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Preface

This user’'s manual of the Mitsubishi CMOS 8-bit
microcomputer 7480 Group and 7481 Group describes
the hardware specifications and applications in detail.
For software information, refer to SERIES 740
<SOFTWARE> USER’'S MANUAL, and for
development support tools (assemblers, debuggers,
etc.) refer to the manual attached to each tool, as
well as data book DEVELOPMENT SUPPORT TOOLS
FOR MICROCOMPUTERS.



BEFORE USING THIS USER'S MANUAL

1. Manual Contents

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.

e CHAPTER 1 - HARDWARE
This chapter describes the features of the microcomputers, the operation of their peripherals, and
their electrical characteristics.

e CHAPTER 2 — APPLICATIONS
This chapter describes usage of peripheral functions and application examples of the microcomputers,
focusing on the settings of the related registers.

e CHAPTER 3 — APPENDICES
This chapter describes all the control register configurations, and the mask ROM confirmation forms
(mask ROM version), the ROM programming confirmation forms (one time PROM version), and the
mark specification forms to be submitted at the ordering.

2. Register Configurations

An example of control register configurations of the 7480 Group and 7481 Group and the description of
symbols used in them are explained below.

Contents immediately after system is released from reset (Note 1)

Bi . .
b7 b6 b5 b4 b3 b2 bl b0 /_t Bit attributes (Note 2)

CPU mode register (CPUM) [Address 00FBu1s]

I I I 1 I I I 1

[ N A

| ) Name Function \Atreset R P W )

I I I 1 I I I 1

o T Fix these bits to ‘0’ v | 670

S o oo

[ N R

N 2 | stack page selection bit 0: Zero page o,

oo (Note) 1: 1page ;

3 3 3 E L 77777777 3 | Watchdog timer L count 0 : f(Xin)/8 0 o, 0

[ source selection bit 1:f(Xin)/16 :

i i 3 :L __________ 4 | Not implemented. Writing to this bit is disabled. Undefined| undefined X

o This bit is undefined at reading. ,

I I I

N 5 | Not implemented. Writing to this bit is disabled. Undefined| Undefined, X

b This bit is undefined at reading. ,

I I

L 6 | Clock division 0 : f(Xmv)/2 (high-speed mode) 0 0.0

! ratio selection bit 1 : f(Xin)/8 (medium-speed mode) :

P 7 | Not implemented. Writing to this bit is disabled. Undefined| Undefined X
This bit is undefined at reading. '

Note: In the products whose RAM size is 192 bytes or less, set this bit to ‘0".

. indicates the bit which is not implemented.
Notes 1: Contents after system is released from reset
0: ‘0’ after system is released from reset
1: ‘1’ after system is released from reset
undefined: undefined after system is released from reset

2: Bit attributes

R (Read) W (Write)
O: Read enabled O: Write enabled
x: Read disabled x: Write disabled
Undefined: Undefined at reading 0: Fixed to ‘0’
0: ‘0’ at reading [ This bit can be set to ‘0’ by software, but cannot be set to ‘1.

1: ‘1’ at reading
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HARDWARE

1.1 Product Summary

1.1 Product Summary

The 7480 Group and 7481 Group are 8-bit microcomputers fabricated using Mitsubishi’s silicon gate CMOS
process. They have a simple instruction set with ROM, RAM, and input/output (I/O) interface that are located
in the same memory area.

These microcomputers contain a serial 1/0, an A-D converter, and a watchdog timer on a single chip, so
that they are most suitable for control use in automotive controls, office machines, and home appliances.
The 7480 Group and 7481 Group offer products with various types and sizes of built-in memories, as well

as several choice of packages.
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1.2 Group Expansion

1.2 Group Expansion
The 7480 Group and 7481 Group are included in the 7470 series microcomputers, based on the M37470M2-
XXXSP.
The 7470 series is classified as follows:
7470 series 7470 Group
7471 Group
7477 Group
7478 Group
7480 Group
7481 Group

Figure 1.2.1 shows the ROM/RAM expansion plan for the 7480 Group and 7481 Group.

Since these products are different only in the type and size of built-in memory, and the number of ports,
the most suitable product for user’'s system can be easily selected.

The following products are supported in the 7480 Group and 7481 Group in addition to the mask ROM
version.

(1) One Time PROM Version
This is a programmable microcomputer with built-in programmable ROM (PROM) that can be written
to only one time.
For details, refer to Section 1.20 Built-in PROM Version

(2) Built-in EPROM Version (with Window)
This is a programmable microcomputer with a transparent window on top of its package. Built-in
EPROM can be written and erased.
For details, refer to Section 1.20 Built-in PROM Version

Table 1.2.1 lists the products currently supported in the 7480 Group and 7481 Group.

7480 Group and 7481 Group User's Manual 1-3
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1.2 Group Expansion

ROM size
(bytes) M37480M8T-XXXSP/FP
M37480E8T-XXXSP/FP
M37481M8T-XXXSP/FP
M37481E8T-XXXSP/FP
T M37481E8SS
M37480M8-XXXSP/FP
M37480E8-XXXSP/FP
M37481M8-XXXSP/FP
M37481E8-XXXSP/FP
12K |
M37480M4-XXXSP/FP |
A M37480MAT-XXXSP/EP |
M37481M4-XXXSP/FP |
M37481MAT-XXXSP/FP |
Akl M37480M2T-XXXSP/FP | |
M37481M2T-XXXSP/FP 3 |
i | ! |
0 128 256 384 448 RAMsize

(bytes)

Note: Regarding the products being developed and planned, the development :) : Under development
schedule may be reviewed. Regarding the products being planned, the

development of them may be stopped. :) : Under planning

Figure 1.2.1 ROM/RAM Expansion Plan of 7480 Group and 7481 Group (As of September 1997)
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1.2 Group Expansion

Table 1.2.1 Supported Products of 7480 Group and 7481 Group

(As of September 1997)

Product ROM RAM I/O Ports Package Remarks
(bytes) | (bytes)
M37480M2T-XXXSP 32P4B i
4096 128 Mask ROM version (Note)
M37480M2T-XXXFP 32P2W-A
M37480M4-XXXSP 32P4B )
Mask ROM version
M37480M4-XXXFP 8192 256 32P2W-A
M37480MAT-XXXSP 32P4B .
Mask ROM version (Note)
M37480MAT-XXXFP 32P2W-A
M37480M8-XXXSP I/O ports: 18 32P4B i
Mask ROM version
M37480M8-XXXFP Input ports: 8 32P2W-A
M37480M8T-XXXSP (Including 4 analog|32P4B )
, ) Mask ROM version (Note)
M37480M8T-XXXFP input pins.) 32P2W-A
M37480E8SP 32P4B One Time PROM version
16384 | 448 . .
M37480E8FP 32P2W-A |(Shipped in blank)
M37480E8-XXXSP 32P4B ) ,
One Time PROM version
M37480E8-XXXFP 32P2W-A
M37480E8T-XXXSP 32P4B ) ,
One Time PROM version (Note)
M37480E8T-XXXFP 32P2W-A
MI7ABIMET-XXXSP 4096 128 " Mask ROM version (Note)
M37481M2T-XXXFP 44P6N-A
M37481M4-XXXSP 42P4B .
Mask ROM version
M37481M4-XXXFP 44P6N-A
M37481MAT-XXXSP 8192 256 42P4B )
Mask ROM version (Note)
M37481MAT-XXXFP 44P6N-A
M37481M8-XXXSP 42P4B i
I/O ports: 24 Mask ROM version
M37481M8-XXXFP 44P6N-A
Input ports: 12
M37481M8T-XXXSP i 42P4B )
(Including 8 analog Mask ROM version (Note)
M37481M8T-XXXFP input pins.) 44P6N-A
M37481E8SP put pins. 42P4B One Time PROM version
16384 | 448 . .
M37481E8FP 44P6N-A | (Shipped in blank)
M37481E8-XXXSP 42P4B ) ,
One Time PROM version
M37481E8-XXXFP 44P6N-A
M37481E8T-XXXSP 42P4B ) ,
One Time PROM version (Note)
M37481E8T-XXXFP 44P6N-A
M37481E8SS 42S1B-A |Built-in EPROM version

Note: Extended Operating Temperature Range Version.

7480 Group and 7481 Group User's Manual
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1.3 Performance Overviews

1.3 Performance Overviews

Tables 1.3.1 and 1.3.2 list the performance overviews of the 7480 Group and 7481 Group, respectively.

Table 1.3.1 Performance Overview of 7480 Group

Items

Performance

Number of Basic Instructions

71 (69 basic instructions of 740 Family and 2 Multiply and
Divide instructions)

Instruction Execution Time

0.5 us (the minimum instructions at f(XIN) = 8 MHZz)

Clock Input Oscillation Frequency 8 MHz (Max.)
M37480M2 4096 bytes
ROM M37480M4 8192 bytes
Memory M37480M8/E8 16384 bytes
Size M37480M2 128 bhytes
RAM M37480M4 256 bytes
M37480M8/E8 448 bytes
PO 8 bits
Input/ I/O P1 8 bits
Output P4 2 bits
Ports P2 4 bits
Input -
P3 4 bits
Input/Output Voltage 5V
Input/Output
Characteristics Output Current -5 mA to 10 mA (PO, P1: CMO§ 3-State Buffer)
10 mA (P4: N-Channel open-drain)
Serial 1/0 8 bits x 1
] 16-bit timer x 2
Timers 8-bit timer x 2
M37480M2 64 levels (Max.)
Subroutine Nesting |M37480M4 96 levels (Max.)
M37480M8/E8 192 levels (Max.)

Interrupt Sources

5 external, 8 internal, and 1 software interrupt sources

A-D Converter
(Successive Comparison Conversion)

4-channel analog inputs
(alternative function of Port 2 pins)

Clock Generator

Built-in circuit with a feedback resistor; a ceramic resonator external

Watchdog Timer

Built-in circuit

Power Supply

2.7V to 4.5 V (f(XIN) = (2.2 Vcc—2) MHz)
4.5V to 5.5 V (f(XIN) = 8 MHz)

Power Dissipation

35 mW (typical value at f(XIN) = 8 MHz)

Operating Temperature Range

—20 °C to 85 °C (-40 °C to 85 °C for Extended Operating
Temperature Range Version)

Device Structure

CMOS Silicon Gate

M37480Mx/E8-XXXSP

M37480MXT/E8T-XXXSP

32-Pin Shrink Plastic DIP

Package M37480Mx/E8-XXXEP

M37480MxT/E8T-XXXFP

32-Pin Plastic SOP
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1.3 Performance Overviews

Table 1.3.2 Performance Overview of 7481 Group

Items

Performance

Number of Basic Instructions

71 (69 basic instructions of 740 Family and 2 Multiply and
Divide instructions)

Instruction Execution Time

0.5 us (the minimum instructions at f(XIN) = 8 MHz)

Clock Input Oscillation Frequency

8 MHz (Max.)

M37481M2 4096 bytes
ROM M37481M4 8192 bhytes
Memory M37481M8/E8 16384 bytes
Size M37481M2 128 bytes
RAM M37481M4 256 bytes
M37481M8/E8 448 bytes
PO 8 bits
P1 8 bits
I/0
'(;‘pt“t/ t P4 4 bits
P“ f” P5 4 bits
orts
P2 8 bits
Input -
P3 4 bits
Input/Output Voltage 5V
Input/Output
ch teristi Output Current -5 mA to 10 mA (PO, P1: CMOS 3-State Buffer)
aracteristics .
P 10 mA (P4, P5: N-Channel open-drain)

Serial 1/0 8 bits x 1
) 16-bit timer x 2
Timers 8-bit timer x 2
M37481M2 64 levels (Max.)
Subroutine Nesting [M37481M4 96 levels (Max.)
M37481M8/E8 192 levels (Max.)

Interrupt Sources

5 external, 8 internal, and 1 software interrupt sources

A-D Converter
(Successive Comparison Conversion)

8-channel analog inputs
(alternative function of Port 2 pins)

Clock Generator

Built-in circuit with a feedback resistor; a ceramic resonator external

Watchdog Timer

Built-in circuit

Power Supply

2.7 V to 4.5 V (f(XIN) = (2.2 Vcc—2) MHz)
4.5V to 5.5 V (f(XIN) = 8 MHz)

Power Dissipation

35 mW (typical value at f(XIN) = 8 MHz)

Operating Temperature Range

—20 °C to 85 °C (—40 °C to 85 °C for Extended Operating
Temperature Range Version)

Device Structure

CMOS Silicon Gate

M37481Mx/E8-XXXSP

M37481MXT/E8T-XXXSP

42-Pin Shrink Plastic DIP

Package M37481E8SS

42-Pin Shrink Ceramic DIP

M37481Mx/E8-XXXFP

M37481MXT/E8T-XXXFP

44-Pin Plastic QFP

7480 Group and 7481 Group User's Manual
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1.4 Pinouts

1.4 Pinouts
Figures 1.4.1 and 1.4.2 show the pinouts of the 7480 Group and 7481 Group, respectively. For the pinouts
of the built-in PROM versions used in the EPROM mode, refer to Section 1.20.1 EPROM mode .

Pinout (top view)

P17/Srov +> [1] ~ B2| «—» PO7
P16/ScLke— [2] h1] < P06
P1s/TxD <+ [3] o] «— POs
P14/RxD <+ [4] bo] «—> P04

Plamie>[s| ===z psl«>POs

PL2/Toe> [6] KX XX k] «>Po2

Pue>[7] H&EEBE kel«>pPor
[cNoNoNe)

Ploe>[s] mMMmM=Z = psl«>P0o
P2aiNs—[o] %I fal > PaveNTRL
P22/IN2—» fio] 35 % § X [l +> P4ICNTRo
P21/IN1— [i] é ) & 0 b2 +«—P33
P20/INo— 2] © © p1] «— P32

VReF— [13] po| +— P31/INT1

XiN—> [ia] 19] «— P30/INTo

XouT <— [} 18| «—RESET
Vss [e] 17 Vce

Outline 32P4B 01

P17/Sroy +» [1] e 2]« PO7
P16/Scik <« [2] k1]« POs
P1s/TxD <> [3] o] «— POs
P14/RxD 4+ [4 ] bo| «— P04
P13/T1¢«> E === pg| «—» P03
Pla/Toe>[s] XX XYY b7l P02
P11<—>|Z 3‘53&{; 6| > P01
Plos>[c] Mmoo bl Poo
P2s/iNs—> o] F 5GP pal«> PACNTRL
P22/INz—> fig| X X >>§ g 23] «—> P40/CNTRo
P21/INt = [u] % RIS T 2] +—P3s
P20/INo—> izl T U = pi]«—P32
VREF —> [i3] bo] +— P31/INT1
XIN—> [14] 19] «— P30/INTo
XouTe— [i5] 18] «— RESET
Vss 6] 17 Vce

Outline 32P2W-AD2

01: The M37480M2T-XXXSP, M37480M4-XXXSP and M37480M4T-XXXSP are also included in the 32P4B packages,
respectively. All of these products are pin-compatible.
2: The M37480M2T-XXXFP, M37480M4-XXXFP and M37480M4T-XXXFP are also included in the 32P2W-A packages,
respectively. All of these products are pin-compatible.
Note: The only differences between the 32P4B package product and the 32P2W-A package product are package outline and
absolute maximum ratings.

Figure 1.4.1 Pinout of 7480 Group (top view)
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1.4 Pinouts

Pinout (top view)

P53« [1] ~ 7] «» P52
P17/Sroy > [2] 41] «—> PO7
Ple/ScLke—> [3] [40] «—> POs
P1s/TxD «+» [4] [59] «—» POs
P14/RxD +—> [ 5] 58] «—> P04
P13/T1 +> [6] 57] «> P03
PlZ/TOHE ggzgz@HPOZ
PlLies[8] X YUY Y Y ks +>Po
Plo«>[5] & & o 0 0 [32] «> P00
P2rIN—» [ MM m = Z [53] «» Pas
0 00 O o o
P26/IN6—> [11] DA 2] > P42
P2s/INs—» 2] S & X K I «> P4UCNTR:
P24/INa— [13] e ) & 0 [30] > P40/CNTRo
P23/INs—» 14} T T " |o] «—P3s3
P22/IN2—> [i5] 28] «— P32
P21/IN1— [i6] [27] «— P31/INT1
P20/INo—> [17] [26] +— P30/INTo
VRerF —» [i8] [25] «— RESET
XiN — 9] [24] «— P51
XouT <+— [20] 23] «— P50
Vss [z 2]  Vce

33| «— P03
32| < P02
31| +» P01

Outline 42P4B01

42S1B-A (M37481E8SS)

30| «— POo

29| 4 P43

28] +—» P42

27| < P41/CNTR1
26] «—» P40/CNTRo
[25] «— P33

24| +— P32

23| «— P31/INT1

P04 «— [34
POs «— [35 Q

P17/SRDY <« |41
Ple/ScLKk «— |42
P15/TXD «—» |43

3

N

[22] «— P30/INTo

21] «— RESET
P06 «—» [36 [20] «—» P51
PO7 4> [37 M37481M8-XXXFP [19] +—» P50
P52 38 M37481M8T-XXXFP 1]  Vee
Vss  [ae M37481E8-XXXFP 7]  Vss
P53 < [20 M37481E8T-XXXFP T Avss

[15] —> Xourt
[14] «— XIN
[13] «— VREF

=

P14/RxD «» [44 [12] «— P20/INo
el Mol [~ [=[l=][S]]S]
ittt trrIIn
fedsgsszsss
syen S22 3ITIS
oo aRfaf el

Outline 44P6N-A 02

0 1: The M37481M2T-XXXSP, M37481M4-XXXSP and M37481M4T-XXXSP are also included in the 42P4B packages,

respectively. All of these products are pin-compatible.

2: The M37481M2T-XXXFP, M37481M4-XXXFP and M37481M4T-XXXFP are also included in the 44P6N-A packages,

respectively. All of these products are pin-compatible.

Note: The only differences between the 42P4B package product and the 44P6N-A package product are package outline,
absolute maximum ratings and the fact that the 44P6N-A package product has the AVss pin.

Figure 1.4.2 Pinout of 7481 Group

(top view)

7480 Group and 7481 Group User's Manual
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1.5 Pin Descriptions

1.5 Pin Descriptions

Tables 1.5.1 and 1.5.2 list the pin descriptions.

For pin functions in the EPROM mode of the built-in PROM version, refer to Section 1.20.2 Pin Descriptions.

Table 1.5.1 Pin Descriptions (1)

Pin

Name

Input/
Output

Function

Vcc, Vss

Power source

» Apply the following voltage to the Vcc pin:
2.7 V to 4.5 V (at f(XIN) = (2.2 Vcc-2) MHz), or
4.5V to 5.5V (at f(XIN) = 8 MHz).

* Apply 0 V to the Vss pin.

AVss

Analog power source

e Ground level input pin for the A-D converter
« Apply the same voltage as for the Vss pin to the AVss
pin.
Note: This pin is dedicated to the 44P6N-A package products
in the 7481 Group.

VREF

Reference voltage input

Input

* Reference voltage input pin for A-D converter
* Apply the following voltage to the VREF pin:
2 V to Vcc V when Vcc = 2.7 V to 4.0 V, or
0.5 Vcc (= 2) to Vcc V when Vcc = 4.0 V to 5.5 V.
Note: When not using A-D converter, connect VREF pin to
Vcc.

Reset input

Input

« Reset input pin
e System Reset: Holding the LOW level for 2 us or more
forces CPU into reset state.

XIN

Clock input

Input

XouT

Clock output

Output

 1/O pins for clock generator

« A ceramic resonator is connected between pins XIN and
XouT.

*« When an external clock is used, it is input to XIN pin, and
leave XouT pin open.

A feedback resistor is built in between pins XIN and XourT.

1-10
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1.5 Pin Descriptions

Table 1.5.2 Pin Descriptions (2)

) Input/ .
Pin Name Output Function
P0o-P0O7 |I/O port PO 110 * 8-bit 1/O port pins
* The output structure is CMOS output.
* When an input port is selected, a pull-up transistor can
be connectable by the bit.
* In input mode, a key-on wake up function is provided.
Plo-P17 |I/O port P1 I/0 * 8-bit 1/O port pins
e The output structure is CMOS output.
* When an input port is selected, a pull-up transistor can
be connected by the 4 bits.
« P12 and P13 serve the alternative functions of the timer
output pins To and T1.
« P14, P15, P16, and P17 serve the alternative functions of
the serial I/0O pins RxD, TxD, ScLk and SRDY, respectively.
P20-P27 |Input port P2 Input | 8-bit input port pins
*« P20-P27 serve the alternative functions of the analog
input pins INo—IN7.
Note: The 7480 Group has only four pins of P20-P23 (INo-IN3).
P30-P33 |[Input port P3 Input | 4-bit input port pins
« P30 and P31 serve the alternative functions of the external
interrupt input pins INTo and INT1.
P40-P43 |1/O port P4 I/O |+ 4-bit /O port pins
» The output structure is N-channel open-drain outputs with
built-in clamping diodes.
* P40 and P41 serve the alternative functions of the timer
I/0O pins CNTRo and CNTRA1.
Note: The 7480 Group has only two pins of P40 and P41.
P50-P53 |1/O port P5 I/O |+ 4-bit I/O port pins
« The output structure is N-channel open-drain outputs with
built-in clamping diodes.
Note: The 7480 Group is not provided with port P5.

7480 Group and 7481 Group User's Manual 1-11
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1.6 Functional Block Diagrams

1.6 Functional Block Diagrams

Figures 1.6.1, 1.6.2 and 1.6.3 show the functional block diagrams of the 7480 Group and 7481 Group.
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Figure 1.6.1 M37480Mx/E8-XXXSP/FP and M37480MxT/E8T-XXXSP/FP Functional Block Diagram
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Figure 1.6.2 M37481Mx/E8-XXXSP, M37481MxT/E8T-XXXSP and M37481E8SS Functional Block Diagram
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1.7 Central Processing Unit (CPU)

1.7 Central Processing Unit (CPU)

The 7480 Group and 7481 Group have the CPU common to the 740 family.

For the description of the instructions, refer to the following:

» Section 3.6 Machine Instructions

e 740 FAMILY CPU CORE BASIC FUNCTIONS: ADDRESSING MODE in data book SINGLE CHIP 8-BIT
MICROCOMPUTERS

* SERIES 740 <SOFTWARE> USER’'S MANUAL

The instructions which characterize the group are as follows:
1. FST and SLW instructions are excluded.

2. MUL and DIV instructions are available.

3. WIT instruction is available (Note).

4. STP instruction is available (Note).

Note: For the above instructions, refer to Section 1.19 Power Saving Function.

The CPU has the six registers (CPU internal registers).
Figure 1.7.1 shows the CPU internal registers.

7 0
| A | Accumulator
7 0
| X | Index register X
7 0
| W | Index register Y
7 0
| S | Stack pointer
15 8 7 0
PCH | PCL | Program counter
7 0

|N|V|T|B | D| | |Z| C| Processor status register (PS)

Carry flag
— Zeroflag

—— Interrupt disable flag
—— Decimal mode flag

Break flag

Index X mode flag
Overflow flag

Negative flag

Figure 1.7.1 CPU Internal Registers
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1.7 Central Processing Unit (CPU)

States of the CPU internal registers immediately after system is released from reset are as follows:

» The interrupt disable flag (I) of the processor status register (PS) is set to ‘1.

* The high-order 8 bits (PCH) of the program counter contain the contents of address ‘FFFF16’, and the low-
order 8 bits (PCL) contain the contents of address ‘FFFE16’.

Since the contents of the CPU internal registers not mentioned above are undefined immediately after
system is released from reset, it is necessary to initialize these registers by software.

1.7.1 Accumulator (A)
The accumulator is an 8-bit register. Data manipulations, such as arithmetic or logical operation and
transfers, are performed using this register.

1.7.2 Index Register X (X)
Index register X is an 8-bit register that performs addressing in the index addressing mode.

1.7.3 Index Register Y (Y)
Index register Y is an 8-bit register that performs addressing for certain instructions in the index addressing
mode.

1.7.4 Stack Pointer (S)

The stack pointer is an 8-bit register. It indicates the start address of the stack area where the contents
of registers pushed at subroutine call or interrupt are stored.

The low-order 8 bits in the stack are addressed by the stack pointer, and the high-order 8 bits are
addressed by the content of the stack page selection bit. When this bit is ‘0’, the high-order 8 bits indicate
‘0016’, and when ‘1’, they indicate ‘0116’

For the 7480 Group and 7481 Group, the stack page selection bit is assigned to bit 2 of the CPU mode

register (address 00FB16). Set this bit to ‘1’ if necessary, because it is cleared to ‘0O’ at reset.

Note: In the 7480 Group and 7481 Group, however, the product with RAM whose memory size is 192 bytes
or less does not have RAM on 1 page. Therefore, clear this bit to ‘0’

Figure 1.7.2 shows the operation for pushing onto and pulling from the stack. Push the contents of

necessary registers other than those described here onto stack by software.

Table 1.7.1 lists the push and pull instructions for the accumulator and the processor status register.

Initialize the stack pointer by software because it is undefined immediately after system is released from
reset.

Table 1.7.1 Push and Pull Instructions for Accumulator and Processor Status Register

Push Instructions Pull Instructions
Accumulator PHA PLA
Processor Status Register PHP PLP
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1.7 Central Processing Unit (CPU)

Interrupt request (Note)

When a subroutine is called

( Routine being executed )

M(S) - (PCH)
G)-(5-1

M(S) — (PCL)

G)-(5-1

M(S) - (PS)

Execute JSR ||

|

M(S) — (PCH)
Push e
return address ©)-6)
onto stack

M(S) < (PCL)
S-(5)-1

Execute RTS

(S)-(5)+1
(PCL) —M(S)
(S)-(5)+1

(PCH) -« M(S)

Pull the return
address from
stack

Interrupt service
routine

Execute RTI

When an interrupt is accepted

}

IEI : Operation performed by software

I:I : Operation automatically performed by hardware

}

Push the return
address onto stack

Push the contents of
processor status
register onto stack

Iflag: ‘0" - ‘1’
Fetch the jump
vector

Pull the contents of
processor status
register from stack

Pull the return
address from stack

Note: Condition for acceptance of an interrupt . - {Interrupt disable flag is ‘0’ (enabled state)

Interrupt enable bit is ‘1’ (enabled state)

Figure 1.7.2 Operation for Pushing onto and Pulling from Stack

7480 Group and 7481 Group User's Manual
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1.7 Central Processing Unit (CPU)

1.7.5 Program Counter (PC)

The program counter is a 16-bit counter consisting of the high-order 8 bits (PCH) and the low-order 8 bits
(PCL). The program counter indicates the address of the program memory to be next fetched.

At reset, the high-order 8 bits (PCH) of the program counter contain the contents of address ‘FFFF16’, and
the low-order 8 bits (PCL) contain the contents of address ‘FFFE16’.

1.7.6 Processor Status Register (PS)

The processor status register is an 8-bit register. This register consists of 5 flags which hold the states
immediately after arithmetic or logical operation, and 3 flags which determine the CPU operation.

C, Z, V, and N flags are used to test the branch instructions. However, Z, V, and N flags are invalid in the
decimal mode.

Each flag of the processor status register is described below. Also, Table 1.7.2 lists the instructions that
set these flags to ‘1’ or ‘0.

(1) Carry Flag C (bit 0)
This flag holds a carry or a borrow from the arithmetic logic unit after following an arithmetic or logical
operation. Also, the shift and rotate instructions can affect the content of this flag.
The Carry flag is set to ‘1’ by using the SEC instruction and cleared to ‘0’ by using the CLC
instruction.

(2) Zero Flag Z (bit 1)
This flag is ‘1’ when the result of an arithmetic, logical or transfer operation is ‘0", otherwise it is ‘0’
The Zero flag is invalid in the decimal mode.
There is no instruction that can affect the content of this flag.

(3) Interrupt Disable Flag | (bit 2)
This flag disables all interrupts except the BRK instruction interrupt. When it is set to ‘1’, interrupt
is disabled. When an interrupt is accepted, the flag automatically goes to ‘1'.
This flag is set to ‘1’ by using the SEI instruction and cleared to ‘0’ by using the CLI instruction.
Note: This flag is set to ‘1’ (interrupt disabled) at reset.

(4) Decimal Mode Flag D (bit 3)
This flag determines whether addition and subtraction are performed in the binary or decimal mode.
When this flag is ‘0’, ordinary binary operation is performed; On the other hand, when it is ‘1’, an 8-
bit word is handled as a decimal number of two digits. Decimal adjust is automatically performed in
the decimal operation. However, the decimal operation can be performed only at the ADC and SBC
instructions.
This flag is set to ‘1’ by using the SED instruction and cleared to ‘0’ by using the CLD instruction.
Note: This flag is undefined at reset; then it is necessary to initialize this flag because it directly
affects the result of arithmetic operation.
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(5) Break Flag B (bit 4)
This flag recognizes whether an interrupt occurs by using the BRK instruction. The contents of
processor status register are pushed onto the stack when the following occurs;
 the contents of this flag is set to ‘1’ when an interrupt occurs by using the BRK instruction, or
« this flag is set to ‘0’ by the all other interrupts.
There is no instruction that can affect the content of this flag.

(6) Index X Mode Flag T (bit 5)
When this flag is ‘0’, operation is performed between the accumulator and memories. When this flag
is ‘1’, operation is directly done between memories without using the accumulator. This flag is set
to ‘1’ by using the SET instruction and cleared to ‘0’ by using the CLT instruction.
Note: This flag is undefined at reset; it is therefore necessary to initialize this flag because it directly
affects the result of operation.

(7) Overflow Flag V (bit 6)
This flag is used in adding or subtracting an 8-bit word as signed binary digits. When the result of
addition or subtraction exceeds the range of +127 to -128, this flag is set to ‘1’. When the BIT
instruction is executed, the content of bit 6 of the activated memory is written to the flag.
This flag is cleared to ‘0’ by using the CLV instruction. However, there is no instruction that can set
this flag to ‘1'.
In the decimal mode, this flag is invalid.

(8) Negative Flag N (bit 7)
When the result of arithmetic, logical or transfer operation is negative (bit 7 is ‘1’), this flag is set to
‘L’. When the BIT instruction is executed, the content of bit 7 of the activated memory is written to
the flag.
There is no instruction that can directly affect the content of this flag.
In the decimal mode, this flag is invalid.

Table 1.7.2 Instructions to Set Flags of Processor Status Register to ‘1’ or ‘0’

C Flag Z Flag | Flag D Flag B Flag T Flag V Flag N Flag
Instructions to Set
Flags to ‘1’ SEC - SEI SED - SET - -
Instructions to Set
Flags to ‘0’ CLC - CLI CLD - CLT CLV -
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1.8 Access Area

For the 7480 Group and 7481 Group, all ROM, RAM and I/O and various control registers are located in
the same access area. Therefore, data transfer, arithmetic and logical operations can be accomplished by
the same instructions without identifying between memory and I/O interface.

The program counter consists of 16 bits and can access the 64K-byte area of addresses ‘000016’ through
‘FFFF16'.

The area of the least significant 256 bytes (addresses ‘000016’ through ‘00FF16’) is called the ‘zero page’.
Frequently accessed memory such as an internal RAM, 1/O ports, timers, etc are located in this area.
Furthermore, the area of the most significant 256 bytes (addresses ‘FF0016’ through ‘FFFF16’) is called the
‘special page’. An internal ROM and interrupt vectors are located in this area.

Both the zero page and the special page can be accessed with two bytes, using the specific mode for each

page.

Figure 1.8.1 shows the outline of the access area.

00006 T 0 711
!
RAM
Zero page
00CO
OOFF;S SFR area ] $ -
RAM
FFoOls | oy
ROM
Special page
FFFF16 Interrupt vector area

Figure 1.8.1 Access Area

1-20 7480 Group and 7481 Group User's Manual



HARDWARE

1.8 Access Area

1.8.1 Zero Page (Addresses ‘0000 16’ through ‘O0FF 16’)

The area of 256 bytes from addresses ‘000016’ through ‘00FF16’ is called the zero page. The internal RAM
and the special function registers (SFR) are located in this area.

The addressing modes shown in Table 1.8.1 are used to specify memory or registers in this area. In the
mode listed, the zero page addressing mode can be used to access this area by shorter instruction cycles.

1.8.2 Special Page (Addresses ‘FF00 16’ through ‘FFFF 16")

The area of 256 bytes from addresses ‘FF0016’ through ‘FFFF16’ is called the special page. The internal
ROM and the interrupt vector area are located in this area.

The addressing modes shown in Table 1.8.1 are used to specify memory or subroutines in this area. In
the mode listed, the special page addressing mode can be used to jump to this area by shorter instruction
cycles.

Ordinary, frequently used subroutines are located in this area.

Table 1.8.1 Addressing Mode Accessible to Each Area
Addressing Mode
(Required Bytes)

Zero Page (2) O - -

Zero Page Indirect (2) (0] - -

Zero Page X (2)

Zero Page Y (2)

Zero Page Bit (2)

Zero Page Bit Relative (3)

Absolute (3)

Absolute X (3)

Absolute Y (3)

Relative (2)

Indirect (3)

Indirect X (2)

Indirect Y (2)

Special Page (2)

Reference to Zero Page | Reference to Special Page |Reference to Other Areas

O|l0O|0O|O0O|O|O|O0|O|O|0O|0O

Oo|0|O|O|O |0 |0

Oo|0|0|O0 |0 |0 |0 |0
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1.9 Memory Maps
Figure 1.9.1 shows the memory maps of the 7480 Group and 7481 Group.
Memories and I/Os located in the access area are described below.

RAM

The internal RAM is located in the area listed in Table 1.9.1. Internal RAM is used for data storage,
the stack area used subroutine call or interrupt generation.

To prevent the contents of RAM from being destroyed, take the depth of subroutine nesting and the
level of interrupt into consideration when using RAM as the stack area.

Special Function Registers (SFR) (Addresses ‘00C0O 16’ through ‘'O0FF 16’)

Special function registers (SFR) are assigned to addresses ‘00C016’ through ‘00FF16’. Various control
registers for the 1/0O ports, the timers, the serial 1/0, the A-D converter, and the interrupts are located
in the SFR area.

Figure 1.9.2 shows the memory map of the SFR area.

ROM

The internal ROM is located in the area listed in Table 1.9.2. Internal ROM is used to store data
tables and programs. In the 7480 Group and 7481 Group, addresses ‘FFE416’ through ‘FFFF16’ of
the ROM area are assigned to the vector area where the jump addresses after system is released
from reset and interrupt generation are stored.

Figure 1.9.3 shows the memory map of the interrupt vector area.

Table 1.9.1 RAM Area

Product Range of RAM Area RAM Size
M3748xM2 Addresses ‘000016’ through ‘007F16’ 128 x 8 bits
M3748xM4 Addresses ‘000016’ through ‘00BF16’, Addresses ‘010016’ through ‘013F16’| 256 x 8 hits
M3748xM8/E8 |Addresses ‘000016’ through ‘00BF16’, Addresses ‘010016’ through ‘01FF16’| 448 x 8 bits

Table 1.9.2 ROM Area

Product Memory Type Range of ROM Area ROM Size
M3748xM2 Mask ROM Addresses ‘F00016’ through ‘FFFF16’ 4K x 8 hits
M3748xM4 Mask ROM Addresses ‘E00016’ through ‘FFFF16’ 8K x 8 bits
M3748xM8 Mask ROM :

Addresses ‘C00016’ through ‘FFFF16’ 16K x 8 bits
M3748xE8 PROM

1-22
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M37480M2 M37480M4 M37480M8/E8
M37481M2 M37481M4 M37481M8/E8
000016 [ |~~~ oooQws [ |~~~ 000016 A
RAM RAM RAM
(128 bytes) (192 bytes) (192 bytes)
007F16 Zero
page
008016 Not used
e 08 2625
16 16
OOFF1s SFRarea | 00FF16 SFR area . 0OFFms SFR area v
010016 RAM 010016 RAM
013F16 (64 bytes) (256 bytes)
OlFFwe | |
Not used Not used Not used
C00016
EO00016
F00016 ROM ROM ROM
(4096 bytes) (8192 bytes) (16384 bytes)
FFOOW [ [ FFOO1s [ B =7 FFOO16 Ao
Special
FFE416 ’—‘ FFE416 ’—‘ FFE416 ’—‘ page
EFFF16 Interrupt vectorarea || EEEF16e Interrupt vectorarea || EEEE1s Interrupt vector area A

Figure 1.9.1 Memory Maps of 7480 Group and 7481 Group
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00CO016
00C1l16
00C216
00C316
00C416
00C516
00C616
00C716
00C816
00C916
00CA16
00CBu16
00CCzis6
00CD16
00CEu1s
00CF16
00DO016
00D116
00D216
00D316
00D416
00D516
00D616
00D716
00D816
00D916
00DA16
00DB16
00DC16
00DD16
OODEz1e
0ODF16

Port PO register (P0)

Port PO direction register (POD)

Port P1 register (P1)

Port P1 direction register (P1D)

Port P2 register (P2)

Port P3 register (P3)

Port P4 register (P4)

Port P4 direction register (P4D)

Port P5 register (P5)

Port P5 direction register (P5D)

Port PO pull-up control register (POPCON)

Port P1 pull-up control register (PLPCON)

Port P4P5 input control register (P4AP5CON)

Edge polarity selection register (EG)

A-D control register (ADCON)

A-D conversion register (AD)

STP instruction operation control register (STPCON)

0OEOQ16
00E116
00E216
00E316
00E416
00E516
0OOEG616
00E716
OOE816
0OE916
00EA16
0OEB16
00EC16
00ED16
OOEE16
00EF16
00FO016
OOF116
00F216
00F316
00F416
00F516
00F616
00F716
0OOF816
00F916
00FA16
0OFBu16
00FC16
OOFD16
OOFEz16
00FF16

Note: These registers are not allocated in the 7480 Group.

Transmit/receive buffer register (TB/RB)

Serial I/O status register (SIOSTS)

Serial 1/0 control register (SIOCON)

UART control register (UARTCON)

Baud rate generator (BRG)

Bus collision detection control register (BUSARBCON)

Watchdog timer H (WDTH)

Timer X low-order (TXL)

Timer X high-order (TXH)

Timer Y low-order (TYL)

Timer Y high-order (TYH)

Timer 1 (T1)

Timer 2 (T2)

Timer X mode register (TXM)

Timer Y mode register (TYM)

Timer XY control register (TXYCON)

Timer 1 mode register (T1M)

Timer 2 mode register (T2M)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)

Figure 1.9.2 Memory Map of SFR Area
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FFEds | BRK instruction interrupt —
FFES516
FFE61s | A-D conversion completion interrupt—
FFE716
FFE816 | Bus arbitration interrupt —
FFE916
FFEAw, | Serial /O transmit interrupt —
FFEB16
FFECis] Serial I/O receive interrupt —
FFED16
FFEE | Timer 2 interrupt —
FFEF16
FFFO16 | Timer 1 interrupt —
FFF11e
FFPF2ie | Timer Y interrupt —
FFF316
FFFase | Timer X interrupt —
FFF516
FFFé1s | CNTRuz interrupt —
FFF716
FFF8is | CNTRo interrupt —
FFF916
FFFA1s | INTL int K keud |
FEFB16 1interrupt or key-on wakeup interrupt
FFFCis | INTo interrupt —
FFFDz16
FFFE

v Reset —
FFFFi6

Note: Refer to Section 1.11 Interrupts for each interrupt overview.

Figure 1.9.3 Memory Map of Interrupt Vector Area
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1.10 Input/Output Pins

The Input/Output (I/0) pins of the 7480 Group and 7481 Group are classified as follows:
¢ 1/O port pins (PO0-P07, P1o—P17, P40-P43, and P50-P53)

e Input port pins (P20-P27 and P30-P33)

¢ Reset input pin (RESET)

e Clock input and output pins (XIN and XouT)

« A-D conversion reference voltage input pin (VREF)

* Power source pins (Vcc, Vss, and AVSS)

Notes 1: The 7480 Group does not have port pins P24-P27, P42, P43, and P50-P53.
2: The AVss pin is dedicated to the 44P6N-A package products in the 7481 Group.

For the functions of each pin, refer to Section 1.5 Pin Descriptions.

1.10.1 Block Diagrams
Figures 1.10.1, 1.10.2, and 1.10.3 show the block diagrams of the 1/0 and input port pins.
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e Port PO

Data bus

e Ports P1o-P13

Data bus

Data bus

Data bus

Data bus

Data bus

1

L

[EE—

N

Pull-up control
register

G
H{recion g

Direction register

'—| Port latch }

FD)—‘] :}—*—O Port pins POi (i=0to 7)

Interrupt control circuit

1
N

—r &

Trl: Pull-up transistor

Pull-up control
register

Timer 2 operation
mode bit

L

[EE—

<1
N

»—| Direction register]

»—| Port latch }

"T
7

l—iDD—‘:}—<—O Port P13 pin

1

n—>—

Timer 1 operation
mode bit

L

~N

b—|Direction registeﬂ

l_DD—‘:}—q—o Port P12 pin

~| Port latch

1

——

v A

N

g'—T—cb

>—| Direction registm}

>—| Port latch

J_D—‘:}—<—o Port P11 pin

1

q

JEE—

N

>-| Direction registnﬂ

»—| Port latch

ID)—‘g O Port P1o pin
NN

Tr2 to Tr5: Pull-up transistor

Figure 1.10.1 Block Diagrams of Port Pins POi and P1

0—P13
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e Ports P14—P17

Serial 1/0 enable bit

Serial I/O mode selection bit ;Df
Srov output enable bit
1

N

>—| Direction register

~| Port latch }

Data bus

g

T
-
&

——CO Port P17 pin

SRroY

Serial 1/0 synchronous clock

TL v U

selection bit

Serial I/O enable bit :D

Serial I/O mode selection bit
Serial 1/0 enable bit

bd!
N

>—|Direction register

J 05

i

Data bus

~| Port latch

£

T:‘Ecb
3

+——CO Port P16 pin

Serial I/0 enable bit :D_
Transmit enable bit

ScLk output—[>—

Scik input

1

TvT
=
)

>—|Direction register y T—D}—‘ g
Data bus *| Port latch > :}—4—0 Port P15 pin
XD
Serial 1/0O enable bit
Receive enable bit y g

4 D e IS

Data bus —| Port latch 3——0 Port P14 pin
P RXD%—
N

Pull-up control
Data bus register
Tr6 to Tr9: Pull-up transistor
Figure 1.10.2 Block Diagram of Port Pins P1 4-P17
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e Port P2
Data bus <} 1 O Port pins P2i (i = 0 to 7 for 7481 Group,
J o i = 0 to 3 for 7480 Group)
A-D conversion circuit gf:)l(gr: %7
e Port P3
Data bus <} @ —t O Port pins P3i (i = 0 to 3)
INTo, INT1

e Ports P40 and P41

‘001’
Timer X, Y operating ‘100’
mode bits ‘%%,

d!
N

— - Port pins P40 and P41
>—|D|rect|on reg|stc.} Db_‘
Data bus >—| Port latch l/i 3}7

Timer output—&——‘ J
CNTRo, CNTR1 input

e Ports P42, P43, and P5

q %

~N

>—|Direction register] DO—I_D_‘ |—<—O Port pins P42, P43, and P5i (i=0 to 3)
>—| Port latch } 3}7

Data bus

Port P4P5 input control register

« For the 7480 Group, set this register to ‘0016’.

« For the 7481 Group, set the bit corresponding to the port
set to the input mode to ‘1’.

Figure 1.10.3 Block Diagrams of Port Pins P2 i to P5i
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1.10.2 Registers Associated with 1/0 Pins
Figure 1.10.4 shows the memory map of the registers associated with I/O pins.

00CO016 | Port PO register (PO)

00C116 | Port PO direction register (POD)

00C216 | Port P1 register (P1)

00C316 | Port P1 direction register (P1D)

00C416 | Port P2 register (P2)

00C516

00C616 | Port P3 register (P3)

00C716

00C816 | Port P4 register (P4)

00C916 | Port P4 direction register (P4D)

00CA16 | Port P5 register (P5) }
(Note)

00CBz16 | Port P5 direction register (P5D)

00DO016 | Port PO pull-up control register (POPCON)

00D116 | Port P1 pull-up control register (PLPCON)
00D216 | Port P4P5 input control register (P4P5CON)

Note: These registers are not allocated in the 7480 Group.

Figure 1.10.4 Memory Map of Registers Associated with 1/0O Pins
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(1) Port Pi Registers (i = 0 to 5)
Each port register can read the states of the port pins and specify the output levels of them.

MPin used for input (Ports PO to P5)
« A read: When reading from port register corresponding to each port, the input value (state of the
pin) is read; the contents of port latch is not read.
« A write: When writing to port register corresponding to each port, data is written only into the port
latch; the state of the pin is unaffected.

HPin used for output (Ports PO, P1, P4, and P5)

« A read: When reading from port register corresponding to each port, the written value into the port
latch is read; the state of the pin is not read. Therefore, even if the output voltage is
affected by the external load etc., the last output value can correctly be read.

« A write: When writing to port register corresponding to each port, data written into a bit of the port
register can be output to the external circuit through the output transistor.

Note: The 7480 Group does not have port P5 and, consequently, is not provided with the port P5
register.

Figure 1.10.5 shows the port Pi registers (i = 0 to 5).

Port Pi (i=0 to 5)
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |Port Pi (Pi, i=0 to 5) [Addresses 00C016,00C216,00C416,00C616,00C816,00CA16]

1 1 I I I 1 ! I

[ N R N T B

3 E 3 3 3 E 3 3 b Function Atresetl R | W
[ N Y T N - :
poror oo 71 0 [l when used as input ports (Ports PO to P5) Undefned) O ; O
e ! * At reading, input level of pin is read. Undefied| O 1 O
A 2 « At wr_iting, Wr_iting to port latch is performed and Undefined] O ' O
P ER the pin state is not affected. - 0
. B When used as output ports (Ports PO, P1, P4, P5) Undefined] O 1+ O
Y g 4 « At reading, the last written value into the port latch is Undefined| O | O
e 5 read. ) . Undefined| O 1 O
- —— At writing, the written value is output externally through

1T - : 6 a transistor. Undefined] O , O
L. 8 & 7 Undefined] O + O

Note: « In the 7480 Group, port P2 has only bits 0 to 3. The other bits are not implemented. (undefined at reading).
« Port P3 has only bits 0 to 3. The other bits are not implemented (‘0’ at reading).
« In the 7480 Group, port P4 has only bits 0 and 1. In the 7481 Group, port P4 has only bits 0 to 3.
The other bits are not implemented. (bits 4 to 7: ‘0’ at reading, bits 2 and 3 in the 7480 Group: undefined).
* The 7480 Group does not have port P5. In the 7481 Group, port P5 has only bits 0 to 3.
The other bits are not implemented. (‘0 at reading).

Figure 1.10.5 Port Pi Registers (i = 0 to 5)
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(2) Port Pi Direction Registers (i = 0, 1, 4, 5)

These registers switch the input and output of the programmable 1/0 port pins POo-P07, P1o-P17,
P40-P43, and P50-P53.

Note: The 7480 Group does not have port P5 and, consequently, is not provided with the port P5
direction register.

Figure 1.10.6 shows the port Pi direction registers (i = 0, 1, 4, 5).

Port Pi direction register (i=0,1,4,5)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |PortPidirectionregister(PiD, i=0,1,4,5) [Addresses 00C116,00C316,00C916,00CB16]

E E 3 3 3 E 3 3 b Name Function Atreset| R ; W

[ 0 | Port Pi direction register (Note) | O : Input mode 0 o, 0

. 1 : Output mode :

E E 3 3 3 E L” 1 0 : Input mode 0 oO: 0

[ R B R 1 : Output mode !

1 1 I I I 1

[ I R R

T S S, 2 0 : Input mode 0 o. 0

L 1 : Output mode ,

E E 3 3 :L ,,,,,,,, 3 0 : Input mode 0 o0, 0

[ 1 : Output mode '

R R 4 0 : Input mode 0 0,0

o 1 : Output mode .

[

L . 5 0 : Input mode 0 o.: o0

b 1 : Output mode .

o] 6 0 : Input mode 0 (0] E (0]

! 1 : Output mode !

.. 7 0 : Input mode 0 O E (6]
1 : Output mode '

Note: « In the 7480 Group, port P4 direction register has only bits 0 and 1. In the 7481 Group, port P4 direction register
has only bits 0 to 3. The other bits are not implemented (bits 4 to 7: ‘0" at reading, bits 2 and 3 in the 7480 Group:
undefined).

« The 7480 Group does not have port P5 direction register. In the 7481 Group, port P5 has only bits 0 to 3.
The other bits are not implemented (‘0" at reading).

Figure 1.10.6 Port Pi Direction Registers (i = 0, 1, 4, 5)

1-32

7480 Group and 7481 Group User's Manual



HARDWARE
1.10 Input/Output Pins

(3) Port Pi Pull-up Control Registers (i = 0, 1)
When any pin of ports PO and P1 is used for input, the corresponding bit of the port Pi pull-up control
register controls the pull-up of the pin.
Pull-up control is performed by the ON/OFF switch of a pull-up transistor. Pull-up control is valid only
when the pin is used for input and invalid when used for output or serial 1/0.

Note: Port P1 controls the pull-up of high- or low-order four bits at one time. Even if only port P1o
pin is pulled high, for example, port pins P11—-P13 are also pulled high simultaneously.

Figures 1.10.7 and 1.10.8 show the port PO and the port P1 pull-up control registers.

Port PO pull-up control register
b7 b6 b5 b4 b3 b2 bl b0
| Port PO pull-up control register (POPCON) [Address 00D016]
T .
[ N R R
L Name Function At reset '
3 E 3 3 3 3 E L 0 | POo pull-up control bit 0 : POo No pull-up 0 0., 0
A 1 : POo Pull-up .
[ T N B R
v v v v L__ 1 [ POz pull-up control bit 0 : P01 No pull-up 0 0.0
oo 1: PO1Pull-up '
3 E 3 3 3 L 77777 2 | POz pull-up control bit 0: P02 No pull-up 0 o, 0
[ T 1: P02 Pull-up '
i E 3 i L 77777777 3 | P03 pull-up control bit 0 : P03 No pull-up 0 o, 0
P 1 : P03 Pull-up .
I 1 I I N
[ 4 | P04 pull-up control bit 0 : P04 No pull-up 0 O+ 0
Lo 1 : P04 Pull-up .
[
N 5 | POs pull-up control bit 0: POs No pull-up 0 0.0
Lo 1: POs Pull-up :
. 6 | POs pull-up control bit 0 : POs No pull-up 0 00
! 1: POs Pull-up :
! H
[ 7 | PO7 pull-up control bit 0 : P07 No pull-up 0 o0
1:PO7Pull-up '
Note: Pull-up control is valid when the corresponding port is set to the input mode.
Figure 1.10.7 Port PO Pull-up Control Register
Port P1 pull-up control register
b7 b6 b5 b4 b3 b2 bl b0
Port P1 pull-up control register (PLPCON) [Address 00D116]
T T
oo b Name Function Atreset| R } W
Coo | o | P1s-P1o pull-up 0: P10-P13 No pull-up o oo
I control bit 1: P1lo—P1s Pull-up .
I 1 I I I I 1
ror by Lo | 1| P17—Plapull-up 0 : P12-P17 No pull-up 0 0.0
oo control bit 1:P14-P17 Pull-up ,
A 2 | Not implemented. Undefined| undefined!
T R 3 | Writing to these bits is disabled. Undefined|ondemed X
o These bits are undefined at reading.
| | s e 4 Undefined Unde'med: X
I 1 I
P b 5 Undefinec undefiec
L e 6 Undefined| Undefinech X
I
o 7 Undefined Undefinedy X
Note: Pull-up control is valid only when the corresponding port is set to the input mode.
When port pins P15—P17 are used as serial I/0 pins, pull-up control of
the corresponding port pins is invalid.

Figure 1.10.8 Port P1 Pull-up Control Register
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(4) Port P4P5 Input Control Register
When port pins P42, P43, and P50-P53 of the 7481 Group are used as input ports, set the corresponding
bits of the port P4P5 input control register to ‘1'.

Note: The 7480 Group does not have port pins P42, P43, and P50-P53; therefore, set the port P4P5
input control register to ‘0016’.

Figure 1.10.9 shows the port P4P5 input control register.

Port P4P5 input control register

b7 b6 b5 b4 b3 b2 bl b0
Port P4P5 input control register (P4P5CON) [Address 00D216]

I I 1 I I I 1 1

Co

3 3 | 3 3 3 T Name Function Atreset| R ! w
Co

oo or 10 | P4z, P4sinput control bit |When the P4z, P4z are used as 0 1 O
I the input port, set this bit to ‘1. '

Lo or v 0 v L___| 1 |PS5inputcontrol bit When the P5is used as the input 0 O.: 0
Lo port, set this bit to ‘1", '
e 2| Not implemented. 0 o, x
e 3 | Writing to these bits is disabled. 0 0 1 X
[ R T These bits are ‘0’ at reading. -
P e 4 0 0 !
e it 5 0 0 pox
L. 6 0 0o x
R e 7 0 0 1 X

Note: 7480 Group does not have port pins P42, P43 and P5, so set this register to ‘0016’

Figure 1.10.9 Port P4P5 Input Control Register
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1.10.3 1/O Ports
(1) Writes to and Reads from I/O Port Pins

B Pin used for input (Ports PO to P5)
« A read: When reading from port register corresponding to each port, the input value (state of the
pin) is read; the contents of port latch is not read.
« A write: When writing to port register corresponding to each port, data is written only into the port
latch; the state of the pin is unaffected.

M Pin used for output (Ports PO, P1, P4, and P5)

« A read: When reading from port register corresponding to each port, the written value into the port
latch is read; the state of the pin is not read. Therefore, even if the output voltage is
affected by the external load etc., the last output value can correctly be read.

< A write: When writing to port register corresponding to each port, data written into a bit of the port
register can be output to the external circuit through the output transistor.

Figure 1.10.10 shows a write and a read of an I/O port pin.

Pins used for input Pins used for output

« By reading from port register, input level of pin « By reading from port register, port latch can be read.
can be read. * By writing to port register, output value can be set.

* By writing to port register, writing to port latch is
performed.

_@_ ‘H’ level output
Port direction _@_

register ] Port direction
(‘0’)  (Note) N register —
H (1) >

N
- — O
ke =
e | D D)
|_
|

(When Writing) - Port register |
T (When Writing)
T
Port register Port register __| ‘L’ level output
(When Reading) D —— (When Reading) <=

Note: The P-channel transistor and the N-channel transistor are in a cut-off state.

Figure 1.10.10 Write and Read of 1/O Port Pin
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(2)

3

Switching of Programmable 1/O Port Pins

Any pin of the programmable 1/O ports PO, P1, P4, and P5 can be switched from input to output or
from output to input with the corresponding bit of their port direction registers.

e The pin is set to the input mode when the corresponding bit is ‘0’.

e The pin is set to the output mode when the corresponding bit is ‘1'.

Notes 1: In the 7480 Group, port P4 contains pins P40 and P41 only, while in the 7481 Group, port
P4 contains pins P40—P43. In addition, the 7480 Group does not have port P5, while the
7481 Group has port P5, consisting of P50—P53.

2: After system is released from reset, all of the programmable 1/O port pins are set to the
input mode. (The corresponding direction registers are cleared to all ‘0’.)

3: When any of port pins P42, P43, and P50-P53 is used as an input port pin, clear the
corresponding bit of the port P4 and P5 direction registers to ‘0’. In addition, set the
corresponding input control bit of the port P4P5 input control register to ‘1’

The 7480 Group does not have port pins P42, P43, and P50-P53; therefore, set the port
P4P5 input control register to ‘0016’.

Pull-up Control

When any pin of ports PO and P1 is used as an input port pin, its pull-up can be controlled with the
corresponding bit of the port PO and P1 pull-up control registers.

« A port pin is not pulled high when the corresponding bit is ‘0’.

* A port pin is pulled high when the corresponding bit is ‘1’.

Pull-up control is performed by the ON/OFF switch of a pull-up transistor. Pull-up control is valid only
when the pin is used for input and invalid when used for output or serial 1/0.

Note: Port PO controls the pull-up by the bit at one time. Port P1, however, controls the pull-up of
the high- or low-order four bits at one time. Even if only port P1o pin is pulled high, for
example, port pins P11-P13 are also pulled high simultaneously.
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(4) Level Shift Ports
Every pin of ports P4 and P5 acts as an N-channel open-drain output and is provided with a built-
in clamping diode.
When voltage VI is applied to a pin through a resistor as shown in Figure 1.10.11, and the current
| flowing in a clamping diode is 1 mA or less, the condition VI > Vcc can be maintained.

L

./

,J Port P4
--- ‘{ Port P5

7480 Group
7481 Group

Figure 1.10.11 Port P4 and P5 Circuit

Notes 1: In the 7480 Group, port P4 contains pins P40 and P41 only, while in the 7481 Group, port
P4 contains pins P40-P43. In addition, the 7480 Group does not have port P5, while the
7481 Group has port P5, consisting of P50-P53.

2: Total Input Current
It is required to keep the current flowing to the clamping diodes of port P4 or P5 equal to
or less than 1.0 mA a pin; a current which is too large for the microcomputer can handle
will raise the voltage on the power source pin. To protect the device, use an appropriate
power circuit to stabilize the power source voltage within specifications.

3: Maximum Input Voltage
If the input signal voltage to port P4 or P5 exceeds Vcc + 0.3 V, a delay time of 2 us/V
or more is necessary immediately after the input waveform exceeds the above voltage.
Delay time can be calculated by the following expression in CR integrating circuits.

m
dt, < t > 2 x 10-° [s/V]

dv 0.6 x VINE2

(1: Delay timet = C x R
[(2: VIN = maximum amplitude difference of input voltage

4: Clamping diodes used in the 7480 Group and 7481 Group differ from the normal switching
diodes. These clamping diodes are used only for the DC signal level shifts. Therefore,
sudden stress, such as a rush current must not be applied directly to the diodes.

(5) Ports with Built-in Schmidt Trigger Circuits
A Schmidt trigger circuit is built into every pin of ports P3, P4, and P5 of the 7481 Group.
When any of port pins P42, P43, and P50-P53 is used as an input port pin, clear the corresponding
bit of the port P4 and P5 direction registers to ‘0’. In addition, set the corresponding input control bit
of the port P4P5 input control register to ‘1'.

Note: The 7480 Group does not have pins P42, P43, and P50-P53; therefore, set the port P4P5 input
control register to ‘0016’.

7480 Group and 7481 Group User's Manual 1-37



HARDWARE
1.10 Input/Output Pins

1.10.4 Termination of Unused Pins
Table 1.10.1 lists the termination of unused pins.

Table 1.10.1 Termination of Unused Pins

Termination
Port Pull-up to Vcc through |Pull-down to Vss through | Connect to | Connect to
Open a resistor (Note 1) a resistor (Note 1) Vcc Vss

PO
P1o-P13 O (Note 2) O (Note 3) O (Note 4) X x
P15, P17
P14, Ple O (Note 5) O (Note 3) O (Note 4) X X
P2 (Note 8) [O (Note 2) O (Note 6) O (Note 6) O (Note 6) | O (Note 6)
P3 x O (Note 6) O (Note 6) O (Note 6) | O (Note 6)
(PI\TétZSS) O (Note 5) O (Note 3) O (Note 7) X x
AVss (Note 9) x X X X O
VREF x X X O X
XouTt 0] X X X x
Notes 1: Do not connect several pins of programmable 1/O ports together to Vcc or Vss through a resistor.

2.

Every pin that is allowed to be open when unused has a special circuit structure which prevents
currents from flowing into the circuit unless the input to read signal is performed internally, even
if an intermediate level input is applied to the pin.

: When these pins are pulled high, set the corresponding bits of port direction registers, port

registers and port P4P5 input control register so that each pin is in the input mode or output is
HIGH.

: When these pins are pulled low, set the corresponding bits of port direction registers, pull-up

control registers, port registers so that each pin can be set to the input mode without pull-up
transistor or in the output is LOW.

. Set these pins to the output mode and keep them open.

However, these I/O pins retain the input mode until the pins are switched to the output mode by
software after the microcomputer is released from reset. Therefore, the power source current may
increase depending on the input level of each pin.

Since their port direction registers might be switched into the input mode by program runaway or
noise, periodically set the port direction registers to the output mode by software.

. A short wire can be used to directly connect any unused pin to the Vcc or Vss pin without a

resistor, but a long wire must connect it through a resistor. Since the P33 pin of the built-in PROM
version has the alternative function of the VPP pin, connect the P33 pin to Vcc or Vss with the
shortest wire through a resistor (about 5 kQ), in series.

. When these pins are pulled low, set the corresponding bits of port direction registers, port

registers and port P4P5 input control register so that each pin is in the input mode or output is
LOW.

: The 7480 Group does not have port pins P24—-P27, P42, P43, and P50-P53.
: The AVss pin is dedicated to the 44P6N-A package products in the 7481 Group.
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1.10.5 Notes on Usage
Pay attention to the following notes when the 1/O ports are used.

(1) Rewriting to Port Register of 1/0O Port
Rewriting to the port register of an 1/O port with a bit manipulation instruction™ may affect the values
of the bits not specified.

(1: ‘Bit manipulation instructions’: the CLB and SEB instructions

REASON: The bit manipulation instructions are read-modify-write instructions. These instructions
read and write data by the byte. Therefore when these instructions are executed for any
one bit of the port register of an I/O port, the following processing is performed to all of
the bits of the register:

» For bits that are set to the input mode, the states of the corresponding pins are read
into the CPU, and after the bit manipulation, the bits of the port register are rewritten.

 For bits that are set to the output mode, the values of the port latches are read into the
CPU, and after the bit manipulation, the bits of the port register are rewritten.

Pay attention also to the following:

« Even if a port pin set to the output mode is switched to the input mode, output data is
retained in the port register.

* When the state of a port pin and the content of the corresponding bit of the port register
are different, the content of the bit of the port register set to the input mode may be
affected even if this bit is not specified by a bit manipulation instruction.

(2) Pull-up Control of Ports PO and P1

Hl When any of pins P15—P17 is used as a serial I/O pin, the pull-up control of the pin is invalid. (The
pin cannot be pulled high.)
For details, refer to Figure 1.10.2 Block Diagram of Port Pins P1 4-P17.

M When any pin of ports PO and P1 is used as an output port pin, the pull-up control of the pin is
invalid. (The pin cannot be pulled high.)
For details, refer to Figure 1.10.1 Block Diagrams of Port Pins PO i and P10-P13 and Figurel.10.2
Block Diagram of Port Pins P1 4-P17.

B Port P1 controls pull-up the high- or low-order four bits at one time. Even if only port P10 pin is
pulled high, for example, port pins P11—-P13 are pulled high simultaneously.
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3)

4)

®)

Transition to Standby State (Note)

At the transition to the standby state, do not leave the input levels of input port pins and 1/O port pins
undefined (especially pins P14, Ples, P3, P4, and P5). In an N-channel open-drain 1/O pin, when the
corresponding bit of the port register is ‘1’ its transistor remains in an off state even if the pin is set
to output mode with the port direction register. As a result, the pin goes to a high impedance state,
causing the level of the pin to be undefined depending on the external circuit. In such a case, a
through current flows to the gate of the input stage, so that the power source current may increase.

Note: The standby state means the following:
The stop mode by an execution of the STP instruction
The wait mode by an execution of the WIT instruction.

Actual Example

Pull a pin high (connect to Vcc) or low (connect to Vss) through a resistor.

Choose a resistor taking the following into consideration:

¢ External circuit condition

e Variation of output levels at normal operation

Also, take account of the variation of current when pull-up transistors of ports PO and P1 are used.

Usage of Pins P1 2, P13, P40, and P41 as Normal Output Pins

Pins P12 and P13 have the alternative functions of the 8-bit timer output pins To and T1 respectively.
Pins P40 and P41 also have the alternative functions of 16-bit timer I/O pins CNTRo and CNTR1
respectively. When the operating mode bits of the corresponding timer are set to any mode related
to output (Note), these pins cannot operate as normal output pins. Refer to Figure 1.10.1 Block
Diagrams of Port Pins PO i and P10—P13 and Figure 1.10.3 Block Diagrams of Port Pins P2 i to
P5i.

Note: Modes related to output:
For 8-bit timers (timer 1 and timer 2):
* Programmable waveform generation mode
For 16-bit timers (timer X and timer Y):
» Pulse output mode
e Programmable waveform generation mode
* Programmable one-shot output mode
* PWM mode

Usage of Port Pins P4 2, P43, and P50-P53 as Input Ports

When any of port pins P42, P43, and P50-P53 of the 7481 Group are used as an input port pin, clear
the corresponding bit of the port P4 and P5 direction registers to ‘0’, and set the corresponding input
control bit of the port P4P5 input control register to ‘1'.
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1.11 Interrupts

The interrupt function is used to suspend the routine being executed by any interrupt source and to execute

another routine. An interrupt is used in the following cases:

*« When processing of a higher priority than the routine being executed is requested.
*« When processing is requested to be performed according to a special timing.
Table 1.11.1 lists the interrupt sources available in the 7480 Group and 7481 Group.

Table 1.11.1 Interrupt Sources

Priority Interrupt Source Vector Address Comments
Order High-order| Low-order
1 Reset (Note 1) FFFFi6 |FFFE16  |Non-maskable (Note 2)
2 INTo FFFD16 !FFFClG External interrupt (Polarity programmable)
g N2 ] FFFBis  |FFFAw  |EXernal interrupt (Polarity programmable)
Key-on Wakeup | External interrupt
4 CNTRoO FFF916 |FFF816 External interrupt (Polarity programmable)
5 CNTR1 FFF716 |FFF616 External interrupt (Polarity programmable)
6 Timer X FFF516  |FFF416 Internal interrupt
7 Timer Y FFF316  |FFF216 Internal interrupt
8 Timer 1 FFF116 |FFFO16 Internal interrupt
9 Timer 2 FFEF16 !FFEE16 Internal interrupt
10 Serial 1/0 Receive FFED16 !FFEClG Internal interrupt
11 Serial 1/0 Transmit FFEB16  FFEAi6 |internal interrupt
12 Bus arbitration FFE916  FFEB16 Internal interrupt
13 A-D conversion complete |FFE716 lFFE616 Internal interrupt
14 BRK instruction FFE516  |FFE416 Non-maskable software interrupt

Notes 1: Reset is included in the above table, as well, because it performs the same operation as interrupts.

2.

‘Non-maskable interrupt’:

this is the interrupt not having the corresponding interrupt request bit and interrupt enable bit. This
interrupt request is accepted regardless of the state of the interrupt disable flag.
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1.11.1 Block Diagram

Figure 1.11.1 shows the block diagram of the interrupt inputs and the key-on wakeup circuit.

P40/CNTRo

O—Pp

P41/CNTR1

T_Kc

> Port P4o data read circuit

D «1» CNTRo edge selection bit

CNTRo interrupt request signal

O—Pp

P30/INTo

T_O\C

> Port P41 data read circuit

DC . :, CNTR1 edge selection bit

1

CNTRu interrupt request signal

O—Pp

P31/INT1

T_Qc

> Port P30 data read circuit

>° ‘1°, INTo edge selection bit

INTo interrupt request signal

P01

POo

T_o\c

> Port P31 data read circuit

D 1+ INT1 edge selection bit

CPU stop state signal

Pull-up control register
Port direction register

o
K0— INT2 interrupt request signal

1+ INT1 source selection
bit at STP, WIT

Pull-up control
register .
Port direction
register

Y

Pull-up control
register

Port direction
register

Y

~ Port PO data read circuit

Y

Figure 1.11.1 Block Diagram of Interrupt Inputs and

Key-On Wakeup Circuit
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1.11.2 Registers Associated with Interrupt Control
Figure 1.11.2 shows the memory map of the registers associated with interrupt control.

00D416 | Edge polarity selection register (EG)

00FCi1s6 | Interrupt request register 1 (IREQ1)
00FDu1s | Interrupt request register 2 (IREQ2)
00FEz1s | Interrupt control register 1 (ICON1)
00FF16 | Interrupt control register 2 (ICON2)

Figure 1.11.2 Memory Map of Registers Associated with Interrupt Control
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(1) Edge Polarity Selection Register
The edge polarity selection register consists of the bits that select the polarity of the valid edge of
the INT and CNTR pins, as well as the bit that selects the valid/invalid of the key-on wakeup.
Figure 1.11.3 shows the edge polarity selection register.

Edge polarity selection register
b7 b6 b5 b4 b3 b2 bl b0
Edge polarity selection register (EG) [Address 00D416]
1 I I I 1 I I I
[ T R T R R .
P db Name Function Atreset| R | W
[ T R T R R
poror oo L0 [INTo edge 0 : Falling edge 0 o, 0
Poror selection bit 1: Rising edge ,
o 0 L__] 1 |INTi1edge 0 : Falling edge 0 0 O
poro selection bit 1: Rising edge .
E 3 i 3 E L _____ 2 [cNTRo edge 0 In event count mode, rising e_dge counted.| o'o
o selection bit . In pulse output mode, operation started '
oo at HIGH level output. .
[ N T : In pulse period measurement mode, a period !
o from falling edge until falling edge measured. !
o . In pulse width measurement mode, 1
toor o HIGH-level period measured. .
[ I : In programmable one-shot output mode, '
T one-shot HIGH pulse generated after '
. operation started at LOW level output. '
o : Interrupt request is generated by detecting .
T B T falling edge. .
1 I I I 1 .
[ N T 3 1: In event count mode, falling edge counted T
e C'\I‘Trf_l et:)gf : In pulse output mode, operation started 0 o ' o
Lo selection bi at LOW level output. , :
Lo : In pulse period measurement mode, a period '
[ I I from rising edge until rising edge measured. '
Lo : In pulse width measurement mode, '
o LOW-level period measured. 1
Lo . In programmable one-shot output mode, :
oo one-shot LOW pulse generated after :
[ T R operation started at HIGH level output. !
R : Interrupt request is generated by detecting !
o rising edge. 1
oo 4 | Not implemented. Writing to this bit is disabled. Undefined | undefinea X
Lo T This bit is undefined at reading. H
1 I I !
1
Lo 5 |INTzsource [0:P3y/INT: 0 0: 0
oy L8 selection bit at | 1 : POo—P07 LOW level !
v STP or WIT (for key-on wake-up) :
A 6 | Not implemented. Writing to these bits are disabled. Undefined | undefned X
RS W 7 | These bits are undefined at reading. Undefined|undeined X
Note: When setting bits 0 to 3, the interrupt request bit may be set to ‘1’.

After setting the following, enable the interrupt.

0 Disable interrupts

0 Set the edge polarity selection register

O Set the interrupt request bit to ‘0’

Figure 1.11.3 Edge Polarity Selection Register
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(2) Interrupt Request Register 1 and Interrupt Request Register 2
Interrupt request registers 1 and 2 consist of the bits that indicate whether or not there is an interrupt

request.

Figures 1.11.4 and 1.11.5 show the interrupt request registers 1 and 2.

Interrupt request register 1

| | | | | | | Interrupt request register 1 (IREQ1) [Address 00FCze]

3 3 3 E 3 3 3 b Name Function At reset W
A 0 | Timer X interrupt request bit| 0 : No interrupt request 0 o . O
toro 1: Interrupt request .
I I I 1 I I I
vy v L__| 1 |TimerY interrupt request bit| O : No interrupt request 0 o. O
Co 1 : Interrupt request H
3 3 3 E 3 L 77777 2 | Timer 1 interrupt request bit| 0 : No interrupt request 0 o, O
[ 1: Interrupt request '
e 3 | Timer 2 interrupt request bit| 0 : No interrupt request 0 o. U
oo 1: Interrupt request .
1 I I 1
Lo Ll ____ 4 | Serial 1/O receive 0 : No interrupt request 0 o, O
Lo interrupt request bit 1: Interrupt request .
I I I
e 5 | Serial I/O transmit 0 : No interrupt request 0 o.: 0O
o interrupt request bit 1: Interrupt request '
Co "
A 6 | Bus arbitration interrupt 0 : No interrupt request 0 o. 0O
! request bit 1: Interrupt request :
o 7 | A-D conversion completion | O : No interrupt request 0 o E O

interrupt request bit 1 : Interrupt request '

[ The bit can be set to ‘0’ by software, but cannot be set to ‘1.
Figure 1.11.4 Interrupt Request Register 1
Interrupt request register 2
% Interrupt request register 2 (IREQ2) [Address 00FD16]

R R - T
e Name Function Atreset| R ; W
b vorr U0 | INTointerrupt request bit 0 : No interrupt request 0 o.: O
oo 1: Interrupt request .
I 1 1 I I 1 1 i
o0 v v v L___| 1 |INTuinterrupt request bit 0 : No interrupt request 0 o O
Lo 1: Interrupt request :
3 E E 3 3 L 77777 2 | CNTRointerrupt request bit [ 0 : No interrupt request 0 o. O
[ N T 1: Interrupt request :
[
R 3 | CNTRuinterrupt request bit | 0 : No interrupt request 0 o.: U
o 1 : Interrupt request :
o Tt TT 4 | Not implemented. Undefined| undefined X
it 5 | Writing to these bits i_s disabled. ] Undefined|undefnea X
[ These bits are undefined at reading. -
B R 6 Undefined | undefined X
TR 7 Undefined U"def‘"edr X

[ The bit can be set to ‘0’ by software, but cannot be set to ‘1'.

Figure 1.11.5 Interrupt Request Register 2

7480 Group and 7481 Group User's Manual

1-45



HARDWARE

1.11 Interrupts

(3) Interrupt Control Register 1 and Interrupt Control Register 2
Interrupt control registers 1 and 2 consist of the bits that control the acceptance of interrupts.
Figures 1.11.6 and 1.11.7 show the interrupt control registers 1 and 2.

Interrupt control register 1

| | | | | | | Interrupt control register 1 (ICON1) [Address 00FE1s]

T
[
|
|
|
[
|
|

1 I I I 1 I I
[ T N R R
E 3 3 3 E 3 3 Name Function At reset '
[ T N R R
. Timer X interrupt enable bit | O : Interrupt disabled 0 0.0
oo 1 : Interrupt enabled '
R Timer Y interrupt enable bit | O : Interrupt disabled 0 O. 0
[ 1 Interrupt enabled :
E 3 i 3 E L _____ Timer 1 interrupt enable bit | O : Interrupt disabled 0 o, 0
[ A T 1: Interrupt enabled H
1 I I I 1
[ Timer 2 interrupt enable bit | O : Interrupt disabled 0 0. O
oo 1: Interrupt enabled .
[ |
T Serial I/O receive 0 : Interrupt disabled 0 0,0
Lo interrupt enable bit 1: Interrupt enabled .
Cron Serial I/O transmit 0 : Interrupt disabled 0 0.0
b interrupt enable bit 1: Interrupt enabled '
[ Bus arbitration interrupt 0 : Interrupt disabled 0 0.0
! enable bit 1: Interrupt enabled .
o A-D conversion completion | O : Interrupt disabled 0 o E o

interrupt enable bit 1 : Interrupt enabled '

Figure 1.11.6 Interrupt Control Register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl bo
Interrupt control register 2 (ICON2) [Address 00FFz1e]

R R T
Do o0 SR o4 Name Function Atreset| R 1 W
E 3 3 3 E 3 3 1_ INTo interrupt enable bit 0 : Interrupt disabled 0 o, O
[ 1: Interrupt enabled !
E 3 i 3 E 3 L _ INT1 interrupt enable bit 0 : Interrupt disabled 0 O, 0
I N I 1: Interrupt enabled H
1 I I I 1 I
R CNTRo interrupt enable bit | O : Interrupt disabled 0 0.0
A 1: Interrupt enabled '
[ v
T CNTRu interrupt enable bit | 0 : Interrupt disabled 0 o, 0
Lo 1 : Interrupt enabled .
E 3 3 R e Not implemented. Undefined| undefined X
e Writing to these bits are disabled. Undefined| undefinea X
o These bits are undefined at reading.
LT Undefined| undefined) X
e Undefined Undeﬂnsci X

Figure 1.11.7 Interrupt Control Register 2
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1.11.3 Interrupt Sources

In the 7480 Group and 7481 Group, the interrupt requests can be generated by 14 sources (5 external,
8 internal, and 1 software).

The interrupts are vectored interrupts whose priority levels are fixed, and each interrupt has its own priority
level. When two or more interrupt requests are generated at the same sampling time, which is a timing to
test the generation of interrupt requests, the interrupt with a higher priority is acceptable.

For the priority levels of interrupts, refer to Table 1.11.1 Interrupt Sources

Each interrupt source is described below.

1)

(2

INTo and INT1 Interrupts

When a rising edge or a falling edge of the input signal to the INTo or INT1 pin is detected, an
interrupt request is generated.

The edge polarity to be detected can be selected by the INTo edge selection bit or the INT1 edge
selection bit of the edge polarity selection register.

The request bit, the enable bit, and the interrupt vector of the INT1 interrupt have the alternative
functions of those of the key-on wakeup interrupt respectively. When the INT1 interrupt is used, clear
the INT1 source selection bit at the STP/WIT of the edge polarity selection register to ‘0.

» State after system is released from reset
After system is released from reset, the INTo edge selection bit, INT1 edge selection bit and the
INT1 source selection bit at the STP/WIT of the edge polarity selection register are all cleared to
‘0.
In such conditions, though an interrupt request is generated by detecting a falling edge of the INTo
or INT1 pin, the interrupt request cannot be accepted because the corresponding interrupt enable
bit is ‘0’ and the interrupt disable flag is ‘1.

Notes 1: The INTo and INT1 pins have the alternative functions of input port pins P30 and P31,
respectively. When these pins are used as input port pins, valid edges can still be detected
because the 7480 Group and 7481 Group does not have the function to switch the INT pins
to input port pins. Therefore, when these pins are used as input port pins, clear all the
corresponding interrupt enable bits to ‘0’ (disabled).

2: Keep the trigger width input to the INT pins 250 ns or more.

Key-On Wakeup Interrupt

When the INT1 source selection bit at the STP/WIT of the edge polarity selection register is ‘1’ and
the LOW level is applied to any pin of port PO which is used as input in the stop/wait mode at the
execution of STP/WIT, a key-on wakeup interrupt request is generated. In other states than the stop/
wait mode, the key-on wakeup interrupt is invalid.

The request bit, the enable bit, and the interrupt vector of the key-on wakeup interrupt have the
alternative functions of those of the INT1 interrupt respectively. When the key-on wakeup interrupt
is used, set the INT1 source selection bit at the STP/WIT of the edge polarity selection register to
‘1,

Note: When the key-on wakeup interrupt is used, execute the STP/WIT instruction after all inputs to
port PO are held HIGH. If the LOW level is applied to any input pin of port PO, an execution
of the STP/WIT instruction generates an interrupt request instantly.
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(3)

(4)

(5)

(6)

)

CNTRo and CNTR1 Interrupts

When a rising edge or a falling edge of the input signal to the CNTRo or the CNTR1 pin is detected,
an interrupt request is generated. The edge polarity to be detected can be selected by the CNTRo
edge selection bit or the CNTR1 edge selection bit of the edge polarity selection register.

« State after system is released from reset
After system is released from reset, the port pins with the alternative functions of CNTR pins are
placed in the input mode, and their edge selection bits are held all ‘0’ also. In such conditions,
though an interrupt request is generated by detecting a falling edge of the CNTRo or CNTR1 pin,
the interrupt request cannot be accepted because the corresponding interrupt enable bit is ‘0’ and
the interrupt disable flag is ‘1'.

Note: The CNTRo and CNTR1 pins have the alternative functions of 1/0 port pins P40 and P41,
respectively. When these pins are used as input port pins, valid edges can still be detected
because the 7480 Group and 7481 Group does not have the function to switch the CNTR pins
to input port pins. Therefore, when these pins are used as input port pins, clear all the
corresponding interrupt enable bits to ‘0’ (disabled).

Timer X, Timer Y, Timer 1, and Timer 2 Interrupts

At an underflow in each timer, the corresponding interrupt request is generated.

For timer X and timer Y, refer to Section 1.12 Timer X and Timer Y, and for timer 1 and timer 2,
refer to Section 1.13 Timer 1 and Timer 2.

Serial 1/0 Receive Interrupt, Serial 1/0 Transmit Interrupt, and Bus Arbitration Interrupt

e Serial I/O receive interrupt
During serial 1/O reception, a serial 1/0 receive interrupt request is generated when the received
data stored completely in the receive shift register is transferred to the receive buffer register.

e Serial I/O transmit interrupt
During serial 1/0O transmission, a serial I/O transmit interrupt request is generated when the transmit
buffer register is emptied or the transmit shift operation is complete.

* Bus arbitration interrupt
In the bus collision detection enable state during the serial /O communication, the mismatch of
levels between transmitter pin TxD and receiver pin RxD generates a bus arbitration interrupt
request.
The bus collision detection can be enabled by setting the bus collision detection enable bit of the
bus collision detection control register.

For serial 1/0, refer to Section 1.14 Serial 1/O .

A-D Conversion Complete Interrupt
When A-D conversion is completed, an A-D conversion complete interrupt request is generated.
For A-D conversion, refer to Section 1.15 A-D Converter.

BRK Instruction Interrupt

The BRK instruction interrupt is a non-maskable software interrupt. Program branches to the jump
address stored in the vector address when the BRK instruction is executed.

For the BRK instruction, refer to the section of the BRK instruction in SERIES 740 <SOFTWARE>
USER’S MANUAL .
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1.11.4 Interrupt Sequence
Interrupt sequence is described below.

Generation of Interrupt Requests

When an interrupt request other than the BRK instruction interrupt is generated, the interrupt request bit
of the corresponding interrupt request register is set to ‘1. At this time, the interrupt request is accepted
when both the following conditions are satisfied:

e The interrupt enable bit of the corresponding interrupt control register is ‘1’.

e The interrupt disable flag of the processor status register is ‘0.

When the BRK instruction interrupt request is generated, the break flag of the processor status register
is set to ‘1’, causing the interrupt request to be accepted unconditionally.

For interrupt sources, refer to Section 1.11.3 Interrupt Sources . Also for interrupt control, refer to
Section 1.11.5 Interrupt Control

Acceptance of Interrupt Request
When an interrupt request is accepted, the following operations are performed:

[1] Upon the completion of the instruction being executed, the processing is temporarily suspended.

[2] The contents of the program counter and the processor status register are pushed onto the stack in
the following order:
O High-order 8 bits of the program counter
O Low-order 8 bits of the program counter
O Processor status register

[3] The jump address (the start address of an interrupt service routine) stored in the vector address of
the accepted interrupt is set in the program counter, and the interrupt service routine is executed. At
this time, the interrupt disable flag is set to ‘1’, and multiple interrupts are disabled. Also, the corresponding
interrupt request bit is cleared to ‘0’ for any interrupt other than the BRK instruction interrupt.

[4] When the RTI instruction, which is, the last instruction of the interrupt service routine, is executed, the
contents of the program counter and the processor status register pushed onto the stack are pulled
to the corresponding register in the following order:

O Processor status register
O Low-order 8 bits of program counter
O High-order 8 bits of program counter

[5] The program temporarily suspended by the acceptance of the interrupt request is resumed at the
address indicated by the program counter.

Note: When the BRK instruction is executed, 2 is added to the contents of program counter, and then
the contents of the program counter are pushed onto the stack. As a result, upon return from the
BRK instruction interrupt service routine, the one byte subsequent to the BRK instruction is not
executed. Therefore, at programming, it is necessary to insert the NOP instruction immediately
after the BRK instruction.
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Figure 1.11.8 shows an operation when an interrupt request is accepted.

(Routine being executed) [C__1 : operation performed by software
:] : Operation automatically performed by hardware
Tt Processing at accepting interrupt
Interrupt | 7 ~N
requestis > | 0)
generated !
, M(S) — (PCH)
1
1
E ) - (9)-1 Contents of program counter
| @ M©S) - (PC) are pushed onto stack
c e e e e (S)~(S)-1
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Interrupt service Interrupt disable flag ‘0" - ‘1’
routine Fetch the jump address stored
into vector address
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P -N©) register are pulled from stack
(S)~(8)+1
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Note: In the case of the BRK instruction interrupt, b4 of PS is set to ‘1.

Figure 1.11.8 Operation When Interrupt Request is Accepted
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Processing Before Interrupt Service Routine

When an interrupt request is accepted, the interrupt service routine is started after the following are

performed.

O the instruction being executed at the generation of the interrupt request is completed

O the pipeline postprocessing

O the pushing onto the stack, and vector fetch

Figure 1.11.9 shows the processing time from the interrupt generation until the execution of an interrupt
service routine, and Figure 1.11.10 shows a timing at interrupt acceptance.

Interrupt request is generated

Interrupt service routine starts

Waiting time for
pipeline
postprocessing

Push onto stack

Interrupt service
Vector fetch P

routine

Main routine

0 to 16 cycles (Note) 2 cycles 5 cycles

-
-

y

7 to 23 cycles
(At internal system clock =4 MHz, 1.75 ps to 5.75 ps)

Note: At the DIV instruction executed.

Figure 1.11.9 Processing Time from Interrupt Generation until Execution of Interrupt Service Routine

Waiting time for Push onto stack

E gg)sigrr]gc essing i Vector fetch E Interrupt service routine starts
o EEL_pm_[we__pml__pw_mw e e
SYNC [ L
RW T |
Address bus PC X S,SPS XS-1,SPSKs-2,5PSK_ BL X B+ X AL AW
Data bus X Not used X pcu X pcc X Ps X A X A X
SYNC: CPU operation code fetch cycle

(This is an internal signal which cannot be examined from the external.)

Vector address of each interrupt

Jump address of each interrupt

‘0016’ or ‘0116’

(when the stack page selection bit is ‘0’, SPS is ‘0016’, and when the bit is ‘1’, SPS is ‘0116’)

BL, BH:
AL, AH:
SPS:

Figure 1.11.10 Timing at Interrupt Acceptance
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Return from Stop/Wait Mode

When an interrupt request is accepted in the stop/wait mode, the CPU terminates these modes and
returns to the normal mode.

Table 1.11.2 lists the interrupt sources available for CPU’s return from the stop/wait mode.

Table 1.11.2 Interrupt Sources Available for CPU's Return from Stop/Wait Mode (O:Available, x:Not available)
Interrupt Source Return from Stop Mode Return from Wait Mode
Reset (Note 1) 0 0]
INTo (0] @)
INT1 (0] (0]
Key-on Wakeup @) (0]
CNTRoO @) o]
CNTR1 o] 0]
Timer X O (Note 2) 6]
Timer Y O (Note 2) 0]
Timer 1 X O
Timer 2 X O
Serial 1/0 Receive O (Note 3) 0]
Serial 1/0 Transmit O (Note 3) o
Bus Arbitration O (Note 3) o
A-D Conversion Complete X O
BRK Instruction X X

Notes 1: Reset is included in the above table, as well, because it performs the same operation as interrupts.
2: Available in the event count mode only.
3: Available only when the external clock input (or the clock divided by 16) is used as the synchronous
clock.

For details, refer to Section 1.19 Power Saving Function
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1.11.5 Interrupt Control
Figure 1.11.11 shows an interrupt control diagram.

Interrupt request bit ——
Interrupt enable bit ——
I—o | —> Interrupt acceptance
Interrupt disable flag

BRK instruction
Reset

Figure 1.11.11 Interrupt Control Diagram

Only when all of the following conditions are satisfied, interrupts other than the BRK instruction interrupt
are accepted:

« Corresponding interrupt request bit is ‘1’ (interrupt requested).

» Corresponding interrupt enable bit is ‘1’ (interrupt enabled).

« Interrupt disable flag is ‘0’ (interrupt enabled).

The priority level of each interrupt is specified by hardware. However, processing of various priorities can
be performed under software control by using the above bits and flag.
For the interrupt priority levels, refer to Table 1.11.1 Interrupt Sources.

Interrupt Request Bits
The interrupt request bits indicate whether or not there are interrupt requests. When an interrupt request

is generated, an interrupt request bit is set to ‘1’ and informs the external that the interrupt request is
generated. After the interrupt is accepted, the interrupt request bit is automatically cleared to ‘0'.
The interrupt request bits can be cleared to ‘0" by software, but they cannot be set to ‘1'.

Interrupt Enable Bits
The interrupt enable bits control the acceptance of interrupt requests as follows:

« When an interrupt enable bit is ‘0’, the acceptance of the corresponding interrupt request is disabled.
« When an interrupt enable bit is ‘1’, the acceptance of the corresponding interrupt request is enabled.

Interrupt Disable Flag

This flag is located in the processor status register. The flag controls the acceptance of the interrupt
requests other than the BRK instruction interrupt as follows:

« When the interrupt disable flag is ‘0’, the acceptance of interrupt request is enabled.

« When the interrupt disable flag is ‘1’, the acceptance of interrupt request is disabled.

When the program branches to the interrupt service routine, this flag is automatically set to ‘1’ and disables
multiple interrupts. When multiple interrupts are used, clear this flag to ‘0’ at the start of the interrupt
service routine.
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1.11.6 Setting of Interrupts
Figures 1.11.12 and 1.11.13 show the setting of interrupts.

Procedure 1 Setting interrupt disable flag to ‘1’ to disable the acceptance of other interrupts during setting.

b7 b0

L [T ] ][] [ ] Processorstatus register (PS)

L Interrupt disabled

Procedure 2 Setting using interrupt enable bit to ‘0’ (disabled)
b7 b0

EEEEEEEE Interrupt control register 1 (ICON1) [Address O0FE16]

t When timer X interrupt is set, timer X interrupt is disabled.
When timer Y interrupt is set, timer Y interrupt is disabled.
When timer 1 interrupt is set, timer 1 interrupt is disabled.
When timer 2 interrupt is set, timer 2 interrupt is disabled.
When serial I/O receive interrupt is set, serial I/O receive interrupt is disabled.
When serial I/O transmit interrupt is set, serial I/O transmit interrupt is disabled.
When bus arbitration interrupt is set, bus arbitration interrupt is disabled.

When A-D conversion completion interrupt is set, A-D conversion completion interrupt is disabled.
b7 b0

[oJoJoJo] Interrupt control register 2 (ICON2) [Address 00FFi6]

L When INTo interrupt is set, INTo interrupt is disabled.
When INT1 interrupt is set, INT1 interrupt is disabled.
When CNTRo interrupt is set, CNTRo interrupt is disabled.

When CNTRuz interrupt is set, CNTR1 interrupt is disabled.

Procedure 3 Setting each interrupt

« When INT interrupt, CNTR interrupt and key-on wakeup interrupt are used
1. Selection of edge polarity selection register

b7 b0

-:.:EE[] Edge polarity selection register (EG) [Address 00D416]
L‘* INTo edge polarity selection
~ INT1edge polarity selection 0: Falling edge
CNTRo edge polarity selection |  1: Rising edge
CNTR1 edge polarity selection
INT1 source at STP and WIT selection

0: P31/INT1
1: POo—P07 LOW level (Key-on wakeup)

2. When CNTR interrupt and key-on wakeup interrupt are used, using port is set to input mode.
3. When key-on wakeup interrupt is used, using port pins are pulled high.

* When timer interrupt is used
1. Stop of timer count
2. Setting of each mode
3. Setting of timer (except pulse period measurement mode and pulse width measurement mode)

» When serial I/O receive interrupt, serial I/O transmit interrupt or bus arbitration interrupt are used
1. Setting of registers related to serial I/0
2. Setting of baud rate generator (only when internal clock is selected as synchronous clock)

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

Figure 1.11.12 Setting of Interrupts (1)
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Procedure 4 Setting using interrupt request bit to ‘0’ (no interrupt request)
b7 b0 .
mmnmmnum Interrupt request register 1 (IREQ1) [Address 00FCu1e]
L When timer X interrupt is set, there is no timer X interrupt request.
When timer Y interrupt is set, there is no timer Y interrupt request.
When timer 1 interrupt is set, there is no timer 1 interrupt request.
When timer 2 interrupt is set, there is no timer 2 interrupt request.
When serial I/O receive interrupt is set, there is no serial I/O receive interrupt request.
When serial I/O transmit interrupt is set, there is no serial /O transmit interrupt request.
When bus arbitration interrupt is set, there is no bus arbitration interrupt request.

b7 b0
mﬂﬂm Interrupt request register 2 (IREQ2) [Address 00FDze]
L When INTo interrupt is set, there is no INTo interrupt request.
When INT1 interrupt is set, there is no INTz interrupt request.

When CNTRo interrupt is set, there is no CNTRo interrupt request.

When CNTRu interrupt is set, there is no CNTRu1 interrupt request.

Procedure 5 Using interrupt enable bit to ‘1’ (enabled)

Interrupt control register 1 (ICON1) [Address O0FEz16]

tWhen timer X interrupt is set, timer X interrupt is enabled.

When timer Y interrupt is set, timer Y interrupt is enabled.
When timer 1 interrupt is set, timer 1 interrupt is enabled.
When timer 2 interrupt is set, timer 2 interrupt is enabled.
When serial I/O receive interrupt is set, serial I/O receive interrupt is enabled.
When serial /O transmit interrupt is set, serial I/0O transmit interrupt is enabled.
When bus arbitration interrupt is set, bus arbitration interrupt is enabled.

b7 b0
Interrupt control register 2 (ICON2) [Address 00FF16]

L when INTo interrupt is set, INTo interrupt is enabled.
When INT1 interrupt is set, INT1 interrupt is enabled.
When CNTRo interrupt is set, CNTRo interrupt is enabled.

When CNTRu interrupt is set, CNTR1 interrupt is enabled.

Procedure 6 Setting b2 of PS to ‘0’ when the interrupt disable flag is set to ‘1’ in procedure 1.

b7

lllllﬂl Processor status register (PS)

glnterrupt enabled

Procedure 7 Operate the function associated with each interrupt

* When key-on wakeup interrupt is used:
System is set to enter the stop mode/wait mode with the STP/WIT instruction.

* When timer interrupt is used:
Timer count start

» When serial I/O receive interrupt, serial I/O transmit interrupt and bus arbitration interrupt are used:
Data is written to the transmit buffer register and transmit/receive start.

* When A-D conversion completion interrupt is used:
Setting A-D control register (A-D conversion start)

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

When A-D conversion completion interrupt is set, there is no A-D conversion completion interrupt request.

When A-D conversion completion interrupt is set, A-D conversion completion interrupt is enabled.

Figure 1.11.13 Setting of Interrupts (2)
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1.11.7 Notes on Usage
Pay attention to the following notes when an interrupt is used.

(1) For All Interrupts
M Before the execution of an interrupt, set the corresponding interrupt request bit and interrupt enable
bit in the following order:
O Clear the interrupt request bit to ‘0’ (no interrupt request).
0 Set the corresponding interrupt enable bit to ‘1’ (interrupt enabled).

l The interrupt request bits can be changed by software, but retain the values immediately after a
rewrite instruction is executed. Therefore, the following operations must be performed after one or
more instructions at the completion of a rewrite instruction:

» Execute the BBC or BBS instruction after an interrupt request bit is changed.
» Set an interrupt enable bit to ‘1’ after an interrupt request bit is changed.

(2) For the INT and CNTR Interrupts
B \When edge selection bits of the edge polarity selection register are set, interrupt request bits may

become ‘1’. Therefore, set edge selection bits in the following sequence:
O Clear interrupt enable bit to ‘0’ (interrupt disabled).
0 Set edge selection bit.
O Clear interrupt request bit to ‘0’ (no interrupt request).
0 Execute one or more instructions (NOP etc.).
0 Set interrupt enable bit to ‘1’ (interrupt enabled).

B The INTo, INT1, CNTRo, and CNTR1 pins have the alternative functions of input port pins P30, P31,
1/0 port pins P40, and P41, respectively. When these pins are used as input port pins, valid edges
can still be detected because the 7480 Group and 7481 Group does not have the function to switch
the INT and CNTR pins to input port pins. Therefore, when these pins are used as input port pins,
clear all the corresponding interrupt enable bits of the INT and CNTR interrupts to ‘0’ (disabled).

B Keep the trigger width input to the INT pins 250 ns or more.

(3) For the Key-On Wakeup Interrupt
B Wwhen the key-on wakeup interrupt is used, execute the STP/WIT instruction after all inputs to port
PO are held HIGH.

B n states other than the stop/wait mode, the key-on wakeup interrupt is invalid.

(4) For the BRK instruction interrupt
B When the BRK instruction is executed, 2 is added to the contents of program counter, and then the
contents of the program counter are pushed onto the stack. As a result, upon return from the BRK
instruction interrupt service routine, the one byte subsequent to the BRK instruction is not executed.
Therefore, at programming, it is necessary to insert the NOP instruction immediately after the BRK
instruction.

B When there are two or more interrupt sources of which interrupt request bits and interrupt enable bits
are ‘1’, but the interrupt disable flag is ‘1’ (that is, in the interrupt disabled state), the execution of
the BRK instruction starts execution of the interrupt service routine at the vector address with the
highest priority level in these sources.
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1.12 Timer X and Timer Y

The 7480 Group and 7481 Group have two 16-bit timers with 16-bit latches.
e Timer X
e Timer Y

Timer X or timer Y can select the following operation modes by the timer X or Y operation mode bits and
the timer X or Y count source selection bits of the timer X mode register (address 00F616) or the timer Y
mode register (address 00F716):

» Timer mode

» Event count mode

» Pulse output mode

» Pulse period measurement mode

* Pulse width measurement mode

* Programmable waveform generation mode

* Programmable one-shot output mode

* PWM mode

For details, refer to the section of each mode.

1.12.1 Block Diagram
Figure 1.12.1 shows the block diagram of timer X and timer Y.
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Figure 1.12.1 Block Diagram of Timer X and Timer Y
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1.12.2 Registers Associated with Timer X and Timer Y
Figure 1.12.2 shows the memory map of the registers associated with timer X and timer Y.

00FO016 | Timer X low-order (TXL)
00F116 [ Timer X high-order (TXH)
00F216 | Timer Y low-order (TYL)
00F316 [ Timer Y high-order (TYH)

00F616 | Timer X mode register (TXM)
00F716 | Timer Y mode register (TYM)
00E816 | Timer XY control register (TXYCON)

Figure 1.12.2 Memory Map of Registers Associated with Timer X and Timer Y
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(1) Timer X and Timer Y

These are the 16-bit registers that count the count sources.

* When the timer X or Y write control bit of the timer X or Y mode register is;
‘0’: data is written to the timer and the timer latch (Note), and
‘1: data is written to the timer latch only.

 In the pulse width measurement mode or the pulse period measurement mode, a read from the
timer receives the contents of the timer latch.
In the other modes, it receives the contents of the timer.

Note: The timer latches are the registers that hold the initial values automatically reloaded to the
timers when they underflow, and they hold the measured values of pulse periods or widths.

The timer latches cannot directly be read.

Figures 1.12.3 and 1.12.4 show the timer X and timer Y.

Timer X (Timer X latch)

b7 b6 b5 b4 b3 b2 bl b0
| Timer X (high-order) (TXH) [Address 00F116]

b7 b6 b5 b4 b3 b2 bl b0
Timer X (low-order) (TXL) [Address 00FOz1eé]

Function At reset

The low-order count value of 1
timer X is indicated.

Note 1]

\.|m|m|>|w|m|p|o -
Rl e~
O|O|OfO|O|O|O|O|™

Function At reset

The high-order count value of 1
timer X is indicated.

Note 1]

(o] o} ko] (o] No] [o} Ko} s}

N RENREE

(@]

HHASEaCE

Notes 1: Do not write to these bits in pulse period measurement mode or pulse width measurement mode.
2: When b3 of timer X mode register is ‘0", writing to latch and timer is simultaneously
performed. When b3 is ‘1", writing to only latch is performed.
3: When reading/writing from/to timer X, read/write from/to both high-order and low-order
bytes. At reading, read the high-order byte and the low-order byte in this order.
At writing, write the low-order byte and the high-order byte in this order.

Figure 1.12.3 Timer X
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Timer Y (Timer Y latch)

b7 b6 b5 b4 b3 b2 bl b0

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |TimerY(high—order) (TYH) [Address 00F316]

| Timer Y (low-order) (TYL) [Address 00F216]

Function

At reset

The low-order count value of
timer Y is indicated.

1

Note 1]

Rl rle ]~ |-

(o]l (o} o] (o] No] Ko] [o} No) s}

Function

At reset

____________________ 6

,,,,,,,,,,,,,,,,,,, 7

The high-order count value of
timer Y is indicated.

Note 1]

NN

[oN (o} Ho) o}l ko] [o} No) ']

1

(@)

Notes 1: Do not write to these bits in pulse period measurement mode or pulse width measurement mode.
2: When b3 of timer Y mode register is ‘0, writing to latch and timer is simultaneously

performed. When b3 is ‘1", writing to only latch is performed.

3: When reading/writing from/to timer Y, read/write from/to both high-order and low-order bytes.

At reading, read the high-order byte and the low-order byte in this order.

At writing, write the low-order byte and the high-order byte in this order.

Figure 1.12.4 Timer Y
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(2) Timer X Mode Register, Timer Y Mode Register, and Timer XY Control Register
These registers consist of the bits controlling the operations of timer X and timer Y.
Figures 1.12.5, 1.12.6, and 1.12.7 show the timer X mode register, timer Y mode register, and timer
XY control register respectively.

Timer X mode register

b7 b6 b5 b4 b3 b2 bl b0
Timer X mode register (TXM) [Address 00F616]

b Name Function At reset

b2 b1 b0

00 0: Timer « event count mode

00 1 : Pulse output mode

01 0 : Pulse period measurement mode

1 0 1 1 : Pulse width measurement mode 0 o

100 : Programmable waveform

generation mode

101 : Programmable one-shot output
mode

2 110: PWM mode 0 o

111 : Not available

0 o}

0 | Timer X operating mode bits

3 | Timer X write control bit 0 : Writing to both latch and timer 0 o
oo 1 : Writing to latch only

4 | Output level latch 0 : LOW output from CNTRo pin 0 (0]
1 : HIGH output from CNTRo pin

waveform generation mode
e 1: Trigger occurrence (input signal of INTo
pin) and timer X start in programmable
waveform generation mode

E 5 | Timer X trigger selection bit | 0: Timer X free run in programmable 0 o

L 6 | Timer X count source b7 b6 0 o
”””””””” 00 : f(XiN)/2

selection bits

0 1:f(XiN)/8
7 10: f(Xin)/16 0 fe)
11 : Input from CNTRo pin

Figure 1.12.5 Timer X Mode Register
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Timer Y mode register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |Timeeroderegister(TYM) [Address 00F716]

I 1 I I I 1 I I T
T Name Function Atreset| R 1 W
R b2b1b0 '
vt 0 | Timer Y operating mode bits 000 : Timer « event count mode 0 O, O
[ Y S T B 00 1: Pulse output mode !
[ 01 0 : Pulse period measurement mode !
. 01 1 : Pulse width measurement mode [
1 1 1 O 1
[ 100 : Programmable waveform 6, 0
[ R R B T generation mode b
A 10 1 : Programmable one-shot :
R 2 output mode o [0 o
i 110:PWM mode :
[ R R 111 : Not available .
3 E 3 3 L 77777777 3 | Timer Y write control bit| 0 : Writing to both latch and timer 0 oO: O
[ 1 : Writing to latch only :
[
3 E 3 L 4 | Output level latch 0 : LOW output from CNTR1 pin 0 o. 0
o 1: HIGH output from CNTRuz pin !
3 E 3 5 | Timer Y trigger selection bit | O : Timer Y free run in programmable 0 o: 0O
[ waveform generation mode ,
L . 1 : Trigger occurrence (input signal of INTy '
o pin) and timer Y start in programmable 1
Lo waveform generation mode :
)
Lo !
o 6 | Timer Y count source [b7b6 0 o1 O
‘ selection bits 00 f(Xin)/2 :
i 0 1:f(Xin)/8 L
e 7 10:f(Xin)/16 ) 0 o' O
11 : Input from CNTR1 pin ,
1
Figure 1.12.6 Timer Y Mode Register
Timer XY control register
b7 b6 b5 b4 b3 b2 bl b0
Timer XY control register (TXYCON) [Address 00F816]
N
i i 3 E 3 3 3 b Name Function Atreset| R |} W
3 3 3 3 3 3 3 | 0 | Timer X stop control bit 0 : Count operation 1 v O
R 1: Count stop '
T 1 | Timer Y stop control bit 0 : Count operation 1 o' o
T 1: Count stop :
3 3 3 E 3 heee- 2 | Not implemented. 0 0., X
I S 3 | Writing to these bits is disabled. 0 0 X
A These bits are ‘0’ at reading.
,,,,,,,,,,, 0 X
Lo 4 0 '
1
e 5 0 0.+ X
B EERREEEEEEE 6 0 0 X
B R P T R EEE 7 0 01 X

Figure 1.12.7 Timer XY

Control Register
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1.12.3 Basic Operations of Timer X and Timer Y
Basic operations of timer X and timer Y are described below.
For details, refer to (1) Operations of each mode.

Count Sources

Timer X or timer Y can select the following count sources with the timer X or Y count source selection bits

of the timer X or Y mode register:

* f(XIN)/2

 f(XIN)/8

 f(XIN)/16

* CNTRo or CNTR1 pin input (in event count mode only).

Note: In the event count mode, the inverted signal of input to a CNTR pin is used as the count source when
a CNTR edge selection bit of the edge polarity selection register is ‘1.

Writes to and Reads from Timers

Write to and read from each timer two bytes together in the following order:
e Write: O low-order byte O high-order byte

e Read: O high-order byte 0O low-order byte

Note: When a read from and a write into the same timer are executed during an interrupt service routine
etc., the normal operation cannot be performed.

M Writes to timers
When ‘TL (000016 through FFFF16)’ is written to a timer, the following different operations are
performed depending on the state of the timer X or Y write control bit of the timer X or Y mode
register:

* In the ‘0’ state of the timer X or Y write control bit, the ‘TL’ is set in both the timer latch and the
timer.
Notes 1: A write to an operating timer causes the contents of the timer to be affected, so that the
time from the last underflow until the next underflow is undefined.
2: A write to the low-order byte of an operating timer allows the timer to continue counting
down until the next write to the high-order byte.

¢ In the ‘1’ state of the timer X or Y write control bit, the ‘TL’ is set in the timer latch only.

Notes 1: A write to a stopped timer causes the contents of the timer not to be affected and allows
the timer to count down from the value prior to the write. Therefore, the time from the start
of count down until the first underflow is undefined.

2: If a write and an underflow occur at approximately the same time in an operating timer, the
reloaded value may be undefined.

Il Reads from timers
The contents of a timer can be read by a read operation; however, the contents of the timer latch
(measured value) are read in the pulse period measurement mode or the pulse width measurement
mode.

Note: When the high-order byte of an operating timer is read, the low-order byte is set in the latch
for reading. Therefore, the read value of the low-order byte retains the value at the time the
high-order byte is being read.
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Count Operation

The count operation (start/stop) of timer X or timer Y is controlled by the timer X or Y stop control bit of
the timer XY control register as follows:

* When the timer X or Y stop control bit is set to ‘0’, the timer starts counting.

« When the timer X or Y stop control bit is set to ‘1’, the timer stops counting.

In the count operation, the contents of each timer are decremented by 1 at every rising edge of the count
source.

The timer X or Y stop control bit is recognized during the HIGH time of the count source. When the count
has stopped, the count source cannot be accepted.

In the PWM mode, the high- and the low-order bytes of timer X or Y counts down each as an 8-bit timer.

Reloading Timers

When a timer reaches ‘000016’ in the count operation, an underflow occurs at the subsequent rising edge
of the count source, and the contents of the timer latch are reloaded to the timer.

In the pulse period measurement mode or the pulse width measurement mode, when a timer reaches
‘000016’, an underflow occurs and a timer wraps around to ‘FFFF16’ at the subsequent rising edge of the
count source.

In the PWM mode, the high- and the low-order byte of a timer count down each as an 8-bit timer. When
either the high- or the low-order byte of the timer becomes ‘0116’, an underflow occurs at the subsequent
rising edge of the count source, and the contents of the timer latch are reloaded to the timer.

Timer Interrupt
At an underflow, the timer X or Y interrupt request bit of interrupt request register 1 is set to ‘1’; then a
timer interrupt request is generated.

Table 1.12.1 lists the relation between timer count periods and values set to timer X and timer Y.

Table 1.12.1 Relation between Timer Count Periods and Values Set to Timer X and Timer Y

Clock Input f(XIN) = 8 MHz f(XIN) = 4 MHz
Oscillation Frequency
Count Source f(XIN)/2 f(XIN)/8 f(XIN)/16 f(XIN)/2 f(XIN)/8 f(XIN)/16
(Cycle Time) (0.25 us) (1 ps) (2 us) (0.5 us) (2 us) (4 us)
High- | Low- | High- | Low- | High- | Low- [High- [ Low- | High- | Low- |High- | Low-
order | order | order | order | order | order | order | order | order | order |order | order
8 1ms | OF1i6 | 9F16 | 0316 | E716 | 0116 | F316 | 0716 ! CF16 | 0116 | F316 | 0016 | Fo16
o 2ms | 1F16 | 3F16 | 0716 | CF16 | 0316 | E716 | OF16 | 9F16 | 0316 | E716 | 0116 | F316
5 5ms | 4E16 | 1F16 | 1316 | 8716 | 0916 | C316 | 2716 | OF16 | 0916 | C316 | 0416 | El16
E| 10ms | 9cie | 3F1s | 2716 | OF16 | 1316 | 8716 | 4E16 | 1F16 | 1316 | 8716 | 0916 | C316
50 ms - C316 | 4F16 | 6116 | A716 - 6116 | A716 | 3016 | D316
100 ms - — C316 | 4F16 — C316 | 4F16 | 6116 | A716
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1.12.4 Timer Mode and Event Count Mode

(1) Operations in Timer Mode and Event Count Mode

Operations in the timer mode and the event count mode are explained with Figure 1.12.8.

Count Sources
In the timer mode and the event count mode, timer X or timer Y can select the following count
sources with the timer X or Y count source selection bits:

o f(XIN)/2

* f(XIN)/8 timer mode

* f(XIN)/16

¢« CNTRo pin input (Timer X used)
* CNTR1 pin input (Timer Y used)

} event count mode

Notes 1: In the event count mode, the inverted signal of input to a CNTR pin is used as the count
source when a CNTR edge selection bit of the edge polarity selection register is ‘1.
2: In the event count mode, keep the frequency of the CNTR pin input used as the count
source f(XIN)/4 or less.

Writes to and Reads from Timers
When ‘TL (000016 through FFFF16)’ is written to a timer, the following different operations are
performed depending on the state of the timer X or Y write control bit:

* In the ‘0’ state of the timer X or Y write control bit, the ‘TL’ is set in both the timer latch and the
timer (O in Figure 1.12.8).
* In the ‘1’ state of the timer X or Y write control bit, the ‘TL’ is set in the timer latch only.

Also, the contents of the timer can be read by a read operation.

Count Operation

* When the timer X or Y stop control bit of the timer XY control register is cleared to ‘0’, the timer
starts counting (O in Figure 1.12.8).

* When the timer X or Y stop control bit is set to ‘1’, the timer stops counting (O in Figure 1.12.8).

In the count operation, the contents of each timer are decremented by 1 at every rising edge of the

count source ([0 in Figure 1.12.8).

Reloading Timers

When a timer reaches ‘000016’ in the count operation, an underflow occurs at the subsequent rising
edge of the count source, and the contents of the timer latch are reloaded to the timer (O in Figure
1.12.8).

Timer Interrupt
At an underflow, the timer X or Y interrupt request bit is set to ‘1’; then a timer interrupt request is
generated (O in Figure 1.12.8).
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UF : Underflow

T: Count period 1

TE) = Count source frequency

X (Setting value to timer X+1)

() : Clearing by writing ‘0’ to interrupt request bit or accepting interrupt request

Notes 1: In this case, timer X write control bit is ‘0’ (writing to timer and timer latch simultaneously).
2: In event count mode,
* when CNTR edge selection bit is ‘0’, CNTR pin input is used as the count source.
» when CNTR edge selection bit is ‘1’, the inverted CNTR pin input is used as the count source.

Figure 1.12.8 Operation Example in Timer Mode and Event Count Mode
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(2) Setting of Timer Mode and Event Count Mode
Figures 1.12.9 and 1.12.10 show the setting of the timer mode and the event count mode.

Procedure 1 Stop of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]
L Timer X count stop (when timer X is used)
Timer Y count stop (when timer Y is used)

Procedure 2 Setting CNTR pin input in event counter mode

1. Setting port pin which has the alternative function of CNTR pin to input mode
b7 b0

llmn Port P4 direction register (P4D) [Address 00C916]
([\Et/:li L— Port P4o input mode (when timer X is used)
Port P41 input mode (when timer Y is used)

Notes 1: In the 7480 Group, these bits are not implemented.
b3 b2

B : ‘Not implemented'.

2. Setting edge porality selection register
b7 b0

-:.:EEE] Edge porality selection register (EG) [Address 00D416]

L

CNTRo edge porality selection (when timer X is used)

CNTR1 edge porality selection (when timer Y is used)
0: CNTR pin input is used as the count source.
1: The inverted CNTR pin input is used as the count source.

Procedure 3 Setting timer mode register

* when timer X is used
b7
Timer X mode register (TXM) [Address 00F616]

Lrt

Timer « event counter mode

Timer X write control
0: Writing to latch and timer simultaneously
1: Writing to only latch

Timer X count source selection

00: f(Xin)/2

01: f(Xin)/8 .

10- {(X)/16 in timer mode

11: CNTRo pin input — in event count mode

« when timer Y is used
b7 b0

[ [ ] ] [ofo]o] TimerY mode register (TYM) [Address 00F716]

Timer « event count mode

ﬁ

Timer Y write control
0: Writing to latch and timer simultaneously
1: Writing to only latch

Timer Y count source selection

00: f(XiN)/2

01: f(Xin)/8 in timer mode

10: f(XiN)/16

11: CNTR1 pin‘input — in event count mode

Figure 1.12.9 Setting of Timer Mode and Event Count Mode (1)
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Procedure 4 Setting timer (Note 2)
» when timer X is used

I:l Timer X low-order (TXL) [Address 00F016]
I:l Timer X high-order (TXH) [Address 00F116]

J

[

« when timer Y is used

I:l Timer Y low-order (TYL) [Address O0F216]
I:l Timer Y high-order (TYH) [Address 00F316]

J
L

Timer X count value is set

Timer Y count value is set

Notes 2: When writing to timer, set the low-order byte
and high-order byte in this order.

Procedure 5 Start of timer count
b7

b0
Timer XY control register (TXYCON) [Address 00F816]

L

Timer X count start (when timer X is used)
Timer Y count start (when timer Y is used)

Figure 1.12.10 Setting of Timer Mode and Event Count Mode (2)
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1.12.5 Pulse Output Mode

(1) Operations in Pulse Output Mode

Operations in the pulse output mode are explained with Figure 1.12.11.

Count Sources

In the pulse output mode, timer X or timer Y can select the following count sources with the timer
X or Y count source selection bits:

o f(XIN)/2

* f(XIN)/8

* f(XIN)/16

Writes to and Reads from Timers
When ‘TL (000016 through FFFF16)’ is written to a timer, the following different operations are
performed depending on the state of the timer X or Y write control bit:

* In the ‘0’ state of the timer X or Y write control bit, the ‘TL’ is set in both the timer latch and the
timer (O in Figure 1.12.11).
* In the ‘1’ state of the timer X or Y write control bit, the ‘TL’ is set in the timer latch only.

Also, the contents of the timer can be read by a read operation.

Count Operation

* When the timer X or Y stop control bit is cleared to ‘0’, the timer starts counting (O in Figure
1.12.11).

* When the timer X or Y stop control bit is set to ‘1’, the timer stops counting (O in Figure 1.12.11).

In the count operation, the contents of each timer are decremented by 1 at every rising edge of the

count source (00 in Figure 1.12.11).

Reloading Timers

When a timer reaches ‘000016’ in the count operation, an underflow occurs at the subsequent rising
edge of the count source, and the contents of the timer latch are reloaded to the timer (O in Figure
1.12.11).

Timer Interrupt
At an underflow, the timer X or Y interrupt request bit is set to ‘1’; then a timer interrupt request is
generated (O in Figure 1.12.11).

Pulse Output
At every underflows, polarity-inverted pulses are output from the following pins (O in Figure 1.12.11):

* CNTRo pin (Timer X used)

* CNTR1 pin (Timer Y used)

When the timer X or Y write control bit is ‘0’, the CNTR pin output is initialized to the following levels
by a write to the timer:

* HIGH when the CNTR edge selection bit is ‘0’ (O in Figure 1.12.11).

* LOW when the CNTR edge selection bit is ‘1'.

Notes 1: When the timer X or Y write control bit is ‘1", the CNTR pin output level cannot be initialized
by a write to the timer.
2: In the pulse output mode, the output level of a CNTR pin is inverted when the CNTR edge
selection bit is switched (O in Figure 1.12.11).
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UF: Underflow
H: Pulse width

H(s) 1

~ Count source frequency

X (Setting value to timer X + 1)

®: Clearing by writing ‘0’ to interrupt request bit or accepting interrupt request

Notes 1: In this case, timer X write control bit is ‘0’ (writing to timer and timer latch simultaneously).
2: In this case, timer X write control bit is ‘1’ (writing to only timer latch).

Figure 1.12.11 Operation Example in Pulse Output Mode
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(2) Setting of Pulse Output Mode
Figures 1.12.12 and 1.12.13 show the setting of the pulse output mode.

Procedure 1 Stop of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]

- Timer X count stop (when timer X is used)
Timer Y count stop (when timer Y is used)

Procedure 2 Setting CNTR pin output

1. Setting port pin which has the alternative function of CNTR pin to output mode (Note 1)
b7

b0
| | [1]1] Port P4 direction register (P4D) [Address 00C916]

(Notey 2) L Port P4o output mode (when timer X is used)
Port P41 output mode (when timer Y is used)

Notes 1: Pay attention to the output level of CNTR pin.
2: In the 7480 Group, these bits are not implemented.

b3 b2
2. Setting edge polarity selection register - - *Not implemented’.
b7 b0

BRI BT TTT] edge polarity selection register (EG) [Address 00D416]

L CNTRo edge polarity selection (when timer X is used)

CNTR1 edge polarity selection (when timer Y is used)
0: When setting operation mode, HIGH level output from CNTR pin is started.
1: When setting operation mode, LOW level output from CNTR pin is started.

Procedure 3 Setting timer mode register

* when timer X is used
b7

b0
[ [ ] ] [ofo]1] Timer X mode register (TXM) [Address 00F616]

L1l Pulse output mode

Timer X write control
0: Writing to latch and timer simultaneously
1: Writing to only latch

Timer X count source selection
00: f(Xin)/2
01: f(Xin)/8
10: f(Xin)/16
11: Not available

e when timer Y is used
b7

b0
[ [ 1] [ofo]1] TimerY mode register (TYM) [Address 00F716]

S Pulse output mode

Timer Y write control
0: Writing to latch and timer simultaneously
1: Writing to only latch

Timer Y count source selection
00: f(XiN)/2
01: f(Xin)/8
10: f(Xin)/16
11: Not available

Figure 1.12.12 Setting of Pulse Output Mode (1)
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Procedure 4 Setting timer (Note 3)
« when timer X is used

:l Timer X low-order (TXL) [Address 00FO16]
:l Timer X high-order (TXH) [Address 00F116]

L

Timer X count value is set
* when timer Y is used

|:| Timer Y high-order (TYH) [Address 00F316]

) )
Timer Y count value is set

Procedure 5 Start of timer count

b7 b0
Timer XY control register (TXYCON) [Address 00F816]
L

Timer X count start (when timer X is used)
Timer Y count start (when timer Y is used)

:l Timer Y low-order (TYL) [Address 00F216] Notes 3:

* When writing to timer, set the low-order
byte and high-order byte in this order.

« When setting count value to timer, CNTR
pin is initialized to the contents of the
CNTR edge selection bit.

Figure 1.12.13 Setting of Pulse Output Mode (2)
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1.12.6 Pulse Period Measurement Mode

(1) Operations in Pulse Period Measurement Mode

Operations in the pulse period measurement mode are explained with Figure 1.12.14.

Count Sources

In the pulse period measurement mode, timer X or timer Y can select the following count sources
with the timer X or Y count source selection bits:

o f(XIN)/2

* f(XIN)/8

* f(XIN)/16

Writes to and Reads from Timers

In the pulse period measurement mode, do not write to timers.

When a timer is read, the read value is the contents of the timer latch (measured value of the last
pulse period).

Count Operation

 When the timer X or Y stop control bit is cleared to ‘0’, the timer starts counting (O in Figure
1.12.14).

* When the timer X or Y stop control bit is set to ‘1’, the timer stops counting.

In the count operation, the contents of each timer are decremented by 1 at every rising edge of the

count source (O in Figure 1.12.14).

Reloading Timers

When a timer reaches ‘000016’ in the count operation, an underflow occurs at the subsequent rising
edge of the count source and a timer wraps around to ‘FFFF16’ (O in Figure 1.12.14).

When the valid edge of a CNTR pin input is detected in the count operation, the timer goes to
‘FFFF16’ (O in Figure 1.12.14).

Timer Interrupt
At an underflow, the timer X or Y interrupt request bit of interrupt request register 1 is set to ‘1’; then
a timer interrupt request is generated (O in Figure 1.12.14).

CNTR Interrupt

When the valid edge of a CNTR pin input is detected, the CNTR interrupt request bit of interrupt
request register 2 is set to ‘1’, and the CNTR interrupt request is generated (O in Figure 1.12.14).
The measured value of the pulse period must be read at this time.

Pulse Period Measurement

When any one of the following valid edges are detected, the complement on one of the contents of
the timer is written to the timer latch (O in Figure 1.12.14). The contents of the timer latch are
retained until the measurement of the next pulse period is complete.

« Valid edge of a CNTRo pin input (Timer X used)

* Valid edge of a CNTR1 pin input (Timer Y used)

The measurement type of pulse period is selected by a CNTR edge selection bit of the edge polarity

selection register as follows:

» The period from a falling edge of a CNTR pin input until the next falling edge when the CNTR edge
selection bit is ‘0’ (O in Figure 1.12.14).

» The period from a rising edge of a CNTR pin input until the next rising edge when the CNTR edge
selection bit is ‘1’.
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* When the period from falling edge until the next falling edge is measured (Note)

CNTRo pin input 22 V‘ [ L [ v | Y
'® - T® :
CNTRo interrupt ey _® (® .
e ) 2}

Count source ) DFLALALALFLI ALALFD FLALALAD FLFLALAD FLAL LA AL FLALL)

‘0’ is
written

Timer X stop Y
control bit ¢/

Count start
© !
Y
RL
T e Tt v R EED = CEEEPEEE  CEERPEE - o

Contents of timer X

000016

Timer X interrupt
request bit )

RL: ‘FFFF16’ is reloaded
UF : Underflow
T : Pulse period 1 . n: The number of timer interrupt
T(s) = Count source frequency X {(Contents of timer latch + 1) +65536 X n} request generation during measuring.

(® : Clearing by writing ‘0’ to interrupt request bit or accepting interrupt request

Note: In this case, CNTRo edge selection bit is ‘0’ (falling edge is valid).

Figure 1.12.14 Operation Example in Pulse Period Measurement Mode
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(2) Setting of Pulse Period Measurement Mode
Figure 1.12.15 shows the setting of the pulse period measurement mode.

Procedure 1 Stop of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]
- Timer X count stop (when timer X is used)

Timer Y count stop (when timer Y is used)

Procedure 2 Setting CNTR pin input

1. Setting port pin which has the alternative function of CNTR pin to input mode
b7 bo

[ T Jo[o] Port P4 direction register (P4D) [Address 00C916]

R/_/

(Note) Port P4o input mode (when timer X is used)

Port P41 input mode (when timer Y is used)

Note: In the 7480 Group, these bits are not implemented.
b3 b2

P : ‘Not implemented’.

2. Setting edge polarity selection register
b7 b0

-:.:EEE] Edge polarity selection register (EG) [Address 00D416]

L CNTRo edge polarity selection (when timer X is used)

CNTR1 edge polarity selection (when timer Y is used)
0: CNTR pin input from falling to falling is counted
1: CNTR pin input from rising to rising is counted

Procedure 3 Setting timer mode register

« when timer X is used
b7 b0

L[] ] [ofz]o] TimerX mode register (TXM) [Address 00F616]
‘ ‘ — Pulse period measurement mode
Timer X count source selection
00: f(Xin)/2
01: f(Xin)/8
10: f(Xin)/16
11: Not available

* when timer Y is used
b7

b0
] T ]| [ofzfo]l TimerY mode register (TYM) [Address 00F716]

‘ ’ L Pulse period measurement mode

Timer Y count source selection
00: f(Xin)/2
01: f(Xin)/8
10: f(XiN)/16
11: Not available

Procedure 4 Start of timer count
b7

b0
Timer XY control register (TXYCON) [Address 00F816]

L Timer X count start (when timer X is used)
Timer Y count start (when timer Y is used)

Figure 1.12.15 Setting of Pulse Period Measurement Mode
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1.12.7 Pulse Width Measurement Mode

(1) Operations in Pulse Width Measurement Mode
Operations in the pulse width measurement mode are explained with Figure 1.12.16.

Count Sources

In the pulse width measurement mode, timer X or timer Y can select the following count sources with
the timer X or Y count source selection bits:

* f(XIN)/2

* f(XIN)/8

o f(XIN)/16

Writes to and Reads from timers

In the pulse width measurement mode, do not write to timers.

When a timer is read, the read value is the contents of the timer latch (measured value of the last
pulse width).

Count Operation

« When the timer X or Y stop control bit is cleared to ‘0’, the timer starts counting (O in Figure
1.12.16).

* When the timer X or Y stop control bit is set to ‘1’, the timer stops counting.

In the count operation, the contents of each timer are decremented by 1 at every rising edge of the

count source (O in Figure 1.12.16).

Reloading Timers

When a timer reaches ‘000016’ in the count operation, an underflow occurs at the subsequent rising
edge of the count source and a timer wraps around to ‘FFFF16’ (O in Figure 1.12.16).

When the valid edge of a CNTR pin input is detected in the count operation, the timer goes to
‘FFFF16’ (O in Figure 1.12.16).

Timer Interrupt
At an underflow, the timer X or Y interrupt request bit is set to ‘1’; then a timer interrupt request is
generated (O in Figure 1.12.16).

CNTR Interrupt

When the valid edge of a CNTR pin input is detected, the CNTR interrupt request bit of interrupt
request register 2 is set to ‘1’, and the CNTR interrupt request is generated (O in Figure 1.12.16).
The measured value of the pulse width must be read at this time.

Pulse Width Measurement

When any one of the following valid edges are detected, the complement on one of the contents of
the timer is written to the timer latch (O in Figure 1.12.16). The contents of the timer latch are
retained until the measurement of the next pulse width is complete.

» Valid edge of a CNTRo pin input (Timer X used)

* Valid edge of a CNTR1 pin input (Timer Y used)

The measurement type of pulse width is selected by a CNTR edge selection bit as follows:

* HIGH-level period from a rising edge of a CNTR pin input until the next falling edge when the CNTR
edge selection bit is ‘0’ (O in Figure 1.12.16).

* LOW-level period from a falling edge of a CNTR pin input until the next rising edge when the CNTR
edge selection bit is ‘1'.
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* When HIGH-level period is measured (Note)

CNTRo pin input 88 * o

CNTRo interrupt 2() h@

request bit

Count source 2

‘0’ is
written
' 4
Timer X stop

control bit ((

FFFF1s

Contents of timer X

000016

Timer X interruptg)
request bit(¢
RL: ‘FFFF16’ is reloaded
UF: Underflow
H: Pulse width n: The number of timer interrupt

1 . ; h .
= X X .
H(s) Count source frequency {(Contents of timer latch+1) + 65536 X n} request generation during measuring

(® : Clearing by writing ‘0’ to interrupt request bit or accepting interrupt request

Note: In this case, CNTRo edge selection bit is ‘0’ (falling edge is valid).

Figure 1.12.16 Operation Example in Pulse Width Measurement Mode
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(2) Setting of Pulse Width Measurement Mode
Figure 1.12.17 shows the setting of the pulse width measurement mode.

Procedure 1 Stop of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]
L Timer X count stop (when timer X is used)
Timer Y count stop (when timer Y is used)

Procedure 2 Setting CNTR pin input
1. Setting port pin which has the alternative function of CNTR pin to input mode

b7 b0
[ T ToJo| PortP4 direction register (P4D) [Address 00C916]
(,\E{; Port P4o input mode (when timer X is used)

Port P41 input mode (when timer Y is used)

‘] : ‘Not implemented'.

2. Setting edge polarity selection register
b7 b0

BT BT TTT] edge polarity selection register (EG) [Address 00D41e]

S CNTRo edge polarity selection (when timer X is used)

CNTR1 edge polarity selection (when timer Y is used)
0: CNTR pin input from rising to falling (HIGH-level period) is counted
1: CNTR pin input from falling to rising (LOW-level period) is counted

Procedure 3 Setting timer mode register

* when timer X is used
b7

b0
[T ] ] [ofa]1] Timer X mode register (TXM) [Address 00F6a6]

’ ‘ L1 Pulse width measurement mode

Timer X count source selection
00: f(Xin)/2
01: f(Xin)/8
10: f(Xin)/16
11: Not available
* when timer Y is used
b7

b0
[ T[] [o[efz] TimerY mode register (TYMm) [Address 00F716]
i

Pulse width measurement mode

Timer Y count source selection
00: f(Xin)/2
01: f(Xin)/8
10: f(Xin)/16
11: Not available

Procedure 4 Start of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F81s]

\;Timer X count start (when timer X is used)
Timer Y count start (when timer Y is used)

Note: In the 7480bg£0up, these bits are not implemented.

Figure 1.12.17 Setting of Pulse Width Measurement Mode
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1.12.8 Programmable Waveform Generation Mode

(1) Operations in Programmable Waveform Generation Mode

Operations in the programmable waveform generation mode are explained with Figure 1.12.18.

Count Sources

In the programmable waveform generation mode, timer X or timer Y can select the following count
sources with the timer X or Y count source selection bits:

e f(XIN)/2

« f(XIN)/8

e f(XIN)/16

Writes to and Reads from Timers
When ‘TL (000016 through FFFF16)’ is written to a timer, the following different operations are
performed depending on the state of the timer X or Y write control bit:

* In the ‘0’ state of the timer X or Y write control bit, the ‘TL’ is set in both the timer latch and the
timer (O in Figure 1.12.18).

« In the ‘1’ state of the timer X or Y write control bit, the ‘TL’ is set in the timer latch only (O in Figure
1.12.18).

Also, the contents of the timer can be read by a read operation.

Count Operation
In the programmable waveform generation mode, the following starting point of a timer can be
selected with the timer X or Y trigger selection bit of the timer X or Y mode register:
*« When a valid edge of an INTo pin input is detected (Timer X used).
« When a valid edge of an INT1 pin input is detected (Timer Y used).
Clearing the timer X or Y stop control bit to ‘0’ brings the following results:
M - When the timer X or Y trigger selection bit is cleared to ‘0’, the timer starts counting.
* When the timer X or Y trigger selection bit is set to ‘1’, the timer starts counting as soon as the
valid edge of an INT pin input is detected (O in Figure 1.12.18).
When the timer X or Y stop control bit is set to ‘1’, the timer stops counting.
Hl Note: Keep the trigger widths input to the INT pins 250 ns or more.

In the count operation, the contents of each timer are decremented by 1 at every rising edge of the
count source (O in Figure 1.12.18).

Reloading Timers

When a timer reaches ‘000016’ in the count operation, an underflow occurs at the subsequent rising
edge of the count source, and the contents of the timer latch are reloaded to the timer (O in Figure
1.12.18).

Timer Interrupt
At an underflow, the timer X or Y interrupt request bit is set to ‘1’; then a timer interrupt request is
generated (O in Figure 1.12.18).

1-80
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Generation of Programmable Waveform

When an underflow occurs in a timer, the contents of the output level latches of the timer X or Y
mode register are output from the following pins (O in Figure 1.12.18):

* CNTRo pin (Timer X used)

* CNTR1 pin (Timer Y used)

When the timer X or Y operation mode bits of the timer X or Y mode register, which are set to other
modes, are switched to the programmable waveform generation mode, the CNTR pin outputs are
initialized to LOW (O in Figure 1.12.18).

INTo pin input
(Note 4) ( fl fl Al ¢
, INTO ) h@ h® h® )
interrupt request bit & i (2
Gount source J LI FLALIFLF LA FLFL I, LA FLFLRL PLUPLALL FLRLRLALILRL)
‘0 is i | i : : |
written ! 1 1 ) |
Timer X stop | 1 | | | :
control bit 1 : i l l : (?
1 : : : 3
< Writing to timer 1 (Note 3 | Change of timer X l Change of timer X
o X(Note 1) ! Y (Note 2) | | (Note 2)
£ DR RL 1 !
= - s T v v oy -
o
P 6 L |.
2 . W ) R
) \
g L ) T L T L T L )
[e]
© 000016 I
UF Time
oy 1 | 1
Timer X interrupt /é h@ h@ h@ h@ h@ )
request bit 2( ; X ‘ ; ; (2
1is L 0is s s Ll
written I written i ! written i written I written
Output level latch * \ .‘ | | ‘. |
gg_ﬁf \ i ‘ ‘ | ‘ %
Undefined . i 1 i | (
Initialized to LOW when setting | | 3 | |
timer X operation mode bits | | ! | |
@ 7 : . 0
CNTRo pin output )% Y Y—Y—e
&Undefined - H > 2
TL : Setting value to timer X
RL : Contents of timer latch is reloaded
UF : Underflow
H : Pulse width ) .
S) = Count source frequency X (Setting value to timer X+1)
(» : Clearing by writing ‘0" to interrupt request bit or accepting interrupt request
Notes 1: In this case, timer X write control bit is ‘0" (writing to timer and timer latch simultaneously).
2: In this case, timer X write control bit is ‘1’ (writing to only timer latch).
3: In this case, timer X trigger selection bit is ‘1’ (trigger occurs, at the same time, timer X is activated ).
4: In this case, INTo edge selection bit is ‘1’ (rising edge is valid).

Figure 1.12.18 Operation Example in Programmable Waveform Generation Mode
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(2) Setting of Programmable Waveform Generation Mode
Figures 1.12.19 and 1.12.20 show the setting of the programmable waveform generation mode.

Procedure 1 Stop of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]
L Timer X count stop (when timer X is used)
Timer Y count stop (when timer Y is used)

Procedure 2 Setting INT pin input and CNTR pin output

1. Setting port pin which has the alternative function of the CNTR pin to output mode (Note 1)
b7

b0
ll Port P4 direction register (P4D) [Address 00C916]

(Note 2{ L Port P4o output mode (when timer X is used)
Port P41 output mode (when timer Y is used)

Notes 1: Pay attention to the output level of CNTR pin.

2: In the 7480 Group, these bits are not implemented.
b3 b2

. ‘Not implemented’.

2. Setting INT edge selection bit when timer is activated by the trigger of INT pin input
b7 b0

-:.:EED Edge polarity selection register (EG) [Address 00D416]

L INTo edge polarity selection (when timer X is used)

INT1 edge polarity selection (when timer Y is used)
0: Timer is activated by detecting the falling edge of INT pin input
1: Timer is activated by detecting the rising edge of INT pin input

Procedure 3 Setting timer mode register

« when timer X is used
b7 bO

[ [ [ ] [1fo]o] Timerx mode register (Txm) [Address 00F616]

— Programmable waveform generation mode (Note 3)

Timer X write control
0: Writing to latch and timer simultaneously
1: Writing to only latch
Output level latch
— Timer X trigger selection

0: Timer X free run
1: Trigger occurrence (input signal of INTo pin) and timer X start

Timer X count source selection
00: f(XiN)/2
01: f(Xin)/8
10: f(Xin)/16
11: Not available

Notes 3: The CNTR pin output is initialized to LOW when the operation mode
bits set to other modes are set to the programmable waveform
generation mode.

Figure 1.12.19 Setting of Programmable Waveform Generation Mode (1)
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« when timer Y is used
b7

b0
[ [ ] ] [2]ofo] TimerY mode register (TYM) [Address 00F716]

—_— Programmable waveform generation mode (Note 3)

Timer Y write control
0: Writing to latch and timer simultaneously
1: Writing to only latch

Output level latch

Timer Y trigger selection

0: Timer Y free run

1: Trigger occurrence (input signal of INT1 pin) and timer Y start
Timer Y count source selection

00: f(Xin)/2

01: f(Xin)/8

10: f(Xin)/16

11: Not available

Procedure 4 Setting timer (Note 4)
« when timer X is used

:l Timer X low-order (TXL) [Address 00FO1s]
:l Timer X high-order (TXH) [Address 00F116]

L

Timer X count value is set
« when timer Y is used

|:| Timer Y low-order (TYL) [Address 00F21]
:l Timer Y high-order (TYH) [Address 00F316]

) )
Timer Y count value is set

Notes 4: When writing to timer, set the low-order byte
and high-order byte in this order.

Procedure 5 Start of timer count (Note 5)
b7 0]

Timer XY control register (TXYCON) [Address 00F816]

L Timer X count start (when timer X is used)
Timer Y count start (when timer Y is used)

Notes 5: When bit 5 of timer mode register is ‘1’,
timer count does not start at this time.
Trigger (input signal of INT pin) occurs,
at the same time, timer count starts.

Notes 6: Keep the trigger width input to INT pin 250 ns
or more.

Figure 1.12.20 Setting of Programmable Waveform Generation Mode (2)
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1.12.9 Programmable One-Shot Output Mode

(1) Operations in Programmable One-Shot Output Mode

Operations in the programmable one-shot output mode is explained with Figure 1.12.21.

Count Sources

In the programmable one-shot output mode, timer X or timer Y can select the following count sources
with the timer X or Y count source selection bits:

e f(XIN)/2

« f(XIN)/8

» f(XIN)/16

Writes to and Reads from Timers
When ‘TL (000016 through FFFF16)’ is written to a timer, the following different operations are
performed depending on the state of the timer X or Y write control bit:

* In the ‘0’ state of the timer X or Y write control bit, the ‘TL’ is set in both the timer latch and the
timer (O in Figure 1.12.21).
* In the ‘1’ state of the timer X or Y write control bit, the ‘TL’ is set in the timer latch only.

Also, the contents of the timer can be read by a read operation.

Count Operation

 When the timer X or Y stop control bit is cleared to ‘0’, the timer starts counting (O in Figure
1.12.21).

* When the timer X or Y stop control bit is set to ‘1’, the timer stops counting.

In the count operation, the contents of each timer are decremented by 1 at every rising edge of the

count source (O in Figure 1.12.21).

Reloading Timers

When a timer reaches ‘000016’ in the count operation, an underflow occurs at the subsequent rising
edge of the count source, and the contents of the timer latch are reloaded to the timer (O in Figure
1.12.21).

When the valid edge of an INT pin input is detected, the contents of the timer latch are also reloaded
(O in Figure 1.12.21).

Timer Interrupt
At an underflow, the timer X or Y interrupt request bit is set to ‘1’; then a timer interrupt request is
generated (O in Figure 1.12.21).

Generation of Programmable One-Shot Pulse

* When timer X is used, a one-shot pulse is output from the CNTRo pin when the valid edge of an
INTo pin input is detected (O in Figure 1.12.21).

* When timer Y is used, a one-shot pulse is output from the CNTR1 pin when the valid edge of an
INT1 pin input is detected.
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When the timer X or Y operation mode bits of the timer X or Y mode register are set to the
programmable one-shot output mode, the CNTR pin outputs are initialized to the content of the CNTR
edge selection bit (O in Figure 1.12.21).

The CNTR pin output remains at the inverted level of the content of the CNTR edge selection bit for
the period from the rising edge™ of the count source immediately after the valid edge of an INT pin
input is detected until the subsequent an underflow (O in Figure 1.12.21).

Notes 1: Keep the trigger widths input to the INT pins 250 ns or more.
2: In the programmable one-shot output mode, the output level of a CNTR pin is inverted
when the CNTR edge selection bit is switched (O in Figure 1.12.21).
(I: One cycle or less of the rising edge of the count source, after the valid edge of an INT pin input

is detected.
INTo pin input
(Note 2) ) ﬂ ﬂ £ 2
Y Y Y
INTo A R
interrupt request bit | P& M@ %\) »

Count source 8

‘0'is
written

Timer X stop control bit 22

!
> Writing to timer X1 (%) |
o (Note 1) \ \ \ \ \ \
= R
b TLf - --
o
2 © | | )
3 | |
< ! |
e} | |
O | | -
000016 T T Time
| ) 1 : | :
Timer X interrupt request bit 2) ) h® h® : ) @ >2
( | | | | ‘0'is | (
| } | | written |
CNTRo ! ! ! ! :
edge selection bit 28 - - - - ! 82
Initialized to the contents of CNTRo edge :selection bit 3 E 3 3 E
when setting timer X operation mode bits ! ! ! ! ! @ !
) Y \ Y Y Y
CNTRo pin output 1 | I 2
( ) i H @ i
Undefined -

TL: Setting value to timer X
RL: Contents of timer latch is reloaded
UF: underflow
H: Pulse width 1
H(S) = count source frequency X (Setting value to timer X + 1)

(a) : Clearing by writing ‘0’ to interrupt request bit or accepting interrupt request

Notes 1: In this case, timer X write control bit is ‘0’ (writing to timer and timer latch simultaneously).
2: In this case, INTo edge selection bit is ‘1’ (rising edge is valid).

Figure 1.12.21 Operation Example in Programmable One-Shot Output Mode
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(2) Setting of Programmable One-Shot Output Mode
Figures 1.12.22 and 1.12.23 show the setting of the programmable one-shot output mode.

Procedure 1 Stop of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]
L— Timer X count stop (when timer X is used)

Timer Y count stop (when timer Y is used)

Procedure 2 Setting INT pin input and CNTR pin output
1. Setting port pin which has the alternative function of the CNTR pin to output mode (Note 1)

b7 bo
ll Port P4 direction register (P4D) [Address 00C916]

(Note 2) L Port P40 output mode (when timer X is used)
Port P41 output mode (when timer Y is used)

Notes 1: Pay attention to the output level of CNTR pin.
2: In the 7480 Group, these bits are not implemented.
b3 b2

m . ‘Not implemented’.

2. Setting INT edge selection bit and CNTR edge selection bit
b7 b0

-:.:EEE] Edge polarity selection register (EG) [Address 00D416]

- INTo edge polarity selection (when timer X is used)

INT1 edge polarity selection (when timer Y is used)
0: Falling edge of INT pin input detected
1: Rising edge of INT pin input detected
CNTRo edge polarity selection (when timer X is used)
CNTR1 edge polarity selection (when timer Y is used)
0: HIGH level from CNTR pin is output after the maximum 1 cycle of
count source from trigger detection of INT pin input.
1: LOW level from CNTR pin is output after the maximum 1 cycle of
count source from trigger detection of INT pin input.

Procedure 3 Setting timer mode register
» when timer X is used

Timer X mode register (TXM) [Address 00F616]

e — Programmable one-shot output mode (Note 3)

Timer X write control
0: Writing to latch and timer simultaneously
1: Writing to only latch
Timer X count source selection
00: f(Xin)/2
01: f(Xin)/8
10: f(XiN)/16
11: Not available

Notes 3: When setting operation mode, CNTR pin output is
initialized to the contents of the CNTR edge selection bit.

Figure 1.12.22 Setting of Programmable One-Shot Output Mode (1)
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« when timer Y is used
b7

b0
[ T[] [afo[a] TimerY mode register (TYm) [Address 00F716]

i Programmable one-shot output mode (Note 3)

Timer Y write control
0: Writing to latch and timer simultaneously
1: Writing to only latch
Timer Y count source selection
00: f(Xin)/2
01: f(XiN)/8
10: f(XiN)/16
11: Not available

Procedure 4 Setting timer (Note 4)
» when timer X is used

I:l Timer X low-order (TXL) [Address 00FO16]
I:l Timer X high-order (TXH) [Address 00F116]

L

* when timer Y is used

I:l Timer Y low-order (TYL) [Address 00F216]
I:l Timer Y high-order (TYH) [Address 00F316]

) .
Timer Y count value is set

Timer X count value is set

Notes 4: When writing to timer, set the low-order byte
and high-order byte in this order.

Procedure 5 Start of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]

L Timer X count start (when timer X is used)
Timer Y count start (when timer Y is used)

Notes 5: Keep the trigger width input to INT pin 250 ns
or more.

Figure 1.12.23 Setting of Programmable One-Shot Output Mode (2)
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1.12.10 PWM Mode

(1) Operations in PWM Mode

Operations in the PWM mode are explained with Figure 1.12.24.

Count Sources

In the PWM mode, timer X or timer Y can select the following count sources with the timer X or Y
count source selection bits:

e f(XIN)/2

« f(XIN)/8

» f(XIN)/16

Writes to and Reads from Timers
When ‘TL (000016 through FFFF16)’ is written to a timer, the following different operations are
performed depending on the state of the timer X or Y write control bit:

* In the ‘0’ state of the timer X or Y write control bit, the ‘TL’ is set in both the timer latch and the
timer (O in Figure 1.12.24).
* In the ‘1’ state of the timer X or Y write control bit, the ‘TL’ is set in the timer latch only.

Also, the contents of the timer can be read by a read operation.

Count Operation

In the PWM mode, the high- and the low-order byte of a timer counts down each as an 8-bit timer.

* When the timer X or Y stop control bit is cleared to ‘0’ in the HIGH state of the PWM output, only
the high-order byte of the timer starts counting down (O in Figurel.12.24), while in the LOW state
of the PWM output, only the low-order byte of the timer starts counting down (O in Figure 1.12.24).

« When the stop control bit is set to ‘1’, both the high- and the low-order byte stop counting down
(O in Figure 1.12.24).

In the count operation, the contents of the high- or the low-order byte of the timer are decremented

by 1 at every rising edge of the count source (O in Figure 1.12.24).

When either the high- or the low-order byte of an operating timer becomes ‘0116’, it stops counting.

At the same time, the other starts counting (O in Figure 1.12.24).

Reloading Timers

When either the high- or the low-order byte of an operating timer becomes ‘0116’, an underflow
occurs at the subsequent rising edge of the count source, and the contents of the timer latch is
reloaded to the timer (O in Figure 1.12.24).

Timer Interrupt
At an rising edge of the PWM output waveform, the timer X or Y interrupt request bit is set to ‘1’;
then a timer interrupt request is generated (O in Figure 1.12.24).

PWM Output
e When timer X is used, the PWM waveform is output from the CNTRo pin.

* When timer Y is used, the PWM waveform is output from the CNTR1 pin.
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When the timer X or Y write control bit is ‘0’, the CNTR pin output is initialized to HIGH by a write
to the timer (O in Figure 1.12.24). When it is ‘1’, however, the CNTR pin output level cannot be
initialized by a write to the timer. In the PWM mode, when the low-order byte of the timer becomes
‘0116’ in the LOW level of the PWM output (O in Figure 1.12.24), or when the high-order byte
becomes ‘0116’ in the HIGH level of the PWM output (O in Figure 1.12.24), an underflow occurs in
each timer at the subsequent rising edge of the count source and the output level of the CNTR pin
is inverted.

When ‘TLL (0016 through FF16)’ is written to the low-order byte of the timer and ‘TLH (0016 through
FF1e)’' to the high-order byte, the duty cycle of the PWM waveform output from the CNTR pin is
expressed by ‘TLH/(TLH + TLL)".

Notes 1: « All of the PWM outputs are HIGH when TLL = 0016 and TLH # 001s.
* All of the PWM outputs are LOW when TLH = 0016.
2: When at least one of TLL and TLH is ‘0016’, no timer interrupt request can be generated.
3: Even when value ‘0016’ is written to a timer, the timer continues counting down. Therefore,
the contents of the timer are undefined.

Countsource L IGFLRYFLILFLIGFURLI, FLELALR PRI ALRLALI LR ALALIpALILALRL,

‘0’ is written ‘1’ is written ‘0’ is written

Timer X stop —3g—i _3& )

control bit 22

Initialized to HIGH when
writing to timer X (Note)

x :

T . Wiiting to timer X 1(2) | 16

£ (high-order) (Note) |

55 I 2 A RL o R, RL(p) Ly RL 22

g T (o (o |_82 : T L3

gE |_| ‘ 1 ‘\‘\i__J | I | |

c ' ! | | |

8 0116 e 7: 7777777777 R : 7777777 . : 7777777 \J[ 777777 : T % 7777777 |

0015 UF ‘l UF 1 UF : ! UF Ti

x ", . ! ! | | Time

= Writing to timer X 1 | ! il ! ! .

E E (low-order) (Note) @ ! ! ! }E ! ! !

5% 1w ,®¢ . Y S 2 5t Rt 2 ¥ vy R 2 1 L

o G { ‘ ! !

%(_;D 0115,,,T,,,,,,,,,,,,,j,,l,_gu ,,,,,,,,, },,,,gu ,,,,,,,,,, },,,,,,,Egu ! 22

S ool — : 1 ; 1 ; 1 ;

8 ! UF | UF | UF " Time
Timer X interrupt | @ (» } ‘ » ! ‘ » |

request bit &)* . @ : % . % : 82

CNTRo pin output F‘ﬂ |I | m
22-‘5 | T | 2

Undefined

TLH : Setting value to timer X (high-order) ) )
TLL : Setting value to timer X (low-order) RL: Contents of timer latch is reloaded

T : PWM period T(s)=HH + HL UF: Underflow
HH : Pulse width (HIGH-period) 1
HH(s) = x Setting value to timer X (high-order)
HL - pulse width (LOW-period) ~ COunt source frequency
HL(s) = L x Setting value to timer X (low-order)

Count source frequency
(® : Clearing by writing ‘0’ to interrupt request bit or accepting interrupt request

Note: In this case, timer X write control bit is ‘0’ (writing to timer and timer latch simultaneously).

Figure 1.12.24 Operation Example in PWM Mode
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(2) Setting of PWM Mode
Figures 1.12.25 and 1.12.26 show the setting of the PWM mode.

Procedure 1 Stop of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]
L Timer X count stop (when timer X is used)

Timer Y count stop (when timer Y is used)

Procedure 2 Setting CNTR pin output (Setting the port pin which has the alternative function of CNTR pin to
output mode) (Note 1)

b7

b0
[ T J1[1] Port P4 direction register (P4D) [Address 00C916]

—~ | L

(Note 2 Port P4o output mode (when timer X is used)

Port P41 output mode (when timer Y is used)

Notes 1: Pay attention to the output level of CNTR pin.
2: In the 7480 Group, these bits are not implemented.
b3 b2

- :‘Not implemented'.

Procedure 3 Setting timer mode register

« when timer X is used
b7 bo

][] | [1fz]o] Timer X mode register (TXM) [Address 00F616]

N PWM mode (Note 3)

Timer X write control
0: Writing to latch and timer simultaneously
1: Writing to only latch

Timer X count source selection
00: f(Xin)/2
01: f(Xin)/8
10: f(XiN)/16
11: Not available

* when timer Y is used
b7

b0
] T ][ [afa]ol Timer Y mode register (TYM) [Address 00F716]

- — PWM mode (Note 3)

Timer Y write control
0: Writing to latch and timer simultaneously
1: Writing to only latch

Timer Y count source selection
00: f(Xin)/2
01: f(Xin)/8
10: f(XiN)/16

11: Not available Notes 3: When setting operation mode, CNTR pin output is

initialized to HIGH.

Figure 1.12.25 Setting of PWM Mode (1)

1-90 7480 Group and 7481 Group User's Manual



HARDWARE

1.12 Timer X and Timer Y

Procedure 4 Setting timer (Note 4)
* when timer X is used

:l Timer X low-order (TXL) [Address 00F016]

e Timer X low-order count value (LOW level output interval) is set

:l Timer X high-order (TXH) [Address 00F116]

L Timer X high-order count value (HIGH level output interval) is set

« when timer Y is used

:l Timer Y low-order (TYL) [Address 00F216]

e Timer Y low-order count value (LOW level output interval) is set

:l Timer Y high-order (TYH) [Address 00F316]

L Timer Y high-order count value (HIGH level output interval) is set

Notes 4: When writing to timer, set the low-order byte
and high-order byte in this order.

Procedure 5 Start of timer count
b7 b0

Timer XY control register (TXYCON) [Address 00F816]

L

Timer X count start (when timer X is used)
Timer Y count start (when timer Y is used)

Figure 1.12.26 Setting of PWM Mode (2)
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1.12.11 Notes on Usage
Pay attention to the following notes when timer X or Y is used.

(1) In All Modes
M Write to and Read from Timers
Write to and read from each timer two bytes together in the following order:
e Write: O low-order byte - O high-order byte
e Read: O high-order byte - O low-order byte
When a read from and a write into the same timer are executed during an interrupt service routine
etc., the normal operation cannot be performed.

In the pulse period measurement mode and the pulse width measurement mode, do not write to
timers.

M Writes to Timers

When the timer X or Y write control bit is ‘0":

* A write to an operating timer causes the contents of the timer to be affected, so that the time from
the last underflow until the next underflow is undefined in this case.

« A write to the low-order byte of an operating timer allows the timer to continue counting down until
the next write to the high-order byte. Therefore, the time until the subsequent underflow may be
undefined.

Figure 1.12.27 shows an operation in timer X or timer Y at writes.

« Example: Writing ‘020016’ into timer

Count source 2 A | A | A | A [ A | %
¢ ) | I 1 l ¢
_____ R . Y Y ‘
Contents of timer (low-order) ~Undefined value:_ 0016 X FFie X FE16 X FDi16
-------------------. ----------- YI'---
Contents of timer (high-order) Undefined yalue 0216

___________________________________

‘0016’ is written to the ‘0216’ is written to the
low-order of timer high-order of timer

Note: In this case, the write control bit is ‘0’.

Figure 1.12.27 Operation in Timer X or Timer Y at Writes

When the timer X or Y write control bit is ‘1":

« A write to a stopped timer causes the contents of the timer not to be affected and allows the timer
to count down from the value prior to this write. Therefore, the time from the start of count down
until the first underflow is undefined.

« If a write and an underflow occur at approximately the same time in an operating timer, the reloaded
value may be undefined.
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Ml Reads from Timers

* When the high-order byte of an operating timer is read, the low-order byte is set in the latch for
reading. Therefore, the read value of the low-order byte retains the value at the time the high-order
byte is being read.

 In the count operation, the contents of each timer are decremented by 1 at every rising edge of
the count source, while the contents of each timer are transferred to the latch for reading by falling
edge, so that the read value of the timer may be different from its real value.

Figure 1.12.28 shows an operation in timer X or timer Y at reads.

Count source 2() A Y A Y A Y A Y A Y ()2
Y NNy N
Contents of timer X 010116 X 010016 X O00FFis X OOFEis X OOFDis

‘ ‘ Y Y Y
Read value of timer 010216 X 010116 X 010016 X 00FF16 X OOFE16 x

High-order of timer is read (Read value: ‘0116’) Low-order of timer is read (Read value: ‘0116’)
In this case, the low-order read value ‘0116’ is
written to latch for reading.

Figure 1.12.28 Operation in Timer X or Timer Y at Reads

(2) In Event Count Mode

M The inverted signal of input to a CNTR pin is used as the count source when a CNTR edge selection
bit of the edge polarity selection register is ‘1’.

M Keep the frequency of the CNTR pin input used as the count source f(XIN)/4 or less.

(3) In Pulse Output Mode

M When the timer X or Y write control bit is ‘0’, the CNTR pin output is initialized to the following levels
by a write to the timer:

« HIGH when the CNTR edge selection bit is ‘0.
« LOW when the CNTR edge selection bit is ‘1.

When the timer X or Y write control bit, however, is ‘1’, the CNTR pin output level cannot be
initialized by a write to the timer.

M The output level of a CNTR pin is inverted when the CNTR edge polarity selection bit is switched.

(4) In Pulse Period Measurement Mode and Pulse Width Measurement Mode

M Do not write to timers in these modes; otherwise the last measured value in the timer latch will be
changed by this write.

M When a timer is read, the read value is the contents of the timer latch (the last measured value).

(5) In Programmable Waveform Generation Mode
B When the timer X or Y operation mode bits, which are set to other modes, are switched to the
programmable waveform generation mode, the CNTR pin outputs are initialized to LOW.

Hl When the timer X or Y trigger selection bit is ‘1’, keep the trigger widths input to the INT pins 250ns
or more.
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(6) In Programmable One-Shot Output Mode

B When the timer X or Y operation mode bits are set to the programmable one-shot output mode, the
CNTR pin outputs are initialized to the content of the CNTR edge selection bit.

l The output level of a CNTR pin is inverted when the CNTR edge selection bit is switched.

W Keep the trigger widths input to the INT pins 250 ns or more.

(7) In PWM Mode

(8)

9)

B When the timer X or Y write control bit is ‘0", the CNTR pin output is initialized to HIGH by a write
to the timer. When the write control bit is ‘1’, the CNTR pin output level cannot be initialized by a
write to the timer.

M All of the PWM outputs are HIGH when TLL = 0016 and TLH # 0016.
M All of the PWM outputs are LOW when TLH = 001s.
B When at least one of TLL and TLH is ‘0016, no timer interrupt request can be generated.

Bl Even when value ‘0016’ is written to a timer, the timer continues counting down. Therefore, the
contents of the timer are undefined.

I/0 Port Pins P4 0 and P41 with the Alternative Functions of Timer I1/O Pins CNTR 0 and CNTR1
Port pins P40 and P41 have the alternative functions of 16-bit timer I/O pins CNTRo and CNTR1
respectively. If the timer X or Y operation mode bit of the corresponding timer is set to any mode
related to output (Note), these pins cannot perform the normal function as output port pins. Refer to
Figure 1.10.3 Block Diagrams of Port Pins P2 i to P5i in Section 1.10. Input/Output Pins.

Note: Modes related to output:
» Pulse output mode
* Programmable waveform generation mode
* Programmable one-shot output mode
« PWM mode

Edge Polarity Selection Register

When the edge polarity selection bit of edge polarity selection register is set, the interrupt request
bit may be set to ‘1"

Refer to Section 1.11.7 (2) in 1.11 Interrupts .
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1.13 Timer 1 and Timer 2

The 7480 Group and 7481 Group have two 8-bit timers with 8-bit latches:
e Timer 1

e Timer 2

Timer 1 or timer 2 can select the following operation modes by the timer 1 or 2 operation mode bit of the
timer 1 mode register (address 00F916) or the timer 2 mode register (address 00FA16):

* Timer mode

» Programmable waveform generation mode

For details, refer to the section of each mode.

1.13.1 Block Diagram
Figure 1.13.1 shows the block diagram of timer 1 and timer 2.

Data bus
8
\
Timer count source TL |<—
selection bits
‘00’ ) 8 Timer interrupt
f(XIN)/8 00 Timer stop request bitp
f(XIN)/64 o, control bit I
“10° o—0 "I,
foxany128———19 1o ' y ]
f(XiN)/256 ——LL1 {0
T
Output level 8
D
To. T1 output Q latch [ Timer mode register
\
8
\ y
\ Data bus

Figure 1.13.1 Block Diagram of Timer 1 and Timer 2

1.13.2 Registers Associated with Timer 1 and Timer 2
Figure 1.13.2 shows the memory map of the registers associated with timer 1 and timer 2.

00F416 | Timer 1 (T1)
00F516 | Timer 2 (T2)

00F916 | Timer 1 mode register (T1M)
O00FA16 | Timer 2 mode register (T2M)

Figure 1.13.2 Memory Map of Registers Associated with Timer 1 and Timer 2
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(1) Timer 1 and Timer 2
These are the 8-bit registers that count the pulses of count sources.
*« When a timer is written, the written data is set to the timer and the timer latch (Note).
« When a timer is read, the read value is the contents of the timer.

Note: The timer latches are the registers that hold the initial values automatically reloaded to the
timers when they underflow. Actually, the value decremented by 1 from the contents of the

timer latch is reloaded to the timer.

Figures 1.13.3 and 1.13.4 show the timer 1 and timer 2.

Timer 1 (Timer 1 latch)

b7 b6 b5 b4 b3 b2 bl bo
| | Timerl (T1) [Address 00F416]
G
G
P b Function Atreset| R, W
0 1 1 1 1 1 | o |The timer 1 count value is indicated. 1 Oo: O
e 1 ]0:0
[ N T R 5 1 O, O
. :
e 3 11009
Do mmmeeeees 4 1 6,0
: : Lol 5 1 (@] : (@]
E e — 6 1 o, 0
b e 7 1 (0] , (0]
Figure 1.13.3 Timer 1

Timer 2 (Timer 2 latch)

b7 b6 b5 b4 b3 b2 bl b0
| Timer 2 (T2) [Address 00F516]

oo |
RN &7 Bt Function Atreset| R ' W
EEEEE V' 4PN
i 1 1 1+ 1 i 4 =1 o [Thetimer2 countvalue is indicated. Undefined] O * O
Vo
e ! Undefined| O 1 O
A 2 Undefined] O } O
. 3 Undefined| O 1 O
e 4 Undefined] O } O
Dol Lo 5 Undefined| O 1 O
3 . 6 Undefinedf O } O
L 7 Undefired| O 1+ O

Figure 1.13.4 Timer 2
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(2) Timer 1 Mode Register and Timer 2 Mode Register
These registers consist of the bits controlling the operation of timer 1 and timer 2.
Figures 1.13.5 and 1.13.6 show the timer 1 and 2 mode registers.

Timer 1 mode register
b7 b6 b5 b4 b3 b2 bl b0
I:I:.:-:I:I Timer 1 mode register (T1M) [Address 00F916]
3 3 3 3 E 3 3 3 b Name Function Atreset| R | W
boro vt L0 | Timer 1 stop control bit | 0 : Count operation 0 RS
B 1: Count stop :
I I I 1 1 I I
v o 11 | Timer 1 operation 0 : Timer mode o | 0.0
poror mode bit 1 : Programmable waveform generation mode \
3 3 3 3 E b 2 | Not implemented. Writing to these bits is disabled. o, X
I 5 | These bits are ‘0’ at reading. 0 01 X
N 4 | Output level latch 0 : LOW output from To pin 0 c.0
b 1 : HIGH output from To pin .
R 5 | Not implemented. Writing to this bit is disabled. 0 0, X
Lo This bit is ‘0 at reading. :
I I "
Lo 6 |t b7 b6 0 0o, 0
e R lglréirﬁéncgﬁgt source 790 : fxmy/s :
| 01: f(XiN)/64 :
] 7 10: f(Xin)/128 0 o o0
""""""""" 11 :f(XiN)/256 '
Figure 1.13.5 Timer 1 Mode Register
Timer 2 mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer 2 mode register (T2M) [Address 00FA1e]
1 1 I I 1 1 I I
[ T R R R I .
. R Name Function Atreset| R 1 W
\ 0 ' 1 1.1 1 1| 0 [Timer 2 stop control hit | 0: Count operation 0 o: o0
N 4 4 1: Count stop '
[ T T B
Lo L 1 | Timer 2 operation 0 : Timer mode 0 o 0O
R T mode bit 1 : Programmable waveform generation mode '
3 E i i E b 2 | Not implemented. Writing to these bits is disabled. 0 P X
[ T R S 3 | These bits are ‘0’ at reading. 0 X
1 1 I I
[ 4 | Output level latch 0 : LOW output from T1 pin 0 0.0
P 1 : HIGH output from T1 pin ,
3 E L 5 | Not implemented. Writing to this bit is disabled. 0 0, X
[ This bit is ‘0’ at reading. ,
P - b7 b6 o' O
o] 6 I‘e’f;’ﬁgncgﬁgt source 17 5. fxi)/8 0 :
X 0 1: f(XiN)/64 '
! 7 10: f(Xin)/128 0 CIC)
T 11 : f(XiN)/256 ‘

Figure 1.13.6 Timer 2 Mode Register
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1.13.3 Basic Operations of Timer 1 and Timer 2
Basic operations of timer 1 and timer 2 are described below.
For details, refer to (1) Operations of each mode.

Count Sources

Timer 1 and timer 2 can select the following count sources with the timer 1 or 2 count source select bits
of the timer 1 or 2 mode register:

 f(XIN)/8

 f(XIN)/64

e f(XIN)/128

* f(XIN)/256

Writes to Timers
When ‘TL(0016 through FF16)’ is written to a timer, ‘TL’ is set in both the timer and the timer latch.

Note: A write to an operating timer causes the contents of the timer to be affected, so that the period from
the last underflow until the next underflow is undefined.

Reads from Timers
The contents of the timer can be read by a read operation.

Count Operations

The count operation (start/stop) of timer 1 or timer 2 is controlled by the timer 1 or 2 stop control bit of
the timer 1 or 2 mode register as follows:

* When the timer 1 or 2 stop control bit is set to ‘0’, the timer starts counting.

« When the timer 1 or 2 stop control bit is set to ‘1’, the timer stops counting.

In the count operation, the contents of each timer are decremented by 1 at every rising edge of the count
source.

The timer 1 or 2 stop control bit is recognized during the HIGH time of the count source. When the count
has stopped, the count source cannot be accepted.

Reloading Timers

When a timer reaches ‘FF16’ in the count operation, an underflow occurs at the subsequent rising edge of
the count source, and the value decremented by 1 from the contents of the timer latch is reloaded to the
timer.

Timer Interrupt
At an underflow, the timer 1 or 2 interrupt request bit of interrupt request register 1 is set to ‘1’; then a
timer interrupt request is generated.

Table 1.13.1 lists the relation between timer count periods and values set to timer 1 and timer 2.
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Table 1.13.1 Relation between Timer Count Periods and Values Set to Timer 1 and Timer 2

Clock Input f(XIN) = 8 MHz f(XIN) = 4 MHz
Oscillation Frequency
Count Source f(XIN)/8 f(XIN)/64 | f(XIN)/128 | f(XIN)/256 | f(XIN)/8 f(XIN)/64 f(XIN)/128
(Count Period) | (1) (8s) (16p5) (32p5) (2ps) (164s) (32us)
100 us 6316 — — — 3116 — —
8 [200 ps C716 1816 — — 6316 — —
& 1500 us — — — — F916 — —
o |1 ms — 7C16 — — — — —
-E 2 ms — F916 7C16 — — 7C16 —
4 ms — — F916 7C16 — F916 7C16

1.13.4 Timer Mode

(1) Operations in Timer Mode
The operations in the timer mode is explained with Figure 1.13.7.

Count Sources

In the timer mode, timer 1 or timer 2 can select the following count sources with the timer 1 or 2
count source selection bits of the timer 1 or 2 mode register:

* f(XIN)/8

 f(XIN)/64

 f(XIN)/128

 f(XIN)/256
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Writes to and Reads from Timer

When ‘TL (0016 through FF16)' is written to a timer, ‘TL’ is set in both the timer and the timer latch
(O in Figure 1.13.7).

Also, the contents of the timer can be read by a read operation.

Count Operation

« When the timer 1 or 2 stop control bit is cleared to ‘0’, the timer starts counting (O in Figure 1.13.7).
* When the timer 1 or 2 stop control bit is set to ‘1’, the timer stops counting (O in Figure 1.13.7).
In the count operation, the contents of each timer are decremented by 1 at every rising edge of the
count source (O in Figure 1.13.7).

Reloading Timers

When a timer reaches ‘FF16’ in the count operation, an underflow occurs at the subsequent rising
edge of the count source, and the value decremented by 1 from the contents of the timer latch is
reloaded to the timer. (O in Figure 1.13.7).

Timer Interrupt
At an underflow, the timer 1 or 2 interrupt request bit is set to ‘1’; then a timer interrupt request is
generated (O in Figure 1.13.7).

Count source QQJ_I—H—HQ Qﬂﬂ—ﬂ—ﬂ—ﬂgﬂ—ﬂ—ﬂ—ﬂ—mﬂﬂwﬂ—mﬂﬂﬂ—ﬂ—ﬂ-@

‘0" is | L 1is ‘0'is |
written , | written written .
I I 1
| | |
Timer 1 stop 2 <2_i 1 ﬁ_& i ) ?
control bit ‘ ! p i ! (
: | :
@ | | |
f Writing to timer 1, | T : i + Writing to timer 1
g : PO N :
E I
= 0T 1
© TL1 1
12}
c
e
S 0016
O  FFie

Timer 1 interrupt

-
request bit 28 h® h® h® (?

TL: Setting value to timer 1
RL: The value which is the timer latch decremented by 1 is reloaded

UF: Underflow . .
T: Count period T(s) = 1 x (Setting value to timer 1 +1)

Count source frequency

(» : Clearing by writing ‘0’ to interrupt request bit or accepting interrupt request

Figure 1.13.7 Operations in Timer Mode
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(2) Setting of Timer Mode
Figure 1.13.8 shows the setting of the timer mode.

Procedure 1 Stop of timer count

« when timer 1 is used
b7

b0
ll l . Timer 1 mode register (T1M) [Address 00F916]

L— Timer 1 count is stopped.

« when timer 2 is used
b7

b0
ll l l Timer 2 mode register (T2M) [Address 00FA16]

L— Timer 2 count is stopped.

Procedure 2 Setting timer mode register

« when timer 1 is used
b7 bo

[ Bl FElof[1] Timer 1 mode register (T1m) [Address 00F916]

‘ ‘ L Timer mode

Timer 1 count source selection
00: f(Xin)/8
01: f(Xin)/64
10: f(XiN)/128
11: f(XiN)/256

e when timer 2 is used

b0
| [ B Bl o]1] Timer 2 mode register (T2M) [Address 00FA1s]
‘ ‘ L Timer mode

Timer 2 count source selection
00: f(Xin)/8
01: f(Xin)/64
10: f(Xin)/128
11: f(XiN)/256

Note : Procedure 1 and 2 can be set simultaneously because the described register is the same.

Procedure 3 Setting timer
* when timer 1 is used

:] Timer 1 (T1) [Address 00F416]

. .
Timer 1 count value is set

* when timer 2 is used

:] Timer 2 (T2) [Address 00F516]

. .
Timer 2 count value is set

Procedure 4 Start of timer count

« when timer 1 is used
b7 b0

.l l EE Timer 1 mode register (T1M) [Address 00F916]
L Timer 1 count s started

e when timer 2 is used
b7 b0

.l l EE Timer 2 mode register (T2M) [Address 00FA16]
L Timer 2 count is started

Figure 1.13.8 Setting of Timer Mode
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1.13.5 Programmable Waveform Generation Mode

(1)

Operations in Programmable Waveform Generation Mode
Operations in the programmable waveform generation mode is explained with Figure 1.13.9.

Count Sources

In the programmable waveform generation mode, timer 1 or timer 2 can select the following count
sources with the timer 1 or 2 count source selection bits:

 f(XIN)/8

 f(XIN)/64

» f(XIN)/128

» f(XIN)/256

Writes to and Reads from Timers

When ‘TL(0016 through FF16)’ is written to a timer, ‘TL’ is set in both the timer and the timer latch
(O in Figure 1.13.9).

Also, the contents of the timer can be read by a read operation.

Count Operation

« When the timer 1 or 2 stop control bit is cleared to ‘0’, the timer starts counting (O in Figure 1.13.9).
« When the timer 1 or 2 stop control bit is set to ‘1’, the timer stops counting (O in Figure 1.13.9).
In the count operation, the contents of each timer are decremented by 1 at every rising edge of the
count source (O in Figure 1.13.9).

Reloading timers

When a timer reaches ‘FF16’ in the count operation, an underflow occurs at the subsequent rising
edge of the count source, and the value decremented by 1 from the contents of the timer latch is
reloaded to the timer. (O in Figure 1.13.9).

Timer interrupt
At an underflow, the timer 1 or 2 interrupt request bit is set to ‘1’; then a timer interrupt request is
generated (O in Figure 1.13.9).

Generation of Programmable Waveform

When an underflow occurs in a timer, the contents of the output level latch are output from the
following pins (O in Figure 1.13.9):

e To pin (Timer 1 used)

e T1 pin (Timer 2 used)

The output level of the To or T1 pin remains undefined until the first underflow occurs in this mode
(O in Figure 1.13.9).
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| |
s ! s 0is
written ! \(vritten written
| |
Timer 1 stop 1 ;
. T T 1
control bit Count start | P Count start
I ! ! I
Writing TL }@ | P |
totimer1 ! | i ' Writing TL to timer 1
| o |
‘ Ll

a’_') K
£ TL'-1
S ¥
¥ TL RL
g TL-1
: )
O 0016
FFi16 OF
. Time
Timer 1 interrupt 2) @2
request bit (( i
‘1'is ‘0" is ‘1'is ‘1'is
written written written written

X
Output level latch 22_“

Undefined

«

To pin outputg

Undefined - H .i

(a : Clearing by writing ‘0’ to interrupt request bit or accepting interrupt request

TL: Setting value to timer 1
RL: The value which is the timer latch decremented by 1 is reloaded
UF: Underflow 1

H: Pulse width H(s) = Count source frequency

x (Setting value to timer 1 +1)

J

Figure 1.13.9 Operations in Programmable Waveform Generation Mode
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(2) Setting of Programmable Waveform Generation Mode
Figures 1.13.10 and 1.13.11 show the setting of the programmable waveform generation mode.

Procedure 1 Stop of timer count

« when timer 1 is used
b7

b0
ll l l Timer 1 mode register (T1M) [Address 00F916]
L Timer 1 count is stopped.

« when timer 2 is used
b7

b0
ll l l Timer 2 mode register (T2M) [Address 00FA16]

L Timer 2 count is stopped.

Procedure 2 Setting port which is also used as T pin to output mode (Note 1)

D o]0)
[ ][ Jolo] | | PortP1 direction register (P1D) [Address 00C316]
L PortPl2 output mode (when timer 1 is used)
Port P13 output mode (when timer 2 is used)

Notes 1: Pay attention to the output level of T pin.

Procedure 3 Setting timer mode register

« when timer 1 is used
b7

b0
[ Timer 1 mode register (T1M) [Address 00F916]

‘ L Programmable waveform generation mode

Output level latch
Timer 1 count source selection
00: f(Xin)/8
01: f(Xin)/64
10: f(XiN)/128
11: f(XiN)/256

« when timer 2 is used
b7

b0
[ B Timer 2 mode register (T2M) [Address OOFA16]

. Programmable waveform generation mode
Output level latch
—— Timer 2 count source selection

00: f(Xin)/8
01: f(Xin)/64
10: f(XiN)/128
11: f(Xin)/256

Notes 2 : Procedure 1 and 3 can be set simultaneously
because the described register is the same.

Figure 1.13.10 Setting of Programmable Waveform Generation Mode (1)
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Procedure 4 Setting timer

* when timer 1 is used

[ ] Timer1(T1) [Address 00F41s]

) .
Timer 1 count value is set

* when timer 2 is used

[ ] Timer2(T2) [Address 00F51s]

L - .
Timer 2 count value is set

Procedure 5 Start of timer count

* when timer 1 is used
b7 b0

.. . E Timer 1 mode register (T1M) [Address 00F916]

L Timer 1 count is started

« when timer 2 is used
b7 b0

.. . E Timer 2 mode register (T2M) [Address 00FAz1e]

L Timer 2 count is started

Figure 1.13.11 Setting of Programmable Waveform Generation Mode (2)
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1.13.6 Notes on Usage
Pay attention to the following notes when timer 1 or timer 2 is used.

(1) In All Modes
l A write to an operating timer causes the contents of the timer to be affected, so that the period from

the last underflow until the next underflow is undefined.
M in the count operation, the contents of each timer are decremented by 1 at every rising edge of the
count source, while the contents of each timer are transferred to the latch for reading at the falling

edge, so that the read value of the timer may be different from its real value by +1.

Figure 1.13.12 shows an operation in timer 1 and timer 2 at reads.

* when ‘7F16’ is written to timer

(@)
o
c
3
~—+
[%2}
o
c
=
(@]
o
N\
<H
¢ -
-- -
€ - o
-- -
€ -
- - -
.
-- -
-~
-- -
=~

. Y .
Contents of timer X 01lis X 0016 X FFie X 7E16 X 7D16 X 7C16
Y Y Yy Y Y
Timer read value 0216 X 0116 X 0016 X FFi6 X 7E16 X 7D16 X
. Y
Timer
interrupt request bit &) | K (?

Clearing by writing ‘0’ to interrupt request bit or
accepting interrupt request

Figure 1.13.12 Operations in Timer 1 and Timer 2 at Reads

(2) 1/O Port Pins P1 2 and P13 with the Alternative Functions of Timer Output Pins T 0and T1
Port pins P12 and P13 have the alternative functions of timer output pins To and T1 respectively. If
the timer operation mode bit of the corresponding timer (1 or 2) is set to the programmable waveform
generation mode, these pins cannot perform the normal function as output port pins. Refer to Figure
1.10.1 Block Diagrams of Port Pins PO i and P10—P13 in Section 1.10 Input/Output pins
Therefore, set the corresponding timer (1 or 2) operation mode bit to the timer mode when these pins
are used as normal /O port pins.
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1.14 Serial 1/0

Serial 1/0 transmits or receives 8-bit data serially, between two microcomputers.

The serial 1/0 of the 7480 Group and 7481 Group can operate with a transmission format of either synchronous
or asynchronous (UART) type.

If data is not sent on the transmission line because of collision. The microcomputer informs external the
collision in the contention bus system communications by generating a bus arbitration interrupt request.

1.14.1 Registers Associated with Serial 1/0
Figure 1.14.1 shows the memory map of the registers associated with serial 1/0.

00EO16 | Transmit/receive buffer register (TB/RB)
00E116 | Serial I/0O status register (SIOSTS)

00E216 | Serial I/0 control register (SIOCON)

00E316 [ UART control register (UARTCON)

00E416 | Baud rate generator (BRG)

00ES516 | Bus collision detection control register (BUSARBCON)

Figure 1.14.1 Memory Map of Registers Associated with Serial I/O
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1)

Transmit Buffer Register and Receive Buffer Register

The transmit buffer register and the receive buffer register are located at the same address. These
registers are written transmit data and read receive data when clock synchronous or clock asynchronous
serial I/O is used.

Clock Synchronous Serial I/O

A write to the transmit buffer register (Note) starts the following operations:

« When the BRG output/4 is selected as the synchronous clock, communication is started.

« When an external clock is selected as the synchronous clock and the SRDY output is in the enable
state, the level of the SRDY signal changes from HIGH to LOW, and the completion of the communication
preparation is signaled to the external.

Clock Asynchronous Serial I/O (UART)
A write to the transmit buffer register (Note) starts data transmission.

Note: During transmission, data is written to the transmit buffer register.
During reception, dummy data is written to the transmit buffer register when the clock synchronous
serial /O is selected.

Figure 1.14.2 shows the transmit/receive buffer register.

Transmit/Receive buffer register

b7 b6 b5 b4 b3 b2 bl b0
Transmit/Receive buffer register (TB/RB) [Address 00EOQ16]

=

[ R N R R

[ T N E R

[ T N E R

oo b Function Atreset| R
[ T N E R -
oo 71 0 fintransmission: Undefined
e ! Transmit data is transferred to the transmit shift register Undefined

[ R N R A by writing transmit data. -
S 2 Undefined

[ A

Lo b 3 | In reception: Undefined Note
[ When data is stored completely in the receive shift )

| | | 4 ) . N . . Undefined
[ register, the receive data is transferred to this register.
el b 5 Undefined

o —

IEREEEEEEEEEE F 6 Undefined

I

Lo N U Undefined

Note: In transmission, this register is a write-only register.
In reception, this register is a read-only register.

Figure 1.14.2 Transmit/Receive Buffer Register
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(2) Serial 1/0 Status Register

This register consists of the flags that indicate the serial 1/O transmit/receive status.

Figure 1.14.3 shows the serial 1/O status register.

HARDWARE
1.14 Serial I/0

Serial I/O status register
b7 b6 b5 b4 b3 b2 bl b0
| l| | | | | | | | Serial 1/0 status register (SIOSTS) [Address 00E116]
oo
T ) Name Function At reset !
[ T
v v 0 L] 0| Transmit buffer empty flag | O : Buffer full 0 i
Poror (TBE) 1 : Buffer empty .
[ R S '
boro 0 L] 1 | Receive buffer full flag 0 : Buffer empty 0 '
N (RBF) 1 : Buffer full '
I 1 I I I 1
R 2 : ; ; 0 : Transmit shift in progress 0 H
A ;Il'gzna_rglct:)shlft completion 1 : Transmit shift completed '
I 1 I I I 1
et 3 | overrun error flag 0 - No error 0 !
o (OE) 1: Overrun error '
o : *
. 4 | Parity error flag 0 No error 0 ;
o (PE) 1 : Parity error !
T 5 Framing error flag 0: No error 0 !
- (FE) 1 : Framing error \
1 | :
e 6 | Summing error flag 0: OE U PE U FE=0 0 .
! (SE) 1:0EUPE U FE=1 :
! H
******************* 7_| This bitis fixed to ‘1. 1 ;
Note: b4 and b5 are valid only in UART

Figure 1.14.3 Serial I1/O Status Register

Each flag of the serial I/O status register is described below.

Transmit Buffer Empty Flag (TBE: bit 0)

This flag indicates the status of the transmit buffer register.

* When the data written to the transmit buffer register is transferred to the transmit shift register, this

flag is set to ‘1"

« When transmit data is written to the transmit buffer register, this flag is cleared to ‘0.

This flag is valid in both clock synchronous serial 1/0 and UART.

Receive Buffer Full Flag (RBF: bit 1)

This flag indicates the status of the receive buffer register.

* When receive data is stored completely in the receive shift register and transferred to the receive

buffer register, this flag is set to ‘1'.

* When the transferred data is read from the receive buffer register, this flag is cleared to ‘0.

This flag is valid in both clock synchronous serial I/0 and UART.

Transmit Shift Completion Flag (TSC: bit 2)

This flag indicates the status of the transmit shift operation.

* When the data in the transmit buffer register is transferred to the transmit shift register, and shift
operation is started by the synchronous clock (the start bit of the transmit data is transmitted), this
flag is cleared to ‘0.

* When the shift operation is completed (the transmission of the last bit of the transmit data is
completed), this flag is set to ‘1.

This flag is valid in both clock synchronous serial I/0O and UART.
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Overrun Error Flag (OE: bit 3)

This flag indicates the status of reading receive data.

* When the next receive data is stored completely in the receive shift register before the receive data
stored in the receive buffer register is read through, this flag is set to ‘1'.

» This flag is cleared to ‘0’ by any operations listed in Table 1.14.1.

This flag is valid in both clock synchronous serial /0O and UART.

Parity Error Flag (PE: bit 4)

This flag indicates the result of checking even or odd parity by hardware in UART.

« This flag is set to ‘1’ when the parity of the receive data differs from the predetermined parity.

e This flag is cleared to ‘0O’ by any operation listed in Table 1.14.1.

This flag is valid only at parity enable in UART.

Framing Error Flag (FE: bit 5)

This flag indicates faults of frame synchronization in UART.

* When the stop bit of receive data is not received at the specified timing, this flag is set to ‘1’. Only
the first stop bit is tested and the second stop bit is not tested.

e This flag is cleared to ‘0O’ by any operation listed in Table 1.14.1.

This flag is valid only in UART.

Summing Error Flag (SE: bit 6)

This flag indicates faults of serial 1/O.

*« When the overrun error, parity error or framing error occurs, this flag is set to ‘1'.

* This flag is cleared to ‘0O’ by any operation listed in Table 1.14.1.

This flag is valid in both clock synchronous serial I/0O and UART.

[Clearing Error Flag]

Error flags (bits 3 to 6) of the serial 1/O status register are cleared to ‘0’ by any operation listed in

Table 1.14.1.

Table 1.14.1 Clearing Error Flags

Clearing Method Set Serial /0O Enable Bit| Set Receive Enable Bit | Dummy Data is Written to

Error Flag to ‘0’ to ‘O’ Serial I/0O Status Register

Over

run Error Flag (@] 0] o

Parity Error Flag

X
Framing Error Flag X
Summing Error Flag X

O|0|0O
O|0|0O
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(3) Serial I/O Control Register
This register controls the selection of a transmit/receive mode, a synchronous clock, serial 1/O pin
functions, etc. of serial 1/0.
Figure 1.14.4 shows the serial 1/O control register.

Serial I/0 control register

b7 b6 b5 b4 b3 b2 bl b0
| Serial I/O control register (SIOCON) [Address 00E216]

[ R

E 3 i 3 E 3 i 3 b Name Function Atreset| R ' w

vooov oo 1] 0 [ BRG count source 0 : f(XiNy/4 0 o, O

Poro selection bit (CSS) 1:f(Xin)/16 '

Loror 1 | Serial I/O synchronous when clock synchronous serial I/O is selected 0 0. O

[ clock selection bit (SCS) 0 : BRG output/4 ,

A 1: External clock input :

Loror when UART is selected .

oo 0 : BRG output/16 :

[ 1: External clock input/16 .

1 I I I 1 I !

E 3 3 3 E L 2 | Srov output enable bit | 0: P17 pin 0 o, o

[ T (SRDY) 1 : Sroy output pin '

1 ! I I 1

oo 3 | Transmit interrupt source | 0 'b”‘?f"“_p‘ occurs @en trgfsmit 0 o, ©

o selection bit (TIC) _ buffer is emphy o '

o 1 : Interrupt occurs when transmit shift '

. operation is completed. '

E 3 3 7777777777 4 | Transmit enable bit 0 : Transmit disabled 0 o, O

o (TE) 1: Transmit enabled '

1 I I

— 5 | Receive enable bit 0 : Receive disabled 0 0, 0

v (RE) 1 : Receive enabled '

E fffffffffffffffff 6 | Serial I/0O mode selection bit 0 : Asynchronous serial /0 (UART) 0 o, O

I (SIOM) 1 : Clock synchronous serial I/0 !

___________________ 7 | Serial /0O enable bit 0 : Serial I/O disabled 0 o: O
(SIOE) 1: Serial I/O enabled .

Figure 1.14.4 Serial 1/0 Control Register
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(4) UART Control Register
This register controls the data transmission formats in clock asynchronous serial 1/0 (UART).
This register is valid only when UART is selected.
Figure 1.14.5 shows the UART control register.

UART control register

b7 b6 b5 b4 b3 b2 bl bO

[1]a][2]a] [ | | |uart contolregister arTcON) [Address ooE31s]

G .

- 3 b 3 | o Name Function At reset tw

E 3 3 3 E 3 3 t 0 | Character length selection bit 0: 8 bits 0 o, ©

| | | | | | | (CHAS) 1:7 bits :

.

E 3 3 3 E 3 | 1 | Parity enable bit 0 : Parity disabled 0 0. 0

[ R R T R (PARE) 1 : Parity enabled '

N 2 | Parity selection bit 0 : Even parity 0 o, O

o (PARS) 1: Odd parity :

E 3 3 3 :L 77777777 3 | Stop bit length selection bit | 0 : 1 stop bit 0 o, O

o (STPS) 1: 2 stop bits :

E 3 3 b 4 | These bits are fixed to ‘1". 1 1, X
1

 nh T e 5 1 1 X

D] 6 1|1y x

B e T 7 1 1 : X

Figure 1.14.5 UART Control Register
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(5) Baud Rate Generator (BRG)
The baud rate generator is an 8-bit counter with an auto-reload register, used only for serial I/O.
When the serial I/0 synchronous clock selection bit of the serial 1/O control register is ‘0’, setting
value ‘n’ (any number of 0016 to FF16) to the baud rate generator outputs a signal of the BRG count
source (Note 1) divided by ‘n + 1’ as the BRG output (Note 2) .

Notes 1: « f(XIN)/4: when the BRG count source selection bit of the serial 1/O control register is ‘0"
» f(XIN)/16: when the BRG count source selection bit is ‘1’.
2: « BRG output/4 is used for the synchronous clock in clock synchronous serial 1/0.
* BRG output/16 is used for the synchronous clock in clock asynchronous serial 1/0.

Figure 1.14.6 shows the baud rate generator.

Baud rate generator

b7 b6 b5 b4 b3 b2 bl b0

| Baud rate generator (BRG) [Address 00E416]

I N

3 i i E E i i b Function Atreset| R E w
3 i i E E i i - « 8-bit timer for baud rate generation of serial I/0. Undefinedl O ; O
Lot t——— 1 |+ Valid only when BRG output divided by 4 or 16 is selected |undefined| O e}
N > as synchronous clock. undefined] o0 ' O
3 3 3 E o 3 Undefined] © 1 O
3 3 3 - 4 Undefine] O | ©O
e haEEE e 5 Undefined| O i O
3 s 6 Undefined] O } O
bl 7 Undefined] O 1 O

Figure 1.14.6 Baud Rate Generator

(6) Bus Collision Detection Control Register
This register consists of the bits controlling the valid/invalid of the bus collision detection.
Figure 1.14.7 shows the bus collision detection control register.

Bus collision detection control register

b7 b6 b5 b4 b3 b2 bl b0

_:I Bus collision detection control register (BUSARBCON) [Address 00E5z16]

1 I I 1 1 I I I

e N

3 3 3 E E 3 3 3 b Name Function At reset "
3 3 3 E E 3 3 t 0 | Bus collision detection enable bit | O : Collision detection invalid 0 )
N 1: Collision detection valid !
T

' 0 0 1 1 1 “--- 1 | Notimplemented. 0 0, X
R 5| Writing to these bits is disabled. o P
[ These bits are ‘0’ at reading.

| | | T 3 0 0 : X
Co

R 4 o o X
I e 5 0 0! X
Db 6 0 01 X
R e 7 0 0! X

Figure 1.14.7 Bus Collision Detection Control Register
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1.14.2 Clock Synchronous Serial I/O

In clock synchronous serial /O, the transmit operation of the transmitter (Note 1) and the receive operation
of the receiver (Note 2) are performed simultaneously, synchronizing with the synchronous clock used for
transferring, which is generated by the clock control circuit.

Notes 1: Synchronized with falling edges of the synchronous clock, data is transmitted from the TxD pin
of the transmitter by the bit.
2: Synchronized with rising edges of the synchronous clock, data is received from the RxD pin of
the receiver by the bit.

Clock synchronous serial I/O is selected by setting the serial I/O mode selection bit of the serial I/O control
register to ‘1'.

Data Communication

 Half-duplex communication: one of the two communicating microcomputers operates only as a transmitter
and the other only as a receiver at a time or vice versa.

* Full-duplex communication: both of the two communicating microcomputers operate simultaneously as
transmitter and receiver.

Synchronous Clock

A synchronous clock is selected by the serial I/O synchronous clock selection bit of the serial 1/0 control
register as follows:

« 0: BRG output/4

» 1: External clock input to the ScLK pin

For the BRG output, refer to (5) Baud Rate Generator (BRG) in Section 1.14.1.

When a clock synchronous serial I/O communication is carried out between two microcomputers, the

synchronous clock is normally selected as follows:

e Microcomputer 1 clears the serial I/0O synchronous clock selection bit to ‘0’, and 8 synchronous clock
pulses, generated by writing to the transmit buffer register, are output from the ScLk pin.

* Microcomputer 2 selects the external clock and inputs the pulses outputted from microcomputer 1 to the
SCLK pin. This is the synchronous clock.

Note: When an external clock is selected as the synchronous clock:
WPerform the following operations while the ScLk pin input is HIGH during data transmission:
» Write ‘1’ to the transmit enable bit
« Write transmit data to the transmit buffer register
B The shift operations of the transmit shift register and the receive shift register are performed while
the synchronous clock is being input to the serial 1/O circuit. Stop the synchronous clock with 8
cycles when an external clock is selected as the synchronous clock. The synchronous clock automatically
stops after 8 synchronous clock pulses generated when the BRG output/4 is selected as the synchronous
clock.
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Data Transfer Rate (Baud Rate)
In clock synchronous serial I/O, the data transfer rate (baud rate), which is the frequency of the synchronous
clock, is calculated by the following formulas:

* When the serial I/O synchronous clock selection bit is ‘0.
(BRG output/4 is selected as the synchronous clock)
f(XIN)

Baud rate [bps] = Division ratio (Note 1) x (BRG setting value (Note 2) + 1) x 4

Notes 1: BRG count source selection bit of the serial 1/O control register is as follows:
 ‘0’: Division ratio is 4
» ‘1’: Division ratio is 16.
2: The value written to the baud rate generator (0016 to FF16).

« When the serial I/0 synchronous clock selection bit is ‘1’
(an external clock input is selected as the synchronous clock):

Baud rate [bps] = the external clock input frequency from the SciLK pin

Output of S rRDY Signal

In clock synchronous serial 1/0, the output level of the SRDY pin changes from HIGH to LOW by writing
to the transmit buffer register when the SRDY output enable bit of serial 1/O control register is ‘1’. The
completion of the serial /O communication preparation is signaled to the external by the SRDY output. Also,
the SRDY pin returns to the HIGH state at the first falling edge of the synchronous clock.

Note: Set the transmit enable bit to ‘1’ as well as the receive enable bit and the SRDY output enable bit
of the serial 1/0 control register when the receiver outputs the SRDY signal while the external clock
is selected as the synchronous clock.

Starting of Transmission and Reception

» When the BRG output/4 is selected as the synchronous clock:
Transmitting and receiving starts when a write to the transmit buffer register occurs.
Normally, communication is started after the completion of communication preparation of the target unit
is recognized with the SRpY signal.

* When the external clock is selected as the synchronous clock:
Transmitting and receiving starts when input to the external clock starts.
When data is written to the transmit buffer register, the output level of the SRDY pin changes from HIGH
to LOW and informs the target unit of the completion of communication preparation.
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(1) Block Diagram of Clock Synchronous Serial 1/0
Figure 1.14.8 shows the block diagram of a clock synchronous serial I/0.

Data bus |
I iIAddress 00E216

P1s P14 Address 00EO16 [ Serial I/0 control register |
[Receive buffer registerI—E: Receive buffer full flag (RBF)

RXD O Receive interrupt request (RI)
Receﬁm' Receive shift register |

(RE) Clock control circuif

ScLk
Serial /Senable bit (SIOBEI%G count source Serial I/0 synchronous clock Lg
; . selection bit (SCS
selection bit (CSS)  Division ratio 1/(n + 1) ¢ )

XN O 1/4
- kv:>—| Baud rate generator 1/4 &—«

Address 00E416

SRDY output enable bit Falling odgd
SROY FIF Clock control circuit

Transmit enablg bit
(TE) | Transmit shift register | Transmit shift completion flag (TSC)
XD O—— I Transmit interrupt source® S I
- . selection bit (TIC) ?/o—>Transm|.t interrupt request (TI)
Transmit buffer register| —> Transmit buffer empty flag (TBE)
P17 Pls ["Address 00EO16 [ Serial 170 status register |
LT Address 00E116
Data bus

Figure 1.14.8 Block Diagram of Clock Synchronous Serial I/O
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(2) Operations of Clock Synchronous Serial 1/O Transmission

Transmit Operation

O When transmit data is written to the transmit buffer register (Note 1), the transmit buffer empty flag
of the serial I/O status register is cleared to ‘0.

O The transmit data written to the transmit buffer register is transferred to the transmit shift register.
When the data transfer to the transmit shift register is completed, the transmit buffer empty flag
goes to ‘1’ (Note 2).

In this instance, when the BRG output/4 is selected as the synchronous clock, 8 synchronous clock
pulses are generated.

O Synchronized with a falling edge of the synchronous clock, the least significant bit (LSB) of the
transmit data transferred to the transmit shift register is output from the TxD pin. At this time, the
contents of the transmit shift register are shifted to the low-order direction by one bit, and the
transmit shift completion flag is cleared to ‘0’.

0 By repeating the shift operation of ‘Transmit Operation I’ 8 times, 8-bit transmit data is output from
the TxD pin by the bit from the LSB.

O When 8 bits of the transmit data are output by the 8 shift operations, the transmit shift completion
flag is set to ‘1’ (Note 3).

Notes 1: When the external clock is selected as the synchronous clock, write the transmit data to
the transmit buffer register during the HIGH state of the synchronous clock.

2: When the transmit buffer empty flag is ‘1’, the next transmit data can be written to the
transmit buffer register.

3: The supply of the synchronous clock pulse to the transmit shift register stops automatically
upon transmit completion when the BRG output/4 is selected as the synchronous clock.
However, when the next transmit data is written to the transmit buffer register during the
‘0’ state of the transmit shift completion flag, the supply of the synchronous clock pulse
continues, and data is successively transmitted.

When the external clock is selected as the synchronous clock, shift operation continues as
long as the external clock is being input. Therefore, it is necessary to stop the external
clock after transmission is completed.

Serial I/O Transmit Interrupt

In the following cases, the serial 1/O transmit interrupt request bit of interrupt request register 1 is

set to ‘1’: then the interrupt request is generated.

* When the transmit interrupt source selection bit is ‘0’, and the data written to the transmit buffer
register is transferred to the transmit shift register (‘Transmit Operation 0°).

* When the transmit interrupt source selection bit is ‘1’, and the shift operation of the transmit shift
register is completed (‘Transmit Operation [0°).

Figure 1.14.9 shows the transmit operation of clock synchronous serial 1/0. The numbers in the figure
corresponds to those of the above-mentioned ‘Transmit Operation’.
Figure 1.14.10 shows a transmit timing of clock synchronous serial 1/0O.
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@ Synchronous clock
R’ bo
Jbs ——>0
Loibdodododododo——20

Transmit shift register

@ Data bus
N Writing transmit data

Address 00E016| Transmit buffer registerl

Serial I/O status register

Address 00E 116 Serial I/O status register

Address 00E1l16

) b2
Transmit buffer empty flag Transmit shift completion flag

@ Synchronous clock
R bo

dpslp4 —>0
.v.v&vﬂlv vﬂv& D P1s/TxD

Transmit shift register

@ Synchronous clock
[LILLIIT 09
=4 P1s/TxD

Transmit shift register

@

Address 00E016|Transmit buffer register|
<7 Transferring transmit data

| Transmit shift register |

Serial I/O status register
Address 00E116

Transmit buffer empty flag

Serial /O status register
Address 00E116

b2
Transmit shift completion flag

Figure 1.14.9 Transmit Operation of Clock Synchronous Serial 1/0

Synchronous clock ! 1 % % % % % % % f

TxD pin E)(DOXD1XD2XD3XD4XD5XD6XI;7

Transmit buffer register ﬂ

write signal i
I

SRDY pin , l E

Transmit buffer empty flag i i

Transmit shift completion flag _;_l Ii

Serial I/O transmit | |—| |—|
interrupt request bit }

@ : Clearing by writing ‘0’ to the serial I/O transmit interrupt request bit or
accepting a serial /0 transmit interrupt request.

Notes 1: When the transmit interrupt source selection bit is ‘0’ (transmit buffer is emptied).

2: When the transmit interrupt source selection bit is ‘1’ (transmit shift operation is completed).

Figure 1.14.10 Transmit Timing of Clock Synchronous Serial 1/O
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(3) Operations of Clock Synchronous Serial 1/0 Reception

Receive Operation

O Synchronized with a rising edge of the synchronous clock, a transmitted bit data is received on
the RxD pin, which is stored in the most significant bit (MSB) of the receive shift register.

0 The contents of the receive shift register are shifted to the low-order direction by one bit every time
a bit data is received, and the next bit data is stored in the MSB. 8-bit data is fully stored in the
receive shift register by repeating this shift operation 8 times.

O The completely received 8-bit data stored in the receive shift register is transferred to the receive
buffer register. When the data transfer to the receive buffer register is completed, the receive
buffer full flag of the serial I/O status register is set to ‘1’ (Note).

Note: If the next data is stored completely word in the receive shift register before the data transferred
from the receive shift register to the receive buffer register is read through, the overrun error
is generated. At this time, the overrun error flag and the summing error flag of the serial I/O
status register are set to ‘1’. For the handling in this case, refer to ‘WlHandling when overrun
error is generated’ in (5) Notes on Usage of Clock Synchronous Serial 1/0
When the receive buffer register is read, the receive buffer full flag is cleared to ‘O’.

Serial 1/0 Receive Interrupt

When the data stored completely in the receive shift register is transferred to the receive buffer
register (‘Receive Operation O’), the serial I/O receive interrupt request bit of interrupt request
register 1 is set to ‘1’; then the interrupt request is generated.

Figure 1.14.11 shows the receive operation of clock synchronous serial 1/0. The numbers in the
figure corresponds to those of the above-mentioned ‘Receive Operation’.
Figure 1.14.12 shows a receive timing of clock synchronous serial I/0.
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@ Synchronous clock
M bo
oI TTTTTT]

Receive shift register

@ Synchronous clock
UL
Receive shift register

ransferring receive data
Address 00E014 Receive buffer register|

@ Synchronous clock

b0
O pdododod | | [ |

P14/RxD Re&ceive shift register

Serial I/O status register
Address 00E116

bl
Receive buffer full flag

Figure 1.14.11 Receive Operation of Clock Synchronous Serial 1/0

Synchronous clock ! ¢

RxD pin
Transmit buffer register
write signal _ﬂ

SRDY pin l ' !

Reading to receive shift register

Receive buffer read signal

Receive buffer full flag

Serial I/O receive interrupt
request bit

@ . Clearing by writing ‘0’ to the serial I/O receive interrupt request bit or
accepting a serial I/0 receive interrupt request.

Figure 1.14.12 Receive Timing of Clock Synchronous Serial 1/0
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(4) Setting of Clock Synchronous Serial 1/0
Figures 1.14.13 and 1.14.14 show the setting of clock synchronous serial 1/0O.

Procedure 1 Stop and initialization of serial /O operation
b7 b0
| [ JoJo] [ [ || serial O control register (SIOCON) [Address 00E216]

Transmit operation stop and initialized

Receive operation stop and initialized

Procedure 2 Disabling serial I/O transmit/receive interrupt
b7 b0
| [ JoJo] [ [ || Interruptcontrol register 1 (ICON1) [Address OOFEze]

Serial 1/0 receive interrupt disabled

Serial I/0 transmit interrupt disabled

Procedure 3 Setting baud rate generator when BRG output/4 is selected as synchronous clock

I:l Baud rate generator (BRG) [Address 00E416]

L Baudrate value is set

Procedure 4 Setting serlal I/O control register

........ Serial I/O control register (SIOCON) [Address 00E216]

L BRG count source selection

(valid only when BRG output/4 is selected as synchronous clock)
0: f(Xin)/4
1: f(XiN)/16

Serial I/O synchronous clock selection
0: BRG output/ 4
1: External clock input

Srovy output enable selection
0: P17/Sroy pin is operated as normal I/O pin
1: P17/Sroy pin is operated as Sroy pin (Note 1)

Transmit interrupt source selection (valid only when transmitting)
0: when transmit buffer is empty
1: when transmit shift operation is completed

Transmit enable selection
0: transmit disabled
1: transmit enabled (Note 2)

Receive enable selection
0: receive disabled
1: receive enabled

Clock synchronous serial 1/0O selected
Serial I/O enabled (P14—P17 are operated as serial 1/0 pin)

Notes 1: When the following conditions are satisfied, set the transmit enable bit
in addition to the receive enable bit and SRDY output enable bit to ‘1",
* Half-duplex communication is performed
* External clock is selected as synchronous clock for receive side
* SRDY output is performed.
2: Keep ScLk pin input HIGH when writing transmit enable bit to ‘1’
to select the external clock input as the synchronous clock.

Figure 1.14.13 Setting of Clock Synchronous Serial I/0 (1)
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Procedure 5 Setting interrupt when serial I/O transmit/receive interrupt is used (Note 3)

1.0 is set to serial I/O transmit/receive interrupt request bit
b7

b0
..mﬂ.... Interrupt request register 1 (IREQ1) [Address 00FCue]

L Serial I/O receive interrupt request bit (when receiving)
Serial I/O transmit interrupt request bit (when transmitting)

2. Serial 1/0 transmit/receive interrupt is enabled
b7 b0

...... Interrupt control register 1 (ICON1) [Address 00FE1s]

L Serial I/O receive interrupt enabled (when receiving)
Serial /0 transmit interrupt enabled (when transmitting)

Notes 3: Refer toM Handling when overrun error is generated in
(5) Notes on Usage of Clock Synchronous Serial I/0.

Procedure 6 Start of data transmit/receive

:l Transmit buffer register (TB) [Address 00EOQz16]

— Writing transmit data when transmitting (Note 4)
Writing dummy data when receiving half-duplex communication

Notes 4: Keep ScLk pin input HIGH when writing transmit data to transmit buffer register
to select the external clock input as the synchronous clock.

Figure 1.14.14 Setting of Clock Synchronous Serial 1/O (2)
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(5) Notes on Usage of Clock Synchronous Serial 1/0
Pay attention to the following notes when clock synchronous serial I/O is selected.

Selecting External Clock as Synchronous Clock

M Perform the following operations while the SciLk pin input is HIGH during transmission:
» Write ‘1’ to the transmit enable bit
» Write transmit data to the transmit buffer register

M The shift operations of the transmit shift register and the receive shift register are performed while
the synchronous clock is being input to the serial 1/0 circuit. Stop the synchronous clock with 8
cycles.

B Keep the HIGH- and the LOW- width (TwH and TwL) of the pulses used as the external clock
source TwH, TwL [s] = (8/f(XIN) [Hz]). For example, use a frequency of 500 kHz or less (50% duty
cycle) as the external clock source when f(XIN) = 8 MHz.

M Set the transmit enable bit to ‘1’ as well as the receive enable bit and the SRDY output enable bit
of the serial 1/0 control register when the receiver outputs the SRDY signal.

Handling Recovering from Errors Generated

Il Handling when overrun error is generated
If the next data is stored completely word in the receive shift register before the data transferred
from the receive shift register to the receive buffer register is read through, the overrun error is
generated. At this time, the overrun error flag and the summing error flag of the serial I1/O status
register are set to ‘1’. The contents of the receive shift register are not transferred to the receive
buffer register, so that the contents of the receive buffer register remain unaffected. As a result,
if the contents of the receive buffer register are read, the data of the receive shift register is not
transferred to the receive buffer register and becomes invalid.
When the overrun error occurs, clear the overrun error flag to ‘0’ by any of the following operations,
and perform receive preparation again.
e Clear the serial I/0 enable bit of the serial I/O control register to ‘0’. (In this case, only the

overrun error flag returns to ‘0".)

» Clear the receive enable bit of the serial 1/0 control register to ‘0’.
» Write dummy data into the serial I/O status register.

Referring to Transmit Shift Completion Flag

The transmit shift completion flag changes from ‘1’ to ‘0’ with a delay of 0.5 to 1.5 clocks of the
synchronous clock. Therefore, pay attention to this delay when data transmission is controlled, by
referring to the transmit shift completion flag after the transmit data is written to the transmit buffer
register.
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Stopping Transmission/Reception of Clock Synchronous Serial 1/0O

M In order to stop the transmit operation in half-duplex transmission, clear the transmit enable bit of
the serial I/O control register to ‘0’. As a result, the following stop and initialization of transmit
operation are performed:
» To stop and initialize the clock supplied to the transmit shift register
* To clear the transmit shift register (Only when ‘0’ is written to the transmit enable bit while the

ScLk pin input is HIGH, selecting an external clock as the synchronous clock.)

e To clear the transmit buffer empty flag and transmit shift completion flag

REASON: Neither stopping transmit operation nor initializing the transmitter circuit is performed
even when the serial 1/0O enable bit is cleared to ‘0’ (serial I/O disabled), and internal
transmit operation continues. (Because serial I/0O pins TxD, RxD, ScLK, and SRDY
function as I/O port pins, transmit data cannot be output to the external.)

M In order to stop the receive operation in half-duplex transmission, clear the receive enable bit or
the serial I/0O enable bit of the serial I/O control register to ‘0’. As a result, the following stop and
initialization of the receive operation are performed:

« To stop and initialize the clock supplied to the receive shift register
* To clear the receive shift register

e To clear every error flag

* To clear the receive buffer full flag

M In order to stop the transmit and receive operations in full-duplex transmission, clear both the
transmit enable bit and the receive enable bit of the serial 1/O control register to ‘0’ at the same
time. (To stop only one of the transmit or receive operation cannot be done in the full-duplex
communication of clock synchronous serial 1/0.)

REASON: In clock synchronous serial 1/0O, the same clock is used for transmission and reception.
Therefore, transmission and reception cannot be synchronized when either transmit or
receive operation is disabled, causing displacement of bit positions.

Re-setting Serial 1/0O Control Register

Re-set the serial 1/0 control register according to the following sequence:

O Clear both the transmit and receive enable bits of the serial 1/O control register to ‘0’ to stop and
initialize transmit and receive operations.

0 Set bits 0 to 3 and 6 of the serial 1/O control register.

0 Set the transmit enable bit or receive enable bit to ‘1'.

(Procedures [0 and O can be performed simultaneously with the LDM instruction.)
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Using Serial 1/0 Transmit Interrupt and Serial 1/0O Receive Interrupt

M Set the associated registers in the following sequence to use serial I/O transmit interrupt.
O Clear the serial I/O transmit interrupt enable bit of interrupt control register 1 to ‘0.
O Set the serial I/O control register.
0 Execute one or more instructions such as NOP.
O Clear the serial I/0 transmit interrupt request bit of interrupt request register 1 to ‘0.
0 Set the serial I/O transmit interrupt enable bit of interrupt control register 1 to ‘1'.

REASONS 1: If normal port pins are switched to serial 1/0 pins with the serial I/O control register,
the serial I/O transmit interrupt request bit may become ‘1’.
2: If the transmit enable bit of the serial I/O control register is set to ‘1’, the transmit
buffer empty flag and the transmit shift completion flag are ‘1’. As a result, the serial
I/0O transmit interrupt request bit becomes ‘1’ regardless of the state of the transmit
interrupt source selection bit of the serial 1/0O control register, and the interrupt
request is generated.

l Set the associated registers in the following sequence to use serial I/O receive interrupt.
O Clear the serial I/0O receive interrupt enable bit of interrupt control register 1 to ‘0’
0 Set the serial I/O control register.
O Execute one or more instructions, such as NOP.
O Clear the serial I/O receive interrupt request bit of interrupt request register 1 to ‘O’.
O Set the serial I/O receive interrupt enable bit of interrupt control register 1 to ‘1.

REASON: If normal port pins are switched to serial 1/O pins with the serial 1/O control register, the
serial 1/0 receive interrupt request bit may become ‘1'.
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1.14.3 Clock Asynchronous Serial I/0 (UART)

In clock asynchronous serial 1/O (UART), the transmit operation of the transmitter and the receive operation
of the receiver are performed simultaneously, synchronizing with the synchronous clock used for transferring,
which is generated by the clock control circuit.

In UART, the transmitter and the receiver have the same transmit/receive baud rate and the same data
transfer format.

UART is selected by clearing the serial /0O mode selection bit of the serial I/0 control register to ‘0'.

Data Communication

 Half-duplex communication: one of the two communicating microcomputers operates only as a transmitter
and the other only as a receiver at a time or vice versa.

* Full-duplex communication: both of the two communicating microcomputers operate simultaneously as
transmitter and receiver.

Synchronous Clock

A synchronous clock is selected by the serial I/O synchronous clock selection bit of the serial 1/0O control
register as follows:

« 0: BRG output /16

» 1: External clock/16 input to the ScLK pin

For the BRG output, refer to (5) Baud Rate Generator in Section 1.14.1.

Notes 1: In UART, the P16/ScLK pin can be used as port pin P16 when the BRG output/16 is selected as
the synchronous clock, since the ScLk pin is not used to output the synchronous clock to the
external.

2: When the external clock/16 is selected as a synchronous clock, keep the HIGH- and the LOW-
width (TwH and TwL) of the pulses used as the external clock source TwH, TwL [s] = (2/f(XIN)
[Hz]). For example, use a frequency of 2 MHz or less (50% duty cycle) as the external clock
source when f(XIN) = 8 MHz.
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Data Transfer Rate (Baud Rate)
In UART, the baud rate, which is the frequency of the synchronous clock, is calculated by the following
formulas.

* When the serial I/O synchronous clock selection bit is ‘0’:.
(BRG output/16 is selected as the synchronous clock.)
f(XIN)
Division ratio (Note 1) x (BRG setting value (Note 2) + 1) x 16

Baud rate [bps] =

Notes 1: BRG count source selection bit of the serial 1/O control register is as follows:
¢ ‘0": Division ratio is 4
¢ ‘1’: Division ratio is 16.
2: The value written to the baud rate generator (0016 to FF16).

* When the serial I/0O synchronous clock selection bit is ‘1’
(the external clock/16 input is selected as the synchronous clock):

External clock input frequency from the ScLK pin

Baud rate [bps] = 16

Table 1.14.2 lists an example of baud rates.

Table 1.14.2 Example of Baud Rates

Baud Rate f(XIN) = 7.9872 MHz f(XIN) = 3.9936 MHz
[bps] Count Source BRG Setting Value Count Source BRG Setting Value
300 f(XIN)/16 103 (6716) f(XIN)/16 51 (3316)
600 f(XIN)/16 51 (3316) f(XIN)/16 25 (1916)
1200 f(XIN)/16 25 (1916) f(XIN)/16 12 (0Czus)
2400 f(XIN)/16 12 (0Cz1s) f(XIN)/4 25 (1916)
4800 f(XIN)/4 25 (1916) f(XIN)/4 12 (0Czis)
9600 f(XIN)/4 12 (0Cz1s)
15600 f(XIN)/4 7 (0716)
31200 f(XIN)/4 3 (0316)
41600 f(XIN)/4 2 (0216)
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Data Transfer Formats
In UART, the data transfer formats shown in Figure 1.14.15 can be selected with the UART control register.

LSB MSB R
* 1ST — 8DATA — 1SP _\ ST,( Do XD1 X D2 X D3 XD4 X Ds X De XD7 )’SP
MSB

LSB
« 1ST — 8DATA — 2SP "\ sTA Do XD1 XDz XDs XDs XDs XDs XD7 Y SP SP

LSB MSB
+ 1ST — 8DATA — 1PA — 1SP \ ST A Do X D1 X D2 X Ds X D4 X D5 X Ds X D7 X PA Y SP

LSB MSB

« 1ST — 8DATA — 1PA — 2SP \ ST,( Do X D1 X D2 X D3 X Da X Ds X De X D7 X PA)’SP SP
LSB MSB .

«1ST — 7DATA — 1SP \ST,(DOXDlXDzXDsXD4XDSXDG)/SP
LSB MSB .-

+ 1ST — 7DATA — 2SP \ ST A Do X D1 X D2 X D3 XD4 X Ds X Ds ¥ SP  SP

LSB MSB .
« 1ST — 7DATA — 1PA — 1SP \ ST,( Do X D1 X D2 X D3 X Da X Ds X De X PA)/ SP
MSB

LSB
« 1ST — 7DATA — 1PA — 2SP \ ST A Do XD1 X D2 X D3 X Da X Ds X Ds X PA Y SP SP

ST: Start bit
Di(i = 0 to 7): Data bit

PA: Parity bit

SP: Stop bit

Figure 1.14.15 Data Transfer Formats in UART

Table 1.14.3 lists the setting of the UART control register, and Table 1.14.4 lists the function of the UART
data transfer bits.

Table 1.14.3 Setting of UART Control Register

Transfer Data Format UART Control Register

b3 (Note 1) b2 (Note 2) bl (Note 3) b0 (Note 4)
1ST—8DATA—I1SP 0 0 0
1ST—7DATA—1SP 0 o 0 1
1ST—8DATA—1PA—1SP 0 0: Even parity 1 0
1ST—7DATA—1PA—1SP 0 1: Odd parity 1 1
1ST—8DATA—2SP 1 0 0
1ST—7DATA—2SP 1 o 0 1
1ST—8DATA—1PA—2SP 1 0: Even parity 1 0
1ST—7DATA—1PA—2SP 1 1. Odd parity 1 1
Notes 1: Stop bit length selection bit

2: Parity selection bit
3: Parity enable bit
4: Character length selection bit
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Table 1.14.4 Function of UART Transfer Data Bits
Name Function

Start Bit Indicates the start of data transmission. The LOW signal of one-bit wide is added to the
(ST head of the transmit data.

Data Bits The transmit data written into UART transmit buffer register.

(DATA) Data ‘0O’ represents LOW, and ‘1’ the HIGH signal.

Parity Bit Added to the end of the data bits to enhance the reliability of communications. The number
(PA) of ‘1" in transmit/receive data including parity bit keeps even or odd according to the setting

value of parity selection bit.
Stop Bit(s) Added to the end of the data bits (or after the parity bit if parity is valid) and indicates the
(SP) transmission is completed. The HIGH signal of one or two bits wide is output as stop bit.

(1) Block Diagram of UART
Figure 1.14.16 shows the block diagram of UART.

| Data bus

Pls I
RxD Receive enable bit

“ T Caddress 00E216 ]

Serial 1/O control register

Address 00EO1s

Overrun EITOr <« TReceive buffer register

Receive buffer full flag (RBF)

flag(OE)

Receive interrupt request (RI)

| Receive shift register |——

Transmit enable bit

- < _>Address 00E316
Character length .
selection bit (gHAS) [UART control reqister]
Parity error flag (PE) Iﬂ@
Framing error flag (FE)
Clock control circuit]-
Serial I/0 ble bit(SIOE) ﬁ
eria enable bi :
> . . Serial 1/0 synchronous clock
Serial I/O(;synchronous clock selection bit (SCS),\,\ selection bit (SCS)
Scik O——o0—, BRG count source V ,
i O 7l selectjon bit (CSS) Division ratio 1/(n + 1)
N L] ko———| Baud rate generator __|—
. Address 00E416

ST/SP/PA generation|| |1/16

> Transmit shift completion flag (TSC)

Transmit interrupt sourceé

selection bit (TIC) Transmit interrupt request (TI)

(TE), ["Transmit shift register |
o | gister_|
C Character Iength#‘
selection bit (CHAS) [Transmit buffer register |
Pls| P1s T

"Address 00EO16

Transmit buffer empty flag (TBE)

[ Serial 110 status register |
L Address 00E116

| Data bus

Figure 1.14.16 Block Diagram of UART
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(2

Operations of UART Transmission

Transmit Operation

O When transmit data is written to the transmit buffer register, the transmit buffer empty flag of the
serial 1/O status register is cleared to ‘0.

0 The transmit data written to the transmit buffer register is transferred to the transmit shift register.
When the data transfer to the transmit shift register is completed, the transmit buffer empty flag
goes to ‘1’ (Note 1).

O Synchronized with a falling edge of the synchronous clock, the start bit (the LOW level) is output
from the TxD pin.

O Synchronized with the next falling edge of the synchronous clock, the least significant bit (LSB)
of the transmit data transferred to the transmit shift register is output from the TxD pin. At this time,
the contents of the transmit shift register are shifted to the low-order direction by one bit, and the
serial 1/0 transmit shift completion flag is cleared to ‘0’

O By repeating the shift operation of ‘Transmit Operation 0’ ‘n’ times (‘n’: the number of bits set by
the character length selection bit of the UART control register), the transmit data is output from
the TxD pin by the bit from the LSB.

O After the transmit data is output, the parity bit, and then the stop bit (the HIGH level), are output
from the TxD pin synchronized with falling edges of the synchronous clock. The parity bit and the
stop bit are generated and output automatically, according to the setting of the parity enable bit,
the parity selection bit, and the stop bit length selection bit of the UART control register.

When the last stop bit of the transfer format is output, the transmit shift completion flag is set to
‘1’ at the next rising edge of the synchronous clock (Note 2).

Notes 1: When the transmit buffer empty flag is ‘1’, the next transmit data can be written to the
transmit buffer register.

2: The supply of the synchronous clock pulse to the transmit shift register stops automatically
upon transmit completion when the BRG output/16 is selected as the synchronous clock.
However, when the next transmit data is written to the transmit buffer register during the
‘0’ state of the transmit shift completion flag, the supply of the synchronous clock pulse
continues, and data is successively transmitted.

Serial I/O Transmit Interrupt

In the following cases, the serial 1/O transmit interrupt request bit of interrupt request register 1 is

set to ‘1’; then the interrupt request is generated:

« When the transmit interrupt source selection bit is ‘0’, and the data written to the transmit buffer
register is transferred to the transmit shift register (‘Transmit Operation O’).

« When the transmit interrupt source selection bit is ‘1’, and the shift operation of the transmit shift
register is completed (‘Transmit Operation ).

Figure 1.14.17 shows the transmit operation of UART, and Figure 1.14.18 shows a transmit timing
example in UART.
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@ Synchronous clock
W bo
[Tolodolodolododo——>0

Transmit Snift register P1s/TxD

Serial I/O status register
Address 00E116, 5
LLLL o[ ]

b2
Transmit shift completion flag

@ Data bus
X/ _Writing transmit data
Address 00E016|Transmit buffer register|

Serial I/0 status register

Address 00E116

0

b0
Transmit buffer empty flag

@Address 00EOs14/Transmit buffer register]

X7 _Transferring transmit data
| Transmit shift register |

@ Synchronous clock
UL bo
(T ERELELl—20

Transmit shift register

@ Synchronoys glogk
RAMMESERRaRaR Ay
Transmit buffer emptybf(l)ag SP P1sTXD
@ Synchronous clock Serial I/O status register
U Address 00E1l16

b0
[pdodododododofodst ——>0

P1s/TxD

b2
Transmit shift completion flag

Transmit shift register

Figure 1.14.17 Transmit Operation of UART

» Example of 1ST-8DATA-1SP

Synchronous clock _H_W_H | % | % | % | ;_ﬂ_ﬂﬁ_ﬂ_ﬂ

TXD pin N\_ST A Do X' b X' D2 X X Ds X D7 Y 5P

Transmit buffer register ﬂ 3

write signal !

Transmit buffer empty flag ‘ '

Transmit shift completion flag |
' (Note 1) ' (Note 2)
Serial I/O transmit ! I_I l_l
interrupt request bit ; ! (g ! g}
®: Clearing by writing ‘0’ to the serial I/O transmit interrupt request bit or
accepting a serial I/O transmit interrupt request.

|
|
|
|
|
L
|
|
|
1
1
T
|
|
1

Notes 1: When the transmit interrupt source selection bit is ‘0’ (transmit buffer is emptied).
2: When the transmit interrupt source selection bit is ‘1’ (transmit shift operation is completed).

Figure 1.14.18 Transmit Timing example in UART
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3)

Operations of UART Reception

Receive Operation

O When a falling edge of the RxD pin input is detected, this input level to the RxD pin is identified
according to the subsequent rising edge of the synchronous clock as follows:

» As the start bit when the level is LOW.
« As noise when the level is HIGH. In this case, the CPU suspends the receive operation and
enters the waiting state for the next start bit.

O Synchronized with the rising edge of the synchronous clock, transmitted data is received on the
RxD pin by the bit and stored in the most significant bit (MSB) of the receive shift register. Every
time a data bit is received, the contents of the receive shift register are shifted by one bit to the
low-order direction.

O The receive shift operation of ‘Receive Operation O’ is performed ‘n’ times (‘n’: the number of bits
set by the character length selection bit of the UART control register), and the received data is
stored completely in the receive shift register (Note 1).

O The received data stored completely in the receive shift register is transferred to the receive buffer
register.

O The parity bit and the stop bit are input to the RxD pin synchronized with rising edges of the
synchronous clock. When the last stop bit (the HIGH level) is input to the RxD pin, the receive
buffer full flag of the serial I/O status register is set to ‘1’ at the subsequent falling edge of the
synchronous clock (Note 2).

At this time, error flags are checked.

Notes 1: When the character length selection bit is ‘1" (7 bits wide), the MSB of the receive buffer
register becomes ‘0.

2: If the next data is stored completely in the receive shift register before the data transferred
from the receive shift register to the receive buffer register is read through (the receive
buffer full flag is ‘1’), the overrun error is generated. At this time, the overrun error flag and
the summing error flag of the serial 1/0 status register is set to ‘1’. Refer to (5) Notes on
Usage of UART .

When the receive buffer register is read, the receive buffer full flag is cleared to ‘0’.

Serial 1/0 Receive Interrupt
When the receive buffer full flag goes to ‘1’ (‘Receive Operation 0’), the serial 1/0O receive interrupt
request bit of interrupt request register 1 is set to ‘1’; then the interrupt request is generated.

Figure 1.14.19 shows the receive operation of UART and Figure 1.14.20 shows a receive timing
example in UART.
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®

Synchronous clock

RXD (SP) :X:)’_é_ Stop bit detected
0| 0j0j0] |O

Serial I/O status register 'x Y

AddressOOEllsl IE]]\ D] Ill |

b6 b5 b4b3 bl

@ Synchronous clock Receive buffer full flag

it bo
O od [[{T]]]

P14/RxD - . .
Receive shift register

@ Synchronous clock

RN bo
o odololol 111

P14/RxD
Receive shift register
D: b3 -+« Overrun error flag (OE); set to ‘1’ when overrun error occurs.

b4 - -+ Parity error flag (PE); set to ‘1’ when parity error occurs.
b5 -+ Framing error flag (FE); set to ‘1’ when framing error occurs.

@ Synchronous clock
b6 .-+ Summing error flag (SE); set to ‘1’ when OE U PE U FE = 1.

Uy

Receive shift register EEEMEEEM
R Receive data transfer

Address 00EOQ16 |Receive buffer registerl

Figure 1.14.19 Receive Operation of UART

* Example of 1ST-7DATA-1PA-1SP

Synchronous clock ﬂﬁ

RxD pin

‘
| | X

) ) Test whether a start bit or not * Reading to the receive shift register

Receive buffer register

read signal

(B X PAY 5

Receive buffer full flag |—i—

1
1

|

|

1

-
6

Serial I/O receive interrupt
request bit

@ : Clearing by writing ‘0" to the serial I/O receive interrupt request bit or
accepting a serial I/O receive interrupt request.

Figure 1.14.20 Receive Timing Example in UART
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(4) Setting of UART
Figures 1.14.21 and 1.14.22 show the setting of UART.

Procedure 1 Stop of serlal 1/0O operation and initialization
..ﬂm.... Serial I/O control register (SIOCON) [Address 00E216]

Transmission operation stop and initialized

Receive operation stop and initialized

Procedure 2 Disabling serial I/O transmit/receive interrupt
b7 b0

| | Jofo] [ [ ]| Interruptcontrol register 1 (ICON1) [Address OOFEus]

Serial I/O receive interrupt disabled

Serial /O transmit interrupt disabled

Procedure 3 Setting baud rate generator when BRG output/16 is selected as synchronous clock

: Baud rate generator (BRG) [Address 00E416]

L Baud rate value is set

Procedure 4 Setting serial 1/0 control register
- br bo

[1Jo] | | [X[ [ | seriallio control register (SIOCON) [Address 00E216]

L BRG count source selection
(valid only when BRG output/16 is selected as synchronous clock)
0: f(Xin)/4
1: f(XiN)/16

Serial 1/0 synchronous clock selection
0: BRG output/16 (Note 1)
1: External clock input/16

—— This bit is invalid when UART is selected.

—_ Transmit interrupt source selection (valid only when transmitting)
0: when transmit buffer is empty
1: when transmit shift operation is completed

——_ Transmit enable selection
0: transmit disabled
1: transmit enabled

—— Receive enable selection
0: receive disabled
1: receive enabled

— Clock asynchronous serial /0 (UART) selected
Serial I/O enabled (P14—P16 are operated as serial 1/0 pin)

Notes 1: When BRG output/16 is selected as the synchronous clock,

is not output externally from ScLk pin.

P1le/ScLk pin can be used as port pin P16 because the synchronous clock

Figure 1.14.21 Setting of UART (1)
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Procedure 5 Setting UART control register

b7 b0
-:|:|:|:| UART control register (UARTCON) [Address 00E316]
L— Character length selection
0: 8 hits
1: 7 bits

Parity enable selection
0: Parity disabled
1: Parity enabled

Parity selection (valid only when parity enabled)
0: Even parity
1: Odd parity
Stop bit length selection
0: 1 stop bit
1: 2 stop bits

Procedure 6 Setting interrupt when serial I/O transmit/receive interrupt is used (Note 2)

1.0’ is set to serial I/O transmit/receive interrupt request bit
b7 bo

| [ JoJo] [ [ | ] Interruptrequest register 1 (IREQ1) [Address O0FCie]
Serial I/O receive interrupt request bit (when receiving)

Serial I/O transmit interrupt request bit (when transmitting)

2. Serial 1/0 transmit/receive interrupt is enabled
b7 bo

[ JaJa] [ [ [ ] interrupt control register 1 (ICON1) [Address OOFEze]

Serial I/0O receive interrupt enabled (when receiving)

Serial /0 transmit interrupt enabled (when transmitting)

Notes 2: Refer to Using Serial /O Transmit Interrupt and Serial /0 Receive Interrupt

in (5) Notes on Usage of UART.

Procedure 7 Start of data transmit when transmitting

I:l Transmit buffer register (TB) [Address 00EO16]

L Writing transmit data

Figure 1.14.22 Setting of UART (2)
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®)

Notes on Usage of UART
Pay attention to the following notes when UART is selected.

Selecting BRG output/16 as Synchronous Clock
Since the ScLK pin is not used to output the synchronous clock to the external, the P16/ScLK pin can
be used as normal port pin Pls.

Selecting External Clock/16 Input as Synchronous Clock

Keep the HIGH- and the LOW- width (TwH and TwL) of the pulses used as the external clock source
TwH, TwL [s] = (2/f(XIN) [Hz]). For example, use a frequency of 2 MHz or less (50% duty cycle) as
the external clock source when f(XIN) = 8 MHz.

Handling Recovering from Errors Generated

Hl Handling when parity error or framing error is generated
When the parity error or the framing error occurs, the flag corresponding to each error and the
summing error flag of the serial I/O status register are set to ‘1’. To clear these flags to ‘0’, perform
either of the following operations.
« Clear the receive enable bit of the serial 1/0 control register to ‘0.
* Write dummy data to the serial I1/O status register.

Wl Handling when overrun error is generated
If the next data is stored completely in the receive shift register before the data transferred from
the receive shift register to the receive buffer register is read through, the overrun error is generated.
At this time, the overrun error flag and the summing error flag of the serial I/O status register are
set to ‘1'. The contents of the receive shift register are not transferred to the receive buffer
register, so that the contents of the receive buffer register remain unaffected. As a result, if the
contents of the receive buffer register are read, the data of the receive shift register is not transferred
to the receive buffer register and becomes invalid.
When the overrun error occurs, clear the overrun error flag to ‘0’ by any of the following operations
and perform receive preparation again.
e Clear the serial I/0 enable bit of the serial I/O control register to ‘0’. (In this case, only the

overrun error flag returns to ‘0.)

* Clear the receive enable bit of the serial 1/0 control register to ‘0.
* Write dummy data into the serial 1/O status register.

Referring to Transmit Shift Completion Flag

The transmit shift completion flag changes from ‘1’ to ‘0’ with a delay of 0.5 to 1.5 clocks of the
synchronous clock. Therefore, pay attention to this delay when data transmission is controlled, by
referring to the transmit shift completion flag after the transmit data is written to the transmit buffer
register.
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Stopping Transmission/Reception of UART

M In order to stop the transmit operation of UART, clear the transmit enable bit of the serial 1/0
control register to ‘0’. As a result, the following stop and initialization of transmit operation are
performed:
« To stop and initialize the clock supplied to the transmit shift register
* To clear the transmit shift register.
e To clear the transmit buffer empty flag and transmit shift completion flag

M In order to stop the receive operation of UART, clear the receive enable bit or the serial /O enable
bit of the serial 1/0 control register to ‘0’. As a result, the following stop and initialization of the
receive operation are performed:

» To stop and initialize the clock supplied to the receive shift register
» To clear the receive shift register

» To clear every error flag

» To clear the receive buffer full flag

Re-setting Serial I/O Control Register

Re-set the serial I/O control register according to the following sequence to stop and initialize transmit
and receive operations:

O Clear both of the transmit and receive enable bits of the serial I/O control register to ‘0.

O Set bits 0 to 3 and 6 of the serial 1/O control register.

O Set both the transmit and receive enable bits to ‘1’

(Procedures O and O can be performed simultaneously with the LDM instruction.)

Using Serial 1/0 Transmit Interrupt and Serial 1/O Receive Interrupt

M Set the associated registers in the following sequence to use serial 1/O transmit interrupt.
O Clear the serial I/O transmit interrupt enable bit of interrupt control register 1 to ‘0’.
O Set the serial I/O control register.
O Execute one or more instructions such as NOP.
O Clear the serial I/O transmit interrupt request bit of interrupt request register 1 to ‘O’.
O Set the serial I/O transmit interrupt enable bit of interrupt control register 1 to ‘1’

REASONS 1: If normal port pins are switched to serial 1/0 pins with the serial I/O control register,
the serial I/O transmit interrupt request bit may become ‘1'.
2: If the transmit enable bit of the serial I/O control register is set to ‘1’, the transmit
buffer empty flag and the transmit shift completion flag are ‘1’. As a result, the serial
I/0O transmit interrupt request bit becomes ‘1’ regardless of the state of the transmit
interrupt source selection bit of the serial 1/0 control register, and the interrupt
request is generated.

W Set the associated registers in the following sequence to use serial I/O receive interrupt.
O Clear the serial I/O receive interrupt enable bit of interrupt control register 1 to ‘0.
O Set the serial I/O control register.
O Execute one or more instructions, such as NOP.
O Clear the serial I/O receive interrupt request bit of interrupt request register 1 to ‘O’.
O Set the serial I/O receive interrupt enable bit of interrupt control register 1 to ‘1".

REASON: If normal port pins are switched to serial 1/O pins with the serial 1/O control register, the
serial 1/O receive interrupt request bit may become ‘1'.

7480 Group and 7481 Group User's Manual 1-137



HARDWARE
1.14 Serial 1/0

1.14.4 Bus Arbitration

In the serial /O communications of the contention
bus system shown in Figure 1.14.23, transmit data
may not correctly be sent on the transmission line
because of bus collision.

In the 7480 Group and 7481 Group, if the comparison
of the level of serial 1/O transmit pin TxD with that
of serial I/O receive pin RxD results in a mismatch,
the bus arbitration interrupt request is generated.
This indicates that the bus collision occurred.
When the bus collision detection enable bit of the
bus collision detection control register is set to ‘1,
bus collision detection can be performed. In addition,
bus collision detection is valid when any of the
following conditions is selected:

Serial 1/0 mode

» Clock synchronous serial 1/0

» Clock asynchronous serial 1/0 (UART)
Synchronous clock

* BRG output divided

« External clock (or external clock/16)

(1) Block Diagram

LAN data bus

Interface
TxD Driver/
RxD Receiver
7480 Group
7481Group

Figure 1.14.23 Contention bus system communications

Figure 1.14.24 shows the block diagram of the bus arbitration interrupt.

TxD pin A
RxD pin 7

Synchronous clock

Bus collision detection enable bit
Transmit enable bit

Q [—> Bus arbitration interrupt request

i’

Figure 1.14.24 Block Diagram of Bus Arbitration Interrupt
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(2) Operations of Bus Arbitration
Operations of bus arbitration in the serial /O communications are described below.

Bus Collision Detection
The level of serial I/O transmit pin TxD is compared with that of serial /O receive pin RxD, synchronized
with rising edges of the synchronous clock which is used in serial I/O communications.

» The level of 8-bit transmit data is referred for comparison in clock synchronous serial 1/0.
e The levels of all transmitted bits, from the start to the stop bits, are referred for comparison in
UART.

Bus Arbitration Interrupt

When a mismatch results from the comparison of the level of the TxD pin with that of the RxD pin
in bus collision detection, the bus arbitration interrupt request bit of interrupt request register 1 is set
to ‘1’; then the interrupt request is generated.

Figure 1.14.25 shows a timing of bus collision detection.

Synchronous clock f | f f | f f | f 5 | f 5 | f 5

TxD pin L ] L

RxD pin | - | L

Bus arbitration interrupt
request bit

> |

Y
Bus arbitration O

@ : Clearing by writing ‘0’ to the bus arbitration interrupt request bit or
accepting a bus arbitration interrupt request.

Figure 1.14.25 Timing of Bus Collision Detection
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(3) Setting of Bus Arbitration Interrupt
Figure 1.14.26 shows the setting of bus arbitration interrupt.

Procedure 1 Disabling of the acceptance of the interrupts associated serial I/O
b7 b0

| JoJoJo] [ [ [ | Interrupt control register 1 (ICON1) [Address OOFEzs]
Serial 1/0 receive interrupt disabled
Serial I/O transmit interrupt disabled

Bus arbitration interrupt disabled

Procedure 2 Setting serial /O full-duplex communication

1. Set Baud Rate Generator when the divided BRG output/4 or 16 is selected as the synchronous clock.
2. Set Serial 1/0 Control Register (in full-duplex communication).
3. Set UART Control Register (in UART).

Procedure 3 Setting bus collision detection control register
b7 bo

Bus collision detection control register (BUSARBCON) [Address 00E516]

L Bus collision detect enabled

Procedure 4 Setting the using interrupt request bit to ‘0’
b7 b0

| JoJolo] [ | | | Interruptrequest register 1 IREQ1) [Address 00FCie]

There is no serial I/O receive interrupt request
There is no serial I/0O transmit interrupt request

There is no bus arbitration interrupt request

Procedure 5 Enabling the acceptance of the using interrupts
b7 bo

| [1fafa] [ ] [ | interrupt control register 1 ICON1) [Address OOFEs]

Serial I/0 receive interrupt enabled

Serial I/O transmit interrupt enabled

Bus arbitration interrupt enabled

Procedure 6 Writing transmit data into transmit buffer register

Figure 1.14.26 Setting of Bus Arbitration Interrupt

1-140 7480 Group and 7481 Group User's Manual



HARDWARE
1.15 A-D Converter

1.15 A-D Converter

The 7480 Group and 7481 Group have a built-in A-D converter with:

e analog input pins.........ccccuvveeee. 8 channels (alternative functions of port P2) (Note), and

e conversion system.................... 8-bit successive comparison.

When the A-D converter is not used, power dissipation can be reduced by clearing the VREF connection
selection bit of the A-D control register to ‘0’ and switching off VREF.

Note: In the 7480 Group, 4-channel analog input pins are implemented.

1.15.1 Block Diagram of A-D Converter
Figure 1.15.1 shows the block diagram of the A-D converter.

Data bus

A-D control register
(Address 00D916)

‘ |
l AD | circui A-D conversion
QEIP™! circuit completion interrupt

P20/IN0 O—4 request
P21/IN1 O—4 |—> > A-D conversion

= Comparator register
P22/IN2 O > 2 (Address 00DA16)

[}
P23/IN3 O—4 > ]
P24/INa O—4  |— g Switch tree

a
P2s/iNs O—4 |— &

(Note 2 :

P26/INs6 O—4 [—> Ladder resistor
P27/IN7 O——4  —>

Vss VREF
(Note 1)

Notes 1: AVss for the 44P6N package of the 7481 Group.
2: Port pins P24/IN4—P27/IN7 are not implemented in the 7480 Group.

Figure 1.15.1 Block Diagram of A-D Converter
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1.15.2 Registers Associated with A-D Converter
Figure 1.15.2 shows the memory map of the registers associated with the A-D converter.

00D916 | A-D control register (ADCON)

00DA16 | A-D conversion register (AD)

Figure 1.15.2 Memory Map of Registers Associated with A-D Converter

(1) A-D Control Register
The A-D control register consists of the bits controlling the A-D converter.
Figure 1.15.3 shows the A-D control register.

A-D control register

b7 b6 b5 b4 b3 b2 bl b0
A-D control register (ADCON) [Address 00D916]

I I 1 I I I 1 I

Lo

3 3 E 3 3 3 E 3 b Name Function Atreset] R 1 W
Lo

A Analog input pin selection hits | ©2 0120 e}
R g mputp 000 : P20/INo 0 !
A 001 :P21/IN1 '
A 010:P22/IN2 ;
T 1 011:P23/IN3 0 0.0
[ 100: P24/INa :
oro 101:P2s/INs ,
A 110:pP2e/iNs [ (NOt€) 5 | o o
A 2 111:P27IN7 |

[ T R '

| | | | | H
[ S 3 | A-D conversion completion bit 0 : Conversion in progress 1 o . 0
oo 1 : Conversion completed ,
[ i ion bi 0 : Disconnect between VRer pin and 1
N 4 | VRer connection selection bit Jadder resistor 0 o) : o)
1 — 1: Connect between Vrer pin and 1
o ladder resistor :
Y & o 5 | Not implemented. Undefined | Undefined X
T g | Writing to these bits is disabled. Undefined | undefined X
} These bits are undefined at reading. - T
”””””””””” 7 Undefined | Undefined X

[ The bit can be set to ‘0’ by software, but cannot be set to ‘1".
Note: Do not perform setting in the 7480 Group.

Figure 1.15.3 A-D Control Register
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(2) A-D Conversion Register
This is a read-only register in which an A-D conversion result is stored.
Figure 1.15.4 shows the A-D conversion register.

A-D conversion register

b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register (AD) [Address 00DAz16]

R R

T T

3 i 3 E 3 i i 3 b Function Atreset| R E w
' 1 1 1 1 1 ={ 0 | Read-only register to store the A-D conversion result. Undefined| o ! X
IR Undefined| O 1 X
. 2 Undefined| O } X
3 3 3 E Lo 3 Undefined| O 1 X
Lo L 4 Undefined| O | X
A 5 Undefined| o 1 X
3 L 6 Undefined]| o ; X
Lo 7 Undefined| O 1 X

Figure 1.15.4 A-D Conversion Register

7480 Group and 7481 Group User's Manual

1-143



HARDWARE
1.15 A-D Converter

1.15.3 Operations of A-D Converter

The A-D conversion system of the 7480 Group and 7481 Group is successive comparison conversion. The
comparison result of internally generated comparison voltage Vref with input voltage VIN from an analog
input pin is stored in the A-D conversion register.

The operations of the A-D converter are described below.

Start of A-D Conversion
When the A-D conversion completion bit of the A-D control register is cleared to ‘0’, A-D conversion is
started.

A-D Conversion
O The A-D conversion register goes to ‘0016’

O Analog input voltage VIN is compared with comparison voltage Vref 8 times. The contents of the A-D
conversion register are determined by the bit from the MSB, each time a comparison is performed.
Comparison voltage Vref is determined by the following formula depending on the contents of the A-
D conversion register and reference voltage VREF, which is input from the VREF pin.

:_ Expression of comparison voltage Vref —:
| Vref = O i when n = |
VREF
0.5) ... when n = 1 to 255
: 256 ( ) :
| VREF: Reference voltage input from the VREF pin |
L n : The contents of the A-D conversion register N

M The first comparison (determination of bit 7 of A-D conversion register)
Bit 7 of the A-D conversion register is set to ‘1’, and comparison voltage Vref obtained by the above
formula is input to the comparator. Vref is compared with VIN, and bit 7 of the A-D conversion register
is determined, depending on the result of the comparison as follows:
« Bit 7 remains ‘1’ (retention) if Vref < VIN.
* Bit 7 is converted to ‘0’ if Vref > VIN.

B Comparison from the second time (determination of bits 6 to 0 of A-D conversion register)
Every bit of bits 6 to 0 of the A-D conversion register is successively determined as bit 7 is done
in the first time. (The next bit to be determined is set to ‘1’, and the value of the bit is determined
by the comparison result of VIN with Vref.)

Figure 1.15.5 shows the change of the A-D conversion register and the comparison voltage during
A-D conversion.

O A-D conversion is completed when comparison voltage Vref is compared with analog input voltage VIN
8 times and all bits of the A-D conversion register are determined. At this time, the A-D conversion
completion bit of the A-D control register becomes ‘1’.
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The contents of A-D conversion register Comparison voltage (Vref) [V]

@tA—Dconversionstaa Ol Ol Ol Ol Ol Ol ol 0 0
v v
(At the first comparison start ) 1| Ol Ol 0 Ol Ol Ol 0 VF;EF _ VSFiI;F
At the second comparison start 1| Ol Ol Ol Ol Ol OI VF;EF iVFZEF _ VsFigF
At the third comparison start 1| Ol Ol 0| Ol Ol VRZEF ivr‘:lEF + VF;EF VSRl';F
. : . ! VREF , VREF , VREF ..
Qt the eighth comparison start 1.2 3456 7 >— T—7— T —3
....... + VREF _ VREF
= 256 512

v

At A-D conversion completed
(at the eighth conversion completed)

v
12345678

The digital value corresponding to
analog input voltage

: The determined value obtained by the m-th (m=1 to 8) comparison result

Figure 1.15.5 Change of A-D Conversion Register and Comparison Voltage during A-D Conversion

A-D conversion interrupt
When A-D conversion is completed, the A-D conversion completion interrupt request bit of interrupt request
register 1 is set to ‘1’; then an A-D conversion completion interrupt request is generated.

Reads from A-D conversion register

When A-D conversion is completed, the A-D conversion register is read to obtain the A-D conversion result.

The completion of A-D conversion can be acknowledged by any of the following conditions:

* The A-D conversion completion bit is ‘1'.

« The A-D conversion completion interrupt request bit is ‘1"

* The branch to A-D conversion completion interrupt service routine occurs (when A-D conversion completion
interrupt enabled).

Note: Do not read from the A-D conversion register during A-D conversion operation.

A-D conversion time

A-D conversion ends in 50 cycles after its start. Because the A-D converter uses the clock input divided
by 2, f(XIN)/2, as the operating clock, A-D conversion time is fundamentally obtained by the following
formula:

A-D conversion time = x conversion cycles (50 cycles)

f(XIN)
(12.5 us at f(XIN) = 8 MHz)
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1.15.4 Setting of A-D Conversion
Figure 1.15.6 shows the setting of A-D conversion.

Procedure 1 Disabling acceptance of A-D conversion completion interrupt

m....... Interrupt control register 1 (ICON1) [Address 00FE1s]
\

A-D conversion completion interrupt acceptance disabled

Procedure 2 Setting A-D control register
b7

b0
1] TTT] AD control register (ADCON) [Address 00D915]

1 Analog input pin selection
000: P20/INo
001: P21/IN1
010: P22/IN2
011: P23/IN3
100: P24/IN4
101: P2s/INs
110: P26/INs ((Note 1)
111: P27/IN7

VRer and ladder resistor connected

Procedure 3 Setting A-D conversion completion interrupt request bit to ‘0’

m....... Interrupt request register 1 (IREQ1) [Address 00FCas]

There is no A-D conversion completion interrupt request.

Procedure 4 Enabling acceptance of interrupt when A-D conversion interrupt is used

b7 bo
....... Interrupt control register 1 (ICON1) [Address O0FE1g]

‘ A-D conversion completion interrupt acceptance enabled

Procedure 5 Start of A-D conversion (Note 2)
b7

b0
[ o] | | | A-D control register (ADCON) [Address 00D916]

L A-Dconversion start

Notes 1: Do not set these bits in the 7480 Group.
2: Start A-D conversion after the following:
O the ladder resistor is connected to VREF pin
O VREF stabilization time elapses 1.0 ps or more.

Figure 1.15.6 Setting of A-D Conversion
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1.15.5 Notes on Usage
Pay attention to the following notes when the A-D converter is used.

B The comparator consists of a capacitive coupling circuit, so that low clock input frequencies cause
electric charge to be lost.
e Use 1 MHz or more of f(XIN) during A-D conversion is performed.
« Do not execute the STP instruction during A-D conversion.

M Voltages to be applied to the reference voltage input pin are as follows:
* VREF = 2 to Vcc [V] when Vcc = 2.7 Vto 4.0V
* VREF = 0.5 Vcc to Vcc [V] when Vcc = 4.0 Vto 5.5V
When the A-D converter is not used, connect VREF pin to the Vcc pin.

H Apply the same voltage as to the Vss pin to analog power source voltage input pin AVss. (The AVss
pin is dedicated to the 44P6N-A package in the 7481 Group.)

Bl Even when A-D conversion is started, the A-D conversion completion interrupt request bit is not automatically
cleared to ‘0'.
Clear this bit to ‘0’ before A-D conversion starts.

Bl A-D conversion resumes when ‘0’ is written into the A-D conversion completion bit of the A-D control
register during A-D conversion.

M To start A-D conversion, set the VREF connection selection bit of the A-D control register to ‘1’ to
connect ladder resistor and the VREF. A-D conversion can then be started, after the VREF stabilization
time elapses 1.0 us or more.
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M Figure 1.15.7 shows the internal equivalent circuit of analog input circuit. In order to perform the A-D
conversion correctly, complete the charge to the internal capacitor by the specified time. The maximum
output impedance of analog input source to complete the charge to the internal capacitor by this
specified time is shown below.

About 10 kQ (at f(XIN) = 8 MHz)

When the maximum value of output impedance is over the above value, take countermeasures, for
example, connect a capacitor (0.1 uF to 1 uF) between analog input pins and Vss.

Vce
(Note 2)
i/INi pi - R(about 6 Q)
P(i2|:/(|)l\ltlopl7r; O C1= 10pF + 50% e e (about 3 pF)
(Note 1) J_ SW1(Note 3) — !
(Note 2) SW2
;l/; i Amplifier
Vss Vss .
Reference voltage generation circuit

VREF

VREF switch ;i i
Vss

Notes 1: In the 7480 Group, i = 0 to 3.
2: This is a parasitic diode of output transistor.
3: SW1 is turned on only when analog input pin is selected.

Figure 1.15.7 Internal equivalent circuit of analog input circuit

1-148 7480 Group and 7481 Group User's Manual



HARDWARE

1.16 Watchdog Timer

1.16 Watchdog Timer

If a program cannot run a normal loop by a runaway, etc., the watchdog timer provides the means of
returning the CPU to the reset state.
In the 7480 Group and 7481 Group, invalidating the STP and WIT instructions causes a runaway to be
detected more effectively. For the selection of the valid/invalid of the STP and WIT instructions, refer to
Section 1.19 Power Saving Function
The watchdog timer is comprised of 7-bit watchdog timer L and 8-bit watchdog timer H (address O0FEus).

1.16.1 Block Diagram of Watchdog Timer
Figure 1.16.1 shows the block diagram of the watchdog timer.

Data bus

XN O

RESET O

‘7F16’ is set when writing to  ‘FF16’ is set when writing to

watchdog timer H watchdog timer H
1/8 o - -
Q_, Watchdog timer L | Watchdog timer H
o, (7 bits) g (8 bits)
116 H1

Watchdog timer L count

source selection bit

bit 7

@ LD* Reset circuit [————> Internal reset

Figure 1.16.1 Block Diagram of Watchdog Timer

1.16.2 Registers Associated with Watchdog Timer

Figure 1.16.2 shows the memory map of the registers associated with the watchdog timer.

00EF16

00FB16

Watchdog timer H (WDTH)

CPU mode register (CPUM)

Figure 1.16.2 Memory Map of Registers Associated with Watchdog Timer
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(1) Watchdog Timer H
Watchdog timer H indicates the high-order 8 bits of the count value of the watchdog timer.
Figure 1.16.3 shows the watchdog timer H.

Watchdog timer H

b7 b6 b5 b4 b3 b2 bl b0

| Watchdog timer H (WDTH) [Address 00EF1s]

Co

i i E 3 i i 3 E b Eunction Atreset| R | W
vorovov v 71 0 | The high-order count value of watchdog timer is indicated. 1 o
A A 1 | o,
e 2 1 | o
Cor o

R O .
P 3 L Note
{1 4 memmmemme- 4 1 O,
e 5 1 o

L e 6 1 (O
L. 7 1 | o

Note: The following value is set by writing arbitrary data.
« watchdog timer L — ‘7F1¢’
« watchdog timer H — ‘FF1¢’

Figure 1.16.3 Watchdog Timer H

(2) CPU Mode Register
This register consists of the bits that select a stack page and an internal clock, as well as the bit that
selects a count source of the watchdog timer.
Figure 1.16.4 shows the CPU mode register.

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0
.mm CPU mode register (CPUM) [Address 00FBz16]

o A

. @ Name Function Atreset| R 1+ W

[ T T T T

oo 0 1 9 [ Fix these bits to O’ 0 10,0

A A I 0o oo

e 2 | stack page selection bit 0: Zero page 0 0,0

pororo (Note) 1: 1 page .

E 3 i 3 :L 77777777 3 | Watchdog timer L count 0: f(XiN)/8 0 o, 0

[ source selection bit 1:f(Xin)/16 !

1 I I I

Lo L. 4 | Not implemented. Writing to this bit is disabled. Undefined | undefined X

P This bit is undefined at reading. .

1 I I

R 5 | Not implemented. Writing to this bit is disabled. Undefined| Undetined ~ x

b This bit is undefined at reading. .

R 6 | Clock division 0: f(Xn)/2 (high-speed mode) 0 0.0

! ratio selection bit 1: f(XiN)/8 (medium-speed mode) H

e 7 | Not implemented. Writing to this bit is disabled. Undefined | Undefined| X
This bit is undefined at reading. .

Note: In the products whose RAM size is 192 bytes or less, set this bit to ‘0’

Figure 1.16.4 CPU Mode Register
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1.16.3 Operations of Watchdog Timer
The operations of the watchdog timer are described below.

Count Source

The watchdog timer can select the following count sources using watchdog timer L count source selection
bit of the CPU mode register:

 f(XIN)/8 when the bit is ‘O’

* f(XIN)/16 when the bit is ‘1’

Internal Operation

O When the write instructions (Note 1) are executed to watchdog timer H, the following values are placed
in watchdog timers H and L, regardless of the written value:

* ‘FF16’ into watchdog timer H

« ‘7F16’ into watchdog timer L

The watchdog timer starts counting by writing to watchdog timer H, and every time the count source is
input, the watchdog timer is decremented by 1.

O When bit 7 of watchdog timer H becomes ‘0’ by a down count (Note 2), the internal reset signal changes
from HIGH to LOW and the CPU enters the reset state. As a result, the internal state of the microcomputer
is set as shown in Figure 1.17.2 Internal State at Reset in Section 1.17 Reset . Timer 1 goes to ‘FF1¢’
to generate the wait time for the system releasing from reset, and then the watchdog timer starts
counting, using f(XIN)/8 as the count source.

O When an underflow occurs in timer 1, the internal reset signal is raised to the HIGH state and the system
is released from reset. The program is executed at the address stored in the reset vector area.

Notes 1. Write instructions which generate write signals, such as STA, LDM, and CLB.
2: The time from writing data into watchdog timer H to placing ‘0’ in bit 7 is 16384 (400016) cycles
of the count source.
Examples
At f(XIN) = 8 MHz :
* 16.384 ms; when the frequency of the count source is f(XIN)/8
» 32.768 ms; when the frequency of the count source is f(XIN)/16

Figure 1.16.5 shows the internal processing sequence during reset by the watchdog timer.
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xiwpin  FLFLFLALFLAL . FLFLFLFLFLFLFL AL FLALFLAL AL AL FLFLAL R

I

2048 cycles of Xin pin input signal |

Internal reset signal | |
I

I

Address bus

IRZZIRZIRZZEreeserems

pata bus T > X o X

SYNC pin i |
Y |

Bit 7 of Watchdog Timer H
changes from ‘1’ to ‘0.

Internal Clock @: Basic clock frequency of CPU, f(Xin)/2 (high-speed mode) after system is released from reset.
AH, AL Jump addresses stored in reset vector area.
SYNC : CPU opcode fetch cycle (it cannot be examined externally because it is an internal signal).

Z00002 - Undefined

Figure 1.16.5 Internal Processing Sequence during Reset by Watchdog Timer

Countermeasures with Watchdog Timer against Runaway

Watchdog timer H is written to with the main routine, etc., to keep bit 7 from going to ‘0.” (keep it at ‘1’).
In case of a program runaway by noise, watchdog timer H is not written to, so that bit 7 becomes ‘0’ and
the CPU returns to the reset state.

Operations in Stop and Wait Modes

« When the STP instruction is executed to enter the stop mode, the f(XIN) stops, causing the watchdog
timer to stop counting. When the stop mode is terminated, the watchdog timer starts counting in response
to the restarting of f(XIN) oscillation.

* When the WIT instruction is executed to enter the wait mode, CPU stops operating, whereas the watchdog
timer continues counting because the oscillation of f(XIN) does not stop.

Note: The watchdog timer continues counting even during the oscillator start-up stabilization time (2048
cycles of the XIN pin input signal) after the stop mode is terminated, and the wait mode. Write to
watchdog timer in order to prevent bit 7 of watchdog timer H from going to ‘0’

In the 7480 Group and 7481 Group, the valid/invalid of the STP and WIT instructions can be selected.
Invalidating these instructions causes a runaway to be detected more effectively when the watchdog timer
is used.

For details on the setting of the valid/invalid of the stop and wait modes and the STP and WIT instructions,
refer to Section 1.19 Power Saving Function
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1.16.4 Setting of Watchdog Timer
Figure 1.16.6 shows the setting of the watchdog timer.

Procedure 1 Selecting watchdog timer L count source

b7

b0
B [ | JoJo] CPU mode register (CPUM) [Address 00FB1s]

[ Watchdog timer L count soure selection
0: f(Xin)/8
1: f(XiN)/16

Procedure 2 Writing to watchdog timer H (Note 1)

Watchdog timer H (WDTH) [Address 00EF16]

[ .
Arbitrary data (Note 2)

Notes 1: Writing to watchdog timer H starts counting.
2: The following values are set regardless of written data.
* Watchdog Timer L ~ ‘7F1¢’
* Watchdog Timer H ~ ‘FF1¢’

Note: Internal reset occurs if bit 7 of watchdog timer H becomes ‘0’. Therefore, write to watchdog timer H
in the main routine in order to prevent bit 7 of watchdog timer H from going to ‘0".
Since the timer counts for the start-up stabilization time (2048 cycles of the Xin pin input signal),
bit 7 of watchdog timer H must not be ‘0’ during this period.

Figure 1.16.6 Setting of Watchdog Timer

1.16.5 Notes on Usage
Pay attention to the following notes when the watchdog timer is used.

Wl Write to watchdog timer in the main routine in order to prevent bit 7 of watchdog timer H from going to
‘0’_

M The watchdog timer continues counting even during the oscillator start-up stabilization time (2048 cycles
of the XIN pin input signal) after the stop mode is terminated, and the wait mode. Write to watchdog timer
in order to prevent bit 7 of watchdog timer H from going to ‘0’.

W Do not operate the watchdog timer during system evaluation.
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1.17 Reset

When the LOW level is applied to the RESET pin for 2 us or more, the internal reset signal becomes LOW,
and the CPU enters the reset state. Subsequently, when the HIGH level is applied to the RESET pin, the
internal reset signal becomes HIGH, and the system is released from reset after the oscillator start-up
stabilization time (Note) elapses. The program is resumed at the jump address stored in the reset vector
area after the system is released from reset.

In the 7480 Group and 7481 Group, even when bit 7 of watchdog timer H changes from ‘1’ to ‘0", the internal
reset signal changes from HIGH to LOW, causing the CPU to enter the reset state. For details of the
watchdog timer, refer to Section 1.16 Watchdog Timer

Note: 2048 cycles of the XIN pin input signal (counted by timer 1).

For an example of reset circuits, refer to Section 2.5 Reset .
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1.17.1 Reset Operations
The reset operations are described below.

O When the power source voltage is within specifications (Note) and clock input oscillation frequency f(XIN)
is stabled, the internal reset signal changes from HIGH to LOW by applying the LOW level to the RESET
pin for 2 us or more, causing the CPU to enter the reset state.

O Then the HIGH level is applied to the RESET pin, so that the internal state of the microcomputer is set,
as shown in Figure 1.17.2 Internal State at Reset . Timer 1 goes to ‘FF16’ to generate the f(XIN)
oscillator start-up stabilization time and then starts counting, using f(XIN)/8 as the count source.

O When an underflow occurs in timer 1, the internal reset signal becomes HIGH and the system is released
from reset. The program is resumed at the address stored in the reset vector area.

Note: ¢ 2.7 V to 4.5 V at f(XIN) = (2.2 Vcc-2) MHz
* 45V to 55V at f(XIN) = 8 MHz

Figure 1.17.1 shows the internal processing sequence after reset release.

ovon FLFLFGfLFLFLFLIPLFLFLFLALPLFLALSL AL ALALAL AL LA
remmcesc . [ LR LALALRL

2 s or more;
REsET [ [ |

Internal reset

Address bus

2048 cycles of XiN pirjinput signal

WMFFB FrEF AL AH><
Daa s | U EIEDY

SYNC pin | |

Internal clock @ : Basic clock frequency of CPU = f(XIN)/2
AH, AL : Jump addresses stored in reset vector area
SYNC : CPU opcode fetch cycle
(it cannot be examined externally because it is an internal signal)

72227+ Undefined

Figure 1.17.1 Internal Processing Sequence after Reset Release
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1.17.2 Internal State at Reset
Figure 1.17.2 shows the internal state at reset.

Address Contents of register

(1) Port PO direction register (POD) 00Cl1l16
(2) Port P1 direction register (P1D) 00C316
(3) Port P4 direction register (P4D) 00C916
(4) Port P5 direction register (P5D) OOCBlG
(5) Port PO pull-up control register (POPCON) 00DO016
(6) Port P1 pull-up control register (PLPCON) 00D116
(7) Port P4P5 input control register (P4P5CON) 00D216
(8) Edge polarity selection register (EG) 00D416
(9) A-D control register (ADCON) 00D916
(10) STP instruction operation control register (STPCON) 00DE16 EEEEEE
(11) Serial I/O status register (SIOSTS) 00E116 EEEEEEE
(12) Serial /0 control register (SIOCON) 00E216
(13) UART control register (UARTCON) 00E316 [ 1]1]1][1]0] o] 0] 0]
(14) Bus collision detection control register (BUSARBCON)  00E516
(15) Watchdog timer H (WDTH) 00EF1s
(16) Timer X low-order (TXL) 00F016
(17) Timer X high-order (TXH) 00F116
(18) Timer Y low-order (TYL) 00F216
(19) Timer Y high-order (TYH) 00F316
(20) Timer 1 (T1) 00F416
(21) Timer X mode register (TXM) 00F616
(22) Timer Y mode register (TYM) 00F716
(23) Timer XY control register (TXYCON) 00F816
(24) Timer 1 mode register (T1M) 00F916
(25) Timer 2 mode register (T2M) 00FA16
(26) CPU mode register (CPUM) 00FB16
(27) Interrupt request register 1 (IREQ1) 0OFCis[ 0016 |
(28) Interrupt request register 2 (IREQ2) 00FD1e
(29) Interrupt control register 1 (ICON1) 00FE16
(30) Interrupt control register 2 (ICON2) 00FF16
(31) Program counter (PCH)

Fey
(32) Processor status register (PS) .......

|:| : Read back as undefined at reset.

Note: Since the contents of the registers and RAM not mentioned above are undefined at reset,
initialize them by software.
There are bits not implemented for some products.
For these bits, refer to each register.

Figure 1.17.2 Internal State at Reset
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1.17.3 Notes on Usage
Pay attention to the following notes when reset is used.

M Internal clock ¢ becomes f(XIN)/2 (high-speed mode) when the system is released from reset.

Bl Timer 1 and timer 2 are counting when the system is released from reset.

H Apply 0.32 V or less to the RESET pin at the time that power source voltage passes 2.7V, at power on.
M When the STP instruction is executed in normal operations, I/O port pins retain the states immediately

before internal clock ¢ stops. If the CPU is then forced to the reset state from the stop mode, the 1/O
pins go to the input mode with the high-impedance state.
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1.18 Oscillation Circuit

The 7480 Group and 7481 Group are equipped with a built-in clock generator providing the clock necessary
for operation of the microcomputer. An oscillation circuit is constructed by connecting a ceramic resonator
between the XiN and XouT pins (Note 1). Also, an external clock can be supplied to the clock generator (Note
2).

The built-in feedback resistor connected between the XIN and XouT pins allows the user to omit an external
resistor.

Notes 1: For an example of an oscillation circuit using a ceramic resonator, refer to Section 2.6 Oscillation
Circuit . Consult the manufacturer of the resonator for the oscillator start-up stabilization time.

2: Also, for an external clock circuit, refer to Section 2.6 Oscillation Circuit . Use a 50% duty cycle
pulse signal as the external clock input to the XIN pin. At this time, leave the XouT pin open.

1.18.1 Block Diagram of Clock Generator

The clock generator controls the oscillation circuit. The generated clock (internal clock ¢) is supplied to the
CPU and the peripherals.

Figure 1.18.1 shows the block diagram of the clock generator.

XIN XouTt
(Ii O
: 12 1/4
Clock dividing ratio selection bit
Internal clock @
—1Q S s Q Qs < (: Reset

| STP
instruction

WIT__| R
instruction

[ STP instruction

Reset
Interrupt disable flag
Interrupt request

Figure 1.18.1 Block Diagram of Clock Generator
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1.18.2 Register Associated with Oscillation Circuit

Figure 1.18.2 shows the memory map of the register associated with the oscillation circuit.

00FB16 | CPU mode register (CPUM)

Figure 1.18.2 Memory Map of Register Associated with Oscillation Circuit

The CPU mode register consists of the bits that select a stack page and an
bit that selects a count source of the watchdog timer.
Figure 1.18.3 shows the CPU mode register.

internal clock, as well as the

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0
mm CPU mode register (CPUM) [Address 00FBus]

4 | Not implemented. Writing to this bit is disabled.
This bit is undefined at reading.

I I I 1 I

I I I 1 1 T
Lo b Name Function Atreset| R 1+ W
I I I 1 I

oo 0 | Fix these bits to ‘0". 0 6.0
AR o [0 o0
R

A 2 | stack page selection bit 0: Zero page 0 o, 0
Lo (Note) 1: 1 page .

3 3 L 77777777 3 | Watchdog timer L count 0 : f(XiN)/8 0 o, 0
| source selection bit 1:f(XiN)/16 !

I

Undefined unuenneu: X
1
1

5 | Notimplemented. Writing to this bit is disabled.
This bit is undefined at reading.

Undefined| Undefined  x

This bit is undefined at reading.

1

I S 6 | Clock division 0 : f(Xn)/2 (high-speed mode) 0 0.0
ratio selection bit 1: f(XiN)/8 (medium-speed mode) H

RN VAP 7 | Not implemented. Writing to this bit is disabled. Undefined | Undefined, X
1

Note: In the products whose RAM size is 192 bytes or less, set this bit to ‘0’

Figure 1.18.3 CPU Mode Register

7480 Group and 7481 Group User's Manual

1-159



HARDWARE

1.18 Oscillation Circuit

1.18.3 Oscillation Operations

)

(2

3)

Oscillation Operations

The following clocks can be selected as internal clock ¢ by the clock division ratio selection bit of
the CPU mode register.

e XIN pin input divided by 2 (high-speed mode) when the bit is ‘0.

* XIN pin input divided by 8 (medium-speed mode) when the bit is ‘1"

Note: The oscillation circuit is held in the high-speed mode after the system is released from reset.

Oscillation in Stop Mode

When the STP instruction is executed to enter the stop mode, internal clock ¢ stops in the HIGH
state, and the oscillation of f(XIN) stops, as well. At this time, timer 1 goes to ‘FFi16’, and f(XIN)/8 is
selected as the count source.

CPU returns from stop mode by reset or accepting an external interrupt request (Note 1). In this time,
internal clock @is not supplied to the CPU until an underflow occurs in timer 1, though the oscillation
of f(XIN) and internal clock ¢ are started. The reason is that oscillator start-up stabilization time is
required when an external resonator is used.

Note: Activate timer 1 and disable the acceptance of a timer 1 interrupt request before the STP
instruction is executed.

Notes 1: For interrupt sources that can be used to return from the stop mode, refer to Table 1.11.2
Interrupt Sources Available for CPU’s Return from Stop/Wait Mode

For details of the stop mode, refer to Section 1.19.2 Stop Mode .

Oscillation in Wait Mode

When the WIT instruction is executed to enter the wait mode, only internal clock ¢ stops in the HIGH
state.

When the CPU returns from the wait mode by reset or accepting an interrupt request (Note 2), the
supply of internal clock @ to the CPU is resumed. Since f(XIN) continues oscillation during the wait
mode, instructions can be executed immediately after the CPU returns from the wait mode.

Notes 2: For interrupt sources that can be used to return from the wait mode, refer to Table 1.11.2
Interrupt Sources Available for CPU’s Return from Stop/Wait Mode

For details of the wait mode, refer to Section 1.19.3 Wait Mode .
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1.18.4 Oscillator Start-Up Stabilization Time

Oscillation is unstable immediately after oscillation is started in the oscillation circuit which uses a ceramic
resonator. Necessary time for stabilizing oscillation is called an oscillator start-up stabilization time.

The oscillator start-up stabilization time necessitated varies with the structure of the oscillation circuit used.
Consult the manufacturer of the resonator for the oscillator start-up stabilization time.

(1) Oscillator Start-Up Stabilization Time at Power On
The oscillator start-up stabilizing time of 2048 cycles of the XIN pin input signal is automatically
generated after the system is released from reset by timer 1 in the 7480 Group and 7481 Group
(Note).

Note: Timer 1 goes to ‘FF16’ to select f(XIN)/8 as the count source.

Figure 1.18.4 shows an oscillator start-up stabilization time at power on.

2.7 V (Note),

vee /

. |
12 Ys or more,

Oscillator start-up stabilization time

3 3 2048 cycles of Xin pin input signal
Internal reset ! A

Internal reset released

Note: At f(XiN) = (2.2 Vcc—-2) MHz.
Apply 0.32 V or less to the RESET pin at the time that power source voltage passes 2.7 V.

Figure 1.18.4 Oscillator Start-Up Stabilization Time at Power On

(2) Oscillator Start-Up Stabilization Time after Stop Mode
Oscillation stops in the stop mode. When the CPU returns from the stop mode by reset or accepting
an interrupt request, the oscillator start-up stabilization time of 2048 cycles of the input signal to the
XIN pin is automatically generated by timer 1, as occurs at power on.

1.18.5 Notes on Usage
Pay attention to the following notes when an oscillation circuit is used.

M The oscillation circuit is held in the high-speed mode after the system is released from reset.

Bl When a ceramic resonator is connected between the XIN and XouT pins, consult the manufacturer of the
resonator for the oscillator start-up stabilization time.

M When an external clock is input to the XIN pin, use a 50% duty cycle pulse signal as the external clock
input to the XIN pin. At this time, leave the XouT pin open.

M Activate timer 1 and disable the acceptance of a timer 1 interrupt request before the STP instruction is
executed.
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1.19 Power Saving Function

The 7480 Group and 7481 Group are provided with the function to halt the CPU operation and make it stand
by in the following two power saving modes by software:

* Stop mode with the STP instruction

« Wait mode with the WIT instruction

Also, the valid/invalid of the STP and WIT instructions can be selected with the STP instruction operation
control register.

Table 1.19.1 lists the states of the microcomputer in the power saving modes.

Figure 1.19.1 shows the transitions from the power saving modes.

Table 1.19.1 States of Microcomputer in Power Saving Modes

Stop Mode Wait Mode
Clock f(XIN) Stopped Operating
Internal Clock ¢ Suspended at the HIGH level |Suspended at the HIGH level
CPU Stopped Stopped

Retains the state at STP Retains the state at WIT
O Ports instruction execution instruction execution
Event Count Mode .
Operating

- (external clock as count source) Operatin
imers
Other Modes i ’

o . Stopped
(divided main clock as count source)
Divided BRG output as synchronous
Stopped
Serial 1/O clock Operatin
ena External clock or its 1/16 as . P 9
Operating

synchronous clock

Retains the state at STP Retains the state at WIT

RAM . . . . . .
instruction execution instruction execution
, . . _ Used to generate oscillator
Registers associated with Timer 1 o ) i
SFR start-up stabilization time Retains the state at WIT
) Retains the state at STP instruction execution
Other registers . . .
instruction execution
CPU Internal Registers Retains the state at STP Retains the state at WIT
(Note) instruction execution instruction execution

Note: The CPU internal registers are composed of the following six registers:
* Accumulator
e Index register X
e Index register Y
e Stack pointer
e Program counter
* Processor status register

1-162 7480 Group and 7481 Group User's Manual



HARDWARE

1.19 Power Saving Function

Interrupt request Interrupt request
accepted accepted

Reset input Reset input
g:éyoieffe'\r/lrreegtﬁslp;g RAM and the registers RAM and the registers
- except timer 1 retained i
are in the reset state P retained
Oscillator start-up Oscillator start-up ) N
stabilization time stabilization time ) No oscillator start-up stabilization time
2048 cycles of Xin pin 2048 cycles of X pin
input signal input signal
System is released from reset Interrupt service
Program executed at routine executed

the address stored in
reset vector areas

The next address following
STP or WIT instruction
(program execution continued)

Figure 1.19.1 Transitions from Power Saving Modes

7480 Group and 7481 Group User's Manual 1-163



HARDWARE

1.19 Power Saving Function

1.19.1 Registers Associated with Power Saving
Figure 1.19.2 shows the memory map of the registers associated with power saving.

00D416 | Edge polarity selection register (EG)

00DE16 | STP instruction operation control register (STPCON)

Figure 1.19.2 Memory Map of Registers Associated with Power Saving

(1) STP Instruction Operation Control Register
The STP instruction operation control register has only one bit that selects the valid/invalid of the
STP and the WIT instruction.
Figure 1.19.3 shows the STP instruction operation control register.

STP instruction operation control register

b7 b6 b5 b4 b3 b2 bl b0
STP instruction operation control register (STPCON) [Address 00DEus]

Lo
i i E E i i 3 E b Name Function Atreset| R ' W
i1 1 1 1 1 1 1| o|STPandWIT valid/invalid |0 : STPMWIT instruction valid 1 c:0
N selection bit (Note) 1 : STP/WIT instruction invalid '
b 00 === 1 [ Notimplemented. 0 0, X
T 5 | Writing to these bits is disabled. 0 0 ' x
[ These bits are ‘0’ at reading.

I I 1 [ 3 O 0 : x
it 4 o | o: *
Ry~ - 5 0 0! x
T . 6 0 R
S & 7 0 0, x

Note: The STP and WIT instructions are invalid after the system is released from reset. When
using these instructions, set STP and WIT valid/invalid selection bit of the STP instruction
operation control register to ‘1’, then set this bit to ‘0. (Writing twice successively)
When not using the STP and WIT instructions, set this bit to ‘1’ either once or twice.

Figure 1.19.3 STP Instruction Operation Control Register
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(2) Edge Polarity Selection Register
The edge polarity selection register consists of the bits that select the polarity of the valid edge of
INT and CNTR pins, as well as the bit that selects the valid/invalid of key-on wakeup.
Figure 1.19.4 shows the edge polarity selection register.

Edge polarity selection register
b7 b6 b5 b4 b3 b2 bl b0
Edge polarity selection register (EG) [Address 00D416]
T R , T
oror b Name Function Atreset| R |
i E i i i E i 'l o |INTo edge 0 : Falling edge 0 0,0
Poror selection bit 1: Rising edge .
I 1 1 I I 1 I '
o v L__| 1 |INT1edge 0 : Falling edge 0 O. 0
oo selection bit | 1 : Rising edge .
| 1 1 | 1 I n o
A 2 | CNTRo edge O: In ev;snt count modde, rising e_dge counéed. 0 o' o
Lo selection bit : In pulse output mode, operation starte: H
[ at HIGH level output. .
Lo : In pulse period measurement mode, a period '
[ from falling edge until falling edge measured. '
. . In pulse width measurement mode, i
oo HIGH-level period measured. :
[ T I : In programmable one-shot output mode, '
A R one-shot HIGH pulse generated after '
[ operation started at LOW level output. '
Loror o : Interrupt request is generated by detecting \
[ T R falling edge. ,
Lo 1: In event count mode, falling edge counted T
[ i 3 CNTR1 edge . In pulse output mode, operation started 0 0,0
oo selection bit at LOW level output. .
Lo : In pulse period measurement mode, a period .
[ T T from rising edge until rising edge measured. '
[ . In pulse width measurement mode, !
o LOW-level period measured. 1
ror . In programmable one-shot output mode, \
[ R R one-shot LOW pulse generated after '
Lo operation started at HIGH level output. '
. . Interrupt request is generated by detecting '
L rising edge. 1
I 1 1 I 1
[ 4 | Not implemented. Writing to this bit is disabled. Undefined| undefined X
Lo T This bit is undefined at reading. ,
I 1 I :
b 5 | INTisource |0:P31/INT: 0 0o:o0
| ORI - S selection bit at | 1 : POo—P07 LOW level '
o STP or WIT (for key-on wake-up) .
I 1 !
3 s 6 [ Not implemented. Writing to these bits are disabled. Undefined|undefined X
e QA 7 | These bits are undefined at reading. Undefined| undefined X
Note: When setting bits O to 3, the interrupt request bit may be set to ‘1’.

After setting the following, enable the interrupt.

[ Disable interrupts

0 Set the edge polarity selection register

O Set the interrupt request bit to ‘0’

Figure 1.19.4 Edge Polarity Selection Register
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1.19.2 Stop Mode

(1) Operations in Stop Mode
State in Stop Mode
When the STP instruction is valid, its execution causes the CPU to enter the stop mode. In this
mode, the CPU operation is halted because internal clock ¢ stops in the HIGH state. In addition, the
operation of the peripherals stops as well, because the oscillation of f(XIN) stops. As a result, power
dissipation can be reduced.
Timer 1 goes to ‘FF16’ to generate the oscillator start-up stabilization time necessary for terminating
the stop mode, and a frequency of f(XIN)/8 is selected as the count source.

Note: Timers continue counting in the event count mode, as done the serial 1/0 does when the
external clock (or its 1/16) is selected as the synchronous clock.

For the operations in the stop mode, refer to Table 1.19.1 States of Microcomputer in Power
Saving Modes.

The stop mode is terminated by reset or accepting an interrupt request, and the CPU returns to the
normal mode.

The operation at recovery from the stop mode by reset or accepting an interrupt request is described
below.

Recovery from Stop Mode by Reset Input

O By applying the LOW level to the RESET pin for 2 us or more in the stop mode, the CPU enters
the reset state and is brought out of the stop mode, causing the XIN oscillation to resume.

0 When the RESET pin is restored to the HIGH level, the oscillator start-up stabilization time is
generated by timer 1.

O After the oscillator start-up stabilization time elapses, internal clock @ is supplied to the CPU.

O The program is executed at the address stored in the reset vector area.

Figure 1.19.5 shows the operation at recovery from the stop mode by reset input.

Note: 2 cycles of internal clock @

N
STP IntSt(;UCtIOH Stop mode is terminated
execute by reset input
‘ Stop mode y P

Vce T : ; |

| | . 2us |

RESET m * <0 MOy
ESTP instruction execution cyclé (Note) [

e B E—

xwoin \NN\NT 88597 AVAVAVAVAVAVAVAVAVAVAY

3 XIN pin : High-imp:edance statt:e Oscillation start-up stabilization t'm:e
! | ' 2048 cycles of XN pin input signal

Internal reset T

Figure 1.19.5 Operation at Recovery from Stop Mode by Reset Input

For details of reset, refer to Section 1.17 Reset.
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Recovery from Stop Mode by Interrupt

O The stop mode is terminated and the XIN oscillation is resumed when an interrupt request is
generated and its interrupt is acceptable in the stop mode.

O Next, the oscillator start-up stabilization time is generated by timer 1. After the oscillator start-up
stabilization time elapses, internal clock ¢ is resumed and supplied to the CPU.

O The interrupt request used to terminate the stop mode is accepted and the interrupt service routine
is executed.

O After the interrupt service routine is completed, the program is executed at the instruction following
the STP instruction.

Note: The state of timer 1 is affected by recovering from the stop mode.

The interrupt sources used for recovery from the stop mode are as follows:

¢ INTo, INT1

¢ CNTRo, CNTR1

» Serial I/O (only when external clock (or its 1/16) is selected as the synchronous clock)
e Timer X and timer Y (only in event count mode)

* Key inputs (in key-on wakeup)

Figure 1.19.6 shows an operation example at recovery from the stop mode by the INTo interrupt.

 INTo interrupt is used for recovery from stop mode (rising edge detected)

SI;S:ZEUC“O” Stop mode is termlnate INTo interrupt
by INTo |nterupt request accepted
STP instryction execution

cycle (Note 1) Stop mode X ; Oscillation start-up st‘ab-ilizatio_n time !
- — 2048 cycles of XIN pin input signal !

W NN,

XIN pin : High- |mpe|dance state

INTo pin input

FFi6-----

Counting down

0016

INTo interrupt
request bit

Peripheral device Operating l Stop (Note 2)

Operating |

CPU ' Operating l

Contents of timer 1 \
1

f
|

Stop Operating

RL : Reload .
UE: Underflow Notes 1: 2 cycles of internal clock @

2: Timer operates in event count mode.
Serial /0 operates when the external clock input (or its 1/16) is
used as the synchronous clock.

Figure 1.19.6 Operation Example at Recovery from Stop Mode by INT o Interrupt
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(2)

Transition to Stop Mode
The transition from the normal mode to the stop mode is described below.

Recovery from Stop Mode by Reset Input
Execute the STP instruction while the STP instruction is valid.

Recovery from Stop Mode by Accepting Interrupt Request
Execute the STP instruction while the STP instruction is valid after the following sequence is completed:

e Set the interrupt that is used to terminate the stop mode.
e Clear the timer 1 interrupt enable bit to ‘O’ (disabled).
e Clear the timer 1 stop control bit to ‘0’ (count operation).

For the setting of the valid/invalid of the STP instruction, refer to Section 1.19.4 Setting of Valid/
Invalid of STP and WIT Instructions.

1.19.3 Wait Mode

(1) Operations in Wait Mode

State in Wait Mode

When the WIT instruction is valid, its execution causes the CPU to enter the wait mode. In this mode,

internal clock @ stops, though f(XIN) continues oscillation. As a result, the CPU is halted but the

peripherals continue to operate.

For the operations in the wait mode, refer to Table 1.19.1 States of Microcomputer at Power

Saving Modes.

The wait mode is terminated by reset or accepting an interrupt request, and the CPU returns to the

normal mode.

The operation at recovery from the wait mode by reset or accepting an interrupt request is described

below.

Recovery from Wait Mode by Reset Input

O By applying the LOW level to the RESET pin for 2 us or more in the wait mode, the CPU enters
the reset state and is brought out of the wait mode.

O When the RESET pin is restored to the HIGH level, the oscillator start-up stabilization time is
generated by timer 1.

O After the oscillator start-up stabilization time elapses, internal clock @ is supplied to the CPU.

O The program is executed at the address stored in the reset vector area.

For details of reset, refer to Section 1.17 Reset .

Recovery from Wait Mode by Interrupt

O The wait mode is terminated, when an interrupt request is generated and its interrupt is acceptable
in the wait mode.

O Next, internal clock ¢ is resumed and supplied to the CPU.

O The interrupt request used to terminate the wait mode is accepted and the interrupt service routine
is executed.

O After the interrupt service routine is completed, the program is executed at the instruction following
the WIT instruction.

All interrupt sources except the BRK instruction interrupt, are available for recovering from the wait

mode.
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(2) Transition to Wait Mode
The transition from the normal mode to the wait mode is described below.

Recovery from Wait Mode by Reset Input
Execute the WIT instruction while the WIT instruction is valid.

Recovery from Wait Mode by Accepting Interrupt Request

Execute the WIT instruction while the WIT instruction is valid after the interrupt for terminating the

wait mode is set.

For the setting of the valid/invalid of the WIT instruction, refer to Section 1.19.4 Setting of Valid/

Invalid of STP and WIT Instructions

1.19.4 Setting of Valid/Invalid of STP and WIT Instructions

In the 7480 Group and 7481 Group, the valid/invalid of the STP and WIT instructions can be selected with
the STP instruction operation control register. The STP and the WIT instruction are invalid after the system

is released from reset to prevent the program from a runaway.

Writing twice successively to the STP instruction operation control register makes the STP and the WIT
instruction valid, while non-successive writing to the register (for example, a single write) makes these
instructions invalid. As the STP and the WIT instruction remain invalid after the system is released from
reset, successive writing is used to prevent the clock oscillation from stopping due to erroneous data

written during a program runaway.

Figure 1.19.7 shows the setting of valid/invalid of the STP and WIT instructions.

Procedure 1 Setting interrupt disable flag of processor status register to ‘1’ (interrupt disabled)

Procedure 2 Setting STP instruction operation control register (twice successive writing) (Note 1)

1. A write of ‘1’
b7 b0
STP instruction operation control register (STPCON) [Address O0DE16]

Lo

STP and WIT instructions invalid

2. Selection of valid/invalid of STP and WIT instructions (Note 2)

b7 b0
BT |  sTP instruction operation control register (STPCON) [Address 00DE16]
L— STP and WIT valid/Invalid selection
0: Valid
1: Invalid

Notes 1: A single write to the STP instruction operation control register makes the STP
and WIT instructions invalid.
2: If invalidating the STP and WIT instructions, the second write can be omitted.

Procedure 3 Clearing interrupt disable flag of processor status register to ‘0’ (interrupt enabled)
when using interrupts.

Figure 1.19.7 Setting of Valid/Invalid of STP and WIT Instructions
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1.19.5 Notes on Usage
Pay attention to the following notes when the power saving function is used.

(1) Setting of Valid/Invalid of STP and WIT Instructions
To make the STP and the WIT instruction valid, write twice successively to the STP instruction
operation control register while interrupts are disabled.
REASON: Execution of an interrupt service routine may cause this register not to be successively
written.

(2) In Stop Mode
B After the CPU is brought out of the stop mode, timer 1 operates in the following conditions. Re-set
timer 1 if necessary.

* Contents of the timer 1 latch: ‘FF16’
e Count source: f(XIN)/8

B Since the A-D converter stops in the stop mode, execute the STP instruction after A-D conversion
is completed.

M n the stop mode, timer X and timer Y continue counting only in the event count mode.

M Serial I/O operates only when an external clock (or its 1/16) is selected as the synchronous clock
in the stop mode.
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1.20 Built-in PROM Version

A microcomputer with built-in PROM (PROM) is called a built-in programmable ROM version (built-in PROM
version), in contrast to a mask ROM version.
The 7480 Group and 7481 Group offer the following two versions of this type.

* One Time PROM version
The one time PROM are programmable only once. Erasing and reprogramming are not possible.

 Built-in EPROM version (with a transparent window)
The microcomputer has a built-in erasable PROM (EPROM) with a transparent window in top of the
package. The built-in EPROM are programmable, erasable and reprogrammable.

The built-in PROM version has the EPROM mode to program into the built-in PROM, in addition to the
operation modes of the mask ROM version.

For details, refer to Sections 1.3 Performance Overviews, 1.4 Pinouts, and 1.6 Functional Block Diagrams.
The 7480 Group and 7481 Group support the built-in PROM version products listed in Table 1.20.1.

Table 1.20.1 Supported Built-in PROM Version Products in 7480 Group and 7481 Group
(As of September 1997)

PROM | RAM
Product /O Port Package Remarks
(bytes) | (bytes)
M37480E8SP 32P4B |One Time PROM Version
M37480E8FP I/O ports: 18 32P2W-A| (shipped in blank)
M37480E8-XXXSP Input ports: 8 32P4B ) ,
. One Time PROM Version

M37480E8-XXXFP (Including 4 analog|32P2W-A
M37480E8T-XXXSP input pins.) 32P4B One Time PROM Version (Extended
M37480E8T-XXXFP 16384 448 32P2W-A | operating temperature range version)
M37481E8SP 42P4B |One Time PROM Version
M37481E8FP 44P6N-A | (shipped in blank

I/O ports: 24 (shipped i )
M37481E8-XXXSP 42P4B i ,

Input ports: 12 One Time PROM Version
M37481E8-XXXFP . 44P6N-A

(Including 8 analog - -
M37481E8T-XXXSP input pins.) 42P4B |One Time PROM Version (Extended
M37481E8T-XXXFP put pins. 44P6N-A |operating temperature range version)
M37481E8SS 42S1B-A |Built-in EPROM Version
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1.20.1 EPROM Mode

The built-in PROM version has the EPROM mode in addition to the operation modes of the mask ROM
version. The EPROM mode is the mode used to program into and read from the built-in PROM. Programming,
reading and erasing of the built-in PROM can be performed by the same operation as in the M5M27C256K.
Table 1.20.2 lists the pin functions in the EPROM mode, and Figures 1.20.1 to 1.20.3 show the pinouts.

Table 1.20.2 Pin Functions in EPROM Mode

Built-in PROM version M5M27C256K
Vcc Vcc
P33 VPP
Vss Vss
P11-P17,
. P20-P23,
Pin name Ao—-A14
P30, P31,
P40, P41
P0Oo-PO7 Do-D7
VREF CE
P32 OE
e — /
P17/SRpy > i32] «—» PO7
Pl6/ScLk«> 1] «—> POs
P15/TxD +> 30] «—> POs
P14/RxD <+ [4] . g 20] «—> P04
Pla/Ti«> [5] Ww  |os] > PO3
~N
As>———— Pl2/To+> [g] 55 [e>Po2
A Pl1e> [7] = 26] > PO1
Plo <> 3 3 [25] «— P00
P23/IN3 —» [9] XX [24] > P41/CNTR1
P22/IN2—> EE [ > PACNTRo
AD———— P21/IN1—> [i] %:I\?I [22] «— P33
Po>———— P20/INo—» [ BRI [o1] «— P32
Cer————— VRer— [20] «— P31/INT1
o XINn—> [19] «— P30/INTo
o—————— XouT 4+— [16] «— RESET —
(8 Vss @ Ve ————————@@ {4
Outline 32P4B
32P2W-A (Note)
O : PROM pin (Same functions as M5M27C256K)
Note: The only differences between the 32P4B package product and the 32P2W-A package product are
package shape and the absolute maximum ratings.

Figure 1.20.1 Pinout in EPROM Mode of 7480 Group
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P53 «—> ~ «> P52
P17/Sroy +> [2] [41] <> PO7
P16/ScLke—> <« P06
P15/TxD «> [4] <« P05
P14/RXD «—» <« P04
P1a/T1 4> [6] <> P03
P12/To+> > P02
B> P[] S53 EHerPn
P10+ [o] 555 sl «>PO0 — (Do
P27/IN7—> e <> P43
P26/INs —» @ o ;oz «> P42
P2s5/INs —» VR <« P41/CNTR1
P24/INa—» o7} <« P40/CNTR0o ——
P23/IN3 —» EI «— P33
P22/IN2 —> <« P32
P21/IN1 —> «— P31/INT1 A1
P20/INo —» <+— P30/INTo Aul
€ VREF—> «—RESET ml
o—————— XINn—> <« P51 Ves
o———————— XOouT «— <> P50
Qsg——————— Vss Vee ——— ——V©

Outline 42P4B (Note)
42S1B-A (M37481E8SS)

>: PROM pin (Same functions as M5M27C256K)
Note: The only differences between the 42P4B package product and the 44P6N-A package product are

package shape, the absolute maximum ratings and the fact that the 44P6N-A package product has
the AVss pin.

Figure 1.20.2 Pinout in EPROM Mode of 7481 Group (1)
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5] «»P0s — (DD
] «»P0z — (o
5] «> P01 (DD
g +> P00 (Do

27] «> P41/CNTR1—A1)
[26] «> P40/CNTRo—(A1>

[25] «— P33 ———F®

4] «— P32 ———@>
A1

2
g3 g
1 !
P04« [34 22] «— P30/INTo——amD
(05— P05 «—» [33] Q 1] «— RESET
(De)>———— POs >[4 [20] «—> P51 V%S
P07+ [37] [19] «—» P50
P52+ [sg] M37481E8-XXXFP (] Vee Qo
Vso———Vss  [a9 M37481E8T-XXXFP ] Vss Vss
P53 H@ El AVss
(Arp— P17/SRDY < [a1] [15] — Xour —
Ple/ScLk [ 4] «— XN ——
P15/TXD < [43 O Q [13] «— VReEF (B>
Car)>— P14/RXD «—» [a4] [12] «— P20/INo——A0>
Bl

LA LS Lol Lol [l [ =]
1111111
449222222
caS5§E555S
N N AN N NN
[a Iy a Ny a Y s M a B A ¥

B>
CAD——— P21/IN1— [1]]

(A>——— P13T1e>
(A >———— PL2/Toe>

Outline 44P6N-A (Note)

> : PROM pin (Same functions as M5M27C256K)
Note: The only differences between the 42P4B package product and the 44P6N-A package product are

package shape, the absolute maximum ratings and the fact that the 44P6N-A package product has

the AVss pin.

Figure 1.20.3 Pinout in EPROM Mode of 7481 Group (2)
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1.20.2 Pin Descriptions
Tables 1.20.3 and 1.20.4 list pin descriptions in the Ordinary and EPROM modes.

Table 1.20.3 Pin Descriptions (1)

Input/

Pin Mode Name Function
Output
Vvce, Ordinary/ Power source « Apply the following voltage to the Vcc pin:
Vss EPROM 2.7 Vto 4.5V (at f(XIN) = (2.2 Vcc-2) MHz), or
4.5V to 5.5 V (at f(XIN) = 8 MHz).
e Apply 0 V to the Vss pin.
AVss Ordinary/ Analog e Ground level input pin for the A-D converter
EPROM power source * Apply the same voltage as for the Vss pin to the AVss
pin.
Note: This pin is dedicated to the 44P6N-A package products
in the 7481 Group.
VREF Ordinary Reference Input |+ Reference voltage input pin for A-D converter
voltage input * Apply the following voltage to the VREF pin:
2 V to Vcc when Vcc = 2.7 V to 4.0 V, or
0.5 Vcc to Vce when Vec = 4.0 Vto 5.5 V.
Note: When not using A-D converter, connect VREF pin to
Vcce.
EPROM Mode input Input |+ CE input pin
RESET |Ordinary Reset input Input |+ Reset input pin
« System Reset: Holding the LOW level for 2 us or more
forces CPU into reset state.
EPROM Reset input Input |+ Connect it to Vss pin.
XIN Ordinary/ Clock input Input |+ I/O pins for clock generator
EPROM « A ceramic resonator is connected between pins XIN and
XouT.
XouTt | Ordinary/ Clock output | Output |+ When an external clock is used, it is input to XIN pin, and
EPROM leave XouT pin open.

« A feedback resistor is built in between pins XIN and XouT.
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Table 1.20.4 Pin Descriptions (2)

. Input/ )
Pin Mode Name Function
Output
P0o—PO07| Ordinary I/O port PO I/O | 8-bit 1/O port pins
* The output structure is CMOS output.
* When an input port is selected, a pull-up transistor can
be connectable by the bit .
* In input mode, a key-on wake up function is provided.
EPROM Data /O I/O |« Data (Do-D7) I/O pins
Do-D7
Plo-P17|/Ordinary I/O port P1 I/O |+ 8-bit 1/O port pins
e The output structure is CMOS output.
« When an input port is selected, a pull-up transistor can
be connected by the 4 bits .
« P12 and P13 serve the alternative functions of the timer
output pins To and T1.
« P14, P15, Pls, and P17 serve the alternative functions of
the serial I/0 pins RxD, TxD, ScLk and SRDY, respectively.
EPROM Address input| Input |« P11-P17 are the address (A4—A10) input pins.
A4—-A10 * Leave P1lo open.
P20—P27| Ordinary Input port P2 | Input |« 8-bit input port pins
« P20-P27 serve the alternative functions of the analog
input pins INo—-IN7.
Note: The 7480 Group has only four pins of P20-P23 (INO-IN3).
EPROM Address input| Input |« P20-P23 are the address (Ao—A3) input pins.
A0—A3 > Leave P24-P27 open.
P30—P33| Ordinary Input port P3| Input | 4-bit input port pins
* P30 and P31 serve the alternative functions of the external
interrupt input pins INTo and INT1.
EPROM Address input| Input |- P30, P31 are the address (A11, A12) input pins.
A11, A12 P32 pin is the OE input pin.
Mode input * P33 pin is the VPP input pin used to apply VrPp when
VPP input programming and program verifying.
P40—P43| Ordinary I/O port P4 I/O |+ 4-bit /O port pins
* The output structure is N-channel open-drain outputs with
built-in clamping diodes.
* P40 and P41 serve the alternative functions of the timer
/0 pins CNTRo and CNTR1.
Note: The 7480 Group has only two pins of P40 and P41.
EPROM Address input| Input (e P40, P41 are the address (A13, A14) input pins.
A13, A4 * Leave P42, P43 open.
P50—P53| Ordinary I/O port P5 I/O |+ 4-bit /O port pins
* The output structure is N-channel open-drain outputs with
built-in clamping diodes.
Note: The 7480 Group is not provided with port P5.
EPROM Input port P5 | Input |* Leave port P5 open.
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1.20.3 Reading, Programming and Erasing of Built-in PROM

The built-in PROM version can be used in the EPROM mode by setting the RESET pin to LOW. Reading,
programming, and erasing of the built-in PROM in the EPROM mode are described below.

Also, Table 1.20.5 lists the 1/O signals in the EPROM mode.

1)

(2

3

Reading from Built-in PROM

« 0 V is applied to the RESET pin, and 5 V to the Vcc pin.

« Address signals (Ao—A14) are input, and the OE and the CE pins are set to LOW. Then, the contents
of PROM are placed on data 1/0O pins (Do-D7).

« The CE or the OE pins are set to HIGH. Then, data 1/0 pins (Do-D7) float.

Programming into Built-in PROM

« 0 V is applied to the RESET pin, and 5 V to the Vcc pin.

« The OE pin is set to HIGH and VPrpP is applied to the VPP pin. Then, the CPU enters the program
mode.

» Addresses are set to address input pins (Ao—A14), and the 8-bit data to be programmed is placed
in parallel, on data I/O pins (Do-D7).

« Setting the CE pin to LOW starts programming.

Specify addresses 400016 through 7FFF16 when programming with the PROM programmer.
Also, set all addresses 000016 through 3FFF16 to ‘FF16’ when programming into addresses 000016
through 7FFF1is.

Erasing

e Only the built-in EPROM version with a window (M37481E8SS) is erasable.

« The EPROM can be erased when exposed to ultraviolet light with a wavelength of 2537 A.
« Integrated dose necessary for erasure is a minimum of 15 Wes/cm?2,

Table 1.20.5 I/O Signals in EPROM Mode

Pin name — . o
CE OE VPP Vcc RESET Do-D7
Mode
Read VIL VIL \Y/ele! Output
Output disable ViL VIH \Y/ele; Floating
Write VIL VIH VPP Vce oV Input
Write-verify VIH ViL VPP Output
Write disable VIH VIH VPP Floating

Note: VIL represents the LOW input voltage, and ViH, the HIGH input voltage.
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1.20.4 Notes on Usage
Pay attention to the following notes when the built-in PROM version is used.

(1) All Products of Built-in PROM Version Products

l Programming into Built-in PROM

« A high voltage is used to program into the PROM. Be careful not to apply an overvoltage to pins,
especially when power is turned on.

» The use of a dedicated programming adapter (Note) is recommended when the PROM programming
is performed, so that general-purpose PROM programmers are available for programming.

M Reading from Built-in PROM

The use of a dedicated programming adapter (Note) is recommended when the PROM contents are
read, so that general-purpose PROM programmers are available for reading.

Note: Refer to Data Book DEVELOPMENT SUPPORT TOOLS FOR MICROCOMPUTERS for the
dedicated programming adapter.

(2) One Time PROM Version
The one time PROM version (a blank product) is neither tested nor screened since Mitsubishi’'s
assembly process. To improve reliability after programming, it is suggested that these products are
used only after programming and verification, according to the procedure shown in Figure 1.20.4, is
completed.

Programming with PROM Programmer

Screening
(at 150°C for 40 hours) (Note 1)
Notes 1: Exposure to a high temperature of be within 100 hours.
@ The M37480E8SP/FP, M37481E8SP/FP and M37481E85S
are not available for automotive controls because they are not
Verifying with PROM extended operating temperature versions, which are used in
Programmer automotive controls. The M37481E8SS is for the program-evaluation
only. It cannot be as the final product as well as in automotive
@ controls.
2: Implementation evaluation will reject those damaged by

Function check in target device | (Note 2) surge during handling.

Figure 1.20.4 Programming and Verification of One Time PROM Version
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(3) Built-in EPROM Version

Hl The built-in EPROM version can be used for program development only. Use them only for program
development and implementation evaluation.

M Sunlight and fluorescent light include light that may erase the information programmed in the built-
in PROM. When using the EPROM version in the read mode, be sure to cover the transparent glass
portion with a seal.

M This seal to cover the transparent glass portion is prepared by Mitsubishi. Be careful not to bring
the seal into contact with the microcomputer lead wires when covering the portion with the seal
because this seal is made of metal (aluminum).

l Before erasing data, clean the transparent glass. If any finger stain or seal adhesive is stuck to the
transparent glass, this prevents ultraviolet rays from passing, thereby affecting the erase characteristic
adversely.
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1.21 Electrical Characteristics

1.21.1 Electrical Characteristics

(1) Electrical Characteristics of 7480 Group
For the 7480 Group, Table 1.21.1 lists the absolute maximum ratings, and Tables 1.21.2 and 1.21.3
list the recommended operating conditions. Also, Tables 1.21.4 and 1.21.5 list the electrical characteristics,
and Table 1.21.6 lists the A-D conversion characteristics.

Table 1.21.1 Absolute Maximum Ratings of 7480 Group

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage All voltages are measured based on|-0.3 to 7 \%
Vi Input voltage Vss. -0.3 to Vcc+0.3 \%
Vo Output voltage Output transistors are in the cut-off state.|—0.3 to Vcc+0.3 \%
Pd Power dissipation Ta = 25°C 1000 (Note 1) mw
Topr Operating temperature range —20 to 85 (Note 2) °C
Tstg Storage temperature range —40 to 150 (Note 3) °C

Notes 1: 500 mW for 32P2W-A package.
2: —40 °C to 85 °C for extended operating temperature range version.
3: —65 °C to 150 °C for extended operating temperature range version.

Table 1.21.2 Recommended Operating Conditions of 7480 Group (1) (Note 1)

Symbol Parameter - Limits Unit
Min. Typ. Max.
f(XIN) = 8 MHZ 4.5 5 5.5 Vv
Vcc Power source voltage
f(XIN) = (2.2Vcc-2.0) MHz 2.7 3 4.5 Vv
Vss Power source voltage 0 \%
VIH HIGH input voltage POo—-P07, P1o—P17 0.8vcc Vcc \Y,
VIH HIGH input voltage P20-P23 0.7Vcc Vcc \%
Vil HIGH input voltage Vcc = 4.5 V to 5.5V 0.8vcc Vcc \%
P30-P33, P40, P41 (Note 2)|Vcc = 2.7 V to 4.5V 0.9vVcc Vcc \%
VIH HIGH input voltage XIN, RESET 0.8vcc Vcc \%
ViL LOW input voltage P0o—-P07, P1o-P17 0 0.2vcc | V
ViL LOW input voltage P20-P23 0 0.25vcc| V
ViL LOW input voltage Vcc = 4.5V to 5.5V 0 0.4vcc | V
P30-P33, P40, P41 Vcc = 2.7 V to 4.5V 0 0.3vcc | V
ViL LOW input voltage XIN 0 0.16vcc| V
ViL LOW input voltage RESET 0 0.12vcc| V
I Input current P40, P41 (Note 2) VI > Vcc 1 mA

Notes 1: Vcc =2.7V to55V,Vss=0V, and Ta = -20 °C to 85 °C (Ta = -40 ° C to 85 °C for extended
operating temperature range version), unless otherwise noted.
For the clamping diodes of port P4, refer to (4) Level Shift Ports in Section 1.10.3 1/O Ports .
2: When voltage is applied through a resistor, current | of 1 mA or less maintains VI > Vcc.
For this circuit, refer to Figure 1.10.11 Port P4 and P5 Circuit
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Table 1.21.3 Recommended Operating Conditions of 7480 Group (2) (Note 1)

Symbol Parameter - Limits Unit
Min. | Typ. Max.

loH(sum) |HIGH output sum current POo—PO07 -30 mA

loH(sum) |HIGH output sum current P1o-P17 -30 mA

loL(sum) |LOW output sum current POo—P07, P40, P41 60 mA

loL(sum) |LOW output sum current P1o-P17 60 mA

loH(peak) |HIGH output peak current POo—P07, P1lo—-P17 -10 mA

loL(peak) |[LOW output peak current PO0—PO07, P1o-P17, P40, P41 20 mA

loH(avg) |HIGH output average current POo—P07, P1o—P17 (Note 2) -5 mA
LOW output average current

loL(avg) 10 mA
P00-PO0O7, P1o-P17, P40, P41 (Note 2)

f(CNTR) Timer input frequency CNTRo (P40) f(XIN) = 8 MHz 2 MHz
CNTR1 (P41) (Note 3) f(XIN) = 4 MHz 1 MHz
Serial 1/0 when selecting clock|f(XIN) = 8 MHz 500 kHz

f(ScLK) clock input frequency |synchronous serial I/0 [f(XIN) = 4 MHz 250 kHz
ScLk (P1e) when selecting|f(XIN) = 8 MHz 2 MHz
(Note 3) UART f(XIN) = 4 MHz 1 MHz

FOXN) Clock input oscillation|Vcc = 4.5V to 5.5V 8 MHz
frequency (Note 3) |[Vcc =2.7V to 4.5V 2.2Vcc-2.0| MHz

Notes 1: Vcc =2.7Vto55V,Vss=0V, and Ta = -20 °C to 85 °C (Ta = —40 ° C to 85 °C for extended
operating temperature range version), unless otherwise noted.
For the clamping diodes of port P4, refer to (4) Level Shift Ports in Section 1.10.3 1/O Ports .
2: Output average currents IoH(avg) and loL(avg) are average values for a period of 100 ms.
: The frequency is the value at a 50% duty cycle.
4: Connect a bypass capacitor of capacity 0.1 uF between Vcc and Vss, and one of capacity 0.01uF
between VREF and Vss.

w
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Table 1.21.4 Electrical Characteristics of 7480 Group (1) (Note 1)

o Limits .
Symbol Parameter Test conditions i Tvp. Max. Unit
HIGH output voltage Vcc =5V, IoH = -5 mA 3 \
VOH  1p0o—po7, P10-P17 Voc = 3V, IoH = —1.5 mA 2 Y
LOW output voltage Vcc =5V, loL =10 mA 2 \Y
VoL 1poo—p07, P10-P17, P40, P41|Vee = 3 V, loL = 3 mA 1 Y;
Hysteresis POo—P07 (Note 2),|Vcc =5V 0.5 \
VIV b30_pas, 4o, P41 Vee = 3 V 0.3 v
. Vcc =5V 0.5 Y,
VT+-VT-|Hysteresis RESET
Vcc =3V 0.3 Y,
Ve VT Hysteresis when used as Vcc =5V 0.5 \%
P14/RxD, P16/ScLK RxD, ScLK Vcc =3V 0.3 \/
I HIGH input current VI = Vcc, Vcc =5V 5 LA
P00-PO0O7, Plo-P17 No pull-up transistor |Vcc =3V 3 UA
I HIGH input current Vi=Vcc=5V 5 UA
P30—-P33, P40, P41 Vi=Vcc =3V 3 UA
I HIGH input current VI = Vcc, when not Vcc =5V 5 UA
P20-P23 selecting analog input |Vcc = 3V 3 UA
I HIGH input current VI = Vcc, when XIN Vcc =5V 5 UA
XIN, RESET is stopped Vcec =3V 3 HA
Vi=0V, Vcc =5V -5 LA
L LOW input current No pull-up transistor |Vcc =3V -3 UA
P00o-P07, P10-P17 Vi = 0 V (Note 3), Vcc =5V]| -0.25 -0.5 -1.0 | mA
Pull-up transistor used|Vcc = 3 V| -0.08 | -0.18 | -0.35 | mA
LOW input current Vcc =5V -5 UA
I Vi=0V
P30—-P33, P40, P41 Vcc =3V -3 UA
n LOW input current Vi =0 V, when not Vcc =5V -5 UA
P20-P23 selecting analog input |Vcc = 3V -3 UA
" LOW input current Vi =0 V, when XIN Vcc =5V -5 UA
XIN, RESET is stopped vcc =3V -3 UA

Notes 1: Vcc =2.7V to 55V, Vss =0V, and Ta = -20 °C to 85°C (Ta = —40 °C to 85°C for extended
operating temperature range version), unless otherwise noted.
2: The limits when the key-on wakeup function of port PO is used
3: When represented with electric resistance, the corresponding values are as follows:
eVcc =5V: 5kQ (Min.), 10 kQ (Typ.), and 20 kQ (Max.)
e Vcc = 3 V: 8.6 kQ (Min.), 16.7 kQ (Typ.), and 37.5 kQ (Max.)
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Table 1.21.5 Electrical Characteristics of 7480 Group (2) (Note)

Symbol Parameter Test conditions : Limits Unit
Min. Typ. Max.
No A-D
High-speed mode, . 3.5 7 mA
conversion
f(XIN) = 4 MHz, During A-D
Vcc =5V . 4 8 mA
conversion
_ No A-D
High-speed mode, . 1.8 3.6 mA
fXIN) = 4 MHz conversion
( B : During A-D
Vcec =3V . 2 4 mA
conversion
_ No A-D
High-speed mode, . 7 14 mA
o fXIN) = 8 MHz conversion
b= ’ During A-D
& |Vcc =5V : 7.5 15 | mA
o conversion
o
e , No A-D
@ |Medium-speed mode, . 1.75 3.5 mA
% conversion
>[f(XIN) = 4 MHz, .
) During A-D
<|Vcc =5V , 2 4 mA
conversion
) No A-D
Medium-speed mode, _ 0.9 1.8 mA
conversion
Icc Power source current f(XIN) = 4 MHz, -
During A-D
Vcec =3V _ 1 2 mA
conversion
No A-D
Medium-speed mode, ) 3.5 7 mA
conversion
f(XIN) = 8 MHz, During AD
ring A-
vVee =5V uring _ 3.75 7.5 | mA
conversion
High-speed mode, |Vcc =5V 1 2 mA
f(XIN) = 4 MHz Vcec =3V 0.5 1 mA
High-speed mode, v 5y A
= m
= i) = 8 MHz cc 2 4
E Medium-speed mode, |Vcc =5V 0.9 1.8 mA
<
f(XIN) = 4 MHz Vce = 3V 0.45 0.9 mA
Medium-speed mode, A
fXIN) = 8 MHz vee =5V 1.8 3.6 | m
2 [f(xin) = 0 MHz, Ta=25°C 0.1 1 KA
% l\cc=5V
< Ta =85 °C 1 10 HA
VRAM |RAM back-up voltage At clock stop 2.0 \Y

Note: Vcc = 2.7 Vto 55V,Vss=0V, and Ta = -20 °C to 85°C (Ta = —40 °C to 85°C for extended
operating temperature range version), unless otherwise noted.
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Table 1.21.6 A-D Conversion Characteristics of 7480 Group (Note)

Symbol Parameter Test conditions _ Limits Unit
Min. Typ. Max.
- Resolution 8 bits
- Absolute accuracy Vce = VREF = 5.0 V +2 | LSB
(except quantification error)

) ) Vce = 2.7V to 4.5V, f(XIN) = 4MHz 25 us

Teonv - |Conversion time Vce = 4.5V to 5.5V, f(XIN) = 8MHzZ 125 | ps
Vcc = 2.7 V to 4.0V 2 Vce \

VVREF |Reference voltage Ve = 40V to 55V 0.5 Voo Voo Y
RLADDER |Ladder resistor 12 35 100 kQ
VIA Analog input voltage 0 VREF \
IVREF  |Reference power input current| VREF = 5.0 V 50 143 416 HA

Note: Vcc = 2.7 Vto55V,Vss=0V, and Ta = -20 °C to 85°C (Ta = —40 °C to 85°C for extended
operating temperature range version), unless otherwise noted.
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(2) Electrical Characteristics of 7481 Group
For the 7481 Group, Table 1.21.7 lists the absolute maximum ratings, and Tables 1.21.8 and 1.21.9
list the recommended operating conditions. Also, Tables 1.21.10 and 1.21.11 list the electrical
characteristics, and Table 1.21.12 lists the A-D conversion characteristics.

Table 1.21.7 Absolute Maximum Ratings of 7481 Group

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage All voltages are measured based on|-0.3 to 7 \%
Vi Input voltage Vss. —0.3 to Vcc+0.3 Vv
Vo Output voltage Output transistors are in the cut-off state.|-0.3 to Vcc+0.3 Y
Pd Power dissipation Ta = 25°C 1000 (Note 1) mw
Topr Operating temperature range —20 to 85 (Note 2) °C
Tstg Storage temperature range —40 to 150 (Note 3) °C

Notes 1: 500 mW for 44P6N-A package.
2: —40 °C to 85 °C for extended operating temperature range version.
3: —65 °C to 150 °C for extended operating temperature range version.

Table 1.21.8 Recommended Operating Conditions of 7481 Group (1) (Note 1)

Limits .
Symbol Parameter : Unit
Min. Typ. Max.
f(XIN) = 8 MHZ 4.5 5 5.5 Y,
Vvce Power source voltage

f(XIN) = (2.2Vcc—-2.0) MHz | 2.7 3 4.5 Y

Vss Power source voltage 0 \%
VIH HIGH input voltage POo—-P07, Plo-P17 0.8Vcc \Y/elo; Vv
VIH HIGH input voltage P20-P27 0.7Vcc Vcc \%
ViH HIGH input voltage Vcc = 4.5V to 5.5V 0.8Vvcc Vcc \%
P30-P33, P40-P43, P50-P53 (Note 2) |Vcc = 2.7 V to 4.5V 0.9vcc Vcc \%

VIH HIGH input voltage XIN, RESET 0.8Vcc vce \Y
ViL LOW input voltage P0Oo—P07, P10-P17 0 0.2vcc | V
ViL LOW input voltage P20-P27 0 0.25vcc| V
ViL LOW input voltage Vcc = 4.5 V to 5.5V 0 0.4vcc | V
P30-P33, P40-P43, P50-P53 (Note 2) |Vcc = 2.7 V to 4.5V 0 0.3vcc | V

ViL LOW input voltage XIN 0 0.16vcc| V
VIL LOW input voltage RESET 0 0.12vcc| V
I Input current P40—-P43, P50-P53 (Note 2) VI > Vcc 1 mA

Notes 1: Vcc =2.7Vto55V,Vss=0V, and Ta = -20 °C to 85 °C (Ta = —-40 ° C to 85 °C for extended
operating temperature range version), unless otherwise noted.
For the clamping diodes of port P4, refer to (4) Level Shift Ports in Section 1.10.3 1/O Ports .
2: When voltage is applied through a resistor, current | of 1 mA or less maintains VI > Vcc.
For this circuit, refer to Figure 1.10.11 Port P4/P5 Circuitry
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Table 1.21.9 Recommended Operating Conditions of 7481 Group (2) (Note 1)

Limits ,
Symbol Parameter Min. | Typ. Max. Unit
loH(sum) |HIGH output sum current POo—P07 -30 mA
loH(sum) |HIGH output sum current P1o—P17 -30 mA
loL(sum) [LOW output sum current POo—P07, P40—P43, P50-P52 60 mA
loL(sum) [LOW output sum current P1o—P17, P53 60 mA
loH(peak) |HIGH output peak current POo—-P07, P1lo-P17 -10 mA
loL(peak) |LOW output peak current POo—P07, P1o-P17, P40-P43, P50-P53 20 mA
loH(avg) |HIGH output average current POo—P07, P1o—P17 (Note 2) -5 mA
LOW output average current
loL(avg) 10 mA
P00-P07, P10-P17, P40—P43, P50-P53 (Note 2)
fCNTR) Timer input frequency CNTRo (P40) f(XIN) = 8 MHz 2 MHz
CNTR1 (P41) (Note 3) f(XIN) = 4 MHz 1 MHz
Serial 1/0 when selecting clock |f(XIN) = 8 MHz 500 kHz
clock input frequency |synchronous serial I/O |f(XIN) = 4 MHz 250 kHz
f(ScLK) -
ScLk (Ple) when selecting|f(XIN) = 8 MHz 2 MHz
(Note 3) UART f(XIN) = 4 MHz 1 MHz
FOXIN) Clock input oscillation|Vcc = 4.5V to 5.5V 8 MHz
frequency (Note 3) |Vcc =2.7Vto 4.5V 2.2Vcc-2.0 | MHz

Notes 1: Vcc =2.7V to5.5V,Vss=0V, and Ta = -20 °C to 85 °C (Ta = -40 ° C to 85 °C for extended
operating temperature range version), unless otherwise noted.
For the clamping diodes of port P4, refer to (4) Level Shift Ports in Section 1.10.3 I/O Ports .
2: Output average currents IoH(avg) and loL(avg) are average values for a period of 100 ms.
: The frequency is the value at a 50% duty cycle.
4: Connect a bypass capacitor of capacity 0.1 uF between Vcc and Vss, and one of capacity 0.01uF
between VREF and Vss.

w
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Table 1.21.10 Electrical Characteristics of 7481 Group (1) (Note 1)

- Limits .
Symbol Parameter Test conditions i, Typ. e Unit
HIGH output voltage Vcc =5V, IoH = -5 mA 3 \%
VOH P0o-P07, P1o-P17 Vcc =3V, IoH = -1.5 mA 2 Y
LOW output voltage PO0o—P07,|Vcc = 5 V, loL = 10 mA 2 Vv
VoL |p10-P17, P40-P43, P50-P53|Vce = 3 V. loL = 3 mA 1 Y,
Hysteresis P0o—P07 (Note 2),|Vcc =5V 0.5 Y,
VT VT b30_p3s, Pao0-P43, P50-P53|Vee = 3 v 0.3 v
) Vcc =5V 0.5 Vv
VT+-VT-|Hysteresis RESET
Vcc =3V 0.3 Vv
vy | ysteresis when used as Vec =5V 0.5 v
P14/RxD, P16/ScLK RxD, ScLk Vcc =3V 0.3 \%
I HIGH input current VI = Vcc, Vcc =5V 5 UA
P00-PO0O7, Plo-P17 No pull-up transistor |Vcc =3V 3 UA
I HIGH input current Vi=Vcc=5V 5 UA
P30-P33, P40-P43, P50-P53|VI = Vcc = 3 V 3 HA
I HIGH input current VI = Vcc, when not Vcc =5V 5 LA
P20-P27 selecting analog input |Vcc = 3 V 3 UA
I HIGH input current VI = Vcc, when XIN Vcc =5V 5 UA
XIN, RESET is stopped Vcec =3V 3 HA
Vi=0V, Vcc =5V -5 HA
n LOW input current No pull-up transistor |Vcc =3V -3 UA
P00o-P07, P1lo-P17 Vi =0 V (Note 3), Vcc =5V| -0.25 -0.5 -1.0 | mA
Pull-up transistor used|Vcc =3 V| -0.08 | -0.18 | —-0.35 | mA
" LOW input current Vi = & Vcc =5V -5 UA
P30-P33, P40-P43, P50-P53 Vcc =3V -3 LA
n LOW input current Vi = 0 V, when not Vcc =5V -5 UA
P20-P27 selecting analog input |Vcc = 3V -3 UA
n LOW input current Vi =0 V, when XIN Vcc =5V -5 UA
XIN, RESET is stopped vce =3V -3 HA
Notes 1: Vcc =2.7V to 55V, Vss =0V, and Ta = -20 °C to 85°C (Ta = —40 °C to 85°C for extended
operating temperature range version), unless otherwise noted.
2: The limits when the key-on wakeup function of port PO is used
3: When represented with electric resistance, the corresponding values are as follows:

e Vcc =5V: 5kQ (Min.),

10 kQ (Typ.), and 20 kQ (Max.)
e Vcc = 3 V: 8.6 kQ (Min.), 16.7 kQ (Typ.), and 37.5 kQ (Max.)
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Table 1.21.11 Electrical Characteristics of 7481 Group (2) (Note)

Symbol Parameter Test conditions i L_'I_”;gs Vo Unit
No A-D
High-speed mode conversion 3.5 7 mA
f(XIN) = 4 MHz Duting AD ) ) ”
Vee =5V conversion
No A-D
High-speed mode . 1.8 3.6 mA
fXIN) = 4 MHz conversion
\5 _3 v During A-D ) 4 A
cc = conversion
No A-D
High-speed mode ) 7 14 mA
o HXIN) = 8 MHz conversion
k= During A-D
S|vec =5V _ 7.5 15 | mA
3 conversion
o
el No A-D
@ [Medium-speed mode . 1.75 3.5 mA
7 conversion
& [f(XIN) = 4 MHz During AD
Z|Vecc =5V g ; 2 4 mA
conversion
No A-D
Medium-speed mode , 0.9 1.8 mA
conversion
Icc Power source current f(XIN) = 4 MHz During A-D
Vce = 3 V aring A 1 2 | mA
conversion
. No A-D
Medium-speed mode . 3.5 7 mA
conversion
f(XIN) = 8 MHz During A-D
Vee =5V _ 3.75 7.5 | mA
conversion
High-speed mode |Vcc =5V 1 2 mA
f(XIN) = 4 MHz Vcec =3V 0.5 1 mA
High-speed mode v 5y A
= m
=i(xin) = 8 MHz cc 2 4
; Medium-speed mode |Vcc = 5 V 0.9 1.8 mA
f(XIN) = 4 MHz Vce = 3V 0.45 0.9 | mA
Medium-speed mode A
(XN = 8 MHz | VEE =BV 18 | 36 |m
2 [f(xin) = 0 MHz Ta=25°C 0.1 1 KA
% |ycc=5V
< Ta =85 °C 1 10 HA
VRAM |RAM back-up voltage At clock stop 2.0 \Y

Note: Vcc = 2.7 Vto 55V,Vss=0V, and Ta = -20 °C to 85°C (Ta = -40 °C to 85°C for extended
operating temperature range version), unless otherwise noted.
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Table 1.21.12 A-D Conversion Characteristics of 7481 Group (Note)

Limits

Symbol Parameter Test conditions i Tvp. Mo Unit
- Resolution 8 bits
- Absolute accuracy Vce = VREF = 5.0 V +2 | LSB
(except quantification error)

o vce = 2.7V to 4.5V, f(XIN) = 4MHz 25 us

TCONV | Conversion time Vce = 4.5V to 5.5V, f(XIN) = 8MHz 125 | us
Vce = 2.7 V to 4.0V 2 vee V

VVREF |Reference voltage VeC =40V to 55 V 0.5 Voo Voo v
RLADDER | Ladder resistor 12 35 100 kQ
VIA Analog input voltage 0 VREF \Y
IVREF Reference power input current| VREF = 5.0 V 50 143 416 HA

Note: Vcc = 2.7 Vto 5.5V, Vss =0V, and Ta = -20 °C to 85°C (Ta = —40 °C to 85°C for extended
temperature range version), unless otherwise noted.
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1.21.2 Necessary Conditions for Timing and Switching Characteristics
Table 1.21.13 lists the necessary conditions for timing and the switching characteristics of the 7480 Group
and 7481 Group, and Figure 1.21.1 shows the timing diagram.

Table 1.21.13 Necessary Conditions for Timing and Switching Characteristics (Note)

Symbol Parameter . Limits Unit
Min. Typ. Max.

@ |tc(ScLK) Serial 1/0 clock input cycle time 2000 ns
g tWH(SCLK) Serial 1/0 clock input HIGH pulse width 880 ns
5 [twL(SCLK) Serial 1/0 clock input LOW pulse width 880 ns
% tsu(RxD-ScCLK) Serial 1/0 input set-up time 160 ns
§ th(SCLK—RXD) Serial I/O input hold time 80 ns
O [td(ScLKk-TxD) Serial 1/0 output delay time 100 ns
— tc(ScLK) Serial 1/0 clock input cycle time 500 ns
EE tWH(SCLK) Serial 1/0 clock input HIGH pulse width 220 ns
> tWL(SCLK) Serial 1/0 clock input LOW pulse width 220 ns

Note: Values at Vcc = 4.5V to 5.5V, Vss =0V, Ta =-40 °C to 85°C, and f(XIN) = 8 MHz

te(ScLk)
twL(ScLK) tWH(ScLK)
0.8Vce // 0.8Vece 0.8Vce
SCLK \O.ZVCC O.2Vcc7 N\
tsu(RxD-ScLk) th(ScLk-RxD)

/0.8Vee 0.8Vee N
RxD
y \O.2Vcc 0.2Vcc 7
td(ScLk-TxD)

Figure 1.21.1 Timing Diagram

1.21.3 Typical Characteristics of Power Source Current

The typical characteristics of the power source current 7480 Group
7481 Group

described in this section are based on a limited
number of samples in the 7480 Group and 7481
Group. ‘Typical values’ are not guaranteed. lcc —
For the limits, refer to section 1.21.1 Electrical (

Characteristics .

Vss

Figure 1.21.2 shows a measurement circuit of typical
power source current characteristics.

XN Xout

0 to 5.5V.

T

Figure 1.21.2 Measurement Circuit of Typical Power
Source Current Characteristics
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(1) Vcc-Icc Characteristics
Figures 1.21.3 to 1.21.6 show the Vcc—-Icc characteristics of the 7480 Group and 7481 Group.

Conditions: System operates at 25°C, f(XIN) = 8 MHz (with
a ceramic resonator) in High-speed mode
10.0
9.0
During A-D conversion

8.0
<
E
13) 7.0
o
5
= 6.0
=}
o
ol No A-D conversion
5 5.0
o
(%]
@
= 4.0
)
o

3.0 /

2.0 /

1.0

0.0

2.0 3.0 4.0 5.0 6.0 7.0
Power source voltage Vcc [V]

Eigure 1.21.3 V cc-lcc Characteristics (at System Operating in High-Speed Mode)

Conditions: System operates at 25°C, f(XiN) = 8 MHz (with

50 a ceramic resonator) in Medium-speed mode

4.0

During A-D conversion //

. |
3.0 / %N

0 A-D conversion

Power source current Icc [mA]

2.0
//
0.0
2.0 3.0 4.0 5.0 6.0 7.0

Power source voltage Vcc [V]

Figure 1.21.4 V cc—Icc Characteristics (at System Operating in Medium-Speed Mode)
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Conditions: 25°C, f(XiN) = 8 MHz (with a ceramic resonator)

in wait mode

0.3
g
"y High-speed mode
2 02
c
L /
5 .
o Medium-speed modeT|
)
(8]
- —

0.1
%]
E /
g =

/
0.0
2.0 3.0 4.0 5.0 6.0 7.0

Power source voltage Vcc [V]

Figure 1.21.5 V cc—lcc Characteristics (in Wait Mode)

Condition
0.8

s: 25°C, f(XiN) = 0 MHz
in stop mode

0.7

0.6

0.5

0.4

0.3

0.2

Power source current Icc [nA]

0.1

0.0
2.0 3.0 4.0 5.0

Power source voltage Vcc [V]

6.0 7.0

Figure 1.21.6 V cc—lcc Characteristic (in Stop Mode)
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(2) f(XIN)-lcc Characteristics
Figures 1.21.7 and 1.21.8 show the f(XIN)-lcc characteristics of the 7480 Group and 7481 Group.

Conditions: System operates at 25 °C,
with a ceramic resonator
in High-speed mode

6.0

N

5.0

A4

4.0

//

g ]
4

\
W

2.0

//
:Vcec =5V (During A-D conversion)

:Vce =5V (No A-D conversion)

: Vec = 3 V (During A-D conversion)

:Vce =3V (No A-D conversion)

Power source current Icc [mA]

1.0 /

0.0

thes

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Clock input oscillation frequency f(XiN) [MHZz]

Figure 1.21.7 f(X IN)-lcc Characteristics (at System Operating in High-Speed Mode)

Conditions: System operates at 25 °C,
with & ceramic resonator
in medium-speed mode

3.0 T

/

Power source current Icc [mA]

/ :Vece =5V (No A-D conversion)
: Vcc = 3 V (During A-D conversion)
:Vce =3V (No A-D conversion)

1.0 v
//
:;V | :Vcc =5 V (During A-D conversion)

0.0

IEERY

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.

Clock input oscillation frequency f(XiN) [MHZz]

Figure 1.21.8 f(X IN)-lcc Characteristics (at System Operating in Medium-Speed Mode)
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1.21.4 Typical Characteristics of Ports

The typical characteristics of the ports described in this section are based on limited numbers of samples
in the 7480 Group and 7481 Group. ‘Typical values’ are not guaranteed. For the limits, refer to Section
1.21.1 Electrical Characteristics

Figure 1.21.9 shows measurement circuits of typical port characteristics. Figures 1.21.10 through 1.21.12
show the typical characteristics of ports of the 7480 Group and 7481 Group.

@ IoH - VoH characteristics @ oL VoL characteristics @ .- ViL characteristics
measurement circuit measurement circuit measurement circuit
7480 Group Vee 7480 Group Vee 7480 Group Vee
7481 Group 7481 Group 7481 Group
0V to Vcc 0 Vto Vcc
Vcc Vcc
T loL T
POo | L—{Poo
|OH\_ I|L\"_

Vss 0V to Vcc Vss
17 17

Figure 1.21.9 Measurement Circuits of Typical Port Characteristics

Condition : 25 °C

-60.0

< _
E 50.0 —
3 N
= —40.0
€
o
= Vcc =5V,
3 -30.0
5
a
>
d —200 |—
5 T \
T -10.0 ™

: ycc =3V

0.0

0.0 1.0 2.0 3.0 4.0 5.0

HIGH output voltage VOH [V]

Figure 1.21.10 V oH-loH Characteristics on P-Channel Side of Programmable I/O Port (CMOS Output)
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70.0

60.0

50.0

40.0

30.0

20.0

LOW output current loL [mA]

10.0

0.0
0

/ Vcc =3V

.0

1.0 2.0 3.0

LOW output voltage VoL [V]

Condition : 25 °C
Vcc =5V
4.0 5.0

Figure 1.21.11 V oL—loL Characteristics on N-Channel Side of Programmable 1/O Port (CMOS Output)

LOW input current L [mA]

0.0

Condition : 25 °C

7N
N
Vcec =5V
T Vee = 3V
0.0 1.0 2.0 3.0 4.0 5.0

LOW input voltage VIL [V]

Figure 1.21.12 V iL-liL Characteristics of Pull-up Transistor of Programmable 1/0O Port (CMOS Output)
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1.21.5 Typical Characteristics of A-D Conversion

Figures 1.21.13 and 1.21.14 show typical characteristics of A-D conversion of the 7480 Group and 7481
Group in different measurement conditions.

The bottom line in each graph shows an absolute accuracy error (ERROR), indicating offset from the ideal
value at the point where an output code changes.

For example, a ‘3F16 4016’ change in an output code ideally takes place at the point where INo = 1270mV,
in Figure 1.21.13.

However, 1270-1 = 1269 mV is obtained as the measured changing point, because the absolute accuracy
error is =1 mV.

The top line in each graph represents the width of input voltages that have the same output code in 1-LSB
WIDTH.

For example, ‘21-20 = 1 mV (0.05 LSB)’ is obtained as the differential non-linear error because the
measurement value of the width of input voltages whose output codes are ‘3F16’, is 21 mV.
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Figure 1.21.13 Typical Characteristics of A-D Conversion (1)
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Figure 1.21.14 Typical Characteristics of A-D Conversion (2)
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APPLICATIONS

2.1 Input/Output Pins

2.1 Input/Output Pins

(1) External Circuit Example for Output Ports

POINT: The following currents and voltages must be within specifications in the recommended operating

conditions when external circuits for 1/0O ports are designed.

M For Input Ports
@®Input voltage
@Input current

M For Output Ports
@®Output sum currents
@®Output peak current
@Output average current

For the recommended operating conditions, refer to Section 1.21 Electrical Characteristics.

Note: When a key matrix is used for multi-key inputs, take account of the total current which results

from multiple inputs and is input to one port.

Figure 2.1.1 shows an external circuitry for output ports.

Vce=5V
—e— * LOW output sum current

loLo + loL1 + loL2 = 36 mA <60 mA

(Note 1)

P0Oo * LOW output peak current
loLo=12 mA

(Note 1) loLo = loL1 = loL2 = 12 mA <[20 mA

PO1
loL1=12 mA

R1=250Q < * LOW output average current (in a period of 100 ms) (Note 2)

(Note 1)

12mAx10ms x5

P02 =6 mA <10 mA
loLz=12mA || R,580'q L 100 ms
7480 Group Shaded areas: Maximum ratings
7481 Group

Notes 1: LED (VF = 2 V) used.
2: Turn-on timing of LEDs connected to port pins POo, PO1 and P02 (50% duty cycle).

: 10 ms I

110 ms I

[ »'
P

Turned on for 10 ms, five times in a 100-ms period.

Figure 2.1.1 External Circuit for Output Ports
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2.1 Input/Output Pins

(2) Simplifying External Circuit Example by Using Level Shift Port and Noise Margin
POINT: @Ports P4 and P5 have N-channel open-drain outputs. Built-in clamping diodes allow voltages
Vcc or more to be applied to port pins when the current for a pin is 1 mA or less.
®Voltages VIL = 0.4 Vcc and VIH = 0.8 Vcc can be applied to ports P3, P4, and P5 (at Vcc
=45V 55YV).

Figure 2.1.2 shows a simplified external circuit example by using a level shift port and noise margin.

(The former hardware)

JaRY

Port
7480 Group
7481 Group
Hardware using
level shift port
E 12 V power source (Vcc) E
sw
\O—O—K \ MA—C Port '
' ViL '
' VF '
7 7480 Group
! 7481 Group '

Ground voltage level
Max. 1.0 V

ViL = SW ground voltage level (Max.) + VF (Max.)
=1.0[V]+1.0[V]
=2.0[V] (Max.) <0.4 Vcc

Figure 2.1.2 Simplified External Circuit Example by Using Level Shift Port and Noise Margin
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2.2 Timer X and Timer Y

2.2 Timer X and Timer Y

2.2.1 Application Example of Timer Mode

Generation of period of 100 ms (100-ms Periodic Processing)

POINT: The clock is divided by timer X, and the CPU performs periodic processing with a timer X
interrupt service routine generated every 100 ms.

SPECIFICATIONS: @Clock: f(XIN) = 8 MHz

@A timer X interrupt is generated every 100 ms using the timer mode of timer X.

@®Periodic processing is performed every 100 ms with timer X interrupt service
routine.

Figure 2.2.1 shows a setting example of the division ratio.
Figure 2.2.2 shows a control procedure example of 100-ms processing.

Fixed division ratio Timer X
100 ms 100-ms periodic processing with
f(XiN) = 8 MHz 1/16 1/50000 . > timer X interrupt service routine

Figure 2.2.1 Setting Example of Division Ratio
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2.2 Timer X and Timer Y

( RESET (Note 1) )
rInitialize---------------- i *********************** I
| SEI |

Set timer X mode register
b7

b0
[ 1] o[ *[*[ o] o] o] 0] TxM(Address 00F61s)

. '~ Timer « event count mode
o T Writing to latch and timer simultaneously
”””””””” Timer X count source: f(Xin)/16

I

| Timer X — C34F1s (Note 2)

| Timer X interrupt request bit — 0

I
| Timer X interrupt enable bit — 1

Set Timer XY control register
b7 b0

Y To] xvconadress ooFsso

--Timer X count started

| CL | Timer X interrupt generated every 100 ms
777777777777777777777777777777777777777777777 A ( Timer X interrupt service routine )
| / | '
| / 1
Processing ll 100-ms periodic processing

l

C RTI )

Notes 1: State after system is released from reset
« Timer X stop control bit = 1 (count stopped)
2: « C34F16 = 50000 — 1
 Write in order of low-order to high-order byte.

Figure 2.2.2 Control Procedure Example of 100-ms Processing

7480 Group and 7481 Group User's Manual
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2.2 Timer X and Timer Y

2.2.2 Application Example of Event Count Mode

Measurement of Water Flow Rate

POINT: Pulses generated corresponding to the water flow rate are counted for a fixed period (100
ms), and the water flow rate during this period is calculated.

SPECIFICATIONS: @Clock: f(XIN) = 8 MHz
®Pulses generated corresponding to the water flow rate are input to the CNTR1
pin and counted using the event count mode of timer Y.
@®The contents of timer Y are read in the timer X interrupt service routine generated
after 100 ms from the start of counting pulses, and the water flow rate during
100 ms is calculated.

Figure 2.2.3 shows a peripheral circuit example.

Figure 2.2.4 shows the method of measuring water flow rate.

Figure 2.2.5 shows the control procedure example of measuring water flow rate.
For the setting example of division ratio from timer X, refer to Figure 2.2.1.

7480 Group
7481 Group
Water flow rate sensor
Water fl N
ater riow
N)/ P41/CNTR1
Blades rotate in proportion to The faster the water flow,
water flow and generate pulses| the shorter the pulse period.
Figure 2.2.3 Peripheral Circuit Example
e 100 ms .
Timer X interrupt request bit 88—l— ________________________ _I_E—ee
CNTR1 input 8)||||||||||:‘._;‘._;‘._;‘._;‘._;‘._;"._;". FL LR M ||||>8
. . Timer Y counting (Note). __. . ,T . .
Timer X, timer Y Timer X interrupt service routine
start counting. * Timer X, timer Y stop counting.
» Timer Y is read out.
Note: Counting rising edges.
« Flow rate during 100 ms = (FFFF16 — read value of timer Y) x flow rate per pulse

Figure 2.2.4 Method of Measuring Water Flow Rate
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Flow rate measuring routine )

Timer X interrupt enable bit — 0
Timer Y interrupt enable bit — 0

Set timer XY control register
b7 b0

TXYCON(Address 00F816)
1 ~-Timer X count stop

-~ ~"Timer Y count stop

| Port P41 (alternative function of CNTRz) is set to input.

CNTR1 edge selection bit — 0
(counting rising edges)

Set

.E..EEEE TXM(Address 00F616)

*************** Timer X count source: f(XiN)/16

timer X mode reglster

- - - Timer « event count mode
——————— Writing to latch and timer simultaneously

Set

..llﬂﬂﬂﬂ TYM(Address 00F715)

timer Y mode reglster

“ == ~"= Timer « event count mode
““““ Writing to latch and timer simultaneously

777777777777777 Timer Y count source: CNTR1 pin input

|
Timer Y — FFFF1s (Note 1) |

Timer X — C34F1s (Note 2) |

b7

Set timer XY control register

1] revconiagsess e
b0

" Timer X count stop
TXYCON(AddTBSS 00F816) - - --Timer Y count stop

- - l - ( Timer X interrupt service routine )
Timer X interrupt request bit — 0 T
Timer Y interrupt request bit — 0 '
I H
| Timer X interrupt enable bit — 1 | Set timer XY control register
I b7 b0

1~ -Timer X count start I

_ ___Timer Y count start | Timer Y is read out (Note 3). |

T
: 1
| I
END D) C RTI

)

Note 1: « Initial value.

 Write to timer Y in order of low-order to high-order byte.

2: ¢+ C34F1 = 50000 — 1.

* Write to timer X in order of low-order to high-order byte.
3: ¢ (FFFF1s — the read value of Timer Y) = the number of CNTR1
edges detected during 100 ms.
» Read from timer Y in order of high-order to low-order byte.

Figure 2.2.

5 Control Procedure Example of Measuring Water Flow Rate

7480 Group and 7481 Group User's Manual
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2.2 Timer X and Timer Y

2.2.3 Application Example of Pulse Output Mode

Piezoelectric Buzzer Output
POINT: The pulse output mode of a 16-bit timer is used for buzzer output.

SPECIFICATIONS: @Clock: f(XIN) = 8 MHz
@4 kHz pulses are output from the CNTRo pin using the pulse output mode of
timer X.
O®CNTROo pin output level is fixed to HIGH while the buzzer output is stopped.

Figure 2.2.6 shows a peripheral circuit example.
Figure 2.2.7 shows a setting example of the division ratio.
Figure 2.2.8 shows a control procedure example of buzzer output.

7480 Group
7481 Grou

Outputs HIGH level while buzzer output is stopped.
/—)%

ONTRo pin T UL LU

P40/CNTRo .
W
:qM ' 125ps! 125 ps !

Set the division ratio to make the timer X
underflow period 125 ps.

Figure 2.2.6 Peripheral Circuit Example

Fixed division Timer X

125 ps 250 us
f(XIN)=8MHz 1/8 1/125 }—H)‘ 1/2 }—H> CNTRo pin outputs 4-kHz pulses.

Pulse output mode inverts the
output level of the CNTRo pin.

Figure 2.2.7 Setting Example of Division Ratio
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2.2 Timer X and Timer Y

C RESET(Note 1) )
Initialize---------------- 4 *********************** i
| SEl |

| Port P4o (alternative function of CNTRo) — HIGH |
I

| Port P4o (alternative function of CNTRo) is set to output. |
I
| CNTRo edge selection bit — 0 (Note 2) |

.
‘
I
|
|
‘
I
|
|
‘
I
|
|
‘
I
|
|
‘
I
! T
|
‘
I
|
|
‘
I
|
|
‘
I
|
|
‘
I
|
|
‘
I
|
‘
‘
I
|
‘
‘
I
|
|

1
1
1
1

Set timer X mode re%lster

E. .EEE. TXM(Address 00F616)

- ---'- Pulse output mode

[ Writing to latch and timer simultaneously
--------------- Timer X count source : f(XiN)/8

I

| Timer X — 007C1s(Note 3) |

Buzzer output requested ?

Timer X count operating ?

Timer X count stopped ? v

Set timer XY control register
b7 bo

1
E%:-zt timer XY controtl) (l)’egister TXYCON(Address 00F81c)

““Timer X count stop

TXYCON(Address 00F816)

l<

~“Timer X count start |
| Timer X — 007C16 (Note3) |

Processing

Notes 1: State after system is released from reset
« Timer X stop control bit = 1 (count stop)
2: In pulse output mode, the output level of CNTRo pin is initialized to
HIGH by writing to timer X (writing to latch and timer simultaneously).
3:+007C16 = 125-1
« Write to timer X in order of low-order to high-order byte.
« The output level of CNTRo pin is initialized by writing to timer X
(writing to latch and timer simultaneously).

Figure 2.2.8 Control Procedure Example of Buzzer Output

7480 Group and 7481 Group User's Manual
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2.2 Timer X and Timer Y

2.2.4 Application Example of Pulse Period Measurement Mode

Phase Control of Load (Measuring Period of Feedback Signal)

POINT: The period of the feedback signal input from the load is measured using the pulse period
measurement mode of a 16-bit timer.

SPECIFICATIONS: @Clock: f(XIN) = 8 MHz
®Phase control signal is output to the load and controls the load’s phase.
@®The period of the feedback signal input to the CNTRo pin from the load is
measured using the pulse period measurement mode of timer X.
e Count source: f(XIN)/16
@®The period of the feedback signal is analyzed to adjust the phase control signal
input to the load.

For the output of the phase control signal, refer to Section 2.2.7 Application Example of Programmable
One-shot Output Mode .

Figure 2.2.9 shows a peripheral circuit example.

Figure 2.2.10 shows a phase control procedure example.

7480 Group
7481 Grou

Feedback signal PA6/CNTRo

Phase control signal

Port

Figure 2.2.9 Peripheral Circuit Example
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2.2 Timer X and Timer Y

C RESET(Note 1) )
-Initialize ------------- 4 ——————————————————————
| SEl |

| Port P4o (alternative function of CNTRuo) is set to input. |
I

CNTRo edge selection bit — 0
(measuring a period from rising until the next rising edge)

Set timer X mode re%lster

IEIIIEIE TXM(Address 00F616)

I
|
|
I
I
|
|
I
I
|
|
I
I
|
|
I
I
|
|
I
I
|
|
I
I
|
|
:
- ---- Pulse period measurement mode | |
I
I
|
|
I
I
|
|
I
I
|
|
I
I
|
|
I
I
|
|
I
I
|
|
I
I
|
|

"""""""" Timer X count source: f(Xin)/16
T

1
!

| CNTRo interrupt request bit — 0 |
I

| CNTRo interrupt enable bit — 1 |
I

Set timer XY control register
b7 bo

TXYCON(Address 00F816)
--Timer X count start

| CLI |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1
g When detecting rising edge input to CNTRo pin
| Processing | l ( CNTRo |nterru;')t service routlne)

Phase control processing
« Period of feedback signal analyzed | Timer X is read out (Note 2). |

* Phase control signal adjusted T

| l

i

| Processing | ( END )

'
1
1
1

Notes 1: State after system is released from reset
« Timer X stop control bit = 1 (count stop)
« Timer X interrupt enable bit = 0 (disabled)
2: Read from timer X in order of high-order to low-order byte.

Figure 2.2.10 Phase Control Procedure Example
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2.2 Timer X and Timer Y

2.2.5 Application Example of Pulse Width Measurement Mode

Communications between Two Microcomputers (Reception)

POINT: 8-bit data is received by measuring each bit's HIGH-level width input to the CNTR pin and

identifying each bit data.

SPECIFICATIONS: @Clock: f(XIN) = 8 MHz

®The HIGH-level width of CNTRo pin input is measured using the pulse width

measurement mode of timer X.
« Count source: f(XIN)/8

®The start, stop bits and each bit data of 8-bit receive data are identified by the

measured values of the HIGH-level widths.

Figure 2.2.11 shows a peripheral circuit example.
Figure 2.2.12 shows a communication format example.
Figure 2.2.13 shows a communication control procedure example.

7480 Group
7481 Group
Microcomputer (transmitter) (Receiver)
Data
TR P40/CNTRo
Figure 2.2.11 Peripheral Circuit Example
Start 8-bit data Stop
pulse Do=0 D=1 D2=0 oo o Dr=1 pulse
ZA [ [ E [ (L R e 1
—» < 055ms 0.15ms 0.35ms 0.15ms 0.35 ms 0.75 ms i
' 0.05 ms .
Longest communication time=4.6 ms  Data pulse‘0’: HIGH level output for 0.15 ms
Shortest communication time=3.0 ms  Data pulse‘1’: HIGH level output for 0.35 ms
Start pulse: HIGH level output for 0.55 ms
Stop pulse: HIGH level output for 0.75 ms
(The LOW levels are output for 0.05 ms or more before
and after each pulse.)

Figure 2.2.12 Communication Format Example
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2.2 Timer X and Timer Y

C RESET(Note 1) D)

“Initialize” -~ -~~~ - -----"-"--"-"]-" -~ """ "-"-"-"-"-"-"-" """~ """~"~""" A

| Port P4o (alternative function of CNTRo) is set to input. |
I
| CNTRo edge selection bit —~ O(HIGH width measured) |

Set timer X mode register
b7

b0
o[1]x] x| x[o[1]1] Txm(address 0oF6:e)
b - - -'- Pulse width measurement mode
T T T T T T Timer X count source: f(XiN)/8
I

(Timer X interrupt service routine processin@
I

Timer X interrupt request bit — 0
CNTRo interrupt request bit — 0

Timer X interrupt enable bit — 1
CNTRo interrupt enable bit — 1
I

1
1
1
1

Error-recovery processing

Set timer XY control register
b7

b0
LT T [o]rxyconaddress ooFess)

- -Timer X count start

C R;Tl )

C: Carry Flag
rDATA : RAM for received data (1 byte)
rWORK : RAM for receiving data (2 bytes)
rCOUNT : RAM for counting data (1 byte)

( RTI ) Notes 1: After system is released from reset
» Timer X stop control bit = 1 (count stopped)
* CNTRo edge selection bit = 0 (HIGH pulse width measured)
 Pin P40/CNTRo: input mode

: Read from timer X in order of high-order to low-order byte.

: 100 to 199 (Data pulse ‘0")

: 300 to 399 (Data pulse ‘1)

: 500 to 599 (Start pulse)

1 700 to 799 (Stop pulse)

( CNTRo interrupt service routine )
[

DA WN

| Timer X is read out (Note 2). |

Read value from timer X ?

006416 through 00C71s (Note 3) | 012Ci6 through018F1s (Note 4) l 01F416 through 025716 (Note 5) | 02BCs through 031F1s (Note 6) Others

| C-0 | | Cc-1 | | rwORK-00 |
T

I rCOUNT 0016
ROR r'WORK

b7 b0 rDATA - rWORK p . inst
ENEENEER ertor generation

rWORK(Internal RAM)
I
| rCOUNT . rCOUNT + 1 |

| y

C RTI )

Figure 2.2.13 Communications Control Procedure Example
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2.2 Timer X and Timer Y

2.2.6 Application Example of Programmable Waveform Generation Mode

Control of Motorcycle Single-Cylinder Engine

POINT: A trigger input to the INT pin automatically starts a timer counting. This allows the CNTR pin
output to be changed with a more accurate timing than counting is started in an INT interrupt
service routine.

SPECIFICATIONS: @Clock: f(XIN) = 8 MHz

@A rise-to-rise period of a crank angle signal input to the CNTRo pin is measured
using the pulse period measurement mode of timer X to determine the correction
value of timer Y.

@®The trigger of the crank angle signal input to the INT1 pin makes timer Y
activated. Then, the control signal of the igniter is output from the CNTR1 pin
using the programmable waveform generation mode.

For the pulse period measurement of the crank angle signal, refer to Section 2.2.4 Application
Example of Pulse Period Measurement Mode

Figure 2.2.14 shows a peripheral circuit example.

Figure 2.2.15 shows an operation timing example.

Figure 2.2.16 shows a control procedure example of motorcycle engine.

7480 Group
7481 Group

Motorcycle single-cylinder engine g

] Phase control signal 5
( gniter )< T P41/CNTR1
Crank angle input — P40/CNTRo

P31/INT1
Figure 2.2.14 Peripheral Circuit Example
Timer Y activated Timer Y activated Timer Y activated
INTz pin input
CNTRo pin input )) f | | ‘ 28
(Crank angle signal) { <+—————— & :
> : T ' TLO set(D) - !
) | , TL1set Count stop !
£ ! RL ' YRL | 7576 @ Initial value set(6)
kS | | ‘
ﬂ . I [ e S R e S
S Initial N A ! _
£ value ! ‘
3 000016 : 1 28
UF UF UF qF@ UF @ UF UF
TimerY ‘ | 1 .‘ | 1 1
output 2} 1 1? : by 1? : bty )2
level latch ! ! ! ! ! ! !
CNTRu1 pin output - Y Y X Y y Y Y
(Igniter control signal) 2( — | (g

T : Measured with pulse period measurement mode of timer X
UE: Underflow TLO : The written value to timer Y to correct HIGH output time of
RL : Reload the CNTR1 pin (determined by measured value T).
TL1 : The written value to timer Y to output LOW time of the CNTR1 pin
(determined by measured value T).

Figure 2.2.15 Operation Timing Example

2-14
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2.2 Timer X and Timer Y

C RESET(Note 1) )

Port P4o (alternative function of CNTRo) is set to input.
Port P41 (alternative function of CNTR1) is set to output.
I

INT1 edge selection bit — (rising edge detected)

CNTRo edge selection bit — (rise-to-rise period detected)
[

1
1
1
1

Set timer X mode register
b7

..E TXM(Address 00F615)

Lo - -~ -~ Pulse period measurement mode
--------------- Timer X count source selected
I
Set timer Y mode register (Note 2)
b7

b0
..EEE TYM (Address 00F716)

| "~ Programmable waveform
- generation mode

i Writing to latch and timer simultaneously
********* Output level latch

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
*********** Timer Y activated by input signal |
to INT1 pin |
_______________ Timer Y count source selected !
|

|

|

|

|

|

|

|

|

|

|

i

|

|

|

|

|

|

|

i

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

[

| Timer Y « Initial value (Note 3)
I

Control timer Y writing
b7

bo
[ 1] o] of Tvm (address 00F715)
Writing to latch only
I

Set timer XY control register
b7 b

0
TXYCON (Address 00F816)

' “-Timer X count start

Timer Y count start (Note 4)

1

Timer Y interrupt request bit — 0

I

INTz interrupt request bit —« 0

| |
| | |
| Timer Y interrupt enable bit — 1 |
| |
| |

I
INT1 interrupt enable bit — 1

Processing

Notes 1: State after system is released from reset

e Timer X and Y stop control bits = 0 (count stopped)
* Timer Y and INT: interrupt enable bits = 0 (disabled)
: The output level of CNTRu1 pin is initialized to LOW.
: Write to timer Y in order of low-order to high-order byte.

A WN

: In this time, timer Y remains still stopped.

( INTz Interrupt service routine

| Change timer Y (Note 3) O

C RTI

( Timer Y interrupt service routine
T

After INT1 edge detected,
first timer Y interrupt occurs?

| Change timer Y (Note 3) O
I

Change timer Y output level latch O

b7 b0
[ T TaJ of 1] 1] o] o] Tvm (Address 00F71e)

********* Output level latch

After INT1 edge detected,
second timer Y interrupt occurs?

Change timer Y output level latch O
b7 b0

0] of TYM (Address 00F716)
_________ Output level latch

After INT1 edge detected,
third timer Y interrupt occurs?

Stop timer Y counting O
b7

b0
TXYCON (Address 00F816)

"~~~ Timer Y count stop
I

Control timer Y writing
b7 b0

[T Ta[1[o] 1] o] o] Tvm (Address 00F71¢)

------- Writing to latch and timer
simultaneously

| Timer Y « Initial value (Note 3) O

Control timer Y writing
b7 b0

EEEEEEDKC

------- Writing to latch only

TYM (Address 00F716)

Start Timer Y counting

b7 b0
TXYCON (Address 00F816)

- --.Timer Y count start (Note 4)

C RTI )

Figure 2.2.16 Control Procedure Example of Motorcycle Engine

7480 Group and 7481 Group User's Manual
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2.2 Timer X and Timer Y

2.2.7 Application Example of Programmable One-Shot Output Mode

Phase Control of Load (Output of Phase Control Signals)

POINT: The phase control signal to the load is output using the programmable one-shot output mode
of a 16-bit timer.

SPECIFICATIONS: @Clock: f(XIN) = 8 MHz
®The phase control signal to the load is output from the CNTR1 pin using the
programmable one-shot output mode of timer Y.
e Count source: f(XIN)/16
* Rising edges of the signal input to the INT1 pin from the trigger detection
circuit are detected.
¢ A triac is turned on at the HIGH level.
®The period of the feedback signal input from the load is measured, analyzed,
and used to adjust the phase control signal.

For the measurement of the period of the feedback signal, refer to Section 2.2.4 Application
Example of Pulse Period Measurement Mode

Figure 2.2.17 shows a peripheral circuit example.

Figure 2.2.18 shows an operation timing example.

Figure 2.2.19 shows a phase control procedure example.

7480 Group
7481 Group

Feedback signal

Phase control signal g

hd P41/CNTR1

Port

~\ F Trigger detection P31/INT1
N4 circuit

Figure 2.2.17 Peripheral Circuit Example

VAc power supply ~== \l\_/’:/—\\l\/ : ~_ -~

INT2 pin input _ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ

Writing to latch in . |
timer Y interrupt ! .
| |
| |

e 3 service routine 3
[ | | . . .
kS I i RL RL RL RL RL RL RL
el RL RL RL RL RL
S
Q T 1 |
c | |
[J] | 1 |
IS ! ‘ ; i ; i
8 000015 — . . " ‘ .
! UF | UF UF UF | UF | UF
CNTR1 pin output A y__A v__A v A v_A v A v_

Figure 2.2.18 Operation Timing Example

2-16 7480 Group and 7481 Group User's Manual



APPLICATIONS
2.2 Timer X and Timer Y

( RESET(Note 1) ) ( INT1 interrupt service routine

)

‘Initialize - -----------“--"f{-“"-""“"-"-"-"—"———————~———~—~—-~—-, ‘

| Change timer Y (Note 3)

| SEI |
T
i
!
1

| Port P41 (alternative function of CNTR1) — LOW |
I

| Port P41 (alternative function of CNTR1) is set to output. |
I

INT1 edge selection bit — 1 (rising edge detected)
CNTR1 edge selection bit — 0 (Note 2)

Set timer Y mode reglster

-
| .E. ..El TYM(Address 00F716) !
| - -'- == Programmable one-shot output mode |
I Writing to latch only |
T s Timer Y count source : f(XiN)/16 |
| I !
! | Timer Y « Initial value (Note 3) X
| I !

Set timer XY control register
b7 b0

TXYCON(Address 00F816)

~~~ Timer Y count start
[

| INTz interrupt request bit — 0 |
I
| INT1 interrupt enable bit ~ 1 |

Processing

Phase control processing

« Period of feedback signal measured

* Measured value analyzed
(determination of timer Y setting value)

Processing

|

Notes 1: State after system is released from reset
« Timer Y stop control bit = 0 (count stop)
« Timer Y interrupt enable bit = 0 (disabled)
2: HIGH level one-shot pulse is output.
3: Write to timer Y in order of low-order to high-order byte.

Figure 2.2.19 Phase Control Procedure Example
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2.2 Timer X and Timer Y

2.2.8 Application Example of PWM Mode

Output of Analog Voltage

POINT: Analog voltage is output using the PWM waveform.

SPECIFICATIONS: @Clock: f(XIN) = 8 MHz

O®PWM waveforms are output from the CNTRo pin using the PWM mode of timer
X.
e Count source: f(XIN)/16
» The duty cycle of PWM waveforms is determined depending on analog voltage

output.

®PWM waveforms are converted into the analog voltage using the external circuit

to the CNTRo pin.

Figure 2.2.20 shows a peripheral circuit example.
Figure 2.2.21 shows a control procedure example of analog voltage output.

7480 Group
7481 Group

P40/CNTRo ’ Vce x

Figure 2.2.20 Peripheral Circuit Example
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( Analog voltage output routine )

I
'
I
1
|

Set timer XY control register
b7 b0

TXYCON(Address 00F81s)

~~Timer X count stop
I

| Set port P4o (alternative function of CNTRo) (Note). |
I
| Port P4o (alternative function of CNTRo) is set to output. |
I
Set Timer X Mode Register
b7

b0
.. EE TXM(Address 00F616)

! -----"PWM mode
L Tt Writing to latch and timer simultaneously
--------------- Timer X count source selected

I
| Set Timer X low-order byte (LOW width) |
I

| Set Timer X high-order byte (HIGH width) |
I

Set Timer XY Control Register
b7 b0

Y o] xvconadaress ooFsie

- - Timer X count start
T

C EILD D)

Note: The output analog voltage is initialized (Vss or Vcc).

» The same potential as Vss to be output : P4o/CNTRo pin is set to ‘0’.
» The same potential as Vcc to be output : P4o/CNTRo pin is set to ‘1'.

Figure 2.2.21 Control Procedure Example of Analog Voltage Output

7480 Group and 7481 Group User's Manual
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2.3 Serial 1/0O

2.3.1 Application Example of Clock Synchronous Serial 1/O Transmission

Successive Transmission

POINT: Successive transmission is performed by generating a serial I/O transmit interrupt when the
transmit buffer register is emptied, as well as by generating a serial 1/0 transmit interrupt
request when serial 1/0 transmission is initialized to ‘enable’ by using the serial I/O control
register (Note).

Note: Refer to Using Serial I/O Transmit Interrupt and Serial 1/O Receive Interrupt of (5)
Notes on Usage of Clock Synchronous Serial 1/O in Section 1.14.2 Clock
Synchronous Serial 1/0O.

SPECIFICATIONS: @Clock: f(XIN) = 7.9872 MHz
@5-byte successive transmission using clock synchronous serial I/O
« Baud rate: 2400 bps
« Synchronous clock: a frequency of 2.4 kHz, obtained from dividing f(XIN) is
output from the ScLk pin.
« The completion of communication preparation at the receiver is recognized
using port pin P17 as the Srov signal input pin.

Figure 2.3.1 shows a connections example.
Figure 2.3.2 shows a setting example of the

synchronous clock.
Figure 2.3.3 shows the timing of interrupt P15/TxD RxD
control. Figure 2.3.4 shows a control procedure P16/ScLi Scik
example of serial I1/O transmit. . .
P17/Srpy SRDY
7480 Group Microcomputer
7481 Group (Receiver)

Figure 2.3.1 Connection Example

BRG count source Baud rate
selection bit generator
f(XIN) = 7.9872 MHz 1/4 |—s o0’ Clock Synchronous clock
o ‘1’ 1/52 BRG 14 generator] Y 2.4 kHz
1/4

output

Baud rate : 2400bps

Figure 2.3.2 Setting Example of Synchronous Clock
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2.3 Serial 1/0
Seting of seril 10 1st byte transmitted) 3rd byte transmitted”) 5t byte transmitted” 1st byte transmitted
control register lan byte transmittedl4th byte transmittedi l 2nd byte transmitted
. Undefined
ey 77— AN AN N AN A
1 Wekr Gl (\% ® i (1® ®®
Serial I/O transmit W”%e L rite 0 it
interrupt enable bit :
1 Execute CLI f
. instruction (S-bytetransmission completed) (Transmisswon requeste@
Interrupt disable flag |

: Processed within serial I/O transmit interrupt service routine.
: Cleared by the acceptance of serial /0 transmit interrupt request.

: Interrupt request generated with transmitter buffer register emptied.

( System is released from reset)

Figure 2.3.3 Timing of Interrupt Control

( RESET(Note 1) ) ( Serial 1/0 transmit interrupt service routine )

©~Initialize ==~~~ -~ - """~

le

Port P17=LOW ?

| Port P17 is set to input. |
I
| Baud rate generator — 3316 (Note 2) |
I
Set serial I/O control register (Note 3)
b7

b0
mnmn SIOCON (Address 00E216)

I
I
I
I
I
|
| |~ BRG count source: f(XiN)/16 3
I
I
I
I
I

| Transmit buffer register — BUFF_p(Note 4) |
I

1 is added to pointer p for BUFF.
p-p+1l

-~ ~-Synchronous clock:
BRG output divided by 4
***** SRrpY output disabled
fffffff Transmit interrupt source:
Transmission buffer register is empty.
""""" Transmit enabled
b Receive disabled
STt Clock synchronous serial 1/0
- Serial I/O enabled

cLl |
________________________________________ ~ Transmit processing” =~~~ [~~~ """ """~ """"""~"""
5-byte transmission data is stored
) to buffer area (BUFF)
Processing BUFF_0 — Transmission data 0

BUFF_1 « Transmission data 1

BUFF_4 — Transmission data 4 (1st byte)
I
Initialize pointer p for BUFF

Transmission requested ?

Q p-0
I
Processing Serial I/O transmit interrupt enable bit — 1 |

<Seria| 1/0 transmit interruptll
|

BUFF: 5-byte buffer area

Notes 1: State after system is released from reset BUFF_Oto BUFF_4

« Serial 1/O transmit interrupt enable bit =0
« Serial 1/O receive interrupt enable bit = 0
1 3316 = 52-1
. In this time, serial I/O transmit interrupt request bit is 1.
: Transmit/receive is started by writing to transmit buffer register.

AWN

Figure 2.3.4 Control Procedure Example of Serial 1/O Transmit
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2.3.2 Application Example of Clock Asynchronous Serial 1/0 (UART) Reception

Processing of Received Data Bytes as a Packet

POINT: RAM area is secured by adding the several bytes to the maximum number of bytes necessary

for data processing, and the received data is stored in increasing order of address in the
interrupt service routine. If the data overflows the RAM area, the overflow data is stored at
the start address of the RAM.
When the received data whose byte number satisfies the requirement of data processing is
stored completely in the buffer area, the data processing is performed in the main routine.
As a result, the received data can be stored without losing any bits of data in process even
when the subsequent received data is stored completely during the data processing.

SPECIFICATIONS: @Clock: f(XIN) = 7.9872 MHz

QUART reception
* Baud rate : 9600 bps
» Synchronous clock : f(XIN) is divided into 9.6 kHz
» Communication format: 1ST-8DATA-1SP

@®Processing received data as a packet
The head data of every packet consists of the code characteristic for the head
data and the code indicating the number of bytes of the packet.

Figure 2.3.5 shows a connection example.
Figure 2.3.6 shows the setting example of the
synchronous clock.

Figure 2.3.7 shows a communication format. XD P14/RxD
Figure 2.3.8 shows a control procedure example
of serial 1/0 receive.

Microcomputer 7480 Group
(Transmitter) 7481 Group
(Receiver)

Figure 2.3.5 Connection Example

BRG count source Baud rate
selection bit generator

f(XiN) = 7.9872 MHz 1/4 — G\O'__—-_ Clock Synchronous clock
L1 0 —
T R aapa L gererator 9.6 khz

Baud rate : 9600bps

Figure 2.3.6 Setting Example of Synchronous Clock

Transmit data (1ST-8DATA-1SP)

: <o o ! ST: Start bit

\ o N — e - Di: Data bit (i=0to 7)
NSTADoXDLX ... Do X D7 ) SP SP: Stop bit

! I N: The number of bytes of the packet
| Headdata L) _-1stbyte (n - L)th byte

" P -

[ Consists of the code characteristic for the head data
—'M and the code indicating the number of bytes of

- the packet.

1 packet (N bytes)

Figure 2.3.7 Communication Format
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| Read from receive buffer register |
I
| BUFF_pw — Read data |

| Serial I/0 receive interrupt request bit — 0 |
I

| Serial I/0 receive interrupt enable bit ~ 1 |

Processing head data received?

C RESET (Note 1) )
- Initialize_ - _ _ _ _ | ___ ; . RAM area
N SEl | | : .
| T !
! ! | BUFF_0
| - — i | BUFF_1
! | Pointer for writing to BUFF (pw) — 0016 | !
| I ! , :
i | Pointer for reading from BUFF (pr) — 0016 | | . i . .
| T ! BUFF pw < Write receive data in serial 1/0
: | Baud rate generator - 0C1s (Note 2) | ! P receive interrupt service routine
! I | : '
! [Set serial I/O control register ,
v b7 b0 ! BUFF_pr > Head data of the packet
- ([2]o]]o] x| x] o] o] siocon (address 00E215) : . .
1 ! 1 L)
[ . " "BRG count source : f(XiN)/4 !
i boror =~ =~ Synchronous clock : BRG output divided by 16
N I Transmit disabled ! BUFF_(N-2) N-byte buffer area
e Receive enabled | BUFF_(N-1)
! e Clock asynchronous serial 1/0 !
N Serial /O enabled ! ' '
I |
Set UART control eegister |
b7 b0 !
0] x] o] o] uarTCON (Address 00E315) | !
! ' --Character length bit : 8 bits | ( Serial 1/0 receive interrupt service routine )
1 -~ Parity disabled | |
fffffff Stop bit length : 1 bit | :
1 1
| 1
I
I
I
I

| CLI |
Analyze the number of bytes of the packet
Processing T
| i — 0016 |
I
- | pr = pw |
pr # pw and i = the number of bytes
of the packet ? I
| i+l |
I
* The contents of pr and data of the numbers of bytes | pr—pr+1 |
packet is stored in another RAM in order not to
destroy them.
« Processing for 1 packet data from BUFF_pr N
I
| i — 0016 | "
I
| pr = pw | | pr — 0016
I
I
Processing i
| C RTI D)

Notes 1: Processing after system is released from reset.
«Serial 1/0 receive interrupt enable bit = 0 (disabled)
2: 0C16 = 13-1

Figure 2.3.8 Control Procedure Example of Serial I/O Receive
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2.3.3 Application Example of Bus Arbitration Interrupt

LAN Communications in Contention Bus System

POINT: In LAN communications with the contention bus system, the malfunction of transmission due
to bus collision is detected with a bus arbitration interrupt.

SPECIFICATIONS: @Clock: f(XIN) = 7.9872 MHz

O®LAN communication format: Simplified SAE J1850 (PWM system)

@®The CNTRo pin is connected to the RxD pin, and SOF is detected with the
rising edge of a CNTRo pin input

®Data is transmitted and received by clock synchronous serial I/O communications.
* Baud rate: 41600 bps
* Synchronous clock: f(XIN) is divided into 41.6 kHz
* Bus collision detected

®The HIGH level has priority on LAN communication line at bus collision

Figure 2.3.9 shows a connection example.

Figure 2.3.10 shows a setting example of the synchronous clock.

Figure 2.3.11 shows a communication format example of simple SAE J1850.
Figure 2.3.12 shows a communication timing example.

Figures 2.3.13 and 2.3.14 show control procedure examples.

LAN communication Line (+)

LAN communication Line (-)

—W- 4 « Conflicts between unit A and unit B
Unit A Hm
P1s/TxD IN BUS + TxD pin output

P14/RxD out BUS- : UnitB H |_'_'_'—| |_|
TxD pin output L

P40o/CNTR: Dri
o 0 rver LAN communication line Hm
(RxD pin input) A
7480 Group Bus collision
L 7481 Group ) detected in unit B

Figure 2.3.9 Connection Example

BRG count source Baud rate
selection bit generator

f(XIN)=7.9872MHz 1/4 (— o
(XiN) L2 ] ° 0, 7 gé?]fakramr—> SyncZ;ogcl)(lﬁzclock
1/4 ‘r BRG output :

Baud rate : 41600bps

Figure 2.3.10 Setting Example of Synchronous Clock
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(Start of Frame)

the frame

1 frame
- >
! 1 byte 1 byte 1 byte Max. 7 bytes 1 byte 1 byte
| SOF | Priority code [ TargetID | Source ID Data area CRC code | EOD | RSPcode | EOF | IFS
Transmit/Receive] ) L .
Data Name Function Transmission/Reception
SOF Indicates the head of |« Fixed format of 6 time.

 Transmitter transmits ‘001111002’ with serial transmission.
» Receiver detects data with CNTRo interrupt and recognizes with
pulse width measurement mode of timer X.

1 4 time 12 time

PP
H_m
L

T
! When transmitting !

(End of Data)

data

EOF
(End of Frame)

Indicates the end of
frame

Priority Code for priority « 1 bit represented by 3 time (1 byte represented by 3 bytes).
Code control in multi-unit « Both transmitter and receiver communicate with serial I/O.
transmission * Priority code: ‘0016’ (high priority) through ‘FF16’ (low priority).
. 3time . 3time | . 3time
e | - -« —
H H H
Target ID ID number of LJ_@_‘_ L_I_l_x_l_ Lm_
target unit Data When transmitting ‘1’ When transmitting ‘0’
{
s Tt b7 Transmit data 1 b0
ource ID ID number of —] —] —]
transmit unit ger?eart:ted |D5| 1| 0 |D6| 1| 0 |D7| ! |
Data Area Transmit data b7 1 byte data b0 b7 Tr_ansmit dati 2 o
|D7|D6|D5|D4|D3|D2|D1|Do| | 1| 0 |D3| l| 0 |D4| l| 0 |
CRC Code Code for error = b7 Transmitdata3  po
detection | Olal 1| Olal 1| 0|§|
‘ 1 byte data transmit ‘ S ~
RSP Code Receiver transmits ) ) )
self-address if data is Transmitdatal ' Transmitdata2 ' Transmitdata 3 _
correctly received on H
error detection L
D7 Ds Ds Da D3 D2 D1 Do
EOD Indicates the end of * Fixed format of 3 time.

* Both transmitter and receiver generate a wait time with timer 1.

IFS
(Inter-Frame
Separation)

Indicates the
separation between
frames

* Fixed format of 6 time.
« Both transmitter and receiver generate a wait time with timer 1.
‘ 6 time .
3 s
L L 1

Figure 2.3.11 Communication Format Example of Simplified SAE J1850
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* When unit A, unit B, and unit C start transmitting simultaneously

Priority code
SOF 01XXXXXX2' Target ID
-

0 ' 1

Unit A Hm 3 3
TxD pln Output L * T ) T ) !

RV

A

completed:  register for reception of source

Receive processing start: ID to ORC codo after RSP code to transmit buffer register completed

is performed.

Writing '0011110016'to ' Bus collision detected: Successive writing dummy ' Receive processing completed ! !
transmit buffer register ! Transmit processmq data ‘0016’ to transmit buffer  after recognizing that target ID ! !
for SOF transmission | completed\ register for reception of target 1 is not source ID of unit A. | |
| Receive processing start, ID to CRC code | 1 1 | |
3 ' Priority code 3 Target ID 3 3 3 3 3
I ‘00X XXX XXy I IXXXXXXX I I I I
SOF 00 2 ! EOD' RSP code_'EOF IFS
. | 0 0, L1 | | | | |
RSN /i
TXD pln Output L ! ‘ ‘ ‘ ( L : 1 (( Il : 1l ‘ \\ : Ll I‘ |
. | | A A A o A
\t/ya:g?r?ntogjf%;]}%%l&é? | B$S CO”IS_ItOn detected,  Successive wriing dummy | when the correct reception is Receive
! ransmit processing! 0016’ i ! L .
for SOF transmission p 0, data ‘0016’ to transmit buffer ! checked by CRC code, writing processing

recognizing that target ID is
source ID of unit B.

L Target ID Source ID !
| Priority code OXXXXX XX transmit data:
SOF 100X X XXX X2 (Transmit to unit B)\ CRC code |EOD. RSP cod EOF IES
-t st A -l P code
‘ 0 0, .0 | | | | |
Unitc W% RN
i | Y |
TxD pin output ¢ A S ‘ ‘ Oy A
Writing ‘0011110016’ to ! ! ! ! ! T . ! ! i
transrit buffer regligter ! b i ! Successive writing 3times || Transmit
for SOF transmission 1 | 1 ‘ | dummy data ‘00i6'to | | processing
| | | ! transmit buffer register | completed
| | | ‘ 1 | for reception of RSP code | |
Units other than units A, B and C 1 1 | | 1 1 1 1 1
start receive processing at the ‘ 1 1 | | | | | |
rising edge of CNTRo pin ! ! ! ! 1 Source D ! ! !
| | | transmit data, | | i
Prlorlty code | | Target ID 1 CRC code EOD‘ RSP code EOF IFS
0 ‘ 1 1 1
communication ||ne H % | % | |
(RxD pin input) 1" 1"1“"‘¢
Units other than units A, B and c Recewe propgssmg completedl Communication
write successively dummy data ‘0016’ after recognizing that target ID is not completed

to transmit buffer register source ID of units other than unit B.
for reception of priority code to CRC code

Figure 2.3.12 Communication Timing Example
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C RESET(Note 1) ) C Transmit service routine )
T
Lo 11171 74 =Y Ity | I

| SEl | '

@ When transmit is started
« Transmit data generated
(1 byte represented by 3 bytes)
« Bus arbitration interrupt request bit — 0
« Bus arbitration interrupt enable bit ~ 1
* CNTRo interrupt enable bit — 0
« SOF transmission (writing to transmit buffer register)

|Port P40 (alternative function of CNTRo pin) is set to input.l
I
CNTRo edge selection bit — 1
(Rising edge active)

| Baud rate generator — 0216 (Note 2) |
I

Sbet serial 1/0 control register (Note 3)
7

EEE SIOCON (Address 00E216)
I

' ' ' --BRG count source: f(Xin)/16
- - --Synchronous clock:
BRG output divided by 4
————— "Srov output disabled
Lo - Transmit interrupt source:
Transmission buffer register is empty.
[ e Transmit enabled
it Receive enabled
| Clock synchronous serial I/O

--------------- Serial 1/0 enabled

@ When EOD is output, waiting time is generated
(Note 3)
@ After EOD waiting time elapses, RSP code is received
(writing dummy data to transmit buffer register)
@ After receiving RSP code, EOF and IFS are output and
waiting time is generated (Note 3)
@ After EOF/IFS waiting time elapses
(when transmit completed)
« Bus arbitration interrupt enable bit — 0
* CNTRo interrupt request bit — 0
* CNTRo interrupt enable bit — 1

( END

( Receive service routine

@ After SOF receive is completed
« CNTRo interrupt enable bit — 0

@ When priority code to CRC code, and RSP code
are received
3-byte receive data is converted to 1-byte data.

@ Receive processing is completed after recognizing
that received target ID is not self ID.

@ When EOD is detected, EOD waiting time is
generated (Note 3)

® When the correct reception is checked by CRC code
after EOD waiting time elapses, RSP code is
transmitted (writing to transmit buffer register)

@ After transmitting RSP code, EOF and IFS
waiting time is generated (Note 3)

CLI @ After EOF/IFS wait time elapses

e S i e ! (when receive completed)

* CNTRo interrupt request bit — 0

* CNTRo interrupt enable bit — 1

T

Bus collision detection enable bit — 1 |

Serial I/0 transmit interrupt request bit — 0
Serial I/O receive interrupt request bit — 0
CNTRo interrupt request bit — 0

Serial I/O transmit interrupt enable bit — 1
Serial I/O receive interrupt enable bit — 1
CNTRo interrupt enable bit — 1
I

Processing |

( END )

During transmission or reception ?

During transmitting During receiving

||Transmit service routine || || Receive service routine ||

Transmission requested ?

N y
Notes 1: State after system is released from reset
Processing « Bus arbitration interrupt enable bit = 0
2: 0216 = 3-1

3: Waiting time is generated by timer 1.
4: Write ‘0016’ as dummy data to transmit buffer register.

Figure 2.3.13 Control Procedure Example (1) of LAN Communications
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( Serial 1/0 transmit interrupt service routine )

( Serial 1/0 receive interrupt service routine )

1
I
1
1

|
1
|
1

When transmitting
@ Write the following transmit data to transmit buffer

register by the byte at one interrupt processing
1. Priority code

2. Target ID

3. Source ID

4. Data

5. CRC code

@ In the interrupt processing after writing transmit data
to transmit buffer register is completed, change
transmit interrupt source to ‘when transmit shift
operation is completed’, and the interrupt source is
back to the state before changing at the next interrupt
processing.

When receiving
@ Write dummy data to transmit buffer register
T

'
1
1
1

When transmitting
@ Transmit data is received
When RSP code is received

When receiving
@Read receive buffer register
1. Priority code
2. Target ID
3. Source ID
4. Data
5. CRC code
@Level of RxD pin is checked every 3-byte reception
« HIGH level: next data is received
« LOW level: EOD is detected

C RTI )

( Bus arbitration interrupt service routine )

( CNTRo interrupt service routine (when receiving) )

I
1
i

@When SOF collision occurs, transmit processing is
stopped and receive processing is started from
priority code.

@When priority code collision occurs,
transmit processing is stopped and receive
processing is started from target ID.

@When data collision occurs, communication error on
communication line is detected, transmit processing is
stopped, and processing against error such as re-
transmission is performed.

[

| Bus arbitration interrupt enable bit — 0 |
I

1
|

@ When rising edge is detected
* CNTRo edge selection bit — 0
(falling edge detected)
« HIGH width is measured with timer X
@ When falling edge is detected
* CNTRo edge selection bit — 1
(rising edge detected)
« LOW width is measured with timer X
* SOF LOW width waiting time is generated with
timer 1 (acceptance of timer 1 interrupt request
is enabled)
@ Reception is completed when SOF is not received
correctly.

C RTI D)

C R% D)

( Timer 1 interrupt service routine )
I

1
1
1
1

@ When SOF is received
« Write dummy data to transmit buffer register for
generating synchronous clock
« Acceptance of timer 1 interrupt request is disabled
@ Processing for EOD, EOF and IFS waiting time elapse

I
!
I

C RTI )

Note: Write ‘0016’ as dummy data to transmit buffer register.

Figure 2.3.14 Control Procedure Example (2) of LAN Communications
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2.4 A-D Converter

2.4.1 Determination of A-D Conversion Values

In A-D conversion, it is recommended to determine conversion values using several samplings to improve
the accuracy of A-D conversion. Methods for sampling and determining A-D conversion values are described
below.

Sampling Methods

EXAMPLES: O Sampling 2" times
O Running sampling 2" times
0 Sampling (2" + 2) times
Notes 1: ‘n’ is a positive integer according to the specifications.

Determining Methods

EXAMPLES: 0O The sum of the sampling result is divided by the number of times of the sampling.
O Except the minimum and the maximum value, the sum of the sampling (or running
sampling) results of (2" + 2) times is divided by 2".
0 The average value calculated by O or 0O is updated unless the difference between
the previous and the newest value is ‘m’ or more.
Notes 2: ‘m’ and ‘n’ are positive integers according to the specifications.

A method derived from these examples of sampling and determining is explained in Section 2.4.2
Application Example of A-D Converter
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2.4.2 Application Example of A-D Converter

POINT: To improve the accuracy of A-D conversion, A-D conversion values are determined by
Sampling Methods 0O and 0, and Determining Methods [ and O of Section 2.4.1
Determination of A-D Conversion Values

SPECIFICATIONS: After the running sampling has been taken 6 times, the sum of the sampling
results, except the minimum and maximum values, is divided by 4.
When the difference between the new average value and the previous updated
value is less than 5, the value is updated to the new value, when 5 or more,
the value is not updated.

Figure 2.4.1 shows the example of determining A-D conversion values.
Figure 2.4.2 shows the control procedure example of determining of A-D conversion values.

The newest A-D conversion result

(n-7th | (n-6)th ((n-S)th (n-4)th (n-3)th (n-2)t;1 (n-1yth n-th (n+1)th
Sampling point sampling| sampling | sampling  sampling sampling sampling  sampling sampling]  sampling
A-D conversion result ‘ A816 A716 A916 A816 AB16 A716 A816 AB16 Time
Minimum Maximum
value value
— FN
—
+ + +
Average value = A916 + A816 + A716 + AB16 - A81s

4

IEigure 241 Example of Determining A-D Conversion Values
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( A-D conversion routine )

| A-D conversion completion interrupt request bit — ‘0’ |

Sbet A-D conversion control register
7

b0
EEE ADCON (Address 00D916)

~ ="~ ~'""Analog input pin : P20/INo
""""" Connect between VREF pin
and ladder resistor
I
| VREF stabilizing wait time |

I
Set A-D conversion control register

b7

b0
1] of o] o] o] ADcON (Address 00D9:6)

““““ A-D conversion start

-<

A-D conversion completed ? (Note)

Average of 4-time samplings, which the maximum
value and the minimum value are excluded from
6-time samplings, is calculated.

The difference from previous
determined value is less than 5 2

Update of determined value
(The last calculated average value becomes
the determined value)

102

(M)
m
Zh---
o

)

Note: The completion of A-D conversion is examined by the following.
» A-D conversion completion bit of A-D conversion control register is ‘1'.
» A-D conversion completion interrupt request bit of interrupt request register 1 is ‘1'.
* Branch to A-D conversion completion interrupt service routine is performed.
(When A-D conversion completion interrupt is enabled)

Figure 2.4.2 Control Procedure Example of Determining A-D Conversion Values
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2.5 Reset

Figure 2.5.1 shows reset circuit examples.

7480 Group
7481 Group

RESET Vcc

RESET, Vcc pin number

7480 Group
7481 Group

RESET Vcc

Power sourge
e

32pin 42pin 44pin
RESET pin 18 25 21
Vcc pin 17 22 18

voltage detection circuit

Figure 2.5.1 Reset Circuit Examples
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2.6 Oscillation Circuit

2.6.1 Oscillation Circuit with Ceramic Resonator
An oscillation circuit can be formed by connecting
a ceramic resonator between the XIN and XouT pins.
Figure 2.6.1 shows an oscillation circuit example
with a ceramic resonator.

Note: Set oscillation circuit parameters, such as Rd,
CIN, and CourT, to the values recommended
by the manufacturer of the resonator.

2.6.2 External Clock Input to X IN

An external clock input to the XIN pin can be supplied

to the built-in clock generator.

Figure 2.6.2 shows the external clock circuit example.

Notes 1. Leave the XouT pin open when an external

clock is input to the XIN pin.

2: Use a 50% duty cycle pulse signal as the
external clock input to the XIN pin.

APPLICATIONS

2.6 Oscillation Circuit

7480 Group
7481 Group

XIN XouTt

Rd

; Cout

XIN, XouT pin number

32pin 42pin 44pin
XIN pin 14 19 14
XouT pin 15 20 15

Figure 2.6.1 Oscillation Circuit Example with
Ceramic Resonator

7480 Group
7481 Group

XIN XouTt

External clock Open

WG RERERERERERE
Vss
Duty cycle 50%

XIN, XouT pin number

32pin 42pin 44pin
XIN pin 14 19 14
Xout pin 15 20 15

Figure 2.6.2 External Clock Circuit Example
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2.7 Power-Saving Function

2.7.1 Application Example of Stop Mode

Power-Saving in Key-Input Waiting State

POINT: When the CPU has no key input for the specified period in its key-input waiting state, the
CPU enters the stop mode and reduces power dissipation by halting itself and its peripherals.
Any key input, thereafter, generates a key-on wakeup interrupt request, and the CPU returns
to the normal mode by accepting the request.

SPECIFICATIONS: @Port pin POo is used as a key-input pin.
@®When having no key input for the specified period, the CPU executes the STP
instruction to enter the stop mode.
@®Any key input generates a key-on wakeup interrupt request in the stop mode,
and the CPU returns to the normal mode by accepting the request.

Figure 2.7.1 shows a connection example.
Figure 2.7.2 shows an operation example in the key-input waiting state.
Figure 2.7.3 shows a control procedure example of power-saving in key-input waiting state.

J, P0Oo

Key input -I

)

7480 Group
7481 Group
Figure 2.7.1 Connection Example
STP instruction Key-on wakeup interrupt Key-on wakeup interrupt
executed request generated service routine executed
Key-input waiting state STP instruction Oscillator start-up stabilizing time
after the specified period execution cycle Stop mode state 2048 count of XN pin input signal
-
)
XIN . Undefined<{-"
XN pin : High-impedance state
))
Internal clock ¢ I «
) Key input
Port Po « L |

Figure 2.7.2 Operation Example in Key-Input Waiting State
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C RESET(Note) )

| Port PQo is set to input. |
I
| Port PQo is pulled high. |
I

Set edge polarity selection register
b7 b0

EG (Address 00D416)

——————————— Key-on wakeup

-
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Set STP instruction operation control register
(Writing 2 times)

1st writing
b7 bo
STPCON (Address 00DE1s)

~Writing ‘1’

2nd writing
b7 bo

EET o] svecon (address 00pess)

~ “STP/WIT instruction valid

Processing

Specified period elapsed ?

Key-on wakeup interrupt request bit — 0
I

Key-on wakeup interrupt enable bit — 1
Other interrupt enable bits — 0
I
STP instruction execution
I

Stop mode

System is returned to normal mode after the
oscillation strat-up stabilization time elapsed.

(Key-on wakeup interrupt service routine)

Processing

[
C RTI

The interrupt enable bit and timer 1 are
returned to the state before the STP
instruction is executed.

Processing

Note: State after system is released from reset
* STP/WIT instructions invalid.

Figure 2.7.3 Control Procedure Example of Power-Saving in Key-Input Waiting State
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2.7.2 Application Example of Wait Mode

Power-Saving in Serial 1/O Receive Waiting State

POINT: When serial I1/O reception is not started in serial 1/O receive enabled state, the CPU enters
the wait mode and reduces power dissipation by halting itself. Then, when a serial 1/0
receive interrupt or a timer X interrupt is accepted after the specified period, and the CPU
returns to the normal mode and terminates the communications.

SPECIFICATIONS: @ Clock synchronous serial I/O reception

« Synchronous clock: external clock input
« SrDY signal output

@ \When serial 1/0 reception is not started in serial I/O receive enabled state, the
CPU executes the WIT instruction to enter the wait mode.

® The CPU returns to the normal mode and terminates communications by either
of the acceptance of the following interrupt sources:
 Serial I/O receive interrupt
e Timer X interrupt: receive wait time is counted in the timer mode

Figure 2.7.4 shows a connection example.
Figure 2.7.5 shows an operation example in the serial I/O receive waiting state.
Figure 2.7.6 shows a control procedure of power-saving.

TxD >{ P14/RxD

ScLk > P1le/ScLk

Port P17/SRDY
Microcomputer 7480 Group
7481 Group

Figure 2.7.4 Connection Example

WIT instruction

Serial I/O receive interrupt or
executed

timer X interrupt service routine executed

Serial I/0 receive | WIT instruction _
ready completed execution cycle Wait mode state

ﬂ—»

xiv JLFLFLALFLFLALALALFLFLALALA,

))
Internal clocke JFRL_JR_FR_ 9| « B

Figure 2.7.5 Operation Example in Serial 1/O Receive Waiting State
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( RESET(Note 1) )

-~~~ Synchronous clock:

External clock input
””” SrDY output
Transmission disabled
”””””” Reception enabled
Clock synchronous serial 1/0
”””””””” Serial 1/0 enabled

Set timer X mode register

....EEEE TXM (AddressO0F616)

|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
|
|
I
|
‘
|
:
= - ~- Timer « event count mode |
I
|
‘
|
I
|
‘
|
I
|
‘
|
I
|
‘
|
I
|
‘
|
I
|
‘
|
[}
|
|
|
|
|
‘
|
i
\
‘
|
I

Lo
Lo

L T Writing to latch and timer
Lo simultaneously
——————————————— Timer X count source selected

Set STP instruction operation control register
(Wring 2 times)

. Processing
1st writing
b7 bo I
STPCON (Address 00DE1s) Timer X — Reception Wait[ time count value (Note 2) |
. ~"Writing ‘1’
%’;d writing bo Serial I/O receive interrupt request bit — 0

Timer X interrupt request bit — 0

I
Serial I/O receive interrupt enable bit — 1
Timer X interrupt enable bit —~ 1
Other interrupt enable bits — 0

I
____________________ I___________,,_,,____ | Timer X count stop bit — 0 |

STPCON (Address 00DE16)
- - STP/WIT instruction valid

I

| Receive buffer register —« Dummy data |
I

| WIT instruction executed |

Wait mode
Reception is
completed or reception
waiting time elapses

System is returned to normal mode after the
oscillation start-up stabilization time elapsed.

(Serial 1/0 receive interrupt service routine or)

timer X interrupt service routine

Processing

[
C RTI

The interrupt enable bit is returned to the state
before the WIT instruction is executed.
I
| Serial 1/0 disabled |
I
| Timer X count stop |
I
Notes 1: State after system is released from reset Processing
* STP/WIT instructions invalid.
2: Write in order of low-order to high-order byte.

Figure 2.7.6 Control Procedure Example of Power-Saving
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2.8 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.

2.8.1 Shortest Wiring Length
The wiring on a printed circuit board can be 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 RESET Pin
Make the length of wiring which is connected to the RESET pin as short as possible. Especially,
connect a capacitor across the RESET pin and the Vss pin with the shortest possible wiring (within
20mm).

REASON

The reset works to initialize a microcomputer.

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 pin, the microcomputer
is released from reset before the internal state of the microcomputer is completely initialized. This
may cause a program runaway.

Noise
/ N
Reset f g Reset
CiI’CUit ¢ RESET CiI’CUit 0T J_ RESET
Vss Vss Vss-- T Vss
N.G. 7480 Group O.K. 7480 Group
7481 Group 7481 Group

Figure 2.8.1 Wiring for RESET Pin
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(2) Wiring for Clock I/O Pins

* Make the length of wiring which is connected Noise
to clock 1/0 pins as short as possible. 7480 Groug
* Make the length of wiring (within 20 mm) 7481 Groug
across the grounding lead of a capacitor =
which is connected to an oscillator and the
Vss pin of a microcomputer as short as e XIn
possible. T XouT
« Separate the Vss pattern only for oscillation Vas
from other Vss patterns. uE
REASON N.G.
A microcomputer’s operation synchronizes with
a clock generated by the oscillator (circuit). If 7480 Group
noise enters clock 1/0 pins, clock waveforms 748_1\9_roup
may be deformed. This may cause a
malfunction or program runaway.
Also, if a potential difference is caused by the B Xin
noise between the Vss level of a microcomputer = Xout
and the Vss level of an oscillator, the correct Vss
clock will not be input in the microcomputer.
O.K.

(3) Wiring for V pp Pin of One Time PROM
Version and EPROM Version
(In the 7480 Group and 7481 Group, the Vpp
pin is also used as the P33 pin)
Connect an approximately 5 kQ resistor to
the VPP pin the shortest possible in series.

Figure 2.8.2 Wiring for Clock 1/0O Pins

7480 Group
L S 7481 Grou
Note: Even when a circuit which included an P
approximately 5 kQ resistor is used in Approximately
the Mask ROM version, the 5kQ
microcomputer operates correctly. P33/ver FA/N/ N\ —

REASON

The VPP pin of the One Time PROM and the
EPROM version is the power source input pin
for the built-in PROM. When programming in Figure 2.8.3 Wiring for V PP Pin of One Time PROM
the built-in PROM, the impedance of the Vpp and EPROM Version

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,

abnormal instruction codes or data are read

from the built-in PROM, which may cause a

program runaway.
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2.8.2 Connection of Bypass Capacitor across V. sSs
Line and V cc Line

Connect an approximately 0.1 uF bypass capacitor

across the Vss line and the Vcc line as follows:

» Connect a bypass capacitor across the Vss pin
and the Vcc pin at equal length.

» Connect a bypass capacitor across the Vss pin
and the Vcc pin with the shortest possible wiring.

* Use lines with a larger diameter than other signal
lines for Vss line and Vcc line.

» Connect the power source line to Vss pin and
Vcc pin through a bypass capacitor.

2.8.3 Connection of Bypass Capacitor across V. ss
Line and V REF Line

Connect an approximately 0.01 yF bypass capacitor

across the Vss line and the VREF line as follows:

» Connect a bypass capacitor across the Vss pin
and the VREF pin at equal length.

» Connect a bypass capacitor across the Vss pin
and the VREF pin with the shortest possible wiring.

» Use lines with a larger diameter than other signal
lines for Vss line and VREF line.

2.8.4 Wiring to Analog Input Pins

» Connect an approximately 100 Q to 1 kQ resistor
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.

» Connect an approximately 0.1 to 1 uF capacitor
across the Vss pin and the analog input pin.
Besides, connect the capacitor to the Vss pin as
close as possible. Also, connect the capacitor across
the analog input pin and the Vss pin at equal
length.

REASON

Signals which is input in an analog input pin (such
as an A-D converter 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.

ZZ AN\ o Vcc
i¢) z4
A 3
ZzzA3|V'ss Vss
N.G. O.K.

Figure 2.8.4 Bypass Capacitor across V  ss Line and

Vcc Line
—
ZZZA\rer VREF
& Z
7 | 3
ZzzZAN'ss Vss
N.G. O.K.
Figure 2.8.5 Bypass Capacitor across V ss Line and
VREF Line
Noise
(Note) Microcomputer
- e
Thermistor J
g N.G. O.K. Vs
77
Note: The resistor is used for dividing
resistance with a thermistor.

Figure 2.8.6 Analog Signal Line and Resistor and
Capacitor
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2.8.5 Consideration for Oscillator

Take care to prevent an oscillator that generates
clocks for a microcomputer operation from being
affected by other signals.

1)

(2

3)

Keeping Oscillator Away from Large Current
Signal Lines

Install a microcomputer (and especially an
oscillator) as far as possible from signal lines
where a current larger than the tolerance of
current value flows.

REASON

In the system using a microcomputer, there
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.

Keeping Oscillator Away from Signal Lines

Where Potential Levels Change Frequently

Install an oscillator and a connecting pattern
of an oscillator away from signal lines where
potential levels change frequently. Also, do
not cross such signal lines over the clock lines
or the signal lines which are sensitive to noise.

REASON

Signal lines where potential levels change
frequently (such as the CNTR pin line) may
affect other lines at signal rising 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.

Oscillator Protection Using V  ss Pattern
As for a two-sided printed circuit board, print
a Vss pattern on the underside (soldering side)
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.
Besides, separate this Vss pattern from other
Vss patterns.

APPLICATIONS

2.8 Countermeasures against Noise

7480 Group

,7481 Group
Mutual inductance UMU N
i

Large 5 Xin
current [ | TS {Xout
Vss

GND

Figure 2.8.7 Wiring for Large Current Signal Line

7480 Group
7481Group
—

Do not cross CNTR

= XIN
|
|

-

Xout

7)77 Y Vss

Figure 2.8.8 Wiring to Signal Line Where Potential
Levels Change Frequently

An example of Vss patterns on the
underside of a printed circuit board ;322 g?gﬂg
52

Oscillator wiring
pattern example
XIN
Xout
Vss

Separate the Vss line for oscillation from other Vss lines

Figure 2.8.9 V ss Patterns on Underside of Oscillator
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2.8.6 Setup for 1/0O Ports
Setup I/O ports using hardware and software as
follows:

<Hardware>
e Connect a resistor of 100 Q or more to an I/O
port in series.

<Software>

« As for an input port, read data several times by
a program for checking whether input levels are
equal or not.

« As for an output port, since the output data may
reverse because of noise, rewrite data to its port
latch at fixed periods.

» Rewrite data to direction registers, and if necessary,
pull-up control registers and port P4P5 input control
register at fixed periods.

Noise
O.K
Data bus S 2
'\ Noise
N.G. é
oAy 4
I/O port
pins

Figure 2.8.10 Setup For I/O Ports
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2.8.7 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 service routine and the interrupt service
routine detects errors of the main routine.
This example assumes that interrupt processing is
repeated multiple times in a single main routine
processing.

<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:

APPLICATIONS
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(' Main routine ) ( Interrupt service routine)
(SWDT)«~ N

[(swpT)  (swpT)—1]

| Interrupt processing |

Main processing

Return

Main routine
errors

Interrupt service
routine errors

Figure 2.8.11 Watchdog Timer by Software

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.

» Watches the operation of the interrupt service routine by comparing the SWDT contents with counts of
interrupt processing count after the initial value N has been set.

* Detects that the interrupt service routine has failed and determines to branch to the program initialization
routine for recovery processing in the following cases:
If the SWDT contents do not change after interrupt processing

<Interrupt Service 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 when the contents of the SWDT reach O or less by continuative decrement without initializing

to the initial value N.

7480 Group and 7481 Group User's Manual

2-43



APPLICATIONS

2.9 Notes on Programming

2.9 Notes on Programming

2.9.1 Notes on Processor Status Register

B Initialization of Processor Status Register
After system is released from reset, the ( Reset )
contents of processor status register (PS) are l
undefined except for the | flag which is ‘1'. Flags of ‘ig’scfﬁﬁﬁ;ﬁfﬁgs register
Therefore, flags which affect program execution I
must be initialized after system is released
from reset. Main program
In particular, it is essential to initialize the T
and D flags because they have an important !

effect on calculations. Figure 2.9.1 Initialization of Flags in PS

B How to Refer Processor Status Register

To refer the contents of the processor status
register (PS), execute the PHP instruction once Stack area
then read the contents of (S + 1). If necessary,
execute the PLP instruction to return the PS S
to its original status.

The NOP instruction should be executed after
every PLP instruction.

S+1 Pushed PS

Figure 2.9.2 Stack Memory Contents after PHP
Instruction Execution

PLP instruction

NOP instruction

Figure 2.9.3 PLP Instruction Execution
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2.9.2 Notes Concerning Decimal Operation

Il Execution of Decimal Calculations

The ADC and SBC are the only instructions
which will yield proper decimal results in
decimal mode. To calculate in 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, SED or CLD
instruction.

M Note on Flags in Decimal Mode

APPLICATIONS

2.9 Notes on Programming

I

| Set D flag to ‘1’ |
I

| ADC,SBC instruction |

I
| NOP instruction |

I
| SEC,CLC,CLD instruction |

Figure 2.9.4 Execution of Decimal Operation

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 the 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 ‘1’ before each calculation.

2.9.3 Notes on JMP Instruction

When using the JMP instruction in indirect addressing mode, do not specify the last address on a page

as an indirect address.

Pages are sectioned every 256 addresses from address 0.

B For other notes, refer to each section.
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2.10 Differences between 7480 and 7481 Group, and 7477 and 7478 Group

The 7480 Group and 7481 Group have almost the same functions as the 7477 Group and 7478 Group.
However, take the following differences into consideration when using the former to replace the latter.

2.10.1 Functions Added to 7480 Group and 7481 Group
Table 2.10.1 lists the functions added to the 7480 Group and 7481 Group.

Table 2.10.1 Functions added to the 7480 Group and 7481 Group

Added Function Description
Bus Arbitration * In serial /O communication of the bus-contention system, the
level of the TxD pin is compared with that of the RxD pin.
When there is a mismatch, a bus arbitration interrupt is generated
to detect bus collision.

STP and WIT Instruction * The valid/invalid of the STP and WIT instructions is selectable
by writing 2 times to the STP instruction operation control register.

Watchdog Timer « Watchdog timer returns program to the reset state if a runaway
occurs.

Built-in Clamping Diode » Each pin of ports P4 and P5 has a built-in clamping diode, by

which voltages Vcc or more can be applied.
Note: In the 7480 Group, port P5 is not implemented.
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2.10.2 Functions Revised from 7477 Group and 7478 Group
The functions of 7480 Group and 7481 Group whose specifications are revised from those of the 7477
Group and 7478 Group are listed in Table 2.10.2.

Table 2.10.2 Functions Revised from 7477 Group and 7478 Group

7477 Group and 7478 Group

7480 Group and 7481 Group

RAM Sizes MB7ATXMA ..o 192 bytes |M3748XM4 ......ccccovvveeiiieeciie e 256 bytes
M3747XMB/ESB ......cccvvveeiiciineaannn, 384 bytes |M3748XMB/E8 ......cccceeviveeiireaiinanne 448 bytes
Port P4 * 1/0 port * 1/0 port
« CMOS outputs ¢ N-channel open-drain outputs
*In input mode, pull-up transistors|e Built-in clamping diodes
[ connectable. | ¢ In input mode, P40—P43, P50-P53 pins have
Port P5 * Input port schmidt circuits.
« Pull-up transistors connectable Note: The 7480 Group does not have P42,
* P50, P51 serve as input pins for clock P43, and P50-P53 pins.
generator. The 7480 Group and 7481 Group do
Note: The 7477 Group does not have port not have the clock generator for timers.
P5.
CNTR Pins CNTRo and CNTR1 pins have the alternative |CNTRo and CNTR1 pins have the alternative
functions of P32 and P3as. functions of P40 and P41.
Timer Four 8-bit timers Two 8-bit timers

Two 16-bit timers

Noise Margin

ViL: 0.25 Vcc (Max.)
VIH: 0.7 Vcc (Min.)

On port P3, P4, and P5 only.
ViL: 0.4 Vcc (Max.)

VIH: 0.8 Vcc (Min.)

(at Vcc =45V to 5.5V)

A-D Converter

No VREF-off circuit

To connect/not to connect between VREF and
ladder resistors is selectable with a VREF-off
circuit.

Package

The M37478Mx/E8-XXXFP and M37478MxT/
E8T-XXXFP packaged in 56P6N-A packages.

The M37481Mx/E8-XXXFP and M37481MxT/
E8T-XXXFP are packaged in 44P6N-A
packages.
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2.11 Application Circuit Examples
Figures 2.11.1 and 2.11.2 show two examples of application circuits using the 7480 Group and 7481 Group.

|

Igniter Port Port — Electromagnetic
Port valve 1

Frame detection Port Electromagnetic
valve 2

\Water heater
proportion
valve

Y

Mode setting Port

PWM output
P40/CNTRo

18WNTBV.LEN

Thermistor 1 IN

Feedback

Port

Thermistor 2
Fan motor

Water volume
sensor
Remote controller 1

Port P14&xD Driver <—> | Remote controller 2
0 P1s/TxD \
Remote controller 3

PWM output S

P41/CNTR1

R IN
Feedback

For adjust Port

Wo¥dA
Y

Figure 2.11.1 Application Circuit to Hot-Water Supply Equipment
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Key code
U ) g reception P30/INTo Programmable
amplifier waveform

Engine control signal

output

Period P41/CNTR1
t

\

>

) \ measureme\
( Crank input ) > P40/CNTRo z Port »
> w -
2> P31/INT1 ~
: &
Sensor input 00)
Throttle open degree IN E
Q\Iegative pressure sens@ o0

[ Key input )—>Port Sort
( Ignition input )—>

NOddA

(For immobilizer)

Figure 2.11.2 Application Circuit to Motorcycle Single-Cylinder Engine
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3.1 Control Registers

3.1 Control Registers

Port Pi (i=0 to 5)
b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |PortPi (Pi, i=0 to 5) [Addresses 00C016,00C216,00C416,00C615,00C815,00CA 1]

3 E 3 3 3 E 3 3 b Function IAtresetl R ! w
voror v 71 0 |l When used as input ports (Ports PO to P5) Undefined|f O | O
s « At reading, input level of pin is read. Undefined] O 1 O
. T * At wr_iting, Wr_iting to port latch is performed and Undefied] O ' O
oo ] the pin state is not affected. - 0
Cono T W When used as output ports (Ports PO, P1, P4, P5) Undefinedf O 1 O
e RRhRbl 4 « At reading, the last written value into the port latch is Undefined) O , O
N S 5 read. A A Undefined] O 1 O
[ — ° Atwriting, the written value is output externally through -
P 6 a transistor. Undefined] O | O
b oo 7 Undefined] O : O

Note: « In the 7480 Group, port P2 has only bits 0 to 3. The other bits are not implemented. (undefined at reading).
« Port P3 has only bits 0 to 3. The other bits are not implemented (‘0’ at reading).
« In the 7480 Group, port P4 has only bits 0 and 1. In the 7481 Group, port P4 has only bits O to 3.
The other bits are not implemented. (bits 4 to 7: ‘0’ at reading, bits 2 and 3 in the 7480 Group: undefined).
* The 7480 Group does not have port P5. In the 7481 Group, port P5 has only bits 0 to 3.
The other bits are not implemented. (‘0’ at reading).

Figure 3.1.1 Port Pi Registers (i = 0 to 5)

Port Pi direction register (i=0,1,4,5)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |PortPidirection register (PiD, i=0,1,4,5) [Addresses 00C116,00C316,00C916,00CB16]

3 3 E 3 3 3 E b Name Function Atreset| R} W

ovorovonon 0 | Port Pi direction register (Note) | O : Input mode 0 o, 0

AR . 1 : Output mode !

3 3 E 3 3 3 :L,,, 1 0 : Input mode 0 o, o0

Co A 1: Output mode :

I I 1 I I I

Co

A 2 0 : Input mode 0 o. 0

oo 1: Output mode .

3 3 E 3 L ,,,,,,,, 3 0 : Input mode 0 o'!o

[T 1: Output mode '

S 4 0 : Input mode 0 0,0

o 1 : Output mode :

I I 1

R 5 0 : Input mode 0 o'o

v 1 : Output mode .

I I :

L 6 0 : Input mode 0 0:0

! 1 : Output mode '

. 7 0 : Input mode 0 ¢} E (6]
1 : Output mode '

Note: « In the 7480 Group, port P4 direction register has only bits 0 and 1. In the 7481 Group, port P4 direction register
has only bits 0 to 3. The other bits are not implemented (bits 4 to 7: ‘0" at reading, bits 2 and 3 in the 7480 Group:
undefined).

» The 7480 Group does not have port P5 direction register. In the 7481 Group, port P5 has only bits O to 3.
The other bits are not implemented (‘0’ at reading).

Figure 3.1.2 Port Pi Direction Registers (i = 0, 1, 4, 5)
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APPENDICES

3.1 Control Registers

Port PO pull-up control register

b7 b6 b5 b4 b3 b2 bl b0

| Port PO pull-up control register (POPCON) [Address 00DO016]

T
|
|
[
|
|
|
[

b Name Function Atreset| R} W

0 | POo pull-up control bit 0 : POo No pull-up 0 0., 0
1: POo Pull-up :

1 | POz pull-up control bit 0 : POz No pull-up 0 0.0
1: PO1Pull-up '

2 | PO2 pull-up control bit 0 : P02 No pull-up 0 O, 0
1: POz Pull-up :

3 | P03 pull-up control bit 0 : P03 No pull-up 0 0.0
1: P03 Pull-up ,

4 | PO4 pull-up control bit 0 : P04 No pull-up 0 0.0
1: P04 Pull-up .

5 | POs pull-up control bit 0 : POs No pull-up 0 0., 0
1: POs Pull-up :

6 | POs pull-up control bit 0 : POs No pull-up 0 o1 0
1: POs Pull-up "

7 | PO7 pull-up control bit 0 : PO7 No pull-up 0 (0] E (0]
1: PO7 Pull-up 1

Note: Pull-up control is valid when the corresponding port is set to the input mode.

Figure 3.1.3 Port PO Pull-up Control Register

Port P1 pull-up control register

b7 b6 b5 b4 b3 b2 bl b0

Port P1 pull-up control register (PLPCON) [Address 00D116]

b Name

Function

Atreset| R | W

0 | P1s—P1o pull-up
control bit

: P1o—P13 No pull-up
: P1o—P13 Pull-up

0 0o

1 | P17—P14 pull-up
control bit

RO |, O

1 P14—P17 No pull-up
: P14-P17 Pull-up

0 o

(@)

2 | Not implemented.

3 | Writing to these bits is disabled.

These bits are undefined at reading.

Undefined Undeﬁned: X

- 0
Undefined| undefinech

Undefined| undefined, X

Undefined| undefinedy ~ x

Undefined Undefmed: X

T
Undefined | undefinedy X

Note:

Pull-up control is valid only when the corresponding port is set to the input mode.
When port pins P15—P17 are used as serial I/0O pins, pull-up control of

the corresponding port pins is invalid.

Figure 3.1.4 Port P1 Pull-up Control Register

7480 Group and 7481 Group User's Manual
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3.1 Control Registers

Port P4P5 input contro

| register

b7 b6 b5 b4 b3 b2 bl b0

P

Port P4P5 input control register (P4P5CON) [Address 00D216]

b Name Function Atreset| R
0 | P42, P43 input control bit [When the P42, P43 are used as 0 '
the input port, set this bit to ‘1. '

1 | P5 input control bit When the P5is used as the input 0 0.
port, set this bit to ‘1. H

2| Not implemented. 0 0
3 | Writing to these bits is disabled. 0 0
These bits are ‘0’ at reading. *

4 0 0 .
5 0 0 i
6 o | o
7 0 0

Note: 7480 Group does not have port pins P42, P43 and P5, so set bits 0 and 1 to ‘0’.

Figure 3.1.5 Port P4P5 Input Control Register
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3.1 Control Registers

Edge polarity selection register
b7 b6 b5 b4 b3 b2 bl b0
Edge polarity selection register (EG) [Address 00D416]
T , T
Lo e b Name Function Atreset| R } W
voooron o o [INTo edge 0 : Falling edge 0 0., 0
oo selection bit 1: Rising edge .
I I I 1 1 I I
vororon b1 [INTL edge 0 : Falling edge 0 0.0
oo selection bit | 1 : Rising edge .
o L 77777 2 | CNTRo edge O In event count mode, rising edge counted.| o' o
Lo selection bit : In pulse output mode, operation started '
[ B at HIGH level output. '
T : In pulse period measurement mode, a period '
. from falling edge until falling edge measured. '
Lo . In pulse width measurement mode, i
P HIGH-level period measured. '
[ T : In programmable one-shot output mode, '
A one-shot HIGH pulse generated after '
o operation started at LOW level output. '
Lo : Interrupt request is generated by detectin% .
A R falling edge. .
T 1: In event count mode, falling edge counted T
Voo v 3 CNTR1 edge : In pulse output mode, operation started 0 0,0
Lo selection bit at LOW level output. i
Lo : In pulse period measurement made, a period ,
[ T from rising edge until rising edge measured. '
Lo : In pulse width measurement mode, '
Vo LOW-level period measured. '
Lo : In programmable one-shot output mode, .
[ T one-shot LOW pulse generated after '
o operation started at HIGH level output. '
Vo : Interrupt request is generated by detecting '
o rising edge. '
! I I 1
o 4 | Notimplemented. Writing to this bit is disabled. Undefined [ undefiea X
oo T This bit is undefined at reading. E
Lo 5 | INTzsource | 0:P31/INT1 0 o: 0
e selection bitat | 1 : POo—P07 LOW level !
Lo STP or WIT (for key-on wake-up) E
I I
ST 6 | Not implemented. Writing to these bits are disabled. Undefined|undened X
T 7 | These bits are undefined at reading. Undefined| undefined X
Note: When setting bits 0 to 3, the interrupt request bit may be set to ‘1.

After setting the following, enable the interrupt.

O Disable interrupts

0 Set the edge polarity selection register

O Set the interrupt request bit to ‘0’

Figure 3.1.6 Edge Polarity Selection Register

7480 Group and 7481 Group User's Manual
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3.1 Control Registers

A-D control register

b7 b6 b5 b4 b3 b2 bl b0

A-D control register (ADCON) [Address 00D916]

3 3 E 3 3 3 E 3 b Name Function Atreset| R 1 W
A T Analog input pin selection hits | 225150 o)
3 Lo 3 LoroL 0 9 INpUtp 000 : P20/INo 0 :
[ T Y R B 001:P21/IN1 ,
A 010:P22/IN2 L
A 1 011:P23/IN3 0 o.: O
N 100: P24/INa i
Lo 101:P2s/INs :
I 110:P2e/iNe [ (NOtE) o o
A 2 . 0 '
[ T T S S, 111:P27/IN7 '
A :
. 3 | A-D conversion completion bit 0 : Conversion in progress 1 0. g
[ R R 1 : Conversion completed :
[ ; ; ; 0 : Disconnect between Vrer pin and. 1
L 4 | VRrer connection selection bit ladder resistor 0 [e] : [e]
[ 1: Connect between Vrer pin and '
o ladder resistor ,
o b 5 | Not implemented. Undefined [ undefned X
L g | Writing to these bits is disabled. Undefined | undemned X
! These bits are undefined at reading. T
b 7 Undefined | Undefined X
[ The bit can be set to ‘0’ by software, but cannot be setto ‘1'.
Note: Do not perform setting in the 7480 Group.
Figure 3.1.7 A-D Control Register
A-D conversion register
b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register (AD) [Address 00DA16]
T .
[ T N R R
N Function Atreset| R ! w
' 1 1 1 1 1 4 ={ 0 [Read-only register to store the A-D conversion result. Undefined| o ! X
N Sk Undefined] O 1 X
N 40 2 Undefined] O ! X
R O 3 Undefined] O 1 X
A -1 4 Undefined] O } X
I I 1
Do L 5 undefined| O 1 X
| mmmemmmmmmeeo 6 Undefined] o } X
! [
b 7 Undefined] O 1 X

Figure 3.1.8 A-D Conversion Register
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3.1 Control Registers

STP instruction operation control register

b7 b6 b5 b4 b3 b2 bl b0
STP instruction operation control register (STPCON) [Address O0DEe6]

1 I I I 1 1 I I

E 3 3 3 E 3 3 3 b Name Function Atreset| R |} W
i1 1 1 1 0 1| o [sTPand WIT validiinvalid |0 : STPWIT instruction valid 1 o' o
T selection bit (Note) 1 : STP/WIT instruction invalid '

1 I I I 1 1 I

© 0 1 1 1 1 =--- 1 |Notimplemented. 0 0., X
R 5 | Writing to these bits is disabled. 0 0 ! x
[ These bits are ‘0’ at reading.

A 3 0 1 0.~
e 4 0 lo: x
E 3 R 5 0 0! x
e R 6 0 01 x
R LR e 7 0 0! x

Note: The STP and WIT instructions are invalid after the system is released from reset. When
using these instructions, set STP and WIT valid/invalid selection bit of the STP instruction
operation control register to ‘1", then set this bit to ‘0’. (Writing twice successively)
When not using the STP and WIT instructions, set this bit to ‘1’ either once or twice.

Figure 3.1.9 STP Instruction Operation Control Register

7480 Group and 7481 Group User's Manual
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3.1 Control Registers

Transmit/Receive buffer register

b7 b6 b5 b4 b3 b2 bl bo

Transmit/Receive buffer register (TB/RB) [Address 00EQ16]

[ T R R T
A T Function Atreset| R !
[ R R E T B
e In transmission: Undefined
L Transmit data is transferred to the transmit shift register Undefined
[ R T by writing transmit data. y
[ S 2 Undefined
[
[ 3 | In reception: Undefined Note
[ When data is stored completely in the receive shift
| I | 4 N N X N N Undefined
[ register, the receive data is transferred to this register.
Lo b 5 Undefined
b 6 Undefined
b 7 Undefined
Note: In transmission, this register is a write-only register.
In reception, this register is a read-only register.
Figure 3.1.10 Transmit/Receive Buffer Register
Serial 1/0O status register
b7 b6 b5 b4 b3 b2 bl b0
| 1| | | | | | | | Serial I/O status register (SIOSTS) [Address 00E116]
A A ) Name Function Atreset| R !
b or v o] O | Transmit buffer empty flag | O : Buffer full 0 ;
oo (TBE) 1 : Buffer empty .
! [ ! | | | ! 1
boro 0 Lo 1 [ receive buffer full flag 0 : Buffer empty 0 O
oo (RBF) 1 : Buffer full '
R : it shift i !
[ N N R S 2 | Transmit shift completion 2 : Pansm!: 32!2 in prolgrtezs 0 © ,
oo flag (TSC) : Transmit shift complete ,
AR . :
. 3 | overrun error flag 0: No error 0 S
Lror (OE) 1: Overrun error '
I I 1 I N
T 4 | Parity error flag 0 : No error 0 0 :
P (PE) 1: Parity error '
I I 1
o 5 . 0 : No error 0 o
RN 4. Framing error fla h
b (FE) 9 9 1 : Framing error :
.\ 6 | Summing error flag 0:OE UPEUFE=0 0 o
! (SE) 1:0E U PE UFE=1 .
******************* 7_| This bit is fixed to 1", 1] 1.

Note: b4 and b5 are valid only in UART

Figure 3.1.11 Serial

I/O Status Register

3-8

7480 Group and 7481 Group User's Manual




APPENDICES

3.1 Control Registers

Serial 1/0 control register

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | |Serial 1/0 control register (SIOCON) [Address 00E216]

b Name Function Atreset| R I W
0 | BRG count source 0 : f(XiNy/4 0 o, O
selection bit (CSS) 1: f(Xin)/16 H
1 | Serial I/O synchronous | when clock synchronous serial 110 s selected 0 o, O

clock selection bit (SCS) 0 : BRG output/4

1: External clock input
when UART is selected

0 : BRG output/16

1: External clock input/16

oL 2 | Srov output enable bit 0: P17 pin 0 0, o
| (SRDY) 1 : Sroy output pin '
, 3 | Transmit interrupt source 0: Interru_pt occurs when transmit 0 fe) : (]
T selection bit (TIC) _ bufferis empty. & !
I 1 : Interrupt occurs when transmit shift| '
i operation is completed. ]
3 iiiiiiiiiii 4 | Transmit enable bit 0 : Transmit disabled 0 o, O
| (TE) 1: Transmit enabled '
o 5 | Receive enable bit 0 : Receive disabled 0 0, 0
! (RE) 1: Receive enabled .
3 ffffffffffffffff 6 | Serial /0 mode selection bit 0 : Asynchronous serial /O (UART) 0 o, O
| (Siom) 1: Clock synchronous serial I/0 !
”””””””””” 7 | Serial I/0 enable bit 0 : Serial IfO disabled o [ ot o
(SIOE) 1: Serial I/O enabled .
Figure 3.1.12 Serial 1/O Control Register
UART control register
b7 b6 b5 b4 b3 b2 bl bo
| 1 | 1 1| 1| | | | | UART control register (UARTCON) [Address 00E316]
o A .
T b Name Function Atreset| R ; W
3 E 3 3 3 i 3 ' | 0 | character length selection bit | O : 8 bits 0 ¢ ©
[ T | (CHAS) 1:7 bits !
[ T T
3 E 3 3 3 | 1 |Parity enable bit 0 : Parity disabled 0 0, 0
[ T R (PARE) 1 : Parity enabled '
[ T R
[ R R R I 2 | Parity selection bit 0 : Even parity 0 o, O
A (PARS) 1: Odd parity :
oo 3 | Stop bit length selection bit | o ; 1 stop bit 0 o, O
R T R T S .
oo (STPS) 1: 2 stop bits .
3 E 3 R 4 | These bits are fixed to ‘1'. 1 1, X
A = 1 | 10 X
R — 6 1 1! x
b 7 1 1 X

Figure 3.1.13 UART Control Register
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3.1 Control Registers

Baud rate generator

b7 b6 b5 b4 b3 b2 bl b0

| Baud rate generator (BRG) [Address 00E416]

Co
i 3 E 3 i 3 b Function Atreset| R ; W
i 3 E 3 i 3 0 | « 8-bit timer for baud rate generation of serial I/O. Undefined)] O ; O
e T Valid only when BRG output divided by 4 or 16 is selected |undefined] O 1+ O
[ R T R > as synchronous clock. -
[ T T R Undefired] O | O
R 3 Undefined] O 1+ O
A 4 Undefinedf O | O
e 5 Undefined] O 1 O
3 g 6 Undefined] O O
e T T T 7 Undefned] O 1 O
Figure 3.1.14 Baud Rate Generator
Bus collision detection control register
b7 b6 b5 b4 b3 b2 bl b0
Bus collision detection control register (BUSARBCON) [Address O0E516]
T T
N L Name Function Atreset| R | W
i1 1 1 1 1 1 1| o |Buscolision detection enable bit | 0 : Collision detection invalid 0 o, O
[ T A A : ;
. 1: Collision detection valid '
i 0 0 1 0 ==-- 1 | Notimplemented. 0 0o, X
R 5 | Writing to these bits is disabled. P P
[ These bits are ‘0’ at reading.
e 3 0 0 X
o :
A 4 o [0 X
e 5 o |0 X
I I
e 6 0 01 X
R 7 o | ot x

Figure 3.1.15 Bus Collision Detection Control Register
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3.1 Control Registers

Watchdog timer H

b7 b6 b5 b4 b3 b2 bl b0
| Watchdog timer H (WDTH) [Address O0EF16]

1 ! I I I I

E 3 3 3 E 3 b Function Atreset| R | W
1 ! I I I I

Lo “1_0 | The high-order count value of watchdog timer is indicated. 1 o
e 1 ]9,
i 2 1 o,

[ R !
T 2 L2 Note
[ 4 1 O,

D e 5 1 | o
R EEEEE 6 1 o !
b 7 1 | o

Note: The following value is set by writing arbitrary data.
» watchdog timer L — ‘7F1¢’
 watchdog timer H — ‘FF1¢’

Figure 3.1.16 Watchdog Timer H
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3.1 Control Registers

Timer X (Timer X latch)

b7 b6 b5 b4 b3 b2 bl b0
| Timer X (high-order) (TXH) [Address 00F116]

b7 b6 b5 b4 b3 b2 bl b0
| Timer X (low-order) (TXL) [Address 00FOz1s6]

I I 1 I I 1 1 I

G

T

o 3 E 3 3 3 E 3 3 Function Atreset| R W
3 3 E 3 3 3 E 3 i 4 1 & 1 1 1 ={ 0 | Thelow-order count value of 1 o
T T S S S S S R timer X is indicated. 1 o !

I 1 1 I I 1 1 ! I ] 1 I I I .
A 2 1 ] o
e 3 1 0
T T T S A Note 1
1 1 | | 1 1 | | | | | e e — = 4 1 o) 1

I 1 1 I I 1 1 I I 1 I ]
A R B ket 5 1 |0
T —— 6 R
[

A Rt EETS 7 1 [o:
G

A - T
I b Function Atreset| R} W
. 0 | The high-order count value of 1 .
T 1 | timer Xis indicated. 1 o
T T 2 1 o
R

e e L e e 3 1 0.

| 1 | | Note 1
I R 4 1 O
T 5 1 | o
b 6 1 (O

R R LR LR L L e LRy 7 1 0 .

Notes 1: Do not write to these bits in pulse period measurement mode or pulse width measurement mode.
2: When b3 of timer X mode register is ‘0", writing to latch and timer is simultaneously
performed. When b3 is ‘1", writing to only latch is performed.
3: When reading/writing from/to timer X, read/write from/to both high-order and low-order
bytes. At reading, read the high-order byte and the low-order byte in this order.
At writing, write the low-order byte and the high-order byte in this order.

Figure 3.1.17 Timer X
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3.1 Control Registers

Timer Y (Timer Y latch)

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | |TimerY(high—order) (TYH) [Address 00F316]

b7 b6 b5 b4 b3 b2 bl b0
| Timer Y (low-order) (TYL) [Address 00F216]

I I I 1 I I I 1

R R

I I I 1 I I I 1

! ! ! ! ! ! ! ! T T T T T T T T

3 3 3 E 3 3 3 3 R T
oo ! 3 3 A 3 ! b Function Atreset| R ; W
A ' 1 1+ 1 1 1 -1 o |The low-order count value of 1 <
oo 0 Lo 1 | timer Y is indicated. 1 o !
T

T T T T T S S R S S AU > 1 o
e 3 1 | O
| | | | | | | l | H H \ Note 1
1 | 1 | | | 1 1 | | | e mmmmm - 4 1 O :
T '
TR T R T 5 1 O .
S 6 1 | o
A CEh et e T et 7 1 | o.
T T R ]
Coeon e b Function At reset R W
3 3 3 E 3 3 3 ] 0 | The high-order count value of 1 o

I I 1 I i i i i . !
Lo 1 | timer Y is indicated 1 o
T T 2 1 o !
A . T o
oo Note 1]
L 4 1 (0] '

I I I

e 5 1 O
L P EEEEEERREET 6 1 [ o
. 7 1 0 .

Notes 1: Do not write to these bits in pulse period measurement mode or pulse width measurement mode.
2: When b3 of timer Y mode register is ‘0", writing to latch and timer is simultaneously
performed. When b3 is ‘1’, writing to only latch is performed.
3: When reading/writing from/to timer Y, read/write from/to both high-order and low-order bytes.
At reading, read the high-order byte and the low-order byte in this order.
At writing, write the low-order byte and the high-order byte in this order.

Figure 3.1.18 Timer Y

Timer 1 (Timer 1 latch)

b7 b6 b5 b4 b3 b2 bl b0
| Timerl (T1) [Address 00F416]

A R

3 3 3 E 3 3 3 3 b Function Atreset| R E w
L1 1 1 1 1 1 =] o |Thetimer 1 count value is indicated. 1 Oo: O
EERREE
A 2 1 0., 0
I — oo
] b 7 1 oo
: : [, 5 1 (@] : (@]
3 S —— 6 1 0 : ]
e LT 7 1 oO: 0

Figure 3.1.19 Timer 1
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3.1 Control Registers

Timer 2 (Timer 2 latch)

b7 b6 b5 b4 b3 b2 bl b0

| Timer 2 (T2) [Address 00F516]

11 : Input from CNTRo pin

I I 1 I I I 1 I

A Function Atreset | R | W
i1 1 1 1 1 1 ={ o [|Thetimer 2 count value is indicated. Undefied] O ! O
e Undefined| O 4 O
A 2 Undefired] O ; O
I I 1 I I

[ 3 Undefined| O + O
T 4 Undefined] O } O
I I 1 0
e 5 Undefined] O + O
| hmmmmmm e 6 Undefinedf O } O
il 7 Undefined| O ' (o]

Figure 3.1.20 Timer 2
Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer X mode register (TXM) [Address 00F616]

T .
[ E N R R

oo Name Function At reset TwW
I I 1 I I 1 1 I

A Lo 0 | Timer X operating mode bits bébé}BO: Timer « event count mode 0 0.0
A 00 1: Pulse output mode i

[ T B B A 0 1 0 : Pulse period measurement mode !

[ 1 01 1 : Pulse width measurement mode 0 o' o
. 10 0: Programmable waveform .

[T T N T T generation mode !
R 101 : Programmable one-shot output '

[ R T N R mode '
R 2 110:PWM mode 0 0, 0
[ T R 111: Not available :

[ !
A 3 | Timer X write control bit 0 : Writing to both latch and timer 0 o' oo
[ 1 : Writing to latch only !

3 3 E L e 4 | Output level latch 0 : LOW output from CNTRo pin 0 0., O
[ 1 : HIGH output from CNTRo pin !

I I 1

3 3 E 5 | Timer X trigger selection bit | 0 : Timer X free run in programmable 0 o, O
I waveform generation mode !
. V4 1: Trigger occurrence (input signal of INTo '
- pin) and timer X start in programmable '
Lo waveform generation mode :
e 6 | Timer X count source b7 b6 0 oi o
b selection bits 00 f(Xin)/2 :

! 01:f(XiN)/8 L

| 7 10: f(Xin)/16 0 oO: O

1

Figure 3.1.21 Timer X

Mode Register
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3.1 Control Registers

Timer Y mode register

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Timer Y mode register (TYM) [Address 00F716]
T ,
T Name Function Atreset| R 1 W
A b2b1b0 ;
v vt 0 | Timer Y operating mode bits 00 0: Timer « event count mode 0 O, O
[ Y S T B 001 : Pulse output mode !
N 01 0 : Pulse period measurement mode '
e 01 1 : Pulse width measurement mode [

! ! 1 0 '
[ 100 : Programmable waveform o, O
[ R R R generation mode b
[ 10 1: Programmable one-shot :
T 2 output mode 0 o' o
e 110: PWM mode ;

[ A T 111 : Not available .
3 E 3 3 L 77777777 3 | Timer Y write control bit| O : Writing to both latch and timer 0 oO: O
o 1 : Writing to latch only :
o
3 E 3 L 4 | Output level latch 0 : LOW output from CNTR1 pin 0 o. 0
o 1: HIGH output from CNTRuz pin !
3 E 3 5 | Timer Y trigger selection bit | O : Timer Y free run in programmable 0 o: O
[ waveform generation mode ,
L . 1 : Trigger occurrence (input signal of INT2 '
- pin) and timer Y start in programmable 1
Lo waveform generation mode :

)
Lo !
o 6 | Timer Y count source [b7b6 0 o 0
‘ selection bits 00 f(Xin)/2 :
i 0 1:f(XiN)/8 L
e 7 10:f(Xin)/16 ) 0 o' 0O

11 : Input from CNTR1 pin ,
1
Figure 3.1.22 Timer Y Mode Register
Timer XY control register
b7 b6 b5 b4 b3 b2 bl b0
Timer XY conitrol register (TXYCON) [Address 00F816]

A i
A R R
Y . U Name Function Atreset| R |
3 3 3 E 3 3 3 t 0 | Timer X stop control bit 0 : Count operation 1 NG
[ N R 1: Count stop '
I I I 1 I I I
D N . 1 | Timer Y stop control bit 0 : Count operation 1 o' o
AR VU A 1: Count stop :
[ R
3 3 3 E 3 —----- 2 | Not implemented. 0 04 X
I T A 3 | Writing to these bits is disabled. 0 0. X
o These bits are ‘0’ at reading.
| | [ 4 0 0 : X
I I 1 0
N e 5 0 0. X
B e 6 0 0! X
R LR 7 0 01 X

Figure 3.1.23 Timer XY Control Register
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3.1 Control Registers

Timer 1 mode register

b7 b6 b5 b4 b3 b2 bl b0

Timer 1 mode register (T1M) [Address 00F916]

11:f(XI)/256

1 I I I 1 I I I
[ T T S S R T
E 3 3 3 E 3 3 3 b Name Function Atreset| R ' W
[ T T S S R T
b ororon 110 | Timer 1 stop control bit | 0 : Count operation 0 RS
oo 1 : Count stop .
o v v v L___| 1 |Timer 1 operation 0 : Timer mode 0 6,0
poro mode bit 1 : Programmable waveform generation mode .
E 3 i 3 E Feee- 2 | Not implemented. Writing to these bits is disabled. 0 o, X
. 3 These bits are ‘0’ at reading. 0 01 X
1 I I I
[ 4 | Output level latch 0 : LOW output from To pin 0 0.0
P 1 : HIGH output from To pin '
o \
R 5 | Not implemented. Writing to this bit is disabled. 0 0, X
. This bit is ‘0’ at reading. :
Co 6 |7 b7 b6 0 0. 0
R — Igl‘;ir“éncgﬁgt source 790 : fxmy/s
! 01 : f(XiN)/64 .
i 7 10:f(Xin)/128 0 0, 0
""""""""" 11 :f(XiNn)/256 '
Figure 3.1.24 Timer 1 Mode Register
Timer 2 mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer 2 mode register (T2M) [Address 00FA1e]

T T
T Name Function Atreset| R 1 W
. % 1 1 1 1 1 1| o |Timer2 stop control bit | 0: Count operation 0 o' o0
[ A 1: Count stop :
oo 1 | Timer 2 operation 0 : Timer mode 0 o:! o0
[ T mode bit 1 : Programmable waveform generation mode '
[ T
3 E 3 3 3 S 2 | Not implemented. Writing to these bits is disabled. 0 R
T 3 | These bits are ‘0’ at reading. 0 0 X
Y ¥ W 4 | Output level latch 0 : LOW output from T1 pin 0 0,0
P 1 : HIGH output from Tz pin .
3 E L 5 | Not implemented. Writing to this bit is disabled. 0 0, X
T TNy T This bit is ‘0’ at reading. ,
Lo - b706 0 0
o] 6 | Timer 2 countsource  1'9': f(xny8 0 !
! 01: f(XiN)/64 :
! 7 10:f(Xin)/128 0 o (0]

Figure 3.1.25 Timer 2 Mode Register
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APPENDICES

3.1 Control Registers

CPU mode register

b7 b6 b5 b4 b3 b2 bl b0

mm CPU mode register (CPUM) [Address 00FBz16]

b Name Function Atreset| R «+ W

0| Fix these bits to ‘0". 0 .0

1 0 0.0

2 | stack page selection bit 0: Zero page 0 0,0
(Note) 1: 1 page .

3 | Watchdog timer L count 0 : f(XiNn)/8 0 0O, 0
source selection bit 1:f(XiN)/16 !

4 | Not implemented. Writing to this bit is disabled. Undefined| undefined
This bit is undefined at reading. '

5 | Not implemented. Writing to this bit is disabled. Undefined | Undefied| X
This bit is undefined at reading. H

6 | Clock division 0: f(Xi)/2 (high-speed mode) 0 0.0
ratio selection bit 1: f(XiN)/8 (medium-speed mode) H

Undefined x

7 | Not implemented. Writing to this bit is disabled.

This bit is undefined at reading.

Undeﬁneo:
1
1

Note: In the products whose RAM size is 192 bytes or less, set this bit to ‘0"

Figure 3.1.26 CPU Mode Register

7480 Group and 7481 Group User's Manual
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3.1 Control Registers

Interrupt request register 1
| | | | | | | Interrupt request register 1 (IREQ1) [Address 00FCui6]

T i
[ N B R
Lo b Name Function At reset VW
I 1 I I I 1 I I
oo L0 | Timer X interrupt request bitf O @ No interrupt request 0 O . O
oo 1 : Interrupt request :
[ R T N B r
o0 1 L___] 1 |TimerY interrupt request bit| O : No interrupt request 0 o [
oo 1 : Interrupt request :
3 E 3 3 3 :L 77777 2 | Timer 1 interrupt request bit| 0 : No interrupt request 0 o, [
[ I R 1: Interrupt request :
e 3 | Timer 2 interrupt request bit| 0 : No interrupt request 0 o. U
oo 1: Interrupt request .
I 1 I I
R 4 | Serial I/O receive 0 : No interrupt request 0 o E a
Lo interrupt request bit 1 : Interrupt request 1
N 5 | Serial I/O transmit 0 : No interrupt request 0 o. [
- interrupt request bit 1 : Interrupt request '
e 6 | Bus arbitration interrupt 0 : No interrupt request 0 o. O
! request bit 1: Interrupt request :
o 7 | A-D conversion completion | O : No interrupt request 0 o E 0

interrupt request bit 1: Interrupt request 1

[ The bit can be set to ‘0’ by software, but cannot be set to ‘1'.
Figure 3.1.27 Interrupt Request Register 1
Interrupt request register 2
% Interrupt request register 2 (IREQZ2) [Address 00FDus]

T - T
) Name Function Atreset| R ; W
b or bt 0| INTointerrupt request bit 0 : No interrupt request 0 o.: O
oo 1: Interrupt request ,
I 1 I I I 1 1
o0 0 0 v v L___| 1 |INTzinterrupt request bit 0 : No interrupt request 0 o.: O
Y 1: Interrupt request '
3 E 3 3 3 L 77777 2 | CNTRointerrupt request bit | 0 : No interrupt request 0 o, O
[ R 1: Interrupt request :
[ N
D A 3 | CNTRuinterrupt request bit | 0 : No interrupt request 0 o. U
oo 1: Interrupt request .
3 E 3 SR 4 _| Not implemented. Undefined U"”e""edi X
e 5 Writing to these bits is disabled. Undefined Jundefineas X
[ These bits are undefined at reading. - '
LTt 6 Undefined[undefinea; X
e 7 Undefined Undeﬂned! X

O The bit can be set to ‘0’ by software, but cannot be set to ‘1'.

Figure 3.1.28 Interrupt Request Register 2
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APPENDICES

3.1 Control Registers

Interrupt control register 1

| | | | | | | Interrupt control register 1 (ICON1) [Address O0FEz6]

Name Function At reset 1

Timer X interrupt enable bit | O : Interrupt disabled 0 0.0
1 : Interrupt enabled :

Timer Y interrupt enable bit | O : Interrupt disabled 0 0.0
1 : Interrupt enabled .

Timer 1 interrupt enable bit | O : Interrupt disabled 0 O, 0
1: Interrupt enabled :

Timer 2 interrupt enable bit | 0 : Interrupt disabled 0 0.0
1 : Interrupt enabled :

Serial I/O receive 0 : Interrupt disabled 0 0.0
interrupt enable bit 1: Interrupt enabled '

Serial I/O transmit 0 : Interrupt disabled 0 0., 0
interrupt enable bit 1 : Interrupt enabled ,

Bus arbitration interrupt 0 : Interrupt disabled 0 0.0
enable bit 1: Interrupt enabled :

A-D conversion completion | O : Interrupt disabled 0 o o

interrupt enable bit

. Interrupt enabled

Figure 3.1.29 Interrupt Control Register 1

Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 2 (ICON2) [Address 00FF16]

[ T R T
A T Name Function Atreset| R 1 W
3 E 3 3 3 3 E 1_ INTo interrupt enable bit 0 : Interrupt disabled 0 0.0
[ 1: Interrupt enabled '

i E 3 i i 3 IL ___| 1 [INTzinterrupt enable bit 0 : Interrupt disabled 0 o, 0
[ T T R 1: Interrupt enabled :

I 1 I I I 1

Y AVe. 2 | CNTRointerrupt enable bit | O : Interrupt disabled 0 o.:0
Co 1 Interrupt enabled '

[ i
Coa o L 3 | CNTRuinterrupt enable bit | O : Interrupt disabled 0 0,0
Lo 1: Interrupt enabled :
e 4 | Not implemented. Undefinedundefned X
. 5 | Writing to these bits are disabled. Undefined | undefinea X
[ These bits are undefined at reading.

PoTTTTTTTm 6 Undefined|undefined X
T 7 Undefined U"defmed; X

Figure 3.1.30 Interrupt Control Register 2

7480 Group and 7481 Group User's Manual 3-19



APPENDICES

3.2 Mask ROM Confirmation Forms

3.2 Mask ROM Confirmation Forms

GZZ-SH09-84B<56A0>

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37480M2T-XXXSP/FP

MITSUBISHI ELECTRIC

| Mask ROM number

Receipt

Date:
Section head| Supervisor
signature signature

Note : Please fill in all items marked 0.

0 Customer

Company TEL g

name ( ) s %

(% =

Date Date: 124
issued '

Submitted by

Supervisor

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name :

[0 M37480M2T-XXXSP

Checksum code for entire EPROM

EPROM type (indicate the type used)

1 M37480M2T-XXXFP

] 27128 L] 27256 [0 27512
EPROM address EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASClI 000016 | Area for ASCII
codes of the name codes of the name codes of the name
of the product of the product of the product
000F16 ‘M37480M2T- 000F1s ‘M37480M2T-’ 000F16 ‘M37480M2T-
001016 001016 001016
2FFF16 6FFF16 EFFFi6
300016 700016 F00016
ROM (4K) ROM (4K) ROM (4K)
3FFF1s 7FFF1e FFFFis
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M’ =4D1s 000816
product ‘M37480M2T-' to addresses 000016 to 000Fzs. 000116 | ‘3" = 3316 000916
ASCII codes ‘M37480M2T-" are listed on the right. 000216 | ‘7' = 3716 000A16
The addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B16
000416 ‘8’ = 3816 000C1s
000516 ‘0’ = 3016 000D1s
000616 ‘M’ = 4D16 000E16
000716 ‘2" = 3216 000F1s

(hexadecimal notation)

‘T’'=5416

‘—'=2Da1s

FFie

FFie

FFie

FFie

FFie

FFie
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GZZ-SH09-84B<56A0>

740 FAMILY MASK ROM CONFIRMATION FORM

SINGLE-CHIP MICROCOMPUTER M37480M2T-XXXSP/FP
MITSUBISHI ELECTRIC

APPENDICES

3.2 Mask ROM Confirmation Forms

| Mask ROM number

Recommend to writing the following pseudo-command to the start address of the assembler source program.

EPROM type 27128 27256 27512
] 0= A$C000 [=/$8000 [0=/\$0000
The pseudo-command ABYTE A'M37480M2T-' A.BYTE A'M37480M2T- A\ BYTEA'M37480M2T-

Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

0 2. Mark specification

Mark specification must be submitted using the correct form for the package being ordered fill out the appropriate mark
specification form (32P4B for M37480M2T-XXXSP, 32P2W-A for M37480M2T-XXXFP) and attach to the mask ROM

confirmation form.

0 3. Comments

7480 Group and 7481 Group User's Manual
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-85B<56A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM

Date:
SINGLE-CHIP MICROCOMPUTER M37480M4-XXXSP/FP Section head | Supervisor
signature signature

MITSUBISHI ELECTRIC

Receipt

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y p
a2
0 Customer name ( ) gg
_Date Date: iz
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name : (] M37480M4-XXXSP [J M37480M4-XXXFP

Checksum code for entire EPROM

(hexadecimal notation)

EPROM type (indicate the type used)

0 27128 ] 27256 ] 27512
EPROM address EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name codes of the name
of the product of the product of the product
000F1s | M37480M4- 000F: | M37480M4- 000Fss | M37480Ma—
001016 001016 001016
1FFFie 5FFF1e DFFFis
200016 600016 EO00016
ROM (8K) ROM (8K) ROM (8K)
3FFF16 7FFF16 FFFF16
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M'=4D1s 000816 |‘'—'=2D1e
product ‘M37480M4—' to addresses 000016 to 000F16. 000116 | ‘3’ = 3316 000916 FFie
ASCII codes ‘M37480M4-" are listed on the right. The 000216 | ‘7" = 3716 000A16 FFie
addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B1s FFie
000416 ‘8" = 3816 000C16 FFie
000516 ‘0’ = 3016 000D16 FFis
000616 ‘M’ = 4D1s 000E1e FFie
000716 | ‘4’ = 3416 000F16 FFie
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GZZ-SH09-85B<56A0>

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37480M4-XXXSP/FP

MITSUBISHI ELECTRIC

APPENDICES

3.2 Mask ROM Confirmation Forms

| Mask ROM number

Recommend to writing the following pseudo-command to the start address of the assembler source program.

EPROM type 27128 27256 27512
) 0=/$C000 0=/\$8000 0=/\$0000
The pseudo-command |\ o\ \\37480M4— | ABYTE A'M37480M4— | /.BYTE/A'M37480M4—"

Note : If the name of the product written to the EPROMSs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

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 (32P4B for M37480M4-XXXSP, 32P2W-A for M37480M4-XXXFP) and attach to the mask ROM

confirmation form.

0 3. Comments

7480 Group and 7481 Group User's Manual
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-86B<56A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM

Date:
SINGLE-CHIP MICROCOMPUTER M37480M4T-XXXSP/FP Section head | Supervisor
signature signature

MITSUBISHI ELECTRIC

Receipt

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y p
a2
0 Customer name ( ) gg
_Date Date: iz
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name : [1 M37480M4T-XXXSP [J M37480M4T-XXXFP

Checksum code for entire EPROM

(hexadecimal notation)

EPROM type (indicate the type used)

0 27128 ] 27256 ] 27512
EPROM address EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name codes of the name
of the product of the product of the product
000F1s | M37480M4T— 000F:s | M37480M4T- 000Fss | M37480MAT—
001016 001016 001016
1FFFie 5FFF1e DFFFis
200016 600016 EO00016
ROM (8K) ROM (8K) ROM (8K)
3FFF16 7FFF16 FFFF16
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M'=4D1s 000816 | ‘T’ =5416
product ‘M37480M4T-'to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916 |‘—'=2D16
ASCII codes ‘M37480M4T-" are listed on the right. 000216 | ‘7" = 3716 000A16 FFi6
The addresses and data are in hexadecimal notation. 000316 | ‘4’ = 3416 000B1s FFi6
000416 ‘8" = 3816 000C16 FFie
000516 ‘0’ = 3016 000D16 FFie
000616 ‘M’ = 4D1s 000E1e FFis
000716 ‘4’ = 3416 000F16 FFie
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GZZ-SH09-86B<56A0>

740 FAMILY MASK ROM CONFIRMATION FORM

SINGLE-CHIP MICROCOMPUTER M37480M4T-XXXSP/FP
MITSUBISHI ELECTRIC

APPENDICES

3.2 Mask ROM Confirmation Forms

| Mask ROM number

Recommend to writing the following pseudo-command to the start address of the assembler source program.

EPROM type

27128

27256

27512

The pseudo-command

0= A$C000
A .BYTE/\'M37480M4T-

0= A$8000
A BYTE/A*M37480M4T—"

0= A$0000
A BYTE/\'M37480M4T—"

Note : If the name of the product written to the EPROMSs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

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 (32P4B for M37480M4T-XXXSP, 32P2W-A for M37480M4T-XXXFP) and attach to the mask ROM

confirmation form.

0 3. Comments
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-87B<56A0> | Mask ROM number
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M37480M8-XXXSP/FP o |Section head| Supervisor
S signature signature
MITSUBISHI ELECTRIC 3
o

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y p
a2
0 Customer name ( ) gg
_Date Date: iz
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name : [] M37480M8-XXXSP [J M37480M8-XXXFP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[0 27256 ] 27512
EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name
of the product of the product
000Fss | M37480M8-~ 0001 | M37480M8-
001016 001016
3FFFie BFFFie
400016 C00016
ROM (16K) ROM (16K)
7FFF16 FFFF16
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M'=4D1s 000816 |‘'—'=2D1e
product ‘M37480M8—' to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916 FFie
ASCII codes ‘M37480M8-" are listed on the right. The 000216 | ‘7" = 3716 000A16 FFie
addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B1s FFie
000416 ‘8" = 3816 000C16 FFie
000516 ‘0’ = 3016 000D16 FFis
000616 ‘M’ = 4D1s 000E1e FFie
000716 ‘8" = 3816 000F1s FFis
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-87B<56A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37480M8-XXXSP/FP
MITSUBISHI ELECTRIC

Recommend to writing the following pseudo-command to the assembler source file :

EPROM type 27256 27512

0=A$8000 0=A$0000
ABYTE A‘M37480M8-’ ABYTE A‘M37480M8-'

The pseudo-command

Note : If the name of the product written to the EPROMSs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

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 (32P4B for M37480M8-XXXSP, 32P2W-A for M37480M8-XXXFP) and attach to the mask ROM
confirmation form.

0 3. Comments
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-88B<56A0> | Mask ROM number
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M37480M8T-XXXSP/FP o |Section head| Supervisor
S signature signature
MITSUBISHI ELECTRIC 3
o

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y p
a2
0 Customer name ( ) gg
_Date Date: iz
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name : [] M37480M8T-XXXSP [J M37480M8T-XXXFP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[0 27256 ] 27512
EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name
of the product of the product
000F16 ‘M37480M8T-" 000F16 ‘M37480M8T-"
001016 001016
3FFFie BFFFie
400016 C00016
ROM (16K) ROM (16K)
7FFF16 FFFF16
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M'=4D1s 000816 | ‘T'=5416
product ‘M37480M8T-' to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916 |‘—'=2D1e
ASCII codes ‘M37480M8T-" are listed on the right. 000216 | ‘7" = 3716 000A16 FFie
The addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B1s FFie
000416 ‘8" = 3816 000C1s6 FFie
000516 ‘0’ = 3016 000D16 FFis
000616 ‘M’ = 4D1s 000E1e FFie
000716 ‘8" = 3816 000F16 FFie6
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-88B<56A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37480M8T-XXXSP/FP
MITSUBISHI ELECTRIC

Recommend to writing the following pseudo-command to the assembler source file :

EPROM type 27256 27512
. 0=/ $8000 0=/ $0000
The pseudo-command | BYTE A'M37480M8T-’ A BYTE A'M37480M8T-’

Note : If the name of the product written to the EPROMSs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

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 (32P4B for M37480M8T-XXXSP, 32P2W-A for M37480M8T-XXXFP) and attach to the mask ROM
confirmation form.

0 3. Comments
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-78B<56A0> | Mask ROM number
740 FAMILY MASK ROM CONFIRMATION FORM Date:
. |Section head| Supervisor
SINGLE-CHIP MICROCOMPUTER M37481IM2T-XXXSP/FP | = PGrn ) antie
MITSUBISHI ELECTRIC é

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y p
a2
0 Customer name ( ) gg
_Date Date: iz
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name : [0 M37481M2T-XXXSP [0 M37481M2T-XXXFP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

] 27128 L] 27256 [0 27512
EPROM address EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASClI 000016 | Area for ASCII
codes of the name codes of the name codes of the name
of the product of the product of the product
000F:s | M37481M2T~ 000F | M37481M2T- 000F:s | M37481M2T~
001016 001016 001016
2FFF16 6FFF16 EFFFi6
300016 700016 F00016
ROM (4K) ROM (4K) ROM (4K)
3FFF1s 7FFF1e FFFFis
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M’ =4D1s 000816 | ‘'T’'=5416
product ‘M37481M2T-' to addresses 000016 to 000F1s. 000116 | ‘3" = 3316 000916 |‘—'=2D1s
ASCII codes ‘M37481M2T-" are listed on the right. 000216 | ‘7' = 3716 000A16 FFis
The addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B16 FFi6
000416 ‘8’ = 3816 000C1s FFis
000516 ‘1’ = 3116 000D1s FFie
000616 ‘M’ = 4D1s 000E16 FFie
000716 | ‘2’ = 3216 000F16 FFie
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740 FAMILY MASK ROM CONFIRMATION FORM

SINGLE-CHIP MICROCOMPUTER M37481M2T-XXXSP/FP
MITSUBISHI ELECTRIC

APPENDICES

3.2 Mask ROM Confirmation Forms

| Mask ROM number

Recommend to writing the following pseudo-command to the start address of the assembler source program.

EPROM type 27128 27256 27512
] 0=/$C000 0=/.$8000 O=/$0000
The pseudo-command ABYTE A'M37481M2T- ABYTE A'M37481M2T— ABYTEA ‘M37481M2T-

Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

0 2. Mark specification

Mark specification must be submitted using the correct form for the package being ordered fill out the appropriate mark
specification form (42P4B for M37481M2T-XXXSP, 44P6N-A for M37481M2T-XXXFP) and attach to the mask ROM

confirmation form.

0 3. Comments
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-79B<56A0> | Mask ROM number
740 FAMILY MASK ROM CONFIRMATION FORM Date:
- Section head| Supervisor
SINGLE-CHIP MICROCOMPUTER M37481M4-XXXSP/FP & | sgnatre | signatre
MITSUBISHI ELECTRIC é

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL 3o y p
>
0 Customer name ( ) gg
_Date Date: 20
issued

0 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 submiited EPROMSs.

Microcomputer name : [0 M37481M4-XXXSP ] M37481M4-XXXFP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

0 27128 L1 27256 ] 27512
EPROM address EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name codes of the name
of the product of the product of the product
000F1s | M37481M4~ 000Fs | M37481M4- 000Fss | M37481Ma~
001016 001016 001016
1FFFis 5FFFie DFFFis
200016 600016 E00016
ROM (8K) ROM (8K) ROM (8K)
3FFF16 TFFF16 FFFFi16
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M’ =4D1s 000815 |‘—'=2D1s
product ‘M37481M4—' to addresses 000016 to 000F 6. 000116 | ‘3’ = 3316 000916 FFie
ASCII codes ‘M37481M4—" are listed on the right. The 000216 | ‘7' = 3716 000A16 FFie
addresses and data are in hexadecimal notation. 000316 | ‘4’ = 3416 000B1s FFis
000416 ‘8’ = 3816 000C1s FFie
000516 ‘1’ = 3116 000D16 FFie6
000616 ‘M’ = 4D16 00O0Eu1s FFi6
000716 | ‘4’ = 3416 000F16 FFis
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APPENDICES

3.2 Mask ROM Confirmation Forms

| Mask ROM number

Recommend to writing the following pseudo-command to the start address of the assembler source program.

EPROM type

27128

27256

27512

The pseudo-command

0=/A$C000
A.BYTEA‘M37481M4~

0=/ $8000
A.BYTEA ‘M37481M4-

0=/\$0000
A .BYTEA‘M37481M4-

Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

0 2. Mark specification

Mark specification must be submitted using the correct form for the package being ordered fill out the appropriate mark
specification form (42P4B for M37481M4-XXXSP, 44P6N-A for M37481M4-XXXFP) and attach to the mask ROM

confirmation form.

0 3. Comments
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-80B<56A0> | Mask ROM number
740 FAMILY MASK ROM CONFIRMATION FORM Date:
. |Section head| Supervisor
SINGLE-CHIP MICROCOMPUTER M37481MAT-XXXSP/FP | & Grdure | signature
MITSUBISHI ELECTRIC é

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y p
a2
0 Customer name ( ) gg
_Date Date: iz
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name : [0 M37481MAT-XXXSP [0 M37481MAT-XXXFP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

] 27128 L] 27256 [0 27512
EPROM address EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASClI 000016 | Area for ASCII
codes of the name codes of the name codes of the name
of the product of the product of the product
000F1s | M37481M4T- 000F | M37481M4T- 000F1s | M37481MAT-
001016 001016 001016
1FFFis 5FFF16 DFFF16
200016 600016 EO00016
ROM (8K) ROM (8K) ROM (8K)
3FFF1s 7FFF1e FFFFis
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M’ =4D1s 000816 | ‘'T’'=5416
product ‘M37481M4T-"to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916 |‘'—'=2D1s
ASCII codes ‘M37481M4T-" are listed on the right. 000216 | ‘7' = 3716 000A16 FFis
The addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B16 FFi6
000416 ‘8’ = 3816 000C1s FFis
000516 ‘1’ = 3116 000D1s FFie
000616 ‘M’ = 4D1s 000E16 FFie
000716 | ‘4’ = 3416 000F16 FFie

3-34 7480 Group and 7481 Group User's Manual



GZZ-SH09-80B<56A0>

740 FAMILY MASK ROM CONFIRMATION FORM

SINGLE-CHIP MICROCOMPUTER M37481M4T-XXXSP/FP
MITSUBISHI ELECTRIC

APPENDICES

3.2 Mask ROM Confirmation Forms

| Mask ROM number

Recommend to writing the following pseudo-command to the start address of the assembler source program.

EPROM type 27128 27256 27512
) 0= A$C000 0=/ $8000 0= A$0000
The pseudo-command ABYTE /AM37481M4T— A\BYTE A'M37481MAT- A.BYTEA'M37481M4T-

Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

0 2. Mark specification

Mark specification must be submitted using the correct form for the package being ordered fill out the appropriate mark
specification form (42P4B for M37481M4T-XXXSP, 44P6N-A for M37481M4T-XXXFP) and attach to the mask ROM

confirmation form.

0 3. Comments
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-81B<56A0> | Mask ROM number
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M37481M8-XXXSP/FP o |Section head| Supervisor
S signature signature
MITSUBISHI ELECTRIC 3
o

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y p
a2
0 Customer name ( ) gg
_Date Date: iz
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name : [] M37481M8-XXXSP [J M37481M8-XXXFP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[0 27256 ] 27512
EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name
of the product of the product
000Fss | M37481M8-~ 0001 | M37481M8-
001016 001016
3FFFie BFFFie
400016 C00016
ROM (16K) ROM (16K)
7FFF16 FFFF16
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M'=4D1s 000816 |‘'—'=2D1e
product ‘M37481M8-' to addresses 000016 to 000F16. 000116 | ‘3’ = 3316 000916 FFie
ASCII codes ‘M37481M8-" are listed on the right. The 000216 | ‘7" = 3716 000A16 FFie
addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B1s FFie
000416 ‘8" = 3816 000C16 FFie
000516 ‘1’ = 3116 000D16 FFis
000616 ‘M’ = 4D1s 000E1e FFie
000716 ‘8" = 3816 000F1s FFis
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-81B<56A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37481M8-XXXSP/FP
MITSUBISHI ELECTRIC

Recommend to writing the following pseudo-command to the assembler source file :

EPROM type 27256 27512

0=/$8000 0= /A$0000
A.BYTEA ‘M37481M8-" | A.BYTE /A ‘M37481M8-

The pseudo-command

Note : If the name of the product written to the EPROMSs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

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 (42P4B for M37481M8-XXXSP, 44P6N-A for M37481M8-XXXFP) and attach to the mask ROM
confirmation form.

0 3. Comments
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-82B<56A0> | Mask ROM number
740 FAMILY MASK ROM CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M37481M8T-XXXSP/FP o |Section head| Supervisor
S signature signature
MITSUBISHI ELECTRIC 3
o

Note : Please fill in all items marked 0.

Submitted b Supervisor
Company TEL g y p
a2
0 Customer name ( ) gg
_Date Date: iz
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMs are required for each pattern (Check @ in the appropriate box).
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 EPROMSs.

Microcomputer name : [1 M37481M8T-XXXSP [J M37481M8T-XXXFP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

[0 27256 ] 27512
EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name
of the product of the product
000F16 ‘M37481M8T- 000F16 ‘M37481M8T-"
001016 001016
3FFFie BFFFie
400016 C00016
ROM (16K) ROM (16K)
7FFF16 FFFF16
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M'=4D1s 000816 | ‘T'=5416
product ‘M37481M8T-'to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916 |‘—'=2D1e
ASCII codes ‘M37481M8T-' are listed on the right. 000216 | ‘7" = 3716 000A16 FFie
The addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B1s FFie
000416 ‘8" = 3816 000C1s6 FFie
000516 ‘1’ = 3116 000D16 FFis
000616 ‘M’ = 4D1s 000E1e FFie
000716 ‘8" = 3816 000F16 FFie6
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3.2 Mask ROM Confirmation Forms

GZZ-SH09-82B<56A0> | Mask ROM number

740 FAMILY MASK ROM CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37481M8T-XXXSP/FP
MITSUBISHI ELECTRIC

Recommend to writing the following pseudo-command to the assembler source file :

EPROM type 27256 27512

0=A $8000 0=/A$0000
A.BYTE A'M37481M8T-" |A.BYTE A ‘M37481M8T-’

The pseudo-command

Note : If the name of the product written to the EPROMSs does not match the name of the mask confirmation, the ROM processing
is disabled. Write the data correctly.

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 (42P4B for M37481M8T-XXXSP, 44P6N-A for M37481M8T-XXXFP) and attach to the mask ROM
confirmation form.

0 3. Comments
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3.3 ROM Programming Confirmation Forms

GZZ-SH09-91B<56A0> | ROM number
740 FAMILY ROM PROGRAMMING CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M37480E8-XXXSP/FP - Section head | Supervisor
% S|gnature S|gnature
MITSUBISHI ELECTRIC S
ad

Note : Please fill in all items marked O.

Submitted b Supervisor
Company TEL 3o y p
>
0 Customer name ( ) gg
_Date Date: 20
issued

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMSs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMSs submitted contain identical data, we will produce ROM programming based on
this data. We shall assume the responsibility for errors only if the 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.

Microcomputer name : [0 M37480E8-XXXSP [] M37480E8-XXXFP

Checksum code for entire EPROM (hexadecimal notation)

EPROM type (indicate the type used)

] 27256 ] 27512
EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name
of the product of the product
000Fs | M37480E8- 0005 | M37480E8-
001016 001016
3FFF16 BFFF1s
400016 CO00016
ROM (16K) ROM (16K)
TFFF16 FFFF1e
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000015 | ‘M’ =4D1e 00081 |‘—'=2D1s
product ‘M37480E8—' to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916 FFis
ASCII codes ‘M37480E8-" are listed on the right. The 000216 | ‘7' = 3716 000A16 FFis
addresses and data are in hexadecimal notation. 000316 | ‘4’ = 3416 000B1s FFis
000416 ‘8’ = 3816 000C1s6 FFie
000516 ‘0’ = 3016 000D16 FFis
000616 ‘E’ = 4516 000E1s FFis
000716 | ‘8 = 3816 000F16 FFis
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GZZ-SH09-91B<56A0> | ROM number

740 FAMILY ROM PROGRAMMING CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37480E8-XXXSP/FP
MITSUBISHI ELECTRIC

Recommend to writing the following pseudo-command to the assembler source file :

EPROM type 27256 27512

0= A$8000 0=/A$0000
A.BYTEA‘M37480E8-’ ABYTEA ‘M37480E8-

The pseudo-command

Note : If the name of the product written to the EPROMs does not match the name of the ROM programming confirmation form,
the ROM processing is disabled. Write the data correctly.

O 2. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Please submit the shrink DIP
package Mark Specification Form (only for built-in One Time PROM microcomputer) for the M37480E8-XXXSP or the
32P2W-A Mark Specification Form for the M37480E8-XXXFP.

0 3. Comments
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3.3 ROM Programming Confirmation Forms

GZZ-SH09-92B<56A0> | ROM number
740 FAMILY ROM PROGRAMMING CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M37480E8T-XXXSP/FP - Section head | Supervisor
% S|gnature S|gnature
MITSUBISHI ELECTRIC S
[

Note : Please fill in all items marked O.

Company TEL Qo
name ( )| €2
0 Customer gg
Date Date: 2
issued

Submitted by

Supervisor

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMSs are required for each pattern (Check @ in the appropriate box).

If at least two of the three sets of EPROMSs submitted contain identical data, we will produce ROM programming based on
this data. We shall assume the responsibility for errors only if the 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.

‘T’'=54s
‘—'=2D1s
FFie
FFie
FFie
FFie
FFie

Microcomputer name : [0 M37480E8T-XXXSP [] M37480E8T-XXXFP
Checksum code for entire EPROM (hexadecimal notation)
EPROM type (indicate the type used)
] 27256 ] 27512
EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name
of the product of the product
000E16 ‘M37480E8T— 000E16 ‘M37480E8T-
001016 001016
3FFF16 BFFF1s
400016 CO00016
ROM (16K) ROM (16K)
TFFF1e FFFFie
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M’ =4D1s 000816
product ‘M37480E8T-"to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916
ASCII codes ‘M37480E8T-" are listed on the right. 000216 | ‘7' = 3716 000A16
The addresses and data are in hexadecimal notation. 000316 ‘4’ = 3418 000B1s
000416 ‘8’ = 3816 000C1s6
000516 ‘0’ = 3016 000D16
000616 ‘E’ = 4516 000Ez1s
000716 ‘8" = 3816 00O0F1s

FFie
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GZZ-SH09-92B<56A0> | ROM number

740 FAMILY ROM PROGRAMMING CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37480E8T-XXXSP/FP
MITSUBISHI ELECTRIC

Recommend to writing the following pseudo-command to the assembler source file :

EPROM type 27256 27512
) O= /A$8000 0= /.$0000
The pseUdO command /\.BYTE A'M37480E8T-' /\ .BYTE /\‘M37480E8T-'

Note : If the name of the product written to the EPROMs does not match the name of the ROM programming confirmation form,
the ROM processing is disabled. Write the data correctly.

O 2. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Please submit the shrink DIP
package Mark Specification Form (only for built-in One Time PROM microcomputer) for the M37480E8T-XXXSP or the
32P2W-A Mark Specification Form for the M37480E8T-XXXFP.

0 3. Comments
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3.3 ROM Programming Confirmation Forms

GZZ-SH09-89B<56A0> | ROM number
740 FAMILY ROM PROGRAMMING CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M37481E8-XXXSP/FP .,  [Section head| Supervisor
= signature | signature
MITSUBISHI ELECTRIC S
o

Note : Please fill in all items marked O.

Company TEL Qo
name ( )| €2
0 Customer gg
Date Date: 2
issued

Submitted by

Supervisor

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMSs are required for each pattern (Check @ in the appropriate box).

If at least two of the three sets of EPROMSs submitted contain identical data, we will produce ROM programming based on
this data. We shall assume the responsibility for errors only if the 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.

‘—'=2D1s
FFie
FFie
FFie
FFie
FFie
FFie

Microcomputer name : [0 M37481E8-XXXSP [ M37481E8-XXXFP
Checksum code for entire EPROM (hexadecimal notation)
EPROM type (indicate the type used)
] 27256 ] 27512
EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name
of the product of the product
000E16 ‘M37481E8— 000E16 ‘M37481E8-
001016 001016
3FFF16 BFFF1s
400016 CO00016
ROM (16K) ROM (16K)
TFFF1e FFFFie
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M’ =4D1s 000816
product ‘M37481E8—' to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916
ASCII codes ‘M37481E8-" are listed on the right. The 000216 | ‘7' = 3716 000A16
addresses and data are in hexadecimal notation. 000316 ‘4’ = 3416 000B1s
000416 ‘8’ = 3816 000C1s6
000516 ‘1’ = 3116 000D16
000616 ‘E’ = 4516 000Ez1s
000716 ‘8" = 3816 00O0F1s

FFie
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GZZ-SH09-89B<56A0> | ROM number

740 FAMILY ROM PROGRAMMING CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37481E8-XXXSP/FP
MITSUBISHI ELECTRIC

Recommend to writing the following pseudo-command to the assembler source file :

EPROM type 27256 27512

0= A$8000 0=/A$0000
A.BYTEA‘M37481E8- ABYTEA ‘M37481E8-

The pseudo-command

Note : If the name of the product written to the EPROMs does not match the name of the ROM programming confirmation form,
the ROM processing is disabled. Write the data correctly.

O 2. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Please submit the shrink DIP
package Mark Specification Form (only for built-in One Time PROM microcomputer) for the M37481E8-XXXSP or the
44P6N-A Mark Specification Form for the M37481E8-XXXFP.
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3.3 ROM Programming Confirmation Forms

GZZ-SH09-90B<56A0> | ROM number
740 FAMILY ROM PROGRAMMING CONFIRMATION FORM Date:
SINGLE-CHIP MICROCOMPUTER M37481E8T-XXXSP/FP .,  [Section head| Supervisor
= signature | signature
MITSUBISHI ELECTRIC S
o

Note : Please fill in all items marked O.

Company TEL Qo
name ( )| €2
0 Customer gg
Date Date: 2
issued

Submitted by

Supervisor

O 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three EPROMSs are required for each pattern (Check @ in the appropriate box).

If at least two of the three sets of EPROMSs submitted contain identical data, we will produce ROM programming based on
this data. We shall assume the responsibility for errors only if the 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.

‘T’'=54s
‘—'=2D1s
FFie
FFie
FFie
FFie
FFie

Microcomputer name : [0 M37481E8T-XXXSP [] M37481E8T-XXXFP
Checksum code for entire EPROM (hexadecimal notation)
EPROM type (indicate the type used)
] 27256 ] 27512
EPROM address EPROM address
000016 | Area for ASCII 000016 | Area for ASCII
codes of the name codes of the name
of the product of the product
000E16 ‘M37481E8T— 000E16 ‘M37481E8T-
001016 001016
3FFF16 BFFF1s
400016 CO00016
ROM (16K) ROM (16K)
TFFF1e FFFFie
(1) Set “FF16” in the shaded area. Address Address
(2) Write the ASCII codes that indicates the name of the 000016 | ‘M’ =4D1s 000816
product ‘M37481E8T-"to addresses 000016 to 000F1s. 000116 | ‘3’ = 3316 000916
ASCII codes ‘M37481E8T-' are listed on the right. 000216 | ‘7' = 3716 000A16
The addresses and data are in hexadecimal notation. 000316 ‘4’ = 3418 000B1s
000416 ‘8’ = 3816 000C1s6
000516 ‘1’ = 3116 000D16
000616 ‘E’ = 4516 000Ez1s
000716 ‘8" = 3816 00O0F1s

FFie
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3.3 ROM Programming Confirmation Forms

GZZ-SH09-90B<56A0> | ROM number

740 FAMILY ROM PROGRAMMING CONFIRMATION FORM
SINGLE-CHIP MICROCOMPUTER M37481E8T-XXXSP/FP
MITSUBISHI ELECTRIC

Recommend to writing the following pseudo-command to the assembler source file :

EPROM type 27256 27512

0= A$8000 0=/A$0000
A.BYTE AM37481E8T- | ABYTE A'M37481E8T-

The pseudo-command

Note : If the name of the product written to the EPROMs does not match the name of the ROM programming confirmation form,
the ROM processing is disabled. Write the data correctly.

O 2. Mark specification
Mark specification must be submitted using the correct form for the package being ordered. Please submit the shrink DIP
package Mark Specification Form (only for built-in One Time PROM microcomputer) for the M37481E8T-XXXSP or the
44P6N-A Mark Specification Form for the M37481E8T-XXXFP.

0 3. Comments
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3.4 Mark Specification Forms

32P4B (32-PIN SHRINK DIP) 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

eNAANANANNANNNNNNNAN®

Mitsubishi lot number
(6-digit or 7-digit)

( A Mitsubishi IC catalog name

oUUULULUUUUUUUUUUUUT®

B. Customer’s Parts Number + Mitsubishi Catalog Name

eNNNNNNANNNNNNANNND - Customers parts number

I Note : The fonts and size of characters
3 are standard Mitsubishi type.

K Mitsubishi IC catalog name

Mitsubishi lot number|
{6-digit or 7-digit)

oUULULUULUUUUULUUUUUU®
Notel : 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 16 characters :
Only 0~9, A~Z, +, —, ./, (, ), & ©, . (period), and , (comma) are usable.
4: If the Mitsubishi logo A is not required, check the box on the right. A Mitsubishi logo is not required

C. Special Mark Required ’:l
NAANANNNNNNNNNNND

oUULUUULUUULUUULUUUUU®
Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will
be 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 original (ideally logo drawing) must be submitted.
Special logo required

]

The standard Mitsubishi font is used for all characters except for a logo.
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3.4 Mark Specification Forms

32P2W (32-PIN SOP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi catalog name and the special mark
(if needed).

A. Standard Mitsubishi Mark

— — — —Mitsubishi IC catalog name

— — — - Mitsubishi IC catalog name

Mitsubishi lot number
(6-digit, or 7-digit)

B. Customer’s Parts Number + Mitsubishi catalog name

® @ I~ — Customers Parts Number
: Note: The fonts and size of characters are standard
| Mitsubishi type.
_1 -~ Mitsubishi IC catalog name
| Note1: The mark field should be written right aligned.
at | 2:The fonts and size of characters are standard
Mitsubishi type.

Mitsubishi lot number

(6-digit, or 7-digit) 3 : Customer's Parts Number can be up to 13 char-
acters : Only 0~9, A~Z,+, —,/,(,), & ©, -

u u u u u u u U u g g u g U U ﬁ (periods), , (commas) are usable.
@ ® 4:1f the Mitsubishi logo A is not required, check

the box below.

A Mitsubishi logo is not required

L]

Note1: If the Special Mark is to be printed, indicate the

) desired layout of the mark in the left figure. The

ﬁ ﬁ ﬂ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁﬂ ﬂ ﬁ ﬁ layout will be duplicated as close as possible.

Mitsubishi iot 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

original (ideally logo drawing) must be sub-

EEEEEEEELLEL mitted.

@ ® Special logo required

L]

3: The standard Mitsubishi font is used for all char-
acters except for a logo.

C. Special Mark Required
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3.4 Mark Specification Forms

42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Piease 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

=1NANANANNNNNNNNNAAANADe

Mitsubishi lot number
> (6-digit or 7-digit)
ER <

oJUUUUUUUUUUUUUUUUUUUl®
B. Customer's Parts Number + Mitsubishi Catalog Name

1ANNAANNMNNNAAAANNAANANN®

— — —— Mitsubishi IC catalog name

——— Customer’s parts number

=3 N Note : The fonts and size of characters

are standard Mitsubishi type.

A <1 —~— — Mitsubishi IC catalog name

Mitsubishi lot number
(6-digit or 7-digit)

\ )
® @

Note1 : 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 15 characters :
Only 0~9, A~Z, 4+, —, /, (,), & ©, . (period), and , (comma) are usable.
4 : If the Mitsubishi logo & is not required, check the box on the right. AMitsubishi logo is not required

C. Special Mark Required D

«0NANANANAANANANNNNNNG=
J

®ﬁUUUUUUUUUUUUUUUUUUUU@

Notet : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will
be 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 original (ideally logo drawing) must be submitted.

Special logo required

]

The standard Mitsubishi font is used for all characters except for a logo.
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3.4 Mark Specification Forms

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

LITTEIEIERY,

Mitsubishi lot
number (6-digit)

®

:0

=8
=8
o]
o]
o]
=8
=8
=8
=8
=8
=8

@

RELEEERELD

©) A7)

a
B. Customer’s Parts Number + Mitsubishi Catalog Name
® @

1A AFARG

|
39 =—|
= =
= EE-1
|
- == Note4
P =
Notel : 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 :
only0~9,A~Z+—,() & ©, . (period), and
y (comma) are usable.
Notel :

C. Special Mark Required

® @
EAAAAAAEAHA

¥ 2 2
f&iHHHHHHHHHﬁHﬁ

-- Mitsubishi IC catalog name

-—- Customer’s parts number
E—g | Note: The fonts and size of characters are standard
Mitsubishi type.

- Mitsubishi IC catalog name and Mitsubishi lot number

: If the Mitsubishi logo A is not required, check

the box below.
A Mitsubishi logo is not required.

]

If the special mark is to be printed, indicate the
desired layout of the mark in the left figure. The
layout will be duplicated as close as possible.
Mitsubishi lot number (6-digit ) and mask ROM
number (3-digit) are always marked.

. 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
original (ideally logo drawing) must be submit-

ted.
Special logo required

[ ]

The standard Mitsubishi font is used for all characters ex-
cept for a logo.
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3.5 Package Outlines

3.5 Package Outlines

32P2W-A Plastic 32pin 450mil SOP
EIAJ Package Code JEDEC Code Weight (g) Lead Material @
SOP32-P-450-1.27 — 0.67 Alloy 42 b2
Scale : 2.5/1

@ @
AAAARAAAAAAARMAAHA

O

_%¢:-_J8r

wow Recommended Mount Pad
H H H H H g H g H H g H H H H H Symbol Dimension in Millimeters
) ® Y Min Nom Max
A — — 24
AL 0.05 — —
D Ao — 2.0
b 0.35 0.4 05
- c 0.13 0.15 0.2
D 19.8 20.0 20.2
; E 8.2 8.4 8.6
—
e] b » o [e] — 1.27 -
d = He | 1163 | 11.93 | 12.23
=y B M- L | 03 05 07
e 0 - 1765 | -
y - - 0.15
Detail F 6 0 - 10°
BE— be — 0.76 —
[N — 11.43 -
I2 1.27 — —
32P4B Plastic 32pin 400mil SDIP
EIAJ Package Code JEDEC Code Weight (g) Lead Material |
SDIP32-P-400-1.78 — 22 Alloy 42/Cu Alloy|
Scale : 2.5/1
Q
@ ® ]
MARAEANARANANARANANANANANARAN —
% O Ol v
UUUUUUUUUUUUULUY g
@ ® >
D - ——
Symbol Dimension in Millimeters
Y Min Nom Max
L A — — 5.08
< 7! 2 2;_ o 38 =
| /)T | _I ____________ b 0.35 0.45 0.55
o = b1 0.9 L0 13
- U | be 0.63 0.73 1.03
c 0.22 0.27 0.34
D 278 28.0 28.2
\ E b1 b bp E 8.75 8.9 9.05
T (e] - 1.778
SEATING PLANE _ 10.16
L 3.0 — -
] 0 — 15°
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3.5 Package Outlines

42P4B Plastic 42pin 600mil SDIP
EIAJ Package Code JEDEC Code Weight (g) Lead Material |

SDIP42-P-600-1.78 4.1 Alloy 42/Cu Alloy|

Scale : 2/1 @ @ A
INNANANNANANNANANANANANT —

O Of w

gUUUUUUUUUUUUUUUUUUUQLDJ e

Dimension in Millimeters
Syigoo! Min Nom Max
D A - - 55
Al 0.51 - —
L % A2 - 3.8 -
< | < b 0.35 0.45 0.55
L by 0.9 10 1.3
i T i e F i Tl T | - | () ‘j[‘ ““““ b2 0.63 0.73 1.03
- Vi < c 0.22 0.27 0.34
L —— D 36.5 36.7 36.9
’ l E_| 1285 | 130 | 1315
Ll [e] b b b2 @ — 1.778 —
el = 15.24 —
SEATING PLANE L 3.0 — -
4 0 — 15°
44P6N—-A Plastic 44pin 10X 1 Omm body QFP
EiAJ Package Code JEDEC Code Weight(g) | Lead Material |
QFP44-P-1010-0.80 - 0.59 | _Aloys2 | Mo
Scale : 2'5/.1 Ho @i: Du_t_n )
B xx 1 —
D = =
L ! L
. y T
RARRAAARRD PO
=0 Q=E A
o s
= o Recommended Mount Pad
o 1 Lit,
Eﬂ i s Symbol Dimension in Millimeters
i % YMOOI ™ in Nom Max
o O o = - 3.05
@ = ® ] 01 02
- 2.8 —
® @ i 0.3 0.35 0.45

0.13 0.15 0.2
9.8 10.0 10.2
9.8 10.0 10.2
- 0.8 -
125 12.8 131
12.5 12.8 131

2|7 |9t (O] |F IF [@lm|ale lo|& 2>

0.4 0.6 0.8
- 1.4 ~
- — 0.1
0° - 10°
- 0.5 —
1.3 — -
Detail F - 10.6 -
- 10.6 —

7480 Group and 7481 Group User's Manual 3-53



APPENDICES

3.6 Machine Instructions

3.6 Machine instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A P BIT, ZP
OP| n OP| n OP| n [# |OP| n| #|OP| n |[# |OP| n | #
ADC When T =0 Adds the carry, accumulator and memory con- 69| 2 65|32
(Note 1) A-A+M+C tents. The results are entered into the
(Note 5) 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| 2 25(3 (2
(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 OA[ 2|1 06|52
C-[1-0 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 Ab or Mb = 0? Branches when the contents of the bit speci- 13142 7153
(Note 4) fied in the accumulator or memory is “0”. 20i 20i
BBS Ab or Mb = 1? Branches when the contents of the bit speci- 03|14 |2 0715 |3
(Note 4) fied in the accumulator or memory is “1”. 20i 20i
BCC Cc=07? Branches when the contents of carry flag is
(Note 4) “0”.
BCS c=17? Branches when the contents of carry flag is
(Note 4) 1,
BEQ Z=1? Branches when the contents of zero flag is “1”.
(Note 4)
BIT AAM “AND’s” the contents of accumulator and 241312
memory. The results are not entered any-
where.
BMI N=1? Branches when the contents of negative flag is
(Note 4) 17,
BNE Z=07? Branches when the contents of zero flag is “0”.
(Note 4)
BPL N =07? Branches when the contents of negative flag is
(Note 4) “0”.
BRA PC « PC # offset Jumps to address specified by adding offset to
the program counter.
BRK B~1 Executes a software interrupt. 00| 7
M(S) «~ PCH
S~S-1
M(S) « PCL
S«S-1
M(S) ~ PS
S~S-1
PCL « ADL
PCH « ADH
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3.6 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 7/6(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
754 |2 6D| 4 |3 |7D|5[3|79|5|3 616 (2|71|6 |2 N[{V|[e|e||*|Z]|C
35|14 |2 2D| 4| 3|3D|5(3|39|5]|3 216 (2316 |2 Nfe|eo|[e|e]||Z]°
16(6 | 2 OE| 6 |3 |1E[7 |3 N|[e|e|e|e|e|Z]|C
90| 2|2 efoefo|e|e]|o]o]e
BO|2 |2 e |oefeo|e|e|e|e]e
FO| 2| 2 . . . . . . . .
2C{ 4|3 M7|M6| o [ e | e[| |Z]
30|22 efofo|o]|e] ]|
DO| 2|2 . . . . . . . .
10| 2 | 2 e |loefe|oe|e|e|e]e
804 |2 el oefe oo e|e]e
PO I R I A R I O A
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3.6 Machine Instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A P BIT, ZP
OP| n OP| n OP | n OP| n| #|0OP| n OP| n | #
BVC V=07? Branches when the contents of overflow flag is
(Note 4) “0”.
BVS V=17 Branches when the contents of overflow flag is
(Note 4) “1n.
CLB AborMb «~ 0 Clears the contents of the bit specified in the 1B(2]1 1F|15 |2
accumulator or memory to “0”. 20i 20i
CLC C<0 Clears the contents of the carry flag to “0”. 18| 2
CLD D-0 Clears the contents of decimal mode flag to |D8| 2
Q™.
CLI 10 Clears the contents of interrupt disable flag to |58 2
“Q.
CLT T<0 Clears the contents of index X mode flag to |12] 2
“Q™.
CLv V<0 Clears the contents of overflow flag to “0”. B8| 2
CMP When T =0 Compares the contents of accumulator and C9| 2 C5| 3
(Note3) | A-M memory.
WhenT=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 M« M Forms a one’s complement of the contents of 4415
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 Co| 2 C4| 3
memory.
DEC A-A-1or Decrements the contents of the accumulator 1A| 2 C6| 5
M-M-1 or memory by 1.
DEX X e X=-1 Decrements the contents of index register X |CA| 2
by 1.
DEY Y-Y-1 Decrements the contents of index register Y |88/ 2
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 45 3
(Notel) | A - A¥M and memory. The results are stored in the ac-
cumulator.
WhenT=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| 2 E6| 5
M-M+1 memory by 1.
INX X e X+1 Increments the contents of index register X by |E8| 2
1.
INY Y -Y+1 Increments the contents of index register Y by |C8| 2
1.

3-56

7480 Group and 7481 Group User's Manual




APPENDICES

3.6 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

50(2 |2 e|ooefofe|e] o]

70(2 |2 e|o oo e|e] o]

e|lefoe]e]|e|e]|ls]0

e|loefo|e|O]|e]|s]s

e|loefo]e|e|O]|s]s

e|le|Ofo o] o]

e |0 oo e o] o]

D5(4 | 2 CD|(4 |3 [DD| 5|3 |D9|5 |3 Cl|6 |2 |D1]6 |2 Nfe|[e]|e|[e|]|Z]|C

EC| 4 |3 N|ef|e|e]e|e]|Zz]|C
CC[4 |3 N|ef|le|e]e|eo]|Zz]|C
D6|6 |2 CE|6 |3 |DE| 7 |3 Nfeo|e|e|eo|o]Z]e

E2|16]| 2 e fo o] efo|o]|e]e
554 |2 4D|4 |3 [5D|5(|3 59|53 41|16 (2516 |2 Njefe|[o]|e||Z]"
F6|6 |2 EE|6 |3 |FE| 7 |3 N|e|e|eo]|e|e|Z]-
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3.6 Machine Instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A P BIT, ZP
OP| n|{#|OP[ n|#|OP| n |# |OP| n| #|[OP| n |# |OP| n | #
JMP 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.
(Note2) | 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.
LDX X <M Load index register X with contents of
memory.
LDY Y - M Load index register Y with contents of
memory.
LSR 7 0 Shift the contents of accumulator or memory
o-[]-cC 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
ORA When T =0 “Logical OR’s” the contents of memory and ac-
(Note 1) 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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3.6 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 6|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 V| (T|B|D|I|Z]|C

4C| 3 6C| 5 B2| 4|2 [ S P I P P (S

20| 6 021712 22| 5 oo o] o] e

B5| 4 AD| 4 BD|5|3|B9|5|3 Al|6|2|B1|6 |2 el |Z]|"

B6| 4 AE| 4 BE| 5|3 oo o] |Z]|e

B4| 4 AC| 4 BC| 5|3 e |loefoe|e|e]|Z]|e

56| 6 4E| 6 5E| 7|3 e|lefe|e|e|Z]|C

62|15 efofo o] e]o]s

15| 4 oD| 4 1D{5|3]19|5 |3 01({6 2116 |2 el |Z]-
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3.6 Machine Instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A P BIT, ZP
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- 2A1 2|1 26| 5
~[J<I[Cl— 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|2 |1 66| 5
|: - 1- 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 82| 8
- 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)
S-S+1
PCH « M(S)
SBC WhenT=0 Subtracts the contents of memory and E9| 2 E5( 3
(Notel) | A« A-M-C complement of carry flag from the contents of
(Note 5) accumulator. The results are stored into the
WhenT =1 _ accumulator.
M(X) « MX)-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 AborMb « 1 Sets the specified bit in the accumulator or 0Bl2|1 OF|5|2
memory to “1”. 20i 20i
SEC C«~1 Sets the contents of the carry flag to “1”. 38| 2
SED D1 Sets the contents of the decimal mode flag to |F8| 2
wqn
SEI 1«1 Sets the contents of the interrupt disable flag |78 2
to “17.
SET T<1 Sets the contents of the index X mode flag to |32 2
.
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3.6 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 6|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 V| (T|B|D|I|Z]|C
e |le|eofe|e|Z]o
(Value saved in stack)
36(6 2E| 6 3E| 7|3 elelelelel|zlC
76| 6 6E| 6 TE| 7 |3 elelel|*|Z]|C
(Value saved in stack)
F5| 4 ED| 4 FD|5 [3 |F9|5 |3 E1|6 |2 |F1|{6 |2 Viele|s|*|Z|C
e | e |efe|e] el
e leo e |21 |||
e |eo e e|21|e]e
e |1 | e[| o] o]
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3.6 Machine Instructions

Addressing mode
Symbol Function Details IMP IMM A BIT, A P BIT, ZP
OP| n OP| n OP| n [# |OP| n| #|OP| n OP| n | #
STA M~ A Stores the contents of accumulator in memory. 85| 4
STP Stops the oscillator. 421 2
STX M« X Stores the contents of index register X in 86| 4
memory.
STY M <Y Stores the contents of index register Y in 84| 4
memory.
TAX X <A Transfers the contents of the accumulator to [AA| 2
index register X.
TAY Y A Transfers the contents of the accumulator to [A8| 2
index register Y.
TST M =0? Tests whether the contents of memory are “0” 64| 3
or not.
TSX X <S Transfers the contents of the stack pointer to [BA| 2
index register X.
TXA A <X Transfers the contents of index register X to [8A| 2
the accumulator.
TXS S« X Transfers the contents of index register X to [9A]| 2
the stack pointer.
TYA A<Y Transfers the contents of index register Y to (98| 2
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 2 when branching has occurred.
5: N, V, and Z flags are invalid in decimal operation mode.
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3.6 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|#|OoP| n|#|OP| n|#|[OP|n|#|OP| n|#]|OP|n|#]|OP #[oPn|#foP|n|#|N|V|T|B|D|I|Z]|C
95|5 |2 8D|5|3[9D|6 [3]99]|6 |3 81|7 (2|91 2 LI NI O B IR RN BN

9|5 8E[5 |3 oo oo e]|e|o]e
94|5 |2 8C|5 |3 LI NI OO B N NI BN
Nfeo|eo|e|e|o]Zz]e
Nfeo|eo|e|e|o]Zz]e
Nfeo|eo|e|e|o]|Zz]e
Nfeo|eo|e|e|o]Zz]e
Nfeo|o|e|e|o]Zz]e
Nfe|o|e|e|o]Zz]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 Accumulator bit relative addressing mode A4 Logical exclusive OR
— Negation

ZP Zero page addressing mode - Shows direction of data flow

BIT, ZP Zero page bit relative addressing mode X Index register X
Y Index register Y

ZP, X Zero page X addressing mode S Stack pointer
ZP,Y Zero page Y addressing mode PC Program counter
ABS Absolute addressing mode PS Processor status register
ABS, X Absolute X addressing mode PCH 8 high-order bits of program counter
ABS, Y Absolute Y addressing mode PCL 8 low-order bits of program counter
IND Indirect absolute addressing mode ADH 8 high-order bits of address

ADL 8 low-order bits of address

ZP, IND Zero page indirect absolute addressing mode FF FF in Hexadecimal notation

nn Immediate value

IND, X Indirect X addressing mode M Memory specified by address designation of any ad-

IND, Y Indirect Y addressing mode dressing mode

REL Relative addressing mode M(X) Memory of address indicated by contents of index
SP Special page addressing mode register X
C Carry flag M(S) Memory of address indicated by contents of stack
z Zero flag pointer

| Interrupt disable flag M(ADH, ADL) Contents of memory at address indicated by ADH and

D Decimal mode flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-

B Break flag der bits.

T X-modified arithmetic mode flag M(00, ADL) Contents of address indicated by zero page ADL
\% Overflow flag Ab 1 bit of accumulator

N Negative flag Mb 1 bit of memory

OP Opcode
n Number of cycles
# Number of bytes

7480 Group and 7481 Group User's Manual
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3.7 List of Instruction Codes

3.7 List of Instruction Codes

D3-Do | 0000 | 0001 | 0010 f 0011 | o100 | o101 | o110 | o111 | 1000 | 2001 | 1010 | 2011 | 2200 | 1201 | 2210 | 1212

07 Da Hexa:;;m 0 1 2 3 4 5 6 7 8 9 A B c D E F
oo | o ferc LGS Boloa | — |25 | 20 Ll ol Rl P
o |+ el ] el B e
- |- e el
CIE NET R ros) Sl e IRl [l P sEc v b
o |« | psl = [ e e e s o
oor | s fevekGR) — 155K | — | xlerx o By
S P P S T S B L B R
o |+ [meag] - [ - sl it T [
I BRI A [ el A el i pev | — [ ma | 52
1001 ° Bee '”‘?DT,AY a E?E ZSPT,\; zSPT,/; zSPT,)\(( e . e Elj.LE
= - eleElER T (-
i | e fees | b ol 2a Lzp x |26 x | zp. v cLv =
1100 ¢ |iwm |n\(1:g!F;< wiT S,BA? CZPPY CzNFlrp DzEPC INY DEX Z,EAB
uon | o |ene (SN - &R | — || x cLo — lon
R B ) o e e e X SED - |74

. 3-byte instruction
D 2-byte instruction

I:' 1-byte instruction
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3.8 SFR Memory Map

Figure 3.8.1 shows the SFR memory map.

00CO16
00C116
00C216
00C316
00C416
00C516
00C616
00C716
00C816
00C916
00CA16
00CBu16
00CCa1is6
00CD16
00CEu1s6
00CF16
00DO016
00D116
00D216
00D316
00D416
00D516
00D616
00D716
00D816
00D916
00DAu16
00DB16
00DC16
00DD16
00DEz1s6
00DF16

Port PO register (P0)

Port PO direction register (POD)

Port P1 register (P1)

Port P1 direction register (P1D)

Port P2 register (P2)

Port P3 register (P3)

Port P4 register (P4)

Port P4 direction register (P4D)

Port P5 register (P5)

Port P5 direction register (P5D)

Port PO pull-up control register (POPCON)

Port P1 pull-up control register (PLPCON)

Port PAP5 input control register (P4P5CON)

Edge polarity selection register (EG)

A-D control register (ADCON)

A-D conversion register (AD)

STP instruction operation control register (STPCON)

} (Note)

00EO16
00El1e
00E216
00OE316
0OE416
00E516
00E616
00E716
00OE816
00E916
00EA16
0OEB16
00EC16
OOEDz16
00EE16
OOEF16
00FO16
O0F1l16
00F216
00F316
00F416
00F516
O0F616
00F716
OOF816
00F916
00FA16
00FB16
OOFC16
00FD16
OOFEu16
00FF16

Note: These registers are not allocated in the 7480 Group.

Transmit/receive buffer register (TB/RB)

Serial I/O status register (SIOSTS)

Serial I/0 control register (SIOCON)

UART control register (UARTCON)

Baud rate generator (BRG)

Bus collision detection control register (BUSARBCON)

Watchdog timer H (WDTH)

Timer X low-order (TXL)

Timer X high-order (TXH)

Timer Y low-order (TYL)

Timer Y high-order (TYH)

Timer 1 (T1)

Timer 2 (T2)

Timer X mode register (TXM)

Timer Y mode register (TYM)

Timer XY control register (TXYCON)

Timer 1 mode register (T1M)

Timer 2 mode register (T2M)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)

Figure 3.8.1 SFR Memory Map
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3.9 Pinouts

3.9 Pinouts
Figures 3.9.1 and 3.9.2 show the pinouts of the 7480 Group and 7481 Group.

P17/SrRpy > E N 32| «— P07
Ple/ScLke—> E 31| <> P06
P15/TxD +—> E 30| «—>» P05
P14/RxD +—>» |Z 9| <> P04

P13/T1 4> E ===z Rle> P03
Pl2/Toe»[6] XXXV X bk]«» P02
P11<—>|Z o%%c%o% 6| <> P01
Plo«>[s] MMSS psl«>Poo
P23/IN3— [g] °—|° ;'Z 3 i ba] <> P41/CNTR1
P22/IN2—> o] X § % el 4> P40CNTRo
P21/INt—> ] % @ 3 ® b2 «—P33
P20/INo—> 2] © T b1] +— P32
VREF —> [13] bo] «— P31/INT1
XIN—> [i4] 19] «— P30/INTo
XOouT «— |£ hg| «—RESET
Vss [z] 17 Vce

Outline 32P4B 01

P17/Srov > [1] ~ B2| «—» PO7
Ple/ScLK «—> E 31| <> P06
P15/TxD <« [3] o] < POs
P14/RxD <+ [4] bo] «—> P04
PlaTie>[s] = === ps]«>P03
Pla/Toe>[s] 99 9Y k7] «> P02
PLe[7| Ho&E& ks]e>Por
Plossr[z] MMSS fs]«>Poo
P2aiNs—>[o] 3L G L bal«>P4/CNTR:
P22/INz—>[io] 35 X 3 X fos] ¢ P40/CNTRo
<X
P21/IN1—> [i] 2T X T k2 +—P33
P20/INo— izl T U = pi]«—P32
VREF— [13] po| +— P31/INT1
XIN—> [14] 19] +— P30/INTo
XouTte— [15] 18] «— RESET
Vss 6] 17 Vee

Outline 32P2W-AD2

0 1: The M37480M2T-XXXSP, M37480M4-XXXSP and M37480M4T-XXXSP are also included in the 32P4B packages,
respectively. All of these products are pin-compatible.
2: The M37480M2T-XXXFP, M37480M4-XXXFP and M37480M4T-XXXFP are also included in the 32P2W-A packages,
respectively. All of these products are pin-compatible.
Note: The only differences between the 32P4B package product and the 32P2W-A package product are package outline and
absolute maximum ratings.

Figure 3.9.1 Pinout of 7480 Group (top view)
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P53« [1] N [42] «— P52
P17/Sroy <> [2] [41] «— PO7
P1s/ScLke—> [3] [40] «—> P06
P1s/TxD «> [4] s3] «—> POs
P14/RxD +—> [5] s8] «—> P04
P13/T1 «> [6] 37] «—> PO3
P12/To + [7] zgzngHPOZ
Plies[8] {Y YL Y s +>Po
Plo«>[3] & & & & & [pa] «» P00
[ o g gy
P27/IN7—> [l MM m = = [33] «> P43
P2e/iNe—> [ ® =1 % 3 T [i2] > P42
PasiNs—» 2]’ 35 % 3¢ X [i] > PavCNTR:
P24/INa—» [13] 598 5o [30] «— P40/CNTRo
P23/IN3—> [14] T T " [m]«—P33
P22/IN2—> [i5] 28] +— P32
P21/IN1—> [i6] [27] +— P31/INT1
P20/INo— 7] [26] +— P30/INTo
VREF —» [15] 25] +— RESET
XIN — i9] [24] «— P51
XouT «— [20] 23] +— P50
Vss [21] 2]  Vcc

Outline 42P4B01
42S1B-A (M37481E8SS)

2N
'_
85 =
88883833388
[ Y o Wy s W o T o WY N o WY i o MY a N o Y
HIBIEIBIRIBINIRININIE
P04 «— 32 [22] «— P30/INTo
P05 «» [35 Q [21] «— RESET
P06 <« [36 E <« P51
P07« [z M37481M8-XXXFP 5] > PSo
P52 «—»[38 M37481M8T-XXXFP 5]  Vee
Vss e M37481E8-XXXFP 7] Vss
P53 <« [20 M37481E8T-XXXFP 6]  AVss
P17/SRDY < [41 [15] —» XouT
P16/ScLK «—» [42 [14] «— Xin
P15/TxD «» [43 Q Q [13] «— VREF
P14/RXD <> [44 [12] «— P20/INo
][l ][] [~ [=[l=][2]]=]
EeEa3z222222
33+ EISS
N NENENENENENEY
[o T o M o W o MY I a R o

]

Outline 44P6N-A 02
01: The M37481M2T-XXXSP, M37481M4-XXXSP and M37481M4T-XXXSP are also included in the 42P4B packages,
respectively. All of these products are pin-compatible.
2: The M37481M2T-XXXFP, M37481M4-XXXFP and M37481MAT-XXXFP are also included in the 44P6N-A packages,
respectively. All of these products are pin-compatible.
Note: The only differences between the 42P4B package product and the 44P6N-A package product are package outline,
absolute maximum ratings and the fact that the 44P6N-A package product has the AVss pin.

Figure 3.9.2 Pinout of 7481 Group (top view)

7480 Group and 7481 Group User's Manual 3-67



APPENDICES

3.9 Pinouts

This page left blank intentionally.

3-68 7480 Group and 7481 Group User's Manual



MITSUBISHI SEMICONDUCTORS
USER’'S MANUAL

7480 Group

7481 Group

Nov. First Edition 1997

Editioned by
Committee of editing of Mitsubishi Semiconductor USER'S MANUAL

Published by
Mitsubishi Electric Corp., Semiconductor Marketing Division

This book, or parts thereof, may not be reproduced in any form without permission
of Mitsubishi Electric Corporation.
©1996 MITSUBISHI ELECTRIC CORPORATION



User’'s Manual
7480 Group
7481 Group

RenesasTechnology Corp.

Nippon Bldg.,6-2,0temachi 2-chome,Chiyoda-ku,Tokyo,100-0004 Japan

Printed in Japan (ROD) New publication, effective Nov. 1997.
© 1997 MITSUBISHI ELECTRIC CORPORATION Specifications subject to change without notice.



REVISION DESCRIPTION LIST

7480 GROUP AND 7481 GROUP USER'S MANUAL

Rev. Revision Description Rev.
No. date
1.0 | First Edition 971130

(1/2)




GRADE A

MESC TECHNICAL NEWS

N0.M740-14-9712

N

Additional information of 7480/7481 Group (Rev.A)

The following errors exist in the 7480 Group and 7481 Group User’s Manual.
Please refer to the corrected information as shown below.

Corrected information of 7480 Group and 7481 Group User’'s Manual (Rev.A)

Page Error | Correct
1-192
Figure 1.21.5
Conditions: 25°C, f(XiN)=8 MHz (with a ceramic resonator) in wait mode
3.0

<

S

Y High-speed mode

= 2.0

c

]

° Medium-speed mode

(]

§ 1.0 /

5 .

= /

/
0.0
2.0 3.0 4.0 5.0 6.0 7.0
Power source voltage Vcc [V]
: Corrected points

2-24 ® LAN communication format: Simplified SAE |@LAN communication format: Simplified SAE*
Section 2.3.3

SPECIFICATIONS

J1850 (PWM system) J1850 (PWM system)
*SAE: Society of Automotive Engineers
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