
Memory expansion mode: 640K bytes
DO000s Microprocessor mode: 832K bytes
Internal area reserved
YYYYY 16
Internal ROM area
FFFFFe L | ... I
Note 1. M30623(80-pin package) is not provided with the output pins for chip select signals.
Note 2. The M16C/62T group is not guaranteed to operatein memory expansion and microprocessor modes.
Note 3. The memory maps in single-chip mode are omitted.

Figure 1.8.1. The memory maps and the chip select areas in normal mode
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M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(2) Expansion mode 1

In this mode, the memory space can be expanded by 176K bytes in addition to that in normal mode.
Figure 1.8.2 shows the memory location and chip select area in expansion mode 1.

In accessing data in expansion mode 1, CS3, CS2, and CS1 go active in the area from 0400016 through
2FFFF1s; in fetching a program, CS0 goes active. That is, the address space is expanded by using the
area from 0400016 through 2FFFF16 (176K bytes) appropriately for accessing data (CS3, CS2, CS1)

and fetching a program (CS0).

0400018
to » 176K bytes
\ 2FFFF1s = the extent of memory expanded

CS0:active in fetching a program
CS1, CS2, CS3:active in accessing data

3000018
to
> FFFFF16

CS0:active both in fetching a program
and in accessing data

)

. M30623(80-pin package) is not provided with the

output pin for the chip select signal.

. The M16C/62T group is not guaranteed to operate

in memory expansion and microprocessor modes.

. The memory maps in single-chip mode are omitted.

Expansion mode 1 (memory space = 1.2M bytes for PM15 =1, PM14 = 0)
Memory Microprocessor
expansion mode mode
0000015 SFR area SFR area
0040016 [ |yternal RAM Internal RAM
XXXXXK16 area area
Internal area reserved Internal area reserved
0400016 Y P !
______________________________________ { causkeen |
0800016
CS2(128 Kbytes)
2800006 | | B Ky T
CS1(32K bytes)
3000006 [T T T
External area External CS0
area Memory expansion
mode:
816K bytes
Microprocessor mode
D000018 Internal area reserved k 1008K bytes }
YYYYY1s
Internal ROM
darea
FFFFF1s JE ! y
Type No. XXxxs| Yyyyyss| Note 1
M30623M4T-XXXGP 00FFF15| F800016
M30622M8T/MBY-XXXFP 013eE1s | Foooote Note 2
M30623M8T/MBV-XXXGP
M30622MCT/MCV-XXXFP
017FF1s | Eoooors | Note3
M30623MCT/MCV-XXXGP

Figure 1.8.2. Memory location and chip select area in expansion mode 1
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Memory Space Expansion Functions SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A connection example
Figure 1.8.3 shows a connection example of the MCU with the external memories in expansion mode 1.
In this example, CS0 is connected with a 1-M byte flash ROM and CS2 is connected with a 128-K byte

SRAM.
An example of connecting the MCU with external memories in expansion mode 1
{An example of using M30622MC in microprocessor mode)
8
D0 to D7 e DQO to DQ7
A0 to A16 2 ADO to AD16
AT ADAT
A18 AD18 g
A19 AD19 o
2 o™= &
od —
S = P
=] Ccs3 E
= RD OE =
cso cs -
TR f— | DQO to DQ7
Z
ADOto AD16
-?— >
w
[w)= 2
s2 &
st s
od
w -—
0000018 SFR area
0040016 Intemal RAM Flash
017FF1s area ROM
Intemal area reserved (1M byte)
04000186 SN L
(128K bytes)
0800018 3
Usable for Usable for
data only ¢ programs only
2800018
(128K bytes)
3000018
External area (1008K bytes)
™ Usable both for
programs and
DO0001s ., for data
.
FFFFF1s Y
Note 1. M30623(80-pin package) is not provided with the output pin
for the chip select signal.
Note 2. The M16C/62T group is not guaranteed to operate
in memory expansion and microprocessor modes.

Figure 1.8.3. External memory connect example in expansion mode 1
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(3) Expansion mode 2

In expansion mode 2, the data bank register (0000B16) goes effective. Figure 1.8.4 shows the data bank
register.

Data bank register

by D6 b5 bt b3 b2 bi b0 Symbol Address When reset
DBR 000B16 0016
: i [ Bitsymbol Bit name Description R W|

Mothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”.

Lecccecmcceneeemeene==d
i

T
-------- OFS Offset bit 0: Not offset |
1: Offset O|O
BSR Bank selection bits b5 b4 b3 b5 b4 b3 |
000:Bank 0 00 1: Bank 1 |
ot 010: Bank 2 011:Bank 3 0'0
100: Bank 4 101:Bank 5 |
110:Bank 6 111:Bank 7

Ry Sy

In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0".

|
I
-------------------- Nothing is assigned. I
I
|

Figure 1.8.4. Data bank register

Expansion mode 2 (memory space = 4M bytes for PM15 =1, PM14 = 1)
Memary Microprocessor
expansion mode mode
00000 .
* SFR area SFR area
0040015 B
Internal RAM area Internal RAM area
KXXK K18 -
Internal area reserved| [Intenal areareserved |
0400018 CS3(16K bytes)
0800016 [~ ] I D I S
CS2(128K bytes)
280001 | ] BN e I 3 e
(51 (96K bytes)
4000016 External area Snizal aTeE - Addresses from 400001s through BFFFF1s
CSs0 Bank 7 in fetching a program
Memory expansion mode: A bank selectgd by use of the bank selection
512K bytes x 7hanks + : bits in accessing data
DO0001s 256K bytes Addresses from C00001s through FFFFFis
Internal area reserved Microprocessor mode: Bank 7 invariably
512K bytes x 8banks -
Y¥YYYY1s Bank number is output to C53 to CS1
Internal ROM area
FFFFF1s R ] . A
Type No. XOO00s| YYYYYss| Note 1. M30623(80-pin package) is not provided with the
M30623M4AT-XXXGP 00FFF1s | F80001s output pin for the chip select signal.
M30622MBT/MBV-XXXFP 013FFs | F00001s Note 2. The M16C/62T group is not guaranteed to operate
M30623MET/MBV-XXXGP in memory expansion and microprocessor modes.
M30622MCT/MCV-XXXFP Note 3. The memory maps in single-chip mode are omitted.
M3062aMcTMCVxxxap] O1TFF1e| E0000e

Figure 1.8.5. Memory location and chip select area in expansion mode 2
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The data bank register is made up of the bank selection bits (bits 5 through 3) and the offset bit (bit 2). The
bank selection bits are used to set a bank number for accessing data lying between 4000016 and
BFFFF16. Assigning 1 to the offset bit provides the means to set offsets covering 4000016.

Figure 1.8.5 shows the memory location and chip select areas in expansion mode 2.

The area relevant to CS0 ranges from 4000016 through FFFFF16. As for the area from 4000016 through
BFFFF1s, the bank number set by use of the bank selection bits are output from the output terminals CS3
- CS1 only in accessing data. In fetching a program, bank 7 (1112) is output from CS3 - CS1. As for the
area from C000016 through FFFFF16, bank 7 (1112) is output from CS3 - CS1 without regard to accessing
data or to fetching a program.

In accessing an area irrelevant to CS0, a chip select signal CS3 (400016 - 7FFF16), CS2 (800016 -
27FFF16), and CS1 (2800016 - 3FFFF16) is output depending on the address as in the past.

Figure 1.8.6 shows an example of connecting the MCU with a 4-M byte ROM and to a 128-K byte SRAM.
Connect the chip select of 4-M byte ROM with CS0. Connect M16C’s CS3, CS2, and CS1 with address
inputs AD21, AD20, and A19 respectively. Connect M16C’s output AD19 with address input AD18. Fig-
ure 1.8.7 shows the relationship between addresses of the 4-M byte ROM and those of M16C.

In this mode, memory is banked
every 512 K bytes, so that data An example of connecting the MCU with
external memories in expansion mode 2

access in different banks requires :
(M30622MC, Microprocessor mode)

switching over banks. However, g
data on bank boundaries when s Z babto baAr
offset bit = 0 can be accessed AlLo A1 AR AR
. . o A7 AD17
successively by setting the offset L A9 ++ laos 3
bit to 1, because in which case g _ i
: = Cs1 AD1 >
(@] bt
the memory address is offset by = e oo g
4000016. For example, two bytes o cs3 AD21 ¥
of data located at addresses § %’} g_:
OFFFFF16 and 10000016 of 4-
Mbyte ROM can be accessed WR || PQoteDQ7
successively without having to %
_ _ ADO to AD16
change the bank bit by setting the 9
offset bit to 1 and then accessing 25 2
i
addresses O07FFFF16 and 59 oo
80000016. W "
On the other hand, the SRAM'’s Note 1. If only one chip select terminal (S1 or S2) is present,
chip select assumes that CS0=1 decoding by use of an external circuit is required.

(not selected) and CS2=0 (se- Note 2. M30.62-3!80—p|n paclfage) |s.nc!t provided with the
_ output pin for the chip select signal.

lected), so connect CS0 with S2 Note 3. The M16C/62T group is not guaranteed to operate

and CS2 with S1. If the SRAM in memory expansion and microprocessor modes.

doesn’t have a bipolar chip select
input terminal, decode CS0 and
CS2 externally.

Figure 1.8.6. An example of connecting the MCU with
external memories in expansion mode 2

2 RENESAS

RenesasTechnology Corp.



Memory Space Expansion Functions

Mitsubishi microcomputers

M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address area map of 4-M byte ROM

ROM address

Areas used for data only

Offsetbit=0
'j&"""ﬁbbﬁéb'" -

040000 ~|-Bank 0
080000 T

-+-Bank 1
0G0000
100000 T

Data area

140000 [-Bank 2
180000 |t \ T

00000016 1€0000
to
38000016 200000 e\
240000 \
& ______________
280000
2C0000
300000 [P N
Data area
340000
Area commonly used for data A 380000 Proaram/
and programs data? area
38000016 to 3BFFFF1s \(
"""" A '3coo00 |
Area commonly used for data ‘\ 3C0000 Program/
and programs data area
3C000016 to 3FFFFF16 ‘( 3FFEEF _

M16C address

Offset bit = 1
“a0000
"""""""""""""""" 40000
BFFFF
“Gooog o] Bank 0 e
BFFFF
"""""""""""""""" 400007
BFFFF
“gogo T o Bank e
BFFFF
40000
BFFFF
40000 Bank 2 -
BFFFF
"""""""""""""""" 400007
BFFFF
40[_)b_0 """"""""""" Bank 3 -
_____________________________ BFFFF .
40000
BFFFF
40006 Bank 4
BFFFF
""""""""""""""" 40000
BFFFF
id[‘)b‘o' “““““““““““ BankS =
_____________________________ BFFFF .
40000
BFFFF
i&ﬁé """"""""""" Bank 6 -
[0 BFFFF .
C0000
FFFFF

Figure 1.8.7. Relationship between addresses on 4-M byte ROM and those on M16C
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Software Reset
Writing “1” to bit 3 of the processor mode register 0 (address 0004 16) 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

(1) Types of Processor Mode
One of three processor modes can be selected: single-chip mode, memory expansion mode, and micro-
processor mode. The functions of some pins, the memory map, and the access space differ according to
the selected processor mode.
But M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.
* Single-chip mode
In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be
accessed. Ports PO to P10 can be used as programmable |/O ports or as 1/O ports for the internal
peripheral functions.
* Memory expansion mode
In memory expansion mode, external memory can be accessed in addition to the internal memory
space (SFR, internal RAM, and internal ROM).
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “Bus
Settings” for details.)
* Microprocessor mode
In microprocessor mode, the SFR, internal RAM, and external memory space can be accessed. The
internal ROM area cannot be accessed.
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “Bus
Settings” for details.)

(2) Setting Processor Modes
The processor mode is set using the CNVss pin and the processor mode bits (bits 1 and 0 at address
000416). Do not set the processor mode bits to “102”.
Regardless of the level of the CNVss pin, changing the processor mode bits selects the mode. Therefore,
never change the processor mode bits when changing the contents of other bits. Also do not attempt to
shift to or from the microprocessor mode within the program stored in the internal ROM area.
* Applying Vss to CNVss pin
The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode
is selected by writing “012” to the processor mode is selected bits.
* Applying Vcc to CNVss pin
The microcomputer starts to operate in microprocessor mode after being reset.
Figure 1.9.1 shows the processor mode register 0 and 1.
Figure 1.10.1 shows the memory maps applicable for each of the modes when memory area dose not be
expanded (normal mode).
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b7 b8 b5 b4 b3 bZ bl b0

b7

Processor mode register 0 (Note 1)

Symbol Address When reset
PMO 000445 0016 (Note 2)

Bit symbol Bit name Function RIW

P b1b0 |
PMOO Processor mode bit 00 Single-chip mode 00

0 1: Memory expansion mode .

PMOA 1 ¢ Inhibited |
1 1: Microprocessor mode OI o
PMO2 R/W mode select bit 0:RDBHEWR 00

1 RD,WRH,WRL :

PMO03 Software reset bit The device is reset when this bit is set
to “1”. The value of this bit is *0" when (OO

read. i

- = :
Fuos I'Sﬂelljtletglgﬁed bus space 0 0 : Multiplexed bus is not used 0,0

01 Allocated to CS2 space :

PMO5 10 : Allocated to CS1 space |
11 Allocated to entire space (Noted) [©1O

PMO6 Port P40 to P43 function |0 : Address output
select bit (Note 3) 1 : Port function 0,0

(Address is not output) i

PMO7 BCLK output disable bit | 0 : BCLK is output !
1: BCLK is not output 00

(Pin is left floating) !

Note 1: Set bit 1 of the protect register (address 000A1s) to “1” when writing new values to this register.
Note 2: If the Vcc voltage is applied to the CNVss, the value of this register when reset is 0316,

(PM00 and PMO1 both are set to “1".)
Note 3: Valid in microprocessor and memory expansion modes.

Note 4: If the entire space is of multiplexed bus in memory expansion mode, choose an 8-bit width.

The processor operates using the separate bus after reset is revoked, so the entire space multiplexed
bus cannot be chosen in microprocessor mode. The higher-order address becomes a port if the entire
space multiplexed bus is chosen, so only 256 bytes can be used in each chip select.
Note 5: The M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.

b6 b5 b4 b3 b2 b1 bl

LIof T ToDdo]

Processor mode register 1 (Note 1)

Symbol Address When reset
PM1 000518 00000XX02
Bit symbol Bit name Function REW
Reserved bit Must always be set to “0" 00
Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns —E—
out to be indeterminate. |
Reserved bit Must always be set to “0” _ O
PM14 o5 o4 5
Memory argg: Note 2 0 0 - Normal mode 0.0
expansion bit (Note 2) (Do not expand) !
0 1 : Inhibited :
PM15 10 : Memory area expansion '
mode 1 o0
11 : Memory area expansion |
mode 2 !
Reserved bit Must always be setto “0” 00
PM1T7 Wait bit 0 : No wait state OE o
1: Wait state inserted '

Note 1: Set bit 1 of the protect register (address 000A1s) to “1” when writing new values to this register.

Note 2: With the processor running in memory expansion mode or in microprocessor mode, setting this
bit provides the means of expanding the external memory area. (Normal mode: up to 1M byte,
expansion mode 1: up to 1.2 M bytes, expansion mode 2: up to 4M bytes)
For details, see “Memory space expansion functions”.

Note 3. The M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.

Figure 1.9.1.

Processor mode register 0 and 1
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Single-chip mode

Memory expansion mode

000001g]
SFR area SFR area
0040016 [T
Internal Internal
RAM area RAM area
XooxXes
Internally
reserved area
0400046 00 [T
Inhibited External
area
pooootsl 000 [T
Internally
reserved area
YYYYYisl [T
Internal Internal
ROM area ROM area
FFFFFs____ |
Type No. XXXXX18| YYYYY15
M30623MAT-XXXGP 00FFF16 | F800016
M30622MBT/MBV-XXXFP
M30623MBT/MBVOKGP | 0 oF 16| 00001
M30622MCT/MCV-XXXFP
M30623MCTMCVxoxxgp| 01T 16| 0000t

Microprocessor mode

SFR area

Internal
RAM area

Internally
reserved area

External
area

|:| External area : Accessing this area allows the user to
access a device connected externally
to the microcomputer.

Note: The M16C/62T group is not guaranteed to operate
in memory expansion and microprocessor modes.

Figure 1.10.1. Memory maps in each processor mode (without memeory area expansion, normal mode)
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Bus Settings
The BYTE pin and bits 4 to 6 of the processor mode register 0 (address 0004 16) are used to change the bus
settings. In M30623(80-pin package), the BYTE signal has no external pin, and is internally connected to
the CNVss signal. Accordingly, the external data bus width can be used only 8 bits.
M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.
Table 1.11.1 shows the factors used to change the bus settings.

Table 1.11.1. Factors for switching bus settings

Bus setting Switching factor
Switching external address bus width Bit 6 of processor mode register 0
Switching external data bus width BYTE pin
Switching between separate and multiplex bus| Bits 4 and 5 of processor mode register 0

Note 1: In M30623(80-pin package), the external data bus width cannot be switched (be fixed 8 bits).

(1) Selecting external address bus width
The address bus width for external output in the 1M bytes of address space can be set to 16 bits (64K
bytes address space) or 20 bits (1M bytes address space). When bit 6 of the processor mode register O
is set to “1”, the external address bus width is set to 16 bits, and P2 and P3 become part of the address
bus. P40 to P43 can be used as programmable I/O ports. When bit 6 of processor mode register 0 is set
to “07, the external address bus width is set to 20 bits, and P2, P3, and P40 to P43 become part of the
address bus.

(2) Selecting external data bus width
The external data bus width can be set to 8 or 16 bits. (Note, however, that only the separate bus can be
set.) When the BYTE pin is “L”, the bus width is set to 16 bits; when “H", it is set to 8 bits. (The internal bus
width is permanently set to 16 bits.) While operating, fix the BYTE pin either to "H” or to “L".

(3) Selecting separate/multiplex bus

The bus format can be set to multiplex or separate bus using bits 4 and 5 of the processor mode register 0.
* Separate bus
In this mode, the data and address are input and output separately. The data bus can be set using the
BYTE pin to be 8 or 16 bits. When the BYTE pin is “H”, the data bus is set to 8 bits and PO functions as
the data bus and P1 as a programmable I/O port. When the BYTE pin is “L”, the data bus is set to 16
bits and P0 and P1 are both used for the data bus.
When the separate bus is used for access, a software wait can be selected.
* Multiplex bus

In this mode, data and address I/0O are time multiplexed. With an 8-bit data bus selected (BYTE pin =
“H”), the 8 bits from Do to D7 are multiplexed with Ao to A7.
With a 16-bit data bus selected (BYTE pin = “L"), the 8 bits from Do to D7 are multiplexed with A1 to As.
Ds to D15 are not multiplexed. In this case, the external devices connected to the multiplexed bus are
mapped to the microcomputer's even addresses (every 2nd address). To access these external de-
vices, access the even addresses as bytes.
The ALE signal latches the address. It is output from P56.
Before using the multiplex bus for access, be sure to insert a software wait.
If the entire space is of multiplexed bus in memory expansion mode, choose an 8-bit width.
The processor operates using the separate bus after reset is revoked, so the entire space multiplexed
bus cannot be chosen in microprocessor mode.
The higher-order address becomes a port if the entire space multiplexed bus is chosen, so only 256
bytes can be used in each chip select.
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Table 1.11.2. Pin functions for each processor mode

Single-chi Memory
Processor mode Ingle-chip Memory expansion / microprocessor modes expansion mode
mode
(Note 1)
i ‘017, *10” ‘00" “11" (Note 2)
I:‘ngglg)é?:c? gﬁ Either CS1 or CS2 is for multiplexed bus (separate bus) multiplexed bus
p and others are for separate bus for the entire space,
Data bus width S apm . S wp [ -
BYTE pin level § bits "H 16 bits "L 8 bits "H 16 bits "L 8 bits "H
P0o to P07 1/0 port Data bus Data bus Data bus Data bus /O port
P1oto P17 1/0 port 11O port Data bus 1/O port Data bus /O port
Address bus/ Address bus
P20 1/0 port data bus (Note 3) Address bus Address bus Address bus /data bus
Address bus/ Address bus/ Address bus
P21 to P27 1/0 port data bus (Note 3) | data bus (Note 3) Address bus Address bus /data bus
P3o 1/0 port Address bus ﬁ‘ggg?jss ?rl:gte 3) Address bus Address bus As/D7
P31 to P37 1/0 port Address bus Address bus Address bus Address bus /O port
P4oto P43
Port Pdo to P43 /O port 11O port I/O port I/O port I/O port /0O port
function select bit = 1
P4oto P43
Port P4o to P4a /O port Address bus Address bus Address bus Address bus /O port
function select bit = 0
cs (chip select) or programmable /O port
P44to P47 /0 port (For details, refer to “Bus control”.)
P50 to P53 110 port Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK
(For details, refer to “Bus control”.)
P54 1/0 port HLDA HLDA HLDA HLDA HLDA
P5s 1/0 port HOLD HOLD HOLD HOLD HOLD
P56 1/0 port ALE ALE ALE ALE ALE
P57 1/0 port RDY RDY RDY RDY RDY

Note 1: In M30623(80-pin package), set the data bus width to 8 bits by any of the following operations, to transfer the
microcomputer to memory expansion mode correctly.

» At reset, input “H” to the CNVss (BYTE) pin to start the program in microprocessor mode. Then, set the
processor mode bit to memory expansion mode.

* At reset, input “L” to the CNVss (BYTE) pin to start the program in single-chip mode, and input “H" to this pin.
Then, set the processor mode bit to memory expansion mode.

Note 2: If the entire space is of multiplexed bus in memory expansion mode, choose an 8-bit width. The processor
operates using the separate bus after reset is revoked, so the entire space multiplexed bus cannot be chosen
in microprocessor mode.

The higher-order address becomes a port if the entire space multiplexed bus is chosen, so only 256 bytes can
be used in each chip select.

Note 3: Address bus when in separate bus mode.

Note 4: In M30623(80-pin package), P1, P44 to P47 have no corresponding external pin.

Note 5: M18C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.
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Bus Control
The following explains the signals required for accessing external devices and software waits. The signals

required for accessing the external devices are valid when the processor mode is set to memory expansion

mode and microprocessor mode. The software waits are valid in all processor modes.

M30623(80-pin package), in which the BYTE pin is connected to the CNVss pin, and the external data bus
width can be used 8 bits.

M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.

(1) Address bus/data bus

The address bus consists of the 20 pins A0 to A19 for accessing the 1M bytes of address space.
The data bus consists of the pins for data I/O. When the BYTE pin is “H”, the 8 ports Do to D7 function
as the data bus. When BYTE is “L”, the 16 ports Do to D15 function as the data bus.

When a change is made from single-chip mode to memory expansion mode, the value of the address
bus is undefined until external memory is accessed.

(2) Chip select signalin (In M30623(80-pin package), the chip select sighals have no corresponding
external pin.)

The chip select signal is output using the same pins as P44 to P47. Bits 0 to 3 of the chip select control
register (address 000816) set each pin to function as a port or to output the chip select signal. The chip
select control register is valid in memory expansion mode and microprocessor mode. In single-chip
mode, P44 to P47 function as programmabile |/O ports regardless of the value in the chip select control
register.

In microprocessor mode, only CSO outputs the chip select signal after the reset state has been can-
celled. CS1 to CS3 function as input ports. Figure 1.12.1 shows the chip select control register.

The chip select signal can be used to split the external area into as many as four blocks. Tables 1.12.1
and 1.12.2 show the external memory areas specified using the chip select signal.

Table 1.12.1. External areas specified by the chip select signals

Chip select signal
Memon.; space T ip select signa
expansion mode CS0 CS1 Ccs2 Ccs3
M ; 3000016 to
emory expansion CFFFF16
Normal mode | Mode (640K bytes)
(PM15,14=0,0) Mi 3000016 to
icroprocessor EFEFF16
mode (832K bytes) 2800016 to
[«}]
9 - . 0400016 to 2EFEF1s
& emory expansion CEFFF16 (32K bytes)
@| Expansion mode (816K bytes)
D
£| mode 1 _ 0400016 to 0800016 to 0400016 to
S| (PM15,14=1,0) | Microprocessor EFFFF16 27FFF16 07FFF16
3 mode (1008K bytes) (128K bytes) (16K bytes)
S 4000016 to
& Memory expansion BFFFF16
e (512K bytes X 7
Expansion + 256K bytes) 2800016 to
mode 2 3FFFF16
(PM15,14=1,1) | Microprocessor 4’9'(:)3%:61 2 (96K bytes)
mode (512K bytes X 8)

Note 1: In M30623(80-pin package), the chip select signals have no corresponding external pin.
Note 2: The M16C/62T Group is not guaranteed to operate in memory expansion and microprocessor

modes.
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Chip select control register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset

| | | | | | | | | CSR 000815 0116
P11 1| Bit symbol Bit name Function R'WI
AR BN BN S0 | . . 00
Lox o om oxoA &0 CS0 output enable bit 0 : Chip select output disabled
v oin 1wy Smemed CS1 CS1 output enable bit (Normal port pin) 00O
iAo e op e CS2 CS2 output enable bit 1 : Chip select output enabled  [© O
Vo8 ooy 4 ESeesanmoan CS3 CS3 output enable bit 0.0
R csow it bi 00
o G500 ek Al 0 : Wait state inserted
g § CONATEARmERRERAN cs1w CS1 wait bit 1 - No walt state 0.0
P CS2w 'CS2 wait bit 0.0
SRAmReTERSme Ao RaTe At CS3W | CS3 wait bit 0o

Note: In M30623(80-pin package), the chip select signals has no corresponding
external pin. So, this register is invalid.

Figure 1.12.1. Chip select control register

(3) Read/write signals
With a 16-bit data bus (BYTE pin ="L"), bit 2 of the processor mode register 0 (address 0004 16) select the
combinations of RD, BHE, and WR signals or RD, WRL, and WRH signals. With an 8-bit data bus (BYTE
pin = “H"), use the combination of RD, WR, and BHE signals. (Set bit 2 of the processor mode register 0
(address 0004 16) to “0".) Tables 1.12.2 and 1.12.3 show the operation of these signals.

After a reset has been cancelled, the combination of RD, WR, and BHE signals is automatically selected.
When switching to the RD, WRL, and WRH combination, do not write to external memory until bit 2 of the
processor mode register 0 (address 0004 16) has been set (Note 1).

Note 1: Before attempting to change the contents of the processor mode register 0, set bit 1 of the protect

register (address 000A16) to “1”.

Table 1.12.2. Operation of RD, WRL, and WRH signals

Data bus width | RD WRL WRH | Status of external data bus
; L H H | Read data
16-bit H L H | Write 1 byte of data to even address
(BYTE ="L") H H L i_Write 1 byte of data to odd address
H L | L | Write data to both even and odd addresses

Table 1.12.3. Operation of RD, WR, and BHE signals

Data bus width RD WR BHE A0 Status of external data bus
H L L H Write 1 byte of data to odd address
L H L H Read 1 byte of data from odd address
16-bit H L H L Write 1 byte of data to even address
(BYTE ="L7) L H H L Read 1 byte of data from even address
H L L L Write data to both even and odd addresses
L H L L Read data from both even and odd addresses
8-bit H L | Not used H/L | Write 1 byte of data
(BYTE ="H") L H | Not used H/L | Read 1 byte of data

Note 1: M30623(80-pin package) can operate only when BYTE = “H”.
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(4) ALE signal
The ALE signal latches the address when accessing the multiplex bus space. Latch the address when the
ALE signal falls.

When BYTE pin = “H" When BYTE pin =“L"
ae || A [ |
Do/A0 to D7/A7 X Address X Data (Note 1) X A0 X Address X
A8 to A19 X Address (Note 2) X Do/A1 to D7/A8 X Address X Data (Note 1) X
A9 to A19 X Address X

Note 1: Floating when reading.

Note 2: When multiplexed bus for the entire space is selected, these are 1/O ports.

Note 3: In M30623 (80-pin package), P10 to P17 which are in common with D8 to D15 are available.
So, M30623 (80-pin package) can operate only when BYTE pin = “H” (the width of external
data bus is 16-bit).

Figure 1.12.2. ALE signal and address/data bus

(5) The RDY signal

RDY is a signal that facilitates access to an external device that requires long access time. As shown in
Figure 1.12.3, if an “L” is being input to the RDY at the BCLK falling edge, the bus turns to the wait state. If
an “"H” is being input to the RDY pin at the BCLK falling edge, the bus cancels the wait state. Table 1.12.4
shows the state of the microcomputer with the bus in the wait state, and Figure 1.12.3 shows an example in
which the RD signal is prolonged by the RDY signal.

The RDY signal is valid when accessing the external area during the bus cycle in which bits 4 to 7 of the

chip select control register (address 000816) are set to “0”. The RDY signal is invalid when setting “1” to all
bits 4 to 7 of the chip select control register (address 000816), but the RDY pin should be treated as properly
as in non-using.

Table 1.12.4. Microcomputer status in ready state (Note 1)

Item Status
Oscillation On
R/W signal, address bus, data bus, CS Maintain status when RDY signal received
ALE signal, HLDA, programmable 1/O ports
Internal peripheral circuits On

Note 1: The RDY signal cannot be received immediately prior to a software wait.
Note 2: In M30623(80-pin package), CS signals have no corresponding external pin.
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In an instance o

f separate bus

BClk [/

RD

(Note)
RDY

RD

(Note)

CSi(i=0to 3}_\

CSi(i=0to 3}_\

/X /N

\

| = {SU(RDY - BCLK)

Accept timing of RDY signal

In an instance of multiplexed bus

sk /N / /[ [/

DY

@ Wait using RDY signal
#7277 \Wait using software

Note: In M30623(80-pin package), the CSi signal (i = 0 to 3) has no corresponding exti

< {SU(RDY - BCLK)

Accept timing of RDY signal

N

Figure 1.12.3. Example of RD signal extended by RDY signal

(6) Hold signal

The hold signal is used to transfer the bus privileges from the CPU to the external circuits. Inputting “L” to
the HOLD pin places the microcomputer in the hold state at the end of the current bus access. This status
is maintained and “L” is output from the HLDA pin as long as “L” is input to the HOLD pin. Table 1.12.5
shows the microcomputer status in the hold state.

Bus-using priorities are given to HOLD, DMAC, and CPU in order of decreasing precedence.

HOLD > DMAC > CPU

Figure 1.12.4. Bus-using priorities

Table 1.12.5. Microcomputer status in hold state

Iltem Status
Oscillation ON
R/W signal, address bus, data bus, CS, BHE Floating
Programmable 1/O ports PO, P1, P2, P3, P4, P5 Floating

P6, P7, P8, P9, P10

Maintains status when hold signal is received

HLDA Output “L”
Internal peripheral circuits ON (but watchdog timer stops)
ALE signal Undefined

Note 1: In M30623(80-pin package), P1, P44 to P47(CS0 to CS3) and P72 to P75, P91 have no correspond-
ing external pin, but are internally the above conditions.
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(7) External bus status when the internal area is accessed
Table 1.12.6 shows the external bus status when the internal area is accessed.

Table 1.12.6. External bus status when the internal area is accessed

ltem SFR accessed Internal ROM/RAM accessed

Address bus Address output Maintain status before accessed
address of external area

Data bus When read Floating Floating

When write Output data Undefined

RD, WR, WRL, WRH RD, WR, WRL, WRH output Output "H"

BHE moutput Maintain status before accessed
status of external area

cs Output "H" Output "H"

ALE Output "L" Output "L"

Note 1: In M30623(80-pin package), CS signals have no corresponding external pin.

(8) BCLK output

The user can choose the BCLK output by use of bit 7 of processor mode register 0 (000416) (Note).
When set to “1”, the output floating.

Note: Before attempting to change the contents of the processor mode register 0, set bit 1 of the protect
register (address 000A16) to “17.
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(9) Software wait
A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address
000516) (Note) and bits 4 to 7 of the chip select control register (address 000816).
A software wait is inserted in the internal ROM/RAM area and in the external memory area by setting the
walit 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 or three BCLK cycles. After the microcomputer has been
reset, this bit defaults to “0”. When set to “1”, a wait is applied to all memory areas (two or three BCLK
cycles), regardless of the contents of bits 4 to 7 of the chip select control register. Set this bit after referring
to the recommended operating conditions (main clock input oscillation frequency) of the electric character-
istics. However, when the user is using the RDY signal, the relevant bit in the chip select control register's
bits 4 to 7 must be set to “0".
When the wait bit of the processor mode register 1 is “0”, software waits can be set independently for
each of the 4 areas selected using the chip select signal. Bits 4 to 7 of the chip select control register
correspond to chip selects CS0 to CS3. When one of these bits is set to “1”, the bus cycle is executed in
one BCLK cycle. When set to “0”, the bus cycle is executed in two or three BCLK cycles. These bits
default to “0” after the microcomputer has been reset.
The SFR area is always accessed in two BCLK cycles regardless of the setting of these control bits. Also,
insert a software wait if using the multiplex bus to access the external memory area.
Table 1.12.7 shows the software wait and bus cycles. Figure 1.12.5 shows example bus timing when
using software waits.
Note 1: Before attempting to change the contents of the processor mode register 1, set bit 1 of the protect

register (address 000A16) to “1”.

Note 2: In M30623(80-pin package), the chip select signals have no corresponding external pin.

Table 1.12.7. Software waits and bus cycles

I Bits 4 to 7 of chip select
Area Bus status Wait bit control register Bus cycle
SFR _ Invalid Invalid 2 BCLK cycles
Internal _ 0 Invalid 1 BCLK cycle
ROM/RAM
BE— 1 Invalid 2 BCLK cycles
Separate bus 0 1 1 BCLK cycle
Separate bus 0 0 2 BCLK cycles
External
memory Separate bus 1 0 (Note) 2 BCLK cycles
area
Multiplex bus 0 0 3 BCLK cycles
Multiplex bus 1 0 (Note) 3 BCLK cycles
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< Separate bus (no wait) > Bus cycle
]
BCLK
Write signal
Read signal
Data bus @ @

Address bus X XAddressX XAddress)i X

Chip select

< Separate bus (with wait) >
Bus cycle

s I

BCLK

Write signal

Read signal |

Data bus { Output f\ Input
Address bus X Address X X Address x
Chip select |

< Multiplexed bus >

|< Bus cycle
|
BCLK |
Write signal
Read signal [
ALE I_
Address bus ( Address X X Address )-

Address bus/

Chip select |

Data bus XAddress Data output X XAddress >_.

Note 1: In M30623(80-pin package), the chip select signals have no
corresponding external pin.

Figure 1.12.5. Typical bus timings using software wait
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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 1.13.1. Main clock and sub clock generating circuits

Main clock generating circuit

Sub clock generating circuit

Use of clock

* CPU’s operating clock source
* Internal peripheral units’
operating clock source

* CPU’s operating clock source
* Timer A/B’s count clock
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 1.13.1 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 1.13.2 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 1.13.1 and 1.13.2 vary with each oscillator used. Use
the values recommended by the manufacturer of your oscillator.

Microcomputer

Microcomputer
(Built-in feedback resistor)

(Built-in feedback resistor)

XIN Xout XIN Xout
Open
(Note)
R
Externally derived clock
+—
_| Cin _COUT xzz I—l |—| |—| r

MNote: 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 XIN
and XouT following the instruction.

Figure 1.13.1. Examples of main clock

Microcomputer
(Built-in feedback resistor)

Microcomputer
(Built-in feedback resistor)

XcIN Xcout XCIN XcouT
Open
(Note)
Rcd
' Externally derived clock
_—E CcIN Ccout Vee J_|_|_|_|_|_I_

Vss

MNote: 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 XcouT following the instruction.

Figure 1.13.2. Examples of sub clock
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Clock Control

Figure 1.13.3 shows the block diagram of the clock generating circuit.

CM10 1"
Write signal

RESET
Software reset

NMI

Interrupt request
level judgment
output

WAIT instruction

CMOi : Biti at address 000618
CM1i : Biti at address 000718
WDCi : Bit i at address 000F 18

Sub clock

Main clock
CMo5 Cmo2

> fi
..—|>_ f15102

D

:
"_[>_A4f0|>_ 85102

>
4|>_ 325102
e D faz

blc
Divider

d  CMO7=0

BCLK

b c

sy b [ ol

12 }J

CMO06=0

CM17,CM16=01

CMO06=0
CM17,.CM16=11
CMO0&=1
CMO0&=0 —a0
CM17.CM16=10

4,—0“\o—d

.

CMO06=0
CM17,CM16=00

Details of divider

Figure 1.13.3. Clock generating circuit
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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 and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is re-
tained.

(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 000618), 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 shifting to stop mode and at a reset.

(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 BCLK signal can
be output from BCLK pin by the BCLK output disable bit (bit 7 at address 0004 16) in the memory expan-
sion and the microprocessor modes.
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 and at reset. When shifting from low-speed/low power dissipation
mode to stop mode, the value before stop mode is retained.

(4) Peripheral function clock(f1, f8, f32, f1s102, f8s102,f325102,fAD)
The clock for the peripheral devices is derived from the main clock or by dividing it by 1, 8, or 32. The

peripheral function clock is stopped by stopping the main clock or by setting the WAIT peripheral function
clock stop bit (bit 2 at 000616) to “1” and then executing a WAIT instruction.

(5) fe32
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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Figure 1.13.

4 shows the system clock control registers 0 and 1.

System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 b1 bO

Note 7
Note 8

| | | | | Symbol Address When reset
B N N N I A A CMO 000616 4816
P04t 11 [ Bitsymbol Bit name Function RW
' ' ' 1 " 1 " 1 - b1 b0 i
[ R S CMO0 Clock output function 00: IO port P57 0.0
T T select bit : |
oo o oniv in single-chip | © 1 fc outout .
T R CMo1 (Vad' only insingle-chip 1 4¢3 output oo
R mode) 11 fa2 output |
O N cmoz | WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode | _!
[ clock stop bit 1 : Stop peripheral function clock in wait mode (Note 8) OED
[ XcIN-XcouT drive capacity | 0 - LOW
R CMO3 | select bit (Note 2) 1:HIGH 00
Voo Port Xc select bit 0: /O port i
O Cmo4 1 XcIN-XcouT generation 050
A cMmo5 | Main clock (Xin-XouT) 0:0n OEO
Vo stop bit (Note 3, 4, 5) 1: Off ;
o cmos | Main clock division select | 0: CM16 and CM17 valid OEO
T bit 0 (Nate 7) 1 : Division by 8 mode ;
cmo7 | System clock select bit 0 : Xin, Xout 00
"""""""""""" (Note 6) 11 XcIN, XcouT !

- Set bit 0 of the protect register (address 000A16) to “1" before writing to this register.

- Changes to “1" when shiffing to stop mode and at a reset.

- When entering power saving mode, main clock stops using this bit. When returning from stop mode and
operating with XIN, set this bit to “0”. When main clock oscillation is operating by itself, set system clock select
bit (CMO7) to “1” before setting this bit to “1".

- When inputting external clock, only clock oscillation buffer is stopped and clock input is acceptable.

- 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.

- Set port Xc select bit (CM04) to “1” and stabilize the sub-clock oscillating before setting to this bit from “0” to “1".

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

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

- fc32is not included.

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 b1 bO

Note 1
Note 2

Note 3
Note 4

| | | | 0 | 0 | 0 | Dl | Symbol Address When reset

AL 1ogejoejol. CM1 000716 2016
T symbol Bit name Function R'W
oo+ ul comio | Allclock stop control bit [ 0: Clock on OEO
A (Note4) 1 - All clocks off (stop mode) :
T S S A R S Reserved bit Always set fo 0" (e){e]
e Reserved bit Always set to ‘0" 0.0
HE R IR EEEE TR Reserved bit Always set to “0” (e){e]
R R SREtCEETE Reserved bit Always set to ‘0" 00
P XIN-XouT drive capacity | 0:LOW i

CM15 i
E i """"""""" select bit (Note 2) 1: HIGH O;O
o b7 b6
S CM16 Main clock division 0 0 : No division mode '
i select bit 1 (Mote 3) 01 : Division by 2 mode 0.0
] CM17 10 : Division by 4 mode !
11 : Division by 16 mode

- Set bit 0 of the protect register (address 000A1s) to “1” before writing to this register.

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

- Can be selected when bit 6 of the system clock control register 0 (address 000616) is “0”. If “17, division mode is
fixed at 8.

- If this bit is set to “17, XouT turns “H”, and the built-in feedback resistor is cut off. XcIN and XcouT turn high-
impedance state.

Figure 1.13.4. Clock control registers 0 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
000616) is set to “17, the output of f8 and f32 stops when a WAIT instruction is executed.

Stop Mode
Writing “1” to the all-clock stop control bit (bit 0 at address 0007 16) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that Vcc re-
mains above 2V.
Because the oscillation , BCLK, f1 to f32, f1s102 to f32s102, fC, fC32, and faD stops in stop mode, peripheral
functions such as the A-D converter and watchdog timer do not function. However, timer A and timer B
operate provided that the event counter mode is set to an external pulse, and UARTI(i = 0 to 2), SI/0O3, 4
functions provided an external clock is selected. Table 1.13.2 shows the status of the ports in stop mode.
Stop mode is cancelled by a hardware reset or interrupt. If an interrupt is to be used to cancel stop mode,
that interrupt must first have been enabled. If returning by an interrupt, that interrupt routine is executed.
When shifting from high-speed/medium-speed mode to stop mode and at a reset, the main clock division
select bit 0 (bit 6 at address 000616) is set to “1”. When shifting from low-speed/low power dissipation mode
to stop mode, the value before stop mode is retained.

Table 1.13.2. Port status during stop mode
Memory expansion mode

Pin . Single-chip mode
Microprocessor mode

Address bus, data bus, CS0 to CS3 Retains status before stop mode

RD, WR, BHE, WRL, WRH “H”

HLDA, BCLK “H”

ALE “H”

Port Retains status before stop mode | Retains status before stop mode
CLKout When fc selected Valid only in single-chip mode | “H”

When fs, f32 selected | Valid only in single-chip mode | Retains status before stop mode

Note 1: In M30623(80-pin package), CS0 to CS3 have no corresponding external pin, but are internally the
above conditions.
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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. Table 1.13.3 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, the
microcomputer restarts from the interrupt routine using as BCLK, the clock that had been selected when the
WAIT instruction was executed.

Table 1.13.3. Port status during wait mode
Memory expansion mode

Pin ) Single-chip mode
Microprocessor mode

Address bus, data bus, CS0 to CS3 Retains status before wait mode

RD, WR, BHE, WRL, WRH “H”
HLDA,BCLK “H”
ALE “H”
Port Retains status before wait mode | Retains status before wait mode

CLKout

When fc selected

Valid only in single-chip mode

Does not stop

When fs, 32 selected

Valid only in single-chip mode

Does not stop when the WAIT

peripheral function clock stop
bit is “0”.

When the WAIT peripheral
function clock stop bit is “17, the
status immediately prior to en-
tering wait mode is main-
tained.

Note 1: In M30623(80-pin package), CS0 to CS3 have no corresponding external pin, but are internally the
above conditions.
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Status Transition Of BCLK

Power dissipation can be reduced and low-voltage operation achieved by changing the count source for
BCLK. Table 1.13.4 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) changes to “1” when shifting from high-speed/medium-speed to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop 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 1.13.4. 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
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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 internal
clock selected. 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 according to the internal clock selected. Each peripheral function oper-
ates according to its assigned clock.

* Low-speed mode
fc becomes the BCLK. The CPU operates according to the fc clock. The fc clock is supplied by the
secondary clock. Each peripheral function operates according to its assigned clock.

* Low power consumption 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 secondary 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 1.13.5 is the state transition diagram of the above modes.
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Transition of stop mode, wait mode

Reset

( )

Transition of normal mode

All oscillators stopped ™ WAIT CPU operation stopped
Stop mode —“CWM Medium Speed mode |—ISILION  \ it ode
Interrupt (leIded by-8 mode) Interrupt
W ¢ WAIT cl
ngh—speed,’medium— —nstruction_,, :
CM10="1"
Stop mode <CMI0="1" | speed mode T—— Wait mode
T l WAIT _ Cl
Stop mode o — (LOW‘SPGGC_” low po“"eﬂf—"‘mmmn Wait mode
Interrupt T dissipation mode o Interrupt

p— Normal mode—/

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

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

CMO06 = 1" BCLK : f(Xim)/8
“ | CMO7 ="0" CMO06 ="1"
CMO7 = “0" (Note 1)
. . — =9 CMOB = "1"
Main clock is oscillating CcM04 = “07 CM04 =1 CMO4 = 07
Sub clock is oscillating T l(Nntes 1.3)
( Medium-speed mode N
High-speed mode (divided-by-2 mode) Main clock_is osqilla‘;ing
BCLK : f(Xm) BCLK : f(Xin)/2 ) Sub clock is oscillating
CMO7 =“0° CM06="0" | | CMO7 =*0" cMo6=“0" | Medium-speed mode Low-speed mode
CM17=*0" CM16="0" ) | CM17="0" CM16="1" )  (divided-by-8 mode) CMO7 = 0"
. MNote 1, 3)
BCLK - f(Xi)/8 MNote1.3) )
Medium-speed mode  Medium-speed mode CMO7 (: 0); BOLK - f(Xem)
(divided-by-4 mode) (divided-by-16 mode) CMO6 = “17 — CMO7 =17
BCLK - f(Xm)/4 BCLK : f(Xn)/16 &'ﬂg 2) !
CMO7 =*0" CMO06 =07 CMO7 =“0" CMO06 =°0"
CM17 =*1" CM16 =07 CM17 ="1" CM16="1"
o CMO5 =07 CMO05 ="17
CMO04 ="0"| Main clock is oscillating | CM04 =*1" ) )
Sub clock is stopped Main clock is stopped
Ve - ~ Sub clock is oscillating
. Medium-speed mode Low power dissipation mode
High-speed mode (divided-by-2 mode)
BCLK : f(Xin) BCLK : f(Xin)2 CMO7 = 1" (Note 2) BCLK - f(Xen)
CMO7 =*0 CM06="0" | | CMO7 =*0" CMO06 = “0’ CMO5 =1 e
CM17 =“0° CM16="0" ) | CM17 =“0" CM16="1" CMOT ="1
CMO6 = “0° > Medium-speed mode Medium-speed mode gmgg i g Emg:z ;g
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) CMO4 = “17
BCLK : f(Xm)/4 BCLK : f(Xi)/16
CMO7 =*0" CMO06 =07 CMO7 =“0" CMO0B =“0"
CM17 =*1" CM16 =07 CM17 ="1" CM16="1"
. Y

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 CMO06 after changing CM17 and CM16.
Note 4: Transit in accordance with arrow.

Figure 1.13.5. State transition diagram of Power control mode

48

ENESAS

RenesasTechnology Corp.



Protection

Mitsubishi microcomputers

M16C / 62T Group

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 1.13.6 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 O (address 000616), system clock control register 1 (address 000716), port P9 direction register (ad-
dress 03F316) , SI/O3 control register (address 036216) and S1/0O4 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/Qi 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 0 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 bl

Symbol Address When reset

. ‘ . ‘ PRCR 000A1s XXXXX0002
i , , , , : : : Bit symbol Bit name Function R'W
oo PRCO Enables writing to system clock - Write-inhibited o o

e control registers 0 and 1 (addresses
A 000616 and 000716)

-

- Write-enabled

- o ] Enables writing to processor mode
AT T PRC1 registers 0 and 1 (addresses 000416

- Write-inhibited 00
A and 000516) '

- Write-enabled

-

i . K . . _________ PRC2 Enables writing to port P9 direction | 0 - Write-inhibited |

E ' : ' ' register (address 03F316) and SI/Oi | 1 - Write-enabled o o
[ S control register (i=3,4) (addresses '
o . 036216 and 036616) (Note)
Nothing is assigned.

L TP SPPTPRP In an attempt to write to these bits, write “0”. The value, if read, turns out to be —i—
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 proaram.

Figure 1.13.6. Protect register
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Overview of Interrupt

Type of Interrupts
Figure 1.14.1 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

r Software 2

Interrupt { r Reset

NMI

DBC

Watchdog timer
Single step
Address matched

Special —4m8M —— |

~ Hardware

Peripheral I/O (Note)

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

Figure 1.14.1. Classification of interrupts

* Maskable interrupt : An interrupt which can be enabled (disabled) by the interrupt enable flag
(1 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.

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

* 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 interrupt
An INT interrupt occurs when specifying 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 I/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-
quest. 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 I/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.

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

* Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated by
the address match interrupt register is executed with the address match interrupt enable bit set to “1”.
If an address other than the first address of the instruction in the address match interrupt register is set,
no address match interrupt occurs. For address match interrupt, see 2.11 Address match Interrupt.

(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, DMA1 interrupt
These are interrupts that DMA generates.
« Key-input interrupt
A key-input interrupt occurs if an “L” is input to the Kl pin.
* A-D conversion interrupt
This is an interrupt that the A-D converter generates.
« UARTO0, UART1, UART2/NACK, SI/O3 and SI/0O4 transmission interrupt
These are interrupts that the serial /0 transmission generates.
« UARTO0, UART1, UART2/ACK, SI/O3 and SI/O4 reception interrupt
These are interrupts that the serial /O reception generates.
« Timer AQ 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 INT5 interrupt
An INT interrupt occurs if either a rising edge or a falling edge or a both edge is input to the INT pin.
Note 1:In M30623 (80-pin package), can not use INT3 to INT5 as the interrupt factors, because
P15/D13/INT3 to P17/D15/INT5 have no corresponding external pin.
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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 1.14.2 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 1.14.2. 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 FFFDC 16 to FFFFF16. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 1.14.1 shows the interrupts assigned to the fixed vector
tables and addresses of vector tables.

Table 1.14.1. Interrupts assigned to the fixed vector tables and addresses of vector tables

Interrupt source

Vector table addresses
Address (L) to address (H)

Remarks

Undefined instruction

FFFDC16 to FFFDF16

Interrupt on UND instruction

Overflow

FFFEO16 to FFFE316

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

If the vector contains FF16, program execution starts from
the address shown by the vector in the variable vector table

Address match

FFFE816 to FFFEB16

There is an address-matching interrupt enable bit

Single step (Note) FFFEC16 to FFFEF16 Do not use

Watchdog timer FFFFO16 to FFFF316

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 1.14.2 shows the
interrupts assigned to the variable vector tables and addresses of vector tables.

Table 1.14.2. 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 o +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

Software interrupt number 6

+20 to +23 (Note 1)
+24 to +27 (Note 1)

Timer BS
Timer B4

Software interrupt number 7

+28 to +31 (Note 1)

Timer B3

Software interrupt number 8

Software interrupt number 9

+32 to +35 (Note 1)
+36 to +39 (Note 1)

SI/O4/INT5  (Note 2, Note 4)
SI/O3/INT4  (Note 2, Note 4)

Software interrupt number 10

+40 to +43 (Note 1)

Bus collision detection

Software interrupt number 11

+44 to +47 (Note 1)

DMAQ

Software interrupt number 12

+48 to +51 (Note 1)

DMA1

Software interrupt number 13

+52 to +55 (Note 1)

Key input interrupt

Software interrupt number 14

+56 to +59 (Note 1)

A-D

Software interrupt number 15

+60 to +63 (Note 1)

UART2 transmit/NACK (Note 3)

Software interrupt number 16

+64 to +67 (Note 1)

UART2 receive/ACK (Note 3)

Software interrupt number 17

Software interrupt number 18

+68 to +71 (Note 1)
+72 to +75 (Note 1)

UARTO transmit
UARTO receive

Software interrupt number 19

Software interrupt number 20

+76 to +79 (Note 1)
+80 to +83 (Note 1)

UART1 transmit
UART1 receive

Software interrupt number 21

+84 to +87 (Note 1)

Timer AD

Software interrupt number 22

+88 to +91 (Note 1)

Timer A1

Software interrupt number 23

+92 to +95 (Note 1)

Timer A2

Software interrupt number 24

Software interrupt number 2

+96 to +99 (Note 1)

+100 to +103 (Note 1)

Timer A3
Timer A4

o]
Software interrupt number 26

Software interrupt number 27

+104 to +107 (Note 1)

+108 to +111 (Note 1)

Timer BO
Timer B1

Software interrupt number 28

+112 to +115 (Note 1)

Timer B2

Software interrupt number 29

Software interrupt number 30

+116 to +119 (Note 1)

+120 to +123 (Note 1)

INTO
INT1

Software interrupt number 31

Software interrupt number 32

to
Software interrupt number 63

+124 to +127 (Note 1)

+128 to +131 (Note 1)

to
+252 to +255 (Note 1)

INT2

Software interrupt

Cannot be masked | flag

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

Note 2: It is selected by interrupt request cause bit (bit 6, 7 in address 035F16 ).
Note 3: When IIC mode is selected, NACK and ACK interrupts are selected. _
Note 4: In M30623 (80-pin package), can not use INT3 to INT5 as the interrupt factor, because P15/D13/INT3 to

P17/D15/INT5 have no corresponding external pin.
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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 (Il flag), interrupt priority level selec-
tion 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 1.14.3 shows the memory map of the interrupt control registers.

ENESAS

RenesasTechnology Corp.

55



Interrupt

Mitsubishi microcomputers

M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Interrupt control register

b7 b§ b5 b4 b3 bZ b1 bl

Symbol Address When reset
TBIlC(i=3 to 5) 004515 to 004718 XXXXX0002
BCNIC 004A186 XXXXX0002
DMIIC(i=0, 1) 004B16, 004C16 XXXAXX0002
KUPIC 004D1s XXXXX0002
ADIC 004E1s XXXXX0002
SiTIC(i=0to 2)  00511s, 005318, 004F1s XXXXX0002
SIRIC(i=0to 2)  00521s, 005418, 005018 XXXXX0002
TAIIC(i=0 to 4) 005516 to 005918 XXXXX0002
TBIlC(i=0 to 2) 005A1s to 005C1s XXXXX0002
Bit symbol Bit Functio R, W
ILVLO Interrupt priority level
select bit p2b180 ) ] o 0
000 : Level O (interrupt disabled)
001: Level1
ILVL1 010: Level2
011: Level 3 [eBlNe)
100: Level 4
101: Level b
ILVL2 110: Level6
111: Level 7 o 0
| Interrupt request bit 0 : Interrupt not requested o 0
R 1: Interrupt requested (Note 1)
Mothing is assigned.
In an attempt to write to these bits, write “0”. The value, ifread, tums | — —
out to be “0".

Mote 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).
MNote 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.

b7 bd b5 b4 b3 bZ b1 bl

bl | [ ] ]

Symbol Address When reset
INTIIC (i=3) 004416 XX00X0002
SIIC/INTJIC (i=4, 3) 004816, 004916  XX00X0002
(=4, 5)
INTIIC (i=0to 2 005D16 to 005F16  XX00X0002
Bit Bit Functio R W
ILVLO Interrupt priority level 2ot o
lect bit
select o 000 Level 0 (interrupt disabled) | © @ ©
001:Level1
ILVL1 010:Level 2
011:Level 3 O O
100: Level 4
101:Level 5
ILVL2 110:Level 6
111:Level 7 o 0
IR Interrupt request bit 0: Interrupt not requested O 0
1: Interrupt requested (Note 1)
POL Polarity select bit 0 : Selects falling edge
1 : Selects rising edge ©c O
Reserved bit Always set to “0” O O
Mothing is assigned.
In an attempt to write to these bits, write “0”. The value, ifread, tums | —, —
out to be “0".

MNote 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).

Mote 2: In M30623(80-pin package), can not use INT3 to INT5 interrupts. Always set INT3IC
to “00". Each of INT4IC and INT5IC is shared with S3IC and S4IC, but in case of not

MNote 3: 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.

using as S3IC and S4IC, always set to “00".

Figure 1.14.3. 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 1.14.3 shows the settings of interrupt priority levels and Table 1.14.4 shows the interrupt levels
enabled, according to the consist 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 1.14.3. Settings of interrupt priority Table 1.14.4. Interrupt levels enabled according
levels to the contents of the IPL

l?ég;”%ggfgitty Interrtljg\trep;riority F’Orirggtry IPL Enabled interrupt priority levels
b2 b1 b0 IPLz IPL1 IPLo
0 00 Level 0 (interrupt disabled) 000 Interrupt levels 1 and above are enabled
0 0 1 Level 1 I Low 00 1 I Interrupt levels 2 and above are enabled
010 - Level 2 . 010 . Interrupt levels 3 and above are enabled
011 Level 3 01 1 Interrupt levels 4 and above are enabled
1 00 - Level 4 . 100 . Interrupt levels 5 and above are enabled
1 0 1 Level 5 I 101 I Interrupt levels 6 and above are enabled
110 - Level 6 . Y 1710 . Interrupt levels 7 and above are enabled
1 1 1 Level 7 High 1711 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 |
AND.B  #00h, 0055h
NOP
NOP
FSET |

Example 2:
INT_SWITCH2:
FCLR |
AND.B  #00h, 0055h
MOV.W MEM, RO

FSET |
Example 3:
INT_SWITCH3:
PUSHC FLG
FCLR |
AND.B  #00h, 0055h
POPC FLG

: Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.
: Four NOP instructions are required when using HOLD function.

: Enable interrupts.

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; Dummy read.
: Enable interrupts.

: Push Flag register onto stack
: Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

. 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 a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the

interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change

the register.

Instructions : AND, OR, BCLR, BSET
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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.

(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 1.14.4 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

4} 4} —= Time
yd 'd

Instruction Interrupt sequence Instruction in 5
7

interrupt routine

\‘-H__.-""_‘

(a) (b)

- - -

Interrupt response time

Figure 1.14.4. 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 1.14.5.

Table 1.14.5. 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)
QOdd (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 coincidence
interrupt or of a single-step interrupt.
Note 2: Locate an interrupt vector address in an even address, if possible.

BCLK | | |

Address bus XA%%B%SS X Indeterminate NH( SP-2 ){ SP-4 y vec A/ vec+2 /( PC
Data bus Interrupt )/ - X Sp-2 Y SP-4 \ vec vec+2 X
information| Indeterminate )\ contents |\ contents ) contents |\ contents |

R U—\ indeterminate | U u
! L

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

Figure 1.14.5. 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 1.14.6 is set in the IPL.

Table 1.14.6. 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 1.14.6 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).

Address
MSB

Stack area

m—4

m-3

m-—2

m—1

Content of previous stack

-

m+

Content of previous stack

Stack status before interrupt request
is acknowledged

Address Stack area
MSB LSB
m-—4|  Program counter (PCL) |-
m-3|  Program counter (PCwu)
> m-2 Flag register (FLGL)

m—1 Flag register Program
(SP] - (FLGH) counter (PCr)
\S,;?Lj:: t?:flgigr m Content of previous stack
interrupt occurs

m+1 Content of previous stack

Stack status after interrupt request

is ack

nowledged

[SP]
MNew stack
pointer value

Figure 1.14.6. 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 hits at
a time. Figure 1.14.7 shows the operation of the saving registers.

Note: Stack pointer indicated by U flag.

(1) Stack pointer (SP) contains even number

Address Stack area Sequence in which order
registers are saved

[SP] - 5 (Odd)

[SP] -4 (Even) Program counter (PCL)  |g
(2) Saved simultaneously,
[SP] —3(0dd) Program counter (PCw) " all 16 bits

[SP] -2 (Even) Flag register (FLGL) -

(1) Saved simultaneously,
B Flag register Program all 16 bits

[BF1~#0dd) (FLGH) counter (PCn)

[SP] (Even)

Finished saving reqgisters
in two operations.

(2) Stack pointer (SP) contains odd number

Address Stack area Sequence in which order
registers are saved

[SP] -5 (Even)

[SP] — 4(0dd) Program counter (PCL) | .q¢—(3) g

(61— 8{(Even) Program counter (FCw) : (4) Saved simultaneously

all 8 bits

S
[SP] — 2(Odd) Flag register (FLGL) B (1)

N Flag register Program
[SPI-1(Even) | "k Gy |counter (Pew|—(2)~

[SP]  (Odd)

Finished saving registers
in four operations.

Note: [SP] denotes the initial value of the stack pointer (SP) when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 1.14.7. 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 /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 1.14.8 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 1.14.8. 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 1.14.9 shows the circuit that judges the interrupt priority level.
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Priority level of each interrupt

! INT1

H Timer B2

| Timer B0

bl Timer A3

| Timer A1

1 Timer B4

| INT3

1 INT2

| INTO

H Timer B1

| Timer Ad

! Timer A2

H Timer B3

H Timer BS

{ UART1 reception

| UARTO
: Teception

| UART2 reception/ACK

| A-D conversion

| DMA1

| Bus collision detection

L Serial /O4/INT5

H Timer A

! UART1 transmission

d UARTO transmission

: | Key input interrupt

| DMAQ

] Serial l/O3/INT4 :

| Processor interrupt priority level (IPL)

Interrupt enable flag (| flag)

Address match

Level O (initial value)

A High

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

Interrupt
request
accepted

DBC

NI

|
|
| Watchdog timer
|
|
|

Reset

Mote 1: In M30623 (80-pin package), can not use INT3 to INT5 as
the interrupt factors, because P15/D13/INT3 to P17/D15/INTS
have no corresponding external pin.

Figure 1.14.9. Maskable interrupts priorities (peripheral I/O interrupts)
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INTO to INT5 are triggered by the edges of external inputs. The edge polarity is selected using the polarity
select bit.

Of interrupt control registers, 004816 is used both as serial /04 and external interrupt INT5 input control
register, and 004916 is used both as serial I/03 and as external interrupt INT4 input control register. Use the
interrupt request cause select bits - bits 6 and 7 of the interrupt request cause select register (035F16) - to
specify which interrupt request cause to select. After having set an interrupt request cause, be sure to clear

the corresponding interrupt request bit before enabling an interrupt.

Either of the interrupt control registers - 004816, 004916 - has the polarity-switching bit. Be sure to set this bit
to “0” to select an serial I/0 as the interrupt request cause.

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 1.14.10 shows the Interrupt request cause select register.

Note 1:In M30623(80-pin package), can not use INT3 to INT5 as the interrupt factor, because
P15/D13/INT3 to P17/D15/INT5 have no corresponding external pin.

Interrupt request cause select register
b7 b6 b5 b4 b3 b2 b1 b0
| | | | | | ‘ ‘ ‘ Symbol Address When reset
— T T T Tt IFSR 035F1s 0018
P opop i i b | Bitsymbol Bit name Fumction RIW
oo ' Vo4 IFSRO INTO interrupt polarity 0 : One edge
X l A swiching bit 1: Two edges O; O
; ; b . IFSR1 INT1 interrupt polarity 0 : One edge
oo swiching bit 1: Two edges 00
oo IFSR2 INT2 interrupt polarity 0 : One edge OE o
. swiching bit 1: Two edges
A IFSR3 | INT3 interrupt polarity 0 - One edge |
X : Vo T swiching bit 1: Two edges O )
Co IFSRA | INT4 interrupt polarity 0 - One edge 5
oo T swiching bit 1: Two edges O: )
X ' : IFSRS INTS interrupt polarity 0: One edge
I RRRRREELEED swiching bit 1:Two edges 00
E , IFSR6 Interrupt request cause 0:5103 O o)
v TTTTEEmmmmmm e select bit 1:INT4 |
; IFSR7 Interrupt request cause 0:5104 |
"""""""""""" select bit 1°INT5 0,0
Note 1: In M30623(80-pin package), can not use INT3 to INT5 interrupts,
so setting data of these bits are invalid.
Note 2: In M30623(80-pin package), can not use INT3 to INTS interrupts.

Figure 1.14.10. Interrupt request cause select register

ENESAS

RenesasTechnology Corp.

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

65



Mitsubishi microcomputers

M16C / 62T Group
NMI Interrupt SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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 P85 register (bit 5 at address
03F016).
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 1.14.11 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-up Key input interrupt control register | (address 004D16)
transistor I| Port P107 direction

register

Port P107 direction register

P107/KI3 O q

Pull-up Port P10 direction
transistor register

Key input interrupt

P106iK2 O 'I‘ q Interrupt control circuit request
( transistor ] Port P10s direction
register
P10s/Kl1 O T q
Port P104 direction
Pull-up !
transistor ) register

L4 )
P104/Klo O T q

Figure 1.14.11. 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). The value of the program counter (PC)
for an address match interrupt varies depending on the instruction being executed.
Figure 1.14.12 shows the address match interrupt-related registers.

Address match interrupt enable register
b7 b6 BS b4 b3 b2 b1 bo Symbol Address When reset
|><|><|><|><|><|><| | | AIER 000916 XXXXXX002
. . . ' . . : : Bit symbol Bit name Function RiW
oo : e ] AIERO |Address match interrupt O | ¢ - |nterrupt disabled OEO
S enable bit | 1 - |nterrupt enabled
R AIER1 [Address matchinterrupt 1 | 0 - Interrupt disabled OEO
Porob enable bit | 1 : Interrupt enabled :
A S S Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, tumns outto  |[——
be indeterminated. .
Address match interrupt registeri (i=0, 1)
(b23) (b19) '3'”33"3*31751 (b8) Symbol Address When reset
- = Lo e 2 RMADO 001216 to 001016 X0000016
W | | RMAD1 001616 to 001416 X0000016
: Function Values that can be set |R ‘W
e e d Address setting register for address match interrupt 0000016 to FFFFF1s |O'O
L R Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to ——
be indeterminated.

Figure 1.14.12. Address match interrupt-related registers
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Precautions for Interrupts
(1) Reading address 0000016

* When maskable interrupt is occurred, CPU read 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”.
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “0”.
Though the interrupt is generated, the interrupt routine may not be executed.
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 NMI interrupt

» As for the NMI interrupt pin, an interrupt cannot be disabled. Connect it to the Ve pin via a resistor
(pull-up) 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 reset the CPU with the input to the NMI pin being in the “L” state.

» 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 an "L" level of 1 clock 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
through INT5 regardless of the CPU operation clock.
» When the polarity of the INT0 to INT5 pins is changed, the interrupt request bit is sometimes set to "1".
After changing the polarity, set the interrupt request bit to "0". Figure 1.14.13 shows the procedure for
changing the INT interrupt generate factor.

Note 1:In M30623(80-pin package), can not use INT3 to INT5 as the interrupt factor,because
P15/D13/INT3 to P17/D15/INT5 have no corresponding external pin.

W 4% 5 # # 886-3-5753170
WEHE 77 W (i) 86-21-34970699
JJk 4 ) HL (9 86-755-83298787

Http://www. 100y. com. tw
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Clear the interrupt enable flag to “0”
(Disable interrupt)

T

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

Set the polarity select bit

AN Y Y
/ U S

Clear the interrupt request bit to “0”

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

-
&

)

NI

Set the interrupt enable flag to “1”
(Enable interrupt)

Figure 1.14.13. Switching condition of INT interrupt request

(5) 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 |

AND.B  #00h, 0055h

NOP
NOP
FSET |

Example 2:
INT_SWITCH2:
FCLR |

AND.B  #00h, 0055h

MOV.W MEM, RO
FSET |

Example 3:
INT_SWITCHS3:
PUSHC FLG
FCLR |

AND.B  #00h, 0055h

POPC FLG

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; Four NOP instructions are required when using HOLD function.

; Enable interrupts.

; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; Dummy read.
; Enable interrupts.

; Push Flag register onto stack
; Disable interrupts.

; Clear TAOIC int. priority level and int. request bit.

; 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 a instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change

the register.

Instructions : AND, OR, BCLR, BSET
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Watchdog Timer

The watchdog timer has the function of detecting when the program is out of control. The watchdog timer is
a 15-bit counter which down-counts the clock derived by dividing the BCLK using the prescaler. A watchdog
timer interrupt is generated when an underflow occurs in the watchdog timer. When XIN is selected for the
BCLK, bit 7 of the watchdog timer control register (address 000F16) selects the prescaler division ratio (by
16 or by 128). When XCIN is selected as the BCLK, the prescaler is set for division by 2 regardless of bit 7
of the watchdog timer control register (address 000F16). Thus the watchdog timer's period can be calcu-
lated as given below. The watchdog timer's period is, however, subject to an error due to the pre-scaler.

With XIN chosen for BCLK

pre-scaler dividing ratio (16 or 128) X watchdog timer count (32768)
BCLK

Watchdog timer period =

With XcIN chosen for BCLK
pre-scaler 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
pre-scaler, 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 000E 16) 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).

Figure 1.15.1 shows the block diagram of the watchdog timer. Figure 1.15.2 shows the watchdog timer-
related registers.

Prescaler
presesesssessss SOMOT = 07

e WoCT=0
116 1 o

]
! LCMOT = 07
[ H VWDCT =17 .
BCLK : : : Watchdog timer o = Watchdog timer

‘HOLD interrupt request
A

Write to the watchdog timer eeeeeeeennd ;

start register Sett
(address 000E16) TEFF1E
RESET & C{>

Figure 1.15.1. Block diagram of watchdog timer
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Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl bl

‘ | 0 | 0 | | | | | ‘ Symbol Address When reset

— wDC 000F 16 004XOOC0K2
A symbol Bit name | Function RIW
i l : SRR High-order bit of watchdog timer OEX
i : : Cold start / warm start :
A O WDV5 old start / 0 : Cold start 00
. discrimination flag (Note 1) 1 - Warm start
R ARREEEEEELD Reserved bit Must always be set to “0” 00
i _____________________ WDC7 Prescaler select bit 0 : Divided by 16 '

__ 00
1 : Divided by 128 '

Note 1: When this flag is written “0” or “17, it is set 17 automatically .
3 : This bit is not under the influence of a reset.

Watchdog timer start register

b7 bo Symbol Address When reset
WDTS 000E16 Indeterminate
E Function R'W

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

Figure 1.15.2. Watchdog timer control and start registers

Cold start / Warm start

The cold start/warm start discrimination flag(bit 5 at 000F 16) indicates the last reset by power on(cold start)
or by reset signal(warm start).

The cold start/warm start discrimination flag is set “0” at power on, and is set “1” at writing any data to the
watchdog timer control register(address is 000F16). The flag is not set to “0” by the software reset and the
input of reset signal.

e\

- v
oV !

e\

RESET
J\J’CC
OV _ h

Set to “1” by software

Y

Cold start / Warm start
discrimination flag (WDC5)

Figure 1.15.3. Cold sgtart / Warm start
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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 1.16.1 shows the block diagram
of the DMAC. Table 1.16.1 shows the DMAC specifications. Figures 1.16.2 to 1.16.4 show the registers
used by the DMAC.

( Address bus |
_|:'>|DMAO source pointer SAR0(20) >
| | (addresses 002216 to 002016)
~>{DMAO destination pointer DARO (20) >
Vi 1/ (addresses 002616 to 002416)
[DMAO forward address pointer (20) (Note) >
—|:|'>| DMAQO transfer counter reload register TCRO (16) I:> :'>|DMA1 source pointer SAR1 (20) ':>
\/ (addresses 002916, 002815) | | (addresses 003216 to 003016)
[DMAQ transfer counter TCRO (16) [>>{ || —>{DMA1 destination pointer DAR1 (20) >
JVL J\}{addresses 003616 to 003415)
:>| DMA1 transfer counter reload register TCR1 (16) ':> |DMA1 forward address pointer (20) (Note) k:>
\/ (addresses 003916, 003815)
|DMA‘| transfer counter TCR1 (16) |:> | DMA latch high-order bits | DMA latch low-order bits |
§" Data bus low-order bits \
§ Data bus high-order bits \

Note: Pointer is incremented by a DMA request.

Figure 1.16.1. 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 1.16.1. DMAC specifications

ltem

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 003F 16] 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 (INTO can be selected by DMAO, INT1 by DMA1) or both edge
Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO transfer and reception interrupt requests

UART1 transfer and reception interrupt requests

UART?2 transfer and reception interrupt requests

Serial I/03, 4 interrpt requests

A-D conversion interrupt requests

Software triggers

Channel priority

DMAQO takes precedence if DMAQ and DMA1 requests are generated simultaneously

Transfer unit

8 bits or 16 bits

Transfer address direction

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

Transfer mode

= Single transfer mode
After the transfer counter underflows, the DMA enable bit turns to
“0", and the DMAC turns inactive
* Repeat transfer mode
After the transfer counter underflows, the value of the transfer counter
reload register is reloaded to the transfer counter.
The DMAC remains active unless a “0” is written to the DMA enable bit.

DMA interrupt request generation timing

When an underflow occurs in the transfer counter

Active

When the DMA enable bit is set to “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

Forward address pointer and
reload timing for transfer
counter

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

Writing to register

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

Reading the register

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

Note: DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the interrupt enable

flag (I flag) nor by the interrupt priority level.
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b7 b6 b5 b4

b3 b2 b1 bl

DMADO request cause select register

Symbol
DMOSL

Address
03B8&16

When reset
0016

Bit symbol Bit name

Function

DMA request cause

DSELO select bit

Frememm e -

DSEL1

DSEL2

DSEL3

b3 b2 b1 b0

0000:
0001:

Falling edge of INTO pin
Software trigger
. Timer AO
- Timer A1
- Timer A2
- Timer A3
- Timer A4 (DMS=0)
ltwo edges of INTO pin (DMS=1)
0111 : Timer BO (DMS=0)
Timer B3 (DMS=1)
1000: Timer B1 (DMS=0)
Timer B4 (DMS=1)
)
)

0
0
1
1
1

[ I e e e
N = R Y
[ RE e RE

1001 : Timer B2 (DMS=0
Timer B5 (DMS=1

- UARTO transmit

- UARTO receive

- UARTZ2 transmit

- UARTZ2 receive

- A-D conversion

- UART1 transmit

P
P Y = N =]
R [ = QY
P o P R )

frmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm e mm e m ==

Mothing is assigned. )
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 i )

expansion bit 1 - Expanded cause !
DSR Software DMA If software trigger is selected, a

request bit

DMA request is generated by
setting this bit to “1” (When read,
the value of this bit is always “0")

Figure 1.16.2. DMAC register (1)
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DMA1 request cause select register

b7 b6 b5 b4 b3 b2 bl bl

DMAI control register

b7 b6 b5 b4 b3 b2 bl bd

Symbol Address When reset
DM1SL 03BA1s 0018
Bit symbol Bit name Function R W
DMA request cause b3 620100 —
DSELO select bit 000 0: Falling edge of INT1 pin o0
000 1: Software trigger |
0010: Timer AD !
0011: Timer A1 !
0100: Timer A2 !
DSELA1 010 1: Timer A3(DMS=0) !
/serial /03 (DMS=1) 0'0
011 0: Timer A4 (DMS=0) |
/serial /04 (DMS=1) |
011 1: Timer BO (DMS=0)
/two edges of INT1 (DMS=1) !
DSEL2 1000 : Timer B1 !
1001 Timer B2 o0
101 0:UARTO transmit '
101 1: UARTO receive '
1100 : UART2 transmit !
DSEL3 1101 :UARTZ2 receive '
1110:A-D conversion 0.0
1111:UART1 receive !
Nothing is assigned. i
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 expansion bit 1 Expanded cause o ! o
DSR Software DMA If software frigger 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) 002C1s, 003C18 00000X002
Bit symbol Bit name Function R W
DMBIT Transfer unit bit select bit | 0 : 16 bits i
1: 8 bits 0 O
DMASL | Repeat transfer mode 0 : Single transfer o o
select bit 1: Repeat transfer :
DMA request bit (Note 1) | 0 : DMA not requested 0, 0
DMAS 1: DMA requested E{Note 2)
DMA enable bit 0 : Disabled
DMAE 1: Enabled C i ©
Source address direction | o - Fixed )
DSD select bit (Note 3) 1 Forward o5 0
Destination address 0 - Fixed
DAD direction select bit (Note 3){ 1 - Forward © 0
Nothing is assigned_
In an attempt to write to these bits, write “0”. The value, if read, turns out to be *07. - -
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 1.16.3. DMAC register (2)
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DMAI source pointer (i=0, 1)

(b18) (b18)15)
b3 bl BT

(b8)

XD i

B0 b7 50 Symbol Address When reset
' SAROD 002215 to 002018 Indeterminate
d SAR1 003215 to 003018 Indeterminate
Function Transfer count iy,
specification !
* Source pointer R
Stores the source address 0000016 to FRFFF1s ©:0

Nothing is assigned.

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)

(623) (b18) (B18)B15)
b3 b7

(b8}

o7 o0 B o7 % Symbol Address When reset
XXX ; ; DARO 002616 to 002416 Indeterminate
N T DARA1 003615 to 003418 Indeterminate
Function Transfer count [y
R : specification |
P S * Destination pointer 0000016 to FFFFFis |01
Stores the destination address |
R Nothing is assigned. i
In an attempt to write to these bits, write *0". The value, if read, turns out to be “0". i
DMAI transfer counter (i= 0, 1)

(p15) (b8)
b7 b0 BT b0

T Symbol Address When reset

! TCRO 0029415, 002816 Indeterminate

E TCR1 003918, 003816 Indeterminate

: i Transfer count !

: Function specification R:W

: » Transfer counter :

e 6 e

Set a value one less than the transfer count 000018 to FFFF1e O:

Figure 1.16.4. 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. In
memory expansion mode and microprocessor mode, the number of read and write bus cycles also de-
pends on the level of the BYTE pin. 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 BYTE pin level
When transferring 16-bit data over an 8-bit data bus (BYTE pin = “H”) in memory expansion mode and
microprocessor mode, the 16 bits of data are sent in two 8-bit blocks. Therefore, two bus cycles are
required for reading the data and two are required for writing the data. Also, in contrast to when the
CPU accesses internal memory, when the DMAC accesses internal memory (internal ROM, internal
RAM, and SFR), these areas are accessed using the data size selected by the BYTE pin.

(c) 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 1.16.5 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
1.16.5, if data is being transferred in 16-bit units on an 8-bit bus, two bus cycles are required for both the
source read cycle and the destination write cycle.

Note 1: M30623(80-pin package), in case of access to the external bus area, can be used only when 8-bit
bus mode.
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(1) 8-bit transfers

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

BCLK

Address
bus

Dummy
cycle

X:)ESUI’]&UOI"IX X

CPU use

RD signal

WR signal

Data

bus CPU use

.. \/Dummy
XSource ><Dest|na|t|0n><wcIe

CPU use

X

(2) 16-bit transfers and the source address is odd
Transferring 16-bit data on an 8-bit data bus (In this case, there are also two destination write cycles).

BCLK

Address
bus

X Source XSOLITC& + 1><Destinati0n><

Dumimy

CPU use
cycle

X

RD signal

WR signal

Data

CPU use
bus

><Source Source+1><Destina|ti0n><g’,ucr|1m"r X

CPU use

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

BCLK

Address
bus

. \/ Dummy
XD%"”a"O”que ><

RD signal

WR signal

Data

bus CPU use

X

Source CPU use

><Destinati0>< Dummy X
cycle

(4) One wait is inserted into the source read under the conditions in (2)
(When 16-bit data is transferred on an 8-bit data bus, there are two destination write cycles).

BCLK

Address

bus CPU use

Dummy

Source
cycle

X Source +1 XDestinatiox

RD signal

WR signal

Data

bus CPU use

X

Dummmy

Source cycle

X Source +1 ><Destinati0n>< X CPU use

Note 1: The same timing changes occur with the respective conditions at the destination as at the source.
Note 2: M30623(80-pin package), in case of access to the external bus area, can be used only when 8-bit bus mode.

Figure 1.16.5. 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 1.16.2 shows the

number of DMAC transfer cycles.

The number of DMAC transfer cycles can be calculated as follows:

Mitsubishi microcomputers

M16C / 62T Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Table 1.16.2. No. of DMAC transfer cycles

Single-chip mode Memory expansion mode
Transfer unit Bus width | Access address Microprocessor mode
No. of read | No. of write | No. of read | No. of write
cycles cycles cycles cycles
16-bit Even 1 1 1 1
8-bit transfers (BYTE="L") Odd 1 1 1 1
(DMBIT= *17) 8-bit Even — — 1 1
(BYTE = "H") Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers (BYTE="L") Odd 2 2 2 2
(DMBIT= “0") 8-bit Even — — 2 2
(BYTE = "H") Odd — — 2 2
Coefficient j, k
Internal memory External memory
Internal ROM/RAM | Internal ROM/RAM | SFR area | Separate bus | Separate bus | Multiplex
No wait With wait No wait With wait bus
1 2 2 1 2 3

Note 1: M30623(80-pin package), in case of access to the external bus area, can be used only when 8-bit

bus mode.
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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 "1" or to "0"). It turns to "0" immediately before data
transfer starts.
In addition, it can be set to "0" by use of a program, but cannot be set to "1".
There can be instances in which a change in DMA request factor selection bit causes the DMA request bit
to turn to "1". So be sure to set the DMA request bit to "0" after the DMA request factor selection bit is
changed.
The DMA request bit turns to "1" if a DMA transfer request signal occurs, and turns to "0" immediately
before data transfer starts. If the DMAC is active, data transfer starts immediately, so the value of the DMA
request bit, if read by use of a program, turns out to be "0" in most cases. To examine whether the DMAC
is active, read the DMA enable bit.
Here follows the timing of changes in the DMA request bit.

(1) Internal factors

Except the DMA request factors triggered by software, the timing for the DMA request bit to turn to "1" due
to an internal factor is the same as the timing for the interrupt request bit of the interrupt control register to
turn to "1" due to several factors.

Turning the DMA request bit to "1" due to an internal factor is timed to be effected immediately before the
transfer starts.

(2) External factors

An external factor is a factor caused to occur by the leading edge of input from the INTi pin (i depends on
which DMAC channel is used).

Selecting the INTI pins as external factors using the DMA request factor selection bit causes input from
these pins to become the DMA transfer request signals.

The timing for the DMA request bit to turn to "1" when an external factor is selected synchronizes with the
signal's edge applicable to the function specified by the DMA request factor selection bit (synchronizes
with the trailing edge of the input signal to each INTi pin, for example).

With an external factor selected, the DMA request bit is timed to turn to "0" immediately before data
transfer starts similarly to the state in which an internal factor is selected.
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(3) The priorities of channels and DMA transfer timing
If a DMA transfer request signal falls on a single sampling cycle (a sampling cycle means one period from
the leading edge to the trailing edge of BCLK), the DMA request bits of applicable channels concurrently
turn to "1". If the channels are active at that moment, DMADO is given a high priority to start data transfer.
When DMADO finishes data transfer, it gives the bus right to the CPU. When the CPU finishes single bus
access, then DMA1 starts data transfer and gives the bus right to the CPU.
An example in which DMA transfer is carried out in minimum cycles at the time when DMA transfer
request signals due to external factors concurrently occur.
Figure 1.16.6 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.

DMAO S

DMAf (G \_ Obtainm

ent of the

F bus right
CcPU AL, G
INTO |

DMAO

request bit | |
INT1 |

DMA1

request bit |

Figure 1.16.6. An example of DMA transfer effected by external factors
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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 1.17.1 and 1.17.2 show the block diagram of timers.

Clock prescaler
xin ) o - f1 fcs2
: fe Clock prescaler reset flag (bit 7
f32 at address 038116) set to “1”
f1fs fa2 fcaz
o] = Timer mode
o] = One-shot mode
o « PWM mode
u—ca) o J\ I | Timer AO interrupt
Noiss —O o} | Timer AO | =
TAOIN —o0
O / = Event counter mode
O = Timer mode
O = One-shot mode
o « PWM mode
u—o) o O\ Timer A1 interrupt
o] $° o} I Timer A1 = =
TAIN () —;/c
= Event counter mode
o = Timer mode
o » One-shot mode
o « PWM mode
u—c.u/> 4 O\ Timer A2 interrupt
A5 O Nl 0 o] I Timer A2 = =
" -
filter / - Event counter mode
O = Timer mode
O = One-shot mode
o « PWM mode
u—o) o O\ Timer A3 interrupt
A3 o] 2 o} I Timer A3 I =
IN 17> —0O
O fiiter / « Event counter mode
o = Timer mode
o = One-shot mode
o « PWM mode
u—o/o o] O\ Timer A4 interrupt
A4 O Nos] $—° o} I Timer A4 I ==
IN 17> - —0O
filter / - Event counter mode
Timer B2 overflow
Note 1: In M30623(80-pin package), do not use TA1IN and TA2IN as the event input, because these are not
connected to the external pin. And these pins have to do connection of unused pins (refer to Page 170).
Note 2: The TAQOIN pin (P71) is shared with RxD2 and the TBSIN pin.

Figure 1.17.1. Timer A block diagram
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xn O

Clock prescaler

xon O————— 132 ——wtc32

Clock prescaler reset flag (bit 7
at address 03811s) setto “1”

Reset

¢ = {1
1/8
1/4 fa2
f1 fa fa2 fcaz
Timer A
t

Nolse

= Timer mode

BoNn O

fliter

U\-F'ulse width measuring mode
oo o o Timer BO

Timer BO interrupt

- Event counter mode

|

{

Nolse

o—

= Timer mode

U‘\F'UISB width measuring mode

TB1IN O_

2

[ Noise |
[_fiter |

o Timer B1

Timer B1 interrupt

- Event counter mode

7

= Timer mode

Timer B2 interrupt

QX'F'ulse width measuring mode
N o Timer B2

82N (O

o)
»-3/
Nolse
fllter

- Event counter mode

;

Timer B3 interrupt

83N O

fe———

TB4IN O

Timer B4 interrupt

o}
[ O = Timer mode
O = Pulse width measuring mode
O ore] —o% O\’
Nolse | ;
E | fiter | o) 0 1 Timer B3
- Event counter mode
o)
L ¢ o] - Timer mode
10 = Pulse width measuring mode
*——o—
> Nolse o} | -
> —0 O Timer B4

I-(D—I-—

- Event counter mode

Nolse

5d

= Timer mode

Timer B5 interrupt

JxPulse width measuring mode
o} Timer B5

TB5IN O

fllter

- Event counter mode

;

Note 1: In M30623(80-pin package), do not use TB1iN as the event input, because it is not connected
to the external pin. And these pins have to do connection of unused pins (refer to Page 170).
Note 2: The TB5IN pin (P71) is shared with RxD2 and the TAOIN pin.

Figure 1.17.2. Timer B block diagram
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Timer A
Figure 1.17.3 shows the block diagram of timer A. Figures 1.17.4 to 1.17.6 show the timer A-related
registers.

Except in event counter mode, timers AQ through A4 all have the same function. Use the timer Ai mode
register (i = 0 to 4) bits 0 and 1 to choose the desired mode. But M30623(80-pin package), timer A1 and A2
have no I/O pin, so it operate as only internal timer.
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 over flow.

* One-shot timer mode: The timer stops counting when the count reaches “000016".

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

N Data bus high-order bits 5
Clock source 115
selection « Timer \Y Data bus low-order bits 5
l — o0 : IE‘}RFMShOt Low-order High-order
fsa —o \C ) 4 8 bits ¥ 8 bits
f32 —O s Timer Reload register (16 |
fci2——O (gate function) 7~ 7
= Event counter is
Polar_ity Counter (16) I
TAin selection Clock =election Up count/down count
{i =0to 4) Count start flag [ Always down count excepl]
in event counter mode

(Address 03801s8)
TAi Addresses TAj TAk

Down count Timer AD 038716 03861c  Timer A4 Timer A1

Timer A1 038916 03881 Timer AD Timer A2

TB2 overflow — O
EE‘;E‘:“ Up/down flag O Timer A2 038Bi  038Ais  Timer A1 Timer A3

TAj overflow . ! !
e . . - - Timer A3 038D1e 033C1e  Timer A2 Timer A4
(j=i-1. Note, however, that j = 4 when i = 0) (Address 03841s) Timer A4 038Fi 038w Timer A3 Timer AD

TAk overflow ~————0
(k =1+ 1. Note, however, thatk =0 wheni=4)

TAiouT Pulse output
(i=0tod)
(e . \l I Toggle flip-flop I

MNote 1: In M30623(80-pin package), do not select the function using TA1IN, TA10UT, or TAZIN, and TA20UT because
these are not connected to the external pin.
Note 2: The TAOIN pin (P71) is shared with the TBSIN pin, RxD2, and SCL pin.

Figure 1.17.3. Block diagram of timer A

Timer Ai mode register

- Symbol Address When reset
BT PO b b B3 bR b1 W TAIMR(i=0to 4) 039615 to 039A16 0018

‘ Voo Bit symbol Bit name Function R'W
1 " 1} 1} ] i 1

AR S R TMODO : TS T
A Operation mode select bit | 4 5 Timer mode 00
e 0 1 : Event counter mode 1

' H H H , ! H TMOD1 10 : One-shot timer mode |
. ' 11 : Pulse width modulation 00
R (PWM) mode 1
T T R — MRO ; ] ] ] 00
T A Function varies with each operation mode :
A Rl E MR1 [e]le]
R MR2 00
GLEGEEEEEEEEE MR3 00
ooty TCKO Count source select bit o0
LR TCKA1 (Function varies with each operation mode) 0.0

Figure 1.17.4. Timer A-related registers (1)
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Timer Ai register (Note)

- _ Symbol Address When reset
12 e w0 TAD 038716,038616  Indeterminate
TA1 038916,038816 Indeterminate
TAZ 035B15,038A18 Indeterminate
TA3 038D18,038C18 Indeterminate
TA4 038F16,038E18 Indeterminate
Function Values that can be set | RIW|
"""" = Timer mode 000016 to FFFF 16
Counts an internal count source 0:0
« Event counter mode 000016 to FFFF16
Counts pulses from an extemnal source or timer overflow 00
« One-shot timer mode 000016 to FFFF18
Counts a one shot width 0
= Pulse width modulation mode (16-bit PWM) 000016 to FFFE 18 % 0
Functions as a 16-bit pulse width modulator
« Pulse width modulation mode (8-bit PWM) 0016 to FE18
Timer low-order address functions as an 8-bit (Both high-order [ {0
prescaler and high-order address functions as an 8-bit and low-order
pulse width modulator addresses)
Note: Read and write data in 16-bit units.
Count start flag
b7 S b5 b4 b3 b2 bi b) Symbol Address When reset
| I I | I I I I I TABSR 038018 0018
Bit symbol Bit name Function

TADS Timer AO count start flag
TA1S Timer A1 count start flag
TA2S Timer A2 count start flag
TA3S Timer A3 count start flag
TA4S Timer A4 count start flag
TBOS Timer BO count start flag
TB1S Timer B1 count start flag
TB2S Timer B2 count start flag

0 : Stops counting
1 : Starts counting

O[ol0]Ol0]0]0]0 ]| =
ojojojojo[Oo]|OolOo]=

Up/down flag
57 b6 bS5 b4 b3 b2 b1 bD Symbol Address When reset
|II|||||| UDF 038418 0018
Bit symbol Bit name Function REW
TADUD  |Timer AQ up/down flag 0 : Down count 00
1 Up count ——
B TA1UD  |Timer A1 up/down flag 00
This specification becomes valid [T
TA2UD  [Timer A2 up/down fiag when the up/down fiag content is 22
TA3UD  |Timer A3 upidown fiag i:{?s%ed for upidown switching |t
TA4UD  |Timer A4 up/down flag DO
TA2P  |Timer A2 two-phase pulse | 0 : two-phase pulse signal
signal processing select bit processing disabled X0
(Note 1) 1 1 - two-phase pulse signal ;|
TASP ITimer A3 two-phase pulse processing enabled b O
[signal processing select bit
When not using the two-phase  |——|
TA4P ITimer A4 two-phase pulse | pulse signal processing function,
signal processing select bit | set the select bit to “0” 0

Mote 1: M30623(80-pin package) does not have /O pins for TA2, so set this

bit to “0".

Figure 1.17.5. Timer A-related registers (2)

RRENESAS

RenesasTechnology Corp.

85



Timer A

Mitsubishi microcomputers

M16C / 62T Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

One-shot start flag

Symbol Address When reset

| b7| b§ bS b4 b3 b2 bl b ONSF 038216 00X000002
' Bit symbol Bit name Function R:W
P s TA00S | Timer AO one-shot startflag | 1 - Timer start 00
: — TA105 | Timer A1 one-shot start flag When read, the value is 0" 00
E . . R TA208 | Timer A2 one-shot start flag 0.0
' : I ] TA30S | Timer A3 one-shot start flag o0
' ] TA408 | Timer A4 one-shot start flag o0

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

. TAOTGL | Timer AO event/trigger b7 b6 00
select bit 00 : Input on TAOm is selected (Note)
0 1:TB2 overflow is selected
........................ TAOTGH 1.0 : TA4 overflow is selected 00

11 : TA1 overflow is selected

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

Trigger select register

b7 bE bS5 b4 b3 b2 bl bO Symbol Address When reset
| | ‘ TRGSR 038315 0016
t 111 [ Bitsymbol Bit name Function RW
oo Timer A1 event/trigger bi
oor oo TATTGL select bit % 00 : Input on TATIN is selected (Note 1, 2)]O: O
Voo 01 :TB2 overflow is selected
I TAITGH 10 : TAO overflow is selected
11 : TA2 overflow is selected 00

Timer A2 event/trigger
________ TA2TGL
select bit

 Input on TA2in is selected (Note 1,2)[O O
- TB2 overflow is selected
- TA1 overflow is selected
- TA3 overflow is selected

........... TA2TGH 0.0

H ' .............. TA3ITGL Timer A3 event/trigger

select bit “Input on TA3IN is selected (Note 1) [O-O

- TB2 overflow is selected
- TA2 overflow is selected 00
- TA4 overflow is selected

TA3TGH

..................... Ta4aTGL | Timer A4 event/trigger

select bit - Input on TA4IM is selected (Note 1) |O:O

- TB2 overflow is selected
- TA3 overflow is selected 0.0
- TAO overflow is selected

________________________ TA4TGH

i =E=F1 =N =T
—_ 0 = c)s N Y C)E N e Y g = [ ey C)S

B =Y =1

Note 1: Set the corresponding port direction register to “0".
Note 2: In M30623(80-pin package), do not select the function using TA1in and
TAZ2IN, because these are not connected to the external pin.

Clock prescaler reset flag

L_MM CPSRF 038115 OXOOOKK2

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

t 1 [ Bit symbol Bit name Function RW

Nothing is assigned.
--t--x.| Inan attempt to write to these bits, write “0". The value, if read, turns out to be -
indeterminate.

[ ——
|
| SR —

CPSR Clock prescaler reset flag ? E%gg:gr is reset o

(When read, the value is “0")

Figure 1.17.6. Timer A-related registers (3)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.17.1.) Figure 1.17.7
shows the timer Ai mode register in timer mode.

Table 1.17.1. Specifications of timer mode

Item Specification
Count source f1, fs, f32, fca2
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 1/O port or gate input
TAIoUT 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 1: M30623(80-pin package) does not have /O pins(TAiIN, TAiouT) for timer A1 and A2.

Timer Ai mode register

of &5 b5 b4 B3 b2 of B0 Symbol Address When reset
| | | 0| | | | o| o| TAIMR(i=0 to 4) 03961610 039A16 0016
bbb [ Bitsymbol Bit name Function RIW
v 4 TMODO | Operation mode b1o0 [°Xe]
[ L TMODA select bit 0 0 : Timer mode o0
oo MRO Pulse output function 0 : Pulse is not output
U 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 Gate function select bit bagd _ ) )
. (Note 4) 0 X (Note 2): Gate function not available 5o

(TAin pin is a normal port pin)
1 0 : Timer counts only when TAin pin is
MR2 held “L" (Note 3)
) tmmmmmmeemeean 11 : Timer counts only when TAiN pinis |O'O
held “H” (Note 3)

L GGEEEE Lt MR3 0 (Must always be fixed to *0” in timer mode) 0.0
I ! b7 b6
s TCKO Count source select bit 001 oo
: 01:fs
....................... TCK1 10:f32

11:fcaz o0

Mote 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”.

MNote 4: In timer A1 and A2 mode register of M30623(80-pin package), set these
bits to “0".

Figure 1.17.7. 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 A1 can
count a single-phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase
external signal. Table 1.17.2 lists timer specifications when counting a single-phase external signal.
Figure 1.17.8 shows the timer Ai mode register in event counter mode.
Table 1.17.3 lists timer specifications when counting a two-phase external signal. Figure 1.17.9 shows

the timer Ai mode register in event counter mode.

Table 1.17.2. Timer specifications in event counter mode (when not processing two-phase pulse signal)

ltem

Specification

Count source

External signals input to TAIIN pin (effective edge can be selected by software)
* TB2 overflow, TAj overflow

Count operation

* Up count or down count can be selected by external signal or software
* When the timer overflows or underflows, it reloads the reload register con
tents before continuing counting (Note)

Divide ratio

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

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

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

The timer overflows or underflows

TAIIN pin function

Programmable 1/O port or count source input

TAiouT pin function

Programmable 1/O port, pulse output, or up/down count select input

Read from timer

Count value can be read out by reading timer Ai register

Write to timer

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

Select function

* 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 1: This does not apply when the free-run function is selected.
Note 2: M30623(80-pin package) does not have /O pins(TAIIN, TAioUT) for timer A1 and A2.

bS b4 b3 b2

Timer Ai mode register

b7 bé b
LLfel [ 11

— Symbol Address When reset
0| 1 | TAIMR(i = 0, 1) 039618, 039718 0018
Bit symbol Bit name Function RV
TMODO Operation mode select bit | == 0.0
TMODA 0 1 : Event counter mode (Note 1) 0.0
MRO Pulse output function 0 Pulse is not output o
select bit (Note 5) (TAOUT pin is a normal port pin) oo
1 : Pulse is output (Mote 2)
(TAQUT pin is a pulse output pin)
MR1 Count polarity 0 : Counts external si ! i
o | : ignal's falling edge
select bit (Note 3,Note 5) | 4 - Counts external signal's rising edge 0.0
______ MR2 Up/down switching cause | 0 : Up/down flag's content o0
select bit (Note 5) 1 : TAIQUT pin's input signal (Note 4)
MR3 0 (Must always be fixed to “0” in event counter mode) 0.0
______ TCKD Count operation type 0 : Reload type 00l
select bit 1 : Free-run type
______ TCK1 Invalid in event counter mode
Can be “0" or “1” 00
Mote 1: In event counter mode, the count source is selected by the event / trigger select bit

(addresses 038216 and 038318).

The settings of the corresponding port register and port direction register are invalid.
Valid only when counting an external signal.

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".

In Timer A1 and A2 mode register of M30623(80-pin package), set these bits to “0”.

Note 2:
Note 3:
Note 4:

Note 5:

Figure 1.17.8. Timer Ai mode register in event counter mode
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Table 1.17.3. 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
TAIoUT pin function Two-phase pulse input
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 * Normal processing operation
The timer counts up rising edges or counts down falling edges on the TAIIN
pin when input signal on the TAiouT pin is “H”

TAiouT J |_
TAIIN _+ 4 4 * * L

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

* Multiply-by-4 processing operation
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 TAIoOUT pin is “H”, the timer
counts down rising and falling edges on the TAioUT and TAIIN pins.

TAioUT \_Ju*—f !—**V—*L

Count upgll edges Count down all edges
TAIIN
s FY AV iy
- S A >y
v '
Count up all edges Count down all edges

Note 1: This does not apply when the free-run function is selected.
Note 2: M30623(80-pin package) does not have |/O pins(TAiIN, TAiouT) for timer A1 and A2.
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Timer Ai mode register
(When not using two-phase pulse signal processing)

Symbol Address When reset

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

o te s b BB TAMR(=2t04) 039815t0039A1 0016
LI fof [ ] fof1]
P11+ 1| Bit symbol Bit name Function RIW
poit 1 =1 TMODO | operation mode select bit | % 00
P11 L] TMODI 0 1 : Event counter mode 00
i i E MRO Pulse output function 0 : Pulse is not output '
A select bit (Note 5) (TAiouT pin is a normal port pin) 00

o] MR1 Count polarity select bit 0 - Counts external signal's falling edges |~ 5
(Note 2,Note 5) |1 : Counts external signal's rising edges

0:

1:

o] MR2 Up/down switching cause Up/down flag's content

' select bit (Note 5) TAiouT pin's input signal (Note 3)
B RREEEEEEEEE MR3 0 : (Must always be “0” in event counter mode) e]fe]
____________________ TCKO Count operation type 0 : Reload type o o
select bit 1: Free-run type !
i TCK1 Two-phase pulse signal 0 Normal - . '
: - - : processing operation !
““““““““““““ processing operation 1 - Multiply-by-4 processing operation 0.0

select bit (Note 4)

Note 1: The settings of the corresponding port register and port direction register are invalid.
Note 2: This bit is valid when only counting an external signal.
Note 3: Set the corresponding port direction register to “0”.
Note 4: This bit is valid for the timer A3 mode register.
For timer A2 and A4 mode registers, this bit can be “0 "or “1".
Note 5: Set these bits to “0”, in timer A2 mode register of M30623(80-pin package).

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

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
|||0|1|0|0|0|1| TAIMR(i=2to 4) 0359816 to 039A1s 0018

¢ 0| Bit symbol Bit name Function RW

P14 o141 TMODO [ Operation mode select bit |®'%° 0,0

A TMOD1 0 1: Event counter mode 00

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

P processing) 5

N MR1 0 (Must always be “0” when using two-phase pulse signal 050

i i i i processing) i

R MR2 1 (Must always be “1” when using two-phase pulse signal o0

N processing)

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

- processing)

R TCKO Count operation type 0 : Reload type OEO

: select bit 1 : Free-run type !

' Two-phase pulse ) ) |

e LR EE LT PP TR TCK1 processing operation 0 - Normal processing operation 00
select bit (Note 1)(Note 2) 1 - Multiply-by-4 processing operation !

Note 1: This bit is valid for timer A3 mode register.
For timer A2 and A4 mode registers, this bit can be “0" or “1".

Note 2: When performing two-phase pulse signal processing, make sure the two-phase pulse
signal processing operation select bit (address 03841s) is set to “1". Also, always be
sure to set the event/trigger select bit (addresses 038215 and 038316) to “00".

Note 3: In M30623(80-pin package), do not use timer A2 for the two-phase pulse signal processing.

Figure 1.17.9. 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 1.17.4.) When a trigger occurs, the timer starts up
and continues operating for a given period. Figure 1.17.10 shows the timer Ai mode register in one-shot
timer mode.

Table1.17.4. Timer specifications in one-shot timer mode

Item Specification
Count source f1, fs, f32, fca2
Count operation * The timer counts down

* When the count reaches 000016, the timer stops counting after reloading a new count

+ If a trigger occurs when counting, the timer reloads a new count and restarts counting
Divide ratio 1/n  n: Setvalue

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 1/O port or trigger input

TAIoUT pin function Programmable 1/O port or pulse output

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

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

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

(Transferred to counter at next reload time)
Note 1: M30623(80-pin package) does not have /O pins(TAiIN, TAiouT) for timer A1 and A2.

Timer Ai mode register

b7 B8 bS b4 B3 b2 bl b0 Symbol Address When reset
[ ] [o] [ | [1[o] TAmMRo=0t04) 03%616t10039a16 0016
o i+ 1 [ Bitsymbol Bit name Function RW
Porop b b1+ TMODO | operation mode select bit 4 oneshot i p oco
Pl L oy - One-shot timer mode 00
I MRO Pulse output function 0 : Pulse is not output
[ select bit (Note 4) (TAiouT pin is @ normal port pin) oo
oo 1 : Pulse is output (Note 1)
oo (TAiouT pin is a pulse output pin)
E _ _ _ _ MRA1 External trigger select 0 : Falling edge of TAin pin's input signal (Note 3)
o p tmmmmmemmeed bit (Note 2) (Note 4) 1 : Rising edge of TAim pin's input signal (Note 3) ©o
: MR2 Trigger select bit 0 : One-shot start flag is valid
: [ 1: Selected by eventftrigger select [ele}
. register
O MR3 0 (Must always be “0” in one-shot timer mode) 0.0
e TCKO | count source select bit BB - e}{e}
: 01:7
LR, TCK1 10:f32 00
11:fca

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

(addresses 038216 and 03831s). 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 register of M30623(80-pin package).

Figure 1.17.10. Timer Ai mode register in one-shot timer mode
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(4) Pulse width modulation (PWM) mode

In this mode, the timer outputs pulses of a given width in succession. (See Table 1.17.5.) In this mode, the
counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure

1.17.11 shows the timer Ai mode register in pulse width modulation mode. Figure 1.17.12 shows the
example of how a 16-bit pulse width modulator operates. Figure 1.17.13 shows the example of how an 8-

bit pulse width modulator operates.

Table 1.17.5. Timer specifications in pulse width modulation mode

ltem Specification
Count source f1, fs, f32, fcaz
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

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

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

« Cycletime  (2'0-1)/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)% (m+1) /fi m : values set to timer Ai register’s low-order address
Count start condition » External trigger is input

register and counter
* When counting in progress

(Transferred to counter at next reload time)

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

Interrupt request generationtiming | 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

When a value is written to timer Ai register, it is written to only reload register

Note 1: M30623(80-pin package) does not have I/0 pins(TAiIN, TAiouT) for timer A1 and A2.

Timer Ai mode register

b7 b6 bS b4 b3 bZ bl bD

Symbol Address When reset
[ [1]]1] TAMR(i=0 10 4) 039616 t0 039A16 0016
R T symbol Bit name Function RIW
TMODO  |Operation mode o1e0 oo
TMOD1 select bit 11: PWM mode o0
e MRO 1 (Must always be “17 in PWM mode) (Note 3) 0.0
: MR External trigger select | o Fajiing edge of TAln pin's Input signal (Note 2) 00
R R R bit (Note 1) (Note 3) 1: Rising edge of TAln pin's Input signal (Note 2)
______________ MR2 Trigger select bit 0: Count start flag is valid 00
1: Selected by event/trigger select register
o MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator |51
select bit 1: Functlons as an 8-bit pulse width modulator
" b7 b&
(AR TCKO Count source selectbit [p0 - 00
: 01:f3
: 10:f32
"""""""""""" TCK1 1 1 fcaz 0 O

Note 2: Set the corresponding port direction register to “0".

Note 1: Valid only when the TAin 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 these bits to “07, in timer A1 and A2 mode register of M30623(80-pin package).

Figure 1.17.11. 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/fX (2% -1)

. e
Count source L ]
- II.I

TAIIN pin i + | +‘__: _____________
input signal oL "

L 1/fiXn

PWM pulse output H’ |
from TAIOUT pin oL - ___ —
Timer Ai interrupt 1"
request bit ‘0"
fi - Frequency of count source \ /l

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

MNote 1: M30623(80-pin package) does not have /O pins(TAIIN, TAIOUT) for timer A1 and A2.
Note 2: n = 000016 to FFFE16.

Figure 1.17.12. 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)

Count source (Note1)

%
1

TAIIN pin input signal  "H”
(Note 3) «~ }

'y
=

El
+

a

Underflow signal of ~ “H’ f ——t ——t —— —— ——— — — — — — :
shipescartoe - | | 1 I L 1T o

1/fX(m+1)Xn 5
- |
PWM pulse output H |_| I
from TAiOUT pin(Note 3)- - ____ —I_I_
Timer Ai interrupt al
request bit “0° I_l_ _______ —I_

fi - Frequency of count source

(1 fs, f22, fC32) Cleared to “0" when interrupt request is accepted, or cleaerd by software

MNote 1: The 8-bit prescaler counts the count source.

MNote 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.

Mote 3. M30623(80-pin package) does not have no I/O pins(TAIIN, TAIOUT) for timer A1 and AZ2.
MNote 4: m = 0016 to FE16; n = 0016 to FE16.

Figure 1.17.13. Example of how an 8-bit pulse width modulator operates

RENESAS 93

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62T Group

Timer B SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timer B
Figure 1.17.14 shows the block diagram of timer B. Figures 1.17.15 and 1.17.16 show the timer B-related
registers.

Use the timer Bi mode register (i = 0 to 2) bits 0 and 1 to choose the desired mode.

Timer B has three operation modes listed as follows:

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

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

*» Pulse period/pulse width measuring mode: The timer measures an extemal signal's pulse period or pulse width.
But, M30623(80-pin package), timer B1 has no input pin, so funcs as the internal timer.

g Data bus high-order bits {

. US |ow-order or
Clock source selection

ULDW—DFUEI’ 8 bits U High-order & bits
f— o - Timer -
fa o « Pulse period/pulse width measurement 'Reload register (16) ~ |
O
2 —o i
fC32—O « Event counter Counter (16) |
A
TBiin Polarity switching TierBIBU 039112“633315 TimT§]B2
(i=0to5) O |and edge pulse (address 03801s) Timer B1 039316 039216 Timer BO
Timer B2 03951 03944 Timer B1
Timer B3 035118 035018 Timer BS

Timer B4 035318 03521 Timer B3

Can be selected in only TimerB5 035518 035416 Timer B4

event counter mode

TBjoverflow ———O  Note 1: In M30623(80-pin package), do not select the function using TB1IN,

Q= 5_"1'1' No.lf'nhoweve“ because it is not connected to the external pin.
1= 5wheni-3) Note 2: The TB5IN pin is shared with the TAQIN pin, RxD2, and SCL pin.

Figure 1.17.14. Block diagram of timer B

Timer Bi mode register

Symbol Address When reset
OF D6 b b4 b3 b2 b1 bD TBIMR(i=0to 5) 039B16t0 039D16  00XX00002
| \ | | | | \ | \ 035B16 to 035D16  00XX00002

AN v [ Bit symbol Bit name Function R W
Poro bt o TMODO | operation mode select bit 6‘ 50: Timer mode O ' 0
R 0 1 : Event counter mode
A TMOD1 10 : Pulse period/pulse width ;
N measurement mode (Note 3)| © @ O
I R 11 : Inhibited !
S R S S MRO Function varies with each operation mode o 0
00 i tmmmessamend MR1 o) o)
Pl MR2 o O
I (Note I'J' ______
b X
. , Mote 2) |

bl e MR3 o | X
P tTmmmmmmmmmmnnnneees TCKO Count source select bit o} (o]
e ] TCKA (Function varies with each operation mode) o) o

Note 1: Timer BO, timer B3.

Note 2: Timer B1, timer B2, timer B4, timer BS.

Note 3: In the timer B1 mode register of M30623(80-pin package), do not use this mode,
because timer B1 has no input pin.

Figure 1.17.15. Timer B-related registers (1)
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Timer Bi register (Note) Symbaol Address When reset
TBO 039118, 039016  Indeterminate
(615) (02) TB1 039318, 039216  Indeterminate
7 0T o0 TB2 039516, 039416  Indeterminate
TB3 035118, 035016  Indeterminate
t TB4 035316, 035216  Indeterminate
' TBS 035516, 035416  Indeterminate
: Function Values that can be set | R\
===1 » Timer mode 000016 to FFFF15 |
Counts the timer's period
» Event counter mode 000016 to FFFF16
Counts external pulses input or a timer overflow oo
(Note 2)

* Pulse period / pulse width measurement mode

Measures a pulse period or width (Note 3) O X

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

Mote 2: In the timer B1 of M30623(80-pin package), do not select the external pulses input
as count source, because timer B1 has no input pin.

Mote 3: In the timer B1 of M30623(80-pin package), this mode does not function, because
timer B1 has no input pin.

Count start flag
LT b6 b5 b4 b3 b2 b1 BO Symbol Address When reset

TABSR 038018 0016
: Bit symbol Bit name Function RW
: TAODS Timer AO count start flag 0 - Stops counting 00
H TA1S Timer A1 count start flag 1 Starts counting 0.0
: TA2S Timer A2 count start flag 00
: TA3S Timer A3 count start flag 00
: TA4S Timer A4 count start flag 00
: TBOS Timer BO count start flag 00
' TB1S Timer B1 count start flag 0.0
[ TB2S Timer B2 count start flag 0.0
Timer B3, 4, 5 count start flag
LT b5 b5 b4 b3 B2 b1 O Symbol Address When reset

TBSR 034018 0016
Bit symbol Bit name Function RW
P Nothing is assigned.
o In an attempt to write to these bits, write “0”. The value, if read, turns | — —
out to be “0”.
E L ELEEEEEEEEEEEEEY TB3S Timer B3 count start flag 0 : Stops cnunti_ng lolle]
b TB4S | Timer B4 count start flag 1 Starts counting 00
R TB5S Timer B5 count start flag 0.0
Clock prescaler reset flag
b7 BB b5 b4 b3 b2 b1 bO Symbol Address When reset

CPSRF 038118 DOOOOO02

Bit symbol | Bit name | Function RIW|

[

,..-.-.-.-.
[ —

Mothing is assigned. |
{ In an attempt to write to these bits, write “0". The value, if read, turns |~
out to be “0".

CPSR | Clock prescaler reset flag {1) E?ezjglgr < reset o

(When read, the value is “0")

O

Figure 1.17.16. Timer B-related registers (2)
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Timer B
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(1) Timer mode

In this mode, the timer counts an internally generated count source. (See Table 1.17.6.) Figure 1.17.17
shows the timer Bi mode register in timer mode.

Table 1.17.6. 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

TBIiIN pin function

Programmable 1/O port

Read from timer

Count value is read out by reading timer Bi register

Write to timer

* When counting stopped

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

When a value is written to timer Bi register, it is written to only reload register

(Transferred to counter at next reload time)

Note 1: M30623(80-pin package) does not have the input pin(TB1IN) of timer B1.

Timer Bi mode register
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset

| | | | | | | 0 | 0 | TBIMR(i=0to 5) 039B16 to 039D16 00XX00002
B I I I I Bl B 035B16to 035D16  00XX00002
A A T symbol Bit name Function R I W
R T S R TR RS TMODO . o | st60 O 0O
P Operation mode select bit 00 - Timer mode |
I T S T R i TMOD1 o . 0
A MRO Invalid in timer mode O 0
T N . MR Can be “0" or “1” O 0
oo MR2 0 (Fixed to “0" in timer mode ; i=0, 3) {Ng?e 1j| o
AR LEYEEEEYYEEERE 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 Not 2.:
R to be indeterminate. (Note 2}
I MR3 Invalid in timer mode. |
e SGRGEEEEEEEE In an attempt to write to this bit, write “0”. The value, if read in o X
v timer mode, turns out to be indeterminate. '
P Count source select bit N |
I LLII et TeKO 00 fi o0
; 01:fs :
I TCK1 10:fa2 |

11 :fc3z2 o i o
Note 1: Timer BO, timer B3.
Note 2: Timer B1, timer B2, timer B4, timer B5.

Figure 1.17.17. Timer Bi mode register in timer mode
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(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.17.7.)
Figure 1.17.18 shows the timer Bi mode register in event counter mode.

Table 1.17.7. Timer specifications in event counter mode

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

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

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

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

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

Interrupt request generation timing | The timer underflows

TBiIN pin function Count source input

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

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

(Transferred to counter at next reload time)
Note 1: M30623(80-pin package) does not have the input pin(TB1IN) of timer B1.

Timer Bi mode register

b7 b5 b5 b4 b3 b2 bl b0 Symbol Address When reset
| I | | I | | OI 1 | TBIMR(I=0to 5) 039B1sto 039D1s 00XX00002
035B1s to 035D1s 00XX00002
- Cor b Bt symbol Bit name Function R W
N v+ =1 TMODO Operatlon mode select bit 0 1 Event counter mode © .0
I i1 =---1 TMOD1 : o o
HE I sab2
Voo Potmeoaoao] MRO gﬁ'\:‘gﬁgalﬁr“y select 0 0 : Counts external signal's (o] o
Do : falling edges
[ ' 0 1: Counts external signal's
I MR1 rising edges oo
T T T VO 10 : Counts external signal's
A falling and rising edges
' 11 Inhlblted
i : MR2 0 (Flxed to “0” In event counter mode; | = 0, 3) Ng 2
P T [ Nothing Is asslgned (1I=1,2,4,5. | 7 ]
b In an attempt to write to this bit, write “0”. The value, If read, X X
' turns out to be Indeterminate. (Mote 3)
b MR3 Invalld In event counter mode.
e In an attempt to write to this bit, write “0". The value, If read In o x
event counter mode, turns out to be Indeterminate.
____________________ TCKO Invalld In event counter mode. o o
Can be “0” or “1”.
' TCKA1 Event clock select 0 Input from TBlin pin (Note 4)
EEREEEEEEEEEEEEEEEEREEEE 1: TBJ overflow o' 0
(1=i—1; however,j=2wheni=0,
j=5wheni=3)

Note 1: Valld only when Input from the TBlin pin Is selected as the event clock.
If timer's overflow Is selected, thls blt can be “0"
In timer B1 mode reglster of M30623(80-pin package} this bit Is Invalld.
MNote 2: Timer B0, timer B3.
MNote 3: Timer B1, timer B2, timer B4, timer B5.
Note 4: Set the corresponding port directlon reglster to “0”.
In M30623(80-pin package), do not use the Input from TB1iv pin as event clock,
because there Is no TB1in pin.

Figure 1.17.18. Timer Bi mode register in event counter mode
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(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 1.17.8.)
M30623(80-pin package), timer B1 has no input pin, so can not use this function.
Figure 1.17.19 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure
1.17.20 shows the operation timing when measuring a pulse period. Figure 1.17.21 shows the operation

timing when measuring a pulse width

Table 1.17.8. Timer specifications in pulse period/pulse width measurement mode

ltem

Specification

Count source

f1, f8, 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”. The timer Bi overflow flag changes to “0” when the count
start flag is “1” and a value is written to the timer Bi mode register.)

TBIiIN 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

Note 2: The value read out from the timer Bi register is indeterminate until the second effective edge is input after the timer.

not generated when the first effective edge is input after the timer has started counting.

Timer Bi mode register

b7 b b5 b4 b3 b2 bl B0 Symbol Address When reset
| I I I I I I 1 I 0 | TBIMR(I=0to 5) 039B1sto 039D1s  00XX00002
035B1st0 035018  00XX0000z
. . . . ' E E E Bit symbol Bit name Function R W
bbb bbb b TMODO ere o 0
P Pl operatien mode 10 - Pulse perlod / pulse width
P i t---d  TMODf1 measurement mode o] [e]
oo MRO e
Do R s ementmode | o o - pyise period measurement (Interval between
- measurement pulse’s falling edge to falling edge) | © o
Vo 0 1 : Pulse perlod measurement (Interval between
P measurement pulse’s rising edge to rising edge)
oo MR1 10 : Pulse width measurement (Interval between
[ S — measurement pulse's falling edge to rising edge, o o
- and between rising edge to falling edge)
11 Inhiblted
i . - 0 (Flxed to “0” In pulse perlod/pulse width measurement mode; | = 0, 3)
Lo MR2 (Mate 2)
. Nothing Is assigned (1= 1, 2, 4, 5). % | ox
In an attempt to wrlte to this blt, write “0”. The value, If read, turns out to be (Note 2]
v Indeterminate. o
[ MR3 Timer Bl overflow 0 : Timer did not overflow o x
. flag ( Note 1) 1: Timer has overflowed
b eeammce e m e TCKO Count source 030 £ O (o]
! select bit 01-fe
i 10:fa2
R TCK1 11 fcaz ° ©

Note 1: The timer Bl overflow flag changes to “0" when the count start flag Is “1” and a value Is written to the
timer Bl mode register. This flag cannot be set to “17 by software.

Note 2: Timer BO, timer B3.

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

Figure 1.17.19. Timer Bi mode register in pulse period/pulse width measurement mode
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When measuring measurement pulse time interval from falling edge to falling edge

Count source |||||| |||||||| |||||||||||||||||||||||||||

Measurement pulse

Transfer Transfer
/' (indeterminate value) (measured value)

thete ) thote A tote )

Reload register+ counter
transfer timing

Timing at which counter
reaches “000016”

Count start fla |
g ::Ou

[1 .. [l

Timer Bi interrupt o

request bit sQr | |__- 4|
el

Timer Bi overflow flag o |

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

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

Figure 1.17.20. Operation timing when measuring a pulse period

Count source ||||||| ||||||| ||||||| |||||||-|||||||||||

Measurement pulse

1 Transfer Transfer Transfer Transfer
(lndetermlnate (measured value) / measure/ (measured value)
value) value) 1

Reload register + counter
transfer timing

(Note 1) (Note 1) (Note 1I) (Note- 1) (Note 2)
% /! S a
1 1 [ — —

Timing at which counter
reaches “000018"

Count start fla ! i
g “q | ! |

Timer Bi interrupt “1" i

request bit agy | | | u |_ - _l

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

Timer Bi overflow flag ..1.. |

“q --

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

Figure 1.17.21. Operation timing when measuring a pulse width
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Timers’ functions for three-phase motor control

Use of more than one built-in timer A and timer B provides the means of outputting three-phase motor

driving waveforms.

In M30623(80-pin package), the pins V, V, W, and W for three-phase motor control have no corresponding

external pin. So, do not use this function.
Figures 1.18.1 to 1.18.3 show registers related to timers for three-phase motor control.

Three-phase PWM control register 0

b7 b6 b5 b4 b3 b2 bi b0

Note 1:
Note 2:

Note 3:

Note 4:

| | | | Symbol Address When reset
. INVCO 034818 0018
I : Bit symbol Bit name Description R W

Effective interrupt output | 0: A timer B2 interrupt occurs when the timer
INVOO polarity select bit A1 reload control signal is “17.
(Noted) - A timer B2 interrupt occurs when the timer |©1 O
A1 reload control signal is “0”.

Effective only in three-phase mode 1

-

Effective interrupt output | 0: Not specified.

Cod i | invor | specification bit 1: Selected by the effective interrupt output [ !
; (Noted) polarity selection bit.
v ; Effective only in three-phase mode 1
Pl Mode select bit 0: Normal mode
Pl INVOZ | iNote 2) 1: Three-phase PWIM output mode G 0
. Qutput control 0: Output disabled
e INVO3 | it 1: Output enabled o ©
Pl Positive and negative | 0: Feature disabled
L e INVO4 phases concurrent L 1: Feature enabled o o
: output disable function
: enable bit
: Positive and negative | 0: Not detected yet o o
----------------- INVO3 phases concurrent L 1: Already detected Mo 1
output detect flag (Note 1)
I INVOS Modulation mode select |0: Triangular wave modulation mode o o
bit (Note 3) 1. Sawtooth wave modulation mode
“sssasesesceecoed O INVOT | Software trigger bit 1: Trigger generated o o

The value, when read, is “0".

No value other than “0” can be written. B

Selecting three-phase PWM output mode causes P8o, P81, and P72 through P75 to output U, U, v, V, W, and W, and works the
timer for setting short circuit prevention time, the U, V, W phase output control circuits, and the circuit for setting timer B2 interrupt
frequency.

In triangular wave modulation mode:

The short circuit prevention timer starts in synchronization with the falling edge of timer Ai output.

The data transfer from the three-phase buffer register to the three-phase output shift register is made only once in synchronization
with the transfer trigger signal after writing to the three-phase output buffer register.

In sawtooth wave modulation mode:

The short circuit prevention timer starts in synchronization with the falling edge of timer A output and with the transfer trigger signal.
The data transfer from the three-phase output buffer register to the three-phase output shift register is made with respect to every
transfer trigger.

To write “17 both to bit 0 (INV0O0) and bit 1 (INVO1) of the three-phase PWM control register, set in advance the content of the timer
B2 interrupt occurrences frequency set counter.

Three-phase PWM control register 1
b7 b6 b5 b4 b3 b2 bi bl

Symbol Address When reset
0 N | | | INVCA 034916 0016
{1 1 1| Bit symbol Bit name Description R W
oo Timer Al start trigger 0: Timer B2 overflow signal
HE A INV10 : : 1: Timer B2 overflow signal,
N signal select bit signal for writing to timer B2 0:0
borot] Nviq | Timerat1-1,A2-1, A4 | 0 Three-phase mode 0
b control bit 1: Three-phase mode 1 00
bl vz | short circuit imer count | 0 Not to be used olo
source select bit 1:f1/2
i |'noting s assigned.
In an attempt to write to this bit, write “0". The value, if read, tumns out to be “0". -
—— Reserved bit Always set to “0” oo
_______________________ Noting is assigned.
In an attempt to write to these bits, write “0”. The value, if read, tums out to be “0". —

Note 1: To use three-phase PWM output mode, write “17 to INV12.

Figure1.18.1. Registers related to timers for three-phase motor control
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Three-phase output buffer register O
b7 b6 b5 b4 b3 b2 bi bl

Symbol Address When reset

NAN L LT IDBO 034A18 0018

E : : : : : : Bit Symbol Bit name Function RIW
L] Duo U phase output buffer 0 | Setting in U phase output buffer 0 O O
— DUBO U phase output buffer 0 | Setting in U phase output buffer 0 O @]
I DVO V phase output buffer 0 | Setting in V phase output buffer 0 00
CRN— DVBO V phase output buffer 0 | Setting in V phase output buffer 0 O (@]
SR DWO W phase output buffer 0 | Setting in W phase output buffer 0 00
L ----------------- DWBO0 W phase output buffer 0 | Setting in W phase output buffer 0 O (@]
E" ‘i' """""""""" mo;l:]il';%t;srﬂa;stig I:\?rtijté to these bits, write “0". The value, if read, turns out to be “0". —i—

register is read out.

Three-phase output buffer register 1
b7 b6 b5 b4 b3 b2 b1 bl

Note: When executing read instruction of this register, the contents of three-phase shift

Symbol Address When reset
|><|><| | | | ‘ | | IDB1 034B1s 0018
toio1 i1 i 1| Bitsymool Bit name Function RIW
I DU1 U phase output buffer 1 | Setting in U phase output buffer 1 0.0
E ' ' ' ' I DUB1 U phase output buffer 1 | Setting in U phase output buffer 1 @] @]
........ Dv1 V phase output buffer 1 Setting in V phase output buffer 1 O O
R S DVB1 V phase output buffer 1 | Setting in V phase output buffer 1 00
SR Dw1 W phase output buffer 1 | Setting in W phase output buffer 1 00
S DWE1 W phase output buffer 1 | Setting in W phase output buffer 1 0:0
E E Nothing is assigned. i
bmbommmmmm s ey In an attempt to write to these bits, write “0". The value, if read, turns out to be “0". '
Note: When executing read instruction of this register, the contents of three-phase shift
register is read out.
Dead time timer
bt = Symbol Address When reset
DTT 034C1s Indeterminate
Function Values that can be set | R w
b Set dead time timer 110 255 ! ®)
Timer B2 interrupt occurrences frequency set counter
= = Symbol Address When reset
. ICTB2 034D1s Indeterminate
; Function Values thatcanbe set | R ' W
LR Set occurrence frequency of timer B2 1t015 o o)
interrupt request

Note1: In setting 1 to bit 1 (INV01) - the effective interrupt output specificatio

Note2: Do not write at the timing of an overflow occurrence in timer B2.

phase PWM control register 0, do not change the B2 interrupt occurrences frequency
set counter to deal with the timer function for three-phase motor control.

n bit - of three-

Figure 1.18.2. Registers related to timers for three-phase motor control
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Timer Ai reglster {NOte) Symbol Address When reset
(b15) ®8) 7 b0 TA1 038916,038816  Indeterminate
| TAZ2 038B16,038A18 Indeterminate
| TA4 038F16,038E15 Indeterminate
! TB2 039516,039416 Indeterminate
E Function Values that can be set |R/W
i + Timer mode 000016 to FFFF18
Counts an internal count source 00
+ One-shot timer mode 000016 to FFFF18 x'0
Counts a one shot width
Note: Read and write data in 16-bit units.
Timer Ai-1 register (Note)
(b15) (b8) Symbol Address When reset
b7 b0 b7 b0 TA11 034315,034216  Indeterminate
| TA21 034516,034416 Indeterminate
! TA41 034716,034616  Indeterminate
E Function Values that can be set |RIW
===="1 Counts an internal count source 000016 to FFFF16 |00
Note: Read and write data in 16-bit units.
Trigger select register
b7 b6 b5 b4 b3 b2 bl pp
Symbol Address When reset
| | | | | | | | | TRGSR 038316 0018
A ; : Bit symbol Bit name Function R'W
- ; - b1 bD !
: E E : E E i b-- TATTGL TITe; :1 eventitrigger 00 - Input on TATinis selected (Note)  [O'O
- R selectbi 0 1: TB2 overflow is selected -
Voo oo b TAITGH 10 : TAD overflow is selected O: o
A 11: TA2 overflow is selected
: E E : E E __________ Timer A2 eventitrigger | 5352
I R A TAzTeL select bit % 0 0 : Input on TA2in is selected (Note) 0.0
E E i : E 0 1: TB2 overflow is selected
F R TA2TGH 10:TA1 overflow is selected 0.0
oo 11 : TA3 overflow is selected !
oo TA3TGL Timer A3 event/trigger | 584 :
i a1 temmeemmmmseeesee select bit 99 00 : Input on TA3mu is selected (Note) OEO
o 0 1: TB2 overflow is selected ;
I TA3TGH 10 : TAZ overflow is selected 00
E ' 11: TA4 overflow is selected |
E E i i b7 b5 E
e TA4TGL TITe; ':‘: eventitrigger 0 0 : Input on TAdin is selected (Note) |O:O
: select bi 0 1: TB2 overflow is selected
L, TAATGH 10 : TA3 overflow is selected 0.0
11 : TAD overflow is selected 1
Note: Set the corresponding port direction register to “0”.
Count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | TABSR 038018 0018
E : i E E i E E Bit symbol Bit name Function RwW
i : i i i i i - TADS Timer AD count start flag 0 - Stops counting 00
e TA1S Timer A1 count start flag 1: Starts counting 00
i : i i i [— TA2S Timer A2 count start flag OEO
E : i E (R TA3S Timer A3 count start flag (o] o]
S SO TA4S | Timer A4 count start flag 0.0
S SCOEEEEEEEE TBOS Timer BO count start flag 0.0
SR EEELEEE TB1S Timer B1 count start flag (ojle]
R — TB2S Timer B2 count start flag 0.0

Figure 1.18.3. Registers related to timers for three-phase motor control
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Three-phase motor driving waveform output mode (three-phase waveform mode)
Setting “1” in the mode select bit (bit 2 at 034816) shown in Figure 1.18.1 - causes three-phase waveform
mode that uses four timers A1, A2, A4, and B2 to be selected. As shown in Figure 1.18.4, set timers A1,
A2, and A4 in one-shot timer mode, set the trigger in timer B2, and set timer B2 in timer mode using the
respective timer mode registers.

Timer Ai mode register
b7 b5 b5 b4 b3 b2 mg b0 Symbol Address When reset

TATMR 039718 0016
1 10f1] | 110 TA2MR 039816 0016
[ A TAIMR 039A16 0016
i : : : : E i i Bit symbol Bit name Function R'W
Pt p i i1 % _TMODO | operation mode b1 b0 ) (o]{e)
e S TMOD1 select bit 1 0 : One-shot timer mode 00
E . . . . . MRO Pulse output function 0 (Must always be “0" in three-phase PWM
i : : : : [ select bit output mode) 0.0
i MR1 External trigger select Invalid in three-phase PWM output mode 00
F bit Can be “0" or “1”
E : : O MR2 Trigger select bit 1 : Selected by event/trigger select 00
oo register
P e MR3 0 (Must always be “0” in one-shot timer mode) 00
i bereeesesaeeiienen. TCKO Count source select bit DS %5_ f1 00
; 01:fs
““““““““““““ TCK1 10:fa2 00

11:fcaz
Timer B2 mode register
b7 b5 b5 b4 b3 b2 bl bd Symbaol Address When reset
0 ol o TB2MR 039D16 00XX00002

Pooob bbb 1| Bitsymbol Bit name Function RiW
poror o =1 TMODO | Operati de select bit |b1b0 00
A peration mode seeCt Bt 1700 - Timer mode :
Voo a4 a4 a0 Tttt TMOoDA o0
e MRO Invalid in timer mode oo
oo ] MR1 Can be “0” or “1” 00
T MR2 0 (Fixed to “0" in timer mode ; i = 0) OEO
E . . MR3 Invalid in timer mode.
T This bit can neither be set nor reset. When read in timer mode, O X
. its content is indeterminate. !
H : b7 b6 '
E ] TCKO Count source select bit 00 00
: 01:fs 5
H 10:fa2 !
R TeK 11:fca 00

Figure 1.18.4. Timer mode registers in three-phase waveform mode
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Figure 1.18.5 shows the block diagram for three-phase waveform mode. In three-phase waveform mode,
the positive-phase waveforms (U phase, V phase, and W phase) and negative waveforms (U phase, V
phase, and W phase), six waveforms in total, are output from P80,P81, P72, P73, P74, and P75 as active
on the “L” level. Of the timers used in this mode, timer A4 controls the U phase and U phase, timer A1
controls the V phase and V phase, and timer A2 controls the W phase and W phase respectively; timer B2
controls the periods of one-shot pulse output from timers A4, A1, and A2.

In outputting a waveform, dead time can be set so as to cause the “L” level of the positive waveform
output (U phase, V phase, and W phase) not to lap over the “L” level of the negative waveform output (U
phase, V phase, and W phase).

To set short circuit time, use three 8-bit timers sharing the reload register for setting dead time. A value
from 1 through 255 can be set as the count of the timer for setting dead time. The timer for setting dead
time works as a one-shot timer. If a value is written to the dead timer (034C16), the value is written to the
reload register shared by the three timers for setting dead time.

Any of the timers for setting dead time takes the value of the reload register into its counter, if a start
trigger comes from its corresponding timer, and performs a down count in line with the clock source
selected by the dead time timer count source select bit (bit 2 at 034916). The timer can receive another
trigger again before the workings due to the previous trigger are completed. In this instance, the timer
performs a down count from the reload register's content after its transfer, provoked by the trigger, to the
timer for setting dead time.

Since the timer for setting dead time works as a one-shot timer, it starts outputting pulses if a trigger
comes; it stops outputting pulses as soon as its content becomes 0016, and waits for the next trigger to
come.

The positive waveforms (U phase, V phase, and W phase) and the negative waveforms (U phase, V
phase, and W phase) in three-phase waveform mode are output from respective ports by means of
setting “1” in the output control bit (bit 3 at 034816). Setting “0” in this bit causes the ports to be the state
of set by port direction register. This bit can be set to “0” not only by use of the applicable instruction, but
by entering a falling edge in the NMI terminal or by resetting. Also, if “1” is set in the positive and negative
phases concurrent L output disable function enable bit (bit 4 at 034816) causes one of the pairs of U
phase and U phase, V phase and V phase, and W phase and W phase concurrently go to “L”, as a result,
the port become the state of set by port direction register.
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Figure 1.18.5. Block diagram for three-phase waveform mode
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Triangular wave modulation

To generate a PWM waveform of triangular wave modulation, set “0” in the modulation mode select bit
(bit 6 at 034816). Also, set “1” in the timers A4-1, A1-1, A2-1 control bit (bit 1 at 034916). In this mode, each
of timers A4, A1, and A2 has two timer registers, and alternately reloads the timer register’s content to the
counter every time timer B2 counter’s content becomes 000016. If “1” is set to the effective interrupt
output specification bit (bit 1 at 034816), the frequency of interrupt requests that occur every time the timer
B2 counter’s value becomes 000016 can be set by use of the timer B2 counter (034D16) for setting the
frequency of interrupt occurrences. The frequency of occurrences is given by (setting; setting # 0).
Setting “1” in the effective interrupt output specification bit (bit 1 at 034816) provides the means to choose
which value of the timer A1 reload control signal to use, “0” or “1”, to cause timer B2’s interrupt request to
occur. To make this selection, use the effective interrupt output polarity selection bit (bit 0 at 034816).
An example of U phase waveform is shown in Figure 1.18.6, and the description of waveform output
workings is given below. Set “1” in DUO (bit 0 at 034A16). And set “0” in DUBO (bit 1 at 034A16). In
addition, set “0” in DU1 (bit 0 at 034B16) and set “1” in DUB1 (bit 1 at 034B18). Also, set “0” in the effective
interrupt output specification bit (bit 1 at 034816) to set a value in the timer B2 interrupt occurrence
frequency set counter. By this setting, a timer B2 interrupt occurs when the timer B2 counter’s content
becomes 000016 as many as (setting) times. Furthermore, set “1” in the effective interrupt output specifi-
cation bit (bit 1 at 034816), set in the effective interrupt polarity select bit (bit 0 at 034816) and set "1" in the
interrupt occurrence frequency set counter(034D16). These settings cause a timer B2 interrupt to occur
every other interval when the U phase output goes to “H”.

When the timer B2 counter’s content becomes 000016, timer A4 starts outputting one-shot pulses. In this
instance, the content of DU1 (bit 0 at 034B16) and that of DUO (bit 0 at 034A16) are set in the three-phase
output shift register (U phase), the content of DUB1 (bit 1 at 034B16) and that of DUBO (bit 1 at 034A16)
are set in the three-phase shift register (U phase). After triangular wave modulation mode is selected,
however, no setting is made in the shift register even though the timer B2 counter’s content becomes
000016.

The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (038F 16, 038E16) and when
timer A4 finishes outputting one-shot pulses, the three-phase shift register's content is shifted one posi-
tion, and the value of DU1 and that of DUB1 are output to the U phase output signal and to U phase output
signal respectively. At this time, one-shot pulses are output from the timer for setting dead time used for
setting the time over which the “L” level of the U phase waveform does not lap over the “L” level of the U
phase waveform, which has the opposite phase of the former. The U phase waveform output that started
from the “H” level keeps its level until the timer for setting dead time finishes outputting one-shot pulses
even though the three-phase output shift register's content changes from “1” to “0” by the effect of the
one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, "0" already
shifted in the three-phase shift register goes effective, and the U phase waveform changes to the "L"
level. When the timer B2 counter’'s content becomes 000016, the timer A4 counter starts counting the
value written to timer A4-1 (034716, 034616), and starts outputting one-shot pulses. When timer A4 fin-
ishes outputting one-shot pulses, the three-phase shift register’'s content is shifted one position, but if the
three-phase output shift register’'s content changes from “0” to “1” as a result of the shift, the output level
changes from “L” to “H” without waiting for the timer for setting dead time to finish outputting one-shot
pulses. A U phase waveform is generated by these workings repeatedly. With the exception that the
three-phase output shift register on the U phase side is used, the workings in generating a U phase
waveform, which has the opposite phase of the U phase waveform, are the same as in generating a U
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phase waveform. In this way, a waveform can be picked up from the applicable terminal in a manner in
which the "L" level of the U phase waveform doesn’t lap over that of the U phase waveform, which has the
opposite phase of the U phase waveform. The width of the “L” level too can be adjusted by varying the
values of timer B2, timer A4, and timer A4-1. In dealing with the V and W phases, and V and W phases,
the latter are of opposite phase of the former, have the corresponding timers work similarly to dealing with

the U and U phases to generate an intended waveform.

A carrier wave of triangular waveform

Carrier wave 7\ /\
Signal wave —m : \/' '

B2

i Timber B2 interrupt occurres
i Rewriting timer A4 and timer A4-1.
Possible to set the number of overflows to generate an
interrupt by use of the interrupt occurrences frequency
Trigger signal for : % set circuit
timer Ai start :

Il

(timerBZoverﬂowﬂ E ﬂ I
signal) bt : HE ;

Timer A4 output

Control signal for
timer A4 reload

U phase
output signal

U phase
output signal
U phase v
U phase | .
et - -
Dead time

Note: Set to triangular wave modulation mode and to three-phase mode 1.

! The three-phase

shift register
shifts in
synchronization

! with the falling

edge of the A4
output.

Figure 1.18.6. Timing chart of operation (1)
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Assigning certain values to DUO (bit 0 at 034A16) and DUBO (bit 1 at 034A16), and to DU1 (bit O at 034B16)
and DUB1 (bit 1 at 034B16) allows the user to output the waveforms as shown in Figure 1.18.7, that is, to
output the U phase alone, to fix U phase to “H”, to fix the U phase to “H,” or to output the U phase alone.

A carrier wave of triangular waveform

Carrier wave “‘/\ /\
Signal wave —a ; \/ : \/,

Timer B2
: Rewritin-g timer A4 every timer B2 interrupt occurres.
o : Timer B2 intérrupt occurres.
Trigger signal for 1 i i Rewriting three-phase buffer register. : 5 ' :
timer Ai start Lo ; P \ : \ P oo : P
(timer B2 overflow _I-l : n ; Il ; ﬂ | n ; n : ﬂ ; ﬂ
signal) P : ool : \ o oo : : :

Timer A4 output

Control signal for | :

timer A4 reload

U phase
output signal

U phase '_| v : '
output signal b ' A : P, . : ;

U phase
Uphase Pl H o : : : i . g
L - ! e e : — — e — — e
Dead time

Note: Set to triangular wave modulation mode and to three-phase mode 0.

Figure 1.18.7. Timing chart of operation (2)
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Sawtooth modulation
To generate a PWM waveform of sawtooth wave modulation, set “1” in the modulation mode select bit (bit
6 at 034816). Also, set “0” in the timers A4-1, A1-1, and A2-1 control bit (bit 1 at 034916). In this mode, the
timer registers of timers A4, A1, and A2 comprise conventional timers A4, A1, and A2 alone, and reload
the corresponding timer register’s content to the counter every time the timer B2 counter’s content be-
comes 000016. The effective interrupt output specification bit (bit 1 at 034816) and the effective interrupt
output polarity select bit (bit 0 at 034816) go nullified.
An example of U phase waveform is shown in Figure 75, and the description of waveform output workings
is given below. Set “1” in DUO (bit O at 034A16), and set “0” in DUBO (bit 1 at 034A16). In addition, set “0”
in DU1 (bit 0 at 034A16) and set “1” in DUB1 (bit 1 at 034A16).
When the timber B2 counter’s content becomes 000016, timer B2 generates an interrupt, and timer A4
starts outputting one-shot pulses at the same time. In this instance, the contents of the three-phase buffer
registers DU1 and DUO are set in the three-phase output shift register (U phase), and the contents of
DUB1 and DUBQO are set in the three-phase output register (U phase). After this, the three-phase buffer
register's content is set in the three-phase shift register every time the timer B2 counter’s content be-
comes 000016.
The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (038F16, 038E16) and when
timer A4 finishes outputting one-shot pulses, the three-phase output shift register's content is shifted one
position, and the value of DU1 and that of DUB1 are output to the U phase output signal and to the U
output signal respectively. At this time, one-shot pulses are output from the timer for setting dead time
used for setting the time over which the “L” level of the U phase waveform doesn't lap over the “L” level of
the U phase waveform, which has the opposite phase of the former. The U phase waveform output that
started from the “H” level keeps its level until the timer for setting dead time finishes outputting one-shot
pulses even though the three-phase output shift register’s content changes from “1” to “0 "by the effect of
the one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses, 0 already
shifted in the three-phase shift register goes effective, and the U phase waveform changes to the “L”
level. When the timer B2 counter’s content becomes 000016, the contents of the three-phase buffer
registers DU1 and DUO are set in the three-phase shift register (U phase), and the contents of DUB1 and
DUBO are set in the three-phase shift register (U phase) again.
A U phase waveform is generated by these workings repeatedly. With the exception that the three-phase
output shift register on the U phase side is used, the workings in generating a U phase waveform, which
has the opposite phase of the U phase waveform, are the same as in generating a U phase waveform. In
this way, a waveform can be picked up from the applicable terminal in a manner in which the “L” level of
the U phase waveform doesn’t lap over that of the U phase waveform, which has the opposite phase of
the U phase waveform. The width of the “L” level too can be adjusted by varying the values of timer B2
and timer A4. In dealing with the V and W phases, and V and W phases, the latter are of opposite phase
of the former, have the corresponding timers work similarly to dealing with the U and U phases to gener-
ate an intended waveform.
Setting “1” both in DUBO and in DUB1 provides a means to output the U phase alone and to fix the U
phase output to “H” as shown in Figure 1.18.8.
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A carrier wave of sawtooth waveform

Carrier wave ———,

Signal wave —

Timer B2

Data transfer is made from the three-
phase buffer register to the three-
phase shift register in step with the
timing of the timer B overflow.

/0

Interrupt occurres.
Relwriting the value of timer A4.

\fﬂ

Trigger signal for !
timer Ai start :

(timer B2 overflow J_l
signal) i

: | The three-phase
shift register

xi/shifts in
+ synchronization

with the falling
edge of timer A4.

Timer A4 output

U phase output
signal

U phase
output signal

U phase

U phase

Dead time

Note: Set to sawtooth modulation mode and to three-phase mode 0.

Figure 1.18.8. Timing chart of operation (3)
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A carrier wave of sawtooth waveform

Carrier wave —i_

Signal wave—a

Timer B2

; |nterrLjpt occurres. ! Interrupt occurres ' ' D P

: ! . | e : . ata transfer is made from the three-

i Rewrltlng the value O.f ftimer A4. , Rewrltllng the value m,c timer ‘&_4' phase buffer register to the three-
Trigger signal for : : Rewriting three-phase : phase shift register in step with the
timer Ai start : : output buffer register timing of the timer B overflow.
(timer B2 overflow : i : b
signal) ﬂ i —l \ 5 I_l-

The three-phase

shift register shifts
in synchronization

' ' with the falling
. ‘/edge of timer A4.

Timer A4 output

U phase
output signal

u phase :
output signal :

U phase :l |

U phase

Dead time

Note: Set to sawtooth modulation mode and to three-phase mode 0.

Figure 1.18.9. Timing chart of operation (4)
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Serial I/O
Serial I/O is configured as five channels: UARTO, UART1, UARTZ2, S I/03 and S 1/0O4.

UARTO to 2
UARTO, UART1 and UARTZ2 each have an exclusive timer to generate a transfer clock, so they operate
independently of each other.
Figure 1.19.1 shows the block diagram of UARTO, UART1 and UARTZ2. Figures 1.19.2 and 1.19.3 show
the block diagram of the transmit/receive unit.
UARTI (i = 0 to 2) has two operation modes: a clock synchronous serial /0O mode and a clock asynchronous
serial I/0 mode (UART mode). The contents of the serial I/O mode select bits (bits 0 to 2 at addresses
03A016, 03A816 and 037816) determine whether UARTI is used as a clock synchronous serial /O or as a
UART. Although a few functions are different, UARTO0, UART1 and UART2 have almost the same functions.
UARTO through UART2 are almost equal in their functions with minor exceptions. UART2, in particular, is
compliant with the SIM interface with some extra settings added in clock-asynchronous serial /0 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.
In M30623(80-pin package), UART2 has the clock-asynchronous serial /O mode and 1IC mode.
Table 1.19.1 shows the comparison of functions of UARTO through UART2, and Figures 1.19.4 to 1.19.8
show the registers related to UARTI.
Note: SIM : Subscriber Identity Module

Table 1.19.1. Comparison of functions of UARTO through UART2

UART2
Function UARTO UART1 M30622 M30623
(100pin-package) (80pin-package)

CLK polarity selection Possible (Note 1)| Possible (Note 1) pgssibie (Note 1) | Impossible (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 1)
Transfer clpck output from multiple Impossible Possible (Note 1) Impossible
pins selection
Separate CTS/RTS pins Possible Impossible Impossible
Serial data logic switch Impossible Impossible Possible  (Note 4)
Sleep mode selection Possible (Note 3) | Possible (Note 3) Impossible
TxD, RxD I/O polarity switch Impossible Impossible Possible

CMOS output CMOS output N-channel open-drain
TxD, RxD port output format p P output (Note 6)
Parity error signal output Impossible Impossible Possible  (Note 4)
Bus collision detection Impossible Impossible Possible (Note 7)

Note 1: Only when clock synchronous serial /O mode.

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

Note 3: Only when UART mode.

Note 4: Using for SIM interface.

Note 5: In M30623(80-pin package), do not use this function, because CLK2 and CTS2/RTS2 have no external pin.
Note 6: Connect via pull-up resistor to Vcc outside.

Note 7: Generally, it use in case of |[E bus-emulation.
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Serial 1/0
(UARTO)
RxDo O ——Q TxDo
UART recepfion - i Receive
Clock source selection Recepton clock Transmit/
fi —o Bit rate generator Clock synchronous type ! control circut rece!rre
o Infernal  (address 03A115) |—O : uni
2 So— 17 (no+1 UART ' [ Transmit
faz o “ (no } {L'D_I Trar ion | clock
External Clock synchronous type —o control circuit |
Clock synchronous type
{when internal clock is selected)
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
pt?lla_ﬁty M selected)
CLKoO reversing ~J
circuit
CTS;F\:ITS disabled
CTS/RTS selected
RTS0
cTso/RTS0 O © <
? Vee
& CTSIRTS disabled S—
able CTso
O
; CTS/RTS separated
CTS0 from UART1
(UART1)
RxD1O ——( TxD1
UART reception Receive i
Clock source selection Reception clock Transmit/
H ircui receive
1 Y Bit rate generator | Clock synchronous type |’° . control circuit unit
o Internal (address 03A91s) 1
fa UART transmission | | Transmit
faz—o T ' —
—0 . Transmission | clock
External confrol circuit |
Clock synchronous type
(when internal clock is selected)
<
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
p:ﬁ;ﬁty selected)
CLK1O— re\f_ersi_ng
circuit I CTS/RTS disabled
CTS/RTS separated
CTS1/RTS1() — i RTS1
| CTS0/ CLKS1 Clock output pin VIC ~l
select switch CTS/RTE di
CTS/RTS disabled CTS1
)
CTSo CTS0 to UARTO
(UART2)
- T=D
RxD polarity "
RxDz Lt H polarity
reversing circuit reversing O TxD2
- Receive circuit
Clock source selection R?C!Blm_lﬁl'l t clock Transmit/
) control circui i
Bit rate t receive
b e e Yaaed e L
—l -
i Transmit
f22 ° 1/(n2+1) Transmission | | clock
_E’ termal control circuit
xterna
Cleck synchronous type
internal clock is selected)
Clock synchrenous fype Clock synchronous type
(when internal clock is selected)  (when external clock is
CIerty selected)
pola
CLK2OH reversing ™~
circuit | CTSIRTS  CTS/RTS disabled
selected BTS2
cT1s2/RT520 oo <
Vee n0 : Values set to UARTO bit rate generator (BRGO)
CTS/RTS disabled ——2= ni: Values set to UART1 bit rate generator (BRG1)
o CTs2 n2 : Values set to UART2 bit rate generator (BRG2)
Note 1: In M30623(80-pin package), CLK2 and CTS2/RTS2 have no external pin.
Note 2 In M30623(80-pin package), do not use UART2 as clock synchronous serial /0.

Figure 1.19.1. Block diagram of UARTi (i = 0 to 2)
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RxDi(O)—

PAR UART (7 bits) UARTI receive register
dizabled
=P enabled UART (D bits)
Clack
synchronous type
UAR )
UART (8 bits)
: H : : : H : H : : H : : : UARTI receive
0;/0:0:0:0i0:0 ;D8| |DT;DE;D5;D4;D3;D2;DI;DD| buffer register
|
- — Address 034615
| MSB/LSB conversion circuit | Address 03A716
Address 03AE1S
Address 03AF15
Data bus high-order bits
Data bus low-order bits
| MSB/LSB conversion circuit |
r <=
|D3 | | D7: Dsi Dsi Dai D3i Dz! Dii Do | UARTI transmit
- - - - - : : buffer register
Address 03A215
Address 03A315
Address 03AA1S
UART (8 bits) Address 03AB18
UART {0 bits)
UART (2 bits) E‘;:r synchronous
PAR .
25p enabled '
a m .
7] Lo o L HHHHHH —Oro
15P PAR = PR - P
disabled | synchronaus UART (7 bits) UARTI transmit register
type
‘0" SP: Stop bit
PAR: Parity bit

Figure 1.19.2. Block diagram of UARTI (i = 0, 1) transmit/receive unit
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Mo reverse
FuD data “_
o
R020 o

synchronous type

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

Bam Clack
15P disabled
e oo —

)

p

Clock

::;led UART synchronous type
0i0i0i0i0i0iO0 §D3| |D?ED&§D5§D4§D3§D2§D1§D0| oot e
l ddress 037E18
| Logic reverse circuit + MSBILSE conversion circuil| ( Address 037F18 ]
Data bus high-order bits
Data bus low-order bits
| Logic reverse circuit + MSB/LSB conversion circuil|
] <
|D3| |D?§D6§D5§D4§D3§D2§D1§Do| UART2 transmit

buffer register

Address 037A18
Address 037618

PAR. i
enabled  yaRT (9 bits)

25P
0 Q
s ] orieee] oo
O o
._E;tp e o
disabled | Synchronous
Type

g

synchronous type

UART(7 bits) UART2 transmit register

synchronous type

5;':&? nal output Mo revarse
e O
output circuit reverse circuit
Error signal output Reverss
enable
SP: Stop bit
PAR: Parity bit

Note 1: In M30623(80-pin package), do not use UART2 as clock synchronous serial 1/0.

Figure 1.19.3. Block diagram of UART2 transmit/receive unit
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(015)
b7

UARTI transmit buffer register

(b15)
b7

UARTI receive buffer register

LITT T DX |

b7

UARTI bit rate generator

Symbol Address When reset
b0 UoTE 03A315, 03A21s5 Indeterminate
I U1Te 03AB 15, 03AA Indeterminate
uz2Te 037B1s, 037A1s Indeterminate
Function RjwW
Transmit data xi0
Mothing is assigned.
In an attempt to write to these bits, write “0°. The value, if read, turn out to be indeterminate. —iT
Symbol Address When reset
50 UORB 03AT715, 03A61s Indeterminate
U1RB 03AF 18, 03AE 15 Indeterminate
UZRB 037F1s, 037E1s Indeterminate
; Function :
Bit . . Function
Bit name {During clock synchronous : R W]
symbol serial /O mode) {During UART mode)
- - Receive data Receive data Oix
Mothing is assigned.
In an attempt to write to these bits, write “0°. The value, if read, turns out to be “07. —iT
ABT | Arbitration lost detecting 0 : Not detected Invalid oio
flag (Note 2) 1: Detected
OER | Overrun error flag (Note 1) | 0 : No overrun error 0 : No overrun error oix
1: Overrun error found 1: Overrun error found
FER Framing error flag (Note 1) | Invalid 0 : No framing error Oix
1 : Framing error found
FPER Parity error flag {Note 1) Invalid 0 : No parity error Oix
1 : Parity error found
SUM | Error sum flag (Note 1) Invalid 0 No error 0ix
1 : Error found

Note 1:

Note 2:

03A8+5 and 03781s) are set to “000z" 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 et to “0° when the
lower byte of the UARTI receive buffer register (addresses 03A6 15, 03AE 1= and 037E1&) is read out.

Arbitration lost detecting flag is allocated to U2REB and noting but “0" may be written. Nothing is

Bits 15 through 12 are set to “0° when the serial /O mode select bit (bits 2 to 0 at addresses 03A0 1,

assigned in bit 11 of UORE and U1RB. These bits can neither be set or reset. When read, the value

of this bit is “07.

Symbol Address When reset
UOBRG 03A11s Indeterminate
U1BRG 03A91s Indeterminate
UZ2BRG 03791 Indeterminate
Function Values that can be set R W
Aszsuming that set value = n, BRGi divides the count source by 0015 to FFas xi0
n+1

Figure 1.19.4. Serial I/O-related registers (1)
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UARTI transmit/receive mode register
b7 b8 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | UiMR(i=0,1) 03A018, 03A816 0016
E E E E E E E E . Function .
[ S A R T Bit . . Function
P n Bit name (During clock synchronous - RIW
A A A symbol serial /0 mode) (During UART mode)
i i i i i i i i SMDO - - Must be fixed to 001 b2biel
S-S Serial /O mode select bit b2 b1 bD 100 : Transfer data 7 bits long o0
A 000: Serial /O invalid ] | 10 1: Transfer data 8 bits long
A S S S S SMD1 010 : Inhibited 110 : Transfer data 9 bits long
oo 01 1: Inhibited 000 : Serial /0 invalid 0.0
- SYhE 111 : Inhibited 010 : Inhibited
o e 011 : Inhibited
Poro o 111 - Inhibited 0.0
E E E E (R CKDIR |Internal/external clock 0 : Internal clock 0 : Internal clock 00
oo select bit 1 : External clock 1 : External clock
Dol e STPS | stop bit length select bit | Invalid 0 - One stop bit
o P g 1 : Two stop bits 00
[ PRY | Odd/even parity select bit| Invalid Valid when bit 6 = *1”
P 0 : Odd parity 0.0
v 1 : Even parity
L LT LR PRYE | Parity enable bit Invalid 0 : Parity disabled o0
i 1 : Parity enabled
b SLEP [Sleep select bit Must always be “0” 0 : Sleep mode deselected oo
1 : Sleep mode selected
UART2 transmit/receive mode register
b7 b8 b5 b4 b3 b2 b1 bO Symbol Address When reset
| U2MR 037816 0016

AR R . Function (Note 2) _
[T T A T B Bit . . Function
i i i i i i i E symbol Bit name (Durll;ger:i:el;liclzalrcos%nggert))nous (During UART mode) R.W
S T A A i SMDO ! ; : B2B1ED
i i i i i i i Serial /O mode select bit r:!if';be fixed to 001 100 : Transfer data 7 bits long |© O
N ) - E .. = | 101 : Transfer data 8 bits long
A A SMD1 000 Serial /Onvalid || 4 4 Transfer data 9 bits long
T T 010: (Note) : : : : 00
A nhik 000 : Serial /O invalid
[ 01 1 : Inhibited e e
Lo 111 Inhibited 0 10 -Inhibited
T R R SMD2 011 : Inhibited
Pl 111 Inhibited ©0o
T T CKDIR |Internal/external clock 0 : Internal clock Must always be fixed to *1” 00
oo select bit 1 : External clock
Do e STPS | Stop bit length select bit | Invalid 0 : One stop bit
N P ¢ 1: Two stop bits 0.0
T PRY | Odd/even parity select bit| Invalid Valid when bit 6 = *17
b 0 : Odd parity [oNe]
v 1 : Even parity
SRR EEEELTELTLELEY PRYE | Parity enable bit Invalid 0 : Parity disabled 00
] 1 : Parity enabled
R joPoL | TxD, RxD I/O polarity 0 : No reverse 0 : No reverse

reverse bit 1: Reverse 1: Reverse o0

Usually set to “0” Usually set to 0"
Note 1: Bit 2 to bit 0 are set to "0102" when IIC mode is used.
Mote 2: In M30623(80-pin package), do not use UART2 as clock synchronous serial I/O.

Figure 1.19.5. Serial I/O-related registers (2)
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UARTI transmit/receive control register 0

b7 b6 b5 b4 b3 b2 b1 b0

e ——

Symbol Address When reset
UiC0(i=0,1) 03Ad1s, 03AC18 0818
. Function .
B'L | Bit name (During clock synchronous Duri Ft”ﬂqr” d RIW
Symoo serial I/0 mode) (During mode)
o1 b0 &1 b0
CLKO | BRG count source 00:f1is selected 00:f1is selected o0
select bit 01:fzis selected 01:fzis selected
CLK1 10:fazis selected 10:fazis selected 00
11 : Inhibited 11 : Inhibited
. Valid when bit 4 = “07 Valid when bit 4 = “0"
CRS | CTS/RTS function 0+ CTS function is selected (Note 1) | 0= CTS function is selected (Note 1) [O:O
select bit 1: RTS function is selected (Mote 2) | 1 : RTS function is selected (Mote 2)
TXEPT | Transmit register empty |°~ D2 Dressmt A 1nsmt - om | 0 Data present n transmit register
fla . . : (during transmission)
g 1Mo data present in fransmit | 4 . \5 yata present in transmit OX
register (transmission register (fransmission completed)
completed)

. : 0: CTS/RTS function enabled | 0: CTS/RTS function enabled

CRD | CTS/RTS disable bit | § "G5/ TS function disabled | 1 - CTS/RTS function disabled
(P60 and P64 function as (P80 and P64 function as 0.0
programmable IO port) programmable /O port)

i 0 TXDi pin is CMOS output 0: TXDi pin is CMOS output
NCH Data output select bit 1 : TXDi pin is N-channel 1. TXDi pin is N-channel (o Ne]
open-drain output open-drain output

CKPOL | CLK polarity select bit  [°* [[ineiaata s oubut 2t | Must always be 0"

and receive data is input at
rizing edge o

- Transmit data is output at o
rizing edge of transfer clock
and receive data is input at
falling edge

-

i+ |0 - LSB first s
UFORM |Transfer format select bit 1 MSB firet Must always be “0 0.0

Mote 1: Set the comresponding port direction register to “0".
Mote 2: The settings of the corresponding port register and port direction register are invalid.

UART2 transmit/rece

b7 bf b5 b4 b3 b2 b1 b0

ive control register 0

Symbol Address When reset
U2C0 037C1s 0818

Function (Note 5) .
Bit name (During clock synchronous [DuﬁnFLllJnimql'nmode] RW
serial I/0O mode) 9

Bit
symbol

b1b0 b1 bO
CLKO | BRG count source 00:fiis selected 00:fiis selected o0
select bit 01:fzis selected 01:fzis selected
CLK1 10:fazis selected 10:fazis selected oo
11 : Inhibited 11 : Inhibited
TopTe : Valid when bit 4 = “0” Valid when bit 4 = “0"
CRS | CTSIRTS function 0 CTS function is sslected (Note 1) | 0 : CTS function is selected (Note 1) [0 O
select bit (Note 4) |1:RTS function is seleci=d (Not= 2) | 1 - RTS function is selected (Note 2)
. . 0 : Data present in transmit . - . -
TXEPT | Transmit register empty register (during transmission) 0: aitrain%r?rs;r;tnl]rilslsr%nnimn register
flag 1: No data present in fransmit | 4. o otz present in transmit 0%
register (transmission e i
completed) register (fransmission completed)

CRD CTS/RTS disable bit 0 : CTS/RTS function enabled 0 CTS/RTS function enabled

53 i‘ t' 4 |17 CTSIRTS funcion disabled | 1: CTSIRTS functon disabled
(Mote 4) (P73 functions (P72 functions programmable elle)
programmabile I/O port) 11O port)

Mothing is assigned.
In an attempt to write to this bit, write “0”. The value, if read, turns out to be 0"

. . 0 : Transmit data is output at

CKPOL | CLK polarity select bit falling edge of transfer clock

(Note 4) and receive data is input at
rizing edge

1 : Transmit data is output at 00
rizing edge of transfer clock
and receive data is input at

Must always be “0°

falling edge
UFORM |Transfer format select bit | 0 - LSB first 0 : LSB first oo
(Note 3) 1: MSB first 1:MSB first

Note 1: Set the corresponding port direction register to “0".

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

Mote 3: Only clock synchronous senal I/O mode and 8-bit UART mode are valid.

Note 4: In M30623(80-pin package), these bits are invalid, because CLK2 and CTS52/RTS2 have
no external pin.

Mote 5: In M30623(80-pin package), do not use UART2 as clock synchronous sernial I/O.

Figure 1.19.6. Serial I/O-related registers (3)
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Mitsubishi microcomputers
M16C / 62T Group

Serial 1/0 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI transmit/receive control register 1
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address When reset
| | UiC1(i=0,1) 03A516,03AD16 0216
A ] Function . |
T Bit . . Function !
Polob b b ] symbol Bit name (D”r'g%r‘i:;ﬁfosﬁg‘ggg)’”"us (During UART mode) | W]
i E ' i : E i i_ TE Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OEO
) E HEHE E i 1 : Transmission enabled 1 : Transmission enabled !
i E ' 1 - E i T Transmit buffer 0 : Data present in 0 : Data present in
v : i [ empty flag transmit buffer register transmit buffer register O: %
oy g 1 : No data present in 1 : No data present in
T transmit buffer register transmit buffer register !
i E . I RE Receive enable bit 0 : Reception disabled 0 : Reception disabled 00
oo 1 : Reception enabled 1 : Reception enabled
i E : i - RI Receive complete flag 0 : No data present in 0 : No data present in
N —— receive buffer register receive buffer register 0%
o 1 : Data present in 1 : Data present in !
A receive buffer register receive buffer register !
i_ R E . ; R i ______________ Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0".
UART2 transmit/receive control register 1
b7 b8 b5 b4 b3 b2 b1 bO Symbol Address When reset
| | | | | | | | | Uz2c1 037D16 0216

R ] Function (Note 1) : i
T Bit ; - Function i
[ T R Bit name (During clock synchronous - R/W|
i E P : E i E symbol serial /0 mode) (During UART mode) '
i E : i ' E i i_ TE Transmit enable bit 0 : Transmission disabled | 0 : Transmission disabled OEO
A 1 Transmission enabled | 1 : Transmission enabled
b P o TI | Transmit buffer 0 : Data present in 0 : Data present in
' : i [ empty flag transmit buffer register transmit buffer register 0%
ooy 1 : No data present in 1 : No data present in !
. transmit buffer register transmit buffer register i
A RE |Receive enable bit 0 : Reception disabled 0 : Reception disabled oo
oo 1 : Reception enabled 1 : Reception enabled '
i E : i : RI Receive complete flag 0 : No data present in 0 : No data present in
A L LLLLLET receive buffer register receive buffer register 0%
Voo 1 : Data present in 1 : Data present in |
, E . receive buffer register receive buffer register
i E : i UZIRS | UARTZ2 transmit interrupt | O : Transmit buffer empty | 0 : Transmit buffer empty |
R cause select bit (TI=1) (TI=1) OEO
i E - 1 : Transmit is completed | 1: Transmit is completed !
v (TXEPT = 1) (TXEPT =1)
i E - U2RRM | UART2 continuous 0 : Continuous receive Invalid !
T receive mode enable bit mode disabled oo
N 1 : Continuous receive !
P mode enabled :
o U2LCH | Data logic select bit 0 : No reverse 0: No reverse 00
i 1: Reverse 1: Reverse !
o UZ2ERE | Error signal output Must be fixed to "0” 0 : Output disabled OEO

enable bit 1 : Qutput enabled |

Note 1: In M30623(80-pin package), do not use UART2 as clock synchronous serial I/0.

Figure 1.19.7. Serial I/O-related registers (4)
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Mitsubishi microcomputers

M16C / 62T Group
Serial I/O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 b1 bO

Symbaol Address When reset
| | UCON 03B01s X00000002
R T A . Function . |
. Bit . - Function !
R A Bit During clock synchronous . RIW|
Poioi b n 1| symbol name ( serial 1O fmde) (During UART mode) !
E i i ' i i ' E UOIRS | UARTO transmit 0 : Transmit buffer empty (TI=1) | 0 : Transmit buffer empty (TI=1) | _ |
H interrupt cause select bit | 1: Transmission completed 1 : Transmission completed 0.0
Voo (TXEFT = 1) (TXEPT =1) |
: i i : i i : U1IRS | UART1 transmit 0 : Transmit buffer empty (TI=1) | 0 : Transmit buffer empty (TI=1) |
- A interrupt cause select bit | 1: Transmission completed 1: Transmission completed O:O
! oo (TXEPT =1) (TXEPT = 1) !
[ A A UORRM | UARTO continuous 0 : Continuous receive Invalid |
L receive mode enable bit mode disabled 00
oo e 1 : Continuous receive '
T mode enable
T T U1RRM | UART1 continuous 0 : Continuous receive Invalid |
R receive mode enable bit mode disabled 00
A 1 : Continuous receive |
oo mode enabled
Pl CLKMDO| CLK/CLKS select bit 0 | Valid when bit 5 = “1” Invalid !
N AERURELEEED 0 : Clock output to CLK1 00
o 1: Clock output to CLKS1 |
o CLKMD1| CLK/CLKS select 0 : Normal mode Must always be “0”
. bit 1 (Note) (CLK output is CLK1 only) !
oo TTTTTTmTemm e 1 : Transfer clock output 00
b from multiple pins |
o function selected
o] RCSP |Separate CTS/RTS bit | 0: CTS/RTS shared pin | 0 : CTS/RTS shared pin 0o
: 1-CTSIRTS separated | 1 CTS/RTS separated !
i _______________________ Mothing is assigned. i
In an attempt to write to this bit, write “0". The value, if read, turns out to be indeterminate. |

MNote: When using multiple pins to output the transfer clock, the following requirements must be met:
+ UART1 internal/external clock select bit (bit 3 at address 03A816) = “0".

UART2 special mode register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address When reset
| [)| | | | | | | | U2SMR 037716 0016
A : Function (Note 1) . .
' v o Bit . . Function !
T R A Bit (During clock synchronous . RwW
E . i i : i i E symbol name serial 1/0 mode) (During UART mode) !
E : i i : i i i INCM | lIC mode selection bit 0 : Normal mode Must always be “0” O o
oo 1 1IC mode '
¢ i 4w i 41 ABC | Arbitration lost detecting | 0 : Update per bit Must always be “0” O o
- A A flag control bit 1 : Update per byte
R R A S BBS | Bus busy flag 0 : STOP condition detected | Must always be “07 o]fe]
R 1: START condition detected {Mote 2
A LSYN | SCLL sync output 0 : Disabled Must always be 07 oo
. enable bit 1: Enabled
E I i i ABSCS | Bus collision detect Must always be “0” 0 : Rising edge of transfer '
sampling clock 00
[ clock select bit 1 : Underflow signal of timer AQ | |
Pl ACSE | Auto clear function Must always be ‘07 0: No auto clear function '
Lo T select bit of transmit 1: Auto clear at occurrence of |O'O
P enable bit bus collision !
e T it start conditi Must always be ‘07 0 : Ordinary :
' 555 ng‘g&rﬂ'ns art condfiien Y 1: Falling edge of RxD2 o)
i ______________________ Reserved bit Always set to “0” i

Mote 1: In M30623(80-pin package), do not use UART2 as clock synchronous serial /0.
Mote 2: Nothing but “0” may be written.

Figure 1.19.8. Serial I/O-related registers (5)
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Clock synchronous serial /0O mode

Mitsubishi microcomputers

M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) Clock synchronous serial /0 mode
The clock synchronous serial /O mode uses a transfer clock to transmit and receive data. Tables 1.19.2
and 1.19.3 list the specifications of the clock synchronous serial I/O mode. Figure 1.19.9 shows the
UARTI transmit/receive mode register.
In M30623(80-pin package), do not use UART2 as clock synchronous serial /0.

Table 1.19.2. Specifications of clock synchronous serial /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, 037816
=*0") : fi/ 2(n+1) (Note 1) fi =f1, fs, f32

* When external clock is selected (bit 3 at addresses 03A016, 03A816, 037816
="1") : Input from CLKi pin

Transmission/reception control

» CTS function/RTS function/CTS, RTS function chosen to be invalid

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”

» Furthermore, if external clock is selected, the following requirements must also be met:

— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “0”:
CLKi input level = “H”

— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “1”:
CLKi input level = “L”

Reception start condition

» To start reception, the following requirements must be met:

— Receive enable bit (bit 2 at addresses 03A516, 03AD16, 037D16) = “1”

— Transmit enable bit (bit 0 at addresses 03A516, 03AD16, 037D16) = “1”

— Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16, 037D16) = “0”

* Furthermore, if external clock is selected, the following requirements must
also be met:

— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “0”:
CLKi input level = “H"

— CLKi polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16) = “1™:
CLKi input level = “L”

Interrupt request
generation timing

* When transmitting

— Transmit interrupt cause select bit (bits 0, 1 at address 03B016, bit 4 at
address 037D16) = “0”: Interrupts requested when data transfer from UARTI
transfer buffer register to UARTI transmit register is completed

— Transmit interrupt cause select bit (bits 0, 1 at address 03B016, bit 4 at
address 037D16) = “1”: Interrupts requested when data transmission from
UARTI transfer register is completed

* When receiving

— Interrupts requested when data transfer from UARTI receive register to
UARTI receive buffer register is completed

Error detection

* Overrun error (Note 2)
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 is not set to “1”.
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Mitsubishi microcomputers

M16C / 62T Group
Clock synchronous serial I/O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.19.4. Specifications of clock synchronous serial /O mode (2)

Iltem 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 0 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
» Separate CTS/RTS pins (UARTO) (Note)
UARTO CTS and RTS pins each can be assigned to separate pins
» Switching serial data logic (UART2)
Whether to reverse data in writing to the transmission buffer register or
reading the reception buffer register can be selected.
* TxD, RxD I/O polarity reverse (UART2)
This function is reversing TxD port output and RxD port input. All I/O data
level is reversed.
Note: The transfer clock output from multiple pins and the separate CTS/RTS pins functions cannot be
selected simultaneously.
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Clock synchronous serial /0O mode

Mitsubishi microcomputers

M16C / 62T Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bO

UARTI transmit/receive mode registers

b7 b6 b5 b4 b3 b2 bl bd

o
10
o
-

UART2 transmit/receive mode register

Symbol Address When reset
UIMR(i=0,1) 03A016, 03A815 0016
Bit symbol Bit name Function RW
SMDO | Serial I/0 mode select bit | =*'*° - |©0
SMDA1 001 : Clock synchronous serial  [0'Q
I/0O mode
SMD2 [o]le]
CKDIR Internal/external clock 0 : Internal clock 00
select bit 1 : External clock
STPS o0
PRY Invalid in clock synchronous serial /0O mode o0
PRYE 0.0
SLEP 0 (Must always be “0" in clock synchronous serial /O mode) |00
Symbol Address When reset
U2MR 037816 0016
Bit symbol Bit name Function R'W
SMDO Serial I/0 mode select bit | =" _ 0.0
SMDA 00 1: Clock synchronous serial |00
/0O mode
SMD2 Q0
CKDIR Internal/external clock 0 : Internal clock 00
select bit 1 : External clock
STPS o0
PRY Invalid in clock synchronous serial /0O mode o0
PRYE 00
IOPOL TxD, RxD /O polarity 0 : No reverse 00
reverse bit (Note) 1: Reverse
Note: Usually set to “0".

Figure 1.19.9. UARTi transmit/receive mode register in clock synchronous serial I/O mode
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Clock synchronous serial /O mode

Mitsubishi microcomputers

M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.19.4. Input/output pin functions in clock synchronous serial /0 mode

Table 1.19.4 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 and the separate CTS/
RTS pins functions are_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.)

Pin name Function Method of selection
TxDi Serial data output Outputs dummy data when performing reception onl
(P63, P67, P70) P (Qulp . P 8 d Y)
RxDi Serial data input

(P62, P68, PT71)

Port P62, P65 and P71 direction register (bits 2 and 6 at address 03EE1s,

bit 1 at address 03EF1s)= “0"

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

CLKi
(P61, P85, PT2)

Transfer clock output

Transfer clock input

Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “0"

bit 2 at address 03EF16) = “0"

Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “1"
Port P81, P85 and P72 direction register (bits 1 and 5 at address 03EE1s,

CTSIRTSI
(P60, P84, PT73)

CTS input

RTS output

Programmable 1/0 port

CTS/RTS disable bit (bit 4 at address 03A416, 03AC18, 037C16) =*0"
CTS/RTS function select bit (bit 2 at address 03A416, 03AC16, 037C16) = “0"
Port P80, P64 and P73 direction register (bits 0 and 4 at address 03EE1s,

bit 3 at address 03EF15) = “0”

TS/RTS disable bit (bit 4 at address 03A418, 03AC1s, 037C16) = “0"

CTS/RTS function select bit (bit 2 at address 03A41s, 03AC16, 037C16) = “1”

CTS/RTS disable bit (bit 4 at address 03A416, 03AC16, 037C16) = “1”

(when transfer clock output from multiple pins and separate CTS/RTS pins functions are not selected)
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M16C / 62T Group
Clock synchronous serial I/O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Tc

Transfer clock |||||||||||I|||||||||I|||||||||||I|| |||||I|I||||||||||||

Transmit enable 1J _ . . _ ﬂl
bit (TE) 0" EData is set in UARTI transmit buffer register
Transmit buffer L _I_
empty flag (TI) 0
e Transferred from UARTI transmit buffer register to UARTI transmit register
GE - L ToLk L] . L
Stopped pulsing because CTS ="H" Stopped pulsing because transfer enable bit = *07
CLKi
T0i D 00000000 0000 CHNCO0000d
Tra_nsmit b L — :
pse ey v [ | [
. e
fequent B (R o ] ] [ ]

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: Te=TCLK=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"

= Tranemit infnrrupl ranea calact hit = “N"

* Example of receive timing (when external clock is selected)

g
Receive enable
bit (RE) 0 —
. g

Transmit enable . . . . .
bit (TE) 0" — Dummy data is set in UARTI transmit buffer register
Transmitbuffer | _I 4}\
empty flag (TI) 0"

o Transferred from UARTI transmit buffer register to UARTI transmit register

e
RTSi o [ ] | |

— 1/
CLKi |
¥ Receive data is taken in

RxDi

. Transfemed from UARTI receive register Read out from UARTI receive buffer register
Receive complete 1 to UARTI receive buffer register
flag (RI) 0"
Receive interrupt 17 |
request bit (IR) 0"

P g
Cleared to “0" when interrupt request is accepted, or cleared by software

Shown in ( ) are bit symbols.

The above timing applies to the following settings: Meet the following conditions are met when the CLK
= External clock is selected. input before data reception = "H”
- RTS function is selected. « Transmit enable bit =“1"
= CLK polarity select bit ="0". = Receive enable bit ="1"

» Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 1.19.10. Typical transmit/receive timings in clock synchronous serial /O mode
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Mitsubishi microcomputers

M16C / 62T Group
Clock synchronous serial I/O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(a) Polarity select function

As shown in Figure 1.19.11, the CLK polarity select bit (bit 6 at addresses 03A416, 03AC16, 037C16)
allows selection of the polarity of the transfer clock.

» When CLK polarity select bit = “0”

CLKi l

| N\ .
TXDi X Do X p1 X D2)X D3 X D4 X Ds X D6 X D7 Note 1: Irgis%fri%“ d':f::ﬁ“f&?,’_" not
RXDi X Do X b1 X D2 X D3 X D4 X D5 X Ds X D7

* When CLK polarity select bit = “1”

CLKi 1

N\ Note 2: The CLK pin level when not
TXDi X Do X D1 X D2)X D3 X D4 X D5 X D6 X D7 o tra?]sferrir?glgnd:t\;leis“f‘L?.n "
/
RXDi X po X D1 X D2 X D3 X Da X D5 X Ds X D7

Figure 1.19.11. Polarity of transfer clock

(b) LSB first/MSB first select function

As shown in Figure 1.19.12, when the transfer format select bit (bit 7 at addresses 03A416, 03AC16,
037C16) = “07, the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB first”.

« When transfer format select bit = “0”

TXDi X po X b1 X D2 X D3 X Da X D5 X Ds X D7

mp- | SB first
RXDi X po X b1 X D2 X D3 X Da X D5 X D6 X D7
« When transfer format select bit = “1”
TXDi X b7 X D6 X D5 X pa X D3 X D2 X D1 X DO
=P \ISB first

RXDi X o7 X D6 X ps X pa X D3 X D2 X D1 X DO

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

Figure 1.19.12. Transfer format
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M16C / 62T Group
Clock synchronous serial I/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 1.19.3.)
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 (PB4)
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 1.19.13. The transfer clock output from the multiple pins function usage

(d) Continuous receive mode
If the continuous receive mode enable bit (bits 2 and 3 at address 03B016, bit 5 at address 037D16) is
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.

(e) Separate CTS/RTS pins function (UARTO)
This function works the same way as in the clock asynchronous serial I/O (UART) mode. The method
of setting and the input/output pin functions are both the same, so refer to select function in the next
section, “(2) Clock asynchronous serial I/O (UART) mode.” Note that this function is invalid if the
transfer clock output from the multiple pins function is selected.

(f) Serial data logic switch function (UART2)
When the data logic select bit (bit6 at address 037D16) = “1”, and writing to transmit buffer register or
reading from receive buffer register, data is reversed. Figure 1.19.14 shows the example of serial data
logic switch timing.

*When LSB first

Transfer clock ': | | | | | | | |

TxD2
(no revefse% o ‘ DOX D1 x D2 x DSX D4X D5 x DGX D7 y

T™XD2 H — e T T e
(revefseﬁ - \ Do \ D1 X\ D2 X\ D3 X D4 \ D5 \ D6 \ D7 )

Figure 1.19.14. Serial data logic switch timing
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M16C / 62T Group
Clock asynchronous serial /0O (UART) mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 1.19.5 and 1.19.6 list the specifications of the UART mode. Figure 1.19.15 shows
the UARTI transmit/receive mode register.

Table 1.19.5. Specifications of UART Mode (1)

ltem Specification
Transfer data format * Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected
« Start bit: 1 bit
» 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 = “07) :
fil16(n+1) (Note 1) fi = f1, s, f32
* When external clock is selected (bit 3 at addresses 03A016, 03A816 ="1") :
fEXT/16(n+1) (Note 1) (Note 2) (Do not set external clock for UART2)

Transmission/reception control [ « CTS function/RTS function/CTS, RTS function chosen to be invalid (Note 4)

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” (Note 4)

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 * When transmitting

generation timing - Transmit interrupt cause select bits (bits 0,1 at address 03B0186, 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 03B01s6, 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 0015 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 is not set to “1".
Note 4: In M30623(80-pin package), do not use these functions, because there is no external pin of CTS2/RTSz2.
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Table 1.19.6. Specifications of UART Mode (2)

ltem

Specification

Select function

» Separate CTS/RTS pins (UARTO)
UARTO CTS and RTS pins each can be assigned to separate pins

» 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 (UARTZ2)
This function is reversing logic value of transferring data. Start bit, parity bit
and stop bit are not reversed.

* TXD, RxD I/O polarity switch
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

b7 b6 b5 b4 b3 b2 bl bl

UARTZ2 transmit / receive mode register

b7 b6 b5 b4 b3 b2 bl bl

Symbol Address When reset
UiMR(i=0,1) 03A016, 03A816 0016
Bit symbol Bit name Function R.W
SMDO Serial /0 mode select bit :2‘;"[”} Transter data 7 bits | 0.0
- Transfer data 7 bits long
SMD1 10 1 : Transfer data 8 bits long oo
SMD2 11 0 : Transfer data 9 bits long 00
CKDIR Internal / external clock 0 : Internal clock 00
select bit 1 : External clock
STPS Stop bit length select bit 0 : One stop bit
1 - Two stop bits 0.0
PRY Odd / even parity Valid when bit 6 = “1”
select bit 0 : Odd parity 00
1 : Even parity
PRYE Parity enable bit 0 : Parity disabled 00
1 - Parity enabled
SLEP Sleep select bit 0 : Sleep mode deselected 00
1 : Sleep mode selected
Symbol Address When reset
U2MR 037816 0016
Bit symbol Bit name Function RiW
SMDO Serial /0 mode select bit | ©°'® _ 0.0
SMDA 100 : Transfer data 7 bits long
10 1 : Transfer data 8 bits long oo
SMD2 11 0: Transfer data 9 bits long 00
CKDIR Internal / external clock 0 : Internal clock 00
select bit 1 : External clock (Note 2)
STPS Stop bit length select bit 0 : One stop bit
1 - Two stop bits 00
PRY Odd / even parity Valid when bit 6 = “1”
select bit 0 : Odd parity 00
1 : Even parity
PRYE Parity enable bit 0 : Parity disabled 00
1 : Parity enabled
10POL TxD, RxD /O polarity 0 : No reverse 00
reverse bit (Note 1) 1: Reverse

Note 1: Usually set to “0".

Note 2 In M30623(80-pin package), do not select the external clock as transfer clock,
because there is no external pin of CLK2.

Figure 1.19.15. UARTI transmit/receive mode register in UART mode
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Table 1.19.7 lists the functions of the input/output pins during UART mode. This table shows the pin
functions when the separate CTS/RTS pins function is not selected. Note that for a period from when the
UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-channel
open-drain is selected, this pin is in floating state.)

Table 1.19.7. Input/output pin functions in UART mode

Pin name Function Method of selection
TxDi Serial data output
(P63, P67, PT0) erial data outpu
RxDi Serial data input Port P62, P66 and P71 direction register (bits 2 and 6 at address 03EE1s,
(P62, P6s, P71) bit 1 at address 03EF16)= “0”
(Can be used as an input port when performing transmission only)
CLKi Programmable |/O port | Internal/external clock select bit (bit 3 at address 03A016, 03A816, 037816) = “0"
(Pas, R, F2) Transfer clock input Internal/external clock select bit (bit 3 at address 03A016, 03A815, 037816) = “1"
(Note 1) Port P61, P65 direction register (bits 1 and 5 at address 03EE16) = “0”
(Do not set external clock for UART2)
CTSIRTSi CTS input CTS/RTS disable bit (bit 4 at address 03A415, 03AC16, 037C1s) =0
(P60, P64, P73) CTS/RTS function select bit (bit 2 at address 03A416, 03AC18, 037C16) = “0”
(Note 2) Port P60, P64 and P73 direction register (bits 0 and 4 at address 03EE1s,

bit 3 at address 03EF1s) = “0"
RTS output CTS/RTS disable bit (bit 4 at address 03A416, 03AC1s5, 037C16) = “0°
CTS/RTS function select bit (bit 2 at address 03A415, 03AC15, 037C16) = “1"

Programmable 1/0 port | CTS/RTS disable bit (bit 4 at address 03A41s, 03AC16, 037C16) = “1"

(when separate CTS/RTS pins function is not selected)

Note 1: M30623(80-pin package) has no external pin of CLK2(P72).

Note 2: In M30623(80-pin package), UART2 does not have these functions, because there is no external pin
of CTS2/RTS2(P73).
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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".

= s
Transfer clock |||||||||||||||||||||||”||||||||||||||||||||||| |||||||||

Transmit enable v J | li

DI(TE) o Data is set in UARTI transmit buffer register. ®

— T
Transferred from UARTI transmit buffer register to UARTI transmit register

Transmit buffer
empty flag(TI)

gy : : [
CTSi | | L | 5 |
oL : P \smit ¢
Start Parity Stob Stopped pulsing because tranlsmit gnable bit = “0”
- bit bit  bit v

TxDi

okt A — ] —
.

Transmit interrupt 1"
request bit (IR) .

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, f3, 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 1: In M30623(80-pin package), there is no external pin of CTS2, so do not use the function using this pin.

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

Tc

Transmit enable o J

bit(TE) o  Data is set in UARTI fransmit buffer register | | -

_ — / S
Transmit buffer E |
empty flag(Tl) | '

Transferred from UARTI transmit buffer register to UARTI transmit register

Start Stop  Stop
bit bit bt

TxDi ST, @@@@@@@@@ SPsP ST @@@@@@@@@ spsp :ST @@

Transmit register ‘1" —— |: | | |
empty flag (TXEPT) g

ot BB — —
AN /

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

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16(n+1)/fior16(n+1)/fexT
- Parity is disabled. fi : frequency of BRGI count source (1, 8, 132)
- 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 1.19.16. Typical transmit timings in UART mode (UARTO0, UART1)
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* Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

Tc

Transmit enable
bit(TE) -0

[ —

Data iz set in UARTI transmit buffer registe:r Mote
Transmit buffer '1_' _l_l “H:’
empty flag(TI) -0 ! ! :\\

Transferred from UART?2 transmit buffer register to UART2 transmit register

Start Party  Stop |
bit J op
bit bit

TxD2 \s7400XD:X 02X 03X DX D5X DX DX P 'SP STADIXD XOXDNXDXDXOKDK P Y sp

Transmit register ~ “1" I_l ; l_
empty flag (TXEPT) -0 |

Transmitinterrupt :

request bit (IR) - |_| |_|

Shown in () are bit symbols. Cleared to “0° when interrupt request is accepted, or cleared by software
The above timing applies to the following settings:  Tc=16 (n+1)/1i
- Parity is enabled. fi : frequency of BRGI count source (f1, fg, f32)
- One stop bit. n : value set to BRGI

- Transmit interrupt cause select bit = “1°.

Note: The transmit is started with overflow timina of BRG after havina written in a value at the transmit buffer in the above timina.

Figure 1.19.17. 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
source

Receive enable bit ;
Stop bit

RxDi Starrs bit

|-

Receive data taken in

Transfer clock

[ S I

F;‘.ecéption triggered when transfer clock ~ Transferred from UARTI receive register to
Receive 17 iIs gelnerated by falling edge of start bit UARTI receive buffer register ~— ﬁ
complete flag [ — :
an 2 i :
I‘Ln _I_] :I—l
1" :
0 | /l

RTSi

Receive interrupt
request bit

The above timing applies to the following settings :
+Parity is disabled.
*One stop bit.
*RTS function is selected.

Note 1 In M30623(80-pin packane) there is no external pin of RTS 2 so do not use the function usina this pin

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

Figure 1.19.18. Typical receive timing in UART mode

(a) Separate CTS/RTS pins function (UARTO)
Setting the CTS/RTS separate bit (bit 6 of address 03B016) to "1" inputs/outputs the CTS signal and
RTS signal from different pins. Choose which to use, CTS or RTS, by use of the CTS/RTS function
select bit (bit 2 of address 03A416). This function is effective in UARTO only. With this function cho-
sen, the user cannot use the CTS/RTS function. Set "0" both to the CTS/RTS function select bit (bit
2 of address 03AC16) and to the CTS/RTS disable bit (bit 4 of address 03AC16).

Microcomputer IC
TxDo (P63) > | IN
RxDo (P62) |- ouT
RTSO0 (P6o) > | CTS
CTSO (P64) =& RTS

Note : The user cannot use CTS and RTS at the same time.

Figure 1.19.19. The separate CTS/RTS pins function usage

(b) Sleep mode (UARTO0, UART1)
This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTI. The sleep mode is selected when the sleep select bit (bit 7 at addresses
03A016, 03A8186) 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".

134

ENESAS

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62T Group
Clock asynchronous serial I/0 (UART) mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(c) Function for switching serial data logic (UART2)
When the data logic select bit (bit 6 of address 037D 16) is assigned 1, data is inverted in writing to the
transmission buffer register or reading the reception buffer register. Figure 1.19.20 shows the ex-
ample of timing for switching serial data logic.

(d) 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. Figure 1.19.20 shows the example of timing for 1/O polarity reverse.

* When LSB first, parity enabled, one stop bit

Transferclock'—Hulll|||||||||||||||||||||||
o

TxD2
No logic reverse “H’
No polarty reverse .. |\ ST A DO J D1 \ D2 D3 )Y D4 Y D5 D6 X D7 X P ) sP
L TxDz pr
nopsy e 1\ st (DD B o e ok B sF
TxD2

No logic reverse T \ ST‘WEWXEXmeﬂﬁKmXWX P Jsp

Polarity reverse

- TxD2 “Hr
Poﬁggg;;g:g;gg - \ ST{ Do) D1 D2)D3)D4) D5)fD6)D7) P ) SP
ST - Start bit
P : Even parity
SP : Stop bit

Figure 1.19.20. Timing for switching serial data logic, and /O polarity reverse

(e) 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 1.19.21
shows the example of detection timing of a buss collision (in UART mode).

TxD2 HL — \st /[ 1\ [\ J SP
R0z T\ st S W

Bus collision detection  =q=
interrupt request signal . ‘4_!

Bus collision detection 1
interrupt request bit -

ST : Start bit
SP : Stop bit

Figure 1.19.21. Detection timing of a bus collision (in UART mode)

ENESAS 135

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62T Group
Clock asynchronous serial /0O (UART) mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(3) Clock-asynchronous serial I/O mode (compliant with 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 /0O mode allows the user to effect this function. Table
1.19.8 shows the specifications of clock-asynchronous serial /0O mode (compliant with the SIM interface).

Table 1.19.8. Specifications of clock-asynchronous serial /0 mode (compliant with the SIM interface)

Iltem 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 = “07)
* 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 = “17)
Set transfer format to MSB (bit 7 of address 037C16 = “17)
Transfer clock * With the internal clock chosen (bit 3 of address 037816 =“0"): fi/ 16 (n + 1) (Note 1) : fi=f1, fs, f32
(Do not set external clock for UARTZ2)
Transmission / reception control | » Disable the CTS and RTS function (bit 4 of address 037C16 = “17)
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 0 of address 037D16) = “1”

- Transmit buffer empty flag (bit 1 of address 037D16) = “0”

Reception start condition | = To start reception, the following requirements must be met:

- Reception enable bit (bit 2 of address 037D16) = “1”

- Detection of a start bit

Interrupt request + When transmitting

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

* When receiving
When data transfer from the UARTZ2 receive register to the UARTZ2 receive
buffer register is completed

Error detection * Overrun error (see the specifications of clock-asynchronous serial 1/0) (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 UARTI bit rate generator.

Note 2: If an overrun error occurs, the UARTZ2 receive buffer will have the next data written in. Note also that the UARTI
receive interrupt request bit is not set to “1”.
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Tc

Transmit enable
bIt(TE) .

| I—

Data is set in UARTI fransmit buffer regislér E/Note

Transmit buffer o o — |
empty flag(Tl) ., _|_| ‘H’\

Transferred from UAR

T2 transmit buffer register to UARTZ transmit régister

Start . :
bit Party  Stop
bit bit
TxD2
RxD2 =

A“L” level returns from TxDz dueto "
the occurrence of a parity error.

Signal conductor level

(Note 1) The level is

Transmit register ~ “17 | d i !
empty flag (TXEPT) “0F | | | interrupt routine. I_

Transmit interrupt 1

request bit (IR} 0 I—l I_l
N e

Shown in { ) are bit symbols. Cleared to “0” when interrupt request is accepted, or cleared by software
The above timing applies to the following settings :  Tc=16 (n+1)/fi
- Parity is enabled. fi : frequency of BRGI count source (f1, 8, £32)
- One stop bit. n : value set to BRGI

- 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.

Tc

aqe

E?OF?EE enable J . .
1EE v Start Parity  Stop :

bit bit bit
RxD2 \STADK XXX osX oKX P Y s \STARHONOHONOHoNOKOK ) <
bz . A “L" level returns from TxDz due to /\_/

the occurrence of a parity error.

spacnacoree. T\ GOEEEEEEEF  \rEREOEREOEN

: H detected by the
. The level is detected by the : interrupt routine.

Tﬁi:gct(e}i:\{g complete ; _l |_|\ .

Read to receive bufier Reéd to receive buffer

o ="
Receive interrupt
request bit (IR) - | |
Shown in { ) are bit symbols. Cleared to “0" when interrupt request is accepted, or cleared by software
The above timing applies to the following settings ©  Tc =16 (n + 1)/ fi
- Parity is enabled. fi : frequency of BRGI count source (f1, fa, £32)
- One stop bit. n : value set to BRGI

- Transmit interrupt cause select bit = “0".

Note: Equal in waveform because TxDz and RxDz are connected.

Figure 1.19.22. Typical transmit/receive timing in UART mode (compliant with the SIM interface)
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(a) Function for outputting a parity error signal
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. In step with this function, the generation timing
of a transmission completion interrupt changes to the detection timing of a parity error signal. Figure
1.19.23 shows the output timing of the parity error signal.

* LSB first
s ninEpEpipEpipipEpininSpie
clock
RxD2 E \ s (Do D1 D2 ) D3 ) D4 D5 0D6)YD7) PJsp

Receive -r
complete flag -

TxD2 E Hi-Z \__/
—

ST : Start bit
P : Even Parity
SP : Stop bit

Figure 1.19.23. 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 1.19.24 shows the SIM interface format.

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

cleck
(dlégé \ Jpo)Jp1)p2 D3 \p4aYD5 D6)D7) P/
2 W 673 50 58 578 58 573 8 o

P : Even parity

Figure 1.19.24. SIM interface format
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Figure 1.19.25 shows the example of connecting the SIM interface. Connect TxD2 and RxDz2 and apply
pull-up.

Microcomputer

SIM card

TxD2

RxD2

Figure 1.19.25. Connecting the SIM interface
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UART2 Special Mode Register
The UARTZ2 special mode register (address 037716) is used to control UART2 in various ways.

Figure 1.19.26 shows the UART2 special mode register.

UART2 special mode register
b7 b6 b5 b4 b3 b2 b1 bl
Symbol Address When reset
| 0 | | | | | | | | U2SMR 037716 0016
A - Funclion _ ;
H \ H ' H H - Bit . - Function |
T T - Bit name (During clock synchronous . R'W
S symbol serial 1/0 mode) (During UART mode)
[ A A A W (o 1 IIC mode selection bit 0 : Normal mode Must always be “0" oo
T T 1:1IC mode
[ ABC | Arbitration lost detecting | 0 - Update per bit Must always be “0" 00
e flag control bit 1 - Update per byte
[ A BBS Bus busy flag 0 : STOP condition detected | Must always be “0° 00
1 Voo e 1 : START condition detected (Note
oo LSYN | SCLL sync output 0 : Disabled Must always be "0 oo
[ A htttl enable bit 1: Enabled
oo ABscs | Bus collision detect Must always be “0” 0 : Rising edge of transfer
HE PP sampling clock select bit clock [e]le]
A 1 : Underflow signal of timer AQ
o ACSE | Auto clear function Must always be 0" 0 : No auto clear function
e select bit of transmit 1: Auto clear at occurrence of |00
H enable bit bus collision
. ssg | Transmit start condition | Must always be 0" 0 - Ordinary
DT select bit 1 - Falling edge of RxD2 0.0
G Reserved bit Always set 1o 0" _o
Mote: Nothing but “0” may be written.

Figure 1.19.26. UART2 special mode register

Table 1.19.9. Features in lIC mode

the CLK polarity select bit)

Function MNormal mode IIC mode (Note 1)

1 | Factor of interrupt number 10 (Note 2) Bus collision detection ?;iréigggdég?encgghecﬁon or stop
2 | Factor of interrupt number 15 (Note 2) UARTZ transmission Mo acknowledgment detection (NACK)
3 | Factor of interrupt number 16 (Note 2) UARTZ reception Acknowledgment detection (ACK)
4 [ UART2 transmission output delay Not delayed Delayed
5 | P70 at the time when UART2 is in use TxD2 (output) SDA (input/output) (Note 3)
6 | P71 at the time when UARTZ2 is in use RxD2 (input) SCL (input/output)
7 | P72 at the time when UART2 is inuse (Note 4) CLK2 P72
i1 E)hgﬁg [ﬁ‘;‘?:: ;Jgittg § ofgeerﬂe::tilig t1:|tI: assigned UARTZ reception Acknowledgment detection (ACK)
9 | Noise filter width 15ns 50ns

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

selected

140

Mote 1: Make the settings given below when IIC mode is in use.
Set010inbits 2, 1, 0 of the UART2 transmission/reception mode register.
Disable the RTS/CTS function. Choose the LSB First function.
MNote 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.
Mote 3: Set an initial value of SDA transmission output when serial I/O is invalid.
Mote 4: In M30623(80-pin package), P72 is not connected to external pin.
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In the first place, the control bits related to the 1IC bus(simplified [IC bus) interface are explained.

Bit 0 of the UART special mode register (037716) is used as the [IC mode selection bit. Setting “1” in the
IIC mode select bit (bit 0) goes the circuit to achieve the IIC bus interface effective. Table 1.19.9 shows
the relation between the IIC 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.

P70 through P72 conforming to the simplified IIC bus

PToTxD2/SDA
. To DMAD, DMA1
sel —Timer UART2 transmission/
| 0<= electorfe— 10 NCM=1 licM=0  NACK interrupt
) Transmission
UART2 e register s request
o lcM=1
B UART2 To DMAO
Nozs »7 | Arbitration UART2 reception/ACK
" Timer |LCM=1 ICM=0 interrupt request
+—+| Reception register I——.& DMA1 request
ICM=0 UART2 =
, lcm=1
] Start condition detection l— B
) . ) Bus busy
Stop condition detection l_
] NACK
) L-synchronous
E:t"e"-lcﬂoendge output enabling bit
P71/RxDz/SCL i -
On a Data bus ACK
(POl P77 output data latch) 9th pulse Bus collision/start, stop
|—°< Selector| ICcM=1 condition detection
UARTZ_ Internal clock L interrupt request
INCM=1 Bus collision —e
CLK -
lICM=1 detection IICM=0
> Filter % External clock
MNoize A
> 1ICM=0 UART2
Port reading
: ) UART2 lICM=0 *With IICM set to 1, the port terminal is to be readable
P?E*CLK‘O :I :I Selector e even if 1is assigned to P71 of the direction register.
«——— Timer ote 1:/In in package), is not conne external pin.
Note 1: In M30623(80-pin package), P7z/CLKz is not cted to external pi

Figure 1.19.27. Functional block diagram for IIC mode

Figure 1.19.27 shows the functional block diagram for IIC mode. Setting “1” in the 1IC mode selection bit
(IICM) 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”. 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 UARTZ2 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.
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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 (UART2 reception) to the DMA1 request factor
select bits provides the means to start up the DMA transfer by the effect of acknowledgment detection.
Bit 1 of the UART2 special mode register (037716) is used as the arbitration loss 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 3 of the UARTZ2 reception
buffer register (037F 16), 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 1.19.28 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.

-

. Bus collision detect sampling clock select bit (Bit 4 of the UART2 special mode register)
0: Rising edggs of the transfer clock

e L f LT LT L L L L L L L
TxD/RxD | | |

L,,.-' 1: Timer AD overflow

Timer A0

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

CLK St
TxD.f'RxD—| | |

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

Enabling transmission

With "1: falling edge of RxD2" selected

ST R R S B S A S I

" | |
w | |

Note 1: In M30623(80-pin package), P72/CLKz2 is not connected to external pin.

Figure 1.19.28. Some other functions added

B 4% &1 # #} 886-3-5753170
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S1/03, 4

S 1/03 and S I/04 are exclusive clock-synchronous serial 1/0s.
In M30623(80-pin package), SIN3 is not connected to external pin, so S I/0O3 is exclusive transmission.

Figure 1.19.29 shows the S /03, 4 block diagram, and Figure 1.19.30 shows the S /O3, 4 related register.
Table 1.19.10 shows the specifications of S 1/03, 4.

f1—o0 SMi1 Data bus
fo S~ SMi0
f32 —O\O—T

Synchronous .
—D\j 7 circuit 12 1ni+1)
SMi3 Transfer rate register (8)
SMi6 SMi6
P90/CLK3 . | S I/Oi
,.._',—,._l S IO counter i (3) -
(P95/CLKa) O—e < ‘

" interrupt request

SMi2
SMi3
P92/SouT3 O V] SMi5LSB~e—= MSB
(P96/SouT4) [ v
FilEog - | S I/Oi transmission/reception register (8)
(P97/SIN4)

A 8

MNote 1: In M30623(80-pin package), P91/SIN3 is not connected to external pin.
Note 2:1= 3, 4.

ni = A value set in the S /O transfer rate register i (036316, 036716).

Figure 1.19.29. S 1/03, 4 block diagram
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S 1/Oi control register (i = 3, 4) (Note 1)

b7 b6 b5 b4 b3 b2 b1 bl

Mothing is assigned.
In an attempt to write to this bit, write “0". The value, if read, turns out to be “0”.

‘ Symbol Address When reset

AL N SiC 036216, 036616 4018

A A Bit Bi .

T R - it name Description

A P RIW
P11 1 i 4 1 1| SMi0 |Internal synchronous bl gl Selecting f1 00
A A clock select bit 0 1 : Selecting fa

S SMi1 10 : Selecting f32

. 00
T 11 : Not to be used

: : A SMi2 | Souti output disable bit 0 : Souri output 00
- 1 : Souri output disable(high impedance)
A SMi3 | S 1/0i port select bit 0 : Input-output port 00
P (Note 2) 1 : Souti oufput, CLK function

D] SMi5 | Transfer direction lect bit | 0 : LSB first 00
' 1 - MSB first
SR T SMi6 | Synchronous clock 0 - External clock 00
' select bit (Note 2) 1 : Internal clock
i_ _______________________ SMi7 | Souri initial value Effective when SMi3 =0
set bit 0 : L output 0.0
1 H output

Note 1: Set "1" in bit 2 of the protection register (000A16) in advance to write to the
S 1/0i control register (i= 3, 4).

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

SI/Oi bit rate generator

b7 bo Symbol Address When reset
| S3BRG 036318 Indeterminate
T S54BRG 036718 Indeterminate
Indeterminate Values that can be set REW
s Assuming that set value = n, BRGi divides the count 0015 to FF1s EO
source by n + 1 i

SI/Oi transmit/receive register

b7 b0 Symbol Address When reset
| S3TRR 036018 Indeterminate
T S4TRR 036415 Indeterminate
Indeterminate RIW,
_____________ Transmission/reception starts by writing data to this register. Oi o
After transmission/reception finishes, reception data is input. (Note 1) i

Note 1: In M30623(80-package), S 1/03 is exclusive transmission.

Figure 1.19.30. SI/Oi related register
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Table 1.19.10. Specifications of S 1/03, 4

Item Specifications
Transfer data format | = Transfer data length: 8 bits
Transfer clock » With the internal clock selected (bit 6 of 036216, 036616 = “17): 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).

- SourTi initial value set bit (use bit 7 of 036216, 036616)= 1.

- S 1/Qi 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, 0364 16).

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

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

Rising edge of the last transfer clock. (Note 3)

Interrupt request
generation timing
Select function

LSB first or MSB first selection

Whether transmission/reception begins with bit 0 (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 1.19.31.

Unlike UARTO0-2, SI/Qi (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
afeter 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
0360186, 036416) during this time, SouTi is placed in the high-impedance state
immediately upon writing and the data hold time is thereby reduced.

Precaution

Note 1: nis a value from 0016 through FF16 set in the S I/Oi transfer rate register (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 low state. Also, before rewriting the SI/O Control Register (addresses
036216, 036616)'s bit 7 (SouTi initial value set bit), make sure the CLKi pin input is held low.

* The S 1/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: In M30623(80-pin package), S I/03 is exclusive transmission, because SIN3 is not connected to
external pin.
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B Functions for setting an SouTi 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 1.19.31 shows the timing chart for setting at SOUTi

initial value and how to set it.

Mitsubishi microcomputers

M16C / 62T Group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(Example) With “H" selected for SouTi:

Signal written to the S 1/Oi

S I/0i port select bit SMi3 =0

v

O

tr ission/reception
register

SouTi's initial value
set bit (SMi7)

S 1/Oi port select bit

o

o

(SMi3)

SouTi (internal)

T —r

SOUTI initial value select bit
SMi7 =1
(SouTi: Internal — “H" level)

!

S 1/0i port select bit
SMi3=0—>1
(Port select: Normal port — S0UTI)

Y

2
=

Port output

SouTi terminal output

(i=3,4)

¥
Setting the SouTi
initial value to H

I Initial value = "H” (Note)
¥

Port selection

(normal port = Souri)

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 “L” level.
If the internal clock has been selected or if SOUT output disable has been
set, this output goes to the high-impedance state.

< o

SouTi terminal = “H” output

v

Signal written to the S 1701 register
ST —s T —s T
(Falling edge)

Y

SouTi terminal = Qutputting
stored data in the S 1/O1 transmission/|
reception register

Figure 1.19.31. Timing chart for setting SOUTi’s initial value and how to set it

Ml S I/Oi operation timing

Figure 1.19.32 shows the S I/Oi operation timing

' 1.5 cycle (max) :
L‘—-‘

Transfer clock
(Note 1)

L

]
L b L LI 1

Transfer clock *
(Note 1)

Signal written to ™

=

nT R

the S 1/Qi register

\

5 1/Oi output SouTi

L 5_|
X _Do D1 X Dz] X D3

XK_D4

¥ D5 X De X

(i=3,4)

I I

S 1/Oi input Sini

S

X X

X

X X X

(Note 3) (i=3,4)

Setting the S /01 -~

interrupt request bit T
(i=3, 4)

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 I/0i control register. (No frequency division, 8-division frequency, 32-division frequency.)
Note 2: With the internal clock selected for the transfer clock, the SouTi terminal becomes to the high-impedance
state after the transfer finishes.
Mote 3: In M30623(80-pin package), the input pin SiN3 of S 1/03 is not connected to external pin.
Note 4: Shown above is the case where the SouTi (i = 3, 4) port select bit = “17.

Figure 1.19.32. S I/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, P00 to P07, and P20 to P27 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, reducing the power dissipation. When using the A-D converter, start A-D conversion only after setting bit 5 of
03D716 to connect VREF.
The result of A-D conversion is stored in the A-D registers of the selected pins. When set to 10-bit precision, the low
8 bits are stored in the even addresses and the high 2 bits in the odd addresses. When set to 8-bit precision, the low
8 bits are stored in the even addresses.
Table 1.20.1 shows the performance of the A-D converter. Figure 1.20.1 shows the block diagram of the
A-D converter, and Figures 1.20.2 and 1.20.3 show the A-D converter-related registers.

Table 1.20.1. Performance of A-D converter
ltem 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) | faD/divide-by-2 of fAD/divide-by-4 of fAD, fAD=f(XIN) (VCC = 5V)

Resolution 8-bit or 10-bit (selectable)
Absolute precision @8-bit resolution
+2L.SB
@10-bit resolution
+3LSB

When the extended analog input pins ANEX0, ANEX1, ANoo to ANo7,

and AN20to AN27 are used as the external operation amp connection mode:
+7LSB

Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,

and repeat sweep mode 1

Analog input pins 8 pins (AN0 to AN7) + 2 pins (ANEX0 and ANEX1) + 16 pins (ANoo to ANo7,
AN20 to AN27) (Note 3)

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 frequency if f(XIN) exceeds 10MHz, and make ¢AD frequency equal to 10MHz.
Without sample and hold function, set the ¢AD frequency to 250kHz min.
With the sample and hold function, set the ¢AD frequency to TMHZ min.

Note 3: The pins are not used as the analog input pins can be used as normal /O ports, or I/O pins of
each peripheral function.
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A-D conversion rate selection

PrioT—L

(03C11s, 03C018)
(03C318, 03C218)
(03C518, 03C418)
(03C71s, 03CB16)
(03C91s, 03CB18)
(03CB1s, 03CA18)
(03CD1s, 03CC18)
(03CF16, 03CE1s)

CKSl =T 3
CKS0= 1"\0—.: $AD

172 CKSD=0

CKS1=

fan O J || 1/2 l
VRer O VCUT =0 Resistor ladder I
AVssO——— o
veur =1 ‘MM‘MMM
LI ] =
Successive conversion register
Addresses

A-D register 0 (16)

A-D control register 1 E
(address 03D7 18) q‘%

A-D control register 0
(address 03D61s)

A-D register 1 (16)

A-D register 2 (16)

AAA

A-D register 3 (16)

A-D register 4 (16)

A-D register 5 (16)

A-D register 6 (16)

A-D register 7 (16)

AAA A

7 [

Decoder
for A-D register

S

Data bus high-order

N

A-D control reglster

S

Data bus low-order S (address 03D416) j %J
vy v

Decoder
for channel selection

Port P2 group

YYYYYVYY ;
|| Port P10 group CH2,CH1.CHO :
P100/AN0 O———=000 ADGSEL1,ADGSELO = 00
P101/AN1 O——=901 ¢ OPA1,0PAD = 00
= 01 0 |
P102/AN2 O—1—— 2%

Port PO group PMO1,PMO0,CH2.CH1.CHO P103/AN: O =011 >~ W
P00/AN00C: = 00000 5 P104/AN4 O——=100¢ =
P01/AN01O = 00001 P10s/ANs O————101¢ PMO1,PMO0 = 00

= 00010 | =1107 ADGSEL1ADGSELD =10
P02/AN02C — 00011 2 P106/AN6 O——————-© EEEEITN: -
P03/AN03O — ) P107/AN7 O————115 OPA1 ,CI)PAO =00
P0O4/AN04O = gg}g? o
P0s/AN0sOr — ) o .;
P0s/ANo6O = 00110 ci-‘d :
PO7/AN07O = 00111 5 PMO1,PMO0 = 00

ADGSEL1,ADGSELD = 11
OPA1,0PAD =00

Vref

Comparator
VIN

P20/AN200 = gggg? ooy 5]
Eg;iﬁm;g = 00010 z ADGSEL1ADGSELO=00(%, .
P23/AN230 = 00011 3 OPA1,0PA0=11 !
P24/AN240 =001004 !
P25/AN250 = 00101 o PIMO1.PMOO = 00 |
P26/AN260 = 00110 5 ADGSEL1.ADGSELO=10{"%4 _____ | .. _________ ;
P27/AN270 = 00111 5 OPA1,0PAD=11 !
PM01,PMO0 = 00
ADGSEL1ADGSELO =11 g oo oo b __ H
OPA1,0PA0 =11 OPA1,0PAD
ANEXo0 o OPAO = 10\0 =01 S
ANEX1 O OPAT= 1 OPA1 = 17=¥]
Figure 1.20.1. Block diagram of A-D converter
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A-D control register 0 (Note 1)

b7 b8 b5 b4 b3 b2 Bl BO Symbol Address When reset
| | | | l | | | | ADCONO 03D616 00000XXX2

Bit symbol Bit name Function RiW
A T 12 b1 b0 i
oo o CHO Analog input pin select bit |00 0 : ANo is selected 00
oo - 00 1:AN1is selected !
oo v 01 0: ANz is selected ;
Vo [ CH1 011 :AN3is selected 00
oo : 100 : AN4is selected 5
N H 101 :ANs is selected T
oo [ 110: ANs is selected (Note 2) 00
oo CH2 111 :AN7 is selected (Note 3) '
A . bies |
T — mpo  |AcD operation mode select | o 0 - One-shot mode 00
T i 0 1: Repeat mode :
oo 10 : Single sweep mode :
S MD1 11 : Repeat sweep mode 0 0.0
o Repeat sweep mode 1 (Note 3) |
e TRG Trigger select bit 0 : Software trigger 0.0
P 1 : ADTRG trigger ]

i t ______________________ ADST A-D conversion start flag | 0 : A-D conversion disabled OE o
; 1: A-D conversion started :

: Frequency select bit 0 0: fAD/4 is selected :
Frmmmmemmmmmeemmeeme oy CKSO 1:faD/2 is selected OEO

MNote 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Note 2: ANDO to ANO7, and AN20 to AN27 can be used the same as ANO0 to ANT.

MNote 3: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note 1)

oT b6 BS b4 b3 B2 b1 B0 Symbol Address When reset
[T ][] ]| abcont 03D716 0016

: v v+ 1 | Bit symbol Bit name Function Riw
: P Pl A-D sweep pin select bit | When single sweep and repeat sweep !

: v oo mode 0 are selected '
[ SCANO b1b0 OEO
A - 0 0:ANo, AN1 (2 pins) ;
oo 01 :ANo to AN3 (4 pins) 1
A 10 : ANo to AN5 (6 pins) ;
- 11 : ANo to AN7 (8 pins) 1
P When repeat sweep mode 1 is selected i

E E E E E E e SCAN1 1 b0 H
Pl 00 ANo (1 pin) olfe
- 01 :ANo, AN1 (2 pins) i
b 10 : ANo to AN2 (3 pins) |

: o ' 11 :ANo0to AN3 (4 pins) (Note 3) '

: P : A-D operation mode 0 : Any mode other than repeat sweep ;

! e MD2 select bit 1 mode 1 00
; v 1: Repeat sweep mode 1 ;

: e 8/10-bit mode selectbit |0 : 8-bit mode ;
Pl BITS 1 10-bit mode 00
; i : T Frequency select bit 1 0 : faD/2 or fAD/4 is selected :

: : CKS1 (Note 2) |1:faDis selected 00
i : Vref connect bit 0 : Vref not connected '

i - smeeeeen] VEUT 1 - Vref connected OEO
P External op-amp e I

A R OPAO : . 00 : ANEXO and ANEX1 are not used '

! connection mode bit 01 : ANEXO input is A-D converted o: O
; 10 : ANEX1 input is A-D converted :

S LR RERRSRELEDE OPA1 11 : External op-amp connection mode  [O!O

Mote 1: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

MNote 2 : Divide the frequency if f(XIN) exceeds 10MHz, and make $AD frequency equal to 10
MHz.

Note 3 : ANOO to AND7, and AN20 to AN27 can be used the same as AND to AN7T.

Figure 1.20.2. A-D converter-related registers (1)
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A-D control register 2 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
0 ‘ ‘ | | ADCON2 03D41s 0016
P I I ' ' ' ' Bit symbol Bit name Function RW
S R A-D conversion method | 0 : Without sample and hold
- SMP select bit 1 - With sample and hold O:O
O S 62 b1 _
I ADGSELD Analog input group 00 : Port10 group is selected |
P lect bit 01 : Not use 00
R S S ADGSEL 1 selectbi 10 : Port0 group is selected |
11 : Port1 group is selected '
Reserved bit Always set to “0” 00

Nothing is assigned. ) |
In an attempt to write to these bits, write “0”. The value, if read, turns out to — -
be “0". i

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

A-D register i Symbol Address When reset
s e ADi(i=0to 7) 03C016 to 03CF15 Indeterminate
I'b? : "bo'l b7 b0

DDDPDD] |

b : : Function R'W|
| Eight low-order bits of A-D conversion result 0'x
- During 10-bit mode Oix

Two high-order bits of A-D conversion result

----------------- * During 8-bit mode X%
When read, the content is indeterminate

becccmcmccccemeneeeee=n =
Lecccccccccccccaccceenan=

I Nothing is assigned. _
In an attempt to write to these bits, write “0”. The value, if - =
read, turns out to be “0".

Figure 1.20.3. A-D converter-related registers (2)
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(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 1.20.2 shows the specifications of one-shot mode. Figure 1.20.4 shows the A-D control regis-
ter in one-shot mode.
Table 1.20.2. One-shot mode specifications

ltem 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 generationtiming | End of A-D conversion
Input pin One of ANo to AN7, as selected (Note 1)
Reading of result of A-D converter | Read A-D register corresponding to selected pin
Note 1: ANoo to AN07, and AN20 to AN27 can be used the same as ANo to AN7.

A-D control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

olo Symbol Address When reset
ADCONO 03D61s6 00000XXX2

Lobb b b Bit symbol Bit name Function RW,
A wzerea
boiot bt cnp  [Analog Inputpin 000 :ANo Is selected oo
P o select bit 00 1:AN1 Is selected
P Lo 010 : ANz s selected
P T CHH1 011: ANz s selected oo
I HE 100 :AN4 s selected
- 10 1:ANs Is selected
i . H ‘ [ CH2 110 :ANs Is selected (Note 2) |O O
oo 111 ANy Is selected (Note 3)
I et MDO A-D operation mode e oo
R MDA select bt 0 00 : One-shot mode (Note 3) o0
i L ________________ TRG Trigger select bit 0 : Software trigger o0
' 1: ADTreG trigger
e ADST A-D converslon start flag | 0 : A-D converslon disabled oo

: 1:A-D converslon started

S RREEEEEEELE CKS0  |Frequency select bit 0 0:Tap/4 Is selected oo

1: fap/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, and ANzo to AN27 can be used the same as ANo fo AN7.

Note 3: When changing A-D operation mode, set analog input pin again.

A-D control register 1 (Note 1)

rul-ﬁ-l-“-l-"‘-l-”-l-“‘r”-l-“”-l Symbol Address  When reset
1 11 0 ADCON1 03D716 0016

A Bit symbol Bit name Function RW
P P il scano A-D sweep pin select bit | Invalld In one-shot mode o0

{ L---] SCANT 0o

e MD2 A-D operatlon mode 0 - Any mode other than repeat sweep mode 1 |00
H select bit 1

e 8/10-blt mode select bit |0 : 8-blt mode

oL 0.0
o BITS 1:10-blt mode

: LR CKS1 Frequency selectbit 1 |0 - fap/2 or fan/4 Is selected 0.0
b (Note 23| 1: fap Is selected

S LR VCUT | Vref connect bt 1 2 Vref connected 0.0
: . b7 b

-------------------- OPAD External op-amp 0 0 : ANEX0 and ANEX1 are not used ©.0

connection mode bit 01 : ANEXO Input Is A-D converted
H OPA1 10 : ANEX1 Input Is A-D converted
"""""""""""" 11 : External op-amp connectlon mode o0

MNote 1: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.
Note 2: Divide the frequency if f(XIN) exceeds 10MHz, and make $aD frequency
equal to 10MHz.

Figure 1.20.4. A-D conversion register in one-shot mode
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In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion.
Table 1.20.3 shows the specifications of repeat mode. Figure 1.20.5 shows the A-D control register in

repeat mode.

Table 1.20.3. 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 1)

Reading of result of A-D converter

Read A-D register corresponding to selected pin

Note 1: ANoo to ANo07, and AN20 to AN27 can be used the same as ANo0 to AN7.

b7 b6 bS5 b4 D3 D2 b1 DO

0f1

A-D control register 0 (Note 1)

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function R'W|
BbZ b1 b0
CHo  [Analog input pin 000 : ANo Is selected oo
select bit 001:AN1 s selected
010: ANz Is selected
CH1 011:ANzls selected oo
100 : AN Is selected
101 :ANs Is selected
CH2 11 0:ANs Is selected (Note 2) |O.O
111 :AN7 Is selected (Note 3)
MDO A-D operatlon mode e oo
VD1 select bif 0 0 1 : Repeat mode (Note 3) 575
TRG Trigger select bit 0 : Software trigger 00
1: ADTre trigger
ADST A-D converslon start flag | 0 : A-D converslon disabled oo
1 : A-D converslon started
CKS0 | Frequency select bit 0 0 - isp/4 Is selected oo
auency 1 - fan/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, and AN20 to AN27 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 When reset
ADCON1 030718 0018
Bit symbol Bit name Function RIW
SCANO | A-D sweep pin select bit | Invalld In repeat mode o0
SCAN1 (oo
MD2 A-D operatlon mode 0 : Any mode other than repeat sweep mode 1 |Q/O
select bit 1
BITS &/10-blt mode selectblt |0 8-blt mode o0
1:10-bit mode
CKS1 Frequency select bit 1 0 : fan/2 or fap/4 Is selected o0
(Note 2)| 1 fap Is selected
VCuT Vref connect bit 1 : Vref connected 0.0
b7 b&
OPAQ | External op-amp 0 0 - ANEXO0 and ANEX1 are not used o0
connection mode bit 0 1: ANEXO Input Is A-D converted
OPA1 10 ANEX1 Input Is A-D converted
11 External op-amp connectlon mode o0

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion

result is indeterminate.

Note 2: Divide the frequency if f(Xin) exceeds 10MHz, and make ¢AD frequency

equal to 10MHz.

Figure 1.20.5. 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 1.20.4 shows the specifications of single sweep mode. Figure 1.20.6 shows the A-D
control register in single sweep mode.
Table 1.20.4. Single sweep mode specifications

ltem 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 AN5 (6 pins), or ANo to AN7 (8 pins) (Note 1)
Reading of result of A-D converter | Read A-D register corresponding to selected pin

Note 1: ANoo to AN07, and AN20 to AN27 can be used the same as ANo to AN7.

A-D control register 0 (Note 1)

57 06 05 B4 b5 B2 b1 50 Symbol Address ~ When reset
[ [ ] [1]o] [ || ~Dcono 03D616  00000XXX2
Bit symbaol Bit name Function R
CHO Analog input pin select bit | Invalid in single sweep mode oio
......... CH1 00
CH2 (oFe]
MDO A-D operation mode T oo
celect bit 0 10 : Single sweep mode
MD1 00
TRG Trigger select bit 0 : Software trigger
1: ADTRE trigger 00
ADST A-D conversion start flag | 0 : A-D conversion disabled
1: A-D conversion started 0:0
CKS0 Frequency select bit 0 0 : fap/d is selected
1: fap/2 is selected 0:0

Mote 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

A-D control register 1 (Note 1)

L N Symbol Address When reset
LI [T 1] Apcon 03D715 0016
Bit symbol Bit name Function R W
A-D sweep pin select bit | When single sweep and repeat sweep mode 0
SCANO are selected 00
b1 bl
00 : ANo, AN1 (2 pins)
0 1:ANoto ANz (4 pins
SCAN1 10 : ANo to ANs (6 pins 00
11 : ANo to AN7 (8 pins) (Mote 3)
A-D operation mode 0 : Any mode other than repeat sweep mode 1
MD2 select bit 1 00
8/10-bit mode select bit | 0 : 8-bit mode
BITS 1:10-bit mode 00
Frequency select bit 1 0 : fan/2 or fan/4 is selected
CKs1 d Y (Note 2) | 1: fap is selected 00
VCuT Vref connect bit 1 : Vref connected \ol o]
OPAQ | External op-amp 00 : ANEX0 and ANEX1 are not used oo
connection mode 0 1 ANEXO0 input is A-D converted
OPAT bit (Note 4) 10 : ANEX1 input is A-D converted
11 : External op-amp connection mode O:0

Mote 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.
Mote 2: Divide the frequency if f(XIN) exceeds 10MHz, and make ¢AD frequency equal

Figure 1.20.6. A-D conversion register in single sweep mode
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(4) Repeat sweep mode 0

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 1.20.5 shows the specifications of repeat sweep mode 0. Figure 1.20.7 shows the
A-D control register in repeat sweep mode 0.

Table 1.20.5. Repeat sweep mode 0 specifications

Item Specification
Function The pins selected by the A-D sweep pin select bit are used for repeat sweep 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), AN0 to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 pins) (Note 1)
Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)

Note 1: ANoo to AN07, and AN20 to AN27 can be used the same as ANo to AN7.

A-D control register O (Note 1)

I-D-?-l-ﬁ-l-ﬁ-l-ﬂl-ﬁ-lill-ﬂ-‘-l-ﬂl Symbol Address When reset
111 ADCONO 03D618 00000XXX2

o i i 1 i | Bitsymbol Bit name Function RW
Dol i 1 i cHo  |Analoginput pin select bit| Invalld In repeat sweep mode 0 oo
b ] o oo
P : Voot CH2 OEO
. E i b4 b3 .
. MDO A-D operation mode 11 Repeat sweep mode 0 O:O
. select bit 0 ,
it MD1 o0
[ S TRG Trigger select bit 0 : Software trigger oo
. 1: ADTRe trigger !
S ADST | A-D converslon start flag | 0 : A-D converslon disabled OEO
] 1: A-D converslon started :
] cKso | Frequency selectbit0 | 0 : fan/4 Is selected oo

1 fap/2 15 selected
Note 1: 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 bf b5 b4 b3 B2 b1 b0

1 0 Symbol Address When reset
ADCON1 03D716 0016
Poib bbb b Bitsymbol Bit name Function RW
A R R B R B A-D sweep pin select bit | When single sweep and repeat sweep mode 0 .
{4 4 44+ 1 +{ SCAND are selected 00
Voo viE0 '
oo 8 L1) : QHGIIANA i @2 gln{lr.) :
e - ANo to ANz ns !
borob bbb m--- SCAMI 10 ANo 1o ANs (6 pins o0
[ 11 ANo to AN7 (8 pins (Note3) | !
T T T T MD2 A-D operation mode 0 : Any mode other than repeat sweep mode 1 |55
oo select bit 1 -
T S BITS 8/10-bit mode select bit | 0 : 8-blt mode oo
R 1 10-blt mode !
T T P, CKS1 Frequency select bt 1 0 : fap/2 or fan/4 Is selected o0
o (Note 2) | 1 fan Is selected :
Pl Emmmmmmmemmmemees VCUT Vref connect bit 1 : Vref connected 00
' : ~ 5T bE H
{ T opag | Extemal op-amp 00 - ANEX0 and ANEX1 are not used o0
] connection mode ? '-:|J - QHE?;} Inpu% :S i_B Convegeg H
R bit (Mote 4 : nput Is A-D convere H
OPA1 ( ) 11 Extenal op-amp connection mode oo

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Note 2: Divide the frequency if f{XIN) exceeds 10MHz, and make $AD frequency equal to
10MHzZ.

MNote 3: ANO0D to AN07, and AN20 to AN27 can be used the same as ANO to ANT.

Note 4: Neither “01° nor “10” can be selected with the external op-amp connection mode bit.

Figure 1.20.7. 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 1.20.6 shows the specifications of repeat sweep mode 1. Figure
1.20.8 shows the A-D control register in repeat sweep mode 1.

Table 1.20.6. Repeat sweep mode 1 specifications

Iltem Specification

Function All pins perform repeat sweep A-D conversion, with emphasis on the pin or
pins selected by the A-D sweep pin select bit
Example : ANo selected ANo0 — AN1 — AN0 — AN2 — ANo0 — AN3, 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 ANo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 pins) (Note1 )

Reading of result of A-D converter | Read A-D register corresponding to selected pin (at any time)
Note 1: ANoo to ANo7, and AN20 to AN27 can be used the same as ANo0 to AN7.
A-D control register 0 (Note 1)

rﬂll-iﬁ-l-ﬁ-l-ﬂ-l-ﬁ-l-ﬂl-ﬂ-l-ul Symbol Address  When reset
AL {4 {1 | apcono 03D616  00DOOXXX2

Lo i1 1 1| Bit symbol Bit name Function RW

: : : : : : :. CHO Analog input pin select bit | Invalid in repeat sweep mode 1 00

e oo

S Ry cH2 oo

- A ) o

oo T MDO AD opelranon mode 11 : Repeat sweep mode 1 0o

- select bit 0

Poiop o feemmeeseesees MD1 oo

R TRG Trigger select bit 0 : Software trigger o0

b 1 - ADTRG trigger

s ADST A-D conversion start flag | 0 : A-D conversion disabled 00

i 1: A-D conversion started

] CKS0 Frequency select bit 0 0 : fan/d is selected 00
1 fani2 is selected

Note 1: 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 D6 D5 b4 B3 B2 D1 DO

1 1 Symbol Address  When reset
ADCON1 030718 018
oo 1+ | Bit symbol Bit name Function RW|
T A ' SCAND A-D sweep pin select bit | When repeat sweep mode 1 is selected OEO
A A w1 50 !
- 00 : ANo (1 pin H
I T A A 01 : ANo, AN1 (2 ping) !
P04 41 =---1 SCAN1 10 : ANo to ANz (3 pins 00
P P 11 : ANo to ANz (4 pins (Note 3) 1
E i l L MD2 A-D operation mode 1: Repeat sweep mode 1 050
Voo select bit 1 i
R S BTs | 8/10-bitmode selectbit | 0 : &-bit mode o0
T 1 : 10-bit mode :
A TR — CKS1 Frequency select bit 1 0: fan/2 or fan/d is selected
I (Note 2) | 1:fapis selected 0:0
E """"""""" VCUT \ref connect bit 1 : Vref connected [e]{e]
H L |
o o OPAQ External.op—amp 00 : ANEXD and ANEX1 are not used 0.0
| heen"™™ |10 Aemieag o |
L it (Mote : input is A-D converte '
OPA1 ¢ ) 11 : External op-amp connection mode oo

Note 1: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Note 2: Divide the frequency if f{(Xin) exceeds 10MHz, and make $AD frequency equal to
10MHz.

Note 3: ANoo to ANo7, and AN2o to AN27 can be used the same as ANo to AN7.

Note 4: Neither "01' nor *10° can be selected with the external op-amp connection mode bit.

Figure 1.20.8. A-D conversion register in repeat sweep mode 1
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(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 ANEX0 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 ANEXO0 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 16pins of the extended analog input pins ANoo to ANo7, AN20 to AN27 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, AN20 to AN27.

In the selected pin group, the pins is not used as the analog input pin, can be used as normal I/O ports, or
I/0 pins of each peripheral function.

(c) External operation amp connection mode

In this mode, multiple external analog inputs via the extended analog input pins, ANEXO 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
1) is output from ANEXO0. 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 ANEX0 and ANEX1 pins directly. Figure 1.20.9 is an example of how
to connect the pins in external operation amp mode.

Note 1: ANoo to AN07, AN20 to AN27 can be used the same as AN0 to AN7.
(d) Caution of using A-D converter

(1) Set the direction register of the following ports to input: the port corresponding to a pin to be used as
an analog input pin and external trigger input pin(P97).

(2) In using a key-input interrupt, none of 4 pins (AN4 through AN7) can be used as an A-D conversion port
(if the A-D input voltage goes to “L” level, a key-input interrupt occurs).

(3) Insert the capacitor between AVcc and AVss, between Vrer and AVss, and between the analog input
pin (ANi) and AVss, to prevent a malfunction or program runaway, and to reduce conversion error,
due to noise. Figure 1.20.10 is an example connection of each pin.
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7 ANo O

Port P10 group
Analog input pins

Port PO group
Analog input pins

™

Port P2 group
Analog input pins

ADGSEL1,ADGSELO
=00

5o

AN1 O
AN2 O
AN3 O

AN¢ O———1—<0 o
ANs O———————9 o
ANg O—————1—9 o
v AN7 O——

G0
G0
G0

|

ADGSEL1,ADGSELO

5o

ANoo O

AMNot O——————6—0—

ANoz O
ANoz O
ANos O
ANMos O

G0
G0

G0
G0
AMog O————F1—<0o—
AMNor O——— 16—

ADGSEL1,ADGSELO
=11

ANzo0 &

50

5o

AN21 O—— 1604
AN22 O————6—o0—

AMN23 O0—————60—
a0

G0
G0

AMNz27 O—————60o—!

AN24 O
AN25 O
ANz2s O

ANEXo
O

‘ ANEX1
O

External op-amp

Resistor ladder

I
AAAAAARAAA

LLTTTTTTT S

Successive conversion register

ﬂ>

Comparator

Figure 1.20.9. Example of external op-amp connection mode

Microcomputer

©
Vcc
cal
Vss
1

AVcc

VREF

AVss

ANi ——I_

Note 1: C120.47uF, C2=0.47uF, C3>100pF, C4=0.1uF
Note 2: Use thick and shortest possible wiring to connect
capacitors.

v

Figure 1.20.10. Example connection of Vcc, Vss, AVcc, AVss, VREF and ANi
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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.
Output analog voltage (V) is determined by a set value (n : decimal) in the D-A register.

VREF

V =VREF X n/ 256 (n = 0 to 255)

: reference voltage

Table 1.21.1 lists the performance of the D-A converter. Figure 1.21.1 shows the block diagram of the D-A
converter. Figure 1.21.2 shows the D-A control register. Figure 1.21.3 shows the D-A converter equivalent

circuit.

Table 1.21.1. Performance of D-A converter

Item 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)

:

D-AO0 output enable bit

R-2R resistor ladder

———0—0—) P93/DA0

D-A register1 (8)

(Address 03DA16)

:

D-A1 output enable bit

R-2R resistor ladder

00— P94/DAT

Figure 1.21.1. Block diagram of D-A converter
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D-A control register

b7 6 b5 b4 b3 b2 b1 bD Symbol Address When reset
WJJ DACON 03DC16 0016
oo ¢+ 1| Bit symbol Bit name Function RW
H . . : : : p 0 : Output disabled
h Do DAOE D-A0 output enable bit 1° Output enabled 00

DA1E D-A1 output enable bit 0 : Output disabled 00
1 : Output enabled

Mothing is assigned. ) .
In an attempt to write to these bits, write “0". The value, if read, turns out to be “0”

D-A register
_ Symbol Address When reset
|t" °°| DAi(i=0,1)  03D816 03DA16 Indeterminate
Function R'W
____________ Output value of D-A conversion Oio

Figure 1.21.2. D-A control register

D-AD output enable bit

g

R R
080 O—W\—3~0——MA—T—WA

2R 2R é
MSB ] LsB
! - . ?
D-AQ register) | / : \
i ? @ i T ‘0 T o}
AVss O
VasF O

Mote 1: The above diagram shows an instance in which the D-A register is assigned 2A1s.

Note 2: The same circuit as this is also used for D-A1.

Mote 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 1.21.3. D-A converter equivalent circuit
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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 (X6 + X12 + X° + 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 1.22.1 shows the block diagram of the CRC circuit. Figure 1.22.2 shows the CRC-related registers.
Figure 1.22.3 shows the calculation example using the CRC calculation circuit

§ Data bus high-order bits

LT

S Data bus low-order bits

Eight low-order bits ‘ l Eight high-order bits

CRC data register (16)
ﬂ (Addresses 03BD16, 03BC16)

CRC code generating circuit
X16+X12+X5+ 1

‘An

CRC input register (8) | (Address 03BE16)

f

Figure 1.22.1. Block diagram of CRC circuit

CRC data register

o i o Symbol Address When reset
CRCD 03BD1s, 03BC16 Indeterminate
Function Values that R'W
can be set
1 CRC calculation result output register 000016 to FFFF16 OO
CRC input register
o7 50 Symbo Address When reset
CRCIN 03BE+1s Indeterminate
: Function Valuesthat | oy
H can be set
bommmmmmmee Data input register 0016to FF16 |O' O

Figure 1.22.2. CRC-related registers
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b15 b0
(1) Setting 000015 —»= ‘
b7 b0
b15 b0
118916
. ¥
A

The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial,
(X16 + x12 + X® + 1), becomes the remainder resulting from dividing (1000 0000) X6 by (1 0001 0000 0010 0001) in

conformity with the modulo-2 operation.

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.

LSB

RN
10001 000000100001 [ 1000 0000 0OOO DOOO 0000 0000

9

CRC data register CRCD
[03BD1s, 03BC1s]

CRC input register CRCIN
[03BE1s]

2 cycles
After CRC calculation is complete

CRC data reqgister CRCD
[03BD1s, 03BC1s]

Stores CRC code

X

, MsB Modulo-2 operation is
1000 1000 ¥ operation that complies
with the law given below.

1000 1000 0001 0000 1 0+0=0

1000 0001 0000 1000 O 0+1=1

1000 1000 0001 0000 1 1+0=1

1001 0001 1000 1000‘ 1+1=0

L 4 - -
LSB” " MSB -1=1
8 1 1

« ¥ F

b15 b0
0A4118
\
v
A

CRC input register CRCIN
[03BE1s]

After CRC calculation is complete

CRC data register CRCD
[03BD1e, 03BC18]

Stores CRC code

Figure 1.22.3. Calculation example using the CRC calculation circuit
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Programmable 1/O Ports
M30622(100-pin package) has 87 programmable I/O ports: PO to P10 (excluding P85). M30623(80-pin
package) has 70 (P1, P44 to P47, P72 to P75, P91 are not connected to external pin).
Each port can be set independently for input or output using the direction register. A pull-up resistance for
each block of 4 ports can be set. P85 is an input-only port and has no built-in pull-up resistance.
Figures 1.23.1 to 1.23.3 show the programmable /O ports. Figure 1.23.4 shows the I/O pins.
Each pin functions as a programmable /O port and as the 1/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 1.23.5 shows the direction registers.
These registers are used to choose the direction of the programmable 1/O ports. Each bit in these regis-
ters corresponds one for one to each I/O pin.
Note: There is no direction register bit for P8s.

(2) Port registers

Figure 1.23.6 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 |/O pin.

(3) Pull-up control registers

Figure 1.23.7 shows the pull-up control registers.

The pull-up control register can be set to apply a pull-up resistance to each block of 4 ports. When ports
are set to have a pull-up resistance, the pull-up resistance is connected only when the direction register is
set for input.

However, in memory expansion mode and microprocessor mode, PO to P5 operate as the bus and the
pull-up control register setting is invalid.

(4) Port control register

Figure 1.23.8 shows the port control register.
The bit 0 of port control resister is used to read port P1 as follows:
0 : When port P1 is input port, port input level is read.
When port P1 is output port , the contents of port P1 register is read.
1 : The contents of port P1 register is read always.
This register is valid in the following:
= External bus width is 8 bits in microprocessor mode or memory expansion mode.
= Port P1 can be used as a port in multiplexed bus for the entire space.
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P00 to PO?,} inside dotted-line
P20 to P27 J included

P30 to P37

bt tg Py | inside dotted-line
P50 to P54‘ not included
P56

P15 to P17(inside dotted-line included)

P55,
P62, P66,
P77,
P91, P97

P63, P67(inside dotted-line not included)

P10 to P14(inside dotted-line not included)

Data bus —"—|

Data bus ——

Pull-up selection

[Dirediion regi
e

N
Portlatch |

Data bus —e—

[
N

P

x
(Note 1)
rrrs

~J

| Paort P1 control register

Port latch

Pull-up selection
<1
~J

u
y

F
(Note 1)
rrrs

Input to respective peripheral functions

Pull-up selection

-

~
1

Port latch I

P

~

S

Y
(Note 1)
T

~

Input to respective peripheral functions

Pull-up selection

P57,

P60, P61, o . — - 1

P64 P65 inside dotted-line r_Direction register |

P72to P76, [ 'Mcluded 4o

P8o, P81, vt i fDJ

utpul i
P90, P92 Databus —4{__ Portlatch | —%o .
i
g ~[>)5:>>—[ (Note 1)
<d bera
~J
Input to respective peripheral functions @
Note 1: -+ symbolizes a parasitic diode.

Do not apply a voltage higher than Vcc to each port.
Note 2: In M30623(80-pin package), P10 to P17, P44 to P47, P72 to P75, and P91 are not connected to external pin.

Figure 1.23.1. Programmable |
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P70, P71 —LDLLegtmu_Legjsled‘
Output—2.
Databus ~ 7 Port latch | ° ;
1 LD’_LDT % (Note 2)
<l s
< .
Input to respective peripheral functions @
P62 to P84 Pull-up selection
<] .
~ :
Databus —{__ Portlatch | :
, %—LD’T ¥ (Note 1)
< bera
~
Input to respective peripheral functions @
P86 Pull-up selection
‘ J o
N TDJ I
Qutput :
Databus —+—{_ Portlatch 3o 2o~ * O
i
o1 <[>._LD>—, * (Note 1)
< N
. L,
~J
VANIIE*
a7 Pull-up selection s
L Direction register | j 4@_ fe
< - *
x
Databus —¢-  Portlatch | H O
T ~[>>—LD’T * (Note 1)
\‘\.l trrd
Note 1: -—44--—- symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each port.
Note 2; - ia------ symbolizes a parasitic diode.
Note 3: In M30623(80-pin package), P10 to P17, P44 to P47, P72 to P75, and P91 are not connected to external pin.

Figure 1.23.2. Programmable 1/O ports (2)
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P8s

Data bus

P93, P94

Data bus —¢—

A

N

=

| interrupt input

Pull-up selection
D-A output enabled

—| Direction reqister '
<

~

Port latch I

D
LS

,[’I—“
~
~

Input to respective peripheral functions @

P9s(inside dotted-line included)

P96(inside dotted-line not included)

Databus —*

i

P100 to P103

(inside dotted-line not included)
P104 to P107

(inside dotted-line included)

Data bus —¢—|

Analog output oG

D-A output enabled

Pull-up selection

Output_"\.i\c

O
(Note 1)

H
x
&

7ir

* (Note 1)
77‘?

&
 (Note 1)
bera

Input to respective peripheral functions

Pull-up selection

v

Analog input

~

Portlatch |

e [

~

S

~

.. AAnalog input L

Input to respective peripheral functions @

----- - symbolizes a parasitic diode.

Do not apply a voltage higher than Vcc to each port.

Note 2 In M30623(80-pin package), P10 to P17, P44 to P47, P72 to P75, and P91 are not connected to external pin.

* (Note 1)

Figure 1.23.3. Programmable |/O ports (3)
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RESET -
i
RESET signal input ’@ +—0
X (Note 1)
e
BYTE P
Mask ROM version(inside dotted-line not included) Pl
Onetime PROM version(inside dotted-line included) t
BYTE signal input \@ —+—0
£ (Note 1)
7
CNVss o
CNVss signal input @ O
£ (Note 1)
rrrs
Note 1: - symbolizes a parasitic diode.
Do not apply a voltage higher than Vcc to each pin.
Figure 1.23.4. 1/O pins
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Port Pi direction register (Note 1)

b7 b6 b5 b4 b3 b2 bl bl

[TTTTTT ] Poia=oto0excepts)

Address
03E216, 03E316, 03E616, 03E716, 03EA1E
03EB16, 03EE16, 03EF18, 03F316, 03F616

When reset
0016

Symbol

Bit symbol Bit name Function R'W
{PDi_0 Port Pio direction register 0.0
PDI_1 Port Pit direction register | © - '(”F‘ff;‘tc't‘;';’r?seas aninputpor) |00
PDi 2 Port Piz direction register | 1 : Output mode 0.0
PDI_3 Port Pi3 direction register |  (Functions as an outputport) 1570
PDi_4 Port Pi4 direction register (i=0to 10 except 8) 0.0
PDi_ 5 Port Pis direction register 0.0
PDi_6 Port Pis direction register 0.0
PDi_7 Port Pi7 direction register 00

Port P8 direction register

b7 b6 b5 b4 b3 b2 bl bl

Note 1: Set bit 2 of protect register (address 000A16) to “1” before rewriting to
the port P9 direction register.

Note 2: In M30623(80-pin package), P1, P44 to P47, P72 to P75, and P91 are
not connected to external pin, But exist inside microcomputer. So set
these ports for output mode.

Symbol Address When reset
PD8 03F21s 00X000002
Bit symbol Bit name Function R:W|
{1PD8_0 Port P80 direction register 00
p— : 0 : Input mode
PD&_1 Port P81 d_lrect.lon reg_lster (Functions as an input port) 0.0
PD8_2 Port P82 direction register | 1 : Qutput mode 0.0
PD8_3 Port P83 direction register |  (Functions as an outputport) 5.0
PD8 4 Port P84 direction register o0
Nothing is assigned.
In an attempt to write to this bit, write “0". The value, if read, turns out to be ——
indeterminate.
PDS_6 Port P86 direction register | 0 - Input mode _ 00
(Functions as an input port)
__ ] 1 : Output mode
PD8_7 Port P87 direction register (Functions as an output port) 0.0

Figure 1.23.5. Direction register
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Port Pi register

b7 b6 b5 b4 b3 b2 bl bO

| ‘ | | | | ‘ | ‘Pi(i=0to10,except8}

Symbol

Address

03E016, 03E115, 03E416, 03E516, 03E815
03E91s, 03EC16, 03ED16, 03F 115, 03F415

When reset
Indeterminate
Indeterminate

[ Bit symbol

Bit name Function R'W
I PLO Port Pio register Data is input and output to and from © :O
[ Pi_1 Port Pi1 register each pin by reading and writing to oo
SR Pi 2 Port Pi2 register and from each corresponding bit 0.0
Voo — - - 0:“L" level data :

A Pi_3 Port Pi3 register 1°“H" level data (Note) o0
R S —— Pi_4 Port Pi4 register 00
T P — Pi5 Port Pis register (1=0to 10 except 8) 00
e EEEEEEEEEE Pi_6 Port Pis register 0.0
R RREEEEEEEEEEE Pi_7 Port Pi7 register 0.0

Note 1: Since P70 and P71 are N-channel open drain ports, the data is high-impedance.
Note 2: In M30623(80-pin package), P1, P44 to P47, P72 to P7s, and P91 are not connected
to external pin, But exist inside microcomputer. So set these ports for output mode.

Port P8 register
b7 D6 b5 bi b3 b2 b1 B0 Symbol Address When reset

HEERRRRR P8 03FO16 Indeterminate
S S =T symbol Bit name Function RIW
or 0 b v b P80 Port P80 register 0.0
R 0s 1 Port P81 register Data is input and output to and from  [575
oo = - each pin by reading and writing to .
e Ps_2 Port P82 register and from each corresponding bit 0.0
R CLLLr Ps_3 Port P83 register (except for P85) 00
R - 0:“L" level data T
N RRREEECTLEE P8_4 Port P84 register 1“4 level data 0.0
A R P8 5 Port P8s register o' X
L R — P8 6 Port P86 register 00
EEEECELEEEEEPEEPEPEEEETE P8_7 Port P87 register 0.0

Figure 1.23.6. Port register
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Pull-up control register 0

Symbol Address When reset
PURO 03FC1s 0016
Bit symbol Bit name Function RiW
-1 PU00 P0o to P03 pull-up The corresponding port is pulled 0.0
PUO1 P04 to PO7 pull-up high with a pull-up resistor O o]
3 0 : Not pulled high '
PU02 P10 to P13 pull-up 1 Pulled high O: o]
PUO3 P14 to P17 pull-up (olje]
PUO4 P20 to P23 pull-up 0.0
PUO5 P24 to P27 pull-up 0,0
PU0G P30 to P33 pull-up 0 0
PUO7 P34 to P37 pull-up 0.0

Note 1: In M30623(80-pin package), P1 is not connected to external pin, but exist
inside microcomputer. so set this port for output mode.

Pull-up control register 1

Symbol Address When reset
PUR1 03FD16 0016 (Note 2)
Bit symbol Bit name Function R:W
1PU10 P40 to P43 pull-up The corresponding port is pulled 0.0
PU11 P44 to P47 pull-up high with a pull-up resistor 00
0 : Not pulled high
PU12 P50 to P53 pull-up 1 Pulled high O:O
PU13 P54 to P57 pull-up 00
PU14 P60 to P63 pull-up 00
PU15 P64 to P67 pull-up 00
PU16 P70 to P73 pull-up (Note 1) o0
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: When the Vcc level is being impressed to the CNVss terminal, this register becomes
to 0216 when reset (PU11 becomes to “17).

Note 3. In M30623(80-pin package), P44 to P47, and P72 to P75 are not connected to external
pin, but exist inside microcomputer. So set these ports for output mode.

Pull-up control register 2

AT T Symbol Address When reset
DAL L LT ] ‘Pure 03FErs 0016
A T symbol Bit name Function R'W
E ' ' ' ' ' -1Pu20 P80 to P83 pull-up The corresponding port is pulled O O
oo PU21 P84 to P87 pull-up high with a pull-up resistor oo
I - (Except P85) 0 : Not pulled high !
poor 1 - Pulled high ;
I T A A S PU22 P90 to P93 pull-up wied g 00
A P PU23 P94 to P97 pull-up 00
R PU24 P100 to P103 pull-up o0
Pl emmmmmemmemeeeo PU25 P104 to P107 pull-up 0.0
R Mothing is assigned. - : -
In an attempt to write to these bits, write “0". The value, if read, turns out to be “0". — =

Note 1: In M30623(80-pin package), P1 is not connected to external pin, but exist
inside microcomputer. so set this port for output mode.

Figure 1.23.7. Pull-up control register
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Port control register

b7 b6 b5 b4 b3 b2 bl b0 Symbpl Address When reset
‘ | | | | | ‘ ‘ ‘ PCR 03FF16 0015

Bit symbol Bit name Function RIW

" PCRO Port P1 control register 0 : When input port, read port |
input level. When output port, :
' read the contents of port P1

register.

1 : Read the contents of port P1
register though input/output
port.

T
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

R
Lecccccccccme e e e e mm === o

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns |—
out to be “0".

L e

Figure 1.23.8. Port control register
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Table 1.23.1. Example connection of unused pins in single-chip mode

Pin name Connection
Ports PO to P10 (excluding P85) After setting for input mode, connect every pin to Vss or VCC via a resistor;
(Note 1) | or after setting for output mode, leave these pins open.
XouTt (Note 2) | Open
NMI Connect via resistor to Vcc (pull-up)
AVcc Connect to Vcc
AVss, VREF, BYTE Connect to Vss
CNVss Connect via resistor to Vss (pull-down)

Note 1: In M30623(80-pin package), P1 P44 to P47, P72 to P75, and P91 are not connected to external pin, but exist
inside microcomputer. So set these ports for output mode.

Note 2: With external clock input to XIN pin.

Table 1.23.2. Example connection of unused pins in memory expansion mode and microprocessor mode

Pin name

Connection

Ports P86 to P10 (excluding P85)
(Note 1)

After setting for input mode, connect every pin to Vss or VCC via a resistor;
or after setting for output mode, leave these pins open.

P45/CS1 to P47/CS3

Sets ports to input mode, sets bits CS1 throuth CS3 to 0, and connects to
Vcc via resistors (pull-up).

BHE, ALE, HLDA, XouT(Note 2), BCLK

Open

HOLD, RDY, NMI

Connect via resistor to Vcc (pull-up)

AVcc Connect to Vcc
AVss, VREF Connect to Vss
CNVss Connect via resistor to Vss (pull-down) in the memory expansion mode.
Connect via resistor to Vcc (pull-up) in the microprocessor mode.
Note 1: In M30823(80-pin package), P72 to P75, and P91 are not connected to external pin, but exist inside micro-

computer. So set these ports for output mode.

Note 2:
Note 3:

With external clock input to XIN pin.
The M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.

Microcomputer

Port PO to P10
(except for P8s)

Input mode —AMW—1

QOutput mode [ Open
NMI VVy

{ Input mode —MW—

I _BHE [—

Xout [ Open m Port P4s/CS1 HLDA|—
to P47/CS3 ALE [ ¢ Open

Xout [
BCLK|— \%Q

Vae
AVce i“—"

Microcomputer

{ Input mode [—WW———

Port P6 to P10

(except for P8s) }  Input mode —VMWN—1¢

QOutput mode [ Open
NMI VVy

In single-chip mode
Note 1:

Note 2:
Note 3:

0.47pF RDY VW1 ga7uF
. CNVss(microprocessor mode) —AN—¢ :
BYTE AvVce
AVss AVss
VREF i - VREF |
CNVss[—'WV \f—__vss CNVss(memory expansion mode) [——'VV Vi_ | vss

In M30623(80-pin package), P1, P44 to P47, P72 to P75, and P91 are not connected to external pin, but
exist inside microcomputer. So set these ports for output mode.

With external clock input to XIN pin.

The M16C/62T group is not guaranteed to operate in memory expansion and microprocessor modes.

In memory expansion mode
or in micronrocessor mode

Figure 1.23.9. Example connection of unused pins
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Usage Precaution

Timer A (timer mode)

(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16”. Reading the
timer Ai register after setting a value in the timer Ai register with a count halted but before the counter
starts counting gets a proper value.

Timer A (event counter mode)

(1) Reading the timer Ai register while a count is in progress allows reading, with arbitrary timing, the
value of the counter. Reading the timer Ai register with the reload timing gets “FFFF16” by underflow
or “000016” by overflow. Reading the timer Ai register after setting a value in the timer Ai register with
a count halted but before the counter starts counting gets a proper value.

(2) When stop counting in free run type, set timer again.

Timer A (one-shot timer mode)

(1) Setting the count start flag to “0” while a count is in progress causes as follows:
* The counter stops counting and a content of reload register is reloaded.
* The TAIOUT pin outputs “L” level.
* The interrupt request generated and the timer Ai interrupt request bit goes to “1”.

(2) The timer Ai interrupt request bit goes to “1” if the timer's operation mode is set using any of the

following procedures:

» Selecting one-shot timer mode after reset.
* Changing operation mode from timer mode to one-shot timer mode.
* Changing operation mode from event counter mode to one-shot timer mode.
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “0”
after the above listed changes have been made.

Timer A (pulse width modulation mode)
(1) The timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compliance with
any of the following procedures:
» Selecting PWM mode after reset.
* Changing operation mode from timer mode to PWM mode.
* Changing operation mode from event counter mode to PWM mode.
Therefore, to use timer Ai interrupt (interrupt request bit), set timer Ai interrupt request bit to “0”
after the above listed changes have been made.

(2) Setting the count start flag to “0” while PWM pulses are being output causes the counter to stop
counting. If the TAiouUT pin is outputting an “H” level in this instance, the output level goes to “L”, and
the timer Ai interrupt request bit goes to “1”. If the TAioUT pin is outputting an “L” level in this instance,
the level does not change, and the timer Ai interrupt request bit does not becomes “1”.

Timer B (timer mode, event counter mode)

(1) Reading the timer Bi register while a count is in progress allows reading , with arbitrary timing, the
value of the counter. Reading the timer Bi register with the reload timing gets “FFFF16”. Reading the
timer Bi register after setting a value in the timer Bi register with a count halted but before the counter
starts counting gets a proper value.

ENESAS 173

RenesasTechnology Corp.



Mitsubishi microcomputers

M16C / 62T Group
Usage precaution SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B (pulse period/pulse width measurement mode)
(1) If changing the measurement mode select bit is set after a count is started, the timer Bi interrupt
request bit goes to “1".
(2) When the first effective edge is input after a count is started, an indeterminate value is transferred to
the reload register. At this time, timer Bi interrupt request is not generated.

A-D Converter

(1) Write to each bit (except bit 6) of A-D control register 0, to each bit of A-D control register 1, and to bit
0 of A-D control register 2 when A-D conversion is stopped (before a trigger occurs).
In particular, when the Vref connection bit is changed from “0” to “1”, start A-D conversion after an
elapse of 1 us or longer.

(2) When changing A-D operation mode, select analog input pin again.

(3) Using one-shot mode or single sweep mode
Read the correspondence A-D register after confirming A-D conversion is finished. (It is known by A-
D conversion interrupt request bit.)

(4) Using repeat mode, repeat sweep mode O or repeat sweep mode 1
Use the undivided main clock as the internal CPU clock.

Stop Mode and Wait Mode

(1) When returning from stop mode by hardware reset, RESET pin must be set to “L” level until main clock
oscillation is stabilized.

(2) When switching to either wait mode or stop mode, instructions occupying four bytes either from the
WAIT instruction or from the instruction that sets the every-clock stop bit to “1" within the instruction
queue are prefetched and then the program stops. So put at least four NOPs in succession either to
the WAIT instruction or to the instruction that sets the every-clock stop bit to “1”.

Interrupts
(1) Reading address 0000016
* When maskable interrupt is occurred, CPU read 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".
Reading address 0000016 by software sets enabled highest priority interrupt source request bit to “0".
Though the interrupt is generated, the interrupt routine may not be executed.
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 NMI interrupt
« As for the NMI interrupt pin, an interrupt cannot be disabled. Connect it to the Vcc pin via a
resistor (pull-up) if unused. Be sure to work on it.
» Do not get either into stop mode with the NMI pin set to “L".
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(4) External interrupt
* When the polarity of the INTO to INT5 pins is changed, the interrupt request bit is sometimes set
to "1". After changing the polarity, set the interrupt request bit to "0".

Note 1: In M30623 (80-pin package), can not use INT3 to INT5 as the interrupt factors, because
P15/D13/INT3 to P17/D15/INT5 have no corresponding external pin.

(5) 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_SWITCH3:
PUSHC FLG ; Push Flag register onto stack
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

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

* When a instruction to rewrite the interrupt control register is executed but the interrupt is disabled,
the interrupt request bit is not set sometimes even if the interrupt request for that register has
been generated. This will depend on the instruction. If this creates problems, use the below in-
structions to change the register.

Instructions : AND, OR, BCLR, BSET
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Usage precaution of built-in PROM version
(1) All built-in PROM versions
High voltage is required to program to the built-in PROM. Be careful not to apply excessive voltage.
Be especially careful during power-on.

(2) One Time PROM version

One Time PROM versions shipped in blank (M30622ECTFP/ECVFP, M30623ECTGP/ECVGP), of
which built-in PROMs are programmed by users, are also provided. For these microcomputers, a
programming test and screening are not performed in the assembly process and the following pro-
cesses. To improve their reliability after programming, we recommend to program and test as flow
shown in Figure 1.24.1 before use.

But, in case of using as the test of cars loading, mass production, correspond to programming PROM,
and screened shipped in programming, please require.

Programming with PROM programmer

O

Screening (Note 1)
(Leave at 150°C for 40 hours)

2

Verify test PROM programmer

ROM data check in all numbers, target device E
(high temperature, low temperature) nvet= 2) Vioc=5.5V, 5.0V, 4.5V,

Note 1: Never expose to 150°C exceeding 100 hours.
Note 2: Test in responce to using temperature limit.

Figure 1.24.1. Programming and test flow for One Time PROM version

B 4% 5 # # 886-3-5753170
WE ¥ J7 WL~ ( ki) 86-21-34970699
JVE 4% 1) WL (91 86-755-83298787

Http://www. 100y. com. tw
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ltems to be submitted when ordering masked ROM version
Please submit the following when ordering masked ROM products:
(1) Mask ROM confirmation form
(2) Mark specification sheet
(3) ROM data : EPROMSs or floppy disks

*: In the case of EPROMSs, there sets of EPROMSs are required per pattern.
*: In the case of floppy disks, 3.5-inch double-sided high-density disk (IBM format) is required per pattern.
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Table 1.26.1. Absolute maximum ratings

. Rated value |
Symbol Parameter Condition One-time PROM| Mask Rom | Unit
version version
Ve Supply voltage AVcoc=Vee, AVss=Vss 03to7 03t065 V'
AVce Anak}g 5|_,|pp| Voltage AVcc=Vce, AVss=Vss 03to7 03to65 \v4
Input RESET, VReF, XiN
voltage P0o to P07, P10 to P17, P20 to P27,
P30 to P37, P4o to P43, P50 to P57, ~03toVeerd3 [-03toveet0s
Vi P6o to P67, P72 to P77, P8o to P87,
P90 to P97, P100 to P107
P70, P71 03to7 03t06.5 \Y
CNVss, BYTE 0.3t07 Mot |—0.3t0Vee+0.3 | V
Output POo to P07, P10 to P17, P20 to P27,
voitage P30 to P37,P40 to P43, P50 to P57, 0.5 10 Vers0.3
Vo P60 to P67,P72 to P77, P8o to P84, — 031 Vee+0.3 : SV
P8s, P87, P90 to P97, P100 to P107,
Xout
P7o, P71, 03to7 03t065 \'
Pa Power dissipation —40°C < Ta<85°C 300 300 mw
85°C <Ta<125°C 200 200
Topr Operating ambient temperature —4010 125 Note2) |— 4010 125 Note2) | °c
Tstg Storage temperature — 6510 150 —B5to 150 °c

Note 1: When writing to EPROM ,only CNVss is —0.3 to 13.5 (V) .
Note 2: In case of 85°C guaranteed version, -40°C to 85°C. In case of 125°C guaranteed version, -40°C to 125°C.
Note 3: In M30623(80-pin package), P10 to P17, P44 to P47,P72 to P75,and P91 are not connected to the external pin.

Table 1.26.2. Recommended operating conditions (referenced to Vcc = 4.2V (Note 1) to 5.5V
at Ta = — 40°C to 125°C(Note 2) unless otherwise specified)

Standard )
Symbol Parameter Min Tvp. Max Unit
Vee Supply voltage 4.2 (Note 1) 50 55 A"
AVcc  |Analog supply voltage Vee v
Vss Supply voltage 0 \'4
AVss Analog supply voltage 0 \4
ViH HIGH input |P20 to P27, P30 to P37, P4o to P47, P50 to P57, P6o to P67,
voltage P70 to P77, P&o to P87, P90 to P97, P100 to P107, 0.8Vce Vee v
Xin, RESET, CNVss, BYTE ]
ViH HIGH input vaitage | P00 10 P07, P10 to P17 (during single-chip mode) 0.8Vcc Vce \Y
ViL LOW input P20 to P27, P30 to P37, P4o to P47, P50 to P57, P6o to P67,
voltage P70 to P77, P8&o to P87, P90 to P97, P100 to P107, 0 0.2Vee v
Xin, RESET, CNVss, BYTE
ViL LoWineut vaitage | PO to P07, P10 to P17 (during single-chip mode) 0 | 0.2Vec v
I HIGH peak output P0o to P07, P10 to P17, P20 to P27,P30 to P37,
OH(peak) | rent P40 to P47, P50 to P57, P6o to P67 P72 to P77, -10 mA
P8o to P84, P85 P87,P90 to P97,P100 to P107 (Note 4)
I HIGH average output POo to P07, P20 to P27,P30 to P37,
OH@EvE)  |cyrrent P40 to P47, P50 to P57, P6o to P67 P72 to P77, 5 mA
P8o to P84,P8s,P57,P90 to P97,P100 to P107
LOW peak output P0Oo to P07, P20 to P27,P30 to P37,
loL (peak) | yrrent P4o to P47, P50 to P57, P6o to P67,P70 to P77, 10 mA
P8o to P84.P86,P87.P90 to P97.P100 to P107 (Note 4)
LOW average P0o to P07, P20 to P27,P30 to P37,
loL(ave) output current P40 to P47, P5o to P57, P6o to P67,P70 to P77, 5 mA
P80 to P84,P8s P57,P90 to P97,P100 to P107
f(Xin) Main clock input oscillation frequency Vee=4.2V (Note 1) to 5.5V 16 MHz
f(XciN) _ |Subclock oscillation frequency 32.768 50 kHz
Note 1: In case of One-time PROM version, 4.5V.

Note 2:
Note 3:
Note 4:

Note 5:

Note 6:
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The mean output current

is the mean value within 100ms.

In case of 85°C guaranteed version, -40°C to 85°C. In case of 125°C guaranteed version, -40°C to 125°C.

total loL (peak) and the total l0H (peak) for ports P3, P4, P5, P6, P7, and P80 to P84 severally must be 80mA max.
In M30623(80-pin package), Vcc pin and Vss pin are each one pin, so the total 0L (peak) and the total | 0H (peak) for all ports

must be 80mA max.

The loss power effect of the whole part-port(the output port transistor and the pull-up resistor) must be 50mW max,

so that power dissipation at Ta=125°C(include Ta >85°C) doesn’t exceed absolute maximum ratings.
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In M30623(80-pin package), P10 to P17, P44 to P47,P72 to P75, and P91 are not connected to the external pin.

In M30622(100-pin package), the total 0L (peak) and the total l0H (peak) for ports PO, P1, P2, P8s, P87, P9, and P10 and the
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Table 1.26.3. Electrical characteristics (referenced to Vcc = 5V, Vss = 0V at Ta = -40°C to 125°C(Note 1),
f(XIN) = 16MHZz unless otherwise specified)

Standard .
Symbol Parameter i iti Unit
y! Measuring condition Min _ Tvp. | Max.
HIGH output P0o to P07, P10 to P17, P20 to P27,
voltage P30 to P37, P40 to P47, P50 to P57,
Vi ; . ; _ 0.6Vce \
o P6o to P67, PT2to P77, PBoto P, [\ WA
P8s, P87, P90 to P97, P100 to P107 ’ )
HIGH output P0Oo to P07, P10 to P17, P20 to P27,
voltage P30 to P37, P4o to P47, P50 to P57, _
Vou P6o to P67, PT21o P77, PBoto P8a, |1orr ,2000A, 0.9vee v
P8s, P87, P9a to P97, P100 to P107 |
VoH HIGH output Xour HIGHPOWER | JoH=1mA 30 v
voltage Lowrower  |lou= 0.5mA 3.0
HIGH output HigHPower | With no load applied 3.0
voltage Xcour LOWPOWER | With no load applied 1.6 v
VoL LOW output PQo to P07, P10 to P17, P20 to P27, |loL=dmA
voltage P30 to P37, Pdo to P47, PSo to P57, | Vec=4.0V 10 5.5V 0avee | v
P6o to P67, P70 to P77, PBo to PB4, '
P8s, P87, P9o to P97, P10o to P107 |
VoL LOW output POo to P07, P1oto P17, P20 to P27, |loL=200pA 0.1V,
voltage P30 to P37, Pdo to P47, P50 to P57, |Vee=4.0V to 5.5V Avee | v
P6o to P67, P70 to P77, PBo to PB4,
P8s, P87, P9o to P97, P100 to P107
LOW output HiHPower  |loL=TmA 20
Vi X 1
o voltage ouT Lowpower | l0L=0.5mA 20 | ¥
LOW output XcouT HIGHPOWER | With no load applied 0
voltage LOWPOWER With no load applied 0 v
Hysteresis  TAOIN to TAdin, TAOouT to TAdourT,
TBOm to TBSIN, INTo to INT5
P82 to P84, ADTRG, CTS0 to 2, 02 0.8 \%
VT+-VT- CLKo to CLK4, RXDo to RXDz,
SIN3, SIN4, Klo to Klz, NMT
VT+VT- Hysteresis ~ RESET, CNVss, BYTE 05 15 \
VT+VT- Hysteresis XIN 02 08 Y
HIGH input  P0Oo to P07, P10 to P17, P20 to P27,
el ERSE 0B S
o to P67, P70 to P77, P8oto P87, |y— 5
i P90 to P97_ P100 to P107. V=SV hA
Xin, RESET, CNVss, BYTE
LOW input Ego ;0 Eg? Eln to El? E%u to E%?
cumrent 010 7, oto 7, nto 7, R i
I PBo to P67, P70 to P77 P8oto P87, |\ by P fesistance 5 | A
P90 to P97, P100 to P107,
XN, , CNVss, BYTE
LOW input  POo to PO7, P10 to P17, P20 to P27, _
I current P30 to P37, P4a to P47, P50 to P57, | Pull-up resistance
P6o to P67, P72 to P77, P8o to P84, |VI=OV 70 100 |—150 | pA
P8s, P87, P90 to P97, P100 to P107
R pan Feedback resistance XIN 1.0 MQ
Rixcin Feedback resistance XCIN 6.0 MQ
V rRam RAM retention voltage When clock is stopped 2 \%
f(Xin)=16MHz, Square wave,
Eﬂi\lf:};de-by-t noi-]wait 28 38 mA
f(Xn)=16kHz, Square wave, 24 mA
diveide-by-1, 1-wait
lcc In single-chip | f(Xm)=16kHz, Square wave, mA
Power supply current mode. the diveide-by-8, no-wait 6.7
output pins are |f(xcin)=32kHz
open and other \when a WAIT instruction is 40 pA
pins are Vss  |executed, Ta=25C :
Ta=25°C
when clock is stopped 2
Ta=25°C pA
when clock is stopped 20
Ta=125°C 50
when clock is stopped
Note 1: In case of 85°C guaranteed version, -40°C to 85°C. In case of 125°C guaranteed version, -40°C to 125°C.
Note 2: In M30623(80-pin package), P10 to P17, P44 to P47 P72 to P75, and P91 are not connected to the external pin.
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Table 1.26.4. A-D conversion characteristics (referenced to Vcc = AVcc= 5V, Vss = AVss = 0V, Ta = 25°C,
f(XiN) = 16MHz unless otherwise specified)

) N Standard )
Symbol Parameter Measuring condition | Min. | Typ Max Unit
- Resolution VRer =Vee =5V | 10 | Bits
- Absolute accuracy(8bit) \VReF = AVce = Vee = 5V, ¢AD<10MHZ, +2 | LSB
Sample & hold function not available VRer = AVec = Vee = 5V, $AD<10MHz +3 LSB
VREF=AVCC | AN0 to AN7.AN00 to AN
- 2(?(?[? rIeLaJ:;e =Vce ANgn (t)o Al\}z?, oo to AReT +3 LSB
(1 Ob!i’;} Sample & hold function available =5v | ANEXo0, ANEX1 input
¢*AD31 OMHZz| External op-amp connection mode +7 LSB
Ruabper Ladder resistance VReF = Ve =5V 10 40 kQ
f(XIN)=16MHz, $AD = fAD/2 = 8MHz 4125
tconv Conversion time(10bit) f(XIN)=10MHz, $4D = faD = 10MHz 33 HS
. f(XIN)=16MH =faD/2 = 8MH
tconv Conversion time(8bit) (XINy Z, 940 = AD z 3.5 us
f(XIN)=10MHz, $AD = $AD = 10MHz 28
tSAVP Sampling time f(XIN)=16MHz, pAD = fAD/2 = 8MHz 0.375 us
f(XIN)=10MHz, ¢AD = fAD = 10MHz 0.3
VREF Reference voltage 2 Vce v
Via Analog input voltage 0 VRer |V

Note 1: Divide the frequency if f(XIN) exceeds 10 MHz, and make ¢AD equal to or lower than 10 MHz.

Table 1.26.5. D-A conversion characteristics (referenced to Vcc = 5V, Vss = AVss = 0V, VREF = 5V
at Ta = 25°C, f(XIN) = 16MHZz unless otherwise specified)

. i Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution 8 | Bits

- Absolute accuracy 1.0 %

tsu Setup time 3 us
Ro Output resistance 4 10 20 kQ
IvReF Reference power supply input current (Note 1) 15 | mA

Note 1: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to
“0016”. The A-D converter's ladder resistance is not included.
Note 2: When the Vref is unconnected at the A-D control register, IVREF is sent. When not using D-A
converter, with the D-A register for the unused D-A converter set to “0016”, so that prevent dissipation
of unnecessary reference power supply current.
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Timing requirements
Referenced to Vcc = 5V, Vss = 0V at Ta = -40°C to 85°C (85°C guaranteed version), or Ta = -40°C to 125°C
(125°C guaranteed version) unless otherwise specified.

Table 1.26.6. External clock input

Standard .
Symbol Parameter Min. Max. Unit
te External clock input cycle time 625 ns
tw(H) External clock input HIGH pulse width 25 ns
twi(L) External clock input LOW pulse width 25 ns
tr External clock rise time 15 ns
tf External clock fall time 15 ns
Table 1.26.7. External interrupt INTi inputs
Symbol Parameter - Standard Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
Table 1.26.8. Timer A input (counter input in event counter mode)
Standard
Symbol Parameter Min. Max. Unit
te(ra) TAIIN input cycle time 150 ns
twiTAH) TAIN input HIGH pulse width 60 ns
tw(TAL) TAiN input LOW pulse width 60 ns
Table 1.26.9. Timer A input (gating input in timer mode)
Standard
Symbol Parameter Min. Max. Unit
te(TA) TAiIN input cycle time 400 ns
tw(TAH) TAiN input HIGH pulse width 200 ns
tw(TAL) TAuN input LOW pulse width 200 ns
Table 1.26.10. Timer A input (external trigger input in one-shot timer mode)
Standard .
Symbol Parameter in: Max. Unit
te(TA) TAIIN input cycle time 200 ns
Bw(TAH) TAin input HIGH pulse width 100 ns
tw(TAL) TAuN input LOW pulse width 100 ns
Table 1.26.11. Timer A input (external trigger input in pulse width modulation mode)
Standard
Symbol Parameter Min. Max. Unit
tw(TAH) TAIN input HIGH pulse width 100 ns
tw(TAL) TAuN input LOW pulse width 100 ns
Table 1.26.12. Timer A input (up/down input in event counter mode)
Standard )
Symbol Parameter Min. Max. Unit
teuP) TAiouT input cycle time 2000 ns
tw(UPH) TAiouT input HIGH pulse width 1000 ns
tw(uPL) TAiouT input LOW pulse width 1000 ns
tsu(UP-TIN) TAiouT input setup time 400 ns
th(Tin-UP) TAiouT input hold time 400 ns
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Timing requirements
Referenced to Vcc = 5V, Vss = 0V at Ta = -40°C to 85°C(85°C guaranteed version), or Ta = -40°C to

125°C(125°C guaranteed version) unless otherwise specified.

Table 1.26.13. Timer B input (counter input in event counter mode)

Standard _
Symbol Parameter Min. Max Unit
te(TB) TBIIN input cycle time (counted on one edge) 150 ns
tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 60 ns
tw(TBL) TBIIN input LOW pulse width (counted on one edge) 60 ns
te(TB) TBiIN input cycle time (counted on both edges) 300 ns
tw(TBH) TBilN input HIGH pulse width (counted on both edges) 120 ns
tw(TBL) TBIiIN input LOW pulse width (counted on both edges) 120 ns
Table 1.26.14. Timer B input (pulse period measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 1.26.15. Timer B input (pulse width measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBIIN input cycle time 400 ns
tw(TBH) TBiN input HIGH pulse width 200 ns
tw(TBL) TBiIN input LOW pulse width 200 ns
Table 1.26.16. Serial I/0
Standard )
Symbol Parameter - Unit
Min. Max.
te(CK) CLKI input cycle time 250 ns
tw(CKH) CLKi input HIGH pulse width 125 ns
tw(CKL) CLKi input LOW pulse width 125 ns
td(cQ) TxDi / SouTi output delay time 100 ns
th(c-Q) TxDi / SouTi hold time 0 ns
tsu(D-C) RxDi / SIni input setup time When external clock is selected 45 ns
When external clock is selected 120 ns
th(c-D) RxDi / SINi input hold time When external clock is selected 120 ns
When external clock is selected 45 ns
Table 1.26.17. A-D trigger input
Symbol Parameter . Standard Unit
Min. Max.
te(AD) 'ADTRG input cycle time (trigger able minimum) 1000 ns
tw(ADL) ADTRG input LOW pulse width 125 ns
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P3
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P9
P10

Semlas

30pF

Figure 1.26.1. Port PO to P10 measurement circuit
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Vcc=5V
tw(NL)

INTi input ’ fw(INH) f /
N\
N\

te(TA)

-

_tw(rAH)

TAIIN input

tw(TAL)

tc(UP)
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tw(UPL)
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(Up/down input) >‘

During event counter mode

TAIIN input
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Figure 1.26.2. Timing
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Differences between M16C/62T group and M16C/61T group

Group

M16C/62T group

M16C/61T group

Memory space (Note 1)

Memory expansion is possible
1.2M bytes mode
4M bytes mode

1M byte fixed

Timer B

6 channels

3 channels

Serial /O

UART/clocked SI/O 3 channel
(80-pin package: One of exclusive UART)
Clocked SI/O 2 channel

(80-pin package: One of exclusive transmission)

UART/clocked SI/O 3 channels
(80-pin package: One of exclusive UART)

IIC bus mode UART2 used Impossible
IIC bus interface can be performed
with software

Port function P90 :----- TBOIN/CLK3 PSo----- TBOIN
POy rees ¢ TB1IN/SIN3 P91 ----- TB1IN
P92 e oim - TB2iN/SouT3 P92 x mwe TB2IN
P93 ----- TB3IN/DAO P93 --- - DAOD
P94 ----- TB4In/DA1 P94 ----- DA1
P95 ----- ANEXO/CLK4 P95 ----- ANEXO0
P9 ----- ANEX1/SouTt4 P9 ----- ANEX1
PO7is 3 - ADTRG/SING POy - =6 ADTRG
P15----- D13/INT3  (Note 2) Pis----- D13 (Note 2)
P16 ----- D14/INT4 ENote 2; P16 -- - - D14 (Note 2)
Pl - D15/INT5S Note 2 P17 ----- D15 (Note 2)
B mnam RxD2/TAOQIN/TBSIN P o s RxD2/TAOQIN

Interrupt cause

Internal 25 sources, External 8 sources
(80-pin package: 5 sources),

Software 4 sources

(Added 2 Serial /O, 3 timers and
3external interrupts (Note 2))

Internal 20 sources
External 5 sources
Software 4 sources

Chip select
(Note 1) (Note 2)

M18C/B1T type (wrinting the right) and

the type as below can be switched

(Besides 4M-byte mode is possible.)

CS0 : 0400016 to 3FFFF 16 (fetch)
4000016 to FFFFF16 (data/facth)

CS1 : 2800016 to 2FFFF16 (data)

CS2 : 0800016 to 27FFF16 (data)

CS3 : 0400016 to 07FFF16 (data)

CS0 : 3000016 to FFFFF16
C81 :2800016 to 2FFFF16
CS82 : 0800016 to 27FFF16
CS83 : 0400016 to 07FFF16

Three-phase inverter

PWM output for three-phase inverter

Impossible

register can be read always.

control circuit  (Note 2) | can be performed using timer A4, A1
and A2.
Output port is arranged to P72 to P75,
P80 and P81.
Read port P1  (Note 2)| By setting to register, the state of port | The state of port when input mode.

The state of port register when output
mode.

P44/CS0 - P47/CS3
(Note 1) (Note 2)

If a Vcc level is applied to the CNVss
pin, bit 2 (PU11) of pull-up control
register 1 turns to "1" when reset, and
P44/ TS0 - P47/ TS3 turn involved in

pull-up.

Bit 2 (PU11) of the pull-up control
register 1 turns to "0" when reset, and
P44/ CS0 - P47/ CS3 turn free from pull-

up.

Note 1: M16C/61T group, and M16C/62T group are not guaranteed operating of memory expansion, but it is
mentioned in the table for clear the difference of capacity.
Note 2: In 80-pin package(M30613, M30623), pins of a part are not connected to the external pin, so do not
use these functions and pins.

RENESAS

RenesasTechnology Corp.
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Mitsubishi microcomputers

M16C / 62T Group
Revision History SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Version Contents for change Revision
date
Rev.A1 | Page 133 1999.8.30

Add Figure 1.19.17.
Page 145 Figure 1.19.30.

Add to "SI/Oi bit rate generator" and "SI/Oi transmit/receive register.”

Revision history M16C/62T Group data sheet
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