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Keep safety first in your circuit designs!

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

Notes regarding these materials

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

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

¢ All information contained in these materials, including product data, diagrams, charts,
programs and algorithms represents information on products at the time of publication
of these materials, and are subject to change by Mitsubishi Electric Corporation
without notice due to product improvements or other reasons. It is therefore
recommended that customers contact Mitsubishi Electric Corporation or an authorized
Mitsubishi Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

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

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

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

e Mitsubishi Electric Corporation semiconductors are not designed or manufactured
for use in a device or system that is used under circumstances in which human life is
potentially at stake. Please contact Mitsubishi Electric Corporation or an authorized
Mitsubishi Semiconductor product distributor when considering the use of a product
contained herein for any specific purposes, such as apparatus or systems for
transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

e The prior written approval of Mitsubishi Electric Corporation is necessary to reprint
or reproduce in whole or in part these materials.

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

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

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon
ductor product distributor for further details on these materials or the products con
tained therein.




Preface

This user's manual describes the function and
features of the Mitsubishi M30218 Group CMOS
16-bit microcomputer. The software features are
explained to help designers take full advantage
of the M16C functions.

For details about the software, please refer to
the “M16C/60, M16C/20 series software manual”,
and for the development support tools, please
refer to the related instruction manual.



How to Use This Manual

This user's manual is written for the M30218 group.
The reader of this manual is expected to have the basic knowledge of electric and logic
circuits and microcomputers.
This manual is for the use of the models below.
* M30217MA-XXXXFP
* M30218MC-XXXXFP
* M30218FCFP

These products have similar features except for the memories, which differ from one product to
another. This manual gives descriptions of M30218MC-XXXXFP. Memories built-in are as shown
below. Be careful when writing a program, as the memories have different capacities.

RAM size
(Byte)
E M30218MC-XXXXFP
12K |--------------- i M30218FCFP T

5K [------- M30217MA-XXXXFP |- - ------ P T

i R E R SEEEEEERE

SN2 aTTTTTTTTTmmmmme e

96K 128K ROM size
(Byte)

The figure of each register configuration describes its functions, contents at reset, and attributes
as follows :

* Bit attribute

R.....Read W.....Write
O.....Possible to read O.....Possible to write
X.....Impossible to read X.....Impossible to write

Bit attribute
One-shot start flag
Symbol Address When reset
b7 b6 bS b4 b3 b2 bl b0 ONSF 038216 00X000002

x|

i | Bit symbol Bit name Function

TA0OS Timer AO one-shot start flag | 1: Timer start
When read, the value is “0”

I TA10S | Timer Al one-shot start flag

A— TA20S | Timer A2 one-shot start flag

TA30S | Timer A3 one-shot start flag

F TA40S | Timer A4 one-shot start flag

ololololal=

oJoJoJO]

Nothing is assigned. In an attempt to write to these bits, write “0”. The value, if
read, turns out to be @determinate.

....................... TAOTGL [ Timer AO event/trigger o706

select bit 00 : Input on TAOIN is selected (Note)
0 1:TB2 overflow is selected
10: TA4 overflow is selected
11:TA1 overflow is selected

o)
| o

TAOTGH

O |
o

Note: Set the corresponding port direction register to “0”.
When TAIIN is selected, TAiouT assigned on same pin can not be used. (i=0 to 4)



This manual comprises of five chapters. Use the suggested chapters as a reference for the
following topics:

* To understand hardware SPeCifiCatioNS .............ueeeeeiiiiiiiiieieeeieeeeiens Chapter 1 Hardware

* To understand the basic way of using peripheral
features and the operation timing...............cccccvvvvvinnee. Chapter 2 Peripheral Functions Usage

* To observe applications of

peripheral features ........................ Chapter 3 Examples of Peripheral Functions Applications
* To understand interrupt timing in detail ... Chapter 4 Interrupts
* To understand standard data.............ccccuvvvviiiiiiieeiiiiineeenn. Chapter 5 Standard Characteristics

This manual includes a quick reference immediately following the Table of Contents, indicate
the page of the topic to be pursued.

* To find a page describing a specific register
by the register address...........ccccvvvvviveeennen. Quick Reference to Pages Classified by Address
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Quick Reference to Pages Classified by Address

Address Register

Page

000016

000116

000216

000316

000415 | Processor mode register 0 (PMO)

000516 | Processor mode register 1(PM1)

18

000618 | System clock control register 0 (CMO0)

000716 | System clock control register 1 (CM1)

22

000816

000915 | Address match interrupt enable register (AIER)

43

000A1s | Protect register (PRCR)

27

000B16

000C16

000D16

000E16 | Watchdog timer start register (WDTS)

000Fs | Watchdog timer control register (WDC)

47

001016

001116 | Address match interrupt register 0 (RMADO)
001216

43

001316

001416

001516 | Address match interrupt register 1 (RMAD1)
001616

43

001716

001816

001916

001A16

001B16

001C16

001D16

001E16

001F16

002016
002116 DMAO source pointer (SARO)
002216

51

002316

002416
002516| DMAO destination pointer (DARO)
002616

51

002716

002815| DMAO transfer counter (TCRO)
002916

51

002A16

002B16

002cis| DMAQ control register (DMOCON)

50

002D16

002E16

002F16

003016
003116| DMA1 source pointer (SAR1)
003216

51

003316

003416
003516 DMA1 destination pointer (DAR1)

003616

51

003716

003816

o00391s| PMAL transfer counter (TCR1)

51

003A16

003B1s

003C1s| DMAL control register (DM1CON)

50

003D16

003E1s

003F16

Address Register Page
004016
004116
004216
004316
004416
004516
004616
004716 | INT3 interrupt control register (INT3IC)
004816 | INT4 interrupt control register (INT4IC) 34
004916 | INT5 interrupt control register (INT5IC)
004A16
o04B16| DMAQO interrupt control register (DMOIC) 34
ooacis| DMAL interrupt control register (DM1IC)
004D16
oo4e1s| A-D conversion interrupt control register (ADIC)
004F1s| SI/O2 automatic transfer interrupt control register (ASIOIC)
005016 | FLD interrupt control register (FLDIC)
oos116 | UARTO transmit interrupt control register (SOTIC)
005216 | UARTO receive interrupt control register (SORIC)
005316 | UARTL transmit interrupt control register (S1TIC)
005416 | UARTL receive interrupt control register (S1RIC)
005516 | Timer AO interrupt control register (TAOIC)
005616 | Timer Al interrupt control register (TA1IC) 34
005716 | Timer A2 interrupt control register (TA2IC)
005816 | Timer A3 interrupt control register (TA3IC)
005916 | Timer A4 interrupt control register (TA4IC)
o0sA1s| Timer BO interrupt control register (TBOIC)
00sB1s| Timer B1 interrupt control register (TB1IC)
ooscis| Timer B2 interrupt control register (TB2IC)
005D1s| INTO interrupt control register (INTOIC)
ooseis| INT1 interrupt control register (INT1IC)
00sFis| INT2 interrupt control register (INT2IC)
=z xr =
034016 | Serial /02 automatic transfer data pointer (SI02DP)| 105
034116
034216 | Serial /02 control register 1 (SIO2CON1) 104
034316
034416 | Serial 1/02 control register 2 (SIO2CON2) 104
034516
034616 | Serial I/O2 register / transfer counter (S102) 105
034716
034816 | Serial /02 control register 3 (SIO2CON3) 105
034916
034A16
034B16
034C1s
034D16
034E16
034F16
035016 | FLD mode register (FLDM)
035116 | FLD output control register (FLDCON) 56
035216 | Tdisp time set register (TDISP)
035316
035416 | Toffl time set register (TOFF1) 57
035516
035616 | Toff2 time set register (TOFF2) 57
035716
035816 | FLD data pointer (FLDDP) 57
035916 | P2 FLD/port switch register (P2FPR)
035A16| P3 FLD/port switch register (P3FPR)
03sB1s| P4 FLD/port switch register (P4FPR) 58
o3scis| P5 digit output set register (P5DOR)
03s5D1s| P6 digit output set register (P6DOR) 59
035E16
035F16




Quick Reference to Pages Classified by Address

Address

038016
038116
038216
038316
038416
038516
038616
038716
038816
038916
038A16
038B16
038C16
038D16
038E16
038F16
039016
039116
039216
039316
039416
039516
039616
039716
039816
039916
039A16
039B16
039C16
039D16
039E16
039F16
03A016
03Al1e
03A216
03A316
03A416
03A516
03A616
03A716
03A816
03A916
03AA16
03AB16
03AC1s
03AD16
03AE16
03AF16
03B016
03B116
03B216
03B316
03B416
03B516
03B616
03B716
03B816
03B916
03BA16
03BB16
03BCi6
03BD1s
03BE16
03BF16

Register

Page

Count start flag (TABSR)

73

Clock prescaler reset flag (CPSRF)

One-shot start flag (ONSF)

Trigger select register (TRGSR)

74

Up-down flag (UDF)

73

Timer AO (TAO)

Timer Al (TA1)

Timer A2 (TA2)

Timer A3 (TA3)

Timer A4 (TA4)

73

Timer BO (TBO)

Timer B1 (TB1)

Timer B2 (TB2)

83

Timer A0 mode register (TAOMR)

Timer A1 mode register (TAIMR)

Timer A2 mode register (TA2MR)

Timer A3 mode register (TA3MR)

Timer A4 mode register (TAAMR)

72

Timer BO mode register (TBOMR)

Timer B1 mode register (TBIMR)

Timer B2 mode register (TB2MR)

82

UARTO transmit/receive mode register (UOMR)

91

UARTO bit rate generator (UOBRG)

UARTO transmit buffer register (UOTB)

90

UARTO transmit/receive control register 0 (UOCO)

91

UARTO transmit/receive control register 1 (UOC1)

92

UARTO receive buffer register (UORB)

90

UART1 transmit/receive mode register (ULMR)

91

UART1 bit rate generator (ULBRG)

UART1 transmit buffer register (U1TB)

90

UART1 transmit/receive control register 0 (U1CO0)

91

UART1 transmit/receive control register 1 (U1C1)

92

UART1 receive buffer register (U1RB)

90

UART transmit/receive control register 2 (UCON)

92

Flash memory control register 0 (FCONO) (Note)

Flash memory control register 1 (FCON1) (Note)

Flash command register (FCMD) (Note)

155

DMAO request cause select register (DMOSL)

50

DMAL1 request cause select register (DM1SL)

50

CRC data register (CRCD)

CRC input register (CRCIN)

127

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

Address Register Page
03C00 A-D register 0 (ADO)

03Cl1e

03C216 | A_D register 1 (AD1)

03C316

03C4s | A D register 2 (AD2)

03C516

93681 | A_D register 3 (AD3)

03C716

03CB10 | A_D register 4 (AD4) 18
03C916

03CA18 | A_D register 5 (AD5)

03CB16

03CC1 1 A_D register 6 (AD6)

03CD16

03CEI | A D register 7 (AD7)

03CF16

03D016

03D116

03D216

03D316

03D41s | A-D control register 2 (ADCON2) 118
03D516

03D61s | A-D control register 0 (ADCONO)

03D716 | A-D control register 1 (ADCON1) 117
03D81s | D-A register 0 (DAQ) 126
03D916

03DA1s | D-A register 1 (DA1) 126
03DB16

o3pcis | D-A control register (DACON) 126
03DD16

03DE16

03DF16

03016 | Port PO (PO)

03eLss [ Port P1 (PL) 132
03E216

03E316

03416 | Port P2 (P2) 132
03e516 | Port P3 (P3)

03E616

03E716 | Port P3 direction register (PD3)

03E816 | Port P4 (P4) 132
03E916 | Port P5 (P5)

03EA1s | Port P4 direction register (PD4)

03EB16

03eC16| Port P6 (P6)

03eD1s|_Port P7 (P7) 132
03EE16

03EF1s | Port P7 direction register (PD7)

03F01s | Port P8 (P8)

o3F1s | Port P9 (P9) 132
03r21s | Port P8 direction register (PD8)

03r31s | Port P9 direction register (PD9)

03F416 | Port P10 (P10)

03F516

o3r61s | Port P10 direction register (PD10) 132
03F716

03F816

03F916

03FA16

03FB16

03FC16

03rD1s | Pull-up control register 0 (PURO) 133
03FEss | Pull-up control register 1 (PUR1)

03FF16




Chapter 1

Hardware



Mitsubishi microcomputers

r M30218 Grou
Descrlptlon SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

Description

The M30218 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 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 musical instruments, house-
hold appliances and other high-speed processing applications.

The M30218 group includes a wide range of products with different internal memory types and sizes and
various package types.

Features
« Basic machine instructions ............. Compatible with the M16C/60 series
e Memory capacity .......cccccoeveeeernnnnn. ROM / RAM (See figure memory expansion)
« Shortest instruction execution time.100ns (f(XIN)=10MHz)
o Supply voltage .......cccvveeeiiiiieieenne 4.0V to 5.5V (f(XIN)=10MHz)
2.7V to 5.5V (f(XIN)=3.5MHz)(Note)
¢ INLEITUPLES v 19 internal and 6 external interrupt sources, 4 software
 Multifunction 16-bit timer ................ Timer AX5, TimerB X 3
* FLD conrtoller ........occoceevviiieneennnnnn total 56 pins
(high-breakdown-voltage P-channel open-drain output : 52pins)
eSerial O ...veeiiiiieeeee e 2 channels for UART or clock synchronous,
1 channels for clock synchronous
(max.256 bytes automatic transfer function)
¢ DMAC ... 2 channels (triggers: 15 sources)
¢ A-D converter ........ooeeeevevevnenniinnnennns 10 bits X 8 channels
* D-A converter .......cocooeveeiniieneennn 8 bits X 2 channels
* CRC calculation circuit ................... 1 circuit
* Watchdog timer ..........cccccveveeeenenennn, 1 pin
* Programmable /O ..........cccceeeennnn 48 pins
« High-breakdown-voltage output...... 52 pins
« Clock generating circuit .................. 2 built-in clock generation circuit

(built-in feedback resistor, and external ceramic or quartz oscillator)

Note: Only mask ROM version. — _ — _
Specifications written in this manual are believed

Applications to be accurate, but are not guaranteed to be en-
Household appliances, office equipment, Audio etc. tirely free of error.
Specifications in this manual may be changed for
functional or performance improvements. Please
make sure your manual is the latest edition.

Central Processing Unit (CPU) ..................... 12 TIMEL et 71
RESEL ... 15 Serial 1O ... 88
Clock Generating CirCuit ..........ceeeeeeeerinininnes 19 A-D CONVEIET ..o 115
[ 0 (= Tox 1T0] o 27 D-A Converter .......oooevvvviveeeeeeeeei 125
INEEITUPLS oo 28 CRC Calculation Circuit ........ccceeevvveeeernnnnne 127
Watchdog Timer ..., 46 Programmable I/O POrts .........cccooeiiiviinneen. 129
DMAC ...t 48 Flash memory ..., 154
FLD controller ..........ccocveviiieieiiiieee e 54



Mitsubishi microcomputers

M30218 Groug

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

Description

Pin Configuration

Figure 1 shows the pin configuration (top view).

PIN CONFIGURATION (top view)

geaTd/ezd w—[1s]
veaTdjezd ~e—|[eg]
£€QT1d/Ted &g
2ea14/0zd ~e—[ug]
1€014/Td ~—[sg]
0£d14/9Td ~#—[gg]
62a14/sTd ~—[Ls]
82Q74/vTd ~e—I[sg]
12Q74/eTd ~—6g]
92a14/2Td ~e—[og]
SZa14/TTd ~a—[19]
¥2014/0Td ~—[z9

oop —#[g9]
£2Q74/.0d ~&—[19]

SSA —#=[g9]
22Qa74/90d ~—[g9]
T2A14/50d ~—[19]
02d14/70d ~e—([s9]
6TA714/60d ~&—[g9]
8TAT4/20d ~*—[oZ]
/1a74/70d ~—[1Z]
91A14/00d ~—zz]
STAT4/.6d ~a—I[gZ]
¥1Q714/95d ~a—v/]
£T014/56d ~—[g/]
Z1Q74d/vSd ~a—o/]
TTA14/6Gd ~—1Z]
0TA14/eSd ~a—I[8/]
6a714/15d ~—[6.]
8Q14/06d o8]

P27/FLD39
P30/FLD40
P31/FLD41

< P32/FLD42
P33/FLD43
P34/FLD44
P35/FLD45
P36/FLD46
P37/FLDA7
P40/FLD48
P41/FLD49
P42/FLD50

<~ P43/FLD51
~a-» P44/TXDO/FLD52
<& P45/RXDO/FLD53

— P24/FLD36
— P25/FLD37
— P26/FLD38

REARARARAAE
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P46/CLKO/FLD54
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32 | -
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M30218MC-XXXXFP
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Package:100P6S-A

Figure 1. Pin configuration (top view)
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Block Diagram
Figure 2 shows a block diagram of the M30218 group.

Block diagram of the M30218 group

As A8 8 As A8 A8 A8
Y
I/O pOI’tS LPortPo | [ PortP1 ]| [ PortP2 | [ PortP3 | [ PortPa | [ Portes | | Portpé |
o
| Internal peripheral functions | System clock generator | % R
Timer A-D converter o .
___________ ) XIN-XOUT 3
- - (10 bits x 8 channels)
Timer TAO (16 bits) XCIN-XCOoUT
Timer TA1 (16 bits) Seral 10
i ey | b — 2 CRC arithmetic circuit (CCITT)
T!mer TA2 (16 b!ts) UART/clock synchronous SI/O (Polynomial : X16+x12+x5+1) S —
Timer TA3 (16 bits) (8 bits x 2 channels) ©
i its) | [ eims rl T T T Fluorescent display function
T?mer TA4 (16 b?tS) S1/02 (clock synt?hronous) (56 contor'cj)l gins)
Timer TBO (16 bits) (256 bytes automatic transfer) (52 high-breakdown-voltage ports)
T?mer TB1 (16 b?ts) M16C/60 series16-bit CPU core Memory - -
Timer TB2 (16 bits) T e
i Registers Program counter ROM |
Watchdog timer T ] oc (Note 1)
(15 bits) T I Rir RAM (Note 2)
RZ Vector table (includes FLDC,ASI/O RAM)
DMAC R3 I N
(2 channels) AQ Stack pointer o)
AL !
D-A converter Multiplier
(8 bits X 2 channels) B ] [ =R ]

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

Figure 2. Block diagram of M30218 group
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Descrlptlon SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

Performance Outline
Table 1 shows a performance outline of M30218 group.

Table 1. Performance outline of M30218 group

Item Performance
Number of basic instructions 91 instructions
Shortest instruction execution time 100ns(f(XIN)=10MHz)
Memory ROM See figure memory expansion
capacity RAM See figure memory expansion
I/O port P3, P4, P7 to P10 8 bits x 6
Output port [P0 to P2, P5, P6 8 bitx 5
Multifunction |TAO, TAL, TA2, TA3, TA4 16 bits x 5
timer TBO, TB1, TB2 16 bits x 3
Serial /0 UARTO, UART1 (UART or clock synchronous) x 2
SI/02 (Clock synchronous) x 1 (with automatic transfer function)

Fluorescent display 56 pins
A-D converter 10 bits x 8 channels
D-A converter 8 bits x 2
DMAC 2 channels (triggers :15 sources)
CRC calculation circuit 1 circuit (polynomial: X16 + X12 + X5 + 1)
Watchdog timer 15 bits x 1 (with prescaler)
Interrupt 19 internal and 6 external sources, 4 software sources, 7 levels
Clock generating circuit 2 built-in clock generation circuits

(built-in feedback resistor, and external ceramic or quartz oscillator)
Supply voltage 4.0 to 5.5V (f(XIN)=10MHz)

2.7 to 5.5V (f(XIN)=3.5MHz) (Note)
Power consumption 18 mW (Vcc=3V, f(XIN)=5MHz)
1/0 I/0 withstand voltage Vce-48V (output ports : PO to P2, P5, P6, 1/0 ports : P3, P4o to P43)
characteristics 0 to Vcc (I/O ports :P44 to P47, P7 to P10)

Output current - 18mA (PO to P3, P40 to P43, P5, P6)
H :high-breakdown-voltage, P-channel open-drain
- 5mA (P44 to P47, P7 to P10)
L 5mA (P44 to P47, P7 to P10)

Operating ambient temperature —20 to 85°C
Device configuration CMOS silicon gate
Package 100-pin plastic mold QFP

Note: Only mask ROM version.
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Mitsubishi plans to release the following products in the M30218 group:
(1) Support for mask ROM version and flash memory version
(2) Memory capacity
(3) Package
100P6S : Plastic molded QFP (mask ROM version and flash memory version)

RAM size
(Byte)

; M30218MC-XXXXFP
12K fpmmmmmmmmmanane- SRBREEEEE M30218FCFP me
sk f------- @30217MA-XXXXF9 --------------------

IKf--mmmmmmeas dmmmmmm e emeeees b
3 A R RGRGnEEE TR bomeosooooas
96K 128K ROM size
(Byte)
Figure 3. ROM expansion
TypeNo. M30218 M C - XXXX FP

—L Package type:

FP :Package 100P6S-A

ROM No.
Omitted for flash memory version

L————— Shows pull-down option type

ROM capacity:

16K bytes
32K bytes
48K bytes
64K bytes
96K bytes
: 128K bytes

O>0o N

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

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

M16C/21 Group

M16C Family

Figure 4. Type No., memory size, and package

6
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Pin Description

Pin name Signal name 1/0 type Function
Vee, Vss Power supply Supply 2.7V(Notel) to 5.5 V to the Vcc pin. Supply 0 V to the Vss pin.
input Connect a bypass capacitor across the Vcc pin and Vss pin.
CNVss CNVss Input Connect it to the Vss pin.
RESET Reset input Input A “L” on this input resets the microcomputer.
XIN Clock input Input These pins are provided for the main clock generating circuit.Connect
X Clock output Outout a ceramic resonator or crystal between the Xin and the XouT pins. To
out ock outpu utpu use an externally derived clock, input it to the Xin pin and leave the
Xout pin open.
AVcc Analog power This pin is a power supply input for the A-D converter. Connect this
supply input pin to Vcc.
AVss Analog power This pin is a power supply input for the A-D converter. Connect this
supply input pin to Vss.
Reference o .
VREF voltage input Input This pin is a reference voltage input for the A-D converter.
VEE pull-down Apply voltage supplied to pull-down resistors of ports PO to P1,P5,P6.
power source PPy ge supp P P n
POo/FLD16 to | Output port PO | Output This is an 8-bit CMOS output port and high-breakdown-voltage P-
PO7/FLD23 channel open-drain output structure. A pull-down resistor is built in
between port PO and VEE pin. At reset, this port is set to VEE level. PO
function as FLD controller output pins as selected by software.
Plo/FLD24 to | Output port P1 | Output This is an 8-bit output port equivalent to PO. Pins in this port also
P17/FLD31 function as FLD controller output pins as selected by software.
P20/FLD32 to | Output port P2 | Output This is an 8-bit output port equivalent to PO. A pull-down resistor is not
P27/FLD39 built in between P2 and VEeEe pin (Note2). Pins in this port also function
as FLD controller output pins as selected by software.
P30/FLD4o to | I/O port P3 Input/output | This is an 8-bit I/O port. A pull-down resistor is not built in between P3
P37/FLD47 and VEeE pin (Note2). It has an input/output port direction register that
allows the user to set each pin for input or output. This is low-voltage
input level, and high-breakdown-voltage P-channel open-drain output
structure. Pins in this port also function as FLD controller output pins as
selected by software.
P40/FLD4s to | I/O port P4 Input/output | This is an 8-bit I/O port equivalent to P3. This is low-voltage input level.
P47/FLDse P40 to P43 is high-breakdown-voltage P-channel open-drain output
structure, P44 to P47 is CMOS output. A pull-down resistor is not built
in between P4(P4o to P43) and VEE pin (Note2). Pins in this port also
function as FLD controller output pins as selected by software. P44 to
P47 also function as UARTO I/O pins as selected by software. When
set for input, the user can specify in units of four bits by software
whether or not they are tied to a pull-up resistor.
P50/FLDs to | Output port P5 | Output This is an 8-bit output port equivalent to PO. Pins in this port also
P57/FLD1s function as FLD controller output pins as selected by software.
P60/FLDo to | Output port P6 | Output This is an 8-bit output port equivalent to PO. Pins in this port also
P67/FLD7 function as FLD controller output pins as selected by software.
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Pin Description

Pin name

Signal name

1/0 type

Function

P70to P77

1/0O port P7

Input/output

This is an 8-bit I/O port equivalent to P3. This is CMOS input/output.
When set for input, the user can specify in units of four bits by software
whether or not they are tied to a pull-up resistor. P70 to P72 function as
TimerBO to B2 input pins as selected by software. P73 function as
TimerAO 1/0O pin as selected by software. P74 to P77 function as
TimerAl to A4 1/O pins, and UARTL1 I/O pins as selected by software.

P8o to P87

1/0 port P8

Input/output

This is an 8-bit I/O port equivalent to P7. When set for input, the user
can specify in units of four bits by software whether or not they are tied
to a pull-up resistor. P8o to P8s function as external interrupt input pins
as selected by software. P86,P87 function as sub-clock input pin as
selected by software. In this case, connect a quarts oscillator between
P86(XouT pin) and P87(XcIN pin)

P9o to P97

1/0O port P9

Input/output

This is an 8-bit I/O port equivalent to P7. When set for input, the user
can specify in units of four bits by software whether or not they are tied
to a pull-up resistor. P97 function as D-A converter output pins, clock
output pins (same frequency of XiNn/8, XiN/32 or XcIN) and DIM signal
output pin of FLD controller as selected by software. P96 function as D-
A converter output pins and clock I/O pin of serial I/O with automatic
transfer as selected by software. P9o to P9s function as I/O pin of serial
1/0 with automatic transfer as selected by software.

P100 to P107

1/0O port P10

Input/output

This is an 8-bit I/O port equivalent to P7. When set for input, the user
can specify in units of four bits by software whether or not they are tied
to a pull-up resistor. Pins in this port also function as A-D converter
input pins as selected by software.

Note 1: Supply 4.0V to 5.5V to the Vcc pin in flash memory version.

Note 2: Port P20 to P27, P30 to P37, and P40 to P43 can be selected whether pull-down resistors are built-in or not by the
mask option specification. Flash memory version does not have this option.
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Operation of Functional Blocks
The M30218 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, FLD controller, serial I/O, D-A converter, DMAC, CRC
calculation circuit, A-D converter, and I/O ports.
The following explains each unit.

Memory
Figure 5 is a memory map of the M30218 group. The address space extends the 1M bytes from address
0000016 to FFFFF16. From FFFFF16 down is ROM. For example, in the M30218MC-XXXFP, there is 128K
bytes of internal ROM from E000016 to FFFFF16. The vector table for fixed interrupts such as the reset are
mapped to FFFDC16 to FFFFF16. The starting address of the interrupt routine is stored here. The address
of the vector table for timer interrupts, etc., can be set as desired using the internal register (INTB). See the
section on interrupts for details.
From 0040016 up is RAM. For example, in the M30218MC-XXXFP, there is 12K bytes of internal RAM from
0040016 to 033FF16. In addition to storing data, the RAM also stores the stack used when calling subrou-
tines and when interrupts are generated. (From 0040016 to 004FF16 is RAM for SI0O2. From 0050016 to
005DF16 is RAM for FLD.)
The SFR area is mapped to 0000016 to 003FF16. This area accommodates the control registers for periph-
eral devices such as I/O ports, A-D converter, serial I/O, and timers, etc. 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 FFE0016 to FFFDB1s6. If the starting addresses of subroutines
or the destination addresses of jumps are stored here, subroutine call instructions and jump instructions
can be used as 2-byte instructions, reducing the number of program steps.

0000016

SFR area
(For details, see
Figures 6 and 7)

, FFEOO16

0040016 s
RAM area for SI/02 /

0050016 '
RAM area for FLD / .
(224 bytes) /) Special page

005E016 K vector table

Internal RAM area /

YYYYY16 / FFFDC16 | Undefined instruction 3
/ E Overflow 3
l = . . =
E  BRKinstruction 3
Address  |Address ! E 3
TypeNo. s vwxxis | YYYYYis ) E__Addressmatch 3
/ E Single step E

1 q
MSOZ18MC | Eogo01s | 033FF16 |  XXXXX1s / E Waichdog timer 1
M30218FC / 2 5 2
Internal ROM area E 3
M30217MA | E800016 017FF16 E 3
FFFFFi6 [ | ___. FFFFF16 E Reset E

Figure 5. Memory map
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000016 004016

000116 004116

000216 004216

000316 004316

000415 | Processor mode register 0 (PMO) 004416

000516 | Processor mode register 1(PM1) 004516

ooo61s | System clock control register 0 (CMO0) 004616

000716 | System clock control register 1 (CM1) 004716 | INT3 interrupt control register (INT3IC)

000816 004816 | INT4 interrupt control register (INT4IC)

000915 | Address match interrupt enable register (AIER) 004916 | INTS interrupt control register (INT5IC)

000A1s| Protect register (PRCR) 004A16

000B16 004B1s| DMAO interrupt control register (DMOIC)
000C16 oo4cis| DMAL interrupt control register (DM1IC)
000D16 004D16

000Ess| Watchdog timer start register (WDTS) oo4k1s| A-D conversion interrupt control register (ADIC)
000F16 Watchdog timer control register (WDc) 004F16 | SI/O automatic transfer interrupt control register (ASIOIC)
001016 005016 | FLD interrupt control register (FLDIC)

001116 . - 005116 | UARTO transmit interrupt control register (SOTIC)
001216 Address match interrupt register 0 (RMADO) oos216 | UARTO receive interrupt control register (SORIC)
001316 005316 | UART1 transmit interrupt control register (S1TIC)
001416 005416 | UARTL1 receive interrupt control register (S1RIC)
001516 i i 005516 | Timer AO interrupt control register (TAOIC
001616 Address match interrupt register 1 (RMAD1) 005616 | Timer Al interrugt control register gTAllcg
001716 005716 | Timer A2 interrupt control register (TA2IC)
001816 005816 | Timer A3 interrupt control register (TA3IC)
001916 005916 | Timer A4 interrupt control register (TA4I1C)
001A16 oosAs| Timer BO interrupt control register (TBOIC)
001B16 oosB16| Timer B1 interrupt control register (TB1IC)
001C16 ooscis| Timer B2 interrupt control register (TB2IC)
001D16 0osD1s| INTO interrupt control register (INTOIC)

001E16 00sE16| INTL interrupt control register (INT1IC)

001F16 00sF16 | INT2 interrupt control register (INT2IC)

002016 _ 034015 [ Serjal I/02 automatic transfer data pointer (SIO2DP)
002116 DMAO source pointer (SARO) 034116

002216 034216 | gerial 1/02 control register 1 (SIO2CON1)

002316 034316

002416 o ) 034416 | Serial /02 control register 2 (SIO2CON2)

002516 DMADO destination pointer (DARO) 034516

002616 034616 | Serial I/O2 register / transfer counter (SI02)
002716 034716

002816/ DMAO transfer counter (TCRO) 034815 | Serial I/O2 control register 3 (SI02CON3)

002916 034916

002A16 034A16

002B16 034B16

002cis| DMAQO control register (DMOCON) 034C16

002D16 034D16

002E16 034E16

002F16 034F16

003016 ) 035016 | FLD mode register (FLDM)

oos1is| DMAL source pointer (SAR1) 035116 |_FLD output control register (FLDCON)

003216 035215 | Tdisp time set register (TDISP)

003316 035316

003416 o ) 035415 | Toffl time set register (TOFF1)

003516| DMAL destination pointer (DAR1) 035516

003616 035616 | Toff2 time set register (TOFF2)

003716 035716

003816 035816 | FLD data pointer (FLDDP

003915| DMAL transfer counter (TCR1) 035915 | P2 FLD/pc?rt switc(h registgr (P2FPR)

003A16 035A16 | P3 FLD/port switch register (P3FPR)

003B16 035B16| P4 FLD/port switch register (P4FPR)

003Cis] DMAL control register (DM1CON) 035c1s| P5 digit output set register (PSDOR)

003D16 035D16| P6 digit output set register (P6DOR)

003Ez16 035E16

003F16 035F16

Figure 6. Location of peripheral unit control registers (1)
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038016 | Count start flag (TABSR) 03C016 .

038116 | Clock prescaler reset flag (CPSRF) oacis | AD register 0 (ADO)

038216 | One-shot start flag (ONSF 03C216 .

038316 | Trigger select reg?st(er (TR%;SR) 03C316 A-Dregister 1 (AD1)

038416 | Up-down flag (UDF) 03C416 .

038516 03C516 A-D register 2 (AD2)

038616 . 03C616 .

03g7s| TIMer A0 (TAO) 030716 A-D register 3 (AD3)

038816 . 03C816 .

038916 Timer Al (TAL) 03C915 A-D register 4 (AD4)

gzg’;z Timer A2 (TA2) gzggiz A-D register 5 (AD5)

038C16 . 03CCu1e .

038Dss| TIMeEr A3 (TA3) 03CDus A-D register 6 (AD6)

o Timer A4 (TA4) oacee | A<D register 7 (AD7)

039016 . 03D016

oso1ss| 1imer BO (TBO) 03D11s

039216 . 03D216

039316 Timer B1 (TBl) 03D316

039416 | _ 03D41s | A-D control register 2 (ADCON2)
039515 | 1iMer B2 (TB2) 03D516

039616 | Timer AO mode register (TAOMR) 03D616 | A-D control register 0 (ADCONO)
039716 | Timer A1 mode register (TA1IMR) 03D716 | A-D control register 1 (ADCON1)
039816 | Timer A2 mode register (TA2MR) 03Dps1s | D-A register 0 (DAQ)

039916 | Timer A3 mode register (TASMR) 03D916

039A16| Timer A4 mode register (TA4MR) 03DA1s | D-A register 1 (DA1)

039B16| Timer BO mode register (TBOMR) 03DB1s6

039cis| Timer B1 mode register (TB1IMR) 03pCis| D-A control register (DACON)
039D16| Timer B2 mode register (TB2MR) 03DD16

039E16 03DEz16

039F16 03DF16

03A016| UARTO transmit/receive mode register (UOMR) 03e01s | Port PO (P0)

03A116| UARTO bit rate generator (UOBRG) 03Els | Port P1 (P1)

03A216 03E216

03azs| YARTO transmit buffer register (UOTB) 03E316

03A416| UARTO transmit/receive control register 0 (UOCO0) 03E41s | Port P2 (P2)

03A516| UARTO transmit/receive control register 1 (UOC1) 03E516 | Port P3 (P3)

03A616 . . 03E616

oaais| UARTO receive buffer register (JORB) 0se7is | Port P3 direction register (PD3)
03A816| UART1 transmit/receive mode register (ULMR) 03E81s | Port P4 (P4)

03A916| UART1 bit rate generator (U1LBRG) 03916 | Port P5 éP5) 5%
03AA16 . . 03eAws | Port P4 direction register (PD4
03AB15 UART1 transmit buffer register (U1TB) 03EB1s

03AC1s| UARTL1 transmit/receive control register 0 (U1C0) 03ecis| Port P6 (P6)

03AD1s| UART1 transmit/receive control register 1 (U1C1) 03eD1s| Port P7 (P7)

03AE16 X i 03EE16

03aris| UARTL receive buffer register (U1RB) 03eF1s | Port P7 direction register (PD7)
03B01s| UART transmit/receive control register 2 (UCON) 03F01s | Port P8 (P8)

03B1l1i6 03F116 | Port P9 (P9)

03B216 03r216 | Port P8 direction register (PD8)
03B316 03F31s | Port P9 direction register (PD9)
03B41s| Flash memory control register 0 (FCONO) (Note) 03F416 | Port P10 (P10)

03B516| Flash memory control register 1 (FCON1) (Note) 03F516

03B616| Flash command register (FCMD) (Note) o3r616 | Port P10 direction register (PD10)
03B716 03F716

03Bs1s| DMAO request cause select register (DMOSL) 03F816

03B916 03F916

03BAis| DMAL request cause select register (DM1SL) 03FA16

03BB16 03FB16

03BCis . 03FC16

03| CRC data register (CRCD) 03FD1s| Pull-up control register 0 (PURO)
03Bes| CRC input register (CRCIN) o3res | Pull-up control register 1 (PUR1)
03BF16 03FF16

Note: This register is only exist in flash memory version.
Figure 7. Location of peripheral unit control registers (2)
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Central Processing Unit (CPU)
The CPU has a total of 13 registers shown in Figure 8. Seven of these registers (RO, R1, R2, R3, A0, Al,
and FB) come in two sets; therefore, these have two register banks.

b1l5 b8 b7 b0 \
(Note)
RO ||| 1 1 lI_|I 11 | 111 II_I 11 n
b15 b8 b7 b0 b19 b0
(Note)
R1TE% ||| 1 | }I—II 11 | 111 II_I 1 1 n PC | I I I I I I | | Program counter
Data
b15 b0 registers bio bo
(Note)
R2 | N Y A I |-| INTB| I|_I| | | I I | "I' I I | | Inte_rrupt table
T register
b15 b0 b15 b0
(Note) i
R3 ||| 1 Y I I A |-| / usp | 1 T I A | | User StaCk pomter
b15 b0 b15 b0
N Interrupt stack
AO( o | 1 Y A A | n ISP | N A A | . p
T pointer
Address
b15 bo registers b15 bo )
Al(NOtE) | |-| SB | N Y A A | Sta-tlc base
II I Y A A | reglster
b15 b0 b15 b0
(Note) .
FBO€|||||||||||||||||-| Framebase FLG|||||||||||||||||Flagreg|ster
T registers Pt |
’/’ 1
’/’ 1
-~ |
LLPy [, [ulr]o[s]s[z]p]c]
Note: These reaisters consist of two reaister banks.

Figure 8. Central processing unit register

(1) Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, and R3)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH, R1H),
and low-order bits as (ROL, R1L). In some instructions, registers R2 and RO, as well as R3 and R1 can
use as 32-bit data registers (R2R0, R3R1).

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

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

12
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(3) Frame base register (FB)
Frame base register (FB) is configured with 16 bits, and is used for FB relative addressing.
(4) Program counter (PC)

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

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

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

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

Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure CA-2 shows the flag
register (FLG). The following explains the function of each flag:
« Bit 0: Carry flag (C flag)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.
* Bit 1: Debug flag (D flag)
This flag enables a single-step interrupt.
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is
cleared to “0” when the interrupt is acknowledged.
* Bit 2: Zero flag (Z flag)
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, cleared to “0".
* Bit 3: Sign flag (S flag)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to “0”.
* Bit 4: Register bank select flag (B flag)
This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank 1 is
selected when this flag is “1".
« Bit 5: Overflow flag (O flag)
This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0”".
« Bit 6: Interrupt enable flag (I flag)
This flag enables a maskable interrupt.
An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1". This flag is cleared to
“0” when the interrupt is acknowledged.

13
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* Bit 7: Stack pointer select flag (U flag)
Interrupt stack pointer (ISP) is selected when this flag is “0” ; user stack pointer (USP) is selected
when this flag is “1".
This flag is cleared to “0” when a hardware interrupt is acknowledged or an INT instruction of software
interrupt Nos. O to 31 is executed.

* Bits 8 to 11: Reserved area

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

* Bit 15: Reserved area

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

b15 o]0]
IPL l ~|u[r[o]B[s]|z]|p]|c]| Flagregister (FLG)
L Carry flag
L Debug flag
Zero flag
Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Reserved area

Processor interrupt priority level

Reserved area

Figure 9. Flag register (FLG)
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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 10 shows the example reset circuit. Figure 11 shows the reset sequence.

5V

Vcc

ov

RESET Vcc 5V
N RESET

. ov

Example when f(XIN) = 10MHz and Vcc = 5V.

Figure 10. Example reset circuit

[l [N AUy
-

™ More than 20 cycles are needed

RESET | BCLK 24cycles
BCLK oy \ ¢
(Internal clock)
Content of reset vector

Y,
Address FFFFC1s | FFFFE1s \ |
(Internal address
sianal)

Figure 11. Reset sequence
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(1) Processor mode register 0 (000416)- XD o[ 0] o[ 0] (24) Timer AQ interrupt control register (005516)-- | X
(2) Processor mode register 1 (000516)-++ /\ A (25) Timer Al interrupt control register (005616)---
(3) System clock control register 0 (000616)--[0[1]o]0[1]0]o]o]  (26)Timer A2 interrupt control register (005716) -+ X X [o]
(4) System clock control register 1 (000716)-+ mmnmﬂmn (27) Timer A3 interrupt control register (005816)-+{ X
(5) Address match interrupt enable register  (000916)-- DXDDPPIK (28) Timer A4 interrupt control register (005916)-- PP 2 0] 0] 0]
(6) Protect register (000A16)-+ Xﬂﬁmnm (29) Timer BO interrupt control register (005A1e)---
(7) Watchdog timer control register (000F1s)--[0]0]0]2[2[?]2][2] ~ (30)Timer BL interrupt control register 005B16)-DPPP< ?[ 0] 0] 0]
(8) Address match interrupt register 0 (001016)--- B Timer B2 interrupt control register (005015)---
(001116)--- (32)NTo interrupt control register (005D18)---
001216)-DXPDPDT0]0]oJo]  (33)INTL interrupt control register (00se1s)-D<JoJo]?[0] o] 0]
(9) Address match interrupt register 1 (001415)--~ (34)NT2 interrupt control register (005F16)---
(001516)--[ 0016 |  (35)serial IO 2 control register 1 (034216) 0016 |
o1616)-- D Jo]o]o]o]  (36)serial /0 2 control register 2 (03441500 ]
(10)DMAO control register (002c16)--[0]oJo]ofo]2[o]o]  (37)Serial /O 2 control register 3 (034816)---
(11)DMAL control register (003cie)--[0]oJo]o[o]?[0]o]  (38) FLDC mode register (035019 0016 ]
(12)INT3 interrupt control register (004416)--- XX ? (39) FLD output control register (035116)---
(13)INT4 interrupt control register (004816)-- < 0] o[ 2] 0] o[ 0]  (40) Tdisp time set register (035219)-{ 00 |
(14)INTS interrupt control register (004916)--XJ 0] o[ ?[0o]0J0]  (41)Toff1 time set register ©035416) [ FFis ]
(15) DMAO interrupt control register ©04B1s)-- DD 2[0] 0] 0]  (42)Toff2 time set register (035615)'“
(16) DMAL interrupt control register (00acie)- DDA 2 [0] (43)P2 FLD/port switch register (035916)"'
(17)A-D conversion interrupt control register  (004E16)-+-| X (44) P3 FLD/port switch register (035A16)---
(18) SI/O automatic transfer interrupt (004F16)--- (45) P4 FLD/port switch register (035815).._
control register » .
(19)FLD interrupt control register (005016)-+ (46) P5 digit output set register (035015)---
(20)UARTO transmit interrupt control register  (005115)---D{ (47) P6 digit output set register (035D)-| 0016 |

\ [[o]o]
(21)UARTO receive interrupt control register  (005216)---D<DXD<]}] 2] 0] 0] 0]
(22)UART1 transmit interrupt control register (005316)...
V% Py mm

/x\

(23)UART1 receive interrupt control register  (005416)-

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

x : Nothing is mapped to this bit
? : Undefined

Figure 12. Device's internal status after a reset is cleared
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(48)Count start flag (038016)-[ 0016 |  (77) Port P3 direction register (03E716)--
(49)Clock prescaler reset flag (038116)--- (78) Port P4 direction register (OSEAlG)---
(50) One-shot start flag (038215)--[0]o[Jo]o[o[o[0o]  (79) Port P7 direction register (03EF16)-
(51) Trigger select flag (038316)--- (80) Port P8 direction register (03F216)--
(52) Up-down flag (038416)-[ 0016 | (81) Port P9 direction register (03F316)--
(53) Timer AO mode register (039616~ 0016 | (82) Port P10 direction register (03F616)--
(54) Timer A1 mode register (039716)--- (83) Pull-up control register 0 (03FD16)-~-
(55) Timer A2 mode register (03981)-[ 0015 | (84) Pull-up control register 1 (03FEz16)--
(56) Timer A3 mode register ©039916)-[ 0016 | (85) Data registers (RO/RL/R2/R3)
(57) Timer A4 mode register ©39A1)-[ 0016 | (86) Address registers (AO/AL)
(58) Timer BO mode register (039816)--~ (87) Frame base register (FB)
(59) Timer B1 mode register (039C16)--- (88) Interrupt table register (INTB)
(60) Timer B2 mode register (039D16)-- (89) User stack pointer (USP)
(61)UARTO transmit/receive mode register ~ (03A01)--| 0016 | (90) Interrupt stack pointer (ISP)
(62) UARTO transmit/receive control register 0 (03A416)--- (91) Static base register (SB)
(63)UARTO transmit/receive control register 1 (03A51e)--- (92) Flag register (FLG)
(64)UARTL transmit/receive mode register (03A81e)--~
(65) UART1 transmit/receive control register 0 (03ACz1s6)-:

(66) UARTL transmit/receive control register 1 (03AD16)--
(67)UART transmit/receive control register 2 (038016)---
©8) '(:,\I;:,Slz ;nemory control register 0 (035416),_,
(69) Flash memory control register 1 (038516)---
Not
(70) gilz;)sﬁ)command register (Note) (038615)“
(71)DMAO cause select register (038816)---
(72)DMAL cause select register (OSBAlﬁ)---
(73)A-D control register 2 (03D416)--- XX}X‘K% m
(74) A-D control register 0 (030616)--[ 0] o[ 0] o] 0] 2] 2[ ]
(75) A-D control register 1 (03D716)-
(76) D-A control register (03DC1e)--A

The initial values must therefore be set.

x : Nothing is mapped to this bit
? : Undefined

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

The content of other registers and RAM is undefined when the microcomputer is reset.

Figure 13. Device's internal status after a reset is cleared
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Software Reset
Writing “1” to bit 3 of the processor mode register 0 (address 000416) applies a (software reset) reset to the
microcomputer. A software reset has almost the same effect as a hardware reset. The contents of internal
RAM are preserved.
Figure 14 shows the processor mode register 0 and 1.

Processor mode register 0 (Note)

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

olololo PMO 000416 XXXX00002
oo | Bit symbol Bit name Function RIW
P11 0 .. tfReserved bit Must always be set to “0” 00
PMO3 Software reset bit The device is reset when this bit
SRRt is set to “1”. The value of this bit |©:©O
is “0” when read.

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

Nothing is assigned.

Note: Set bit 1 of the protect register (address 000A16) to “1” when writing new
values to this register.

Processor mode register 1 (Note)

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

M&M PM1 000516 00XXXXX02
v | Bit symbol Bit name Function RiW
©or o111 --od 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 out to be
indeterminate

------------------------ Reserved bit Must always be set to “0” OEO

Note: Set bit 1 of the protect register (address 000A16) to “1” when writing new values
to this register.

Figure 14. Processor mode register 0 and 1
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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 2. Main clock and sub clock generating circuits

Main clock generating circuit Sub clock generating circuit

Use of clock « CPU’s operating clock source « CPU’s operating clock source

« Internal peripheral units’ » Timer A/B’s count clock

operating clock source source

Usable oscillator Ceramic or crystal oscillator Crystal oscillator

Pins to connect oscillator XIN, XouT XCIN, XcouT

Oscillation stop/restart function Available Available

Oscillator status immediately after reset | Oscillating Stopped

Other Externally derived clock can be input

Example of oscillator circuit
Figure 15 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 16 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 15 and 16 vary with each oscillator used. Use the values recom-
mended by the manufacturer of your oscillator.

Microcomputer »Microcompute}r
(Built-in feedback resistor) (Built-in feedback resistor)
XIN Xout XIN XouT

Open
(Note)
Rad
I:l Externally derived clock
_I_ CiN T Cour Vee I—I I_I I_I I_
— — Vss

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

Figure 15. Examples of main clock

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

T Open
(Note)

Rcd
Externally derived clock

Vss

—

— Ccin

itk

IH

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

Figure 16. Examples of sub clock
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Clock Control
Figure 17 shows the block diagram of the clock generating circuit.

[ P
P 1S102
> fAD
> f8sl02
>t
32

CM10 “1"
Write signal

blc

2. Divider

d  CM07=0

RESET —O[}—‘

Software reset

I

Main clock

CMo5 M02
Interrupt request
level judgment output
. )~
WAIT instruction o
a 1/2 1/2 12 1/2 12
CM06=0
CM17,CM16=11
CM06=1
CM06=0
CM17,CM16=10 O\o d
—O
: CM06=0 o
CMOi : Biti at address 000616 : CM17,CM16=01
CML1i : Biti at address 000716 : CMO06=0
WDCi : Biti at address 000F16 | CM17.CM16=00

Details of divider

Figure 17. 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 000616), the sub-clock can be
selected as the BCLK by using the system clock select bit (bit 7 at address 000616). However, be sure
that the sub-clock oscillation has fully stabilized before switching.
After the oscillation of the sub-clock oscillation circuit has stabilized, the drive capacity of the sub-clock
oscillation circuit can be reduced using the XcIN-XcouT drive capacity select bit (bit 3 at address 000616).
Reducing the drive capacity of the sub-clock oscillation circuit reduces the power dissipation. This bit
changes to “1” when 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 000416) 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(f 1, fs, f32, fAD, f1S102, f8s102)

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) fcs2
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 18 shows the system clock control registers 0 and 1.

System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | Symbol Address When reset
CMO 000616 4816
=T symbol Bit name Function RW
' ' ' ' . b1bo
vooror CMO00 Clock oqtput function 00: /O port P97/DAG 0.0
N select bit :
T (Valid only in single-chip 01:fc output
. CMOo1 i 10: fs output
mode) 11 : f32 output 0.0
I CMO02 | 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) o©.0
XCIN-XcouT drive capacity | 0 : LOW
""""" CM03 select bit (Note 2) 1:HIGH 0.0
______________ Port Xc select bit 0 : 1/O port
CMo4 1 : XcIN-XcouT generation 00
________________ CMO05 Main clock (XIN-XouT) 0:0n foe)
stop bit (Note 3, 4, 5) 1: Off
CMO6 Main clock division select | 0 : CM16 and CM17 valid 00
Pt bit 0 (Note 7) 1 : Division by 8 mode
E CcMO7 System clock select bit 0 : XN, XouT 0.0
"""""""""""" (Note 6) 1: XCIN, XcouT

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

Note 2: Changes to “1” when shiffing to stop mode and at a reset.

Note 3: 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 (CM07) to “1” before setting this bit to “1”.

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

Note 5: If this bit is set to “1”, XouT turns “H”. The built-in feedback resistor remains being connected, so XIN turns
pulled up to XouT (“H”) via the feedback resistor.

Note 6: Set port Xc select bit (CM04) to “1” and stabilize the sub-clock oscillating before setting 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 (CMO05) to “0” and stabilize the
main clock oscillating before setting this bit from “1” to “0”.

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

Note 8: fc32 is not included.

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

| | | | 0 | 0 | 0 | 0 | | Symbol Address When reset
CM1 000716 2016

Bit symbol Bit name Function R'W

A, CM10 | All clock stop control bit | 0 : Clock on 0'0

oror (Note4) 1 : All clocks off (stop mode)

A A T R S Reserved bit Always set to “0” 0.0
b Pt Reserved bit Always set to “0” 0.0
[T Reserved bit Always set to “0” 00
R RREREE Reserved bit Always set to “0” o0
XIN-XouT drive capacity 0:LOW
""""""""" cM15 select bit (Note 2) 1:HIGH o0
H b7 b6
b e CM16 Main clock division 0 0 : No division mode

select bit 1 (Note 3) 01 : Division by 2 mode 0.0

________________________ CM17 10 : Division by 4 mode

11 : Division by 16 mode

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

Note 2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

Note 3: Can be selected when bit 6 of the system clock control register 0 (address 000616) is “0”. If “1”, division mode is
fixed at 8.

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

Figure 18. Clock control registers 0 and 1
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Clock Output
The clock output function select bit (bit 0,1 at address 000616) allows you to choose the clock from fs, f32, or
fc to be output from the P97/DAo/CLKouT/DIMouT pin. When the WAIT peripheral function clock stop bit
(bit 2 at address 000616) is set to “1”, the output of f8 and 32 stop by executing of WAIT instruction.

Stop Mode
Writing “1” to the all-clock stop control bit (bit O at address 000716) stops all oscillation and the microcom-
puter enters stop mode. In stop mode, the content of the internal RAM is retained provided that VVcc re-
mains above 2V.
Because the oscillation of BCLK, f1 to f32, fc, fc32, and fab stops in stop mode, peripheral functions such as
the fluorescent display function, serial 1/0 2, 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 UARTO
and UART2 functions provided an external clock is selected. Table 3 shows the status of the ports in stop
mode.
Stop mode is cancelled by a hardware reset or an interrupt. If an interrupt is to be used to cancel stop mode,
that interrupt must first have been enabled. 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 3. Port status during stop mode

Pin States
Port Retains status before stop mode
CLKouTt When fc selected “H”
When f8, f32 selected Retains status before stop mode

Wait Mode

When a WAIT instruction is executed, BCLK stops and the microcomputer enters the wait mode. In this mode,
oscillation continues but 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 4 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 4. Port status during wait mode
Pin States

Port Retains status before wait mode

CLKourt When fc selected Does not stop

When fs, f32 selected Does not stop when the WAIT

peripheral function clock stop bit is

“0". (Note)

When the WAIT peripheral function clock
stop bit is “1”, the status immediately prior
to entering wait mode is maintained.

Note: Attention that reducing the power dissipation is impossible.
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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 WA-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 5. Operating modes dictated by settings of system clock control registers 0 and 1

CM17 CM16 CMO07 CMO06 CMO05 CMO04 | 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 19 shows the state transition diagram of the above modes.
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Transition of stop mode, wait mode

( Reset )
All oscillators stopped N\ WAIT CPU operation stopped
CM10="1" instruction
- —_——p :
Stopmode |F¥——1 '\(/';sl'ggj pregdmggg)e | Waitmode
Interrupt Y- Interrupt

. Interru l
All 0 ato opped WAIT

oppe
instruction
Stop mode  |eCMi0O=1"] (H'ghsﬁﬁiﬁdr/n 'gzg'”m )4 > Wait mode
Interrupt
All oscillato opped WAIT

oppe
CcMi10="1" instruction
== - o e
Stop mode —,('—og’. speed/iow pg""er)¢ Wait mode
Interrupt Issipation mode Interrupt
“— Normal mode —~

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

Transition of normal mode

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

CMO06 =“1" BCLK : f(Xin)/8
o kCMO7 =“0" CMO06 = “1"
Y CMO7 = “0” (Note 1)
Main clock is oscillating cmo4 = 0" (;\‘M?“ :1“13" gmgi z (1)
Sub clock is oscillating v( otes 1, 3)
é Medium-speed mode h
High-speed mode (divided-by-2 mode) Main clock is oscillating
BCLK : f(XiN) BCLK : f(XiN)/2 _ Sub clock is oscillating
CMO07 =“0” CM06="0" | | CM07 =*0" CMo6 =0’ | Medium-speed mode Low-speed mode
CM17 =“0" CM16="0" ) { CM17=“0" cM16="1" ) (divided-by-8 mode) CMO7 =“0”
. Note 1, 3)

_ _ BCLK : f(Xin)/8 Noers) .
Medium-speed mode  Medium-speed mode CMO7 = “0” BCLK:: f(Xen)
(divided-by-4 mode) (divided-by-16 mode) CMO06 = “1" CMO7 =*1"

CMO7 =“1"
BCLK : f(Xin)/4 BCLK : f(Xin)/16 (Note 2)
CMO07 =“0" CM06 =“0" | | CMO7 =*“0" CMO06 = “0”
CM17 =“1" CM16="0" ) | CM17 =“1" CM16 = “1"
CMO5 = “0" CMO5 = “1”
CMO04 ="0" Main clock is oscillating | €M04 ="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(Xn) BCLK : f(XiN)/2 CMO7 ="1" (Note 2) BCLK - f(Xcn)

CMO7 = 0" CMo6 =“0" | | cMO7 = 0" CMO6 = “0” CMO5 = “1 o

CM17 =“0” CM16 =“0” CM17 =“0” CM16 =“1” CMO7 ="1
—> . ) -
VT Medium-speed mode  Medium-speed mode gmg; - “8,, E“gi ;g
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) CMO4 = *1”

BCLK : f(Xin)/4 BCLK : f(Xin)/16
CMO07 =“0" CM06 =“0" | | CMO7 =*“0" CMO6 = “0"
CM17 =“1" CM16=“0" ) { CM17 =“1" CM16 = “1"
- J

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.
Note 3: Change CMO06 after changing CM17 and CM16.

Note 4: Transit in accordance with arrow.

Figure 19. State transition diagram of Power control mode
|
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Protection

The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 20 shows the protect register. The values in the processor
mode register O (address 000416), processor mode register 1 (address 000516), system clock control reg-
ister 0 (address 000616), and system clock control register 1 (address 000716) can only be changed when
the respective bit in the protect register is set to “1”.

The system clock control registers 0 and 1 write-enable bit (bit O at address 000A16) and processor mode
register 0 and 1 write-enable bit (bit 1 at address 000A16) do not automatically return to “0” after a value has
been written to an address. The program must therefore be written to return these bits to “0”.

Protect register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
PRCR 000A16 XXXXX0002
Bit symbol Bit name Function R'W

P Enables writing to system clock CNmgie
bbb =1 PRCO . control registers 0 and 1 (addresses (1) : w:::zg]:;%lt:g (e)e}
o o 000616 and 000716) : 3

: Enables writing to processor mode Writain i !
A PRCL |registers 0 and 1 (addresses 000416 | © * Write-inhibited oo
1 : Write-enabled !
R and 000516) !
Nothing is assigned.
" In an attempt to write to these bits, write “0”. The value, if read, turns out to i
be indeterminate.

Figure 20. Protect register
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Overview of Interrupt

Type of Interrupts

Figure 21 shows the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

Interrupt
Reset

DBC

Watchdog timer
Single step
Address matched

[]Special
[]
[]

[l
[]Peripheral I/O (Note)

N o o o

Hardware

N o o

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

Figure 21. Classification of interrupts

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

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

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

« 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 execut-
ing the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O inter-
rupts, so executing the INT instruction allows executing the same interrupt routine that a peripheral I/
O interrupt does.
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and
select the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from
the interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt re-
guest. So far as software numbers 32 through 63 are concerned, the stack pointer does not make a
shift.
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Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral 1/O interrupts.
(1) Special interrupts
Special interrupts are non-maskable interrupts.
* Reset
Reset occurs if an “L” is input to the RESET pin.
« 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 “1", a single-step interrupt occurs after one instruction is executed.
» Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated by
the address match interrupt register is executed with the address match interrupt enable bit set to “1”.
If an address other than the first address of the instruction in the address match interrupt register is set,
no address match interrupt occurs.

(2) Peripheral I/O interrupts
A peripheral I/O interrupt is generated by one of built-in peripheral functions. Built-in peripheral func-
tions are dependent on classes of products, so the interrupt factors too are dependent on classes of
products. The interrupt vector table is the same as the one for software interrupt numbers 0 through
31 the INT instruction uses. Peripheral /O interrupts are maskable interrupts.
* DMAQO interrupt, DMAL interrupt
These are interrupts that DMA generates.
 A-D conversion interrupt
This is an interrupt that the A-D converter generates.
* UARTO and UART1 transmission interrupt
These are interrupts that the serial I/O transmission generates.
* UARTO and UART1 reception interrupt
These are interrupts that the serial /0O reception generates.
* SI/O automatic transfer interrupt
This is an interrupt that the SI/O automatic transfer generates.
 Timer AQ interrupt through timer A4 interrupt
These are interrupts that timer A generates
 Timer BO interrupt through timer B2 interrupt
These are interrupts that timer B generates.
« INTO interrupt through INT5 interrupt
An INT interrupt occurs if either a rising edge or a falling edge is input to the INT pin.
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Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. Set the first address of the interrupt routine in each vector table. Figure 22 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 22. Format for specifying interrupt vector addresses

« Fixed vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 6 shows the interrupts assigned to the fixed vector tables
and addresses of vector tables.

Table 6. Interrupts assigned to the fixed vector tables and addresses of vector tables

Interrupt source Vector table addresses Remarks
Address (L) to address (H)

Undefined instruction

FFFDC16 to FFFDF16

Interrupt on UND instruction

Overflow

FFFEO16 to FFFE316

Interrupt on INTO instruction

BRK instruction

FFFE416 to FFFE716

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

Address match

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
- FFFF816 to FFFFB16 | -
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 7 shows the
interrupts assigned to the variable vector tables and addresses of vector tables.

Table 7. Interrupts assigned to the variable vector tables and addresses of vector tables

Software interrupt number

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

Interrupt source

Remarks

Software interrupt number 0

+0 to +3 (Note)

BRK instruction

Cannot be masked | flag

INT3

Software interrupt number 7 +28 to +31 (Note)

Software interrupt number 8 +32 to +35 (Note) INT4
Software interrupt number 9 +36 to +39 (Note) INTS
Software interrupt number 11 +44 to +47 (Note) DMAO
Software interrupt number 12 +48 to +51 (Note) DMA1
Software interrupt number 14 +56 to +59 (Note) A-D

Software interrupt number 15

+60 to +63 (Note)

SI/O automatic transfer

Software interrupt number 16

+64 to +67 (Note)

FLD

Software interrupt number 17

+68 to +71 (Note)

UARTO transmit

Software interrupt number 18

+72 to +75 (Note)

UARTO receive

Software interrupt number 19

+76 to +79 (Note)

UART]1 transmit

Software interrupt number 20

+80 to +83 (Note)

UART1 receive

Software interrupt number 21 +84 to +87 (Note) Timer AO
Software interrupt number 22 +88 to +91 (Note) Timer Al
Software interrupt number 23 +92 to +95 (Note) Timer A2
Software interrupt number 24 +96 to +99 (Note) Timer A3
Software interrupt number 25 +100 to +103 (Note) Timer A4
Software interrupt number 26 +104 to +107 (Note) Timer BO
Software interrupt number 27 +108 to +111 (Note) Timer B1
Software interrupt number 28 +112 to +115 (Note) Timer B2
Software interrupt number 29 +116 to +119 (Note) m

Software interrupt number 30 +120 to +123 (Note) W‘I’l

Software interrupt number 31 +124 to +127 (Note) WTZ

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note)

to
+252 to +255 (Note)

Software interrupt

Cannot be masked | flag

Note : Address relative to address in interrupt table register (INTB).
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Interrupt Control
Descriptions are given here regarding how to enable or disable maskable interrupts and how to set the
priority to be accepted. What is described here does not apply to non-maskable interrupts.
Enable or disable a maskable interrupt using the interrupt enable flag (I flag), interrupt priority level 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 23 shows the memory map of the interrupt control registers.
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Interrupt control register(Note2)
Symbol Address When reset
DMIIC(i=0, 1) 004B16 to 004C16 XXXXX0002
ADIC 004E16 XXXXX0002
ASIOIC 004F16 XXXXX0002
FLDIC 005016 XXXXX0002
SIiTIC(i=0, 1) 005116, 005316 XXXXX0002
b7 b6 bS5 b4 b3 b2 bl bo SIRIC(i=0, 1) 005216, 005416 XXXXX0002
TAIIC(i=0 to 4) 005516 to 005916 XXXXX0002
N N TBIIC(i=0 to 2) 005A16 to 005C16 XXXXX0002
Bit symbol Bit name Function W
A T ILVLO Interrupt priority level i
I ot select bit b2 b1.b0 ) ) :
000 : Level O (interrupt disabled)
o - 001: Levell -
P P ILVL1 010: Level 2 5
E E E i 011: Level3 | o
o : 100: Level4 :
R ] ILVL2 101: Level5 5
P 110: Level 6 1 O
P 111: Level? :
E : : IR Interrupt request bit 0 : Interrupt not requested O
E . , 1: Interrupt requested E(Notel)
R Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to A
be indeterminate. :

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

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
0 | | | | INTIIC(i=0 to 5) 005D16 to 005F16  XX00X0002
L L 004716 to 004916
i+ | Bit symbol Bit name Function W
E ‘ . ‘ ‘ . B ILVLO Interrup.t priority level b2 b1 bo
E E E E E E select bit 00 0 : Level O (interrupt disabled)
001:Levell
oo P ILVL1 010:Level 2 ;
P : 011:Level3 1 O
oo : 100: Level 4 :
N ] ILVL2 101:Level5 5
A 110:Level 6 : O
A 111:Level7 i
T S IR Interrupt request bit 0: Interrupt not requested
A 1: Interrupt requested  (Notel)
A POL Polarity select bit 0 : Selects falling edge 5
v 1: Selects rising edge '
ERERRTEELERLPEEERERRRE Reserved bit Always set to “0” o)
] Nothing is assigned. .
In an attempt to write to these bits, write “0”. The value, if read, turns out to
be indeterminate. :

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

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

Figure 23. 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 8 shows the settings of interrupt priority levels and Table 9 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 9. Interrupt levels enabled according

Table 8. Settings of interrupt priority levels to the contents of the IPL

I?‘ets(rarluspetlggi&r)iitty InterrLljg)\:eplriority Poriggiy IPL Enabled interrupt priority levels
b2 bl b0 IPL2 IPL1 IPLo
0 0 O Level O (interrupt disabled) 0 0 O Interrupt levels 1 and above are enabled
0 0 1 Level 1 Low 0 0 1 Interrupt levels 2 and above are enabled
0 1 0 Level 2 0 1 0 Interrupt levels 3 and above are enabled
01 1 Level 3 0 1 1 Interrupt levels 4 and above are enabled
1 00 Level 4 1 0 O Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 0 1 Interrupt levels 6 and above are enabled
110 Level 6 V 1 1 0 Interrupt levels 7 and above are enabled
111 Level 7 High 11 1 All maskable interrupts are disabled
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Rewrite the interrupt control register
To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for
that register. If there is possibility of the interrupt request occur, rewrite the interrupt control register after
the interrupt is disabled. The program examples are described as follow:

Example 1:
INT_SWITCH1:
FCLR | ; Disable interrupts.
AND.B #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ;
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 ;
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 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 24 shows the interrupt response time.

Interrupt request generated  Interrupt request acknowledged

P o

Instruction in
interrupt routine

S Instruction Interrupt sequence

o @ ®) -

Interrupt response time

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

Figure 24. 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.
Time (b) is as shown in Table 10.

Table 10. Time required for executing the interrupt sequence

Interrupt vector address| Stack pointer (SP) value 16-Bit bust 8-Bit bus
Even Even 18 cycles (Note 1) 20 cycles (Note 1)
Even Odd 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1) 20 cycles (Note 1)

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

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
BCLK
Address bus XA%%IBeOSS >< Indeterminate >< SP-2 >< SP-4 >< vec >< vec+2 >< PC
Data bus Interrupt ; SP-2 SP-4 vec vec+2
><inf0rmation>< Indeterminate ><contents Xcontents Xcontents >< contents ><

= m Indeterminate y U u
U

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

=

Figure 25. 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 11 shows set in the IPL.

Table 11. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels Value set in the IPL
Watchdog timer 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 26 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 Stack area Address Stack area
MSB LSB MSB LSB
[SP]
m-—4 m-—4|  Program counter (PC1)  |<a——New stack
pointer value
m-3 m-3|  Program counter (PCw)
m-2 > m-2 Flag register (FLGL)
Flag register Program
m-1 m-1
(SP] (FLGH) counter (PCw)
m Content of previous stack (-4 s;ﬁf: nglg::r m Content of previous stack
interrupt occurs
m+ 1| Content of previous stack m + 1| Content of previous stack
Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Figure 26. State of stack before and after acceptance of interrupt request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the
content of the stack pointer, at the time of acceptance of an interrupt request, is even or oDD- If the
content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at
atime. Figure 27 shows the operation of the saving registers.
Note: Stack pointer indicated by U flag.

(1) Stack pointer (SP) contains even number

Address

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

[SP] (Even)

Stack area

Sequence in which order
registers are saved

Program counter (PCv.)

Program counter (PCw)

Flag register (FLGL)

(1) Saved simultaneously,

Flag register
(FLGH)

Program
counter (PCw)

all 16 bits

(2) Saved simultaneously,
all 16 bits

Finished saving registers

in two operations.

(2) Stack pointer (SP) contains odd number

Address

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

[SP]  (Odd)

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

Stack area

Sequence in which order
registers are saved

Program counter (PCv)

Program counter (PCw)

Flag register (FLGL)

Flag register
(FLGH)

Program
counter (PCw)

t— (3)
I (4) Saved simultaneously,
all 8 bits
~—(1)
- (2)

Finished saving registers

in four operations.

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

Figure 27. Operation of saving registers
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Returning from an Interrupt Routine
Executing the REIT instruction at the end of an interrupt routine returns the contents of the flag register
(FLG) as it was immediately before the start of interrupt sequence and the contents of the program counter
(PC), both of which have been saved in the stack area. Then control returns to the program that was being
executed before the acceptance of the interrupt request, so that the suspended process resumes.
Return the other registers saved by software within the interrupt routine using the POPM or similar instruc-
tion before executing the REIT instruction.

Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral I/O interrupts) using the interrupt priority level
select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher hardware
priority is accepted.
Priorities of the special interrupts, such as Reset (dealt with as an interrupt assigned the highest priority),
watchdog timer interrupt, etc. are regulated by hardware.
Figure 28 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 > DBC > Watchdog timer > Peripheral I/O > Single step > Address match

Figure 28. 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 29 shows the circuit that judges the interrupt priority level.
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Priority level of each interrupt

Timer B2

Timer BO

Timer A3

Timer A1

INT4

INT2

INTO

Timer B1

Timer A4

Timer A2

INTS

INT3

UART1 reception

UARTO reception

FLD

A-D conversion

DMA1

Timer A0

UART1 transmission

UARTO transmission

SI/02 automatic transfer

DMAOQ

Processor interrupt priority level
(IPL)

Interrupt enable flag (I flag)

Level O (initial value)

N (N N T =

l— Interrupt request level judgment output

\ High

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

/

Low

Address match

Watchdog timer

DBC

Reset

Interrupt
request
accepted

Figure 29. Maskable interrupts priorities
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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 30 shows the address match interrupt-related registers.

Address match interrupt enable register
b7 b6 b5 b4 bS b2 bl b0 Symbol Address When reset
MM__LJ AIER 000916 XXXXXX002
Bit symbol Bit name Function R:\W
T AIERQ |Address matchinterrupt O | ¢ : |nterrupt disabled OEO
A A enable bit | 1 : nterrupt enabled
e AIER1 |Address match interrupt 1 | 0 : Interrupt disabled O§O
S T enable bit | 1: Interrupt enabled |
_______________ Nothing is assigned. 3
In an attempt to write to these bits, write “0”. The value, if read, turns outto | ——
be indeterminate. i
Address match interrupt registeri (i= 0, 1)
(b23) (b19) (b16)(b15) (b8) Symbol Address When reset
o o3 b0 b bo b7 % RMADO 001216 to 001016 X0000016
MXIXIXIX | | | RMADI 001616t 001416 X0000016
Function Values that can be set |R W
P +---{ Address setting register for address match interrupt 0000016 to FFFFF16 [O!0O
R S Nothing is assigned. |
In an attempt to write to these bits, write “0”. The value, if read, turns outto ~ [—1—
be indeterminate.

Figure 30. Address match interrupt-related registers
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Precautions for Interrupts

(1) Reading address 00000 16
» 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.

(3) 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 INTo through INT5 pins is changed, the interrupt request bit is sometimes set to
“1". After changing the polarity, set the interrupt request bit to “0”. Figure 31 shows the procedure for
changing the INT interrupt generate factor.

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

/

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

( Set the polarity select bit

NN AN

( Clear the interrupt request bit to “0”

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

N>

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

/

Figure 31. Switching condition of INT interrupt request
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(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_SWITCHZ1:
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOIC int. priority level and int. request bit.
NOP ;
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 ;
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 or dummy read are inserted before FSET | in Examples 1 and 2 is
to prevent the interrupt enable flag | from being set before the interrupt control register is rewritten due to

effects of the instruction gueue.

* When 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 XcCIN is selected as the BCLK, the prescaler is set for division by 2 regardless of bit 7
of the watchdog timer control register (address 000F16). Thus the watchdog timer's period can be calcu-
lated as given below. The watchdog timer's period is, however, subject to an error due to the prescaler.

With XIN chosen for BCLK

prescaler dividing ratio (16 or 128) X watchdog timer count (32768)
BCLK

Watchdog timer period =

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

Watchdog timer period =

For example, suppose that BCLK runs at 10 MHz and that 16 has been chosen for the dividing ratio of the
prescaler, then the watchdog timer's period becomes approximately 52.4 ms.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16) and when
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by
writing to the watchdog timer start register (address 000E16).

Figure 32 shows the block diagram of the watchdog timer. Figure 33 shows the watchdog timer-related

registers.
Prescaler
R CM07 =0
S < |iwpcr=0
— 1/16 O
) Sl
: i*CMO7 = 0"
[ mom | HWDCT = 1 )
BCLK i 1/128 1 o] Watchdog timer - Watchdog timer

: ] : 9 interrupt request
: : A
i iomor=1
; 1/2

Write to the watchdog timer [ :

start register - Set to

(address 000E16) “7TFFF16”

RESET © O[> E

Figure 32. Block diagram of watchdog timer
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Watchdog timer control register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset

| | 0 | 0 | | | | | | wDC 000F16 000XXXXX2
E : : : : : : : Bit symbol Bit name Function R W
(T S SO TR N High-order bit of watchdog timer oO'x
R S P — Reserved bit Must always be set to “0” leYe)
REEEECEEEEEEEEEE Reserved bit Must always be set to “0” 00
o wDC7 Prescaler select bit 0 : Divided by 16 OEO

1 : Divided by 128 :

Watchdog timer start register

b7 LI} Symbol Address When reset
WDTS O0OE16 Indeterminate
Function R'W|

The watchdog timer is initialized and starts counting after a write instruction to '
this register. The watchdog timer value is always initialized to “7FFFi6” X 0O

regardless of whatever value is written.

Figure 33. Watchdog timer control and start registers
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DMAC

This microcomputer has two DMAC (direct memory access controller) channels that allow data to be sent to
memory without using the CPU. DMAC shares the same data bus with the CPU. The DMAC is given a
higher right of using the bus than the CPU, which leads to working the cycle stealing method. On this
account, the operation from the occurrence of DMA transfer request signal to the completion of 1-word (16-
bit) or 1-byte (8-bit) data transfer can be performed at high speed. Figure 34 shows the block diagram of the
DMAC. Table 12 shows the DMAC specifications. Figure 35 to Figure 36 show the registers used by the
DMAC.

S Address bus S

| | (addresses 002216 to 002016)

4
_|:>|DMAO source pointer SAR0(20) ':>
>

DMAO destination pointer DARO (20)

{} U (addresses 002616 to 002416)
|DMAO forward address pointer (20) (Note) |:>
—|:>‘ DMAO transfer counter reload register TCRO (16) |:> :>|DMA1 source pointer SAR1 (20) |:>
U (addresses 002916, 002816) | (addresses 003216 to 003016)
|DMAO transfer counter TCRO (16) I:> :>|DMA1 destination pointer DAR1 (20) |:>
{} O (addresses 003616 to 003416)
:>| DMAL transfer counter reload register TCR1 (16) ':> |DMA1 forward address pointer (20) (Note) |:>
U (addresses 003916, 003816)
[DMA1 transfer counter TCR1. (16) > | DMA tateh high-order bits | DMA latch low-order bits |

|

Note: Pointer is incremented by a DMA reauest.

Figure 34. 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 12. 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 003F16] cannot be accessed)
Maximum No. of bytes transferred |128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers)

DMA request factors (Note) Falling edge of INTO or INT1 (INTO can be selected by DMAO, INT1 by DMA1)
Timer AO to timer A4 interrupt requests

Timer BO to timer B2 interrupt requests

UARTO transmission and reception interrupt requests

UARTL1 transmission and reception interrupt requests

A-D conversion interrupt requests

Software triggers
Channel priority DMAO takes precedence if DMAO and DMA1 requests are generated simultaneously
Transfer unit 8 bits or 16 bits
Transfer address direction forward or 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
At the time of starting data transfer immediately after turning the DMAC active, re
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.

Forward address pointer and
load timing for transfer
counter

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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DMAI request cause select register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
DMiSL(i=0,1) 03B816,03BA16 0016
P 4w Bitsymbol Bit name Function RIW
A b3 b2 b1 bo _ |
Pl n bt peplo | PMArequestcause 0000+ Falling edge of INTO / INTL |
A A select bit pin (Note) 00
P T R A 000 1: Software trigger !
T R S R 0010: Timer AO :
A DSEL1 0011:TimerAl !
Voo et 0100: Timer A2 |
Voo 0101:Timer A3 olo
P 0110: Timer A4 !
Voo 0111:TimerBO T
Voo DSEL2 1000: Timer B1 |
o 1001 : Timer B2 o0
Vo 1010:UARTO transmit |
. 1011:UARTO receive .
Vo 1100 : UARTL1 transmit |
. DSEL3 1101:UART1 receive |
oo 1110:A-D conversion O 0
Voo 111 1:Inhibited !
L] Nothing is assigned. In an attempt to write to these bits, write “0”. _ —
! The value, if read, turns out to be “0” !
' DSR Software DMA request bit |If software trigger is selected, a |
R R DMA request is generated by 0o
setting this bit to “1” (When read, !
the value of this bit is always “0") .
Note: Address 03B816 is for INTO; address 03BA16 is for INT1.
DMAi control register Symbol Address When reset
s = = R RELIALE DMICON(i=0,1) 002C16, 003C16 00000X002
E , , , , Bit symbol Bit name Function R ‘ w
oo DMBIT Transfer unit bit select bit | 0 : 16 bits O 0O
e 1: 8 bits .
oo DMASL Repeat transfer mode 0 : Single transfer O O
- select bit 1 : Repeat transfer !
oo DMAS | DMA request bit (Note 1) | O : DMA not requested O O
oo 1 : DMA requested  (Note 2)
s DMAE DMA enable bit 0 : Disabled ol
- 1: Enabled '
E : : : Source address direction | o : Fixed
o DSD select bit (Note 3) 1 Forward o ! o
E , , _________________ Destination address 0 : Fixed ‘
b DAD direction select bit (Note 3)| 1 : Forward o o
o Nothing is assigned. In an attempt to write to these bits, write “0”. o
The value, if read, turns out to be “0". }
Note 1: DMA request can be cleared by resetting the bit.
Note 2: This bit can only be set to “0”.
Note 3: Source address direction select bit and destination address direction select bit
cannot be set to “1” simultaneously.

Figure 35. DMAC-related registers (1)
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DMAI source pointer (i=0, 1)

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 b0 Symbol
. : SAR1

Address
002216 to 002016
003216 to 003016

When reset
Indeterminate
Indeterminate

Function

Transfer count R'W
specification !

« Source pointer
Stores the source address

0000016 to FFFFF16 |O'O

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)
(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 b0 Symbol
DDA : : DARO
: : DAR1

Address
002616 to 002416
003616 to 003416

When reset
Indeterminate
Indeterminate

Set a value one less than the transfer count

: : . Transfer count
E : Function specification R ) W
; I + Destination pointer 0000016 to FFFFF1s 00
' Stores the destination address |
; I Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0". |
DMA.I transfer counter (i = 0, 1)
(b15) (b8)
b7 b0 b7 bo
T Symbol Address When reset
H TCRO 002916, 002816 Indeterminate
' TCR1 003916, 003816 Indeterminate
E Functi Transfer count !
E unction specification R:
e + Transfer counter 000016 to FFFF16  [O10

Figure 36. DMAC-related registers (2)
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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.

(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.

Figure 37 shows the example of the transfer cycles (a state of internal bus) for a source read. For conve-
nience, the destination write cycle is shown as one cycle and the source read cycles for the different
conditions are shown. In reality, the destination write cycle is subject to the same conditions as the source
read cycle, with the transfer cycle changing accordingly. When calculating the transfer cycle, remember
to apply the respective conditions to both the destination write cycle and the source read cycle.

(1) 8-bit transfers
16-bit transfers and the source address is even.

BCLK

Address CPU use >< Source ><Destinati0n>< Dummy >< CPU use
bus cycle

HD signal

Mz signal

Data CPU use >< Source ><D(—.‘stination><Dummy >< CPU use
bus cycle
(2) 16-bit transfers and the source address is odd

BCLK

Address CPU use >< Source ><Source + 1><Destination Dummy CPU use
bus cycle

RD signal

WR signal
Data CPU use Source X Source + 1YpestinationX UMMy CPU use
bus cycle

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

Figure 37. Example of transfer cycles for a source read (the state of internal bus)
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(2) DMAC Transfer
Any combination of even or odd transfer read and write addresses is possible. Table 13 shows the num-
ber of DMAC transfer cycles.
The number of DMAC transfer cycles can be calculated as follows:

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

Table 13. No. of DMAC transfer cycles

singelchip mode
Transfer unit Access address No. of No. of
read cycles write cycles
8-bit transfers Even
(DMBIT="1") Odd 1 1
16-bit transfers Even 1 1
(DMBIT="0") Odd 2 2

Coefficient j, k

Internal memory
Internal ROM/RAM SFR area
1 2
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FLD Controller
The M30218 group has fluorescent display (FLD) drive and control circuits.
Table 14 shows the FLD controller specifications.

Table 14. FLD controller specifications

Iltem Specification
FLD High-breakdown-volt-{* 52 pins ( 20 pins can switch general purpose port)
controller | age output port
port CMOS port * 4 pins ( 4 pins can switch general purpose port)
(A driver must be installed externally)

Display pixel number » Used FLD output
28 segment X 28 digit (segment number + digit number < 56)
* Used digit output
40 segment X 16 digit (segment number < 40, digit number < 16)
» Connected to M35501
56 segment X (connect number of M35501) digit
(segment number < 56, digit number < number of M35501 X 16)
* Used P44 to P47 expansion
52 segment X 16 digit (segment number < 52, digit number < 16)

Period * 3.2 pus to 819.2 us (count source XIN/32,10MHz)

» 12.8 us to 3276.8 us (count source XIN/128,10MHz)
Dimmer time * 3.2 pus to 819.2 us (count source XIN/32,10MHz)

» 12.8 us to 3276.8 us (count source XIN/128,10MHz)
Interrupt * Digit interrupt

* FLD blanking interrupt
Key-scan » Key-scan used digit

» Key-scan used segment
Expand function * Digit pulse output function

This function automatically outputs digit pulse.

* M35501 connect function
The number of digits can be increased easily by using the output of
DIMouT(P97) as CLK for the M35501.

« Toff section generate / not generate function
This function does not generate Toff1 section when the connected outputs
are the same.

« Gradation display function
This function allows each segment to be set for dark or bright display.

* P44 to P47 expansion function
This function provides 16 lines of digit outputs from four ports by attaching a
4 — 16 decoder.
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Main Local
Main address bus data bus data bus Digit output set register
= P60o/FLDo | DIG/FLD
P61/FLD1 | DIG/FLD
P62/F| D2 | DIG/FLD
050016 P6a/ELDa| DIG/FLD | 8
2 P64/FLD4 | DIG/FLD
@ P6s/FLDs | DIG/FLD
B P66/FLDs | DIG/FLD
2 P67/FLD7| DIG/FLD
Local address bus 5 03EC16 035D16
o
g P50/FLDs | DIG/FLD
S P5y/FLDs | DIG/FLD
3 P52/FLD1o| DIG/FLD
q P53/FLDu| DIGIFLD | &
s P54/FLD12| DIG/FLD
05DF1s P5s/FLD13| DIG/FLD
P5e/FLD14| DIG/FLD
P57/FLDis| DIG/FLD
03E916 035C16
POo/FLD16
PO1/FLD17
P02/FLD18
POs/FLD1s 8
P04/FL D20
PQs/FLD21
PQs/FLD:
PQ7/FL D23
03E016
P1o/FLD24
P11/FLD2s
P12/FLD26
P13/FLD27
P14/FLD2s
P1s/FL D29
P16/FLDso
P17/Fl D31
03El1s
FLDC mode register ELD/PLP20/FL D3
(035016) FLD/P|P21/FLDs
FLD/P|P22/FL D3a
FLD/P|P23/FL Das
FLD/P| P24/FL D36
FLD/P|P25/FLD37
FLD data pointer FLD/P|P26/FLDss
reload register FLD/P| P27/FLD3g
(035816) 035916 03E416
FLD/P|P30/FLD4o
FLD/P|P31/FLDa
:> Address - FLD/P|P32/FL Da;
FLD data pointer ELD/P|P33/FLDa:
decoder (035816) FLD/P| P34/FLDas
FLD/P| P3s/FLDas
FLD/P| P36/FLD4s
FLD/P| P37/FLDa7
035A16 03E516
FLD/P| P40/FLD4g
FLD/P| P41/F| D49
ELD/P| P42/FL Dso 8
FLD/P| P43/F| Ds1
|FLD/P| P44/FLDs> |
FLD/P| P4s/FLDs3
FLD/P| P46/FLDsa
ELD/P| P47/F| Dss
035B16 03E816
FLD/port switch register
- FLD blanking interrupt
———Timing generator
FLD digit interrupt

Figure 38. Block Diagram for FLD Control Circuit
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(at rising edge of each digit)
01:1 X Tdisp") FLD blanking

FLDC mode register Symbol Address When reset

| b7 b6 b5 b4 b3 b2 bl bo ELDM 035016 0016
Bit symbol Bit name Function R W
' FLDMO Automatic display 0 : General-purpose mode OiO
control bit 1 : Automatic display mode !
FLDM1 Display start bit 0 : Stop display
o e 1 : Display 6.0
E ' ' (start to display by switching “0” to “1")
. . b3b2
P L FLDM2 | Tscan control bits 00 : FLD digit interrupt 00

interrupt (at falling

oo FLDM3 10:2XTdisp ¢ eqge of last digit offe}
' 11: 3 X Tdisp j
‘ Timing number control bit . imi |
[ FLDM4 0:16 t!m!ng mode (o)e}
1 : 32 timing mode |
L SR— FLpms | Gradation display mode 0 : Not selecting oo
! selection control bit 1 : Selecting (Note ) i
b e FLDM6 Tdisp counter o |0 (Y32 ofo
! count source selection bit | 1 : f(xin)/128 i
] FLpm7 | High-breakdown voltage 0 : Drivability strong oio

port drivability select bit 1 : Drivability weak
Note : When a gradation display mode is selected, a number of timing is max. 16 timing.
(Set the timing number control bit to “0”.)

FLD output control register
b7 b6 b5 b4 b3 b2 bl b0

| | | | | Symbol Address ~ When reset
— e FLDCON 035116 0016
Bit symbol Bit name Function R'W
i E E ' FLDCONO | P44 to P47 FLD 0 : Output normally OEO
o ! output reverse bit 1 : Reverse output |
Nothing is assigned. i
oo T In an attempt to write to this bit, write “0". The value, if read, turns out to be “0".
N ELDCON2 | P44 to P47 FLD 0 : Perform normally O§O
Toff is invalid bit 1 : Toff is invalid '
R Nothing is assigned. —_
i In an attempt to write to this bit, write “0”. The value, if read, turns out to be “0”. .
o FLDCON4 P97 dimmer output 0: O_utput normally OiO
control bit 1 : Dimmer output '
FLDCON5 | CMOS ports: section of 0 : section of Toff does NOT generate |
""""""""" Toff generate/not 1 : section of Toff generates O}O
generate bit ;
FLDCONG | High-breakdown-voltage ports| O : section of Toff does NOT generate i
--------------------- section of Toff 1 : section of Toff generates 00
generate/not generate bit
ELDCON7 Toff2 _ 0 : gradation display data is reset at Toff2
e e ] SET/RESET change bit (set at Toff1) (e){e}
1: gradation display data is set at Toff2 |
(reset at Toff1)
Tdisp time set register
b7 b0
Symbol Address  When reset
: TDISP 035216 0016
Function Values that can be set |R'W
v ] Counts Tdisp time. Count sou.rce is selected by Tdisp 016 to FF16 OEO
counter count source select bit. !

Figure 39. FLDC-related Register(1)
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Toffl time set register
b7 b0 Symbol Address When reset
TOFF1 035416 FFie
'
E Function Values that can be set |R W]
oo Counts Toffl time. Count source is selected by Tdisp counter count source 310 FF16 0 o
select bit.
Toff2 time set register
b7 b0 Symbol Address When reset
TOFF2 035616 FFie
'
1
! Function Values that can be set |R Wj|
eeeeeeo ] Counts Toff2 time. Count source is selected by Tdisp counter count source 310 FF16 00
select bit.
FLD data pointer
b7 o Symbol Address When reset
| FLDDP 035816 indeterminate
1
; Function Values that can be set |R w
lmmmmm e e e e o Counts FLD output timing. Set this register to “FLD output data - 1 . 1to 1F1s e
Note: Reading the FLD data pointer takes out the count at that moment.
Port P2 FLD / port switch register
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
LTI ] P2FPR 035916 0016
R
1 1 1 1 .
¢ ' 4oyt 1| Bitsymbol Bit name Function R W,
! 1 ! 1 ' 1 ! 1 .
R Port P20 FLD/port switch bit 0 : Normal port
! . E , E , ' P2FPRO P 1: FLD output port 2.0
I I . ) 0 : Normal port
! e Port P21 FLD/port switch bit
. E . L P2FPRL P 1 : FLD output port C 9
1 1 .
[ T T h . 0 : Normal port
¢! ' EEEEEE Port P22 FLD h
: ; E : ! P2FPR2 ort P22 /port switch bit 1 FLD output port O O
' [l ' 1 '
- ; . 0 : Normal port
' T P2FPR3 Port P23 FLD/port switch bit O O
oro 1 : FLD output port
AR 0 : Normal " tp
T ] . : Normal porf
' : : P2FPR4 Port P24 FLD/port switch bit 1: FLD output port O O
L
oyt X . 0 : Normal port
1 N g i g
: : P2FPR5 Port P25 FLD/port switch bit 1 FLD output port O O
Do P2FPR6 | Port P2s FLD/port switch bit 0: Normal port
: P 1: FLD output port O O
. . . 0 : Normal port
------------------ P2FPR7 Port P27 FLD/port switch bit 1: FLD output port O O

Figure 40. FLDC-related Register(2)
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Port P3 FLD / port switch register
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
[TTTTTT1]1 P3FPR 035A16 0016
REREEEE
Por o4 or ¢y 1| Bitsymbol Bit name Function RW
' 1 ! 1l ' l ' 1
R TR Port P30 FLD/port switch bit 0 : Normal port
! E E E ' E PSFPRO P 1: FLD output port © 9
' : ' : ' . . . 0 : Normal port
; : : ; | : P3FPR1 Port P31 FLD/port switch bit 1+ FLD output port O O
' ' ' 1 ' l .
e P3FPR2 | Port P32 FLD/port switch bit 0 Normal port
! : ' E ' p 1: FLD output port © O
[ . ] 0 : Normal port
L Port P33 FLD/port switch bit
P P3FPR3 P 1: FLD output port © 9
l 1 H
b ) . 0 : Normal port
[ bbbl P3FPR4 Port P34 FLD/port switch bit
o P 1: FLD output port O O
\ ' .
' R LL T P3FPR5 Port P35 FLD/port switch bit 2 | ’:I(_)Irjmoailgzztport O O
' ' -
[ A ) 0 : Normal port
[ bbbl P3FPR6 Port P36 FLD/port switch bit X O O
! 1: FLD output port
fmmmmmmmmmm - P3EPR7 Port P37 FLD/port switch bit (1) X Elﬁlrjmoﬂtzzitport O O]
Port P4 FLD / port switch register
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
[TTTTTT1]1 P4FPR 035B16 0016
Coro i
Voo ' |_Bit symbol Bit name Function R W|
' ' ! 1 v 1
I L Port P4o FLD/port switch bit 0 : Normal port
! \ E HE P4FPRO P 1: FLD output port © O
' ; ' E ' o X X 0 : Normal port
; : : ; | PAFPR1 Port P41 FLD/port switch bit 1+ FLD output port O O
| ' H
[ . . 0 : Normal port
[ P4FPR2 Port P42 FLD/port switch bit
! : ! ' ! p 1: FLD output port © O
[ . " 0 : Normal port
L Port P43 FLD/port switch bit
P P4FPR3 P 1: FLD output port © 0
' 1 H
oo ) . 0 : Normal port
[ bbbl P4FPR4 Port P44 FLD/port switch bit
b P 1: FLD output port O O
\ ' .
' e EEELEET P4FPR5 Port P45 FLD/port switch bit 2 . ’;‘flrjmoa:ztzi?port O O
P -
e RRRREEEEEEED PAFPR6 | Port P4s FLD/port switch bit 2; ’;‘I‘_’émoitzzz‘pon 5 o
' :
fmmmmmmmmmm e P4FPR7 Port P47 FLD/port switch bit (1) Elﬁlrjmoﬂtzﬂztpo it O O]
Port P5 digit output set register
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
[TTTTTT1]1 PSDOR 035C1s 0016
oo i
A ' |_Bit symbol Bit name Function
' ' ! 1 v l 1 .
L t4 P5DORO Port P50 FLD/digit switch bit 0:FLD output o O
N - B 1 : Digit output
' ; ' E ' E o o . 0 : FLD output
; : : ; | : P5DOR1 Port P51 FLD/digit switch bit 1 Digit output O O
A -
N PSDOR2 | Port P52 FLD/digit switch bit v E'i‘g';t‘;‘l‘]‘ti’)t‘t oo
[ :
' ' ' 1 '
[ - . . 0 : FLD output
[ TR
; : o P5DOR3 Port P53 FLD/digit switch bit 1 Digit output O O
oo -
e PSDOR4 | Port P54 FLD/digit switch bit 2 : EiL;r ?)l:-ttm b o
TR :
TR
| ! .
' e EEEELEET P5DOR5 Port P55 FLD/digit switch bit 2 . Ell_g.it (t))LLIJttZL:Itt O O
. -
R EEEETEEREE PSDOR6 | Port P56 FLD/digit switch bit 2j g'i';?)‘l‘]‘t’;:‘t oo
' :
N psDOR7 | Port P57 FLD/digit switch bit iy EiLg[i)t ‘(’)‘:‘t‘;':‘t o o

Figure 41. FLDC-related Register(3)
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Port P6 digit output set register

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address When reset

(T P6DOR 035D16 0016
R
¢ Loty o4 | Bitsymbol Bit name Function R W
! 1 ! 1 ' 1 ! .
v v+ 1t o] pepoRro | Port P6o FLDIdigit switch bit 0 -FLD output o o
[ T | . Digit output
AR .
1 1 t---| pepoRL | Port P61 FLD/digit switch bit 2 : E,LD,tOU‘tp”tt o0
T T : Digit outpu
L L
' ' ' - . . 0 : FLD output

T Port P62 FLD/digit switch bit
AR P6DOR2 | Port Poz FLD/digit switeh bl 1: Digit output °9
[ 1 '
[ B L . 0 : FLD output
et Port P63 FLD/digit switch bit
H ' . ! P6DOR3 9 1 : Digit output 0,0
v E ] . 0 : FLD output
: : : P6DOR4 Port P64 FLD/digit switch bit 1: Digit output O O
SRCEPEPPERPETTE P6DORS | Port P6s FLD/digit switch bit (1) : E'i‘gti)t ?)L:ttzl:]tt o0
1 1 -
1
[ L . 0 : FLD output
i U
: P6DOR6 Port P66 FLD/digit switch bit 1 - Digit output O O
] . . . 0 : FLD output
P6DOR7 Port P67 FLD/digit switch bit 1 * Digit output O O]

Figure 42. FLDC-related Register(4)
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FLD automatic display pins

PO to P6 are the pins capable of automatic display output for the FLD. The FLD start operating by setting
the automatic display control bit (bit O at address 035016) to “1”. There is the FLD output function that
outputs RAM contents from the port every timing or the digit output function that drives the port high with
digit timing. The FLD can be displayed using the FLD output for the segments and the digit or FLD output for
the digits. When using the FLD output for the digits, be sure to write digit display patterns to the RAM in
advance. The remaining segment and digit lines can be used as general-purpose ports. Settings of each
port are shown below.

Table 15. Pins in FLD Automatic Display Mode

Port Name| Automatic Display Pins| Setting Method

P5, P6 FLDo to FLD15 The individual bits of the digit output set register (address 035C1s,
035D16) can set each pin either FLD port (“0”) or digit port (“1”).
When the pins are set for the digit port, the digit pulse output func-
tion is enabled, so the digit pulses can always be output regardless
the value of FLD automatic display RAM.

PO, P1 FLD16 to FLD31 FLD exclusive use port (automatic display control bit (bit O of ad-
dress 035016)="1")

P2, P3, FLD32 to FLD51 The individual bits of the FLD/port switch register (addresses
P44 to P43 035916 to 035B16) can set each pin to either FLD port (“1") or gen-
eral-purpose port (“07).

P44 to P47| FLDs2to FLDs5 The individual bits of the FLD/port switch register (address 035B16)
can set each pin to either FLD port (“1”) or general-purpose port
(“0™). The digit pulse output function turns to available, and the digit
pulse can output by setting of the FLD output set register (address
035116). The port output format is the CMOS output. When using
the port as a display pin, a driver must be installed externally.

Setting example 1 Setting example 2
Shown below is a register setup example where only FLD output is used. Shown below is a register setup example where both FLD output and digit waveform
In this case, the digit display output pattern must be set in the FLD automatic output are used. In this case, because the digit display output is automatically
display RAM in advance. generated, there is no need to set the display pattern in the FLD automatic display RAM.
Number of segments 36 The contents of digit output set register Number of segments 28 The contents of digit output set register
Number of digits 16 (035C16, 035D16) Number of digits 12 (0f501e. 035D16)
Port P6  |FLDO(DIG oupu) |0 Port P6  |FLDO(DIG output) [ 1
FLD1(DIG output) |0 FLD1(DIG output) | 1
FLD2(DIG output) |0 FLD2(DIG output) | 1
FLD3(DIG output) |0 FLD3(DIG output) | 1
FLD4(DIG output) | 0 X X FLD4(DIG output) | 1 X X
FLD5(DIG output) | 0 FLD/port switch register FLDS(DIG outpu) | 1 FLD/port switch register
FLD6(DIG output) | 0 (035916, 035B15) FLD6(DIG output) | 1 (035916, 035B15)
FLD7(DIG output) | 0 ¢ FLD7(DIG output) |1 ¢
Port P5 | FLD&(DIG output) |0 portp2 | L|FLD2(SEG outpu) Port P5  |FLD8(DIG output) |1 portp2 | L|FLD32(SEG output)
FLD9(DIG output) |0 1 |FLD33(SEG output) FLDs(DIG output) | 1 1 |FLD33(SEG output)
FLD10(DIG output) |0 1 [FLD34(SEG output) FLD10(DIG output) |1 1 |FLD34(SEG output)
FLD11(DIG output) |0 1 [FLD35(SEG output) FLD11(DIG output) |1 1 |FLD35(SEG output)
FLD12(DIG output) |0 1 [FLD36(SEG output) FLD12(SEG output) | 0 1 |FLD36(SEG output)
FLD13(DIG output) | 0 1 |FLD37(SEG output) FLD13(SEG output) | 0 1 [FLD37(SEG output)
FLD14(DIG output) |0 1 |FLD38(SEG output) FLD14(SEG output) |0 1 |FLD38(SEG output)
FLD15(DIG output) | 0 1 |FLD39(SEG output) FLD15(SEG output) | 0 1 |FLD39(SEG output)
Port po | FLDIS(SEG outpuy) | portp3  |L]FLDA(SEG output port po | FLDI6(SEG output) portpg | L]FLD#(SEG otpur)
FLD17(SEG output) 1 |FLD41(SEG output) FLD17(SEG output) 1 [FLD41(SEG output)
FLD18(SEG output) 1 |FLD42(SEG output) FLD18(SEG output) 1 |FLD42(SEG output)
FLD19(SEG output) 1 |FLD43(SEG output) FLD19(SEG output) 1 [FLD43(SEG output)
FLD20(SEG output) 1| FLD44(SEG output) FLD20(SEG output) 0 |FLD44(port output)
FLD21(SEG output) 1 |FLD45(SEG output) FLD21(SEG output) 0 |FLDas(port output)
FLD22(SEG output) 1 |FLD4s(SEG output) FLD22(SEG output) 0 |FLDas(port output)
FLD23(SEG output) 1 |FLD47(SEG output) FLD23(SEG output) 0 [FLD47(port output)
FLD24(SEG output) 1 [FLD48(SEG output) FLD24(SEG output) [0 [FLDas(port output
PortP1 FLD25(SEG output) Port P4 1 Fng:sse nulZut: PortP1 FLD25(SEG output) Port P4 0 |FLDagf zon oulgut;
FLD26(SEG output) 1 |FLD50(SEG output) [FLD26(SEG output) | 0 |FLDso(port output)
FLD27(SEG output) 1 |FLD51(SEG output) FLD27(SEG output) 0 |FLDs1(port output)
FLD28(SEG output) 0 |FLDs2(port output) FLD25(SEG output) [0 [FLDs2(port output)
FLD29(SEG output) 0 |FLDsa(port output) FLD29(SEG output) 0 | FLDs3(port output)
FLD30(SEG output) 0 |FLDs4(port_output) FLD30(SEG output) 0 | FLDs4(port output)
FLD31(SEG output) 0 |FLDss(port output) FLD31(SEG output) |0 | FLDss(port output)
DIG output : This output is connected to digit of the FLD. g:;%"o“;f;& : mz g::gﬁ: I zg::zg:zg :g :g:’;é:‘i,ﬁtggm
SEG output < This output is connected to segment of the FLD. Port output - This outpt is general-purpose port { used program)
Port output : This output is general-purpose port ( used program).

Figure 43. Segment/Digit Setting Example
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FLD automatic display RAM
The FLD automatic display RAM uses the 224 bytes of addresses 050016 to 05DF16. For FLD, the 3 modes
of 16-timing ordinary mode, 16-timingegradation display mode and 32-timing mode are available depending
on the number of timings and the use/not use of gradation display.
The automatic display RAM in each mode is as follows:

(1) 16-timing+Ordinary Mode

This mode is used when the display timing is 16 or less. The 112 bytes of addresses 057016 to 05DF16
are used as a FLD display data store area. Because addresses 050016 to 056F16 are not used as the
automatic display RAM, they can be the ordinary RAM.

(2) 16-timingeGradation Display Mode
This mode is used when the display timing is 16 or less, in which mode each segment can be set for dark
or bright display. The 224 bytes of addresses 050016 to 05DF16 are used. The 112 bytes of addresses
057016 to 05DF16 are used as an FLD display data store area, while the 112 bytes of addresses 050016
to 056F16 are used as a gradation display control data store area.

(3) 32-timing Mode
This mode is used when the display timing is 16 or greater. This mode can be used for up to 32-timing.
The 224 bytes of addresses 050016 to 05DF16 are used as an FLD display data store area.

The FLD data pointer (address 035816) is a register to count display timings. This pointer has a reload
register and when the terminal count is reached, it starts counting over again after being reloaded with the
initial count. Make sure the timing count — 1 is set to the FLD data pointer. When writing data to this address,
the data is written to the FLD data pointer reload register; when reading data from this address, the value in
the FLD data pointer is read.

16-timingeordinary mode  16-timingegradation display mode 32-timing mode
050016 050016 050016
Gradation display
Not used control data stored
area
1 to 32 timing display
057016 057016 data stored area
1 to 16 timing display 1 to 16 timing display
data stored area data stored area
05DF16 05DF16 05DF16

Figure 44. FLD Automatic Display RAM Assignment
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Data setup

(1) 16-timingeOrdinary Mode
The area of addresses 057016 to 05DF16 are used as a FLD automatic display RAM.
When data is stored in the FLD automatic display RAM, the last data of FLD port P4 is stored at address 057016, the
last data of FLD port P3 is stored at address 058016, the last data of FLD port P2 is stored at address 059016, the last
data of FLD port P1 is stored at address 05A016, the last data of FLD port PO is stored at address 05B016,
the last data of FLD port P5 is stored at address 05C016, and the last data of FLD port P6 is stored at address 05D016, to
assign in sequence from the last data respectively.
The first data of the FLD port P4, P3, P2, P1, PO, P5, and P6 is stored at an address which adds the value of (the
timing number — 1) to the corresponding address 057016, 058016, 059016, 05A016, 05B016, 05C016 and 05DF16.
Set the FLD data pointer reload register to the value given by the number of digits — 1.

(2) 16-timingeGradation Display Mode

Display data setting is performed in the same way as that of the 16-timingsordinary mode. Gradation display control
data is arranged at an address resulting from subtracting 007016 from the display data store address of each timing
and pin. Bright display is performed by setting “0”, and dark display is performed by setting “1” .

(3) 32-timing Mode

The area of addresses 050016 to 05DF16 are used as a FLD automatic display RAM.

When data is stored in the FLD automatic display RAM, the last data of FLD port P4 is stored at address 050016, the
last data of FLD port P3 is stored at address 052016, the last data of FLD port P2 is stored at address 054016,

the last data of FLD port P1 is stored at address 056016, the last data of FLD port PO is stored at address 058016, the
last data of FLD port P5 is stored at address 05A016, and the last data of FLD port P6 is stored at address 05C016, to
assign in sequence from the last data respectively.

The first data of the FLD port P4, P3, P2, PO, P1, P5, and P6 is stored at an address which adds the value of (the
timing number — 1) to the corresponding address 050016, 052016, 054016, 056016, 058016, 05A016 and 05C016.

Set the FLD data pointer reload register to the value given by the number of digits - 1.

Timing for start
(The first data of FLOP3)
FLDP3 data area

The last iming
(The last data of FLDP2)

r The last timing
‘ (The fast data of FLDPS)
" i
P6)

nnnnnn

aaaaa

Figure 45. Example of Using the FLD Automatic  Display RAM in 16-timing«Ordinary Mode
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Number of timing: 15
(FLD data pointer reload register = 14)

057016

057116
057216
057316
057416
057516
057616
057716
057816
057916
057A16
057B16
057C16
057D16
057E16
057F16
058016
058116
058216

058316

058416

058516

058616

058716

058816

058916

058A16
058B16
058C16
058D16
058E16
058F16
059016

059116

059216

059316

059416

059516

059616

059716

059816

059916

059A16
059B16
059C16
059D16
059E16
059F16
05A016
05Al16
05A216
05A316
05A416
05A516
05A616
05A716
05A816
05A916
05AA16
05AB16
05AC16
05AD16
05AE16
05AF16
05B016
05B116
05B216
05B316
05B416
05B516
05B616
05B716
05B816
05B916
05BA16
05BB16
05BC16
05BD16
05BE16
05BF16
05C016
05C116
05C216
05C316
05C416
05C516
05C616
05C716
05C816
05C916
05CA16
05CB16
05CC16
05CD16
05CE16
05CF16
05D016
05D116
05D216
05D316
05D416
05D516
05D616
05D716
05D816
05D916
05DA16
05DB16
05DC16
05DD16
05DE16
0SDF16

7

6

5

4

3

2

1

0

1 The last timing
(The last data of FLDP4)
FLDP4 data area
[ Timing for start
(The first data of FLDP4)
l The last timing
(The last data of FLDP3)
FLDP3 data area
[ Timing for start
(The first data of FLDP3)
[ The last timing
(The last data of FLDP2)
FLDP2 data area
[ Timing for start
(The first data of FLDP2)
- The last timing
(The last data of FLDP1)
FLDP1 data area
L Timing for start
(The first data of FLDP1)
|- The last timing
(The last data of FLDPO)
FLDPO data area
] Timing for start
(The first data of FLDPO)

- The last timing

(The last data of FLDP5)

FLDPS data area

[ Timing for start
(The first data of FLDP5)
» The last timing

(The last data of FLDP6)

FLDP6 data area

< Timing for start
(The first data of FLDP6)

056F16

1 The last timing
(The last data of FLDP4)
FLDP4 gradation
display data area
[ Timing for start
(The first data of FLDP4)
l The last timing
(The last data of FLDP3)
FLDP3 gradation
display data area
! Timing for start
(The first data of FLDP3)
[ The last timing
(The last data of FLDP2)
FLDP2 gradation
display data area
- Timing for start
(The first data of FLDP2)
- The last timing
(The last data of FLDP1)
FLDP1 gradation
display data area
L Timing for start
(The first data of FLDP1)
|- The last timing
(The last data of FLDPO)
FLDPO gradation
display data area
] Timing for start
(The first data of FLDPO)
= The last timing
(The last data of FLDP5)
FLDPS5 gradation
display data area
[ Timing for start
(The first data of FLDP5)

» The last timing

(The last data of FLDP6)

FLDP6 gradation
display data area

< Timing for start
(The first data of FLDP6)

Figure 46. Example of Using the FLD Automatic Display RAM in 16-timingeGradation Display Mode
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Number of timing: 20
(FLD data pointer reload register = 19)

paess 7 6 5 4.3 2 1 0 Jaess 7 6 5 4.3 2 1 0

057016 050016 I The last timing
057116 050116 (The last data of FLDP4)
057216 050216

057316 = Timing for start 050316

057416 (The first data of FLDP1) 050416

057516 050516

057616 050616

057716 050716

057816 050816

057916 050916

057A16 050A16

057B16 050B16

057C16 050C16

057D16 050D16

057E16 050E16

057F16 050F16

058016 =\~ The last timing 051016 > FLDP4 data area
058116 (The last data of FLDPO) 051116

058216 051215 [~ Timing for start
058316 051316 (The first data of FLDP4)
058416 051416

058516 051516

058616 051616

058716 051716

058816 051816

058916 051916

058A16 051A16

058B16 051B16

058C16 051C16

058D16 051D16

058E16 051E16

058F16 051F16

059015 FLDPO data area 052015 k- The last timing
059116 052116 (The last data of FLDP3)
059216 - Timing for start 052216

059316 (The first data of FLDPO) 052316

059416 052416

059516 052516

059616 052616

059716 052716

059816 052816

059916 052916

059A16 052A16

059B16 052B16

059C16 052C16

059D16 052D16

059E16 052E16

059F16 052F16 FLDP3 data area
05A016 ™ The last timing 053016

05A116 (The last data of FLDPS) 053116

05A216 053216 [ Timing for start
05A316 053316 (The first data of FLDP3)
05A416 053416

05A516 053516

05A616 053616

05A716 053716

05A816 053816

05A916 053916

05AA16 053A16

05AB16 053B16

05AC16 053C16

05AD16 053D16

05AE16 053E16

05AF16 053F16

058016 FLDPS data area 054016 - The last timing
05B116 054116 (The last data of FLDP2)
05B216 [~ Timing for start 054216

05B316 (The first data of FLDP5) 054316

05B416 054416

05B516 054516

05B616 054616

05B716 054716

05B816 054816

05B916 054916

05BA16 054A16

05BB16 054B16

05BC16 054C16

05BD16 054D16

05BE16 054E16

05BF16 054F16 > FLDP2 data area
05C016 = The last timing 055016

05C116 (The last data of FLDP6) 055116

05C216 055216 (~——  Timing for start
05C316 055316 (The first data of FLDP2)
05C416 055416

05C516 055516

05C616 055616

05C716 055716

05C816 055816

05C916 055916

05CA16 055A16

05CB16 055B16

05CC16 055C16

05CD16 055D16

05CE16 055E16

05CF16 055F16

05D016 FLDPG data area 056016 = The last timing
05D116 056116 (The last data of FLDP1)
05D216 1  Timing for start 056216

05D316 (The first data of FLDP6) 056316

05D416 056416

05D516 056516

05D616 056616

05D716 056716

05D816 056816

05D916 056916

05DA16 056A16

05DB16 056B16

05DC16 056C16

05DD16 056D16 FLDP1 data area
05DE16 056E16

05DF16 056F16

Figure 47. Example of Using the FLD Automatic Display RAM in 32-timing Mode
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Timing setting
Each timing is set by the FLDC mode register, Tdisp time set register, Toff1 time set register, and Toff2 time set register.
*Tdisp time setting

The Tdisp time represents the length of display timing. In non-gradation display mode, it consists of a
FLD display output period and a Toffl time. In gradation display mode, it consists of the display output
period and Toffl time plus a low signal output period for dark display. Set the Tdisp time by the Tdisp
counter count source select bit of the FLDC mode register and the Tdisp time set register. Supposing that
the value of the Tdisp time set register is n, the Tdisp time is represented as Tdisp = (n+1) x t (t: count
source). When the Tdisp counter count source select bit of the FLDC mode register is “0” and the value
of the Tdisp time set register is 200 (C816), the Tdisp time is: Tdisp = (200+1) x 3.2 (at XiIN= 10 MHz) =
643 ps. When reading the Tdisp time set register, the value in the counter is read out.
*Toff1 time setting

The Toff1 time represents a non-output (low signal output) time to prevent blurring of FLD, and to dim the
display. Use the Toffl time set register to set this Toffl time. Make sure the value set to Toffl is smaller
than Tdisp and Toff2. Supposing that the value of the Toffl time set register is n1, the Toffl time is
represented as Toffl = n1 x t. When the Tdisp counter count source select bit of the FLDC mode register
is “0” and the value of the Toff1 time set register is 30 (1E16), Toffl = 30 x 3.2 (at XIN = 10 MHz) = 96 ps.

*Toff2 time setting

The Toff2 time is provided for dark display. For bright display, the FLD display output remains effective
until the counter that is counting Tdisp reaches the terminal count. For dark display, however, “L” (or “off")
signal is output when the counter that is counting Toff2 reaches the terminal count. This Toff2 time setting
is valid only for FLD ports which are in the gradation display mode and whose gradation display control
RAM value is “1”.

Set the Toff2 time by the Toff2 time set register. Make sure the value set to Toff2 is smaller than Tdisp but
larger than Toffl. Supposing that the value of the Toff2 time set register is n2, the Toff2 time is repre-
sented as Toff2 = n2 x t. When the Tdisp counter count source select bit of the FLDC mode register is “0”
and the value of the Toff2 time set register is 180 (B416), Toff2 = 180 x 3.2 (at XIN =10 MHz) = 576 ps.

Low output period for
blurring prevention Display output period

*Grayscale display mode is not selected

(Address 035016 bit 5 = “0")
«Grayscale display mode is selected and set for bright display >

(Address 035016 bit 5 = “1” and the corresponding grayscale
display control data = “0")

_ Toffl
L Tdisp _
Low output period for Low output period for
blurring prevention Display output dark display
period
-
*Grayscale display mode is selected and set for dark display
(Address 035016 bit 5 = “1” and the corresponding grayscale
display control data = “1") _ Toffl -~
Toff2
B Tdisp -

Figure 48. FLDC Timing
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FLD automatic display start

Automatic display starts by setting both the automatic display control bit (bit O of address 035016) and the
display start bit (bit 1 of address 035016) to “1”. The RAM content at a location apart from the start address
of the automatic display RAM for each port by (FLD data pointer (address 035816) — 1) is output to each
port. The FLD data pointer (address 035816) counts down in the Tdisp interval. When the count “FF16” is
reached, the pointer is reloaded and starts counting over again. Before setting the display start bit (bit 1 of
address 035016) to “1”, be sure to set the FLD/port switch register, FLD/DIG switch register, FLDC mode
register, Tdisp time set register, Toffl time set register, Toff2 time set register, and FLD data pointer.
During FLD automatic display, bit 1 of the FLDC mode register (address 035016) always keeps “1”, and
FLD automatic display can be interrupted by writing “0” to bit 1.

Key-scan and interrupt
Either a FLD digit interrupt or FLD blanking interrupt can be selected using the Tscan control bits (bits 2, 3
of address 035016).
The FLD digit interrupt is generated when the Toffl time in each timing expires (at rising edge of digit
output). Key scanning that makes use of FLD digits can be achieved using each FLD digit interrupt. To use
FLD digit interrupts for key scanning, follow the procedure described below.
(1) Read the port value each time the interrupt occurs.
(2) The key is fixed on the last digit interrupt.
The digit positions output can be determined by reading the FLD data pointer (address 035816).

Repeat synchronous

Tdisp

Toffl —et{a—

Tn| Tn-1 Tn-2 T4 T3 T2 T1| Tn Tn-1 Tn-2 T4
GLLE T v/ | o Ve Y e YooY Y e Ve Y e V¥ i Y Y Y e
[ \

FLD digit interrupt generated at the rising edge of digit ( each timing)

Figure 49. Timing using digit interrupt
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The FLD blanking interrupt is generated when the FLD data pointer (address 035816) reaches “FF16". The FLD automatic
display output is turned off for a duration of 1 x Tdisp, 2 x Tdisp, or 3 x Tdisp depending on post-interrupt settings. During
this time, key scanning that makes use of FLD segments can be achieved.

When a key-scan is performed with the segment during key-scan blanking period Tscan, take the following sequence:
1. Write “0” to bit 0 of the FLDC mode register (address 035016).

2. Set the port corresponding to the segment for key-scan to the output port.

3. Perform the key-scan.

4. After the key-scan is performed, write “1” to bit 0 of FLDC mode register (address 035016).

*Note:

When performing a key-scan according to the above steps 1 to 4, take the following points into consideration.
1. Do not set “0” in bit 1 of the FLDC mode register (address 035016).

2. Do not set “1” in the ports corresponding to digits.

Repeat synchronous

Idisg ~ Tscan

Tn| Tn-1 Tn-2 H)_)\ T4 T3 T2 T1 Tn_ Tn-1 Tn-2
FLD digit output Q\)—u—x—u—x inY o Ve Vo Ve Vo =< Ve Y e Ve Y
H(_J
T Segment setting by software

FLD blanking interrupt generated at the
falling of edge of the last digit

Figure 50. Timing using FLD blanking interrupt
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P44 to P47 Expansion Function
P44 to P47 are CMOS output-type ports. FLD digit outputs can be increased as many as 16 lines by con-
necting a 4-bit to 16-bit decoder to these ports. P44 to P47 have the function to allow for connection to a 4-
bit to 16-bit decoder.

(1) P44 to P47 Toff invalid Function

This function disables the Toffl time and Toff2 time and outputs display data for the duration of Tdisp.
(See Figure 51.) This can be accomplished by setting the P44 to P47 Toff disable bit (address 035016 bit
2) to “1”.
Unlike the Toff section generate/not generate function, this function disables all display data.

(2) Dimmer signal output Function
This function allows a dimmer signal creation signal to be output from DIMouT (P97). The dimmer function
can be materialized by controlling the decoder with this signal. (See Figure 51.) This function can be set
by writing P97 dimmer output control bit (bit 4 of address 035116) to “1”".

(3) P44 to P47 FLD Output Reverse Bit

P44 to P47 are provided with a function to reverse the polarity of the FLD output. This function is useful in
adjusting the polarity when using an externally installed driver.

The output polarity can be reversed by setting bit 0 of the FLD output control register (address 035116) to
“171 .

«Grayscale display mode is not selected
«Grayscale display mode is selected and
set for bright display

(grayscale display control data = “0")

FLD output «Grayscale display mode is selected and
set for dark display
(grayscale display control data = “1")

*Grayscale display mode is selected and <

Toff2 SET/RESET bit is “1”
\ (grayscale display control data = “1")

| Toffl
__ Toff2
> Tdisp

\

Output selecting P44 to P47
Toff invalid

For dimmer signal
DIMOUT(P97)

Figure 51. P 4 to P47 FLD Output pulses
|
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Toff section generate/not generate Function
The function is for reduction of useless noises which generated as every switching of ports, because of the
combined capacity of among FLD ports. In case the continuous data output to each FLD ports, the Toffl
section of the continuous parts is not generated. (See Figure 52)
If it needs Toffl section on FLD pulses, set “CMOS ports: section of Toff generate / not generate bit” to “1”
and set “high-breakdown-voltage ports: section of Toff generate / not generate bit” to “1”. High-breakdown-
voltage ports (P5, P6, P3, P2, P1, PO, P40 to P43, total 52 pins) generate Toffl section, by setting “high-
breakdown-voltage ports: section of Toff generate / not generate bit” to “1”.
The CMOS ports ( P44 to P47, total 4 pins ) generate Toffl section, by setting “high-breakdown-voltage
ports: section of Toff generate / not generate bit” to “1”.

P1X

! i Tdisp i
— !
H 1 1
: : :
Toffl i<—>' !
P :
i 1 “H”output | “L" output “H” output “H” output
PIX 1
Output waveform when “high- —
breakdown-voltage ports: section of Toff ' “H” output \ “H” output “L” output “H” output
generate/not generate bit"(bit 6 of 03511 H
6) is “1". P2X |
—
i
i
1
i “H" output “L” output “H" output “H” output
1
1
1

:

' '
' '
' '
[ —

Section of Toff1 is not generated because of output is same.

Output waveform when “high-
breakdown-voltage ports: section of Toff
generate/not generate bit"(bit 6 of 035116)

is ‘0", “H” output “H” output “L” output “H" output

|

Section of Toff1 is not generated because of output is same.

P2X

Figure 52. Toff Section Generated/not generated Function

Toff2 SET/RESET change bit
In gradation display mode, the values set by the Toff2 time set register (TOFF2) are effective. When the
FLD output control register (bit 7 of address 035116 ) in the initial state = “0”, RAM data is output to the FLD
output ports (SET) at the time that is set by TOFF1 and is turned to “0” (RESET) at the time that is set by
TOFF2. When bit 7 = “1”, RAM data is output (SET) at the time that is set by TOFF2 and is turned to “0”
(RESET) when the Tdisp time expires.
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Digit pulses output Function

P50 to P57 and P60 to P67 allow digit pulses to be output using the FLD/digit switch register. Set the digit
output set register by writing as many consecutive 1s as the timing count from P60. The contents of FLD
automatic display RAM for the ports that have been selected for digit output are disabled, and the pulse
shown in Figure 53 is output automatically. In gradation display mode use, Toff2 time becomes effective for
the port which selected digit output. Because the contents of FLD automatic display RAM are disabled, the
segment data can be changed easily even when segment data and digit data coexist at the same address
in the FLD automatic display RAM.

This function is effective in 16-timing normal mode and 16-timing gradation display mode. If a value is set
exceeding the timing count (FLD data pointer reload register's set value + 1) for any port, the output of such
port is “L”".

1<_Tdisp
TOff e
I

Low-order 4bits F E D [« B A 9 8 7 6 5 4 3 2 1 0
of the data pointer

Figure 53. Digit Pulses Output Function
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Timer
There are eight 16-bit timers. These timers can be classified by function into timers A (five) and timers B
(three). All these timers function independently. Figure 54 shows the block diagram of timers.

Clock prescaler

xin O * > f1 xcin O fca2

1/8 f8 Reset
Clock prescaler reset flag
(bit 7 at address 038116) set to “1”

1/4 32
f1 f8 f32 fc32

O « Timer mode
8 « One-shot mode
*« PWM mode . .
0—0} o} I 1 | Timer AQ interrupt
—O 0 Timer AO -
e > 5 ' |
TA30UT ilte « Event counter mode
« Timer mode
8 « One-shot mode
« PWM mode . .
»—o) o I . 1 Timer Al interrupt
Noise $o © | Timer Al | >
TALIN/ G §>—| fiter o
TA40OUT « Event counter mode
’e) « Timer mode
O « One-shot mode

o) * PWM mode . .
—0— o [ - Timer A2 interrupt
. G m o—g o] 1 Timer A2 -
filter « Event counter mode

TAOoOUT

« Timer mode
* One-shot mode

« PWM mod i i
s O\ mole ‘ Timer A3 interrupt
. /: o | Timer A3 >

%OO

Ta3n O 2> —o

TAlout

» Event counter mode

« Timer mode
« One-shot mode

%zoo
O

*« PWM mode . .
| - 1 Timer A4 interrupt
TAAIN Q—‘ Noise 0—00 o | Timer A4 | >
E ij"te’ « Event counter mode
TA20UT
O
O  Timer mode
O O * Pulse width measuring mode
) py | oise % O\C I . Timer BO interrupt
TBOIN G _ o 0 | Timer BO |—0—>

« Event counter mode

« Timer mode
« Pulse width measuring mode Timer B1 interrupt

| i p——
O 1 Timer B1 |—<

&’

TBLIN ( )—|@—| Noise
filter

» Event counter mode

O
O « Timer mode
O « Pulse width measuring mode
4»—0/o P o% x I - Timer B2 interrupt
TB2IN G §>—| ﬁ‘ljt'::" o o l Timer B2 |—<»—>

« Event counter mode

Figure 54. Timer block diagram
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Timer A
Figure 55 shows the block diagram of timer A. Figures 56 to 58 show the timer A-related registers.
Except in event counter mode, timers AO through A4 all have the same function. Use the timer Ai mode
register (i = 0 to 4) bits 0 and 1 to choose the desired mode.
Timer A has the four operation modes listed as follows:
» Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer's 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.

Data bus high-order bits

H__<
Data bus low-order bits

Clock source

selection e Timer
f1 o * One shot Low-order High-order
B —0\g * PWM o 8 bits 8 bits
faz —O « Timer [ Reload register (16)

fcaa—oO0 D (gate function)

« Event counter

[

Counter (16)

Polarity I
O : —4
TAIN selection Clock selection Up count/down count
(i=0to4) Count start flag [ Always down count except J
(Address 038016) in event counter mode

TB2 overflow 0 Down count —Q TAi Addresses TAj TAK  TAOUT
External Timer AO 038716 038616 Timer A4 Timer A1 Timer A3
TAj overflow o triager Up/down flag O Timer A1 038916 038816 Timer AO Timer A2 Timer A4
(i=i- 1. Note, however, that ] = 4 wheni=0) 99 (Address 038416) Timer A2 038B1s 038A1s Timer Al Timer A3 Timer AO
Timer A3 038D1s 038C16 Timer A2 Timer A4 Timer Al
TAk overflow —mrn0nw»w7 o Timer A4 038F16 038E1s Timer A3 Timer A0 Timer A2

(k =i+ 1. Note, however, that k = 0 when i = 4)

TAiouUT Pulse output

(i:Oct>04) )/I I

| | Toggle flip-flop I

Figure 55. Block diagram of timer A

Timer Ai mode register

b7 b6 b5 b4 b3 b2 b bo

| Symbol Address When reset

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

P 0| Bit symbol Bit name Function RIW
| T™ODO Operation mode select bé %O: Timer mode o EO
ooy e bit 0 1 : Event counter mode |
. TMOD1 1 0 : One-shot timer mode T
e 11 : Pulse width modulation [eXe)
A R R (PWM) mode
I MRO o _ 00
I Function varies with each operation mode T
N MR1 0.0
I MR2 O io
b MR3 00
VooTTTTTT T TCKO Count source select bit SRS
Tttt TCK1 (Function varies with each operation mode) O O

Figure 56. Timer A-related registers (1)
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Timer Ai register (Note)
(b15) (b8) Symbol Address When reset
b7 b0Ob7 b0 TAO 038716,038616 Indeterminate
| TAl 038916,038816 Indeterminate
TA2 038B16,038A16 Indeterminate
TA3 038D16,038C16 Indeterminate
! TA4 038F16,038E16 Indeterminate
i Function Values that can be set | RIW
*---1 « Timer mode 000016 to FFFF OEO
Counts an internal count source !
« Event counter mode 3
Counts pulses from an external source or timer overflow | 000016 to FFFF16 (0.0
* One-shot timer mode 000016 to FFFF16 | !
Counts a one shot width o]
* Pulse width modulation mode (16-bit PWM) 000016 to FFFE16
Functions as a 16-bit pulse width modulator X0
« Pulse width modulation mode (8-bit PWM) | 0016 to FE16
Timer low-order address functions as an 8-bit (Both high-order XEO
prescaler and high-order address functions as an 8-bit and low-order |
pulse width modulator addresses)
Note: Read and write data is in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
LIT T LTI ek 038016 0016
oo b | Bitsymbol Bit name Function RIW
A TAOS Timer AO count start flag 0 : Stops counting 0.0
R T TALS Timer A1 count start flag 1: Starts counting 00
T T TA2S Timer A2 count start flag 0.0
e TA3S Timer A3 count start flag 0.0
R TA4S | Timer A4 count start flag oo
R TBOS Timer BO count start flag oo
e TB1S Timer B1 count start flag 0.0
[ TB2S Timer B2 count start flag 0.0
Up/down flag
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
| | | | | | | | | UDF 038416 0016
oo+ v | Bitsymbol Bit name Function RIW
bbb bbb Ll TAOUD  |Timer AO up/down flag 0 : Down count 0.0
T R 1: Up count -
e TAIUD  |Timer A1 up/down flag P 0.0
TA2UD - This specification becomes valid
oo T Timer A2 up/down flag when the up/down flag contentis {910
e annErt TA3UD  |Timer A3 up/down flag iZLesC:Ed for up/down switching oio
A S O TA4UD  |Timer A4 up/down flag 0.0
R TA2P Timer A2 two-phase pulse [0 two-phase pulse signal X%O
v signal processing select bit processing disabled ;
HE 1 : two-phase pulse signal :
e TA3P Timer A3 two-phase pulse processing enabled XEO
: signal processing select bit ) |
' When not using the two-phase :
. TA4P Timer A4 two-phase pulse | pulse signal processing function, !
signal processing select bit | set the select bit to “0” XEO

Figure 57. Timer A-related registers (2)
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One-shot start flag

Symbol Address When reset
b7| b5|>bz| b4| b3| b2| b1| b0| ONSF 038216 00X000002
i+ 1+ 1 4| Bitsymbol Bit name Function RIW
L TA0OS | Timer AO one-shot start flag | 1: Timer start of O
R T R S TA10S | Timer Al one-shot start flag When read, the value is *0 0.0
A - TA20S | Timer A2 one-shot start flag 00
o ] TA30S | Timer A3 one-shot start flag oo
] TA40S | Timer A4 one-shot start flag of (@)
Nothing is assigned. i
Py Tt This bit can neither be set nor reset. When read, the content is indeterminate. -
N TAOTGL | Timer AQ event/trigger b7 06 ) 00
: select bit 0 0 : Input on TAOIN is selected (Note) |
: 01:TB2 overflow is selected j
e TAOTGH 10 : TA4 overflow is selected 00
11:TA1 overflow is selected

Note: Set the corresponding port direction register to “0”.
When TAIIN is selected, TAiouT assigned on same pin can not be used. (i=0 to 4)

Trigger select register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | TRGSR 038316 0016
oo bbb b | Bitsymbol Bit name Function R'W
bbb b b [ yaTeL | Timer Al eventitrigger b1 bo !
e G select bit 9 00 : Input on TALIN is selected (Note) |OIO
0 1: TB2 overflow is selected ;
R S TALTGH 10 : TAO overflow is selected
11:TA2 overflow is selected O;O
Timer A2 event/trigger b3 b2
R TAZTCL select bit 00 : Input on TA2in is selected (Note)  |O1O
HE R 0 1: TB2 overflow is selected .
L TA2TGH 10: TA1 overflow is selected Oi o
A 11:TA3 overflow is selected |
oo Timer A3 event/trigger b5 ba
Voo TTTTTmTmTmTeett TASTGL select bit 9g 00 : Input on TA3IN is selected (Note)  [O'O
0 1: TB2 overflow is selected .
] TA3TGH 10 : TA2 overflow is selected O o
11 : TA4 overflow is selected '
P i i b7 b6 ;
P TTTTTT T TA4TGL ;'Ierlréecrt ﬁ: eventfrigger 0 0 : Input on TA4IN is selected (Note) |O'O
H 0 1: TB2 overflow is selected
] TA4TGH 10 : TA3 overflow is selected 0o
11 : TAO overflow is selected

Note: Set the corresponding port direction register to “0”.
When TAIIN is selected, TAiouT assigned on same pin can not be used. (i=0 to 4)

Clock prescaler reset flag

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
CPSRF 038116 OXXXXXXX2
v v v | Bitsymbol Bit name Function R:W
E E E E E E E E Nothing is assigned. _i_
E Le-denoboodeoctoodeootol These bits can neither be set nor reset. When read, their contents are indeterminate. 3
CPSR  [Clock prescaler reset flag 0 No effect
] 1: Prescaler is reset 00
(When read, the value is “0”) !

Figure 58 Timer A-related registers (3)
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(1) Timer mode

In this mode, the timer counts an internally generated count source. (See Table16.) Figure 59 shows the
timer Ai mode register in timer mode.

Table 16. Specifications of timer mode

Item Specification
Count source f1, fs, f32, fc32
Count operation * Down count
+ When the timer underflows, it reloads the reload register contents before continuing counting
Divide ratio 1/(n+1) n: Setvalue
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)
Interrupt request generation timing | When the timer underflows
TAIIN pin function Programmable I/O port or gate input
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

Timer Ai mode register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
[ TTo] [T Jo]o] TAMRG=0to4) o039616t0030A16 0016
Bit symbol Bit name Function R:!W
: TMODO | Operation mode pLbo - 0.0
TMODL select bit 00 : Timer mode 00
MRO Pulse output function 0 : Pulse is not output
_________ select bit (TAiouT pin is a normal port pin) OfO

1: Pulse is output (Note 1)
(TAiouT pin is a pulse output pin)
i i b4 b3 !
MR1 Gate function select bit 0 X (Note 2): Gate function not available OEO
(TAIIN pin is a normal port pin) !
1 0: Timer counts only when TAIIN pin is
H MR2 held “L” (Note 3) !
R 11 : Timer counts only when TAiIN pin is |O'O
held “H” (Note 3) ;

s MR3 0 (Must always be fixed to “0” in timer mode) 00

______________________ TCKO Count source select bit kgtc’)e f OiO
01:fs i
: TCK1 10:f32 !
"""""""""""""" 11:fca32 O}O

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

Note 2: The bit can be “0” or “1”.

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

Figure 59. Timer Ai mode register in timer mode
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(2) Event counter mode

In this mode, the timer counts an external signal or an internal timer’'s overflow. Timers A0 and Al can
count a single-phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase
external signal. Table 17 lists timer specifications when counting a single-phase external signal. Figure
60 shows the timer Ai mode register in event counter mode.

Table 18 lists timer specifications when counting a two-phase external signal. Figure 61 shows the timer
Ai mode register in event counter mode.

Table 17. 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

*Up count or down count can be selected by external signal or software

*When the timer overflows or underflows, the reload register's content is reloaded

and the timer starts over again.(Note)

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

1/ (n + 1) for down count

Count start flag is set (= 1)

Count start flag is reset (= 0)

Count operation

Divide ratio
n : Set value

Count start condition
Count stop condition

Interrupt request generation timing

The timer overflows or underflows

TAIIN pin function

Programmable I/O port or count source input

TAIouT pin function

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

Read from timer

Count value can be read out by reading timer Ai register

Write to timer

*When counting stopped

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

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

Select function

*Free-run count function
Even when the timer overflows or underflows, the reload register content is not reloaded to it
*Pulse output function

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

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

b7 b6 b5 b4 b3 b2 bl b0

Lol [ 1 [°of2]

Timer Ai mode register

Symbol Address When reset
TAIMR(i =0, 1) 039616, 039716 0016
Bit symbol Bit name Function RIW
TMODO | operation mode select bit bt b0 00
TMODL1 0 1 : Event counter mode (Note 1) eYe)
MRO Pulse output function 0 : Pulse is not output
select bit (TAiouT pin is a normal port pin) O:O
1: Pulse is output (Note 2) 3
(TAiourT pin is a pulse output pin) !
MR1 Count polarity 0 : Counts external signal's falling edge OEO
select bit (Note 3) 1: Counts external signal's rising edge |~ !
MR2 Up/down switching 0 : Up/down flag's content OEO
cause select bit 1 : TAiouT pin's input signal (Note 4)
MR3 0 (Must always be fixed to “0” in event counter mode) 00
TCKO Count operation type selecf 0 : Reload type OEO
bit 1: Free-run type
TCK1 Invalid in event counter mode
Can be “0” or “1” O}o

Note 1: In event counter mode, the count source is selected by the event / trigger select bit

(addresses 038216 and 038316).

Note 2: The settings of the corresponding port register and port direction register are invalid.
Note 3: Valid only when counting an external signal.
Note 4: When an “L” signal is input to the TAiouT pin, the downcount is activated. When “H”,

the upcount is activated. Set the corresponding port direction register to “0”".

Figure 60. Timer Ai mode register in event counter mode
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Table 18. Timer specifications in event counter mode (when processing two-phase pulse signal with timer 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”

TAiour J L
v A LA LA ]

(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 TAiouUT pin is “H”, the timer
counts down rising and falling edges on the TAiouT and TAIIN pins.

mer KV E YUY

Count up all edges Count down all edges
TAIN
s AV AV A vyAhvyihy
- J - J
' Vv
Count up all edaes Count down all edges

Note: This does not apply when the free-run function is selected.
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Timer Ai mode register
(When not using two-phase pulse signal processing)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | 0| | | | 0 | 1| TAIMR(i = 2 to 4) 039816 to 039A16 0016

P b1t Bit symbol Bit name Function RIW
bor v 014 1 TMODO [ operation mode select bit [ 00
S R SO S (Y 0 1: Event counter mode 00
A Pulse output function 0 : Pulse is not output !
T MRO - : L . |
- T select bit (TAiourt pin is a normal port pin) 00
1: Pulse is output (Note 1) !

[ R T (TAiourt pin is a pulse output pin)
e MR1 Count polarity 0 : Counts external signal's falling edges OEO
oo select bit (Note 2) 1: Counts external signal's rising edges
_______________ MR2 Up/down switching 0 : Up/down flag's content oo
cause select bit 1: TAiouT pin's input signal (Note 3)

P e MR3 0 (Must always be “0” in event counter mode) 00
v TCKO Count operation type select|0 : Reload type ofo
v bit 1: Free-run type
TCK1 ;:’,g)c(’:_epsi?:ge g;l(lesr(;tis(l)%nal 0 : Normal processing operation OEO
-------------------------- select bit (Note 4)(N0te 5) 1: Multlply—by—4 processing operation 3

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 timer A3 mode register.
For timer A2 and A4 mode registers, this bit can be “0 "or “1”.

Note 5: When performing two-phase pulse signal processing, make sure the two-phase pulse
signal processing operation select bit (address 038416) is set to “1”. Also, always be
sure to set the event/trigger select bit (addresses 038216 and 038316) to “00”.

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

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address When reset
| | | 0 | 1 | 0 | 0 | 0 | 1 | TAMR(i= 2o 4) 03981610 039A16 0016

Bit symbol Bit name Function RIW
boror i1 1 TMODO | operation mode select bit [ 00
R A A S I YT 0 1: Event counter mode 00
MRO 0 (Must always be “0” when using two-phase pulse OEO
e signal processing)
MR1 0 (Must always be “0” when using two-phase pulse OEO
. signal processing) 3
T MR2 1 (Must always be “1” when using two-phase pulse OEO
oo signal processing)
R MR3 0 (Must always be “0” when using two-phase pulse 00
HE signal processing) ;
e TCKO Count operation type select| 0 : Reload type OEO
bit 1: Free-run type !
Two-phase pulse . .
e 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 038416) is set to “1”. Also, always be
sure to set the event/trigger select bit (addresses 038216 and 038316) to “00”.

Figure 61. Timer Ai mode register in event counter m
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(3) One-shot timer mode
In this mode, the timer operates only once. (See Table 19.) When a trigger occurs, the timer starts up and
continues operating for a given period. Figure 62 shows the timer Ai mode register in one-shot timer mode.

Table 19. Timer specifications in one-shot timer mode

ltem Specification
Count source f1, fs, 32, fc32
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 I/O port or trigger input

TAiourT pin function Programmable I/O port or pulse output

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

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

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

(Transferred to counter at next reload time)

Timer Ai mode register
b7 6 bS5 b4 b3 b2 bl b0 ymbol Address When reset
| | | 0 | | | | 1 | 0 | TAIMR(i=0to4) 03961610 039A16 0016
o+ o+ o+ | Bitsymbol Bit name Function RW
i1 -1 TMODO  operation mode select bit|**° ) 00
TVOD1 10 : One-shot timer mode 00
MRO Pulse output function 0 : Pulse is not output |
v [ select bit (TAiouT pin is a normal port pin) !
Pl 1: Pulse is output (Note 1) o0
oo (TAiourt pin is a pulse output pin)
MR1 External trigger select 0 : Falling edge of TAiN pin's input signal (Note 3) | !
R bit (Note 2) 1 : Rising edge of TAIIN pin's input signal (Note 3) O;O
MR2 Trigger select bit 0 : One-shot start flag is valid i
i 1: Selected by event/trigger select 0.0
- register !
R MR3 0 (Must always be “0” in one-shot timer mode) 00
TCKO Count source select bit | **°
P 00:f1 o0
! 01:fs ;
P TCK1 10:f32 |
11:fcs2 Ofo
Note 1: The settings of the corresponding port register and port direction register are invalid
Note 2: Valid only when the TAiIN pin is selected by the event/trigger select bit
(addresses 038216 and 038316). If timer overflow is selected, this bit can be “1” or “0”.
Note 3: Set the corresponding port direction register to “0”.

Figure 62. 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 20.) In this mode, the counter
functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure 63 shows the timer
Ai mode register in pulse width modulation mode. Figure 64 shows the example of how a 16-bit pulse width
modulator operates. Figure 65 shows the example of how an 8-bit pulse width modulator operates.

Table 20. Timer specifications in pulse width modulation mode

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

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

16-bit PWM *High level width n/fi n:Setvalue
«Cycle time  (216-1)/fi fixed
8-bit PWM *High levelwidth n X (m+1)/fi n:values setto timer Ai register's high-order address
«Cycletime (28-1) X (m+1)/fi m:values set to timer Ai register's low-order address
Count start condition *External trigger is input

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

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

Interrupt request generation timing| PWM pulse goes “L”

TAIIN pin function Programmable I/O port or trigger input

TAiouT pin function Pulse output

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

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

*When counting in progress

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

Timer Ai mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
[TT 11 [e]e]q] TAIMR(i=0t0 4) 039616 to 039A16 0016

Bit symbol Bit name Function RIW
: TMODO  [Operation mode o160 0.0
: TMOD1 select bit 11:PWM mode 00
R T T S MRO 1 (Must always be fixed to “1” in PWM mode) 00

i : MR1 External trigger select 0: Falling edge of TAiN pin's input signal (Note 2) |
P Temmeeeeeees bit (Note 1) 1: Rising edge of TAiIN pin's input signal (Note 2) 0.0
ey MR2 Trigger select bit 0: Count start flag is valid OEO

1: Selected by event/trigger select register i
E MR3 16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator OEO

bommmmmmmmemneees select bit 1: Functions as an 8-bit pulse width modulator !

: b7 b6 :
----------------------- TCKO Count source selectbit (00 : f1 00

01:fs !

: 10:f32 1
R ekt 11:fcs2 0.0

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

Figure 63. Timer Ai mode register in pulse width modulation mode
|
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Condition : Reload register = 000316, when external trigger
(falling edge of TAOQIN pin's input signal) is selected.

1/fix (2% -1)

Count source J L
TAON pin's H } | } _____________
input signal “PLr ! TN

Trigger is not generated by this signal

PWM pulse output “H" ‘ ‘

from TAOoOUT pin =~ «.» -
Timer AO interrupt  “1”

request bit [0t e S

fi: Frequency of count source
(f1, fs, f32, fc32) Cleared to “0” by software, or when interrupt request is accepted.

Note: n =000016 to FFFE1s.

Figure 64. Example of how a 16-bit pulse width modulator operates

Condition : Reload register's high-order 8 bits = 0216
Reload register's low-order bits 8 = 0216
When external trigger (falling edge of TAOIN pin's input signal) is selected.

1/fiX(m+1) X (Z-1)

(Note 1) ‘ H ‘ [ [ |
TAOIN pin's input H
signal wr * | 3 o e !
: 1 V1/fix (m+ 1) !
! - !

Underflow signal of H—0oH-——uy——3r 1 —— —— ——— — — — — —
8-bit prescaler (Note 2)“L”

PWM pulse output “H”
from TAOoUT pin o 4|—|—_ _____ ﬂ
Timer AO interrupt "1
request bit o _______ —I_

fi : Frequency of count source Cleared to “0” by software, or when interrupt request is accepted.
(f1, fs, f32, fc3z)

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

Figure 65. Example of how an 8-bit pulse width modulator operates
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Timer B
Figure 66 shows the block diagram of timer B. Figures 67 and 68 show the timer B-related registers.
Use the timer Bi mode register (i = 0 to 2) bits 0 and 1 to choose the desired mode.
Timer B has three operation modes listed as follows:
» Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer overflow.
* Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or pulse width.

Data bus high-order bits
Data bus low-order bits

l Low-order 8 bits l

Clock source selection ) )
High-order 8 bits

fi — 0 T
,I,"?er iod/pul idth t Reload register (16)
fs o \O ulse period/pulse (V;I measuremen
w2 —o U Ul
fce2——o Counter (16) |

[y
» Event counter

Count start flag

(address 038016)

Counter reset circuit l—

TBIIN Polarity switching
(i=01t02)O— and edge pulse

Can be selected in only
event counter mode

TBI Address TBj
TBj overflow  ——O Timer BO 039116 039016 Timer B2
(=i- 1. Note, however, Timer B1 039316 039216 Timer BO
j=2wheni=0) Timer B2 039516 039416 Timer B1
Figure 66. Block diagram of timer B
Timer Bi mode register
Symbol Address When reset

b7 b6 b5 b4 b3 b2 bl b0

TBIMR(i = 0to 2) 039B16to 039D16  00XX00002

o i 1| Bit symbol Bit name Function R

E E E E E E E E TMODO : B b1 bo 3
A Operation mode select bit | 4 . Timer mode o o0
H 0 1 : Event counter mode T
A TMOD1 10 : Pulse period/pulse width
e measurement mode o . O
A 11: Inhibited |
T MRO Function varies with each operation mode O ! O
E E E E :L ........... MR1 O ' O
P MR2 O ' O
P s oy 7
Pl PX
T (Note 2) 1

1 I S— o x
frmmmmmesmmnee oo TCKo Count source select bit O 3 (@)
e e e e TCK1 (Function varies with each operation mode) o o

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

Figure 67. Timer B-related registers (1)
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Timer Bi register (Note)
®15) ©8) Symbol Address When reset
b7 b0 b7 b0 TBO 039116, 039016 Indeterminate
| TB1 039316, 039216 Indeterminate
B2 039516, 039416 Indeterminate
E Function Values that can be set REW
t---| « Timer mode 000016 to FFFF16 | |
Counts the timer's period OEO
» Event counter mode 000016 to FFFF16 !
Counts external pulses input or a timer overflow o0
« Pulse period / pulse width measurement mode '
Measures a pulse period or width I OEX
Note: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| TABSR 038016 0016
Bit symbol Bit name Function RIW
TAOS Timer AO count start flag 0 : Stops counting OfO
TA1S | Timer Al count start flag 1: Starts counting 00
TA2S | Timer A2 count start flag 00
TA3S Timer A3 count start flag olo
TA4S | Timer A4 count start flag 00
TBOS  |Timer BO count start flag 00
TB1S [ Timer B1 count start flag 00
TB2S Timer B2 count start flag OI0
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
CPSRF 038116 OXXXXXXX2
; Bit symbol Bit name Function RW
Nothing is assigned. |
: In an attempt to write to these bits, write “0”. The value, if read, turns out to be —}—
indeterminate. |
CPSR  |Clock prescaler reset flag | 0 : No effect
e 1: Prescaler is reset (o)}
(When read, the value is “0”) !

Figure 68. Timer B-related registers (2)

83



Mitsubishi microcomputers

) M30218 Grou
TlmerB SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 21.) Figure 69 shows the
timer Bi mode register in timer mode.

Table 21. Timer specifications in timer mode

Item Specification
Count source f1, fs, f32, fc32
Count operation *Counts down

*When the timer underflows, the reload register's content is reloaded and the
timer starts over again.

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

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

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

Interrupt request generation timing The timer underflows

TBIIN pin function Programmable I/O port

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

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

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

(Transferred to counter at next reload time)

Timer Bi mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | | | | 0 | 0 | TBIMR(i=0t02) 039B16 t0 039D16  00XX00002
i1 b1 Bitsymbol Bit name Function R I W
P b+ [T T™oDo . — |o1bo o o
R Operation mode select bit 00 : Timer mode :
o 41 t---- TMOD1 o .0
I MRO Invalid in timer mode © 0
A MR1 Can be “0” or “1" o' 0
oo MR2 |0 (Fixed to “0" in timer mode ; i = 0) (Nc% " o
P T Nothing is assigned (i = 1,2). In an attempt to write to this bit, write | X | X
“0". The value, if read, turns out to be indeterminate. (Note 2);
MR3 Invalid in timer mode.
D s In an attempt to write to these bits, write “0”. The value, if read in O X
H timer mode, turns out to be indeterminate. '
; Count lect bit b7b6 !
_______________________ TCKO ount source select bi 00" f1 o0
oKD 01:fs ,
__________________________ 10:f32
11:fc32 o ! %

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

Figure 69. 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 22.) Figure 70
shows the timer Bi mode register in event counter mode.

Table 22. Timer specifications in event counter mode
ltem Specification
Count source *External signals input to TBIIN pin
Effective edge of count source can be a rising edge, a falling edge, or falling
and rising edges as selected by software
Count operation *Counts down
*When the timer underflows, it reloads the reload register contents before
continuing counting

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

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

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

Interrupt request generation timing | The timer underflows

TBIIN pin function Count source input

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

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

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

Timer Bi mode register

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

| | | | | | |0 | 1 | TBIMR(i=0to 2) 039B16 to 039D16  00XX00002
¢or o1+ 1| Bit symbol Bit name Function R I W
i+ =1 TMODO | Operation mode b1 b0 (@] O
v TMODL select bit 0 1: Event counter mode o o
A MRO Count polarity select b3 b2 T |
A bit (Note 1) 00 : Counts external signal's falling edges | O | O
I 0 1 : Counts external signal's rising edges !
VIRL 10 : Counts external signal's falling and
H rising edges o ! o
A 11 : Inhibited 3
MR2 0 (Fixed to “0” in event counter mode; i = 0) (Nog 2)%
. [Nothingis assigned (=1,2). T o
o In an attempt to write to this bit, write “0". The value, if read, X
oo turns out to be indeterminate. (Note 3),
MR3 Invalid in event counter mode.
R In an attempt to write to this bit, write “0”. The value, if read in event o X
counter mode, turns out to be indeterminate.
R TCKO Invalid in event counter mode. o o
: Can be “0” or “1". !
E TCK1 Event clock select 0: Input from TBIIN pin (Note 4) %
! 1: TBj overflow O ! 0
e (i =i-1; however, j = 2 when i = 0) !

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

Note 2: Timer BO.

Note 3: Timer B1, timer B2.

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

Figure 70. 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 23.)
Figure 71 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure 72
shows the operation timing when measuring a pulse period. Figure 73 shows the operation timing when
measuring a pulse width.

Table 23. Timer specifications in pulse period/pulse width measurement mode

ltem Specification
Count source f1, fs, f32, fc32
Count operation *Up count

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

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

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

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

*When an overflow occurs. (Simultaneously, the timer Bi overflow flag
changes to “1”. 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.)

TBIIN pin function Measurement pulse input

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

Write to timer Cannot be written to

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

Timer Bi mode register
DY %0 DS b4 b3 B2 b1 KO Symbol Address When reset
| | | | | | |1 |0 | TBiMR (i=0t0 2) 039B16t0 039D16  00XX00002
o ov o | Bit symbol Bit name Function R W
P T Tvopo i b1 b0 ©.o°
geplggftitkl)in mode 10 : Pulse period / pulse width measurement mode ‘
R EEEE TMOD1 O : ()
P MRO Measurement mode | 2302 , }
e select bit 0 0 : Pulse period measurement (Interval between !
o measurement pulse's falling edge to falling edge) o i o
v 0 1: Pulse period measurement (Interval between
! [ measurement pulse's rising edge to rising edge) :
H HE MR1 10 : Pulse width measurement (Interval between
: b e measurement pulse's falling edge to rising edge, o i o
: : and between rising edge to falling edge)
! ! 11: Inhibited |
: : . - . A L o o0
: : MR2 0 (Fixed to “0” in pulse period/pulse width measurement mode; i = 0) (Note 2)1
: Nothingis assigned (i=1,2). T >< x
H In an attempt to write to this bit, write “0”. The value, if read in event counter 3
H mode, turns out to be indeterminate. (Note 3);
: MR3 Timer Bi overflow 0 : Timer did not overflow o | x
: flag ( Note 1) 1: Timer has overflowed !
e TCKO Colun: Egurce '6786: f1 o o
select b 01:fs
: 10:f32 1
--------------------------- TCK1 11:fca32 o 1 o
Note 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. This flag cannot be set to “1” by software.
Note 2: Timer BO.
Note 3: Timer B1, timer B2.

Figure 71. Timer Bi mode register in pulse period/pulse width measurement mode
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Measurement of puls time interval from falling edge to falling edge

Count source | --

Measurement pulse

Transfer

Transfer
(indeterminate value) ! (measured value) |

n R
/(Note 1) 7 (Note 1)
1 ..

Reload register~— counter
transfer timing

/v (Note 2)

Timing when counter
reaches “000016"

Count start ‘1 :
flag “0,,4

Timer Bi interrupt 1 I_I_ li
request bit “0” A - !

Cleared to “0” by software, or when interrupt request is accepted.
Timer Bi overflow ‘1
flag “0” -

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

Figure 72. Operation timing when measuring a pulse period

Count source | --

apgr ! :
Measurement pulse m
“Lr " ' .-

Transfer (indeterminate value) ; Transfer (measured value)

1 1 | .

/ (Note 1) / (Note 1) / (Note :l)/y(Note 1) /(Note 2)

] IS | B

Reload register «— counter
transfer timing

Timing when counter
reaches “000016”

Count start “1" f -
flag “0” 4 !
Timer Bi interrupt “1” |—| I—u—|_ _li
request bit “Qr --

A 4 y.4 !

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

Timer Bi overflow flag v
“gy

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

Figure 73. Operation timing when measuring a pulse width
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Serial I/0
Serial I/0O is configured as two channels: UARTO and UART1.
UARTO and UART1 each have an exclusive timer to generate a transfer clock, so they operate independently of each other.
Figure 74 shows the block diagram of UARTO and UART1. Figure 75 shows the block diagram of the transmit/receive unit.
UARTI (i=0, 1) has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous
serial I/0 mode (UART mode). The contents of the serial /O mode select bits (bits 0 to 2 at addresses
03A016 and 03A816) determine whether UARTI is used as a clock synchronous serial I/O or as a UART.
Although a few function are different, UARTO and UART1 have almost same functions.
Figures 76 through 78 show the registers related to UARTI.

(UARTO)
RxDo O —QO TxDo

UART reception

Receive cl

1/16 Q - .
Clock source selection Reception control Transmit/
! circuit receive
fi —o Bit rate generator Clock synchronous type I‘O | unit
fg —O Internal (address 03A116) .
UART transmission | Transmit
o ] ]
o ( ) 116 ! Transmission clock
External Clock synchronous type control circuit _|
Clock synchronous type
(when internal clock is selected)
I
o)
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is
selected)
Polarity J/]
CLKo O‘ reversing \I
circuit
- CTS/RTS disabled
- CTS/RTS selected
RT:
CTS0/RTSo O——o0—0 <] SO
Vce
& CTS/RTS disabled o ——
CTSO
O_-O
(UART1)
RxD1 O —O TxD1
116 UART reception ° - Receive .
Clock source selection o—]Reception control | ¢lock Transmit/
! circuit receive
i —o Bit rate generator Clock synchronous type I‘O | unit
fg — Internal  (address 03A916) .
¢ o UART transmission | Transmit
32 5 (+1) 116 ~ Transmission clock
External Clock synchronous type control circuit |
Clock synchronous type
(when internal clock is selected)
12 d
o}
Clock synchronous type Clock synchronous type
(when internal clock is selected) (when external clock is selected)
Polarity
CLK1 O reversing O
circuit
Clock output pin CTS/RTS disabled
select switch
CTS1/RTS1 () o5 3 RTS1
CLKS1 vee N
CTS/RTS disabled _
CTs1

——o o

m: Values set to UARTO bit rate generator (UOBRG)
n : Values set to UART1 bit rate aenerator (U1BRG)

Figure 74. Block diagram of UARTiI (i =0, 1)
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Clock

Clock
synchronous
type

PAR
enabled

EDB

synchronous type

UART (7 bits)
UART (8 bits)

UART (9 bits)

Clock
synchronous type

UART (8 bits)
UART (9 bits)

UART (7

UARTI receive register

|D7§D6§D5§D4§D3§D25D1§D0

UARTI receive
buffer register

<":_

Address 03A616

Address 03A716

MSB/LSB conversion circuit | Address 03AE16

Address 03AF16

Data bus high-order bits!

Data bus low-order bits|

N

MSB/LSB conversion circuit |

Y

type

Q"

type

UART (7 bits)
UART (8 bits)

Clock synchronous

m | D7 De Ds Da D3 D2 D1 Do | UARTI transmit
- - - - - - - buffer register
‘ Address 03A216
Address 03A316
Address 03AA16
UART (8 bits) Address 03AB16
UART (9 bits)
UART (9 bits) Clock
PAR synchronouss
2sp enabled UART ype
1SP PAR Clock ] i T
disabled | synchronous UART (7 bits) UARTI transmit register

SP: Stop bit
PAR: Parity bit

Figure 75. Block diagram of transmit/receive unit
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UARTI transmit buffer register

(b15) (b8)
b7 b0 b7 b0 Symbol Address When reset
DXDXIXIXDXIDXIN] | |  uots 03A315, 03215 Indeterminate
: ; : UlTB 03AB16, 03AA16 Indeterminate
Function R'W
RRREELEELEEELE Transmission data X0

Nothing is assigned. '
In an attempt to write to these bits, write “0”. The value, if read, turns out to be indeterminate. i

UARTI receive buffer register

b15 b8
(b7 ) ¢ bo) b7 bo Symbol Address When reset

| | | | UORB 03A716, 03A616 Indeterminate
U1RB 03AF16, 03AE16 Indeterminate

Bit Function

Femmmmmm—————a-

Bit name (During clock synchronous ) Function R'W
symbol serial /0 mode) (During UART mode)
Srrmmmmmmmmmmmsteneny - - Reception data Reception data O X

L Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0".

_____________________________________ OER | Overrun error flag (Note) | 0 : No overrun error 0 : No overrun error o %
1: Overrun error found 1 : Overrun error found

________________________________________ FER [Framing error flag (Note) | Invalid : No framing error O

: Framing error found

PER | Parity error flag (Note) Invalid : No parity error O'X

: Parity error found

O |k O |k O

SUM | Error sum flag (Note) Invalid

: No error O X
1 : Error found
Note: Bits 15 through 12 are set to “0” when the serial I/lO mode select bit (bits 2 to 0 at addresses
03A016 and 03A816) are set to “0002” or the receive enable bit is set to “0”".
(Bit 15 is set to “0” when bits 14 to 12 all are set to “0".) Bits 14 and 13 are also set to “0” when
the lower byte of the UARTI receive buffer register (addresses 03A61s and 03AEus) is read out.

UARTI bit rate generator

L b Symbol Address When reset
UOBRG 03Al1e Indeterminate
U1BRG 03A916 Indeterminate
Function Values that can be set RIW
__________________________________ Assuming that set value = n, BRGi divides the count 0016 to FF16 X O
source by (n + 1) i

Figure 76. Serial 1/0O-related registers (1)
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UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| UiMR (i=0,1) 03A016, 03A816 0016
: Function .
Bit . . Function !
Bit name (During clock synchronous ! RIW
symbol serial /O mode) (During UART mode)
SMDO i it | Must be fixed to 001 pzoLho
Serial I/O mode select bit b2 b1 b0 10 0: Transfer data 7 bits long O o
000 : Serial I/O invalid 10 1: Transfer data 8 bits long .
SMD1 010 Inhibited 110: Transfer data 9 bits long | !
011:Inhibited 000 : Serial I/0 invalid O;O
111 Inhibited 010: Inhibited i
SMD2 01 1: Inhibited Olo
11 1: Inhibited
CKDIR [Internal/external clock 0 : Internal clock 0 : Internal clock
select bit 1: External clock 1 : External clock O:O
STPS | stop bit length select bit | Invalid 0 : One stop bit
P 9 1 : Two stop bits OEO
PRY |Odd/even parity select bit | Invalid Valid when bit 6 = 1"
0 : Odd parity o0
1: Even parity
PRYE [Parity enable bit Invalid 0: Parity disabled Oio
1 : Parity enabled
SLEP |Sleep select bit Must always be “0” 0 : Sleep mode deselected O o
1: Sleep mode selected !
UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
| | | | | | | | | UiCo (i=0,1) 03A416, 03AC16 0816
A . Function . 1
[ Bit . " Function !
S S Bit name (During clock synchronous ) R'W
symbol serial 1/O mode) (During UART mode) :
- b1 b0 b1 b0 '
¢t o011t x| CLKO | BRG countsource 00 :f1is selected 00 : f1is selected OO0
A select bit 01:fsis selected 01:fsis selected ‘
. CLK1 10:f32is selected 10: f32is selected
R R 11 Inhibited 11 Inhibited o0
A R—— . Valid when bit 4 = “0” Valid when bit 4 = “0” i
R CRS CTIS/ f{gf function 0: CTS function s selected (Note 1) | 0 : CTS function is selected (Note 1) |/
select bi 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) |~ |
E E E E E . . 0 : Data present in transmit . . f " :
oo ] TXEPT ;Il'ransmlt register empty register (during transmission) 0:Data pz%i?mdmgﬁgﬂg;ﬁ%mer !
oo ag 1:No data present in transmit | 4 . Ng gata present in transmit O X
A register register (transmission completed) | !
oo (transmission completed) '
ETS/RTE di ; 0: CTS/RTS function enabled | 0 : CTS/RTS function enabled |
e ] CRD CTS/RTS disable bit 1: CTS/RTS function disabled | 1 : CTS/RTS function disabled
o (P47 and P74 function as (P47 and P77 function as o0
T programmable I/O port) programmable 1/O port) i
Pl - |o: TXDi pin is CMOS output | 0: TXDIi pin is CMOS output !
R NCH | Data output select bit |} - 13p; bin is N-channel 1: TXDi pin is N-channel 00
v open-drain output open-drain output !
P CKPOL | CLK polarity select bit |0 Transmit datais outputat Must always be “0” !
P alling edge of transfer clock I
N and receive data is input at
' rising edge !
! 1: Transmit data is output at ol O
H rising edge of transfer clock |
and receive data is input at
' falling edge !
] UFORM |Transfer format select bit |0 : LSB first Must al be “0”
1: MSB first ustaways be 00
Note 1: Set the corresponding port direction register to “0".
Note 2: The settings of the corresponding port register and port direction register are invalid.

Figure 77. Serial I/O-related registers (2)
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UARTI transmit/receive control register 1
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
UiC1(i=0,1) 03A516, 03AD16 0216

SRR A Bit Function Functi i
T S A i . unction
A bol Bit name (During clock synchronous serial (During UART mode) RIW|
N T s /0 mode) |
e T T B 1= Transmit enable bit 0 : Transmission disabled 0 : Transmission disabled OEO
. 1 : Transmission enabled 1: Transmission enabled !
, : I : : : Tl Transmit buffer empty 0 : Data present in 0 : Data present in !
, ' N o e flag transmit buffer register transmit buffer register O:X
: ' N v 1: No data present in 1: No data present in .
: ' N v transmit buffer register transmit buffer register |
E E E E E :_ _______ RE Receive enable bit 0 : Reception disabled 0 : Reception disabled O:O
ol or v 1: Reception enabled 1: Reception enabled |
E E E E E RI Receive complete flag 0 : No data present in 0 : No data present in |
S receive buffer register receive buffer register ol X
P 1: Data presentin 1: Data present in i
Voo receive buffer register receive buffer register i
R S SO Nothing is assigned. —3—

In an attempt to write to this bit, write “0". The value, if read, turns out to be “0". !
UART transmit/receive control register 2
b7 b6 b5 b4 b3 b2 bl bO

| | Symbol Address When reset

NO| 1 11 | UCON 03B016 X00000002
E E E E E E E E Bit Function Function :
1 1 1 l l l l l P 1) 1 [l
oo b symbol Bit name (During clocl:/kosyr;nocger;mous serial (During UART mode) R 1W
- UOIRS | UARTO transmit 0 : Transmit buffer empty (TI=1) | O : Transmit buffer empty (TI = 1) :
- A R interrupt cause select bit 1: Transmission completed 1 : Transmission completed ©)e)
oo (TXEPT = 1) (TXEPT =1) |
i E E E E E E U1lIRS | UART1 transmit 0 : Transmit buffer empty (TI=1) | 0 : Transmit buffer empty (TI = 1) O‘
e interrupt cause select bit 1: Transmission completed 1: Transmission completed ;O
oo (TXEPT =1) (TXEPT = 1) ‘
R B UORRM | UARTO continuous receive | 0 : Continuous receive Invalid .
T R mode enable bit mode disabled 00
- 1 : Continuous receive |
. mode enable |
R UIRRM | UARTL1 continuous receive | 0 : Continuous receive Invalid |
R T S S mode enable bit mode disabled 00O
R 1: Continuous receive |
I mode enabled |
[ CLKMDO | CLK/CLKS select bit O Valid when bit 5 = “1” Invalid f
Voo mmmmmmmmmmee 0 : Clock output to CLK1 O}O
. 1 : Clock output to CLKS1 !
E E E CLKMD1 | CLK/CLKS select bit 1 0 : Normal mode Must always be “0” :
HE (Note) (CLK output is CLK1 only) ;
Lol rmmmmmmmmmmmmme e 1: Transfer clock output !
o from multiple pins O;O
o function selected '
R REEEEE R EEEEE Reserved bit Must always be “0” Must always be “0" 00O
R Nothing is assigned. ——

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

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

Figure 78. Serial 1/0-related registers (3)
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(1) Clock synchronous serial /O mode
The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Table 24 lists
the specifications of the clock synchronous serial I/O mode. Figure 79 shows the UARTI transmit/receive
mode register.

Table 24. Specifications of clock synchronous serial /0O mode

ltem Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * When internal clock is selected (bit 3 at address 03A016, 03A816 = “0") : fil 2(n+1) (Note 1) fi=f1, f8, f32

» When external clock is selected (bit 3 at address 03A016, 03A816 =*1") : Input from CLKi pin (Note 2)

Transmission/reception control |* CTS function/ RTS function/ CTS,RTS function chosen to be invalid

Transmission start condi- |* To start transmission, the following requirements must be met:

tion|— Transmit enable bit (bit O at address 03A516, 03AD16) = “1”

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

— When CTS function is 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 address 03A416, 03AC16) = “0": CLKi input level = “H”

— CLKi polarity select bit (bit 6 at address 03A416, 03AC16) = “1": CLKi input level =*“L”

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

Reception start condition |- Receive enable bit (bit 2 at address 03A516, 03AD16) = “1”

- Transmit enable bit (bit O at address 03A516, 03AD16) = “1”

- Transmit buffer empty flag (bit 1 at address 03A516, 03AD16) = “0”

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

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

— CLKi polarity select bit (bit 6 at address 03A416, 03AC16) = “1": CLKi input level =*“L”

* When transmitting

Interrupt request - Transmit interrupt cause select bit (bits 0,1 at address 03B016) = “0":
generation timing Interrupts requested when data transfer from UARTI transfer buffer register to
UARTI transmit register is completed

- Transmit interrupt cause select bit (bits 0,1 at address 03B016) = “1":
Interrupts requested when data transmission from UARTIi transfer register is completed

* When receiving

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

* Overrun error (Note 3)

Error detection This error occurs when the next data is ready before contents of UARTI re-
ceive buffer register are read out

* CLK polarity selection

Select function Whether transmit data is output/input at the rising edge or falling edge of the
transfer clock can be selected

* LSB first/MSB first selection

Whether transmission/reception begins with bit O or bit 7 can be selected

« Continuous receive mode selection
Reception is enabled simultaneously by a read from the receive buffer register

« Transfer clock output from multiple pins selection

UART1 transfer clock can be set 2 pins, and can be selected to output from

which pin.

Note 1: “n” denotes the value 0016 to FF16 that is set to the UART bit rate generator.

Note 2: Maximum 5 Mbps.

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”.
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UARTI transmit/receive mode register

| b7| b6| b5| b4| bs| bz| bl| bo| Symbol Address When reset
Of | | [ 1919[1]  uimrG=0,1) 03A016, 03A816 0016
Bit symbol Bit name Function R W
"1_SMDO Serial I/0 mode select bit | =>" . ) i)
s SMD1 001: (jlock s()j/nchronous serial OEO
IR SMD2 omo e
T CKDIR | Internal/external clock 0 : Internal clock OEO
oo select bit 1 : External clock
A it STPS [e)e}
i PRY Invalid in clock synchronous serial I/0 mode olle
T EEEEEEEEEEEEEE, PRYE (e]e)
kil SLEP 0 (Must always be "0" in clock synchronous serial I/O mode) 00

Figure 79. UARTI transmit/receive mode register in clock synchronous serial 1/O mode (i=0,1)

Table 25 lists the functions of the input/output pins during clock synchronous serial I/O mode. 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 25. Input/output pin functions in clock synchronous serial I/O mode (i=0,1)

Pin name Function Method of selection

TxDi Serial data output (Outputs dummy data when performing reception only)

(P44, P74)

RxDi Serial data input Port P4s, P75 direction register (bits 5 at address 03EA16 and 03EF16)= “0"

(P45, P75) (Can be used as an input port when performing transmission only)

CLKi Transfer clock output Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “0”

(P46, P76) [~ 7 T T T T
Transfer clock input Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “1”

Port P46, P76 direction register (bits 6 at address 03EA16 and 03EF16) = “0”
CTSI/RTSi CTS input CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) =“0"
(P47, P77) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) = “0"

Port P47, P77 direction register (bits 7 address 03EA16 and 03EF16) = “0”

RTS output CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “0”
CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) = “1”

Programmable /O port | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “1”
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« Example of transmit timing (when internal clock is selected)

Tc

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

wqn
Transmit enable J ' | |
bit (TE) ‘0" ]Data is set in UARTI transmit buffer register

Transmit buffer v ‘
empty flag (TI) “Q

Transferred from UARTI transmit buffer register to UARTI transmit register

as T e L]
e

Stopped pulsing because CTS = “H”

L

Stopped pulsing because transfer enable bit = “0”

O EEREE EOEERERE_REROERRE

poseemsy | [ 1 [ [

Transmit interrupt 1" ‘ ‘ w
request bit (IR) “Q

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

Shown in () are bit symbols. Te=Tok=2(n+1)/fi
The above timing applies to the following settings: fi: frequency of BRGI's count source (1, f8, f32)
« Internal clock is selected. n: value set to BRGi

* CTS function is selected.
 CLK polarity select bit = “0”.
 Transmit interrupt cause select bit = “0".

» Example of receive timing (when external clock is selected)

Receive enable ‘1"
bit (RE) ugr |

0
]
I
wqn L
Transmit enable ‘1 I
bit (TE) “0" Dummy data is set in UARTI transmit buffer register
'
g !
Transmit buffer 1 '
empty flag (TI) “0” !
ar ' i Transferred from UARTI transmit buffer register to UARTI transmit register

RTSi | |
ap |
i

CLKi
Receive data is taken in

RxDi

Transferred from UARTI receive register Read out from UARTI receive buffer register
Receive complete ‘1" to UARTI receive buffer register
flag (RI) uQr
Receive interrupt “1" i
request bit (IR) ~ «g»

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

fEXT: frequency of external clock

Shown in () are bit symbols. Meet the following conditions when the CLK input before
The above timing applies to the following settings. data reception = “H”

« External clock is selected. « Transmit enable bit — “1”

* RTS function is selected. * Receive enable bit —= “1”

* CLK polarity select bit = “0”. « Dummy data write to UARTI transmit buffer register

Figure 80. Typical transmit/receive timings in clock synchronous serial /0O mode
|
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(a) Polarity select function

As shown in Figure 81, the CLK polarity select bit (bit 6 at addresses 03A416, 03AC16) allows selection
of the polarity of the transfer clock.

* When CLK polarity select bit = “0”
CLki w
TXDi >< DO >§< D1 >< D§)>< D3 >< D4 >< bs >< be >< o7 Note 1: The CLKi pin level when not

transferring data is “H".
RXDi ><D0><D1><D2><D3><D4><D5><D6><D7

* When CLK polarity select bit = “1”

CLKi l uuu\—

Note 2: The CLKi pin level when not

TXDi >< Do X D1 >< D2)>< D3 >< D4 >< D5 >< D6 >< D7 transferring data is “L”.
X po X b1 X

/
D2>< D3><D4>< D5>< D6>< D7

RXDi Do D1

Figure 81. Polarity of transfer clock

(b) LSB first/MSB first sel82GA-9, when the transfer format select bit (bit 7 at addresses 03A4 16,
03AC16) = “0", the transfer format is “LSB first”; when the bit = “1”, the transfer format is “MSB
first”.

* When transfer format select bit = “0”

awi Uy uyn
TXDi ><D0><Dl><D2><D3><D4><D5><D6><D7

= | SB first
RXDi ><D0><D1><D2><D3><D4><D5><D6><D7
* When transfer format select bit = “1”
e L L0 L
TXDi ><D7><D6><D5><D4><D3><D2><Dl><DO
= \ISB first

RXDi ><D7><D6><D5><D4><D3><D2><Dl><DO

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

Figure 82. Transfer format
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(c) Transfer clock output from multiple pins function
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 83.) The
multiple pins function is valid only when the internal clock is selected for UART1. Note that when this
function is selected, CTS/RTS function of UART1 cannot be used.

Microcomputer

TxD1 (P74)

CLKS1 (P77)

CLK1 (P76) IN IN

CLK CLK

Note: This applies when the internal clock is selected and transmission is
performed onlv in clock svnchronous serial /0 mode.

Figure 83. 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) is set to “1”, the unit is
placed in continuous receive mode. In this mode, when the receive buffer register is read out, the unit
simultaneously goes to a receive enable state without having to set dummy data to the transmit buffer
register back again.
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(2) Clock asynchronous serial I/0O (UART) mode
The UART allows transmitting and receiving data after setting the desired transfer rate and transfer data
format. Table 26 lists the specifications of the UART mode. Figure 84 shows the UARTI transmit/receive
mode register.

Table 26. Specifications of clock synchronous serial /O mode

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 = “0") :
fi/16(n+1) (Note 1) fi="f1,fs, f32
*When external clock is selected (bit 3 at addresses 03A016, 03A816 ="1") :
fEXT/16(n+1) (Note 1) (Note 2)
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 O at addresses 03A516, 03AD16) = “1”
- Transmit buffer empty flag (bit 1 at addresses 03A516, 03AD16) = “0”
- When CTS function is selected, CTS input level = “L”
Reception start condition| <To start reception, the following requirements must be met:
- Receive enable bit (bit 2 at addresses 03A516, 03AD16) = “1”
- Start bit detection
Interrupt request *When transmitting
generation timing - Transmit interrupt cause select bits (bits 0,1 at address 03B016) = “0":
Interrupts requested when data transfer from UARTI transfer buffer register to
UARTI transmit register is completed
- Transmit interrupt cause select bits (bits 0, 1 at address 03B016) = “1":
Interrupts requested when data transmission from UARTI transfer register is completed
*When receiving
- Interrupts requested when data transfer from UARTI receive register to
UARTI receive buffer register is completed
Error detection *Overrun error (Note 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
select function *Sleep mode selection
This mode is used to transfer data to and from one of multiple slave microcomputers
Note 1: ‘n’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
Note 2: fEXT is input from the CLKi pin.
Note 3: If an overrun error occurs, the UARTI receive buffer will have the next data written in. Note also

that the UARTI receive interrupt request bit is not set to “1”.
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UARTI transmit/receive mode register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
UIMR (i=0,1) 03A016, 03A816 0016
Bit symbol Bit name Function RIW
b2 bl b0 i
o zmgi Serial l/O mode select bit 100: Transfer data 7 bits long gg
: 10 1: Transfer data 8 bits long ‘
R SMD2 110: Transfer data 9 bits long__ |[Q.O
] CKDIR Internal/external clock 0 : Internal clock OiO
select bit 1 : External clock '
_______________ STPS Stop bit length select bit 0 : One stop bit OEO
1 : Two stop bits !
PRY Odd/even parity select bit | Valid when bit 6 = “1”
""""""""" 0 : Odd parity OEO
1:Even parity !
_____________________ PRYE Parity enable bit 0 : Parity disabled OEO
! 1 : Parity enabled |
e SLEP | Sleep select bit 0 Sleep mode deselected 00
1 : Sleep mode selected !

Figure 84. UARTI transmit/receive mode register in UART mode

Table 27 lists the functions of the input/output pins during UART mode. Note that for a period from when
the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H”. (If the N-
channel open-drain is selected, this pin is in floating state.)

Table 27. Input/output pin functions in UART mode (i=0,1)

Pin name Function Method of selection
TxDi Serial data output (Outputs dummy data when performing reception only)
(P44, P74)
RxDi Serial data input Port P45, P75 direction register (bits 5 at address 03EA16 and 03EF16)= “0"
(P4s, P75) (Can be used as an input port when performing transmission only)
CLKi Programmable 1/0 port | Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “0”
(P4s, P76) Transfer clock input Internal/external clock select bit (bit 3 at address 03A016, 03A816) = “1”
CTSi/RTSi CTS input CTSIRTS disable bit (bit 4 at address 03A416, 03AC16) ="0”
(P47, P77) CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) = “0”
,,,,,,,,,,,,,,,,,,,,,,,,,,, Port P47, P77 direction register (bits 7 at address 03EA16 and 03EF18) =07
RTS output CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “0”
,,,,,,,,,,,,,,,,,,,,,,,,,,, CTS/RTS function select bit (bit 2 at address 03A416, 03AC16) ="1"
Programmable 1/0 port | CTS/RTS disable bit (bit 4 at address 03A416, 03AC16) = “1”
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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".

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

Transmit enablee lJ I ﬁ
w0

bit(TE) Data is set in UARTIi transmit buffer register. \‘

Transmit buffer s j/
empty flag(Tl) g |
|
Transferred from UARTI transmit buffer register to UARTI transmit register

ot oL L]

Start Parity  Stop
bit bit bit

o T\ NN

Transmit register “1"
empty flag (TXEPT) w0

mrantine —
™ /

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

Stopped pulsing because transmit enable bit = “0”

Shown in () are bit symbols.
Tc=16(n+1)/fior16 (n+ 1)/ fexr

The above timing applies to the following settings : fi : frequency of BRGi's count source (f1, f8, f32)
« Parity is enabled. fEXT : frequency of BRGi's count source (external clock)
« One stop bit. n : value set to BRGi

» CTS function is selected.
« Transmit interrupt cause select bit = “1".

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

Tc

o e
U U

Data is set in UARTI transmit buffer register | I—

Transferred from UARTI transmit buffer register to UARTI transmit register

Start Stop  Stop
bit bit bit

Transfer clock

Transmit enable
bit(TE) w0

Transmit buffer
empty flag(Tl) o

] ghd

o 7000000000V o000
oty Tag (IXEPT)

Transmit interrupt 1" I I | —
request bit (IR) o |

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

Showniin () are bit symbols. Tc=16(n+1)/fior 16 (n + 1) / fext

The above timing applies to the following settings : fi : frequency of BRGi's count source (f1, f8, f32)
* Parity is disabled. fEXT : frequency of BRGi's count source (external clock)
« Two stop bits. n : value set to BRGi

 CTS function is disabled.
» Transmit interrupt causes select bit = “0”.

Figure 85. Typical transmit timings in UART mode
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« Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

cource T, A
source - -

Receive 1T o ————
enable bit “«” _l
: - Stop bit
RXDI | £ Do, {Di. b7} [
Sampled “L”

Receive data taken in

Transfer clock

J S L

Transferred from UARTI receive register to ‘
Receive

1" UARTI receive buffer register \
complete flag 0" <E
' oy L :
RTSi ap l—l
Receive interrupt “1” :
request bit 0"

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

! Reception triggered when
: transfer clock is genelated by
 falling edge of start bit

The above timing applies to the following settings :
* Parity is disabled.
* One stop bit.
* RTS function is selected.

Figure 86. Typical receive timing in UART mode

(a) Sleep mode (UARTO, UART1)
This mode is used to transfer data between specific microcomputers among multiple microcomputers
connected using UARTI. The sleep mode is selected when the sleep select bit (bit 7 at addresses

03A016, 03A816) is set to “1” during reception. In this mode, the unit performs receive operation when
the MSB of the received data = “1” and does not perform receive operation when the MSB = “0".
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Serial 1/02
Serial I/02 is used as the clock synchronous serial I/O and has an ordinary mode and an automatic transfer
mode. In the automatic transfer mode, serial transfer is performed through the serial I/O automatic transfer
RAM which has up to 256 bytes (addresses 0040016 to 004FF16).
The SRDY2, SBUSY2 and SsTB2 pins each have a handshake I/O signal function and can select either “H”
active or “L” active for active logic.

Table 28. Specifications of clock synchronous serial /02

Item Specification
Serial mode « 8-bit serial /0 mode (non-automatic transfer)
» Automatic transfer serial I/O mode
Transfer data format » Transfer data length: 8 bits
* Full duplex mode / transmit-only mode selected by bit 5 at address 034216
Transfer clock « When internal clock is selected (bit 2 at address 034216 = “0") : selected by hits 5 to 7 at address 034816
« When external clock is selected (bit 2 at address 034216 = “1") : Input from ScLk21 pin, ScLk22 pin(Note 2)
Transter rate + When internal clock is selected : f(XIN)/4, f(XIN)/8, f(XIN)/16, f(XIN)/32, f(XIN)/64, f(XIN)/128, f(XIN)/256

* When external clock is selected : input cycle 0.95 ps or less

Transmission/reception control | « SsTB2 output/ SBUSY2 input or output / SRDY2 input or output chosen

Transmission / « To start transmission / reception, the following requirements must be met:
reception start condition | - Serial I/O initialization bit (bit 4 at address 034216) = “1”

- When SBuUSY2 input, or SRDY2 input is selected : selected input level = “H”

- When SBUSY2 input, or SRDY2 input is selected : selected input level = “L”

» Furthermore, if external clock is selected, the following requirements must

also be met:
— Input level of ScLk21 or ScLk22 = “H”
Transmission and » To stop transmission and reception, set serial 1/O initialization bit (bit 4 at
reception stop condition address 034216) to “0” regardless internal clock and external clock.
Interrupt request « 8-bit serial I/O mode : Interrupts requested when 8-bit data transfer is com-
generation timing pleted

» Automatic transfer serial 1/O mode :Interrupts requested when last receive

data transfer to Automatic transfer RAM
» SouT2 P-channel output disable function
CMOS output or N-channel open-drain output can be selected
* LSB first/MSB first selection
Whether transmission/reception begins with bit 0 or bit 7 can be selected
« Serial 1/02 clock pin select bit
Serial clock input/output can be selected; ScLk21 or SCLK22
* SBUSY output, SSTB2 output select function (only automatic transfer serial
mode)
SBUSY output, SSTB2 output can be selected; 1-byte data transfer unit or all
data transfer unit
* SOUT2 pin control bit

Either output active or high-impedance can be selected as a SouT2 pin state at
serial non-transfer .
Note 1: It is necessary to set the serial 1/0 clock pin select bit ( bit 7 at address 034216)

Select function
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Main address Local address Main Local
bus bus Serial I/0 automatic data bus data bus

transfer RAM
(0040016—004FF16)
Serial 1102
>| Address decoder |<: automatic transfer|
data pointer
— Serial 1/02
automatic transfer
controller
r
Serial 1/02
control register 3
xn O O >
_lLS_O
Port latch 546 o
Ths2 o
% (SsTB2 pin control bit) 5 luea o
sstez O g 11128
Port latch 2560
SRDY2¢SBUSY2 pin . | | h
control bit 0 Serial 1/02 nternal synf: rorl10us
Sausys O o synchronous clock clock selection bits
“1” selection bit  «g
SRDY2+SBUSY2 pin Port latch 4—| Sync_hronous 4_O/Q"
control bit “«Q” ) “L O“ ”
. P 1
SRDY2 8] Serial /02 clock
%) A £
“1” pin selection bit
“gr wgr l
Serial transfer » Serial /02
status flag interrupt request
Port Jatch
Scikar O g
“1” Y | .
o » 1 Serial /02 counter
Scikzz Serial 1/02 clock

O o +

pin selection bits

A

Port latch
e 0o Port latch
Sout2 O
“1" Serial transfer selection bits
sne O -

1 Serial I/02 register (8)

Figure 87. Block Diagram of Serial /102
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Serial 1/02 control register 1
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | SI02CON1 034216 0016
Bit symbol Bit name Function R W
R R K . b1 bo !
P10 i 11 1 | SCONI10 |Serial transfer select bits |0o: Serial I/O disabled o O
T T T R (serial I/0 pins are I/O ports) '
01: 8-bits serial /0
Voo e SCON11 10: Inhibit o' 0
A 11: Automatic transfer serial /O (8-bits) ;
Serial /02 synchronous ~ [b3b2
R SCON12 |clock select bits 00: Internal synchronous clock oo
(SsTB2 pin control bit) (SsTB2 pin is an 1/0 port.)
o 01: External synchronous clock !
R (SsTB2 pin is an I/O port.) .
10: Internal synchronous clock
Voo ] (SsTB2 pin is an SsTB2 output.) o lNe)
SCON13 11: Internal synchronous clock
HE B (SsTB2 pin is an SsTB2 output.) !
Do e Serial I/O initialization bit [0: Serial I/ initialization i
SCON14 1: Serial I/0O enabled O ©
] Transfer mode select bit |0: Full duplex (transmit and receive) mode 3
v SCON15 (SiNz2 pin is a SN2 input.) 0.0
1: Transmit-only mode (Sinz pin is an /0 port.) |
VoI Transfer direction 0: LSB first
SCON16 select bit 1: MSB first o |
"""""""""""""" Serial 1/02 clock pin 0:ScLK21 (Scikzz2 pin is an 1/O port.)
SCONT7 select bit 1:SCLK22 (ScLka1 pin is an /O port.) o
Serial 1/02 control register 2
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | SIO2CON2 034416 0016
oo [Bitsymbol Bit name Function R W
SCON20 SRDthl'bstBUSYZ pin b3b2b1b0 SRDY2 pin \ SBUSY2 pin
I A control bits 0000 | 1/0 port | 1/O port O: 0
Pooron 0001 | Not used 3
R A 0010 | SrpY2 output 1/0 port !
I 0011 | SRDY2 output 1/O port }
e SCON21 0100 | I/O port SBUSY2 input OO0
A 0101 | 1/O port SBUSY2 input
0110 | I/O port SBUSY2 output |
oo 0111 | 1/O port SBUSY2 output
A SCON22 1000 | SrDY2 input SBUSY2 output |
A N S 1001 | SrDv2 input SBUSY2 output O: 0
1010 | SrpY2 input SBUSY2 output |
[ 1011 | SrDY2 input SBUSY?2 output ;
R 1100 | SRrpY2 output SBUSY2 input |
SCON23 1101 | Srpy2 output SBUSY2 input o o
T 1110 | SrpY2 output SBUSY2 input !
oo 1111 | Sroy2 output SBUSY?2 input }
P SBUSY2 output « SSTB2 output |0: Functions as each 1-byte signal !
I N24 - ; : ! ¢ yte Sig |
S SEREECEEEL Sco I\U/nlt?é"?n 5$|3thb'tt fer mode) 1: Functions as signal for all transfer data o | ©
' ' ' alld In automatic transter moade I
SCON25 Serial transfer status flag 0: Serial transfer completion
v T 1: Serial transferring
______________________ SCON26| SouT2 pin control bit 0: Output active
(at no-transfer serial data) 1: Output high-impedance
: Sourt2 P-channel output 0: CMOS 3-state (P-channel output is valid.) 1
e REREEEEEEEEREEED SCON27 | disable bit 1: N-channel open-drain ©:0
(P-channel output is invalid.) i

Figure 88. Serial /02 Control Registers 1, 2
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Serial I/02 automatic transfer data pointer
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
SI02DP 034016 0016
Function R w
« Automatic transfer data pointer set
] Specify the low-order 8 bits of the first data store address on the serial I/O O O
automatic transfer RAM. |
Data is written into the latch and read from the decrement counter. !
Serial I/02 register/transfer counter
b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
| | SI102 034616 0016
Function R W
« Number of automatic transfer data set
e Set the number of automatic transfer data. O O
Set a value one less than number of transfer data. |
Data is written into the latch and read from the decrement counter. '
Serial 1/02 control register 3
b7 b6 b5 b4 b3 b2 bl _bo Symbol Address When reset
SI02CON3 034816 000000002
Bit symbol Bit name Function R W
v w1 TTRANO |Automatic transfer b4b3b2b1b0 ORI®)
[ interval set bits 00000 :2 cycles of transfer clocks !
A T A A TTRANL 00001 :3 cycles of transfer clocks O O
T A TTRAN2 11110 :32 cycles of transfer clocks O @)
o 11111 :33 cycles of transfer clocks 1
b T TTRANS Data is written to a latch and read from © 0
R TTRANA a decrement counter. O O
T Internal synchronous b7b6bS !
Lo TCLKO - O:0
. clock selection bits 000:f(Xin)/4 |
b 001:f(XIN)/8 .
. 010:f(XIN)/16 i
T ERRERREEERRE, TCLK1 !
' ¢ 011:f(XIN)/32 O | O
5 100:f(XIN)/64 ;
R RRREEEEEEEEEEEEE TCLK2 101:f(XIN)/128 O 0
110:f(XIN)/256 i

Figure 89. Serial /02 automatic transfer data pointer
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Table 29 lists the functions of the serial 1/02 input/output pins

Table 29. Functions of the serial 1/02 input/output pins

Pin name Function Method of selection
SouT2 Serial data output Port P94 direction register (bit 4 at address 03F316)= “1"
(P94) Sout2 P-channel output disable bit (bit 7 at address 034416)= “0", “1”

SouTz2 pin control bit (bit 6 at address 034416)= “0", “1”
(Outputs dummy data when performing reception only)

SIN2 Serial data input Port P93 direction register (bit 4 at address 03F316)= “0”
(P93) Transfer mode select bit (bit 5 at address 034216)= “0”
(Input/output port when transfer mode select bit (bit 5 at address 034216)= “1")
ScCLK21 Transfer clock output Serial 1/02 synchronous clock select bits (bits 2, 3 at address 034216) = “00” , “01”
(Pos) ] Serial IfO2 clock pin select bit (bit 7 at address 034216) =*0"
Transfer clock input Serial 1/02 synchronous clock select bits (bits 2, 3 at address 034216) = “01" , “11”

Serial 1/02 clock pin select bit (bit 7 at address 034216) = “0”
Port P95 direction register (bit 5 at address 03F316)= “0”

SCLK22 Transfer clock output Serial 1/02 synchronous clock select bits (bits 2, 3 at address 034216) = “00” , “01”
PO) Serial I/O2 clock pin select bit (bit 7 at address 034216) ="1"
Transfer clock input Serial 1/02 synchronous clock select bits (bits 2, 3 at address 034216) = “01" , “11”

Serial 1/02 clock pin select bit (bit 7 at address 034216) = “1”
Port P96 direction register (bit 6 at address 03F316)= “0”

SRDY2 SRDY input / output Set by Sroy2 ¢ Ssusy2 pin control bits (bits 0 to 3 at address 034416)

(P90)

SBUSY2 SBUSY input / output Set by Sroy2 ¢ Ssusy2 pin control bits (bits 0 to 3 at address 034416)

(P91) Ssusy2 output « Sste2 output function select bit (bit 4 at address 034416)= “0", “1”
SsTB2 SSTB input / output Serial 1/02 synchronous clock select bits (bits 2, 3 at address 034216) = “10” , “11”
(P92) Ssusyz output « Sste2 output function select bit (bit 4 at address 034416)= “0", “1”

SouT2 Output
Either output active or high-impedance can be selected as a SouT2 pin state at serial non-transfer by the
SouT2 pin control bit (bit 6 of address 034416).
However, when the external synchronous clock is selected, perform the following setup to put the SouT2
pin into a high-impedance state.
When the ScLk2i (i=1, 2) input is “H” after completion of transfer, set the SouT2 pin control bit to “1”. When
the ScLK2i (i=1,2) input goes to “L” after the start of the next serial transfer, the SouT2 pin control bit is
automatically reset to “0” and put into an output active state.
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Serial 1/02 Mode

There are two types of serial /02 modes: 8-bit serial I/O mode where automatic transfer RAM is not
used, and an automatic transfer serial I/O mode.
(1) 8-bit Serial /0 Mode
Address 034616 is assigned to the serial 1/02 register. When the internal synchronous clock is
selected, a serial transfer of the 8-bit serial 1/0 is started by a write signal to the serial /02 register
(address 034616).
The serial transfer status flag (bit 5 of address 034416) is set to “1” by writing into the serial 1/02
register and reset to “0” after completion of 8-bit transfer. At the same time, a serial I/02 interrupt
request occurs. If the transfer is completed, the receive data is read out from serial /02 register.
When the external synchronous clock is selected, the contents of the serial /02 register are con-
tinuously shifted while transfer clocks are input to ScLk21 or ScLk22. Therefore, the clock needs to
be controlled externally.
(2) Automatic Transfer Serial /0O Mode
Address 034616 is assigned to the transfer counter (1-byte units). The serial I/0O2 automatic trans-
fer controller controls the write and read operations of the serial I/O2 register. The serial /O auto-
matic transfer RAM is mapped to addresses 0040016 to 004FF16. Before starting transfer, make
sure the 8 low-order bits of the address that contains the beginning data to be serially transferred is
set to the automatic transfer data pointer (address 034016).
When the internal synchronous clock is selected, the transfer interval is inserted between one data
and another in the following cases:
1. When using no handshake signal
2. When using the SRDY2 output, SBUSY2 output, and SsTB2 output of the handshake signal inde
pendently
3. When using a combination of SRDY2 output and SSTB2 output or a combination of SBUSY2 output
and SsTB2 output of the handshake signal

The transfer interval can be set in the range of 2 to 23 cycles using the automatic transfer interval
set bit (bits 0—4 of address 034816 ).
Also, when using SBUSY2 output as a signal for each occurrence of the all transfer data, a transfer
interval is inserted before the system starts sending or receiving the first data and after the system
finished sending or receiving the last data, not just between one data and another.
Furthermore, when using SSTB2 output, the transfer interval between each 1-byte data is extended
by 2 cycles from the set value no matter how the SBusy2 output. SSTB2 output function select bit (bit
4 of address 034416) is set.
When using SBUSY2 output and SSTB2 output in combination as a signal for each occurrence of the
all transfer data, the transfer interval after the system finished sending or receiving the last data is
extended by 2 cycles from the set value.
When an external synchronous clock is selected, the automatic transfer interval is disabled.
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When the internal synchronous clock is selected, automatic serial transfer starts by writing 1 less than
the number of transfer bytes to the transfer counter (address 034616). When an external sync clock is
selected, automatic serial transfer starts by writing 1 less than the number of transfer bytes to the
transfer counter and the transfer clock is input. In this case, allow for at least 5 cycles of internal
system clock before the transfer clock is input after writing to the transfer counter.

Also, for data to data transfer intervals, allow at least 5 cycles of internal system clock reckoning from
a rise of clock at the last bit of one-byte data.

Regardless of whether the internal or external synchronous clock is selected, the automatic transfer
data pointer and the transfer counter are decreased after each 1-byte data is received and then written
into the automatic transfer RAM. The serial transfer status flag (bit5 of address 0344 16) is set to “1” by
writing data into the transfer counter. The serial transfer status flag is reset to “0” after the last data is
written into the automatic transfer RAM. At the same time, a serial I/O2 interrupt request occurs.
The values written in the automatic transfer data pointer (address 034016) and the automatic transfer
interval set bits (bit O to bit 4 of address 034816) are held in the latch.

When data is written into the transfer counter, the values latched in the automatic transfer data pointer
(address 034016) and the automatic transfer interval set bits (bit O to bit 4) are transferred to the
decrement counter.

Automatic transfer RAM
004FF1s6

Automatic transfer
data pointer
5216 | > 0045216
0045116 Transfer counter
0045016 | 0416
0044F16 v
0044E16

0040016

T

SiN2 —> \ \ —>» SouT2
Serial /02 register

Figure 90. Automatic Transfer Serial I/O Operation
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Handshake Signal

There are five types of handshake signal : SSTB2 output, SBUSY2 input/output, and SRDY2 input/output.
(1) SsTB2 output signal

The SsTB2 output is a signal to inform an end of transmission/reception to the serial transfer destina-
tion. The SsTB2 output signal can be used only when the internal synchronous clock is selected. In the
initial status [ serial 1/O initialization bit (bit 4 of address 034216) = “0” ], the SSTB2 output goes to “L”
(bits 2, 3 of address 034216=11), or the SsTB2 output goes to “H” (bits 2, 3 of address 034216=10).
At the end of transmit/receive operation, after the all data of the serial /02 register (address 034616) is
output from SouT2, SSTB2 output is “H” (or SsTB2 output is “L”) in the period of 1 cycle of the transfer clock.
Furthermore, after 1 cycle, the serial transfer status flag (bit 5 of address 034416) is reset to “0".
In the automatic transfer serial I/O mode, whether the SsTB2 output is to be output at an end of each 1-byte
data or after completion of transfer of all data can be selected by the SBUSY2 output « SSTB2 output function
select bit (bit 4 of address 034416).

*Serial operation used SSTB2 output

Operation mode : 8-bit serial I/0 mode
Transfer clock : Internal synchronous clock
SsTB2 output timing : Each 1-byte data
Tc
- -

Internal clock

Serial transfer status flag "1

(bit 5 at address 034416) ..O..J
SCLK2i
(i=1, 2)(output)

e

SsTB2(output) upu |_|
Soutz (o X2 X P22 (D2 )Ds XPe X 07

Tc : Internal synchronous clock is selected by bits 5 to 7 of address 034816

eSerial operation used SSTB2 output

Operation mode : Automatic transfer serial /0O mode

Transfer clock : Internal synchronous clock

SsTB2 output timing : Each transfer of all data

Automatic
Tc transfer interval
- - -
Internal clock

Serial transfer status flag 1"
(bit 5 at address 034416) "0"

SCLK2i

oo JUUUUUUY Uy

e

SsTB2(0Utput) o |—|
soutz (oXoiXoz Xos XoeXoshe)Dr XPoxprfpzksXexes Koo Xor

Tc : Internal synchronous clock is selected by bits 5 to 7 of address 034816

Figure 91. S sTB2 Output Operation
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(2) SBusY2 input signal

The SBusY2 input is a signal requested to stop of transmission/reception from the serial transfer des-
tination.

When the internal synchronous clock is selected, input a “H” level signal into the SBusy2 input (or a “L”
level signal into the SBUSY2 input) in the initial status [serial 1/O initialization bit (bit 4 of address
034216) = “0"]. When a “L” level signal into the SBusY2 (or “H” on SBUSY2 ) input for 1.5 cycles or more
of transfer clock, transfer clocks are output from ScLk2i (i = 1, 2), and transmit/receive operation is
started. When SBusY2 input is driven “H” (or SBUSY2 input is driven “L") during transmit/receive
operation, the transfer clock being output from ScLk2i (i = 1, 2) remains active until after the system
finishes sending or receiving the designated number of bits, without stopping the transmit/receive
operation immediately. The handshake unit of the 8-bit serial I/O is 8 bits, and that of the automatic
transfer serial I/O is 8 bits.

*Serial operation used SBUSY2 input

Operation mode : 8-bit serial 1/0 mode
Transfer clock : Internal synchronous clock
SBUSY2 input timing : Each 1-byte data

Tc
- -

Serial transfer status flag "1"
(bit 5 at address 034416) g~ 1.5 cycle or more
-—
. "H"
Seusy2(input)
e
SCLK2i
Sourz 060000

Tc : Internal synchronous clock is selected by bits 5 to 7 of address 034816

Figure 92. S Busy2 Input Operation (1)

When the external synchronous clock is selected, input a “H” level signal into the SBusy2 input (or a “L”
level signal into the SBUSY2 input) in the initial status[serial I/O initialization bit (bit 4 of address 034216)
="0"]. At this time, the transfer clock become invalid. The transfer clock become valid while a “L” level
signal is input into the SBUsY2 input (or a “H” level signal into the SBUSY2 input) and transmit/receive
operation work.

When changing the input values into the SBUSY2 (or SBUSY2) input at these operations, change them
when the transfer clock input is in a “H” state. When the high-impedance of the SouT2 output is
selected by the SouT2 pin control bit (bit 6 of address 034416), the SouT2 becomes high-impedance,
while a “H” level signal is input into the SBusy2 input (or a “L” level signal into the SBusY2 input.)

«Serial operation used SBUSY2 input

Operation mode : 8-bit serial /0 mode
Transfer clock : External synchronous clock
SBUSY2 input timing : Each 1-byte data

Serial transfer status flag =
(bit 5 at address 034416)  "0"
e

SBusy2(input)

'K

ScLK2i
(i=1, 2)(input)
7/
Invalid

s st —{orgf o) 01D o2 oe o) Do or e

Note: The last output data

Figure 93. S BusY2 Input Operation (2)
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(3) SBusy2 output signal

The SBUSY2 output is a signal which requests to stop of transmission/reception to the serial transfer
destination. In the automatic transfer serial I/O mode, regardless of the internal or external synchro-
nous clock, whether the SBuSsY2 output is to be output at transfer of each 1-byte data or during transfer
of all data can be selected by the SBusy2 output « SSTB2 output function select bit (bit 4 of address
034416). In the initial status[ serial I/O initialization bit (bit 4 of address 034216) = “0" ], the status in
which the SBUSY2 outputs “H” (or the SBUSY2 outputs “L”).

When the internal synchronous clock is selected, in the 8-bit serial I/O mode and the automatic trans-
fer serial /O mode (SBUSY2 output function: each 1-byte signal is selected), the SBuUSY2 output goes to
“L” (or the SBUSY2 output goes to “H”) before 0.5 cycle of the timing at which the transfer clock goes to
“L” . In the automatic transfer serial I/O mode (the SBUSY2 output function: all transfer data is selected),
the SBUSY2 output goes to “L” (or the SBUSY2 output goes to “H”) when the first transmit data is written
into the serial 1/02 register (address 034616).

«Serial operation used SBUSY2 output

Operation mode : 8-bit serial I/0 mode
Transfer clock : Internal synchronous clock
SBusy2 outputtiming  : Each 1-byte data

Tc
> -

Serial transfer status flag ~ "1"
(bit 5 at address 034416)  «g« J
ScLkai
craeen  UUUUUUULT
e
SBusy2(output) ’7
pn
S
DDOO000E

TC : Internal synchronous clock is selected by bits 5 to 7 of address 034816

Figure 94. S Busy2 Output Operation (1)

When the external synchronous clock is selected, the SBUSY2 output goes to “L” (or the SBUSY2 output
goes to “H") when transmit data is written into the serial 1/O2 register(address 034616), regardless of
the serial I/O transfer mode.

At termination of transmit/receive operation, in the 8-bit serial /O mode, the SBusY2 output goes to “H”
(or the SBUSY2 output returns to “L”), when the serial transfer status flag is set to “0”, regardless of
whether the internal or external synchronous clock is selected. Furthermore, in the automatic transfer
serial /0 mode (SBusY2 output function: each 1-byte signal is selected), the SBusy2 output goes to “H”
(or the SBUSY2 output goes to “L”) each time 1-byte of receive data is written into the automatic trans-
fer RAM.

«Serial operation used SBUSY2 output

Operation mode : 8-bit serial I/0 mode
Transfer clock : External synchronous clock
SBUsY2 output timing : Each 1-byte data

Serial transfer status flag 1"
(bit 5 at address 034416) "o" |—
(i=1, 2)(Input)
e
SBusy2(output)
L
Sout2
D000

Write to serial 1/O register H
(Address 034616)

Figure 95. S Busy2 Output Operation (2)
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*Serial operation used SBUSY2 output

Operation mode : Automatic transfer serial I/O mode
Transfer clock : Internal synchronous clock
SBUSY2 output timing : Each 1-byte data
Automatic
Tc transfer interval

-> -
-> -
Internal clock
Serial transfer status flag 1"
(bit 5 at address 034416) oJ
Automatic transfer RAM |’| H
— Serial /02 register

Serial I/02 register |‘| |—|
— Automatic transfer RAM

SBusvz(output):E:I ,—

SCLK2i
(i = 1, 2)(output)
soure € 60,60 .60 ) CHID €, Ch G €0, D E).Cl

Tc : Internal synchronous clock is selected by bits 5 to 7 of address 034816

*Serial operation used SBUSY2 output

Operation mode : Automatic transfer serial /O mode
Transfer clock : Internal synchronous clock
SBuUSY2 output timing  : Each transfer of all data
Automatic
Tc transfer interval
-> -

- -
Serial transfer status flag 1"
(bit 5 at address 034416) oJ
Automatic transfer RAM H H
— Serial /02 register

Serial /02 register |_| H
—  Automatic transfer RAM

oy
SsusY2(output)
e

ScCLK2i
(i = 1, 2)(output)
soure oo opos koo or XeoRenfooeRoefosxooper

Tc : Internal synchronous clock is selected by bits 5 to 7 of address 034816

Figure 96. S Busy2 Output Operation (3)
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(4) SRDY2 output signal
The SRDY2 output is a transmit/receive enable signal which informs the serial transfer destination that
transmit/receive is ready. In the initial status[serial 1/O initialization bit (bit 4 of address 034216) = “0"],
the SRDY2 output goes to “L” (or the SRDY2 output goes to “H"). When the transmitted data is written to
the serial 1/02 register (address 034616), the SRDY2 output goes to “H” (or the SRDY2 output goes to
“L"). When a transmit/receive operation is started and the transfer clock goes to “L”, the SRDY2 output
goes to “L” (or the SRDY2 output goes to “H”).

Serial operation used SRDY2 output

Operation mode : 8-bit serial /O mode
Transfer clock : Internal synchronous clock

Tc
> ¥ -

g
SRDY2
(output) "L
(i =1, 2) (output)

Sourz D06 0000
Serial transfer status flag "1"
(bit 5 at address 034416) g

Tc : Internal synchronous clock is selected by bits 5 to 7 of address 034816

Figure 97. S RDY2 Output Operation

(5) SRDY2 input signal
The SRDY2 input is a signal for receiving a transmit/receive ready completion signal from the serial
transfer destination. The SRDY2 input signal becomes valid only when the SRDY2 input and the SBuUSY2
output are used.
When the internal synchronous clock is selected, input a “L” level signal into the SRDY2 input (or a “H”
level signal into the SRDY2 input) in the initial status[serial I/O initialization bit (bit 4 of address 034216)
=“0"]. When a “H” level signal is input into the SRDY2 input (or a “L” level signal is input into the SRDY2
input) for a period of 1.5 cycles or more of transfer clock, transfer clocks are output from the ScLk2i (i =
1, 2) output and a transmit/receive operation is started. When SRDY2 input is driven “L” (or SRDY2 input
is driven “H") during transmit/receive operation, the transfer clock being output from ScLk2i (i =1, 2)
remains active until after the system finishes sending or receiving the designated number of bits,
without stopping the transmit/receive operation immediately.
The handshake unit of the 8-bit serial I/O is 8 bits, and that of the automatic transfer serial I/O is 8 bits.
When the external synchronous clock is selected, the SRDY2 input becomes one of the triggers to
output the SBUSY2 signal. To start a transmit/receive operation (SBUSY2 output: “L”, (or SBUSY2 output:
“H™), input a “H” level signal into the SRDY2 input (or a “L” level signal into the SRDY2 input,) and also
write transmit data into the serial I/02 register (address 034616).

«Serial operation used SRDY2 input

Operation mode : 8-bit serial /O mode
Transfer clock : Internal synchronous clock

Tc
-> -

Internal clock
Serial transfer status flag "1"
(bit 5 at address 034416) g~ 1.5 cycle or more
-
g
SRDY2
(input) "L’
ScLK2i
(i=1, 2) (output)
sour? D000 000

Tc : Internal synchronous clock is selected by bits 5 to 7 of address 034816

Figure 98. S RDY2 Input Operation
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A Write to serial ‘

Scik2i P ScLK2i 1/02 register
(=172 (i=1,2) :
SRoY2 SROY2 Srovz [ ]

SBuUsY2 @ SpusY2

SBUSY2

. ScLK2i W
A- B . (i=1, 2; Do

Internal synchronous External synchronous Write to serial ﬂ
clock selection clock selection B: 1/02 register

Figure 99. Handshake Operation at Serial 1/02 Mutual Connecting (1)

A Write to serial ﬂ

ScLk2i P ScLK?i ) 1/02 register
(=1,2) (i=1,2) |
SRDY2 @—— SRDY2 SROY2 ﬁ

SBUSY2 P SBUSY2

SBUSY2 3

A. . SCLK2i
. B . (i=1,2)
Internal synF:hronous External syr.mhronous . Witeto serial |
clock selection clock selection B: o2 register

Figure 100. Handshake Operation at Serial 1/02 Mutual Connecting (2)
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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 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 03D7 16)
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 30 shows the performance of the A-D converter. Figure 101 shows the block diagram of the A-D
converter, and Figures 102 and 103 show the A-D converter-related registers.

Table 30. 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) | Vcc =5V fap/divide-by-2 of fab/divide-by-4 of fAD, fAD=f(XIN)
Vcec =3V divide-by-2 of fab/divide-by-4 of fab, fAD=f(XIN)

Resolution 8-bit or 10-bit (selectable)
Absolute precision Vcec =5V« Without sample and hold function
+3LSB
« With sample and hold function (8-bit resolution)
+2L.SB
« Without sample and hold function (10-bit resolution)
+3LSB
Vcc =3V« Without sample and hold function (8-bit resolution)(Note 3)
+21.SB
Operating modes One-shot mode, repeat mode, single sweep mode, repeat sweep mode O,
and repeat sweep mode 1
Analog input pins 8pins (ANo to AN7)

A-D conversion start condition| *Software trigger
A-D conversion starts when the A-D conversion start flag changes to “1”
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: Without sample and hold function, set the @ab frequency to 250kHz min.

With the sample and hold function, set the gaD frequency to 1IMHz min.

Note 3: Only mask ROM version.
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CKS1=1
o)
fAD CKS0=1 \O—>¢AD
o 1/2 }—l—{ 12 |——0 O cksizo A-D conversion
4{ CKS0=0 rate selection
VCUT=0
o
AVSS O 0 o .
VCUT=1 Resistor ladder

VREF (O]

) A A

HEEEEEEEEE.

Successive conversion register
A-D control register 1 (address 03D716)

HEEEEENN
i

A-D control register 0 (address 03D616)

Addresses Y
(03C116, 03CO016) A-D register 0(16) —
(03C316, 03C216) A-D register 1(16)
(03C516, 03C416) A-D register 2(16) — Vref
(03C716, 03C616) A-D register 3(16) Decoder
(03C916, 03C816) A-D register 4(16) ~ —
(03CB16, 03CA16) A-D register 5(16) —
(03CD1s, 03CC16) A-D register 6(16) ViN Comparator
(03CF16, 03CE16) A-D register 7(16) ——

Data bus high-orde

Data bus low-orde

fYYvYvyYyvy

ANo O CH2,CH1,CH0=000 O\O
AN1 O CH2,CH1,CH0=001 O\O
AN2 O CH2,CH1,CH0=010 O\O
AN3 O CH2,CH1,CH0=011 O\O
AN4 O CH2,CH1,CH0=100 O\O
ANs5 O CH2,CH1,CH0=101 O\O
ANs6 O CH2,CH1,CH0=110 O\O
AN7 O CH2,CH1,CHO0=111 O\O

Figure 101. Block diagram of A-D converter
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A-D control register 0 (Note)

00 1:ANz1is selected :

010:AN2is selected |

CH1 011:ANsis selected ofe
100: AN4is selected
101:ANsis selected
________ CH2 110:ANs !s selected OO0
111:AN7is selected

i
.
T
i
|
|
|
b4 b3 !
|
|
i
|
-
|

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

[ [ lofl [ | ]| ]| Apcono 03D616  00000XXX2
Do Bit symbol Bit name Function REW
H H b2 bl b0 j
RS CHO Analog input pin select bit |00 0 : ANo is selected OfO

[ A MDO A-D operation mode 00 : One-shot mode loYe)
: select bit 0 01 : Repeat mode
10 : Single sweep mode !
[ R RRREEED MD1 11 : Repeat sweep mode 0 efe}
! Repeat sweep mode 1 !
R Must always be “0”. 00
e ADST A-D conversion start flag | 0 : A-D conversion disabled OEO

1: A-D conversion started '

________________________ CKSO Frequency select bit 0 0 :faD/4 is selected 00

1:fap/2 is selected '

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| 0 | 0| | | | ADCON1 03D716 0016
Bit symbol Bit name Function RIW,|
A-D sweep pin select When single sweep and repeat sweep
: bit mode 0 are selected
i SCANO b1 b0

00 : ANo, AN1 (2 pins)

0 1: ANo to AN3 (4 pins)
10 : ANo to ANs (6 pins)
11 : ANo to AN7 (8 pins)

V\{)hgn repeat sweep mode 1 is selected
1

00: ANo (1 pin) OO
0 1: ANo, AN1 (2 pins)

1 0: ANo to AN2 (3 pins)
11 : ANo to AN3 (4 pins)

----- SCAN1

A-D operation mode 0 : Any mode other than repeat sweep
T MD2 p mode 1 00
select bit 1 1 : Repeat sweep mode 1
[P BITS 8/10-bit mode select bit 0: 8—bitlm0de 0.0
1: 10-bit mode
R CKS1 Frequency select bit 1 0: fAD/? or fap/4 is selected 00
1:faD is selected !
__________________ VCUT Vref connect bit 0 : Vref not connected 00
1: Vref connected !
R, Must always be “0”. |
Y 00
SommmTTTmmmmmemmmee ‘o)e}

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Figure 102. A-D converter-related registers (1)
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A-D control register 2 (Note)

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

ADCON2 03D416 XXXXXXX02
i+ o 4| Bitsymbol Bit name Function RIW,
E E E E E E E L SMP A-D conversion method 0 Without sample and hold oio
R R R select bit 1 With sample and hold |

........................ Nothing is assigned.

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

be “0".

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
(15) ©8) ADi (i=0 to 7) 03CO016 to 03CF16 Indeterminate
b7 b0 b7 b0

Function RIW,
‘- -] Eight low-order bits of A-D conversion result O X
« During 10-bit mode O'x

Two high-order bits of A-D conversion result !

* During 8-bit mode XX
When read, the content is indeterminate 1

bmmmmcccc;ccc—e——————————
Y
L mcccccccccccece————————
i

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if
Lread. turns out to be “0”

Figure 103. 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 conversion. Table
31 shows the specifications of one-shot mode. Figure 104 shows the A-D control register in one-shot mode.

Table 31. One-shot mode specifications

Item Specification
Function The pin selected by the analog input pin select bit is used for one A-D conversion
Start condition Writing “1” to A-D conversion start flag
Stop condition *End of A-D conversion (A-D conversion start flag changes to “0”)

*Writing “0” to A-D conversion start flag

Interrupt request generation timing| End of A-D conversion

Input pin One of ANo to AN7, as selected

Reading of result of A-D converter | Read A-D register corresponding to selected pin

A-D control register 0 (Note)

select bit 00 1:ANz1is selected .

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address ~ When reset
| | | 0 | 0 | 0 | ADCONO 03D616 00000XXX2
¢ Bit symbol Bit name Function RIW
Vo : : b2 b1 b0 |
. CHO Analog input pin 000 : ANo is selected o0

010:AN2is selected
el cm 011:ANzis selected oo
100 : AN4 is selected !
101:ANsis selected

I s CH2 110:ANsis selected leYe)
: 111:AN7is selected !
bemoeenne MDO A-D operation mode b4 b3 ejfe’
. 0 0 : One-shot mode T
—————————————— MD1 select bit 0 ([e]e)
R, Must always be “0”. leYe)
e e ADST A-D conversion start flag | 0 : A-D conversion disabled o‘o
1 : A-D conversion started .

________________________ CKS0 Frequency select bit 0 | O: faD/4 is selected 00
1: fap/2 is selected !

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

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

ololal 1 10l | ADCON1 03D716 0016
Bit symbol Bit name Function RIW|
- SCANO A-D sweep pin Invalid in one-shot mode ofo
select bit
T T R SCAN1 00
_______ MD2 A-D operation mode 0 : Any mode other than repeat sweep oio
HE R select bit 1 mode 1 !
R ECRrs BITS 8/10-bit mode select bit [0 : 8-bit mode 0.0
1 : 10-bit mode !
P e CKSL |Frequency selectbitt | O fAb/2 or fan/4 is selected le]e)
o 1: fapis selected '
e VCUT | Vref connect bit 1: Vref connected 0.0
R RRREEEEEEEEEEE Must always be “0". OEO

(e]e)

Note: If the A-D control register is rewritten during A-D conversion, the conversion
result is indeterminate.

Figure 104. A-D conversion register in one-shot mode
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(2) Repeat mode
In repeat mode, the pin selected using the analog input pin select bit is used for repeated A-D conversion. Table
32 shows the specifications of repeat mode. Figure 105 shows the A-D control register in repeat mode.

Table 32. Repeat mode specifications

Item 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
Reading of result of A-D converter | Read A-D register corresponding to selected pin

A-D control register O (Note)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | Symbol Address When reset
A L0101 1 1 ADCONO 03D616  00000XXX2
T A T symbol Bit name Function R'W|
T T T T R R f f b2 b1 b0 |
porob i it if cpo |Analoginputpin 000 : ANo is selected 00
e select bit 001:AN1is selected L]
010:AN2is selected !
oo e CH1 011:AN3is selected O:O
E 100: AN4 is selected )
H 101:ANsis selected 1
T CH2 110: ANs is selected OO0
Coror 111:AN7is selected !
e MDO A-D operation mode b3 , 0.0
R R EEE MD1 select bit 0 01 Repeat mode OO0
Dol e Must always be “0". ‘eYe)
E e ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
, 1: A-D conversion started
R EGUREEECEEEEEEEEEE CKSO | Frequency select bit 0 0: fap/4 is selected 00
1:fAD/2 is selected !

Note: If the A-D control register is rewritten during A-D conversion, the conversin
result is indeterminate.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl b0

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

010]1 0 ADCON1 03D716 0016
P11 11| Bitsymbol Bit name Function RIW
P il scano |AD sweep pin select bit [Invalid in repeat mode OEO
A . SCAN1 00
A MD2 A-D opergtion mode 0 : Any mode other than repeat sweep mode 1 OEO
R select bit 1 !
[ BITS 8/10-bit mode select bit (0 : 8—b|tlm0de 00
. 1 : 10-bit mode !
Do Pty CKS1 Frequency select bit 1 |0 : faD/2 or fap/4 is selected 00
I 1: fap is selected |
P R AIRELEED VCUT Vref connect bit 1 : Vref connected 00
B CEGREEEEEEE LR Must always be “0”. __O:O

[e)e)

Note: If the A-D control register is rewritten during A-D conversion, the conversn
result is indeterminate.

Figure 105. 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 33 shows the specifications of single sweep mode. Figure 106 shows the A-D control
register in single sweep mode.

Table 33. 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)
Reading of result of A-D converter | Read A-D register corresponding to selected pin

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
ADCONO 03D616 00000XXX2
Bit symbol Bit name Function R'W
CHO Analog input pin select bit | Invalid in single sweep mode OEO
CH1 (e}®)
CH2 00
: b4 b3 ‘
MDO A-D operation mode 10: Single sweep mode OlO
select bit 0 i
MD1 (olle]
Must always be “0”. 00
ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1 : A-D conversion started 3
CKSO0 Frequency select bit 0 0 : fAD/4 is selected OEO
1 : faD/2 is selected '

Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
0|01 0
||||||||| ADCON1 03D716 0016

¢ 1+ 1| Bit symbol Bit name Function R W
SCANO A-D sweep pin select bit | When single sweep and repeat sweep mode 0 oio

HE ag?bgelected |

R A 00 : ANo, AN1 (2 pins) T

R 01 : ANo to AN3 (4 pins) |
A SCAN1 10: ANo to AN (6 pins) 0.0

R 11 : ANo to AN7 (8 pins) |
T MD2 A-D 0pgrat|on mode 0 : Any mode other than repeat sweep mode 1 OfO

T R select bit 1 }
HE BITS 8/10-bit mode select bit | 0 : 8-bit mode OEO

1 : 10-bit mode !
H CKS1 Frequency select bit 1 0 : fap/2 or faD/4 is selected OEO

H 1:faDis selected |
. VCUT Vref connect bit 1 : Vref connected o0
L S Must always be “0”. O:O
.0

Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Figure 106. 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 34 shows the specifications of repeat sweep mode 0. Figure 107 shows the A-D
control register in repeat sweep mode 0.

Table 34. 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), ANO to AN3 (4 pins), ANo to AN5 (6 pins), or ANo to AN7 (8 pins)
Reading of result of A-D converter| Read A-D register corresponding to selected pin (at any time)

A-D control register 0 (Note)

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

0]1]1 ADCONO 03D616  00000XXX2
oror o | Bitsymbol Bit name Function RW
l L CHO Analog input pin select bit | Invalid in repeat sweep mode 0 ofo
Pl ] cH oo
R cr2 oo
P : : E_ __________ - b4 b3 !
HE MDo A-D ope_ranon mode 11 : Repeat sweep mode 0 OlO
oo select bit 0 ]
e MD1 00
e, Must always be “0”. OEO
___________________ ADST A-D conversion start flag | 0 : A-D conversion disabled OEO
1 : A-D conversion started 1
] CKSO Frequency select bit 0 0 : faD/4 is selected OEO

1:fap/2 is selected
Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bo

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

ojolll [ 10 I |  Abconi 03D716 0016
P ow w4 Bitsymbol Bit name Function RW
i i i i E E E : SCANO A-D sweep pin select bit | When repeat sweep mode 1 is selected oio
T b1 b0 |
e 00 : ANo, AN1 (2 pins) ;
Voo 0 1: ANo to AN3 (4 pins) 1
HE SCAN1 10 : ANo to ANs (6 pins) o0
H 11 : ANo to AN7 (8 pins) |
e MD2 A-D operation mode 1: Any mode other than repeat sweep mode 1 00
HE select bit 1 .
| BITS 8/10-bit mode select bit | 0 : 8-bit mode OEO
[ 1 : 10-bit mode !
(AT T S — CKS1 Frequency select bit 1 0 : faD/2 or faD/4 is selected OEO
. 1:fAD is selected B
e VCUT Vref connect bit 1: Vref connected o0
] Must always be “0”. O:O

[o]{e]

Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Figure 107. 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 35 shows the specifications of repeat sweep mode 1. Figure
108 shows the A-D control register in repeat sweep mode 1.

Table 35. Repeat sweep mode 1 specifications

ltem 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 -> ANo -> AN1 -> ANo0 -> AN2 -> ANo -> ANS3, 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 Emphasis on the pin -~ ANo (1 pin), ANo and AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 (4 pins)

Reading of result of A-D converter| Read A-D register corresponding to selected pin (at any time)

A-D control register O (Note)

b7 06 b5 b4 b3 b2 Dbl b0 Symbol Address  When reset
A0fTfa) )| ADCONO 03D616  00000XXX2
Bit symbol Bit name Function RIW
CHO Analog input pin select bit | Invalid in repeat sweep mode 0 oio
CH1 o0
CH2 o§o
; b4 b3 1
MDO A-D operation mode 11 : Repeat sweep mode 1 b
select bit 0 E
MD1 (o]le}
Must always be “0". ofo
ADST A-D conversion start flag | 0 : A-D conversion disabled OiO
1 : A-D conversion started !
CKS0 Frequency select bit 0 0: fap/4 is selected OEO

1:fap/2 is selected
Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

A-D control register 1 (Note)

b7 b6 b5 b4 b3 b2 bl bO

| | | Symbol Address When reset
0j0f1 1 ADCON1 03D716 0016
Por oo 1| Bit symbol Bit name Function RIW
SCANO A-D sweep pin select bit [ When repeat sweep mode 1 is selected O§O
Vv b1 bo |
HE T 00 : ANo (1 pins) ;
I oo | 0 1: ANo, AN1 (2 pins) i
HE T SCAN1 10 : ANo to AN2 (3 pins) o0
11 : ANo to AN3 (4 pins) |
v P e MD2 A-D opgration mode 1: Repeat sweep mode 1 oio
select bit 1 |
- BITS 8/10-bit mode select bit | 0 : 8-bit mode OEO
[ ! 1: 10-bit mode !
' CKS1 Frequency select bit 1 0: faD/2 or faD/4 is selected OEO
1:faD is selected |
VCUT Vref connect bit 1: Vref connected o0
Must always be “0". OEO
OO0

Note: If the A-D control register is rewritten during A-D conversion, the conversion result
is indeterminate.

Figure 108. 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, 28 @ AD
cycles are achieved with 8-bit resolution and 33 ¢ AD cycles 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.
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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.

V = VREF X n/ 256 (n = 0 to 255)

VREF : reference voltage
Table 36 lists the performance of the D-A converter. Figure 109 shows the block diagram of the D-A
converter. Figure 110 shows the D-A control register. Figure 111 shows the D-A converter equivalent

circuit.
Table 36. 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 O~ 0—) P97/DA0/CLKOUT/DIMOUT

D-A registerl (8) (Address 03DA16)

D-A1l output enable bit

R-2R resistor ladder O~ 0—() P96/DA1/SCLK22

Figure 109. Block diagram of D-A converter
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D-A control register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
DACON 03DC16 0016
Bit symbol Bit name Function RiW|
DAOE D-AO0 output enable bit 0 - Output disabled leYe)
1: Output enabled '
DAlE D-A1 output enable bit 0 : Output disabled 00
1 : Output enabled i
Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”".
D-A register
o o Symbol Address When reset
| DAi (i=0,1) 03D816, 03DA16 Indeterminate
Function RIW|
b Output value of D-A conversion OEO
Figure 110. D-A control register
D-AO0 output enable bit
g
o R R R R R R R 2R
pA0 O—ANN\—0—0
e
2R
MSB ] LSe
D-AO0 register0
Avss () T
VREF O
Note 1: The above diagram shows an instance in which the D-A register is assigned 2A16.
Note 2: The same circuit as this is also used for D-A1.
Note 3: To reduce the current consumption when the D-A converter is not used, set the D-A output enable bit to 0 and set the D-A register to 0016
so that no current flows in the resistors Rs and 2Rs.

Figure 111. 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 (X16 + X12 + X5 + 1) to generate CRC code.

The CRC code is a 16-bit code generated for a block of a given data length in multiples of 8 bits. The CRC
code is set in a CRC data register each time one byte of data is transferred to a CRC input register after
writing an initial value into the CRC data register. Generation of CRC code for one byte of data is com-

pleted in two machine cycles.

Figure 112 shows the block diagram of the CRC circuit. Figure 113 shows the CRC-related registers.
Figure 114 shows the calculation example using the CRC calculation circuit

Data bus low-order bit

Eight high-order bits

Eight low-order bits
CRC data register (16)

(Addresses 03BD16, 03BC16)

CRC code generating circt

Y16 4 512 4 45 4 1

CRC input register (8)

(Address 03BE16)

Figure 112. Block diagram of CRC circuit

CRC data register

®15) b8 o Symbol Address When reset
CRCD 03BD16, 03BC16 Indeterminate
Function Values that R'W
can be set :
1 CRC calculation result output register 000016 to FFFF16 |O'O
CRC input register
b7 0o Symbo Address When reset
CRCIN 03BEz1s Indeterminate
Function Values that RIW,
can be set :
____________ Data input register 0016to FF16  |O'O

Figure 113. CRC-related registers
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(1) Setting 000016 —

(2) Setting 0116 — I:I CRC input register ~ CRCIN
[03BE16]

) CRC input register  CRCIN
©seting 2315 > ] crem

b15 b0
| CRC data register CRCD
[03BD16, 03BC16]

b7 b0

2 cycles
After CRC calculation is complete
b15 b0
118916 CRC data register CRCD

[03BD1s, 03BC16]

Y

*— Stores CRC code

The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial,

(X6 + X124 X5 + 1), becomes the remainder resulting from dividing (1000 0000) X1 by (1 0001 0000 0010 0001) in
conformity with the modulo-2 operation.

LSB
_ MsB Modulo-2 operation is
Ry 1000 1000 p operation that complies
1 0001 0000 0010 0001 ’ 1000 0000 0000 0000 0000 0000 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 100 1+1=0
Lse 7 >, MSB -1=1
9 8 1 1
Ny K

Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary in the CRC operation
circuit built in the M16C, switch between the LSB side and the MSB side of the input-holding bits, and carry out the CRC
operation. Also switch between the MSB and LSB of the result as stored in CRC data.

b7 b0

After CRC calculation is complete

b15 b0

CRC data register CRCD
OA4L16 [03BD16, 03BC16]

Y

*— Stores CRC code

Figure 114. Calculation example using the CRC calculation circuit
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Programmable 1/0 Ports
There are 48 programmable 1/O ports: P3, P4 and P7 to P10. Each port can be set independently for input
or output using the direction register. A pull-up resistance for each block of 4 ports can be set.
P3 and P4o to P43 are high-breakdown-voltage, P-channel open drain outputs, and have no built-in pull-
down resistance (note).
Figures 115, 116 show the programmable I/O ports.
Each pin functions as a programmable I/O port and as the I/O for the built-in peripheral devices.
To use the pins as the inputs for the built-in peripheral devices, set the direction register of each pin to input
mode. When the pins are used as the outputs for the built-in peripheral devices (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.

Note: These ports can be selected whether pull-down resistors are built-in or not by the option specify.

(1) Direction registers
Figure 117 shows the direction registers.
These registers are used to choose the direction of the programmable I/O ports. Each bit in these regis-
ters corresponds one for one to each 1/O pin.

(2) Port registers
Figure 118 shows the port registers.
These registers are used to write and read data for input and output to and from an external device. A
port register consists of a port latch to hold output data and a circuit to read the status of a pin. Each bit
in port registers corresponds one for one to each 1/O pin.

(3) Pull-up control registers

Figure 119 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.
Note: P3, P40 to P43 have no built-in pull-up resistance, because of these pin's are high-breakdown-
voltage, P-channel open drain outputs.

Exclusive High-breakdown-voltage Output Ports
There are 40 exclusive output Ports: PO to P2, P5 and P6.
All ports have structure of high-breakdown-voltage P-channel open drain output. Exclusive output ports
except P2 have built-in pull-down resistance.
Figure UA-1 shows the configuration of the exclusive high-breakdown-voltage output ports.
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P0Oo to P07, Ploto P17,

P50 to P57, P6o to P67, Output j
(inside dotted-line included) Databus ——  Port latch }—A;\O_DH

P20 to P27

(inside dotted-line not included)

P30 to P37, P40 to P43

% Direction register %
e .g
< N =
output—!
Data bus —4< Port latch } UL o —O

ﬁ_

VAS ZT

P70 to P72, P80 to P85, P87, P93 Pull-up selection

(inside dotted-line included) ‘{ Direction register }*
P86 P

(inside dotted-line not included) ~

Data bus —»—‘ Port latch ‘ FD_‘ }

.
~

S

\l

| |
Input to respective peripheral functions %—@ﬁ;

Pull-up selection

P44, P92,P94
‘{ Direction register "

S

< T d j
tput—_4
Data bus —"—1 Port latch } S I ]—

Figure 115. Programmable 1/O ports (1)
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P45 to P47, P73to P77
P9o, P91, P95

Pull-up selection

_{ Direction register r—

Data bus —

A 17 =8

<J o~
output

ﬂ Port latch } o

7
L

P100 to P107

< 7
N
\1

Input to respective peripheral functions *@7

Pull-up selection

Data bus —

P9s

(inside dotted-line included)
P97

(inside dotted-line not included)

T
iJ

_< Direction register F

pd

N F@
# Port latch }

o1 ~[>°—L[>T

~

I

~

Analog input

Pull-up selection

—‘ Direction register |

yd

%ﬂﬁ

bus

Data Hv—‘

~

Port latch }

output—2._ |

o]

L¢

|m-r

1]
N
ST
\1

- o 4
Analog output
D-A output enabled

r==-=-"

1 1
Input to respective peripheral functions %—f;

Figure 116. Programmable I/O ports (2)

131



Mitsubishi microcomputers

M30218 Grou
Programmable 1/0O Ports SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

Port Pi direction register

b7 b6 b5 ba b3 b2 bl bo Symbol Address When reset
| | | | | | | | | PDi (i = 3 to 10, except 5, 6) %%E?le, 03EA16, 03EF16 0016
F216, 03F316, 03F616 0016

Bit symbol Bit name Function R'W,
“{PDi_0 Port Pio direction register O:0
----{PDi_1 Port Pi1 direction register 0: I(rlézﬁtc?oondseas an input port) OO0
Pt PDi_2 Port Pi2 direction register | 1 : Output mode O}O
O PDi_3 Port Pis direction register (Functions as an output port) |5/
(S — PDi_4 Port Pi4 direction register (i = 3 to 10 except 5, 6) 0.0
PDi_5 Port Pis direction register 00
Pt PDi_6 Port Pie direction register O:0

PDi_7 Port Pi7 direction register oio

Figure 117. Direction register
Port Pi register
b7 b6 b5 b4 b3 b2 bl bo Symbol Addres When reset
Pi (i=0to 10) 03E016, 03E116, 03E416, 03E516, 03E816 Indeterminate

03E916, 03EC16, 03ED16, 03F016, 03F116, 03F416 Indeterminate
Bit symbol Bit name Function R'W
e ) Port Pio register . OO
. P 1 Port Piz register Datais input and_ output to gpd from oXe)
A = each pin by reading and writing to and ;
. Pi_2 Port Pi2 register from each corresponding bit o O
P e Pi_3 Port Pis register 0:“L" level data 0.0
T R P —— Pi_4 Port Pi4 register 1:"H" level data 00
R S Pi 5 Port Pis register (=010 10) oX©)
é S — Pi_6 Port Pie register [e]]e)
ERREEEEEEEEEEEEEEEEEEEEE Pi_7 Port Pi7 register 0.0

Figure 118. Port register
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Pull-up control register 0

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
. PURO 03FD16 0016
Bit symbol Bit name Function R'W

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

PUO1 P44 to P47 pull-up The corresponding port is pulled
_____ high with a pull-up resistor 00
0 : Not pulled high
1 : Pulled high

e

Nothing is assigned.
SRR EEELERE In an attempt to write to these bits, write “0”. The value, if read, turns out to be | —

: indeterminate.
D] PU06 P70 to P73 pull-up The corresponding portis pulled ('
high with a pull-up resistor |
H 0 : Not pulled high !
........................ PUO7 P74 to P77 pull-up 1: Pulled high oio
Pull-up control register 1
b b b! b4 b b: b: b
7 S Symbol Address When reset
T e e e PUR1 O3FE16 0016
b1 [ Bitsymbol Bit name Function RIW
A A A P8o to P83 pull-up The corresponding port is pulled  |O:O
e PU11 P84 to P87 pull-up high with a pull-up resistor 00
N PUL2 P90 to P93 pull-up 0: Not pulled high 00
i PU13 P94 to P97 pull-up 1: Pulled high oo
P ey PU14 P100 to P103 pull-up 0.0
I SRRRRREELERLEY PU15 P104 to P107 pull-up o0
._ ____________________ Nothing is assigned. In an attempt to write to these bits, write “0”. The value, if —i—
read, turns out to be indeterminate. — -

Figure 119. Pull-up control register
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Table 37. Example connection of unused pins
Pin name Connection

Ports P3, P4(Note 2), P7 to P10 Specify output mode, and leave these pins open;
or specify input mode, and connect to Vss via resistor (pull-down)

Ports PO to P2, P5, P6 Leave these pins open
XouT (Note 1), VEE Open

Avcc Connect to Vcc (Note 3)
AVss, VREF Connect to Vss (Note 3)
CNVss Connect to Vss via resistor

Note 1: With external clock input to XIN pin.

Note 2: In case of pull-down option is specified, leave the specified ports open.
(Pull-down resistors are built-in the specified port)

Note 3: Connect a bypass capacitor.

Microcomputer

Port P3, P4(Note 1), P7 to P10

(Input mode) /\/\/\/

(Output mode) Open

Port PO to P2, P5, P6 Open
(Output mode)

XouTt Open

VEE Open \ele
AVcc(Note 2) J
cNvss — NN\ —e
AVss(Note 2)
VREF(Note 2)
Vss

Note 1: In case of pull-down option is specified, leave the specified ports (port P3, P4) open.
(Pull-down resistors are built-in the specified port)
Note 2: Connect a bypass capacitor.

Figure 120. Example connection of unused pins
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MASK OPTION OF PULL-DOWN RESISTOR (object product: mask ROM version)
Whether built-in pull-down resistors are connected or not to high-breakdown voltage ports P20 to P27, P30
to P37,and P40 to P43 can be specified in ordering mask ROM. The option type can be specified from
among 7 types; Ato G.

P20 P21 P23 P26 P30 P31 P33 P36 P41 P43

0 0

\\E
NN\

0

7

Note 1: The electrical characteristics of high-breakdown voltage ports P20 to P27, P30 to P37, and P40 to
P43'’s built-in pull-down resistors are the same as that of high-breakdown voltage ports POo to P0O7.

Note 2: The absolute maximum ratings of power dissipation may be exceed owing to the number of built-in
pull-down resistor. After calculating the power dissipation, specify the option type.

Note 3: The option types B to G cannot be specified because these types are currently under development.

NN -
NNONNNEE
NNNNINNEE
NNONNNEE
Nne

NNONNNEE
NININNNNEE
NN
SNONNNNNEE
MR 2
NRNNRN 2
NN

§§X

Power Dissipation Calculating Method

(Fixed number depending on microcomputer’s standard)
 VOH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA
* Resistor value = 68 kQ (min.)
» Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V X 38 mA =190 mW

(Fixed number depending on use condition)
* Apply voltage to VEE pin: Vcc — 50 V
» Timing number a; digit number b; segment number ¢
* Ratio of Toff time corresponding Tdisp time: 1/16
» Turn ON segment number during repeat cycle: d
« All segment number during repeat cycle: e (=a X c)
* Total number of built-in resistor: for digit; f, for segment; g
* Digit pin current value h (mA)
» Segment pin current value i (mA)

(1) Digit pin power dissipation
{h X b X (1-Toff / Tdisp) X voltage} / a
(2) Segment pin power dissipation
{i Xd X (1-Toff / Tdisp) X voltage}/ a
(3) Pull-down resistor power dissipation (digit)
{power dissipation per 1 digit X (b X f/ b) X (1-Toff / Tdisp) }/ a
(4) Pull-down resistor power dissipation (segment)
{power dissipation per 1 segment X (d X g/ c) X (1-Toff / Tdisp) } / a
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 190 mW

1)+ 2+ 3)+ @)+ (5B) =XmW
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Power Dissipation Calculating example 1

Fixed number depending on microcomputer’s standard
* VOH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA
* Resistor value 68 kQ (min.)
» Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V X 38 mA =190 mW

Fixed number depending on use condition
* Apply voltage to VEE pin: Vcc — 50 V
* Timing number 17; digit number 16; segment number 20
* Ratio of Toff time corresponding Tdisp time: 1/16
» Turn ON segment number during repeat cycle: 31
* All segment number during repeat cycle: 340 (= 17 X 20)
* Total number of built-in resistor: for digit; 16, for segment; 20
« Digit pin current value: 18 (mA)
» Segment pin current value: 3 (mA)

(1) Digit pin power dissipation
{18 X 16 X (1-1/16) X 2} / 17 = 31.77 mW
(2) Segment pin power dissipation
{3 X 31X (1-1/16) X 2}/ 17 = 10.26 mW
(3) Pull-down resistor power dissipation (digit)
(50 —2)2 /68 X (16 X 16/16) X (1 — 1/16) / 17 = 29.90 mW
(4) Pull-down resistor power dissipation (segment)
(50 —2)2 /68 X (31 X 20/20) X (1 — 1/16) / 17 = 57.93 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 190.00 mW

(1) + (2)+ (3) + (4) + (5) = 319.86 mW

DIGO ’_ | ’_L
DIG1 ’7 //
i //
DIG3 E ’—‘ \
DIG14 : // ’_
DIG15 j 7 . ’—‘
Timing P12 T 14 150 18] 17
number e Repeat cycle | N
| Tscan

Figure 121. Digit timing waveform (1)
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Power Dissipation Calculating example 2(when 2 or more digit is turned ON at same time)

Fixed number depending on microcomputer’s standard
* VOH output fall voltage of high-breakdown port
2V (max.); | Current value | = at 18 mA
* Resistor value 68 kQ (min.)
» Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V X 38 mA = 190 mW

Fixed number depending on use condition

* Apply voltage to VEE pin: Vcc — 50 V

» Timing number 11; digit number 12; segment number 24

* Ratio of Toff time corresponding Tdisp time: 1/16

* Turn ON segment number during repeat cycle: 114

* All segment number during repeat cycle: 264 (= 11 X 24)

« Total number of built-in resistor: for digit; 10, for segment; 22
« Digit pin current value: 18 (mA)

* Segment pin current value: 3 (mA)

(1) Digit pin power dissipation
{18 X 12 X (1-1/16) X 2}/ 11 = 36.82 mW
(2) Segment pin power dissipation
{3X 114 X (1-1/16) X 2} /11 = 58.30 mW
(3) Pull-down resistor power dissipation (digit)
(50— 2)2/68 X (12X 10/12) X (1 —1/16)/11 = 28.88 mW
(4) Pull-down resistor power dissipation (segment)
(50 -2)2/68 X (114 X 22/24) X (1 -1/16) /11 = 301.77 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 190.00 mW

(1) + (2)+ (3) + (4) + (5) = 615.77 mW (There is a limit of use temperature)

oco —) | 1
DIG1 ’_J_‘
DIG2 ’_‘
DIG3 ’_
By
DIG5 ’_‘
DIG7 ’7
DIG8 : : ] ’_‘
Timing 1 2 3 4 5 6 7 8 9 i 10f 11
number ' ' ' : '
| Repeat cycle | |
| Tscan

Figure 122. Digit timing waveform (2)
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Power Dissipation Calculating example 3
(when 2 or more digit is turned ON at same time, and used Toff invalid function)

Fixed number depending on microcomputer’s standard
» VOH output fall voltage of high-breakdown port 2 V (max.); | Current value | = at 18 mA
* Resistor value 68 kQ (min.)
» Power dissipation of internal circuit (CPU, ROM, RAM etc.) =5V X 38 mA =190 mW

Fixed number depending on use condition
* Apply voltage to VEE pin: Vcc — 50 V
* Timing number 11; digit number 12; segment number 24
* Ratio of Toff time corresponding Tdisp time: 1/16
» Turn ON segment number during repeat cycle: 114 ( for Toff invalid waveform;50)
* All segment number during repeat cycle: 264 (= 11 X 24)
* Total number of built-in resistor: for digit; 10, for segment; 22
« Digit pin current value: 18 (mA)
» Segment pin current value: 3 (mA)

(1) Digit pin power dissipation

[{18 X 10 X (1-1/16) X 2} + {18 X 2 X 2}] / 11 = 37.23 mW
(2) Segment pin power dissipation

[{3X 64 X (1-1/16) X 2} + {3 X 50 X 2}]/ 11 = 60.00 mW
(3) Pull-down resistor power dissipation (digit)

[{(50-2)2/68 X (10 X 10/12) X (1 —1/16)} + {(50-2)2/68 X (2 X 10/12) }]1/11 = 29.20 mW
(4) Pull-down resistor power dissipation (segment)

[{(50—2)2 /68 X (64 X 22/24) X (1 —1/16)} + {(50—2)2/68 X (50 X 22 /24)}]/11 = 310.59 mW
(5) Internal circuit power dissipation (CPU, ROM, RAM etc.) = 190.00 mW

(1) + (2)+ (3) + (4) + (5) = 627.02 mW (There is a limit of use temperature)

DIGO ’_ ’_L
DIG1
DIG2 ’_‘
DIG3 I ’_
DIG4 :
DIG5 ’;
DIG6 : E ’7
DIG7 E ’_‘
i
DIG9 : ’_‘
Timing 12 3/ 4i5i6i7i8i9i1w0 u
number ' ' !
L Repeat cycle | |
| Tscan

Figure 123. Digit timing waveform (3)
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Table 38. Absolute maximum ratings

Symbol Parameter Condition Standard Unit
Vce Supply voltage -0.3t06.5 \
AVce Analog supply voltage -0.3t06.5 \
VEE Pull-down supply voltage Vcc - 50 to Vee+0.3V \
Vi Input voltage RESET, CNVss,

P44 to P47, P70 to P77, P8o to P87, -0.3to Vecc+0.3 v
P90 to P97, P100 to P107, (Note)
VREF, XIN
Vi Input voltage P30 to P37, P4o to P43 Vcc - 50 to Vee+0.3 \Y;
Vo Output voltage pQo to P07, P10 to P17, P20 to P27,
P30 to P37, P4o to P43, P50 to P57, Vce - 50 to Vee+0.3 \Vi
P6o to P67
Vo Output voltage P44 to P47, P70 to P77, P8o to P87,
P90 to P97, P100 to P107, -0.3 to Vce+0.3 v
Xout
Pd Power Ta=-20t0 60 C 750 mw
dissipation Ta=60t0 85 C 750-12 X (Ta-60) mw
Topr Operating ambient temperature -20to 85 C
Tstg Storage temperature -40 to 150 C

Note 1: When writing to flash ,only CNVss is —0.3to 13 (V) .
Table 39. Recommended operating conditions (referenced to V cc=2.7Vto 5.5V atTa=-20to

85°C unless otherwise specified) (Note)

Symbol Parameter . Standard Unit
Min Tvp. Max
Vce Supply voltage 2.7(Notel) 5.0 5.5 v
AVce Analog supply voltage Vce \Y
Vss Supply voltage 0 \%
AVss Analog supply voltage 0 v
VEE Pull-down supply voltage Vce-48 Vce \%
VIH HIGH input voltage )IZIL(YJ;OEI;E?PCS&\I/OSE& P90 to P97, P10o to P107, 0.8Vee Vee V;
ViH HIGH input voltage P44 to P47 0.50Vce Vce \Y;
VIH HIGH input voltage P30 to P37, P40 to P43 0.52Vcce Vcece \Y
Vi LOW input voltage P70 to P77, P8o to P87, P9o to P97, P10o to P107, 0 0.2Vee v
XiN, RESET, CNVss
Vi LOW input voltage P30 to P37, P40 to P43 0 0.16Vcce \Y;
VL LOW input voltage P44 to P47 0 0.16Vcc \

Note: Vcc = 4.0V to 5.5V in flash memory version.
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Table 40. Recommended operating conditions (referenced to V

85°C unless otherwise specified) (Note 6)

Mitsubishi microcomputers
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

cc=2.7Vtob5vatTa=-20to

Standard .
Symbol Parameter Min Typ.  Max. | Ynit
loH (peak) HIGH total peak output POo to P07, P50 to P57, P6o to P67 -240 mA
current (Note 1)
IOH (peak) HIGH total peak output P10 to P17, P20 to P27, P30 to P37, P4o to P43 240 mA
current (Note 1)
10H (peak) HIGH total peak output P44 to P47, P70 to P77, P8o to P8s -80 mA
current (Note 1)
IoH (peak) | HIGH total peak output P8, P87, P90 to P97, P100 to P107 -80 mA
current (Note 1)
loL (peak) LOW total peak output P44 to P47, P70 to P77, P8o to P8s 80 mA
current (Note 1)
loL (peak) LOW total peak output P86, P87, P90 to P97, P100 to P107 80 mA
current (Note 1)
loH (avg) HIGH total average P0o to P07, P50 to P57, P60 to P67 -120 mA
output current (Note 1)
IOH (avg) HIGH total average Ploto P17, P20 to P27, P30 to P37, P4o to P43 -120 mA
output current (Note 1)
|oH (avg) HIGH total average P44 to P47, P70 to P77, P8o to P8s 40 mA
output current (Note 1)
|0H (avg) HIGH total average P86, P87, P90 to P97, P100 to P107 -40 mA
output current (Note 1)
loL (avg) LOW total average P44 to P47, P70 to P77, P8o to P8s 40 mA
output current (Note 1)
loL (avg) LOW total average P86, P87, P90 to P97, P100 to P107 40 mA
output current (Note 1)
HIGH peak output POQo to P07, P1o to P17, P20 to P27,P30 to P37,
loneak | current (Note 2) P4o to P43, P50 to P57, P60 to P67 40| mA
HIGH peak output P44 to P47, P70 to P77, P8o to P87
loH(peak) | current (Note 2) P90 to P97, P100 to P107 10| mA
LOW peak output P44 to P47, P70 to P77, P8o to P87
oL (peak) current (Note 2) P90 to P97, P100 to P107 10 mA
10H @vg) HIGH average output P0o to P07, P1o to P17, P20 to P27,P30 to P37,
current (Note 3) P40 to P43, P50 to P57, P60 to P67 18 | mA
loH @avg) HIGH average output P44 to P47, P70 to P77, P8o to P87
avg -
current (Note 3) P90 to P97, P100 to P107 5| mA
oL @vg) LOW average output P44 to P47, P70 to P77, P8o to P87
avg,
current (Note 3) P90 to P97, P100 to P107 5| mA
Vce=4.0V to 5.5V 0 10 MHz
£(XIN) Main clock input oscillation frequency (Note 4, 7) Vee=2.7V to 4.0V o 5XVee10  MHz
f(XCIN) Sub clock oscillation frequency (Note 4, 5) 32.768 50 kHz

Note 1: The total output current is the sum of all the currents through the applicable ports. The total
average value measured over 100ms. The total peak current is the peak of all the currents.

Note 2: The peak output current is the peak current flowing in each port.

Note 3: The average output current in an average value measured over 100ms.

Note 4: When the oscillating frequency has a duty cycle of 50 %.

Note 5: When using the microcomputer in low-speed mode, set the sub-clock input oscillation frequency
on condition that f(XCIN) < f(XIN) / 3.

Note 6: Vcc=4.0V to 5.5V in flash memory version.

Note 7: Relationship between main clock oscillation frequency and supply voltage.

Main clock input oscillation frequency

(No wait)

,_.
1)
=)

w
@

Operating maximum frequency [MHz]

o
1)

Flash memory version
Supply voltage[V] (BCLK: no division)
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Vee=5V
Table 41. Electrical characteristics (referencedto V. cc =5V, Vss = 0V at Ta = 25°C,

f(Xin) =10MHz unless otherwise specified)

. . Standard
Symbol Parameter Measuring condition - i
Y 9 Min. | Typ. |Max. Unit
HIGH output P00 to P07,P1o to P17,P20 to P27, IoH= - 18MA 35
VoH voltage P30 to P37,P40 to P43,P50 to P57, \%
P60 to P67 loH= - 5SmA 45
P44 to P47,P70 to P77,P8o to P87
HIGH output ' ' ’ _ v
VoH voltage P90 to P97,P100 to P107 IoH= - SmA 8.0
v HIGH output X HIGH POWER loH=- 1mA 3.0 v
OH ouT
voltage LOW POWER loH=- 0.5mA 3.0
VoL LOW output P44 to P47,P70to P77,P8o to P87, loL=5mA
voltage P90 to P97,P100 to P107 oL=om 20| Vv
VoL LOW output ~ Xour HIGH POWER loL=1mA 2.0 v
voltage LOW POWER loL=0.5mA 2.0
Hysteresis  TAOIN to TA4IN, TBOIN to TB2IN,
VTV INTo to INTs, CTSo, CTS1, 02 08 v
CLKo0,CLK1,SRDY2IN,SBSY2IN,
SIN2,SCLK21,SCLK22,RxDO0,
RxD1
VT+-VT- Hysteresis RESET 0.2 1.8 \%
IH HIGH input P44 to P47,P70 to P77,P8o to P87,
current P90 to P97,P100 to P107, VI=5V 50| uA
XN, RESET, CNVss
liH P30 to P37,P40 to P43(Note 1) V=5V 5.0 HA
LOW input P44 to P47,P70 to P77,P8o to P87,
e current P90 to P97,P100 to P107, Vi=0v -50| pA
XiN, RESET, CNVss
I P30 to P37,P40 to P43(Notel) Vi=0V -5.0 HA
RPULLUP Pull-up P44 to P47,P70 to P77,
resistance P8o to P87,P90 to P97, VI=0V 30.0 | 50.0 | 167.0 kQ
P10o to P107
RPULLD Pull-down POo to P0O7,P1o to P17, VEe=Vcc - 48V,VoL=Vcc 68 80 120 kQ
resistance P50 to P57,P60 to P67 Output transistors “off”
(P20 to P27,P30 to P37,
P40 to P43 in option specify)
ILEAK Output leak POo to P07,P10 to P17, VEE=Vcc - 48V,VoL=Vcc - 48V
current P20 to P27,P30 to P37, Output transistors “off’ -10 A
P40 to P44,P5o0 to P57,
P60 to P67
RfxIN Feedback resistance Xin 1.0 MQ
RixcIN Feedback resistance Xcin 6.0 MQ
VRAM RAM retention voltage When clock is stopped 2.0 \%
The output f(XN)=10MHz 19.0 | 380 | mA
pins are open Square wave, no division
and other
. f(XIN)=10MHz
pins are Vss Square wave, 8 division 4.2 mA
f(XcIN)=32kHz
Square wave (Note2) 90.0 HA
Icc Power supply current (Note 3) —
f(XcIN)=32kHz 4.0 HA
When a WAIT instruction is executed
(Note2)
Ta=25 C 1.0
when cI:)ck is stopped vA
Ta=85 C 20.0
when clock is stopped

Note 1: Except when reading ports P3, P40 to P43.
Note 2: Fixed XCIN-XcouT drive capacity select bit to “HIGH” and XIN pin to “H” level.
Note 3: This contains an electric current to flow into AVcc pin.
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Vcc=5V
Table 42. A-D conversion characteristics (referencedto V. cc = AVcc = Vrer = 5V, Vss = AVss = OV
at Ta = 25°C, f(Xi) = 10MHz unless otherwise specified)
Standard
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution VRer = Vcc 10 | Bits
_ Absolute |Sample & hold function not available VREE = Vcc = 5V +3 | LSB
accuracy
Sample & hold function available(10bit) VR;'/: =Vce| ANo to AN7 input +3 | LSB
Sample & hold function available(8bit) VREF = Vcc = 5V +2 | LSB
RLADDER Ladder resistance VREeF = Vcc 10 40 | kQ
tconv Conversion time (10bit) 3.3 us
tconv Conversion time (8bit) 2.8 Us
tsamp Sampling time 0.3 s
VREF Reference voltage 2 Vec |V
Via Analog input voltage 0 VRer | V

Table 43. D-A conversion characteristics (referencedto V.~ cc =5V, Vss = AVss = 0V, Vrer = 5V
at Ta = 25°C, f(Xin) = 10MHz unless otherwise specified)

. . Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution 8 | Bits

- Absolute accuracy 1.0 %

tsu Setup time 3 ps
Ro Output resistance 4 10 20 kQ
IvRer Reference power supply input current (Note) 1.5 mA

Note: 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.
Also, when the Vref is unconnected at the A-D control register, IVREF is sent.
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Vce=5V
Timing requirements (referenced to V. cc =5V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 44. External clock input

Standard .
Symbol Parameter Min. | Max. Unit
te External clock input cycle time 100 ns
tw(H) External clock input HIGH pulse width 40 ns
tw(L) External clock input LOW pulse width 40 ns
tr External clock rise time 15 ns
it External clock fall time 15 ns

Switching characteristics (referenced to V. cc =5V, Vss = 0V at Ta = 25°C unless otherwise
specified)

Table 45. High-breakdown voltage p-channel open-drain output port

. . Standar )
Symbol Parameter Measuring condition vy [ 1yp. | Max, | Ynit
tr(Pch-strg) P-channel high-breakdown CL=100pF
voltage output rising time VEE=Vcc - 43V 55 ns
(Note 1)
tr(Pch-weak) P-channel high-breakdown CL=100pF
voltage output rising time VEE=Vcc - 43V 1.8 ps
(Note 2)
Note 1: When bit 7 of the FLDC mode register (address 03501s) is at “0”.
Note 2: When bit 7 of the FLDC mode register (address 03501s) is at “1”.
iy
PO, P1, P2, P3,
P40 to P43, P5, P6
P-channel high- ° >

-

breakdown
voltage output

port (Note) ? % CL

— VEE

Note: Ports P2, P3, and P40 to P43 need external resistors in mask ROM version.
(in case of not mask option specified)
Ports P2, P3, and P40 to P43 need external resistors in flash memory version.

Figure 124. Circuit for measuring output switching characteristics
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Timing requirements (referenced to V. cc =5V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 46. Timer A input (counter input in event counter mode)

Standard )
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 100 ns
tw(TAH) TAIIN input HIGH pulse width 40 ns
tw(TAL) TAIIN input LOW pulse width 40 ns
Table 47. Timer A input (gating input in timer mode)
Standard .
Symbol Parameter Min. Max. Unit
te(TA) TAIIN input cycle time 400 ns
tw(TAH) TAIIN input HIGH pulse width 200 ns
tw(TAL) TAIIN input LOW pulse width 200 ns
Table 48. Timer A input (external trigger input in one-shot timer mode)
Svmbol b ‘ Standard Unit
ymbo arameter i vy ni
te(TA) TAIIN input cycle time 200 ns
tw(TAH) TAIIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 49. Timer A input (external trigger input in pulse width modulation mode)

Standard )

Symbol Parameter Min. Max. Unit
tw(TAH) TAiIN input HIGH pulse width 100 ns
tw(TAL) TAIIN input LOW pulse width 100 ns

Table 50. Timer A input (up/down input in event counter mode)
Symbol Parameter -Standard Unit
Min. Max.

te(upP) 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) | TAjouT input setup time 400 ns
th(TIN-UP) TAiouT input hold time 400 ns
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Vce=5V
Timing requirements (referenced to V. cc =5V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 51. Timer B input (counter input in event counter mode)

Standard )
Symbol Parameter Min. Moo Unit
te(TB) TBiN input cycle time (counted on one edge) 100 ns
tw(TBH) TBiN input HIGH pulse width (counted on one edge) 40 ns
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 40 ns
te(TB) TBIIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 80 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 80 ns
Table 52. Timer B input (pulse period measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBiIN input cycle time 400 ns
tw(TBH) TBIIN input HIGH pulse width 200 ns
tw(TBL) TBIIN input LOW pulse width 200 ns
Table 53. Timer B input (pulse width measurement mode)
Symbol Parameter - Standard Unit
Min. Max.
te(TB) TBIIN input cycle time 400 ns
tw(TBH) TBiIN input HIGH pulse width 200 ns
tw(TBL) TBiiN input LOW pulse width 200 ns
Table 54. Serial /0
Symbol Parameter - Standard Unit
Min. Max.
te(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input HIGH pulse width 100 ns
tw(CKL) CLKi input LOW pulse width 100 ns
td(c-Q) TxDi output delay time 80 ns
th(c-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 30 ns
th(C-D) RxDi input hold time 90 ns
Table 55. External interrupt INTi inputs
Symbol Parameter - Standard Unit
Min. Max.
tw(NH) INTi input HIGH pulse width 250 ns
tw(INL) INTi input LOW pulse width 250 ns
Table 56. Automatic transfer serial 1/0
Symbol Parameter - Standard Unit
Min. Max.
te(SCLK) Serial 1/O clock input cycle time 0.95 HS
twH(SCLK) Serial I/0 clock input HIGH pulse width 400 ns
twL(SCLK) Serial 1/0 clock input LOW pulse width 400 ns
tsu(SCLK-SIN) | Serial I/O input setup time 200 ns
th(SCLK-SIN) | Serial I/O input hold time 200 ns
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te(TA) Vee=5V
tw(TAH)
TAIN input \
tw(TAL)
te(ur)
tw(uPH)
TAiour input \ .
tw(urL)
TAiout input ><
(Up/down input)

During event counter mode
TAIN input
(When count on falling edge is selected)

th(Tw-UP) | tsu(UP-Ti)

TAIN input
(When count on rising edge is selected) —

te(tB)
tw(TBH)
TBin input | S —
tw(tBL)
te(ck)
tw(CKH)
CLKi \
tw(ckL)
th(c-Q)
<>
TxDi >< ><
tdc-Q) | tsu(p-c) | thco)
RxDi * *
tw(INL)
INTi input
tw(NH)
1
tc(scLk)
tfscLx) tWL(SCLK) tr | tWH(SCLK)
ScLK _
\ 0.8Vcc
0.2Vce
tSU(SIN-SCLK) th(SCLK-SiN)
4 N
~0.2Vcc b
td(scLk-souT) tv(scLk-souT)
Sout
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Table 57. Electrical characteristics (referenced to V

f(Xin) =bMHz unless otherwise specified)

cc =3V, Vss = 0V at Ta = 25°C,

) . Standard
Symbol Parameter Measuring condition - i
Y 9 Min. | Typ. |Max. Unit
HIGH output POo to P07,P10 to P17,P20 to P27, |oH= - 18mA 15
VoH voltage P30 to P37,P40 to P43,P50 to P57, \%
P60 to P67 loH=- 5mA 25
P44 to P47,P70to P77,P8o to P87
HIGH output ' ' ' _ v
VoH voltage P90 to P97,P100 to P107 10H= - 1A 25
HIGH POWER loH=-0.1mA 25
VoH HIGH output XouT v
voltage LOWPOWER | loH= - 50pA 25
LOW output P44 to P47,P70 to P77,P8o to P87
VoL ’ ) ) -
voltage P90 to P97,P100 to P107 loL=1mA 05 Vv
loL=0.1mA 0.5
VoL LOW output  Xout HIGH POWER o m \Vi
voltage LOWPOWER | loL=50pA 0.5
Hysteresis ~ TAOIN to TA4IN,TBOIN to TB2IN,
TNTo to INT5, CTSo, CTSt,
VT4 VT- CLKo,CLK1,SRDY2IN,SBSY2NN, 0.2 0.8 \%
SIN2,SCLK21,SCLK22
RTSO,RTS1
VT+VT- Hysteresis RESET 0.2 1.8 \%
IH HIGH input P44 to P47,P70 to P77,P8o to P87,
current P90 to P97,P100 to P107, Vi=3v 40 pA
XN, RESET, CNVss
IiH P30 to P37,P40 to P43(Note 1) V=3V 4.0 HA
LOW input P44 to P47,P70 to P77,P80 to P87,
e current P90 to P97,P100 to P107, VI=0V -40]  pA
XN, RESET, CNVss
I P30 to P37,P40 to P43(Note 1) VI=0V -4.0 HA
RpPuLLUP Pull-up P44 to P47,P70 to P77,
resistance P8o to P87,P90 to P97, Vi=0V 66.0 | 120.0 | 500.0 kQ
P10o0 to P107
RPULLD Pull-down P0o to PO7,P10 to P17, VEe=Vcc - 48V,VoL=Vcc 68 80 120 kQ
resistance P50 to P57,P60 to P67 Output transistors “off”
(P20 to P27,P30 to P37,
P4o to P43 in option specify)
ILEAK Output leak  POo to PO7,P10 to P17, VEE=VcC - 48V,VoL=Vcc - 48V
current P20 to P27,P30 to P37, Output transistors “off’ -10 HA
P40 to P44,P50 to P57,
P60 to P67
RXIN Feedback resistance XIN 3.0 MQ
RixcIN Feedback resistance Xcin 10.0 MQ
VRAM RAM retention voltage When clock is stopped 2.0 \%
The output f(XIN)=5MHz 6.0 15.0 mA
pins are open Square wave, no division
and other f(XiN)=5MHz
i 1.6 mA
pins are Vss Square wave, 8 division
f(Xcin)=32kHz 50.0 uA
Square wave
f(Xcin)=32kHz
When a WAITinstruction
lcc Power supply current (Note 3) is executed. 2.8 WA
Oscillation capacity High (Note2)
f(Xcin)=32kHz
When a WAIT instruction 0.9 A
is executed. : .
Oscillation capacity Low (Note2)
Ta=25 C 1.0
h lock is st
when C.OC is stopped LA
Ta=85 C 20.0
when clock is stopped ’

Note 1: Except when reading ports P3, P40 to P43.
Note 2: With one timer operated using fc32.

Note 3: This contains an electric current to flow into AVcc Ein.

147

Vee=3V



Mitsubishi microcomputers

. I . M30218 Gr
Electrical characteristics(Vcc=3V, only mask ROM version) SiNGLE-CHIP 16-BIT CMOS I\/%QROCSOI\(/I;PSF%

Vce=3V
Table 58. A-D conversion characteristics (referencedto V. cc = AVec = Vrer = 3V, Vss = AVss = OV
at Ta = 25°C, f(Xin) = 5SMHz unless otherwise specified)
) - Standard ]
Symbol Parameter Measuring condition Min. | Typ. | Max Unit
- Resolution VRer = Vcc 10 | Bits
- Absolute accuracy ‘Sample & hold function not available (8 bit) | VREF = Vce = 3V, @ap = f(Xin)/2 +2 LSB
RLADDER Ladder resistance VRer = Vcc 10 40 kQ
tcony Conversion time (8bit) 14.0 us
VREF Reference voltage 2.7 Vee \Y
Via Analog input voltage 0 VRer |V

Table 59. D-A conversion characteristics (referencedtoV. ~ cc= 3V, Vss = AVss = OV, Vrer = 3V
at Ta = 25°C, f(Xin) = 5MHz unless otherwise specified)

Standard
Symbol Parameter Measuring condition Min. | Typ. | Max Unit
- Resolution 8 | Bits
- Absolute accuracy 1.0 %
tsu Setup time 3| pus
Ro Output resistance 4 10 20 | kQ
IVREF Reference power supply input current (Note) 10| mA

Note: 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.
Also, when the Vref is unconnected at the A-D control register, IVREF is sent.
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Timing requirements (referenced to V. cc = 3V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 60. External clock input

Standard ,

Symbol Parameter Min. | Max. Unit
tc External clock input cycle time 200 ns
tw(H) External clock input HIGH pulse width 85 ns
tw(L) External clock input LOW pulse width 85 ns
tr External clock rise time 18 ns
tf External clock fall time 18 ns
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Timing requirements (referenced to V. cc = 3V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 61. Timer A input (counter input in event counter mode)

Symbol Parameter .Standard Unit
Min. Max.
te(TA) TAIIN input cycle time 150 ns
tw(TAH) TAIIN input HIGH pulse width 60 ns
tw(TAL) TAIIN input LOW pulse width 60 ns
Table 62. Timer A input (gating input in timer mode)
Standard
Symbol Parameter - Unit
Min. Max.
te(TA) TAIIN input cycle time 600 ns
tw(TAH) TAIN input HIGH pulse width 300 ns
tw(TAL) TAIN input LOW pulse width 300 ns
Table 63. Timer A input (external trigger input in one-shot timer mode)
Standard .
Symbol Parameter Min. Max. Unit
tc(TA) TAIIN input cycle time 300 ns
tw(TAH) TAIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns

Table 64. Timer A input (external trigger input in pulse width modulation mode)

Standard
Symbol Parameter Min. Max. Unit
tw(TAH) TAIIN input HIGH pulse width 150 ns
tw(TAL) TAIIN input LOW pulse width 150 ns
Table 65. Timer A input (up/down input in event counter mode)
Standard )
Symbol Parameter Min. Max. Unit
te(uP) TAiouT input cycle time 3000 ns
tw(UPH) TAiouT input HIGH pulse width 1500 ns
tw(uPL) TAiouT input LOW pulse width 1500 ns
tsu(UP-TIN) TAiouT input setup time 600 ns
th(TIN-UP) TAiouT input hold time 600 ns
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Timing requirements (referenced to V. cc = 3V, Vss = 0V at Ta = 25°C unless otherwise specified)

Table 66. Timer B input (counter input in event counter mode)

Standard ]
Symbol Parameter Min. Mo, Unit
te(TB) TBiIN input cycle time (counted on one edge) 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) TBiIN input HIGH pulse width (counted on both edges) 160 ns
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 160 ns
Table 67. Timer B input (pulse period measurement mode)
Symbol Parameter _Standard Unit
Min. Max.
tc(TB) TBIIN input cycle time 600 ns
tw(TBH) TBiN input HIGH pulse width 300 ns
tw(TBL) TBiIN input LOW pulse width 300 ns
Table 68. Timer B input (pulse width measurement mode)
Symbol Parameter .Standard Unit
Min. Max.
tc(TB) TBIIN input cycle time 600 ns
tw(TBH) TBiiN input HIGH pulse width 300 ns
tw(TBL) TBIiIN input LOW pulse width 300 ns
Table 69. Serial /O
Symbol Parameter -Standard Unit
Min. Max.
tc(CK) CLKi input cycle time 300 ns
tw(CKH) CLKi input HIGH pulse width 150 ns
tw(CKL) CLKi input LOW pulse width 150 ns
td(Cc-Q) TxDi output delay time 160 ns
th(c-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 50 ns
th(C-D) RxDi input hold time 90 ns
Table 70. External interrupt INTi inputs
Standard )
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input HIGH pulse width 380 ns
tw(INL) INTi input LOW pulse width 380 ns
Table 71. Automatic transfer serial 1/0
Standard )
Symbol Parameter - Unit
Min. Max.
te(scLK) Serial /O clock input cycle time TBD HS
twH(SCLK) Serial I/O clock input HIGH pulse width TBD ns
twL(SCLK) Serial 1/0 clock input LOW pulse width TBD ns
tsu(SCLK-SIN) | Serial I/O input setup time TBD ns
th(SCLK-SIN) | Serial I/O input hold time TBD ns
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TAIN input

TAiourt input

TAiN input

TAIN input

TBi input

CLKi

TxDi

RxDi

INTi input

ScLK

Sout

(When count on falling edge is selected)

TAiour input

During event counter mode

(When count on rising edge is selected)

te(TA)
tw(TAH)
tw(TAL)
te(ur)
tw(UPH)
tw(upPL)
(Up/down input) ><
th(Tn-UP) | tsu(UP-Ti)
te(TB)
tw(TBH)
tw(TBL)
te(ck)
tw(CKH)
tw(CKL)
thc-Q)
<>
LRI tup-0) * thc-D)
tw(NL)
tw(INH)
|
tc(scLk)
tfiscLk) twL(SCLK) tr | tWH(SCLK)
5\ 0.8Vce
. 0.2Vcc 7
tSU(SIN-SCLK) th(SCLK-SiN)

x 0.2Vcc 71

td(scLk-souT)

tv(scLk-souT)

Vee=3V
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Outline Performance

Table 72 shows the outline performance of the M30218 group (flash memory version).

Table 72. Outline Performance of the M30218 group (flash memory version)

Iltem

Performance

Power supply voltage

4.0V t0 5.5 V (f(XIN)=10MHz)

Program/erase voltage

VPP=12V + 5% (f(XIN)=10MHz)

Vce=5V + 10% (f(XIN)=10MHz)

Flash memory operation mode

Three modes (parallel 1/0, standard serial I/O, CPU
rewrite)

Erase block User ROM area

See Figure 1.AA.3.

division Boot ROM area

One division (3.5 K bytes) (Note)

Program method

In units of byte

Erase method

Collective erase / block erase

Program/erase control method

Program/erase control by software command

Number of commands

6 commands

Program/erase count

100 times

ROM code protect

Standard serial I/O mode is supported.

Note: The boot ROM area contains a standard serial /O mode control program which is stored in it
when shipped from the factory. This area can be erased and programmed in only parallel /O

mode.
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Flash Memory
The M30218 group (flash memory version) contains the NOR type of flash memory that requires a high-
voltage VPP power supply for program/erase operations, in addition to the VVcc power supply for device
operation. For this flash memory, three flash memory modes are available in which to read, program, and
erase: parallel I/0 and standard serial I/O modes in which the flash memory can be manipulated using a
programmer and a CPU rewrite mode in which the flash memory can be manipulated by the Central Pro-

cessing Unit (CPU). Each mode is detailed in the pages to follow.

In addition to the ordinary user ROM area to store a microcomputer operation control program, the flash
memory has a boot ROM area that is used to store a program to control rewriting in CPU rewrite and
standard serial /O modes. This boot ROM area has had a standard serial I/O mode control program stored
in it when shipped from the factory. However, the user can write a rewrite control program in this area that
suits the user’s application system. This boot ROM area can be rewritten in only parallel /O mode.

Microcomputer mode Parallel /0O mode CPU rewrite mode
Standard serial /0 mode
ooooOw6 [ 1 -~~~ [ ~"°°°°
SFR SFR SFR
oo4001 [ |~ |77 T7C
RAM RAM RAM
YYYYYw | | | ____
DF00016 Collective Boot ROM Boot ROM
erasable/
programmable area area
DFDFF16 area (3.5K bytes) (3.5K bytes)
XXXXX1§ T '? """" f' T
Collective Collective
User ROM erasable/ User ROM erasable/
area programmable | area programmable| area
area area
FFFFF16 | | __“___ L 1___ *_ .
Type No. XXXXX16 YYYYYi6
M30218FC E000016 033FF16
Note 1: In CPU rewrite and standard serial /0O modes, the user ROM is the only erasable/programmable area.
Note 2: In parallel I/O mode, the area to be erased/programmed can be selected by the address A17 input.
The user ROM area is selected when this address input is high and the boot ROM area is selected
when this address input is low.

E000016

Block 0
E800016

Block 1
F000016

Block 2
F800016

Block 3
FFFFF16

Figure 125. Block diagram of flash memory version

154



Mitsubishi microcomputers

CPU Rewrite Mode SINGLE-CHIP 16-BIT CMOg/ll\;l?,lng(;LégOl\(/-l;Prl?Tlé

CPU Rewrite Mode
In CPU rewrite mode, the on-chip flash memory can be operated on (read, program, or erase) under control
of the Central Processing Unit (CPU). In CPU rewrite mode, the flash memory can be operated on by
reading or writing to the flash memory control register and flash command register. Figure 126, Figure 127
show the flash memaory control register, and flash command register respectively.
Also, in CPU rewrite mode, the CNVss pin is used as the VPP power supply pin. Apply the power supply
voltage, VPPH, from an external source to this pin.
In CPU rewrite mode, only the user ROM area shown in Figure 128 can be rewritten; the boot ROM area
cannot be rewritten. Make sure the program and block commands are issued for only the user ROM area.
The control program for CPU rewrite mode can be stored in either user ROM or boot ROM area. In the CPU
rewrite mode, because the flash memory cannot be read from the CPU, the rewrite control program must
be transferred to internal RAM before it can be executed.

Flash memory control register O
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
m [T T X1 FCONO 03B416 001000002
- Bit symbol Bit name Function RiwW
FCONOO | CPU rewrite mode 0: CPU rewrite mode is invalid OE o
H select bit 1: CPU rewrite mode is valid ;
Reserved bit This bit can not write. The value, if
' read, turns out to be indeterminate. |~ | T
FCoNo2 | CPU rewrite mode 0: CPU rewrite mode is invalid
B monitor flag 1: CPU rewrite mode is valid O, —
Reserved bit Must always be set to "0". oo
] FCONO04 bebsba )
Erase /Iprogt:'_am 000: Block 0 program/erase O} ©
A area select bit 001: Block 1 program/erase ;
Do) Memmemeemeeeoaees FCONO5 010: Block 2 program/erase [o)ke)
- 011: Block 3 program/erase .
L FCONO6 110: Block O to 3 erase [elke)
111: Inhibit
L LR E R Reserved bit Must always be set to "0". O o
Flash memory control register 1
bl _bo Symbol Address When reset
MM}ANEE FCON1 03B516 XXXXXX002
R A P Bit symbol Bit name Function RIW
L--+4 Reserved bit Must always be set to "0". of o)
h_______________i _______ Nothing is assigned. In an attempt to write these bits, write "0". The i
value, if read, turns out to be indeterminate.
Figure 126. Flash memory control register
Flash command register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
FCMD 03B616 0016
Function RIW
Writing of software command
<Software command name> <Command code>
*Read command "0016" |
*Program command "4016" X0
*Program verify command "C016" :
*Erase command "2016" +"2016"
*Erase verify command "A016"
*Reset command "FF16" +"FF6"

Figure 127. Flash command register
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Microcomputer Mode and Boot Mode
The control program for CPU rewrite mode must be written into the user ROM or boot ROM area in
parallel I/O mode beforehand. (If the control program is written into the boot ROM area, the standard
serial I/O mode becomes unusable.)
See Figure 125 for details about the boot ROM area.
Normal microcomputer mode is entered when the microcomputer is reset with pulling CNVss pin low
(Vss). In this case, the CPU starts operating using the control program in the user ROM area.
When the microcomputer is reset by pulling the P52 pin high (Vcc), the CNVss pin high(VPPH), the CPU
starts operating using the control program in the boot ROM area. This mode is called the “boot” mode.
The control program in the boot ROM area can also be used to rewrite the user ROM area.

CPU rewrite mode operation procedure

The internal flash memory can be operated on to program, read, verify, or erase it while being placed on-
board by writing commands from the CPU to the flash memory control register (addresses 03B41s,
03B516) and flash command register (address 03B616). Note that when in CPU rewrite mode, the boot
ROM area cannot be accessed for program, read, verify, or erase operations. Before this can be accom-
plished, a CPU write control program must be written into the boot ROM area in parallel input/output
mode. The following shows a CPU rewrite mode operation procedure.
<Start procedure (Note 1)>
(1) Apply VpPH to the CNVss/VPP pin and Vcc to the port P46 pin for reset release. Or the user can
jump from the user ROM area to the boot ROM area using the JMP instruction and execute the CPU
write control program. In this case, set the CPU write mode select bit of the flash memory control
register to “1” before applying VPPH to the CNVss/VPP pin.
(2) After transferring the CPU write control program from the boot ROM area to the internal RAM, jump
to this control program in RAM. (The operations described below are controlled by this program.)
(3) Set the CPU rewrite mode select bit to “1”.
(4) Read the CPU rewrite mode monitor flag to see that the CPU rewrite mode is enabled.
(5) Execute operation on the flash memory by writing software commands to the flash command regis-
ter.
Note 1: In addition to the above, various other operations need to be performed, such as for entering the
data to be written to flash memory from an external source (e.g., serial 1/0), initializing the ports, and
writing to the watchdog timer.

<Clearing procedure>

(1) Apply Vss to the CNVss/VPP pin.
(2) Set the CPU rewrite mode select bit to “0".
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Precautions on CPU Rewrite Mode

Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite
mode.

(1) Operation speed
During erase/program mode, set BCLK to one of the following frequencies by changing the divide
ratio:
5 MHz or less when wait bit (bit 7 at address 000516) = 0 (without internal access wait state)
10 MHz or less when wait bit (bit 7 at address 000516) = 1 (with internal access wait state)(Note 1)

(2) Instructions inhibited against use
The instructions listed below cannot be used during CPU rewrite mode because they refer to the
internal data of the flash memory:
UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction

(3) Interrupts inhibited against use
No interrupts can be used that look up the fixed vector table in the flash memory area. Maskable
interrupts may be used by setting the interrupt vector table in a location outside the flash memory
area.

Note 1: Internal access wait state can be set in CPU rewrite mode. In this time, the following function is
only used.
* CPU, ROM, RAM, timer, UART, SI/O2(non-automatic transfer), port
In case of setting internal access wait state, refer to the following explain (software wait).

Software wait
A software wait can be inserted by setting the wait bit (bit 7) of the processor mode register 1 (address
000516) (Note 2).
A software wait is inserted in the internal ROM/RAM area by setting the wait bit of the processor mode
register 1. When set to “0”, each bus cycle is executed in one BCLK cycle. When set to “1”, each bus
cycle is executed in two BCLK cycles. After the microcomputer has been reset, this bit defaults to “0”.
The SFR area is always accessed in two BCLK cycles regardless of the setting of this control bit.
Table 73 shows the software wait and bus cycles. Figure 128 shows example bus timing when using
software waits.

Note 2: Before attempting to change the contents of the processor mode register 1, set bit 1 of the protect
register (address 000A16) to “1”.

Table 73. Software waits and bus cycles

Area Wait bit Bus cycle
SFR Invalid 2 BCLK cycles
Internal 0 1 BCLK cycle
ROM/RAM
1 2 BCLK cycles
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< Internal bus (no wait) > Bus cycle
P
BCLK
Write signal
Read signal
Data bus @ Eput}

Address bus X XAddressX ><Addressx ><

< Internal bus (with wait) >

Bus cycle
>
BCLK
Write signal
Read signal
Data bus \ Output } @
Address bus >< Address >< >< Address ><

Figure 128. Typical bus timings using software wait

158



CPU Rewrite Mode

Mitsubishi microcomputers

M30218 Grou

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

Software Commands

Table 74 lists the software commands available with the M30218 group (flash memory version).

When CPU rewrite mode is enabled, write software commands to the flash command register to specify
the operation to erase or program.
The content of each software command is explained below.

Table 74. List of Software Commands (CPU Rewrite Mode)

First bus cycle Second bus cycle
Command Data Data
Mode | Address | (pgtg p7)| Mode | Address | g g py)
Read Write 03B616 0016
Program Write 03B616 4016 Write Program | Program
address data
Program verify Write 03B616 CO16 Read Verify Verify
address data
Erase Write 03B616 2016 Write 03B616 2016
Erase verify Write 03B616 AO16 Read Verify Verify
address data
Reset Write 03B616 FFie Write 03B616 FF16

Read Command (00 16)

The read mode is entered by writing the command code “0016” to the flash command register in the
first bus cycle. When an address to be read is input in one of the bus cycles that follow, the content of
the specified address is read out at the data bus (Do-D7), 8 bits at a time.

The read mode is retained intact until another command is written.

After reset and after the reset command is executed, the read mode is set.

Program Command (40 16)
The program mode is entered by writing the command code “4016” to the flash command register in
the first bus cycle. When the user execute an instruction to write byte data to the desired address (e.g.,
STE instruction) in the second bus cycle, the flash memory control circuit executes the program op-
eration. The program operation requires approximately 20 ps. Wait for 20 us or more before the user
go to the next processing.
During program operation, the watchdog timer remains idle, with the value “7FFF16” set in it.

Note 1: The write operation is not completed immediately by writing a program command once. The
user must always execute a program-verify command after each program command executed. And if
verification fails, the user need to execute the program command repeatedly until the verification
passes. See Figure 129 for an example of a programming flowchart.
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Program-verify command (CO 16)

The program-verify mode is entered by writing the command code “C016” to the flash command
register in the first bus cycle. When the user execute an instruction (e.g., LDE instruction) to read byte
data from the address to be verified (the previously programmed address) in the second bus cycle,
the content that has actually been written to the address is read out from the memory.

The CPU compares this read data with the data that it previously wrote to the address using the
program command. If the compared data do not match, the user need to execute the program and
program-verify operations one more time.

Erase command (20 16 + 2016)

The flash memaory control circuit executes an erase operation by writing command code “2016” to the
flash command register in the first bus cycle and the same command code to the flash command
register again in the second bus cycle. The erase operation requires approximately 20 ms. Wait for 20
ms or more before the user go to the next processing.

Before this erase command can be performed, all memory locations to be erased must have had data
“0016" written to by using the program and program-verify commands. During erase operation, the
watchdog timer remains idle, with the value “7FFF16 set in it.

Note 1: The erase operation is not completed immediately by writing an erase command once. The
user must always execute an erase-verify command after each erase command executed. And if
verification fails, the user need to execute the erase command repeatedly until the verification passes.
See Figure 129 for an example of an erase flowchart.

Erase-verify command (A0 16)
The erase-verify mode is entered by writing the command code “A016” to the flash command register
in the first bus cycle. When the user execute an instruction to read byte data from the address to be
verified (e.g., LDE instruction) in the second bus cycle, the content of the address is read out.
The CPU must sequentially erase-verify memory contents one address at a time, over the entire area
erased. If any address is encountered whose content is not “FF16” (not erased), the CPU must stop
erase-verify at that point and execute erase and erase-verify operations one more time.
Note 1: If any unerased memory location is encountered during erase-verify operation, be sure to
execute erase and erase-verify operations one more time. In this case, however, the user does not
need to write data “0016” to memory before erasing.
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Reset command (FF 16 + FF16)
The reset command is used to stop the program command or the erase command in the middle of
operation. After writing command code “4016” or “2016” twice to the flash command register, write
command code “FF16” to the flash command register in the first bus cycle and the same command
code to the flash command register again in the second bus cycle. The program command or erase
command is disabled, with the flash memory placed in read mode.

Program Erase

Address = first location
Loop counter : X=0
Write program command ) Write : 4016

Write program data/
address

Duration = 20 ps

All bytes =
"0016"?

NO

Program all bytes =
"0016"

Address = First address
Loop counter X=0

Write : Program data

Write:2016

Wite:2010
Loop counter : X=X+1
Duration = 20ms
Write program verify e
command Write : €026 _Loop counter X=X+1
Write erase verify Write:A016

Duration = 6 ps

command/address

Duration = 6us

Read:
expect value=FF16

Last
address ?

Next address

?
Next address ? address?

(__write read command ) (Write read command ) write : 0016 ( wiite read command ) (Write read command) Wiite:0016

_DASS ‘-FAIL

Figure 129. Program and erase execution flowchart in the CPU rewrite mode

161



Mitsubishi microcomputers

. . M3021
Appendix Standard Serial I/O Mode SINGLE-CHIP 16-BIT CMOS w%gRoc%nCA;PrL%lé

Pin functions (Flash memory standard serial /0O mode)

Pin Name 110 Description

Vcc,Vss Power input Apply 5V + 10 % to Vcc pin and 0 V to Vss pin.

CNVss CNVss | Apply 12V + 5 9% to this pin.
'RESET Reset input | Reset input pin. While reset is "L" level, a 20 cycle or longer clock

must be input to XIN pin.
XIN Clock input | Connect a ceramic resonator or crystal oscillator between XiN and
XouT pins. To input an externally generated clock, input it to XIN pin

XouTt Clock output o) and open XouT pin.

AVcc, AVss Analog power supply input Connect AVss to Vss and AVcc to Vcc, respectively.

VREF Reference voltage input | Enter the reference voltage for AD from this pin.

POo to PO7 Output port PO o Output exclusive use pin.

Ploto P17 Output port P1 O | Output exclusive use pin.

P20 to P27 Output port P2 o Output exclusive use pin.

P30 to P37 Input port P3 | Input "H" or "L" level signal or open.

P40 to P43 Input port P4 | Input "H" or "L" level signal or open.

Pas XDouput | o | seraldataoutputpin.
P4s RxD input | Serial data input pin.

Pas | SCLKinput | 1 | Seralclockinputpin.
Paz BUSY output | o | BUsysignaloutputpin.
P50 to P57 Output port P5 o) Output exclusive use pin.

P60 to P67 Output port P6 (o) Output exclusive use pin.

P70 to P77 Input port P7 | Input "H" or "L" level signal or open.

P80 to P87 Input port P8 | Input "H" or "L" level signal or open.

P9o to P97 Input port P9 | Input "H" or "L" level signal or open.

P10o0 to P107 Input port P10 | Input "H" or "L" level signal or open.
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Mode setup method

Signal Value
CNVss VppH
RESET Vss ~* Vcc
CHNMIVON® OO N | B| TVORPO OO T W
2030333935222 Q| RN INDDD
[a¥aYaNaYaYaNaNaNalalalaNalaYal Bia) [afalajaYaNaNaNaNaNaNalal
259885885585585985988931 91 2888585958585813
J R W W W W Wy W Wy WY W VI VI T T T w J Iy Iy Wy Wy Wy Wy VI Vi Vg VI TR TR
S PI0 O ONRNBIBSVRU STIMIBORSSND
LOLLOLLLLOWOOOO0OO0O VN0 ddd ddd AN NNN
doooooo0ocaoooaoaoa>a>o000000000000
EREEEENEEEREEEEEEEEEEEEEEEEEEE!
P67/FLD7 <— [50] —*= P24/FLD36
P66/FLD6 ~— [43]—* P25/FLD37
P65/FLD5 ~— [a8] —> P26/FLD38
P64/FLD4 -a—| [47]— P27/FLD39
P63/FLD3 <-— [46] < pP3/FLD40
P62/FLD2 ~— [45] < P31/FLDA1
P61/FLD1 ~— [44] <> P32/FLDA42
P6O/FLD0 ~—| [43] <> P33/FLD43
VEE — 3 [42] <= P34/FLDA4
P107/AN7 <5~ [41] <+ P35/FLDA45
P106/ANG 3= M30218FCFP [40] < p3g/F( D46
P10S/ANS &= [39] <> P37/FLDA47
P104/AN4 -3 [38] < P4o/FLD48
P103/AN3 - [37] = P41/FLDA49
P102/AN2 -~ [36] < P42/FLD50
P101/AN1 -] [35] <> P43/FLD51
Qs AVss — [34] <% pP44/TXDO/FLD52
P100/ANO ~-3 33] <~ P4s/RXDO/FLD53
VREF — O Q [32] <> P46/CLKO/FLD54 [€oT9)
(7] AVee —# (31l <> P47/CTSO/RTSO/FLDSS Gusy
\HH“H‘“H"H“‘H“’H“H"“H“HSH:H“HHH"HﬂHﬁH“H“\@H@\aHmHﬁHﬁHk’H“«j@@@@
FENDNSNNNGZ B E0 ddddEzzz
YL 2GR pasg303s 25293838
s00%0 35223 gmx SQEEQPEE
53328005 Y SEEESSSS
Egpot§ls o3 2333828hR
53802 R3¢ 2 £3832aaa
g3a oo S<xxg
%9 & PEEER
38 62225
g £283k
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circuit.

g

Figure 130. Pin connections for serial I/O mode (1)
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Standard Serial I/0 Mode

The standard serial /0 mode serially inputs and outputs the software commands, addresses and data
necessary for operating (read, program, erase, etc.) the internal flash memory. It uses a purpose-specific
serial programmer.

The standard serial /O mode differs from the parallel /O mode in that the CPU controls operations like
rewriting (uses the CPU rewrite mode) in the flash memory or serial input for rewriting data. The standard
serial I/O mode is started by clearing the reset with VPPH at the CNVss pin. (For the normal microprocessor
mode, set CNVss to “L".)

This control program is written in the boot ROM area when shipped from Mitsubishi Electric. Therefore, if
the boot ROM area is rewritten in the parallel /0O mode, the standard serial I/O mode cannot be used.
Figure 130 shows the pin connections for the standard serial /O mode. Serial data 1/0 uses three UARTO
pins: CLKo, RxDo, TxDo, and RTSo (BUSY).

The CLKo pin is the transfer clock input pin and it transfers the external transfer clock. The TxDo pin outputs
the CMOS signal. The RTSo (BUSY) pin outputs an “L” level when reception setup ends and an “H” level
when the reception operation starts. Transmission and reception data is transferred serially in 8-byte
blocks.

In the standard serial I/O mode, only the user ROM area shown in Figure 125 can be rewritten, the boot
ROM area cannot.

The standard serial /O mode has a 7-byte ID code. When the flash memory is not blank and the ID code
does not match the content of the flash memory, the command sent from the programmer is not accepted.

Function Overview (Standard Serial 1/O Mode)
In the standard serial I/O mode, software commands, addresses and data are input and output between
the flash memory and an external device (serial programmer, etc.) using a clock synchronized serial I/O
(UARTO) . In reception, the software commands, addresses and program data are synchronized with the
rise of the transfer clock input to the CLKo pin and input into the flash memory via the RxDo pin.
In transmission, the read data and status are synchronized with the fall of the transfer clock and output to
the outside from the TxDo pin.
The TxDo pin is CMOS output. Transmission is in 8-bit blocks and LSB first.
When busy, either during transmission or reception, or while executing an erase operation or program,
the RTSo (BUSY) pin is “H” level. Accordingly, do not start the next transmission until the RTSo (BUSY)
pin is “L” level.
Also, data in memory and the status register can be read after inputting a software command. It is pos-
sible to check flash memory operating status or whether a program or erase operation ended success-
fully or in error by reading the status register.
Software commands and the status register are explained here following.
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Software Commands
Table 75 lists software commands. In the standard serial I/O mode, erase operations, programs and
reading are controlled by transferring software commands via the RxD pin. Software commands are
explained here below.

Table 75. Software commands (Standard serial 1/O mode)

Control command tlrglnt;}/é(re 2nd byte | 3rd byte | 4th byte| 5th byte | 6th byte n\:)vth\‘/aenrilfliDcalfe
1| Page read - Address Adqlress Data Data Data Data Not
16 (middle) (high) output | output | output | output to | acceptable
259th
byte
2 | Page program 4115 | Address | Address | Data Data | Data |Data input Not
(middle) (high) input input input to 259th | acceptable
byte
3 | Belock ease 2016 Address Adqlress D016 Not
(middle) (high) acceptable
4 | Erase all unlocked blocks | A7, D01 acc;\lr?t;ble
5 | Read status register 7016 oi?plit (?Lisult Acceptable
6 | Clear status register 5016 acc;\lr?t;ble
) Address | Address |Lock bit Not
7 | Read lockbit status 7l (middle) (high) data acceptable
output
. Address | Address |Address | ID size | ID1 To ID7 | Acceptable
8 | ID check function F516 (low) (middle) | (high)
9 | Download function FA Size S.ize Check- .Data T(.) Not
16 (low) (high) sum input required acceptable
number
of times
. . Version | Version |Version | Version [Version | Version | Acceptable
10| Version data output function| Fg 4 data data data data data |data output
output output output | output | output |to 9th byte
11| Boot area output function EC Address Aeress Data Data Data Lzl Not
16 | (middle) | (high) | output | output | output | outputto | acceptable
259th byte

Notel: Shading indicates transfer from flash memory microcomputer to serial programmer. All other data is
transferred from the serial programmer to the flash memory microcomputer.

Note2: SRD refers to status register data. SRD1 refers to status register 1 data.

Note3: All commands can be accepted when the flash memory is totally blank.
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Page Read Command
This command reads the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page read command as explained here following.
(1) Send the “FF16” command code in the 1st byte of the transmission.
(2) Send addresses A8 to A15 and A16 to A23 in the 2nd and 3rd bytes of the transmission respec-
tively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first in sync with the rise of the clock.

CLKO

A8 to A16 to
RxDO ( FF16X N )

RTSOBUSY) | |_| |_| |_| |_|\ |_| |

Figure 131. Timing for page read

Read Status Register Command
This command reads status information. When the “7016” command code is sent in the 1st byte of the
transmission, the contents of the status register (SRD) specified in the 2nd byte of the transmission
and the contents of status register 1 (SRD1) specified in the 3rd byte of the transmission are read.

RxDO >< 7016

TxDO X SRD X SRD1

output /\ output

RTSO(BUSY) |_| |_|

Figure 132. Timing for reading the status register
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Clear Status Register Command
This command clears the bits (SR3—-SR4) which are set when the status register operation ends in
error. When the “5016” command code is sent in the 1st byte of the transmission, the aforementioned
bits are cleared. When the clear status register operation ends, the RTSo (BUSY) signal changes
from the “H” to the “L" level.

CLKO | " || || |

RxDO X 5016

TxDO

RTSO(BUSY)

Figure 133. Timing for clearing the status register

Page Program Command
This command writes the specified page (256 bytes) in the flash memory sequentially one byte at a
time. Execute the page program command as explained here following.
(1) Send the “4116” command code in the 1st byte of the transmission.
(2) Send addresses As to A15 and A16 to A23 in the 2nd and 3rd bytes of the transmission respectively.
(3) From the 4th byte onward, as write data (Do—D7) for the page (256 bytes) specified with addresses
A8 to A23 is input sequentially from the smallest address first, that page is automatically written.

When reception setup for the next 256 bytes ends, the RTSo (BUSY) signal changes from the “H” to
the “L” level. The result of the page program can be known by reading the status register. For more
information, see the section on the status register.

A8 to \ A16 to
RXDO ( 4116X 8 oAt XdataOX_ xdata255

TxDO

RTSOBUSY) | ” ” |_| |_| |_| B

Figure 134. Timing for the page program
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Block Erase Command
This command erases the data in the specified block. Execute the block erase command as explained
here following.
(1) Send the “2016” command code in the 1st byte of the transmission.
(2) Send addresses As to A15 and A16 to A23 in the 2nd and 3rd bytes of the transmission respec-
tively.
(3) Send the verify command code “D016” in the 4th byte of the transmission. With the verify com-
mand code, the erase operation will start for the specified block in the flash memory. Write the
highest address of the specified block for addresses A16 to A23.

When block erasing ends, the RTSO0 (BUSY) signal changes from the “H” to the “L” level. After block
erase ends, the result of the block erase operation can be known by reading the status register. For
more information, see the section on the status register.

Each block can be erase-protected with the lock bit. For more information, see the section on the data
protection function.

RxDO ( 2016 X A8 to | Alé t°X D016
A15 A23

TxDO

RTSOBUSY) | |_| |_| |_|

Figure 135.Timing for block erasing
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Erase All Unlocked Blocks Command
This command erases the content of all blocks. Execute the erase all unlocked blocks command as
explained here following.
(1) Send the “A716” command code in the 1st byte of the transmission.
(2) Send the verify command code “D016” in the 2nd byte of the transmission. With the verify com-
mand code, the erase operation will start and continue for all blocks in the flash memory.
When block erasing ends, the RTSo (BUSY) signal changes from the “H” to the “L” level. The result of the
erase operation can be known by reading the status register.

TxDO

RTSO(BUSY) |_|

Figure 136. Timing for erasing all unlocked blocks

Read Lock Bit Status Command
This command reads the lock bit status of the specified block. Execute the read lock bit status com-
mand as explained here following.
(1) Send the “7116” command code in the 1st byte of the transmission.
(2) Send addresses As to A15 and A16 to A23 in the 2nd and 3rd bytes of the transmission respec-
tively.
(3) The lock bit data of the specified block is output in the 4th byte of the transmission. Write the
highest address of the specified block for addresses As to A23.
The M30218 group (flash memory version) does not have the lock bit, so the read value is always
“1” (block unlock).

cLxo JLEAT I

RxDO As to X A16 toX
X 116 X A15 A23

TxDO DQG

RTSOBUSY) |_| |_| |_| |

Figure 137. Timing for reading lock bit status
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Download Command
This command downloads a program to the RAM for execution. Execute the download command as
explained here following.
(1) Send the “FA16” command code in the 1st byte of the transmission.
(2) Send the program size in the 2nd and 3rd bytes of the transmission.
(3) Send the check sum in the 4th byte of the transmission. The check sum is added to all data sent
in the 5th byte onward.
(4) The program to execute is sent in the 5th byte onward.

When all data has been transmitted, if the check sum matches, the downloaded program is executed.
The size of the program will vary according to the internal RAM.

Check gram Program
RxDO FA16 sum ata data
/
Data size (low)
TxDO Data size (high)

RTSOBUSY) | |_| |_| |_| H\\ |_| L

Figure 138. Timing for download
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Version Information Output Command
This command outputs the version information of the control program stored in the boot area. Execute
the version information output command as explained here following.
(1) Send the “FB16” command code in the 1st byte of the transmission.
(2) The version information will be output from the 2nd byte onward. This data is composed of 8
ASCII code characters.

RxDO < FB16 >

00 (v = | = x: x

sy [ U U

Figure 139. Timing for version information output

Boot Area Output Command
This command outputs the control program stored in the boot area in one page blocks (256 bytes).
Execute the boot area output command as explained here following.
(1) Send the “FC16” command code in the 1st byte of the transmission.
(2) Send addresses As to A15 and A16 to A23 in the 2nd and 3rd bytes of the transmission respec-
tively.
(3) From the 4th byte onward, data (Do—D7) for the page (256 bytes) specified with addresses As to
A23 will be output sequentially from the smallest address first, in sync with the rise of the clock.

As to | Aisto )
A15 A23

RTSO(BUSY) | |_| |_| |_| |_| |_| L

RxDO ( FCi6

Figure 140. Timing for boot area output
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ID Check
This command checks the ID code. Execute the boot ID check command as explained here following.
(1) Send the “F516” command code in the 1st byte of the transmission.
(2) Send addresses Ao to A7, As to A15 and A16 to A23 of the 1st byte of the ID code in the 2nd, 3rd
and 4th bytes of the transmission respectively.
(3) Send the number of data sets of the ID code in the 5th byte.
(4) The ID code is sent in the 6th byte onward, starting with the 1st byte of the code.

CLKO

RxDO ( F516 X DF16X FFie6 X OF16 XID sizeX ID1 ID7

TxDO

RTSO(BUSY) | |_| |_| |_| I_I |_| |_|

=

Figure 141. Timing for the ID check

ID Code
When the flash memory is not blank, the ID code sent from the serial programmer and the ID code
written in the flash memory are compared to see if they match. If the codes do not match, the com-
mand sent from the serial programmer is not accepted. An ID code contains 8 bits of data. Area is,
from the 1st byte, addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF16, OFFFF316, and
OFFFF716 . Write a program into the flash memory, which already has the ID code set for these
addresses.

s
Address ¢/\/\—/

OFFFDF16 to OFFFDC16 | ID1: Undefined instruction vector

OFFFE316 to OFFFEO16 | ID2 Overflow vector

OFFFE716 to OFFFE416 i BRK instruction vector

OFFFEB16 to OFFFE816 | ID3: Address match vector

OFFFEF16 to OFFFEC16 ID4§ Single step vector

OFFFF316 to OFFFF016 | ID5: Watchdog timer vector

OFFFF716 to OFFFF416 ID6 DBC vector

OFFFFB16 to OFFFF816 | ID7 —_—

OFFFFF16 to OFFFFC16 : Reset vector

—~—
4 bytes

Figure 142. ID code storage addresses
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Status Register (SRD)
The status register indicates operating status of the flash memory and status such as whether an erase
operation or a program ended successfully or in error. It can be read by writing the read status register
command (7016). Also, the status register is cleared by writing the clear status register command (5016).
Table 76 gives the definition of each status register bit. After clearing the reset, the status register outputs
“8016".

Table 76. Status register (SRD)

SRDO bits Status name TR Definition "

SR7 (bit7) Status bit Ready Busy

SR6 (bit6) Reserved - -

SR5 (hit5) Erase bit Terminated in error |Terminated normally
SR4 (bit4) Program bit Terminated in error |Terminated normally
SR3 (bit3) Reserved - -

SR2 (bit2) Reserved - -

SR1 (bitl) Reserved - -

SRO (bit0) Reserved - -

Status Bit (SR7)
The status bit indicates the operating status of the flash memory. When power is turned on, “1” (ready)
is set for it. The bit is set to “0” (busy) during an auto write or auto erase operation, but it is set back to
“1" when the operation ends.

Erase Bit (SR5)
The erase bit reports the operating status of the auto erase operation. If an erase error occurs, it is set
to “1”. When the erase status is cleared, it is set to “0”.

Program Bit (SR4)
The program bit reports the operating status of the auto write operation. If a write error occurs, it is set
to “1". When the program status is cleared, it is set to “0".
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Status Register 1 (SRD1)
Status register 1 indicates the status of serial communications, results from ID checks and results from
check sum comparisons. It can be read after the SRD by writing the read status register command (7016).
Also, status register 1 is cleared by writing the clear status register command (5016).
Table 77 gives the definition of each status register 1 bit. “0016” is output when power is turned ON and
the flag status is maintained even after the reset.

Table 77. Status register 1 (SRD1)

SRD1 bits Status name T Definition =
SR15 (bit7) Boot update completed bit Update completed Not update
SR14 (bit6) Reserved ) )
SR13 (bit5) Reserved ) )
SR12 (bit4) Checksum match bit Match Mismatch
SR11 (bit3) ID check completed bits 00 Not_yerif_ied _
SR10 (bit2) 10 Resemed |

11 Verified
SR9 (bitl) Data receive time out Time out Normal operation
SR8 (bit0) Reserved ) )

Boot Update Completed Bit (SR15)
This flag indicates whether the control program was downloaded to the RAM or not, using the down-
load function.

Check Sum Consistency Bit (SR12)
This flag indicates whether the check sum matches or not when a program, is downloaded for execu-
tion using the download function.

ID Check Completed Bits (SR11 and SR10)
These flags indicate the result of ID checks. Some commands cannot be accepted without an ID
check.

Data Reception Time Out (SR9)
This flag indicates when a time out error is generated during data reception. If this flag is attached
during data reception, the received data is discarded and the microcomputer returns to the command
wait state.
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Example Circuit Application for The Standard Serial I/O Mode

The below figure shows a circuit application for the standard serial I/O mode. Control pins will vary ac-
cording to programmer, therefore see the programmer manual for more information.

o

( Clock input ) ? p| CLKO
RTS output RTSO(BUSY)

( Data input ) p=| RXDO

M30218 Flash
\Y ?’
a </ memory version
CNVss

(1) Control pins and external circuitry will vary according to programmer. For
more information, see the programmer manual.

(2) In this example, the microprocessor mode and standard serial I/O mode are
switched via a switch.

Figure 143. Example circuit application for the standard serial I/O mode
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Plastic 100pin 140020mm body QFP

100P6S-A
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP100-P-1420-0.65 — 1.58 Alloy 42
HD
D
& RAAARARARARAAARAARARA
=0 :
@H =
R EREEE R ]
@D

A2

L

Detail F -

Al

h ] O [

Recommended Mount Pad

Dimension in Millimeters
Min Nom Max
A — - 3.05

A1 0 0.1 0.2

A2 - 2.8 -

b 0.25 0.3 04
c 0.13 0.15 0.2
D 13.8 14.0 14.2
E 19.8 20.0 20.2
le]

HD

HE
L
L1
X

Symbol

- 0.65 -
16.5 16.8 17.1
22.5 22.8 23.1

0.4 0.6 0.8
— 1.4 —
- - 0.13

y - - 0.1
0 0° - 10°
b2 - 0.35 -
12 1.3 - —
MD — 14.6 —
ME — 20.6 -
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2.1 Protect

2.1.1 Overview
'Protect’ is a function that causes a value held in a register to be unchanged even when a program runs
away. The following is an overview of the protect function:

(1) Registers affected by the protect function
The registers affected by the protect function are:
(a) System clock control registers 0, 1 (addresses 000616 and 000716)
(b) Processor mode registers 0, 1 (addresses 000416 and 000516)
The values in registers (1) through (2) cannot be changed in write-protect state. To change values in
the registers, put the individual registers in write-enabled state.

(2) Protect register
Figure 2.1.1 shows protect register.

Protect register
e AT Symbol Address When reset
A Bit symbol Bit name Function R'W

Enables writing to system clock
PRCO control registers 0 and 1 (addresses

000616 and 000716)

0 : Write-inhibited oo
1 : Write-enabled ‘

H Enables writing to processor mode Writeinhihi
""" PRC1 registers 0 and 1 (addresses 000416 2 . wmg_g‘:;z'lfg
and 000516) ’

R Nothing is assigned.
""""""""""""""""" In an attempt to write to these bits, write “0”. The value, if read, turns out to _ _
be indeterminate. i

Figure 2.1.1. Protect register

2.1.2 Protect Operation
The following explains the protect operation. Figure 2.1.2 shows the set-up procedure.
Operation (1) Setting “1” in the write-enable bit of system clock control registers 0 and 1 causes system

clock control register 0 and system clock control register 1 to be in write-enabled state.

(2) The contents of system clock control register 0 and that of system clock control register 1 are changed.

(3) Setting “0” in the write-enable bit of system control registers 0 and 1 causes system clock
control register 0 and system control register 1 to be in write-inhibited state.

(4) To change the contents of processor mode register 0 and that of processor mode register 1,
follow the same steps as in dealing with system clock control registers.
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(1) Clearing the protect (set to write-enabled state)

b7 blo Protect register [Address 000A 16]
DXDXIXDXIXIDX] [1] prer

Enables writing to system clock control registers 0 and 1 (addresses 0006 16 and 0007 16)
1 : Write-enabled

2) Setting system clock control register i (i = 0, 1) >

(3) Setting the protect (set to write-inhibited state)
b7

bo Protect register [Address 000A 16]
DXDXDXIXXIK 1] prer

Enables writing to system clock control registers 0 and 1 (addresses 0006 16 and 0007 16)
0 : Write-inhibited

Figure 2.1.2. Set-up procedure for protect function
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2.2 Timer A

2.2.1 Overview
The following is an overview for timer A, a 16-bit timer.
(1) Mode
Timer A operates in one of the four modes:

(a) Timer mode
In this mode, the internal count source is counted. Two functions can be selected: the pulse output
function that reverses output from a port every time an overflow occurs, or the gate function which
controls the count start/stop according to the input signal from a port.

* TIMEr MOAE OPEIALION ....veeiiiiiiiiieie ettt e e e s sttt e e e s st b et e e e s bbbt e e e s snbbeeeessabbneeeeeeans P186
* Timer mode, gate fUNCLION OPEIALION .......c.ciiiiiiiiiiiiiie ettt e e e e e P188
 Timer mode, pulse output fuNCtION OPETAtION .........ccoiiiiiiiiiiiiiiie e P190

(b) Event counter mode
This mode counts the pulses from the outside and the number of underflows in other timers. The
free-run type, in which nothing is reloaded from the reload register, can be selected when an under-
flow occurs. The pulse output function can also be selected. Please refer to the timer mode expla-
nation for details, as the operation is identical.

e Event counter MOAE OPEIALION ..........uueiiiiiiiieiiiiiitt ettt e e e et e e e e e e e e e e s bbb beeeeaaaaeeaeeas P192

» Event counter mode, free run type OPEration ..........ccoovuuiieeiiiiiieee ittt e e e e P194

Furthermore, Timer A has a 2-phase pulse signal processing function which generates an up count
or down count in the event counter mode, depending on the phase of the two input signals.
« Operation of the 2-phase pulse signal processing function in normal event counter mode ..... P196
» Operation of the 2-phase pulse signal processing function in 4-multiplication mode ............... P198

(c) One-shot timer mode
In this mode, the timer is started by the trigger and stops when the timer goes to “0”. The trigger can
be selected from the following 3 types: an external input signal, an overflow of the timer, or a software
trigger. The pulse output function can also be selected. Please refer to the timer mode explanation
for details, as the operation is identical.

* Operation in one-shot timer mode effected by SOftware ..........cccccoviiiiiiiii s P200

» Operation in one-shot timer mode effected by an external trigger .........ccccccceviiiiiiiiiiiiieeneenenn. P202

(d) Pulse width modulation (PWM) mode
In this mode, the arbitrary pulses are successively output. Either a 16-bit fixed-period PWM mode or
8-bit variable-period mode can be selected. The trigger for initiating output can also be selected.
Please refer to the one-shot timer mode explanation for details, as the operation is identical.

* 16-bit PWM MOUE OPEIALION ...ttt ettt e e e et e e e e e e e e e e s st bt beeeeeaaaaeeens P204

* 8-Dit PWM MOdE OPEIALION .......vviiieiiiiiiiee ettt e et e e e st e e e s s nabeeeeeeaan P206
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(2) Count source
The internal count source can be selected from f1, fs, f32, and fc32. Clocks f1, f8, and 32 are derived
by dividing the CPU's main clock by 1, 8, and 32 respectively. Clock fc32 is derived by dividing the
CPU's secondary clock by 32.

(3) Frequency division ratio

In timer mode or pulse width modulation mode, [the value set in the timer register + 1] becomes the
frequency division ratio. In event counter mode, [the set value + 1] becomes the frequency division
ratio when a down count is performed, or [FFFF16 - the set value + 1] becomes the frequency division
ratio when an up count is performed. In one-shot timer mode, the value set in the timer register be-
comes the frequency division ratio.

The counter overflows (or underflows) when a count source equal to a frequency division ratio is input,
and an interrupt occurs. For the pulse output function, the output from the port varies (the value in the
port register does not vary).

(4) Reading the timer
Either in timer mode or in event counter mode, reading the timer register takes out the count at that
moment. Read it in 16-bit units. The data either in one-shot timer mode or in pulse width modulation
mode is indeterminate.

(5) Writing to the timer
To write to the timer register when a count is in progress, the value is written only to the reload register.
When writing to the timer register when a count is stopped, the value is written both to the reload
register and to the counter. Write a value in 16-bit units.

(6) Relation between the input/output to/from the timer and the direction register
With the output function of the timer, pulses are output regardless of the direction register of the
relevant port. To input an external signal to the timer, set the direction register of the relevant port to
input.

(7) Pins related to timer A
(&) TAOIN, TALIN, TA2IN, TA3IN, TA4IN Input pins to timer A.
(b) TAOouUT, TAlouT, TA20UT, TA30UT, TA40UT Output pins from timer A. They become input pins to
timer A when event counter mode is active.
(8) Registers related to timer A
Figure 2.2.1 shows the memory map of timer A-related registers. Figures 2.2.2 through 2.2.5 show
timer A-related registers.
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005516 | Timer AQ interrupt control register (TAOIC)
005616 | Timer Al interrupt control register (TA1IC)
005716 | Timer A2 interrupt control register (TA2IC)
005816 | Timer A3 interrupt control register (TA3IC)
005916 | Timer A4 interrupt control register (TA4IC)

A A

038016 | Count start flag (TABSR)

038116 | Clock prescaler reset flag (CPSRF)
038216 | One-shot start flag (ONSF)

038316 | Trigger select register (TRGSR)
038416 | Up-down flag (UDF)

038516
038616 .

Timer AO (TAO)
038716
038816 )

Timer Al (TAL)
038916
038A10 Timer A2 (TA2
038B1s| | MerAZ (TA2)
038Cz16 )

Timer A3 (TA3)
038D16
038Ez0 Timer A4 (TA4
038F1s| N A4 (TAY)

D
(<

039616 | Timer AO mode register (TAOMR)
039716 | Timer A1 mode register (TAIMR)
039816 | Timer A2 mode register (TA2MR)
039916 | Timer A3 mode register (TASMR)
039A16| Timer A4 mode register (TA4MR)

Figure 2.2.1. Memory map of timer A-related registers

Timer Ai mode register

Symbol Address When reset
| b7 | b6 | b | b4| bs | b2 | b1 | bo | TAIMR(i=0 to 4) 039616 to 039A16 0016
'+ v 1 1 1 1 | Bitsymbol Bit name Function REW
e TMODO : .| bibo }
A Operation mode select bit 00 : Timer mode 0.0
A 0 1 : Event counter mode |
oo TMOD1 1 0 : One-shot timer mode |
[ R T S A 1 1: Pulse width modulation 00
R (PWM) mode |
S ntt MRO . . . . 00
oor Function varies with each operation mode 1
R MR1 (o)e
Pl oo MR2 00
Dol e MR3 0.0
P mmmmmmmmmmeeeeee oo TCKO Count source select bit 0.0
] TCK1 (Function varies with each operation mode) 0.0

Figure 2.2.2. Timer A-related registers (1)
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Timer Ai register (Note)
Symbol Address When reset
*15) o bo TAO 038716,038616 Indeterminate
TAl 038916,038816 Indeterminate
I TA2 038B16,038A16 Indeterminate
! TA3 038D16,038C16 Indeterminate
: TA4 038F16,038E16 Indeterminate
I Function Values that can be set [ R W
*===1 « Timer mode 000016 to FFFF16 oio
Counts an internal count source !
* Event counter mode 000016 to FFFF16
Counts pulses from an external source or timer overflow 0.0
» One-shot timer mode 000016 to FFFF16
Counts a one shot width X O
« Pulse width modulation mode (16-bit PWM) 000016 to FFFE16 |y
Functions as a 16-bit pulse width modulator
« Pulse width modulation mode (8-bit PWM) 0016 to FE16
Timer low-order address functions as an 8-bit (Both high-order |X:1O
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 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | TABSR 038016 0016
v v 0 Bit symbol Bit name Function RIW
poro w0 TAOS Timer AO count start flag 0 : Stops counting 0.0
(T T T T TA1S Timer Al count start flag 1: Starts counting OiO
DR TA2S Timer A2 count start flag 0.0
SRR TA3S Timer A3 count start flag 00
E  CLCTTEPRERS TA4S Timer A4 count start flag 00
e TBOS Timer BO count start flag Oio
. TB1S Timer B1 count start flag 0.0
R TB2S Timer B2 count start flag 0.0

Figure 2.2.3. Timer A-related registers (2)
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Up/down flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UDF 038416 0016
¢+ 1| Bitsymbol Bit name Function RW
i1 1 4 1 TAOUD |Timer AO up/down flag 0 : Down count 00
A - 1: Up count |
ot TAL1UD  [Timer Al up/down flag 6.0
[ - This specification becomes valid
T TA2UD  |Timer A2 up/down flag when the up/down flag content is 00
E e ELEETE TA3UD Timer A3 up/down flag selected for up/down switching 00
: cause ‘
S CLLEEERERE TA4UD  |Timer A4 up/down flag 00
___________________ TA2P Timer A2 two-phase pulse 0 : two-phase pulse signal 3
’ i i i rocessing disabled X0
signal processing select bit p 9 > !
1 : two-phase pulse signal L
_______________________ TA3P Timer A3 two-phase pulse processing enabled X0
signal processing select bit |
When not using the two-phase
___________________________ TA4P  ITimer A4 two-phase pulse | pulse signal processing function, xio
signal processing select bit | set the select bit to “0” ;
One-shot start flag
Symbol Address When reset
| b7 b6 bS b4 b3 b2 bl bO ONSF 038216 00X000002
i+ 1| Bitsymbol Bit name Function RW
i 1 -4 TA0OS [Timer AO one-shotstartflag |1 : Timer start 00
(R TA1OS | Timer Al one-shot start flag When read, the value is “0 OiO
P o] TA20S | Timer A2 one-shot start flag 0.0
R REEEE TA30S | Timer A3 one-shot start flag 00
SRGGLEEEEEEE TA40S | Timer A4 one-shot start flag 0.0
N Nothing is assigned. _3_
HE In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate.
L] TAOTGL | Timer AO event/trigger b7 08 ) 0.0
' select bit 0 0 : Input on TAOIN is selected (Note) ;
: 01: TB2 overflow is selected "
R TAOTGH 10 : TA4 overflow is selected 00
11:TA1 overflow is selected !

Note: Set the corresponding port direction register to “0”.
When selecting the TAiIN (i = 0—4) pin, TAiouT (i = 0-4) pin which is
assigned to the same pin cannot be used.

Figure 2.2.4. Timer A-related registers (3)
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Trigger select register

b4 b3 b2 bl bo Symbol Address When reset
| | | | | TRGSR 038316 0016

Bit symbol Bit name Function RIW
. TALTGL | Timer Al event/trigger b1 b0 i
oo select bit 00 : Input on TALIN is selected (Note)  |O1O
01 : TB2 overflow is selected :
. TALTGH 10: TAO overflow is selected OEO
11:TA2 overflow is selected !
o Timer A2 event/trigger b3 b2
""""" TA2TGL select bit 0 0 : Input on TA2IN is selected (Note) O;O
N 0 1: TB2 overflow is selected
R TA2TGH 10: TAL overflow is selected 00
! 11:TA3 overflow is selected
S Timer A3 event/trigger bs b4
TASTGL select bit 99 0 0 : Input on TA3IN is selected (Note)  [O:O

0 1: TB2 overflow is selected ‘
____________________ TA3TGH 10: TA2 overflow is selected 00
11:TA4 overflow is selected |

_______________________ TA4TGL Timer A4 event/trigger

select bit 0 0 : Input on TA4IN is selected (Note) OEO

0 1: TB2 overflow is selected
___________________________ TA4TGH 10: TA3 overflow is selected 0'0
11 : TAO overflow is selected i

Note: Set the corresponding port direction register to “0”.
When selecting the TAin (i = 0—4) pin, TAiour (i = 0-4) pin which is
assigned to the same pin cannot be used.

Clock prescaler reset flag

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
CPSRF 038116 OXXXXXXX2
Bit symbol Bit name Function R W
ir o+ v 4| Nothing is assigned.
Vool oonoor oo 2o v Inan attempt to write to these bits, write “0”. The value, if read, turns out to be -
! indeterminate. !
CPSR  |Clock prescaler reset flag 0 No effect
e 1: Prescaler is reset 00
(When read, the value is “0”) |

Figure 2.2.5. Timer A-related registers (4)
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2.2.2 Operation of Timer A (timer mode)

In timer mode, choose functions from those listed in Table 2.2.1. Operations of the circled items are
described below. Figure 2.2.6 shows the operation timing, and Figure 2.2.7 shows the set-up procedure.

Table 2.2.1. Choosed functions

Item Set-up

Count source O | Internal count source (f1/fs / f32 / fc32)

Pulse output function| O | No pulses output

Pulses output

Gate function O | No gate function

Performs count only for the period in which the TAIIN pin is at “L” level

Performs count only for the period in which the TAiIN pin is at “H” level

Operation (1) Setting the count start flag to “1” causes the counter to perform a down count on the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer Ai interrupt request bit goes to “1".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

n = reload register content
FFFF16

(1) Start count (2) Underflow (3) Stop count

_— i

000016 L—

Setto “1” by software :

Counter content (hex)
=]
il_i

. , L
L Time
Cleared to “0” by '

Setto “1” by software
software

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

Timer Ai interrupt ~ “1” ’—‘/ : \4 !
request bit “Q '—

Count start flag (l)J

Figure 2.2.6. Operation timing of timer mode
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Selecting timer mode and functions

b7

Timer Ai mode register (i=0 to 4) [Address 039616 to 039A16]
TAIMR (i=0 to 4)

Selection of timer mode

b0
[ofo] [ofo]o]

Pulse output function select bit
0 : Pulse is not output (TAiouT pin is a normal port pin)

Gate function select bit
b4 b3
00:

01- Gate function not available (TAiIN pin is a normal port pin)

0 (Must always be “0” in timer mode)

~

Timer A2 register [Address 038B16, 038A16] TA2
Timer A3 register [Address 038D16, 038C16] TA3
Timer A4 register [Address 038F16, 038E16] TA4

L

Can be set to 000016 to FFFF16

-

Cbc;%zt source select bit b7i b6 Count Count source period
00:f1 3 source |f(XiN) : 10MHz  f(XcIN) : 32.768kHz
01:fs 0.0 f1 100ns
10:fa2 0 1| fs 800ns
11:fcs2 1 ; 0| fa2 3.2us

11| fez 976.56s
-
Setting divide ratio
Timer AO register [Address 038716, 038616] TAO
(bb175) (ES)W po  Timer Al register [Address 038916, 038816] TA1l

/
~

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the Xcin by 32.)
b7 b0

\TMMM

Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

-

2N

Setting count start flag

b0
LTI T T T]

L Timer AO count start flag
—— Timer Al count start flag

Count start flag [Address 038016]
TABSR

Timer A2 count start flag
- Timer A3 count start flag

—— Timer A4 count start flag

Start count

Figure 2.2.7. Set-up procedure of timer mode
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2.2.3 Operation of Timer A (timer mode, gate function selected)

In timer mode, choose functions from those listed in Table 2.2.2. Operations of the circled items are
described below. Figure 2.2.8 shows the operation timing, and Figure 2.2.9 shows the set-up procedure.

Table 2.2.2. Choosed functions

Item Set-up

Count source O | Internal count source(f1 / fg / 32 / fc32)

Pulse output function| O | No pulses output

Pulses output

Gate function No gate function

Performs count only for the period in which the TAiin pin is at “L” level

O | Performs count only for the period in which the TAiIN pin is at “H” level

Operation (1) When the count start flag is set to “1” and the TAIIN pin inputs at “H” level, the counter per-
forms a down count on the count source.
(2) When the TAIIN pin inputs at “L” level, the counter holds its value and stops.
(3) If an underflow occurs, the content of the reload register is reloaded and the count continues.
At this time, the timer Ai interrupt request bit goes to “1”.
(4) Setting the count start flag to “0” causes the counter to hold its value and to stop.

Note » Make the pulse width of the signal input to the TAIIN pin not less than two cycles of the count
source.

n = reload register content

FFFF16 (1) Start count (3) Underflow
—> :
n ﬁ """"""""""""""""""""""""
£ ! : (2) Stop count A v (4) Stop count
5 > o—
E 1 1 ! 1
o
o
9]
IS
3
o 1 -
© : I :
! - : : —»
' _' ! Start count again.
000016 : i ; ' : Lo
: 1 : ' “0" by : Time
Set to “1” by software ; Cleared t0 0" by

/, ! ' : software Si“/o “1" by software
v s | ;
Count start flag Pt ' ' ' '

TAIIN pin H4|—|—1
input signal “
Cleared to “0” when interfupt request is accepted, or cleared by software

Timer Ai interrupt  “1” |
request bit “0

Figure 2.2.8. Operation timing of timer mode, gate function selected
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4 Selecting timer mode and functions N

| b7| | 5 | 1 I 1 | o I 0 | %O| Timer Ai mode register (i=0 to 4) [Address 039616 to 039A16]

TAIMR (i=0 to 4)

Selection of timer mode

L Pulse output function select bit
0 : Pulse is not output (TAiouT pin is a normal port pin)

Gate function select bit
b4 b3
1 1: Timer counts only when TAiIIN pin is held “H” (Note)

L 0 (Must always be “0” in timer mode)

Count source select bit

. b7§ b6 Count Count source period
00:f1 ! SOurce |f(xin) : 10MHz f(XciN) : 32.768kHz
01:fs 00| f 100ns
10:02 [ P9 1| fs 800ns
11:fecs2 1 ‘ 0| fa 3.2us

101 fea 976.56s

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

AN

4 Setting divide ratio

(b15) (b8) Timer AO register [Address 038716, 038616] TAO
b7 b0 b7 pbo Timer Al register [Address 038916, 038816] TAl

| | Timer A2 register [Address 038B16, 038A16] TA2
Timer A3 register [Address 038D16, 038C16] TA3

Timer A4 register [Address 038F16, 038E16] TA4
\— Can be set to 000016 to FFFF16

i /
' N

-

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc32 by
dividing the XciN by 32.)
b7 b0

Clock prescaler reset flag [Address 038116]
LFMNM CPSRF

Clock prescaler reset flag
0 : No effect
\\ 1: Prescaler is reset (When read, the value is “0”)

AN

Setting count start flag

b7 b0

Count start flag [Address 038016]
TABSR

L Timer AO count start flag

Timer Al count start flag
———— Timer A2 count start flag

———— Timer A3 count start flag
\\ L——— Timer A4 count start flag /

Start -count

Figure 2.2.9. Set-up procedure of timer mode, gate function selected
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2.2.4 Operation of Timer A (timer mode, pulse output function selected)

In timer mode, choose functions from those listed in Table 2.2.3. Operations of the circled items are

described below. Figure 2.2.10 shows the operation timing, and Figure 2.2.11 shows the set-up proce-
dure.

Table 2.2.3. Choosed functions

Item Set-up
Count source O | Internal count source(f1 / fg / f32 / fc32)
Pulse output function No pulses output

O | Pulses output

Gate function O | No gate function

Performs count only for the period in which the TAIIN pin is at “L” level

Performs count only for the period in which the TAiIN pin is at “H” level

Operation (1) Setting the count start flag to “1” causes the counter to perform a down count on the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded and the count continues.
At this time, the timer Ai interrupt request bit goes to “1”. Also, the output polarity of the
TAIOUT pin reverses.

(3) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the
TAIOUT pin outputs an “L” level.

n = reload register content

(2) Underflow
FFFF16

(1) Start count (3) Stop count

® e : -

[9) ' : , ‘

< n e i B L e LR EEE LR i mo (EDEEEEEEEEEEEEE:

= ! L Start count again

5 : o | — o

o ! i '

o i .- : .-

3 : ; :

£ .

S .

o i

: | 1'7 IH

000016 ; ; ; >

: ! Time

' Cleared to “0” by | '
Setto “1" by software  software 1 Setto“1" by software

Count start fl R i \: |
ount start flag . E |

Pulse output from «p»
TAiouT pin

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

request bit 0 % |_| N l_

Timer Ai interrupt

[y

Figure 2.2.10. Operation timing of timer mode, pulse output function selected
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/"~ Selecting timer mode and functions N

|"7| ToToT <o |b§| Timer Ai mode register (i=0 to 4) [Address 0396 16 to 039A16]

TAIMR (i=0 to 4)

Selection of timer mode

———Pulse output function select bit
1: Pulse is output (Note) (TAiouT pin is a pulse output pin)

Gate function select bit
b4 b3
00:

01- Gate function not available (TAiIN pin is a normal port pin)

—————— 0 (Must always be “0” in timer mode)

Count source select bit b7 e | Count Count source period
b7 b6 ' source |f(XIN) : 10MHz  f(XcIN) : 32.768kHz
8 (1) ]‘:g 0,0 1 100ns
10:f32 0 3 1 fs 800ns
11:fc32 1.0 fa 3.2us
111 | fe3 976.56us

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

/

4 N
(b15) ®9) Timer AO register [Address 0387 16, 038616] TAO
b7 b0 b7 po  Timer Al register [Address 0389 16, 038816] TAL

| | Timer A2 register [Address 038B 16, 038A16] TA2
Timer A3 register [Address 038D 16, 038C16] TA3

Timer A4 register [Address 038F 16, 038E16] TA4
Can be set to 000016 to FFFF16

. . /
4 N

Setting divide ratio

Setting clock prescaler reset flag

(This function is effective when f c32 is selected as the count source. Reset the prescaler for generating f c32 by
dividing the XcIN by 32.)

b7 b0

Clock prescaler reset flag [Address 0381 16]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

N : J
-

Setting count start flag A

b7 b0
LTI TT]

Count start flag [Address 0380 16]
TABSR

L Timer AO count start flag
Timer Al count start flag
—Timer A2 count start flag

—— Timer A3 count start flag

—— Timer A4 count start flag

Start bount

Figure 2.2.11. Set-up procedure of timer mode, pulse output function selected
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2.2.5 Operation of Timer A (event counter mode, reload type selected)

In event counter mode, choose functions from those listed in Table 2.2.4. Operations of the circled items
are described below. Figure 2.2.12 shows the operation timing, and Figure 2.2.13 shows the set-up
procedure.

Table 2.2.4. Choosed functions
Item Set-up Iltem Set-up

Count source Input signal to TAiIN Pulse output function| O | No pulses output
(counting falling edges)

Pulses output

Input signal to TAiIN Count operation type | O | Reload type
(counting rising edges)

Free-run type

Timer overflow Factor for switching | O | Content of up/down flag

: between up and
(TB2/TA] overflow) down P Input signal to TAiouT

Note: j=i—1, butj=4wheni=0.

Operation (1) Setting the count start flag to “1” causes the counter to count the falling edges of the count

source.

(2) If an underflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer Ai interrupt request bit goes to “1”".

(3) If switching from an up count to a down count or vice versa while a count is in progress, the
switch takes effect from the next effective edge of the count source.

(4) Setting the count start flag to “0” causes the counter to hold its value and to stop.

(5) If an overflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer Ai interrupt request bit goes to “1”.

n = reload register content (5) Overflow

] ey Hy E
(3) Switch count

(1) Start count (2) Underflow

/ ' software
Count start flag é : !

Setto “1” by software \

wpn
“qyp

Up/down flag

< .
g " —Ll ““““““ 1[ ----------- S B i R e -
c ! | | '
3 : - ' : :
3 ; ' A ' 4 (4) Stop count !
i I |
o : *—|_‘ *—L' ' iStartcountagain
000016 ; : L ; :
; ! | . K I I 1 Time
'Set to “1” by software Clearedto “0" by | Setto“1" by software |

éleared to “0” when Iinterrupit request is accepted, or cleared by saftware
Y SR
Timer Ai interrupt “1”

relquestlblit - “Q? ’—\ l—l | | 1 |_

Figure 2.2.12. Operation timing of event counter mode, reload type selected
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4 Selecting event counter mode and functions

b7 bo
[ [ofofofofofo]x]

Timer Ai mode register (i=0 to 4) [Address 039616 to 039A16]
TAIMR (i=0 to 4)

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output (TAiouT pin is a normal port pin)

Count polarity select bit
0 : Counts external signal's falling edge

Up/down switching cause select bit
0 : Up/down flag's content

0 (Must always be “0" in event counter mode)

———— Count operation type select bit
0 : Reload type

Invalid in event counter mode (i = 0, 1)
\ Invalid when not using two-phase pulse signal processing(i = 2 to 4)

e Setting up/down flag

|bo7|o|o| T |b°| Upldown flag.[Adcess 038411

Timer AO up/down flag
0 : Down count

Timer Al up/down flag
0 : Down count

——— Timer A2 up/down flag
0 : Down count

Timer A3 up/down flag
0 : Down count

Timer A4 up/down flag
0 : Down count

\ When not using the 2-phase pulse signal processing function, set the select bit to “0”".

Setting one-shot start flag and trigger select register
b7 b0
|

LIDI T T]

‘ ‘ Timer AO event/trigger select bit Timer Al event/trigger select bit
b7 b6 b1 b0
0 0 : Input on TAOI is selected (Note) 00 : Input on TALIN is selected (Note)

One-shot start flag [Address 038216]

b7 bo
ONSF | |

Trigger select register [Address 038316]
[ [T T T 17T tresr

L Timer A2 event/trigger select bit
b3 b2
0 0 : Input on TA2n is selected (Note)

Timer A3 event/trigger select bit
b5 b4
00 : Input on TA3IN is selected (Note)

Timer A4 event/trigger select bit
b7 b6
\ Note: Set the corresponding port direction register to “0”. 00 : Input on TA4N is selected (Note)

/Settmg divide ratio ) )
Timer AO register [Address 038716, 038616] TAO
(E'%S) (b%s) b7 po  Timer Al register [Address 038916, 038816] TAL
| | Timer A2 register [Address 038B16, 038A16] TA2
Timer A3 register [Address 038D16, 038C16] TA3

[ Timer A4 register [Address 038F16, 038E16] TA4
Can be set to 000016 to FFFF16

o

4 Setting count start flag

b7 b0
|

Count start flag [Address 038016]
TABSR

Timer AO count start flag
Timer Al count start flag

Timer A2 count start flag

Timer A3 count start flag

\ ——— Timer A4 count start flag

Start count

Figure 2.2.13. Set-up procedure of event counter mode, reload type selected
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2.2.6 Operation of Timer A (event counter mode, free run type selected)

In event counter mode, choose functions from those listed in Table 2.2.5. Operations of the circled items
are described below. Figure 2.2.14 shows the operation timing, and Figure 2.2.15 shows the set-up
procedure.

Table 2.2.5. Choosed functions

Item Set-up Iltem Set-up

Count source Input signal to TAiIN Pulse output function| O | No pulses output
(counting falling edges)

Pulses output

Input signal to TAIIN Count operation type Reload type

(counting rising edges) O | Free-run type

Timer overflow Factor for switching | O | Content of up/down flag
(TB2/TA] overflow) ggmeen up and Input signal to TAiout

Note: j=i—1,butj=4wheni=0

Operation (1) Setting the count start flag to “1” causes the counter to count the falling edges of the count
source.
(2) Even if an underflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer Ai interrupt request bit goes to “1”".
(3) If switching from an up count to a down count or vice versa while a count is in progress, the
switch takes effect from the next effective edge of the count source.
(4) Even if an overflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer Ai interrupt request bit goes to “1”.

n = reload register content

(2) Underflow (4) Overflow

FFFF16 j;l—_‘ ____________ A [T [ N f
' (1) Start count A | :

(3) Switch count

Counter content (hex)
>
a
J

T \_' 1 : Y Y y—l_‘
000016 : .

! ' : i : ' Time
i / Setto “1” by software

agn
Count start flag
“gr

./ Setto “1” by software

Up/down flag (l) ' |

| Cleared to “0” when interrupt request is accepted,' or cleared by software
Timer Ai interrupt  «q» . A/ ! / ' \ '
request bit “Qr ’ l li

Figure 2.2.14. Operation timing of event counter mode, free run type selected
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Selecting event counter mode and functions

b7 20 Timer Ai mode register (i=0 to 4) [Address 039616 to 039A16]
[ TafoJoJoJoJof1] taimRr (i=0t04)

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output (TAiouT pin is a normal port pin)

Count polarity select bit
0 : Counts external signal's falling edge

Up/down switching cause select bit
0 : Up/down flag's content

0 (Must always be “0” in event counter mode)

Count operation type select bit
1: Free-run type

Invalid in event counter mode (i = 0, 1)
Invalid when not using two-phase pulse signal processing(i = 2 to 4)

N

Setting up/down flag

|'g|0|0| T |"°| 8pD/'c:Jown flag [Address 038416]

Timer AO up/down flag
0 : Down count

Timer Al up/down flag
0 : Down count

——— Timer A2 up/down flag
0 : Down count

Timer A3 up/down flag
0 : Down count

Timer A4 up/down flag
0 : Down count

When not using the 2-phase pulse signal processing function, be sure to set the select bit to “0".

\ : .
- ' A

b0 Trigger select register [Address 038316]
[ T T T TT]Jvresk

Setting one-shot start flag and trigger select register
b7 b0
|

LIDAI T TT]

‘ ‘ Timer AO event/trigger select bit 'I;)i?wb%r Al event/trigger select bit
b7 b6 ]
00 : Input on TAOI is selected (Note) 00 : Inputon TALw is selected (Note)

One-shot start flag [Address 038216]

b7
ONSF | |

Timer A2 event/trigger select bit
b3 b2
0 0 : Input on TA2IN is selected (Note)

Timer A3 event/trigger select bit
b5 b4
00 : Input on TA3N is selected (Note)

Note: Set the corresponding port direction register to “0". TLTE; A4 eventftrigger select bit

\ 0 0 : Input on TA4IN is selected (Note) /

/Settmg divide ratio ] ) R
(b15) ©8) Timer AO register [Address 038716, 038616] TAO
b7 b0 b7 bo  Timer Al register [Address 038916, 038816] TA1
| | Timer A2 register [Address 038B16, 038A16] TA2
Timer A3 register [Address 038D16, 038C16] TA3

{ Timer A4 register [Address 038F16, 038E16] TA4
Can be set to 000016 to FFFF16

o

/§etting count start IZIag
7 0

| | | | | | | | Count start flag [Address 038016]
TABSR

Timer AO count start flag

Timer Al count start flag
Timer A2 count start flag

Timer A3 count start flag
\ L Timer A4 count start flag

Start .count

Figure 2.2.15. Set-up procedure of event counter mode, free run type selected
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2.2.7 Operation of timer A (2-phase pulse signal process in event counter mode,
normal mode selected)
In processing 2-phase pulse signals in event counter mode, choose functions from those listed in Table

2.2.6. Operations of the circled items are described below. Figure 2.2.16 shows the operation timing, and
Figure 2.2.17 shows the set-up procedure.

Table 2.2.6. Choosed functions
Item Set-up

Count operation type Reload type

O | Free run type

2-phase pulses O | Normal processing
process (Note)

4-multiplication processing

Note: Timer A3 alone can be selected. Timer A2 is solely used for normal processes, and timer A4 is solely used for 4
multiplication processes.

Operation (1) Setting the count start flag to “1” causes the counter to count effective edges of the count
source.
(2) Even if an underflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer Ai interrupt request bit goes to “1”".
(3) Even if an overflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the timer Ai interrupt request bit goes to “1”".

Note « The up count or down count conditions are as follows:
If a rising edge is present at the TAIIN pin when the input signal level to the TAiouT pin is “H”,

an up count is performed.
If a falling edge is present at the TAIIN pin when the input signal level to the TAiouT pin is “H”,

a down count is performed.

(1) Start count
—

Sraour T LML LU LU
5 ap ‘
o |
5 g |
2  TAIN H 1 f f f f i i i i i i % i f f f f f f -‘l
_“L"liz::::::::lllz L
g Por } | } (2) Underflovv 3 P @) Overflow }
= T R S . —
£ F—I_\—f DR
3] ) | |
c ' 1
5] ._,_I—'—\—\—\_‘ | I_J
o
5 000016 - L
£ ! Time
3 Setto “1” by software
U [l

Countstartflag + |

ugy ‘
Timer Ai interrupt S
request bit “Q” \ /
Cleared to “0” when interrupt request is accepted, or cleared by software

Figure 2.2.16. Operation timing of 2-phase pulse signal process in event counter mode, normal mode selected
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4 Selecting event counter mode and functions )
b7 b0 . . . -
| 0 | 1 | 0 | 1 | 0 | o | 0 | 1 | Timer Ai mode register (i= 2, 3) [Address 039816, 039916]

TAIMR (i= 2, 3)

Selection of event counter mode

0 (Must always be “0” when using two-phase pulse signal processing)

0 (Must always be “0” when using two-phase pulse signal processing)

1 (Must always be “1” when using two-phase pulse signal processing)

0 (Must always be “0” when using two-phase pulse signal processing)

Count operation type select bit
1: Free-run type

Two-phase pulse signal processing operation select bit
\ 0 : Normal processing operation /

4 Two-phase pulse signal processing select bit )

[T T T Ypdownteo tacoressosee
UDF

‘ Timer A2 two-phase pulse signal processing select bit
1: Two-phase pulse signal processing enabled

Timer A3 two-phase pulse signal processing select bit
\ 1: Two-phase pulse signal processing enabled

] /
4 Setting divide ratio )
(b15) (b8)

b7 b0 b7 PO Timer A2 register [Address 038B16, 038A16] TA2
| | Timer A3 register [Address 038D16, 038C16] TA3

\— Can be set to 000016 to FFFF16

- /

Setting count start flag

b7 b0
| | Count start flag [Address 038016]
TABSR

Timer A2 count start flag

Timer A3 count start flag

Start count

Figure 2.2.17. Set-up procedure of 2-phase pulse signal process in event counter mode, normal mode selected
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2.2.8 Operation of timer A (2-phase pulse signal process in event counter mode,
multiply-by-4 mode selected)

In processing 2-phase pulse signals in event counter mode, choose functions from those listed in Table
2.2.7. Operations of the circled items are described below. Figure 2.2.18 shows the operation timing, and
Figure 2.2.19 shows the set-up procedure.

Table 2.2.7. Choosed functions

Item

Set-up Iltem Set-up

Count operation type Reload type Processing 2 phase Normal processing

pulses (Note) o

O | Free run type

4-multiplication processing

Note: Timer A3 alone can be selected. Timer A2 is solely used for normal processes, and timer A4 is solely used for 4-
multiplication processes.

Operation (1) Setting the count start flag to “1” causes the counter to count effective edges of the count source.
(2) Even if an underflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the interrupt request bit goes to “1".
(3) Even if an overflow occurs, the content of the reload register is not reloaded, but the count
continues. At this time, the interrupt request bit goes to “1".
Note » The up count or down count conditions are as follows:
Table 2.2.8. The up count or down count conditions
Input signal to the Input signal to the Input signal to the Input signal to the
TAiouT pin TAIN pin TAiouT pin TAIN pin
Up count “H” level Rising Down “H” level Falling
“L” level Falling count “L” level Rising
Rising “L" level Rising “H” level
Falling “H” level Falling “L" level
(1) Start count
an !
& TAiouT,
=1 L
o
5 o
g TAIIN L
— FFFF16
x
Q
=
£
g
c
8
3
c
>
o
O
000016
Ly _» Time
! (2) Underflow (3) Overflow
Count start flag L : !
“0” Cleared to “0” when interrupt request is accepted, or cleared by software
Timer Ai interrupt «» ‘ |
request bit . m/ H/

Figure 2.2.18. Operation timing of 2-phase pulse signal process in event counter mode, multiply-by-4 mode selected
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Selecting event counter mode and functions

b7 B0 Timer Ai mode register (i= 3, 4) [Address 039916, 039A16]
[1]z]ofz]ofofo]1] TAaMR (=3 4)

Selection of event counter mode

0 (Must always be “0” when using two-phase pulse signal processing)

0 (Must always be “0” when using two-phase pulse signal processing)

1 (Must always be “1” when using two-phase pulse signal processing)

0 (Must always be “0” when using two-phase pulse signal processing)

Count operation type select bit
1: Free-run type

Two-phase pulse signal processing operation select bit
1 : Multiply-by-4 processing operation

- /

Two-phase pulse signal processing select bit

|b7| [ | | | | |b0| Up/down flag [address 038416]

UDF

‘ Timer A3 two-phase pulse signal processing select bit
1 : Two-phase pulse signal processing enabled

Timer A4 two-phase pulse signal processing select bit
1: Two-phase pulse signal processing enabled

- /
~

Setting divide ratio
(b15) (b8)

b7 b0 b7 b0 Timer A3 register [Address 038D16, 038C16] TA3
| | Timer A4 register [Address 038F16, 038E16] TA4

\— Can be set to 000016 to FFFF16

- /

Setting count start flag

b7 bo
| | | | | | | I |Countstartflag [Address 038016]

TABSR
\— Timer A3 count start flag

Timer A4 count start flag

- /

Start count

Figure 2.2.19. Set-up procedure of 2-phase pulse signal process in event counter mode, multiply-by-4 mode selected
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2.2.9 Operation of Timer A (one-shot timer mode)

In one-shot timer mode, choose functions from those listed in Table 2.2.9. Operations of the circled items
are described below. Figure 2.2.20 shows the operation timing, and Figure 2.2.21 shows the set-up
procedure.

Table 2.2.9. Choosed functions

Item Set-up
Count source O | Internal count source (f1/ f8 / fa2 / fc32)
Pulse output function No pulses output

O | Pulses output

Count start condition External trigger input (falling edge of input signal to the TAiIN pin)

External trigger input (rising edge of input signal to the TAIIN pin)

Timer overflow (TB2/TAj/TAk overflow)

O | Writing “1” to the one-shot start flag

Note: j=i —1,but j=4wheni=0; k=i+1,butk=0wheni=4.

Operation (1) Setting the one-shot start flag to “1” with the count start flag set to “1” causes the counter to
perform a down count on the count source. At this time, the TAIOUT pin outputs an “H” level.

(2) The instant the value of the counter becomes “000016”, the TAIOUT pin outputs an “L” level,
and the counter reloads the content of the reload register and stops counting. At this time, the
timer Ai interrupt request bit goes to “1”".

(3) If a trigger occurs while a count is in progress, the counter reloads the value in the reload
register again and continues counting. The reload timing is in step with the next count source
input after the trigger.

(4) Setting the count start flag to “0” causes the counter to stop and to reload the content of the
reload register. Also, the TAIOUT pin outputs an “L” level. At this time, the timer Ai interrupt
request bit goes to “1".

n = reload register content
9 (2) Stop count

(1) Start count ; (3) Start count Start count  (4) Stop count
; — :

5 ; : A
"I Reload
000116 N : 5 -

/ $et to “1” by software I Cleared to “0" by software \ Time

FFFF16

»

Reload

Counter content (hex)

wp : :
Count start fla '
g gy | .
Write signal to ” ”
one-shot start flag 175 X (n) | 1/ X (n+1) , 5
One-shot pulse output “H” < !
from TAiouUT pin 'K | Q J L
Timer Ai interrupt “1” l_l ; ;
request bit “” \ / /

g

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

Figure 2.2.20. Operation timing of one-shot mode
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4 N

Selecting one-shot timer mode and functions

b7 b0 . ) h :
| | | 0 | 0 | | 1 | 1 | o | '_Il:ll_r\ri\&rRA(li:nz)og)ellr)eglster (i=0 to 4) [Address 0396 16 to 039A16]

Selection of one-shot timer mode

Pulse output function select bit
1: Pulse is output

External trigger select bit
When internal is selected, this bit can be “1” or “0”

Trigger select bit
0 : When the one-shot start flag is set “1”

0 (Must always be “0” in one-shot timer mode)

Count source select bit b7 be | Count Count source period
b7 be N ! source [f(Xin): 10MHz f(XciN) : 32.768kHz
00:f1 0.0 f 100ns
01:fs - .
10:f32 0.1 fs 800ns
11:fc32 1.0 32 3.2us
11| fea 976.56ps

.

)\

Clearing timer Ai interrupt request bit  Refer to 'Precaution for Timer A (one-shot timer mode)'
b7 b0

DX e] [ |

\ Interrupt request bit /

4 N

(bslgttlng one-shot tIn’(]b%I’ s time Timer AO register [Address 038716, 038616] TAO
b7 b0 b7 po  Timer Al register [Address 038916, 038816] TA1l
| | Timer A2 register [Address 038B16, 038A16] TA2

Timer A3 register [Address 038D 16, 038C16] TA3

Timer A4 register [Address 038F 16, 038E16] TA4

L Can be set to 0001 16 to FFFF16

Timer Ai interrupt control register [Address 0055 16 to 005916]
TAIIC (i=0 to 4)

.

4 Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating f c32
by dividing the XcIN by 32.)

b7 b0

Clock prescaler reset flag [Address 0381 16]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

NS

\\ -

4 Setting count start flag

|b7 | | | | | | |bo Count start flag [Address 0380 16]
TABSR

AN

Timer AO count start flag
Timer Al count start flag
Timer A2 count start flag

Timer A3 count start flag

Timer A4 count start flag /

-

4 . )
Setting one-shot start flag

b7 b

° One-shot start flag [Address 0382 16]
LLDX LTI T Jonsr

Timer AO one-shot start flag
Timer Al one-shot start flag
Timer A2 one-shot start flag

Timer A3 one-shot start flag

\\ —————Timer A4 one-shot start flag /

Start ;:ount

Figure 2.2.21. Set-up procedure of one-shot mode
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2.2.10 Operation of Timer A (one-shot timer mode, external trigger selected)

In one-shot timer mode, choose functions from those listed in Table 2.2.10. Operations of the circled

items are described below. Figure 2.2.22 shows the operation timing, and Figure 2.2.23 shows the set-up
procedure.

Operation

Table 2.2.10. Choosed functions

Iltem

Set-up

Count source O | Internal count source (f1/ fg / f32 / fc32)

Pulse output function

No pulses output

O | Pulses output

Count start condition

External trigger input (falling edge of input signal to the TAiIN pin)

O | External trigger input (rising edge of input signal to the TAiIN pin)

Timer overflow (TB2/TAj/TAk overflow)

Writing “1” to the one-shot start flag

Note: j=i —1,butj=4wheni=0; k=i+1,butk=0wheni=4.

(1) If the TAIIN pin input level changes from “L” to “H” with the count start flag set to “1”, the
counter performs a down count on the count source. At this time, the TAiOUT pin output level
goes to “H” level.

(2) If the value of the counter becomes “000016”, the TAIOUT pin outputs an “L” level, and the
counter reloads the content of the reload register and stops counting. At this time, the timer Ai
interrupt request bit goes to “1”.

(3) If a trigger occurs while a count is in progress, the counter reloads the value of the reload
register again and continues counting. The reload timing is in step with the next count source
input after the trigger.

(4) Setting the count start flag to “0” causes the counter to stop and to reload the content of the
reload register. Also, the TAIOUT pin outputs an “L” level. At this time, the timer Ai interrupt
request bit goes to “1”".

n = reload register content

FFFF16 (2) Stop count
(1) Start count (3) Start count
= Start count f4) Stop count
[} [ ' '
5 i
FCE 3 Reload
c 1 EEEY
o ' '
o ' '
5 : .
2 :
=1 1
S] i 1
o ' ,
000116 : :
| Setto“1" by softw ar : Time
:‘/ et to y software Cleared to O‘ by software \:
wpr ! : : : . !
Count start fla ! : ! i
9 “Q” 4 1 Trigger during count \; b I—
TAIIN pin “H” ‘ | ‘ ‘ *
input signal “Lr ] ' — :
1/fi X (n) : | 1/fi X (n+1) o :
One-shot pulse output “H” r i
from TAiouT pin “ |
Timer Ai interrupt ‘1 | I
request bit “«0” \ / I;‘—

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

Figure 2.2.22. Operation timing of one-shot mode, external trigger selected
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4 bSelecting one-shot timer mode and functions
7

bo ] . . .
| | | o | 1 | 1 | 1 | 1 | o | $2‘i|’:e/|rRA(li£nOoS)e4r)eglster (i=0 to 4) [Address 0396 16 to 039A16]

Selection of one-shot timer mode

Pulse output function select bit
1: Pulse is output

External trigger select bit
1 : Rising edge of TAIiIN pin's input signal

Trigger select bit
1: Selected by event/trigger select bit

0 (Must always be “0” in one-shot timer mode)

Crgubr;t source select bit b7 b | Count Count source period
00:f1 1 ! source [f(XiN) : 10MHz  f(Xcin) : 32.768kHz
01:fs 0.0 f1 100ns
10:f32 011 fs 800ns
11:fcs2 1 0| fa2 3.2us

11| fe 976.56Us

.

Clearing timer Ai interrupt request bit  Refer to ‘Precaution for Timer A (one-shot timer mode)’
b7 b0

0 Timer Ai interrupt control register [Address 0055 16 to 005916]
Mﬁ TAIC (0 16 4)

Interrupt request bit /

g N

bSetting event/triggebr select bit
7 0

b7 b0
| | I><| | | | | | One-shot start flag [Address 0382 16] | | | | | | | | Trigger select register [Address 0383 16]
ONSF TRGSR
‘ ‘ Timer AO event/trigger select bit ‘I;imj%r Al event/trigger select bit
b7 b6
00 : Input on TAOIN is selected (Note) 00 : Input on TALIN is selected (Note)

Timer A2 event/trigger select bit
b3 b2

0 0 : Input on TA2IN is selected (Note)

Timer A3 event/trigger select bit
bS b4
0 0 : Input on TA3IN is selected (Note)

Timer A4 event/trigger select bit
b7 b6

Note: Set the corresponding port direction register to “0”. 00 : Input on TA4N s selected (Note)

(ggmng one-shot tm(]bg)r s time Timer AO register [Address 038716, 038616] TAO
b7

bo b7 po  Timer Al register [Address 038916, 038816] TAl
| | Timer A2 register [Address 038B16, 038A16] TA2
Timer A3 register [Address 038D 16, 038C16] TA3

I Timer A4 register [Address 038F16, 038E16] TA4
Can be set to 000116 to FFFF16 /
Setting clock prescaler reset flag N
(This function is effective when fc3z is selected as the count source. Reset the prescaler for generating f c32 by dividing the XcIN by 32.)
b7 b0

Clock prescaler reset flag [Address 0381 16]
QZZZZZZ& CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0")

/Setting count start flag
b7

| | | | | | |b0 Count start flag [Address 0380 16]
TABSR

Timer AO count start flag
Timer Al count start flag
Timer A2 count start flag

Timer A3 count start flag

Timer A4 count start flag

Start count

Figure 2.2.23. Set-up procedure of one-shot mode, external trigger selected
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2.2.11 Operation of Timer A (pulse width modulation mode, 16-bit PWM mode selected)

In pulse width modulation mode, choose functions from those listed in Table 2.2.11. Operations of the
circled items are described below. Figure 2.2.24 shows the operation timing, and Figure 2.2.25 shows the
set-up procedure.

Table 2.2.11. Choosed functions

Item Set-up
Count source O | Internal count source (f1/fg / f32 / fcaz)
PWM mode O | 16-bit PWM
8-bit PWM
Count start condition External trigger input (falling edge of input signal to the TAiIN pin)
O | External trigger input (rising edge of input signal to the TAIIN pin)
Timer overflow (TB2/TAj/TAk overflow)

Note: j=i —1,butj=4wheni=0; k=i+1,butk=0wheni=4.

Operation (1) If the TAIIN pin input level changes from “L” to “H” with the count start flag set to “1”, the counter

performs a down count on the count source. Also, the TAIOUT pin outputs an “H” level.

(2) The TAiouT pin output level changes from “H” to “L” when a set time period elapses. At this
time, the timer Ai interrupt request bit goes to “1”.

(3) The counter reloads the content of the reload register every time PWM pulses are output for
one cycle, and continues counting.

(4) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the
TAiouT outputs an “L” level.

Note « The period of PWM pulses becomes (216 — 1)/fi, and the “H” level pulse width becomes n/fi. If
the timer Ai register is set to “000016”, the pulse width modulator does not work, and the
TAiouT pin output level remains at “L".
(fi : frequency of the count source f1, fs, f32, fc32; n: value of the timer)

Conditions: Reload register = 000316, external trigger (rising edge of TAIIN pin input signal) is selected
1 1/fiX (2" -1) 1

[
- >

Count source N H

A\:\ !
Trigger is not generated by this éignal

. Setto “1" by software
Count start flag 1 jl) Start counlt
“0" ‘

(2) Output level “*H" to “L" (3) One period is complete

TAIN pin - A
input signal L

Cleared to “0”
A/ by software

—M— 1/fiXn (4) Stop count

PWM pulse output H
from TAiouT pin . J S -

: Cleared to “0” when interrupt request is
Timer Ai interrupt ~ “1” accepted, or cleared by software
request bit

T

“Q £
Note: n = 000016 to FFFE16

Figure 2.2.24. Operation timing of pulse width modulation mode, 16-bit PWM mode selected
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4 Selectlng PWM mode and functions N

| | | o | 1 | 1 | 1| 1 | 1 | ixﬁrRA(llnaog)ei’)eglster (i=0 to 4) [Address 0396 16 to 039A16]

Selection of PWM mode

1 (Must always be “1”in PWM mode)

External trigger select bit
1: Rising edge of TAiIN pin's input signal (Note 1)

———— Trigger select bit
1: Selected by event/trigger select register . o
Note 1: Set the corresponding port direction
L 16/8-bit PWM mode select bit register to “0”".
0 : Functions as a 16-bit pulse width modulator

Count source select bit b7 be | Count Count source period
b7 b6 ! source [f(Xin) : 10MHz f(Xci) : 32.768kHz
8 2 ;; 1 oo n 100ns
10:f32 J Ll I 11 fs 800ns
11:fca2 110 fa2 3.2us
101 | fex 976.56us

.

Clearing timer Ai interrupt request bit  Refer to ‘Precaution for Timer A (pulse width modulation mode)

b7 b0
NSNS Timer Ai interrupt control register [Address 0055 16 to 005916
DRI 0 | T ] Timer antertapt contol register | 1

\ Interrupt request bit /
4 Setting event/trigger select bit N
b7 b7
| | |><I | | | | | One Shot start flag [Address 0382 16] | | | | | | | | | Trigger select register [Address 0383 16]
TRGSR
‘ ‘ Timer AO event/trigger select bit Timer Al event/trigger select bit
b7 b6 b1 bo .
00 : Input on TAOIN is selected (Note 2) 00 Input on TALIN is selected (Note 2)
Timer A2 event/trigger select bit
b3 b2
0 0 : Input on TA2N is selected (Note 2)
Timer A3 event/trigger select bit
b5 ba
00 : Input on TA3IN is selected (Note 2)
Note 2: Set the corresponding port direction register to “0”. 'E;TL%F A4 event/trigger select bit
\ 0 0 : Input on TA4IN is selected (Note 2)

AN

Settlng PWM pUIse S H" level width Timer AQ register [Address 038716, 038616] TAO

7 bo b7 bo  Timer Al register [Address 038916, 038816] TA1
| | | Timer A2 register [Address 038B16, 038A16] TA2

Timer A3 register [Address 038D 16, 038C16] TA3
{ Timer A4 register [Address 038F 16, 038E16] TA4

\ Can be set to 000016 to FFFE16

AN

Setting clock prescaler reset flag
(This function is effective when f c3z is selected as the count source. Reset the prescaler for generating f c32 by dividing the Xcin by 32.)
b7

b0
Clock prescaler reset flag [Address 0381 16]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0") /

Settlng count start flag

| | | | | | | |b Count start flag [Address 0380 16]
TABSR

Timer AO count start flag
Timer Al count start flag
Timer A2 count start flag
Timer A3 count start flag
t————————Timer A4 count start flag

Start count

Figure 2.2.25. Set-up procedure of pulse width modulation mode, 16-bit PWM mode selected
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2.2.12 Operation of Timer A (pulse width modulation mode, 8-bit PWM mode selected)

In pulse width modulation mode, choose functions from those listed in Table 2.2.12. Operations of the
circled items are described below. Figure 2.2.26 shows the operation timing, and Figure 2.2.27 shows the
set-up procedure.

Table 2.2.12. Choosed functions

Item Set-up
Count source O | Internal count source (f1/fs / f32 / fc32)
PWM mode 16-bit PWM
O | 8-bitPWM

Count start condition | O | External trigger input (falling edge of input signal to the TAiIN pin)

External trigger input (rising edge of input signal to the TAIIN pin)
Timer overflow (TB2/TAj/TAk overflow)

Note: j=i —1,butj=4wheni=0; k=i+1,butk=0wheni=4.

Operation (1) If the TAIIN pin input level changes from “H” to “L” with the count start flag set to “1”, the counter
performs a down count on the count source. Also, the TAIOUT pin outputs an “H” level.
(2) The TAiouT pin output level changes from “H” to “L” when a set time period elapses. At this
time, the timer Ai interrupt request bit goes to “1”.
(3) The counter reloads the content of the reload register every time PWM pulses are output for
one cycle, and continues counting.
(4) Setting the count start flag to “0” causes the counter to hold its value and to stop. Also, the
TAIOUT pin outputs an “L” level.
Note * The period of PWM pulses becomes (m + 1) X (28 — 1) / fi, and the “H” level pulse width
becomes n X (m + 1) /fi. If “0016” is set in the eight higher-order bits of the timer Ai register, the
pulse width modulator does not work, and the TAiouT pin output level remains at “L".
(fi : frequency of the count source f1, fs, 32, fc32; n : value of the timer)
* When a trigger is generated, the TAiouT pin outputs “L” level of same amplitude as “H” level of
the set PWM pulse, after which it starts PWM pulse output.

Conditions: 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 (Note 1)
“1"

Count start flag J ! | . ! !
“0 [ 1
oy

(1) Start count (2) Output level “H” to “L” (3) One period is
TAIN pin input } 1 s 1 | complete

(4) Stop count

=

b

, e 1/ X (m+1)
Underflow signal of 8-bit T

prescaler (Note 2) o W H

B

PWM pulse output from ~ “H” | | 1/fiX(m+1)Xn ‘ :
TAioUT pin o ! | - -
wgo ‘ ; Cleared to “0” when interrupt request
/ is accepted, or cleared by software
0 - - __
Note 1: The 8-bit prescaler counts the count source.

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

Timer Ai interrupt
request bit

Figure 2.2.26. Operation timing of pulse width modulation mode, with 8-bit PWM mode selected
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4 Selecting PWM mode and function

b7 b0 . . . ;
| | | 1 | 1 | o | 1 | 1| 1 | Rg;&rRA(liLnoolcée‘{)eglster (i=0 to 4) [Address 039616 to 039A16]

Selection of PWM mode

1 (Must always be “1” in PWM mode)

External trigger select bit
0 : Falling edge of TAIIN pin's input signal (Notel)

Trigger select bit

1: Selected by event/trigger select register Note 1: Set the corresponding port direction

register to “0".

16/8-bit PWM mode select bit
1: Functions as an 8-bit pulse width modulator

Count source select bit b7 be| Count Count source period
b7 b6 i source |f(XiN) : 10MHz  f(Xcin) : 32.768kHz
00:f1 0.0 f 100ns
01:fs > :
10:fa2 0,1 fs 800ns
11:fc32 10| fa 3.2us
101 fe 976.561s

.

Clearing timer Ai interrupt request bit

XS] 1]

Refer to 'Precaution for Timer A (pulse width modulation mode)

b0
Timer Ai interrupt control register [Address 005516 to 005916]
TAIIC (i=0 to 4)

Interrupt request bit

\_ /
4 Setting event/trigger select bit N
b7

T T T

Trigger select register [Address 038316]

One-shot start flag [Address 038216]
TRGSR

b7 bo
oner LT TTTT]

Timer AO event/trigger select bit

b7 b6
0 0 : Input on TAOIN is selected (Note 2)

Timer Al event/trigger select bit

bl b0
0 0 : Input on TALIN is selected (Note 2)

Timer A2 event/trigger select bit
b3 b2

0 0 : Input on TA2in is selected (Note 2)

Timer A3 event/trigger select bit

b5 b4
0 0 : Input on TA3IN is selected (Note 2)

Timer A4 event/trigger select bit
b7 b6

Note 2: Set the corresponding port direction register to “0”. )
0 0 : Input on TA4IN is selected (Note 2)

-

Setting PWM pulse's period and “H” level width
(b15) (b8)

b7 b0 b7 Timer AO register [Address 038716, 038616] TAO

b0

Timer Al register [Address 038916, 038816] TA1
Timer A2 register [Address 038B16, 038A16] TA2
Timer A3 register [Address 038D16, 038C16] TA3
Timer A4 register [Address 038F16, 038E16] TA4
Can be set to 0016 to FE16

[

Can be set to 0016 to FE16

-

4 Setting clock prescaler reset flag
(This function is effective when fcaz is selected as the count source. Reset the prescaler for generating fc32 by dividing the Xcin by 32.)
b7 b0

LF&ZZZZZZ

4 Setting count start flag
b7

| | | | | | | |b0|C0untstarthag [Address 038016]
TABSR

Timer AO count start flag

Clock prescaler reset flag [Address 038116]
CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

Timer Al count start flag
Timer A2 count start flag

Timer A3 count start flag

Timer A4 count start flag

|
|
|

Start count

Figure 2.2.27. Set-up procedure of pulse width modulation mode, 8-bit PWM mode selected
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2.2.13 Precautions for Timer A (timer mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Ai register, then set the
flag to “1".

(2) 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 shown in Figure
2.2.28 gets “FFFF16”. Reading the timer Ai register after setting a value in the timer Ai regis-
ter with a count halted but before the counter starts counting gets a proper value.

Reload
Counter value (Hex.) 2 1 0 n [n-1
Read value (Hex.) 2 1 0 FFFF | n-1
—
Time

n = reload register content

Figure 2.2.28. Reading timer Ai register
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2.2.14 Precautions for Timer A (event counter mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Ai register, then set the
flag to “1".

(2) 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 shown in Figure
2.2.29 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 count-
ing gets a proper value.

(3) Please note the standards for the differences between the 2 pulses used in the 2-phase pulse
signals input signals to the TAiIN pin and TAiouT pin (i = 2, 3, 4), as shown in Figure 2.2.30.

(4) When free run type is selected, if count is stopped, set a value in the timer Ai register again.

(1) Down count (2) Up count
Reload Reload

Counter value Counter value
(Hex.) 1 n [n-1 (Hex) FFFD|FFFE|FFFF| n [n+1
Read value _ Read value
(Hex.) 1 FFFF| n—1 (Hex.) FFFD|FFFE| FFFF| 0000(Nn + 1
— —
Time Time

n = reload register content

n = reload register content

Figure 2.2.29. Reading timer Ai register

T1 Vcee =5V, f(XIN) = 10MHz

I T1 T2, T3

TAZIN (Min.) (Min.)

TAS3IN 800ns 200ns

TA4IN

TA20UT Vce = 3V, f(XIN) = 7MHz, one-wait

TA30UT T1 T2, T3

TA40UT T2 | T3 (Min.) (Min.)

2us 500ns

Figure 2.2.30. Standard of 2-phase pulses
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2.2.15 Precautions for Timer A (one-shot timer mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Ai register, then set the
flag to “1".

(2) 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 is generated and the timer Ai interrupt request bit goes to “1”".

(3) The output from the one-shot timer synchronizes with the count source generated internally.
Therefore, when an external trigger has been selected, a delay of one cycle of the maximum
count source occurs between the trigger input to the TAIIN pin and the one-shot timer output.

(4) 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.

(5) If a trigger occurs while a count is in progress, after the counter performs one down count
following the reoccurrence of a trigger, the reload register contents are reloaded, and the
count continues. To generate a trigger while a count is in progress, generate the second
trigger after an elapse longer than one cycle of the timer's count source after the previous
trigger occurred.

TAIIN pin input signal 'E * Trigger input

Count source Iﬁ i Iﬁ Iﬁ

One-shot pulse
output from TAiouT pin

+ Start one-shot pulse output
<>

Note: The above applies when an external trigger (falling edge of TAIIN pin input signal) is selected.

Figure 2.2.31. One-shot timer delay
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2.2.16 Precautions for Timer A (pulse width modulation mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Ai register, then set the
flag to “1".

(2) The timer Ai interrupt request bit becomes “1” if setting operation mode of the timer in compli-
ance 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.

(3) Setting the count start flag to “0” while PWM pulses are being output causes the counter to
stop counting. If the TAiouT 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”.
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2.3 Timer B

2.3.1 Overview
The following is an overview for timer B, a 16-bit timer.
(1) Mode
Timer B operates in one of three modes:

(a) Timer mode
The internal count source is counted.
L @1 = U] o T T8 110 0 =T g o o - S P216

(b) Event counter mode
The number of pulses coming from outside and the number of the timer overflows are counted.
* Operation iN eVENt COUNLET MOTE .........oiiiiiiiiiie ittt st e e e rib e e e s sbbeeeeeaes pP218

(c) Pulse period measurement/pulse width measurement mode
External pulse period or external pulse widths are measured. If pulse period measurement mode is
selected, the periods of input pulses are continuously measured. If pulse width measurement mode
is selected, widths of “H” level pulses and those of “L” level pulses are continuously measured.

* Operation in pulse period MeasureMent MOTE ..........coouiiiiiiiiiiiie i P220

* Operation in pulse width measurement MOAE ...............eeiiiiiiiiiiiii e p222

(2) Count source
An internal count source can be selected from f1, fg, f32, and fc32. f1, f8, and 32 are clocks obtained by
dividing the CPU main clock by 1, 8, and 32 respectively. fc32 is the clock obtained by dividing the
CPU secondary clock by 32.

(3) Frequency division ratio
The frequency division ratio equals [the value set in the timer register + 1]. The counter underflows
when a count source equal to a frequency division ratio is input, and an interrupt request occurs.

(4) Reading the timer
In timer mode or event counter mode, the count value at the time of reading the timer register will be
read. Read the register in 16-bit increments. In both the pulse period measurement mode and pulse
width measurement mode, an indeterminate value is read until the second effective edge is input after
a count is started, otherwise, the measurement results are read.

(5) Writing to the timer
When writing to the timer register while a count is in progress, the value is written only to the reload
register. When writing to the timer register while a count has stopped, the value is written both to the
reload register and the count. Write the value in 16-bit increments. The timer register cannot be
written to in either the pulse period measurement mode or the pulse width measurement mode.
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(6) Input to the timer and the direction register
To input an external signal to the timer, set the direction register of the relevant port to input.

(7) Pins related to timer B
(a) TBOIN, TB1IN, TB2IN Input pins to timer B.

(8) Registers related to timer B
Figure 2.3.1 shows the memory map of timer B-related registers. Figures 2.3.2 and 2.3.3 show timer
B-related registers.

005A16| Timer BO interrupt control register (TBOIC)
005B16| Timer B1 interrupt control register (TB1IC)
005C16| Timer B2 interrupt control register (TB2IC)

~

Y

038016 Count start flag (TABSR)
038116| Clock prescaler reset flag (CPSRF)

~ ~

039018 i1 er BO (TBO)
039116
2
039216 i er B1 (TB1)
039316
039416 )
Timer B2 (TB2)
039516

039B16| Timer BO mode register (TBOMR)
039C16| Timer B1 mode register (TB1MR)
039D16| Timer B2 mode register (TB2MR)

Figure 2.3.1. Memory map of timer B-related registers
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Timer Bi mode register

Symbol Address When reset

b7 b6 bS b4 b3 b2 bl b0 TBIMR(i = 0to 2) 039B16 to 039D16  00XX00002

¢oor o 1 | Bit symbol Bit name Function R
i i i i i i i i TMODO . R b1 b0 3
A Operation mode select bit | 5. Timer mode o . o0
A 01 : Event counter mode 1
R TMOD1 10 : Pulse period/pulse width }
s measurement mode O 0
A 11 : Inhibited 3
R T T R MRO Function varies with each operation mode O ! O
S MRL o o
Pl MR2 e
H H L (Note 1) i
b X X
| | \ (Note 2) 1
 RGRRCEEEEEEEEEE, MR3 o | X
Pty TCKO Count source select bit O ! 0O
e TCK1 (Function varies with each operation mode) o ' o

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

Figure 2.3.2. Timer B-related registers (1)
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Timer Bi register (Note)

Symbol Address When reset
(bb175) (gg)w b TBO 039116, 039016  Indeterminate
TB1 039316, 039216  Indeterminate
| TB2 039516, 039416  Indeterminate
i Function Values that can be set | RIW
*---1 « Timer mode 000016 to FFFF16 |~
L ) 0.0
Counts the timer's period
« Event counter mode 000016 to FFFF16

Counts external pulses input or a timer overflow Oio
* Pulse period / pulse width measurement mode

Measures a pulse period or width o)X
Note: Read and write data in 16-bit units.
Count start flag
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | TABSR 038016 0016
pof ot op i1 r | Bitsymbol Bit name Function RIW
P b TAOS Timer AO count start flag 0 : Stops counting 00
A S TA1S Timer Al count start flag 1: Starts counting 0.0
R TA2S Timer A2 count start flag oio
S— TA3S Timer A3 count start flag 00
(I S R N TA4S Timer A4 count start flag 0.0
R S TBOS Timer BO count start flag ofo
R TB1S Timer B1 count start flag OiO
R TB2S Timer B2 count start flag 0.0
Clock prescaler reset flag
b7 b6 b5 ba b3 b2 bl bo Symbol Address When reset
CPSRF 038116 OXXXXXXX2

Nothing is assigned.
R LT L P In an attempt to write to these bits, write “0”. The value, if read, turns out to be
indeterminate.

i | Bitsymbol Bit name Function R'W

CPSR Clock prescaler reset flag |0 : No effect
___________________________ 1: Prescaler is reset o0

(When read, the value is “0”)

Figure 2.3.3. Timer B-related registers (2)
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2.3.2 Operation of Timer B (timer mode)

In timer mode, choose functions from those listed in Table 2.3.1. Operations of the circled items are
described below. Figure 2.3.4 shows the operation timing, and Figure 2.3.5 shows the set-up procedure.

Table 2.3.1. Choosed functions
Item Set-up

Count source O | Internal count source (f1/fs/f32/fc32)

Operation (1) Setting the count start flag to “1” causes the counter to perform a down count on the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded, and the counter contin-
ues counting. At this time, the timer Bi interrupt request bit goes to “1".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

n = reload register content

FFFFi16 (_l) Start count (2) Underflow (3) Stop count

Counter content (hex)
=}
s .
:I_i
g :

|

' Time

000016 —

Cleared to “0” by

Setto “1” by software
software ; '

o N W |
Count start flag OJ I_I

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

Timer Bi interrupt *1” |—| / I—I/ '—
request bit “g”

' Setto “1” by software

Figure 2.3.4. Operation timing of timer mode
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Selecting timer mode and functions

%0 Timer Bi mode register (i=0 to 2) [Address 039B16 to 039D16]
LI LT L1 1 [o]o teimr(=0t02)

Selection of timer mode

Invalid in timer mode
Can be “0” or “1”

——— Fixed to “0” in timer mode (i =0)
This bit can neither be set nor reset (i = 1, 2)

t———————————— Invalid in timer mode

Count source select bit T

Count Count source period
b7 b6 b7 b6
00:f ! SOUrce | f(xin) : 10MHz f(Xcin) : 32.768kHz
01:fs 1 0.0 f1 100ns
10:f3 J Ll IR 800ns
11:fcs2 1 ; 0 fa2 3.2us
1 3 1 fcaz 976.56us

-
\

/

Setting divide ratio
(b15) (b8)
b7 b b7 0 Timer BO register [Address 039116, 039016] TBO

| | Timer B1 register [Address 039316, 039216] TB1
Timer B2 register [Address 039516, 039416] TB2

\— Can be set to 000016 to FFFF16

-
-

~
/

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fcs2 by
dividing the XcIN by 32.)

b7 b0

Clock prescaler reset flag [Address 038116]
LFMM CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0")

-~
-

Setting count start flag

Count start flag [Address 038016]

b7 b0
| TABSR

LTI IT]
-

Timer BO count start flag
Timer B1 count start flag

Timer B2 count start flag

Start count

Figure 2.3.5. Set-up procedure of timer mode
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2.3.3 Operation of Timer B (event counter mode)

In event counter mode, choose functions from those listed in Table 2.3.2. Operations of the circled items are
described below. Figure 2.3.6 shows the operation timing, and Figure 2.3.7 shows the set-up procedure.

Table 2.3.2. Choosed functions
Item Set-up

Count source O | Input signal to the TBiin pin (counting falling edges)

Input signal to the TBiiN pin (counting rising edges)

Input signal to the TBiIN pin (counting rising edges and falling edges)

Timer overflow(TBj overflow)

Note: j=i—1,butj=2wheni=0

Operation (1) Setting the count start flag to “1” causes the counter to count the falling edges of the count
source.
(2) If an underflow occurs, the content of the reload register is reloaded, and the count continues.
At this time, the timer Bi interrupt request bit goes to “1".
(3) Setting the count start flag to “0” causes the counter to hold its value and to stop.

n = reload register content

FrrFis] () Start count (2) Underflow (3) Stop count

Counter content (hex)
)
il_i

-

Time

000016 L—
Cleared to “0” by

. Setto “1” by software ! software 1 Setto “1” by sloftware

-/ z N
Count start flag éJ I_I

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

Timer Bi interrupt «q» ’—L\/ ; /
request bit “qr

Figure 2.3.6. Operation timing of event counter mode

218



Mitsubishi microcomputers

. M30218 Grou
Tlmer B SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

Selecting event counter mode and functions

b7 B0 Timer Bi mode register (i=0 to 2) [Address 039B16 to 039D16]
Lof [ | [ofoJof1] tEiMR(=0t02)

Selection of event counter mode

Count polarity select bit
b3 b2
0 0 : Counts external signal falling edges

Fixed to “0” in event counter mode (i = 0)
This bit can neither be set nor reset (i = 1, 2)

Invalid in event counter mode

Event clock select
0 : Input from TBiIN pin (Note)

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

Setting divide ratio

(b15) (b8)

b7 b0 b7 b0 Timer BO register [Address 039116, 039016] TBO
| | Timer B1 register [Address 039316, 039216] TB1
Timer B2 register [Address 039516, 039416] TB2

\— Can be set to 000016 to FFFF16 (n)

Setting count start flag

| | | | | I | |b0 Count start flag [Address 038016]
TABSR

\—Timer BO count start flag

Timer B1 count start flag
Timer B2 count start flag

Start count

Figure 2.3.7. Set-up procedure of event counter mode
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2.3.4 Operation of Timer B (pulse period measurement mode)

In pulse period/pulse width measurement mode, choose functions from those listed in Table 2.3.3. Op-
erations of the circled items are described below. Figure 2.3.8 shows the operation timing, and Figure
2.3.9 shows the set-up procedure.

Table 2.3.3. Choosed functions
Item Set-up

Count source | O | Internal count source (f1/ f8 / f32 / fcaz)

Measurement | O | Pulse period measurement (interval between measurement pulse falling edge to falling edge)
mode

Pulse period measurement (interval between measurement pulse rising edge to rising edge)

Pulse width measurement (interval between measurement pulse falling edge to rising edge,
and between rising edge to falling edge)

Operation (1) Setting the count start flag to “1” causes the counter to start counting the count source.

(2) If a measurement pulse changes from “H” to “L”, the value of the counter goes to “000016”,
and measurement is started. In this instance, an indeterminate value is transferred to the
reload register. The timer Bi interrupt request is not generated.

(3) If a measurement pulse changes from “H” to “L” again, the value of the counter is transferred
to the reload register, and the timer Bi interrupt request bit goes to “1”. Then the value of the
counter becomes “000016", and the measurement is started again.

Note « The timer Bi interrupt request bit goes to “1” when an effective edge of a measurement pulse is
input or timer Bi is overflowed. The factor of interrupt request can be determined by use of the
timer Bi overflow flag within the interrupt routine.

* The value of the counter at the beginning of a count is indeterminate. Thus there can be in-
stances in which the timer Bi overflow flag goes to “1” immediately after a count is performed.

 The timer Bi overflow flag goes to “0” if timer Bi mode register is written to when the count start
flag is “1”. This flag cannot be set to “1” by software.

Measurement of pulse time interval from falling edge to falling edge

(1) Start count (2) Start measurement  (3) Start measurement again

Count source --
H D b b }
Measurement pulse w }; | {; | }; | |

,«Transfer Transfer
Reload register — counter |—| (indeterminate value) |—| (measured value)

transfer timing

—
Z
o
=
0]
N

~

(Note 1) w._ (Note 1)
Timing at which counter e
reaches “000016"

Count start flag !
‘0 Cleared to “0” when interrupt request is accepted, or cleared by software

Timer Bi interrupt “1” 1 ﬁ
request bit uqn .
“r

—

Timer Bi overflow flag

g -

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

Figure 2.3.8. Operation timing of pulse period measurement mode
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Selecting pulse period / pulse width measurement mode and functions

|b7| | | | Ol 0 | 1 | bg| Timer Bi mode register (i=0 to 2) [Address 039B16 to 039D16]

TBIMR (i=0 to 2)
Selection of pulse period / pulse width measurement mode

Measurement mode select bit
b3 b2
0 0 : Pulse period measurement

Fixed to “0” in pulse period/pulse width measurement mode (i = 0)
This bit can neither be set nor reset (i = 1,2)

Timer Bi overflow flag
0 : Timer did not overflow
1 : Timer has overflowed

(Interval between measurement pulse falling edge to falling edge)

Count source select bit b7' b6 Count Count source period
b7 b6 R | source | f(Xin) : 10MHz f(Xcin) : 32.768kHz
82:? { 0.0 & 100ns
. f8
—_—— P |
10:f32 01| s 800ns
11:fca2 1,0 fa 3.2us
101 fea 976.56}s

-

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fc3z2 by

dividing the XcIn by 32.)
b7 b0

Clock prescaler reset flag [Address 038116]
HMM CPSRF
Clock prescaler reset flag

0 : No effect
1: Prescaler is reset (When read, the value is “0”)

-

Setting count start flag
b7 b0
LI TP TTT]

Count start flag [Address 038016]
TABSR

Timer BO count start flag
Timer B1 count start flag

Timer B2 count start flag

Start count

Clearing overflow flag

b7

b
0 Timer Bi mode register (i=0 to 2) [Address 039B16 to 039D16]
| | | | TBIMR (i=0 to 2)

Timer Bi overflow flag
0 : Timer did not overflow

Figure 2.3.9. Set-up procedure of pulse period measurement mode
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2.3.5 Operation of Timer B (pulse width measurement mode)

In pulse period/pulse width measurement mode, choose functions from those listed in Table 2.3.4. Op-
erations of the circled items are described below. Figure 2.3.10 shows the operation timing, and Figure
2.3.11 shows the set-up procedure.

Table 2.3.4. Choosed functions
Item Set-up

Count source | O | Internal count source (f1/ fs / 32 / fcaz)

Measurement Pulse period measurement (interval between measurement pulse falling edge to falling edge)
mode

Pulse period measurement (interval between measurement pulse rising edge to rising edge)

Pulse width measurement (interval between measurement pulse falling edge to rising edge,
and between rising edge to falling edge)

Operation (1) Setting the count start flag to “1” causes the counter to start counting the count source.
(2) If an effective edge of a pulse to be measured is input, the value of the counter goes to
“000016”", and measurement is started. In this instance, an indeterminate value is transferred
to the reload register. The timer Bi interrupt request is not generated.
(3) If an effective edge of a pulse to be measured is input again, the value of the counter is
transferred to the reload register, and the timer Bi interrupt request bit goes to “1". Then the
value of the counter becomes “000016”, and measurement is started again.

Note  The timer Bi interrupt request bit goes to “1” when an effective edge of a pulse to be measured
is input or timer Bi overflows. The factor of interrupt request can be determined by use of the
timer Bi overflow flag within the interrupt routine.

« The value of the counter at the beginning of a count is indeterminate. Thus there can be in-
stances in which the timer Bi overflow flag goes to “1” immediately after a count is performed.

* The timer Bi overflow flag goes to “0” if timer Bi mode register is written to when the count start
flag is “1”. This flag cannot be set to “1” by software.

(1) Start count (3) Start measurement again

(2) Start measurement
Count source I I .
“H L D - L !

Measurement pulse

Transfer ) ! i Transfer(measured value) |
. (indeterminate L A L L
Reload register — counter value) |—|

transfer timing . !
/ (Note 1) / (Note 1) i/q(Note 1)/4 (Note 1) / (Note 2)

Timing at which counter |—| |—| |—| |—| B |—|

reaches “000016”

“q
Count start fla | | |
g o | | |
Timer Bi interrupt request bit 1" | |_|
‘\\ / / :/(
- Cleared to “0” when interrupt request is accepted, or cleared by software |
Timer Bi overflow flag 1
“Qr |

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

Figure 2.3.10. Operation timing of pulse width measurement mode
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Selecting pulse period / pulse width measurement mode and functions

|b7| | | | 1 | 0 | 1 | %Ol Timer Bi mode register (i=0 to 2) [Address 039B16 to 039D16]

TBIMR (i=0 to 2)

Selection of pulse period / pulse width measurement mode

Measurement mode select bit
b3 b2
1 0 : Pulse width measurement (Interval between measurement pulse falling edge to
rising edge, and between rising edge to falling edge)

Fixed to “0” in pulse period/pulse width measurement mode (i = 0)
This bit can neither be set nor reset (i = 1, 2)

Timer Bi overflow flag
0 : Timer did not overflow
1: Timer has overflowed

%Olént source select bit b7 be| Count Count source period
7 b6 ! source | f(Xi) : 10MHz f(Xci) : 32.768kHz
00:f1 1 0 0] n 100ns
01l:fs »
10:fa2 01 ii:] 800ns
11:fca 10| fa 3.2us
11| fea 976.56ps

Setting clock prescaler reset flag

(This function is effective when fc32 is selected as the count source. Reset the prescaler for generating fca2 by
dividing the XcIn by 32.)

b7 b0

Clock prescaler reset flag [Address 038116]
LHEQDﬂDﬂDﬁDQ&Q&ﬂ CPSRF

Clock prescaler reset flag
0 : No effect
1: Prescaler is reset (When read, the value is “0”)

.

Setting count start flag

| | | | | | | |b0 Count start flag [Address 038016]

TABSR

Timer BO count start flag
Timer B1 count start flag

Timer B2 count start flag

Start count

Clearing overflow flag

Timer Bi mode register (i=0 to 2) [Address 039B16 to 039D16]
LI [ol [ [ ][] veiMri=0t02)

Timer Bi overflow flag
0 : Timer did not overflow

Figure 2.3.11. Set-up procedure of pulse width measurement mode
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2.3.6 Precautions for Timer B (timer mode, event counter mode)

(1) To clear reset, the count start flag is set to “0”. Set a value in the timer Bi register, then set the
flag to “1".

(2) 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 shown in Figure
2.3.12 gets “FFFF16”. Reading the timer Bi register after setting a value in the timer Bi regis-
ter with a count halted but before the counter starts counting gets a proper value.

Reload
Counter value (Hex.) 2 1 0 n n-1
Read value (Hex.) 2 1 0 FFFF [ n-1
_>
Time

n = reload register content

Figure 2.3.12. Reading timer Bi register
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2.3.7 Precautions for Timer B (pulse period/pulse width measurement mode)

(1) The timer Bi interrupt request bit goes to “1” when an effective edge of a measurement pulse
is input or timer Bi is overflowed. The factor of interrupt request can be determined by use of
the timer Bi overflow flag within the interrupt routine.

(2) If the timer overflow occurs simultaneously with the input of a measurement pulse, and if the
interrupt factor cannot be determined from the timer Bi overflow flag, connect the timers and
count the number of overflows.

(3) When reset, the timer Bi overflow flag goes to “1”. This flag cannot be set to “0” by writing to
the timer Bi mode register when the count start flag is “1".

(4) Use the timer Bi interrupt request bit to detect only overflows. Use the timer Bi overflow flag
only to determine the interrupt factor within the interrupt routine.

(5) When the first effective edge is input after a count is started, an indeterminate value is trans-
ferred to the reload register. At this time, timer Bi interrupt request is not generated.

(6) The value of the counter is indeterminate at the beginning of a count. Therefore the timer Bi
overflow flag may go to “1” immediately after a count is started.

(7) If changing the measurement mode select bit is set after a count is started, the timer Bi
interrupt request bit goes to “1".

(8) If the input signal to the TBIIN pin is affected by noise, precise measurement may not be
performed in some cases. It is recommended to see that measurements fall within a specific

range by use of software.

(9) For pulse width measurement, pulse widths are successively measured. Use software to
check whether the measurement result is an “H” level width or an “L” level width.
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2.4 Clock-Synchronous Serial 1/0

2.4.1 Overview
Clock-synchronous serial I/O carries out 8-bit data communications in synchronization with the clock. The
following is an overview of the clock-synchronous serial I/O.
(1) Transmission/reception format
8-bit data
(2) Transfer rate
If the internal clock is selected as the transfer clock, the divide-by-2 frequency, resulting from the bit
rate generator division, becomes the transfer rate. The bit rate generator count source can be se-
lected from the following: f1, fs, and f32. Clocks f1, fs, and f32 are derived by dividing the CPU’s main
clock by 1, 8, and 32 respectively.
Furthermore, if an external clock is selected as the transfer clock, the clock frequency input to the CLK
pin becomes the transfer rate.
(3) Error detection
Only overrun error can be detected. Overrun error is an error that occurs when the next data is made
ready before the reception buffer register is read.
(4) How to deal with an error
When receiving data, read an error flag and reception data simultaneously to determine which error
has occurred. If the data read is erroneous, initialize the error flag and the UARTI receive buffer
register, then receive the data again.
To initialize the UARTI receive buffer register
1. Set the receive enable bit to “0” (disable reception).
2. Set the serial I/O mode select bit to “0002” (invalid serial 1/0).
3. Set the serial I/O mode select bit.
4. Set the receive enable bit to “1” again (enable reception).
To transmit data again due to an error on the reception side, set the UARTI transmit buffer register
again, then transmit the data again.
To set the UARTI transmit buffer register again
1. Set the serial I/O mode select bits to “0002” (invalidate serial I/O).
2. Set the serial /0 mode select bits again.
3. Set the transmit enable bit to “1” (enable transmission), then set transmission data in the UARTi
transmit buffer register.
(5) Function selection
For clock-synchronous serial 1/0, the following functions can be selected:
(a) CTS/RTS function
In the CTS function, an external IC can start transmission/reception by inputting an “L” level to the
CTS pin. The CTS pin input level is detected when transmission/reception starts. Therefore, if the
level is set to “H” during transmission/reception, it will stop from the next data.
The RTS function informs an external IC that RTS is reception-ready and has changed to “L”. RTS
goes to “H” at the falling edge of the transfer clock.
The clock-synchronous serial I/0 has three types of CTS/RTS functions to choose from:
» CTS/RTS functions disabled ~ CTS/RTS pin is a programmable 1/0 port.
« CTS function only enabled CTS/RTS pin performs the CTS function.
* RTS function only enabled CTS/RTS pin performs the RTS function.
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(b) Function for choosing polarity
This function switches the polarity of the transfer clock. The following operations are available:
« Data is input at the falling edge of the transfer clock, and is output at the rising edge.
« Data is input at the rising edge of the transfer clock, and is output at the falling edge.

(c) Function for choosing which bit to transmit first
This function is to choose whether to transmit data from bit O or from bit 7. Choose either of the
following:
» LSB first Data is transmitted from bit 0.
* MSB first Data is transmitted from bit 7.

(d) Function for choosing successive reception mode

Successive reception mode is a mode in which reading the receive buffer register makes the recep-

tion-enabled status ready. In this mode, there is no need to write dummy data to the transmit buffer

register so as to make the reception-enabled status ready. But at the time of starting reception, read

the receive buffer register into a dummy manner.

* Normal mode Writing dummy data to the transmit buffer register makes the
reception enabled status ready.

» Successive reception mode Reading the reception buffer register makes the reception-enabled
status ready.

(e) Function for outputting transfer clock to multiple pins
This function is to switch among pins to output the transfer clock. This function is effective only when
selecting the internal clock. Switching among pins for outputting the transfer clock allows data trans-
mission to two external ICs in a time-sharing manner.

(f) Function for choosing a transmission interrupt factor
The timing to generate a transmission interrupt can be selected from the following: the instant the
transmission buffer is emptied or the instant the transmission register is emptied. When transmis-
sion buffer empty timing is selected, an interrupt occurs when transmitted data is moved from the
transmission buffer to the transmission register. Therefore, data can be transmitted in succession.
When transmission register empty timing is selected, an interrupt occurs when data transmission is
complete.

Following are some examples in which various functions (a) through (f) are selected:

« Transmission Operation WITH: CTS function, transmission at falling edge of transfer clock, LSB
First, interrupt at instant transmission buffer is emptied; WITHOUT transfer clock output to multiple
1T 3010 o Tex 1T o PO PPPRP p232

» Transmission Operation WITH: CTS/RTS function disabled, transmission at falling edge of transfer
clock, LSB First, interrupt at instant transmission is completed; WITH transfer clock output to mul-

tiple pins function (UARTO selection available) ..., P236
» Reception WITH: RTS function, reception at falling edge of transfer clock, LSB First, successive
reception mode disabled; WITHOUT transfer clock output to multiple pins function .............. P240
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(6) Input to the serial I/O and the direction register
To input an external signal to the serial I/O, set the direction register of the relevant port to input.
(7) Pins related to the serial /10
« CTSo, CTS1 pins  Input pins for the CTS function
* RTSo, RTS1 pins  Output pins for the RTS function
* CLKO, CLK1 pins  Input/output pins for the transfer clock
* RxDO, RxD1 pins  Input pins for data
» TxDO, TxD1 pins Output pins for data.
* CLKS1 pin Output pin for transfer clock. Can be used as transfer clock output pin in
the transfer clock output to multiple pins function.
(8) Registers related to the serial I/O
Figure 2.4.1 shows the memory map of serial I/O-related registers, and Figures 2.4.2 to 2.4.4 show
serial I/O-related registers.

005116 | UARTO transmit interrupt control register (SOTIC)
005216 | UARTO receive interrupt control register (SORIC)
005316 | UART1 transmit interrupt control regster(S1TIC)
005416 | UART1 receive interrupt control reqgister(S1RIC)

03A016| ARTO transmit/receive mode register (UOMR)
03ALi6| UJARTO bit rate generator (UOBRG)

03A216 ] _
03a3s| UARTO transmit buffer register (UOTB)

03A416| JARTO transmit/receive control register 0 (UOCO)
03A516| JARTO transmit/receive control register 1 (UOC1)

03A%% | UARTO receive buffer regi RB
03A716 U 0 receive buffer register (UORB)

03A816 | UART1 transmit/receive mode register (U1IMR)
03A%916 | UART1 bit rate generator (U1BRG)

03AA16 - )
03AB16 UART1 transmit buffer register (U1TB)

03AC18| UART1 transmit/receive control register 0 (U1CO0)

03AD16| UART1 transmit/receive control register 1 (U1C1)
03AE1s
03ars| UARTL receive buffer register (ULRB)

03B01s| UART transmit/receive control register 2 (UCON)
03B1l16

Figure 2.4.1. Memory map of serial I/O-related registers
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UARTI transmit buffer register

(b15) (b8)
b7 b0 b7 bo Symbol Address When reset
uoTB 03A316, 03A216 Indeterminate
: ; ; ulTB 03AB1s, 03AA16 Indeterminate
Function R'W
femmememenees emeeeed Transmission data %0
Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be indeterminate. 1
UARTI receive buffer register
b15 b8
(b7 ) (ho) b7 bo Symbol Address When rgset
| | UORB 03A716, 03A616 Indeterminate
. . U1RB 03AF16, 03AE16 Indeterminate
i Function : '
H N H H H Bit Bit name (During clock synchronous ) Function RW
: . H H H symbol serial 1/0 mode) (During UART mode) 1
: - R - Reception data Reception data O X
oo L Nothing is assigned. _ _
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. '
[ OER |Overrun error flag (Note) | 0 : No overrun error 0 : No overrun error O: %
1: Overrun error found 1: Overrun error found !
L FER | Framing error flag (Note) | Invalid 0 : No framing error O X
1 : Framing error found .
e PER | Parity error flag (Note) Invalid 0 : No parity error o X
: 1 : Parity error found
e SUM | Error sum flag (Note) Invalid 0 : No error 0%
1 : Error found ;

Note: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to O at addresses
03A016 and 03A8us) are set to “0002" or the receive enable bit is set to “0".
(Bit 15 is set to “0” when bits 14 to 12 all are set to “0".) Bits 14 and 13 are also set to “0” when
the lower byte of the UARTI receive buffer register (addresses 03A616 and 03AEus) is read out.

UARTI bit rate generator

b7

bo

Symbol Address When reset
UOBRG 03Al16 Indeterminate
U1BRG 03A916 Indeterminate
Function Values that can be set R'W
Assuming that set value = n, BRGi divides the count 0016 to FF16 X0

source by (n + 1)

Figure 2.4.2. Serial I/0O-related registers (1)
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UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | UiMR (i=0,1) 03A016, 03A816 0016
I Bit Function Function 3
F Bit name (During clock synchronous - RIW
symbol serial /0 mode) (During UART mode)
bbb i b Ll SMDO [serial 1/o mode select bit | Must be fixed to 001 pzene |
I eraliio mode select bit | ot 100 : Transfer data 7 bits long O}o
R B B 000 : Serial I/O invalid 101 : Transfer data 8 bits long .
T T SMD1 010 : Inhibited 110: Transfer data 9 bits long
b 011 Inhibited 000 : Serial /O invalid \eie]
A 111 : Inhibited 010: Inhibited ;
e SMD2 011 : Inhibited 0o
bbb 111 Inhibited 3
T PR CKDIR [Internal/external clock 0 : Internal clock 0 : Internal clock
HE select bit 1: External clock 1 : External clock O;O
N — STPS |stop bit length select bit | Invalid 0 One stop bit |
R . 9 1: Two stop bits OEO
T S PRY |Odd/even parity select bit | Invalid Valid when bit 6 = 1"
H 0 : Odd parity Q.0
1: Even parity
e ECLCTTTTTERRR PRYE |Parity enable bit Invalid 0: Parity disabled OEO
: 1: Parity enabled
e SLEP |Sleep select bit Must always be “0” 0 Sleep mode deselected Oi o
1: Sleep mode selected '
UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
| UiCO (i=0,1) 03A416, 03AC16 0816
; Function ) |
Bit : : Function !
Bit name (During clock synchronous B R:W
symbol serial 1/0 mode) (During UART mode)
b1 b0 b1 b0 ]
CLKO | BRG count source 00:f1is selected 00:f1is selected OO0
select bit 01:fsis selected 01:fsis selected .
CLK1 10:f32is selected 10:f32is selected
11 Inhibited 11 Inhibited O:0
~To/BTe : Valid when bit 4 = “0" Valid when bit 4 = “0” 3
CRS C'WS/RJS function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) |O!Q)
select bit 1:RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2) 3
TXEPT | Transmit register empty 0: Data present in transmit 0 : Data present in transmit register
flag register (during transmission) (during transmission) !
1: No data present in transmit [ 1 : No data present in transmit o: X
register register (transmission completed) i
(transmission completed) |
ETS/RTE di ; 0: CTS/RTS function enabled | 0 : CTS/RTS function enabled :
CRD | CTS/RTS disable bit |} | £r/eTs function disabled | 1 : CTS/RTS function disabled |
(P47 and P77 function as (P47 and P77 function as O;O
programmable 1/O port) programmable 1/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 OO
open-drain output open-drain output !
: f 0 : Transmit data is output at Must al be “0”
CKPOL | CLK polarity select bit falling edge of transfer clock ust always be i
and receive data is input at
rising edge !
1 : Transmit data is output at O;O
rising edge of transfer clock i
and receive data is input at
falling edge !
UFORM [Transfer format select bit |0 : LSB first Must al g
1: MSB first ust always be "0 O:O
Note 1: Set the corresponding port direction register to “0”".
Note 2: The settings of the corresponding port register and port direction register are invalid.

Figure 2.4.3. Serial I/0O-related registers (2)
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UARTI transmit/receive control register 1

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
UiC1(i=0,1) 03A516, 03AD16 0216

Bit Function Function

o Bit name (During clock synchronous serial (During UART mode) R

. symbol 1/0 mode)

Vo ] TE Transmit enable bit 0 : Transmission disabled 0 : Transmission disabled [o}e)

Vo 1: Transmission enabled 1 : Transmission enabled

E E E Tl Transmit buffer empty 0 : Data present in 0 : Data present in

o = flag transmit buffer register transmit buffer register O'x

v 1: No data present in 1: No data present in

o transmit buffer register transmit buffer register

E :_ _______ RE Receive enable bit 0 : Reception disabled 0 : Reception disabled 00!

! 1 : Reception enabled 1 : Reception enabled

E RI Receive complete flag 0: No data present in 0 : No data present in

[ — receive buffer register receive buffer register O'x
1: Data present in 1: Data present in

receive buffer register receive buffer register

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

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl b0

from multiple pins
function selected

-------------------- Reserved bit Must always be “0” Must always be “0” QO

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

| Symbol Address When reset
UCON 03B016 X00000002
I - Function : |
- Bit . . . Function !
. Bit name (During clock synchronous serial ! R'W|
Lo symbol 1/0 mode) (During UART mode) ;
i 1| UOIRS [UARTO transmit 0 : Transmit buffer empty (TI=1) | 0 : Transmit buffer empty (TI = 1) |
N interrupt cause select bit 1: Transmission completed 1: Transmission completed OO
H (TXEPT = 1) (TXEPT = 1) |
E U1IRS | UART1 transmit 0 Transmit buffer empty (TI=1) | 0 : Transmit buffer empty (Tl = 1) O
“““ interrupt cause select bit 1: Transmission completed 1 : Transmission completed O
(TXEPT = 1) (TXEPT = 1) !
UORRM | UARTO continuous receive | 0 : Continuous receive Invalid 1
...... mode enable bit mode disabled O:O
1: Continuous receive |
mode enable i
UIRRM | UARTL1 continuous receive | 0 : Continuous receive Invalid 1
........... mode enable bit mode disabled O:O
1: Continuous receive i
mode enabled 1
CLKMDO | CLK/CLKS select bit 0 Valid when bit 5 = “1" Invalid 1
""""" 0 : Clock output to CLK1 O:O
1: Clock output to CLKS1 |
CLKMD1 | CLK/CLKS select bit 1 0 : Normal mode Must always be “0” i
(Note) (CLK output is CLK1 only) !
""""""""" 1: Transfer clock output o;o

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

Figure 2.4.4. Serial I/0O-related registers (3)
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2.4.2 Operation of Serial I/0O (transmission in clock-synchronous serial I/O mode)

In transmitting data in clock-synchronous serial I/O mode, choose functions from those listed in Table
2.4.1. Operations of the circled items are described below. Figure 2.4.5 shows the operation timing, and
Figures 2.4.6 and 2.4.7 show the set-up procedures.

Table 2.4.1. Choosed functions

Item Set-up Item Set-up
Transfer clock O | Internal clock (f1/ fs / f32) Transmission O | Transmission buffer empty
source — interrupt factor —
External clock (CLKi pin) Transmission complete
CTS function O | CTS function enabled Output transfer clock | O | Not selected
— to multiple pins
CTS function disabled (Note) Selected
CLK polarity Output transmission data at

O | the falling edge of the
transfer clock

Output transmission data at
the rising edge of the
transfer clock

Transfer clock O | LSB first
MSB first

Note: This can be selected only when UART1 is used in combination with the internal clock. When this function is
selected, UART1 CTS/RTS function cannot be utilized. Set the UART1 CTS/RTS disable bit to “1".

Operation (1) Setting the transmit enable bit to “1” and writing transmission data to the UARTi transmit
buffer register makes data transmissible status ready.

(2) When input to the CTSi pin goes to “L” level, transmission starts (the CTSi pin must be
controlled on the reception side).

(3) In synchronization with the first falling edge of the transfer clock, transmission data held in the
UARTI transmit buffer register is transmitted to the UARTI transmit register. At this time, the
UARTI transmit interrupt request bit goes to “1”. Also, the first bit of the transmission data is
transmitted from the TxDi pin. Then the data is transmitted bit by bit from the lower order in
synchronization with the falling edges.

(4) When transmission of 1-byte data is completed, the transmit register empty flag goes to “1”,
which indicates that transmission is completed. The transfer clock stops at “H” level.

(5) If the next transmission data is set in the UARTI transmit buffer register while transmission is
in progress (before the eighth bit has been transmitted), the data is transmitted in succession.
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Example of wiring

Microcomputer Receiver side IC
CLKi | CLK
TxDi B RxD
CTSij-= Port

Example of operation

(1) Transmission enabled (4) Transmission is complete
(2) Confirming CTS (5) Transmit next data
(3) Start transmission Tc : :

Transfer clock

Transmit 1J
enable bit (TE)  “0"

Data is set to UARTI transmit buffer register

Transmit “1 [ '
buffer empty 43 . 43\

flag (Tl o .
9 (™ Transferred from UARTI transmit buffer register to UARTI transmit register

L L

Stopped pulsing because
transfer enable bit = “0”

e

CLKi

5 Stobped pulsing because CTSi = “H”

H

H

EREEEEEREEEEERE JEEE00EEE

Lo ] m — ,—

(TXEPT)

. “1” : : :
intermupt request g [ 1 [
bit (IR) \ AN yd

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

Shown in () are bit symbols. Tc=Tck =2(n + 1) /fi
The above timing applies to the following settings: fi: frequency of BRGi count source (f1, f8, f32)
« Internal clock is selected. n: value set to BRGi

« CTS function is selected.
* CLK polarity select bit = “0".
« Transmit interrupt cause select bit = “0”.

Figure 2.4.5. Operation timing of transmission in clock-synchronous serial I/O mode
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Setting UARTI transmit/receive mode register (i=0, 1)

b7 b0 UARTO transmit/receive mode register
[o] T 1 JoJoJoJ1] uomr [Address 03a01]
UARTL transmit/receive mode register
UIMR [Address 03A816]

Must be fixed to “001”

Internal/external clock select bit
0 : Internal clock

Invalid in clock synchronous I/O mode

Invalid in clock synchronous I/O mode

Invalid in clock synchronous I/O mode

Sleep select bit
Must be “0” in clock synchronous I/O mode

Setting UARTI transmit/receive control register 0 (i=0, 1)

b7 b0 YARTO transmit/receive control register O
[oJo] Tol ol T ] vocoaddress 03ad1e]
UART1 transmit/receive control register 0
U1CO0 [Address 03AC 16]

BRG count source select bit
b1 bo
00:f1is selected
01:fsis selected
10:f32is selected
11 : Inhibited

CTS/RTS function select bit
(Valid when bit 4 = “0")
0 : CTS function is selected (Note)

Transmit register empty flag
0 : Data present in transmit register
(during transmission)
1: No data present in transmit register
(transmission completed)

CTSIRTS disable bit
0 : CTS/RTS function enabled

Data output select bit
0 : TxDi pin is CMOS output
1 : TxDi pin is N-channel open-drain output

CLK polarity select bit
0 : Transmission data is output at falling edge
of transfer clock and reception data is input
at rising edge

Transfer format select bit
0: LSB first

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

Setting UART transmit/receive control register 2

b7

Dofo] T ]

0 l:;) UART transmit/receive control register 2
| | | UCON [Address 03B0 16]

UARTO transmit interrupt cause select bit
0 : Transmit buffer empty (Tl = 1)

UARTL1 transmit interrupt cause select bit
0 : Transmit buffer empty (Tl = 1)

Valid when bit 5 = “1”

CLK/CLKS select bit 1
0 : Normal mode (CLK output is CLK1 only)

Fix “0” to this bit.

Continued to the next page

Figure 2.4.6. Set-up procedure of transmission in clock-synchronous serial /0O mode (1)
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Continued from the previous page

Setting UARTI bit rate generator (=0, 1)

b7 b0
|

UARTI bit rate generator (i = 0, 1) [Address 03A1 16, 03A916]
UIBRG (i=0, 1)

Can be set to 0016 to FF16 (Note)

Note: Write to UARTI bit rate generator when transmission/reception is halted.

Transmission enabled

b7 po UARTO transmit/receive control register 1
UOC1 [Address 03A5 16]
UART1 transmit/receive control register 1
U1C1 [Address 03AD 16]

Transmit enable bit
1: Transmission enabled

Writing transmit data

(b15) (b8)
b7 b0 b7 b0

DXDXXDXIXIXIXIY]

UARTO receive buffer register [Address 03A3 16, 03A216] UOTB
UART1 receive buffer register [Address 03AB 16, 03AA16] U1TB

Setting transmission data

e R R AR TR

When CTSi iaput level = “L”
Start transmission

Checking the status of UARTI transmit /receive control register (i = 0, 1)

UARTO transmit/receive control register 1
b7 b0 JoC1 [Address 03A5 16]

UART1 transmit/receive control register 1

U1C1 [Address 03AD 16]

Transmit buffer empty flag
0 : Data present in transmit
buffer register
1: No data present in transmit
buffer register
(Writing next transmit data enabled)

Writing next transmit data

(b15) (b8)
b7 b0 b7 b0

DXDXDXDXDXIXIXIN]

UARTO transmit buffer register [Address 03A3 16, 03A216] UOTB
UART1 transmit buffer register [Address 03AB 16, 03AA16] U1TB

Setting transmission data

;-.--.--.--.--.--.--.--.--.--.--uuuuuuuuuuu> Transmission is Comp[e[e

Figure 2.4.7. Set-up procedure of transmission in clock-synchronous serial /0 mode (2)
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2.4.3 Operation of the Serial I/O (transmission in clock-synchronous serial 1/0
mode, transfer clock output from multiple pins function selected)

In transmitting data in clock-synchronous serial I/O mode, choose functions from those listed in Table
2.4.2. Operations of the circled items are described below. Figure 2.4.8 shows the operation timing, and
Figures 2.4.9 and 2.4.10 show the set-up procedures.

Table 2.4.2. Choosed functions

Item Set-up Item Set-up
Transfer clock O | Internal clock (f1/ fs / f32) Transmission Transmission buffer empty
source . interrupt factor .
External clock (CLKi pin) O | Transmission complete
CTS function CTS function enabled Output transfer clock Not selected
to multiple pins
O | CTS function disabled (Note 1) O | Selected
CLK polarity Output transmission data at

O | the falling edge of the
transfer clock

Output transmission data at
the rising edge of the
transfer clock

Transfer clock O | LSB first

MSB first

Note 1: This can be selected only when UARTL1 is used in combination with the internal clock. When this function is
selected, UART1 CTS/RTS function cannot be utilized. Set the UART1 CTS/RTS disable bit to “1".

Operation (1) Setting the transmit enable bit to “1” makes data transmissible status ready.

(2) When transmission data is written to the UART1 transmit buffer register, transmission data
held in the UART1 transmit buffer register is transmitted to the UART1 transmit register in
synchronization with the first falling edge of the transfer clock. At this time, the first bit of the
transmission data is transmitted from the TxD1 pin. Then the data is transmitted bit by bit
from the lower order in synchronization with the falling edges of the transfer clock.

(3) When transmission of 1-byte data is completed, the transmit register empty flag goes to “1”,
which indicates that the transmission is completed. The transfer clock stops at “H” level. At
this time, the UART1 transmit interrupt request bit goes to “1”.

(4) Setting CLK/CLKS select bit 1 to “1” and setting CLK/CLKS select bit 0 to “1” causes the
CLKS1 pin to go to the transfer clock output pin. Change the transfer clock output pin when
transmission is halted.
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Example of wiring

Microcomputer

TXxD1 (P67)

CLKS1 (P64)

CLK1 (P65) IN IN
‘— CLK CLK

Note: This applies when performing only transmission with an internal
clock selected in the clock synchronous serial /0O mode.

Example of operation

(1) Transmission enabled (3) Transmission is complete

(2) Start transmission (4) Clock switched

Transfer clock

uln i
Transmit enable bit | 3 3 3
w0 3 3
| ) —
Transmit buffer : : I_I
empty flag “Q” l :
uln : ; i ;
CLK, CLKS |
select bit 1 ‘0"

wqn : : [
CLK, CLKS 3 ; |
select bit 0 0" ‘
CLKS1 |||||||||||||||

3

CEEEEEEE 20000 aum—

Transmit interrupt 1 | | | |
request bit ‘0" \ /

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

Figure 2.4.8. Operation timing of transmission in clock-synchronous serial I/O mode, transfer
clock output from multiple pins function selected
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Setting UART1 transmit/receive mode register
b7 b0 . . )

UART1 transmit/receive mode register [Address 03A8 16]
Lof [ [ fofofof1] grwr

Must be fixed to “001”

L Internal/external clock select bit
0 : Internal clock

L——— Invalid in clock synchronous I/O mode

Invalid in clock synchronous I/O mode

Invalid in clock synchronous I/O mode

Sleep select bit
Must be “0” in clock synchronous 1/0 mode

Setting UARTL1 transmit/receive control register O

t:)7 o 1 bo UART1 transmit/receive control register O [Address 03AC 16]
lofol Tef [T 1T vico

BRG count source select bit

b1 bo

00:f1is selected
0 1:fsis selected
10:f32is selected
11 : Inhibited

L——Valid when bit 4 = “0”

L Transmit register empty flag
0 : Data present in transmit register (during transmission)
1 : No data present in transmit register (transmission completed)

L CTS/RTS disable bit
1: CTS/RTS function disabled

Data output select bit
0 : TXDi pin is CMOS output
1 : TxDi pin is N-channel open-drain output

CLK polarity select bit
0 : Transmission data is output at falling edge of transfer clock and
reception data is input at rising edge

Transfer format select bit

0 : LSB first /
Setting UART transmit/receive control register 2 A
b7 0 bo UART transmit/receive control register 2 [Address 03B0 16]
Ao 2] | [ [+ | deon

UARTO transmit interrupt cause select bit
1: Transmission completed (TXEPT = 1)

L CLK/CLKS select bit 0
0 : Clock output to CLK1
1: Clock output to CLKS1

CLK/CLKS select bit 1
1 : Transfer clock output from multiple pins function selected

Fix “0” to this bit.

Continued to the next page

Figure 2.4.9. Set-up procedure of transmission in clock-synchronous serial /O mode, transfer
clock output from multiple pins function selected (1)
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Continued from the previous page

/Setting UART1 bit rate generator

| | | | | | | |b0| UARTL1 bit rate generator [Address 03A9 16]

U1BRG

Can be set to 0016 to FF16 (Note)

Note: Write to UARTI bit rate generator when transmission/reception is halted.

Transmission enabled

b7 b0
m@(l | | | 1 | UART1 transmit/receive control register 1 [Address 03AD 16]
uic1i

Transmit enable bit
1 : Transmission enabled

Writing transmit data

(b15) (b8)
b7 b0 b7 b0

| UART1 transmit buffer register [Address 03AB 16, 03AA16]

uUliTB

Setting transmission data

Start transmission

Checking the status of UARTL1 transmit buffer register

b7

b0
UART1 transmit/receive control register 1 [Address 03AD 16]
WJ_L& VA
Transmit buffer empty flag

0 : Data present in transmit buffer register
1: No data present in transmit buffer register (Writing next transmit data enabled)

Writing next transmit data

(b15) (b8)
b7 b0 b7

|><|><|><|><|><|><|><|><| bo UART1 transmit buffer register [Address 03AB 16, 03AA16]
ulTB

Setting transmission data

S - Transmission is complete

Figure 2.4.10. Set-up procedure of transmission in clock-synchronous serial I/O mode, transfer
clock output from multiple pins function selected (2)
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2.4.4 Operation of Serial /0 (reception in clock-synchronous serial I/O mode)

In receiving data in clock-synchronous serial I/O mode, choose functions from those listed in Table 2.4.3.
Operations of the circled items are described below. Figure 2.4.11 shows the operation timing, and Fig-
ures 2.4.12 and 2.4.13 show the set-up procedures.

Table 2.4.3. Choosed functions

Item Set-up Item Set-up
Transfer clock Internal clock (f1/ fs / f32) Continuous receive O | Disabled
source mode

O | External clock (CLKi pin) Enabled
RTS function O | RTS function enabled Output transfer clock | O | Not selected
— to multiple pins
RTS function disabled (Note 1) Selected
CLK polarity Input reception data at

O | the rising edge of the
transfer clock

Input reception data at
the falling edge of the
transfer clock

Transfer clock O | LSB first

MSB first

Note 1: This can be selected only when UARTL1 is used in combination with the internal clock. When this function is
selected, UART1 CTS/RTS function cannot be utilized. Set the UART1 CTS/RTS disable bit to “1”.

Operation (1) Writing dummy data to the UARTI transmit buffer register, setting the receive enable bit to “1”,
and the transmit enable bit to “1”, makes the data receivable status ready. At this time, the
output from the RTSi pin goes to “L” level, which informs the transmission side that the data
receivable status is ready (output the transfer clock from the IC on the transmission side after
checking that the RTS output has gone to “L” level).

(2) In synchronization with the first rising edge of the transfer clock, the input signal to the RxDi
pin is stored in the highest bit of the UARTI receive register. Then, data is taken in by shifting
right the content of the UARTI reception data in synchronization with the rising edges of the
transfer clock.

(3) When 1-byte data lines up in the UARTI receive register, the content of the UARTI receive
register is transmitted to the UARTI receive buffer register. The transfer clock stops at “H”
level. At this time, the receive complete flag and the UARTI receive interrupt request bit goes
to “1”.

(4) The receive complete flag goes to “0” when the lower-order byte of the UARTI receive buffer
register is read.
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Example of wiring

Microcomputer Transmitter side IC
CLKi|-= CLK
RXDi |- TxD
RTSi B Port

Example of operation

(1) Reception enabled (3) Reception is complete
1 '
i (2) Start reception ; (4) Read of reception data

Receive enable ‘1
bit (RE) s

Transmit enable 1
bit (TE) .

Dummy data is set in UARTI transmit buffer register

1
. ! / a
Transmit buffer :
empty flag (TI) « | | q O\

Transferred from UARTI transmit buffer register to UARTi transmit register

“yr
RTSi :
K . ;
. —>|—|<— 1/ fext g
RxDi /
Transferred from UARTI receive register " Read out from UARTI receive buffer register
Receive complete “1” to UARTI receive buffer register \(P—C)’/
flag (RI) “Q” .
Receive interrupt 1"
request bit (IR) “«Q”
/

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: Make sure that the following conditions are met when
« External clock is selected. the CLKi p_in input =“H” before data reception
* RTS function is selected. * Transmit enable plt - ‘1
* CLK polarity select bit = “0". * Receive enable bit - “1”

* Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 2.4.11. Operation timing of reception in clock-synchronous serial I/O mode
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Setting UARTI transmit/receive mode register (i=0, 1)

b7 b0 UARTO transmit/receive mode register
[o] T T TaJoJoJ1] uomr [Address 03a01]
UARTL1 transmit/receive mode register
UIMR [Address 03A816]

Must be fixed to “001”

Internal/external clock select bit
1: External clock

Invalid in clock synchronous 1/O mode

Invalid in clock synchronous 1/0 mode

Invalid in clock synchronous 1/0 mode

Sleep select bit
Must be “0” in clock synchronous 1/0 mode

Setting UARTI transmit/receive control register 0 (i=0, 1)

b7 b0 UARTO transmit/receive control register 0
[oo] Tol T2 T ] uocoaddress03a41e]
UART1 transmit/receive control register 0
U1CO [Address 03AC 16]

BRG count source select bit
b1 bo
00: f1is selected
01:fsis selected
10:f32is selected
1 1: Inhibited

CTS/RTS function select bit
(Valid when bit 4 = “0")
1: RTS function is selected

Transmit register empty flag
0 : Data present in transmit register
(during transmission)
1 : No data present in transmit register
(transmission completed)

CTS/RTS disable bit
0 : CTS/RTS function enabled
Data output select bit

0 : TxDi pin is CMOS output
1 : TxDi pin is N-channel open-drain output

CLK polarity select bit
0 : Transmission data is output at falling edge
of transfer clock and reception data is input
at rising edge

Transfer format select bit
0: LSB first

Setting UART transmit/receive control register 2

UART transmit/receive control register 2

b7 b0
| UCON [Address 03B016]

lofo] Jofo] |

UARTO continuous receive mode enable bit
0 : Continuous receive mode disabled

UART1 continuous receive mode enable bit
0 : Continuous receive mode disabled

Valid when bit 5 = “1”

CLK/CLKS select bit 1
0 : Normal mode (CLK output is CLK1 only)

Fix “0” to this bit.

Continued to the next page

Figure 2.4.12. Set-up procedure of reception in clock-synchronous serial I/O mode (1)
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Continued from the previous page

-

Reception enabled
b7 b0
[1]

XXX |

UARTO transmit/receive control register 1 [Address 03A5 16] UOC1
UART1 transmit/receive control register 1 [Address 03AD 16] U1C1

Transmit enable bit
1: Transmission enabled

]

Receive enable bit
1 : Reception enabled

.

Writing dummy data

(b15) (b8)
b7 b0 b7

DXXDXIXIXIXIXEX

L

Setting dummy data

b0 UARTO transmit buffer register [Address 03A3 16, 03A216] UOTB
UART1 transmit buffer register [Address 03AB 16, 03AA16] U1TB

Start reception

Checking completion of reception

b7 b0
|><|><|>q><| | | | | UARTO transmit/receive control register 1 [Address 03A5 16] UOC1
UART1 transmit/receive control register 1 [Address 03AD 16] U1C1

\— Receive complete flag

0 : No data present in receive buffer register
1: Data present in receive buffer register

/Checking error

(b15)
b7

(b8)
b0 b7 b0

| XIXIXIX] |

Receive data

Overrun error flag
0 : No overrun error
1: Overrun error found

UARTO receive buffer register [Address 03A7 16, 03A616]UORB
UART1 receive buffer register [Address 03AF 16, 03AE16]U1RB

|
|

Y

Processing after reading out reception data

Figure 2.4.13. Set-up procedure of reception in clock-synchronous serial I/O mode (2)
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2.4.5 Precautions for Serial I/O (in clock-synchronous serial 1/0)

Transmission/reception
(1) with an external clock selected, and choosing the RTS function, the output level of the RTSi
pin goes to “L” when the data-receivable status becomes ready, which informs the transmis-
sion side that the reception has become ready. The output level of the RTSi pin goes to “H”
when reception starts. So if the RTSi pin is connected to the CTSi pin on the transmission
side, the circuit can transmission and reception data with consistent timing. With the internal
clock, the RTS function has no effect. Figure 2.4.14 shows an example of wiring.

Transmitter side IC Receiver side IC
TxDi TxDi
RxDi DC RxDi
CLKi B CLKi
CTSi |- RTSi

Figure 2.4.14. Example of wiring
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Transmission
(1) with an external clock selected, perform the following set-up procedure with the CLKi pin
input level = “H” if the CLK polarity select bit = “0” or with the CLKi pin input level = “L" if the
CLK polarity select bit = “1™:
1. Set the transmit enable bit (to “1")
2. Write transmission data to the UARTI transmit buffer register
3. “L” level input to the CTSi pin (when the CTS function is selected)

Reception (1) In operating the clock-synchronous serial I/O, operating a transmitter generates a shift clock.
Fix settings for transmission even when using the device only for reception. Dummy data is
output to the outside from the TxDi pin (transmission pin) when receiving data.

(2) With the internal clock selected, setting the transmit enable bit to “1” (transmission-enabled
status) and setting dummy data in the UARTI transmission buffer register generates a shift
clock.

With the external clock selected, a shift clock is generated when the transmit enable bit is set
to “1”, dummy data is set in the UARTI transmit buffer register, and the external clock is input
to the CLKi pin.

(3) In receiving data in succession, an overrun error occurs when the next reception data is made
ready in the UARTI receive register with the receive complete flag set to “1” (before the
content of the UARTI receive buffer register is read), and overrun error flag is set to “1”. In this
instance, the next data is written to the UARTI receive buffer register, so handle with this
problem by writing programs on transmission side and reception side so that the previous
data is transmitted again.

If an overrun error occurs, the UARTI receive interrupt request bit does not go to “1”".

(4) To receive data in succession, set dummy data in the lower-order byte of the UARTI transmit
buffer register every time reception is made.

(5) With an external clock selected, perform the following set-up procedure with the CLKi pin
input level = “H” if the CLK polarity select bit = “0” or with the CLKi pin input level = “L" if the
CLK polarity select bit = “1":

1. Set receive enable bit (to “1")
2. Set transmit enable bit (to “1")
3. Write dummy data to the UARTI transmit buffer register

(6) Output from the RTS pin goes to “L” level as soon as the receive enable bit is set to “1”. This
is not related to the content of the transmit buffer empty flag or the content of the transmit
enable bit.

Output from the RTS pin goes to “H” level when reception starts, and goes to “L” level when
reception is completed. This is not related to the content of the transmit buffer empty flag or
the content of the receive complete flag.
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2.5 Clock-Asynchronous Serial 1/0 (UART)

2.5.1 Overview
UART handles communications by means of character-by-character synchronization. The transmission
side and the reception side are independent of each other, so full-duplex communication is possible. The
following is an overview of the clock-asynchronous serial I/O.
(1) Transmission/reception format
Figure 2.5.1 shows the transmission/reception format, and Table 2.5.1 shows the names and func-
tions of transmission data.

Transfer data length : 7 bits ————— 1ST — 7DATA—— 1SP
—— 1ST - 7DATA—— 2SP
—— 1ST — 7DATA - 1PAR - 1SP
-—— 1ST — 7DATA - 1PAR - 2SP

Transfer data length : 8 bits ————— 1ST - 8DATA——— 1SP
—— 1ST - 8DATA———— 2SP
—— 1ST — 8DATA — 1PAR — 1SP
——— 1ST - 8DATA — 1PAR - 2SP

Transfer data length : 9 bits————— 1ST - 9DATA—— 1SP
—— 1ST - 9DATA———— 2SP
—— 1ST — 9DATA — 1PAR - 1SP
—— 1ST — 9DATA — 1PAR - 2SP

ST . Start bit

DATA : Character bit (Transfer data)
PAR : Parity bit

SP : Stop bit

Figure 2.5.1. Transmission/reception format

Table 2.5.1. Transmission data names and functions
Name Function

ST (start bit) A 1-bit “L” signal to be added immediately before character bits.
This bit signals the start of data transmission.

DATA (character bits) | Transmission data set in the UARTI transmit buffer register.

PAR (parity bit) A signal to be added immediately after character bits so as to increase data
reliability. The level of this signal so varies that the total number of 1's in
character bits and this bit always becomes even or odd depending on which
parity is chosen, even or odd.

SP (stop bit) Either 1-bit or 2-bit “H” signal to be added immediately after character bits (after
the parity bit if parity is checked). This / they signals the end of data
transmission.

246



Mitsubishi microcomputers

M30218 G
UART SINGLE-CHIP 16-BIT CMOS MICROCOMPrl?Tlé
e

(2) Transfer rate
The divide-by-16 frequency, resulting from division in the bit rate generator (BRG), becomes the trans-
fer rate. The count source for the bit rate generator can be selected from f1, fg, f32, and the input from
the CLK pin. Clocks f1, fs, f32 are derived by dividing the CPU’s main clock by 1, 8, and 32 respec-
tively.

Table 2.5.2. Example of baud rate setting

Baud rate BRG's System clock : 10MHz System clock : 7.3728MHz
(bps) count source BRG's set value : n Actual time (bps) | BRG'ssetvalue:n | Actual time (bps)
600 fo 129 (8116) 600 95 (5F15) 600
1200 fa 64 (4016) 1201 47 (2F15) 1200
2400 fg 32 (2016) 2367 23 (1716) 2400
4800 f1 129 (8116) 4807 95 (5F15) 4800
9600 f1 64 (4016) 9615 47 (2F15) 9600
14400 f1 42 (2A16) 14534 31 (1F16) 14400
19200 f1 32 (2016) 18939 23 (1716) 19200
28800 f1 21 (1516) 28409 15 (F10) 28800
31250 f1 19 (1316) 31250 I

(3) An error detection
In clock-asynchronous serial /O mode, detect errors are shown in Table 2.5.3.

Table 2.5.3. Error detection

Type of error

Description

When the flag turns on

How to clear the flag

Overrun error

* This error occurs when the
next data lines up before the
content of the UARTI receive
buffer register is read.

 The next data is written to the
UARTI receive buffer register.

» The UARTI receive interrupt
request bit does not go to “1”.

Framing error

* This error occurs when the
stop bit falls short of the set
number of stop bits.

Parity error

 With parity enabled, this error
occurs when the total number
of 1's in character bits and the
parity bit is different from the
specified number.

Error-sum flag

* This flag turns on when any
error (overrun, framing, or
parity) is detected.

The error is detected
when data is
transferred from the
UARTI receive register
to the UARTI receive
buffer register.

 Set the serial I/O mode select
bits to “0002".

* Set the receive enable bit to
“Q".

 Set the serial I/O mode select
bits to "0002".

« Set the receive enable bit to
“0".

* Read the lower-order byte of
the UARTI receive buffer
register.

* When all error (overrun,
framing, and parity) are
removed, the flag is cleared.
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(4) How to deal with an error
When receiving data, read an error flag and reception data simultaneously to determine which error
has occurred. If the data read is erroneous, initialize the error flag and the UARTI receive buffer
register, then receive the data again.
To initialize the UARTI receive buffer register
1. Set the receive enable bit to “0” (disable reception).
2. Set the receive enable bit to “1” again (enable reception).
To transmit data again due to an error on the reception side, set the UARTI transmit buffer register
again, then transmit the data again.
To set the UARTI transmit buffer register again
1. Set the serial /0 mode select bits to “0002” (invalidate serial 1/0O).
2. Set the serial I/O mode select bits again.
3. Set the transmit enable bit to “1” (enable transmission), then set transmission data in the UARTi
transmit buffer register.

(5) Functions selection

In operating UART, the following functions can be used:

(a) CTS/RTS function
CTS function is a function in which an external IC can start transmission/reception by means of
inputting an “L” level to the CTS pin. The CTS pin input level is detected when transmission/reception
starts, so if the level is gone to* H” while transmission/reception is in progress, transmission/recep-
tion stops at the next data.
RTS function is a function to inform an external IC that RTS pin output level has changed to “L” when
reception is ready. RTS regoes to “H” at the falling edge of the transfer clock.
When using clock-asynchronous serial 1/0, choose one of three types of CTS/RTS functions.

* CTS/RTS functions disabled CTS/RTS pin is a programmable I/O port.
» CTS function only enabled CTS/RTS pin performs the CTS function.
* RTS function only enabled CTS/RTS pin performs the RTS function.

(b) Sleep mode
Sleep mode is a mode in which data is transferred to a particular microcomputer among those con-
nected by use of clock-asynchronous serial I/0O devices.

(c) Data logic select function
This function is to reserve data when writing to transmit buffer register or reading from receive buffer
register.

The following are examples in which functions (a) to (c) are chosen:

* Transmission WITH: CTS function, WITHOUT: other functions ............ccouvviiiiieiiiiiiieeneeceeninnn. P254
* Reception WITH: RTS function, WITHOUT: other functions ...........ccccccveeeeii e, P258
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(6) Input to the serial I/O and the direction register
To input an external signal to the serial I/O, set the direction register of the relevant port to input.

(7) Pins related to the serial I/O

+ CTSo, CTS1 pins :Input pins for the CTS function

* RTSo, RTS1 pins :Output pins for the RTS function

* CLKo, CLK1 pins :Input pins for the transfer clock
* RxDo, RxD1 pins :Input pins for data

» TxDo, TxD1 pins :Output pins for data/
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(8) Registers related to the serial 1/O
Figure 2.5.2 shows the memory map of serial I/O-related registers, and Figures 2.5.3 to 2.5.5 show
UARTI-related registers.

005116 | UARTO transmit interrupt control register (SOTIC)
005216 | UARTO receive interrupt control register (SORIC)
005316 | UARTL1 transmit interrupt control regster(S1TIC)
005416 | UART1 receive interrupt control register(S1RIC)

==

)]
(

03A016 | UARTO transmit/receive mode register (UOMR)
03Al16 | UARTO bit rate generator (UOBRG)

03A216
03A316
03A416 | UARTO transmit/receive control register 0 (UOCO)
03A516 | UARTO transmit/receive control register 1 (UOC1)
03A616
03A716
03A816 | UART1 transmit/receive mode register (ULMR)
03A916 | UART1 bit rate generator (U1BRG)

03AA16
03AB1s
03AC1s6| UART1 transmit/receive control register 0 (U1CO)
03AD1s| UARTL1 transmit/receive control register 1 (U1C1)
03AEz1e
03AF16
03B01s | UART transmit/receive control register 2 (UCON)

UARTO transmit buffer register (UOTB)

UARTO receive buffer register (UORB)

UART1 transmit buffer register (U1TB)

UART1 receive buffer register (ULRB)

Figure 2.5.2. Memory map of UARTI-related registers
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(b15)
b7

UARTI transmit buffer register

(b8)

b7

b0 b7 b0 Symbol Address When reset
DXDXDXDXDXIXIX] UoTB 03A315, 03A215  Indeterminate
H H H UlTB 03ABz16, 03AA16 Indeterminate
Function R EW
[CRRERECELELE teemesed Transmission data X0
] Nothing is assigned. o
In an attempt to write to these bits, write “0”. The value, if read, turns out to be indeterminate. 1
UARTI receive buffer register
b15; b8
(b7 ) (bO) b7 bo Symbol Address When rgset
| | | | |><|><|><| | UORB 03A716, 03A616 Indeterminate
. — U1RB 03AF16, 03AE16 Indeterminate
P : : : i Function : '
N H H H Bit Bit name (During clock synchronous ) Function R:W
oo H : : symbol serial /0 mode) (During UART mode) '
Srommrmemeenes R - I Reception data Reception data O X
A el Nothing is assigned. i
oo In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”. '
A OER | Overrun error flag (Note) | 0 : No overrun error 0 : No overrun error O: x
1: Overrun error found 1 : Overrun error found .
R FER | Framing error flag (Note) | Invalid 0 : No framing error O X
Vo 1 : Framing error found !
Py PER | Parity error flag (Note) Invalid 0 : No parity error o X
! 1 : Parity error found
e eeemeeeemeemeneesemeeensaeememeeeens SUM |Error sum flag (Note) | Invalid 0 No error O'x
1 : Error found :

Note: Bits 15 through 12 are set to “0” when the serial I/O mode select bit (bits 2 to 0 at addresses
03A016 and 03A816) are set to “0002" or the receive enable bit is set to “0”.
(Bit 15 is set to “0” when bits 14 to 12 all are set to “0”.) Bits 14 and 13 are also set to “0” when
the lower byte of the UARTI receive buffer register (addresses 03A616 and 03AEs) is read out.

UARTI bit rate generator

bo

Symbol Address When reset
UOBRG 03Alis Indeterminate
: U1BRG 03A916 Indeterminate
Function Values that can be set RIW
e Assuming that set value = n, BRGi divides the count 0015 to FF16 Nile)
source by (n + 1) i
Figure 2.5.3. UARTI-related registers (1)
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UARTI transmit/receive mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | UiMR (i=0,1) 03A016, 03A816 0016
. Function ) i
H Bit . . Function !
H Bit name (During clock synchronous . R'W
symbol serial /0 mode) (During UART mode)
t] smpo Serial I/0 mode select bit [ Must be fixed to 001 p20100
eratib mode selectbit | v 100: Transfer data 7 bits long O} O
000 : Serial /O invalid 101 : Transfer data 8 bits long .
..... SMD1 010 : Inhibited 110: Transfer data 9 bits long | !
011: Inhibited 000 : Serial I/O invalid O:O
111 : Inhibited 010: Inhibited !
------- SMD2 011: Inhibited 00
111 : Inhibited
........... CKDIR |[Internal/external clock 0 : Internal clock 0 : Internal clock
select bit 1: External clock 1 : External clock O;O
STPS |stop bit length select bit | Invalid 0 : One stop bit 3
P 9 1 : Two stop bits OEO
___________________ PRY |Odd/even parity select bit | Invalid Valid when bit 6 = 1"
0 : Odd parity [e}e)
1: Even parity
----------------------- PRYE |Parity enable bit Invalid 0: Parity disabled OEO
1 : Parity enabled
-------------------------- SLEP |Sleep select bit Must always be “0” 0: Sleep mode deselected O o
1: Sleep mode selected '
UARTI transmit/receive control register O
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
| UiCo (i=0,1) 03A416, 03AC16 0816
. Function . ]
HE s atbol Bit name (During clock synchronous (urin Flﬂ]:g?rnmode) RiW
Y serial /O mode) 9 |
. b1 b0 b1 bo j
I CLKO | BRG count source 00: f1is selected 00: f1is selected e)fe)
P select bit 01:fsis selected 01:fsis selected ‘
CLK1 10:f32is selected 10:f32is selected
P 11: Inhibited 11: Inhibited O:0
I [ - Valid when bit 4 = “0” Valid when bit 4 = “0” |
P CRS C'I;S/th'_tS function 0: CTS function is selected (Note 1) | 0 : CTS function is selected (Note 1) |O!Q)
select bi 1: RTS function is selected (Note 2) | 1 : RTS function is selected (Note 2)
- R 0 : Data present in transmit . - [ ;
b TXEPT ;Il'ransmlt register empty register (during transmission) 0:Data pr(%ﬁir::g;rlrgﬁg;rgéigen%lster !
HE ag 1:No data present in transmit | 1 . No data present in transmit OX
HE register : e .
E E (transmission completed) register (transmission completed) 3
CTS/RTS di ; 0: CTS/RTS function enabled | 0 : CTS/RTS function enabled |
CRD | CTS/RTS disable bit 1: CTS/RTS function disabled | 1 : CTS/RTS function disabled
. (P47 and P77 function as (P47 and P77 function as O:O
. programmable 1/O port) programmable 1/O port) |
- 0 : TXDi pin is CMOS output 0: TXDi pin is CMOS output 1
I NCH Data output select bit 1 : TXDi pin is N-channel 1: TXDi pin is N-channel oio
. open-drain output open-drain output !
; ; 0 : Transmit data is output at Must always be “0”
. CKPOL | CLK polarity select bit falling edge of transfer clock 4
[ and receive data is input at ;
H rising edge !
H 1: Transmit data is output at O;O
H rising edge of transfer clock
and receive data is input at '
H falling edge |
O UFORM [Transfer format select bit |0 : LSB first “Q
1 - MSB first Must always be “O O:O
Note 1: Set the corresponding port direction register to “0”.
Note 2: The settings of the corresponding port register and port direction register are invalid.

Figure 2.5.4. UARTiI-related registers (2)
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UARTI transmit/receive control register 1

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
UiC1(i=0,1) 03A516, 03AD16 0216

Vo : : oo Bit . Function Function |
e bol Bit name (During clock synchronous serial (During UART mode) R
[ S R Symbo! 1/0 mode)
R A =3 Transmit enable bit 0 : Transmission disabled 0 : Transmission disabled lo}e)
e 1: Transmission enabled 1 : Transmission enabled
H . HE . ' . TI Transmit buffer empty 0: Data present in 0 : Data present in
1 ! HE v = flag transmit buffer register transmit buffer register O'x
@ o 1: No data present in 1: No data present in
H ! . [ transmit buffer register transmit buffer register
I T S RE Receive enable bit 0 : Reception disabled 0 : Reception disabled lele)
[ 1: Reception enabled 1: Reception enabled
E . . RI Receive complete flag 0 : No data present in 0: No data present in
[ A receive buffer register receive buffer register O x
oo 1: Data present in 1: Data presentin
[ receive buffer register receive buffer register
O S SO Nothing is assigned. -

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

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl bo

|><| | | | Symbol Address When reset
0 UCON 03B016 X00000002
[T S T A A " Function ) !
T Bit ; . " Function !
oo symbol Bit name (During C|0CI;(OS¥r?<JCge“))nOUS serial (During UART mode) R:W
- UOIRS | UARTO transmit 0 : Transmit buffer empty (TI=1) [ 0 : Transmit buffer empty (Tl = 1) i
T interrupt cause select bit 1: Transmission completed 1: Transmission completed OO
R (TXEPT =1) (TXEPT = 1) !
A ULIRS | UART1 transmit 0 Transmit buffer empty (T1=1) | 0 : Transmit buffer empty (TI = 1) Oi
[ interrupt cause select bit 1: Transmission completed 1 : Transmission completed O
AT R (TXEPT=1) (TXEPT =1) |
R UORRM | UARTO continuous receive | 0 : Continuous receive Invalid 1
R mode enable bit mode disabled [e]®)
Voo 1: Continuous receive |
T TR mode enable |
R ULIRRM | UART1 continuous receive | 0 : Continuous receive Invalid i
T T T S, mode enable bit mode disabled 00
Voo 1: Continuous receive i
T mode enabled 1
. CLKMDO | CLK/CLKS select bit 0 Valid when bit 5 = “1” Invalid 3
e 0 : Clock output to CLK1 O;O
. 1: Clock output to CLKS1 !
E E E CLKMD1 | CLK/CLKS select bit 1 0 : Normal mode Must always be “0”
. (Note) (CLK output is CLK1 only) !
R 1 : Transfer clock output |
v from multiple pins O1o
o function selected !
E R ECREE L e L Reserved bit Must always be “0” Must always be “0” Olo
I Nothing is assigned. ——
In an attempt to write to this bit, write “0”. The value, if read, turns out to be indeterminate. |

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

Figure 2.5.5. UARTiI-related registers (3)
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2.5.2 Operation of Serial /0O (transmission in UART mode)

In transmitting data in UART mode, choose functions from those listed in Table 2.5.4. Operations of the
circled items are described below. Figure 2.5.6 shows the operation timing, and Figures 2.5.7 and 2.5.8
show the set-up procedures.

Table 2.5.4. Choosed functions
Item Set-up

Transfer clock O | Internal clock (f1/fs / f32)
source

External clock (CLKi pin)

CTS function O | CTS function enabled

CTS function disabled

Transmission Transmission buffer empty
interrupt factor

Transmission complete

Sleep mode O | Sleep mode off

Sleep mode selected

Operation (1) Setting the transmit enable bit to “1” and writing transmission data to the UARTI transmit
buffer register readies the data transmissible status.

(2) When input to the CTSi pin goes to “L”, transmission starts (the CTSi pin needs to be con-
trolled on the reception side).

(3) Transmission data held in the UARTI transmit buffer register is transmitted to the UARTiI
transmit register. At this time, the first bit (the start bit) of the transmission data is transmitted
from the TxDi pin. Then, data is transmitted, bit by bit, in sequence: LSB, ----, MSB, parity bit,
and stop bit(s).

(4) When the stop bit(s) is (are) transmitted, the transmit register empty flag goes to “1”, which
indicates that transmission is completed. At this time, the UARTI transmit interrupt request bit
goes to “1”. The transfer clock stops at “H” level.

(5) If the transmission condition of the next data is ready when transmission is completed, a start
bit is generated following to stop bit(s), and the next data is transmitted.
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Example of wiring

Microcomputer Receiver side IC
TxDi {RXD
CTSi [ Port

Example of operation

When confirming stop bit, stopped transfer clock once because CTS = “H”
Tc Started transfer clock again to start transmitting immediately after confirming CTS = “L”

~
Transfer clock
1) Transmission enabled (4) Confirme stop bit
(2) Confirme CTS | (5) Start transmission

(3) Start transmission

Transmit ‘1 J
enable bit (TE) «g~

. Datais setin UARTIi transmit buffer register
Transmit buffer 1" w X
empty flag (TI) | :

“0” ¢ T
Transferred from UARTI transmit buffer register to UARTI transmit register

o T |

L

Parity% Stdp Stopped pulsing because transfer enable bit = “0”
bit  bit

TxDi

Transmit upn

register empty |
flag (TXEPT)  “0” ;

Transmit “1” 3 I
interrupt request “qr | —|7
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)/fior 16 (n + 1)/ fext

* Parity is enabled. fi : frequency of BRGi count source (f1, fs, 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".

Figure 2.5.6. Operation timing of transmission in UART mode
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Setting UARTI transmit/receive mode register (i=0, 1)

b7 b0  UARTO transmit/receive mode register
[oT2]oJoJo]1]o]1] UoMR [Address 03A016]
UART1 transmit/receive mode register
U1MR [Address 03A816]

Serial I/0 mode select bit
b2 bl b0
1 0 1: Transfer data 8 bits long

Internal/external clock select bit
0 : Internal clock
Stop bit length select bit
0 : One stop bit
Odd/even parity select bit (Valid when bit 6 = “1")
0 : Odd parity
Parity enable bit
1 : Parity enabled

Sleep select bit
0 : Invalid

Setting UARTI transmit/receive control register O (i = 0, 1)

UARTO transmit/receive control register 0
0. yoCo [Address 03A4 16]
| UART1 transmit/receive control register 0
U1CO0 [Address 03AC 16]

b7
[ofo] Tof Jof ]

BRG count source select bit
b1 bo
00: f1is selected
01:fsis selected
10:f32is selected
11 : Inhibited

———CTSIRTS function select bit (Valid when bit 4 = “0")
0: CTS function is selected

Transmit register empty flag
0 : Data present in transmit register
(during transmission)
1 : No data present in transmit register
(transmission completed)

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

Data output select bit
0 : TxDi pin is CMOS output
1: TxDi pin is N-channel open-drain output

Must be “0” in UART mode
Must be “0” in UART mode

Setting UART transmit/receive control register 2

|b>7<| 0 | Ol | | | |b0 | UART transmit/receive control register 2

UCON [Address 03B016]

UARTO transmit interrupt cause select bit
1: Transmission completed (TXEPT = 1)

UART1 transmit interrupt cause select bit
1 : Transmission completed (TXEPT = 1)

Invalid in UART mode

Invalid in UART mode

Invalid in UART mode

Must be “0” in UART mode

Reserved bit
Fix “0" to this bit.

Continued to the next page

Figure 2.5.7. Set-up procedure of transmission in UART mode (1)

256



Mitsubishi microcomputers

M30218 G
UART SINGLE-CHIP 16-BIT CMOS MICROCOMPrl?Tlé
e

Continued from the previous page

Setting UARTI bit rate generator (i=0, 1)
b7 b0
|

UARTI bit rate generator (i = 0, 1) [Address 03A1 16, 03A916]
UIBRG (i=0, 1)

Can be set to 0016 to FF16 (Note)

Note: Write to UARTI bit rate generator when transmission/reception is halted.

Transmission enabled
b7 b0

W‘T‘ UARTO transmit/receive control register 1 [Address 03A5 16] UOC1
UARTL1 transmit/receive control register 1 [Address 03AD 16] U1C1

Transmit enable bit
1: Transmission enabled

Writing transmit data

(b15) (b8)
b7 b0 b7 b0

|><|><|><|><|>4><|><| | UARTO transmit buffer register [Address 03A3 16, 03A216] UOTB
UART1 transmit buffer register [Address 03AB 16, 03AA16] U1TB

Setting transmission data

<-.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.--.-uuuuuu-uuuuu.

When CTSi iaput level = “L"
Start transmission

Checking the status of UARTI transmit/receive control (i =0, 1)

b7 b0
Wl_l_l_l UARTO transmit/receive control register 1 [Address 03A5 16] UOC1
UART1 transmit/receive control register 1 [Address 03AD 16] U1C1

Transmit buffer empty flag
0 : Data present in transmit buffer register
1 : No data present in transmit buffer register
(Writing next transmit data enabled)

LI

Writing next transmit data

(b15) (b8)
o7 b0 b7 b0 UARTO transmit buffer register [Address 03A3 16, 03A216] UOTB
|><|><I><|><|><|><I><I | UART1 transmit buffer register [Address 03AB 16, 03AA16] U1TB

Setting transmission data

oo aaaanaoaoaooaaea e Transmission is complete

Figure 2.5.8. Set-up procedure of transmission in UART mode (2)
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2.5.3 Operation of Serial I/0O (reception in UART mode)

In receiving data in UART mode, choose functions from those listed in Table 2.5.5. Operations of the
circled items are described below. Figure 2.5.9 shows the operation timing, and Figures 2.5.10 and
2.5.11 show the set-up procedures.

Table 2.5.5. Choosed functions

Iltem Set-up

Transfer clock Internal clock (f1/ fs / f32)
source

O | External clock (CLKi pin)

RTS function O | RTS function enabled

RTS function disabled
Sleep mode O | Sleep mode off

Sleep mode selected

Operation (1) Setting the receive enable bit to “1” readies data-receivable status. At this time, output from
the RTSi pin goes to “L” level to inform the transmission side that the receivable status is
ready.

(2) When the first bit (the start bit) of reception data is received from the RxDi pin, output from the
RTS goes to “H” level. Then, data is received, bit by bit, in sequence: LSB, ----, MSB, and stop
bit(s).

(3) When the stop bit(s) is (are) received, the content of the UARTI receive register is transmitted
to the UARTI receive buffer register.

At this time, the receive complete flag goes to “1” to indicate that the reception is completed,
the UARTI receive interrupt request bit goes to “1”, and output from the RTS pin goes to “L”
level.

(4) The receive complete flag goes to “0” when the lower-order byte of the UARTI receive buffer
register is read.
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Example of wiring

Microcomputer Transmitter side IC
CLKi |-t CLK
RXDi |- TxD
RTSi = Port

Example of operation

(4) Data is
read
(1) Reception enabled 3) Recei\)ing is
(?) Start reception . completed

o AR, AR
source il _ _ | |
Receive enable "1’ — |

bit .

RxDi

Sté\rt bit I( Do

o D1 D7) stopbit [

Sampled “L”

Receive data taken in
Transfer clock

Reception started when transfer Transferred from UARTI receive register
clock is generated by falling edge o UARTI receive buffer register

Receive «1» i of start bit ~a | :
complete flag - I m
RS 1 —
Receive interrupt «q» '

request bit Qo

A

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

iy

Timing of transfer data 8 bits long applies to the following settings :
*Transfer data length is 8 bits.
«Parity is disabled.
*One stop bit
*RTS function is selected.

Figure 2.5.9. Operation timing of reception in UART mode
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Setting UARTI transmit/receive mode register (i=0, 1)

b7
[ofo] Jofs]s]

b0
| 1 | UARTO transmit/receive mode register [Address 03A016] UOMR
UART1 transmit/receive mode register [Address 03A816] UIMR

Serial I/0 mode select bit
b2 bl b0
1 0 1: Transfer data 8 bits long

Internal/external clock select bit
1: External clock

Stop bit length select bit
0 : One stop bit

Valid when bit 6 = “1”

Parity enable bit
0 : Parity diabled

Sleep select bit
0 : Sleep mode deselected

Setting UARTI transmit/receive control register 0 (i=0, 1)

b7

bo
| 0 | 0 | 0 | 0 | | 1 | | | UARTO transmit/receive control register 0 [Address 03A4 16] UOCO
UARTL1 transmit/receive control register O [Address 03AC 16] U1CO

BRG count source select bit
b1 bo
00: f1is selected
01:fsis selected
10:f32is selected
11 : Inhibited

———CTS/RTS function select bit
(Valid when bit 4 = “0")
1: RTS function is selected

Transmit register empty flag
0 : Data present in transmit register
(during transmission)
1: No data present in transmit register
(transmission completed)

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

Data output select bit
0 : TxDi pin is CMOS output
1 : TxDi pin is N-channel open-drain output

Must be fixed to “0” in UART mode

Must be fixed to “0” in UART mode

Setting UART transmit/receive control register 2

b7 b0
XloJo] T T T T | uaRT transmitreceive control register 2 [Address 03B0 15] UCON

Invalid in UART mode

Invalid in UART mode

Invalid in UART mode

Must be fixed to “0” in UART mode

Reserved bit
Fix “0” to this bit.

Continued to the next page

Figure 2.5.10. Set-up procedure of reception in UART mode (1)
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Continued from the previous page

Setting UARTI bit rate generator (i =0, 1)

|h7 | | | | | | | bOl UARTI bit rate generator (i =0, )[Address 03A116, 03A916]
UIBRG (i=0, 1)

TCan be set to 0016 to FF16

Note: Write to UARTI bit rate generator when transmission/reception is halted.

Reception enabled

UARTO transmit/receive control register 1 [Address 03A5 16] UOC1

b7 b0
| UARTL1 transmit/receive control register 1 [Address 03AD 16] U1C1

DX [+ ]

Receive enable bit
1: Reception enabled

Start reception

Checking completion of reception

UARTO transmit/receive control register 1 [Address 03A5 16] UOC1

b7 b0
| UART1 transmit/receive control register 1 [Address 03AD 16] U1C1

DX | ] ]

Receive complete flag
0 : No data present in receive buffer register
1: Data present in receive buffer register

Checking error

(b15) (b8)
b7

50 UARTO receive buffer register [Address 03A7 16, 03A616]UORB
| | | | |><|><|><| | UART1 receive buffer register [Address 03AF 16, 03AE16]U1RB

‘ Receive data

Overrun error flag
0: No overrun error
1 : Overrun error found

Framing error flag
0 : No framing error
1 : Framing error found

Parity error flag
0 : No parity error
1: Parity error found

Error sum flag
0 : No error
1: Error found

\

Processing after reading out reception data

Figure 2.5.11. Set-up procedure of reception in UART mode (2)
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2.6 Serial 1/02

2.6.1 Overview
Serial I/02 performs 8-bit data serial communication, synchronized with the clocks. In the automatic
transfer serial I/O mode, serial communication of up to 256 bytes can be continuously performed without
use of the CPU. The following is the Serial 1/02 overview.

(1) Transfer format
Transfer format is 8-bit data.

(2) Transfer rate
When selecting an internal clock as the transfer clock, the transfer rate is the division ratio selected by
the internal synchronous clock selection bits. Any one of f(XIN)/4, f(XIN)/8, f(XIN)/16, f(XIN)/32,
f(XIN)/64, f(XIN)/128 or f(XIN)/256 can be selected by the internal synchronous clock selection bits.
When selecting an external clock as the transfer clock, the transfer rate is the frequency of the clock
input to the CLK pin.

(3) Automatic transfer serial /0O mode
Clock synchronous communication, which does not depend on the CPU, can be continuously per-
formed up to 256 bytes.

(4) Selection function
The following selection functions can be applied to Serial 1/02.
(a) SstB2 output (for selecting internal synchronous clock)
*STB function invalid: SSTB2 output pin is used as a programmable /O pin.
*STB function valid: SsTB2 output pin functions as SSTB2 or SSTB2 output.

(b) SBUSY2 input/output
*SBUSY2 input/output function invalid: SBUSY2 pin is used as a programmable I/O pin.
*SBUSY2 input/output function valid: SBuUSY2 pin functions as input/output of SBUSY2 or SBUSY?2.

(c) SRDY2 input/output
*SRDY2 input/output function invalid: SRDY2 pin is used as a programmable 1/O pin.
*SRDY2 input/output function valid: SRDY2 pin functions as input/output of SRDY2 or SRDY2.

(d) SouT2 P-channel output disable (invalid for P9 4 as I/O port)
The SouT2 output pin can be switched between C-MOS 3 state and N-channel open-drain when in
the 8-bit or the automatic transfer serial /O mode. The mode is selected by the serial transfer select
bits.

(e) LSB first/MSB first
This function switches the starting bit for the transmission/reception; either bit O or bit 7. The following
two types can be selected with the transfer direction select bit:
L SB first: transmission/reception begins with from bit 0.
*MSB first: transmission/reception begins with from bit 7.
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(f) Transfer mode
Either the full duplex mode or the transmit-only mode can be selected. The SIN2 pin can be used as
a programmable input/output port in the transmit-only mode.

(g) Plural transfer clock input/output pin
This function switches the pins for transfer clock input/output. By switching the transfer clock pins,
data can be transmitted/received to two external ICs in a time-sharing manner.

(h) Sout2 pin control
This pin selects either output active (value of last transmitted data or undefined value) or high-imped-
ance as the SouT2 pin state for non-transfer periods (i.e. before and after serial transfers).

(5) Input to serial /02 and direction register
When inputting external signals to Serial 1/02, set the corresponding port direction register to input.

(6) Serial 1/02-related pins
(a) Ss1B2 pin: Output pin for STB and STB functions.
(b) SBUSY2 pin : Input/output pin for BUSY and BUSY functions.
(c) SRDY2 pin: Input/output pin for RDY and RDY functions.
(d) ScLk21, ScLk22 pins : Input/output pins for transfer clocks. Pin is selectable by user.
(e) SIN2 pin: Data input pin.
(f) SouT2 pin: Data output pin.
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(7) Registers related to Serial 1/02
Figure 2.6.1 shows the memory map of Serial /02 related-registers.
Figures 2.6.2 and 2.6.3 show the Serial /02 related-registers.

004F1s | SI/0 automatic transfer interrupt control register (ASIOIC)

~
~

_ A
N N

SN

034016 | Serial /02 automatic transfer data pointer (SIO2DP)
034116
034216 Serial 1/02 control register 1 (SIO2CON1)
034316
034416 | Serial 1/02 control register 2 (SIO2CONZ2)
034516
034616 | Serial 1/02 register / transfer counter (SI02)
034716
034816 | Serial 1/02 control register 3 (SIO2CON3)

~
~

_
g

p)
¢

040016

)
<
(¢

Automatic transfer RAM X

04FFu1s6

Figure 2.6.1. Memory map of Serial I/02 related-registers

264



Serial 1/02

Serial 1/02 control register 1
b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
| SI02CON1 034216 0016
Bit symbol Bit name Function R | W
. . bl b0 j
SCON10 | Serial transfer select bits | 00: Serial I/O disabled o' 0
(serial I/O pins are 1/O ports) !
01: 8-bits serial I/O
SCON11 10: Inhibit o' 0
11: Automatic transfer serial 1/0O (8-bits)
Serial /02 synchronous |32 ;
SCON12 | clock select bits 00: Internal synchronous clock o' 0
(SsTB2 pin control bit) (SsTB2 pin is an 1/0 port.)
01: External synchronous clock !
(SsTB2 pin is an 1/O port.) .
10: Internal synchronous clock ;
(SsTB2 pin is an SsTB2 output.) O 'O
SCON13 11: Internal synchronous clock !
(SsTB2 pin is an SsTB2 output.) !
Serial I/O initialization bit |0: Serial /O initialization 3
SCON14 1: Serial I/O enabled © ©
Transfer mode select bit |0: Full duplex (transmit and receive) mode
SCON15 (Sinz pin is a SNz input.) ©:0
1: Transmit-only mode (Sinz2 pin is an 1/O port.)
Transfer direction 0: LSB first
SCON16 - . !
select bit 1: MSB first o O
Serial 1/02 clock pin 0:ScLK21 (Scikz2 pin is an 1/O port.)
SCON17 select bit 1:ScLk22 (ScLka1 pin is an 1/O port.) O ! ©)
Serial I/02 control register 2
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| SIO2CON2 034416 0016
Bit symbol Bit name Function R W
SRDY2 * SBUSY2 pin - - i
HE SCON20 . b3b2b1b0 SRDY2 pin SBUSY2 pin !
P control bits 0000 | /0 port /O port (o o)
P 0001 | Not used
I 0010 | Srpy2 output I/O port ;
0011 | SrRDY2 output 1/0 port
SCONZ21 0100 | 1/O port SBUSY2 input o 0
P 0101 | I/O port SBUSY2 input
P 0110 | I/O port SBUSY2 output |
P 0111 | 1/O port SBUSY2 output }
SCON22 1000 | SrRDY2 input SBUSY2 output |
P 1001 | SrpY2 input SBUSY2 output o0
HE 1010 | Srpy2 input SBUSY2 output !
b 1011 | Srov2 input SBUSY2 output ;
HE 1100 | SRDY2 output SBUSY2 input |
P SCONZ3 1101 | SrpY2 output SBUSY2 input o o
HE 1110 | SrRpY2 output SBUSY2 input |
1111 | SrpY2 output SBUSY2 input
P SBUSY2 output « SSTB2 output  |0: Functions as each 1-byte signal !
I N24 - - : ! . yte sig !
 AGRREEELLLEE Sco function select bit 1: Functions as signal for all transfer data ©:0
oo (Valid in automatic transfer mode) ‘
o scongs| Serial transfer status flag 0: Serial transfer completion o !
Py Tt 1: Serial transferring
______________________ SCON26/| SouT2 pin control bit 0: Output active
(at no-transfer serial data) 1: Output high-impedance !
Sout2 P-channel output 0: CMOS 3-state (P-channel output is valid.) |
R RMRREEEELEEEERELED SCON27|disable bit 1: N-channel open-drain o:0
(P-channel output is invalid.) |

Figure 2.6.2. Serial /02 related-registers (1)
. __________________________________________________________________________________________________________________________|
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Serial I/02 automatic transfer data pointer
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| SIO2DP 034016 0016
E Function R W
» Automatic transfer data pointer set
U Specify the low-order 8 bits of the first data store address on the serial I/O O O
automatic transfer RAM. |
Data is written into the latch and read from the decrement counter. !
Serial /02 register/transfer counter
b7 b6 b5 b4 b3 b2 bL b0 Symbol Address When reset
| | | | S102 034616 0016
Function R w
« Number of automatic transfer data set
I Set the number of automatic transfer data. O O
Set a value one less than number of transfer data. |
Data is written into the latch and read from the decrement counter. !
Serial 1/02 control register 3
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
SIO2CON3 034816 000000002
Bit symbol Bit name Function R w
i1 4 4 a4 4 4 "1 TTRANO |Automatic transfer bab3b2b1b0 O O
A interval set bits 00000 :2 cycles of transfer clocks !
R R TTRANL 00001 :3 cycles of transfer clocks O O
Lo TTRAN2 11110 :32 cycles of transfer clocks O O
T 11111 :33 cycles of transfer clocks 1
P T TTRAN3 Data is written to a latch and read from O 1 O
- TTRAN4 a decrement counter. O O
o Internal synchronous b7b6bS 1
GGGRCETEEEEREE TCLKO . O 'O
I clock selection bits 000:f(XiNy/4 1
v 001:f(XIN)/8 :
L] 010:f(XIN)/16 !
: TCLK1 011:f(XIN)/32 O | O
; 100:f(XIN)/64 ;
e TCLK2 101:f(XiN)/128 O 'O
110:f(XIN)/256 '

Figure 2.6.3. Serial /02 related-registers (2)
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2.6.2 Serial 1/02 connection examples
(1) Control of peripheral IC equipped with CS pin
Figure 2.6.4 shows connection examples with peripheral ICs which have the CS pin. The automatic
transfer function can be used in all examples.

(1) Only transmission (2) Transmission and reception
(Using Sinz pin as 1/0 port)

SBUSY2 CS SBUSY2 CS

Scik21 CLK Scik21 CLK

Soutz DATA Sout2 IN

SN2 ouT
Peripheral IC

M30218 group (OSD controller, etc.) M30218 group Peripheral IC

(EEPROM, etc.)

(3) Transmission and reception
(When connecting Sin2 with SouT2)
(When connecting IN with OUT in

peripheral IC) (4) Connection of plural IC
Seusy2 Ccs Port Cs
SclLk21 CLK SclLk21 CLK
Sout2 [—e—e—>{|N Sourt2 IN
SiN2 J L ouT Sin2 ouT
M30218 group 't Peripheral IC 12 Port Peripheral IC 1
(EEPROM, etc.) M30218 group
[01: Select an N-channel open-drain output for Sout2 pin CS
output control. > CLK
[02: Use the OUT pin of peripheral IC which is an N- >IN
channel open-drain output and becomes high impe- ouT
dance during receiving data.

Peripheral IC 2
Note: “Port” means an output port controlled by software.

Figure 2.6.4. Serial /02 onnection examples (1)
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(2) MCU connections
Figure 2.6.5 shows connection examples with other MCUs.

(1) Selecting internal clock (2) Selecting external clock
Scik21 CLK Scik21 CLK
Sourt2 IN Sourt2 >IN
SiN2 ouT SNz [« ouT
M30218 group Microcomputer M30218 group Microcomputer
(3) Using Sroy2 signal output function (4) Using switch function of CLK signal output
(Selecting external clock) pins, Scik22 (Selecting internal clock)
SRDY2 RDY Scikal CLK
Scik21 CLK Sout2 IN
Sout2 IN SiN2 ouT
SiN2 ouT ScLk22
. Port | -
M30218 group Microcomputer Microcomputer
M30218 group
CLK
>IN
<«—|OUT
Cs
Peripheral IC

Figure 2.6.5. Serial /02 onnection examples (2)
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2.6.3 Serial I/02 modes

Figure 2.6.6 shows Serial /02 modes.

Full duplex
mode

Serial 1/02

Transmit-
only mode

8-bit serial
110

Automatic
transfer
serial 1/0

__Internal _|

clock

| External
clock

Using
handshake
signal

Not using
handshake
signal

Using
handshake
signal

Not using
handshake
signal

— Output Srovz U signal
— Input Srov2 U signal (Note)
— Output Seusvz U signal

— Input Ssusy2 U signal

— Output SsTs2 U signall

— Output Srovz U signall
— Input Srov2 U signal (Note)

— Output Seusv2 U signal

— Input Ssusy2 U signal

Note: This is only valid when outputting the Ssusy2 signal.

O Active logic can apply to each signal of Sroy2, Seusy2, SsTa2.

Figure 2.6.6. Serial /02 modes
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2.6.4 Serial 1/02 Operations (transmission in 8-bit serial I/O mode)
The functions listed in Table 2.6.1 can be selected in the 8-bit serial I/O mode for Serial /02 transmission/
reception. Operations of the circled items are described below. Figure 2.6.7 shows the operation timing,
and Figures 2.6.8 and 2.6.9 show the set-up procedure.

Table 2.6.1. Selectable functions

Item Set-up Item Set-up
Transfer clock O | Internal clock (f1/ fs / f32) Ssusy2 function Not selected
source External clock (CLKi pin) Seusy2 input
Automatic transfer O | Not selected Ssusv2 output (*H” at stop
serial I/O Selocted required)
electe O | SBusy2 output (“L” at stop

SstB2 output function | O | Not selected required)

SstB2 (“H” at transmission/ Srpy2 function O | Not selected

reception completed) -

- SRDY2 input

Sste2 (“L” at transmission/

reception completed) SRDY2 output
Transfer direction O | LSB first SRDY2 output (“H” at ready)

MSB first SRDY2 output (“L” at ready)

Operation (1) Serial /02 becomes transmission-enabled with the following settings: serial transfer select
bits SCON10 to “1” and SCONL11 to “0”; transfer mode select bit (SCON15) to “1”; serial I/O
initialization bit (SCON14) to “1".

(2) When transmission data is written to the serial I/O2 register, transmission starts and the serial
transfer status flag is set to “1”.

(3) The transmission data is transmitted bit by bit from the lower bits, synchronized with each
falling edge.

(4) When one-byte data transmission is completed, the serial transfer status flag is set to “0” to
indicate the transmission completion. The transfer clock stops at “H” level.

(5) Continuous transmission can be performed by setting the next transmission data in the serial
I/02 register during transmission, before output of the 8th bit.
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Connection example

M30218 group Peripheral IC
SBUSY2 CS
ScLk21 P CLK
SouT2 - DATA

Operation example

(2) Transmission start (4) Transmission is completed
I I
I
I
I

Internal clock |

|

Serial transfer status flag “1” T
(bit 5 of address 034416) “0” |
|

|

|

SBuUsY2 (output) E
e T UUUUVVULT UUUUUUUY
(output)
sout2 0000000 N O 0000008

Tc: Internal synchronous clock which is selected with bits 5 to 7 of address 034816
The above timing applies to the following settings:

* Internal clock is selected

* 8-bit serial /0O mode

* SBUSY2 output timing: Each 1 byte

Figure 2.6.7. Operation timing of transmission in 8-bit serial /O mode, using plural transfer clock
output function output
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Serial I/02 control register 1 set-up

b7 b0
| ) | 0 | 1 | 0 | 0 | 0 | 0 | 0 | Serial 1/02 control register 1 [Address 034216]
SIO2CON1
Serial transfer select bits
bl b0

00 : Serial I/O disabled (serial I/O pins are I/O ports)

Serial 1/02 synchronous clock select bits
b3 b2
0 0 : Internal synchronous clock (SsTB2 pin is an 1/O port.)

——————— Serial I/O initialization bit
0 : Serial I/O initialization

———— Transfer mode select bit
1 : Transmit-only mode (SIN2 pin is an I/O port.)

Transfer direction select bit
0: LSB first

Serial 1/02 clock pin select bit
0: ScLk21 (Scikz2 pin is an 1/O port.)

1
Serial 1/02 control register 2 set-up
b7 b0 ) )
| 0 | 0 | | 0 | 0 | 1 | 1 | 0 Serial /02 control register 2 [Address 034416]
SI02CON2
SRDY2 « SBUSY2 pin control bits
b3 b2 b1 b0

011 0:Srpyzpin as I/O port, SBusY2 pin as SBUSY2 output

L SsusYy2 output « SsTB2 output function select bit
0 : Functions as each 1-byte signal

—————————— Serial transfer status flag
0 : Serial transfer completion
1 : Serial transferring

Sout2 pin control bit
0 : Output active

Sout2 P-channel output disable bit
0 : CMOS 3-state (P-channel output is valid.)

1
Serial I/02 control register 3 set-up
b7
Serial 1/02 control register 3 [Address 034816]
Lofa[2[ [ [ 1]

SIO2CON3

Automatic transfer interval set bits
b4 b3 b2 bl b0

0000 0: 2 cycles of transfer clocks
0000 1: 3 cycles of transfer clocks

11110: 32 cycles of transfer clocks
1111 1:33cycles of transfer clocks

Internal synchronous clock selection bits
b7 b6 b5
01 1:f(XiN)/32

Serial 1/02 control register 1 set-up

| | | | | | | ) | 1 | Serial I/02 control register 1 [Address 034216]
SIO2CON1

Serial transfer select bits
bl b0
01 : 8-bit serial I/O disabled

Continued to the next page

Figure 2.6.8. Set-up procedure for transmission in 8-bit serial I/O mode, using plural transfer
clock output function output (1)
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From the previous page

Enabling transmission
|b7| | | 1 | | | |b0| Serial 1/02 control register 1 [Address 034216]
SI02CON1

li Serial I/O initialization bit (Note)

1: Serial I/O enabled

Note: After setting the serial transfer select bits, perform this set-up.

Writing transmission data
b7 b0

| I

Serial /02 register [Address 034616]
Sl02

Set transmission data

Confirmation of complete transmission
b7 b0
| | | | | | | | | Serial /02 control register 2 [Address 034416]
SI02CON2
‘— Serial transfer status flag
0 : Serial transfer completion
1: Serial transferring

e e s s s s s sEEsEsE s s s e s .-

Transmission is completed

Figure 2.6.9. Set-up procedure for transmission in 8-bit serial I/O mode, using plural transfer
clock output function output (2)
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2.6.5 Serial 1/02 Operations (transmission/reception in automatic transfer serial I/0 mode)
The functions listed in Table 2.6.2 can be selected in the automatic transfer serial 1/O mode for Serial 1/02
transmission/reception. Operations of the circled items are described below. Figure 2.6.10 shows the
operation timing, and Figures 2.6.11 and 2.6.12 show the set-up procedure.

Table 2.6.2. Selectable functions

Item Set-up Item Set-up
Transfer clock O | Internal clock (f1 / fg / f32) Ssusy2 function O | Not selected
source External clock (CLKi pin) Ssusyz input
Automatic transfer Not selected Ssusy2 output (“H” at stop
i required
serial I/O o | Selected q )
Ssusy2 output (“L” at stop
SstB2 output function | O | Not selected required)
SstB2 (“H" at transmission/ SroY2 function O | Not selected
reception completed) -
— — SRDY2 input
SstB2 (“L” at transmission/
reception completed) SRDY2 output
Transfer direction O | LSB first SRDY2 output (“H” at ready)
MSB first SRDY2 output (“L” at ready)

Operation (1) After setting the relevant registers, by writing the transfer byte number to the serial 1/02
transfer counter, the serial transfer status flag is set to “1” and automatic transfer starts.

(2) The transmission data is transmitted bit by bit from the lower bits, synchronized with each
falling edge. The reception data is received bit by bit from the upper bits, synchronized with
each rising edge.

(3) When eight-byte data transmission/reception is completed, the serial transfer status flag is
set to “0” to indicate the transmission/reception completion. The transfer clock stops at “H”
level.
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Connection example

M30218 group Peripheral IC

ScLk21 - CLK

Sout2 P SIN

SIN2 [~ SouT
Operation example
T ission/ " (3) Transmission/reception
(1) Transmission/reception start Transmission/reception of Transmission/reception of is completed
the second byte the eighth byte .
Tc Transfer interval : Transfer interval:

Transfer clock
Serial transfer status flag “1” r :
(bit 5 of address 034416) “«o" : :
Writing to serial 1/02 I—I : : :

transfer counter
(address 034616)

Scika1 ‘ ‘ ‘ ‘
s (XXX AKOROKD__ ROROR| | Jo XXX o XoKo XA ROACRCA D,
soure o000 06 CHN oo Nne o0 e o000

Serial /02 “1” :
interrupt request «g»

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

Tc: Internal synchronous clock which is selected with bits 5 to 7 of address 034816
The above timing applies to the following settings:

« Internal clock is selected

« Automatic transfer serial /O mode

Figure 2.6.10. Operation timing of transmission/reception in automatic transfer serial /O mode
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Serial 1/02 control register 1 set-up

b7 b0

| ) | 0 | ) | 0 | ) | 0 | 0 | 0 Serial I/02 control register 1 [Address 034216]
SIO2CON1

Serial transfer select bits

bl b0
00 : Serial I/0 disabled (serial I/O pins are I/O ports)

Ll Serial /02 synchronous clock select bits
b3 b2
00 : Internal synchronous clock (SsTB2 pin is an 1/O port.)

Serial I/O initialization bit
0 : Serial /O initialization

Transfer mode select bit
0 : Full duplex (transmit and receive) mode (SN2 pin is a SiN2 input.)

Transfer direction select bit
0: LSB first

Serial 1/02 clock pin select bit
0 : ScLk21 (ScLk22 pin is an I/O port.)

Serial I/02 control register 2 set-up
b7 b0
Serial /02 control register 2 [Address 034416]
o]0 0|0(0|0
Lofo] | [ofofofo] S¥5on

SRDY2 * SBUSY2 pin control bits
b3 b2 bl b0
000 0: Srpy2 pin and SBusY2 pin as I/O port

SBusY2 output « SsTB2 output function select bit
0 : Functions as each 1-byte signal
1 : Functions as signal for all transfer data

Serial transfer status flag
0 : Serial transfer completion
1: Serial transferring

Sout2 pin control bit
0 : Output active

Sout2 P-channel output disable bit
0 : CMOS 3-state (P-channel output is valid.)

1
Serial I/02 control register 3 set-up
b7 b0 ) )
| ) | 1 | 1 | 0 | ) | 0 | 0 | ) | Serial 1/02 control register 3 [Address 034816]

SIO2CON3

Automatic transfer interval set bits
b4 b3 b2 bl b0
0000 0: 2 cycles of transfer clocks

Internal synchronous clock selection bits
b7 b6 bS
011:f(XiN)/32

Serial I/02 control register 1 set-up

| | | | | | | 1 | 1] Serial 1102 control register 1 [Address 034216]
SIO2CON1
Serial transfer select bits

bl b0
11 : Automatic transfer serial 1/0 (8-bit)

Continued to the next page

Figure 2.6.11. Set-up procedure for transmission/reception in automatic transfer serial I/O mode (1)
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From the previous page
L]

Serial I/02 automatic transfer data pointer

| ) | 0 | ) | 0 | 0 | 1 | 1 | 1 | Serial 1/02 automatic transfer data pointer [Address 034016]
SI02DP

I— Set the lower 8 bits (0716) of address 040716 (Note)

Note: Specify the lower 8 bits of the first data store address on the serial /O automatic transfer RAM.
When setting a value, write at non-transmission/reception.

Enabling transmission
|b7| | | 1 | | | |b0| Serial /02 control register 1 [Address 034216]
SI02CON1

‘— Serial I/O initialization bit

1: Serial I/O enabled

Writing transmission data
b7 b0

| Automatic transfer RAM [Addresses 040016 to 04FF16]

| I

Set transmission data for transmission byte number (8 bytes) to addresses 040016 to
040716. The area from addresses 040816 to 04FF16, which is not used in this example,
can be used as general-purpose RAM.

Automatic transfer start
b7 bo
Serial /02 transfer counter [Address 034616]

Siley

Set 7 = (Transfer byte number — 1)
Writing to this register starts automatic transfer.

]
Other processes can be performed while automatic transfer is being performed.
1

Confirmation of complete automatic transmission

b7 b0

| | | | | | | | | Serial 1/02 control register 2 [Address 034416]
SIO2CON2

‘7 Serial transfer status flag

0 : Serial transfer completion
1 : Serial transferring

™ ™= o W S MWW W W EE o

Taking in reception data
b7 b0

| Automatic transfer RAM [Addresses 040016 to 04FF16]

| I

Take in reception data at addresses 040016 to 040716 into the RAM for process.

Transmission/reception is completed

Figure 2.6.12. Set-up procedure for transmission/reception in automatic transfer serial I/O mode (2)
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2.6.6 Serial 1/02 Operations (transmission/reception in automatic transfer serial 1/0

mode, using handshake signal)
The functions listed in Table 2.6.3 can be selected in the automatic transfer serial 1/O mode for Serial 1/02
transmission/reception. Operations of the circled items are described below. Figure 2.6.13 shows the
operation timing, and Figures 2.6.14 and 2.6.15 show the set-up procedure.

Table 2.6.3. Selectable functions

Item Set-up Item Set-up
Transfer clock O | Internal clock (f1 / fg / 32) Ssusy2 function Not selected
source - -
External clock (CLKi pin) O | Ssusy2 input
Automatic transfer Not selected Ssusyz output (*H” at stop
i required
serial I/0 o | selected quired)
Ssusy2 output (“L” at stop
Ssts2 output function | O | Not selected required)
SstB2 (“H” at transmission/ SrpY2 function Not selected
reception completed) -
[ym— P SRDY2 input
SsTB2 (“L” at transmission/
reception completed) O | SrRpY2 output
Transfer direction O | LSB first SRDY2 output (“H” at ready)
MSB first SRDY2 output (“L” at ready)

Operation (1) After setting the relevant registers, by writing the transfer byte number to the serial 1/02
transfer counter, the serial transfer status flag is set to “1” and automatic transfer starts.
SRDY2 output simultaneously goes to “H” level.

(2) When “L” level is input to the SBuSY2 pin, the SRDY2 output goes to “L” level, synchronized
with the falling edge of the transfer clock, and the serial transfer starts.

(3) The transmission data is transmitted bit by bit from the lower bits, synchronized with each
falling edge. The reception data is received bit by bit from the upper bits, synchronized with
each rising edge.

(4) When sixteen-byte data transmission/reception is completed, the serial transfer status flag is
set to “0” to indicate the transmission/reception completion. The transfer clock stops at “H”
level.
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Connection example

M30218 group Peripheral IC
CLK21 P CLK
Sout2 | N
SIN2 ouT
SRDY2 P RDY
SBUSY?2 |- BUSY

Operation example

(1) Automatic transfer start (4) Transmission/reception

Transmission/reception of Transmission/reception of is completed

(2) Transmission/reception start the second byte the sixteenth byte

Tc Transfer interval | Transfer interval:

Transfer clock
Serial transfer status flag “1” : ‘
(bit 5 of address 034416) “Q” . :

Writing to serial 1/02 |—|

transfer counter
(address 034616)

SRDY2 ! : :
Seusy2

Scika1 ‘ | ‘ ‘
s 600000 CHEEOO MRS CHEOO000006
sourz 2600000 CHEOC OO0 CH OO0 0

Serial 102 “1" :
interrupt request «g»

Cleared to “0” when interrupt request is accepted, or cleared by software
Tc: Internal synchronous clock which is selected with bits 5 to 7 of address 034816
The above timing applies to the following settings:
« Internal clock is selected
« Automatic transfer serial /O mode

Figure 2.6.13. Operation timing of transmission/reception in automatic transfer serial /O mode
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Serial 1/02 control register 1 set-up

b7 b0
| 0 | 0 | 0 | 0 | ) | 0 | 0 | 0 | Serial I/02 control register 1 [Address 034216]
SIO2CON1
Serial transfer select bits
bl b0

00 : Serial I/O disabled (serial I/O pins are I/O ports)

Ll Serial /02 synchronous clock select bits
b3 b2
0 0 : Internal synchronous clock (SsTB2 pin is an 1/O port.)

Serial I/O initialization bit
0 : Serial I/O initialization

Transfer mode select bit
0 : Full duplex (transmit and receive) mode (SN2 pin is a SiN2 input.)

Transfer direction select bit
0: LSB first

Serial 1/02 clock pin select bit
0: ScLk21 (Scikz2 pin is an 1/O port.)

Serial 1/02 control register 2 set-up

b7 b0
| 0 | 0 | | 1 | 111 | 1 | 1 Serial /02 control register 2 [Address 034416]
SIO2CON2
SRDY2 ¢ SBUSY2 pin control bits
b3 b2 bl b0

1111: Srby2pin as SRDY2 output, SBUSY2 pin as SBuUSY2 input

SBusY2 output » SsTB2 output function select bit
1 : Functions as signal for all transfer data

Serial transfer status flag
0 : Serial transfer completion
1: Serial transferring

Sout2 pin control bit
0 : Output active

Sout2 P-channel output disable bit
0 : CMOS 3-state (P-channel output is valid.)

Serial 1/02 control register 3 set-up

b7 b0

| 0 | 1 | 1 | 0 | | 0 | 0 Serial /02 control register 3 [Address 034816]
SI02CON3

Automatic transfer interval set bits
b4 b3 b2 bl b0
0000 0: 2 cycles of transfer clocks

Internal synchronous clock selection bits
b7 b6 bs
011:f(XiN)/32

Serial 1/02 control register 1 set-up

| | | | | | | 1 | 1 Serial /02 control register 1 [Address 034216]
SIO2CON1
Serial transfer select bits

bl b0
11 : Automatic transfer serial 1/0 (8-bit)

Continued to the next page

Figure 2.6.14. Set-up procedure for transmission/reception in automatic transfer serial I/O mode (1)
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From the previous page
L]

Serial I/02 automatic transfer data pointer

> = Serial 1/02 automatic transfer data pointer [Address 034016]
Lofofofofa[a]a]a] oL

I— Set OF16 (Note)

Note: Specify the lower 8 bits of the first data store address on the serial /O automatic transfer RAM.
When setting a value, write at non-transmission/reception.

Enabling transmission
|b7| | |l| | | |b0| Serial /02 control register 1 [Address 034216]

SIO2CON1

‘— Serial I/O initialization bit

1 : Serial I/O enabled

Writing transmission data
b7 b0

| Automatic transfer RAM [Addresses 040016 to 04FF16]

| I

Set transmission data for transmission byte number (16 bytes) to addresses 040016 to
040F16. The area from addresses 041016 to 04FF16, which is not used in this example,
can be used as general-purpose RAM.

Automatic transfer start
b7 b0

.

Serial /02 transfer counter [Address 034616]
S102

Set 15 = (Transfer byte number — 1)
Writing to this register starts automatic transfer.

]
Other processes can be performed while automatic transfer is being performed.
1

Confirmation of complete automatic transmission
b7 b0
| | | | | | | | | Serial 1/02 control register 2 [Address 034416]

1
1
1
1
1
1
SI02CON2 1
1
1
1
1
1
L)

‘7 Serial transfer status flag

0 : Serial transfer completion
1 : Serial transferring

™ ™= o W S MWW W W EE o

Taking in reception data
b7 b0

| Automatic transfer RAM [Addresses 040016 to 04FF16]

| I

Take in reception data at addresses 040016 to 040F16 into the RAM for process.

Transmission/reception is completed

Figure 2.6.15. Set-up procedure for transmission/reception in automatic transfer serial I/O mode (2)
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2.6.7 Precautions for Serial 1/02
(1) Clock

(a) Using internal clock
After setting the synchronous clock to an internal clock, clear the serial 1/0 interrupt request bit
before performing a normal serial I/O transfer or a serial /0O automatic transfer.

(b) Using external clock
After inputting “H” level to the external clock input pin, clear the serial I/O interrupt request bit before
performing a normal serial I/O transfer or a serial I/O automatic transfer.

(2) Using Serial 1/02 interrupt
Clear bit 3 of the interrupt control register to “0” by software before enabling interrupts.

(3) State of S ouT2 pin
The Sout2 pin control bit of the serial /02 control register 2 can be used to select the SouT2 pin state
for non-transfer periods. Either output active or high-impedance can be selected. However, when
using an external synchronous clock, set the SouT2 pin control bit to “1” while the serial 1/02 clock
input is in “H” level (after transfer completion) in order to put the SouT2 pin in the high-impedance state.

(4) Serial I/O initialization bit
*To terminate a serial transfer while transferring, set “0” to the serial 1/O initialization bit of the serial
I/02 control register 1.
*When “1” is written to the serial 1/O initialization bit, Serial I/O2 is enabled, however, each register is
not initialized. The value of each register needs to be set by software.

(5) Handshake signal

(a) SBusY2 input signal
Input “H” level to the SBuSY2 input and “L” level to the SBusY2 input in the initial state. When using the
external synchronous clock, switch the input level to the SBusy2 input and the SBUSY2 input while the
serial 1/02 clock input is in “H” level.

(b) SRDY2 input/output signal
When using the internal synchronous clock, input “L” level to the SRDY2 input and “H” level to the
SRDY2 input in the initial state.

(6) In 8-bit serial /O mode
When the external synchronous clock is used, the contents of the serial /02 register are being shifted
continually while the transfer clock is input to the serial 1/02 clock pin. At this time, the clock must be
controlled externally.
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(7) In automatic transfer serial I/O mode

<How to set automatic transfer interval>

(@)
When using
*SBUSY2 output and,
*SBUSY2 outputeSSTB2 output function as signals for each transfer data, which is set by SBusy2

outputeSSTB2 output function select bit of the serial I/02 control register 2,

then the transfer interval is inserted before the first data is transmitted/received and after the last data
is transmitted/received.
Accordingly, regardless of the contents of the SBusY2 outputeSsTB2 output function select bit, the
transfer interval for each 1-byte data becomes 2 cycles longer than the value set by the automatic
transfer interval set bits of the serial I/02 control register 3.

(b)
When using SsTB2 output, regardless of the contents of the SBusY2 outputeSsTB2 output function
select bit, the transfer interval for each 1-byte data becomes 2 cycles longer than the value set by the
automatic transfer interval set bits of the serial I/O2 control register 3.

(©)
When using the combined output of SBusY2 and SsTB2 as the signal for each transfer data set, the
transfer interval after completion of transmission/reception of the last data becomes 2 cycles longer
than the value set by the automatic transfer interval set bits.
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(d)

Set the automatic transfer interval for each 1-byte data transfer as explained below to avoid incorrect
transmit/receive of the serial data.
*Not using FLD controller
Keep the interval open for 5 cycles or more of the internal system clock from the rising edge of the
last bit of 1-byte data.
*Using FLD controller
a. Gradation display OFF
Keep the interval open for 17 cycles or more of the internal system clock from the rising edge of

the last bit of 1-byte data.

b. Gradation Display ON
Keep the interval open for 27 cycles or more of the internal system clock from the rising edge of

the last bit of 1-byte data.

Tables 2.6.4 and 2.6.5 show the serial /02 control register 3 (address 034816) setting example.

(e)

When using an external clock, the automatic transfer interval setting becomes invalid.

Table 2.6.4 Serial 1/02 control register 3, SIO2CON3 (address 0348

synchronous clock)

16) setting example (with internal

Serial 1/02 control register 3, SIO2CON3 (address 034816) Not using | Gradation Gradation
Internal synchronous Automatic transfer interval set bits FLDC |display mode|display mode
clock selection bits (b4 to b0) OFF ON
b7 b6 b5 0000 O0: 2 cycles of transfer clocks || Usable Prohibited Prohibited
000 :f(XiN) /4 0000 1: 3 cycles of transfer clocks || Usable Prohibited [ Prohibited
000 10: 4 cycles of transfer clocks || Usable Prohibited Prohibited
000 11:5 cycles of transfer clocks || Usable Usable Prohibited
00 100 : 6 cycles of transfer clocks || Usable Usable Prohibited
00 101:7cycles of transfer clocks || Usable Usable Usable
001:f(XIN)/ 8 00000 : 2 cycles of transfer clocks || Usable Prohibited Prohibited
0000 1: 3 cycles of transfer clocks || Usable Usable Prohibited
000 10: 4 cycles of transfer clocks || Usable Usable Usable
010:f(XIN)/ 16 00000 : 2cycles of transfer clocks || Usable Usable Usable

Note: Do not perform the following in the automatic transfer serial I/O mode:
*Transfer within the RAM area (addresses 0040016 to 005FF16) using the DMAC
*Transfer within the RAM area (addresses 0040016 to 005FF16) using assembler instructions SMOVF and SMOVB.

Table 2.6.5 Serial 1/02 control register 3, SIO2CON3 (address 0348

synchronous clock)

16) setting example (with external

Serial 1/02 control register 3,
SIO2CON3 (address 034816);
Automatic transfer interval set bits

“n” cycles of transfer clocks

Not using FLDC

Transfer clock O n cycles

= 5 cycles of internal system clock

Gradation display mode OFF

Transfer clock O n cycles

> 17 cycles of internal system clock

Gradation display mode ON

Transfer clock O n cycles

\Y

27 cycles of internal system clock
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<How to set serial 1/02 transfer counter>
(@)
Write the value of the number of transfer-data decreased by 1 to the serial /02 transfer counter.
(b)
When using an external clock, after writing a value to the serial /02 register/transfer counter, wait for
5 or more cycles of the internal system clock before inputting the transfer clock to the serial 1/02
clock pin.

<Serial I/O initialization bit>
The serial I/0 automatic transfer interrupt request occurs when “0” is written to the serial I/O initializa-
tion bit during an operation. Use software to set this interrupt priority level to level O (interrupt dis-
abled), or any other methods which will disable it.

<Interrupt request bit>
The occurrence timing of serial I/0 automatic transfer interrupt request may be delayed:
*Normally, the maximum delay is 17 cycles. In the FLD gradation display mode ON, the maximum
delay increases to 27 cycles.
«If the occurrence timing of the serial I/02 interrupt request is delayed, the flags and the signals
which change simultaneously with the timing of the interrupt request, such as the serial transfer
status flag and the handshake signals, will also change in accordance to the delay.
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2.7 FLD (VFD) Controller

2.7.1 Overview

The FLD controller drives and controls FLDs (fluorescent display). The following is the FLD controller
overview.

(1) FLDC port
There are a total of 56 ports, consisting of 52 high-breakdown-voltage (HBV) ports and 4 CMOS ports.
20 of the 52 HBV ports can be switched to normal ports, and all of the 4 CMOS ports can be switched
to general purpose ports. However, when using CMOS ports as display pins, external drivers must be
installed.
Ports PO, P1, P5 and P6, totaling 32 ports, have built-in pull-down resistors.
Additionally, by selecting the pull-down resistor option in the mask options when ordering the mask
ROM version, users can chose to have the built-in pull-down resistors connected to ports P2, P3 and
P40 to P4s.

(2) Display pixel number
(a) Using all ports for FLD output
28 segments [ 28 digits (segment number + digit number < 56)

(b) Using digit pulse output function
40 segments [0 16 digits (segment number + digit number < 56, however, digit number < 16)

(c) Using P4 4 to P47 expansion function
52 segments [0 16 digits (segment number < 52, digit number < 16)

(3) Selection function
The following selection functions can be applied to the FLD controller.

(a) Tscan control

Two types of interrupt sources can be selected, using the Tscan control bits (bits 2, 3 of address

035016):

*FLD digit interrupt
This is generated when the Toffl time for each timing ends (at rising edge of digit output). Key
scanning, which makes use of FLD digits, can be applied by using each FLD digit interrupt.

*FLD blanking interrupt
This is generated when the FLD data pointer (address 035816) reaches FFi6.
The FLD automatic display output is turned off for a duration of 1 O Tdisp, 2 O Tdisp, or 3 O Tdisp,
depending on post-interrupt settings. Key scanning, which makes use of FLD segments, can be
applied during this time.
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(b) Timing number
The following two types of timing can be selected:
*16-timing
This timing is used when the display timing is 16 sets or less.
*32-timing
This timing is used when the display timing is more than 16 sets. This can be used for up to 32 sets.

(c) Gradation display mode

The gradation display mode can apply bright/dark display for each segment when the display timing

is 16 or less.

Selection of gradation mode is as follows:

*Gradation display mode ON
Make sure to fix the timing number control bit (bit 4 of address 035016) to “0” as the maximum timing
is 16. Additionally, set the value to the Toff2 time set register (address 035616) so that Toff2 time
can be less than Tdisp time and more than Toff1 time.

*Gradation display mode OFF

(d) HBV port drivability
Two types of drivability, strong or weak, can be selected for HBV ports. This setting is also valid when
using HBV ports as general purpose ports.

(e) P44 to P47 FLD output reverse
Selecting this function enables the polarity reversal of the FLD output from P44 to P47. This function
is useful for adjusting the polarity when using an externally installed driver.

(f) P44 to P47 Toff invalid
Selecting this function disables Toffl time and Toff2 time and outputs display data for the duration of
Tdisp.

(g) P97 dimmer signal output
Selecting this function outputs a signal from DIMOUT (P97) to the decoder which, in turn, sends out
the dimmer signal. The decoder controls this signal to enable the dimmer function.

(h) Toff section generate/not generate

This function can be applied to all of the HBV ports (PO, P1, P2, P3, P40 to P43, P5, P6) and CMOS

ports (P44 to P47). Two types can be selected:

*Generate Toff section
The Toff section is generated.

*No Toff section
This function reduces unwanted noises generated whenever a port switches due to the combined
capacity of the FLD ports. When continuous data is output to each FLD port, the Toff1 section of the
continuous parts is not generated.
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(i) Toff2 SET/RESET change
In gradation display mode, this function specifies either output (SET) or “0” (RESET) depending on
Toff2 time for FLD output of dark display data (when gradation display control data is “1”). Two types
can be selected:
*Toff2SET
RAM data is output to the FLD output ports (SET) at the time set by Toff2 and is returned to “0”
(RESET) when the Tdisp time ends.
*Toff2RESET
RAM data is output to the FLD output ports (SET) at the time set by Toffl and is returned to “0”
(RESET) at the time set by Toff2.

(4) Expansion function
The FLD controller is equipped with an expansion function.

(a) Digit pulses output function
Digit pulses can be output automatically from ports P5 and P6. When the same number of “1s” as the
timing number are consecutively written from P60 to the digit output set registers (addresses 035C1s,
035D16), the contents of the FLD automatic display RAM for the ports that have been selected for
digit output are disabled. The digit pulses are then automatically output.
If a value exceeding the timing number for any port is set, the output of such port becomes “L” level.

(b) P44 to P47 expansion function
These ports have CMOS output structure. This function provides 16 lines of FLD digit outputs to
these four ports by connecting the decoder which converts 4-bit data to 16-bit data.

(5) Registers related to FLD controller

Figure 2.7.1 shows the memory map of FLDC related-registers. Figures 2.7.2 to 2.7.6 show FLDC
related-registers.
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005016 | FLD interrupt control register (FLDIC)

)2
¢

035016 | FLDC mode register (FLDM)

035116 | FLD output control register (FLDCON)
035216 Tdisp time set register (TDISP)
035316
035416 | Toff1 time set register (TOFF1)
035516
035616 | Toff2 time set register (TOFF2)
035716
035816 | FLD data pointer (FLDDP)

035916 | Port P2 FLD/port switch register (P2FPR)
035Au16 | Port P3 FLD/port switch register (P3FPR)
035B16 | Port P4 FLD/port switch register (P4FPR)
035Ci1s6 | Port P5 digit output set register (P5DOR)
035D16 | Port P6 digit output set register (P6EDOR)

Figure 2.7.1. Memory map of FLDC related-registers
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FLDC mode register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
L1111 1l1]] Fowm 035016 0016
vt 00t 1 1| Bitsymbol Bit name Function RIW
Poob b b i Epwo | Adtomatic display 0 : General-purpose mode 00
A control bit 1 : Automatic display mode 1
FLDM1 Display start bit 0 Stop display
R S Cr 1: Display 00
A (start to display by switching “0” to “1") !
S : b3b2 ‘
N FLDM2 | Tscan control bits 00 : FLD digit interrupt 0'0
(at rising edge of each digit) 1
oo g-)é : ;- § E}!Sp FLD blanking
Vo o ] : ISp interrupt (at falling |
oo FLDM3 11:3 X Tdisp J edge of last digit) 0.0
b Timing number control bit {0 : 16 timing mode !
P e FLDM4 1 : 32 timing mode 00
P Gradation display mode |0 : Not selecting !
vy T FLDM5 | selection control bit 1: Selecting (Note ) 0.0
Tdisp counter 0 : f(XIN)/32
v TTTTTTTT e FLDM6 | count source selection bit |1 - f(XIN)/128 0.0
e High-breakdown voltage | 0 : Drivability strong
FLDM7 port drivability select bit 1 : Drivability weak O;O

Note : When a gradation display mode is selected, a number of timing is max. 16 timing.
(Set the timing number control bit to “0".)

FLD output control register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | | | |><| |><| | FLDCON 035116 0016
Bit symbol Bit name Function RW
i P44 to P47 FLD 0 : Output normally !
-1 FLDCONO output reverse bit 1 : Reverse output 0.0

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

: FLDCON2 |P44to P47 FLD 0 : Perform normally ‘
"""""" Toff is invalid bit 1: Toff is invalid 0.0

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

o P97 dimmer output 0 : Output normally :
P T FLDCON4 control bit 1 : Dimmer output 0.0
FLDCONS | CMOS ports: section of 0 : section of Toff does NOT generate
L LECTTTEEEEEE Toff generate/not 1 : section of Toff generates 0.0

' generate bit i

FLDCONGg | High-breakdown-voltage ports| 0 : section of Toff does NOT generate !
L] section of Toff 1 : section of Toff generates 0.0
: generate/not generate bit
Toff2 0 : gradation display data is reset at Toff2|
FLDCONY SET/RESET change bit (set at Toff1) 00
"""""""""""""" 1: gradation display data is set at Toff2
(reset at Toffl) ‘

Figure 2.7.2. FLDC related-registers (1)
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Tdisp time set register

o7 0 Symbol Address  When reset
| | TDISP 035216 0016
: T
: Function Values that can be set |[RIW
fmmmmmm - - - - Counts Tdisp time. Count source is selected by Tdisp counter count source 016 to FF16 O, O
select bit. !

Supposing that the set value is “n”, the Tdisp time is expressed as
Tdisp = (n + 1) O count source.

When reading this register, the value in the counter of Tdisp time set
register is read out.

(Example)
Tdisp = (200 + 1) 00 3.2 us = 643 ps
Conditions: *f(XIN) =10 MHz
*FLDC mode register FLDM6 = 0
( f(XIN)/32 selected as Tdisp counter count source)
*Tdisp time set register = 200 (C816)

Toffl time set register

o7 0 Symbol Address  When reset
| TOFF1 035416 FF16
: T
E Function Values that can be set |R'W
bemmeeee o] Counts Toffl time. Count source is selected by Tdisp counter count source 3to FF1e O O
select bit. !

Supposing that the set value is “n1”, the Toffl time is expressed as
Toffl =n1 O count source.

(Example)
Toffl =30 0 3.2 pus = 96 ps
Conditions: «f(XiN) =10 MHz
*FLDC mode register FLDM6 = 0
(f(XIN)/32 selected as Tdisp counter count source)
*Toffl time set register = 30 (1E16)

Toff2 time set register

b7 b0 Symbol Address When reset
TOFF2 035616 FF16
: T
1 -
' Function Values that can be set |R'W
1 |
tmmmmm - - - Counts Toff2 time. Count source is selected by Tdisp counter count source 3 to FF16 010l
select bit. |

Supposing that the set value is “n2”, the Toff2 time is expressed as
Toff2 =n2 O count source.

This setting of Toff2 time applies only to the FLD ports as the following:
«Gradation display mode and
*The RAM value of gradation display control is “1” (= dark display).

(Example)
Toff2 =180 0 3.2 us = 576 ps
Conditions: «f(XiN) =10 MHz
*FLDC mode register FLDM6 = 0
(f(XIN)/32 selected as Tdisp counter count source)
*Toff2 time set register = 180 (B416)

Figure 2.7.3. FLDC related-registers (2)
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FLD data pointer
b7 b0 Symbol Address When reset
| FLDDP 035816 indeterminate
: T
: Function Values that can be set |R'W
! .
fm-mm - - - - Counts FLD output timing. Set this register to “FLD output data - 1 . 1to 1F1e 0,0
The set value is written into the FLD data pointer reload register. .
When reading this register, the value of the FLD data pointer is read out. |
I
Note: Reading the FLD data pointer takes out the count at that moment.
Port P2 FLD / port switch register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | P2FPR 035916 0016
R
! 1 ! 1 ! 1 . . . T
Vo E . 1 4 | Bitsymbol Bit name Function RIW
N . !
b4t 1 o] p2rPRO | Port P20 FLD/port switch bit 0 Normal port ol0
' : ' : ! : ' 1 : FLD output port !
N P2FPR1 ) ) 0 : Normal port .
R Port P21 FLD/port switch bit 1 - FLD outout port 0.0
A P 1
borol o e P2FPR2 | Port P22 FLD/port switch bit . ngm;t';zrpon o0
Yo ! . |
1 1 1 1 1 !
T h .
O — P2FPR3 | Port P23 FLD/port switch bit 0 : Normal port o0
oo 1: FLD output port !
1 1 1 1 . |
: , E fmmmmmm e P2FPR4 Port P24 FLD/port switch bit 2 ) l:flrjmal port [e)Ye)
Lo : output port :
1 1 . |
s P2FPRS | Port P25 FLD/port switch bit o E‘L’gm;jtzzrpm Xe
1 1 - L
G I 0 : Normal port |
[y P2FPR6 Port P26 FLD/port switch bit 1: FLD output port O O
1 . :
R ——— P2FPR7 Port P27 FLD/port switch bit 0 Normal port 010
1: FLD output port !
Port P3 FLD / port switch register
b7 b6 BS b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | P3FPR 035A16 0016
BERE R - ‘
vt o4 or oy vy | Bitsymbol Bit name Function R'W
I . [
L4+ 4 t] P3FPRO | Port P30 FLD/port switch bit 0 : Normal port o0
b o 1: FLD output port I
T . |
L 10 1 1 1 t--< P3FPRL | Port P31 FLD/port switch bit 2 j Efémoﬂtzzztpon 010
Ll 1 1 i 1 1 - L
R I . [
A P3FPR2 | Port P32 FLD/port switch bit 0 Normal port 010
P 1: FLD output port i
' : I . !
[ A P3FPR3 | Port P33 FLD/port switch bit v Efémoﬂtzzztpon o0
T : !
oo - i
REEEEEr P3FPR4 Port P34 FLD/port switch bit 2 : lljl?lrjmoitzz:tport 0.0
o : |
1 1 1 T
! 1 . |
Pob Mmoo P3FPR5 Port P35 FLD/port switch bit 0 - Normal port 00
: ' 1: FLD output port !

1 . I
e ERREE e P3FPR6 Port P36 FLD/port switch bit 2 : lljl(_)g)moitzﬁztport [e}fe)
1 N :
Immmmmmmmm - - - - m P3FPR7 Port P37 FLD/port switch bit 2 Efé)moitgzztport O 3 O

Figure 2.7.4. FLDC related-registers (3)
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Port P4 FLD / port switch register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | P4FPR 035B16 0016
R - ‘
Lo o104 | Bitsymbol Bit name Function RW
R : ‘
vt 4t 1 1 o] ParPRO | Port P4o FLD/port switch bit 0 : Normal port 0!0
A I 1: FLD output port |
1 Ll ! 1 T
N I I PAEPR1 ) ) 0 : Normal port :
, [ - Port P41 FLD/port switch bit |
, E , ' ! ' P 1: FLD output port o ! 0
1 i 1 1 1 1 . !
s P4FPR2 Port P42 FLD/port switch bit 0 : Normal port |
E , ' H P 1: FLD output port = | 0
' : v . |
S R P4FPR3 | Port P43 FLDJport switch bit 0 Normal port 010
R 1: FLD output port ;
ol - \
T PAFPRA | Port P44 FLD/port switch bit 0 : Normal port !
b P 1: FLD output port ©: 0O
P . |
R P4FPRS | Port P4s FLD/port switch bit 0 : Normal port 010
P 1: FLD output port !
1 1 . !
A SR PAFPR6 | Port P4s FLD/port switch bit 0 : Normal port 00
' 1: FLD output port |
! . . 0 : Normal port |
I LR LR Port P47 FLD/port switch bit !
P4FPRY P 1: FLD output port o ! 0
Port P5 digit output set register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | PSDOR 035C16 0016
R _ : ‘
v oro4 o boroy | Bitsymbol Bit name Function RW
ol ;o - i
'+ vt 0! o) pspoRo | Port Pso FLD/digit switch bit 0 - FLD output 0.0
. | ' L
I R R 1 : Digit output |
b . |
' 1 1 4 1 1 t---| PSDORL | Port P51 FLD/digit switch bit 0 ¢ FLD output 00
o 1 : Digit output !
I R . !
A PR PSDOR2 | Port P52 FLDIdigit switch bit 0 ¢ FLD output 010
A R 1 : Digit output i
] ! "
1 1 Ll ] .
T rr PSDOR3 | Port P53 FLD/digit switch bit 0:FLD output 010
P 1 : Digit output }
ol - i
A R S — PSDOR4 | Port P54 FLD/digit switch bit 0:FLD output 010
bt 1 : Digit output |
o . |
N S PSDOR5 | Port P55 FLD/digit switch bit 0+ FLD output 00
P! 1 : Digit output !
1 N . |
N . PSDOR6 | Port P56 FLD/digit switch bit 0: FLD output 0.0
! 1 : Digit output |
R R EEEEEEE T P5DOR7 Port P57 FLD/digit switch bit 0: FLD output 010
1: Digit output !

Figure 2.7.5. FLDC related-registers (4)
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Port P6 digit output set register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | PEDOR 035D16 0016
R ‘
i : : = , -
o op v v | Bitsymbol Bit name Function RW
Dorobo : :
» 1 0+ 1 11 Ul PeDORD | Port P6o FLD/digit switch bit 0: FLD output oo
I R R 1 : Digit output ‘
1 1 ! 1 T
1 N Ll 1 ] 1 . I
‘4 1 4 ' 1 t---| PEDORL | Port P61 FLDIdigit switch bit 0: FLD output o0
[ 1 : Digit output 1
I R - ‘
A A S P6DOR2 | Port P62 FLD/digit switch bit 0 FLD output 0.0
b 1 : Digit output I
N - ‘
e P6DOR3 | Port P63 FLDIdigit switch bit 0: FLD output oo
oo 1 : Digit output !
I 0 : FLD output |
EEEEtt P6DOR4 64 FLD/digit switch bit -FLD !
P! : Port P64 igit switch bi 1 Digit output O‘O
Ll ! 1 . :
Pob Mmoo P6DORS | Port P6s FLDIdigit switch bit 0: FLD output o o
P 1 : Digit output 1
[ B |
L C TR P6DOR6 Port P66 FLD/digit switch bi 0: FLD output |
' ort P66 /digit switch bit 1 Digit output o : o
. T
B RRREEEEEEEEEE P6DOR7 | Port P67 FLD/digit switch bit 0: FLD output e
1 : Digit output !

Figure 2.7.6. FLDC related-registers (5)
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2.7.2 FLD operation (FLD automatic display and key-scan using segments)
The FLD controller can choose functions from those listed in Table 2.7.1. The circled items are described
in detail below. Figure 2.7.7 shows the operation timing, and Figures 2.7.8 to 2.7.10 show the set-up
procedures.

Table 2.7.1. Selectable functions

Item Set-up Item Set-up

Tscan control FLD digit interrupt High-breakdown Strong
(Note 1) O | FLD blanking interrupt voltage port drivability O | Weak
Timing number O | 16-timing P97 dimmer output O | Normal port

32-timing Dimmer output
Tdisp counter o | fxmy32 High-breakdqwn- Section of Toff does NOT
count source voltage ports: generate

Section of Toff gene- )

f(XiN)/128 rate/not generate O | Section of Toff generates
Gradation display Not selecting Toff2 O | Reset at Toff2
mode (Note 2) 0 | selecting SET/RESET Set at Toff2

Note 1: When selecting the FLD blanking interrupt, any one of 1 O Tdisp, 2 O Tdisp, or 3 O Tdisp can be selected as
Tscan time.
Note 2: When selecting the gradation display mode, make sure to use 16-timing as the timing number.

Operation (1) The FLD starts an automatic display when both the automatic display control bit and the
display start bit are set to “1”.

(2) The display data, the contents from the first address through the last address, in the FLD
automatic display RAM for each port is output to each port. The last address is the result of
decreasing the number indicated in the FLD data pointer from the first address. The grada-
tion display control data is arranged at an address which is calculated by subtracting “7016”
from the stored address in the FLD automatic display RAM of the corresponding timing and
pin. Bright display is performed by setting “0”, and dark display is performed by setting “1”.
However, the contents of the FLD automatic display RAM for ports P50, P51, and P60 to P67
are disabled by selection of the digit pulse output function, and the digit pulses are automati-
cally output.

(3) The FLD data pointer counts down during Tdisp time. When the count reaches “FF16”, the
pointer is reloaded and starts counting over again.

(4) The FLD interrupt request bit is set to “1” simultaneously with the falling edge of the last
timing. The FLD automatic display output is turned off for a duration of 1 O Tdisp, 2 O Tdisp,
or 3 O Tdisp, depending on post-interrupt settings. During this time, key scanning, which
makes use of FLD segments, can be applied.

(5) During FLD automatic display, the FLD automatic display can be interrupted by writing “0” to
the display start bit.
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Connection example

P6o-P67 | pigit __ SUN MON TUE WED THU FRI SAT

Peo. PS: P O 1 e O 1 O P R

P30, P31 [ SCIMeNt | 4@ m Db ] || |P'V'| || | cH
Segment L OO0 OO0 00 OO gd g gd od

P20-P27 ¢ LEVEL rR OO OO OO OO OO OO OO od

P34-P37 Panel with fluorescent display (FLD)

I
M30218 Group

Key-matrix
Operation example
,Tdisp ., | Tscan |
—> :< >
FLDg (P51) —u: i ! !
Toff2 ! !
FLDs (P50) | | 3 :
FLD7 (P67) | [ 1
FLDo (P60) ‘ : 1
FLD blanking interrupt request occur
FLDs>—-FLDa2x [ [ [ 1 [ N AKT>
(P20-P27, eee
P30, P31) Ke.y-scan. -
Enlarged view of Tscan
FLDs2 (P20)
FLDszs (P21)
FLDszs (P22)

FLDss9 (P27)

|

Figure 2.7.7. Operation timing of FLD automatic display
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Port P3 direction register set-up

b7 b0

| 0 | 0 | | | | Port P3 direction register [Address 03E716]
PD3

Set P34 — P37 to input ports for key-scan input
T

Display pin/port switch of P2, P3, P5 and P6 set-up
b7 b0

Port P2 FLD/port switch register [Address 035916]
ENENENENEN A i

Set P20 — P27 to FLD output ports (FLD32 to FLD39)

b0
Port P3 FLD/port switch register [Address 035A16]
[ofofofofa]a] F5if:

Set P30 and P31 to FLD output ports (FLD40, FLD41)

Set P32 — P37 to normal 1/O output ports

b7 b0
Port P5 digit output set register [Address 035C16]
Lo[ofofofo]o]a]a] Ferf:

Set P50 and P51 to digit output ports (FLD8, FLD9)
Set P52 — P57 to FLD output ports

b7 b0
Port P6 digit output set register [Address 035D16]
EIE S EY EY EY R i

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Set P60 — P67 to digit output ports (FLDO to FLD7)

1
FLDC mode register set-up
b7 b0
| 1 | 0 | 1 | 0 | 1 | 1 | 0 | 1 | FLDC mode register [Address 035016]

FLDM

Automatic display control bit
1 : Automatic display mode

Display start bit
0 : Stop display

Tscan control bits

b3 b2

11:3 X Tdisp; FLD blanking interrupt
Timing number control bit

0: 16 timing mode

Gradation display mode selection control bit
1: Selecting

Tdisp counter count source selection bit
0 : f(XiN)/32

High-breakdown voltage port drivability select bit
1 : Drivability weak

FLD output control register set-up

b7 b0
FLD output control register [Address 035116]
Lo]1]oJoX]o o] FB

P44 to P47 FLD output reverse bit
0 : Output normally

P44 to P47 FLD Toff is invalid bit
0 : Perform normally

P97 dimmer output control bit
0 : Output normally

CMOS ports: section of Toff generate/not generate bit
0 : Section of Toff does NOT generate

High-breakdown-voltage ports: section of Toff generate/not generate bit
1 : Section of Toff generates

Toff2 SET/RESET change bit
0 : gradation display data is reset at Toff2
(set at Toff1)

Continued to the next page

Figure 2.7.8. Set-up procedure for FLD automatic display (1)
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Continued from the previous page

Tdisp, Toff1 and Toff2 time set-up
|t:[7| 1 | 0 | 0 | 1 | 0 | 0 |l:;)| Tdisp time set register [Address 035216]

TDISP

Set C816; Tdisp = (200 + 1) [ count source = 643 ps
Conditions: «f(XiN) =10 MHz
«Count source = f(XIN)/32 = 3.2 us

b7 b0 ] )
| ) | 0 | ) | 1 | 1 | 1 | 1 | ) | $oOfI:1FI:|Lme set register [Address 035416]

!

Set 1E1s; Toffl = 30 I count source = 96 s
Conditions: «f(XiN) =10 MHz
«Count source = f(XIN)/32 = 3.2 us

| 1 | 0 | 1 | 1 | 0 | 1 | 0 | 0 | $gfI:2Fgme set register [Address 035616]

L

Set B41s; Toff2 = 180 [J count source = 576 us
Conditions: f(Xin) =10 MHz
«Count source = f(XIN)/32 = 3.2 ps

FLD data pointer set-up

b0
FLD data pointer [Address 035816]
Lo[ofofo[s]ofo[a] FB6P

T— Set 9 = “digit number — 1".

FLD interrupt control register set-up
b7 b0

|><I><|><|><I 0 | | | FLD interrupt control register [Address 005016]
FLDIC

Interrupt priority level select bit
b2 bl b0

000 : Level O (interrupt disabled)
001:Levell
010:Level2
011:Level3
100:Level 4
101:Level5
110:Level 6
111:Level7

Interrupt request bit (Note)
0 : Interrupt not requested

Nothing is assigned.

Note: Only “0” can be written to this bit. (Do not write “1".)

1
»
FLD display start
b7 b0
| | | | | | | 1 | FLDC mode register [Address 035016]
FLDM
Display start bit

1: Display
L]
1

FLD display start

Figure 2.7.9. Set-up procedure for FLD automatic display (2)
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[ FLD blanking interrupt routine )

( Push registers and any other set-up )

FLDC mode register set-up
b7 b0

| | | | | | | |0| FLDC mode register [Address 035016]
FLDM

Automatic display control bit
0 : General-purpose mode

P2, P5 and P6 set-up
b7

[T T T T T Tolo] feetssceens

Set “L" level to ports corresponding to digits

b7 b0
|0|0|0|0|0|0|0|0| EgrtPG[AddressOBECm]

Set “L" level to ports corresponding to digits

| 0 | 0 | 0 | 0 | 0 | 0 | ) | 0 | Port P2 FLD/port switch register [Address 035916]
P2FPR

Set ports for key-scan to normal ports

|0|0|0|0|0 | 0|0 |lz;)| ggrtPZ[AddressO3E416]

Output “L" level from ports for key-scan

( Key-scan processing )

P2 set-up

b7 b0
|0|0|0|0|O|0|0|0| EgrtPZ[AddressOBEMs]

Output “L" level from ports for key-scan

| 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | Port P2 FLD/port switch register [Address 035916]
P2FPR

Set normal ports to FLD output ports

FLDC mode register set-up
b7 b0

| | | | | | | | FLDC mode register [Address 035016]
FLDM

Automatic display control bit
1 : Automatic display mode

--88---

Figure 2.7.10. Set-up procedure for key-scan processing
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M30218 Grou
FLD controller SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

2.7.3 FLD operation (FLD automatic display and key-scan using digits)
The FLD controller can choose functions from those listed in Table 2.7.2. The circled items are described
in detail below. Figure 2.7.11 shows the operation timing, and Figures 2.7.12 and 2.7.13 show the set-up
procedures.

Table 2.7.2. Selectable functions

Item Set-up Item Set-up

Tscan control O | FLD digit interrupt High-breakdown Strong
(Note 1) FLD blanking interrupt voltage port drivability O | Weak
Timing number O | 16-timing P97 dimmer output O | Normal port

32-timing Dimmer output
Tdisp counter o | fxmy32 High-breakdown- Section of Toff does NOT
count source voltage ports: generate

Section of Toff gene- .

f(XiN)/128 rate/not generate O | Section of Toff generates
Gradation display Not selecting Toff2 O | Reset at Toff2
mode (Note 2) 0 | selecting SET/RESET Set at Toff2

Note 1: When selecting the FLD blanking interrupt, any one of 1 O Tdisp, 2 O Tdisp, or 3 O Tdisp can be selected as
Tscan time.
Note 2: When selecting the gradation display mode, make sure to use 16-timing as the timing number.

Operation (1) The FLD starts an automatic display when both the automatic display control bit and the
display start bit are set to “1”.

(2) The display data, the contents from the first address through the last address, in the FLD
automatic display RAM for each port is output to each port. The last address is the result of
decreasing the number indicated in the FLD data pointer from the first address. The grada-
tion display control data is arranged at an address which is calculated by subtracting “7016”
from the stored address in the FLD automatic display RAM of the corresponding timing and
pin. Bright display is performed by setting “0”, and dark display is performed by setting “1”.
However, the contents of the FLD automatic display RAM for ports P50, P51, and P60 to P67
are disabled by selection of the digit pulse output function, and the digit pulses are automati-
cally output.

(3) The FLD data pointer counts down during Tdisp time. When the count reaches “FF16”, the
pointer is reloaded and starts counting over again.

(4) The FLD interrupt request bit is set to “1” simultaneously with the end of Toffl time (at the
rising edge of a digit) for each timing. Key scanning, which makes use of FLD digits, can be
applied by using each FLD digit interrupt.

(5) During FLD automatic display, the FLD automatic display can be interrupted by writing “0” to
the display start bit.
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M30218 Grou
FLD controller SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

Connection example

e e RN o Y Y M [

>0l REC — | — | — — | — — AM — —
b5, sy |D0 | K w1 O O U O L ) O e
pto-per (20" leveL R 0N OO 0o 0o 00 00 o0 oo
P34—P37 Panel with fluorescent display (FLD)

I
M30218 Group

Key-matrix

Operation example

. Tdisp,, , Tscan =0 ps
Toffl: | !
FLDs(P51)  —fe— | (—
' FLD digit interrupt request occur
' Toff2 | |
— ‘
FLDs (P50) 3 ] a—
' FLD digit interrupt request occur :
FLD7 (P67) | ] | —1
* FLD digit interrupt request occur
FLDo (P60) . 7

FLD digit interrupt request occur
FLD32—FLDa41
(P20-P27, e o o
P30, P31)

Figure 2.7.11. Operation timing of FLD automatic display
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Port P3 direction register set-up
b0
| 0 | | | | | Port P3 direction register [Address 03E716]
PD3

Set P34 — P37 to input ports for key-scan input

]
Display pin/port switch of P2, P3, P5 and P6 set-up
b7 b0
| 1 | 1 | 1 | 1 | 1 | 1 | 1 | Port P2 FLD/port switch register [Address 035916]

P2FPR

Set P20 — P27 to FLD output ports (FLD32 to FLD39)

b7 b0
| 0 | 0 | ) | 0 | 1 | 1 | Port P3 FLD/port switch register [Address 035A16]
P3FPR

Set P30 and P31 to FLD output ports (FLD40, FLD41)
Set P32 — P37 to normal 1/O output ports

b0

Port P5 digit output set register [Address 035C16]
ofofofof1]a] Zeris

Set P50 and P51 to digit output ports (FLD8, FLD9)
Set P52 — P57 to FLD output ports

b7 b0
Port P6 digit output set register [Address 035D16]
BN ES EY EY R s

‘ ‘ ‘ ‘ ‘ ‘ ‘ Set P60 — P67 to digit output ports (FLDO to FLD7)

FLDC mode register set-up
b7 b0
[1]o[1]ofo]o]o[s

FLDC mode register [Address 035016]
FLDM

Automatic display control bit
1 : Automatic display mode

Display start bit
0 : Stop display

Tscan control bits
b3 b2
0 0: FLD digit interrupt
Timing number control bit
0 : 16 timing mode

Gradation display mode selection control bit
1: Selecting

Tdisp counter count source selection bit
0 : f(Xin)/32

High-breakdown voltage port drivability select bit
1 : Drivability weak

FLD output control register set-up

b7 b0
FLD output control register [Address 035116]
Lo[x[ofopo o] FpeeR

P44 to P47 FLD output reverse bit
0 : Output normally

P44 to P47 FLD Toff is invalid bit
0 : Perform normally

P97 dimmer output control bit
0 : Output normally

CMOS ports: section of Toff generate/not generate bit
0 : Section of Toff does NOT generate

High-breakdown-voltage ports: section of Toff generate/not generate bit
1: Section of Toff generates

Toff2 SET/RESET change bit
0 : Gradation display data is reset at Toff2
(set at Toffl)

1
1
Continued to the next page

Figure 2.7.12. Set-up procedure for FLD automatic display (1)
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Continued from the previous page

Tdisp, Toffl and Toff2 time set-up

b7 b0
| 1 | 1 | 0 | ) | 1 | 0 | 0 | 0 | Tdisp time set register [Address 035216]

TDISP

Set C816; Tdisp = (200 + 1) O count source = 643 us

Conditions: «f(XiN) =10 MHz
«Count source = f(XIN)/32 = 3.2 us

| 0 | 0 | 0 | 1 | 1 | 1 | 1 | 0 | igf'leFt::-me set register [Address 035416]

}

Set 1E1s; Toffl = 30 O count source = 96 ps
Conditions: «f(XiN) =10 MHz
«Count source = f(XIN)/32 = 3.2 ps

| 1 | ) | 1 | 1 | 0 | 1 | 0 | 0 | Toff2 time set register [Address 035616]

TOFF2

Set B41s; Toff2 = 180 O count source = 576 ps
Conditions: «f(Xin) =10 MHz
«Count source = f(XIN)/32 = 3.2 us

FLD data pointer set-up

b7 b0
FLD data pointer [Address 035816]
Lofofofo[s]ofo[a] F5s?

Ti Set 9 = “digit number — 1".

FLD interrupt control register set-up
b7 b0

|><|><|><|><I 0 | | | FLD interrupt control register [Address 005016]
FLDIC

Interrupt priority level select bit

b2 bl b0

000: Level O (interrupt disabled)
001:Levell

010:Level 2

011:Level3

100: Level 4

101:Level5

110:Level6

111:Level?7

Interrupt request bit (Note)
0 : Interrupt not requested

Nothing is assigned.

Note: Only “0” can be written to this bit. (Do not write “1".) 1
1
.
FLD display start
b7 b0
| | | | | | | 1 | FLDC mode register [Address 035016]
FLDM
Display start bit
1: Display
T
1

FLD display start

Figure 2.7.13.

Set-up procedure for FLD automatic display (2)
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2.7.4 FLD operation (FLD display and key-scan using segment by software)
FLD display and key-scan using the Timer AO interrupt are explained in detail below. Figure 2.7.14 shows
the operation timing, and Figures 2.7.15 to 2.7.17 show the set-up procedures.

Operation (1) Set both the automatic display control bit and the display start bit to “0”.
(2) Output segment data and digit data from each port during the Timer AO interrupt processing.
(3) Atfter finishing display of all digits, perform key-scan within during the Timer AO interrupt
processing.
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M30218 Grou
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Connection example
. SUN MON TUE WED THU FRI SAT
P60—P6 | Digit _
PSo, PS: e I R W R
> I REC —_
SO - A | A ™
S t L OO OO0 OO0 OO0 OO O OO I:ll:l
P20—P27 [ >0 1C LEVEL R OO0 OO OO OO OO0 00 00 00
P34—P37 Panel with fluorescent display (FLD)
I
M30218 Group
Key-matrix
Operation example
P51
P50
P67
P6o i
Key-scan
P20-P27,
P30, P31 °e°
Enlarged view of key-scan
P20
P21
P22
P.27 *

Figure 2.7.14. Operation timing of FLD display
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

Port P3 direction register set-up
b7 b0

Lo[ofofo] [ [+]1]

Port P3 direction register [Address 03E716]
PD3

Set P30 and P31 to output ports for segment output

Set P34 — P37 to input ports for key-scan input

FLDC mode register set-up
b

b7 0
L L[] [ofo]

FLDC mode register [Address 035016]
FLDM

-Automatic display control bit
0 : General-purpose mode

Display start bit
0 : Stop display

High-breakdown voltage port drivability select bit
1 : Drivability weak

Timer mode (Timer AO) and functions set-up

b7 b0
[oo] [o]o]o]

Timer AO mode register [Address 039616]
TAOMR

Selection of timer mode

Pulse output function select bit

Gate function select bit
b4 b3

0 (Must always be “0” in timer mode)

0 : Pulse is not output (TAOouT pin is a normal port pin)

00:
01: }Gate function not available (TAOIN pin is a normal port pin)

TAO

Count source select bit b7 ! b | Count Count source period
tggﬁ_ f“ | source [f(XIN) : 10 MHz f(XcIN) : 32.768 kHz|
01:fs l 00| n 100 ns
12;32 J > 031 fs 800 ns
Hles 1.0 fa 3.2 s
101 fea 976.56 ps
1
Divide ratio set-up
(b15) (b8)
b7 b0 b7 bo

Timer AO register [Address 038716, 038616]

Can be set to 000016 to FFFF16

Clock prescaler reset flag set-up

dividing the Xcin by 32.)
b7 b0

|><|>q>q>q><|><l><| Clock prescaler reset flag [Address 038116]
‘ CPSRF

Clock prescaler reset flag
0: No effect

1: Prescaler is reset (When read, the value is “0”)

(This function is effective when fc3z is selected as the count source. Reset the prescaler for generating fca2 by

Continued to the next page

Figure 2.7.15. Set-up procedure for FLD display (1)
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Continued from the previous page
1
1

TAO interrupt control register set-up

b7 b0
TAQ interrupt control register [Address 005516]

LODDe] T ] 368

Interrupt priority level select bit
b2 b1 b0

000 : Level O (interrupt disabled)
001:Levell
010:Level2
011:Level3
100:Level4
101:Level5
110:Level6
111:Level7

—— Interrupt request bit (Note)
0 : Interrupt not requested

Nothing is assigned.

Note: Only “0” can be written to this bit. (Do not write “1".)

Count start flag set-up

b7 b0

| | | | | | | | ll Count start flag [Address 038016]
TABSR

Timer AO count start flag
1 : Starts counting

Figure 2.7.16.

Set-up procedure for FLD display (2)
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( TAO interrupt routine )

( Push registers and any other set-up )

P2, P3, P5 and P6 set-up
|b07| ) | 0 | ) | 0 | 0 | ) |bc?| EgrtPZ [Address 03E416]

Set “0” to ports corresponding to segments

b7 b0
Port P3 [Address 03E516]
0]0 P3

Set “0” to ports corresponding to segments

b7 b0
Port P5 [Address 03E916]
0]0 P5

Set “0” to ports corresponding to digits

|0|0|O|0|o|0|0||:;)| Port P6 [Address 03ECi

Set “0” to ports corresponding to digits

1

| ]
.%

1

[ ]

Segment data set-up

b7 bo
|0|0|O|0|o|0|0|0| EgrtP2[AddressosE41e]

Set segment data

b7 b0
| | | | | | | 0 | 0 | Port P3 [Address 03E516]
P3

Set segment data

Digit data set-up
b7 b0
| | | | | | | ) | 0 | Etz)rt P5 [Address 03E916]

Set digit data

|0|0 | O|0 | 0 | 0|0 |l:;J| EgrtPG[AddressOBECm]

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘Setdigitdata

Figure 2.7.17. Set-up procedure for key-scan processing
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This page kept blank for layout purposes.
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2.7.5 FLD operation (Display with digit expander M35501FP)
The FLD controller can choose functions from those listed in Table 2.7.3. The circled items are described
in detail below. Figure 2.7.18 shows the connection example and Figure 2.7.19 shows the operation
timing, and Figures 2.7.20 and 2.7.21 show the set-up procedures.

Remarks: Also refer to the M35501FP data sheet on http://www.infomicom.mesc.co.jp

Operation

Table 2.7.3. Selectable functions

Item Set-up Iltem Set-up

Tscan control O | FLD digit interrupt High-breakdown Strong
(Note 1) FLD blanking interrupt voltage port drivability O | Weak
Timing number O | 16-timing P97 dimmer output Normal port

32-timing O | Dimmer output
Tdisp counter High-breakdown- Section of Toff does NOT

O | f(XiN)/32 8
count source voltage ports: generate
Section of Toff gene- .

f(XiN)/128 rate/not generate O | Section of Toff generates
Gradation display Not selecting Toff2 O | Reset at Toff2
mode (Note 2) 0 | Selecting SET/RESET Set at Toff2

Note 1: When selecting the FLD blanking interrupt, any one of 1 I Tdisp, 2 O Tdisp, or 3 [ Tdisp can be selected as
Tscan time.
Note 2: When selecting the gradation display mode, make sure to use 16-timing as the timing number.

(1) The FLD starts an automatic display when both the automatic display control bit and the
display start bit are set to “1”.

(2) The display data, the contents from the first address through the last address, in the FLD
automatic display RAM for each port is output to each port. The last address is the result of
decreasing the number indicated in the FLD data pointer from the first address. The grada-
tion display control data is arranged at an address which is calculated by subtracting “7016”
from the stored address in the FLD automatic display RAM of the corresponding timing and
pin. Bright display is performed by setting “0”, and dark display is performed by setting “1".

(3) The FLD data pointer counts down during Tdisp time. When the count reaches “FF16”, the
pointer is reloaded and starts counting over again.

(4) Supply signals to the RESET pin and SEL pin of the M35501FP from ports P70 and P71,
respectively. Supply the dimmer signal to the CLK pin from the DIMouT (P97).

(5) During FLD automatic display, the FLD automatic display can be interrupted by writing “0” to
the display start bit.
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Connection example

M30218 Group

P70

M35501FP

P71

DIMourt

P0o—P07
Plo—P17
P20—P27
P30-P37
P40—P43
P50—P57
P60—P67

Segment (52)

RESET ﬁ
SEL OVFIN

CLK
OVFouT}—

DIGo-DIG1s

Digit (16)

Fluorescent display (FLD)

Figure 2.7.18. Connection example of FLD automatic display (1)
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Operation example

RESET

SEL

OVFiN

OVFour

DIGO ol

CLK I I

DIGL e

DIG2 uE

DIG3 M

DIG12

DIG13

DIG14

DIG15

M30218 Group
FLDo—FLDs1

(P00—P07, P1o—P17, |—|' |—||—||—||—||—||—||—||—||—||—||—||—||—||—|i—| '|—||—||—

P20—P27, P30—P37,
P40—P43, P50—P57,
P60—P67)

Enlarged view

CLK B I e I

i Tdisp
e

DIGO - ]

' Toff1:
DIG1 H

Al B
DIG2 ]

{ Toff2!
—

DIG15

M30218 Group
FLDo—FLDs1

(P0o—P07, P1o—P17, I |_| I l_l |_|

P20-P27, P30—P37,
P40—-P43, P50—P57,
P60—P67)

Figure 2.7.19. Operation timing of FLD automatic display
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Display pin/port switch of P2, P3, P4, P5 and P6 set-up
b7

b0
| Z‘L | Z‘l | Z‘L | Z‘l | :;_ | :;_ | :;_ | 1 Egrl:t;é FLD/port switch register [Address 035916]

b7 b0

Port P3 FLD/port switch register [Address 035A16]
[1]a]a]a]s] PR

Set P20 — P27 to FLD output ports (FLD32 to FLD39)

‘ ‘ ‘ ‘ ‘ ‘ Set P30 — P37 to FLD output ports (FLD40 to FLD47)

b0

Port P4 FLD/port switch register [Address 035B16]
[ofa]afa]a] pofe

Set P40 — P43 to FLD output ports (FLD48 to FLD51)
Set P44 — P47 to normal 1/O ports

Port P5 digit output set register [Address 035C16]
[o[o[o[ofo[o]o]o] ZicR

‘ ‘ ‘ ‘ ‘ ‘ ‘ Set P50 — P57 to FLD output ports (FLD8 to FLD15)

Port P6 digit output set register [Address 035D16]
Lofo[ofo[o]o]o]o] Fenc:

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Set P60 — P67 to FLD output ports (FLDO to FLD7)

M35501 initialization

b7 b0

| | | | | | | 1 | 1 | Port P7 direction register [Address 03EF16]
PD7

Set P70 to output port (for RESET signal of M35501)
Set P71 to output port (for SEL signal of M35501)

b7 b0
| | | | | | | 0 | 0 | Port P7 [Address 03ED16]
P7

Output RESET signal of M35501 (Note)
Output SEL signal “L" of M35501

Note: To remove reset state, after retaining “L" level for 2 ps or more, output “H” level when CLK signal = “L".
]

FLDC mode register set-up

b7 b0 )
| 1 | 0 | 1 | 0 | 0 | 0 | 0 | 1 | E[gl(\:/l mode register [Address 035016]

Automatic display control bit
1 : Automatic display mode

Display start bit
0 : Stop display

Tscan control bits
b3 b2
0 0: FLD digit interrupt
Timing number control bit
0 : 16 timing mode

Gradation display mode selection control bit
1: Selecting

Tdisp counter count source selection bit
0 : f(XiN)/32

High-breakdown voltage port drivability select bit
1 : Drivability weak

Continued to the next page

Figure 2.7.20. Set-up procedure for FLD automatic display (1)
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Continued from the previous page

FLD output control register set-up
b

b7 0
FLD output control register [Address 035116]
Lo[1[o[1[Jo o] FpeeR

P44 to P47 FLD output reverse bit
0 : Output normally

P44 to P47 FLD Toff is invalid bit
0 : Perform normally

L P97 dimmer output control bit
1 : Dimmer output

———— CMOS ports: section of Toff generate/not generate bit
0 : Section of Toff does NOT generate

1 : Section of Toff generates

Toff2 SET/RESET change bit
0 : Gradation display data is reset at Toff2
(set at Toff1)

L High-breakdown-voltage ports: section of Toff generate/not generate bit

Tdisp, Toffl and Toff2 time set-up

Tdisp time set register [Address 035216]
TDISP

Set C816; Tdisp = (200 + 1) O count source = 643 us
Conditions: «f(XiN) =10 MHz
«Count source = f(XIN)/32 = 3.2 us

Toff1 time set register [Address 035416]
TOFF1

Set 1Ezs; Toff1 = 30 O count source = 96 s
Conditions: «f(Xin) =10 MHz
«Count source = f(XIN)/32 = 3.2 us

| 1 | 0 | 1 | 1 | ) | 1 | 0 | 0 | Toff2 time set register [Address 035616]

TOFF2

Set B41s; Toff2 = 180 [J count source = 576 ps
Conditions: «f(XiN) =10 MHz
+Count source = f(XIN)/32 = 3.2 us

FLD data pointer set-up
b7 bo

FLD data pointer [Address 035816]
lofa]afx]1] EDSP

I— Set 15 = “digit number — 1".

FLD display start
b7 b0

| | | | | | |l| FLDC mode register [Address 035016]
FLDM

Display start bit
1: Display

FLD display start

Figure 2.7.21.

Set-up procedure for FLD automatic display (2)
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2.7.6 FLD operation (Display with digit expander M35501FP: column discrepancy)
The FLD controller can choose functions from those listed in Table 2.7.4. The circled items are described
in detail below. Figure 2.7.22 shows the connection example and Figure 2.7.23 shows the operation
timing, and Figures 2.7.24 and 2.7.27 show the set-up procedures.

Remarks: Also refer to the M35501FP data sheet on http://www.infomicom.mesc.co.jp

Table 2.7.4. Selectable functions

Item Set-up Item Set-up

Tscan control O | FLD digit interrupt High-breakdown Strong
(Note 1) FLD blanking interrupt voltage port drivability O | Weak
Timing number O | 16-timing P97 dimmer output Normal port

32-timing O | Dimmer output
Tdisp counter o | fxmy32 High-breakdown- Section of Toff does NOT
count source voltage ports: generate

Section of Toff gene- .

f(XIN)/128 rate/not generate O | Section of Toff generates
Gradation display Not selecting Toff2 O | Reset at Toff2
mode (Note 2) 0 | selecting SET/RESET Set at Toff2

Note 1: When selecting the FLD blanking interrupt, any one of 1 O Tdisp, 2 O Tdisp, or 3 O Tdisp can be selected as
Tscan time.
Note 2: When selecting the gradation display mode, make sure to use 16-timing as the timing number.

Operation (1) The FLD starts an automatic display when both the automatic display control bit and the
display start bit are set to “1”.

(2) The display data, the contents from the first address through the last address, in the FLD
automatic display RAM for each port is output to each port. The last address is the result of
decreasing the number indicated in the FLD data pointer from the first address. The grada-
tion display control data is arranged at an address which is calculated by subtracting “7016”
from the stored address in the FLD automatic display RAM of the corresponding timing and
pin. Bright display is performed by setting “0”, and dark display is performed by setting “1".

(3) The FLD data pointer counts down during Tdisp time. When the count reaches “FF16”, the
pointer is reloaded and starts counting over again.

(4) Supply signals to the RESET pin and SEL pin of the M35501FP from ports P70 and P71,
respectively. Supply the dimmer signal to the CLK pin from the DIMouT (P97).

(5) Input the OVFouT output of the M35501FP to TB2IN (P72) and count the input signals as a
count source with Timer B2. Generate the Timer AO interrupt at FLD display intervals and
confirm the value of Timer B2. If the value is incorrect, reset the M35501FP.

(6) During FLD automatic display, the FLD automatic display can be interrupted by writing “0” to
the display start bit.
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Connection example

M30218 Group M35501FP
P70 RESET
P71 SEL
DIMourt CLK
TB2in OVFout '@‘
Efl)o—g(l” OVFIN
0— 7
P20—P27 DIGo-DIG1s
P30—P37 L
P4o—P43 Digit (16)
P50—P57
P60—P67
Segment (52)

Fluorescent display (FLD)

Figure 2.7.22. Connection example of FLD automatic display
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Correct operation example

RESET
SEL
OVFiN
OVFout
CLK
DIGO

DIG1

DIG14

DIG15

M30218 Group|

FLDo—FLDs1
(P0o—P07, P10—P17,
P20-P27, P30—P37,
P40—P43, P50—P57,
P60—P67)

Il Il
gigipigigigigigigipigigigipigipigigipigipiy
N N

L Lo
n.
i i

alalnininininfninininintnininininininininin

Incorrect operation example

RESET
SEL
OVFin
OVFour
CLK
DIGO

DIG1

DIG14

DIG15

I—| Noise

M30218 Group|

FLDo—FLDs1
(P0o—P07, P1o—P17,
P20—P27, P30—P37,
P40—P43, P50—P57,
P60—P67)

I_II_IHI_II_II_II_II_II_II_II_II_II_II_I

e

Column discrepancy occur

Figure 2.7.23. Operation timing of FLD automatic display
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Display pin/port switch of P2, P3, P4, P5 and P6 set-up
b7

b0
| Z‘L | Z‘l | Z‘L | Z‘l | :;_ | :;_ | :;_ | 1 Egrl:t;é FLD/port switch register [Address 035916]

b7 b0

Port P3 FLD/port switch register [Address 035A16]
[1]a]a]a]s] PR

Set P20 — P27 to FLD output ports (FLD32 to FLD39)

‘ ‘ ‘ ‘ ‘ ‘ Set P30 — P37 to FLD output ports (FLD40 to FLD47)

b0

Port P4 FLD/port switch register [Address 035B16]
[ofa]afa]a] pofe

Set P40 — P43 to FLD output ports (FLD48 to FLD51)
Set P44 — P47 to normal 1/O ports

Port P5 digit output set register [Address 035C16]
[o[o[o[ofo[o]o]o] ZicR

‘ ‘ ‘ ‘ ‘ ‘ ‘ Set P50 — P57 to FLD output ports (FLD8 to FLD15)

Port P6 digit output set register [Address 035D16]
Lofo[ofo[o]o]o]o] Fenc:

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Set P60 — P67 to FLD output ports (FLDO to FLD7)

M35501 initialization

b7 b0

| | | | | | | 1 | 1 | Port P7 direction register [Address 03EF16]
PD7

Set P70 to output port (for RESET signal of M35501)
Set P71 to output port (for SEL signal of M35501)

b7 b0
| | | | | | | 0 | 0 | Port P7 [Address 03ED16]
P7

Output RESET signal of M35501 (Note)
Output SEL signal “L" of M35501

Note: To remove reset state, after retaining “L" level for 2 ps or more, output “H” level when CLK signal = “L".
]

FLDC mode register set-up

b7 b0 )
| 1 | 0 | 1 | 0 | 0 | 0 | 0 | 1 | E[gl(\:/l mode register [Address 035016]

Automatic display control bit
1 : Automatic display mode

Display start bit
0 : Stop display

Tscan control bits
b3 b2
0 0: FLD digit interrupt
Timing number control bit
0 : 16 timing mode

Gradation display mode selection control bit
1: Selecting

Tdisp counter count source selection bit
0 : f(XiN)/32

High-breakdown voltage port drivability select bit
1 : Drivability weak

Continued to the next page

Figure 2.7.24. Set-up procedure for FLD automatic display (1)
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Continued from the previous page

FLD output control register set-up

b7 b0
FLD output control register [Address 035116]
Lo[2]o[s[To]X]o] HiResR

P44 to P47 FLD output reverse bit
0 : Output normally

P44 to P47 FLD Toff is invalid bit
0 : Perform normally

P97 dimmer output control bit
1 : Dimmer output

CMOS ports: section of Toff generate/not generate bit
0 : Section of Toff does NOT generate

High-breakdown-voltage ports: section of Toff generate/not generate bit
1 : Section of Toff generates

Toff2 SET/RESET change bit
0 : Gradation display data is reset at Toff2
(set at Toff1)

Tdisp, Toffl and Toff2 time set-up
b7

HB

b0
Tdisp time set register [Address 035216]
[o[1]o]o]o] 15

Tf Set C816; Tdisp = (200 + 1) [J count source = 643 ps

Conditions: «f(XiN) =10 MHz
«Count source = f(XIN)/32 = 3.2 ps

| 0 | 0 | 0 | 1 | 1 | 1 | 1 | ) | $gfr:1':time set register [Address 035416]

!

Set 1Ez16; Toffl = 30 O count source = 96 pis
Conditions: f(XiN) =10 MHz
«Count source = f(XIN)/32 = 3.2 ps

bo
Toff2 time set register [Address 035616]
[1]o]1]ofo] &5

L

Set B41s; Toff2 = 180 [ count source = 576 ps
Conditions: «f(XiN) =10 MHz
«Count source = f(XIN)/32 = 3.2 ps

FLD data pointer set-up

bo
FLD data pointer [Address 035816]
Lofofofofs]s]s]] Fioss

Tf Set 15 = “digit number — 1".

Event counter mode (Timer B2) and functions set-up
b7 b0

Timer B2 mode register [Address 039D16]
[o]ofofofo]a[o]1] i

Selection of event counter mode

Count polarity select bit
b3 b2
0 1: Counts external signal’s rising edges

In an attempt to write to this bit, write “0".

Invalid in event counter mode

Event clock select
0 : Input from TB2In pin (Note)

Continued to the next page

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

Figure 2.7.25. Set-up procedure for FLD automatic display (2)
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Continued from the previous page

'

L}

5

Divide ratio (Timer B2) set-up
(b15) (b8)
b7 b0 b7 b0
Timer B2 register [Address 039516, 039416]
TB2
T Set FFFF16
L]
L}

Timer mode (Timer A0) and functions set-up

b7 b0
Timer AO mode register [Address 039616]
[o[1]o]o] [olo]o] Treia

Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TAOouT pin is a normal port pin)

Gate function select bit
b4 b3

00:
01: }Gate function not available (TAOIN pin is a normal port pin)

————— 0 (Must always be “0" in timer mode)

Count source select bit
b7 b6
01:fs

Divide ratio (Timer AQ) set-up
(b15) (b8)
b7 b0 b7 b0

Timer AQ register [Address 038716, 038616]
T

T Set 324016

Timer AQ interrupt control register set-up
b7 b0

W 0 | | | TAO interrupt control register [Address 005516]
TAOIC

Interrupt priority level select bit
b2 b1 b0

000 : Level O (interrupt disabled)
001:Levell
010:Level2
011:Level3
100:Level 4
101:Level5
110:Level 6
111:Level7

Interrupt request bit (Note)
0 : Interrupt not requested

Nothing is assigned.

Note: Only “0” can be written to this bit. (Do not write “1".)

Count start flag set-up
b0

b7
| 1 | | | | | | | Count start flag [Address 038016]
TABSR

Timer AO count start flag
1: Starts counting

Timer B2 count start flag
1: Starts counting

FLD display start
b7 b0

| | | | | | |1| FLDC mode register [Address 035016]
FLDM

Display start bit
1: Display

"
FLD display start

Figure 2.7.26. Set-up procedure for FLD automatic display (3)
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[ TAO interrupt routine )

]
( Push registers and any other set-up )

Correct data (FE16)

ELEL TN

Timer B2 data check ?

: Incorrect data (except FE16)

FLD display stop

b7 b0

| | | | | | | | FLDC mode register [Address 035016]
FLDM

Display start bit
0 : Stop display

M35501 initialization
b7 bo
| | | | | | | 0 | 0 | Port P7 [Address 038D

Output RESET signal “L” of M35501
Output SEL signal “L"of M35501

b7 b0
| | | | | | | 0 | 1 | Port P7 [Address 03ED16]
P7

Output RESET signal “H” of M35501 (Note)
Output SEL signal “L" of M35501

L)
Note: To remove reset state, after retaining “L” level for 2 pus or more, output “H” level when CLK signal = “L".
| ]

( Set display data to FLD automatic display RAM )
1

Count start flag set-up

b7 b0

| | | | | | | | Count start flag [Address 038016]
TABSR

Timer AO count start flag
1 : Starts counting

FLD display start
b7 b0

| | | | | | |1| FLDC mode register [Address 035016]
FLDM

Display start bit
1: Display

54................................r

Divide ratio (Timer B2) set-up

(b15) (b8)
b7 b0 b7 b0
| Timer B2 register [Address 039516, 039416]
T
T Set FFFF16

[ Pop registers )

( )

Figure 2.7.27. Set-up procedure for FLD automatic display when detecting column discrepancy
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2.7.7 Precautions for FLD controller
(1) Set a value of “0316” or more to the Toffl time set register.
(2) When displaying in the gradation display mode, select the 16-timing mode with the timing number
control bit.
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2.8 A-D Converter

2.8.1 Overview
The A-D converter used in the M30218 group operates on a successive conversion basis. The following
is an overview of the A-D converter.

(1) Mode

The A-D converter operates in one of five modes:

(a) One-shot mode
Carries out A-D conversion on input level of one specified pin only once.

(b) Repetition mode
Repeatedly carries out A-D conversion on input level of one specified pin.

(c) One-shot sweep mode
Carries out A-D conversion on input level of two or more specified pins only once.

(d) Repeated sweep mode 0
Repeatedly carries out A-D conversion on input level of two or more pins.

(e) Repeated sweep mode 1
Repeatedly carries out A-D conversion on input level of two or more pins. This mode is different from
the repeated sweep mode 0 in that weights can be assigned to specifing pins control the number of
conversion times.

(2) Operation clock
The operation clock can be selected from the following: fAD, divide-by-2 fab, and divide-by-4 fap. The
faD frequency is equal to that of the CPU’s main clock.

(3) Conversion time
Number of conversion for A-D convertor varies depending on resolution as given. Table 2.8.1 shows
relation between the A-D converter operation clock and conversion time.
Sample & Hold function selected:
33 cycles for 10-bit resolution, or 28 cycles for 8-bit resolution
No Sample & Hold function:
59 cycles for 10-bit resolution, or 49 cycles for 8-bit resolution

Table 2.8.1. Conversion time every operation clock

Frequency selection bit 1 0 1
Frequency selection bit 0 0 1 Invalid

. _ b= fAD _ fAD B
A-D converter's operation clock QA 2 (PAD = > @AD = fAD
Min. conversion 8-bitmode | 28Xgo
cycles (Note 1) 10-bit mode 33 X @AD
Min. conversion 8-bit mode 112“5 56“5 28“3
time (Note 2) 10-bit mode 13.2us 6.6us 3.3us

Note 1: The number of conversion cycles per one analog input pin.
Note 2: The conversion time per one analog input pin (when fap = f(XIN) = 10 MHz)
|
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(4) Functions selection
(a) Sample & Hold function
Sample & Hold function samples input voltage when A-D conversion starts and carries out A-D
conversion on the voltage sampled. When A-D conversion starts, input voltage is sampled for 3
cycles of the operation clock. When the Sample & Hold function is selected, set the operation clock
for A-D conversion to 1 MHz or higher.

(b) 8-bit A-D to 10-bit A-D switching function
Either 8-bit resolution or 10-bit resolution can be selected. When 8-bit resolution is selected, the 8
higher-order bits of the 10-bit A-D are subjected to A-D conversion. The equations for 10-bit resolu-
tion and 8-bit resolution are given below:
10-bit resolution  (Vref X n/210) — (vref X 0.5/1019) (n=1t01023),0 (n=0)

8-bit resolution  (Vref Xn/28) — (Vref X 0.5/210)  (n=1to 255), 0 (n =0)
(c) Connecting or cutting Vref
Cutting Vref allows decrease of the current flowing into the A-D converter. To decrease the
microcomputer's power consumption, cut Vref. To carry out A-D conversion, start A-D conversion 1

us or longer after connecting Vref.

The following are exsamples in which functions (a) through (c) are selected:

L@ =Tt o] .o o = SRR P332
* Repeat mode, SOftWAIE TrIGQET ........ueeiiiieiieeie et e e e e e e e e bre e e e e aa e e e ns P334
* One-shot sweep mode, SOftWAre tHJOET ........eeii i e e P336
* Repeated sweep mode 0, SOftWAIre trgOEN ......ooiueeiiiiiiiiie ettt e e e e e P338
* Repeated sweep mode 1, SOftWAre trgOET ......cciiiuuiiiiiiiiiiee e P340
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(5) Input to A-D converter and direction register
To use the A-D converter, set the direction register of the relevant port to input.

(6) Pins related to A-D converter

(a) ANo pin through AN7 pin Input pins of the A-D converter

(b) AVcc pin Power source pin of the analog section
(c) VREF pin Input pin of reference voltage

(d) AVss pin GND pin of the analog section

(7) A-D converter and related registers
Figure 2.8.1 shows the memory map of A-D converter-related registers, and Figures 2.8.2 through
2.8.4 show A-D converter-related registers.

004E16 | A-D conversion interrupt control register (ADIC)

Xz Rz

03CO016
03C116
03C216
03C316
03C416
03Cb516
03C616
03C716
03C81s6
03C916
03CAu16
03CBus
03CCa1s
03CDa1s6
03CEuzs
03CF1e6

A-D register 0 (ADO)

A-D register 1 (AD1)

A-D register 2 (AD2)

A-D register 3 (AD3)

A-D register 4 (AD4)

A-D register 5 (AD5)

A-D register 6 (AD6)

A-D register 7 (AD7)

=z A

03D416 | A-D control register 2 (ADCONZ2)
03D516
03D616 | A-D control register 0 (ADCONO)
03D716 | A-D control register 1 (ADCON1)

Figure 2.8.1. Memory map of A-D converter-related registers

328



Mitsubishi microcomputers

M30218 Grou
A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE
.}

A-D control register 0 (Note)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | ADCONO 03D616 00000XXX2
Bit symbol Bit name Function RiwW
) . ) b2 bl b0
CHO Analog input pin select bit |00 0 : ANo is selected 00
00 1:ANz1is selected
010:AN2is selected
CH1 011:ANsis selected (ofe

101 :ANsis selected
110:ANsis selected
CH2 111:AN7is selected 0.0

A-D operation mode select 00 : One-shot mode 00

bit 0 0 1: Repeat mode

1 0: Single sweep mode
MD1 11 : Repeat sweep mode 0 00
Repeat sweep mode 1 i

MDO

i
I
100 : AN4 is selected

Must always be “0”. 0.0

ADST A-D conversion start flag | 0 : A-D conversion disabled
1: A-D conversion started

olte}

Frequency select bit 0 0 : fAD/4 is selected
oo e CKSO 1:faD/2 is selected O}O
Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Figure 2.8.2. A-D converter-related registers (1)
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A-D control register 1 (Note)

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
[oJo] [ [ ][] ] Apconm 03D716 0016
Bit symbol Bit name Function RIW

A-D sweep pin select bit When single sweep and repeat sweep
mode O are selected
SCANO b1 b0

00 : ANo, AN1 (2 pins) o0
0 1: ANo to AN3 (4 pins)
1 0: ANo to ANs (6 pins)
1 1: ANo to AN7 (8 pins)

|

|

|

When repeat sweep mode 1 is selected 3

..... SCAN1 b1 b0 3

00 : ANo (1 pin)

0 1: ANo, AN1 (2 pins) o0
1 0: ANo to AN2 (3 pins)
11: ANo to AN3 (4 pins)

A-D operation mode 0 : Any mode other than repeat sweep
R MD2  |select bit 1 mode 1 0o
1: Repeat sweep mode 1
: ] 8/10-bit mode select bit 0 : 8-bit mode
BITS 1:10-bit mode ©0O
CKS1 Frequency select bit 1 0 : faD/2 or faD/4 is selected |
1:fapD is selected o0
Vref connect bit 0 : Vref not connected
veur 1 : Vref connected O}O
o Must always be “0".
o0
R OO

Note: If the A-D control register is rewritten during A-D conversion, the conversion result is
indeterminate.

Figure 2.8.3. A-D converter-related registers (2)
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A-D control register 2 (Note)

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

ADCON2 03D416 XXXXXXX02
: o i+ | Bit symbol Bit name Function RIW,
R SMP A-D conversion method 0 Without sample and hold
A A A A select bit 1 With sample and hold olle

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns outto | —'—
be “0". :

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
ADi (i=0to7)  03CO016 to 03CF16 Indeterminate

(b15) ®8)

b7 b0 b7 b0

§

When read, the content is indeterminate |

A A A ; Function RIW
.. | Eight low-order bits of A-D conversion result O X
« During 10-bit mode

e H Two high-order bits of A-D conversion result O: X
« During 8-bit mode X' X

Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if ——

read, turns out to be “0".

Figure 2.8.4. A-D converter-related registers (3)

331



Mitsubishi microcomputers

M30218 Grou
A-D Converter SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

2.8.2 Operation of A-D converter (one-shot mode)

In one-shot mode, choose functions from those listed in Table 2.8.2. Operations of the circled items are
described below. Figure 2.8.5 shows the operation timing, and Figure 2.8.6 shows the set-up procedure.

Table 2.8.2. Choosed functions

Item Set-up
Operation clock o | Divided-by-4 fap/ divided-
PAD by-2 fap / fap
Resolution O | 8-bit/ 10-bit
Analog input pin O | One of ANo pin to AN7 pin

Sample & Hold O | Not activated
Activated

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to begin operating.
(2) After A-D conversion is completed, the content of the successive comparison register (con-
version result) is transmitted to A-D register i. At this time, the A-D conversion interrupt re-
guest bit goes to “1". Also, the A-D conversion start flag goes to “0”, and the A-D converter

stops operating.

(1) Start A-D conversion (2) A-D conversion is complete

8-bit resolution : 28 @D cycles
10-bit resolution : 33 @AD cycles

@D IR ERERE
‘ Ldldidl |
'Set to “1” by software 3
A-D conversion ‘1" /
start flag “gr

A-D register i X Result

A-D conversion S

interrupt request  «qy»

}

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

Note: When @ap frequency is less than 1MH z, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 @aD cycles for 8-bit resolution and 59 @ap cycles for 10-bit resolution.

Figure 2.8.5. Operation timing of one-shot mode
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Selecting Sample and hold

b7 b0
A-D control register 2 [Add 03D4
DD L] om0 2 s 020411
A-D conversion method select bit

1 : With sample and hold

~

Setting A-D control register 0 and A-D control register 1
b7 0 o % A-D control register 1 [Address 03D7 16]
A-D control register 0 [Address 03D6 16 -D control register ress 16
[ Tofofofol [ T ] poucge! reoeerot VoTo[aT T ToT T J Abcont
Analog input pin select bit (Note) Invalid in one-shot mode
b2 b1 b0
000:ANo is selected L——— A-D operation mode select bit 1 (Note)
00 1:AN1is selected 0 (Must always be “0” in one-shot mode)
010:AN2is selected
011:ANsis selected L 8/10-hit mode select bit
100:AN4 is selected 0 : 8-bit mode
101:ANsis selected 1 : 10-bit mode
110:ANs s selected
111:AN7is selected Frequency select bit 1
One-shot mode is selected (Note) 0: fAD/2 or fAD/4 is selected
1:fapD is selected
Nothing is arranged for this bit.
Fix “0” to this bit. t——————————— Vref connect bit
A-D conversion start flag 1: vref connected
0 A-D conversion disabled Nothing is arranged for these bits.
Frequency select bit 0 Fix “0” to these bits.
0: fap/4 is selected
1:faD/2 is selected
\\ Note: Rewrite to analog input pin select bit after changing A-D operation mode. j

Setting A-D conversion start flag

|b7|l| | | | | |b0 A-D control register 0 [Address 03D6 16]
ADCONO

A-D conversion start flag
1: A-D conversion started

Start A-D conversion
Stop A-D conversion
/Reading conversion result A-D register 0  [Address 03C116, 03C016] ADO \
®15) ®8) A-D register 1 [Address 03C316, 03C216] AD1
b7 bo b7 bo A-Dregister2 [Address 03C516, 03C416] AD2
|><|><|><|><|><|><| | A-D register 3  [Address 03C716, 03C616] AD3
A-D register 4  [Address 03C916, 03C816] AD4

A-Dregister5 [Address 03CB16, 03CA16] AD5
A-D register 6 [Address 03CD16, 03CC16] AD6
A-D register 7 [Address 03CF16, 03CE16] AD7

Eight low-order bits of A-D conversion result

During 10-bit mode

Two high-order bits of A-D conversion result
During 8-bit mode

When read, the content is indeterminate

o J

Figure 2.8.6. Set-up procedure of one-shot mode
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2.8.3 Operation of A-D Converter (in repeat mode)

In repeat mode, choose functions from those listed in Table 2.8.3. Operations of the circled items are
described below. Figure 2.8.7 shows timing chart, and Figure 2.8.8 shows the set-up procedure.

Table 2.8.3. Choosed functions

Item Set-up
Operation clock o | Divided-by-4 fan / divided-
PAD by-2 fap / fap
Resolution O | 8-bit/ 10-bit
Analog input pin O | One of ANo pin to AN7 pin
Sample & Hold Not activated

O | Activated

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to start operating.
(2) After the first conversion is completed, the content of the successive comparison register
(conversion result) is transmitted to A-D register i. The A-D conversion interrupt request bit
does not go to “1”.
(3) The A-D converter continues operating until the A-D conversion start flag is set to “0” by
software. The conversion result is transmitted to A-D register i every time a conversion is

completed.
(1) Start A-D conversion (2) Conversion result is transferred to the A-D register
8-bit resolution : 28 @D cycles | 8-bit resolution : 28 aD cycles (3) A-D conversion
10-bit resolution : 33 gAD cycles ! 10-bit resolution : 33 gaD cycles is complete
AD 5
‘S/et to “1" by software 3 Cleared to “0” by software
. : L A
A-D conversion “1” : |
start flag “Q I : ;
A-D register i X Result X Result
A-D conversion Stop Convert | Convert | Convert| Stop
Note: When ¢ap frequency is less than 1IMHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 @ab cycles for 8-bit resolution and 59 gap cycles
for 10-bit resolution.

Figure 2.8.7. Operation timing of repeat mode
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Selecting Sample and hold
b7 bo

W_l A-D control register 2 [Address 03D4 16]
1] ADCON2

A-D conversion method select bit
1 : With sample and hold

.

Setting A-D control register 0 and A-D control register 1

b7 b0
|

[ fofofofz] [ ]

ADCONO

b7 b0
A-D control register 0 [Address 03D6 16] | ) | ) | 1 | | | ) | |

A-D control register 1 [Address 03D7 16]
ADCON1

Analog input pin select bit (Note)

b2 b1 bo

0 0 0:ANois selected
: AN1is selected
: AN2 is selected
: AN3 is selected
: AN4 is selected
: ANs is selected
: ANs is selected
: AN7 is selected

PRRPRPROOO
PROORER
rOrORrRORO

Repeat mode is selected (Note)

Nothing is arranged for this bit.
Fix “0” to this bit.

A-D conversion start flag
0 : A-D conversion disabled

Invalid in Repeat mode

A-D operation mode select bit 1 (Note)
0 (Must always be “0” in repeat mode)

8/10-bit mode select bit
0 : 8-bit mode
1 : 10-bit mode

Frequency select bit 1
0 : fAD/2 or fAD/4 is selected
1:fapDis selected

Vref connect bit
1 : Vref connected

Frequency select bit 0
0: faD/4 is selected
1:fAD/2 is selected

\ Note: Rewrite to analog input pin select bit after changing A-D operation mode. /

Nothing is arranged for these bits.
Fix “0" to these bits

Setting A-D conversion start flag
b7 b0

Llef TT T T

A-D control register 0 [Address 03D6 16]
ADCONO

A-D conversion start flag
\ 1: A-D conversion started

Start A-D conversion

-

Transmitting conversion result to A-D register i

A-D register 0
©15) ©8) A-D register 1
b7

b0 b7 bo A-Dregister 2

| A-D register 3

A-D register 4
A-D register 5
A-D register 6
A-D register 7

During 10-bit mode

During 8-bit mode

.

[Address 03C116, 03C016] ADO
[Address 03C316, 03C216] AD1
[Address 03C516, 03C416] AD2
[Address 03C716, 03C616] AD3
[Address 03C916, 03C816] AD4
[Address 03CB16, 03CA16] AD5
[Address 03CD16, 03CC16] AD6
[Address 03CF16, 03CE16] AD7

Eight low-order bits of A-D conversion result

Two high-order bits of A-D conversion result

When read, the content is indeterminate

Setting A-D conversion start flag
b7 b0

Llof T T T[]

A-D control register 0 [Address 03D6 16]
ADCONO

A-D conversion start flag
0 : A-D conversion disabled

Stop A-D conversion

Figure 2.8.8. Set-up procedure of repeat mode
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2.8.4 Operation of A-D Converter (in single sweep mode)

In single sweep mode, choose functions from those listed in Table 2.8.4. Operations of the circled items
are described below. Figure 2.8.9 shows timing chart, and Figure 2.8.10 shows the set-up procedure.

Table 2.8.4. Choosed functions
Item Set-up Item Set-up

Operation clock ¢ap Divided-by-4 fap / divided- Sample & Hold Not activated
by-2 fap / faD

O | Activated

Resolution O | 8-bit/ 10-bit

Analog input pin

ANo and AN1 (2 pins) / ANo
O | to AN3 (4 pins) / ANo to ANs
(6 pins) / ANo to AN7 (8 pins)

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to start the conversion
on voltage input to the ANo pin.

(2) After the A-D conversion of voltage input to the ANo pin is completed, the content of the
successive comparison register (conversion result) is transmitted to A-D register 0. The A-D
converter converts all analog input pins selected by the user. The conversion result is trans-
mitted to A-D register i corresponding to each pin, every time conversion on one pin is com-
pleted.

(3) When the A-D conversion on all the analog input pins selected is completed, the A-D conver-
sion interrupt request bit goes to “1”. At this time, the A-D conversion start flag goes to “0".
The A-D converter stops operating.

i 2) After A-D conversion on ANo pin is complete
1) Start A-D conversion ( p plete, )
W . A-D converter begins converting all pins selected ® A-D conversion
: } is complete

8-bit resolution : 28 gap cycles 8—bit_reso|utio_n : 28 gAD cycles
10-bit resolution : 33 gaD cycles | 10-bit resolution : 33 ¢aD cycles |
- - 00O @ »a >

o0 U U U s U U U

Set to “1” by software

A-D conversion «q» /
start flag . J 3 | I—

A-D register 0 >< Result

A-D register 1 >< Result

A-D register i >< Result
A-D conversion “1”

interrupt request “Qr

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

Note: When @ap frequency is less than 1MHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 gap cycles for 8-bit resolution and 59 gap cycles for 10-bit resolution.

Figure 2.8.9. Operation timing of single sweep mode
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Selecting Sample and hold A
b7 b0
A-D control register 2 [Address 03D4
}X{}X{}X{}X{}X‘%% 1 ADC((:jolgzro register 2 [. ress 16]
A-D conversion method select bit

\\ 1 : With sample and hold ] j
7 ot . . N

Setting A-D control register 0 and A-D control register 1

b7 b0 b7
|

[Tololslol T T 1 Garessosvorgavcono  LoLolol |

b0
[o] |

Invalid in single sweep mode

Single sweep mode is selected
(Note)

Nothing is arranged for this bit.
Fix “0” to this bit.

A-D conversion start flag
0 : A-D conversion disabled

Frequency select bit 0
0: fap/4 is selected
1:faD/2 is selected

L——— A-D operation mode select bit 1 (Note)

Note: Rewrite to analog input pin select bit after changing A-D operation mode.

A-D control register 1 [Address 03D7 16]
ADCON1

A-D sweep pin select bit (Note)
b1 bo
00: ANo, AN1 (2 pins)
01:ANoto AN3 (4 pins)
10: ANo to AN5 (6 pins)
11:ANoto AN7 (8 pins)

0 (Must always be “0” in Single sweep mode)

8/10-bit mode select bit
0 : 8-bit mode
1: 10-bit mode

Frequency select bit 1
0: faD/2 or faD/4 is selected
1:faDis selected

Vref connect bit
1: Vref connected

Nothing is arranged for these bits.
Fix “0” to these bits.

Setting A-D conversion start flag
b7 b0
| | 1 | | | | | | A-D control register 0 [Address 03D6 16]
ADCONO
A-D conversion start flag
1: A-D conversion started j
Start A-D conversion
Stop A-D conversion
Reading conversion result A-D register 0 [Address 03C116, 03C016] ADO
(b15) ®8) A-D register 1  [Address 03C316, 03C216] AD1
b7 b0 b7 po A-Dregister2 [Address 03C516, 03C416] AD2
|><|><|><|><|><|><| | A-D register 3  [Address 03C716, 03C616] AD3
A-D register 4  [Address 03C916, 03C816] AD4
A-Dregister 5 [Address 03CB16, 03CA16] AD5
A-D register 6 [Address 03CD16, 03CC16] AD6
A-D register 7 [Address 03CF16, 03CE16] AD7
—— Eight low-order bits of A-D conversion result
During 10-bit mode
Two high-order bits of A-D conversion result
During 8-bit mode
When read, the content is indeterminate /

Figure 2.8.10. Set-up procedure of single sweep mode
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2.8.5 Operation of A-D Converter (in repeat sweep mode 0)

In repeat sweep mode 0, choose functions from those listed in Table 2.8.5. Operations of the circled items
are described below. Figure 2.8.11 shows timing chart, and Figure 2.8.12 shows the set-up procedure.

Table 2.8.5. Choosed functions

Item Set-up Iltem Set-up
Operation clock @ap o Divided-by-4 fab / divided- Sample & Hold Not activated
by-2 fap / faD O | Activated

Resolution O | 8-hit/ 10-hit

Analog input pin
ANo and AN1 (2 pins) / ANo

O | to AN3 (4 pins) / ANo to ANs
(6 pins) / ANo to AN7 (8 pins)

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to start the conversion

on voltage input to the ANo pin.

(2) After the A-D conversion of voltage input to the ANo pin is completed, the content of the
successive comparison register (conversion result) is transmitted to A-D register 0.

(3) The A-D converter converts all pins selected by the user. The conversion result is transmitted
to A-D register i corresponding to each pin every time A-D conversion on the pin is com-
pleted. The A-D conversion interrupt request bit does not go to “1”.

(4) The A-D converter continues operating until the A-D conversion start flag is set to “0” by

software.
(1) Start A-D conversion (2) AN1 conversion belgi?s after ANO (4) A-D conversion
‘ ) ) : conversion is compete (3) Consecutive conversion i complete
8-bit resolution : 28 gap cycles | g-pit resolution : 28 gap cycles :
10-bit resolution : 33 ¢aD cycles | 10-bit resolution : 33 ap cycles
QAD AR ERRRE AR
Liid L Ll
Setto 1" by software. Cleared to “0" by software
A-D g / | ‘ :
conversion | : ;
start flag ‘0" ! 3
A-D register 0 >< Result
A-D register 1 >< Result
A-D register i >< Result
Note: When gap frequency is less than 1MHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 ¢ab cycles for 8-bit resolution and 59 ¢ab cycles for 10-bit resolution.

Figure 2.8.11. Operation timing of repeat sweep mode 0
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Selecting Sample and hold
VAVAK"X"X‘VA blo ﬁch(:o(JSter| register 2 [Address 03D4 16]

A-D conversion method select bit
1 : With sample and hold

Setting A-D control register 0 and A-D control register 1

b7 b0 b7
|

b0
CToTola[al T T 1 fonrecosnemriocone  Lololtl T Tof |

Invalid in repeat sweep mode 0

b1 b0
. 00:

Repeat sweep mode 0 is selected 01:
(Note) 10:
11:

Nothing is arranged for this bit.
Fix “0” to this bit.

A-D conversion start flag
0 : A-D conversion disabled

Frequency select bit 0
0: faD/4 is selected
1:fAD/2 is selected

Note: Rewrite to analog input pin select bit after changing A-D operation mode.

A-D control register 1 [Address 03D7 16]
ADCON1

‘ A-D sweep pin select bit (Note)

ANo, AN1 (2 pins)

ANo to AN3 (4 pins)
ANo to ANs (6 pins)
ANo to AN7 (8 pins)

A-D operation mode select bit 1 (Note)
0 (Must always be “0" in repeat sweep mode 0)

—— 8/10-hit mode select bit
0 : 8-bit mode
1: 10-bit mode

——————————Frequency select bit 1
0 : faD/2 or fAD/4 is selected
1:faD is selected

t—————————— Vref connect bit
1: Vref connected

Nothing is arranged for these bits.
Fix “0” to these bits.

Setting A-D conversion start flag
b7 b0

Ll TTT T

A-D control register 0 [Address 03D6 16]
ADCONO

A-D conversion start flag
1: A-D conversion started

Repeatedly carries out A-D conversion on pins
selected through the A-D sweep pin select bit.

Start A-D c}onversion

SR

Transmitting conversion result to A-D register i

During 10-bit mode

During 8-bit mode
When read, the content is indeterminate

A-D register 0 [Address 03C116, 03C016] ADO
A-Dregister 1  [Address 03C316, 03C216] AD1
(v15) o8 - v  A-Dregister2 [Address 03C516, 03C416] AD2
A-D register 3  [Address 03C716, 03C616] AD3
|><|><I><|><|><|><| A-D register 4  [Address 03C916, 03C816] AD4
A-D register 5 [Address 03CB16, 03CA16] AD5
A-D register 6  [Address 03CD16, 03CC16] AD6
A-D register 7 [Address 03CF16, 03CE16] AD7

Eight low-order bits of A-D conversion result

Two high-order bits of A-D conversion result

Setting A-D conversion start flag

bo
Llof TTTT]

A-D control register 0 [Address 03D6 16]
ADCONO

A-D conversion start flag
0 : A-D conversion disabled

Stop A-D conversion

Figure 2.8.12. Set-up procedure of repeat sweep mode 0
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2.8.6 Operation of A-D Converter (in repeat sweep mode 1)
In repeat sweep mode 1, choose functions from those listed in Table 2.8.6. Operations of the circled items are
described below. Figure 2.8.13 shows ANi pin's sweep sequence, Figure 2.8.14 shows timing chart, and Figure

2.8.15 shows the set-up procedure.

Table 2.8.6. Choosed functions
Item Set-up Item Set-up

Operation clock @ap Divided-by-4 fap / divided- Sample & Hold Not activated

0 by-2 fap / faD

O | Activated

Resolution O | 8-bit / 10-bit
Analog input pin Ano (1 pin) / ANo and AN1 (2

O | pins) / ANo to AN2 (3 pins) /

ANo to AN3 (4 pins)

Operation (1) Setting the A-D conversion start flag to “1” causes the A-D converter to start the conversion on voltage

input to the ANo pin.
(2) After the A-D conversion on voltage input to the ANo pin is completed, the content of the successive

comparison register (conversion result) is transmitted to A-D register 0.

(3) Every time the A-D converter carries out A-D conversion on a selected analog input pin, the A-D converter
carries out A-D conversion on only one unselected pin, and then the A-D converter carries out A-D conver-
sion from the ANo pin again. (See Figure 2.8.13.) The conversion result is transmitted to A-D register i
every time conversion on a pin is completed. The A-D conversion interrupt request bit does not go to “1”.

(4) The A-D converter continues operating until software goes the A-D conversion start flag to “0”.

When ANo to AN2 are selected

When ANo to AN3 are selected

When ANo is selected

When ANo, AN1 are selected

Time

Time
>

Time Time
£ £ > £ £
o Q o [=%
Ss|00 0 7«0 LOLL00p S|o fo o L 40 o Q 7*0 = £ R =
32 ¢ ] T T ‘¢ /. 21 /1 Jl 1 1 /. = [ 2
£ AN / £ / I/ £ B =
e\ LTy ey N e /! g
K 2 2t 3 | 2 [ ]2/ S / E
c P c [ 1] c / c
] 3y F S 3 [ IS <
3 4] 3 i [1] 3 3
S S|
5 6y s 6 vy 5 5
o o 7 o 8]

Figure 2.8.13. ANi pin's sweep sequence in repeat sweep mode 1

(2) Conversion result is
. transfered to A-D

(3) Consecutive conversion

Result

(1) Start ANo pin conversion ~°nversion register L (@) AD
! 8-bit resolution : 8-bit resolution : 8-bit resolution : 8-bit resolution : {" conversion
28 gD cycles 28 gaD cycles 28 gap cycles 28 Ap cycles i is complete
10-bit resolution : 10-bit resolution : 10-bit resolution : 10-bit resolution : :
33 gap cycles 33 gaD cycles | 33 gap cycles 33 Apbcycles |
a .--MUML-MMWJUUUWJ UUUUUIMLHJ
Set to “1" by sbﬁware Cleared to “0” by software ‘
AD . / 3 : —
conversion
start flag “0” ! : ;
X X Result

A-D register 0

A-D register 1 Result

X Result

A-D register 2

Note: When ¢AD frequency is less than 1MHz, sample and hold function cannot be selected.
Conversion rate per analog input pin is 49 ¢AD cycles for 8-bit resolution and 59 ¢AD cycles for 10-bit resolution

Figure 2.8.14. Operation timing of repeat sweep mode 1
|
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Selecting Sample and hold
b7 b0
A-D control register 2 [Address 03D4 16]
MMM}EI ADCON?
A-D conversion method select bit

\ 1 : With sample and hold

-~

Setting A-D control register 0 and A-D control register 1
b7 bo b7

b0

| A-D control register 0
[Address 03D616] ADCONO

[ lofofafa] [ ]

Lofofa] | [a] |

A-D control register 1 [Address 03D7 16]
ADCON1

Invalid in repeat sweep mode 1

Repeat sweep mode 1 is selected
(Note)

Nothing is arranged for this bit.
Fix “0” to this bit.

A-D conversion start flag
0 : A-D conversion disabled

Frequency select bit 0
0: fAD/4 is selected
1:faD/2 is selected

‘ A-D sweep pin select bit (Note)
b1 b0
00 : ANo (1 pin)
01 : ANo, AN1 (2 pins)
10: ANo to AN2 (3 pins)
11:ANoto AN3 (4 pins)

A-D operation mode select bit 1 (Note)
0 (Must always be “0” in repeat sweep mode 1)

8/10-bit mode select bit
0 : 8-bit mode
1 : 10-bit mode

Frequency select bit 1
0 : faD/2 or faD/4 is selected
1:fap is selected

Vref connect bit
1 : Vref connected

Note: Rewrite to analog input pin select bit after changing A-D operation mode.

Nothing is arranged for these bits.
Fix “0” to these bits.

Setting A-D conversion start flag
b7 b0
A-D control register 0 [Address 03D6 16]

HEEEEEE ADCONO
.

A-D conversion start flag
1: A-D conversion started

.

Start A-D

onversion

Converts non-selected pin after converting pins
selected through the A-D sweep pin select bit.

'llllll"lllll>

snnnnnannn Q) wusn

Transmitting conversion result to A-D register i
A-D register 0
(b15) (8) A-Dregister 1
b7 b0 b7 bo A-D register 2
00000 | ADreasters
A-D register 4
A-D register 5
A-D register 6
A-D register 7

During 10-bit mode

During 8-bit mode

[Address 03C116, 03C016] ADO
[Address 03C316, 03C216] AD1
[Address 03C516, 03C416] AD2
[Address 03C716, 03C616] AD3
[Address 03C916, 03C816] AD4
[Address 03CB16, 03CA16] AD5
[Address 03CD16, 03CC16] AD6
[Address 03CF16, 03CE16] AD7

Eight low-order bits of A-D conversion result

Two high-order bits of A-D conversion result

When read, the content is indeterminate

\ -

Setting A-D conversion start flag

A-D control register 0 [Address 03D6 16]
ADCONO

A-D conversion start flag
0 : A-D conversion disabled

Stop A-D conversion

Figure 2.8.15. Set-up procedure of repeat sweep mode 1
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2.8.7 Precautions for 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 O of A-D control register 2 when A-D conversion is stopped.
In particular, when the Vref connection bit is changed from 0 to 1, start A-D conversion after

an elapse of 1 ps or longer.

(2) To reduce conversion error due to noise, connect a voltage to the AVcc pin and to the VREF
pin from an independent source. It is recommended to connect a capacitor between the AVss
pin and the AVcc pin, between the AVss pin and the VREF pin, and between the AVss pin and
the analog input pin (ANi). Figure 2.8.16 shows an example of connecting the capacitors to
these pins.

Microcomputer

Vee
Avcc

VREF

AVss
c3 Note 1: C120.47 pF, C2 2 0.47 uF, C3 2 100 pF
pr— (for reference)

AN Note 2: Use thick and shortest possible wiring
i

to connect capacitors.

Figure 2.8.16. Use of capacitors to reduce noice
(3) Set the direction register of the the port corresponding to a pin to be used as an analog input

pin to input.

(4) Rewrite to analog input pin after changing A-D operation mode. The two cannot be set at the

same time.
(5) When using the one-shot or single sweep mode

Confirm that A-D conversion is complete before reading the A-D register.
(Note: When A-D conversion interrupt request bit is set, it shows that A-D conversion is completed.)

(6) When using the repeat mode or repeat sweep mode 0 or 1
Use the undivided main clock as the internal CPU clock.
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2.8.8 Method of A-D Conversion (10-bit mode)

(1) The A-D converter compares the reference voltage (Vref) generated internally based on the
contents of the successive comparison register with the analog input voltage (VIN) input from
the analog input pin. Each bit of the comparison result is stored in the successive comparison
register until analog-to-digital conversion (successive comparison method) is complete. If a
trigger occurs, the A-D converter carries out the following:

1. Fixes bit 9 of the successive comparison register.
Compares Vref with VIN: [In this instance, the contents of the successive comparison
register are “10000000002” (default).]
Bit 9 of the successive comparison register varies depending on the comparison re-
sult as follows.
If Vref < VIN, then “1” is assigned to bit 9.
If Vref > VIN, then “0” is assigned to bit 9.

2. Fixes bit 8 of the successive comparison register.
Sets bit 8 of the successive comparison register to “1”, then compares Vref with VIN.
Bit 8 of the successive comparison register varies depending on the comparison
result as follows:
If Vref < VIN, then “1” is assigned to bit 8.
If Vref > VIN, then “0” is assigned to bit 8.

3. Fixes bit 7 through bit 0 of the successive comparison register.
Carries out step 2 above on bit 7 through bit 0.
After bit 0 is fixed, the contents of the successive comparison register (conversion
result) are transmitted to A-D register i.

Vref is generated based on the latest content of the successive comparison register. Table
2.8.7 shows the relationship of the successive comparison register contents and Vref. Table
2.8.8 shows how the successive comparison register and Vref vary while A-D conversion is in
progress. Figure 2.8.17 shows theoretical A-D conversion characteristics.

Table 2.8.7. Relationship of the successive comparison register contents and Vref

Successive approximation register : n Vref (V)
0 0
1101023 VREF y n _ JVREF
1024 2048
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Table 2.8.8. Variation of the successive comparison register and Vref while A-D conversion is in
progress (10-bit mode)

Successive approximation registe Vref change
b9 b0
A-D converter stopped ‘ 1‘ O‘O‘O‘O‘ 0‘ O‘O‘O‘O‘ \g V]
' VREF  VREF
1st 1/0/0/0/0|0|0|0|0|0] [ ¥YREE_ VRER
stcomparison | [1]0[0[0]0]0[ o]0 0] o] | VaEr _ Veer
$ no=1 VREF
. VREF , VREF VREF - 4
snscompaison |10 00 0] o o[ 0[] | VoEF , veer _voer gy (™7 0 1|
; 1st comparison result e 14 . VRer
ard comparison | [no[ng[ 1] 0] 0[ 0 0[0[0 0] | VREF » VREF , VREF _ VREF | Vi
) 2 4 8 2048 ng=0 - =
v 2nd comparison result 8
v VREF , VREF , VREF VREF  VREF
i no|ng|n7/n6é/nsin4ln3n2nij 0 + + tt— —— [V
lOthcoinpanson ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 2 4 8 1024 2048 \Y%
Conversion complete ‘ ng‘ ns‘ n7‘ ne‘ n5‘ n4‘ ns‘ nz‘ nl‘ no‘
This data transfers to the bit 0
to bit 9 of A-D register.
Result of A-D conversion
Theoretical A-D
conversion characteristic )
3FF16 |
3FE16 |
A
00316 | _ Ideal A-D conversion
characteristic
00216 |
00116 | -
00016 L : : —— : : >
: I VREF VREF VREF VREF VREF VREF
| V
0 | 1024 1024 X2 1024%3 102471021 7opq X 1022 555, X 1023 REF
YSZEZ x 0.5 Analog input voltage

Figure 2.8.17. Theoretical A-D conversion characteristics (10-bit mode)
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2.8.9 Method of A-D Conversion (8-bit mode)

(2) In 8-bit mode, 8 higher-order bits of the 10-bit successive comparison register becomes A-D
conversion result. Hence, if compared to a result obtained by using an 8-bit A-D converter,
the voltage compared is different by 3 VREF/2048 (see what are underscored in Table 2.8.9),
and differences in stepping points of output codes occur as shown in Figure 2.8.18.

Table 2.8.9. The comparison voltage in 8-bit mode compared to 8-bit A-D converter

8-bit mode 8-bit A-D converter
n=0 0 0
Comparison v v v v
Vo|tage n=1to 255 REF _ REF REF _ REF
Vref 28 510 0.5 28 28 0.5

Output code
(Result of A-D conversion)

02

01

00

Output code
(Result of A-D conversion)

8-bit
mode

10-bit
mode

Optimal conversion characteristics of 8-bit A-D converter (VRer = 5.12 V)

—

10

,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,

____________

30

_________

<

Analog input voltage (mV)

Optimal conversion characteﬁstics in 8—bif mode (VRer = 5.12 V)

10bit-mode
8bit-mode

17.5

375

Analog input voltage (mV)

Note: Differences in stepping points of output code for analog input voltage.

Figure 2.8.18. The level conversion characteristics of 8-bit mode and 8-bit A-D converter
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Table 2.8.10. Variation of the successive comparison register and Vref while A-D conversion is in
progress (8-bit mode)

Successive approximation register Vref change
b9 b0
A-D converter stopped ‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ \%[\/]
1stcomparison | |1]0/0]0/0]0/0|0][0]0] %_\2/37?8:[\/]
$ -1 VREF
2nd comparison ‘n9‘1‘0‘0‘0‘0‘0‘0‘0‘0‘ VR’ZEF iVRA'fEF _;/()RAI,E; V] Er:;_o iVR“EF]
v 4 1st comparison result B ns:i’ . Veer
3rd comparison | [no[ne[ 1] 0[0[0[0]0[00] | VEEF , VREE , VREF _REE 1) - VQEJ
v 2nd comparison result ng=0 - 8

v
gth coniparison \no|ng|n7| nens|na[n3| 1] 0] 0] \éREF + VFZEF + VRBEF ot % - \Zlg—jg V]
Conversion [no|ng|n7|ne| ns| na[n3|n2| 0| 0]
complete

This data transfers to bit O to
bit 7 of A-D register.

Result of A-D conversion

A Theoretical A-D conversion
characteristic of general 8-bit
A-D converter

FFie6 |

FE16 |

2

0316 | R e

i Theoretical A-D conversion
characteristic in the 8-bit mode
0216 | e /
0116 | S e
oo Lt 1 : 4 —— | s
; VREF VREF VREF VREF VREF VREF
o YREF y 1 VREFE y 2 x4 VREF y 254 VREF y 255 Vi
0 1 5 X 256 256 X° 256 256 256 REF
>
VRer | 5 Analog input voltage

2048

Figure 2.8.19. Theoretical A-D conversion characteristics (8-bit mode)
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2.8.10 Absolute Accuracy and Differential Non-Linearity Error

« Absolute accuracy

Absolute accuracy is the difference between output code based on the theoretical A-D conversion
characteristics, and actual A-D conversion result. When measuring absolute accuracy, the voltage at
the middle point of the width of analog input voltage (1-LSB width), that can meet the expectation of
outputting an equal code based on the theoretical A-D conversion characteristics, is used as an ana-
log input voltage. For example, if 10-bit resolution is used and if VREF (reference voltage) = 5.12 V,
then 1-LSB width becomes 5 mV, and 0 mV, 5 mV, 10 mV, 15 mV, 20 mV, ---- are used as analog input
voltages. If analog input voltage is 25 mV, “absolute accuracy = =+ 3LSB” refers to the fact that actual
A-D conversion falls on a range from “00216” to “00816” though an output code, “00516”, can be ex-
pected from the theoretical A-D conversion characteristics. Zero error and full-scale error are included
in absolute accuracy.

Also, all the output codes for analog input voltage between VREF and AVcc becomes “3FF16”.

Output code
(result of A-D conversion)

A

00B16 | J

00A16 |

00916

+ A
00816 | 3LSB - \

Theoretical A-D conversion
characteristic

00716

00616

00516 |

00416

00316

00216

00116

00016 S~ ! ! ! ! :l ! ! ! ! ! ! >
0 5 10 15 20 25 30 35 40 45 50 55

Analog input voltage (mV)

Figure 2.8.20. Absolute accuracy (10-bit resolution)
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« Differential non-linearity error

Differential non-linearity error refers to the difference between 1-LSB width based on the theoretical A-
D conversion characteristics (an analog input width that can meet the expectation of outputting an
equal code) and an actually measured 1-LSB width (analog input voltage width that outputs an equal
code). If 10-bit resolution is used and if VREF (reference voltage) = 5.12 V, “differential non-linearity
error =+ 1LSB” refers to the fact that 1-LSB width actually measured falls on a range from 0 mV to 10
mV though 1-LSB width based on the theoretical A-D conversion characteristics is 5 mV (see 5.2 A-D
converter's standard characteristics).

Output code
(result of A-D conversion)

A
00916 |

00816 | 1LSB width for theoretical A-D
conversion characteristic

00716 |
00616

00516

00416 |

00316 |

00216 |

00116 |

Differential non-linear error

00016 | | | | I I | | | >

T T T T T T T T T

0 5 10 15 20 25 30 35 40 45

Analog input voltage (mV)

Figure 2.8.21. Differential non-linearity error (10-bit resolution)
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2.8.11 Internal Equivalent Circuit of Analog Input
Figure 2.8.22 shows the internal equivalent circuit of analog input.

Vce
Vece Vss
" N EP_ AVcc
Parasitic I I ON resistor —?—
diode | ONresistor | ) approx. 0.6kQ
| approx. 2kQ | Wiring resistor = 1
ANO | | approx. 0.2kQ . | C = Approx. 3.0pF |
Analog input voltage AMP
: —o/o——\AN\—T: o L >—| >o '
Swi VIN I I
Parasitic : : SW2 I ON resistor, |
) ! | approx. 5kQ |
diode I I | % | PP |
: : : Sampling I \(;\ O/’O |
jp— I\_ control signal I |
Vss ' ! l | swa SW3 |
| i ladder-type /. ! By | I
I switches i ladder-type wiring - 4
| oy | ist
| (i=9) | Eief'ss)‘)rsl O Chopper-type
| | - AVss amplifier
| |
. I I T/
AN | _|——O/O | VN
1| swi |l Y
'—i—ii—' ANEEEEEEER
A-D successive conversion
m register
A-D control register 0 Reference control
signal
Vref
VREF O——— o o .
Resistor SW2 Comparison voltage
ladder ON resistor
approx. 0.6kQ Y
O O/ 0 A-D conversion
AVss interrupt request

Sam

Connectto O

Comparison reference voltage (Vref) generator

pling | Comparison

Control signal
for SW2

Conne

SW1 conducts only on the ports selected for analog input.

SW2 and SW3 are open when A-D conversion is not in
progress; their status varies as shown by the waveforms in

Connectto @

ctto O

Control signal
for SW3

the diagrams on the left.

r SW4 conducts only when A-D conversion is not in progress.

Connectto @

Warning: Use only as a standard for designing this data.
Mass production may cause some changes in device characteristics.

Figure 2.8.22. Internal equivalent circuit to analog input
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2.8.12 Sensor’s Output Impedance under A-D Conversion

To carry out A-D conversion properly, charging the internal capacitor C shown in Figure 2.8.23 has to be
completed within a specified period of time. With T as the specified time, time T is the time that switches
SW2 and SW3 are connected to O in Figure 2.8.22. Let output impedance of sensor equivalent circuit be
RO, microcomputer’s internal resistance be R, precision (error) of the A-D converter be X, and the A-D
converter’s resolution be Y.
t
Vcisgenerally Vc=VIN{1—-e C(RO+R) }

X
Andwhent=T, VC=VIN- %VIN:VIN(I _T)

_r
e CRO+R) - X
Y
T X
=In
C (RO +R) Y
T
Hence, RO=—-———— —R
Celn X
Y

Each value is R = 7.8 kQ, C = 3 pF, T = 0.3 us in the A-D conversion mode with sample & hold. For
example, when the A-D converter’s resolution is 10 bits and precision (error) of the A-D converter is 0.1
LSB, Y =10, X = 0.1LSB. Hence,

0.3 X 10
RO =-— —7.8 X103% 3.0 X 103

0.1
3.0X10*eIn
1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A-D con-
verter turns out to be approximately 3.0 kQ. Tables 2.8.11 and 2.8.12 show output impedance values
based on the LSB values.

Microprocessor's inside

Ro R (7.8kW)
NN ——O0— /N
VIN :
— 5 C (3.0pF)

T
v
1

Figure 2.8.23 A circuit equivalent to the A-D conversion terminal
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Table 2.8.11. Output impedance values based on the LSB values (1)

(1"E/|X|_I|I\ZI)) ca/lge Samp(':fg iMe 1 R (kohm) | C (pF) A‘ngrg)cy RO (kohm)

10 0.1 0.3 7.8 3.0 0.1 3.0

(3 O cycle, sample & 0.3 4.5

hold bit is enabled) 05 5.3

0.7 5.9

0.9 6.4

1.1 6.8

1.3 7.2

1.5 7.5

1.7 7.8

1.9 8.1

10 0.1 0.2 7.8 3.0 0.3 0.4

(2 O cycle, sample & 0.5 0.9

hold bit is disabled) 0.7 1.3

0.9 1.7

1.1 2.0

1.3 2.2

1.5 2.4

1.7 2.6

1.9 2.8

Table 2.8.12. Output impedance values based on the LSB values (2)

(f,f/lxk'"“z)) C’Eﬁ‘;')e Sam‘%':g‘-;’ ime 1 R (kohm) | C (pF) A(nggfy RO (kohm)

10 0.1 0.3 7.8 3.0 0.1 4.9

(3 O cycle, sample & 0.3 7.0

hold bit is enabled) 05 8.2

0.7 9.1

0.9 9.9

1.1 10.5

1.3 11.1

1.5 11.7

1.7 12.1

1.9 12.6

10 0.1 0.2 7.8 3.0 0.1 0.7

(2 O cycle, sample & 0.3 21

hold bit is disabled) 05 29

0.7 3.5

0.9 4.0

1.1 4.4

1.3 4.8

15 5.2

1.7 5.5

1.9 5.8
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2.9 D-A Converter

2.9.1 Overview
The D-A converter used in the M30218 group is based on the 8-bit R-2R technique.

(1) Output voltage
The D-A converter outputs voltage within a range from 0 V to VREF. The output voltage is determined
by VREF/(256) X the D-A register contents.
The D-A converter is not effected by the Vref connection bit of the A-D converter.

(2) Conversion time
tsu=3ps

(3) Output from the D-A converter and the direction register
To use the D-A converter, do not set the direction register of the relevant port to output.

(4) Pins related to the D-A converter
* DA pin, DA1 pin Output pins of the D-A converter

* AVcc pin The power source pin of the analog section
* VREF pin Input pin of the reference voltage
* AVss pin The GND pin of the analog section

(5) Registers related to the D-A converter
Figure 2.9.1 shows the memory map of D-A converter-related registers, and Figure 2.9.2 shows D-A
converter-related registers.

(6) Note
D-A output pins shared with P97 and P96. The two pins are input ports and floating at the reset.

03D816 D-A register 0 (DAO)
03D916
03DA16 D-A register 1 (DAL)
03DB16
03DC16| D-A control register (DACON)

Figure 2.9.1. Memory map of D-A converter-related registers

D-A control register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
DACON 03DC16 0016
Bit symbol Bit name Function R:
DACE  [D-AO outputenable bit | O Output disabled 00
1 : Output enabled '
_____ DA1E D-A1 output enable bit 0 : Output disabled oio
1 : Output enabled :
_______________________ Nothing is assigned. i
In an attempt to write to these bits, write “0”. The value, if read, turns out to be “0”.
D-A register
o w0 Symbol Address When reset
| DA (i=0,1) 03D816,03DA16 Indeterminate
Function RIW,
b Output value of D-A conversion OO

Figure 2.9.2. D-A converter-related registers
|
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2.9.2 D-A Converter Operation

The following is the D-A converter operation. Figure 2.9.3 shows the set-up procedure.

Operation (1) Writing a value to the D-A register i starts D-A conversion.
(2) Setting the D-Ai output enable bit to “1” outputs an analog signal on the DA pin.
(3) The D-A converter continues outputting an analog signal until the D-A output enable bit is set
to “0”_

Setting D-A register

D-A register 0 [Address 03D816] DAO
D-A register 1 [Address 03DA16] DAL

T— Output value of D-A conversion

b7 b0

Setting D-A control register
b7 b0 )
D-A Control register [Address 03DCz16]
IXDXIXIXDXIXT | | pacon
D-A0 output enable bit
1 : Output enabled
—— D-Al output enable bit
\\ 1 : Output enabled /

Figure 2.9.3. Set-up procedure of D-A converter
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2.10 DMAC

2.10.1 Overview

DMAC transfers one data item held in the source address to the destination address every time a transfer
request is generated. The following is a DMAC overview.

(1) Source address and destination address
Both the register which indicates a source and the register which indicates a destination comprise of
24 bits, so that each can cover a 1M bytes space. After transfer of one bit of data is completed, the
address in either the source register or the destination register can be incremented. However, both
registers cannot be incremented. The links between the source and destination are as follows:
(a) A fixed address from an arbitrary 1M bytes space
(b) An arbitrary 1M bytes space from a fixed address
(c) A fixed address from another fixed address

(2) The number of bits of data transferred
The number of bit of data indicated by the transfer counter is transferred. If a 16-bit transfer is se-
lected, up to 128 K bytes can be transferred. If an 8-bit transfer is selected, up to 64K bytes can be
transferred. The transfer counter is decremented each time one bit of data is transferred, and a DMA
interrupt occurs when the transfer counter underflows.

(3) DMA transfer factor

The DMA transfer factor can be selected from the following 15 factors: falling edge of INTO/INT1 pin,
timer AOQ interrupt request through timer A4 interrupt request, timer BO interrupt request through timer
B2 interrupt request, UARTO transmission interrupt request, UARTO reception interrupt request,
UART1 transmission interrupt request, UART1 reception interrupt request, A-D conversion interrupt
request, and software trigger.

When software trigger is selected, DMA transfer is generated by writing “1” to software DMA interrupt
request bit. When other factor is selected, DMA transfer is generated by generating corresponding
interrupt request.

(4) Channel priority
If DMAO transfer request and DMAL transfer request occur simultaneously, priority is given to DMAO.

(5) Writing to a register

When writing to the source register or the destination register with DMA enabled, the content of the
register with a fixed address will change at the time of writing. Therefore, the user should not write to
a register with a fixed address when the DMA enable bit is set to “1”. The contents of the register with
‘forward direction’ selected, and the transfer counter, are changed when reloaded. A reload occurs
either when the transfer counter underflows, or when the DMA enable bit is re-enabled, after having
been disabled.

The reload register can be written to, as in normal conditions.

(6) Reading to a register
The reload register can be read to, as in normal conditions.
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(7) Switching function
(a) Switching between one-shot transfer and repeated transfer
'One-shot transfer' refers to a mode in which DMA is disabled after the transfer counter underflows.
'Repeated transfer' refers to a mode in which a reload is carried out after the transfer counter
underflows. The reload is carried out for the transfer counter and on the address pointer subjected to
forward direction.

The following are examples of operation in which the options listed are selected.
* A fixed address from an arbitrary 1M byte space, one-shot transfer ... P358
* An arbitrary 1M byte space from a fixed address, repeated transfer...........ccccvvvvieiiiiiieennen P360

(8) Registers related to DMAC
Figure 2.10.1 shows the memory map of DMAC-related registers, and Figures 2.10.2 and 2.10.3 show
DMAC-related registers.

002016
002116/ DMAO source pointer (SARO)
002216
002316
002416
002516| DMAO destination pointer (DARO)
002616
002716
002816
002916

=~ ~
= =

002C15| DMAO control register (DMOCON)

DMAO transfer counter (TCRO)

~ ~
=~ =~

003016
003116| DMAL source pointer (SAR1)
003216
003316
003416
003516| DMAL1 destination pointer (DAR1)
003616
003716
003816
003916

DMAL transfer counter (TCR1)

003C16| DMAL control register (DM1CON)
004B16| DMAO interrupt control register (DMOIC)
004C16| DMAL interrupt control register (DM1IC)

e

~
=

03B816| DMAO cause select register (DMOSL)
03B916

03BA16| DMAL cause select register (DM1SL)

&

Figure 2.10.1. Memory map of DMAC-related registers
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DMAI request cause select register

b7 b6 b5 b4 b3 b2 bl bO

DMA. control register
b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
DMiSL(i=0,1) 03B816,03BA16 0016
Bit symbol Bit name Function RIW
b3 b2 bl b0 |
psero | PMA req“elst cause 0000 : Falling edge of INTO / INTL :
select bi pin (Note) (o) 3 e}
000 1: Software trigger !
0010: Timer AO .
DSEL1 0011:TimerAl |
0100: Timer A2 1
0101 : Timer A3 O}O
0110:Timer A4 !
0111:TimerBO !
DSEL2 1000: TimerB1
1001: TimerB2 OO0
1010 :UARTO transmit !
1011:UARTO receive .
1100 :UART1 transmit ‘
DSEL3 1101:UART1 receive !
1110:A-D conversion OO0
1111:Inhibited |
Nothing is assigned. In an attempt to write to these bits, write “0”. IR
The value, if read, turns out to be “0”". ';
DSR Software DMA request bit | If software trigger is selected, a
DMA request is generated by
setting this bit to “1” (Whenread, [ OO
the value of this bit is always “0”)
Note: Address 03B816 is for INTO; address 03BA16 is for INT1.
Symbol Address When reset
DMICON(i=0,1) 002C16, 003C16 00000X002
Bit symbol Bit name Function R! W
Transfer unit bit select bit |0 : 16 bits 1
DMBIT |
1:8 bits o O
Repeat transfer mode 0 : Single transfer f
DMASL select bit 1 : Repeat transfer o | o
DMA request bit (Note 1) | © : DMA not requested o O
DMAS a ( ) 1: DMA requested ' (Note 2)
DMA enable bit 0 : Disabled
DMAE 1: Enabled O O
Source address direction | o : Fixed 1
DSD select bit (Note 3)| 1 : Forward O O
Destination address 0 : Fixed |
DAD direction select bit (Note 3) | 1 : Forward o O
Nothing is assigned. In an attempt to write to these bits, write “0”. _ ! _
The value, if read, turns out to be “0”. !
Note 1: DMA request can be cleared by resetting the bit.
Note 2: This bit can only be set to “0”".
Note 3: Source address direction select bit and destination address direction select bit
cannot be set to “1” simultaneously.

Figure 2.10.2. DMAC-related registers (1)
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DMAI source pointer (i =0, 1)

(b16)(b15) (b8)
b0 b7 b0 b7 b0

Symbol Address When reset
SARO 002216 to 002016 Indeterminate
SAR1 003216 to 003016 Indeterminate

Transfer count
specification

Function

 Source pointer
Stores the source address

Nothing is assigned.

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

0000016 to FFFFF16 |00

DMAI destination pointer (i= 0, 1)

(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 20 Symbol Address When reset
|><|><|><I><I : : DARO 002616 to 002416 Indeterminate

S T DAR1 003616 to 003416 Indeterminate
- Transfer count
Function specification R 1W
A S * Destination pointer 0000016 to FFFFF16 |O!O
R 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)
(b15) (b8)
b7 b0 b7 bo
T Symbol Address When reset
: TCRO 002916, 002816 Indeterminate
E TCR1 003916, 003816 Indeterminate
' Functi Transfer count
unction specification RW
[ * Transfer counter 000016 to FFFF16  |O O

Set a value one less than the transfer count

Figure 2.10.3. DMAC-related registers (2)
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2.10.2 Operation of DMAC (one-shot transfer mode)

In one-shot transfer mode, choose functions from the items shown in Table 2.10.1. Operations of the
circled items are described below. Figure 2.10.4 shows an example of operation and Figure 2.10.5
shows the set-up procedure.

Table 2.10.1. Choosed functions
Item Set-up

Transfer space O | Fixed address from an arbitrary 1 M bytes space

Arbitrary 1 M bytes space from a fixed address

Fixed address from fixed address

Unit of transfer O | 8 bhits

16 bits

Operation (1) When software trigger is selected, setting software DMA request bit to “1” generates a DMA
transfer request signal.

(2) If DMAC is active, data transfer starts, and the contents of the address indicated by the DMAI
forward-direction address pointer are transferred to the address indicated by the DMAI desti-
nation pointer. When data transfer starts directly after DMAC becomes active, the value of
the DMAI transfer counter reload register is reloaded to the DMAI transfer counter, and the
value of the DMAI source pointer is reloaded by the DMAI forward-direction address pointer.
Each time a DMA transfer request signal is generated, 1 byte of data is transferred. The
DMAI. transfer counter is down counted, and the DMAI forward-direction address pointer is up
counted.

(3) If the DMA transfer counter underflows, the DMA enable bit changes to “0” and DMA transfer
is completed. The DMA interrupt request bit changes to “1” simultaneously.

(1) Request signal for a DMA transfer occurs (3) Underflow
(2) Data transfer begins \

| Destinaion | | i Destination |

! / Dumm ! ; Y Dumm
Address bus CPU use X Source cycle §X3 CPU use X Source )( X cycle ))( CPU use
RD signal
WR signal

Destination Destination

Data bus CPU use Source CPU use Source CPU use
Write signal to
software DMAi
request bit  —

DMAI
request bit

DMA transfer .
counter Indeterminate D 0016 FF16
0lie
DMAI
interrupt
request bit e
DMAI Cleared to “0” when interrupt request is
enable bit accepted, or cleared by software

« In the case in which the number of transfer times is set to 2.

Figure 2.10.4. Example of operation of one-shot transfer mode
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Setting DMAI request cause select register

b7 bo
Lo DXIXP<lofofo]1]
LT

DMiSL(i = 0, 1)

DMA request cause select bit
b3 b2 bl b0
000 1: Software trigger

Software DMA request bit
Set to “0”

DMAI request cause select register (i = 0, 1) [Address 03B816, 03BA16]

Setting DMAI control register

b7 bo DMAiI control register (i = 0, 1) [Address 002C16, 003C16]
XD o[ 1]0fof0]1] DMICON(i = 0, 1)
Transfer unit bit select bit

1: 8 bits

Repeat transfer mode select bit
0 : Single transfer

——— DMA request bit
0 : DMA not requested

DMA enable bit
0 : Disabled

Source address direction select bit
1: Forward (Bit 4 and bit 5 cannot be set to “1” simultaneously)

Destination address direction select bit
0 : Fixed (Bit 4 and bit 5 cannot be set to “1” simultaneously)

Setting DMAI source pointer

(b23) (b19) (b16)b15)
b7 b3 b0 b7

DMAO source pointer [Address 002216 to 002016] SARO
DMAL1 source pointer [Address 003216 to 003016] SAR1

(b8)
b0 b7 b0

DDA 3

L

Source pointer
Stores the source address

Setting DMAI destination pointer

(b23)

(b19) (b16)b15)
b7 b3 0 b7

DMAO destination pointer [Address 002616 to 002416] DARO
DMAL1 destination pointer [Address 003616 to 003416] DAR1
(b8)
b0 b7 b0

-

Destination pointer
Stores the destination address

Setting DMAI transfer counter

(b15) (b8)
b0 b0’ b7

DMAO transfer counter [Address 002916, 002816] TCRO
DMAL transfer counter [Address 003916, 003816] TCR1

Transfer counter
Set a value one less than the transfer count

Setting DMAI control register

b7 bo

DDA [ o] [ 1]
.

DMICON(i = 0, 1)

DMA enable bit
1: Enabled

DMAi control register (i = 0, 1) [Address 002C16, 003C16]

Note: Clear DMA request bit simultaneously again.

When software DMA request bit = “1”
Start DMA transmission

Figure 2.10.5. Set-up procedure of one-shot transfer mode
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2.10.3 Operation of DMAC (repeated transfer mode)

In repeat transfer mode, choose functions from the items shown in Table 2.10.2. Operations of the circled
items are described below. Figure 2.10.6 shows an example of operation and Figure 2.10.7 shows the
set-up procedure.

Table 2.10.2. Choosed functions

Iltem Set-up

Transfer space Fixed address from an arbitrary 1 M bytes space

O | Arbitrary 1 M bytes space from a fixed address

Fixed address from fixed address

Unit of transfer 8 bits

O | 16 bits

Operation (1) When software trigger is selected, setting software DMA request bit to “1” generates a DMA
transfer request signal.

(2) If DMAC is active, data transfer starts, and the contents of the address indicated by the DMAI
forward-direction address pointer are transferred to the address indicated by the DMAI desti-
nation pointer. When data transfer starts directly after DMAC becomes active, the value of
the DMAI transfer counter reload register is reloaded to the DMAI transfer counter, and the
value of the DMAI source pointer is reloaded by the DMAI forward-direction address pointer.
Each time a DMA transfer request signal is generated, 2 byte of data is transferred. The
DMAi. transfer counter is down counted, and the DMAI forward-direction address pointer is up
counted.

(3) Though DMAI transfer counter is underflowed, DMA enable bit is still “1”. The DMA interrupt
request bit changes to “1” simultaneously.

(4) After DMAI transfer counter is underflowed, when the next DMA request is generated, DMA
transfer is repeated from (1).

(1) Request signal for a DMA transfer occurs (3) Underflow

(2) Data transfer begins
Destin}atlon N Dummy cycl Destination \‘\ L Dummy cycle Destination N L Dummy cycle
Address bus ! Y /
CPU use XSource, X CPU use X sourcej (:X CPU use XSource) X X cPuuse

e N/ (N
'RD signal
WR signal

Destination «. ‘/Dummy cycle Destination _Dummy cycle Destination «_ R ‘/Dummy cycle
Write signal to
software DMAi
request bit
DMAI
request bit
0116 16

DMA transfer Indeterminate \ 0016 FFis (X 0016
counter
DMAI

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

DMAI

enable bit « In the case in which the number of transfer times is set to 2.

Figure 2.10.6. Example of operation of repeated transfer mode
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Setting DMAI request cause select register

b7 b0
DMAI request cause select register (i = 0, 1) [Address 03B8 16, 03BA16
Lo XPXPXoo]o]1] ! geter (=001 :

DMiSL(i = 0, 1)

DMA request cause select bit
b3 b2 bl b0

000 1: Software trigger

Software DMA request bit
Set to “0”

/

\

Setting DMAI control register

|;7<|><| 1 | o | 5 | o | 1 |l;0| DMAi control register (i = 0, 1) [Address 002C 16, 003C16]

DMICON(i =0, 1)
Transfer unit bit select bit
0 : 16 bits

Repeat transfer mode select bit
1: Repeat transfer

DMA request bit
0 : DMA not requested

DMA enable bit
0 : Disabled

Source address direction select bit
0 : Fixed (Bit 4 and bit 5 cannot be set to “1” simultaneously)

Destination address direction select bit
1: Forward (Bit 4 and bit 5 cannot be set to “1” simultaneously) /

/

.

Setting DMAI source pointer DMAO source pointer [Address 0022 16 to 002016] SARO

DMAZ1 source pointer [Address 0032 16 to 003016] SAR1
(b23) (b19) (b16)(b15) (b8)
b7 b3 b0 b7 b0 b7 b0

T— Source pointer

Stores the source address /

.

Setting DMAI destination pointer o )
DMAO destination pointer [Address 0026 16 to 002416] DARO

DMAL1 destination pointer [Address 0036 16 to 003416] DAR1
(b23) (b19) (b16) (b15) (b8)
b7 b3 b0 b7 b0 b7 b0

XXX 1 1 |
L

Destination pointer
Stores the destination address

\

/
. . N
Setting DMAI transfer counter

(b15) (b8)
bo b0 b7 b0
| T DMAO transfer counter [Address 0029 16, 002816] TCRO

DMAL transfer counter [Address 0039 16, 003816] TCR1

Transfer counter

Set a value one less than the transfer count /
Setting DMAI control register
b7 bo DMAI control register (i = 0, 1) [Address 002C 16, 003C16]
DXAXE T 1] T [ | omicong=0,1)
D{\A:'L\Eig%?éz bit Note: Clear DMA request bit simultaneously again.

When software DMA request bit = “1”
Start DMA transmission

Figure 2.10.7. Set-up procedure of repeated transfer mode
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2.11 CRC Calculation Circuit

2.11.1 Overview
Cyclic Redundancy Check (CRC) is a method that compares CRC code formed from transmission data
by use of a polynomial generation with CRC check data so as to detect errors in transmission data. Using
the CRC calculation circuit allows generation of CRC code. A polynomial counter is used for the polyno-
mial generation.

(1) Registers related to CRC calculation circuit
Figure 2.11.1 shows the memory map of CRC-related registers, and Figure 2.11.2 shows CRC- re-
lated registers.

03BC1s

CRC data register (CRCD)
03BD16

03BE16 CRC input register (CRCIN)

Figure 2.11.1. Memory map of CRC-related registers

CRC data register
®15) ws bo Symbol Address When reset
CRCD 03BD16, 03BC16 Indeterminate
) Values that i
. Function canbeset |RW
""" CRC calculation result output register 000016 to FFFF16 oio
CRC input register
b7 bo Symbo Address When reset
CRCIN 03BEuzs Indeterminate
. Values that |
Function canbeset |RW
""""""""" Data input register 0016 to FF16 |O O

Figure 2.11.2. CRC-related registers
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2.11.2 Operation of CRC Calculation Circuit

The following describes the operation of the CRC calculation. Figure 2.11.3 shows an example of calcu-
lation data 012316 using the CRC calculation circuit.

Operation (1) The CRC calculation circuit sets an initial value in the CRC data register.

(2) Writing 1 byte data to the CRC input register generates CRC code based on the data register.
CRC code generation for 1 byte data finishes in two machine cycles.

(3) The CRC calculation circuit detects an error by means of comparing the CRC-checking data
with the content of the CRC data register, after the next data is written to the CRC input
register.

(4) The content of CRC data register after all data is written becomes CRC code.

b15 b0
) CRC data register CRCD
(1) Setting 000016 —» | [03BD16, 03BC16]
b7 b0
(2) Setting 0116 . I:I CRC input register ~ CRCIN
[O3BE16]
2 cycles
After CRC calculation is complete
b15 b0
118916 CRC data register CRCD

[03BD16, 03BC16]

Y

*— Stores CRC code

The code resulting from sending 0116 in LSB first mode is (1000 0000). Thus the CRC code in the generating polynomial,

(X16 + X12 + X5 + 1), becomes the remainder resulting from dividing (1000 0000) X16 by (1 0001 0000 0010 0001) in
conformity with the modulo-2 operation.

LSB
N . MsB Modulo-2 operation is
1 1000 1000 p operation that complies
1 0001 0000 0010 0001 ’ 1000 0000 0000 0000 0000 0000 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
Lss”” ¥ vise -1=1
9

8 1 1
L
Thus the CRC code becomes (1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary in the CRC operation
circuit built in the M16C, switch between the LSB side and the MSB side of the input-holding bits, and carry out the CRC
operation. Also switch between the MSB and LSB of the result as stored in CRC data.

b7 b0

- CRC input register  CRCIN

After CRC calculation is complete

b15 b0

CRC data register CRCD
OAdlis [03BD16, 03BC16]

Y

*— Stores CRC code

Figure 2.11.3. Calculation example using the CRC calculation circuit
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2.12 Watchdog Timer

2.12.1 Overview

The watchdog timer can detect a runaway program using its 15-bit timer prescaler. The following is an
overview of the watchdog timer.

(1) Watchdog timer start procedure
When reset, the watchdog timer is in stopped state. Writing to the watchdog timer start register
initializes the watchdog timer to 7FFF16 and causes it to start performing a down count. The watchdog
timer, once started operating, cannot be stopped by any means other than stopping conditions.

(2) Watchdog timer stop conditions
The watchdog timer stops in any one of the following states:
(a) Period in which the CPU is in stopped state
(b) Period in which the CPU is in waiting state
(c) Period in which the microcomputer is in hold state

(3) Watchdog timer initialization
The watchdog timer is initialized to 7FFF16 in the cases given below, and begins a down count.
(a) When the watchdog timer writes to the watchdog timer start register while a count is in progress
(b) When the watchdog timer underflows

(4) Runaway detection
When the watchdog timer underflows, a watchdog timer interrupt occurs. In writing a program, write to
the watchdog timer start register before the watchdog timer underflows. The watchdog timer interrupt
occurs regardless of the status of the interrupt enable flag (I flag). In processing a watchdog timer
interrupt, set the software reset bit to “1” to reset software.

(5) Watchdog timer cycle
The watchdog timer cycle varies depending on the BCLK and the frequency division ratio of the
prescaler selected.

Table 2.12.1. The watchdog timer cycle

CMO07 CMO06 CM17 CM16 BCLK WDC7 Period

0 Approx. 52.4ms (Note)
0 0 0 0 10MHz

1 Approx. 419.4ms (Note)
0 0 0 1 5MHz 0 Approx. 104.9ms (Note)

1 Approx. 838.9ms (Note)

0 Approx. 209.7ms (Note)
0 0 1 0 2.5MHz

1 Approx. 1.68s (Note)

0 Approx. 838.9ms (Note)
0 0 1 1 0.625MHz

1 Approx. 6.71s (Note)

0 Approx. 419.4ms (Note)
0 1 Invalid Invalid 1.25MHz

1 Approx. 3.36s (Note)
1 Invalid Invalid Invalid 32kHz Invalid Approx. 2s (Note)

Note: An error due to the prescaler occurs.
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(6) Registers related to the watchdog timer
Figure 2.12.1 shows the memory map of watchdog timer-related registers, and Figure 2.12.2 shows
watchdog timer-related registers.

000E16| Watchdog timer start register (WDTS)

000F16| Watchdog timer control register (WDC)

Figure 2.12.1. Memory map of watchdog timer-related registers

Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
| | 0| 0 | | WDC 000F16 000XXXXX2
E E E E E E E E Bit symbol Bit name Function REW
E ' ' O S High-order bit of watchdog timer OEX
R P Reserved bit Must always be set to “0” 0:0
 REEEEEEEEEEEEE Reserved bit Must always be set to “0” 0.0
L wbC7 Prescaler select bit 0 : Divided by 16 OEO
1: Divided by 128 |
Watchdog timer start register
b7 bo Symbol Address When reset
WDTS 000E16 Indeterminate
Function RIW|
‘ The watchdog timer is initialized and starts counting after a write instruction to
ooy this register. The watchdog timer value is always initialized to “7FFF16” X0
regardless of whatever value is written. |

Figure 2.12.2. Watchdog timer-related registers
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2.12.2 Operation of Watchdog Timer

The following is an operation of the watchdog timer. Figure 2.12.3 shows the operation timing, and Figure
2.12.4 shows the set-up procedure.

Operation (1) Writing to the watchdog timer start register initializes the watchdog timer to 7FFF16 and
causes it to start a down count.

(2) With a count in progress, writing to the watchdog timer start register again initializes the
watchdog timer to 7FFF16 and causes it to resume counting.

(3) Either executing the WAIT instruction or going to the stopped state causes the watchdog
timer to hold the count in progress and to stop counting. The watchdog timer resumes count-
ing after returning from the execution of the WAIT instruction or from the stopped state.

(4) If the watchdog timer underflows, it is initialized to 7FFF16 and continues counting. At this
time, a watchdog timer interrupt occurs.

(1) Start count (3) In stopped state, or WAIT (4) Generate

i . instruction is executing, etc ' watchdog timer
(2) Write operation : : interrupt

— > > |

7FFF16 ; B [ 4 ri
000016

Write signal to the “H”
watchdog timer |_| |_|
start register ‘L

Figure 2.12.3. Operation timing of watchdog timer
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Setting watchdog timer control register

Watchdog timer control register [Address 000F16]
WDC

Reserved bhit
Must always be “0”

b7 b0

Prescaler select bit
0 : Divided by 16
1: Divided by 128

4 N

Setting watchdog timer start register

Watchdog timer start register [Address 000Ez16]

b7 b0
| WDTS

{— The watchdog timer is initialized and starts counting with a write instruction to
this register. The watchdog timer value is always initialized to “7FFF16”
\\ regardless of the value written. /

Generating watchdog
timer interrupt

4 N

Software reset

|b7| [ | [2] | |bo Processor mode register 0 [Address 000416]

PMO

Software reset bit
The device is reset when this bit is set to “1”. The value of this bit
is “0” when read.

- /

Figure 2.12.4. Set-up procedure of watchdog timer
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2.13 Address Match Interrupt

2.13.1 Overview

The address match interrupt is used for correcting a ROM or for a simplified debugging-purpose monitor.
The following is an overview of the address match interrupt.

(1) Enabling/disabling the address match interrupt
The address match interrupt enable bit can be used to enable and disable an address match interrupt.
It is affected neither by the processor interrupt priority level (IPL) nor the interrupt enable flag (I flag).

(2) Timing of the address match interrupt
An interrupt occurs immediately before executing the instruction in the address indicated by the ad-
dress match interrupt register. Set the first address of the instruction in the address match interrupt
register. Setting a half address of an instruction or an address of tabulated data does not generate an
address match interrupt.
The first instruction of an interrupt routine does not generate an address match interrupt either.

(3) Returning from an address match interrupt
The return address put in the stack when an address match interrupt occurs depends on the instruc-
tion not yet executed (the instruction the address match interrupt register indicates). The return ad-
dress is not put in the stack. For this reason, to return from an address match interrupt, either rewrite
the content of the stack and use the REIT instruction or use the POP instruction to restore the stack to
the state as it was before the interrupt occurred and return by use of a jump instruction.
Figure 2.13.1 shows unexecuted instructions and corresponding the stacked addresses.

<Instructions whose address is added to by 2 when an address match interrupt occurs>

» 16-bit operation code instructions
* 8-bit operation code instructions given below

ADD.B:S  #IMM8,dest SUB.B:S  #IMMB8,dest AND.B:S  #IMM8,dest
OR.B:S #IMM8,dest MOV.B:S #IMM8,dest STZ.B:S #IMM8,dest
STNZ.B:S #IMM8,dest STZX.B:S #IMM81,#IMM82,dest

CMP.B:S  #IMM8,dest PUSHM src POPM dest

JMPS #IMM8 JSRS #IMM8

MOV.B:S #IMM,dest (However, dest = AO/A1)

<Instructions whose address is added to by 1 when an address match interrupt occurs>
* Instructions other than those listed above

Figure 2.13.1. Unexecuted instructions and corresponding stacked addresses

(4) How to determine an address match interrupt
Address match interrupts can be set at two different locations. However, both location will have the
same vector address. Therefore, it is necessary to determine which interrupt has occurred; address
match interrupt O or address match interrupt 1. Using the content of the stack, etc., determine which
interrupt has occurred according to the first part of the address match interrupt routine.
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(5) Reqisters related to the address match interrupt
Figure 2.13.2 shows the memory map of address match interrupt-related registers, and Figure 2.13.3
shows address match interrupt-related registers.

000916 |  Address match interrupt enable register (AIER)
000A16

000B16
000C16
000D16
000Ez16
00O0F16
001016

001116 |  Address match interrupt register 0 (RMADO)
001216

001316
001416

001516 | Address match interrupt register 1 (RMAD1)
001616

Figure 2.13.2. Memory map of address match interrupt-related registers

Address match interrupt enable register

b7 b6 bS5 b4 b3 b2 bl bo

Symbol Address When reset
M__LJ AIER 000916 XXXXXX002
oo Bit symbol Bit name Function R'W
: Address match interrupt O . i i
e T T kbl AIERO : 0 : Interrupt disabled !
A enable bit | 1 . |nterrupt enabled 0.0
[ AIER1 |Address match interrupt 1 | O : Interrupt disabled O o
enable bit | 1 : Interrupt enabled !
Ll _______________ Nothing is assigned. !
In an attempt to write to these bits, write “0”. The value, if read, turns outto  [— —
be indeterminate.
Address match interrupt registeri (i = 0, 1)
(b23) (b19)  (b16)(b15) (b8) Symbol Address When reset
o7 03 b0 b7 bo b7 % RMADO 001216 to 001016 X0000016
DXOIXIX | | | RmADL 00161610 001416 X0000016
. . . Function Values that can be set |R ‘W

t---J Address setting register for address match interrupt 0000016 to FFFFF16 |O}O

I H Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to —_—
be indeterminate. !

Figure 2.13.3. Address match interrupt-related registers
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2.13.2 Operation of Address Match Interrupt

The following is an operation of address match interrupt. Figure 2.13.4 shows the set-up procedure of
address match interrupt, and Figure 2.13.5 shows the overview of the address match interrupt handling
routine.

Operation (1) The address match interrupt handling routine sets an address to be used to cause the ad-
dress match interrupt register to generate an interrupt.
(2) Setting the address match enable flag to “1” enables an interrupt to occur.
(3) An address match interrupt occurs immediately before the instruction in the address indicated
by the address match interrupt register as a program is executed.

4 Setting address match interrupt register h
Address match interrupt register 0 [Address 001216 to 001016]
RMADO
Address match interrupt register 1 [Address 001616 to 001416]
RMAD1
(b23) (b20) (b19) (b16) (b15) (b8)
b7 b4 b3 b0 b7 b0 b7 b0
\\ L Can be set to “0000016” to “FFFFF16” /
4 Setting address match interrupt enable register h
b7 bo i .
|><|><|><|><|><|><| | | Address match interrupt enable register [Address 000916]
AIER
Address match interrupt O enable bit
1: Interrupt enabled
L Address match interrupt 1 enable bit
1: Interrupt enabled

Figure 2.13.4. Set-up procedure of address match interrupt
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( Address match interrupt routine )

‘ [1] Storing registers ‘

‘ [2] Determining the interrupt address ‘

Address match 0?

‘ ‘ Address match O program

< |
BN

‘ [3] Rewriting the stack ‘

‘ Restoring registers ‘

< REIT ) ‘ ‘ Handling an error ‘ ‘

Explanation:
[1] Storing the contents of the registers holding the main program status to be kept.
[2] Determining the interrupt address
Determining which factor generated the interrupt.
[3] Rewriting the stack
Rewriting the return address.

Figure 2.13.5. Overview of the address match interrupt handling routine
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2.14 Power Control

2.14.1 Overview
‘Power Control’ refers to the reduction of CPU power consumption by stopping the CPU and oscillators,
or decreasing the operation clock. The following is a description of the three available power control
modes:

(1) Modes
Power control is available in three modes.

(a) Normal operation mode

* High-speed mode
Divide-by-1 frequency of the main clock becomes the BCLK. The CPU operates with the BCLK
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 BCLK selected. Each peripheral function operates
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 2.14.1 shows the state transition diagram of the above modes.
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Transition of stop mode, wait mode

(

Reset

)

All oscillators stopped

CM10 = “1”
<— Medium- speed mode
( Stop mode ) Interrupt (leIded by-8 mode)
All oscillators stopped W l
_ ngh-speed/medium-
CM10 = “1”
( StOp mode ) —( speed mode

All oscillators stopped

f

~

4.—’( Wait mode )

WAIT CPU operation stopped
instruction
—> .

Wait mode
Interrupt
WAIT CPU operation stopped

instruction

Interrupt

CM10="1"

'

WAIT CPU operation stopped

instruction

Transition of normal mode

“— Normal mode —

— Low-speed/low power =00 .
( Stop mode ) nterrupt "( dissipation mode € Wait mode

Interrupt

(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)

CM06="1" _(~  BCLK:f(Xn)8
>\ OMO7 = 0" CMO06 =1’
CMO7 = “0” (Note 1)
Main clock is oscillating cmo4 = “o” CNM?“ :1"13:' gmgg - (1)
Sub clock is oscillating yhotes 1.3)
4 _ Medium-speed mode A
High-speed mode (divided-by-2 mode) Main clock is oscillating
BCLK : f(XIN) BCLK : f(XiN)/2 ) Sub clock is oscillating
CMO07 =“0” CMO06 =“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 -
. Note 1, 3)

_ , BCLK : f(Xn)/8 < , .
Medium-speed mode  Medium-speed mode CMO7 = “0" BCLK :f(Xew)
(divided-by-4 mode) (divided-by-16 mode) CMO06 = “1” > CM07 =*1"

CMO7 = “1”
BCLK : fXn)/4 BCLK : f(Xin)/16 (Note 2) N
CMO07 =*0" CMO06 ="“0" CMO07 =*“0" CMO06 ="“0"
CM17 =*“1" CM16 = “0"/ CM17 =*“1" CM16 = “1"
\_ CMO5 = “0” CMO5 = “1”
A
CM04 ="0"| Main clock is oscillating | CM04 =1 ) )
v 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(Xn) BCLK : f(Xn)/2 CMO7 = "1" (Note 2) BCLK : f(Xcn)
CMO7 = 0" CMO06 ="0" | | CMO7 =“0” CMO6 = “0” CMO5 =1 U
CM17 =“0” CM16 =*“0" CM17 =“0” CM16 = *“1" CMO7 ="1
cMos=-00 _>| Medium-speed mode  Medium-speed mode gmgg z 8 E“gi g
(Notes 1,3) (divided-by-4 mode) (divided-by-16 mode) CMO4 = “17
BCLK : f(Xin)/4 BCLK : f(XiN)/16
CMO07 =“0" CM06 =“0" | | CMO7 =*“0" CMO6 = “0"
CM17=“1" CM16=“0" | | CM17 =“1" CM16 =“1"
- J

Note 1: Switch clock after oscillation of main clock is sufficiently stable.
Note 2: Switch clock after oscillation of sub clock is sufficiently stable.
Note 3: Change CMO06 after changing CM17 and CM16.

Note 4: Transit in accordance with arrow.

Figure 2.14.1. State transition diagram of power control mode
. __________________________________________________________________________________________________________________________|
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(2) Switching the driving capacity of the oscillation circuit
Both the main clock and the secondary clock have the ability to switch the driving capacity. Reducing
the driving capacity after the oscillation stabilizes allows for further reduction in power consumption.

(3) Clearing stop mode and wait mode
The stop mode and wait mode can be cleared by generating an interrupt request, or by resetting
hardware. Set the priority level of the interrupt to be used for clearing, higher than the processor
interrupt priority level (IPL), and enable the interrupt enable flag (I flag). When an interrupt clears a
mode, that interrupt is processed. Table 2.14.1 shows the interrupts that can be used for clearing a
stop mode and wait mode.

(4) BCLK in returning from wait mode or stop mode

(a) Returning from wait mode
The processor immediately returns to the BCLK, which was in use before entering wait mode.

(b) Returning from stop mode
CMO6 is set to “1” when the device enters stop mode after selecting the main clock for BCLK. CM17,
CM16, and CMO7 do not change state. In this case, when restored from stop mode, the device starts
operating in divided-by-8 mode.
When the device enters stop mode after selecting the subclock for BCLK, CM06, CM17, CM16, and
CMOQ7 all do not change state. In this case, when restored from stop mode, the device starts operat-

ing in low-speed mode.

Table 2.14.1. Interrupts available for clearing stop mode and wait mode

) Wait mode
Interrupt for clearing Stop mode
CM02=0 CM02 =1

DMAQO interrupt Impossible Impossible Impossible
DMAL interrupt Impossible Impossible Impossible
A-D interrupt Note 3 Impossible Impossible
UARTO transmit interrupt Possible Note 1 Note 1
UARTO receive interrupt Possible Note 1 Note 1
UART1 transmit interrupt Possible Note 1 Note 1
UARTL1 receive interrupt Possible Note 1 Note 1
SI/O automatic transfer interrupt Possible Impossible Impossible
FLD interrupt Possible Impossible Impossible
Timer AO interrupt Possible Note 2 Note 2
Timer Al interrupt Possible Note 2 Note 2
Timer A2 interrupt Possible Note 2 Note 2
Timer A3 interrupt Possible Note 2 Note 2
Timer A4 interrupt Possible Note 2 Note 2
Timer BO interrupt Possible Note 2 Note 2
Timer B1 interrupt Possible Note 2 Note 2
Timer B2 interrupt Possible Note 2 Note 2
INTO interrupt Possible Possible Possible
INT1 interrupt Possible Possible Possible
INT2 interrupt Possible Possible Possible
INT3 interrupt Possible Possible Possible
INT4 interrupt Possible Possible Possible
INTS5 interrupt Possible Possible Possible

Note 1: Can be used when an external clock in clock synchronous serial I/0O mode is selected.
Note 2: Can be used when the external signal is being counted in event counter mode.
Note 3: Can be used in one-shot mode and one-shot sweep mode.
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(5) Sequence of returning from stop mode
Sequence of returning from stop mode is oscillation start-up time and interrupt sequence.
When interrupt is generated in stop mode, CM10 becomes “0” and clearing stop mode.
Starting oscillation and supplying BCLK execute the interrupt sequence as follow:

In the interrupt sequence, the processor carries out the following in sequence given:

(a) CPU gets the interrupt information (the interrupt number and interrupt request level) by read-
ing address 0000016. The interrupt request bit of the interrupt written in address 0000016 will
then be set to “0”.

(b) 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.

(c) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer assignment
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)

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

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

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

Note: This register cannot be utilized by the user.
After the interrupt sequence is completed, the processor resumes executing instructions from the first
address of the interrupt routine.

Figure 2.14.2 shows the sequence of returning from stop mode.

Writing “1” to CM10

(all clock stop control bit) Operated by divided-by-8 mode

¥
BeLK m  UUududududududoyaL
Address bus . . Agg[;ggs Indeterminate X SP-2 X SP—4X vec Xvec+2X PC

E & & E Interrupt H SP-2 SP-4 vec vec+2
Data bus 1 N o) ! meormaﬂonX Indeterminate Xcontents contents/\ contents \ contents

m T ey U U U
— % |_| |_|
T o

Stop mode Oscillation start-up Interrupt sequence approximately 20 cycle (16u sec)
(Single-chip mode, f(Xin) = 10MHz)

Note: Shown above is the case where the main clock is selected for BCLK. If the sub-clock is selected for BCLK,
the sub-clock functions as BCLK when restored from stop mode, with the main clock's divide ratio
unchanged.

Figure 2.14.2. Sequence of returning from stop mode

(6) Registers related to power control
Figure 2.14.3 shows the memory map of power control-related registers, and Figure 2.14.4 shows
power control-related registers.
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000616| System clock control register 0 (CMO)

000716| System clock control register 1 (CM1)

Figure 2.14.3. Memory map of power control-related registers

System clock control register 0 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | Symbol Address When reset
CMO 000616 4816

T A A Bit symbol Bit name Function RW
B B R X b160 '
A CMo0 C"l’c‘i%‘.’t‘p”t function 00 /O port P97/DA0 oo
selecthl 01 : fc output L
Voo CcMO1 10: fs output
A R A 11 : 32 output O:O
CMo2 | 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) O;O
XcIN-XcouT drive capacity | 0 : LOW
e CMO3 | select bit (Note 2) 1:HIGH 0.0
Port Xc select bit 0: 1/0 port
A CcMo4 1 : XCIN-XCOoUT generation O;O
Main clock (XIN-XouT) 0:0n 1
R SR CMO05 - 1
v stop bit (Note 3, 4, 5) 1: Off O:O
CMO06 Main clock division select | 0 : CM16 and CM17 valid OEO
[ bit 0 (Note 7) 1 : Division by 8 mode !
_________________________ CcMO7 System clock select bit 0 : XIN, XouT OiO

(Note 6) 1 : XCIN, XcouT !

Note 1: Set bit 0 of the protect register (address 000A 16) to “1” before writing to this register.

Note 2: Changes to “1” when shifting to stop mode and at a reset.

Note 3: When entering power saving mode, main clock stops using this bit. When returning from stop mode and
operating with XN, set this bit to “0”. When main clock oscillation is operating by itself, set system clock select
bit (CM07) to “1” before setting this bit to “1”.

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

Note 5: If this bit is set to “1”, X ouT turns “H”. The built-in feedback resistor remains being connected, so X IN turns
pulled up to XouT (“H") via the feedback resistor.

Note 6: Set port Xc select bit (CM04) to “1” and stabilize the sub-clock oscillating before setting 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 (CMO05) to “0” and stabilize the
main clock oscillating before setting this bit from “1” to “0”.

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

Note 8: fcaz2 is not included.

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

| | | | 0 | 0 | 0 Symbol Address When reset
CM1 000716 2016

[ Bit symbol Bit name Function RIW

oo cm10 | All clock stop control bit 0: Clock on 0o

N (Note4) 1 : All clocks off (stop mode) ,

I Reserved bit Always set to “0” (o}le)

I Reserved bit Always set to “0” 00

Pl Reserved bit Always set to “0” o}{e]

A CUECEEETEEY Reserved bit Always set to “0” 00

N XIN-XouT drive capacity 0:LOW |

' ' ' CM15 '

[ select bit (Note 2) 1:HIGH Oio

HE b7 b6 ]

S REELLCECEEEEERERES CM16 Main clock division 0 0 : No division mode :

: select bit 1 (Note 3) 0 1: Division by 2 mode 0.0

R CM17 1 0 : Division by 4 mode
11 : Division by 16 mode !

Note 1: Set bit 0 of the protect register (address 000A 16) to “1” before writing to this register.

Note 2: This bit changes to “1” when shifting from high-speed/medium-speed mode to stop mode and at a reset. When
shifting from low-speed/low power dissipation mode to stop mode, the value before stop mode is retained.

Note 3: Can be selected when bit 6 of the system clock control register O (address 0006 16) is “0”". If “1”, division mode is
fixed at 8.

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

Figure 2.14.4. Power control-related registers
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2.14.2 Stop Mode Set-Up

Settings and operation for entering stop mode are described here.

Operation (1) Enables the interrupt used for returning from stop mode.
(2) Sets the interrupt enable flag (I flag) to “1”.
(3) Clearing the protection and setting every-clock stop bit to “1” stops oscillation and causes the
processor to go into stop mode.

(1) Setting interrupt to cancel stop mode

Interrupt control register

SITIC(i=0, 1) [Address 005116, 005316]
SIRIC(i=0, 1) [Address 005216, 005415]

TAIIC(i=0to 4)  [Address 005516 to 005916] INTIIC(i=0to 2)  [Address 005D16 to 005F 16]
TBilC(i=0to 2)  [Address 005A16 to 005C16] INTiIC(i=3to 5) [Address 004716 to 004916]

b7 b0 b7 bo

DDl T[T 1]

Interrupt priority level select bit Interrupt priority level select bit

Make sure that the interrupt priority
level of the interrupt which is used to
cancel the stop mode is higher than
the processor interrupt priority(IPL).

Make sure that the interrupt priority level of the
interrupt which is used to cancel the stop mode is
higher than the processor interrupt priority(IPL).

Reserved bit
Must be set to “0”

< (2) Interrupt enable flag (I flag) «—“1"

(3) Canceling protect

b7

DDA

Protect register [Address 000A 16]

b0
[ [1] prer

(addresses 0006 16 and 0007 16)
1 : Write-enabled

Enables writing to system clock control registers 0 and 1

(When operating with XN after returning)

b0 System clock control register 0 b7

(3) Setting operation clock after returning from stop mode

(When operating with X CIN after returning)

b0 System clock control register 0

[Address 0006 16] CMO

[Address 000616] CMO

b7
Ll Jof TTTT]
\— Main clock (XIN-XouT) stop bit
On

System clock select bit
XIN, Xout

As this register becomes setting mentioned above when
operating with XIN (count source of BCLK is XIN),
the user does not need to set it again.

P[]
L

Port Xc select bit
XCIN-XcouT generation

System clock select bit
XcCIN, XcouT

As this register becomes setting mentioned above when operating with X cin
(count source of BCLK is X cIN), the user does not need to set it again.

When operating with XN, set port Xc select bit to “1” before setting system clock
select bit to “1”. The both bits cannot be set at the same time.

(3) All clocks off (stop mode)

b7

L[ [ofo]

All clock stop control bit
1 : All clocks off (stop mode)

Reserved bit
Must be set to “0”

b0
0 | 0 | 1 | System clock control register 1 [Address 0007 16]
CM1

All clocks of.f (stop mode)

Figure 2.14.5. Example of stop mode set-up
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2.14.3 Wait Mode Set-Up

Settings and operation for entering wait mode are described here.

Operation (1) Enables the interrupt used for returning from wait mode.
(2) Sets the interrupt enable flag (I flag) to “1”.
(3) Clears the protection and changes the content of the system clock control register.
(4) Executes the WAIT instruction.

(1) Setting interrupt to cancel wait mode
Interrupt control register
ADIC [Address 004E 16]
ASIOC [Address 004F16)
FLDIC [Address 005016]
SiTIC(i=0, 1) [Address 005116, 005316]
SIRIC(i=0, 1) [Address 005216, 005416]
TAIC(=0t0 4) - [Address 00851 to 0059:¢] INTIIC(i=0to 2)  [Address 005D 16 to 005F 1]
TBilC(i=0t0 2)  [Address 005A16 to 005C1g] INTIIC(i=3t0 5) [Address 0047 1 to 004916]
b7 b0 b7 b0
DDA T T 1] Dol [T T 1]
Interrupt priority level select bit Interrupt priority level select bit
Make sure that the interrupt priority Make sure that the interrupt priority level of the
level of the interrupt which is used interrupt which is used to cancel the wait mode is
to cancel the wait mode is higher higher than the processor interrupt priority (IPL) of
than the processor interrupt priority the routine where the WAIT instruction is executed.
(IPL) of the routine where the .
WAIT instruction is executed. Reserved bit
Must be set to “0”
<(2) Interrupt enable flag (I flag) «— “1” )
(3) Canceling protect
b7 b0 X
I><|><|><I><l><| | | 1 | Protect register [Address 000A 16]
PRCR
Enables writing to system clock control registers 0 and 1
(addresses 000616 and 0007 16)
1 : Write-enabled /
(3) Control of CPU clock
b7 b0 system clock control register 1 b7 b0  System clock control register 0
[T 1 ToJoJoJo] | rAddress 000716] cM1 [TTTTTTT] Addessooosie cmo
Reserved bit — \;WAIT peripheral function clock stop bit
Must be set to “0 0: Do not stop f1, fs, f32 in wait mode
Main clock division select bit 1: Stop f1, f8, f32 in wait mode
b7 b6
0 0 : No division mode —— Port Xc select bit
0 1 : Division by 2 mode 0: /0 port
10 : Division by 4 mode 1 : XCIN-XCOUT generation
11 : Division by 16 mode . .
Main clock (XIN-XouT) stop bit
0:0n
1: Off

Main clock division select bit 0
0: CM16 and CM17 valid
1 : Division by 8 mode

System clock select bit (Note)
0 : XN, Xout
1: XCIN, XcouT

Note: When switching the system clock, it is necessary
to wait for the oscillation to stabilize.

C (4) WAIT instruction )

Wait mode

Figure 2.14.6. Example of wait mode set-up
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2.14.4 Precautions in Power Control

(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.

(3) 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.

(4) Suggestions to reduce power consumption

* Ports
The processor retains the state of each programmable I/O port even when it goes to
wait mode or to stop mode. A current flows in active I/O ports. A pass current flows in
input ports that float. When entering wait mode or stop mode, set non-used ports to
input and stabilize the potential.

(a) A-D converter
A current always flows in the VREF pin. When entering wait mode or stop mode, set
the Vref connection bit to “0” so that no current flows into the VREF pin.

(b) D-A converter
The processor retains the D-A state even when entering wait mode or stop mode.
Disable the output from the D-A converter then work on the programmable 1/O ports.

(c) Stopping peripheral functions
In wait mode, stop non-used wait peripheral functions using the peripheral function
clock stop bit.

(d) Switching the oscillation-driving capacity
Set the driving capacity to “LOW” when oscillation is stable.

(e) External clock
When using an external clock input for the CPU clock, set the main clock stop bit to
“1". Setting the main clock stop bit to “1” causes the XouT pin not to operate and the
power consumption goes down (when using an external clock input, the clock signal
is input regardless of the content of the main clock stop bit).
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2.15 Programmable 1/O Ports

2.15.1 Overview
Forty-eight programmable 1/O ports and forty high-breakdown-voltage output ports are available. 1/0 pins
also serve as /O pins for built-in peripheral functions.
Each port has a direction register that defines the 1/O direction and also has a port register for I/O data. In
addition, each port has a pull-up control register that defines pull-up in terms of 4 bits. Ports P2, P3, and
P40-P43 are high-breakdown-voltage P-channel open-drain output structure. These ports have no pull-
up resistance.
The following is an overview of the programmable I/O ports:

(1) Writing to a port register
With the direction register set to output, the level of the written values from each relevant pin is output
by writing to a port register. The output level conforms to CMOS output or P-channel open-drain
output. “L” level of port which is built-in pull-down resistor is apply voltage to the VEE pin. Writing to the
port register, with the direction register set to input, inputs a value to the port register, but nothing is
output to the relevant pins. The output level remains floating.

(2) Reading a port register
With the direction register set to output, reading a port register takes out the content of the port regis-
ter, not the content of the pin. When the FLD controller is used, reading the port register takes out FLD
output. With the direction register set to input, reading the port register takes out the content of the pin.

(3) Exclusive high-breakdown-voltage output port
There are 40 exclusive output Ports: PO to P2, P5 and P6.
All ports have structure of high-breakdown-voltage P-channel open drain output. Exclusive output
ports except P2 have built-in pull-down resistance.

(4) Setting pull-up
The pull-up control bit allows setting of the pull-up, in terms of 4 bits, either in use or not in use. For the
four bits chosen, pull-up is effective only in the ports whose direction register is set to input. Pull-up is
not effective in ports whose direction register is set to output.
Do not set pull-up of corresponding pin when XCIN/XCouT is set or a port is used as A-D input.

380



Mitsubishi microcomputers

M30218 Grou
Programmable I/O Ports SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

(5) /0O functions of built-in peripheral devices
Table 2.15.1 shows relation between ports and 1/O functions of built-in peripheral devices.

Table 2.15.1. Relation between ports and 1/O functions of built-in peripheral devices

Port Internal peripheral device /O pins
PO to P3 FLD controller output pins
P40 to P43 FLD controller output pins
P44 to P47 FLD controller output pins/UARTO I/O pins
P5, P6 FLD controller output pins
P70to P72 Timer BO to B2 input pins
P73 Timer AO I/O pin
P74to P77 Timer Al to A4 input pins/UARTL1 I/O pins
P8o to P85 External interrupt input pins
P86, P87 Sub-clock input pins
P90 to P95 I/0 pins of serial I/0 with automatic transfer function
P96 D-A converter output pin/Clock I/O pin of serial I/O with automatic transfer function
P97 D-A converter output pin/ X IN division clock output pin
/ DIM signal output pin of FLD controller
P100to P107 A-D converter input pins

(6) Examples of working on non-used pins
Table 2.15.2 contains examples of working on non-used pins. There are shown here for mere ex-
amples. In practical use, make suitable changes and perform sufficient evaluation in compliance with
you application.

(a) Single-chip mode

Table 2.15.2. Examples of working on unused pins in single-chip mode

Pin name Connection
Ports P3, P4, P7 to P10 After setting for input mode, connect every pin to V ss or Vcc via a
resistor; or after setting for output mode, leave these pins open.
(Note 1)
Ports PO to P2, P5, P6 Open
XouT (Note 2), VEE Open
AVss, VREF Connect to Vss

Note 1: If setting these pins in output mode and opening them, ports are in input mode until switched into
output mode by use of software after reset. Thus the voltage levels of the pins become unstable,
and there can be instances in which the power source current increases while the ports are in
input mode.

In view of an instance in which the contents of the direction registers change due to a runaway
generated by noise or other causes, setting the contents of the direction registers periodically by
use of software increases program reliability.

Note 2: When an external clock is input to the X IN pin.

381



Mitsubishi microcomputers

M30218 Grou
Programmable 1/0 Ports SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

(7) Registers related to the programmable I/O ports
Figure 2.15.1 shows the memory map of programmable 1/O ports-related registers, and Figures
2.15.2 to 2.15.4 show programmable /O ports-related registers.

035916 P2 FLD/port switch register (P2FPR)
035A16 P3 FLD/port switch register (P3FPR)
035B16 P4 FLD/port switch register (P4FPR)
035C16 P5 digit output set register (P5DOR)
035D16 P6 digit output set register (P6DOR)

03EO16|  Port PO (PO)
03El16| Port P1 (P1)
03E216
03E316
03E416| Port P2 (P2)
03E516| Port P3 (P3)
03E616
03E716| Port P3 direction register (PD3)
03E816| Port P4 (P4)

03E916| Port P5 (P5)

03EA16| Port P4 direction register (PD4)
03EB16
03EC16| Port P6 (P6)
03ED16| Port P7 (P7)
03EE16
03EF16| Port P7 direction register (PD7)
03F016| Port P8 (P8)

03F116| Port P9 (P9)

03F216| Port P8 direction register (PD8)
03F316| Port P9 direction register (PD9)
03F416| Port P10 (P10)

03F516
03F616| Port P10 direction register (PD10)

03FC1s
03FD1s| Pull-up control register 0 (PURO)

03FE1s| Pull-up control register 1 (PUR1)
03FF16

Figure 2.15.1. Memory map of programmable 1/O ports-related registers
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Port Pi direction register
b7 b6 b5 b4 b3 b2 bl bo ~ Symbol Address When reset

| | | | | | | | | PDi (i=3to 10, except 5, 6) 03E716, 03EA16, 03EF16 0016

03F216, 03F316, 03F616 0016
oo w1 Bit symbol Bit name Function R:W|
Vv 0 v v v v -{PDiO Port Pio direction register OO
[ A T ; T - 0 : Input mode
S A PDi_1 Port Pi1 direction register (Functions as an input port) oY)
TP PDi_2 Port Pi2 direction register | 1 : Output mode O}O
S PDi_3 Port Pi3 direction register (Functions as an output port) |5/
R MEREREEEEEEEE PDi_4 Port Pia direction register (i = 3 to 10 except 5, 6) 0.0
N PDi_5 Port Pis direction register 00
R EAGCLEEEEEEEE PDi_6 Port Pis direction register ‘eje)
b PDi_7 Port Pi7 direction register 00
Figure 2.15.2. Programmable I/O ports-related registers (1)
Port Pi register
b7 b6 b5 b4 b3 b2 bi bo Symbol Addres When reset
Pi (i=0to 10) 03EO016, 03E116, 03E416, 03E516, 03E816 Indeterminate

o . 03E916, 03EC16, 03ED16, 03F016, 03F116, 03F416 Indeterminate

Bit symbol Bit name Function R'W

A R Port Pio register o OO

. i 1 ot Pi - Data is input and output to and from O;O

= Of "1 register each pin by reading and writing to and |

A Pi_2 Port Pi2 register from each corresponding bit & O

e Pi_3 Port Pi3 register 0:“L” level data 0.0

R L LLEEER Pi_4 Port Pis register 1:"H" level data leYe)

T SO Pi 5 Port Pis register (1=01010) 00

P Rmmmmmmmmmmmmmmomooy Pi_6 Port Pis register OO

ERREEEEECTEEEEEEREEEEEEE Pi_7 Port Pi7 register 00

Figure 2.15.3. Programmable I/O ports-related registers (2)
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Pull-up control register 0

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
L L DDA DX puro 03FDc 00is

Bit symbol Bit name Function RIW

~1Nothing is assigned. In an attempt to write to this bit, write “0”. The value, if
read, turns out to be indeterminate.

PUO1 P44 to P47 pull-up The corresponding port is pulled
high with a pull-up resistor !
P 0 : Not pulled high o}{®)
1: Pulled high !

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

' indeterminate.
] PUO06 P70 to P73 pull-up The corresponding port is pulled 00
high with a pull-up resistor
0 : Not pulled high !
___________________________ PUO7 P74 to P77 pull-up 1 : Pulled high OEO

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
N}q | | | | | | PUR1 O3FE1e 0016

poror v L Bit symbol Bit name Function R W
A T P8o to P83 pull-up The corresponding port is pulled 00
e PU11 P84 to P87 pull-up high with a pull-up resistor oo
e 0 : Not pulled high ‘
e PU12 P90 to P93 pull-up 1: Pulled high OO
it PU13 P94 to P97 pull-up loYe)
FEEEEEEER PU14 P100 to P103 pull-up [o)e)
R RGRICRTCLEEE PU15 P104 to P107 pull-up olle)
s Nothing is assigned. In an attempt to write to these bits, write “0”. The value, if |—' —

read, turns out to be indeterminate. ——

Figure 2.15.4. Programmable I/O ports-related registers (3)
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This chapter presents applications in which peripheral functions built in the M30218 are used. They are
shown here as examples. In practical use, make suitable changes and perform sufficient evaluation. For
basic use, see Chapter 2 Peripheral Functions Usage.

Here follows the list of applications that appear in this chapter.

L 20 A T o To T o 1= d o Lo I 11 1= £ SO PP TUPPPOPPPPPR P388
* 3.2 Variable-period variable-duty PWM OULPUL ...........ueeiiiiiiiiiiiiieee e pP392
e 3.3 Delayed 0Ne-ShOt OULPUL .......oeiiiiiiiiie ittt e e et e e e s sbbeeeee e P396
© 3.4 BUZZEI OULPUL ..ttt e e e e e e e e e e e e e e e e e e e e ee e e eeesebe bbb bbb e e e e e e e e eaeaeeas P400
* 3.5 Solution for external interrupt Pins SNOMAGE .........oocviiiiiiiiii e P402
* 3.6 Memory to memory DMA tFANSTEI ......oooi i P404
* 3.7 Controlling power USING StOP MOTE .........eeiiiiiiiiieiiiiiie et ee e P408
* 3.8 Controlling power USING WaIt MOGE ........ccoiiiiiiiiiiiiiieiie e eeaa e e P412
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3.1 Long-Period Timers

Overview In this process, Timer A0 and Timer Al are connected to make a 16-bit timer with a 16-bit
prescaler. Figure 3.1.1 shows the operation timing, Figure 3.1.2 shows the connection dia-
gram, and Figures 3.1.3 and 3.1.4 show the set-up procedure.

Use the following peripheral functions:
* Timer mode of timer A
» Event counter mode of timer A

Specifications
(1) Set timer AO to timer mode, and set timer Al to event counter mode.
(2) Perform a count on count source f1 using timer AO to count for 1 ms, and perform a count
on timer AO using timer Al to count for 1 second.
(3) Connect a 10-MHz oscillator to XIN.

Operation (1) Setting the count start flag to “1” causes the counter to begin counting. The counter of
timer AO performs a down count on count source f1.

(2) If the counter of timer AO underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer AO interrupt request bit goes to “1”. The
counter of timer Al performs a down count on underflows in timer AO.

(3) If the counter of timer Al underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer Al interrupt request bit goes to “1".

| = reload register content

3 FFFF16 (1) Start count (2) Timer AO underflow (3) Timer Al underflow
oo | Rttt
o<
=
o2 :
Ec ; '
F8 |
000016 L\ |
g n = reload register content
S = : :
8 g FFFFis ! Start count.
<< [ ' ! ; ' Lo ‘
<z : e . [ : R el
n 1 - - +
[opJ] : : : : :
€< 1 \ 1 ' ' '
F8 000016] = - L 3 -
/ Setto “1" by software i Cleard 0" by software \ ;  Time
Timer AO count  “1” ; ' T — —
start flag “Qr—! : : ‘ f : X
} : o Setto“1” by software
Timer Al count  “1” 5 :
start flag OJ : : '
Timer AO interrupt “1" ! |_| |_| ,_| |_| |_|
request bit ‘0" \ ? ? . * //
Cleared to “0” when interrupt request is accepted, or cleared by software
Timer Al interrupt “1” ,—|
request bit “0

Figure 3.1.1. Operation timing of long-period timers
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\O Used for timer mode
fs —O
Tlmer A0 Timer AO interrupt request bit

fiz2 —QO

fcs2—O Timer Al interrupt request bit

Used for event counter mode

Figure 3.1.2. Connection diagram of long-period timers
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Setting timer AO

Selecting timer mode and functions

b7 bo
[ofofofofofofo]o]

Timer AO mode register [Address 0396 16]
TAOMR

Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TAO ouUT pin is a normal port pin)

Gate function select bit
b4 b3

0 0 : Gate function not available (TAO IN pin is a normal port pin)

0 (Must always be “0” in timer mode)

C:?L:Jgt source select bit b7 be | Count Count source period
00:f1 - ) source | f(XiN) : 10MHz f(XcIN) : 32.768kHz
0.0 f1 100ns
0.1 f8 800ns
1 ‘ 0 fa2 3.2us
11| fea 976.56us

Setting divide ratio

(b15) (b8)
b7 b0 b7

| 2716 | OF16

Timer AO register [Address 0387 16, 038616]
TAO

Setting timer Al

Selecting event counter mode and each function

b7
[ofofofofofofo]

tf Timer A1 mode register [Address 0397 16]
| TAIMR

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output (TA1 ouT pin is a normal port pin)

Count polarity select bit

Up/down switching cause select bit
0 : Up/down flag content

0 (Must always be “0” in event counter mode)

Count operation type select bit
0 : Reload type

Fix to “0” when counting timer overflow flag

Continued to the next page

Figure 3.1.3. Set-up procedure of long-period timers (1)

390



Mitsubishi microcomputers

Timer A Applications M30218 Grou
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE
|

Continued from the previous page

Setting trigger select register

| | | | | | |1 |(b;| Trigger select register [Address 0383 16]
TRGSR

Timer Al event/trigger select bit
b1 b0
10: TAO overflow is selected

Setting divide ratio

(b15) (b8)

b7 bo b7 20 Timer Al register [Address 0389 16, 038816]
| 0316 | E716 TAL

Setting count start flag

b7 b0

Timer AO count start flag
1: Starts counting

Timer Al count start flag
1: Starts counting

Start counting

Figure 3.1.4. Set-up procedure of long-period timers (2)
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3.2 Variable-Period Variable-Duty PWM Output

Overview In this process, Timer A0 and Al are used to generate variable-period, variable-duty PWM out-
put. Figure 3.2.1 shows the operation timing, Figure 3.2.2 shows the connection diagram, and
Figures 3.2.3 and 3.2.4 show the set-up procedure.
Use the following peripheral functions:
« Timer mode of timer A
* One-shot timer mode of timer A

Specifications
(1) Set timer AO in timer mode, and set timer Al in one-shot timer mode with pulse-output function.
(2) Set 1 ms, the PWM period, to timer AO. Set 500 ps, the width of PWM “H” pulse, to timer Al.
Both timer AO and timer Al use f1 for the count source.
(3) Connect a 10-MHz oscillator to XIN.

Operation (1) Setting the count start flag to “1” causes the counter of timer AO to begin counting. The

counter of timer AO performs a down count on count source f1.

(2) If the counter of timer AO underflows, the counter reloads the content of the reload register
and continues counting. At this time, the timer AO interrupt request bit gose to “1”.

(3) An underflow in timer AO triggers the counter of timer Al and causes it to begin counting. When
the counter of timer Al begins counting, the output level of the TAlouT pin gose to “H".

(4) As soon as the count of the counter of timer A1 becomes “000016", the output level of TAlouT
pin gose to “L”, and the counter reloads the content of the reload register and stops counting.
At the same time, the timer Al interrupt request bit gose to “1”.
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| = reload register content

(1) Timer AO start count

5 FFFF16 : (2) Timer AO underflow
c H !

S = : :

88 S I I B I

o= '

<z

o2 ' )

EC ; : :

3 ' L.

000016 f L\ ! Ll ‘ | -
= n = reload register content | : i i Time
[} ; . ‘ : : !

S _ : (3) Timer A1 start count

2% FFFF1e e .

al 5 : (4) Timer Al stop count

<z ni o F‘I_‘ :

o3 : :

ES : :

£8 000116 . | : | , . —

! Set to “1” by software ! 1 g E 5 } i Time

Timer AO count  *1” ' : ' : ' : ;
start flag “«Q”

'Set10“1” by software |

Timer Al count “1” '

start flag “Q”

PWM pulse output «H» | | | | | | | |
from TAlout pin  « » : ! , ' ‘ - |
Timer AO interrupt  “1” |—|: | | |
request bit “Q" i : I

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

Timer Al interrupt  “1” ]_| |_| l_

request bit “«Qr \ f |
A

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

Figure 3.2.1. Operation timing of variable-period variable-duty PWM output

f1
Used for timer mode (Set to period)
&8 —O
Timer AO interrupt request bit
fa2 —O
fca2—O

Timer Al interrupt request bit

Used for one-shot timer mode (Set to “H” width)

Figure 3.2.2. Connection diagram of variable-period variable-duty PWM output
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Setting timer AQ

/

b7 bo
[ofofofofofofo]o]

Selecting timer mode and functions

Timer AO mode register [Address 0396 16 ]

TAOMR

Selection of timer mode

Pulse output function select bit

0 : Pulse is not output (TAOouT pin is a normal port pin)

Gate function select bit
b4 b3

0 0: Gate function not available (TAO IN pin is a normal port pin)

0 (Must always be “0” in timer mode)

Count source select bit b7 pg | Count Count source period
b7b6 : source |f(xi): 10MHz f(XciN) : 32.768kHz
00:ft ———————®» 575 ¢ 100ns

01t 800ns

1 0 f32 3.2us

111 | fes 976.56ps

Setting divide ratio

(b15)
b7

(b8)

b0

b7 b0

| 2716

| OF16 TAO

Timer AO register [Address 0387 16, 038616]

Setting timer Al

/

b7

[ofofofsfofz]s]

b0
0]

Selecting one-shot timer mode and functions

Timer A1 mode register [Address 0397 16 ]

TAIMR

Selection of one-shot timer mode

Pulse output function select bit
1: Pulse is output

External trigger select bit (Invalid when choosing timer's overflow as trigger)

Trigger select bit

1: Selected by event/trigger select register

0 (Must always be “0” in one-shot timer mode)

Count source select bit
b7 b6 b7 b6
00:ft —————————

| Count Count source period
| source | f(XiN) : 10MHz f(XciN) : 32.768kHz
00 f1 100ns
01 f 800ns
1 3 0 f32 3.2us
111 | fes 976.56[s

Continued to the next page

Figure 3.2.3. Set-up procedure of variable-period variable-duty PWM output (1)
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Continued from the previous page

Setting trigger select register

| | | | | | |1 | gol igggg;{select register [Address 0383 16]

Timer Al event/trigger select bit
bl b0
10: TAO overflow is selected

Setting one-shot timer's time

(b15) (b8)

| 1316 | 8816 TAL

b7 bo b7 59 Timer Al register [Address 0389 16, 038816]

Setting count start flag

b0
| | | | | | | 1 | 1 | _Cr:xtégtstart flag [Address 0380 16]

Timer AO count start flag
1: Starts counting

Timer Al count start flag
1 : Starts counting

Start counting

Figure 3.2.4. Set-up procedure of variable-period variable-duty PWM output (2)
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3.3 Delayed One-Shot Output

Overview The following are steps of outputting a pulse only once after a specified elapse since an external
trigger is input. Figure 3.3.1 shows the operation timing, Figure 3.3.2 shows the connection dia-
gram, and Figures 3.3.3 and 3.3.4 show the set-up procedure.

Use the following peripheral function:
* One-shot timer mode of timer A

Specifications
(1) Set timer AO in one-shot timer mode, and set timer Al in one-shot timer mode with pulse-
output function.
(2) Set 1 ms, an interval before a pulse is output, in timer AO; and set 50 ps, a pulse width, in timer
Al. Both timer AO and timer Al use f1 for the count source.
(3) Connect a 10-MHz oscillator to XIN.

Operation (1) Setting the trigger select bit to “1” and setting the count start flag to “1” enables the counter of
timer AO to count.

(2) If an effective edge, selected by use of the external trigger select bit, is input to the TAOIN pin,
the counter begins a down count. The counter of timer AO performs a down count on count
source fi1.

(3) As soon as the counter of timer AO becomes “000016”, the counter reloads the content of the
reload register and stops counting. At this time, the timer AQ interrupt request bit gose to “1”.

(4) An underflow in timer AQO triggers the counter of timer A1 and causes it to begin counting.
When timer Al begins counting, the output level of the TAlouT pin gose to “H".

(5) As soon as the counter of timer A1 becomes “000016”, the output level of the TALouT pin
gose to “L”, the counter reloads the content of the reload register, and stops counting. At this
time, timer Al interrupt request bit gose to “1”".
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. __________________________________________________________________________________________________________________________|

| = reload register content
(1) Count enabled

(2) Timer AO start count

% FFFF6 ' (3) Timer AO stop count
> />? !
S [
o=
= o ‘
[T : : E !
IS ! ! H ! : ' '
F38 . | | 5

000116 LI ' LI | ' >
I | n = reload register content ! 3 Time
c : : ; . ' :
§ g FEFF1s : (.4) Timer Al‘stalrt count ]
as : ' —p (5) Timer Al stop count: 1
<z S o, — e ‘
= n | ' | i ! .
o2 : : ; : ' :
ES o s | j_I_‘ |
8 o001s| | = f E i >

5 /Sét to“1” by software ! ; ; 3 1 Time
Timer AO count  «q» e : : : : : 1
start flag “Q” A

Timer Al count wp :
start flag ‘0" |

Set to “1” by soﬁWare

Input signal from ~ “H” : :
TAOIN pin oL L s | ; L ' sous
PWM pulse output .« ~ — 1 -
from TAlout pin T i ' |
Timer AO interrupt 1" 1
request bit 0 ; N~ P
. . Cleared to “0” when interrupt request is accepted, or cleared by software
Timer Al interrupt = «q» ; |_| |_|
request bit “0” . \ /

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

Figure 3.3.1. Operation timing of delayed one-shot output

TAOIN pin input

fi
l Used for one-shot timer mode

Timer AO interrupt request bit

Timer Al interrupt request bit

Used for one-shot timer mode

Figure 3.3.2. Connection diagram of delayed one-shot output
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Setting timer AO

Selecting one-shot timer mode and functions
b7 b0
[ofofoa]ofo]z]o]

Timer A0 mode register [Address 0396 16]
TAOMR

Selection of one-shot timer mode

Pulse output function select bit
0 : Pulse is not output (TAO ouT pin is normal port pin)

External trigger select bit
0 : Falling edge of TAOIN pin's input signal

Trigger select bit
1: Selected by event/trigger select register

0 (Must always be “0” in one-shot timer mode)

Count source select bit b7 b | Count Count source period
b7 b6 ‘ ! source | f(xi): 10MHz f(Xci) : 32.768kHz
: ——
00:f1 0.0] i 100ns
0 1 fs 800ns
1 0 fa2 3.2us
111 | fea 976.561s
Setting one-shot start flag
(Select TAOIN pin to input TAO trigger)
b7 b0
| | |><| | | | | | One-shot start flag [Address 0382 16]
‘ ‘ ONSF
Timer AO event/trigger select bit
b7 b6
00 : Input on TAOIN is selected (Note)
Note: Set the corresponding port direction register to “0”.
Setting delay time
(b15) (b8)
b7 b0 b7 b0
| 2716 | 1016 Timer AO register [Address 0387 16, 038616]

TAO

Continued to the next page

Figure 3.3.3. Set-up procedure of delayed one-shot output (1)
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Setting timer Al

Continued from the previous page

/

b7

Selecting one-shot timer mode and functions

[ofofofefo]e]u]

Timer A1 mode register [Address 0397 16]

b0
0| TAIMR

Selection of one-shot timer mode

Pulse output function select bit
1: Pulse is output (TA1ouT pin is pulse output pin)

External trigger select bit
Invalid when choosing timer's overflow

Trigger select bit
1 : Selected by event/trigger select register

L 0 (Must always be “0” in one-shot timer mode)

-

Count source select bit

b7 b6 b7 be | Count Count source period
00:f1 - | source | f(XiN) : 10MHz f(XcIN) : 32.768kHz
0.0 f1 100ns
0:1 fs 800ns
1.0 fa 3.2us
11| fes 976.56)s

/

b7

Setting trigger select register
(Set timer AO to trigger timer A1)

b0
[ [ [ [2]o]

Trigger select register [Address 0383 16]
TRGSR

-

Timer Al event/trigger select bit
b1 b0

10 : TAO overflow is selected

o

(b15)
b7

Setting one-shot timer's time

(b8)
b0 b7 b0

| 0l16

Timer Al register [Address 0389 16, 038816]

| F416 TAL

Setting count start flag

bo
| 1 | 1 | Count start flag [Address 0380 16]
TABSR

Timer AO count start flag
1 : Starts counting

L——Timer Al count start flag
1 : Starts counting

Start counting

Figure 3.3.4. Set-up procedure of delayed one-shot output (2)
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3.4 Buzzer Output

Overview The timer mode is used to make the buzzer ring. Figure 3.4.1 shows the operation timing, and
Figure 3.4.2 shows the set-up procedure.
Use the following peripheral function:
* The pulse-outputting function in timer mode of timer A.

Specifications
(1) Sound a 2-kHz buzz beep by use of timer AO.
(2) Effect pull-up in the relevant port by use of a pull-up resistor. When the buzzer is off, set the
port high-impedance, and stabilize the potential resulting from pulling up.
(3) Connect a 10-MHz oscillator to XIN.

Operation (1) The microcomputer begins performing a count on timer AO. Timer AO has disabled interrupts.
(2) The microcomputer begins pulse output by setting the pulse output function select bit to
“Pulse output effected”. P75 changes into TAOoUT pin and outputs 2-kHz pulses.
(3) The microcomputer stops outputting pulses by setting the pulse output function select bit to
“Pulse output not effected”. P75 goes to an input pin, and the output from the pin becomes
high-impedance.

(1) Start count (2) Buzzer output ON (3) Buzzer output OFF

Timer AO

overflow timing : !
v ; |

Count start flag J ! '
“0” H

Pulse output S
function select bit

ugr : High-impedance : :  High-impedance

Figure 3.4.1. Operation timing of buzzer output
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Initialization of timer AO
b7 b0
Timer AO mode register
|0 |O |0 |O |0 |0 |0 |0 TAOMR [Address 0396 16 ]
Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TAO out pin is a normal port pin)

Gate function select bit
b4 b3
0 0 : Gate function not available (TAO N pin is a normal port pin)

0 (Must always be “0” in timer mode)

Count source select bit

b7 b6 b7 be | Count Count source period

00:f1 | source | f(xi) : 10MHz f(XciN) : 32.768kHz
0.0 f1 100ns
01| 800ns
1 0 fa2 3.2us
111 | fea 976.564s

bis b8 b7 5 Timer AO register
0916 C416 | TAO [Address 038716, 038616]

b7 b0

|b7| [TTT1 |;0| Count start flag [Address 0380 16]
TABSR

Timer AO count start flag
1 : Starts counting

Initialization of port P7 direction register

|h7 | | 0 | | | | | bol Port P7 direction register [Address 03EF 16]
PD7

‘ Port P75 direction register
0 : Input mode

S —

Buzzer ON
b7 b0 i .
| | | | | | 1 | | | Timer AO mode register [Address 0396 16 ]
TAOMR
Pulse output function select bit
1: Pulse is output (Port P75 is TAOOUT output pin)
Buzzer OFF

|b7 | | | | | 0 | | bol Timer AO mode register [Address 0396 16 ]
TAOMR

Pulse output function select bit
0 : Pulse is not output

N/ N2 N

Figure 3.4.2. Set-up procedure of buzzer output
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3.5 Solution for External Interrupt Pins Shortage

Overview The following are solution for external interrupt pins shortage. Figure 3.5.1 shows the set-up
procedure.

Use the following peripheral function:
« Event counter mode of timer A

Specifications

(1) Inputting a falling edge to the TAOIN pin generates a timer AO interrupt.

Operation (1) Set timer AO to event counter mode, set timer to “0”, and set interrupt priority levels in timer AO.
(2) Inputting a falling edge to the TAOIN pin generates a timer AO interrupt.
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-

Initialization of timer AO

b7

b0
[ofofoofofofo]1]

Timer A0 mode register
TAOMR [Address 0396 16 ]

Selection of event counter mode

Pulse output function select bit
0 : Pulse is not output (TAO out pin is a normal port pin)

Count polarity select bit
0 : Counts external signal's falling edge

Up/down switching cause select bit
0 : Up/down flag's content

0 (Must always be “0” in event counter mode)

Count operation type select bit
0 : Reload type

0 (Must always be “0” in event counter mode)

pis bs b7 50 Timer AO register

| 0016 | 0016 | Th0 [Address 0387 16, 038616]
b7 b0

b7 b0

| | | | | | | | 0 | Up/down flag [Address 0384 16]

UDF

b7

Timer AO up/down flag
0 : Down count

HEEENE

Count start flag [Address 0380 16]
TABSR

Timer AO count start flag
1: Starts counting

Setting interrupt priority levels in timer AO

b0

| Timer AO interrupt control register [Address 0055 16]
TAOIC

I

Interrupt control level (set a value 1 to 7)

Initialization of port P7 direction register

| [o] |

b0

Port P7 direction register [Address 03EF 16]
PD7

Port P73 direction register
0 : Input mode

=
@

Setting interrupt enable flag (I flag)

N2 N N

Figure 3.5.1. Set-up procedure of solution for a shortage of external interrupt pins
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3.6 Memory to Memory DMA Transfer

Overview The following are steps for changing both source address and destination address to transfer
data from memory to another. The DMA transfer utilizes the workings that assign a higher priority
to the DMAO transfer if transfer requests simultaneously occur in two DMA channels. Figure
3.6.1 shows the operation timing, Figure 3.6.2 shows the block diagram, and Figures 3.6.3 and
3.6.4 show the set-up procedure.

Use the following peripheral functions:

* Timer mode of timer A

» Two DMAC channels

* One-byte temporary RAM (address 080016)

Specifications

(1) Transfer the content of memory extending over 128 bytes from address F800016 to a 128-
byte area starting from address 0040016. Transfer the content every time a timer AO interrupt
request occurs.

(2) Use DMAO for a transfer from the source to built-in memory, and DMAL1 for a transfer from
built-in memory to the destination.

Operation (1) Atimer A interrupt request occurs. Though both a DMAO transfer request and a DMA1 trans-
fer request occur simultaneously, the former is executed first.
(2) DMAQO receives a transfer request and transfers data from the source to the built-in memory.
At this time, the source address is incremented.
(3) Next, DMAL receives a transfer request and transfers data involved from built-in memory to
the destination. At this time, the destination address is incremented.

(1) Transfer request generation (3) Start DMAL transferring
: (2) Start DMAO transferring '
Timer AQ K '
transfer request  «qg” H
Source address Source address
Address bus X X F800016 X 080016 X 080016 X 0040016 X
Destination address Destination addréss

RD signal ok \ / LI g

WR signal

- L - -
Instruction cycle ' DMAO operation . DMA1 operation

Note 1: The DMAO operation and DMA1 operation are not necessarily executed in succession
due to the a cycle steal operation.

Note 2: The instruction cycle varies from instruction to instruction.

Note 3: Since the parts of the RD and WR signals shown in short-dash lines vary in step with
writing to the internal RAM, waveforms are not output to the RD and WR pins.

Figure 3.6.1. Operation timing of memory to memory DMA transfer
|
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Source area Destination area
F800016 > » F800016 content 0040016
» » F800116 content
» > F800216 content
F807F16 > Temporary RAM | > F807Fiscontent | 0047F1is
80016
Data transfer by DMAQ Data transfer by DMA1

Figure 3.6.2. Block diagram of memory to memory DMA transfer
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Initialization of DMAO

o DMAO request cause select register |>b7<|><| 0 | 1 | 1 | 0 | 1 | Tl DMAO control register

b0
[0 DXDXDX] o[ o] 1]0] pmost [address 038816] DMOCON [Address 002C 16]
L[

DMA request cause select bit Transfer unit bit select bit
b3 b2 b1 b0 1: 8 bits

0010:Timer A0 Repeat transfer mode select bit
1: Repeat transfer

Software DMA request bit DMA request bit
0 : Software is not generated 0: DMA not requested
DMA enable bit
1: Enabled
Source address direction select bit
1: Forward
Destination address direction
select bit
0 : Fixed
b23 b16b15 b8 b7 b0
| OF16 | 8016 | 0016 | DMAO source pointer SARO  [Address 002216, 002116, 002016]
b7 b0 b7 b0
b23 b16b15 b8 b7 b0
| 0016 | 0816 | 0016 | DMAO destination DARO  [Address 002616, 002516, 002416]
pointer
b7 b0 b7 b0
b15 b8 b7 b0
| 0016 | 7F16 | DMAO transfer counter ~TCRO  [Address 002916, 002816]
b7 b0

. /

e N

Initialization of DMA1
o 2 pmAo ¢ lect register [ 21 DMAL | regi
request cause select register control register
| 0 I><|><|><| 0 | 0 | 1 | 0 | DM1SL [Address 03BA16] |><|><| 1 | 0 | 1 | 0 | 1 | 1 | DM1CON [Address 003C 16]
DMA request cause select bit Transfer unit bit select bit
b3b2b1b0 1:8 bits
0010:Timer AO L—— Repeat transfer mode select bit
1: Repeat transfer
Software DMA request bit L DMA request bit
0 : Software is not generated 0 : DMA not requested
DMA enable bit
1: Enabled
Source address direction select bit
0 : Fixed
Destination address direction
select bit
1: Forward
b23 b16b15 b8 b7 b0
| 0016 | 0816 | 0016 | DMAL source pointer ~ SAR1 [Address 003216, 003116, 003016]
b7 b0 b7 b0
b23 b16 b15 b8 b7 b0
| 0016 | 0416 | 0016 | DmAL destination DARL [Address 003616, 003516, 003416]
b7 b0 b7 b0 pointer
b15 b8 b7 b0
| 0016 | 7F16 | DMAL1 transfer counter TCR1 [Address 003916, 003816]
b7 b0

Continued to the next page

Figure 3.6.3. Set-up procedure of memory to memory DMA transfer (1)
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Continued from the previous page

Initialization of timer AO

b7 b0 . .
[oTofoToTo o o o] Taowa Adiress 63561
Selection of timer mode

Pulse output function select bit
0 : Pulse is not output (TAOoUT pin is a normal port pin)

Gate function select bit
b4 b3
0 0: Gate function not available (TAOIN pin is a normal port pin)

0 (Must always be fixed to “0” in timer mode)

Count source select bit b73 bg| Count Count source period
%756 f“ 1 source | f(Xi) : 10MHz f(XciN) : 32.768kHz
: —_—P -
0.0 f1 100ns
0,1 f8 800ns
1:0 fa2 3.2us
1 3 1 fcaz 976.56s
b15 b8 b7 b0 X X
2716 OF16 | Timer AO register
= = TAO [Address 0387, 038616 ]
b7 bo
| | | | | | | 1| Count start flag [Address 038016]
TABSR

Timer AO count start flag
1 : Starts counting

Figure 3.6.4. Set-up procedure of memory to memory DMA transfer (2)
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3.7 Controlling Power Using Stop Mode

Overview The following are steps for controlling power using stop mode. Figure 3.7.1 shows the operation
timing, Figure 3.7.2 shows an example of circuit, and Figures 3.7.3 and 3.7.4 show the set-up
procedure.

Use the following peripheral functions:
« INT5S interrupt
» Stop mode

Specifications
(1) Use INT5 for the INT interrupt. Use the P85/INTS pin as an input pin.
(2) When a INT5 interrupt request occurs, the stop mode is cleared.

Operation (1) Enable INT5 interrupt and set the pull-up function to the P85 pin.
(2) Stop XIN to enter the stop mode. Enable INT5 interrupt at this time.
(3) When a INTS5 interrupt request occurs by falling edge input to the P8s pin, the stop mode is
cleared. Execute the return processing for the other interrupts, which are stopped, in the
INTS5 interrupt processing and others.

(1) Enter stop mode

(2) Clear stop mode

(3) Return processing

|

]

CPU clock I |‘||'||‘||‘||‘||'||‘||‘||'||'||‘||‘||‘||'||'||'||'||'|””””””””””””””””””””””””

-
Stop mode

INTS input

INTS interrupt processing

Figure 3.7.1. Operation timing of controlling power using stop mode
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Key input

i

-

P85/INT5

VREF

T

——

1/0O port

Figure 3.7.2. Example of circuit of controling power using stop mode
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Initial condition

b7 vo Pull-up control register 2
dd
DT T T TaT ] b= o=

P84 to P87 pulled high

b7

b0

[ 1]
.

Port P8 direction register
| [Address 03F216]
PD8

Set P8s to input port

Interrupt enable level (IPL) = 0
Interrupt enable flag (1) = 1

INT5 interrupt control register
[Address 004916]
INT5IC

b7 b0

XIX[o o] fofo]1]

Interrupt priority level select bit
Set higher value than the present IPL

————— Polarity select bit
0 : Selects falling edge

——— Reserved bit
Always set to “0”

Setting interrupt except stop mode cancel

Interrupt control register DMIIC(i=0, 1)  [Address 004B16, 004C16]

ADIC [Address 004E 16]
ASIOIC [Address 004F 16]
FLDIC [Address 005016]
SiTIC(i=0, 1)  [Address 005116, 005316]

SiRIC(i=0, 1)  [Address 005216, 005416]
50 TAIIC(i=0 to 4) [Address 005516 to 005916]
[Address 005A16 to 005C16]

b7
XXX}X.EE-E TBIIC(i=0 to 2)
- Interrupt priority level select bit

000 : Interrupt disabled

bo

b7

][ o INTIIC(i=0 to 4)  [Address 004716 to 004816]

k" .n n [Address 005D 16 to 005F 16]
Interrupt priority level select bit

000 : Interrupt disabled

——Reserved bit
Always set to “0”

Canceling protect

ST 2]

Protect register [Address 000A 16]
PRCR

(addresses 0006 16 and 0007 16)
1: Write-enabled

Enables writing to system clock control registers 0 and 1

Setting operation clock after returning from stop mode

(When operating with XN after returning)

bo System clock control register 0
| 0 | | | | | | [Address 0006 16]
CMO
Main clock (XIN-XouT) stop bit
On
—— System clock select bit
XIN, XouT

b7
[o]

As this register becomes setting mentioned above when
operating with XIN (count source of BCLK is X IN),
the user does not need to set it again.

(When operating with X CIN after returning)

po System clock control register 0
| | 1 | | | | | [Address 0006 16]
CMO
Port Xc select bit
XCIN-XCOuT generation
——— System clock select bit
XCIN, XcouT

b7
[1]

As this register becomes setting mentioned above when operating with X cIN
(count source of BCLK is X cIN), the user does not need to set it again.
When operating with XN, set port Xc select bit to “1” before setting system
clock select bit to “1". The both bits cannot be set at the same time.

All clocks off (stop mode)

b7

All clock stop control bit
1: All clocks off (stop mode)

Reserved bit
Always set to “0”

| 0 | 0 | ) | 0 |bi7 | ?ﬁiem clock control register 1 [Address 0007 16]

NOP instruction X 5

‘ INT5 interrupt request generation

g

e

Figure 3.7.3. Set-up procedure of controlling power using stop mode (1)
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< INT5 interrupt >

( Store the registers >

Returning interrupt except stop mode cancel

Interrupt control register DMIIC(i=0, 1) [Address 004B 16, 004C16]

ADIC [Address 004E 16]
ASIOIC [Address 004F16]
FLDIC [Address 005016]

SIiTIC(i=0, 1)  [Address 005116, 005316]
SIiRIC(i=0, 1)  [Address 005216, 005416]
b7 0 TAIIC(i=0 to 4) [Address 005516 to 005916]

DDA | | | |7sici=0to2) [address 005A16 to 005C14]

Interrupt priority level select bit
Set interrupt priority level of used interrupt to
these bits again
b7 b0
|><[><| 0 | | |o | 0 | 0 | INTIIC(i=0to 4) [Address 004716 to 004816]
[Address 005D 16 to 005F 16]

Interrupt priority level select bit

Set interrupt priority level of used

interrupt to these bits again

Always set to “0”

< Restore the registers )

< REIT instruction )

Figure 3.7.4. Set-up procedure of controlling power using stop mode (2)
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3.8 Controling Power Using Wait Mode

Overview The following are steps for controling power using wait mode. Figure 3.8.1 shows the operation
timing, and Figures 3.8.2 to 3.8.4 show the set-up procedure.
Use the following peripheral functions:
* Timer mode of timer B
» Wait mode
A flag named “F-WIT” is used in the set-up procedure. The purpose of this flag is to decide
whether or not to clear wait mode. If F_WIT = “1" in the main program, the wait mode is entered,;
if F_WIT =*“0", the wait mode is cleared.

Specifications
(1) Connect a 32.768-kHz oscillator to XCIN to serve as the timer count source. As interrupts
occur every one second, which is a count the timer reaches, the controller returns from wait
mode and count the clock using a program.
(2) Clear wait mode if a INTO interrupt request occurs.

Operation (1) Switch the system clock from XIN to XCIN to get low-speed mode.

(2) Stop XIN and enter wait mode. In this instance, enable the timer B2 interrupt and the INTO interrupt.

(3) When a timer B2 interrupt request occurs (at 1-second intervals), start supplying the BCLK
from XCIN.
At this time, count the clock within the routine that handles the timer B2 interrupts and enter
wait mode again.

(4) If a INTO interrupt occurs, start supplying the BCLK from XcIN. Start the XIN oscillation within
the INTO interrupt, and switch the BCLK count source to XIN after oscillation is stabilized.

(1) Shift to low-speed mode
(2) Stop XIN
(3) Timer B2 interrupt (4) INTo interrupt

Timer B overflow : I_I |_|

Timer B2 :

interrupt processing 3 1 I—|—|—|
“H

INTo o | {
BCLK |

High-speed ! ! : : b High-speed
Low-speebl 1 Low-speed ! ! Low-speed 1 Ljow-speejd

Figure 3.8.1. Operation timing of controling power using wait mode
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Main

Initial condition

TT]
—

b7
[o] [o]1]

CMO

Port Xc select bit

Main clock (XIN-XouT) stop bit
0 : Oscillating

System clock select bit
0 : XIN-XouT

b7

HENN

bo
| |O|O| TB2MR

Operation mode select bit
bl b0
0 0: Timer mode

Count source select bit
b7 b6

b15 b8 b7 b0
| 0316 | FF16 |

[ DXDIXIXIXIXIX

b0

b7
Iﬂlllllll

CPSRF
Rrescaler is reset

TABSR
TB2 start counting

b7

XIXIXIXY]

b0
[olofa] rezic
TB2 interrupt priority level

b7

XIX[o] |

b0
[oo]1] \Ntoic

INTO interrupt priority level

Interrupt priority level (IPL) =0
Interrupt enable flag (1) = 1

-

System clock control register O [Address 0006 16]

WAIT state internal clock stop bit
XCIN-XcouT drive capacity select bit

1 : Functions as X CIN-XcouT oscillator

Main clock divide ratio select bit 0

Timer B2 mode register [Address 039D 16]

11 :fc32 (f(XcIn) divided by 32)

Timer B2 register [Address 0395 16, 039416]
TB2

Clock prescaler reset flag [Address 0381 16]

Count start flag [Address 0380 16]

Timer B2 interrupt control register [Address 005C 16]

INTO interrupt control register [Address 005D 16]

Setting interrupt except clearing wait mode

Interrupt control register

b7 bo

LL [ [ fofo]o]

Interrupt priority level select bit
b2 b1 b0
00 0 : Interrupt disabled

.

DMIIC (i=0, 1)
ADIC

ASIOIC

FLDIC

[Address 004B 16, 004C16]
[Address 004E 16]

[Address 004F 16]

[Address 005016]

SITIC (i=0,1) [Address 005116, 005316]
SiRIC (i=0,1) [Address 005216, 005416]
TAIIC (i=0to 4) [Address 005516 to 005916]
TBIIC (i=0to 2) [Address 005A16 to 005C16]
INTIIC (i =1 to 5) [Address 004716 to 004916]
[Address 005E 16, 005F16]

Continued to the next page

Figure 3.8.2. Set-up procedure of controlling power using wait mode (1)
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Continued from the previous page

Canceling protect

o7 % Pprotect register [Address 000A 16]
DI [1] prer
Enables writing to system clock control registers 0 and 1 (address 0006 16 and 0007 16)
\\ 1 : write-enabled

%

Switching system clock

b7
|‘1|||||||

b0

| System clock control register 0 [Address 0006 16]
CMO0

System clock select bit
1 : XcIN-XcouT

Stopping main clock
|b7 | | 1 | | | | | | System clock control register 0 [Address 0006 16]
CMO0

\—Main clock (XIN-XouT) stop bit

1: Off

[F_V\;IT] =1

WAIT instruction

NOP instruction X 5

INTO interrupt request generated

7

TB2 interrupt request generated

Starting main clock oscillator

b7

System clock control register 0 [Address 0006 16]

LLTol TTTT T &
\—Main clock (XIN-XouT) stop bit
0:0n

Wait until the main clock has stabilized

C

N

Switching system clock
|b(; | | | | | | | bol System clock control register 0 [Address 0006 16]
CMO

‘ System clock select bit
0 : XIN-XouT

<lllll

Figure 3.8.3. Set-up procedure of controlling power using wait mode (2)
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< INTO interrupt > < Timer B2 interrupt >

Store the registers Store the registers
[F_WiT] =0 Countiig clock
Restore trie registers Restore thje registers
< REIT inEstruction > < REIT initruction >

Figure 3.8.4. Set-up procedure of controlling power using wait mode (3)

415



Mitsubishi microcomputers

M30218 Grou

Controlling Power Applications SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE
.}

This page kept blank for layout purposes.

416



Chapter 4

Interrupt



Mitsubishi microcomputers

M30218 Grou
lnterrupt SINGLE-CHIP 16-BIT CMOS MICROCOMPUTE

4.1 Overview of Interrupt

4.1.1 Type of Interrupts
Figure 4.1.1 lists the types of interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

Software

Interrupt
Reset

DBC

Watchdog timer
Single step
Address matched

[]Special
[]
[]

[l
[]Peripheral I/O (Note)

N o o o

Hardware

N o o

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

Figure 4.1.1. Classification of interrupts

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

flag (I flag) or whose interrupt priority cannot be changed by priority level.
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4.1.2 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 assiging one of software interrupt numbers 0 through 63 and executing
the INT instruction. Software interrupt numbers 0 through 31 are assigned to peripheral I/O interrupts,
so executing the INT instruction allows executing the same interrupt routine that a peripheral 1/0
interrupt does.
The stack pointer (SP) used for the INT interrupt is dependent on which software interrupt number is
involved.
So far as software interrupt numbers 0 through 31 are concerned, the microcomputer saves the stack
pointer assignment flag (U flag) when it accepts an interrupt request. If change the U flag to “0” and
select the interrupt stack pointer (ISP), and then execute an interrupt sequence. When returning from
the interrupt routine, the U flag is returned to the state it was before the acceptance of interrupt re-
guest. So far as software numbers 32 through 63 are concerned, the stack pointer does not make a
shift.
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4.1.3 Hardware Interrupts
Hardware interrupts are classified into two types — special interrupts and peripheral 1/O interrupts.
(1) Special interrupts

Special interrupts are non-maskable interrupts.

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

« 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 “1”, a single-step interrupt occurs after one instruction is executed.

» Address match interrupt
An address match interrupt occurs immediately before the instruction held in the address indicated by
the address match interrupt register is executed with the address match interrupt enable bit set to “1”.
If an address other than the first address of the instruction in the address match interrupt register is set,
no address match interrupt occurs. For address match interrupt, see 2.13 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.
* DMAQO interrupt, DMAL interrupt
These are interrupts DMA generates.
 A-D conversion interrupt
This is an interrupt that the A-D converter generates.
* UARTO and UART1 transmission interrupt
These are interrupts that the serial I/O transmission generates.
* UARTO and UART1 reception interrupt
These are interrupts that the serial I/O reception generates.
* SI/O automatic transfer interrupt
This is an interrupt that the SI/O automatic transfer generates.
* FLD interrupt
This is an interrupt that FLD generates.
 Timer AQ interrupt through timer A4 interrupt
These are interrupts that timer A generates.
 Timer BO interrupt through timer B2 interrupt
These are interrupts that timer B generates.
« INTO interrupt through INT5 interrupt
An INT interrupt occurs if either a rising edge or a falling edge is input to the INT pin.
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4.1.4 Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt
vector table. Set the first address of the interrupt routine in each vector table. 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.

 Fixed vector tables

The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFDC16 to FFFFF16. One vector table comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 4.1.1 shows the interrupts assigned to the fixed vector
tables and addresses of vector tables.

Table 4.1.1. 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

FFFDC1i6 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
- FFFF816 to FFFFB16 | -
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 4.1.2 shows the
interrupts assigned to the variable vector tables and addresses of vector tables.

Table 4.1.2. Interrupts assigned to the variable vector tables and addresses of vector tables

Software interrupt number

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

Interrupt source

Remarks

Software interrupt number 0

+0 to +3 (Note)

BRK instruction

Cannot be masked | flag

INT3

Software interrupt number 7 +28 to +31 (Note)

Software interrupt number 8 +32 to +35 (Note) INT4
Software interrupt number 9 +36 to +39 (Note) INT5
Software interrupt number 11 +44 to +47 (Note) DMAO
Software interrupt number 12 +48 to +51 (Note) DMA1
Software interrupt number 14 +56 to +59 (Note) A-D

Software interrupt number 15

+60 to +63 (Note)

SI/O automatic transfer

Software interrupt number 16

+64 to +67 (Note)

FLD

Software interrupt number 17

+68 to +71 (Note)

UARTO transmit

Software interrupt number 18

+72 to +75 (Note)

UARTO receive

Software interrupt number 19

+76 to +79 (Note)

UART1 transmit

Software interrupt number 20

+80 to +83 (Note)

UART1 receive

Software interrupt number 21 +84 to +87 (Note) Timer AO
Software interrupt number 22 +88 to +91 (Note) Timer A1
Software interrupt number 23 +92 to +95 (Note) Timer A2
Software interrupt number 24 +96 to +99 (Note) Timer A3
Software interrupt number 25 +100 to +103 (Note) Timer A4
Software interrupt number 26 +104 to +107 (Note) Timer BO
Software interrupt number 27 +108 to +111 (Note) Timer B1
Software interrupt number 28 +112 to +115 (Note) Timer B2
Software interrupt number 29 +116 to +119 (Note) m

Software interrupt number 30 +120 to +123 (Note) W‘I’l

Software interrupt number 31 +124 to +127 (Note) W‘rz

Software interrupt number 32

to
Software interrupt number 63

+128 to +131 (Note)

to
+252 to +255 (Note)

Software interrupt

Cannot be masked | flag

Note : Address relative to address in interrupt table register (INTB).
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4.2 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 non-maskable interrupt using the interrupt enable flag (I flag), interrupt priority level
selection 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 4.2.1 shows the memory map of the interrupt control registers, and Figure 4.2.2 shows the interrupt
control registers.

004716 | INT3 interrupt control register (INT3IC)
004816 | INT4 interrupt control register (INT4IC)
004916 | INT5 interrupt control register (INT5IC)
004A16
004B1s | DMAO interrupt control register (DMOIC)
004C16 | DMAL interrupt control register (DM1IC)
004D1s
004E1s | A-D conversion interrupt control register (ADIC)
004F16 | SI/O2 transmit interrupt control register (ASIOIC)
005016 | FLD interrupt control register (FLDIC)

005116 | UARTO transmit interrupt control register (SOTIC)
005216 | UARTO receive interrupt control register (SORIC)
005316 | UARTL transmit interrupt control regster(S1TIC)
005416 | UARTL1 receive interrupt control register(S1RIC)
005516 | Timer AO interrupt control register (TAOIC)

005616 | Timer Al interrupt control register (TALIC)

005716 | Timer A2 interrupt control register (TA2IC)

005816 | Timer A3 interrupt control register (TA3IC)

005916 | Timer A4 interrupt control register (TA4IC)

005A16 | Timer BO interrupt control register (TBOIC)
005B16 | Timer B1 interrupt control register (TB1IC)
005c1s| Timer B2 interrupt control register (TB2IC)
005D16| INTO interrupt control register (INTOIC)

005E16 | INT1 interrupt control register (INT1IC)

005k1s | INT2 interrupt control register (INT2IC)

Figure 4.2.1. Memory map of the interrupt control registers
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Interrupt control register(Note2)
Symbol Address When reset
DMiIC(i=0, 1) 004B16 to 004C16 XXXXX0002
ADIC 004E1s XXXXX0002
ASIOIC 004F16 XXXXX0002
FLDIC 005016 XXXXX0002
SIiTIC(i=0, 1) 005116, 005316 XXXXX0002
b7 b6 bS5 b4 b3 b2 bl b0 SIRIC(i=0, 1) 005216, 005416 XXXXX0002
TAIIC(i=0 to 4) 005516 to 005916 XXXXX0002
A TBIIC(i=0 to 2) 005A16 to 005C16 XXXXX0002
Bit symbol Bit name Function R W
e ILVLO Interrupt priority level |
select bit b2 b1b0 ) . o: 0
T A 000: Level O (interrupt disabled) :
A 001: Levell ;
oo ] ILvL1 010: Level2 |
P 011: Level3 ©.©°
R 100: Level 4 :
R ILVL2 101: Level5 3
oo 110: Level 6 SIS
Vo 111: Level7 '
e IR Interrupt request bit 0: Interrupt not requested (@) (@)
1: Interrupt requested | (Note1)
R I Nothing is assigned.
In an attempt to write to these bits, write “0”. The value, if read, turns out to - T
be indeterminate.

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

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
0 | | | | | | INTIIC(i=0 to 5) 005D16 to 005F16  XX00X0002
— o T T T T 004716 to 004916
P 4| Bit symbol Bit name Function R W
T T A R ILVLO Interrupt priority level i
' ' ' 1 1 ' ' . b2 bl b0 !
E i E E E i E select bit 000 : Level O (interrupt disabled) © ©
I 001:Levell }
S T T R - ILVLL 010: Level 2 |
oo 011:Level3 0.0
oo 100: Level 4 1
O ILVL2 101:Level5 |
o 110:Level6 6.0
oo 111:Level7 |
[ IR Interrupt request bit 0: Interrupt not requested o! 0
oo 1: Interrupt requested 1 (Note1)
S S POL Polarity select bit 0 : Selects falling edge o o
o 1: Selects rising edge !
Pl e Reserved bit Always set to “0” 00
] Nothing is assigned. o
In an attempt to write to these bits, write “0”. The value, if read, turns out to
be indeterminate. ;

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

Note 2: To rewrite the interrupt control register, do so at a point that dose not
generate the interrupt request for that register. For details, see the
precautions for interrupts.

Figure 4.2.2. Interrupt control registers
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4.2.1 Interrupt Enable 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.
The content is changed when the | flag is changed causes the acceptance of the interrupt request in the
following timing:
* When changing the | flag using the REIT instruction, the acceptance of the interrupt takes
effect as the REIT instruction is executed.
» When changing the | flag using one of the FCLR, FSET, POPC, and LDC instructions, the
acceptance of the interrupt is effective as the next instruction is executed.

When changed by REIT instruction
Determination whether or not to

Interrupt request generated accept interrupt request
{; — Time
_Previous REIT Interrupt sequence
instruction

(If I flag is changed from 0 to 1 by REIT instruction)

When changed by FCLR, FSET, POPC, or LDC instruction
Determination whether or not to

Interrupt request generated accept interrupt request
@ — Time
Previ(;u-s- --------- . .
instruction FSET I Next instruction Interrupt sequence S

(If | flag is changed from O to 1 by FSET instruction)

Figure 4.2.3. The timing of reflecting the change in the | flag to the interrupt

4.2.2 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").
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4.2.3 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 4.2.1 shows the settings of interrupt priority levels and Table 4.2.2 shows the interrupt levels en-
abled, 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 4.2.1. Settings of interrupt priority levels Table 4.2.2. Interrupt levels enabled according

I?et\e/;rlueretlggf)tr)iitty Interrtljep\}eﬁriority P()r:greitry IPL Enabled interrupt priority levels
b2 bl bo IPL2 IPL1 IPLo
0 0 O Level O (interrupt disabled) _ 0 0 O Interrupt levels 1 and above are enabled
0 0 1 Level 1 Low 0 0 1 Interrupt levels 2 and above are enabled
01 0 Level 2 0 1 0 Interrupt levels 3 and above are enabled
01 1 Level 3 011 Interrupt levels 4 and above are enabled
1 00 Level 4 1 00 Interrupt levels 5 and above are enabled
1 0 1 Level 5 1 01 Interrupt levels 6 and above are enabled
1 10 Level 6 V 110 Interrupt levels 7 and above are enabled
1 11 Level 7 High 1 11 All maskable interrupts are disabled

When either the IPL or the interrupt priority level is changed, the new level is reflected to the interrupt in
the following timing:

» When changing the IPL using the REIT instruction, the reflection takes effect as of the instruction
that is executed in 2 clock cycles after the last clock cycle in volved in the REIT instruction.

» When changing the IPL using either the POPC, LDC or LDIPL instruction, the reflection takes
effect as of the instruction that is executed in 3 cycles after the last clock cycle involved in the
instruction used.

* When changing the interrupt priority level using the MOV or similar instruction, the reflection takes
effect as of the instruction that is executed in 2 clock cycles after the last clock cycle involved in
the instruction used.
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4.2.4 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 ;
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 ;
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 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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4.3 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 1) 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.

4.3.1 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 4.3.1 shows the interrupt response time.

Interrupt request generated Interrupt request acknowledged

i o

Instruction in S

Instruction Interrupt sequence . .
S ptseq interrupt routine

(b)

_— o
] P

@

B

—
-}

Interrupt response time

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

Figure 4.3.1. 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 4.3.1.

Table 4.3.1. Time required for executing the interrupt sequence

Interrupt vector address | Stack pointer (SP) value 16-Bit bus, without wait 8-Bit bus, without wait
Even Even 18 cycles (Note 1) 20 cycles (Note 1)
Even Odd 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Even 19 cycles (Note 1) 20 cycles (Note 1)
Odd (Note 2) Odd 20 cycles (Note 1) 20 cycles (Note 1)

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

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

R A A I S B O

>< Address ><
0000

Data bus Interrupt
information

" L)
! .

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

BCLK

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

; SP-2 SP-4 vec vec+2
Indeterminate ><contents Xcontents ><contents >< contents ><

U

Indeterminate

Indeterminate y

Figure 4.3.2. Time required for executing the interrupt sequence

4.3.2 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 4.3.2 is set in the IPL.

Table 4.3.2. Relationship between interrupts without interrupt priority levels and IPL

Interrupt sources without priority levels

Value set in the IPL

Watchdog timer 7
Reset 0
Other Not changed
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4.3.3 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 4.3.3 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 Stack area Address Stack area
MSB LSB MSB LSB
[SP]
m-4 m-4|  Program counter (PC.)  |=a——New stack

pointer value

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

Flag register Program
m-1 m-1
(SP] ' (FLGH) counter (PCh)
m Content of previous stack |-a—— \?;?Jg t;))gfl(r;:gr m Content of previous stack
interrupt occurs
m+ 1| Content of previous stack m+ 1| Content of previous stack
Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Figure 4.3.3. State of stack before and after acceptance of interrupt request
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the
content of the stack pointer, at the time of acceptance of an interrupt request, is even or odd. If the
content of the stack pointer (Note) is even, the content of the flag register (FLG) and the content of the
program counter (PC) are saved, 16 bits at a time. If odd, their contents are saved in two steps, 8 bits at
a time. Figure 4.3.4 shows the operation of the saving registers.
Note: Stack pointer indicated by U flag.

Address

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

[SP] (Even)

Address

[SP] - 5 (Even)
[SP] - 4(0dd)
[SP] - 3 (Even)
[SP] - 2(Odd)
[SP] - 1 (Even)

[SP]  (Odd)

Stack area

(1) Stack pointer (SP) contains even number

Sequence in which order
registers are saved

Program counter (PCv)

(2) Saved simultaneously,

Program counter (PCw)

all 16 bits

Flag register (FLGL)

(1) Saved simultaneously,

Flag register
(FLGH)

Program
counter (PCr)

M
-

all 16 bits

Finished saving registers

Stack area

in two operations.

(2) Stack pointer (SP) contains odd number

Sequence in which order
registers are saved

Program counter (PCL)

Program counter (PCw)

Flag register (FLGL)

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

Program
counter (PCr)

Flag register
(FLGH)

~-—(2)

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 4.3.4. Operation of saving registers
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4.4 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.

4.5 Interrupt Priority
If there are two or more interrupt requests occurring at a point in time within a single sampling (checking
whether interrupt requests are made), the interrupt assigned a higher priority is accepted.
Assign an arbitrary priority to maskable interrupts (peripheral I/O interrupts) using the interrupt priority level
select bit. If the same interrupt priority level is assigned, however, the interrupt assigned a higher hardware
priority is accepted (see Figure 4.5.1).
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 4.5.2 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.
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.......................................

| Timer B2 |

| Timer BO |

| Timer A3 |

| Timer A1 |

| e |

| i |

| INTo I

| Timer B1 |

| Timer A4 |

| Timer A2 |

| INTS | Priority of peripheral I/O interrupts
' : (if priority levels are same)

| e |

| UART]1 reception |

| UARTO reception |

| FLD |

: | A-D conversion |

| ——

| Timer AO |

| UART1 transmission |

| UARTO transmission |

| SI/02 automatic transfer |

[ DMAO | Y Low

Figure 4.5.1. Maskable interrupts priorities (peripheral 1/O interrupts)

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

Figure 4.5.2. Hardware interrupts priorities
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4.6 Multiple Interrupts
The state when control branched to an interrupt routine is described below:

- The interrupt enable flag (I flag) is set to “0” (the interrupt is disabled).

- The interrupt request bit of the accepted interrupt is set to “0”.

- The processor interrupt priority level (IPL) is assigned to the same interrupt priority level as assigned to
the accepted interrupt.

Setting the interrupt enable flag (I flag) to “1” within an interrupt routine allows an interrupt request assigned
a priority higher than the IPL to be accepted. Figure 4.6.1 shows the scheme of multiple interrupts.

An interrupt request that is not accepted because of low priority will be held. If the condition following is met
when the REIT instruction returns the IPL and the interrupt priority is determined, then the interrupt request
being held is accepted.

Interrupt priority level of the interrupt request being held > Returned the IPL
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Interrupt request .
generated Nesting ———*
Time | (Reset )—f~(Hamrouine )

Interrupt 1

0

Interrupt priority level = 3

Interrupt 2

L

Interrupt priority level = 5

Interrupt 3 —p

D

Interrupt priority level = 2

: <—— Main routine instructions

Multiple interrupts

Not acknowledged because
of low interrupt priority

are not executed.

. Interrupt enable flag

: Processor interrupt priority level
: Automatically executed.

: Be sure to set in software.

Figure 4.6.1. Multiple interrupts
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4.7 Precautions for Interrupts

(1) Reading address 00000 16
» 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.
(3) 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 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”. Figure 4.7.1 shows the procedure for
changing the INT interrupt generate factor.

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

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

C Clear the interrupt request bit to “0”

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

(Enable interrupt)

)
)
( Set the polaiity select bit )
)
)
)

( Set the interrupt enable flag to “1”

Figure 4.7.1. Switching condition of INT interrupt request
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(4) 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 ;
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 ;
FCLR | ; Disable interrupts.
AND.B  #00h, 0055h ; Clear TAOQIC int. priority level and int. request bit.
POPC FLG ; Enable interrupts.

The reason why two NOP instructions 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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This page kept blank for layout purposes.
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5.1 Standard DC Characteristics
The standard characteristics given in this section are examples of M30218MC-XXXXFP. The contents of
these examples cannot be guaranteed. For standardized values, see “Electric characteristics”.

5.1.1 Standard Ports Characteristics

Figures 5.1.1 through 5.1.6 show the standard ports characteristics.
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CMQOS ports
Vcc=5V
-50
—_ Ta= -20°C
< —
E
I — o
T s I e e S Ta=25°C
—
Ta=90°C — 2
0 1 2 3 4 5
VOH [V]
Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.1. 10H - VOH standard characteristics of ports P4 4 to P47, P7 to P10 (Vcc =5V)

CMOS ports
P Vee =5V
50
E Ta=25°C Ta= -20°C
§ 25 \/
I
Ta=90 °C
Y
0 1 2 3 4 5

VoL [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.2. loL - VoL standard characteristics of ports P4 4 to P47, P7 to P10 (Vcc =5V)
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Vcc =3V

CMQOS ports
-20
Ta= —20°C Ta=257C
a —
E  _10 \\\\
o — —
= L Ta=90°C — N
0 1.5 3
VOH [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.

Refer to section “Electrical characteristics” for rated values.

Figure 5.1.3. | OH - VoOH standard characteristics of ports P4

410 P47, P7 to P10 (Vcc = 3V)

CMOS ports Vee =3V

-20
Z‘ Ta=25°C Ta= -20°C
é —
S >
- -10 it — |

— | Ta=90°C
0 15 3
VoL [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.

Refer to section “Electrical characteristics” for rated values.

Figure 5.1.4. 1oL - VoL standard characteristics of ports P4
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High-breakdown-voltage ports

Vcc=5V
~100 d
\\\\:\
\\\i\
\\i§\ Ta= —20°C

T Ta =90 °C \\\\\ .
z 3
} NN

\\\

o
=
N
w
IN
o

VOoH [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.5. 10H - VoH standard characteristics of ports PO to P3, P4  oto P43, P5, P6 (Vcc =5V)

High-breakdown-voltage ports

Vcc =3V
S
|
\\\;\ Ta=25°C

_ AN
3 25 \\
5 Ta=90°C \\\

N

AN
0 15 3

VOH [V]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.1.6. 1oL - VoL standard characteristics of ports PO to P3, P4  o0to P43, P5, P6 (Vcc = 3V)
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5.1.2 Characteristics of I cc-f(XIN)
Figures 5.1.7 and 5.1.8 show the Characteristics of Icc-f(XIN).

* Measurement conditions :
Vce =5V, Ta = 25°C, f(XIN) : square waveform input, single-chip mode
When access to ROM and RAM

* Register setting condition

>|\§IIN' - XIOU; gzive c):ztpaci)ty selet;?t bit = é Egl();H)

ain cloc IN - XOUT) stop bit ="0"(On _

”e | | Vcc =5V
: ——  XiN/1
| —B— xwi2

20 = —&— XiN/4

- —O— XIN/8

—A—  XIN/16

< I
é I
18} B |
o |
10 A VAR . S A
-
I 3
S5 i AT AT £)------------ -
B |
Oy | L1 | i 11 1 i L1 | i [ i L1 |
0 2 4 6 8 10 12

f(XIN) [MHz]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figures 5.1.7. Characteristics of I cc-f(XIN) (Vcc =5V)
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* Measurement conditions :

When access to ROM and RAM

* Register setting condition
XIN - XouT drive capacity select bit
Main clock (XIN - XouT) stop bit

Vce = 3V, Ta = 25°C, f(XIN) : square waveform input, single-chip mode

“1” (HIGH)
“0” (On)

Icc [mA]

Vcc =3V
20 ; ;
—— XN | |
- —H=— Xin/2 ! !
B —— XIN/4
s 4 R L ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ¢ ,,,,,,,,,,,,,,,
—O5— XiIN/8 ‘ ‘
L —A— XIN/16

6
f(XIN) [MHz]

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figures 5.1.8. Characteristics of |

cc-f(XIN) (Vcc = 3V)
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5.2 Standard Characteristics of A-D Converter
The standard characteristics given in this section are an example of M30218MC-XXXXFP. The contents
of these examples cannot be guaranteed. For standardize values, see “Electric characteristics”.
Figures 5.2.1 and 5.2.2 show the standard characteristics of the A-D converter.
The line on the top side of the graph represents absolute errors.
The line on the bottom side of the graph represents the width of input voltage bearing the equal output code.

Measurement conditions (V cc =5.12V, VREF = 5.12V, f(XIN) = 10MHz, Ta’C)

M30218MC with sample & hold, 10 bit characteristics of A-D conversion

AVcce = Vcee = Vref =5.12 V

1LSB=5mV
@D = XIN =10 MHz
3.0 3.0
2.0 2.0
s L0 e TR LT ! g 4 1.0
[an] L
n
=
S .
@ 0.0 , LR 0.0
]
=
(@]
%)
<
-1.0 Hy t -1.0
2.0 I = Absolute error [LSB] (without a quantization error) 20
—— Differential non-linearity error [LSB]
-3.0 . . . L -3.0

0 256 512 768 1024
A-D conversion output code

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.2.1. Standard characteristics of the A-D converter
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Measurement conditions (V cc = 3.072V, VREF = 3.072V, f(XIN) = 3.5MHz, Ta = 25°C)

M30218MC 8 bit, characteristics of A-D conversion
AVcce = Ve = Vref = 3.072V

1LSB=12mV
@D = XIN/2, XIN = 3.5 MHz
2.0 2.0
15 [ 115
N } M M‘ﬂ‘ '\A'nv:\‘ﬁ';'hn \BvA ] 1.0
0 05 1 o5
2 :
S L ]
5 00 I Maarhan A anth. Aadandn A AR AR A AcA A A AR AA A Ak Ao M n MMV 0.0
. \JVVVVV' VWYY W W Ve Ui vy "v‘vv' vy 'Aad's w Vyouv V\IV' NN WYY VT
Q
= I ]
2 [ ]
_2 05 0.5
.0 L 10
[ —— Absolute error [LSB] (without a quantization error) | ]
-15 . . . . -4 -1.5
L ——— Differential non-linearity error [LSB] i
20 L \ \ i \ i \ 1 20
0 64 128 192 256

A-D conversion output code

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.2.2. Standard characteristics of the A-D converter
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5.3 Standard Characteristics of D-A Converter
The standard characteristics given in this section are an example of M30218MC-XXXXFP. The contents of
these examples cannot be guaranteed. For standardized values, see “Electric characteristics”.
Figures 5.3.1 and 5.3.2 show the standard characteristics of the D-A converter.
The line on the bottom side of the graph represents absolute errors. This indicates the difference between
the measurement and the ideal analog value corresponding to the input code.

The line on the top side of the graph represents the variation width of analog output value corresponding to
1-bit variation in the input code.
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Measurement conditions (V cc =5.12V, VREF = 5.12V, f(XIN) = 10MHz, Ta = 25°C)

M30218MC 8 bit, characteristics of D-A conversion

AVcc = Vcece = Vref = 5.12V
1LSB = 20mV

XIN =10 MHz
30 30

20 20

. V\/V\VM'MVMMM,M\A,M'MMM‘/V\VN\MV\MMW/V\WAANV\WM,M/W\/\V/\AV o

-20

Absolute accuracy [mV]
o
o

-20

— Absolute accuracy [mV]
—— 1LSB WIDTH = 20mV

-30 i -30
0 32 64 96 128
D-A input code

30 30

20 20

1o Ao AA W S A Y |

Absolute accuracy [mV]
o

MM A AA 0
WA Al VO T el PR I
-10 -10
-20 -20
-30 -30
128 160 192 224 256

D-A input code

Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.3.1. Characteristics of the D-A converter

449



Standard Characteristics

Measurement conditions (V cc = 3.072V, VREF = 3.072V, f(XIN) = 3.5MHz, Ta = 25°C)
M30218FC/MC 8 bit, characteristics of D-A conversion
AVcc = Vce = Vref = 3.072V
1LSB = 12mV
XIN = 3.5 MHz
50
40 1 40
30 4 30
S 20 7!\ MMM A MAANSAA A AN LA AAAADAALIA 2a A M AR AAAA I\Ai 20
E VVVVVVVVV'V'VV 'VVVVVVVVVVV‘V‘ VV'VVVVV"V \I"VV VV"V"V'VVVVV"VV\Z
g 10 110
5
S o 10
@ |
g -10
1) L
2 MMM/VWM
< .20 P, V
-30 —— Absolute accuracy [mv] | 130
40 —— 1LSBWIDTH=20mV  |... 1 .40
-50 -50
0 32 64 96 128
D-A input code
50 50
40 40
30 } 30
— AAA’\AAAAAAAAAA/\AAAAAAMAAAAAA/ AALANAAAN AA NAAA A A MAA A |
E 20 M VVV"‘VVV WM AR va WML PARAA PSR- 20
& 10 10
o I i
3 o !«\M% A 1 Yool B
©
o M W./W \ [N |
5 -10 -10
o
3 i
< -20 -20
-30 -30
-40 -40
-50 -50
128 160 192 224 256
D-A input code
Note: Data described here are characteristic examples. The data values are not guaranteed.
Refer to section “Electrical characteristics” for rated values.

Figure 5.3.2. Characteristics of the D-A converter
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5.4 Standard Characteristics of Pull-Up Resistor

Figure 5.4.1 shows an example of the standard characteristics of the pull-up resistor.

-200.0

-160.0
i Vec=5V
< -100.0 — <‘

-40.0

Vec=3V i
0 1.0 2.0 3.0 4.0 5.0
Vi (V)
Note: Data described here are characteristic examples. The data values are not guaranteed.
Figure 5.4.1. Example of the standard characteristics of the pull-up resistor

|
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