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Request for your special attention and precautions in using the technical
information and semiconductors described in this book

An export permit needs to be obtained from the competent authorities of the Japanese Government if any
of the products or technologies described in this book and controlled under the "Foreign Exchange and
Foreign Trade Law" is to be exported or taken out of Japan.

The contents of this book are subject to change without notice in matters of improved function. When
finalizing your design,therefore,ask for the most up-to-date version in advance in order to check for any
changes.

We are not liable for any damage arising out of the use of the contents of this book, or for any

infringement of patents or any other rights owned by a third party.

No part of this book may be reprinted or reproduced by any means without written permission from our
company.

This book deals with standard specifications. Ask for the latest individual Product Standards or Specifications

in advance for more detailed information required for your design,purchasing and applications.

If you have any inquiries or questions about this book or our semiconductors, please contact one of
our sales offices listed at the back of this book or Matsushita Electronics Corporation's Sales

Department.




How to Read this Manual

MN187XX23 microcomputers are available in a number of ROM/RAM versions to suit a variety of
applications.

In addition to mask versions, EPROM and piggyback versions are also available which can programmed by
the user. In this manual the general term "MN187XX23" is used to refer to these various products.

ROM RAM
MN1872423
|32k | MN1873223 | 1024
(40K | MN1874023 [ 1024]
48K | MN1874823 | 1024]
| 64K | MN18P76423 | 1968
[ 64K | EP1878423

Unit: bytas

This manual gives an overview of the MN1874823's functions, followed by a description of the basic CPU
functions, and pott, timer, serial, display and other peripheral functions.
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B Format of this Manual

This manual consists of titles, summaries, and notes and warnings. The layout and meaning of each part is shown

below.

Subtitle

Sub-subtitle

» 2-1 Clock Pulse Generator

g 2-1-1 Overview

Key information
Important
information
relating fo the text.

Main text

The MN187XX23 has two cscillator circuits: the system clock oscillator
circuil {OSC1, 0S5C2), and the SLOW operation and reaftime clock oscillator
circuit (XI, XO) Resonators and capacilors must be connected externally in
ondar to operate this LSI A crystal or ceramic resonator is used for OSG1
and O5C2, and a 32kHz of similar crystal resenator for XI and X0 XI and
X0 can be used for the realtime ciock and lime base as well as for the
system clock.

When mounting the components on a printed circut board,

keep the di B the pacitors, and
chip (MN187XX23) as short as possible
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Figure 2-1-1 Oscillator Gircuit Cormection Diagram

B Finding Information

There are five ways of finding the information you need quickly.

(1) To find the beginning of each chapter, refer to the index at the front of the manual.
(2) To look for a particular title, refer to the Table of Contents at the front of the manual.

Section 2 Basic CPU Funclions

@

Fatterr design showid aliow for
thick GNIJ lines to be used and
to be connected at the shortast
possible distance from the
chip's Vss pin  Long wiring is
susceptibla to the sffects of
noise and may cause unstable
oscillation.

The connection methad shawn
in the figurs on the left is
known as self-oscilation  Self-
oscllation is employed when a
clock from olfchip is ussd as
the microcomputer’s system
elock.

Clock Pulsc Generaice 33

Section title

Summary

Introduces the
block.

Note or warning

Caution concerning
the design of this
device.

Additional i .

Additional information
relating to the main
text. Includes
explanations of
terms.

Subtitle

(3) To find information from an illustration or table, refer to the Lists of Figures and Tables at the front of the

manual.

(4) The chapter title and subtitle are shown at the top and bottom of each page, respectively. A general idea of the

contents can therefore be obtained quickly by leafing through the manual.



B Related Manuals

This manual has been written for users wishing to design circuits using the MN187XX23. The following related
tnanuals are also available.

MN1870 Series Instruction Manual

(Description of instructions)
MN1870 Series Cross Assembler User's Manual

(Assembler syntax and notation)
MN1870 Series CL/1 User's Manual—Qperating Volume

(CL/1 compiler installation, start-up, and options)
MN1870 Series CL/1 User's Manual—Language Volume

(High-level language syntax)
MN1870 Series CL/1 Source Code Debugger User's Manual

{Use of CL/1 source code debugger)
MN1870 Series In-Circuit Emulator Installation Manual

(In-circuit emulator installation)

B Note

If you have any queries or comments concerning the contents of this manual, please contact your nearest
Semiconductor Design Center {a list is given at the end of the manual).
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Chapter 1 Overview

‘thapter summarizes the functions of the
XX23, and includes descriptions of the main
s, pin configuration and functions, function
iagrams, and MN1870 Series instruction system,







1-1 Product Overview

1-1-1 Overview

The MN1870 Series comprises 8-bit single-chip microcomputers that incorporate a
variety of peripheral functions. These microcomputers are mainly used in such
products as VCRs, DCCs, TVs, CD and LD players, printers, telephones, HA
equipment, pagers, air conditioners, PPCs, remote controllers, fax machines, and
musical instruments.

Panasonic's microcomputer family is made up of this 8-bit series plus the 4-bit
MN1700 Series and MN1500 Series used in washing machines, rice cookers,
cameras, and so on, and the 16-bit MN10200 Series, etc., used in high-level
businessﬁ and communications equipment, measuring instruments, robots, and so
forth. The appropriate series can thus be selected to suit the particular application.
The MN1870 Series comprises 8-bit microcomputers which are ideal for use in a
range of applications, from increasingly high-tech consumer products to industrial
equipment.

This manual describes the MN187XX23, one of the products in the MN 1870 Series.
The MN187XX23 features 24 to 64-Kbyte ROM and 512 to 1024-Kbyte RAM, plus
on-chip peripherals including six timers, three serial interfaces, a fluorescent light
panel drive function (FLP), PWM output function, analog input, remote control
noise filter, and remote control transmission functions, providing an ideal system
configuration for use as the panel controlier microcomputer for VCR tuning timers,
CD players, DAT players, and so on.

Two oscillator circuits (4.19MHz or 8.38MHz/32kHz) are built in, allowing the
system clock to be switched between high and low speed. An automatic data
transfer (ADT) function activated by an interrupt source provides efficient data
transfer processing.

The machine cycle is 0.95ps with (source oscillation fosc=4.19MHz) or 0.477ps
(source oscillation fosc=8.38MHz). The package is an 84-pin QFF.

Chapter 1 Overview
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1-1-2 Features

The main features of the MN187XX23 are listed below.
» Fluorescent light panel drive function (FLP)

» Remote control transmission/reception

* PWM cutput

+ 8-bit A/D converter (8 channels)
» High speed: 0.95u5/0.477us execution speed (at 4.19MHz/8.38MHz)

1-1-3 Product List

In this manual, the generic name "MN187XX23" covers the models listed below.

All these models have the same functions.

Table 1-1-1 Product List

Model ROM Size RAM Size Package Type
G MN1872423 | 24 Kbytes 512 bytes
n
MN1873223 | 32 Kbytes 1024 bytes Mask ROM
* 76423 (piggyback
The EP18 (Piggy MN1874023 | 40Kbytes | 1024 bytes 84QFP versions
version) is only available MN1874823 | 48 Kb 024b
t 1 t
for the MN1872423. ye yics
MN18P76423 | 64 Kbytes 1968 bytes EPROM version
EPi876423 64 Kbytes 640 bytes” Piggyback version

4 Product Overview
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1-2 Hardware and Software Functions

1-2-1 Hardware Functions

ROM size 24,576 to 65,536 bytes* ==* Depends on the model.
For details, see section

RAM size 512 to 1,024 bytes* (data area and stack area) "1-1-3, Product List."
Machine cycle Switchable by software: 0.95us/0.477us (at 4. 19MHz/

8.38MHz) or 125ps (at 32kHz)

External interrupts Interrupt levels: 4
(Including 2 with noise filter)

Internal interrupts  Interrupt levels: 1
6 timer interrupt levels
3 serial interrupt levels
1 KYS (key-scan) interrupt level

1 ADT (automatic data transfer) interrupt level

Timer counters 8-bit programmable timers: 5
Puise width measurement function
Event count function

Timer output function

Time-base counter: 1
Watchdog timer: 1
Serial interfaces  8-bit synchronous: 3

MN1500 Series upward-compatible
Transmission/reception with any bit length from 1 t0 3
Software programmable start condition function allowing

MSB-first or LSB-first transfer and clock polarity switching

Fluorescent light Max. 16 segments x 16 digits
panel drive Can also be used for key-scanning
function 15-step dimmer

Hardware and Software Functions 5
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*  The RAM size of the
EP1876423 (piggyback
version) version is 640

bytes.

Available only for the

MN1872423.

PWM output
function

Analog input
Buzzer output

Remote control
receive function

Remote control
transmit function

Standby modes

Operating voltage

range

I/O pins

Package
Piggyback
EPROM version
Emutator

Process

6 Hardware and Sofiware Functions

14-bit resolution: 1
(7-bit basic cycle + 7-bit additional pulse)
15.6ms (214/fs) repeat cycle, 122ps (27/fs) basic cycle

8-bit resolution: 2

244us repeat cycle

8-bit A/D converter: 8 channels

2kHz/4kHz (at fosc=4 .19MHz, fs/2% or fs/28)

Reception by noise-filtered external interrupt input

Choice of carrier signal/no carrier signal and synchronous

output/asynchronous output

HALT and STOP modes
Total of 9 modes selectable with clock switching
(NORMAIL/IDLE/SLOW mode) combinations

4.5 10 5.5V (at 8.38MHz)
2.2 to 5.5V (at 32kHz and in STOP mode)

Memory-mapped /O
General-purpose input/output: 8
High-voltage output: 32
{multiplexed as FLP output)
Multiplexed input/output: 33

(multiplexed as interrupt input, serial interface, etc.)
84QFP (18 mm square)
EP1876423"
MN18P76423
PX-ICE]187(/80 + PX-PRB1873223

Silicon gate CMOS



1-2-2 Software Functions

In the MN1870 Series, an instruction subset of the previous MN1880 Series has
been partially enhanced, with 45 instructions and 144 possible methods of use as
variations. A multi-loop function using the stack and an ADT function that can be

activated by an interrupt source are also provided.
[ E= "MN1870 Series Instruction Manual" ]

Major features are summarized below.

« The instruction system comprises five kinds of instructions: data transfer, logic
operation, arithmetic operation, branch, and stack/hardware manipulation.

» There are three addressing modes: direct, register indirect, and immediate.

¢ Therere three operand formats: single-operand (an operation is performed on the
operand value, and the result is stored as the operand value); double-operand (an
operation is performed on the source and destination operand values, and the
result is stored as the destination operand value): and triple-operand (an operation
is performed on the first source and second source operand values, and the result

is stored as the destination operand value).

Chapter 1 Overview

Hardware and Software Functions 7
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The instruction functions are shown in table 1-2-1.

Table 1-2-1 MN1870 Series Instruction Functions

Instruction Type

Description

Data transfer

Unidirectionaj move instructions (5)

MOV, MOVL, RDTBL, MOVI, MOVIN
Bidirectional move instructions (2)

XCH, XCH4
Fixed-value move instructions (2)

CLR, SET

Logic operaticn

Logic operation instructions (6)

NOT, ROL, ROR, AND, OR, XOR

Arithmetic operation

Anthmetic operation instructions (12)
ADPDC, ADDD, ADDR, INC, DEC, SUBC,
SUBD, MUL, DIV, CMP, CMPL, CMPM

Branch

Branch instructions (17}
BR, SKIP, BC, BZ, BLE, BNC, BNZ,
BGT, TIBNZ, T1BZ, LOOP, RLOOP,
CMPBNE, CMPBE, CALL, RET, RETI

Stack/hardware

manipulation

Stack/hardware manipulation instructions (3)

PUSH, POP, NOF, STOP, HALT

8 Hardware and Software Functions




Chapter 1 Overview

1-2-3 Instruction Compatibility

The MN1870 Series has a partially enhanced subset of the previous MN1880 Series.
The differences are explained here by showing the functions that have been added
or deleted.

Instruction functions added in the MN1870 Series are shown in table 1-2-2.

Table 1-2-2 MN1870 Series Instruction Functions
Mot Provided in MN1880 Series

Instruction Type Instruction Function
Data transfer CLR (XP)bp
SET  (XP)bp
Arithmetic operation INCL  (da)
DECL  (da)
Branch TIBZ  (XP)bp, $label
TIBNZ (XP) bp, $label
CALL XP
Stack/hardware STOP
manipulation HALT

Hardware and Software Functions 9
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Instruction functions deleted in the MN 1870 Series are shown in table 1-2-3.

Table 1-2-3 MN1880 Series Instruction Functions
Not Provided in MN1870 Series

Instruction Type Instruction Function
Data transfer REP imm4
ASL (XP)
ASL (da}
ASR (XP)
ASR (da)

MOVDA (dadl6), (dasl6)
MOV SP, XP
MOV XP, SP
’ MOV YP, XP
MOV XP, YP
XCH XP, LP

Arithmetic operation CMPL (dal), (da2)
SUBCL  (XP), (YP)
SUBCL  (dad), (das)
ADDCL (XP), (YP)
ADDCL  (dad), (das)
CMP XPl, (da)

CMP YPI, (da)
ADDR XPl, (dal), (da2)
ADDR YPI, (dal), (da2}
ADDR XP1, XFl, XPh
ADDR YPI, YP!, YPh

Branch Pl

Stack/hardware
WAIT immlé

manipulation

10 Hardware and Software Functions
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1-3 Pins

1-3-1 Pin Configuration
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Figure 1-3-1 Pin Configuration (84QFP: Top View)
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1-3-2 Pin Functions

Table 1-3-1 Pin Functions {1/5)

Pin No.
84QFP Pin Name IO Designation Function
4 VDD I Power supply pins | +5 V£10% to +3 Vx10% is applied to VDD, and 0 V to VSS.
7 V583
15 VPP I | Pull-down voltage | The voltage supplied to the pull-down resistors for ports 5 to 8 is
input for high- applied to this pin.
voltage output
3 VREFH 1 | A/D converter The A/D converter reference power supply high and low sides are
78 VREFL reference power applied to these pins.
supply
6 OsC1 I Clock input pin Oscillation pins for connection of fosc (4.19MHz/8.38MHz)
0sCc2 O | Clock output pin ceramic resonator or crystal resonator.
When a clock is input from off-chip, input the clock to OSC1 and
leave OSC2 open. Operation on an external clock is not possible
when STOP mode or SLOW mode is used.
Xl 1 Clock input pin Oscillation pins for connection of fx (32kHz) ceramic resonator or
XO 0 Clock output pin crystal resonator.
When a clock is input from off-chip, input the clock to XI and leave
the XO pin open. Operation on an external clock is not possible
when STOP mode is used.
48 SYNC O Timing output pin | Outputs an fs/213 or fx/28 clock.
Can be used as the standard clock for realtime clock regulation.
10 CcM I Chip mode select ; Connect to VSS.
pin
57 RST 10 | Reset pin Pin used to reset the chip at power-on, It is assigned to port PO7 and
incorporates a pull-up resistor (Typ. S0k<2).
When this pin is forced low, the chip's internal state is initialized.
When the input is forced high again, the reset is released and reset
interrupt handling is executed by hardware after the elapse of the
system clock oscillation stabilization time.
When 0 is written to port PO7 and the chip is reset by software, or
when the watchdog timer overflows, a low level is output. The
output is of N-channel open-drain type, and when a capacitor is
inserted between RST and VDD, connection of a discharge diode
between RST and VDD is recommended.
12 Pins
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Table 1-3-1 Pin Functions {(2/5)

Pin No.

B4QFP

Pin Name

QO

Designation

Function

64~57

P00-~-PO7

1o

Standard
input/output port Q

8-bit input/output port.

Ports POO to P06 are CMOS 3-state input/output ports, and P07 is
an N-channel open-drain input/output port (shared with RST).
Ports POO to P06 can be set as input or output bit-wise by the port 0
direction control register (PODIR). On reset, these pins are set to
input mode (output high-impedance).

Use of a pull-up resistor can be selected for ports P00, P01, P03,
P04, and P06 with the PORON register.

See the relevant sections for special functions.

[ =5 Table 1-3-1, Pin Functions: SBOO0, SBIO, SBTO,
SBO1, SBI1, SBT1, PSBTO, RST entries]

56~49

P10~-P17

/o

Standard
input/output port 1

8-bit CMOS 3-state input/foutput port.

Input or output can be set bit-wise by the port 1 direction control
register (P1DIR). On reset, these pins are set to input mede (output
high-impedance).

Use of a pull-up resistor can be selected for all pins with the
P1RON register.

See the relevant sections for special functions.

[ 85> Table 1-3-1, Pin Functions: TCIOO, TCO1, TCI3,
TCIO4, TCO35, RMOUT, PWM1, and PWM2 entries]

2.1,
84~79

P20-P27

e

Standard
input/output port 2

8-bit CMOS 3-state input/output port.

Input or cutput can be set bit-wise by the port 2 direction control
register (P2DIR). On reset, these pins are set to input mode (output
high-impedance).

Use of a pull-up resistor can be selected for all pins with the
P2HRON and P2LRON registers (in nibble units).

See the relevant sections for special functions.

[ 65 Table 1-3-1, Pin Functions: ADINO~ADIN7 entry]

77~-13

P30~P34

o

Standard
input/output port 3

5-bit CMOS 3-state input/output port.

Input or output can be set bit-wise by the port 3 direction control
register (P3DIR). On reset, these pins are set to input mode (output
high-impedance).

Use of a pull-up resistor can be selected for ports P30 to P33 with
the P3RON register.

See the relevant sections for special functions.

[¥=° Table 1-3-1, Pin Functions: IRQ0~1RQ3 entry]

Pins 13
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Table 1-3-1 Pin Functions (3/5)

Pin No.
84QFP Pin Name IO Designation Function
72~65 P40~-P47 /O | Standard 8-bit CMOS 3-state input/output port.
input/output port 4 | Input or output can be set bit-wise by the port 4 direction control
register (P4DIR). On reset, these pins are set to input mode (output
high-impedance).
Use of a pull-down resistor can be selected for all pins with the
P4RON register.
31-24 P50~P57 O High-break down 8-bit P-channel open-drain output port.
voltage output Port 5 pins incorporate a pull-down resistor between the pin and
port 5 VPP
Byte-wise switching between port and segment (SEG0~SEG7)
functions is performed by port/FLP select register 2 (PFSR2).
On reset, these pins are set to low-level output.
23~16 P60~P67 0 High-break down 8-bit P-channel open-drain output port.
voltage output Port 6 pins incorporate a pull-down resistor between the pin and
port 6 VPP that can be removed as a mask option.
Bit-wise switching between port and segment (SEG8~SEG135)
functions is performed by port/FLP select register 0 (PFSR0}.
On reset, if a pull-down resistor is incorporated these pins are set to
low-level output.
39~32 P70~-P77 O | High-break down 8-bit P-channel open-drain output port.
voltage output Port 7 pins incorporate a pull-down resistor between the pin and
port 7 VPP
Byte-wise switching between port and digit (DGT0~DGT7)
functions is performed by port/FLP select register 2 (PFSR2).
On reset, if a pull-down resistor is incorporated these pins are set to
low-level output.
47~40 Fgo~P87 O | High-break down 8-bit P-channel open-drain output port.
voltage output Port 8 pins incorporate a pull-down resistor between the pin and
port 8 VPP that can be removed as a mask option.
Byte-wise switching between port and digit (DGT8~DGT15)
functions is performed by port/FLP select register 1 (PFSR1).
On reset, if a pull-down resistor is incorporated these pins are set to
low-level ouiput.
14 Pins
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Table 1-3-1 Pin Functions (4/5)
Pin No.
Pin Name [7[e] Designation Function
84QFP J
14-11 P90-P93 1O | Standard 4-bit CMOS 3-state input/output port.
inputfoutput port 9 | Input or output can be set bit-wise by the port 9 direction control
register (PODIR). On reset, these pins are set to input mode (output
high-impedance).
Use of a pull-up resistor can be selected for ports P91 and P92 with
the P9RON register.
See the relevant sections for special functions.
[ E=F Table 1-3-1, Pin Functions: BUZZER, SBO2, 5BI2, and
SBT2 entries]
64 SBOO 0 Serial interface Serial interface transmit data output pins.
transmit data The output structure is CMOS push-pull or N-channel open-drain
I tput pi

6 SBO1 output pins type, selectable by software.

13 SBO2 SBOO is assigned to port P00, SBO1 to port P03, and SBO2 to port
P91. When the serial interface is not used, these pins can be used as
ordinary input/output pins.

63 SBI0 1 Serial interface Serial interface receive data input pins,

receive data input | SBI0 is assigned to port PO1, SBI1 to port P04, and SBI2 to port

60 SBlI1 pins . . .

P92. When not used as receive pins, these pins can be used as

12 SBI2 ordinary input/output pins.

62 SBTO o Serial interface Serial interface clock input/output pins.

clock input/output | The SBTO, SBTI, and SBT2 output structure is CMOS push-pull or

39 SBTH pins N-channel open-drain type, selectable by software.

1 SBT2 SBTO is assigned te port P02, SBT1 to port P05, and SBT2 to port
P93. When the serial interface is not used, these pins can be used as
ordinary input/output pins.

58 PSBTO I Serial interface Serial interface clock input pin.

clock input pin PSBTO is assigned to port PO6, When the serial interface is not
used, PSBTO can be used as an ordinary input/output pin.

56 TCIOO O | Timer inputfoutput | Timer 0 and timer 4 clock input/output pins.

pins The output structure is CMOS 3-state type.

53 TCIO4 TCIOQ is assigned to port P10, and TCIO4 to port P13. When not
used as timer input/ontput pins, these pins can be used as ordinary
input/output pins.

54 TCI3 I | Timer input pin Timer 3 clock input pin..

TCI3 is assigned to port P12. When not used as a timer input pin,
TCI3 can be used as an ordinary input/output pin.

Pins 15
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Table 1-3-1 Pin Functions (5/5)
Pin No.
Pin Name o Designation Functi
84QFP 9 tion
55 TCO1 O | Timer output pins | TCOI is the timer 1 clock output pin, and TCO35 the timer 3 or
timer 5 clock output pin.
52 TCO35 The output structure is CMOS 3-state type.
TCO1 is assigned to port P11, and TCO35 to port P14. When not
used as timer output pins, these pins can be used as ordinary
input/output pins.
14 BUZZER O Buzzer output pin | A CMOS 3-state output pin that outputs an fs/28 or fs/2% buzzer
waveform.
BUZZER is assigned to port P90. When not used as the buzzer
output pin, BUZZER can be used as an ordinary input/output pin.
73 PWMO o PWMO output pin | PWMQO is the 14-bit FWM CMOS 3-state output pin, and PWM]
: and PWM2 are 8-bit PWM CMOS 3-state output pins.
50 PWM1 PWMI output pin | PWMO is assigned to port P34, PWMI to port P16, and PWM2 to
port P17. When not used as PWM output pins, these pins can be
49 PWM2 PWM2 output pin | used as ordinary input/output pins.
77 IRQO I External interrupt Input pins that accept external interrupts on a negative edge or
input pins positive edge. The valid edge can be specified in the interrupt
76 IRQ1 mode control register (IRQM). IRQ1 and IRQ2 incorporate a noise
cancellation circuit for remote control reception.
75 IRQ2 IRQO, IRQ1, IRQ2, and IRQ3 are assigned to ports P34, P31, P32,
and P33. When interrupts are disabled, these pins can be used as
74 IRG3 ordinary input/output pins.
2,1, ADINO~ I Analog output A/D converter analog input pins.
84~79 ADINY pins These pins are assigned to ports P20~P27. When the A/D converter
is not used, they can be used as ordinary input/output pins.
51 RMOUT 0 Remote control Remote control transmission output pin.
fransmission The output structure is CMOS 3-state type.
output pin RMOUT is assigned to port P15. When remote control output is
disabled, RMOUT can be used as an ordinary input/output pin.
16 Pins
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1-4 Qverview of Block Functions

1-4-1 Block Diagram
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1-4-2 Block Functions

Table 1-4-1 Biock Functions (1/3)

complement, rotate, or nibble swap) on data input from the data bus to
two 8-bit latches, and outputs the result to the data bus via an output
latch.

Reference
Block Function (Detailed
Description)
. Instruction The CPU reads the next instruction to be executed from ROM and
Instruction register (2-2-3)
execution IR latches it in the instruction register (IR).
control Instruction The instruction decoder (ID) decodes the contents of the CPU's
block ?Decoder instruction register when in the instruction execution state, generates in (2.2.3)
sequence the control signals required to execute that instruction, and
executes the instruction by controlling the various blocks in the chip.
ROM Read-only memory is program memory that stores the program to be (2-2-2)
executed.
Pointer Instruction The instruction pointer (IP) is a 16-bit register that controls the order of
register pointer execution of instructions in the program memory.
block P In combination with the adder, it performs functions equivalent to those (2-3-2)
of a program counter.
Stack pointer The stack pointer is a 16-bit register that points to the address of the
SP stack area that uses a part of the data RAM. (2:3-3)
The stack area is used to save the IP, etc., in the event of a subroutine call
or interrupt, and can also be used in constructing multiple loops.
Data pointer XP is a 16-bit register used to address RAM space in register indirect
XP addressing mode.
XP is used by single-operand and double-operand instructions. @-3-4)
Data pointer YP is a 16-bit register used to address RAM space in register indirect
YP addressing mode (the RDTBL instruction, only, addresses ROM space).
YP is used as the source operand in a double-operand instruction. (2-3-4)
Adder The adder is used for pointer register incrementing and address
computation {calculation of the IP value) in a relative address branch.
Arithmetic | Arithmetic and The arithmetic and logic unit (ALU) performs an arithmetic operation
and logic logic unit (addition/subtraction, multiplication/division, decimal addition,
block ALU increment/decrement, or compare) or a logic operation (AND, OR, XOR, (2-4)

18
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Table 1-4-1 Block Functions (2/3)

_ Reference
Block Function (Detailed
Description)

Flag Flag status byte | The flag status byte (FS) consists of 3 flags that show the CPU's (2-5)
block FS execution status.

Carry flag The carry flag (CF) is set when the result of an ALY operation overflows or 2.5-2)

CF underflows, and reset otherwise.

Zero flag The zero flag (ZF) is set when the result of an ALU operation is 0, and (2-5-3)

ZF reset otherwise.

Direct flag The direct flag (DF) controls direct addresses as shown below.

DF DF =0: The upper 8 bits of the address are processed as 0. (2.54)

DF =1: The upper 8 bits of the XP or YP address are processed as the
upper 8 bits of the RAM address.
Data RAM Random access memory (RAM) is used for the stack area and as a data
memaory area for storing data needed during program execution. (2-6)
block
Special PORTO-~ The special registers (PORTO~PWMR?2) are allocated to RAM space, 57
register and can be read and written in the same way as RAM. 27
PWMR2

block
Clock Clock The CPU's instruction execution mode is controlled by the CPU mode 0
control register (CPUM). 29
block
Interrupt Interrupt Interrupts are controlled by the interrupt request flag register (IF) and the 2-8)
control interrupt enable flag register (IE).
block
Serial Serial Performs serial data transmission and reception. The serial interface
interface Interface mode register (SIM) controls the serial interface operating mode. (5)
control Data transmission and reception is carried out by means of the
block transmit/receive shift buffer (SIBUF), and the number of transmit/receive

bits is controlled by the serial interface bit counter (SBC).

Overview of Block Functions 19
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Table t-4-1 Block Functions (3/3)

. Reference
Block Function (Detailed
Description}
Timer Timer This block can be used for normal timer operation, event counting, pulse
E?QLOI width measurement, timer output, and operation as a watchdog timer.
The timer mode register (TM) controls the timer operating mode and @
clock selection. The timer counters are used to count clock pulses, and
have an 8-bit configuration.
Noise filter | Noise Filter The remote control noise filter control register (RMC) is used to control
(l;(l)onctll;m the noise cancellation circuit for external interrupt inputs (IRQ1 and ©)
IRQ2).
Remote L
control REMOTE Remote control transmission is controlled by the remote control control (10)
%gg@'gﬂgﬂ CONTROL register (RMC).
F’W|t\ﬂ | PWM The PWM outputs are used for tuning, with 14-bit resolution for PWMO D
contro and 8-bit resolution for PWM1 and PWM2.
block
AD ) . . . @ h
control 8Bit A/D The Alp control block is used for AFT signal discrimination with 8-bit @®
block resolution.
Display FLP Performs segment/digit pin setting, 15-stage dimmer control, 15 Kinds of
control igi i (6)
t .
block digit number setting,
Inpuvoutput | POO-P93 P00 to P93 are input/output pins. (3)
block
Oscillation | OSC1 The system clock resonator is connected to OSC1 and OSC2.
block 08C2
(2-1
Xl A 32kHz or similar resonator is connected to XI and XO.
X0 XI and XO have a realtime clock and time base function as well as their
system clock function.
Other V838 V$S and VDD are power supply pins. +5V is applied to VDD.
VDD
RST RST is the reset pin. The operating state is entered when this pin goes
high.
VPP VPP is the FLP drive power supply pin. —30V is applied to this pin.

20 Overview of Block Functions




1-5 Electrical Characteristics

Section 1 Overview

odel Type
ltem y

MN187XX23

Type of structure

MOS integrated circuit

Function CMOS 8-bit single-chip microcomputer

ROM/RAM Model ROM Size RAM Size
MN1872423 24Kbytes 512 bytes
MN1873223 32Kbytes 1024 bytes
MN1874023 40Kbytes 1024 bytes
MN1874823 48Kbytes 1024 bytes
MNI18P76423 64Kbytes 1968 bytes
EP1876423 64Kbytes 640 bytes

¢

This LS! Manual gives the
standard specifications.

When using an LS, please ask
our sales staff for product
specifications.

1-5-1 Absolute Maximum Ratings

Item Symbol Rating Unit
1 Vop —03~+7.0 Y
Supply voltage
2 Vep Voo—45~Vop+0.3 v
3 | Input pin voltage Vn Vss—0.3~Vop+0.3 v
4 | Qutput pin voltage Vou Vss-0.3~Vpp+0.3 v
5 | IO pin voltage Viol Vs55-0.3~Vop+0.3 v
6 | High-voltage IO pin voltage | Vioz —40~Vop+0.3 AY
7 I on (peak) -10 mA
Peak output current
8 1 oL {peak) 30 mA
9 I on {avg) -5 mA
Average output current”!
10 I oL (avg) 15 mA
11 I oH (DGT) =30 mA
High-voltage output current
12 1 oL (SEG) -14 mA
13 | Allowable dissipation PT 1 w
14 | Ambient operating temperature | Topr —20~+70 °C
15 | Storage temperature Tsig —55~+125 °C

<Note> *1 Applies 1o any 100ms period
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22

Electrical Characteristics

1-5-2 Operating Conditions

Ta=—20~-+70°C, Vop=5V, Vss=0V

" Allowable Values .
[tem Symbol Test Conditions Unit
Min ‘ Typ | Max
Supply voltage
1 Vot 32kHz < fosc <8 4MHz 45 50 55
2 Supply voltage Vo2 32kHz < fxi < 65kHz 22 5.5 v
3 Vrp Vop-Vre potential difference 35
Operating speed™
4| Instruction execution | <! Vpo=4.3V~5.5V 0475 125
|| ps
5 speed ta VDp=2 2V-5.5V 879 125
Crystal oscillation” QSC1, OSC2
419
6| Crystal frequency fxtall | Vop=4 3V~55V 84 |MHz
838
7 Cn 30
- External capacitance pF
8 Ciz 8
Crystal oscillation™ XI, XO
13| Crystal frequency fxtal 2 |Vop=2.2V~55V 32 65 |kHz
14 Ca1 30
L External capacitance pF
15 Cz 22
<Note>*?  tel: When OSCl is used as the CPU clock

tc2z When XI is used as the CPU clock

*3  Crystal oscillation §

{Feedback resistor incorporated)

External capacitance is a reference

value

0

J_ Hal

5 Q3C2
6§ 0s5C1

MNAB7X0423

c12
c11

The instruction cycle is obtained by dividing

the clock frequen:

cy by 4

*4  Crystal oscillation 2

{(Feedback resistor incorporated)

External capacitance is a

reference value

-
ol

—
8 Xi
9 XO

MN1EOE

c21
c22
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1-5-3 DC Characteristics

(1) Supply current (no-load output)*s
Vop=5.0V, Vss=0V, Ta=20~+70°C

! Allowable Values
Item Test Conditions Unit
Min Typ | Max

L Supply current Ipp1 fose=8 38MHz 20 mA

2 | during operation Ipp2 fose=32kHz, VbD=3 OV 100 |upA
Supply current in Oscillation stopped,

3| STOP mode o3 vpp=30v 10| nA

<Note>*S Measured at Ta = 25°C, in no-load state.
Supply current during operation Ipp1 is measured with all /O pins set
to input mode, the oscillation mode sct to NORMAL, the CM pin fixed
at the Vss level and input pins at the VoD level, and an 8.38MHz
square wave with the Vop and Vss potentials as the amplitude input
from the OSCI pin.
Supply current during operation Ipp2 is measured with all /O pins set
to input mode, the oscillation mode set to SLOW, the CM pin fixed at
the Vss level and input pins at the Vop level, and a 32kHz square wave
with the VDD and Vss potentials as the amplitude input from the X1
pin.
The supply current in STOP mode is measured with the oscillation
mode set to STOP, the CM pin fixed at the Vss level and input pins at
the Vb level, and the OSC1 and XI pins open.
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(2) Inpuipin1 CM

Voo=5.0V, Vss=0.0V, Ta=—20~+70°C

Allowable Values .
ltem Test Conditions Unit
Min Typ | Max
1 High-level Vpp=2.7~-5.5V ¢ 7Vop Voo | V
|| Input voltage
2 Low-level Vop=2.7~-5.5V Vss 03Vop| V
3 | Input leakage voltage Vin=0.0~5 0V =10 | pA

(3) /O pin3 P07 (RST) (Schmitt input with internal pull-up resistor)

Vop=5.0V, Vss=0.0V, Ta=—20~-+70°C

" Allowable Values )
Item Test Conditions Unit
Min Typ | Max
Vop=4 3V~5.5V 075Vop VoD
1 High-level
Input voltage Vop=2.7V~4.3V 08Vpp VoD
2 Low-level Vpp=27V~5 5V Vss 02Vop| V
With pull-up resistor
3 | Input current Viv=l 5V -150 pA
Without pull-up resistor
4 211111::: lfakage ViN=5.0V =10 | pA
n Without pull-down resston]
5 High-level mA
— Output voltage
6 Low-level IoL=1mA 0.5 v

(4) /O pins 4 P00, P03, P11, P24~P27, P14~-P17, P34, P40~P47,

P90, P91
Vop=5.0V, Vs5=0.0V, Ta=20~+70°C
Allowable Values )
[tem Test Conditions Unit
Min Typ | Max
1 High-level Vop=2 TV~3 5V 0.7VoD Voo | V
— Input voltage
2 Low-level Vop=2.7V~5 5V Vss 03Vop| V
3 [Input leakage current Vin=0V-5.0V +10 | pA
4 High-level Ton=-500pA 4.6
|| Output voltage gh-leve on Ou
5 Low-level for=2mA 03 \'




(5) /Opins5 P01, P02, PO4~POS, P10, P12, P13, P30~P33, P32,
P93 (Schmiit input)
Vop=5.0V, Vs5=0.0V, Ta=—20~+70°C
Allowable Values
ltem Test Conditions Unit
Min Typ | Max
Vop=4 3~5 5V 0.75VoD Vop
1 High-level
Input voltage Vop=2 7-4 3V 0 8VoD Voo
2 Low-level Vop=2.7-5.5V Vss 0.2Vep
3 | Input leakage current Vm=0V-5V =10 | pA
4 High-level [on=—500pA 46 \Y
[—1 Output voltage
5 Low-level IoL=2mA 0.5 v

(6) High-voltage output pins 6 P70~P77, PB0~P87 (DGT)

Vop=5.0V, Vs5=0.0V, Ta=—20~+70°C

. Allowable Values .
Iltem Test Conditions Unit
Min Typ | Max
VYDpDp=5V, Ver=—30V
1 [Output current -15 mA
Vou=2 0V
Vbb=5V, Vep==30V
2 |Output leakage current =10 | pA
Vou=30V
3 [ Pull-down resistance Vou=5V, Ver=—30V 30 250 | k&2

(7) High-voltage output pins 7

P50~P57, P60~P67 (SEG)

Vop=5.0V, Vs5=0.0V, Ta=20~+70°C

. Allowable Values
Iltem Test Conditions Unit
Min Typ | Max
Vop=5V, Vep==30V
1 | Output current =7 mA
Vou=2 OV
Vop=5V, Vrr=30V
2 [ Output leakage current *10 | uA
Vou=-30V
3 | Pull-down resistance VoH=5YV, Ver==30V 30 250 | kQ

Chapter | Overview
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(8) Output pin 8 SYNC

Vbp=5.0V, Vss=0.0V, Ta=—20~+70°C

Allowable Values .
Itemn Test Conditions Unit

Min Typ | Max

l High-level Ton=-250pA 46 v
— Output voltage
2 Low-level ToL=1mA 05

(9) A/D converter

Vop=5.0V, Vss=0.0V, Ta=—20~+70°C

Allowable Values .
ltem Test Conditions : Unit
Min Typ | Max
1 | Resolution §0 | bit
2 |Linearity error VDp=5.0V, V3s=0V, +3
LSB
3 | Differential linearity emmor VREFH=5.0V, VREFL=0V +3
4 | Zero transition Vor +100
mVy
5 |Full-scale transition VFT +4900
6  Conversion time 859
fose=4 19MHz/8 38MHz us
7 | Sampling time 0954
8 VREFH VRERL Voo
I— Reference voltage
9 VREFL Vss VREFH | V
10| Analog input voltage VapiN VREFL VREFH
11| Analog input current AADIN Vabin=0~5V +3
HA
12| Analog input leakage ADILK | Vapin=0~5V +3
13| Ladder resistance Riadd 10 50 100 | kQ
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1-5-4 Example of Use of Ceramic Resonator

A ceramic or crystal resonator can be used for the oscillation clock of the
MN1873223. Figure 1-5-1 shows an example of the basic configuration when a

comparatively low-cost ceramic resonator is used.

MN1873223
0sC1 0scz2

Rf

]

c1 —c2
]
e

Figure 1-5-1 Example of Basic Ceramic Resonator Configuration

Rd

In the case of a crystal or ceramic resonator connected to OSC1 and OSC2 or
XI/XO, the circuit constants will depend on floating capacitance, etc., in the

® regonator and connected circuitry, and must be decided upon in consultation
with the resonator manufacturer.

Chapter 1 Overview
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—Reference—

Ceramic resonators manufactured by Matsushita Electronic Components, Ltd., are
described below.
M Example for 4.00MHz oscillation frequency
Ceramic resonator product code: EFOEC4004A (1 ({C1: allowable frequency
range)
C1, C2=33pE (typ.) [incorporated in resonator]
M Example for 8.38MHz oscillation frequency
Ceramic resonator product code: EFOEC8384A (3] ¢[L]: allowable frequency
range)

C1, C2=33pF (typ.) [incorporated in resonator]

0sCA oscz2 l

—
L

iy

Resonators are also available which allow external connection of C1 and C2.

For queries concerning the above ceramic resonators and evaluation of oscillator
circuit constants, please contact the Ceramics Division of Matsushita Electronic
Components, Ltd. at the following numbers.

TEL  06-906-3192 (JAPAN)

FAX  06-908-7735 (JAPAN)
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1-6 Mask Option Checklist

Date (MM/DD/YY)
SE No.
N:%eel Customer
Sigunature
1. Oscillation Mode
Type A Type B

<Ntote> Type A: Operation is started from a reset cycle in NORMAL mode
Type B: Operation is started from a reset cycle in SLOW mode.

2. Puli-Down Resistor Settings Pull-Down Resistor
Port No.
Yes No
0
1
2
3
P6
4
Vpp 5
pull-down
6
7
0
1
2
<Note>
Mask option contents are subject P8 3
to change. When ordering a 4
mask, please request the latest Vpp 5
Option List from your Matsushita pull-down .
sales representative.
7
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1-7 Package Dimensions

Seatant: epoxy resin, lead material: Copper, lead surface treatment: Palladium plating

22.90 020
18.00 +0.10
63 43
S
QHHHHHHHHQQQQQQHHHQQF =
5 - 42
64— W 3
 n— - 0 § -
s » v s |
 S— 2 m— |
s ¢y r——
 — o
| e— s 5 A |
 v— I
] P o | g
 — T G g
] (I oo
—] e 1 | g o~
] = = |~
] o —
I o
v » o 1 ¢ ——
 m— o —
 m— ona - —»
] o v
] O ¢ —
em:*n:i7 ,L:rr::: 27
1 ] 21 g é
(1.01’ | | | 0 35%005 5 5
o o~
2
)
SEATINGPLANE

1.30 £0.20

Package code name: *QFP084-P-1818E

Figure 1-7-1 84-Pin QFP (18 mm Square)
<Note>

The package dimension drawing is subject to change. Please request product specifications from our sales staff before
using this product.
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Chapter 2 Basic CPU Functions

apter describes the basic functional blocks of the
70 Series CPU, covering the clock pulse
or, instruction execution control block, pointer
g ﬁ-}s, flags, special registers, and interrupts.







2-1 Clock Pulse Generator

2-1-1 Overview

The MN187XX23 has two oscillator circuits: the system clock oscillator
circuit (OSC1, OSC2), and the SLOW operation and realtime clock osgcillator
circuit (X, X0). Resonators and capacitors must be connected externally in
order to operate this LSI. A crystal or ceramic resonator is used for OSCH1
and OSC2, and a 32kHz or similar crystal resonator for Xl and XO. Xl and
XO can be used for the realtime clock and time base as well as for the
system ciock.

When mounting the components on a printed circuit board,
keep the distance between the resonators, capacitors, and
chip (MN187XX23) as short as possible.

[ 6= Figure 2-1-1]

Chapter 2 Basic CPU Functions

Figure 2-1-1 shows the connection method. The optimum capacitor values depend
on the resonator, and therefore the values specified by the resonator manufacturer

should be used.

5 O&C2

0

6 0SCH

i

7 VS8 MN187XX23

9 X0

T

Figure 2-1-1 Oscillator Circuit Connection Diagram

(

Pattern design shouid allow for
thick GND fines to be used and
to be connected at the shortest
possible distance from the
chip's Vss pin. Long wiring is
susceptible to the effecis of
noise and may cause unstable
oscilfation,

The connection method shown
in the figure on the left is
known as self-oscillation.
External clock is available
when a clock from off-chip is
used as the microcomputer's
systemn clock.
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fosc is the source oscillation
frequengy, and fs is the system
clock (machine cycle) frequency.
The relationship between the
two is: fs = fosc/4 (or x/4)

34 Clock Pulse Generator

2-1-2 Machine Cycle
Each state in the execution of an MN187XX23 instruction consists of a
machine cycle comprising 4 clock cycles—S0, S1, S2, and S3—generated

from the source oscillation (OSC1 and OSC2, or Xl and XO).

CPU control and instruction execution use this machine cycle as the basic timing
cycle. [ 12> "MN1870 Series Instruction Manual" ]

08C1,08Cc2 — L

(X1, XO) S0 81 s2 83 S0

CPU machine cycle

A
Y

Syslem clock fs = fosc/4 or fx/4

Figure 2-1-2 Machine Cycle

A machine cycle is generated from the source oscillation
(OSC1 and OSC2, or Xl and XO) and comprises 4 clock

cycles—80, 81, 52, and S3. [ 1= Figure 2-1-2 ]
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2-2 Instruction Execution Controller

2-2-1 Overview

The instruction execution control block is consist of a ROM area that stores
instructions, an instruction queue buffer for instruction prefetching, an
instruction register (IR}, and an instruction decoder that decodes the
contents of the instruction register and generates control signals for the
various microcomputer blocks.

P
Instruction execution control

b4

ROM &

B m
: § —> ¢
| 3
S Instruction :> Instruction pd P
5 queue buffer register 8 i B
= |5 H -
2 2 —>» §
£ 7 S

Figure 2-2-1 Instruction Execution Control Flowchart
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2-2-2 ROM

ROM: Read Only Memory ROM (read-only memory) is program memory that stores the program to be

executed.

The MN1870 Series has separate instruction memory space (ROM) that holds
instructions and data memory space (RAM) that holds data. ROM and RAM can

both be accessed in the same CPU cycle, allowing fast instruction execution.

ROM can be used to store fixed data such as table values as well as instructions.

Table 2-2-1 Interrupt Handler Start Addresses

Interrupt Source Vector Address | Priority

(Reset CPU) (RESET) X'0000' High
External signal interrupt {(edge input) (IRQD)Y X'0004' A
External signal interrupt {edge input) (IRQ1) X'0006'

External signal interrupt (edge input) (IRQ2) X'0008'

External signal interrupt (edge input) (IRQ3) X'000A'

Timer O interrupt (TCOIRQ) X'000C'

Timer 1 interupt (TC1IRQ) X'000E

Timer 2 interrupt (TC2IRQ) X'o010°

Timer 3 interrupt (TC3IRQ) X0012

Timer 4 interrupt (TCAIRQ}) X'o014'

Timer 5 interrupt (TC5IRQ) X'0016'

Serial interface 0 intermpt (SIFOIR(Q)) X'0018'

Serial interface 1 interrupt (SIF1IRQ) X'001A'

Serial interface 2 interrupt (SIF2IRQ) X001C

Key-scan interrupt (KYSIRQ) X'001E'

Automatic data transfer interrupt (ADTIRQ) X'0020'

Reserved interrupt (RSVIRQ) X002z Low
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Figure 2-2-2 shows the MN1873223's ROM address space and interrupt vector

addresses.

X' 0000

Start vector

X 0023

X' 0024

User program

(on-chip ROM)

X 7FFF

X 0004'
X' 0005
X' 0006'
X' 0007
X' 0008

X' 0009 | (edye input)
X' 000A'| External signal interrupt
X' 000B'| (adge input)

X' 000C
X' 000D

X' O00E'

X' 000F'
X' 0010

X' 0011' Timer 2 interrupt

X' o012

X' 0013 Timer 3 interrupt

X o014
X 0015
X' 0016

X' 0017 Timer 5 interrupt

X' 0018
X 0019
X' 001A

x' poig| Senal interface 1 interrupt

X' 001C
X 001D
X' 001E

X 001F Key-scan- interrupt

X 0020

X' 0021 Automatic data transfer interrupt

X' opz2'
X 0023

External signal interrupt
{edge input)
External signal interrupt

| Timer 0 interrupt

Timer 1 interrupt

| Serial interface 2 interrupt

Reserved interrupt

Figure 2-2-2 ROM Address Space and Interrupt Vector Addresses

2-2-3 Instruction Register and instruction Decoder

The CPU reads the next instruction to be executed from ROM and latches it in the

instruction register (IR).

The instruction decoder (ID) decodes the contents of the CPU's instruction register

in the instruction execution state, generates in sequence the control signals required

to execute that instruction, and executes the instruction by controlling the various

blocks in the chip.

Chapter 2 Basic CPU Functions

* As the ROM size varies

according to the model, this
address also varies as
follows:

MN1872423: X'5FFF'
MN1874023: X'9FFF
MN1874823: X'BFFF’
MN187P6423: X'FFFF'
EP1876423: XFFFF'

Instruction Execution Controller 37
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L="* For details of operation in

38

the case of a queue waf,
see the "MN1870 Sernies
instruction Manual.”

2-2-4 Pipelining and Instruction Queue Operation

Pipelining is a process whereby instruction reading and decoding is
performed simultaneously with instruction execution, so that as soon as
execution of one instruction ends, the next instruction can be executed
immediately. Pipelining thus speeds up instruction execution by enabling
instructions to be executed in a continuous sequence. Pipelining is
performed by means of the instruction queue and the instruction decoder.

The instruction queue is a single-stage instruction prefetch

buffer. When the gqueue is empty in any state during
instruction execution, control is performed to have the next
instruction fetched into it.

In the last state of instruction execution, the first word (operation code) of the
executing instruction is stored in the instruction register. At the same time, the next
operand or operation code is fetched into the instruction queue, so that the next
instruction can be executed immediately even if a direct address (da) or immediate
data (imm) is needed in the first state of that instruction.

However, with some instructions, including branch instructions, the instruction
queue becomes empty as soon as the operation code of the next instruction to be
executed is stored in the instruction register in the last state. Therefore, a one-state
quene wait occurs only in the case where the instruction queue is empty and a direct
address (da) or immediate data (imm) is needed in the first state of the instruction to
be executed.

Control of the instruction queue is performed automatically by hardware, and need
not be considered when writing a program. However, the operation of the
insiruction queue® must be understood when calculating program execution time.
The instruction decoder generated control signals for each instruction execution

state by means of microprogram control.
The instruction decoder performs pipelining so that decoding is carried out one state

before a control signal is needed. If a queue wait occurs due to instruction queue
and instruction decoder pipelining, there is no loss of a state (loss of timing) due to

instruction fetching and decoding.

Instroction Execution Controller



When the single-stage instruction queue is empty, ROM is accessed. ROM access
starts in the S2 cycle of a state and the ROM contents are read into the instruction
queue in the next S1 cycle. The MN1870 Series uses pipelining for instruction

decoding, performing instruction decoding and execution in parallel, and so
increasing the instruction execution speed. [ I=¥ Figure 2-2-3]

80 | 81|82 | 83| S0 | 51| S2|s3 |80 S1]|82] 83|80 81

Instruction
), g, m

ROM read 3 <|gséécugtei!og

L

Figure 2-2-3 Basic Timing (No Queue Wait)

82
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2-3 Pointer Register

2-3-1 Overview

The pointer register consists of four 16-bit registers: the instruction pointer
(IP), stack pointer (SP), and data pointers (XP and YP).

A register is called a "pointer" when its contents are used to specify a
memory address.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
! 1 l I T I I I T T l T I T T

IP (instruction pointer}

S S Y T S N T R N SO RO S R
||\||L\|||W||¥|

SP (stack pointer)

| ] ] | | ] | | | |
I | [ i I I I I I I I I I f I

XP (data pointer)

! | | | | | | | | ] | | | ! !
1 ; T I ¥ i T I ! 1 T f I l T

YP (data pointer)
I \ | | I | | I 1 | l L }

Figure 2-3-1 Pointer Register Configuration

2-3-2 Instruction Pointer (IP)

The instruction pointer (IP) is a 16-bit register that indicates the execution
address of an instruction stored in ROM. This register controls the order of
execution of instructions in the program memory.
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2-3-3 Stack Pointer (SP)

The stack pointer (SP) indicates the address of the stack area that saves
data using part of RAM.

The stack area holds the execution address of the next instruction (or the next
address after a branch source address) in the case of an interrupt or CALL
instruction, data saved/restored by the PUSH/POP instructions, and so on.
The data stored in the event of an interrupt consists of three bytes: the upper and
lower address bytes of the instruction pointer when the interrupt is generated, and
the flag status byte. The SP is decremented by 3.
The data stored in the case of a CALL instruction consists of two bytes: the upper
and lower address bytes of the IP (the next address after the branch source address).
The SP i decremented by 2.
The number of bytes of data stored when a PUSH instruction is executed depends
on the operand.

@ PUSH imm, PUSH (da)

The data stored is one-byte immediate data or the byte specified by a direct

address. The SP is decremented by 1.

@ PUSH XP, PUSH YP

The data stored is the two bytes of XP or YP. The SP is decremented by 2.
The stack pointer is set to X'0100' by hardware in a reset, and therefore the
necessary SP value must be set again taking account of the amount of stack space
required for interrupts, subroutine nesting, and PUSH/POP instructions.
When the stack area is used to write data, the SP is decremented before the write.
When the stack area is used to read data, the SP is incremented after the read. The
stack pointer is 16 bits long, and moves up and down within a 64-Kbyte area.

[ 855" Figure 2-3-2 ]

CALL instruction /—\/ RET instruction /—\/‘
{write) (read)

Efﬂx?;n > *IP lower address 2;?5:;:.‘: > *|P lower address
*|P upper address *iP upper address
SP before —»> B SPafter —» 7
execution L exacution
\J

High addresses N
RAM RAM

V\/ %

*IP indicates address after branch source address

Figure 2-3-2 Stack Pointer (SP) Operation
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2-3-4 Data Pointers (XP, YP)

The data pointers (XP, YP) are 16-bit data RAM address pointers.

In direct address mode (DF=1), in the case of a double-operand instruction the upper
8 bits of XP and the destination address are added together to indicate a RAM
address, and the upper 8 biis of YP and the source address are added together to
indicate a RAM address.

With other instructions, the upper 8 bits of XP and the destination address are added
together to indicate a RAM address. [ %5 Figure 2-3-3]

With register indirect addressing, the RAM address indicated by XP/YP is accessed.

15 87 0
FTTTTTI T 7T TTT1
XPh/YPh da
15 # 87 llv 0
RAM address

Figure 2-3-3 RAM Address Modification by Data Pointer
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2-4 Arithmetic and Logic Block

2-4-1 Arithmetic and Logic Unit (ALU) ALY
{Arithmetic Logical Unit )
The arithmetic and logic unit (ALU) performs an arithmetic operation
(addition/subtraction, multiplication/division, decimal addition,
increment/decrement, or compare)} or a logic operation (AND, OR, XOR,
complement, rotate, or nibble swap) on data input from the data bus to two
8-bit latches, and outputs the result to the data bus via an output latch.
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2-5 Flag Block

2-5-1 Overview

The flag status byte consists of a 3-bit register comprising the carry flag (CF})
and zero flag (ZF) (operation flags} and the direct flag (DF) (address control
flag), and a control section. [ B Figure 2-5-1]

The flags automatically record various information relating to the result of an
operation. The flag status byte is saved to the stack area when an interrupt
processing is executed, and restored on return from the interrupt.

ek zF |DE |~ |—|—|—|—

Upper 8 hits of RAM address are
all cleared 1o 0.

RAM address value is replaced by
upper 8 bits of XP or YP.

ALU operation result is set.

Figure 2-5-1 Flag Status Byte
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2-5-2 Carry Flag (CF)

The carry flag is set when the ALU operation result overflows or underflows, and
reset otherwise.

This bit can also be manipulated by the SET and CLR instructions.
2-5-3 Zero Flag (ZF)
The zero flag is set when the ALU operation result is 0, and reset otherwise.

2-5-4 Direct Flag (DF)

This is an address control flag, controlling the RAM address value in direct
addressifig mode. It is set and reset by instructions (SET DE, CLR DF}. In a CPU
reset, it is reset to 0 by hardware.

The direct flag controls direct addresses as shown below.

DF =0:  The upper 8 bits of the address are processed as 0.
DF =1: The upper 8§ bits of the XP or YP address are processed as the
upper 8§ bits of the RAM address.

Chapter 2 Basic CPU Functions

In direct addressing mode, a
RAM address value is
specified directly as the
operalion code operand value.

» Specifiable RAM address range

DF=0: XO-XFF
DF=1: XO-XFFFF

Flag Block 45
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RAM: Random Access

Memory
G
.

in the reset stale the stack
pointer is set to X'100". It must
therefore be initialized to the
required value by the program.

Q

* As the RAM size varies
according to the model, the
last address of the internal
RAM area also varies as
follows:

MN1872423: XZ22F
MN1874023: X42F'
MN1874823: X'42F
MN187P6423: X'7CF'
EP1876423: X2AF

46 Data Memory Block (RAM)

2-6 Data Memory Block (RAM)

2-6-1 Qverview

RAM is memory in which information can be written to and read from any
address. MN187XX23 microcomputers have from 512 to 1024 bytes of
RAM, depending on the model. The RAM is memory-mapped, and data
memory (RAM), special registers, and I/O ports are all located in the RAM
memory space. The special registers and I/O ports are located in the area
starting at address X'000', and the remaining area is used as data RAM and
the stack area.

2-6-2 RAM Memory Space

X' 000
/O ports

Special registers
Xo4F | ..]
X' 050

(Internal RAM)

xa2f|
X' 430°

{Uninstalled area)
xre ]
X' 7EQ

FLP display data
X' 7FF

Figure 2-6-1 MN1873223 RAM Address Space
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X' 000 PORTO PORT1 PORT2 PORT3 PORT4 PORTS PORTYE PORT7

X oog PORTS PORTS PFSRO PFSR1 PFSR2 DNDR FCMR —_—

X o1 IRQM — IFO 1F1 IE0 IE1 CPUM —

X' 018 PODIR P1DIR P2DIR P3DIR P4DIR PSDIR — —_—

X' 020" SIBUFO SIBUF1 SiMo Sim1 SBCO SBCH — RMC
X'028" | TCO/BCO T™MO TC1/BCA ™A TM2 TC3/BC3 ADC ADBUF
X' 030 PWMC PWMHR | PWMLR PWMHL PWMLL SIBUF2 SIM2 sBC2
X' 038 ADTC ADTB TAPL TAPH SAPL SAPH DAPL DAPH

X' 040° PORON P1RON P2RON P3RON P4RON PORON — -

o

X' 048 | TC4/BC4 ™4 TC5/BCS TM5 - - PWMR2 B

X' 050

Interna! RAM area

x: 4281
X' 4301
l Uninstalled area
X 7DF N
X' 7EQ —— indicates
FLP display data™? uninstafled RAM.
X' 7FF | (R/W prohibited)

Figure 2-6-2 MN1873223 RAM Address Space G
[ ]

*1 As the RAM size varies
according to the model, the last
address of the internal RAM
area also varies as foflows:
MN1872423: X22F'
MN1874023: X'42F
MN1874823; X'42F
MN187P6423: X'7CF'
EP1876423: XZ2AF

2 |f the area from X'7EQ' to
X'7FF' is not used for FLP
display, it can be used as
ordinary RAM.
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2-7 Special Register Block

2-7-1 Overview

In the MN187XX23, addresses X'000' to X'04F' are allocated as the special
register area.

2-7-2 List of Special Registers

Table 2-7-1 Special Registers (1/3)

Register RAM  |Reference
Symbol Name Address | Page
PORTCG | Port O X'000 80
PORT1 | Portl x'ool' 80
PORT2 | Port2 X002 80
PORT3 | Port3 X'003 80
PORT4 | Port4 X'004" 80
PORTS | Port5 X'005' 80
PORT6 | Pori 6 X'006' 80
PORT7 | Port? X007 80
PORTS | Port 8 X'008’ 30
PORTY | Port9 X'009' 80
PFSRO Port/FLP select register O X'00A 164
PFSR1 Port/FLP select register 1 X'00B' 165
PFSR2 | Port/FLP select register 2 xX'ooc 166
DNDR Digit number/dimmer register X'00D' 167
FCMR FLP clock mode register X'00E 168
IRQM Interrupt mode control register X'010° 58
1FG Interrupt request flag register 0 X'012' 59
IF1 Interrupt request flag register 1 X013’ 59
IEC Interrupt enable flag register 0 X014 61
IE1 Interrupt enable flag register 1 X'015 63
CPUM | CPU mode register X'016 66
PODIR Port 0 direction control register X'018' 80
P1DIR Port 1 direction control register X019 80
P2DIR Port 2 direction control register X'O01A' 80
P3DIR | Port 3 direciion control register X'01B' 80
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Table 2-7-1 Special Registers (2/3)

Register RAM Reference
Symbol Name Address Page
P4DIR Port 4 direction control register Xoc 80
PODIR | Port 9 direction control register X'01D' 80
SIBUF0O | Transmit/receive shift buffer O X'y 143
SIBUF1 | Transmit/receive shift buffer 1 X021 143
SIMO Serial interface mode register O X022 147
SIM1 Serial interface mode register 1 X023 148
SBCO Serial interface bit counter 0 X'024' 144
SBC1 Serial interface bit counter 1 X025 145
RMC Remote control/noise filter control register X027 (202,213
TCO/BCO | Programmable timer counter ( (timer latch O/binary counter ) X028 116
TMO . | Timer mode register 0 X029 119
TC1/BC1 | Programmable timer counter 1 (simer latch 1/binary counter 1} X'02ZA 116
™1 Timer mode register 1 X'02B 120
T™M2 Timer mode register 2 x0c 121
TC3/BC3 | Programmable timer counter 3 (timer latch 3/binary counter 3) X'o2p 117
ADC A/D control register X'02E' 154
ADBUF | AD buffer X'02F 195
PWMC | PWM control register X'030 186
PWMHR | PWMO data register upper 7 bits X'031' 187
PWMLR | PWMO data register lower 7 bits X032 187
PWMHL | PWMQ data latch upper 7 bits X'03%y 187
PWMLL | PWMO data latch lower 7 bits X'034' 187
SIBUF2 | Transmitfreceive shift buffer 2 X'035 143
SIM2 Serial interface mode register 2 X'036' 149
SBC2 Serial interface bit counter 2 X037 146
ADTC Automatic data transfer control register X'038 227
ADTB Transfer byte counter X039 228
TAPL Data transfer target address register lower 8 bits X'03A 229
TAPH Data transfer target address register upper 8 bits X'03B' 229
SAPL Data transfer source address register lower 8 bits X03C 229
SAPH Data transfer source address register upper 8 bits X'03D 229
DAPL Data transfer destination address register lower 8 bits X'03E' 230
DAFPH Data transfer destination address register upper 8 bits X'03F 230
PORON | Port 0 pull-up conirol register X'040' 80
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50

Special Register Block

Table 2-7-1 Special Registers (3/3)

Register RAM  '‘Reference
Symbol Name Address Page
PIRCN | Port 1 pull-up control register X041 80
P2RON | Port 2 pull-up control register X042 80
P3RON | Port 3 pull-up control register X'043' 80
PARON | Port 4 pull-up control register X044 80
PO9RON | Port 9 pull-up control register X'045' 80
TCA/BC4 | Programmable timer counter 4 (timer latch 4/binary counter 4) X'048' 117
™4 Timer mode register 4 X'049 122
TCS5/BCS | Programmable timer counter 3 (timer latch 5/binary counter 5 X'04A' 118
T™MS Timer mode register 5 X'04B° 123
PWMR2 | PWM2 data register X'04E 188
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2-8 Interrupt Controller

2-8-1 Overview

The interrupt controller interrupts the flow of the executing program in
response to an interrupt request, saves the program status at the point of
interruption on the stack, and controls the start of execution of an interrupt
handler according to the interrupt scurce.

With the MN187XX23, the user can use 15 kinds of interrupt sources except
areset. [ %= Figure 2-8-1]

Vector addressing is used to specify the start address of an interrupt
handler, and the user can freely specify vector addresses set in ROM in
accordénce with the various interrupt sources. [ %= Table 2-8-1)

2-8-2 Interrupt Sources and Interrupt Vector

Addresses Interrupt mode control register
(IRQM: X'010' R/W)

Bit 4: IEMASK

(interrupt enable mask flag)

An interrupt is accepted by the interrupt controller only when both the interrupt
request flag (IF) and interrupt enable flag (IE) for that particular interrupt are set
while the interrupt enable mask flag (IEMASK) is cleared.
When an interrupt is accepted, execution of the interrupt handler is started.
However, while an interrupt handler is current being executed, unless multiple
interrupts are permitted by the program, handling of the newly accepted interrupt is
deferred until the currently executing interrupt handler completes.

[ ¥= Figure 2-8-2]
If a number of interrupts are accepted simultaneously, they are handled in order

according to the priority levels determined by hardware. [ I Table 2-8-1]
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Maskeble interrupts

Interrupts External sources

{with IE flag}

| IRQO (edge interrupt}
IRQ1 (edge interrupt)

IRQ2 (edge interrupt)
IRQ3 (edge interrupt)

Internal sources

TCOIRQ
TC1IRG

Figure 2-8-1 Interrupt Sources

TC2iRQ
TC3IRQ
TC4IRQ
TCSIRQ
SIFOIRQ
SIF1IRQ
SIF2IRQ
KYSIRQ
ADTIRQ

Table 2-8-1 Interrupt Handling Vector Addresses

Interrupt Source Vector Address | Priority

(Reset CPU) {(RESET) X'0000' High
External signal interrupt (edge input) (IRQU} X'0004 A
External signal interrupt (edge input) (IRQ1) X'0006'

Exiernal signal interrupt (edge input) (JRQ2) X'0008'

External signal interrupt (edge input} (IRQ3) X'000A"

Timer { interrupt (TCOIRQ) X'000C

Timer | interrupt (TC1IRQ) X'000E'

Timer 2 inierrupt (TC2IRQ) X001

Timer 3 interrupt (TC3IRQ) X'0012'

Timer 4 interrupt (TC4IRQ) X'0014'

Timer 5 interrupt (TC5IRQ) X'0016

Serial interface 0 interrupt (SIFOIRQ) X'0018'

Serial interface 1 interrupt (SIF1IRQ) X'001A'

Serial interface 2 interrupt (SIF2IRQ) X001

Key-scan interrupt (KYSIRQ) X'001E'

Automatic data transfer interrupt (ADTIRQ) X'00200

Reserved interrupt (RSVIRQ) X'0022' Low
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A

Interrupt enable flags (IE} Interrupt request flags (IF)

R R
A A

(External)

(timer counter)
{serial, etc.)

Interrupt acceptance

AND circuit

U

Interrupt priority control

U

Interrupt mask control

Mask OFF

Mask ON

U A

Interrupt request to CPU

Figure 2-8-2 Interrupt Control Block

2-8-3 Interrupt Acceptance

The interrupt acceptance operation begins when a serial or other interrupt is
generated, and ends with a branch to the start of the interrupt handler.

{ 1=~ Figure 2-8-3 ]

When an interrupt is generated, the interrupt request flag (IF) for the corresponding
interrupt level is first set. If the interrupt enable flag (IE) for the level
corresponding to the interrupt request flag (IF) is set at this time, the generated
interrupt receives the right to be accepted. If no other interrupt handling is being
performed, the interrupt with the highest priority level of those generated is
accepted. While other interrupt handling is in progress, unless multiple interrupts
are permitted, the new interrupt is accepted after the current interrupt handling is
completed.

Interrupt acceptance processing involves operations similar to those performed
when a CALL instruction is executed. In the interrupt acceptance cycle, the
instruction pointer (IP} and flag status byte (FS) are written to ("pushed onto™) the
stack area in RAM.

€——— IEMASK clear
-— RETI instruction execution

Output in interrupt
acceptance cycle.

Interrupt acceptance

Interrupt mode confrol register
(IRQM: X'010' R'W)

Bit 4: IEMASK

(interrupt enable mask flag}
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The values of status flags CF,
ZF and DF are not changed by

interrupt generation.

Next, to determine the start address of the interrupt handler, the predetermined
interrupt handler start vector address for the relevant interrupt source is read from a
specific address in ROM, and set in the instruction pointer (IP).

The IE and IF flags for the level corresponding to that for which interrupt
acceptance is current being performed are to be reset, and IEMASK is to be set,
causing hardware masking of the IE flags for all levels and so disabling acceptance

of all interrupts.

Program execution

Main program 1

y

Instruction 100

Instruction 101~

Instruction 102
Instruction 103 |

~ Instrugtion 104
Instruction 105

Instruction 106
instruction 107

Instruction 108

Instruction 102
Instruction 110

Instruction 111

Instruction 112

Instruction 113

_Instruction 116

Instruction 114
Instruction 115

instruction 117

Instruction 118

/
\

Instruction 119

v

54 Interrupt Controller

‘ROM area

Interrupt handler start address

r (instruction 300ADR)
L

Interrupt handler start address + 1

Instruction pointer Stack area
> P.Jew ® \.falue o« Qld FS {CF, ZF, DF}
{instruction 300ADR)

Interrupt handler 01 1P valve -
Instruction 300 | {instruction 109ADF) Oid P value {low)
Instructipn 31
Instruction 302 QOid IP value (high)
Instruction 303 S—

B Instrustion 305 )

RETI

*: Locations of interrupt handling occurrence
Instruction 109ADR: address of instruction 109
Instruction 300ADR;: address of instruction 300

Figure 2-8-3 Interrupt Operation



2-8-4 Return from Interrupt

The interrupt return processing for returning from interrupt handler execution
to the main program is performed by the RETI instruction.

The RETI instruction operates in a similar way to the RET instruction (Return) used
to return from a subroutine to the main routine. [ 63¥ Figure 2-8-4 |

When the RETI instruction is executed, the pre-interrupt instruction pointer (IP) and
flag status byte (FS) values previously pushed onto the stack areca RAM are restored
to the instruction pointer (IP) and flag status byte (FS), and the program flow is
restored to its state prior to the interrupt.

The intetrupt response time, taking the worst case in which a 10-cycle divide
instruction is being executed, is a maximum of 12 machine cycles from interrupt
generation until the start of interrupt acceptance, and 18 machine cycles until the

branch to the start of the interrupt handler.

Interrupt acceptance in the MN187XX23 can be temporarily
disabled either by setting the interrupt enable mask flag

(IEMASK) or by clearing the interrupt enable flags (IE}. As
interrupt handling uses pipelining, whichever method is used it
is possible that an interrupt may be accepted after the disabling

instruction is executed.

1. Using interrupt mask flag
If an interrupt is accepted immediately after execution of the instruction that
sets the interrupt mask flag, the set interrupt mask fiag will be cleared.
® Remedy
Meonitor the interrupt mask flag after setting it to confirm that it is actually set.
set

tlhz

(IRQM) IEMASK
(IRQM) IEMASK, S$loopl

loopl

2. Using interrupt enabling
If an interrupt is accepted immediately after execution of the instruction that
clears interrupt enabling, and the interrupt enable flag is set during interrupt
handling, the cleared flag will be set again.
® Remedy (in case of IRQ0)

Monitor the interrupt enable flag after clearing it to confirm that it is actually
cleared.

clr

loopl (IE0) IEIRQO

tlbnz (IEQ} IEIRQO, $locopl

Chapter 2 Basic CPU Functions

(1

When the RET! instruction is
exectted, IEMASK is reset and
the hardware interrubf enable
flags (IE) are unmasked.
Consequently, all interrupt
enable flags (IE} that were set
immediately before interrupt
acceptance become valid.
However, the IE flag for the
interrupt level currently being
handled is cleared in the
interrupt acceptance cycle, and
so does not become valid
unless set again in the interrupt
handler.

Interrupt mode control register
(IRQM: X'010' R'W)

Bit4: IEMASK

{interrupt enable mask flag)

Interrupt Controller 55
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IRQ instruction
(in case of
interrupt)

SP after
interrupt

>

SP before —»
interrupt

56

Interrupt Controller

2-8-5 Stack Operation in Case of interruption

The stack level at the time of interrupt acceptance and interrupt return varies by

only the 3 bytes of the instruction pointer (IP) and flag status byte (FS) that are

pushed or popped.

With a normal interrupt, the instruction pointer (IP} and flag status byte (FS) are
pushed, and therefore a 3-byte stack area is needed. Consequently, the stack pointer

(SP) value is incremented by 3 on return from the interrupt. [ %% Figure 2-8-4 ]

In the interrupt acceptance cycle, first the stack pointer (SP) is decremented, then
the 16-bits of the instruction pointer (IP) and the 8 bits of the flag status byte (FS)

are wrilten 1o the stack area RAM. The stack pointer (SP) is therefore decremented

by 3 relative to its value before the interrupt.

Interrupt return is performed by means of the RETI instruction. The RETI
instruction restores the flag status byte (FS) and instruction pointer (IP), which were
pushed onto the stack arca RAM in the interrupt acceptance cycle, to their original

values. After the value in the RAM indicated by the stack pointer (SP) has been

read, the stack pointer (SP) is incremented.

/\/

*FS(CF, ZF, DF)

*IP lower address

*|P upper address

RAM

i

RETI instruction

SP before —»
return
SP after —»
\} return
High addresses

/X/

*FS(CF, ZF, DF)

*|P lower address

*IP upper address

RAM

/\_/

*|P indicates interrupt source address.

Figure 2-8-4 Stack Pointer (SP) Operation in Case of Interrupt



2-8-6 Interrupt Enable Hardware Mask

Chapter 2 Basic CPU Functions

A hardware mask function is provided which disables all levels of interrupts

when the interrupt acceptance cycle is started, to prevent further interrupt

acceptance.

In the interrupt handling cycle, the interrupt enable mask flag (IEMASK) is

(IRQM: X'010' RAW)
Bit 4: [EMASK

set and interrupt enable flags (IE) are cleared to disable new interrupt

acceptance.

Hardware masking of interrupts is released on return from the interrupt (execution

of the RETT instruction), and can also be released by resetting IEMASK. Multiple

IRQ: External interrupt
TCIRQ: Timer interrupt

Interrupt mode control register

interruption is not enabled unless IEMASK is reset. [ ¥ Figure 2-8-5 |

Program sxscution

Main program

Instruction 100
(SET IEIRQ, IETC)

Instruction 102

Instruction 101 _

Instruction 103

Instruction 105

Instruction 104 |

Instruction 110

Instruction 112

% IRQ, TCIRQ g

| . Instruction 106 |
_Instruction 107 |

Instruction 108 |
| Instruction 109

Instruction 111 |

(SET IFIRQ, IFTC)

Instruction 113

Instruction 114

Interrupt handler 1
{IRQ}

Instruction 200
Instruction 201
Instruction 202

*1

Instruction 204

Interrupt handler 2

Instruction 203 (CLR IEMASK)  (FCIRQ)

Instruction 300|™2
Instruction 301

Instruction 302
Instruction 303

IFIRQ: External interrupt
request flag

IEIRQ: External interrypt

enable flag

Timer internupt request flag

Timer internipt enable flag

IFTC:
IETC:

r Interrupt handler 1 start address (instruction 200ADR)

L Interrupt handler 1 start address + 1

Interrupt handler 2 start address (instruction 300ADR)

Intarrupt handler 2 start address + 1

Instruction pointer Stack area

New IP value @

instruction 300ADR) Old ¥S @ (CF, ZF, DF}
Old IP value @ 1
{instruction 206ADR) Qid IP value @ (low)
CIR tion, return R
(TEIRQ generato ' Old IP value @ (figh)

!

Oid FS @ (CF, ZF, DF)

New IP value ®
{ingtruction 200ADRA)

Old IP value @
(instruction 114ADR)

(IRQ generation, return}

Gld IP value © {low)

Old IP value @ (highy

Instruction 304 (SET IETC)

Instruction 115

Instruction 116

—— i
Instruction 205 (SET IEIRQ) Instruction 305 {RETT)
- ruction =45
Instruction 306 {RETI)

Instruction 117

Instruction 118

Instruction 120

Instiuction 119

Notes: °*' IEMASK = 1 and IEIRQ = 0 under hardware control
*2 |EMASK = 1 and JETC = D under hardware control

Instruction 300ADR: address of instruction 300
Instruction 205ADR: address of instruction 205
Instruction 200ADA: address of instruction 200
Instruction 114ADR: address of instruction 114

Figure 2-8-5 Multiple Interrupt Operation

Interrupt Controller
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2-8-7 Interrupt Control Registers
The MN187XX23 has the following control registers. Interrupt control, interrupt
request flags, and interrupt enable flags are all forms of register control.

[ 15F Table 2-8-2]

Table 2-8-2 Interrupt Control Registers

Register Abbreviation | RAM Address R/W Register Name
IRQM X010 R/W Interrupt mode control register
1FO X012 RIW Interrupt request flag register 0
IF1 X013 R/W Intermupt request flag register 1
TEO X014 R/W Interrupt enable flag register 0
IE1 X'01s' RW Interrupt enable flag register 1

These registers are described in detail below.

(1) Interrupt mode control register (IRQM)

o IRCM
The interrupt mode control register (IRQM) is allocated to RAM address X'010',

and performs interrupt control.

® EDGEDIR0~3

Bits 0 to 3 specify the active edge of the external interrupt signals (IRQ0~3). When
one of these bits is modified, the interrupt enable flag (IF) may be set; therefore, the
interrupt enable flag (IE) should be masked before modifying these bits. These bits
are cleared to 0 by a reset.

® IEMASK

Bit 4 specifies whether acceptance of all interrupts is enabled. It masks all interrupt
enable flags (IE) and temporarily disables acceptance of all interrupts. It is set to 1
by interrupt acceptance. To enable multiple interrupts, this bit should be cleared by
an instruction in the interrupt handler. The [IEMASK bit is cleared to 0 by the RETI

instruction or a reset.
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7 6 5 4 3 2 1 0

I EDGED | EDGED | EDGED | EDGED S
IROM | — IEMASK| = 2 A2 R Fo (After reset: 00000}

EDGEDIRQ | IRQO valid edge specification
0 Falling edge valid
1 Rising edge valid

EDGEDIR1 | IRQ1 valid edge specification
0] Falling edge valid
1 Rising edge valid

EDGEDIR2 | IRQ2 valid edge specification
0 Falling edge valid
1 Rising edge valid

EDGEDIR3 | IRQ3 valid edge specification
0 Failing edge valid
1 Rising edge valid

IEMASK | Interrupt enable mask flag
0 Interrupts enabled
1 Interrupts disabled

Figure 2-8-6 Interrupt Mode Control Register (IRQM: X'010' R/W)) G
n

— indicates an uninstalled bit.
An undefined value is returned
if read.

(2) Interrupt request flag registers (IF)

The interrupt request flag registers (IF0, IF1) are set by generation of an
interrupt.

M Interrupt request flag register 0 (IFQ)

IFO bits are set to 1 by generation of an interrupt, and upon reset or interrupt
acceptance, the interrupt request flag for the accepted interrupt only is cleared to 0.
All bits are cleared to 0 by a reset. [ I Figure 2-8-7 ]

M interrupt request flag register 1 (IF1)

IF1 bits are set to 1 by generation of an interrupt, and upon reset or interrupt
acceptance, the interrupt request flag for the accepted interrupt only is cleared to 0.
All bits are cleared to 0 by a reset. [ 5 Figure 2-8-8 |
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60

4 3

2 1

0

{FO | IFTC3 [ IFTC2

IFTCA

IFTCo | IFIRG3

IFIRQ2 | IFRCH

IFIRQO

(Afterreset: 00000000)

Interrupt Controfler

{FIRQO } IRQO interrupt request flag
0 Interrupt not generated, interrupts accepted
Internupt generated
IFIRQ1 | IRCH interrupt request flag
0 Intefrupt not generated, interrupts accepted
1 Interrupt generated
IFIRQ2 | IRQ2 interrupt request flag
0 Interrupt not generated, interrupts accepted
Interrupt generated
IFIRQ3 | IRQ3 interrupt request llag
o] interrupt not generated, interrupts accepted
Interrupt generated
IFTCO | Timer Q interrupt request flag
0 Interrupt not generated, interrupts accepted
1 Interrupt generated
IFTC1 | Timer 1 interrupt request flag
4] interrupt not generated, intermupts accepted
1 Interrupt generated
IFTC2 | Timer 2 intermupt request flag
0 Interrupt not generated, interrupts accepted
1 Interrupt generated
IFTC3 | Timer 3 interrupt request flag
o] Interrupt not generated, interrupts accepted
1 Interrupt generated

Figure 2-8-7 Interrupt Request Flag Register 0 (IF0: X'012' R/W)




7 6 5 4

3

2

IF1 | IFRSY | IFADT | IFKYS | IFSIF2

IFSIF1

IFSIFO

IFTC5

IFTC4

Chapter 2 Basic CPU Functions

(After reset: 00000000}

IFTC4 | Timer 4 interrupt request flag
0 Interrupt not generated, interrupts accepted
1 Interrupt generated

IFTCS | Timer 5 interrupt request flag
0 Interrupt not generated, interrupts accepted
1 Interrupt generated

IFSIFO | Serial interface O interrupt request flag
0 {nterrupt not generated, interrupls accepted
1 Interrupt generated

{FSIF1 | Senal interface 1 interrupt request flag
0 Interrupt not generated, interrupts accepted
1 Interrupt generated

IFSIF2 | Serial interface 2 interrupt request flag
0 Interrupt not generated, interrupts accepted
1 Interrupt genarated

IFKYS | Key-scan interrupt requast lag
0 Interrupt not generated, inlerrupts accepted
1 Interrupt generated

IFADT | ADT interrupt request flag
1] Interrupt not generated, interrupts accepted
1 Interrupt generated

IFRSV | Reserved interrupt request flag*
0 Interrupt not generated, interrupts accepted

Interrupt generated

Figure 2-8-8 Interrupt Request Flag Register 1 (IF1: X'013' R/W)

(3) Interrupt enable flag registers (IF)

The interrupt enable flag registers (IEQ, IE1) control interrupt enabiing.

H Interrupt enable flag register 0 (IE0)

IEQ specifies whether interrupt request acceptance is enabled.

When interrupts are to be accepted, the IEMASK bit in the interrupt mode control

register ((RQM) must be cleared to 0.

When an interrupt is generated, the interrupt enable flag for the accepted interrupt

only is cleared to 0.

All bits are cleared to 0 by a reset. [ B=F° Figure 2-8-9 ]

* The reserved interrupt (RSV}
is reserved for fulure addition

of an

interrupt source.
However, if 1 is written to

both IFASY and IERSV, the
program will branch fo the
address indicated by vector

address X'0022".

Interrupt mode control register

Interrupt Controller

(IRQM: X'010' R/W)
Bit 4: IEMASK
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5 4 3

2

1

0

IEQO | IETC3 | IETCZ

IETC1 | IETCO [ IEIRQS

IEIRQ2 | IEIRGH

IEIRGO

(After reset: 0000 00 0 0}

IEIRQQ| IRQO interrupt enable flag
0 Interrupts disabled
1 Interrupts enabled
IEIRQ1} IRQ1 intersupt enable flag
0 Interrupts disabled
1 Interrupts enabled
IEIRQ2| 1RQ2 interrupt enable flag
0 Interrupts disabled

1

Interrupts enabled

IEIRQ3

IRQ3 interrupt enable flag

Interrupts disabled

Interrupts enabled

Interrupt Controller

IETCO | Timer 0 interrupt enable flag
0 Interrupts disabled
1 Interrupts enabled

IETC1 | Timer 1 interrupt enable flag
0 Interrupts disabled
1 Interrupts enabled

IETC2 | Timer 2 interrupt enable flag
0 interrupts disabled
1 Interrupts enabled

IETC3 | Timer 3 interrupt enable flag
0 Interrupts disabled

Interrupts enabled

Figure 2-8- Interrupt Enable Flag Register 0 (IE0: X'014' R/W)




B Interrupt enable flag register 1 (IE1)

Chapter 2 Basic CPU Functions

IE1 specifies whether individual interrupt request acceptance is enabled.

When interrupts are to be accepted, the IEMASK bit in the interrupt mode control

register (IRQM) must be cleared to 0.

When an interrupt is generated, the interrupt enable flag for the accepted interrupt

only is cleared to 0.
All bits are cleared to O by areset. [ ¥ Figure 2-8-10 ]

7

6

5

4

3

2

1

0

IE1 IERSV

IEADT

IEKYS

IESIF2

IESIF1

IESIFO

IETCS

IETC4

(Afterreset: 00000000)

N

IETC4 | Timer 4 interrupt enabie flag
0 Interrupts disabled
1 Interrupts enabled
IETCS | Timer 5 interrupt enable flag
0 Interrupts disabled
1 Interrupts enabled
IESIFO0 | Serial interface 0 interrupt enable fla
0 Interrupts disabled
1 interrupts enabled
IESIF1 | Serial interface 1 interrupt enable flag
0 Interrupts disabled
1 interrupts enabled
IESIF2 | Serial interface 2 interrupt enable flag
0 Interrupts disabled
1 Interrupts enabled
IEKYS | Key-scan interrupt enable flag
0 Interrupts disabled
1 Interrupts enabled
IEADT | ADT interrupt enable flag
0 interrupts disabled
1 Interrupts enabled
IERSV | Reserved interrupt enable flag*
0 Interrupts disabled
1 Interrupis enabled

Figure 2-8-10 Interrupt Enable Flag Register 1 (IE1: X'015' R/W)

* The reserved interrupt (ASV)
is reserved for future addition
of an interrupt source.
However, if 1 is written to
both IFASV and IERSV, the
program will branch to the
address indicated by vector
address X'0022..
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Interrupt
acceptance
operations
(hardware
processing)

{Software processing)

Interrupt return
operations
{hardware
processing)

2-8-8 Outline Interrupt Flowchart

(mterrupt generated )

!

IFe"1"

Determine interrupt priority

!

Save instruction pointer and
flag status byte values to

stack area

Set interrupt handler start
address to instruction

pointer
y

IF«<"0"
IE<"0"

v

IEMASK«"1"

Y

Execute interrupt handier

Restore values saved in
stack area to instruction
pointer and flag status byte

y

IEMASK«"0"

!

( End of interrupt )

IF (interrupt request flag) and |E {interrupt enable flag)
must both be set.

Determination of whether an interrupt handler is executing.
If s0, the interrupt is held pending until the handler complete.
if IEMASK (interrupt enable mask flag} is 1, an interrupt
handler is executing.

if interrupts are generated simultaneously, the highest-priority
interrupt is selected according to the interrupt priorities
predetermined by hardware.

Saved to the stack area, to be restored on completion of the
interrupt.

The interrupt handler vector address is fetched from ROM and
set to the instruction pointer.

The accepted interrupt IF (interrupt request flag) and |E
(interrupt enable flag) are raset.

IEMASK (interrupt enable mask flag) is set and IE
(interrupt enable flags) are masked by hardware to disable
acceptance of other interrupts.

Execution of the interrupt handler is started, and ends with
an RETI instruction. To enable the relevant interrupt again,
IF is set to 1 in the interrupt handler.

Execution of the RETI instruction restores the values saved
in the stack area to the instruction pointer and fiag status
byte, and restores the pre-interrupt program flow.

IEMASK (interrupt enable mask flag) is reset, and all interrupts
accepted directly before this interrupt are enabled. However,
since the |E {interrupt enable flag) for the interrupt now
completed was cleared during acceptance, this internupt cannot

be accepted. (If necessary, the interrupt enable flag should be set.)

Figure 2-8-11 Outline Flowchart of Processing from Generation to Termination of Interrupt
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2-8-9 Example of Interrupt Vector Address Setup
Program Coding

A sample program for setting up vector addresses is shown below.

absolute 0 ; Start at absolute address O

reset equ * ; Reset processing start address specification
dw a({start} ; Reservation of start vector address storage area
cw & (dummy) ; Reservation of dummy process vector address storage area
w a(irg0) :Reservation of external signal interrupt O vector address storage area
dw al{irgl) ; Reservation of external signal interrupt 1 vector address storage area
aw alirg2) ; Reservation of external signal interrupt 2 vector address storage area
dw a{irg3} : Reservation of external signal interrupt 3 vector address storage area
dw a{tclirg) ;Reservation of timer O interrupt vector address storage area
dw altclixg) ; Reservation of timer 1 interrupt vector address storage area
cw altc2irg) ; Reservation of timer 2 interrupt vector address storage area
cw altc3irg) ; Reservation of timer 3 interrupt vector address storage area
aw a{tcdirqg) ; Reservation of timer 4 interrupt vector address storage area
dw a{tchirg) ; Reservation of timer 5 interrupt vector address storage area
Gw a(sif0irg) :Reservation of serial interface 0 interrupt vector address storage area
w alsiflirqg) ; Reservation of serial interface 1 interrupt vector address storage area
dw a(sif2irqg) ;Reservation of serial interface 2 interrupt vector address storage area
w a(kysirg) ; Reservation of key-scan interrupt vector address storage area
dw a(adtirq) ; Reservation of antomatic data transfer interrupt vector address storage area
dw a{rsvirqg) :Reservation of reserved interrupt vector address storage area

Aurarey equ reti ;Dummy processing

start equ * ; Start address specification

Figure 2-8-12 Example of Interrupt Vector Address Setup Program

In this example, since no interrupt vector is allocated to X'0002' and X'0003', the reti
instruction address is written as dummy processing. Also, X'0022' and X'0023' are
allocated as reserved interrupt addresses, and therefore the reti instruction address is

written as dummy processing.
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2-9 Clock Controller

2-9-1 Overview

The MN187XX23 has two operating modes, NORMAL and standby.
Standby mode further consists of two modes, HALT and STOP.
@ In standby mode, power consumption can be reduced.
]

* The initial values of the

oscM1 and 0SCMo bits  2-9-2 CPU Mode Register (CPUM)

depend on the mask option.

[ "2-9-4 Switching B CPUM

Oscillation Mode" ] ) ] ) )
This register specifies the CPU’s operating mode.

7 6 5 4 3 2 1 0

CPUM | — |owksel]l — | — |0SCM1|0SCMO|HALTM [STOPM | (After reset -0 --**00)

STOPM| STOP mode

0 NCP
1 All oscillation stopped

HALTM| HALT mode

0 NOP
1 HALT mode

OSCM1 | 0SCMo Oscillation control
fosc| fx
0 Normal O | A
0 1 IDLE A0
0 Cannot be used
! 1 SLOW X

(O Used for system clock

A QOscillation is performed but not used
for system control

x : Qscillation stopped

CLKSEL| Clock select

Systemn clock is supplied to
peripheral circuits

1/2 system clock is supplied to
peripheral circuits

0

Figure 2-9-1 CPU Mode Register (CPUM: X'016' R/W)
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In a reset, the STOPM bit, HALTM bit, and CLKSEL bit are cleared to 0, and the
0OSCM1 and OSCMO bits are set to 00 or 11 depending on the mask option.

The STOPM bit and HALTM bit flags are cleared by an interrupt request

When the CLKSEL bit is set to 1, 1/2 system clock frequency is supplied to the

peripheral circuits.

Chapter 2 Basic CPU Functions

o Peripheral circuits

Here, fs is 1/4fosc or 1/4fx when the CLKSEL bit is ¢, and 1/8fosc or 1/8fx when
the CLKSEL bit is 0. [ == Figure 2-9-1 ]
System ciock 1 fe’
fosc —» M 1/2 M
- M ’
| X ol X
1/4
h
CPUM X'016'
o |
w
5]
x
]
8
S Data bus S

Figure 2-9-2 System Clock Generation Block

fosc : OSC1/OSCZ oscillation

fx:
fs:

frequency
XI/XO oscillation frequency
System clock

Clock Controller 67



Chapter 2 Basic CPU Functions

(

The STOP and HALT
instructions must be used for
STOPFP and HALT mode control;
CPU mode register (CPUM)
bits cannot be manipulated
directly, At this time, XPh and
DF shouid both be cleared to
0.

CPU mode register

(CPUM: X'016' R'W)
Bit 3: OSCM1
Bit2: OSCM0
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2-9-3 STOP and HALT Modes

In addition to the three operating modes shown in figure 2-9-4, the
MN187XX23 has two standby modes, STOP and HALT, for reducing power
consumption.

In STOP mode both fosc and fx oscillation stops, and the CPU halts with its internal
state maintained. Recovery from STOP mode is by means of an interrupt. In this
case the interrupt enable flag (IE) for the interrupt used for recovery must be set to
the enable state beforehand. Recovery from STOP mode includes an oscillation

stabilization wait. [ I=5° Figure 2-9-4 ]

Table 2-9-1 shows the state of the MN187XX23 in STOP and HALT modes. In
both modes, the serial interface and timers can operate. Both modes can be exited
by an IRQO, IRQ1, IRQ2, or IRQ3 external interrupt, a reset, a serial interface or a
timer.

HALT mode is one of three kinds—HAILTO, HALT1, or HALT2—according to the
value of the OSCM1 and OSCMD bits in the CPU mede register (CPUM). In all
three modes, the CPU's internal state is maintained. Recovery from HALT mode is
by means of an interrupt in the same way as for STOP mode. There is no oscillation

stabilization wait in recovery from HALT mode.



Table 2-9-1 States in STOP and HALT Modes

HALTO HALT1 HALT2 STOP
Mode OSCM1,0="00" | OSCM1,0="01" | OSCM1,0="11" STOPM="1"
HALTM="1" HALTM="1" HALTM="1"

0OSCl1/08C2 Active Active Stopped Stopped

XIXO Active Active Active Stopped

CPU X X X b

RAM Retained Retained Retained Retained

Ports Retained Retained Retained Retained
IRQO O O O C
1ROQ1 On On Oon On
IRQ2 O On O o
IRQ3 O O O O
Timer 0 O O O Ar2

é’ Timer | O O O x

E‘ Timer 2 O Q O X

','g Timer 3 O O O FAN

% Timer 4 O O O FANS

% Timer 5 QO C O X

% Serial interface 0 O o O A
Serial interface 1 O O O FaN
Serial interface 2 O O O A
FLP X x X X
A/D converter x X x X
Augomatic data transfer X X X %
Active

x:  Stopped
A\;  Operates only in case of external clock or event counter.

2

Does not operate when a noise filter is used.

Does not operate when synchronous mode is used, even with event counting.
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CPU mode register
{CPUM: X'016' R/W)
Bit 3: OSCM1

Bit 2: -OSCM0O

Bit 1. HALTM

Bit 0: STOPM

In a reset, and when
recovering from STOP moade,
a hardware wail is generated
automatically until clock
oscillation stabilizes.

The wait time is a count of 213
clock pulses after clock
generation starts and its
amplitude reaches the level
required to drive a counter.
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2-9-4 Switching Oscillation Mode

The MN187XX23 has two on-chip clock pulse generators, for fosc and fx. The
system clock is derived by dividing the fosc or fx clock by 4. Switching of the
oscillation mode, stopping oscillation, and HALT mode control are performed using
the STOPM, HALTM, OSCMI1, and OSCMO bits in the CPU mode register
(CPUM).

Figure 2-9-4 shows the transition state diagram for system clock switchover.

In the MN187XX23, the initial value of the OSCMI1 and OSCMO bits after a reset
can be changed by means of a mask option (type A or B). [ 1=5" Figure 2-9-4 ]
When type A is selected, the OSCM1 and OSCMO bits in the CPU mode register
(CPUM) are both cleared to 0, and operation starts from a reset cycle in NORMAL
mode. )

When type B is selected, the OSCM1 and OSCMO bits in the CPU mode register
(CPUM) are both set to 1, and operation starts from a reset cycle in SLOW mode.

In either case, when the system clock is switched from fX to fosc, or from fosc to fx,
the switch to NORMAL or SLOW mode should be after allowing for the oscillation
stabilization wait time in IDLE mode.

The guidetine wait time is 1/fx in a transition from NORMAL to SLOW mode, and
the time required for the fosc to stabilize in a transition from SLOW to NORMAL
mode. [ 6= Figure 2-9-3 ]

A
r
\

T ’]"\
TwalT

Stop released

Operation

TwaT=2""XTs  Ts=1/fs=system clock cycle

=1.0 s (32kHz) / 7.8ms {4.19MHz) / 3.9ms (8.38MHz)

Figure 2-9-3 Wait at Start of Oscillation
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[Reset]
Type A
Either type A or type B can be
selected by means of a mask
option. In a reset, an oscillation
(HALTO) Intarrupt (NORMAL) Interrupt (STOFO) I . )
> 00,00 [*€ 0.0,0 1 stabilization wait is provided by
0,0,1,0 e T
osc oscillation € fose oscillation, »| All oscillation hardware.
fx oscillaiion operation stopped
fx oscillation )
X
‘-
0, 1, 1, 0" in the figure on the
— ~ left indicates the value of the
IDLE} (STOP1) . i ,
Interrupt { Interrupt
éH.:\r:T; » 0100 € 0.1,0,1 following C-PU.mode regr.ster
: sc’os'cilltation < fosc oscillation | Al oscillation (CPUM) bits in left-to-right
c;x osclllation fx oscillation, stopped order: OSCM1=0, OSCM0=1,
L operation | HALTM=1, STOPM=0.
h
Y
(HALT2) Interrupt (sLow) o interrupt (STOP2)
1.1.1.0 Ead 1,1,0,0 - 1,1,0,1
fosx:: s‘to, od | fosc stopped 3| Al oscillation
fx DSCill:tF:on P oscillation, stopped
operation
Type B
[Reset]

Figure 2-9-4 System Clock State Transition Diagram
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2-10 Reset

The MN187XX?23 carries out the following processing ina reset cycle.

Clears the carry flag (CF), zero flag (ZF), and direct flag (DF).
Clears the data pointers (XP, YP).
Sets X' 100 to the stack pointer (SP).

Clears the flags in the special registers (see the descriptions of the individual

Ll

registers).

5. Sets the reset vector address to the instruction pointer (IP).

The reset pin is an open-drain input/output pin, and reset cycle operations are
performed by means of an instruction that causes low-level output to PO7. Input to
the reset pin becomes valid on a low-level edge. The number of clock pulses
equivalent to the oscillation stabilization wait time (217 X 1/fs) are counted after the

reset signal goes high, then the internal reset is released.
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apter describes the MN187XX23's 1/O port







3-1 Overview

The MN187XX23 has a total of 73 I/O port pins in 10 ports, PO to P9,
including ports shared with special-function pins.

Each I/O port is assigned to RAM address space, and |/O port operations
can be performed in byte, nibble, and bit units in the same way as RAM
operations.

Each 1/O port is assigned to an address with the same
number as the port: thus PO is assigned to RAM address
X'000', P1 to RAM address X'001', and s0 on.

Input/output control is performed by port O~4 and 9 direction control registers
(PODIR~P4DIR, PYDIR). A "1" seiting specifies output mode and a "0" setting
specifies input mode for the corresponding port pin.

Switching of pins shared with /O port and special-function pins is performed by
means of special-function register settings. Input/output direction control by the
port 0~4 and 9 direction control registers is also valid when special function use is
selected, and therefore these settings must make provision for the input/output
direction of the special-function pins.

In a reset, the port 0~4 and 9 direction control registers are cleared to 0, and the
port/special-function switching bits are set to port mode, so that all I/O port
(special-function-shared) pins are initialized as input ports. All port output latches
are also cleared to 0.

Chapter 3 I/O Port Functions

Port 0 direction control register
(PODIR: X'018' /W)

Port 1 direction control register
(P1DIR: X'019"' R'W)

Port 2 diraction control register
(P2DIR: X'01A' RW)

Port 3 direction control register
{P3DIR: X'01B' AY'W)

Port 4 direction control register
(P4DIR: X'01C' AYW)

Port 9 direction control register
{(PSDIA: X'01D' AYW)
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¢

1. The special-function pin
corresponding to each port
pin is shown in parentheses.

2 in the 1/O column, 1/O
indicates dual input/output,
O output-only, and | input-
only.

Port 0 direction control register
{PODIR: X'018' R/W)

Serial interface mode register 0
(SIMO: X'022' R/'W)

Bit 5: SBTCO

Bit 4: SBOCO

Serial interface mode register 1
(SIM1: X023 R'W)

Bit 5: SBTC1

Bit 4: SBOC1

Port 0 pull-up control register
{(PORON: X'040' R/W)

Port 1 direction control register
{P1DIR: X'019' R/W)

Port 1 pull-up control register
(P1RON: X'041' RW)

Port 2 direction control register
(P2DIR: X'01A' RW)

Port 2 pull-up control register
(PZRON: X'042' R/W)

76
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Table 3-1-1 /O Ports (1/3)

Port Name Pin Name IO Description
Port O P00 (SBOD) /0| 8-bit general-purpose inputfoutput port. POU to P06
(PO) PO1 (SBIO) 1/O| are CMOS 3-state input/output ports, and PO7 is an
P02 (SBTO) [/O{ N-channel open-drain input/output port.
P03 (SBO1) 1/0| Ports POO to P06 can be set as input or output bit-
P04 (SBI1) I/O| wise by the port O direction control register (PODIR).
P05 (SBT1) /O [Pins P00 (SBOO), P02 (SBTQ), P03 (SBOI), and
P06 (PSBTO) /Ol POS (SBT1) can be set as N-channel open-drain
PO7 (RST) /0| input/output ports by bits SBOCO, SBTCO, SBOCI,
and SBTC1, respectively, in the serial interface mode
registers (SIMO, SIM1).}
P00 to P06 are also controlled by the port O direction
control register (PODIR) when their special-funciion
mode is selected. P07 is shared with the reset pin,
and the LSI is reset by a low-level input or low-level
output.
Use of a pull-up resistor can be selected for ports
P00, PO1, PQ3, P04, and P06 with the port 0 pull-up
control register (PORON).
[ = "5-4-4 Serial Interface Mode Registers
(SIM},"
"3-2-3 Direction Control Registers (DIR}"
Portl P10 (TCIO0) /0l 8-bit CMOS 3-state input/output port. Input or output
(P1} P11 (TCO1) /O can be set bit-wise by the port 1 direction control
P12 (TCI3) o register (PIDIR). Individual P1 pins are also
P13 (TCIO4) /0| controlled by the port 1 direction control register
P14 (TCO35) ol (PLDIR) when their special-function mode is selected.
P15 (RMOUT) 1/0 Use of a pull-up resistor can be sclected for each port 1
P16 (PWM1) /O! pin with the port 1 pull-up control register (PIRON}.
P17 (PWM2) yo [ = "4-10-3 Timer Mode Registers (TM),"
"7-5-2 PWM Conitrol Register (PWMC),"
*3-2-3 Direction Control Registers (DIR)" ]
Port? P20 (ADINO) /0 8-bit CMOS 3-state input/output port. Input or
P2) P21 (ADIN1) /o) output can be set bit-wise by the port 2 direction
P22 (ADIN2) /0| control register (PZDIR).
P23 (ADIN3) ol Individual P2 pins are also controlled by the port 2
P24 (ADIN4) ol direction control register (P2DIR) when their
P25 (ADIN5) /0 special-function mode is selected. Use of a pull-up
P26 (ADING) o) resistor can be selected for each port 2 pin with the
P27 (ADIN7) 1/0| port 2 pull-up control register (P2ZRON).
[ 5 "8-3-2 A/D Control Register (ADC),"
"3-2-3 Direction Control Registers (DIR})" ]




Table 3-1-1 /O Ports (2/3)

Port Name Pin Name f{0] Description
Port 3 P30 (IRQO) /O | 5-bit CMOS 3-state input/output port.
(P3) P31 JRQL) 17O |Input or output can be set bit-wise by the port 3
P32 (IRQ2) /O |direction control register (P3DIR). P3 pins are also
P33 (IRQ3) /O |controlled by the port 3 direction control register
P34 (PWMO) /O [(P3DIR) when their special-function mode is selected.
Use of a pull-up resistor can be selected for each port
3 pin with the port 3 pull-up control register (F3RON).
[ 6= "7-5-2 PWM Control Register (PWMC),"
"3-2-3 Direction Control Registers {DIR)" ]
Port 4 P40 /O | 8-bit CMOS 3-state input/foutput port.
(P4) P4] 1/0 |Input or output can be set bit-wise by the port 4
Paz I/0 |direction control register (P4DIR). Use of a pull-
P43 I/0O |down resistor between the pin and the VSS pin can
P44 I/O |be selected for each port 4 pin with the port 4 pull-
P45 /O |down contrel register (PARON).
P46 1o
P47 1710
Port 5 P50 (SEGO) O |8-bit high-voltage break down output port.
(P3) P51 (SEGI) O |Output structure is P-channel open-drain type. Port
P52 (SEG2) O |5 pins incorporate a pull-down resistor between the
P53 (SEG?) O |pin and the VPP pin. When the FLP display circuit
P54 (SEG4) O |is operating, these pins can be used as segment
P55 (SEG5) O |output pins.
P56 (SEG6) O |[= "6-3-2 (3) Port/FLP Select Register 2
P57 (SEGT) 0 {PFSR2)" ]
Port 6 P60 (SEGS) o |8-bit high-voltage break down output port.
(P6) P61 (SEGY) o |Output structure is P-channel open-drain type. Use
P62 (SEG10) o |of a pull-down resistor between the pin and the VPP
P63 (SEG11) O |pin can be selected for each port 6 pin with a mask
P64 (SEG12) O |option. When the FLP display circuit is operating,
P65 (SEG13) O |these pins can be used as segment output pins.
P66 (SEG14) o [ EF "6-3-2 (1) Port/FLP Select Register 0
P67 (SEG1S) 0 (PFSRO)" ]
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Port 3 direction control register
(P3DIR: X'01B'R/W)

Port 3 pull-up control register
(P3RON: X'043' R/W)

Port 4 direction control register
(P4DIR: X'01C' R/W)

Port 4 pull-down control register
(P4RON: X044’ R/W)
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Port 9 direction control register
(PSDIR: X'01D' R/IW)

Serial interface mode register 2
(SIM2: X'036' R/W)

Bit 5: SBTC2

Bit 4: SBOCZ2

Port 9 pufl-up conirol register
(PORON: X'045' R/W)
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Table 3-1-1 /O Ports (3/3)

Port Name Pin Name fe] Description

Port 7 P70 (DGT7) O | 8-bit high-voltage break down cutput port.

(P7) P71 (DGT6) O | Output structure is P-channel open-drain type. Port
P72 (DGTS5) O |7 pins incorporate a pull-down resistor between the
P73 (DGT4) O | pin and the VPP pin. When the FLP display circuit
P74 (DGT3) O |is operating, these pins can be used as digit output
P75 (DGT2) o |pins.
P76 (DGT1) o [ 1= "6-3-2 (3) Port/FLP Select Register 2
P77 (DGTO) o (PFSR2)"]

Port 8 P80 (DGT15) O | 8-bit high-voltage break down output port.

(P8) P81 (DGT14) O | Output structure is P-channel open-drain type. Use
P82 (DGT13) O | of a pull-down resistor between the pin and the VPP
P83 (DGT12) O | pin can be selected for each port 8 pin with a mask
P84 (DGTI1) O |option. When the FLP display circuit is operating,
PR5 (DGT10) O | these pins can be used as digit output pins.
P86 (DGTY) o |[ = "6-3-2 (2) Port/FLP Select Register 1
P87 (DGTS) 0 (PFSR1)" ]

Port 9 P90 (BUZZER) [/o |4-bit CMOS 3-state input/output port. Input or

P9) P91 (SBO2) /o loutput can be set bit-wise by the port 9 direction
P92 (SBI2) /O |control register (P9DIR).
P93 (SET2) o |Pins P91 (SBO2) and P93 (SBT2) can be set as N-

channel open-drain input/output ports by bits

SBOC?2 and SBTC2, respectively, in the serial

interface mode registers (SIM2).

Individual port 9 pins are also controlled by the port

9 direction control register (P9DIR) when their

special-function mode is selected.

Use of a pull-up resistor can be selected for P91 and

P92 with the port 9 puli-up control register

(P9RON).

[ e "4-10-3 Timer Mode Registers (TM),"
*3-2-3 Direction Control Registers (DIR)" |




3-2 Port Control Registers

3-2-1 Overview

Twenty-two register are used to control the MN187XX23's I/O ports: ports
(PORTO~PORTY), port direction control registers (PODIR~P4DIR, PADIR)
which control the input/output direction, port pull-up control registers
(PORON~P3RON, PO9RON), and a port pull-down control register (P4RON).
These registers are all located in RAM space.

Table 3-2-1 /O Port Control Registers

AFbiglgali:trion RAM Address RW Register Name
PORTO X000 R/W Port 0

PORT1 x'oor R/W Port 1

PORT?2 X002 R/W Port 2

PORT3 X'003' R/W Port 3

PORT4 X'004' R/W Port 4

PORT5 X005 w Port 5

PORT6 X'006' W Port 6

PORT7 X007 w Port 7

PORTS X'008' w Port 8

PORT9 X'009' R/W Port 9

PODIR X018 R/W Port 0 direction control register
PIDIR X019 R/W Port 1 direction control register
P2DIR X'01A R/W Port 2 direction control register
P3DIR X'01B’ R/W Port 3 direction control register
P4DIR X1 R/W Port 4 direction control register
PODIR X'01D! R/W Port 9 direction control register
PORON X'040' R/W Port 0 pull-up control register
PIRON X041 R/W Port 1 pull-up control register
P2RON X042 R/W Port 2 pull-up control register
P3RON X043 R/W Port 3 puli-up control register
P4ARON X'o44 R/W Port 4 pull-up control register
PORON X'045' R/W Port 9 pull-up control register
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7 6 5 4 3 2 1 a

poRTo | Po7 | ros | P | pos { ros [ poe [ por [ poo | (At reset: 00000000 Output atch)

PORT1 I P17 | P16 l P15 | P14 | P13 ‘ P12 ] P11 l pio | {Afterreset: 000000 00 Output latch}

PORT2 | P27 ‘ P26 | P25 ] P24 l P23 | P22 | P21 | P20 \ (After reset: 0 0 0 0 0 0 0 0 Output latch)

porTs [ — [ | — [ rs | o | P [ 71 | 7w | (Aflerreset:- - -00000 Output ateh)

PORT4 P47 | P46 | P45 | P44 ] P43 | P42 I P41 | P40 l (After reset: 0 0 0 0 0 0 0 0 Output latch)

PORT5 | P57 I P56 | P55 ( P54 | P53 | P52 | P51 I P50 | {After reset: 0 0 0 0 0 0 0 0 Quiput latch)

PORT6 | Pe7 | Pos | Pes [ Pes | pea [ re | re1 | peo ] (After reset: 0 0 0 0 0 0 0 0 Output latch)

poRT7 | P77 | P | P15 | ema [ e | er | 71 [ Pm | (Afterreset:00000000 Output latch)

»

PORTS | - [ pos | pas [ pos | pes | P | ot | poo | (Atter reset: 00000000 Outputaten)

PORTY | —— | — | — | — | Paa | Pa | Pt | PQDJ (After reset: - - - - 0 0 0 0 Qutput latch)

PODIR Irf-— 1P060N|P050N|P040N|P030N|P020N|P010Nlpmm| {After reset: -0000000)

P1DIR 1 P17ON | P160N ] P150N l P140N | P130Nl P120N ‘ P11ON |P100NJ (Afterreset: 00000000Q)

P2DIR |P270N|P360N|P250N|P240N|P230N|P220N|P210N|P200NI (After reset: 0 0 0 0 0 0 0 0)

P3DIR |— ‘ — | — |P340|\J|P330N]P320N|P31ONIPSDONI (Afterreset:- - -0 0000)

P4DIR 1?470N|P460N‘P450N|P44ON|P430N|P420NIP410N|P400N| (After reset: 00000000)

pioR [— | | -] — [ pacon | pacon | peton [ pecon | (Atter reset: - - - - 0.0 0)

PORON |i lPﬂGHONI — |P04HON|P0:3F|ON‘ — ‘PO1HON|POOHON] (After reset: - 0- 00 - 0 0}

P1RON P1THON|P16F|ONIP15HON|P14RON‘P13HON|P12HON|P11HON|P10HON (After reset: 0000000 0)

P2RON | — | - I — l o | — | — IP2HHONIP2LRON| (After reset: - - - - - - 00)

paRON [— | — | — | — [rsronrazon[patronraoron | (After reset: - - - - 000 0)

P4RON |P47HON|P46HDN| P45HONIP44HONIP43HON|P4ZHON|P41 RON\P4OF|ON| (After reset: 00000000)

porON | — | — | — | — [ — [rsenonfpowon] — | (Atterreset:- - - - - 00-)

— indicates an uninstalled
bit These bits cannot be
written, and always return

Figure 3-2-1 Port Coentrol Registers

1 if read.
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3-2-2 Port Read/Write Operations

When data is written to a port address, the contents are written into the
corresponding port output laich.

When a port is read, in the case of an input/output port, whether the output latch or
pin value is read depends on the instruction. For example, with the SET and CLR
instructions, the output latch value is read. This function enables any output latch

bit manipulation to be performed without regard to the pin value.

3-2-3 Direction Control Registers

The port 0~4 and 9 direction control registers (PODIR~P4DIR, P9DIR) control the
input/output direction of input/output ports bit by bit. A "0" setting specifics input
mode for a port, and a "1" setting specifies output mode.

In a reset, all port output latches are cleared to 0, and the direction control registers
are also cleared to 0, so that I/O ports are set to input mode (output high-
impedance). [ 65 Figure 3-2-1]

3-2-4 Pull-Up Control Registers and Pull-Down Control
Register

Port 0 pins P00, POL, P03, P04, and P06, port 1 pins P10~-P17, port 2 pins P20~P27,
port 3 pins P30~P33, and port 9 pins P91 and P92 incorporate a program-
controllable pull-up resistor between the pin and VDD. Port 4 pins P40~P47
incorporate a program-controllable pull-down resistor between the pin and VSS.
The pull-up resistors and pull-down resistors are turned on and off by means of the
pull-up control registers (PORON, P1IRON, P2ZRON, P3RON, PORON) and the pull-
down control register (PARON). A "0" setting turns the corresponding port's pull-
up resistor or pull-down resistor off, and a "1" setting turns it on.

The on/off status of the pull-up resistors or pull-down resistors of ports 0, 1, 3, 4,
and 9 is controlled bit by bit. For port 2, pull-up resistor on/off control is performed
in 4-bit units.

In a reset, all pull-up control register and pull-down control register bits are cleared

to 0, so that all pull-up resistors and pull-down resistors are off after a reset.

Chapter 3 /O Port Functions

For -details of which value,
output latch or pin, is read by
which instructions, see the "in"
section in the “Instruction List"
and the "MN1870 Series
Instruction Manual.”

Port 0 direction control register
(PODIR: X'018' R/W)

Port 1 direction control register
(P1DIR: X'019" R/'W}

Port 2 direction controf register
(P2DIR: X'01A' R/W)

Port 3 direction control register
(P3DIR: X'018' A/W)

Port 4 direction controf register
(P4DIR: X'01C' R/W)

Port 9 direction control register
(PADIR: X'010' R/W)

Port 0 pull-up control register
(PORON: X'040' RB/W)

Port 1 pull-up control register
{(P1RON: X'041' R/W)

Port 2 pull-up control register
(P2ZRON: X'042' B/W)

Port 3 pull-up control register
(P3RON: X'043' R/W)

Port 4 puli-down control
register
(P4RON: X044’ B/W)

Port 9 pull-up control register
(PORON: X'045' RW)
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or 1 depending on the instruction

When an /O port is read, in the case of an input/output port,
whether the output latch or pin value is read depends on the
instruction. That is, the TERM signal in table 3-3-1 is either 0

3-3 I/0 Port Structure and Functions

Table 3-3-1 1/O Port Structures and Functions (1/7)

Pin Names

Structure

P00 (SBOO)
P03 (8BO1)
P91 (SBO2)

Pull-up resistor control
(POORON/PO3RON/PIRON)

Input/output
direction control
{POOON/PO3ON/PI10ON)

Port output data
(POO/PO3/PI1)

N-channe open-drain/
3-state control
(SBOCO/SBOG1/SBOC2)

Serial output enable
{SIFOEG/SIFOE1/SIFCE2)

Seral transmit data

Port input data

<Legend>
SBOCH/SBOCL/SBOC2:
STIFOEW/SIFOEL/SIFOE2

He‘set

pRa}--

Wite puse

VDD.

Helset
pRa

Wite pulse

Port read TERM

Bit 4 of serial interface mode register 0/1/2 (SIMO/SIM1/51M2)
. Bit 7 of serial interface mode register 0/1/2 (SIMO/SIM 1/SIM2)
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Tabie 3-3-1 /O Port Structures and Functions (2/7)

Pin Names

Structure

PO1 (SBIO)
P04 (SBI1)
P06 (PSBTO)
P12 (TCI3)
P30 (IRQU)
P31 (IRQ1)
P32 (IRQ2)
P33 (IRQ3)
P92 (SBI2)

Pull-up resistor control
(POtRON/PO4RON/POSRON/
P12RON/P20RON/P31RON/
P32RON/P33RON/P92RON)

Input/output direction control
(PO1ON/POAON/POBON/
P120N/P300N/P310ON/
P320N/P330N/PI20N)

Port output data
(PO1/PO4/POG/
P12/P30/P31/
P32/P33/P92)

Port input data

Serial receive data/
serial clock input/
timer input/

external interrupt input

VDD

Reset

voD

:
X
:

\
r=

Write puise

o
m

Write pulse |

]

Port read

TERM

P10 (TCIOO}
P13 (TCIO4)

Pull-up resistor control
{P10RON/P13RON}

input/output direction control
{F10ON/P130N)

Port output data
{P10/P13}

Timer output enable
(TC1OUT/TCAQUT)

Timer cutput data

Port input data

Timer input

<Legend:>

VDD

Reset
L

DRQ

Wirite pulse
!
=

Reset
f

L
-

Write pulse

oRo—-

Schmitt

TCOOUT: Bit 5 of timer mode register 0 (TM()
TC40UT: Bit 3 of timer mode register 4 (TM4)
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Table 3-3-1 /O Port Structures and Functions (3/7)

Pin Names

Structure

P11 (TCO1)
P14 (TCO35}
P15 (RMOUT)
P16 (PWM1)
P17 (PWM2)
P34 (PWMO)
P90 (BUZZER)

<Legend>
TC10UT:
TC350UT:
RMOEN:
BUZEN:
PWMOOE:
PWMIOE:
PWM2OE:

Pull-up resistor control
{P11RON/P14RON/P15RON/
P16RON/ P17RON/PI0RON)

Input/output direction control
(P11ON/P140N/P15ON/P 160N/
P170N/P340N/PIOON)

Port output data
(P11/P14/P15/P16/
P17/P34/P0)

Timer output enable
(TC10UTITCI50UTY

buzzer cutput enable (BUZEN)

rermote contrel output enable (RMOEN)
PWM autput enable
(PWMOOE/PWM10OE/ PWM20E)

Timer output data/

remote controt output data/
buzzer output data/

PWNM output data

Port input data

Reset
pRal—

Re‘set

| Write puise |

pR

1
=

Wrile pulse

Port read

Bit 3 of timer mode register 1 (TM1)

Bit 6 of timer mode register 5 (TM3)

Bit 4 of remote control control register (RMC)
Bit 5 of timer mode register 2 (TM2)

Bit 0 of PWM control register (PWMC)

Bit 1 of PWM control register (FPWMC)

Bit 2 of PWM control register (PWMC)

P02 (SBTO)
POS (SBT1)
PO3 (SBT2)

<Legend>

Input/output direction control
(PO2ON/POSON/PI30N)

Port output data
(P0O2/P0O5/P9I3)

N-channel open-drain/
3-state control
(SBTCO/SBTC1/SBTC2)

Clock output enable
(SIFOEQ&CMO0-CMO2/
SIFOE1&CM10~CM12/
SIFOE2&CM20-~-CM22)

Serial clock output data

Port input data

Reset

vDD

DRQ

Reset
I

nR

Wiite pulse: |
=

Serial clock inpuf data

SIFOEO & CMO00~CMO02:
SIFOE! & CM10~CM12:
SIFOE2 & CM20~CM22:

Port read

TERM

<F

Schmitt

Bits 7, 0~2 of serial interface mode register 0 (SIMO)
Bits 7, 0~2 of senial interface mode register 1 (SIM1}
Bits 7, 0~2 of serial interface mode register 2 (5IM2)
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Table 3-3-1 I/Q Port Structures and Functions (4/7)

Pin Names Structure

PO7 (RST)

VDD

1 > —_
Port output data DS — ]
_L o [

Watchdog reset

Wiite pulss

Port input data —
Schmitt
Port read TERM
Reset ™
P20 (ADINO)
1 1 VDD
P27 (ADINT) Pull-up resistor control . _{>c J— j
{P20RON-P27R0N)

He‘set
DR N
Dl
, -
Port output data | L~ =
ort output data ‘ :
P20-P27) PR O )

L \ 7T

mwm_aa7<§%_

Port read TERM

Analog input ri - : o

Input/output direction control
{P200ON-P270N)

I
=

Write pulse

Write pulse

AN
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Table 3-3-1 /O Port Structures and Functions {5/7)

Pin Names Structure
P40~P47
V/DD
Reset l
|
Input/output direction control pR . D_| |t|
(P40ON~P47ON) | | - :
2
§ v oo
Reset i
1
Port output data —pRQ I—D4
(P40~-P47) |3
2 .|L FF7
2 |
E
Pull-down resistor control |
{P4ORON-P47RON)
i
Port input data 4@; < (E %F ]
i Port read TERM
P50 (SEGO)
VDD
P57 (SEG7) Reset
Port output data . L
(P50-P57) %r\ oR [>o|
Write pulse {L ) 4[:|
)
VPP
Segment output enable
(P5SEL)
Segment cutput data
<Legend>
P5SEL: Bit 0 of port/FLP select register 2 (PFSR2)
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Table 3-3-1 /O Port Structures and Functions (6/7)

Pin Names Structure
P60 (SEGS)
VDD
P67 (SEG1S) i
Reset
Port output data L
(PEO~P67) @ —pR— > B
il
: S
S I
Segment output enable J ! o :
{P6OSEL~P67SEL} —— I X 5
l -
| re
i ¥
' | ]
| 4 I =
! L
Segment output data L V_Plj_l
<Legend>
P6OSEL~P67SEL: Bits 0~7 of port/FLP select register ¢ (PFSR0)
F70 (DGT7)
vDD
P77 (DGTO)
Reset
Port output data pR -
(P70-P77) |3 |
adL
2 — ]
; l O
VPP
Digit output enable
(P7SEL)
Digit output data
<Legend>
P7SEL: Bit 1 of port/FLP select register 2 (PFSR2)

I/O Port Structure and Functions
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Table 3-3-1 1O Port Structures and Functions (7/7)
Pin Names Structure
P80 (DGT15)
P87 (DGTS) op

Port output data
{P8O--P87)

Digit output enable
(PBOSE!.~P&7SEL)

Digit output data

<Legend>
P3OSEL~P87SEL:

Write pulse

Reset

L
—

Bits 0~7 of port/FLP select register 1 (FFSR1)

F— B

Mask option
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3-4 Handling of Unused Pins

Unused pins should be handled as shown below.

Input/output pins: Pins whose input/output direction can be set with the port 0~4
and 9 direction control registers should be set to input mode and

pulled up or down by inserting a resistor of several tens of k€.

In the case of pins for which a pull-up or pull-down resistor can be selected with the
pull-up control register or pull-down control register, unused pins can also be

handied by using a pull-up or pull-down resistor.

Chapter 3 1/O Port Functions

Handling of Unused Pins
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Chapter 4 Timer Functions

hapter describes the MN187XX23's timer
anctions (timers O to 5, watchdog timer, and buzzer
output circuit).






Chapter 4 Timer Functions

4-1 Overview

The MN187XX23 has six 8-bit timers, a watchdog timer and a buzzer output
circuit.

Timer 0, 1, 3, 4, and 5 are reload timers, and timer 2 is a time-base counter.

Table 4-1-1 Overview of Timer Functions

Reload | Event | Timer | Synchro- j[Counter| Counter| Synchre-- Count
Function| Count | Output jnous Count| Stop | Reset jnous Count Clock

Choice of 16 clocks: (fs, fx, timer 2 internal
output, external input) x (1/1, 1/22, 1/24, 1/26)
Choice of 5 clocks: fosc, fs/24, fs/26, {5/28,

Timer O O O O O — —

Timer 1 O - o - © - | timer 0 internal output
Timer 2 — — — — O O — Choice of fx/27 or fs/212

Choice of 4 clocks: fs, fs/22, fs/24, external
Timer 3 O o — — O — Q ,

mput

Choice of 4 clocks: fosc, fs/22, 524,
Timer 4 O O © O O - - external input

Choice of 12 clocks: {fx, fs, timer 4 intemal output)
Timer 5 O - O — ) — O xan 1z 12,1129
Watchdog @) O — Generates system reset in fs/216 cycle
timer
Buzzer 8 9
outprt eirerit O — O O — Outputs fs/28 or fs/2° cycle waveform

(1

When a signal divided from the
system clock, fs,, Is used as a
count clock by a timer, PWMO
should be made operational by
setting the PWMOE bit to 1 in
the PWM control register
(PWMC: X'030' R/W).
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Data bus

TMO : X'029' @ S
2  TOOoUK, TCO : X'028'
[ TC0PS0
[ TCoPS1,
| TCoSYN _ 2
—r————————-{ TEOQUT _
———— TCOEN
Synchronization 11
TC2FLG —*
o D’ 1/2% N
MPX MPX Pre- 14 jp% | MPX BCO: X028 | overflow TCOIRQ
fs —» scaler [~ L
TCI00/ R /2
P10 0 . - SIFO/1/2
- . > TCOOF
MPX
Port latch
Figure 4-1-1 Tirmer O Block Diagram
S Data bus S
TM1 : X'02B" 4
/—*7;__? ,,,,,,,,
2 lrciesi. TC1 : X'02A"
fosc j—
ff2®— V Overflow
MPX - Y02A __ . TCHIR
/2 - —D BC1: X02A° 1IRQ
fa/28—»
TCOOF—= 112
MPXL—Trcoi/pPii
Pottlatch ——™
TC1 write
Figure 4-1-2 Timer 1 Block Diagram
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Data bus

T™2 : X'02C' @

x 127

12

fs/2" —————»

MPX

1728

TC2

1/4

1/8

1/2

= TCZ2FLG

MPX ;D—’ TC2IRQ

12 SYNGC
Figure 4-1-3 Timer 2 Block Diagram
T Data bus S
NS
TC3 : X'02D'
N —» TC3IRQ
e S
fsfe2 ——n ¥
) MPX —1 = BC3:X'02D' al-+
fs/2 - L MPX mpx |
TCI3/P12[F—* D TCO35/
P14
TC5IRQ
TC3 write
Port latch
Figure 4-1-4 Timer 3 Block Diagram
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Data bus

TM4 : X'049'

I

""""" TC4: X048'
;
JOSPE—
2
g 71
fose ~- Overflow
2 b , '
TCIO4 oot S [ >~ | Bo4:x0ag ‘ - TC4IRQ
| isf2* !
MEX . 12 = TC4OF
TC4 write
MPX
l——  Portlaich
Figure 4-1-5 Timer 4 Block Diagram
S Data bus )
TM5 : X'048' @ \L
2 TCH : X'04A*
2
7
»~ TC5IRQ
11
TC4OF—+]
MPX N4 Overflow
tx — | MPX )} Bes:xoan -t a 0
L MPX MPX
f§ —= D TCO35/
P14
TC3IRG
TCS write
Port latch

96 Overview

Figure 4-1-6 Timer 5 Block Diagram



<Legend:>
fx:
fs:

TCIOO/P10:
TCOOF.
TCORQ:
SIFC/1/2:
TCIHRQ:
TC2FLG:

TC2IRQ:
TC3IRQ:
TC40F:

TCA4IRQ:
TCSIRQ:

Chapter 4 Timer Functions

g Data bus J

TM2 : X'02C' @

PWMOE  LWOEN ‘T

14

fs —— 12

1/4 Fb————— Reset

Figure 4-1-7 Watchdog Timer Block Diagram

S Data bus S

TM2 : X'02C" @

|BUZFQ
WDEN

fsf2®

MPX MPx —L1 BUZZER (P90}

9
fs/2 Port latch —»

Figure 4-1-8 Buzzer Output Circuit Block Diagram

XI, XO oscillator source oscillation frequency clock (normally 32.768kHz)

Clock derived by scaling OSC1, OSC2 oscillator source oscillation frequency (fosc) { XI, XO oscillator source
oscillation frequency (fx) clock by 1/4 or 1/8 (scaling factor selected by CLKSEL bit)

Timer 0 event input/timer ( output

Signal with frequency of 1/2 timer 0 overflow cycle. Can be used as timer 1 clock source.

Timer O interrupt signal. Generated by BCO overflow.

Signal with frequency of 1/2 timer 0 overflow cycle. Can be used as serial interface 0/1/2 transfer clock.
Timer 1 interrupt signal. Generated by BC1 overflow.

Realtime clock flag, reflected in bit 3 of TM2 (normally set for 1 Hz repeat cycle). This signal can be used as timer 0
clock source.

Timer 2 interrupt signal. Selection of 4 interrupt cycles by means of TC2MPX1 and TCZMPX0 bits.

Timer 3 interrupt signal. Generated by BC3 overflow.

Signal with frequency of 1/2 timer 4 overflow cycle. Can be used as timer 5 clock source,

Timer 4 interrupt signal. Generated by BC4 overflow.

Timer 5 interrupt signal. Generated by BC5 overflow.
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Timer mode register 0
(TMO: X'029' R/W)

Bit 4: TCOSYN

Bit 3: TCOPS1

Bit 2: TCOPSO

Bit 1: TCOCLKT

Bit 0: TCOCLKO

Timer latch O/binary counter 0
{TCO/BCO: X'028' B/'W)

(1

Timer 0 cannot be used in
synchronous mode when it is
used in STOP mode, or when
an external clock with a
frequency higher than fs/2 is
used as fts source.

98 Timer 0

4-2 Timer 0

4-2-1 Overview

Timer O is a 6-bit prescaler + 8-bit programmable counter with event
counting capability, controlled by timer mode register 0 (TMO).

8 Clock Source
The timer 0 count clock is controlled by (1) prescaler clock source selection and (2)
prescaler scaling factor selection. Timer O has a built-in synchronization circuit,

and can be operated in synchronization with the CPU’s system clock.
[ "4-10-3 (1) Timer Mode Register 0 (TM0)" ]

(1) Prescaler clock source

The prescaler clock source is specified by the TCOCLK1 and TCOCLKO bits in
timer mode register 0 (TMO0). Any of four clocks can be selected: fx, s, an external
clock (TCIOOQ pin), or timer 2 internal output {TC2FLG).

(2) Prescaler scaling factor
The prescaler scaling factor is specified by the TCOPS1 and TCOPSO bits in timer
mode register 0 (TM0). Any of four scaling factors can be selected: 1/1, 1/4, 1/16,
or 1/64 of the prescaler input.

{(3) Synchronization circuit

Asynchronous or synchronous mode is selected with the TCOSYN bit in timer mode
register 0 (TM0). When synchronous mode is selected, timer 0 counts in
synchronization with the CPU's system clock. In synchronous mode, therefore, the
correct value is always returned when binary counter 0 (BCO) is read, even if event
counting is selected. When an event count is performed in asynchronous mode, it

may not always be possible to read the correct value, depending on the read timing.

B Timer Latch 0/Binary Counter O (TC0/BCO)

Timer latch 0 (TCO) and binary counter 0 (BCO) are assigned to the same address
(X'028"). Binary counter 0 (BCO) is incremented by operating clock input, and its
value can be read at any time by reading address X'028'. When address X'028' is

written to, that value is written into timer latch 0 (TCO).



4-2-2 Timer 0 Operation

{1) Reload operation

When a value is written to timer latch 0 (TCO) while the TCOEN bit is cleared to 0
in timer mode register O (TMO), the same value is simultaneously loaded into binary
counter ¢ (BCO).

When the TCOEN bit in timer mode register ¢ (TMO) is set to 1, binary counter 0
(BCO) starts counting. When BCO overflows, an interrupt is generated and the
IFTCO bit is set in interrupt request flag register 0 (IF0). At the same time, the timer
latch 0 (TCO) value is loaded into binary counter 0 (BCO), and the count continues

from that value.

When address X'028' is read, the value in binary counter 0 (BCD) is returned.
Timer 0"has a count stop function, whereby the count is stopped when the TCOEN
bit in timer mode register O (TMO) is cleared to 0. The prescaler is cleared at the

same time.

(2) Pulse width measurement function

Setting the TCOMOD bit to 1 in timer mode register 0 (TM0) enables the low-level
width of pulses input from the TCIOO pin to be measured. In pulse width
measurement mode, binary counter 0 (BCO) counts while the TCIOO pin input is
low, and stops counting, retaining the count value, when the input goes high. The
prescaler is cleared at this time. Long low-level pulse measurement can be

performed easily by using the timer O interrupt (TCOIRQ).

{8) Event count function

When the TCOCLK] and TCOCLKQO bits are set to 00 in timer mode register 0
(TMO), timer O functions as an event counter. Binary counter 0 (BCO) is
incremented on detection of a negative edge in the TCIOO pin input. Clearing the
TCOSYN bit to 0 in timer mode register 0 (TMO) enables the count to be performed
in synchronization with the CPU's system clock.

[ Clock Source in "4-2-1 Overview" ]

Chapter 4 Timer Functions

g

When a value is written to timer
laich O (TCO) while the TCOEN
bit is set to 1 in timer mode
register & (TMO), that value is
not loaded into binary cotnter 0
(BCO) immediately. The timer
latch 0 (TCO) value is loaded
into binary counter 0 (BCO)
when overflow occurs while the
TCOEN bitis setto 1. -

Timer mode register 0
{TMO: X'629' R/W)
Bit 7: TCOEN

Bit 6: TCOMOD
Bit4: TCOSYN

Bit 1. TCOCLKY

Bit 0: TCOCLKO

Timer latch O/binary counter 0
(TCO/BCO: X'028 R/W)

Interrupt request flag

register 0

(IFO: X'012' B/W)
Bit 4: IFTCO

Timer O 99
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CPU system [
clock (fs)

TCICO
pin input

Synchronization
circuit output

BCO X n >< n+1

Figure 4-2-1 Timer 0 Event Count Timing (Synchronous Mode)

(4) Serial clock generation

A clock (SIF0/1/2) with 1/2 the frequency of timer O overflow can be used as the
serial interface 0/1/2 transfer clock.

{ i~ SIMO, SIM1, and SIM2 in "5-4-4 Serial Interface Mode Registers (SIM)" ]

(5) Timer 1 input clock generation
A clock (TCOOF) with 1/2 the frequency of timer O overflow can be used as the
timer 1 clock source. [E= “4-3 Timer 1" ]

4-2-3 Timer 0 Interrupt

When timer 0 overflows (the binary counter 0 (BCO) value changes from X'FF' to
X'00"), the IFTCO bit is set to 1 in interrupt request flag register O (IFQ). If the

interrupt enable flag register 0 [ETCO bit in interrupt enable flag register 0 (IEQ) is 1 at this time, an interrupt
(IE0: X'014' R/W) request is issued to the CPU. [ 85" "2-8 Interrupt Controller" ]
Bit4: IETCO
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4-3 Timer 1

4-3-1 Overview

Timer 1 is an 8-bit programmable counter, controlled by timer mode register
1 (TM1). The timer 1 carry can be scaled by 1/2 (1:1 duty) and output from
the TCO1 pin.

M Clock Source

Timer 1 uses {5/16, fs/64, fs/256, timer 0 internal output (TCOOF), or fosc directly
as the count clock, The TCICLK bit in timer mode register 1 {TM1) specifies
whether or not the source oscillation frequency (fosc) is used as the count clock, and
the fs sc‘é\ling factor is selected by bits TCIPS1 and TCIPSO in timer mode register
1 (TM1). [ =" "4-10-3 (2) Timer Mode Register 1 (TM1)" ]

W Timer Latch 1/Binary Counter 1 (TC1/BC1)

Timer latch 1 (TC1) and binary counter 1 (BC1) are assigned to the same address
(X'02A"). Binary counter 1 (BC1) is incremented by operating clock input, and its
value can be read at any time by reading address X'02A". When address X'02A is

written to, that value is written into timer latch 1 (TC1).

Chapter 4 Timer Functions

Timer mode register 1
(TM1:'02B' R/W)
Bit2: TCICLK

Bit 1: TC1PS1

Bit 0: TC1PS0

Timer latch 1/binary counter 1
(TC1/BC1: X'02A°' R/W)

Timer 1 1 0 1
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Interrupt request flag register 0
(IF0: X'012' R/W )
Bit5: IFTC1

(1

When a value Is written o timer
latch 1 (TC1) while the TC1EN
bit is set to 1 in timer mode
register.1 (TM1), that value is
not loaded into binary counter 1
(BC1) immediately. The timer
latch 1 (TC1) value is loaded
into binary counter 1 (BC1}
when overflow occurs while the
TC1EN bitis setto 1.

Timer mode register 1
(TM1: X'02B' R/W)
Bit3: TC1OUT
Bit7: TC1EN

Interrupt request flag register 0

(IEC: X'014' R'W)
Bit 5: IETC1

102 Timer 1

4-3-2 Timer 1 Operation

(1) Reload operation

When a value is written to timer latch 1 (TC1) while the TCI1EN bit is cleared to O
in timer mode register 1 (TM1), the same value is simultaneously loaded into binary
counter 1 (BC1).

When the TC1EN bit in timer moede register 1 (TM1) is set to 1, binary counter 1
(BC1) starts counting. When BC1 overflows, an interrupt is generated and the
IFTC1 bit is set in interrupt request flag register 0 (IF0). At the same time, the
timer latch 1 (TC1) value is loaded into binary counter 1 (BC1), and the count
continues from that value.

When address X'0ZA' is read, the value in binary counter 1 {BC1) is returned.

Timer 1 has a count stop function, whereby the count is stopped when the TCIEN
bit in timer mode register 1 (TM1) is cleared to 0.

(2) Timer output function
When the TC1OUT bit is set to 1 in timer mode register 1 (TM1), a pulse with a

frequency of 1/2 the binary counter 1 (BC1) overflow (1:1 duty) is output from the
TCO1 pin.

TCO1 pin output

BC1 count value

Figure 4-3-1 Timer 1 Output Waveform

4-3-3 Timer 1 Interrupt

When timer 1 overflows (the BC1 value changes from X'FF' to X'00'), the IFTC1 bit
is set to 1 in interrupt request flag register 0 (IF0). If the IETC1 bit in interrupt
enable flag register O (IE0) is 1 at this time, an interrupt request is issued to the
CPU.

[e= "2-8 Interrupt Controller” ]
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4-4 Timer 2

4-4-1 Overview

Timer 4 is an 8-bit binary counter with a reset function for time base use,
controlled by timer mode register 2 (TM2).

W Clock Source
Either fs/212 or fx/27 can be selected by the TC2CLK bit in timer mode register 2 Timer mode register 2
(TM2). Normally, the setting is made so that a 3.9ms clock is input to timer latch 2 (TM2: X'02C" AW)
. it 4: TC2E
(TC2). The relation between the clock source and the fosc frequency, fx frequency, B’_t N
. . Bit3: TC2FLG
and CPI{ mode register (CPUM) settings is shown below. Bit 2« TC2CLK -
Bit 1: TC2MPX1
Table 4-4-1 Timer 2 Clock Sources Bit 0: TC2MPX0
CPUM )
Bit6 | Bit3 | Bit2 | fosc=4.19MHz | fosc=8.38MHz | fx=32.768kHz CPU mode register
CLKSEL| OSCM1 |OSCMO (CPUM: X016 /W)
0 @) FaN O
0
1 X X O
0
0 X X X
1
1 X X O
0 A O C
0
1 x X 0]
1
0 b X X
1
1 X x O
<Legend>
O: Setting at which fs/212 or fx/27 is 3.9ms
Fa¥s Setting which can be used for TC2 clock source but at which fs/212 is not 3.9ms
x: Setting which cannot be used for TC2 clock source

4-4-2 Timer 2 Operation

(1) Timer 2 interrupt cycle control function
By means of bits TC2ZMPX1 and TC2MPXO in timer mode register 2 (TM2), an
interrupt generation cycle of 3.9ms, 7.8ms, 15.6ms, or 31.2ms can be sclected (in

the case of a 3.9ms TC2 input clock).
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Interrupt request flag register 0
(IFO: X'012' R/W}
Bite: IFTC2

interrupt enable flag register 0

(IEO: X'014' R/W)
Bit6: IETC2

104 Timer 2

(2) Realtime clock flag

The value of the MSB of timer latch 2 (TC2) [1 Hz repeat frequency, 1:1 duty (with
a 3.9ms TC2 input clock)] is reflected in the TC2FLG bit in timer mode register 2
(TM2), and can be read at all times. Also, this signal can be used as the timer O
clock source.

Timer 2 has a reset function enabling error to be minimized in realtime clock
setting. When the TC2EN bit is cleared to 0 in timer mode register 2 (TM2), amer

stops counting and at the same time, timer latch 2 (TC2) is cleared.

{(3) SYNC output

An fs/213 or fx/28 clock is output from the SYNC pin. Switching between the fs/213
and Ix/28 clock sources is performed by means of the TC2CLK bit in timer mode
register 2 (TM2). When fx/28 is selected, the TC2EN bit in timer mode register 2
(TM2) should be set to 1. If fx/28 is selected while the TC2EN bit is cleared to O,
the clock will not be output and the output value wiil be undefined.

4-4-3 Timer 2 Interrupt

When a timer 2 interrupt is generated at the interval set by the TC2MPX1 and
TC2MPXO bits in timer mode register 2 (TM2), the IFTC2 bit is set to | in interrupt
request flag register 0 (IFQ). If the IETC2 bit in interrupt enable flag register 0
(IED) is 1 at this time, an interrupt request is issued to the CPU.

[z "2-8 Interrupt Controller" ]



4-5 Timer 3

4-5-1 Overvie

Timer 3 is an 8-bit programmable counter with event counting capability,
controlled by timer mode register 1 (TM1).

W Clock Source

Timer 3 uses fs, {s/4, fs/16, or TCI3 pin input directly as the count clock. The clock
source is selected by bits TC3CLK1 and TC3CLKO in timer mode register 1 (TM1).
[ "4-10-3 (2) Timer Mode Register 1 (TM1)" ]

B Timer Latch 3/Binary Counter 3 (TC3/BC3)

Timer latch 3 (TC3) and binary counter 3 (BC3) are assigned to the same address
(X'02D"). Binary counter 3 (BC3) is incremented by operating clock input, and its
value can be read at any time by reading address X'02D. When address X'02D" is

written 1o, that value is written into timer latch 3 (TC3).

4-5-2 Timer 3 Operation

(1) Reload operation

When a value is written to timer latch 3 (TC3) while the TC3EN bit is cleared to 0
in timer mode register 1 (TM1), the same value is simultaneously loaded into binary
counter 3 (BC3).

When the TC3EN bit in timer mode register 1 (TM1) is set to 1, binary counter 3
(BC3) starts counting. When BC3 overflows, an interrupt is generated and the
IFTC3 bit is set in interrupt request flag register 1 (IF1). At the same time, the timer
latch 3 (TC3) value is loaded into binary counter 3 (BC3), and the count continues
from that value.

When address X'02D' is read, the value in binary counter 3 (BC3) is returned.

Chapter 4 Timer Functions

Timer mode register 1
(TM1: '02B' R'W)
Bit 5: TC3CLK1
Bit 4: TC3CLKO

Timer latch 3/binary counter 3
(TC3/BC3: X'02D' R/W)

Interrupt request flag register 0
{(IFO; X'012' R/W)
Bit 7: IFTC3

Interrupt enable flag register 0
(IE0: X'014' R/W)
Bit 7: IETC3

a

When a value is written to timer
latch 3 (TC3) while the TC3EN
bit is set to 1 in timer mode
register 1 (TM1), that value is
not loaded info binary counter 3
(BC3) immediately. The timer
latch 3 {TC3) value is loaded
into binary counter 3 (BC3)
when overflow occurs while the
TC3EN bit is set to 1.
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Timer 3 has a count stop function, whereby the count is stopped when the TC3EN

bit in timer mode register 1 (TM1) is cleared to 0.

{2) Event count function
When the TC3CLK1 and TC3CLKO bits are set to "11" in timer mode register 1
(TM1), timer 3 functions as an event counter. Binary counter 3 (BC3) is

incremented on detection of a negative edge in the TCIO3 pin input.

(3) Synchronous output function

Timer 3 and timer 5 have a synchronous output function that outputs the port 1 bit 4
output latch value from the TCO35 pin (P14) when the timer overflows. When the
TC350UT bit is set to 1 in timer mode register 5 {TM35), the synchronous output
function is enabled and the P14 (TCO35) pin functions as the TCO35 pin. Either
timer 3 or timer 5 overflow can be selected as the synchronous output Atrigger by
means of the TCO35C bit in timer mode register 5 (TM5) (when TCO35C=1,
synchronous output triggered by timer 3 overflow is selected).

When synchronous output is performed, bit 4 of the port 1 direction control register
{P1DIR) should be set to 1.

[ "4-10-3 (5) Timer Mode Register 5," "3-2-2 Direction Gontrol Register" ]

4-5-3 Timer 3 Interrupt

When timer 3 overflows (the BC3 value changes from X'FF' to X'00"), the IFTC3 bit
is set to 1 in interrupt request flag register 0 (IFQ). If the IETC3 bit in interrupt
enable flag register 0 (IED) is 1 at this time, an interrupt request is issued to the
CPU. [£=° "2-8 Interrupt Controller" ]
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4-6 Timer 4

4-6-1 Overview

Timer 4 is an 8-bit programmable counter with event counting capability,
controlled by timer mode register 4 (TM4). The timer 4 carry can be scaled
by 1/2 (1:1 duty) and output from the TCIO4 pin.

M Clock Source

Timer 4 uses fosc, fs/4, fs/16, or TCIO4 pin input directly as the count clock. The
clock source is selected by bits TCACLKO and TC4CLK1 in timer mode register 4
(TM4).

Timer 4 has a built-in synchronization circuit, and external input can be
synchronized with the CPU's system clock. Asynchronous or synchronous mode is
selected with the TC4SYN bit in timer mode register 4 (TM4). When synchronous
mode is selected, timer 4 counts in synchronization with the CPU'’s system clock. In
synchronous mode, therefore, the correct value is always returned when binary
counter 4 (BC4) is read, even if event counting is selected. When an event count is
performed in asynchronous mode, it may not always be possible to read the correct
value, depending on the read timing.

[ "4-10-3 (5) Timer Mode Register 4 (TM4)" ]

B Timer Latch 4/Binary Counter 4 (TC4/BC4)

Timer latch 4 (TC4) and binary counter 4 (BC4) are assigned to the same address
(X'048"). Binary counter 4 (BC4) is incremented by operating clock input, and its
value can be read at any time by reading address X'048'. When address X'048' is
written to, that value is written into timer latch 4 (TC4) and also into binary counter
4 (BC4).
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¢

Timer 4 cannot be used in
synchronous mode when it is
used in STOP mode, or when
an external clock with a
frequency higher than fs/2 is
used as its source
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(1

When a value is written lo timer
latch 4 (TC4) while the TC4EN
bit is set to 1 in timer mode
register 4 (TM4), that value is
not loaded into binary counter 4
(BC4) immediately. The timer
latch 4 (TC4) value is lpaded
into binary counter 4 (BC4)
when overflow occurs while the
TC4EN bit is set to 1.
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4-6-2 Timer 4 Operation

{1) Reload operation

When a value is written to timer latch 4 (TC4) while the TC4EN bit is cleared to 0
in timer mode register 4 (TM4), the same value is simultancously loaded into binary
counter 4 (BC4). When the TC4EN bit in timer mode register 4 (TM4) is set to 1,
binary counter 4 (BC4) starts counting. When BC4 overflows, an interrupt is
generated and the IFTC4 bit is set in interrupt request flag register 1 (IF1). At the
same time, the timer latch 4 (TC4) value is loaded into binary counter 4 (BC4), and
the count continues from that value.

When address X'048' is read, the value in binary counter 4 (BC4) is returned.

Timer 4 has a count stop function, whereby the count is stopped when the TC4EN
bit in timer mode register 4 (TM4) is cleared to (.,

(2) Timer output function

When the TC40UT bit is set to "1" in timer mode register 4 (TM4), a pulse with a
frequency of 1/2 the binary counter 4 (BC4) overflow (1:1 duty) is output from the
TCIO4 pin.

TCIO4 pin output s

BC4 count value

Figure 4-6-1 Timer 4 Output Waveform

(3) Event count operation

When the TC4CLK1 and TCACLKO bits are set to "11" in timer mode register 4
(TM4), timer 4 functions as an event counter. Binary counter 4 (BC4) is
incremented on detection of a negative edge in the TCIO4 pin input.

Clearing the TC4SYN bit to ( in timer mode register 4 (TM4) enables the count to
be performed in synchronization with the CPU's system clock.
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CPU system I
clock {fs)

TCIO4
pin input

Synchronization
circuit output

BC4 X n X n+1

Figure 4-6-2 Timer 4 Event Count Timing (Synchronous Mode)

(4) Timer 5 input clock/remote control carrier generation

A clock (TC40F) with 1/2 the frequency of timer 0 overflow can be used as the
timer 5 count clock. In remote control output, TC4OF can be used as the remote
control carrier.

[ "Chapter 10 Remote Control Transmission" ]

4-6-3 Timer 4 Interrupt

When timer 4 overflows (the binary counter 4 (BC4) value changes from X'FF' to Interrupt request fiag register 1

X'00", the IETC4 bit is set to 1 in interrupt request flag register 1 (IF1). If the (IF1: X'013' R/W)

s . . S . Bit0:
IETC4 bit in interrupt enable flag register 1 (IE1) is 1 at this time, an interTupt it 0: IFTC4

request is issued to the CPU. [ 65" "2-8 Interrupt Controller’ ] Interrupt enable flag register 1

(IE1: X'015" R/W)
Bit0: IETC4
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4-7 Timer 5

4-7-1 Overview

Timer 5 is a 6-bit prescaler + 8-bit programmable counter with event
counting capability, controlled by timer mode register 5 (TM5}.

8l Clock Source

The timer 5 count clock is controlled by (1) prescater clock source selection and (2)
prescaler scaling factor selection.

[e= "4-10-3 (6) Timer Mode Register 5 (TM5)" ]

(1) Prescaler clock source

The prescaler clock source is specified by the TC5CLK1 and TC5CLKO bits in
timer mode register 5 (TM5). Any of three clocks can be selected: fx, fs, or timer 4
internal output (TC40F).

(2) Prescaler scaling factor
The prescaler scaling factor is specified by the TC5PS1 and TC5PSO0 bits in timer
mode register 5 (TM5). Any of four scaling factors can be selected: 1/1, 1/4, 1/1 6,
or 1/64 of the prescaler input.

B Timer Latch 5/Binary Counter 5 (TC5/BC5)

Timer latch 5 (TC5) and binary counter 5 (BC5) are assigned to the same address
(X'04A"). Binary counter 5 (BC5) is incremented by operating clock input, and its
value can be read at any time by reading address X'04A". When address X'04A" is
written to, that value is written into timer latch 5 (TC5) and also into binary counter
5 (BC5).
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4-7-2 Timer 5 Operation

(1) Reload operation

When a value is written to timer latch 5 (TC5) while the TCSEN bit is cleared to 0
in timer mode register 5 (TMS5), the same value is simultancously loaded into binary
counter 5 (BC5). When the TC5EN bit in timer mode register 5 (TM5) is set to i,
binary counter 5 (BC5) starts counting. When BCS overflows, an interrupt is
generated and the IFTCS5 bit is set in interrupt request flag register 1 (IF1). At the
same time, the timer latch 5 (TCS) value is loaded into binary counter 5 (BCS5), and
the count continues from that value.

When address X'04A' is read, the value in binary counter 5 (BCS5) is returned.

Timer 5 has a count stop function, whereby the count is stopped when the TCSEN
bit in timer mode register 5 (TM5) is cleared to 0. The prescaler is cleared at the

same time.

(2) Synchronous output function

Timer 3 and timer 5 have a synchronous output function that outputs the port 1 bit 4
output latch value from the TCO35 pin (P14) when the timer overflows. When the
TC350UT bit is set to 1 in timer mode register 5 {TMS5), the synchronous output
function is enabled and the P14 (TCQO35) pin functions as the TCO35 pin. Either
timer 3 or timer 5 overflow can be selected as the synchronous output trigger by
means of the TCO35C bit in timer mode register 5 (TM5) (when TCO35C=0,
synchronous output triggered by timer 5 overflow is selected).

When synchronous output is performed, bit 4 of the port 1 direction control register
(P1DIR) should be set to 1.

[0=> "4-10-3 (5) Timer Mode Register 5," "3-2-2 Direction Control Register" ]

{3) Remote control output function
In remote control output, the timer 5 overflow signal (TC5IRQ) is used as the

remote control basic pulse. [ 1 "Chapter 10 Remote Control Transmission" ]

4-7-3 Timer 5 Interrupt

When timer 5 overflows (the binary counter 5 (BC5) value changes from X'FF' to
X'00", the IFTC5 bit is set to 1 in interrupt request flag register 1 (IF1). If the
IETCS bit in interrupt enable flag register 1 (IE1) is 1 at this time, an interrupt
request is issued to the CPU. [ 1= "2-8 Interrupt Controller" ]
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Q

When a value is written to timer
latch 5 (TC5) while the TC5EN
bit is set to 1 in timer mode
register 5 (TM5), that value is
not loaded into binary counter 5
(BCS) immediately. The limer
fatch 5 (TC5) value is loaded
into binary counter 5 (BC5)
when overflow occurs while the
TC5EN bitis set to 1.

Interrupt request flag register 1
(IF1: X013 AW)
Bit 1: IFTCS

Interrupt enable flag register 1

(IE1: X'015' R/W)
Bit 1: IETC5
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Timer mode register 2
{(TM2: X'02C' R/W)
Bit 7: WDEN

PWM control register

(PWMC: X'030' R/W)
Bit 2: PWMOE

112 Watchdog Timer

4-8 Watchdog Timer

4-8-1 Overview

The watchdog timer can be used to detect program runaway, and is
controlled by timer mode register 2 (TM2).

The watchdog timer uses the PWMO 14-bit counter for its count operations.
Therefore, when the watchdog timer is used, the PWMOE bit in the PWM control
register (PWMC) should be set to 1 to select PWM operation. The watchdog timer
starts operating when the WDEN bit is set to 1 in timer mode register 2 (TM2), and
generates a system reset at an interval of £s/216.

[ 1 "7-5-2 PWM Control Register (PWMC)" ]



4-8-2 Watchdog Timer Operation

After the WDEN bit has been set to 1 in timer mode register 2 (TM2), 0 will
automatically be output to the RST pin, causing a CPU reset, unless the WDEN bit

is cleared to 0 within a given time (Twp). An outline program flowchart is shown in

figure 4-8-1.
Start
—
WDEN="0"
WDEN="1"
Main routine

The time required to execute this
coding, including interrupt handler
execution, must be shortes than the
minimum value of TWD. In some
cases, WDEN bit resetting/setting
may be included at a number of
points.

Figure 4-8-1 Example of Use of Watchdog Timer

e714
ot <
fs

The interval at which the WDEN bit in timer mode register 2 (TM2) is reset/set in

1A

216

fs

the program must be smaller than the minimum value of Twp.
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(1

When the WDEN bit in timer
mode register 2 (TM2) is
cleared to 0, the 1/4-scaling
counter is cleared but the
PWMO 14-bit counter is not
affected. Therefore, in the
worst case, depending on the
timing of watchdog timer
clearance, the watchdog reset
will be generated at a 3/4
interval. Consequently, when
repeating WDEN bit clearing
and setting at regular intervals,
a cycle not exceeding 3/4 of
fs/216 should be used.
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Timer mode register 2
(TM2: X'02C' R/'W)
Bit 6: BUZFQ

Bit 5: BUZEN

PWM control register
(PWMC: X'030° R'W)
Bit 2: PWMOE

CPU mode register
(CPUM: X'016' R/W)
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4-9 Buzzer Output

4-9-1 Overview

An fs/29 or fs/28 square wave can be output at the buzzer output pin
(P90/BUZZER). Buzzer output is controlled by timer mode register 2 (T M2).
The buzzer output waveform is generated using the PWMO 14-bit counter.
Therefore, when buzzer output is used, the PWMOE bit in the PWM control
register (PWMC) should be set to 1 to select PWM operation.

[e=F "7-5-2 PWM Control Register (PWMC)" |

4-9-2 Buzzer Output Operation

After the output frequency has been set by means of the BUZFQ bit in timer mode
register 2 (TM2), a 1:1 duty square wave is output at the BUZZER pin by setting
the BUZEN bit in timer mode register 2 (TM2) to 1. The buzzer output frequency
is selected according to the settings of the BUZFQ bit and CPU mode register
(CPUM) bits as shown in the following table.

Table 4-9-1 Buzzer Qutput Frequencies

CPUM ™2 System Clock (fs) Source Oscillation
Bit3 | Bit2 | Bit6 | Bit6 fosc=4.19MHz |  fosc=8.38MHz
0SCM1 | OSCMO|CLKSEL BUZFQ Buzzer output frequency
0 0 2kHz 4kHz
1 4kHz 8kHz
0 1 0 1kHz 2kHz
1 2kHz 4kHz
0 : P
0 .
0
1
1 0
1
1
0
0
1
0 0
1
1
! 0
0
1
! 0
1
1

. Seftings not suitable for buzzer output, since the system clock (fs) is generated
uging 32kHz source oscillation.
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4-10 Timer Control Registers
4-10-1 Overview

Ten register bytes are used to control the MN187XX23's timers: timer mode
registers (TMO, TM1, TM2, TM4, TM5) which control timer operation, and
timer latches/binary counters (TC0/BCO, TC1/BC1, TC2/BC2, TC4/BC4,
TC5/BCS5) used for reload value setting and count value reading. These
registers are all located in RAM space.

Table 4-10-1 Timer Control Registers

Regisier RAM .
Abbreviation| Address RIW Register Name
TCO/BCO X028 R*W Programmable timer counter 0

{timer latch O/binary counter 0)

T™O X'02¢9' R/W Timer mode register 0

TC1/BCl XA R*W Programmable timer counter 1
(timer latch 1/binary counter 1)

™1 X'02B’ R/W Timer mode register 1
T™M2 x'oz2C R/W Timer mode register 2
TC3/BC3 X0 R*W Programmable timer counter 3

(timer latch 3/binary counter 3)

TC4/BC4 X'048 R*/W Programmable timer counter 4
(timer latch 4/binary counter 4)

™4 X049 R/W Timer mode register 4

TC5/BCS X'04A' R*/W Programmable timer counter 5
(timer latch 5/binary counter 5)

TMS X048’ R/W Timer mode register 5

R/W:  Can be both read and written to.
R*W: When read, the binary counter value is returned.

When written to, the value is written into the timer latch.
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(1

* When read, the binary counter
value is returned; when
written to, the value is written
into the timer latch.

Timer mode register 0
(TMO: X'029' A/W)
Bit 7: TCOEN

¢

* When read, the binary counter
value is returned; when
written to, the value is written
into the timer latch.
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4-10-2 Programmable Timer Counters
Timers 0, 1, 3, 4, and 5 are 8-bit programmable timer counters.
Each programmable timer counter consists of a timer latch (TC) and a

binary counter (BC).

(1) Programmable timer counter 0 (TCO/BCO)

TCO

BCO

Figure 4-10-1 Programmable Timer Counter 0 (TC0O/BCO: X'028' R*/W)

When a value is written to timer latch 0 (TC0) while the TCOEN bit is cleared to 0
in timer mode register 0 (TMO), the same value is simultaneously loaded into binary
counter 0 (BCO).

When the timer is enabled—that is, when the TCOEN bit in timer mode register 0
(TMO) is set to 1—binary counter 0 (BCO) starts counting. When BCO overflows,
the timer latch 0 (TCO) value is loaded into binary counter O (BCO), and the count
continues from that value. [ 1% "4-2-2 (1) Reload operation" ]

(2) Programmable timer counter 1 (TC1/BC1)

TCH

BCH

Figure 4-10-2 Programmable Timer Counter 1 (TC1/BC1: X'02A' R*/W)

When a value is written to timer latch 1 (TC1) while the TCOEN bit is cleared to 0
in timer mode register 1 (TM1), the same value is simultaneously loaded into binary
counter 1 (BC1).

When the timer is enabled—that is, when the TCIEN bit in timer mode register 1
(TM1) is set to 1—binary counter 1 (BC1) starts counting. When BC1 overflows,



Chapter 4 Timer Functions

the timer latch 1 (TC1) value is loaded into binary counter 1 (BC1}, and the count
continues from that value. [ 15° "4-3-2 (1) Reload operation" ]

(3) Programmable timer counter 3 (TC3/BC3)

TC3 G
n
7 6 5 4 3 2 1 0

BC3 * When read, the binary counter
value is returned; when

written to, the value is written
Figure 4-10-3 Programmable Timer Counter 3 (TC3/BC3: X'02D' R*/W) into the timer latch.

When a.value is written to timer latch 3 (TC3) while the TC3EN bit is cleared to 0
in timer mode register 1 (TM1), the same value is simultaneously loaded into binary
counter 3 (BC3).

When the timer is enabled—that is, when the TC3EN bit in timer mode register 1
(TM1) is set to 1—binary counter 3 (BC3) starts counting. When BC3 overflows,
the timer latch 3 (TC3) value is loaded into binary counter 3 (BC3), and the count
continues from that value. [ 5 "4-5-2 (1) Reload operation” ]

(4) Programmable timer counter 4 (TC4/BC4)

7 6 5 4 3 2 1 0 G

BC4 * When read, the binary counter
value is returned; when
written to, the value is written

TC4

Figure 4-10-4 Programmable Timer Counter 4 (TC4/BC4: X'048' R*/W) . i
into the timer lalch.

When a value is written to timer latch 4 (TC4) while the TC4EN bit is cleared to 0
in timer mode register 4 (TM4), the same value is simultaneously loaded into binary
counter 4 (BC4).

When the timer is enabled——that is, when the TC4EN bit in timer mode register 4
(TM4) is set to |—binary counter 4 (BC4) starts counting. When BC4 overflows,
the timer latch 4 (TC4) value is loaded into binary counter 4 (BC4), and the count

continues from that value.
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(

* When read, the binary counter
value is returned; when
written to, the value is written
into the timer latch.
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(5) Programmable timer counter 5 (TC5/BCS5)

TGS

BC5

Figure 4-10-5 Programmable Timer Counter 5 (TC5/BC5: X'04A' R*/W)

When a value is written to timer latch 5 (TC5) while the TC5EN bit is cleared to 0
in timer mode register 5 (TMS5), the same value is simultaneously loaded into binary
counter 5 (BC5).

When the timer is enabled—that is, when the TC5EN bit in timer mode register 5
(TMS5) is set to I—binary counter 5 (BC5) starts counting. When BC5 overflows,
the timer latch 5 (TCS) value is loaded into binary counter 5 (BC5), and the count

continues from that value.



4-10-3 Timer Mode Registers (TM)
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The five timer mode registers (TMQ, TM1, TM2, TM4, and TM5} are one-
byte, read/write registers that control timers 0, 1, 2, 3, 4, and 5, the

watchdog timer, and buzzer output.
(1) Timer mode register 0 (TMO)

7 6 5 4 3 2 1 0

TMC | TCOEN [TCOMODI TCOOUT|TCOSYN|TCOPST | TCOPSO|TCOCLKI|TCOCLKD|  (After reset: 0 XOOXOCKXX)

— TCOCLK1 | TCOCLKO

Timer 0 clock source selection

0

0

External input (TCIO0/P10)

fx

fs

1
0
1

TC2FLG

—— | TCOPS1 | TCOPSO

Timer 0 prescaler scaling factor
selection

1A

1/4

1/16

- o=

1/64

TCOSYN

Timer O ¢lock source asynchronous/
synchronous selection

0

Synchronous

1

Asynchronous

L : TCOOUT

Timer O output specification (P10/TCIO0)

0

Port P10 output

1

TCIQ0 carry output

—{ TCOMOD

Timer 0 mede specification

Timer mode

Pulse measurement mode

Timer 0 enable

Count disabled, prescaler cleared

Figure 4-10-6 Timer Mode Register 0 (TMO: X'029' R/W)

In a reset, bit 7 (TCOEN) is cleared to 0 and the other bits are undefined.

Count enabled
G

If the TCOSYN bit in TMO is
modified when the TCOCLK1
and TCOCLKO bits in TMO are
set to "10" (fs selected as the
clock source), timer 0 may be
incremented.
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(2) Timer mode register 1 (TM1)

7 6 5 4 3 2 1 0

TM1 | TCIEN | TC3EN | TCACLKY| TC3CLKY TC1OUT | TCICLKITC1PS1 [TC1PS0| (After reset: 00XX0XXX)

L - —{ TC1P$1 | TC1PSO0 | Timer 1 prescaler scaling factor selection

0 15116
1 fs/64
0
1

f5/266
TCOOF

TCI1CLK Timer 1 clock source specification

0 Prescalerfosc
1 fosc

TC1OUT Timer 1 output specification {P10/TCIOA)

0 Port P10 output
1 Timer 1 carry output

TC3CLK1 | TCAcLKo| Timer 3 clock source selection
0 0 fs
1 fs/4
1 0 fs/16
1 External input

TC3EN Timer 3 enable

0 Count disabled
1 Count enabled

TC1EN Timer 1 enable

0 Count disabled
1 Count enabled

Figure 4-10-7 Timer Mode Register 1 (TM1: X'02B' R/W)

In a reset, bits 3 (TC10QUT), 6 (TC3EN), and 7 (FCIEN) are cleared to 0, and the

other bits are undefined.
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(3) Timer mode register 2 (TM2)

7 6 5 4 ! 2 1 0

TM2 | WOEN | BUZFQ|BUZEN | TC2EN [TC2FLG| TC2CLKTCAMPX1TC2MPXY  (After reset: OX00X1XX)

L_7coMPX1]|TC2MPX0| Timer 0 interrupt cycle selection

fs/2'? = 27

0 0
1 fs/2' o ix/2°
0

B

fsf2' . fx/2?
fs/215 : ix/2'®

TC2CLK Timer 2 clock source selection

0 fxf2”
1 fs/2'2

——————— TC2FLG Realtims clock flag

When TC2CLK=0 and
fosc=4.19MHz, CLKSEL=0,

1Hz cycle, or

1:1 duty fosc=8.38MHz, CLKSEL=1
When TC2CLK=1 and
fx=32kHz

TC2EN Timer 2 enable

0 Count disabled, counter cleared
1 Count enabled

BUZEN Buzzer output enabled

0 Disabled (P11 port input/output}
1 Qutput enabled
BUZFQ Buzzer cycle selection
0 fs/2 9
1 fsf28

] WDEN Waichdog timer enable

0 Watchdog timer stopped,
1/4-scaling counter cleared
1 Watchdog timer enabled

Figure 4-10-8 Timer Mode Register 2 (TM2: X'02C' R/W)

In a reset, bit 2 (TC2CLK) is set to 1, bits 4 (TC2EN), 5 (BUZEN), and 7 (WDEN)

are cleared to 0, and the other bits are undefined.
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{(4) Timer mode register 4 (TM4)

7 6 5 4 3 2 1 0

TM4 | TC4EN |TC4SYN ITGACLKY| TCACLKOY TedoUT | —— [ —— | —— | (After reset: 0 XXX0---)
Timer 4 output specification
TCAOUT | (pya7CIOs)
0 Port P13 output
1 TCIOA4 carry output
— — 1 TCACLK1| TCAGLKO| Timer 4 clock source selection
0 0 fosc
1 fs/4
q 0 fs/16
1 External input
| TC4SYN Timer 4 extemnal clqck asynchronous/
synchronous selection
0 Asynchronous
1 Synchronous

— TC4EN Timer 4 enable

0 Count disabled
1 Count enabled

Figure 4-10-9 Timer Mode Register 4 (TM4: X'049' R/W)

In a reset, bits 3 (TC40UT) and 7 (TC4EN) are cleared to 0, and the other bits are

undefined.
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(5) Timer mode register 5 (TM5)

7 6 5 4 3 2 1 0

TM5 | TCSEN {TC350UT |TCO35C| —— [TCSPS1|TCSPSO|TCSCLKYTCECLKC) (After reset: 000-XXXX)

| TCSCLKT | TCACLKO| Timer 5 clock source selection

0 0 TC40F
1 fx
1 0 fs
1 Setting prohibited

TE5PS1 | TCSPSO | Timer 5 prescaler scaling factor selection

0 1A
0 1 i/4
1 0 1/16

1 1/64

L. _ S Timer 3Aimer 5 synchronous output
TCO35C specification (P14/TC035)

0 Synchronous output on timer 5 overfiow
1 Synchronous output on imer 3 ovetflow
L ~— TC360UT Synchronous output specification
0 Port P14 output
1 Synchronous output

TCS5EN Timer 5 enable

0 Count disabled, prescaler cleared
1 Count enabled

Figure 4-10-10 Timer Mode Register 5 (TM5: X'04B' R/W)

In a reset, bits 5 (TCO35C), 6 (TC30UT), and 7 (TC5EN) are cleared to 0, and the

other bits are undefined.
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Chapter 5 Serial Functions

5-1 Overview

The MN187XX23 has three synchronous serial interfaces, with the following
features.

B Continuous transmission/reception
Two of the serial interfaces—O0 and 1—can be connected in parallel, allowing

continuous transmission and reception.

B Compatibility
Communication can be performed with the serial interfaces of the MN1500,
MN1700, MN 1860, MN1870, and MN1880 Series.

B Clock rate

Internal clock: Can be selected from fs, f5/8, fs/16, and timer 0 internal output

(BC0/2: output at 1/2 timer & overflow rate}.

External clock: Serial interface 0 can use the P02 (SBT0) or P06 (PSBTO) pin as the
clock input/output pin, serial interface 1 can use the P05 (SBT1) pin, and serial
interface 2 can use the P93 (SBT2) pin (P06 can be used for clock input only}.
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S Data bus S
SiMO : X'022' @
G0 ___
CMOT 7 _
ICMO2 .
3 IBITDIRO BUS SWAP
SBOCO
ISBTCO - PN 2
SIFOEG L l
s Mg ‘-lLatch/through[ ~ SIBUFO : X'020"
o ‘ ] T SIBUFi S
° MPX (-1 SBCO
PO From SIBUF1 —» (POO)
SBTO Portlatch —*
PO _
P(zg?o = SIFOIRQ
Pogy ™ — 1, /{(  [psw_
fs/8 wexi— oo (STee
. e —e | W
BCO/2 —* o
{timer 0 overflow/2) SBCO: X'024

S Data bus J

Figure 5-1-1 Serial Interface 0 Block Diagram

S Data bus S

SIM1 : X'023' @

3 BUS SWAP
——— = To SIBUFO MPX
From SIBUFO
SBI1 - |
{PO4) [ MPX » SIBUF1 : X'021
MPX —{] SBO1
(PO3)
Port latch ——
SBT1
(P05} Overflow + SIFIRG
fs —
fs/8 —™ ||
8 MPX
w16 — | b
BCO/2 —™ S
{timer 0 overfiow/2) SBC1 : X'025
S Data bus S

Figure 5-1-2 Serial Interface 1 Block Diagram
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Data bus

SIM2 : X'036' @

i

-
3 BUS SWAP
Sel2 »| Latch/thro gh SIBUF2 : X'035' 1
(P92) = Latch/ithrou :
l [
’_‘r MPX —{] SBO2
POE {P31)
SBRT? l Port latch ——
(P93) PO S
—» SIF2IRC
fs -_——yr [BUSY2 _
8 — Lty IsFcE "
mex— W3y ¥
ST Sl e N 1 ;- iy
BCO/2 —*
{timer D overflow/2) SBC2 : X'037
g Data bus |
Figure 5-1-3 Serial Interface 2 Block Diagram
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Transmit/receive shift buffers
012

(SIBUFO: X'020°' R/W)
(SIBUF1: X'021' R/W)
(SIBUFZ2: X'035' R/W)

Serial interface bit counters
012

(SBCO: X'024' R/W)
Bit5: STCEQ

Bit 3: BUSY0
Bit2: 8BCo02

Bit 1: SBCO1

Bit 0: SBCO0
(8BC1: X'025' R/W)
Bit5: STCE?

Bit 3: BUSY1
Bit 2: SBC12

Bit 1: SBC11

Bit 0: SBC10
(SBC2: X'037' R'W)
Bit5: STCE2

Bit 3: BUSYZ2
Bit2: S8BC22

Bit 1: 8BC21

Bit 0: SBC20

¢

When data is written into a

transmit/receive shift buffer
(SIBUF), if the SBT pin is idle,
the SBO pin is goes low before
the transfer. If the receiver is in
the start condition enabled
state (STCE bit = 0 in SBC),
the serial bit counter is cleared
by this signal.

Serial interface mode register 0
{SIMO: X'022' R/W)

Bit 7: SIFOEQ

Bit 6: SIFCONO

Serial interface mode register 1
(SIM1: X'023' R/W)
Bit 7: SIFOE1

130
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5-2 Serial Interface Operation
5-2-1 Overview

A serial interface transfer is started by writing data to the transmit/receive
shift buffer {(SIBUF). The 3-bit serial bit counter (SBC) is incremented each
time a bit is transferred, and the transfer is terminated when the counter
overflows (from 111 o 000).

With these serial interfaces, the serial bit counter (SBC) can be read and written to,
enabling transfer of any number of bits. The number of bits must always be set
before making a transfer. When n bits are to be transferred, the value 8-n is set in
bits SBC2~SBCO in the serial interface bit counter (SBC).

In reception using a start condition, however, bits SBC2~SBCO are cleared when the
start condition is input, and therefore 8-bit reception is performed automatically in

this case.

5-2-2 Independent Operation Mode

In this mode, serial interfaces 0, 1, and 2 are used independently. Serial
interfaces 0 and 1 are set to independent operation mode when the
SIFCONO bit in serial interface mode register 0 (SIMO0) is cleared to 0. Serial
interface 2 can only be used in independent operation mode.

Transmission/reception operations are described below.

(1) Transmission
 The SIFOE bit in the serial interface mode register (SIM) is set to 1 to select

serial input/output.

® A value (the number of transmit bits) is set in bits SBC2~SBCO in the serial

interface bit counter (SBC). For n transmit bits, the set value is 8-n.

@ When data is written into the transmit/receive shift buffer (SIBUF), in the start
condition enabled state the start condition is output and transfer is started.

When data is transferred, the BUSY flag is set to 1.
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@ The serial bit counter (bits SBC2~SBCO of the serial interface bit counter Serial interface mode register 2
(SBC)) is incremented each time a bit is transferred, and when the set number (SIM2: X'036" R/W)
. Bit 7: SIFOE2

of bits have been transferred the BUSY flag is cleared to 0. At the same time,

a serial interrupt (SIFIRQ) is generated and the serial interrupt request flag

(IFSIF) in the interrupt request flag register (IF1}is set to 1. Interrupt request flag register 1
(IF1: X013 R'W)
{2) Reception Bit4: IFSIF2
Bit 3: IFSIF1

@ The SIFOE bit in the serial interface mode register (SIM) is set to 1 to select .
Bit2: IFSIFO

serial input/output.

® Dummy data is written to the transmit/receive shift buffer (SIBUF).

@ In the start condition enabled state, when the start condition is input the BUSY
flag is set and bits SBC2~SBCO in the serial interface bit counter (SBC) are
cleared.

In the start condition disabled state, a value (8—n in the case of n receive bits) is

set in bits SBC2~SBCO in the serial interface bit counter (SBC).

@ When the transfer clock is input, reception is started by performing
transmit/receive shift buffer (SIBUF) shifting in synchronization with the
clock. The BUSY flag is set to 1 when the start condition is input In the start
condition enabled state, or when the external clock is input in the start

condition disabled state.

® The serial bit counter {(bits SBC2~SBCO of the serial interface bit counter
(SBQ)) is incremented each time a bit is transferred, and when the set number
of bits have been transferred the BUSY flag is cleared to 0. At the same time,
a serial interrupt (SIFIRQ) is generated and the serial interrupt request flag
(IFSIF) is setto 1.

® The contents of SIBUF are read in the interrupt handling routine.
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(1

When a serial interface is used
for transmission only, the start
condition should be disabled
(by setting the STCE bit to 1 in
the serial interface bit counter
(SBC}). If the start condition is
enabled, incorrect operation
may result from clearing of the
serial bit counter in response to
the start condition.

¢

If a serial transfer is interrupted
before completion, an interval
of at least one serial clock cycle
is necessary before the next
transfer can be started,

132
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Transmission/reception settings made in the serial interface mode register (SIM) and

serial interface bit counter (SBC) are shown in table 5-2-1.

Table 5-2-1 Independent Operation Mode Transmission/Reception Settings

Register | Bits Mnemonic Function of Setting
SIM 0-2 CMO0~CM2 Selects the transfer clock.
3 BITDIR Selects MSB-first or LSB-first transfer,
4 SBOC Selects the transmit data output pin (SBO) output type.
5 SBTC Selects the clock input/output pin (SBT) output type.
6 SIFCONO Cleared to 0 to specify independent mode.
(SIMO only}
7 SIFOE Set to 1 to specify serial input/output.

SBC 0~2 SBCO~-SBC2 For n transmit/receive bits, set with 8-n. (In the
start condition enabled state, the number of receive
bits need not be set.)

5 STCE Selects detection/ignoring of start condition,

6 CLKPL Selects serial interface 0 clock input/output
polarity. (SBCO and SBC2 only)

7 LTl Selects receive data input pin (SBI) through/iatch

input. (SBCO and SBC2 only)




5-2-3 Continuous Transmission/Reception Mode

In this mode, serial interfaces 0 and 1 are connected in parallel, and data
transfer is performed continuously without stopping the clock.

Serial interfaces 0 and 1 are set to continuously transmission/reception mode when
the SIFCONO hit in serial interface mode register 0 (SIMO) is set to 1. The serial
input/output pins used in this case are P00 (SBOO), P01 (SBIO), PO2 (SBTD), and
PSETO (PO6).

Transmission/reception operations are described below.

(1) Transmission
@ Th& SIFOEQ and SIFOE1 bits in serial interface mode registers 0 and 1 (SIMO,
SIM1) are set to 1 to select serial input/output.

@ A value (the number of transmit bits) is set in bits SBC2~SBCO and
SBC12~SBC10 in serial interface bit counters 0 and 1 (SBCO, SBC1).
For example, in the case of n transmit bits on serial interfacc 0, a valué of 8—n

is set in serial interface bit counter 0 (SBCO).

@ When data is written into the SIBUF0 and SIBUF1 transmit/receive shift
buffers in that order, the start condition is output and transfer is started from

SIBUFQ. When data is transferred, the BUSY flag is set to 1.

@ The seria! bit counter (bits SBC2~SBCO of SBCO) is incremented each time a
bit is transferred, and when the set number of bits have been transferred the
BUSY flag is cleared to 0.

At the same time, a serial interrupt {SIFIRQO) is generated and the serial
interrupt 0 request flag (IFSIF0) is set to 1.

® Next, the data in SIBUF]1 is transmitted. When the transfer ends, a serial
interface 1 interrupt (SIFIRQ1) is generated and the serial interrupt 1 request
flag (IFSIF1) is set to 1.

® When further continuous transfer is carried out, data is written to SBCO and

SIBUFO during transmission of the SIBUF1 data.

Chapter 5 Serial Functions

Serial interface mode register 0
(SIMO: X'022' R/W)

Bit 7: SIFOEO

Bit 6: SIFCONO

Serial interface mode register 1
(5iM1: X'023' R/W)
Bit 7: SIFOE1

Serial interface bit counter 0
(SBCO: X'024' R/W)

Bit 3: BUSYO

Bit2: SBCO2

Bit 1: SBCO1

Bit 0: SBCOO

Serial interface bit counter 1
(SBC1: X'025' R/W)

Bit 3: BUSY1

Bit2: SBC12

Bit 1. SBC11

Bit 0: SBC10

(1

* 16 bits of data can be written
simultaneously with the MOVL
instruction,

Interrupt request flag register 1
(IF1: X'013' R/W)

Bit 3: IFSIF1

Bit 2: IFSIFO
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(2) Reception
@ The STFOEQ and SIFOE1 bits in serial interface mode registers 0 and 1 (SIMO,

SIM1) are set to 1 to select serial input/output.

@ Dummy data is written to transmit/receive shift buffer 0 (SIBUF0Q) in order to
Transmit/receive shift buffer O activate it.
{(SIBUF: X'020' B/W)
@ In the start condition enabled state, when the start condition is input the
BUSYO flag is set in serial interface bit counter 0 (SBCO) and bits
SBC02~SBCO0 are cleared. (Serial interface bit counter 1 (SBC1) is not
affected.)
In the start condition disabled state, a value (8—n in the case of n receive bits) is
set in bits SBC02~SBCO0.

@ When the external clock is input, reception is started by shifting SIBUFO in
synchronization with the clock. The BUSYO flag is set to 1 when the start
condition is input In the start condition enabled state, or when the external

clock is input in the start condition disabled state.

® Serial bit counter 0 (bits SBC02~SBCO0 of serial interface bit counter 0
(SBCO)) is incremented each time a bit is transferred, and when the set number
of bits have been transferred the BUSYO flag is cleared to 0.

At the same time, a serial interface O interrupt (SIFIRQO) is generated and the
serial interrupt 0 request flag (IFSIFQ) is set to 1.

® The contents of SIBUFO are read in the interrupt handling routine.

@ By writing data to SIBUF1 while data is being received in SIBUFO, it is

possible to receive data continuously without stopping the clock.
Transmission/reception settings made in the serial interface mode register (SIM) and

serial interface bit counter (SBC), including the settings above, are shown in table
5-2-2.
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Table 5-2-2 Continuous Transmission/Reception Mode Transmit/Receive Settings
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Register | Bits Mnemonic Function of Setting
SIMO 0~2 | CM0O0~CMO2 Selects the transfer clock.
3 BITDIRO Selects MSB-first or LSB-first transfer.
4 SBOCO Selects the transmit data output pin (SBOO0) output
type.
5 SBTCO Selects the external clock input/output pin (SBTQ)
output type.
6 SIFCONO Set to 1 to specify continuous transmission/
reception mode.
7 SIFOEOQ Set to 1 to specify serial input/output.
SIM1 3 BITDIR1 Selects MSB-first or LSB-first transfer.
7 SIFOE1 Set to 1 to specify serial input/output.

SBCO 0~2 | SBCCOO-SBCO2 | For n transmit/receive bits, set with 8-n. (In the
start condition enabled state, the number of receive
bits need not be set.)

5 STCEQ Selects detectionfignoring of start condition.
6 CLKPLO Selects serial interface 0 clock input/output polarity.
7 LTI Selects receive data input pin through/latch input.

SBC1 0~2 | SBC10~SBC12 | For n transmit/receive bits, set with 8—n. (In the
start condition enabled state, the number of receive
bits need not be set.)

(1

When a serial interface is used
for transmission only, the start
condition should be disabled
{by setting the STCE bitto 1 in
the serial interface bit counter
(8BC)). If the start condition is
enabled, incorrect operation
may resuft from clearing of the
serial bit counter in response io
the start condition.

Q

If a serial transfer is interrupted
before compietion, an interval

of at least one serial clock cycle
is necessary before the next
transfer can be started.

In the MN187XX23, when any of bits CLKPLO, LTIO, CM00~CM02,
CM10~CM12, CLKPL2, LT12, and CM20~CM22 in serial interface
mode registers 0, 1, and 2 (SIMO, SIM1, SIM2) is manipulated, the
level of the SBTO, SBT1, and SBT2 pins is inverted, and this
inversion may cause the serial interface bit counter to be
incremented. To prevent this incorrect operation, the following
measures should be taken when manipulating any of these bits.

Example 1:

Clear the SIFOEQ, SIFOE1, and SIFOE2 bits in serial interface mode registers
0, 1, and 2 {SIMO, SIM1, SIM2) to 0 before sefting of any of the above control
bits. When the SIFOEO, SIFOE1, and SIFOE2 bits are cleared 1o 0
(designating that serial pins are to function as ports) the serial interface bit
counters are stopped, and so cannet be incremented.

Example 2:

Clear the seria! interface bit counter after manipulating any of the above control
bits (by writing O in bits 0~2 of serial interface bit counter 0/1/2
{SBC0/SBC1/SBC2).
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5-2-4 Serial Interface Transfer Timing

Serial interface bit counter 0 The clock polarity and receive data latching edge can be controlled for serial
(SBCO: X'024' R/W) interfaces 0 and 2 by means of bits CLKPL and LTI in the serial interface bit
Bit7: LTio counter (SBC).

Bit 6: CLKPLO o ) . . o . )
In transmission, transmit data is output in synchronization with the falling edge of

Serial interface bit counter 2 the clock when the CLKPL bit is cleared to 0, and in synchronization with the rising
(8BC2: X037 R/W) edge when the CLKPL bit is set to 1.
Bit 7: LTI2

In reception, receive data is latched in synchronization with an edge of opposite
Bit 6: CLKPL2 - .
polarity to the output edge in transmission when the LTI bit is cleared to 0, and in
synchronization with an edge of the same polarity as the output edge in transmission

when the LTT bit is set to 1.

Table 5-2-3 Serial Data Qutput Edge and Input Edge (Serial Interfaces 0 and 2)

CLKPL| LTI Transmit Data Output Edge Receive Data Input Edge
0 }
0
1 — I A
0 I I B
1

FIE— B

On serial interface 1, in transmission, transmit data is output on the fall of the clock,

and in reception, receive data is latched on the rise of the clock.

Table 5-2-4 Serial Data Output Edge and Input Edge (Serial Interface 1)

Transmit Data Output Edge Receive Data Input Edge

Transmission and reception timing is shown in figures 5-2-1 to 5-2-4. The number
of clocks differs only in continuous transmission/reception mode and when

transferring an arbitrary number of bits, and is the same in other operations.
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(1) Transmit timing

s . tD-
- ——

SBT 1/2tb <ts < ip

to=1ps:

with internal clock
to = 500 ns:
with external clock

SBO

BUSY

SIFIRQ :

1
Numbers
correspond to
those below
(@ When transmit data is written to the shift buffer, a start condition is output.
@ The transmit data is output sequentially on the falling edge of the clock.
® On the 8th rising edge of the clock an interrupt is generated and the BUSY flag is reset.

@ If the start condition is enabled, the SBO pin goes high 3.8 ps later (at 4.19MHz operation).

Figure 5-2-1 Transmit Timing (CLKPL=0)
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(2) Receive timing (start condition, input through)

SBT

BUSY

SIFIRQ | | D

@ If the start condition is enabled, the BUSY flag is set when the start condition is received.
@ The receive daa is latched sequentially into the shift buffer on the rising edge of the clock.

@ On the 8th rising edge of the clock an interrupt is generated and the BUSY flag is reset.

Figure 5-2-2 Receive Timing (STCE=0, LTI=0, CLKPL=0)
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(3) Receive timing (no start condition, input through)

SBT

SBI

BUSY

SIFIRG

@ The BUSY flag is set on the fall of the clock.
@ The receive data is latched sequentially into the shift buffer on the rising edge of the clock.

@ On the th rising edge of the clock an interrupt is generated and the BUSY flag is reset.

Figure 5-2-3 Receive Timing (STCE=1, LTI=0, CLKPL=0)
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(4) Receive timing (no start condition, input latch)

SBT

SBl

BUSY

SIFIRQ

@ The BUSY flag is set on the fall of the clock.

@ The receive data is latched sequentially into the shift buffer on the falling edge of the
clock.

@ On the 8th rising edge of the clock an interrupt is generated and the BUSY flag is reset.

Figure 5-2-4 Receive Timing (STCE=1, LTI=1, CLKPL=0)
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5-3 Interrupts

When bits SBC02~00/SBC12~10/SBC22~20 of a serial interface bit counter
(SBCO/SBC1/SBC2} overflow (from 111 to 000), the serial interrupt request
flag (bit IFSIFONFSIF1/IFSIF2) in interrupt request flag register 1 (IF1) set to
1. If the serial interrupt enable flag (bit IESIFO/IESIF1/IESIF2) in interrupt
enable flag register 1 (IE1) is 1 at this time, an interrupt request is issued to
the CPU. [== "2-8 Interrupt Controller" ]
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Serial interface bit counter 0
{SBCO: X024 RW)

Bit2: SBC02

Bit 1: SBCO1

Bit 6: 5BCO0

Serial interface bit counter 1
(SBC1: X'025' R/'W)

Bit2: §BC12

Bit 1. SBC11

Bit 0: 8BC10

Serial interface bit counter 2
(SBC2: X'037' R/W)

Bit2: SBC22

Bit 1: 8BC21

Bit 0: SBC20

Interrupt request flag register 1
(IF1: X'013' AW)

Bit 4: IFSIF2

Bit 3: IFSIF1

Bit2: IFSIFO

Imerrupt enable flag register 1
(IE1: X'015' R'W)

Bit 4: IESIF2

Bit 3: IESIF1

Bit 2: IESIFO
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5-4 Serial Interface Control Registers
5-4-1 Overview

Nine register bytes are used to control the MN187XX23's serial interfaces:
serial interface mode registers (SIMO, SIM1, SIM2) and serial interface bit
counters {SBC0, SBC1, SBC2) which control the serial interface operating
mode, and transmit/receive shift buffers (SIBUF0, SIBUF1, SIBUF2) used to
send and receive transfer data. These registers are all located in RAM

space.
Table 5-4-1 Serial Interface Registers

All?t?rgiﬁzta?ign A 21?2”5 s R/W Register Name
SIBUFO X020 R/W | Transmit/receive shift buffer 0
SIBUF1 X002y R/W | Transmit/receive shift buffer 1
SIBURR2 X'035 R/W | Transmit/receive shift buffer 2
SIMO X022 R/W | Serial interface mode register 0
SIM1 Xy R/W | Serial interface mode register 1
SIM2 X'036' R/W | Serial interface mode register 2
SBCO X024 R/W | Serial interface bit counter 0
SBC1 X'025' R/W | Serial interface bit counter 1
SBC2 X037 R/W | Serial interface bit counter 2

Serial Interface Control Registers
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5-4-2 Transmit/Receive Shift Buffers

The transmit/receive shift buffers are 8-bit read/write registers that shift
transmit/receive data. LSB-first or MSB-first can be selected as the transfer
direction. [ 1= BITDIRO bit, BITDIR1 bit, BITDIR2 bit

in "5-4-4 Serial Interface Mode Registers"” ]

(1) Transmit/receive shift buffer 0 (SIBUF0)

7 6 5 4 3 2 1 0

SIBUFQ |SIBUF07|SIBUF0SSIBUFOSSIBUFO4{SIBLIFO3|SIBUFC2SIBUF [SIBUFOY  (After reset: XOOOMXXXX)

Figure 5-4-1 Transmit/Receive Shift Buffer 0 (SIBUF0: X'020' R/W)

After a reset, all bits are undefined.

(2) Transmit/receive shift buffer 1 (SIBUF1)

7 6 5 4 3 2 1 0

SIBUF1 S1BUF17SIBUF1BSIBUF1SSIBUF14FIBUF13 SIBUF12‘5IBUF11 SIBUF10 (After reset: XOXXXXXXXX)

Figure 5-4-2 Transmit/Receive Shift Buffer 1 (SIBUF1: X'021' R/W)

After a reset, all bits are undefined.

(3) Transmit/receive shift buffer 2 (SIBUF2)

7 6 5 4 3 2 1 0

SIBUF2 SIBUFETSIBUFZBSIBUF25SIBUF24~SIBUF23

SIBUF22SIBUF21|SIBUF20| (After reset: XXXXXXXX)

Figure 5-4-3 Transmit/Receive Shift Buffer 2 (SIBUF2: X'035' R/W)

In a reset, all bits are undefined.
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5-4-3 Serial Interface Bit Counters

The serial interface bit counters control the number of transfer bits, start
condition enabling, transmit/receive clock polarity, and receive data input
latch/through operation. Serial interface bit counters 0 and 2 (SBCO, SBC2)
are 7-bit read/write registers, and serial interface bit counter 1 (SBC1) is a 5-
bit read/write register (however, bit 3 (the BUSY flag) is a read-only bit in all
these registers). Bits 2-0 are used to count transmit/receive clock cycles.

(1) Serial interface bit counter 0 (SBCO)

7 6 5 4 3 2 1 0

SBCO| LTI0 |CLKPLO|STCEQ | —— |BUSYD | SBCO2 | SBCO1 | SBCOO |  (After reset: 00X-XXXX)

B

SBC02~SBC00 | Serial interface 0 bit counter

Incremented by transmit/receive clock; transfer ends
on overflow (from 111 to 000).

Transfer of any number of bits is pessible by presetting
the bit number: for an n-bit transfer, 8—n is set.

———— | BUSYD | Busy flag (read-only}

0 Other than the following
1 Transier in progress on serial interface 0

STCED | Start condition enable

0 Start condition used
1 Start condition not used

CLKPLD | Serial interface 0 clock polarity specification

Transfer starts on negative edge

{same polarily as in figures 5-2-3 to 5-2-6)

1 Transfer starts on positive edge

{opposite polarity to that in figures 5-2-3 to 5-2-8)

0

— - LTIc | Receive input latch spacification

Through: Data latching edge in reception is

0 of opposite polarity to output edge in transmission
Latch: Data latching edge in reception is of
1 same polarity as output edge in transmission
* Bit 3 (BUSYOD) only is Figure 5-4-4 Serial Interface Bit Counter 0 (SBCO: X'024' R/W*)
read-only.
In a reset, bits LTI0 and CLKPLO are cleared to 0, and the other bits are undefined.
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(2) Serial interface bit counter 1 (SBC1)

SBC1| — | —— |STCE1| —— |BUSY1| SBC12{SBC11{SBCIO | (After reset: ~X-XXXX)

SBC12~-SBC10 | Serial interface 1 bit counter

Incremented by transmit/receive clock; transfer ends
on overflow {from 111 to 000}.

Transfer of any number of bits is possible by presetting
the bit number: for an n-bit transfer, 8-n is set.

BUSY1 | Busy flag (read-only)

o Other than the following
1 Transfer in progress on serial interface 1

STCE1 | Start condition enable

0 Start condition used
1 Start condition not used

Figure 5-4-5 Serial Interface Bit Counter 1 (SBC1: X'025' R/W*) * Bit 3 (BUSY1) only is
read-only.

In a reset, all bits are undefined.
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(3) Serial interface bit counter 2 (SBC2)

7 6 5

SBC2 | LTI2 |CLKPL2| STCE2

BUSY2

5BC22

SBC21

SBC20

{After reset: 00X-XXXX)

SBC22~-SBC20 | Serial interface 2 bit counter

Incremented by transmit/receive clock; transfer ends
on overflow {from 111 to 000}.

Transfer of any number of bits is possible by presetting
the bit number: for an n-bit transfer, 8-n is set.

* Bit 3 (BUSY2) only is

read-only.

146

BUSY2 | Busy flag (read-only}
0 Other than the following
1 Transfer in progress on serial interface 0
STCE2 | Start condition enable
0 Start condition used
1 Start condition not used
CLKPL2 | Serial interface 2 clock polarity specification
0 Transfer starts on nagative edge
{same polarity as in figures 5-2-3 to 5-2-6)
1 Transfer starts on positive edge
{opposite polarity to that in figures 5-2-3 1o 5-2-6)
LTI2 | Receive input latch specification
o Through: Data latching edge in reception is of
opposite polarity to output edge in transmission
1 Latch: Data latching edge in reception is of
same polarity as output edge in transmission

Figure 5-4-6 Serial Interface Bit Counter 2 (SBC2: X'037' R/W¥)

In a reset, bits LTI2 and CLKPL2 are cleared to 0, and the other bits are undefined.

5-4-4 Serial Interface Mode Registers

The serial interface mode registers are used to specify the transfer clock,
select MSB-first or LSBHfirst transfer, select the transmit data and clock
output form, specify the operating mode for serial interfaces 0 and 1, and
enable or disable serial interface 0 and 1 operation. Serial interface mode
register 0 (SIMO) is an 8-bit read/write register, and serial interface mode
registers 1 and 2 (SIM1, SIM2) are 7-bit read/write registers.
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(1) Serial interface mode register 0 (SIM0)

7 6 5 4 3 2 1 0

SIMo | siFoEo|siFcond seTco | sBaco [BrTDIR| GMo2 | oMot | cMoo | (After reset: 00D0XXXX)
L CM02|CMO1 [CMOO| Transfer clock
0 0 |Extemal clock PO2/SBTO input
T | 1 |Extemal clock: P20 input
o | 0 [Extemal dock: fs
1 1 |Extemal clock: f/8
1 0 |Extemal clock: {516
1 | Extenal clock: BGO/2 {timer 0 internal outpu)|
—: Either 0 or 1
- BITDIRQ Transfer start bit specification
0 MSB-first transfer
1 LSB-first transfer
— SBOCO SBOO pin output type selection
0 CMOS push-pull output
1 N-channel open-drain output
SBTCO SBTO pin output type selection
0 CMOS push-pull cutput
1 N-channel open-drain output
SIFCONO Serial inlerf_é}ce 0 & 1 operating
mode specification
0 Independent operation mode ]
1 Continuous transmission/receplion mode
SIFOEO Serial input/output enable
0 Port input/output
1 Serial input/output

Figure 5-4-7 Serial Interface Mode Register 0 (SIMO: X'022' R/W)

In a reset, bits SIFOEQ, SIFCONO, SBTCO, and SBOCO are cleared to 0, and the

other bits are undefined.

ports.

Serial interface 0 does not operate when the SIFOEO bit is
cleared to 0. In this case, pins P00 (SBOO0), P01 (SBIO),
P02 (SBTO), and P06 (PSBTO} function as ordinary 1/O

Serial Interface Control Registers
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1

When SIFOED is set to
1, specifying serial
input/output, the PO1
(SBID) pin can be used
as a port when serial
interface 0 is used only
for transmission, buf
the POO (SBOO0) pin
cannot be used as a
port when senal interface
0 is used only for
recepfion.

Q

When the P06 (PSBTO)
pin is used for external
clock input, clock output
cannot be performed
from the P02 (SBTO)

pin.

I3~ For details of timer 0

internal outputs
SIF0/SIF1/S1F2, see
"4-2-2 (4} Serial clock
generation."
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(2) Serial interface mode register 1 {SIM1)

7 8 5 4 3 2 1 0
siMi |siFoet] — | seret | seoct lemoirt] omiz | omit | omig | (After reset: 0-00XXXX)
0= For details of timer © CM12|CM11]CM10| Transfer clock
internal outputs SIFO/ 0 |Extemal clock POS/SBT1 input
L External clock: P20 |
SIF1/5IF2, see "4-2-2 (4) emal clock: P20 input
: : u o Extemnal clock: fs
Serial clock generation. Extemal dlock. (58

Extemal clock: 1516

Extemal clock: BCO/2 (timer G ntemal
—: Either 0 or 1

_ -] =

T BITDIR1 Transfer start bit specification

0 MSEB-first transfer
1 LSB-first transter

e SBOCH SBO1 pin output type selection

0 CMOS push-pull output
1 N-¢channel open-drain output

SBTC1 SBT1 pin output type selection

0 CMOS push-pull output
1 N-channel open-drain output

SIFOE1 Serial input/output enable

0 Port inputfoutput
1 Serial input/output
C‘ Figure 5-4-8 Serial Interface Mode Register 1 (SIM1: X'023' R/W)
-

In a reset, bits SIFOEL, SBTC1, and SBOC1 are cleared to 0, and the other bits are
When SIFOE1 is set to 1,

specifying serial input/output,
the P04 (SBI1) pin can be used
as a port when serial interface Serial interface 1 does not operate whw SIFOE1Litis
1 is used only for transmission, cleared to 0. In this case, pins P03 (SBO1), P04 (SBI1),
but the PO3 (SBOT) pin cannot and P05 {SBT1) function as ordinary IO ports.

be used as a port when serial

undefined.

interface 1 is used only for
reception.
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(3) Serial interface mode register 2 (SIM2)

7 6 5 4 3 2 1 0

Chapter 5 Serial Functions

035" For details of timer 0
internal outputs SIF0/
SIF1/SIF2, see "4-2-2 {4)

Serial clock generation.”

SIM2 |siFoE2] — | seTez | sBocz |BITDIR2| oMz | oMzt | omeo | (After reset: 0-00XXXX)
CM22} CM21 [ CM20| Transfer clock
o | — 0 | Extemal clock: POS/SBT1 input
1 | Extemal clock: P20 input
o 0 |External clock: fs
1 1 | Extemal clock: fs/8
i 0 | Extemnal clock: fs6
1 1 Extemal clock: BCO/2 {imer 0 intemal outpul)
—: EitherCor 1

BITDIR2 Transfer start bit specification
0 MSB-first transfer
1 LSB-first transfer

SBOC2 SBO2 pin output type selection
0 CMOS push-pull output
1 N-channel open-drain output

SBTC2 SBT2 pin output type selection
0 CMOS push-pull output
1 N-channel open-drain output

SIFOE2 Serial input/output enable
0 Port inputfoutput
1 Serial input/output

Figure 5-4-9 Serial Interface Mode Register 2 (SIM2: X'036' R/W)

In a reset, bits SIFOE2, SBTC2, and SBOC2 are cleared to 0, and the other bits are

undefined.

Serial interface 2 does not operate when the SIFOE2 bit is
cleared to 0. In this case, pins P91 (SBO2), P92 (SBI2),

and P93 (SBT2) function as ordinary /O ports.

(

When SIFOEZ2 is set to 1,
specifying serial input/oulput,
the P32 (SBI2) pin can be used
as a port when serial interface
2 is used only for iransmission,
but the P91 {SBO2) pin cannot
be used as a port when serial
interface 2 is used only for
reception.
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5-5 Examples of Use of Serial Interface

5-5-1 Communication with MN1870 Series/MN1880
Series

Pin connections for communication with the MN1870 and MN1880 Series are

shown below.

Table 5-5-1 Connection to MN1870 Series/MN1880 Series

MN187XX23 MN1870/MN1880 Series
SBT SBT
SBO SBI
SBI SBO
MN187XX23 MN187XX23
{(MN1870 Series/MN1880 Series) (MN1870 Series/MN1880 Series)
<Internal clock, transmitting> <External clock, receiving>
Set SBC. (SBC=000) Set SBC. {SBC=000)
Write data to SIBUF.
BUSY flag is set to 1. — BUSY flag Is setto 1.
8-clock output *
Data shift out » Data shiift in
Interrupt Interrupt
BUSY flag is cleared to 0. BUSY flag is cleared to 0.

Figure 5-5-1 Sequence for Communication with
MN1870 Series/MN1880 Series
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5-5-2 Communication with MN1500 Series

Pin connections for communication with the MN1500 Series are shown below.

Table 5-5-2 Connection to MN1500 Series

MN187XX23 MN1500 Series
SBT SBT
SBO SBI
SBI SBO

The MN1500 Series serial interface has the following features.

@ Transmit/receive data is handled with negative logic (as in the MN187XX23}.

@ Tr;nsmit data is shifted out on the falling edge of the clock, and receive data is
shifted in on the rising edge of the clock. (MN187XX23 serial interface bit
counter () (SBCO) settings: CLKPL bit=0, LTI bit=0)

@ MSB-first transfer (MN187XX23 serial interface mode register (SIM) setting:
BITDIR bit=0)

@ Contipuous transmission/reception mode is not supported.

® Start condition output/detection is not performed.

® Arbitrary bit-length transfer is not supported (8-bit transfer is used).

@ There is no BUSY flag. Therefore, communication is performed in

independent operation mode with the MN187XX23 using the above settings.

Chapter 5 Serial Functions

Serial interface bit counters
{SBCO: X'024' R/'W)

Bit7: LTIO

Bit 6: CLKPLO

(8BC2: X'037' R/W)

Bit7: LTI2

Bit6: CLKPLZ2

Serial interface mode registers
(SIMO: X'022' R/'W)

Bit 3: BITDIRO

(SIM1: X'023' /W)

Bit 3: BITDIR1

(SIM2: X'036' R/W)

Bit 3: BITDIR2
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Serial interface bit counters
(SBCO: X'024' R/W)

Bit 3: BUSYD

Bit 2: 8BC02

Bit 1: SBCO1

Bit 0: SBCOO
(S8BC1: X'025' R'W)

Bit 3: BUSY1

Bit2: 8BC12

Bit 1: SBC11

Bit 0: SBC10
(SBC2: X'037' R/W)

Bit 3: BUSY2

Bit 2: §BC22

Bit 1: SBC21

Bit 0: SBC20

Transmit/receive shift buffers
(SIBUFO: X'020' R/W)
(SIBUF1: X'021' B/W)
(SIBUF2: X'035' R/'W)

MN187XX23
(Internal clock, transmitting)

Set SBC. {SBC=000}

'

Write data to SIBUF.

'

BUSY flag is setto 1.
8-clock output
Data shift out

— - Data shift in

\

Interrupt
BUSY flag is cleared 1o 0.

MN1500 Series
(External clock, receiving)

SBTEX
RDSB

l

'

Interrupt

Figure 5-5-2 Sequence for Communication with MN1500 Series (1)

MN187XX23
{External clock, receiving)

Set SBC. (SBC=000)

l

Data shift in
BUSY flag is setto 1.

'

Interrupt
BUSY flag is cleared to 0.

MN1500 Series
(Internal clock, transmitting)

SBETIN
WTSB

v

8-clock output
Data shift out

l

interrupt

Figure 5-5-3 Sequence for Communication with MN1500 Series (2)
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hapter describes the operation of the
7XX23's FLP control circuit.







Chapter 6 Display Functions

6-1 Overview

The MN187XX23 can automatically control a fluorescent light panel (FLP)
display of up to 16 segments x up to 16 digits. Hardware includes 32 port
pins (ports P5 to P8) with direct FLP driving, and key-scan interrupts that
indicate key-scan timing to permit key-scanning using the segment pins.

—] Digit signal generator

X
Display RAM 4 DNDR 3 FCMR
X7ED X7ET : X'00D" X'00E'
= e | EE
v 4 pre T CEPAUTO
DR3____| = oo
[—DNO____ | —_
i 1 S R el
""" XTFE SRR , o BSEErE
¢ £
S Data bus S
iy i
[ Output latch l | Output latch I Pe6SEL I Output latch \ | Cutput Iatcﬂ [~ ipesEL "
PE7SEL B |—(PB7SEL
R U R
: X'00A MPX l | MPX : X'00B

4 U
[ pots | [ Pot7 | [ Pos |

01234567 01234567 01234567
8 9101112131415

0
=]

=3
4]

-
SRS
W w
FNS
o1 n
oo
~ o~

DEGT 76543210 HUABLRNO0S

Figure 6-1-1 FLP Block Diagram
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6-2 FLP Control Circuit Operation

6-2-1 Overview

FLP display is controlled by means of digit output and segment output.

The register setting procedure is as follows.

@ Set the digit pins and segment pins to be used by means of port/FLP select

Port/FLP select register O
~ (PFSR0: X'00A' R/W)

Port/FLP select register 1
(PFSR1: X'00B' R/W)

Port/FLP select register 2
(PFSR2: X'00C' A/W)

Digit number/dimmer register
(DNDR: X'00D" R/W)

Bit 7: DN3

Bit 6: DN2

Bit 5: DN1

Bit 4: DNO

Bit 3: DR3

Bit 2: DR2

Bit 1: DR1

Bit 0: DRO

FLP clock mode register

(FCMR: X'00E' A/W) ®

Bit 2: DSPAUTO
Bit 1: DSPCLK
Bit 0: DSPSTART

156 FL.P Control Circuit Operation

register 0 (PFSRO), port/FLP select register 1 (PFSR1), and port/FLP select
register 2 (PFSR2). Set the number of pin digits with bits DNO~DN3, and the
digit waveform with bits DRO~DR3, in the digit number/dimmer register
{DNDR).

[ "6-2-2 FLP Pin (Digit’Segment) Setting” ]

Set the segment data in the FLP display RAM (X'7E0'~X"7TFF').
[ "6-2-3 FLP Display Data Setting" ]

Select the display time per digit with the DSPCLK bit, and serial
display/automatic display repetition with the DSPAUTO bit, in the FLP clock
mode register (FCMR), and start display by setting the DSPSTART bit to 1.
Within the set digit pins DGTO~DGThn, display is performed in order from the
highest pin, DGTn, through DGTn~1, etc., to DGTO. When one display cycle
(the DGTn~DGTO display cycle) is completed, a key-scan interrupt (KYSIRQ)
is generated. [05° "6-2-4 FLP Display Timing Control" ]

After key-scan interrupt handling has been executed, if automatic display
repetition has been specified, display continues again from DGTn. If senial
display has been specified, display starts again when the DPSTART bit is set to
1. [ "6-2-5 Key-Scan Interrupt" ]



6-2-2 FLP Pin (Digit/Segment) Setting

(1) Digit and segment assignment to ports

FLP pins (digit/segment) are assigned to ports as shown in figure 6-2-1.

Chapter 6 Display Functions

Port 8

765432 1076543210

Port 7

Port 6 Port 5

76 54321076543210

1

1. Port 5 and 7 pins can be

Digit (DGT)

-

8910111213141501234567

swifched between port and
FLP functions in byte units.
2. Port 6 and 8 pins can be
switched between port and
FLP functions in bit units.

Segment (SEG)

1514131211109876543210

Figure 6-2-1 FLP (Digit’'Segment) Pin Port Assignments

Port 5 and 6 pins are assigned as segment output pins, and port 7 and 8 pins as digit

output pins. These FLP pins are all high-voltage output pins, and the port 7 and 8

digit output pins are large-current output pins.
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Port/FLP select register 0
(PFSRO: X'00A' R/W)

Port/FLP select register 1
(PFSR1: X'00B' RIW)

Port/FLP select register 2
{(PFSR2: X'00C' R/W}

Digit number/dimmer register
{DNDR: X'00D' R/W)

(1

it is useful to remember that the
value of the largest number, n,
among the digit pins used
{DGT0~DGTn) is set in DN3~
DNO of DNDR.

(2) Setting the number of segments and digits
Four registers are used in setting the digit output pins and segment output pins:
port/FLP select register 0 (PFSRO), port/FLP select register 1.(PFSR1), port/FLP
select register 2 (PFSR2), and the digit number/dimmer register (DNDR).

[ "6-3-2 Port/FLP Select Registérs" |

[ "6-3-3 Digit Number/Dimmer Register (DNDR)" ]

The register setting procedure is as follows.

@ Make FLP settings in port/FLP select register 0 (PFSR0), port/FLP select
register 1 (PFSR1), and port/FLP select register 2 (PFSR2), according to the
number of FLP pins (digit/segment) to be used. Settings should be made so that
the numbers (DGTO~DGTn) of the digit pins used are consecutive.

@ Set the number of digit outputs (1~16) in bits DN3~DNO of the digit
number/dimmer register (DNDR). The set value is the number of digits — 1.

By means of port/FLP select register 0 (PFSR0), port/FLP select register 1
(PFSR1), and port/FLP select register 2 (PFSR2), pins not used as FLP pins can be

used as general-purpose ports.

Port 5 High-voltage output port (P-channel open-drain output, incorporating pull-down
resistor between pin and VPP pin)

Port 6 High-voltage output port {P-channel open-drain output, with pull-down resistor

between pin and VPP pin selectable as a mask option)

Port 7 High-voltage output port (P-channel open-drain output, with pull-down resistor

between pin and VPP pin selectable as a mask option}

Port 8 High-voltage output port (P-channel open-drain output, incorporating pﬁll-down

resistor between pin and VPP pin)
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6-2-3 FLP Display Data Setting

Chapter 6 Display Functions

As segment data, the contents of RAM addresses X'7EQ'~-X'7FF" are
transferred to the segment output ports for.

Figure 6-2-2 shows the correspondence between FLP pins and segment data.

Segment Pin
kD -t o) (3] — o
S 5 0 b o 0385383383053
BB 3589888888888 %

Bits 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

DGTO X7EY X7EQ

DGT1 X7E3' X7E2 ‘

DGT2 X7ES5' X7E4 -

Dg;rra i;:g );';Eg As 8-bit installation is. used for

DGT4 ! ' ! ' . .

DGTS X7EB' X7EA tie ;",";(‘ZFF;P display area
£/DaT6 X7ED’ X7EC (X7EOQ'~ _ "), areas not used
=| DGT7 X'TEF X'7EE' for FLP display can be used as
&|pGTs X7F1 X7F0' ordinary RAM.

DGT9 X7F3 X7F2

DGT10 X7F5 X'7F4'

DGTH X'7F7 X'7F6'

DGT12 X7F9 X'7F8

DGT13 X'7FB' X'7FA'

DGTi4 X7FD! X'7FC'

DGT15 X'7FF X'7FE'

Figure 6-2-2 FLP Display RAM

Of these 32 bytes of memory, all bits in unused addresses when there are fewer than

16 digits, and bits not used for scgments, can be used in the same way as ordinary

RAM (in the latter case as flags, etc.).
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FLP clock mode register
(FCMR: X'00E' B/W)

Digit number/dimmer register
(DNDR: X'00D' R/W)

Bit 3: DR3

Bit2: DR2

Bit 1: DR1

Bit 0: DRO

6-2-4 FLP Display Timing Control

FLP display is controlled by the FLP clock mode register (FCMR}) and digit
number/dimmer register (DNDR).

The FLP clock mode register (FCMR) specified FLP start/stop operation, the
single-display cycle time (display time per digit), and serial display/automatic
display repetition.
Bits DR3~DRO of the digit number/dimmer register (DNDR} are used to select one
of 15 dimmer waveform steps from 15/16 to 1/16.
[ "6-3-4 FLP Clock Mode Register (FCMR)" ]
[ "6-3-3 Digit Number/Dimmer Register (DNDR)" ]

The timing for serial display is shown in figure 6-2-3.

Tasp

DGTn In
DGTn-1 [
DGTn-2 11

Tdgt

DGTO [ ]

KYSIRQ I

W Variable

X@OC - 000

1 display cycle Key-scan timing: Tks

KYSIRQ generation

<Legend>

n: Set value (0~F) of bits DN3~DNO in digit numbet/dimmer register (DNDR)

Tasp:  Single-display cycle (display time per digit) (244ps/488ps when fosc=4.19MHz)

Tew:  Display cycle [Tey=Tdspx (n+1)]

Tag: Digit signal pulse width. Variable in 13 steps (15/16~1/16) by means of bits
DR3~DRA in the digit numbet/dimmer register (DNDR).

Figure 6-2-3 FLP Display Timing
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The operating procedure for FLP display is as follows

@ The digit pins go high in order from pin DGTn (where n is the value set in bits
DN3~DNO of the digit numnber/dimmer register (DNDR)) through DGTn~1, ete., FLP clock mode register
to DGTO. The high-level period for one digit can be selected in the range 15/16 (FCMR: X'00E'R/W)

to 1/16 by means of bits DR3~DRO in the digit number/dimmer register Bit 2: DSPAUTO
Bit 1: DSPCLK

DNDR), and the single-displ le (display ti digit be selected
{ }, and the single-display cycle (display time per digit) can be selecte Bit 0- DSPSTAAT

from 512/fs or 256/fs with the DSPCLK bit in the FLP clock mode register
(FCMR).

@ When a digit pin goes high, the corresponding FLP display RAM segment data

is output from the segment pin.

@ The above operation is repeated, and with serial display, when DGTO display
ends, a key-scan interrupt (KYSIRQ) is generated and display is halted. When
FLP display stops, all the digit pins go low. During this time, the segment pins

can be used to perform key-scanning.

@ When the DSPAUTO bit is set to 1 in the FLP clock mode register (FCMR)
(continuous display), there is no key-scan period, and display is restarted
automatically from the DGTn pin.

When the DSPAUTO bit is cleared to O (serial display), display is restarted by
setting the DSPSTART bit to 1 in the interrupt handling routine.
[1EF "6-2-5 Key-Scan Interrupt” ]
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Interrupt request flag register 1
(IF1: X013 RW)
Bit 5: IFKYS

Interrupt enable flag register 1
{IE1: X'015' R/W)
Bit 5: IEKYS

Port/FLP select register 0
(PFSRO: X'00A' R/W)

Port/FLP select register 1
(PFSR1: X'00B" R/W)
Porit/FLP select register 2
(PFSR2: X'00C' RW)

¢

Note that the port output lalch
and segment output data latch
are shared by the port 5 and 6
pins used as segment output
pins.

6-2-5 Key-Scan Interrupt

When the FLP control circuit completes a single display cycle (DGTn~DGTO
display cycle), a key-scan interrupt (KYSIRQ) is generated and the key-scan
interrupt request flag (bit IFKYS) is set to 1 in interrupt request flag register
1 (IF1). If the key-scan interrupt enable flag (bit IEKYS) in interrupt enable
flag register 1 (IE1) is 1 at this time, an interrupt request is issued to the
CPU. [z "2-8 Interrupt Controller” ]

The interrupt handler carries out the following processing:

@ Modifies the port/FLP select register 0 (PFSR0), port/FLP select register 1
(PFSR1), and port/FLP select register 2 (PFSR2), designating the pins to be used

for key-scanning as general-purpose output ports.

@ Performs key-scanning using the pins designated as general-purpose output ports
in @,
@ On completion of key-scanning, changes the pins back to their FLP function

@ Restarts FLP display by setting the DSPSTAT bit to 1 in the FLP clock mode

register (FCMR), and returns to the main routine.
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6-3 FLP Control Registers

6-3-1 Overview

Five register bytes are used to control the MN187XX23's FLP: port/FLP select
registers (PFSRO, PFSR1, PFSR2) which switch pins between port and FLP
functions, and the digit number/dimmer register (DNDR) and FLP clock mode
register (FCMR) which control FLP operation. These registers are all located

in RAM space.
Table 6-3-1 FLP Control Registers
Register RAM .
Abbreviation | Address RIW Register Name
PFSRO X'00A' R/W Port/FLP select register O
PFSR1 X'00B' R/W Port/FLP select register 1
PFSR2 x'oocC RIW Port/FLP select register 2
DNDR X00Dr R/W Digit number/dimmer register
FCMR X'00E' R/W FLP clock mode register

6-3-2 Port/FLP Select Registers

The port/FLP select registers are read/write registers that switch pins between

port and FLP (digit/segment) pin functions.

Port/FLP select register 0 (PFSRO) switches port 6 pin functions in bit units, port/FLP
select register 1 (PFSR1) switches port 8 pin functions in bit units, and port/FL.P select
register 2 (PFSR2) switches port 5 and 7 pin functions in byte units. Pins for which

the port function is selected can be used as general-purpose P-channel open-drain

output pins.

Chapter 6 Display Functions

e

When the FLP/port switch is set
to the FLP, data written to a
port address is not wrilten to
the output latch. To write data
to the output latch, the FLP/port
swilch must first be set to the
port side.
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(1) Port/FLP select register 0 (PFSRO)

7 6 5 4 3 2 1 0

PFSRO |Pe7SEL| Pe6SEL| PESSEL| PE4SEL|PEISEL |PE2SEL| P61SELPEOSEL|  (After reset: 00000000)

P60OSEL| P60/SEGS select

0 Nomal! port

1 FLP (SEGS8) pin

P61SEL| P61/SEGY select

0 Normal port

1 | FLP (SEGY) pin

P62SEL| P62/SEG10 select

0 Normal port

1 FLP (SEG10) pin

PS3SEL| P63/SEG11 select

0 Normal port

1 | FLP (SEG11) pin

P64SEL| PB4/SEG12 select

0 Normal port

1 | FLP (SEG12) pin

P65SEL| PE5/SEG13 select

0 Normal port

1 | FLP (SEG13) pin

P66SEL| P66/SEG14 select

0 Normal port

1 FLP (SEG14) pin

P67SEL| P67/SEG15 select

0 Normal port

1 FLP (SEG15) pin

Figure 6-3-1 Port/FLP Select Register 0 (PFSRO: X'00'A R/W)

In a reset, all bits in PESRO are cleared to 0.
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(2) Port/FLP select register 1 (PFSR1)

7 6 5 4 3 2 1 0

PFSR1 |P87SEL| Pe6SEL| PBSSEL|PB4SEL|PBISEL | P82SEL|PE1SEL|PSOSEL)  (After reset: Q0000000)

P80SEL| P80/DGT15 select

0 Normal port
1 FLP (DGT15) pin

P81SEL| P81/DGT14 select

0 Normal port
1 FLP {DGT14} pin

PB2SEL| P82/DGT13 select

0 Neormal port
1 | FLP (DGT13) pin

P83SEL| P83/DGT12 select

0 Normal port
1 FLP (DGT12) pin

PB4SEL| P84/DGT11 select

0 Normal port
1 FLP (DGT11) pin

P85SEL| PB5/DGT10 select

0 Normal port
1 FLP (DGT10) pin

PS6SEL| P86/DGTY select

Normal port
FLP {DGT9) pin

-0

PB7SEL| PB7/DGTS select

0 Nomal port
1 FLP (DGT8) pin

Figure 6-3-2 Port/FLP Select Register 1 (PFSR1: X'00B' R/W)

In a reset, all bits in PFSR1 are cleared to 0.
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(3) Por/FLP select register 2 (PFSR2)

7 6 5 4 3 2 1 0

PFSR2 | — | — — | — | —— | —— | P?SEL|P5SEL | (After reset: ---—-00)

L P5SEL | PSO~P57/SEGO-~-SEGY select

0 Normal port

1 FLP (SEG0Q~SEG7) pins

P7SEL | P70-P77/DGT7~DGTO select

0 Normal port

1 | FLP (DGT7~DGTO) pins

Figure 6-3-3 Port/FLP Select Register 2 (PFSR2: X'00C' R/W)

In a reset, bits PSSEL and P7SEL in PESR1 are both cleared to 0.
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6-3-3 Digit Number/Dimmer Register (DNDR)

DNDR is an 8-bit read/write register in which the number of digits is set in

bits 7~4, and the dimmer data in bits 3~0.

{After reset: XXXOOXX)

DRO

DR1

DR2

DR3

Dimmer waveform

Tdsp

A28
11116

516
| 416

3/16

T
] '
=

]
'
-
1
L

{1

4]

—l o

Number of digit

10
11
12
13
14
15
18

DNO

1
0

1

1 |{B)

DA

DN2

DR3 (DR2 [ DR1} DRO

DN3 | DN2 | DNA|DNO

DN3

DNDR

Figure 6-3-4 Digit Number/Dimmer Register (DNDR: X'00D' R/W)

Tasp: Single-display cycle

In a reset, all bits in DNDR are undefined.
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The number of display digits is the value set in bits DNO~DN3-+1.

The digit waveform cut width Tcut is given by the following equation:
Tout={{n+1)/16}Tasp (n=0~E)
(n: value set in bits DRO~DR3)

6-3-4 FLP Clock Mode Register (FCMR)

FCMR is a 3-bit read/write register used to specify FLP display start/stop
operation and the single-display cycle time.

FCMR

DSPAUTO DSPCLK | DSPSTART|

(After raset: ——--XX0)

(1

In serial display, the
DSPSTART bit is always
cleared when a key-scan
interrupt is generated. If
display is interrupted by
software, the key-scan inlerrupt
request flag (IFKYS) may be
sef.

168

FLP Control Registers

L[}SPSTART Display control
0 Display stop:
Blanking is performed automatically
Display start:
1 Display starts from the highest-
order set digit.
DSPCLK| Display time per digit
0 512/s
1 256/fs
DSPAUTO) Autornatic display control
Serial display:
0 DSPSTART is cleared every
display cycle

Automatic display repetition:
DSPSTART is not cleared

Figure 8-3-5 FLP Clock Mode Register (FCMR: X'00E' R/W)

In a reset, the DSPSTART bit is cleared to 0 and the other bits are undefined.




6-4 Notes

@ When data for one digit is automatically transferred from the FLP display RAM to

the output port, execution of the user program stops for 2 machine cycles. That is,

program execution stops for 1.91ps every 244us or 488us (when fosc=4.19MHz).

The instruction execution timing in this case is shown in figure 6-4-1.

Display
DMA timing

Execution (1)

RDM read (2) Instruction
decoding (2)
<

ispla.lDMA

83 S0 51 s2 53 S0 51 g2 S3 50 51 S2
k. _Execution (2)
Automatic display data transier operation
< ROM read (3) “>instruction
T T T T T ¥ T decodhg [ic)]

Figure 6-4-1 Timing of Interruption of Instruction Execution by FLP Display

® When the program writes 0 in the DSPSTART bit in the FLP clock mode register

(FCMR), the display buffer is cleared and the first digit is not displayed. To

continue display, 0 should be written in the DSPSTART bit by the interrupt

routine.

Chapter 6 Display Functions

FLP clock mode register
(FCMR: X'00E' R/W)
Bit 0: DSPSTART

Notes
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chapter describes the operation of the
87XX23's PWM output circuits.







Chapter 7 PWM OCutput

7-1 Overview

The MN187XX23 provides one 14-bit PWM output circuit (PWMO0) and two
8-bit PWM output circuits (PWM1, PWM2).

A PWMO has 14-bit resolution, with a minimum pulse width of 1/fs and PWM
repetition cycle of 214/fs.

PWM1 and PWM2 have 8-bit resolution, with a minimum pulse width of 1/fs
and PWM repetition cycle of 28/fs. PWM1 and PWM2 use the lower 8 bits of
the PWMO 14-bit counter as a counter, and therefore PWMO must be in
operation when PWM1 and PWM2 are used.

Data bus 5

ﬁ I o 0 ||

[ PwMHR : x0317| PWMLR : x032 |

| PWMOOE
l foe | PWMOLD
E PWMOE
| PAMIE
[ PwmHL : X033 | PwMLL : x034' | [EwM1OE
PWM20E
7 | ——.
PWM
output ¢ircuit ‘ Pulse adder . Mi
1 i . Ixer - M
7 7 2 J p 1 PwMo (P34
] X
fs —-—| ck  PWMO 14-bit counter ﬁJ Poit latch

Figure 7-1-1 PWMO Output Circuit Block Diagram G
u

The PWMO 14-bit counter incorporated in PWMO is used for fs
divider by the MN187XX23 modules listed below. Therefore,
PWMO must be in operation when these modules are used.

« Timer 1: When using internal clock divided from fs

* Timer 2: When fs/212 s selected as clock

« Timer 3: When using internal clock divided from fs

« Timer 4: When using clock divided from fs

» Watchdog timer

* Buzzer ouiput function

» Serial interface 0: When using intemal clock divided from fs

« Serial interface 1: When using intemal clock divided from fs

» Seriaf interface 2: When using internal clock divided from fs

* PWM1

« PWMZ2

« Noise filter circuit

» Oscillation stabilization time count when exiting STOP mode
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S Data bus S
T™M1 : X'02B" @ PWMC : X'030' @
N
1751 _ TC3: X'02D [ PAWMALD_
—{PamMiE
| PWMIOE
s @ —f 1 j el oppJdr —
2 ]
tsf2 : BCa: xozDr | rerlow
fsj24 ——— L i
TCI3P12 1™
MPX L _.fs
Q
IS MPX |1
" PWM1
Edge detection _f_ (P16}
8 F’; Port latch
fs —————=|CK PWMO 14-bit counter
Figure 7-1-2 PWM1 Output Circuit Block Diagram
q Data bus §
@ PWMC : X'030" @
PWMR2 : X'04E'
8
PWM output circuit l
Y .
8 MPX ]
R F‘ PWM2
fs ——=lcK  PWMO 14-bit counter (P17)

Port latch

Figure 7-1-3 PWM2 Output Circuit Block Diagram
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7-2 PWMO Output Circuit Operation

7-2-1 Overview

PWMO output waveform data is written to the PWMO data register (PWMHR, PWMO data register

PWMLR). (PWMHR: X'031' RIW,
PWMLR: X'032' R/W)

PWM output is started when bit PWMOOE in the PWM control register (PWMC)

PWM control register
and bit P34ON in the port 3 direction control register (P3DIR) are both set to 1, (PWMC: X'030° R/W)
designating the port P34 (PWMO) pin for PWMO output, and bit PWMOE is set to 1. Bit 2: PWMOE
The PWMO data latch (PWMHL, PWMLL) is provided to prevent disruption of the Bit 0: PWMOOE
waveform if the PWMO data register (PWMHR, PWMLR) is rewritten during
" PWMO data latch
PWMO output.

(PWMHL: X'033'R,
PWMLL: X'034'R)

7-2-2 Register Settings
The register settings for controlling PWMG are shown below.

Table 7-2-1 PWM Output Register Settings

Register Bits Mnemonic Setting

PWMC ¢ PWMOOE Set to 1 to designate P34 (PWMO) pin as PWMO pin.
1 PWMOLD Cleared to 0 to enable transfer from PWM data

register to PWM data latch.
2 PWMOE Set to 1 to activate PWM.
PWMHR 0~6 PWMHRO Sets PWMO basic waveform in PWMOQ basic cycle

! (Tsub = 27/fs). Choice of 128 duty cycles in 1/fs
PWMHR6

units.

PWMLR 0~6 PWMLRO Sets position of additional pulse superimposed on
2

PWMLRG

PWMO output basic waveform determined by
PWMHR in repeat cycle (Tstd = 214/fs). Additional
pulse width is 1/fs.
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CPU mode register
(CPUM: X'016' R/W)
Bit 6: CLKSEL

PWMO
output waveform

PWMO
basic waveform

Additional pulse

T1

The PWMOLD bit in the PWM control register (PWMC) is used to disable transfer
to Ihe PWMO data latch (PWMHL, PWMLL) by being set to t when the PWMO
data register (PWMHR, PWMLR) is rewritten during PWM output.

[= "7-2-4 Changing Output Data in PWMO Output" ]

The PWMOE bit must also be set to | whén the PWMO 14-bit counter is used by a
timer, serial interface, etc., to divide the system clock (fs).

The upper 7 bits (PWMHR) of the PWMO data register specify 127:1 duty at
PWMHR=00, and 0:128 duty at PWMHR=7F.

The lower 7 bits {(PWMLR) of the PWMO data register specify superimposition of
additional pulses on all PWM basic waveforms at PWMLR=00, and
superimposition of an additional pulse only on the last PWM basic waveform in a

repeat cycle at PWMLR=7F. [6= "7-2-3 Output Waveform"]

7-2-3 Output Waveform

The PWMO output waveform is shown in figure 7-2-1. In the following
description, conditions are set with fosc=4.19MHz, the CLKSEL bit in the CPU
mode register (CPUM) cleared to 0, and NORMAL mode selected (in this case,
fs=1.0475MHz). For PWMJ0 output, a waveform modulated by the upper 7 bits
(PWMHR) of the PWMO data register with a cycle of Tsub (122ps) is used as the
basic waveform, and an additional pulse (1/fs=0.95ps) is superimposed at the
position specified by the lower 7 bits (PWMLR) of the PWMO data register.

T2 T3 T4 TS Qs R I -

—_l ’_|h

o
a

ij::f::j}[ﬁ

QESEIE Y

-
N

Tsub

Tstd

[

Tsub: PWMO basic cycle (27/fs)
Tsta: PWMO repeat cycle

(214/ts)

T1~T127. PWMO basic cycle

number

Y

Figure 7-2-1 PWMO Output Waveform
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(1) PWMO basic waveform setting by upper 7 bits (PWMHR) of PWMO data
register
The PWMHR specifies the PWMO basic waveform in the PWMO basic cycle PWMO data register upper

(Teib=122us). The relation between the PWMHR set value and the PWMO basic 7 bits
. . (PWMHR: X031 RW)
cycle is shown in figure 7-2-2.

PWMO basic cycle (Tsub=122 ps when fosc=4.19MHz)

PWMHR set value
X'7F Al 'L
—"'_I* 0.95 ps
X'7E'

X '7D' ]

+

X ‘3F°

X'of' ' L
X '00'

—

Figure 7-2-2 Relation between PWMO Basic Waveform and PWMHR Set Value
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(2) Additional pulse setting by lower 7 bits (PWMLR) of PWMO data register
The PWMLR specifies the position of additional pulses superimposed on the
PWMO basic waveform in a PWMO repeat cycle (Ts=15.64ms). The relation
between the PWMLR set value and the position of the additional pulses is shown in

table 7-2-2, and the output waveforms are shown in figure 7-2-3.

Table 7-2-2 Position of Additional Pulse Waveform Superimposition

PWMLR Data Tn at which Additicnal Pulses are Superimposed (Value of n)
1111111 127
1111110 63, 127
1111101 31,95, 127
1111011 15, 47, 79, 111, 127
1110111 7,23, 39, 55,71, 87, 103, 119, 127
1101111 3,11, 19, 27, 35, 43, 51, 59, ...... 123, 127
1011111 1,5, 9,13,17,21,25,29, ...... 125,127
0111111 0,2,4,6,10,12, 14, ...... 126, 127

(MSB) (LSB)

Tsta=15.64ms {fosc=4.19MHz)

PWMLR - >
LR 0 31 63 95 127
X '7F n
X '7E' N N
X 7D’ I I 18
X7¢C 1 _ 1l 1N
15 47 79 111
X'78' | H Il I .
X 7A' 0 | | I I
Tsub
X 'ot' ()
X'00' (T
3
g1 I
Tsub PWMO basic waveform (determined by PWMHR)
- -
" Tsub=122 ps !

Figure 7-2-3 Relation between PWMLR Set Value and Additional Pulse Position
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7-2-4 Changing Output Data in PWM Output

When the PWMOLD bit is cleared to 0 in the PWM control register (PWMC), 14-bit
data is transferred from the PWMO data register (PWMHR, PWMLR) to the PWMO
data latch (PWMHL, PWMLL) in the next PWMQO basic cycle (Tse). This is done
to prevent disruption of the PWM waveform when data is changed during PWMO
output, and the transfer is performed with a maximum of 28/fs (244ps at
fosc=4.19MHz) after the PWMOLD bit is cleared.

The PWMO waveform does not change if the value in the PWMO data register
(PWMHR, PWMLR) is modified after transfer from the PWMO data register
(PWMHR, PWMLR) to the PWMO data latch (PWMHL, PWMLL) has been
disabled by setting the PWMOLD bit to 1.

The PWMO data latch (PWMHL, PWMLL) contents after the transfer can be read at

- i
any time.

The procedure for rewriting the PWMQO data register (PWMHR, PWMLR) is as

follows.

@ First set a value in the PWMO data register (PWMHR, PWMLR), then set bit
PWMOOE to 1, bit PWMOLD to 0, and bit PWMOE to 1 in the PWM conirol
register (PWMC) to start PWM(Q output.

@ Next, set the PWMOLD bit to 1 to disable transfer to the PWMO data latch.

3 Whrite the new data to the PWMUO data register (PWMHR, PWMLR).

@ Clear the PWMOLD bit to 0 to enable transfer to the PWMO data latch
(PWMHL., PWMLL).

® Set the PWMOLD bit to 1 in preparation for the next change.

Chapter 7 PWM Output

PWM control register
{PWMC: X'030' R'W)
Bit 2: PWMOE

Bit 1: PWMOLD
Bit 0: PWMOOE

PWMO data register
(PWMHR: X'031' R/W,
PWMLRA: X'032' R/W)

PWMQ data latch
(PWMHL: X'033'R,
PWMLL: X'034' R}
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[ Pn | Pn+l  Pni2 | P43 | Pn+d Pn+5

Tsub
(122 ps : fosc=4.1 9MHz)

PWMOLD H 3 :
' Transfer :
. petiod
.~

Timing of transfer from
PWMO data register to
PWMO data latch

Figure 7-2-4 Timing of Data Transfer from PWMO Data Register to

G PWMO Data Latch
[ |

The output waveform may be
disrupted if the PWMO data
register is rewritten during the
transfer period.

Q

Do not rewrite the PWMO data
register for an interval of 28/fs
{244 ps when fosc = 4. 18MHz)
after clearing the PWMOLD bit
to 0.
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7-3 PWM1 Output Circuit Operation

7-3-1 Overview

PWM?1 shares functions with timer 3, and its output waveform data is set in
timer latch 3 (TC3). PWM output is started when bit PWM10E in the PWM
control register (PWMC) and bit P160N in the port 1 direction control
register (P1DIR) are both set to 1, designating the port P16 (FWM1} pin for
PWM?1 output, and bits PWMOE and PWM1E are both set to 1.

7-3-2 Register Settings
The register settings for controlling PWM1 are shown below.

Table 7-3-1 PWM1 Outpui Register Settings

Register Bits Mnemonic Setting
PWMC 2 PWMOE Set to 1 to make PWMO operational.
3 FPWMIE Set to 1 to use timer latch 3/binary counter 3
(TC3/BC3) as PWMI.
4 PWMI1O0E Setto 1 to use P16 (PWMI) pin as PWM1 pin.
TM1 4,5 TC3ACLKO, | TC3CLKO, TC3CLKI1 set to 00 to set count clock

TC3CLK1 to fs.

6 TC3EN Set to 1 to make timer 3 operational.
TC3 0-7 TC30~TC37 | Sets PWMI output low-level width.

In PWMI1 output, the output of the lower 8 bits of the PWMO 14-bit counter is used
for PWM cycle generation. Therefore, PWMO must be made operational when
PWMI1 output is used.
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7-3-3 Output Waveform

The PWMI output waveform is shown in figure 7-3-1. When the timer overflows
while PWM1 is enabled (PWMI1E=1), P16 (PWM1) pin output changes from 0 to 1.
The transition from 1 to 0 is made on the falling edge of bit 8 of the PWMO 14-bit
counter, and at the same time, the timer latch 3 (TC3) value is loaded into binary
counter 3 (BC3). Thus, the PWMI output waveform has a 28/fs PWM cycle,
determined by the PWMO 14-bit counter bit 8 output, and a low-level width
determined by the TC3 set value.

[0 Figure 7-1-2 PWM1 Output Circuit Block Diagram ]

PWM1
output waveform I T

]

TC3-5BC3load BC3overflow TC3 - BC3load  BC3 overflow

- 284s

Figure 7-3-1 PWM1 Output Waveform

With PWM1 output, the following timer 3 settings should be made
@ in timer mode register 1 (TM1).
@  Clear bits TC3CLKO and TC3CLK1 to 00, designating fs as

the timer 3 count clock.
@  Set the TC3EN bit to 1, making timer 3 operational.

PWM1 OQutput Circuit Operation




7-4 PWM2 Output Circuit Operation

7-4-1 Overview

PWM2 output waveform data is written to the PWM2 data register
(PWMR2). PWM2 output, for which P17 direction control is set for output, is
started when bit PWM20OE in the PWM control register (PWMC} and bit
P17ON in the port 1 direction control register (P1DIR) are both set to 1,
designating the port P17 (PWM2) pin as the PWM2 pin, and bit PWMOE is
setto 1. PWM2 use the lower 8 bits of the PWMQ 14-bit counter as its PWM
cycle generation counter.

7-4-2 Register Settings
The register settings for controlling PWM2 are shown below.

Table 7-4-1 PWM2 QOutput Register Settings

Register Bits Mnemonic Setting

PWMC 2 PWMOE Set to 1 to make PWMO operational.

5 PWM20E Set to 1 to use P17 (PWM2) pin as PWM2 pin.

PWMR2 0~7 PWMR20 Sets PWM2 output waveform. Choice of 256 duty

~PWMR27 | cyclesin 1/fs units.

In PWM2 output, the output of the lower 8 bits of the PWMO 14-bit counter is used
for PWM cycle generation. Therefore, PWMO must be made operational when
PWM2 output is used.

A PWM2 data register (PWMR2) setting of 00 specifies 255:1 duty, and a setting of
FF specifies 0:256 duty.

Chapter 7 PWM Qutput
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7-4-3 Output Waveform

The PWM2 output waveform is shown in figure 7-4-1. In the following
description, conditions are set with fosc=4.19MHz, the CLKSEL bit in the
CPU mode register (CPUM) cleared to 0, and NORMAL mode selected (in
this case, fs=1.0475MHz). For PWM2 output, a waveform modulated by the
PWM2 data register (PWMR2) with a Tsub (244ps) cycle. The minimum
pulse width is 0.95us and the resolution is 8 bits.

PWM2 repeat cycle (Tsub=244ps when fosc=4.19MHz)

PWMR2 set value

X'FF All ‘L'
—= = (0.95ps
u

X'FE'

X 'FD' ]

X 7F

xo1 |

X 'oo'

—

Figure 7-4-1 PWM2 Output Waveform
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7-5 PWM Control Registers

7-5-1 Overview

Eight registers are used to control the MN187XX23's PWM output circuits:
the PWM control register (PWMC) which controls the operation of the
PWMO, PWM1, and PWM2 output circuits, the PWMO data register
(PWMHR, PWMLR) and PWMO data latch (PWMHL, PWMLL) in which
PWMO output waveform data is set, timer mode register 1 (TM1) which
contro! the operation of PWM1 (timer 3), timer latch 3 (TC3) in which PWM?1
output waveform data is set, and the PWM2 data register {(PWMR2) in which
PWM2 output waveform data is set. These registers are all located in RAM

-

space.
Table 7-5-1 PWM Output Circuit Registers
A!::a?grsi::ign A?;"I\:SS RW Register Nama
PWMC X030 R/W PWM control register
PWMHR | X'031' R/W PWMO data register upper 7 bits
PWMLR | X032 R/W PWMO data register lower 7 bits
PWMHL | X'033 R PWMO data latch upper 7 bits
PWMLL | X'034' R PWMO data latch lower 7 bits
T™1 X028’ R'W Timer mode register 1
TC3/BC3 | X'02D R*W Programmable timer counter 3
(timer laich 3/binary counter 3)
PWMR2 | X'O4E' R/W PWM2 data register

R/W:  Can be both read and written to.
R: Read-only
R*W: When read, the binary counter value is returned.

When written to, the value is written into the timer latch.
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7-5-2 PWM Control Register (PWMC)

PWMC is a 6-bit read/write register that controls the operation of the PWM
output circuit.

7 6 5 4 3 2 1 0

PWMGC | — | — |pwieoEiPWMIOE|PWM1E | PWMOE] PWMOLD [PwMOCE | (After reset: --000100}

PWMOOE| P34 (PWMO) output selection

0 General-purpose port (P34)
1 PWMO output (PWMO)

PWMOLD | Latch data transfer specification

PWMHR — PWMHL,
PWMLR — PWMLL transfer
1 No transter

PWMOE| PWMO enable

0 Operation stopped,
PWMO 14-bit counter cleared
1 PWMO operation

‘ PWMIE | PWM enable
- 0 Timer operation (timer 3)

1 PWM1 operation

In timer and serial interface

internal clock operation, fs is

PWM10E| P16 (PWM1) output selection

divided by using the PWMO 14- 0 General-purpose por (P16)
bit counter. The PWMOE bit 1 PWM1 output (PWM1}
must therefore be set to 1,

making PWMQ operational, PWM20E| P17 (PWM2) output selection

0 General-purpose port (P17)
1 PWM2 output (PWMZ2)

when a clock divided from fs is
used by a timer or serial

interface. Figure 7-5-1 PWM Control Register (PWMC: X'030' R/W)

@ At reset, the PWMOE bit is set to 1 and the other bits are cleared to Q.

The PWMO 14-bit counter is
used to count the oscillation
stabilization time when
recovering from STOP mode.
The PWMOE bit must therefore
be set to 1 before STOP mode
is entered.
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7-5-3 PWMO Data Register (PWMHR, PWMLR)

PWMHR and PWMLR are 7-bit read/write registers used to set PWMO
output waveform data in one repeat cycle.

PWMHR | —— |PwHRs| PvmHRs| wming pamaing| Pwhenno | PwmHR1|Pwmnro| - (After reset: SXOOOKK)

PWMLR | — |Pwnins|pwmirs| PwmLns| rwmens| Pawmirz | PwMLR1 [PwnLro | (After reset: SXOXXXXXX)

Figure 7-5-2 PWMO Data Register (PWMHR: X031’ RW, PWMLR: X032’ RW) 15" For the relation between

. the value set in the
PWMO data register and
the PWMG output
waveform, see "7-2-3

At reset, all bits are undefined.

Cutput Waveform.”

7-5-4 PWMO Data Latch (PWMHL, PWMLL)

PWMHL and PWMLL are 7-bit read-only registers, used for transfer of the
PWMO data register (PWMHR, PWMLR) contents when bit 1 (FWMOLD) of ‘
PWMC is cleared to 0. These registers are used to prevent disruption of the n

waveform when the output data is changed during waveform output. PWMHL and PWMLL can

be written to only by a
transfer of the PWMHR and

! i > 2 3 2 ! 0 PWMLR contents. PWMHL
PWMHL PWMHLG | PWMHLS | PWMHL4| PWMHL3 | PWMHL2 | PWMHLT | PWMHLO | (After reset: -XXXXXXX)  and PWMLL can be read at
all times, but the value of
7 6 5 4 3 2 1 0 bit 7 in each register is
PWMLL| — - | PWiLs| PwaaLLs | PwmLLA] PAAILLE | PWMLLZ | PAMALLT | PWMLLD | (After reset: -XXXXXXX) undefined.

Figure 7-5-3 PWMO Data Latch (PWMHL: X'033' R, PWMLL: X'034' R)

At reset, all bits are undefined.
05" For the functions of
PWMHL and PWMLL,
see "7-2-4 Changing
Qutput Data in PWM
Output."
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7-5-5 PWM2 Data Register (PWMR2)

PWMR2 is an 8-bit read/write register, used to set the output waveform data
within one repeat cycle.

7 6 5 4 3 2 1 0

PWMR2 | PWMRZT | PWIMR2G] PWMA2S | PWMR24| PWMR23 | PWMR22 | PWMR21 | PWMR20 [ (After reset: XOOOOMXX)

Figure 7-5-4 PWM2 Data Register (PWMR2: X'04E' R/W)

135" For the relation between
the vaiue set in the
PWM2 data register and
the PWM2 output
waveform, see "7-4-3

At reset, all bits are undefined.

Output Waveform."
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Chapter 8 A/D Conversion

8-1 Overview

The MN187XX23 has an on-chip A/D converter with an 8-bit resolution. It
includes a sample-and-hold circuit, and the 8 analog input channels, 0 to 7
(ADINO (P20)~ADIN7 (P27)), can be switched by software. It has a
dedicated analog power supply (VREFH, VREFL), and any comparison
voltage can be set in the range OV to 5V, enabling high-precision A/D
conversion.

When the A/D converter is not operating, the built-in ladder resistor can be
turned off to reduce power consumption.

S Data bus S
ADC:X'02E‘iI ‘

| ADCHSO0.
ﬁgg:g; | ADBUF: X'02F
[ ——_| |ADcontra 7S
[ ADLS circuit | |
—————————— I 8-bit A/D converter
| ADST

VREFH [—"—

P27 (O

ADIN7 CHMPX

P [

ADINg CHMPX

P20 L
ADINo [} MPX

8 A/D input channel MPX

VREFL [1-

Figure 8-1-1 A/D Converter Block Diagram
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A/D control register
(ADC: X'02E' R/'W)
Bit7: ADST
Bit4: ADLS
Bit 2: ADCHS2
Bit 1: ADCHS1
Bit 0: ADCHSO0

A/D buffer
(ADBUE: X'02F' R)
Bits 7~0:

ADBUF7~-ADBUF0

192 A/ Conversion Operation

8-2 A/D Conversion Operation

The A/D conversion procedure is as follows,

® Select the analog input pin from ADINO~ADIN7 (P20~P27) by means of bits
ADCHS2~ADCHSO0 in the A/D control register (ADC).

@ Set the ADLS bit to 1 in the A/D control register (ADC) to send current through
the ladder resistor, and set the ADST bit to 1 to start A/D conversion.

@ In A/D conversion, after sampling has been performed in the sampling interval,
Ts, successive comparisons and decisions are made, starting with the MSB. If
the A/D conversion reference clock cycle is designated TAD (0.954ps when
fosc=4.19MHz), conversion completes at 9XTAD (= 8.5%us).

Tap
- 1 2 3 9
| | | | | [ | |
T T I T i (J i I T
3 T
ADST ——T l—
A/D conversion start A/D conversion
T
= ;g .
Sampling Hold
Bil7 Bit& Bito
goompanson,compansonl o jcomparison,
hall T
: ' I }
Bit 7 Bit 6 Bit 1 Bit 0
decision  decision decision decision

Ts= Tap (=0.954 ps)

Figure 8-2-1 A/D Conversion Timing

@ When A/D conversion is completed, the ADST bit is cleared to 0 and the A/D

conversion result is stored in the A/D buffer (ADBUF). Check that the ADST bit
has been cleared to 0 before reading the A/D buffer (ADBUF) contents.
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8-3 A/D Converter Control Registers

8-3-1 Overview

Two registers are used to control the MN187XX23's A/D converter: the A/D control
register (ADC) which controls analog input channel selection, the on/off status of
the ladder resistor, and the start of A/D conversion, and the A/D buffer (ADBUF)

which stores the conversion result. These registers are both located in RAM space.

Tahle 8-3-1 A/D Converter Control Registers

Register RAM .
Abbreviation | Address RW Register Name
ADC ) X'02E R/W A/D control register
ADBUF | X'0ZF R AJ/D buffer
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8-3-2 A/D Control Register (ADC)

ADC is a 5-bit read/write register which controls the operation of the A/D

convenrter.

7 6 5 4 3 2 1 0

ADC | apsT | — | — | abLs | — |ADCHs2|ADCHS1 |ADCHS0| (After reset: 0--0-XXX)

ADcorversionchannel selection
Analog inputchannel  Input pin

ADCHS2ADCHSIADCH

0 0 [Channel 0 | P20{ANINO)

0 1 | Channel1 |P21{ANIN1)
1 0  [Channel2 |P22(ANIN2}

1| Channel 3 | P23(ANIN3)

0 0 | Channel 4 | P24{ANIN4)

4 1 Channel 5 | P25(ANINS)
1 0 | Channel 6 | P26{ANING}

1 Channel 7 | P27(ANIN7)

ADLS | Internal ladder resistor onfoff control

0 Internal ladder resistor off
1 internal ladder resistor on
ADST A/D conversion start

Read value 0: A/D conversion end

‘ ° White value 0: A/D corwersion halt
- Read value 1: A/D conversion in progress

Wirite value 1: A/D conversion start

When the A/D converter is
not used, current should be Figure 8-3-1 A/D Control Register (ADC: X'02E' R/W}
restricted by writing 0 in the

ADLS bit in ADC. ) .
At reset, bits ADST and ADLS are cleared to 0, and the other bits are undefined.
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Chapter 8 A/D Conversion

ADBUF is an 8-bit read-only register which stores the A/D conversion result.

ADBUF

7

6

]

3

2

1

0

ADBUF?

ADBUFS

ADBUF5

ADBUF4

ADBUF3

ADBUF2

ADBUF1

ADBUFD

(After reset: XO0O0XXX)

Figure 8-3-2 A/D Buffer (ADBUF: X'02F' R)

At reset, all bits are undefined.
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9-1 Overview

External interrupt pins IRQ1 and IRQ2 include a noise cancellation circuit,
and can be used for remote control reception.

S Data bus S
RMC : X'027"
2
(~ A N
5
fs/2 .
2
fs/28 "l MPX
fs/2"——m
1 '
Noise filter
iRt [ ] " o malorty -
eCISIO C
(P31) n clroult MPX = IRQH
IRQ1: External interrupt 1
Y IRQ2: External interrupt 2
/2%
fs/2® > MPX 2
fsf2?————
¥ ¥
Noise filter
IRQ2 D o (majority -
{P32) decision circuit}

MPX ———— IRQ2

Figure 9-1-1 Noise Cancellation Circuit Block Diagram
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Remote control/noise filter
control register
{RMC: X'027' R/'W)

Bit 3: RMC3

Bit 2: RMCZ2

Bit 1. ARMC1

Bit 0: RMCO

¢

The noise cancellation circuits
cannot be used in STOP mode

or HALT mode.

200 Overview

When the noise cancellation circuits are used, the waveform input from the IRQI1
pin is sampled based on the clock specified by bits RMC(® and RMC1 in the remote
control/noise filter control register (RMC), and the waveform input from the IRQ2
pin is sampled based on the clock specified by bits RMC2 and RMC3. The signal is
sampled four times, and the level in the méijority is transferred to the CPU. If there

are two low-level and two high-level samples, the previous level is held.

e L LLLL LI
w1

Decision e

Waveform after
noise canceliation

Figure 9-1-2 Example of Noise Filter Input and Qutput Waveforms
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9-2 Remote ControlMNoise Filter Control Register

9-2-1 Qverview

One register is used to control the MN187XX23's noise filters: the remote

control/noise filter control register (RMC) which selects the sampling clock. This

register is located in RAM space.

Table 9-2-1 Noise Filter Control Register

»

Register RAM .
Abbreviation | Address RIW Register Name
RMC xoxr R/W Remote control/noise filter control register

Remote Control/Noise Filter Control Register

201
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9-2-2 Remote Control/Noise Filter Control Register (RMC)

RMC is a 7-bit read/write register used for IRQ1 and IRQ2 pin noise filter
control and remote control transmission function control. The IRQ1 and
IRQ2 pins are used for remote control reception.

7 6 5 4 3 2 1 0

RMC | —— [rmcENiRMsYN|RMOEN| BME3 | AMC2 | BMC1 | RMCe | (After reset: -XX00000)

RMC1|RMCO0| IRQ1 noise filter sampling clock specification

Noise filter is not used
Sampling clock: fs/2°
Sampling clock: fs/2°
Sampling clock: fs/2”

el L= Bl k=)

RMC3| RMC2 | IRQ2 noise filter sampling clock specification

0 Noise filter is not used

1 Sampling clock: fs/2°
1 0 Sampling clock: faf2®
1 | Sampling dock: fs/2°
RMOEN AMOEN P15/RMOUT selection
0 Port P15

1 RMOUT output

RMSYN| RMSYN RMOUT output mode selection

0 Asynchronous output mode
1 Synchronous output mode

RMGCEN | RMCEN Remote control carrier use specification

0 Carrier
1 No carrier

Figure 9-2-1 Remote Control/Noise Filter Control Register
(RMC: X'027' R/W)

At reset, bits of RMCO~RMC3 and RMOEN are cleared to 0, and the other bits are

undefined.
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10-1 Overview

The MN187XX23 has an on-chip remote control transmission function that
uses timers 4 and 5.

S' Timer4 { b S Timers 4 b @ S

TC4 : X048 TC5 : X'04A' =
|AMCO_
RMCAH
TC40F  —— | SN zecne 0 [Awell
<L F " L TCEIRQ e
BC4 : X048 [-»{1/2 - BCS : X'04A' — ] AMOEN._
12 | AMSYN_
MPX =™ s
| e~ Mex [RMCEN
]
i Lol 1/2
t MPX mpx —LO0
TC5CLKO, TC5PSO, Port latch D O—1 -;D. RMOUT
TC5CLKT TC5PS1 (P15) - (P15)
] Waveform ®

retention circuit Port latch {P14)
MPx —1
I D Q- TCO35
MPX
TC3IRQ — ] (P14)
TCO35C TC350UT
TC5LKO, 1
Figure 10-1-1 Remote Control Transmission Function Block Diagram Timer mode register 5

(TM5) bits 0, 1. Timer §

clock source selection
TC5PS0, 1:

Timer mode register 5

(TM5) bits 2, 3. Timer 5

clock prescaler scaling

factor selection
TC40F:

Timer 4 infernal output signal
TC5IRQ: Timer 5 interrupt signal
TC3IRQ: Timer 3 interrupt signal
TCO35C:

Timer mode register 5

(TM5) bit 5. Synchronous

output clock specification
TC350UT:

Timer mode register 5

{TM5) bit 6. Synchronous

output specification
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The remote control output signal is output from the RMOUT (P15) pin, and the
remote control carrier signal is generated using timer 4 output. The carrier signal

cycle is twice the timer 4 interrupt cycle.

wmemonm [ [ [T LT LT

1 1 1 ] 1 i
| I | I 1 i |

Cartier signal

Figure 10-1-2 Remote Control Carrier Signal Generation

There are two ways of outputting the remote control output signal (RMOUT):

(1) Asynchronous output mode
Remote control output is performed asynchronously from the carrier signal, in
accordance with the value set by the program in the P15 data latch. The remote
control output signal is output from the RMOUT (P15} pin while the P15 data
latch value is 1.

(2) Synchronous output mode
Carrier signal (timer 4 output signal TC4OF) pulses are counted using timer 5,
and remote control output is performed in accordance with the value sct by the
program in the P15 data latch when a timer 5 interrupt is generated. As the
remote control output data is changed in synchronization with the carrier signal, a

high-precision remote control output waveform can be generated.

206 QOverview
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10-2 Remote Control Output Operation

(1) Asynchronous output mode with carrier signal

With this method, remote control output is controlled by having the P15 data latch

rewritten by the program asynchronously from the carrier signal. After the register

settings in Table 10-2-1 have been made, remote control output is performed by

directly manipulating the P15 data latch value. The remote control output signal is

output while the P15 data latch value is 1, and is not output while the value is 0.

A narrow carrier signal is not output when the P15 data latch value is changed over.

Table 10-2-1 Register Settings for Asynchronous Output Mode with Carrier Signal

Register Bit Mnemonic Setting
RMC -+ ! 4 RMOEN Set to 1 to designate P15 (RMOUT) pin as
RMOUT pin.
5 RMSYN Cleared to 0 to select asynchronous output
mede.
RMCEN Set to 1 to select "with carrier."
T™4 4,5 TCACLKO, Select the timer 4 clock source. Remote
TC4CLK1 control carrier cycle is timer 4 overflow
cycle X 2.
7 TCA4EN Set to 1 to make timer 4 operational.

Carrier | | I 1 [

|

P15 data latch

RMOUT/P15 gt

ML

Figure 10-2-1 Remote Control Output (Asynchronous Output Mode with Carrier)

Remote Control Output Operation
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208

{2) Synchronous output mode with carrier signal

In this mode, remote control output is synchronized with timer 5, enabling a high-

precision remote control output waveform to be obtained. In-synchronous mode,

remote control output is controlled by using timer 5 to count the carrier signal

pulses generated by timer 4. The initial remote control output data (0 or 1} is set in
the P15 data latch beforehand.

The timer 5 interrupt handler performs setting of the carrier signal count up to the

next timer 5 interrupt, the next remote control output data, and the timer 5 interrupt

enable flag.

Table 10-2-2 Register Settings for Synchronous Output Mode with Carrier Signal

Register Mnemonic Setting
RMC 4 RMOEN Set to 1 to designate P15 (RMOUT) pin as
RMOUT pin.
RMSYN Set to 1 to select synchronious output mode.
RMCEN Set to 1 to select "with carrier.”
TM4 4,5 TCACLKO, Select the timer 4 clock source. Remote
TC4CLK1 control carrier cycle is timer 4 overflow
cycle x 2.
7 TC4EN Set to 1 to make timer 4 operational.
TM5 0,1 TCSCLKO, Set to 00 to select timer 4 internal output
TC5CLK1 {TCA4QF) as clock source.
2,3 TC5PSO0, Select timer 5 prescaler divider.
TC5PS1 Normally set to 00 to select 1/1.
7 TCSEN Set to 1 to make timer 5 operational.

Remote Control Output Operation
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Carrier SN T e e I 6 O
P15 data Iatchw &

Timer 5 interrupt ['| / h ﬂ / i_l_

Remote control L
output data ! ! i !

RMOUT/P15 Snin Ny iyl
Program § AN AN AN N )
exdcution i i i l

Settings made L J/ l

by timer 5
interrupt handier

(Carrier 2) (Carrier 3) (Carrier 4)

Figure 10-2-2 Remote Control Output {Synchronous Output Mode with Carrier)

NN ; Timer 5 internupt
handler interval
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{3) Remote control output without carrier signal

Remote control output without carrier can be used by clearing the RMCEN bit to 0
in the remote control/noise filter control register (RMC). . In this case, the RMSYN
bit asynchronous mode/synchronous mode setting selects whether or not output isto
be performed in synchronization with timer 5 interrupts.

In asynchronous mode, after the register scttings in Table 10-2-3 have been made,
remote control output is performed by directly manipulating the P15 data latch

value.

Table 10-2-3 Register Settings for Asynchronous Output Mode, No Carrier Signal

Register Bit Mnemonic Setting
RMC 4 RMOEN Set to 1 to designate P15 (RMOUT) pin as
RMOUT pin.
5 RMSYN Cleared to 0 to select asynchronous output
mode.
6 RMCEN Cleared to 0 to select "no carrier.”

P15 data latch

RmoUTPS___ [ | [ "1

Figure 10-2-3 Remote Control Output (Asynchronous Output Mode, No Carrier)

Remote Contrel Output Operation
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In synchronous mode, the timer 5 interrupt handler performs setting of the next
timer 5 interrupt interval and writes the next remote control output data to the P15

data latch.

Table 10-2-4 Register Settings for Synchronous Output Mode, No Carrier Signal

Register Bit Mnemonic Setting
RMC 4 RMOEN Set to 1 to designate P15 (RMOUT) pin as
RMOUT pin.
RMSYN Set to 1 to select synchrenous output mode.,
RMCEN Cleared to 0 to select "no carrier.”
TM5 0,1 TC5CLKO, Select the timer 5 clock source and prescaler
TC5CLK1 divider.
23 TC5PSO0,
. TC5PS1
7 TC5EN Set to 1 to make timer 5 operational.

P15 data latch '

Timer 5 interrupt

Remote control
output data

u
T

AwoutPts [ |

N\ Timer 5 interrupt
handler interval

Program - NN
execution 1

) L |

Remote control output enable/disable interval is
determined by timer 5

L

Figure 10-2-4 Remote Control Output (Synchronous Output Mode, No Carrier)
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10-3 Remote Control/Noise Filter
Control Register (RMC)

10-3-1 Overview

One register is used to control the MN187XX23's remote control transmission
function: the remote control/noise filter control register (RMC) which controls
port/remote control output switching, synchronous mode/asynchronous mode

selection, and whether the remote control carrier is used. This register is located in

RAM space.
Table 10-3-1 Remote Control Control Register
Register RAM .
Abbreviation Address RW Register Name
RMC X027 R/W Remote centrol/noise filter control register
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10-3-2 Remote Control/Noise Filter Control

Register (RMC)

RMC is a 7-bit read/write register used for IRQ1 and

IRQ2 pin noise filter

control and remote control transmission function control. The IRQ1 and

IRQ2 pins are used for remote controf reception.

7 6 5 4 3 2 1 0

RMC | —— | rmceN| rmsYNIRMOEN| RMCS | RMe2 | RMCT | RMCO | (After reset: -XX00000)
T [
RMG1|RMCO| IRQ1 noise filter sampling clock specification
o 0 Moise filter is not used
1 | Sampling clock: fs/2®
] 0 | Sampling clock: fs/2°®
1 | Sampling clock: fs/2’
RAMC3|RMC2] IRQ2 noise filter sampling clock specification
0 0 Noise filter Is not used
1| Sampling clock: fs/2°
] o | sampling clock: fs/2®
1 | Sampling clock: fs/2°
RMOEN P15/AMOUT selection
0 Port P15
1 RMQUT oulput
RMSYN RMOUT output mode selection
0 Asynchronous output mode
1 Synchronous output mode
RMCEN| Remote control carrier use specification
0 Carrier
1 No carrier

Figure 10-3-1 Remote Control/Noise Fiiter Cont

rol Register (RMC: X'027' R/W)

At reset, bits of RMCO~RMC3 and RMOEN are cleared to 0, and the other bits are

undefined.

Remote Control/Neise Filter Contro! Register (RMC)
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11-1 Overview

The MN187XX23 includes an automatic data transfer function that enables
data transfer inside the RAM space to be executed by hardware. Transfer is
started by a transfer factor interrupt, and one byte is transferred each time a
transfer factor is generated. Transfer factor interrupts can be selected from
two external interrupts, timer 0, 1, and 3 interrupts, and serial interface 0, 1,
and 2 interrupts.

A burst transfer mode is also provided, in which data within the specified
range is transferred consecutively without regard to a transfer factor.

-« Figure 11-1-1 Automatic Data Transfer Block Diagram

S Data bus S

ADTC : X'038' @ @ ________________________ 4

| ADTCO ADT

3 ADTCZ _ ADTB : X'039' »~ ADTIRQ
BURST H

[SAPING, ‘ g
[DAPING [TaPH : Xo3B' TAPL : X'03A| |
»{SAPH : 03D SAPL : x03C] |

IRQO —~ ~[DAPH : X03F DAPL : X03E]

IRQI—= _

TCOIRQ —=| £ B

TC1IRQ —»| < 2 ADT request . CPU

TC3IRQ —»| £ S - C .

SIFOIRQ—»| 5 & (instruction
23 decoding)

SIF1IRQ —»!
SIF2IRQ —

_

ADT: Automatic data transfer
register
ADTB: Transfer byle counter
TAPH, TAPL: Data transfer
target address register
SAPH, SAPL: Data fransfer
source address register
DAPH, DAPL: Data transfer
destination address register
ADTC: Automatic data
transfer control register
ADTIRQ: Aufomatic data
transfer interrupt

IRQO: External interrupt 0

IRQ1: External interrupt 1

TCOIRQ: Timer 0 interrupt

TC1IRQ: Timer 1 interrupt

TC3IRQ: Timer 3 interrupt

SIFOIRQ: Serial interface 0
interrupt

SIF1IRQ; Serial interface 1
interrupt

SIF2IRQ: Serial interface 2
interrupt
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ADTC: Automatic data
transfer control register

(ADTC: X'038' R/W)
Bit 3: BURST

ADTB: Transfer byte counter
(ADTB: X'039' R/W)

Data iransfer target address
register

(TAPL: X'03A' R/W,

TAPH: X'03B' B/W)

Data source target address
register

(SAPL: X'03C' R'W,
SAPH: X'03D' R/W)

Data transfer destination
address register

{DAPL: X'03E' RW,
DAPH: X'03F R/W)

218 Automatic Data Transfer

11-2 Automatic Data Transfer

11-2-1 Overview

Automatic data transfer is specified by means of the automatic data transfer control
register (ADTC), transfer byte counter (ADTB), and three kinds of transfer address
pointer.

The transfer byte counter (ADTB) specify any byte number of automatic data
transfer between 1 and 255 bytes. At the end of the specified transfer, an automaric
data transfer interrupt (ADTIRQ) is generated.

To prevent inadvertently overwriting data, a three-address transfer method is used
which allows transfer to be performed without restrictions as specified by the
settings. Use of address incrementing or a fixed address can be specified for two of

the three addresses (the transfer source address and transfer destination address).

11-2-2 Automatic Data Transfer
The transfer procedure is as follows.

@ Set the three transfer address pointers: the data transfer target address register
(TAPL, TAPH), data transfer source address register (SAPL, SAPH), and data
transfer destination address register (DAPL, DAPH).

@ Use the automatic data transfer control register (ADTC) to specify address

incrementing and the transfer factor or continuous transfer.
@ Set the number of transfer bytes in the transfer byte counter (ADTB).

® When factor transfer mode is used, data transfer is not performed until the
specified transfer factor is generated.
When burst transfer mode is used, setting the BURST bit in the automatic data
transfer control register (ADTC) to 1 selects burst transfer mode and

simultaneously starts the transfer.
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ADTC: Automatic data
transfer control register
(ADTC: X'638' A/W)
Bit 3: BURST

ADTB: Transfer byle counter
(ADTB: X'039' B/W)

Data transfer target address
register

(TAPL: X'03A' R/W,

TAPH: X'038' R/W)

Data source target address
register

(SAPL: X'03C' A/W,
SAPH: X'03D' R/W)

Data transfer destination
address register

(DAPL: X'03E' A/W,
DAPH: X'03F' /W)

218 Automatic Data Transfer

11-2 Automatic Data Transfer

11-2-1 Overview

Automatic data transfer is specified by means of the automatic data transfer control
register (ADTC), transfer byte counter (ADTB), and three kinds of transfer address
pointer.

The transfer byte counter (ADTB) specify any byte number of automatic data
transfer between 1 and 255 bytes. At the end of the specified transfer, an automatic
data transfer interrupt (ADTIRQ) is generated.

To prevent inadvertently overwriting data, a threc-address transfer method 1s used
which allows transfer to be performed without restrictions as specified by the
settings. Use of address incrementing or a fixed address can be specified for two of

the three addresses (the transfer source address and transfer destination address).

11-2-2 Automatic Data Transfer
The transfer procedure is as follows.

@ Set the three transfer address pointers: the data transfer target address register
(TAPL, TAPH), data transfer source address register (SAPL, SAPH), and data
transfer destination address register (DAPL, DAPH).

® Use the automatic data transfer control register (ADTC) to specify address

incrementing and the transfer factor or continuous transfer.
@ Set the number of transfer bytes in the transfer byte counter (ADTB).

@ When factor transfer mode is used, data transfer is not performed until the
specified transfer factor is generated.
When burst transfer mode is used, setting the BURST bit in the automatic data
transfer control register (ADTC) to 1 selects burst transfer mode and

simultaneously starts the transfer.



® In automatic data transfer, the following processing is performed by hardware:
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1. The contents of the address indicated by the data transfer target address register

(TAP) are stored at the address indicated by the data transfer destination
address register (DAP).

2. The contents of the address indicated by the data transfer source address

register (SAP) are stored at the address indicated by the data transfer target
address register (TAP).

3. If incrementation is specified for the data transfer source address register

(SAP) and data transfer destination address register (DAP), SAP and DAP are

incremented by 1 after the above transfer is completed.
[ Figure 11-2-1 Three-Address Transfer Method ]

® When one byte transfer is completed, the transfer byte counter (ADTB) is

decremented. In factor transfer mode, the processing in step ® is repeated each

time a transfer factor is generated, and an automatic data transfer interrupt
{ADTIRQ) is generated when ADTB reaches 0.

15

RAM

87 0

SAP | SAPH

. saPL —=

18
TAP{_ TAPH

L A

15

87 0

DAP| DAPH

omee (N

Figure 11-2-1 Three-Address Transfer Method
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11-2-3 Examples of ADT Operation

Use of the automatic data transfer function simplifies execution of various
kinds of data processing within the RAM space.

Some examples are given below. The descriptions have been kept brief for the sake

of clarity; for fuller details, refer to the descriptions of the registers noted in the

margin.
ADTC: Automatic data
transfer control register (1) Transfer from area A (i to i+n) to area B (j to j+n)
(ADTC: X'038' /W) @ Set the address of RAM used for temporary storage in TAP.

® Set address (i) in SAP and address (j—1) in DAP.

ADTB: Transfer byte counter
@ Specify the transfer factor and SAP and DAP incrementing in ADTC.

(ADTB: X'039' /W)
N @ Set the number of transfer bytes (n+2) in ADTB, starting automatic transfer.

TAP: Data transfer target

address register RAM

(TAPL: X'03A' RIW, \\\\_////////(‘\\\

TAPH: X'03B' R'W)
i
SAP: Data source target i SAP } L Area A
address register vl settingc i 1 — ] \—ll]
(SAPL: X03C' R/, nitial setting: i, increment specification i+n }
APH: X'03D' R/W,
S ) | TAP I - <T emporary storage RAM
DAP: Data transfer Initial setting: temporary storage RAM address ]
c(i;:ﬂ;ﬁtiﬁozgress register [ SAP ‘{ _ Aroa B
DA PH.: X03F" Fn'/W)’ Initial setting: i, increment specification j+n
| ADTB | L\\1'///////f~\\\
Initial setting: n+2
number of transfer bytes ;
{ ytes) M]and [2] ocour simultaneously.
G Figure 11-2-2 Transfer from Area A (i to i+n} to Area B (j to j+n)
[ ]

In this example, area (j—1) data
is overwritten.
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(2) Transfer from area A (i to i+n} to area B (-1 to j+n)
© Set address (i+n (transfer destingtion end address}) in TAP.
@ Set address (i) in SAP, and address (j—1) in DAP.
@ Specify the transfer factor and SAP and DAP incrementing in ADTC.
@ Set the number of transfer bytes (n+1) in ADTE, starting automatic transfer.

\y\
i
\ SAP Jl - Area A
Initial setting: i, increment specification i+n
\ TAP N
Initial setting: j+n, temporary storage RAM address
1
\ DAP l - Area B
Initia} setting: j—, increment specification L

[ apB | k\\\_///////’—\\\
Initial setting: n+1

(number of transfer bytes)

Figure 11-2-3 Transfer from Area A (i to i+n) to Area B (j~1 to j+n}

(1

In this example, area (j—1) data

is overwrilten.
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(3) Transfer from area A (i to i+n) to area B (j)
_@ Set B address (j) in TAP.

@ Set address (i} in SAP.
G @ As DAP is not used, specify any RAM address.
- @ Specify the transfer factor, SAP incrementing, and DAP non-incrementing in
For "any RAM address," make ADTC.
sure that an installed RAM
® Set the number of transfer bytes (n+1) in ADTB, starting automatic transfer.

address is sel.
RAM

)

B SAP | . Area A
i+n
Initial setting: i, increment specification \}
| TAP b Area B
Initial setting: j, fixed address )
-’ Any RAM

| DAP B
Initiat setting: any RAM address

[ aDoT8 | L\\\_///////’**\\

Initial setting: n+1
(number of transfer bytes)

Figure 11-2-4 Transfer from Area A (i to i+n) to Area B (j)
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(4) Transfer from area A (i) to area B {j to j+n)

@ Set A address (i) in TAP.
@ Set address (j) in DAP.

Chapter 11 Automatic Data Transferission

® Set A address (i), or the address of RAM with the same contents as A, in

SAP. If A address (i) is set, A will be read twice and written to once.

@ Specify the transfer factor, SAP non-incrementing, and DAP incrementing in

ADTC,

® Set the number of transfer bytes (n+1) in ADTB, starting automatic transfer.

| SAP

Initial setting: i, fixed address

1 TAP
Initial setting: i

| DAP |

RAM

\/\

/

Area B

Initial setting: j, increment specification

L ADTB !

{nitial setting: n+1
{number of transfer bytes)

Hn

N

Figure 11-2-5 Transfer from Area A (i} to Area B (j to j+n}

ADTC: Automalic dala
transfer control register
(X'038' R/W)

ADTB: Transfer byte counter
(X'039' R/W)

TAP: Data transfer target
address register

(TAPL: X'03A' R/W,
TAPH: X'03B' R/W)

SAP: Data source target
address register

(SAPL: X'03C' R'W,
SAPH: X'03D' R/W)

DAP: Data transfer
destination address register
(DAPL: X'03E' R/W,
DAPH: X'03F' R'W)
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{5) Data exchange between area A (i} and area B (j to j+n)
_® Set A address (1) in TAP.
@ Set address (j) in SAP and DAP.
@ Specify the transfer factor, and SAP and DAP incrementing, in ADTC.
@ Set the number of transfer bytes (n+i) in ADTB, starting automatic transfer.

\y\
‘ SAP i ~ Area A
Initial setting: j, increment specificatio
Hland [Zloccur simultaneously. o pee
| TAP [l 12
Initial setting: i
1/

1 -
l DAP ] _ Area B
Initial setting: j, increment specification I+

[ apTB | \/’\
Initial setting; n+1

{number of transfer bytes)

Figure 11-2-6 Data Exchange between Area A (i) and Area B {j to j+n)
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11-3 Automatic Data Transfer Interrupt

With the automatic data transfer function, when the transfer byte counter
(ADTB) reaches 0 and transfer is terminated, the automatic data transfer
interrupt request flag (IFADT) is set to 1 in interrupt request flag register 1
(IF1). If the automatic data transfer interrupt enable flag (IEADT) in interrupt
enable flag register 1 (IE1) is 1 at this time, an interrupt request is issued to
the CPU. [£= "2-8 Interrupt Controller" ]

In the MN187XX23, if the transfer byte counter (ADTB)

value is changed to X'00' when its value is manipulated by
the program, the IFADT bit will be set to 1 in interrupt
request flag register 1 (IF1). H interrupts are enabled at this
time, an automatic data transfer interrupt (ADTIRQ) will be
accepted. To prevent inadvertent interrupt generation, use
the following setting procedure when the transfer byte
counter (ADTB) is cleared to X'00" by the program.

<Setting Procedure>

1. Clear the IEADT bit in interrupt enable flag register 1 {IE1) to

disable the ADT interrupt.
2. Clear the transfer byte counter (ADTB).
3. Clear the IFADT bit in interrupt request flag register 1 (IF1).

Example:

CLR DF

CLR (IE1) IEADT
MOV (ADTB) , 0
CIR {IF1) IFADT

Interrupt request flag register 1
(IF1: X013 A'W)
Bit 6: IFADT

Interrupt enable flag register 1
(IE1: X'015' R'W}
Bit6: IEADT
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226

11-4 Automatic Data Transfer
Control Registers

11-4-1 Overview

Eight registers are used to control the MN187XX23's automatic data transfer
function: the automatic data transfer control register (ADTC) which controls
the operation of the ADT function, the transfer byte counter (ADTB) which
specifies the number of transfer bytes, and the transfer address pointers
(TAPL, TAPH, SAPL, SAPH, DAPL, DAPH) which specify the transfer target,
transfer source, and transfer destination addresses. These registers are all
located in RAM space.

Table 11-4-1 Automatic Data Transfer Control Registers

Abgfeg\:ise:gcrm AI::I::SS RW Register Name
ADTC X038 R/W Automatic data transfer control register
ADTB X039 R/W Transfer byte counter
TAPL X'03A R/W Data transfer target address register lower 8 bits
TAPH X'03B' R/W Data transfer target address register upper 8 bits
SAPL X003 R/W Data transfer source address register lower 8 bits
SAPH X'03D R/W Data transfer source address register upper 8 bits
DAPL X'03E R/W Data transfer destination address register lower 8 bits
DAFH X'03F R/W Data transfer destination address register upper 8 bits
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11-4-2 Automatic Data Transfer Control Register
(ADTC)

ADTC is a 6-bit read/write register which controls the automatic data
transfer (ADT) function.
7 8 5 4 3 2 1 0

ADTC | —— | — |DAPINC|SAPINC|BURST | ADTG2| ADTC1 | ADTCO| (After reset; --000000)

ADTG2 | ADTCH | ADTCO|  Transfer factor specification

0 External interrupt 0 (IRQ0)

External interrupt 1 (IRQ1)

Timer ¢ interrupt (TCOIRQ}
Timer 1 interrupt (TC1IRQ)
Serial 2 interrupt (SIF2IRQ)
Timer 3 interrupt (TC3I1RQ)
Serial 0 interrupt {SIFOIRQ)
Serial 1 interrupt (SIF1IRQ)

2| OO |- O —

BURST Factor transferlc_ontiquous
transfer specification

0 Transter using transler factor:

1 byte transferred on generafion of factor
Continuous transfer:

1 Nurnber of bytes set in ADTB transferred
consecutively without regard to transfer facloi]

Transfer source address pointer
increment specification

0 SAP incremented by 1 after 1-byte transfer

1 SAP notincremented

SAPINC

Transfer destination address pointer
increment specification

0 DAP incremented by 1 after 1-byte transfer

1 DAP not incremented

DAPINC

Figure 11-4-1 Automatic Data Transfer Control Register (ADTC: X'038' R'W) @
| ]

When BURST is set to 1,
In a reset, all bits are cleared to 0. aufomatic transfer is started
regardless of the setting of
ADTC2~ADTCO, and the number
of bytes set in the transfer byte
cournter (ADTB} are transferred
consecutively. When BURST is
cleared to 0, a one-byte
transfer is performed for one
occurrence of the transfer factor
specified by ADTC2~ADTCO.
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11-4-3 Transfer Byte Counter (ADTB)

ADTB is an 8-bit read/write register used to set the total number of bytes in
a data transfer. When one byte is transferred, ADTB is decremented by 1,
‘_ and when its value reaches X'00' an automatic data transfer interrupt

(ADTIRQ) is generated and transfer is terminated.
If ADTB = X'00', data fransfer

will not be performed when a
transfer factor is generated (or 7 8 5 4 3 2 1 0
the BURST bit is set to 1 in
ADTC).

ADTE | ADTB7 | ADTBS | ADTBS | ADTB4 | ADTE3 | ADTB2 | ADTB1 | ADTBO | (After reset: 00000000)

Figure 11-4-2 Transfer Byte Counter (ADTB: X'03%' R/W)

In a reset, all bits are cleared to 0.

In the MN187XX23, if the transfer byte counter (ADTB) is set

before the automatic data transfer control register (ADTC)
when using automatic data transfer, automatic transfer may
be performed in accordance with the previous settings
(transfer factor and transfer method). This may result in
generation of an unwanted automatic data transfer interrupt
(ADTIRQ). To prevent inadvertent interrupt generation, use
the following register setting procedure.

<Setting Procedure>

1. Set the data transfer source address register (SAPH, SAPL), data
transfer target address register (TAPH, TAPL), and data transfer
destination address register (DAPH, DAPL).

2. Set the transfer conditions in the automatic data transfer control
register (ADTC).

3. Lastly, write the number of transfer bytes into the transfer byte
counter (ADTB), starting automatic data transfer.
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11-4-4 Transfer Address Pointers

The transfer address pointers are three 16-bit read/write registers that
indicate the transfer addresses.

A three-address transfer method is used to prevent data from being inadvertently
overwritien. In a data transfer, the contents of the address indicated by the data
transfer target address register (TAP) are transferred to the address indicated by the
data transfer destination address register (DAP), and at the same time, the contents
of the address indicated by the data transfer source address register (SAP) are

transferred to the address indicated by TAP.

(1) Data transfer target address register (TAPH, TAPL)

Specifies the transfer target RAM address.

TAPH | TAPH7 | TAPHG | TAPHS | TAPH4 [ TAPH3 | TAPH2 | TAPH1 | TAPHG | (After reset: XXX XXXX)

TAPL | TAPL7 | TAPLS | TAPLS | TAPL4 | TAPL3 | TAPL2 | TAPLY | TAPLO | (After reset: XXXOC(XXX)

Figure 11-4-3 Data Transfer Target Address Register
(TAPH: X'03B' R/W, TAPL: X'03A' R/'W)

(2) Data transfer source address register (SAPH, SAPL)
Specifies the transfer source address. Incrementing after each transfer can be

specified with the SAPINC bit in the automatic data transfer control register
(ADTC). At reset, all bits are undefined.

SAPH | 5APH7 | SAPHE | SAPHS | SAPH4 | SAPH3 | SAPHZ | SAPHY | SAPHO [ (After reset: XDXOOMXXXX)

SAPL | SAPL7 | SAPLG | SAPLS | SAPL4 | SAPL3 | SAPL2 | SAPLY | SAPLO | (After reset: JOOO00X(XX)

Figure 11-4-4 Data Transfer Source Address Register
(SAPH: X'03D' R/W, SAPL: X'03C' R/W)

Automatic data transfer
control register
(ADTC: X'038' R'W)
Bit 5: DAPINC
Bit4: SAPINC

Automatic Data Transfer Control Registers
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(3) Data transfer destination address register (DAPH, DAPL)

Specifies the transfer destination address. Incrementing-after each transfer can be
specified with the DAPINC bit in the automatic data transfer control register
(ADTC). At reset, all bits are undefined.

7 8 5 4 3 2 1 0

DAPH | DAPH7 | DAPHS | DAPHS | DAPH4 | DAPH3 | DAPH2 | DAPH1 | DAPHO [ (After reset: XOXOOXXXXX)
7 6 5 4 3 2 1 o

DAPL | DAPL7 | DAPLS | DAPLS | DAPL4 | DAFLS | DAPL2 | DAPL1 | DAPLD [ (After reset: JXOO0XXXX)

230

Figure 11-4-5 Data Transfer Destination Address Register
(DAPH: X'03F' R/W, DAPL: X'O3E' R/W)
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11-5 Notes

(1) When one-byte data transfer processing is performed, the user program halts
during 5 machine cycles. That means, in continuous transfer mode, processing
halts during continuously 5 X (number of transfer bytes) machine cycles. No

interrupts except a reset are accepted during data transfer.

(2) The automatic data transfer interrupt (ADTIRQ) is generated on completion of
the write to RAM. Caution is therefore necessary if a serial buffer is specified
by TAP, since a serial transfer may still be in progress when the automatic data

transfer interrupt (ADTIRQ) is generated.

If simultaneous transmit and receive operations are performed on the serial interface, and
a serial buffer is specified by the data transfer target address register (TAP), transfer is

performed as shown below when a serial interrupt is specified as the transfer factor.

@ When the serial interface completes a transfer, a serial interrupt is generated and the
automatic data transfer function is activated.

@ The contents of the serial buffer are written to the RAM indicated by the data transfer
destination address register (DAP), and the contents of the RAM indicated by the
data transfer source address register (SAP) are written to the serial buffer.

& An automatic data transfer interrupt (ADTIRQ) is generated, and preparations for the

next serial transfer are made in the interrupt handling routine.

RAM

SAP ’?ransmit data address

TAP I;ransfer target addressl

DAP | Receive data address

7

Figure 11-5-1 Example of Serial Transfer Using Automatic Data Transfer

Data transfer target address
register

(TAPL: X'03A' B/W,

TAPH: X'03B' R/'W)

Data source target address
register

{SAPL: X'03C' R/'W,
SAPH: X'03D' R'W)

Data transfer destination
address register

{(DAPL: X'03E'R/W,
DAPH: X'03F R/W)
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(3) In factor transfer mode, automatic data transfer is started only by generation of
an interrupt specified as a transfer factor. Transfer cannot be performed by

having software set the interrupt request flag for the relevant interrupt.
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Hix &3 jusLIBJoul L+ dX 2 dX dX DN

4 eprwwl:gd [ L (2D ww| + (ep ‘4Q « Udx) Wvd = A ww) ‘(ep} ‘IdA

ek BpiwLIES | L (2D wiun + (8P ‘4Q « UdX) WYH — IdX wu “(ep) ‘Idx

121 w43 y9) W + |dA = IdA W ‘IdA “idA

L2t wiwi : g3 ZD WL + |dx = X ww ‘|dX ‘IdX  Hagy

bl Bp:pwwl 4L [ 1 (2D 40 + pwin + u) (ep ‘3Q « UdX} WvH = ul (Bp ‘40 « udX) WvH i ‘(ep)

bl pep:sep: 3L | 17 | 2D ! 40+{(580 30 « UdA) Wvd + Ul {PEP ‘JQ « UdX) Wvd — ul (pep ‘40 » udX) Wy {sep) ‘(pep)

Ll ywuwi gz | 1 |Zo 49 + pui] + u| (dX) Wvd — ul {dX) vy punl {dx)

L+ nt | 171 1 zo | rewoep ppe 40 + ul (dA) WY + Ul (dX) VY - ul {dx) Wvd {dA) ‘d¥) _agavy

LEL epiww:igl | 1 jZ0 40 + ww + (Bp ‘40 « UdX) WYY — (ep ‘40 « udX) WvH wu {ep)

el pep:sep:v2 | L7 |20 | 240+ (s8p 40+ UdA) Wyl + (Pep ‘30 « UdX) Wvd — (peP ‘40 » UdX) WvH {sep) ‘(pep)

el ww:gl | 1|20 4 + Wi + {dx) Wvd — (dX} Wwd wud (dx)

FEx g2 |17 |zo| doumeppe 40 +{dA) Wvd + (dX) WvH - (dX) WvH (dA) {dX) Daay |onewyuy
Hix 48 L| 4Dles I =30 40

Hbx as 40188 L— 4340 4a

4} do:gg | 7 nqies I — dg (dX) WvH dq {dx)

121 {~0=dgjep:dg+gi | 1 g 1es 1 — dq (ep ‘40 « udx) Wvy dq (ep) 138

Hi« Ji:] 0| 40 mep 0—>4d0 40

Hix 8 4q resp 0—4Q 4a

12k dg:og | 1 uq Jeeyo 0 — dal(dx} wvd dg (dx)

(¥4} (z~o=dq)ep:da+0L | 7 uq seep 0 —4dq (ep 40 » 4dX) WvY dq (ep)

kA Bp: g L e8P 0 — (ep ‘4Q « Y4dX) Wy {ep)

LS i L | Jeepd 0 — (dX) Wyd () 410

121 epiiy | 1 U (Bp ‘JQeUdA) Wyd €« Un (ep ‘JQ e« udA) VY {ep)

13« or | 1 alqqu ebueyoxe U {dx) Wyd € un (dx) Wvyd {dx)  pPHOX

bl tep:zep:vs | 11 (Zep 4QsU) WvH < (1BP'dQ »UdX) WYH {zep) ‘(1ep)

s 8g | 11 {dA) Wvd < (dx) WY (dA) X}

02 T4 s © dX d$ ‘dX lajsuel)
02 2a efueyoxa dA € dX dA ‘dX HOX Bleg
onl (xeH) epon ebenfue euyoe u (zo uoneledpy DIUOWSUWN adAyl

(5/2) @ 195 uononisu OL8ENIW 2-1-Ci elqeL
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2L ep:ar | 1 | D 42 uwmys| sjgol {(ep ‘da « udX) Wyd 20 (dX) Wvd = ( } vl {ep)
12+ o | 1| D 40—=0()Wvd:-da( Yavd > da{ ) wvd L () AVH = d0 {dx) 10u
(¥4 epier [ 1 |2 | (8P ‘40 « udX) WYH — (ep ‘40 « UdX) WvH (ep)
12+ gr {1 |z |wewsidwod (dx) wvd — (dX} Wwd (dx) 1ON 21601
5L LBp I WSEW : Zep:gs | LL | 27 | Disew pue ({2ep ‘4q » udA) WyH] —[4sew pue (1ep ‘4Q » UdX) WyH]| sisew (zep)seu (Lep)
bt ¥sew:og | Ll |ZD [ysew -pue ‘{dA) Wyh] — [Msew pue - (dx) Wyrll  psew (dA) Asew (dx)
pl wuniysew :epigsy | L | Z0 Wi — [ssew "pue * {ep ‘40 « udx} Wvdl Wi “ysew (ep)
LEL W HSBW bR | L | ZO [MSEW Wi Biedwiod wu — [¥sew pue {(dX) Wyd] wip Hseu (dX)  WdWO
Z+dA—dA
Z+dX—dX
49 =(1 + dA) WY - (1 + dX) Wvd
LG« v8 | LL | ZD (dA) WY - (dX)} Wy (dA) {dX)  1dWD
LEL epiwwieg | 1 {20 wf - {ep ‘40 » UdX} WyH wiwt ‘(ep)
€L 1ep:gep:g9 | 11|z (2ep ‘40 » UdA) WYY - {(1ep *4a « YdX) Wy {zer) ‘(Lep)
IEL wug: g [ 1 |20 iy - {dX) vy wwi “(d)
1Ex 09 11|20 {dA) Wy - {dX) Wvd {dA) '(dX)
et wuw| : £Q yiie] Wil = |d A W ‘[d A
L2l wuwt: 1q p4e] aredwoo Wi = |dX wwildx diND
sapurewsas — (| + dX) WYH
10LL wwis o | L L +dX — dX i / (%) Wyl ‘(1 + d%) Wvd — (dX) Wvd wul “(dx)
sapurswaez - (| + dX) WvH
LOL+ s | L | +dX = dX {dA) WYY / () Wive ‘(1 + dX) WYH — (dX) Wvd (dX) Ald
181 wwi gD | L I +dX—dX wwil{dX) WvH — (dX) Wed (L +dX) Wvd wiw ‘(X0
19x 65 | LL I +dX —dX {1 + aX} WrH{dX) Wvd — (dX) Wvd ‘(1 + dX) Wyd () NN
840 BpIpWWL L. | T |20 49— pwu —up (2p ‘40 » udX) Wyd — uj (ep '4Q + UdX) Wvyd pull| ‘(ep)
§28] pep:sep:gs | 17 | ZD |40-ul (58P 40« udA} NV — Ul (Pep *30 « UdX) Wvd — ul {pep ‘40 * Udx) WvH {sep) ‘{pep)
[0 puwwiigs | 1|22 40— pwiwi = ul {dX) Wyd —» u| {dX) Wvd puiw (dx)
L« vz | 11 | Z0 |lewrosp gns « 40— uj {dA) WY — Ul (dX) Wvd — u) (dx) Wyd (dA) {dX) gans
£=31 epruun:gs | 7|20 40— wun—(ep ‘40« udx) Wvd — {ep ‘40 » udx) Wvd win ‘(ep}
£l pep:sep:z. | 11 |ZD | 40— (58P 40 « UdA) Wy — (Pep ‘40 « UdX} WvH — {pep '4Q « YdX) WyH {sep) ‘(pep)
LEL wwitpL [ 7120 49 — wwi = {dX) Wyd = {dX) Wvd wu “(dx)
LEx 0L | 10 | zo |wenans 40— (dA) Wyd — {dX) WyH — {dX) WvH (dA) dX) 08NS
{aioN) 40— (1 +8p 40 « YdX) Wyd — {1 +ep 40« udx) Wvd
1S epigd | 1 |20 I —{ep'4d « UdX) WvH — {ep ‘40 » udX} Wvd (ep) 7030
{o1oN) 40 + (1 +8p 'd0 « udX) WVH = {1 +ep '4Q « UdX) Wvd
R<71 ep:gd | 1 |20 L+ (ep ‘40 » UdX} WYH — {2p '4Q » udX) Wvd {ep) NI jonewyILY
onl (xe}4) apoy efenbueT suyoep u | zo uoneiedo UOLIBUR adAy

(5/2) @ 19 uononisu| 028N €-1-21 SIqeL
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021 [2qel$ : 28 Z+dl— dles|g / [eqe|$ + 2 + dl — dl usy) L=dZH leqels pds) Lpueiq
0z eqelg - 18 Z+dl— dles@e / Pqelg + g + dil — di usyl =404 legel$ 08| [euoppua)
d
0zl 08 81Aq OO XU i Z+dl—>dl divis §Pﬂﬁ
08+ od dX = dl dX
ozl | — [oqe : w ‘Y —12qer : 94 (a14gy+9) Buo) slnjosqe youesq lege| / — dI [age| /
0zl - 19| | wi— |eqe| + OV {eBed/eiAgyy) enjosae youelq 1208 ‘Ud| — dl joqel youRiq e
0zl [eqe|$ : 88 {8g1—~LZ | +) angele. yousig Ieqelg + 2 + di = d [eqeIS He [~uogpuooun
g+ds— ds
(2 + dS) Wyd — widl ‘udl
{1 +ds) Wvd id!
0+ ¢4 | 11290 {dS) Wvd — sS4 1134
Obx p4 | 3 2+dS 2 dS:  (1+dS) Wvd — Wdl ‘udl - {dS) Wyd — Idl 13
g-d§ — ds
Idl = {2-dS} WvY
0Ex ad wd| ‘udl — {1-dS) Wvd dX = dl dX
z-ds— ds
Idl = (2=-dS) WvY
0 | — 108 : W ‘U—eqej: L4 wdl ‘udl — (1=d$) Wvd  19qe1/ = dI {eshayp9) einjosqe jeo leqel/
Z-ds— ds
1d1 = (2-dS) Wvd leo
0Ex | —1eqe] : W — [gqe| + 06 wd| ‘ydi = (1-dS} Wy 19g8] ‘udl = dl (e1Aayy) eynjosqe |80 [eqe)  JTvo|eunnoiang
el epluwwiigd | 1|2 wi ox: (Bp ‘4@ « UdX) WvY — {ep ‘dQ « udX) Wvd wuw; ‘{ep)
£=18 pep:sep:vg | 17 |Z (8ep ‘40 ¢ UdA) WYH 40X (PEp ‘4G« UdX) Wvd —  (PeP ‘40 = YdX) Wvd {sep) ‘(pep)
LEL wuwiiee [ 1|2 wiun “Jox” (dX) Wvd — {(@X) Wvd wuy ‘(dx)
LEx, g9 11|z HO BASN[Xe {(dA) Wy 10X (dX) NvH = {dX) Wyd (dA) '(dx)  HOX
1El epiwwide | 1 1Z W “10° {Bp '30 «+ UdX) Wyd = {Bp ‘'dd « udX) AvH wuwi} {ep)
LEL pep:sep:3¢ (172 (sep ‘40 « UdA) W 10" (pep ‘40 » udX) WY —  {PEP '40 « UdX) WVH (sep) ‘(pep)
ISt ww:qe | 1 |2 wwt o' (dX) IvH — (dX) Wvd wu “(dx)
Ex o9 112 {dA) Wvd 10" (dX) WvH — {(dX) Wy (dA) {dx} do
LEL epiwunig | 7|2 Wiy pue (Bp ‘40 » UdX) Wvd — (8P ‘30 « udX) Wvd Wi ‘(ep)
LEL pep:sep:go |11 |Z (sep ‘4Q » UdA) WvH ‘Pue’ (PEP ‘40 « UdX) WvH —  (PEP ‘40 » UdX) WrH {sep) ‘(pep)
el wwiies ! 112 wi| "pue (dx) Wvd = {dX) AvH wwit ()
1€« e [0 ]|Z (dA) NvY "pue (dX) WyH — {dx) wvd {dA) ‘{dx) aNY
121 epidr | 1| O | 40 uwm bl eEol [(ep ‘30 » udX)} WyH 10 {dX) Wvd ={ ) WyH] (ep)
12« |1 | 92 45-2( Jwwd:da( Ywvd = 1-dq( J)wvd 0 JWYE =40 {d¥X} dod o160
oni (xaH) epon ebenbue] sulyoel u [zo uonesedp JIUOLWBU adA]

(/) @ 1es uononisul OL8ENW ¢-1-¢l alqel
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g4:9L:02:91 181 d01S Ndo 108 do1s
Aa4:91L:12:9}:6L 1TvH NdD 1es LIvH
Hix 00 uoggiado ou F+dl—dl dON BUO
12 gd| 1 ;20 L+dg 2 dS: (dS) Wyd — sd 54
02+ Bpigg | 7 I +dg—dS: {dS) Wvd — (ep ‘40 » udX) WvH (ep)
[ 8| 1 L+dS—dS: (dS) Wvd — (dX) Wyd {ax)
FEx ga | 1 Z+dS > ds: (1 +dS)WvH = UdA © {dS) Nvd — IdA dA
LEx va | 1 yoeys dod z+dS—dS: (1L +dS)Wvd — UdX © {dS) WvH = IdX dX d0d
s aq 1-ds—ds: 84 — {1—dS) WvH sd
121 ww : g4 L-dS—dS: wu = (1-ds) Wvd Wi
LEx Bp:qag | L —-d8—dS: {ep ‘40 » Udx} Wvd — (L—dS) WvH {ep)
1S« 48 L b=-dS—dS: (dX) Wyd = (1-dS) Wvd )4} ucne
1€+ 3q 2—dS — dS ! idA = (2—dS} WvH @ UdA — (1—dS) WYH dA -ndivew
FEx og yoeys ysnd 2~ dS — d§ : 1dX — (2—dS) vl : udX — {1-dS) nvY dX  Hsnd Foels
L +dS = dS:g+dl—>dlasie / [eqeg +Z+dl > diuey 0 #(dS)Wvd H
0Ex leqeig:e3 | 1 L+ dA = dA |+ (dS)Nvd — (dS) AvY [eqEl$ 'dA
L+dS— dS:g+dl—dI9sie / jeqeig + 2+ dl > diusyy 0= (dS) Wvd #
0B« Pgeig: 13 | 1 L+dX— dX: |- (dS) Wyd ~ (dS) Wvd leqerg 'dX 400
L+dS— dS:g+di—>dlesle / eqRg +2+dl > diusul 0 #{dS) Wvd 4
0E+ eqel$: 03 | 1 L # (dS) Wvd — {dS) Wy [egel$  dQO7 dooq
ovt l[Poerg iepiwwnied | L p+dl—dIese [/ [9qel§ + ¥+ dl = dluslyh W = (ep ‘40« UdX} WvH )l legelg wu ‘(ep)
A jeqRIg i wwligd | L £+dl —dies® / [egel$ + § + di — dlusy ww (dx) Wvd ) [egEl$ ‘Wil ‘{dX) FEJND jrouesq euoh
ol leqe|$ tep Wl L4 | L p+di—>dlese / [eqeig+p+dl—diusyl  wuwiz (ep 40« dX) Wyd § leqels ‘wuwi ‘(ep) Hpuco pue
oct [eqers s wun o4 | L g+di—~dlesig [ |8qe|$ + €+ dl - dl usul i # {dX) WYY H jeqeld ‘wwl {4x) INSdwO |  aedwod
og!L lPaeg:da:ivg | 1 E+dl - dlosie / [oqel$ + g+ d| = dl uel 0 = dg {dX) WwH } 1eqeig ‘dg (dx)
oel Baelgiep:dq+8e | L g+dl—dlesie / 1Bqei$ +&+dl > dlueyl 0 = dq (8p ‘40 « UdX) NV jeqeig ‘'dg (ep)  zalLl| usueiqe
0El leqeig:dq:ga | L g+dl2dliesp / |egqei$ + £ +dl = dlusy b =da (dX) WyH §l 1eqe$ ‘dq {dx) -UoIIPUOY
o€t roeig:ep:dg+0z | L g+diodiesp / 18qei$+¢+d| = diusyl | =dg(ep Q.+ UdX) Nvd # eqeig ‘dq (ep)  ZNGLL| puelset
0zl [egels : g8 Z+dl > dlesie / [8qelg + 2z +dl — dlvew 0=dZ 'Pue-0=40H [ecels 108
0zZ1 [2qels : ve 2+dl—>digsie / [9qel$ + g + dI = dI Usyl 0=4dzZ) feqeis ZNg
0z 1e0ers : 68 Zrdi—dlese / |2qe|$+2 +dl - dl ual 0=40J 1ege$ ONS | youeuq |e
0z leqel$ : €8 Z+dl—>diesie / [edeg+g+dl = di Ul L=4Z0 L =404 leqet$ 314 |-uonpuoD
onl (xaH) epop abenbue sujyoew T e uogelado DIUOLIBUN adAl

{s/5) @ 189S uononiisul 0L8ENW 2-L-2t 8lgel
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)
(dA) '(dX) dx dax won (sigfeprpdger] ep) T (@) [*qey 139e1/ spEEp oy e T @x) (4
JaLad | TIVD ug HSNd | NTAOW | 1eqerg wanr ‘(Ogdadny) [ 1TvD ad 113y L3y TAOW [leqerg “wnnt *( yANGIINLY
ZD
e g8 Al ot 1 Wl Teaean ep) g A1 Tz ep) x| dA dA dx ax | PeEg dX duﬁav PqEIs dx | Paels | A
HAAY ONI DHA ONI a | dO0TH | \dooT/ | dJOOTd | dOOT
ZD
I A | WOt [k | wun ‘d¥ | Wun dx | dA dX a8 'dx wwr TdA | FTHRErdl d
AOW HOX HIJX dIND
T NhU N,U
G0 IdA | A R [ (ep) 1Y [ 1dX “BP) oo (¥P) wun (gx) erowy (BP) CUNEG ) D
AOW TONI W 108a Ald
: ZD Z
@) T dA 1 (ep 1 ax | 84 [PESREX A ] v apraxy axy | 4x T (p T 4x sd PR de (0 Ammu doqxy 1 g
HSNd Zd1L H$Id 148 dod | ZNgLL | ‘doa L
13qet 9g v
13q8] TV 6
W1, =40 LL=4a W0,=10 0,10 Z'0
i) BAA] (EEH RGeS [ESTE 2qeTd W) 10 |@A) dx)| Peg TqUIg EEH 8
148 148 109 ZNd ONI ud a1 a1 TdND 474 Zd od dIds
ZD Z0 Z°D ZD
ot (0p) 1(2ep) "(120) et (a0 N (dA) (axy| wwns (ep) 1{zep) "(19p) Wi (dX) {dA) (dx} |pusn ‘(ep) (gep) ‘(ep)pum L) (dA) @0 | wr (ep) I(zep) “Cropf wws (dx) TdA) ‘W@X)| L
aaay aaav agans o4ns
Z F Z 9D
T 2p) T(Zop) (1P (g |{dA) () | W ep) zep) “(rep) wit (@x) T(dA) (dx) | wuit (2p) I(zep) ‘(1ep) wun {gx) | (dA) (dx) | wun “(epy T(zep) (Tep) wum (gx) | (dX)} dx)| 9
filo) A0X ANV JND
z0 | ZD
otur (zp) (sep) “(pep) opuntn (@) (d &) {dx) @D ep),  dX) | (WdA) WX) | wm (ep) [(sep) ‘(pep)| wmm (33 | (dA) (dX) waga) (X)) peir) §
TAOW HOX W HOX AOW WAWD AKT WA
2 2 Ju=IZ Z | ZD Z ZD
@) @ ) | ax ) T dx ey | @) Eor 1 () |wwosal) o iy epy | (dxY) ®) | W@xr |¥
qod 104 g 1) ONI YHIX WD LON oA
dA e | (9p)y dA | dx (ep}y | (8P} 'dX [(dA) ‘(op) | (2P) "(dX) gruaut ‘qx gpuIm ¥ £
a TAOW AOW TAOW TAON
jqe(g ‘da(ep) ZATL 1aers ‘dq (ep) ZNEI1L ¢
dq (ep) 138 dq (ep) 91D 1
doN |9
A q a D g v 6 8 L 9 I ¥ € z 1 0

dep spoodQ seles 0/8INW L-2-Z| algel

deyy apoadQ salieS 0L8LNIN 2-C1
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12-3 List of Special-Function Registers

Bit Abbreviations
Address | Register Name - Reference
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitC Page

000" Port O PO7 P06 POS P04 P03 PQ2 P01 P00
(PORTO) 0) CMOS 3-state input/output port 80

woor | Portt Pi7 | P16 | PI5 | P14 | P13 | P12 | P11 | P10 50
(PORT1) CMOS 3-state input/output port
Port 2 Po7 | P26 | P25 | Pea | P23 | P22 | P21 | P20

X002 : 80
(PORT2) MOS 3-state input/output port

oos | P13 P34 | P33 | P32 | P3t | P30 80
{PORT3) CMOS 3-state input/output port

cooq | Port4 Pas | Pa3 | P42 | P41 | P40 80
(PORT4) CMOS 3-state input/output port

oos | Port5 ps7 | P56 | P55 | Ps4 | P53 | Ps2 | P51 | PS5O 60
(PORTS5) High-voltage output port (P-channel open-drain)
Port 6 P67 | Pe6 | P65 | Pe4 | P63 | Pe2 | P61 | P60

X006’ . . 80
{PORTS) High-voltage output port {P-channel open-drain)
Port 7 P77 | P76 | P75 | P74 | P73 | P72 | PT1 | P70

X007’ _ : 80
{PORTT) High-voltage output port (P-channel open-drain)
Port 8 Ps7 | Pe6 | Pss | Pss4 | Ps3 | Ps2 | P81 | P8O

X008’ - 80
(PORTS8) High-voltage output port (P-channel open-drain)
Port 9 ‘ 7 pe3 | pe2 | Pot | Poo

X009 e T 80
(PORT9) > CMOS 3-state input/output post

oon | PoTFLP selec PG7SEL | P66SEL | PESSEL | PG4SEL | P6ISEL| P62SEL] PE1SEL] PEOSEL 164
register 0 {PFSRO) Port 6/FLP pin function selection
PorFLP select P87SEL | PB6SEL | PS5SEL | P84SEL | PBISEL| P82SEL| PS1SEL| PBOSEL

xXooB . 165
register 1 (PFSR1) Port 8/FLP pin function selection

: 7 = an

yooc | Por/FLP select P7SEL | PSSEL 166
register 2 (PFSR2) 7 . | ® @

X00D’ | ¥ : - 167
register (DNDR) Digit number setting data Dimmer setting data

oy | FLP clock mode . . - DSPCLK |DSPSTART

X00E" | rogister (FCMR) | o i ® @ 198

X'00F | Not used - ... s

w010 | Intermupt mode control | . EDGEDIR3 |EDGEDIR2 | EDGEDIRY | EDGEDIF0
register (IRQM) . @ @ >

Notes: (1) N-channel open-drain input/output port
(2) Port 5/FLP pin function selection
() Port 7/FLP pin function selection
(4) Display stop/display start
(5) Display-time-per-digit setting
(6) Serial display/automatic repeat display selection
(7) IRQ1 valid edge specification
(8) IRQO valid edge specification
(9) IRQ2valid edge specification
(19 IRQ3 valid edge specification
(17) Interrupt enable mask flag
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Bit Abbreviations
Address | Register Name Hel;f.-:;r;ce
X'011” | Notused ;
Interrupt request flag
Xoz ; 59
register 0 (IFO) Interrupt request flags
o1 [Mermupt request flag IFRSY | IFADT | IFKYS | IFSIF2 | IFSIF1 | IFSIFO | IFTC5 | IFTC4 o
register 1 {IF1) Interrupt request flags
Interrupt enable flag | IETC3 | IETC2 | IETC1 | IETCO | IEVRG3 | IEIRQ2 [ IEIRQ1 | IEIRQO
X!014! A 61
register O (IEQ) Interrupt enable flags
o5 Temupt enable flag IERSV | IEADT | IEKYS | IESIF2 | IESIF1 | IESIFO | IETCS | IETCA
register 1 (1E1) Interrupt enable flags 63
v | CPU mode register HALTM | STOPM
X016’ | (cPuM) HALT mode|STOP mode| 68
specification specnflcallon
X'017" | Not used
Port Oldirection
¢ ¥ t 1 t =
X018 fﬁgﬁfﬁgeg'se' L Port 0 input/output direction control
Port 1 direction | P170N | P160ON | P150N | P14ON | P130N | P120N | P11ON | P10ON
®019' | control register 80
{P1DIR) Port 1 input/output direction control
Port 2 direction | 270N | P26ON | P250N | P240N | P230N | P220ON | P21ON | P20ON
¥01A’ | control register - — 80
(P2DIR) Port 2 input/output direction control
Port 3 direction | ~ | P34ON | P330ON | P320N | P31ON | P30ON
X'01B' | control register 80
{P3DIR) Port 3 input/output direction control
Port 4 direction P47ON | P46ON | P45ON | P44ON [ P430N [ P420N | P410ON | P40ON
X'01C’ | control register 80
(P4DIR) Port 4 mpub’output direction control
Port 9 direction - * ] P930ON | P920N | P91ON | P9OON
X010’ | control register - e ) 80
(PSDIR) : o Port 9 input/output direction control
;((8} E Not used . ‘ _ . =
oz |Transmitieceive shit SIBUFO7|SIBUF06|SIBUF05|SIBUF04 |SIBUF03|SIBUF02| SIBUFO1|SIBUF0O| -
buffer 0 (SIBUFO) Serial interface 0 transmit/receive shift buffer
Transmitheceive shiftl SIBUF17]SIBUF16[SIBUF15]SIBUF14] SIBUF 13 SIBUF12[SIBUF1 1/SIBUF10
X021° — , —— 143
butfer 1 (SIBUF1) Serial interface 1 transmit/receive shift buffer
g |51l merace mode SIFOEQ S,—Efe?m SBT?O Ossu?'co ;:Tl;:ﬂo cMo2 | cMot | cMoo o
i utput form [Cutput form [Start b I
register 0 (SIMO) (2 gonn%ccg%gn peciiication specification|specification Transfer clock specification
N SIFOE1 SBTC1 | SBOC1 |BITDIR1| CM12 | CM11 | CM10
X023’ Serial interface mode P —— . 148
ister 1 (SIM1 utput form |Output form | Start bit P
register 1 (SIM1) a3 . lspediication|specifica .| Transfer clock specification
N _ LTIO |CLKPLO| STCEO SBCO2 | SBCO1 | SBCOD
X024’ Serial interface bit - 144
counter 0 (SBCO) Serial interface 0 bit counter
BC11
X025’ Serial interface bit SBC12| SBC ‘ SBC10 145
counter 1 (SBC1) Serial interface 1 bit counter
Notes: Serial interface 0 input/output enable
Serial interface 1 input/output enable
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Bit Abbreviations
Address | Register Name Regarence
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 age
X'026" | Not used L . _ -
fF_‘Imele :mfl‘tm'f"oise RMCEN| RMSYN| RMOEN| RMC3 | RMC2 | RMC1 | RMCO
X027 |filter control . Synchronous | PISRNMOUT 202, 213
register (RMC) | spacification |mode seleciion @
Programmable TCO7/ | TCO6/ | TCOs/ | TCO4/ | TCO3/ | TCO2/ | TCO1/ | TCOO/
timer counter 0 BCO7 | BCO6 | BCO5 | BC04 | BCO3 | BCOZ | BCO1 | BCOO
X'028" | (timer laich O/ - 116
binary counter 0) Read: Binary counter value
{TCO/BCO) Write: Reload value setting
Timer mode TCOEN [TCOMOD|TCOOUT | TCOSYN| TCOPS1| TCOPS( | TCOCLK1| TCOCLKD
X029' | register 0 Timer 0 Pulse width Timer Synchro- Timer 0 prescaler Timer O clock 119
(TMO) enable measure-  Joutput nous scaling factor source selection
ment mode [specification) mode selection
Programmable 1 TC17/ | TC16/ | TCi5/ | TC14/ | TC13/ | TC12/ | TC1Y/ | TC10/
t(mf ﬁOltJ”ﬁT BC17 | BC16 | BC15 | BC14 | BC13 | BC12 | BC11 | BC10
02A er latc
X027 binary counter 1) Read: Binary counter value 16
(TCA/BC1) Write: Reload value setting
TG1EN | TC3EN |TC3CLK1|TC3CLKO| TC1OUT|TCICLK { TC1PS1 | TC1PSO
VSR Timer mode Timer 1 prescaler
X'02B' | register 1 (TM1) | Timer 1 | Timer 3 | Timer 3 clock @ scali fzctor 120
enable |enable | source selection ng
selection
WDEN | BUZFQ | BUZEN | TC2EN | TC2FLG| TC2CLK TczMPX1|Tc2MPxo
ey | T -
020 | ey [ B | uazr Tz ool | rerzimrn| 12
enable  |selection enable | enable |clock flagl - cycle selection
Programmable TC37/ | TC38/ | TC36/ | TC34/ | TC33/ | TC32/ | TC31/ | TC30/
timercounter3 | go37 | BC36 | BC35 | BC34 | BC33 | BC32 | BC31 | BC30
X020 | (timer latch 3/ - 117
binary counter 3) Read: Binary counter value
(TC3/BC3) Wirite: Reload value setting
| ADST | ADLS ADCHszwADCHS1 lADCHSO
X'02E AID_ control Ladder 194
register (ADC) resistoroniolfi  Input channel selection
X confrol
A/D butfer ADBUF4 | ADBUF3| ADBUF2| ADBUF1; ADBUF(O
X02F" | (ADBUF 195
{ ! AJ/D conversion result storage
PWM1OE| PWM1E | PWMOE | PAWMOLD  PWMOOE
X030’ PWM control Latch
register (PWMG) P16/PWM1| PWM1 | PWMO dg}g Pa4Pwmq 186
selection | enable | enable | yansfer [selection
Notes: (14) IRQ1 pin noise filter sampling clock specification
(15 IRQ2 pin noise filter sampling clock specification
(18) Timer 1 clock source selection
A7 Timer 1 output specification
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Bit Abbreviations Reference
Address | Register Name .
egiorTa Bit6 | Bits | Bit4 | Bit3 | Bt2 | Bitl | Bito | Page
PWMO data register L PAMHRS| PWIMHRS| PWMHR4 | PWMHRS| PWMHR2| PAWVHR, PWMHRO
031’ 7 bit :
X031 t(jg\e\?l\;HRl)s ( 14-bit PWMO data regist?er upper 7 bits 187
PWMO data register ||| PWMLRG| PWMLRS] PWWMLR4] PWMLRS] PWMLR2[ PWMLR1| PWMLFO
X032 |lower 7 bits = . . . 187
(PWMLR) - 14-bit PWMO data register lower 7 bits
PWMO data latch PWMHLS | PWMHLS | PWIMHLA| PWMHLS] PWIMHL2 | PWMHLT | PWMHLD
X033 |upper 7 bits , ] 187
(PWMHL) , 14-bit PWMO data latch upper 7 bits
PWMO data latch PWMLLS | PWMLLS | PAMLLA | PWMLL3] PWMLL2] PWMLL1| PWMLLO
X034 | lower 7 bits ) . 187
(PWMLL) 14-bit PWMO data latch lower 7 bits
Transmitiraceive |SIBUF27| SIBUF26|SIBUF25[SIBUF24]SIBUF23]SIBUF22] SIBUF21 SIBUF20
X035 | shift buffer 2 L . . . 143
(SIBUF2) Serial interface 2 transmit/receive shift butfer
Serilintorface | SIFOE2| o | SBTC2 o?thSCZ BITDIR2] CM22 | cm21 | cMz0
3 3 - 5 pu
X036 | mode register 2 orm orm bit Transfer clock specification 149
(SIM2) . lspecificationjspecificationspecification
Serial interface lLTt|2 CC|JLkKPL2 STCE2 4 BUSY2 SBC22| sSBC21 ‘ SBC20
X037 | bit counter 2 npy oc Start - . 146
latch/ olari - Busy flag| Serial interface 0 bit counter
(SBG2) through gpeci;iycatio condition | : yheg
Automatic data | DSPENC SQ;’LNC BURST | ADTC2 | ADTC1 | ADTGO
X'038' | transfer control DAP | | Transter . 227
register (ADTC) mg.:;. :rrllgﬁ‘ mode Transfer factor specification
ADTB7 | ADTB6 | ADTBS | ADTB4 | ADTB3 ADTB2| ADTBA1 I ADTBC
X039’ Transtfer byte
counter (ADTB}) Transfer byte number setting 228
Data transfer target | TAPL? | TAPL6 | TAPLS | TAPL4 | TAPL3 | TAPL2 | TAPLT | TAPLO
X'03A’ | address register . 229
lower 8 bits (TAPL) Data transfer target address lower 8 bits
Data Wransfer target | TAPH7 | TAPH6 | TAPHS | TAPH4 | TAPH3 | TAPH2 | TAPH1 | TAPHO
X'03B’ | address register ] 229
upper 8 bits (TAPH) Data transfer target address upper 8 bits
Data ransfer source] SAPL7 | SAPLG | SAPLS | SAPL4 | SAPLS | SAPL2 | SAPL1 | SAPLO
X'03C’ |address register . 209
lower 8 bits (SAPL) Data transfer source address lower 8 bits
Data ransfor source| SAPH7 | SAPHG | SAPHS | SAPH4 | SAPH3 | SAPH2 | SAPH1 | SAPHO
03D’ |address register
X030 upper 8 bitg (SAPH) Data transfer source address upper 8 bits 229
Data transfer DAPL7 | DAPL6 | DAPLS | DAPL4 | DAPL3| DAPL2 | DAPL1 | DAPLO
X'03E’ destination address 299
Eg?&gf)f lower 8 bits Data transfer destination address lower 8 bits
Data transfer DAPH7 | DAPHB | DAPHS | DAPH4 | DAPH3 | DAPH2 | DAPH1 | DAPHO
X'03F’ destination address 930
[B?ﬂﬁﬂtl?ir) upper 8 bits Data transter destination address upper 8 bits
Notes: Serial interface 2 input/output enable
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Bit Abbreviations Ref
Address | Register Name - . - . . : eierence
Bit7 Bit6 Bit5 Bit4 Bit3 Bit0 Page
PotOpullup | POSRON PO4RON | PO3RON POORON
X'040" | control register ] 80
(PORON) Port 0 pull-up resistor on/off control
Port1pull-up | PI7RON| P16RON | P1SRON | P14RON [ P13RON| P12RON | P11RON | P10RON
X'041° | control register . 80
(P1RON) Port 1 pull-up resistor on/off control
Port 2 pull-up " P2HRON | P2LRON
X042 | control register Port 2 pull-up resistor onoft 80
(PZRON) control {nibble-wise}
Port 3 puil-up P31RON | P3ORON
X'043 | control register | . 80
(P3RON) {\\»\\ / Port 3 pull-up resistor on/off control
Port 4 pull-down P46RON | P45RON | P44RON | P43RON | P42RON [ P41RON | P40RON
X044’ i
control register Port 4 pull-down resistor on/off control 80
(P4RON) s
Port 9 pull-up . P92RON | P91RON |
X'045’ | control register Port 9 put-up 80
(P9RON} resistor on/off control
X048’
X047 Not used
Programmable
age |limer counter 4 .
X'o48 (timer latch 4/bina He:’:\d: Binary counter va_lue 117
counter 4) (TCAJB&) Write: Reload value setting
g Timer mode :~C4ET ;CZ;SYN TSCLT I|T(;‘,<40LK0
i imer ynchronous| Timer 4 clogl
register 4 (Th4) enable  |mode source selection gpﬁmﬁon S \%« 1
Programmable timer | TC57/BCS7 | TC56/BCS6 | TC66/BC5S |TCS4/BCS4 TC53/BC53 | TC52/BCA2 | TC51/BCS1 | TCSU/BCHD
X'04A’ counter 5 {timer latch -
5/binary counter 5) Read: Binary counter value 118
(TC5/BCS) Write: Reload value setting
" |imer mode TCSEN | TC350UT | TCO35C % TC5PS1 | TC5PSO | TCSCLK1 [TC5CLKO
X048’ | (ogister 5 (TM5) | TimerS guyt“p‘:hnronws Synehronous _ [Timer 5 prescaler Timer 5 clock 123
enable |spacification ecﬁon source selection
X04C ' ‘
X'04D’ Not used
PWM2 data
X'04E’ | register ) 188
(PWMR2) PWM2 data register
X'04F | Not used
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¢

When the Intel 27C256
specification is wused for
MN18P76423 programming and
verification, two write operations
are needed, one for addresses
X'0000'~X'7FFF' (lower 32 bits}
and one for addresses X'8000"
~X'FFFF' (upper 32 bits). {With a
PROM programmer for which
addresses X'8000'~-X'FFFF’
cannot be designated in 27C265
mode, designate addresses
X'0000'-X'7FFF)
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12-4 MN18P76423
(One-Time Programmable
Microcomputer with On-Chip EPROM)

12-4-1 Overview

The MN18P76423 is a one-time programmable microcomputer with 64K x
8-bit (64-Kbyte) EPROM in place of the mask ROM of the
MN1872423MN1873223MN1874023/MN1874823.

The MN18P76423-FBis a resin-sealed model, permitting data to be written to
EPROM once and EPROM data can not be erased.

The PX-AP1876423-FBC is sealed in a windowed ceramic package, allowing data
to be erased by exposure of ultraviolet light.

Both plastic and ceramic packages are of 84-pin flat type.

12-4-2 On-Chip EPROM

The MN18P76423 has on-chip 64-Kbyte electrically programmable EPROM. The
Intel 27C256 specification (Intel high-speed (II)), with a +12.5V programming
voltage (VFp), is used for programming and verification of the on-chip EPROM.
The MN18P76423 can also be programmed with a general-purpose PROM
programmer by converting the MN18P76423's 84 pins to the normal 28-pin
EPROM arrangement.

Placing the MN18P76423 in on-chip EPROM mode suspends its microcomputer
functions, allowing the on-chip EPROM to be programmed. The pin configuration
is EPROM mode is shown in figure 12-4-1.

MN18P76423 (One-Time Microcomputer with On-Chip EPROM)
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Figure 12-4-1 Pin Configuration in EPROM Mode

MN18P76423 (One-Time Microcomputer with On-Chip EPROM)
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= For

program/verify

input/output timing, see
"12-4-2 (3) On-Chip
EPROM Programming
Electrical Characteristics."

250

(1) EPROM Mode Setting

W 27C256 mode

EPROM mode setting includes selection of the mode for programming/verifying
with the OE pin and CE pin after the pres'cribcd voltages are applied to the supply
voltage pin (Vpp) and program voltage pin (Vpp). 27C256 mode EPROM settings
are listed in table 12-4-1.

Table 12-4-1 EPROM Mode Settings (27C256 Mode)

Mode~—2ns | voo | Vpp | CE (o= DO~D7 AD~A14
Program +6V | +12.5V "Lt "H" Data input Address input
Verify +6V | +12.5V "H" "L" Data output Address input
Eé‘éim;zabl o | 6V [+2sv ] oE "H Hi-Z ‘7
Read +5V +5V “L" "L" Data output Address input
Output disabled +5V +5V "L "H" Hi-Z —
Standby +5V +5V "H" — Hi-Z —

(2) Programming On-Chip EPROM

W 27C256 mode

@ Programming

Program mode is entered by setting the supply voltage to +6V, then applying
+12.5V to the Vpp pin, and forcing the OE pin high and the CE pin low. The 8-bit
data input from the data input/output pins (D0O~D7) is written to the on-chip
EPROM addsess specified by the address input pins (AO~A14).

@ Verification
Forcing the CE pin high and the OE pin low after programming causes the written

data to be output from the data input/output pins (D0~D7), enabling the data to be

verified.

MN 18P76423 (One-Time Microcomputer with Cn-Chip EPROM)
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Following the flowchart in figure 12-4-2 for on-chip EPROM programming

enables programming and verification to be executed fast and reliably.

( Start )

[ Voo=6.0V, Vee=12.5V | Voo = 602025V

tpw = 1ms+5%

[[Address=start address | (X'0000'~} lower 32 Kbytes first time

- {(X'8000'~) lower 32 Kbytes second time
| X= |
| Apply 1ms program pulse l

| X=x+1 ]

YES

1-word verification

Address=address+1 J OKj-
A Y
| 3Xms additional write |

NO

Last address? (~X'7FFF") first time

{(~X'FFFF') second time
YES

[ Voo=5.0V, Vep=5.0V |

( Programming end )

Figure 12-4-2 On-Chip EPROM Programming Flowchart (27C256 Mode})
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(3) On-Chip EPROM Programming Electrical Characteristics

W DC characteristics (27C256 mode)

@ Vop=6V£0.25V, VPp=12.5V+0.3V, Ta=25°C+5°C
. . Allowable Values )
1. Wait for the Vop power supply ltem Test Conditions i v Mo Unit
+6V} fo settle before applyin,
(+6V) PpIng Input leakage current I Vi=0V~VbD —_— — =10 pA
the Vier power supply (+12.5V),
VaL Ior=2.1mA — - 0.45 v
and cut Vee power off before Outpot voltage
Voo power cut off. Vol Ton=-400pA 24 | — v
2. Ensure that the Vrr pin voltage VL Vss I 08 v
Input voltage
does not exceed +13.5V, Vit Vo0 7 VoD v
including overshoot.
VoD supply current I TBD A
3. On no account remove t.he pro veriy) DD _ | ——
device while +12.5V is being -
lied to the Vop pin, as this | TP SRt 1 CE=V — | — | 1D | m
applied to the p;? pm as this (program) (53 =V
may affect the reliability of the
device.

4. When CE=Vu, change the Vpp
pin from ViL to +12.5V, or from
+12.5V o Vi,

B AC characteristics (27C256 mode)
Voo=6V+0.25V, VPp=12.5Vx0.3V, Ta=25°C+5°C

e
Address setup time tas 2 — — TH]
Qutput enable setup ime toes 2 — — us
Data setup time {Ds 2 — — Hs
Address hold time taH 0 — — us
Data hold time toH ’ 2 — — us
Vec setap time tvcs 2 — — us
Vrp sctup time tvps 2 — — ps
Program pulse width tew 095 1 105 ms
Additional program pulse width tapw 2.85 — 7875 ms

252 MN18P76423 (One-Time Microcomputer with On-Chip EPROM)
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| Program Verify Additional write
taH

Vi tas -
Address P

ViL

Vi ios =+ 1oH d toe
Data

Vi da

- D5 — ton

VrpP
Vrp 'a

VoD —/‘tvps

6V
Voo _//_

GND tves

- - trw tAPW

— ViH — —
CE

Vi | toES
O_E * Vi

ViL —

Figure 12-4-3 Input/Output Timing during Programming (27C256 Mode)
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(4) Erasing On-Chip EPROM

A version of the MN18P76423 (the PX-AP18764323-FBC) is available in a ceramic
package with a window that allows on-chip EPROM data to be erased by exposure
of ultraviolet light. Data is erased by ultré.violet light with a wavelength of 254nm.
The necessary quantity of radiation is 15Wesfcm2. The window should be kept

clean to ensure effective erasure.

Erasing Data in a Windowed Package Version
Data in an-chip EPROM product with a windowed package is erased (changed from 0 to 1) by
exposing the chip to ultraviolet light (of 25637A wavelength) through the window.

{1) Erasing procedure

1. Ensure that the window is free of oil, adhesive, or other stains.
*If necessary, clean the window with alcohol or a similar cleaning agent that will not damage the package.

2. Expose the package to ultraviclet light.
Expose to a commercial ultraviolet lamp for 15 to 20 minutes at a distance of 2 to 3 cm {package surface
iluminance: 12000 uW/cm?2). This will provide 10Wss/cm? ultraviolet irradiation, ensuring complete erasure of
the data.
+|f the lamp has a filter, remove this before use.
*Fitting a mirror reflector to the lamp will increase the illuminance by 40% to 80%, shortening the erase time.
*Check the life of the lamp and ensure that full illumination is provided.

{2) Amount of ultraviolet irradiation
The recommended quantity of ultraviolet irradiation is 10Wss/cm2. This figure includes a considerable safety
margin, and is several times the quantity considered necessary to erase all bits. This figure should be strictly
observed to ensure dependable erasure throughout the temperature and supply voltage ranges.

(3) Usage Notes
Data in windowed-package products with on-chip EPROM may be erased by exposure to light of a
wavelength shorter than 4000A. Although the effect is far less than with ultraviolet light, dissipation of the
data charge may be caused by fluorescent light or sunlight. Exposure o such irradiation may therefore affect
system reliability in the long term. If a chip is used where it will be exposed to light of these wavelengths, the
window should be covered with a seal to shield the EPROM.

Although light with a wavelength of 4000 to 5000A or more does not affect data retention, exposure 10
extremely bright light may cause abnormal circuit operation for reasons related to the characteristics of
semiconductors in general. Therefore, protective measures should be taken if a chip is exposed to
continuous irradiation of this kind, even in the case of light with a wavelength of 4000A or more.

254 MN18P76423 (One-Time Microcomputer with On-Chip EPROM)
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(5) On-Chip EPROM Usage Notes

@ When programming with a PROM programmer, check that the PROM
programmer socket, programming adapter, and CPU are properly connected, to

prevent the risk of damage to the CPU.

@ The MN18P76423's programming voltage is 12.5V. Selecting the Fujitsu
specification and applying 21.0V will destroy the chip. When using a PROM
programmer, seclect the Intel 27C256 specification (Vep=+12.5V) and program
the upper and lower 32Kbyles separately.

¢

When data erasure s
performed by exposing
ultraviolet light to a windowed
package, the EPROM
contents are changed to all 1s.

MN18P76423 (One-Time Micrecomputer with On-Chip EPROM) 255
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12-4-3 Appearance of MN18P76423 Products
(1) Packages

@ MN18P7423-FB

The outer dimensions of the plastic package version of the MN18P76423 are
identical to those of the MN1872423/MN1873223/MN1874023/MN1874823. See
"1-7 Package Dimensions for details."

@ PX-AP18764323-FBC
Outer views of the PX-AP18764323-FBC (84-pin ceramic flat package) are shown
in figure 12-4-4. Note, in particular, the position of pin 1.

b
63 V

64 /1 '-\J',.:J 42

84,Kr _|J 22

B -

Pin1 ™~ Index mark 2

—

- 0.35+0.05
0.80+0.13
080 % 20=16.00+0.13 _
- 18.00 o
] Pin 1 mark
1
Pin 1 mark
5
[ 1 1
# 0.127

Figure 12-4-4 External Views of PX-AP1876423-FBC

256 MN 18P76423 (One-Time Microcomputer with On-Chip EPROM)



Chapter 12 Appendix

(2) Programming adapter

Panasonic/Matsushita offers a programming adapter for converting the 84-pin
package to the 28-pin 27C256 specification when writing data to the
MN18P76423's on-chip EPROM. The part number of the programming adapter is
OTP84QFP-1876423. The programming adapter has a switch (SW3) for selecting
upper or lower addresses in 27C256 mode.

1. Use in 27C256 mode
Setting SW3 to the right side enables addresses X'0000'~X'7FFF' to be wrilten

to.

Setting SW3 to the left side enables addresses X'8000'~X'FFFF' to be written

to.
o
H
| ) AT
LLti gttt Ll Ll
Age 70 L, .
Wi Swz Sw3  Donotchange
/ } } [ 4 thig setting
PROM programrmer pin 1 [==} [0 =00 E CPU pin 1
N -
1
/
CPU insertion direction
| —
Direction of insertion
intc PROM programmer I—]

Lever

Figure 12-4-5 Connecting Programming Adapter

MN18P76423 (One-Time Microcomputer with On-Chip EPROM) 257



Chapter 12 Appendix

12-4-4 MN18P76423 Usage Notes

@ Note that the MN18P76423 electrical characteristic shown in table 12-4-2 is
different from the MN1872423/MN1873223/MN1874023/MN1874823.

Table 12-4-2 Difference in Electrical Characteristics

" Allowable Values .
Model ltem Test Conditions Unit
Min Typ | Max
MN1872423/MN1873223/ 97 55 | v
MN1874023/MN1874823 Supply 32kHz<fx<65kHz
voltage
MN18P76423 35 55 v

@ The MN18P76423 does not have pull-down resistors incorporated into the high-
voltage ports (P67~P60, P87~P80).

@ When program writing is completed, fix a lightproof shicld over the glass areas

above and at the side of the CPU to prevent erasure of data by ultraviolet light.

@ The ROM and RAM sizes of the MN18P76423 differ from those of the
MN1872423/MN1873223/MN1874023/MN1874823. When ordering ROM,
therefore, make sure that actual ROM and/or RAM sizes are used.

The on-chip ROM and RAM sizes of each model are shown in table 12-4-3.

Table 12-4-3 ROM and RAM Sizes of Each Model

Model ROM RAM
MNIB 4,576 (24 | ' X'SFFE" X'050'~X"22F'
N1872423 | 24,576 (24K) bytes (X'0000'~X'5 ) 512 bytes DX T
N 2 {0000'~X" , X050 ~X'42F
MNI1873223 |32.768 (32K) bytes (X'0000'~X'7FFF) 1024 bytes TEOXTFE
MN187402 40,960 (4 0000~ X'9FFF 1024 b X'050'~X'42F
874023 ,960 (40K) bytes ( ~X'9FFF") 024 bytes B XTEF
MN1874 512 {0000~X'B 4 X050 ~X'42F
823 | 49,512 (48K) bytes (X'000~X'BFFF} 1024 bytes 7B XTFF
MNI18P76423 | 65,536 (64K) bytes (X'0000'~X'FFFF"} 1968 bytes (X'050~X'7FF")

258 MN18P76423 (One-Time Microcomputer with On-Chip EPROM)
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The MN18P76423's oscillation mode can be changed according to the written value
of bit 7 of EPROM address X'FFFF.

Bit 7 of Address X'FFFF' "o ny

Oscillation mode Type A Type B

Type B is set when the product is shipped.

MN18P76423 (One-Time Microcomputer with On-Chip EPROM) 259
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12-4-5 Notes on MN18P76423 Quality

(1) The following defects characteristic of one-time programmable microcomputers
occur in the MN18P76423:
» Write defects
* Retention defects
In order to eliminate products with these defects, a write check and screening are
carried out in the wafer stage. However, since write tests cannot be conducted
for performance deficiencies caused by flaws that arise in the assembly stage

onward, write defects and retention defects develop, occurring in a fixed ratio,

(2) To eliminate retention defects, high-temperature storage screening of the

MN18P76423 is recommended before programming and mounting.

Program/Read

!

High-temperature storage
125°C 48H

v

Read

Mount

260 MN18P76423 (One-Time Microcomputer wiih On-Chip EPROM)



MN1872423/3223/4023/4823
LS| User's Manual

October,1996 1st Edition

Issued by Matsushita Electric Industrial Co., Ltd.

Matsushita Electronics Corporation

© Matsushita Electric Industrial Co., Ltd.
© Matsushita Electronics Corporation




Semiconductor Company, Matsushita Electronics Corporation

Nagaokakyo, Kyoto, 617-8520 Japan
Tel: (075) 951-8151
http://www.mec.panasonic.co.jp

SALES OFFICES

m U.S.A. SALES OFFICE
Panasonic Industrial Company [PIC]
o New Jersey Office:
2 Panasonic Way, Secaucus, New Jersey 07094
Tel: 201-392-6173
Fax:201-392-4652
e Milpitas Office:
1600 McCandless Drive, Milpitas, California 95035
Tel: 408-945-5630
Fax: 408-946-9063
e Chicago Office:
1707 N. Randall Road, Elgin, lllinois 60123-7847
Tel: 847-468-5829
Fax: 847-468-5725
e Atlanta Office:
1225 Northbrook Parkway, Suite 1-151,
Suwanee, Georgia 30174
Tel: 770-338-6940
Fax: 770-338-6849
e San Diego Office:
9444 Balboa Avenue, Suite 185
San Diego, California 92123
Tel: 619-503-2940
Fax:619-715-5545
CANADA SALES OFFICE
Panasonic Canada Inc. [PCI]
5700 Ambler Drive Mississauga, Ontario, L4W 2T3
Tel: 905-624-5010
Fax: 905-624-9880
m GERMANY SALES OFFICE
Panasonic Industrial Europe G.m.b.H. [PIEG]
e Munich Office:
Hans-Pinsel-Strasse 2 85540 Haar
Tel: 89-46159-156
Fax: 89-46159-195
U.K. SALES OFFICE
Panasonic Industrial Europe Ltd. [PIEL]
e Electric component Group:
Willoughby Road, Bracknell, Berkshire RG12 8FP
Tel: 1344-85-3773
Fax: 1344-85-3853
FRANCE SALES OFFICE
Panasonic Industrial Europe G.m.b.H. [PIEG]
e Paris Office:
270, Avenue de President Wilson
93218 La Plaine Saint-Denis Cedex
Tel: 14946-4413
Fax: 14946-0007
m ITALY SALES OFFICE
Panasonic Industrial Europe G.m.b.H. [PIEG]
e Milano Office:
Via Lucini N19, 20125 Milano
Tel: 2678-8266
Fax: 2668-8207
TAIWAN SALES OFFICE
Panasonic Industrial Sales Taiwan Co.,Ltd. [PIST]
e Head Office:
6th Floor, Tai Ping & First Building No.550. Sec.4,
Chung Hsiao E. Rd. Taipei 10516
Tel: 2-2757-1900
Fax:2-2757-1906
e Kaohsiung Office:
6th Floor, Hsien 1st Road Kaohsiung
Tel: 7-223-5815
Fax: 7-224-8362
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m HONG KONG SALES OFFICE
Panasonic Shun Hing Industrial Sales (Hong Kong)
Co., Ltd. [PSI(HK)]
11/F, Great Eagle Centre, 23 Harbour Road,
Wanchai, Hong Kong.
Tel: 2529-7322
Fax: 2865-3697
m SINGAPORE SALES OFFICE
Panasonic Semiconductor of South Asia [PSSA]
300 Beach Road # 16-01
The Concourse Singapore 199555
Tel: 390-3688
Fax: 390-3689
m MALAYSIA SALES OFFICE
Panasonic Industrial Company (Malaysia) Sdn. Bhd.
e Head Office: [PICM]
Tingkat 16B Menara PKNS PJ No.17,Jalan Yong
Shook Lin 46050 Petaling Jaya Selangor Darul Ehsan
Malaysia
Tel: 03-7516606
Fax:03-7516666
e Penang Office:
Suite 20-17,MWE PLAZA No.8,Lebuh Farquhar,10200
Penang Malaysia
Tel: 04-2625550
Fax: 04-2619989
e Johore Sales Office:
39-01 Jaran Sri Perkasa 2/1,Taman Tampoi
Utama,Tampoi 81200 Johor Bahru,Johor Malaysia
Tel: 07-241-3822
Fax:07-241-3996
m CHINA SALES OFFICE
Panasonic SH Industrial Sales (Shenzhen)
Co., Ltd. [PSI(SZ)]
7A-107, International Business & Exhibition Centre,
Futian Free Trade Zone, Shenzhen 518048
Tel: 755-359-8500
Fax: 755-359-8516
Panasonic Industrial (Shanghai) Co., Ltd. [PICS]
1F, Block A, Development Mansion, 51 Ri Jing Street,
Wai Gao Qiao Free Trade Zone, Shanghai 200137
Tel: 21-5866-6114
Fax: 21-5866-8000
m THAILAND SALES OFFICE
Panasonic Industrial (Thailand) Ltd. [PICT]
252/133 Muang Thai-Phatra Complex Building,31st
Fl.Rachadaphisek Rd.,Huaykwang,Bangkok 10320
Tel: 02-6933407
Fax: 02-6933423
m KOREA SALES OFFICE
Panasonic Industrial Korea Co., Ltd. [PIKL]
Hanil Group Bldg.11th FI.,191 Hangangro 2ga,
Youngsans-ku,Seoul 140-702,Korea
Tel: 82-2-795-9600
Fax: 82-2-795-1542
m PHILIPPINES SALES OFFICE
National Panasonic Sales Philippines [NPP]
102 Laguna Boulevard Laguna Technopark Sta.
Rosa. Laguna 4026 Philippines
Tel: 02-520-3150
Fax: 02-843-2778
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