

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Vil 1 SUBISHI MIICROCOMPUTERS

MELPS 8/85 SOFTWARE

PAPER-TAPE GENERATION PROGRAM FOR PROM WRITERS

of processing. Table 2 shows a summary of the comparison
processing indicating the various combinations of object
programs and media that the program is capable of process-
ing. Examples of all the object conversions listed in Table 1
are illustrated in Fig. 1.

PAPER-TAPE PROCESSING SYSTEMS FOR PROM
WRITERS

The program provides for both conversion and comparison
of various object programs. Table 1 shows a summary of
the conversion processing indicating various combinations
of object programs and media that the program is capable

Table 1 Object conversions

Conversion processing for each

company’s PROM writer
Paper tape block size

Hexadecimal paper tapes for PROM writers that
can be converted from MELPS binary (on disk)

Hexadecimal paper tapes for PROM writers that can
be converted into MELPS 8 hexadecimal paper tape

Conversion from eight blocks of Data I/0, Pro-log or

@2048-byte block

256 byt -
vies Data /O, Pro-log. Takeda. Takeda to one 2048-byte block
C i I 1/0, Pro-log,
MELPS 8 hexadecimal (for mask ROM), Data 1/O, onversion from one block of Data 1/O. Pro-og
1024 bytes Pro-loa. Takeda. Minato Takeda or Minato to one 1024-byte block or two
ro-log, Takeda, blocks to 2048-byte block
2048 bytes MELPS 8 hexadecimal, Takeda, Minato (for mask Conversion from one block Takeda, Minato to
Y ROM) 2048-byte block
Table 2 Comparison processing of object paper tapes
Objects compared MELPS 8 hexadecimal Comparison object
Comparison Object Media Object Media
Paper tape Paper tape
MELPS 8 hexadecimal self comparison MELPS 8 absolute @1024-byte block MELPS 8 absolute @1024-byte block
hexadecimal ©2048-byte block hexadecimal ©2048-byte block
f PS 8 h | i Paper tape Paper tape
Comparison of MELPS 8 hexadecima MELPS 8 absolute 1024 byte block Hexadecimal for Minato ©1024-byte block
with Minato hexadecimal

©2048-byte block

Comparison of MELPS 8 hexadecimal
with Takeda

Paper tape
@1024-byte block
©2048-byte block

MELPS 8 absolute
hexadecimal

Hexadecimal for Takeda

Paper tape

®cight 256-byte blocks
@two 1024-byte blocks
@2048-byte block

Comparison of MELPS 8 hexadecimal
with Pro-log

Paper tape
©1024-byte block
©2048-byte block

MELPS 8 absolute
hexadecimal

Hexadecimal for Pro-log

Paper tape

@cight 256-byte blocks
@two 1024-byte blocks
@2048-byte block

Comparison of MELPS 8 hexadecimal
with Data I/0

Paper tape
@1024-byte block
©2048-byte block

MELPS 8 absolute
hexadecimal

Hexadecimal for Data 1/0

Paper tape

@cight 256-byte blocks
@two 1024-byte blocks
©2048-byte block

Fig. 1 Medium conversion

CONVERSION FROM MELPS 8 BINARY (ON DISK)

® 256-BYTE BLOCKS

® 1024-BYTE BLOCKS

® 2048-BYTE BLOCKS

HEXADECIMAL HEXADECIMAL
FOR DATA 1/0. FOR DATA 1/0.
MELPS 8 PRO-LOG AND MELPS 8 PRO-LOG, TAKEDA MELPS 8 MELPS 8
BINARY TAKEDA BINARY AND MINATO BINARY HEXADECIMAL
0 000
000 oo 7 000 3er[—f 000 0oo
000} gool | 000
OFF
— n =000 n —eTFF
000 000 o
oFFL—/ sFrlJ (7) F 3
CONVERSION TO MELPS 8 HEXADECIMAL
® 256-BYTE BLOCKS ® 1024-BYTE BLOCKS ® 2048-BYTE BLOCKS
HEXADECIMAL HEXADECIMAL
FOR DATA 1/0. PRO-LOG MELPS 8 FOR DATA 1/0, PRO-LOG MELPS 8 TAKEDA MELPS 8
AND TAKEDA HEXADECIMAL TAKEDA AND MINATO HEXADECIMAL MINATO HEXADECIMAL

000 000
ofFr [

8os - EIGHT BLOCKS

000

oFrl_J

000 000 000, 000
TWO
3FF
- - g B
3FF 3FF 3FF 7FF
OR

0600
B ONE BLOCK g
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MITSUBISHI MICROCOMPUTERS

MELPS 8/85 SOFTWARE

SELF ASSEMBLER

DESCRIPTION

The MELPS 8/85 self assembler is a target program that
has been prepared for the development of application pro-
grams suitable to microcomputers using the MELPS 8/85
CPU and devices utilizing microprocessors.

The PTS-A version of the MELPS 8/85 self assembler
requires fewer control commands than the éross assem-
bler, and is capable of assembly, even without a host mini-
computer, using an inexpensive debug machine.

The coding for this self assembler is easy, since input
data in the MELPS 8/85 self assembler language (B-
version) may be handled in free format.

FEATURES
Of the Self Assembler
® May be used on either 3-pass or 2-pass system

® Source input may be in free format

® Source input may be prepared either with paper tape or
from the keyboard

® The number of symbols can be increased in accordance
with memory capacity expansion

® The execution computer is the MELCS 8/1 and MELCS
85/1 debug maching (with memory more than 8K-bytes
and using the BOM-PTS monitor)

® The MELPS 8/85 assembler language (A-version) is used
as the implementation language

Of the Self Assembler Language

® 8 pseudo instructions

® Algebraic expressions

® Character constants

® Qctal, decimal, and hexadecimal numbers

® The mnemonic codes of the machine instructions are the
same as those for the MELPS 8/85 cross assembler and
Intel’s.

INPUT/OUTPUT MEDIA

® Source input: Keyboard or paper tape

® Control command input: Keyboard
® Object output: Paper tape or debug machine
memory

® Program supply media: Paper tape (object)

FUNCTIONS

This self assembler converts source programs written in the
MELPS 8/85 self assembly language (B-version) into absolute
objects in the MELPS 8 binary format utilizing the debug
machine.

This self assembler can handle 4 control commands for
input device assignment, object output device assignment,
assembly execution control, and end designation control,
and can use both machine and pseudo instructions. The
machine instructions, in one-to-one correspondence with
machine language, consist of 80 basic instructions (the same
as the MELPS 8/85 cross assembler) that are to be sub-
ject to object conversion. The pseudo instructions are
divided into assembly control, data setting and storage
allocation instructions, and consist of eight instructions.

CONTROL COMMANDS

SELF ASSEMBLER PROGRAM PROCESSING SYSTEM

= R

SOURCE PROGRAM )

SELF ASSEMBLER

ASSEMBLE

I

DEgUG ABSOLUTE OBJECT IN THE

MACHINE MELPS 8 BINARY FORMAT
MEMORY

—

ASSEMBLE LISTING AND
ERROR LISTING

PROGRAM ORDERING INFORMATION

Program name Ordering number

Program and software manuals included

MELPS 8/85 self assembler GA2AS0100

GAM-SR00-25A
GAM-SR00-19A
GAM-SR00-24A

Self Assembly Language Manual (B-version)
Self Assembler Manual (PTS-A-version)
Self Assembler Operating Manual (PTS-A-version)

Manuals
Manual name Manual number
MELPS 8 Editor Manual (PTS-A-version) GAM-SR00-26A
MELPS 8 Editor Operating Manual (PTS-A-version) GAM-SR00-27A
MELPS 8 Basic Operating Monitor (BOM-B) Manual GAM-SR00-23A
MELPS 8 Basic Operating Monitor (BOM-PTS) Manual GAM-SR00-18A

MELPS 8 Hardware Manual

GAM-HRO00-01A

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MELPS 8/85 SOFTWARE

SELF ASSEMBLER

This self assembler facilitates assembly by the use of the
control commands shown in Table 1. The assembly consists
of the creation of the symbol table in pass 1, where source
programs are read from the keyboard or paper tapes, the
creation of the assembly list in pass 2, where source pro-
grams are read from paper tapes and each instruction is con-
verted into machine language, and the output of absolute
objects in pass 3.

SELF ASSEMBLER OBJECT LANGUAGE

The cross assembler is composed of many object modules,
and each module is composed of a name part, a symbolic
part, a text part and a final part. This self assembler outputs
only the text part and the final part in response to the
object output control command.

ASSEMBLY LANGUAGE FUNCTIONS

The assembly language that this self assembler accepts
consists of the following machine instructions and pseudo
instructions.

1. Machine Instructions

There are 80 basic machine instructions. These are con-

Table 1 List of control commands for the self assembler

verted to their corresponding machine codes and ther in-
serted in the object program. The mnei... all the
other instructions are the same as for the MELPS 8/85 cross
assembler; for these please refer to the Cross Assembler
Manual.

2. Pseudo Instructions

The pesudo instructions that this self assembler accepts
consist of ORG, NAM, PAUS, and END as assembler-con-
trol instructions; EQU, DB, and DW as data-setting instruc-
tions; and DS as storage allocation instruction. These
instructions are summarized in Table 2.

3. Language Format

The Self Assembler Language Manual (B-version) is applic-
able to the language formats for the MELPS 8/85 self assem-
bler; these are equivalent to those for the MELPS 8/85 cross
assembler, with some restrictions, and may be handled in
a similar manner. In the source program, a statement
starts with CR (carriage return) and ends with CR (carriage
return), consisting of label, command, operand, comment,
and identification fields.

Functional classification Mnemonic Function
ST Input device assignment for pass 1
Input device assignment command ///8SP U J ST : Paper tape reader
SK/. SK : Keyboard
ST Object output device assignment
Object output device assignment /// OB u [ ] ST : Paper tape punch
DM/ DM Debug machine memory
LS Assembly execution start assignment and control of source listing
c and of object output
/// OP u , AN (1) Listing control
LE None LS : Source listing needed
Assembly execution control None LC : Commentless condensed listing needed
@ @ LE : Listing of error statements only needed
i None : Source listing unnecessary
@ Uisting control (2) Object output control
AN : Output of absolute objects without symbol parts
(® Object output control None : No object output
End designation control command ///ED. End of assembly execution designated

Table 2 List of pseudo instructions

Table 3 Labels, characters, numerals, and expressions

ltem Instruction Sort Iltem Symbol
Functional mnemonic Name of instruction
classification symbol Label expression L:
ORG Program counter setting Labe Initial characters for labels A~2, @, ?
abel —
Assembly-control NAM Program name declaration gﬂgrsécfger'slégeﬁgem the ikl A~Z,@,?,0~9
instructions PAUS Assemble stop Number of label characters From one to five(eg LABL1 :)
END End declaration A 1byte VA Y
Character
EQU Value symbol setting AB 2 bytes VAB Y
constant
Data-setting instructions DB Data setting A Y B 3bytes VAVVBY
DW Address setting Octal number n O
Storage allocation DS Storage allocation Numeral Decimal number n
instruction
Hexadecimal number nH
Add +
Subtract -
Expression
Multiply *
Divide /
Program counter
Others b L -
Operational order From left to right

13—50
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MELPS 8/85 SOFTWARE

SELF ASSEMBLER

A comment is preceded by a semicolon (;). Since the

format is free, any column may be used if the delimiters are
properly placed. (Note that the printout for columns 35~72
and 81 and over are neglected.)

Table 3 summarizes the labels, characters, numerals,

and expressions, etc.

1.

Label field
One~five characters may be used. Only A~Z, @, and ?
may be used as the first character and A~Z, @, ?, and
0~9 may be used as the remaining characters. A colon is
to be added at the end of the character string.

Label example L1:MOV A, B

. Operand field

Operands 1 and 2, the first and second operands of the
instruction parameters, may be written. When both the
operands 1 and 2 are necessary, a comma as a delimi-
ter should be written.

Octal, decimal, and hexadecimal numbers may be
used as numerals, formats such as YAY, YABY ,YA" YBY,
etc. as character constants, expressions combined with
operators (+, -, *, /) as expressions, and $ as the pro-
gram counter.

4. Comment field

A line preceded by a semicolon (;) and a character string

LABLS: following a semicolon (;) placed at the end of a command
@ABCD: or at an arbitrary position along a line are regarded as
A1237: comments.
2ABO1: Comment examples; THIS LINE IS COMMENT
;COMMENT
2. Instruction field ;
Instruction mnemonic codes are placed in this field. LI: MOV A, B;:COMMENT:ABC
Machine instructions are formed with the same codes
as in the MELPS 8/85 cross assembler. The pseudo 5. Identification field
instructions available are, ORG, NAM, PAUS, and END The field is composed of the characters in columns 73~
as assembler-control instructions; EQU, DB, and DW as 80 or from 1 to 8 characters following !. This field is
data-setting instructions; and DS as storage allocation placed at the end of one statement and may be omitted.
instruction.
Fig. 1 Source program format
Label field Instruction field Operand field Comment field Identification field
/ \ / \ / ® o D @ M\ / D/ \
[ Label I: ul Instmcuon]u l First operand l O, U u+u I: Item JLJ ; l Comment ]urldemnhcanon l
LAB1: Ly MVI [} A w, uABC Ut XYZ wu; A=B LuSALOO1
MV ] A u, 110 u;A=10 ! SALOO2

(@ Spaces that may be omitted.
@ One, or more spaces needed.

Note : Mark L denotes space.

Fig. 2 Assemble list format

1 4 6 9 11 16 18 51 53 60
Instruction code in hexadecimal Source statement from the Columns 73~ 80 of the
(2 to 6 characters) first column source statement
Memory address in hexadecimal (4 digits)
Statement number in decimal (4 digits)

ELECTRIC
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MITSUBISHI MICROCOMPUTERS

MELPS 8/85 SOFTWARE

SELF ASSEMBLER

FORMATS FOR SOURCE PROGRAM AND
ASSEMBLE LIST
The coding of source programs is in free format like that
shown in Fig. 1.

The format of assemble lists is shown in Fig. 2 and an
example of the list is given in Fig. 3.

OBJECT TAPE FORMAT
The object program which is generated in pass 3 is an
absolute object program in MELPS 8 binary format.

Fig. 3 Example of assemble list

ASSEMBLE EXAMPLES
Examples of execution of passes 1, 2, and 3 are given in
Fig. 4 for paper-tape input and in Fig. 5 for keyboard input.

ERROR MESSAGE FORMAT
Error messages are divided into two types: one for control
commands and the other for assemble.

Errors for control commands---x Q *

Errors for assemble -+ ? % x * x: Error code

146 9w 5153 @
0001 H SUBROUTINE (1) -cccceeeves MULT AT-02000
0002 H AT -02020
0003 H * DATA (A)-cveeees MULT AT-02030
0004 H (B):-vvvees MULT AT-02040
0005 ; % RESULT (H) (L)---- PROD AT-02060
0006 H AT -02070
0007 0000 OEOS8 L@0O01: MV I C, 8 AT -02080
0008 0002 210000 LX1 H, 0 AT -02090
0009 0005 110000 LXI D, 0 AT -02100
0010 0008 57 MOV D, A AT-02110
0011 AT -02120
0012 0009 7A L@002: MOV A, D AT -02130
0013 OO0OA OF RRC ; RI G AT-02140
0014 000B 57 MOV D, A AT-02150
0015 000C 7C MOV A, H AT -02160
0016 000D D21100 JNC L@oo03 AT -02170
0017 0010 80 ADD B ; (A) AT-02180
0018 H AT-02190
0019 0011 1F L@003: RAR H R-S AT-02200
0020 0012 67 MOV H, A AT-02210
0021 0013 7D MoV A, L ; (A) AT-02220
0022 0014 1F RAR H R-S AT-02230
0023 0015 6F MOV L, A AT-02240
0024 H AT-02250
0025 0016 79 MOV A, C ; (A) AT-02260
0026 0017 D601 Sul 1 (A) AT-02270
0027 0019 4F MOV C, A AT-02280
0028 001A C20900 JNZ L@002 AT-02290
0029 001D 7A MOV A, D AT -02300
0030 O00O1E C9 RET AT-02310
0031 H AT -02320
0032 000O END AT-03330
Fig. 4 Paper tape input Fig. 5 Keybord input
:///8sp. Input from a tape reader /ISP SK.:vereeenn Input from a keyboard
:///08B. :///0B.
:///OP LS, AN. :///0P LS,AN.
P1 STFART P1 START
P1 END NAM EXAMP1
:///GO.  Continue pass 2 ORG 1000
P2 START Assemble listing start LOO1:MOV A,C Statements that are
0001 NAM EXAMP 1 LO02:MVI A,2 tped in from a keyboard
0002 O3ES8 ORG 1000 LO0O3:MOV C,B
0003 O3E8 79 LOO1:MOV A,C NOP
0004 O3E9 3EO02 LOO2:MVI A, 2 END
0005 O3EB 48 LOO3:MOV C,B P1 END
0006 O3EC 00 NOP :///Go0.
0007 0000 END P2 START e Assemble listing start
P2 END 0001 NAM EXAMP1
:///Go0. 0002 O3ES8 ORG 1000
P3 START 0003 O3E8 79 LOO1:MOV A,C
0004 O3E9 3EO02 LOO2:MVI A,2
0005 O3EB 48 LOO3:MOV C,B
0006 O3EC 00 NOP
0007 0000 END
P2 END
:///G0.
P3 START
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MELPS SOFTWARE

EDITOR

DESCRIPTION
The MELPS editor program was developed to make

modifications of programs at the source language level

easy. This design feature also makes it a useful tool in
program development for microcomputers and micro-
processors.

FEATURES

® Fifteen easy-to-use control commands

® Convenient loading from the keyboard or by paper tape

® Variable work area to match the application require-

ments

Versatile input control

Easy-to-use buffer-pointer control

Flexible output control

Data editing made easy

String command is possible

The repetition function of commands shortens input

commands

The command format is similar to that used in the

MELCOM 70 editor

® Debugging and execution are done on a MELCS 8/1 and
MELCS 85/1 {memory 8K-bytes, monitor BOM-PTS)

® The programming language is MELPS assembler (A
version).

INPUT/OUTPUT MEDIA
® Programs for editing:
® Control commands input:
® Qutput after editing:

FUNCTIONS

The MELPS editor loads text from paper tape or key-
board into the work area where the text is modified and
edited. Control commands for the editor are entered
through the keyboard. The edited text is punched out
on paper tape, and at the same time the copy can be
printed.

The powerful control commands are divided into five
functions as shown in Table 1. There are a total of 15
easy-to-use control commands. One instruction can
delete, insert or replace from one character to a number
of lines. This is facilitated by the flexible control provided
for the buffer pointer. The edited results can be punched
on paper tape and printed simultaneously.

Keyboard or paper tape
Keyboard
Printer or paper tape

MELPS Editor
Processing System

SOURCE PROGRAM TO BE EDITED

DEBUGGING MACHINE (MELCCS 8/1 AND

MELPS EDITOR PROGRAM

CONTROL COMMANDS

MELCS 85/1)

® INPUT CONTROL

® MODIFICATION AND EDITING
CONTROL

® QUTPUT CONTROL

SOURCE PROGRAM
AFTER EDITING

MEMORY OF
DEBUGGING
MACHINE

OUTPUT LISTING AFTER EDITING

ORDERING INFORMATION
Program

Program Program code number

Program and software manuals included

MELPS 8 Editor GA2SP0103

Source Program
MELPS Editor Manual (PTS-A version)
MELPS Editor Operating Manual (PTS-A version)

GAM-SR00-26A
GAM-SR00-27A

Reference Manuals for Separate Ordering

Manual name

Manual number

MELPS 8 Self Assembler Language Manual (B-version)
MELPS 8 Self Assembler Manual (PTS-A version)
MELPS 8 Self Assembler Operating Manual (PTS-A version)
MELPS 8 Basic Operating Monitor (BOM-B) Manual
MELPS 8 Basic Operating Monitor (BOM-PTS) Manual
MELPS 8 Hardware Manual

GAM-SR00-25A
GAM-SR00-19A
GAM-SR00-24A
GAM-SR00-23A
GAM-SR00-18A
GAM-HRO00-01A

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MELPS SOFTWARE

EDITOR
FUNCTIONAL OPERATIONS Fig. 1 General format of input commands
The MELPS editor is designed to increase the effectiveness
of modifying, editing, and debugging programs. There /¢ [C1ss
are five groups of control functions: input control, buffer- ®© @ O @ ®
pointer control, output control, data-editing control and
. . ( 1) This is an input command message. Editor program is ready to accept
editor end control. There are a total of fifteen control 2 command
commands listed in Table 1. An explanation of the action (2)® Editor control commands and necessary arguments
of each control command is also given in Table 1. The @ Delmiter (one ESC) ~ (ESC =Escape)
. . ®  End of command delimiter (two ESC)
general format of a control command for input is shown

in Fig. 1.
1. String commands
The control commands can be used independent- Fig. 2 Typical editor command

ly or they can be combined into a string as shown in An editor command

the example that follows. ///BP$SRP1$10$2CPSDLSBPSFPPOP DSIN;CSS
///BP$5TW$2CP$3DLSRPASBSS @ ® ®
2. Command repetition Before the above command is After the above command
i . executed and the modifications is executed and the
The format for repetition of a command is as are made modifications are made.
follows: PUSH H ® PUSH H ®
n <command string <command string < - <o S>> MV | D,1 @ MVI D, 10 @
MOV E, A ® SHLD XY ®
Where n is a decimal number and |n| < 265, if n is nega- SHLD XY @ POP D:C @

tive, it is converted to a positive number. The command
string between <and> will be repeated n times. Repe-
tition command nesting of <and > is limited to eight levels.

An example of command formats and how they can be
stringed follows. The contents of the work area before
and after execution are also shown in Fig. 2.

POP D ®

Not modifying
Replace 1 with 10
Delete one line (MOV EA)

CXZECXS)

Not modifying

(& Search the string for the data (POP D) and set the buffer
pointer to the end location of the data

Insert the assigned string (;C) in the work area starting at
the location indicated by the buffer pointer

Table 1 Editor control commands and an explanation of their actions

Control function Control command Mnemonic Action

Input control Source load LD Assign the input device for text load and load text.
Buffer-pointer initial setting BP Set the buffer pointer to the first address of the work area.
Buffer-pointer character setting CcP Move the buffer pointer n characters.

Buffer-pointer control
Buffer-pointer line setting LP Move the buffer pointer n lines
Buffer-pointer end setting EP Move the buffer pointer to the end of the work area.
Print typewriter TW Print n lines.
Line punch PN Punch n lines from the first line of the work area.

Output control
Punch work area PP Punch all the contents of the work area.
Punch sprocket holes PS Punch sprocket holes for n bytes
Delete character DC Delete n characters.

Search the string for the data and set the buffer pointer to the end

Find and buffer-pointer setting FP Jocation of the data.
Data-editing control Replace RP Locate data to be replaced and replace with the new data.
Delete line DL Delete n lines.
Insert Insert the assigned string in the work area starting at the location
IN indicated by _the buffer pointer.
Editor end control End EN End of editor processing.
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MELPS 8 BOM-PTS

BASIC OPERATING MONITOR—PAPER-TAPE SYSTEM

DESCRIPTION

The BOM-PTS basic operating monitor was developed for
microcomputers that use the M5L8080A 8-bit parallel
CPU. It controls execution and debugging of the user’s
program. The BOM-PTS has a program capacity of 7.5K-
bytes and drives the system typewriter (Casio Typuter,
Model 500 or 501) as its I/0O unit.

FEATURES

® Has 3 macro instructions and 22 monitor commands

® Provides trace, snapshot, and address halt commands
for effective program development and debugging

® Has pseudo |/0O and PROM write functions

FUNCTIONS

The BOM-PTS 22 monitor commands and 3 macro instruc-
tions provide the following functions:

1. Program execution control

2. Program loading

3. Memory punching

4, Program debugging (trace, snapshot, and halt commands)
5. 1/0 control and pseudo 1/0 processing

6. Memory and register data display, and data alteration

7. PROM writing function

Starting BOM-PTS Execution
When the BOM start switch on the panel of the debugging
machine MELCS 8/1 is turned on, the following message
is printed out. After the printout, monitor commands can
be entered.
BOM-PTS AO00 'READY’
I/l
Hardware Limitations
1. Memory Configuration
Memory locations in the ROM are:
E000,4~FCFF ¢
In addition to the ROM, the following 78 bytes of RAM
area are required:
F000,,~EDFF 4
2. Input/Output Device Addresses
PTR, for keyboard input: 7By (IN  7B#)
PTP, for printout: 7B1s (OUT 7B#)
Status input: 7B (IN  7B#)
The structure of the status bits is as follows:

7 6 5 4 3 2 1 0 BIT
W‘/I/M/I%IV

d
'_ INPUT BUSY

(True when bit is 1) I
OUTPUT BUSY

FLOW CHART

START

INITIALIZATION 1 J

INITIALIZATION 2 ]

COMMAND SYMBOL RECOGNITION
AND ANALYSIS OF PARAMETERS

COMMAND SYMBOL
PARAMETER ERROR PROCESSING

t

o
ERRORS

COMMAND PROCESSING |

!

OPERATOR MODE
RETURN PROCESSING

PROGRAM ORDERING INFORMATION

Program name Ordering number

Program and software manuals included

MELPS 8 basic operatimg monitor

(Bom-pTs) | GA20S0100

Source program, Object program
Basic Operating Monitor Manual (BOM-PTS)

GAM-SR00-18A

Manuals

Manual name

Manual number

MELPS 8 Basic Operating Monitor Manual (BOM-B version)

GAM-SR00-23A

MELPS 8/85 Self-Assembler Language Manual (B version)

GAM-SR00-25A

MELPS 8/85 Self-Assembler Manual (PTS-A version)

GAM-SR00-19A

MELPS 8/85 Self-Assembler Operating Manual (PTS-A version)

GAM-SR00-24A

MELPS 8 Hardware Manual

GAM-HR00-01A

MITSUBISHI
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MELPS 8 BOM-PTS

BASIC OPERATING MONITOR—PAPER-TAPE SYSTEM

MONITOR COMMANDS AND MACRO INSTRUCTIONS FOR BOM-PTS

Command designation, parameter input format,

Name Function and calling sequence Parameter
G paral@): Starting address
G Start program paral)—{para2@4)] CR LF para2 ) Altered starting address
R Restart program / /RCR LF —
. R LF paral): First address of the user pseudo
v User pseudo 1/0 processing / / Uparalup 1/O processing routine
paral@): ROM start address(when relocatable)
LM MELPS 8 binary loader //LMparalu),para2acr para3@CR LF para2): RAM start address(when relocatable)
para3): | E(Load End indicating key word)
Dump memory data, MELPS 8 binary test paral(i): paral(m=T
portign (to parger tape punch) N //DMparaiq) para2 ). para3 @R LF para2(,): Start address
DM para3u)® End address
Dump MELPS 8 binary end portion (to paper paral(: paral()=E
4(4)] OR LF paral(n)
tape punch) //DMparela) (paradiw] o parad@): Starting address
PR Printout register data in hexadecimal form | //PRCR LF =
PM Printout memory data in hexadecimal form | ,/PMparalu),para2u)cr LF paral): Starting address
I —— para2): End address
paral): Starting address
para2@): End address
PA Reverse assembler v 2 CR LF para3(n: No reverse assembly is done to
//PAparalu), para2a), para3 (i) the operand when para 3(n=1.
MR Alter the register data //MRCR LF —
MM Alter the memory data //MMparaiwCR LF paral): Starting address
mMcC Complement the memory data CR LF parpl,: Starting address
Pl v //MCparalu),para2 ) barazis): End address
paral): Starting address
MS Set up constants in memory / /' MSparal ), para2w), para32)OR LF para24): End address
para3(z): The constant
. paralis): Starting address
MT Transfer memory data in blocks /' /MTparalw), para2w), para3@)CR LF para2): End address [which transfer is made
para3): Starting address of the memory to
paral(1): Enables machine interrupt when
1 Enable machine interrupt ral(y)CR LF para 1(1y=1. and disables inter-
Command P //M rupt when para 1(1) =1,
PT Print debug table //PTocRLF —
C Clear debug table //CCRLF —
paral(y: paral()=$
Prepare halt and debug table / /Hparal(i),para2u), para3a)CR LF para2)’ Halt address
" para3@)’ Number of passes before halt is active
paral(y: paral=D
Cancel halt and debug table //Hparii ‘;:f:gr:f“ojﬁ LF para2(1)~para9(1) : 0~7 (table number),
L.o.parai) o7 W (whole table)
paral(1): paral(1)=8
//S para2): Snapshot executing address
paral(1), para2@), para3e), parad ), para3(s)- Snapshot symbol
Prepare snapshot and debug table parab @[, parab 1) OR LF parad @): Memory data display starting address
—_—_— para5): Memory data display end address
s parab(1): para6(1)=R
paral(1): paral()=D
Cancel snapshot and debug table /' /Sparalq),para2q) [.---,parad(1)] CR LF | para2(1)~para9(1): 0~7 (table number),
W (whole table)
paral(): para1(1)és .
para2(4)’ Trace region starting address
para34): Trace region end address
//Tparal), para2(a), para3u), parad ), parada): Memory data display starting address
Prepare trace and debug table paraba) | ,para6(i) ,para7(1n]] OR LF para5): Memory data display end address
T para6(1): para 6(=R specifies register
data display. para 7(1)=B speci-
fies to trace only while the debug
para7 (1) instruction is in execution
paral(): paral®)=D
Cancel trace and debug table // Tparaluy,para2l,--,para5)) R LF | para2(1)~para5(1): 0~3 (table number).
W (whole table)
X paral): Starting address
FP Write PROM / /FPparatu), para2wa), para3@CR LF para2@): End address
para3(2): PROM writing address
FT Transfer writing address //FTparal@CR LF paral): Starting address
FC Compare PROM data with main memory data| /FCparalw)OR LF paral): Starting address
M EXIT End declaration of program CALL FO154#
ins"iirt?on PAUSE Temporary stop of program execution CALL FO124#
EXIO . 1/0 control :
i . X CALL FOOC #----Execution of the EXIO macro instruction
Note 1 : paran (m): n= the nth parameter (input by the operator DADR DCB1 ------ Starting address of the data control block
or printout by the monitor) in a command. and is a ; (DCB)
hexadecimal parameter 1~m digits. If the number of DCB1 DEF 10D----- Designation of 1/0 operation; PTR (10D=52#), PTP (=50#),
digits in the parameter exceeds m, only the first m digits keyboard (=4B#), printout (=44#)
otts 9 DADR DA ----- Setup of the 1/O data-storing memory starting address
are valid. i
o . ) DADR DL ----- Setup of the I/O data-storing memory length
2 : —(underlining);” Represents and input by the operator. !
3:( ] (blocking); Represents input by the operator that DA
can be omitted. 1/0 data-
4 : # Indicates hexadecimal number in the assembler storing DL byte
language. memory
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MELPS 8 BOM-B

BASIC OPERATING MONITOR—BASIC SYSTEM

DESCRIPTION Starting BOM-B Program Execution
The MELPS 8 BOM-B basic operating monitor was de- When program execution is started at address 6800, the
veloped for microcomputers that use the M5L8080A following message is printed out.

8-bit parallel CPU. It controls execution and debugging of //MELPS 8 BOM-B AO1
the user’s program. It is contained in 2K-bytes of memory //
and drives the system typewriter (Casio Typuter Model After the printout, monitor commands can be entered.
500) as its I/0 unit. Hardware Limitations
1. Memory Configuration
FEATURES Memory locations in the ROM are:
® Available as a standard mask ROM (M58731-001S) 6800,4~6FFF,¢
It can also be programmed into a ROM for a micro- In addition to the ROM, the following 78 bytes of
computer configuration that incorporates program de- RAM area are required:
bugging functions. 3F80,6~3FCD,¢
® Has 3 macro instructions and 9 monitor commands 2. Input/Output Device Addresses
® Allows addition of user’s monitor commands PTR, for keyboard input: 7B;4 (In  7B#)
® Cannot be destroyed by a user’'s program PTP, for printout: 7B;s (OUT 7B#)
Status input: 7B;s (IN  7B#)
FUNCTIONS The structure of the status bits is as follows:
The 9 monitor commands and 3 macro instructions provide 1 08IT

the following functions: I/‘/V]/[/I/[ 4 l 73 ‘

1. Program execution control
(True when bit is 1) |NPUT BUSY

2. Program loading OUTPUT BUSY
3. Memory punching
4. Program debugging
5. 1/0 control
FLOW CHART
START
]
| INITIALIZATION 1 ]
>
| INITIALIZATION 2 ]
Y

COMMAND SYMBOL RECOGNITION
AND ANALYSIS OF PARAMETERS

COMMAND SYMBOL YES NO
PARAMETER ERROR PROCESSING ERRORS COMMAND PROCESSING ]

T ¥

OPERATOR MODE
RETURN PROCESSING

|

ORDERING INFORMATION

Program
Program name Ordering number Program and software manuals included
; ; Source program, Object program
MELPS 8 basic operating monitor (BOM-B) GAz0so101 Basic Operating Monitor Manual (BOM-B version) GAM-SR00-23A
Reference Manuals for Separate Ordering
Manual name Manual number
MELPS 8 Basic Operating Monitor Manual (BOM-B version) GAM-SR00-18A
MELPS 8/85 Self-Assembler Language Manual (B version) GAM-SRO00-25A
MELPS 8/85 Self-Assembler Manual (PTS-A version) GAM-SR00-19A
MELPS 8/85 Self-Assembler Operating Manual {PTS-A version) GAM-SR00-24A
MELPS 8 Hardware Manual GAM-HRO00-01A
MITSUBISHI
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MELPS 8 BOM-B

BASIC OPERATING MONITOR—BASIC SYSTEM

Monitor commands and macro instructions for BOM-B.

Name Function Commanfd designation and parameter input Parameter
ormat or calling sequence
ara1(4): Start add
G Change start address < g P @ ress
parai(4)._[para2@)CRLF para2(a): Change start address
R Restart of program // RCRLF —
L MELPS 8 binary loader // LCRLF —
H MELPS 8 hexadecimal loader //H CRLF —_
i ara{ (4): First addres
Commands T Z:;Ch MELPS 8 binary text block of the memory /T parat(a),para2@) CR LF p (4) ress
para2(4): End address
E Punch MELPS 8 binary end block //Elparat@]caLF parai (a): Start address
. First add
P Print hexadecimal test block of the memory data | /P parai (4), para2(@)CR LF paraf(a): First address
para2(4): End address
s Substitute memory /S parai@)CRLF para1(4): Change address
™M 'Por;maz:nd modify register data in hexadecimal //MCR LF _
EXIT End of program CALL 6806 #
Macro -
instruction PAUSE Pause program execution CALL 6803 #
EXIO Input/output control !

Note 1 : para n (m). This designation shows the nth parameter in a CALL B6EBC #---------- Execute EXIO macro instruction
command (operator input or monitor printout), and also shows DADR DCB1 ---------- First address of data control block
it to be a hexadecimal parameter (0, 1, 2, 3, 4, 5. 6,7, 8, 9. A, i (DCB) :
B, C. D, E, F) of which the significant digits are 1~m. If the |
length exceeds m, the least significant digits are valid DCB1 DEF | OD --- /0 operation designation; PTR (10D=52#), PTP

2 :___(underline); Indicates input by an operator. DADR DA--~ (=50#), keyboard (=4B#), printout (=44#).
. \
3:[ ] (blocking): Indicates input by an operator that can be DADR DL --~*- Set up the first address of I/O data area
omitteq. ) E ' Set up the data length for 1/0 data
4 : #; Indicates a hexadecimal number in assembler language. DA :
1/0 data-
storing DL byte
memory

HOW TO IMPLEMENT USER'S OWN MONITOR

COMMANDS

It is feasible to implement new monitor commands, which

are prepared by a user for his own need, by correcting four

bytes (3FC7;4~3FCA;4) of the record in the RAM. The
user’s monitor commands are then added as follows:

1. Set the data in “’4B,4" to SYMBOL.

2. Set the data in “/C3,¢'' to SYMBOL + 1.

3. Set the starting address of the user’'s monitor command
processing routine (YCR) low-order into SYMBOL + 2
and high-order into SYMBOL + 3.

4. Then a symbol parameter analysis routine and command
processing routine are prepared as required for the user’s
command.

5. Command symbols used for the user’s monitor com-
mands should not be identical with any of the 9 com-
mand symbols used in BOM-B.

6. Both command symbol and parameter errors are
checked in the YCR, and a jump is executed to address
68F9;6, where the error processing routine of the BOM-
B is residing, when an error is found. A question mark
(?) will be printed out in case an error is found.

7. The last step of the YCR must be a jumped to address
69014, where the monitor command termination
processing routine is stored.

PROCESS FLOW OF USER’S MONITOR

COMMANDS
SYMBOL (3FC716)

4B1s

C316

LOWER HALF ADDRESS OF THE USER'S MONITOR
COMMAND PROCESSING ROUTINE (YCR)

UPPER HALF ADDRESS OF THE USER'S MONITOR
COMMAND PROCESSING ROUTINE (TCR)

C D

USER'S MONITOR COMMAND SYMBOL
PARAMETER ANALYSIS ROUTINE
(YCCPR)

C

USER'S MONITOR COMMAND
PROCESSING ROUTINE (YCR)

IF ERROR

DRESS 68F 916
(ERROR PROCESSING ROUTINE OF BOM-B)

D

DRESS 69011
(MONITOR COMMAND TERMINATION PROCESSING
ROUTINE OF BOM:-B)

MITSUBISHI
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APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)

INTRODUCTION
The M5K 4116P, S are 16 384-word by 1-bit dynamic RAMs,
fabricated by the N-channel silicon-gate MOS process, and
ideal for large-capacity memory systems where high speed,
low power dissipation, and low costs are essential. The
use of double-layer polysilicon process technology and
single-transistor dynamic storage cells provide high circuit
density at reduced costs, and the use of dynamic circuitry
including sense amplifiers assures low power dissipation.
Muitiplexed address input permits both a reduction in pins
to the standard 16-pin package configuration and an
increase in system densities.

Table 1 compares the M5K 4116 16 384-bit dynamic RAM
with a 4096-bit static RAM.

Table 1 Comparison of the 16 384 dynamic RAM
and 4K static RAM

Device
Characteristics 16K dynamic RAM 4K Slal'éN:;eMj)
Total power 462mW max 440mW max
Power/bit 28.2uW 107.4 W
Speed ta=150ns ta=200ns
Powerx speed/bit 4.23pJ 21.5pJ

Note 1 : M5L2114S-2
As can be seen, the power X speed per bit of the 16K
dynamic RAM is 4.23pJ only 1/5 that of the 4K static RAM.

Fig. 2 Block diagram

Fig. 1 Pin configuration (top view)

(=5V) Veg 5 B Vss (V)
patA INPUT DIN—[2 [SleCAS g%ggENlﬁgngess
co&%é‘é’(ﬁ'é‘&% R/W—[3] z @ -+DouT DATA OUTPUT
ONAES s & [Eeas
A B [@ens
ADDRESS INPUTS | A, [] o e Ac ADDRESS INPUTS
Ar=[T] [0}« As
(12v) Voo [8 5] Veo (5V)
Outline 16P1 (M5K 4116P)
16S1 (M5K 4116S)

Table 2 compares that the requirements of the two RAM
types when a 16K-byte memory system is constructed.

Table 2 Requirements for a 16K-byte memory system

Device Number Vot Current Over-all | Relative | Relative
! of RAMS otage rren power power size
4K-bit
32 5V (@2.56A | 12.8W 1 1
static RAM
16K-bit 5V *
dynamic 8 12V |@0.28A | 3.37W 0.26 0.25
RAM —5V |@2mA

sk Current from Vcc is neglected because Vcc is only connected to output buffer.

DATA INPUT Din (2 -1
READ/WRITE INPUT R/W (3 INPUT
COLUMN ADDRESS LATCH (® Voo (12v)
STROBE INPUT CAS (15 —
ROW: ADDRESS FAS (1 —jcLock GENERATOR cmcuwl (9) vce (5v)
STROBE INPUT T
Vss (0V)
14 | ‘ @
— COLUMN DECODER l 1) Vee (—5V)
i [ 10 controL circurr |
Ao (5) « 8192-BIT RAM
ISNO), £E x (64 ROWS x 128 COLUMNS)
o
Az (6) é A S ' NSE AM R
ADDRESS INPUTS < A3 OV~ © >t 128 SENSE AMPLIFIE OuTPUT
As g @ 0 ; BUFFER —‘(1? Dout DATA OUTPUT
As () % 8 S 8192-BIT RAM
5 & < (64 ROWS x 128 COLUMNS)
As @
1/0 CONTROL CIRCUIT |
i —————l COLUMN DECODER ]
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APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)
FUNCTIONS Table 3 Input conditions for each mode
In addition to normal read, write, and read-modify-write Input - Output o
. . e-
operations, the M5K 4116P, S provide a number of other Operation| — | —— Row |Column Remarks
i —— RAS |CAS |R/W| DN |  [Douyrt|fresh
functions, e.g., page-mode, RAS-only refresh, and delayed- address|address,
write. The input conditions for each are shown in Table 3. Read ACT | ACT |NAG|DNG|APD APD | VLD|YES Page
Write ACT | ACT [AGT|VLD|APD|APD|OPN|YES|To¢

If you interchange address pins as shown in Fig. 3, you Is identical

Read- except
can get a sequential location map for the 16,384 memory mondify- [ ACT | ACT | ACT | VLD| APD|APD | VLD YES fbeshis
write
bits. RAS-only
: ACT | NAC |DNC|DNC|APD|DNG |OPN|YES
refresh

Standby | NAC|DNC [DNC|[DNC|DNC|DNG |OPN| NO
Note 2 : ACT: active NAC ; non-active:DNC; don't care VLD valid APD; applied OPN; open

Fig. 3 Method for converting sequential address  Fig. 4 M5K 4116P, S memory map.

ROW DECODER

SEQUENTIAL ] SPEC. AD- A2A3A4A0AsA L Ag .
(ADD COUNTER DRESS PIN ofojo]ofo]o]1[6a i 16319
IOUTPUT l ofefofojojojof o 16256
T T ofojojojo}1]o
A\ ofofofofo]t]1
0 Do 6 1{ofofo]ofo]
A W T TS 8192-BIT MEMORY ARRAY 1
ol1[1lo[1]1 o DATA
tlrf1]of1]o]1
ROW ADDRESS < A4 > ROW ADDRESS t{1{1joj1]ojo
1f1jp1|oj1f1}o
Az trfrjofr]r] .
AS 128 MEMORY SENSE AMPLIFIER CIRCUITS
AO _ AzA3RAASA | A I
3 < olofofi]ofo]1
D A ofojo|1]o|o]|o0
6 ofojof1|of1]0
Aq olofalr]of1|
1]ojo]1]olo|1
A, 2 S 8192-BIT MEMORY ARRAY B
COLUMN 849 Fo[i[r]t)t]1]o
ADDRESS < A1 A4 b COLUMN ADDRESS HEHHHNE DATA
A 111 1]1i0]0
-11 As tfrf1f1f1[1]0] e3 16320
As L1‘11'] 11} 127 i 16383
- A0 11001100110 \\ 1011001100110
AJoo1100110011 \ 1001100110011
o e ey s\
R 0
PRy LocaTioN A 000000007 17171  |[00000 11111111
OF SEQUENTIAL A;f000000000000 1111111731171
| ADD COUNTER A,l000011110000 0111100001111
. - ‘o v
128
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APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)

N-CHANNEL DOUBLE-LAYER POLY-SILICON GATE
MOS PROCESS

In order to fabricate the M56K 4116P, S series, single tran-
sistor memory cells and the N-channel double-layer poly-
silicon gate MOS process are used. There is no diffusion
area between switching transistor Q and the data-storage

Fig. 5 Structure of memory cell
WORD LINE

DATA LINE

memory capacitor because of the use of the double poly-
silicon gate MOS process, so that the memory cell area is
reduced by 75% from that of the previous process.

Voo

POLYSILICON

Si0pm— o

P-SUBSTRATE

WORD LINE

2ND
POLYSILICON

18T
POLYSILICON

Si0;

P-SUBSTRATE

WORD LINE

DATA LINE

T

H -O Voo
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APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)

Fig. 6 Wafer manufacturing process
PHOTO RESIST

FIELDIDOPING(BORON) |/ Si3Ng
| |
i 14 1l si0,
Deposit silicon nitride (SisNs) on wafer and coat with
MASK 1 photo resist.
1 1 Define active area with MASK 1 and implant fields.
p—
Si0; (FIELD)
1 FIELD DOPING (P +) 1 Remove photo resist and grow field oxide using nitride as
T p— T mask.
}—sio,
1ST GATE POLYSILICON
— / /'_\__/"_,_,,___1
- 7 \-—,—\_1
1ST GATE OXIDE
Grow 1st gate oxide and deposit 1st polysilicon.
T i T
Si0O; (1ST GATE) E%%_YglAl:I!E)ON
— L]
MASK 2 Define 1st polysilicon gate using MASK.2.
T k- T
POLYSILICON (2ND GATE)
AR ) . ) .
N+ SiO; (2ND GATE) Define 2nd polysilicon gate and diffuse phosphorus N
MASK 3 .
dopant for source and drain.
CVD Si0,
Deposit oxide and define aluminum contact with MASKs 4
MASKs 4, 5
and 5.
ALUMINUM PASSIVATION
OXIDE
MASK 6 Deposit aluminum and define bonding pad metal inter-
— - \__I-T\_ connect with MASK 6.
WNELSONT N+
A . L Deposit passivation oxide and define bonding pad openings
T T MAsk? with MASK 7.
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APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)

SUMMARY OF OPERATIONS

Addressing

To select one of the 16 384 memory cells in the M6K
4116P, S, the 14-bit address signal must be multiplexed in-
to 7 address signals, which are then latched into the on-chip
latch by two externally applied clock pulses. First, the
negative-going edge of the row-address-strobe pulse (RAS)
latches the 7 row address bits; next, the negative-going edge
of the column-address-strobe pulse (CAS) latches the 7
column-address bits. Timing of the RAS and CAS clocks
can be selected by either of the following two methods.

Fig. 7 Address multiplex

RAS  \

Tmux
ROW ; COLUMN
ADDRESS ADDRESS i( DON'T CARE X ADDRESS
th(RAS-RA) tsu(ca-CAS)
e
CAS \
_ —
td(RAS-CAS) — i1 n
T

td(RAS-CAS)

1. The delay time from RAS to CAS ty(mas.cas) is set
between the minimum and maximum values of the
limits. In this case, the internal CAS control signals are
inhibited until almost tyHAS.CAS)max (‘gated CAS'
operation). The external CAS signal can be applied with
a margin not affecting the on-chip circuit operations
(e.g. access time), and the address inputs can easily be
changed from row address to column address. This inter-
val is called the ‘multiplex time’. Eq. 1 gives the multi-
plex time.
tMux =ta(RAS -CAS) ~t1-th (RAS-RA) -tsu (CA -CAS)

... Ea. 1

Table 4 Maximum multiplex time

Type number tmux | td(RAS-CAS)| th(RAS-RA) | tsu(ca-CAS)
M5K4116P, S-2 35ns 50 ns 20ns —10ns
M5K4116P, S-3 45ns 65ns 25ns —10ns
M5K4116P, S-4 55 ns 85ns 35ns —10ns

Note 3 : tT =5ns

2. The delay time ty(RAS-CAs) IS set greater than the maxi-
mum value of the limits. In this case the internal inhi-
bition of CAS has already been released, so that the
internal CAS control signals are controlled by the ex-
ternally applied CAS, which also controls the access
time.

Fig. 8 Read access time vs. delay time

a(RAS)

DELAY TIME MIN. MAX.
td(RAS-CAS)

READ ACCESS TIME MAX. t

Data Input

Data to be written into a selected cell is strobed by the
later of the two negative transitions R/W input and CAS
input. Thus, when the R/W input makes its negative tran-
sition prior to the minput (early write), the data input is
strobed by the CAS, and the negative transition of the CAS
is set as the reference point for setup and hold times. In
the read-write or read-modify-write cycles, however, when
the R/W input makes its negative transition after the CAS,
the R/W negative transition is set as the reference point for
set-up and hold times.

Data Qutput Control
Fig. 9 Read cycle

—

In the next conditions, the multiplex time (tyux) is
maximized. CAS
td(RAS-CAS)=max td(ARS-CAS)|ta(GAS)
th(RAS-RA)= ml.n Bour HIGH_IMPEDANCE < DATA VALD
tsu(ca-CAS)=MIN N
. . . . a
Table 4 shows the maximum multiplex time in the case {RAS)
where the access time is not greater than t,(Ras)MAX -
MITSUBISHI
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APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)

The output of the M5K 4116P, S is in the high-impedance
state when the CAS is high. When the memory cycle in prog-
ress is a read, read-modify-write, or a delayed-write cycle,
the data output will go from the high-impedance state to
the active condition, and the data in the selected cell will
be read. This data output will have the same polarity as the
input data. Once the output has entered the active condi-
tion, this condition will be maintained until the CAS goes
high, irrespective of the condition of the RAS (to a maxi-
mum of 10us).

The output will remain in the high-impedance state
throughout the entire cycle in an early-write cycle.

Fig. 10° Write cycle

D
>
]

RS\

tsu(gas-wRr)min

R

td(Gas-wrymin,  N(WR-RAS)min I
d(RAS-wR)min th(wR-CAS)min
[e——

o NN/

READ-WRITE
READ-MODIFY-
EARLY WRITE DELAYED WRITE WRITE
Table 5 Output state in write cycle
Operation mode Output state

Earlyl write High impedance
Read-write, read-modify-write Data valid
Others Unspecified

These output conditions of the M5K 4116P, S, which
can readily be changed by controlling the timing of the
write pulse in a write cycle, and the width of the CAS pulse
in a read cycle, offer capabilities for a number of applica-
tions, such as the following.

1. Common I/0 Operation

If all write operations are performed in the early-write
mode, input and output can be connected directly to give a
common |/0 data bus. .

2. Data Output Hold

The data output can be held between read cycles, without
lengthening the cycle time, until the next cycle commences.
This enables extremely flexible clock-timing settings for
RAS and CAS.

3. Two Methods of Chip Selection
Since the output is not latched, the CAS is not required to
maintain the output of selected chips in the matrix in a
high-impedance state. This means that the CAS and/or the
RAS can both be decoded for chip selection.
4. Extended-Page Boundary
By decoding CAS, the page boundary can be extended be-
yond the 128 column locations on a single chip. In this
case, the RAS must be applied to all devices.
Page-Mode Operation
This operation allows for multiple-column addressing at the
same row address, and eliminates the power dissipation as-
sociated with the negative-going edge of the RAS because
once the row address has been strobed, the RAS is main-
tained. Also, the time required to strobe in the row address
for the second and subsequent cycles is eliminated, thereby
decreasing access and cycle times.
Refresh
Refreshing of the dynamic cell matrix is accomplished by
performing a memory operation at each of the 128 row-
address locations within a 2ms time interval. Any normal
memory cycle will perform the refreshing, and the RAS-
only refresh offers a significant reduction in operating
power.
Power Dissipation
Most of the circuitry in the M5K 4116P, S is dynamic, and
most of the power is dissipated when the addresses are
strobed. Both the RAS and the CAS are decoded and ap-
plied to the M56K 4116P, S as chip-select in the memory sys-
tem, but if the RAS is decoded, all unselected devices go
into stand-by independent of the CAS condition, minimiz-
ing system power dissipation.
Stand-By Current-Refresh Only
The lIppse (stand-by current of Vpp) and the lggsg
(stand-by current of Vgg) are calculated by the following
equations.

1. RAS/CAS refresh

Ippse=lpp1(av) X 128xtc(REF)}+
lop2 X{1““28xtc(nEF))}
Issse=IBB1(AV) x{128Xtc(REF)}+
togax {1-(128 x5, &)} Ea. 3

Assuming that tc=375ns, lpp1(av)=35mA,
lgg1 (A\/)=200MA, IDDZ=1 .5mA,

leg2=100pA, tc(rer)=2 ms,

we can obtain following results:

lppsg=35mA x 0.024 + 1.5mA x 0.976=2.3mA
Izesg =200uA x 0.024 + 100uA x 0.976=102uA
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(M5K 4116P, S)

Fig. 11 Distribution of average Ipp

20F
—
Ta=25C
154 Vpp=13.2V
Vgg=—4.5V
= RAS, CAS CYCLING
2 10} toro) = to(wr)
3 =375ns
N=50(5 LOTS)
5|.
oL__ I | .

23 25 27 29 31 33 35
AVERAGE Ipp (mA)

2. RAS-only refresh
lopbse=lpp3(av) X128 xy—

IDD2 X{1—(128 Xg—

+
tC(REF

+

tc(|=u5|=) }
lBBSB=|BB3(AV)X{128 tC(HEF)}

2 x{1—(128 xfc(t:?;)}....

Eq.5
Assuming that Ipps (av)=27mA, Igg3(av)=200uA,
we obtain the following results:
lppsg=27mA x 0.024 + 1.5mA x 0.0976=2.1mA
1gesg =200uA x 0.024 + 100uA x 0.0976=102uA

Stand-by current is about 2.1mA. Therefore, by using
low-power refresh and external circuits, it is possible to use

a battery back-up system.

Table 6 Change of stand-by current

Fig. 12 Distribution of stand-by Ipp

201
[ ] Vop=13.2V
15 Vpg=—4.5V
« RAS=V|y
o Ta=25C
E 101 N=50(5 LOTS)
z
5L
ol

i /L
0.6 0.7 0.8 0.9 '’ 1.5

STAND-BY Ipp (mA)

Power Supplies

Although the M6K4116P, S require no particular power-
supply sequencing so long as the devices are used within the
limits of the absolute maximum ratings, it is recommended
that the Vgg supply be applied first and removed last. Vgg
should never be more positive than Vgg when power is ap-
plied to Vpp. Generally, when Vpp is applied and Vgg
is not applied, stand-by current is larger than that in the
normal state. Table 6 shows this effect.

Some eight dummy cycles are necessary after power is
applied to the device before memory operation is achieved.
Dummy cycles must be executed by the RAS/CAS refresh
cycles or RAS-only refresh cycles.

Device #1 #2 #3 #4 Unit
Condition lbp1(av) Ipp2 'pD1¢AY) lbp2 Ibp1(av) - lbp2 Ipp1(Av) 'DD2
Vgg=—5V 25.3 0.7 26.0 0.73 25.9 0.69 24.9 0.72 mA
V=0V 28.0 0.76 28.8 0.78 28.7 0.74 27.6 0.76 mA
Change +% +10.7 +7.0 +10.8 +6.8 +10.8 +7.2 +10.8 +5.6 %
MITSUBISHI
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APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)

APPLICATIONS FOR DYNAMIC RAM

Dynamic RAM (Random-Access Memory) can be a very ef-
fective component in the implementation of reliable, high-
performance, low-cost memory systems. However, this de-
vice has several requirements that should be considered.
Bit-Cell Structure

First, consider the dynamic memory bit cell, which is quite
unlike the cell of a static RAM. Fig. 13 shows a typical
single-transistor memory bit cell. The bit cell consists of
a transistor and a capacitor that constitute a “‘sample and
hold” circuit.

Fig. 13 Single-transistor memory bit cell

WORD LINE
1 L

" 1 L
2
5 & e
@
e I
} i ! 1
| Q4 L H A
1
, ! T
Lol % ]

SINGLE-TRANSISTOR

BIT CELL

During the write operation, the selected word line is
brought to an active state (high). This causes the bit cell
transistor Q to turn “On’" and the data that is placed on
the bit line is stored in the capacitor C;. The stored data is
retained even if transistor Q; turns “Off"”.

During the read operation, the selected line is brought
to an active state (high) again, and the capacitor voltage is
placed on the bit line. At this time, the read-out data is am-
plified and rewritten on the capacitor internally.

Because of the theory governing dynamic memory stor-
age, capacitor charge in the cell will gradually leak off, and
the stored data will be lost.

For example, a 1nA leakage current discharging a 1pF
capacitor results in a voltage change of 1V per ms. The stor-
age time of M5K4116P, S is shown in Fig. 14. If data is to
be retained for longer than the self-discharge time of the
cell storage capacitor, typically 2ms, the data must be
sensed before it is lost and then restored to its original
voltage level.

Fig. 14 Storage time vs. ambient temperature

1000
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= 50 AN
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@20
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0 10 20 30 40 50 60 70
AMBIENT TEMPERATURE  (C)
Refresh

Thus one can see that the refresh function is a very im-
portant requirement for a charge-storage memory, i.e., a
dynamic RAM. The dynamic memory controller must as-
sure that every bit cell is refreshed periodically enough to
maintain data integrity. The refresh interval is specified by
the vendor, and a typical requirement is that each bit cell be
refreshed every 2ms.

The M5K 4116P, S are 16 384-bit memories constructed
with 128 rows and 128 columns. All columns in a single
row in an array are refreshed simultaneously. This means
that the user must supply 128 refresh cycles each 2ms.

In order to supply the refresh row address, a refresh
counter (7 bits) is required and is incremented after each
refresh cycle. A ““two imputs to one output” multiplexer
is also used to multiplex either the system-supplied memory
address or the refresh counter-supplied address onto the
dynamic memory row address inputs.

Refresh Techniques

In most memory systems it is difficult to guarantee that
normal memory operations will cause all the rows within a
memory to be sensed within the specified refresh interval.
For this reason, most dynamic memory systems have special
circuitry that will cause all rows of memory cells to be
sensed within the 2ms interval.

There are three commonly used techniques for refreshing
the memories. The first is “burst mode refresh’” where all
memory accesses are inhibited for a fixed period of time
while all rows are continuously accessed. This mode is
shown in Fig. 15 (a). The second is ‘“‘cycle steal mode,”
where a single memory cycle is periodically stolen from the
processor in order to refresh a single row. This mode is
shown in Fig. 15 (b). The third is called “invisible or trans-
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APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)

parent mode,” where refresh cycles are introduced at the
times when the memory is not being accessed and thus
refresh is invisible to the processor. (The processor sees no
delay due to the refresh function.) This mode is shown in
Fig. 15 (c). The memory cycle of the invisible refresh mode
is generally longer than that of the first or second method
because single memory access cantinues after single memo-
ry access.

In designing dynamic memory systems, it is important to
decide whether the memory refresh will be synchronous or
asynchronous. In synchronous refresh, the designer uses a

nous refresh, the designer must provide for a local timer to
trigger the refresh. With an asynchronous refresh, there will
usually be cases when a system memory request and local
refresh request occur simultaneously. To resolve these
simultaneous asynchronous requests, some arbitration logic
must be present in the memory controller. This block dia-
gram is shown in Fig. 16.

Fig. 16 Memory Controller Block Diagram

SYSTEM INTERFACE SIGNAL

MEMORY CYCLE

. . REQUEST T
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(a) Burst refresh mode
2 MS MAX. . . PO N
T6 A MAX An example of address multiplexing logic is shown in
6 J\ & Fig. 17. In the memory cycle, row address (A0~ A6) or
L i P column address (A7 ~ A13) are multiplexed by the signal
128TH X
L 4sD PO e HEly MUX. CONTROL. In the refresh cycle, signal REFRESH
NORMAL MEMORY ~NEXT MEMORY . .
CYCLE CYCLE REFRESH goes high and the refresh address is placed on the A0 ~ A6
(b) Cycle steal refresh mode outputs. The RAS and CAS signals are introduced by RAS
SINGLE MEMORY CYCLE ENABLE and CAS ENABLE. Typical memory timing of
¢ { this type is shown in Fig. 18. The designer must design a
5 3 9
memory control logic which will suit the desired system
SINGLE MEMORY ACCESS SINGLE REFRESH X )
f bus. Fig. 19 shows M5K4116P, S 64K x 8-bit memory
(c) Invisible refresh mode array.
Fig. 17 Address muiltiplexing logic
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15 S
Ay — s
Ats A7 1@ u]zY \_Ao A U4 S04 o
: ; 1 B 1Y Do—74
H H A8 1o N—Al oA __D
A e = e
° (sB) 3B 3Y 3B 3Y Do—>7,
2
ADDRESS NN yyy A3 15A e
4B 4Y 4B 4y Do A3
10aH AS 5 9 B
B
1w g _An 72 U3 \__A4 [TAUs
20A 1B 1Y 1B 1y Do—=7Aq
2A g al k_AlZ_ZA \_As 2A A
2B 2Y 2B 2Y PDo——>As
U1 D N—AI3 J3A \__A6 I35 o
3B 3Y 3B 3v PDo—>Ag
G_S G_S
hS A —
REFRESH r Do
U1 :’LS393 N_A14 [7~ U6 'S00 'S37 |R1~Ra 'S37_ ms—Rs
U2~US : 'S158 A5 g vo D ) S MVMALNy ) CASO
us  :'LS138 ’ngAy”,___ > [Do—+w————=FRAST CAST
—‘———CgﬁBYZD—:D Db——wv—>RAsz CAS2
Y3 - L A\N————>TAS3 CAS3
g o RAS3 P
RAS ENABLE
MUX. CONTROL
CAS ENABLE
MITSUBISHI

ELECTRIC

14—11



MITSUBISHI LSIs

APPLICATION OF 16K-BIT DYNAMIC RAM
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Fig. 18 Example of memory timing

(a) Read-write cycle time

START MEM. CYCLE \ I
RAS CONTROL ’

MUX. CONTROL ]

AS CONTROL I \

LATCH

/4 AN
READ DATA \m//

R/W \ /

WRITE DATA X DATA VALID X

MEM. ACKNOWLEDGE

(b) Refresh cycle time

REFRESH REQUEST l I

START REFRESH ‘
RAS CONTROL ‘

MUX. CONTROL ’

ALL RAS \

ALL CAS

MEM. ACKNOWLEDGE

/
J
\
|-
CAS CONTROL /_-—\
/
| —

Note 4 : START MEM. CYCLE is generated by memory timing logic when the timing logic receives the request (read/write) from the system
5 : If the memory control logic receives the request at a time when memory is under refresh cycle, MEM. ACKNOWLEDGE must go low until the
refresh cycle is completed.
6: CAS=V
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Fig. 19 M5K4116P, S 64K X 8-bit memory array

MULTIPLEXED ADDRESS

M5K]4116P, S
64K X8-BIT MEMORY ARRAY

E 77 N Ao — Ag —Ao
A, 04 Ay a, I
L] A2 —1A:z — A,
As °D N—-a; DN —a; |DiNF— —a; D
a7 Ay — Ay o Ay
s —As —As —As
Ag \—-—-‘AG Doutj —Ag Dout| —Ag Douth
9 RAS j RAS -dRAS
-9 CAS CAS —-CAS
RASe —qR/W —-dR/w R/W
RAS,
RAS,
RAS,
RS Ao —Ap Ag
CAS, A Ay I I
CAS, A .l A
CAS; NM——A; |Dinf1— — A3z Din — A3 DN
CAS, A, B i
\-—_ — T —
'$37 \ As Ag Ag
Ag Doutf— —As Dout[ —Ag DoutH
e QRAS —qRAS —qRAS
9CAS -qcas —dcas
qr/W ~qR/W —Jr/w
;— Ag — Ao —Ag
22Qx4 N A a° a
— T, A
Az Din —A; D —A; b,
;*AA —A4 —Aa i“IN
N—r]As —Asg A
QAG Dout —As Dout| —Ag DouthH
: qRAS -9qRAS —gRAS
QCAS -0|CAS —ocAS
—qR/W -9qR/W —R/W
—Aq —ag
—A —A,
—A; —a,
—T1 1A D —A3 Dy
i Y R .Y
_A5 _As
[~ —1As Dout —Ag Doutl
-RAS —oRAS
-0JCAS —OCAS
-qR/W —oR/W
3 35 8ls
y, Le) o,
T
M5L8212P
BIDIRECTIONAL
s.BTDATABUS | ((tUUVYL L vV TTTTTTT
Do ] DOg Dlgl—
D DO1 DIy
D2 DO2 DI
D3 DO3 Di3
Da DO4 Dy
Ds DOs Dis
De DOs Dig
D7 po; DIsf———m————— ——— -~
DATA READ dos
MEMORY CYCLE Ds; CL:RD—-'ijVCC a
DATA LATCH STB MOl |
DATA LATCH WITH 3-STATE
MITSUBISHI
ELECTRIC 14—13



MITSUBISHI LSIs

APPLICATION OF 16K-BIT DYNAMIC RAM

(M5K 4116P, S)

Power Distribution and Decoupling Techniques

It should always be remembered that dynamic memories,
while appearing to be rather simple digitali devices, are in
fact highly complex analog systems. They include differ-
ential sensing amplifiers that must detect deci-volt signals
buried in noise and must operate in tens of nano-
seconds. For these reasons, the designer should respect the
complexity involved and take the steps necessary to insure
a trouble-free design.

The layout of dynamic memories is of special impor-
tance. Typical Ipp, Igg and lgg current waveforms for the
M5K 4116P, S are shown in our data sheets. Distribution
and decoupling techniques must be used to suppress these
noises, which can cause data loss.

The layout should have an effectively gridded power-
supply distribution network to supply adequate current and
to minimize inductive effects. The distribution of circuit
grounding is most important in reducing ground noise and
inductive effects, and to provide a ground plane for the
signal lines. An example of the power grid of the M5K
4116P, S is shown in Fig. 20, in which the decoupling
capacitors are not shown.

In order to increase the effectiveness of the power grid,
decoupling capacitors should be used. The capacitors re-
quired fall in to two categories. The first consists of capaci-
tors of small size and low inductance such as monolithic
and other ceramic capacitors, which are adequate for
suppression of transient noise. The second type consists of
larger bulk capacitors used to prevent power supply drop.
These also should be included within the memory array for
good distribution.

The decoupling capacitors used in the memory array
should be of a type that exhibits good high-frequency
characteristics. It is recommended that a 0.1uF ceramic
capacitor be connected between Vpp and Vgg at every
other device in the memory array. It is also recommended
that a 0.1uF ceramic capacitor be connected between Vg
and Vgg at every other device in the array, preferably the
devices alternate to the Vpp decoupling. Decoupling of the
Vcc is fairly noncritical. The capacitors are connected at
the top and bottom of each column of memories.

In addition to the ceramic capacitor, it is recommended
that a 2 ~5uF tantalum or equivalent capacitor be con-
nected between Vpp and Vgg adjacent to the array for
each group of 16 memory devices. Use of a slightly smaller-
value bulk capacitor is also recommended between Vgg and
Vss. An example of capacitor placement is shown in Fig.
21.

Fig. 20 Suggested power grid for M5K41116P, S
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Note 7 : The dotted lines show the soldered side of the P.C. board.

Fig. 21 Effective capacitor placement
for the M5K4116P, S
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Signal Lines Effects

By carefully laying out the circuit to minimize signal path
length, one can reduce effects due to the transmission-line
properties of the P.C. board. However, this may not be suf-
ficient. It is necessary to add a series-terminating resistor
to the output of the clock driver in order to match line im-
pedances and damp out reflections caused by mismatching
between the driver’s source impedance and the character-
istic impedance of the line.

In order to avoid to cross-talk problems, all signal lines
should be kept as short as possible. This implies that the
signal drivers and receivers should be physically close to the
memory array.
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APPLICATION OF CMOS STATIC RAMs

(M5L 5101LP 1K-BIT, M58981S 4K-BIT)

FOR DESIGNING NON-VOLATILE MEMORY SYSTEMS

INTRODUCTION
Mitsubishi M6L 5101L P and M58981 S are static RAMs that
are fabricated with a CMOS technology. The M5L 5101LP
is organized as 256 words of 4 bits, and the M58981S is
organized as 1024 words of 4 bits. They are fully TTL-
compatible, and use only a single 5V supply voltage Vcc.
The purpose of this application note is to describe the
outline of various circuit techniques for battery-supported
non-volatile memory systems. Electronic information re-
garding the two RAMs can be found in the previous pages.

Fig. 1 Non-volatile memory system

NON-VOLATILE MEMORY SYSTEM

We can relatively design a large non-volatile memory system
with a small additional interface logic by using CMOS
RAMs. The block diagram of the basic computer system
that uses CMOS RAMs is shown in Fig. 1, and the power
supply on-off timings of the system are shown in Fig. 2. It
is usually necessary to have advanced warning that AC
power has been lost. This warning signal producéed by the
power-fail-detect circuit interrupts the processor, which
stores the volatile data in the non-volatile area (CMOS
RAMs) before the system’s DC source drops down. And
after the RAMs have been protected, their power source
is replaced Vcc by VeaT, as shown in Fig. 2.
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Fig. 2 Power on-off timing
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APPLICATION OF CMOS STATIC RAMs

(M5L 5101LP 1K-BIT, M58981S 4K-BIT)

FOR DESIGNING NON-VOLATILE MEMORY SYSTEMS

EXAMPLE OF CMOS NON-VOLATILE MEMORY
SYSTEM

Power-Failure Detection

The power-fail-detect circuit watches a separate power-
supply point to provide an advanced warning of power
failure. As described before, this warning signal (power
fail) can interrupt the processor or merely protect the
CMOS RAMs.

Fig. 3 Power-fail-detect circuit

PRIMARY SIDE SECONDARY SIDE

AC
POWER
SOURCE

Power-Switching Circuit

The power-switching circuit replaces the main source
Vce by the back-up power source VgaT when the Vec
drops, and replaces the Vgat by the Vcc when the Ve
voltage rises enough to enable normal operation.

Two types of power-switching circuit are shown in Fig.
4 and Fig. 5. The diode-coupled circuit in Fig. 4 requires
the main DC supply Vcc to be above the required Vgac
voltage by the amount of drop through the diode (about
0.6~0.7V). Fig. 5 shows a transistor-coupled circuit, which
has better performance than the circuit in Fig. 4. In this
case it is recommended to use a transistor with low
collector-base staturation for Q1.

Fig. 3 shows the abstract of the power-fail-detect circuit.
This shows that the power failure is detected from the
secondary transformer output, which is not regulated. The
Zener-diode voltage and RC time constant should be well
selected to prevent AC power failure from shutting down
the memory system.

TO SYSTEM POWER Vce

VOLTAGE
REGULATOR

POWER-FAIL SIGNAL

Fig. 4 Diode-coupled switching circuit
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Fig. 5 Transistor-coupled switching circuit
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APPLICATION OF CMOS STATIC RAMs

(M5L 5101LP 1K-BIT, M58981S 4K-BIT)
FOR DESIGNING NON-VOLATILE MEMORY SYSTEMS

TYPICAL APPLICATION CIRCUIT

An Example of M5L5101LP Application

An example of a 1K-byte non-volatile M5101LP memory
system is shown in Fig. 6. In this case, the memory-
protect signal is detected from the voltage of power source
Vcc. But it is better to watch the unregulated voltage (see
Fig. 3) to produce the memory-protect signal that protects
RAMs at the time when the Vcc is dropping or rising as
shown in Fig. 2. The CE2 terminal is used for decoding

the RAM array. When the RAMs are not selected (i.e. CE2.

low-level), they enter a stand-by mode, and the
power-supply current is extremely low.

Fig. 6 Example of M5L5101LP

MS5L5101LP x 8 1024-BYTE CMOS STATIC RAM ARRAY
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APPLICATION OF CMOS STATIC RAMs

(M5L 5101LP 1K-BIT, M58981S 4K-BIT)

FOR DESIGNING NON-VOLATILE MEMORY SYSTEMS

An Example of M58981S

The M58981S is a CMOS RAM which is full pin compatible
with MBL 2114LP, S and is organized as 1024 words of 4
bits. The M58981S has two control inputs, CS and R/W.
The CS can control normal memory operation and stand-by
operation. When the RAM is in the stand-by mode (i.e. CS
>2.2V), the power supply current is extremely low.

Fig. 7 shows the memory signal timings at the time when
AC power turns on and off. An example of 4K-byte non-
volatile memory system using M58981S is shown in Fig.
8.

Fig. 8 Example of M58981S

Fig. 7 Power on-off timing (M58981S)
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Other Recommendations
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1. Nickel-cadmium batteries are available for the memory 3. When CMOS gates are used for decoding logic as shown
back-up power source because of its rechargeable opera- in Fig. 6 and Fig. 8, it should Ibe carefully ascertained
tion and wide variety of capacities, sizes and styles. For that the propagation time of CMOS gates does not
the details of this, see related articles. exceed the access time of memory, and also that the

2. In order to decrease DC power-source impedance, de- stand-by voltage of the gates does not drop below 3V.
coupling capacitors whose leak currents are small should
be used. It is also necessary to place 0.01~0.1uF
monolithic-type capacitors and 2~54F tantalum types
effectively.
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APPLICATION CIRCUITS
FOR 1K-BIT NON-VOLATILE STATIC RAM

(M58656S)

DESCRIPTION

To operate the M58656 S as a non-volatile random-access
memory, it is necessary to apply erase, write and read
signals to the memory gate (MG) terminal.

Since the operation is executed at a transient state of
power on-off, circuit configuration of power supply is
critical.

For the first requirement, an MG signal driver circuit with
non-volatile read mode 2 is given as an example, and for the
second requirement, an example of a power cut-off detec-
tion circuit is shown.

EXAMPLE OF MG SIGNAL DRIVER CIRCUIT
Timing Diagram

O]
<= poweR oFf POWER ON
MGE
@
<1
MGW [__
@ @
——

MGR

MG

|

(D Setting of erase pulse width tw(MGE 1)
(@ Pulse interval between erase and write
determined by load capacitance (R1is variable)
@ Setting of write pulse width tw (MGW1)
@ Setting of NR signal low-level duration
(® Setting of tsu(NR-MG)
(® Pulse width setting for read signal
The read signal is determined by () and the values of Rz andC1

Schmitt Trigger Circuit

The on-off detection voltage of power supply Vcc' is
variable depending on the values of Rc1, Re2.
The data for reference is as shown below. (Vcc =5V,

Vpp =—15V)
V)
61 Rc1=100Q
T TN 390Q
4F
5
2 RB2= ON
I 470
2 e 3309
oL h : L
0 3 4 5 (V)
VIN
(V)
6t Rc1=200Q
4 -
-
2
(=]
>
2F
i} rd T
0™ 3 4 5(V)
VIN
(V)
6l Rc1=150Q
1
! 1
s
i
; | |
> A
2 v i
| 1
I I
1] )L 4 L
0 3 4 5 (V)
ViN
Supply Current
Power supply | Voltage condition Current
\Lele} 5V 150mA
Vbbb —15V 50mA
VMGE 34V 0.3mA
VMmew —23V 0.3mA

Note 1:IThe above measurements are at Ta=25T with four M563322Ps
as| TTL.

Other Recommendations
1. For gate protection, connect MG terminal to MG signal

through 1 k<2 resistance in series.
2. Connect TTL output to input terminal through 1 k2

resistance placed between Vss.
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MITSUBISHI LSIs

APPLICATION CIRCUITS

FOR 1K-BIT NON-VOLATILE STATIC RAM

(M58656S)

Power Cut-Off Detection Circuit

For non-volatile configuration of the memory system, the
non-volatile mode must be realized during the period from
the detection of abnormal power supply to the actual drop
of the power. That is, the specified voltage must be
maintained to the point where erase and write modes of
non-volatile operation are completed.

For the detection of abnormal power supply, therefore,
an independent circuit apart from the stabilized power
supply must be provided so as to report abnormal condi-
tions to the system before the stabilized power supply
(system power) starts to drop.

Fig. 2 shows an example of such a detection circuit.

Fig. 2 Typical detection circuit

The detection point of abnormal power is near the
secondary, where the Schmitt trigger functions to warn of
power cut-off when the rectified secondary voltage falls
below the set voltage by the Zener diode.

The C; and R; are so adjusted as not to sense the voltage
variation within the range not influential over RAM opera-
tion but to warn of abnormal variation before the system
power falls.

Abnormal power is processed during the time lag
between the detection and the drop of the system power
due to the delay of the C; and a constant-voltage circuit.

C1

CONSTANT-VOLTAGE CIRCUIT SYSTEM POWER

AC POWER

SECONDARY

ABNORMAL POWER DETECTION
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MITSUBISHI LSIs

APPLICATION CIRCUITS
FOR 1K-BIT NON-VOLATILE STATIC RAM

(M58656S)

M58656S Memory Cell Configuration

32 (X-ADDRESS LINE)
A

INDICATE MEMORY ADDRESS

A1 As  As T p7
0 0 0 31 30 e 3210
0 0 1 63 32
0 ! 0|95 256-WORD.MEMORY ARRAY 64
0 1 1 |127 96
10 0 |159 Do 128
1 0 1 19 160
1 1 0 |223 192
1 1 1 |255 224
G0 0 )
0 0 1 32
0 1 0
0 ] 1 256-WORD MEMORY ARRAY
10 o0 D
1 0 1
1 1 0

LINE L N -1

DECORDER 0 0 0 0
0 0 1 32
0 1 0
0 1 1 256-WORD MEMORY ARRAY
1 0 ]
1 0 1 D2
1 1 0
1 1 1 |255
0 0 0 0
0 0 1 32
0 1 0
0 1 1 256-WORD MEMORY ARRAY
1 0 0
1 0 1 Ps
1 1 0
111 (e

1t11111110000

% 8 (Y-ADDRESS LINE)

78

Ao

A1

Az

A3

Asg

Memory Cell Circuit (for one word)

COLUMN DECODER

— Voo —
D(D) i D(D)
L L]
I K-I \/ LKI - MG
E M 5 -
g Note 2 : As for the address, "0 is for high-level and “1” is for low-level.
Vss 3 : In the memory cell circuit, the flip-flop node is not fixed either at
X-ADDRESS “D" or at “D"
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

'MELPS 4 PROGRAM LIBRARY

SUBROUTINES

DESCRIPTION

Examples of subroutines for the MELPS 4 single-chip 4-bit
microcomputer are described below. The subroutine calling
sequence is also explained.

Subroutine Mnemonic lProgram
list reference
A-Dc ion b
° onversion by ADCI Fig. 4
successive approximation.
A- ion b
® A-D conversion by ADC2 Fig. 5

sequential comparisons.

o Clear file. CF,CFM Fig. 11
o Right-shift file. RSF Fig. 11
o Left-shift file. LSF Fig. 11
o Transfer of file. TF Fig. 12
o Exchange of file. EXF Fig. 13
® Increment memory. INM Fig. 13
® Decrement memory. DEM Fig. 13
® Skip non-zero memory. SNM Fig. 13
® Skip non-zero file. SNFMA,SNFMI  Fig. 16
® BCD addition of files. ADF Fig. 17
® BCD subtraction of file. SBF Fig. 17
® Sign change of file. SCF Fig. 17

1. Effective Subroutine Program Procedures
These procedures are effective in reducing memory size of
the program and increasing program execution speed.
Convenient instructions that are used in subroutines are
discussed.
1.1 Subroutine call instructions
The following four instructions can be used as subroutine
call instructions:

BM, BMA, BML, BMLA
The BM and BMA instructions are one-word instructions
that can call all the subroutine stored in page 14. These
instructions are designed to designate page 14 automatical-
ly by hardware action. If the entrance of a subroutine is
programmed on page 14, the subroutine can be called by
these one-word instructions, which reduces programming
memory requirements,

When the BM, BMA, B or BA instruction is executed on
page 14 (in other words, when any of these instructions are

stored on another page and branched to. Page 14 can be
used without any problems for programs other than sub-
routines.

Fig. 1 Subroutine call instructions

BRANCH SUBROUTINE CALL
INSTRUCTION INSTRUCTION
PSE ¢lB-Ba QN PAcE Bu. Bva  |ROUTINE STORED
° 9 BRANCH ON PAGE, 14

OUTSIDE- CALLS A SUB-

PAGE lBL. BLA p,fGES'DE BML, BMLA | ROUTINE STORED
BRANCH OUTSIDE THE PAGE.
ON-PAGE

PAGE (] BM. BMA | BRANCH SUBROUTINE

! B. BL BRANCHES TOY BML. BMLA JSALS A SUB
PAGE 15 ( OUTSIDE

PAGE THE PAGE.

Note 1: The B and BA instruction will branch on page 15,
and the BM and BMA instruction will branch on
page 14 if executed without executing an RT, RTS,
BL, BLA, BML or BMLA instruction after the
execution of a BM or BMA instruction.

1.2 Consecutively described skip instructions
If either arithmetic LA or RAM addressing LAX instruc-
tions appear in sequence, only the first instruction will be
executed and the successive same instructions are skipped.
It is useful for clearing files as shown in Fig. 7.
1.3 In-RAM file designation changing instructions
The following four instructions:

TAM j (where,j=0~3)

XAM j (where, j=0~3)

XAMD j (where, j=0~3)

XAMI j (where,j=0~3),
automatically change the contents of the X register depend-
ing on the contents of the Z register. File designation is
made by the immediate modifier j (j = 0~3). Its designat-
ing rules are shown in Table 1. These instructions are very
useful for shifting and transferring data within files.

Table 1 In-RAM file designation changing rules using the
TAM, SAM, SAMD and SAMI instructions.

used on page 14) the BM and BMA instructions will operate comerznsra%fI the (2)=0 2y=1
as a branch on page 14 and the B and BA instructions will Value of |
operate as a branch on page 15. When any of the RT, RTS, 0 No change No change
BL, BLA, BML and BMLA instructions is executed, this 1 FO2F1 FA42F5
special function is cancelled and BM, BMA, B and BA no F2=F3 F6=F7
longer have a special function. That is, the BM and BMA 2 E?i;g i‘;i'is’
instructions operate as subroutine call instructions on page FooF3 p——
14 and the B and BA instructions as on-page branch in- 3 F12F2 EF52F6
structions. Details of these functions are explained in Fig. 1.
In case the whole subroutine cannot be stored on page
14, only the entrance to the subroutine should be stored on
page 14. The balance of the subroutine programs should be
MITSUBISHI

ELECTRIC

14—23



MITSUBISHI MICROCOMPUTERS

MELPS 4 PROGRAM LIBRARY

SUBROUTINES

2. A-D Conversion Programs

A-D conversion is performed by comparing the input
voltage of the analog input port K with Ve, which is
generated by the D-A converter, and checking the contents
of the H-L register until they at are the same level. Register
Y designates the port K input. For example, the input Ky is
selected when the contents of the Y register are y.

'i'here are two methods, successive approximation and
sequential comparison, for A-D conversion. Either is
selected by means of the program.

2.1 Successive approximation method

Program Operation

In this method, the input voltage in the analog input
port K(y) is converted to an 8-bit digital value using the
successive approximation technique, and the result is stored
in the H-L register.

Its program flow is shown in Fig. 2. The H-L register is
first cleared, and then the C register is set to designate the
most significant bit (MSB) of the H-L register. When the
instruction CPA is executed after 1" has been set in the
MSB, the input voltage in the analog input port Kv) is
compared with the D-A conversion output Vref.

When

[Vref| >1Vk |
is met during the execution of the next instruction (during
the execution of the NOP instruction), J(y) is set to ‘1",
Otherwise it will be reset to “0"".

If

[Vref | >V | ie.diy) =1
the MSB of the H-L register is reset to “0"’.
If

[Vref | <IVkm | ie.diy)=0

the MSB will remain as 1. Then (C) is decremented
by 1, and the above procedure is repeated eight times until
reaching the least significant bit (LSB).

This successive approximation method has a constant
conversion speed—approximately 0.6ms at 600kHz—and
thus it is suitable for examining analog value with large
variations and detecting different analog values from
multiple channels.

Subroutine Call

The subroutine is called after designating the terminal of
the analog input port K and the bit position of the J
register with the Y register. A-D conversion is performed
for the port K, in the following example.

Fig. 2 A-D conversion subroutine flow chart for
the successive approximation method

START

H-L REGISTER
IS CLEARED.

I

IS D

(C) IS INITIALIZED TO 7.
THE MOST SIGNIFICANT
BIT OF THE H-L REGISTER

ESIGNATED BY (C)

RE

THE BIT OF THE H-L

GISTER THAT IS

DESIGNATED BY (©)

IS SET TO

NO(IVK(Y)| > |Vres])

L

(Jv)e=1

|1

(J(v)) <0 j

[

(Jev))=o0

REG
IS

THE BIT OF THE H-L

ISTER THAT WAS

DESIGNATED BY (C)

RESET TO 0"

YES (IVK(v)| > Vres])

[ (©—)-1

YE S (END OF 8 LOOPS)

RETURN

LXY 0,0
BM ADC1
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MELPS 4 PROGRAM LIBRARY

SUBROUTINES

2.2 Sequential comparison method

Program Operation

In this method, the input voltage in the analog input port
K(y) is converted to an 8-bit digital value using the
sequential comparison technique, and the result is stored
in the H-L register.

Its program flow is shown in Fig. 3. First the appropriate
contents of the H-L register are D-A converted, and
the Vref is compared with the input Vi (y).

If

[Vref | >|Vk | then (Cy) isset to ‘1"
and if

[Vref| <|Vk| then (Cy) is reset to ““0"
The H-L register is decremented when (CY) is 1 and
decreases |Vref| by VRer/256. Otherwise, the H-L
register is incremented, when (CY) is 0, and increases
[Vref | by VReg/256. The comparison will come to an
end when the magnitudes of |Vref | and |Vk(y) | are ex-
changed.

The contents of the H and L registers are stored in the
" A register, and the contents of the A register are either

incremented or decremented. First, the low-order 4 bits
(L register) are incremented or decremented, followed by of
the high-order 4 bits (H register), and then the L register
again.

To increment the A register, 1 is added to that register.
Testing whether the (A) is 15 or not is performed by the A
instruction and by checking if the carry is 1. To decrement
the Aregister, 15 is added to the A register. Testing whether
(A) is O or not is performed by the A instruction and by
checking if the carry is O.

It will test (H) =0, when Vet =7ggVnE|: is met, and

will test (H) = 15, when Vet =328VRer is met.
Subroutine Call
The subroutine call is executed after designating the
terminal of the analog input port K and the bit position of
the J register with the Y register. A-D conversion is per-
formed for the port K, in the following example. However,

it will reduce conversion time if the subroutine is called
after setting an expected value in the H and L registers, in
cases where the digital value can be anticipated.

LXY 0,0

(H) < expected value
(L) < expected value
BM ADC2

Fig. 3 A-D conversion subroutine flow chart for
the sequential comparison method.

(Jn))«0

W)= 1
(cY)—o0
]

(CY)«—1

|

NO(IVk(v)| >[Vretl)

YES

LTHEC&"\gEE
(J(v))-—l J L U)o

TH

L E@ISTER
H EGIS

- @ *‘
Creen )| w=m=1 ] [ w-mw+1 ] C reurn )
NO i NO @
'ves Tes
[ W= ] [[To=m ]
THE CONTENTS. a7 | [THE CONIENTS OF
THE H_REGISTE THE B REGISTE
AESOTEN | | A TIERN
{

[ —=a)—1

| [ we—)+1 ]

L

.
(H)—(A)
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MITSUBISHI MICROCOMPUTERS

MELPS 4 PROGRAM LIBRARY

SUBROUTINES

Fig. 4 ADC1 program list

2 CRG EsO
3 *
4 *
5 MAX EQU 7
6 MIN EQU 12
7 J EQU 0]
8 SIGN EQU 12
9 *
10 *
11 KAAHBHHRAAN ( MELPS 4 LIBLARY NOol ) ###R#H#H##X
12 *
13 ook ok 3 ok ok ok K oK oK oK o KK K o ok o ok o Kk K ok o ook K K oK KoK oK 3 3 oK K K ok ok oK K o ok oK K 3 o o ok K K ok
14 *SUBR: ADCl1 8=-BIT A=-D CONVERSIONs BY SUCCESSIVE APPROXIMA.*
15 k3o K ok o o oK oK K K ok 3o K kK 3K KK o K 3R 3K o K 3K ok K K oK 3 K oK KoK K K 3 o oK ok 3 3 o oK o ok oK K o ok oK K ok ok K
16 00 0BO ADC1 LA 0 CLEAR Ay (A)=0
17 01 019 TLA CLEAR Ly (L)=0
18 02 059 THA CLEAR Hy (H)=0
19 03 057 Lc7 (C)=7
20 04 042 ADC10 SHL SET H-Ls BIT IS ASSIGNED BY (C)
21 05 008 CPA COMPARE PORT K & VREF
22 06 000 NOP SET J IF ABS VREF«GTeABS VK(Y)
23 o7 029 SzZJ SKIP IF (J(Y))=0
24 08 052 RHL RESET H~L
25 09 009 DEC (C)=(C)=19SKIP IF (C)=0
26 *WO*0A 104 BM ADC10 REPEAT 8 TIMES
27 0B 044 RT END OF ADC1
28 *
Fig. 5 ADC2 program list
29 oo ok ok ek ok ok s ko ok K ook 3k ok 3 o 3k K oK K KK K ok K o oK ok ok ok 3k ok 3 o ok 3 3k ok 3K ok 3 ook 3 ok ok ok oK ok ok
30 *SUBR: ADC2 8-BIT A-D CONVERSIONs BY SEQUENTIAL COMPARISON*
31 30k o ok ok o ok K koK ok 3 oKk oK 3 KK 3K 3 o oKk o o ok ko ok K kK ok 3 ok K ok 3 ok ok ok ok ok ok ok ok oK ok
32 oC 008 ADC2 CPA GOMPARE PORT K & VREF
33 0odD 048 RC (CY)=0
34 OE 029 SzZJ SKIP IF (J(Y))=0
35 OoF 049 SC (CY)=1
36 10 008 ADC21 CPA COMPARE PORT K & VREF
37 11 018 XAL (A) EX (L)
38 12 029 Sz2J SKIP IF (J(Y))=0
39%W0%x13 11A BM ADC23 ACTS AS INSTRUCTION B ON PAGE 14
40 14 02F SzC SKIP IF (CY)=0
41 15 044 RT RETURN s CONVERSION FINISHED
42 *
43 16 0Al A 1 (A)=(A)+19SKIP IF CARRY=0
44 xWO*17 126 BM ADC26 ACTS AS INSTRUCTION B ON PAGE 14
45 18 019 ADC22 TLA (L)=(A)
46 xWO* 19 110 BM ADC21 ACTS AS INSTRUCTION B ON PAGE 14
47 1A 02F ADC23 SZC SKIP IF (CY)=0
48 *xWO*1B 110 BM ADC24 ACTS AS INSTRUCTION B ON PAGE 14
49 1C 044 RT RETURNsCCONVERSION FINISHED
50 10 OAF ADC24 A 15 (A)=(A)+159SKIP IF CARRY=0s(A)=(A)~-1
S1%xWOx1E 118 BM ADC22 ACTS AS INSTRUCTION B ON PAGE 14
52 1F 019 TLA (L)=(A)
53 20 058 XAH (A) EX (H)
54 21 OAF A 15 (A)=(A)+159SKIP IF CARRY=0y (A)=(A)-1
55%xW0*22 124 BM ADC25 ACTS AS INSTRUCTION B ON PAGE 14
56 23 0BO LA [0} (A)=0
57 24 059 ADC25 THA (H)=(A)
58 xWO* 25 110 BM ADC21 ACTS AS INSTRUCTION B ON PAGE 14
59 26 019 ADC26 TLA (L)=(A)
60 27 058 XAH (A) EX (H)
61 28 0A1l A 1 (A)=(A)+1ly SKIP IF CARRY=0
62 29 OBF LA 15 (A)=15
63%xWO%2A 124 BM ADC25 ACTS AS INSTRUCTION B ON PAGE 14
64 * END OF ADC2
65 *
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

MELPS 4 PROGRAM LIBRARY

SUBROUTINES
3. Clear File Fig. 6 Function of clear-file subroutine
Program Operation
These are subroutines that are used in clearing files
FO~F7, which are formed in the RAM area and are (2)=0 (2)=1 (x)(YI)S 1413121110 9 8 7 6 5 4 3 2 1 0
organized as up to 16 words each. The file organization ;? ,: ‘1’
is shown in Fig. 6. These are subroutines, selected F2.F6 2
by the Z register, that clear the addresses 0~MAX (MAX F3.F7. 3
= 0~15) or that clear the addresses MIN~15 (MIN =
15 MIN=12 MAX =17 0
0~15). After MAX and MIN have been initialized and then CLEAR FILE CLEAR FILE
an LXY instruction that designates the file number is (r2=18 o7
branched, only the first LXY instruction will be executed,
and the successive ones are skipped.
To use CFM to make a subroutine that clears the
addresses MIN~MAX designated by the Y register of each
file, the instruction set SEY max is inserted after the XAMI
0 instruction.
Subroutine Call
An example of subroutine call is shown in Fig. 7. The
constants MAX and MIN first have to be equated by a
pseudo instruction. A file group is then selected by the Z
register as shown below:
When (2) ='0"": FO, F1, F2, F3
When (Z) =‘“1": F4, F5, F6, F7
then the BM instruction calls a subroutine of each file
unit.
Fig. 7 How to call the clear-file subroutines
MAIN
MA X EQU T e MAX is intialized to 7 during assembly.
MIN EQU 1 2 e MIN is initialized to 12 during assembly.
L Z 0 File groups FO, F1, F2 and F3 are selected.
— BM CFO Clears FO (0~7).
T BM CF1 Clears F1 (0~7).
BM CF2M . - Clears F2 (12~15)
BM CF 3M  crreereimriiiee e Clears F3 (12~15).
LZ 1 I S Rataa L L L R L R R R L R LA The file groups F4, F5, F6. and F7 are selected.
BM CFoO - Clears F4 (0~7)
BM CF2M e Clears F6 (12~15).

SUBROUTINES (ON PAGE 14)
—~CFO LXY 0, MAX
—F=CF 1 LXY 1, MAX
CF2 LXY 2, MAX
CF3 LXY 3, MAX

L_—= SUBROUTINE COMMON PROCESSING

RT

MITSUBISHI
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MELPS 4 PROGRAM LIBRARY

SUBROUTINES

4. Right-Shift File
Program Operation
This is a subroutine that is used to right-shift the files
FO~F7, as shown in Fig. 8. The contents of address O
~MAX (MAX = 0~15) in a file designated by the Y register
are shifted right one digit. The most significant digit (MSD)
is filled with 0 and the contents of the least significant digit
(LSD) are stored in the A register.
Subroutine Call
The constant MAX has to be equated by using a pseudo
instruction. Then the appropriate file group is selected by
the X register before calling the subroutine. An example
is shown below, in which the digit numbers 0~7 of the file
F are shifted right 2 digits

MAX EQU 7

LZ 1

BM RSF 1
BM RSF 1

Fig. 8 Example of right-shift file execution

A REGISTER FILE

114131211109876543210
BEF!
EXECUTIOND I ]

[ T T T I Tzls]els]e]7T¢]
execOrion (8] (L1

O NN
[ [ T [ TeliTzTsTelse[7]10A

MAX RIGHT-SHIFT 0

5. Left-Shift File
Program Operation
This is a subroutine that is used to left-shift the files
FO~F7, as shown in Fig. 9. The contents of address MIN
~15 (MIN = 0~15) in a file designated by the Y register
are shifted left one digit. The least significant digit (LSD)
is filled with 0 and the contents of the most significant digit
(MSD) are stored 17 the A register.

A subroutine that is to left-shift MIN~MAX can be
made by inserting

SEY max
following the XAMI 0 instruction. When MIN = 0 is
equated, it performs the same digits as the right-shift file
subroutine. The instruction SEY, however, may be omitted
when the skip condition is altered by the optional XAMI
instruction.
Subroutine Call
The constant MIN has to be equated by using a pseudn
instruction. Then the appropriate file group is selected by
the Z register before calling the subroutine. An example
is shown below, in which the digit numbers 12~15 of the
file F7 are shifted left one digit.

MIN EQU 12

Lz 1
BM LSF3

Fig. 9 Example of left-shift file execution

A REGISTER FILE
141 121110 9

7
exemon L CELHI LTI T LITTTT]
Exsculeﬁ/uwnu [TITITTITIT1]

-—
15 LEFT-SHIFT

6. Transfer of File

Program Operation

This is a subroutine that is used for transferring the
contents of the files FO~F7. The data (MAX + 1 words)
in the addresses 0~MAX (MAX = 0~15) of the file desig-
nated by the Y register is transferred.

As already discussed in section 1.3, changing file desig-
nation in the RAM is automatically performed by the
TAM j and XAMD j instructions. An example is shown'in
Fig. 10, in which the contents of the file FO are transferred
to the file F1. Each time the TAM 1 and XAMD 1 instruc-
tions are executed, the designated file changes to FO—>
A—>F1...and soon.

Data-transfer subroutines of the address MIN~15 can
be made by changing MAX to MIN and the XAMD j
instruction to XAMI j.

Subroutine Call

The constant MAX has to be equated by using a pseudo
instruction. Then the appropriate file group is selected by
the Z register before calling the subroutine. An example is
shown below, in which file FO is transferred to file F1 and

F5 to F7. Digits transferred in each file are 0~7.
MAX EQU 7

Lz (o]

BM TF10
LZ 1
BM TF31

Fig. 10 File transfer example of (F1) — (FO)

co |5l14I13ﬁL12 11 10 9|817| , ' , IZ[IIO]
TRANSFER |} VIAAAANA
fo LTI T TTTITTITTTITTIT T

—_— .
MAX  FILE TRANSFER 0

Note 2 : The arrows show how the file is changed.

MITSUBISHI
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SUBROUTINES
Fig. 11 CF, CFM, RST and LSF program lists
66 A KK KRR KK KK KK K K K KK K K K KKK K KK KKK KK KK KOk
67 *SUBR: CF CLEAR FILE FX(0-MAX)=0 *
68 AOK K K KKK KRR R R KK R KK o R KK Mk K KK KK KKK KK K K
69 28 0C7 CFoO LXY OyMAX FO(0=-MAX)=0 OR F4(0-MAX)=0
70 2C 0oD7 CF1 LXy 19MAX FLl(0=MAX)=0 OR F5(0-MAX)=0
71 20 OE7 CF2 LXy 29MAX F2(0=-MAX)=0 OR F6(0-MAX)=0
72 2E OF7 CF3 LXy 39MAX F3(0=-MAX)=0 OR F7(0-MAX)=0
73 2F 080 CFOl LA 0 (A)=0
74 30 068 XAMD O (M) EX (A)y (Y)=(Y)=19SKIP IF (Y)=0
TS%xWO*31 12F BM CFol ACTS AS INSTRUCTION B ON PAGE 14
76 32 044 RT END OF CF
77 *
78 Ak O o K Kk ka6 K K K R R OKK kK ok 3 KOk Ok i ko RO 0K ok ok K ke kKK ko K Kok K
79 *SUBR: CFM CLEAR FILE FX(MIN-15)=0 *
80 O KK KKK K KKK KK KKK K KKK K KK 3 ROK 3K KKK KoK K K K oK
81 33 0CC CFOM LXy OyMIN FOUMIN=15)=0 OR F4(MIN-15)=0
82 34 0DC CF1M LXY 1yMIN F1(MIN-15)=0 OR FS5(MIN=-15)=0
83 35 OEC CF2M LXy 29MIN F2(MIN~15)=0 OR F6(MIN=15)=0
84 36 OFC CF3M LXy 3yMIN F3(MIN-15)=0 CR F7(MIN-15)=0
85 37 0B0 CFOM1 LA 0 (A)=0
86 38 06C XAMI 0O (M) EX (A)y (Y)=(Y)+1lsSKIP IF (Y)=15
87 *W0*39 137 BM CFOM1  ACTS AS INSTRUCTION B ON PAGE 14
88 3A 044 RT END OF CFM
89 *
90 K K oo K R RO KRR R R ROK KR o R K K R ROK K KK Kk ok K ok K
91 *SUBR: RSF RIGHT=SHIFT FILE FX(O=MAX)ysFX(MAX)=09(A)=FX(0)*
92 Sk KK oK oK oK KK A KK K K Rk Rk K K K oK KK KK K KKK KKK o K KK K KK KK
93 38 0C7 RSFO LXyY 0yMAX FO(O0-MAX) R-Sy FO(MAX)=0s (A)=FO(O)
94 3C 0D7 RSF1 LXY 1yMAX F1(0=MAX) R=-Ss» F1(MAX)=0y (A)=F1(0)
95 30 QE7 RSF2 LXY 29MAX F2(0-MAX) R=Sy F2(MAX)=0s (A)=F2(0)
96 3k OF7 RSF3 LXY 39MAX F3(0=-MAX) R=S» F3(MAX)=0s (A)=F3(0)
97 3F 080 LA 0 (A)=0
98 40 068 RSFO1 XAMD O (M) EX (A)y (Y)=(Y)=19 SKIP IF (Y)=0
99%W0O*41 140 BM RSFO1 ACTS AS INSTRUCTION B ON PAGE 14
100 42 044 RT END OF RSF
101 *
102 K Rk KK KK K KK K KKK KKk Ko K KR KKK KK KKK K 3R K K oK KK K KK KK K K KK
103 *SUBR: LSF LEFT=SHIFT FILE FX(MIN=15)sF X(MIN)=0s(A)=FX(15)%
104 . KKK KK K K K K K RO o Ko R Kk KR oK KK K KK oK K K KK K KK o K KK oK Kok K
105 43 0CC LSFO LXY OyMIN FO(MIN-15) L=-Ss FO(MIN)=0s (A)=FO(15)
106 44 00C LSF1 LXy 1yMIN F1(MIN=-15) L=-Sy FL(MIN)=0y (A)=F1(15)
107 45 OEC LSF2 LXY 29MIN F2(MIN=15) L=Ss» F2(MIN)=0s (A)=F2(15)
108 46 OFC LSF3 LXY 39MIN F3(MIN-15) L-Sy F3(MIN)=0y (A)=F3(15)
109 47 0BO LA [¢] (A) =0
110 48 06C LSFO1 XAMI O (M) EX (A)s (Y)=(Y)+ly SKIP IF (Y)=15
111 %W0*49 148 B8M LSFO1 ACTS AS INSTRUCTION B ON PAGE 14
112 LY 044 RT END OF LSF
113 *
Fig. 12 TF program list
114 ok ook o o koK K ok ok ok ik koK o s ok o ok ok sk o ok ok o o o KK KK K Sk K KK KK KK K KK oK K K KK K K oK K
115 *SUBR: TF TRANSFER OF FILE FX1(0=-MAX)=FX2(0=-MAX) *
116 e ke ke ke ko oK K K K 6 ok e 3 3k 3 ok ok kK K Sk ok ok 3k 3k ek sk K K Kk K K ok ok ok kK K K K 3K K K ok K ok K K XK
117 48 0oC7 TFl0 LXY 0y MAX F1l(O0-MAX)=FO(0=-MAX)
118 4c 007 TFOl LXY 1y MAX FO( 0=MAX)=F1(0-MAX)
119 ° 4D OE7 TF32 LXY 29MAX F3(0=MAX)=F2(0=-MAX)
120 4E OF7 TF23 LXY 39MAX  F2( 0-MAX)=F3(0-MAX)
121 4F 065 TF101 TAM 1 (A).=(M(DP))
122 50 069 XAMD 1 (A)S(M(DP))s(Y)=(Y)=19SKIP IF (Y)=0
123%W0*51 14F BM TF101 ACTS AS INSTRUCTION B ON PAGE 14
124 52 044 RT END OF TF10
125 *
126 53 0C7 TF20 LXY OsMAX F2( 0=MAX)=FO(0-MAX)
127 54 0D7 TF31 LXY 1yMAX F3(0=MAX)=F1(0-MAX)
128 55 0E7 TFoO02 LXy 29MAX  FO( 0-MAX)=F2(0-MAX)
129 56 OF7 TF13 LXy 39MAX  F1(0-MAX)=F3(0-MAX)
130 57 066 TF201 TAM 2 CA).=(M(DP))
131 58 06A XAMD 2 (A)=(M(DP))s(Y)=(Y)=19SKIP IF (Y)=0
132%xW0%59 157 BM TF201 ACTS AS INSTRUCTION 8 ON PAGE 14
133 S5A 044 RT END OF TF20
134 *
135 58 0C7 TF30 LXY 0yMAX F3(0-MAX)=FO(0-MAX)
136 5C 007 TF21 LXY 19yMAX F2( 0=-MAX)=F1(0-MAX)
137 SD 0E7 TF12 LXY 29MAX F1( 0=-MAX)=F2(0-MAX)
138 SE OF7 TFO3 LXy 39MAX FO(O0=MAX)=F3(0-MAX)
139 SF 067 TF301 TAM 3 CA)=(M(DP))
140 60 068 XAMD 3 CA)=(M(DP) )y (Y)=(Y)=19SKIP IF (Y)=0
141xWO%x61 15F BM TF301 ACTS AS INSTRUCTION 8 ON PAGE 14
142 62 044 RT END OF TF30
143 *

MITSUBISHI
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7. File Exchange
Program Operation
This is a subroutine that is used for exchanging the
contents of the files FO~F7. The data (MAX + 1 words) in
the addresses of 0~MAX (MAX = 0~15) of the designated
files is exchanged.

Exchanging of in-RAM files is performed by the TAM j
and XAM j instructions.

Data-exchange subroutines of the address MIN~15
(MIN = 0~15) can be made by changing MAX to MIN and
the XAMD 0 instruction to XAMI 0.

Subroutine Call

The constant MAX has to be equated by using a pseudo
instruction. Then the appropriate file group is selected by
the Z register before calling the subroutine. An example is
shown below, in which file FO is exchanged with file F1

and F4 with F7. Digits exchanged in all files are 0~7.
MAX EQU 7

i

Lz 0

BM EXFO1
LZ 1

BM EXFO03

8. Increment/Decrement Memory

Program Operation

This is a subroutine that is used to increment or decre-
ment the contents of a specific word in the RAM. The
specific addresses that can be incremented or decremented
are shown below.

M (z,0,0) (FO, or F4,)
M(z, 1, 11) (F1;; or F5;;)
M (z, 2, 13) (F2,5 or F6,3)

M (z, 3, max) (F3max or F7max)

Other addresses can be programmed by changing the
LXY x, y instruction.
Subroutine Call
The appropriate file group is selected by the Z register
before calling the subroutine. An example is shown below,
in which M (0, 0, 0) is incremented and M (1, 2, 13) is
decremented:

LZ 0o
BM I NMOOO
LZ 1

BM DEM213

9. Skip Non-Zero Memory

Program Operation

This is a subroutine that is used in test if the contents
of specific words in the RAM are 0. The specific addresses
that can be tested are shown below.

M (z 0, 0) (FO, or F4,)
M(z, 1, 11) (F1,; or F5y4)
M (z, 2, 13) (F2,3 or F6;3)

M (z, 3, max) (F3max or F7max)

If the contents of the specified address of the RAM
are 0, the program execution returns to the instruction
following the one that called the subroutine. [f the contents
are not 0, this instruction is skipped, and the return is to
the second instruction following the call.

Other addresses can be tested by changing the LXY x,
y instruction.

Subroutine Call

The appropriate file group is selected by the Z register
before calling the subroutine. When the contents of the
RAM are O, execution returns to the following instruction.
When the contents of the RAM are not O, the execution
returns to the second instruction.

The following is an example in which the contents of
M (1,1, 11) are tested:

LZ 1

BM SNM1 11

| INST 1< Return if “0" |
IJ\IST 2 < Return if 1" |

10. Skip Non-Zero File
Program Operation
This is a subroutine that is used to test if all the words
of files FO~F7 are 0. There are two subroutines applicable:
one for testing the addresses 0~MAX (MAX = 0~15) and
the other for testing the addresses MIN~15 (MIN = 0~15).
If the contents of the specified file are 0, the program
execution returns to the instruction following the one
that called the subroutine. If the contents are not O, this
instruction is skipped, and the return is to the second
instruction following the call.
In case of digit MIN~MAX, a program can be made by
inserting SEY MAX next to the instruction XAMI 0 of the
subroutine SNFMI.

Subroutine Call

The appropriate file group is selected by the Z register
before calling the subroutine. In case the contents of the
file are O, the program execution returns to the instruction
following the one that called the subroutine. If the contents
are not O, the program execution skips this instruction. An
example is shown below, in which the contents of the file
FO,~FO;, are tested.

MITSUBISHI
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Fig. 13 EXT, IMN, DEM and SNM program lists

144 0k 3 30k ok Kk ok kK A ok ok K ok o ok K ok 3k 3k 3k koK Kok 3 oK ok 3K ok ok Kok 3ok ok ok ok ok ok 3k ok ok ok 3k 3k ok %K ¥k K
145 *SUBR: EXF EXCHANGE OF FILE FX1(0-MAX) EX FX2(0=-MAX) *
146 sk ok 3ok 3k ok ok ok K ok 3k ok 3k K ok KKK 0K K 3 K 3k 3Kk ok 3Kk kK ok ok K Kk 3k ok ok 3K 3k K 3k ok Kok ok ok K
147 63 0C7 EXFOl1l LXY OsMAX FOCO-MAX) EX F1(0-MAX)
148 64 OE7 EXF23 LXY 29MAX F2(0-MAX) EX F3(0-MAX)
149 65 065 EXFOOl1l TAM 1 (A)=(M(DP))
150 66 061 XAM 1 (A) EX (M(DP))
151 67 068 XAMD O (A) EX (M(DP))s(Y)=(Y)=19SKIP IF (Y)=0
152%W0*68 165 BM EXFOO1 ACTS AS INSTRUCTION B8 ON PAGE 14
153 69 044 RT END OF EXFO1
154 *
155 6A 0C7 EXFO02 LXY OsMAX FO(O0-MAX) EX F2(Q0=MAX)
156 6B 0D7 EXF13 LXY 19yMAX F1(0=-MAX) EX F3(0-MAX)
157 6C 066 EXF002 TAM 2 (A)=(M(DP))
158 6D 062 XAM 2 (A) EX (M(DP))
159 6E 068 XAMD 0 (A) EX (M(DP))s(Y)=(Y)=19SKIP IF (Y)=0
160%WO*6F 16C BM EXFO02 ACTS AS INSTRUCTION B ON PAGE 14 )
161 70 044 RT END OF EXFO02
162 *
163 71 0C7 EXFO3 LXY OsMAX FO(O=-MAX) EX F3(0-MAX)
164 72 0D7 EXF12 LXY 1yMAX F1(0=-MAX) EX F2(C=-MAX)
165 73 067 EXFO03 TAM 3 (A)=(M(DP))
166 74 063 XAM 3 (A) EX (M(DP))
167 75 068 XAMD O (A) EX (M(DP))s(Y)=(Y)=19SKIP IF (Y)=0
168%W0%76 173 BM EXFO03 ASTS AS INSTRUCTION B ON PAGE 14
169 77 044 RT END OF EXFO3
170 *
171 XHBRAERNHANH ( MELPS 4 LIBRARY END ) #H#uwwtttnsx
172 END
11 *HHHHAH#HNHR  ( MELPS 4 LIBRARY NOe2 ) HHNNKHN#NAX
12 3k o ok oK Kk ok 3k ok 33k ok ok 3 ok ok ko 3Kk ak ok oKk 2k Kok oKk K 3K 3k koK KoK 3k K Kok ok ok ok ok ok ok Kok ok ok % K
13 *SUBR: INM INCREMENT MEMORY FX(Y)sFX(Y)+l1 *
14 *SUBR: DEM DECREMENT MEMORY FX(Y)=FX(Y)~l *
15 ok 3 ook o ook ok ok ok ok oK ok 3 ok K koK ik 3k 3k Kk ak koK ok Kk oK ook ok ok 3k Kok koK 3k ok K ek ok ok 3k ok %
16 00 0CO INMOOO LXY 090 FOCO) =F0(0) +«1 OR F4(0) =F4(0) +1
17 01 0DB  INMI111l LXY 1911 F1(11) =F1(11) +1 OR FS(1l1l) =F5(11) +1
18 02 OED INM213 LXY 2913 F2(13) =F2(13) +«1 OR F6(13) =F6(13) +1
19 03 OF7 INM3MA LXY 39MAX F3(MAX)=F3(MAX)+1 OR FT(MAX)=FT(MAX)+1
20 04 081 LA 1 (A) =1
21 05 O0A INM AM (A)=(A)+(M(DP))
22 06 060 XAM 0 (A) EX (M(DP))
23 07 080 LA 0 (A) =0
24 08 044 RT
25 09 0CO DEMOOO LXY 090 FO(0) =FOQO(0) =1 OR F4(0) =F4(0) -1
26 0A oDB DEM111l LXY 1911 F1(11) =F1(11) =1 OR F5(11) =F5(11) =1
27 0B OED DEM213 LXY 2913 F2(13) =F2(13) -1 OR F6(13) =F6(13) =-1
28 ocC OF7 DEM3MA LXY 39MAX F3( MAX)=F3(MAX)=1 OR F7(MAX)=FT(MAX)~1
29 oD 0BF LA 15 (A) =15
30*W0*0E 105 BM INM END OF INM AND DEM
31 ]
32 02k KoK o 2k K oK 0 3k ok 3R oK K oK k3K ok oKk ok oK ok Kk 3K 3Kk ook ok 3 Kok ok ok o ko ok 3ok ok ok Kok o
33 *SUBR: SNM SKIP NON-ZERO MEMORY FX(Y)eNEeO ? *
34 0k o ko 2 3ok oK ok i oK 3k ok ok ok ko R okok 3k ok 3 ok 3k 3k ok ok 3k oK oKk ok oK 3k ok ok oK 3K sk ok ok 3ok ok ok ok K
35 OF 0CO SNMOOO LXY 0+0 FO(O) oNEeO ? OR F4(0) oNEeO ?
36 10 ODB SNM111l LXY 1,11 F1(11) oNEeO ? OR F5(11) oNE.O ?
37 11 OED SNM213 LXY 2913 F2(13) «NEeO ? OR F6(113) oNEeO ?
38 12 OF7 SNM3MA LXY 39MAX F3(MAX)eNEeO ? OR FT(MAX)eNEeO ?
39 13 064 TAM 0 (A)=(M(DP))
40 14 OAF A 15 (A)=(A)+159SKIP IF CARRY=0Q
41 15 045 RTS RETURN IF FX(Y)eNEe«O
42 16 044 RT RETURN IF FX(Y)eEQeO
43 * END OF SNM
44 *
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MAX EQU 7
LZ 0]
BM SNF OMA
I Instruction 1 < Return if (FO,~F0, =0) J
l Instruction 2 < Return if not (FO,~F0, = O)J

11. BCD Addition of Files

Program Operation

This is a subroutine that is used to perform addition in
the BCD mode among the files FO~F7. It performs BCD
addition of 16—MIN digits in the addresses MIN~15
(MIN = 0~15). The flowchart is shown in Fig. 14, and an
example is shown in Fig. 15.

First, the carry CY has to be cleared. The file FX1 is
BCD compensated by adding 6 to its contents. Then the
contents of the FX2 are added to the contents of the FX1
and the carry is checked. When the carry is off, 10 is added
to its contents, which is the same as subtracting 6, and
there is no need to BCD adjust. The files FX1 and the FX2
can be alternated by the TAM j and XAMI j instructions.
When the BCD addition of the most significant digit is com-
pleted, the contents of the carry CY are checked. If (CY)
= 0, the program execution returns to the main program
after skipping the instruction following the call. When (CY)
= 1, indicating an overflow, the program execution will
return to the instruction following the call. It is possible to
test for overflow state by testing the CY. In this case, the
instruction following the instruction SZC is replaced with

Subroutine Call
The value j has to be equated by using a pseudo instruction.
The appropriate file group is selected by the Z register
before calling the subroutine. The program execution will
skip the instruction following the subroutine call when the
result of the BCD addition is correct, and return to this
instruction when there is an overflow. An example of
(FO,s~F0;2) < (FO;5~F0;3) + (F1,;5~F1;,) is shown
below:

MIN EQU 12

J EQU 1

LZ 0
BM ADFO1
] Instruction 1 < Return if overflow J

| Instruction 2 < Return if no overflowJ

Fig. 14 BCD file addition subroutine flowchart

(X)—x
(Y)<min

(A)—(FX1)
FX1 IS ALTERNATED WITH FX2

(A)—(A)+6
BCD COMPENSATION

A)<—(A) +
(Fx2)+(cY)

the instruction RT. NO
Selection of the files FX1 and the FX2 is made by |éﬁ|\s)‘szér‘}12\g—rgg SINGE THERE |sl
changing x of the LXY x, y instruction and j of the TAM j YES NO NEED TO BCD ADJUST
and XAMI j instructions. (Fx2)«(A)
FX2 AND FX1 ARE
ALTERNATED
(Y)«=(Y)+1
SUB. e X | (FX1)«—(FX1) +(FX2)
ADF10 0 1 (F1)«<(F1)+ (F0) or (F5)«(F5)+(F4) Fo D
0 2 (F2)—(F2)+(F0) or (F6)«—(F6)+(F4)
0 3 (F3)«—(F3)+(F0) or (F7)«(F7)+(F4) NO (OVERFLOW)
ADF01 1 1 (F0)<«(F0)+(F1) or (F4)«(F4)+(F5)
— — +
1 2 (F3)—(F3)+(F1) or (F7)«<(F7)+(F5) C gy ) C P, )
13 (F2)«(F2)+(F1) or (F6)«—(F6)+(F5) RETURNS TO THE MAIN PROGRAM
ADF32 2 1 (F3)<(F3)+(F2) or (F7)«(F7)+ (F6) AND SKIPS ONE INSTRUCTION
2 2 (FO)<—(F0)+ (F2) or (F4)<«(F4)+ (F6) Fio. 15 BCD file addii le of (FO FOV(F1
2 3 (F1)<(F1)+(F2) or (F5)«(F5)+(F6) & ile addition (example of (FO) — (FO)+(F1))
151413121110 9 8 7 6 5 4 3 2 1 0.
ADF23 3 1 (F2)«<(F2)+(F3) or (F6)<(F6)+(F7) . fo [TTTTITTTTTITTTI11]
3 2 (F)«(F1)+(F3) or (F5)«(F5)+(F7) oD ILI/LI/LI/TIJ T
3 3 (F0)«(F0)+(F3) or (F4)«(F4)+(F7)
15 BCD ADDITION. MIN
Note 3 : The arrows show how the file is changed.
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12. BCD Subtraction of Files MIN EQU 12
Program Operation J EQU 2
This is a subroutine that is used to perform subtraction in .
the BCD mode among the files FO~F7. It performs BCD :
subtraction of 16—MIN digits of the address MIN~15 tz 1
(MIN = 0~15). BM SBF 32

It has the same program procedure as BCD addition, L Instruction 1 « Return if overflow J
performing subtraction by adding the 1's complement. [ Instruction 2 < Return if no overflow ]
When the borrow is 1, BCD adjustment is performed by 13. Sign Change of file
adding 10.

Program Operation

File selection of the files FX1 and FX2 is made by This is a subroutine that is used to invert the sign in the
changing x of the LXY x, y instruction and j of the TAM j sign digit, SIGN (SIGN = 0~15), of the files FO~F7. The
and XAMI j instructions, as in BCD addition. Please refer to
the procedure given in the section for BCD addition.

positive state is indicated when the 8 bit is 0, and the
negative state when the 8 bit is 1. Thus inversion is attained

Subroutine Call by adding 8 to memory.
The value j has to be equated by using a pseudo instruction.

An appropriate file group is selected by the Z register
before calling the subroutine. The program execution will
skip the instruction following the subroutine call when the
result of the BCD subtraction is correct, and return to the
next instruction when subtraction results in a carry. An
example of (F7,5s~F7,,) < (F7,5~F7,,) — (F5,5~F5;;)
is shown at right:

Fig. 16 SNFMA and SNFMI program lists

45 3k 3 ok ok ok ok K 3k ok Kk ok ok K K ok 3k ok K Kok K ok ok ok ok 3 ok ok ok 3k oK ok 3Kk 0k 3Kk 3K K 3k K ok 3k 3k 3K ok ok ok ok K Kk
46 *SUBR: SNFMA SKIP NON-ZERO FILE FX(0=MAX)eNELO ? *
47 3k 3 ok ok Kok ok kK K ok K K K ok 0K K Kok ok kK ok ok ak ok K ok Kok 3K 3k oK K 3Kk ok 3k 3K 3 K K 3 ok 3K ok 3k ok ok ok ok ok kK
48 17 0C7 SNFOMA LXY 09yMAX FO(O=MAX)eNE«O ? OR F4(0-MAX)eNE.O ?
49 18 OD7 SNF1MA LXY 19MAX F1l(0-MAX)eNEeO ? OR FS(0-MAX)eNE«O ?
50 19 OE7 SNF2MA LXY 29yMAX F2( 0=MAX)eNEeO ? OR F6(0-MAX)eNELO ?
51 1A OF7 SNF3MA LXY 39MAX F3(0=MAX)eNEeO ? OR F7(0-MAX)eNEsO ?
52 18 0BO SNF4 LA 0 (A)=0
53 1C 026 SEAM SKIP IF (A)eEQe (M(DP))
54 10 045 RTS RETURN IF FX(O0=-MAX)eNEeO
55 1E 068 XAMD O (A)Y=(M(DP))s(Y)=(Y)=19SKIP IF (Y)=0
56 xWOx1F 118 BM SNF 4 ACTS AS INSTRUCTION B ON PAGE 14
57 20 044 RT RETURN IF FX(0-MAX)eEQeO
58 * END OF SNFMA
59 *
60 33K K K ok ok ok ok K ok ko kK ok ek ok ko K koK 3k ok K ok Rk ok ok ko ok ok ok koK Ok ok ok K ok K kK kK 3K OK 0K K K KOk k¢
61 *SUBR: SNFMI SKIP NON-ZERO FILE FX(MIN=15)eNE.O ? *
62 0K 3k 3ok K Ok K ok ROk R OK 3k ok ok K ok Rk ok ok Kk ok K ok kK ok ko K ok K oKk Kk K ok K K ok ok ok ok K K kK Xk X X %K
63 21 0CC SNFOMI LXY OyMIN FO(MIN=-15)¢NEsO ? OR F4(MIN=15)eNE.O ?
64 22 0DC SNF1IMI LXY 19MIN FL1(MIN=15)eNEeO ? OR FS5(MIN=-15)eNEeO ?
65 23 OEC SNF2MI LXY 29MIN F2(MIN=15)eNEeO ? OR F6(MIN=-15)eNEeO ?
66 24 OFC SNF3MI LXY 39MIN F3(MIN-15)eNEeO ? OR FT(MIN=15)eNEsO ?
67 25 0BO SNF5S LA o] (A)=0
68 26 026 SEAM SKIP IF (A)eEQe(M(DP))
69 27 045 RTS RETURN IF FX(MIN=15)e NEe O
70 28 06C XAMI 0 (A)=(M(DP))s(Y)=(Y)+1+sSKIP IF (Y)=15
T1*W0*29 125 BM SNF S ACTS AS INSTRUCTION B ON PAGE 14
72 2A 044 RT RETURN IF FX(MIN=15)¢EQeO
73 * END OF SNFMI
74 *
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Fig. 17 ADF, SBF and SCF program lists

75 ke ok ok R oK ok o 3K K KK oKk ok K ok K oK ROK K 3K 3K ek KK K K oK K A K K O R K KR K 0K 0K K ok Kok ok sk ok ok ok ok ok ok ok
76 *SUBR: ADF BCD ADDITION OF FILE FXL(MIN=15)=FX1(MIN=15)+FX2(MIN=15):
77 3k 3 ook ok K ok K ok K K ok K K ok KK 3 Kok oK K ok koK oK KR K o oK o K K K KR R K K K ok 0K ok kK ok K R K o ok 3k ok ok koK ok Rk ok
78 23 0CC ADF10 LXY OsyMIN J=1: F1(MIN=-15)=F1(MIN-15)+FO(MIN=-15)

79 * J=2: F2(MIN-15)=F2(MIN-15)+FO(MIN=-15)

80 * J=3: F3(MIN-15)=F3(MIN-15)+FO(MIN=-15)

81 2c 0DC ADFO1 LXY 1sMIN J=1: FO(MIN=-15)=FO(MIN-15)+F1(MIN=-15)

82 * J=2: F3(MIN=15)=F3(MIN-15)+F1(MIN-15)

83 * J=3: F2(MIN=-15)=F2(MIN-15)+F1(MIN-15)

84 2D OEC ADF32 LXY 29MIN J=1% F3(MIN=-15)=F3(MIN-15)+F2(MIN=15)

85 * J=2: FO(MIN-15)=FO(MIN=15)+F2(MIN=15)

86 * J=3: F1(MIN=-15)=F1(MIN=15)+F2(MIN=-15)

87 2E OFC ADF23 LXY 39MIN J=1% F2(MIN=-15)=F2(MIN-15)+F3(MIN=-15)

88 * J=2: F1(MIN-15)=F 1(MIN=-15)+F3(MIN=-15)

89 * J=3: FO(MIN=-15)=FO(MIN=15)+F3(MIN=-15)

90 2F 048 RC (CY)=0

91 30 064 ADFO1l1l TAM J (A)=(M(DP))

92 31 0A6 A 6 (A)=(A)+6

93 32 00F AMCS CAY=(A)+(M(DP))+(CY)s (CY)=CARRY

94 33 0AA A 10 (A)=(A)+109SKIP IF CARRY=0sBCD ADJUST

95 34 000 NOP (A)=(A)-6

96 35 06C XAMI J (A) EX (M(DP))s(Y)=(Y)+1ySKIP IF (Y)=15
97xWO*35 130 BM ADFO11 ACTS AS INSTRUCTION B ON PAGE 14

98 37 02F S52¢C SKIP IF (CY)=0

99 38 044 RT RETURN IF OVERFLOW
100 39 045 RTS END OF ADFO1
101 *

102 3k o ko o K ok ok ok ok Kk Kk ok Kok ok ok ok 3 ok 33K K oKk 3 oK 3k ok 3k 3k k3K oKk oK ok ok K o ok ok sk ok ok ok ok o ok K ok ok ok ok Kok K ok
103 *SUBR: SBF BCD SUBTRACTION OF FILE *
104 * SFX1(MIN=15)=FX2(MIN-15) *
105 s ok ok ook ok ok oK 3k oKk sk K K 3ok Kk ok o 3k Kok 30k 3k Sk 3 ok 3 o ok 3 KK ok 3 3K ok ook ok ok ok ok ok 3 ok K 3k ok ok ok ok ok 3 oK K
106 3A 0CC SBF10 LXY OsMIN J=1: FL(MIN-15)=F1(MIN-15)=-FO(MIN=-15)

107 * J=2: F2(MIN=15)=F2(MIN-15)-FO(MIN-15)

108 * J=3: F3(MIN-15)=F3(MIN=-15)=-FO(MIN~-15)

109 3B 0oDC SBFOl LXY 1eMIN J=1: FO(MIN-15)=FO(MIN-15)-F1(MIN-15)

110 * J=2: F3(MIN=-15)=F3(MIN-15)=-F1(MIN-15)

111 * J=3: F2(MIN=15)=F2(MIN=15)=F1(MIN~-15)

112 3C OEC SBF32 LXY 29MIN J=1: F3(MIN=15)=F3(MIN-15)=F2(MIN-15)
113 * J=2! FO(MIN=15)=FO(MIN~15)=-F2(MIN-15)

114 : * J=3: F1(MIN-15)=F1(MIN=-15)=F2(MIN=-15)
115 3D OFC SBF23 LXY 3eMIN J=1: F2(MIN-15)=F2(MIN-15)=-F3(MIN-15)

116 * J=2: FL(MIN=15)=F1(MIN=15)=-F3(MIN=-15)
117 * J=3: FO(MIN-15)=FO(MIN=-15)=-F3(MIN=-15)

118 3E 049 SC (CY)=1
119 3F 064 SBFO11l TAM J (A)=(M(DP))

120 40 08F CMA COMPLEMENT (A)

121 41 00F AMCS (A)=(A)+(M(DP))+(CY)2(CY)=CARRY

122 42 0AA A 10 (A)=(A)+109SKIP IF CARRY=0¢BCD ADJUST

123 43 06C XAMI J (A) EX (M(DP))o(Y)=(Y)+19SKIP IF (Y)=15
124%W0*44 13F BM SBFO11 ACTS AS INSTRUCTION B ON PAGE 14

125 45 02F SzZC SKIP IF (CY)=0

126 46 045 RTS END OF SBFO1

127 47 044 RT RETURN IF OVERFLOW

128 *

129 k3 ok ok o ok o koK K o 3K 3k 3K ok K K oK 3 K o 3 ok oK o Kk Kk KoK ok K sk ok oK K K okl ok ok ok ok o ok K ok ok K ok ok ok ok

130 *SUBR: SCF SIGN CHANGE OF FILE FX(SIGN) EX *

131 oK k3K 3 oK KK ok K oK oK 36 K 3 3K 3 K ok ok K 3k 3 ok oK ok 3k ok Sk ok ok ok ok sk Kok KoK Kk ok K ok sk ok ok ol ok ok ok

132 48 0CC SCFo LXy 0+SIGN FO(SIGN) EX

133 49 oDC SCF1 LXY 19SIGN F1(SIGN) EX

134 4A OEC SCF2 LXy 29SIGN F2(SIGN) EX

135 48 OFC SCF3 LXY 39SIGN F3(SIGN) EX

136 4C 0B8 LA 8 (A)=8

137 4D 00A AM (A)=(A)+(M(DP))

138 4E 060 XAM 0 (A) EX (M(DP))

139 4F 044 RT END OF SCFO

140 *

141 kH#HHHH#HAEE  ( MELPS 4 LIBRARY END ) #####H###AHX

142 END
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MITSUBISHI MICROCOMPUTERS

APPLICATION OF MELPS 4

SINGLE-CHIP 4-BIT MICROCOMPUTER

(M58840-XXXP) IN A MICROWAVE OVEN

DESCRIPTION
A typical example of an application in which a Mitsubishi
MELPS 4 single-chip 4-bit microcomputer is used in the
microwave oven.

The system is designed to control the magnetron, fan
and buzzer of the microwave oven by the touch-keyboard
input, and to display the time and temperature, along with
the power, on the large fluorescent display tube, as well as
displaying the MODE on the LEDs (8 pieces). Its features
include controls for designating the start-up time and
controlling the defrosting process (time and power), the
cooking process #1 (time, temperature and power) and the
cooking process #2 (time, temperature and power). In
addition, the clock can be used as an independent timer.

The program for the microwave oven application is
stored in the M58840-001P.

FEATURES
® Programmed operation for DEFROST, COOK 1 and

COOK 2 processes
® Time, temperature and power controls
Clock and timer
® Display of the time, temperature and power on the large

fluorescent display tube
® The simplification in circuit design facilitates cost

reduction and miniaturization of the oven.

FUNCTIONS

1. Microwave Oven Function

(1) Outline of operation
When the start key is depressed after setting up the
cooking conditions (time, temperature and power)
through the touch key, the oven starts operating in the
following sequence regardless of the order the conditions
were keyed in.

STAND-BY oK 2
UNTIL DEFROST COOK 1 COOK TERMINA-

START TIME |1 "(DEFR) (COoK 1) [ (Cook 2) ] TioN
(S. TIME) |

As soon as one process is completed, the next process
is started, skipping those processes that are not
designated, until finished. In addition, the clock can be
used as an independent timer.

(2) Clock
The clock has a 12-hour dial and indicates hours and
minutes.

(3) Timer
The timer actuates the buzzer at the specific time
designated in minutes and seconds.

(4) Start time
It designates the start time and starts the cooking when
that specific time is reached.

(5) Defrosting

Power and time can be selected for defrosting , but
when no power setting is made, the oven automatically

uses a 50% setting. During the set time, the system

controls the magnetron, on and off, to maintain the
power specified, and turns the magnetron off as soon as
the specific period is over. The oven is kept in this halt
condition for the duration.

(6) COOK 1
The operating power, temperature and time can be
selected for this process. If no specific power is desig-
nated, the oven automatically uses a 100% setting. The
operating temperature can be selected in the range of
35°C~95°C. The magnetron is operated, on and off,
at the power setting after the cooking has started until
the selected temperature is reached. Although the
magnetron is turned off after reaching the selected
temperature, it is turned on again when the temperature
in the oven falls 3°C below the selected temperature.
This procedure is repeated until the time is reached for
completion of the COOK 1 process.

When no temperature setting is made, the oven oper-

ates at the power specified and completes the COOK 1
process when the set time is reached.

(7) COOK 2
The procedures for COOK 2 are the same as those for
COOK 1.

(8) Clear
The clear switch is used to change key entries or to
advance to the next process and discontinue the process
in operation.

(9) Reset
Depressing the reset key terminates the entire cooking
process and shifts to clock operation.

(10) Stop
When the stop key is depressed or the door is opened,
the cooking process is interrupted. The start key has to
be depressed again if the operation is to be resumed.

(11) Display
The operating time, power and temperature are dis-
plyed on the fluorescent display tube. The tube displays
key-entry data during the key entry. The clock is dis-
played on the screen by the use of the CLOCK key. It
usually indicates remaining cooking time during the
cooking operation, but memory contents can be recalled
for the clock, power and temperature settings. The oven
temperature can also be displayed.
The cooking mode is indicated on the LED.

2. Inputs

(1) Key input: Ky~K;
22 keys are arranged in a matrix through the K ports
and the D ports, using the touch keyboard for input. All
inputs are checked 8 times in a 100ms period before
being accepted as valid. This is done to prevent errors
in operating the oven. Furthermore, successive key entry
cannot be made until it is confirmed 8 times in a period
of 100ms that there were no keys depressed.
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The following 22 keys are provided: defrost (DEFR),
cook 1 (COOK 1), cook 2 (COOK 2), temperature
(TEMP), power (POWER), start (START), stop (STOP),
clear (CLEAR), reset (RESET), timer (TIMER), clock
(CLOCK), start time (S. TIME) and numbers (0~9).
(2) Time detection input: K;3
This input is used to count the time. Rectified AC
waveform from the power source is applied.
(3) 50/60Hz switching input: Ko
This input is used to compensate for the power source,
50Hz or 60Hz.
(4) Temperature sensor input: Ky,
Voltage appropriate to the temperature is applied from
the thermistor located in the temperature probe.
(5) Temperature probe SW input: Kg
This input is used in checking whether the temperature
probe is operating.
(6) Door SW input, K;o
This input is used to check whether the door is open.
(7) Touch keyboard comparison voltage setup input: Kis
This is an input with which the detection level is set
up for the touch keyboard. It very useful when the
specifications of the touch keyboard are altered.
3. Outputs
(1) Magnetron control output: Dy
The magnetron is activated with a high-level output, and
disabled with a low-level output. Alternate on/off
operations are repeated with the designated power
(duty) in units of 30 seconds. For instance, the magne-
tron is activated for a period of 9 seconds and disabled
for a period of 21 seconds, when the power setting is
30%. It also provides on/off action for controlling the
temperature.
(2) Fan output: D3
The fan is started as soon as the DEFROST, COOK 1 or
COOK 2 process is begun, and is turned off as soon
as the stop switch is depressed or the cooking process
is completed.
(3) Buzzer output: Ds
There are three buzzer-control outputs.
0.2second buzzer . . . This buzzer is activated each
time a validated key entry is made.
0.5-second buzzer . . . This buzzer is activated each
time one stage is completed.
3-second buzzer . . . This buzzer repeats 0.2-second
intermittent actuation for a period of 3 seconds when
the timer completes its counting or the cooking
process is completed.
(4) Fluorescent display tube: So~S,, Dg~Dy, D,
A large fluorescent display tube can be driven directly
with these outputs. (With maximum output voltage of
33V, and maximum of 15mA for the D ports and a
maximum of 8mA for the S ports.)
The display is activated dynamically, and its duty is

about 1/14, with an on duration of 0.9ms.

The following type of a display is taken into consid-
eration. When indicating the temperature and a 'C"”
is displayed in the least significant column, the colon
in the center of the display is not displayed. Also for
power display the colon is not displayed, and a “'P"" is
displayed in the least significant column.

oo.oa
Lr-cr

(5) LED display: So~S7, Do
Key entry number or the cooking mode is displayed on
the LED, and the contents of one or more of the
following are displayed: [S. TIME], [DEFR], [COOK
11, [COOK 2], [TIMER], [START], [STOP], and
[TEMP].
The LED is activated dynamically, and its duty is about
70%, with an on duration of about 9ms.
(6) Capacitive panel detection outputs, Do~D,
Inverted D-port outputs are amplified and supplied to
the touch keyboard in order to identify the key depressed
in the matrix through the K ports.
Output D, is used for displaying the colon on the

fluorecent display tube.
4. Key Entries
After depressing a function key, a number key is depressed.
Then the data thus entered will be stored in the RAM, after
another function key has beed depressed, if no error was
detected in the data.
(1) Setting the time
Setup of hours and minutes:
Used to set the CLOCK and S. TIME. Must be set
within the range of 1:00~12:59.
Setup of minutes and seconds:
Used to set the TIMER, DEFR, COOK 1 and COOK 2
periods.
Must be set within the range of 1 second~99 minutes
and 59 seconds.
Error:
When key entry is made over the above upper limits or
more than 6 digits are entered, an error indication
(EE:EE) is displayed.
An example of setting the clock operation is shown in
the following illustration:

Example of key entry (1)

KEY DISPLAY
1ST STEP (CLOCK]) .

[

2ND STEP (1 )

3RDSTEP [ 2 )

o

4TH STEP ( 3 )

oY
Wy

5THSTEP ( 4 )

fu
0
X=

fu
1t (Ud
-

6TH STEP (START)
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When a key entry error is detected in the fifth or sixth
step, an error indication “EE:EE’ is displayed, after
the CLEAR key has been depressed. Then the data must
be reentered. When there is no error in the key entry,
the clock operation will start as soon as the start key
is depressed.
(2) Setup of duty for the magnetron

The operating power must be set in the following
sequence: [POWER] - [DEFR, COOK 1, or COOK
2] > [NUMBERS]. Power duty in the range of 0
~100% can be used for COOK 1 and COOK 2 opera-
tions, but for the DEFR operation the range is 0~50%.
Even though the rate is set over 50% for DEFR, a rate
of only 50% will be used because of the limit.

Entry of power duty settings 0~90% is made by
depressing one number key that is the desired setting
to the closest 10%. An entry of 100% is made by
depressing the 1 followed by a 0. Deviating from this
will cause an error.

Example of key entry (2)
KEY DISPLAY
1ST STEP (POWER)

Ca
L]
0

2ND STEP (COOK 1) h

3RDSTEP ([ 2 )

n
llca
3|70

4TH STEP (COOK 2) .

C.

Automatically 100% of the duty is recalled from the
memory in the second step, 20% is displayed in the
third step, 20% is stored in the RAM in the fourth
step, and then the time of the COOK 2 is recalled from
the memory. (But only [0] is displayed in this case,
because the data for COOK 2 has not yet been entered.

(3) Setup of temperature
The operating temperature must be set in the sequence
of [TEMP] - [COOK 1 or COOK 2] - [NUMBERS].
The temperature must be within the range of 35°C
~95°C. Exceeding this range will cause an error.

5. Data Display

(1) Before the start
Data during key entry is displayed in the manner
mentioned previously, but this data can be recalled
from memory by depressing the appropriate function
key when needed for reference.

Example of key entry (3)
KEY DISPLAY
1ST STEP (CLOCK ) g

"]

2ND STEP ( TEMP )

I

3RD STEP (COOK 2)

[€y]]{uy]
l_ul‘u

Cfn

4TH STEP (COOK 1)

5TH STEP (POWER)

6TH STEP (COOK 2)

o0
]
"0

In the first step the present time is displayed from the
clock. Then the temperature setting for COOK 2 is
recalled from memory in the second and third steps.
The time setting for COOK 1 is recalled in the fourth
step. Then the power setting for COOK 2 is recalled
from memory in the fifth and sixth steps.
(2) After the start

After the start key is depressed, the remaining cooking
time is displayed, but the following data can be recalled
and displayed for 3 seconds.

Power: Depression of the [POWER] key displays
the current power setting.

Clock: Depression of the [CLOCK] key displays
the time.

Operating temperature: Depression of the [TEMP]
key once displays the current operating tempera-
ture setting.

Measured temperature: Depression of the [TEMP]
key twice displays of the measured temperature at
the present stage.

6. Correction of Data

As the function keys are depressed to recall data, correction
of the data can be made by entering the new corrected data
after the key operation in the usual manner. To correct
the data while in operation, the stop key must first be
depressed to stop the operation.

7. General flowchart

A flowchart of the M58840-001P is shown in the following
illustration.

START

}

RAM CLEAR
- PRESET THE
MAGNETRON DUTY

TEST EACH SWITCH
MEASUREMENT OF
TEMPERATURE
COUNT UP SECONDS
COUNT UP HOURS
AND MINUTES

WAS A KEY
DEPRESSED 2
No

- TIMER COUNT

EXECUTION COOKING OCESSING FOR
OF Ki PR
] DEPRESSED KEY

1._____[

- ZERO SUPPRESS
- DYNAMIC DISPLAY
- COUNT UP SECONDS

BUZZER CONTROL

KEY IDENTIFICATION
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8. Routines for Other Applications
Program routines of the M58840-001P that may be suita-
ble for other applications are shown below.
(1) Temperature measurement
After measurement of the temperature, the data, output
as H and L signals, is converted to BCD.
(2) Counting seconds
Up to 60 seconds can be counted by supplying the
power-supply waveform to the K;; port.
(3) Counting hours and minutes
Up to 12 hours can be counted.
(4) Use of touch keyboards
Depression of a touch-keyboard key can be detected.
(5) Key identification
Up to 22 keys can be identified.
(6) Displaying
A fluorescent display tube and LEDs can be displayed
dynamically.
(7) Temperature comparison
Temperature comparison can be made to detect a 2°C
fall in temperature for temperature control.
(8) 0.5-second flickering
Display ““C’"" or the LED can be flickered in units of
0.5 seconds.
(9) Count of time
The time settings can be decremented each second, and

used to terminate or start operations when the count
reaches 0,
(10) Buzzer control

Buzzer actuation can be controlled for a duration of

0.2, 0.5 or 3 seconds. The 3-second actuation is on-off

at 0.2-second intervals.
(11) Time monitoring

Time can be monitored and used to terminate or start

operations when the time setting is reached.

9. Typical control circuit of a microwave oven
A typical example of a microwave oven circuit is shown.

Details of input and output performance are as previous-
ly described. Please refer to the information provided for
the PCA0O402 in regard to capacitive touch-keyboard
operation. The diode Dy, is provided to prevent counterflow
because D, is also used for the colon output and display.
The temperature-detection circuit Ky, compensates for the
nonlinear output of the temperature probe and facilitates
easy temperature conversion.

The touch-keyboard interface and the A/D conversion
circuit are contained in the M58840-XXXP. The wide range
of S ports and high maximum output voltage of the S and
D ports simplify circuit design. This results in cost reduc-
tion, improved performance and improved reliability be-
cause fewer parts are required. The use of fewer parts
also helps miniaturization.

Example of application circuit (microwave oven 8 o—sov
M58840-001P) P z
A 3
N G R £ Ziokxiz
T T r Ra1|Raz| P3| Raa |Res | Res | Rer |Ros | Res)| Raol Rar| Rael
Rss D3 Da Ds
out D
33k
.{gwm B |
(TOUCH PANEL) " s Do 71—
1
Ko
Fo ] —7 —’ -7 —'
Rs ! S ._. l__ [
ar |,
g O NN
Vil <3 s
fe _ar K, N (FLUORESCENT <—J TIME. POWER. TEMP
Re - k., DISPLAY TUBE) ?‘;3
Ry o " YYYYYYY ¥D:-5(MC301<8)
s YYYYYYY ¥YLEDi-g —30v
Rg Tl Wl wl il wl wl w
VaAR(_T0V 3.3kx8
AA R
T {ms58840- Ra| Raa|Ras| Ras|Rar|Ras| Ras| Rao
Q 1F L“‘_ﬁ 001P (MODE DISPLY)
Ra1
Diof Qs
Ri3| $Rig 1OkZSC620
10k | 8.2k 0—30V
Sy gV
Q2
R3] 2SB
2. 54| 528 VREFI 5000 §VR
%
D2 Kgp———o 0%l 4 TEMP PROBE SW
o Kq o oWe__ Leo/60mHr sw
Do Ky o oW DOOR SW
Ky K, 1e

—15V
o

AC WAVEFORM

(AC RECTIFYING CIRCUIT)

—15V

(HL SET CIRCUIT FOR
TOUCH KEYBOARD)

(TEMPERATURE-

DETECTION CIRCUIT),
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MELPS 8/85 PROGRAM LIBRARY

SUBROUTINES

1. CODE-CONVERSION PROGRAMS

There are 4 code-conversion programs for conversions
between hexadecimal numbers and their corresponding
ASCII code in binary notation. Details of these programs
are given below.

Table 1 Correspondence of number formats

Hexadecimal Machine language ASCII code in binary notation for
symbols binary number hexadecimal symbols
0 0000 00110000
1 0001 00110001
2 0010 00110010
3 0011 001410011
4 0100 0oi1i1o0io00
5 0101 00110101
6 0110 00110110
7 0111 oo110111
8 1000 00111000
9 1001 001411001
A 1010 01000001
B 1011 01000010
¢ 1100 01000011
D 1101 01000100
E 11410 01000101
F 1111 01000110

1.1 Binary (4 Bits) to ASCII (1 Character)
Conversion (BTA)

This program converts the low-order 4 bits in the A

register (a hexadecimal number O~F) to the corre-

sponding 8-bit ASClI-coded hexadecimal symbol ‘0" ~F".

The result is retained in the A register. Registers B,

C, D, H and L are not affected.

Register Status

Register Contents at start Contents at return
A | Binary number 1o e converted | g b ASCH code
BHCén% LE Contents at start
Flow Chart

CLEAR HIGH ORDER
4 BITS IN A REGISTER

CONVERT TO A~F CONVERT TO 0~9

1.2 Binary (8 Bits) to ASCII (2 Characters)
Conversion (BTA 2)

This program converts the 8 bits in the C register (a 2-digit

hexadecimal number 00~FF) to the 2 corresponding 8-bit

ASCll-coded hexadecimal symbols ‘O'~‘F’. The results

are retained in registers H (high order) and L (low order).

The B, D and E registers are not affected.

Register Status

Register Contents at start Contents at return

A 8-bit ASCII code for the high-order
hexadecimal symbol

C Binary number to be converted Binary number to be converted

H 8-bit ASCII code for the high-order
hexadecimal symbol

L 8-bit ASCII code for the low-order
hexadecimal symbol

B.Dand E Contents at start
Flow Chart

START

(A)—(C)
1
BTA
1
(L)=(A)
T
(A)«(C)

T

CONTENTS OF THE A REGISTER
SHIFTED 4 BITS TO RIGHT

L

BTA

1

(H)—(A)

RETURN

IN ASCII CODE IN ASCII CODE Program Listing
L ‘ 1[2]3]a]5]6 713!'91|o|nh2]|3ullsllélnhalTsIzg]zl 22[23]24]25]26]27]28[29]30]31[32]33]
*I 11 11 11 ) T I i ) I T Y U T N S § ; 11
*I I*I*I*I SUIBI IBJIIAZI)I I*l 11 ; N T T T T T T N ; 11
» %, *B.NARY, .TO, TWO_ASCIL1, CHARACTERS
Preram LlStlng *l 14 1 ) 11 1 1 | ) T N 5 § R TN N S T W T : 11
1[2[3[a]s]6[ 7] 8o ro[vi]sz[13 1415161 718[15]20]21[22[23[24]2526]27]28[29[30[31]32]33 BTA2 | W, L ASC b
N I o [lcALL . BTA . . .. . ...,
* k¥ SUB(BTA|), */BINARY TO ASCI|I, i IMOvV LA
* I A A R A R S A SRR o MOV ASC
BTA ., | IANV, ,  OF# 0 o IRRC e
8 IR CPI, ., 10 v\ oI BRRC Ly
A B AT - X N e I T T P
v | ADY, L 480 o IRRG
I | RIEITJIIIIIIIII]JIIIIIIIII' I : II_LIAI;EI;I
Bl‘ll_ll AADI|AII515||llj_llJllllllll|I L :
ol RET ., | . . 0 | E——— RET,
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1.3 ASCII (1 Character) to Binary (4 Bits)
Conversion (ATB)

This program converts the 8-bit ASCIl code in the C
register (a hexadecimal symbol ‘0'~‘F’) to a 4-bit binary
number 0000~1111. The result is retained in the low-order
4 bits of the A register. If the C register contains a code for
a character other than a hexadecimal symbol O~F, it is
recognized as an error; the carry flip-flop is set, and the
program is exited. Registers B, D, E, H and L are not
affected.

Register Status

1.4 ASCII (2 Characters) to Binary (8 Bits)
Conversion (ATB 2)

This program converts the two 8-bit ASCIl codes in the
H and L registers (2 hexadecimal symbols ‘0'~‘F’, high
order in the H register and low order in the L register) to
an 8-bit binary number (0~255,,). The result is retained
in the A register. If the H or L register contains a code
for a character other than a hexadecimal symbol ‘0'~F’,
it is recognized as an error; the carry flip-flop is set, and the
program is exited. The D and E registers are not affected.
Register Status

Register Contents at start Contents at return Register Contents at start Contents at return
Hexadecimal number in binary 8-bit binary number
A form in the low order 4 bits! A (2!lhexadecimal digits) i
ASCIl coded hexadecimal symbol | ASCII coded hexadecimal B 4-bit binary number in the high-order 4-bits
D to be converted " symbol to be converted conversion of high-order hexadecimal symbol
¢ c Low-order ASCII coded hexadecimal
B.D,E.H and L ontents at start symbol to be converted
High-order ASCII coded hexadecimalfHigh-order ASCII coded hexadecimal
H
symbol to be converted symbol to be converted
Flow Chart L Low-order ASCII coded hexadecimal|lLow-order ASCIl coded hexadecima
symbol to be converted symbol to be converted
START
Dand E Contents at start
#)—(©) Flow Chart START
| (C)e—(H) |
L

A z7n?

(A)—(A)—s55

(A= 587

(CY2)SET TO1
AS ERROR FLAG

(A)—(A)—48

< RETURN ’

Program Listing

il ATS I
YES

NO

CONTENTS OF THE A REGISTER
SHIFTED 4 BITS TO LEFT
I

[ ®)—(A) B

| (©)—(L) ]

T TR

YES

NO

| we—m+® |
e

RETURN

1[2]3[alsTe[7[8 o1l {12l 314l s 161 7[18]19[2021]2223]24]2526]27]28 29 3031 ]32]33 Program Listing
L N 1T2[3]a]s 678 aTio[ni]12[t3[14]rs[16]17]18] 19]20021]22[23]24]es26]27]28]29]30[31]32]33]
*Ll ] sUIBI(AIBI) IJ*ILEAJ§ICIIIII ITIOI IBI:IIN¢AIRIYI L T T . | T S S - ; E ) Y N T T T T | i L1
A B I D A *_kk*_SUB (ATB
ATB, ., | MOV, ., , A°C .\ k% /TWO ASCI 1, RS,_TO BINARY
gloeo [ CPV .65 L B I
) T N ch|4 11 A|1| 1 :: 0 T T N B T E I T B | SAITIB'ZI 1 Molv' . Il : Ll
Ce LGP caa ) CALL, Lt
b LONC A8 0 | RGO Lty
) I N T | s|U||4L 11 5(5. 1 :. | N TN Y T Y I S T E bl 11 1 1 § N I - R(LLCLIJ 11 :: 11
b | RET L o | RLC IR
A|1| I cIPlll 11 4I§L L: B S W T T N | IALL: B T | 10 ¥ - RlLlcl el L ‘:i Ll
) I chl i Al3l 1 E 0 U I N S T | LE § I - ) N T - RILlcl 11 11 : 11
S T T S | clPIII 11 5IBI 1 E B I T T T T T O B | E B I T 'l N T O - °|v| - L1 .E L1
) JINICJ 11 AI3I 1 E | T T T T T T T E ) I T T | 0 I S oIvl L1 11 : 11
A2 . | SUl, ., 48 P, L. | |CALL , ATB,
L1 IRJEITI L1 L III;ELIIII 15 RC . . . | . TR
Aa 11l inglcl 11 11 L: N RO T Y N T T T ¥ : ) S 0 I I AIDIDI 1 1 L1 EI |-
o I RET L o | RET
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2..SORTING PROGRAM (SORT)

This program sorts records (1 byte in length) in descending
order. Up to 65 535 records can be sorted. The binary num-
ber 255, cannot be used as data because it is reserved for
the end-of-data mark. This data is stored in descending
order according to its rank.

The program sorts by comparing a data item with all
other data items, thus determining its rank. The data is
then stored in descending order according to that rank.

This program can also recall the data associated with any
rank. If the rank k (1 < k < 65 535) is stored in memory
locations ORD and ORD+1, the 1-byte data associated with
that rank is stored in the A register, and then control is
returned to the user’s program. If k is specified as zero, the
A register is reset to zero and control is returned to the
user’s program.

Register Status

Register Use during execution Contents changed at return
A Calculates and recalls data of rank k yes
B Storage for data being compared yes
(¢} Not used no
D Memory address for storing data after yes
E ranking | yes
H yes
L Memory address of data to be ranked Ve

Symbolic Memory Address

Flow Chart

START

INITIALIZE ADDRESS j TO
PRO: j IS THE RECORD TO
BE RANKED

INITIALIZE ADDRESS i TO PRO:
THESE ARE THE RECORDS TO
BE COMPARED

I

INITIALIZE ADDRESS k TO MAX:
k IS THE ADDRESS OF THE kth
RANKED RECORD'S DATA

[

CALL RECORD TO BE RANKED
FROM ADDRESS j

-

COMPARE (i) AND (j)

(ORD)=0
?

LOAD REGISTER A WITH DATA
OF THE kth RANKED RECORD

‘ RETURN ’

Symbolic address Use during execution INO_ of bytes Comaetn%tﬁr:gnged
ORD k (thelrank of data to beirecalledS 2 no
LOWER RANK BY 1

8 PRO Storage area for records to be
- sorted (PRO is the first address) n+ no kek+ 1
8
3
> Storage area for sorted data

M

AX (MAX is the first address) n+1 yes
f
DADD |Address in PRO of record 2 no INCREMENT i TO-NEXT ADDRESS
being sorted

@
o
‘_c‘: RADD Address in MAX for storing 2 o
=] result
c
S| M1 Address of record to be ranked 2 yes LAST RECORD ?

M2 Address of record being compar«lad 2 yes

COUNT | Counter for number of records L 2 yes

STORE DATA OF RECORD j IN
OUTPUT FILE CORRESPONDING
TO ITS RANK k

I

INCREMENT j TO NEXT
ADDRESS

L 1
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MITSUBISHI MICROCOMPUTERS

MELPS 8/85 PROGRAM LIBRARY

SUBROUTINES

Program Listing

1[2]3]a] 5[] 7] 8] olta 1121314116 17] 18] 19]202 [22]23]24]25] 26 27] 28] 29[ 30]31]32] 33 P‘[z|3|4}5|s 7] 8] sJio] 1 [r2[isfiafis[e]i7]18[1sfeof21272af24[25]26]27]28f29(30(31(32(33]
*I L0 JI B | (O N R M| : R15| [N l\N|x| L D| I N N N N S S S S B A A R
% %% |SUBROUT|I NE (SOR R6. . [ ONX M [
*I N I I | O N S R N W S ' 45 | I '} JMIPI 11 Rlal : S I S T I W | : ) T Y T T |
*I I/ISIOIRTIlNIG IP\RQGRIAM i : 1 *l i N S A | i E I T T N TN IO T | : ) U T I T |
o ——— PRI ST AT oBf ., | LHLD MY
T N NlAIM i1 SIQRITL 1 1 I S | IINJxLI L HLI E § SR I N N T I S | E I T |
*I I<IUIsIERsl VDIAiTIA IAIRIEIA|>I 3* I T S | MIOJVLI 1 AJ! IBE § U T N T N S : | T S T |
qRIDI L1 DIA|DIRI 1 0I ) T ; N I !slTlAlxl 1 DI i ; § R W T Y T T S | I T S R .
PIRI‘Q 11 DKE\FI 11 11 11 : B N T X|C|H|G| 1 11 E B SN NS U TN Y B B R T S ')
ol . 185 oofs o LHLD  COUNT, ., .. :., . |,
y IR N '} 1 1I°Iol T | S ') JKNIXI 1 HI 1 L U T T S T Y B 8 | I |
) T N '} A 1151 1 B IR I N | JMIPI 1 RI.'I IE N T TIPS TN S S S ] I T S T |
N T N T | 1 111 *I | N N . 11 : S I T S N I Y 8 ) N T S |
B T R S | 1 . Rlai L1l LVHILIDI i cJoLuENITl B T T Y | N N I S |
15 0 I N '} L FIFI Ll 70 F T N N | X|C|H|G| 1 Lol E IR S SN T O T T | DU SN SN S S |
MIAIxI Ll 1 Ml&& S S | LIHILIDI 1 RlAIDEDI LS T T T T | B I S Y T I |
*IIIII 1 llllllsl N O N S DlA\DIIDl|“IlIlIIJ]J ) Y N N N |
*| ,(,C,QNT IDLATIAI lAiRIEIA">J (R \ovvn L1 MI’AE T S N N S | - TR T N |
DIADIDV 1 DIAiDlRI 1 PIRIq B 5 *I i1 1 | I S S | 11 i ) I T T T T I 1 I ] I T I T
oRADD _ | DADR, , MAX , . i s6lew o | LHLD  ORD 0y
M1| L D,AKD,R, ! 01 TR [ |0|V| L1 AI’JL: T N T N R N N |
M2, [ IDADR . [0, ., L. . |ORA M oL
COUNT | DADR , 0, , , b I WZ RO
>k| | N I I I ' N S T | : L4111 chlxl L1 HL 1 i § SR SO N RN N T T N 1 ) T N T |
sl k%% PROGRAM START, | ; P I XCHG ., |, & 0
* o b Ly : Lo | LHLD RADD ., , i
L RIQMI L L“‘I”]..‘:N;NI”E.”&”;“;..‘I """"" T Lo D|A|D| . :‘ [ R B N I |
quanx i L DIAJDEDI L : L1 Mlolvl L Al’ le T S N Y O N B | I
S Y S W 't 1 i : L ngl Lol ]RIEITI | Lol E T N T N RO OO N 4 I R N
30 il | Hl,l‘ovl
LI . [COUNT Explanation Keyed to Program Listing
L . IRADD,
i Ll @ The program name is defined as "SORT".
¥y TS @ If column 1 of a statement is ‘*’, it is considered a
35 RJZL Ll L B, ’AM i comment
L FF# )
L . R8, | @ Defines the value of data.
L . ﬂgk L @ The ‘# in FF# indicates that FF is a hexadecimal
L . DADD,
40 RJBLJ il L A, ’lM L number. .
L M2, (® Reserves a region to store the results.
L  FF## ) ® The above program is defined as a RAM region because
At L R7, ! : its contents are variable at time of execution, and this is
'Lf : : : .LR:Q‘. 'L J' a ROM region because its contents are fixed.
O TUNZ RS, ...,
L . IPSW. L
1L 1 1 1 1 MI1I : 1 1
) T '} L le 1 1
50 § R I '} L |LI L L L
L L M2 +1, n
| S N S '} 1 Rl4' : 1 e
| S W B ¥ Il Plslw 1 1
| T T T § 1 RI61 . 1
sslBd . _\PSW | .
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MITSUBISHI MICROCOMPUTERS

MELPS 8/85 PROGRAM LIBRARY

SUBROUTINE 1: INTEGER ARITHMETIC OPERATIONS
IN 8K-BIT MASK-PROGRAMMED ROM (M58730-001S)

DESCRIPTION

The MELPS 8/85 Subroutine 1 ‘Integer Arithmetic Operation’
is programmed on a standard M58730-001S mask ROM. It
includes 18 subroutines for a MELPS 8/85 CPU. Although
the basic unit of a MELPS CPU is 1 byte (8 bits), units of 2
bytes (16 bits) and 4 bytes (32 bits) can be easily processed
using these subroutines.

These subroutines contain sections of common coding;
therefore, when using the subroutines, the CPU must be
running in the interrupt disable mode.

These subroutines can be divided into the following
general classifications:

Addition routines
Subtraction routines
Multiplication routines
Division routines
Shift-operation routines
Logic-operation routines

FEATURES

® All programs implemented using a pseudo accumulator
in a RAM region

® Easy processing of 2-byte or 4-byte data

® Jump to subroutines via transfer vectors

1. SUBROUTINE CALL

In a user’s program, the subroutine call is as follows:

Fig. 1.1 Subroutine call

(USER'S PROGRAM) (TRANSFER VECTOR)  (SUBROUTINE)
TVTB EQU 24576
STAC EQU TVTB+3
LDDL EQU TVTB+6 TVTB [IMP LDAGC LDAC
—=TVTB+3[JvP sTACL D
TVTB-+6[JMP LDDL STAG
1® TVTB+9TMP STOL
. @ LDDL
CALL STAC
DADR DAT! 1oL
e

Note ™1 : The processing order is D, @ . @ . @ -and ®.. A transfer vector is used

to set the entry address of each subroutine.

2 : Transfer vectors are used for subroutine calls because they are not affected by
changes in program size.

3 : The absolute address of a subroutine or its transfer vector must be defined
before it is called.

4 : The absolute address of a subroutine or its transfer vector refers to the table
of subroutine functions.

2. RESERVED MEMORY LOCATIONS

Memory locations 6000,4~63FF;¢ of the ROM region are
reserved. In addition, a 50-byte RAM region, locations
3FCE;¢~3FFF,¢, is reserved for executing the ROM
subroutines.

3. DATA PROCESSING UNITS OF SUBROUTINES

The MELPS 8 CPU processes data units of 8 bits (occasion-
ally 16 bits) while these subroutines process data units of
2 bytes (16 bits) or 4 bytes (32 bits).

3.1 One Word Length (2 bytes)

A data unit of 2 bytes (16 bits) can represent three
binary coded decimal digits, 16 logical elements, a binary
number. with a range of —2'5~215-1, or two characters.
This data structure is shown in Fig. 3.1.

Fig. 3.1 Data structure of one word length (2 bytes)

T T T T T T T T T T T T T T
1 I — 1 1 1 1 1 1 I 1 1 1
1 BYTE (8 BITS) 1 BYTE (8 BITS)
1 WORD LENGTH (2 BYTES)

3.2 Double Word Length (4 bytes)

A data unit of 4 bytes (32 bits) can represent seven binary
coded decimal digits, a binary number with a range of —231
~231—1, or four characters. The data structure is shown in
Fig.-3.2.

Fig. 3.2 Data structure of double word length (4 bytes)

31 2423 1615 87 O
LI B R S I S AN N B [ S Bt S B S o e e e e
NS B SRR SR
1 BYTE (8 BITS) | 1 BYTE (8 BITS) | 1 BYTE (8 BITS) | 1 BYTE (8 BITS)

1 WORD LENGTH (2 BYTES) 1 WORD LENGTH (2 BYTES)

DOUBLE WORD LENGTH (4 BYTES)
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MITSUBISHI MICROCOMPUTERS

MELPS 8/85 PROGRAM LIBRARY

SUBROUTINE 1: INTEGER ARITHMETIC OPERATIONS
IN 8K-BIT MASK-PROGRAMMED ROM (M58730-001S)

4. NUMERICAL EXPRESSIONS

Numbers can be organized in 16-bit or 32-bit units as
shown below.

4.1 16-Bit Binary Number

This binary number of 16 bits is organized as one unit.
Negative numbers are in 2's complement form. The number
has a range of —2!5~2!5—1 (-32768~32767).

Fig. 4.1 Organization of 16-bit binary number

15 8 7 0
IilLI T T T l IF'TTTTTT
I B | I |
SIGN (S) POSITIVE : 0 L—— DECIMAL POINT
NEGATIVE : 1

THE LEAST SIGNIFICANT BYTE IS IN LOCATION M, AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M+1

15 8 7 0]
m m
ADDRESS M +1 ADDRESS M

4.2 32-Bit Binary Number

This binary number of 32 bits is organized as one unit.
Negative numbers are in 2's complement form. The number
has a range of —23'~231—1(—2147483648~2147483647).

Fig. 4.2 Organization of 32-bit binary number

31 R4R3 1615 8 7 [¢]
I]ll!IIIIIIIIIIIIIIIIIIIIIIIll

T
R EEEEE NN
SIGN (S) POSITIVE : 0 NEGATIVE : 1
. DECIMAL POINT
THE LEAST SIGNIFICANT BYTE IS IN LOCATION M. AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M + 3.

15 8 7 o
31 24 23 16

ADDRESS M + 3 ADDRESS M + 2 :

4.3 32-Bit Decimal Number

This decimal number of 32 bits consists of a 7-decimal digit
numerical part and a 1-digit sign part. The number has a
range of —107+1~10"-1 (~9999999~9999999).

Fig. 4.3 Organization of 32-bit decimal number

31 2423 1615 87 0
l I | 106 I 105 l 104 I 103 102 101 l 100
| | 111 L1 L 11 L1 Ll 111 LI
SIGN (S) POSITIVE : 016 NEGATIVE : Fyg DECIMAL POINT
THE LEAST SIGNIFICANT BYTE IS IN LOCATION M, AND THE MOST SIGNIFICANT BYTE IS IN LOCATION M + 3.
15 8 7 0.
103 102 101 100
ADDRESS M + 1 ADDRESS M
31 24 . 23 16
ADDRESS M + 3 100 ADDRESS M +2| | 107 10¢
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MELPS 8/85 PROGRAM LIBRARY

SUBROUTINE 1: INTEGER ARITHMETIC OPERATIONS
IN 8K-BIT MASK-PROGRAMMED ROM (M58730-001S)

5. SUBROUTINE FUNCTIONS

Subroutirie Absolute address o
! Function and error condition Number of steps | in hexadecimal | Transfer vector |Processing time
name (in decimal) symbolic address | (max) in ms
6087 TVTB

LDAC Load one word (2 bytes) data into the pseudo accumulator (Note 5) 19 (24759) (Note 2) 0.2

STAC Store one-word (2 bytes) data of the pseudo accumulator in the location specified by 1a 60CA TVTB+ 3 0.2
the operand address. (24718)

60|

LDDL Load double-length (4 bytes) data into the pseudo accumulator. 20 (24[7)32) TVTB+ 6 0.3
Store double-length (4 bytes) data of the pseudo accoumulator in the location specified 60EC

STDL 9
by the operand address. 20 (24812) TVTB+ 9 0.3
Shift left double-length (4 bytes) data in the pseudo accumulator n bits. When n does 6100

SLDL not statisfy the inequality 1=n<32. it is considered an error conditon. Then the A register 39 (24832 TVTB+ 21 0.3
is set to 1, and the pseudo accumulator is not shifted. 832)
Shift right double-length*(4 bytes) data in the pseudo accumulator n bits. When n does 6127

SRDL not statisfy the inequality 1=n=<32, it is considered an error condition. Then register A 39 1874 TVTB+24 0.3
is set to 1, and the pseudo accumulator is not shifted. (24871)
Arithmetic shift right double-length (4 bytes) data in the pseudo accumulator n bits. 614E

ARDL When n does not satisfy the inequality 1=n<31, it is considered an error condition. Then 64 1 TVTB+27 0.3
the A register is set to 1. and the pseudo accumulator is not shifted (24910)
Exclusively OR the pseudo accumulator (2 bytes) data and the operand. The result is 618E

XRAC
retained in the pseudo accumulator 18 (24974) TVTBA+18 0.2
Add th [ 2 i i 1

NDAG d the pseudo accumulator (2 bytes) data and the operand. The result is retained in 18 61A0 TVTB+12 0.2
the pseudo accumulator. (24992)
Inclusive OR the pseudo accumulator (2 bytes) data and the operand. The result is 61B2

ORAC retained in the pseudo accumulator, 8 (25010) TVTB+15 0.2
Add the contents of the pseudo accumulator {2 bytes) and the operand. The sum is 12+ (20) 6104

ADAC retained in the pseudo accumulator. If a carry is generated by the additon, the A register TVTB+30 0.3
is set to 1 (overflow): otherwise. it is reset to 0. (Note 8) (25028)
Add the contents of the double-length pseudo accumulator (4 bytes) and the operand. 12+ (22) 61D0

ADDL The sum is retained in the pseudo accumulator. If a carry is generated by the addition, (Note 8) (25040) TVTB+36 0.3
the A register is set to 1 (overflow); otherwise, it is reset to Q.
Subtract the operand from the contents of the pseudo accumulator (2 bytes). The 12+(20) 61F0

SBAC difference is retained in the pseudo accumulator. If & borrow is generated by the Note 8 (25072) TVTB+33 0.3
subtraction, the A register is set to 1 (overflow). otherwise, it is reset to O (Note 8)
Subtract the operand from the double-length pseudo accumulator (4 bytes). The 12+ (22) 61FC

SBDL difference is retained in the pseudo accumulator. If a borrow is generated by the sub- Nots ) (25084) TVTB+39 0.3
traction, the A register is set to 1 (overflow); otherwise, it is reset to O. (Note

MLAG Multiply the contents of the pseudo accumulator (2 bytes) by the operand. The product 67 621E TVTB +42 12.0
is retained in the pseudo accumulator. (25118)
Divide the contents of the pseudo accumulator (4 bytes) by the 2-byte operand. The
quotient is retained in the high-order 2 bytes, and the remainder in the low-order 2 6261

DVAC bytes of the pseudo accumulator. If the 2-byte operand (divisor) is greater than or equal 195 TVTB+45 15.0
to the high-order 2 bytes of the dividend or is O, it is considered an error condition (25185)
Then the A register is set to 1, and the contents of the pseudo accumulator are unaltered
Decimally add the contents of the pseudo accumulator (4 bytes) and the operand. The

DCAD sum is retained in the pseudo accumulator. If a carry is generated by the addition 12+ (155) 6324 TVTB + 48 0.7
(overflow), it is considered an error condition; and the A register is set to 1. (Note 3) (25380)
Decimally subtract the operand from the contents of the pseudo accumulator (4 bytes). 124 (155) 6330

DCSB The difference is retained in the pseudo accumulator. If a carry is generated by the 25392) TVTB+51 1.3
subtraction (overflow), it is considered an error condition, and the A register is set to 1. (Note 3) (

Note 5 : The pseudo accumulator is a double-length (4-byte) register reserved in the
RAM.
6 : The starting address of the transfer vector table (TVTB) is 24759.
7 : The number in () is the number of steps in common routines.

Note 8 : The subroutines occupy 800 bytes of memory. The transfer vector table

occupies 54 bytes of memory. The save registers B, C, D, E. Hand L and

return routines occupy 129 bytes of memory. Total memory requirement is
983 bytes.
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MITSUBISHI MICROCOMPUTERS

MELPS 8/85 PROGRAM LIBRARY

SUBROUTINE 1: INTEGER ARITHMETIC OPERATIONS
IN 8K-BIT MASK-PROGRAMMED ROM (M58730-001S)

6. BASIC CALLING SEQUENCE

Label Instruction Operand
1T2[3[a[ 56| 7 8] oTio[t 12131415 16[1 18] 19[20
L. | ICALL |, |SUB, , |, — Describes the subroutine named 'SUB’ being called
..., | DADR , |ABC | Symbolic address'of the operand (ABC) used by the called subroutine.
I - § I T S - Jo L 1 1
ALBJ_Q L B.S,g L L ) — Defines the operand (ABC) and reserves memory for it
1
1

1

ST B I O S |
L

1

S B T R N S N B W

it 1
L !
L !

€ I
1 L
1 1
L !
i L

[ TR S S S N B B

In this example using this' subroutine, the program: adds
two 4-byte binaryinumbers and stores the sum in locations

WORK~WORK+3.
Label l Instruction Operand
1123 a]5]6] 78 s[io[1i1Z 1314 1g[17]18[ 1920
... | IORG , , 18700# , ——— Absolute address of the program’s start.
TVTB, , | EQU , , |24759 , —— Absolute address of the transfer vector table’s start.
LDDL EQU, |, ITV.TB+6, ———— Absolute address of subroutine LDDL'’s transfer vector.
STDL, EQU, A [TVTB+t9 — Absolute address of subroutine STDL's transfer vector

|
|
T
|

ADD L, : EQU, | TVTB+36— Absolute address of subroutine ADDL's transfer vector.
DATAI, | DEF, .  [9CZ .,
Ll l DIElFl L 2|A1ﬁ| I Operand

1

1

N I N N | DIEJEIA . 4Isl:":l I
RN lDE F_, . 103%# | .

ABC, , . | DEF ‘0 QEI L
1 DE F‘ Ll \2 3|tt| Ll
.. ...| DEF | \1 of Operand

L oEE..!OA# ) :
JORK, | BSS |, | ‘ L L1 1 —— Reserves a 4-byte region to store the sum.
1 [GALL, LDD. L., Loads operand (DATA 1) into the pseudo accumulator
... .| DADR,_, DATAI, > :
T

bl CALL . ADDL, , Adds operand (ABC) to the contents of the pseudo accumulator and retains the result in the pseudo
FENER R D A D, Rl | ,A B C, L ;f accumulator. .
o0 [ CGALL,, STDL, | 1 Stores the sum in locations WORK ~ WORK + 3.

... DADR__|WORK, . J

oo | END b

L IR T G R R R S

Note : "# flags a hexadecimal number.
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MITSUBISHI MICROCOMPUTERS

APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

(PCA 0801) IN DATA TRANSMISSION

THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM

DESCRIPTION

Three PCAO801 single-board computers are connected to
form a master-slave microcomputer data-transmission
system. Such a system contributes significantly to reducing
the load on the host computer and to improving the
operational efficiency and functions of the system. This is
an example of a mode 2 application of the M5L8255AP
programmable peripheral interface (PPI).

FUNCTIONS

One of the three PCA080 1s serves as the master computer,
and the other two as the slave computers that complete
the system. When the No. 1 PPl (C.W.=03) is set to
mode 2, data is transmitted between the master and either
of the slaves using the |/0O port PA as a bidirectional data
bus.

OPERATIONS

The master computer, storing 200 bytes of the trans-
mission data within its No. 2 EPROM (M5L 2708K), starts
to transmit that data to the No. 1 slave computer via the
1/0 port PA (PAo~PA,). After receiving the data, the
slave computer inverts the data and stores it in its RAM
(M5L2111AP). This inverted data is then sent back to the
master computer, after which it is stored in the master
computer’s RAM.

The master computer now starts to transmit 200 bytes
of the RAM data to the No. 2 slave computer, where the
data is inverted and stored in the RAM to be sent back to
the master computer.

The master computer, having completed storage of the
data in its RAM, executes an inspection routine for the
stored data, and compares the 200-byte contents of the

Fig. 1 Example of application circuit

EPROM and the RAM for discrepancies.

If all the data is correct, LED 1, which acts as an in-
dicator, is turned on. If not, LED 2 is lit, and execution
is terminated.

The operational status of the LEDs (on or off), and
their significance, are shown in Table 1. These status in-
dications are shown in the sequence of CPU progress, so
that the operating status of the master computer may be
readily recognized from the combination of LED O~LED
2 indicators.

Table 1 Status as Indicated by the LED Display

%ZU LED|LEDILED Description of the status indicated
quence 0 ! 2
0 0 0 System is not transmitting data
0 7 System is not operating, because no line is connected
0 between the master and the slave computer No. 1
1 0 0 Data is being transmitted between the master and
slave computer No. 1.
Data transmission to computer No. 1 has been
0 0 0 completed
System is in the 5-second delay routine.
0 1 System is in the idle condition, with no transmission
0 between the master-and slave computer No. 2.
1 1 1 Data is being transmitted between the master and
slave computer No. 2
L, 0 1 0 Data transmission has been compieted, having trans-
mitted the data correctly.
L{ o 0 1 Data transmission has completed, but a transmission
error has been found.

Note 1 : “ON" indicates where the LED turns on, and “OFF" where the LED turns off
2 : The slave computers, No. 1 and No. 2, must be in operation prior to the en-
gagement of the master computer.

PCAOB01 SINGLE-BOARD COMPUTER (NO 2 SLAVE) PCA0B01 SINGLE-BOARD COMPUTER (MASTER)
PA(0G) | sv -~ PA(0415)
PPI 8 [~~~
PB(056) fo—
RAM MSL 8255 . LED 2 B
ML 2111AP PC(0615)  |—rBe
8 RAM
EPROM _NO 1 Eoni — Lee 2 1PB1 o (0546 M5L 2111AP
PPI C ACK
(M5L2708K) | st gassap PCe[T [*oreeeet®LED 0 21lpes PRI
INSTRUGTION PCa| 13 [-CE24 == )" " msi_s225ap
TORAGE po02w) o | o [oper | A cpes oo EPROM NO 2
o~ poslual cezsBEa | ] opsi | oo |oo” M5l 2708K)
---------- PC(0616) DATA
MS5L8080AP PA( 17 PCs STORAGE
D PA(0016) N -—,H ik
PA;|24 PCo
— )
|
P : e I(NSTFﬁSRTION
RAM PPl pB0sy)  fe—rfe e, P21 | INGTRRRTE
M5L 8255AP . ppr | Lo 20N
Vst 211148 PO(S ) =" HPBomsL 8255aP
PB(0116) LI PAg
""""" —_ i PA(00+g) cPU
EPROM_NQ 1 S
(M5L2708K) PPI PCg |5—CP—ZS-L_—K—A- peapar M5L. 8080AP
TEOR o [Mo-essae ool [ oree STEA
gTORAGE Po(02i) o cp21_OBFa PCs _—l
CP2s 1BFa | 13 [PC,
o Posl) net pocze
ML 8080AP o 10)pc,
SRR | PA(0016) \u §
PA;| 24
DATA B
PCAO801 SINGLE-BOARD COMPUTER (NO. 1 SLAVE)
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MITSUBISHI MICROCOMPUTERS

APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

(PCA 0801) IN DATA TRANSMISSION
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM

Fig. 2 Master microcomputer flow chart

MASTER STARTS
INITIALIZE MODE
OF PPI

?

N -
0 INITIALIZE (D)(E)
TO THE TOP ADDRESS
TEs ~ OFROMNO 2
INITIALIZE VALUE RE-STORE STORED INCREMENT j\
N
OF STACK POINTER PNERT (COUNT) ROM)=(RAM >—°—
! YES
MOVE DATA DECREMENT INCREMENT
TO WORK AREA C REGISTER (DJ(E), (H)L)
NO
LOAD 2 @ DECREMENT
IN B REGISTER C REGISTER
‘ YES
TRANSMISSION INCREMENT DATA
TION ' NO
CALL TIMEC TERMINATIO STORAGE ADDRESS @
(55 DELAY)
YES
1 TERMINATION OF
ORMAL DATA
SEND READY TO TRANSMISSION
SL1 (=6916) -—————-4
T CALL TIMEC
(55 DELAY) OUTPUT (COUNT)
CALL TIMEC T 70 I/0 PORT 04 16
(100ms DELAY)
! SEND READY TO SL2 ;
(=69p)
RECEIVE ACK T NoP
FROM SL1 (=6B1g)
CALL TIMED | E—
(100ms DELAY)
RECEIVE ACK FROM INDICATE
UNALLOWABLE TRANSMISSION SL2 (=6B 16! TRARNOR N
TRANSMISSION INITIALIZE ‘ I
‘,— ‘4——-—————{ : ) NO
ACK =6B 152
LOAD 200
NOP IN C REGISTER YES
DATA
— :) UNALLOWABLE
TRANSMISSION
I INITIALIZE TRANSMISSION
CALL MO (MASTER —
DATA OUTPUT)
SET (H)(L), (D)(E) TO
' RAM TOP ADDRESS NoP
CALL TIMED T
(100ms DELAY) |
T DECREMENT
8 REGISTER
CALL MI (MASTER
DATA INPUT)
STORE INPUT DATA IN
TEMPORARY AREA LOAD 200
IN C REGISTER
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MITSUBISHI MICROCOMPUTERS

APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

(PCA 0801) IN DATA TRANSMISSION
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM

Fig. 3 Slave microcomputer flow chart

SLAVE STARTS

INITIALIZE MODE NO
OF PPI
YES
o'? ';ﬁLc'iEp\éT;?EER (A)«—(SCRTCH) SET CARRY
INPUT READY
FROM 1/0 CALL SO
PORT 00 1¢ (SLAVE DATA OUTPUT)
NO
(A)=6916 >
YES
\
A&U(ng:s) MOVE DATA IN
10110 SCRATCH-PAD AREA COMPLEMENT CARRY
PORT 001g TO RAM DATA AREA
CLEAR WORK AREA |NC‘F':E):\C)ENT

INITIALIZE 202 15 AL ZE%O

B
IN (D)E) MOVED
[
l YES ®

INITIALIZE

RAM TOP ADDRESS NOP
IN(H)L)
CALL SI

(SLAVE DATA INPUT)

]

INVERT INPUT DATA
AND STORE IN

SCRATCH-PAD AREA
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MITSUBISHI MICROCOMPUTERS

APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

(PCA 0801) IN DATA TRANSMISSION
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM

MASTER MICROCOMPUTER MAIN PROGRAM LIST
**xCROSS ASSEMBLER OF 8-BIT MICROPRUCESSOR

0070 0081 3ACC40 LDA FLAG
0001%x* MASTER MICROCOMPUTER MAIN PROGRAM *x*x 0071 0084 B7 ORA A
0002 0400 ROM2ST EQU 0400# 0072 0085 C20101 JNZ SUM
0003 4000 RAMST EQU 4000# 0073 0088 3ACE40 LOA TEMPRY
0004 40C8 DSTNT1 EQU 40C8# 0074 0088 EB XCHG
0005 40CA DSTNT2 EQU 40CA# 0075 008C 77 Mov MyA
0006 40CC FLAG EQuU 40CC# 0076 008D 0D DCR C
0007 40CD COUNT EQU 40CD# 0077 008E EB XCHG
0008 40CE TEMPRY EQU 40CE# 0078 008F C2FCOO JNZ YET
000 9% 0079 0092 3E00 MVI AsyOOHK
0010% 0080 0094 D305 ouTt o5#
0011 0000 ORG 0000# 0081 009 78 MoV AsB
.0012 0000 3EC2 MASTER MVI AsC24 0082 0097 FEOZ2 CPI o2#
0013 0002 D303 ouTt 03# 0083 0099 C2CFO00 JNZ S2END
0014 0004 3E01 MVI AyOl# 0084 009C CD1201 CALL TIMEC
0015 0006 D303 ouT 03# 0085 009F 3E69 MVI As69#
0016 0008 3EO03 MVI AsO3# 0086 00Al1 D300 ouTt 00#
0017 000A D303 ouTt 03# 0087 00A3 3E0Q2 MVI Ay02#
0018 000C 3E80 MVI As8BO# 0088 00A5 D303 ouT 03#
0019 000E D307 ouTt o7# 0089 00A7 3E02 MVI AyJ2#
0020 0010 3E00 MVI AyOO# 0090 00A9 D307 ouT o7#
0021 0012 D305 out oS# 00S1 00AB 3C INR A
0022 0014 3EFF MVI AsFF# 0092 00AC D307 out oT#
0023 0016 D306 ouTt o6# 0093 00AE 3EO3 MVI AyO3#
0024 0018 3EAA MVI AysAAY 0094 0080 D303 ouT 03#
0025 001A D304 ouT 04# 0095 00B2 CD2EO1 CALL TIMED
0026 001C 31FF40 LXI SPy 40FF # 00$6 0085 3EOA MVI AsOA#
0027 00IF 0602 MVI By2 0097 00B7 D307 ouT oT#
0028 0021 21DDO1 LXI Hy X 0098 0089 3E00 MVI AyOO#
0029 0024 22C840 SHLD DSTNT1 0099 0088 D303 ouTt o3#
0030 0027 21ES501 LXI HyY 0100 008D 3C INR A
0031 002A 22CA40 SHLD DSTNT2 0101 00BE D303 ouTt 03#
0032 0020 AF XRA A 0102 00CO 3EOB MVI AyOB#
0033 002E 32CE40 STA TEMPRY 0103 00C2 D307 out 07#
0034 0031 32CD40 STA COUNT 0104 00C4 DBOO IN oo#
0035 0034 3ES9 MVI Ay594# 0105 00Cé6 D66B Sul 6B#
0036 0036 32CC40 STA FLAG 0106 00C8 C20B01 JNZ NOCOMC
0037 0039 CD1201 CALL TIMEC 0107 ooCB 3EO07 MVI AsOT#
0038 003C 3E69 MVI Ay69¢# 0108 00CD D305 ouT o5#
0039 003E D300 out 00# 0109 OOCF 210040 S2END LXI HsRAMST
0040 0040 3EO02 MVI AyO2# 0110 00D2 54 MOV DyH
0041 0042 D303 ouT o3# 0111 00D3 SD MOV EsL
0042 0044 3E00 MVI AsOO# 0112 00D4 05 DCR B
0043 0046 D307 ouTt oT# 0113 00D5 C27200 JNZ RPT2
0044 0048 3C INR A 0114 00D8 OEC8 MVI C»200
0045 0049 D307 ouTt oOT# 0115 O0ODA 110004 LXI DyROM2ST
0046 004B 3EO03 MVI Ay03# 0116 00DD 1A SCAN LDAX D
0047 004D D303 ouT o3# 0117 00DE BE CMP M
0048 004F CD2EO1 CALL TIMED 0118 00DF C2FS00 JNZ TRMERR
0049 0052 3E08 MVI AyOB# 0119 00E2 13 INX D
0050 0054 D307 ouTt oO7# 0120 00E3 23 INX H
0051 0056 3E00 MVI AsO0# 0121 00E4 0D DCR C
0052 0058 D303 ouT o3# 0122 00E5 C2DD0OO JINZ SCAN
0053 005A 3C INR A 0123 00OE8 3E02 MVI AsO2#
0054 0058 D303 ouT 03# 0124 00EA D305 ouT o5#
0055 005D 3E09 MVI AsO9# 0125 QOEC 3ACD40 NO2 LDA COUNT
0056 00Sf D307 ouT o7 0126 O0EF 0304 ouTt 04#
0057 0061 DBOO IN oo# 0127 00F1 00 NO1 NOP
0058 0063 D668 S sul 6B# 0128 00F2 C3F100 JMP NO1
0059 0065 C208B01 JNZ NOCCMC 0129%
0060 0068 3E01 MVI AsOls 0130 OOF5 3E04 TRMERR MVI AsO4#
0061 006A D305 ouT 0S# 0131 Q0OF7 D305 ouTt 05S#
0062 006C 210004 LXI HyRCM2ST 0132 00F9 C3ECOO JMP NO2
0063 006F 110040 LxI DyPAMST 0133%
0064 0072 OECS8 RPT2 MV Cy299 0134 OOFC 23 YET INX H
0065 0074 7E RPT1 MCV Asn 0135 00FD 13 INX D
0066 0075 CD5501 CALL nMC 0136 OOFE C37400 JMP RPT1
0067 0078 CD2EO1 CALL TIMED 0137x
0068 0078 CD6001 CALL M] 0138%** NO=-PASS SUM *xx
0069 007E 32CE40 STA TEMPRY 0139%
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APPLICATION OF MELCS 8/2 SINGLE-BOARD COMPUTER

(PCA 0801) IN DATA TRANSMISSION
THROUGH A MASTER-SLAVE MULTICOMPUTER SYSTEM

0140 0101 3ACD40 SUM LDA  COUNT 0211x%
0141 0104 3C INR A 0212 0160 DS MI PUSH D
0142 0105 32CD40 STA  COUNT 0213 0161 110202 LXI Ds202#
0143 0108 C37400 JMP  RPT1 0214 0164 CDA201 CALL DECODI
0144% 0215 0167 DBOO IN 00#
0145% 0216 0169 D1 POP D
0146%x%x NOCOMMUNICATE #*x% 0217 016A C9 RET
0147% 0218%
0148 0108 3E04 NOCOMC MVI AyOag 0219%
0149 010D D305 OUT  O5# 0220%%* SUBROUTINE DECODO **x
0150 010F C3F100 JMP NO1 0221
0151 0222 016B ES DECODO PUSH H
0152%%xx SUBROUTINE TIMEC *xx% 0223 016C D5 PUSH D
0153 0224 016D 2AC840 LHLD DSTNT1
0154 0112 1E32 TIMEC MVI Es50 0225 0170 DBO1 MIBF IN Ol#
0155 0114 CD2EO1 TIMEC1 CALL TIMED 0226 0172 A6 ANA M
0156 0117 1D DCR E 0227 0173 C29801 INZ MIBFP
0157 0118 CAlEO1 Jz TIMEC2 0228 0176 3E02 MVI AvO2#
0158 0118 C31401 JMP TIMEC1 0229 0178 D303 ouT 03#
0159 Ol1lE C9 TIMEC2 RET 0230 017A 23 INX H
0160% 0231 0178 7E MoV AsM
0161x% 0232 017C D307 ouT OT#
0162x 0233 017€ 3C INR A
0163%** SUBROUTINE TIMEF *kx 0234 017F D307 out oT#
0164 O11F DS TIMEF PUSH D 0235 0181 3E03 MVI AyO3#
0165 0120 1EOA MVI E»10 0236 0183 D303 ouT 03#
0166 0122 CD2EO1l TIMEF1 CALL TIMED 0237 0185 79 MoV AsC
0167 0125 1D DCR E 0238 0186 D601 Sul ol#
0168 0126 CA2CO1 Jz TIMEF2 0239 0188 CA9701 Jz FINEl
0169 0129 C32201 JMP TIMEF1 0240 0188 28 DCX H
0170 0120 Dl TIMEF2 POP D 0241 018C 22C840 STORE1l SHLD DSTNT1
0171 0120 C9 RET 0242 018F 3E24 MVI As24# .,
0172% 0243 0191 32CC40 STA FLAG
0173%k* SUBROUTINE TIMED *x% 0244 0194 D1 NOIBF POP O
0174x% 0245 0195 E1l PGP H
0175 012E F5 TIMED PUSH PSW 0246 0196 C9 RET
0176 012F CS PUSH B 0247 0197 23 FINE1l INX H
0177 0130 DS PUSH D 0248 0198 (38C01 JMP STORE1
0178 0131 ES PUSH H 0249 0198 15 MIBFP DCR D
0179 0132 1614 MVI D»20 0250 019C C27001 JNZ  MIBF
0180 0134 OEla MVI Cy20 0251 019F C39401 JMP NO1BF
0181 0136 06C8 TIMED6 MVI 8200 0252x%
0182 0138 3EC8 MVI A 9200 0253%
0183 013A C33D0O1 TIMED1 JMP TIMED2 0254%%xx SUBROUTINE DECODI #%x%
0184 013D C34001 TIMED2 JMP TIMED3 0255x%
0185 0140 05 TIMED3 DCR B 0256 01A2 ES DECODI PUSH H
0186 0141 3D DCR A 0257 01A3 D5 PUSH D
0187 0142 CA4801 Jz TIMED4 0258 01A4 2ACA40 LHLD DSTNT2
0188 0145 C33A01 JMP TIMED1 0259 01A7 DBO1l MOBF IN 0l#
0189 0148 15 TIMED4 DCR D 0260 01A9 A6 ANA ]
0190 0149 0D DCR € 0261 0lAA C2D601 JNZ HOBFP
0191 014A CAS5001 Jz TIMED? 0262 01AD 23 INX H
0192 014D C33601 JMP  TIMEDG6 0263 OlAE 7E MOV AsH
0193 0150 E1l TIMED7 POP H 0264 OlAF D307 out oT#
0194 0151 DI PGP D 0265 01B1 3E00 MVI AyOO#
0195 0152 Cl1 POP B 0266 0183 D303 OUT  03#
0196 0153 F1 POP  PSW 0267 0185 3E01 MVI AsOlL#
0197 0154 C9 RET 0268 01B7 D303 out 034
0198% 0269 01B9 7E MoV AsM
0199% 0270 01BA 3C INR A
0200%x%x SUBROUTINE MO *xx 0271 01BB D307 ouT DT#
0201 0272 01BD 79 MOV AyC
0202 0155 D300 MO OUT  Qo# 0273 01BE D601 sul ol#
0203 0157 DS PUSH D 0274 01CO0 CAD201 Jz FINE2
0204 0158 110202 LXI Ds202# 0275 01C3 28 DCX H
0205 0158 CD6BO1 CALL DECODO 0276 01C4 22CA40 STORE2 SHLD DSTNT2
0206 015E D1 POP D 0277 01C7 3ACC40 LDA FLAG
0207 015F €9 RET 0278 01CA D624 SUl 244
0208x% 0279 01CC 32CC40 STA  FLAG
020 9% 0280 O1CF D1 NGOBF POP D
0210%%*x SUBROUTINE MI **x 0281 01D0 E1 pPopP H
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0282 01D1 C9 RET 0295 OlEl 04 DEF 04+
0283 01D2 23 FINE2 INX H 0296 0lE2 04 DEF 04#
0284 01D3 C3C401 JMP STORE2 0297 01E3 08 DEF o8#
0285 0106 1D MOBFP DCR E 0298 01E4 06 DEF 06#
0286 01D7 C2A701 JINZ MOBF 0299 01€E5 10 Y DEF 10#
0287 01DA C3CFO1 JMP NOOBF 0300 O1E6 08 DEF 08#
0288x* 0301 OlE7 20 DEF 20#
0289x% 0302 O1E8 OA DEF OA#
0290x% SELECTIVE CHARACTER O TEIGI SURU x 0303 0l1E9 40 DEF 40 #
0291 010D 01 X DEF Ol# 0304 OlEA OC DEF oc#
0292 O1DE 00 DEF 00# 0305 OlEB 80 DEF 8O#
0293 O1DF 02 DEF 02# 0306 O01EC OE DEF OE#
0294 0lEO0 02 DEF 02# 0307 0000 END MASTER
SLAVE MICROCOMPUTER MAIN PROGRAM LIST
**CROSS ASSEMBLER OF 8-BIT MICROPROCESSOR
0001*%x SLAVE MICROCOMPUTER MAIN PROGRAM *xx 0055x%
0002% 0056%%x* SUBROUTINE SI **x
0003x% 0057 %
0004 4000 RAMST EQU 4000# 0058 0055 DS SI PUSH D
0005 40DO SCRTCH EQuU 400D O# 0059 0056 DBO2 SIBF IN 02# »
0006 40D1 Fl EQU 40D1# 0060 0058 E620 ANI 20#
0007 40D2 F2 EQU 40D 2# 0061 005A C26700 JNZ SIN
0008x% 0062 005D 15 DCR D
0009 0000 ORG 0000# 0063 O0SE (25600 JNZ SIBF
0010 0000 3ECO SLAVE MVl AyCO#¥ 0064 0061 AF XRA A
0011 0002 D303 ouT 0O3# 0065 0062 32D140 STA F1
0012 0004 3tgl MVI Asy814# 0066 0065 D1 SIND POP D
0013 0006 D307 ouTt O7# Q067 0066 C9 RET
0014 0008 31FF40 LXI SPy4CFF # 0068 0067 3EQ01 SIN MVI AsOL#
0015 0008 DBOO WAILT IN 00# 0069 0069 32D140 STA F1l
0016 000D D669 SuUl 69# 0070 006C DBOO IN 00#
0017 000OF C20B0O JNZ WAIT 0071 006E (C36500 JMP SIND
0018 0012 3E68 MVI Ay6B# 0072x%
0019 0014 D300 ouT o0o# 0073x
0020 0016 AF XRA A 0074%**x SUBROUTINE SO *xx
0021 0017 32Dl40 STA Fl 0075
0022 001A 32D24¢C STA F2 0076 0071 FS SO PUSH PSW
0023 001D 110202 LXI Dy202# 0077 0072 DS PUSH D
0024 0020 210040 LXI HyRAMST 0078 0073 DBOZ2 SCBF IN 02#
0025 0023 CDS5500 BACK1 CALL SI 0079 0075 E680 ANI 80#
0026 0026 2F CMA 0080 0077 (28500 INZ SouT
0027 0027 32D040 STA SCRTCH 0081 007A 1D DCR E
0028 002A 3AD140 LDA Fl 0082 0078 C27300 JINZ SO8F
0029 002D B7 ORA A 0083 007E AF XRA A
0030 002E CA4DOO JZ NOPAS1 0084 007F 32D240 STA F2
0031 0031 3ADO4O LDA SCRTCH 0085 0082 D1 POP D
0032 0034 CD7100 CALL SO 0086 0083 F1 PoP PSW
0033 0037 3AD240 LDA F2 0087 0084 C9 RET
0034 003A B7 ORA A 0088 0085 3E01 sSouT MVI AsOl#
0035 0038 CA5100 JZ NOPAS2 0089 0087 32D240 STA F2
0036 003E 3AD040 LDA SCRTCH 0090 008A D1 POP D
0037 0041 77 MOV MsA 0091 0088 F1 POP PSW
0038 0042 23 INX H 0092 008C D300 ouT 00#
0039 0043 7D MOV AslL 0093 008E C9 RET
0040 0044 FECSB CPI C8# 0094 0000 END SLAVE
0041 0046 DA2300 Jc BACK1
0042 0049 00 NO NOP
0043 004A (34900 JMP NO
0044x
0045%%xx NOPASS 1 *xx*
0046 =%
0047 004D 37 NOPAS1 STC
0048 004E C32300 JMP BACK1
0049
0050%x%x NOPASS 2 xxx
0051 0051 3F NOPAS2 CMC
0052 0052 C32300 JMP BACK1
0053x%
0054 EJE
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CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN

Electronics Overseas Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan
Telex: 24532 MELCO J
Telephone: (03) 218-3473

HONG KONG

Ryoden Electric Engineering Co., Ltd.
22nd fl., Leighton Centre

77, Leighton Rd.

Causeway Bay, Hong Kong

Telex: 73411 RYODEN HX
Telephone: 5-7907021

TAIWAN

Mitsubishi Electric Corporation

Taipei Representative Office

Room 1303, 13th fl., Huei Fong Bldg.
27, Sec. 3, Chung Shan N. Road
Taipei, R.O.C.

Telex: 11211 MITSUBISHI
Telephone: (597) 3111

U.S.A.

MELCO Sales Inc.

3030 East Victoria St.

Compton CA 90221, U.S.A.
Telex: 0673278 MSI CMTN
Telephone: (213) 537-7131

MELCO Sales Inc.

7045 North Ridgeway Avenue
Lincolnwood, IL 60645, U.S.A.
Telex: 724493 MSI LCWD
Telephone: {312) 973-2000

WEST GERMANY

Mitsubishi Electric Europe GmbH
Brandenburger Str. 40

4030 Ratingen, West Germany
Telex: 8585070 MED D
Telephone: (02102) 44089~44094
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