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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.
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MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

HMEACH PRODUCT FIELDS OF APPLICATION

@ 7700 series

General purpose type

(" Office Automation, Personal

Computer peripheral
AN P perip

" HDD, PPC, CD-ROM
4

M37702/03 Group

10-bit ADG/8-bit DAC & RTP~~ . " PPG, HDD
N

dual clock

RTP, low voltage ROM-less o o —os
e

> M37710 Group®
cordless telephone
cellular phone

communication

|

M37734 Group**

cordless telephone
cellular phone
M37732 Group

RTP, ROM-less m ETW, CD » M37730 Group
Built in DMAC, DRAMC, RTP —d
N Personal Computer int
ROM-less fm—\ printer » M37720 Gruop
Timer

air conditioner

enhancement wod/s

RTP, UART with FIFO

Three-phase waveform mode enhancement

(@hite good3)

= M37704/05 Group

air conditioner

M37712 Group™* *

camera —» M37708 Group
* % I Under planning
% : New product
%% : Under development
HSELECT MAP
o ~§. o ch
.28 5 5| |2 o
2 Z|EE|Timer|o | % |3 | | E =
ERAERS Slg|e|5|2 3
Classification Features © ZlES s 2| 2|alzZ Group Main application =
x 8|28 181 8|o| 5| name =
o o|E Q2 o | ©| © 3 ©
o = |£E x %)) ol < > o P
= £ O X . L o ]
o |5 (16 bit) <|a £ §
(MHz)| (ns) |(number) <
_ Copy machine, HDD, electronic musical
General 16 | 250 4 53 |64 | M37703 instrument, data terminal, printing en-
16K~60K ROM 543 | 2 gine for page printer, automobile, port-
Purpose able telephone, personal information
25 | 160 8 | — | 68|80 M37702 | s chines and tools Vol. 1
| Three-phase  wave-| 16 | 250 2 68 | 80 | M37704 |inverter air conditioner, general pur-
?:Agrt.?rrou Drive form output 543 — 8 | — pose inverter, sewing machine for the
Phase detect function 25 160 53 | 64 | M37705 | manufacturing, washing machine
General  Purpose e it A copy machine, HDD, data terminal, bar-
with Enhanced Ana- (?cl:melptelo bit A-D| 55 160 | 5+3 | 2 | 8 | 2 | 68|80 |M37710|code reader, electronic musical instru-
fog I/0 Function ment, printing engine for page printer v
ol. 2
DRAM Con- Built-in  24-bit DMA serial printer, facsimile, image scanner,
troller Built-in Controler (4ch) and| 16 250 | 5+3 | 2 | 8 | — [ 53|100| M37720 | high speed modem, network controller,
DRAM Controler OoDD
16 | 250 HDD, ODD, electronic typewriter, personal information
General Pur- 5+1 | 1 | — | — | 25|64 | M37730 | machines and tools, mobile communication machine and
pose of Ex-|Low price version| 25 160 mobile phone, communication terminal tools
ternal ROM|for basic peripher- Vol. 1
with Pulse|al function 16 250 mobile phone, copy machine, printer,
Output Port 5+3 | 2| 8 | — | 37|80 | M37732 |electronic typewriter, facsimile, person-
25 160 al information machines and tools
Vol. 1 1 1994 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 16-BIT MICROCOMPUTERS> Vol.1
Vol. 2 : 1994 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 16-BIT MICROCOMPUTERS) Vol.2
ITSUBISH
" ME s | 1-3




MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

BGENERAL PURPOSE (1)

Memory capacity Power supply| Operating
Memory type (Byte) Type No. Pakage voltage temE:;agture Page
ROM RAM : (V) (c)
M3TT02M2A X X XFP
o o1z M37702M2B X X XFP 80P6N-A 4.5~5.5 20~385
M37702M2L X X X GP 80P6S-A 2 7~5.5 — 40~85
M3T702M2L X X X HP 80P6D-A i :
24K 1024 M3T702M3B X X XFP
1024 | M37702MDB X X XFP ] ogs
M3TT02M4A X X XFP 30PGN-A 4.5~5.5
Mask ROM 32K M3T7702M4B X X XFP
2048 M3TT02M4E X X XFP —40~85
M3T7702M4L X X XFP 2 Tro. 5 — 40~85
M37702M4L X X X GP 80P6S-A ) :
| 48K 2048 M37702M6BB X X XFP 4.5~5.5 —20~85
! M37702M6L X X XFP 80P6N-A 2.7~5.5 —40~85
60K 2048 M37702M8B X X XFP *x X 4.5~5.5 —20~85
M37702M8L X X X HP * % | 80P6D-A 2.7~5.5 —40~85
M3TT02E2A X X XFP
ok - M3TT02E2B X X XFP 80P6N-A 4.5~5.5 —20~85
M3T7T02E2L X X X GP 80P6S-A 2.7~5.5 —40~85
M3T7702E2L X X X HP 80P6D-A : '
M3TT02E4A X X XFP —20~85 Note
0 . M3TT02E4B X X XFP B0PGN-A 4.5~5.5
P';eot;/lme 32K 2048 | M3TT02E4E x X X FP —40~85
M3TT02E4L X X XFP
2.7~5. —40~
M3T7702E4L X X X GP 80P6S-A 1~5.5 40~85
. X X X ~ — 20~
48K 2048 M37702E6B FP 4.5~5.5 20~85
M3TT02E6L X X XFP 80P6N-A 2.7~5.5 —40~85
X X X * .5~5. —20~
60K 2048 M37702E8B FP 4.5~5.5 0~85
M3T702E8L X X X HP * | 80P6D-A 2.7~5.5 —40~85
1 16K H 512 M37702E2AFS
EPROM M37702E2BFS
M3TT02E4AFS
\ i ith ;32K 2048 80D0 4.5~5.5 —20~85
ersion - with - M37702E4BFS P
window ;
I 48K 2048 M37702E6BFS
60K 2048 M37702E8BFS *
M37702S1AFP
80P6N-A 4.5~5.5 —20~85
512 M37702S1BFP
External ROM - M37702S1LGP 80P6S-A 2.7~5.5 —40~85
M37702S4AFP
20 80P6N-A 4.5~5.5 —20~85
48 M37702S4BFP 6N

MEPROM versions with window are used for evaluation only. They must not be used for mass-production.
* : New product % : Under development
Note. Refer to “1994 MITSUBISHI SEMICONDUCTORS DATA BOOK<{SINGLE - CHIP 16-BIT MICROCOMPUTERS)Vol.1".

4 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

BGENERAL PURPOSE (2)
Memory capacity Power supply| Operating
Memory type (Byte) Type No. Package voltage temE:;z;ture Page
ROM RAM (V) °c)
16K 517 | MSTT03M2A X X X SP
M3T703M2B X X X SP
24K 1024 | M37703M3B X X X SP
Mask ROM 1026 T M3T703M DB X X xS 64P4B 4.5~5.5 20~85
32K sos | MSTTOSM4A X X XSP
M37703M4B X X X SP
16K 51y | MBTTOSE2AX X XSP
one & M3TT03E2B X X X SP ~omss Note
P;eo ':Ame M3TT03E4A X X X SP 64P4B 4.5~5.5
32K 2048 | M3T703E4B X X XSP
M3TT03E4E X X X SP —40~85
51z | MTT03STIASP
External M37703S1BSP
- 4.5~5. - 20~
ROM soas | MTTOSSUASP 64P4B 5~5.5 20~85
M3770354BSP
HEMOTOR DRIVE CONTROL
Memory capacity Power supply| Operating
Memory type (Byte) Type No. Package voltage temg:;gture Page
ROM RAM : (V) °c)
X X — 20~
K|S Mt X XFP ot
Mask R ] 5,
ask ROM 24K 1024 | M3TT04M3B X X X FP BOPEN-A 4558 ot
32K 1024 | M37T04M4B X X XFP
A M3TT04E2A X X X FP 4.5~55 —20~85
g';%‘,\'ﬂme 16K 12 N aTT04E2E X X X FP 80P6N-A 4.75~5.5 —40~85
32K 1024 | M3TT04E4B X X X FP 4.5~5.5 —20~85
EPROM Version | 16K 512 | M3TT04E2AFS
with window 32K 1024 M3TT04E4BFS 80Do 4.5~5.5 20~85
M3TT04S1AFP ~20~85
External ROM - 512 - 4.5~5,
xternal RO M3TT04SIEFP BOPGN-A S T s Not.
oK sz | M3TT0SM2AX X XSP 455 —20~85 €
Mask ROM M3TT05M2E X X X SP 64paB ST —40~85
24K 1024 | M37705M3B X X X SP 4555 2085
32K 1024 | M37705M4B X X X SP s
A M3TT05E2A X X X SP 4.5~55 —20~85
S;eot’:/lme 16K 12 \137705E2E X X X SP 64P4B 4.75~5.5 —40~35
32K 1024 | M3TT05E4B X X X SP 4.5~5.5 —20~85
EPROM Version | g 512 | M3TT05E2ASS 64S1B-E 4.5~5.5 —20~85
with window
M3770551ASP —20~85
External ROM - 512 M3TT05S1ESP 64P4B 4.5~5.5 2085

EPROM versions with window are used for evaluation only. They must not be used for mass-production.
%% : Under development

* : New product
Refer to “1994 MITSUBISHI SEMICONDUCTORS DATA BOOK<CSINGLE-CHIP 16-BIT MICROCOMPUTERS)VOL 1.

Note.
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MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

BMGENERAL PURPOSE WITH ENHANCED ANALOG /O FUNCTION

Memory capacity Power supply Operating
Memory type (Byte) Type No, Package voltage tem;r)ae;aéture Page
ROM RAM V) cy
32K 1024 M377T10M4B X X XFP * 4.5~5.5 —20~85 2-5
80P6N-A
Mask ROM 60K 2048 M37T10M8B X X XFP * k 2 755 4085 2-73
M3TTIOM8L X X XHP * % | 80P6D-A ) i 2-93
32K 1024 M3TT10E4B X X XFP 4.5~5.5 —20~85 3-5
i 80P6N-
g;eo"\'ﬁme ook sors | MBTTIOEBB X X X FP * X A 2155 Cwomgs |38
M3TT10E8L X X X HP * % | 80P6D-A i ) 3-59
EPROM Version 32K 1024 M37T10E4BFS 3-5
. X .5~5.5 —20~85
with window 60K 2048 M3TT10E8BFS * X 80Do 4.5~5 3-33
External ROM - 2048 M3TT10S4BFP * | 80P6N-A 4.5~5.5 —20~85 2-115
MEPROM versions with window are used for evaluation only. They must not be used for mass-production.
HDMA CONTROLLER BUILT-IN
Memory capacity Power supply| Operating
Memory type (Byte) Type No. Package voltage temf:;gture Page
’ ROM RAM (V)
External ROM - 512 M37720S1AFP 100P6S-A 4.5~5.5 —20~85 2-185
HMGENERAL PURPOSE OF EXTERNAL ROM
Memory capacity Power supply| Operating
Memory type (Byte) Type No. Package voltage temf:;:;ture Page
ROM RAM V) (c)
M37730S2AFP 64P6N-A
M37730S2BFP 64P6N-A
- . 5~5, —20~
External ROM 1024 M37730S2ASP 6iP4B 4.5~5.5 0~85 Note
M37730S2BSP 64P4B
BGENERAL PURPOSE OF EXTERNAL ROM WITH PULSE OUTPUT PORT
Memory capacity Power supply| Operating
Memory type (Byte) Type No. Pakage voltage tem;::’:agture Page
ROM RAM V) °c)
M
STTS2S4AFP 80P6N-A 4,5~55 —20~85
M37732S4BFP
External ROM - 2048 Note
M37732S4L GP 80P6S-A 2 755 —40~85
M37732S4L HP 80P6D-A ) )

% : New product % : Under development
Note. Refer to “1994 MITSUBISHI SEMICONDUCTORS DATA BOOK{SINGLE-CHIP 16-BIT MICROCOMPUTERS>Vol. 1"




MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT TOOLS

HMELPS 7700 Development Support Tools (1)

Group Type Name ROM Type  |Assembler|C Compiler] Simulator Debugger [ICE Debugger| Emulator | Emulation Pod ROM-write Adapter
M37702  {M37702M2AXXXFP  |Mask ROM -
MB7702M2BXXXFP(%1)
M37702M2LXXXGP (%2)
M37702M2LXXXHP (%2)
M37702M3BXXXHP (¥1)
M37702MDBXXXFP (¥ 1)
M37702MAAXXXFP
M37702M4BXXXFP(%1)
M37702MAEXXXFP
M37702M4LXXXFP(%2)
M37702MALXXXGP (%2)
M37702MEBXXXFP(%1)
M37702MELXXXFP(%2)
M37702MBBXXXFP(%1)
M37702MBLXXXHP (%2)
M37702E2AXXXFP  {One Time PROM PCA4774G02
M37702E2BXXXFP (% 1)
M37702E2LXXXGP (%2) PCA4775
M37702E2LXXXHP (%2) PCA4773
M37702E4AXXXFP PCA4774G02
M37702E4BXXXFP (% 1)
M37702E4EXXXFP
M37702E4LXXXFP(%2)
MB7702E4LXXXGP (k2) : PCA4775
M37702E6BXXXFP (% 1) M37702T-HPD | PCA4774G02
M37702E6LXXXFP(%2) RASM77 or
M37702E8BXXXFP (% 1) or %3 *3 %3 %3 M37702TB-HPD
MB7702E8LXXXHP (%2) %3 or PCA4775
M37702E2AFS EPROM with | M37702TL-HPD | PCA4708G02
M37702E2BFS(¥1)  |Window [
M37702E4AFS
M37702E4BFS( 1)
M37702E6BF S 1)
M37702E8BF S 1)
M37702S1AFP Extemal ROM -
M37702S1BFP(1)
M37702S1LGP(x2)
M37702S4AFP
M37702S4BFP(3i 1)
M37703  |M37703M2AXXXSP  |Mask ROM . —
MB37703M2BXXXSP (% 1)
MB7703M3BXXXSP(%1)
M37703MDBXXXSP(%1)
M37703M4AXXXSP
M37703M4BXXXFP (% 1)
M37703E2AXXXSP  |One Time PROM PCA4709
M37703E2BXXXSP(%1)
M37703E4AXXXSP
MB7703E4BXXXSP (k1)
M37703E4EXXXSP
M37703S1ASP External ROM -
M37703S1BSP(%1)
M37703S4ASP
M37703S4BSP 1)

%1.This MCU operates with a maximum clock frequency of 25 MHz. When using it at 25 MHz, the emulator system must be
configured by a combination of the emulator and the M377XXTB-HPD or M377XXTL-HPD.

%2.This MCU is designed to operate with a low voltage (2.7 to 3.3 V). When operating it with a low voltage, the emulator system
must be configured by a combination of the emulator and the M377XXTL-HPD.

%3.These tools are provided by the third parties . The third-party tools are sold and technical supported by each third party. Also
note that Mitsubishi tools only are presented in this table. For particulars please apply to the local distributor.

Amrrsualsm 1—7
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT TOOLS

EMELPS 7700 Development Support Tools (2)

Group

Type Name

ROM Type

Assembler

IC Complier]

Simulator Debugger

ICE Debugger

Emulator

Emulation Pod

ROM-write Adapter

M37704

M37704M2AXXXFP
M37704M2EXXXFP
M37704M3BXXXFP(¥1)
M37704M4ABXXXFP

Mask ROM

M37704E2AXXXFP
M37704E2EXXXFP
M37704E4BXXXFP(%1)

One Time PROM

M37704E2AFS
M37704E4BFS(%1)

EPROM with
Window

M37704S1AFP
M37704S1EFP

External ROM

M37705M2AXXXSP
M37705M2EXXXSP

Mask ROM

M37705E2AXXXSP
M37705E2EXXXFP

One Time PROM

M37705E2ASS

EPROM with Window

M37705S1ASP
M37705S1ESP

External ROM

RASM77

M37710

M37710M4BXXXFP(%1)
M37710MBBXXXFP(%1)
M37710MBLXXXHP(%2)

Mask ROM

*3

M37710E4BXXXFP(%1)
M37710EBBXXXFP(%1)

M37710EBLXXXHP (%2)

One Time PROM

M37710E4BFS(x1)
M37710E8BFS(%1)

EPROM with
Window

M37710S4BFP(3#1)

External ROM

M37720

M37720S1AFP

External ROM

M37730

M37730S2AFP
M37730S2ASP
MB37730S2BFP(x 1)
M37730S2BSP(#1)

External ROM

M37732S4AFP

M37732S4BFP(%1)
M37732S4LGP(%x2)
M37732S4LHP(#2)

External ROM

*3

#*3

#*3

*3

M37704T-HPD
or
M37704TB-HPD

PCA4774G02

PCA4708G02

PCA4709

M37710TL-HPD

PCA4774G02

PCA4708G02

M37720T-HPD

M37730T-HPD
or
M37730TB-HPD

M37732T-HPD
or
M37732TB-HPD

or
M37732TL-HPD

3%1.This MCU operates with a maximum clock frequency of 25 MHz. When using it at 25 MHz, the emulator system must be
configured by a combination of the emulator and the M377XXTB-HPD or M377XXTL-HPD.

3%2.This MCU is designed to operate with a low voltage (2.7 to 3.3 V). When operating it with a low voltage, the emulator system
must be configured by a combination of the emulator and the M377XXTL-HPD.

%3.These tools are provided by the third parties . The third-party tools are sold and technical supported by each third party. Also
note that Mitsubishi tools only are presented in this table. For particulars please apply to the local distributor.
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MITSUBISHI MICROCOMPUTERS

DOCUMENTS

DOCUMENTS

The documents tables of the 7700 series are described bel-
low.

Ask for these documents to the contact addresses on the end
of this book.

BUSER’S MANUAL (Date : 16 Oct., 1993)

Document name No.
M37702 Group USER'S MANUAL H-EA004-A
M37703 Group

M37710 Group USER'S MANUAL TBD

M37720 Group USER'S MANUAL Ask the contact ad-
(Preliminary) dresses , directly.
M37732 Group  USER'S MANUAL H-EB134-A
M37730 Group

IMSOFTWARE MANUAL (Date : 16 Oct., 1993)
Document name ] No.
MELPS 7700 SOFTWARE MANUAL lH-Eo112-A

B APPLICATION NOTES (Date : 16 Oct., 1993)

Document name | No.
M37704M2-XXXFP MOTOR DRIVE " H-BA002-A
CONTROL APPLICATIONS ;»

* 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 77 02 E 4 - 001 FP

1T

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  IPLCC, or SOJ package

FP : Molded plastic flat package

s/

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.

Example : 64

P 4B
—E’T”

Number of pins

Package structure

— K ! Glass-sealed ceramic
P ! Molded plastic

L. 8§ ! Metal-sealed ceramic

Package outline

[ 0 IPLCC, SOJ 4 :DIP
1 :DIP 6 :QFP
'~ 2 !SOP

L— Secondary outline code

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

10 }‘MITSLBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

64P4B Plastic 64pin 750mil SDIP
EIAJ Package Code JEDEC Code Weight(g) |
SDIP064-P-0750 — 7.9 ]
Scale : 1.5/1
0 ‘)
TATATATATATATATANATANARATATRTANANATATATATARATATATATANANARARANE] |
]
O o |-
EIVAVAVANIVIVIVIVAVAVAVIVIVIVIVAVAVINININAVAVANIVIVIEIVAVAL VY|
o ) <
Symbol Dimension in Millimeters
Y Min Nom Max
b A = = 5.08
Al 0.38 - =
11 o~ A2 - 3.8 _
< il < b 0.4 05 0.6
—————————————————— O A A A O A A A A A A A b1 0.9 1.0 1.3
- U L z be 0.65 0.75 1.05
c 0.2 0.25 0.32
J_L@ b b ba D | 562 | 564 | 566
E 1685 | 17.0 17.15
[e] - 1.778 -
SEATING PLANE i = TG =
L 2.8 - =
6 0° - 15°
64P6N—A Plastic 64pin 14X 1 4mm body QFP
EIAJ Package Code JEDEC Code Weight(g)
* QF P064-P-1414 = 111 Mo
Seale : 25/1 Ho g }; 1
=3 | =
D = =
HE - w
sk
AAAAAAAAAAAARAAAR ‘?Li,:,i ! L
@ o 1 @ = R | —
= O OE P O
= = Recommended Mount Pad
] -}
g g Symbol Dimension in Millimeters
(== o wl| ¥ Y Min Nom Max
o Fo A - - 3.05
b = Al 0 0.1 0.2
s O == b | 03 0.35 | 045
== @ c 0.13 0.15 0.2
B L — N O BT T e
@ @ <——>] L1 El — 08 _
- Ho | 165 16.8 17.1
He | 165 168 17.1
L 0.4 0.6 0.8
£ N L1 — 1.4 —
2: ol | © vy | = - 01
- ] 0 - 10°
b2 — 0.5 —
b3 L Io 1.3 — -
Detail F Mp - 14.6 -
— ME - 146 =
MITSUBISHI 1—11
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

64S1B—E

Metal seal 64pin 750mil DIP

EIAJ Package Code | JEDEC Code Weight(g)
WDIP064-C-0750 —

Scale : 1.5/1
D
® _0*_
- i
W
|~
@ @
Symbol Dimension in Millimeters
Y Min Nom Max
A — - 5.35
Al 1.0 — —
A2 - - 3.8
b 0.38 0.46 0.54
< b1 0.8 0.9 1.0
c 0.17 0.25 0.33
N D — — 58.5
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LETTER SYMBOLS FOR THE 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 especially for single-chip micro-
computers, microprocessors and LSIs for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (IEC).
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 |EC 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:-

ta(BCc-DCIF
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.

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.

[N)

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 comention 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 likely to arise. For example
to:

ta(B-D)
or  Tam)
or taA(D) — often used for hold times
or tar — no brackets are used in this case
or ta

or tgc—pE — 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

x MITSUBISHI -
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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-

. . Refresh RF
conductor memories are as follows: .
Read/Write RW
Term Subscript Chip select S
Cycle time c Write (write enable) w
. ) . 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/MWrite) 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 t (For Transition of Signal)

Pulse duration (width) ‘ w The following symbols are used to represent the level or
state of asignal :

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

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

may be omitted to give an abbreviated symbol for sub-
scripts C and E as indicated below.

. E . case.
4. SUBSCRIPTS B AND D All subscripts C and E should be in upper-case

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

i : Subscript
(For Signal Name or Terminal Name) )
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 \Y
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 \Y
. Note Since subscripts C and E may be abbreviated, and since subscripts B and D
Data mpUt/OUtDUt : EQ may contain an indeterminate number of letters, it is necessary to put the
Chip enable )

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

=16 AMITSUBISHI
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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 F 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

MITSUBISHI 1—17
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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

Cue) Input capacitance of clock input

f Frequency

feo) 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

Iga(Av) Average supply current from Vgg

lcc Supply current from Veo

|CC(AV) Avarage supply current from Ve

lec(Po) Power-down supply current from Ve

lop Supply current from Vpp

lop(av) Average supply current from Vpp

lca Supply current from Vgg

laa(av) Average supply current from Vgg

I Input current

I High-level input current—the value of the input current when Vo is applied to the input considered

e Low-level input current—the value of the input current when Vg 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 Vg is applied to the output considered

loz Off-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

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

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

los Short-circuit output current

Iss Supply current from Vsg

Pa Power dissipation

New Number of erase/write cycles

Nga Number of read access unrefreshed

R, Input resistance

Re External load resistance

Rore Off-state output resistance

Ron On-state output resistance

ta Access time—the time interval the application of a specified input pulse during a read cycle and the availability of valid data signal at an output

taca) tacap) Address access i the time interval the ication of an address input pulse and the availability of valid data signals at an output

taccas) Column address strobe access time

tae) tacce) Chip enable access time

tace) taioe) Output enable access time

tacer) Data access time after program

tairas) Row address strobe access time

tacs) taics) Chip select access time

tc Cycle time

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

tere teirer) 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

tcra tc(ra) Page-mode cycle time

tcrRmw tcirmw) 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 toiwr) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle
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New symbol | Former symbol Parameter—definition
td 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

td(cas-ras)
td(cas-w)
td(ras-cas)
td(ras-w)
tdis(r-0)
tdis(s)
tdistw
toHL

toLn
tenca-a)
ten(r-a)
ten(s-a)

t

th

thea)
thea-e)
th(a-pr)
thicas-ca)
th(cas-p)
thcas-a)
thicas-ras)
thicas-w)
tho)
th(o—rr)
thie)
thie-p)
the-a)
ther)
th(ras-ca)
th(ras-cas)
th(ras-0)
thiras-w)
this)
thiw)
thiw-cas)
thiw-p)
thiw-ras)
tenL

teen

tr

trecw)
trec(ep)

tsu

tsuca)
tsu(a-g)
tsuca-w)

tsu(ca-ras)

td(cas wr)

td(ras-wr)
tdis(r-0a)
texz(cs)

texz(wr)

tezv(a-0Q)
tezv(r-0Q)

tezx(cs pa)

thap)
theao-ce)

th(ap-pro)

th(cas-oa)

thcas-our)

th(cas-wr)
thioa)
th(oa-prO)
thece)
thice-oa)
thice-oe)

th(ro)

thiras-pa)
th(ras-wr)
thics)
thiwr)
thiwr-cas)
thiwr-pa)

thiwr-ras)

ta(pD)

tsucap)
tsucan-ce)

tsucap-wr)

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 | the time interval between specified reference points on the input and on the output pulses when the output is

Low-level to high-level delay time | 9oing 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-leve! 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 maintained 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

z MITSUBISHI 1-19
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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
tsuo-w) tsu(oa-wr) Write setup time before data-in
tsuce) tsuce) Chip enable setup time
tsue-p) tsu(ce-p) Precharge setup time before chip enable
tsuca-g) tsu(oe-ce) Chip enable setup time before output enable
tsu(p-g) tsu(p-ce) Chip enable setup time before precharge
tsueo) Power-down setup time
tsucr) 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
tsucs) tsuccs) Chip select setup time
tsuis-w) tsu(cs-wr) Write setup time before chip select
tsuw) tsuwr) Write setup time
trae 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
tvia) tdv(ap) Data valid time after address
tvie) tdvice) Data valid time after chip enable
tvie)er tv(ce)pr Data valid time after chip enable in program mode
tviae) tvioe) Data valid time after output enable
tv(pr) Data valid time after program
tv(s) tvics) Data valid time after chip select
tw Pulse 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
tw(en) tw(cen) Chip enable high pulse width
tw(er) twieL) Chip enable low pulse width
tw(pr) Program pulse width
tw(r) tw(rD) Read pulse width
twis) tw(cs) Chip select pulse width
twiw) twiwr) Write pulse width
twig) Clock pulse width
Ta Ambient temperature
Topr Operating temperature
Tstg Storage temperature
Ves Vgg supply voitage
Vee Vcc supply voltage
Vop Vpp supply voltage
Vea Vgg supply voltage
V, Input voltage
Vin High-level input voltage—the value of the permitted high-state voltage at the input
ViL 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
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output
Vss Vss supply voltage
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MITSUBISHI MICROCOMPUTERS

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.

(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-
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.

(4) Functional evaluation for bread-board device to confirm Table 1 TYPICAL RELIABILITY TEST PROGRAM
electrical performance FOR PLASTIC ENCAPSULATED IC & LSI
(5) Reliability evaluation for TEG (Test Element Group) Group Test Test condition
chip to detect basic failure mode and investigate fai- 1 Solderability 2307, 5sec. Rosin flux
lure mechanism. Soldering heat 260°C, 10sec.
(6) Reliability test (In-house qualification) for new product 2 Thermal shock 55, 125C, 150ycles
to confirm quality and reliability target. 5 Temp?’f‘“‘"e cycling —65%C, 1?00' 100cycles
(7) Decision of pre-production from the standpoint of per- ;iZ:k atigue 12233:;,, gg ,SZarcs
formance, reliability, production flow/conditions, pro- 206 1’00;;:02:2
duction capability, delivery etc. 4 Vibration X, Y, Z direction
4min./cycle, 4cycles/direction
2.2 Quality Assurance in Manufacturlng Constant acceleration 20000G, Y direction, Tmin.
Quality assurance in manufacturing is performed as follows. 5 Operation life Ta=125C, Vccmax
(1) Environment control such as temperature, humidity and 1000hours
dust as well as deionized water and utility gases. 6 ;ﬁg;:"l‘if:'at“'e Ta=150C, 1000hours
(2) Maintenance and calibration control for automatized High temperature and
manufacturing equ.ipm.ents, automatic testing equip- 7 high humidity 85°C, 85%, 1000hours
ments, and measuring instruments. Pressure cooker 121°C, 100%, 100hours
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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 |
{

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
r-r—-———~>——>—"—"——7 ~—7 - 77— 1
| I
I VISUAL INSPECTION |
| * |
ELECTRICAL
| CHARACTERISTICS TEST |
| ¥ |
CLASSIFICATION OF |
I FAILURE MODES |
I
| ACCEPTANCE |3 ]
f
| g '
w
| g !
¢ |
|
INTERNAL VISUAL
| SIMULATION TEST INSPECTION |
| — | ! I
| ELECTRICAL CHIP ANALYSIS |
I ICHARACTERISTICS TEST| I
| REJECTION l
| ACCEPTANGE o 2
CEFTANCE e _—
., CONFIRMATIONOF |
L __ FAILURECAUSE |
(—@SHGAHON OF CAUSQ‘:’QROSCUSSVSE;&FORD )
REPORT
GENERATION[=]
PRELIMINARY
CORRECTIVE ACTION
CONFIRMATION
OF QUALITY NO GO
REPORT TO
CUSTOMER
FIXED CORRECTIVE ACTION

PREVENTIVE MEASURES

Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL
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3 RELIABILITY TEST RESULTS
The reliability test results for Mitsubishi Single-chip 16-bit

Microcomputers are shown in Table 2.

Table 2 shows the result of endurance tests of high temper-

ature operating life and high temperature storage test and
the results of the environment tests of thermal stress, high

temperature/high humidity and pressure cooker test for the

Table 2 ENVIRONMENTAL TEST RESULTS

single-chip 16-bit Microcomputer.

1—24
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Test Series Type Number Test Condition Number of| Device Hours Number of
Samples | (Hours) | Failures
| M37702M4B X X X FP 38 38000 0
; M377T03M2A X X XSP 38 38000 0
‘ MELPS 7700 M37720S1AFP 38 38000 0
High-temperature | M37730S2AFP 125G, 1V 38 38000 0
operating life X M3T7732S4L.GP ! 38 38000 0
‘ M3TT02E4B X X XFP_ 38 38000 0
‘ Built-in PROM version | M377T04E2A X X XFP 38 38000 0
g M3TTI0E4B X X XFP 32 32000 0
1‘ M37702M4B X X X FP 22 22000 0
M3T703M2A X X X SP 22 22000 0
f MELPS 7700 M37720S1AFP 22 22000 0
High-temperature ‘ M37730S2AFP o 22 22000 0
storage % M37732S4L GP 150°C 22 22000 0
. M3T7T02E4B X X XFP 22 22000 0
‘ Built-in PROM version | M377T04E2A X X XFP 22 22000 0
: M3TTI0E4B X X XFP 32 32000 0
M3T702M4B X X X FP 22 22000 0
| M37703M2A X X X SP 22 22000 0
| MELPS 7700 M3T720S1 AFP 32 22000 0
High-temperature, i M3TT30S2AFP o 22 22000 0
higgf-humipdity with biasé M37732S4L GP 85%C, 85%RH, 5.5V 22 22000 0
M3TT02E4B X X XFP 22 22000 0
' Built-in PROM version | M3TT04E2A X X XFP 22 22000 0
| M3TT10E4B X X X FP = 22 22000 0
Low-temperature ;ﬂELPS 7700 M3TT02M4B X X XFP | < 22 22000 0
operating life - Built-in PROM version | M37702E4B X X X FP | 55T, 5.5V 22 22000 0
Test Series Type Number Test Condition 96Hours l240Hours 500Hours
M37T02M4B X X XFP 0/22 0/22 0/22
M37703M2A X X XSP 0/22 0/22 0/22
MELPS 7700 M37720S1AFP 0/22 0/22 0/22
M3T730S2AFP 0/22 0/22 0/22
Pressure Cooker M3773294L GP 121°C, 100%R H 0722 o022 0/22
M3TT10E4B X X XFP 0/22 0/22 0/22
Built-in PROM version | M3TT04E2A X X XFP 0/22 0/22 0/22
M3TT10E4B X X X FP 0/22 0/22 0/22
MITSUBISHI
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Test ; Series Type Number Test Condition CyI(?Ies C\}g?es ng?es

! M37702M4B X X X FP 0/22 0/22 0/22

M37703M2A X X X SP 0/22 0/22 0/22

MELPS 7700 M37720S1AFP 0/22 0/22 0/22

M37730S2AF P 0/22 0/22 0/22

Temperature Cycling M3773254L GP 5T ~150C 0/22 0/22 0/22

M3TT02E4B X X X FP 0/22 0/22 0/22

Built-in PROM version | M37T04E2A X X XFP 0/22 0/22 0/22

M37710E4B X X FP 0/22 0/22 0/22

. Package
Test Test Condition 64P4B | 84P0 | 8OPGN | 80P6 | 80P6S | 80P6D [100P6D] 128P6
Soldering Heat 260°C  10sec 0/22 | 0/38 | 0/66 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22
Thermal Shock —55°C/125°C  15cycle 0/22 | 0/38 | 0/66 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22
Solderebility 230°C 5sec  Using a rosin-type Flux 0/22 | 0/22 | 0/66 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22
Free Fall 75cm  onto a maple wood board  3times 0/22 | 0/22 0/44 0/22 | 0/22 0/22 0/22 0/22
Shock 1500G  0.5msec X, Y,and Z directions | 0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22
Vibration 206 X, Y, and Z directions  dtimes 100 | o »5 | 095 | /22 | o722 | 0/22 | 0/22 | 0/22 | o/22
~2000Hz 4minutes/Cycle
Constant Acceleration | 2000G  Ydirection 1minute 0/22 0/22 0/22 0/22 0/22 0/22 0/22 0/22
Lead Integrity 2509(125g) 90° Berding 2times, ¥50g,90° | 0/15 | (0/15) | (0/15) | (0/15) | (0/15) | *0/15 | *0/15 | (0/15)
500g(250g) Tension 30sec, *100g, 30sec 0/15 | (0/15) | (0/15) | (0/15) | (0/15) | *6/15 | *0/15 | (0/15)
MITSUBISHI 1—25
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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

Fig.7 Enlarged micrograph of corroded
Aluminum bonding pad

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 CI distribution on corroded Aluminum
bonding pad

1—26 MITSUBISHI
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(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.

50k m

Fig.9 Micrograph of surge
voltage destruction

Fig.10 Aluminum trace of
destructive spot

(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.

Voids and hillocks formation
by Aluminum electromigration

Fig.11

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.

AL
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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. |t 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 of operating conditions
provide adequate safety margins. Operating within these

recommended ranges
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.

2. 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-

. Current

ing personnel should be grounded. Work tables should
be covered with copper or aluminum plates of good
conductivity, and grounded. One method of grounding
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/LSIs, as described
above. Items such as testers, curve-tracers and synchro-
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/LSI 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 electro-

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—28
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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M37710 Group

M37710 GROUP

The M37710 group is a general purpose microcomputer and
a higher group in rank than the M37702 group. This group has
enhanced peripheral functions of the M37702 group. Espe-
cially, the following were added:

©®10-bit A-D converter
@8-bit D-A converter
®Pulse output port

The M37710 group suits to needs of industrial and public wel-
fare equipments in recent years and can realize a high-level
control.

FEATURES

@Choice of low supply voltage ; 2.7V—5.5V, wide operating
temperature range (“L” version)

@®Choice of large internal memory
PROM .t 60K bytes
RAM L. 2048 bytes

@®Available one time PROM version and windowed EPROM
version

®Peripheral functions
SO PO et e
einterrupt .....cocoeeieiiniiiis .
*Multiple function 16-bit timer
«Serial I/O (clock synchronous / asynchronous) ............... 2
*10-bit A-D converter ..........cccoeeueeineennne 8-channel inputs
*8-bit D-A converter .........cocceeciiiieiiiine e 2
+12-bit watchdog timer
*Pulse output port ........cccccovevvviiiinne 4 bits X 2 channels

APPLICATION

Control devices such as Copier, HDD, Data terminal, Print
engine for page printer, Cellular radio telephone, Cordless
telephone, Radio communication, Personal information
equipment, Electronic music instrument

M37710 group expansion

ROM | Group name| Memory size |Frequency-Temp| Package
type | +Memory | (Byte) * Supply Vol.| (Note 1)
identification| ROM| RAM| B L
Mask | M37710M4 | 32K [ 1024| 5% —
ROM | M37710M8 | 60K | 2048 | Yr¥r | ¥c¥c | 80-pin
QFP
One —
e M37710E4 | 32K |1024| @ (80PEN-A)
PROM| M37710E8 | 60K {2048 | Yr¢ | Yk
Vindowed 13771084 | 32K [1024| @ | — | 80P
EPROM LCC
(Note 2) M37710E8 | 60K 2048 | &y | — (80D0)
External 80-pin QFP
ROM M37710S4 2048 | ¢ (80PBN-A)

@ NOW % ! NEW kvt . UNDER DEVELOPMENT

Note 1. “L” version’s package is 80P6D-A. Confirm its pack-
age on the following pages.
2. Do not use the windowed EPROM version for mass
production, because it is a tool for program develop-
ment (for evaluation).

s About PROM version, refer to “Chapter 3 PROM VER-
SION”.

Type name

Represent MELPS 7700

Package type
FP :QFP(0.8mm lead pitch)
HP :Fine-pitch QFP(0.5mm lead pitch)
FS :QFN(ceramic type)

Group designation

Memory size identification

/ M377 10 MA\E\XXX FP/

W
R ) em(r)y M/E S External clock input frequency
Memory identification Size | ROM| RAM|| RAM (operating temperature range)
g:g;g‘MRgX’LRAM 4 | 32K | 1024 2048 B 25MHz(Ta= —20°C 10 +85C)
: * 8 60K | 2048 : = X X =
S :RAM(external ROM) L :8MHz(Ta= -40C to +85°C, Vcc=3V)
- MITSUBISHI
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DESCRIPTION

The M37710M4BXXXFP 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.

FEATURES
® Number of basic instructions:«=«-=---roerremreeereeee 103
® Memory size ROM cvrerrrrrmrsenrnananiaanan. 32K bytes
RAM ............................. 1024 bytes
® |[nstruction execution time
The fastest instruction at 25MHz frequency -+ 160ns
) Single power supply ..................................... 5V+10%
® | ow power dissipation (at 25MHz frequency)
.......................... 95mW (Typ.)
® |Interrupts =+19 types 7 levels
® Multiple function 16-bit timer ------rrereeeereenneeen 5+3
(Pulse motor drive waveform can be output.)
® UART (may also be Ssynchronous) ««««««««-------ssseeneenees 2
® 10-bit A-D converter::-:-t-oooeeeeereeeeeees 8-channel inputs
® 8-bit D-A converter 2-channel outputs
® 12-bit watchdog timer
® Programmable input/output

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) -« -wrwieeeess 68

PIN CONFIGURATION (TOP VIEW)

<
S
-3 173
sk
Ssoswel ‘(/? Y88
z2zzZzzzz = d % %
LLLLLLL , o 100xF
TIPIB RO EO 0BT RS
NSNS 02> T2 00 © ®© 0
acaocoQaOaOa>4C>C>a000
IR | t1td
Jeol[72] 78] 7] [7¢] 75] 4] 73] 2] ] ol )] fo 7] ][] N
PTo/ANy + [1] O [4] ++ P8,/CTS,/RTS, /DA,
P6,/TB2 +* [2] +* PBg/CLK,
Pe/TB1 <+ [3] + PBg/xD,
P65/TB0w + (7] [E1) += P8,/TxD,
P6,/INT, ++ [5] [E0] += PO/Aq
P6y/INT; + [€] > PO,/A;
P6,/INT, = (7] > PO,/A,
P6.,/Thdy +> [5] < <« Ply/Ag
Po/TAdour/RTPT, > E I [56] = PO,/Aq
P5;/TAY <+ [10 N > Plg/As
P56/ TA3oyr/RTP1, < [11] o + Plg/Ag
PS5 TA2\/RTP1, < [12] 2 + PO,/A;
P54/TA20y1/RTP1, <+ [13] » > Plo/Ag/Dg
P54/ TA1/RTPO < [17] g > P1,/Ag/Dq
P5,/TA1 oy r/RTPO, <+ $%4 [50] ++ P1,/A,o/Dyo
P5,/TADn/RTPO, += [16] X [49] += P13/A; /Dy,
P50/ TAOour/RTPOG + .'3 [18] + P1,/A,2/D;;
P4;/DBC* += i3] + Plg/Aya/Dyg

Pég/VPA™ <+ [19] + Plg/AyalDys
ms/vm: - > Ply/As/Dys
P4,/QCL™ -+ [14] + P2y/A16/Do
Pag/MX* -+ > P2,/Ay7/D;

Pdg/y ++ -+ P2ylAyg/D;
P4 /RDY +> [41] + P24/Aq/D;

23] 5 | S e 3| 3] &R EB| EB|

00 A T O T A O A

QW 4= Zrwaquwz s oo

JF JWwx 2 Yagar20000

0520 R “JT¥deuy:e

I 0« IfdrTr<e<ss
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Outline 80P6N-A

*: 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 com-
munication and measuring instruments

NOTE
Refer to “Chapter 5 PRECAUTIONS” when using this mic-
rocomputer.
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M37710M4BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37710M4BXXXFP

Parameter Functions
Number of basic instructions 103
Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency)
. ROM 32K bytes

Memory size

RAM 1024 bytes

PO~P2, P4~P8 8 -bitX 8
Input/Output ports

P3 4 -pitX 1

TAO, TA1, TA2, TA3, TA4 16-bitX 5
Multi-function timers

T80, TB1, TB2 16-bitX 3

Serial 1/0

(UART or clock synchronous serial 1/0)X2

A-D converter

10-bitX 1 (8 channels)

D-A converter

8 -bitX 2

Watchdog timer

12-pitX 1

Interrupts

3 external types, 16 internal types
(Each interrupt can be set the priority levelsto 0 ~7.)

Clock generating circuit

Built-in{ externally connected to a ceramic resonator or quartz crystal resonator)

Supply voltage

| 5VE10%

Power dissipation

95mW(at external clock 25MHz frequency)

o Input/Output voltage 5V
Input/Qutput 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
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Functions

Vee, Power supply Supply 5V+10% to Ve and OV to Vss.

Vss

CNVss CNVsg input Input This pin controls the processor mode. Connect to Vss 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 which should be maintained for the re-
quired 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 Xy pin

Xout Clock output Output and the Xout 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. AVgs is also used for D-A converter. Connect AV¢c to Ve and AVss to

AVss . Vss externally.

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

P0y~PO; 170 port PO 110 In single-chip mode, port PO becomes an 8-bit I/0 port. An I/O direction register is available so that each
pin can be programmed for input or output. These ports are in input mode when reset .

Address(A;~Ay)is output in memory expansion mode or microprocessor mode.

P1o~P1; 170 port P1 110 In single-chip mode, these pins have the same functions as port PO. 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
(Dy5~Dg)is input or output when E output is “L” and an address (A;s~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;~Dyg) is input or output when E output is “L” and an address(Ax~Aqg)is
output when E output is “H”".

P3o~P3; 1/0 port P3 170 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode, R/W, BHE, ALE, and HLDA signals are output.

P4o~P4; 1/0 port P4 170 In single-chip mode, these pins have the same functions as port PO. 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 program-
med for ¢, output pin divided the clock to X,y pin by 2. In microprocessor mode, P4, always has the func-
tion as ¢ output pin.

P5o~P57 170 port PS5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0

’ pins for timer AQ, timer A1, timer A2 and timer A3. P5,~ P5; also function as output pins for pulse motor
drive waveform.

P6o~P6; 1/0 port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/0
pins for timer A4, external interrupt input INTo, INTy and INT; pins, and input pins for timer BO, timer B1 and
timer B2. P6p also functions as output pin for pulse motor drive waveform.

P7o~P77 1/0 port P7 /0 in addition to having the same functions as port PO in single-chip mode, these pins also function as analog
input ANg~ANj7 input pins. P77 also has an A-D conversion trigger input function.

P8,~P8; 1/0 port P8 110 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, and output pins for D-A converter.

2 '\ELECT%C '



MITSUBISHI MICROCOMPUTERS

M37710M4BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37710M4BXXXFP 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, D-A converter, and
other peripheral devices such as |/O ports. Each of these

devices are described below.

MEMORY
The memory map is shown in Figure 1. The address space
is 16M bytes from addresses 0,6 to FFFFFFs. The address
space is divided into 64K bytes units called banks. The

banks are numbered from 045 to FFy6.
Built-in ROM, RAM and control
peripheral devices are assigned to bank 0ye.

registers for built-in

The 32K bytes area from addresses 8000+ to FFFFy is the
built-in ROM. Addresses FFD6,¢ to FFFFs are the RESET
and interrupt vector addresses and contain the interrupt
vectors. Refer to the section on interrupts for details.

The 1024 bytes area from addresses 804 to 47F 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 04 to 7F¢ are peripheral devices
such as /0 ports, D-A converter, A-D converter, UART,
timer, and interrupt control registers.

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.

000000:6

Bank 046

00FFFFie
01000016

Bank 14
01FFFFg

e e e e v s 0 0 e e

FE0000:¢

Bank FE g

FEFFFFis
FF0000:6

Bank FFyg

FFFFFFis

0000006
00007Fg
00008016

00047F ¢

\  00087Fq

00FFD6,5
\

\
O00FFFFys

Peripheral devices
~N control registers

Internal RAM \\ Fig. 2 f
see Fig. 2 for
1024 bytes \\ \ further information>

N
00007F ¢

Reserved area

/ Do not use>

this area.

Interrupt vector table
00FFD6,¢

A-D conversion
UART1 transmission

/ UART1 receive

/ UARTO transmission

a
3

/ 'UARTO receive
Timer B2
/ Timer B1
/ Timer BO |
/ Timer A4
/ Timer A3
| Timer A2
/ [ TimerAl |
/ Timer AO
/ L INT,
/ INT,
/ INT, ‘
Watchdog timer

Internal ROM
32K bytes

DBC
BRK instruction
Zero divide
_ OOFFFE¢ RESET

Fig. 1

Memory map
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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 AO
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
00000B | Port P5 00004B
00000C Port P4 data direction register 00004C Timer A3
00000D Port P5 data direction 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 D-A register 0 00005A | Timer A4 mode register
000018 000058 Timer BO mode register
00001C D-A register 1 00005C Timer B1 mode register
00001D 00005D Timer B2 mode register
00001E A-D control register 0 00005E Processor mode register 0
00001F A-D control register 1 00005F Processor mode register 1
000020 A-D register 0 000060 Watchdog timer
000021 000061 Watchdog timer frequency selection flag
000022 A-D register 1 000062 Waveform output mode register
000023 000063
000024 A-D register 2 000064 Pulse output data register 1
000025 000065 Pulse output data register 0
000026 A-D register 3 000066 Reserved area (Note)
000027 000067
000028 . 000068
000029 A-D register 4 000069
00002A . 00006A
ooopzp | A-D registers 000068
00002C . 00006C
ooo0zp | A°D register 6 00006D
00002E . 00006E
00002F A-D register 7 00006F
000030 UART 0 transmit/receive mode register 000070 A-D conversion interrupt control register
000031 UART 0 bit rate generator 000071 UARTO ission interrupt control register
000032 . . 000072 UARTO receive interrupt control register
000033 UART 0 transmission buffer register 000073 UART{ 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 AO interrupt control register
000036 . ’ 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
ooop3g | YART 1 transmission buffer register 000078 | 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 X . 00007E INT, interrupt control register
00003F UART 1 receive buffer register 00007F | INT interrupt control register

Note : Do not write to this address.

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 indicate 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 contents of index register Y indicate 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

[ By ] B ] Accumulator B

15 7 0

[ Xu I XL I Index register X

15 7 0

I Y ] Yo ] Index register Y

19 0
7 0 l s I Stack pointer S
Program bank register PG 5 5
7 0 [ PC j Program counter PC
Data bank register DT 15 0

I DPR |Direct page register DPR

15 Z 0
IO l 0 l 0 io 10 llPLz[lPuIVPLOl NI \ | ml X ] DI | ]Z](;I Processor status register PS

Carry flag

Zero flag

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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STACK POINTER (S)

Stack pointer (S) is a 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 addressing 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. 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. 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 046, but
when the contents of DPR is FF01,¢ or greater, the direct
page area spans across bank 0 and bank 1. All direct
addressing modes use the contents of the direct page reg-
ister (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 “00:¢".

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 (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 CLlI 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—12
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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 “1”, 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 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 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 register, 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.

Dy5s~Ds
D;~Dg

Az3~Ag

CPU

Control signal

Bus interface| BHE
unit R/W

Fig. 4 Relationship between the CPU and the bus interface unit

S
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The bus interface unit operates using one of the waveforms
(1) to (10) shown in Figure 5. The standard waveforms are
(1) and (2).

The ALE signal is used to latch only the address signal
from the multiplexed signal containing data and address.
The E signal becomes “L” when the bus interface unit
reads an instruction code or data from memory or when it
writes data to memory. Whether to perform read or write is
controlled by the R/W signal. Read is performed when the
R/W signal is “H” state and write is performed when it is
“L” state.

Waveform (1) in Figure 5 is used to access a single byte or
two bytes simultaneously. To read or write two bytes simul-
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
width to 16 bits) The internal memory area is always tre-
ated as 16-bit bus width regardiess of BYTE.

Internal clock ¢_L.|—|_|—l_r'l_|—L_|—|_|-L.|_|_|—Ln_
Port P2
R U
ae L
fe—>

Access term

Port P2 (A XD XAHX D)
ET L LI

@ ALE M M
e

Access term

Port P2

E | I
3)
ALE n
s

Access term

Port P2 (AX_D_XatX_D )

ET 1 1 I
(4)
ALE M M
Ly >
Access term
Port P2 Ca XD XatiX D)
e L[ LT
(5)
ALE M [
I >
Access term
Port P2 (AXDXAtX_ D )

e LI LI
(6) )

ALE 11
I= >

Access term

Internal clock ¢ l | | I | | | l I l | | | I | | l | |
Port P2
£ __‘ I_

ALE I I
fe—
Access term
Port P2 )(AXDXA+1XDX
e I
(8)
ALE _I1 f 1
fe— >
Access term
Port P2 (A X D XaEXD)
[ I R
(9)
ALE [ M

e |
= —>

Access term

Port P2 XAX D)X At X o X
ALE I

mi

1

Access term

A _ Address
D ! Data

" These waveforms are at the memory expansion mode and the
microprocessor mode.

Access
rethod| Access 2-byte| Access even | Access odd
Signal simultaneously| address 1-byte | address 1-byte
Ao “r o -
ﬁ “Ln an uLu

Fig. 5

Relationship between access method and signals A, and BHE
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When performing 16-bit data read or write, if the conditions
for simultaneously accessing two bytes are not satisfied,
waveform (2) is used to access each byte one by one.
However, when prefetching the instruction code, if the
address of the instruction code is odd, waveform (1) is
used, and only one byte is read in the instruction queue
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
odd addresses, 1-byte write to even address, 1-byte write
to odd address, or 2-byte simultaneous write to even and
odd addresses. The A, signal that is the address bit 0 is
“L” when an even number address is accessed. The BHE
signal becomes “L” when an odd number address is
accessed.

The bit 2 of processor mode register 0 (address 5Eq¢) is
the wait bit. When external memory area is accessed in
memory expansion mode or microprocessor mode with this
bit set to “0”, the width of E signal is extended and access
time can be extended.

There are two ways to extend the access time and they are
selected with the processor mode register 1 (address
5F,6) bit 0.

When this bit is set to “1”, the “L” width of E signal in (1)
becomes twice as long as in (3) and the access time be-
comes 1.5 times (wait 1). When this bit is set to “0”, the
ALE signal in (1) and E signal are extended as in (7) and
the access time is doubled (wait 0).

However, these signals are not extended when accessing
internal memory area.

When the wait bit is set to “1”, these signals are not ex-
tended when accessing either memory area regardless of
the value of processor mode register 1 bit 0.

Waveform (4), (5), and (6) show the entire waveform, first
half, and last half respectively of waveform (2) for wait 1.
Waveform (8), (9), and (10) show the entire waveform, first
half, and last half respectively of waveform (2) for wait 0.
Instruction code read, data read, and data write are de-
scribed below.

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), (3) or (7) 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 (10) in Figure 5 to perform the op-
eration.

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.

R
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INTERRUPTS

Table 1 shows the interrupt types and the corresponding
interrupt vector addresses. Reset is also treated as a type
of interrupt and is discussed in this section, too.

DBC is an interrupt used during debugging.

Interrupts other than reset, DBC, watchdog timer, zero di-
vide, and BRK instruction all have interrupt control regis-
ters. Table 2 shows the addresses of the interrupt control
registers and Figure 6 shows the bit configuration of the in-
terrupt control register.

Use the SEB and CLB instructions when setting each inter-
rupt control register.

The interrupt request bit is automatically cleared by the
hardware during reset or when processing an interrupt.
Also, interrupt request bits other than DBC and watchdog
timer can be cleared by software.

INT, to INT, are external interrupts and whether to cause
an interrupt at the input level (level sense) or at the edge
(edge sense) can be selected with the level sense/edge
sense selection bit. Furthermore, the polarity of the inter-
rupt input can be selected with polarity selection bit.

Timer and UART interrupts are described in the respective
section.

The priority of interrupts when multiple interrupts are
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

addresses

Table 1. Interrupt types and the interrupt vector

Interrupts

Vector addresses

A-D conversion

00FFD6,s  00FFD7,¢

UART1 transmit

00FFD8,s  00FFD9¢

UART1 receive

00FFDAs¢ O0FFDByg

UARTO transmit

00FFDCy¢  O0FFDD+¢

UARTO receive 00FFDEs O00FFDF¢
Timer B2 00FFEO:s  OOFFE1,¢
Timer B1 00FFE2,s  OOFFE3,¢
Timer BO 00FFE4,s  OOFFES5,e
Timer A4 O00FFE6:s  OOFFE7,¢
Timer A3 00FFE8;;  OOFFE9s
Timer A2 00FFEA;;  OOFFEB,s
Timer Al 00FFEC¢ 00FFED+¢
Timer AO O00FFEE,s  OOFFEF,g

INT, external interrupt

00FFF0;s  OOFFF1,q

INT, external interrupt

00FFF2,s  OOFFF3q

INT, external interrupt

O00FFF4;s  OOFFF5,

Watchdog timer

00FFF6,s  OOFFF7y6

DBC (unusable)

00FFF8,;  OOFFF9,q

Break instruction

00FFFA;;  OOFFFB,q

Zero divide

00FFFCys  O0FFFD;¢

Reset

O00FFFEss  O0FFFFg

7 6 54 3 2 10

Interrupt priority

0 : No interrupt
1 !interrupt

7 65 4 3 210

T

Interrupt priority

0 : No interrupt
1 * Interrupt

Interrupt request bit

Interrupt request bit

Interrupt control register configuration fqr A-D converter, UARTO, UART1, timer A0 to timer A4, and timer BO to timer B2

Interrupt control register configuration for INT,~INT,.

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" level for level sense and when changing from “L" to “H"
level for edge sense.
Level sense/edge sense selection bit

0 ! Edge sense
1 ! Level sense

Fig. 6

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

Priority resolution is performed by latching the interrupt re-

Interrupt control registers Addrosses quest bit and interrupt priority level so that they do not
A-D conversion interrupt control register 0000704 change. They are sampled at the first half and latched at
UARTO transmit interrupt control register 00007146 the last half of the operation code fetch cycle.
UARTO receive interrupt control register 00007246 Because priority resolution takes some time, no sampling
UART1 transmit interrupt control register 00007346 pulse is generated for a certain interval even if it is the next
UART1 receive interrupt control register 00007446 operation code fetch cycle.
Timer AO interrupt control register 00007546
Timer A1 interrupt control register 00007646
Timer A2 interrupt control register 00007746
Timer A3 interrupt control register 0000784¢ Priority is determined by hardware
Timer A4 interrupt control register 000079,¢
Timer BO interrupt control register 00007A6 O] ® @ ®
Timer B1 interrupt control register 00007B,¢ = = = — e ———
Timer B2 interrupt control register 00007C46 : I H J» - —L Hi:&";"g DBC HReset]
INT, interrupt control register 00007D+¢ [ o
INT, interrupt control register 00007E ¢
m; interrupt control register 00007F 16 A-D converter, UART, Timer, INT interrupts
Interrupts caused by a BRK instruction and when dividing Priority can be changed with software inside (4
by zero are software interrupts and are not included in this Fig. 7 Interrupt priority
list.
Other interrupts previously mentioned are A-D converter,
UART, Timer, INT interrupts. The priority of these interrupts . Level 0
can be changed by changing the priority level in the cor-
responding interrupt control register by software. Interrupt request
Figure 8 shows a diagram of the interrupt priority resolution
circuit. When an interrupt is caused, the each interrupt de- V.,
vice compares its own priority with the priority from above
and if its own priority is higher, then it sends the priority be- [CARTO receive \/
low and requests the interrupt. If the priorities are the i = 7/
same, the one above has priority. [__Timer B2
This comparison is repeated to select the interrupt with the Y
highest priority among the interrupts that are being re- \/
quested. Finally the selected interrupt is compared with the 7
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 | |§_0_ The \/
request is not accepted if flag | is “1”. The reset, DBC, and
watchdog timer interrupts are not affected by the interrupt Y
disable flag I. \/
When an interrupt is accepted, the contents of the proces- — WV,
sor status register (PS) is saved to the stack and the inter- INT: .
rupt disable flag | is set to “1”. INT, \V4
Furthermore, the interrupt request bit of the accepted inter- T, \/
rupt is cleared to “0” and the processor interrupt priority Y,
level (IPL) in the processor status register (PS) is replaced
by the priority level of the accepted interrupt.
The'refore, r.nulti-level .priority interrupts are possible by re- Fig. 8 Interrupt priority resolution
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.
MITSUBISHI 2—17
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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 0 (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 “00,¢” and therefore, the longest time is
selected.

However, the shortest time should 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 resolution
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 ] l

|

Priority resolution time
Select from 0 to 2 with bits

]

4 and 5 of the processor

mode register 0

Fig. 9 Interrupt priority resolution time

7 6 5 4 3 2 1 0

Clol T 11

l 1 ] Processor mode register 0(5Eg)

L!—— Processor mode bits

0 0 : Single-chip mode
0 1 : Memory expansion mode
1 0 ! Microprocessor mode
11 ! 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 resolution 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 ¢4 output selection bit
0 ! No ¢, output
1 ¢, output

Fig. 10 Processor mode register 0 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 P5 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.

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 000046. At the same
time, the contents of the reload register is transferred to the
counter and count is continued.

fs12

f, 16 taz fea

q Data bus {odd) {
Data bus (even) {
PN
Clock source selection (Lower 8 bits) (Higher 8 bits)
f, 1) * Timer NE
« One-shot Reload register(16) ‘
fie —O * Pulse width modulation
\o O
fea —O
¢ Timer(gate function) b
512 o
ter(1 ]_.
Counter(16) Addresses
O Polarity Event counter o Up/Down TimerA0 47,5 465
TAin selection Count start flag Always decremented ]TimerAl 49,6 48,6
[l .
i t nt mod
(i=0~4) (4046) except in event cou rimernz 15, in,
L= External trigger )
Down count ——o0O TimerA3 4Dy¢ 4Cyg
TimerA4 4F,5 4Eq
Up-down flag o
(44,¢)
0
Pulse output
O__ I| Toggle flip-flop ll
TAiour
(i=0~4)
Fig. 11 Block diagram of timer A
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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 0000,6. When
the contents of the count start flag is “0”, “L” is output from
TAiOUT pin

When bit 2 is “0”, TAioyr 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 TAiy 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
itis “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).

7 6

EEOEERDD

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+6

0 0 : Always “00" in timer mode

0 : No pulse output (TAigyr is normal port pin)

1 : Pulse output

0 X : No gate function (TAiy is normal port pin)
1 0 : Count only while TAij,y input is “L”
11 I Count only while TAiy input is “H"

0 . Always “0" in timer mode

Clock source selection bit
00 ! Selectf;
01 ! Selectfg
10 :Selectfs,

11 : Select 51

Fig. 12 Timer Ai mode register bit configuration during timer mode
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3 2 1 0 Count start flag Address

40
| l l l I (Stop at 0", Start at “1") 1

L

Timer AQ 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

Timer mode register
Bit 4 Bit 3

1 0

Timer mode register
Bit 4 Bit 3

Selected clock source fj “”I”l”llH|||H||””||“|||||“||||||||||||H|
TAin _J-—I______I ]_

Uiy Il

1 1

UL L AT O

Fig. 14 Count waveform when gate function is available
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(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 O of the timer Ai mode register must be “1” and bit 1
and 5 must be “0”.
The input signal from the TAiy pin is counted when the
count start flag shown in Figure 13 is “1” and counting 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 TAioyr 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
TAioyr pin is “L” and incremented when it is “H”. Deter-
mine the level of the input signal from the TAigyr 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, (decrement count) or
FFFF,¢ (increment count). At the same time, timers AO and
A1 transfer the contents of the reload register to the coun-
ter and continue counting.
Timers A2, A3, and A4 transfer the contents of the reload
register to the counter and continue count when bit 6 of the
corresponding timer Ai mode register is “0”, but when bit 6
is “1”, they continue counting without transferring the con-
tents of the reload register to the counter.
When bit 2 is “1”, the waveform reversing polarity is output
from TAioyr pin each time the counter reaches 0000,¢
(decrement count) or FFFF,s (increment count). If bit 2 is
“0", TAiout 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 direction. There-
fore, bit 4 must be “0” unless the output from the TAigyr pin
is not to be used to select the count direction.
Data write and data read are performed in the same way as
for timer mode. That is, when data is written to timer Ai
which is 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 with new data from the reload register
at the next reload time and continues counting. For timer

Addresses
Timer AQ mode register 5645 }

Timer A1 mode register 5746
Timer A2 mode register 5846

Timer A3 mode register 596

76543210 Timer A4 mode register  5Aq
| 0 0 1|
l—l— 0 1 : Always “01” in event counter mode
L 0 :Nopulse output

1 : Pulse output

0 : 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 TAioyr pin input signal level
0 : Always “0” in event counter mode

This bit is available for timers A2, A3,
and A4.

0 : Reload
1 ! No reload
This bit is available for timer A3.
0 : Two-phase pulse signal processing
in the same manner as timer A2
1 ! Two-phase pulse signal processing
in the same manner as timer A4

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

76543210 Address

Up-down flag 4446

Timer A0 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
processing 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
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A2, A3, and A4, the contents of the reload register are not
reloaded in the counter when bit 6 of the corresponding
timer Ai mode register is “1”. The contents of the counter
can be read at any time.

Furthermore, in event counter mode, whether to increment
or decrement the counter can also be determined by sup-
plying 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 timer A2 and the other
uses timer A4. Timer A3 can select one of these two opera-
tions with bit 7 of the timer A3 mode register. In either pro-
cessing 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 TAjy pin.

When timer A2 is used, as shown in Figure 17, the count is
incremented when a rising edge is input to the TA2)y pin
after the level of TA2oyr pin changes from “L” to “H”, and
when the falling edge is input, 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 TAdgyr pin changes from “L” to “H", the count
is incremented at the respective rising edge and falling
edge of the TA4qyr pin and TA4,y pin. When a phase re-
lated pulse with a falling edge input to the TA4qyr pin is in-
put 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 TA4,y pin.

When performing this two-phase pulse signal processing,
timer Aj mode register bit 0 and bit 4 must be set to “1”
and bits 1, 2, 3, and 5 must be set to “0” as shown in Figure
19.

Bit 7 is used to select whether to perform two-phase pulse
signal processing for timer A3 in the same manner as timer
A2 or as timer A4. When this bit is “0”, two-phase pulse
signal processing for timer A3 is performed in the same
manner as timer A2 and when it is “1”, it is performed in
the same manner as timer A4. This bit is ignored for timer
A2 and A4.

Note that bits 5, 6, and 7 of the up-down flag (address
44,¢) 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 corresponding 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.

TA20ur I | I | I | I | I |
TA2)y I | I l I | | | I |

Di Dy D
count count count count count count

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

TA4our I | I | I I I l I |

—_— R e aeeeed
Increment count at each edge  Decrement count at each edge

TA4y I | I I | | I | I |

Decrement count at each edge

Increment count at each edge

Fig. 18 Two-phase pulse processing operation of timer

A4

Addresses

I/ Timer A2 mode register 584

| Timer A3 mode register 59,6

| - )
7654321 ¢ \ Timer A4 mode register 5A;s
0[1]0/0]0]1 |
u~ 0 1 : Always “01” in event counter mode
0100 : Always “0100” when processing
two-phase pulse signal
S 0 : Reload
1 ! Noreload

This bit is available for timer A3
0 : Two-phase pulse signal processing
in the same manner as timer A2

1 ! Two-phase pulse signal processing
in the same manner as timer A4

Fig. 19 Timer Aj mode register bit configuration when
performing two-phase pulse signal processing
in event counter mode
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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 TAiyy 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 configuration 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 000046, the TAigyr pin
goes “H” when a trigger signal is received. The count
direction is decrement.
When the counter reaches 00015, The TAioyr 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”, TAiout goes “L”. Therefore, the
value corresponding to 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 tr.igger 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 retriggering while operating, 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 with new data from the reload register
at the next reload time.

Undefined data is read when timer Ai is read.

Addresses
Timer A0 mode register 5646

Timer A1 mode register 5746
Timer A2 mode register 5846
Timer A3 mode register 596

Timer A4 mode register 5A6

: Always “10" in one-shot pulse mode

1 Always “1" in one-shot pulse mode

|
I

0 X : Software trigger
1 0 I Trigger at the falling edge of TAiy
input

1.1 ©Trigger at the rising edge of TAiy
input ;

0 Al

ys “0" in one-shot pulse mode

Clock source selection
00 : Selectf,
0 1 : Select fyq
10 ! Select fg4

11 . Select fs;,

Fig. 20 Timer Ai mode register bit configuration during
one-shot pulse mode

Address
76543210

|

One-shot start flag 42,6

Timer AQ one-shot start flag

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 fj

TAin

(in case of l l

the rising edge) ——

TAiour | l | I

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

TAin

(in case of | I |
the rising edge)

TAioyr

Example when the contents of the reload register is 0004,¢

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

Xm

and the output pulse period is
1
selected clock frequency

X(218—1).

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
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 00004¢
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 5716
Timer A2 mode register 5816
Timer A3 mode register 596

76543210
1111 Timer A4.mode register 5Aq6

1 ‘\;11

1 I Always “1” in pulse width modulation
mode

- Always “11" in pulse width modulation
mode

0 X Software trigger

1.0 I Trigger at the falling of TAiy input

1.1 :Trigger at the rising of TAiy input

0 ! 16 bit pulse width modulator

1 8 bit pulse width modulator

Lt Clock source selection bit
00 : Selectf,
01  Select fig
1 0  Select fgq

11 ! Select fs,

Fig. 24 Timer Ai mode register bit configuration during
pulse width modulation mode
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Therefore, if the low order 8-bit of the reload register is n,
the period of the generated pulse is
1
selected clock frequency X(n+1).
The high order 8-bit function as an 8-bit length pulse width
modulator using this pulse as input. The operation is the
same as for 16-bit length pulse width modulator except that

the length is 8 bits. If the high order 8-bit of the reload reg-
ister is m, the duration “H” of pulse is

1
selected clock frequency X(n+1)Xm.
And the output pulse period is
1

selected clock frequency

X(n+1)X(28—1).

) 16_

L 171X (2'%—=1) |
I~ 1
| |

Selected clock r-a -

[ to

source fj J' : : L
' ! I
. R f [
TAin | \ |
(in case of the ———— | | This trigger is not accepted |
rising edge) | | |
1/6iX(m) |

TAioyr

Example when the contents of the reload register is 0003,

Fig. 26

16-bit length pulse width modulator output pulse example

1/6iX (n+1)X(28=1)

Selected clock
source f;

TAin

|
|
[
|
[
(in case of the falling edge) % :
1
!
I

Prescaler output

(when n=2)

|
|

8-bit length pulse
width modulator
output

(when m =2)

‘A———-}‘—l/fix(n+l)x(m)
I

L

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 is “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 0000,¢. 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.

Clock source selection )
* Timer

T Daabustedd).

 Databuslaven).

| (Lower 8 bits) |- (Higher 8 bits)

ol

[ Reload register(16) I

1T

Addresses
ITimer BO 51i6 506

Counter(16)

Timer B1 5345 5246

f2 O * Pulse period measurement/pulse
fig —O \G width measurement
fea —o0
fs12 —O
T8i Polarity selection Event counter
w (") and edge pulse ]
(i=0~2) generator Count start flag

Timer B2 55,6 5416

Counter reset
circuit

Fig. 27 Timer B block diagram

* MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37710M4BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(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 register 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 TBi,y 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 the 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 TBiy 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.
After the contents of the counter is transferred to the reload
register, an interrupt request signal is generated and the
interrupt request bit in the timer Bi interrupt control register
is set. However, no interrupt request signal is generated
when the contents of the counter is transferred first time to
the reload register after the count start flag is set to “1”.
When bit 3 is “1”, the pulse width measurement mode is
selected. Pulse width measurement mode is similar to
pulse period measurement mode except that the clock is

counted from the fall of the TBijy pin input signal to the next
rise or from the rise of the input signal to the next fall as
shown in Figure 32.

When timer Bi is read, the contents of the reload register is
read.

Note that in this mode, the interval between the fall of the
TBi)y pin input signal to the next rise or from the rise to the
next fall must be at least two cycles of the timer count
source.

Timer Bi overflow flag which is bit 5 of timer Bi mode regis-
ter is set to “1” when the timer Bi counter reaches 0000,¢.
This flag is cleared by writing to corresponding timer Bi
mode register. This bit is set to “1” at reset.

Addresses
[Timer B0 mode register 5B, Y

76 5 Timer B1 mode register 5C 4 !

43210
I XOXXOOI

LT;mer B2 mode register 5D, |

0 0 ©Always “00" in timer mode

XX I Not used in timer mode and
may be any

—————— 0 : Always “0” in timer mode

(timer BO)
X I Not used in timer mode
(timers B1, B2)

X I Not used in timer mode

Clock source selection bit
00 :Selectf,

01 :Select fig
10 : Select fg,

11 :Selectfs,

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

) Addresses
Timer BO mode register 5B;s

0 Timer B1 mode register 5Cs
1

Timer B2 mode register 5D ~

0 1 :Always “01" in event counter

mode

0 0 : Count at the falling edge of
input signal

0 1 I Count at the rising edge of
input signal

1.0 : Count at the both falling edge
and rising edge of input signal

0 : Always “0” in event counter
mode (timer B0)
X I Not used in event counter
mode (timers B1, B2)
XXX : Not used in event counter mode

Fig. 29 Timer Bi mode register bit configuration .during
event counter mode
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76

Addresses
Timer B0 mode register 5B,
32

5 0 Timer B1 mode register 5C,¢
0

4 1
0 1 .
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

0 : Always “0” in pulse period
measurement/pulse width
measurement mode (timer BO)

X I Not used in pulse period
measurement/pulse width
measurement mode

(timers B1, B2)
Timer Bi overflow flag

Clock source selection bit
00 : Selectf;

01 Selecttg

10 : Select tg,

11 . Select s,

Fig. 30

Timer Bi mode register bit configuration during
pulse period measurement/pulse width
measurement mode

Selected clock
source fj

TBin

E

Reload register+—Counter

Counter+—0

-1

|
|
Count start flag _—_J :
|
|

Interrupt request signal U

Fig. 31

Pulse period measurement mode operation (example of measuring the interval between the falling edge to
next falling one)
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Selected
clock source fj

Reload register—Counter

|
|
Counter—0 h

Count start
flag I

Interrupt
request signal

Fig. 32 Pulse width measurement mode operation
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PULSE OUTPUT PORT MODE

The M37710 can use several built-in timer As to output
pulse motor drive waveform. This mode is described below.
Figure 33 shows a block diagram for pulse output port
mode. In the pulse output port mode, two pairs of 4-bit
pulse output ports are used. There are three combinations
of pulse output ports. When bit 0 of the waveform output
selection bit in waveform output mode register (address
6246) shown in Figure 34 is set to “1” and bit 1 is set to “0”,
RTP1; RTP1,, RTP1,, and RTP1, become pulse output
ports. When bit 1 of waveform output selection bit in wave-
form output mode register is set to “1” and bit 0 is set to
“0", RTPOs, RTPO,, RTPO,, and RTP0, become pulse output

ports. The ports not used as pulse output ports can be used
as normal parallel ports or timer input pins. When bit 0 and
bit 1 of pulse output selection bit are set to “1”, the two
four-line sets RTP13, RTP1,, RTP1,, and RTP1, and RTPO3,
RTPO,, RTPO,, and RTP0, become pulse output ports.

In the pulse output port mode, set timers A2 and A0 to tim-
er mode as timers A2 and A0 are used. In addition, set bit 2
of the corresponding timer Ai mode register to “1” when us-
ing RTPO,, RTPO,, RTP1,, RTP1,, and RTP1; as pulse out-
put port because they are shared with TAigyr (i = 0 to 4).
Figure 35 shows the bit configuration of timer A0, A2 mode
registers in pulse output port mode.

Pulse width modulation selection bit
(Bit 4, 5 of 62, address)

Timer A3 pulse width modulation output

Timer A1 pulse width modulation output

Waveform output control bit 1
(Bit 7 of 62,5 address)

Pulse output data register 1
(6445 address)

Reset
T ——q) ~_RTP1,
Ds D Q 1/ 1 O (P6o)
i — RTP1,
D, D Q L/ O (P5¢)
o RTP1,
D, D Q L/ I (PS5s)
—) RTP1,
Do D Q L/ v 0 (P5,)

Waveform output control bit 0
(Bit 6 of 62,6 address)

o RTPO,
(P53)

RTPO,

(P5,)

RTPO,

(P5,)
RTPO,

Dy4 D Q
Dio D Q
q
Do D Q
Ds D Q
T

Pulse output data register 0
(6546 address)

Data bus  Data bus
(even) (odd)

(P5g)

Polarity selection bit
(Bit 3 of 62,5 address)

Fig. 33 Block diagram for pulse output port mode
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Data can be set in each bit of the pulse output data regis-
ter corresponding to four ports selected as pulse output
ports. Figure 36 shows the bit configuration of the pulse
output data register.

The contents of the pulse output data register 1 (low-order
four bits of address 64,5) corresponding to ports RTP13,
RTP1,, RTP14, and RTP1, are output to the ports each time
the counter of timer A2 becomes 00005. The contents of
the pulse output data register 0 (low-order four bits of
address 65;¢) corresponding to ports RTP0s, RTPO,, RTPO;,
and RTPOQ, are output to the ports each time the counter of
timer A0 becomes 0000,6.

Each timer starts counting when the content of the corres-
ponding timer count start flag (address 40¢) is set to “1”
and stops counting when it is set to “0”. When “0” is written
to a specified bit of the pulse output data register, “L” level
is output to the corresponding pulse output port when the
counter of corresponding timer becomes 00006, and when
“1” is written, “H” level is output to the pulse output port.
Pulse width modulation can be applied to each pulse out-
put port. Since pulse width modulation involves the use of
timers A3 and A1, activate these timers in pulse width mod-
ulation mode. When a certain bit of the pulse output regis-
ter is “1”, pulse width modulation is output from the pulse
output port when the counter of the corresponding timer
becomes 000046.

Ports RTP1;, RTP1,, RTP1,, and RTP1, are applied pulse
width modulation by setting the pulse width modulation
selection bit by timer A3 (bit 5) of the waveform output
mode register to “1”.

Ports RTPO;, RTPO,, RTP0,, and RTPQ, are applied pulse
width modulation by setting the pulse width modulation
selection bit by timer A1 (bit 4) of the waveform output
mode register to “1”.

When outputting to pulse output ports RTPOs; RTPO,,
RTPO,, and RTPO,, the output data can be reversed by the
polarity selection bit (bit 3) of the waveform output mode
register. When the polarity selection bit is “0”, the contents
of the pulse output data register 0 is output unchanged.
When the polarity selection bit is “1”, the reversed data of
the contents of the pulse output data register 0 is output.
When pulse width modulation is applied, likewise the polar-
ity reverse to pulse width modulation can be selected by
the polarity selection bit. Figure 37 shows example of
waveforms in pulse output port mode.

Ports selecting pulse output port mode can control the out-
put of RTPO;, RTPO0,, RTPO,, and RTPOQ, with the waveform
output control bit 0 (bit 6) and the output of RTP15, RTP1,,
RTP1,, and RTP1, with waveform output control bit 1 (bit
7). When the waveform output control bit is set to “17,
waveform is output from the corresponding port. When it is
set to “0”, the waveform output from the corresponding port
is stopped and the port becomes floating. These bits can
be cleared with an instruction and cleared by reset.

76543210 Address

0 Waveform output mode register 62,6

L

Waveform output selection bit
0 0 : Parallel port
01 ! RTP1;~RTP1, selected
1 0 : RTPO;~RTPO, selected
11 :RTP13~RTP1, and RTP0;~RTP0,
selected
0 : Always “0”
(“0” at reset)
Polarity selection bit
(available for RTPO;~RTP0Q,)
0 : Positive polarity
1 : Negative polarity
Pulse width modulation selection bit by
timer A1 (available for RTPO;~RTPQ,)
0 : Not modulated
1 ! Modulated
Pulse width modulation selection bit by
timer A3 (available for RTP13;~RTP1,)
0 : Not modulated
1 : Modulated
Pulse output control bit 0
0 : RTPO3~RTPO, waveform output
inhibited
1 . RTPO;~RTPQ, waveform output
enabled

Pulse output control bit 1

0 : RTP13;~RTP1, waveform output
inhibited

1 { RTP13~RTP1, waveform output
enabled

Fig. 34 Waveform output mode register bit configuration

Address

76543210 Timer AO mode register 5615]

[J l OI 0 I XI ‘I 0] 0| [Timer A2 mode register 5816
[—:L—L 100 : Always “100” in pulse

output port mode

X I Not used in pulse output
port mode

0 0 © Always “00” in pulse output
port mode

Clock source selection bit

00 : Select f,

01 :Select fg
10 ! Select fgq
11 . Select fs12

Fig. 35 Timer A0, A2 mode register bit configuration in
pulse output port mode

MITSUBISHI
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7654321

Pulse output data register 0 65,4

0
RTPOQ, output data
RTPO, output data
RTPO, output data
RTPO; output data-
0

Pulse output data register 1 645

RTP1, output data

RTP1, output data
RTP1, output data

RTP1; output data

0 : Always “0” in pulse output port mode
X Not used in pulse output port mode

00 : Always “00” in pulse output port mode|

Fig. 36 Pulse output data register bit configuration
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Example of pulse output port (RTP15, RTP1,, RTP1,, RTP1,)

Output signal at each
time when timer

A2 becomes 0000, I N N I M N N o
RTP1, |

(Port P6)

RTP1,

(Port P5) J ‘

RTP1, ‘

(Port P5s) :

RTP1,

(Port P5,) I L

Example of the above pulse output port when pulse width modulation is applied by timer A3.

Output signal at each

time when timer

A2 becomes 00005 ____-H—_.___.___-n____-n___[L J J H ﬂ_
RTP1,

(Port P6y)

RTP1,

(Port P5g)

(Port P5s) )

RTP1g

(Port P5,)

Example of pulse output port (RTPOs, RTPO,, RTPO,, RTP0,) when pulse
width modulation is applied by timer A1 with polarity selection bit="1"

Output signal at each

time when timer

A0 becomes 00005 ﬂ H ﬂ H H ﬂ ﬂ ﬂ__
RTPO;

(Port P5;)

RTPO,

(Port P5,)

RTPO,

(Port P5,)

(Port P5,)

Fig. 37 Example of waveforms in pulse output port mode
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SERIAL /0 PORTS

Two independent serial I/0 ports are provided. Figure 38
shows a block diagram of the serial 1/0 ports.

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive
mode register shown in Figure 39 are used to determine
whether to use port P8 as parallel port, clock synchronous
serial I/0O port, or asynchronous (UART) serial I/0O port us-

ing start and stop bits.

Figures 40 and 41 show the connections of receiver/trans-
mitter according to the mode.

Figure 42 shows the bit configuration of the UARTi transmit/
receive control register.

Each communication method is described below.

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 © With parity
Sleep selection bit
0 : No sleep
1 . Sleep

Data bus(odd)
| Data bus(even)
[oToToTo]o0]0] 0]Ds[Ds|De[Ds[Da|D3|D2[D:[Do] Receive butfer register
UARTO(3746, 3645)
RxD;j UART1(3F ¢, 3E,6)
Q— [ Receive register |
UART receive pe=— _
oo | Receive clock
Bit rate Clock synchronousl—o L
i generator UART translmission
Clock sourcetseleqct:on UARTO(3154) o T,a,(.sm:as_s.oq] Transmission clock
12 UART1(39,5)  |Clock synchronous E:“’ e
'16 - Internal Clock synchronous TxDj
f:;_io - {Internal clock) | Transmiss‘ion register (1)
External Clock synchronous Clock synch?oﬂous )
(Internal clock) (Extemal clack Transmission
CLKi O % {De[D1]Ds [Ds|Ds [ 04Dz D [0 buffer register
{ UARTO(33,5, 32,6)
CTSi/RTSi 1 UART1(3Bye, 3A6)
Data bus |1
(odd)
5
Fig. 38 Serial I/0 port biock diagram
Addresses
[LIiIs—iira—rz—-[i-I—o-] UART 0 Transmit/Receive mode register  30¢
] ] l UART 1 Transmit/Receive mode register  38¢
Serial communication method selection bit
0 0 0 : Parallel port
0 0 1 : Clock synchronous
10 0 :7-bit UART
101 :8-bit UART
11 0 ©9-bit UART
Internal clock/External clock selection bit
0 : Internal clock
1 : External clock

Fng 39 UART i Transmit/Receive mode register bit con

figuration
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Y : ﬁ Data bus(odd) y
( Data bus{even) W J
(e oTlolololo olo][m o o]0l o] o] 0] 0% regmo
8 bit
RXDi 2 stop bit Parity bit gyz.éhvonous
Receive
O register
Synchronous
Fig. 40 Receiver block diagram
- Data bus(edd) I
§ Data bus(even) ]
I i
Lo Jlo T o[ o[ o[ o [0 ] o [ 0o Jiieiegioer

2 stop bit

Parity o
o Stop Stop [> 9bit
bit bit
J Transmission register
1 stop bit Synchronous
wgn

Fig. 41 Transmitter block diagram

7 6 5 4 Addresses

32 1 0
i UART 0 Transmit/Receive control register 0 34,
PTY R/C [ CSy{CSp 9
UART 1 Transmit/Receive control register 0 3Ce
Clock source selection bit
00 :Selectf,

01 I Selectf
1 0 : Select fgq
11  Select fs;,

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

Transmission register empty bit

CTS, RTS enable bit
0 : Enable CTS, RTS

1 : Disable CTS, RTS
7 6 5 4 3 2 10 Addresses

UART 0 Transmit/Receive control register 1 35,6
[s“M[pER[FERlOER] m l e l - TTE—I UART 1 Transmit/Receive control register 1 3D

Transmit enable flag
—— Transmit buffer empty flag
Receive enable flag
— Receive completion flag

Qverrun error flag
Framing error flag
Parity error flag
Error sum flag

Fig. 42 UARTI Transmit/Receive control register bit configuration
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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 43
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 UART]j 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]j 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 (CSy) and bit 1
(CS;) of the clock sending side UART]| transmit/receive
control register 0. As shown in Figure 38, the selected
clock is divided by (n +1), then by 2, passed through a
transmisson control circuit, and output as transmisson clock
CLK;]. Therefore, when the selected clock is fi,

Bit Rate=fi/ { (n 4+1)X2}

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

The bit 2 of the clock sending side UART] transmit/receive
control register 0 is cleared to “0” to select CTSj input. The
bit 2 of the clock receiving side is set to “1” to select RTSk
output.

Whether to use the CTS and RTS signals is determined by
bit 4 of the UART transmit/receive control register 0. Set bit
4 to “0” when CTS and RTS signals are used, and to “1”
when they are not used.

When CTS and RTS signals are not used, the CTS/RTS pin
can be used as normal port. The following describes the
case when the CTS and RTS signals are used. If CTS and
RTS signals are not used, the CTSj input condition is un-
necessary and there is no RTSk output.

Transmission ~

Transmission is started when the bit 0 (TEj flag) of UART]
transmit/receive control register 1 is “1”, bit 1 (Tlj flag) of
one is “0", and CTSj input is “L”. As shown in Figure 44,
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 Tlj 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 “17, 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 CTSj input is changed to “H”
during transmission.

The transmission start condition indicated by TEj flag, Tlj
flag, and CTSj is checked while the Tenpj signal shown in
Figure 44 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;j flag) of UART] transmit/receive control
register 0 changes 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 Tlj 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 UARTK 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]j output goes “L” to indicate that the next
data can be received. When the Rlk flag changes from “0”
to “1”, 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 REk flag is
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cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7 is operating because the receive clock is created from the
(SUMK flag) are ignored in clock synchronous mode. transmission clock. Therefore, the transmitter must be oper-
As shown in Figure 38, with clock synchronous serial com- ating even when there is no data to be sent from UARTK to
munication, data cannot be received unless the transmitter UART].

TxD; TxDk
I UART; transmission register I——J ) ﬂARTk transmission register ]
L UART; "agﬂf?ésrsriggister j IUARTk transmission buffer register]
[ UART; receive buffer register 1 l UART receive buffer register I
- - RxD; RxDk
l UART; receive register ]‘— —_‘_)L UARTK receive register J
UARTj Transmit/Receive mode register UARTK Transmit/Receive mode register
Lolx[x]x[ofofe]1] Lo x[x[x][i]o]o]1]
) ) CLK| CLKk
UART; Transmit/Receive control UARTg Transmit/Receive control
register 0 register 0
x Trx
XK [ e T [ e XA
) . ) CTS; RTSk
UART Transml.t/Recelve control UART Transmit/Receive control
register 1 . register 1
ITIPEFIJ FEHJOER! R [ RE J T J TE I ISUMl PER’ FERIOER—I Al I RE l i l TE]

Fig. 43 Clock synchronous serial communication

Transmission —);_#_1/10(("*_1 IX2

clock
TEj _J | [
Tl —l I"“-—? ‘{\

Write in transmission buffer register Transmission register—Transmission buffer register

s L L
——t= 1/fiX(n+1) X2

I

Stopped because TEj= “0"

CLK;

. M M
EEEEOEEE O HOEEBREERE  EREOHEOEE

Fig. 44 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 clock
source. When an internal clock is selected for asynchro-
nous serial communication, the CLKi pin can be used as a
normal I/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
fext

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.

—= = (1/f or 1/fexr) X (n+1)X16

mnsmssoncoc. | [ [ U U U U U U UV UUUL  UJUUyL

TE;j .J

T A

o Write in transmission buffer regisger
CTS;j l

1

Transmission register < Transmission

buffer register

Tenoi ﬂ

1

Start bit

TXEPTY;

T [

Parity bit Stop bit

™0, ST HXOXOXOXCHENHE 5\ TALHONOXEHCXOXONONEY s

Stopped because TEj= “0"

ST £DXD:)
I

Fig. 45 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

Transmissionc|ock|||Illlllll H H |||||| |||H|| I Il” II Il

TE;j _J
LI

.

Write in transmission buffer register
Tenoi

Transmission register«—Transmission

I [

<

[ —

buffer register ﬂ

Start bit Stop Bit Stop Bit Stopped becTe:Eu:__e o
TOi STALNDXPXDXPXDXDXPXD) sp SP\STAD: XD X0: XDXDXDXXPXDY'SP 5P~ \3TADXD: XDz
TXEPTY; ﬁ ﬂ ,—]

Fig. 46 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 regisger 0 bit 2 is used
to determine whether to use CTSj input or RTS; output.
CTS; input is used if bit 2 is “0” and RTSj output is used if
bit 2 is “1”.

If CTSj input is selected, the user can control whether to
stop or start transmission by external CTSj input.

Whether to use the CTS and RTS signals is determined by
bit 4 of the UART transmit/receive control register 0. Set bit
4 to “0” when CTS and RTS signals are used, and to “1”
when they are not used.

When CTS and RTS signals are not used, the CTS/RTS pin
can be used as normal port. The following describes the
case when the CTS and RTS signals are used. If CTS and
RTS signals are not used, the CTS;j input condition is un-
necessary and there is no RTSj output.

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 ﬁS'. input is selected. As
shown in Figure 45 and 46, 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. The data is output
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.

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 CTS;j input is selected) are ignored 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; flag, Tl;
flag, and 67—8‘. is checked while the Tg\pj signal shown in
Figure 45 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
register 0 changes to “1” at the next cycle after the Tgynpi
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 (REj flag) of UART;
transmit/receive control register 1 is set. As shown in Fi-
gure 47, the frequency divider circuit at the receiving end
begin to work when a start bit is arrived and the data is re-
ceived.

worter ULV ARSIV

RE;j J
8 i Stop bit Start bit
RxDj Start bit j Dq T T_, - - D-7:>'
N Ch L Get dat
Receive eck to be “L" level ata .
Clock _l—_[—‘—_
Starting at the falling
edge of start bit
Rlj

RTS; I l

|

Fig. 47 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;j flag changes to
“17, 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 40. 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 Rl; flag indicates that the receive buffer register
contains data when it is set. If RTSj output is selected, RTS;
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 RIj 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 Rlj 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;j flag can
be used to determine whether there is an error.

The setting of the Rlj flag, OER; flag, FERj flag, and the
PERi flag is performed while transferring the contents of
the receive register to the receive buffer register. The RI;
OER;j, FER;j, PERj, and SUM; flags are cleared when the
low order byte of the receive buffer register is read or
when the RE;j 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, OER;, FER;j, PERj, and the SUM; flag are
unchanged. Therefore, the interrupt request bit of the
UART; receive interrupt control register is alse 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.

* MITSUBISHI
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A-D CONVERTER

The A-D converter is a 10-bit successive approximation
converter.

Figure 48 shows a block diagram of the A-D converter and
Figure 49 shows the configuration of the A-D control regis-
ter 0 (address 1E,5) and A-D control register 1 (address
1Fy6).

The frequency of the A-D converter operating clock ¢ p is
selected by bit 7 of the A-D control register 0. When bit 7
is “0”, ¢ ap is the clock frequency divided by 8. That is, ¢ ap
=f(X,y)/8. When bit 7 is “1”, ¢ »p is the clock frequency di-
vided by 4 and ¢ \p="1(X\)/4.

The ¢p during A-D conversion must be 250kHz minimum
because the comparator consists of a capacity coupling
amplifier.

Bit 3 of A-D control register 1 is used to select whether to
use the conversion result as 10 bits or as 8 bits. The con-
version result is used as 10 bits when bit 3 is “1” and as 8
bits when bit 3 is “0”.

When the conversion result is used as 10 bits, the low-
order 8 bits of the conversion result is stored in the even
address of the corresponding A-D register and the high-
order two bits are stored in bits 0 and 1 of the odd address
of the corresponding A-D register. Bits 2 to 7 of the A-D
register odd address return “000000,” when read.

When the conversion result is used as 8 bits, the high-order
8 bits of the 10-bit A-D conversion are stored in even
address of the corresponding A-D register. In this case, the
A-D register odd address returns “00,¢” when read.

The operating mode is selected by the bits 3 and 4 of A-D
control register 0 and bits 1 and 2 of A-D control register 1.
The available operating modes are one-shot, repeat, single
sweep, repeat sweep 0, and repeat sweep 1.

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.

A-D conversion speed selection

¢
o O— 172 2 172 ]—m *

A-D control register 1 (1F,¢)

A-D control register 0 (1E,¢)

V
A\F;: Ladder network
L S N, S S Y S N N ) @L
LI I T T TTTE
Successive approximation register
Address Address

A-D register 0 (21,)

A-D register 0 (204¢)

A-D register 1 (23;)

A-D register 1 (22,¢)

A-D register 2 (25,5)

A-D register 2 (24,¢)

A-D register 3 (276)

A-D register 3 (264¢)

A-D register 4 (29;¢)

A-D register 4 (28,¢)

Decoder

A-D register 5 (2Byg)

A-D register 5 (2Aq6)

A-D register 6 (2Dys)

A-D register 6 (2Cq6)

Comparator

A-D register 7 (2Fy)

A-D register 7 (2Eq¢)

/ Data bus (odd) ) J Data bus (even) )

ANy O

AN; O
AN, O-

ANz O

AN, O

ANs O

ANg O

AN; O
ADrgrg

=
3

Selector

Fig. 48 A-D converter block diagram
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(1) One-shot mode

One-shot mode is selected when bits 3 and 4 of A-D con-
trol register 0 are “0” and bit 2 of A-D control register 1 is
“0". The A-D conversion pins are selected with bits 0 to 2
of A-D control register 0. A-D conversion can be started by
a software trigger or by an external trigger.

A software trigger is selected when bit 5 of A-D control
register 0 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.
When bit 3 of A-D control register 1 is “1”, A-D conversion
ends after 59 ¢ ,p cycles and an interrupt request bit of the
A-D conversion interrupt control register is set. At the same
time, A-D control register 0 bit 6 (A-D conversion start flag)
is cleared and A-D conversion stops. The result of A-D
conversion is stored in the A-D register corresponding 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 AD+pg 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+rg 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

Repeat mode is selected when bit 3 of A-D control register
0 is “1”, bit 4 is “0” and bit 2 of A-D control register 1 is “0”.
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.

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.

7 6543210 Address

1711 | | ] A-Dcontrol register 0 1Es

_I LL_J_ Analog input selection bit

000 : Select AN,
00 1 : Select AN,
010 : Select AN,
11 ©Select AN;
00 ' Select AN,
0 1 : Select ANs
10 ! Select ANg
111 ! Select AN;
A-D operation mode selection bit 0
0 0 : One-shot mode
0 1 : Repeat mode
1 0 ! Single sweep mode
1 1 : Repeat sweep mode 0
Repeat sweep mode 1
Trigger selection bit
0 : Software trigger

1 ! ADrgg input trigger
A-D conversion start flag

0 : Stop A-D conversion

0
1
1
1

1 ! Start A-D conversion
Frequency selection flag

0 : Select f(X;y)/ 8

1 - Select f(Xin)/ 4

76 543210 Address
XX 0 A-D control register 1 1Fys
I
— L—l— A-D sweep pin selection bit
When single sweep or repeat sweep
mode 0 is selected
00 : ANg, AN, (2 pins)
01 :ANg~AN; (4 pins)
10 I ANg~ANs (6 pins)
11 ANg~AN; (8 pins)
When repeat sweep mode 1 is selected
00 :ANg (1 pin)
01 : AN, AN, (2 pins)
10 D ANg~AN, (3 pins)
11 I ANg~AN; (4 pins)

A-D operation mode selectionbit 1
0 : Other than repeat sweep mode 1
1 ! Repeat sweep mode 1

8/10-bit mode selection bit

0 : 8-bit mode
1 1 10-bit mode
0 : Always “0”

Not used for A-D converter

Fig. 49 A-D control register bit configuration
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(3) Single sweep mode

Single sweep mode is selected when bit 3 of A-D control
register 0 is “0”, bit 4 is “1” and bit 2 of A-D control register
1is “0".

In the single 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 control register 1
(address 1F4). Two pins, four pins, six pins, or eight pins
can be selected as analog input pins, depending 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 ANy 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 0 bit 6 (A-D conversion
start flag) is set. When A-D conversion of all selected pins
end, an interrupt request bit of the A-D conversion interrupt
control register is set. At the same time, 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 AD+gg in-
put changes from “H” to “L”. In this case, the A-D conver-
sion result which is stored in the A-D register 7 becomes
invalid because the ADygg pin is shared with AN; pin.

The operation by external trigger is the same as that done
by 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.

(4) Repeat sweep mode 0

Repeat sweep mode 0 is selected when bit 3 of A-D con-
trol register 0 is “1”, bit 4 is “1” and bit 2 of A-D control
register 1 is “0".

The difference with the single sweep mode is that A-D
conversion does not stop after converting from the ANg pin
to the selected pins, but repeats again from the ANg 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.

(5) Repeat sweep mode 1

Repeat sweep mode 1 is selected when bit 3 of A-D con-
trol register 0 is “1”, bit 4 is “1” and bit 2 of A-D control
register 1 is “1”.

The difference with the repeat sweep mode 0 is that A-D
conversion of one unselected pin is performed and A-D
conversion is repeated once again from AN, pin after A-D

conversion of selected pins is performed in sequence from
ANg pin. The number of analog input pins to be swept is
also different.

The analog input pins for repeat sweep are selected with
bits 1 and 0 of A-D control register 1. The contents of these
pins are used to select one pin, two pins, three pins, or four
pins.

The unselected pins are converted in sequence after the
conversion of pins selected as repeat sweep pins. No inter-
rupt request is generated. Furthermore, if software trigger
is selected, the A-D conversion start flag is not cleared.
The A-D register can be read at any time.
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D-A CONVERTER
The D-A converter is an 8-bit R-2R method D-A converter. ' 7
Two independent D-A converters are built in. Figure 50
shows the block diagram of the D-A converter and Figure
51 shows the bit configuration of A-D control register 1.

D-A conversion is performed by writing a value in the cor-
responding D-A register. The conversion result is output by

543210 Address
A-D control register 1 1F;5

Not used for D-A converter
———————— D-A, output enable bit

0 : Disable output

1 : Enable output
D-A, output enable bit

bits 6 and 7 of A-D control register 1 (address 1F;¢). When 0 : Disable output
bit 7 is “1”, the conversion result is output from DA, pin. 1 : Enable output
When bit 6 is “1”, the conversion result is output from DA, -

pin Fig. 51 A-D control register 1 bit configuration
The output analog voltage V is determined from the value n
(decimal) set in the D-A register.

V = Vger X n/256 (n =0to 255)
Vrer - Reference voltage

The D-A output enable bit is cleared to “0” at reset. An ex-
ternal buffer should be connected when connecting to a
low impedance load because there is no built-in D-A output

buffer.
D-A register 0 ; D-A register 1
(1A46) - (1Cq6)
Vrer O_ VReer O——
R-2R ladder network R-2R ladder network
AVsg O"_ AVsg O—
Jy o
D-A, output D-A; output
enable bit enable bit
DA, pin DA, pin
Fig. 50 D-A converter block diagram
2—46  MITSUBISHI
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WATCHDOG TIMER

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

Figure 52 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 (fsp) or by 512 (f512) . Whether to count f, or f5;5 is de-
termined by the watchdog timer frequency selection flag
shown in Figure 53. fs;, is selected when the flag is “0” and
f3, is selected when it is “1”. The flag is cleared after reset.
FFF is set in the watchdog timer when “L” or 2V¢c 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; is set in the watchdog timer, the contents of
watchdog timer is decremented by one at every cycle of
selected frequency f3, 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 FFF,¢ 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 0 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 fa, during
STP instruction execution)

Watchdog timer

Hold (6046)
Write to watchdog timer ——
Set FFFyg
RESET Voo
O detection|
circuit

STP instruction S Q

1a

Fig. 52 Watchdog timer block diagram

7 6 5 4 3 2 1 0

XD ] pacress
Watchdog timer

frequency selection Tre

0 : Select fs;,

1 . Select f3,

Fig. 53 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
+10%. Program execution starts at the address formed by
setting the address pins Ayz~ Asg to 0046, A5~ Ag to the
contents of address FFFF,6, and A;~ Aq to the contents of
address FFFE¢. '
Figure 54 shows the status of the internal registers when a
reset occurs.
Figure 55 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.

Power on
M37710M4BXXXFP 7
RESET o o
CC
ov
28 69
RESET
j; 0V ———rl 0.9V

Fig. 55 Example of a reset circuit (perform careful
evaluation at the system design level before using)

Address Address

(1) Port PO data direction register (0446)-+ WTJ 29 Processor mode register 0 (5Eqg) [A— 00:6_4‘¥ :J
(2) Port P1 data direction register (054¢) " O‘Srﬁfj (30) Processor mode register 1 (5F,) f XN \MO}
(3) Port P2 data direction register (0846) -+ 31 Watchdog timer (6046) -+ FFFys j
(4) Port P3 data direction register (094g) " E%ﬂ%nu AO n (32)  Watchdog timer frequency selection flag (6146) m@
(5) Port P4 data direction regis‘ter (0Cqg) 0046 (33 Waveform output mode register  (624¢) 004¢
(6) Port P5 data direction register ~ (0Dqg)-+ (34) Reserved area(Do not write to this address)(66,6) -+
(7) Port P6 data direction register (1046) "+ (35 A-D conversion interrupt control register (7046) ﬁyﬁy‘nn (l _0
(8) Port P7 data direction register (1146) - 006 (36)  UART 0 transmission interrupt control register (7146) m A}Aunn 94
(9) Port P8 data direction register (1446) 0046 (37 UART 0 receive interrupt control register (7246) ‘mnnn 0
(100 A-D control register 0 (1Eq46)- unnnn 217 (38)  UART 1 transmission interrupt control register (7346) K{nnn 0}
(1) A-D control register 1 (1Fyg) -+ nnm 0 nn n (39 UART 1 receive interrupt control register (7446) munn 0
(1) UART 0 Transmit/Receive mode register (8046)- 0046 40)  Timer AO interrupt control register (7546) M@ 0 0
(13 UART 1 Transmit/Receive mode register (3846) 1) Timer A1 interrupt control register (7646) ME 0 : 0
(14 UART 0 Transmit/Receive control register 0 (3446)-++ X‘}x‘nnn 0 (42)  Timer A2 interrupt control register (7716) K“%K{un 0
(19 UART 1 Transmit/Receive control register 0 (3C1¢) - 0‘ 1 | 0‘ 0 ‘ 0' 3 Timer A3 interrupt control re\gister (7846) X‘K{K‘n 0100,
(16)  UART 0 Transmit/Receive control register 1~ (3546)+++ : 0{0j0 unn 4 Timer A4 interrupt control register (7946) X{}Xﬁnnn a
(1) UART 1 Transmit/Receive control register 1 (3Dyg) -+ nmnnnn 49 Timer BO interrupt control register (7A6)- ’X{K‘K}Anun 0 ‘
(1) Count start flag (4046)" 004 46 Timer B1 interrupt control register (7Byg) %Mml‘unn 0
(19 One-shot start flag (4246)"+ ’X"X"Xnnﬂ 07;‘ @) Timer B2 interrupt control register (7Cyg) - X‘le{nm 0 \
200 Up-down flag (4446) - 489 INT, interrupt control register (7Dyg) ml‘nn 0 n 07?
@) Timer A0 mode register (5646) " 49 INT, interrupt control register (7E6)- N olololofoio!
@) Timer A1 mode register (5746) (50 INT , interrupt control register (7Fy6)-+ "o \ 0 l 0 I 0 { 0 1 0 1
@3 Timer A2 mode register (584g) 0046 (57 Processor status register PS ! 0 | 0 l 0? ‘ ? Ol 0 l 0‘ 1 E ? i 2 "
(24 Timer A3 mode register (5946) (5 Program bank register PG 0046 -
9 Timer A4 mode register (5As6) 00,6 i (83) Program counter PCy l_CEntem of FFFF,;
(@6 Timer BO mode register (5Byg) -+ unnnnn 0! (89 Program counter PC_ i Content of FFF£
@7 Timer B1 mode register (5Cq6)"" i 0 1 01 |><l 0 l (U i 0] (55 Direct page register DPR ' 00006
(28) Timer B2 mode register (5Dyg) ‘ 0 l 01 M 0 l 0 Ow‘i OJ‘ (56) Data bank register DT 0046 N

Contents of other registers and RAM are not initialized and should be in-

itialized by software.

Fig. 54 Microcomputer internal status during reset
o—48 MITSUBISHI
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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.

Figures 56 and 57 show block diagrams of ports P8 to PO in
single-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.

* MITSUBISHI
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* Port P0o~P07, P1o~P1;, P2g~P2;, P3,~P3;, P4,~P4; (Inside dotted-line not included)
Port P4, P4,, P4;, P5;, P6,~P6;, P8,, P8¢ (Inside dotted-line included)

Data direction register

Data bus — Port latch - ID)-‘] }—0—0

« Port P7o~P7 (Inside dotted-line not included)
« Port P7; (Inside dotted-line included)

Data bus ——4 Port latch ’ [ }—o—o

0

~ .
Analog input —mmmmees -

S

* Port P8, P8; (Inside dotted-line not included)
Port PS,~P5, P8, (Inside dotted-line included)

Data direction register] wn

b o !
Output;

i

Data bus

Fig. 56 Block diagram for ports P8 to PO in single-chip mode and the E pin output (1)
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* Port P8,, P8,

— - “y
Data direction registe:
py

A

]

Output
Data bus Port latch
~N
Log
Analog output —o—
D-A output enable
« Port P8, P85
e
“—o
Output
Data bus Port latch O
~N

]

31

1
—q—

.
mj

Fig. 57 Block diagram for ports P8 to PO in single-chip mode and E pin output (2)
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PROCESSOR MODE

The bits 0 and 1 of processor mode register 0 as shown in
Figure 58 are used to select any mode of single-chip
mode, memory expansion mode, microprocessor mode, and
evaluation chip mode.

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

Figure 59 shows the functions of ports P4 to PO in each
mode.

The external
changes.
Figure 60 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, the bit 2 (wait bit) of processor
mode register 0, and bit 0 (wait selection bit) of processor
mode register 1. These will be described next.

memory area changes when the mode

®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 accessing the internal memory, the data bus width is
always 16 bits regardless of the BYTE pin level.

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

7 6 5 4 3 2 1 0
l I I Processor mode register 0

Address
S5Eqe

Processor mode bit

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

0 0 : Select 1/t(Xiy) X14
01 : Select 1/f(Xin) X 8
10 : Select 1/f(Xi) X 4
Test mode bit

This bit must be “0”

Clock ¢4 output selection bit
0 : No ¢, output
1 ¢4 output

Reset occurs when this bit is set to 1

Interrup priority resolusion time selection bit

7 6 5 4 3 2 10
Address

WW I Processor mode register 1 5F g

Wait selection bit

0 ' Wait0
1 > Wait1

Fig. 58 Processor mode register bit configulation
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CM, 0 0 1 1
CMo 0 1 0 1
Mode . . . .
Single-chip Mode Memory Expansion Mode Microprocessor| Evaluation Chip Mode
Port Mode
; | ; LI
Port PO P)O? PO, Same as left Same as left
1/0 Port ! Address A;~A,
PO, PO,
e T el e N
A|5~A5\/ .
BYTE= “L" P1, Same as left Same as left
! Address XData(odd
P1; = =
E E
I 0 P1, P1,
g ! Address Ajs~Asg ! Data( odd
or 2V P1g P1,
(Evaluati Same as left | Port P4, P5 and their direction
r\:'a uatu;n registers are treated as 16-bit wide
Conllp ;"0 e bus. If BYTE=2-Vc, the internal
y. ROM area is also treated as 16-bit
wide bus.
i I S VSR S
Ax~A
BYTE= “L” P2, 218 B Same as left Same as left
e
N P2; 2
: e :
ApaA 23~ A1s
P2 237 Ate P2;
o 2veo X Samo as et | |
(ciYa"n'TSE’S P ( dd) 0 (even, odd)
onlg.) even, o Same as for Port P1
E ] I E | I
P3, HLDA
P3;
0
P3, BHE
P3, R/W
E I I E j I_ E ] l
o G
P4, P4,
oL o )
LD G G
RDY
Port P4 * When processor mode P4y Pés X act X
register 0 bit 7 = “0” SATA
* When processor mode Pa,
register 0 bit 7 = “0” 2 1
P4 RDY
P4, I ¢ I I | I | P4, | Y | l l I | Same as leftin| | ROY
! ) spite of proce-
Same as above except P4, Same as above except P4, gister 0 bit 7
* When processor mode register 0| * When processor mode register 0
bit 7 = 1" bit 7 = "1"

Fig. 59 Processor mode and ports P4 to PO functions

ssor mode re- | P4o HOLD
2—5
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e Wait bit

As shown in Figure 61, when the external memory area is
accessed with the processor mode register 0 (address
5E6) bit 2 (wait bit) cleared to “0”, the access time can be
extended compared with no wait (the wait bit is “1”).

The access time is extended in two ways and this is
selected with bit 0 (wait selection bit) of processor mode
register 1 (address 5F,g).

When this bit is “1”, the access time is 1.5 times compared
to that for no wait. When this bit is “0”, the access time is
twice compared to that for no wait.

At reset the wait bit is “0” and bit 0 of processor mode reg-
ister 1 is “0”.

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

The processor modes are described below.

Memory Microprocessor Evaluation
expansion mode mode chip mode
244 2,
916 916
A %
(o}
804¢
RAM RAM RAM
47Fs
87F.c Reserved area Reserved area Reserved area

/

80005 %%
%%»% o

FFFFy

FFFFFF,q

The shaded area is the external memory area.

Fig. 60 External memory area for each processor mode

Internal clock¢
Address Data Address Data
Port P2
Wait bit “1” E L
ALE M M
e}
Access term
Address Data Address Data
Port P2
Wait bit “0” =
a E 1 1
(wait 1)
ALE | | | |
|y powrerm—]
Access term
Port P2 :x Address Y Data X Address K
Wait bit “0” -
E
(wait 0) L L
ALE | l | l
Access term
Fig. 61 Relationship between wait bit, wait selection bit,

and access time
(1) Single-chip mode (00)
Single-chip mode is entered by connecting the CNVgs pin
to Vgs 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 0 to “1”
(2) Memory expansion mode (01)
Memory expansion mode is entered by setting the proces-
sor mode bits to “01” after connecting the CNVgg pin to Vgs
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 170 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 I/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 Eis “L". However, if an internal
memory is read, external data is ignored while Eis “L". In
this case the 1/0 port function is lost.

KR
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Ports P3,, P3,, 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 Ag is “L” and BHE is
“L.

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 0 to
“1”, ¢, output keeps on. RDY is used when slow external
memory is attached.

(3) Microprocessor mode (10)

Microprocessor mode is entered by connecting the CNVgg
pin to V¢c and starting from reset. It can also be entered by
programming the processor mode bits to “10” after con-
necting the CNVgg pin to Vgs 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 ¢4 from port P4, is always output in spite of bit
7 of processor mode register 0.

(4) Evaluation chip mode (11)

Evaluation chip mode is entered by applying voltage twice
the Voo 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 Eis“L".

Port P2 function as an address output pin while E is “H”
and as data 1/0 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 Eis“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 I/0 pin
of even and odd addresses while E is “L”. However, if an
internal memory is read, external data is ignored while Eis
“Lr.

Port P4 and its data direction register which are located at
address 0A,s and 0C,¢ are treated differently in evaluation
chip mode. When these addresses are accessed, the data
bus width is treated as 16 bits regardless 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 ¢4, MX, QCL, VDA, and VPA out-
put pins respectively. Port P4; becomes the DBC input pin.
¢, from port P4, divided the clock to Xy pin by 2 is always
output in spite of bit 7 of processor mode register 0.

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
« Evaluation chip starting after reset. Evaluation
Vee chip mode can be selected
by changing the processor
mode bit by software.

2+ Voc * Evaluation chip « Evaluation chip mode only.
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CLOCK GENERATING CIRCUIT

Figure 62 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, FFFq¢ is
written to watchdog timer and the watchdog timer input
connection is forced to f3;. 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 received, 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 using 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 immediately because the oscillator is not
stopped.

M37710M4BXXXFP

XiN

Xout

29 1MQ

130

A%

%Rd

1T
AU

)

L

J

Fig. 63 Circuit using a ceramic resonator

The stop or wait state is released when an interrupt is re- M37710M4BXXXFP

ceived or when reset is issued. Therefore, interrupts must

be enabled before executing a STP or WIT instruction. Xin Xour

Figure 63 shows a circuit example using a ceramic (or 29 o 30
pen

quartz crystal) resonator. Use the manufacturers recom-
mended values for constants such as capacitance which
differ for each resonator. Figure 64 shows an example of
using an external clock signal.

VCC
Vss

External clock source

Juur

Fig. 64 External clock input circuit

e

Interrupt request —L S Q

STP instruction—— R

WIT instruction4 R

Reset
s

R STP instruction

f2 fie

Internal clock ¢

fﬁ?

fea

1/8 H 1/2

1/2 H 1/8

f512

O

Xin Xout

Watchdog
timer

Fig. 62 Block diagram of a clock generator

MITSUBISHI




MITSUBISHI MICROCOMPUTERS

M37710M4BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ADDRESSING MODES

The M37710M4BXXXFP has 28 powerful addressing mod-
es. Refer to the MELPS 7700 addressing mode description
for the details of each addressing mode.

MACHINE INSTRUCTION LIST
The M37710M4BXXXFP has 103 machine instructions. Re-
fer to the MELPS 7700 machine instruction list for details.

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

(1) M37710M4BXXXFP mask ROM order confirmation form
(2) 80P6N mark specification form

(3) ROM data (EPROM 3 sets)

)‘msumsm
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3~7 v
AVce Analog supply voltage —0.3~7 \"
\/ Input voltage RESET, CNVsgs, BYTE —0.3~12 \

Input voltage P0y~P07, P1o~P1;, P2p~P2;, P3,~P3;,
\ P4y~P4;, P5,~P57, P6g~P67, P7o~P77, —0.3~Vgc+0.3 \Y

P8y~P87, Vrer, Xiv
Output voltage P0y~P0;, P1p~P1;, P2g~P2;, P3,~P33,

Vo P49~ P4;, P5,~P5;, P6o~ P67, P7o~P77, —0.3~Vgc+0.3 \Y
P8y~ P87, Xour, E

Pd Power dissipation Ta=25C 300 mw

Topr Operating temperature —20~85 ‘c

Tstg Storage temperature —40~150 ‘C

RECOMMENDED OPERATING CONDITIONS (voc=5v%10%, Ta=—20~85C, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.
Vece Supply voltage 4.5 5.0 5.5 \"
AVeie Analog supply voltage Vece \"
Vss Supply voltage 0 v
AVsgs Analog supply voltage 0 v
High-level input voltage POy~ P07, P3g~P33, P4o~P4;,
P5¢~P5;, ~P67, P7g~P77,
Vin P2~P8:, ;i.o ﬁé, zznvs;, 0.8Voo Veo v
BYTE
Vin High-level input voltage P1g~P1;, P2;~P2; 0.8Veo Voo v

(in single-chip mode)
High-level input voltage P1o~P1;, P2;~P2;
Vin (in memory expansion mode and |{0.5Vc Vee \

microprocessor mode)
Low-level input voltage P0y~PO0;, P3g~P33, P4o~P47,

PS5y~ P57, PBy~P67, P7o~P77,

0 0.2
Vic P8y~P8;, Xy, RESET, CNVss, VooV
BYTE
Low-level input voltage P1g~P17, P2g~P2
Vi ow-level input voltage P1o~P17, P2p~P2; 0 0.2Vee v

(in single-chip mode)
Low-level input voltage P1g~P1;, P2,~P2;
Vi (in memory expansion mode and 0 0.16V¢e v
microprocessor mode)
High-level peak output current POg~P07, P1o~P17, P2g~P27,
lon(peak) P3g~P3;, Pdo~Pdz, P5o~P5;, —10 mA
P6o~P67, P7¢~P77, P8o~P8;
High-level average output current POg~PO07, P15~P17, P2o~P27,
loncavg) P39~P33, P4o~P4;, PSy~P57, —5 mA
P6o~ P67, PTo~P77, P8y~P8;
Low-level peak output current POy~P07, P1o~P17, P2p~P2;,
lou(peak) P3g~P35, Pdg~P47, P5y~P57, 10 mA
P6o~P67, P7o~P77, P8o~P8;
Low-level average output current POg~P07, P1o~P17, P2p~P27,
loLcavg) P3o~P33, P4g~P4;, P5o~P57, 5 mA
P6o~P67, P7o~P7;, P8;~P8;
f(Xin) External clock frequency input 25 MHz

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 loL(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less.

258 & mmsuBist
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ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25T, f(X,y)=25MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
High-level output voltage POy~PO07, P1o~P1;, P2g~P2;,
P3, P34, P3;, P4o~P4y,
V low=—10mA 3 v
oH PSo~P5;, Peo~P67, PTg~P77, | "
P8y~P8;
High-level output voltage P0o~P07, P1o~P17, P29~P27,
lon=—400A .
Vou Py, P3;, P3, oH 7 4.7 \"
Vv High-level output voltage P3 low=—10mA 3.1 v
-level output voltage
on 9 P 98 o low=—400uA 4.8
Vv, High-level output voltage E low=—10mA 3.4 v
-level output voltage
oH g p! g lon=—4001A 4.8
Low-level output voltage POo~ P07, P1o~P17, P2o~P2;,
P30, P34, P33, P4o~P4;,
lo,=10mA 2 \%
Vou P59~ P57, P6o~P6;, PTo~P7;, o
P8y~ P8;
Low-level output voltage POy~P07, P1o~P17, P2o~P2;,
lot=2mA 0.45 \"
Vou P3p, P3;, P33 o
% Low-level output voltage P3; lo.=10mA 1.9 v
ow-level output voltage
ou put vollage e lo.=2mA 0.43
Y Low-level output voltage E loe=10mA 1.6 v
ow-level output voltage
ot v P 9 loL=2mA 0.4
Var—V. Hysteresis HOLD, RDY, TAOn~TA4n, TBON~TB2, 0.4 1
T+ INTo~INT,, ADrra, CTSg, CTS;, CLKo, CLK; )
Vr4+—Vi— | Hysteresis RESET 0.2 0.5 \
Vr+—Vi— | Hysteresis Xy 0.1 0.3 \"
High-level input current POy~P0;, P19~P17, P2p~P2;,
P3¢~P33, P4g~P4;, P5,~P57,
I V=5V 5 A
" PGy~P67, P7g~P7;, P8y~P8;, ! “
Xin, RESET, CNVgs, BYTE
Low-level input current POo~P0y7, P1o~P1;, P2p~P2;,
P39~P33, P4g~P4;, P5o~P5;,
V=0V —5 A
e P6y~P6;, P7o~P7;, P8y~P8;, ! “
X, RESET, CNVss, BYTE
Vram RAM hold voltage When clock is stopped. 2 v
1(Xin) =25MHz,
, , (o) z 19 38 | mA
In single-chip mode | square waveform
output only pin is =
lcc Power supply current P VP . Ta=25C when clock 1
open and other pins | is stopped.
are Vss during reset. | T,=85C when clock 20 uA
is stopped.
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A-D CONVERTER CHARACTERISTICS (Vcc=AVcc=5YV, Vss=AVss=0V, Ta=25C, f(X;n)=25MHz, unless otherwise noted)

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

— Resolution Vrer=Vcc 10 Bits

—_ Absolute accuracy Vrer=Vco +3 LSB
Riapper | Ladder resistance Veer=Vcc 5 20 kQ
tconv Conversion time 9. 44 us
VRger Reference voltage 2 Vce \%
Via Analog input voltage 0 Vgrer \

D-A CONVERTER CHARACTERISTICS (Voc=5V, Vss=AVgs=0V, Ta=25C, f(X;s)=25MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.

— Resolution 8 Bits

— Absolute accuracy 1.0 %
tsu Set time 3 us
Ro Output resistance 1 2.5 4 kQ
\Rer Reference power input current (Note) 3.2 mA

Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “004¢”".

Current that flows to the ladder resistance of A-D converter is excluded.

MITSUBISHI
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TIMING REQUIREMENTS (Voc=5V+10%, Vss=0V, Ta=257C, {(X;y)=25MHz, unless otherwise noted)

External clock input

Symbol Parameter Limits Unit
Min. Max.
tc External clock input cycle time 40 ns
tw(H) External clock input high-level pulse width 15 ns
twiL) External clock input low-level pulse width 15 ns
tr External clock rise time 8 ns
tf External clock fall time 8 ns
Single-chip mode
Limits .
Symbol Parameter i, Max. Unit
tsu(pob—g) | Port PO input setup time 60 ns
tsu(pip—e) | Port P1 input setup time 60 ns
tsu(p2p—e) | Port P2 input setup time 60 ns
tsu(psp—e) | Port P3 input setup time 60 ns
tsu(pap—e) | Port P4 input setup time 60 ns
tsu(psp—e) | Port P5 input setup time 60 ns
tsu(pep—e) | Port P6 input setup time 60 ns
tsu(pzo—e) | Port P7 input setup time 60 ns
tsucpep—e) | Port P8 input setup time 60 ns
th(e—pPoD) Port PO input hold time 0 ns
th(e—P1D) Port P1 input hold time 0 ns
th(e—p20) Port P2 input hold time 0 ns
th(e—r3D) Port P3 input hold time 0 ns
th(e—P4D) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—reD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e_psD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Symbol Parameter Limits Unit
Min. Max.
tsu(pio—e) | Port P1input setup time 30 ns
tsu(p2p—e) | Port P2 input setup time 30 ns
tsucrov—g ) | RDY input setup time 55 s
tsu(HoLo—gy) | HOLD input setup time 55 ns
th(e—p1D) Port P1 input hold time 0 ns
th(e—p20) Port P2 input hold time 0 ns
th(s,—rov) | RDY input hold time 0 ns
th(s,_+oLp) | HOLD input hold time 0 ns
& MITSUBISHI 2—61
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Timer A input (Count input in event counter mode)

Limits
Symbol Parameter N Unit
Min. Max.
to(ra) TAiw input cycle time 80 o
tw(Tan) TAiw input high-level pulse width 40 ns
tw(TaL) TAin input low-level pulse width 40 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter - Unit
Min. Max.
tcita) TAiw input cycle time 320 ns
tw(TaH) TAin input high-level pulse width 160 ns
tw(TaL) TAin input low-level pulse width 160 ns
Timer A il‘lput (External trigger input in one-shot pulse mode)
Limits
Symbol Parameter - Unit
Min. Max.
te(ra) TAi input cycle time 160 ns
tw(tam) TAin input high-level pulse width 80 ns
tw(TAaL) TAi input low-level pulse width 80 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter - Unit
Min. Max.
tw(tan) TAi input high-level pulse width 80 ns
tw(taL) TAin input low-level pulse width 80 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter - Unit
Min. Max.
tc(up) TAioyr input cycle time 2000 ns
tw(upH) TAioyr input high-level pulse width 1000 ns
tw(upL) TAioyr input low-level pulse width 1000 ns
tsuup-Ty) TAigyr input setup time 400 ns
thiry-ur) TAiourt input hold time 400 ns
ANy



MITSUBISHI MICROCOMPUTERS

M37710M4BXXXFP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

Timer B input (Count input in event counter mode)

Limits
Symbol Parameter - Unit
Min. Max.
te(re) TBii input cycle time (one edge count) 80 ns
tw(TBH) TBiiy input high-level pulse width (one edge count) 40 ns
tw(TeL) TBiyy input low-level pulse width (one edge count) 40 ns
tc(re) TBiw input cycle time (both edges count) 160 ns
tw(TsH) TBiw input high-level pulse width (both edges count) 80 ns
tw(TeL) TBijy input low-level pulse width (both edges count) 80 ns
Timer B input (Pulse period measurement mode)
Symbol Parameter Limits Unit
Min. Max.
te(re) TBii input cycle time 320 ns
tw(TeH) TBii input high-level pulse width 160 ns
tw(TeL) TBin input low-level pulse width 160 ns
Timer B input (Pulse width measurement mode)
Symbol Parameter Limits Unit
Min. Max.
te(re) TBin input cycle time 320 ns
tw(TeH) TBiin input high-level pulse width 160 ns
tw(TeL) TBin input low-level pulse width 160 ns
A-D trigger input
Symbol Parameter Limits Unit
Min. Max.
tc(ap) ADrr input cycle time (minimum allowable trigger) 1000 ns
twiapL) ADraa input low-level pulse width 125 ns
Serial 1/0
Symbol Parameter Lirits Unit
Min. Max.
tc(ck) CLK;j input cycle time 200 ns
twickn) CLK; input high-level pulse width 100 ns
tw(ckL) CLK; input low-level pulse width 100 ns
td(c—a) TxDj output delay time 80 ns
th(c—a) TxDj hold time 0 ns
tsu(o—c) RxDj input setup time 30 ns
th(c—b) RxDj input hold time 90 ns
External interrupt INT; input
Symbol Parameter Limits Unit
Min. Max.
tw(ine) INT; input high-level pulse width 250 ns
twONL) INT; input low-level pulse width 250 ns
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SWITCHING CHARACTERISTICS (Voc=5V£10%, Vss=0V, Ta=257C, f(X;n) =25MHz, unless otherwise noted)
Single-chip mode

Symbol Parameter Test conditions Limits 'Unit
Min. Max.

td(e—roq) Port PO data output delay time 80 ns
td(e—p1Q) Port P1 data output delay time 80 ns
td(e—p2q) Port P2 data output delay time 80 ns
td(e—p3Q) Port P3 data output delay time 80 ns
td(e—praq) Port P4 data output delay time Fig. 65 80 ns
td(e—psa) Port P5 data output delay time 80 ns
td(e—peq) Port P6 data output delay time 80 ns
td(e—p7a) Port P7 data output delay time 80 ns
td(e—rsQ) Port P8 data output delay time 80 ns

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

Symbol Parameter Test conditions Limits Unit
Min. Max.
td(poa—e) Port PO address output delay time 12 ns
td(e—p1@) Port P1 data output delay time (BYTE="L") 45 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(p1a—E) Port P1 address output delay time 12 ns
td(pia—arLe) | Port P1 address output delay time 5 ns
td(e—p2q) Port P2 data output delay time 45 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 12 ns
td(p2a—acLe) | Port P2 address output delay time 5 ns
td(¢,;—HLpa) | HLDA output delay time 50 ns
td(ALE—E) ALE output delay time 4 ns
twiaLe) ALE pulse width 22 ns
td(BHE—E) Fli output delay time Fig. 65 20 ns
td(r/w—Eg) R/W output delay time 20 ns
tde—¢p ¢4 output delay time 0 18 ns
th(e—poa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—pP1Q) Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—P2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—sne) | BHE hold time 18 ns
th(e—r/w) R/W hold time 18 ns
tw(eL) E pulse width 50 ns
r—ta * MITSUBISHI
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Memory expansion mode and microprocessor mode

(when wait bit = “0", wait selection bit = “1”, and external memory area is accessed)

Symbol Parameter Test conditions - Limits Unit
Min. Max.

td(Poa—E) Port PO address output delay time 12 ns
td(e—p1Q) Port P1 data output delay time (BYTE="L") 45 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(p1a—E) Port P1 address output delay time 12 ns
td(pia—aLe) | Port P1 address output delay time 5 ns
td(e—pP2q) Port P2 data output delay time 45 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 12 ns
td(p2a—aLe) | Port P2 address output delay time 5 ns
td(4 ;—HLDA) HLDA output delay time 50 ns
td(aLe—E) ALE output delay time 4 ns
twiaLe) ALE pulse width 22 ns
td(BHE—E) W_E output delay time Fig. 65 20 ns
td(r/w—E) R/W output delay time 20 ns
tde—¢ ) ¢4 output delay time 0 18 ns
th(e—pPoa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE: 9 ns
th(e—p1q) Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—pr2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—shE) BHE hold time 18 ns
th(e—rw) | R/W hold time 18 ns
twier) E pulse width 130 ns
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Memory expansion mode and microprocessor mode

(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed)

Symbol Parameter Test conditions - Limits Unit
Min. Max.
td(Poa—E) Port PO address output delay time : 92 ns
td(e—p1Q) Port P1 data output delay time (BYTE="“L") 45 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(p1a—E) Port P1 address output delay time 92 ns
td(p1a—aLe) | Port P1 address output delay time 70 ns
td(e—p2q) Port P2 data output delay time 45 ns
tpxz(e_p2z) | Port P2 floating start delay time 5 ns
td(p2a—e) Port P2 address output delay time 92 ns
td(p2a—aLe) | Port P2 address output delay time 70 ns
td(¢,—HLpa) | HLDA output delay time 50 ns
td(aLE—E) ALE output delay time 15 ns
twiaLe) ALE pulse width 62 s
td(BHE—E) Eﬁ_ﬁ output delay time Fig. 65 100 ns
td(rR/w—g) R/W output delay time 100 ns
tde—g ) #1 output delay time 0 18 ns
th(e—pPoa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 20 ns
th(e—p1Q) Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address hold time 20 ns
th(e—p2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—pne) | BHE hold time 18 ns
th(e—r/w) | R/W hold time 18 ns
tw(EL) E pulse width 130 ns
PO o
P1
P2 —_
Pa 100pF
P4
P5
P6
P7
P8
[
E

Fig. 65 Testing circuit for ports PO~P8, ¢,
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TIMING DIAGRAM tr ¥t

Single-chip mode twir) twiw)
1(Xin)
E

Port PO output

Port PO input

Port P1 output

Port P1 input

Port P2 output

Port P2 input

Port P3 output

Port P3 input

Port P4 output

Port P4 input

Port PS5 output

Port PS5 input

Port P6 output

Port P6 input

Port P7 output

Port P7 input

Port P8 output

Port P8 input

le—> td(e—poaq)

tsu(roo-e)
th(e-poo)
'<—->l tdce-p1a)

A

tsutpio—e)
:}\lh(s—mm
le—>]| td(e-r20)

tsutp20—€)
j\ws—nw
le—> td(e—paq)

tsutpap—€)

:_j\ thie-r30)

le—{ td(e-paa)

tsu(pan—£)

<

3\ thie-rao)

<—>{ lde-rsa)

X

tsu(pso—g)

S

3\&(5—%0)

l<—> td(e—rea)

tsu(peo—€)

~

3\ thee—rep)

= td(e—p7a)

tsu(p7o—€)

=~

Q\Jh(e—wo)

<> td(e—rsa)

tsu(psp—E)

<

%(E—PBD)
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to(ra)
tw(tan)
—
TAi input / /
twitaL)
]
tciup
twiupH)
TAioyr input / \
twiupL)
|

TAioyr input 4
(Up-down input) L
In Event counter mode
TAin input _—W
(When count by falling) ‘Pth(Tm—uP) tau(UP—Ty)

TAin input \ {
(When count by rising) \.____/

tere)
twiren)
/ \
TBiw input /
twiteL)
| |
tecan)
twiaoL)
ADrgg input \ \ /
teick)
twickn)
’ | /
CLK;j
— / N /
twickL)
thic—-a)
TxDj X W(
/
tdic-a)
| tsuco~-c) thic-o)
o\
RxDj \
twanw
INT; input
twink)
>
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2% ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37710M4BXXXFP
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Memory expansion mode and microprocessor mode
(When wait bit = “1")

YW aNVaN
N T\ e

mi

RDY input \\ /

tsu(rov—¢y)| th(st—roY)

(When wait bit = “0")

- /N W\ S L
T\ T

RDY input /

tsucrov—¢)|  thier—rov)

(When wait bit = “1” or “0” in common)

/N ./ L

tsu(HoLp~9y)

HOLD input \

th(g,—HoLD)

td(g,~HLOA) td(¢—HioA)

HLDA output

Test conditions

* Voo =5V£10%

* Input timing voltage : V.= 1.0V, V|, = 4.0V
+ Output timing voltage : Vo, = 0.8V, Vo, = 2.0V
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Memory expansion mode and microprocessor mode (When wait bit="1")

1(Xin)

#1

mi

Port PO output
(Ag~A7)

Port P1 output
(Ag~A,5/Dg~D;s)
(BYTE="L")

Port P1 output
(Ag~Ass)
(BYTE="H")

Port P1 input

Port P2 output
(Ay6~Az3/Dy~D;)

Port P2 input

Port P3, output
(ALE)

Port P3, output
(BHE)

Port P3, output
(R/W)

tf tr e
twiL) twin)
tde-9,) — dee—9)
tw(EeL) L
td(poa—e)
th(e—poa)
X Address Address X
th(ALE—PlA'FFﬂ ) th(e—p1q) tpxze—p12) tpzx(e—p12)
Address Data Address | W — — — — — = r - Address
td(p1a—aLe) > td(e—r1a)
tdp1a—e)
th(e—p1a)
X Address Address X
tsupio—g) the-r10)
th(ALE—P24) .—;! thce—p2q) ‘tpxz(e—p22) tpzx(e-p2z)
Address % Data Address | W ————— —- 1( Address
trant) tsutp2o—e) .
tdpea—ace) | | td(e—r20) h(e-P20)
twiaLe)
td(aLe—e)
ld(ere-e) ‘*i thie-ene)
( X X
td(R/W—E)_) (_)* thie—rw)

/

Test conditions
* Vee=5V*10%
- Output timing voltage : Vo =0. 8V, Vou=2.0V

« Ports P1, P2 input DV =0. 8V, Vi|y=2.5V
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Memory expansion mode and microprocessor mode

(When wait bit = “0", wait selection bit = "1”, and external memory area is accessed)

tc

1(Xin)
NV aAVaVaValaWal

td(E—g) >t =
E twieL) tde-¢)) ]

thie—roa) |esf td(poa—E)

Port PO output X Address Address X
(A0~A7) x

e tpxz(e-p12) tpzx(e—p12)

'h(ALE—PIA)I‘ thee--p 10)

| 5
Port P1 output T\
(Aa~A,5/Dg~D1s) Addr Data (Addre
(BYTE="L") /

e~ td(e—P1a)

td (P1A—ALE)

Address

thie—p1a) <™ tdpia—e)
Port P1 output h(E—P 1A, tdpia—e
(Ag~Ays) X Address Address X
(BYTE="H")
tsu(rio—E) th(e-ri0)
Port P1 input

tpzx(e—r22)

Address

th(aLe—P2a) <L>| thie—r 20) | toxz(e-rez)
Port P2 output
(A1g~Az3/Do~Dy) Addr X Data Address)
tsutp2o—£)
l(—)ta(p“_g) thie-p20)

td(p2a—ace) | | tde—r20)

Port P2 input
twiace)
re—tdae—€)
Port P3, output
(ALE)
td(eHe—E)

<> the- sne)
Port P3, output ) \( X
(BHE)

tdiaw—e)

thie- riw)

Port_ P3, output
(R/W)

Test conditions

* Vee=5V£10%

+ Output timing voltage : Vo =0.8V, Vou=2.0V
* Ports P1, P2 input LV =0.8V, Viy=2.5V
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Memory expansion mode and microprocessor mode

(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed)

f(Xin)

&

mi

Port PO output
(Ag~A7)

Port P1 output
(Ag~A15/Dg~Dys)
(BYTE="L")

Port P1 output
(AB~A15)
(BYTE="H")

Port P1 input

Port P2 output
(A16~Az23/Do~D5)

Port P2 input
Port P3; output

(ALE)

Port P3, output
(BHE)

Port P3, output
(R/W)

\WAVAWAWAWS

AVAS

vl ef,\—/—\—/—\—/_\—/_\—/‘\l
R

td(e—gy) d(e—¢))
tw(ew) R —
/
td(poa—e)
thie—poa) (—’I
X * Address X Address X

th(aLe—p1a) I ‘—’I the—-r1a) toxz(e—r12) tpzx(e-p12)
/
){\Address X Data X Address | = —— — — — - Address
' tde-r10)
d(P1A—ALE) td(p1a—E)
th(e—p1a) ‘_’I
X Address M Address X
L
tsu(p1o—E) the—piD)
thiae—p2a) i l ] thie-rz0) tpxz (e-p2z) <= tpzx (e—p22)
)( Address X Data X Address | ) —— ——— {  Address
. <..—>| t; —
td(e—p2a) l‘——g% tsutp2p—E) | th(e—r2p)
td(pea—aLe) *—-———\
tw(aLe)
] tdcaLe~g)
\ / \
t -
d(BHE—E) e thce_smes v
td(rw—E€)

+ Ports P1, P2 input

7‘h(£—n/w)

« Output timing voltage : Vo, =0. 8V, Vou=2.0V
1V, =0.8V, V,;=2.5V
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DESCRIPTION

The M37710M8BXXXFP 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.

FEATURES
® Number of basic instructions:«««=-----ssereerremeeeeen 103
® Memory size ROM erererrrerimnnenenea, 60K bytes
RAM .............................. 2048 bytes
® |Instruction execution time
The fastest instruction at 256MHz frequency -+ 160ns
o Single power supply ..................................... 5vi10%
® Low power dissipation (at 25MHz frequency)
........................... 95mw (Typ)
® Interrupts =19 types 7 levels
® Multiple function 16-bit timer «««xeeremrereeeeeeeenes 5+3
(Pulse motor drive waveform can be output.)
® UART (may also be Synchronous) ««««««-weeeeeeseesinenns 2
® 10-bit A-D converter:--:«oooeereeeeeenes 8-channel inputs
® 8-bit D-A converter 2-channel outputs
® 12-bit watchdog timer
® Programmable input/output
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) - wwreeeseee 68
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 com-
munication and measuring instruments

NOTE
Refer to “Chapter 5 PRECAUTIONS” when using this mic-
rocomputer.

PIN CONFIGURATION (TOP VIEW)

<
o
© 2
4 4
Lé 3
N o s oR SESS
2z22z2z22z22 g
LI » o 100X
3333333 488845333
KRN 8> 8> 00 b0 b
acocoaoaa><C<>C>0000
IR AR R A | Pt
[eo o) fee] 7] fee]

PTo/ANy <= [1] [62] += P8,/CTS,/RTS;/DA,
PB//TB2 + +> PB5/CLK,
Pg/TBy +* [3] [62) +> P8g/RxD;
PBis/TBO + (4] [E1) +> P8,/T\0,

PE/INT, ++ [B2] + POo/Ay

P63/INT, ++ [€] + PO,/A;

PB,/INT, ++ [58] ++ PO,/A,
PB,/TAd += ] +» POy/Ag
P6o/TAdour/RTP1; +> (8] [56] + POy/A,
P57/TA3, <+ [19] + Ps/Ag

PSg/TA3oy7/RTP1, ++ [11]
P5s/TAZ/RTP1, <+ [12]
P54/TA20u7/RTP1G <+
P53/ A1 /RTPO5 <= [14]
P52/TA1ouT/RTPO, ++
P5,/TAO/RTPO; <+ [16]
P5o/TAOGu/RTPOg ++

<+ P1o/Ag/Dg
<+ P1,/Ag/Dg
[50] += P1,/A40/D10
[49] +> P13/A44/Dqq
[18] ++ P14/A1/0s,

dIXXXd8WOLLLENW

P4,/DBC* <+ [i3] +> Plg/Ag/Dyg
Plg/VPA* +> 1] [#6] +> Plg/A4/D14
P45/VDA* <+ [20] [5] +> P1;/A5/Ds5
P4,JQCL* [44]) ++ P2/As6/Dg

PayMX* - [2] [43] +> P2,/Ay7/D,
Pdyiy +> > Py/Asg/D,
P4, /RDY + [41] + P2g/As/D5

B[] BB e o el Bl o]
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Outline 80P6N-A

*: Used in the evaluation chip mode only
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MITSUBISHI MICROCOMPUTERS

M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37710M8BXXXFP

Parameter Functions

Number of basic instructions 103
Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency)

ROM 60K bytes
Memory size

RAM 2048 bytes

P0~P2, P4~P8 8 -bitX 8
Input/Output ports -

P3 4 -bitX 1

TAO, TA1, TA2, TA3, TA4 16-bitX 5
Multi-function timers

TBO, TB1, TB2 16-bitX 3
Serial 110 (UART or clock synchronous serial 1/0) X2
A-D converter 10-bitX 1 (8 channels)
D-A converter 8 -bitX 2
Watchdog timer 12-bitX 1

3 external types, 16 internal types
Interrupts . -
(Each interrupt can be set the priority levels to 0~ 7.)
Clock generating circuit Built-in( externally ted to a or quartz crystal resonator)
Supply voltage 5V+10%
Power dissipation 95mW(at external clock 26MHz frequency)
- Input/Output voltage 5V

Input/Output ch istic

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




MITSUBISHI MICROCOMPUTERS

M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Functions

Vee, Power supply Supply 5V+10% to Vec and 0V to Vs,

Vss

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

RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re-
quired 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 Xour. When an external clock is used, the clock source should be connected to the Xy pin

Xout Clock output Output and the Xoyr 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.

AVcc Analog supply input Power supply for the A-D converter. AVgs is also used for D-A converter. Connect AV¢c to Ve and AVss to

AVsg Vss externally.

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

P0g~PO0; 1/0 port PO 170 In single-chip mode, port PO becomes an 8-bit I/0 port. An I/0O direction register is available so that each
pin can be programmed for input or output. These ports are in input mode when reset .

Address(A;~Ay)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 PO. 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 (Aqs~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(As~Ag)is output.

P2,~P2; 170 port P2 1/0 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~Aqe)is
output when E output is “H”.

P3¢~P33 1/0 port P3 1/0 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode, R/W, BHE, ALE, and HLDA signals are output.

P4y~P4; 1/0 port P4 1/0 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 program-
med for ¢4 output pin divided the clock to Xy pin by 2. In microprocessor mode, P4, always has the func-
tion as ¢; output pin.

P5¢~P57 /0 port PS5 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0
pins for timer AQ, timer A1, timer A2 and timer A3. P5,~ P5¢ also function as output pins for pulse motor
drive waveform.

P6o~P6; 1/0 port P6 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0
pins for timer A4, external interrupt input INT, INT; and INT> pins, and input pins for timer BO, timer B1 and
timer B2. P6 also functions as an output pin for pulse motor drive waveform.

P7,~P7; 1/0 port P7 1/0 In addition to having the same functions as port P0 in single-chip mode, these pins also function as analog
input ANg~AN; input pins. P77 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, and output pins for D-A converter.

e AELECTRICE'I



MITSUBISHI MICROCOMPUTERS

M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37710M8BXXXFP has the same functions as the
M37710M4BXXXFP except for the following:

(1) The ROM size is 60K bytes.

(2) The RAM size is 2048 bytes.

Therefore, refer to the section on the M37710M4BXXXFP.

MEMORY

The memory map is shown in Figure 1.

ADDRESSING MODES

The M37710M8BXXXFP has 28 powerful addressing mod-
es. Refer to the MELPS 7700 addressing mode description
for the details of each addressing mode.

MACHINE INSTRUCTION LIST
The M37710M8BXXXFP has 103 machine instructions. Re-
fer to the MELPS 7700 machine instruction list for details.

DATA REQUIRED FOR PROM ORDERING
Please send the following data for mask order.

(1) M37710M8BXXXFP mask ROM order confirmation form
(2) 80PBN mark specification form

(3) ROM data (EPROM 3 sets)

00000016

Bank 046

00FFFFis
01000016

Bank 146
\
01FFFFs \

e *c e s s s 0 0 s o0
7
4
—
—
—

FE0000+6

Bank FE g \

FEFFFFi \
FF000016

Bank FF

FFFFFFis

0000006
00007Fs
00008016

\ 00087F 6

\ 00100045

00FFD6ys
\

00FFFFi6

Peripheral devices
Internal RAM

2048 bytes

control registers

\

Interrupt vector table

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,
INT,

/ INT
Watchdog timer
DBC
BRK instruction
Zero divide
RESET

Internal ROM
60K bytes

Fig. 1 Memory map

* MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37710M8BXXXFP

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 \
Vi Input voltage RESET, CNVss, BYTE —0.3~12 \"

’ Input voitage P0~PO07, P19~P1;, P2p~P2;, P3p~P33, .

Vv, P4y~P4;, P5,~P57, P6y~P6;, P7o~P77, —0.3~Vce10.3 \")

P8y~P87, Vrer, Xin
Output voltage POy~ P07, P19~P1;, P2y~P2;, P3;~P3;,

Vo P4y~P4;, P5o~ P57, P6y~P67, P7q~P77, —0.3~Vcc+0.3 v
P8¢~P87, Xour, E

Pd Power dissipation Ta=25C 300 mw

Topr Operating temperature —20~85 c

Tstg Storage temperature —40~150 ‘C

RECOMMENDED OPERATING CONDITIONS (Vcc=5v+10%, T,=—20~85C, unless otherwise noted)

Limits

Symbol Parameter - Unit
Min. Typ. Max.
Vce Supply voltage 4.5 5.0 5.5 v
AVee Analog supply voltage Vce \%
Vss Supply voltage 0 \'
AVsgs Analog supply voltage 0 v
High-level input voltage POy~ P07, P3,~P3;, P49~P4;,
P5¢~P57, P8y~P67, P7g~P77,
Vin P8:~P8:, ::: RE(ZET, ::st;, 0.8Veo Vee v
BYTE
Vi High-level input voltage P1o~P17, P2g~P2; 0. 8Veo Voo v

(in single-chip mode)
High-level input voltage P1o~P1;, P2;~P2;
Vin (in memory expansion mode and |0. 5V¢e Vee v

microprocessor mode)
Low-level input voltage POy~P0;, P3;~P33, P4o~P4;,

P5o~P5;, P6o~P67, P7~P7-,

Vi P8y~P87, X, RESET, CNVsgs, 0 0.2Vee v
BYTE
Vi Low-level input voltage P1o~P17, P2;~P2; 0 0. Voo v

(in single-chip mode)
Low-level input voltage P1o~P17, P2o~P2;
Vio (in memory expansion mode and 0 0.16V¢e \
microprocessor mode)
High-level peak output current PO~P07, P1o~P1;, P2o~P27,
lon(peak) P3¢~P33, P4o~P47, P5o~P57, —10 mA
P6o~P67, P7g~P77, P8y~P8;
High-level average output current PO~ P07, P1o~P17, P2~P2;,
loncavg) P3g~ P33, P4g~P47, P5g~P5;, —5 mA
P6o~ P67, P7o~P7;, P8,~P8;
Low-level peak output current POp~P07, P1g~P17, P2p~P2;,
lou(peak) P3g~P3;, P4o~P4;, P5~P57, 10 mA
P6o~P67, P79~P77, P8;~P8;
Low-level average output current POg~P07, P1o~P17, P2g~P2;,
loLcavg) P3o~P33, Pdg~Pdy, PSo~P57, 5 mA
P6o~P67, P79~P77, P8,~P8;
f(Xin) External clock frequency input 25 MHz

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

2. The sum of lou(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 lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less.
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MITSUBISHI MICROCOMPUTERS

M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Vce=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 P0o~PO0;, P1o~P1;, P2;~P2;,
P3g, P3;, P33, P4g~P4y,
V, lov=—10mA
on PSo~P5;, PBo~P6y, PT~P77, | 00 " 3 v
P8,~P8;
High-level output voltage P0y~PO0;, P1o~P1;, P2;~P2;,
V. loy=—400uA .
on P3,, P3;, P35 o “ 7 v
v High-level output voltage P3 lon=—10mA 3.1 v
igh-level output voltage -
o 9 i ge lor=— 4004 A 4.8
— lon=—10mA 3.4
Vou High-level output voltage E o v
loy=—400u A 4.8
Low-level output voitage P0y~PO0;, P1o~P1;, P2o~P2;,
P3g, P34, P33, P4o~P4,
V, lo,=10mA
ot P5o~P57, P6g~P6;, P7o~P7s, oL=1om 2 v
P8¢~P8;
Low-level output voltage POp~P07, P1o~P1;, P2;~P2;,
lo,=2mA .
Vou P3o, P3;, P33 oL=em 0.45 v
lo,=10mA 1.9
VouL Low-level output voltage P3; oL \
loL=2mA 0.43
_ lo.=10mA 1.6
V. Low-level output voltage E v
oL P 9 lou=2mA 0.4
Hysteresis HOLD, RDY, TAO\N~TA4n, TBON~TB2,
Ve =Vi_ v 0.4 1
INTg~INT,, ADtrg, CTSq, CTS;, CLK,, CLK;
Vr4+—Vy— | Hysteresis RESET 0.2 0.5 v
Vy4+—Vr— | Hysteresis Xy 0.1 0.3 \
High-level input current POy~P0;, P1o~P1;, P2p~P2;,
P3y~P35, Pdg~P4;, P5o~P5;,
| V=5V A
H P6y~P6;, P7y~P7;, P8y~P8;, ' 51«
Xin, RESET, CNVsg, BYTE
Low-level input current POy~P0;, P1o~P17, P2y~P2;,
P3g~P3;, P4g~P4;, P5y~P5;,
| V=0V —
" P6y~P67, PTo~P7, P8y~P8, : 5| wA
Xin. RESET, CNVss, BYTE
Veam RAM hold voltage When clock is stopped. 2 \
f(Xin) =25MHz,
. ) " 19 38 | mA
In single-chip mode | square waveform
tput only pin i =
lce Power supply current output only pin s Ta=25C when clock 1
open and other pins | is stopped.
are Vg during reset. | 1,=g5C when clock 20 #h
is stopped.
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M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D CONVERTER CHARACTERISTICS (Voc=AVcc=5V, Vss=AVss=0V, Ta=25C, 1(X;)=25MHz, unless otherwise noted)

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

- Resolution Vaer=Vce 10 Bits

- Absolute accuracy Veer=Vec +3 LSB
RiLapper | Ladder resistance Veer=Vce 5 20 kQ
tconv Conversion time 9.44 s
Vger Reference voltage 2 Vce \%
Via Analog input vcltage 0 Vrer \

D-A CONVERTER CHARACTERISTICS (Voc=5V, Vss=AVss=0V, Ta=257C, f(Xy) =25MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.

— Resolution 8 Bits

— Absolute accuracy 1.0 %
tsu Set time 3 us
Ro Output resistance 1 2.5 4 kQ
lvrer Reference power input current (Note) 3.2 mA

Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “0046".
Current that flows to the ladder resistance of A-D converter is excluded.
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MITSUBISHI MICROCOMPUTERS

M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS (Voo=5V+10%, Vss=0V, Ta=257, f(X;y)=25MHz, unless otherwise noted)

External clock input

Symbol Parameter - Limits Unit
Min. Max.
tc External clock input cycle time 40 ns
tw () External clock input high-level pulse width 15 ns
twL) External clock input low-level pulse width 15 ns
tr External clock rise time 8 ns
tf External clock fall time 8 ns
Single-chip mode
Limits
Symbol Parameter - Unit
Min. Max.
tsu(pop—e) | Port PO input setup time 60 ns
tsu(pio—g) | Port P1input setup time 60 ns
tsucpap—e) | Port P2 input setup time 60 ns
tsu(pap—e) | Port P3 input setup time 60 ns
tsu(pap—e) | Port P4 input setup time 60 ns
tsu(pso—e) | Port P5 input setup time 60 ns
tsu(psp—e) | Port P6 input setup time 60 ns
tsu(pro—e) | Port P7 input setup time 60 ns
tsu(pep—e) | Port P8 input setup time 60 ns
th(e—poD) Port PO input hold time 0 ns
th(e—p1D) Port P1 input hold time 0 ns
th(e—p20) Port P2 input hold time 0 ns
th(e—pap) Port P3 input hold time 0 ns
th(e—pap) | Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—peD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—psD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode

Limits ]

Symbol Parameter i, Man. Unit
tsu(pio—e) | Port P1 input setup time 30 ns
tsu(pep—e) | Port P2 input setup time 30 ns
tsu(rov—g,) | RDY input setup time 55 ns
tsu(HoLD—#) HOLD input setup time 55 ns
the—pioy | Port P1 input hold time 0 ns
th(e—p20) Port P2 input hold time 0 ns
this,—roy) | RDY input hold time 0 ns
th(s,—noLp) | HOLD input hold time 0 ns
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M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event.counter mode)

Limits
Symbol Parameter Unit
Min. Max.
te(ra) TAi input cycle time 80 e
tw(TAH) TAin input high-level pulse width 40 ns
tw(TaL) TAi input low-level pulse width 40 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter - Unit
Min. Max.
tera) TAiny input cycle time 320 o
tw(TaH) TAin input high-level pulse width 160 ns
tw(TaL) TAij input low-level pulse width 160 ns
Timer A input (External trigger input in one-shot pulse mode)
Limits
Symbol Parameter - Unit
Min. Max.
to(Ta) TAiw input cycle time 160 ns
tw(Tan) TAi input high-level pulse width 80 ns
tw(TaL) TAiy input low-level pulse width 80 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter - Unit
Min. Max.
tw(TaH) TAi input high-level pulse width 80 ns
tw(TaL) TAi input low-level pulse width 80 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter Unit
Min. Max.
tc(up) TAiour input cycle time 2000 ns
tw(urH) TAiour input high-level pulse width 1000 ns
tw(upL) TAioyr input low-level pulse width 1000 ns
tsucue-Ty) TAioyr input setup time 400 ns
thry-up) TAioyr input hold time 400 ns
e }\a.ecmc
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M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B input (Count input in event counter mode)

Symbol Parameter Limits Unit
Min. Max.
tc(te) TBiy input cycle time (one edge count) 80 ns
tw(TeH) TBii input high-level pulse width (one edge count) 40 ns
tw(teL) TBiy input low-level pulse width (one edge count) 40 ns
te(re) TBii input cycle time (both edges count) 160 ns
tw(TeH) TBiiy input high-level pulse width (both edges count) 80 ns
twiTsL) TBiy input low-level pulse width (both edges count) 80 ns
Timer B input (Pulse period measurement mode)
Symbol Parameter Limits Unit
Min. Max.
te(te) TBiy input cycle time 320 ns
tw(TBH) TBii input high-level pulse width 160 ns
tw(TeL) TBijy input low-level pulse width 160 ns
Timer B input (Pulse width measurement mode)
Symbol Parameter Limits Unit
Min. Max.
tc(Te) TBiwy input cycle time 320 ns
tw(TeH) TBiw input high-level pulse width 160 ns
tw(TeL) TBiiy input low-level pulse width 160 ns
A-D trigger input
Limits .
Symbol Parameter . Mok, Unit
te(ap) ADrre input cycle time (minimum allowable trigger) 1000 ns
tw(abL) AD1ra input low-level pulse width 125 ns
Serial 1/0
Symbol Parameter Limits Unit
Min. Max.
te(ck) CLK; input cycle time 200 ns
tw(ckh) CLK; input high-level pulse width 100 ns
twick) CLK; input low-level puise width 100 | ns
td(c—a) TxDj output delay time 80 ns
thic—a) TXDj hold time 0 | ns
tsu(p—c) RxDj input setup time 30 ns
th(c—p) RxDj input hold time 90 ns
External interrupt INTj input
Symbol! Parameter Limits Unit
Min. Max.
twne) INT; input high-level pulse width 250 ns
tw(nw) INT; input low-level pulse width 250 ns
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M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Symbol Parameter Test conditions Limits Unit
Min. Max.
td(e—PoQ) Port PO data output delay time 80 ns
td(e—p1Q) Port P1 data output delay time 80 ns
td(E—p2q) Port P2 data output delay time 80 ns
td(e—pr3Q) Port P3 data output delay time 80 ns
td(E—Paq) Port P4 data output delay time Fig. 2 80 ns
td(e—psQ) Port P5 data output delay time 80 ns
td(e—req) Port P6 data output delay time 80 ns
td(e—p7Q) Port P7 data output delay time 80 ns
td(e—rsq) Port P8 data output delay time 80 ns
Memory expansion mode and microprocessor mode (when wait bit="1")
Limits
Symbol Parameter Test conditions Unit
Min. Max.
td(poa—e) Port PO address output delay time 12 ns
td(e—r1Q) Port P1 data output delay time (BYTE="“L") 45 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(p1a—g) Port P1 address output delay time 12 ns
td(p1a—aLe) | Port P1 address output delay time 5 ns
td(e—p2q) Port P2 data output delay time 45 ns
tpxz(e_p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 12 ns
td(p2a—aLe) | Port P2 address output delay time 5 ns
td(¢,—HLDA) HLDA output delay time 50 ns
td(ALE—E) ALE output delay time 4 ns
tw(ALE) ALE pulse width 22 ns
td(BHE—E) BT_E output delay time Fig. 2 20 ns
td(r/w—E) R/W output delay time 20 ns
td(e—¢p ¢4 output delay time 0 18 ns
th(e—proa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—P1Q) Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE=“H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—sne) | BHE hold time 18 ns
th(e—rw) | R/W hold time 18 ns
twier) E pulse width 50 ns
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M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed)

ELECTRIC

Symbol Parameter Test conditions - Limits Unit
Min. Max.
td(roa—E) Port PO address output delay time 12 ns
td(e—r1Q) Port P1 data output delay time (BYTE="“L") 45 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE= 5 ns
td(p1a—E) Port P1 address output delay time 12 ns
td(p1a—aLe) | Port P1 address output delay time 5 ns
td(e—pP2q) Port P2 data output delay time 45 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—g) Port P2 address output delay time 12 ns
td(p2a—aLe) | Port P2 address output delay time 5 ns
td(s,—HLoa) | HLDA output delay time 50 ns
td(aLE—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 22 ns
td(BHE—E) W_E output delay time Fig. 2 20 ns
td(r/w—E) R/W output delay time 20 ns
tde—e,) ¢, output delay time 0 18 ns
th(e—poa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—pr1Q) Port P1 data hold time (BYTE="“L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE="“H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—P2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—sne) | BHE hold time 18 ns
th(e—r/w) R/W hold time 18 ns
tw(EL) E pulse width 130 ns
MITSUBISHI 2—gs5
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M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed)

Symbol Parameter Test conditions - Limits Unit
Min. Max.
td(PoA—E) Port PO address output delay time 92 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 45 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(P1a—E) Port P1 address output delay time 92 ns
td(p1a—aLe) | Port P1 address output delay time 70 ns
td(E—P2q) Port P2 data output delay time 45 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 92 ns
td(p2a—aLe) | Port P2 address output delay time 70 ns
td(#,—HLpa) | HLDA output delay time 50 ns
td(ALE—E) ALE output delay time 15 ns
tw(ALE) ALE pulse width 62 ns
td(BHE—E) BT_E output delay time Fig. 2 100 ns
td(r/w—g) R/W output delay time 100 ns
tde—sp ¢, output delay time 0 18 ns
th(e—poa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 20 ns
th(e—p1Q) Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address hold time ) 20 ns
th(e—p2q) Port P2 data hgld time 25 ns
tpzx(e—p22) | Port P2 floating release delay time 25 ns
th(e—sHe) BHE hold time 18 ns
th(e—rw) | R/W hold time 18 ns
tw(EL) E pulse width 130 ns
PO o
P1
P2 —_—
Pa __ 100pF
P4
Ps 7T
P6
P7
P8
[
E

Fig. 2 Testing circuit for ports PO~P8, ¢,
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM tr t

Single-chip mode twin) tw(w)

1(Xin)

le—> td(e—roa)

Port PO output x

tsucroo—€)

Port PO input the—poo)

le—> tde~pi1a)

Port P1 output

tsu(pio-€)

Port P1 input j\ the-r10)
fe—1

td(e-r2q)

Port P2 output

tsu(p20~€)

Port P2 input 3\ thie—r20)

le—={ td(e-raa)

Port P3 output

tsutpan—e)
Port P3 input 3\11(5—»:0)

le—>| td(e—paa)

Port P4 output

tsucpeo—e)
Port P4 input j\ih(e—mo)

> td(e-psa)

Port PS5 output X

k th(e—psD)

re—> td(e—peQ)

:3\ th(e—peD)

> td(e—p70)

Port P7 output X

A;'h(e—r’m)

= td(e—rsa)

:*Jh(s—nn)

tsu(pso—e)

&Tr

Port PS5 input

Port P6 output

tsucpeo—e)
Port P6 input

<

tsu(p7o—€)
Port P7 input

S

Port P8 output

tsu(pap—€)
Port P8 input

<
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teira)
twiran)
/
TAinN input /
twita)
[ I
tcium
twiupH)
TAiour input \ \
/ \
tw(uprL)
1
TAiour input 4
(Up-down input) L
In Event counter mode
TAin input
(When count by falling) "mrm—uv) tsucup—riy
TAin input \ 4
(When count by rising) \ /
tcre)
twiten)
s
TBiw input / \
twitsL)
I |
tetan)
twiaoL)
ADqygg input W \ /
teicr) |
twickn)
CLK; (
/|
twicke)
thic—a)
TxDj x ‘(
/
tdic-a
| tsuo-o thic-o)
RxDj \
twonw)
INT; input
twink)
1
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M37710M8BXXXFP

SINGLE-CHIP IG-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “1")

VANV WAV VAN

e PP,
N/ \ /
RDY input \\ /

tsu(roy—4y)|  th(s1—Rov)

mi

(When wait bit = “0")

- /Y W\
e T\ ST T s

RDY input /

tsutrov—¢,)| th(s1—rov)

(When wait bit = “1" or “0" in common)

/
&
thig,—
tsu(HoLo—¢y) h(¢,—HOLD)
—

HOLD input \

td(g,~HLDA) td(¢,—HLDA)

HLDA output

Test conditions

*+ Ve = 5VE10%

* Input timing voltage : V,.=1.0V, V\, = 4.0V

« Output timing voltage : Vo, = 0.8V, Vo = 2.0V
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M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

1 tr tc
tw tw(r)
f(Xin)
" VARNEVARNE (N N/ S
tdie—¢, —} de—op)
E twew) \ /
td(poa-€)
th(E—POA) t"——>

Port PO output X Address Address X
(A0~A7)

thiae—p1a) J_;‘ th(e—p1a) tpxz(e—piz) tpzxe—p12)
Port P1 output Address Data Address | W — — ——— -+- Address
(Ag~A,5/Dg~Ds)
(BYTE="L") td(pra—are) | [<1 ld(E-F1Q)

td(p1a—e)
the—p1a)
-

Port P1 output X Address Address X
(Ag~Ass) |
(BYTE="H") tsu(p10-€) thie—p10)
Port P1 input

thiae—rp2a) ,.»—ai th(e-r20) tpxz(e-p22) tpzx(e—p2z)
Port P2 output Address N " Data Address | Y ————— 4 l( Address
(Ai6~Az3/Do~D5) H tdren ) tsu(p2o—£) |

tdpaa—ace) | | tdce-p2q) r thie-rp20)
Port P2 input /
twiaLe)
tdace—e)

Port P3, output ]’ \ / \k
(ALE)

locene-o <—>’ thie—sHe)
P 3, Y X Y
(BHE) ;

tdtrw—e) thie-rw)
Port P3, output \
(R/W)

Test conditions

“Vee=5V£10%

« Output timing voltage : Vo, =0.8V, Vou=2.0V
« Ports P1, P2 input LV, =0.8V, V;=2.5V
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MITSUBISHI MICROCOMPUTERS

M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed)

tc

RV AVAVAWAUaVAY

td(e— o)) >t =—
= twiew) lde s
E /
the-roa) || fe—sitd(Poa—e)
Port PO output X Address Address X
(Ao"“Ar) x
thiaLe—pia) [4—> thie-p10) [<7] tpxze-p12) tpzx (E-p12)
Port P1 output T\ ]
(Ag~A15/Dg~Dis) Address ] Data %Addrsss Address
(BYTE="L")
le->{td(e-p1a)
td (P1A—ALE)
thie—p 1a) <=t -£)
Port P1 output h(e—p 1A p d(P1A—E
(Ag~Ass) x Address Address X
(BYTE="H") )
tsu(pio—e) thie—p10)
Port P1 input
thiaLe—r2a) thie~p 20) toxz(e-p2z2) tpzx(e-p22)
Port P2 output
(Ay6~Az3/Do~D7) Addr X Data Address, Address
‘su(wzln—sl
. | nt—,j td(paa—e) th(e—r20)
d(P2A—ALE) d(e—P2Q)
Port P2 input. \
twiace)
te—td(ace—£)
Port P3, output
(ALE)
td(eHE~E)
> thee- sHe)
Port P3, output )Vﬁ ‘( X
(BHE)
tdrrw—g)
R/W)

Port P3, output
(R/W)

Test conditions
*+ Vge=5V+10%

._,I thee-
/

- Output timing voltage : Vo, =0. 8V, Von=2.0V

- Ports P1, P2 input

1V =0.8V, Viy=2.5V
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M37710M8BXXXFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “0", wait selection bit = “0”, and external memory area is accessed)

f(Xi)
# \VAVAVAVAY AVAY AVAVAWAWAWAY
tde—e) | 7 tde-¢p)
— twier)
F  /
td(roa—e)
Port PO output thierow [
(20~A7) i X Address X Address X
th(aLE—P1A) =|' '"'I th(e—r1Q) tpxz(e—p12) tpzx(e~p12)
Port P1 output y
(Ag~Ay5/Dg~Dys) )‘\ Address X Data )( Address | Y= = — —— — = Address
(BYTE="L") = tde—ria)
tdp1a—aLe) t
d(P1A—E)
Port P1 output theew [ ]
E Ag~Ass) ) X Address k Address X
BYTE=“H"
tsu(pio—g) the—r1D)
Port P1 input
thiaLe—p2a) ‘i | ‘—ll.th(g—-sz) tpxz (e-p22) tpzx (e—p22)
Port P2 output Address Data Address | H= =— — =— — =— e Address
(A16~A23/Do~D5)
<> td(e—r2q) | tdezase) Ty oo the—rao)
td(p2a—aLE) —
Port P2 input
1
Port P3, output e < td(aLe—E)
ort P3, outpul —\
(ALE) -
( —E)
(dene e ==l the—enE)
Port P3, output
(BHE) )‘ ( X
td(r/w—E)
Port P3, output

’_}'h(s—a/w)

(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
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

M37710MSL XXXHP

DESCRIPTION

The M37710M8LXXXHP is a single-chip 16-bit micro-
computer designed with high-performance CMOS silicon
gate technology. This is housed in a small 80-pin plastic
molded QFP.

This 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 para-
llel processor that can also be switched to perform 8-bit
parallel processing. This microcomputer is suitable for
communication, office, business and industrial equipment
controller that require high-speed processing of large data.
Its strong points are the low supply voltage and the small
package.

FEATURES
® Number of basic instructions
. Memory Size ROM ................................. 60K bytes
RAM ................................ 2048 bytes
@ |Instruction execution time
The fastest instruction at 8MHz frequency -+-+-+--* 500ns
@ Single low supply voltage:----«sseemerremreseeeeees 2.7~5.5V

® Low power dissipation
(At 3V supply voltage, 8MHz frequency) -+ 12mW (Typ.)
(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.)

® Wide operating temperature range----------+ —40~85C
[ ) |nterrupts ......................................... 19 types 7 Ievels
® Multiple function 16-bit timer -««+ooooeeerereeeeseieees 5+3
(Pulse motor drive waveform can be output)

® UART (may also be synchronous) ............................. 2
©® 10-bit A-D converter-«««:-eoremrerererennees 8-channel inputs
©® 8-bit D-A converter «wwxooeeereeieereeeees 2-channel outputs
® 12-bit watchdog timer

® Programmable input/output

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8):«rewereeeee 68
Small package
---------------- 80-pin fine-pitch QFP (0.5mm lead pitch)

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,
communication, portable equipment, and measuring instru-
ments

PIN CONFIGURATION (TOP VIEW)

FE
§ 9

o S

g |."? |£'

< S e
z N oA o
25593223 »f‘ie{."-’f
SIS iiss 84335503
CENECRERR 252 588085¢
PEEAEELE 4ttt
sajfrelfre][rAAfelf7 [eslfeslfelfecleslfoalfsalfeelfe1]

P6e/TB 1,y +> [1] [80] ++ PBe/RxDy
P6s/TBO + [2] [83] ++ P8,/TxD;
P6,/INT, ++ [82] =+ POo/Ag
P6,/INT, + [4] > PO/A
P6,/INT, + [5] [56] +> PO,/A;
P6,/TA4y + 5] [55] = POs/A;
P6o/TAdour/RTP15 +» 4] + POL/A,
P5;/TA3 + [E] B3]+~ POs/As
P56/ TA3our/RTP1, ++[9] [52] ++ POG/As

P55/ TA2,y/RTP1, [0
P54/ TA20ur/RTP1 ++ [i1]
P5a/TA1n/RTPO; ++ (2]
P52/ TA10ur/RTPO, + [13]
P5,/TAO/RTPO, + [11
P50/ TAOGyr/RTPOg +* [15]
P4,/DBC* +»[is|

2] ++ P2,/A6/Do

Pdy/MX* - [2] [4] ++ P2,/A;7/Dy

EERER | ) 2 0 S €5 D
KRR AR R R R R

\ foweow

B3t g2 5 S5 ypEeddadd

FLOH2[@ X N3-S 33

FE 0l TigaI<dgg

33 SERCIRBIT

o a PN

Outline 80P6D-A

* : Used in the evaluation chip mode only

NOTE
Refer to “Chapter 5 PRECAUTIONS” when using this mic-
rocomputer.
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0d wod Id uod 2d wod €d uod vd wod Sd wod 9d wod 2d wod 8d od
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X (8)2d (v)ed
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Data Bus(0Odd)

Data Buffer DBy(8)

(8)19MAU0D Oy-g

(8)13uenu0D y-Q

Address Bus

Data Buffer DB_(8)
Instruction Queue Buffer Qo(8)
Instruction Queue Buffer Q1(8)
Instruction Queue Buffer Q2(8)

:
@

Incrementer (24)
Program Address Register PA(24)
Data Address Register DA(24)

IO 00U 0o
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| (®avn
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salfg 8v02
Wvd

salkg Y09
WOoY

[rowiL Bopuorem] [ (an)ev. sowny |

(91)pvL s8wiL

(24)
1) I

Program Bank Register PG(8)
Direct Page Register DPR(16)
Stack Pointer S(16)

Index Register Y(16)

Program Counter PC(16

[ Processar Status Register PS(1

Index Register X(16)

Accumuiator B(16)
Accumulator A(16)

Arithmetic Logic
Unit(16)

X
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=
K

v
& Data Bank Register DT(8)
ié 5 Input Buffer Register 1B(16)
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=
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M37710MS8LXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37710MBLXXXHP

Parameter Functions
Number of basic instructions 103
Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency)
. ROM 60K bytes
Memory size
RAM 2048 bytes
Input/Outout ports P0~P2, P4~P8 8 -bitX 8
n| u orts
put/utput p P3 4 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 10-bitX 1 ( 8 channels)
D-A converter 8 -bitX 2
Watchdog timer 12-bitX 1
Int . 3 external types, 16 internal types
nterrupts (Each interrupt can be set the priority levels to 0~ 7.)
Clock generating circuit Built-in( 1l ted to a ceramic or or quartz crystal resonator)
Supply voltage 2.7~5.5vV
. 12mW (At 3V supply voltage, external clock 8 MHz frequency)
Power dissipation
30mW (At 5V supply voltage, external clock 8 MHz frequency)
. Input/Output voltage 5V
Input/Output characteristic
Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —40~85C

Device structure

CMOS high-performance silicon gate process (80P6D-A : 0.5mm lead pitch)

Package

80-pin plastic molded fine-pitch QFP

MITSUBISHI 2—95
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M37710M8LXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output| Functions

Vee, Power supply Supply 2.7 t05.5V to Ve and 0V to Vss.

Vss

CNVgg CNVss input Input This pin controls the processor mode. Connect to Vss 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 which should be maintained for the re-
quired 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 Xoyt. When an external clock is used, the clock source should be connected to the Xy pin

Xout Clock output Output and the Xout pin shouid 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. AVgs is also used for D-A converter. Connect AVc to Ve and AVss to

AVss Vss externally.

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

P0o~PO0; 1/0 port PO 110 In single-chip mode, port PO becomes an 8-bit I/0 port. An I/O direction register is available so that each
pin can be programmed for input or output. These ports are in input mode when reset .

Address(A;~Ay)is output in memory expansion mode or microprocessor mode.

P1o~P1; 1/O port P1 [{e] 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 (Ais~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~As)is output.

P2o~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(Az~Aqg)is
output when E output is “H”.

P3o~P3; /0 port P3 1/0 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode, R/W, BHE, ALE, and HLDA signals are output.

P4y~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-
rocessor mode, P4, 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 program-
med for ¢4 output pin divided the clock to Xy pin by 2. in microprocessor mode, P4, always has the func-
tion as ¢ output pin.

P5o~P57 1/0 port PS 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0
pins for timer AQ, timer A1, timer A2 and timer A3. P5,~ P5g also function as output pins for pulse motor
drive waveform.

P6y~P6; 1/0 port P6 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0
pins for timer A4, external interrupt input INTo, INT; and INT, pins, and input pins for timer BO, timer B1 and
timer B2. P, also functions as an output pin for pulse motor drive waveform.

P70~P77 170 port P7 110 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. P77 also has an A-D conversion trigger input function.

P8,~P8; 1/0 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, and output pins for D-A converter.

2% .\W



MITSUBISHI MICROCOMPUTERS

M37710MS8LXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37710M8LXXXHP has the same functions as the
M37710M4BXXXFP except for the following:

(1) The ROM size is 60K bytes.

(2) The RAM size is 2048 bytes.

(3) The reset circuit is different.

(4) The package is different.

Therefore, refer to the section on the M37710M4BXXXFP.

MEMORY

The memory map is shown in Figure 1.

00000016 0000006 0000004
00007F¢
0000805 ~
Bank 046 ~
Internal RAM \\ control registers
2048 bytes ~
00FFFF¢ , N
01000046 \ 00007F 46
00087F4¢

Bank 146 \ 00100046
\
O1FFFFis \

\ Interrupt vector table

\
\ 00FFD6 A-D conversion

\ UART1 transmission
/ UART1 receive

\ /| UARTO transmission

\ / UARTO receive

Timer B2

Internal PROM / Timer B1

\ 60K bytes / Timer BO

FE0000;s \ / T?mer A4
\ / Timer A3

Timer A2
Bank FEqq \ / Timer A1
\ / Timer AQ

FEFFFFyg / INT,
\ / INT,
FF0000
I3 \ / INT,
\ Watchdog timer
Bank FFqg 00FFD6ss [~ — DBC
\ BRK instruction

\ ' Zero divide
FFFFFFg 00FFFF1s O0FFFE g RESET

Peripheral devices

{
13
4
)

s o s e e s 00 s
7
5
¢
—
.

Fig. 1 Memory map




MITSUBISHI MICROCOMPUTERS

M37710MSB8LXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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 2.7
to 5.5V. Program execution starts at the address formed by
setting the address pins Ay3~ A4g to 0046, Aj5 ~ Ag to the
contents of address FFFF;s, and A;~ A, to the contents of
address FFFE;e.

Figure 2 shows the status of the internal registers when a
reset occurs.

Figure 3 shows an example of a reset circuit. The reset in-
put voltage must be held 0.55V or lower when the power
voltage reaches 2.7V.

Power on
M37710MBLXXXHP 7
Vee 2.7V
RESET V,
CcC O v
26 A 67
RESET
I ’
;l; ov 0.55v

Fig. 3 Example of a reset circuit (perform careful

evaluation at the system design level before using)

Address Address

(1) Port PO data direction register ~ (0d4g)-" (9 Processor mode register 0 (5Eqg)" " 00y
(2) Port P1 data direction register ~ (05,¢) " 0046 30) Processor mode register 1 (5F6)-+ VA}VAR}VAK‘MVAE
(3) Port P2 data direction register (0846) (1) Watchdog timer (604¢)"+ FFFis T
(4) Port P3 data direction register  (09¢)-" %K‘X‘y‘nn AO n (32)  Watchdog timer frequency selection flag (6146) VAMVAH*YA%E
(5) Port P4 data direction register ~ (0Cyg)-"* (33) Waveform output mode register  (624¢)*
(6) Port P5 data direction register  (0Dg)-"* (34) Reserved area (Do not write to this address)  (66,6)-**
(7) Port P6 data direction register  (104¢)"*- (35 A-D conversion interrupt control register (7046) - : Ammnnnn
(8) Port P7 data direction register  (114¢)" (36)  UART 0 transmission interrupt control register (7146) 0 | ojojo
(9) Port P8 data direction register (1446)- 0046 (371 UART 0 receive interrupt control register (7246) - 0 l 0/0(0
(100 A-D control register 0 (1Eq)-~{0{0|0 l 0 | 0 | ? I 21? 1 (38)  UART 1 transmission interrupt control register (7346) 0 I 0 [ 0 | 0]
(1 A-D control register 1 (1F0)+ [o[o[) ool o]1]1] 69 unAr 1recee iemuptconaregiser (7416 o[o]o]o]
(1) UART 0 Transmit/Receive mode register ~ (3046)-"- 0045 40) Timer AQ interrupt control register (7546) 0 | 0 l 0 I 0 ]
(13)  UART 1 Transmit/Receive mode register (3846) @0 Timer A1 interrupt control register (7646) - 0 1 0(0 I 0 |
(14)  UART 0 Transmit/Receive control register 0 (344g)-+ 0‘ 1 |0 0 { 0{ (42) Timer A2 interrupt control register (7746)+ 00 0|0'
(19 UART 1 Transmit/Receive conrolregister 0 (3Cy) -+ o[1]o]oJo] ) Timer A3 intermupt control register  (78y6)-- o[o]o]o]
(16)  UART 0 Transmit/Receive control register 1~ (354¢) -+ {0 0/0(0(0 \ 0| 1 IO‘ @4 Timer A4 interrupt control register (7946) X‘}X{K‘nnnn
(1) UART 1 Transmit/Receive control register 1~ (3Dyg) "+ E 0 unnnun 45 Timer BO interrupt control register (7A46)"+ ﬁl‘%mnnnn
(19 Count start flag (4046)-++ (46) Timer B1 interrupt control register (7Byg) - Kﬂmnnnn
(19 One-shot start flag (424)- my‘munnnn @1 Timer B2 interrupt control register (7Cq6) X%mnnnu
20) Up-down flag (444¢) - 48) INT g interrupt control register ~ (7Dyg) - : 0 nnnnn
@) Timer AO mode register (5646) {49 INT, interrupt control register  (7Eqq)- : 0 nnnnn
@) Timer A1 mode register (5746)+ (50) INT ; interrupt control register (7Fy6) -+ 0/0 ] 0 | 0 l 0 ‘ Ol
(23 Timer A2 mode register (584g) (80 Processor status register PS [0 1 0 l 0‘ ? ] 210 0] 0 I 1 l ? ] ?’
24 Timer A3 mode register (5946) - (52 Program bank register PG 0046
@5 Timer A4 mode register (5A46) " (583 Program counter PCy Content of FFFF,g
(26 Timer BO mode register (5Byg)"* | 0 I 0 I 110|0 I 0J£l 0‘ (64 Program counter PC_
@ Timer B1 mode register (scie) [0[0]1[X[0]0]0o]o] 69 Direct page register DPR | 0000, |
(29 Timer B2 mode register (5D46) - nnny‘nnnn (5) Data bank register DT

Contents of other registers and RAM are not initialized and should be in-

itialized by software. -

Fig. 2 Microcomputer internal status during reset
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MITSUBISHI MICROCOMPUTERS

M37710MSLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ADDRESSING MODES

The M37710M8LXXXHP has 28 powerful addressing mod-
es. Refer to the MELPS 7700 addressing mode description
for the details of each addressing mode.

MACHINE INSTRUCTION LIST
The M37710M8LXXXHP has 103 machine instructions. Re-
fer to the MELPS 7700 machine instruction list for details.

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

(1) M37710M8LXXXHP mask ROM order confirmation form
(2) 80P6D mark specification form

(3) ROM data (EPROM 3 sets)

KR
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37710MSLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —0.3~7 v
AVce Analog supply voltage —0.3~7 \
V, Input voltage RESET, CNVss, BYTE —0.3~12 \

Input voltage POg~P0;, P1o~P1;, P2;~P2;, P3p~ P33,
V, P4y~P4;, P5o~P5;, P6p~P67, P7o~P77, —0.3~Vge+0.3 \
P8y~P87, Vrer, Xin
Output voitage P0y~P0;, P1o~P1;, P2g~P27, P3;~P3;3,
Vo P4y~P4;, P5o~ P57, P6,~P67, P7o~P77, —0.3~Vge+0.3 v
P8y~P87, Xour, E
Pd Power dissipation Ta=25C 200 mw
Topr Operating temperature —40~85 c
Tstg Storage temperature —65~150 T

RECOMMENDED OPERATING CONDITIONS (Vec=2.7~5.5V, Ta=—40~85C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min. Typ. Max.
Vece Supply voltage 2.7 5.5 v
AVcc Analog supply voltage Vce v
Vss Supply voltage 0 \
AVss Analog supply voltage 0 \
High-level input voltage P0g~PO0;, P3,~P3;, P4o~P4;,
P5¢~P5;, P6g~P6;7, P7o~P77,
Vi PeurE xio, RESET, onvey, |0 8Vee Voo | V
BYTE
High-level input voltage P1o~P1;, P2p~P2
Vin ° ’ ? (inosingl7e-ch:p mo:le) 0-8Veo Veo M
High-level input voltage P1p~P1;, P2o~P2;
Vin (in memory expansion mode and |0.5V¢c Vce \Y
microprocessor mode)
Low-level input voltage POp~P07, P3p~P3;, P4o~P4;,
P5o~P5;, P6g~P6;, P7g~P77,
Vie P8:~P:. X|Nu, ﬁ%, (‘;NVS; 0 0.2Vee v
BYTE
Low-level input voltage P1o~P17, P2p~P2;
Vie ° ¢ (inosing'l7e-ch?p mo;e) 0 0.2Vee| Vv
Low-level input voltage P1o~P1;, P2p~P2;
Vio (in memory expansion mode and 0 0.16Vec v
microprocessor mode)
High-level peak output current POg~P07, P1o~P1;, P2;~P2;,
IoH(peak) P3¢~P33, P4g~P4;, P5,~P5;, —10 mA
P6y~P67, P7o~P77, P8o~P8;
High-level average output current POq~P07, P1g~P1;, P2g~P2;,
loncavg) P3o~P33, P4g~P47, P5o~P5;, —5 mA
P6o~P67, P7o~P7;, P8o~P8;
Low-level peak output current POg~P07, P1g~P1;, P2g~P2;,
loL(peak) P3g~P33, Pdg~P4;, P5g~P5;, 10 mA
P6o~P67, P7o~P7;, P8o~P8;
Low-level average output current POo~P07, P1o~P17, P2o~P2;,
loLcavg) P30~P33, P4g~P4;, PS¢~ P57, 5 mA
P6o~P67, P7o~P7;, P8o~P8;
f(Xin) External clock frequency input 8 MHz

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 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 lon(peak) for ports P4, PS5, P6, and P7 must be 80mA or less.

2—-100
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MITSUBISHI MICROCOMPUTERS

M37710MSLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, T3=257, f(X,n)=8MHz, unless otherwise noted)

| Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
High-level output voltage POo~PO07, P1o~P17, P2p~P2;,
Vee=5V, lop=—10i
v P3,, P31, P33, Pdg~P4, oo =5V, low="—10mA 3 v
oH PSo~P57, Péy~P67, P7g~P7y,
PBy~PEy Voo=3V, loy=—TmA 2.5
High-level output voltage P0o~PO07, P1o~P1;7, P2p~P2;,
\" Vee=5V, lon=—400uA .
oH Pap, P3y, P3 cc on u 4.7 \
Vee=5V, loy=—10mA 3.1
VoH High-level output voltage P3, V=5V, lop=—400A 4.8 v
Vec=3V, loy=—1mA 2.6
Vee=5V, loy=—10mA 3.4
Vou High-level output voltage E Vec=5V, loy=—400uA 4.8 v
Vee=3V, loy=—1mA 2.6
Low-level output voltage P0O,~P0;, P1o~P1;, P2o~P2;,
Vee=5V, lo=10mA
v P30, P31, P3s, PAg~P4y, o e 2 v
ov P5~P5;, P6o~P67, PTg~P75, _ _
hg Vee=3V, lo,=TmA 0.5
Low-level output voltage POo~P07, P15~P17, P2;~P2;,
V Vee=5V, lo.=2mA .
oL P3y, P3y, P3 o=V, lor=em 0.45 v
Vee=5V, lo,=10mA 1.9
Voo Low-level output voltage P3, Vec=b5V, loy=2mA 0.43 \"
Vec=3V, lo,=1mA 0.4
Vee=5V, lo=10mA 1.6
VoL Low-level output voltage E Vee=5V, lo,=2mA 0.4 v
Vec=3V, lo,=1mA 0.4
Vs —V. Hysteresis HOLD, RDY, TAOn~TA4y, TBON~TB2)y, Vec=5V 0.4 1 v
R INTo~INTz, ADrag. CTSo, CTS;, CLKo, GLK; | Vo=3V 0.1 0.7
— Vge=5V 0.2 0.5
Vr+—Vy— | Hysteresis RESET Vv
A 4 Voo=3V 0.1 0.4
Vee=5V 0.1 0.3
Vr4+—Vyr— | Hysteresis X \"
R B i Voo=3V 0.06 0.2
High-level input current POy~P0;7, P1o~P17, P2,~P2;,
Vec=5V, V=5V
| P34~ P3;, Pdg~Pd;, P5y~P5;, ce =9 5 A
" P6o~P67, PTo~P7;, P8y~P8;, “
X, RESET, CNVss, BYTE Voc=3V, Vi=3V 4
Low-level input current PO;~P07, P1g~P17, P2~P2;,
Vec=5V, V=0V -
| P3g~P3;, P4g~P4;, P5y~P5;, ce ' ° A
- P6o~P6;, PTo~P7;, P8y~P8y, “
X, RESET, CNVss, BYTE Voo=3V, Vi=0V —4
VReam RAM hold voltage When clock is stopped. 2 \
In single-chip f(Xin)=8MHz, | Vec=5V 6 12 A
m
mode output square waveform | V=3V 4 8
only pin is open | 7,—25°C when clock is
lcc Power supply current and other pins stopped. 1 R
are Vss during "7 —85'C when clock is 2 “
reset. stopped.
N sy



MITSUBISHI MICROCOMPUTERS

M37710MSLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

A-D CONVERTER CHARACTERISTICS (Voo=AVcc=5V, Vss=AVss=0V, Ta=25C, f(X;y)=8MHz; unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
— Resolution Vrer=Vcc 10 Bits
- Absolute accuracy Veer=Vce +3 LSB
Riapoer | Ladder resistance Veer=Vcc ) 5 20 kQ
tconv Conversion time 29.5 us
Veer Reference voltage 2.7 Vee \"
Via Analog input voltage VRer \'

D-A CONVERTER CHARACTERISTICS (Voc=5V, Vss=AVss=0V, Ta=25CC, f(X\y) =8MHz, unless otherwise noted)

- . Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
— Resolution 8 Bits
— Absolute accuracy 1.0 %
tsu Set time 3 uS
Ro Output resistance 1 2.5 4 kQ
lvrer Reference power input current (Note) 3.2 mA

Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “004¢”.
Current that flows to the ladder resistance of A-D converter is excluded.

_ MITSUBISHI
2-102 ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37710MS8LXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS (Vcc=2.7~5.5V, Vss=0V, Tg=25C, f(X;y)=8MHz, unless otherwise noted)
External clock input

Symbol Parameter - Limits Unit
Min. Max.
tc External clock input cycle time 125 ns
twirn) External clock input high-level pulse width 50 ns
twL) External clock input low-level pulse width 50 ns
tr External clock rise time 20 ns
tf External clock fall time 20 ns
Single-chip mode
Symbol Parameter Limits Unit
Min. Max.
tsu(pob—e) | Port PO input setup time 300 ns
tsu(pip—e) | Port P1 input setup time 300 ns
tsu(pepo—e) | Port P2 input setup time 300 ns
tsu(pap—e) | Port P3 input setup time 300 ns
tsu(pap—e) | Port P4 input setup time 300 ns
tsu(psp—e) | Port P5 input setup time 300 ns
tsu(pep—e) | Port P6 input setup time 300 ns
tsucp7o—e) | Port P7 input setup time 300 ns
tsu(psp—e) | Port P8 input setup time 300 ns
th(e—roD) Port PO input hold time 0 ns
th(e—P1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time 0 ns
th(e—r3D) Port P3 input hold time 0 ns
th(e—PaD) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—peD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—psb) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Symbol Parameter - Limits Unit
Min. Max.
tsu(pio—e) | Port P1 input setup time 80 ns
tsu(p2o—e) | Port P2 input setup time 80 ns
tsu(rov—g,) | RDY input setup time 90 ns
tsu(HoLp—g¢y) | HOLD input setup time 90 ns
th(e—pr1D) Port P1 input hold time 0 ns
th(e—P2D) Port P2 input hold time 0 ns
th(s,—RDY) RDY input hold time 0 ns
th(s,—HoLp) | HOLD input hold time 0 ns
MITSUBISHI 2—103
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MITSUBISHI MICROCOMPUTERS

M37710MS8LXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits .
Symbol Parameter Unit
Min. Max.
tc(ta) TAij input cycle time 250 ns
tw(TAH) TAij input high-level pulse width 125 ns
tw(TaL) TAin input low-level pulse width 125 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter Unit
Min. Max.
te(Ta) TAin input cycle time 1000 ns
tw(TaH) TAii input high-level pulse width 500 ns
tw(TAL) TAin input low-level pulse width 500 ns
Timer A input (External trigger input in one-shot pulse mode)
. Limits 3
Symbol Parameter Unit
Min. Max.
te(ra) TAin input cycle time 500 ns
tw(TAH) TAin input high-level pulse width 250 ns
tw(TAL) TAii input low-level pulse width 250 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits - .
Symbol Parameter - Unit
Min. Max.
tw(TAH) TAi input high-level pulse width . 250 ns
tw(TAL) TAi input low-level pulse width 250 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter Unit
Min. Max.
tc(up) TAiour input cycle time 5000 ns
tw(upH) TAiout input high-level pulse width 2500 ns
tw(upL) TAioyt input low-level pulse width 2500 ns
tsu(up-Ty) TAiour input setup time 1000 ns
th(Ty-up) TAioyr input hold time 1000 ns

_ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37710MSBLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B input (Count input in event counter mode)

Limits
Symbol Parameter Unit
Min. Max.
tc(re) TBii input cycle time (one edge count) 250 ns
tw(TsH) TBij input high-level pulse width (one edge count) 125 ns
tw(TsL) TBijy input low-level pulse width (one edge count) 125 ns
tcire) TBiiy input cycle time (both edges count) 500 ns
tw(TsH) TBiiy input high-level pulse width (both edges count) 250 ns
tw(TeL) TBiy input low-level pulse width (both edges count) 250 ns
Timer B input (Pulse period measurement mode)
Limits
Symbol Parameter Unit
Min. Max.
tecre) TBi input cycle time 1000 ns
tw(TsH) TBii input high-level pulse width 500 ns
tw(rTeL) TBi input low-level pulse width 500 ns
Timer B input (Pulse width measurement mode)
Limits
Symbol Parameter - Unit
Min. Max.
tc(te) TBii input cycle time 1000 ns
tw(TeH) TBii input high-level pulse width 500 ns
tw(TeL) TBijy input low-level pulse width 500 ns
A-D trigger input
Limits
Symbol Parameter Unit
Min. Max.
tc(ap) ADrgg input cycle time (minimum allowable trigger) 2000 ns
tw(abL) ADrgg input low-level pulse width 250 ns
Serial /0
Limit:
Symbol Parameter mits Unit
Min. Max.
tc(ck) CLK; input cycle time 500 ns
twickH) CLK; input high-level pulse width 250 ns
twickL) CLK; input low-level pulse width 250 ns
td(c—a) TxDj output delay time 170 ns
th(c—a) TxDj hold time 0 ns
tsu(p—c) RxDj input setup time 80 ns
th(c—b) RxDj input hold time 100 ns
External interrupt INTj input
Limits
Symbol Parameter m Unit
Min. Max.
tw(nH) INT; input high-level pulse width 250 ns
twanw) INT; input low-level pulse width 250 ns
MITSUBISHI 2—105
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MITSUBISHI MICROCOMPUTERS

M37710M8LXXXHP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Voc=2.7~5.5V, Vss=0V, Ta=25°C, f(X;y)=8MHz, unless otherwise noted)
Single-chip mode ’

Symbol . Parameter Test conditions . Limits Unit
Min. Max.
td(e—poQ) Port PO data output delay time 300 ns
td(e—pr1Q) Port P1 data output delay time 300 ns
td(e—p2q) Port P2 data output delay time 300 ns
td(e—r3Q) Port P3 data output delay time 300 ns
td(e—raq) Port P4 data output delay time Fig. 4 300 ns
td(e—PsQ) Port P5 data output delay time 300 ns
td(e—preQ) Port P6 data output delay time 300 ns
td(e—p7Q) Port P7 data output delay time 300 ns
td(e—Psq) Port P8 data output delay time 300 ns
Memory expansion mode and microprocessor mode (when wait bit = 1")
Symbol Parameter Test conditions Limits Unit
Min. Max.

td(Poa—E) Port PO address output delay time 62 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 130 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE=“L") ) 10 ns
td(p1a—E) Port P1 address output delay time 62 ns
td(p1ia—aLe) | Port P1 address output delay time 52 ns
td(e—pP2q) Port P2 data output delay time 130 ns
tpxz(e—p2z) | Port P2 floating start delay time 10 ns
td(p2a—e) Port P2 address output delay time 62 ns
td(p2a—aLE) | Port P2 address output delay time 52 ns
td(s —rLpa) | HLDA output delay time 120 ns
td(aLe—E) ALE output delay time 4 ns
tw(aLE) ALE puise width 82 ns
td(BHE—E) Eﬁ_ﬁ output delay time Fig. 4 62 ns
td(r/w—E) R/W output delay time 62 ns
td(e—s ¢4 output delay time 0 40 ns
th(e—poa) Port PO address hold time 95 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—p1Q) Port P1 data hold time (BYTE=“L") . 95 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 95 ns
th(e—P1A) Port P1 address hold time (BYTE=“H") 95 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 95 ns
tpzx(e—p2z) | Port P2 floating release delay time 95 ns.
th(e—eHE) BHE hold time ‘ 18 ns
th(e—aw) | R/W hold time 18 ns
tw(eL) E pulse width 220 ns

105 AMTSUBISI-I
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M37710MSBLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed)

Symbol Parameter Test conditions Limits Unit
Min. Max.

td(Poa—E) Port PO address output delay time 62 ns
td(e—P1a) Port P1 data output delay time (BYTE="L") 130 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 10 ns
td(p1a—E) Port P1 address output delay time 62 ns
td(pia—acLe) | Port P1 address output delay time 52 ns
td(e—p2a) Port P2 data output delay time 130 ns
tpxz(e—p2z) | Port P2 floating start delay time 10 ns
td(p2a—e) Port P2 address output delay time 62 ns
td(p2a—aLe) | Port P2 address output delay time 52 ns
td(s,—HLDA) | HLDA output delay time 120 ns
tdcaLE—E) ALE output delay time 4 ns
tw(ALE) ALE pulse width 82 ns
td(BHE—E) §H—_E output delay time Fig. 4 62 ns
td(r/w—g) R/W output delay time 62 ns
tde—¢ ) #1 output delay time 0 40 ns
th(e—roa) Port PO address hold time 95 ns
thaLe—p1a) | Port P1 address hold time (BYTE="“L") 9 ns
th(e—pP1Q) Port P1 data hold time (BYTE="“L") 95 ns
tpzx(e—p12) | Port P1 floating release delay time (BYTE="L") 95 ns
th(e—pP1A) Port P1 address hold time (BYTE=“H") a5 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 95 ns
tpzx(e—p2z) | Port P2 floating release delay time 95 ns
th(E—BHE) BHE hold time 18 ns
th(e—rw) R/W hold time 18 ns
tw(eL) E pulse width 470 ns



MITSUBISHI MICROCOMPUTERS

M37710MSLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Symbol Parameter Test conditions Limits Unit
Min. Max.
td(PoA—E) Port PO address output delay time 312 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 130 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 10 ns
td(P1A—E) Port P1 address output delay time 312 ns
td(p1a—aLe) | Port P1 address output delay time 177 ns
td(e—p2q) Port P2 data output delay time 130 ns
tpxz(e_p2z) | Port P2 floating start delay time 10 ns
td(p2a—e) Port P2 address output delay time 312 ns
td(p2a—aLe) | Port P2 address output delay time 177 ns
td(4,—HLDA) HLDA output delay time 120 ns
td(ALE—E) ALE output delay time 100 ns
twiaLE) ALE pulse width 207 ns
td(sHE—E) EWE output delay time Fig. 4 312 ns
td(r/w—E) R/W output delay time 312 ns
tde—¢) ¢, output delay time 0 40 ns
th(e—roa) Port PO address hold time 95 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 105 ns
th(e—P1q) Port P1 data hold time (BYTE="“L") 95 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 95 ‘'ns
th(e—pP1a) Port P1 address hold time (BYTE="H") 95 ns
th(aLe—p2a) | Port P2 address hold time 105 ns
th(e—pP2q) Port P2 data hold time 95 ns
tpzx(e—p2z) | Port P2 floating release delay time 95 ns
th(e—sne) | BHE hold time 18 ns
the—rw) | R/W hold time ) 18 ns
tw(eL) E pulse width 470 ns
PO O
P1
P2 -
P3 __ 100pF
P4
P5 7T
P6
P7
P8
®4
E

Fig. 4 Testing circuit for ports PO~P8, ¢,

_ MITSUBISHI
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M37710MSLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING - DIAGRAM Y LR
Single-chip mode twen) twiw
#(Xin)
E \ /
le—> td(e—roq)
Port PO output
tsu(poo—E)
Port PO input 3\ th(e-roo)
le— tdte~pr1a)
Port P1 output
tsu(pio—e)
Port P1 input :i\ th(e~p10)
le—s| td(e—r20)
Port P2 output
tsu(r20—€)
Port P2 input j\ th(e-r20)
le— td(e-p3a)
Port P3 output
tsu(pao—e)
Port P3 input 3\ th(e—ran)
le—s{ td(e—req)
Port P4 output
tsu(pao—€)
Port P4 input Fj\ th(e—ra0)
k> tde-rpsQ)
Port P5 output
tsu(pso—g)
Port P5 input 3\ th(e—rsp)
<~—>| td(e—re)
Port P6 output X
tsutpen~€)
Port P6 input 3\ th(e—peD)
= td(e—r7Q)
Port P7 output X
tsu(p7o—E)
Port P7 input A thee—p7D)
<> tde—psa)
Port P8 output
tsu(pso—E)
Port P8 input (_—* th(e—psp)

MITSUBISHI 2—109
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

teira)

twiran)

y
TAiy input /

l

tw(raL)

o\

teiue

tw(uph)

TAioyr input A \L ' *'_—_X

tw(urL)

TAioyr input P
(Up-down input)

In Event counter mode

TAin input
(When count by falling) J(h(rm—u?) tsu(up_TmN

TAin input \
(When count by rising) \_——.—/

tere)

twiren)

4
TBin input / { \

twireL)

teiao)

tw(apL)

ADrpg input _—_\ N /

tecck)
twickH)
CLK; ( Y
_—/ N /|
twickL)
thic—a)
TxDj —x
-
tdic-a)
| tsuo—c) thic-0)
RxDj Xﬁ \
tWtINU
INT; input
twinm)
>

2—110 AM"SUBISHI
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M37710MS8L XXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “1")

/Y S\ S\

N T\ FoTTTTTTT e
E /

L
RDY input \ /

-

tsu(rov—¢)| th(s1—rov)

(When wait bit = “0")

- /U W S L
e 1\ ST

RDY input /

tsurov—¢;)| the1—RoY)

(When wait bit = “1” or “0” in common)

& _/—\\_/ m
tsu(HoLo—gy) th(¢,~HoLD)
HOLD input \
td(o\|~H|.DA) td(é‘—HLDA)
> =

HLDA output

Test conditions

*Voc = 2.7~5.5V

« Input timing voltage : V,. = 0.2V¢c, Vin = 0.8V
- Output timing voltage : Vo = 0.8V, Vo = 2.0V

x MITSUBISHI 2—1M
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M37710M8LXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

1(Xin)

(2

Port PO output
(Ag~A7)

Port P1 output
(Ag~Ay5/Dg~D;5)
(BYTE="L")

Port P1 output
(Ag~As)
(BYTE="H")

Port P1 input

Port P2 output
(A16~Aza/Do~D5)

Port P2 input

Port P3; output
(ALE)

Port P3, output
(BHE)

Port P3, output
(R/W)

tf tr te
tw(n)
' \_
tde—s,) — A=)
twien) /
td(poa—e)
th(e—poa)
x Address \ Address
thaLe—P1A) —>, thie—e1q) tpxzie—p12) tpzx(e—r12)
) 4
Address Data Address | W — — — = — o Address
\
td(p1a—aLE) <1 tde-ria)
tdp1a—g)
thie—r1a)
s
X Address - Address X
tsutrio—g) ifh(e—mo)
th(aLe—p2a) ._>l thie-r2a) tpxz(e—p2z) K—»l tpzx(e-p22)
Address % Data Address | W ————— ﬁ - Address
pe—>! td(PZA—E) tsulP20~E) t
td(r2a—ace) | | td(e—p2a) hte—r20)
twiaLe)
tdiae—e)
td(eHe—€)

<~){ th(e—ene)

X

td(rw—g)
—3

* Vgo=2.7~5.5V

« Ports P1, P2 input

thie—rw)

« Output timing voltage : Vo =0. 8V, Vou=2.0V
1 V,.=0.16V¢c, Vip=0.5Vcc

2—112
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed)

tc
f(Xin)
‘ (WAVAWAWAWAWAS
td(e— o) >t =
& tw(ew) ldie—4)
\ |
\ 4 \ /
thie-roa) fes je—sitd(Poa—e)
Port PO output x Address Address X
(A0~A7)
'h(ALe—Pu)l‘—> thie-p1a) [ tpxze—p1z) tpzx (e-p12)
Port P1 output T\
(Ag~Ay5/Dg~Dys) Addr ) Data Addr Address
(BYTE=“L")
tde-r1a)
td (P1A—ALE)
thie—rp1a) [<>] 3
Port P1 output h(e~p 1A tdpia—e
(As~Ass) X Address Address X
(BYTE="H")
tsucpio—e) thie-p10)
Port P1 input
th(aLe—p24) | th(e—p 20) tpxz(e-p22) le—>| tpzx(e~r22)
Port P2 output —
(Ays~Az3/Do~D;) Addr K Data Address, Address
tsu(leo—sJ
. t td(p2a—g) the—r20)
d(P2A—ALE) d(e-p2Q)
Port P2 input \
twiace)
te—td(ALE~E)
Port P3, output
(ALE)
tdiere-€)
> the- ane)
Port P3, output )f \( X
(BHE) \ /
tdiriw—e)
thee- r/w)

Port P3, output
(R/W)

Test conditions

* Vgc=2.7~5.5V

+ Output timing voltage : Vo_=0. 8V, Vou=2. 0V

« Ports P1, P2 input :V=0.16V¢e, Vin=0.5Vcc

AM"SUBISI’" 2—113
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M37710MSLXXXHP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed)

(Xin)
# \_/—\_/_\_/_\_/—\_M
tde—o) | R T tde-w
_ W(EL) \ /
E n_  /
td(poa—e)
th(e—poa) .‘_,I
Port PO output
(Ag~A2) X Address X S X
th(aLe—p1a) I H th(e—p1a) tpxz(e-pr12) tpzx (e—p1z)
Port P1 output { Address]| | M Data | X Address | M — — — — — -
(Ag~A15/Dg~Dys) ) Address X Data X Address Address
(BYTE="L") < tde—r1)
tdp1a—aLe) td(p1a—g)
th(e—p1a) ‘_’I
Port P1 output s
EAa"'éus) ) X Address k Address X
BYTE="H"
tsu(pip—e) the-r1D)
Port P1 input
th(aLe—p2a) i . ‘—’I“h(E—on) q:pxz(e—pzz) tpzx(e-p2z)
Port P2 output —— e ——
(A16~Az3/Do~Dy) >< Address X Data X tAddress Address
—=1 td(e—p2a) LM, tsu(p20~£) th(e—p2p)
td(p2a—aLE) ]
Port P2 input
1,
. W(ALE) td(aLe—e)
Port P3, output /
(ALE) \ \
1, _
d(BHE—E) et thee—sme)
Port P3, output
(BHE) ) ( X
—E)
tdrw—e th(e—rw)
Port_ P3, output
(R/W)
Test conditions
* Vec=2.7~5.5V
* Output timing voltage : Vo =0. 8V, Vou=2. 0V
« Ports P1, P2 input L V.=0.16V¢e, Vin=0.5Vcc
2—114 |
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M37710S4BFP

16-BIT CMOS MICROCOMPUTER

DESCRIPTION
The M37710S4BFP is a microcomputer designed with high-

performance CMOS silicon gate technology. This is housed

PIN CONFIGURATION (TOP VIEW)

in a 80-pin plastic molded QFP. This microcomputer has a §
large 16M bytes address space, three instruction queue ;.‘f @
@
buffers, and two data buffers for high-speed instruction ex- oS 388
ecution. The CPU is a 16-bit parallel processor that can §§§§ %%% 28 05 § e
G GR-E R ] O - & O
also be switched to perform 8-bit parallel processing. This 'ctl ':% PN % '% EYISZISReeR
microcomputer is suitable for office, business, and industrial i ! @ -
equipment controller that require high-speed processing of Plo/ANg ++ [1] [64] +> PB,/CTS,/RTS, /DA,
large data Phy /T8y +> [2] <> P8/CLK,
. PBe/TB1 )y +> L3 +*> PBe/RyD,
Plis/TBOyy = [4] [61] ++ P8;/TxD,
PGJ@ - E ] A07 xUt
FEATURES Pe/INT, + (2] B b,
® NUMbEr Of DasiC INSTUCHIONS:++++++++rrrereesrorrereessiuun 103 P:f/z{x“?::% [52] : :i
) Memory size RAM rerrreremesaneeeanns 2048 bytes Po/TAMoyr/RTPI <+ z Z — Ay
. . . P57/TA3yy ++ [10] w0 [55] — A5
@ |Instruction execution time P55/ TA3ouT/RTPT, <+ [1] 3 i) — A
i ion at 25MHz frequency -+ P55/ TA/RTPY, + [ = ) A
The fastest instruction at 25MHz frequency 160ns Pﬁ‘/?AZOJ:/RTPl:,w - 8 oS
@ Single power Supply v eeeersessie s 5V+10% P5/TA1/RTPO, +> a > Ag/Dy
® Low power dissipation (at 25MHz frequency) et o T EN
........................... 95mwW (Typ.) PSo/TADGuT/RTPO, ++ [ +> Aq2/Dyo
P4;/DBC* +> 18 > Al
@ Interfupts ......................................... 19 types 7 |eVe|S PAS/VPA' - "’A“/D"
® Multiple function 16-bit timer -++---+veeoreeserieeiens 543 ”::5//:/)2:‘ : g - ﬁus;gw
o -
(Pulse motor drive waveform can be output.) PAMX* < 5] «x A,
® UART (may also be synchrongus) «+«+««-«t-«ereeeeeeceee 2 P ::;gfgj
® 10-bit A-D converter::-----ooomreeerereeeeees 8-channel inputs B[ &
. D A 2-channel outpus Pt VLt
. . Jw x 3 > s NN S S
® 12-bit watchdog timer 'Q‘ Spxe | *“m 23353
. . Ol << <<
® Programmable input/output
(pOI’tS P4, P5, P6, P7, PB) ...................................... 37
Outline 80P6N-A
APPLICATION

*: Used in the evaluation chip mode only

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

Control devices for industrial equipment such as com-
munication and measuring instruments

NOTE
Refer to “Chapter 5§ PRECAUTIONS” when using this mic-

rocomputer.

RNy
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M37710S4BFP BLOCK DIAGRAM

Hold

—a———

Clock Clock Clock ¢, Enable  Reset Reference  acknowledge Address latch Bytehigh ~ Read/Write Hold request  Ready
input  output output output input (5v) (ov) (5v) (ov) (5V)  voitage input ~signal enable enable output Input Input
Xin  Xour (2 E  RESET Vgc Vss CNVgs  AVgs AVge Vrer HLDA ALE BHE R/W HOLD  RDY
,—-@—@—H——@—H?———@——@—- - - S
i v ¥ ¥ L t ¢ ¢
Clock Generating Circuit Instruction Register (8)
S 0 4 3 S R 3 3 ¢S T T
[ X X 1
| P E A A
)
=11l= oll? »]1l3 ol 3 =1lslls
ER N ERNEA R R B 5 ollg |18 sH1g] = 2l 2|l 2
HIRIEIRIIBIE 5 HIHIE HIHIE HIHIE gl|8
alle % | |= s118 H g [ gl 2] 2 &
: B =11511€ £ gllzl|3 HIE HIHIE 2
. <3 IR IEIE 151 ellelle B
22 slistletielis @ H > F4 2 EY R E H & H EINES
=2 stielzllzlZ2]1e]] s 3 R IR R E all=z sl sl e 2|2
S FRENE L I S z11ells zll2 ofll=l] e 5
g NIEISIIIAIBIE § 2l &) ]2 gellS HIBIE S
° ZHZHETENE R t =R R B MIHIB il =] ¢ 2112
S IBIEIEIHIE g SIEIEIE 1B ellall e alB
! d I MIE = MIENE 1= SR E
| = 2 =2
,

Timer TA4(16)

l Timer TA3(!6)J lWatchdog Timerj

[ Timer TA2(16) ] [ Timer TB2(16) ]

RAM

2048 Bytes | L_Timer TA1(16) | | Timer TB1(16) | |

UART1(9) |

| Timer TA0(i6) | | Timer TBO(16) | | uARTO(9) ] [A-DConverter(i0}

T

r D-A1 converter(8)

sng ssaippy

[ v D-AO converter(8) ;I

UL

Bus width
selection input

BYTE

(PPO)sng eleq
(uang )s.ng'e;eq '

Input/Output
port P8

Input/Output
port P7

Input/Output
port P6

Input/OQutput
port P5

Input/Output
port P4

i

Address bus/Data bus

Address bus

HILNdWOIOUDIN SOND 118-91

dd8VSOTILLEN
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MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37710S4BFP

Parameter Functions

Number of basic instructions 103
Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency)
Memory size RAM 2048 bytes

P5~P8 8 -bitX 4
Input/Output ports -

P4 5 -bitX 1

. . TAO, TA1, TA2, TA3, TA4 16-bitX 5

Multi-function timers

TBO, TB1, TB2 16-bitX 3
Serial 170 (UART or clock synchronous serial 1/0) X2
A-D converter 10-bitX 1 ( 8 channels)
D-A converter 8 -bitX 2
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 ted to a ic re or quartz crystal resonator)
Supply voltage 5vV+10%
Power dissipation 95mW(at external clock 25MHz frequency)
Input/Output ch Input/Output voltage 5V

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




MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT. CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Functions

Vee, Vss Power supply Supply 5V110% to Vec and 0V to Vss.

CNVss CNVss input Input Connect to Vee.

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 Xy pin

Xout Clock output Output and the Xoyr 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 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.

AVcc, AVss | Analog supply input Power supply for A-D converter. AVgs is also used for D-A converter. Connect AVgc to Vee, and AVss to Vss
externally.

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

-2 Clock output Output | This pin outputs the clock ¢4 which is divided the clock to X,y pin by 2.

RDY Ready Input This is ready input pin. This is an input pin for the RDY signal. Internal clock stops while this signal is “L".

HOLD Hold request input Input This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is “L".

HLDA Hold acknowledge output | Output This is an output pin for HLDA signal, indicates the hold state.

R/W Read/Write output Output “H" indicates the read status and “L" indicates the write status.

BHE Byte high enable output| Output “L" is output when an odd-numbered address is accessed.

ALE Address latch enable Output This is used to retrieve only the address data from address data and data multiplex signal.

output

Ag~A; Address (low-order) output{ Output | Address (A;~A) is output.

Ag/Dg~ Address (middle-order) 110 In case the BYTE pin is “L” and an external data bus is 16-bit width, high-order data (Dy5~Ds) is input or

Ai5/Dss output/Data (high-order) output when E output is “L” and an address (Ass~As) is output when E output is “H”. In case the BYTE pin

170 is “H” and an external data bus is 8-bit width, only address (Aqs~Ag) is output.
As/Do~ Address (high-order) 110 Low-order data (D;~Dp) is input or output when E output is “L”, and an address (Ax~Aqs) is output when
Az3/D7 output/Data (low-order) E output is “H".

170

P4;~P4; 1/0 port P4 o) Port P4 is a 5-bit 1/0 port. This port has an data direction register and each pin can be programmed for in-
put or output. This port is in input mode when reset.

P5¢~P5; 1/0 port P5 170 Port P5 is a 8-bit I/0 port. This port has an data direction register and each pin can be programmed for in-
put or output. This port is in input mode when reset.

These pins also function as I/O pins for timer AQ, timer A1, timer A2 and timer A3. P5; to P5¢ also function
as output pins for pulse motor drive waveform. .

P6o~P67 1/0 port P6 1/0 In addition to having the same 1/0 functions as port P5, these pins also function as 1/0 pins for timer A4,
external interrupt input INTo, INT4 and INT; pins, and input pin for timer B0, timer B1 and timer B2. P6, also
functions as an output pin for pulse motor drive waveform.

P7o~P77 1/0 port P7 170 These pins also function as analog input ANg~ ANy input pins in addition to having the same 1/0 functions
as port P5. P7; also has an A-D conversion trigger input function.

P8o~P8; 1/0 port P8 170 These pins also function as RxD, TxD, CLK, CTS/RTS pins for UARTO and UART1 in addition to having the
same 1/0 functions as port P5.

2-18 AE_Ecmc'



MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37710S4BFP contains the following devices on a
single 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, D-A converter, and other
peripheral devices such as 1/0 ports. Each of these de-
vices 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 0,6 to FFye.

Built-in RAM and control registers for built-in peripheral de-
vices are assigned to bank 04.

Addresses FFD6;¢ to FFFF,¢ are the RESET and interrupt
vector addresses and contain the interrupt vectors. Use
ROM for memory of this address. Refer to the section on
interrupts for details.

The 2048 bytes area from addresses 8045 to 87F,¢ 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 046 to 7F4 are peripheral devices
such as 1/0 ports, D-A converter, A-D converter, UART,
timer, and interrupt control registers.

A 256 bytes direct page area can be allocated anywhere in
bank 0,6 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;6 T 7000000y T 70000006
ggggggw L Peripheral devices
Bank 0. 16 ~ - control registers
16 1 | AN .
I | \\ see Fig. 2 for
00FFFF,s | - 1 '"ztgzgat"y?:;"‘ N further information
010000, |~ - '}\ 00007F
1 1
| I
Bank 146 | I\ 00087F15
: : \ I |
OIFFFFyg +  _ _ _ _ \ | |
. r T [ [
. I I I |
. | | \ | | 00FFDE Int_errﬂ)t le(ior_tal)le
N \ /" "A-D conversion |
: ' oA ' [ UARTH irarismissio
. 1 | JARTI transmission
. ¥ S * & / F " URATI receive.
. | \ | I / {_UARTO transmission
: ' ' \ | [ [ p VAROreceie
. | : \ [ [ J b TmerBL _
\ I | | — JimerB1 _
L 1 \ | / L _ _TimerB0 _ 7|
FE0000;6 | I ! / p — _qimer A4
| | \ | | / { _ _TimerAs —
| \ | I F— _Timer A2 .l
Bank FEss | (S v/ | — _TimerAl
| | Vo ./ L _TimerA0 _
FEFFFFs | I Vo P/ E INT,_ 1
FF0000;6 — - |/ P —INT,
| — __INTg _ _
| | \‘ | 1/ F “Watchdog timer j
Bank FFie I I 00FFD6i5 b— — — — — — — p_ __DBC _ _
| | \ | BRK instruction 1
\| | — Zerg divide
N N 00FFFFis U _ _ 4 OOFFFEs M — TReser j
[ :internal
::: : External
Fig. 1 Memory map
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M37710S4BFP

16-BIT CMOS MICROCOMPUTER

Address (Hexadecimal notation) Address (Hexadecimal notation)
000000 000040 Count start flag
000001 000041
000002 000042 One-shot start flag
000003 . ) 000043
000004 000044 Up-down flag
000005 000045
000006 000046 Timer A0
000007 000047
000008 000048 Timer A1
000009 000049
00000A Port P4 00004A Timer A2
000008 Port P§ 00004B
00000C Port P4 data direction register 00004C Timer A3
00000D Port P5 data direction 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 AQ mode register
000017 000057 Timer A1 mode register
000018 000058 Timer A2 mode register
000019 000059 Timer A3 mode register
00001A D-A register 0 00005A Timer A4 mode register
00001B 000058 Timer BO mode register
00001C D-A register 1 00005C Timer B1 mode register
00001D 00005D | Timer B2 mode register
00001E A-D control register 0 00005E Processor mode register 0
00001F A-D control register 1 00005F Processor mode register 1
000020 A-D register 0 000060 Watchdog timer
000021 000061 Watchdog timer frequency selection flag
000022 A-D register 1 000062 Waveform output mode register
000023 000063
000024 . 000064 Pulse output data register 1
000025 | A-D register 2 000065 | Pulse output data register 0
000026 A-D register 3 000066 Reserved area (Note)
000027 . 000067
000028 . 000068
0ooo2g | A°D register 4 000069
00002A . 00006A
000028 A-D register 5 00006B
00002C . 00006C
oooozp | A-D register 6 00006D
00002E . 00006E
oooozF | A-D register 7 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 . s 000072 UARTO receive interrupt control register
o003z | UARTO on buffer reg 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 . . 000076 Timer A1 interrupt control register
000037 UART 0 receive butfer 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 L . 00007A Timer BO interrupt control register
00003B 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 butfer register ) 00007F | INT, interrupt control register

Note : Do not write to this address.

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 indicate 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 contents of index register Y indicate 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

| Bu | B, | Accumulator B

15 7 0

[ Xu | Xo ] Index register X

15 7 0

[ Y | A ] index register Y

15 0
z 0 [ S ] Stack pointer S
Program bank register PG T 3
7 0 L PC j Program counter PC
Data bank register DT 15 0

| DPR | Direct page register DPR

15 7 0
[0o]o[o]o]ojrerfedn]vim]x|D] 1]z]c| Processor status register PS

Carry flag

Zero flag
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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STACK POINTER (S)

Stack pointer (S) is a 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 addressing 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. 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. 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 046, but
when the contents of DPR is FF01,5 or greater, the direct
page area spans across bank 0,6 and bank 1,¢. All direct
addressing modes use the contents of the direct page reg-
ister (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 “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 (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.
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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 “1”, 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 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 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 register, 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

D;~D'g

A'a~A'o

D15~Dg
D;~Do

Azs~Ag

. CPU

Control signal

Bus interface| BHE
unit R/W

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 (10) shown in Figure 5. The standard waveforms are
(1) and (2).

The ALE signal is used to latch only the address signal
from the multiplexed signal containing data and address.
The E signal becomes “L” when the bus interface unit
reads an instruction code or data from memory or when it
writes data to memory. Whether to perform read or write is
controlled by the R/W signal. Read is performed when the
R/W signal is “H” state and write is performed when it is
“L” state.

Waveform (1) in Figure 5 is used to access a single byte or
two bytes simultaneously. To read or write two bytes simul-
taneously, the first address accessed must be even. Furth-
ermore, when accessing an external memory area, set the
bus width selection input pin BYTE to “L”. (external data
bus width to 16 bits) The internal memory area is always
treated as 16-bit bus width regardless of BYTE.

lnternalclock¢|||||||||||||||||||
Ai/Dj
ET LI
ae L
fe—
Access term
Ai/Dj (A XD Xa+HX D)
N N N
(2 ALE M m

fe—————>
Access term

AVD

E J B
© ALE I
Access term
Ai/Dj (AX_ D _XatX_ D )
ET | 11 —
(4) e M M

I Il
r= 1

Access term
Ai/Dj (AX_D_XaHXD)
e LT L
(5)
ALE L M

[
e

X

Access term

Ai/Dj (A XD XHX_ D)
3 I R
(6) ALE M M

e
e

Y

Access term

Internalclock¢||||||||||||||||l||

Ai/Dj CA X150
E 1 —
(7)
ALE | |
e ——
Access term
AV/Dj XA XD X Ati X X
ET I I
(8)
ALE I l I I
b >|
Access term
Ai/Dj (A _X_D_XatX D)
[ IR B
(9)
ALE 1 e
b= >
Access term
Ai/Dj XAXDX At X Db X
E L | I B
(10
ALE M 1
[ ]
! —>
Access term
A : Address
D : Data

Ai/Dj indicates multiplex I/0 pin with address and data.

Access
method| Access 2-byte| Access even | Access odd
Signal simultaneously| address 1-byte | address 1-byte
Ao o “ <
ﬁ uLn an uLn

Fig. 5

Relationship between access method and signals A, and BHE
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When performing 16-bit data read or write, if the conditions
for simultaneously accessing two bytes are not satisfied,
waveform (2) is used to access each byte one by one.
However, when prefetching the instruction code, if the
address of the instruction code is odd, waveform (1) is
used, and only one byte is read in the instruction queue
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
odd addresses, 1-byte write to even address, 1-byte write
to odd address, or 2-byte simultaneous write to even and
odd addresses. The A, signal that is the address bit 0 is
“L” when an even number address is accessed. The BHE
signal becomes “L” when an odd number address is
accessed. :

The bit 2 of processor mode register 0 (address 5E;g) is
the wait bit. When external memory area is accessed with
this bit set to “0”, the width of E signal is extended and ac-
cess time can be extended.

There are two ways to extend the access time and they are
selected with the processor mode register 1 (address
5F,6) bit 0.

When this bit is set to “1”, the “L” width of E signal in (1)
becomes twice as long as in (3) and the access time be-
comes 1.5 times (wait 1). When this bit is set to “0”, the
ALE signal in (1) and E signal are extended as in (7) and
the access time is doubled (wait 0).

However, these signals are not extended when accessing
internal memory area.

When the wait bit is set to “1”, these signals are not ex-
tended when accessing either memory area regardless of
the value of processor mode register 1 bit 0.

Waveform (4), (5), and (6) show the entire waveform, first
half, and last half respectively of waveform (2) for wait 1.
Waveform (8), (9), and (10) show the entire waveform, first
half, and last half respectively of waveform (2) for wait 0.
Instruction code read, data read, and data write are de-
scribed below.

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, if the bus width switching pin BYTE is “H”, exter-
nal data bus width is 8 bits and the address to be read is in
external memory area is odd, only one byte is read and
stored in the instruction queue buffer. Therefore, waveform
(1), (8) or (7) 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 (10) in Figure 5 to perform the op-
eration.

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.
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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  00FFD7,4
DBC is an interrupt used during debugging. UART1 transmit 00FFD8;s  0OFFD9,s
Interrupts other than reset, DBC, watchdog timer, zero di- UART1 receive 00FFDA;s  O0FFDBg
vide, and BRK instruction all have interrupt control regis- UARTO transmit 00FFDCs  00FFDD6
ters. Table 2 shows the addresses of the interrupt control UARTO receive 00FFDE;s  0OFFDFys
registers and Figure 6 shows the bit configuration of the in- Timer B2 O00FFEQs _ 00FFE14
terrupt control register. I:::: ::) gg;’:zi““ ggi;::‘ﬁ
Use the SEB ar.rd CLB instructions when setting each inter- Timer Ad OOFFEG:: 00FFE7::
rupt control register. Timer A3 00FFES,,  OOFFES,,
The interrupt request bit is automatically cleared by the Timer A2 OOFFEA,;  OOFFEB,q
hardware during reset or when procgisi_ng an interrupt. Timer A1 00FFEC,s  0OFFED;q
Also, interrupt request bits other than DBC and watchdog Timer AO 00FFEE;s  OOFFEF;g
timer can be cleared by software. INT, external interrupt 00FFF0;s  OOFFF1;6
INT, to INT, are external interrupts and whether to cause TE external interrupt O0FFF2,s  OOFFF3;6
an interrupt at the input level (level sense) or at the edge INT, external interrupt O0FFF4,5  OOFFF5;6
(edge sense) can be selected with the level sense/edge Watchdog timer 00FFF61 _ O0FFF7
sense selection bit. Furthermore, the polarity of the inter- DBC (unusable) 00FFF8is  00FFF9s
rupt input can be selected with polarity selection bit. Break i"_s"ucﬁm QOFFFA _ O0FFFB;q
. . . . . Zero divide 00FFFC4s OOFFFD4g
Timer and UART interrupts are described in the respective Reset OOFFFE,,  OOFFFFyg

section.

The priority of interrupts when muitiple interrupts are
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 4 32 10

Interrupt priority

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

7 65 43 210

t Interrupt priority
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" level for level sense and when changing from “L” to “H"
level for edge sense.
Level sense/edge sense selection bit

0 . Edge sense
1 ' Level sense

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 0000714¢
UARTO receive interrupt control register 00007246
UART1 transmit interrupt control register 00007346
UART1 receive interrupt control register 00007446
Timer AO interrupt control register 000075+¢
Timer A1 interrupt control register 00007646
Timer A2 interrupt control register 00007746
Timer A3 interrupt control register 00007846
Timer A4 interrupt control register 00007946
Timer BO interrupt control register 00007A+6
Timer B1 interrupt control register 00007B4¢
Timer B2 interrupt control register 00007C1¢
INT, interrupt control register 00007D+¢
W interrupt control register 00007E+¢
ﬁ 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.

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
Fm— - —— — —————
OO ) e
C-_-__-_ _ __—_—_- i

A-D converter, UART, Timer, INT interrupts

Priority can be changed with software inside @

Fig. 7 Interrupt priority

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 0 (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 “00,¢” and therefore, the longest time is
selected.

However, the shortest time should 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 resolution
time selection bit and number of cycles

Priority level resolution time selection bit
Bit5 Bit4 Number of cycles
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

o__|

Priority resolution time

Select from 0 to 2 with bits
4 and 5 of the processor

1 I

mode register 0

| | | I

Fig. 9 Interrupt priority resolution time

4 3 2

LT L]

1. 0
l 1 l l Processor mode register 0(5E;¢)

Processor mode bits
0 : Microprocessor mode
1 : Evaluation chip mode

Must be “1”

Wait bit
0 @ Wait
1 . No wait
Software reset bit
The processor is reset when this bit is set to “1".

Priority resolution time selection bit
0 0 : Select 0 in Figure 9
0 1 ! Select 1 in Figure 9
1 0 : Select 2 in Figure 9
Test mode bit
Must be “0”

Fig. 10 Processor mode register 0 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 P5 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.

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 0000,5. At the same
time, the contents of the reload register is transferred to the
counter and count is continued.

ff||2

fa 16 fa2 fes
1) 172 |—l—| 1/8 |—l—{ 1/2 ]—L-l 1/2 ]—l——[ 1/8}—J

Data bus:(odd) -

[T

Data bus (even) -

(44:6)

Clock source selection | (Lower 8 bits) (Higher 8 bits)
. « Timer 9
f, —©O
: * One-shot Reload register(16) J
fig —0 * Pulse width modulation :
\& o ;
fea —O
¢ Timer(gate function) b
512 o}
Counter(1 l__
ounter(16) Addresses
Polarity Event counter o Up/Down TimerAQ 47 4616
A selection Count start flag Always decremented TimerAl 49,5 48,6
IN .
R except in event count mode
(i=0~4) (4016) P Timera? 48,q 4Ase
L——= External trigger .
Down count o TimerA3 4Dyg 4Cy6

Up-down flag o

TimerAd 4Fs 4Eqq

Pulse output

[ Toggle flip-fop |-

< ) < i 1 Toggle flip-flop |
TAiour
(i=0~4)

Fig. 11 Block diagram of timer A
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When bit 2 of the timer Ai mode register is “1”, the output
is generated from TAigyr pin. The output is toggled each
time the contents of the counter reaches to 0000,6. When
the contents of the count start flag is “0”, “L” is output from
TAiout pin.

When bit 2 is “0”, TAioyr pin can be used as a normal port
pin.

When bit 4 is “0”, TAin pin can be used as a normal port
pin.

When bit 4 is “1”, counting is performed only while the in-
put signal from the TAiy pin is “H” or “L” as shown in Fi-
gure 14. Therefore, this can be used to measure the pulse
width of the input signal to TAiy pin. 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 TAi,y
pin input signal is “H” and if bit 3 is “0”, counting is per-
formed while it is “L".

Note that the duration of “H” or “L” on the TAiy 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).

7 6 5

L1 [o]

T

Addresses
Timer A0 mode register 566
Timer A1 mode register 5746
Timer A2 mode register 5846
Timer A3 mode register 59,6
Timer A4 mode register 5A6

0 0 : Always “00” in timer mode
5
0 : No pulse output (TAioyr pin is normal port pin)
1 : Pulse output

0 X : No gate function (TAiyy pin is normal port pin)
1 0 : Count only while TAi,y pin input is “L”

1 1 : Count only while TAiy pin input is “H"

0 : Always “0” in timer mode

Clock source selection bit
00 :Selectf,

01 ! Selectfys

10 : Select fgq

11 : Select f512

Fig. 12 Timer Ai mode register bit configuration during timer mode
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7 6 5 4 3 2 1 0 Count start flag Address
I I | l l l l I —I (Stop at “0”, Start at “1") 40

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 fj H”IHI””||||||||||||I||||”||l||”|||||“|||||I
. ——J_________l_——l |

Timer mode register
Bit 4 Bit 3

N LT ik

Timer mode register
Bit 4 Bit 3

g 011 T 11

Fig. 14 Count waveform when gate function is available
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(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 TAiy pin is counted when the
count start flag shown in Figure 13 is “1” and counting 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 TAioyr 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 TAigyr 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”, TAigyr 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, (decrement count) or
FFFF;¢ (increment count). At the same time, timers AO and
A1 transfer the contents of the reload register to the coun-
ter and continue counting.

Timers A2, A3, and A4 transfer the contents of the reload
register to the counter and continue count when bit 6 of the
corresponding timer Ai mode register is “0”, but when bit 6
is “1”, they continue counting without transferring the con-
tents of the reload register to the counter.

When bit 2 is “1”, the waveform reversing polarity is output
from TAipgyr pin each time the counter reaches 0000,¢
(decrement count) or FFFFyg (increment count) . If bit 2 is
“0", TAioyt 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 direction. There-
fore, bit 4 must be “0” unless the output from the TAioyr pin
is not to be used to select the count direction.

Data write and data read are performed in the same way as
for timer. mode. That is, when data is written to timer Ai
which is 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 with new data from the reload register
at the next reload time and continues counting. For timer

Addresses
Timer A0 mode register 5646

Timer A1 mode register 5716

Timer A2 mode register 5816

Timer A3 mode register 59,6
0 Timer A4 mode register  5Ag
1

. Always “01” in-event counter mode
. No pulse output
. Pulse output
. Count at the falling edge of input
signal
. Count at the rising edge of input
signal
0  Increment or decrement according
to up/down flag
1 : Increment or decrement according
to TAioyr pin input signal level
0 : Always “0" in event counter mode

This bit is available for timers A2, A3,
and A4.

0 : Reload
1 ! No reload
This bit is available for timer A3.
0 : Two-phase pulse signal processing
in the same manner as timer A2
1 : Two-phase pulse signal processing
in the same manner as timer A4

O - O =

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

76543210 Address

Up-down flag 4446

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
processing 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
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A2, A3, and A4, the contents of the reload register are not
reloaded in the counter when bit 6 of the corresponding
timer Ai mode register is “1”. The contents of the counter
can be read at any time.

Furthermore, in event counter mode, whether to increment
or decrement the counter can also be determined by sup-
plying 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 timer A2 and the other
uses timer A4. Timer A3 can select one of these two opera-
tions with bit 7 of the timer A3 mode register. In either pro-
cessing 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 TAj pin.

When timer A2 is used, as shown in Figure 17, the count is
incremented when a rising edge is input to the TA2,y pin
after the level of TA25yr pin changes from “L” to “H”, and
when the falling edge is input, 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 TA4oyr pin changes from “L” to “H”, the count
is incremented at the respective rising edge and falling
edge of the TAdoyr pin and TA4,y pin. When a phase re-
lated pulse with a falling edge input to the TA4qyr pin is in-
put 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 TA4qyr pin.

When performing this two-phase pulse signal processing,
timer Aj mode register bit 0 and bit 4 must be set to “1”
and bits 1, 2, 3, and 5 must be set to “0” as shown in Figure
19.

Bit 7 is used to select whether to perform two-phase pulse
signal processing for timer A3 in the same manner as timer
A2 or as timer A4. When this bit is “0”, two-phase pulse
signal processing for timer A3 is performed in the same
manner as timer A2 and when it is “1”, it is performed in
the same manner as timer A4. This bit is ignored for timer
A2 and A4.

Note that bits 5, 6, and 7 of the up-down flag (address
44,) 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 corresponding 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.

TA20ur I | I | I l I | I I
TA2N I l I l I | I l I l

D Di
count count count count count count

Fig. 177 Two-phase pulse processing operation of timer
A2

TA4our I I I I I I I l I I

— —_— =
Increment count at each edge  Decrement count at each edge

TA4y l | I l I I I l I I

Decrement count at each edge

Increment count at each edge

Fig. 18 Two-phase pulse processing operation of timer
A4

Addresses
Timer A2 mode register 58,5
Timer A3 mode register 59;¢

765 4 0 Timer A4 mode register 5A,¢
1 1

321
I 0 0JoJo]1]

LI— 0 1 ! Always “01” in event counter mode

0100 : Always “0100” when processing
two-phase pulse signal
0 : Reload
1 : No reload

e —

— This bit is available for timer A3
0 : Two-phase pulse signal processing
in the same manner as timer A2

1 : Two-phase pulse signal processing
in the same manner as timer A4

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

o M
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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 configuration 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 000046, the TAigyr pin
goes “H” when a trigger signal is received. The count
direction is decrement.
When the counter reaches 0001¢, The TAioyr 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 corresponding to 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 retriggering while operating, 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 with new data from the reload register
at the next reload time.

Undefined data is read when timer Ai is read.

Addresses
Timer A0 mode register 5646

Timer A1 mode register 5746
Timer A2 mode register 5846
Timer A3 mode register 596

Timer A4 mode register 5A6

. Always “10” in one-shot pulse mode

' Always “1” in one-shot pulse mode

0 X : Software trigger
1.0 : Trigger at the falling edge of TAin
input

11 ! Trigger at the rising edge of TAi,y
input

0 : Always “0" in one-shot pulse mode

Clock source selection
00 : Selectf,
01 :Selectfg
10 : Select feq

11 ! Select fs;,

Fig. 20 Timer Ai mode register bit configuration during
one-shot pulse mode

Address
76543210

One-shot start flag 4246

Timer AO one-shot start flag

'——— Timer A1 one-shot start flag
l————— 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

2—134

ERL -



MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTER

Selected

clock source f;

TAin

(in case of l I

the rising edge)

TAiour

Example when the contents of the reload register is 00035

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

Selected

clock source fj

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
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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 TAiy 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

X'm

X (2'8—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 000046
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 5646
Timer A1 mode register 5746
Timer A2 mode register 5846
Timer A3 mode register 59,6

76543210
1 TT] Timer A4.mode register 5Aq6

11 ! Always “11” in pulse width modulation
mode

- Always “1" in pulse width modulation
mode

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

0 : 16 bit puise width modulator

1 ' 8 bit pulse width modulator

Clock source selection bit

0 0 : Select f,
01 : Select t6
1 0 : Select fgq

11 I Select {5

Fig. 24 Timer Ai mode register bit configuration during
pulse width modulation mode
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Therefore, if the low order 8-bit of the reload register is n,
the period of the generated pulse is
1
selected clock frequency X(n+1).
The high order 8-bit function as an 8-bit length pulse width
modulator using this pulse as input. The operation is the
same as for 16-bit length pulse width modulator except that

the length is 8 bits. If the high order 8-bit of the reload reg-
ister is m, the duration “H” of pulse is

1
selected clock frequency X(n+1)X m.
And the output pulse period is
1
selected clock frequency

X(n+1)X(28—1).

176X (2'8—1)

1

=
|

Selected clock

A
[
[
-d
I

i
1
|

————

source fj

|

}

TAin |
(in case of the |
rising edge) |

1/t X (m)
TAiour

|

t I
N |
|\ This trigger is not accepted |

| I

|

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

I

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

1/t X (n+1)X(28=1)

e

Selected clock
source fj

(in case of the falling edge) }

e [}
uu L

| I
-
I L
TAin | Iy
| |I
| ||
i o

|
X (1)

Prescaler output

(when n =2)

output
(when m =2)

e VX (0 ) X(m)

8-bit length pulse
width modulater )} L __

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

S S
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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 is “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 0000;6. 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.

Clock source selection ‘
* Timer

4 (Higher 8 bits)

f2 o * Pulse period measurement/pulse [
fie —O \0 width measurement
fea —O
Addresses
f —o0
o2 Counter(16) | Timer B0 516 50,
) Polarity selection Event counter Timer B1 53,6 525
TBin (O] and edge puise 0
(i=0~2) generator Count start flag Timer B2 55,5 5446

(4046)

Counter 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 register 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 TBijy 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 the 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 TBijy 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.
After the contents of the counter is transferred to the reload
register, an interrupt request signal is generated and the
interrupt request bit in the timer Bi interrupt control register
is set. However, no interrupt request signal is generated
when the contents of the counter is transferred first time to
the reload register after the count start flag is set to “1”.
When bit 3 is “1”, the pulse width measurement mode is
selected. Pulse width measurement mode is similar to
pulse period measurement mode except that the clock is

counted from the fall of the TBijy pin input signal to the next
rise or from the rise of the input signal to the next fall as
shown in Figure 32.

When timer Bi is read, the contents of the reload register is
read.

Note that in this mode, the interval between the fall of the
TBiw pin input signal to the next rise or from the rise to the
next fall must be at least two cycles of the timer count
source.

Timer Bi overflow flag which is bit 5 of timer Bi mode regis-
ter is set to “1” when the timer Bi counter reaches 0000,¢.
This flag is cleared by writing to corresponding timer Bi
mode register. This bit is set to “1” at reset.

Addresses
Timer BO mode register 5B,

Timer B1 mode register 5Cq

Timer B2 mode register 5D

0 0 : Always “00" in timer mode

XX Not used in timer mode and
may be any

0 : Always “0" in timer mode
(timer BO)
X : Not used in timer mode
(timers B1, B2)
X : Not used in timer mode

Clock source selection bit
00 : Selectf,

01 :Selectfg
10 : Select fg4

11 :Select fs;,

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

! Addresses
Timer BO mode register 5By6

7 32 0 Timer B1 mode register 5C,¢
1

6 5 4 1
|X><X0 0|

Timer B2 mode register 5D,

01 : Always “01” in event counter
mode
0 0 : Count at the falling edge of
input signal
0 1 I Count at the rising edge of
input signal
1.0 : Count at the both falling edge
and rising edge of input signal
0 : Always “0” in event counter
mode (timer B0)
X ! Not used in event counter
mode (timers B1, B2)

XXX : Not used in event counter mode

Fig. 29 Timer Bi mode register bit configuration during
event counter mode
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Addresses

Timer BO mode register 5B,¢

76543210
0 110
10
00
01
10

Timer B1 mode register 5C,¢

Timer B2 mode register 5D,¢
. Always “10" in pulse period

measurement/pulse width
measurement mode

. Count from the falling edge of

input signal to the next falling one

: Count from the rising edge of

input signal to the next rising one

. Count from the falling edge of

input signal to the next rising one
and from the rising edge to the
next falling one

: Always “0” in pulse period

measurement/pulse width
measurement mode (timer BO)

. Not used in pulse period

measurement/pulse width
measurement mode
(timers B1, B2)

Timer Bi overflow flag

Clock source selection bit

00 : Selectf,

01

. Select fyg

10 : Select fg4

1

. Select fs;,

Fig. 30 Timer Bi mode register bit configuration during
measurement/pulse  width

pulse  period

measurement mode

Selected clock

source fj IUUUUUUUUUHUUUUI—IUUHUU
TBin % I l| I {

Reload register«—Counter

Count start flag l

Counter+—0

:l__-:l

Interrupt request signal

]
5
U

Fig. 31

Pulse period measurement mode o

next falling one)

peration (example of measuring the interval between the falling edge to
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Selected
clock source f;

Reload register—Counter

J R
Counter—0 i_| i_| N N

Count start
flag

Interrupt
request signal U U U

Fig. 32 Pulse width measurement mode operation
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PULSE OUTPUT PORT MODE

The M37710 can use several built-in timer As to output
pulse motor drive waveform. This mode is described below.
Figure 33 shows a block diagram for pulse output port
mode. In the pulse output port mode, two pairs of 4-bit
pulse output ports are used. There are three combinations
of pulse output ports. When bit 0 of the waveform output
selection bit in waveform output mode register (address
62,6) shown in Figure 34 is set to “1” and bit 1 is set to “0”,
RTP1;, RTP1,, RTP1,, and RTP1, become pulse output
ports. When bit 1 of waveform output selection bit in wave-
form output mode register is set to “1” and bit 0 is set to
“0”, RTPO3, RTPO,, RTPO,, and RTP0, become pulse output

ports. The ports not used as pulse output ports can be used
as normal parallel ports or timer 1/0 pins. When bit 0 and
bit 1 of pulse output selection bit are set to “1”, the two
four-line sets RTP1;, RTP1,, RTP1,, and RTP1, and RTPO3,
RTPO,, RTPO,, and RTP0O, become pulse output ports.

In the pulse output port mode, set timers A2 and AQ to tim-
er mode as timers A2 and AO are used. In addition, set bit 2
of the corresponding timer Ai mode register to “1” when us-
ing RTPO,, RTPO,, RTP1,, RTP1,, and RTP1; as pulse out-
put port because they are shared with TAioyr (i = 0 to 4)
pins. Figure 35 shows the bit configuration of timer A0, A2
mode registers in pulse output port mode.

Pulse width modulation selection bit
(Bit 4, 5 of 62,5 address)

Timer A3 pulse width modulation output

Timer At pulse width modulation output

Waveform output control bit 1
(Bit 7 of 625 address)

Pulse output data register 0
(65,6 address)

Data bus
(odd)

Data bus
(even)

T +—da) o RTPls

D; D Q —L_J (P6,)
—q) o RTPL

D, D Q 1/ (P5g)
——a) o RTPL

D, D Q g (P55)

. —q) o RTPl

Do D a L/ | (P5,)

Waveform output control bit 0
Pulse output data register 1 (Bit 6 of 62,5 address)
(6446 address)

Dy, D Q O RTPO,
(P53)

RTPO,

D D Q 2
0 (P5y)

Do D Qq RTPO,
(P5,)

Dsg D Q RTPO,
T (P5)

Polarity selection bit
(Bit 3 of 62,5 address)

Fig. 33 Block diagram for pulse output port mode
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Data can be set in each bit of the pulse output data regis-
ter corresponding to four ports selected as pulse output
ports. Figure 36 shows the bit configuration of the pulse
output data register.

The contents of the pulse output data register 1 (low-order
four bits of address 64,5) corresponding to ports RTP1;,
RTP1,, RTP1,, and RTP1, are output to the ports each time
the counter of timer A2 becomes 0000,¢. The contents of
the pulse output data register 0 (low-order four bits of
address 65:¢) corresponding to ports RTPO3, RTP0,, RTPO,,
and RTPQ, are output to the ports each time the counter of
timer AO becomes 0000¢.

Each timer starts counting when the content of the corres-
ponding timer count start flag (address 40,) is set to “1”
and stops counting when it is set to “0”. When “0” is written
to a specified bit of the pulse output data register, “L” level
is output to the corresponding pulse output port when the
counter of corresponding timer becomes 000045, and when
“1” is written, “H” level is output to the pulse output port.
Pulse width modulation can be applied to each pulse out-
put port. Since pulse width modulation involves the use of
timers A3 and A1, activate these timers in pulse width mod-
ulation mode. When a certain bit of the pulse output regis-
ter is “17, pulse width modulation is output from the pulse
output port when the counter of the corresponding timer
becomes 0000,¢.

Ports RTP15, RTP1,, RTP14, and RTP1, are applied pulse
width modulation by setting the pulse width modulation
selection bit by timer A3 (bit 5) of the waveform output
mode register to “1”.

Ports RTPO;, RTPO,, RTPO4, and RTPO, are applied pulse
width modulation by setting the pulse width modulation
selection bit by timer A1 (bit 4) of the waveform output
mode register to “1”.

When outputting to pulse output ports RTPOz; RTPO,,
RTPO,, and RTPO,, the output data can be reversed by the
polarity selection bit (bit 3) of the waveform output mode
register. When the polarity selection bit is “0”, the contents
of the pulse output data register 0 is output unchanged.
When the polarity selection bit is “1”, the reversed data of
the contents of the pulse output data register 0 is output.
When pulse width modulation is applied, likewise the polar-
ity reverse to pulse width modulation can be selected by
the polarity selection bit. Figure 37 shows example of
waveforms in pulse output port mode.

Ports selecting pulse output port mode can control the out-
put of RTP0;, RTPO,, RTPO,, and RTPO, with the waveform
output control bit 0 (bit 6) and the output of RTP13, RTP1,,
RTP1,, and RTP1, with waveform output control bit 1 (bit
7). When the waveform output control bit is set to “1”,
waveform is output from the corresponding port. When it is
set to “0”, the waveform output from the corresponding port
is stopped and the port becomes floating. These bits can
be cleared with an instruction and cleared by reset.

76543210 Address

0 Waveform output mode register 62,6

Waveform output selection bit
0 0 : Parallel port
0 1 : RTP13~RTP1, selected
1 0 : RTPO;~RTPO, selected
11 I RTP13~RTP1, and RTPO3~RTP0,
selected
0 : Always “0”
(0" at reset)
Polarity selection bit
(available for RTPO;~RTPO,)
0 : Positive polarity
1 ! Negative polarity
Pulse width modulation selection bit by
timer A1 (available for RTPO;~RTPO,)
0 : Not modulated
1 ! Modulated
Pulse width modulation selection bit by
timer A3 (available for RTP1;~RTP1,)
0 ! Not modulated
1 ! Modulated
Pulse output control bit 0
0 : RTPO3~RTPO, waveform output
inhibited
1 : RTPO3~RTP0O, waveform output
enabled
Puise output control bit 1
0 : RTP13~RTP1, waveform output
inhibited
1 ! RTP13~RTP1, waveform output
enabled

Fig. 34 Waveform output mode register bit configuration

Address

765432 10 Timer AO mode register 56!6]

[ ] I OI 0 I XI 'l OI 0| [Timer A2 mode register 5816
L—[L— 100 : Always “100” in pulse

output port mode

X ! Not used in pulse output
port mode
0 0 : Always “00” in pulse output
port mode

Clock source selection bit

00 : Selectf,

01 I Select g
1 0 : Select fgq
11 : Select fs;,

Fig. 35 Timer AO, A2 mode register bit configuration in
pulse output port mode

RN
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76543210 Address
Pulse output data register 0 65,
- RTPO, output data
RTPO, output data
RTPO, output data

RTPO; output data

3210 Address

6
010 Puise output data register 1 64,

RTP1, output data

RTP1, output data

RTP1, output data

RTP1; output data

0 : Always “0” in pulse output port mode
X I Not used in pulse output port mode
00 : Always “00” in pulse output port mode|

Fig. 36 Pulse output data register bit configuration
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Output signal at each
time when timer
A2 becomes 00006

RTP1,
(Port P6)

RTP1,
(Port P5g)

RTP1,
(Port P55)

RTP1,
(Port P5,)

Output signal at each
time when timer
A2 becomes 00006

RTP1,
(Port P6)

RTP1,
(Port P5)

RTP1,
(Port P5;)

RTP1,
(Port P54)

Output signal at each
time when timer

A0 becomes 0000
RTPO;

(Port P5,)

RTPO,
(Port P5,)

RTPO,
(Port P5,)

RTPO,
(Port P5,)

Example of pulse output port (RTP15, RTP1,, RTP1,, RTP1,)

N n N | E— N o

| L

Example of the above pulse output port when pulse width modulation is applied by timer A3.

I I I I I I I

{0

Example of pulse output port (RTP0,, RTPO,, RTPO,, RTP0,) when puise
width modulation is applied by timer A1 with polarity selection bit="1"

I I I n n_ L

Fig. 37 Example of waveforms in pulse output port mode
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SERIAL /O PORTS

Two independent serial 1/0 ports are provided. Figure 38
shows a block diagram of the serial 1/0 ports.

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive
mode register shown in Figure 39 are used to determine
whether to use port P8 as parallel port, clock synchronous

ing start and stop bits.

Figures 40 and 41 show the connections of receiver/trans-

mitter according to the mode.

receive control register.

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

Figure 42 shows the bit configuration of the UARTI transmit/

Each communication method is described below.

RxDj

Data bus(odd)

Data bus(even)

[o]o]ol0 J 0[0][ 0[Ds|D7[Ds[Ds[D4]D4|D,|D:[Do] Receive buffer register

UARTO(376, 3615)
UART1(3F,¢, 3Ey4)

&

Bit rate
generator

Clock source selection
UARTO(3146)

-

{ Receive register |

UART receive

Receive
control
circuit

Receive clock

1/16 Divider]

Clock synchronous—o i

|

ransmission|

Transmission clock

f, —o
c UART1(39,,)  |Clock synchronous SO ey
f‘s Internal Clock synchronous TXDi
o oo i e (Crersmision regiser O
2
O
External Clock synchronous Clock synchronous
(Internal clock) (External clock) Transmission
CLKi () t} (CACHEACARR DalDle'I—Dﬁl buffer register
o 1 uaRTO(33,6, 32,)
CTSi/RTSi UART1(3By, 3A;6)
Data bus
(odd)
s Mheh
] L
y E

Data bus(even)

Fig. 38 Serial 170 port block diagram

7 654321

]

* Parallel port

: 7-bit UART
. 8-bit UART
9-bit UART

co oo
_,O —O

110

0 : 1 stop bit
1 %2 stop bits

0 :-Odd parity
1 % Even parity

0 : No parity

1 ! With parity
Sleep selection bit

0 ' No sleep

1 . Sleep_

UART 0 Transmit/Receive mode register

I I :[ [UART 1 Transmit/Receive mode register
Serial communication method selection bit

0

0

1

1

: Clock synchronous

Internal clock/External clock selection bit
0 : Internal clock

1 ! External clock
Stop bit length selection bit

Even/Odd parity selection bit

Parity enable selection bit

Addresses

3016
3816

Fig.' 39 UART i Transmit/Receive mode register bit configuration
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bit
wgr Stop. Stop [ o9 b O
bit bit ONo I

8 bits TT bits

N ﬁ Data bus{odd) 7
{ Data bus(even) _ ]
[ ol s lololiolololololol ol olue™
RxDj
Receive
O register
Synchronous
Synchronous
Fig. 40 Receiver block diagram
q - Data bus{odd) I
¢ Data bus(even) H ]
Lo o] T [ o[ o o[ o[ o T oo ]oiieicger
8-bit or
2 stop bits g;nghvonous TXDi

Transmission register

Fig. 41 Transmitter block diagram

7 6 5 4 3 2 1

DX

00 :Selectf,

01 : Select g
1 0 : Select fg,
11 ! Select f5;5

0 : Select CTS
1 : Select RTS

7 6 5 4 3 2 10

L————— Receive enable flag

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

0
me A/c[c& [qu UART 0 Transmit/Receive control register 0
UART 1 Transmit/Receive control register 0
Clock source selection bit

CTS, RTS selection bit

L———Transmission register empty bit

CTS, RTS enable bit
0 : Enable CTS, RTS
1 : Disable CTS, RTS

UART 0 Transmit/Receive control register 1
ISUMIPERIFEQIOER] o [ e l N TE] UART 1 Transmit/Receive control register 1

— Transmit enable flag
Transmit buffer empty flag

— Receive completion flag

Addresses
34,6

3Cus,

Addresses
356
3Dy

Fig. 42 UARTI Transmit/Receive control register bit configuration
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CLOCK SYNCHRONOUS SERIAL
COMMUNICATION

A case where communication is performed between two
clock synchronous serial I/0 ports as shown in Figure 43
will be described. (The transmission side will be denocted
by subscript j and the receiving side will be denoted by
subscript k.)

Bit 0 of the UART] 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 (CSy) and bit 1
(CS,) of the clock sending side UART] transmit/receive
control register 0. As shown in Figure 38, the selected
clock is divided by (n 4+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]j transmit/receive
control register 0 is cleared to “0” to select CTSj input. The
bit 2 of the clock receiving side is set to “1” to select RTSk
output.

Whether to use the CTS and RTS signals is determined by
bit 4 of the UART transmit/receive control register 0. Set bit
4 to “0” when CTS and RTS signals are used, and to “1”
when they are not used.

When CTS and RTS signals are not used, the CTS/RTS pin
can be used as normal port. The following describes the
case when the CTS and RTS signals are used. If CTS and
RTS signals are not used, the CTS; input condition is un-
necessary and there is no RTSk output.

Transmission

Transmission is started when the bit 0 (TEj flag) of UART]
transmit/receive control register 1 is “1”, bit 1 (Tlj flag) of
one is “0”, and CTS] input is “L”. As shown in Figure 44,
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 Tlj 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 “17, C?S] input is ignored and transmission start is con-
trolled only by the TEj flag and TIj 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 CTS;j input is changed to “H”
during transmission.

The transmission start condition indicated by TEj flag, Tlj
flag, and CTSj is checked while the Tenpj signal shown in
Figure 44 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 (TXEPTYj flag) of UART] transmit/receive control
register 0 changes to “1” at the next cycle after the Teypj
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 Tlj flag changes from “0” to “1”, the interrupt re-
quest bit in the UART] 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 (Rl
flag) of UARTK 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, RTSj output goes “L” to indicate that the next
data can be received. When the Rlik flag changes from “0”
to “1”, 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 REk flag is
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cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7
(SUMk flag) are ignored in clock synchronous mode.

As shown in Figure 38, 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;.

TxDj
| UART; transmission register _]—

UART; transmission
buffer register

I UART; receive buffer register ]

RxDj
l UART] receive register |<_«

UART; Transmit/Receive mode register

Lo[x[x]xJofe o]

TxDyg

—LUARTK transmission register I

IUARTk transmission buffer registerl

[ UART receive buffer register l

RxDg
—)l UARTK receive register ]

UARTK Transmit/Receive mode register

Lolx[x[x[1Te]o 1]

CLKj
UART] Transmit/Receive control
register 0
K o s
cTS;

UART;| Transmit/Receive control

CLKk
UARTY Transmit/Receive control
register 0
DXIXDXT 0 o] 1 [x]x]
RTS

register 1

Tl s [ [ 7]

UARTY Transmit/Receive control
register 1

el =[]

Fig. 43 Clock synchronous serial communication

Transmission -—>f——'<—-l/fi><(n+1 1%2

clock

TEj J |

Tl | t 1\

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

e LT L
= 1/ X (n+1) X2

CLK;|

Tenoj ﬂ

L

Stopped because TEj= “0"

[ [

TEPTY] T ]

el (O2X 0 X0 XDKOXPHKPXDr_ KPP XDXONNKDXOKPr _ XPoXDKPNXOKLNDAXOXD:

[ [

Fig. 44 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 clock
source. When an internal clock is selected for asynchro-
nous serial communication, the CLKi pin can be used as a
normal I/0 pin.

The selected internal or external clock is divided by (n41),
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.

—f = (1/f; or 1/fexr) X (n+1)X16

mansmission cock. | [ 1 [ UM UUUUL UuyuL

TEj _J
Ti; j
as L

Write in transmission buffer regisger

N

Transmission register +—Transmission

| I

buffer register (

Tenoi H

[

TXEPTY;

Start bit Parity bit Stop bit \ Stopped because TE= 0"
™0 \STABXE XKL XOHONOXP Y s\ ST AN XONXNONXONONXOXPY sp  \STARXOX

] M

I

Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected

= (1/4 or 1/fext) X (n+1)X16

TransmissionclockIlllllllllli|l Illlllllll Hll Illlll Illl”l

TE; _J

I
L —

noL -

Write in transmission buffer register Transmission register«Transmission
Tenoi buffer register H

Start bit Stop Bit Stop Bit

TXOi STADKONOXRXOXDXDHONKD:Y s SPASTARNDXOXDXONONHONO NP 5P
TXEPTY; ——[ ﬂ ]'—]

Stopped because

wpn

TE;j
ST @@ D,

Fig. 46 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 regisger 0 bit 2 is used
to determine whether to use CTSj input or RTS| output.
CTS;j input is used if bit 2 is “0” and RTSj output is used if
bit 2 is “1”.

If C_TST input is selected, the user can control whether to
stop or start transmission by external CTSj input.

Whether to use the CTS and RTS signals is determined by
bit 4 of the UART transmit/receive control register 0. Set bit
4 to “0” when CTS and RTS signals are used, and to “1”
when they are not used.

When CTS and RTS signals are not used, the CTS/RTS pin
can be used as normal port. The following describes the
case when the CTS and RTS signals are used. If CTS and
RTS signals are not used, the CTSj input condition is un-
necessary and there is no RTSj output.

Transmission

Transmission is started when the bit 0 (TEi flag) of UART;
transmit/receive control register 1 is “1”, the bit 1 (T}; flag)
is “0”, and CTS;j input is “L" if CTSj input is selected. As
shown in Figure 45 and 46, 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. The data is output
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.

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;j flag, Tlj flag, and
CTSj signal (if CTSj input is selected) are ignored until
data transmission is completed.

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

The transmission start condition indicated by TE; flag, Tl
flag, and CTS;j is checked while the Tenpi signal shown in
Figure 45 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; flag) of UART;| transmit/receive control
register 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;j 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 47, the frequency divider circuit at the receiving end
begin to work when a start bit is arrived and the data is re-
ceived.

oo (UUIALMANAMNMAAMAAAAARARA  SRAARAARARMARAALALLY
RE; _]

Stop bit Start bit
RXD; Start bit £ Do Xo.lD oY |

Check to be “L" level

Get data

Receive

Clock
Starting at the falling
edge of start bit

Rij

RTS| 1T

Fig. 47 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;j flag changes to
“1”, the RTSi output goes “L” to indicate receive ready and
returns to “H” once receive has started. In other words,
RTS; 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 40. 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
wqn .

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 RI; flag is
“1”. In other words when an overrun error occurs. If the
OER; 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;j flag is set. Therefore, the SUMj flag can
be used to determine whether there is an error.

The setting of the Rlj flag, OER; flag, FER;j flag, and the
PERi flag is performed while transferring the contents of
the receive register to the receive buffer register. The Rl;
OER;j, FERj, PERj, and SUM; flags are cleared when the
low order byte of the receive buffer register is read or
when the RE;j 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, OER;, FER;j, PERj, and the SUM;j 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.
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A-D CONVERTER

The A-D converter is a 10-bit successive approximation
converter.

Figure 48 shows a block diagram of the A-D converter and
Figure 49 shows the configuration of the A-D control regis-
ter 0 (address 1E.s) and A-D control register 1 (address
1F16).

The frequency of the A-D converter operating clock ¢ ap is
selected by bit 7 of the A-D control register 0. When bit 7
is “0”, $ap is the clock frequency divided by 8. That is, $ap
=f(X;n)/8. When bit 7 is “1”, ¢ p is the clock frequency di-
vided by 4 and ¢ Ap=1(X\y)/4.

The ¢ap during A-D conversion must be 250kHz minimum
because the comparator consists of a capacity coupling
amplifier.

Bit 3 of A-D control register 1 is used to select whether to
use the conversion result as 10 bits or as 8 bits. The con-
version result is used as 10 bits when bit 3 is “1” and as 8
bits when bit 3 is “0”.

When the conversion result is used as 10 bits, the low-
order 8 bits of the conversion result is stored in the even
address of the corresponding A-D register and the high-
order two bits are stored in bits 0 and 1 of the odd address
of the corresponding A-D register. Bits 2 to 7 of the A-D
register odd address return “000000,” when read.

When the conversion result is used as 8 bits, the high-order
8 bits of the 10-bit A-D conversion are stored in even
address of the corresponding A-D register. In this case, the
A-D register odd address returns “004¢” when read.

The operating mode is selected by the bits 3 and 4 of A-D
control register 0 and bits 1 and 2 of A-D control register 1.
The available operating modes are one-shot, repeat, single
sweep, repeat sweep 0, and repeat sweep 1.

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.

A-D conversion speed selection

o O— 172 272

V
REF Ladder network

AVss

L S SO N S N N N
L1 I T T T TT]

Successive approximation register

A-D control register 1 (1F;)

A-D control register 0 (1E,¢)

Address

Address

A-D register 0 (2146)| A-D register 0 (20,6)

A-D register 1 (2346) | A-D register 1 (22,¢)

A-D register 2 (24,¢)

A-D register 2 (25¢)
A-D register 3 (27¢)

A-D register 3 (26,¢)

Decoder

A-D register 4 (29,6)
A-D register 5 (2Bys)

A-D register 4 (28,¢)
A-D register 5 (2Aq6)

Comparator

A-D register 6 (2Cy¢)
A-D register 7 (2E¢)

A-D register 6 (2Dy¢)
A-D register 7 (2F )

Ry 143
2 Data bus {odd) RR Data bus (even) 2

ANy O
AN, O
AN, O
ANz O—
AN, O—
ANs O
ANg O
AN7/ADrqa O

o & 6 0 0 0o o0 o

Selector

Fig. 48 A-D converter block diagram
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(1) One-shot mode

One-shot mode is selected when bits 3 and 4 of A-D con-
trol register 0 are “0” and bit 2 of A-D control register 1 is
“0”. The A-D conversion pins are selected with bits 0 to 2
of A-D control register 0. A-D conversion can be started by
a software trigger or by an external trigger.

A software trigger is selected when bit 5 of A-D control
register 0 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.
When bit 3 of A-D control register 1 is “1”, A-D conversion
ends after 59 ¢ p cycles and an interrupt request bit of the
A-D conversion interrupt control register is set. At the same
time, A-D control register 0 bit 6 (A-D conversion start flag)
is cleared and A-D conversion stops. The result of A-D
conversion is stored in the A-D register corresponding 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 ADtgg 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
ADrrg 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

Repeat mode is selected when bit 3 of A-D control register
0is “17, bit 4 is “0” and bit 2 of A-D control register 1 is “0”.
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.

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.

7 6543210 Address 76543210 Address
HEEEN | ] A-Dcontrol register 0 1Eyq X[XPX]0 A-D control register 1 1Fyg
__T l_l_l__ Analog input selection bit ——J ]—]— A-D sweep pin selection bit
00 0 : Select ANy When single sweep or repeat sweep
001 ! Select AN, mode 0 is selected
010 :Select AN, 00 : ANg, AN, (2 pins)
011 .SeleciAN; 01 : ANg~AN (4 pins)
100 : Select AN, - ANo™AN, pins
101 : Select AN, 102 ANg~AN; (6 pins)
110 : Select ANg 11 DANg~AN; (8 pins)
111 ! Select AN; When repeat sweep mode 1 is selected
A-D operatlon mode selection bit 0 00 :ANg (1 pin)
0 0 : One-shot mode 01 : ANg, AN, (2 pins)
0 1 : Repeat mode 10 : ANg~AN, (3 pins)
10 : Single sweep mode 11 :ANg~AN; (4 pins)
11 ! Repeat sweep mode 0 A-D operation mode selection bit 1
Repeat sweep mode 1 0 : Other than repeat sweep mode 1
Trigger selection bitl 1 ! Repeat sweep mode 1
0 : Software trigger 8/10-bit mode selection bit
1 : ADrgg input trigger 0 : 8-bit mode
A-D conversion start flag 1 1 10-bit mode
0 : Stop A-D conversion 0 : Always “0”
! : Start A-D conversion Not used for A-D converter
Frequency selection flag
0 : Select f(Xin)/ 8
1 : Select f(Xi)/ 4
Fig. 49 A-D control register bit configuration
MITSUBISHI
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(3) Single sweep mode

Single sweep mode is selected when bit 3 of A-D control
register 0 is “0”, bit 4 is “1” and bit 2 of A-D control register
1is “0".

In the single 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 control register 1
(address 1F,g). Two pins, four pins, six pins, or eight pins
can be selected as analog input pins, depending 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 ANy 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 0 bit 6 (A-D conversion
start flag) is set. When A-D conversion of all selected pins
end, an interrupt request bit of the A-D conversion interrupt
control register is set. At the same time, 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 AD+gg in-
put changes from “H” to “L”. In this case, the A-D conver-
sion result which is stored in the A-D register 7 becomes
invalid because the ADygg pin is shared with AN; pin.

The operation by external trigger is the same as that done
by 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.

(4) Repeat sweep mode 0

Repeat sweep mode 0 is selected when bit 3 of A-D con-
trol register 0 is “1”, bit 4 is “1” and bit 2 of A-D control
register 1 is “0".

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.

(5) Repeat sweep mode 1

Repeat sweep mode 1 is selected when bit 3 of A-D con-
trol register 0 is “1”, bit 4 is “1” and bit 2 of A-D control
register 1 is “1”.

The difference with the repeat sweep mode 0 is that A-D
conversion of one unselected pin is performed and A-D
conversion is repeated once again from AN, pin after A-D

conversion of selected pins is performed in sequence from
ANg pin. The number of analog input pins to be swept is
also different.

The analog input pins for repeat sweep are selected with
bits 1 and 0 of A-D control register 1. The contents of these
pins are used to select one pin, two pins, three pins, or four
pins.

The unselected pins are converted in sequence after the
conversion of pins selected as repeat sweep pins. No inter-
rupt request is generated. Furthermore, if software trigger
is selected, the A-D conversion start flag is not cleared.
The A-D register can be read at any time.
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D-A CONVERTER

The D-A converter is an 8-bit R-2R method D-A converter.
Two independent D-A converters are built in. Figure 50
shows the block diagram of the D-A converter and Figure
51 shows the bit configuration of A-D control register 1.

D-A conversion is performed by writing a value in the cor-
responding D-A register. The conversion result is output by
bits 6 and 7 of A-D control register 1 (address 1F;¢). When
bit 7 is “1”, the conversion result is output from DA, pin.
When bit 6 is “1”, the conversion result is output from DA
pin. '

The output analog voltage V is determined from the value n
(decimal) set in the D-A register.

V = Vger X n/256 (n = 0 to 255)
Vger - Reference voltage

The D-A output enable bit is cleared to “0” at reset. An ex-
ternal buffer should be connected when connecting to a
low impedance load because there is no built-in D-A output
buffer.

Address
A-D control register 1 1F¢

Not used for D-A converter
—————————— D-A, output enable bit

0 : Disable output

1 ' Enable output
D-A, output erable bit

0 : Disable output

1 : Enable output

Fig. 51 A-D control register 1 bit configuration

D-A register 0
(1A46)

D-A register 1
(1Cq6)

Vrer O‘_“ Vrer O—'
R-2R ladder network R-2R ladder network
AVvgs O— Avss O—
D-A, output l D-A; output
enable bit enable bit
DA, pin DA, pin
Fig. 50 D-A converter block diagram
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WATCHDOG TIMER

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

Figure 52 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 (f35) or by 512 (f5,,). Whether to count fs, or fsy2 is de-
termined by the watchdog timer frequency selection flag
shown in Figure 53. fs, is selected when the flag is “0” and
f3, is selected when it is “1”. The flag is cleared after reset.
FFF,¢ is set in the watchdog timer when “L” or 2-V¢c 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,g is set in the watchdog timer, the contents of
watchdog timer is decremented by one at every cycle of
selected frequency f;, or fs;2, 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 0 described in Figure
10 in the interrupt section and generating.

Watchdog timer
frequency selection (connection forced to f, during
STP instruction execution)

Watchdog timer

Hold (60,¢)
Write to watchdog timer ————
Set FFF g
RESET 2-Vee
O— detection|
circuit

STP instruction S Q

Fig. 52 Watchdog timer block diagram

Address
61,

7 6 5 4 3 2 1 0
MWM ] Watchdog timer

frequency selection

0 Select .

1 D Selectt,.

Fig. 53 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
+10%. Program execution starts at the address formed by
setting the address pins Azz~ Asg to 0046, Aj5~ Ag to the
contents of address FFFF.s and A;~ Aq to the contents of
address FFFEs.

Figure 54 shows the status of the internal registers when a
reset occurs.

Figure 55 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.

Power on
M37710S4BFP —
Veo 4.5v
RESET %
cC ov
8 69
RESET
—p—
;; [\ 0.9v

Fig. 55 Example of a reset circuit (perform careful
evaluation at the system design level before usﬁng)

Address Address

(1) Port P4 data direction register ~ (0C¢)-* @) Watchdog timer (6046) - [ FFFs ]
(2) Port PS data direction register  (0Dye) [ - 00, | @0 Weohdog timer reauency ssectonteg  (6116)-+ XXX o]
(3) Port P6 data direction register ~ (104g)-- 29 Waveform output mode register  (6245) "
(4) Port P7 data direction register  (11,6)+ (@0 Reserved area (Do not write to this address)  (6616)+*
(5) Port P8 data direction register  (14,6)-- @1 A-D conversion interrupt control register (7046)- ml{“ﬂnnn 0
(6) A-D control register 0 (1Eqg)-* nnnnn (32)  UART 0 transmission interrupt control register (7146) m%mmnnnn
(7) A-D control register 1 (1F ) unmnnnn (59 UART O receive intermupt controlregister (7245 ofo]o ol
(8) UART 0 Transmit/Receive mode register ~ (30;)+++ (34) UART 1 transmisson nemupt oot regiser~~ (73,6)++ o[o]o]o]
(9) UART 1 Transmit/Receive mode register (3846 09 UART 1 receive mermupt conlegister (746)-++ XXX 0] 0] 0] o]
(10)  UART 0 Transmit/Receive control register 0 (344g)-+* }X{nnnn (36) Timer AQ interrupt control register (7546) }X{}X{}X}X{nnnn
(1) UART 1 Transmit/Receive contrl register 0 (3C 1)+~ nnnnn @ Timer At interrupt contal register  (76:6)-++ XXX 0] 0] 0] 0]
(12) UART O Transmit/Receive control register 1 (35,) - nnnnnnnn (8 Timer A2 interrupt control register  (77:6)+- E}X{}E}Xnnun
(13)  UART 1 Transmit/Receive control register 1~ (3Dqg) nnnnnn (9 Timer A3 interrupt control register (7846) X«X‘M}A‘nnnn
(149 Count start flag (4046) -+ (40) Timer A4 interrupt control register (7946) }X}X}X{E
(19 One-shot start flag (a2,0)-+ DX 0]0]0]o]o] 1 Timer Bointerrupt contrl register ~ (75) }X{}X{}X{K
(1§ Up-down flag (84y5) - @®) Timer BY interrupt control register  (7Byg) - X}X{}X{nnnn
(1 Timer A0 mode register (56,;)~~~ (43 Timer B2 interrupt control register (7Cyg) X{K{mﬂnnn
(18) Timer A1 mode register (5716)" @) INT , interrupt control register ~ (7Dyq)+ : 0 nnnnn
(19 Timer A2 mode register (5846) @5 INT, interrupt control register  (7Eg)-+ :ho nnnnn
@0 Timer A3 mode register (5946) "+ {46 INT , interrupt control register (7Fq6) m%nnnnnn
@) Timer A4 mode register (5A46) (#7) Processor status register PS l 0 ’ 0 l 0 t’ ‘ ? | 0 I 0 l 0 [ 1 l ? l ?J
(22) Timer BO mode register (5Byg) nnnnnnnn 43 Program bank register PG @
) Timer B mode register (5610 [0]0]1]X[0]0]0]0] 4 Program counter Pc,
(24 Timer B2 mode register (5D4q¢) nnmnnnn (50 Program counter PC_
{25 . Processor mode register 0 (5Eq4g) " @ 0 nnnnnn (57 Direct page register DPR ] 000046 I
(6) Processor mode register 1 (5F ) BMI (5 Data bank register DT

Contents of other registers and RAM are not initialized and should be in-

itialized by software. .

Fig. 54 Microcomputer internal status during reset
SR
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INPUT/OUTPUT PINS

Ports P8 to P4 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.

Figures 56 and 57 show block diagrams of ports P8 to P4
and the E pin output.

In evaluation chip mode, ports P4 is also used as control
signal pin.

Refer to the section on processor modes for more details.
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« Port P4;~P4; (Inside dotted-line not included)
Port P4;, P5;, P6,~P6,, P8,, P8; (Inside dotted-line included)

Data bus ——4 Port latch ’ l_DﬁI }—<>—O

« Port P7,~P7¢ (Inside dotted-line not included)
« Port P7; (Inside dotted-line included)

Data direction register

Data bus — Port latch

Al

Analog input

7

* Port P8, P8; (Inside dotted-line not included)

Port P5,~P56, P8, (Inside dotted-line included)
on register “1 ”
, q N S
Output:

Data bus —4 Port latch

[=]
2
&

a

Fig. 56 Block diagram for ports P8 to P4 and the E pin output (1)
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* Port P8,, P8,

“y
Data direction register|

uon—o

Output j

A

Data bus ———ﬁ Port latch

L

RS

|

~N
=
Analog output — o+

D-A output enable

« Port P8,, P8;
g
“p—o
Output j
Data bus Port latch 39O
2 g
+E

i

Fig. 57 Block diagram for ports P8 to P4 and E pin output (2)
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PROCESSOR MODE

The bit 0 of processor mode register 0 as shown in Figure
58 is used to select which mode of microprocessor mode,
and evaluation chip mode.

Figure 59 shows the functions of Aj to A; pins, Ag/Dg to Ays/
D; pins, and ports P4 in each mode.

The external memory area also changes when the mode
changes.

Figure 60 shows the memory map for each mode.

The accessing of the external memory is affected by the
BYTE pin, the bit 2 (wait bit) of processor mode register 0,
and bit 0 (wait selection bit) of processor mode register 1.
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 A6/Dg to A»3/D; pins become the data I/0 pins.
The data bus width is 16 bits when the level of the BYTE
pin is “L” and both Ag/Dg to Ay3/D; pins and Ag/Dg to As/
Dys pins become the data i/0 pins.

When accessing the internal memory, the data bus width is
always 16 bits regardless of the BYTE pin level.

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

7 6 5 4 3 2 1 0

Processor mode bit
0 : Microprocessor mode
1 ! Evaluation chip mode
This bit must be “0”

(becomes “1” after reset release)
Wait bit

0 : Wait

1  No Wait
Software reset bit

00 : Select 1/f(Xin) X 14
01 :Select 1/f(Xin) X 8
10 : Select 1/f(X) X 4
Test mode bit

This bit must be “0”

I><] OI | l l Ill I Processor mode register 0 :;:1’355 |>< ><><D<[: $ :[: ]

Reset occurs when this bit is set to “1”

Interrup priority resolusion time selection bit

7 6 5 4 3 2 10 Address

| Processor mode register 1 5F¢

Wait selection bit
0 :Wait0
1 ! Wait1

Fig. 58 Processor mode register bit configulation
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CM, 1 1
CM, 0 1
Mode
Microprocessor Mode Evaluation Chip Mode
p
Port
E | l
Ag~A; Ao Same as left
§ Address A;~Ag
A;
£ ___‘_J._
As~Ag y, S of
= Ag/D ame as left
A1 S/DOS
Ag/Dsg E
S AJD Ays~Ag I—-—J
_ 8/Dg Data
BYTE=“H" Ag/Dg 15/ D1s
§ Address A5~ Ag
A1s/D1s Ports P4, P5 and their direction regis-
ters are treated as 16-bit wide bus.
£
L A‘B/DO A23 AlG I I s
BYTE="L" § Data ame as left
Address
A16/Do
§ £ E ____L—_J—
Az3/D7 A1e/Do Ass~Ass l I A/D Az~ A
= ; o
="“H Data - ata
oY Aaa/Dr A, Adress R or o)
Same as Ag/Dg to Ays/Dys
E —_—| l_
E —_l__r_— P4, Sac
P4s VPA
port P N (v X___)
7 P4
S 1/0 Port * VDA -
P4,
Yoo X

Fig. 59 Processor mode and A, to A; pins, Ag/Ds to Az3/D- pins and port P4 functions
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o Wait bit

As shown in Figure 61, when the external memory area is
accessed with the processor mode register 0 (address
5E,¢) bit 2 (wait bit) cleared to “0”, the access time can be
extended compared with no wait (the wait bit is “1”).

The access time is extended in two ways and this is
selected with bit 0 (wait selection bit) of processor mode
register 1 (address 5F,g).

When this bit is “1”, the access time is 1.5 times compared
to that for no wait. When this bit is “0”, the access time is
twice compared to that for no wait.

At reset the wait bit is “0” and bit 0 of processor mode reg-
ister 1 is “0”".

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

The processor modes are described below.

Microprocessor Evaluation
mode chip mode

246 246
96 _Z 916 %

C
804 8046
RAM RAM

87F1s 87Fy¢

FFFFFFyg 2% /) FFFFFFye
The shaded area is the external memory area.

Fig. 60 External memory area for each processor mode

Internal clocké
Address Data Address Data

Ai/Dj
Wait bit “1” E L L
ALE M Il
e
Access term
Address Data Address Data
Ai/Dj
Wait bit “0” =
al‘ E - [
(wait 1)
ALE l | I |
fe——————————|
Access term !
AU X Address W paa X Addressx
Wait bit “0” =
E
(wait 0) L L
ALE | | I l
Access term
Fig. 61 Relationship between wait bit, wait selection bit,

and access time

(1) Microprocessor mode (10)

Microprocessor mode is entered by connecting the CNVgg
pin to V¢c and starting from reset.

Ao to A; pins become address output pins.

Ag/Ds to A1s/Dys pins have two functions depending on the
level of the BYTE pin.

When the BYTE pin level is “L”, Ag/Dg to A5/D;s pins func-
tion as an address output pin while E is “H” and as an odd
address data I/0 pin while E is “L". However, if an internal
memory is read, external data is ignored while E is “L".
When the BYTE pin level “H”, Ag/Dg to Ais/Dys pins func-
tion as an address output pin.

Aq6/Dg to Ax3/D7 pins have two functions depending on the
level of the BYTE pin.

When the BYTE pin level is “L”, A1¢/Dg to Ags/D; pins func-
tion 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 E is “L".
When the BYTE pin level is “H”, A1g/Dg to Ays/D; pins func-
tion 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 E is
“Lr.

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
“Ln.

S
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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”.

¢4 outputs X,y clock divided by 2.

HLDA is a hold acknowledge signal and is used to notify
externally when the microcomputer receives HOLD input
and enters into hold state.

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. A to A; pins, Ag/Dg to
Ass/D; pins, R/W pin, and BHE pin are floating while the
microcomputer stays in hold state. These pins are floating
after one cycle of the internal clock ¢ later than HLDA sig-
nal 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”. However, ¢ output from clock ¢ out-
put pin does not stop. RDY is used when slow external
memory is attached.

(2) Evaluation chip mode (11)

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

Ag/Dg to Ay5/Dys pins function as address output pins while
E is “H” and as data 1/0 pin of odd addresses while E is
“L” regardless of the BYTE pin level. However, if an inter-
nal memory is read, external data is ignored while E is “L".
A+6/Dg to Ax3/D7 pins function as address output pins while
E is “H” and as data 1/0 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:Vc, port P2 functions
as an address output pin while E is “H” and as data /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¢ and 0C4¢ are treated differently in evaluation
chip mode. When these addresses are accessed, the data
bus width is treated as 16 bits regardless of the BYTE pin
level, and the access cycle is treated as internal memory
regardless of the wait bit.

Ports P4; to P4s become MX, QCL, VDA, and VPA output
pins respectively. Port P4, becomes the DBC input pin.
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 CNVgg pin in-
put levels and processor modes.

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

CNVsg Mode Description
* Microprocessor Microprocessor mode upon
« Evaluation chip starting after reset. Evaluation
Vee chip mode can be selected
by changing the processor
mode bit by software.

Evaluation chip mode only.

2 Vo « Evaluation chip

AL
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CLOCK GENERATING CIRCUIT

Figure 62 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 f3;. 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 received, 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 using 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 immediately 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 executing a STP or WIT instruction.
Figure 63 shows a circuit example using a ceramic (or
quartz crystal) resonator. Use the manufacturers recom-
mended values for constants such as capacitance which
differ for each resonator. Figure 64 shows an example of
using an external clock signal.

M37710S4BFP
Xin Xour
29 1MQ 130
%%

!

0

Fig. 63 Circuit using a ceramic resonator

Xin

M37710S4BFP

XOUT

External clock source

Vss

Open

Fig. 64 External clock input circuit

Interrupt  request ——L— S Q L S Q

STP instruction

R WIT instruction—

Py

Reset
e

R}— STP instruction

Internal clock ¢
f2 f|s f32 f54
1/2 o s RE 12— i fora

O

xIN xOUT

Watchdog
timer

Fig. 62 Block diagram of a clock generator
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ADDRESSING MODES

The M37710S4BFP has 28 powerful addressing modes. Re-
fer to the MELPS 7700 addressing mode description for the
details of each addressing mode.

MACHINE INSTRUCTION LIST
The M37710S4BFP has 103 machine instructions. Refer to
the MELPS 7700 machine instruction list for details.

MITSUBISHI 2—167
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —0.3~7 \
AVcc Analog supply voltage —0.3~7 \'%
vV, Input voltage RESET, CNVss, BYTE —0.3~12 \Y

Input voltage Ag~A;, Ag/Dg~A23/D7,
Vi P43~P4;, P5g~P5;, P6;~P67, P7o~PT77, —0.3~Vge+0.3 Y

P8y~P8;, Vger, Xin, HOLD, RDY

Output voltage Ag~A7, Ag/Dg~Az3/Dy,

Vo P43~P4;, P5o~P5;, P6o~P67, PTo~P77, —0.3~Vgc+0.3 \%
P8o~P87, Xour, E, #1, HLDA, ALE, BHE, R/W

Pd Power dissipation Ta=25C 300 mw
Topr Operating temperature —20~85 c
Tstg Storage temperature —40~150 T

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

Limits
Symbol Parameter Unit
Min. Typ. Max.
Vee Supply voltage 4.5 5.0 5.5 Vv
AVcc Analog supply voltage Vce \%
Vss Supply voltage 0 \"
AVgs Analog supply voltage 0 Vv
High-level input voltage P43~P4;, P5,~P5;, P6,~P67,
Vin P7o~P77, P8g~P87, Xiv, RESET, |0.8Vce Vce v
CNVss, BYTE, HOLD, RDY
A ™ High-level input voltage Ag/Dg~Az3/D7 0.5Vce Vee v
Low-level input voltage P4s~P4;, PSg~P5;, Pég~P6y7,
Vie P79~P77, P8y~P8;, Xin, RESET, 0 0.2Vcce \
CNVss, BYTE, HOLD, RDY
Viu Low-level input voltage Ag/Dg~Az3/D7 0 0.16V¢e \"
High-level peak output current Ag~Az, Ag/Dg~Az3/D7,
lon(peak) Pdg~Pd, P5o~P57, P6o~PBy7, —10 mA

P7o~P77,P8,~P87, ¢4,
HLDA, ALE, BHE, R/W
High-level average output current Ag~A;, Ag/Dg~Az3/D7,
loncavg) Pé3~P47, P5o~P5y, P6o~Pb7, -5 mA
P70~P7;,P8;~P8;, ¢4,
HLDA, ALE, BHE, R/W
Low-level peak output current Ag~Az, Ag/Dg~Az3/D7,
loL(peak) P43~P4z, P5g~P57, Po~P67, 10 mA
P70~P77,P8~P8;, $1, ‘
HLDA, ALE, BHE, R/W
Low-level average output current Ag~A7, Ag/Dg~Az3/D7,
loLcavg) Pdg~P4z, PSo~PS7, PBo~P67, 5 mA
P70~P7;,P8;~P8;, ¢4,
HLDA, ALE, BHE, R/W
f(Xin) External clock frequency input 25 MHz

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

2. The sum of lo (peak) for ports Ao~ Az, Ag/Dg~ Az/D;, HLDA, ALE, BHE, R/W, and P8 must be
80mA or less, the sum of |0H(peak) for ports Ag~A;, Ag/Dg~A,3/D;, HLDA, ALE, BHE, R/W, and P8
must be 80mA or less, the sum of loL(peak) for ports P4, P5, P6, P7, 41 must be 80mA or less, and
the sum of lon(peak) for ports P4, P5, P6, P7, ¢, must be 80mA or less.
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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 Ag~A;, Ag/Dg~Az3/D7,
P43~P4;, P5o~P57, P6y~P6y,
lon=—10mA
Von P7o~P77, P8y~P8;, o m 3 v
#1, HLDA, BHE, R/W

High-level output voltage Ag~A7, Ag/Dg~Az3/D7,

Vor #1, HLDA, BHE, RAW low=—400A 4.7 v
\Y High-level output voltage ALE lon=—10mA 3.1 y
igh-level output voltage
OoH 9! p! g —TY =
E lon=—10mA 3.4
vV High-level output voltage E v
OH g P g —Y .

Low-level output voltage Ag~A;, Ag/Dg~A23/D7,
P43~P4;, P5o~ P57, P6p~ P67,
V, lo,=10mA
oL P7g~PT;, P8y~P8;, o 2 v
$1, HLDA, BHE, R/W

Low-level output voltage Ag~A7, Ag/Dg~Az3/Dy,

V. — lo.=2mA B
ot ¢+, HLDA, BHE, R/W o 0-45 v
lo,=10mA 1.9
VoL Low-level output voltage ALE \Y}
lo,=2mA 0.43
—_ lo.=10mA 1.6
V. Low-level output voltage E
o put voltag lo.=2mA 04| Y
Hysteresis HOLD, RDY, TAOn~TA4y, TBON~TB2)y,
Vg —Vi_ 0.4 1
INTo~INTj,, ADrpg, CTSp, CTS, CLKo, CLKy
V1+—V1— | Hysteresis RESET . 0.2 0.5 \%
Vr4+—Vy— | Hysteresis Xy 0.1 0.3 \%
High-level input current Ag/Dg~Az3/Dy,
Pdg~P4;, P5g~P5;, P6o~P67,
V=5V IS
i P7o~P77, P8y~P87, X, RESET, | ' > HA
CNVss, BYTE, HOLD, RDY
Low-level input current Ag/Dg~Ag3/D7,
Pds~P4;, PSo~P57, P6o~ P67,
e 3 7, Poo 7, POo 7 V=0V —5 A

P7o~P77, P8~P8;, Xy, RESET,
CNVss, BYTE, HOLD, RDY

Veam RAM hold voltage When clock is stopped. 2 v

f(Xin)=25MHz,
o) ‘ 19 38 | ma
Lo square waveform
Output only pin is —o5C
lcc Power supply current open and other pins Ta=25C when clock 1
. is stopped.
are Vss during reset. A
Ta=85"C when clock 2
is stopped.
I 2—169
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A-D CONVERTER CHARACTERISTICS (Voc=AVoc=5V, Vss=AVss=0V, Ta=257, f(X,y)=25MHz, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
. Min. Typ. Max.
— Resolution Vrer=Vcc 10 Bits
— Absolute accuracy Vaer=Vcc +3 LSB
RiLapper | Ladder resistance Vrer=Vcc 5 20 kQ
tconv Conversion time i . 9.44 us
Vger Reference voltage 2 Vee \"
Via Analog input voltage 0 VRer \4
D-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVgs=0V, Ta=25%C, f(X\y)=25MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
— Resolution 8 Bits
— Absolute accuracy 1.0 %
tsu Set time 3 us
Ro Output resistance 1 2.5 4 kQ
\vRer Reference power input current (Note) 3.2 mA

Note. One D-A converter is used, and the value of D-A register for unused D-A converter is “004¢".
Current that flows to the ladder resistance of A-D converter is excluded.
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TIMING REQUIREMENTS (Voc=5V+10%, Vss=0V, Ta=25C, f(X;n)=25MHz, unless otherwise noted)
External clock input

Limits .

Symbol Parameter Min. Mo, Unit
tc External clock input cycle time 40 ns
twH) External clock input high-level pulse width 15 ns
twL) External clock input low-level pulse width 15 ns
tr External clock rise time 8 ns
tf External clock fall time 8 ns

Microprocessor mode
Symbol Parameter Limits Unit
Min. Max.
tsu(pH—E) Data high-order input setup time 30 ns
tsu(oL—e) Data low-order input setup time 30 ns
tsu(pap—e) | Port P4 input setup time 60 ns
tsu(psp—e) | Port P5 input setup time 60 ns
tsu(pep—e) | Port P6 input setup time 60 ns
tsucp7o—e) | Port P7 input setup time 60 ns
tsu(pso—e) | Port P8 input setup time 60 ns
tsu(roy—¢,) RDY input setup time 55 ns
tsu(HoLo—g )| HOLD input setup time 55 ns
th(e—bH) Data high-order input hold time 0 ns
th(e—bL) Data low-order input hold time 0 ns
th(e—paD) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—reD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—psaD) Port P8 input hold time 0 ns
th(s,—RDY) RDY input hold time 0 ns
th(#—roLp) | HOLD input hold time 0 ns
MITSUBISHI 2—171

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits
Symbol Parameter - Unit
Min. Max.
to(ra) TAii input cycle time 80 ns
tw(Tan) TAiy input high-level pulse width 40 ns
tw(TaL) TAiw input low-level pulse width 40 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter - Unit
Min. Max.
to(ta) TAij input cycle time 320 ns
tw(Tan) TAii input high-level pulse width 160 ns
tw(TaL) TAiw input low-level pulse width 160 ns
Timer A input (External trigger input in one-shot pulse mode)
Symbol Paramet Limits Unit
mbol er ni
4 Min. Max.
te(ra) TAii input cycle time 160 ns
tw(TAR) TAin input high-level pulse width 80 ns
tw(TaL) TAiin input low-level pulse width 80 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
‘Symbol Parameter - Unit
Min. Max.
tw(tan) TAii input high-level pulse width 80 ) ns
tw(TaL) TAiw input low-level pulse width 80 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter - Unit
Min. Max.
tc(up) TAioyr input cycle time 2000 ns
tw(upPH) TAiour input high-level pulse width 1000 ns
tw(upL) TAiour input low-level pulse width 1000 ns
tsucup-Ty) TAiour input setup time 400 ns
th(T,y-UP) TAioyr input hold time 400 ns
2—172 MITSUBISHI
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Timer B input (Count input in event counter mode)

Symbol Parameter Limits Unit
Min. Max.
te(re) TBiw input cycle time (one edge count) 80 ns
tw(teH) TBiw input high-level pulse width (one edge count) 40 ns
tw(TsL) TBin input low-level pulse width (one edge count) 40 ns
tc(te) TBin input cycle time (both edges count) 160 ns
tw(TeH) TBin input high-level pulse width (both edges count) 80 ns
tw(TeL) TBijy input low-level pulse width (both edges count) 80 ns
Timer B input (Pulse period measurement mode)
Limits
Symbol Parameter N Unit
Min. Max.
tc(re) TBin input cycle time 320 ns
tw(ren) TBiy input high-level pulse width 160 ns
tw(TeL) TBiy input low-level pulse width 160 ns
Timer B input (Pulse width measurement mode)
Limits
Symbol Parameter - Unit
Min. Max
te(re) TBi input cycle time 320 ns
tw(TeH) TBiw input high-level pulse width 160 ns
tw(TeL) TBii input low-level pulse width 160 ns
A-D trigger input
Symbol Parameter Limits Unit
Min. Max.
tc(ap) ADrre input cycle time (minimum allowable trigger) 1000 ns
tw(apL) ADrgg input low-level pulse width 125 ns
Serial /0
Symbol Parameter - Limits Unit
Min. Max.
te(ek) CLK; input cycle time 200 ns
tw(ckh) CLK; input high-level pulse width 100 ns
tw(ckL) CLK; input low-level pulse width 100 ns
td(c—a) TxDj output delay time 80 ns
th(c—a) TxDj hold time 0 ns
tsu(p—c) RxDj input setup time 30 ns
th(c—b) RxDj input hold time 90 ns
External interrupt INTj input
Limits .
Symbol Parameter Unit
Min. Max.
tw(InH) INT; input high-level pulse width 250 ns
tw(inL) INT; input low-level pulse width 250 ns
& MITSUBISHI 2—173
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SWITCHING CHARACTERISTICS (Voc=5V*10%, Vss=0V, Ta=257C, f(X;y)=25MHz, unless otherwise noted)
Microprocessor mode (when wait bit = *1")

Symbol Parameter Test conditions Limits Unit
Min. Max.

td(aL—e) Address low-order output delay time 12 ns
td(e—_ona) | Data high-order output delay time (BYTE="L") 45 ns
texz(E—bHz) | Floating start delay time (BYTE="L") 5 ns
td(am—g) Address middle-order output delay time 12 ns
td(am—aLe) | Address middle-order output delay time 5 ns
td(e—oLa) Data low-order output delay time 45 ns
texz(e—pLz) | Floating start delay time 5 ns
tdan—e) Address high-order output delay time 12 ns
td(an—aLe) | Address high-order output delay time 5 ns
td(g—tLoa) | HLDA output delay time 50 ns
td(aLE—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 22 ns
td(sHE—E) BHE output delay time 20 ns
td(rrw—e) | R/W output delay time 20 ns
td(e—¢p $1 output delay time 0 18 ns
th(e—aL) Address low-order hold time 25 ns ]
th(aLe—am) | Address middie-order hold time (BYTE="L") Fig. 65 9 ns
th(e—ona) | Data high-order hold time (BYTE="L") 25 ns
tpzx(E—pHz) | Floating release delay time (BYTE="L") 25 ns
th(e—am) Address middie-order hold time (BYTE=“H") 25 ns
th(aLe—aH) | Address high-order hold time 9 ns
th(e—pL@) Data low-order hold time 25 ns
tpzx(e—pLz) | Floating release delay time 25 ns
thce—ene) | BHE hold time 18 ns
th(e—r/wW) R/W hold time 18 ns
td(e—Paq) Port P4 data output delay time 80 ns
td(e—psaQ) Port P5 data output delay time 80 ns
td(e—rsQ) Port P6 data output delay time 80 ns
td(e—p7a) Port P7 data output delay time 80 ns
td(e—prsQq) Port P8 data output delay time 80 ns
tw(eL) E pulse width . 50 ns
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MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTER

Microprocessor mode (when wait bit = “0”, wait selection bit = “1”, and external memory area is accessed)

ELECTRIC

Limits
Symbol Parameter Test conditions - Unit
Min. Max.
tdcaL—g) Address low-order output delay time 12 ns
td(e—pHQ) Data high-order output delay time (BYTE="L") 45 ns
tpxz(e—pnz) | Floating start delay time (BYTE="L") 5 ns
td(am—g) Address middle-order output delay time 12 ns
td(am—aLe) | Address middle-order output delay time 5 ns
td(e—bLQ) Data low-order output delay time 45 ns
texz(e—pLz) | Floating start delay time 5 ns
td(AH—E) Address high-order output delay time 12 ns
tdc(an—aLe) | Address high-order output delay time 5 ns
td(#,—HLpa) | HLDA output delay time 50 ns
td(aLe—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 22 s
td(BHE—E) BHE output delay time 20 ns
td(rrw—e) | R/W output delay time 20 ns
tde—¢y ¢4 output delay time 0 18 ns
th(e—aL) Address low-order hold time Fig. 65 25 ns
th(aLe—am) | Address middle-order hold time (BYTE="L") 9 ns
th(e—bHa) Data high-order hold time (BYTE="L") 25 ns
tpzx(e—pHz) | Floating release delay time (BYTE="L") 25 ns
th(e—am) Address middle-order hold time (BYTE="H") 25 ns |
th(aLe—an) | Address high-order hold time *9 ns
th(e—bLa) Data low-order hold time | 25 ns
tpzx(e—pLz) | Floating release delay time 25 ns
th(e—sne) | BHE hold time 18 ns
th(E—Rr/wW) R/W hold time 18 ns
td(e—prsq) Port P4 data output delay time 80 ns
td(e—psq) Port P5 data output delay time 80 ns
td(e—peq) Port P6 data output delay time 80 ns
td(e—p7a) Port P7 data output delay time 80 ns
td(e—psaq) Port P8 data output delay time 80 ns
tw(EL) E pulse width 130 ns
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Microprocessor mode (when wait bit = “0”, wait selection bit = “0”, and external memory area is accessed)

Symbol Parameter Test conditions - Limits Unit
Min. Max.

td(aL—e) Address low-order output delay time 92 ns
td(e_pna) | Data high-order output delay time (BYTE="L") 45 ns
texz(e—pHz) | Floating start delay time (BYTE="“L") 5 ns
td(am—E) Address middle-order output delay time 92 ns
td(am—aLe) | Address middle-order output delay time 70 ns
td(e—pLa) Data low-order output delay time 45 ns
texz(e—pLz) | Floating start delay time 5 ns
td(aH—E) Address high-order output delay time 92 ns
td(an—aLe) | Address high-order output delay time 70 ns
td(¢,—HLpa) | HLDA output delay time 50 ns
td(aLE—E) ALE output delay time 15 ns
twaLE) ALE pulse width 62 ns
td(sHE—E) BHE output delay time 100 ns
td(r/w—e) | R/W output delay time 100 ns
tde—sp ¢4 output delay time 0 18 ns
th(e—aL) Address low-order hold time Fig. 65 25 ) ns
th(aLe—am) | Address middle-order hold time (BYTE="L") 20 ns
th(e—onaq) | Data high-order hold time (BYTE="L") 25 ns
tpzx(E—bHz) | Floating release delay time (BYTE="L") 25 ns
th(e—am) Address middie-order hold time (BYTE="H") 25 ns
th(aLe—aH) | Address high-order hold time 20 ns
th(e..oLa) Data low-order hold time 25 ns
i tezx(e—pLz) | Floating release delay time 25 ns
th(e—ene) | BHE hold time 18 ns
th(e—rwW) R/W hold time 18 ns
td(e—r4q) Port P4 data output delay time 80 ns
td(e—psQ) Port P5 data output delay time 80 ns
td(e—peQ) Port P6 data output delay time 80 ns
td(e—p7Q) Port P7 data output delay time 80 ns
td(e—rsQ) Port P8 data output delay time 80 ns
twier) E pulse width 130 ns

Ao~A;

Ag/Dg~Ags/D7 O
P4
P5 100pF

P6

P7

P8

HLDA

ALE

BHE

R/W

$1

E

Fig. 65 Testing circuit for each teminal
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M37710S4BFP

16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM tr Y

" t
Microprocessor mode ¢

twin) twiw

1(Xin)

E \ 4

le—| tde-pea)

Port P4 output

tsu(psan—£)
Port P4 input 3\ thie—reo)

<—>{ tde—psa)

Port P5 output

tsu(pso—g)

Port PS5 input

<

L th(e—rsD)

<—>1 td(e—psa)

:}\ th(e—peD)

<> td(e—p7a)

Port P7 output X

A;th(E—P7D)

<> tde-psa)

3\ th(e—rep)

Port P6 output

tsu(pso—E)

Port P6 input

<

tsu(p7o—E)
Port P7 input

=

Port P8 output

tsu(pep—E€)

Port P8 input

=
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M37710S4BFP

16-BIT CMOS MICROCOMPUfER

—
TAi input /

TAioyr input /

TAiour input
(Up-down input)

In Event counter mode

TAin input

(When count by falling)

TAin input

(When count by rising)

te(ra)
twitan)

* twiTaL)

tewue)

tw(upH)
tw(upL) *
|
X
e Stnr-um | tsucue-T))

tecre)
tw(TeH)
[
TBin input \
tw(rsL)
|
tcwao)
twiaoL)
ADqrgg input \ \ /
teicx)
twickr)
——
CLK;j \
____/ /| \
twick)
thic-a)
TxDj X jK
- /|
tdic-a)
| tsu(o—c) thic—o)
RxD;
twanw)
W‘l’i input
twOnH)
1
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M37710S4BFP

16-BIT CMOS MICROCOMPUTER

Microprocessor mode
(When wait bit = “1")

- N\ S\ S\

e o
€ _/ N\ /

Z
RDY input \‘ /

tsu(rov—#,)| th(s1—rOY)

(When wait bit = “0")

VARV WA VA VANV
" e

mi

RDY input \\ /

tsutrov—¢p| this1—rov)

(When wait bit = “1” or “0” in common)

g /N \ "/ L
N
1) -
tsu(HoLo—¢y) h(4—HOLD)

HOLD input \

\

td(e—HLoa) s, riom)
= —

HLDA output

Test conditions

* Voo =5VE10%

* Input timing voltage : V. = 1.0V, V;, = 4.0V
* Output timing voltage : Vo = 0.8V, Vo, = 2.0V
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M37710S4BFP

16-BIT CMOS MICROCOMPUTER

Microprocessor mode (When wait bit = “17)

t tr tc
tw(w) twir)
1(Xin)
. VANV N (I A AR
td(e=ey) ] d(e—¢,)
g twi(eL) 7’—_—.
td(aL—e)
thie—av)
Ao~A;7 output X Address Address x
th(aLe—am) Jr——>‘ th(e—pHa) texz(e—pH2) tezx(E—DHZ)
Ag/Dg~A15/Dis }
output Address Data Address | M — — —— — o t— Address
(BYTE="L")
tdiam—ae) | <1 td(e~oHa)
tdiam—e)
thie—am)
Ag~A,5 output Yy
(BYTE="H") X Address \ Address x
tsu(on—e) th(e—on)
Dg~D,s input
th(aLe—an) <_>’ th(e-oLa) texz(e—oL2) tpzx(E~DLZ)
Aqs/Do~A23/D7 Address % Data Address | W ————— —<1- Address
output
pu ol tdn—e) tsu(oL—e) t
tdian—aLe) || td(e—pLa) h(e—oL)
Do~Dy7 input
tw(aLe)
tdiace—e)
ALE output \ / N
td(sHE—€) 0’ thie—sme)
— BH|
S0E 4
BHE output {
tdtrw-e) thie—rmw)
= \
R/W output \
Test conditions
* Vee=5V+10%
« Output timing voltage : Vo, =0.8V, Vou=2.0V
+ Do to Dss input 1V, =0. 8V, Vjy=2.5V
2% )\Ell.ecmc



MITSUBISHI MICROCOMPUTERS

M37710S4BFP

16-BIT CMOS MICROCOMPUTER

Microprocessor mode

(When wait bit = “0”, wait selection bit = “1”, and external memory area is accessed)

f(Xin)
S VeV aValaWalgWalalalalal
td(e— s> ->-T-
= twier) d(e—#)
E
/ /
th(e—aL) les] fe—s{td(aL—e)
Ao~ A; output X Address Address X
t — - thie— <> texz(e—pH2z) tpzx(E—DHZ)
Ag/Dg~Ars/D1s h(ALE—AM) l‘ h(e—bHa) ) Z H
output Addres: J Data Address) Address
(BYTE="L")
<>td(e—pHa)
td(am—aLe)
the—am) [ <> tdam—£)
Ag~A,s output 4
(BYTE="H") x Address Address X
|
tsu(DH—E)| th(e—bH)
Dg~D;s input P W\
th(aLe—AH) the-oLa) texz(e—pL2) le—> tpzx(E—DLZ)
Aq/Do~A23/D7 Addr X Data Address £ Address
output tsutoL—e)
‘aj td(an—e) j< the—oL)
td(an—ace) | | td(e—oLa)
Do~D7 input \
tw( A'LE)
re—td(aLe—e)
ALE output
tdiere—E)
<= the- ene)
_— 4
BHE output ) x
tdrw—-g)
thie- riw)
R/W output

+ Output timing voltage : Vo =0. 8V, Vou=2. 0V
LV =0.8V, Viy=2.5V
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M37710S4BFP

16-BIT CMOS MICROCOMPUTER

Memory expansion mode and microprocessor mode

(When wait bit = “0”, wait selection bit = “0”, and external memory area is accessed)

f(Xin)

Ao~A; output

Ag/Dg~A45/Dy5
output
(BYTE=“L")

Ag~A,5 output
(BYTE="H")

Dg~D;s input

\WAWAWAWAS

JRVAR

tc

AYAVAVAVAWAV,

tde—¢y) twiews td(e—sp)
|
tda—e)
thie-av) "’I - >
X Address X Address X
th(aLe—am) > “’l the—oHa) | texz(E—DHZ) tozx(e—DH2Z)
4
\Address X Data y Address | = ————— — Address
td(e—pHa)
td(am—aLE) td(am—e)
thie—am) ‘-"
X Address h Address K
tsu(on—e) the—pw)

thiaLe—an) { “‘I th(e-ora) texz(e—pL2) tezx(e-pL2)
Ato/Da~Ra/Ds —
output >< Address )( Data X Address | = —— —— — = Address
T (AH—
tde-ora) L_Q(A*L, tsuoL—g) thie—oL)
td(aH—aLE) —
Do~Dy7 input
t
wins) r< tdaLe—e)
ALE output
td(eHe—E)
== th(e—snE)
BHE output )1 ( X
td(rw—g)
__ the—rw)
R/W output
Test conditions
* Vee=5V+10%
+ Output timing voltage : Vo =0. 8V, Vou=2. 0V
* Do to Dy input L VL=0.8V, V;y=2.5V
2—182 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37720 Group

16-BIT CMOS MICROCOMPUTER

M37720 GROUP

The M37720 group has useful functions for office automa-
tions and telecommunications.

This group internally has the following :

@®4-channel DMA controller
©®DRAM controller
+«CAS before RAS refresh method

The DMA controller is suitable for large memory space and
high-speed data transfer betweeen memory and memory,
and betweeen memory and I/0. The DRAM controller en-
ables to support 1-15M byte DRAM.

FEATURES

@4-channel DMA controller built-in

®DRAM controller(CAS before RAS refresh method) built-in
*With 8-bit refresh timer

OlInternal RAM ..ot 512 bytes
®Peripheral functions
MO POIL . 53
eInterrupt ....c.coeeveinreceereciene ...23 types,7 levels
*Multiple function 16-bit timer .........ccccoveevincericiccnne 5+3
«Serial I/O (clock synchronous / asynchronous) ............... 2
«12-bit watchdog timer
*Real time output port ..........cccccererunnne. 4 bits X 2 channels
APPLICATION

Control devices such as Serial printer, Facsimile, Image
scanner, High-speed modem, Network controller, ODD, ISDN
terminal

M37720 group expansion
ROM |Group name | Memory size | Frequency | Package
type | + Memory (Byte)
identification RAM A
External M37720S1 512 P 100-pin QFP
ROM ' (100P6S-A)
@ : NOW

3# The former 8MHz version was unified into “A” version. “A”
version satisfies the timing requirements and the switching
characteristics of 8MHz version.

Package type

FP :QFP(0.65mm lead pitch)

Type name
Represent MELPS 7700
- \
Group designation Memory size identification
Memo-| S
Memory identification size [ RAM
S :RAM(external ROM) 1 512

External clock input frequency
A :16MHz

2—184 MITSUBISHI
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M37720S1AFP

M37720S1FP is unified into M37720S1AFP. 16-BIT CMOS MICROCOMPUTER
DESCRIPTION PIN CONFIGURATION (TOP VIEW)
The M37720S1AFP is a 16-bit microcomputer designed
o o -
with high-performance CMOS silicon gate technology. £ E g
This is housed in a 100-pin plastic molded QFP. o noew ®§ %fé’o ;'fo'
This microcomputer has a large 16M bytes address space, 2%2%%%%%% . . l6o &‘JB(,‘ &
three instruction queue buffers, and two data buffers for féé‘ggffﬁ;ﬁfffﬁfgé‘é’gf&?
high-speed instruction execution. This also incorporates a IEEEREE RN I RRRREE
4-channel DMA controller and a DRAM controller which has - ol .
a refresh function. The CPU is a 16-bit parallel processor PE/RTP, <> [Z] 3 «> Po,/DNMCKD
that can also be switched to perform 8-bit parallel proces- PBs/RTP1, +> +> P9,/DMAREQQ
. . . ) . ! . PB4/RTP1, <> [4] +> P9,/DMAACKI
sing. This microcomputer is suitable for office, business, PBo/RTPO; + [5] +» PO,/DMAREQ!
and industrial equipment controller that require high-speed P6,/RTPO, +> 6] +> P9,/DMAACK2
- PB,/RTPO; <> +> P9;/DMAREQ2
processing of large data. Pg/RTPOp +* [£] +> P3/DMAACK3
| PRl 2] +> P9;/DMAREQ3
P5¢/TBO <[] — Ag/MA
FEATURES P5:/TA4:: <« [i7] z — A/MA;
® Number of basic instructiong:«««+++ssreerersrrreeerneee 103 PSa/TMout +> * - ﬁz%:z
® Memory size  RAM - Ps:ffgmﬂ T s o AUMA,
ROM P5,/TA2 +> ] 3 (58] — As/MAs
® Instruction execution time Ps‘;,%gﬂ‘g: o > E - :‘:jm‘:
The fastest instruction at 16MHz frequency-----+- 250ns N%s/l:_kg'* % 63 *’::fgs
. P105/RAS -
. Slng‘e power Supply ..................................... 5vi10% P](]:/C_Eﬂ Bl ]« Am/S‘o
® Low power dissipation (at 16MHz frequency) P10y/TC +> > Ay/Dyy
.......................................................... 90mW(Typ.) P10/INT, + 2] 9 «>A2/Dy,
mMWATYp. P10,/INT, +> B3] [58 > Aya/Dig
@ Interrupts «oooeeereees e 23 types, 7 levels P10g/INTo + 1] 7 +> Aja/Dyy
. . . P4;/DBC* +> [58] <+ Ay5/Dys
[ Multlple function 16-bit timer -«------soroeeemreeaeieenens 5+3 P46/VPA' i ] < A/l
® UART (may also be Synchronous) «««««-:sweeeeeeeeeseenes 2 PA5/VDA™ + 7] (2 + Ay7/D;
. . P4,/QCL* <+ [ 53 «> Ayg/D,
® 8-bit A-D converter -=:-reeeeeeeeees -+ 8-channel inputs PayMX* + &~ A,
@ DMA CONIOIl@F v rerrrrrrmemeriieiiiiiiiain, 4-channel ¢ +— B 5 S [51] +> A/Dy
® DRAM troll
v conroTer PIttattbl bbbttt
® 4-bit real-time output:-+-««weerreeeeee 2-channel o 2 W g or oW 588
, g3t ddns 3 B EEE Yz add
® Watchdog timer “Razhw X 33
® Programmable input/output ol
(14
(ports P4, P5, P6, P7, P8, P9, p10) ....................... 53
APPLICATION Outline 100P6S-A
Copiers, printers, typewriters, facsimiles, optical disk units, * . Used in the evaluation chip mode only
hard disk drives, telecommunications equipment such as
mobile radio and ISDN terminal units, and office automation NOTE
(OA) equipment including personal computers Refer to “Chapter 5 PRECAUTIONS” when using this mic-

rocomputer.

The M37720S1AFP satisfies the timing requirements and
the switching characteristics of the former M37720S1FP.
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M37720S1AFP BLOCK DIAGRAM

Clock
input

Reference Bus width

Clock  Clock ¢4  Enable Reset  Reset voltage selection
output output output input output Vee Vss CNVgs AVes AVce input input
RESET RESEToyr (5V)(0V) (0V) (OV)(5V) Vier

| L

Xin Xour é E
T T T
|

Clock Generating Circuit

IR

Memory control

signal output

Status
signal
output

BYTE RDY HOLD R/W BHE BLE ALE STO0:ST1

L T IrIT T T ITaT
dTRIfd RO [ [

<
T
e

21607 olewyiy
(91 )V 101€INWNOOY
(91)9 Jorejnwnodoy

(91)X 1e18169Y XopU|
(91)A 1a181694 xopu|

(91)S 43iui0d Yol
(91)4dQ 1918168y obed 1081Q

(11)Sd se3s160H Smieg 1085900.d

(8)1Q 1e1s168s sueq eleq
(91)0d Jewnog weiboigy

o
g
5
>
a
2
3
2
a
o
2
Q.
@
g
o
2
N
2

(91)81 4e1s1B0Y Joyng Induj
(8)Dd 1015160y yueg weiboig
(¥2) 191uBWaId8Q/10)USWRIO}

(¥2) Jowswalouy

5
3
c
2
o
=
3
2
o
@
2
=
1)
o
=
e

¥2)Vd Jeisiboy sseippy weiboid)

(8)Haaq 1ayng eeq

ol
[Timer TA2(16) [Timerezte) ] s o |z
173
RAM [Timer TAi06)] [Tmeree ] [OART (9] ’ A
512 Bytes Timer TBO(16) UART 0(9) | [ADConverter | [T orAM Controller | & 8; S
i : ‘ I?'?‘?TZ‘?' QWW{ T T+ : SN
| [ I 5 A S O 5 3 N 5 N & N (T B I NS ]
I S " 5 6 1 G 1 A S N
NSNS Il J7 41 & i1 J7 JL 3T JF Jr SEEd 17 '
P10(8) P9(8) P6(8) Address/Data (16) Address (8)
—_— — %/_/ \_ﬂ—/ — N ]
Y
Input/output Input/output Input/output Input/output Input/output Input/output  Input/output Address/Data
port P10 port P9 port P8 port P7 port P6 port P5 port P4
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MITSUBISHI MICROCOMPUTERS

M37720S1AFP

16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37720S1AFP

Parameter Functions
Number of basic instructions 103
Instruction execution time M37720S1AFP 250ns (the fastest instruction at external clock 16MHz frequency)
) RAM 512 bytes
Memory size
ROM External
Input/Output port P5~P10 8 -bitX 6
n| utput ports
puvDulput p Pa 5 -bitx 1
X TAO, TA1, TA2, TA3, TA4 16-bitX 5
Multi-function timers
TBO, TB1, TB2 16-bitX 3

DMA controller

Serial 1/0 (UART or clock synchronous serial 1/0) X2
A-D converter 8 -bitX 1 (8 channels)
Watchdog timer 12-bitX 1

4 channels

Maximum transfer rate : 8M bytes/second

DRAM controller

“CAS before RAS refresh” system
8 -bit refresh timer incorporated

Real-time output

4 bitX2 channels

Interrupts

3 external types, 20 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 5V+10%
Power dissipation 90mwW(at external clock 16MHz 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

100-pin plastic molded QFP

MITSUBISHI _
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MITSUBISHI MICROCOMPUTERS

M37720S1AFP

16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (1)

Pin Name Input/Output Functions

Vee: Vss Power supply Supply 5V+10% to Vg and 0V to Vgs.

CNVgg CNVgs input Input Connect to Vsg or Vee.

RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re-
quired 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 Xour. When an external clock is used, the clock source should be connected to the Xy pin
and the Xoyr pin should be left open.

Xour 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.

STO0, 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 AV¢c to Ve and AVss to Vgg externally.

AVss

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

¢1 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.

Ao/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 170 In cases where an external data bus width of 16 bits is used with the BYTE pin set to the “L” (Low) level,
Ays/Dys medium-order/ the high-order data (D45~ Ds) input/output is effected at the “L” E output level, and the address output
data high-order (A15~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 (Ais~Ag) output is generated.

A16/Do~ Address high-order/ [7{e] When the E output. is “L”, the low-order data (D;~ Do) input/output is effected. When the E output is “H”,

Az3/D7 data low-order the address output (Ax~Aqg) is generated.

P43~P4; 1/0 port P4 110 Port P4 is an 5-bit I/O port. As it has an I/O directional register, it is possible to perform programming to
determine whether each bit serves as an input pin or an output pin.

P5o~P5; 1/0 port PS5 110 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 1/0 pins for timer A2, timer A3 and timer A4, and input pins for timer BO and timer B1.
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M37720S1AFP

16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (2)

Pin Name Input/Qutput Functions

P6,~P6; 170 port P6 170 Port P6 is an 8-bit 170 port. It has basically the same functions as port P4. In addition, pins P8, through P63
and pins P64 through P8; are capable 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/0 port. It has basically the same functions as port P4. In addition, these pins also func-
tion as input pins for analog inputs ANg through AN;. Pin P7; also has an A-D conversion trigger input func-
tion.

P8,~P8; 170 port P8 170 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; 1/0 port P9 170 Port P9 is an 8-bit 170 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.

P10,~P107 | 1/0O port P10 170 Port P10 is an 8-bit 170 port. It has basically the same functions as port P4. In addition,

these pins also function as input pins for INTo/INT;/INT2, and 17O pin for TC, and out-
put pins for RAS, CAS, MAg and MAg.




MITSUBISHI MICROCOMPUTERS

M37720S1AFP

16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS
The M37720S1AFP contains the following devices on a
chip: RAM for storing instructions and data, CPU for pro-
cessing, bus interface unit (which controls instruction pre-
fetch and data read/write between CPU and memory), tim-
ers, UART, A-D converter, and other peripheral devices
such as 1/0 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 0, to FF6.
Built-in RAM, and control registers for built-in peripheral
devices are assigned to bank 0y6.

Addresses FFCEs 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 805 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 046 to 7F,¢ are peripheral devices
such as I/O ports, A-D converter, UART, timer, and inter-
rupt control registers. Registérs necessary for DMA control
are assigned to addresses 1FCO0, through 1FFFg.

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.

Bank 04 <
'
]
 OOFFFFq!
010000,

=

Bank 1.31

S

0000 eccscccccccecce

Bank FEs¢ ¢

FEFFFF gl
[ FF0000,

Bank FFys <

SR S _---L-------.[j.-_----

FFFFFFi6h m o s e e )

C—: Builtin

* Not built in

I\

-

0000007
00007F 16
0000804¢

-

\
\ 001FFFi \

-

00FFCEq6 \

(4
2

e e e e offee-

Internal RAM
512 bytes

Peripheral devices
control registers
[Refer Fig.2]

.[} -

DMA controller
related register
[Refer Fig.47]

Interrupt vector table'

i

\
00FFFFyq

Y
w

A-D conversion |
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Address (Hexadecimal notation) Address (Hexadecimal notation)

000000 000040 Count start flag

000001 000041

000002 000042 One-shot start flag

000003 000043

000004 000044 Up-down flag

000005 000045

000006 000046 Timer A0

000007 000047

000008 000048 Timer A1

000009 000049

00000A Port P4 00004A Timer A2

000008 Port P5 00004B

00000C Port P4 data direction register 00004C Timer A3

00000D Port P5 data direction register 00004D

00000E Port P6 00004E Timer A4

00000F Port P7 00004F

000010 Port P6 data direction register 000050 Timer B0

000011 Port P7 data direction register 000051

000012 Port P8 000052 Timer B1

000013 Port P9 000053

000014 Port P8 data direction register 000054 Timer B2

000015 Port P9 data direction register 000055

000016 Port P10 000056 Timer A0 mode register

000017 000057 Timer A1 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

000018 00005B | 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

000028 000068

00002C A-D register 6 00006C DMAQ interrupt control register
00002D 00006D | DMAT interrupt control register
00002E A-D register 7 00006E DMAZ2 interrupt control register
00002F 00006F DMAS3 interrupt control register
000030 UARTO transmit/receive mode register 000070 A-D conversion interrupt control register
000031 UARTO bit rate generator 000071 UARTQO transmission interrupt control register
000032 . . 000072 UARTO receive interrupt control register
000033 | YARTO transmission buffer register 000073 [ UARTI ission 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
00003A o . 00007A Timer BO interrupt control register
000038 UARTT 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 INT, interrupt control register
00003E . ) . 00007E INT, interrupt control register
00003F UART1 receive bulfer register 00007F INT, 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
| An | A ] Accumutator A
15 7 0
L B | By Accumulator B
15 7 0
I Xu | Xu Index register X
15 7
| Yu | Yo | index register Y
15
7 ¢ | S '] stack pointer s
Program bank register PG = 5
7 0 | PC | Program counter PC
— ot 15 0
= Data bank register DT | DPR | Direct page register DPR

15 7 0
[oToToTo o frdrfrd N]v]m] x| D] 1 [Z]C] Processor status register PS

Carry flag

Zero flag

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 during 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 selection bit
of the processor mode register (address 5E;5). When the
bit is set to “0”, the stack area is set to bank 0,6. When the
bit is “1”, the stack area is set to bank FF,s 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 046, but when the
contents of DPR is FF01,¢ or greater, the direct page area
spans across bank 06 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 “004¢”, the number of cycles
required to generate the address is minimized. Therefore,

nomally the low-order 8 bits of the direct page register
(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 (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 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.

MITSUBISHI
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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 “17,
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'ys~D’g ,, D15~Ds C
: D'7~D’ C : D;~Dg :
As~Ag Agz~Ag
I — — >
Bus BHE
CPU interface "BLE
unit R/W
E
Control signal >
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).

The ALE signal is used to latch only the address signal
from the multiplexed signal containing data and address.
The E signal becomes “L” when the bus interface unit
reads an instruction code or data from memory or when it
writes data to memory. Whether to perform read or write is
controlled by the R/W signal. Read is performed when the
R/W signal is “H” state and write is performed when it is
“L" state.

Waveform (1) in Figure 5 is used to access a single byte or
two bytes simultaneously. To read or write two bytes simul-
taneously, the first address accessed must be even. Furth-
ermore, when accessing an external memory area, set the
bus width selection input pin BYTE to “L”. (external data
bus width to 16 bits) The internal memory area is always
treated as 16-bit bus width regardiess of BYTE.

When performing 16-bit data read or write, if the conditions
for simultaneously accessing two bytes are not satisfied,
waveform (2) is used to access each byte one by one.
However, when prefetching the instruction code, if the
address of the instruction code is odd, only one byte is
read in the instruction queue buffer.

The signals BLE 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 |

odd addresses, 1-byte write to even address, 1-byte write
to odd address, or 2-byte simultaneous write to even and
odd addresses.

The BLE signal becomes “L” when an even number
address is accessed. The BHE signal becomes “L” when
an odd number address is accessed.

The bit 2 of processor mode register (address 5E¢) is the
wait bit. When this bit is set to “0”, the “L” width of E signal
is extended 2 times as long when accessing an external
memory area in microprocessor mode. However, the “L”
width of E signal is not extended when an internal memory
area is accessed. When the wait bit is “1”, the “L” width of
E signal is not extended for any access. Waveform (3) is an
expansion of the “L” width of E signal in waveform (1).
Waveform (4), (5), and (6) are expansion of the “L” width of
each E signal in waveform (2), first half of waveform (2), and
the last half of waveform (2) respectively.

Instruction code read, data read, and data write are de-
scribed below.

internat alock » LS L L L LML LT LU
)
Au/D.

E L]
(19
ALE M
N H

(3 ALE r]
v
“ ET | 1 [
e LM
Aw/Dy (AX__ D XAHX D)

A ! Address D : Data
ﬁnc:tﬁgﬁ Access 2-byte | Access even | Access odd
Signal simultaneously | address 1-byte | address 1-byte
ﬁ “pr “pr “Hr
BHE wLn “Hr )

Fig.5 Relationship between access method and signals
BLE 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, if the bus width switching pin BYTE is “H”, exter-
nal data bus width is 8 bits and the address to be read is in
external memory area, or the addresses to be read is odd,
only one byte is read and stored in the instruction queue
buffer. Therefore, waveform (1) or (3) in Figure 5 in 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 writes it to memory.

_ MITSUBISHI
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INTERRUPTS Table 1. Interrupt sources and the interrupt vector
Table 1 shows the interrupt sources and the corresponding addresses
interrupt vector addresses. Reset is also treated as a kind Interrupts Vector addresses
of interrupt and is discussed in this section, too. DMA3 00FFCE;;  OOFFCFys
DBC is an interrupt used for debugging. DMA2 00FFD0O,s  OOFFD1,¢
Interrupts other than reset, DBC, watchdog timer, zero di- DMA1 00FFD2,s  OOFFD3;¢
vide, and BRK instruction all have interrupt control regis- DMAO O0FFD4,s  OOFFDS5;6
ters. Table 2 shows the addresses of the interrupt control A-D conversion O00FFD6,s  O0FFD7:6
registers and Figure 6 shows the bit configuration of the in- UART1 transmit O0FFD8,c  00FFD96
terrupt control register. Use the SEB and CLB instructions UART! recelvf' O0FFDAe _ 00FFDBi
) . i ) UARTO transmit 00FFDC,¢ OOFFDDyg
when setting each interrupt control register. The interrupt UARTO receive 00FFDE,,  OOFFDF,
request bit is automatically cleared by the hardware during Timer B2 00FFEO,;  OOFFEl,
reset or when processing an interrupt. Also, Interrupt re- Timer B1 00FFE2,,  OOFFE3q
quest bits other than DBC and watchdog timer can be Timer BO 00FFE4,;  OOFFE5s
cleared by software. Timer A4 00FFE6:s  OOFFE746
INT, to INT, are external interrupts and whether to cause Timer A3 O00FFE8,;  OOFFE9,q
an interrupt at the input level (level sense) or at the edge Timer A2 O0FFEA;s  OOFFEB;q
(edge sense) can be selected with the level sense/edge Timer A1 O0FFEC,s  OOFFEDq6
sense selection bit. Furthermore, the polarity of the inter- Timer A O00FFEE;;  O0FFEF,q
rupt input can be selected with polarity selection bit. INT external interrupt O0FFFOie  O0FFF1:6
Timer and UART interrupts described in the respective INT; extornal !mem]pt O0FFF21s _ O0FFF3:e
. INT, external interrupt 00FFF4,¢ 00FFF5,¢
section. Watchdog timer O00FFF6,5  OOFFF7¢
The priority of interrupts when multiple interrupts are DBC (unusable) O00FFF8,,  00FFF9,,
caused simultaneously is partially fixed by hardware, but, it Break instruction 00FFFA,s  OOFFFB;q
can also be adjusted by software as shown in Figure 7. The Zero divide 00FFFC,;  OOFFFDsq
hardware priority is fixed the following: Reset OOFFFE,;  OOFFFFg

reset>DBC >watchdog timer> other interrupts

76543210

'I%' Interrupt priority

Interrupt request bit
0 : Nointerrupt
1 Interrupt

Interrupt control register configuration for DMAO~DMA3, A-D converter, UARTO, UART1, timer AO~timer A4, timer BO~timer B2

76 543210

DT T 111 ]

Interrupt priority

Interrupt request bit
0 : No interrupt
1 : Interrupt
Polarity selection bit
0 : Set interrupt request bit at “H” level sense and when changing from “H” to “L” level for edge sense
1 . Set interrupt request bit at “L” level sense and when changing from “L” to “H” level for edge sense

Level sense/edge sense selection bit
0 : Edge sense
1 ! Level sense

Interrupt control register configuration for INT,~INT,.

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

“Interrupts Addresses
DMAO interrupt control register 00006C,¢
DMAT1 interrupt control register 00006D,¢
DMA2 interrupt control register 00006E,¢
DMAS interrupt control register 00006F ¢
A-D conversion interrupt control register 00007046
UARTO transmit interrupt control register 00007146
UARTO receive interrupt control register 0000724¢
UART1 transmit interrupt control register 00007346
UART1 receive interrupt control register 000074,¢
Timer AO interrupt control register 000075,¢
Timer A1 interrupt control register 00007646
Timer A2 interrupt control register 00007746
Timer A3 interrupt control register 0000784
Timer A4 interrupt control register 000079,¢
Timer BO interrupt control register 00007A+¢
Timer B1 interrupt control register 00007B,¢
Timer B2 interrupt control register 00007C,¢
ﬁ interrupt control register 00007D;s
INT, interrupt control register 00007E;s
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 DMA, A-D con-
verter, UART, Timer, INT interrupts. The priority of these in-
terrupts can be changed by changing the priority level in
the corresponding 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 re-
placed 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.

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.

Priority is determined by hardware
A N
O] ® @ o
| _ | Wa_\chdog =~
| I H I’ - ‘I | timer Reset
Interrupt by A-D conversion, UART, and so on
[Priority can be changed with software inside @]
Fig.7 Interrupt priority
Level 0
DMA3
DMA2 Y
DMAT Y
DMAO Y
V
\
Interrupt request JUART1transmif]
UART1receive| Y
UARTOtransmit, Y
UARTOrecave]—Y
Y
‘ %
DBC [ \
Timer BO
f— 7
Timer A4
Timer A3 Y
v
\/
- \/
Interrupt disable flag |
\V
\/
\V,
V
Fig.8 Interrupt priority resolution
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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.

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 5E45) 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 should be selected by software.

Table 3. Value set in processor interrupt level(IPL)dur-
ing 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 resolution
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

Mooyt

Sampling pulse

-]

Priority resolution time
[Select from 0 to 2 with bits 4 and §
of the processor mode register]

Fig.9 Interrupt priority resolution time

4 3 2 1 0

EOEN

Processor mode register(address 5Eg)

Processor mode bit
0 : Microprocessor mode
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 resolution 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”
Stack bank selection bit

0 : Bank 04
1 : Bank FFyg

Fig.10 Processor mode register configuration

MITSUBISHI
ELECTRIC

2—199



MITSUBISHI MICROCOMPUTERS

M37720S1AFP

16-BIT CMOS MICROCOMPUTER

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 P5. To
use these pins as timer input pins, the direction register bit
corresponding to the pin must be cleared to “0” to specify
input mode.

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 described 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,s. At the same
time, the contents of the reload register is transferred to the
counter and count is continued.

fs12
f(Xin)
_.l 1/8
Clock source selection (Lower 8 bits) in | (Upper 8 bits)
fz—o « Timer X s L
* One-shot I Reload register(16) I
fis—o b + Pulse width modulation _
—0
fos o
. Timer(gate function) L
512____ O :
Counter(16) —I-—~ Address
: | Polarity i Event counter .
by selection - Count start fiag Up/down Timer AQ 47,6 46:¢
N )
(j=2t04) (Address 4046) [Always decremented | TimerA1 4916 481
L— = External trigger except in event count TimerA2 4B,¢ 4As
mode]
Down count —o TimerA3 4Dy 4C 15
TimerAd 4F, 4E;q
Up-down ﬂag
(Address 444¢)
o
Pulse output
I Toggle flip-flop ]
TAjour e L
(j=2104)
Fig.11 Block diagram of timer A
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When bit 2 of the timer Ai mode register is “1”, the output
is generated from TAjour(j=2 to 4) pin. The output is tog-
gled each time the contents of the counter reaches to
000046. When the contents of the count start flag is “0”,“L”
is output from TAjoyr pin.

When bit 2 is “0”, TAjoyr can be used as a normal port pin.
When bit 4 is “0", TAjy can be used as a normal port pin.
When bit 4 is “1”, counting is performed only while the in-
put signal from the TAjy pin is “H” or “L” as shown in Fi-
gure 14, Therefore, this can be used to measure the pulse
width of the TAjy 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 TAjy pin input
signal is “H” and if bit 3 is “0”, counting is performed while
itis “L".

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

When data is written into timer Ai while it is not operating,
the data is written into the reload register and counter. On
the other hand, when data is written into timer Ai while it is
operating, the data is written into the reload register only
and not into the counter. When reloading is initiated next,
new data is reloaded from the reload register into the coun-
ter for operation continuation. 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).

As timers A0 and A1 do not have the TA\y and TAgyr pin,
be sure to use the timer mode.

00 Al

0 : No pulse output(TAjoyr is normal port pin)

1 : Pulse output

0 X I No gate function(TAj,y is normal port pin)
1 0 : Count only while TAj,y input is “L”
1 1 ! Count only while TAjy input is “H”

0 : Always “0” in timer mode

Clock source selection bit
00 : Selectf,

01 ! Select fy6

10 : Select fgq

11 ! Select fsq

Address
Timer A0 mode register 56,6
Timer A1 mode register 57,¢
Timer A2 mode register 58¢
Timer A3 mode register 59;¢
Timer A4 mode register 5Aq6

“00” in timer mode

Fig.12 Timer Ai mode register bit configuration in timer mode
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Count start flag Address
7 6 & 4 3 2 1 0 (Stop at “0”, Start at “1”) 4046

I~ Timer AQ 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

TAjn —__,——I—__—I I

Timer mode register
Bit4 Bit3

T Ty I

Timer mode register
Bit4 Bit3

o 11 11 1 1

Fig.14 Count waveform when gate function is available
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(2) Event counter mode [01]

Figure 15 shows the bit configuration of the timer Aj mode
register during event counter mode. In event counter mode,
the bit 0 of the timer Aj(j=2 to 4) mode register must be
“1” and bit 1 and bit 5§ must be “0”.

The input signal from the TAjy pin is counted when the
count start flag shown in Figure 13 is “1” and counting 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 TAjoyr pin. When bit 4 of the timer Aj
mode register is “0”, the up-down flag is used to determine
whether to increment or decrement the count (decrement
when the flag is “0” and increment when it is “1”). Figure
16 shows the bit configuration of the up-down flag. When
bit 4 of the timer Aj mode register is “1”, the input signal
from the TAjour pin is used to determine whether to incre-
ment or decrement the count. However, note that bit 2 must
be “0” if bit 4 is “1” because if bit 2 is “1”, TAjoyr pin be-
comes an output pin with pulse output.

Determine the level of the input signal from the TAjoyr pin
before valid edge is input to the TAj,y pin.

The count is decremented when the input signal from the
TAjour pin is “L” and incremented when it is “H”.

An Interrupt request signal is generated and the interrupt
request bit in the timer A; interrupt control register is set
when the counter reaches 0000, (decrement count) or
FFFF,¢ (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 00004¢
(decrement count) or FFFF,¢ (increment count), the wave-
form reversing polarity is output from TAjoyt pin.

If bit 2 is “0”, TAjour pin can be used as a normal port pin.
However, if bit 4 is “1” and the TAjoyr 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 TAjour pin is to be used to select the count direction.

Address

Timer A2 mode register 584¢
Timer A3 mode register 59¢
Timer A4 mode register 5A,q

76543210
IX xX[0 0 1|
I—-[ 0 1 : Always “01” in event counter mode
0 : No pulse output
1 ! Pulse output
———— 0  Count at the falling edge of input signal
1 I Count at the rising edge of input signal

0 : Increment or decrement according to
up/down flag
1 : Increment or decrement according to
TAjour pin input signal level

ys “0" in event counter mode

XX : Not used in event counter mode

Fig.15 Timer Aj mode register bit configuration in event
counter mode

Address
76543210 Up-down flag 4446

XX

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 I Two-phase pulse signal processing mode

——Timer A3 two-phase pulse signal processing 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
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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 Aj
while it is not operating, it is also written to the reload reg-
ister and the counter. When data is written to timer Aj while
it is operating, 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 coun-
ter 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 entered 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 in-
serted, 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 entered
after the level of TA4oyr pin changes from “L” to “H”, the
count is incremented at the respective rising edge and fall-
ing edge of the TA4oy1 and TA4y pins.

When a phase related pulse with a falling edge input to the
TA4oyr pin is entered 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 and TA4qyr pins.
When performing this two-phase pulse signal processing,
timer Aj mode register bit 0 and bit 4 must be set to “1”
and bits 1, 2, 3, and 5 must be “0” (refer the Figure 19).
Bits 6 and 7 are ignored. Note that bits 5, 6, and 7 of the
up-down flag register (44,¢) are the two-phase pulse sig-
nal processing selection bit for timer A2, A3, and A4 re-
spectively. Each timer operates in normal event counter
mode when the corresponding bit is “0” and performs two-
phase pulse signal processing when it is “17.

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
qutput in this mode.

TAkour I l | | I I I | I I

Decrement-count
Decrement-count
Decrement-count

TAkn
(k=2, 3)
Increment-count

Increment-count
Increment-count

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

TA4OUT1|fIT Ifljl

N —
Increment-count at each edge Decrement-count at each edge

N

Increment-count at each edge Decrement-count at each edge

TA4\n

Fig.18 Two-phase pulse processing operation of timer
A4

Address

Timer A2 mode register 58¢
7 4 Timer A3 mode register 59,¢

6543210
XIX]011]1010]011] Timer A4 mode register 5A¢

L 0 1 : Always “01” in event counter mode

0100 :Always “0100” at two-phase
pulse signal processing

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
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(3) One-shot pulse mode [10]

Figure 20 shows the bit configuration of the timer Aj 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 TAjy pin. Software trigger is selected when bit 4
is “0” and the input signal from the TAj,y 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
configuration of the one-shot start flag. Bit 7 of the one-shot
start flag must always be “0”.

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 00006, the TAjour pin
goes “H” when a trigger signal is received. The count
direction is decrement.

When the counter reaches 000146. The TAjout 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 Aj 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”, TAjout goes “L”. Therefore, the
value corresponding to the desired pulse width must be
written to timer Aj before setting the timer Aj 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 retriggering while operating,
the contents of the reload register is not transferred to the
counter by triggering.
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 Aj while it is not operating, it
is also written to the reload register and the counter.
When data is written to timer Aj while it is operating, the
data is written to the reload register, but not to the counter.
The counter is reloaded with new data from the reload reg-
ister at the next reload time.
Undefined data is read, when timer Aj is read.

16-BIT CMOS MICROCOMPUTER

Address

Timer A2 mode register 586
Timer A3 mode register 596
Timer A4 mode register  5A.

76 543210

0 1/1]0

[-I— 1 0 : Always “10” in one-shot pulse mode

1 : Always “1” in one-shot pulse mode

0 X : Software trigger
1 0 : Trigger at the falling edge of TAjyy input
1 1 : Trigger at the rising edge of TAj\ input

0 : Always “0” in one-shot pulse mode

Clock source selection
00 : Selectf,

01 : Select fyg

0 : Select fgq

1

1
11 : Select f512

Fig.20 Timer Aj mode register bit configuration during
one-shot pulse mode

Address
One-shot start flag 4246

76543210

XX TT XX

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

SR
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Selected clock )
source fj

L
(in case of the
rising edge)

TAjour

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

TAjin
(in case of the
rising edge)

TAjour

Example when the contents of the reload register is 0004,¢

Fig.23 Example when trigger is re-issued during pulse output
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(4) Pulse width modulation mode [11]
Figure 24 shows the bit configuration of the timer Aj 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 TAjy pin (external
trigger).
The software trigger mode is selected when bit 4 is “0”.
Pulse width modulator is started and pulse is output from
TAjour when the timer Aj 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 TAjy pin when the timer Aj 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 Aj with the pulse width mod-
ulator while it is not operating, it is written to the reload
register and the counter.
Then when the timer Aj 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 Xm

and the output pulse period is
1 16__

selected clock frequency X(2%=1).
An interrupt request signal is generated and the interrupt
request bit in the timer Aj 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 data is written to the reload regis-
ter, but not to the counter.
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 Aj is read.
The 8-bit length pulse width modulator is described next.
The 8-bit length pulse width modulator is selected when
the timer Aj 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
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.

Address
N
Timer A2 mode register 5816
Timer A3 mode register 59¢

Timer A4 mode register 5A,¢
76543210

LLT 11T

—1 1 : Always “11” in pulse width modulation mode

. Always “1” in pulse width modulation mode

0 X : Software trigger
0 : Trigger at the falling of TAj,y input
1 : Trigger at the rising of TAj,y input

0 :16-bit pulse width modulator
1 ! 8-bit pulse width modulator

Clock source selection bit
0 0 : Select f,

01 : Select fig

1 0 : Select fgq

11 I Select s

Fig.24 Timér Aj mode register bit configuration during
pulse width modulation mode
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Therefore, if the low order 8-bit of the reload register is n,
the period of the generated pulse is
1
selected clock frequency X(nt1).
The high order 8-bit function as an 8-bit length pulse width
modulator using this pulse as input. The operation is the
same as for 16-bit length pulse width modulator except that

the length is 8 bits. If the high order 8-bit of the reload reg-
ister is m, the duration “H” of pulse is
1
selected clock frequency X(n+1)Xm.
And the output pulse period is

8_
selected clock frequency X(n+1)X(2°=1).

1/ X (215—1)

__y

===3
—-d

T

|
|
|
This trigger is not accepted |
|
|

Selected clock ™
source fj : Jl :
| | |

TAin | |

(in case of the | L \

rising edge) | |

' 1/fi X (m) '

TAjour

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

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

1/t X (n+1) X (28—1) |

Selected clock
source fj

TAjin
(in case of the

falling edge)

176X (n+1)

Prescaler output

(when n=2)
|
|

8-bit length pulse
width modulator
output

(when m=2)

|
|
{10 X (1) X (m) |
|

In! i T [

L

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 described
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 is “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 00004s. 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 while it is not operating, it
is written to the reload register and the counter. When data
is written to timer Bi while it is operating, 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. As
timer B2 does not have the TB,y pin, be sure to use the
timer mode.

oo " Data bus(odd) Y
I j " Data bus(even) - 7
£ ,‘
Clock source selection (Lower 8 bits) |/ (Upper 8 bits)
¢ e Timer : JiL
2—=0 « Pulse period ement/ "
f16—o0 pulse width measurement l Reload register(16) I
\O o » 4D
fea—0 d
fs12—0 S
Counter(16) I Address
Polarity selection Event counter Timer BO 5146 5046
TBj ( )—} and edge pulse To) §
(j:l(l)'j 19" generator Count start flag Timer B1 8316 5216

(Address 4046)

Timer B2 65,6 54,4

Counter 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 Bj(j=0,
1) mode register during event counter mode. In event
counter mode, the bit 0 in the tiimer Bj mode register must
be “1” and bit 1 must be “0”. The input signal from the
TBjin 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 Bj 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 TBjin 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 a