MITSUBISHI (5]

SEMICONDUCTORS

sooannd )

SINGLE-CHIP 16-BIT
MICROCOMPUTERS

Enlarged
edition

ELECTRIC



MITSUBISHI

SEMICONDUCTORS

SINGLE-CHIP 16-BIT Enlarged
MICROCOMPUTERS |__ edition

MITSUBISHI
ELECTRIC

OO NINC



All values shown in this catalogue are subject to change for prod-
uct improvement.

The information, diagrams and all other data included herein -

are believed to be correct and reliable. However, no responsibil-
ity is assumed by Mitsubishi Electric Corporation for their use, nor
for any infringements of patents or other rights belonging to third
parties which may result from their use.



GUIDANCE

MELPS 7700 16-BIT MICROCOMPUTERS

PROGRAMMABLE ROM MICROCOMPUTERS

APPENDICES







MITSUBISHI MICROCOMPUTERS

INDEX

nGUIDANCE ; PAGE
Index by UM G O =+ o v oo v e e e e e et ettt ettt 1—3
Development Support Systems - ~1—6
Ordering INFOIMALION -+« -« +eressermssseeeie ettt et ieeiereeaiieeeereereaiiaeeaae e, 1—8
PACKAGE OUIINES ++vvv e re et eeee e e e et 1—9
Letter Symbols for The DYNamic Parameters: -« --««-ssresrmmeesrnm i e, 1—12
Symbology ................................................................................................................................... 1—15
Quality Assurance and Reliability Testing .......................................................................................... 1—18
Precaution in Handing IMOS IO/ L Sl v v v v v v et e e rm e s ettt ettt ettt ettt ettt ettt ettt sttt 1—24

BMELPS 7700 16-BIT MICROCOMPUTERS
M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP, M37702S1FP, M37702S1AFP, M37702S1BFP

Single-Chip 16-Bit CMOS MiCrocomputer «««+«-=scxsresrererrcencretenens 2—3
M37702M4-XX5(FP, M37702M4AXXXFP, M37702M4BXXXFP, M37702S4FP, M37702S4AFP, M37702S4BFP

Single-Chip 16-Bit CMOS MiCrocomputer -+« «=streterereseesesreerreeees 2—62
M37703M2-XXXSP, M37703M2AXXXSP, M37703M2BXXXSP, M37703S1SP, M37703S1ASP, M37703S1BSP

Single-Chip 16-Bit CMOS MiCrocomputer <« - srxseesresrereseteteeens 2—65
M37703M4-XXXSP, M37703M4AXXXSP, M37703M4BXXXSP, M37703S4SP, M37703S4ASP, M37703S4BSP

Single-Chip 16-Bit CMOS MiCrocomputer <« «=««xsereesssrreeietiaaa.. 2—84
M37720S1FP, M37720S1AFP 16-Bit CMOS MiCrOCOMPULEr -« -« - xrserrereserssrrie st seees 2—86
M37730S2FP, M37730S2AFP, M37730S2BFP, M37730S2SP, M37730S2ASP, M37730S2BSP

16-Bit CMOS MiCrOCOMPULET +-+=rvretersrarararsceteetnteretectttnintinteeeenes 2—179

M37732S4FP, M37732S4AFP, M37732S4BFP

) 16-Bit CMOS Microcomputer- --2—237
MELPS 7700 Addressing Modes ...................................................................................................... 2_298
MELPS 7700 Instruction Code Table ................................................................................................ 2_341
MELPS '7700 MACKHING INSETUGHIONIS - = vt e s e e m e et ettt ettt ettt ettt et e ittt e eaens 2—344

BPROGRAMMABLE ROM MICROCOMPUTERS
M37702E2-XXXFP, M37702E2AXXXFP, M37702E2BXXXFP, M37702E2FS, M37702E2AFS, M37702E2BFS

PROM Version of M37702M2-XXXFP, M37702M2AXXXFP, M37702M2BXXXFP - --- 3—3
M37702E4-XXXFP, M37702E4AXXXFP, M37702E4BXXXFP, M37702E4FS, M37702E4AFS, M37702E4BFS

PROM Version of M37702M4-XXXFP, M37702M4AXXXFP, M37702M4BXXXFP - ---- 3—26
M37703E2-XXXSP, M37703E2AXXXSP, M37703E2BXXXSP

PROM Version of M37703M2-XXXSP, M37703M2AXXXSP, M37703M2BXXXSP ----- 3—28
M37703E4-XXXSP, M37703E4AXXXSP, M37703E4BXXXSP

PROM Version of M37703M4-XXXSP, M37703M4AXXXSP, M37703M4BXXXSP ----- 3—51

nAPPENDICES .

MELPS 7700 Mask ROM Ordering Method« -« -« xrreserrsrrrrenrrn e evnnnn 4—3
MELPS 7700 PROM Ordering MeEthod -« rrrreerersmre ittt 4—16
Mark Speciﬂcation [ 2le) 11 1 R R R R 4—29

Contact Addresses for Further Information







GUIDANCE







MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

HMELPS 7700 16-BIT MICROCOMPUTERS

Type

Circuit function and organization

Structure

Supply
voltage
(v)

Electrical characteristics

Typ. | Min. | Max.
power| cycle | fre-

time |quency

(mw) | (ns) |(MHz)

Package

Page

M37702M2-XXXFP

16K-Byte Mask-Prog. ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C, Si

5+10%

30 | 500 8

80P6N

‘M37702M2AXXXFP

16K-Byte Mask-Prog. ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C, Si

5+10%

60 | 250 | 16

80P6N

M37702M2BXXXFP

16K-Byte Mask-Prog. ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C, Si

5+10%

95 | 160 | 25

80P6N

M37702S1FP

External ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C, si

5+10%

30 | 500 8

80P6N

M37702S1AFP

External ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

C, Si

5+10%

60 | 250 | 16

80P6N

M37702S1BFP

External ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

C, Si

51+10%

95 | 160 | 25

80P6N

M37702M4-XXXFP

32K-Byte Mask-Prog. ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

C, Si

5+10%

30 | 500 8

80P6N

M37702M4AXXXFP

32K-Byte Mask-Prog. ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

C, si

5+10%

60 | 250 | 16

80P6N

M37702M4BXXXFP

32K-Byte Mask-Prog. ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

5+10%

95 | 160 | 25

80P6N

M37702S4FP

External ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

5+10%

30 | 500 8

80P6N

M37702S4AFP

External ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

5+10%

60 | 250 | 16

80P6N

M37702S4BFP

External ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

5+10%

9 | 160 | 25

80P6N

M37703M2-XXXSP

16K-Byte Mask-Prog. ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

5+10%

30 | 500 8

64P4B

M37703M2AXXXSP

16K-Byte Mask-Prog. ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C, Si

5+10%

60 | 250 | 16

64P4B

M37703M2BXXXSP

16K-Byte Mask-Prog. ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I1/0

C, Si

5+10%

95 | 160 | 25

64P4B

M37703S1SP

External ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

C, Si

5+10%

30 | 500 8

64P4B

M37703S1ASP

External ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial I/0

C, Si

5+10%

60 |'250 | 16

64P4B

M37703S1BSP

External ROM, 512-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C, Si

5+10%

95 | 160 | 25

64P4B

M37703M4-XXXSP

32K-Byte Mask-Prog. ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

G, si

5+10%

30 | 500 8

64P4B

M37703M4AXXXSP

32K-Byte Mask-Prog. ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C,Si

5+10%

60 | 250 | 16

64P4B

M37703M4BX;(XSP

32K-Byte Mask-Prog. ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C, Si

5+10%

95 | 160 | 25

64P4B

M37703S4SP

External ROM, 2048-Byte RAM
16-Bit Timer, 8-Bit A-D Converter
Two Serial 1/0

C, Si

5+10%

30 | 500 8

64P4B

R




MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

HEMELPS 7700 16-BIT MICROCOMPUTERS (Continue)

Electrical characteristics
Supply | Typ. | Min. | Max.
Type Circuit function and organization Structure| voltage |power| cycle | fre- Package Page
(V) [dissipation| time |quency '
: (mw) | (ns) |(MHz)
External ROM, 2048-Byte RAM
M37703S4ASP 16-Bit Timer, 8-Bit A-D Converter C,Si {5+10%| 60 | 250 | 16 64P4B
Two Serial 1/0 284
External ROM, 2048-Byte RAM
M37703S4BSP 16-Bit Timer, 8-Bit A-D Converter C,Si |5+10%]| 95 | 160 | 25 64P4B
Two Serial I/0
External ROM, 512-Byte RAM
M37720S1FP 16-Bit Timer, 8-Bit A-D Converter C,Si |5*10%| 30 | 500 8 100P6S
Two Serial 1/0, DMA/DRAM Controller i 2—86
External ROM, 512-Byte RAM
M37720S1AFP 16-Bit Timer, 8-Bit A-D Converter C,Si |5+10% | 60 | 250 | 16 100P6S
Two Serial 1/0, DMA/DRAM Controller .
External ROM, 1024-Byte RAM .
M37730S2FP 16-Bit Timer, Serial 1/0 C,Si |5+10% | 30 | 500 8 64P6N
- External ROM, 1024-Byte RAM .
M37730S2AFP 16-Bit Timer, Serial 1/0 C,Si |5*10% | 60 | 250 | 16 64P6N
External ROM, 1024-Byte RAM "
M37730S2BFP 16-Bit Timer, Serial 1/0 C,Si {5+10% | 95 | 160 | 25 64P6N 2179
External ROM, 1024-Byte RAM .
M37730S2SP 16-Bit Timer, Serial 1/0 C,Si |5+10% | 30 | 500 8 64P4B
External ROM, 1024-Byte RAM . 0,
M37730S2ASP | 16-Bit Timer, Serial 1/0 C,Si |5+10% | 60 250 16 64P4B
c External ROM, 1024-Byte RAM .
M37730S2BSP 16-Bit Timer, Serial 1/0 C,Si |5%10% | 95 | 160 | 25 64P4B
External ROM, 2048-Byte RAM
M37732S4FP 16-Bit Timer, 8-Bit A-D Converter C,Si [5*10% | 30 | 500 8 80P6N
Two Serial I/0
External ROM, 2048-Byte RAM .
M37732S4AFP 16-Bit Timer, 8-Bit A-D Converter C,Si |5+10%| 60 | 250 | 16 80P6N 2—237
Two Serial 1/0
External ROM, 2048-Byte RAM .
M37732S4BFP 16-Bit Timer, 8-Bit A-D Converter C,Si [5+10%| 95 | 160 | 25 80P6N
Two Serial 1/0
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HPROGRAMMABLE ROM MICROCOMPUTERS

Electrical characteristics
Supply | Typ. | Min. | Max.
Type Circuit function and organization Structure| voltage (power| cycle | fre- Package Page
' (V) [dissipation time {quency
(mW) | (ns) |(MHz)
M37702E2-XXXFP ?é‘;g;"tg PROM. 512, 07t0 RA _CMEXXXER C.si |5%10%| 30 | 500 | 8 80PN
M37702E2AXXXFP ?‘;‘:‘B'ytg gggm_‘ﬁ’;_‘g’;‘g‘F';’L",;"’ZWAXXXFP C.si |5%10%| 60 | 250 | 16 80P6N
Ma7702E2BXXXFP| S8 L PRIV Yerion of M 2 20 XXFP C.si |5+10%| 95 | 160 | 25 80PBN
M37702E2FS fgs_%;"t!;?gg,jf i G sl |5%£10%| 30 | 500 | 8 80D0 o
M37702E2AFS | FER O e C.si [5+10%| 60 | 250 | 16 80D0
| mazzoze2Brs | ER O e O C,si (5+10%| 95 | 160 | 25 80D0
M37702E4-XXXFP gz":g';‘t‘: PR, 048 Do A HKER C.Si |5+10%| 30 500 | 8 80PEN
Ma7702E4AXXXFP | e B DR o A XXFP C.Si [5%10% | 60 | 250 | 16 80PGN
Ma7702E4BXXXFP | e B DR e A D FP C,Si [510%| 95 | 160 | 25 80P6N .
M37702E4FS Sk Dyte, CoROM 2016t A C,si [5%10%| 30 | 500 | 8 80D0
MI7702E4AFS | oo o e tote A C,Si |510% | 60 | 250 | 16 '80D0
Ma7702E4BFS | SRON Vel A ous vl C.Si |5%10%| 95 | 160 | 25 80D0
M37703E2-XXXSP | (1° Ee gzgm'\grzsfggtgfFr;mmamz-xxxsp G, Si |5210%| 30 | 500 | 8 64P4B
M37703E2AXXXSP ?é"(eg';‘tz ﬁggm'\g?}gtgF&ﬁmamzﬁxxxxsp C.Si |5+10%| 60 | 250 | 16 64P4B | 3—28
Ma7703E2BXXXSP| (e Hne PRGN VeI ol 2o XSP C.si |5+10%| 95 | 160 | 25 64P4B
M37703E4-XXXSP g’;;g‘y';: gggm_‘g%f;‘_’gy‘:‘e"gmoa""“'xxxsp G, Si |5+10%| 30 | 500 | 8 64P4B
M37703E4AXXXSP gz":_gymtz zggm'\;%;sai?gyﬁngizosmuxxxsp C,Si |5+10%| 60 | 250 | 16 64P4B 3—51
M37703E4BXXXSP g;;gg‘tz gggm'vzgfgc_;gyc:;ngmoswaxxxsp C,si |5+10%| 95 | 160 | 25 64P4B
Awrsualsm s
ELECTRIC
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DEVELOPMENT SUPPORT SYSTEMS

Development support systems for MELPS 7700

MELPS 7700
type name

Assembler

Emulation pod

For evaluate

M37702M2-XXXFP
M37702M2AXXXFP
M37702S1FP
M37702S1AFP
M37702E2-XXXFP-
M37702E2AXXXFP
M37702E2FS
M37702E2AFS
M37702M4-XXXFP
M37702M4AXXXFP
M37702S4FP
M37702S4AFP
M37702E4-XXXFP
M37702E4AXXXFP
M37702E4FS
M37702E4AFS
M37702M2BXXXFP
M37702S1BFP
M37702E2BXXXFP
M37702E2BFS
M37702M4BXXXFP
M37702S4BFP
M37702E4BXXXFP
M37702E4BFS

M37703M2-XXXSP
M37703M2AXXXSP
M37703S1SP
M37703S1ASP
M37703E2-XXXSP
M37703E2AXXXSP
M37703M4-XXXSP
M37703M4AXXXSP
M37703S4SP
M37703S4ASP
M37703E4-XXXSP
M37703E4AXXXSP
M37703M2BXXXSP
M37703S1BSP
M37703E2BXXXSP
M37703M4BXXXSP
M37703S4BSP
M37703E4BXXXSP

M37720S1FP
M37720S1AFP

M37730S2FP
M37730S2AFP
M37730S2SP
M37730S2ASP
M37730S2BFP
M37730S2BSP

M37732S4FP
M37732S4AFP
M37732S4BFP

RASM77

M37762T-HPD

M37702T-HPD
(Exchange MCU for M37702S4AFP)

M37702TB-HPD**

M37702TB-HPD**
(Exchange MCU for M37702S4BFP)

M37702E2FS
M37702E2AFS
M37702E2BFS
M37702E4FS
M37702E4AFS
M37702E4BFS

M37702T-HPD

M37702T-HPD
(Exchange MCU fot M37702S4AFP)

M37702TB-HPD**

M37702TB-HPD**
(Exchange MCU for M37702S4BFP)

M37703E2-XXXSP
M37703E2AXXXSP
M37703E2BXXXSP
M37703E4-XXXSP
M37703E4AXXXSP
M37703E4BXXXSP

M37720T-HPD**

M37730T-HPD**

M37730TB-HPD**

M37732T-HPD**

M37732TB-HPD**

%% Under development

S
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DEVELOPMENT SUPPORT SYSTEMS

Program writing adapter for built-in PROM type microcomputers of MELPS 7700

Built-in PROM type
microcomputers type name

Program writing adapter

M37702E2-XXXFP
M37702E2AXXXFP
M37702E2BXXXFP

PCAA4774

M37702E2FS
M37702E2AFS
M37702E2BFS

PCA4708

M37702E4-XXXFP
M37702E4AXXXFP
M37702E4BXXXFP

PCA4774

M37702E4FS
M37702E4AFS
M37702E4BFS

PCA4708

M37703E2-XXXSP
M37703E2AXXXSP
M37703E2BXXXSP

M37703E4-XXXSP
M37703E4AXXXSP
M37703E4BXXXSP

PCA4709

MITSUBISHI
ELECTRIC




MITSUBISHI MICROCOMPUTERS

~ ORDERING INFORMATION

FUNCTION CODE
Mitsubishi integrated circuit may be ordered using the following simplified alphanumeric type-codes which define the func-
tion of the IC/LSIs and the package style.

For Mitsubishi Original Products
Example: M 3 ZZ 02 E _4r - 001 FP

!

| - M ! Mitsubishi integrated prefix

3 ! Represent an original single-chip microcomputer

Series designation using 2 digits

Circuit function identification code using 2 digits

Memory identification code using a digit
E : PROM P : Piggyback
M : Mask ROM S ! External ROM
N : Mask ROM+EEPROM

Memory size identification code using a digit

Normally, using hyphen.

When electrical characteristic, or division of quality identification
code using alphanumeric character.

T ! For automobile, industrial equipment

Mask ROM number

— Package style

J PLCC, or SOJ package

FP : Molded plastic flat package

FS ! Ceramic flat package
SP : Molded plastic shrink package
SS ! Ceramic shrink package

PACKAGE CODE

Package style may be specified by using the following simplified alphanumeric code.

T T

Example : 64 P 4
T_T

Number of pins

Package structure

— K ! Glass-sealed ceramic
P Molded plastic

L. S ! Metal-sealed ceramic

———— Package outline

0 :PLCC, SsoJ 4 :DIP
1 :DIP 6 :QFP
'~ 2 :SOP

L Secondary outlinke code

Special-purpose secondary codes describing outline are included as necessary. For
details, contact your sales representative. .

MITSUBISHI



MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

64P4B Plastic 64pin 750mil SDIP

Dimension in mm

64
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33
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O
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3

& 2 19.05+0.3
17.0£0.15
— ] p—
, B 5.5MAX
+0.07
0.5MIN fz.sMw ,.‘ﬂﬂ’
1.778+0.25 1~0f8j? 0.5+0.1 ' |
19~22
64P6N Plastic 64pin QFP Dimension in mm
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MITSUBISHI MICRdCOMPUTERS

PACKAGE OUTLINES

80D0 Ceramic 80pin LCC DI o
] imension In. mm

21.0%0.2
(20.0)

e
»

(14.40)
15.6+0.2

. J
$68.8
@ [J0. 4 notch
INDEX LEAD : . .
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1
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1o 0.80£0. 05 0. 5typ. ol %
B 18. 4060, 15 12.020.19 H &
1 Sl
80P6N Plastic 80p|n QFP : Dimension in mm
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H
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sl =
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N
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0) 2
@ b=
2
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_cr:o'
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

Dimension in mm -

100P6S Plastic 100pin QFP

' ®
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LETTER SYMBOLS FOR '.'HE DYNAMIC PARAMETERS

MITSUBISHI MICROCOMPUTERS

1. INTRODUCTION -

A system ‘of letter symbols to be used to represent the
dynamic parameters of intergrated circuit memories and
other ‘sequential circuits éspecially for single-chip micro-
computers, microprocessors and LSIs for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (1EC).
Finally the |IEC has decided on the meeting of TC47 in
February 1980 that this system of letter symbols will be
a Central Office document and circulated to all countries
to vote which means this system of letter symbols will
be a international standard.

The system is applied in this LS| data book for the
new products only. Future editions of this data book
will be applied this system. The IEC document which
describes ‘‘Letter symbols for dynamic parameters of
sequential integrated. circuits, including memories’’ is
introduced below. In this data book, the dynamic para-
meters in the IEC document are applied to timing
requirements and switching characteristics.

2. LETTER SYMBOLS

The system of letter symbols outlined in this document
enables symbols to be generated for the dynamic para-
meters of complex sequential circuits, including memo-
ries, and also allows these symbols to be abbreviated to
simple mnemonic symbols when no ambiguity is likely
to arise.

2.1. General Form

The dynamic parameters are represented by the general
symbol of the form:-

LN 7o » Yo) | ORI (1)

where :

Subscript A indicates the type of dynamic parameter
being represented, for example; cycle
time, setup time, enable time, etc.

Subscript B indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) con-
stitutes a signal event assumed to occur
first, that is, at the beginning of the time
interval. If this event actually occurs last,
that is, at the end of the time interval,
the value of the time interval is negative.

Subscript C indicates the direction of the transition
and/or the final state or level of the signal
represented by B. When two letters are
used, the initial state or level is also indi-
cated.

Subscript D indicates the name of the signal or terminal
for which a change of state or level (or
establishment of a state or level) consti-
tutes a signal event assumed to occur last,
that is; at the end of the time interval. If
this event actually occurs first, that is, at
the beginning of the time ‘interval, the

. value of the time interval is negative.

Subscript E indicates the direction of the transition
and/or the final state or level of the signal
represented by D. When two letters are
used, the initial state or level is also indi-
cated. i

Subscript F indicates additional information such as
mode of operation, test conditions, etc.

Note 1: Subscripts A to F may each consists of one or more letters.

2: Subscripts D and E are not used for transition times.

3: The “~=" in the symbol (1) above is used to indicate "“to”’; hence the sym-
bol represents the time interval from signal event B occuring-to signal
event D occuring, and it is important to note that this convention is used
for all dynamic parameters including hold times. Where no misunder-
standing can occur the hyphen may be omitted.

2.2. Abbreviated Form

The general symbol given above may be abbreviated
when no misunderstanding is ljkely to arise. For example
to: :

taB-D)
or tap)
or ta(D) - often used for hold times
or 1tar — no brackets are used in this case
or ta

or tBc—DE — often used for unclassified time
intervals

2.3. Allocation of Subscripts

In allocating letter symbols for the subscripts, the most
commonly used subscripts are given single letters where
practicable and those less commonly used are designated
by up to three letters. As far as possible, some form of
mnemonic representation is used. Longer letter symbols
may be. used for specialised signals or terminals if this
aids understanding.

3. SUBSCRIPT A

(For Type of Dynamic Parameter)

The subscript A represents the type of dynamic para-
meter to be designated by the symbol and, for memo-
ries, the parameters may be divided into two classes :
a) those that are timing requirements for the memory
and

1-12
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

b) those that are characteristics of the memory. Erasure ER
The letter symbols so far proposed for memory circuits Output enable - G
are listed in sub-clauses 3.1 and 3.2 below. Program PR
All subscripts A should be in lower-case. Data output Q
Read R
3.1. Timing Requirements Row address RA
Row address strobe RAS

The letter symbols for the timing requirements of semi-

i . Refresh RF
conductor memories are as follows': .
Read/Write RW
Term Subscript Chip select S
Cycle time c Write (write enable) w
N . ) Note 1. In the letter symbols for time intervals, bars over the subscripts, for ex-
Time interval between two signal events d ample CAS, should not be used.
Fall time f 2. It should be noted, when further letter symbols are chosen, that the sub-
Hold time h script should not end with H, K, V, X, or Z. (See clause 5)

. . 3: If the same-terminal, or signal, can be used for two functions (for example
Prechargmg time pc Data input/output, Read/Mirite) the waveform should be labelled with the
Rise time . r dual function, if appropriate, but the symbols for the dynamic parameters
Recovery time rec should include only that part of the subscript relevant to the parameter
Refresh time interval rf
Setup time . “ 5. SUBSCRIPTS C AND E
Transition time ¢ (For Transition of Signal)

Pulse duration (width) w The following symbols are used to represent the level or
. state of a signal :

3.2. Characteristics Transition of signal ‘ Subscript
The letter symbols for the dynamic characteristics of High logic level H
semiconductor memories are as follows : Low logic level - L

e i Valid steady-state level (either low or high) \%
Characteristic Subscript . s ,
Unknown, changing, or ‘don’t care’ level X
Access time a High-impedance state of three-state output V4
Disable time dis L e
Enable time en The direction of transition is expressed by two letters,
R . the direction being from the state represented by the
Propagation time P X X
. , first letter to that represented by the second letter, with
Recovery time rec the letters bei i b
.. . e letters being as given above.
Transition time T R gasg i .
L When no misunderstanding can occur, the first letter
Valid time v

may be omjtted to give an abbreviated symbol for sub-
scripts C and E as indicated below.
All subscripts C and E should be in upper-case.

Note: Recovery time for use as a characteristic is limited to sense recovery time

4. SUBSCRIPTS B AND D

i : Subscript
(For Signal Name or Terminal Name) p_
The letter symbols for the signal name or the name of Examples Full Abbreviated
the terminal are as given below. Transition from high level to
All'subscripts B and D should be in upper-case. low level HL L
Transition from low level to
Signal or terminal Subscript high level LH H
) Transition from unknown or
Address ; A changing state to valid state XV \%;
Clock c Transition from valid state to
Column address CA unknown or changing state vX X
Column address strobe CAS Transition from high-impedance
Data input D state to valid state zV \'
Data input/output DQ Note Since subscripts C and E may be abbreviated, and since subscripts B and D

may'comain an indeterminate number of letters, it is necessary to put.the
Chlp enable E restriction on the subscripts B and D that they should not end with H, L,
V, X, or Z, so as to avoid possible confusion.

* MITSUBISHI ' ' 1—13
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

6. SUBSCRIPT F (For Additional Information)

If necessary, subscript F is used to represent any addi-
tional qualification  of the parameter such as mode of
operation, test conditions, etc. The letter symbols for
subscript F are given below.

Subscript P should be in upper-case.

Modes of operation Subscript
Power-down PD
Page-mode read PGR
Page-mode write PGW
Read ' . R
Refresh RF
Read-modify-write RMW
Read-write RW
Write w

C1o1g AMITSUBISHI
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SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

New symbol | Former symbol Parameter—definition
C Input capacitance

Co Output capacitance

Cio Input/output terminal capacitance

Ci9) Input capacitance of clock input

f Frequency

fo Clock frequency

| Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value

lgs ) Supply current from Vgg

Isa(av) Average supply current from Vgg
lec Supply current from Vg

lectav) Avarage supply current from Vg
lcc(Pp) Power-down supply current from Vo
lop Supply current from Vpp

Ibp(av) Average supply current from Vpp
lea Supply current from Vgg

laa(av) Average supply current from Vag

Iy Input current

[ High-level input current—the value of the input current when Voy is applied to the input considered

[ Low-level input current—the value of the input current when Vo is applied to the input considered

lon High-level output current—the value of the output current when Vo is applied to the output considered

loL Low-level output current—the value of the output current when Vo is applied to the output considered

loz Ofi-state( high-impedance state)output current—the current into an output having a three-state capability with input condition so applied that

it will establish according to the product specification, the off(high-impedance)state at the output

lozn Off-state( high-impedance state)output current, with high-level voltage applied to the output

lozL Off-state( high-impedance state)output current, with low-level voltage applied to the output

los Short-circuit output current

Iss Supply current from Vgs

Pd Power dissipation

New Number of erase/write cycles

Ngra Number of read access unrefreshed

R Input resistance

RL External load resistance

Rore . Off-state output resistance

Ron On-state output resistance

ta Access ti the time interval b the application of a specified input pulse during a read cycle and the availability of valid data signal at an output
taca) tacao) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output
taccas) Column address strobe access time -

tace) tacce) Chip enable access time

taie) tacoe) Output enable access time

ta(pr) Data access time after program

ta(ras) Row address strobe access time

tacs) taccs) Chip select access time

tc Cycle time

tcr tc(rD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle

torr terer) Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level
tera teira) Page-mode cycle time

tormw te(rmw) Read-modify-write cycle time—the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of

the next cycle

tew tc(wr) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle

S
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td(cas-ras)
tdicas-w)
td(ras-cas)
td(ras-w)
tdis(r-0)
tdis(s)
tdis(w)
tone

toLn
tenca-a)
tentr-a)
tencs-a)
t

th
thea)
thia-e)
thia-pr)
thicas-ca)
thcas-b)
th(cas-a)
th(cas-ras)
th(cas-w)
thio)
th(p—pr)
thee
thee-o)
th(e-a)
ther)
th(ras-ca)
th(ras-cas)
th(ﬁ/_\s-o)
th(ras-w)
thes)
thow)
thw-cas)
thiw-p)
th(w-ras)
tere

teun

tr

treciw)
trectro)

tsu

[ tsuca)
tsuta-e)
tsuta-w)

tsucca-ras)

tdicas wr)

td(ras-wR)
tdis(r-pa)
texz(cs)

texz(wr)

tezv(a-pa)
tezv(r-Da)

tezx(cs-pa)

thiap)
thiao-ce)

th(ap-rrO)

th(cas-oa)

th(cas-our)

thicas-wr)
thioa)
thipa-prO)
thice)
thice-oa)
thice-oe)
thiro)

th(ras-pa)
th(ras-wr)
thies)
thiwe)
thiwr-cas)
th(wr-pa)

th(wn-ras)

twr

tr(pD)

tsucan)
tsu(ap-ce)

tsucap-wr)

New symbol | Former symbol Parameter—definition
tq Delay time—the time between the specified reference points on two pulses
td(s) Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1

Delay time, column address strobe to row address strobe

Delay time, column address strobe to write .

Delay time, row address strobe to column address strobe

Delay time, row address strobe to write

Output disable time after read

Output disable time after chip select .

Output disable time after write

High-level to low-level delay time | tne time interval between specified reference paints on the input and on the output pulses when the output is

Low-level to high-level delay time | 90ing to the low (high)level and when the device is driven with a specified loading networks

Output enable time after address

Output enable time after read

Output enable time after chip select

Fall time )

Hold time—the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal

Address hold time

Chip enable hold time after address

Program hold time after address

Column address hold time after column address strobe

Data-in hold time after column address strobe

Data-out hold time after column address strobe

Row address strobe hold time after column address strobe

Write hold time after column address strobe

Data-in hold time

Program hold time after data-in

Chip enable hold time

Data-in hold time after chip enable

Output enable hold time after chip enable

Read hold time )

Column address hold time after row address strobe

Column address strobe hold time after row address strobe

Data-in hold time after row address strobe

Write hold time after row address strobe

Chip select hold time ° ‘

Write hold time

Column address strobe hold time after write

Data-in hold time after write

Row address hold time after write

High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the

output is going to the low (high)level and when the device is driven and loaded by typical devices

Low-level to high-level propagation time of stated type

Rise time .

Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle

Power-down recovery time .

Setup time—the time interval between the application of a signal which is maintaiﬁed at a speciifed input terminal and a consecutive active
tarnsition at another specified input terminal

Address setup time

Chip enable setup time before address

Write setup time before address

Row address strobe setup time before column address

1—16
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New symbol | Former symbol Parameter—definition

tsu tsu(oa) Data-in setup time

tsu(p-e) tsu(pa-ce) Chip enable setup time before data-in

tsu(o-w) tsu(pa-wr) Write setup time before data-in

tsue) tsu(ce) Chip enable setup time

tsuce-p) tsu(ce-p) Precharge setup time before chip enable

tsu(e-e) tsu(oe-ce) Chip enable setup time before output enable

tsu(e-e) tsucp-ce) Chip enable setup time before precharge

tsu(rp) Power-down setup time

tsu(r) tsu(ro) Read setup time

tsu(r-cas) tsu(ra-cas) Column address strobe setup time before read

tsu(ra-cas) Cloumn address strobe setup time before row address

tsu(s) tsuccs) Chip select setup time

tsu(s-w) tsu(cs-wr) Write setup time before chip select

tsuw tsuwr) Write setup time

true High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is
going to the low(high)level and when a specified input signal is applied through a specified network and

trn Low-level to high-level transition time the output is loaded by another specified network

tv(a) tdv(ap) Data valid time after address

tv(e) tdvice) Data valid time after chip enable

tvie)er tvice)rr Data valid time after chip enable in program mode

tvia) - tvioe) Data valid time after output enable

tv(pr) Data valid time after program

tv(s) tvics) Data valid time after chip select

tw Puise width (pulse duration)the time interval between specified reference points on the leading and training edges of the waveforms

tw(e) twice) Chip enable pulse width

twien) twicen) Chip enable high pulse width

tw(er) tw(eL) Chip enable low pul.se width

tw(Pr) Program pulse width

twir) tw(rp) Read pulse width

tw(s) twics) Chip select pulse width

twiw) twiwr) Write pulse width

twie) Clock pulse width

Ta Ambient temperature

Topr Operating temperature

Tstg Storage temperature

Ves Vg supply voltage

Vee Vcc supply voltage

Voo Vpp supply voltage

Vaa Vaa supply voltage

Vi Input voltage

Vi High-level inplh voltage—the value of the permitted high-state voltage at the input

Vi Low-level input voltage—the value of the permitted low-state voltage at the input

Vo Output voltage

Vou High-level output voltage—the value of the guaranteed high-state voltage range ‘at the output

Voo Low-level output voltage—the value of the guaranteed low-state voltage range at the output

Vss Vss supply voltage

MITSUBISHI : _17'
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' QUALITY ASSURANCE AND RELIABILITY TESTING

MITSUBISHI MICROCOMPUTERS W

1 INTRODUCTION

IC & LSI have made rapid technical progress in electrical
performances of high integration, high speed, and sophisti-
cated functionality. And now they have got boundless wider
applications in electronic systems and electrical ap-
pliances.

To meet the above trend of expanding utilization of IC &
LSI, Mitsubishi considers that it is extremely important to
supply stable quality and high reliable products to cus-
tomers.

Mitsubishi Electric places great emphasis on quality as a
basic policy “Quality First”, and has striven always to im-
prove quality and reliability.

Mitsubishi has already developed the Quality Assurance
System covering design, manufacturing, inventory and de-
livery for IC & LSI, and has supplied highly reliable pro-
ducts to customers for many years. The following articles
describe the Quality Assurance System and examples of
reliability control for Mitsubishi Single-chip 16-bit Micro-
computer. -

2. QUALITY ASSURANCE SYSTEM

The Quality Assurance System places emphasis on built-in )

reliability in designing and built-in quality in manufacturing.
The System from development to delivery is summarized in
Figure 1.

2.1 Quality Assurance in Designing

The following steps are applied in the designing stage for a

new product.

(1) Setting of perfomance, quality and reliability target for
new product.

(2) Discussion of performance and quality for circuit de-
sign, device structure, process, material and package.

(3) Verification of design by CAD system to meet standar-
dized design rule’

(4) Functional evaluation for bread-board device to confirm
electrical performance.

(5) Reliability evaluation for TEG (Test Element Group)
chip to detect basic failure mode and investigate fai-
lure mechanism.

(6) Reliability test (In-house qualification) for new product
to confirm quality and reliability target.

(7) Decision of pre-production from the standpoint of per-
formance, reliability, production flow/conditions, pro-
duction capability, delivery etc.

2.2 Quality Assurance in Manufacturing

Quality assurance in manufacturing is performed as follows.

(1) Environment control such as temperature, humidity and
dust as well as deionized water and utility gases.

(2) Maintenance and calibration control for automatized
manufacturing equipments, - automatic testing equip-
ments, and measuring instruments.

(3) Material control such as silicon wafer, lead frame,
packaging material, mask and chemicals.

(4) In-process inspections in wafer-fabrication, assembly
and testing.

(5) 100% final inspection of electrical characteristics,
visual inspection and burn-in, if necessary. )

(6) Quality assurance test .
-Electrical characteristics and visual inspection, lot by
lot sampling
-Environment and endurance test, periodical sampling.

(7)  Inventory and shipping control, such as storage en-

k vironment, date code identification, handling and ESD
(Electro Static Discharge) preventive procedure.

2.3 Reliability Test

To verify the reliability of a product as described in the Mit-
subishi Quality Assurance System, reliability tests are per-
formed at three different stages in new product develop-
ment, pre-production and mass-production.

At the development of a new product the reliability test
plan is fixed corresponding to the quality and reliability
target of each product, respectively. The test plan includes
in-house qualification test and TEG evaluation, if necessary.
TEG'chips are designed and prepared for new device
structure, new process and new material.

After the proto-type product has passed the in-house qual-
ification test, the product advances to the pre-production. In
the pre-production stage, the specific reliability tests are
programmed and performed again to verify the quality of
pre-production product.

In the mass production, the reliability tests are performed
periodically to confirm the quality of the mass production
product according to the quality assurance test program.
Table 1 shows an example of reliability test program for
plastic encapsulated IC & LSI.

TYPICAL RELIABILITY TEST PROGRAM
FOR PLASTIC ENCAPSULATED IC & LSI

Table 1

Group Test Test condition
1 Solderability 230°C, 5sec. Rosin flux
Soldering heat 260°C, 10sec.
2 Thermal shock —55C, 125C, 15cycles
. Temperature cycling —65C, 150°C, 100cycles
3 Lead fatigue 250gr, 90°, 2arcs
Shock 1500G, 0.5msec.
20G, 100~2000Hz
4 Vibration X, Y,.Z direction

4min./cycle, 4cycles/direction
20000G, Y direction, 1min.
Ta=125C, Vccmax .

Constant acceleration

5 Operation life

1000hours
High t t
6 'gh temperature Ta=150"C, 1000hours
storage life )
High temperature and o 0
7 high humidity 85C, 85%, 1000hours

Pressure cooker

121°C, 100%, 100hours

1—18
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2.4 Returned Product Control

When failure analysis is requested by a customer, the
failed devices are returned to Mitsubishi Electric via the
sales- office of Mitsubishi using the form of “Analysis Re-
quest of Returned Product”

Mitsubishi provides various failure analysis equipments to
analyze the returned product. A failure analysis report is

[ RETURNED PRODUCT ]
i

ISSUE ANALYSIS REQUEST
FOR RETURNED PRODUCT

L

generated to the customer upon completion of the analysis.
The failure analysis result enforces taking corrective action
for the design, fabrication, assembly or testing of the pro-
duct to improve reliability and realize lower failure rate.
Figure 2 shows the procedure of returned product control
from customer.

FAILURE ANALYSIS
Fe T - - -~ T
' I
| VISUAL INSPECTION |
| : !
ELECTRICAL |
| CHARACTERISTICS TEST
| Y I
CLASSIFICATION OF |
| FAILURE MODES |
|
P-4
I ACCEPTANGE |5 |
=
| g '
w
| 2 |
' INTERNAL VISUAL I
| SIMULATION TEST INSPECTION |
| g E— ' |
| ELECTRICAL CHIP ANALYSIS |
| [eramacTERISTICS TS |
i REJECTION I
[ACCEPTANCE | -
CEPTANCE ] R R —
.y CONFIRMATION OF h
L F_A'&’REFAUS_E__J
l—_—@VESTIGATION OF CMOSSSSVSEE&FORD )
REPORT
GENERATION[=]
PRELIMINARY
CORRECTIVE ACTION
CONFIRMATION
OF QUALITY NO GO
REPORT TO
CUSTOMER
FIXED CORRECTIVE AGTION
PREVENTIVE MEASURES
Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL
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3 RELIABILITY TEST RESULTS ature operation life and high temperature storage life test
The reliability test results for Mitsubishi Single-chip 16-bit ~ and the results of the environment tests of thermal stress,
Microcomputers are shown in Table 2. high temperature/high humidity and pressure cooker test
Table 2 shows the result of endurance tests of high temper-  for the single-chip 16-bit Microcomputer.

Table 2 ENDURANCE and ENVIRONMENTAL TEST RESULTS

Test " Series Type Number Test Condition Number of | Device Hours Nurr.vber of
Samples (Hours) Failures
M37702M2BXXXFP
M37702M4BXXXFP
M37703M4BXXXSP
High Temperature M37720S1AFP .
g eratic?n Life MELPS 7700 M37730S2BFP 126C 7V 198 200000 0
P M37730S2BSP
M37732S4BFP
M37702E2AXXXFP
M37703E4AXXXSP
High Temperature . o
Storage Life MELPS 7700 ditto 150C 198 200000 0
Low Temperature M37702M2BXXXFP RS
Storage Life MELPS 7700 M37702E4AXXXFP %5C M 88000 0
M37702M2BXXXFP
M37702M4BXXXFP
M37703M4BXXXSP
. : M37720S1AFP SR, )
Tigh Temperalute | MELPS 7700 M37730S2BFP 8 058556, RH 198 200000 0
9 Y .| M3773082BSP :
M37732S4BFP
M37702E2AXXXFP
M37703E4AXXXSP
] - Number of Number of Failures
Test Series Type Number Test Condition Samples 96Hours 240Hours
Pressure Cooker | MELPS 7700 ditto 121°C100%RH 198 0 0
. - Number of Number of Failures
Test Series Type Number Test Condition Samples 10Cycles 100Cycles
Temperature I —65C  30min
Cycling MELPS 7700 ditto 150C  30min 198 0 0
MITSUBISHI ‘
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4 FAILURE ANALYSIS

Accelerated reliability tests are applied to observe failures

casued by temperature, voltage, humidity, current, mecha-

nical ‘stress and those combined stresses on chips and

packages.

Examples of typical failure modes are shown below.

(1) Wire Bonding Failure by Thermal Stress
Figure 3, Figure 4 and Figure 5 are examples of a fai-
lure occured by high temperature storage test of 225C,
1000hours.
Au-Al intermetallic formation, so-called “Purple
plague” by thermal overstress makes Au wire lift off
from aluminum metallization. The activation energy of
this failure mode is estimated at approximately 1.0eV
and no failure has been observed so far in practical
uses.

Fig.6
Micrograph of corroded
Aluminum metallization

Fig.3

Micrograph of lifted Au ball trace
on Al bonding pad

Nwan

Fig.4 Fig.5
Au-Al plague formation Lifted Au wire ball base
on bonding pad

(2) Aluminum Corrosion Failure by Temperature/Humidity
Stress.
Figure 6, Figure 7 and Figure 8 are examples of cor-
roded failure of aluminum metallization of plastic en-
capsulated IC after accelerated temperature/humidity
storage test (pressure cooker test) of 121°C, 100%RH,
1000hours duration.
Aluminum bonding pad is dissolved by penetrated wa-
ter from plastic package, and chlorine concentration is
observed on corroded aluminum bonding pad as shown
in Figure 8.

Fig.8 ClI distribution on corroded Aluminum
bonding pad

2 AMTSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

QUAI.ITY ASSURANCE AND RELIABILITY TESTING

(3) Destructive Failure by Electrical Overstress
Surge voltage marginal tests have been performed to
reproduce the electrical overstress failure in field uses.
Figure' 9 and Figure 10 are examples of failure
observed by surge voltage test. The trace of destruc-
tion is verified as the aluminum bridge by X-ray micro
analysis.

Fig.9 Micrograph of surge
voltage destrucnon

Aluminum trace of
destructive spot

Fig.10

(4): Aluminum Electromigration
Figure 11 shows an open circuit of aluminum metalliza-
tion-in high current density region caused by acceler-
ated operation life test. This failure is due to aluminum
electromigration. Voids and hillock have been formed
in aluminum metallization by high current density op-
eration.

Fig.11 Voids and hillocks formation

by Aluminum electromigration

5 SUMMARY

The Mitsubishi quality assurance system and examples of

reliability control have been discussed. The customer’s in-

terests and requirements for high reliability IC & LSI are in-
creasing significantly. To satisfy customer's expectancy.

Mitsubishi as an IC vendor, would like to make perpetual

efforts in the following areas.

(1) Emphasis on built-in reliability at design stage and re-
liability evaluation to investigate latent failure modes
and acceleration factors.

(2) Execution of periodical endurance, environment and
mechanical test to verify reliability target and realize
higher reliability.

(3) Focus on development of advanced failure analysis
techniques. Detail failure analysis, intensive corrective
action and quick response to customer’s analysis re-
quest.

(4) Collection of customer's quality data in qualification, in-
coming inspection, production and field use to improve
PPM, fraction defective and FIT, failure rate.

Mitsubishi would highly appreciate if the customer would

provide quality and reliability data of incoming inspection or

field failure rate essential to verify and improve the quality/
reliability of IC & LSI.
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PRECAUTIONS IN HANDLING MOS IC/ LSIs
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A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (g,,) between source and drain to
control mobile charges in the channel formed by the
applied gate voltage. '

. If a high voltage were applied to a gate terminal, the
insulator-film under the gate electrode could be destroyed,
and all Mitsubishi MOS IC/LSIs contain internal protection
circuits at each input terminal to prevent this. It is inherent-
ly necessary to apply reverse bias to the P-N junctions of a
MOS IC/LSI. ‘

Under certain conditions, however, it may be impossible
to completely avoid destruction of the thin insulator-film due
to the application of unexpectedly high voltage or thermal
destruction due to excessive current from a forward biased
P-N junction. Therefore the following recommendations
should be followed in handling MOS devices.

1. KEEPING VOLTAGE AND CURRENT TO
EACH TERMINAL BELOW MAXIMUM
RATINGS

1. The recommended ranges of operating conditions
provide adequate safety margins. Operating within these
limits will assure maximum equipment performance and
quality.

2. Forward bias should not be applied to any terminal since
excessive current may cause thermal destruction.

3. Output terminals should not be connected directly to
the power supply. Short-circuiting of a terminal to a
power supply having low impedance may cause burn-out
of the internal leads or thermal destruction due to
excessive current. ’

KEEPING ALL TERMINALS AT THE
SAME POTENTIAL DURING TRANSPORT
AND STORAGE

When MOS IC/LSIs are not in use, both input and output
terminals can be in a very high impedance state so that they

~ are easily subjected to electrostatic induction from AC
fields of the surrounding space or from charged objects
in their vicinity‘. For this reason, MOS IC/LSIs should be
protected from electrostatic charges while being transported
and stored by conductive rubber foam, aluminum foil,
shielded boxes or other protective precautions.

3. KEEPING ELECTRICAL EQUIPMENT,
WORK TABLES AND OPERATING
PERSONNEL AT THE SAME POTENTIAL

1. All electric equipment, work table surfaces and operat-

ing personnel should be grounded. Work tables.should
be covered with copper or aluminum plates of good

conductivyity, and grounded. One method of grounding

. Current

personnel, after making sure that there is no potential
difference with electrical equipment, is by the use of a
wristwatch metallic ring, etc. attached around the wrist
and grounded in series with a 1M §2 resistor. Be sure that
the grounding meets national regulations on personnel
safety.

leakage from electric equipment must be
prevented not only for personnel safety, but also to
avert the destruction of MOS IC/LSls, as described
above. Items such as testers, curve-tracers and $ynchro-
scopes must be checked for current leakage before being
grounded.

PRECAUTIONS FOR MOUNTING OF
MOS IC/LSIs

. The printed wiring lines between input and output ter-

minals of MOS IC/LSIs should not be close to or parallel
to high-voltage or high-power signal lines. Turning pow-
er on while the device is short-circuited, either by a sol-
der bridge made during assembly or by a probe during
adjusting and testing, may cause maximum ratings to be
exceeded, which can result in the destruction of the
device.

. When input/output, or input and/or output, terminals

of MOS IC/LSIs (now open-circuits) are connected,
we must consider the possibility of current leakage and
take precautions similar to §2 above. To reduce such
undesirable trouble, it is recommended that an interface
circuit be inserted at the input or output terminal, or a
resistor with a resistance that does. not exceed the
output driving capability of the MOS IC/LS! be inserted
between the power supply and the ground. '

. A filter circuit should be inserted in the AC power

supply line to absorb- surges which can frequently be
strong enough to destroy a MOS IC/LSI.

. Terminal connections should be made as described in the

catalog while being careful to meet specifications.

. Ungrounded metal plates- should not be placed near

input or output terminals of any MOS IC/LSls, since
destruction of the insulation may result if they become
electrostatically charged.

. Equipment cases should provide shielding from elei;tro~

static charges for more reliable operation. When-a plastic
case is used, it is desirable to coat the inside of the case
with conductive paint and to ground it. This is considered
necessary even for battery-operated equipment.

1—24
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MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M37702M2-XXXFP

is a single-chip microcomputers

designed with high-performance CMOS silicon gate tech-
nology. This is housed in a 80-pin plastic molded QFP. This
single-chip microcomputer has a large 16M bytes address
space, three instruction queue buffers, and two data buffers
for high-speed instruction execution. The CPU is a 16-bit
parallel processor that can also be switched to perform 8-
bit parallel processing. This microcomputer is suitable for
office, business, and industrial equipment controller that re-
quire high-speed processing of large data.

The differences between M37702M2-XXXFP, M37702M2A
XXXFP, M37702M2BXXXFP, M37702S1FP, M37702S1AFP
and M37702S1BFP are the ROM size and the external
clock input frequency as shown below. Therefore, the fol-
lowing descriptions will be for the M37702M2-XXXFP un-
-less otherwise noted.

Type name ROM size i External clock input frequency
M37702M2-XXXFP 16K bytes 8 MHz
M37702M2AXXXFP 16K bytes 16MHz
M37702M2BXXXFP 16K bytes 25MHz
M37702S1FP External 8 MHz
M37702S1AFP External 16MHz
M37702S1BFP External 25MHz

FEATURES

® Number of basic instructions:««--+«=seeseeerrrn. 103

® Memory size ROM ------e-- R 16K bytes
RAM ............................. 512 bytes

® |Instruction execution time

M37702M2-XXXFP, M37702S1FP

PIN CONFIGURATION (TOP VIEW)
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*: Used in the evaluation chip mode only

P6,/TB2y +* > P8s/CLK,
P66/ TB1 i +> > P8s/RyD;
P65/ TBOW +* [£] [61] + P8,/TyD,
P64/INT, > [60] +> P0o/Ao
P64/INT, + [5] > PO,/A;
P6,/INT, > > PO,/A,
PB,/TA4y +* [2] = £ Z + POy/A3
Pho/TMour + 2] g zZ z 99 9 9 > PO,/A,
P5//TA3 +> € ¢ s 2 d 3 > POs/As
PBe/TA3our > Jd 3 I BB ® > PO/As
PS5/TAZ +> e SRR > POy/A;

P54/ TA2ouT +> 27270 g 3 ) > Plo/Ag/Dg
P3g/TAl ++ [ @ > 3 ¥ X % +> P14/Ag/Dg
PS5/ TA ouT > 3T 3T X X > Plo/Aio/Drg

P5,/TAG + [1€] T3 B > Plg/Ay1/Dyy

> P1,/A2/Dyy
> P1g/Ar3/Dig
> Plg/Ara/Dyg
> P1;/A5/Dys
> P2y/Ats/Do
> P2,/A(7/D;
> P2,/Ag/D,
> P2,/Ag/Ds

(The fastest instruction at 8MHz frequency) -+ 500ns
M37702M2AXXXFP, M37702S1AFP APPLICATION
(The fastest instruction at 16MHz frequency)--+---- 250ns Control devices for office equipment such as copiers, prin-
M37702M2BXXXFP, M37702S1BFP ters, typewriters, facsimiles, word processors, and personal
(The fastest instruction at 25MHz frequency) -+ 160ns computers ‘
® Single power supply <« eeerrsrrreee e 5VE10% Control devices for industrial equipment such as ME, NC,
® Low power dissipation (at 8MIHz frequency) communication and measuring instruments.
........................... 30mwW (Typ.) N
® Interrupts ......................................... '19 types 7 levels
® Multiple function 16-bit timer ----«--eeeeeeeeeieeiinnn. 5+3
® UART (may also be synchronous) «+«+««+-«sssesereeeesees 2
® 8-bit A-D converter «-wwwerreeerereeeennees 8-channel inputs
® 12-bit watchdog timer
® Programmable input/output
(ports PO, P1, P2, P3, P4, P5, PG, P7, P8) -+ reove- 68
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MITSUBISHI MICROCOMPUTERS

M37702M2‘-XXXFP, M37702M2AXXXFP

M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

- M37702M2BXXXFP,M37702S1FP
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MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP

M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37702M2-XXXFP

Parameter

Functions

103

Number of basic instructions

M37702M2-XXXFP, M37702S1FP

500ns (the fastest instructions, at 8MHz frequency)

Instruction execution time

M37702M2AXXXFP, M37702S1AFP

250ns (the fastest instructions, at 16MHz frequency)

M37702M2BXXXFP, M37702S1BFP

160ns (the fastest instructions, at 25MHz frequency)

. ROM 16K bytes
Memory size
RAM 512 bytes
Inout/Outout port PO~P2, PA~P8 8 -bitX 8
nput/Outpu s
putOutput p Pa 4-bitx 1
TAO, TA1, TA2, TA3, TA4 16-bitX 5
Multi-function timers
TBO, TB1, TB2 16-bitX 3
Serial 1/0 (UART or clock synchronous serial 1/0) X2
A-D converter 8 -bitX 1 (8 channels)
Watchdog timer - 12-bitX 1
nt ; 3 external types, 16 internal types
nterrupts (Each interrupt can be set the priority levels to 0 ~7.)
Clock generating circuit Built-in(externally connected to a ceramic resonator or quartz crystal resonator)
Supply voltage 5VE10%
Power dissipation - 30mW(at external 8 MHz frequency)
Input/Output voltage 5V
Input/Output characteristic
Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —20~85C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M37702M2 XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Functions

Vee. Power supply Supply 5V=*10% to Ve and 0V to Vss.

Vss

CNVss CNVss input Input This pin controls the processor mode. Connect to Vgs for single-chip mode, and to V¢c for external ROM
types.

RESET | Reset input Input To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required

. . time.

Xin Clock input Input These are 1/0 pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-
tween Xy and Xoyr. When an external clock is used, the clock source should be connected to the Xiy pin

Xourt Clock output Output and the Xoyr pin should be left open.

E Enable outqut Output Data or instruction read and data write are performed when output from this pin is “L".

BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is

8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H" signal inputs.

AVce Analog supply input . Power supply for the A-D converter. Connect AVcc to Vee and AVgs to Vg externally.

AVss

VRer Reference voltage input Input This is reference voltage input pin for the A-D converter.

P0o~P0; 1/0 port PO 170 In single-chip mode, port PO becomes an 8-bit I/0 port. An |/O directional register is available so that each

pin can be programmed for input or output. These ports are in input mode when reset .
Address(A;~Ag)is output in memory expansion mode or microprocessor mode.

P1o~P17 1/0 port P1 170 In single-chip mode, these pins have the same functions as port P0. When the BYTE pin is set to “L” in
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data
.(Dys~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H".

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output.

P2o~P2; 1/0 port P2 170 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-
rocessor mode low-order data(D;~Dy) is input or output when E output is “L” and an address(Az;~As)is
output when E output is “H”.

30~P33 170 port P3 170 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic-
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output.

P4o~P4; 1/0 port P4 o] In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode, P4y and P4; become HOLD and RDY input pin respectively. Functions of other pins are the
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4, can be programed
for 1 output pin divided the clock to Xy pin by 2. In microprocessor mode, P4, always has the function as
¢ output pin.

P50~P5; 1/0 port P5 170 In addition to having the same functions as port PO in single-chip mode, these pins also functlon as I/0
pins for timer AO, timer A1, timer A2 and timer A3.

P6,~P6; 170 port P6 170 In addition to having the same functions as port PO in smgle chip mode, these pins also function as 1/0
pins for timer A4, external interrupt input lNTo, INT, and INTz pins, and input pins for timer B0, timer B1 and
timer B2.

P7o~P7; 170 port P7 170 | In addition to having the same functions as port PO in single-chip mode, these pins also function as analog

input ANg~AN; input pins. P7; also has an A-D conversion trigger input function.

P8y~P8; 170 port P8 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD,
TxD, CLK, CTS/RTS pins for UART 0 and UART 1.

2—6 N MTSLBBH'
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MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2A XX XFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37702M2-XXXFP contains the following devices on a
single chip: ROM and RAM for storing instructions and
data, CPU for processing, bus interface unit (which controls
instruction prefetch and data read/write between CPU and
memory), timers, UART, A-D converter, and other peripher-
al devices such as I/0 ports. Each of these devices are de-
scribed below.

MEMORY

The memory map is shown in Figure 1. The address space
is 16M bytes from addresses 04¢ to FFFFFF,s. The address
space is divided into 64K bytes units called banks. The
banks are numbered from 0,6 to FF6.

Built-in  ROM, RAM and control registers for built-in
peripheral devices are assigned to bank 0.

The 16K bytes area from addresses C000:¢ to FFFFg is the
built-in ROM. Addresses FFD6,s to FFFFs are the RESET
and interrupt vector addresses and contain the interrupt
vectors. Refer to the section on interrupts for details.

The 512 bytes area from addresses 8046 to 27F,¢ contains
the built-in RAM. In addition to storing data, the RAM s
used as stack during a subroutine call, or interrupts.
Assigned to addresses 04 to 7F are peripheral devices
such as I/0O ports, A-D converter, UART, timer, and inter-
rupt control registers. '
A 256 bytes direct page area can be allocated anywhere in
bank 0 using the direct page register DPR. In direct page
addressing mode, the memory in the direct page area can
be accessed with two words thus reducing program steps.

0000006
00007F;6
00008016

0000006

Bank 0y¢

00FFFFi6
01000016

Bank 146 \
\
1 01FFFFs \

e e s 8 0 0 00 00
—

FE0000:5

Bank FEq¢ : \

FEFFFFyq \
FF0000:¢ \

Bank FF,g

FFFFFFis

00FFFFig

\ 00027F6

00FF D65
\

Peripheral devices
control registers
Internal RAM

see Fig. 2 for
512 bytes 9

< further i nformation>

N
00007F;¢

< ¢

Interrupt vector table

00FFD6¢ A-D conversion

UART1 transmission
UART1 receive
UARTO transmission
UARTO receive
Timer B2
Timer B1
Timer BO

\

/ Timer A4

Timer A3

Timer A2

/ Timer A1

Timer AO

INT,

16K bytes // INT,

’ INT,

| Watchdog timer
DBC

BRK instruction

Zero divide

RESET

Internal ROM /

Fig. 1 Memory map
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MITSUBISHI MICROCOMPUTERS

M37702M2 XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address (Hexadecimal notation) Address (Hexadecimal notation)

000000 . 000040 Count start flag
000001 © 000041
000002 Port PO . 000042 One shot start flag
000003 Port P1 000043
000004 Port PO data direction register ) 000044 Up-down flag
000005 Port P1 data direction register 000045
000006 Port P2 000046 Timer AQ
000007 Port P3 000047

~ 000008 Port P2 data direction register 000048 Timer A1
000009 Port P3 data direction register ' 000049
00000A Port P4 00004A Timer A2
000008 Port P5 ) L 00004B
00000C Port P4 data direction register 00004C Timer A3
00000D Port P5 data dlrectlon register 00004D
00000E Port P6 00004E Timer A4
00000F Port P7 00004F
000010 Port P6 data direction register 000050 Timer BO
000011 Port P7 data direction register 000051
000012 Port P8 000052 Timer B1
000013 000053 |
000014 Port P8 data direction register 000054 Timer B2
000015 - 000055
000016 000056 Timer AO mode register
000017. 000057 Timer A1 mode register
000018 000058 Timer A2 mode register

- 000019 . 000059 Timer A3 mode register

00001A 00005A Timer A4 mode register
00001B 00005B Timer BO mode register
00001C 00005C Timer B1 mode register
00001D 00005D Timer B2 mode register
00001E A-D control register 00005E Processor mode register
00001F A-D sweep pin selection register 00005F
000020 A-D register 0 000060 Watchdog timer
000021 000061 Watchdog timer frequency selection flag
000022 A-D register 1 000062
000023 000063
000024 A-D register 2 000064
000025 N 000065
000026 A-D register 3 000066
000027 000067
000028 A-D register 4 000068
000029 000069
00002A A-D register 5 00006A
00002B 00006B
00002C A-D register 6 00006C
00002D 00006D
00002E A-D register 7 00006E
00002F 00006F
000030 UART 0 transmit/receive mode register 000070 A-D conversion interrupt control register
000031 UART 0 bit rate generator 000071 UARTQO transmission interrupt control register
000032 . . 000072 UARTO receive interrupt control register
000033 UART 0 transmission buffer register 000073 UART1 transmission interrupt control register
000034 UART 0 transmit/receive control register 0 000074 UART1 receive interrupt control register
000035 UART 0 transmit/receive control register 1 000075 Timer AQ interrupt control register
000036 : Lo 000076 Timer A1 interrupt control register
000037 UART 0 receive buffer register 000077 Timer A2 interrupt control register
000038 UART 1 transmit/receive mode register 000078 Timer A3 interrupt control register
000039 UART 1 bit rate generator ) 000079 Timer A4 interrupt control register
00003A . . 00007A Timer BO interrupt control register
000038 UART 1 transmission buffer register 00007B Timer B1 interrupt control register
00003C UART 1 transmit/receive control register 0| 00007C Timer B2 interrupt control register
00003D | UART 1 transmit/receive control register 1 00007D | INT, interrupt control register
00003E . . 00007E INT,_interrupt control register
00003F UART 1 receive buffer register 00007F INT, interrupt control regiter

Fig. 2 Location of peripheral devices and interrupt control registers
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MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP

M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)
The CPU has ten registers and is shown in Figure 3. Each
of these registers is described below.

ACCUMULATOR A (A)
Accumulator A is the main register of the microcomputer. It
consists of 16 bits and the lower 8 bits can be used separ-
ately. The data length flag m determines whether the regis-
ter is used as 16-bit register or as 8-bit register. It is used
as a 16-bit register when flag m is “0” and as an 8-bit reg-
ister when flag m is “1”. Flag m is a part of the processor
status register (PS) which is described later.

Data operations such as calculations, data transfer, input/
output, etc., is executed mainly through the accumulator.

ACCUMULATOR B (B)
Accumulator B has the same functions as accumulator A,
but the use of accumulator B requires more instruction
bytes and execution cycles than accumulator A.

INDEX REGISTER X (X)

Index register X consists of 16 bits and the lower 8 blts can
be used separately. The index register length flag x deter-
mines whether the register is used as 16-bit register or as
8-bit register. It is used as a 16-bit register when flag x is
“0” and as an 8-bit register when flag x is “1”. Flag x is a
part of the processor status register (PS) which is de-
scribed later.

In index addressing mode, register X is used as the index
register and the contents of this address is added to obtain
the real address.

Also, when executing a block transfer instruction MVP or
MVN, the contents of index register X indicates the low-
order 16 bits of the source data address. The third byte of
the MVP and MVN is the high-order 8 bits of the source
data address.

INDEX REGISTER Y (Y)

Index register Y consists of 16 bits and the lower 8 bits can
be used separately. The index register length flag x deter-
mines whether the register is used as 16-bit register or as
8-bit register. It is used as a 16-bit register when flag x “0”
and as an 8-bit register when flag x is “1”. Flag x is a part
of the processor status register (PS) which is described
later.

In index addressing mode, register Y is used as the index
register and the contents of this address is added to obtain
the real address.

Also, when executing a block transfer instruction MVP or
MVN, the content of index register Y indicates the low-
order 16 bits of the destination address. The second byte of
the MVP and MVN is the high-order 8 bits of the destina-
tion data address.

15 7 0
| An | AL | Accumulator A
15 7 0
l By | BL | Accumulator B
15 7 j 0
l Xy | X, ] Index register X
15 7 0 B
L Yu ] Yo | Index register Y
15 0
i 9 I S 1 Stack pointer S
Program bank register PG TS 5 .
7 0 l PC | Program counter PC
Data bank register DT 15 0
l DPR lDirect page register DPR

15 7 0
IO l 0 I 0 lLOJO [lPLz[\FLJIPLaINI v l ml b3 [ D[ | I z |c| Processor status register PS

Carry flag

Zero fla

Interrupt disable flag
Decimal mode flag

Index register length flag
Data length flag
Overflow tlag

Negative flag

Processor interrupt priority level IPL

Fig. 3 Register structure
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SR e M37702M2 XXXFP,M37702M2AXXXFP
e e ~ M37702M2BXXXFP,M37702S1FP
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

Stack pointer (S) is an 16-bit register. It is used during a
subroutine call or interrupts. It is also used during stack,
stack pointer relative, or stack pointer relative indirect in-
dexed Y ad_dressing mode.

PROGRAM COUNTER (PC)

Program counter (PC) is a 16-bit counter that indicates the
low-order 16 bits of the next program memory address to
be executed. These is a bus interface unit between the
program memory and the CPU, so that the program mem-
ory is accessed through bus interface unit. This is de-
scribed later.

PROGRAM BANK REGISTER (PG)

Program bank register is an 8-bit register that indicates the
high-order 8 bits of the next program memory address to
be executed. When a carry occurs by incrementing the
contents of the program counter, the cotents of the program
bank register (PG) is incremented by 1. Also, when a carry
or borrow occurs after adding or subtracting the offset
value to or from the contents of the program counter (PC)
using branch instruction, the contents of the program bank
register (PG) is incremented or- decremented by 1 so that
programs can be written without worrying about bank
boundaries.

DATA BANK REGISTER (DT)

Data bank register (DT) is an 8-bit register. With some
addressing modes, a part of the data bank register (DT) is
used to specify a memory address. The contents of data
bank register (DT) is used as the high-order 8 bits of a 24-
bit address. Addressing modes that use the data bank reg-
ister (DT) are direct indirect, direct indexed X indirect,
direct indirect indexed Y, absolute, absolute bit, absolute
indexed X, absolute indexed Y, absolute bit relative, and
stack pointer relative indirect indexed Y.

DIRECT PAGE REGISTER (DPR)

Direct page register (DPR) is a 16-bit register. Its contents
is used as the base address of a 256-byte direct page
area. The direct page area is allocated in bank 0, but when
the contents of DPR is FF01,5 or greatér, the direct page
area spans across bank 0 and bank 1. All direct addressing
modes use the contents of the -direct page register (DPR)
to generate the data address. If the low-order 8 bits of the
direct page register (DPR) is “00,¢”, the number of cycles
required to generate an address is minimized. Normally the
low-order 8 bits of the direct page register (DPR) is set to
“0046”".

PROCESSOR STATUS REGISTER (PS)
Processor status register (PS) is an 11-bit register. It con-
sists of a flag to indicate the result of operation and CPU
interrupt levels.

Branch operations can be performed by testing the flags C,
Z,V,and N. )

The details of each processor status register bit are de-
scribed below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the ALU after an arithmetic operation. This flag is also
affected by shift and rotate instructions. This flag can be set
and reset directly with the SEC and CLC instructions or
with the SEP and CLP instructions.

2. Zero flag (2)

This zero flag is set if the result of an arlthmetlc operation
or data transfer is zero and reset if it is not. This flag can
be set and reset directly with the SEP and CLP instructions.

3. Interrupt disable flag (1)
When the interrupt disable flag is set to “1”, all interrupts
except watchdog timer, DBC, and software interrupt are

" disabled. This flag is set to “1” automatically when there is

an interrupt. It can be set and reset directly with the SEI
and CLI instructions or SEP and CLP instructions. -

4. Decimal mode flag (D)

The decimal mode flag determines whether addition and
subtraction are performed as binary or decimal.  Binary
arithmetic is performed when this flag is “0”. If it is “1”, de-
cimal arithmetic is performed with each word treated as

two or four digit decimal. Arithmetic operation is performed

using four digits when the data length flag m is “0” and with
two digits when it is “1”. (Decimal operation is possible
only with the ADC and SBC instructions.) This flag can be
set and reset with the SEP and CLP instructions.

2—10
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5. Index register length flag (x)

The index register length flag determines whether index
register X and index register Y are used as 16-bit registers
or as 8-bit registers. The registers are used as 16-bit regis-
ters when flag x is “0” and as 8-bit registers when it is “1”.
This flag can be set and reset with the SEP and CLP in-
structions.

6. Data length flag (m)

The data length flag determines whether the data length is
16-bit or 8-bit. The data length is 16-bit when flag m is “0”
and 8-bit when it is “1”. This flag can be set and reset with
the SEM and CLM instructions or with the SEP and CLP in-
structions.

7. Overflow flag (V)

The overflow flag has meaning when addition or subtraction
is performed a word as signed binary number. When the
data length flag m is “0”, the overflow flag is set when the
result of addition or subtraction is outside the range be-
tween — 32768 and +32767. When the data length flag m
is “17, the overflow flag is set when the result of addition or
subtraction is outside the range between —128 and +127.
It is reset in all other cases. The overflow flag can also be
set and reset directly with the SEP, and CLV or CLP in-
structions.

8. Negative flag (N)

The negative flag is set when the resuit of arithmetic op-
eration or data transfer is negative (If data length flag m is
“0”, when data bit 15 is “1”. If data length flag m is “1”,
when data bit 7 is “1”.) It is reset in all other cases. It can
also be set and reset with the SEP and CLP instructions.

9. Processor interrupt priority level (IPL)
The processor interrupt priority level (IPL) consists of 3 bits
and determines the priority of processor interrupts from
level 0 to level 7. Interrupt is enabled when the interrupt
priority of the device requesting interrupt (set using the in-
terrupt control register) is higher than the processor inter-
rupt priority. When interrupt is enabled, the current proces-
sor interrupt priority level is saved in a stack and the pro-
cessor interrupt priority level is replaced by the interrupt
priority level of the device requesting the interrupt. Refer to
the section on interrupts for more details.

BUS INTERFACE UNIT

The CPU operates on an internal clock frequency which is
obtained by dividing the external clock frequency f(x,) by
two. This frequency is twice the bus cycle frequency. In
order to speed-up processing, a bus interface unit is used
to pre-fetch instructions when the data bus is idle. The bus
interface unit synchronizes the CPU and the bus and pre-
fetches instructions. Figure 4 shows the relationship be-
tween the CPU and the bus interface unit. The bus inter-
face unit has a program address fegister, a 3-byte instruc-
tion queue buffer, a data address register, and a 2-byte
data buffer.

The bus interface unit obtains an instruction code from
memory and stores it in the instruction queue buffer,
obtains data from memory and stores it in the data buffer,
or writes the data from the data buffer to the memory.

D’ys~D’s

D1s~Dg

D’;~D’%

D;~Do

A'2s~Ao

Azz~Agy

WRIRY;

CPU

Control signal

Bus interface| BHE i
—
unit R/W

s

ALE

BYTE

HOLD

Fig. 4 Relationship between the CPU and the bus interface unit
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The bus interface unit operates using one of the waveforms
(1) to (6) shown in Figure 5. The standard waveforms are

(1) and (2). internal clock ¢ L4 L] LI LTLL ML Ll

The ALE signal is used to latch only the address signal Port P2
from E1e multiplexed signal containing data and address. _ ___‘_’_..
The E signal becomes “L” when the bus interface unit 1)< E

reads an instruction code or data from memory or when it ALE | |

writes data to memory. Whether to perform read or write is fe———
controlled by the R/W signal. Read is performed when the

R/W signal is “H” state and write is performed when it is Port P2
“L” state.

Waveform (1) in Figure 5 is used to access a single byte or 2) E LI 1L
two bytes simultaneously. To read or write two bytes simul- 1 ALE M m
taneously, the first address accessed must be even. Furth-

ermore, when accessing an external memory area in mem-
ory expansion mode or microprocessor mode, set the bus

width selection input pin BYTE to “L”. (external data bus Port P2
width to 16 bits) The internal memory area is always tre- (3)

ated as 16-bit bus width regardless of BYTE.

When performing 16-bit data read or write, if the conditions

for simultaneously accessing two bytes are not satisfied,

ALE m|

waveform (2) is used to access each byte one by one.

However, when prefetching the instruction code, if the Port P2
address of the instruction code is odd, waveform (1) is (@) - LT [
used, and only one byte is read in the instruction queue ALE r M

buffer. — ;
The signals A, and BHE in Figure 5 are used to control - -
these cases: 1-byte read from even address, 1-byte read

from odd address, 2-byte simultaneous read from even and Port P2 (AX_D_XATKD)

odd addresses, 1-byte write to even address, 1-byte write (5) E ——l_____f—]__l—
to odd address, or 2-byte simultaneous write to even and ALE M m

odd addresses. The Aq signal that is the address bitﬂ _ B

“L” when an even number address is accessed. The BHE T -

signal becomes “L” when an odd number address is Port P2
accessed. o

The bit 2 of processor mode register (address 5E,e_) is the 6) E —L_ﬁ___l—
wait bit. When thisbit is set to “0”, the “L” width of E signal ALE m i

is 2 times as long when accessing an external memory
area in memory expansion mode or microprvocessor mode.
However, the “L” width of E signal is not extended when an
internal memory area is accessed. When the wait bit is “17, A Address
the “L” width of E signal is not extended for any access. D Data

Waveform (3) is an expansion of the “L” width of E signal in These waveforms are at the memory expansion mode and
waveform (1). Waveform (4),(5), and (6) are expansion of the microprocessor mode.

each “L” width of E signal in waveform (2), first half of
waveform (2), and the last half of waveform (2) respec-

¥

tively.
Instruction r data read, and data write are de- Access
s. on code read, ! a ethod| Access 2-byte| Access even | Access odd
scribed below. Signal simultaneously| address 1-byte | address 1-byte
AD [ “oLr “Lr “nr
BHE ‘ w“ g w

Fig. 5 Relationship between access method and
signals Ao and BHE
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Instruction code read will be described first.

The CPU obtains instruction codes from the instruction
queue buffer and executes them. The CPU notifies the bus
interface unit that it is requesting an instruction code during
an instruction code request cycle. If the requested instruc-
tion code is not yet stored in the instruction queue buffer,
the bus interface unit halts the CPU until it can store more
instructions than requested in the instruction queue buffer.
Even if there is no instruction code request from the CPU,
the bus interface unit reads instruction codes from memory
and stores them in the instruction queue buffer when the
instruction queue buffer is empty or when only one instruc-
tion code is stored and the bus is idle on the next cycle.
This is referred to as instruction pre-fetching.

Normally, when reading an instruction code from memory, if
the accessed address is even the next odd address is read
together with the instruction code and stored in the instruc-
tion queue buffer.

However, in memory expansion mode or microprocessor
mode, if the bus width switching pin BYTE is “H”, external
data bus width is 8 bits and the address to be read is in ex-
ternal memory area is odd, only one byte is read and
stored in the instruction queue buffer. Therefore, waveform
(1) or (3) in Figure 5 is used for instruction code read.

Data read and write are described below.

The CPU notifies the bus interface unit when performing
data read or write. At this time, the bus interface unit halts
the CPU if the bus interface unit is already using the bus or
if there is a request with higher priority. When data read or
write is enabled, the bus interface unit uses one of the
waveforms from (1) to (6) in Figure 5 to perform the opera-
tion.

During data read, the CPU waits until the entire data is
stored in the data buffer. The bus interface unit sends the
address received from the CPU to the address bus. Then it
reads the memory when the E signal is “L” and stores the
result in the data buffer.

During data write, the CPU writes the data in the data buf-
fer and the bus interface unit writes it to memory. There-
fore, the CPU can proceed to the next step without waiting
for write to complete. The bus interface unit sends the
address received from the CPU to the address bus. Then
when the E signal is “L”, the bus interface unit sends the
data in the data buffer to the data bus and writes it to
memory.

¥ MITSUBISHI 2—13
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INTERRUPTS . Table 1. Interrupt types and the interrupt vector
Table 1 shows the interrupt types and the corresponding addresses ) . :
interrupt vector addresses. Reset is also treated as a type Interrupts Vector addresses
of interrupt and is discussed in this section, too. A-D conversion ) 00FFD6,s  O0OFFD74¢
DBC is an interrupt used during debugging. UARTT transmit 00FFD8ys  OOFFDsg
Interrupts other than reset, DBC, watchdog timer, zero di- UART1 receive 00FFDAs  00FFDB,¢
vide, and BRK instruction all have interrupt control regis- UARTO transmit 00FFDC,s O00FFDDs
ters. Table 2 shows the addresses of the interrupt control UARTO receive . OOFFDE;s _ O0FFDF4q
registers and Figure 6 shows the bit configuration of the in- Timer B2 OOFFEQ:s  OOFFETse
. Timer B1 00FFE2,, = OOFFE3ss
terrupt control register. o Timer BO 00FFE4y,  OOFFES,
The interrupt request bit is automatically cleared by the Timer A OOFFE6,,  OOFFE7,, .
hardware during reset or when proce:siing an interrupt. Timer A3 OOFFE8,,  OOFFE9:
Also, interrupt request bits other than DBC and watchdog Timer A2 . O00FFEA;;  OOFFEBq
timer can be cleared by software. Timer A1 . 0OFFEC,s  O0FFED;s
mﬂ to m are external interrupts and whether to cause - Timer AO O0OFFEE;s  OOFFEFq
an interrupt at the input level (level sense) or at the edge INT, external interrupt __OOFFFOys _ OOFFF1y6
(edge sense) can be selected with the level sense/edge @extema' interrupt O0FFF2i6 . 00FFF3;6
sense selection bit. Furthermore, the polarity of the inter- INTo external interrupt 00FFF4  OOFFFSie
rupt input can be selected with polarity selection bit. Watchdog timer 00FFF6,5  OOFFF744
Timer and UART interrupts are described in the respective bsc (_""usabfe,) . : OOFFF81s -~ O0FFF9:s
sectlon Break instruction 00FFFA;¢ 00FFFBs
Zero divide 00FFFCys  OOFFFD;q
The priority. of interrupts when multiple interrupts are Reset 00FFFE,.  OOFFFFig

caused simultaneously is partially fixed by hardware, but, it
can also be adjusted by software as shown in Figure 7. The
hardware priority is fixed the following:

reset > DBC > watchdog timer > other interrupts

7 6543210

Interrupt priority

Interrupt request bit
0 : Nointerrupt
1 lInterrupt
Interrupt control register configuration for A-D converter, UARTO, UART1, timer AQ to timer A4, and timer B0 to timer B2

76543210
XTI TTT]
R

Interrupt request bit
0 : No interrupt

1 Interrupt
Polarity selection bit
0 : Set interrupt request bit at “H” level for level sense and when changing from “H” to “L”
level for edge sense.

1 ! Set.interrupt request bit at * L" Ievel for level sense and when changing from “L” to “H"
level for edge sense.
Level sense/edge sense selection blt

0 : Edge sense
1 ! Level sense )

Interrupt priority

Interrupt control register configuration for INT,~INT,.

Fig. 6 Interrupt control register configuration
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Table 2. Addresses of interrupt control registers

Interrupt control registers Addresses
A-D conversion interrupt control register 00007046
UARTO transmit interrupt control register 00007146
UARTO receive interrupt control register 00007246
UART1 transmit interrupt control register 00007346
UART1 receive interrupt control register 00007446
Timer A0 interrupt control register 00007546
Timer A1 interrupt control register 000076+¢
Timer A2 interrupt control register 000077+¢
Timer A3 interrupt control register 000078+¢
Timer A4 interrupt control register 00007946
Timer BO interrupt control register 00007A+6
Timer B1 interrupt control register 00007B,¢
Timer B2 interrupt control register 00007C1¢
ﬁ interrupt control register 00007Dy¢
INT, interrupt control register 00007E¢
INT, interrupt control register 00007F ¢

Interrupts caused by a BRK instruction and when dividing
by zero are software interrupts and are not included in this
list.

Other interrupts previously mentioned are A-D converter,
UART, Timer, INT interrupts. The priority of these interrupts
can be changed by changing the priority level in the cor-
responding interrupt control register by software.

Figure 8 shows a diagram of the interrupt priority resolution
circuit. When an interrupt is caused, the each interrupt de-
vice compares its own priority with the priority from above
and if its own priority is higher, then it sends the priority be-

low and requests the interrupt. If the priorities are the

same, the one above has priority.

This comparison is repeated to select the interrupt with the
highest priority among “the interrupts that are being re-
quested. Finally the selected interrupt is compared with the
processor interrupt priority level (IPL) contained in the pro-
cessor status register (PS) and the request is accepted if it
is higher than IPL and the interrupt disable flag | is “0”. The
request is not accepted if flag | is “1”. The reset, DBC, and
watchdog timer interrupts are not affected by the interrupt
disable flag I.

When an interrupt is accepted, the contents of the proces-
sor status register (PS) is saved to the stack and the inter-
rupt disable flag | is set to “1”.

Furthermore, the interrupt request bit of the accepted inter-
rupt is cleared to “0” and the processor interrupt priority
level (IPL) in the processor status register (PS) is replaced
by the priority level of the accepted interrupt..

Therefore, multi-level priority interrupts are possible by re-
setting the interrupt disable flag | to “0” and enable further
interrupts.

For reset, DBC, watchdog timer, zero divide, and BRK in-
struction interrupts, which do not have an interrupt control
register, the processor interrupt level (IPL) is set as shown
in Table 3. i

Priority resolution is performed by latching the interrupt re-
quest bit and interrupt priority level so that they do not
change. They are sampled at the first half and latched at
the last half of the operation code fetch cycle.

Because priority resolution takes some time, no sampling
pulse is generated for a certain interval even if it is the next
operation code fetch cycle.

Priority is determined by hardware

@ o o o

— T T T

r
O e
L .l

A-D converter, UART, Timer, INT interrupts

Priority can be changed with software inside @

Fig. 7

Interrupt priority

Level 0

A-D conversion

Interrupt request| UART1 transmit
UART1 receive

o]

Watchdog
timer

Fig. 8 Interrupt priority resolution
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As shown in Figure 9, there are three different interrupt
priority resolution time from which one is selected by soft-
ware. After the selected time has elapsed, the highest
priority is determined and is processed after the currently
executing instruction has been completed.

The time is selected with bits 4 and 5 of the processor
mode register (address 5E;¢) shown in Figure 10. Table 4
shows the relationship between these bits and the number
of cycles. After a reset, the processor mode register is in-
itialized to “004¢" and therefore, the longest time is
selected. '

However, the shortest time may be selected by software.

Table 3. Value set in processor interrupt level (IPL)
during an interrupt

Interrupt types Setting value

Reset 0
DBC 7
Watchdog timer 7
Zero divide Not change value of IPL.

BRK instruction

Not change value of IPL. .

Table 4. Relationship between priority level evaluation
time selection bit and number of cycles

Priority level resolution time selection bit‘
- - Number of cycles
Bit 5 Bit 4
0 0 7 cycles of ¢
0 1 4 cycles of ¢
1 0 2 cycles of ¢

¢ . internal clock

Internal clock ¢

Operation code fetch cycle

Sampling pulse

Priority resolution time
Select from 0 to 2 with bits

4 and 5 of the processor

mode register

Fig. 9 Interrupt priority resolution time

7 6 5 4 3 2 1 0

L

l [ ] ‘ IProcessormoderegister(5E|s)

I——l— Processor mode bits

0 0 : Single-chip mode
0 1 : Memory expansion mode
1 0 ! Microprocessor mode
1 1  Evaluation chip mode
Wait bit
0 : Wait
1  No wait
Software reset bit .
The processor is reset when this bit is set to “1”

Priority resclution time selection bit

0 0 : Select 0 in Figure 9

0 1 > Select1in Figure 9

1 0 : Select 2 in Figure 9
Test mode bit

Must be “0”
Clock ¢, output selection bit

0 : No ¢ output
1 ¢, output

Fig. 10 Processor mode register configuration
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TIMER

There are eight 16-bit timers. They are divided by type into
timer A(5) and timer B(3).

The timer 1/0 pins are shared with 1/0 pins for port PS and
P6. To use these pins as timer input pins, the data direction
register bit corresponding to the pin must be cleared to “0”
to specify input mode.

Using this timer, confirm the function as this timer is diffe-
rent a little from M37700M2-XXXFP’s.

TIMER A

Figure 11 shows a block diagram of timer A.

Timer A has four modes; timer mode, event counter mode,
one-shot pulse mode, and pulse width modulation mode.
The mode is selected with bits 0 and 1 of the timer Ai
mode register (i=0 to 4). Each of these modes is de-
scribed below.

(1) Timer mode (00)

Figure 12 shows the bit configuration of the timer Ai mode
register during timer mode. Bits 0, 1, and 5 of the timer Ai
mode register must always be “0” in timer mode.

Bit 3 is ignored if bit 4 is “0”.

Bits 6 and 7 are used to select the timer counter source.
The counting of the selected clock starts when the count
start flag is “1” and stops when it is “0”. )
Figure 13 shows the bit configuration of the count start flag.
The counter is decremented, an interrupt is caused and the
interrupt request bit in the timer Ai interrupt control register
is set when the contents becomes 0000,c. At the same
time, the contents of the reload register is transferred to the
counter and count is continued.

f, f1e faz fos fs12
i) 172 J { s ] J [ 1/ﬂ—l—~{ 172 1—l~f 1/8 WJ
q Data bus (odd) {
q Data bus (even) y
Clock source selection (Lower 8 bits) J (Higher 8 bits)
f, o * Timer 4 4
* One-shot | Reload register(16) 1
fie —O \\3 * Pulse width modulation
—0
" L J
Timer(gate function) L
fs1—0 g
Counter(16 ]—
) Addresses
Polarity Event counter ° Up/Down TimerA0 47,5 4656
lecti
TR selection Count start flag [Always decremented } TimerAl 49, 486
() except in event count mode
(i=0~4) _ (4046) Pt TimerA2 4By A
L= External trigger .
Down count ——0 TimerA3 4Dy 4Cys
TimerAd4 4F¢ 4Es
Up-down flag o
(4446)
'}
Pulse output
O———< ]I Toggle flip-flop LI
TAiour
(i=0~4)
Fig. 11 Block diagram of timer A
* MITSUBISHI 2-17
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When bit 2 of the timer Ai mode register is “1”, the output
is generated from TAioyr pin. The output is toggled each
time the contents of the counter reaches to 0000;. When
the contents of the count start flag is “0”, “L” is output from
TAiout pln

When bit 2 is “0”, TAipyr.can be used as a normal port pin.
When bit 4 is “0”, TAijy can be used as a normal port pin.
When bit 4 is “1”, counting is performed only while the in-
put signal from the TAijy pin is “H” or “L” as shown in Fi-
gure 14. Therefore, this can be used to measure the pulse
width of the TAiy input signal.. Whether to count while the
input signal is “H” or while it is “L” is determined by bit 3. If
bit 3 is “1”, counting is performed while the TAiy pin input

signal is “H” and if bit 3 is “0", counting is performed while
it is “L".

Note that the duration of “H” or “L” on the TAi,y pin must be
two or more cycles of the timer count source.

When data is written to timer Ai register with timer Ai
halted, the same data is also written to the reload register
and the counter. When data is written to timer Ai which is
busy, the data is written to the reload register, but not to
the counter. The counter is reloaded with new data from
the reload register at the next reload time. The contents of
the counter can be read at any time.

When the value set in the timer Ai register is n, the timer
frequency dividing ratio is 1/(n +1).

mDD

0

1

00:
01

1
1

0X:

Clock source selection bit

Addresses
Timer A0 mode register 5616
Timer A1 mode register 5716
Timer A2 mode register 5846
Timer A3 mode register 596
Timer A4 mode register 5A:s

0 : Always “00” in timer mode

“'No pulse output (TAioyr is normal port pin)

1 © Pulse output

No'gate function (TAi is normal port pin)
0 : Count only while TAi,y input is “L”

1 2 Count only while TAi input is "H”

. Always “0” in timer mode

Select f,
. Select fs
0 : Select fgq

1 : Select fs12

Fig. 12 Timer Ai mode register bit configuration during timer mode

2—18

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

7 6 5 4 3 2 1 0 Count start flag Address

L L LT T T opmonsamary 4016
B L

Timer AO count start flag

Timer A1 count start flag

Timer A2 count start flag

Timer A3 count start flag

Timer A4 count start flag

Timer BO count start flag

Timer B1 count start flag

Timer B2 count start flag

Fig. 13 Count start flag bit configuration

Selected clock source f; I|H||||||||||H|”|||||H|Il””””l””””llHI
we 1] L

Timer mode register
Bit 4 Bit 3

T T I

Timer mode register
Bit 4 Bit 3

Fig. 14 Count waveform when gate function is available

* MITSUBISHI 2—19
ELECTRIC




MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP M37702M2AXXXFP

o o M37702M2BXXXFP,M37702S1FP
o ‘ M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(2) Event counter mode (01)

Figure 15 shows the bit configuration of the timer Ai mode
register during event counter mode. In event counter mode,
the bit 0 of the timer Ai mode register must be “1” and bit 1
and 5 must be “0”.

The input signal from the TAI|N pin is counted when the
count start flag shown in Figure 13 is “1” and counnng is
stopped when it is “0”. .

Count is performed at the fall of the input signal when bit 3
is “0” and at the rise of the signal when it is “1".

In event counter mode, whether to increment or decrement
the count can be selected with the up-down flag or the in-
put signal from the TAiour pin.

When bit 4 of the timer Ai mode register is “0”, the up-
down flag is used to determine whether to increment or de-
crement the count (decrement when the flag is “0” and in-
crement when it is “1”). Figure 16 shows the bit configura-
tion of the up-down flag.

When bit 4 of the timer Ai mode register is “1”, the input
signal from the TAioyr pin is used to determine whether to
increment or decrement the count. However, note that bit 2
must be “0” if bit 4 is “1” because if bit 2 is “1”, TAioyr pin
becomes an output pin with pulse output.

The count is decremented when the input signal from the
TAiour pin is “L” and incremented when it is “H”. Deter-
mine the level of the input signal from the TAioyr pin be-
fore valid edge is input to the TAiy pin.

An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set
when the counter reaches 0000,s (decrement count) or
FFFF,s (increment count). At the same time, the contents
of the reload register is transferred to the counter and the
count is continued.

When bit 2 is “1” and the counter reaches 00006
(decrement count) or FFFF,¢ (increment count), the wave-
form reversing polarity is output from TAioyr pin.

If bit 2 is “0”, TAigyr pin can be used as a normal port pin.
However, if bit 4 is “1” and the TAigyr pin is used as an
output pin, the output from the pin changes the count direc-
tion. Therefore, bit 4 should be “0” unless the output from
the TAioyr pin is to be used to select the count direction.

) Addresses
Timer A0 mode register 5646

Timer A1 mode register 5746
Timer A2 mode register 5816
Timer A3 mode register 5946

Timer A4 mode register 5A6

© Always “01” in event counter mode

0 : No pulse output
1 . Pulse output

: Count at the falling edge of input signal
1 : Count at the rising edge of input signal

0 : Increment or decrement according
to up/down flag
1 :Increment or decrement according

to TAiour pin input signal level

0 : Always “0" in event counter mode

XX I Not used in event counter mode

Fig. 15 Timer Ai mode register bit configuration
during event counter mode

Address

76543210
4446

| Up-down flag

Timer AQ up-down flag

~———Timer A1 up-down flag

Timer A2 up-down flag

Timer A3 up-down flag

Timer A4 up-down flag

Timer A2 two-phase pulse signal
processing selection bit
0 : Two-phase pulse signal processing
disabled
1 : Two-phase pulse signal processing
mode

Timer A3 two-phase pulse signal
proeessing selection bit
0 ! Two-phase pulse signal processing
disabled
1 . Two-phase pulse signal processing
mode

Timer A4 two-phase pulse signal
processing selection bit
0 : Two-phase pulse signal processing
disabled
1 ! Two-phase pulse signal processing
mode

Fig. 16 Up-down flag bit configuration

220 AMTSLBISI-I
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Data write and data read are performed in the same way as
for timer mode. That is, when data is written to timer Ai
halted, it is also written to the reload register and the coun-
ter. When data is written to timer Ai which is busy, the data
is written to the reload register, but not to the counter. The
counter is reloaded with new data from the reload register
at the next reload time. The counter can be read at any
time.

In event counter mode, whether to increment or decrement
the counter can also be determined by supplying two-
phase pulse input with phase shifted by 90° to timer A2, A3,
or A4. There are two types of two-phase pulse processing
operations. One uses timers A2 and A3, and the other uses
timer A4. In either processing operation, two-phase pulse is
input in the same way, that is, pulses out of phase by 90°
are input at the TAjour (j=2 to 4) pin and TAjyy pin.

When timers A2 and A3 are used, as shown in Figure 17,
the count is incremented when a rising edge is input to the
TAk,y pin after the level of TAkoyr (k=2, 3) pin changes
from “L” to “H", and when the falling edge is inserted, the
count is decremented.

For timer A4, as shown in Figure 18, when a phase related
pulse with a rising edge input to the TA4,y pin is input after
the level of TA4qyr pin changes from “L” to “H”, the count
is incremented at the respective rising edge and falling
edge of the TA4oyr pin and TA4 pin.

When a phase related pulse with a falling edge input to the
TA4doyr pin is input after the level of TA4,y pin changes
from “H” to “L”, the count is decremented at the respective
rising edge and falling edge of the TA4)y pin and TAdqyr
pin. When performing this two-phase pulse signal proces-

sing, timer Aj mode register bit 0 and bit 4 must be set to
“1” and bits 1, 2, 3, and 5 must be “0”. Bits 6 and 7 are
ignored. Note that bits 5, 6, and 7 of the up-down flag reg-
ister (44,5) are the two-phase pulse signal processing
selection bit for timer A2, A3, and A4 respectively. Each
timer operates in normal event counter mode when the cor-
responding bit is “0” and performs two-phase pulse signal
processing when it is “1”.

Count is started by setting the count start flag to “1”. Data
write and read are performed in the same way as for nor-
mal event counter mode. Note that the direction register of
the input port must be set to input mode because two-
phase pulse signal is input. Also, there can be no pulse
output in this mode. )

Addresses
Timer A2 mode register 5846

Timer A3 mode register 5916

0 Timer A4 mode register © 5A¢
1

u— 0 1 I Always “01” in event counter mode

0100: Always “0100” when processing‘
two-phase pulse signal

XX ! Not used in event counter mode

Fig. 19 Timer Aj mode register bit configuration when
performing two-phase pulse signal processing
in event counter mode

3

TAKout I

e J U U

Up-count Up-count  Up-count

I

Down-count' Down-count Down-count

Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3

L

TAdour _T l

Up-count at each edge

Down-count at each edge -

g

L

TA4y

Up-count at each edge

Down-count at each edge -

'

pulse proc

Fig. 18 Two-ph

ing operation of timer A4
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(3) One-shot pulse mode (10)
Figure 20 shows the bit configuration of the timer Ai mode
register during one-shot pulse mode. In one-shot pulse
mode, bit 0 and bit 5 must be “0” and bit 1 and bit 2 must
be “1”.

The trigger is enabled when the count start flag is “1”. The-

trigger can be generated by software or it can be input
- from the TAiy pin. Software trigger is selected when bit 4

is “0” and the input signal from the TAiy pin is used as the

trigger when it is “1”.

Bit 3 is used to determine whether to trigger at the fall of

the trigger' signal or at the rise. The trigger is at the fall of

the trigger signal when bit 3 is “0” and at the rise of the

trigger signal when it is “1”.

Software trigger is generated by setting the bit in the one-

shot start flag corresponding to each timer.

Figure 21 shows the bit conflguratlon of the one-shot start

flag.

As shown in Figure 22, when a trigger signal is received,

the counter counts the clock selected by bits 6 and 7.

If the contents of the counter is not 00004, the TAioyr pin

goes “H” when a trigger signal is received. The count

direction is decrement.

When the counter reaches 000146, The TAiouT pin goes “L”

and count is stopped. The contents of the reload register is

transferred to the counter. At the same time, an interrupt

request signal is generated and the interrupt request bit in

the timer Ai interrupt control register is set. This is repe-

ated each time a trigger signal is received. The output

pulse width is

' 1

pulse frequency of the selected clock
X (counter's value at the time of trigger).

If the count start flag is “0”, TAioyr goes “L". Therefore, the

value correspondingkto the desired pulse width must be

written to timer Ai before setting the timer Ai count start

flag. '

As shown in Figure 23, a trigger signal can be received be-

fore the operation for the previous trigger signal is com-

pleted. In this case, the contents of the reload register is

transferred to the counter by the trigger and then that value

is decremented.

Except when retnggerlng while operatlng, the contents of

the reload register is not transferred to the counter by trig-

gering.

When retriggering, there must be at least one timer count

source cycle before a new trigger can be issued.

Data write is performed to the same way as for timer mode.

When data is written in timer Ai halted, it is also written to

the reload register and the counter.

When data is written to timer Ai which is busy, the data is

written to the reload register, but not to the counter. The

counter is reloaded W|th new data from the reload register
“at the next reload time.

Undefined data is read when tlmer Ai is read

Addresses
Timer AQO mode register 5616

Timer A1 mode register 5716
Timer A2 mode register 5846
Timer A3 mode register 596

Timer A4 mode register 5A6

 Always “10” in one-shot pulse mode

, ‘————— 1 I Always “1” in one-shot pulse mode

0 X : Software trigger
1 0 : Trigger at the falling édge of TAijy
input

11 Trigger at the rising edge of TAin
input

0 © Always “0” in one-shot pulse mode

Clock source selection
00 : Selectf,
01 ! Selectf
10 : Select fes

11 ! Select sy,

Fig. 20 Timer Ai mode register bit conflguratlon durlng
one-shot pulse mode

Address
76543210

One-shot start flag 4246

—L Timer AO one-shot start flag

L——— Timer A1 one-shot start flag

Timer A2 one-shot start flag

Timer A3 one-shot start flag

Timer A4 one-shot start flag

Fig. 21 One-shot start flag bit configuration
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Selected clock

source f; ||||||||||||||||IlllllllllllllllllIllll

TAin )
(in case of the
rising edge)

TAioutr

Example when the contents of the reload register is 0003,¢

Fig. 22 Pulse output example when external rising edge Is selected

Selected clock

source fj |||||||||||||I||||l|||||||||l||||||||||

TAin

(in case of the
rising edge)

TAiour

Example when the contents of the reload register is 0004,

Fig. 23 Example when trigger is re-issued during pulse output

TS |
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(4) Pulse width modulation mode (11)
Figure 24 shows the bit configuration of the timer Ai mode
register during pulse width modulation mode. In pulse
width modulation mode, bits 0, 1, and 2 must be set to “1”.
Bit 5 is used to determine whether to perform 16-bit length
pulse width. modulator or 8-bit length pulse width modula-
tor. 16-bit length pulse width modulator is performed when
bit 5 is “0” and 8-bit length pulse width modulator is per-
- ‘formed when it is “1”. The 16-bit length pulse width mod-
ulator is described first.
The pulse width modulator can be started with a software
trigger or with an input signal from a TAiy pin (external
trigger).
The software trigger mode is selected when bit 4 is “0”.
Pulse width modulator is started and pulse is output from
TAiour When the timer Ai start flag is set to “1”.
The external trigger mode is selected when bit 4 is “1”.
Pulse width modulator starts when a trigger signal is input
from the TAin pin when the timer Ai start flag is “1”.
Whether to trigger at the fall or rise of the trigger signal is
determined by bit 3. The trigger is at the fall of the trigger
signal when bit 3 is “0” and at the rise when it is “1”.
When data is written to timer Ai with the pulse width mod-
ulator halted, it -is written to the reload register and the
counter.
Then when the timer Ai start flag is set to “1” and a soft-
ware trigger or an external trigger is issued to start modula-
tion, the waveform shown in Figure 25 is output continuous-
ly. Once modulation is started, triggers are not accepted. If
the value in the reload register is m, the duration “H” of
pulse is
1
selected clock frequency
and the output pulse period is
1
selected clock frequency
An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set at
each fall of the output pulse.
The width of the output pulse is changed by updating timer
data. The update can be performed at any time. The output
pulse width is changed-at the rise of the pulse after data is
written to the timer.
The contents of the reload register are transferred to the
counter just before the rise of the next pulse so that the
pulse width is changed from the next output pulse.
Undefined data is read when timer Ai is read.
The 8-bit length pulse width modulator is described next.
The 8-bit length pulse width modulator is selected when
the timer Ai mode register bit 5 is “1”.
The reload register and the counter are both divided into 8-
bit halves.
The low order 8 bits function as a prescaler and the high

Xm

X (218—1).

order 8 bits function as the 8-bit length pulse width modula-
tor. The prescaler counts the clock selected by bits 6 and
7. A pulse is generated when the counter reaches 0000;¢
as shown in Figure 26. At the same time, the contents of
the reload register is transferred to the counter and count is
continued.

Addresses
Timer A0 mode register 5616
Timer A1 mode register 5746
Timer A2 mode register 5846

76543210 Timer A3 mode register 59,5

11

Timer A4 mode register 5A,6

11 I Always “11” in pulse width modulation
mode

1 ! Always “1” in pulse width modulation
mode

0 X : Software trigger
1.0 : Trigger at the falling of TAi,y input
1.1 :Trigger at the rising of TAiy input

0 16 bit pulse width modulator

1 ! 8 bit pulse width modulator

Clock source selection bit
00 : Selectf,
0 1 : Select fi6
1 0 : Select fes

11 I Selectfsy,

Fig. 24 Timer Ai mode register bit configuration during
pulse width modulation mode

KRy
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg-

the period of the generated pulse is ister is m, the duration “H” of pulse is
1 1
selected clock frequency X(n+1). selected clock frequency X(n+1)Xm.
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is
modulator using this pulse as input. The operation is the 1 X(n+1)X (26—1)
same as for 16-bit length pulse width modulator except that selected clock frequency ’
1/4iX(2'8=1)
L )
3 -
I |
Selected clock ] . 1
[ [
source fj J : : L
|
- ]
TAin | | |
(ir_l case of the | \| This trigger is not accepted |
rising edge) | | | .
1/§X(m) |
TAiour |

Example when the contents of the reload register is 0003;¢

Fig. 25 16-bit-length puilse width modulator output pulse example

| VX (n+1)X (282—1) ‘ | ¢
-
i - '
| |
| |
Selected clock i "l”lH”H”H”””“””
source fj “ ” :_
R '
| I |
| by |
TAin | h '
(in case of the falling edge) } | : : :
! T T !
— X (nt1) |
|

Prescaler output ! e
(when n=2) U I_I ' U U —|_| ” ” ” Il ”
| |
| .
|

|

|
_"'—4‘7, 1/6X (n41) X (m) [

|

|

|

8-bit length pulse

width modulator —__[_—I— - _J__—|_
output LTI

(when m=2)

Fig. 26 8-bit length pulse width modulator output pulse example
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TIMER B

Figure 27 shows a block diagram of timer B.

Timer B has three modes; timer. mode, event counter mode,
and pulse period measurement/pulse width measurement
mode: The mode is selected with bits 0 and 1 of the timer
Bi mode register (i =0 to 2). Each of these modes is de-
scribed below.

(1) Timer mode (00)

Figure 28 shows the bit configuration of the timer Bi mode
register during timer mode. Bits 0, and 1 of the timer Bi
mode register must always be “0” in timer mode.

Bits 6 and 7 are used to select the clock source. The
counting of the selected clock starts when the count start
flag “1” and stops when “0”.

As shown in Figure 13, the timer Bi count start flag is at the
same address as the timer Ai count start flag. The count is
decremented, an interrupt occurs, and the interrupt request
bit in the timer Bi interrupt control register is set when the
contents becomes 00004¢. At the same time, the contents of
the reload register is stored in the counter and count is
continued.

Timer Bi does not have a pulse output function or a gate
function like timer A.

When data is written to timer Bi halted, it is written to the
reload register and the counter. When data is written to
timer Bi which is busy, the data is written to the reload reg-
ister, but not to the counter. The counter is reloaded with
new data from the reload register at the next reload time.
The contents of the counter can be read at any time.

e I ata DUSCORO o g oy
E& “T. . Data bus{even) ot
Clock source selection ‘ J (Lower 8 bits) || || (Higher 8 bits)
* Timer b | <5 |
fo —oO * Pulse period -measurement/pulse I Reload register(16) ]
f,g —O width measurement N
16 \0 ) %
fea —O 3
L SN2 | Addresses
fs12 —o-O
52 Counter(16) ] Timer BO 516 504
. Polarity selection Event counter Timer B1 5346 526
TBin (O and edge pulse 2] )
< (i=0~2) generator Count start flag Timer B2 55:5- 544

(40,¢)

Co

unter reset
circuit

Fig. 27 Timer B block diagram
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(2) Event counter mode (01)
Figure 29 shows the bit configuration of the timer Bi mode
register during event counter mode. In event counter mode,
the bit 0 in the timer Bi mode -egister must be “1” and bit 1
must be “0”.
The input signal from the TBiy pin is counted when the
count start flag is “1” and counting is stopped when it is “0”.
Count is performed at the fall of the input signal when bits
2, and 3 are “0” and at the rise of the input signal when bit
3 is “0” and bit 2 is “1”.
When bit 3 is “1” and bit 2 is “0”, count is performed at the
rise and fall of the input signal.
Data write, data read and timer interrupt are performed in
the same way as for timer mode.
(3) Pulse period measurement/pulse width
measurement mode (10)
Figure 30 shows the bit configuration of the timer Bi mode
register during pulse period measurement/pulse width
measurement mode.
In pulse period measurement/pulse width measurement
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7
are used to select the clock source. The selected clock is
counted when the count start flag is “1” and counting stops
when it is “0”.
The pulse period measurement mode is selected when bit
3 is. “0". In pulse period measurement mode, the selected
clock is counted during the interval starting at the fall of the
input signal from the TBiy pin to the next fall or at the rise
of the input signal to the next rise and the result is stored in
the reload register. In this case, the reload register acts as
a buffer register.

When bit 2 is “0”, the clock is counted from the fall of the

input signal to the next fall. When bit 2 is “1”, the clock is
counted from the rise of thé input signal to the next rise.
In the case of counting from the fall of the input signal to
- the next fall, counting is performed as follows. As shown in
Figure 31, when the fall of the input signal from TBiyy pin is
detected, the contents of the counter is transferred 'to the
reload register. Next the counter is cleared and count is
started from the next clock. When the fall of the next input
signal is detected, the contents of the counter is transferred
to the reload register once more, the counter is cleared,
" and the count is started. The period from the fall of the in-
put signal to the next fall is measured in this way.

Addresses
Timer BO mode register 5B;¢

5C6

Timer B2 mode register 5D,q

l———l—— 0 0 : Always “00" in timer mode

XX ! Not used in timer mode and
may be any

0 Timer B1 mode register
0

Timer Bi overflow flag

Clock source selection bit
00 : Select f,

01 :Select fyg
10 : Select fg4

11 : Select fs,,

Fig. 28 Timer Bi mode register bit conflguratlon during
timer mode

Addresses
Timer BO mode register " 5B,¢
5Cis

0 Timer B1 mode register
! 5Dy

Timer B2 mode register

0 1 : Always “01” in event counter
' mode
0 0 : Count at the falling edge of
input signal
0 1 : Count at the rising edge of
input signal
10 : Count at the both falling edge
and rising edge of input signal
— Timer Bi overflow flag

XX ! Not used in event counter mode

Fig. 29 Timer Bi mode register bit configuration during

event counter mode

Addresses
Timer BO mode register 5B,¢

76543210 Timer B1 mode register 5C,q

10 Timer B2 mode register 5D,

1 0 : Always “10” in pulse period
measurement/pulse Width
measurement mode

0 0 : Count from the falling edge of
input signal to the next falling one

0 1 : Count from the rising edge of
input signal to.the next rising one

1°0° : Count from the falling edge of
input signal to the next rising one
and from the rising edge to the
next falling one

Timer Bi overflow flag

Clock source selection bit

00 : Selectf,

0 1 : Select fyg

10 . Select fgq

11 . Select fs
F|g 30 Timer Bi mode register bit configuration during
pulse period measurement/pulse  width
measurement mode

ELECTRIC

*




MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
- M37702M2BXXXFP,M37702S1FP

~ M37702S1AFP,M37702S1BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

After the contents of the counter is transferred to the reload shown in Figure 32.

register, an interrupt request signal is generated and the When timer Bi is read, the contents of the reload register is
interrupt request bit in the timer Bi interrupt control register read.

is set. However, no interrupt request signal is generated Note that in this mode, the interval between the fall of the
when the contents of the counter is transferred first time to TBiy pin input signal to the next rise or from the rise to the
the reload register after the count start flag is set to “1”. next fall must be at least two cycles of the timer count
When bit 3 is “1”, the pulse width measurement mode is =~  source.

selected. Pulse width measurement mode is similar to Timer Bi overflow flag which is bit 5 of timer Bi mode regis-
pulse period measurement mode except that the clock is ter is set to “1” when the timer Bi counter reaches 0000+¢.
counted from the fall of the TBijy pin input signal to the next ~ This flag is cleared by writing to corresponding timer Bi -
rise or from the rise of the input signal to the next fall as mode register. This bit is set to “1” at reset.

source fj d
I
|
|
TBing Y | % ! I Y

- 1

! .
|
‘ |

Reload register < counter

I
T
|
Counter«0 |-l

Count start flag - I

Interrupt request signal

':l‘ - ’:l‘"‘:l

Fig. 31 Pulse period measurement mode operation (example of measuring the interval between the falling edge to
next falling one)

Selected clock
source fj

%

TBiy

é

=
=
-

—
=

Reload register — Counter

Counter+0

= T

Count start flag I

Interrupt request signal

Fig. 32 Pulse width measurement mode operation
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SERIAL /O PORTS

Two independent serial 1/0 ports are provided. Figure 33

shows a block diagram of the serial I/0 ports.

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive
mode register shown in Figure 34 are used to determine
whether to use port P8 as parallel port, clock synchronous

ing start and stop bits.
mitter according to the mode.

receive control register.

serial I/0 port, or asynchronous (UART) serial 1/0 port us-

Figures 35 and 36 show the connections of receiver/trans-
Figure 37 shows the bit configuration of the UARTi transmit/

Each communication method is described below.

RxDj

Data bus(odd)

X

Data bus(even)

[0ToTo o] olo[ 0Os[Dr|De[Ds|0:[Ds|D:[D:[Dof

I

O

1/16 Divide:

[ Receive register |

UART receive
—0

Receive
control
circuit

Receive clock

Transmission clock

R

~N

CTSi/RTSi

Bit rate Clock synchronous—o
‘ generator
Clock source selection UART transmission
fp—o  UARTO(STe) T oo e
f UART1(39,6) Clock synchronous
"s - Internal Clock synchronous ;
64 —O (Internal clock
R -
O
External Clock synchronous Glock synchronous
)’l (Internal C|OCK) (External clock)
cki O—

Dé[D7[Ds |Ds|Ds [Dalozlov[Dd

Data bus

(odd)

[ UARTO(37,6, 3616)
UART1(3F,6, 3E;6)

[ Transmission registerm

. UARTO(336, 32¢6)
UART1(3By¢, 3A16)

Receive buffer register

TxDj

Transmission
buffer register

Data bus(even)

Fig. 33 Serial I/0 port block diagram

7 654321

Addresses

UART 0 Transmit/Receive mode register

rial communlcatlon method selection bit
. Parallel port
: Clock synchronous
. 7-bit UART
: 8-bit UART
110 :9-bit UART
Internal clock/External clock selection bit
0 : Internal clock
-1.. External clock
Stop bit length selection bit
0 ! 1 stop bit
1 . 2 stop bits
—Even/Odd parity selection bit
0 ! Odd parity
1 I Even parity
Parity enable selection bit
0 ! No parity
1 1 With parity
— Sleep selection bit
0 : Nosleep
1 . Sleep

l ] [UART 1 Transmit/Receive mode register
Se
0
0
1
1

OOOO
—o — O

3046
3816

Fig. 34 UART i Transmit/Receive mode register bit configuration

S Msums
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2 i e ' ; Receive buff
[oT ol ol ol oTo [ o o] o[ 0] 0] 00 0] 0 [0 Jregurer
RxDj 2 stop bit Parity gg: . hece]ve
O . I register
y Synchronous
Fig. 36 Receiver block diagram
¢ oo Databus(even) ::":Ffiy.,‘ el T b e ]

I | S B T N T T st
8bit -
Sgylr’v‘éhronous

J Transmission register
1 stop bit " | Synchronous .
W

Fig. 36 Transmitter block diagram

\'7 6 5 4 3 2 1 0 ,vAddresses

Wn| e l oo Lcsu] UART 0 Transmit/Receive control register 0 3446
EPTY] 3Css

UART 1 Transmit/Receive control register 0
Clock source selection bit
00 :Selectf,

01 :Select fy5
10 :'Select fgq
1.1 I Select fs,

CTS, RTS Selection bit
0 : Select CTS
1 : Select RTS

Transmission registér empty bit

7654382 10 UART 0 Transmit/Receive control regis‘te??dreSSS;: ]
[SUMIPER]FERIOER[ R"I ne | N [TE] [UART 1 Transmit/Receive control register 1, 3Dse
Transmit enable flag
Transmit buffer empty flag
Receive enable flag
— Receive completion flag

Overrun error flag
Framing error flag
Parity error flag
Error sum flag

Fig. 37 UARTi Transmit/Receyive control register bit configuration

w
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CLOCK SYNCHRONOUS SERIAL
COMMUNICATION

A case where communication is performed between two
clock synchronous serial 1/0 ports as shown in Figure 38
will be described. (The transmission side will be denoted
by subscript j and the receiving side will be denoted by
subscript k.)

Bit 0 of the UARTj transmit/receive mode register and
UARTk transmit/receive mode register must be set to “1”
and bits 1 and 2 must be “0”. The length of the transmission
data is fixed at 8 bits.

Bit 3 of the UART] transmit/receive mode register of the
clock sending side is cleared to “0” to select the internal
clock. Bit 3 of the UARTk transmit/receive mode register of
the clock receiving side is set to “1” to select the external
clock. Bits 4, 5 and 6 are ignored in clock synchronous
mode. Bit 7 must always be “0”.

The clock source is selected by bit 0 (CS,) and bit 1
(CSy) of the clock sending side UART] transmit/receive
control register 0. As shown in Figure 33, the selected
clock is divided by (n +1), then by 2, passed through a
transmisson control circuit, and output as transmisson clock
CLKj]. Therefore, when the selected clock is fi,

Bit Rate=fi/{ (n +1)X2}

On the clock receiving side, the CS, and CS, bits of the
UARTK transmit/receive control register are ignored be-
cause an external clock is selected.

The bit 2 of the clock sending side UART] transmit/receive
control register is clear to “0”to select ET—S] input. The bit 2
of the clock receiving side is set to “1” to select RTSk out-
put. CTS, and RTS signals are described later.

Transmission

Transmission is started when the bit 0 (TEj flag) of UART]
transmit/receive control register 1 is “1”, bit 1 is (Tlj flag)
of one is “0”, and CTSj input is “L”. As shown in Figure 39,
data is output from TxDj pin when transmission clock CLKj
changes from “H” to “L”. The data is output from the least
significant bit.

The TIj flag indicates whether the transmission buffer regis-
ter is empty or not. It is cleared to “0” when data is written
in the transmission buffer register and set to “1” when the
contents of the transmission buffer register is transferred to
the transmission register.

When the transmission register becomes empty after the
contents has been transmitted, data is transferred automati-
cally from the transmission buffer register to the transmis-
sion register if the next transmission start condition is satis-
fied. If the bit 2 of UART] transmit/receive control register 0
is “1”, CTSj input is ignored and transmission start is con-

trolled only by the TEj flag and Tlj flag. Once transmission

has started, the TEj flag, Tlj flag, and CTSj signals are
ignored until data transmission completes. Therefore, trans-

mission is not interrupt when ET-SJ input is changed to “H”
during transmission.

The transmission start condition indicated by TEj flag, Tij
flag, and WS} is checked while the Tenoj signal shown in
Figure 39 is “H”. Therefore, data can be transmitted con-
tinuously if the next transmission data is written in the trans-
mission buffer register and Tlj flag is cleared to “0” before
the Tenpj signal goes “H”.

The bit 3 (TXEPTY] flag) of UART] transmit/receive control
register 0 chanées to “1” at the next cycle after the Tenpj
signal goes “H” and changes to “0” when transmission
starts. Therefore, this flag can be used to determine
whether data transmission has completed.

When the TIj flag changes from “0” to “1”, the interrupt re-
quest bit in the UART]j transmission interrupt control regis-
ter is set to “1”.

Receive

Receive starts when the bit 2 (REk flag) of UARTk trans-
mit/receive control register 1 is set to “1”.

The RTSk output is “H” when the REk flag is “0” and goes
“L” when the REk flag changed to “1”. It goes back to “H”
when receive starts. Therefore, the RTSk output can be
used to determine whether the receive register is ready to
receive. It is ready when RTSk output is “L”.

The data from the RxDk pin is retrieved and the contents of
the receive register is shifted by 1 bit each time the trans-
mission clock CLKj changes from “L” to“H”. When an 8-bit

.data is received, the contents of the receive register is

transferred to the receive buffer register and the bit 3 (Rlk
flag) of UART transmit/receive control register 1 is set to
“1”. In other words, the setting of the Rlk flag indicates that
the receive buffer register contains the received data. At
this point, RTS] output goes “L” to indicate that the next
data can be received. When the Rlk flag changes from “0”
to “17, the interrupt request bit in the UARTk receive inter-
rupt control register is set to “1”. Bit 4 (OERk flag) of
UARTK transmit/receive control register is set to “1” when
the next data is transferred from the receive register to the
receive buffer register while Rlk flag is “1”, and indicates
that the next data was transferred to the receive register
before the contents of the receive buffer register was read.
Rlk and OERk flags are cleared automatically to “0” when
the low-order byte of the receive buffer register is read.
The OERk flag is also cleared when the REg flag is
cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7.
(SUM flag) are ignored in clock synchronous mode.

As shown in Figure 33, with clock synchronous serial com-
munication, data cannot be received unless the transmitter
is operating because the receive clock is created from the
transmission clock. Therefore, the transmitter must be oper-
ating even when there is no data to be sent from UARTk to
UART].
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xD : XDk :
I UART; transmission register —l——‘ ! - ‘ ’ —-L UART transmission register l

_UART; transmission ‘
buffer register .

l UARTK transmission register I

L UARTj receive buffer register ]

I UART; receive register ]‘_

[ UART receive buffer register l

——)[ UART receive register l

UART; Transmit/Receive mode register UARTK Transmit/Receive mode register
Lolx[x[x[ofo]o]1] Lo [x[x[x]1JoJo 1]
. . CLK;j CLKgk . .
‘UART]' Transmlt/Recelvq control - UARTK Transmit/Receive control
register 0 register 0
DX 0 Josifesd \ D] 1 T x]

CTS; RTsk

UART; Transmit/Receive control UARTK Transmit/Receive control
register 1 register 1

MPERIFER'OERI RI LRE l nm : ' | : IfUMIPERIFEﬂOER, R l e l T" I TEI

Fig. 38 Clock synchronous serial communication

Transmission ——=-1/6X (n+1) X2
clock

TEj ] ‘ 1 ‘ .

v e |

Write in transmission buffer register Transmission register«—Transmission buffer register

S i , -
— e /X (n+1)X2

L

Stopped because TEj= “0”

L \
- n... o M
HOEEREEE BOEORDEE DEEEREBEE

Fig. 39 Clock synchronous serial 1/0 timing
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ASYNCHRONOUS

SERIAL COMMUNICATION

Asynchronous serial communication can be performed us-
ing 7-, 8-, or 9-bit length data. The operation is the same
for all data lengths. The following is the description for 8-bit
asynchronous communication.

With 8-bit asynchronous communication, the bit 0 of UARTi
transmit/receive mode register is “1”, the bit 1 is “0”, and
the bit 2 is “1”.

Bit 3 is used to select an internal clock or an external
clock. If bit 3 is “0”, an internal clock is selected and if bit 3
is “1”, then external clock is selected. If an internal clock is
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTi transmit/
receive control register 0 are used to select the clogk
source. When an internal clock is selected for asynchro-
nous serial communication, the CLK pin can be used as a
normal 1/0 pin.

The selected internal or external clock is divided by (n+1),
then by 16, and passed through a control circuit to create
the UART transmission clock or UART receive clock.
Therefore, the transmission speed can be changed by
changing the contents n of the bit rate generator. If the
selected clock is an internal clock fi or an external clock
fexr,

Bit Rate = (fj or fexr)/ { (n+1)X16}

Bit 4 is the stop bit length selection bit to select 1 stop bit
or 2 stop bits.

The bit 5 is a selection bit of odd parity or even parity. -

In the odd parity mode, the parity bit is adjusted so that the
sum of the 1's in the data and parity bit is always odd.

In the even parity mode, the parity bit is adjusted so that
the sum of the 1's in the data and parity bit is always even.

— e (1/f or V/fexs) X (n+1)X16 .

mansmission oo | [ [ U U U UYL Uy

TE; _] I I————-———
G 1 [ —
a_gi T Write in transmission buffer regisger Transmission register *';Le;::rn:i‘:;i:;[ (7
Tenoi ﬂ j \

Start bit Parity bit Stop bit Stopped because TEj= “0"
T \STARXONOHOXOXONONOXE Y \STALXXONOHONCHCHON Y 5r — \STADXX
L A n 1

Fig. 40 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected

= (1/1, or 1/fexr) X (n+1)X16

TE; _J L [_—’—_“
T A N \ —
Write in transmission buffer register Transmission register«~Transmission
Tenoi buffer register
Start bit Stop Bit Stop Bit Stopped because |
& (gl

™D STARXDXDXPKPXPXDKPXDsY 5P SPASTARXD KD XDXDNXRXPNRXDeY'SP 5P~ \ETADKDXD:
TXEPTY; | ﬂ l “‘]

Fig. 41 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected
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Bit 6 is’the parity bit selection bit which indicates whether
to add parity bit or not.

Bits 4 to 6 should be set or reset according to the data for-
mat of the communicating devices.

Bit 7 is the sleep selection bit. The. sleep mode is de-
sCribed later.

The UART;| transmit/receive control regisg‘er 0 bit 2 is used
to determine whether to use Eﬁ input or RTSj output.
CTS. input used if bit 2 is “0” and RTS. output is used if bit
2is“1”.

If CTS. input is selected, the user can control whether to
stop or start transmission by external CTS; input. RTS. will
be described later.

Transmission

Transmission is started when the bit 0 (TEi flag) of UART;
transmit/receive control register 1 is “1”; the bit 1 (Tl; flag)
is “0”, and CTS;j input is “L” if CTSj input is selected. As
shown in Figure 40 and 41, data is output from the TxDj pin

with the stop bit and parity bit specified by the bits 4 to 6 of

UART; transmit/receive mode register bits. The data is out-
put from the least significant bit.

The TIj flag indicates whether the transmission butter is
empty or not. It is cleared to “0” when data is written in the
transmission buffer and set to “1” when the contents of the

transmission buffer register is transferred to the transmis-

sion register.

K

When the transmission register becomes empty after the
contents has been transmitted, data is transferred automati-
cally form the transmission buffer register to the transmis-
sion register if the next transmission start condition is satis-
fied. .

Once transmission has started, the TE; flag, Tlj flag, and
CTS;j signal (if CTSj input is selected) are |gnored until
data transmission is completed.

Therefore, transmission does not stop until it completes
even if the TE; flag is cleared during transmission.

The transmission start condition indicated by TE;j flag, Tl;
flag, and C_T—§| is checked while the Teypj Signal shown in
Figure 40 is “H”. Therefore, data can be transmitted con-
tinuously' if the next transmission data is written in the trans-
mission butter register and Tlj flag is cleared to 0 before
the Tenpi signal goes “H”. ,

The bit 3 (TXEPTY;j flag) of UART] transmit/receive control
reg'ister 0 changes to “1” at the next cycle after the Tenpi
signal goes “H” and changes to “0” when transmission -
starts. Therefore, this flag can be used to determine
whether data transmision is completed. '
When the Tlj flag changes from “0” to “1”, the interrupt re-
quest bit in the UART; transmissoin interrupt control regis-
ter is set to “1”. ‘

Receive

Receive is enabled when the bit 2 (RE;j flag) of UART.
transmit/receive control register 1 is set. As shown in Fi-
gure 42, the frequency divider cwcuit at the receiving end -
begin to work when a start bit is arrived and the data is re-
ceived.

RE;j J
"~ Stopbit - Start bit |

RxDj Start bit £ Do X:D_T:: :@:}' : h
Receive Check to be “L” level - Get data L ‘ ’
Clock . _I_____J——_j__

Starting at the falling

edge of start bit
Rl ) l_____—_
RTS; l I

Fig. 42 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected
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If RTS; output is selected by setting the bit 2 of UART;
transmit/receive control register 0 to “1”, the RTSi output is
“H” when the RE;j flag is “0”. When the RE; flag changes to
“1”, the RTSi output goes “L” to indicate receive ready and
returns to “H” once receive has started. In other words,
RTSj output can be used to determine externally whether
the receive register is ready to receive.

The entire transmission data bits are received when the
start bit passes the final bit of the receive block shown in
Figure 35. At this point, the contents of the receive register
is transferred to the receive buffer register and the bit 3 of
UART; transmit/receive control register 1 is set. In other
words, the Rlj flag indicates that the receive buffer register
contains data when it is set. If RTSj output is selected, RTSj
output goes “L” to indicate that the register is ready to re-
ceive the next data.

The interrupt request bit in the UART| receive interrupt
control register is set when the Rlj flag changes from “0” to
“1”.

The bit 4 (OER; flag) of UART; transmission control register
1 is set when the next data is transferred from the receive
register to the receive buffer register while the Rl; flag is
“1”. In other words when an overrun error occurs. If the
OER;j flag is “1”, it indicates that the next data has been
transferred to the receive buffer register before the con-
tents of the receive butter register has been read.

Bit 5 (FER; flag) is set when the number of stop bits is less
than required (framing error).

Bit 6 (PER; flag) is set when a parity error occurs.

Bit 7 (SUM; flag) is set when either the OER; flag, FER;
flag, or the PER; flag is set. Therefore, the SUM; flag can
be used to determine whether there is an error.

The setting of the RIlj flag, OER; flag, FER; flag, and the
PERi flag is performed while transferring the contents of
the receive register to the receive buffer register. The Rl
OER;j, FER;j, PER;j, and SUM; flags are cleared when the
low order byte of the receive buffer register is read or
when the RE; flag is cleared.

Sleep mode

The sleep mode is used to communicate only between cer-
tain microcomputers when multiple microcomputers are
connected through serial 1/0.

The sleep mode is entered when the bit 7 of UART; trans-
mit/receive mode register is set.

The operation of the sleep mode for an 8-bit asynchronous
communication is described below.

When sleep mode is selected, the contents of the receive
register is not transferred to the receive buffer register if
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if
9-bit asychronous communication) of the received data is
“0”. Also the RIj, OERj, FERj, PER;, and the SUM; flag are
unchanged. Therefore, the interrupt request bit of the
UART; receive interrupt control register is also unchanged.

Normal receive operation takes place when bit 7 of the re-
ceived data is “1".

The following is an example of how the sleep mode can be
used.

The main microcomputer first sends data with bit 7 set to
“1” and bits 0 to 6 set to the address of the subordinate
microcomputer which wants to communicate with. Then all
subordinate microcomputers receive the same data. Each
subordinate microcomputer checks the received data,
clears the sleep bit if bits 0 to 6 are its own address and
sets the sleep bit if not. Next the main microcomputer
sends data with bit 7 cleared. Then the microcomputer with
the sleep bit cleared will receive the data, but the micro-
computer with the sleep bit set will not. In this way, the
main microcomputer is able to communicate with only the
designated microcomputer. k
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A-D CONVERTER

The A-D converter is an 8-bit successive approximation
converter.

Figure 43 shows a block diagram of the A-D converter and
Figure 44 shows the bit configuration of the A-D control
register. The frequency of the A-D converter operating
clock ¢ ap is selected by the bit 7 of the A-D control regis-
ter. When bit 7 is “0”, ¢ ap is the clock frequency divided by
8. That is, ¢ apo=F(X;n)/8. When bit 7 is “1”, ¢ op is the clock
frequency divided by 4 and ¢ap is=f(Xy)/4. The ¢p dur-
ing A-D conversion must be 250kHz minimum because the
comparator consists of a capacity coupling amplifier.

The operating mode is selected by the bits 3 and 4 of A-D
control register. The available operating modes are one-
shot, repeat, single sweep, and repeat sweep.

The bit of data direction'register bit corresponding to the
A-D converter pin must be “0” (input mode) because the
analog input port is shared with port P7.

The operation of each mode is described below.

76543210 Address
I'LT T T 1 1 1] ADcontrol register 1 1Es
‘_I_l_ Analog inpdt selection bit

000 : Select ANy
1 I Select AN,
. Select AN,
. Select ANg
. Select AN,

. Select ANs
Select ANg
. Select AN;
A-D operation mode selection bit
0 0 : One-shot mode
0 1 : Repeat mode
1 0 ! Single sweep mode
1 1 . Repeat sweep mode
Trigger selection bit
0 ! Software trigger
1 AD1gg input trigger
A-D conversion start flag
0 ! Stop A-D conversion

e R = =)

0
1
1
0
0
1
1

-0 -0 — o

1 ! Start A-D conversion
Frequency selection flag

0 : Select f(X,y)/ 8
1 : Select f(Xn)/ 4

Fig. 44 A-D control register bit configuration

A-D conversion speed selection
f [4
to O— 172 F——_172 12 o "o
Vrer
Vret
Ladder network
AVss O_‘
CLITT 1]
Successive approximation register [ l I l | I [ I
Addresses A-D control register |
S 1E6
A-D register 0 (20,5)
A-D register 1 (22,6)
A-D register 2 (24¢)
A-D register 3 (26,5) Decoder
A-D register 4 (28,5)
A-D register 5 (2As6)
A-D register 6 (2C+¢) Comparator
A-D register 7 (2E¢)
= 3
Data bus (even)
ANo O— 0
AN; O— °
AN, O ©
AN; O-
AN: O- d
ANs O— °
ANg O -0
AN O- -
ADrra Selector

Fig. 43 A-D converter block diagram
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(1) One-shot mode (00]

The A-D conversion pins are selected with the bit 0 to 2 of
A-D control register. A-D conversion can be started by a
software trigger or by an external trigger.

A software trigger is selected when the bit 5 of A-D control
register is “0” and an external trigger is selected when it is
“1”,

When a software trigger is selected, A-D conversion is
started when bit 6 (A-D conversion start flag) is set. A-D
conversion ends after 57 ¢,p cycles and an interrupt re-
quest bit is set in the A-D conversion interrupt control reg-
ister. At the same time, A-D control register bit 6 (A-D con-
version start flag) is cleared and A-D conversion stops. The
result of A-D conversion is stored in the A-D register cor-
responding to the selected pin.

If an external trigger is selected, A-D conversion starts
when the A-D conversion start flag is “1” and the ADygg in-
put changes from “H” to “L”. In this case, the pins that can
be used for A-D conversion are AN, to ANg because the
AD+grg pin is shared with the analog voltage input pin AN;.
The operation is the same as with software trigger except
that the A-D conversion start flag is not cleared after A-D
conversion and a retrigger can be available during A-D
conversion.

(2) Repeat mode (01)

The operation of this mode is the same as the operation of
one-shot mode except that when A-D conversion of the

selected pin is complete and the result is stored in the A-D

register, conversion does not stop, but is repeated. Also, no
interrupt request is issued in this mode. Furthermore, if
software trigger is selected, the A-D conversion start flag is
not cleared. The contents of the A-D register can be read
at any time.

(3) Single sweep mode (10)

In the sweep mode, the number of analog input pins to be
swept can be selected. Analog input pins are selected by
bits 1 and 0 of the A-D sweep pin selection register (1Fyg
address) shown in Figure 45. Two pins, four pins, six pins,
or eight pins can be selected as analog input pins, de-
pending on the contents of these bits.

A-D conversion is performed only for selected input pins.
After A-D conversion is performed for input of AN, pin, the
conversion result is stored in A-D register 0, and in the
same way, A-D conversion is performed for selected pins
one after another. After A-D conversion is performed for all
selected pins, the sweep is stopped.

A-D conversion can be started with a software trigger or
with an external trigger input. A software trigger is selected
when bit 5 is “0” and an external trigger is selected when it
is “1”.

When a software trigger is selected, A-D conversion is
started when A-D control register bit 6 (A-D conversion
start flag) is set. When A-D conversion of all selected pins
end, an interrupt request bit is set in the A-D conversion in-

terrupt control register. At the same time, A-D control regis-
ter bit 6 (A-D conversion start flag) is cleared and A-D
conversion stops.

When an external trigger is selected, A-D conversion starts
when the A-D conversion start flag is “1” and the ADvgg in-
put changes from “H” to “L”. In this case, the A-D conver-
sion result of the trigger input itself is stored in the A-D
register 7 because the ADrgg pin is shared with AN, pin.
The operation is the same as done by software trigger ex-
cept that the A-D conversion start flag is not cleared after
A-D conversion and a retrigger can be available during A-D
conversion.

(4) Repeat sweep mode (11)

The difference with the single sweep mode is that A-D
conversion does not stop after converting from the AN, pin
to the selected pins, but repeats again from the ANy pin.
The repeat is performed among the selected pins. Also, no
interrupt request is generated. Furthermore, if software trig-
ger is selected, the A-D conversion start flag is not cleared.
The A-D register can be read at any time.

l ! A-D sweep pin  Address
selection register 1Fq¢

: AN, AN, (2 pins)

I ANo~AN; (4 pins)
: ANp~ANs5 (6 pins)
: ANg~AN; (8 pins)

N =)
-0 — O

Fig. 45 A-D sweep pin selection register configuration
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WATCHDOG TIMER

The watchdog timer is used to detect unexpected execu-
tion sequence caused by software run-away.

Figure 46 shows a block diagram of the watchdog timer.
The watchdog timer consists of a 12-bit binary counter.

The watchdog timer counts the clock frequency divided by
32 (f3,) or by 512 (fs51,). Whether to count fs, or fsq, is de-
termined by the watchdog timer frequency selection flag
shown in Figure 47. f5, is selected when the flag is “0” and
fao is selected when it is “1”. The flag is cleared after reset.
FFF,¢ is set in the watchdog timer when “L” or 2V is ap-
plied to the RESET pin, STP instruction is executed, data is
written to the watchdog timer, or the most significant bit of
the watchdog timer become “0”.

After FFF,s is set in the watchdog timer, the contents of
watchdog timer is decremented by one at every cycle of
selected frequency fs; or fsi, and after 2048 counts, the
most significant bit of watchdog timer become “0”, and a
watchdog- timer interrupt request bit is set, and FFFy¢ is
preset in the watchdog timer.

Normally, a program is written so that data is written in the
watchdog timer before the most significant bit of the watch-
dog timer become “0”. If this routine is not executed due to
unexpected program execution, the most significant bit of
the watchdog timer become eventually “0” and an interrupt
is generated.

The processor can be reset by setting the bit 3 (software
reset bit) of processor mode register described in Figure
10 in the interrupt section and generating a reset pulse.
The watchdog timer stops its function when the RESET pin
voltage is raised to double the V¢ voltage.

The watchdog timer can also be used to recover from when
the clock is stopped by the STP instruction. Refer to the
section on clock generation circuit for more details.

The watchdog timer hold the. contents during a hold state
and the frequency is stopped to input.

Watchdog timer
frequency selection (connection forced to fs, during

: f32 —0 STP instruction execution)

fs1,—0

Watchdog timer

Hold (60;6)

Write to watchdog timer ——————

____cb_

SET 2Veo
O detection|

circuit g

STP instruction S Q

Set FFF¢

RE

Fig. 46 Watchdog timer block diagram

7 6 5 4 3 2 1 0

MMM ] Watchdog timer

frequency selection

Address

116

0 : Select fsq;,

1 Select f3,

Fig. 47 Watchdog timer frequency selection flag
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RESET CIRCUIT

Reset occurs when the RESET pin is returned to “H” level
after holding it at “L” level when the power voltage is at 5V
1+10%. Program execution starts at the address formed by
setting the address pins Az~ Ay to 0046, A5~ Ag to the
contents of address FFFF;5, and A;~ A, to the contents of
address FFFEe.

Figure 48 shows the status of the internal registers when a
reset occurs.

Figure 49 shows an example of a reset circuit. The reset in-
put voltage must be held 0.9V or lower when the power vol-
tage reaches 4.5V.

M37702M2-XXXFP

RESET
28

Vee
69

ov

_'L_—m-_
7

ov 0.9v

Fig. 49 Example of a reset circuit (perform careful
evaluation at the system design level before using)

Address Address
(1) Port PO data directional register (044¢)-- 9 Processor mode register (5E46) " “
(2) Port P1 data directional register  (054¢)-* (30 Watchdog timer (6046) -+ | FFFie J
(3) Port P2 data directional register  (08y¢)-* (31 Watchdog timer frequency selection flag (6146) 0
(4) Port P3 data directional register  (094)"* m%%%ﬂnﬂn (32) A<D conversion interrupt control register (7046)--- ojo|o0|O
(5) Port P4 data directional register (0C¢)-** (33)  UART 0 transmission interrupt control register (714)" @X Amnnnn
(6) Port P5 data directional regi ive i i - MY
gister (0D4g) (39)  UART 0 receive interrupt control register (7246) A A O 0
(7) Port P6 data directional register  (1046)-* (35 UART 1 transmission interrupt control register (7846) " }X{}x%l 0 nnn
(8) Port P7 data directional register  (114¢)-+ (36) UART 1 receive interrupt control register (74.6)-+ }E}X{}X{}X{ 0 nnn
(9) Port P8 data directional register (14,5)-+ (37) Timer A0 interrupt control register (7546) VA% nnn
(10 A-D control register (1Eq6)- nnunn 21? (38) Timer A1 interrupt control register (7646) X1 0 } 0 l 0 ‘ 0|
(1) A-D sweep pin selection register (1Fg)-- }X‘mmmm}x 1 (39) Timer A2 interrupt control register (7746)- OTO' 0 ’ 0 |
(1) UART 0 Transmit/Receive mode register (3046)* 0046 (40) Timer A3 interrupt control register (7816) 0 ‘ 0 ‘ 0 ‘ OJ
(13 UART 1 Transmit/Receive mode register (3846)" @1) Timer A4 interrupt control register (7916) 0’ 0 I 0 I 0 1
(14 UART 0 Transmit/Receive control register 0~ (344)-+ M%%%nunu (42 Timer BO interrupt control register (7A46) . OTO ’ 0 \ OJ
(15 UART 1 Transmit/Receive control register 0~ (3Cq¢)-*- 1/0(0 l 0‘ #3) Timer Bt interrupt control register (7B1g):+ mm%}x 0 mn
(16 UART 0 Transmit/Receive control register 1~ (3546)-* 1 0 JO ‘ 0 | 0|0 ‘ 1 ‘ 0 | (44)  Timer B2 interrupt control register (7Cqg) m%%ﬁnnnn
(11 UART 1 Transmit/Receive control register 1~ (3D4g) "+ nnnnnnn @5 INT;, interrupt control register ~ (7Dyg) Kmnnnnn
(18) Count start flag (4046) -+ @) INT , interrupt control register (7E4g) xunnnnn
(19 One-shot start flag (4246) mmmnnnnn @1) INT , interrupt control register (7Fq6) X‘nnnnun
@0 Up-down flag (44,6)-+ 48 Processor status register PS l 0 ’ 0 | 0 I ? ] ? | 0 | 0 LO ] 1 , ? ’ ? I
@) Timer A0 mode register (5646) -+ 9 Program bank register PG
@2) Timer A1 mode register (574) () Program counter PCy Content of FFFFyq
@3 Timer A2 mode register (5846) -+ (51 Program counter PC, Content of FFFE¢
@49 Timer A3 mode register (59.5)“" (52) Direct page register DPR | 000046 |
(@9 Timer A4 mode register (5A46)"" 0046 (83) Data bank register DT
26) Timer BO mode register (5B1g) " nn%nﬂun
@7 Timer B1 mode register (5Cq¢) nu 1 Mnun 0
@) Timer B2 mode register (5D46) "+ 0 nnn Contents of other registers and RAM are not initialized and should be in-
. itialized by software.

Fig. 48 Microcomputer internal status during reset
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MITSUBISHI MICROCOMPUTERS "

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP

'M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

INPUT/OUTPUT PINS

Ports P8 to PO all have a data direction register and each
bit can be programmed for input or output. A pin becomes
an output pin when the corresponding data direction regis-
ter is set and an input pin when it is cleared.

When pin programmed for output, the data is written to the

port latch and it is output to the output pin. When a pin is-

programmed for output, the contents of the port latch is
read instead of the value of the pin. Therefore, a previously
output value can be read correctly even when the output
“L” voltage is raised due to reasons such as directly driving
an LED.

A pin programmed for input is floating and the value input
to the pin can be read. When a pin is programmed for in-
put, the data is written only in the port latch and the pin
stays floating.

If an input/output pin is not used as an output port, clear
the bit of the corresponding data direction register so that
the pin become input mode.

Figure 50 shows a block diagram of ports P8 to PO in sing-
le-chip mode and the E pin output. .

In memory expansion mode, microprocessor mode, and
evaluation. chip mode, ports P4 to PO are also used as
address, data, and control signal pins.

Refer to the section on processor modes for more details.
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M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

* Port PO;~P0g, P17~P1o, P2;~P2o, P33~P3,, P4g~P4; (Inside dotted-line not included)
Port P4, P4,, P4;, P5;, P6;~P6,, P8,, P8 (Inside dotted-line included, but P8,, P8 are without hysterisis)

__l Data direction l,.
register
——-l Port latch }

Data bus

U
L
S

I
« Port P7g~P7, (Inside dotted-line not included) ! ﬁ !

* Port P7; (Inside dotted-line included)
Data direction
register.
——I Port latch I ' IFD)-’:}_“—O

Data bus

N
Analog input —F=—=—=—==94
@ I
| |
N —— |

« Port P83, P8; (Inside dotted-line not included)
Port P5,~P5g, P8, (Inside dotted-line included)

—| Data direction |_ .
register “1"—o

<] o |

. | .

Data bus — Port latch }_4,_( )

« Port P8, P8, P8,, P8;
N “aro
’__l Data direction F \?
register “0”"-o
<t ——]
1
Data bus —1 Port latch

Fig. 50 Block diagram for ports P8 to PO in single-chip mode and the E pin output
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M37702M2-XXXFP M37702M2AXXXFP
M37702M2BXXXFP M37702S1FP

'M37702S1AFP,M37702S1BFP

SINGLE CHIP 16-BIT CMOS MICROCOMPUTER

PROCESSOR MODE

The bits 0 and 1 of processor mode register as shown in Fi-
gure 51 are used to select any mode of single-chip mode,
memory expansion mode, microprocessor mode, and eva-
luation chip mode.

Ports P3 to PO and a part of port P4 are used as address,
data, and control signal 1/0 pins except in single-chip
mode.

Figure 562 shows the functions of ports P4 to PO in each
mode. .
The external memory area changes when the mode
changes.

Figure 53 shows the memory map for each mode.

Refer to Figure 1 for the memory map of the single-chip
mode. The external memory area can be accessed except
in single-chip mode. The accessing of the external memory
is affected by the BYTE pin and the bit 2 (wait bit) of pro-
cessor mode register . These will be described next.

®BYTE pin ;

When accessing the external memory, the level of the
BYTE pin is used to determine whether.to use the data bus
as 8-bit width or 16-bit width.

The data bus width is 8 bits when the level of the BYTE pin
is “H” and port P2 becomes the data 1/0 pin.

The data bus width is 16 bits when the level of the BYTE
pin is “L” and ports P1 and P2 become the data 1/0 pins.
When accéssing the internal memory, the data bus width is
always 16 bits regardiess. of the BYTE pin level.

An exclusive mode in the evaluation chip mode allows the
BYTE pin level to be set to 2-V¢c. In this case, the opera-
tion is slightly different from the above. This is described in
the evaluation chip mode section.

L1 ]|

Wait bit
0 : Wait
1 No Wait.

Test mode bit

Processor mode register ~ 5Eg

u——— Processor mode bit

0 0 : Single-chip mode
0-1 : Memory expansion mode
1 0 @ Microprocessor mode

1 1 : Evaluation chip mode

Software reset bit

Reset occurs when this bit is set to 1

Interrup pr‘iority resolusion time selection bit
0 0 : Select 1/f(X;y)X14
01 I Select 1/f(Xin) X 8

10 :Select 1/f(X) X 4

This bit must be “0”

Clock ¢, output selection bit

Address

\

0  No ¢, output
1 1 ¢, output

Fig. 51 Processor mode register bit configulation
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M37702M2-XXXFP,M37702M2AXXXFP
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CM, 0 1 1
CM, 0 1 0 1
Mode . . : . .
Single-chip Mode Memory Expansion Mode Microprocessor| Evaluation Chip Mode
Port Mode
E - 'I E ‘l I‘
PO, PO Same as left Same as left
Port P! 4 7
ort PO on 1/0 Port uIo Address A;~A,
0 0
E _‘_—| I E I I
Ars~Ag,
BYTE= “L” P1, ; Same as left Same as left
1 Address XData(odd
P1; - -
. E E
T leyTe= *H Pi 1/0 Port N | l Avs~Ag | I
i o 7
S Ass~A, : Data(odd)
: z
or 2:Vee P1o . .
) Same as left | Port P4, P5 and their direction
(EV?'Ua"O" registers are treated as 16-bit wide
°"'|P ;"Ode bus. If BYTE=2-Vcc, the internal
only. ROM area is also treated as 16-bit
wide bus.
T LT Pl
wn Azz~Ass
BYTE= “L P2, Bt Same as left Same as left
N P2; 0
o 22 1/0 Port g
S wyn| P E
& [BYTE= “H 0 E I Ass~Ars | I
P2 Az2z~Ass P2;

. 7 Same as left m
(Eh\_laluatlc;)n ) P2, ( o) (even, odd)
chip. mode even, o
only.) Same as for Port P1

E —'l l
P33
Port P3 P3 1/0 Port Same as left Same as left
0
= i
P4, DBC
P47
ol 170 Port Pds VPA -
0
R G2 G
Port P4 * When processor mode P4 X act X
register bit 7 = “0”
* .When processor mode P4 2l
register bit 7 = “0” 2 é1
: P4 RDY
P4, I s | , l I l P4, I 4, | | | | | Same as leftin|
! ‘ spite of proce- —
i ssor mode re- | P4 HOLD
Same as above except P4, Same as above except P4, gister bit 7
* When processor mode register | * When processor mode register
bit 7 = “1” bit7="

Fig. 52 Processor mode and ports P4 to PO functions
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M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP.,M37702S1FP

- M37702S1AFP,M37702S1BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

o Wait bit v

As shown in Figure 54, when the external memory area is
accessed with the processor mode register bit 2 (wait bit)
cleared to “0”, the “L” width of E signal becomes twice
compared with no wait (the wait bit is “1”). The wait bit is
cleared to “0” at reset.

The accessing of internal memory area is performed in no
wait mode regardless of the wait bit.

The processor modes are described below.

Memory expansion Microprocessor  Evaluation chip

mode mode mode
2|e % 2'6
96 916
Ass
CrefZZ

8046

RAM

27F 6

C000,6

FFFFyq

The shaded area is the external memory area.

Fig. 53 External memory area for each processor
~mode

lnternalclock¢||]]][[l|||||| 1
Port P2 (__XoaaX_ Xoaa)

: Address Address
Wait bit | =
g E
1 .
ALE 111
Address Address
Port P2 X XData__X__X Dats

Wait bit

o \E - i 1
ALE 11 gl

Fig. 54 Relationship between wait bit and access time

(1) Single-chip mode (00)

single-chip mode is entered by connecting the CNVgg pin
to Vss and starting from reset. Ports P4 to PO all function as
normal 1/0 ports. Port P4, can be the ¢, output pin divided
the clock to X;y pin by 2 by setting bit 7 of processor mode
register to “1” )

(2) Memory expansion mode (01)

Memory expansion mode is entered by setting the proces-
sor mode bits to “01” after connecting the CNVgs pin to Vgg
and starting from reset.

Port PO becomes an address output pin and loses its 1/0
port function.

Port P1 has two functions depending on the level of the
BYTE pin.

When the BYTE pin level is “L”, port P1 functions as an
address output pin while E is “H” and as an odd address
data 1/Q pin while E is “L”. However, if an internal memory
is read, external data is ignored while E is “L”. In this case
the 1/0 port function is lost. ‘

When the BYTE pin level “H”, port P1 functions as an
address output pin and loses its 1/0 port function.

Port P2 has two functions depending on the .level of the

- BYTE pin.

When the BYTE pin level is “L”, port P2 functions as an
address output pin while E is “H” and as an even address
data 1/0 pin while E is “L”. However, if an internal memory
is read, external data is ignored while Eis“L"

When the BYTE pin level is “H”, port P2 functions as an
address output pin while E is “H” and as an even and odd
address data I/0 pin while E is “L". However, if an internal
memory is read, external data is ignored while Eis “L". In
this case the 170 port function is lost.

Ports P3,, P3y, P3;, and P3; become R/W, BHE, ALE, and

HLDA output pin respectively and lose their 1/0 port func-
tions.

R/W is a read/write signal which indicates a read when it
is “H” and a write when it is “L".

BHE is a byte high enable signal which indicates that an
odd address is accessed when it is “L”.

Therefore, two bytes at even and odd ‘addresses are
accessed simultaneously if address A, is “L” and BHE is
“L.

S
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ALE is an address latch enable signal used to latch the
address signal from a multiplexed signal of address and
data. The latch is transparent while ALE is “H” to let the
address signal pass through and held while ALE is “L”".
HLDA is a hold acknowledge signal and is used to notify
externally when the microcomputer receives HOLD input
and enters into hold state.

Ports P4, and P4, become HOLD and RDY input pin re-
spectively and lose their output pin function, but the input
pin function remains.

HOLD is a hold request signal. It is an input signal used to
put the microcomputer in hold state. HOLD input is
accepted when the internal clock ¢ falls from “H” level to
“L” level while the bus is not used. Ports PO, P1, P2, P3,,
and P3, are floating while the microcomputer stays in hold
state. These ports are floating after one cycle of the inter-
nal clock ¢ later than HLDA signal changes to “L” level. At
the removing of hold state, these ports are removed from
floating state after one cycle of ¢ later than HLDA signal
changes to “H” level.

RDY is a ready signal. If this signal goes “L”, the internal
clock ¢ stops at “L”. When ¢, output from port P4, is
selected by setting bit 7 of processor mode register to “1”,
¢+ output keeps on. RDY is used when slow external mem-
ory is attached.

(3) Microprocessor mode (10)

Microprocessor mode is entered by connecting the CNVgg
pin to Vcc and starting from reset. It can also be entered by
programming the processor mode bits to “10” after con-
necting the CNVgs pin to Vss and starting from reset. This
mode is similar to memory expansion mode except that in-
ternal ROM is disabled and an external memory is re-
quired, and ¢, from port P4, is always output in spite of bit
7 of processor mode register.

(4) Evaluation chip mode (11)

Evaluation chip mode is entered by applying voltage twice
the V¢ voltage to the CNVgg pin. This mode is normally
used for evaluation tools.

The functions of ports PO and P3 are the same as in mem-
ory expansion mode.

Port P1 functions as an address output pin while E is “H”
and as data 1/0 pin of odd addresses while E is “L" re-
gardless of the BYTE pin level. However, if an internal
memory is read, external data is ignored while E is “L”.

Port P2 function as an address output pin while E is “H”
and as data I/0 pin of even addresses while E is “L” when
the BYTE pin level is “L”. However, if an internal memory is
read, external data is ignored while E is “L".

When the BYTE pin level is “H” or 2-V¢c, port P2 functions
as an address output pin while E is “H” and as data 1/0 pin
of even and odd addresses while E is “L”. However, if an
internal memory is read, external data is ignored while E is
“L.

Port P4 and its data direction register which are located at

address 0A;g and 0C; are treated differently in evaluation
chip mode. When these addresses are accessed, the data
bus width is treated as 16 bits regardiess of the BYTE pin
level, and the access cycle is treated as internal memory
regardless of the wait bit.

When a voltage twice the V¢ voltage is applied to the
BYTE pin, the addresses corresponding to the internal
ROM area are also treated as 16-bit data bus.

The functions of ports P4, and P4, are the same as in
memory expansion mode.

Ports P4, to P4¢ become ¢, MX, QCL, VDA, and VPA out-
put pins respectively. Port P4, becomes the DBC input pin.
¢4 from port P4, divided the clock to X,y pin by 2-is always
output in spite of bit 7 of processor mode register.

The MX signal normally contains the contents of flag m, but
the contents of flag x is output if the CPU is using flag x.
QCL is the queue buffer clear signal. It becomes “H” when
the instruction queue buffer is cleared, for example, when a
jump instruction is executed.

VDA is the valid data address signal. It becomes “H” while
the CPU is reading data from data buffer or writing data to
data buffer. It also becomes “H” when the first byte of the
instruction (operation code) is read from the instruction
queue buffer.

VPA is the valid program address signal. It becomes “H”
while the CPU is reading an instruction code from the in-
struction queue buffer.

DBC is the debug control signal and is used for debugging.
Table 5 shows the relationship between the CNVgs pin in-
put levels and processor modes.

Table 5. . Relationship between the CNVgg pin input
levels and processor modes ’

CNVss Mode Description
* Single-chip Single-chip mode upon start-
* Memory expansion | ing after reset. Other modes
Vss * Microprocessor can be selected by changing

* Evaluation chip the processor mode bit by

software.

* Microprocessor Microprocessor mode upon
starting after reset. Evaluation
Vee chip mode can be selected
by changing the processor

mode bit by software.

* Evaluation chip

2+ Voo » Evaluation chip + Evaluation chip mode only.

MITSUBISHI
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M37702M2 XXXFP M37702M2AXXXFP
' M37702M23XXXFP M37702S1FP

‘ ‘M3770281AFP,M37702$18FP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CLOCK GENERATING CIRCUIT

Figure 55 shows a block diagram of the clock generator.
When an STP instruction is ‘executed, the internal clock ¢
stops oscillating at “L” level. At the same time, FFFyq is
written to watchdog timer and the watchdog timer input
connection is forced to fz,. This connection is broken and

connected to the input determined by the watchdog timer

frequency selection flag when the most significant bit of the
watchdog timer is cleared or reset.

Oscillation resumes when an interrupt is recelved but the
“internal clock ¢ remains at “L” level until the most signifi-
cant bit of the watchdog timer is cleared. This is to avoid
the unstable interval at the start of oscillation when usung a
ceramic resonator.

When a WIT instruction is executed the internal clock ¢
stops at “L” level, but the oscillator does not stop. The
clock is restarted when an interrupt is received. Instructions

can be executed |mmed|ately because the oscillator is not-

stopped.

The stop or wait state is released when an interrupt is re-
ceived or when reset is issued. Therefore, interrupts must
be enabled before executihg a STP or WIT instruction.
Figure 56 shows ‘a circuit example using a ceramic (or
quartz crystal) resonator. Use the manufacturer's recom-
mended values for constants such-as capacitance which
differ for each resonator. Figure 57 shows an example of
using an external clock signal.

M37702M2-XXXFP

Xin
29

XOUT

O =z

-

)

Fig. 56 _Circuit using a ceramic resonator

M37702M2-XXXFP

XIN XOUT

Open

External clock source

Juuwr

- Vee
Vss

Fig. 57 . External clock input circuit

Reset

Interrupt request J, S Q

STP instruction

o

o

WIT instruction—

R STP instruction

Internal clock ¢

Watchdog
timer.

fa2

1'6
1/8 H

172 . 1/8

f512

foa
1/2 H

O

Xin

Xour

Fig. 55 Block diagram of a clock generator
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ADDRESSING MODES

The M37702M2-XXXFP has 28 powerful addressing modes.
Refer to the MELPS 7700 addressing mode description for
the details of each addressing mode.

MACHINE INSTRUCTION LIST
The M37702M2-XXXFP has 103 machine instructions. Refer
to the MELPS 7700 machine instruction list for details.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) M37702M2-XXXFP mask ROM order confirmation form
(2) 80P6N mark specification form

(3) ROM data (EPROM 3 sets)

ELECTRIC
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M37702M2-XXXFP,M37702M2AXXXFP
‘ M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit

Vee Supply voltage —0.3~7 . \%

AVce Analog supply voltage —0.3~7 v

v, Input voltage RESET, CNVss, BYTE : —0.3~12 v
Input voltage P0g~PO07, P1p~P17, P2;~P2;, P3;~P33,

V, P4g~P4;, P5,~P5;, P6p~ P67, P7o~P77, ' : —0.3~Vcct0.3 v

P8y~P87, Vrer, Xin
Output voltage P0y~P07, P1o~P1;, P2g~P2;, P3;~P3;,

Vo Pag~Pd;, PSo~P5;, P6g~P67, P7o~PTs, J —0.3~Vcet0.3 A
P8y~P87, Xout, E

Pd Power dissipation . Ta=25C 300 mw

Topr Operating temperature —20~85 C

Tstg Storage temperature —40~150 C

RECOMMENDED OPERATING CONDITIONS (Vic=5V£10%, Ta=—20~85C, unless otherwise noted)

Limits |
Symbol Parameter Unit
Min. Typ. Max.
Vce Supply voltage 4.5 5.0 5.5 \4
AVce Analog supply voltage . Vce \%
Vss Supply voltage ‘0 \%
AVss Analog supply voltage ) 0 \4
High-level input voltage P0y~PO0;, P3y~P33, P4o~P4;,
P5~P57, P6g~P67, P7o~P77,
Vin P8:~P8:, x.:, RES7ET, co:st;, 0.8Veo Vee v
BYTE
Vin High-level input voltage. P1o~P1;, P2o~P2; 0.8V Voo v

(in single-chip mode)

High-level input voltage P1y~P1;, P2~P2;
Vin (in memory expansion mode and |0. 5V Vce \"
microprocessor mode)

Low-level input voltage P0y~P07, P3y~P3;, P4o~P4;,
P5¢~P57, P6g~ P67, P7o~P75,

V, 0 0.2V, Y
't P8,~P87, Xin, RESET, CNVss, ce
BYTE
Low-leve! input volt P1o~P17, P2g~P2
Vi ow-level input voltage P1y 7 0 7 0 0. 2Veo v

(in single-chip mode)

Low-level input voltage P1o~P1;7, P2,~P2;
Vio (in memory expansion mode and 0 0.16Vge v
microprocessor mode)

High-level peak output current POo~P07, P1o~P17, P2o~P2,
lon(peak) P39~P33, P4g~P47, P5o~P5;, —10 mA
PBo~P67, P7o~PT7, P8y~P8;

High-level average output current POg~P0;, P1g~P17, P25~P2;,
lon(avg) P3g~P3s, Pdg~Pd7, P5g~P57, —5 mA
: P6o~P6;, P7o~P77, P8;~P8;

Low-level peak output current POg~P07, P1g~P17, P2p~P2;,
lou(peak) P3g~P3;, P4o~P4;, P5g~P57, 10 mA
P6o~P67, P7o~P77, P8;~P8;

Low-level average output current POg~P0;, P1~P17, P2g~P2;,

loLcavg) - P3g~P33, Pdo~P47, P5~P57, 5 mA
‘PBo~P67, P7o~P77, P80~P87J
M37702M2-XXXFP, M37702S1FP ' 8
f(Xin) External clock frequency input | M37702M2AXXXFP, M37702S1AFP 16 MHz
) 1 M37702M2BXXXFP, M3770281BFP 25

Note 1. Average output current is the average value of a 100ms interval.

2. The sum of loi(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less,
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less,
the sum of lo (peak) for ports P4, P5, P6, and P7 must be 80mA or less, and
the sum of low(peak) for ports P4, P5, P6, and P7 must be 80mA or less.

248 * MITSUBISHI
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M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37702M2-XXXFP
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25T, f(X\n)=8MHz, unless otherwise noted)
) . " Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
High-level output voltage P0Og~P0;, P1g~P1;, P2;~P2;,
P3o, P34, P33, P4p~P4;, . '
V lon=—10mA
oH P5o~P57, P~P6y, PTg~P7;, | O 3 v
P8o~P8;
High-level output voltage POG~PO07, P1g~P1;, P2o~P2;,
V, lon=—400:A .
oH P30, P3,, P3; oH . 400, 4.7 v
v High-level output voltage P3 lon= ~10mA 31 v
-level output voltage
oH 9 put voltage P52 low=—400zA 4.8
— lon=—10mA 3.4
V, High-level output voltage E v
oH g P! g lonw=—400uA 4.8
Low-level output voltage POg~ P07, P1o~P1;, P2g~P2;,
P3g, P34, P33, P4p~P4;,
\" lot=10mA
oL PSy~P5y, PBg~P6;, PTo~P7;, | O 2 v
P8y~ P8;
Low-level output voltage POy~P07, P1o~P1;, P2g~P2;,
=2 .
VoL P3, P3;, P3; lo=2mA 0.45 \
lo,=10mA 1.9
V Low-level output voltage P3; v
o- P 9¢ P loL=2mA 0.43
_ lor=10mA 1.6
V Low-level output voltage E SV
oL i 9 lor=2mA . 0.4
Vaop—V. Hysteresis HOLD, RDY, TAOn~TA4\n, TBON~TB2), 0.4 1
YT INTo~INT,, ADrrg, CTSq, CTSy, CLKg, CLK; )
' V+—Vi— | Hysteresis RESET 0.2 0.5 \%
Vr+—Vr— | Hysteresis Xy 0.1 0.3 \Y
High-level input current POo~ P07, P1o~P17, P2o~P2;,
P3¢~P3q, Pdg~P4;, P5y~P5;,
| V=5V
H P6o~P67, P7o~P77, P8~ P8, ' ° KA
Xin, RESET, CNVgs, BYTE
Low-level input current POy~P07, P1o~P1;, P2,~P2;,
P3y~P3;, P4g~P4;, P5y~P5;,
V=0V —
e PBo~P67, P7g~P77, P8~P8;, ! 51 wA
Xin, RESET, CNVgs, BYTE )
Vaam RAM hold voltage When clock is stopped. ' 2 Y,
f(Xin) =8MHz,
. - " 6 12 | mA
In single-chip mode | square waveform
. t ly pin i —
lec Power supply current output only pin © Ta 2/5"(: when clock 1
open and other pins | is stopped.
are Vgs during reset. | T,=85C when clock A
: 20
is stopped.
A-D CONVERTER CHARACTERISTICS: (Voo=5V, Vss=0V, Ta=25C, f(X;y)=8MHz, unless otherwise noted)
Limits
Symbol . Parameter Test conditions - Unit
Min. Typ. Max.
— Resolution Vrer=Voc 8 Bits
— Absolute accuracy Vrer=Vce ) +3 LSB
Riapper | Ladder resistance Vrer=Vcc . . 2 10 kQ
tconv Conversion time 28.5 u“s
Vger Reference voltage 2 Vce v
Via ' | Analog input voltage 0 VRer \"
* MITSUBISHI o—t9




MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP

' M37702S1AFP,M37702S1BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37702M2AXXXFP
ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25T, f(X,y)=16MHz, unless otherwise noted)
} ) Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
High-level output voltage P0o~PO07, P1g~P1;, P2;~P2;,
P3o, P34, P33, P4o~P4;,
loy=—10mA :
Vor : PSo~P5;, P6g~P67, P7g~P7;, | O o 3 v
. P8¢~P8; .
High-level output voltage POy~P0;, P15~P17, P2o~P2;, : )
low=—400¢A .
Von " Pa, P3, P3 oH “ 47 ) v
% High-level output voltage P3 low=—10mA 3. v
¢ igh-level output voltage '
oH 9 pul vollage % lon——400A 4.8
_ lon=—10mA 3.4
A\ High-level output voltage E v
oH 9 P 9 low=—4001A 4.8
Low-level output voltage POy~P07, P1g~P1;, P2;~P2;, '
P3o, P34, P33, P4y~P4;,
lo,=10mA
Vor PSy~P5;, PBo~P6y, P7o~PT5, | O5 o2 v
P8,~P8;
Low-level output voltage P0y~P07, P1g~P17, P2,~P27,
loc=2mA .
Vou P3o, P3;, P3; ; oL=em 0-45 v
V. Low-level output voltage P3, lo=10mA L9 -y
ow-level output voltage :
oL € P g 2 B loL=2mA 0.43
% Low-level output voltage E lo=10mA 1.6 v
ow-level output voltage
oL ' putvoltag . lo=2mA 0.4
Hysteresis HOLD, RDY, TAON~TA4y, TBON~TB2, :
Vig—Vi_ . 0.4 1
INTo~INT2, ADtra, CTSp, CTSy, CLKo, CLK;,
Vy4+—Vr— | Hysteresis RESET 0.2 0.5 \"
Vr+—Vr— | Hysteresis X 0.1 -~ 0.3, \2
High-level input current POo~P07, P1o~P17, P2,~P2,
P3g~ P33, Pdg~P4;, P5o~P53,
V=5V
fin P6y~P67, PTo~P7;, PBy~P8;, ' 5| A
Xin, RESET, CNVgs, BYTE
Low-level inﬁﬁt current PO~P07, P107P17. P2,~P27,
P3~P35, P4g~P47, P5o~P5;, .
V=0 —
e P6o~P6;, P7g~P7;, P8y~P8;, = . : : 5 uh
X, RESET, CNVss, BYTE
Veam RAM hold voltage When clock is stopped. ) 2 \%
f(Xin)=16MHz, ‘
) i (X 12 24 | mA
In single-chip mode | square waveform
lcc Power supply current output enly pin Is, Ta=257 when clock 1
open and other pins | is stopped.
| are Vss during reset. | T,=g5C when clock 26 KA
l is stopped.

A-D CONVERTER CHARACTERISTICS (Voo=5V, Vss=0V, T8=25C, f(X,)=16MHz, unless otherwise noted)

Symbol " Parameter Test conditions Limits Unit
Min. Typ. ' Max.

— Resolution Vrer=Vce 8 Bits

T Absolute accuracy Veer=Vece . %3 LSB
R_apper | Ladder resistance Veer=Vce 2 : 10 kQ
tconyv Conversion time 14.25 MS
VRer Reference voltage \ 2 Vce \
Via Analog input voltage ! 0 Vrer \"




MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXX XFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37702M2BXXXFP ,
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(X\y)=25MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
High-level output voltage POy~ P07, P1o~P17, P2p~P2;,
P3q, P3y, P33, P4o~P4;,
lon=—10mA
Von PSy~P5;, PBg~P67, PTo~P77, | % " 3 v
P8y~ P8;
High-level output voltage POy~ P07, P1g~P17, P2o~P2;, _
Von P3,, P3,, P3 lon=—400A 4.7 v
N lon=—10mA 3.1
V High-level output voltage P3; A\
oH 9 put vollage 75 lon=—400A 4.8
_ loy==—10mA 3.4
V High-level output voltage E \%
oH 9 put voltag lon=—4004A 4.8
Low-level output voltage PQo~ P07, P1o~P1;, P2,~P2;,
P3g, P34, P33, P4g~P4;,
lo.=10mA
Vou P59~ P5;, Py~ P67, P7o~PT;, o= om 2 v
P8,~P8;
Low-level output voltage P0y~P07, P15~P17, P2p~P2;,
=2
Vou P3, P3:, P3s loL=2mA 0. 45 Vv
V Low-lével output voltage P3 lo=10mA 1.9 \
-levi voltage
oL P 9e e lo.=2mA 0.43
| - lo,=10mA 1.6
V Low-level output voltage E
oL p g lo,=2mA 0.4 v
Vor—V. Hysteresis HOLD, RDY, TAO\N~TA4\n, TBON~TB2), 0.4 ]
TV INTo~INT,, AD7ra, CTSg, CTS;, CLKo, CLK; .
Vi+—Vi— | Hysteresis RESET 0.2 0.5 \
Vy4+—Vy— | Hysteresis X 0.1 0.3 \%
High-level input current PO;~P07, P1o~P1;, P2,~P2;,
P3p~P33, P4g~P47, P5,~P5;,
V=5V .
lin PBy~P67, P7o~P7;, P8y~P8;, =5 511 mA
Xin, RESET, CNVss, BYTE
Low-level input current POg~P07, P1o~P1;, P2g~P2;,
P3g~P3;, P4g~P4;, P5,~P5;,
Vi=0v —
lu. PGo~P67, PTo~P77, PB~P8;, ' 5| wA
! Xin, RESET, CNVsg, BYTE |
Viaam' RAM hold voltage When clock is stopped. 2 \%
! f(Xin) =25MHz,
) ‘ o) 19 38 | mA
In single-chip mode | square waveform -
tput only pin i =257
lec Power supply current . output only pin |s‘ Ta=25C when clock 1 ’
open and other pins | is stopped.
are Vgs during reset. Ta=85C when clock 20 uA
) is stopped.
A-D CONVERTER CHARACTERISTICS (Vco=5V, Vss=0V, Ta=25C, f(X;y) =25MHz, unless otherwise noted)
) i Limits .
Symbol ' Parameter Test conditions - Unit
. Min. Typ. Max.
— Resolution Veer=Vce 8 Bits
—_ Absolute accuracy Veer=Vce ) +3 LSB
Riapper | Ladder resistance Vaer=Vce 2 10 kQ
tconv Conversion time 9.12 M“S
Vné.: Reference voltage 2 Vce \%
Via Analog input voltage 0 VRer \
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MITSUBISHI MIC‘ROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TlMING REQUIREMENTS (Voe=5V+10%, Vss=0V, Ta=25C, unless otherwise noted)
External clock input

Limits
Symbol Parameter 8MHz 16MHz 25MHz . Unit
Min. Max. Min. Max. Min. " | Max. )
te External clock input cycle time . 125 62 40 ns
tw(n) External clock input high-level pulse width 50 25 15 ns
twL) External clock input low-level pulse width 50 25 15 ns
tr External clock rise time 20 } 10 8 ns -
t | External clock fall time 20 [ 10 8 ns
Single-chip mode
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max
tsu(pop—e) | Port PO input setup time 200 100 60 ns
tsu(pio—e) | Port P1input setup time 200 100 60 ns
tsu(p2p—e) | Port P2 input setup time 200 100 60 ns
tsu(psp—e) | Port P3.input setup time . 200 100 60 ns
tsu(pap—e) | Port P4 input setup time 200 100 60 ns
tsu(psp—e) | Port P5 input setup time ‘ : 200 100 60 ns
tsu(pep—e) | Port P6 input setup time 200 100 60 ns
tsu(pzo—e) | Port P7 input setup time 200 100 60 ns
tsu(psp—e) | Port P8 input setup time 200 100 60 ns
th(e—poD) Port PO input hold time 0 0 0 ns
th(e—p1D) Port P1 input hold time 0 0 0 ns
th(e—p20) Port P2 input hold time 0 0 0 ns
th(e—pap) Port P3 input hold time 0 0 0 ns
th(e—paD) Port P4 input hold time 0 0 0 . ns
th(e—psp) Port P5 input hold time 0 0 0 ns
th(e—peD) Port P6 input hold time 0 0 0 ns
th(e—p7D) Port P7 input hold time * 0 0 0 ns
th(e—paD) Port P8 input hold time 0 0 0 ns
Memory expansion mode and microprocessor mode
Limits
Symbol Parameter 8MHz T 16MHz 25MHz Unit
X Min. Max. Min. Max. Min. Max. .
tsu(pip—e) | PortP1 input setup time 60 45 30 ns
tsu(p2p—e) | -Port P2 input setup time ) ) 60 45 30 ns
tsu(roy—4,) RDY input setup time 70 60 55 ns
tsu(HoLp—g,) | HOLD input setup time 70 60 55 ns
th(e—pP1D) Port P1 input hold time 0 0 0 ns
th(e—p20) Port P2 input hold time 0 0 0 ns
th(s,—rov) | RDY input hold time } 0 \ 0 0 hs
th(s,—HoLp) | HOLD input hold time ) i 0 T 0 0 ns

- ' | MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
te(ta) TAin input cycle time 250 125 80 ns
tw(Tar) TAin input high-level pulse width 125 62 40 ns
tw(TaL) TAii input low-level pulse width 125 62 40 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter 8MHz 16MHz . 25MHz Unit
Min. Max. Min. Max. Min. Max.
te(ta) TAiy input cycle time 1000 500 320 ns
tw(TAH) TAin input high-level pulse width 500 250 160 ns
tw(TAL) TAiy input low-level pulse width 500 250 160 ns
Timer A input (External trigger input in one-shot pulse mode)
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
to(ta) TAi input cycle time 500 250 160 ns
tw(TAH) TAin input high-level pulse width 250 125 80 ns
tw(TaL) TAi input low-level pulse width 250 125 80 | ns
Timer A input (Extermal trigger input in pulse width modulation mode)
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
' Min. Max Min Max. Min Max. |,
tw(Tan) TAi input high-level pulse width 250 125 80 ns
tw(TaL) TAin input low-level pulse width ’ 250 125 80 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max Min, Max. Min. Max
tc(up) TAioyr input cycle time 5000 2500 2000 ns
tw(upPH) TAiout input high-level pulse width 2500 1250 . 1000 ns
tw(urL) TAiout input low-level pulse width - 2500 | 1250 1000 ns
tsuup-ty) | TAiour input setup time 1000 | 500 400 “ns
th(rg.up) | TAiour input hold time 1000 | 500 400 ns
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37702M2 XXXFP M37702M2AXXXFP
~ M37702M2BXXXFP,M37702S1FP

’ M37702$1AFP,M37702$I.BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B input (Count input in event counter mode)

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
' Min. Max. Min. Max. Min." Max.
tc(re) - TBiiy input cycle time (one edge count) 250 125 80 . . ns .
tw(rer) TBii input high-level pulse width (one edge count) 125 62 40 ns
tw(TeL) TBiiy input low-level pulse width (one edge count) 125 62 40 ns
te(te) TBin input cycle time (both edges count) : 500 250 160 ns
tw(Ter) TBin input high-level pulse width (both edges count) 250 125 80 ns
tw(TeL) TBi input low-level pulse width (both edges count) 250 125 80 ns
Timer B input (Pulse period measurement mode)
Limits
Symbol Parameter ' 8MHz . 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
te(te) TBin input cycle time 1000 500 : 320, ns
tw(Ten) TBin input high-level pulse width 500 250 160 ns
tw(TeL) TBiin input low-level pulse width 500 250 160 ns
Timer B input (Pulse width measurement mode)
) Limits
Symbol ' Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max. | ‘
toire) TBii input cycle time 11000 500 | 320 ns
tw(TeH) TBiy input high-level pulse width 500 250 160 ns
tw(TeL) TBin input low-level pulse width ) ) , 500 250 160 ‘ns
- - y
A-D trigger input
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
| tccan) AD7re input cycle time (minimum allowable trigger) . 2000 1000 1000 ns
tw(ADQ ADrrg input low-level pulse width 250 125 e 125 ns
Serial I/0
Limits )
Symbol . Parameter 8MHz - 16MHz 25MHz Unit
. _ Min. - Max. Min. Max. Min. Max.
tocck) CLK; input cycle time 500 250 200 ns
tw(cKH) CLK; input high-level pulse width 250 125 100 . ns
tw(ckL) CLK; input low-level pulse width 250 . 125 100 ns
tdic—a) TxDj output delay time N 150 - 90 ‘ © 80 ns
th(c—a) | TxDjhold time 30 30 30 ns
tsuto—c) | RxD; input setup time ) 60 30 20 ns
th(c—p) - | RxDj input hold time 90 |90 90 ns
External interrupt INTj input
: Limits
Syﬁbd . " Parameter 8MHz 16MHz 25MHz . Unit
B ) Min. Max. Min. Max. Min. Max. -
tw(ine) 'INT; input high-level pulse width 250 250 250 ns
twinL) INT; input low-level pulse width ) 250 . 250 250 ns




MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
- M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Vcc=5V£10%, Vss=0V, Ta=25C, unless otherwise noted)
Single-chip mode

Limits
Symbol Parameter Test conditions 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
td(e—pPoq) Port PO data output delay time 200 100 80 ns
td(e—P1Q) Port P1 data output delay time 200 100 80 ns
td(e—pP2q) Port P2 data output delay time 200 100 80 ns
td(e—p3Q) Port P3 data output delay time 200 100 80 ns
td(e—paq) Port P4 data output delay time Fig. 58 200 100 80 ns
td(e—rsQ) Port P5 data output delay time 200 100 80 ns
td(e—preq) Port P6 data output delay time 200 100 80 ns
td(e—p7Q) Port P7 data output delay time 200 100 80 ns
td(e—psq) Port P8 data output delay time 200 100 80 ns
Memory expansion mode and microprocessor mode (when wait bit=*1")
Limits
Symbol Parameter Test conditions 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
td(PoA—E) Port PO address output delay time 100 30 12 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 110 70 45 ns
tpxz(e—p1z). | Port P1 floating start delay time (BYTE="L") 5 5 5 ns
td(p1A—E) Port P1 address output delay time 100 30 12 ns
td(p1a—aLe) | Port P1 address output delay time 80 24 5 ns
td(e—p2q) Port P2 data output delay time 110 70 45 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 5 5 " ns
td(p2a—E) Port P2 address output delay time 100 30 12 ns
td(p2a—aLe) | Port P2 address output delay time 80 24 5 ns
td(s,—rLpa) | HLDA output delay time 100 50 50 ns
td(ALE—E) ALE output delay time : 4 4 4 "ns
tw(aLE) ALE pulse width 90 35 22 ns
td(BHE—E) BHE output delay time . 100 30 20 ns
tdrw—e> | R/W output delay time Fio. 58 100 30 20 ns
tde—¢y) ¢4 output delay time 0 30 0 20 0 18 ns
th(e—poA) Port PO address hold time 50 25 18 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 9 9 ns
th(e—p1Q) Port P1 data hold time (BYTE="L") 50 25 18 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 50 25 18 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 50 25 18 ns
th(aLe—p2a) | Port P2 address hold time 9 9 9 ns
th(e—p2q) Port P2 data hold time 50 25 18 ns
tpzx(e—p2z) | Port P2 floating release delay time ' 50 25 18 ns
th(e—sne) | BHE hold time 18 18 18 ns
th(e—r/w) R/W hold time 18 18 18 ns
tw(eL) E pulse width 220 95 50 ns
MITSUBISHI 2—55
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MITSUBISHI MICROCOMPUTERS

M37702M2 XXXFP M37702M2AXXXFP
" M37702M2BXXXFP,M37702S1FP

~ M37702S1AFP, M37702S1BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode (when wait bit = “0", and external memory area accessed)

Limits
Symbol R Parameter Test conditions 8MHz 16MHz . 25MHz - Unit
‘ Min. Max. Min. Max. Min. | Max.
td(poa—E) Port PO address output delay time 100 30 12 ns
fd(e—p1@) Port P1 data output delay time (BYTE="L") 110 70 45 ns
texz(E—p1z) | Port P1 floating start delay time (BYTE="L") 5 ] 5 5 ns
td(P1aA—E) Port P1 address output delay time . 100 30 12 | ns
td(pia-—aLg) | Port P1 address output delay time 80 24 5 ns
td(e—pr2a) Port P2 data output delay time : 110 70 45 ns
texz(e—p2z) | Port P2 floating start delay time ) 5 5 | 5 ns
td(p2a—E) Port P2 address output delay time  * 100 ) 30 ) 12 ns
td(F\'ZA—ALE) Port P2 address output delay time - 80 24 5 ns
td(#,—nLoa) | HLDA output delay time 100" 50 . 50 ns
td(aLE—E) ALE output delay time 4 4 | 4 . ns
tw(aLE) ALE pulse width 90 35 22 ns
td(BHE—E) EH__E output delay time - Fig. 58 100 30 ) 20 ns
td(r/w—E) R/W output delay time . 100 30 20 ns
td(e—s ) #1 output delay time 0 30 0o | 20 0 18 ns
th(e—proa) Port PO address hold time . 50 25 18 | ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 .9 9 ns
th(e—p1Q) Port P1 data hold time (BYTE="L") ) 50 25 18 ns
tpzx(E—pP1z) | Port P1 floating release delay time (BYTE="L") 50 - 25 18 1 ns
th(e—P1A) Port P1 address hold time (BYTE="H") . . 50 25 ) 18 ns
th(aLe—p2a) | Port P2 address hold time 9 : : 9 ! 9 ns
th(e—pzq) | Port P2 data hold time .50 25 18 ‘| ns
trzx(e—p2z) | Port P2 floating release delay time g ‘ 50 25 18 ns
th(e—sne) | BHE hold time e . 18 18 18 ns
the—rw) | R/W hold time ) 18 18 / 18 |’ ns
tw(eL) E pulse width B ) 470 220 130 ns
PO o
P1
P2 —
Pa 100pF
P4
P5
P6
P7
P8
é1
E

Fig. 58 Testing circuit for ports PO~P8, ¢,




MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM tr t to
Single-chip mode tw(n) tw(w)
f(Xin)

E \ 4
e td(e—poa)

Port PO output y

tsucroo—€)
Port PO input J\i@_pom

= td(e—r1a)

Port P1 output

tsutrio-g)
Port P1 input j\ﬂs—mm

] td(E—PzQ)

“Port P2 output

tsu(p20-g)
Port P2 input 3\ th(e—r20)

<=1 td(e—paq)

Port P3 output X

L thie—rap)

l—>{ td(e—psq)

tsutpao—e

" Port P3 input .

N

Port P4 output

tsutpap—e

th(e=~psp)

<

Port P4 input

== td(e—psa)

Port P5 output

tsutpso—e)

J

* th(e—rpso)

le—>| td(e—psa)

Port PS5 input

Port P6 output

tsucpso—e)
Port P6 input 3\ thie—re0)
== td(e-p7a)
Port P7 output X

tsu(pro—€)

>Tf

Port P7 input

A thie-p70)

< tde—eea)

3\ th(e—rso)

Port P8 output

tsu(rep—e)

=

Port P8 input
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MITSUBISHI MICROCOMPUTERS

M37702M2 XXXFP,M37702M2AXXXFP
M37702MZBXXXFP M37702S1FP

- M37702S1AFP, M37702S1BFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

toira)
tw(ran) .
TAin input . i /
twitaL) '
[ |
tciue)
tw(upH) )
TAioyr input : \ . r o\
: tw(uprL)
. |
TAiour input /
(Up-down input) \_

In Event counter mode

TAi input e
~(When count by falling) Athcr-ue| tsutup—1yy)

TAin input N\ =
(When count by rising) L__.___/

Teore)
twirem)
—
TBi input / \
. tw(TBL)
[ |
teian)
. tw(aoL)
" ADrrg input W
etk
iw(t:xn)
o
CLK; ) / \
, . . § twickL) .
thic-a)

TxDj . y

tdc—a)

‘ o . L tsu-o the-o | -
RxDj ‘ X ' \

twiine)

iNTj.input

twinm)

r—s8 - ‘ AMlTSUBISI-I "



MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “1")

- N\ S S\

= —\—/—\ ST TTTTEE T T T e T T
E /

L
RDY input /

tsu(rovy—¢y)| th(#1—rov)

(When wait bit = “0")

VARV NV WAV VANV
: T\ ST T e

RDY input /

tsu(rov—¢y)| th(s1—roY)

(When wait bit = “1” or “0” in common

e/ / "\ L

ths;—HoLD)

tsu(HoLo—¢;)
o

HOLD input \
' td(¢;—HLDA) ) : td(¢,—HLoA)

=y —=
HLDA output )

Test conditions
* Vee =5V+10%
« Input timing voltage . : V,. = 1.0V, Vjy = 4.0V

+ Output timing voltage : Vo = 0.8V, Vo = 2.0V
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MITSUBISHI MICROCOMPUTERS

M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode (When wait bit="1")

tf t tc
tw(L) twin)

o /Y
“ | Y/ Y/ NS VAR

e, tde—s,)
E twi(eL)
td(poa—e)
th(e—proa)
Port PO output x Address L Address
(Ao“’Av)
’ theaLe —P1A)4H)1 the—pr1q) texz(e—p12)

4
Port P1 output )\ Address Data Address | W — — — — — o

N\
(Ag~A;5/Dg~D;s) -
(BBYTE‘=5"|_"'3) * td(pia—ace) | [ ld(E—P10)

tdpia—e)
the—p1a) .
' 4
Port P1 output L Address L Address
(Ag~As) -
(BYTE="H") tsu(Pio—g) th(e—p10)
Port P1 input
th(aLe—P24) qr_;.i th(e—p2q) toxz(E—P22) tozx(E_p2z)
y .
Port P2 output ) Address Data Address | M —————— - L Address
(A16~Az/Do~D7) TTR— tsu(pop—e) :
td(pea—ace) | | td(e—p2a) h(e—p20)
Port P2 input
tw(ace) S
. - . tdace—e)

Port P3, output A / \
(ALE)

td(ere—e) H thee—sme)
Port P3, output )[ X X

(BHE)
td(rrw—e) <—-( thie—rw)

Port P3, output

(R/W)
Test conditions
* Vge=5V£10%
- Output timing voltage : V0L=07 8V, Vou=2.0V
« Port P1, P2 input LV =0.8V, Viy=2.5V
« Port P4; input LV =110V, Vig=4.0v
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MITSUBISHI MICROCOMPUTERS

‘M37702M2-XXXFP,M37702M2AXXXFP
M37702M2BXXXFP,M37702S1FP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed)

tde—g—
= tw(ew) tde—ey)
E \ [
\ / \ /
th(e—ro ) k—s{td(Poa—&)

Port PO output X Address Address X
(Ag~A7) ><

lh(ALE—PiA)“' thee-e1a) [ texz(e-p12) tezx(e—pP12)
Port P1 output T s
(Ag~Aq5/Dg~Ds5) _ Addres Data Addr Address
(BYTE="L") N\

[k—>1td(e-p1a)
td (P1A—ALE)
thie—p1a) 3 Ftdp1a—e)
Port P1 output s % s
(Ag~As5) X Address >< Address X
(BYTE="H") \
tsutpio—e) the—p1D)

Port P1 input

thiate—raa) K th(e-p 20) [e—>{texz(e—p2z) tezx(e—p22)
Port P2 output r S
(Ars~Aga/Do~D7) Addres: )1\ Data Ada.:}/ 1 Address

T tsutp2o—) D E—
e l%td(PZA—E) th(e—p20)

td(p2a—aLE) | | td(e—P20)
Port P2 input

twiare) .
<—td(aLe—E) .
Port P3, output ) .
(ALE) .
td(Bre—E)

> the—lene)

g X X X

tdrw—E)
thie—|rw)

Port P3; output
(R/W)

Test conditions

* Vee=5V+10%

« Output timing voltage : Vo =0. 8V, Vo, =2. 0V

* Ports P1, P2 input LV =0.8V, V|y=2.5V

« Port P4, input IV =10V, Vig=4. 0V
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M37702M4 XXXFP M37702M4AXXXFP M37702M4BXXXFP
M37702S4FP, M37702$4AFP M37702S4BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

DESCRIPTION
The M37702M4-XXXFP is a single-chip microcomputer de-

* signed with high-performance CMOS silicon gate technolo-

gy. This is housed in a 80-pin plastic molded QFP. This
single-chip microcomputer has a large 16M bytes address
space, three instruction queue buffers, and two data buffers

for high-speed instruction execution. The CPU is a 16-bit.

parallel processor that can also be switched to perform 8-
bit parallel processing. This microcomputer is suitable for
office, business and industrial equipment controller that re-
quire high-speed processing of large data.

The differences between M37702M4-XXXFP, M37702M4A
XXXFP, M37702M4BXXXFP, M37702S4FP, M37702S4AFP
and M37702S4BFP are the ROM size and the external
clock input frequency as shown below. Therefore, the fol-
lowing descriptions will be for the M37702M4-XXXFP un-
less otherwise noted.

Type name ROM size External clock input frequency
M37702M4-XXXFP 32K bytes 8 MHz
M37702MA4AXXXFP 32K bytes 16MHz
M37702M4BXXXFP 32K bytes 25MHz
M37702S4FP External 8 MHz
M37702S4AFP External 16MHz
M37702S4BFP External 25MHz

The M37702M4-XXXFP has the same functions as the
M37702M2-XXXFP except for the memory size.

FEATURES
® Number of basic INStrUGHIONS: ++++++r-rsrreeersreeermnaeenes 103
) Memory size ROM w+vvveeeer ERCTTLTRRTRRLPREPTRP 32K bytes
) RAM :eoeeeee R FPTN 2048 bytes
Instruction execution time )

M37702M4-XXXFP, M37702S4FP

(The fastest instruction at 8 MHz frequency) -+ 500ns
M37702M4AXXXFP, M37702S4AFP

(The fastest instruction at 16 MHz frequency)--++- 250ns

‘M37702M4BXXXFP, M37702S4BFP
(The fastest instruction at 25 MHz frequency) -+ 160ns

PIN CONFIGURATION (TOP VIEW)

2 g

a

2 g
c N0 T oR SYSS
Z2Z22222Z22 =%
CLLLCLLL o 100oxE
RRRRRRRAE RE SRR
NReNNNRN 85> 25080 b
n.n.p.o.n.am><><>n.u.au.
IR EREN | 111
feol 75l e [77] 761 7] 4] BIIEIE o

P7o/ANg + [1] [64] += P8,/CTS,/RTS,

P6,/TB2; +> +> P8/CLK,
P6s/TB1 )y ++ +* P8/RxD;

- P65/TBOW + [1] [E1] +> P8;/TxD;
P6,/INT, +> [5] . - [80] +> PO/Ag
P3/INT; +> [&] > PO,/A
PB,/INT, ++ [58] +> PO,/A,

P61/TA4)y = [&]
P6o/TAdoyr ++ 2] =

1.
P5a/TATw ~> [ &5
P5,/TAour +> [8] T
P5,/TAO <> 18] ©
P50/ TAGoyr ++ (7] ,
P4;/DBC* «> [1g] ) > Pl5/A13/Ds5
P4g/VPA* <> [i3] ' . [#8] +> P1g/A14/Dys
P4s/VDA* «> [20] [%5] +> P1,/A15/Dys
P4,/QCL* [#2] +> P2y/A6/Dg
Pda/MX* > > P2,/A7/D;

d4vbSZ0LLEN
d4¥S20L28W
10
dAXXXGYWZ0LLEW
10
dAXXXYPWNZOLLEN
10
dAXXX-PWZ0LLEW

Pay/ ¢, + [ . [42] <> P2,/A;/D;
P4,/RDY -+ [24] . . [41] +> P23/A9/Ds

EE|E) e T3] Ta] es] el o Tee] o ec]

L2000 O 2 O

w A Z =W 9 ~

SE 9% 5 g3 s edsg

Oz zl% X FEN TR

e Isdre<esss

S o« 50065338

N grecdddd

[ a oaaa

Outline 80P6N

*: Used in the evaluation chip mode only

APPLICATION ,
Control devices for office equipment such as copiers, prin-
ters, typewriters, facsimiles, word processors and personal
computers '

Control devices for industrial equipment such as ME, NC,

- @ Single power supply e 5V+10% commuinication, and measuring instruments

® Low power dissipation (at 8 MHz frequency) ) '
............................................................ 30mW (Typ )

@ Interrupts = orreeeess e e 19 types 7 Ievels )

o Mu!tiple function 16-bit timer -<++++-- e reresheseasnrersaronan 5+3

® UART (may also be synchrohous) N 2

® 8-bit A-D converter «-oorweeeeirneereeneee 8-channel inputs .

® 12-bit watchdog timer

® Programmable input/output
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) r++-wseonveeeenes 68
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MITSUBISHI MICROCOMPUTERS

M37702M4-XXXFP,M37702M4AXXXFP,M37702M4BXXXFP
M37702S4FP,M37702S4AFP,M37702S4BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Bus width

Reference

M37702M4-XXXFP BLOCK DIAGRAM

Data Bus(Even)
a
£ ! Data Bus(Odd)
E ! g T T R LRI AT 1
B
2 > M - —
g o (————— Data Buffer DBu(8) J@ 3
M i So
: ; c
. K——] Data Buffer DB, (8) A = g s
3 = — == g=
<y sl | K ! =
g > g, % Instruction Queue Buffer Qo(8) N j
g )
5 & - : -
> c Instruction Queue Buffer Q1(8) ; 3
=} N -
3 & B SE
g &1 Instruction Queue Buffer Q2(8) <: ::} % 10'_'
1723
—~ O c N S QQ
8% - | o £
Address Bus
| >| Incrementer (24) 3
= o
Eg.
; >$ <::I Program Address Register PA(24) _— @ g g
Sz © 1 :) aa
3 — £
<:_'—_‘—_I Data Address Register DA(24) 5 ]
O D i -
! X 2 i :y 3
o e " =]
o Kz 3&
123 — v ~
S P ] k= = 3%
c3 — ] &
A
(] (24) E ~K= — ::) 5
o S e 2|12l 0] 2.
- r= A & 2 30
. &I_Ilﬁrogram Counter PC(16) gl |& = :> : g 5
—~ & <||< ;
> 38 S>3 I - 3 g e
2> Eljl Program Bank Register PG(8) C £
K3 L J L : :
E]___.l Data Bank Register DT(8) -?1'-; IS ' )
X X HIEIBIE === <9 | 5
' = =] o8] |5] 18 S22 | 2
— i=d > N 2 e o a
= >8é.?_, Input Buffer Register IB(16) § E E "; = :‘> <:: 19 <—->(__j E 5
- S bed =Y a
SlEll €l EK= AT 9|2
S| IFIFLF ] S | £
. Ké :I Processor Status Register PS(11) — r— :" [} ': 2 ’—62
3 — eliellelie] ek =2 9| 3
i K——_——{ oirect Page Register oPR(IE) HIEIEIEIE = =S| &,
17 < < o F ) a
3|0 - SEHENENEE B2 ke e log
@ | i (16) sl =1 =] | = ¢ i >0 (3%
o Stack Pointer S sllsllalls]l]ls < | 3
c ! K HIHIHIHIHeE = — [9)| 2=
¢ Index Register Y(16) i N Ll A :J =
] : i
£ & Index Register X(16) . ;
0 A | -
o @ K ; & K= 2
) Accumulator B(16) s S~
8 5 = EBEIEE) o%
S 3 C: S ® N — Sz
u L Accumulator A(16) < 3 /8 - - 58
. ) R e :
=] o — 1 £
Q c —
g £
3 - ©
o e N
™ 3@‘— ] . 4
o X < F—1 = >
8 8 s FHEP = | 3
o x Arithmetic Logic % | ::> @ ) D gﬁ
| 8 - unit(16) s 0 1 3 s 9%
5 o O & it a > | 32a
a c » - :) le—>2 | &
< z@ : > | =
a_é B3 _ = 55 I e
° ]
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MITSUBISHI MICROCOMPUTERS

M37-702M4-XXXFP,M37702M4AXXXFP,M37702M4BXXXFP
M37702S4FP,M37702S4AFP,M37702S4BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

THE FUNCTIONS AND CHARACTERISTICS MACHINE INSTRUCTION LIST

The M37702M4-XXXFP has the same functions and charac- The M37702M4-XXXFP has 103 machine instructions. Refer
teristics as the M37702M2-XXXFP except for the ROM and  to the MELPS 7700 machine instruction list for details.

RAM size. Refer to the section on the M37702M2-XXXFP.

The memory map is shown in Figure 1. . DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.
ADDRESSING MODES . (1) M37702M4-XXXFP mask ROM order confirmation form

The M37702M4-XXXFP has 28 powerful addressing modes. (2) 80P6N mark specification form
Refe_r to the MELPS 7700 addressing mode description for (3) ROM data (EPROM 3 sets)
the details of each addressing mode:

00000016 0000006 000000,

gggggg.s Peripheral devices
16 N control registers

Internal RAM \\

2048 bytes N

00FFFF1s \\

01000016 : N
\ 00087F 6 N
\ 00007F ;-

Bank 14¢ \
\
01FFFFy¢ \

Bank 04¢

\ . Interrupt vector table

\ 00FFDG16/ A-D conversion
UART1 transmission
/ UART1 receive
\ 008000, . /[ UARTO transmission
\ / UARTO receive
\ Timer B2
/ Timer B1
\ . / Timer B0
FE0000; \\ Internal ROM / Iimer :;
imer
32K bytes / Timer A2
Bank FEqq \ / Timer A1
' \ / Timer AQ
FEFFFFyq \ / INT,
FF0000:6 \ / m‘
- \ / Watchdog timer
Bank FFq \ 4 DBC
00FFD66 | BRK instruction

\ Zero divide
FFFFFFig 00FFFFie O0FFFE¢ RESET

e
i
Iy

Fig. 1 Memory map
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M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP

DESCRIPTION

The M37703M2-XXXSP is single-chip microcomputer de-
signed with high-performance CMOS silicon gate technolo-
gy. This is housed in a 64-pin shrink plastic molded DIP.
This single-chip microcomputer has a large 16M bytes
address space, three instruction queue buffers, and two
data buffers for high-speed instruction execution. The CPU
is a 16-bit parallel processor that can also be switched to
perform 8-bit parallel processing. This microcomputer is
suitable for office, business and industrial equipment con-
troller that require high-speed processing of large data.
The differences between M37703M2-XXXSP, M37703M2A
XXXSP, M37703M2BXXXSP, M37703S1SP, M37703S1ASP
and M37703S1BSP are the ROM size and the external
clock input frequency as shown below. Therefore, the fol-
lowing descriptions will be for the M37703M2-XXXSP un-
less otherwise noted.

Type name ROM size External clock input frequency
M37703M2-XXXSP 16K bytes 8 MHz
M37703M2AXXXSP 16K bytes 16MHz
M37703M2BXXXSP 16K bytes 25MHz
M37703S1SP External 8 MHz
M37703S1ASP External 16MHz
M37703S1BSP External 25MHz

The M37703M2-XXXSP cuts down the pins of M37702M2-
XXXFP. Refer to the section-on M37702M2-XXXFP for the
functional differences.

FEATURES

® Number of basic instructiong:««««««wwewrrrerrrrmreeeeenens 103

] Memory SiZe ROM ................................. 16K bytes
RAM - coerrreeererieiiiiees 512 bytes

® Instruction execution time
M37703M2-XXXSP, M37703S1SP
(The fastest instruction at 8 MHz frequency) - 500ns
M37703M2AXXXSP, M37703S1ASP
(The fastest instruction at 16 MHz frequency)---+- 250ns
M37703M2BXXXSP, M37703S1BSP
(The fastest instruction at 25 MHz frequency)-++-- 160ns

MITSUBISHI MICROCOMPUTERS
M37703S1SP,M37703S1ASP,M37703S1BSP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
PIN CONFIGURATION (TOP VIEW)
AVce Voo
Vaer — > P8y/CTSy/RTS,
AVss > P8,/CLK,
P7;/AN7/ADrre +* 61] «» P8,/RxDg
P7,/AN, +> [60] ++ P84/TxD,
P7,/AN, +» 59] +» P86/RxD,
P7o/ANg +> 5 5 5 58] +> P8,/TxD,
PBs/TBOW ++ [8] N N N Poo/A
Pe/NT, ~[Elo g G[El«Po/A,
P64/INT, < [10]| Z < 4 Z 55+ PO/A;
Pe/INT,~ [ ™ [54] +> POs/A;
P5/TAN ~ [ & ~ PO4/A,
P56/ TA3our ++ [13] 25 5 + PO5/As
Pss/TA2y—+ [T O O[]« Pos/As
P5,/TA20u7 +* « PO,/A;
P55/TA1,y + [49] > P10/A¢/Dsg
P5,/TA1our +* (8] ++ P1,/A¢/Ds
P5,/TAO\y +* > P1,/A10/Dso
P5¢/TAOout +* [46] > P13/A,1/Dq4
P4,/DBC* + 5 E > P14/A2/Dy2
Pa/ ¢ =Y A J[E e Ps/AGD,
P4 /RDY 212 2 & «» P1g/A14/Dis
pamolD B2 L2 L@ P1,/A1s/Dis
evTE—~EB & DM PasAwDo
CNVss v T (70 «> P2,/Aq7/D;
RESET — > P2,/A5/D;
Xin = 138] «+ P23/A9/D3
Xout += > P2,/Az0/Dy4
E+ [36) «» P25/A2/Ds
Vss + P26/A5/Dg
P3,/ALE + «» P2,/Az3/D;
P3,/BHE « « P3,/R/W
Outline 64P4B
*: Used in the evaluation chip mode only

APPLICATION

Control devices for office equipment such as copiers, prin-
ters, typewriters, facsimiles, word processors, and personal
computers

Control devices for industrial equipment such as ME, NC,

® Single power supply e eoreereer e 5VE£10%  communication, and measuring instruments
® Low power dissipation (at 8 MHz frequency)

............................................................ 30mwW (Typ.) i
‘o INEEITUPLS «+++vvreesereesmrennnesiiits s 19 types 7 levels
® Multiple function 16-bit timer ««+-««-eererererereeneens 5+3
® UART (may also be synchronous) ............................. 2
® 8-bit A-D converter «-xweeerrnneeeeneniiees 4-channel inputs
® 12-bit watchdog timer
® Programmable input/output

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) -:wreveeeeeeee 53
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MITSUBISHI MICROCOMPUTERS

M37703M2 XXXSP,M37703M2AXXXSP,M37703M2BXXXSP
M37703SISP,M37703$1ASP,M37703$1.BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Bus width
selection input

Reference
(ov) (5v) voltage input

(ov)

(ov)

(5v)

Reset input

Clock output Enable output

Clock input

M37703M2-XXXSP BLOCK DIAGRAM

i . Dala Bus(Even)
! Data Bus(Odd) ]
N = T
£ _
) -
(———— Data Buffer DB4(8) 5
| ] 59
i Data Buffer DB (8) oL
== =
k) ga
b 2 K
> > K:: E_ Instruction Queue Buffer Qo(8) K Zi
|
o -
s Instruction Queue Buffer Q1(8) K 3
g K 7 3z
<4 El:flnstwcnon Queue Buffer Q2(8)K 7.7 Oc
o g 38
o £ L =3
z £
Address Bus
| |:_>I Incrementer (24) 3
ERN
>£ <:[ Program Address Register PA(24) — (-\—: g
< ®© aQ
| K————] oata Address Register DA(2¢) ;‘{ £
I [7) -
e N
» L ) ,3 a
4 [a} >
20— ] < ; §§
! — :
. —ﬂ D (24) sllskKa = B 5
=z VR 2
|3 S B R Se
. E’:_IVProgram Counter PC(16) |~ E :> @ = (\3%
<) | < i E s
— ‘ ) ]
f‘@_’ E___"Program Bank Register PG(8 MIE 1 3 e
u &D Bank Register DT(8) — )
ata Bank Register — |
: BlelEEnE i
ElZlIS] l2sK= = 2 3
| = 2| 13| 2] |1Bkd ke Ze
5 o
8 &flnput Buffer Register 18(16) RS & <::] S5
~ HIHIEH === 2las8
| SHENENFI £ )
' Sl [y N SNy g
| <<EL !:__—{oncessor Status Register PS(11) MMM ¥
‘ 1 el1ellellel ek =0 3
& Direct Page Register DPR(16) SIS C ' r—-> 2 \ .:‘3,-8
0e K SHENENEEK= Y| (2 s <=8 1 ¢
o« ! Stack Pointer S(16) sl sl sl sl L L__—l S >0 38
K ElLEILEEl | EFS —1 ©) £
d Index Register Y(16) Lot B B Rl N e B
- E\:| Index Register X(16) ; .
S 7l B 3
w & Accumulator B(16) 'é E “':f> : _,(__,é %E
| 5 - 2 ([FRIEPS ke 1St
2 Z Accumulator A(16) < & LI Nls® | 30
' 5 € 5 s ‘*? ga
o — 1T £
1 £ M
=3} ©
> — '
;"‘T)’k % :q , N .
o N/ g & g
l < Arithmetic Logic = =N = 3R
8 K Unit(16) s 0 e ko o
' [$) o ¥ - — 2 5 §
x = I Q
z ,gg,, L 2=
< 8 — :
| |
|
e _ - - _ e - - - —




MITSUBISHI MICROCOMPUTERS

M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP
M37703S1SP,M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

FUNCTIONS OF M37703M2-XXXSP

Parameter

Functions

Number of basic instructions

103

M37703M2-XXXSP, M37703S1SP

500ns (the fastest instructions, at 8MHz frequency)

Instruction execution time

M37703M2AXXXSP, M37703S1ASP

250ns (the fastest instructions, at 16MHz frequency)

M37703M2BXXXSP, M37703S1BSP

160ns (the fastest instructions, at 25MHz frequency)

. ROM 16K bytes

Memory size
RAM 512 bytes
PO, P1, P2, P5 8 -bitX 4
P8 6 -bitX 1

Input/Output ports
P4, P6, P7 4-bitX 3
P3 3-bitX 1

_ o TAO, TA1, TA2, TA3, TA4 16-bitX 5 (4 Input/Output functions)

Multi-function timers

TBO, TB1, TB2 16-bitX 3 (1 Input function)

Serial 1/0

UARTX2(One can be set clock synchronous serial 1/0.)

A-D converter

8 -bitX 1 (4 channels)

Watchdog timer

12-bitX 1

Interrupts

3 external types, 16 internal types
(Each interrupt can be set the priority levels to 0~ 7.)

Clock generating circuit

Built-in(externally connected to a ceramic resonator or quartz crystal resonator)

Supply voltage

5vt10%

Power dissipation

30mW(at external 8 MHz frequency)

- Input/Output voltage 5V
Input/Output characteristic
Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —20~85C

Device structure

CMOS high-performance silicon gate process

Package

64-pin shrink plastic molded DIP
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MITSUBISHI MICROCOMPUTERS

M37703M2 XXXSP,M37703M2AXXXSP,M37703M2BXXXSP

M37703SISP M37703SIA$P M37703S1BSP

/ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Functions

Vee, Power supply Supply 5V=+10% to Vg and 0V to Vss.

Vss : :

CNVsgs CNVss input Inpqt This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for externél ROM
types.

RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required
time.

Xin Clock input Input These are I/0 pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-
tween Xiv and Xour. When an external clock is used, the clock source should be connected to the Xy pin

Xout Clock output Output and the Xour pin should be left open.

E Enable output Output Data or instruction read and data write are performed when output from this pin is “L”.

BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs.

AVce, Analog supply input Power supply for the A-D converter. Connect AVcc to Ve and AVss to Vs externally.

AVss }

VRer Reference voltage input Input This is reference voltage input pin for the A-D converter.

P0y~PO; 170 port PO 170 In single-chip mode, port PO becomes an 8-bit I/0 port. An I/0 directional register is available so that each

) pin can be programmed for input or output. These ports are in input mode when reset .

Address(A7~Ag)is~ output in memory expansion mode or microprocessor mode.

P1o~P1; 1/0 port P1 170 In single-chip mode, these pins have the same functions as port P0. When the BYTE pin is set to “L” in
memory expansion mode or microprocessor mode and 4externa| data bus is 16-bit width, high-order data
(Dys~Ds)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”.
If the BYTE pin is “H” that is an external data bus is 8-bit. width, only address(A|5~A3)is output.

P2,~P2; 1/0 port P2 170 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode low-order data(D;~Dy) is input or output when E output is “L” and an address(Azs~Agg)is
output when E output is “H”.

P3¢~P3; 1/0 port P3 170 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic-
roprocessor mode, R/W, BHE, and ALE signals are output.

P4¢~P4,, 1/0 port P4 170 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-

P4, rocessor mode, P4y and P4; become HOLD and RDY input pin respectively. Functions of other pins are the
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4, can be programed
for ¢4 output pin divided the clock to Xy pin by 2. In mlcroprocessm mode, P4, always has the function as
%, output pin.

P5¢~P5; 1/0 port P5 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/0
pins for timer AQ, timer A1, timer A2 and timer A3.

P6,~P65 1/0 port P6 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as external

‘ interrupt input INTo, INT4, and INT; pins, and input pins for timer BO. -

P7o~P7,, 1/0 port P7 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog

P7; ' | input ANg~AN, and AN; input pins. P77 also has an A-D conversion trigger input function.

P8y~P83, 1/0 port P8 [7{e] In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD,

P8, P87 TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1.
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MITSUBISHI MICROCOMPUTERS

M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP
M37703S1SP,M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The functional differences between the M7703M2-XXXSP
and M37702M2-XXXFP are described below. The
M37703M2-XXXSP has the same functions as the
M37702M2-XXXFP, except these points. Refer to the sec-
tion on the M37702M2-XXXFP.

A-D CONVERTER

Analog signals are input through four channels, ANg, AN,
AN, and ANj;. In one-shot mode and repeat mode, select
one on ANo, AN;, AN,, and AN- as analog input by the ana-
log input selection bits (bits 2, 1 and 0) of A-D control reg-
ister. Set the bits of the directional registers for ports cor-
responding to analog input channels AN3;, AN4, AN and
ANg not having pins to “1” (output mode) and output “0” to
the ports.

In the single sweep mode and repeat sweep mode, the
M37703M2-XXXSP operates the same as the M37702M2-
XXXFP. Set the directional register bits of ports'corres-
ponding to ANO, AN1, AN2, and AN7 to “0” (input mode),
and the bits of the directional registers for ports corres-
ponding to ANz, AN4, ANg and ANg not having pins to “1”
(output mode), and output “0” to the ports. In the single
sweep mode and repeat sweep mode, the contents of A-D
register bits corresponding to analog input channels ANg,
ANy, ANs, and ANg not having pins are undefined.

TIMER

Since timer A4 has no input/output function and timer B1,
B2 have no input function, timers A4, B1 and B2 operate
only in timer mode. Therefore, only clock source can be
selected by the bits 7 and 6 of timer mode register for
each of timers A4, B1 and B2. The bits of timer mode regis-
ter must be “0” except for the clock source selection bits.
Other timers A0, A1, A2, A3 and BO have the same func-
tions as the M37702M2-XXXFP. )

SERIAL 1/0

UART1 has only the asynchronous serial communication
function and no clock synchronous serial communication
function. Therefore, do not select the clock synchronous se-
rial communication function (“001”) by the serial com-
munication method selection bits (bits 2, 1 and 0) of UART1
transmit/receive mode register. Since UART1 does not
have the functions of CTS and RTS, the CTS and RTS
selection bit (bit 2) of UART1 transmit/receive control reg-
ister 0 must always be “1”. UARTO has the same function as
the M37702M2-XXXFP.

INPUT/OUTPUT PINS

The port registers and directional registers for ports P4, P8,
P7 and P8 have eigtht bits, the directional register bits hav-
ing no pins must always be set to the output mode. Since
port P33 is not available as a pin although it has port regis-
ter and directional register, port P33 must be set to the out-
put mode.

ADDRESSING MODES

The M37703M2-XXXSP has 28 powerful addressing modes.
Refer to the MELPS 7700 addressing mode description for
the details of each addressing mode.

MACHINE INSTRUCTION LIST
The M37703M2-XXXSP has 103 machine instructions. Refer
to the MELPS 7700 machine instruction list for details.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.

(1) M37703M2-XXXSP mask ROM order confirmation form
(2) 64P4B mark specification form

(3) ROM data (EPROM 3 sets)

Table 1. The functional differences between the M37703M2-XXXSP and M37702M2-XXXFP
Parameter M37703M2-XXXSP M37702M2-XXXFP
| Input/Output ports B-DItX 4 | PO~P2, P4~ P8 rrrroresesossssmessenines 8 -bitX 8
-~ 6-bitX 1 PB et 4 -pitX 1
4 -bitX 3 (with HLDA)
3-bitX 1
) (without HLDA) | .
Timer Timer A-ceeeeeees with Input/Output ports  16-bitX 4 | Timer A «-------- with Input/Output ports 16-bitX 5
) only timer mode 16-bitX 1
Timer B-weveeeeee with Input ports 16-bitX 1 | Timer B------+--+ with Input ports 16-bitX 3
only timer mode 16-bitX 2
Serial I/0 (UART or clock synchronous serial 1/0)X 1 (UART or clock synchronous serial 1/0)X 2

UARTX 1

A-D converter 8 -bitX 1 ( 4 channels)

8 -bitX 1 ( 8 channels)

S e




MITSUBISHI MICROCOMPUTERS

M37703M2 XXXSP,M37703M2AXXXSP,M37703M2BXXXSP
M37703818P M37703$1A$P M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee. Supply voltage —0.3~7 \
AVce Analog supply voltage —0.3~7 \%
V, . Input voltage RESET, CNVss, BYTE —0.3~12 \

Input voltage P0y~PO0;, P1o~P1;, P2o~P2;, P3;~P3;, .
\ _ P4g~P4,, P4;, P5o~P5;7, P6,~P6s, —0.3~Vgc+0. 3 \%

P7o~P7;, P77, P8~P83, P8, P87, Vrer, Xin
Output voltage POo~P07, P19~P17, P2g~P27, P3y~P3,,

Vo P4y~P4,, P4;, P5)~P5;, P6,~P6s, —0.3~Vgc+0.3 \"
P7o~P7,, P7;, P8,~P83, P8¢, P87, Xout, E
Pd . Power dissipation Ta=25C 1000 mw
Topr Operating temperature —20~85 C
Tstg Storage temperature —40~150 C
RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—20~85%, unless otherwise noted)
Limits .
Symbol Parameter - Unit
Min. Typ. Max.

Vee Supply voltage 4.5 5.0 5.5 v

AVce Analog supply voltage . Vce \"

Vss Supply voltage ’ 0 \

AVss Analog supply voltage 0 \

High-level input voltage POy~ P07, P3y~P3z, P4o~P4;, P4;, P5,~P5;,
Vin P6,~P6s, P79~P72, P77, P8y~P83, 0.8Vce Vee \

P8¢, P87, Xin, RESET, CNVgs, BYTE
High-level input voltage P1o~P17, P2;~P2;

(in single-chip mode)
High-level input voltage P1o~P17, P2g~P2; (in memory expansion

Vin 0.8Vce | Vee v

Vin 0.5Vee Voo \

mode and microprocessor mode)
Low-level input voltage POy~ P07, P3g~P3;, P4g~P4,, P4;, P5,~P5;,
Vi P6;~P6s, P7o~P72, P77, P8y~ P83, P8, P87, 0 0.2Vcee v
Xin, RESET, CNVsgs, BYTE
Low-level input voltage P1o~P1;, P2p~P2;
(in single-chip mode)
Low-level input voltage -P1o~P1;, P2g~P2; (in memory expansion
mode and microprocessor mode)
High-level peak output current POg~P07, P1o~P17, P29~P27, P3;~P3,,
lon(peak) P4o~P4y, P47, P5o~P57, P6,~P6s, —10 mA
] P7¢~P72, P77, P8~P83, P8¢, P8;
High-level average output current POo~P07, P1o~P17, P2o~P2;, P3o~P3,,
loncavg) Pag~Pdy, P47, P5o~P57; P6,~P6s, . =5 mA
. P79~P75, P77, P8,~P83, P8s, P87
Low-level peak output current POy~P07, P1o~P17, P2~P2;, P3p~P3;,
loL(peak) Pdg~P4y, P47, P5o~P57, P62~P6s, ‘ ’ 10 mA
. P7q~P7,, P77, P8y~P83, P8, P8;

Vi 0 0.2Vee Y

Vi 0 0.16Vee| V

Low-level average output current POg~P07, P1o~P17, P29~P2;, P3p~P3;,

low( avg) ) P4o~P4,, P4;, P5y~P57, P6,~P6s, 5 mA
P7o~P7,, P77, P8,~P8;, P8, P8;
M37703M2-XXXSP, M37703S1SP 8
f(Xin) External clock frequency input M37703M2AXXXSP, M37703S1ASP 16 MHz
M37703M2BXXXSP, M37703S1ASP ' 25

Note 1. Average output current is the average value of a 100ms interval.

2. The sum of lo (peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less,
the sum of low(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less,
the sum of loi(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and
the sum of 'ou(peak) for ports P4, P5, P6 and P7 must be 80mA or less.

- Amsumsu
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MITSUBISHI MICROCOMPUTERS'

M37703M2-XXXSP,M37703M2AXXXSP, M37703M2BXXXSP
M3770381$P M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37703M2-XXXSP
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=257, f(X,y)=8MHz, unless otherwise noted)
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
High-level output voitage POp~P07, P1g~P17, P2y~P2;,
P3g, P3, P4y~P4y, P47,
Vor B PBy, Pg~Pl, PTPT,, | = 10MA 3 v
P77, P8q~P83, P8s, P8;
Von High-level output voltage P0Oy~P0;, P1g~P17, P2o~P2;, low=—4004A 4.7 v
P3g, P3¢
! low=—10mA 3.1
Vou High-level output voltage P3; lon——400A 4.8 \
‘ _ lon=—10mA 3.4
Vou High-level output voltage E lon——4001A 48 \"
Low-level output voltage POq~P0;, P1o~P17, P2o~P2;,
P3g, P3;, Pdg~P4y, P4y,
Vou P5:~ P;;, sz~ P;s, P;0~ pr, | louTI0mA 2| v
P77, P8~P8s3, P8s, P87
Vo Low-level output voltage POy~ P07, P1o~P17, P2;~P2;, lou=2mA 0. 45 v
P3y, P34
lo.=10mA [ 1.9
VoL Low-level output voltage P3; o= 2mA ‘ 0.43 \%
— lor=10mA 1.6
VoL Low-level output voltage E lor—=2mA 0.4 \"
Vys—Vy_ Hysteresis @@l&wﬁw TBOw, 0.4 1
INTo~INT,, ADtrg, CTSp, CLKg
Vr+—Vr— | Hysteresis RESET 0.2 0.5 \/
Vr+—Vr— | Hysteresis X 0.1 0.3 \
High-level input current POy~ P07, P1o~P1;, P2;~P2;,
P3p~P3;, P4o~P4,, P47, .
L P5¢~P5;, P6,~P6s, P7o~P73, V=5V 5 uA
P77, P8y~P83, P8, P87,
Xin, RESET, CNVss, BYTE
Low-level input current POy~PO07, P1g~P1;, P2;~P27,
P3¢~P3y, P4o~P4,, P47,
he P5¢~P5;, P6,~P6s, P7o~P7>, Vi=0v —5 ~A
P77, P8o~P83, P8, P87,
Xin, RESET, CNVss, BYTE
Vieam RAM hold voltage When clock is stopped. 2 \/
f(Xin)=8MHz,
In single-chip mode squI:re waveform 6 12 mA
lcc Power supply current output only pin is' Ta=25C when clock 1
open and other pins | is stopped.
are Vss during reset. | T,=85'C when clock 20 “A
is stopped.
A-D CONVERTER CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, f(X;y)=8MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit -
Min. Typ. Max.
—_ Resolution Vrer=Vcc 8 Bits
— Absolute accuracy Veer=Vcc =+3 LsB
Riapbper | Ladder resistance Vrer=Vcc 2 10 kQ
tconv Conversion time 28.5 MS
Vrer Reference voltage 2 Vce v
Via Analog input voltage 0 VRer \
)




MITSUBISHI MICROCOMPUTERS

M37703M2 XXXSP M37703M2AXXXSP,M37703M2BXXXSP
M37703$18P M37703SIASP M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37703M2AXXXSP
ELECTRICAL CHARACTERISTICS (Vee=5V, Vss=0V, Ta=257, f(X;y)=16MHz, unless otherwise noted)
Symbol _ Parameter h Test conditions Min. L_:_T:s Max Unit

High-level output voltage P0;~P07, P1o~P17, P2o~P2;,
P3¢, P31, P4g~P4,, P47,
lon=—10mA
Von P50~P5;, P6,~P6s, PTo~PTp, | O m 3 v

P77, P8~P8;, P8¢, P87

High-level output voltage P0o~P07, P1o~P17, P2o~P2;,

Von P30, P3, lon=—4001A 4.7 Vv
i lon=—10mA 3.1 .
Von High-level output voltage P3; lor=—4001A 4.8 v
_ _ low=—10mA 3.4
Von ﬂvgh-level ou}pu( voltage E ‘ lon——400A 2.8 v
Low-level output voltage P0y~P0;, P1o~P17, P2o~P2;,
P3, P3;, P4y~P4,, P47,
Vou PSom Py, PPl PTo<PT,, | 10 ' 2 Y
P77, P8y~P83, P8s, P87
Voo Low-level output voltage zg:':;?v P1o~P17, P2o~P2;, lou=2mA 0.45 \%
lor=10mA 1.9
VoL Low-level output voltage P3; loL=2mA ] 0.43 v
: _ lor=10mA 1.6
VoL Low-level output voltage E lov=2mA 0.4 v
Vep—Vi_ Hysteresis HOLD, RDY, TAON~TA3, TBOW, 0.4 1
INTo~INT,, ADtrg, CTSo, CLKo
Vr+—Vr— | Hysteresis RESET 0.2 0.5 Y
Vr4+—Vr— | Hysteresis Xy 0.1 0.3 \

High-level input current POy~P07, P1o~P17, P2u~P27
P3p~P3;, P4g~P4,, P4y,

[ P5o~P57, P6,~P6s, P7o~P7,, V=5V 5 uA

P77, P8~P83, P8g, P8,

Xin, RESET, CNVss, BYTE

Low-level input current POo~P07, P1o~P1;, P2,~P2;,
P3o~P3y, P4g~P4,, P4;,

e P5~P57, P6y~P6s, PTg~PT2, Vi=0v 5| wAs

P77, P8,~P8;, P8, P87,

Xin, RESET, CNVsg, BYTE

VReam RAM hold voltage When clock is stopped. 2 \
f(Xin)=16MHz,
. . (X =16MHz, 12 24 | ma
In single-chip mode . | square waveform
output only pin is =257
lce Power supply current put only p Ta=25C when clock 1

open and other pins | is stopped.

are Vss during reset. | T,=g5C when clock ” “A
is stopped.
A-D CONVERTER CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, f(Xn)=16MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
- Resolution Veer=Vcc 8 Bits
- Absolute accuracy Vrer=Vce +3 LSB
Riapper | Ladder resistance Vrer=Vce 2 10 kQ
tconv Conversion time 14.25 us
VRer Reference voltage 2 Vee \
Via Analog input voltage 0 VRer \




MITSUBISHI MICROCOMPUTERS

M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP
M37703S1SP,M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37703M2BXXXSP
ELECTRICAL CHARACTERISTICS (Vco=5V, Vss=0V, Ta=25C, f(X,x)=25MHz, unless otherwise noted)
) Limits .
Symbol Parameter Test conditions Min Tve Mox Unit
High-level output voltage P0y~P07, P1o~P17, P2g~P2;,
P3y, P3,, P4g~P4,, P4;,
lon=—10mA \"
Von P5o~P5;, P6,~P6s, P7o~P75, | m 3
P77, P8,~P83, P8, P87
High-level output volt: P0o~P0;, P1o~P17, P2y~P2;,
Vo igh-level output voltage p30 - 7, Plo~P17, P2,~P2;, lon=—4002A 4.7 \
o, P34 |
) lon=—10mA 3.1
Vohn High-level output voltage P3; l | 4000 A 48 \%
on= —4Ulu -
_ | tlox=—10maA 3.4
Vou High-level output voltage E [ | A00A ) \%
o= —4llu .
Low-level output voltage P0p~P07, P1o~P17, P2,~P2;,
P3p, P31, P4o~P4,, P47,
lo,=10mA 2 \
Vou P55~P57, P6;~P6s, PTo~P7s, oL=1om
P77, P8y~P8;, P8, P87
- | output volt: P0o~P07, P1o~P17, P2;~P2;,
Voo Low-level output voltage POy 7. 0 7 0 7 lou=2mA 0.45 \"
P3g, P34
lo,=10mA 1.9
VoL Low-level output voltage P3; o —2mA 0.43 \%
oL™ -
_ lo=10mA 1.6
VoL Low-level output voitage E ‘OL Y 0.4 \
oL=2m. .
Vet —V. Hysteresis HOLD, RDY, TAOn~TA3n, TBO, 0.4 ]
T+ V- INTg~INT,, AD1ra, CTSq, CLKq )
Vr+—Vi— | Hysteresis RESET 0.2 0.5 \%
Vr+—Vr— | Hysteresis X 0.1 0.3 \
High-level input current PO;~P07, P1o~P1;, P2o~P2;, ‘
P3~P32, P4y~P4,, P4,
™ P5g~P5;, P6,~P6s, P7o~PT75, V=5V 5 uA
P77, P8o~ P83, P8¢, P87,
Xin, RESET, CNVss, BYTE:
Low-level input current POy~P07, P1o~P17, P2p~P2,
P3¢~P33, P4o~P4,, P4,
hi P5¢~P5;, P6,~P6s, P79~P75, V=0V —5 H#A
P7;, P8~ P83, P8¢, P87,
Xn, RESET, CNVsgs, BYTE
Vram RAM hold voltage When clock is stopped. 2 \Y,
f(Xin) =25MHz,
_ , () z 19 38 | ma
In single-chip mode | square waveform
output only pin is =257
lec Power supply current put only pi - Ta 25 when clock 1
open and other pins | is stopped. N A
are Vss during reset. | 1,=857 when clock 20 “
is stopped.
A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=257C, {(X,x)=25MHz, unless otherwise noted)
) X Limits
Symbol Parameter Test conditions Wi T v Unit
in. yp. ax.
— Resolution Vrer=Vcc 8 Bits
— Absolute accuracy Vrer=Vcc +3 LSB
RiappER | Ladder resistance Verer=Vce 2 10 kQ
tconv Conversion time 9.12 s
Vgser Reference voltage 2 Vee \"
Via Analog input voltage 0 VRser \
x 'MITSUBISHI 2-73




MITSUBISHI MICROCOMPUTERS )

M37703M2 XXXSP,M37703M2AXXXSP, M37703M23XXXSP
M37703SISP,M3770381ASP,M37703SIB$P

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS (Vco=5V£10%, Vss=0V, Ta=25C, unless otherwise noted)
External clock input '

Limits
Symbol : .Parameter 8MHz 16MHz . 25MHz Unit
Min. Max. Min. Max. Min. Max.
tc External clock input cycle time 125 62 | 40 ns
tw(H) External clock input high-level pulse width 50 25 15- ns
tw(L) External clock input low-level pulse width 50 25 15 ns
tr External clock rise time 20 10 8 ns
tf External clock fall time 20 10 8 ns
Single-chip mode
Limits
Symbol Parameter ‘ 8MHz 16MHz 25MHz Unit: .
Min. | Max, Min. Max. Min. Max.
tsu(pop—e) | Port PO input setup time 200 100 60 ns
tsupip—e) | Port P1 input setup time 200 100 60 ns
tsu(pep—e) | Port P2 input setup time 200 100 60 ns
tsu(pap—e) | Port P3 input setup time 200 100 60 ns
tsu(pab—e) | Port P4 input setup time 200 100 60 ns
tsu(psp—e) | Port P5 input setup time 200 100 60 ns
tsu(pep—e) | Port P6 input setup time 200 100 60 - ns
tsu(pzo—e) | Port P7 input setup time 200 100 60 ns
tsu(pep—e) | Port Po . “ui setup time 200 100 60 ns -
th(E—pPoD) Port PO input hold time 0 0 0 ns
th(e—P1D) Port P1 input hold time 0 0 0 ns
th(e—p2p) Port P2 input hold time 0 0 0 ns
th(e—pap) Port P3 input hold time 0 0 0 ns
th(e—pap) | Port P4 input hold time 0 0 0 ns
th(e—pPsD) Port P5 input hold time 0 0 0 ns
th(e—peD) Port P6 input hold time 0 0 0 ns
th(e—p7D) Port P7 input hold time 0 0 0 ns
th(e—psD) Port P8 input hold time 0 0 0 ns
Memory expansion mode and microprocessor mode
Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
. Min. Max. . Min. Max. Min. Max.
tsu(pip—e) | Port P1input setup time 60 45 .30 ns
tsu(p2o—e) | Port P2 input setup time 60 45 30 ns
tsu(rov—¢,) | RDY input setup time 70 60 55 ns
tsu(roLo—¢)| HOLD input setup time | 70 60 55 ns
th(e—PiD) Port P1 input hold time 0 0 0 ns
th(e—p2D) Port P2 input hold time 0 0 0 ns
ths,—rov) | RDY input hold time 0 0 0 ns
th(s,—HoLp) | HOLD input hold time 0 0 0 ns




MITSUBISHI MICROCOMPUTERS

M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP
M37703S1SP,M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A il'lput (Count input in event counter mode)

Limits }
Symbol Parameter 8MHz 16MHz 25MHz Unit
| Min. Max. Min. Max. Min. Max.
to(ta) TAijy input cycle time 250 125 80 ) ns
tw(TAH) TAi input high-level pulse width 125 62 40 ns
tw(TaL) TAin input low-level puise width 125 62 40 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter : 8MHz | 16MHz 25MHz Unit
Min. | Max. | Min. | Max. | Min. | Max.
te(ta) TAi\ input cycle time 1000 500 320 ns
tw(TaH) TAi input high-level pulse width 500 250 160 ns
tw(TaL) TAin input low-level pulse width 500 250 160 ns

Timer A input (External trigger input in one-shot pulse mode)

[ Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
tera) TAii input cycle time 500 250 160 ns
tw(TAH) TAi input high-level pulse width 250 125 80 ns
tw(TAL) TAi input low-level pulse width 250 125 80 ns

Timer A input (External trigger input in pulse width modulation mode)

, Limits

Symbol Parameter 8MHz 16MHz 25MHz Unit

. Min. Max. Min. Max. Min. Max.
tw(TaH) TAin input high-level pulse width 250 125 80 ns
tw(TAL) TAij input low-level pulse width 250 125 g 80 ns

Timer A input (Up-down input in event counter mode)
) Limits #

Symbol Parameter -8MHz ‘ 16MHz 25MHz Unit

‘ Min. Max. rMinA Max. Min. Max.
te(um) TAiour input cycle time . 5000 | 2500 2000 ns
tw(upH) TAiour input high-level pulse width 2500 1250 1000 ns
tw(upL) TAiour input low-level pulse width ‘ 2500 1250 1000 ns
tsuup-Ty) TAiour input setup time 1000 500 400 ns
th(T-uP) TAiour input hold time 1000 500 | 400 ns




MITSUBISHI MICROCOMPUTERS

M37703M2 XXXSP,M37703M2AXXXSP,M37703M2BXXXSP
M37703SISP M37703S1ASP, M37703SIBSP'

SINGLE- CHIP 16-BIT CMOS MICROCOMPUTER

Timer B input (Count input in event counter mode)

Limits
Symbol Parameter 8MHz 16MHz 25MHz Unit
. . Min. Max. Min. Max. Min. Max.
tc(re) TBOy input cycle time (one edge count) ) " 250 125 ) 80 . ns
tw(reH) TBO input high-level pulse width (one edge count) 125 62 40 ns
tw(TsL) TBO\y input low-level pulse width (one edge count) . 125 62 . 40 ns
te(ta) TBOy input cycle time (both edges count) 500 250 160 ns
twiteH) TBO input high-level pulse width (both edges count) 250 125 80 . ns
tw(TBL) TBOy input low-level pulse width (both edges count) 250 125 . 80 ns
Timer B input (Pulse period measurement mode)
‘ Limits
Symbol ) Parameter 8MHz 16MHz 25MHz Unit
. Min. Max. Min. Max. Min. Max.
te(te) TBO input cycle time o 1000 500 | 320 . ns
tw(TBH) TBO input high-level pulse width . . 500 250 160 ns
tw(TeL) TBOy input low-level pulse width 500 250 160 ns
Timer B input (Pulse width measurement mode)
’ Limits, ,
Symbol Parameter . . 8MHz ) 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
tc(te) TBOy input cycle time 1000 500 320 ns
tw(TeH) TBO input high-level pulse width : 500 250 160 ns
tw(TeL) TBO,y input low-level pulse width. 500 250 | 160 ns
A-D trigger mput
v Limits
Symbol Parameter 8MHz 16MHz 25MHz * Unit
. Min. Max. Min. Max. Min. Max.
to(an) ADrrg input cycle time (minimum allowable trigger) 2000 1000 1000 ns
tw(abL) AD7rg input low-level pulse width. 250 . 125 ) 125 ns
Serial /0
X Limits
Symbol . ) Parameter ‘ " 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
tcick) CLKo input cycle time 500 250 200 ns
tw(ckH) CLKo input high-level pulse width : 250 125 100 ns
‘twickL) CLK, input low-level pulse width 250 125 100 . . ns
tdcc—a) TxDy output delay time | 150" 90 80 ns
th(c—a) TxDo hold time ) 30 30 30 ns
tsu(p—c) RxDyg input setup time : 60 30 20 ns
thic—o) RxDy input hold time ] ] 90 | 90 ) 90 ns
External interrupt INTj input
' ) Limits
Symbol . : Parameter 8MHz 16MHz 25MHz Unit
) Min. Max. Min. Max. Min. Max.
twOnH) INT] input high-level pulse width : . : 250 250 o 250 | " ns
twinw) INT; input low-level pulse width 250 250 250 ns
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MITSUBISHI MICROCOMPUTERS

M37703M2-XXXSP;M37703M2AXXXSP,M37703M23XXXSP
M37703S1SP,M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Vcc=5V£10%, Vss=0V, Ta=257, unless otherwise noted)
Single-chip mode

Limits
Symbol Parameter Test conditions 8MHz 16MHz 25MHz Unit
Min. Max. Min. Max. Min. Max.
td(e—poq) Port PO data output delay time 200 100 80 ns
td(e—p1Q) Port P1 data output delay time 200 100 80 ns
td(e—p2q) Port P2 data output delay time 200 100 80 ns
td(e—p3q) Port P3 data output delay time 200 100 80 ns
td(e—paq) Port P4 data output delay time Fig. 1 200 100 80 ns
td(e—psaq) Port P5 data output delay time 200 100 80 ns
td(e—psQ) Port P6 data output delay time 200 100 80 ns
td(e—p7Q) Port P7 data output delay time . 200 100 80 ns
td(e—rsq) Port P8 data output delay time ) 200 100 80 ns
Memory expansion mode and microprocessor mode (when wait bit = “1")
Limits
Symbol ' Parameter Test conditions 8MHz ‘ 16MHz 25MHz Unit
Min. Max. l Min. Max. Min. Max.

td(PoAa—E) Port PO address output delay time 100 ’ 30 . 12 ns
td(e—p1Q) Port P1 data output delay time (BYTE="L") 110 70 45 ns
tpxz(E—p1z) | Port P1 floating start delay time (BYTE="L") 5 5 5 ns
td(p1a—E) Port P1 address output delay time 100 B 30 12 ns
tdip1a—aLe) | Port P1 address output delay time 80 24 5 ns
td(E—P2q) Port P2 data output delay time 110 70 45 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 5 5 ns
td(p2a—E) Port P2 address output delay time 100 30 12 ns
td(p2a—aLe) | Port P2 address output delay time 80 24 5 ns
td(aLe—e) | ALE output deldy time 4 4 4 ns
tw(aLE) ALE pulse width 90 35 22 ns
td(ene—e) | BHE output delay time 100 30 20 ns
td(n,w_g) R/W output delay time Fig. 1 100 30 20 ns
tde—s ¢4 output delay time 0 30 0 20 0 18 ns
th(e—poa) Port PO address hold time 50 25 18 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 9 9 ns
th(e—piq) | Port P1 data hold time (BYTE="L") 50 25 . 18 ns
tezx(e—p1z) | Port P1 floating release delay time (BYTE="L") 50 25 ' 18 ns
th(e—P1A) Port P1 address hold time (BYTE="H") 50 25 18 . ns
th(aLe—p2a) | Port P2 address hold time 9 : 9 9 ns
th(e—p2q) Port P2 data hold time 50 25 18 ns
tpzx(E—p2z) | Port P2 floating release delay time ) 50 25 18 ns
th(e—eng) | BHE hold time ‘ 18 18 18 ns
th(e—r/w) R/W hold time 18 18 18 ns
tw(eL) E pulse width 220 - 95 50 ns




MITSUBISHI MICROCOMPUTERS

M37703M2 XXXSP, M37703M2AXXXSP M37703M2BXXXSP
M37703$1$P M3770331ASP M37703S1BSP

- o ‘ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTERV

MemOry expansion mode and microprocessor mode (when wait bit ="0", and external memory érea accessed)

Limits .
Symbol Parameter Test conditions | 8MHz 16MHz 25MHz Unit
. . } ) Min." Max: Min. Max. Min. Max.
td(Poa—E) Port PO address output delay time : 100 30 | 12 ns
td(e—r1Q) Port P1 data output delay time (BYTE="L") 110 70 45 ©ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") ' 5 5 5 ns
td(p1a—E) Port P1 address output delay time - . 100 30 12 ns
td(pia—aLe) | Port P1 address output delay time ' ' 80 : 24 - 5 : ns
td(E—P2q) Port P2 data output delay time i : 110 70 45 ns
tpxz(e—p2z) | Port P2 floating start delay time ! 5 5 : 5 ns
td(p2a—e) Port P2 address output delay time 100 . 30 12 ns
td(p2a—aLe) | Port P2 address output delay time ' 80 24 5 ns
td(aLe—E) ALE output delay time 4 4 4 ns
tw(aLE) ALE pulse width 90 35 22 ns
tdcene—e) | BHE output delay time , 100 ) 30 20 ns
td(rrw—e) | R/W output delay time . Fig. 1 100 30 20 ns
td(e—¢,) ¢4 output delay time 0 30 0 20 0 18 ns
th(e—roa) Port PO address hold time . 50 ) 25 18 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 9 9 ‘ ns
th(e_p1q) | Port P1 data hold time (BYTE="L") : 50 25 18 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 50 ) 25 18 ns
th(e—pP1A) Port P1 address hold time (BYTE=“H") 50 25 18 ns
th(aLe—p2a) | Port P2 address hold time 9 9 9 ns
th(e—pr2q) Port P2 data hold time * 50 25 18 ns -
tpzx(e—p2z) | Port P2 floating release delay time i 50 25 18 ns
th(e—sme) | BHE hold time } ) 18 18 18 1 ns
N th(e—r/w) R/W hold time . ) . 18 18 18 ns
tw(eL) E pulse width ' .| 470 220 130 ns

PO
P1
P2

100pF

P4
P5
P6
P7
P8

mi

“Fig. 1 Testing circuit for ports PO~PS8, ¢4,
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MITSUBISHI MICROCOMPUTERS

M37703M2-XXXSP,M37703M2AXXXSP,M37703M2BXXXSP
M37703S1SP,M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM tr Yoy

Single-chip mode < twn) twin
1(Xin) \

E \ 4

e td(e-poa)

Port PO output

t‘Su( POD—E)
Port PO input 3Ltme-mm

> td(e—r1q)

Port P1 output

v tsupio—g) .
Port P1 input j\ th(e—p10)

le—=| td(e—r2q)

Port P2 output

tsu(pzo—e)
Port P2 input jvh(s—mn

<= td(e—raq)

Port P3 output . ‘ X

. : tsu(pap—e)
Port P3 input ' l‘h(s«mu)

[ tde—pea)

Port P4 output

tsu(pap—e)
Port P4 input 3\ th(e—pan)

<=1 td(e-psa)

Port P5 output X

tsu(pso—e)
. Port P5 input *\ th(e—psp)

ke td(e—psq)

Port P6 output ’ . X

: tsutrep—e) ‘
Port P6 input . 1\ the—re0)

ke td(e—p7a)

Port P7 output ’ : X

' ) tsu(p70-€)
Port P7 input $ thie—pro)

<" tdie—psa)

Port P8 output

' ) . tsutpep—e: ’
Port P8 input . l thie—rso)




MITSUBISHI MICROCOMPUTERS

M37703M2-XXXSP,M37703M2AXXXSP,M37703MZBXXXSP
- M37703S1SP,M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

to(ra) |
tw(TAH)
TAin input /
, i tw(raL)
] towr)
tw(upH)
TAioyr input / \
tw(upL)

TAiour input 4
(Up-down input) :

In Event counter mode

TAiy input

(When count by falling) Athr—up)| tsutup—T)

TAin input . \ %
(When count by rising) \.__—/
Tere)
tw(ren)
TBO)y input / \
) tw(TsL)
= |
tc(ap)
tw(aoL)
<D
ADrpgg input W P
teick)

|
) tw(ckH)
CLK,q \L ‘
tw(ckL) ]
' o thic—a)
TxDg X
N

tdc—a) ‘

| tsuto—c) thic-o)

RxDy . ) /|-

, twinw)
INT;j input
twank)
) |

L

L,

R Amrrsuatsm
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37703M2- XXXSP M37703M2AXXXSP,M37703M2BXXXSP
M37703SISP M37703S1ASP,M37703S1BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “1")

N\ /L
N e N
o \ /

tsurov—¢1)  th(s,—rov)

mi

(When wait bit = “0”)

A AW WA WA WA WA
: —\ ‘ /r -------------------------

RDY input /

tsutrov—¢4)  thig;—rov)

(When wait bit = “1” or “0” in common)

AWVt

th(s—HoLD)

tsu(HoLp—s ;)

HOLD input \

. Test conditions
* Vee=5V+10%
* Input fiming voltage : Vy.=1.0V, Viy=4.0V

MITSUBISHI ' o g
ELECTRIC




MITSUBISHI MICROCOMPUTERS

M37703M2 XXXSP, M37703M2AXXXSP M37703M2BXXXSP
M37703$1$P M37703$1ASP M37703S1BSP

SINGLE-CHIP 16-BIT CMOS'MICROCOM"PUTER

Memory expansion mode and microprocessor mode (When wait bit="1")

Port PO output
(Ag~A7)

Port P1 output
(Ag~A;5/Dg~D;s)
(BYTE="L")

Port P1 output
(Ag~As)
(BYTE="H")

Port P1 input

tr te
e, ™ tde- a‘) )
twi(eL)
tq( ‘——"
th(e—poa) dpoa-e)
X Address \ Address X
. 1h(ALz—P|A>~s—)| ) th(e—p1a) texz(e—p1z)
) Address Data ’ Address | W = — = — — —
td(P1a—aLe) <1 td(e—p1)
tdipia—g)
th(e—p1a)
s
K Address L Address
- tsucp1o—e) ﬂthm P1D)
th(aLe—p2a) |4 the—r2q)

texz(e—p2z) tezx(e=~p2z)
_____ — Address

Port P2 output . ) Address M - Data Address
¢ -
(A1g~A2/Do~D;7) T renencer | F—1 tdirzae) Su(P20~E) "
- td(e—p20) (E— P2D)
Port P2 input
twiaLe)
e tdiae—e)
Port P3; output \ / ‘
(ALE)
td(sHE—E) ‘_I th(e—sne)
Port P3, output ) X X
(BHE)
td(r/w—Eg) ‘__l the—rw)
Port P3; output /{
(R/W)
Test conditions
*Vee=5V*10%
+ Output timing voltage : Vo, =0. 8V, Vou=2.0V
< Ports P1,P2input  : V. =0.8V, Vy=2.5V
* Port P4, input Vi =10V, Viu;=4.0V.
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MITSUBISHI MICROCOMPUTERS

M37703M2- XXXSP M37703M2AXXXSP,M37703M2BXXXSP
M37703SISP,M37703SIASP,M37703SIBSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode (When wait bit = “0", and external memory area is accessed)

tc
‘ (WAWAWAWAE AVAWAWAWAY
td(e—ep— q )
= i twier) (ET 9 :
; 7\ [
th(e—poa) k3 ' k—>{td(roa—£)
foﬂ PO )output X Address ><‘ Address X .
Ag~A;
thiace—r1a) [ the—p1a) [ texz(e—p1z) tezx(e—pP12)
Port P1 output T
(Ag~A15/Dg~Dss) x Addres Data Addre 9 Address
(BYTE="L") .
k=1 td(e—p1a)
td (P1A—ALE)
: the—p1a) K= td(p1a—€)
Port P1 output
(Ag~As5) X Address Address
(BYTE="H") .
tsu(mn—E)I thie—p1D)
Port P1 input P \
thiaLe—p2a) <>y th(e—p20) ' texz(e—p2z) K—>{tezx(e—p22)
Port P2 output —\ ) re—
(Asg~Az3/Do~D5) x Addres: X Data Addr V4 . ¢ Address
- SU(P2D—E)
taip2a—aLe) 6%1 td(p2a—e) th(e—r20)
td(e—p2a)
Port P2 input
twiaLe)
N6
L—td(Al.E—E)
Port P3; output
(ALE)
td(eHe-E)
th(e—lere)
Port P3, output 4 ( — X
(BHE) \ /
td(rw—e)
the—{rw)
Port P3, output
(R/W)
Test conditions
* Vee=5V*+10%
« Output timing voltage : Vo, =0. 8V, Vo, =2. 0V
+ Ports P1, P2 input LV, =0.8V; V\y=2.5V
* Port P4, input LV =1.0V, Vig=4.0v
MITSUBISE " 2—83
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M37703M4 XXXSP M37703M4AXXXSP, M37703M4BXXXSP
M37703S4SP M37703S4ASP,M37703S4BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

DESCRIPTION

‘The M37703M4-XXXSP-is a single-chip microcomputer de-
signed with high-performance CMOS silicon gate technolo-
gy. This is housed in a 64-pin shrink plastic molded.DIP.
This single-chip micro‘computef has a large 16M bytes
address space, three instruction queue buffers, and two
data buffers for high-speed instruction execution. The CPU
is a 16-bit parallel processor that can also be switched to
perform 8-bit- parallel processing. This microcomputer is
suitable for office, business and industrial equipment con-
troller that require high-speed processing of large data.
The differences between M37703M4-XXXSP, M37703M4A
XXXSP, M37703M4BXXXSP, M37703S4SP, M37703S4ASP
and M37703S4BSP are the ROM size and the external
clock input frequency as shown below. Therefore, the fol-
lowing descriptions will be for the M37703M4-XXXSP un-
less otherwise noted.

Type name ROM size External clock input frequency
M37703M4-XXXSP 32K bytes 8 MHz
M37703M4AXXXSP 32K bytes 16MHz
M37703M4BXXXSP 32K bytes 25MHz
M37703S4SP . External 8 MHz
M37703S4ASP External 16MHz
M37703S4BSP External 25MHz

The M37703M4-XXXSP has the same functions as the
M37703M2-XXXSP except for the memory size.

FEATURES
® Number of basic instructions:«-=+--+erererreereriecenee 103
® Memory size  ROM -wooeeeereensiossneiens 32K bytes

RAM - ereeeees T PSPPI 2048 bytes
® Instruction execution time ‘
M37703M4-XXXSP, M37703S4SP :
(The fastest instruction at 8 MHz frequency) -+ 500ns
M37703M4AXXXSP, M37703S4ASP
(The fastest instruction at 16 MHz frequency)----- 250ns
M37703M4BXXXSP, M37703S4BSP
(The fastest instruction at 25 MHz frequency)---- 160ns

PIN CONFIGURATION (TOP VIEW)

AVee } Vec
VRer — > P8y/CTSy/RTS,
AVss <+ P8,/CLK,

P77/AN;/AD7re + [4]
P7,/AN; < [5]
P7,/AN, + [€]
P70/ANg +*

P65/TBO,\ «+ [&]

[61] «> P8,/RxD,
'[60] +> P8,/ TxD,
+* P8¢/RxD,
<« P8,/TxD,
+ POo/Ao

P6,/INT, +>|9] [56] + PO, /A,
P63/INT, +[1g] + POy/A,

P6,/INT, >
P5;/TA3)y +
P5¢/TA3our +
P55/TA2)y >
P54/TA20u1
P53/TA1 )y +
P5,/TA1oyr <
P5,/TAO +* [18]
P5o/TAOouT + [19]
P4,/DBC* « [

+ P0y/Ag

> PO,/A,

> P0s/As

« POs/Ag

[50] +» PO,/A;

149] <> P1,/Ag/Dg

- [48] +> P1,/Aq/Dg
> P1,/A10/D1o
[46] +> P15/A,,/Dy4
[45] <> P1,/A2/Dy,
[44] <> P15/A,3/D15
+» Plg/A14/Dyy
> P17/A;5/Dys
[41] +> P2y/A,6/Dg

dSXXXGYWEOLLEW
dSXXXVYIEOLLEW
dSXXX-PINSOLLEN

dsavse0sZen
10

dSV¥SE0LLEW

dSYSE0L.EN

CNVsgg [40] «+ P2,/A,,/D,
RESET — > P2,/A/D,

Xy = > P23/A19/Ds

Xout + > P2,/Az0/Dy
E« 36] +> P25/A,1/Ds

Vss [30) > P24/A,/Dg
P3,/ALE +» [34] > P2,/A,3/D;
P3,/BHE « + P3,/R/W

Outline 64P4B

*: Used in the evaluation chip mode only

APPLICATION

Control devices for office equipment such as copiers, prin-
ters, typewriters, facsimiles, word processors; and pérsonal
computers

Control devices for industrial equipment such as ME NC,
communication, and measuring instruments

THE FUNCTIONS AND CHARACTERISTICS
The M37703M4-XXXSP has the same functions and charac-
teristics as the M37703M2-XXXSP except for the ROM and
RAM size. Refer to the section on the M37703M2-XXXSP.

DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders. )

(1) M37703M4-XXXSP mask ROM order confirmation form
(2) 64P4B mark specification form '
(3) ROM data (EPROM 3 sets)

[ Single power supply ......... svi1o%
® Low power dissipation (at 8 MHz frequency)
RIS PP e e 30mW (Typ.)
® Interrupts 19 types 7 levels
® Multiple function 16-bit timer «+«-+eereererrresiriennn: 5+3
® UART (may also be synchrorious) ............................. 2
® 8-bit A-D converter «+--ooeererreeenerenieees 4-channel inputs
® 12-bit watchdog timer
® Programmable input/output
(ports PO, P1, P2, P3, P4, P5, P8, P7,/P8) --+:-eeeeeeeee 53
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MITSUBISHI MICROCOMPUTERS

M37703M4-XXXSP,M37703M4AXXXSP,M37703M4BXXXSP

M37703S4SP,M37703S4ASP,M37703S4BSP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

0d Hod
SQEO\_:QE

1d uod

nding/indul

2d vod £d Wod vd wod Sd uod

mnding/indu)  ndino/indup  INdInG/anduj indino/ndu)

9d wod /d wod 8d wod
59:0\5%_ IndinoAnduy indino/anduy

5

Data Bus(Even)
Data Bus(0Odd)

Address Bus

[ U 00U Oy

U U CQC

[(8)9uenvog a-v] [ (e)o tuvn . | [(g)ogLsewns | [ (gDovi sewnr |

[ ®viavn ] [enrarewn ] [(oniviseur || SoWasroz soMa Mze
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MITSUBISHI MICROCOMPUTERS

M37720$1FP M37720$1AFP

16-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M37720S1FP and M37720S1AFP are 16-bit micro- '

computers designed with high-performance CMOS silicon
gate technology. These are housed in a 100-pin plastic
- molded QFP. :

These microcomputers have a large 16M bytes address
space, three instruction queue buffers, and two data buffers
for high-speed instruction execution. They also incorporate
a 4-channel DMA controller and a DRAM controller which
has a refresh function. The CPU is a 16-bit parallel proces-
sor that can also be switched to perform 8-bit parallel pro-
cessing. These microcomputers are suitable for office,
business, and industrial equipment controller that require
high-speed processing of large data.-

The differences between M37720S1FP and M37720S1AFP
is the external clock input frequency as shown below.
Therefore, the following descriptions will be for the
M37720S1FP unless otherwise noted. ‘

Type ROM size External clock input frequency
M37720S1FP External '’ 8 MHz .
M37720S1AFP External 16MHz
FEATURES .

Number Of bas'c InStrUCtlonS .................................. 103
o Memory size RAM - reeerremeeentoeeciecens 512 bytes
ROM ................................... EXterna'
® Instruction execution time i
M37720S1FP

(The fastest instruction at 8MHz frequency)

- M37720S1AFP
(The fastest instruction at 16MHz frequency) _

® S'mgle power supply ..................................... 5vi10%
* @ Low power dissipation (at 8MHz frequency) s
D PN 45mW(Typ)
lnterrupts L 23 types, 7 Ievelé
. Multiple funqtion 16-bit timer -++-vooeerseeeres 543
UART (may also be Synchronous).r««+w«tteseereeeeeees 2
8-bit A-D converter «=«-orereerrieeeeeees 8-channel inputs
DMA controller -==-++-+ e Ferrieenerisiteiaa, 4-channel
DRAM controller o
4_bn real_time output ....................... e 2 _channel
Watchdog timer :
Programmable input/output )
(ports P4, P5, P8, P7, P8, P9, P10) +-wsrrreeeneeeiesse 53
APPLICATION

Copiers, printers, typewriters, facsimile_é, optical disk units,
hard disk drives, telecommunications equipment such as
mobile radio and ISDN terminal units, and office automation
(OA) equipment including personal computers.

PIN CONFIGURATION (TOP VVIEW)

o ..

E ek

[a] o o

< ~ ~
orsoywoN GESSaE S
$34333:2 53538
RRRRARR AR S
TaoacoonQOAD>C>C>000QQ0D
IREREEER] I EEEEER
[ifeofosferfos]os]ed] [o0] DEIEAE

8] +> P8;/TxD,

PB:/RTP1 > [T]
PBg/RTP1, <> [ +> PYo/DMAACKO

PB4/RTP1, +> [2] <+ P9,/DMAACKI
PBa/RTPO; <> 5] > P9/DMAREQ
PB,/RTPO, <> [¢] [75] +» PY,/DMAACK?
P64/RTPO; +> > P9;/DMAREQ?
P6o/RTPO, +* [E] <+ P9g/DMAACK3
P5,/TB1y <> [2] <« P9,/DMAREQ3
P56/TBO <+ [iT] — Ag/MAg
P55/ TAdyy +> [IT] - — A/MA
P54/Thdour +* S e — Ay/MA,
P53/ TA3 +> | — Ag/MA;
P5,/TASouT + [ N o N — Ay/MA,
P5,/TA2) ++ [15] o X0 g — As/MA;
PEyThlour +> @ @ — Ag/MAg
P10,/MAg ++ > = — A/MA;
P10g/MAg +> [2] % T > Ag/Dy
P10s/RAS +> > Ag/Dy
P104/CAS > 9] +» Ayo/Dyo
P105/TC +» ] i 6 > A1/Dyq
P10,/INT, +> 59 +> A12/Ds,
P10,/INT, +> 3] I8 +> A1/D1g
P10g/INT, +> ++ A14/Dy4
P4,/DBC* +> 5] 58 +> A¢s/Dys
PAg/VPA* +» 26 158 +> Ayo/Dyo
P4s/VDA® +> 7] ° 1 +> Ay7/D;
P4,/QCL* <> 28] > Ag/Dy
Pg/MX* <> 9] +> Ayg/D3

4~ [51] > Apo/Dy .
42]]43] J4]a0]50]
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FUNCTIONS OF M37720S1FP

16-BIT CMOS MICROCOMPUTER

Parameter Functions
Number of basic instructions 103
X . M37720S1FP 500ns (the fastest instructions, at 8MHz frequency)
Instruction execution time - -
. M37720S1AFP 250ns (the fastest instructions, at 16MHz frequency)
. RAM 512 bytes
Memory size
ROM | External
Input/Outout bork P5~P10 8 -bitX 6
nput/Output ports
P putp P4 5-bitX 1
TAO, TA1, TA2, TA3, TA4 16-bitX 5
Multi-function timers -
TBO, TB1, TB2 16-bitX 3
Serial I/0 (UART or clock synchronous serial 1/0) X2
A-D converter 8 -bitX 1 (8 channels)
Watchdog timer 12-bitX 1
DMA controll 4 channels
controller Maximum transfer rate : 8M bytes/second
“CAS before RAS refresh” system
DRAM controller .
8 -bit refresh timer incorporated
Real-time output 4 bitX2 channels
nt " 3 external types, 20 internal types
nterrupts (Each interrupt can be set the priority levelsto 0~ 7.)
. Built-in (externally connected to a ceramic resonator or quartz crystal
Clock generating circuit K
resonator)
Supply voltage 5v+10%
Power dissipation 45mW(at external 8 MHz frequency)
o Input/Output voltage 5v
Input/Output characteristic
Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —20~85C

Device structure

CMOS high-performance silicon gate process

Package

100-pin plastic molded QFP

MITSUBISHI
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16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (1)

Pin Name Input/Output Functions

Vee, Vss Power supply Supply 5V=+10% to Ve and 0V to Vgs.

CNVss CNVss input Input Connect to Vgg or Vce.

RESET Reset input Input To enter the reset state, this pin must be kept at a “L" condition should be maintained for the required
time.

RESETout Reset output Output This pin outputs the response of reset input. When input to RESET pin is “L", this pin outputs “L". And out-
put from this pin returns “H” after the release of reset. When the software reset bit is set to “1”, this pin out-
puts “L".

Xin Clock input Input This is an input'pin for internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-
tween Xy and Xoyr. When an external clock is used, the clock source should be connected to the Xy pin
and the Xouyt pin should be left open.

Xout Clock output Output | This is an output pin for internal clock generating circuit. When a resonator is used, the resonator should be
connected between this pin and the Xy pin.

E Enable output Output Data or instruction read and data write are performed when output from this pin is “L".

BYTE Bus width selection input Input This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when
“L” signal inputs and 8 bits when “H” signal inputs.

ST0, ST1 Status signal output Output | The bus use status output is generated in 2-bit code. ST1 STO

Refresh 0 0
Hold 0 1
DMA 1 0
CPU 1 1

AVce, Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVss to Vg externally.

AVgs

VRer Reference voltage input Input This is reference voltage input pin for the A-D converter.

R/W, BHE, Memory control signal Output These pins are for R/W, BHE, ALE, and BLE output pins.

ALE, BLE output

¢ Clock ¢1 output Output This is the ¢1 output pin which is divided the clock to Xy pin by 2.

HOLD HOLD input Input This is an input pin for the HOLD request signal.

RDY RDY input Input This is an input pin for the RDY signal. '

Ag/MA~ Address Output These are output pins for the 8 low-order bits of addresses. When the DRAM is to be accessed, the row

A7/MA; low-order/ and column addresses are generated by means of time division multiplexing.

DRAM address
Ag/Dg~ Address 1/0 In cases where an external data bus width of 16 bits is used with the BYTE pin set to the “L” (Low) level,
A15/D1s medium-order/ the high-order data (D45~ Dg) input/output is effected at the “L” E output level, and the address output
data high-order (A1s~Ag) is generated at the “H” (High) E output level. In cases where an external data bus width of 8 bits
is used with the BYTE pin set to the “H” level, only the address (Ajs~Ag) output is generated.

A16/Do~ Address high-order/ 1/0 When the E output is “L", the low-order data (D7~ Do) input/output is effected. When the E output is “H",

A/D7 data low-order the address output (Ax3~Ass) is generated.

P4;~P4; 170 port P4 1/0 Port P4 is an 5-bit 1/0 port. As it has an 1/0 directional register, it is possible to perform programming to
determine whether each bit serves as an input pin or an output pin.

P50~P5; 1/O port P5 1/0 Port P5 is an 8-bit I/0 port. It has basically the same functions as port P4. In addition, these pins also func-

tion as I/0 pins for timer A2, timer A3 and timer A4, and input pins for timer BO and timer B1.

KR
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'16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

()

Pin Name Input/Output Functions
P6;~P6; 170 port P6 170 Port P6 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, pins P8, through P63
- ‘I and pins P8, through P6; are capablé of functioning as a 4-bit real-time output, respectively.

P7o~P7; 1/0 port P7 1/0 Port P7 is an 8-bit I/O port. It has basically the same functions as port P4. In addition, these pins also func-
tion as input pins for analog inputs AN, through AN;. Pin P77 also has an A-D conversion trigger input func-
tion. )

P8o~P8; 1/0 port P8 V6] Port P8 is an 8-bit I/0 port. It has basically the same functions as port P4. In addition, these pins also func-
tion as RxD, TxD, CLK, and CTS/RTS pins for UARTO and UART1.

P9y~P9; 1/0O port P9 170 Port P9 is an 8-bit I/0 port. It has basically the same functions as port P4. In addition, these pins also func-
tion as input pins for DMA request, and output pins for DMA acknowledge signal.

P10p~P10;7 | 1/0 port P10 170 Port P10 is an 8-bit I/0 port. it has basically the same functions as port P4. In addition,

. these pins also function as input pins for INTo/INT1/INT2, and /O pin for TC, and out-
put pins for RAS, CAS, MAg and MAo.
2—90 MITSUBISHI
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16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37720S1FP contains the following devices on a chip:
RAM for storing instructions and data, CPU for processing,
bus interface unit (which controls instruction prefetch and
data read/write between CPU and memory), timers, UART,
A-D converter, and other peripheral devices such as |/0O
ports. ROM is not incorporated. Each of these devices are
described below.

MEMORY

The memory map is shown in Figure 1. The address space
is 16M bytes from addresses 0¢ to FFFFFF.. The address
space is divided into 64K bytes units called banks. The
banks are numbered from 046 to FFe.

Built-in RAM, and control registers for built-in peripheral
devices are assigned to bank 0.

Addresses FFCE¢ to FFFF,¢ are the RESET and interrupt
vector addresses and store the interrupt vectors. Be sure to
set up external ROM for the interrupt vector table. Refer to
the section on interrupts for details.

The 512 bytes area from addresses 80:¢ to 27F,¢ contains
the built-in RAM. In addition to storing data, the RAM is
used as stack during a subroutine call, or interrupts.
Assigned to addresses 06 to 7F4s are peripheral devices
such as I/0 ports, A-D converter, UART, timer, and inter-
rupt control registers. Registers necessary for DMA control
are assigned to addresses 1FCO0,¢ through 1FFFq.

A 256 bytes direct page area can be allocated anywhere in
bank 046 using the direct page register DPR. In direct page
addressing mode, the memory in the direct page area can
be accessed with two words thus reducing program steps.

([ 000000, T T 70000005
00007F 6
T N 00008046

I l N
] » N
] ]
1 ]
00FFFFyd H
01000046~ i

Bank 046 ¢

Bank 146¢

S R
S 'S JRR

FE0000+¢

Bank FEq6 §

sesssssTT
[ —

FEFFFFyql

——————————— \
FF00001¢ \

1
)
Bank FFe < :
)
]

bemmeeeae

FFFFFF IOl m o e e e

1 Builtin

CZZ2Z2IZI1 Not builtin

e
=]
=3
S
N

N
o
o

/

~ Peripheral devices

N control registers
~N
Internal RAM ~. . [Refer Fig.2]

512 bytes ~

Interrupt vector table
DMA controller
related register /
[Refer Fig.47]

/ L A-Dconversion |
/ TUART1 transmission }

/ L_UART1 receive )
/ 1 UARTO transmission !
/ UARTO receive

/ L Timer B2 ]

/ 1 Timer B1
|| Timer BO Il
/ ] Timer A4 ]
Timer A3 !

/ Timer A2
/ ! Timer A1 \

—merAl
Timer AQ |
/ ] !

INT
1

ffom -

~

/ —
/ 1 INT,
/ ] INT,
/ ™ Watchdog timer :
DBC )
1 BRK Instruction !

1 Zero divide )
| I i __ OOFFFEw y __ RESET ___J

-k

Fig.1 Memory map
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Address (Hexadecimal notation) Address (Hexadecimal notation)
000000 : 000040 | Count start flag
000001 . 000041
000002 ] i 000042 .| One shot start flag
000003 000043
000004 , 000044 | Up-down flag
000005 000045
000006 000046 .
000007 000047 . Timer AQ
000008 000048 )
000009 000049 | Timer Al

“ 00000A | Port P4 00004A .
000008 | Port P5 00004p | Timer A2
00000C | Port P4 data direction register 00004C Timer A3
00000D | Port P5 data direction register 00004D
00000E.| Port P6 00004E )
00000F [ Port P7 00oo4F | TimerAd
000010 { Port P6 data direction register 000050 Timer BO
000011 Port P7 data direction register 000051
000012 | Port P8 000052 .
000013 | Port P9 000053 Timer B1
000014 | Port P8 data direction register * 000054 .
000015 | Port P9 data direction register 000055 Timer B2 -
000016 | Port P10 000056 | Timer AO mode register
000017 000057 [ Timer AT mode register
000018 | Port P10 data direction register 000058 Timer A2 mode register
000019 000059 | Timer A3 mode register
00001A | Pulse output data register 0 00005A | Timer A4 mode register
00001B 000058 | Timer BO mode register
00001C | Pulse output data register 1 00005C | Timer B1 mode register
00001D 00005D |- Timer B2 mode register
00001E | A-D control register 00005E Processor mode register
00001F | A-D sweep pin selection register 00005F
000020 | A-D register 0 000060 | Watchdog timer
000021 000061 Watchdog timer frequency selection flag
000022 | A-D register 1 000062 | Real-time output control register
000023 * 000063
000024 | A-D register 2 ’ 000064 | DRAM control register
000025 000065
000026 | A-D register 3 000066 | Refresh timer
000027 - 000067
000028 | A-D register 4 000068 DMAC control register L
000029 000069 | DMAC control register H
00002A | A-D register 5 00006A
00002B 00006B
00002C | _A-D register 6 00006C | DMAO interrupt control register
00002D ' 00006D | DMAT1 interrupt control register
00002E | A-D register 7 00006E | DMAR interrupt control register

" 00002F 00006F | DMAZ interrupt control register
000030 | UARTO transmit/receive mode register 000070 A-D conversion interrupt control register
000031 UARTO bit rate register 000071 UARTO transmission interrupt control register
000032 | \;ARTO transmission buffer re gister 000072 | UARTO receivg inter(upt control register‘
000033 ' 000073 UART1 transmission interrupt control register
000034 | UARTO transmit/receive control register 0 000074 | UART1 receive interrupt control register
000035 | UARTO transmit/receive control register 1 000075 | Timer AQ interrupt control register
000036 . . 000076 Timer A1 interrupt control register
000037 UARTO receive buffer register 000077 | Timer A2 interrupt control register
000038 | UART1 transmit/receive mode register 000078 Timer A3 interrupt control register
000039 UART1 bit rate register 000079 Timer A4 interrupt control register
000 . . 00007A | Timer BO interrupt control register
ooo(o)?;g UART transmission buffer register 00007B | Timer B1 interrupt control register
00003C | UART1 transmit/receive control register 0 ) 00007C | Timer B2 interrupt control register
00003D [ UART1 transmit/receive control register 1 00007D | |INTo interrupt control register
00003E | YART1 receive buffer register. 00007E | INT 1 interrupt control register
00003F . 00007F INT 2 interrupt control register

Fig.2 Location of peripheral devices and interrupt control registers
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CENTRAL PROCESSING UNIT (CPU)
The CPU has ten registers and is shown in Figure 3. Each
of these registers is described below.

ACCUMULATOR A (A)

Accumulator A is the main register of the microcomputer. It
consists of 16 bits and the lower 8 bits can be used separ-
ately. The data length flag m determines whether the regis-
ter is used as 16-bit register or as 8-bit register. It is used
as a 16-bit register when flag m is “0” and as an 8-bit reg-
ister when flag m is “1”. Flag m is a part of the processor
status register (PS) which is described later.

Data operations such as calculations, data transfer, input/
output, etc., is executed mainly through the accumulator.

ACCUMULATOR B (B)

Accumulator B has the same functions as accumulator A,
but the use of accumulator B requires more instruction
bytes and execution cycles than accumulator A.

INDEX REGISTER X (X)

Index register X consists of 16 bits and the lower 8 bits can
be used separately. The index register length flag x deter-
mines whether the register is used as 16-bit register or as
8-bit register. It is used as a 16-bit register when flag x is
“0” and as an 8-bit register when flag x is “1”. Flag x is a
part of the processor status register (PS) which is de-
scribed later. :

In index addressing mode, register X is used as the index
register and the contents of this address is added to obtain
the real address.

Also, when executing a block transfer instruction MVP or
MVN, the contents of index register X indicates the low-
order 16 bits of the source data address. The third byte of
the MVP and MVN is the high-order 8 bits of the source
data address.

INDEX REGISTER Y (Y)

Index register Y consists of 16 bits and the lower 8 bits can
be used separately. The index register length flag x deter-
mines whether the register is used as 16-bit register or as
8-bit register. It is used as a 16-bit register when flag x is
“0” and as an 8-bit register when flag x is “1”. Flag x is a
part of the processor status register (PS) which is de-
scribed later.

In index addressing mode, register Y is used as the index
register and the contents of this address is added to obtain
the real address.

Also, when executing a block transfer instruction MVP or
MVN, the content of index register Y indicates the low-
order 16 bits of the destination address. The second byte of
the MVP and MVN is the high-order 8 bits of the destina-
tion data address.

15 7 0
I An | A ] Accumulator A
15 7 ) 0
[ By | B ] Accumulator B
15 7 0
r Xu ] Xu J Index register X
15 7
| Yu | Yo | index register Y
15
7 0 ‘ S Stack pointer S
Program bank register PG E 401
7 0 | PC | Program counter PC
. 15 0
Data bank register OT ] DPR J Direct page register DPR
15 7 0
[oToToTolomdrfrd N[V [m[x|D[1[Z[C] Processor status register PS

Carry flag
Zero flag

L Interrupt disable flag
Decimal mode flag
index register length flag
Data length flag
Overflow flag
Negative flag

Processor interrupt priority level IPL

Fig.3 Register structure
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STACK POINTER (S)

Stack pointer (S) is a 16-bit register. It is used durmg a

subroutine call or interrupts.-It is also used during stack,

stack pointer relative, or stack pointer relative indirect in-
dexed Y addressing mode.

For stack area selection, use bit 7 stack bank selectlon bit
of the processor mode register (address 5E.¢). When the
bit is set to “0”, the stack area is set to bank 046. When the
bit is “1”, the stack area.is set to bank: FF. This bit de-
faults to 0 upon resetting.

PROGRAM COUNTER (PC)

Program counter (PC) is a 16-bit counter that indicates the
low-order 16 bits of the next program memory address to
be executed. There is a bus interface unit between the
program memory and the CPU, so that the program mem-
ory is accessed through bus interface unit. That is de-
scribed later,

PROGRAM BANK REGISTER (PG)

Program bank register (PG) .is an 8-bit register that indi-
cates the high-order 8 bits of the next program memory
address to be executed. When a- carry occurs by in-
crementing the contents of the program counter, the con-
tents of the program bank register (PG) is incremented by
1. Also, when a carry or borrow occurs after adding or sub-
tracting the offset value to or from the contents of the prog-
ram counter (PC) using branch instruction, the contents of
the program bank register (PG) is incremented or de-
cremented by 1 so that programs can be written without
worrying about bank boundaries.

DATA BANK REGISTER (DT)

Data bank register (DT) is an 8-bit register. With some
addressing modes, a part of the data bank register (DT) is
used to specify a memory address. '

The contents of data bank register (DT) is used as the
high-order 8 bits of a 24-bit address. Addressing modes
that use the data bank register (DT) are ‘direct indirect,
direct indexed X indirect, direct indirect indexed Y,
absoulute, absolute bit, absolute indexed X, absolute inde-
xed Y, absolute bit relative, and stack pointer relative in-
direct indexed Y.

DIRECT PAGE REGISTER (DPR)

Direct page register (DPR) is a 16-bit register. Its contents
is used as the base address of a 256byte direct page area.
The direct page area is allocated in bank 04, but when the
contents of DPR is FFO1, or greater, the direct page area
spans across bank 046 and bank 146. All direct addressing
modes use the contents of the direct page register (DPR)
to generate the data address. If the low-order 8 bits of the
direct page register (DPR) is “004¢”, the number of cycles
required to generate the address is minimized. Therefore,

nomally the low-order ‘8 bits. of the direct page régister
(DPR) is set to “004¢".

PROCESSOR STATUS REGISTER (PS)
Processor status register (PS) is an 11-bit register. It con-
sists of a flag to indicate the result of operation and CPU
interrupt levels.

Branch operations can be performed by testing the flags,
C,Z,V,and N.

The details of each processor status register bit are de-
scribed below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the ALU after an arithmetic operation. This flag is also .
affected by shift and rotate instructions. This flag can be set
and reset directly with the SEC and CLC instructions or
with the SEP and. CLP instructions.

2. Zero flag (2)

This zero flag is set if the result of an arithmetic operation
or data transfer is zero and reset if it is not. This flag can
be set and reset directly with the SEP-and CLP instructions.

3. Interrupt disable flag (l)

When the interrupt disable flag is set to “1”, all interrupts
except watchdog timer, DBC, and software interrupt are
disabled. This flag is set to “1” automatically when inter-
rupts are serviced. It can be set and reset directly with the
SEl and CLI instructions or SEP and CLP instructions.

4. Decimal mode flag (D)

The decimal mode flag determines whether addition and
subtraction are performed as binary or decimal.

Binary arithmetic is performed when this flag is “0”. If it is
“1”, decimal arithmetic is performed with each word treated
as two or four digit decimal. Arithmetic operation is per-
formed using four digits when the data length flag m is “0”
and with two digits when it is “1”. (Decimal operation is
possible only with the ADC and SBC instructions.) This flag
can be set and reset with the SEP and CLP instructions.
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5. Index register length flag (X)

The index register length flag determines whether index
register X and index register Y are used as 16-bit registers
or as 8-bit registers. The registers are used as 16-bit regis-
ters when flag x is “0” and as 8-bit registers when it is “1”.
This flag can be set and reset with the SEP and CLP in-
structions.

6. Data length flag (m)

The data length flag determines whether the data length is
16-bit or 8-bit. The data length is 16-bit when flag m is “0”
and 8-bit when it is “1”. This flag can be set and reset with
the SEM and CLM instructions or with the SEP and CLP in-
structions.

7. Overflow flag (V)

The overflow flag has meaning when addition or subtraction
is performed as signed binary number. When the data
length flag m is “0”, the overflow flag is set when the result
of addition or subtraction is outside the range between
—32768 and +32767. When the data length flag m is “1”,
the overflow flag is set when the result of addition or sub-
traction is outside the range between —128 and +127. It is
reset in all other cases. The overflow flag can also be set
and reset directly with the SEP, and CLV or CLP instruc-
tions.

8. Negative flag (N)

The negative flag is set when the result of arithmetic op-
eration or data transfer is negative (If data length flag m is
“0”, when data bit 15 is “1”. If data length flag m is “1”,
when data bit 7 is “1”.) It is reset in all other cases. It can
also be set and reset with the SEP and CLP instructions.

9. Processor interrupt priority level (IPL)

The processor interrupt priority level (IPL) consists of 3
bits and determines the priority of processor interrupts from
level 0 to level 7. Interrupt is enabled when the interrupt
priority (set using the interrupt control register) of the de-
vice requesting interrupt is higher than the processor inter-
rupt priority. When interrupt is enabled, the current proces-
sor interrupt priority level is saved in a stack and the pro-
cessor interrupt priority level is replaced by the interrupt
priority level of the device requesting the interrupt. Refer to
the section on interrupts for more details.

BUS INTERFACE UNIT

The CPU operates on an internal clock frequency which is
obtained by dividing the external clock frequency f(X\y) by
two. This frequency is twice the bus cycle frequency. In
order to speed-up processing, a bus interface unit is used
to pre-fetch instructions when the data bus is idle. The bus
interface unit synchronizes the CPU and the bus access
timing and pre-feches instructions. Figure 4 shows the rela-
tionship between the CPU and the bus interface unit. The
bus interface unit has a program address register, a 3-byte
instruction queue buffer, a data address register, and a 2-
byte data buffer.

The bus interface unit obtains an instruction code from
memory and stores it in the instruction queue buffer,
obtains data from memory and stores it in the data buffer,
or writes the data from the data buffer to the memory.

] D'15s~D’s : : D15s~Ds C
< D';~D’, D;~Dy
A'zs~Ap ~ Az~Ao
Bus BHE
CcPU interface BLE
unit R/W
E
Control signal
ALE
1
BYTE
HOLD

Fig.4 = Relationship between the CPU and the bus interface unit
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MITSUBISHI MICROCOMPUTERS

‘M37720S1FP,M37720S1AFP

16-BIT CMOS MICROCOMPUTER

The bus intérface unit operates using one of the waveforms
(1) to (6) shown in Figure 5. The standard waveforms are (1)
and (2).

‘The ALE signal is used to latch only the address signal Internal clmkm

from the multiplexed signal containing data and address. .

The E signal becomes “L” when the bus interface unit An/DL

reads an instruction code or data from memory or when it E L_J

writes data to memory. Whether to perform read or write is )

controlled by the R/W signal. Read is performed when the ALE m

R/W. signal is “H” state and write is performed when it is ' fe—>

“L” state. . .

Waveform (1) in Figure 5 is used to access a single byte or An/De (A XD XX )

two bytes simultaneously. To read or write two bytes simul- 21 E _—_L_I'_I_J_
taneously, the first address accessed must be even. Furth-

ermore, when accessing an external memory area, set the ALE 1 'L
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