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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 or circuit application examples contained in these materials.

e All information contained in these materials, including product data, diagrams
and charts, represent 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.

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 |f 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
Semiconductor product distributor for further details on these materials or the
products contained therein.
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Preface

This user’'s manual describes Mitsubishi's CMOS
8-bit microcomputers 7630 Group.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 7630 Group, and should be able to fully utilize
the product. The manual starts with specifications
and ends with application examples.

For details of software, refer to the “SERIES MELPS
7600 <SOFTWARE> USER’'S MANUAL.”

For details of development support tools, refer to the
“DEVELOPMENT SUPPORT TOOLS FOR
MICROCOMPUTERS” data book.



BEFORE USING THIS USER'S MANUAL

This user’s manual consists of the following three chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development. Chapter 3 also includes necessary information for
systems denelopment. Be sure to refer to this chapter.

1. Organization

e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer and operation of each peripheral function.

e CHAPTER 2 APPLICATION
This chapter describes usage and application examples of peripheral functions, based mainly on
setting examples of related registers.

e CHAPTER 3 APPENDIX
This chapter includes necessary information for systems development using the microcomputer, electric
characteristics, a list of registers, the masking confirmation (mask ROM version), and mark specifications
which are to be submitted when ordering.

2. Structure of register
The figure of each register structure describes its functions, contents at reset, and attributes as follows :

(Note 2)
Bit attributes

Bits
(Note 1)

CPU mode register Contents immediately after reset release

b7 b6 b5 b4 b3 b2 bl bo

-:- CPU mode register (CPUM) [Address : 000016]

I I I
| | | | | | | |
: : : : } } } } B Name Function Q\t rese) (R V\D
(T B B - —
L0111 L o |Processor mode bits 00 : Single chip mode 0 |O|O
S T A - 0 1 : Not available
[ 1 1 0: Not available o |olo
A 11 : Not available
: : : : } L 777777 5 Stack page selection bit 0:Inpage 0 1 olo
: : : : } 1:Inpagel
: : : : R | 3 | Not used (“0” when read, don't write “1".) 0 OlX
| | | L 4 0 olx
| | | —
Lo T 5 0 |O|X
e 6 Internal clock selection bit 0 : f(Xin)/2 (high-speed mode) 1 lolo
| 1 : f(XIN)/8 (middle-speed mode)
b 7 | Not used (“0” when read, don't write “1".) 0 |O|IX

. : Bit in which nothing is arranged

Note 1: Contents immediately after reset release
0 eeeeee “0” at reset release
1 eeeeee “1” at reset release
undefined seeeee Undefined at reset release
[J eseses Contents determined by option at reset release
Note 2: Bit attributes seeeee The attributes of control register bits are classified into 3 types : read-only, write-only
and read and write. In the figure, these attributes are represented as follows:
R eeeeee Read W eeeeee \\/rite
O eeesee Read enabled O eeeeee Write enabled
X essses Read disabled X esseee Write disabled
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HARDWARE

DESCRIPTION
DESCRIPTION ® Interrupts ................. L 24 sources, 24 vectors
® Timers
The 7630 group is a single chip 8-bit microcomputer designed with 16-Dit TIMEIS . o o o oo oo oo 2 channels
CMOS silicon gate technology. 8-bit TIMers ..o 3 channels
Being equipped with a CAN (Controller Area Network) module circuit, ® Serial I/Os
the microcomputer is suited to drive automotive equipments. The ClOCK SYNCAIONOUS . .« .+« v v e 1 channel
CAN module complies with CAN specification version 2.0, part B and UART o o o o oo 1 channel
allows priority-based message management. ® CAN module
In addition to the microcomputers simple instruction set, the ROM, (CAN specification version 2.0, partB) ........... 1 channel
RAM and I/O addresses are placed in the same memory map to ® A-DCONVeHer. ... ... ... 8-bits x 8 channels
enable easy programming. ® Watchdogtimer ........... ... i 1
The built-in ROM is available as mask ROM or One Tlme PROM. For ® Clock Generating CirCUit . . ... ..o ooeeeeee . 1
development purposes, emulator- and EPROM-type microcomputers Built-in with internal feedback resistor
are available as well. e Power source voltage
(at 10 MHz oscillation frequency). . .. ........... 40to55V
FEATURES ® Power dissipation
® Basic machine-language instructions ................. 71 In high-speed _mo_de """""""""""""" 55 mw
e Minimum instruction execution time (at 8 MHz oscillation frequency, at 5 V power source voltage)
S ® Operating temperaturerange. . ............... —-40to 85°C
(at 10 MHz oscillation frequency). .. ................ 0.2 pus e Package 44QFP (44PBN-A)
o Memorysize o S Package.......
ROM................. 16252 bytes (M37630M4T-XXXFP)
RAM. .................. 512 bytes (M37630M4T-XXXFP) APPLICATION
® 1/O ports Automotive controls
Programmable /O ports. .. ... 35
INput .. 1

PIN CONFIGURATION (TOP VIEW)

29 | < PL1,/INT;

31 | = P1,/CNTR,
30 | == P13/TXo

[32 | = PIL/CNTR;

28 |<+— PL,/INT,

27 | <= PO,/AN;

26 | <> POg/ANg

25 | < POs/ANg

24 | <= PO4/AN,
23 | <> POyJAN,

Pl;, - E z' <—» PO,/AN,
P2/Sy == [35 | [ 21 | <— POJ/AN;
P2,/Soyt <+ E E <— PO/AN,
P2,/Scix <[ 37 19 | <— Vgee
P24/Sroy <> % M37630M4T-XXXFP % AVss
Vs ] M37630E4T-XXXFP ] Ve
P2,/JURxD <—» E E—» Xout
P2/UTxD ~<—» [41 | [15 | =— Xy
P26/Ugrs <> E E Vss
P2,/Ucrs <= [43 | 13 | <— RESET
P3, <+ [44 | o [ 12 | =— P4,/KW;

P3; <=[3
p3, <[4

PagkW, <[5
P4 KW, <[

P4,/KW, = 7
P4 KW, <[ 8

PaKkwW, <[
Pas/kWs <= [10

P3,/CTX =<—[1
P3,/CRX <—[2

Pag/kWg <—[1L O

Package type: 44P6N-A
44-pin plastic molded QFP

Fig. 1 Pin configuration of M37630M4T—XXXFP

1-2 7630 Group User’s Manual




[enue sJasn dnoio 0g9.

€1

wreibelp 320|q euonoun gz ‘Bi4

M37630MXT-XXXFP FUNCTIONAL BLOCK DIAGRAM (PACKAGE: 44P6N-A)

Clock Clock Reset
output input input
Xout Xin RESET Vee Vss AVss

r_?—?_w—-?~——{%4m%4r ——————————————— .

Clock generating circuit

| |
I |
l g g g l
| CPU A(8) ROM RAM WDT 2 - - |
Ti X (1 Ti 1
| imer X (16) | | imer 1 (8) | |
| Timer Y (16) | | Timer 2 (8) PWM L |
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Timer 3 (8
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| |
| key on CAN UART Serial I/0 A-D Converter |
wake up
| 2 4 4 INTo, INT,| 8 |
| A |
| I
| ~~ ~~ ~~ ~~ ~~ |
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HARDWARE
PIN DESCRIPTION

PIN DESCRIPTION

Table 1: Pin description

Pin Name Input/Output Description
Vees Vss Power source Power supply pins; apply 4.0 t0 5.5 V to Vcc and 0 V to Vgg
voltage
AVgg Analog power Ground pin for A-D converter. Connect to Vsg
source voltage
Reset pin. This pin must be kept at “L” level for more than 2 ps, to enter the reset state.
RESET Reset input Input If the crystal or ceramic resonator requires more time to stabilize, extend the “L” level
period.
Xin Clock input Input Input and output pins of the internal clock generating circuit. Connect a ceramic or
quartz—crystal resonator between the Xy and Xyt pins. When an external clock
Xout Clock output Output source is used, connect it to X,y and leave Xgyt open.
V Reference volt- Input Reference voltage input pin for A-D converter
REF age input p ge Input p
PO/ANg— )
PO./AN; 1/O port PO 1/0 CMOS /0 ports or analog input ports
CMOS input port or external interrupt input port. The active edge (rising or falling) of
P1,/INT, Input external interrupts can be selected. This pin will be used as Vpp pin during PROM pro-
gramming of One Time PROM Versions.
PL/INT CMOS 1/0 port or external interrupt input port. The active edge (rising or falling) of
27 external interrupts can be selected.
P1,/TXq CMOS 1/0 port or input pin used in the bi-phase counter mode
P1,/CNTR, /O port P1 1o CMOS I/0 port or timer X input pin used for the event counter, pulse width measure-
ment and bi-phase counter mode
P1./CNTR CMOS 1/0 port or timer Y input pin used for the event counter, pulse width and pulse
s ! period measurement mode
P1s/PWM CMOS 1/0 port or PWM output pin used in the PWM mode of timers 2 and 3
P1, CMOS 1/0 port
P2,/S ) .
¥oout CMOS 1/0 ports or clock synchronous serial I/O pins
1/0 port P2 110
P2,/URyD
P2;/UTy«D
v X CMOS 1/0 ports or asynchronous serial 1/0 pins
P26/Ugrs
P3, CMOS 1/0 port
P3,/CTX CMOS 1/0 port or CAN transmit data pin
I/0 port P3 110
P3,/CRX CMOS 1/0 port or CAN receive data pin
P3,—P3, CMOS 1/0 port
P4y/KWy— - - i
o 0 /O port P4 /o F:MOS 1/0 ports. These ports can be used for key-on wake-up when configured as
P4,/KW, inputs.
1-4 7630 Group User’s Manual




HARDWARE
PART NUMBERING

PART NUMBERING

Product ~ M37630 M 4 T- XXX FP

‘7 Package type

FP: 44P6N-A package
FS: 80D0 package

ROM number
Omitted in One Time PROM version (blank) and EPROM version

T: Automotive use

ROM/PROM size
4: 16384 bytes

The first 128 bytes and the last 4 bytes of ROM are reserved areas.
They cannot be used.

Memory type
M: Mask ROM version
E: EPROM or One Time PROM version

Fig. 3 Part numbering

7630 Group User’'s Manual 1-5
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GROUP EXPANSION

GROUP EXPANSION

Mitsubishi plans to expand the 7630 group as follows: Memory Size
ROM/IPROM SIZE ... e 16 Kbytes
RAM SizZ€. . ..o 512 bytes
Memory Type
y Iyp Package
Support mask ROM, One Time PROM and EPROM versions. AAPBN-A . .o 0.8mm-pitch plastic molded QFP
80D0 ........... 0.8mm-pitch ceramic LCC (EPROM version)
ROM
External | ;777777777; 77777777 T 77777777 ‘7 77777777 ;77777777?
[ [ [ [ [ |
60K|- - = — = — — — — - == = === === == === == —- - = === =- == q
[ [ [ [ [ [
[ [ [ [ [ [
48K| - — - — - - — rT T T T T T T I—— === === T - - [ |- ———=——- - - 1
[ [ [ [ [ [
[ [ [ [ [ [
K7 e R [ T T T T T T [ T T T T T T
[ [ [ [ [ [
\ [ [ [ [ [
41N e e T T
[ [ [ [ [ [
UKl - - - - b L e e ]
[ [ [ | | [
[ [ [ [ [ [
! [ [ [ [ \
e e e T | Under development 1+ T
[ | [ [ [
16K |- — — — — — — — _ h ,,,,,,,, Lo l________1
[ [ [ [ [
[ [ [ [ [
2K|- - — — - — — Mass product — — 7: 77777777 L I L J
| [ [ [ [
[ [ [ [ [ [
8K|l- - - — - - _ _ - - - - — — — — | - - - L - - - - - - - — - — |- — - - - — 1
[ [ [ [ [ [
[ [ [ [ [ [
384 512 640 768 896 1024
RAM size (bytes)

Fig. 4 Memory expansion plan

Currently supported products are listed below:

Table 2: List of supported products As of March 1998
Product F(;;),\RAC;',\Q;?? Ejbggf?)) RAM size (bytes) Package Remarks
M37630M4T-XXXFP Mask ROM version
M37630E4T-XXXFP 16384 512 44P6N-A One Time PROM version
M37630E4FP (16252) One Time PROM version (blank)
M37630E4FS 80D0 EPROM version
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HARDWARE
FUNCTIONAL DESCRIPTION

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The 7630 group uses the standard 740 family instruction set. Refer
to the table of 7600 series addressing modes and machine instruc-
tions or the 7600 series Software Manual for details on the instruc-
tion set.

Machine-resident 7600 series instructions are as follows:

The MUL, DIV, WIT and STP instruction can be used.

The central processing unit (CPU) has the six registers.

Accumulator (A)
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

Index register X (X), Index register Y (Y)

Both index register X and index register Y are 8-bit registers. In the
index addressing modes, the value of the OPERAND is added to the
contents of register X or register Y and specifies the real address.
When the T flag in the processor status register is set to “1”, the
value contained in index register X becomes the address for the sec-
ond OPERAND.

Stack pointer (S)

The stack pointer is an 8-bit register used during sub-routine calls
and interrupts. The stack is used to store the current address data
and processor status when branching to subroutines or interrupt rou-
tines.

The lower eight bits of the stack address are determined by the con-
tents of the stack pointer. The upper eight bits of the stack address
are determined by the Stack Page Selection Bit. If the Stack Page
Selection Bit is “0”, then the RAM in the zero page is used as the
stack area. If the Stack Page Selection Bit is “1”, then RAM in page 1
is used as the stack area.

The Stack Page Selection Bit is located in the SFR area in the zero
page. Note that the initial value of the Stack Page Selection Bit var-
ies with each microcomputer type. Also some microcomputer types
have no Stack Page Selection Bit and the upper eight bits of the
stack address are fixed. The operations of pushing register contents
onto the stack and popping them from the stack are shown in Fig.7.

Program counter (PC)

The program counter is a 16-bit counter consisting of two 8-bit regis-
ters PCH and PCL. It is used to indicate the address of the next in-
struction to be executed.

b7 bo
| A | Accumulator
b7 bo
| X | Index Register X
b7 bo
| Y | Index Register Y
b7 b0
| S | Stack Pointer
b15 b7 b0
| PCH | PCL | Program Counter
b7 b0

INIVITIBIDI 11Z|C| Processor Status Register (PS)

Carry Flag

Zero Flag

Interrupt Disable Flag
Decimal Mode Flag
Break Flag

Index X Mode Flag
Overflow Flag
Negative Flag

Fig. 5 740 Family CPU register structure
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|On-going Routine|

e

Interrupt request

(Note 1) M (S)< (PCH)
Exeoue 9%
— S)«(S-1) Store Return Address

on Stack (Note 2)

[
[M(S)< (PCh) | L |
S« (5-1
M (S)< (PCu)

M (S)< (PCL)

Store Return Address
on Stack (Note 2)

C)«E-1)
M (S)< (PS)
C)«(S-1)

Interrupt
Service Routine

Store Contents of Processor
Status Register on Stack

|

Restore Contents of
Processor Status Register

| Flag “0” to “1”
Fetch the Jump Vector

W

Execute RTS

|

Execute RTI

Restore Return
Address

(PS) <« M (S)
®)«(S+1)

(PCL< M (S)
) «(S+1)
(PCH)< M (S)

Restore Return
Address

Note 1 : The condition to enable the interrupt—» Interrupt enable bit is “1”
Interrupt disable flag is “0”

2 : When an interrupt occurs, the address of the next instruction to be executed is stored in
the stack area. When a subroutine is called, the address one before the next instruction
to be executed is stored in the stack area.

Fig. 6 Register push and pop at interrupt generation and subroutine call

Table 3 Push and pop instructions of accumulator or processor status register

Push instruction to stack

Pop instruction from stack

Accumulator

PHA

PLA

Processor status register

PHP

PLP

1-8
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Processor status register (PS)
The processor status register is an 8-bit register consisting of flags
which indicate the status of the processor after an arithmetic opera-
tion. Branch operations can be performed by testing the Carry (C)
flag, Zero (Z) flag, Overflow (V) flag, or the Negative (N) flag. In deci-
mal mode, the Z, V, N flags are not valid.
After reset, the Interrupt disable (1) flag is set to “1”, but all other flags
are undefined. Since the Index X mode (T) and Decimal mode (D)
flags directly affect arithmetic operations, they should be initialized in
the beginning of a program.
(1) Carry flag (C)
The C flag contains a carry or borrow generated by the arithmetic
logic unit (ALU) immediately after an arithmetic operation. It can
also be changed by a shift or rotate instruction.
(2) Zero flag (2)
The Z flag is set if the result of an immediate arithmetic operation
or a data transfer is “0”, and cleared if the result is anything other
than “0”.
(3) Interrupt disable flag (1)
The | flag disables all interrupts except for the interrupt
generated by the BRK instruction.
Interrupts are disabled when the | flag is “1”.
When an interrupt occurs, this flag is automatically set to “1” to
prevent other interrupts from interfering until the current interrupt
is serviced.
(4) Decimal mode flag (D)
The D flag determines whether additions and subtractions are
executed in binary or decimal. Binary arithmetic is executed when
this flag is “0”; decimal arithmetic is executed when it is “1”.
Decimal correction is automatic in decimal mode. Only the ADC
and SBC instructions can be used for decimal arithmetic.

Table 4 Set and clear instructions of each bit of processor status register

HARDWARE
FUNCTIONAL DESCRIPTION

(5) Break flag (B)
The B flag is used to indicate that the current interrupt was
generated by the BRK instruction. The BRK flag in the processor
status register is always “0”. When the BRK instruction is used to
generate an interrupt, the processor status register is pushed
onto the stack with the break flag set to “1”. The saved processor
status is the only place where the break flag is ever set.
(6) Index X mode flag (T)
When the T flag is “0”, arithmetic operations are performed
between accumulator and memory, e.g. the results of an
operation between two memory locations is stored in the
accumulator. When the T flag is “1”, direct arithmetic operations
and direct data transfers are enabled between memory locations,
i.e. between memory and memory, memory and 1/O, and I/0O and
1/0. In this case, the result of an arithmetic operation performed
on data in memory location 1 and memory location 2 is stored in
memory location 1. The address of memory location 1 is
specified by index register X, and the address of memory
location 2 is specified by normal addressing modes.
(7) Overflow flag (V)
The V flag is used during the addition or subtraction of one byte
of signed data. It is set if the result exceeds +127 to -128. When
the BIT instruction is executed, bit 6 of the memory location
operated on by the BIT instruction is stored in the overflow flag.
(8) Negative flag (N)
The N flag is set if the result of an arithmetic operation or data
transfer is negative. When the BIT instruction is executed, bit 7 of
the memory location operated on by the BIT instruction is stored
in the negative flag.

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC — SEI SED - SET - -
Clear instruction CLC - CLI CLD - CLT CLV —

7630 Groop User’'s Manual
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FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The core of 7630 group microcomputers is the 7600 series CPU. This
core is based on the standard instruction set of 740 series; however
the performance is improved by allowing to execute the same instruc-

CPU Mode Register CPUM

The CPU mode register contains the stack page selection bit and
internal system clock selection bit. The CPU mode register is allo-
cated to address 0000¢.

tions as that of the 740 series in less cycles. Refer to the 7600 Series
Software Manual for details of the instruction set.

CPU mode register (address 00004¢)

CPUM

Processor mode bits (set these bits to “00")

bl b0
0 0 : Single—chip mode
0 1: Notused
1 0: Notused
1 1: Notused
Stack page selection bit
0: Opage
1: 1page

Not used (“0” when read, do not write “1")

Internal system clock selection bit

Not used (“0” when read, do not write “1")

0: ¢=f(Xy) divided by 2 (high—speed mode)
1: @=f(X)\) divided by 8 (middle—speed mode)

Fig. 7 Structure of CPU mode register
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MEMORY

Special Function Register (SFR) Area

The special function register (SFR) area contains the registers relat-

ing to functions such as 1/O ports and timers.

RAM

RAM is used for data storage and for stack area of subroutine calls

and interrupts.

ROM

ROM is used for storing user’s program code as well as the interrupt

vector area.

Interrupt Vector Area

The interrupt vector area is for storing jump destination addresses
used at reset or when an interrupt is generated.

Zero Page

This area can be accessed most efficiently by means of the zero
page addressing mode.

Special Page

This area can be accessed most efficiently by means of the special
page addressing mode.

RAM area
RAM size Address
(byte) XXXX16
192 011F46
256 015F¢
384 01DF44
512 025F ¢
640 02DF1s User RAM
768 035F5
896 03DF 4
1024 045F ¢
1536 06DF 4
2048 085F ¢
ROM area
ROM size Address Address
(byte) YYYYe 27774
4096 FO0044 F080,6
8192 E000,¢ E080,¢
12288 D0004¢ D0804¢
16384 C00044 C08045
20480 B000,4 B080,4
24576 A000;6 A080;6
28672 900044 9080, | ROM <
32768 80006 80806
36864 70004 7080,¢
40960 60006 60806
45056 5000;6 50804
49152 400046 4080,¢
53248 300046 308046
57344 200046 208046
61440 10004 108044

0000;6

0040, [~

0060;6
00FF g

XXXXq6

08604

YYYYy4

77774

FF0044

FFCA

FFFB,g
FFFCe

FFFFy

— — SFRarea — —

Not used

Reserved ROM area

Interrupt vector area

Reserved ROM area

Zero page

CAN
SFRs

Special page

Fig. 8 Memory map diagram
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SPECIAL FUNCTION REGISTERS (SFR)

00005
000146
0002,
00036
00044
0005,
00065
000746
00085
00094
000A4
000B,4
000C¢
000D;6
000E¢
000F ¢
001044
001144
001244
001346
00144
001544
001644
001744
001846
00196
001A,4
001B14
001Cy;
001Dy
001E;4
001F ¢
002046
00216
002244
0023,
002444
0025,
002644
002746
0028
0029,
002A4
002B,4
002C4¢
002D
002E,4
002F 4

CPU mode register CPUM 0030,4|CAN transmit control register CTRM
Not used 0031,4{CAN bus timing control register 1 CBTCON1
Interrupt request register A IREQA 0032;5|CAN bus timing control register 2 CBTCON2
Interrupt request register B IREQB 0033,4|CAN acceptance code register 0 CACO
Interrupt request register C IREQC 0034,4|CAN acceptance code register 1 CAC1
Interrupt control register A ICONA 0035,4|CAN acceptance code register 2 CAC2
Interrupt control register B ICONB 0036,6|CAN acceptance code register 3 CAC3
Interrupt control register C ICONC 0037,6|CAN acceptance code register 4 CAC4
Port PO register PO 0038;5|CAN acceptance mask register 0 CAMO
Port PO direction register POD 0039;6|CAN acceptance mask register 1 CAM1
Port P1 register P1 003A;5|CAN acceptance mask register 2 CAM2
Port P1 direction register P1D 003B;5|CAN acceptance mask register 3 CAM3
Port P2 register P2 003C,4|CAN acceptance mask register 4 CAM4
Port P2 direction register P2D 003D;4|CAN receive control register CREC
Port P3 register P3 003E;5|CAN transmit abort register CABORT
Port P3 direction register P3D 003F;5|Reserved

Port P4 register P4 0040,6|CAN transmit buffer register 0 CTBO
Port P4 direction register P4D 0041,6|CAN transmit buffer register 1 CTB1
Serial 1/0 shift register SIO 0042,4|CAN transmit buffer register 2 CTB2
Serial I/0 control register SIOCON 0043,5|CAN transmit buffer register 3 CTB3
A-D conversion register AD 0044,5|CAN transmit buffer register 4 CTB4
A-D control register ADCON 0045,6|CAN transmit buffer register 5 CTB5
Timer 1 T1 0046,6|CAN transmit buffer register 6 CTB6
Timer 2 T2 0047,65|CAN transmit buffer register 7 CTB7
Timer 3 T3 0048,4|CAN transmit buffer register 8 CTB8
Timer 123 mode register T123M 0049,4|CAN transmit buffer register 9 CTB9
Timer XL TXL 004A;5|CAN transmit buffer register A CTBA
Timer XH TXH 004B;4|CAN transmit buffer register B CTBB
Timer YL TYL 004C,5|CAN transmit buffer register C CTBC
Timer YH TYH 004D;6|CAN transmit buffer register D CTBD
Timer X mode register TXM 004E;¢|Reserved

Timer Y mode register TYM 004F;5|Reserved

UART mode register UMOD 0050,6|CAN receive buffer register 0 CRBO
UART baud rate generator UBRG 0051,4|CAN receive buffer register 1 CRB1
UART control register UCON 0052,4|CAN receive buffer register 2 CRB2
UART status register USTS 0053,4|CAN receive buffer register 3 CRB3
UART transmit buffer register 1 UTBR1 0054,4|CAN receive buffer register 4 CRB4
UART transmit buffer register 2 UTBR2 0055;5|CAN receive buffer register 5 CRB5
UART receive buffer register 1 URBR1 0056,6|CAN receive buffer register 6 CRB6
UART receive buffer register 2 URBR2 0057,6|CAN receive buffer register 7 CRB7
Port PO pull-up control register PUPO 0058,4|CAN receive buffer register 8 CRB8
Port P1 pull-up control register PUP1 0059,4|CAN receive buffer register 9 CRB9
Port P2 pull-up control register PUP2 005A;5|CAN receive buffer register A CRBA
Port P3 pull-up control register PUP3 005B;5|CAN receive buffer register B CRBB
Port P4 pull-up/down control register PUP4 005C,¢|CAN receive buffer register C CRBC
Interrupt polarity selection register IPOL 005D, |CAN receive buffer register D CRBD
Watchdog timer register WDT 005E,¢|Reserved

Polarity control register PCON 005F|Reserved

Fig. 9 Memory map of special register (SFR)
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/O PORTS

I/O PORTS

The 7630 group has 35 programmable 1/O pins and one input pin
arranged in five 1/0 ports (ports PO to P4). The I/O ports are con-
trolled by the corresponding port registers and port direction regis-
ters; each I/O pin can be controlled separately.

When data is read from a port configured as an output port, the port
latch’s contents are read instead of the port level. A port configured

as an input port becomes floating and its level can be read. Data writ-
ten to this port will affect the port latch only; the port remains floating.
Refer to Structure of port- and port direction registers, Structure of
port I/Os (1) and Structure of port I/0s (2).

PiD

Port Pi register (i = 0 to 4) (address 00086 + 2 - i)

Note : The control bits corresponding to P1,, P35, P3¢ and P3; are not used
(“0” when read, do not write “1”).

7 0
Pi
Port Pi; control bit (j = 0 to 7)
0: “L"level
1: “H”level
7 0

Port Pi direction register (i = 0 to 4) (address 00094 + 2 - i)

Port Pj; direction control bit j = 0 to 7)

0: Port configured as input
1: Port configured as output

Note : The direction control bits corresponding to P1,, P1,, P35, P3g and P3; are not

used (“0” when read, do not write “1"). Port direction registers are undefined when
read (write only).

Fig. 10 Structure of port- and port direction registers

(1) Ports POy/ANy to PO;/AN-,

Pull-up control bit

Analog input selection

Direction
register

)
Data bus [ Port latch | L T
4
ADC input

Analog input selection

(2) Port P1,/INT,

Interrupt input o @ o
Data bus <——<}J

(3) Port P1,/INT,

Pull-up control bit
Direction
register

Data bus—s Port latch

Interrupt input

(4) Port P1,/TX,

Pull-up control bit

direction
register

Data bus—ﬁ-{ Port latch | W

Timer bi-phase mode input

(5) Ports P1,/CNTRy, P15/CNTR,

Pull-up control bit
Direction
register

Data bus——>1 Port latch |

Timer bi-phase mode input

(6) Port P15/PWM

Pull-up control bit
PWM output enable ?
Direction
=
Data bus —
<l
PWM output J

Fig. 11 Structure of port I/Os (1)
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(7) Ports P1,, P3y, P3;, P3,

Pull-up control bit
Direction
register

pata bus

(8) Port P2¢/S)y

Pull-up control bit
SIO Port Select

Direction
register

Data bus —s—Port latch

SIO1 input \@

(9) Port P2,/Sout

Pull-up control bit

SIO port selection bit
Transmit complete signal

Direction
register

Data bus—s Port latch

2
SI0O output J

(10) Port PZZ/SCLK

Pull-up control bit

Clock selection bit
Port selection bit

direction
register
Data bus—s Port latch

~
SIO clock output Il External clock inputﬁ}i

(11) Port P23/Srpy

Pull-up control bit

SRDY output selection bit
Direction
register

Data bus—s Port latch

2
SRDY output —I

(12) Ports P2,/URyD, P2;/Ucrs

Transmission* or reception in
progress
Transmit* or receive enable bit

Direction
register
Port latch

)

<l

Pull-up control bit

Data bus

Ugrxp OF Ucrs input%i

(13) Ports P25/UTxD, P2¢/Ugts
Transmission or reception** in

progress
Transmit or receive** enable bi

Direction
register
Data bus— Port latch

Pull-up control bit

<
Ugxp or Ugrs output J

(*) for Ucrs

(**) for Ugrs

(14) Port P3,/CTX

Pull-up control bit
CAN port selection bit

Direction
register

Data bus—s Port latch

2
CTX output J

(15) Port P3,/CRX
CAN dominant level control bit —1%
Pull-up/down control bit —%]

Direction
register %
Data bus—s

ﬂ]@

2
CAN interruptﬁ { I @
CRX input I l

(16) Ports P4o/KW, to P4,/KW-,

Key-on wake-up control bit H»—ﬁ:}i
Pull-up/down control bit —%|

Direction
register ET ’—{
i O

Data bus—‘% Port latch %

a

Key-on wake-up interrupt %4},

Fig. 12 Structure of port I/0s (2)
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Port Pull-up/pull-down Function

Each pin of ports PO to P4 except P1, is equipped with a programma-
ble pull-up transistor. P3,/CRX and P4,/KW, to P4,/KW, are
equipped with programmable pull-down transistors as well. The pull-
up function of PO to P3 can be controlled by the corresponding port

pull-up control registers (see Structure of port pull-up/down control
registers). The pull-up/down function of ports P3, and P4 can be con-
trolled by the corresponding port pull-up/pull-down registers together
with the polarity control register (see Structure of polarity control reg-
ister).

7 0
PUPO, PUP2
7 0
PUP1
7 0
PUP3
7 0

PUP4

Port Pi pull-up control register (address 0028,¢ + i) (i= 0, 2)

Pij pull-up transistor control bit (j = 0 to 7)
0: Pull-up transistor disabled
1: Pull-up transistor enabled

Port P1 pull-up control register (address 0029¢)

Not used (“0” when read, do not write “1”)

P1; pull-up transistor control bit (j = 2 to 7)

Port P3 pull-up control register (address 002B )

P3; pull-up transistor control bit (j = 0, 1)
P3, pull-up/down transistor control bit
P3; pull-up transistor control bit (j = 3, 4)

Not used (“0” when read, do not write “1”)

Port P4 pull-up/down control register (address 002C)

P4; pull-up/down transistor control bit (j = 0 to 7)

0: Pull-up/down transistor disabled
1: Pull-up/down transistor enabled

Fig. 13 Structure of port pull-up/down control registers

PCON

Polarity control register (address 002F )

Key-on wake-up polarity control bit
0: Low level active
1: High level active

CAN module dominant level control bit
0: Low level dominant
1: High level dominant

Not used (undefined when read)

Fig. 14 Structure of polarity control register
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Port Overvoltage Application

When configured as input ports, P1 to P4 may be subjected to over-
voltage (V, > V¢c) if the input current to the applicable port is limited
to the specified values (see “Table 10:"). Use a serial resistor of
appropriate size to limit the input current. To estimate the resistor
value, assume the port voltage to be V¢ at overvoltage condition.
Notes:

* Subjecting ports to overvoltage may effect the supply voltage.

Assure to keep Vcc and Vgg within the target limits.

Avoid to subject ports to overvoltage causing V¢ to rise above
55V

The overvoltage condition causing input current flowing through
the internal port protection circuits has a negative effect on the
ports noise immunity. Therefore, careful and intense testing of the
target system’s noise immunity is required. Refer to the “counter-
measures against noise” of the corresponding users manual.

Port PO must not be subjected to overvoltage conditions.
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INTERRUPTS

There are 24 interrupts: 6 external, 17 internal, and 1 software.
Interrupt Control

Each interrupt except the BRK instruction interrupt has both an inter-
rupt request bit and an interrupt enable bit, and is controlled by the
interrupt disable flag. An interrupt occurs when the corresponding
interrupt request and enable bits are “1” and the interrupt disable flag
is “0”. Interrupt enable bits can be cleared or set by software. Inter-
rupt request bits can be cleared by software but cannot be set by
software. The BRK instruction interrupt and reset cannot be disabled
with any flag or bit. The | flag disables all interrupts except the BRK
instruction interrupt and reset. If several interrupt requests occur at
the same time, the interrupt with the highest priority is accepted first.

Interrupt Operation

Upon acceptance of an interrupt, the following operations are auto-
matically performed.

1. The processing being executed is stopped.

2. The contents of the program counter and processor status
register are automatically pushed onto the stack.

3. Concurrently with the push operation, the interrupt jump
destination address is read from the vector table into the
program counter.

4. The interrupt disable flag is set and the corresponding interrupt
request bit is cleared.

Notes on use

When the active edge of an external interrupt (INTy, INT;, CNTR,
CNTR;, CWKU or KOI) is changed, the corresponding interrupt
request bit may also be set. Therefore, take the following sequence.
(1) Disable the external interrupt which is selected.
(2) Change the active edge in interrupt edge selection register.
(in the case of CNTRy: Timer X mode register; in the case of
CNTRy: Timer Y mode register)
(3) Clear the interrupt request bit to “0”.
(4) Enable the external interrupt which is selected.

7630 Group User’s Manual 1-17



HARDWARE
INTERRUPTS

Table 5:

Interrupt vector addresses and priority

Vector Address (Note 1)

Interrupt Request Generating

Interrupt source Priority o Remarks
High Low Conditions
Reset (Note 2) 1 FFFBs FFFA4¢ At Reset Non-maskable
Watchdog timer 2 FFF946 FFF86 At Watchdog timer underflow Non-maskable
At detection of either rising or falling External Interrupt
INT FFF7 FFF6 ; ;
0 3 16 16 edge of INT, interrupt (active edge selectable)
At detection of either rising or falling External Interrupt
FFF5 FFF4 . .
INTL 4 16 16 edge of INT; interrupt (active edge selectable)
CAN successful At CAN module successful Valid when CAN module is acti-
A 5 FFF316 FFF24¢ L .
transmit transmission of message vated and request transmit
CAN successful At CAN module successful reception | Valid when CAN module is acti-
. 6 FFF1 FFFO4¢
receive of message vated
CAN overrun 7 FFEF,, FFEE,q If CAN mo@ule receives message Valid when CAN module is acti-
when receive buffers are full. vated
CAN error 8 FFED;¢ FFEC,, | /hen CAN module entersinto ermor |\, \when CAN module is active
passive passive state
CAN error bus off 9 FFEB 4 FFEA5 X\;fh;r;tgAN module enters into bus Valid when CAN module is active
When CAN module wakes up via
FFE9 FFES8
CAN wake up 10 16 16 CAN bus
Timer X 11 FFE7.¢ FFEG64¢ At Timer X underflow or overflow
Timer Y 12 FFES54¢ FFE4¢ At Timer Y underflow
Timer 1 13 FFE34¢ FFE24¢ At Timer 1 underflow
Timer 2 14 FFE14¢ FFEO4¢ At Timer 2 underflow
Timer 3 15 FFDFy¢ FFDE ¢ At Timer 3 underflow
At detection of either rising or falling External Interrupt
NTR 1 FFDD FFDC ) ; -
CNTRO 6 16 16 edge in CNTR, input (active edge selectable)
At detection of either rising or falling External Interrupt
FFDB FFDA . . .
CNTR1 17 16 16 edge in CNTR; input (active edge selectable)
UART receive 18 FFD9:¢ FFD84¢ At completion of UART receive Valid when UART is selected
UART transmit 19 FFD7.6 FFD6,g At completion of UART transmit Valid when UART is selected
UART transmit 20 FFD5,6 FFD44¢ At UART transmit buffer empty Valid when UART is selected
buffer empty
(LeJr’?(?rT receive 21 FFD36 FFD24¢ When UART reception error occurs. Valid when UART is selected
Serial /0 22 FFD1,¢ FFDO,¢ At completlon of ;erlal VO data Valid when serial I/O is selected
transmit and receive
A-D conversion 23 FFCF4¢ FFCE;5 At completion of A-D conversion
At detection of either rising or falling | External Interrupt
- - FFCD FFCC ) -
Key-on wake-up 24 16 16 edge of P4 input (active edge selectable)
BRK instruction 25 FFCByg FFCA5 At BRK instruction execution Non-maskable

Notes 1: Vector addresses contain interrupt jump destination address
2. Reset function in the same way as an interrupt with the highest priority
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Interrupt request bit ——
Interrupt enable bit ——
Interrupt disable flag | —g
BRK instruction Interrupt request
Reset —L/
Fig. 15 Interrupt control
For the external interrupts INTO and INT1, the active edge causing
the interrupt request can be selected by the INTO and INT1 interrupt
edge selection bits of the interrupt polarity selection register (IPOL);
please refer to Fig. 16 below.
7 0
Interrupt polarity selection register (Address 002D )
IPOL
L Not used (returns to “0” when read, do not write “1” in this bit)

INT, interrupt edge selection bit

INT, interrupt edge selection bit

Not used (returns to “0” when read, do not write “1” in these bits)

0: Falling edge active
1: Rising edge active
Fig. 16 Structure of interrupt polarity selection register
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Interrupt request register A Interrupt control register A
! 0 ddress 0002 7
| | I I | | I I | (address 16) (address 000516)
IREQA | | | | | | | | |ICONA
L Not used L Not used (returns to "0” when read)
(returns to "0” when read) External interrupt INT, enable bit
—— External interrupt INT, request bit External interrupt INT; enable bit
External interrupt INT; request bit CAN successful transmission
CAN successful transmission interrupt enable bit
interrupt request bit CAN successful receive
CAN successful receive interrupt enable bit
interrupt request bit CAN overrun interrupt enable bit
CAN overrun interrupt request bit CAN error passive
CAN error passive interrupt enable bit
interrupt request bit CAN bus off interrupt enable bit
CAN bus off interrupt request bit
’ 0 Interrupt request register B 7 0_lInterrupt CO(;];TO' regl;(t):r B
[TTTTTTT] " Glessonony [T T T T TT] (aressooonm
L IREQB
CAN wake up CAN wake-up interrupt enable bit
interrupt request bit Timer X interrupt enable bit
—— Timer X interrupt request bit Timer Y interrupt enable bit
Timer Y interrupt request bit Timer 1 interrupt enable bit
Timer 1 interrupt request bit Timer 2 interrupt enable bit
Timer 2 interrupt request bit Timer 3 interrupt enable bit
Timer 3 interrupt request bit CNTRy interrupt enable bit
CNTRg interrupt request bit CNTR; interrupt enable bit
CNTR; interrupt request bit
7 0 Interrupt request register C 7 0_ Interrupt control register C
HEEEEEEE (address 00041) HEEEE (address 000716)
IREQC ICONC
UART receive complete .
) UART receive complete
(receive buffer full) .
. . (receive buffer full)
interrupt request bit interrupt enable bit
L UART transmit complete P .
. . UART transmit complete
(transmit register empty) . .
. . (transmit register empty)
interrupt request bit . .
) interrupt enable bit
UART transmit buffer empty .
. . UART transmit buffer empty
interrupt request bit interrupt enable bit
UART receive error interrupt P . .
. UART receive error interrupt
request bit .
. . . enable bit
Serial I/O interrupt request bit ) . .
. Serial I/O interrupt enable bit
AD conversion complete .
) . AD conversion complete
interrupt request bit ) .
. . interrupt enable bit
Key-on wake-up interrupt request bit . .
. Key-on wake-up interrupt enable bit
Not used (returns to "0” when read)
Not used (returns to "0” when read)
0: No interrupt request 0: Interrupt disabled
1: Interrupt requested 1: Interrupt enabled

Fig. 17 Structure of interrupt request and control registers A, B and C
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KEY-ON WAKE-UP

“Key-on wake-up” is one way of returning from a power-down state PCON (see Fig. 14). If any pin of port P4 has the selected active level
caused by the STP or WIT instruction. Any terminal of port P4 can be applied, the key-on wake-up interrupt request will be set to “1".
used to generate the key-on wake-up interrupt request. The active Please refer to Fig. 18.

polarity can be selected by the key-on wake-up polarity control bit of

key-on wake-up control bit

-P4D;

Tﬂ}—r@* PUP4,

% key-on wake-up interrupt

port P4; 1/O circuit

port P4/KW; O

j=0to7

Fig. 18 Block diagram of key-on wake-up circuit
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The 7630 group has five timers: two 16-bit timers and three 8-bit tim-
ers . All these timers will be described in detail below.

16-bit Timers

Timers X and Y are 16-bit timers with multiple operating modes.
Please refer to Fig. 19.

TXM,

| ™ atch @ || Txlatch @) |

TX, counter (8) H TXy counter (8) —— TX interrupt request
o [Tsl o
direction
control
P15/TX, Down
O “00”, “10”,
117
“o1”
O L 4
P1,/CNTR, XM, 4
CNTRO interrupt request
TXM; ,="11"
‘ 00" — | TY, latch (8) || TY, latch (8) |
s TYM;
) m o o “11<”)TYM5'4 TY, ter (8) H TV, ter (8) TY interrupt t
“10” counter H counter (8) —= interrupt reques
< T35 110 XS L H ptreq
764 |0 “10”

TYM; ,="11"

Rising edge detector

Falling edge detector

P1/CNTR;

TYMs, ,=*01" w11

“0x”, “10” CNTR1 interrupt request

€
TYMs 4

Fig. 19 Block diagram of timers X and Y ( @is internal system clock)

Timer X

Timer X is a 16-bit timer with a 16-bit reload latch supporting the fol-
lowing operating modes:

(1) Timer mode

(2) Bi-phase counter mode

(3) Event counter mode

(4) Pulse width measurement mode

These modes can be selected by the timer X mode register (TXM). In
the timer- and pulse width measurement mode, the timer’s count
source can be selected by the timer X count source selection bits of
the timer Y mode register (TYM). Please refer to the Figures below
for the TXM and TYM bit assignment.

On read or write access to timer X, note that the high-order and low-
order bytes must be accessed in the specific order.

Write method

When writing to the timer X, write the low-order byte first. The data
written is stored in a temporary register which is assigned to the

same address as TX_. Next, write the high-order byte. When this is
finished, the data is placed in the timer X high-order reload latch and
the low-order byte is transferred from its temporary register to the
timer X low-order reload latch. Depending on the timer X write control
bit, the latch contents are reloaded to the timer immediately (write
control bit = “0”) or on the next timer underflow (write control bit = “1").

Read method

When reading the timer X, read the high-order byte first. This causes
the timer X high- and low-order bytes to be transferred to temporary
registers being assigned to the same addresses as TXy and TX..
Next, read the low-order byte which is read from the temporary regis-
ter. This method assures the correct timer value can be read during
the timer count operation.

Timer X count stop control

Regardless of the actual operating mode, timer X can be stopped by
setting the timer X count stop bit (bit 7 of the timer X mode register) to
wpr
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TXM

b5 b4

Timer X mode register (address 001E¢)

Timer X data write control bit
0: Data is written to latch and timer
1: Data is written to latch only

Not used (“0” when read, do not write “1”)

Timer X mode bits

0 0: Timer mode

0 1: Bi-phase counter mode

1 0: Eventcounter mode

1 1: Pulse width measurement mode

CNTR, polarity selection bit
0: For event counter mode, rising edge active
For interrupt request, falling edge active
For pulse width measurement mode, measure “H” period
1: For event counter mode, falling edge active
For interrupt request, rising edge active
For pulse width measurement mode, measure “L” period

Timer X stop control bit
0: Timer counting
1: Timer stopped

Fig. 20 Structure of Timer X mode register

Timer Y

Timer Y is a 16 bit timer with a 16-bit reload latch supporting the fol-
lowing operating modes:

(1) Timer mode

(3) Event counter mode

(5) Pulse period measurement mode

(6) HI/L pulse width measurement mode

These modes can be selected by the timer Y mode register (TYM). In
the timer, pulse period- and pulse width measurement modes’ the
timer’s count source can be selected by the timer Y count source
selection bits. Please refer to Fig. 21.

On read or write access to timer Y, note that the high-order and low-
order bytes must be accessed in a specific order.

Write method

When writing to timer Y, write the low-order byte first. The data written
is stored in a temporary register which is assigned to the same

address as TY,. Next, write the high-order byte. When this is fin-
ished, the data is placed in the timer Y high-order reload latch and
the low-order byte is transferred from its temporary register to the
timer Y low-order reload latch.

Read method

When reading the timer Y, read the high-order byte first. This causes
the timer Y high- and low-order bytes to be transferred to temporary
registers being assigned to the same addresses as TYy and TY,.
Next, read the low-order byte which is read from the temporary regis-
ter. This method assures the correct timer value can be read during
timer count operation.

Timer Y count stop control

Regardless of the actual operating mode, timer Y can be stopped by
setting the timer Y count stop bit (bit 7 of the timer Y mode register) to
wqr
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Timer Y mode register (address 001F )

TYM

Timer X count source selection bits
bl b0
0 0: odivided by 4
0 1: qdivided by 16
1 0: @divided by 64
11: @divided by 128

Timer Y count source selection bits
b3 b2
0 0: odivided by 2
0 1: ¢divided by 8
1 0: @divided by 32
11: @divided by 64

Timer Y operation mode bits
b5 b4
0 0: Timer mode

0 1: Pulse period measurement mode

1 0: Event counter mode

1 1: HJL pulse width measurement mode

CNTR; polarity selection bit
0: For event counter mode, rising edge active
For interrupt request, falling edge active
For pulse period measurement mode, refer to falling edges
1: For event counter mode, falling edge active
For interrupt request, rising edge active
For pulse period measurement mode, refer to rising edges

Timer Y stop control bit
0: Timer counting
1: Timer stopped

Fig. 21 Structure of timer Y mode register (

Operatin g Modes

(1) Timer mode
This mode is available with timer X and timer Y.

Count source

The count source for timer X and Y is the output of the corre-
sponding clock divider. The division ratio can be selected by the
timer Y mode register.

Operation

Both timers X and Y are down counters. On a timer underflow, the
corresponding timer interrupt request bit will be set to “1”, the con-
tents of the corresponding timer latches will be reloaded to the
counters and counting continues.

(2) Bi-phase counter mode (quadruplicate)
This mode is available with timer X only.

Count source

The count sources are P1,/CNTR, and the P15/TX, pins.
Operation

Timer X will count both rising and falling edges on both input pins
(see above). Refer to Timer X bi-phase counter mode operation
for the timing chart of the bi-phase counter mode.

@is internal system clock)

The count direction is determined by the edge polarity and level of
count source inputs and may change during the count operation.
Refer to the table below.

Table 6: Timer X count direction in Bi-phase counter mode

P1,/TX, P1,/CNTR, Count direction
L Up
1 Edge
H Down
L Down
| Edge
H Up
L Down
+ Edge
H Up
L Up
| Edge
H Down

On a timer over- or underflow, the corresponding interrupt request
bit will be set to “1” and counting continues.
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P1,/TX, input signal

P14/CNTR, input signal |

TX counter

Count direction Down

Up

|
A

Fig. 22 Timer X bi-phase counter mode operation

(3) Event counter mode
This mode is available with timer X and timer Y.

Count source

The count source for timer X is the input signal to the P1,/CNTR,
pin and for timer Y the input signal to P1s/CNTR pin.

Operation

The timer counts down. On a timer underflow, the corresponding
timer interrupt request bit will be set to “1”, the contents of the cor-
responding timer latches will be reloaded to the counters and
counting continues. The active edge used for counting can be
selected by the polarity selection bit of the corresponding pin
P14 CNTR, or P1s/CNTR;. These bits are part of TXM (Structure
of Timer X mode register) and TYM (Structure of timer Y mode
register (f is internal system clock)) registers.

(4) Pulse width measurement mode

This mode is available with timer X only.

Count source

The count source is the output of timer X clock divider. The divi-
sion ratio can be selected by the timer Y mode register.

Operation

The timer counts down while the input signal level on P1,/CNTR,
matches the active polarity selected by the CNTR, polarity selec-
tion bit of TXM (Structure of Timer X mode register). On a timer
underflow, the timer X interrupt request bit will be set to “1”, the
contents of the timer latches are reloaded to the counters and
counting continues. When the input level changes from active
polarity (as selected), the CNTR, interrupt request bit will be set to
“1.” The measurement result may be obtained by reading timer X
during interrupt service.

(5) Pulse period measurement mode
This mode is available with timer Y only.

Count source
The count source is the output of timer Y clock divider.

Operation

The active edge of input signal to be measured can be selected by
CNTR; polarity selection bit (Fig. 20). When this bit is set to “0”,
the time between two consecutive falling edges of the signal input
to P15/CNTR; pin will be measured, when the polarity bit is set to
“1", the time between two consecutive rising edges will be mea-
sured.

The timer counts down. On detection of an active edge of input
signal, the contents of the TY counters will be transferred to tem-
porary registers assigned to the same addresses as TY. At the
same time, the contents of TY latches will be reloaded to the
counters and counting continues. The active edge of input signal
also causes the CNTR; interrupt request bit to be set to “1". The
measurement result may be obtained by reading timer Y during
interrupt service.

(6) H/L pulse width measurement mode

This mode is available with timer Y only.

Count source
The count source is the output of the timer Y’s clock divider.

Operation

This mode measures both the “H” and “L” periods of a signal input
to P15/CNTR; pin continuously. On detection of any edge (rising
or falling) of input signal to P15/CNTR; pin, the contents of timer Y
counters are stored to temporary registers which are assigned to
the same addresses as timer Y. At the same time, the contents of
timer Y latches are reloaded to the counters and counting contin-
ues. The detection of an edge causes the CNTR1 interrupt
request bit to be set to “1” as well. The result of measurement may
be obtained by reading timer Y during interrupt service. This read
access will address the temporary registers. On a timer underflow,
the timer Y interrupt request bit will be set to “1”, the contents of
timer Y latches will be transferred to the counters and counting
continues.
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TIMER 1, TIMER 2, TIMER 3

Timers 1 to 3 are 8-bit timers with 8-bit reload latches and one com-
mon pre-divider. Timer 1 can operate in the timer mode only, whereas

timers 2 and 3 can be used to generate a PWM output signal timing
as well. Timers 1 to 3 are down count timers. See Fig. 23.

T1 latch (8)

{

T1 counter (8) » Tl interrupt

T2 counter (8)

p

» T2 interrupt

P1Ds
T123M,

T3 counter (8) @ » T3 interrupt

P1g latch

P1/PWM

O

Fig. 23 Block diagram of timers 1to 3 ( @is internal system clock)

Timer 1

The count source of timer 1 is the output of timer 123 pre-divider. The
division ratio of the pre-divider can be selected by the pre-divider divi-
sion ratio bits of timer 123 mode register (T123M). Refer to Timer 123
mode register configuration (f is internal system clock).

On a timer 1 underflow, the timer 1 interrupt request bit will be set to
“1”.

Writing to timer 1 initializes the latch and counter.

Timers 2 and 3

The count source of timers 2 and 3 can be either the output of the
timer 123 pre-divider or the timer 1 underflow. The count source can

be selected by the timer count source selection bits of timer 123
mode register (T123M).

Writing to timer 2 register affects the reload latch only or both of the
reload latch and counter depending on the timer 2 write control bit of
T123M. When the timer write control bit is set to “0”, both latch and
counter will be initialized simultaneously; when set to “1” only the
reload latch will be initialized, on an underflow, the counter will be set
to the modified reload value. Writing to timer 3 initializes latch and
counter both.

Timer 2 or 3 underflow causes the timer 2 or 3 interrupt request bit to
be set to “1”.
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Timer 123 mode register (address 0019,¢)

T123M

PWM polarity selection bit
0: Start on “H" level output
1: Starton “L" level output

PWM output enable bit
0: PWM output disabled
1: PWM output enabled

Timer 2 write control bit
0: Latch and counter
1: Latch only

Timer 2 count source selection bit
0: Timer 1 underflow
1: Pre-divider output

Timer 3 count source selection bit
0: Timer 1 underflow
1: Pre-divider output

Not used (“0” when read, do not write “1”)

Pre-divider division ratio bits
b7 b6
0 0: ¢divided by 1
0 1: @divided by 8
1 0: @divided by 32
11: ¢divided by 128

Fig. 24 Timer 123 mode register configuration (

@is internal system clock)

Operatin g Modes
(1) Timer Mode

This mode is available with timers 1 to 3.

Count source

For timer 1, the count source is the output of the corresponding
pre-divider. For timers 2 and 3, the count source can be sepa-
rately selected to be either the pre-divider output or timer 1 under-
flow.

Operation

The timer counts down. On a timer underflow, the corresponding
timer interrupt request bit will be set to “1”, the contents of the cor-
responding timer latch will be reloaded to the counter and count-
ing continues.

(2) PWM Mode

This mode is available with timer 2 and 3.

Count source
The count source can be separately selected to be either the pre-
divider output or timer 1 underflow.

Operation

When the PWM-mode is enabled, timer 2 starts counting. As soon
as timer 2 underflows, timer 2 stops and timer 3 starts counting. If
bit 0 is set, timer 2 determines the low duration and the initial out-
put level is low. Timer 3 determines the high duration. If bit O is
zero timer 2 determines the high duration and the initial output
level is high. In this case timer 3 determines the low duration.

Note: Be sure to configure the P1g/PWM pin as an output port
before using PWM mode.
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SERIAL I/Os

The serial 1/0 section of 7630 group consists of one clock synchro-
nous and one asynchronous (UART) interface.

Clock Synchronous Serial 1/0 (SI/O)

The clock synchronous interface allows full duplex communication
based on 8 bit word length. The transfer clock can be selected from
an internal or external clock. When an internal clock is selected, a
programmable clock divider allows eight different transmission

speeds. Refer to Block diagram of clock synchronous I/O (f is internal
system clock). The operation of the clock synchronous serial I/O can
be configured by the serial 1/O control register SIOCON; refer to Fig.
27.

-

SIO interrupt

) SIOCON, ; ¢
o Clock divider
P23/Srpy SIOCON,
Q O.kl,, Sync. circuit
o
P25 latch N
P2,/Scik SIOCON, '
O O“l“ SIO counter (3)
a0
P2, latch
P24/Sour SIOCON; £
Q O“l" SIO shift register (8) <
ugy
P2, latch
P2/Siy SIOCON,
O o—
1
“gr
P2, latch

Fig. 25 Block diagram of clock synchronous I/O (

(1) Clock synchronous serial I/0 operation

Either an internal or external transfer clock can be selected by bit 6 of
SIOCON. The internal clock divider can be programmed by bits 0 to 2
of SIOCON. Bit 3 of SIOCON determines whether the double func-
tion pins P2, to P2, will act as 1/O ports or serve as SIO pins. Bit 4 of
SIOCON allows the same selection for pin P2;.

When an internal transfer clock is selected, transmission can be trig-
gered by writing data to the SI/O shift register (SIO, address 0012¢).

@is internal system clock)

After an 8-bit transmission has been completed, the Sgyr pin will
change to high impedance and the SIO interrupt request bit will be
set to “1”.

When an external transfer clock is selected, the SIO interrupt request
bit will be set to “1” after 8 cycles but the contents of the SI/O shift
register continue to be shifted while the transfer clock is being input.
Therefore, the clock needs to be controlled externally; the Soyr pin
will not change to high impedance automatically.

synchronous clock _| | | |

transfer clock | |

write signal to SIO

receive enable signal Sgpy

Serial Output SOUT >< Do D,

X Pz} X Ds

XD XD X De XD

Serial input SIN

X Do X B X DB X DBy X DB X DBs X DB X B X

Note: When an internal clock is selected, Soyt pin will change to high impedance after 8 bits of data have been transmitted.

v

SIO interrupt request bit = “1”

Fig. 26 Timing of clock synchronous SI/O function (LSB first selected)
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SIO control register (address 0013,¢)

SIOCON

Clock divider selection bits

b2 b1 b0

0 0 0: ¢divided by 4
00 1: @divided by 8
010: @divided by 16
011: @divided by 32
10 0: ¢divided by 64
101: @divided by 128
11 0: qdivided by 256
111: @dividedby512

P2o/S\n, P21/Soyt and P2,/S¢ k function selection bit

0: 1/O port function
1: SI/O function

P2,/Sgpy function selection bit

0: /O port function
1: SI/O function

Transmission order selection bit
0: LSB first
1: MSB first

Synchronization clock selection bit
0: Use external clock
1: Use internal clock

Not used (“0” when read)

Fig. 27 Structure of serial /0 control register (

Clock As ynchronous Serial I/O (UART)

The UART is a full duplex asynchronous transmit/receive unit. The
built-in clock divider and baud rate generator enable a broad range of
transmission speeds. Please refer to Block diagram of UART.

(1) Description

The transmit and receive shift registers have a buffer (consisting of
high and low order byte) each. Since the shift registers cannot be
written to or read from directly, transmit data is written to the transmit
buffer and receive data is read from the receive buffer. A transmit or
receive operation will be triggered by the transmit enable bit and
receive enable bit of the UART control register UCON (see Structure
of UART control register). The double function terminals P25/UTyD,
P2s/URTS and P2,/JURxD, P2,/UCTS will be switched to the UART
pins automatically.

(2) Baud rate selection

The baud rate of transmission and reception is determined by the
setting of the prescaler and the contents of the UART baud rate gen-
erator register. It is calculated by:

b=t

16pOn+1)
where p is the division ratio of the prescaler and n is the contents of
the UART baud rate generator register. The prescalers division ration
can be selected by the UART mode register (see page 1-31).

@is internal system clock)

UART mode register (UMOD, Structure of UART

mode register)

The UART mode register allows to select the transmission and
reception format with the following options:

» word length: 7, 8 or 9 bits

* parity: none, odd or even

» stop bits: 1 or 2

It allows to select the prescalers division ratio as well.

UART baud rate generator (UBRG)

This 8 bit register allows to select the baud rate of the UART (see
above). Set this register to the desired value before enabling recep-
tion or transmission.

UART control register (UCON, Structure of UART
control register)

The UART control register consists of four control bits (bit O to bit 3)
which allow to control reception and transmission.

UART status register (USTS, Structure of UART sta-
tus register)

The read-only UART status register consists of 7 bits (bit 0 to bit 6)

which indicate the operating status of the UART function and various
errors.
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(3) Handshaking signals

When used as transmitter, the UART will recognize the clear-to-send
signal via P2,/JUCTS terminal for handshaking. When used as
receiver it will issue a request-to-send signal through P2¢/URTS pin.

Clear-to-send input

When used as a transmitter (transmit enable bit set to “1”), the UART
starts transmission after recognizing “L” level on P2,/UCTS. After
started, the UART will continue to transmit regardless of the actual
level of P2,/UCTS or status of the transmit enable bit.

Request-to-send output

The UART controls the P2¢/URTS output according to the following
conditions.

Table 7: Output control conditions

Hardware reset

Receive initialization bit is set to “1”

Condition P2,/URTS
Receive enable bit is set to “1”
Reception completed during receive enable “Lr
bit set to “1”
Start bit (falling edge) detected
Receive enable bit is set to “0” before recep-
tion started “Hr

Data bus

I I

| UART control registerl | UART status register |

UMOD; ¢

Transmit buffer (9)

UBRG (8) | @1 git counter |—@—— Transmit shift register (9)

UMOD, 3,

Transmission
control circuit

Reception control

UMOD;, ¢

circuit

— Bit counter |-@—={ Receive shift register (9)

iL L—= Receive error flags

Receive buffer (9)

L= Receive buffer full flag

Data bus

—— Transmit buffer empty flag

(O P25/UTXD

Transmit register empty flag
() P2,/0CTS

() P2/URTS

| —= Receive error interrupt request
(O P2,/URXD

= Transmit buffer empty interrupt request

< > Transmit register empty interrupt request

—= Receive buffer full interrupt request

Fig. 28 Block diagram of UART
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UART mode register
UMOD (address 00204¢)

Not used (“0” when read, do not write “1")

Clock divider selection bits
b2 bl
0 0: ¢@divided by 1
0 1: @divided by 8
1 0: ¢divided by 32
11: @divided by 256

Stop bits selection bit
0: One stop bit
1: Two stop bits

Parity selection bit
0: Even parity
1: Odd parity

Parity enable bit
0: Parity disabled
1: Parity enabled

UART word length selection bits

b7 b6

0 0: 7 bits

0 1: 8hits

1 0: 9bits

1 1: Notused

Fig. 29 Structure of UART mode register

UART control register
UCON (address 00224¢)

— Transmit enable bit
0: Transmit disabled (an ongoing transmission will be finished correctly)
1: Transmit enabled

Receive enable bit
0: Receive disabled (an ongoing reception will be finished correctly)
1: Receive enabled

Transmission initialization bit
0: No action
1: Clear transmit buffer full flag and transmit shifter full flag, set the
transmit status register bits and stop transmission

Receive initialization bit

0: No action
1: Clear receive status flags and the receive enable bit

Not used (“0” when read, do not write “1”)

Fig. 30 Structure of UART control register
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UART status register (address 0023,¢)
USTS

Transmission register empty flag
0: Register full
1: Register empty

Transmission buffer empty flag
0: Buffer full
1: Buffer empty

Receive buffer full flag
0: Bulffer full
1: Buffer empty

Receive parity error flag
0: No parity error detected
1: Parity error detected

Receive framing error flag
0: No framing error detected
1: Framing error detected

Receive overrun flag
0: No overrun detected
1: Overrun detected

Receive error sum flag
0: No error detected
1: Error detected

Not used (“0” when read)

Note: this register is read only; writing does not affect its contents.

Fig. 31 Structure of UART status register
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CAN MODULE

The CAN (Controller Area Network) interface of the 7630 group com-
plies with the 2.0B specification, enabling reception and transmission
of frames with either 11- or 29- bit identifier length. Refer to Fig. 33 for
a block diagram of the CAN interface.

The programmer’s interface to the CAN module is formed by three
status/control registers (Fig. 34, Fig. 35, Fig. 36), two bus timing con-
trol registers (Fig. 37 Fig. 38), several registers for acceptance filter-
ing (Fig. 39), the transmit and receive buffer registers (Fig. 40) and
one dominant level control bit (Fig. 24).

Baud Rate Selection

A programmable clock prescaler is used to derive the CAN module’s
basic clock from the internal system clock frequency (¢). Bit 0 to bit 3
of the CAN bus timing control register represent the prescaler allow-
ing a division ratio from 1 to 1/16 to be selected. So the CAN module
basic clock frequency fcang Can be calculated as follows:

foang = o=
CANB = pi1

where p is the value of the prescaler (selectable from 1 to 15). The
effective baud rate of the CAN bus communication depends on the
CAN bus timing control parameters and will be explained below.

CAN Bus Timing Control

Each bit-time consists of four different segments (see Fig. 32):
* Synchronization segment (SS),

» Propagation time segment (PTS),

* Phase buffer segment 1 (PBS1) and

» Phase buffer segment 2 (PBS2).

| |
= Bit-time |

| Ss | PTS | PBS1 PBS2

Sample point

Fig. 32 Bit time of CAN module

The first of these segments is of fixed length (one Time Quantum)
and the latter three can be programmed to be 1 to 8 Time Quanta by
the CAN bus timing control register 1 and 2 (see Fig. 37 and Fig. 38).
The whole bit-time has to consist of minimum 8 and maximum 25
Time Quanta. The duration of one Time Quantum is the cycle time of
fcang- FOr example, assuming @ =5 MHz, p = 0, one Time Quantum
will be 200 ns long. This allows the maximum transmission rate of
625 kb/s to be reached (assuming 8 Time Quanta per bit-time).

Data bus

| Il

I

I

I

Polarity control
register

CAN status/control
registers

Bus timing control

register

Acceptance mask

register

Acceptance code
register

(

Acceptance filter

P3,/CTX

O—

Protocol controller

P3,/CRX

Receive buffer 1

L1

[ o4 ]
.

Transmit buffer

Wake-up logic

Receive buffer 2

CAN wake-up ‘ ‘

Data bus

Fig. 33 Block diagram of CAN module
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CAN transmit control register (address 0030,¢)

CTRM

Sleep control bit
0: CAN module in normal mode
1: CAN module in sleep mode

Reset/configuration control bit
0: CAN module in normal mode
1: CAN module in configuration mode (plus reset when write)

Port double function control bit
0: P3,/CTX serves as I/O port
1: P3,/CTX serves as CTX output port

Transmit request bit
0: No transmission requested
1: Transmission requested
(write “0” has no effect)

Not used (no operation, “0” when read)

Transmit buffer control bit
0: CPU access possible
1: No CPU access
(write “0” has no effect, while CTRM(3) = 1)

Not used (no operation, “0” when read)

Transmit status bit (read only)
0: CAN module idle or receiving
1: CAN module transmitting

Fig. 34 Structure of CAN transmit control register

CAN receive control register (address 003D;¢)

CREC

Receive buffer control bit
0: Receive buffer empty
1: Receive buffer full
(write “1” has no effect)

Receive status bit (read only)
0: CAN module idle or transmitting
1: CAN module receiving

Not used (do not write “1”, read as “0”)

Auto-receive disable bit
0: Auto-receive enabled
1: Auto-receive disabled
Note: Suppresses reception of self initiated/transmitted frames

Not used (do not write “1”, “0” when read)

Fig. 35 Structure of CAN receive control register
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CAN transmit abort register (address 003E )
CABORT

——— Transmit abort control bit

No transmit abort request
Transmit abort request
(write “1” has no effect, while CTRM(3) = 0)

Not used (No operation, “0” when read)

Fig. 36 Structure of CAN transmit abort register

0
0
0

CAN bus timing control register 1 (address 0031;¢)
CBTCONL1

Prescaler division ratio selection bits
b3 b2 bl b0

00 O: ¢@divided by 1

00 1:
01

1: @ divided by 2
0: @divided by 3

1110: @ divided by 15
1111: @divided by 16

Sampling control bit

One sample per bit
Three sample per bit

Propagation time duration control bits
b7 b6 b5
00O0: One Time Quantum
00 1: Two Time Quanta

110: Seven Time Quanta
11 1:

Eight Time Quanta

Fig. 37 Structure of CAN bus timing control register 1
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CAN bus timing control register 2 (address 00325)

CBTCON2

Phase buffer segment 1 duration control bits
b2 bl b0
0 0 0: One Time Quantum
0 0 1: Two Time Quanta

11 0: Seven Time Quanta
11 1: Eight Time Quanta

Phase buffer segment 2 duration control bits
b5 b4 b3
0 0 0: One Time Quantum
0 0 1: Two Time Quanta

11 0: Seven Time Quanta
11 1: Eight Time Quanta

Synchronization jump width control bits
b7 b6
0 0 : One Time Quantum
0 1: Two Time Quanta
1 0: Three Time Quanta
1 1: FourTime Quanta

Fig. 38 Structure of CAN bus timing control register 2

name 7 0
Acceptance code CACO |Not useleot useleot usedl CSIDlol CSIDg | CSIDg | CSID, | CSIDg |
registers:

CAc1| CSIDs | CSID, | CSID; | CSID, | CSID,; | CSID, |Not useleotusedl

CAC2 |Not useleot useleot useleot usedl CEID;; | CEIDyg | CEID;s | CEIDy,4 |

CAC3 | CEID3 | CEIDy, | CEIDy | CEIDy | CEIDg | CEIDg | CEID, | CEIDg |

CAC4| CEIDs | CEID, | CEID; | CEID, | CEID, | CEID, |Not useleotusedl

Select the bit pattern of identifiers which allows to pass acceptance filtering.

7 0
CAMO |Not useleot useleot used| MSIDlol MSIDg | MSIDg | MSID, | MSIDg |

Acceptance mask
registers:

CAM1| MSIDsg | MSID, | MSID, | MSID, | MSID; | MSID, |Not used|Notused|

CAM2 |Not useleot used|Not used|Not used| MEID;, | MEID;4 | MEID;5 | MEID,, |

CAM3 | MEID;5 | MEID;, | MEID;; | MEID;q | MEIDg | MEIDg | MEID, | MEIDg |

CAM4| MEIDs | MEID, | MEID, | MEID, | MEID,; | MEID, |Not used|Notused|

0 : Mask identifier bit (do not care)
1 : Compare identifier bit with acceptance code register bit
(Not used: write to “0”)

address
003345

003445
003544
003646

003745

003846
0039;6
003As6
003B16

003Cy¢

Fig. 39 Structure of CAN mask and code registers
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name 7 0 offset

CTBO, CRBO |Notused|Notused|Notused| SIDyq | SIDg | SIDg | SID, | SIDg | 00004
CTBl,CRBll SIDg | SID, | SID; | SID, | SID, | SID, |RTR/SRR| IDE | 00014
CTB2, CRB2 |Notused|Notused|Notused|Notused| EIDy; | EIDyg | EIDys5 | EIDy, | 00024
CTB3, CRB3 | EIDy3 | EIDy, | EIDy, | EIDyo | EIDg | ElDg | EID, | ElDg | 00034
CTB4,CRB4| EIDs | EID, | EID, | EID, | EID, | EID, | RTR ri | 00044
CTB5, CRB5 |N0tused|Notuseleotusedl o | DLCs | DLC, | DLC, | DLC, | 0005,¢
CTB6, CRB6 | Data byte 0 | 0006,¢
CTB7, CRB7 | Data byte 1 | 000744
CTBS, CRBS8 | Data byte 2 | 0008,¢
CTB9, CRB9 | Data byte 3 | 0009;¢
CTBA, CRBA | Data byte 4 | 000A;¢
CTBB, CRBB | Data byte 5 | 000B, ¢
CTBC, CRBC | Data byte 6 | 000C ¢
CTBD, CRBD | Data byte 7 | 000D, ¢

Calculate the actual address as follows:

TxD buffer address = 0040,¢ + offset

RxD buffer address = 0050,¢ + offset

(Not used: write to “0”)

Fig. 40 Structure of CAN transmission and reception buffer registers
Note 1: All CAN related SFRs must not be written in "CAN sleep” mode.
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A-D CONVERTER

The A-D converter uses the successive approximation method with
8 bit resolution. The functional blocks of the A-D converter are
described below. Refer to Block diagram of A-D converter.

Comparison Voltage Generator

The comparison voltage generator divides the voltage between AVgg
and Vggr by 256, and outputs the divided voltage.

Channel Selector

The channel selector selects one of ports POy/AN, to PO,/AN-, and
inputs its voltage to the comparator.

A-D conversion register AD

The A-D conversion register is a read-only register that stores the
result of an A-D conversion. This register must not be read during an
A-D conversion.

Data bus
b7
A-Dcontrolregister | | | [ [ | ] ]]
3
A-D control circuit | | A-D interrupt request
POy/AN, O—=
O—=f % Comparator A-D conversion register
: O—— %
O—— %
Q comparison voltage
PO,/AN; O— generator
Vree/Input switch bit
VREF AVSS

Fig. 41 Block diagram of A-D converter

A-D control register (Structure of A-D control regis-
ter)
The A-D control register controls the A-D conversion process. Bits 0

to 2 select a specific analog input pin. Bit 3 signals the completion of
an A-D conversion. The value of this bit remains “0” during an A-D

conversion, and changes to “1” when an A-D conversion ends. Writ-
ing “0” to this bit starts the A-D conversion. Bit 4 is the Vggg/Input
switch bit.
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7 0
A-D control register (address 0015;¢)
ADCON
Analog input pin selection bits
b2 bl b0
0 0 0: PO/AN,
0 0 1. PO,/AN;
0 1 0 PO,/AN,
0 11: POy/AN,
10 0: PO,/AN,
10 1: POgANsg
11 0: POg/ANg
111: POJAN,

A-D conversion completion bit
0: Conversion in progress
1: Conversion completed

Vgeg/Input switch bit
0: Off
1: On

Not used (“0” when read, do not write “1")

Fig. 42 Structure of A-D control register

A-D Converter Operation

The comparator and control circuit reference an analog input voltage
with the reference voltage, then stores the result in the A-D conver-

bit to “1”. The result of A-D conversion can be obtained from the A-D
conversion register, AD (address 0014g).

Note that the comparator is linked to a capacitor, so set f(X;y) to 500
kHz or higher during A-D conversion.

sion register. When an A-D conversion is complete, the control circuit
sets the A-D conversion completion bit and the A-D interrupt request
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WATCHDOG TIMER

The watchdog timer consists of two separate counters: one 7-bit
counter (WDy) and one 4-bit counter (WD,). Cascading both
counters or using the high-order counter allows only to select the
time-out from either 524288 or 32768 cycles of the internal clock .
Refer to Fig. 43 and Fig. 44. Both counters are addressed by the
same watchdog timer register (WDT). When writing to this register,
both counters will be set to the following default values:

» the high-order counter will be set to address 7F ¢

» the low-order counter will be set to address Fi¢

regardless of the data written to the WDT register. Reading the
watchdog timer register will return the corresponding control bit sta-

Once the WDT register is written to, the watchdog timer starts count-
ing down and the watchdog timer interrupt is enabled. Once it is run-
ning, the watchdog timer cannot be disabled or stopped except by
reset. On a watchdog timer underflow, a non-maskable watchdog
timer interrupt will be requested.

To prevent the system being stopped by STP instruction, this instruc-
tion can be disabled by the STP instruction disable bit of WDT regis-
ter. Once the STP instruction is disabled, it cannot be enabled again
except by RESET.

S

tus, not the counter contents.
&111

o

WD, counter (4) iO O—{ WDy counter (7)

»\WDT interrupt

Y

WDT register (8)

WDT,
t“F16" J“7F16”

Fig. 43 Block diagram of watchdog timer

WDT

Watchdog timer register (address 002E )

Not used (undefined when read)

Stop instruction disable bit
0: Stop instruction enabled
1: Execute two NOP instructions instead (once this bit is set to
“1" it can't be cleared to “0” again, except on RESET.)

Upper byte count source selection bit
0: Underflow of the low order counter
1: qdivided by 256

Fig. 44 Structure of watchdog timer register (

@is internal clock system)
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RESET CIRCUIT

The 7630 group is reset according to the sequence shown in Fig. 46. “L” level for more than 2 ps while the power supply voltage is in the
It starts program execution from the address formed by the contents recommended operating condition and then returned to “H” level.
of the addresses FFFB,5 and FFFA g, when the RESET pin is held at Refer to Fig. 45 for an example of the reset circuit.

Power on |

|
Power source voltage | 4.0v |
|_— |
ov
| |
Reset input voltage
ov

M51953AL 0.1uF

® Vss

7630 group
777

Fig. 45 Example of reset circuit

internal reset

|
i
|
|
|
|
i

Address

|
>< 2 T >< ? ? >< ? AD_ >< ADy, ><Lst op code
| | |
2810 34 Sle 24 cycles of Xy Sle 20 cycles of Xy —
8192 cycles of cycles of Xy | | |

Xin (T1, T2)

Data

>i< ? >< ? >|< ? >< ? >< ? >:<FFFA16><FFFB16><ADL,iADH><
|
|

Fig. 46 Reset sequence
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Register Address Register contents Register Address Register contents
CPU mode reg. 000046 48,4 Timer XH 001By¢ FFig
Interrupt request reg. A 0002,¢ 0046 Timer YL 001C,¢ FFig
Interrupt request reg. B 000345 0046 Timer YH 001D, FFig
Interrupt request reg. C 0004 ¢ 0046 Timer X mode reg. 001E4¢ 0046
Interrupt control reg. A 00055¢ 0046 Timer Y mode reg. 001F 4 0046
Interrupt control reg. B 00064 0046 UART mode reg. 0020,¢ 0044
Interrupt control reg. C 000746 0046 UART control reg. 002244 0046
Port PO reg. 0008,¢ 0046 UART status reg. 0023,¢ 0749
Port PO direction reg. 0009,¢ 0046 Port PO pull-up control reg. 0028;¢ 0046
Port P1 reg. 000A ¢ 0046 Port P1 pull-up control reg. 0029,¢ 0046
Port P1 direction reg. 000B¢ 0046 Port P2 pull-up control reg. 002A46 0046
Port P2 reg. 000C,4 0046 Port P3 pull-up control reg. 002B4¢ 0046
Port P2 direction reg. 000D,4 0046 Port P4 pull-up/down control reg. 002C,¢ 0016
Port P3 reg. 000E ¢ 0046 Interrupt polarity selection reg. 002D, 0046
Port P3 direction reg. 000F ¢ 0046 Watchdog timer reg. 002E4¢ 3F6
Port P4 reg. 00104¢ 0046 Polarity control reg. 002F 4 0046
Port P4 direction reg. 00114 0046 CAN transmit control reg. 003036 0246
Serial 1/0 control reg. 001344 0046 CAN bus timing control reg. 1 00314 0046
A-D control reg. 001544 0846 CAN bus timing control reg. 2 003246 0046
Timer 1 00164¢ FFie CAN receive control reg. 003D, 0046
Timer 2 00174¢ 0146 CAN transmit abort reg. 003E4¢ 0016
Timer 3 00184¢ FFi6 Processor status reg. (PS) 0444
Timer 123 mode reg. 001944 4046 Program counter (high-order byte) (PCH) contents of FFFByg
Timer XL 001A¢ FFi6 Program counter (low-order byte) (PCL) contents of FFFA 4

Note: The contents of RAM and registers other than the above registers are undefined after reset; thus software initialization is required.

Fig. 47 Internal status of microcomputer after reset
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CLOCK GENERATING CIRCUIT

The 7630 group is equipped with an internal clock generating circuit.
Please refer to Fig. 48 for a circuit example using a ceramic resona-
tor or quartz crystal oscillator. For the capacitor values, refer to the
manufacturers recommended parameters which depend on each
oscillators characteristics. When using an external clock, input it to
the X,y pin and leave Xqyt open.

Oscillation Control

The 7630 group has two low power modes: the stop and the wait
mode.

Stop mode

The microcomputer enters the stop mode by executing the STP
instruction. The oscillator stops with the internal clock @ at “H” level.
Timers 1 and 2 will be cascaded and initialized by their reload latches
contents. The count source for timer 1 will be set to f(X\)/16.

Oscillation is restarted if an external interrupt is accepted or at reset.
When using an external interrupt, the internal clock ¢ remains at “H”
level until timer 2 underflows allowing a time-out until the clock oscil-

XIN XOUT

—-— Cn — Cour

777 777

Fig. 48 Ceramic resonator circuit

lation becomes stable. When using reset, a fixed time-out will be gen-
erated allowing oscillation to stabilize.

Wait mode

The microcomputer enters the wait mode by executing the WIT
instruction. The internal clock g stops at “H” level while the oscillator
keeps running.

Recovery from wait mode can be done in the same way as from stop
mode. However, the time-out period mentioned above is not required
to return from wait-mode, thus no such time-out mechanism has
been implemented.

Note: Set the interrupt enable bit of the interrupt source to be used to
return from stop or wait mode to “1” before executing STP or WIT
instruction.

Xout O

e

Internal clock
®© |for

Interrupt request
Interrupt disable flag

STP Delay R

peripherals

STP—|S —T

STP—

)

Internal clock
Q @ |for cPU

—[ Oscillator countdown |

(timer 1 and 2)

WIT—

Fig. 49 Block diagram of clock generating circuit
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DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM production:
1 Mask ROM Order Confirmation Form
2 Mark Specification Form
3 Contents of Mask ROM, in EPROM form (three identical
copies)

PROM PROGRAMMING METHOD

The built-in PROM of the blank One Time PROM version and built-in
EPROM version can be read or programmed with a general purpose
PROM programmer using a special programming adapter. Set the
address of PROM programmer to the user ROM area.

For the programming adapter type name, please refer to the following
table:

Table 8: Programming adapter name

MCU type Package Programming adapter type
One Time
PROM 44P6N-A PCA7430
EPROM 80D0 PCA7431

The PROM of the blank One Time PROM version is not tested or
screened in the assembly process and following processes. To
ensure proper operation after programming, the procedure shown in
Fig. 50 is recommended to verify programming.

Programming with PROM programmer

Screening *(Note)
(150 °C for 40 hours)

Verification with PROM programmer

Functional test in target unit

Note on screening:
The screening temperature is far higher than the storage temper-|
ature. Never subject the device to 150 °C exceeding 100 hours.

Fig. 50 Programming and testing of One Time PROM version
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Table 9: ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Power source voltage -0.3t0 7.0 \%
Input voltage P0,—PO0,, P1,—P1,,
\4 P2y—P27, P3;—P3,, . -0.3t0 Ve +0.3 \%
P4,—P4,, RESET, X, All voltages with .respect to Vgg
and output transistors are “off”.
Output voltage P0,—PO0O,, P1,—P1,,
Vo P2,—P2,, P3,—P3,, -0.3t0 Ve +0.3 \%
P4o—P47, Xour
Py Power dissipation Ta=25°C 500 mw
Topr Operating temperature —-40to 85 °C
Tstg Storage temperature —60 to 150 °C

Table 10: RECOMMENDED OPERATING CONDITIONS

(Vec=4.0t05.5V, Vgg=AVgs =0V, T, =— 40 to 85 °C unless otherwise noted)

Limits
Symbol Parameter Unit
min. typ. max.
Vee 4.0 5.0 5.5 Y
Power source voltage
Vss 0 Y;
P0,—PO;, P1,—P1,, P2—P2,
V “H” R 0.8 -V, V
H H” Input voltage P3,—P3,. P4,—P4, RESET. Xy, cc cc \4
P0,—P0;, P1,—P1,, P2,—P2;,
V wpn - 0 2 . V
I L Input voltage P3y—P3,, P4q—P4;, RESET, Xy 0 ce v
.. P0,—PO,, P1,—P1,, P2—P2,,
z lon (peak) H” sum peak output current P3.P3, P4—Pa -80 mA
0~ 45 0! 7
z lon (avg) “H” sum average output current -40 mA
z loL (peak) “L” sum peak output current 80 mA
z loL (avg) “L” sum average output current 40 mA
lon (peak) “H” peak output current -10 mA
lon (avg) “H” average output current -5 mA
loL (peak) “L” peak output current 10 mA
loL (avg) “L” average output current 5 mA
input current at overvoltage condi- P1.— Pl P2 P2
lo tion o e en 1 mA
P3,—P3,4, P4,—P4
(V1> Vcc) 0 @ o 7
total input current at overvoltage
5o coniton 7 PLPL. P2 P2 16 A
(Vi> Vo) o Tme e
P1,/CNTRg, P15/CNTR; f(Xin)/16 MHz
f(CNTR) Timer input frequency (except bi-phase counter mode)
(based on 50 % duty) P15/TXo, P14/CNTR, f(X)/32 MHz
(bi-phase counter mode) IN
f(Xin) Clock input oscillation frequency 10 MHz

7630 Group User’s Manual

1-45



HARDWARE
ELECTRICAL CHARACTERISTICS

Table 11: ELECTRICAL CHARACTERISTICS (Vec=4.0t05.5V, Vgg=AVgs=0V, T,=—40 to 85 °C unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
min. typ. max.
P0,—PO0;, P1,—P1-,
VOH “H” output Voltage P20—P27, P30—P34, IOH =-5mA 0.8 - VCC \Y%
P4,—P4,
P0,—PO0;, P1,—P14,
VoL “L” output voltage P2—P2;, P3—P3,, loo =5 mMA 2.0 \%
P4,—P4,
P1,/INTy, P1,/INT4,
P15/TXp, P14/CNTRy,
. P15/CNTR4,P24/Sin,»
Vi — Vo Hysteresis 0.5 \%
o Y P24/Scx, P26/Urrs,
P2;/Ucts, P3,/CRX,
RESET
P0,—PO0O;, P1,—P1,,
IIH “H” input current P20—P27, P30—P34, V| = VCC 5 IJA
P4,—P4;, RESET
Iy “H” input current XN V,=Vcc 4 HA
P0,—PO0;, P1,—P1,,
I “L” input current P20—P2,, P3—P3,, V| = Vss -5 PA
P4,—P4,, RESET
I “L” input current Xin V| =Vss —4 HA
“H” input current P3,, Vi =Vee
| 2 2 A
H P4y—P4, Pull-Down = "On’ 0 00 W
“L” inout t P0,—PO0;, P1,—P1,, V=V
I input curren P2,—P2,, P3,—P3,, P'uﬁ USS_ on -200 -20 HA
P4,—P4,, RESET p=
VRraMm RAM hold voltage When clock stopped 2.0 \%
high speed mode,
f(Xin) = 8MHz, Ve = 5V,
output transistors off, 11.0 18.0 mA
CAN module running,
ADC running
high speed mode,
f(X;n) = 8MHz, Ve = 5V,
output transistors off, 9.0 16.0 mA
CAN module stopped,
ADC running
middle speed mode,
f(X;n) = 8MHz, Ve = 5V,
|CC Power source current output transistors off, 6.0 11.0 mA
CAN module running,
ADC running
middle speed mode, wait
mode, f(X;\) = 8MHz,
Ve = 5V, output transis- 2.0 mA
tors off, CAN module
stopped, ADC stopped
stop mode, f(X,y) = OMHz,
Vee =5V, T, = 25°C 0.1 10 HA
stop mode, f(X,y) = OMHz,
Vee =5V, T, = 85°C 10.0 HA
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HARDWARE
A-D CONVERTER CHARACTERISTICS

Table 12: A-D converter characteristics (Vec=4.0t05.5V,Vgs=AVgg =0V, T,=-40t085°C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
min. typ. max.
— Resolution 8 Bit
— Absolute accuracy +1.0 +2.5 LSB
. high-speed mode 106 108 tc(Xin)
tconv Conversion time -
middle-speed mode 424 432 te(Xin)
VREer Reference input voltage 2.0 Vee \%
IRerp Reference input current Vee=Vrer=5.12V 150 200 HA
R ApDER Ladder resistor value 35 kQ
lian Analog input current V|=Vgs to Ve 0.5 5.0 HA
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HARDWARE
TIMING REQUIREMENTS

Table 13: Timing requirements

(Vec =4.0105.5V, Vgg = AVgs =0V, T,=-40t0 85 °C,

unless otherwise noted)

Limits
Symbol Parameter Unit
min. typ. max.
tw(RESET) Reset input “L” pulse width 2 us
te(Xin) External clock input cycle time 100 ns
twn(Xin) External clock input “H” pulse width 37 ns
tw(Xin) External clock input “L” pulse width 37 ns

CNTRg, (.:NTRl input cycle time 1600 ns
t(CNTR) (except bi-phase counter mode)

CNTRg input cycle time (bi-phase counter mode) 2000 ns

CNTRg, (.:NTRl input “H” pulse width 800 ns
twn(CNTR) (except bi-phase counter mode)

CNTRy input “H” pulse width (bi-phase counter mode) 1000 ns

CNTRg, (?NTRl input “L” pulse width 800 ns
ty (CNTR) (except bi-phase counter mode)

CNTRg input “L” pulse width (bi-phase counter mode) 1000 ns
f(CNTR-TXo) '(‘g?ng:z;"nf:rdrx;’;; put edges 500 ns
te(TXo) TX, input cycle time (bi-phase counter mode) 3200 ns
twh(TXo) TXo input “H” pulse width (bi-phase counter mode) 1600 ns
twL(TXo) TX, input “L” pulse width (bi-phase counter mode) 1600 ns
twn(INT) INTo, INT; input “H” pulse width 460 ns
twi(INT) INTg, INT; input “L” pulse width 460 ns
tc(Scik) Serial I/O clock input cycle time te(Xin) ns
twH(ScLk) Serial I/0O clock input “H” pulse width - te(Xin) ns
twi(Scik) Serial 1/0 clock input “L” pulse width - te(Xin) ns
tsu(Sin—Scik) Serial I/0 input setup time 200 ns
th(ScLk—SiN) Serial I/O input hold time 150 ns
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HARDWARE
SWITCHING CHARACTERISTICS

Table 14: Switching characteristics

(Vec=4.010 5.5V, Vgs=AVgs=0 V, T,=—40 to 85 °C unless otherwise noted)

Limits
Symbol Parameter Unit
min. typ. max.
twr(ScLk) Serial 1/0 clock output “H” pulse width 0.5 - t=(Scik) — 50 ns
twi(ScLk) Serial 1/0 clock output “L” pulse width 0.5 - t=(ScLk) — 50 ns
to(Sck—Sour) Serial I/0 output delay time 50 ns
ty(ScLk—Sour) Serial I/0 output valid time 0 50 ns
tr(ScLk) Serial 1/0 clock output rise time 50 ns
tr(CMOS) CMOS output rise time 10 50 ns
t=(CMOS) CMOS output fall time 10 50 ns
Measurement output pin Q ®
—_— 100 pF
Yoo
CMOS output
Fig. 51 Circuit for measuring output switching characteristics
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HARDWARE
TIMING DIAGRAM

TIMING DIAGRAM

TXo

CNTRy, CNTRy

INT,, INT,

SCLK

SOUT

tc(TXo)
| twn(TXo) | tw(TXo)
0.8-Vee ﬁ
~ 0.2-Vee
t(CNTR)
twh(CNTR) tw (CNTR)
0.8-Vee ﬁ
7Z N 0.2:Vee
twn(INT) tw (INT)
0.8-V,
7‘4 “ X 0.2:Vee /
‘ t,, (RESET) |
0.2:Vee F
I te(Xin)
| tyyr(Xin) [ ty (Kin)
0.8-Vee H ﬁ
0.2:Vee
te(Scix)
te twi(Scik) tr twh(Scik)
5X £ 08Vec
0.2:Vee /| N
tsu(Sin-Scik) th(Scik-Sin)
0.8-Vee
0.2:Vee

to(ScLk-Sour)

ty(Scik-Sout)

o

Fig. 52 Timing diagram
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APPLICATION
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APPLICATION

2.1 1/0 ports

2.1 1/O ports

2.1.1 Memory map of I1/O ports

000816
000916
000A16
000B16
000C1s6

Port PO register (PO)

Port PO direction register (POD)

Port P1 register (P1)

Port P1 direction register (P1D)

Port P2 register (P2)

000D16

Port P2 direction register (P2D)

OOOEz1s6

Port P3 register (P3)

O00F16

Port P3 direction register (P3D)

001016

Port P4 register (P4)

001116

Port P4 direction register (P4D)

—
—~

-
—

)
(S

002816

Port PO pull-up control register (PUPO)

002916

Port P1 pull-up control register (PUP1)

002A16

Port P2 pull-up control register (PUP2)

002B16

Port P3 pull-up control register (PUP3)

002Cz1s

Port P4 pull-up/down control register (PUP4)

—
P

-
—

)
(S

002F16

Polarity control register (PCON)

Fig. 2.1.1 Memory map of I/O port related registers
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APPLICATION

2.1 1/0 ports
2.1.2 Related registers
Port Pi register
b7 b6 b5 b4 b3 b2 bl b0
Port Pi register (Pi) (i=0, 1, 2, 3, 4)
B N N N N - [Address : 000816, 000A16, 000C16, 000E16, 001016]
i i i i i i i i B Name Function Atreset] R | W
: } } } } } } L 0 Port Pio « In output mode 0 O
I e Y R B Write }
I N R R - Read J Portlatch
A Port Pi1 o |lolo
. « In input mode
| | | | | |
[ T N B p Write : Port latch
T e — 2 | PortPi2 Read : Value of pins 0 19]°
| | | | |
i i i i Lo 5 | Port Pis 0 |olo
| | | |
i i i e 4 Port Pia 0 olo
| | | -
i i e 5 Port Pis 0 olo
: L _______________ 6 Port Pis 0 olo
|
|
'L 77777777777777777 7 Port Pi7 0 olo
Note: The bits corresponding to Plo, P35, P3s and P37 are reserved (“0” when read, don't
write “1”).

Fig. 2.1.2 Structure of Port Pi register (i = 0, 1, 2, 3, 4)

Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0

Port Pi direction register (PiD) (i=0, 1, 2, 3, 4)

[Address : 000916, 000B16, 000D16, 000F16, 001116]

1 I I I I I I I

| | | | | | | |

11| B Name Function Atreset| R | W

| | | | | | | |

T R T R o [ Port Pi direction register 0 : Port Pio input mode 0 x|o

[ R T N T B 1: Port Pio output mode

| | | | | | | 1

L 0 : Port Pi1 input mode 0 X|o

R T 1: Port Pi1 output mode

: } } } } L 777777 2 0 : Port Piz input mode 0 xlo

AR 1: Port Pi2 output mode

Dol e 3 0 : Port Pi3 input mode 0o |xlo

: } } } 1: Port Pi3 output mode

: } } e 4 0 : Port Pi4 input mode 0 X | O

[ 1: Port Pi4 output mode

| | | 1

R 5 0 : Port Pis input mode o |Ixlo

: } 1 : Port Pis output mode

: L ,,,,,,,,,,,,,,, 6 0 : Port Pis input mode 0 x|o

| 1 : Port Pie output mode

:_ _________________ 7 0 : Port Pi7 input mode 0 x|o
1 : Port Pi7 output mode

Note: The direction control bits corresponding to P1o, P11, P3s, P3s and P37 are reserved
(“0” when read, don't write “1”").

Fig. 2.1.3 Structure of Port Pi direction register (i = 0, 1, 2, 3, 4)
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APPLICATION
2.1 1/0 ports

Port Pi pull-up control register

b7 b6 b5 b4 b3 b2 bl b0

Port Pi pull-up control register (PUPI) (i = 0, 2) [Address : 002816, 002A16]

I I I I I 1 1 1

o B Name Function Atreset| R | W

| | | | | | | |

} } } } } } } L 0 Pio pull-up transistor control bit 0 : No pull-up 0 @]

[ 1: Pull-up

S L___ 1 Pi1 pull-up transistor control bit 0 : No pull-up o |olo

} } } } } } 1: Pull-up

} } } } } L 777777 2 | Pi2 pull-up transistor control bit 0 : No pull-up 0 olo

} } } } } 1: Pull-up

R 3 | Pia pull-up transistor control bit 0 : No pull-up o |lolo

[ I A 1: Pull-up

| | | |

I 4 Pi4 pull-up transistor control bit 0 : No pull-up o |olo

Lo 1: Pull-up

o }_ _____________ 5 Pis pull-up transistor control bit 0 : No pull-up 0 |olo

} } 1: Pull-up

} L ,,,,,,,,,,,,,,, 6 Pie pull-up transistor control bit 0 : No pull-up 0 olo

! 1: Pull-up

L _________________ 7 Pi7 pull-up transistor control bit 0 : No pull-up o |lolo
1: Pull-up

Fig. 2.1.4 Structure of Port Pi pull-up register (i = 0, 2)
Port P1 pull-up control register
b7 b6 b5 b4 b3 b2 bl b0
- Port P1 pull-up control register (PUP1) [Address : 002916]

I I I I I 1

i i i i i i i i B Name | Function Atreset| R | W

L 1 1 1 | =0 /[Notused (0" when read, don't write “1".) 0 |oIX

S R Y Tolx

| | | | | |

} } } } } L 777777 2 P12 pull-up transistor control bit 0 : No pull-up 0 olo

} } } } } 1: Pull-up

oo L 3 | P12 pull-up transistor control bit {0 : No pull-up o |olo

} } } } 1: Pull-up

R 4 | P14 pull-up transistor control bit {0 : No pull-up 0 |olo

[ 1: Pull-up

| | |

o] 5 [P1s pull-up transistor control bit 0 : No pull-up 0 |olo

- 1: Pull-up

} t 777777777777777 6 P16 pull-up transistor control bit | 0 : No pull-up o |olo

! 1: Pull-up

}_ _________________ 7 | Pl pull-up transistor control bit 0 : No pull-up 0 |lolo
1: Pull-up

Fig.

2.1.5 Structure of Port P1 pull-up register
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APPLICATION
2.1 1/0 ports

Port P3 pull-up control register

b7 b6 b5 b4 b3 b2 bl b0

Port P3 pull-up control register (PUP3) [Address : 002B16]

I I I I I
: } } } } } } } B Name Function Atreset]| R | W
| | | | | | | |
: } } } } } } F P30 pull-up transistor control bit 0 : No pull-up 0 olo
N (Y 1: Pull-up
R L,,, 1 | P31 pull-up transistor control bit 0 : No pull-up 0 (e} o)
: } } } } } 1: Pull-up
T T L 777777 2 | P32 pull-up/down transistor 0 : No pull-up/down 0 (e} ko)
: } } } } control bit 1: Pull-up/down (Note)
: } } } L 77777777 3 | P33 pull-up transistor control bit 0 : No pull-up 0 olo
[ I 1: Pull-up
| | | |
N 4 | P34 pull-up transistor control bit 0 : No pull-up 0 olo
o 1: Pull-up
| | |
N O 5 | Not used (“0” when read, don't write “1".) 0 Ol x
| |
| | |
ity 6 0 |O|X
S 7 0 |o|x

Note: Enables the pull-transistor towards the CAN module recessive level. This level
depends on the CAN module dominant level control bit (bit 1 of the Polarity control

register [address: 002F16] ).

Fig. 2.1.6 Structure of Port P3 pull-up control register

Port P4 pull-up/down control register

b7 b6 b5 b4 b3 b2 bl bo

Port P4 pull-up/down control register (PUP4) [Address : 002C16]

I I I I I I I I

[ A R E I B

: } } } } } } } B Name Function Atreset| R | W

N 0 P4o pull-up/down transistor 0 : No pull-up/down 0 |o|o

T control bit 1 : Pull-up/down (Note)

R }____ 1 P41 pull-up/down transistor 0 : No pull-up/down o |o|o

A R N control bit 1 : Pull-up/down (Note)

: } } } } L 777777 2 | P42 pull-up/down transistor 0 : No pull-up/down 0 ol|lo

: } } } } control bit 1 : Pull-up/down (Note)

A R 5 | P43 pull-up/down transistor 0 : No pull-up/down 0 |olo

: } } } control bit 1: Pull-up/down (Note)

R N 4 P44 pull-up/down transistor 0 : No pull-up/down o |olo

[ control bit 1 : Pull-up/down (Note)

[

[ N 5 | P4s pull-up/down transistor 0 : No pull-up/down 0 olo

b control bit 1 : Pull-up/down (Note)

: L 777777777777777 6 P4s pull-up/down transistor 0 : No pull-up/down 0 olo

: control bit 1 : Pull-up/down (Note)

e 7 | P47 pull-up/down transistor 0 : No pull-up/down o |lolo
control bit 1 : Pull-up/down (Note)

Note: Enables the pull-transistor towards the passive polarity of key-on wake-up interrupt.
This level depends on the Key-on wake-up polarity control bit (bit O of the Polarity
control register [address: 002F16] ).

Fig. 2.1.7 Structure of Port P4 pull-up/down control register
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APPLICATION
2.11/0 ports

Polarity control register
b7 b6 b5 b4 b3 b2 bl bO

_ Polarity control register (PCON) [Address : 002F16]

1 1
[ R Y R N R B
[ A ] Name Function Atreset| R | W
[ R Y R N R B
Fooror Key-on wake-up polarity 0: Low level active (P4 pull-up) 0 olo
A T N T control bit 1: High level active (P4 pull-down)
[
It 1 1 1 1 1| 1]|CAN module dominant level 0: Low level dominant (P32 pull-up) o |olo
A control bit (Note) 1: High level dominant (P32 pull-down)
I N H 2 _1ox
[ T I N S
[ N [ 3 ) 2 10}
} } } b 4 | Not used (undefined when read.) ? |O[|X
B 5| 2 |[o]X
et | 6 | ? JO|X
777777777777777777 7 ? |O|X

Note: The selected dominant level also controls the polarity of the pull-transistor enabled
by the P32 pull-up/down transistor control bit (bit 2 of the Port P3 pull-up control
register), the transistor pulling toward the recessive level is selected.

Fig. 2.1.8 Structure of Polarity control register
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APPLICATION
2.11/0 ports

2.1.3 Overvoltage conditions at digital input ports

This section describes how to use digital input ports of the 7630 group at overvoltages. The terms over
voltage refer to voltage levels beyond Vcc+0.3V. When subjected to such input voltage levels, the built-
in protection circuit of the input port attempts to limit the input voltage in order to avoid permanent damage
to the device. This condition causes input current to the port. The built-in protection circuit tolerates input
currents up to specified limits (refer to “3.1 Electrical characteristics ). The input current levels must be
limited by appropriate design of the application circuit connected to the coresponding port. Figure 2.1.9
shows an example circuit.

E \Y/el¢;

MCU
R
VIN /\/\/\/ s > Internal
Vp circuits
Protection
circuit

/;I/ Vss

Fig. 2.1.9 External circuit example applying overvoltage to digital inputs

Assume VIN the voltage to be connected to the MCU. The resistor R limits the input current to satisfy the
“recommended operatiing conditions”. For an estimation of the resistor, the port voltage VP should be
assumed to be Vcc at overvoltage (VIN > Vcc+0.3V). To determine the appropriate resistor size refer to
the below:

VIN(max.) — Vcc

R >
llo

(VIN > Vcc+0.3V)

Notes: ¢ Subjecting ports to overvoltage may effect the supply voltage and ground levels of the application
and the device. Ensure appropriate design (low impedance) of the power and ground supply to
keep Vcc and Vss within the specified limits. In particular, avoid subjecting ports to overvoltage
causing Vcc-Vss to rise above 5.5 V.

* Port PO must not be subjected to overvoltage conditions.

» Overvoltages causing input current flowing through the internal port protection circuits have a
negative effect on the ports noise immunity. Therefore, careful and intense testing of the target
system’s noise immunity is required.

» Because of the above noise immunity issue, it is not recommended to subjects ports with interrupt
functions (such as ports for external interrupt) to overvoltage conditions.

» Refer to the “3.4 Countmeasures against noise .
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APPLICATION
2.11/0 ports

2.1.4 Handling examples of unused pins

Table 2.1.1 Handling of unused pins

Name of Pins/Ports Handling
PO, P11(Note) P12 to P17, P2, | Configure as inputs and pull to Vcc or Vss via a resistor of 1 kQ to 10
P3, P4 kQ, or configure as outputs and leave open (expect P11).
VREF Connect to VSS(GND) or leave open.
AVss Connect to Vss(GND).
XouTt Leave open (only when using external clock).

Note: The P11 pin of the built-in programmable ROM version is used in common with the VPP pin, insert
a register of about 5 kQ in series and connect by the shortest wiring.
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APPLICATION

2.2 Interrupts

2.2 Interrupts

2.2.1 Memory map of interrupt related registers

000216 | Interrupt request register A (IREQA)
000316 | Interrupt request register B (IREQB)
000416 | Interrupt request register C (IREQC)
000516 | Interrupt control register A (ICONA)
000616 | Interrupt control register B (ICONB)
000716 | Interrupt control register C (ICONC)

—
P

)
(¢

-
—

002D16 | Interrupt polarity selection register (IPOL)

—_
=

)
(S

002F16 | Polarity control register (PCON)

Fig. 2.2.1 Memory map of interrupt related registers
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APPLICATION

2.2 Interrupts

2.2.2 Related registers

Interrupt request register A

b7 b6 b5 b4 b3 b2 bl bo

I I I I I I 1
| | | | | | | |
} } } } } } } } B Name | Function At reset
| | | | | | | |
} } } } } } } —- 0 | Not used (“0” when read.) 0
N External interrupt INTo request bit | 0 : No interrupt request 0
A ! 1: Interrupt requested
i i i i i L 777777 2 | External interrupt INT1 request bit | 0 : No interrupt request 0
N 1 : Interrupt requested
} } } } Lo 3 CAN successful transmission 0 : No interrupt request 0
} } } } interrupt request bit 1 : Interrupt requested
A 4 |CAN successful receive 0 : No interrupt request 0
[ interrupt request bit 1 : Interrupt requested
| | |
N 5 | CAN overrun 0 : No interrupt request 0
Lo interrupt request bit 1 : Interrupt requested
} L 777777777777777 6 CAN error passive 0 : No interrupt request 0
} interrupt request bit 1 : Interrupt requested
e ; | CAN bus off 0 : No interrupt request 0
interrupt request bit 1 : Interrupt requested
O Can be cleared to “0” by software, but cannot be set to “1”.
Fig. 2.2.2 Structure of Interrupt request register A
Interrupt request register B
b7 b6 b5 b4 b3 b2 bl b0
Interrupt request register B (IREQB) [Address : 000316]
I I I I I I 1 1
| | | | | | | |
} } } } } } } } B Name Function At reset
b CAN wake-up 0 : No interrupt request 0
[ e N e BN .
I interrupt request bit 1 : Interrupt requested
| | | | | | | N N -
. Timer X interrupt request bit 0 : No interrupt request 0
A 1: Interrupt requested
} } } } } L 777777 2 | Timer Y interrupt request bit 0 : No interrupt request 0
} } } } } 1 : Interrupt requested
Lo L 5 | Timer 1 interrupt request bit 0 : No interrupt request 0
[ T 1 : Interrupt requested
For - P red
} } } . 4 Timer 2 interrupt request bit 0 : No interrupt request 0
7777777777 1 : Interrupt requested
| | |
| | |
[ 5 Timer 3 interrupt request bit 0 : No interrupt request 0
} } 1 : Interrupt requested
} L 777777777777777 6 CNTRo interrupt request bit 0 : No interrupt request 0
} 1 : Interrupt requested
L 7 CNTRu1 interrupt request bit 0 : No interrupt request 0
1

. Interrupt requested

O Can be cleared to “0” by software, but cannot be set to “1".

Fig.

2.2.3 Structure of Interrupt request register B
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APPLICATION

2.2 Interrupts

Interrupt request register C
b7 b6 b5 b4 b3 b2 bl bo

Interrupt request register C (IREQC) [Address : 000416]

I I I I I I I
| | | | | | | |
Lol B Name Function Atreset] R
N 0 UART receive complete (receive | 0 : No interrupt request 0 ol O
I buffer full) interrupt request bit 1 : Interrupt requested
| | | | | | |
1 UART transmit complete (transmit 0 : No interrupt request 0 olO
: } } } } } register empty) interrupt request bit 1 : Interrupt requested
: } } } } L 777777 2 | UART transmit buffer empty 0 : No interrupt request 0 ol o
AR interrupt request bit 1: Interrupt requested
T R 3 | UART receive error 0 : No interrupt request 0 |o|o
: } } } interrupt request bit 1 : Interrupt requested
N 4 Serial I/0 interrupt request bit 0 : No interrupt request o |lolo
o 1 : Interrupt requested
| | |
[ 5 | AD conversion complete 0 : No interrupt request 0 |o|no
b interrupt request bit 1 : Interrupt requested
: L 777777777777777 6 Key-on wake-up 0 : No interrupt request 0 ol o
: interrupt request bit 1: Interrupt requested
|
b 7 | Not used (“0” when read.) 0 |O|IX

0 Can be cleared to “0” by software, but cannot be set to “1".

Fig. 2.2.4 Structure of Interrupt request register C

Interrupt control register A
b7 b6 b5 b4 b3 b2 bl b0

1 I I I I I I

| | | | | | | |

: } } } } } } } B Name | Function Atreset| R | W

L0 1 1 1 1 1 o|Notused (0" when read.) 0 [OfX

| | | | | | |

R L,,, 1 External interrupt INTo enable bit | O : Interrupt disabled 0 olo

A 1 : Interrupt enabled

: } } } } L 777777 2> | External interrupt INT1 enable bit | 0 : Interrupt disabled 0 olo

AR 1 : Interrupt enabled

: } } } L 77777777 3 CAN successful transmission 0 : Interrupt disabled 0 olo

: } } } interrupt enable bit 1: Interrupt enabled

N 4 | CAN successful receive 0 : Interrupt disabled o |olo

[ interrupt enable bit 1: Interrupt enabled

| | |

N 5 | CAN overrun 0 : Interrupt disabled o |lolo

b interrupt enable bit 1 : Interrupt enabled

: L ,,,,,,,,,,,,,,, 6 CAN error passive 0 : Interrupt disabled o |lolo

: interrupt enable bit 1: Interrupt enabled

e ; | AN bus off 0 : Interrupt disabled o lolo
interrupt enable bit 1: Interrupt enabled

Fig. 2.2.5 Structure of Interrupt control register A
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Interrupt control register B

b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register B (ICONB) [Address : 000616]

I I I I I I I 1
[ N R
| | | | | | | | B Name Function At reset
[ N R
} } } } } } } . 0 CAN wake-up interrupt enable bit | O : Interrupt disabled 0
| | | | | | | 1: Interrupt enabled
ol Timer X interrupt enable bit 0 : Interrupt disabled 0
A . 1 : Interrupt enabled
[ T N B : P
} } } } } L ______ 2 | Timer Y interrupt enable bit 0 : Interrupt disabled 0
} } } } } 1: Interrupt enabled
A 5 | Timer L interrupt enable bit 0 : Interrupt disabled 0
} } } } 1 : Interrupt enabled
. Timer 2 interrupt enable bit 0 : Interrupt disabled 0
} } } 4 1 : Interrupt enabled
[
L 5 | Timer 3 interrupt enable bit 0 : Interrupt disabled 0
Do 1: Interrupt enabled
} L _______________ 6 [ CNTRo interrupt enable bit 0 : Interrupt disabled 0
} 1 : Interrupt enabled
L CNTRuz interrupt enable bit 0 : Interrupt disabled 0

77777777777777777 7 1 : Interrupt enabled

Fig. 2.2.6 Structure of Interrupt control register B
Interrupt control register C
b7 b6 b5 b4 b3 b2 bl b0
- Interrupt control register C (ICONC) [Address : 000716]
I I I I I 1 1

} } } } } } } } B Name Function At reset
| | | | | | | |
Lo | 0 UART receive complete (receive | O : Interrupt disabled 0
} } } } } } } buffer full) interrupt enable bit 1 : Interrupt enabled
R L_ |1 UART transmit complete (transmit | O : Interrupt disabled 0
A T register empty) interrupt enable bit | 1 : Interrupt enabled
} } } } } L 777777 2 | UART transmit buffer empty 0 : Interrupt disabled 0
. interrupt enable bit 1 : Interrupt enabled
R 3 | UART receive error 0 : Interrupt disabled 0
} } } } interrupt enable bit 1 : Interrupt enabled
N 4 Serial I/0 interrupt enable bit 0 : Interrupt disabled 0
} } } 1 : Interrupt enabled
| | |
N 5 | AD conversion complete 0 : Interrupt disabled 0
b interrupt enable bit 1: Interrupt enabled
} L 777777777777777 6 Key-on wake-up 0 : Interrupt disabled 0
} interrupt enable bit 1 : Interrupt enabled
|
b - 7 | Not used (“0” when read.) 0

Fig. 2.2.7 Structure of Interrupt control register C
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Interrupt polarity selection register

b7 b6 b5 b4 b3 b2 bl b0

_::- Interrupt polarity selection register (IPOL) [Address : 002D16]

| | | | | | | |

Lol B Name | Function Atreset| R [ W
R R N Not used (“0” when read, don't write “1".) 0 |O|X
| | | | | | |

ol L___ 1 | INTo interrupt edge selection bit 0: Falling edge active 0 olo
A T (Note)| 1: Rising edge active

A N 5 | INTLinterrupt edge selection bit | 0: Falling edge active o |o|o
: } } } } (Note)| 1: Rising edge active

N 3 o [o]x
: } } } — Not used (“0” when read, don't write “1".)

e 4 0 |O|X
| | | —

e 5 0 |O|X
| | |

: L] 6 0 Ol X
! -

g 7 0 O X

Note: To use the external interrupt functions, the pull-up transistor corresponding to the
selected active level must be enabled by the corresponding pull-up transistor control
bits of the Port P1 pull-up control register).

Fig. 2.2.8 Structure of Interrupt polarity selection register

Polarity control register
b7 b6 b5 b4 b3 b2 bl bo

Polarity control register (PCON) [Address : 002F16]

I I
: } } } } } } } B Name Function Atreset| R | W
[ A R H I B
Poobo b Key-on wake-up polarity 0: Low level active (P4 pull-up) 0 (e} o)
: } } } } } } control bit 1: High level active (P4 pull-down)
: } } } } } t777 1 | CAN module dominant level 0: Low level dominant (P32 pull-up) 0 olo
R control bit (Note) 1: High level dominant (P32 pull-down)
I 2] G SR Dt
[ T N
[ [ 3 . 2 _Jo}x
: } } b — 4 | Not used (undefined when read.) ? O| X
I R LS B 2 |[o]X
ittt [ 6 | ? JO|X
ffffffffffffffffff 7 ? |O|X

Note: The selected dominant level also controls the polarity of the pull-transistor enabled
by the P32 pull-up/down transistor control bit (bit 2 of the Port P3 pull-up control
register), the transistor pulling toward the recessive level is selected.

Fig. 2.2.9 Structure of Polarity control register
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2.2.3 Interrupt setting method
Figure 2.2.10 and Figure 2.2.11 show interrupt setting method.

Step 1: Disable all interrupts or the setting interrupts to prevent unnecessary interrupts occurring during setting.

In the former, set the Interrupt disable flag (1) to “1”.
In the latter, clear the corresponding interrupt enable bits to “0”.
b7 b0

. Interrupt control register A (ICONA) [Address: 000516]

\— External interrupt INTo enable bit

External interrupt INT1 enable bit

CAN successful transmission interrupt enable bit
CAN successful receive interrupt enable bit
CAN overrun interrupt enable bit

CAN error passive interrupt enable bit

CAN bus off interrupt enable bit

b7 b0
Interrupt control register B (ICONB) [Address: 000616]

CAN wake-up interrupt, interrupt disabled.
L—— Timer X interrupt enable bit
Timer Y interrupt enable bit
Timer 1 interrupt enable bit
Timer 2 interrupt enable bit
Timer 3 interrupt enable bit
CNTRo interrupt enable bit
CNTRuz interrupt enable bit

b7 b0

. Interrupt control register C (ICONC) [Address: 000716]

I— UART receive complete (receive buffer full) interrupt enable bit
L UART transmit complete (transmit register empty) interrupt enable bit
UART transmit buffer empty interrupt enable bit

UART receive error interrupt enable bit

Serial I/O interrupt enable bit

AD conversion complete interrupt enable bit

Key-on wake-up interrupt enable bit

Step 2: Set the each function related the setting interrupts (Note 1).

Note 1: For details, refer to setting method of each function.

Fig. 2.2.10 Interrupt setting method (1)
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Step 3: Clear the setting interrupt request bits to “0” (no interrupt request).
b7 b0

. Interrupt request register A (IREQA) [Address: 000216]

\— External interrupt INTo request bit

External interrupt INT1 request bit

CAN successful transmission interrupt request bit
CAN successful receive interrupt request bit

CAN overrun interrupt request bit

CAN error passive interrupt request bit

CAN bus off interrupt request bit

b7 b0
Interrupt request register B (IREQB) [Address: 000316]

CAN wake-up interrupt request bit
—— Timer X interrupt request bit
Timer Y interrupt request bit
Timer 1 interrupt request bit
Timer 2 interrupt request bit
Timer 3 interrupt request bit
CNTRo interrupt request bit
CNTRuz interrupt request bit

b7 b0

. Interrupt request register C (IREQC) [Address: 000416]

L UART receive complete (receive buffer full) interrupt request bit
L UART transmit complete (transmit register empty) interrupt request bit
UART transmit buffer empty interrupt request bit

UART receive error interrupt request bit

Serial I/O interrupt request bit

AD conversion complete interrupt request bit

Key-on wake-up interrupt request bit

Step 4: Set the using interrupt enable bits to “1” (interrupt enabled). Refer to Step 1.

Step 5: When the Interrupt disable flag (1) is set to “1” in Step 1, clear the flag to “0” (interrupt enabled).

Step 6: Operate the each functions related the using interrupts (Note 2).

Note 2: For details, refer to setting method of each function.

Fig. 2.2.11 Interrupt setting method (2)
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2.2.4 Key-on wake-up interrupt

Figure 2.2.12 and Figure 2.2.13 show setting method for registers related to the key-on wake-up interrupt.

Step 1: Disable the key-on wake-up interrupt or all interrupts to prevent unnecessary interrupts occurring during setting.

In the former, set the Interrupt disable flag (1) to “1”.

In the latter, clear the Key-on wake-up interrupt enable bit to “0”.
b7 b0

E...... Interrupt control register C (ICONC) [Address: 000716]
Key-on wake-up interrupt enable bit

Step 2: Set the ports of P4 used as key-on wake-up input pin to input mode.
b7 b0

Port P4 direction register (P4D) [Address: 001116]

I— Port P4o direction register
—— Port P41 direction register
Port P42 direction register
Port P43 direction register 0 : Input mode
Port P44 direction register 1 :Output mode
Port P4s direction register
Port P4s direction register
Port P47 direction register

Step 3: Pull-up/down the ports of P4 used as key-on wake-up input pin.
b7 b0
Port P4 pull-up/down control register (PUP4) [Address: 002C16]

Port P4o pull-up/down transistor control bit
—— Port P41 pull-up/down transistor control bit
Port P42 pull-up/down transistor control bit
Port P43 pull-up/down transistor control bit 0 : No pull-up/down
Port P44 pull-up/down transistor control bit 1: Pull-up/down
Port P45 pull-up/down transistor control bit
Port P4s pull-up/down transistor control bit
Port P47 pull-up/down transistor control bit

Step 4: Set the key-on wake-up polarity.
b7 b0
_]{Polarity control register (PCON) [Address: 002F16]
Key on wake-up polarity control bit
0 : Low level active (P4 pull-up)
1: High level active (P4 pull-down)

Fig. 2.2.12 Setting method for registers related to key-on wake-up interrupt (1)

2-16 7630 Group User’s Manual



APPLICATION

2.2 Interrupts

Step 5: Clear the Key-on wake-up interrupt request bit to “0” (no interrupt request).
b7 b0

E...... Interrupt request register C (IREQC) [Address: 000416]
Key-on wake-up interrupt request bit

Step 6: Set the Key-on wake-up interrupt enable bit to “1” (interrupt enabled).
b7 b0

...... Interrupt control register C (ICONC) [Address: 000716]
Key-on wake-up interrupt enable bit
Step 7: When the Interrupt disable flag (1) is set to “1” in Step 1, clear the flag to “0” (interrupt enabled).

Step 8: Execute the STP/WIT instruction to switch procedure to the stop/wait mode.

Fig. 2.2.13 Setting method for registers related to key-on wake-up interrupt (2)
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2.3 Timers

2.3.1 Memory map of timer

001616 | Timer 1 (T1)

001716 | Timer 2 (T2)

001816 | Timer 3 (T3)

001916 | Timer 123 mode register (T123M)

001A16 | Timer XL (TXL)

001B16 | Timer XH (TXH)

001C16 | Timer YL (TYL)

001D16 | Timer YH (TYH)

001E16 | Timer X mode register (TXM)

001F16 | Timer Y mode register (TYM)

Fig. 2.3.1 Memory map of timer related registers
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2.3 Timers
2.3.2 Related registers

Timer 1, Timer 3
b7 b6 b5 b4 b3 b2 bl bo

Timer 1 (T1) [Address : 001616]
N N R [ - Timer 3 (T3) [Address : 001816]
i i i i i i i i B Function Atreset| R | W
bl L 1 11 10 e Set“0016” to “FF16” as Timer 1 or Timer 3 count value. 1 |ofo
' 1 1 1 1 1 L___[1]e Thetimer value is written to timer and latch at the same time. 1 |lolo
| | | | | |
. 5 | * To get the actual Timer 1 or Timer 3 value read out the 1 lolo
. L__{ corresponding timer register.
T ° | Al
T T ST 4 1 |o]o
| | | —
L EEE, 5 1 |o|o
| | —
T 6 1 |o|o
| -
b 7 1 |olo

Fig. 2.3.2 Structure of Timer 1, Timer 3

Timer 2
b7 b6 b5 b4 b3 b2 bl bo

Timer 2 (T2) [Address : 001716]
I I I I I I I I
i i i i i i i i B Function Atreset| R | W
bl L1 11 10 e Set“0016” to “FF16” as Timer 2 count value. 1 ]oJo
' 1 1 1 1 | L___[1]e The timer value is written to Timer 2 and latch at the same time | olo
R — orto the latch only (Note).
T Y E S — 2 ) ) . 0 (0] K6}
Lo | e To get the actual Timer 2 value read out the Timer 2 register.
I . ° Sl
T 4 0 |o|o
| | | —
| b 5 o |ofo
O 6 o |ofo
| -
Lo 7 o |o]o

: Depinding on the Timer 2 write control bit (bit 2 of the Timer 123 mode register

[address: 001916] ).

Fig. 2.3.3 Structure of Timer 2
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Timer 123 mode register
b7 b6 b5 b4 b3 b2 bl b0

- Timer 123 mode register (T123M) [Address : 001916]

I I I I 1 1 1

} } } } } } } } B Name Function Atreset| R | W

| | | | | | | |

} } } } } } } i 0 PWM polarity selection bit 0 : Start on “H” level output 0 olo

[ S T T T 1: Start on “L” level output

R }7777 1 PWM output enable bit 0 : PWM output disabled o |lolo

A R 1 : PWM output enabled

R L 777777 > | Timer 2 write control bit 0 : Latch and counter 0 olo

} } } } } 1: Latch only

R 3 | Timer 2 count source selection bit | 0 : Timer 1 underflow 0 |olo

} } } } 1 : Pre-divider output

I Timer 3 count source selection bit | 0 : Timer 1 underflow o |lolo

Lo 4 1 : Pre-divider output

| | |

} } S —— 5 | Not used (“0” when read, don't write “1".) 0 OfX

| |

} L 777777777777777 6 Pre-divider division ratio bits 8786 @divided by 1 (Note) 1 ]O]|O

| :

\ || 0 1: @divided by 8 (Note)

! 10 : @divided by 32 (Note)

L v 0 |O]O
7 11 : @divided by 128 (Note)

Note: The internal system clock @ is divided f(XIN) by 2 or by 8. The division ratio is decided by
the Internal system clock selection bit (bit 6 of the CPU mode register [address: 000016] ).

Fig. 2.3.4 Structure of Timer 123 mode register

Timer XL, Timer XH, Timer YL, Timer YH
b7 b6 b5 b4 b3 b2 bl b0

Timer XL (TXL), Timer XH (TXH) [Address : 001A16, 001B16]
Timer YL (TYL), Timer YH (TYH) [Address : 001C16, 001D16]

I I I I I I 1 1

i i i i i i i i Function Atreset| R | W
bbb 1 1 L4 ofe Set“000016” to “FFFF16” as timer count value. 1 |o]o
i i i i i i L___ T e Write access 1 lolo
[ R B | | The timer value is written to Timer X or Timer Y and latch at

i i i i i L] 2 the. same timer or to the latch only (Note).. 1 O|0
I —  Write first low byte (TXL, TYL) and then high byte (TXH, TYH). T Tolo
I | 3 |+ Read access

} } } e 4 To get the actual Timer X or Timer Y value read out the 1 olo
I L1 corresponding timer register.

iy 5| A measurement value is read out in pulse period and pulse 1 ]0]0
| L 777777777777777 ? width measurement mode. 1 lolo
| Read first high byte (TXH, TYH) and then low byte (TXL, TYL).
L 7 1 |olo

Note: Depinding on the Timer X or Timer Y data write control bit (bit O of the Timer X or
Timer Y mode register [address: 001E16, 001F16] ).

Fig. 2.3.5 Structure of Timer XL, Timer XH, Timer YL, Timer YH
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Timer X mode register
b7 b6 b5 b4 b3 b2 bl bo

D]]:_:l Timer X mode register (TXM) [Address : 001E16]

| I I I I I I I

o ) B Name Function Atreset| R | W

Lo L o | Timer X data write control bit 0 : Data is written to latch and timer. 0 ol|lo

[ R E N R 1 : Data is written to latch only.

| I I I I I I

o o |2 0 O | X

: } } } } . 2 | Not used (“0” when read, don't write “1".) 0 O | X

l I I I | = |

| I I T T 3 0 ofX

| I I I - ; b5 b4

T —— 4 Timer X mode bits 00 : Timer mode 0 o|O

| I I _— 0 1 : Bi-phase counter mode

T S 5 10 : Event counter mode o |lolo

| I 11 : Pulse width measurement mode

| I

[ CNTRo polarity selection bit 0: For event counter mode,

: } rising edge active

| I For interrupt request,

| | falling edge active

: } For pulse width measurement mode,

| ] 6 measure “H” period 0 el Ke)

| 1: For event counter mode,

! falling edge active

| For interrupt request,

| rising edge active

: For pulse width measurement mode,

| measure “L” period

|

b _____ 7 | Timer X stop control bit 0 : Timer counting 0 olo
1: Timer stopped

Fig. 2.3.6 Structure of Timer X mode register

Timer Y mode register
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |Timeerode register (TYM) [Address : 001F16]

1 I I I I I I 1
| I I I I I I I
| I I I I I I I B Name Function Atreset| R | W
| I I I I I I I
. . b1 bo
: } } } } } } l 0 'kl)'iltmer X count source selection 00 : gdivided by 4 (Note) 0 (e} Ke)
oo S 0 1 : @divided by 16 (Note)
R 10 : @divided by 64 (Note) 0 olo
: ; } } } } 11 : ¢@divided by 128 (Note)
| | | | | | - - b3 b2
Lo } } Lo 2 'L!)'_ltmer Y count source selection 00 : @ divided by 2 (Note) 0 OO
T N T T s 01 : @divided by 8 (Note)
! ! ! ! ! 10 : @divided by 32 (Note) 0 olo
i 3 11 : gdivided by 64 (Note)
| I I I
" : B b5 b4
: } } e 2 Timer Y operation mode bits 0 0 : Timer mode 0 olo
| | | 0 1: Pulse period measurement mode
o 1 0: Event counter mode 0
| | e — = — ] 5 1 1: H/L pulse width measurement mode o]0
| I
| I
| I CNTRu1 polarity selection bit 0 : For event counter mode,
| | rising edge active
: } For interrupt request,
| | falling edge active
: } For pulse period measurement mode,
| o 6 ) refer to falling edge 0 olo
| 1: For event counter mode,
| falling edge active
: For interrupt request,
| rising edge active
| For pulse period measurement mode,
: refer to rising edge
|
- 7 | Timer Y stop control bit 0 : Timer counting 0 (e} Ke)
1: Timer stopped

Note: The internal system clock @is divided f(XiN) by 2 or by 8. The division ratio is decided by
the Internal system clock selection bit (bit 6 of the CPU mode register [address: 000016] ).

Fig. 2.3.7 Structure of Timer Y mode register
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2.3.3 Timer application examples

(1) Basic functions and uses

[Function 1] Control of Event interval (Timer X, Timer Y, Timer 1, Timer 2, Timer 3)
The Timer count stop bit is set to “0” after setting a count value to a timer. Then a timer interrupt
request occurs after a certain period (Timer mode ).

[Use] < Generation of an output signal timing
e Generation of a waiting time

[Function 2] Control of Cyclic operation (Timer X, Timer Y, Timer 1, Timer 2, Timer 3)
The value of a timer latch is automatically written to a corresponding timer every time a timer
underflows, and each cyclic timer interrupt request occurs (Timer mode ).

[Use] < Generation of cyclic interrupts
* Clock function (measurement of 25ms) - Application example 1
» Control of a main routine cycle

[Function 3] Count of External pulse (Timer X)
External pulses input to the CNTR pin are selected as a timer count source (Bi-phase mode ).

[Use] ¢ Measurement of incremental sensor output signals

[Function 4] Count of External pulse (Timer X, Timer Y)
External pulses input to the CNTR pin are selected as a timer count source (Event counter
mode).

[Use] ¢ Measurement of frequency - Application example 2
« Division of external pulses.
« Generation of interrupts in a cycle based on an external pulse.
(count of a reel pulse)

[Function 5] Measurement of External pulse width (Timer X, Timer Y)
The “H” or “L” level width of external pulses input to CNTR pin is measured (Pulse width
measurement mode ).

[Use] < Measurement of external pulse frequency (Measurement of pulse width of FG pulse”
generated by motor) — Application example 3
* Measurement of external pulse duty (when the frequency is fixed)

[l FG pulse : Pulse used for detecting the motor speed to control the motor speed.
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(2) Timer application example 1 : Clock function (measurement of 25 ms)

Outline : The input clock is divided by a timer so that the clock counts up every 25 ms.

Specifications : ¢ The clock f(XIN) = 8 MHz is divided by a timer.
e The clock is counted at intervals of 25 ms by the Timer 3 interrupt.

Figure 2.3.8 shows the timers connection and division ratios, Figures 2.3.9 show a setting of related
registers, and Figure 2.3.10 shows a control procedure.

(Note 1) Pre-divider (Note 2) Timer 1 Timer3  Timer 3

interrupt request
¢ 1/8 > 1/250 > 1/50 pLreq
25 ms

fXIN) =8 MHZ ———5] 112

Y

> 1/40 [———> 1second

The clock is divided by 40
by software.

Note 1: The internal system clock @is divided f(XIN) by 2 or by 8. The division ratio is decided by
the Internal system clock selection bit (bit 6 of the CPU mode register [address: 000016] ).

Note 2: The division ratio is decided by the Pre-divider division ratio bits (bit 6 and bit 7 of the
Timer 123 mode register [address: 001916] ).

Fig. 2.3.8 Timers connection and division ratios [Clock function]
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T123M

T1

T3

IREQB

ICONB

CPU mode register [Ad

b7

dress: 000016]
b0

Internal system clock selection bit : @ = f(XIN) divided by 2
(high-speed mode)

Timer 123 mode register [Address: 001916]

b7

b0

0

1 E

Timer 3 count source selection bit : Output signal from Timer 1

Pre-divider division ratio bits : @ divided by 8

Timer 1 [Address: 001616]
b7 bo

249

b7

Timer 1 [Address: 001816]
0

Set “division ratio — 1"

b

49

b7

Set “division ratio — 1”

Interrupt request register B [Address: 000316]
0

b

0

b7

Timer 3 interrupt request bit (becomes “1” every 25 ms)

Interrupt control register B [Address: 000616]
bo

Timer 3 interrupt enable bit : Interrupt enabled

Fig. 2.3.9 Setting of related registers [Clock function]
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Control procedure :

Figure 2.3.10 shows a control procedure.

( RESET )

Initialization
SEI

CPUM [Address: 000016] <«=—— 00000X002

T123M [Address: 001916] «——— 0100XXXX2
ICONB [Address: 000616], bit5 «<——— 1

T1 [Address: 001616] «———— 250 -1
T3 [Address: 001816] «— 50 -1

CLI

Main processing

[Processing for completion of setting clock]
(Note 1)
T1 [Address: 001616] «——— 250 -1
T3 [Address: 001816] «— 50 -1
IREQB [Address: 000316], bit5 «— 0

!

=

( Timer 3 interrupt processing routine )

CLT (Note 2)
CLD (Note 3)
Push registers to the stack area

N

Clock count up (1/40 second to year)

Pop registers from the stack area

|
( RTI )

X : These bits are not used in this application.
Please set these bits to “0” or “1” appropriately.

* All interrupts : Disabled
* = f(XiN) divided by 2 (high-speed mode)

* Select each count source of the Timer 1 and Timer 3.

« Set “division ratio — 1" to the Timer 1 and Timer 3.

« Interrupts : Enabled

» When restarting the clock from zero second
after completing to set the clock, reset timers.
* Set the Timer 3 interrupt request bit to “0”".

Note 1: This processing is performed only
at completing to set the clock.

Note 2: When using the Index X mode flag (T).
Note 3: When using the Decimal mode flag (D).

« Push the registers used in the interrupt processing routine
on the stack.

» Check if the clock has already been set.

» Count up the clock.

» Pop registers which are pushed on the stack.

Fig. 2.3.10 Control procedure [Clock function]
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(3) Timer application example 2 : Measurement of frequency

Outline : To judge if the frequency is within a given range, the following two values are compared
e Timer value (representing the number of pulses at P14/CNTROo0),
* Referance value.
Specifications : ¢ The pulse is input to the P14/CNTRo pin and counted by the Timer X.
* A count value is read out at the interval of about 2 ms (Timer Y interrupt interval).
When the count value is between 28 and 40, the input signal is judged valid.
 Because the timer is a down-counter, the count value is compared with 227 to 215F.

00 227 to 215 = 255 (initialized value of counter) — 28 to 40 (the number of valid
value)

Figure 2.3.11 shows a method for judging if input pulse exists, and Figure 2.3.12 and Figure 2.3.13
show a setting of related registers.

More than 71.4 us 71.4 us 50 ps Less than 50 ps
(Less than 14 kHz) (14 kHz) (20 kHz) : (More than 20 kHz)

Invalid——»~<4——————Valit——————————»<¢———Invalid

2ms 2ms
m = 28 counts 50 s

= 40 counts

Fig. 2.3.11 A method for judging if input pulse exists
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TXM

TYM

TXL

TXH

TYL

TYH

CPU mode register [Ad

b7

dress: 000016]
b0

Internal system clock selection bit : @ = f(XIN) divided by 2
(high-speed mode)

Timer X mode register [Address: 001E16]

b7

b0

1

1

1

o I |

\— Timer X data write control bit : Write to latch and timer

at the same time.

Timer X mode bits : Event counter mode

CNTRo polarity selection bit : Count at falling edge

Timer X stop control bit : Stop counting
(Clear this bit to “0” to start counting.)

Timer Y mode register [Address: 001F16]

b7

b0

1

0

0lo|1

Timer Y count source selection bits : ¢ divided by 8

Timer Y operation bits : Timer mode

Timer XL [Address: 001A16]
b7 bo

FFi6

Timer XH [Address: 001B16]
b7 bo

0016

Timer YL [Address: 001C16]

b7

b0

E716

Timer YH [Address: 001D16]

b7

b0

0316

'

Timer Y stop control bit : Stop counting
(Clear this bit to “0” to start counting.)

Set to “00FF16” before counting a pulse.
(After being started, the timer decrements with each input pulse.)

Set to “division ratio — 1” to generate underflow
every 2 ms at f(XIN) = 8 MHz.

Fig. 2.3.12 Setting of related registers [Measurement of frequency] (1)
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Interrupt request register B [Address: 000316]
b7 b0
IREQB 0
\— Timer Y interrupt request bit (becomes “1” every 2 ms)
Interrupt control register B [Address: 000616]
b7 b0
ICONB 1|0
\— Timer X interrupt enable bit : Interrupt disabled
Timer Y interrupt enable bit : Interrupt enabled
Port P1 direction register [Address: 000B16]
b7 b0
P1D 0
‘ Port P14 : Input mode

Fig. 2.3.13 Setting of related registers [Measurement of frequency] (2)
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Control procedure :

Figure 2.3.14 shows a control procedure.

C

RESET )

Initialization
SEI

CPUM [Address: 000016] <=—— 00000X002

TXM [Address: 001E16] «——— 111000002
P1D [Address: 000B1s] <——— XXXO0XX002
TXL [Address: 001A16] «—————— FF16
TXH [Address: 001B16] «——— 0016
TYM [Address: 001F16] <—— 1X0001XX2
TYL [Address: 001C16] «———— E716
TYH [Address: 001D15] «——— 0316
ICONB [Address: 000616], bit2 <«<———— 1
ICONB [Address: 000616], bit1] «— 0
IREQB [Address: 000316], bit2 «———— 0

TXM [Address: 001Ez16], bit 7 «—— 0
TYM [Address: 001F16], bit 7 «——— 0

CLI

Timer Y interrupt processing routine )

CLT (Note 1)

CLD (Note 2)
Push registers to the stack area

# 0016

TXH [Address: 001B16]?

X : These bits are not used in this application.
Please set these bits to “0” or “1” appropriately.

« All interrupts : Disabled
* ¢ = f(XiN) divided by 2 (high-speed mode)

« Timer X : Event counter mode (Count at falling edge of pulse input
from CNTRo pin), stop counting

} « Initialize the count value

« Timer Y : Timer mode (¢ divided by 8 as count source), stop counting

} « Set the Timer Y division ratio so that the Timer Y interrupt occurs every 2 ms.

e Timer Y interrupt : Enabled
 Timer X interrupt : Enabled
* Set the Timer Y interrupt request bit to “0”.

» Timer X : Start counting
e Timer Y : Start counting

* Interrupts : Enabled

Note 1: When using the Index X mode flag (T).
Note 2: When using the Decimal mode flag (D).

« Push the registers used in the interrupt processing routine on the stack.

* When the count value is 256 or more,
the processing is performed as out of range.

» Compare the count value with the reference value

In range * Store the comparison result in flag Fpulse.

D616 < TXL [Address: 001A16] < E416?

Out of range

Fpulse «— 0

Fpulse «— 1

TXL [Address: 001A16] «——  FFu16
TXH [Address: 001B16] «——— 0016

Processing for a result of judgment

Pop registers from the stack area

(C RTI )

} « Initialize the count value

» Pop registers which are pushed on the stack.

Fig. 2.3.14 Control procedure [Measurement of frequency]
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(4) Timer application example 3 : Measurement of pulse width of FG pulse generated by motor

Outline : The “H” level width of a pulse input to the P14/CNTRo pin is counted by Timer X. An
underflow is detected by Timer X interrupt and an end of the input pulse “H” level is
detected by a CNTRo interrupt.

Specifications :  The “H” level width of FG pulse input to the P14/CNTRo pin is counted by Timer X.

(Example : When the clock frequency is 8 MHz, the count source would be 4 pus that
is obtained by dividing the clock frequency by 32. Measurement can be
made up to 262.144 ms in the range of FFFF16 to 00001s6.)

Figure 2.3.15 shows timer connection and division ratio, and Figure 2.3.16 shows a setting of related

registers.
(Note 1) (Note 2) Timer X 1imer X
lnterrupt request
fXIN)=8MHzZ — 51 12 ¢ >| 116 >| 1/65536 —— 3 262.144ms

Note 1. The internal system clock @is divided f(XIN) by 2 or by 8. The division ratio is decided by
the Internal system clock selection bit (bit 6 of the CPU mode register [address: 000016] ).

Note 2: The division ratio is decided by the Timer count source selection bits (bit 0 and bit 1 of the
Timer X mode register [address: 001E16] ).

Fig. 2.3.15 Timer connection and division ratio [Measurement of pulse width]
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CPU mode register [Address: 000016]
b7 b0

CPUM

Internal system clock selection bit : @ = f(XIN) divided by 2
(high-speed mode)

Timer X mode register [Address: 001Ez16]
b7 bo

\— Timer X data write control bit : Write to latch and timer
at the same time.

Timer X mode bits : Pulse width measurement mode

CNTRo polarity selection bit : Measure the “H” period

Timer X stop control bit : Stop counting
(Clear this bit to “0” to start counting.)

Timer Y mode register [Address: 001F16]
b7 b0

TYM 01

L

Timer X count source selection bits : @ divided by 16

Timer XL [Address: 001A16]
b7 b0

TXL FFie

Set to “FFFF16” before counting a pulse.
¢ (After being started, the timer decrements
with each input pulse.)

Timer XH [Address: 001B16]
b7 b0

TXH FFie

Interrupt control register B [Address: 000616]
b7 bo

ICONB 1

1
\— Timer X interrupt enable bit : Interrupt enabled

CNTRo interrupt enable bit : Interrupt enabled

Interrupt request register B [Address: 000316]
b7 bo

IREQB| |0

0
\— Timer X interrupt request bit

(This bit is set to “1” at underflow of Timer X.)
CNTRo interrupt request bit

(This bit is set to “1” at the falling edge of the input signal of CNTRo pin.)

Port P1 direction register [Address: 000B16]
b7 b0

o [ TTTo T I

‘ P14 : Input mode

Fig. 2.3.16 Setting of related registers [Measurement of pulse width]
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Control procedure : Figure 2.3.17 and Figure 2.3.18 show a control procedure.

( RESET ) X: These bits are not used in this application.
Please set these bits to “0” or “1” appropriately.
Initialization
SEI ¢ All interrupts : Disabled
CPUM [Address: 000016] <«=—— 00000X002 « @ = f(XiN) divided by 2 (high-speed mode)
TXM [Address: 001E16] «——— 101100002 « Timer X : Pulse width measurement mode (Count “H” level width of pulse
P1D [Address: 000B1s] <——— XXX0XX002 input from CNTRo pin), stop counting
TYM [Address: 001F16] <«———— XXXXXX012 » Timer X count source : @divided by 16

TXL [Address: 001A16] «————— FFi16 }
TXH [Address: 001Bis5] «— FFi6

« Initialize the count value of the Timer X

ICONB [Address: 000616], bit1] «———— 1 « Timer X interrupt : Enabled
ICONB [Address: 000616], bit6 «——— 1 * CNTRo interrupt : Enabled
IREQB [Address: 000316], bit1 <«—— 0 « Set the Timer X interrupt request bit to “0”".
IREQB [Address: 000316], bit6 «———— 0 « Set the CNTRo interrupt request bit to “0”".
TXM [Address: 001E16], bit7 <—— 0  Timer X : Start counting
CLI « Interrupts : Enabled

L

( Timer X interrupt processing routine (Note 1) ) * Error occurs

| Note 1: The Timer X interrupt occurs at a level except a measurement level
Processing for error _(when itis “L” Ie\_/el in this applicatjon example). P_rocess by soﬁware
in accordance with the necessity like as a processing for errors is per-
formed only at a measurement level (the CNTRo input level is judged
| by reading a content of the Port P14 register).
( RTI )

Fig. 2.3.17 Control procedure [Measurement of pulse width] (1)
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( CNTRo interrupt processing routine (Note 2) )
CLT (Note 3) Note 3: When using the Index X mode flag (T).
CLD (Note 4) Note 4: When using the Decimal mode flag (D).
Push registers to the stack area * Push the registers used in the interrupt processing routine
| on the stack.
RAM for high-order 8-bit TXH
-
of a measurement result « A complemented count value is read out and stored to RAM.
RAM for low-order 8-bit X
-
of a measurement result
Pop registers from the stack area « Pop registers which is pushed on the stack.
( RTI )
Note 2: The first measurement with Timer X is invalid as shown in the following figure.
Example: 1. Make sure to start the Timer X count at “L” level of the CNTRo input signal.
(A level of the CNTRo input signal is judged by reading a content of the Port
P14 register.
2. Be sure to invalidate the first CNTRo interrupt after starting the Timer X count.
[When the Timer X count is started at “L” level of the CNTRo input signal]
000016 |- - -
2
L S
Timer X Start
Timer X
FFFF1s l ‘
A measurement result: ‘Valid A measurement result: Vélid
CNTRo input : | { | {
CNTRo interrupt CNTRo ‘interrupt
[When the Timer X count is started at “H” level of the CNTRo input signal]
O000LE |- - - mmm e e e e e e e e e
172 s ‘
T : :
Timer X Start
Timer X
FFFF16 .
A measurement result: I‘nvalid A measurement result: Vélid f
CNTRo input I : % | { |
CNTRo ‘interrupt CNTRo ‘interrupt
Fig. 2.3.18 Control procedure [Measurement of pulse width] (2)
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2.4 Controller Area Network (CAN) module

This section outlines the Controller Area Network (CAN) module of the MCU. First the module’s architecture and the
programming interface with its related special function registers are explained. Second, after having defined the fun-
damental operational modes of the module, the programming sequences to initialize and reset the module are clari-
fied. Third, the module’s communication functions, that is acceptance filtering, reception, and transmission are
discussed in detail. The closing of the section goes into the interrupt capabilities, CAN error conditions, and the
wake-up function.

2.4.1 Description

The CAN module can be characterized as follows:

Compatibility: The module’s protocol controller complies with CAN specification version 2.0, part B as defined by
Bosch in September 1991 (this document is later on called CAN specification). The receive and transmit sec-
tions of the module are capable of handling standard (11-bit identifier) as well as extended (29-bit identifier) for-
mat frames of either data or remote type.

CPU interface: The module is memory mapped with sixteen control registers, two interrupt control registers, one
transmission, and two receive buffer register sets.

Acceptance filtering: Up to 29-bit identifiers can be filtered by using one set of acceptance mask and code regis-
ters.

Multi-channel interrupt capability: Separate interrupt vectors for each event (successful transmission, successful
reception, overrun, error passive, bus off) allow efficient and rapid interrupt service routine operation.

Low power (sleep) mode: To reduce power consumption, the module can be set to sleep mode; wake-up from
CAN traffic is supported by a dedicated interrupt source and vector.

Priority based message management support: To cope with the problem of priority inversion, the contents of the
transmission buffer can be released, in order to let another higher priority message to take over.

Baud rate prescaler: This programmable divider provides a flexible baud rate selection up to 625kbps (at
f(XIN) = 10MHz).

Programmable bit timing: The durations of propagation time segment (PTS), phase buffer segments 1 (PBS1),
and 2 (PBS2) are programmable.

Physical interface: A two terminal CMOS-compatible interface (formed by ports P3; and P3,) allows direct con-
nection to the most popular transceiver devices (e.g. ISO 11898, ISO 11519).

Refer to the block diagram in Figure 2.4.1.
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CAN module
clock control CAN receive control register
¢ \ sleep control |
f(XIN) | Baudrate prescaler | I Acceptance mask registers I'I-I_I_I
I Acceptance code registers
| Bus timing control registers I‘l L=
I T
message handling
N . .
receive control logic

P3,/CTX protocol controller ‘ status/buffer control‘ Receive buffers ]
P3,/CRX and interface

‘ acceptance filter ‘ F—~

=

transmit control logic

buf . Transmit buffer
CAN transmit control register ‘ status/buffer contro ‘
CAN transmit abort register J ﬁ

SN interrupt control logic ~ = Successful receive interrupt
—= Successful transmit interrupt
= Overrun interrupt

wake up logic +——= Error passive interrupt
——= Bus off interrupt

CAN wake up interrupt

“—1 Polarity control register

| Interrupt control registers I—l
L

I Interrupt request registers I—l
T

Notation in this diagram: Special function register | ‘ logic ‘

Fig. 2.4.1 Block diagram of CAN module

2.4.2 Special function register map

The CAN module’s programming interface consists of the registers listed below:
« Transmit control register

» Bus timing control registers

» Acceptance code and mask registers

» Receive control register

« Transmit abort register

» Transmit/receive buffers

» Polarity control register

 Interrupt request and control registers

Figure 2.4.2 shows the memory map of these registers. The next section explains each register in detail; for the
polarity control register and the interrupt registers refer to section 2.2.
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00024 Interrupt request register A IREQA
000314 Interrupt request register B IREQB
- Interrupt request/control registers
00054 Interrupt control register A ICONA
00064 Interrupt control register B ICONB
002F¢ Polarity control register PCON ]
003044 CAN transmit control register CTRM
003144 CAN bus timing control register 1 CBTCON1
003244 CAN bus timing control register 2 CBTCON2
00334 CAN acceptance code register 0 CACO
00344 CAN acceptance code register 1 CAC1
00354 CAN acceptance code register 2 CAC2
003616 CAN acceptance code register 3 CAC3 .
003714 CAN acceptance code register 4 CAC4 Control regISFe rs a”d_
00384 CAN acceptance mask register 0 CAMO acceptance filter regISte rs
00394 CAN acceptance mask register 1 CAM1
003A¢ CAN acceptance mask register 2 CAM2
003B;¢ CAN acceptance mask register 3 CAM3
003Cq4 CAN acceptance mask register 4 CAM4
003D4g CAN receive control register CREC
003E ;¢ CAN transmit abort register CABORT
004044 CAN transmit buffer register 0 CTBO ]
004144 CAN transmit buffer register 1 CTB1
00424 CAN transmit buffer register 2 CTB2
00434 CAN transmit buffer register 3 CTB3
00444 CAN transmit buffer register 4 CTB4
004544 CAN transmit buffer register 5 CTB5
004644 CAN transmit buffer register 6 CTB6 . .
004714 CAN transmit buffer register 7 CTB7 Transmit buffer registers
00484 CAN transmit buffer register 8 CTB8
00494 CAN transmit buffer register 9 CTB9
004A ¢ CAN transmit buffer register A CTBA
004B;¢ CAN transmit buffer register B CTBB
004Cq4 CAN transmit buffer register C CTBC
004D4g CAN transmit buffer register D CTBD ]
005044 CAN receive buffer register 0 CRBO ]
005144 CAN receive buffer register 1 CRB1
005244 CAN receive buffer register 2 CRB2
00534 CAN receive buffer register 3 CRB3
00544 CAN receive buffer register 4 CRB4
005544 CAN receive buffer register 5 CRB5 . .
005644 CAN receive buffer register 6 CRB6 Receive buffer registers
005714 CAN receive buffer register 7 CRB7 (dOUbIe buffer conce pt)
00584 CAN receive buffer register 8 CRB8
00594 CAN receive buffer register 9 CRB9
005A ¢ CAN receive buffer register A CRBA
005B;¢ CAN receive buffer register B CRBB
005Cq4 CAN receive buffer register C CRBC
005D 44 CAN receive buffer register D CRBD

Fig. 2.4.2 Memory map of CAN related registers
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2.4.3 Related registers
This section comprises the description of special function registers allocated to the CAN module.

CAN transmit control register
|b7 | b6 | bS | b4|b3 | b2 | bl | b0| CAN transmit control register (CTRM) [Address: 00304¢]
B Name Function® At reset w
. 0: CAN module in normal mode
0 |[Sleep control bit . 0 (0]
1: CAN module in sleep mode
0: CAN module in normal mode
1 |Reset/configuration control bit 1: CAN module in configuration mode 1 (@]
(plus reset when write)
0: P3,/CTX serves as /O port
2 |Port double function control bit 0 (0]
1. P3,/CTX serves as CTX output port
RO: No transmission requested
. ) R1: Transmission requested
3 |Transmit request bit ) 0 (0]
WO: No operation
W1: Request transmission
4 |Reserved “0” when read. 0 X
RO: CPU access possible
. ) R1: CPU access not possible
5 |Transmit buffer control bit ) 0 (0]
WO: No operation
W1: Lock transmit buffer
6 |Reserved “0” when read. 0 X
. . 0: CAN module idle or receiving
7 |Transmit status bit . 0 X
1: CAN module transmitting
Note 1: RO/R1 denote read access, WO/W1 denote write access.
Fig. 2.4.3 Structure of CAN transmit control register (CTRM)
CAN bus timing control register 1
b7 b6 b5 b4 b3 b2 bl b0 L .
| | | | | | | | | CAN bus timing control register 1 (CBTCON1) [Address: 00314¢]
t B Name Function At reset wl
0 b3b2b1b0 N 0 o
0000: Divided by 1
0001: Divided by 2
1 o 0 o)
Prescaler division ratio 0010: Divided by 3
selection bits
2 o 0 o)
1101: Divided by 14
1110: Divided by 15
3 o 0 o)
1111: Divided by 16
. . 0: One sample per bit
4 | Sampling control bit . 0 (0]
1: Three samples per bit
5 b7b6b5 . 0 o
000: One time quantum
Propagation time duration 001: Two time quanta
6 . 0 o
control bits
110: Seven time quanta
7 o 0 o)
111: Eight time quanta
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 2.4.4 Structure of CAN bus timing control register 1 (CBTCON1)
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CAN bus timing control register 2

b7 b6 b5 b4 b3 b2 bl b0

LI LT L]

CAN bus timing control register 2 (CBTCONZ2) [Address: 00324¢]

t B Name Function At reset wl
0 b2b1b0 . 0 o
000: One time quantum
Phase buffer segment 1 001: Two time quanta
1 - . 0 O
duration control bits
110: Seven time quanta
2 o 0 o)
111: Eight time quanta
3 b5b4b3 . 0 o
000: One time quantum
Phase buffer segment 2 001: Two time quanta
4 - . 0 O
duration control bits
110: Seven time quanta
5 o 0 o)
111: Eight time quanta
6 b7b6 . 0 o
o ) 00: One time quantum
Synchromzatlon jump width 01: Two time quanta
control bits
7 10: Three time quanta 0 (0]
11: Four time quanta
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 2.4.5 Structure of CAN bus timing control register 2 (CBTCON2)
CAN acceptance code register 0
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN acceptance code register 0 (CACO) [Address: 0033,¢]
B Name Function At reset wi
L | 0 |Standard identifier bit 6 ? (0]
1 |Standard identifier bit 7 These bits (except when masked by the ? o]
acceptance mask register 0, Figure
dard identifier bi 2.4.11) form the acceptance filtering 5
2 | Standard identifier bit 8 condition for incoming CAN frames. ’ 0
] - ] They must be initialized with the identifier
3 |Standard identifier bit 9 pattern of CAN frames to be received. ? o
4 |Standard identifier bit 10 ? (0]
5 ? X
6 |Not used Undefined at read. ? X
7 ? X

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 2.4.6 Structure of CAN acceptance code register 0 (CACO)
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CAN acceptance code reqister 1

b7 b6 b5 b4 b3 b2 bl b0

LI L LT T BT

CAN acceptance code register 1 (CAC1) [Address: 0034¢]

t B Name Function At reset wi
0 ? X
Not used Undefined at read.
1 ? X
2 | Standard identifier bit O ? (0]
3 | Standard identifier bit 1 ? (0]
These bits (except when masked by the
4 |standard identifier bit 2 acceptance mask register 1, Figure ” o
2.4.12) form the acceptance filtering
] . condition for incoming CAN frames.
5 |Standard identifier bit 3 They must be initialized with the identifier ? 0
pattern of CAN frames to be received.
6 |Standard identifier bit 4 ? (0]
7 |Standard identifier bit 5 ? (0]
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 2.4.7 Structure of CAN acceptance code register 1 (CAC1)
CAN acceptance code register 2
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN acceptance code register 2 (CAC2) [Address: 0035;¢]
t B Name Function At reset wi
0 |Extended identifier bit 14 ? (0]
These bits (except when masked by the
1 |Extended identifier bit 15 acceptance mask register 2, Figure ? o
2.4.13) form the acceptance filtering
] . ] condition for incoming CAN frames.
2 |Extended identifier bit 16 They must be initialized with the identifier ? o
pattern of CAN frames to be received.
3 |Extended identifier bit 17 ? (0]
4 ? X
5 ? X
Not used Undefined at read.
6 ? X
7 ? X

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 2.4.8 Structure of CAN acceptance code register 2 (CAC2)
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CAN acceptance code reqister 3

b7 b6 b5 b4 b3 b2 bl b0

|

|

|

|

|

|

|

|

CAN acceptance code register 3 (CAC3) [Address: 0036,¢]

t B Name Function At reset wi
0 |Extended identifier bit 6 ? (0]
1 |Extended identifier bit 7 ? (0]
2 |Extended identifier bit 8 ? (0]
These bits (except when masked by the
3 | Extended identifier bit 9 acceptance mask register 3, Figure ” o
2.4.14) form the acceptance filtering
] - ] condition for incoming CAN frames.
4 |Extended identifier bit 10 They must be initialized with the identifier ? o
pattern of CAN frames to be received.
5 |Extended identifier bit 11 ? (0]
6 |Extended identifier bit 12 ? (0]
7 |Extended identifier bit 13 ? (0]
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 2.4.9 Structure of CAN acceptance code register 3 (CAC3)
CAN acceptance code register 4
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN acceptance code register 4 (CAC4) [Address: 0037 ¢]
t B Name Function At reset wi
0 ? X
Not used Undefined at read.
1 ? X
2 |Extended identifier bit O ? (0]
3 |Extended identifier bit 1 ? (0]
These bits (except when masked by the
4 |Extended identifier bit 2 acceptance mask register 4, I':|gu're ” o
2.4.15) form the acceptance filtering
] o condition for incoming CAN frames.
5 |Extended identifier bit 3 They must be initialised with the identifier ? o
pattern of CAN frames to be received.
6 |Extended identifier bit 4 ? (0]
7 |Extended identifier bit 5 ? (0]

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 2.4.10 Structure of CAN acceptance code register 4 (CAC4)
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CAN acceptance mask register 0

b7 b6 b5 b4 b3 b2 bl b0

|

L L LT L1

CAN acceptance mask register 0 (CAMO) [Address: 0038¢]

t B Name Function At reset wi
0 |standard identifier mask bit 6 These bits mask the corresponding _bits ” o
of the acceptance code register 0, Figure
2.4.6 from the acceptance filtering.
1 |Standard identifier mask bit 7 ? (@)
. = ) 0: Mask identifier bit (don’t care)
2 | Standard identifier mask bit 8 ) o . ? (0]
1: Compare identifier bit
3 | Standard identifier mask bit 9 ? O
4 | Standard identifier mask bit 10 ? (0]
5 ? o
6 These bits must be set to "0". ? (0]
7 ? o
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 2.4.11 Structure of CAN acceptance mask register 0 (CAMO)
CAN acceptance mask register 1
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN acceptance mask register 1 (CAM1) [Address: 00394¢]
t B Name Function At reset wi
0 ? o
These bits must be set to "0".
1 ? o
2 |Standard identifier mask bit 0 ? O
3 | Standard identifier mask bit 1 ? O
4 | Standard identifier mask bit 2 ) . . ? O
0: Mask identifier bit (don't care)
) o ) 1: Compare identifier bit
5 |Standard identifier mask bit 3 ? (0]
6 |Standard identifier mask bit 4 These bits mask the corrgspondin_g bit of 2 o
the acceptance code register 1, Figure
2.4.7 from the acceptance filtering.
7 |Standard identifier mask bit 5 ? (@)

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 2.4.12 Structure of CAN acceptance mask register 1 (CAM1)
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CAN acceptance mask register 2

b7 b6 b5 b4 b3 b2 bl b0

|

LI L LTI 1]

CAN acceptance mask register 2 (CAM2) [Address: 003Ag]

t B Name Function At reset wi
0 |Extended identifier mask bit 14 ? (0]
1 |Extended identifier mask bit 15 ) . . ? (0]
0: Mask identifier bit (don’t care)
. . . 1: Compare identifier bit
2 |Extended identifier mask bit 16 ? (0]
These bits mask the corresponding bits
ded identifi K bi of the acceptance code register 2, Figure 5
3 |Extended identifier mask bit 17 2.4.8 from the acceptance filtering. ’ o
4 ? e}
5 ? o
These bits must be set to "0".
6 ? o
7 ? o
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 2.4.13 Structure of CAN acceptance mask register 2 (CAM2)
CAN acceptance mask register 3
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN acceptance mask register 3 (CAM3) [Address: 003B1g]
t B Name Function At reset wi
0 |Extended identifier mask bit 6 ? (0]
1 |Extended identifier mask bit 7 ? (0]
2 |Extended identifier mask bit 8 ? (0]
3 |Extended identifier mask bit 9 0: Mask identifier bit (don't care) ? (0]
. . . 1: Compare identifier bit
4 |Extended identifier mask bit 10 ? (0]
5 |Extended identifier mask bit 11 ? (0]
These bits mask the corresponding bits
ded identifi K bi of the acceptance code register 3, Figure 5
6 |Extended identifier mask bit 12 2.4.9 from the acceptance filtering. ’ o
7 |Extended identifier mask bit 13 ? (0]

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 2.4.14 Structure of CAN acceptance mask register 3 (CAM3)
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CAN acceptance mask register 4

b7 b6 b5 b4 b3 b2 bl b0

|

[ |

|

|

|

|

[ ]

CAN acceptance mask register 4 (CAM4) [Address: 003C4g]

are "0". Don'’t write to "1"

t B Name Function At reset wi
0 ? o
These bits must be set to "0".
1 ? o
2 |Extended identifier mask bit O ? (0]
3 |Extended identifier mask bit 1 ? (0]
4 |Extended identifier mask bit 2 ) . . ? (0]
0: Mask identifier bit (don't care)
) . . 1: Compare identifier bit
5 |Extended identifier mask bit 3 ? (0]
6 |Extended identifier mask bit 4 These bits mask the corresponding _bits ” o
of the acceptance code register 4, Figure
2.4.10 from the acceptance filtering.
7 |Extended identifier mask bit 5 ? (0]
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 2.4.15 Structure of CAN acceptance mask register 4 (CAM4)
CAN receive control register
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN receive control register (CREC) [Address: 003D¢]
B Name Function® At reset w
RO: Receive buffer empty (undefined)
) . R1: Receive buffer full
0 |Receive buffer control bit . 0 (0]
WO0: Release (clear) receive buffer
W1: No operation
. . 0: CAN module idle or transmitting
1 |Receive status bit . 0 X
1: CAN module receiving
2 0 X
3 0 X
When these bits are read out, the values
Reserved wn N wam
are "0". Don’t write to "1".
4 0 X
5 0 X
6 A ve disable bit2 0: Auto-receive enabled 0 o
uto-receive disable bit 1: Auto-receive disabled
7 |Reserved When these bits are read out, the values 0 X

Note 1: RO/R1 denote read access, WO/W1 denote write access.
Note 2: Suppresses reception of self-initiated/transmitted frames; for details see section 2.4.8, (5).

Fig. 2.4.16 Structure of CAN receive control register (CREC)
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CAN transmit abort register

b7 b6 b5 b4 b3 b2 bl b0

|

|

|

|

|

|

|

|

CAN transmit abort register (CABORT) [Address: 003E4g]

B Name Function? At reset w
RO: No transmit abort requested
. . R1: Transmit abort requested
0 |Transmit abort control bit . 0 02
WO: Clear transmit abort request
W1: Transmit abort requested
1 0 X
2 0 X
3 0 X
4 |Not used Undefined at read. 0 X
5 0 X
6 0 X
7 0 X
Note 1: RO/R1 denote read access, WO/W1 denote write access.
Note 2: Setting this bit to “1” is enabled only when CTRM.3 (Figure 2.4.3) is set.
Fig. 2.4.17 Structure of CAN transmit abort register (CABORT)
CAN transmit/receive buffer registers 0
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 0 (CTBO) [Address: 00404¢]
| | | | | | | | ‘ CAN receive buffer register 0 (CRBO) [Address: 00504¢]
L B Name Function At reset w
0 |Standard identifier bit 6 ? (0]
1 |standard identifier bit 7 For CTBO: These bits represent part of 2 o
the identifier field of a frame to be
transmitted.
2 |Standard identifier bit 8 ? (0]
] o For CRBO: These bits represent part of
3 | Standard identifier bit 9 the identifier field of a frame received. ? o
4 | Standard identifier bit 10 ? (0]
5 0 X
6 |Not used th-'rln"these’blts'are relrlaltlj out, the values 0 X
are "0". Don't write to "1".
7 0 X

Fig. 2.4.18 Structure of CAN transmit/receive buffer registers 0 (CTBO/CRBO0)

2-44

7630 Group User’'s Manual




APPLICATION

2.4 Controller Area Network (CAN) module

CAN transmit/receive buffer registers 1

b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 1 (CTB1) [Address: 0041,¢]

|

|

|

|

|

|

|

| ‘ CAN receive buffer register 1 (CRB1) [Address: 00514¢]

B Name Function At reset
0 . 0: Standard format 5
IDE bit 1: Extended format i
1 2/SRR? bi RTR bit (frames of standard format) or 5
RTR/SRR= bit SRR bit (frames of extended format) ’
2 |Standard identifier bit O ?
3 |Standard identifier bit 1 ?
For CTB1: These bits represent part of
4 |standard identifier bit 2 the |dept|f|er field of a frame to be "
transmitted.
. - . "
5 |Standard identifier bit 3 For CRB1: These bits represent part of ’
the identifier field of a frame received.
6 |Standard identifier bit 4 ?
7 |Standard identifier bit 5 ?
Note 1: Identifier extension bit
Note 2: Remote transmission request bit
Note 3: Substitute remote request bit
Fig. 2.4.19 Structure of CAN transmit/receive buffer registers 1 (CTB1/CRB1)
CAN transmit/receive buffer registers 2
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 2 (CTB2) [Address: 00424¢]
| | | | | | | | ‘ CAN receive buffer register 2 (CRB2) [Address: 00524¢]
L B Name Function At reset
0 |Extended identifier bit 14 ?
For CTB2: These bits represent part of
1 | Extended identifier bit 15 the |dept|f|er field of a frame to be "
transmitted.
. . . -
2 | Bxtended identifier bit 16 For CRB2: These bits represent part of '
the identifier field of a frame received.
3 |Extended identifier bit 17 ?
4 0
5 0
When these bits are read out, the values
Not used e e wam
are "0". Don't write to "1".
6 0
7 0

Fig. 2.4.20 Structure of CAN transmit/receive buffer registers 2 (CTB2/CRB2)
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CAN transmit/receive buffer registers 3

b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 3 (CTB3) [Address: 0043¢]
| | | | | | | | ‘ CAN receive buffer register 3 (CRB3) [Address: 0053;]

L B Name Function At reset
0 |Extended identifier bit 6 ?
1 |Extended identifier bit 7 ?
2 |Extended identifier bit 8 ?
For CTB3: These bits represent part of
3 |Extended identifier bit 9 the |dept|f|er field of a frame to be ”
transmitted.
. L "
4 | Extended identifier bit 10 For CRB3: These bits represent part of ’
the identifier field of a frame received.
5 |Extended identifier bit 11 ?
6 |Extended identifier bit 12 ?
7 |Extended identifier bit 13 ?
Fig. 2.4.21 Structure of CAN transmit/receive buffer registers 3 (CTB3/CRB3)
CAN transmit/receive buffer registers 4
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 4 (CTB4) [Address: 0044 4]
| | | | | | | | ‘ CAN receive buffer register 4 (CRB4) [Address: 00544¢]
Function At reset

L B Name

0 |rl bit (reserved bit 1)

For CTB4: Set this bit to “0” (must be
sent dominant; applicable for extended
format only).

1 |RTR? bit

0: Data frame
1: Remote frame

2 |Extended identifier bit O

3 |Extended identifier bit 1

4 | Extended identifier bit 2

5 |Extended identifier bit 3

6 |Extended identifier bit 4

7 |Extended identifier bit 5

For CTB4: These bits represent part of
the identifier field of a frame to be
transmitted.

For CRB4: These bits represent part of
the identifier field of a frame received.

Note 1: Remote transmission request bit

Fig. 2.4.22 Structure of CAN transmit/receive buffer registers 4 (CTB4/CRB4)
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CAN transmit/receive buffer registers 5
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 5 (CTB5) [Address: 0045,¢]
| | | | | | | | ‘ CAN receive buffer register 5 (CRB5) [Address: 00554¢]

B Name Function Atreset | R | W
The data length code indicates the
0 |DLCDbitO number of data bytes in a data frame: 2 ol o

b3b2b1b0

. 0000: Zero data bytes
1 |DLCbit1 ? O| O
0001: One data byte

. 0010: Two data bytes
2 |DLC hit 2 ? O| O

. 0111: Seven data bytes
3 |DLC hit 3 ) ? O| O
1000: Eight data bytes

For CTB5: Set this bit to “0” (must be

. . 5

4 |r0 bit (reserved bit 0) sent dominant). Oo|O

5 ? OO

6 |Not used Wh(—")'n"theselbnslare r?alcli out, the value > olo
are "0". Don't write to "1".

7 ? OO

Fig. 2.4.23 Structure of CAN transmit/receive buffer registers 5 (CTB5/CRB5)

CAN transmit/receive buffer registers 6 to D
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer registers 6 to D (CTB6 to CTBD) [Addresses: 004644 to 004D1¢]
| | | | | | | | ‘ CAN receive buffer registers 6 to D (CRB6 to CRBD) [Addresses: 00561 to 005D ¢]

L B Name Function Atreset| R [ W
0 |Databit0 ? OoO|O
1 |Data bit 1 ? OO
For CTBI: These bits represent the byte
2 |Data bit 2 number (i — 6) of the data field of a frame ? 0|0
to be transmitted.
3 |Data bit 3 ? OoO|O
For CRBI: These bits represent the byte
4 |Data bit 4 number (i — 6) of the data field of a frame 2 olo
received.
5 |Databit5 ) ? Oo|O
(i=6to Dqg)
6 |Data bit 6 ? OoO|O
7 |Data bit 7 ? Oo|O

Fig. 2.4.24 Structure of CAN transmit/receive buffer registe rs 6 to D (CTB6—-D/CRB6-D)
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2.4.4 Operational modes

The module features three operational modes which can be selected by the sleep control bit CTRM.0 and the
reset/configuration control bit CTRM.1 of the CAN transmit/control register (Figure 2.4.3). Mode transitions may be
carried out according to Figure 2.4.25.

Normal (run) mode
CTRM.1 =0, CTRM.0=0

receiving
( transmitting )

Configuration mode
CTRM.1=1
CTRM.0=0

Reset — —

Sleep mode
CTRM.1=1
CTRM.0=1

Fig. 2.4.25 Transitions among operational modes

(1) Configuration mode

This mode is used to initialize (refer to section 2.4.5) or reset (refer to section 2.4.6) the module.

Entering the configuration mode initiates the following functions by the module:

» Suspend communication functions

» Set P3;/CTX output to recessive (if P3; is configured as CTX output port; see CTRM.2 in Figure 2.4.3)

« Unlock the following configuration register to enable initialization: (1) acceptance code and mask registers
(CACI/CAMI, Figures 2.4.6 to 2.4.15), (2) CAN bus timing control registers (CBTCONI, Figures 2.4.4 and
2.4.5)

« Set module to error active state and clear the internal error counters (refer to section 2.4.12)

» Clear transmit request, transmit buffer control and transmit status bits of CTRM (Figure 2.4.3)

» Clear receive buffer control and receive status bits of CREC (Figure 2.4.16)

» Clear transmit abort bit of CABORT (Figure 2.4.17)

The values of the remaining bits of CTRM, CREC and of other CAN module related configuration registers

(PCON, CBTCONL1, CBTCONZ2, CACO to CAC4, CAMO to CAM4) retain the values they had before entering

the configuration mode.

The contents of the transmit and receive buffer registers CTBI/CRBI (Figures 2.4.19 to 2.4.24) are undefined

in configuration mode.

The module is set to configuration mode upon MCU reset.

Note: Switching the module from normal (run) to configuration mode during an ongoing transmission sus-

pends communication immediately; this causes a corrupted frame on the bus. To avoid the corrupt frame,

either await the successful transmission (see section 2.4.9) or issue an abort transmission request (see sec-
tion 2.4.10) before attempting the mode transition.

(2) Normal (run) mode
Entering this mode initiates the following functions by the module:
» Release communication functions; the module becomes an active node on the network and may transmit
and receive CAN frames. For details on the transmit and receive operations as well as corresponding inter-
rupt functions see sections 2.4.8 to 2.4.11.

2-48 7630 Group User's Manual



APPLICATION

2.4 Controller Area Network (CAN) module

» Lock the following registers to prevent accidental modifications: (1) acceptance code and mask registers
(CACI/CAMI, Figures 2.4.6 to 2.4.15), (2) CAN bus timing control registers (CBTCONI, Figures 2.4.4 and
2.4.5)

» Release the internal fault-confinement logic, transmit-, and receive error counters; the module may leave
the error active state depending on the error counts (refer to section 2.4.12).

Ensure to initialize the module by using the above mentioned configuration mode before entering normal
(run) mode; for details refer to section 2.4.5.

Within normal (run) mode the module can be in three different sub-modes, depending on which type of com-
munication functions are actually performed (see Figure 2.4.26):

 Idle: The module’s receive and transmit sections are inactive.
» Receiving: The module is receiving a frame sent by another node.

» Transmitting: The module transmits a frame. Simultaneously, the module may receive its own frame; this is
called auto-receive function, for details refer to section 2.4.8, (5).

From CPU side, the sub-modes may be monitored by the receive- and transmit status bits CREC.1 (Figure

2.4.16) and CTRM.7 (Figure 2.4.3).

Module idle

CTRM.7=0

start a CREC.1=0

transmission

detect an
SOF

finish

transmission

finish
reception

Module transmitting Module receiving

CTRM.7=0
CREC.1=1

CTRM.7=1
CREC.1=0

loose arbitration

Fig. 2.4.26 Transitions among module sub-modes

(3) Sleep mode
This mode enables reduced power consumption by stopping the clock of the module; consequently all func-
tions (incl. communication) are suspended.
Setting the sleep control bit CTRM.1 (Figure 2.4.3) switches the module to sleep mode. Upon entering this
mode, the module’s clock supply stops immediately. CAN related registers retain their contents upon entering
sleep mode. Enter or leave sleep mode via configuration mode only (refer to Figure 2.4.25).

Warning: Switching the module from normal (run) mode straight to sleep mode (bypassing configuration
mode) may cause erroneous frames being sent to the bus or a CTX terminal forcing the bus to dominant level
permanently.
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2.4.5 Module initialization

Initializing the module comprises several steps. Before attempting to access the registers involved the following
items must be considered:

» Acce ptance fi Iter

The CAN acceptance code registers CACi (Figures 2.4.6 to 2.4.10) and CAN acceptance mask registers CAMi
(Figures 2.4.11 to 2.4.15) need to be initialized. For details on the acceptance filter see section 2.4.7.
Bit timing
The time for the transmission of a single bit consists of four segments:
» Synchronization segment (SS)
» Propagation time segment (PTS)
» Phase buffer segment 1 (PBS1)
» Phase buffer segment 2 (PBS2)

SSis of fixed length (one time-quantum), but the length of PTS, PBS1/2 must be programmed by the bus timing
control registers CBTCONI (Figures 2.4.4 and 2.4.5). Figure 2.4.27 shows the segmentation of one bit-time and
the possible range for each segment to be programmed.

Note: The CAN specification defines the sum of all time quanta within one bit-time between 8 and 25.

Range in time quanta
e bittime: ty I Segment :
| | Min. | Max.
ss PTS PBS1 PBS2 Tss 1 (fixed)

Tots 1 8
le Tt T | T N P sl
| ss | pts | pbsl pbs2 | prsl 1 8

sample point
Tpbs2 1 8

Fig. 2.4.27 Segmentation of bit-time

The sample point is the point within a bit-time where the bus level is known as the value of that respective bit. Its
position is between phase buffer segment 1 and phase buffer segment 2. The sample point must be defined in
common for all active nodes on the network.

Resynchronization jump width
The resynchronization jump width can be programmed via CBTCON2 (Figure 2.4.5).

Note: The CAN specification defines resynchronization jump width as min(4,Typ,1).

Sampling

The sampling control bit CBTCON1.4 (Figure 2.4.4) allows to decide the bit level based on either a single or
three samples. With single sampling, the level is sampled at the defined sample point (refer to Figure 2.4.27). Tri-
ple sampling takes two additional samples two and four cycles of f(XIN) before the defined sample point; the bit
level is decided on the majority of the three samples. Triple sampling implements a means of digital filtering
being appropriate if the bus signal is contaminated by noise.

Baud rate

The module contains a programmable prescaler which is clocked by the MCUs internal clock frequency fe. This
prescaler allows division ratios of 1 to 1/16 (refer to Figure 2.4.4). The baud rate can be calculated as follows,
where p is the prescaler division ratio:

f
f :i‘-: )

CAN tbt p [(1+Tpts+prsl+pr52)

Dominant polarity

The polarity control register PCON (Figure 2.2.9) allows to select the dominant level either “high” or “low”. This
setting depends on the transceiver; please refer to the specification of the device/circuit in use.
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Auto-r eceive function
If receiving of CAN frames originating by the module itself are not required, the auto-receive disable bit CREC.6
(Figure 2.4.16) should be set.

CAN interrupts
The module features six interrupts, each of them can be either enabled or disabled by the corresponding control
bits of the interrupt control registers ICONA and ICONB; refer to section 2.4.11.

Enable CAN transmit pin
Configure Port P3,/CTX as CAN transmit output pin by setting the port double function control bit CTRM.2 (Fig-
ure 2.4.3) before starting the communication functions of the module.

Example
Figure 2.4.28 shows an example of the initialization sequence required. At first, the module is switched to
configuration mode (for details refer to section 2.4.4) to enable altering the special function registers. After
that, the related SFRs are initialized with the corresponding parameters (see below). Finally, the module is
switched to normal (run) mode to enable the communication and to protect the critical SFRs from being
altered accidentally.
The following table shows the conditions being used below:

Item Setting Description

Acceptance filtering Filtering disabled; accept all identifiers.

Thts 1

Tobst 4 These settings result in 10 time quanta per bit; the corre-
P sponding baudrate is 500kbps at f(XIN) = 10MHz (equiva-

Tobs2 4 lent to fg=5MHz).

Prescaler division ratio 1

Resynchronisation jump width 4

Sampling single

Dominant polarity low

Auto-receive disabled

CAN interrupts not defined here (should be initialized)

These conditions result in CAN bus timing control register values of CBTCON1=00,¢ and CBTCON2=DBs.
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< Start of module initialization >

; enter config node (1)
seb1l, CTRM

; Wake up (1)
clb 0, CTRM

; Dom nant 'L’
cl b1, PCON

; Activate CTX (1)
seb 2, CTRM

; Baud rate (2),
| dm #0, CBTCON1
| dm #0DBh, CBTCON2

(1)

(3)

; ho auto-receive (4)
seb 6, CREC

| dm #0, CAMD
| dm #0, CAML
| dm #0, CAMR2
| dm #0, CAM3
| dm #0, CAMA

; acceptancef iltering (5)

; enter nornal
clb1,CIRM

node ( 6)

< End of module initialization >

(1) b0
cRv o | Jo| Jo|1[1]o0]
l? ' l? Module awake
Switch to config mode and reset
cIearedBy(module Select P3; as CTX output port
(2) w b0
ceTcoNt (oo o fo|o|o|o]o|
' VT
‘ ; CAN baud rate prescaler =1
One sample per bit
Propagation time segment = 1
(3) w b0
cetcoNz (1|1 o1 |1]o|1]1]
Y ' '
‘ \— Phase buffer segment 1 = 4
Phase buffer segment 2 = 4
Sychronization jump width = 4
(4) w b0
crec [o [ 1 [P o [ o |
AooA
cléaredlby
module
auto-receive interrupt disabled
(5)  w bo
CAMO | O 0 0 0 0 0 0 0
CAM1 | O 0 0 0 0 0 0 0
CAM2 | O 0 0 0 0 0 0 0
CAM3 | O 0 0 0 0 0 0 0
CAM4 | O 0 0 0 0 0 0 0
I | | | | | | | Mask all identifier bits
(6) o b0
ctRv o | Jo| Jo|1][ofo]

\— Switch to normal mode

Fig. 2.4.28 Module initialization sequence
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2.4.6 Module reset

The sequence shown in Figure 2.4.29 initiates a module reset by switching the module from normal (run) to config-
uration mode and back to normal (run) mode again. For details on configuration and normal (run) mode refer to
section 2.4.4.

C Start of module reset

(D(2) w bo
. cvew [0 [ o [ 0 [ » [ 1] 0]
; enter config node (1) i i ;
seb 1, CTRM : I
) X ' Module in configuration mode
! X ! S No transmission request
) I CPU access possible
L e e Module idle or receiving
S T
r (2)1 ,
|(?I(-:'ar':-zd by module: | ( ) b7 b
| CTRM.3, CTRM 5, | CREC ‘ | p | | | | | 0 | 0 ‘
CTRM.7, ; ;
| CREC.0, CREC.1, | : Receive buffer empty
| CABORT.O | Lo Module idle
L - - - — i
(2) w bo
creort [ ] o]
- - . No transmit abort request
; enter normal node (3)
clb 1, CTRM
(3) w bo
et [0 [T 0 [ 0 [p 0] 0]

< End of module reset >

Module in normal mode

'p’: previous value of the bit retained

Fig. 2.4.29 Module reset sequence

Note: Do not reset the module starting from sleep mode.
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2.4.7 Acceptance filtering

The module contains a hardware filtering circuit to screen out the useless messages out of the message stream
and thereby reduce CPU load. This filter probes the identifier field of any frame on the bus and decides which
frames are relevant to the given node and which may be abandoned.

(1)

Register structure

The hardware implements a single condition identifier filter by a set of acceptance code CACi (Figures 2.4.6
to 2.4.10) and acceptance mask CAMi (Figures 2.4.11 to 2.4.15) registers. These registers cover the entire
29-bit identifier scale (extended format); however 11-bit identifiers (standard format) can be handled as well.
The registers (shown in Figure 2.4.30) can be modified in configuration mode (refer to section 2.4.5) only.

name 7 0 Address

Acceptance code CACO | | | |CSID10| CSIDg | CSIDg | CSID, | CSIDg | 003316

registers: CAClI CSIDg | CSID, | CSID, | CsID, | CSID, | CsID, | | | 003416

CAC2 | | | | | CEID; | CEIDg | CEID;5 | CEIDy4 | 003516

CAC3 | CEIDy5 | CEIDy, | CEIDy; | CEIDy | CEIDg | CEIDg | CEID; | CEIDg | 003616

CAC4 | CEIDs | CEID, | CEID; | CEID, | CEID; | CEID, | | | 00371

Select the bit pattern of identifiers which should pass acceptance filtering.

Acceptance mask CAMO |7 | | | MSIDy, | MSIDg | MSIDg | MSID, | MSID60| 003816
registers:

CAM1 | MSIDs | MSID, [ MSID; [ MSID, [ MSID; | MSID, | | | 003916

CAMZ | | | | | MEIDy7 | MEIDy6 | MEIDy5 | MEID,, | 003A1s

CAM3 | MEID,5 | MEID,, | MEID,; | MEIDlOI MEIDg | MEIDg | MEID, | MEIDg | 003B16

CAM4 | MEID; | MEID, [ MEID; [ MEID, [ MEID; [ MEID, | | | 003Cie

0 : Mask identifier bit
1 : Compare identifier bit with acceptance code register bit
Shaded bits of CAMi must be cleared.

Fig. 2.4.30 Structure of acceptance mask/code registers

()

®3)

Operation

Acceptance filtering starts after detecting the start-of-frame of a CAN message. The content of the accept-
ance mask registers define which identifier bits have to be subjected to comparison with the corresponding
bits of the acceptance code registers.

If the acceptance filter judges an incoming frame relevant, the frame is—depending on the availability of a
receive buffer—either stored in a receive buffer or a CAN overrun interrupt (COVR) is issued by setting the
corresponding interrupt request bit. For further details on the receive buffer system and the overrun interrupt
refer to sections 2.4.8 and 2.4.11.

Schematic of acceptance filter

The acceptance filter mechanism (see Figure 2.4.31) comprises one gate which compares the acceptance
code register bit with the corresponding identifier bit of the frame being received, and one gate which tests
the relevance of this bit for the acceptance filter process. When all acceptance bits are true, the module rates
the frame relevant and attempts to store it to a receive buffer.
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Acceptance mask bit 0

Acceptance code bit 0

Identifier bit 0

Acceptance bit 0

Acceptance mask bit N

Acceptance code bit N

Identifier bit N

Acceptance bit N

Acceptance mask bit 28

Acceptance code bit 28 Q
- ) > z
Identifier bit 28 g
c
o]
N =1to 27 °
0 § y ™~ Id match
< 29 L

Fig. 2.4.31 Acceptance filter logic

2.4.8 Message reception

The module is equipped with two physical receive buffers. This double buffer architecture allows simultaneous
CPU-processing of a previously received frame and reception/storage of a new frame by the module. To simplify
the software handling both buffers are memory mapped to the same address range (0050, to 005D;¢). The mod-
ule’s internal receive logic controls access to the buffers so that one buffer (later on called foreground buffer) can
be read out by the CPU while the other buffer (background buffer) can be written to by the module.

The user is able to switch back and forth between both buffers by one control bit; however the individual buffers

can not be addressed directly. This architecture allows sequential handling of the incoming frames on an one-by-
one basis.

The receive buffers support both standard and extended frame formats of data and remote type. The buffers hold
the following information on the received frame:

 Identifier (standard or extended),

* Frame type (data frame or remote frame),
« Data length (in case of a data frame), and
« Data bytes (in case of a data frame).

(1) Message storage
As explained above, the module features two receive buffers; after initialization both buffers are empty (unde-
fined). Upon successful reception of the first relevant (refer to section 2.4.7) frame the module will:
1. Store the frame in one of the buffers.
2. Switch the buffer to foreground to permit CPU access.
3. Flag the reception by special function bits and interrupt service request (details in section (2)).

The foreground buffer holding the message received is now under (exclusive) control of the CPU, while the
background buffer is still vacant.

After having processed the buffer contents, the CPU should release the buffer and thereby return buffer con-
trol to the module. Following to release, the buffer content is not available to the CPU any more and can not
be recaptured in any way.
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A second message can be stored to the background buffer while the CPU still deals with the foreground
buffer; for an example see Figure 2.4.34: while the CPU still processes frame C, the module simultaneously
receives frame D.

The control of the buffers is done via the receive buffer control bit CREC.0 (Figure 2.4.16) as shown in Figure
2.4.32. In normal (run) mode, CREC.0 can be cleared by the CPU but can only be set by the CAN module.

Set by CAN module
Cleared by user s/w

e LI S QLD S

Receive buffer control bit
CREC.0

Foreground receive buffer content
CRBO to CRBD

Fig. 2.4.32 Receive buffer handling

(2) Receive process

The receive sequence is initialized by the start-of-frame of a new incoming message. The user software can
check this status by the transmit status bit CTRM.7 and the receive status bit CREC.1. The module status
changes from idle/transmitting to receiving.

During the reception of a message, the receive status bit CREC.1 is kept high. It is cleared after the end of
frame (for details refer to section (3) below). If the message is accepted and received without any errors, the
module initiates the following actions:

1. Set CAN successful receive (CSR) interrupt request bit IREQA.4.
2. Enable CPU access to the buffer (i.e., switch it from background to foreground).
3. Set receive buffer control bit CREC.0.

If the CPU still processes a previously received frame in the foreground buffer (and has not released the
buffer yet), the actions 2 and 3 are postponed. In this case, the module will continuously monitor CREC.0 and
wait for the flag being cleared by user s/w. After that, the module will execute the actions 2 and 3.

The frame reception can be observed from CPU side either by polling of IREQA.4 or CREC.0 or by CSR
interrupt service. After having processed the buffer contents, the receive buffer control bit should be cleared
by the CPU, in order to give control of the buffer back to the module. This kind of handshaking enables the
module to use the buffer to store the next frame to be received; consequently data read from the receive
buffer address range is undefined until the next frame reception.

Note: If the reception function is implemented based on CSR interrupt service, reconfirm the CREC.0 status
after clearing it. If both buffers are already occupied before entering the CSR interrupt service routine, both
buffers must be processed in one CSR interrupt service. However, it is recommended to optimize the timing
of the interrupt system for minimum latency and short execution time to avoid the possibility of CAN overrun
situations; see section (4). If the requirements to avoid overrun situations are fullfiled, one CSR interrupt
service has to deal with one single frame only (because each frame reception triggers one CSR interrupt
service request).

Figure 2.4.33 shows the receive process flowcharts from CAN module and CPU side. Section (3) discusses
the timing details on the module’s receive processing.
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CAN module

Receive process from
user side and CAN module side

Receiving
new message?

Mritel | | Setreceive status bit

Acceptance
filter passed success-
fully?

CREC:

Buffer available?

Y
Receive/Store message Set CAN over-
to receive buffer run interrupt
¢ request bit

Set CAN successful ¢
receive interrupt request bit Finish frame

¢ reception

Receive buffer No

control bit = 0?

Switch buffer from back- sk
ground to foreground

\J
Set receive buffer

Write 0 control bit

: < Yy
("Await CSR interrupt or CREC: E!j:lj:[t* . Y
poll receive buffer - . I Clear receive status bit |

g control bit Read 1 |

—

Read/process : s The two actions in the 'Yes' branch (switching buffer,
receive buffer X set receive buffer full flag) will be postponed until the
¢ \ receive buffer full flag has been cleared (by user s/w).

User software _ Write 1

The module monitors this bit continuously.

Clear receive buffer Write 0

control bit
¢ CREC: )
Write 1
-e .

crec: T T E

Read |

Receive buffer
control bit = 1?

No

CSR interrupt
request bit = 1?

sk % If both buffers are already occupied before the

CSR interrupt acceptence, CREC.0 will be 1 Register symbols:
and the CSR interrupt has not been requested
Yes again (request bit = 0). Under this condition,
Y both buffers should be read out.
End or If the receive processing scheme in use in
Return from interrupt based on polling CREC.0 only (not CSR inter- Read or write
. . rupt service), CREC.0 must be sampled only Read or write 0
service routine once at the beginning of the routine. Read or write 1
Reserved

Fig. 2.4.33 Flowchart of the receive process

7630 Group User’s Manual 2-57



APPLICATION

2.4 Controller Area Network (CAN) module

®3)

Timing of receive sequence

The timing diagrams in Figure 2.4.34 shows the status of the internal special function bits and the contents of
the foreground receive buffer during receive sequence. Of course this timing diagram depends on the appli-
cation software and actual communication model (i.e., scheduling of messages on the bus); therefore the dia-
gram should be considered an example. The time between the occurrence of the receive interrupt request
and the clearing of this request bit depends on the interrupt system of the actual application. The latency of
the interrupt depends on the execution time of all interrupt service routines of the application unless interrupt
nesting is enabled.

The conditions used in the timing diagram are:

« Module in virgin condition (as after module reset)

» Acceptance filtering disabled (mask all identifier bits)

» Buffer content processing by CAN successful receive (CSR) interrupt service

» Execution time of CSR service routine shorter than the frames on the bus

 Interrupt system of the application optimised for minimum latency of interrupts

Start of frame Ack End of frame
[ 1T 1
P3,/CRX // ,,,,,,,, U W ‘ 1
receive status bit I : i —
CREC.1 + tack-rsb = 9Tyt L
CAN successful receive . tackecsr = 6ot —
interrupt request bit IREQA.4 ‘ |
receive buffer control bit : tackrbc = 6-tpt o
CREC.0 ? |
E—

| ‘ L ‘ ‘
CAN successful receive | | ' '
interrupt request bit IREQA .4 H j H j H H H
| ‘ | | | o | |
|

I—__‘I

P3,/CRX _ T ~< B > < c >»< D >< >< F >_ -
receive Séégll,lzscl:.):if J l_‘ u U U U |
I

receive buffer CCJCrngrglcbg J ‘ | ‘ U U U

|
L—— a1

[_
petddl 0 Y D G I

] : undefined foreground receive buffer

Fig. 2.4.34 Receive sequence timing

(4)

During a successful reception the module alters the special function bits CREC.1, IREQA.4 and CREC.0
according to the following sequence:

1. Set CREC.1 within the start-of-frame bit.

2. Set IREQA.4 and CREC.0 within the seventh bit-time of the end of frame field.

3. Clear CREC.1 after the second bit-time of the intermission field.

Avoiding CAN overrun interrupts

The CAN overrun interrupt (COVR) is requested upon reception of a relevant frame when both receive buff-
ers are preoccupied by previously received frames because the CPU has not released a buffer yet. The
frame causing the CAN overrun interrupt can not be stored and hence is lost.
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The timing diagram in Figure 2.4.35 shows one example for a condition leading to a COVR request.
The conditions used in the timing diagram are:

* Module in virgin condition (as after module reset)

» Acceptance filtering disabled (mask all identifier bits)

» Buffer content processing by CAN successful receive (CSR) interrupt service

« Execution time of the CSR interrupt service routine /longer than the frames on the bus
 Interrupt system of the application optimised for minimum latency of interrupts

P3,/CRX ——{: B >—< c }( D >-;<757>TT< F >____
1 ‘ ‘ L . ‘ h ‘
N i

receive status bit
CREC.1

CAN successful receive
interrupt request bit IREQA.4

receive buffer control bit

(.
\\\\\\\*,:%:I
=

|
]
— U
o e A d

|
CREC.0 1‘
o
7 7
7
cl | D | F ‘
i¥ o
_ CAN overrun | ‘ C ‘ ik 1 ‘
interrupt request bit IREQA.5 — T _ U,
SOF Arbitration field control field

P3,/CRX 4‘ | //

CAN overrun
interrupt request bit IREQA.5

tack—covr = 7'tbt

/] : undefined foreground receive buffer
% :slw clears CREC after end of frame C; module sets CREC one cycle later

s : CPU still processes frame C in foreground buffer, while the background buffer holds
frame D; frame E can not be stored and is lost.

Fig. 2.4.35 Receive sequence timing (overrun condition)

To avoid an overrun condition, the time between a successful reception and the release of receive buffer by
the CPU must be shorter than the shortest possible frame in the network. This can be accomplished by opti-
mization of the applications interrupt system towards minimum latency and interrupt execution times.

(5) Auto-receive function

The auto-receive disable bit CREC.6 (Figure 2.4.16) allows to select two options regarding the handling of

frames sent by the module:

« Enabling auto-receive by clearing CREC.6 causes the module to subject a self-generated frame to the
reception process described above; however, the following deviations apply:
— Self-generated frames are not self-acknowledged.
— CREC.1 remains “0” during the auto-receive process. The corresponding sub-mode according to Figure

2.4.26 is transmitting.

A frame rated relevant by the acceptance filtering causes a successful receive interrupt request and possi-
bly an overrun interrupt request (see section (4)).
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» Disabling auto-receive by setting CREC.6 causes the module to suspend all receive functions related to
the receive control logic block (Figure 2.4.1) during the transmission process. The transmitting/receiving
sub-mode of the normal mode shown in Figure 2.4.25 is disabled.

Note: Disabling auto-receive does not affect the receive function related to the protocol controller block
(required to monitor the bus level while transmitting).

2.4.9 Message transmission

The module is equipped with one transmit buffer. Similar to the receive section, the architecture allows to transmit
CAN frames on a one-by-one basis. Both standard and extended frame formats of data and remote type are sup-
ported. The programming sequence required to initiate a transmission comprises four steps, each step shall be
described in detail below:

1. Check the module status (i.e., the availability of the transmit buffer).

2. |Initialize the transmit buffer (the buffer content defines the frame to be transmitted).

3. Lock the transmit buffer (hands the buffer control to the module and protects the buffer from accidental modifi-
cations by the CPU).

4. Issue the transmit request (triggers the module to start the transmission).

Once the transmission of a frame has been requested, the module takes care about bus arbitration, error handling
and acknowledgement of the frame by other nodes. The frame is considered transmitted successfully if:

» The frame could win arbitration,

* no errors were detected during transmission, and

« the frame gained acknowledgement by another node on the bus.

In case of unsuccessful transmissions the module attempts to re-transmit the frame until transmission can be fin-
ished successfully or the transmit request is withdrawn by user software (refer to section 2.4.10). In case of an arbi-
tration loss, the module transits to sub-mode receiving (refer to section 2.4.8 and Figure 2.4.26).

The programming sequence and functionality is explained below and by the flow charts in Figure 2.4.38.

(1) Check for availability of the transmit buffer
Before the transmit buffer can be initialized, its availability must be checked; the transmit buffer control bit
CTRM.5 must be “0” indicating the availability of the buffer and completion of the previous transmission. The
user software can now initialize the transmit buffer.

(2) Initialize the transmit buffer
In the user software the identifier (standard or extended), the frame type (data or remote frame), length
code/data bytes (in case of a data frame) have to be written to the transmit buffer (Figures 2.4.18 to 2.4.24).
Only the transmit buffer registers relevant for the specific CAN frame need to be initialized (e.g. if only stand-
ard CAN frames are concerned, the transmit buffer registers CTB2 and CTB3 can be ignored).
If the transmit buffer has been used for a previous transmission, the contents of the buffer are retained; there-
fore only the transmit buffer contents which need to be changed versus the previous frame have to be initial-
ized.
Figure 2.4.36 shows the transmit buffer register organisation.
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Name 7 0 Offset
cTeo | | | | siDy | SIDg | SIDg | SID, | SIDg | 004044
CTBlI SIDg | SID, | SID, | SID, | SID,; | SID, IRTR/SRRI IDE | 004144
cTe2 | | | | | EIDyy | EIDsg | EID;5 | EIDy4 | 004244
CTB3 | EID;3 | EID;, | EIDy, | EID;q | EIDg | EIDg | EID, | EIDg | 00434
CTB4| EIDg | EID, | EID3 | EID, | EID, | EIDg | RTR | rl | 004444
CTB5 | | | | o | DLC, | DLC, | DLC, | DLCy | 0045,
CTB6 | Data byte 0 | 0046,
CTB7 | Data byte 1 | 004746
CTB8 | Data byte 2 | 0048,
CTB9 | Data byte 3 | 0049,
CTBA | Data byte 4 | 004A:6
CTBB | Data byte 5 | 004B;6
CTBC | Data byte 6 | 004Cyg
CTBD | Data byte 7 | 004Dy

Fig. 2.4.36 Transmit buffer organization

®3)

Altogether the following items of the transmit buffer need to be initialized:

IDE bit CBT1.0: this bit represents the identifier extension (IDE) bit of a frame.

RTR/SRR bit CBT1.1: for standard format frames, this bit represents the remote transmission request
(RTR) bit of the arbitration field; for extended format frames it represents the substitute remote request
(SRR) bit of the arbitration field.

RTR bit CBT4.1: this bit represents the remote transmission request (RTR) bit of the arbitration field of an
extended format frame; not relevant for standard format frames.

Reserved bit rO CBT5.4: this bit represents the reserved bit rO of the control field of a standard or extended
format frame; should be set to “0"/sent dominant (refer to the CAN specification).

Reserved bit r1 CBT4.0: this bit represents the reserved bit rO of the control field of an extended format
frame; not relevant for standard format frames; should be set to “0"/sent dominant (refer to the CAN speci-
fication).

Identifier bits of CBTO to CBT4: these bits represent the identifier of the arbitration field of a frame; CBT2 to
CBT4 hold the extended identifier bits and are not relevant for standard format frames.

DLC bits of CBT5: these bits represent the data length code of the data field of a data frame; not relevant
for remote frames.

Data bits of CBT6 to CBTD: these bits represent the data field of a data frame; not relevant for remote
frames.

For settings of the IDE-, RTR/SRR-, RTR-, rO- and r1 bits to be programmed refer to the table below:

Frame format Frame type IDE RTR/SRR RTR r0 ri
standard format data frame 0 0 X ; N
(11-bit identifier) remote frame 0 1 X
extended format data frame 1 1 0

S 0 0
(29-bit identifer) remote frame 1 1 1

Lock the transmit buffer

Once the transmit buffer is initialized, the transmit buffer control bit of CTRM (Figure 2.4.3) should be set to
“1". This locks the transmit buffer thereby protects it from being altered accidentally. After locking, data read
from the address range of the transmit buffer is undefined. The buffer remains locked until either the trans-
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(4)

(5)

mission process could be finished successfully, or a transmit abort is requested (see section 2.4.10); the
buffer can not be unlocked by clearing the transmit buffer control bit from CPU side.

Issue transmission request

Finally, the transmission can be started by setting the transmission control bit of CTRM (Figure 2.4.3). Setting
this bit gives control of the buffer to the CAN module; the module attempts to transmit the frame defined by
the transmit buffer contents following the rules of the CAN specification.

After a successful transmission (without errors) the module will:

» Clear the transmit buffer control bit CTRM.5.

» Clear the transmit request bit CTRM.3.

» Set the CAN successful transmit (CST) interrupt request bit IREQA.3.

Note: The CAN successful receive interrupt (CSR) interrupt may also be requested unless disabled by the
auto-receive interrupt disable bit of CREC (Figure 2.4.16); refer to section 2.4.8,  too.

Timing of transmit sequence
The timing diagram in Figure 2.4.37 shows the status of the internal special function bits during transmit
sequence if the module wins bus arbitration.

interrupt request bit IREQA.3

%rt of frame Ack End of frame Intermission

o e e I R

transmit status bit

CTRM.7 — <
— 1 tighsor = (0 ~ 1)ty

tack—tsb = 10-tpt 1 L

|
|
|
|
transmit request bit |

CTRM.3 — e
tirp—sof,min = 30/f(XIN)

|
|
tack—trh = (7 ~ 8)-tpt :
T

transmit buffer control bit
CTRM.5

tack—tbc = (7 ~ 8)-tiyt .

tack—cst = (6 ~ 7) tyy

J—

CAN successful transmit

Fig. 2.4.37 Transmit sequence timing (arbitration win)

After a transmission has been requested by setting CTRM.3, the module attempts to start the transmission at

the next possible time (depending on the bus condition). During a successful transmission process the mod-

ule alters the special function bits as follows:

1. Set transmit status bit CTRM.7 shortly before the recessive to dominant edge of the start-of-frame field.

2. Set CAN successful transmit interrupt request bit IREQA.3 within the last bit-time of the end-of-frame field.

3. Clear transmit request bit CTRM.3 and transmit buffer control bit CTRM.5 within the first bit-time after the
end-of-frame field.

4. Clear transmit status bit CTRM.7 within the first bit-time after the intermission field.

Upon arbitration loss, the module changes to receiving state beginning with the next bit-time after the occur-

rence of arbitration loss. The transition from transmitting to receiving state is flagged by clearing of CTRM.7

and setting of CREC.1 (see Figure 2.4.26).

2.4.10 Abort transmission

A low priority frame in the transmit buffer may not gain bus access if the bus carries heavy traffic by medium priority
frames. The low priority frame blocks the transmit buffer and causes significant delay in scheduling of further even
high priority frames to be sent. This scenario is known as priority inversion.
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To overcome this situation, the module features an abort transmission request function. This function is controlled
by the transmit abort control bit CABORT.O (Figure 2.4.17); setting this bit withdraws the transmit request of the
frame currently occupying the transmit buffer.

Requesting transmit abort during the transmission process (CTRM.7 = 1) does not interrupt the process to avoid
causing erroneous frames being sent.

In result of the abort transmit request, the module will:

1. Clear the transmit buffer control bit CTRM.5 (thereby release the buffer).
2. Clear the transmit request bit CTRM.3.

3. Clear the transmit abort control bit CABORT.O.

As the abort transmission request might fall together with an ongoing transmission, the buffer might not be availa-
ble immediately after issuing the abort transmission request. Therefore the re-initialization of the buffer should not
be started before having confirmed its availability via CTRM.5 (refer to section 2.4.9).
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] Transmit process from
user side and CAN module side

transmit

buffer vacant Read 0
(CTRM.5=0)?
crrv: [T [T I [
initialize transmit buffer
registers
set transmit buffer Write 1
control bit CTRM.5 e
Y
set transmit request bit Write 1 CAN module
CTRM.3
| crry: [T 1] <
( Await CAN successful )
transmission Read 1 transmit request
-~ CTRM.3=17

User software

Write 1 set transmit status bit
CTRM.7

!

start transmission

CTRM:

!

bus arbitration win?

continue transmission

no errors No

detected?

clear transmit request bit

Write 0 clear transmit buffer control bit
CTRM.3,5

set CST interrupt request bit

CTRM: Kk

<

Symbols:

write 0 Clear transmit status bit

Read or Write 0

Read or Write 1 CRv: [T T M T+ >

Reserved
cTrv: [T 1]

Fig. 2.4.38 Flowchart of transmit process
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2.4.11 CAN interrupts

The module provides six interrupt sources with separate interrupt vectors; each interrupt is requested by setting the
corresponding interrupt request bit.

Vector Address Request Control

Interrupt name Requested upon Description bit bit
High Low ! '
CAN successful transmit (CST) successful transmission of a section 2.4.9 FFF316 FFF216 | IREQA.3 ICONA.3
CAN frame
. successful reception of a CAN .
CAN successful receive (CSR) frame section 2.4.8 FFFlig FFFO;5 | IREQA.4 ICONA.4
detecting a relevent frame on the | “Avoiding CAN over-
CAN overrun (COVR) bus while no receive buffer is run interrupts”, FFEF6 FFEE1s | IREQA.5 ICONA.5

vacant Figure 2.4.35

CAN error passive (CERP) tséa;frgf;;'st's?cefrom error active | <o ction 2.4.12 FFED;s | FFECis | IREQA.6 | ICONA6

state transition from error pas-

CAN bus off (CBOF) sive to bus off

section 2.4.12 FFEB6 FFEA1s | IREQA.7 ICONA.7

detecting a recessive to domi-

CAN wake up (CWKU) nant edge on CRX

section 2.4.13 FFE96 FFE8:s | IREQB.O ICONB.O

2.4.12 Error condition

As defined in the CAN specification, the module features internal transmit and receive error counters; these
counters serve to define the state of the module between the options error active, error passive and bus off. In nor-
mal (run) mode, the error counters are increased upon detection of an error and decreased upon successful trans-
mission or reception of CAN frames following the rules of the CAN specification. These counters are internal
registers and not available to the CPU; the transitions from error active to error passive state and from error pas-
sive to bus off are flagged by a request of the corresponding error passive (CERP) and bus off (CBOF) interrupts.
In normal (run) mode, the receive and transmit error counters are under control of the module an can not be altered
or read by the CPU. Upon switching to configuration mode however, the counters are cleared and the module is put
to error active state. As defined in the CAN specification, the module takes part in normal bus communication and
flags errors detected by sending an active error flag. After the module has transit to error passive state the module
continues communication but errors detected are flagged by a passive error flag. In bus off state, the module sus-
pends the communication and does not influence the bus any more; the CTX pin is kept at recessive level. Please
refer to the state diagram in Figure 2.4.39 and to the CAN specification for details on the conditions leading to
state-transitions.

Transmit or receive error
count greater than 127

reset Error passive

Transmit and receive error
count less than 128

Transmit error count greater
than 255

128 occurrences of
11 recessive bits

Fig. 2.4.39 Error state diagram
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2.4,

13 Wake-up via CAN

The module features a function to wake-up the CPU on CAN traffic. This feature is implemented by an external
interrupt function on the P3,/CRX input port. The wake-up interrupt is requested upon a recessive to dominant
edge (by start-of-frame of a message sent by another node) on the P3,/CRX.

The initialization required to use the wake-up function is:

1.
2.
3.
4

5.

Clear CWKU interrupt request bit IREQB.O.
Set CWKU interrupt control bit ICONB.O.
Put module to sleep mode by setting the sleep control bit CTRM.O0 (Figure 2.4.3); see section 2.4.4.

Set the pull transistor enable bit PUP3.2; this activates the pull transistor towards the recessive level (depend-
ing on the dominant polarity selected by PCON.1).

Put MCU to low-power mode (wait or stop mode).

The first frame sent by another node awakens the CPU by an CWKU interrupt request. The module should be put
to normal (run) mode again as part of the CWKU interrupt service; also the pull transistor should be disabled as
part of this interrupt service routine.

Note: The frame triggering the wake-up function can not be received and is lost.
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2.5 Serial 110

2.5.1 Memory map of serial 1/0

001216 | Serial I/O shift register (SIO)

001316 | Serial 1/0O control register (SIOCON)

—
-

)
(¢

002016 | UART mode register (UMOD)

002116 | UART baud rate generator (UBRG)
002216 | UART control register (UCON)

002316 | UART status register (USTS)

002416 | UART transmit buffer register 1 (UTBR1)
002516 | UART transmit buffer register 2 (UTBR2)
002616 | UART receive buffer register 1 (URBR1)
002716 | UART receive buffer register 2 (URBR2)

Fig. 2.5.1 Memory map of serial I/0O related registers
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2.5.2 Related registers

Serial 1/0O shift register
b7 b6 b5 b4 b3 b2 bl b0

Serial I/O shift register (SIO) [Address : 001216]

I I I I I 1 1 1
} } } } } } } } B Function Atreset| R | W
| | | | | | | |
} } } } } } } L 0 | A shift register for serial transmission and reception. ? (o] Ke)
[ N B T — At transmitting : Set transmission data.
} } } } } } L——|1 At receiving : Store received data. ? O|0
S 2 > lolo
[ |
T T A T S— 3 2 |o|o
| | | | —
1 e 4 > |o|o
| | | | —
T e 5 ?2 |ofo
| | —
B e e T 6 2 |ofo
| -
R 7 ? |olo
Note: A content of the Transmit buffer register cannot be read out.
A data cannot be written to the Receive buffer register.
Fig. 2.5.2 Structure of Serial 1/0 shift register
Serial 1/0 control register
b7 b6 b5 b4 b3 b2 bl b0
- Serial 1/0O control register (SIOCON) [Address : 001316]
I I I I 1 1 1
} } } } } } } } B Name Function Atreset| R | W
| | | | | | | |
.. . . b2 bl bo
} } } } } } } L, 0 Clock divider selection bits 000 : gdivided by 4 0 (@)
} } } } } } } 00 1: @divided by 8
[ N 1 010: ¢divided by 16
R T ] 011: ¢divided by 32 0 |O|O
[ I 100 : ¢divided by 64
} } } } } } — 101 : @divided by 128
[ I 2 110: ¢divided by 256 0 olo
} } } } } 7777777 111: @divided by 512
| | | | |
T 3 P20/SiN, P21/Sout and P22/Scik | 0 : I/O port (P20, P21, P22) 0 |olo
[ N T function selection bit 1: SN, Sour, ScLk output pin
| | | |
N 4 P23/Srpy function selection bit 0 : /O port (P23) 0 olo
o 1 : SrpY output pin
} } L _____________ 5 Transmission order selection bit 0 : LSB first 0 olo
Lo 1: MSB first
} L 777777777777777 6 Synchronization clock selection bit | O : External clock 0 olo
} 1: Internal clock
e Not used (“0” when read.) o |lolx

Fig. 2.5.3 Structure of Serial I/O control register
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UART mode register
b7 b6 b5 b4 b3 b2 bl b0
- UART mode register (UMOD) [Address : 002016]
1 I I I I I I
[ A R H I B
: } } } } } } } B Name | Function Atreset| R | W
: } } } } } } L 0 Not used (“0” when read, don't write “1".) 0 (0] B4
T R N ]
[ N N — - - ey
: } } } } } I Y Clock divider selection bits 00 : @divided by 1 o |lolo
: } } } } } | 01: @divided by 8
10: @divided by 32 0 olo
N N
o T 2 11: gdivided by 256
: } } } L 77777777 3 Stop bits selection bit 0 : One stop b!t 0 olo
: } } } 1: Two stop bits
: } } e 4 Parity selection bit 0 : Even parity 0 olo
Lo 1:0Odd parity
[ - -
[ 5 | Parity enable bit 0 : Parity checking disabled o |olo
b 1 : Parity checking enabled
| | . . b7 b6
: o 6 UART word length selection bits 00 : 7 bits 0 olo
I || 01: 8 bits
e 2 10:9 bits o |lolo
11 : Notused
Fig. 2.5.4 Structure of UART mode register
UART baud rate generator
b7 b6 b5 b4 b3 b2 bl bo
UART baud rate generator (UBRG) [Address : 002116]

1 I I I I I I I
: } } } } } } } B Function Atreset| R | W
[ A R H I B
: } } } } } } L 0 | A count value of baud rate generator is set. ? (e} o)
L
R S— 2 > |o]o
[ Y N ||
R R R — 3 2 |olo
[ -
s 4 2 |o|o
[ -
A e 5 2 [o]o
[ -
e e e 6 ? |o]o
| -
b 7 ? |ofo

Fig. 2.5.5 Structure of UART baud rate generator
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UART control register
b7 b6 b5 b4 b3 b2 bl b0

UART control register (UCON) [Address : 002216]

I 1 1 1
i i i i i i i i B Name Function Atreset| R | W
. Transmit enable bit 0 : Transmit disabled 0 e}
[ e Y A B 0] . :
[ 1: Transmit enabled
IR },,,, 1 Receive enable bit 0 : Receive disabled o |lolo
A B 1 : Receive enabled
T Transmission initialization bit 0 : No action 0 |olo
oL 1 : Initialize the transmit enable bit
[ N 2 and transmit status register flags.
A Stop transmission.
| | | | |
} } } } } Receive initialization bit 0 : No action 0 olo
[ N it 3 1 : Initialize the receive enable bit
Lo and receive status register flags.
| | | |
A T 4 | Not used (“0” when read, don't write “1".) 0 |O|X
| | | |
A 5 0 |O|X
T 6 o |o]x
| | —
o 7 0 |o|x
Fig. 2.5.6 Structure of UART control register
UART status register
b7 b6 b5 b4 b3 b2 bl b0
- UART status register (USTS) [Address : 002316]
I I I I 1 1 1
i i i i i i i i B Name Function Atreset| R | W
e Transmission register empty flag | O : Register full 1 X
[ 0 : .
[ N 1: Register empty
} } } } } } L,,, 1 Transmission buffer empty flag 0 : Buffer full 1 ol x
A R 1 : Buffer empty
B L 777777 2 | Receive buffer full flag 0 : Buffer full 1 |o|X
. 1 : Buffer empty
} } } } L 77777777 3 Receive parity error flag 0 : No parity error detected 0 (0] B4
} } } } 1 : Parity error detected
N Receive framing error flag 0 : No framing error detected 0 |lolx
Lo 4 1 : Framing error detected
| | |
N 5 | Receive overrun flag 0 : No overrun detected 0 |o|x
} } 1 : Overrun detected
} L 777777777777777 6 Receive error sum flag 0 : No error detected 0 Ol X
! 1 : Error detected
e Not used (“0” when read.) o |lolx

Fig. 2.5.7 Structure of UART status register
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UART transmit buffer register 1
UART transmit buffer register 2
b7 b6 b5 b4 b3 b2 bl bo _ _

UART transmit buffer register 1 (UTBR1) [Address : 002416]
N N S RS UART transmit buffer register 2 (UTBR2) [Address : 002516]
i i i i i i i i B Function Atreset| R | W
b1 Lt o | Transmit data is written to this buffer register (consisting of low-order ? X |0
: } } } } } } — and high-order byte).
A > x|o
L L] " [o
N E EEE
e 4 MEE
b 5 2 |[x|o
| | | —
i b i ? |IX|O
b 7 ? |x]o

Fig. 2.5.8 Structure of UART transmit buffer register 1, 2

UART receive buffer register 1
UART receive buffer register 2
b7 b6 b5 b4 b3 b2 bl bo _ _

UART receive buffer register 1 (URBR1) [Address : 002616]
S D TN S S [ UART receive buffer register 2 (URBR2) [Address : 002716]
i i i i i i i i B Function Atreset| R | W
b1t o | Receive data is read from this buffer register (consisting of low-order ? oOlx
: } } } } } } — and high-order byte).
A »_[o]x
L L] o[
R E "o
T 4 2 |o|x
| | | | —
b 5 ? |o]|x
| | | —
i b i ? 10X
b 7 2 |o]|x

Fig. 2.5.9 Structure of UART receive buffer register 1, 2
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2.5.3 Serial I/0O connection examples

(1) Control of peripheral IC equipped with CS pin
Figure 2.5.10 shows connection examples with peripheral ICs using clock synchronous serial 1/0

mode.
(1) Only transmission (2) Transmission and reception
(using the SIN pin as an I/O port)
Port CS Port CSs
ScLK CLK ScLK CLK
Sout DATA Sout N
SIN ouT
7630 group Peripheral IC

7630 group Peripheral IC

OSD controller etc.
( ) (E2PROM etc.)

(3) Connecting ICs

Port CS
ScLk CLK
Sout IN
SIN ouT
Port Peripheral IC 1
7630 grouJ
cs
> CLK
>IN
<— ouT
Peripheral IC 2 Note: “Port” is an output port controlled by software.

Fig. 2.5.10 Serial 1/0 connection examples (1)
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(2) Connection with microcomputer

Figure 2.5.11 shows connection examples with other microcomputers using serial 1/O.

(1) Selecting an internal clock

ScLK CLK
Sout IN
SIN ouT

7630 group Microcomputer

(3) Using the SRDY signal output function
(Selecting an external clock)

‘Srov RDY

ScLk CLK

Sout IN
SIN ouT

7630 group Microcomputer

(5) Using UART (URTS, UCTS not use)

UTxD RxD
URxD TxD
URTS |—

UcTts 17
7630 group Microcomputer

(2) Selecting an external clock

ScLK CLK
Sout IN
SIN ouT

7630 group Microcomputer

(4) Using UART

Ucts Port
UtxD RxD
UrTs Port
URxD TxD

7630 group Microcomputer

Note: “Port” is an output port controlled by software.

Fig. 2.5.11 Serial 1/0 connection examples (2)
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2.5.4 Setting of serial 1/0 transfer data format

A clock synchronous or clock asynchronous (UART) is selected as a data format.

Figure 2.5.12 shows a setting of serial I/O transfer data format.

— UART —

Serial /10 —

— Clock synchronous serial I/O {

1ST-9DATA-1SP

— N stAseX X X X X X Xwmse)Y sp
1ST-8DATA-1SP

— N stAseX X X X X  Xwmss)Y sp
1ST-7DATA-1SP

— N\ stAseX X X X XwmsB Y sp
1ST-9DATA-1PAR-1SP

— N stAseX X X X X X  XwmsBXPARY sp

1ST-8DATA-1PAR-1SP

— st Lse X X X X

X  XwmsBXPARY sp

1ST-7DATA-1PAR-1SP

— \ust Lse X X X X

X msB X PARY sp

1ST-9DATA-2SP

— N stAseX X X X X X  XwmsBY 2sp
1ST-8DATA-2SP

— N st AseX X X X X  Xwss)Y 2sp
1ST-7DATA-2SP

— N stAseX X X X X msB Y 2sp
1ST-9DATA-1PAR-2SP

— N stAseX X X X X X XwmsBXPaArRY 2sp

1ST-8DATA-1PAR-2SP

— st Lse X X X X

X XwmsBXPAR )Y 2sp

1ST-7DATA-1PAR-2SP

— st Lse X X X X X ms X PAR )Y 2sP
LSB first
MSB first ST : Start bit
SP : Stop bit
PAR : Parity bit

Fig. 2.5.12 Setting of serial 1/0 transfer data format
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2.5.5 Serial I/O application examples

(1) Output of serial data (control of a peripheral IC)
Outline : 4-byte data is transmitted and received using the clock synchronous serial I/O. The CS
signal is output to a peripheral IC through the port P33.

P33 s cs
ScLK CLK CLK
sout |—PATA__ I paTA
7630 group Peripheral IC

Fig. 2.5.13 Connection diagram [Output of serial data]

Specifications :  « The Serial 1/0 is used(the clock synchronous serial 1/0 is selected).
» Synchronous clock frequency : 125 kHz (f(XIN) = 8 MHz is divided by 64)
» Transfer direction : LSB first.
e The Serial I/O interrupt is not used.
« Port P33 is connected to the CS pin (“L” active) of the peripheral IC for transmission
control (the output level of port P33 is controlled by software).

Figre 2.5.14 shows an output timing chart of serial data.

cs | [
e ] ] X X

DATA X poo X X por X X poz X X pos X

Note: The SouT pin is in high impedance state after completion of data transfer.

Fig. 2.5.14 Timing chart [Output of serial data]
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Figure 2.5.15 shows a setting of serial I/O related registers, and Figure 2.5.16 shows a setting of serial
I/O transmission data.

Serial I1/0O control register [Address: 001316]
b0

b7
SIOCON.1 olof1]ol1]1

u—‘i Clock divider selection bits : @ divided by 32

P20/SIN, P21/SouT, P22/ScLk function selection bit : Use the serial 1/10
P23/SRDY function selection bit : SRDY output disabled

Transmission order selection bit : LSB first
Synchronization clock selection bit : Internal clock

Interrupt request register C [Address: 000416]
b b0

!
IREQC . 0

’ Serial I/O interrupt request bit
Use this bit to check if transmission of 1 byte is complete.
“1" : Transmit complete

Interrupt control register C [Address: 000716]
b7 b0

ICONC . 0

l Serial I/O interrupt enable bit : Interrupt disabled

Port P3 [Address: 000E16]
b7 b0

’ Set to “0” before transmission starts.

Port P3 direction register [Address: 000F16]
b7 b0

’ P33 : Output mode

Fig. 2.5.15 Setting of serial 1/0 related registers [Output of serial data]
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Serial I/O shift register [Address: 001216]
b7 b0

SIO

Write data to be transmitted. Check whether transmission of
the previous data has been completed before writing data
(bit 4 of the Interrupt request register C is set to “1").

Fig. 2.5.16 Setting of serial I/O transmission data [Output of serial data]
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Control procedure : When the registers are set as shown in Figure 2.5.15, the Serial 1/0 transmits
1-byte data simply by writing data to the Serial I/O shift register. Thus, after
setting the CS signal to “L”, write the transmission data to the Serial 1/0 shift
register on 1-byte base, and return the CS signal to “H” when the desired
number of bytes have been transmitted. Figure 2.5.17 shows a control procedure
of serial 1/0(clock synchronous serial 1/0O).

( RESET ) X : These bits are not used in this application.
| Please set these bits to “0” or “1” appropriately.
Initialization
SIOCON [Address: 001316] «—— X10010112 « Set the Serial /O control register.
ICONC [Address: 000716], bit 4 «<— 0 « Set the Interrupt control register C.

P3 [Address: 000Eze¢], bit3 «—————— 1 )
« Set the CS signal output port (“H” level output).

P3D [Address: 000F16] <«——— XXXX1XXX2

g

P3 [Address: 000Ez6], bit3 «—————————— 0 « Set the CS signal output level to “L".
IREQC [Address: 000416], bit4 «<— 0 « Set the Serial I/O interrupt request bit to “0”.
SIO [Address: 001216] <—— Transmission data « Write transmit data (start to transmit 1-byte data).

« Check the completion of 1-byte data transmission.

IREQC [Address: 000416], bit 4?

« Use any a counter to count the number of transmitted bytes.
« Check whether the transmission of the target bytes
has been completed.

Complete to transmit data?

P3 [Address: 000Eze6], bit3 €«<——— 1 « Return the CS signal output level to “H”
,J\’ when transmission of the target bytes has been completed.

=

Fig. 2.5.17 Control procedure of clock synchronous serial 1/0 [Output of serial data]
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(2) Communication (transmit/receive) using asynchronous serial I/0O (UART) 1

Point : 1-word data is transmitted and received through asynchronous serial 1/0.

Figure 2.5.18 shows a connection diagram, and Figure 2.5.19 shows a timing chart.

Transmitting side Receiving side
Ucts URTs
TxD RxD
7630 group 7630 group

Fig. 2.5.18 Connection diagram [Communication using UART]

Specifications : ¢ The Serial 1/0 is used (UART is selected).
e Transfer bit rate : 9600 bps (f(XIN) = 10.0 MHz is divided by 1024)
e Communication control using port URTS and UcCTs

Setto “1”
+ Receiving side ¢

Receive enable bit

URTs —> UcTs
(Transmitting side)
Set to “1”
« Transmitting side ¢

Transmit enable bit J
v

Transmission buffer empty flag

TXD — > RxD ST/(DOXD1XD2XD3XD4XD5XD6XD7)IZSP ST A Do

(Receiving side)

1ST-8DATA-2SP

@: Write transmit data to the UART transmit buffer register 1.

Fig. 2.5.19 Timing chart [Communication using UART]
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Table 2.5.1 shows setting examples of UART baud rate generator (UBRG) values and transfer bit rate
values, Figure 2.5.20 shows a setting of related registers on the transmitting side, and Figure 2.5.21
shows a setting of related registers on the receiving side.

Table 2.5.1 Setting examples of Baud rate generator values and transfer bit rate values

Transfer bit rate |BRG count source at 9= 8MHz /2 at o= 10MHz / 2

(bps) (Note 1) (Note 2) | BRG setting value | Actual time (bps) | BRG setting value | Actual time (bps)

75 @256 12 (0Cz1s) 75.12 15 (OF16) 76.29

150 @256 5 (0516) 162.76 7 (0716) 152.58

300 @32 25 (1916) 300.48 31 (1Fz1s) 305.17

600 @32 12 (0C1s) 600.96 15 (OF16) 610.35

1200 @32 5 (0516) 1302.08 7 (0716) 1220.70

2400 @8 12 (0Czs) 2403.84 15 (OF1e) 2441.40

4800 @8 5 (0516) 5208.33 7 (0716) 4882.81

9600 @8 2 (0216) 10416.66 3 (0316) 9765.62

19200 Q@ 12 (0Cz1s) 19230.76 15 (OF16) 19531.25

31250 0] 7 (0716) 31250.00 9 (0916) 31250.00

62500 Q@ 3 (0316) 62500.00 4 (0416) 62500.00

76800 0] 2 (0216) 83333.33 3 (0316) 78125.00

Notes 1. Equation of transfer bit rate
%
(BRG setting value + 1) O 16 O pUY

Notes 2: BRG count source (@pQ) is selected by the Clock divider selection bits (bit 1 and 2 of the UART
mode register [Address: 002016]).

Transfer bit rate (bps) =

0 The Value p is decided by the Clock divider selection bits (bit 1 and 2 of the UART mode register
[Address: 002016]). Refer to Table 2.5.2.

Table 2.5.2 Clock divider selection for serial 1/0O

. Clock divider selection bits
Clock divider p - -
bit 2 bit 1
1 0 0
8 0 1
32 1 0
256 1 1
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» Transmitting side

CPU mode register [Address: 000016]
b7 b0

|

Internal system clock selection bit : @ = f(XIN) divided by 2
(high-speed mode)

UART mode register [Address: 002016]
b7 b0

umop o[ 10 101.

u— Clock divider selection bits : @ divided by 8

Stop bits selection bit : Two stop bits
Parity enable bit : Parity disabled
Word length selection bits : 8 bits

UART control register [Address: 002216]
b7 bo

‘— Transmit enable bit : Transmit disabled
(Set this bit to “1” at starting communication.)

Receive enable bit : Receive disabled

Transmission initialization bit : Initialize the transmit enable bit and
transmit status register flags.

Receive initialization bit : No action

UART baud rate generator [Address: 002116]
b7 b0

UBRG 3 Set 0 1
Transfer bit rate 0 16 O p-

O The value pis decided by the Clock divider selection bits (bit 1 and bit 2
of the UART mode register [address: 002016]). Refer to Table 2.5.2.

UART status register [Address: 002316]
7 b0

b
USTS .

l— Transmission register empty flag :

This flag is set to “1” at transmit shift completed.
Check a completion of transmitting 1-word data with this flag.

Transmission buffer empty flag :
This flag is set to “1” at transfer data from the Transmit buffer
register to the Transmit shift register.
Check whether the next transmission data is writable to the
Transmit buffer register with this flag.

Fig. 2.5.20 Setting of related registers on transmitting side [Communication using UART]
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* Receiving side

b7

CPU mode register [Address: 000016]

b0

Internal system clock selection bit : @ = f(XIN) divided by 2
(high-speed mode)

UART mode register [Address: 002016]
b7 b0

UMOD [0 1|0

101.

| u— Clock divider selection bits : ¢ divided by 8
Stop bits selection bit : Two stop bits

Parity enable bit : Parity checking disabled

b7

b7

Word length selection bits : 8 bits

UART control register [Address: 002216]

b0

\— Transmit enable bit : Transmit disabled

Receive enable bit : Receive disabled
(Set this bit to “1” at starting communication.)

Transmission initialization bit : No action

Receive initialization bit : Initialize the receive eneble bit and
receive status register flags.

UART baud rate generator [Address: 002116]
b0

UBRG 3

@ _
Set Transfer bit rate 0 16 O p“ !

O The value pis decided by the Clock divider selection bits (bit 1 and bit 2

of the UART mode register [address: 002016]). Refer to Table 2.5.2.

UART status register [Address: 002316]

b0

b7
USTS .

‘— Receive buffer full flag :

This flag is set to “1” at receive completed.

Check whether the receive data is readable out from the Receive
buffer register with this flag.

Receive framing error flag : This flag is set to “1” at framing error detected.

Receive overrun flag : This flag is set to “1” at overrun detected.

Receive error sum flag : This flag is set to “1” at some error detected.

Fig. 2.5.21 Setting of related registers on receiving side [Communication using UART]
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I/0

Control procedure : Figure 2.5.22 shows a control procedure on the transmitting side, and Figure
2.5.23 shows a control procedure on the receiving side.

» Transmitting side

( RE|SET )

Initialization
CPUM [Address: 000016] «——— 00000X002

UMOD [Address: 002016] «——— 010X101X2
UCON [Address: 002216] «——— XXXX01002
UBRG [Address: 002116 «——— 4-1

>|

_—

=

UCON [Address: 002216], bit 0 €«——— 1

UTBRL1 [Address: 002416]
-<—— The first byte of transmission data

USTS [Address: 002316], bit 1?

UTBRL1 [Address: 002416]
<—— The second byte of transmission data

UCON [Address: 002216], bit2 «——— 0

+

X : These bits are not used in this application.
Please set these bits to “0” or “1” appropriately.

« @ = f(XiN) divided by 2 (high-speed mode)

« Transfer data format : 1ST-8DATA-2SP

 Transmit initialization
The Transmit enable bit is cleared to “0”.
The Transmission register empty flag is set to “1”.
The Transmission buffer empty flag is set to “1”.

« Transmit enable (Start of communication)

» Write the first byte of transmission data to the Transmit buffer register.
The Transmit buffer empty flag is cleared to “0” by this writing.

When the UcTs input level is “L",
start transmission (Note).

* Check whether the data has been transferred from the Transmit buffer

register to the Transmit shift register with the Transmit buffer empty flag.

« Write the second byte of transmission data to the Transmit buffer
register. The Transmit shift register shift completion flag is clear
to “0” by this writing.

When the UcTs input level is “L",
start transmission (Note).

» Check the shift completion of the Transmit shift register with the
Transmit shift register shift completion flag.

« Transmit initialization (End of communication)
The Transmit enable bit is cleared to “0”".
The Transmission register empty flag is set to “1”".
The Transmission buffer empty flag is set to “1”.

Note: Controlled by the serial I/O logic.

Fig. 2.5.22 Control procedure on transmitting side [Communication using UART]
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* Receiving side

(

RESET

Initialization
CPUM [Address: 000016] «——— 00000X002

UMOD [Address: 002016] «——— 010X101X2
UCON [Address: 002216] «——— XXXX10002
UBRG [Address: 002116] «——— 4-1

_—

=

UCON [Address: 002216], bit 1] «—— 1

USTS [Address: 002316], bit 2?

Read the received data
from URBR1 [Address: 002616]

USTS [Address: 002316], bit 6?

USTS [Address: 002316], bit 2?

Read the received data
from URBR1 [Address: 002616]

USTS [Address: 002316], bit 67

X : These bits are not used in this application.
Please set these bits to “0” or “1” appropriately.

« @ = f(XiN) divided by 2 (high-speed mode)

e Transfer data format : 1ST-8DATA-2SP

* Receive initialization
The Receive enable bit is cleared to “0”".
The Receive buffer full flag is set to “1".
The Receive parity error flag is cleared to “0".
The Receive framing error flag is cleared to “0”.
The Receive overrun flag is cleared to “0”.
The Receive error sum flag is cleared to “0”.

* Receive enable (Start of communication)
Output “L” from URTs.

« Check the completion of receiving with the Receive buffer full flag.

« Read the first byte of received data.
The receive buffer full flag is cleared to “0” by reading data.

» Check the Receive error sum flag.

» Check the completion of receiving with the Receive buffer full flag.

» Read the second byte of received data.
The receive buffer full flag is cleared to “0” by reading data.

« Check the Receive error sum flag.

Processin

g for error

UCON [Address: 002216], bit 3 €«——— 1

* Receive initialization (End of communication)
The Receive enable bit is cleared to “0”.
The Receive buffer full flag is set to “1”".
The Receive parity error flag is cleared to “0”.
The Receive framing error flag is cleared to “0”.
The Receive overrun flag is cleared to “0”.
The Receive error sum flag is cleared to “0”".

Fig. 2.5.23 Control procedure on receiving side

[Communication using UART)]
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(3) Communication (transmit/receive) using asynchronous serial I/0O (UART) 2

Point : 9-bit data is transmitted and received through asynchronous serial 1/0O.

Figure 2.5.24 shows a connection diagram, and Figure 2.5.25 shows a timing chart.

Transmitting side Receiving side
Ucts URTs
TxD RxD
7630 group 7630 group

Fig. 2.5.24 Connection diagram [Communication using UART]

Specifications : ¢ The Serial 1/0 is used (UART is selected).
e Transfer bit rate : 9600 bps (f(XIN) = 10.0 MHz is divided by 1024)
e Communication control using port URTS and UcCTs

Set to “1” Initialize to “0”

+ Receiving side ¢

Receive enable bit

URTs —> UcTs
(Transmitting side)

Setto “1”
 Transmitting side 4,

Initialize to “0”

Transmit enable bit J

<
|

Transmission register empty flag A

TXD — > RxD ST/(DOXD1XD2XD3XD4XD5XD6XD7XD8)IZSP

(Receiving side)

1ST-9DATA-2SP

@: 9 bits data written to the UART transmit buffer registers is transferred to the Transfer shift register.

Fig. 2.5.25 Timing chart [Communication using UART]
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Figure 2.5.26 shows a setting of related registers at a transmitting side, and Figure 2.5.27 shows a
setting of related registers at a receiving side.

* Transmitting side

CPU mode register [Address: 000016]
b7 b0

|

UART mode register [Address: 002016]
b7

bo
UMOD | 1(o0]0 101.

\—‘7 Clock divider selection bits : ¢ divided by 8

Stop bits selection bit : Two stop bits
Parity enable bit : Parity disabled
Word length selection bits : 9 bits

UART control register [Address: 002216]
b7 b0

L Transmit enable bit : Transmit disabled

Internal system clock selection bit : @ = f(XIN) divided by 2
(high-speed mode)

(Set this bit to “1” at starting communication.)
Receive enable bit : Receive disabled
Transmission initialization bit : Initialize the transmit enable bit and

transmit status register flags.
Receive initialization bit : No action

UART baud rate generator [Address: 002116]
b7 b0

UBRG 3

et @ -1
Transfer bit rate 0 16 O p-

O The value pis decided by the Clock divider selection bits (bit 1 and bit 2
of the UART mode register [address: 002016]). Refer to Table 2.5.2.

UART status register [Address: 002316]
7 b0

b
st [

\— Transmission register empty flag :
This flag is set to “1” at transmit shift completed.
Check a completion of transmitting 1-word data with this flag.
Transmission buffer empty flag :

This flag is set to “1” at transfer data from the Transmit buffer
register to the Transmit shift register.

Fig. 2.5.26 Setting of related registers on transmitting side [Communication using UART]
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* Receiving side

CPU mode register [Address: 000016]
b7 b0

|

UART mode register [Address: 002016]
b7

b0
UMOD [1(|0f0 101.

u— Clock divider selection bits : ¢ divided by 8

Stop bits selection bit : Two stop bits
Parity enable bit : Parity checking disabled
Word length selection bits : 9 bits

Internal system clock selection bit : @ = f(XIN) divided by 2
(high-speed mode)

UART control register [Address: 002216]
b7 b0

‘— Transmit enable bit : Transmit disabled
Receive enable bit : Receive disabled

(Set this bit to “1” at starting communication.)

Transmission initialization bit : No action

Receive initialization bit : Initialize the receive eneble bit and
receive status register flags.

UART baud rate generator [Address: 002116]
b7 b0

UBRG 3 Set - @ -1
Transfer bit rate 0 16 O p-

O The value pis decided by the Clock divider selection bits (bit 1 and bit 2
of the UART mode register [address: 002016]). Refer to Table 2.5.2.

UART status register [Address: 002316]
7 b0

b
wsts [

I— Receive buffer full flag :

This flag is set to “1” at receive completed.
Check whether the receive data is readable out from the Receive
buffer register with this flag.

Receive framing error flag : This flag is set to “1” at framing error detected.
Receive overrun flag : This flag is set to “1” at overrun detected.
Receive error sum flag : This flag is set to “1” at some error detected.

Fig. 2.5.27 Setting of related registers on receiving side [Communication using UART]
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Control procedure : Figure 2.5.28 shows a control procedure on the transmitting side, and Figure
2.5.29 shows a control procedure on the receiving side.

* Transmitting side

( RESET ) X : These bits are not used in this application.
| Please set these bits to “0” or “1” appropriately.
Initialization
CPUM [Address: 000016] «——— 00000X002 * @ = f(XiN) divided by 2 (high-speed mode)
UMOD [Address: 002016] «——— 100X101X2 « Transfer data format : 1ST-9DATA-2SP
UCON [Address: 002216] «———— XXXX01002 * Transmit initialization
UBRG [Address: 002116] «<———— 4 -1 The Transm?t e-nable blt is cleared to “-O".
. The Transmission register empty flag is set to “1”.
The Transmission buffer empty flag is set to “1”.
UCON [Address: 002216], bit 0 «———— 1 » Transmit enable (Start of communication)
UTBR1 [Address: 002416] ) « Write 9 bits of transmission data to the Transmit buffer register.
UTBR2 [Address: 002516], bit 0 The Transmit shift register shift completion flag is cleared to “0” by
<——— Transmission data (9 bits) this writing.

When the UcTs input level is “L”,
start transmission (Note).

« Check the shift completion of the Transmit shift register with the
Transmit shift register shift completion flag.

- » Transmit initialization (End of communication)
UCON [Address: 002216, bit 2 <—— 0 The Transmit enable bit is cleared to “0”.
’Jv The Transmission register empty flag is set to “1”.
T The Transmission buffer empty flag is set to “1”.

Note: Controlled by the serial I/O logic.

Fig. 2.5.28 Control procedure on transmitting side [Communication using UART]
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2.5 Serial 1/10
* Receiving side
( RESET ) X : These bits are not used in this application.
| Please set these bits to “0” or “1” appropriately.
Initialization
CPUM [Address: 000016] «———— 00000X002 « @ = f(XIN) divided by 2 (high-speed mode)
UMOD [Address: 002016] «——— 100X101X2 « Transfer data format : 1ST-9DATA-2SP
UCON [Address: 002216] «——— XXXX10002 * Receive initialization
. The Receive enable bit is cleared to “0”.
UBRG [Address: 002116] «——— 4-1
. [ 1] The Receive buffer full flag is set to “1".
: The Receive parity error flag is cleared to “0".
The Receive framing error flag is cleared to “0”.
> The Receive overrun flag is cleared to “0”.
The Receive error sum flag is cleared to “0”.
- * Receive enable (Start of communication)
UCON [Address: 002216], bit 1] «—— 1 Output “L” from URTs.
USTS [Address: 002316], bit 2? « Check the completion of receiving with the Receive buffer full flag.
1
Read the received data . .
from URBR1 [Address: 002616] * Read the received 9 bits data.
and URBR2 [Address: 002716] The receive buffer full flag is cleared to “0” by reading data.
USTS [Address: 002314], bit 62 » Check the Receive error sum flag.
0
Processing for error
« Receive initialization (End of communication)
. The Receive enable bit is cleared to “0”.
UCON [Address: 00221¢], bit 3 1 The Receive buffer full flag is set to “1".
’L The Receive parity error flag is cleared to “0”.
= The Receive framing error flag is cleared to “0”.
The Receive overrun flag is cleared to “0".
The Receive error sum flag is cleared to “0”.
Fig. 2.5.29 Control procedure on receiving side [Communication using UART)]
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2.6 A-D converter

2.6 A-D converter

2.6.1 Memory map of A-D conversion

001416
001516

A-D conversion register (AD)

A-D control register (ADCON)

Fig. 2.6.1 Memory map of A-D conversion related registers
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2.6 A-D converter

2.6.2 Related registers

A-D conversion register
b7 b6 b5 b4 b3 b2 bl b0

A-D conversion register (AD) [Address : 001416]

1 I I I I I I I

[ A R E I B

| | | | | | | | B Function Atreset| R | W
[ A R E I B

: } } } } } } L 0 | The read only register where A-D conversion results are stored. ? Ol X
[ —

T T N A ? 191X
N N ]

[ N N B B 2 ? Ol X
[ Y N R |

O I 3 > o] x
[ -

N S 4 7 |o|x
[ -

b 5 ? |o|x
[ —

[

bbby 6 ? |O|X
| -

b 7 2 |lo|x

Fig. 2.6.2 Structure of A-D conversion register

A-D control register

b7 b6 b5 b4 b3 b2 bl b0

- A-D control register (ADCON) [Address : 001516]

I I I I I

: } } } } } } } B Name Function Atreset| R | W
| | | | | | | |

T Analog input pin selection bits b2 b1 b 0
R 9 npete 000 : POO/ANo of°
[ O Y R 00 1:PO1/AN1

. | 010 : P0O2/AN2

R T T T R R S I 011:POs/AN3 ° 19]°
Lo 100 : PO4/AN4

I R T R B | 101 :P0s/ANs

[ . 2 110: POS/ANs 0 1910
[ R T 111:P07/AN7

| | | | |

T R 3 | A-D conversion completion bit 0 : Conversion in progress 1 |olo
[ I 1: Conversion completed (Note)

| | | |

VREF i itch bi 0 : Off

: } } e 4 | VREF input switch bit o: of 0 olo
| | | "

| | |

: } b 5 | Not used (“0” when read, don't write “1".) 0 Ol X
D] 6 o |olx
| | —

e 7 0 |olx

Note: Don't set this bit to “1” during A-D conversion.

Fig. 2.6.3 Structure of A-D control register
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2.6 A-D converter

2.6.3 A-D conversion application example

[Measurement of analog signals]
Outline : A sensor's analog output voltage is converted to digital values.

Figure 2.6.4 shows a connection related registers.

PO1/AN1 [< Sensor
VREF [« Reference voltage
AVss

Vss

7630 group a

Fig. 2.6.4 Connection diagram [Measurement of analog signals]

Specifications : < The analog input voltage injected from the sensor is converted into digital values (Note).
e The P0O1/AN1 pin is used as an analog input pin.

Note: [Example] When a reference voltage, 5.12 V is input to the VREF pin and a voltage, 4 V
to the PO1/AN1 pin, the input voltage is converted to following value.
(256 / 5.12 V) O 4 V = 200 (C81s6)

Figure 2.6.5 shows a setting of related registers.

Port PO direction register [Address: 000916]
b7 b0

POD 0

Q PO1/ANL1 pin : Input mode (used as the analog input pin)

A-D control register [Address: 001516]
b7 b0

ADCON - 1]1]o]o]1
‘ Lu— Analog input pin selection bits : The PO1/AN1 pin

A-D conversion completion bit : Conversion completed
Clear to “0” to start A-D conversion.
Don't set this bit to “1” during A-D conversion.

VREF input switch bit : On

A-D conversion register [Address: 001416]
b7 b0

AD

The result of A-D conversion stored
This register is read-only.
Read the result of A-D conversion after the A-D conversion
completion bit is set to “1”. This bit is cleared to “0” at this reading.

Fig. 2.6.5 Setting of related registers [Measurement of analog signals]

2-92 7630 Group User's Manual



APPLICATION

2.6 A-D converter

Control procedure : By setting the related registers as shown in Figure 2.6.6, the analog voltage
input from the sensor are converted into digital values.

X : These bits are not used in this application.
_N—

’Tz Please set these bits to “0” or “1” appropriately.
ADCON [Address: 001516] <—— XXX110012 « Select the PO1/AN1 pin as an analog input pin.
POD [Address: 000916] <«——— XXXXXX0X2 * PO1/AN1 pin : Input mode
ADCON [Address: 001516], bit3 «— 0 « Start A-D conversion.

» Check the completion of A-D conversion
with the A-D conversion completion bit.

« Read out the conversion result.
The A-D conversion completion bit is cleared to “0” at this reading.

Read out AD [Address: 001416]

L

_

Fig. 2.6.6 Control procedure [Measurement of analog signals]

2.6.4 Conversion time

On A-D conversion process takes 53 to 54 cycles of the internal system clock ¢

2.6.5 Notes on use
(1) Analog input pin
Make the signal source impedance for analog input low, or equip an analog input pin with an external

capacitor of 0.01uF to 1uF. Further, be sure to verify the operation of application products on the user
side.

Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when signals
from signal source with high impedance are input to an analog input pin, charge and discharge noise
generates. This may cause the A-D conversion precision to be worse.

(2) Reference voltage input pin (V REF)
Apply a voltage of 2V to Vcc to the reference voltage input pin VREF during A-D conversion. Note that
if the reference voltage is lowered below the above value, the A-D conversion precision will be
degraded.

(3) Oscillation frequency during A-D conversion
The comparator is configured by capacity coupling, so the charge is lost if the clock input oscillation
frequency is low. Set f(XIN) at 500kHz or more during A-D conversion.

(4) Set the analog input pin to input mode

Clear the bit of the Port PO direction register [Address: 000916] which correponds to the used analog
input pin to “0” (input mode).
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2.7 Watchdog timer

2.7 Watchdog timer

The watchdog timer can detect a runaway program using either 7-bit or 11-bit timer prescaler.

2.7.1 Related register

Watchdog timer register (Note 1)
b7 b6 b5 b4 b3 b2 bl b0

_ Watchdog timer register (WDT) [Address : 002E16]

I I

| | | | | | | |

o B Name | Function Atreset| R | W

N = 0 | Not used (“1” when read.) 1 10X

I N 1 |[O]X

| | | | | | |

I T N Bty [ 2 | 1 JOofX

| | | | |

[ i 1 OF S

L e ] e

ol b 5 1 10X

} } Stop instruction disable bit 0 : Stop instruction enabled 0 |lolo

Lo 1 : Stop instruction disabled

} *************** 6 Executed two NOP instructions

} instead of STP instruction (Note 2)

|

e 7 | Upper byte count source selection | 0 : Underflow of the low order counter 0 |olo
bit 1: @divided by 256

Note 1: Writing to this register reloads the watchdog timer counters with the following initial
values irrespective of the value written. After reload, the watchdog timer counts down.
 The high-order counter WDH (7-bit counter) is set to “7F16”.
 The low-order counter WDL (4-bit counter) is set to “F16”.

The time-out period of the watchdog timer is n” cycles of the internal system clock @.
O » n=524288 when the Upper byte count source selection bit is “0”".
* n= 32768 when the Upper byte count source selection bit is “1”.
On a watchdog timer underflow, the watchdog timer interrupt (non-maskable) occurs.
Set the watchdog timer counters to the default values prevent from underflow by writing
to this register in main processing.
Once the watchdog timer has been started, it cannot be stopped except by reset.
Note 2: Once the Stop instruction is disabled, it cannot be enabled again except by reset.

Fig. 2.7.1 Structure of Watchdog timer register
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2.7 Watchdog timer

2.7.2 Watchdog timer cycle

The watchdog timer cycle varies depending on the internal clock @ and the frequency division ratio of the
prescaler selected.
Table 2.7.1 shows the watchdog timer cycle.

Table 2.7.1 Watchdog timer cycle

F(XIN) Internal clock selection bit Upper byte count source selection bit Period
(bit 6 of CPU mode register[address: 000016]) (bit 7 of Watchdog timer register[address: 002E16])
0 0 Approx. 104.9 ms
10 MHz (¢ = f(XIN)/2 = 5 MHz) 1 Approx. 6.6 ms
1 0 Approx. 419.4 ms
(p = f(XIN)/8 = 1.25 MHZz) 1 Approx. 26.2 ms
0 0 Approx. 131.1 ms
8 MHz (¢ = f(XIN)/2 = 4 MHz) 1 Approx. 8.2 ms
1 0 Approx. 524.3 ms
(@ = f(XIN)/8 = 1 MHz) 1 Approx. 32.8 ms
2.7.3 Watchdog timer procedure
Figure 2.7.2 shows the set-up procedure of watchdog timer.
( RESET ) X : These bits are not used in this application.
| Please set these bits to “0” or “1” appropriately.
Initialization
CISUM [Address: 000016] «——— 00000X002 » @ = f(XiN) divided by 2 (high-speed mode)
WbT [Address: 002E16] <«——— XOXXXXXX2 » The watchdog timer starts counting down.

Main processing
: » The watchdog timer counters are set to the initial values

WDT [Address: 002E16] <——— XOXXXXXX2 by this writing:
. WDH is set to “7F16”.

WDL is set to “F16".

( Watchdog timer interrupt processing routine ) « If a microcomputer runs away because of noise or others,
the watchdog timer is not initialized, and underflows.

Then the watchdog timer occurs, reset the software.

Software reset

Fig. 2.7.2 Set-up procedure of watchdog timer
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2.8 Reset

2.8 Reset

Figure 2.8.1 shows an example of power on reset circuit.

i Vcc

1]
Power source

Output
M51953AL [>—P4 RESET
4 Delay capacity
GND
0.1 pF
3 1 Vss
Ve

7630 group

Fig. 2.8.1 Example of Power on reset circuit

Figure 2.8.2 shows system example which switch the microcomputer to the RAM backup mode by detecting
a drop of the system power source voltage with the INT interrupt.

System power N

s Vce
source voltage 7T
+5V iJr veel
M51953AL
RESETE RESET
2 __|3
Vcc2 INT
11 cal v
SS
ono | L
7# % 7630 group

Fig. 2.8.2 RAM back-up system
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2.9 Oscillation circuit

2.9 Oscillation Circuit

2.9.1 Memory map of oscillation circuit related registers

000016 | CPU mode register (CPUM)

—
_—

)
«

002E16 | Watchdog timer register (WDT)

Fig. 2.9.1 Memory map of oscillation circuit related registers
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2.9 Oscillation circuit

2.9.2 Related registers

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0

CPU mode register (CPUM) [Address : 000016]

1 1 I
} : : : : : : } B Name Function Atreset| R | W
| | | | | | | |
- bl b0
| 1 1 1 1 1 1 =t o]Processor mode bits 00 : Single chip mode 0 o)
} : : : : : : || 0 1: Not available
. 1 0: Not available 0 olo
} : : : : : 11 : Not available
} : : : : L 777777 2 | Stack page selection bit 0:Inpage O 1 [e] e}
} : : : : 1:Inpagel
I T T At | 3 | Not used (“0” when read, don't write “1”.) 0 [O]X
A 4 0o |ofX
Ll 5 0 |Oo|X
oL 6 | Internal clock selection bit 0 : f(XiN)/2 (high-speed mode) 1 |olo
| 1: f(XiN)/8 (middle-speed mode)
|
L _____ 7 | Not used (“0" when read, don't write “1".) 0 O X
Fig. 2.9.2 Structure of CPU mode register
Watchdog timer register (Note 1)

b7 b6 b5 b4 b3 b2 bl b0

_ Watchdog timer register (WDT) [Address : 002E16]
1 1
| | | | | | | |
I 11 |B Name | Function Atreset| R | W
| | | | | | | |
} : A : - 0 | Not used (“1" when read.) 1 olX
e 1 Ol X
} : : : : — 2 1 ol x

| | | |
DR 3 | 1 _[O]X
B ] Lo
bl b 5 1 JO|X
P Stop instruction disable bit 0 : Stop instruction enabled o |olo
o 1 : Stop instruction disabled
} *************** 6 Executed two NOP instructions
} instead of STP instruction (Note 2)
|
L 7 | Upper byte count source selection | 0 : Underflow of the low order counter 0 |olo
bit 1: @divided by 256

Note 1: Writing to this register reloads the watchdog timer counters with the following initial

values irrespective of the value written. After reload, the watchdog timer counts down.
 The high-order counter WDH (7-bit counter) is set to “7F16".
» The low-order counter WDL (4-bit counter) is set to “F16”.

The time-out period of the watchdog timer is n” cycles of the internal system clock @.
0 » n= 524288 when the Upper byte count source selection bit is “0”".

* n = 32768 when the Upper byte count source selection bit is “1”.
On a watchdog timer underflow, the watchdog timer interrupt (non-maskable) occurs.
Set the watchdog timer counters to the default values prevent from underflow by writing
to this register in main processing.
Once the watchdog timer has been started, it cannot be stopped except by reset.

Note 2: Once the Stop instruction is disabled, it cannot be enabled again except by reset.

Fig. 2.9.3 Structure of Watchdog timer register
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2.9 Oscillation circuit

2.9.3 Application examples
As examples of application, switching procedures to Stop and Wait modes are shown below.

(1) Ordinary mode - Stop mode
(2) Ordinary mode - Wait mode

(1) Switing procedure from Ordinary mode to Stop mode

Figure 2.9.4 shows the switching procedure to Stop mode.

Step 1: Set the Timer 1 interrupt and Timer 2 interrupt for stabilizing oscillation.

Set to the Timer 1 interrupt and Timer 2 interrupt disabled.
b7 bo

... m... Interrupt control register B (ICONB) [Address: 000616]
Timer 1 interrupt enable bit: Interrupt disabled

Timer 2 interrupt enable bit: Interrupt disabled

Set the the Timer 1 and Timer 2.

b7 b0

Timer 1 (T1) [Address: 001616]
Set the count data (Note 1).

b7 b0

imer 2 (T2) [Address: 001716]
Set the count data (Note 1).
Note 1: Set enough count data for stabilizing oscillation.

For the oscillation stabilizing time, ask the oscillator maker for information.

Step 2: Set the external interrupt source used for return from the stop mode (Note 2).

Note 2: Refer to “2.2 Interrupt”.

Step 3: Execute the STP instruction to switch procedure to the stop mode.

Fig. 2.9.4 Switching procedure to Stop mode

(2) Switching procedure from Ordinary mode to Wait mode

Figure 2.9.5 shows the switching procedure to Wait mode.

Step 1: Set the interrupt source used for return from the wait mode (Note).

Note: Refer to “2.2 Interrupt”.

Step 2: Execute the WIT instruction to switch procedure to the wait mode.

Fig. 2.9.5 Switching procedure to Wait mode
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2.10 Development support tools

2.10 Development support tools (M37630T-RFS)

The M37630T-RFS is a conversion board to use M37630E4FS as emulator MCU.

When an emulator is connected to the socket on the top surface, user program debugging can be performed efficiently
by using a real-time trace function, etc.

Since address bus signals, data bus signals, SYNC, RD, WR and f signals are output from the socket, emulator can
monitor all bus information in the microcomputer.

For details of development support systems for the M37630T-RFS, refer to the “DEVELOPMENT SUPPORT TOOLS
FOR MICROCOMPUTER” data book.

Figure 2.10.1 shows an example of configuration example of using M37630T-RFS.

M38000T-FPD or M38000TL-FPD
or M38000TL2-FPD

M37630E4FS

Emulation Pod Probe

M37630T-RFS
PCA4628B

(L TQSOCKETO044SAG
0 TOPACKO044SA

Soldering

Foot pattern(44P6N-A)
& ”‘“/
e, §

No.1 pin of
MCU

User's target 0 TQSOCKETO044SAF, TQSOCKET044SAG
and TQPACKO044SA are the products made
by Tokyo Eletec Co. Ltd.

Fig. 2.10.1 Configuration example of using M37630T-RFS
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2.11 Built-in PROM version

In contrast with the mask ROM version, a microcomputer incorporating a programmable ROM is called
built-in PROM version.

There are two types of built-in PROM version as shown below.
e One Time PROM version

Writing to the built-in PROM can be performed only once. Neither erase nor rewrite operation is
enabled.

e Built-in EPROM version

The built-in EPROM version is a programmable microcomputer with a window and can perform write,
erase, and rewrite operations.

The built-in PROM version has the EPROM mode for writing to the built-in PROM in addition to the same
functions as those of the mask ROM version.

For an outline of performance and a functional block diagram of the built-in PROM version, refer to “1.
Hardware” .

2.11.1 Product expansion

The 7630 group supports the built-in PROM versions shown in Table 2.11.1.

Table 2.11.1 7630 group’s built-in PROM version supporting products
(P)ROM size RAM size

Product name (bytes) (bytes) I/O Ports Package Remarks
M37630E4T-XXXFP One Time PROM version
| : 44P6N-A
M37630E4FP 16252 512 /O ports: 35 6

One Time PROM version (blank)

M37630E4FS Input ports: 1 172550 EPROM version
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2.11 Built-in PROM version

2.11.2 Pin configuration

The pin configurations of the built-in PROM versions are shown in Figure 2.11.1.

PIN CONFIGURATION (TOP VIEW)

= E é -« o
zzREEZ2222
5568225255%
Sas3338883 8
fooaooooaaaaa
FEEERRIERIERIEER
p17 <+ [34 22 < P02/AN2
P20/Sin. > [z Q 21 < Po1/AN1
P21/Sout1 <+ 34 [2d <+ P00/ANoO
P22/ScLk1 > 37 |19 <— Vrer
P23/Srov1 <+ [2 1 AVss
Vss G M37630E4T-XXXFP [ Vee
P24/Urxp <+ [2d [ —Xout
P2s/Utxp <+ 1 15— Xin
P2s/UrTs <+ 42 14 Vss
P27/UcTs <+ &3 Q id<-—RESET
p3o > [44 (12— pg7kwr
[N A TS LA TA AT T TE]
XX 9390 4N OXWo
X oo
FLEEEEEEE
=S 3T 3T I DB
£¢ Iifdids
Package type 44P6N-A
T T = E‘ P_O: — © T T T T T T
o ~ O N S M
28235 zzs222z5z%z2 ¢
0T 5 I a00800 - 33300
22¢drranansdddrreeR 888
HREREEREREEEEEEEEEEEEEEREE
P17 <> [65] [40]
P20/SIN1 <e—»[66] [39]
P21/SouT1 < [67] [38]
P22/ScLK1 <e—»- [68] 37]
P23/SRDY1 < [69] 36
reserved [z0] [35]
reserved [71] 134]
Vss 72l M37630E4FS 531
reserved 73] 132]
reserved 74 31
reserved [75] [30]
P24/URxD - 76 129
P25/UTxD <77 | 28]
P26/URTSs <[ 78| 127 |
p27/Ucts < [79] Q Q 26
P30 <+ [&0] [25]

1 3 3 0 S 3 R S S R R Y e B | S S S R

"

NC
NC
reserved
reserved

P31/CTX
P32/CRX

:

P33

<
™
o

NC
NC
NC

ggescs
$553333
[a B a W a My a Wy a Wi Wy a

reserved
reserved
reserved
resen/ed
reserved
reserved

Package type 80D0

reserved
<+ P02/AN2
< P01/AN1
<«—» P00/ANo
reserved
reserved
<4— VREF
AVss
Vce
— XouT
~+—XIN
Vss
~-— RESET
reserved
reserved
> p47/KW7

NC: No Connection

Fig. 2.11.1 Pin configuration of 7630 group’s built-in PROM versions
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2.11 Built-in PROM version

2.11.3 Programming adapter

To write or read data into/from the internal PROM, use the dedicated programming adapter and general-
purpose PROM programmer as shown in Table 2.11.2.

Table 2.11.2 Programming adapter

Microcomputer Programming adapter
M37630E4FS PCA7431
M37630E4FP

(one-time blank) PCA7430

(1) Write and read
In PROM mode, operation is the same as that of the M5M27C101, but programming conditions of

PROM programmer are not set automatically because there are no internal device ID codes.
Accurately set the following conditions for data write/read. Take care not to apply 21 V to VPP pin,
or the product may be permanently damaged.

e Programming voltage : 12.5 V

e Setting of programming adapter switch : Refer to Table 2.11.3.

e Setting of PROM programmer address : Refer to Table 2.11.4.

Table 2.11.3 Setting of programming adapter switch
Programming adapter SW 1 SW 2

PCA7431, PCA7430 CMOS CMOS

Table 2.11.4 Setting of PROM programmer address

Microcomputer PROM programmer start address PROM programmer completion address
M37630E4FS
Address : C08016 Address : FFFB16
M37630E4FP
(2) Erasing

Contents of the windowed EPROM are erased through an ultraviolet light source of the wavelength
2537 Angstrom. At least 15 W-sec/cm are required to erase EPROM contents.

7630 Group User’s Manual 2-103



APPLICATION
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2.11.4 Notes on use

The notes on using the built-in PROM version are shown below.
(1) All built-in PROM version products

m Precautions at write operation

e Be careful not to apply an overvoltage to pins because a high voltage is used for a write
operation. Exercise special care when turning on the power supply.

e For writing the contents of the PROM, use a dedicated programming adapter. This permits using
a general-purpose PROM programmer for writing data. For details of dedicated programming
adapters, refer to “2.11.3 Programming adapter ".

m Precautions at read operation

e When reading the contents of the PROM, use a dedicated programming adapter, so that reading
can be performed by a general-purpose PROM programmer. For details of dedicated programming
adapters, refer to “2.11.3 Programming adapter ”.

(2) One Time PROM version

m Precautions before use

e The PROM of the One Time PROM version

is not tested or screened in the assembly Programming with PROM programmer
process and the following processes. To J\)/

ensure proper operation after programming,

the procedure shown in Figure 2.11.2 is Screening (Caution)

(Leave at 150°C for 40 hours)

b

Verification with PROM programmer

L

Functional check in target device

recommended to verify programming.

Caution: The screening temperature is far higher than
the storage temperature.
Never expose to 150°C exceeding 100 hours.

Fig. 2.11.2 Programming and testing of One Time
PROM version
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(3) Built-in EPROM version

m Precautions on erasing

e Sunlight and fluorescent light include light that may erase the information written in the built-in
PROM. When using the built-in EPROM version in the read mode, be sure to cover the transparent
glass portion with a seal.

e This seal to cover the transparent glass portion is prepared on our side. Be careful that the seal
does not touch the microcomputer lead wires when covering the glass portion with the seal
because this seal is made of metal (aluminum).

e Before erasing data, clean the transparent glass. If any finger stain or seal adhesive is stuck to
the transparent glass, this prevents ultraviolet rays’ passing, thereby affecting the erase characteristic
adversely.

m Precautions on mounting

e M37630E4FS(Package type 80D0) has the "reserved" pins. It uses those pins at emulator MCU
mode. Please open these pins described in “2.11.2 Pin configuration " as “reserved”.
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3.1 Electrical characteristics

3.1 Electrical characteristics

3.1.1 Absolute maximum ratings

Table 3.1.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
\Yele Power source voltage All voltages with -0.3t0 7.0 \%
Vi Input voltag P0O0-P07, P11-P17, P20-P27, respect to Vss and —-0.3to Vcc+0.3 \%

P30-P34, P40-P47, RESET, XIN output transistors
Vo Output voltage P0o-P07, P12-P17, P20-P27, are “off”. —-0.3to Vcc+0.3 \%
P30-P34, P40-P47, Xout

Pd Power dissipation Ta=25°C 500 mw
Topr Operating temperature —40to 85 °C
Tstg Storage temperature —60 to 150 °C
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3.1.2 Recommended operating conditions

Table 3.1.2 Recommended operating conditions

(Vcc = 4.0V to 5.5V, Vss = AVss = 0V, Ta = —-40°C to 85°C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
Vcc Power source voltage 4 5 55 \Y
Vss 0 \%
VIH “H” input voltage P00-P07, P11-P17, P20-P27, 0.8vVcc Vce \%
P30-P34, P40-P47, RESET, XIN
VIL “L” input voltage P00-P07, P11-P17, P20-P27, 0 0.2Vcc \%
P30-P34, P40-P47, RESET, XIN
> loH(peak) “H” sum peak output current P00-P07, P12-P17, P20-P27, -80 mA
P30-P34, P40-P47
> IoH(avg) “H” sum average output current -40 mA
> loL(peak) “L” sum peak output current 80 mA
> loL(avg) “L” sum average output current 40 mA
IOH(peak) | “H” peak output current -10 mA
|OH(avg) “H" average output current -5 mA
0L (peak) “L” peak output current 10 mA
loL(avg) “L” average output current 5 mA
llo Input current at overvoltage condition P11-P17, P20-P27, 1 mA
(VI >Vcce) P30-P34, P40-P47
Slio Total input current at overvoltage condition P11-P17, P20-P27, 16 mA
(VI >Vcce) P30-P34, P40-P47
f(CNTR) | Timer input frequency P14/CNTRo, P15/CNTR1 f(XIN)/16 | MHz
(based on 50% duty) (except bi-phase counter mode)
P13/TXo, P14/CNTRo f(XiN)/32 | MHz
(bi-phase counter mode)
f(XIN) Clock input oscillation frequency 10 MHz
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3.1.3 Electrical characteristics

Table 3.1.3 Electrical characteristics

(Vcc = 4.0V to 5.5V, Vss = AVss = 0V, Ta = -40 °C to 85°C, unless otherwise noted)

Vcec =5V

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
VOoH “H” output voltage P00-P07, P12—P17, P20-P27, IoH = -5mA 0.8+ Vcc \%
P30-P34, P40—P47
VoL “L” output voltage P00-P07, P12—P17, P20-P27, loL = 5mA 2 \%
P30-P34, P40—P47
VT+VT- | Hysteresis P11/INTo, P12/INT1, P13/TXo,
P14/CNTRo, P15/CNTR1, 0.5 \%
P20/SIN, P22/ScLk, P26/URTS,
P27/UcTs, P32/CRX, RESET
IIH “H” input current  PO0—P07, P11-P17, P20-P27, Vi=Vcc 5 UA
P30-P34, P40—P47, RESET
IIH “H” input current ~ XIN Vi =Vcc 4 LA
IIH “H” input current P32, Vi =Vss 20 200 LA
P40-P47, Pull-Down="0On"
I “L” input current P00—-P0O7, P11-P17, P20-P27, VI =Vss -5 UA
P30-P34, P40—P47, RESET
i “L” input current  XIN Vi =Vss -4 UA
I “L” input current  P00—P07,P11-P17, VI=Vss
P20-P27,P30-P34, Pull-Up="On" -200 -20 HA
P40—P47 RESET
VRAM RAM hold voltage When clock stopped 2 \%
Icc Power source current High-speed mode,
f(XIN) = 8MHz,
Vcc =5V, 11 18 mA
Output transistors “off”,
CAN module running,
ADC running
High-speed mode,
f(XIN) = 8MHz,
Vcc =5V, 9 16 mA
Output transistors “off”,
CAN module stopped,
ADC running
Middle-speed mode,
f(XIN) = 8MHz,
Vcc =5V, 6 11 mA
Output transistors “off”,
CAN module running,
ADC running,
Middle-speed mode,wait mode,
f(XIN) = 8MHz,
Vcc =5V, 2 mA
Output transistors “off”,
CAN module stopped,
ADC running
Stop mode,f(XIN)=0MHz,
Ta =25°C, 0.1 1 UA
Vcc =5V
Stop mode,f(XIN)=0MHz,
Ta =85°C, 10 UA
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3.1.4 A-D converter characteristics

Table 3.1.4 A-D converter characteristics
(Vcc = 4.0V to 5.5V, Vss = AVss = 0V, Ta = -40 °C to 85°C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
- Resolution 8 Bits
- Absolute accuracy +1 +2.5 LSB
tCONV Conversion time High- speed mode 106 108 to(XIN)
Middle-speed mode 424 432 to(XIN)
VREF Reference input voltage 2.0 Vce Y
IREF Reference input current Vcc = VREF = 5.12V 150 200 UA
RLADDER Ladder resistor value 35 kQ
lIAN Analog input current VI =Vssto Vcc 0.5 5 LA

3.1.5 Timing requirements

Table 3.1.5 Timing requirements
(Vcc = 4.0V to 5.5V, Vss = AVss = 0V, Ta = -40 °C to 85°C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 us
tc(XIN) External clock input cycle time 100 ns
tWH(XIN) External clock input “H” pulse width 37 ns
tWL(XIN) External clock input “L” pulse width 37 ns
tc(CNTR) CNTRo, CNTR1 input cycle time (except bi-phase counter mode) 1600 ns
CNTRo, input cycle time (bi-phase counter mode) 2000 ns

tWH(CNTR) CNTRo, CNTR1 input “H” pulse width  (except bi-phase counter mode) 800 ns
CNTRo, input “H” pulse width (bi-phase counter mode) 1000 ns

tWL(CNTR) CNTRo, CNTR1 input “L” pulse width  (except bi-phase counter mode) 800 ns
CNTRo, input “L” pulse width (bi-phase counter mode) 1000 ns

tL(CNTRo-TXo) Lag of CNTRo and TXo input edges (bi-phase counter mode) 500 ns
tc(TXo) TXo input cycle time (bi-phase counter mode) 3200 ns
twH(TXo) TXo input “H” pulse width (bi-phase counter mode) 1600 ns
twL(TXo) TXo input “L” pulse width (bi-phase counter mode) 1600 ns
tWH(INT) INTo, INT1 input “H” pulse width 460 ns
tWL(INT) INTo, INT2 input “L” pulse width 460 ns
tc(ScLk) Serial I/O clock input cycle time 8tc(XIN) ns
tWH(SCLK) Serial I/O clock input “H” pulse width 4tc(XIN) ns
tWL(SCLK) Serial I/O clock input “L” pulse width 4tc(XIN) ns
tsu(SIN—ScCLK) Serial I/O clock input set up time 200 ns
tH(SCLK—SIN) Serial I/0 clock input hold time 150 ns
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3.1.6 Switching characteristics

Table 3.1.6 Switching characteristics
(Vcc = 4.0V to 5.5V, Vss = AVss = 0V, Ta = -40 °C to 85°C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

tWH(SCLK) Serial /O clock output “H” pulse width Fig. 3.1.1 0.5 « tc(ScLK) — 50 ns
twL(SCLK) Serial /0 clock output “L” pulse width 0.5 « tc(ScLK) — 50 ns
tD(ScLK—SouT) Serial I/O output delay time 50 ns
tv(ScLK—SouT) Serial /0 output valid time 0 50 ns
tR(SCLK) Serial /O clock output rise time 50 ns
tR(CMOS) CMOS output rise time 10 50 ns
tF(CMOS) CMOS output fall time 10 50 ns

Measurement output pin
o ' >

J‘ 100 pF
il

CMOS output

Fig. 3.1.1 Circuit for measuring output switching
characteristics
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TXo

CNTRo, CNTR1

INTo, INT1

RESET

XIN

ScLk

SIN

Sout

W

W

ok

.

tc(TXo)
tWH(TXo) | twL(TXo)
0.8vcc
0.2Vcc A
tC(CNTR)
tWH(CNTR) L tWL(CNTR)
0.8vcc
0.2vce ,
tWH(INT) L tWL(INT)
0.8vcc
0.2Vcc
tWL(RESET) |
0.2Vcc 7\/
tC(XiN)
TWH(XIN) A TWL(XIN)

.

0.8Vce
0.2Vee .

tc(ScLk)
tF tWL(ScLK) tR TWH(SCLK)
ﬁ\ /‘ 0.8Vce
< 0.2Vcc v

tsu(SIN-ScLk)

tH(ScLk-sIN)

8

“ 0.8Vce
x 0.2Vce

N

Z

SR

Q8K

tD(ScLk—souT)

tv(ScLk—sour)

Fig. 3.1.2 Timing diagram
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3.2 Standard characteristics
3.2.1 Power source current standard characteristics

Figure 3.2.1 to Figure 3.2.4 show the power source current standard characteristics vs. Vcc and f(XIN) is
both high and middle speed mode.

[Measuring condition: 25°C, f(XIN) = 10MHz, in high-speed mode]
18

CAN runs, all peripherials run.

16
14
12

10 CAN stops, all peripherials run.

4 In wait mode

Power source current Icc [mA]

3.5 4 4.5 5 5.5 6 6.5

Power source voltage Vcc [V]

Fig. 3.2.1 Icc-Vcc standard characteristics (in high-speed mode)

[Measuring condition: 25°C, f(XIN) = 10MHz, in middle-speed mode]
18

16
14
12
10

8 CAN runs, all peripherials run.

CAN stops, all peripherials run.—]

Power source current Icc [mA]

In wait mode

3.5 4 4.5 5 55 6 6.5

Power source voltage Vcc [V]

Fig. 3.2.2 Icc-Vcc standard characteristics (in middle-speed mode)
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[Measuring condition: 25°C, Vcc = VREF =5V, in high-speed mode]
14

CAN runs, all peripherials run.
12

10

// CAN stops, all peripherials run.—

In wait mode

Power source current Icc [mA]

2 4 6 8 10 12
Clock input oscillation frequency f(XIN) [MHZz]

Fig. 3.2.3 Power source current standard characteristics (in high-speed mode)

[Measuring condition: 25°C, Vcc = VREF =5V, in middle-speed mode]

14
12
<
E
0 10
o
I
L 8
5
o
g 6 CAN runs, all peripherials run.
3 /
7]
s 4
% / CAN stops, all peripherials run.
o

2

0

2 4 6 8 10 12

Clock input oscillation frequency f(XIN) [MHZz]

Fig. 3.2.4 Power source current standard characteristics (in middle-speed mode)
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3.2.2 Output current standard characteristics

Figures 3.2.5 and Figure 3.2.6 show the output current standard characteristics.

[Port P20 loH—VOH characteristic (P-channel drive)]
(Pins with same characteristic: PO, P12—P17, P2, P30-P34, P4)

Vcc = 5.5V, Ta=25°C

25 T

Vcc =5.0V, Ta=25°C

Vcec =4.0V, Ta = 25°C

“H” output current IOH [mA]
L
o

N \
0.0 1.0 2.0 3.0 4.0 5.0
“H” output voltage VOH [V]

Fig. 3.2.5 Output current standard characteristics (P-channel)

[Port P20 loL—VoL characteristic (N-channel drive)]
(Pins with same characteristic: PO, P12—P17, P2, P30-P34, P4)
40
35
< 30
- Vcc =5.5V, Ta =25°C
o 25 |
5
S 20 Vcc =5.0V, Ta=25°C j
]
(&)
3 15 " Vcc=40V, Ta=25C
5
o
:_, 10
5
0
0.0 1.0 2.0 3.0 4.0 5.0
“L” output voltage VoL [V]

Fig. 3.2.6 Output current standard characteristics (N-channel)
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3.2.3 Input current standard characteristics

Figure 3.2.7 and Figure 3.2.8 show the input current standard characteristics.

[Port P4o liL characteristic (at pull-up)]
(Pins with same characteristic: PO, P12—P17, P2, P30—P34, P4)

-0.16

-0.14

-0.12 [Vcc =5.5V, Ta=25°C

-0.10

Vcc =5.0V, Ta=25°C
—-0.08

—-0.06

Vcc =4.0V, Ta=25°C

Supply current IiL [mA]

-0.04

-0.02

0.0 1.0 2.0 3.0 4.\0 5.\0 6.0
Supply voltage Vi1 [V]

Fig. 3.2.7 Pull-up transistor standard characteristics | IL-VI

[Port P4o liL characteristic (at pull-down)]
(Pins with same characteristic: P4)

0.16

0.14

0.12 Vcc =5.5V, Ta = 25°C

-l

0.10
0.08 Vcc =5.0V, Ta=25 C/}

0.06

Vcec =4.0V, Ta=25°C

Supply current liL [mA]

0.04

0.02

0.0 1.0 2.0 3.0 4.0 5.0 6.0
Supply voltage Vi [V]

Fig. 3.2.8 Pull-down transistor standard characteristics | IL-V1
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3.2.4 A-D conversion standard characteristics

Figure 3.2.9 shows the A-D conversion standard characteristics.

The lower-side line on the graph indicates the absolute precision error (ERROR). It represents the deviation
from the ideal value. For example, the conversion of output code from O to 1 occurs ideally at the point
of ANo = 10 mV, but the measured value is =2 mV. Accordingly, the measured point of conversion is
represented as “10 — (-2) = 12 [mV]".

The upper-side line on the graph indicates the width of input voltages (1 LSB WIDTH) equivalent to output
codes. For example, the measured width of the input voltage for output code 7 is 19 mV, so the differential
nonlinear error is represented as “19 — 20 = -1 [mV] (-0.05 LSB)".

A-D CONVERTER STEP WIDTH MEASUREMENT
Vcc =5.12V, VREF=5.12V
XIN = 10 MHz, Analog port POo
Temp. = 25 deg.
1LSB WIDTH
30 30
20 20(+1LSB) .
= 0
E ” W ) 7
oy =
% 0 | | v ) | 0 §|
T T
x _10 — -10 —
w Absolute precision error 3
-20 —20(~1LSB) =
-30 -30
0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120 128
STEP No.
30 30
20 MASAANANANAANSAAN A AN NAANAASSAANAAANANANNAANAAAANAMNAASAN | 20(+1LSB) -
N 0
Z 10 10 W
poy =
DO: 0 | | 0 o
_|
g MWTW =
o 1o -10 el
<
20 —20(~1LSB) —
-30 -30
128 136 144 152 160 168 176 184 192 200 208 216 224 232 240 248 256
STEP No.
Measured when a power source voltage is stable in the single-chip mode and the high-speed mode

Fig. 3.2.9 A-D conversion standard characteristics
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3.3 Notes on use

3.3.1 Notes on interrupts

(1) Switching an external interrupt detection edge
When the external interrupt detection edge must Clear an interrupt enable bit to “0” (interrupt disabled)

be switched, make sure the following sequence.
Reason Switch the d‘e(tection edge
The interrupt circuit recognizes the switching d
of the detection edge as the change of external \ 2
input signals. This may cause an unnecessary Clear an interrupt request bit to “0”
interrupt. (no interrupt request issued)
\ 4

Set the interrupt enable bit to “1” (interrupt enabled)

(2) Check of interrupt request bit
When_ executing the BI3C or BBS instruction Clear the interrupt request bit to “0”
to an |ntgrrupt rgquest bit of an |nt'er'rupt request (no interrupt issued)
register immediately after this bit is set to “0”
by using a data transfer instruction”, execute
one or more instructions before executing the NOP (one or more instructions)
BBC or BBS instruction. v

o i ians
data transfer instructions: LDM, LDA, STA, _STX, Execute the BBC or BBS instruction
and STY instruction

Reason
If the BBC or BBS instruction is executed
immediately after an interrupt request bit of an
interrupt request register is cleared to “0”, the
value of the interrupt request bit before being
cleared to “0” is read.

(3) Stack operation of the program status register

If the current program s.tatus reglste.r is sto.red SEl instruction

on the stack after executing the PHP instruction, (all interrupt disabled)

the PLP instruction has to be entered to get

the old program status register back. Before A

the PLP instruction can be executed the SEI PLP instruction
instruction has to be executed. (pull program status register form stack)

3.3.2 Notes on A-D converter
(1) Analog input pin
Make the signal source impedance for analog input low, or equip an analog input pin with an external
capacitor of 0.01 yF to 1 uF. Further, be sure to verify the operation of application products on the
user side.

Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when signals
from signal source with high impedance are input to an analog input pin, charge and discharge noise
generates. This may cause the A-D conversion precision to be worse.
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(2) AVss pin
AVss pin is the A-D converter power source pin. Regardless of using the A-D conversion function or
not, connect AVss to the Vss line.

Reason
If the AVss pin is opened, the microcomputer may have a failure because of noise or others.

(3) Clock frequency during an A-D conversion
The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.
«f(XIN) is 500 kHz or more.
Do not execute the STP instruction and WIT instruction.

3.3.3 Notes on RESET pin
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the RESET
pin and the Vss pin. And use a 1000 pF or more capacitor for high frequency use. When connecting the

capacitor, note the following :
* Make the length of the wiring which is connected to a capacitor as short as possible.
*Be sure to check the operation of application products on the user side.

Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may cause a

microcomputer failure.

3.3.4 Notes on input and output pins
(1) Notes in stand-by state
In stand-by state™ for low-power dissipation, do not make input levels of an input port and an /O port
“undefined,” especially for 1/0O ports of the P-channel and the N-channel open-drain.
Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a resistor.
When determining a resistance value, note the following:
« External circuit
e Variation of output levels during the ordinary operation
When using built-in pull-up or pull-down resistor, note on varied current values.
*When setting as an input port : Fix its input level.
*When setting as an output port : Prevent current from flow to the external.

U1 stand-by state : The stop mode by executing the STP instruction or the wait mode by executing the
WIT instruction

Reason
Even when setting as an output port with its direction register, in the following state :
eP-channel...... when the content of the data register (port latch) is “0”
*N-channel...... when the content of the data register (port latch) is “1”
the transistor becomes the OFF state, which causes the ports to be the high-impedance state. Note
that the level becomes “undefined” depending on external circuits.
Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the state
that input levels of an input port and an I/O port are “undefined.” This may cause power source
current.
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(2) Modifying output data with bit managing
When the data register (port latch) of an 1/0 port is modified with the bit managing instructiont2, the
value of the unspecified bit may be changed.

Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data by
a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an 1/O port,
the following is executed to all bits of the data register.
*As for a bit which is set for an input port:
The pin state is read in the CPU, and is written to this bit after bit managing.
«As for a bit which is set for an output port:
The bit value is read in the CPU, and is written to this bit after bit managing.
Note the following :
« Even when a port which is set as an output port is changed for an input port, its data register holds
the output data.
«As for a bit of which is set for an input port, its value may be changed even when not specified
with a bit managing instruction in case where the pin state differs from its data register contents.

U2 pit managing instructions : SEB, and CLB instructions

3.3.5 Notes on programming

(1) Initialization of processor status register ( Reset )
Flags which affect program execution must be
initialized after a reset.

In particular, it is essential to initialize the T

Initializing of flags

and D flags because they have an important \
effect on calculations. ( Main program )
Reason

After a reset, the contents of the processor
status register (PS) are undefined except for
the | flag which is “1".

(2) How to reference the processor status register
To reference the contents of the processor status

register (PS), execute the PHP instruction once
then read the contents of (S)+1. If necessary, —
execute the PLP instruction to return the PS to
its original status. A NOP instruction must be ©)
executed after every PLP instruction. (S)+1 Stored PS
PLP instruction execution — T~

Fig. 3.3.1 Stack memory contents after instruction
execution

NOP
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®3)

(4)

(5)

Detection of BRK instruction interrupt source

It can be detected that the BRK instruction
interrupt event or the least priority interrupt event
by referring the stored B flag state. Refer to
the stored B flag state in the interrupt routine.

Execution of decimal calculations

/\/

7 4 0
=B flag PS

(S)| PCL(Low-order of program counter)

S)+1

PCH(High-order of program counter)

/\/

Fig. 3.3.2 Interrupt routine

The ADC and SBC are the only instructions which will yield proper decimal notation, set the decimal
mode flag (D) to “1” with the SED instruction. After executing the ADC or SBC instruction, execute
another instruction before executing the SEC, CLC, or CLD instruction.

Notes on status flags in decimal mode

When decimal mode is selected, the values of
three of the flags in the status register (the N,
V, and Z flags) are invalid after a ADC or SBC
instruction is executed.

The carry flag (C) is set to “1” if a carry is
generated as a result of the calculation, or is
cleared to “0” if a borrow is generated. To
determine whether a calculation has generated
a carry, the C flag must be initialized to “0”
before each calculation. To check for a borrow,
the C flag must be initialezed to “1” before
each calculation.

(6) JPM instruction
When using the JMP instruction in indirect addressing mode, do not specify the last address on a

page as an indirect address.

Set D flag to “1” ||

A

ADC or SBC instruction

NOP instruction

Y

SEC, CLC, or CLD instruction |

3-16
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3.4 Countermeasures against noise

Countermeasures against noise are described below. The following countermeasures are effective against
noise in theory, however, it is necessary not only to take measures as follows but to evaluate before actual use.

3.4.1 Shortest wiring length
The wiring on a printed circuit board can function as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less the possibility of noise insertion into a microcomputer.

(1) Wiring for the RESET input pin
Make the length of wiring which is connected to the RESET input pin as short as possible. Especially, connect
a capacitor across the RESET input pin and the Vss pin with the shortest possible wiring (within 20mm).

Reason
The width of a pulse input into the RESET pin is determined by the timing necessary conditions. If noise having
a shorter pulse width than the standard is input to the RESET input pin, the reset is released before the internal
state of the microcomputer is completely initialized. This may cause a program runaway.

Noise
/ / /
Reset é RESET Reset _ MRESET
circuit ¢ circuit L
Vss Vss VSS"T Vss
N.G. 7630 group O.K. 7630 group
Fig. 3.4.1 Wiring for the RESET input pin
(2) Wiring for clock input/output pins

e Make the length of wiring which is connected

to clock 1/0 pins as short as possible. Noise
« Make the length of wiring (within 20mm) across

the grounding lead of a capacitor which is — —U

connected to an oscillator and the Vss pin of

a microcomputer as short as possible.
e Separate the Vss pattern only for oscillation N XIN X

from other Vss patterns. = XouT H Xout

Reason Vss Vss

If noise enters clock I/O pins, clock waveforms "
may be deformed. This may cause a program N.G. O.K.
failure or program runaway. Also, if a potential
difference is caused by the noise between the
Vss level of a microcomputer and the Vss level
of an oscillator, the correct clock will not be input
in the microcomputer. Fig. 3.4.2 Wiring for clock I/O pins
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(3) Wiring for the V PP pin of the One Time PROM version and the EPROM version

Connect an approximately 5 kQ resistor to the VPP pin the shortest possible in series. When not

connecting the resistor, make the length of wiring for the VPP pin the shortest possible.

Note: Even when a circuit which included an approximately 5 kQ resistor is used in the Mask ROM
version, the microcomputer operates correctly.

Reason

The VPP pin of the One Time PROM and the
EPROM version is the power source input pin Approximately
for the built-in PROM. When programming in 5kQ

the built-in PROM, the impedance of the VPP P11/Ver FANN—

pin is low to allow the electric current for writing
flow into the PROM. Because of this, noise
can enter easily. If noise enters the VPP pin, 7630 group
abnormal instruction codes or data are read
from the built-in PROM, which may cause a Fig. 3.4.3 Wiring for the V PP pin of the One Time
program runaway. PROM and the EPROM version

3.4.2 Connection of a bypass capacitor across

the Vss line and the V cc line \_J | T\ |
Connect an approximately 0.1 uF bypass capacitor A Vee FRYCC
across the Vss line and the Vcc line as follows:
e Connect a bypass capacitor across the Vss pin @ o]
and the Vcc pin at equal length. ] Z%
e Connect a bypass capacitor across the Vss pin
and the Vcc pin with the shortest possible wiring.
e Use lines with a larger diameter than other signal T \/ss ﬁVss

lines for Vss line and Vcc line.
e Connect the power source wiring via a bypass

capacitor to the Vss pin and the Vcc pin. N.G. O.K.

Fig. 3.4.4 Bypass capacitor across the V  ss line
and the Vcc line

3.4.3 Wiring to analog input pins

e Connect an approximately 100 Q to 1 kQ resistor Noise
to an analog signal line which is connected to an
analog input pin in series. Besides, connect the
resistor to the microcomputer as close as possible. (Note) .

» Connect an approximately 1000 pF capacitor across Microcomputer
the Vss pin and the analog input pin. Besides,
connect the capacitor to the Vss pin as close as —\ VNV . .
possible. Also, connect the capacitor across the Thermistor l Input pin

s

analog input pin and the Vss pin at equal length. @

Analog

(4
)7

¢ ING oK. ||,

77

Note: The resistor is used for dividing
resistance with a thermistor.

Fig. 3.4.5 Analog signal line and a resistor and a
capacitor
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Reason
Signals which is input in an analog input pin (such as an A-D converter/comparator input pin) are usually output
signals from sensor. The sensor which detects a change of event is installed far from the printed circuit board
with a microcomputer, the wiring to an analog input pin is longer necessarily. This long wiring functions as an
antenna which feeds noise into the microcomputer, which causes noise to an analog input pin.
If a capacitor between an analog input pin and the Vss pin is grounded at a position far away from the Vss
pin, noise on the GND line may enter a microcomputer through the capacitor.

3.4.4 Consideration for oscillator
Take care to prevent an oscillator that generates clocks for a microcomputer operation from being affected
by other signals.

(1) Keeping oscillator away from large current

signal lines
Microcomputer

2

Install a microcomputer (and especially an

. [\ |
oscillator) as far as possible from signal lines Mutual mductanceMILQw
where a current larger than the tolerance of (M
current value flows. Large = Xin
Reason current i Xour
In the system using a microcomputer, there VSS

are signal lines for controlling motors, LEDs,
and thermal heads or others. When a large
current flows through those signal lines, strong
noise occurs because of mutual inductance.

Fig. 3.4.6 Wiring for a large current signal line

(2) Installing oscillator away from signal lines
where potential levels change frequently

Install an oscillator and a connecting pattern of N.G
an oscillator away from signal lines where

. Do not cross CNTR
potential levels change frequently. Also, do not .
cross such signal lines over the clock lines or ' é XIN
the signal lines which are sensitive to noise. ' Xout
Vss
Reason 7J7 Y

Signal lines where potential levels change
frequently (such as the CNTR pin signal line)
may affect other lines at signal rising edge or
falling edge. If such lines cross over a clock
line, clock waveforms may be deformed, which
causes a microcomputer failure or a program
runaway.

Fig. 3.4.7 Wiring to a signal line where potential
levels change frequently
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(3) Oscillator protection using V.  ss pattern

As for a two-sided printed circuit board, print a An example of Vss patterns on the
Vss pattern on the underside (soldering side) underside of a printed circuit board
of the position (on the component side) where
an oscillator is mounted.

Connect the Vss pattern to the microcomputer
Vss pin with the shortest possible wiring. —J .:.l
Besides, separate this Vss pattern from other —= 1
Vss patterns.

Oscillator wiring
pattern example
XIN
Xout
Vss

Separate the Vss line for oscillation from other Vss lines

Fig. 3.4.8 Vss pattern on the underside of an

oscillator
3.4.5 Setup for 1/0 ports
Setup /O ports using hardware and software as
follows:
<Hardware> Noise
« Connect a resistor of 100 Q or more to an 1/O O.K.
port in series.
<Software> Data bus ONNT—=
» As for an input port, read data several times by 4\ Noise
a program for checking whether input levels are N.G. ;
equal or not. D
e As for an output port, since the output data may /O port
reverse because of noise, rewrite data to its data pins

register at fixed periods.
e Rewrite data to direction registers and pull-up
control registers (only the product having it) at

fixed periods.
When a direction register is set for input port again
at fixed periods, a several-nanosecond short pulse
may be output from this port. If this is undesirable,
connect a capacitor to this port to remove the noise
pulse.

Fig. 3.4.9 Setup for I/O ports
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3.4.6 Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can be detected by a software watchdog timer
and the microcomputer can be reset to normal operation. This is equal to or more effective than program
runaway detection by a hardware watchdog timer. The following shows an example of a watchdog timer
provided by software.

In the following example, to reset a microcomputer to normal operation, the main routine detects errors of
the interrupt processing routine and the interrupt processing routine detects errors of the main routine.
This example assumes that interrupt processing is repeated multiple times in a single main routine processing.

<The main routine>

* Assigns a single byte of RAM to a software watchdog timer (SWDT) and writes the initial value N in
the SWDT once at each execution of the main routine. The initial value N should satisfy the following
condition:

N+1 > (Counts of interrupt processing executed in each main routine)

As the main routine execution cycle may change because of an interrupt processing or others, the initial
value N should have a margin.

e Watches the operation of the interrupt processing routine by comparing the SWDT contents with counts
of interrupt processing after the initial value N has been set.
e Detects that the interrupt processing routine has failed and determines to branch to the program

initialization routine for recovery processing in the following case:
If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>
» Decrements the SWDT contents by 1 at each interrupt processing.

» Determines that the main routine operates normally when the SWDT contents are reset to the initial
value N at almost fixed cycles (at the fixed interrupt processing count).

» Detects that the main routine has failed and determines to branch to the program initialization routine
for recovery processing in the following case:
If the SWDT contents are not initialized to the initial value N but continued to decrement and if they
reach O or less.

( Main routine ) ( Interrupt processing routine )
>
(SWDT) « N (SWDT) ~ (SWDT) -1
|
| cLI | .
| | Interrupt processing |
| Main processing |

_N <0 RTI
A\
Interrupt processing Main routine errors Return

routine errors

Fig. 3.4.10 Watchdog timer by software
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3.5 List of registers

CPU mode register
b7 b6 b5 b4 b3 b2 bl b0

CPU mode register (CPUM) [Address : 000016]

1 I 1
[ N
} } } } } } } } B Name Function Atreset| R | W

. b1 bo
} } } } } } } Lo 0 Processor mode bits 00 : Single chip mode 0 |olo
} } } } } } } | 0 1: Not available
[ 10 : Not available 0 olo
R R R ! 11: Not available
[ T - -
} } } } } L 2 | Stack page selection bit 0:Inpage 0 1 olo
T 1:Inpagel
Dol e | 3 | Not used (“0” when read, don't write “1”.) 0 [O]X
T T 4 0 |Oo[X
R 5] 0 _[o]X
} e 6 Internal clock selection bit 0 : f(XiN)/2 (high-speed mode) 1 ol|lo
| 1 : f(XiN)/8 (middle-speed mode)
\
e 7 | Not used (“0” when read, don't write “1".) 0 O| X
Fig. 3.5.1 Structure of CPU mode register
Interrupt request register A
b7 b6 b5 b4 b3 b2 bl b0
- Interrupt request register A (IREQA) [Address : 000216]
I I I I I I 1
[ N
} } } } } } } } B Name | Function Atreset| R | W
[ N
I 1 1 1 1 1 1 == 0]|Notused (“0” when read.) 0 (O PSS
[
[ - -
e - External interrupt INTo request bit | 0 : No interrupt request o |ol|Do
I 1: Interrupt requested
} } } } } L 777777 2 | External interrupt INT1 request bit | 0 : No interrupt request 0 olno
} } } } } 1 : Interrupt requested
oo L 3 [ AN successtul transmission 0 : No interrupt request o |olo
} } } } interrupt request bit 1 : Interrupt requested
} } } e 4 CAN successful receive 0 : No interrupt request o |olo
[ interrupt request bit 1 : Interrupt requested
[
[ N 5 | CAN overrun 0 : No interrupt request 0 ol
} } interrupt request bit 1 : Interrupt requested
} L 777777777777777 6 CAN error passive 0 : No interrupt request 0 olno
} interrupt request bit 1 : Interrupt requested
e ; | CAN bus off 0 : No interrupt request o lolo
1

interrupt request bit

. Interrupt requested

0 Can be cleared to “0” by software, but cannot be set to “1".

Fig. 3.5.2 Structure of Interrupt request register A
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Interrupt request register B

b7 b6 b5 b4 b3 b2 bl bo

Interrupt request register B (IREQB) [Address : 000316]

I I I I I I I I
[ T A R R B
| | | | | | | | B Name Function At reset
[ T A R R B
: } } } } } } L 0 CAN wake-up 0 : No interrupt request 0
I interrupt request bit 1 : Interrupt requested
[ N R - - -
. Timer X interrupt request bit 0 : No interrupt request 0
R 1: Interrupt requested
: } } } } L 777777 2 | Timer Y interrupt request bit 0 : No interrupt request 0
: } } } } 1 : Interrupt requested
R S T 5 | Timer L interrupt request bit 0 : No interrupt request 0
: } } } 1: Interrupt requested
: } } e 4 Timer 2 interrupt request bit 0 : No interrupt request 0
Lo 1 : Interrupt requested
[
[ 5 Timer 3 interrupt request bit 0 : No interrupt request 0
: } 1: Interrupt requested
[ -
[ 6 CNTRo interrupt request bit 0 : No interrupt request 0
: 1 : Interrupt requested
o ; | CNTRu interrupt request bit 0 : No interrupt request 0
1 : Interrupt requested
0 Can be cleared to “0” by software, but cannot be set to “1”.
y
Fig. 3.5.3 Structure of Interrupt request register B
Interrupt request register C
b7 b6 b5 b4 b3 b2 bl b0
- Interrupt request register C (IREQC) [Address : 000416]
I I I I I I I
[ A R R B
: } } } } } } } B Name Function Atreset
: } } } } } } L 0 UART receive complete (receive | 0 : No interrupt request 0
oo buffer full) interrupt request bit 1 : Interrupt requested
[ T R
| I I I I I L 1 UART transmit complete (transmit 0 : No interrupt request 0
: } } } } } register empty) interrupt request bit 1 : Interrupt requested
: } } } } L 777777 2 | UART transmit buffer empty 0 : No interrupt request 0
: } } } } interrupt request bit 1: Interrupt requested
A R 3 | UART receive error 0 : No interrupt request 0
: } } } interrupt request bit 1: Interrupt requested
: } } e 4 Serial 1/0 interrupt request bit 0 : No interrupt request 0
Lo 1 : Interrupt requested
[
N 5 | AD conversion complete 0 : No interrupt request 0
b interrupt request bit 1: Interrupt requested
: L 777777777777777 6 Key-on wake-up 0 : No interrupt request 0
: interrupt request bit 1 : Interrupt requested
I
b 7 | Not used (“0” when read.) 0

0 Can be cleared to “0” by software, but cannot be set to “1”.

Fig. 3.5.4 Structure of Interrupt request register C
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Interrupt control register A

b7 b6 b5 b4 b3 b2 bl bo

I I I I I I 1
R Y Y R R B
| | | | | | | | B Name | Function At reset
R Y Y R R B
0 0 11 41 =] o|Not used (0" when read.) 0
[
o External interrupt INTo enable bit | 0 : Interrupt disabled 0
A 1 1 : Interrupt enabled
} } } } } L 777777 2 External interrupt INT1 enable bit | O : Interrupt disabled 0
} } } } } 1 : Interrupt enabled
Lo L 3 [ CAN successful transmission 0 : Interrupt disabled 0
} } } } interrupt enable bit 1 : Interrupt enabled
A 4 | CAN successful receive 0 : Interrupt disabled 0
Lo interrupt enable bit 1 : Interrupt enabled
[
N 5 | CAN overrun 0 : Interrupt disabled 0
Lo interrupt enable bit 1 : Interrupt enabled
} L 777777777777777 6 CAN error passive 0 : Interrupt disabled 0
} interrupt enable bit 1 : Interrupt enabled
L 5 | CAN bus off 0 : Interrupt disabled 0
interrupt enable bit 1 : Interrupt enabled
Fig. 3.5.5 Structure of Interrupt control register A
Interrupt control register B
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register B (ICONB) [Address : 000616]
I I I I I 1 1 1
} } } } } } } } B Name Function At reset
| | | | | | | |
- CAN wake-up interrupt enable bit | O : Interrupt disabled 0
} } } } } } } 0 1 : Interrupt enabled
o Timer X interrupt enable bit 0 : Interrupt disabled 0
A 1 Interrupt enabled
} } } } } L 777777 > | Timer Y interrupt enable bit 0 : Interrupt disabled 0
} } } } } 1 : Interrupt enabled
R 3 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0
1:1 |

} } } } - . . nterrupt er\ab ed
b Timer 2 interrupt enable bit 0 : Interrupt disabled 0
T 4 1 : Interrupt enabled
| | |
[ 5 Timer 3 interrupt enable bit 0 : Interrupt disabled 0
oy 1 : Interrupt enabled
} L 777777777777777 6 CNTRo interrupt enable bit 0 : Interrupt disabled 0
| .
| 1 : Interrupt enabled
L CNTRu1 interrupt enable bit 0 : Interrupt disabled 0

77777777777777777 7 1 : Interrupt enabled

Fig. 3.5.6 Structure of Interrupt control register B
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Interrupt control register C

b7 b6 b5 b4 b3 b2 bl bo

Interrupt control register C (ICONC)

[Address : 000716]

I I I I I I I
i i i i i i i i B Name Function Atreset| R | W
e | 0 UART receive complete (receive | 0 : Interrupt disabled 0 @)
: } } } } } } buffer full) interrupt enable bit 1: Interrupt enabled
: } } } } } t777 1 UART transmit complete (transmit | O : Interrupt disabled 0 olo
R register empty) interrupt enable bit | 1 : Interrupt enabled
: } } } } L 777777 2 UART transmit buffer empty 0 : Interrupt disabled 0 olo
: } } } } interrupt enable bit 1: Interrupt enabled
R R T 3 | UART receive error 0 : Interrupt disabled 0 |olo
: } } } interrupt enable bit 1: Interrupt enabled
N 4 Serial I/0 interrupt enable bit 0 : Interrupt disabled o |lolo
[ 1: Interrupt enabled
[
e 5 | AD conversion complete 0 : Interrupt disabled 0 olo
b interrupt enable bit 1: Interrupt enabled
: L 777777777777777 6 Key-on wake-up 0 : Interrupt disabled 0 |o|o
: interrupt enable bit 1 : Interrupt enabled
I
b 7 | Not used (“0” when read.) 0 [O|X
Fig. 3.5.7 Structure of Interrupt control register C
Port Pi register
b7 b6 b5 b4 b3 b2 bl bo
Port Pi register (Pi) (i=0, 1, 2, 3, 4)
B N N N - [Address : 000816, 000A16, 000C16, 000E16, 001016]
i i i i i i i i B Name Function Atreset]| R | W
: } } } } } } L 0 Port Pio « In output mode 0 O
Write
: } } } } } } - Read } Port latch
T Port Pi1 0 olo
A R N « In input mode
[ T - Write : Port latch
O m—— 2 | PortPi2 Read : Value of pins 0 o]0
[ Y N R
i i i i L 3 Port Pi3 0 |O|o
[
: } } e 4 Port Pi4 0 olo
[
[
: } L 5 Port Pis 0 olo
[
: t 777777777777777 6 Port Pis 0 ol|lo
I
I
e ; | PortPiz o |lolo

write “1”).

Note: The bits corresponding to P1o, P3s, P3s and P37 are reserved (“0” when read, don't

Fig. 3.5.8 Structure of Port Pi register (i = 0, 1, 2, 3, 4)
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Port Pi direction register
b7 b6 b5 b4 b3 b2 bl bO

Port Pi direction register (PiD) (i=0, 1, 2, 3, 4)

[Address : 000916, 000B16, 000D16, 000F16, 001116]

B Name Function Atreset| R | W

0 Port Pi direction register 0 : Port Pio input mode 0 x|o
1: Port Pio output mode

1 0 : Port Pi1 input mode 0 |x|o
1: Port Pi1 output mode

2 0: Port Piz input mode 0 [x|o
1: Port Pi2 output mode

3 0 : Port Pi3 input mode 0 |X|o
1: Port Pi3 output mode

4 0 : Port Pi4 input mode 0 |x|o
1: Port Pi4 output mode

5 0 : Port Pis input mode 0 [X|o
1 : Port Pis output mode

6 0 : Port Pis input mode 0 [x|o
1: Port Pis output mode

7 0 : Port Pi7 input mode 0 [X|o
1 : Port Pi7 output mode

(“0” when read, don't write “1”).

: The direction control bits corresponding to Plo, P11, P35, P3s and P37 are reserved

Fig. 3.5.9 Structure of Port Pi direction register (i =0, 1, 2, 3, 4)

Serial I/O shift register
b7 b6 b5 b4 b3 b2 bl bo

Serial 1/O shift register (SIO) [Address : 001216]

B Function Atreset| R | w
0 | A shift register for serial transmission and reception. ? O|l0
— At transmitting : Set transmission data.
1| Atreceiving : Store received data. ? |O|O
2 ? (O] KO
3 ? (O] KO
4 ? |O]O
5 ? O|0O
6 ? O|0O
7 ? O|0O

Note: A content of the Transmit buffer register cannot be read out.
A data cannot be written to the Receive buffer register.

Fig. 3.5.10 Structure of Serial 1/0 shift register
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Serial 1/0 control register
b7 b6 b5 b4 b3 b2 bl b0

- Serial 1/0 control register (SIOCON) [Address : 001316]
I I I I I I I
: } } } } } } } B Name Function Atreset| R | W
[ A R H I B
. . . b2 bl b0
: } } } } } } L_ 0 Clock divider selection bits 000 : gdivided by 4 0 OO0
: } } } } } } 00 1: @divided by 8
I T R Y N B — 010: @divided by 16
N 011: @divided by 32 0 |O]|O
[ T R A 100: @divided by 64
: } } } } } - 101: @divided by 128
[ N T B R 2 110: @divided by 256 0 OO0
: } } } } ”””” 111: @divided by 512
[ N R
R S S 3 P20/SIN, P21/Sout and P22/Scik | 0 : I/O port (P20, P21, P22) 0 |o|o
[ N function selection bit 1: SN, SouT, ScLk output pin
[ N
Lo P23/Srpy function selection bit 0 : I/O port (P23) 0 olo
R 4 1 : SRDY output pin
Lo }7 7777777777777 5 | Transmission order selection bit | 0 : LSB first 0 |olo
b 1: MSB first
| L _______________ 6 | Synchronization clock selection bit| 0 : External clock 0 |o|o
: 1 : Internal clock
e - | Not used (*0” when read.) 0o |olx
Fig. 3.5.11 Structure of Serial 1/0 control register
A-D conversion register
b7 b6 b5 b4 b3 b2 bl bo
A-D conversion register (AD) [Address : 001416]
I I I I I I I I
Dol B Function Atreset| R | W
[ A R H I B
: } } } } } } L 0 | The read only register where A-D conversion results are stored. ? Ol X
EEREE RS
R A S— 2 2 |o|x
[ N R ||
T T e — 3 2 |ofx
[ N B -
T —— 4 ? |o]X
[ -
A I N 5 2 [o]x
[ —
o 6 ? |0O|X
| -
b 7 ?2 |o|Xx

Fig. 3.5.12 Structure of A-D conversion register
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A-D control register
b7 b6 b5 b4 b3 b2 bl b0

A-D control register (ADCON) [Address : 001516]

I I I 1 1
} } } } } } } } B Name Function Atreset| R | W
| | | | | | | |
Lo Analog input pin selection bits b2 b1 b0 0
o o gmptp 000 : POO/ANO of°
[ N 001 :PO1/AN1
. | 010: P02/AN2
T T T T T R 011:P03/ANs ° 19]°©
I 100: P0O4/ANa
[ L | 101:P0s/ANs
I N R ) 110 POs/ANs o |o|°
[ N 111:P07/AN7
| | | | |
R 3 | A-D conversion completion bit 0 : Conversion in progress 1 |olo
[ 1: Conversion completed (Note)
| | | |

- - - o
e 4 | VREF input switch bit 2 : 8n o |olo
| | | :
| | |
} } b 5 | Not used (“0” when read, don't write “1".) 0 O X
S 6 0o [ofx
| _—
L 7 0 |o|x
Note: Don't set this bit to “1” during A-D conversion.
Fig. 3.5.13 Structure of A-D control register
Timer 1, Timer 3
b7 b6 b5 b4 b3 b2 bl b0
Timer 1 (T1) [Address : 001616]

S S S S N N - Timer 3 (T3) [Address : 001816]
ol B Function Atreset| R | W
| | | | | | | |
L 1 11 1 | H10/[e Set“0016" to “FF16” as Timer 1 or Timer 3 count value. 1 |[ofo
1 1 1 1 1 L___[1]e Thetimer value is written to timer and latch at the same time. 1 |olo
| | | | | |
A 7 e To get the actual Timer 1 or Timer 3 value read out the 1 lolo
A 1 corresponding timer register.
[ 3 1 10]0
| | | | —
0 e 4 1 |ojo
| | | —
] 5 1 |olo
| | —
B 6 1 |olo
| -
b 7 1 |ofo

Fig. 3.5.14 Structure of Timer 1, Timer 3
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Timer 2
b7 b6 b5 b4 b3 b2 bl b0

Timer 2 (T2) [Address : 001716]

1 I I I I I I I
: } } } } } } } B Function Atreset| R | W
| | | | | | | |
L1 1 L1 H10[e Set“0016” to “FF16” as Timer 2 count value. 1 ]10]|0
I R T N 1 | ® The timer value is written to Timer 2 and latch at the same time 0 olo
| | | | | |
[ N N — or to the latch only (Note).
[ T N A (R S 2 . . . 0 o]0
Lol L1 e To get the actual Timer 2 value read out the Timer 2 register.
[ N B B 3 0 |O|O
| | | | | —
P01 mmmmmm e 4 o |o|o
| | | _—
I e 5 o |ofo
| | _—
b 6 o |o]o
| ||
b 7 0 |o|o
Note: Depinding on the Timer 2 write control bit (bit 2 of the Timer 123 mode register
[address: 001916] ).
Fig. 3.5.15 Structure of Timer 2
Timer 123 mode register
b7 b6 b5 b4 b3 b2 bl b0
- Timer 123 mode register (T123M) [Address : 001916]
1 I I I I I I
: } } } } } } } B Name Function Atreset| R | W
| | | | | | | |
: } } } } } } ro 0 PWM polarity selection bit 0 : Start on “H” level output 0 e}
[ N Y 1: Start on “L" level output
R L___ 1 PWM output enable bit 0 : PWM output disabled o lolo
A R N 1 : PWM output enabled
: } } } } L 777777 2 | Timer 2 write control bit 0 : Latch and counter 0 olo
: } } } } 1: Latch only
A R 5 | Timer 2 count source selection bit | 0 : Timer 1 underflow o |lolo
: } } } 1: Pre-divider output
e Timer 3 count source selection bit | 0 : Timer 1 underflow 0 olo
Lo T 4 1 : Pre-divider output
| | |
: } L] 5 | Not used (“0” when read, don't write “1".) 0 O|X
| |
| | . L. . . b7 b6
: G 6 Pre-divider division ratio bits 00 : @divided by 1 (Note) 1 ol|lo
I || 0 1: @divided by 8 (Note)
L 10: @divided by 32 (Note) o |lolo
***************** 7 11: @divided by 128 (Note)

Note: The internal system clock @ is divided f(XIN) by 2 or by 8. The division ratio is decided by
the Internal system clock selection bit (bit 6 of the CPU mode register [address: 000016] ).

Fig. 3.5.16 Structure of Timer 123 mode register
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Timer XL, Timer XH, Timer YL, Timer YH
b7 b6 b5 b4 b3 b2 bl b0

Timer XL (TXL), Timer XH (TXH) [Address : 001A16, 001B16]
Timer YL (TYL), Timer YH (TYH) [Address : 001C16, 001D1s6]

I I I I I 1 1 1
B R Function Atreset| R [ w
| | | | | | | |
L1 1 1 11 L4 0]e Set“000016” to “FFFF16” as timer count value. 1 |o]o
ol T e Write access 1 lolo
| | | | | | == . . . . .
[ N N R | | The timer value is written to Timer X or Timer Y and latch at
| | | | | | .
I T S 2 | the same timer or to the latch only (Note). 1 |O]o
| | | | | . " .
N T A B —  Write first low byte (TXL, TYL) and then high byte (TXH, TYH).
| | | | |
I 3 [ e Read access L ]ejle
O 4 To get the actual Timer X or Timer Y value read out the 1 olo
Lo | corresponding timer register.
A ittt 5| A measurement value is read out in pulse period and pulse 1 ]oj]o
b 1 width measurement mode. T lolo
] i Read first high byte (TXH, TYH) and then low byte (TXL, TYL).
L 7 1 |olo
Note: Depinding on the Timer X or Timer Y data write control bit (bit O of the Timer X or
Timer Y mode register [address: 001E16, 001F16] ).
Fig. 3.5.17 Structure of Timer XL, Timer XH, Timer YL, Timer YH
Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0
_:l Timer X mode register (TXM) [Address : 001E16]
I I I I
} } } } } } } } B Name Function Atreset| R | W
| | | | | | | |
. Timer X data write control bit 0 : Data is written to latch and timer. 0 olo
[ e T 0 : . .
[ T T R T B 1: Data is written to latch only.
BN FY 0 _|o[x
T R 2 | Not used (“0” when read, don't write “1".) 0 [o]x
] b 3 R OY B
| | | | i H b5 b4
T 4 Timer X mode bits 0.0 : Timer mode o |olo
Lo | 0 1: Bi-phase counter mode
Do L] 5 10 : Event counter mode o |lolo
I 11 : Pulse width measurement mode
| |
bt CNTRo polarity selection bit 0: For event counter mode,
Do rising edge active
| | For interrupt request,
I I falling edge active
} } For pulse width measurement mode,
| o measure “H” period 0 ol|lo
| 6 1: For event counter mode,
| falling edge active
| For interrupt request,
I rising edge active
} For pulse width measurement mode,
| measure “L" period
|
e 7 | Timer X stop control bit 0 : Timer counting 0 ol|lo
1: Timer stopped

Fig. 3.5.18 Structure of Timer X mode register
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Timer Y mode register
b7 b6 b5 b4 b3 b2 bl b0

Timer Y mode register (TYM) [Address : 001F16]

B Name Function Atreset| R | W
- - b1 b0
0 'tlj'!trner X count source selection 00 : gdivided by 4 (Note) 0 e}
|| 0 1: @divided by 16 (Note)
1 10: cpd!v!ded by 64 (Note) 0 olo
11: @divided by 128 (Note)
- - b3 b2
2 'tlj'!trner Y count source selection 00 : gdivided by 2 (Note) 0 olo
|| 01: @divided by 8 (Note)
3 10: (pd!v!ded by 32 (Note) 0 olo
11: @divided by 64 (Note)
; ; ; b5 b4
4 Timer Y operation mode bits 0.0 : Timer mode 0 olo
|| 0 1: Pulse period measurement mode
1 0: Event counter mode 0 olo
5 1 1:H/L pulse width measurement mode
CNTR1 polarity selection bit 0: For event counter mode,
rising edge active
For interrupt request,
falling edge active
For pulse period measurement mode,
6 refer to falling edge 0 olo
1: For event counter mode,
falling edge active
For interrupt request,
rising edge active
For pulse period measurement mode,
refer to rising edge
7 | Timer Y stop control bit 0 : Timer counting 0 olo
1: Timer stopped

Note: The internal system clock @ is divided f(XIN) by 2 or by 8. The division ratio is decided by
the Internal system clock selection bit (bit 6 of the CPU mode register [address: 000016] ).

Fig. 3.5.19 Structure of Timer Y mode register

UART mode register
b7 b6 b5 b4 b3 b2 bl b0

B Name | Function Atreset] R | W
0 Not used (“0” when read, don't write “1".) 0 O X
i H H b2 b1
1 Clock divider selection bits 00 : @divided by 1 o lolo
- 01: ¢@divided by 8
2 10 cpd!v!ded by 32 0 olo
11: @divided by 256
3 | Stop bits selection bit 0 : One stop bit 0 |o|o
1: Two stop bits
4 Parity selection bit 0 : Even parity 0 olo
1:0dd parity
5 Parity enable bit 0 : Parity checking disabled 0 Ol0
1 : Parity checking enabled
6 [ UART word length selection bits 00: 7 bits 0 |olo
- 01 : 8 bits
7 10 : 9 bits 0 olo
11: Notused

Fig. 3.5.20 Structure of UART mode register
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UART baud rate generator

b7 b6 b5 b4 b3 b2 bl bo

UART baud rate generator (UBRG) [Address : 002116]

I I I I I I 1 1
i i i i i i i i B Function Atreset| R | W
L1 1|1 40 [Acountvalue of baud rate generator is set. ? |olo
e
] 2 2 Tolo
[ ||
T T R T SO— 3 2 |olo
[ N -
11 e 4 > |ofo
[ -
T T 5 2 |ofo
I —
Do 6 ? |o|o
| -
b 7 ? |ofo
Fig. 3.5.21 Structure of UART baud rate generator

UART control register

b7 b6 b5 b4 b3 b2 bl b0

_ UART control register (UCON) [Address : 002216]

I 1 I 1

i i i i i i i i B Name Function Atreset| R | W
} } } } } } } L 0 Transmit enable bit 0 : Transmit disabled 0 @)
I ] 1 : Transmit enabled
IR A }____ 1 Receive enable bit 0 : Receive disabled o lolo
Lo 1 : Receive enabled
} } } } } } Transmission initialization bit 0 : No action 0 (o] Ke)
} } } } } L 1 : Initialize the transmit enable bit
[ N N E E 2 and transmit status register flags.
} } } } } Stop transmission.
[
} } } } } Receive initialization bit 0 : No action 0 (o] K6}
T T O - 3 1 : Initialize the receive enable bit
} } } } and receive status register flags.
[ N
} } } b 4 | Not used (“0” when read, don't write “1".) 0 O X
[ ]
A 5 0 |O|X
T 6 0 |o|x
\ -
e 7 0 |ofx

Fig. 3.5.22 Structure of UART control register
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UART status register

b7 b6 b5 b4 b3 b2 bl b0

- UART status register (USTS) [Address : 002316]

I I I I I I I
: } } } } } } } B Name Function Atreset| R | W
| | | | | | | |
e Transmission register empty flag | O : Register full 1 Ol X
[ R I N B 0 .
I T e Y N B 1: Register empty
IR L777 1 Transmission buffer empty flag 0 : Buffer full 1 |lolx
A T 1 : Buffer empty
IR L 777777 2 | Receive buffer full flag 0 : Buffer full 1 |o|X
: } } } } 1 : Buffer empty
T R 3 | Receive parity error flag 0 : No parity error detected 0 |o|x
: } } } 1 : Parity error detected
: } } e 4 Receive framing error flag 0 : No framing error detected 0 ol|x
Lo 1: Framing error detected
| | |
N 5 | Receive overrun flag 0 : No overrun detected 0 |olx
: } 1: Overrun detected
: L 777777777777777 6 Receive error sum flag 0 : No error detected 0 o) B¢
| 1 : Error detected
e 5 | Not used (‘0" when read.) o lolx
Fig. 3.5.23 Structure of UART status register

UART transmit buffer register 1

UART transmit buffer register 2

b7 b6 b5 b4 b3 b2 bl bo ) )

UART transmit buffer register 1 (UTBR1) [Address : 002416]

N N S RS UART transmit buffer register 2 (UTBR2) [Address : 002516]
: } } } } } } } B Function Atreset| R | W
[ A R E I B
: } } } } } } L] 0 | Transmit data is written to this buffer register (consisting of low-order ? X |0
oo — and high-order byte).
AT R A A il B ? [X]©
] 2 7 Ix|o
[ Y N R |
A R S 3 > |x|o
[ -
e — 4 7 [x|o
[ -
b 5 2 |[x|o
[ -
o 6 ? |IX|O
| -
b 7 2 |Ix|o

Fig. 3.5.24 Structure of UART transmit buffer register 1, 2
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UART receive buffer register 1

UART receive buffer register 2

b7 b6 b5 b4 b3 b2 bl bo

UART receive buffer register 1 (URBR1) [Address : 002616]
UART receive buffer register 2 (URBR2) [Address : 002716]

I I I I I 1 I 1
} } } } } } } } B Function Atreset| R | W
[ Y T R T
} } } } } } } L 0 | Receive data is read from this buffer register (consisting of low-order ? 0Olx
T R T — and high-order byte).
A T T T T el ? O]
I N > > o=
[ ||
S T O S 3 2 |o|x
[ N -
e — 4 2 |o|x
[ -
T 5 ? |o]|x
I -
T 6 ? |O|X
| -
b 7 ? |lo]|x
Fig. 3.5.25 Structure of UART receive buffer register 1, 2
Port Pi pull-up control register
b7 b6 b5 b4 b3 b2 bl b0
Port Pi pull-up control register (PUPI) (i = 0, 2) [Address : 002816, 002A16]
I I I I I 1 1 1
} } } } } } } } B Name Function Atreset| R | W
| | | | | | | |
} } } } } } } L 0 Pio pull-up transistor control bit 0 : No pull-up 0 @]
[ N 1: Pull-up
R L,,, 1 Pi1 pull-up transistor control bit 0 : No pull-up o |olo
} } } } } } 1: Pull-up
} } } } } L 777777 2 | Pi2 pull-up transistor control bit 0 : No pull-up 0 olo
} } } } } 1: Pull-up
bl o] 3 | Pis pull-up transistor control bit 0 : No pull-up o |lolo
[ T A 1: Pull-up
| | | |
I 4 Pi4 pull-up transistor control bit 0 : No pull-up o |lolo
Lo 1: Pull-up
i i }_ _____________ 5 | Pis pull-up transistor control bit 0 : No pull-up 0 |olo
Lo 1: Pull-up
} L ,,,,,,,,,,,,,,, 6 Pie pull-up transistor control bit 0 : No pull-up 0 olo
! 1: Pull-up
L _________________ 7 Pi7 pull-up transistor control bit 0 : No pull-up o |olo
1: Pull-up

Fig. 3.5.26 Structure of Port Pi pull-up control register (i = 0, 2)

3-34

7630 Group User's Manual




APPENDIX

3.5 List of registers

Port P1 pull-up control register
b7 b6 b5 b4 b3 b2 bl b0
- Port P1 pull-up control register (PUP1) [Address : 002916]
I I I I I I
| | | | | | | |
. B Name | Function Atreset| R | W
oo b = 0 Net used (“0” when read, don't write “1".) 0 O|X
A A Y Tolx
| | | | | |
: } } } } L 777777 5 P12 pull-up transistor control bit 0 : No pull-up 0 olo
: } } } } 1: Pull-up
A 3 | P12 pull-up transistor control bit {0 : No pull-up o |lolo
: } } } 1: Pull-up
R 4 | P14 pull-up transistor control bit {0 : No pull-up 0 |o|o
o 1: Pull-up
| | |
R 5 | P1s pull-up transistor control bit 0 : No pull-up 0 olo
o 1: Pull-up
| | - B
A O 6 P16 pull-up transistor control bit | 0 No pull-up o lolo
| 1: Pull-up
:_ _________________ - | P17 pull-up transistor control bit 0 : No pull-up 0 olo
1: Pull-up
Fig. 3.5.27 Structure of Port P1 pull-up control register
Port P3 pull-up control register
b7 b6 b5 b4 b3 b2 bl bo
_ Port P3 pull-up control register (PUP3) [Address : 002B16]
I I I I I
: } } } } } } } B Name Function Atreset| R | W
| | | | | | | |
: } } } } } } L P30 pull-up transistor control bit 0 : No pull-up 0 o)
[ N N 1: Pull-up
: } } } } } }____ 1 | P31 pull-up transistor control bit 0 : No pull-up 0 olo
: } } } } } 1: Pull-up
: } } } } L 777777 2 | P32 pull-up/down transistor 0 : No pull-up/down 0 olo
: } } } } control bit 1 : Pull-up/down (Note)
: } } } L 3 | P33 pull-up transistor control bit 0 : No pull-up 0 olo
: } } } 1: Pull-up
: } } e 4 | P34 pull-up transistor control bit 0 : No pull-up 0 O|l0O
| | | 1: Pull-up
| | |
: } R 5 | Not used (“0” when read, don't write “1".) 0 olx
| | |
B 6 0 |olx
S 7 o |o|x
Note: Enables the pull-transistor towards the CAN module recessive level. This level
depends on the CAN module dominant level control bit (bit 1 of the Polarity control
register [address: 002F16] ).

Fig. 3.5.28 Structure of Port P3 pull-up control register
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Port P4 pull-up/down control register

b7 b6 b5 b4 b3 b2 bl b0

Port P4 pull-up/down control register (PUP4) [Address : 002C16]

B Name Function Atreset| R | W

0 P40 pull-up/down transistor 0 : No pull-up/down 0 (@]
control bit 1 : Pull-up/down (Note)

1 P41 pull-up/down transistor 0 : No pull-up/down 0 ol|lo
control bit 1 : Pull-up/down (Note)

o | P42 pull-up/down transistor 0 : No pull-up/down 0 |Oo|O
control bit 1: Pull-up/down (Note)

3 P43 pull-up/down transistor 0 : No pull-up/down 0 olo
control bit 1 : Pull-up/down (Note)

4 P44 pull-up/down transistor 0 : No pull-up/down 0 olo
control bit 1 : Pull-up/down (Note)

5 P4s pull-up/down transistor 0 : No pull-up/down 0 olo
control bit 1 : Pull-up/down (Note)

6 P46 pull-up/down transistor 0 : No pull-up/down 0 olo
control bit 1 : Pull-up/down (Note)

7 P47 pull-up/down transistor 0 : No pull-up/down 0 olo

1

control bit

: Pull-up/down (Note)

This level depends on the Key-on wake-up polarity control bit (bit O of the Polarity

control register [address: 002F16] ).

Note: Enables the pull-transistor towards the passive polarity of key-on wake-up interrupt.

Fig. 3.5.29 Structure of Port P4 pull-up/down control register

Interrupt polarity selection

register

b7 b6 b5 b4 b3 b2 bl bo

_::- Interrupt polarity selection register (IPOL) [Address : 002D16]

B Name | Function Atreset| R | W

Not used (“0” when read, don't write “1".) 0 O X

1 | INTo interrupt edge selection bit 0: Falling edge active 0 olo
(Note)| 1: Rising edge active

2 | INT1 interrupt edge selection bit 0: Falling edge active 0 olo
(Note)| 1: Rising edge active

3 0 |O|X

— Not used (“0” when read, don't write “1".)

4 0 |O|X

5 0 |O|X

6 0 |O|X

7 0 |O|X

: To use the external interrupt functions, the pull-up transistor corresponding to the

selected active level must be enabled by the corresponding pull-up transistor control
bits of the Port P1 pull-up control register).

Fig. 3.5.30 Structure of Interrupt polarity selection register
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b7 b6 b5 b4 b3 b2 bl bo

Watchdog timer register (Note 1)

_ Watchdog timer register (WDT) [Address : 002E16]

B Name | Function Atreset| R | W
| O | Not used (“1” when read.) 1 [O]X
[ 1 1 O X
2] L [ofx

3 1 O | X
[ 4| 1 O X

5 1 O | X

Stop instruction disable bit 0 : Stop instruction enabled 0 olo
1 : Stop instruction disabled
6 Executed two NOP instructions
instead of STP instruction (Note 2)
7 U_pper byte count source selection | 0 : Un(_jgrﬂow of the low order counter 0 olo
bit 1: @divided by 256

Note 1:

Note 2:

Writing to this register reloads the watchdog timer counters with the following initial
values irrespective of the value written. After reload, the watchdog timer counts down.
» The high-order counter WDH (7-bit counter) is set to “7F16".
» The low-order counter WDL (4-bit counter) is set to “F16”.

The time-out period of the watchdog timer is n" cycles of the internal system clock @.
0 « n=524288 when the Upper byte count source selection bit is “0”".
« n=32768 when the Upper byte count source selection bit is “1”.
On a watchdog timer underflow, the watchdog timer interrupt (non-maskable) occurs.
Set the watchdog timer counters to the default values prevent from underflow by writing
to this register in main processing.
Once the watchdog timer has been started, it cannot be stopped except by reset.
Once the Stop instruction is disabled, it cannot be enabled again except by reset.

Fig. 3.5.31 Structure of Watchdog timer register

Polarity control register
b7 b6 b5 b4 b3 b2 bl b0

-

Polarity control register (PCON) [Address : 002F16]

B Name Function Atreset| R | W
Key-on wake-up polarity 0: Low level active (P4 pull-up) 0 olo
control bit 1: High level active (P4 pull-down)

1 | CAN module dominant level 0: Low level dominant (P32 pull-up) 0 olo
control bit (Note) 1: High level dominant (P32 pull-down)

[ 2 | 2 [O]X
[ 3 2 [o]X
4 | Not used (undefined when read.) ? O| X
B 2 |O[X
B 7 [o[X

7 ? O X

: The selected dominant level also controls the polarity of the pull-transistor enabled

by the P32 pull-up/down transistor control bit (bit 2 of the Port P3 pull-up control
register), the transistor pulling toward the recessive level is selected.

Fig. 3.5.32 Structure of Polarity control register
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CAN transmit control register
b7 b6 b5 b4 b3 b2 bl b0

L BT L[] ]

CAN transmit control register (CTRM) [Address: 0030,¢]

B Name Function® At reset w
. 0: CAN module in normal mode
0 |[Sleep control bit . 0 (0]
1: CAN module in sleep mode
0: CAN module in normal mode
1 |Reset/configuration control bit 1: CAN module in configuration mode 1 (0]
(plus reset when write)
0: P3,/CTX serves as I/O port
2 |Port double function control bit 0 (0]
1: P3,/CTX serves as CTX output port
RO: No transmission requested
. ) R1: Transmission requested
3 |Transmit request bit ) 0 (0]
WO: No operation
W1: Request transmission
4 |Reserved “0” when read. 0 X
RO: CPU access possible
. ) R1: CPU access not possible
5 |Transmit buffer control bit ) 0 (0]
WO: No operation
W1: Lock transmit buffer
6 |Reserved “0” when read. 0 X
. . 0: CAN module idle or receiving
7 |Transmit status bit . 0 X
1: CAN module transmitting
Note 1: RO/R1 denote read access, WO/W1 denote write access.
Fig. 3.5.33 Structure of CAN transmit control register (CTRM)
CAN bus timing control register 1
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN bus timing control register 1 (CBTCON1) [Address: 00314¢]
t B Name Function At reset wl
0 b3b2b1b0 N 0 o
0000: Divided by 1
1 0001: Divided by 2 0 o
Prescaler division ratio 0010: Divided by 3
selection bits
2 o 0 o)
1101: Divided by 14
1110: Divided by 15
3 o 0 o)
1111: Divided by 16
. . 0: One sample per bit
4 | Sampling control bit . 0 (0]
1: Three samples per bit
5 b7b6b5 . 0 o
000: One time quantum
Propagation time duration 001: Two time quanta
6 . 0 o
control bits
110: Seven time quanta
7 o 0 o)
111: Eight time quanta

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 3.5.34 Structure of CAN bus timing control register 1 (CBTCON1)
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CAN bus timing control register 2
b7 b6 b5 b4 b3 b2 bl bo

LI LT L]

CAN bus timing control register 2 (CBTCONZ2) [Address: 00324¢]

t B Name Function Atreset | R |W!
0 b2b1b0 . 0 olo
000: One time quantum
Phase buffer segment 1 001: Two time quanta
1 - . 0 OoO|O
duration control bits
110: Seven time quanta
2 0 O|O

111: Eight time quanta

b5b4b3
000: One time quantum

Phase buffer segment 2 001: Two time quanta
duration control bits

110: Seven time quanta
111: Eight time quanta

b7b6

o . 00: One time quantum
Synchromzaﬂon jump width 01: Two time quanta
control bits .

7 10: Three time quanta 0 Oo|O

11: Four time quanta

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 3.5.35 Structure of CAN bus timing control register 2 (CBTCON2)

CAN acceptance code register 0
b7 b6 b5 b4 b3 b2 bl bo

CEET [ 1 []

CAN acceptance code register 0 (CACO) [Address: 0033,¢]

B Name Function Atreset | R |wW?
L | 0 |Standard identifier bit 6 ? Oo|O
1 |Standard identifier bit 7 These bits (except when masked by the ? o|o
acceptance mask register 0, Figure
dard identifier bi 3.5.41) form the acceptance filtering 5
2 | Standard identifier bit 8 condition for incoming CAN frames. 0|0
] - ] They must be initialized with the identifier
3 |Standard identifier bit 9 pattern of CAN frames to be received. ? 0|0
4 |Standard identifier bit 10 ? Oo|O
5 ? o | X
6 |Not used Undefined at read. ? O | X
7 ? o | X

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 3.5.36 Structure of CAN acceptance code register 0 (CACO)
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CAN acceptance code register 1

b7 b6 b5 b4 b3 b2 bl b0

|

L LT[ ]

CAN acceptance code register 1 (CAC1) [Address: 0034¢]

t B Name Function At reset wi
0 ? X
Not used Undefined at read.
1 ? X
2 | Standard identifier bit O ? (0]
3 | Standard identifier bit 1 ? (0]
These bits (except when masked by the
4 |standard identifier bit 2 acceptance mask register 1, Figure ” o
3.5.42) form the acceptance filtering
] . condition for incoming CAN frames.
5 |Standard identifier bit 3 They must be initialized with the identifier ? 0
pattern of CAN frames to be received.
6 |Standard identifier bit 4 ? (0]
7 |Standard identifier bit 5 ? (0]
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 3.5.37 Structure of CAN acceptance code register 1 (CAC1)
CAN acceptance code register 2
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN acceptance code register 2 (CAC2) [Address: 0035;¢]
t B Name Function At reset wi
0 |Extended identifier bit 14 ? (0]
These bits (except when masked by the
1 |Extended identifier bit 15 acceptance mask register 2, I':igu're 2 o
3.5.43) form the acceptance filtering
] . ] condition for incoming CAN frames.
2 |Extended identifier bit 16 They must be initialized with the identifier ? 0o
pattern of CAN frames to be received.
3 |Extended identifier bit 17 ? (0]
4 ? X
5 ? X
Not used Undefined at read.
6 ? X
7 ? X

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 3.5.38 Structure of CAN acceptance code register 2 (CAC2)
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CAN acceptance code register 3
b7 b6 b5 b4 b3 b2 bl bo

LI LT T[]

CAN acceptance code register 3 (CAC3) [Address: 0036,¢]

t B Name Function Atreset | R |w?
0 |Extended identifier bit 6 ? OO
1 |Extended identifier bit 7 ? OO
2 |Extended identifier bit 8 ? OO
These bits (except when masked by the
3 | Extended identifier bit 9 acceptance mask register 3, Figure ” olo
3.5.44) form the acceptance filtering
] - ] condition for incoming CAN frames.
4 |Extended identifier bit 10 They must be initialized with the identifier ? 0|0
pattern of CAN frames to be received.
5 |Extended identifier bit 11 ? OO
6 |Extended identifier bit 12 ? OO
7 |Extended identifier bit 13 ? OO

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 3.5.39 Structure of CAN acceptance code register 3 (CAC3)

CAN acceptance code register 4
b7 b6 b5 b4 b3 b2 bl bo

LI L LT T BT

CAN acceptance code register 4 (CAC4) [Address: 0037 ¢]

t B Name Function Atreset | R |wW?
0 ? O | X
Not used Undefined at read.
1 ? O | X
2 |Extended identifier bit O ? Oo|O
3 |Extended identifier bit 1 ? Oo|O
These bits (except when masked by the
4 |Extended identifier bit 2 acceptance mask register 4, Figure ” ol o
3.5.45) form the acceptance filtering
] o condition for incoming CAN frames.
5 |Extended identifier bit 3 They must be initialised with the identifier ? 010
pattern of CAN frames to be received.
6 |Extended identifier bit 4 ? Oo|O
7 |Extended identifier bit 5 ? Oo|O

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 3.5.40 Structure of CAN acceptance code register 4 (CAC4)
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CAN acceptance mask register O

b7 b6 b5 b4 b3 b2 bl b0

|

L L LT L1

CAN acceptance mask register 0 (CAMO) [Address: 0038¢]

t B Name Function At reset wi
0 |standard identifier mask bit 6 These bits mask the corresponding _bits ” o
of the acceptance code register 0, Figure
3.5.36 from the acceptance filtering.
1 |Standard identifier mask bit 7 ? (@)
. = ) 0: Mask identifier bit (don’t care)
2 |Standard identifier mask bit 8 ) o . ? (0]
1: Compare identifier bit
3 | Standard identifier mask bit 9 ? O
4 | Standard identifier mask bit 10 ? (0]
5 ? o
6 These bits must be set to "0". ? (0]
7 ? o
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 3.5.41 Structure of CAN acceptance mask register 0 (CAMO)
CAN acceptance mask register 1
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN acceptance mask register 1 (CAM1) [Address: 00394¢]
t B Name Function At reset wi
0 ? o
These bits must be set to "0".
1 ? o
2 | Standard identifier mask bit 0 ? O
3 | Standard identifier mask bit 1 ? O
4 | Standard identifier mask bit 2 ) . . ? O
0: Mask identifier bit (don't care)
) o ) 1: Compare identifier bit
5 |Standard identifier mask bit 3 ? (0]
6 |Standard identifier mask bit 4 These bits mask the corrgspondin_g bit of 2 o
the acceptance code register 1, Figure
3.5.37 from the acceptance filtering.
7 |Standard identifier mask bit 5 ? (@)

Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 3.5.42 Structure of CAN acceptance mask register 1 (CAM1)
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CAN acceptance mask register 2
b7 b6 b5 b4 b3 b2 bl b0 .
| | | | | | | | | CAN acceptance mask register 2 (CAM2) [Address: 003A1g]
t B Name Function Atreset | R |wW?
0 |Extended identifier mask bit 14 ? Oo|O
1 |Extended identifier mask bit 15 ) . . ? Oo|O
0: Mask identifier bit (don’t care)
. . . 1: Compare identifier bit
2 |Extended identifier mask bit 16 ? Oo|O
These bits mask the corresponding bits
ded identifi K bi of the acceptance code register 2, Figure 5
3 |Extended identifier mask bit 17 3.5.38 from the acceptance filtering. 010
4 ? 0| O
5 ? O| O
These bits must be set to "0".
6 ? 0| O
7 ? O| O
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 3.5.43 Structure of CAN acceptance mask register 2 (CAM2)
CAN acceptance mask register 3
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN acceptance mask register 3 (CAM3) [Address: 003B1g]
t B Name Function Atreset | R |wW?
0 |Extended identifier mask bit 6 ? Oo|O
1 |Extended identifier mask bit 7 ? Oo|O
2 |Extended identifier mask bit 8 ? Oo|O
3 |Extended identifier mask bit 9 0: Mask identifier bit (don't care) ? Oo|O
. . . 1: Compare identifier bit
4 |Extended identifier mask bit 10 ? Oo|O
5 |Extended identifier mask bit 11 ? Oo|O
These bits mask the corresponding bits
ded identifi K bi of the acceptance code register 3, Figure 5
6 |Extended identifier mask bit 12 3.5.39 from the acceptance filtering. 010
7 |Extended identifier mask bit 13 ? Oo|O
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).

Fig. 3.5.44 Structure of CAN acceptance mask register 3 (CAM3)
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CAN acceptance mask register 4

b7 b6 b5 b4 b3 b2 bl b0

|

[ |

|

|

|

|

[ ]

CAN acceptance mask register 4 (CAM4) [Address: 003C4g]

are "0". Don'’t write to "1"

t B Name Function At reset wi
0 ? o
These bits must be set to "0".
1 ? o
2 |Extended identifier mask bit O ? (0]
3 |Extended identifier mask bit 1 ? (0]
4 |Extended identifier mask bit 2 ) . . ? (0]
0: Mask identifier bit (don't care)
) . . 1: Compare identifier bit
5 |Extended identifier mask bit 3 ? (0]
6 |Extended identifier mask bit 4 These bits mask the corresponding _bits ” o
of the acceptance code register 4, Figure
3.5.40 from the acceptance filtering.
7 |Extended identifier mask bit 5 ? (0]
Note 1: Writing to this register is enabled in configuration mode only (refer to section 2.4.4).
Fig. 3.5.45 Structure of CAN acceptance mask register 4 (CAM4)
CAN receive control register
|b7 | b6 | bS | b4 | b3 | b2 | bl | b0| CAN receive control register (CREC) [Address: 003D¢]
B Name Function® At reset w
RO: Receive buffer empty (undefined)
) . R1: Receive buffer full
0 |Receive buffer control bit . 0 (0]
WO0: Release (clear) receive buffer
W1: No operation
. . 0: CAN module idle or transmitting
1 |Receive status bit . 0 X
1: CAN module receiving
2 0 X
3 0 X
When these bits are read out, the values
Reserved wn " e wam
are "0". Don’t write to "1".
4 0 X
5 0 X
6 A ve disable bit2 0: Auto-receive enabled 0 o
uto-receive disable bit 1: Auto-receive disabled
7 |Reserved When these bits are read out, the values 0 X

Note 1: RO/R1 denote read access, WO/W1 denote write access.
Note 2: Suppresses reception of self-initiated/transmitted frames; for details see section 2.4.8, (5).

Fig. 3.5.46 Structure of CAN receive control register (CREC)
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CAN transmit abort register

b7 b6 b5 b4 b3 b2 bl b0

|

|

|

|

|

|

|

|

CAN transmit abort register (CABORT) [Address: 003E4g]

B Name Function? At reset w
RO: No transmit abort requested
. . R1: Transmit abort requested
0 |Transmit abort control bit . 0 02
WO: Clear transmit abort request
W1: Transmit abort requested
1 0 X
2 0 X
3 0 X
4 |Not used Undefined at read. 0 X
5 0 X
6 0 X
7 0 X
Note 1: RO/R1 denote read access, WO/W1 denote write access.
Note 2: Setting this bit to “1” is enabled only when CTRM.3 (Figure 3.4.21) is set.
Fig. 3.5.47 Structure of CAN transmit abort register (CABORT)
CAN transmit/receive buffer registers 0
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 0 (CTBO) [Address: 0040,¢]
| | | | | | | | ‘ CAN receive buffer register 0 (CRBO) [Address: 00504¢]
L B Name Function At reset w
0 |Standard identifier bit 6 ? (0]
1 |standard identifier bit 7 For CTBO: These bits represent part of 2 o
the identifier field of a frame to be
transmitted.
2 |Standard identifier bit 8 ? (0]
] o For CRBO: These bits represent part of
3 | Standard identifier bit 9 the identifier field of a frame received. ? o
4 | Standard identifier bit 10 ? (0]
5 0 X
6 |Not used th-'rln"these’blts'are relrlaltlj out, the values 0 X
are "0". Don't write to "1".
7 0 X

Fig. 3.5.48 Structure of CAN transmit/receive buffer registers 0 (CTBO/CRBO0)
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CAN transmit/receive buffer registers 1

HENEEE

b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 1 (CTB1) [Address: 0041,¢]
| ‘ CAN receive buffer register 1 (CRB1) [Address: 00514¢]

B Name Function At reset
0 . 0: Standard format 5
IDE bit 1: Extended format i
1 2/SRR? bi RTR bit (frames of standard format) or 5
RTR/SRR= bit SRR bit (frames of extended format) ’
2 |Standard identifier bit O ?
3 |Standard identifier bit 1 ?
For CTB1: These bits represent part of
4 |standard identifier bit 2 the |dept|f|er field of a frame to be "
transmitted.
. - . "
5 |Standard identifier bit 3 For CRB1: These bits represent part of ’
the identifier field of a frame received.
6 |Standard identifier bit 4 ?
7 |Standard identifier bit 5 ?
Note 1: Identifier extension bit
Note 2: Remote transmission request bit
Note 3: Substitute remote request bit
Fig. 3.5.49 Structure of CAN transmit/receive buffer registers 1 (CTB1/CRB1)
CAN transmit/receive buffer registers 2
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 2 (CTB2) [Address: 00424¢]
| | | | | | | | ‘ CAN receive buffer register 2 (CRB2) [Address: 00524¢]
L B Name Function At reset
0 |Extended identifier bit 14 ?
For CTB2: These bits represent part of
1 | Extended identifier bit 15 the |dept|f|er field of a frame to be "
transmitted.
. . . -
2 | Bxtended identifier bit 16 For CRB2: These bits represent part of '
the identifier field of a frame received.
3 |Extended identifier bit 17 ?
4 0
5 0
When these bits are read out, the values
Not used e e wam
are "0". Don't write to "1".
6 0
7 0

Fig. 3.5.50 Structure of CAN transmit/receive buffer registers 2 (CTB2/CRB2)
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CAN transmit/receive buffer registers 3
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 3 (CTB3) [Address: 0043¢]
| | | | | | | | ‘ CAN receive buffer register 3 (CRB3) [Address: 0053;]

L B Name Function Atreset| R [ W
0 |Extended identifier bit 6 ? OO
1 |Extended identifier bit 7 ? OO
2 |Extended identifier bit 8 ? OO
For CTB3: These bits represent part of
3 |Extended identifier bit 9 the |dept|f|er field of a frame to be ” olo
transmitted.
4 | Extended identifier bit 10 ? OO

For CRB3: These bits represent part of
the identifier field of a frame received.

5 |Extended identifier bit 11 ? OO
6 |Extended identifier bit 12 ? OO
7 |Extended identifier bit 13 ? OO

Fig. 3.5.51 Structure of CAN transmit/receive buffer registers 3 (CTB3/CRB3)

CAN transmit/receive buffer registers 4
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 4 (CTB4) [Address: 0044 4]
| | | | | | | | ‘ CAN receive buffer register 4 (CRB4) [Address: 0054, ]

B Name Function Atreset | R | W
For CTB4: Set this bit to “0” (must be
0 |rl bit (reserved bit 1) sent dominant; applicable for extended ? OO

format only).

1 |RTR bi 0: Data frame 5 olo
i 1: Remote frame )

2 |Extended identifier bit O ? OO

3 |Extended identifier bit 1 ? OO
For CTB4: These bits represent part of
the identifier field of a frame to be

4 | Extended identifier bit 2 . ? OO
transmitted.

. L -
5 | Extended identifier bit 3 For CRB4: These bits represent part of ’ ©l0

the identifier field of a frame received.
6 |Extended identifier bit 4 ? OO

7 |Extended identifier bit 5 ? OO

Note 1: Remote transmission request bit

Fig. 3.5.52 Structure of CAN transmit/receive buffer registers 4 (CTB4/CRB4)
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CAN transmit/receive buffer registers 5
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer register 5 (CTB5) [Address: 0045,¢]
| | | | | | | | ‘ CAN receive buffer register 5 (CRB5) [Address: 00554¢]

B Name Function Atreset | R
The data length code indicates the
0 |DLCDbitO number of data bytes in a data frame: 2 0

b3b2b1b0

. 0000: Zero data bytes
1 |DLCbit1 ? 0]
0001: One data byte

. 0010: Two data bytes
2 |DLC hit 2 ? o

. 0111: Seven data bytes
3 |DLC hit 3 ) ? o
1000: Eight data bytes

For CTB5: Set this bit to “0” (must be

. . 5

4 |r0 bit (reserved bit 0) sent dominant). (0]

5 ? (0]

6 |Not used Wh(—")'n"theselbnslare r?alcli out, the value > 0
are "0". Don't write to "1".

7 ? (0]

Fig. 3.5.53 Structure of CAN transmit/receive buffer registers 5 (CTB5/CRB5)

CAN transmit/receive buffer registers 6 to D
b7 b6 b5 b4 b3 b2 bl bo CAN transmit buffer registers 6 to D (CTB6 to CTBD) [Addresses: 004644 to 004D1¢]
| | | | | | | | ‘ CAN receive buffer registers 6 to D (CRB6 to CRBD) [Addresses: 00561 to 005D ¢]

L B Name Function Atreset | R
0 |Data bit 0 ? o
1 |Databit1 ? (0]
For CTBI: These bits represent the byte
2 |Databit 2 number (i — 6) of the data field of a frame ? o)
to be transmitted.
3 |Data bit 3 ? (0]
For CRBI: These bits represent the byte
4 |Data bit 4 number (i — 6) of the data field of a frame 2 o)
received.
5 |Data bit 5 ) ? 0]
(i=6to Dqg)
6 |[Data bit 6 ? (0]
7 |Data bit 7 ? (0]

Fig. 3.5.54 Structure of CAN transmit/receive buffer registe rs 6 to D (CTB6-D/CRB6-D)

3-48 7630 Group User's Manual



APPENDIX

3.6 Mask ROM ordering method

3.6 Mask ROM ordering method

GZZ-SH52-70B<84A0>

Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM Date:

SINGLE-CHIP MICROCOMPUTER M37630M4T-XXXFP = Section head| Supervisor
MITSUBISHI ELECTRIC g | slgnaure | signature

(0]

4

Note : Please fill in all items marked .

Company TEL oo Submitted by | Supervisor

name ( )| £2

0| Customer 3 e

Dat _.%

isseLllgd Date: .

O 1. Confirmation
Specify the type of EPROMSs submitted.
Three EPROMSs are required for each pattern.

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on this data.
We shall assume the responsibility for errors only if the mask ROM data on the products we produce differs from this
data. Thus, extreme care must be taken to verify the data in the submitted EPROMs.

Checksum code for entire EPROM

EPROM type (indicate the type used)

(hexadecimal notation)

0 27512
EPROM address In the address space of the microcomputer, the internal
000016 | Product name ROM area is from address C08016 to FFFB16. The reset
(ASClI code : vector is stored in addresses FFFA16 and FFFB16.
000F16 M37630M4T-
001016
CO7F16
C08016
data
ROM (16K-132) bytes
FFFB16
FFFC16
FFFF16
(1) Set the data in the unused area (the shaded area of Address Address
(2) The ASCII codes of the product name “M37630M4T—" 000116 3 = 3316 000916 | -’ =2D16
must be entered in addresses 000016 to 000F16. And 000216 v = 3716 000A16 FFi6
set the data “FF16” in addresses 000A16 to 000F16. 888216 g — 2216 888(8:16 E:zle
The ASCII codes and addresses are listed to the right 000512 o = 3012 OOODig FFig
In hexadecimal notation. 000616 | ‘M’ = 4D16 000E16 FF16
000716 ‘4’ = 3416 000F16 FF16

(1/2)
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GZZ-SH52-70B<84A0>

Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37630M4T-XXXFP
MITSUBISHI ELECTRIC

We recommend the use of the following pseudo-command to set the start address of the assembler source program.

EPROM type 27512

*= A $0000
The pseudo-command | BYTE A‘M37630M4T—’

Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the ROM
will not be processed.

O 2. Mark specification

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropriate
mark specification form (44P6N) and attach it to the mask ROM confirmation form.

O 3. Usage conditions
Please answer the following questions about usage for use in our product inspection :

(1) How will you use the XIN-XouT oscillator?

[J ceramic resonator [J Quartz crystal
[l External clock input [ Other( )
At what frequency? f(XIN) = |:| MHz

0 4. Comments

(212)
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3.7 Mark specification form
44P6N (44-PIN QFP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if needed).

A. Standard Mitsubishi Mark

H
[
3 22
i)
Mitsubishi lot number || - --- Mitsubishi IC catalog name
(6-digit, or 7-digit) || F2 i
L 4
ER = |
i) !
o J
1
-
@ o @)

iGEELEEEERL
® @

B. Customer’s Parts Number + Mitsubishi IC Catalog Name

&) @
H H H H H H H H H H H (mmo Customer’s Parts Number

o) | Note : The fonts and size of characters are standard Mitsubishi type.

- !

| j

-

| 7~~~ Mitsubishi IC catalog name and Mitsubishi lot number

= !

[ !

== R B Note 4 : If the Mitsubishi logo s is not required, check the box below.
@ A Mitsubishi logo is not required

Notes 1 : The mark field should be written right aligned.
2: The fonts and size of characters are standard
Mitsubishi type.
3 : Customer’s parts number can be up to 7 characters:
Only0to9,AtoZ, +,-,/,(,), & ©, . (period), and
, (comma) are usable.

C. Special Mark Required Notesl : If the special mark is to be printed, indicate the desired

@ @ layout of the mark in the left figure. The layout will be
H H H H H H H H H H H duplicated as close as possible.
Mitsubishi lot number (6-digit, or 7-digit) and Mask
@ ROM number (3-digit) are always marked.
2 : If the customer’s trade mark logo must be used in the
special mark, check the box below.
Please submit a clean original of the logo.
For the new special character fonts, a clean font origi-
nal (ideally logo drawing) must be submitted.

®

HHAHAARHARH

®

@ Special logo required

iGEELEEEEL]L
® @)

The standard Mitsubishi font is used for all characters except for a logo.
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3.8 Package outline

44P6N-A Plastic 44pin 10010mm body QFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP44-P-1010-0.80 - 0.59 Alloy 42 Mb
Hb
D
lﬁ ! 7 7 Do
©=z510 Ol=® e |0
o -]
— = Recommended Mount Pad
[ o Symbol Dimension in Millimeters
= - Y Min Nom Max
e Q o A - — 3.05
@@= @ AL 0 0.1 0.2
CEEELTELLE: , L7 ) =
@ @ A c 0.13 0.15 0.2
D 9.8 10.0 10.2
E 9.8 10.0 10.2
le] - 0.8 -
HD 12.5 12.8 13.1
HE 12.5 12.8 13.1
1 g L 0.4 0.6 0.8
“_I ____________ L1 - 14 -
y — — 0.1
@ . 0 0° - 10°
o < b2 — 0.5 —
. 12 1.3 - -
Detail F MD _ 10.6 _
ME — 10.6 —
80D0 Glass seal 80pin QFN
EIAJ Package Code JEDEC Code Weight(g)
21.0+0.2 3.32MAX 18.4+0.15
_ | 178TYP _0.8TYP 0.6TYP
1] @l ()
gl o LHOI0IOOII e
= = =B
~ = 5 = = 5|9
9 =| © = = clg
© = - = o
e = o) B = 9
= > B =
= = B =]
= Ny = =
= @ =
v R e (RN
INDEX ,_,’_-, 1.2TYP @
o
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3.9 List of instruction codes

. 3-byte instruction
D 2-byte instruction

D 1-byte instruction

D3—-Do | gooo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 2001 | 2010 | 2011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D7 - D4 notation] ©O 1 2 3 4 5 6 7 8 9 A B C D E F
0000 0 BRK ORA JSR BBS - ORA | ASL PHP ORA | ASL SEB
IND, X ZP, IND| O, A ZP ZP IMM A 0,A
0001 1 BPL ORA CLT BBC _ ORA | ASL cLe DEC | CLB
IND, Y 0,A ZP, X | ZP, X A 0,A
0010 2 AND | JSR | BBS BIT | AND | ROL pLP AND | ROL | SEB
IND, X| SP 1,A ZP ZP ZP IMM A 1A
0011 3 AND BBC | _ | AND | ROL INC | CLB
BMI IND, Y SET 1,A ZP, X | ZP, X SEC A 1A
0100 4 EOR BBS | COM | EOR | LSR EOR | LSR | SEB
RTI IND, X STP 2,A ZP ZP ZP PHA IMM A 2,A
EOR BBC EOR | LSR CLB
0101 5 _ _ _
e IND, Y 2,A ZP, X | ZP, X CLl . 2,A
0110 6 RTs | ADC | MUL | BBS | TST | ADC | ROR pLA | ADC | ROR | SEB
IND, X | ZP, X | 3,A ZP ZP ZP IMM A 3,A
0111 7 ADC _ BBC _ ADC | ROR o CLB
B IND, Y 3,A ZP, X | ZP, X SEl 3,A
STA | RRF | BBS | STY | STA | STX SEB
1000 8 _
e IND, X| ZP 4, A ZP ZP ZP DEY TXA 4, A
1001 9 STA | | BBC | STY | STA | STX CLB
Bec IND, Y 4,A |ZP,X | ZP, X | ZP,Y TYA ™S 4, A
1010 A LDY | LDA | LDX | BBS | LDY | LDA | LDX TAY LDA TAX SEB
IMM |IND, X| IMM | 5,A ZP ZP ZP IMM 5 A
LDA | JMP | BBC | LDY | LDA | LDX CLB
1011 B
BCS IND, Y |ZP, IND| 5,A |ZP,X | ZP,X | ZP,Y cwv . sX 5 A
1100 ¢ | CPY |CMP | - | BBS | CPY | CMP | DEC Ny | CMP | ooy | SEB
IMM [ IND, X 6, A ZP ZP ZP IMM 6,A
1101 D CMP _ BBC _ CMP | DEC _ CLB
BNE IND, Y 6, A ZP, X | ZP, X cLb 6, A
1110 E CPX | SBC | DIV | BBS | CPX | SBC | INC INX SBC NOP SEB
IMM |IND, X| ZP, X | 7,A ZP ZP ZP IMM 7, A
1111 F SBC - BBC - SBC | INC o CLB
BEQ IND, Y 7, A ZP, X | zZP, X SED 7, A
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3.10 Machine instructions

Addressing mode

Symbol Function Details IMP IMM A BIT, A, R ZP BIT, ZP, R

OP[n|#|OP| n|#|OP|n [# |OP| n| #|OP|n |# |OP| n | #

ADC When T =0 Adds the carry, accumulator and memory con- 692 |2 65(3 |2
(Notel) A« A+M+C tents. The results are entered into the
(Note 8) accumulator.

WhenT=1 Adds the contents of the memory in the ad-

M(X) « M(X) +M +C dress indicated by index register X, the
contents of the memory specified by the ad-
dressing mode and the carry. The results are
entered into the memory at the address indi-
cated by index register X.

AND When T =0 “AND’s” the accumulator and memory con- 29|12 |2 25132
(Notel) | A~ AAM tents.
The results are entered into the accumulator.
WhenT=1 “AND’s” the contents of the memory of the ad-
M(X) « M(X)AM dress indicated by index register X and the

contents of the memory specified by the ad-
dressing mode. The results are entered into
the memory at the address indicated by index

register X.
ASL 7 0 Shifts the contents of accumulator or contents OAl1 |1 06|52
~|:|*—0 of memory one bit to the left. The low order bit
of the accumulator or memory is cleared and
the high order bit is shifted into the carry flag.
BBC Ai or Mi =0? Branches when the contents of the bit speci- 13142 7|53
fied in the accumulator or memory is “0”. 20i 20i
(Note 4) (Note 6)
BBS Aior Mi =1? Branches when the contents of the bit speci- 0342 07513
fied in the accumulator or memory is “1”. 20i 20i
(Note 4) (Note 6)
BCC Cc=07 Branches when the contents of carry flag is
(Note 5) ‘0",
BCS Cc=1? Branches when the contents of carry flag is
(Note 5) “17.
BEQ zZ=17? Branches when the contents of zero flag is “1”.
(Note 5)
BIT AAM “AND’s” the contents of accumulator and 2413 |2
memory. The results are not entered any-
where.
BMI N =1? Branches when the contents of negative flag is
(Note 5) “17,
BNE Z=07? Branches when the contents of zero flag is “0”.
(Note 5)
BPL N =0? Branches when the contents of negative flag is
(Note 5) ‘0",
BRA PC ~ PC * offset Jumps to address specified by adding offset to
(Note 6) the program counter.
BRK B~1 Executes a software interrupt. 00|71
PC ~ PC+2
M(S) « PCH
S-S-1
M(S) « PCL
S-S-1
M(S) ~ PS
S~S-1
| <1
PCL « ADL
PCH « ADH
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Addressing mode Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 716|5(4|3|2(1]|0

OP|n|#|OP|n|#|OP[n|#|OP| n|#|OP| n|#|OP|n|#|OP|n|#|OP|n|#|OP|n|#|OP| n|#|OP|n|#|N|V | T|B|D|I|Z]|C

7514 |2 6D| 4 [3|7D|5([3]|79|5|3 6116|2716 |2 N|V|e|e]|es||Z]|C
35|14 |2 2D{4 |3 |3D|5(|3(39|5]|3 2116 |2131|6 |2 Nfele]eo|ef]Z]-"
16]6 | 2 oE|6|3[1E|7 |3 Nlelolelelelzle
9022 efoef oo o] oo

BO|2 |2 efoef oo o] e e

FOl2 |2 o | oo | o | e[ o] o] e

oclal|3 M7IM6| ¢ | o | o | o | Z | o

30|12 1|2 oo oo ||| |
DO[2 | 2 o oo e ||| |
10|12 |2 oo oo o] o] o
80|32 oo oo ||| |
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Addressing mode
Symbol Function Details IMP IMM A BIT, A, R ZP BIT, ZP, R
OP| n OP| n OP | n OP|[ n| #[OP| n OP| n | #
BVC V=07 Branches when the contents of overflow flag is
(Note 5) ‘0.
BVS V=17 Branches when the contents of overflow flag is
(Note 5) “1n.
CLB AiorMi < 0 Clears the contents of the bit specified in the 1Bj1|1 1F|5|2
accumulator or memory to “0”. 20i 20i
CLC C<0 Clears the contents of the carry flag to “0”. 18| 1
CLD D~0 Clears the contents of decimal mode flag to |D8| 1
“o.
CLI 10 Clears the contents of interrupt disable flag to |58 | 2
“".
CLT T-0 Clears the contents of index X mode flag to |12 1
“o.
CLV V<0 Clears the contents of overflow flag to “0”. B8| 1
CMP When T =0 Compares the contents of accumulator and C9| 2 C5| 3
(Note3) | A—-M memory.
When T =1 Compares the contents of the memory speci-
M(X) =M fied by the addressing mode with the contents
of the address indicated by index register X.
COM MM Forms a one’s complement of the contents of 44| 5
memory, and stores it into memory.
CPX X-M Compares the contents of index register X and EO| 2 E4| 3
memory.
CPY Y-M Compares the contents of index register Y and COo| 2 C4| 3
memory.
DEC A-A-1lor Decrements the contents of the accumulator 1A 1 C6|5
M-M-1 or memory by 1.
DEX XeX=-1 Decrements the contents of index register X |CA| 1
by 1.
DEY Y-Y-1 Decrements the contents of index register Y |88 1
by 1.
DIV A« (M(zz + X + 1), Divides the 16-bit data that is the contents of
M(zz + X)) I A M (zz + x + 1) for high byte and the contents of
M(S) « 1's complememt | M (zz + x) for low byte by the accumulator.
of Remainder Stores the quotient in the accumulator and the
S~S-1 1's complement of the remainder on the stack.
EOR When T =0 “Exclusive-ORs” the contents of accumulator 49| 2 4513
(Notel) | A AV¥M and memory. The results are stored in the ac-
cumulator.
When T =1 “Exclusive-ORs” the contents of the memory
M(X) « M(X) ¥ M specified by the addressing mode and the
contents of the memory at the address indi-
cated by index register X. The results are
stored into the memory at the address indi-
cated by index register X.
INC A-A+1lor Increments the contents of accumulator or 3A|1 E6| 5
M-M+1 memory by 1.
INX X e X+1 Increments the contents of index register X by |E8]| 1
1.
INY Y -Y+1 Increments the contents of index register Y by |C8]| 1
1.
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Addressing mode Processor status register
ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 716|514 |13|2(1]0
OP| n OP| n OP| n OP| n|#|OP[ n|#|OP| n|#|OP|n|#]|OP|n|#|OP|n|#|OP|n|#|OP|n N|(V|T[B|D|I|Z|C
50| 2 |2 elo oo |o]e]o]s
70|12 |2 elofele|o]e]o]s
o |eo|oe|efe]|e]|e]|O
oo oo |O|e]|e]|e
oo |o|e|e|O]e |
oo |O|e|e|e]|e]|e
o |0 || |e|e]e]|e
D5| 4 CD| 4 DD|5 |3 |D9|5 |3 Cl|6 |2 |D1|6 Nfe|e|e|e|e|Z]|C
N|o|e|e|e|eo|Z]|e
EC| 4 Nfel|e]e]e]e]z]|C
ccl| 4 Nfel|e|ele]e]z]|C
D6| 6 CE| 6 DE|7 |3 N|o|e|e|eo|e|Z]|e
N|o|e|e|oe|eo|Z]|e
N|o|e|e|oe|eo|Z]|e
E2(16 N[V |e|e|e|e|Z]|C
55| 4 4D| 4 5D|5(3|59|5 (3 4116 |2 |51|6 Nfe|[eo|e|[e|e|Z]-
F6| 6 EE| 6 FE| 7 |3 N|eo|e|e|eo]|e|Z]|e
N|e|[eo|o|e|e]|Z]-
N|e|eo|o|e|e|Z]-
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3.10 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A, R ZP BIT, ZP, R
OP| n OP| n OP|n |# |OP| n| #|OP|n OP| n |#
IJMP If addressing mode is ABS Jumps to the specified address.
PCL « ADL
PCH « ADH
If addressing mode is IND
PCL « M (ADH, ADL)
PCH <« M (ADH, ADL + 1)
If addressing mode is ZP, IND
PCL — M(00, ADL)
PCH «~ M(00, ADL + 1)
JSR M(S) « PCH After storing contents of program counter in
S~S-1 stack, and jumps to the specified address.
M(S) — PCL
S<S-1
After executing the above,
if addressing mode is ABS,
PCL « ADL
PCH « ADH
if addressing mode is SP,
PCL « ADL
PCH « FF
If addressing mode is ZP, IND,
PCL — M(00, ADL)
PCH «~ M(00, ADL + 1)
LDA When T =0 Load accumulator with contents of memory. A9| 2 A5| 3
(Note 2) A-M
WhenT=1 Load memory indicated by index register X
M(X) « M with contents of memory specified by the ad-
dressing mode.
LDM M < nn Load memory with immediate value. 3C| 4
LDX X <M Load index register X with contents of A2| 2 A6| 3
memory.
LDY Y-M Load index register Y with contents of AO| 2 A4l 3
memory.
LSR 7 0 Shift the contents of accumulator or memory 4A11 |1 46| 5
o-[_1-[C] to the right by one bit.
The low order bit of accumulator or memory is
stored in carry, 7th bit is cleared.
MUL M(S) - A « AOM(zz + X) Multiplies the accumulator with the contents of
S~S-1 memory specified by the zero page X address-
ing mode and stores the high byte of the result
on the stack and the low byte in the accumula-
tor.
NOP PC -« PC+1 No operation. EA| 1
ORA When T =0 “Logical OR’s” the contents of memory and ac- 09| 2 053
(Notel) | A= AVM cumulator. The result is stored in the
accumulator.
WhenT=1 “Logical OR’s” the contents of memory indi-
M(X) « M(X) VM cated by index register X and contents of
memory specified by the addressing mode.
The result is stored in the memory specified by
index register X.
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3.10 Machine instructions

Addressing mode Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 716|514 |13|2(1]0

OP| n OP| n OP| n OP| n|#|OP[ n|#|OP| n|#|OP|n|#]|OP|n|#|OP|n|#|OP|n|#|OP|n N|(V|T[B|D|I|Z|C

4C| 3 6C|5(3|B2|4 |2 o oo e ||| o

20| 6 02(7 |2 22| 5 o | el oo e o]

B5| 4 AD| 4 BD| 5|3 |B9|5 |3 Al| 6|2 |B1|6 Nfeo|[e]|e|[eo|e|Z]-~

B6| 4 AE| 4 BE|5 | 3 N|[eo|eo]|e|o|e]|Z]-

B4| 4 AC| 4 BC|5 |3 N|eo|o|o]|e]|e|Z]|-

56| 6 4E| 6 5E(7 |3 0lelele]|eslelzlc

62|14 N|o|o]o]e]elz]s

15| 4 0D| 4 1D[{5 |3 |19(5 |3 01|6|2|11|6 Nfeoe|[eo]|e|eo|e|Z]-~
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3.10 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A, R ZP BIT, ZP, R
OP| n OP| n OP|n |# |OP| n| #|OP|n OP| n |#
PHA M(S) <« A Saves the contents of the accumulator in [48| 3
S~S-1 memory at the address indicated by the stack
pointer and decrements the contents of stack
pointer by 1.
PHP M(S) « PS Saves the contents of the processor status |08 | 3
S~S-1 register in memory at the address indicated by
the stack pointer and decrements the contents
of the stack pointer by 1.
PLA S-S+1 Increments the contents of the stack pointer |68 4
A « M(S) by 1 and restores the accumulator from the
memory at the address indicated by the stack
pointer.
PLP S«S+1 Increments the contents of stack pointer by 1 |28 4
PS < M(S) and restores the processor status register
from the memory at the address indicated by
the stack pointer.
ROL 7 0 Shifts the contents of the memory or accumu- 2A11 |1 26|5
[~ lator to the left by one bit. The high order bit is
shifted into the carry flag and the carry flag is
shifted into the low order bit.
ROR 7 0 Shifts the contents of the memory or accumu- 6A[1 |1 66| 5
|: - - lator to the right by one bit. The low order bit is
shifted into the carry flag and the carry flag is
shifted into the high order bit.
RRF 7 0 Rotates the contents of memory to the right by 828
-1~ 4 bits.
RTI S<S+1 Returns from an interrupt routine to the main |40| 6
PS < M(S) routine.
S~S+1
PCL « M(S)
S-S+1
PCH < M(S)
RTS S~S+1 Returns from a subroutine to the main routine. |60 | 6
PCL « M(S) ne.
S<S+1
PCH « M(S)
PC - PC+1
SBC WhenT=0 __ Subtracts the contents of memory and E9| 2 E5| 3
(Note 1) A-A-M-C complement of carry flag from the contents of
(Note 8) accumulator. The results are stored into the
WhenT=1 _ accumulator.
M(X) « M(X)-M-C Subtracts contents of complement of carry flag
and contents of the memory indicated by the
addressing mode from the memory at the ad-
dress indicated by index register X. The
results are stored into the memory of the ad-
dress indicated by index register X.
SEB AiorMi - 1 Sets the see"cified bit in the accumulator or 0p_ 11 Of_ 52
memory to “1”. 20i 20i
SEC c-1 Sets the contents of the carry flag to “1”. 381
SED D1 Sets the contents of the decimal mode flag to |F8| 1
“1n.
SEI |1 Sets the contents of the interrupt disable flag |78 2
to “1".
SET To1 Sets the contents of the index X mode flag to |32 1
“1n.
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3.10 Machine instructions

Addressing mode

Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 716|514 |13|2(1]0
OP| n OP| n |#|OP| n OP| n|#|OP| n|#|OP[n|[#|OP|n|#|OP|n|#|OP|n|#|OP| n|#|OP|n|#|N|V|T|B|D|I|Z]|C
Nfe|o|e|e|e]Z]e
(Value saved in stack)
36| 6 2E| 6 3E(7 |3 Nfe|e]|e||*|Z]|C
76| 6 6E| 6 TE|7 |3 Nfefe|e]e]||Z]|C
(Value saved in stack)
F5| 4 ED| 4 FD|5|3|F9|5 |3 E1|6 |2 |F1|6 N[V fe|e]e||Z|C
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3.10 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A, R ZP BIT, ZP, R
OP| n OP| n|#|OP|n [# |OP| n| #]|OP|n OP| n |#
STA M < A Stores the contents of accumulator in memory. 85| 3
STP Stops the oscillator. 42| 2
(Note 7)
STX M « X Stores the contents of index register X in 86| 3
memory.
STY M <Y Stores the contents of index register Y in 843
memory.
TAX X <A Transfers the contents of the accumulator to [AA| 1
index register X.
TAY YA Transfers the contents of the accumulator to [A8]| 1
index register Y.
TST M =0? Tests whether the contents of memory are “0” 643
or not.
TSX X <SS Transfers the contents of the stack pointer to |BA| 1
index register X.
TXA A~ X Transfers the contents of index register X to |8A| 1
the accumulator.
TXS S« X Transfers the contents of index register X to |9A| 1
the stack pointer.
TYA A-Y Transfers the contents of index register Y to |98 1
the accumulator.
WIT Stops the internal clock. C2| 2
Notes 1 : The number of cycles “n” is increased by 3 when T is 1.
2 : The number of cycles “n” is increased by 2 when T is 1.
3 : The number of cycles “n” is increased by 1 when T is 1.
4 : The number of cycles “n” is increased by 1 when branching has occurred.
5 : The number of cycles “n” is increased by 1 when branching to the same page area has occurred.

0 ~N o

The number of cycles “n” is increased by 2 when branching to the differrent page area has occurred.

: The number of cycles “n” is increased by 1 when branching to the differrent page area has occurred.
: The number of cycles “n” is 2 when the STP instruction is disabled.
. Vflag is invalid in decimal operation mode.
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3.10 Machine instructions

Addressing mode Processor status register

ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 716|5(4|3|2(1]|0

OP|n|#|OP|n|#|OP[n|#|OP| n|#|OP| n|#|OP|n|#|OP|n|#|OP|n|#|OP|n|#|OP| n|#|OP|n|#|N|V | T|B|D|I|Z]|C

954 |2 8D|4 |3 |19D(5 [3|99|5 |3 816 [2|91]|6 |2 LI C BN B IR B B I
964 |2|8E|4 |3 oo oo oo ]|e]e
94|14 |2 8C|4 |3 oo oo oo ]|e]e

Symbol Contents Symbol Contents
IMP Implied addressing mode + Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode A Logical OR
\Y Logical AND
BIT, A, R Accumulator bit relative addressing mode A4 Logical exclusive OR
BIT, A Accumulator bit addressing mode — Negation
P Shows direction of data flow
ZP Zero page addressing mode X Index register X
BIT, ZP, R Zero page bit relative addressing mode Y Index register Y
BIT, ZP Zero page bit addressing mode S Stack pointer
PC Program counter
ZP, X Zero page X addressing mode PS Processor status register
ZP,Y Zero page Y addressing mode PCH 8 high-order bits of program counter
ABS Absolute addressing mode PCL 8 low-order bits of program counter
ABS, X Absolute X addressing mode ADH 8 high-order bits of address
ABS, Y Absolute Y addressing mode ADL 8 low-order bits of address
IND Indirect absolute addressing mode FF FF in Hexadecimal notation
nn Immediate value
ZP, IND Zero page indirect absolute addressing mode M Memory specified by address designation of any ad-
dressing mode
IND, X Indirect X addressing mode M(X) Memory of address indicated by contents of index
IND, Y Indirect Y addressing mode register X
REL Relative addressing mode M(S) Memory of address indicated by contents of stack
SP Special page addressing mode pointer
C Carry flag M(ADH, ADL) Contents of memory at address indicated by ADH and
4 Zero flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-
| Interrupt disable flag der bits.
D Decimal mode flag M(00, ADL) Contents of address indicated by zero page ADL
B Break flag Ai 1 bit of accumulator
T X-modified arithmetic mode flag Mi 1 bit of memory
\ Overflow flag OP Opcode
N Negative flag n Number of cycles
# Number of bytes
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3.11 SFR memory map

3.11 SFR memory map

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000Az16
000B16
000C16
000Dz16
0O0E16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B1s6
001Cu1s6
001D16
001E1s
001F16
002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16

CPU mode register

CPUM 003016

Not used

003116

Interrupt request register A

IREQA 003216

Interrupt request register B

IREQB 003316

Interrupt request register C

IREQC 003416

Interrupt control register A

ICONA 003516

Interrupt control register B ICONB 003616
Interrupt control register C ICONC 003716
Port PO register PO 003816
Port PO direction register POD 003916
Port P1 register P1 003A16
Port P1 direction register P1D 003B1s6
Port P2 register P2 003C16
Port P2 direction register P2D 003D16
Port P3 register P3 003Eu1s6
Port P3 direction register P3D 003F16
Port P4 register P4 004016
Port P4 direction register P4D 004116
Serial 1/O shift register SIO 004216
Serial I/0O control register SIOCON 004316
A-D conversion register AD 004416
A-D control register ADCON 004516
Timer 1 T1 004616
Timer 2 T2 004716
Timer 3 T3 004816
Timer 123 mode register T123M 004916
Timer XL TXL 004A16
Timer XH TXH 004B16
Timer YL TYL 004C16
Timer YH TYH 004D1e

Timer X mode register

TXM 004E16

Timer Y mode register

TYM 004F16

UART mode register

UMOD 005016

UART baud rate generator

UBRG 005116

UART control register

UCON 005216

UART status register

USTS 005316

UART transmit buffer register 1

UTBR1 005416

UART transmit buffer register 2

UTBR2 005516

UART receive buffer register 1

URBR1 005616

UART receive buffer register 2

URBR2 005716

Port PO pull-up control register

PUPO 005816

Port P1 pull-up control register

PUP1 005916

Port P2 pull-up control register

PUP2 005A16

Port P3 pull-up control register

PUP3 005B16

Port P4 pull-up/down control register

PUP4 005C16

Interrupt polarity selection register

IPOL 005D16

Watchdog timer register

WDT 005E16

Polarity control register

PCON 005F16

CAN transmit control register CTRM
CAN bus timing control register 1 ~ CBTCON1
CAN bus timing control register 2~ CBTCON2
CAN acceptance code register 0 CACO
CAN acceptance code register 1 CAC1
CAN acceptance code register 2 CAC2
CAN acceptance code register 3 CAC3
CAN acceptance code register 4 CAC4
CAN acceptance mask register 0 CAMO
CAN acceptance mask register 1 CAM1
CAN acceptance mask register 2 CAM2
CAN acceptance mask register 3 CAM3
CAN acceptance mask register 4 CAM4
CAN receive control register CREC
CAN transmit abort register CABORT
Reserved

CAN transmit buffer register 0 CTBO
CAN transmit buffer register 1 CTB1
CAN transmit buffer register 2 CTB2
CAN transmit buffer register 3 CTB3
CAN transmit buffer register 4 CTB4
CAN transmit buffer register 5 CTB5
CAN transmit buffer register 6 CTB6
CAN transmit buffer register 7 CTB7
CAN transmit buffer register 8 CTB8
CAN transmit buffer register 9 CTB9
CAN transmit buffer register A CTBA
CAN transmit buffer register B CTBB
CAN transmit buffer register C CTBC
CAN transmit buffer register D CTBD
Reserved

Reserved

CAN receive buffer register 0 CRBO
CAN receive buffer register 1 CRB1
CAN receive buffer register 2 CRB2
CAN receive buffer register 3 CRB3
CAN receive buffer register 4 CRB4
CAN receive buffer register 5 CRB5
CAN receive buffer register 6 CRB6
CAN receive buffer register 7 CRB7
CAN receive buffer register 8 CRB8
CAN receive buffer register 9 CRB9
CAN receive buffer register A CRBA
CAN receive buffer register B CRBB
CAN receive buffer register C CRBC
CAN receive buffer register D CRBD
Reserved

Reserved
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3.12 Pin configuration

3.12 Pin configuration

sEE
Szz2EEZ2222
a00fzz535%¢%
5333558838
o/ I o T T TR T TR Y Y o WY TR 0 T
MIEIEIEIRIBINIRIRINIE
P17 % [34 22 <& P02/AN2
P20/Siny % [35 @ 21| < p1/AN1
P21/SouTt1 4+ [36 20/ <€ PQo/ANo
P22/ScLi1 P [37 19 €— \/REF
P23/SRDY1‘—’% M37630M4AT-XXXFP |18 AVss
Vss 39 3 17 Vce
P24/URXD<_>@ M37630E4T-XXXFP 1§ —»Xour
P2s/Utxp ™ [4 15| <€¢— XN
P26/UrTs < [42 14 Vss
pP27/UcTs <+ [43 O Q 1] <-— RESET
p3o <+ [44 12~ pa7/KW7
EINEIEIEIEIEEE
>< >< M - O 4 N M < .0 o
- o om
oBEEZEZZEES
S S S S 3B I D o
S I IS T T
aq (WA W W a W a Mo

Package type 44P6N-A
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