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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

HMEACH PRODUCT FIELDS OF APPLICATION

General purpose type

Computer penphera

( Office Automation, Personal \ HDD, PPC, CD-ROM

M37702/03 Group

10-bit ADC/8-bit DAC & nrpm PPC, HDD

> M37710 Group™
cordless telephone .
cellular phone

dual clock —(communication M37734 Group**

(0

cordless telephone
cellular phone
M37732 Group

RTP, low voltage ROM-less g s
p S

RTP, ROM-less ( oa ) ETW.CD > M37730 Group
Built in DMAC, DRAMC, RTP \\‘“———-’/
. = P ] ter i
7700 series ROM-less efsgg:p?xf“ e \ printer _M37720 Gruop
Timer

air conditioner

enhancement  (ihite goods

Three-phase waveform mode enhancement

» M37704/05 Group

air conditioner

White goods M37712 Group™**
RTP, UART with FIFO '
camera M37708 Group
* % ! Under planning
% : New product
%% : Under development
MSELECT MAP
e |E | 3 5
.28 s|5| |8 @
= 3|5 = |Timer|o |3 |® € ]
- [Z} - b [} -
28|55 Sle|s|gl2 g
Classification Features °S Z|EH S| E|E| Q|| Group Main application =
90|22 51 8]|8|0| 5| name -
3= E 3 ool |=]8 g
© |5 |(6bit) < | B < ]
[ [%
(MHz)| (ns) [(number) <
_ Copy machine, HDD, electronic musical
General 16 | 250 4 53 |64\ M37703 instrument, data terminal, printing en-
Purpose 16K~60K ROM 5+3 | 2 gine for page printer, automobile, port-
P 25 160 8 | — |68 |80|M37702 able telephone, personal information
machines and tools Vol. 1
| Three-phase wave-| 16 | 250 2 68 | 80 | M37704 |inverter air conditioner, general pur-
gg}\gol Drive | torm output 5+3 —4 8 | — pose inverter, sewing machine for the
Phase detect function 25 160 53 | 64 | M37705 | manufacturing, washing machine
General  Purpose | g irs ¢ _bit A copy machine, HDD, data terminal, bar-
with Enhanced Ana- Egrl:\t/el?t;ro bit A-D| 25 | 160 | 543 | 2 | 8 | 2 |68 | 80 | M37710|code reader, electronic musical instru-
log 1/0 Function ment, printing engine for page printer 2
Vol.
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 oDD
16 250 HDD, ODD, el | inf
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 : 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
* MITSUBISHI 1—3



MITSUBISHI MICROCOMPUTERS

B | INDEX BY FUNCTION

BMGENERAL PURPOSE (1)

Memory capacity Power supply| Operating
Memory type (Byte) Type No. Pakage voltage teme:;zture Page
ROM RAM (V) °c)
M3TT02M2A X X XFP
- . 5~5. —20~ 2-5
16K 512 M3T702M2B X X XFP 80P6N-A 4.5~5.3 0~85
M37702M2L X X X GP 80P6S-A 2 7~5.5 —40~85 2-63
M37702M2L X X X HP 80P6D-A ’ )
24K 1024 M3T7T702M3B X X XFP 2 -81
1024 M37702MDB X X XFP —20~385
M3T702M4A X X X FP B0PEN-A 4.5~5.5 2-05
Mask ROM 32K M3T7702M4B X X XFP )
2048 M3T702M4E X X XFP —40~85 2-113
M3TT02M4L X X XFP 2-130
M3TT02M4L X X X GP 80P6S-A 2.1~5.5 A~ s
18K : 2048 M3T7T02M6B X X XFP 4.5~5.5 —20~85 2 -166
M37702M6L X X XFP 80P6N-A 2.7~5.5 —40~85 2-183
60K 2048 M3T702M8B X X X FP * * 4.5~5.5 —20~85 2 -201
M3T702M8L X X X HP * % | 80P6D-A 2.7~5.5 —40~85 2-218
M3T702E2A X X XFP '
oK 12 M3TT02E2B X X XFP 80P6N-A 4.5~5.5 —20~85 3-5
M3T702E2L X X X GP 80P6S-A 2. 7~5.5 —40~85 3-30
M3T702E2L X X X HP 80P6D-A ) !
M3T702E4A X X XFP
..2 ~ -
X M3TT02E4B X X XFP . 4.5~5.5 0~85 855
One time 80P6N-A
PROM 32K 2048 M3TT02E4E X X XFP —40~85 3-81
M3TT02E4L X X XFP 3-106
M3TT02E4L X X X GP 80P6S-A 2.1~5.3 B NPT
48K 2048 M3T702E6B X X XFP 4,5~5.5 —20~85 3-157
M3TT02E6L X X XFP 80P6N-A 2.7~5.5 —40~85 3-179
M3T702E8B X X XFP * 4.5~5.5 —20~85 3-202
60K 2048
M3TT02E8L X X XHP * | 80P6D-A 2.7~5.5 —40~85 3-224
: M3T7T02E2AFS
EPROM 16K 512 M37702E2BFS 85
Version with 32K 2048 33770224A§S 80D0 4.5~5.5 —20~85 3-55
window 37TT02E4BFS
48K 2048 M37702E6BFS 3-157
60K 2048 M37702E8BFS * 3-202
M3T702S1AFP
- . 5~5. —20~ 2-
512 M37702S1BEP 80P6N-A 4.5~5.5 20~85 5
External ROM - M37702S1LGP 80P6S-A 2.7~5.5 —40~85 2-63
M3T7702S4AFP
2048 M3TT02S4BFP 80P6N-A 4.5~5.5 —20~85 2-95

XEPROM versions with window are used for evaluation only. They must not be used for mass-production.
% : New product %% : Under development: '
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INDEX BY FUNCTION

BMGENERAL PURPOSE (2)
Memory capacity Power supply Operating
Memory type (Byte) Type No. Package voltage tem'?:;agture Page
ROM RAM V) c)
M37703M2A X X XSP
2 2 -239
16K 51 M37703M2B X X X SP
24K 1024 M3T7703M3B X X XSP
. 5~5. —20~ 2 -258
Mask ROM 1024 M37703MDB X X XSP 64P4B 4.5~5.5 85
32K 2048 M3TT03M4A X X XSP 2-272
M3T703M4B X X X SP
M3TT03E2A X X XSP
3-249
One ti 16K siz M3T703E2B X X XSP —20~85
ne time o~
PROM M3TT03E4A X X X SP 64P4B 4.5~5.5 3-275
32K 2048 M3TT03E4B X X XSP
M3TT03E4E X X XSP —40~85 3-301
E | o2 m:;;g:z::: 2289
xterna _ 64P4B 4.5~5.5 —20~85
ROM 2048 M3T7703S4ASP 2-272
M37703S4BSP
HEMOTOR DRIVE CONTROL
Memory capacity Power supply| Operating
Memory type (Byte) Type No. Package voltage tem;raggagture Page
ROM RAM V) c)
16K 512 M37704M2A X X XFP —20~85 2-293
M3TT04M2E X X XFP —40~85 2 -357
Mask ROM 24K 1024 | M37704M3B X X X FP BOPEN-A 4.575.5 g5 27416
32K 1024 M37704M4B X X XFP 2 -359
o . 16K 512 M3TT04E2A X X XFP 4.5~5.5 —20~85 3-329
P;%t,:ﬂme M3TT04E2E X X X FP 80PEN-A 4.75~5.5 —40~85 | 3-338
32K 1024 M3TT04E4B X X XFP 4.5~5.5 —20~85 3 -340
EPROM Version 16K 512 M3T7T04E2AFS 3-329
. 5~5, —20~
with window 32K 1024 M37704E4BFS 8000 4.5~5.5 0~85 3-340
M37704S1AFP —20~85 2-293
External ROM | — I 80P6N-A 4585
X X X —20~ -42
16K 512 M37705M2A SP 4.5~5.5 20~85 2 -421
Mask ROM M37705M2E x X X SP 64P4B —40~85 2 -437
a 24K 1024 M37705M3B X X X SP 4. 5~5.5 —20~85 2 -452
32K 1024 M37705M4B X X XSP ' . 2 -439
0 X 16K 512 M3TT05E2A X X XSP 4,5~5.5 —20~85 3-355
P;%t':ﬂme M3T705E2E X X X SP 64P4B 4.75~55 | —40~85 | 3-364
32K 1024 M37705E4B X X XSP 4.5~5.5 —20~85 3 -366
EPROM Version | g 512 | M37705E2ASS 64S1B-E 4.5~55 -20~85 | 3-355
with window
M37705S1ASP —20~85 2 -421
External ROM 512 M37705S1ESP 64P4B 4.5~5.5 —40~85 2237
MEPROM versions with window are used for evaluation only. They must not be used for mass-production.
% : New product % : Under development
MITSUBISH
I 1-5
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MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

BGENERAL PURPOSE WITH ENHANCED ANALOG /0 FUNCTION

Memory capacity Power supply| Operating
Memory type (Byte) Type No, Package voltage tem?ae;agture Page
ROM RAM . V) (C)
32K 1024 M37710M4B X X X FP * B0PEN-A 4.5~5.5 ~20~85
Mask ROM 60K 2048 M37710M8B X X XFP * % 2. 7~5.5 —40~85
M3T710M8L X X X HP * % | 80P6D-A ) )
. 32K 1024 M3T710E4B X X XFP 4,5~5.5 ~20~85
grl:leotl:/lme 60K 2048 MS7710E8B X X XF P * X mroA 2.7~5.5 —40~85 Note
M37T10E8L X X X HP * % | 80P6D-A ’ )
EPROM Version 32K 1024 M3TT10E4BFS
with window 60K 2048 | M37T10E8BFS * * 8000 4.5~5.5 20~85
External ROM - 2048 M37710S4BF P * | 80P6N-A 4,5~5.5 —20~85
EPROM versions with window are used for evaluation only. They must not be used for mass-production.
HEDMA CONTROLLER BUILT-IN
Memory capacity Power supply Operating
Memory type (Byte) Type No. Package voltage tem;::;:;ture Page
ROM RAM V) )
External ROM - 512 M37720S1AFP 100P6S-A 4.5~5.5 —20~85 Note
BGENERAL PURPOSE OF EXTERNAL ROM
Memory capacity Power supply| Operating
Memory type (Byte) Type No. Package voltage tem;::;agture Page
ROM RAM ) (c)
M37730S2AFP 64P6N-A
M37730S2BFP ) 64P6N-A
M - 2 . 5~5. —20~ 2-
External RO 1024 M37730S2ASP 64P4B 4,.5~5.5 20~85 457
M37730S2BSP 64P4B
BMGENERAL PURPOSE OF EXTERNAL ROM WITH PULSE OUTPUT PORT
] Memory capacity Power supply| Operating
Memory type (Byte) Type No. Pakage voltage tem?:ﬁagt”re Page
ROM RAM V) (c)
M3T732S4AFP 80P6N-A 4.5~5.5 —20~85 2-517
External ROM - 2048 M37732S4BF P
M37732S4L GP 80P6S-A 2 7~5.5 —40~385 2 -577
M37732S4LHP 80P6D-A i ’

% : New product %% : Under development
Note. Refer to “1994 MITSUBISHI SEMICONDUCTORS DATA BOOK<{SINGLE-CHIP 16-BIT MICROCOMPUTERS)Vol.2".
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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 -
M37702M2BXXXFP(%1)
M37702M2LXXXGP (%2)
M37702M2LXXXHP (%2)
M37702M3BXXXHP (%1)
M37702MDBXXXFP (% 1)
M37702M4AXXXFP
M37702MABXXXFP(%1)
M37702M4EXXXFP
M37702MALXXXFP(%2)
M37702MALXXXGP (%2)
M37702M6BXXXFP(%1)
M37702M6LXXXFP(%2)
M37702MBBXXXFP (%1)
M37702MBLXXXHP (%2)
M37702E2AXXXFP  |One Time PROM PCA4774G02
M37702E2BXXXFP(%1)
MB37702E2LXXXGP(%2) PCA4775
M37702E2LXXXHP (%2) PCA4773
M37702E4AXXXFP PCA4774G02
M37702E4BXXXFP (%1)
M37702E4EXXXFP
M37702E4LXXXFP (%2)
M37702E4LXXXGP(%2) PCA4775
M37702E6BXXXFP(%1) M37702T-HPD |PCA4774G02
M37702E6LXXXFP(%2) RASM77 or
M37702E8BXXXFP(%1) or #*3 *3 *3 *3 M37702TB-HPD
M37702E8LXXXHP (%2) *3 or PCA4775
M37702E2AFS EPROM with M37702TL-HPD | PCA4708G02
M37702E2BFS(3¥1) |Window
M37702E4AFS
M37702E4BFS(%1)
M37702E6BFS(%1)
M37702E8BFS(% 1)
M37702S1AFP Extemal ROM -
M37702S1BFP(% 1)
M37702S1LGP(%2)
M37702S4AFP
L M37702S4BFP (¥ 1)
M37703 |M37703M2AXXXSP |Mask ROM ° -
M37703M2BXXXSP (1)
M37703M3BXXXSP (% 1)
M37703MDBXXXSP(%1)
M37703M4AXXXSP
M37703M4BXXXFP(%1)
M37703E2AXXXSP  [One Time PROM PCA4709
M37703E2BXXXSP (%1)
MB7703E4AXXXSP
M37703E4BXXXSP(¥1)
M37703E4EXXXSP
M37703S1ASP External ROM -
M37703S1BSP(x1)
M37703S4ASP
M37703S4BSP (1)

%1.This MCU operates with a maximum clock frequency of 25 MHz. Wheén 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.
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT SUPPORT TOOLS

EMELPS 7700 Development Support Tools (2)

Group

Type Name

ROM Type

Assembler

C Complier]

Simulator Debugger

ICE Debugger

Emulator

Emulation Pod

ROM-wiite Adapior

7704

M37704M2AXXXFP
M37704M2EXXXFP
M37704M3BXXXFP(%1)
M37704M4BXXXFP

Mask ROM

M37704E2AXXXFP
M37704E2EXXXFP
MI7704E4BXXXFP (k1)

One Time PROM

M37704E2AFS
MB7704E4BFS(#1)

EPROM with
Window

M37704S1AFP
M37704S1EFP

External ROM

M37705

M37705M2AXXXSP
M37705M2EXXXSP

Mask ROM

M37705E2AXXXSP
M37705E2EXXXFP

One Time PROM

MB37705E2ASS

EPROM with Window

M37705S1ASP
M37705S1ESP

External ROM

M37710

M37710MABXXXFP (%1)
M37710MBBXXXFP (%1)
M37710MBLXXXHP (%2)

Mask ROM

MG7710EABXXXFP(%1)
M37710E8BXXXFP K1)

M37710E8LXXXHP (%2)

One Time PROM

M37710E4BFS(x1)
M37710E8BFS(#1)

EPROM with
Window

M37710S4BFP(%1)

External ROM

M37720

M37720S1AFP

External ROM

M37730

M37730S2AFP
M37730S2ASP
M37730S2BFP(¥1)
M37730S2BSP(# 1)

External ROM

M37732S4AFP

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

External ROM

RASM77

*3

#*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

%1.This MCU operates with a maximum clock frequency of 256 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.
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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

HMSOFTWARE MANUAL (Date : 16 Oct., 1993)
Document name No.
MELPS 7700 SOFTWARE MANUAL |[H-E0112-A

BAPPLICATION NOTES (Date : 16 Oct., 1993)

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

MITSUBISHI
ELECTRIC
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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

P

M : Mitsubishi integrated prefix

3 ! Represent an original single-chip microcomputer

Series designation using 2 digits

Circuit function identification code using 2 digits

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

Memory size identification code using a digit

Normally, using hyphen.

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

T : For automobile, industrial equipment

Mask ROM number

— Package style

J ! PLCC, or SOJ package

FP ! Molded plastic flat package

FS : Ceramic flat package
SP : Molded plastic shrink package
S§S : Ceramic shrink package

PACKAGE CODE

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

-

Example:64 P 4 B
TTT

Number of pins

Package structure

— K ! Glass-sealed ceramic
P : Molded plastic

L. $ ! 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 Amnsuslsm
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PACKAGE OUTLINES

(@) ®
NTATATATATATATATATATATATATATATATATATATATATATATATATATATATATATAN]

64P4B Plastic 64pin 750mil SDIP
EIAJ Package Code JEDEC Code Weight (g)
SDIP064-P-0750 — 7.9
Scale : 1.5/1

D O O |4 ||
FLCIRAVAVIVINIVIVIVAVAVIVININIVAVIVAVARNIVIVIVAVANINININIVAVAY)
O] ) @
Dimension in Millimeters
Symbol Min Nom Max
D A - - 5.08
AL 0.38 = -
ot o AZ - 3.8 -
< [l < b 0.4 05 0.6
—————————————————— """'F““" b1 0.9 1.0 13
- U z be 065 | 075 1.05
c 0.2 0.25 0.32
e bl b b D | 562 | 564 | 566
E | 1685 | 17.0 17.15
fel — 1778 | —
SEATING PLANE G - TG =
L 28 - -
9 0° - 15°
64P6N—A Plastic 64pin 14X 1 4mm body QFP
EIAJ Package Code JEDEC Code Weight (g)
* QF P064-P-1414 — 111 Mo
le: 2. — e
Scale 2‘5/1 Ho @il: [“]__.I.._l]
=3 ' (=}
D = =
I i ul
® ® G =
AAAARHARARAARAAAA DP:! ! L
o122 Eo @ I
==l O O = e |00
= — Recommended Mount Pad
o 1 |
(== ] Dimension in Millimeters
= E w| w Symool—\in | Nom [ Max
== = A - - 3.05
=== = AL 0 0.1 0.2
ad A2 = 2.8 =
= O E b | 03 035 | 045
® o o @ c 0.13 0.15 0.2
CLLLEELEEEEEEE: e
— E_| 138 14.0 14.2
@ @ *—ﬁ—-l L1 @ _ 0.8 —
- Ho | 165 168 17.1
He | 165 168 17.1
[ L 0.4 0.6 0.8
s g2 \ o L1 — 1.4 -
iIA P
/] e 6 0 — 10°
B b2 = 05 -
< L 12 1.3 — —
Detail F Mb - 14.6 -
— ME - 146 =

KRETEL
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PACKAGE OUTLINES

64S1B—E

Metal seal 64pin 750mil DIP

EIAJ Package Code

Weight(g)

WDIP064-C-0750

JEDEC Code

Scale : 15/1
@ ) _i" )
) B
@ @
Dimension in Millimeters
Symbol e ™ T 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
D - - 58.5
E - - 19.55
el - 1778 -
el - 19.05 -
SEATING PLANE L 2.54 - -
4 - - 1.8

80DO Glass seal 80pin QFN(LCC)
EIAJ Package Code JEDEC Code Weight (g)
WQFN080-G -
Scale : 2/1
21.0%0.2 3.32MAX 18.4%0.15
| 178TYP . 0.8TYP 0.6TYP I
7 @l @)
" J 16
= g .
o = o
: 2 s
2 ° - =
g = o
8 B
— = -
— o )
| e HONOOONO0OOnO000OnN00000
INDEX e ! 12TYP )
o
1-12 ~ MITSUBISHI
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PACKAGE OUTLINES

80P6N—A Plastic 80pin 14X 20mm body QFP
EIAJ Package Code JEDEC Code Weight (g)

* QF P080-P-1420 - 1.58 Mb ‘
: [@] T
Scale : 2/1 o L 1

‘ D = 1 085
® e i
‘ RARARARARARARARM MR =
i NG| E A
= = e |J0CT
% E Recommended Mount Pad
% % w % Dimension in Millimeters
pais = Symbol Min Nom Max
s = A = — 3.05
puis = Al 0 0.1 0.2
== == A2 — 2.8 —
= O o b 0.3 0.35 0.45
o= pmo c 0.13 0.15 0.2
G EEEEEEEEEE L I——— D | 138 14.0 142
@ E 19.8 20.0 20.2
L [e] - 0.8 -
Ho | 165 168 17.1
He | 225 228 23.1
[ 7\ L 0.4 0.6 0.8
i o L1 - 14 -
S [HAAIARE L i !0_ . P = - i1
e b HT U L [ 0° = 10°
< el be - 05 =
1y ] Detail F 2 13 = -
MD - 146 —
ME — 20.6 =
80P6S—A Plastic 80pin 14X 1 4mm body QFP
EIAJ Package Code JEDEC Code Weight(g)
* QFP080-P-1414 L11 Mo
Scale 2',5/ ! Hb @1& [ i
| 2 I
g T2
AHAARAAAARRARAARARRA DJFami L
@ —_

© O

Recommended Mount Pad

Dimension in Millimeters

Symbol

Min Nom Max

— - 3.05

0 0.1 0.2
O 0.25 0.3 0.4

®

ARRARAARARARARARARRR

0.13 0.15 0.2
13.8 14.0 14.2
138 14.0 142

- 0.65 -
16.5 16.8 17.1

LiLEEEREEEEEEREERERL
® &
E
HE
5 A

Gl LG SIS ST ST a1 1 I
@

SIS ls|8 o< [TIFEE [@m[o|e o |2 |>

16.5 16.8 17.1

/ / 0.4 0.6 0.8

il I I 1 — 14 -

— - 0.1

@ b Oo —_ 100
—’I-L ‘JL—' - 0.35 -
) 13 - —

77Ty ] - Detail F — 146 -

— 14.6 —

* MITSUBISHI 1—13
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PACKAGE OUTLINES

80P6D—A Plastic 80pin 12X 12mm body QFP (FP)
EIAJ Package Code JEDEC Code Weight (g)
* QFPB0-P-1212 - 0.4 Mo ‘
Scale : 25/1 (o] 0= =0
Hp i:a— :!: [
B Il i

@ .
ARARAAARRAAAAAARARRAR

€@

O

ARAQRARAAARRRAAAARAR

H_

o~ + T
Q i Vo
[
—

A e

4

o
|
—=

Recommended Mount Pad

Symbol Dimension in Millimeters
Y Min Nom | Max
A - - 17
AL 0 0.1 0.2
@ A2 — 14 -
b 0.13 0.18 0.28
c 0105 | 0125 | 0175
D 11.9 12.0 12.1
E 11.9 12.0 12.1
L1 (el - 0.5 —
Ho | 13.8 14.0 14.2
— He | 138 14.0 14.2
N L 03 05 0.7
2 ) L1 - 1.0 -
| %L_:ox y - - 0.1
3 6 0 - 10°
< L by - 0.225 -
l2 1.0 — —
Detail F Mb — 12.4 -
Mg — 124 —
100PB6S—A Plastic 100pin 14X 20mm body QFP
EIAJ Package Code JEDEC Code Weight (g)
* QFP100-P-1420 — 1.58 Mb
Scale : 2/1 o ] 1 | | i
; = ! =
D P bl
@ R S ST
s
ARRRRRRREARARRARRAR o 11 I}
O O O =@ = . =
o - — - - — —
== b= I2 l l]ﬂ-}:_[l
P =
% = Recommended Mount Pad
[===| ==a]
= = Dimension in Millimeters
ad o | W
I Symbol -
o e Min Nom Max
= == A — — 3.05
= = Al 0 0.1 0.2
o Eo A2 — 2.8 —
= Q = b 0.25 03 04
@) e =45) c 0.3 0.15 0.2
— D 13.8 14.0 142
gHHHHHHHHHHHHHHHHHQH@_._. . N 5 T 200 02
L1 [e] - 0.65 -
Ho | 165 16.8 17.1
He | 225 22.8 231
L 0.4 0.6 0.8
ﬁ < ARE L1 - 1.4 -
4 L J y - — 0.1
k “TL ] 0 = 10°
Detail F tl>2z 5 035 —
Mp — 146 -
ME — 20.6 —

1—14

S




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 LSls for peripheral
circuits has been discussed internationally in the TC47
of the International Electrotechnical Committee (I1EC).
Finally the IEC has decided on the meeting of TC47 in
February 1980 that this system of letter symbols will be
a Central Office document and circulated to all countries
to vote which means this system of letter symbols will
be a international standard.

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

2. LETTER SYMBOLS

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

2.1. General Form

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

LA(BC=DCIF  coorieceerieeie e (1)

where :

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

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

Subscript C indicates the direction of the transition
and/or the final state or level of the signal
represented by B. When two letters are
used, the initial state or leve! 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.

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

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

2.2. Abbreviated Form

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

ta(-D)
or  tam)
or tA(D) — often used for hold times
or taf — no brackets are used in this case
or ta

or tec—DE — often used for unclassified time
intervals

2.3. Allocation of Subscripts

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

3. SUBSCRIPT A

(For Type of Dynamic Parameter)

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

MITSUBISHI _
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MITSUBISHI MICROCOMPUTERS

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
The letter symbols for the timing requirements of semi- Row address strobe RAS
. . Refresh RF
conductor memories are as follows:: )
Read/Write RW
Term Subscript Chip select S
Cycle time c Write (write erjable) w
Ti . I be . I d Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex-
ime interval between two signal events ample CAS, should not be used.
Fa!l 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)
P . . 3: If the same terminal, or signal, can be used for two functions (for example
rechargmg time pc Data input/output, Read Mrite) 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 Subscript Valid steady-state level (either low or high) \%
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 s
Enable time en The direction of transition is expressed by two letters,
. . the direction being from the state represented by the
Propagation time P . R
. first letter to that represented by the second letter, with
Recovery time rec . i
e . the letters being as given above.
Transition time T ] . .
e 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.
All subscripts C and E should be in upper-case.

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

4. SUBSCRIPTS B AND D

s . 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 Vv
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 \
. Note:  Since subscripts C and E may be abbreviated, and since subscripts B and D
Data mpUt/OUtput pa may contain an indeterminate number of letters, it is necessary to put the
Chip enable E restriction on the subscripts B and D that they should not end with H, L,

V, X, or Z, so as to avoid possible confusion.

1—16 }‘MITSLBlSHI
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS

6. SUBSCRIPT F (For Additional Information)

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

Subscript 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
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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

Cuo 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

lss Supply current from Vgg ‘

lsa(av) Average supply current from Vgg

lec Supply current from Ve

|CC(AV) Avarage supply current from Vcc

lee(pp) Power-down supply current from Voo

oo Supply current from Vpp

lop(av) Average supply current from Vpp

lea Supply current from Vga

laa(av) Average supply current from Vgg

I Input current

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

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

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

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

loz Off-state(high-i state)output t—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-imp )state at the output

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

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

los Short-circuit output current

Iss Supply current from Vss

Pg Power dissipation

New Number of erase/write cycles

Nga Number of read access unrefreshed

R, Input resistance

Ry External load resistance

Rokr Off-state output resistance

Ron On-state output resistance

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

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

taicas) Column address strobe access time

tae) tacce) Chip enable access time

tace) tacoe) Output enable access time

tacer) Data access time after program

ta(ras) Row address strobe access time

tacs) taccs) Chip select access time

tc Cycle time

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

tcre to(rer) Refresh cycle ti the time interval bet ive signals that are intended to restore the level in a dynamic memory cell to its original level

tera te(ra) Page-mode cycle time

tormw te(rvw) 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 to(wr) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle

Ry
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SYMBOLOGY

New symbol | Former symbol Parameter—definition
td Delay ti the time betv the specifi points on two puises
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) Delay time, column address strobe to row address strobe
tdcas-w) td(cas wr) Delay time, column address strobe to write
td(ras-cas) Delay time, row address strobe to column address strobe
td(ras-w) td(ras-wr) Delay time, row address strobe to write
tdis(r-0) tdis(R-pA) Output disable time after read
tdis(s) texz(cs) Output disable time after chip select
tdis(w) texz(wr) Output disable time after write
tone High-level to low-level delay time | the time interval between specified reference paints on the input and on the output pulses when the output is
toLn Low-level to high-level delay time | 90ing to the low (high)level and when the device is driven with a specified loading networks
ten(a-a) tpzv(A-DQ) Output enable time after address
ten(r-@) tezv(R-DQ) Output enable time after read
ten(s-a) tpzx(cs-pq) Output enable time after chip select
t Fall time
th Hold time—the interval of ime during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal
thea) thao) Address hold time
th(a-e) th(an-ce) Chip enable hold time after address
th(a-pr) th(ao-pro) Program hold time after address
thicas-ca) Column address hold time after column address strobe
th(cas-b) thicas-pa) Data-in hold time after column address strobe
thicas-a) th(cas-out) Data-out hold time after column address strobe
th(cas-ras) Row address strobe hold time after column address strobe
th(cas-w) thicas-wr) Write hold time after column address strobe
tho) th(pa) Data-in hold time
th(o—pR) th(pa-PRO) Program hold time after data-in
thee) thice) Chip enable hold time
thee-o) th(ce-oa) Data-in hold time after chip enable
thie-a) th(ce-oge) Output enable hold time after chip enable
ther) th(ro) Read hold time
th(ras-ca) Column address hold time after row address strobe
th(ras-cas) Column address strobe hold time after row address strobe
th(ras-0) ) th(ras-pA) Data-in hold time after row address strobe
th(ras-wr th(ras-wR) Write hold time after row address strobe
thes) thics) Chip select hold time
thow) thiwr) Write hold time
th(w-cas) th(wr-cas) Column address strobe hold time after write
thiw-p) th(wr-pa) Data-in hold time after write
th(w-Ras) th(wr-ras) Row address hold time after write
teuL High-level to low-level propagation time the time interval between specified reference points on the input and on the output puises when the
output is going to the low (high)level and when the device is driven and loaded by typical devices
ton Low-level to high-level propagation time | of stated type
tr Rise time
treciw) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle
trec(Pp) tr(prp) Power-down recovery time
tsu 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
tsuca) tsu(ap) Address setup time
tsuca-e) tsu(ap-ce) Chip enable setup time before address
tsuca-w) tsucap-wr) Write setup time before address
tsu(ca-ras) Row address strobe setup time before column address

* MITSUBISHI 19
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SYMBOLOGY

New symbol | Former symbol Parameter—definition
tsu(o) tsu(oa) Data-in setup time
tsu(p-g) tsu(pa-ce) Chip enable setup time before data-in
tsu(p-w) tsu(pa-wr) Write setup time before data-in
tsue) tsu(ce) Chip enable setup time
tsue-p) tsu(ce-p) Precharge setup time before chip enable
tsu(a-e) tsu(oe-ce) Chip enable setup time before output enable
tsu(p-g) tsu(p-ce) Chip enable setup time before precharge
tsu(ep) Power-down setup time
tsu(r) tsu(ro) Read setup time
tSu(R-CAS) tsu(RA-CAS) Column address strobe setup time before read
tsu(ra-cas) Cloumn address strobe setup time before row address
tsu(s) tsu(cs) Chip select setup time
tsu(s-w) tsucs-wr) Write setup time before chip select
tsuw) tsu(wr) 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
trin Low-level to high-level transition time | the output is loaded by another specified network
tvia) tdv(ap) Data valid time after address
tv(e) tdv(ce) {Jata valid time after chip enable
tvie)pr tvice)rr Data valid time after chip enable in program mode
tvie) tvior) Data valid time after output enable
tv(er) Data valid time after program
tvs) 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
twie) twice) Chip enable pulse width )
twien) tw(cem) Chip enabie high pulse width
tw(er) tw(eL) Chip enable low pulse width
twipr) Program pulse width
tw(r) tw(rp) Read pulse width
tw(s) tw(cs) Chip select pulse width
twiw) twiwr) Write pulse width
tw(g) Clock pulse width
Ta Ambient temperature
Topr Operating temperature
Tstg Storage temperature
Ves Vg supply voltage
Vee Vee supbly voltage
Vop Vpp supply voltage
Vaa Vga supply voltage
\A Input voltage
Vi High-level input voltage—the value of the permitted high-state voltage at the input
Vi Low-level input voltage—the value of the permitted low-state voltage at the input
Vo Output voltage
Vou High-level output voltage—the value of the guaranteed high-state voltage range at the output
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output
Vss Vss supply voltage
MITSUBISHI
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QUALITY ASSURANCE AND RELIABILITY TESTING

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

2. QUALITY ASSURANCE SYSTEM

The Quality Assurance System places emphasis on built-in
reliability in designing and built-in quality in manufacturing.
The System from development to delivery is summarized in
Figure 1.

2.1 Quality Assurance in Designing

The following steps are applied in the designing stage for a

new product.

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

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

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

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

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

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

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

2.2 Quality Assurance in Manufacturing

Quality assurance in manufacturing is performed as follows.

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

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

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

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

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

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

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

Table 1 TYPICAL RELIABILITY TEST PROGRAM

FOR PLASTIC ENCAPSULATED IC & LSI

Group Test Test condition
1 Solderability 230°C, 5sec. Rosin flux
Soldering heat 260°C, 10sec.
2 Thermal shock —55C, 125°C, 15cycles
Temperature cycling —65°C, 150°C, 100cycles
3 Lead fatigue 250gr, 90°, 2arcs
Shock 1500G, 0. 5msec.
20G, 100~2000Hz
4 Vibration X, Y, Z direction

4min./cycle, 4cycles/direction
20000G, Y direction, 1min.
Ta=125C, Vcecmax
1000hours

Constant acceleration

5 Operation life

High temperature
storage life

High temperature and
7 high humidity
Pressure cooker

Ta=150"C, 1000hours

85°C, 85%, 1000hours

121°C, 100%, 100hours

AL
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24 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 |
v

ISSUE ANALYSIS REQUEST
FOR RETURNED PRODUCT

t

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
5 A A
' |
| VISUAL INSPECTION |
| ; '
ELECTRICAL
| CHARACTERISTICS TEST |
| [] |
| CLASSIFICATION OF |
FAILURE MODES |
|
| ACCEPTANCE |3 |
=
| 2 |
o
I ul :
|
INTERNAL VISUAL
| SIMULATION TEST INSPECTION |
| — [ I
ELECTRICAL CHIP
{ ICHARACTERISTICS TES ANALYSIS :
| REJECTION !
| ACCEPTANCE J s
CBPTANCE _ Y
,,'- CONFIRMATION OF I
L _ FAILURECAUSE
J————@VESTIGATCON OF c;xuséZ( PROCE O ORD )
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-

Table 2 ENVIRONMENTAL TEST RESULTS

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
single-chip 16-bit Microcomputer.

Test Series Type Number Test Condition Number of Device Hours N“"?be' of
Samples | (Hours) | Failures
M37702M4B X X XFP 38 38000 0
M37703M2A X X XSP 38 38000 0
MELPS 7700 M37720S1AFP 38 38000 0
High-temperature M37730S2AFP 125C. TV 38 38000 0
operating life M37732S4L GP ! 33 38000 0
M37T02E4B X X XFP 38 38000 0
Built-in PROM version | M3TT04E2A X X XFP 38 38000 1]
M3TT10E4B X X XFP 32 32000 0
M37702M4B X X XFP 22 22000 0
M37703M2A X X XSP 22 22000 0
MELPS 7700 M37720S1AFP C 22 22000 0
High-temperature M37730S2AFP 150°C 22 22000 0
storage M37732S4L GP 22 22000 0
M3T702E4B X X XFP 22 22000 0
Built-in PROM version | M3T7T04E2A X X XFP 22 22000 0
M3TT10E4B X X XFP 32 32000 0
M37702M4B X X XFP 22 22000 0
M3T703M2A X X X SP 22 22000 0
MELPS 7700 M3T720S1AFP 32 22000 0
High-temperature, | M37730S2AFP 22 22000 0
hig%~humi2!ity with bias M37732S4L GP 85°C, 85%RH, 5.5V 22 22000 1}
M3TT702E4B X X XFP 22 22000 0
Built-in PROM version | M3TT04E2A X X XFP 22 22000 0
M3TT10E4B X X XFP 22 22000 0
Low-temperature | MELPS 7700 M37702M4B X X XFP _55°C, 5.5V 22 22000 0
operating life Built-in PROM version | M377T02E4B X X XFP T 22 22000 0
Test Series Type Number Test Condition 96Hours |240Hours|500Hours
M37702M4B X X XFP 0/22 0/22 0/22
M377T03M2A X X XSP 0/22 0/22 0/22
MELPS 7700 M37720S1AFP 0/22 0/22 0/22
M37730S2AFP 0/22 0/22 0/22
Pressure Cooker M3TT32S4LGP 121°C, 100%R H /22 0/22 o722
M3TT10E4B X X XFP 0/22 0/22 0/22
Built-in PROM version | M3T704E2A X X XFP 0/22 0/22 0/22
M3TTI0E4B X X XFP 0/22 0/22 0/22
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Test Series Type Number Test Condition Cylcoles C:/gtl)es ng?es

M37702M4B X X X FP 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

. M37730S2AFP 0/22 0/22 0/22

Temperature Cycling M3773254L GP —5TC~150C 0/22 0/22 0/22

M3T7702E4B X X XFP 0/22 0/22 0/22

Built-in PROM version | M37TT04E2A X X XFP 0/22 0/22 0/22

M3TT10E4B X XFP 0/22 0/22 0/22

. Package

Test Test Condition 64P4B | 84P0 |80P6N | 80P6 | 80P6S | 80P6D |100P6D]| 128P6
Soldering Heat 260°C 10sec 0/22 | 0/38 | 0/66 | 0/22 | 0/22 | 0/22 | 0/22 | O/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

20G X, Y,and Z directions 4times 100

Vibration ~2000Hz 4minutes/Cycle

0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22

Constant Acceleration | 2000G  Ydirection 1minute 0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22

250g(125g) 90° Berding 2times, *50g, 90° | 0/15 | (0/15) | (0/15) | (0/15) | (0/15) | *0/15 | *0/15 | (0/15)

Lead Integrity 500g(250g) Tension 30sec, *100g, 30sec | 0/15 | (0/15) | (0/15) | (0/15) | (0/15) | *0/15 | *0/15 | (0/15)
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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 Cl distribution on corroded Aluminum
bonding pad
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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.

"80um

Fig.9 Micrograph of sufge
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.

MITSUBISHI
ELECTRIC
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PRECAUTIONS IN HANDLING MOS IC/LSIs

MITSUBISHI MICROCOMPUTERS

A MOS transistor has a very thin oxide insulator under the
gate electrode on the silicon substrate. It is operated by
altering the conductance (g,,) between source and drain to
control mobile charges in the channel formed by the
applied gate voltage.

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

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

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

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

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

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

KEEPING ALL TERMINALS AT THE
SAME POTENTIAL DURING TRANSPORT
AND STORAGE

When MOS IC/LSIs are not in use, both input and output
terminals can be in a very high impedance state so that they
are easily subjected to electrostatic induction from AC
fields of the surrounding space or from charged objects
in their vicinity. For this reason, MOS IC/LSIs should be
protected from electrostatic charges while being transported
and stored by conductive rubber foam, aluminum foil,
shielded boxes or other protective precautions.

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

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

. 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/LSls, 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.
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M37702 GROUP

The M37702 group is a general purpose microcomputer and
a base in the MELPS 7700. This group has a variety of types
according to various and high-performance applications. Es-
pecially, the following suits to needs of industrial and public
welfare equipments in recent years :

®External clock input frequency 25MHz (“B” version)
The fastest instruction execution time
®Low supply voltage ; 2.7V—5.5V, wide operating tempera-
ture range (“L” version)
@®Small package
BOPBD-A ..ot 0.5mm lead pitch
...0.65mm lead pitch

160ns

................................................................. 60K bytes
................................................................ 2048 bytes

FEATURES

@®Optional use as memory expansion and external ROM (ex-
cept for some types)

@Choice of external clock input frequency : 16MHz; 25MHz
versions for all types

®Available one time PROM version and windowed EPROM
version

@Peripheral functions

L 7@ <o « GE OO USRS 68
eInterrupt ..o .19 types, 7 levels
*Multiple function 16-bit timer ..........ccccoeeeinnee ..5+3
*Serial I/O (clock synchronous / asynchronous) ............... 2

«8-bit A-D converter .........ccccoeevreevnnnnne 8-channel inputs
+12-bit watchdog timer

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

MITSUBISHI MICROCOMPUTERS
M37702 Group
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37702 group expansion

ROM |Group name| Memory size |Frequency-Temp| Package

type | + Memory (Byte) + Supply Vol.| (Note 1)
identification|ROM|RAM| B | E | L | -

Mask | M37702M2 | 16K | 512 | @ | — | @

ROM | M37702M3 | 24K [1024| @ | — | @
M37702MD [ 32K |1024 | @ | — | @
M37702M4 | 32K (2048 | @ @ @ )
M37702M6 | 48K | 2048 v | — | % | 80P
M37702M8 | 60K | 2048 [re il — o] & F

One | M37702E2 | 16K | 512 | @ | — | @ |(8OPEN-A)

time | M37702E4 | 32K 2048 | @ | @ | @

PROM| M37702E6 | 48K (2048 | @ | — | @
M37702E8 | 60K [2048| v | — | %

Windowed M37702E2 | 16K | 512 @ | — | @ 80-pin

EPROM M37702E4 | 32K 2048 | @ | — | — LcC

(Note 2)| M37702E6 | 48K |2048| @ | — | — | (gopp)
M37702E8 | 60K | 2048 | v¢ | — | —

External| M37702S1 | — | 512 | @ | — | @ '|80-pin QFP

ROM | M3770254 | — [2048| @ | — | — |(80PBN-A)

@ :NOW ¢ :NEW ytvr ! UNDER DEVELOPMENT

Note 1. “L” version’s package is 80P6N-A, 80P6S-A or
80P6D-A. Confirm its package 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).

3. “A” version which external clock input frequency is
16MHz is available for the M37702M2/M4/E2/E4/
S1/54.

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

3 The former 8MHz version was unified into “A” version. “A”
version satisfies the timing requirements and the switching
characteristics of 8MHz version.

Type name
Represent MELPS 7700

/ M377 02 M2 B XXX EP
\ \

Package type
FP :QFP(0.8mm lead pitch)
GP:QFP(0.65mm lead pitch)
HP :Fine-pitch QFP(0.5mm lead pitch)

Group designation

Memory size identification

FS :QFN(ceramic type)

Yool MYE S
Memory identification size \\|ROM | RAM[ RAM

M:Mask ROM-RAM 1 — | — 512 External clock input frequency

E :PROM-RAM 2 | 16K | 512 — .

S ‘RAM(external ROM) (operating temperature range)

: 3 | 24K | 1024) — A :16MHz(Ta= -20°C to +857C)

4 | 32K | 2048 2048 B :25MHz(Ta= -20°C to +85°C)
6 | 48K | 2048 E :16MHz(Ta= —40°C to +85°C)
8 | 60K | 2048 L :8MHz(Ta= —40C to +85<C, Vec=3V)
D | 32K | 1024

2 Ty



M37702M2-XXXFP and
M37702S1FP are respectively
unified into M37702M2AXXXFP
and M37702S1AFP.

M37702M2AXXXFP,M37702M2BXXXFP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

DESCRIPTION

The M37702M2AXXXFP is a single-chip microcomputers
designed with high-performance CMOS silicon gate tech-
nology. This is housed in a 80-pin plastic molded QFP. This
single-chip microcomputer has a large 16M bytes address
space, three instruction queue buffers, and two data buffers
for high-speed instruction execution. The CPU is a 16-bit
parallel processor that can also be switched to perform 8-
bit parallel processing. This microcomputer is suitable for
office, business, and industrial equipment controller that re-
quire high-speed processing of large data.

The differences between M37702M2AXXXFP, M37702M2B
XXXFP, M37702S1AFP and M37702S1BFP are the ROM
size and the external clock input frequency as shown be-
low. Therefore, the following descriptions will be for the
M37702M2AXXXFP unless otherwise noted.

Type name ROM size External clock input frequency
M37702M2AXXXFP 16K bytes 16MHz
M37702M2BXXXFP 16K bytes 25MHz
M37702S1AFP External 16MHz
M37702S1BFP External 25MHz

FEATURES

® Number of basic instructiong:«-««-«xoerreerreerereene. 103

® Memory size  ROM -roerrrrmrremrmrseseenees 16K bytes
RAM .................................. 51 2 bytes

® Instruction execution time
M37702M2AXXXFP, M37702S1AFP
(The fastest instruction at 16MHz frequency) -~~~ 250ns
M37702M2BXXXFP, M37702S1BFP

(The fastest instruction at 25MHz frequency) - 160ns
[ ] S|ng|e power supply ..................................... 5Vi10%
® Low power dissipation (at 16MHz frequency)

........................... 60mwW (Typ.)

® Interrupts oo 19 types 7 levels
® Multiple function 16-bit timer -+-----oooeeerrevieneninnn 543
® UART (may also be Synchronous) ««+«««txtseoeeseesesces 2
® 8-bit A-D converter ««o--rreeeeenees 8-channel inputs
® 12-bit watchdog timer
® Programmable input/output

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) -+ weeseones 68

PIN CONFIGURATION (TOP VIEW)
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PB5/TBO «E [67] ++ P8;/TxD,
PB4/INT, + [ [60] ++ P0o/Ao
PE,/INT, +> [€] > PO,/A
P6,/INT, +> [7] [58] ++ P0,/A;
P6,/TAd) + 2] +* PO3/A;
Poo/TAdour + [£] [56] +» P0,/A,
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*: Used in the evaluation chip mode only

APPLICATION

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

Control devices for industrial equipment such as ME, NC,
communication and measuring instruments.

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

The M37702M2AXXXFP and M37702S1AFP satisfy the
timing requirements and the switching characteristics of
the former M37702M2-XXXFP and M37702S1FP.
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FUNCTIONS OF M37702M2AXXXFP

Parameter Functions
Number of basic instructions 103
. o M37702M2AXXXFP, M37702S1AFP 250ns (the fastest instruction at external clock 16MHz frequency)
Instruction execution time
M37702M2BXXXFP, M37702S1BFP 160ns (the fastest instruction at external clock 25MHz frequency)
. ROM 16K bytes
Memory size
RAM 512 bytes
Input/Output . P0~P2, P4~P8 8-bitX 8
npu orts
puOutput 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

8 -bitX 1 (8 channels)

Watchdog timer

12-bitX 1

Interrupts

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

Clock generating circuit

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

Supply voltage

5VE10%

Power dissipation

60mW(at external clock 16MHz frequency)

- Input/OQutput voltage 5v
Input/Output characteristic
Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —20~85C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP
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PIN DESCRIPTION

Pin Name input/Output Functions

Vee. Power supply Supply 5V=+10% to Vcc and 0V to Vss.

Vss

CNVsgs CNVss input Input This pin controls the' processor mode. Connect to Vgg 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 |/O 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 Xour pin should be left open.

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

BYTE Bus width selection input Input in memory expansion mode or microprocessor mode, this pin determines whether the external data bus is
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs.

AVce Analog supply input Power supply for the A-D converter. Connect AV¢c to Vee and AVss to Vg externally.

AVss

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

P0,~P0; 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;~Ag)is output in memory expansion mode or microprocessor mode.
P1o~P1; 170 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~Ds)is input or output when E output is “L” and an address (As~Asg) 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.

P2,~P2; 1/0 port P2 170 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode low-order data(D;~Dy) is input or output when E output is “L” and an address(Az~Ag)is
output when E output is “H”.

P3p~P33 1/0 port P3 170 In single-chip mode , these pins have the same functions as port P0. In memory expansion mode or mic-
roprocessor-mode, R/W, BHE, ALE, and HLDA signals are output.

P4o~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, 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 ¢, output pin divided the clock to Xy pin by 2. In microprocessor mode, P4, always has the func-
tion as ¢, output pin.

P5¢~P5; 170 port P5 [{e] 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.

P6o~P67 1/0 port P6 170 In addition to having the same functions as pon. 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.

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

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

2—8 MITSUBISHI
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BASIC FUNCTION BLOCKS

The M37702M2AXXXFP contains the following devices on a
single chip: ROM and RAM for storing instructions and
data, CPU for processing, bus interface unit (which controls
instruction prefetch and data read/write between CPU and
memory), timers, UART, A-D converter, and other peripher-
al devices such as /0 ports. Each of these devices are de-
scribed below.

MEMORY

The memory map is shown in Figure 1. The address space
is 16M bytes from addresses 0,¢ to FFFFFF,s. The address
space is divided into 64K bytes units called banks. The
banks are numbered from 046 to FFy.

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

built-in

The 16K bytes area from addresses G000, to FFFFy¢ is the
built-in ROM. Addresses FFD6,¢ to FFFF,¢ are the RESET
and interrupt vector addresses and contain the interrupt
vectors. Refer to the section on interrupts for details.

The 512 bytes area from addresses 80,6 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;5 are peripheral devices
such as 1/0 ports, A-D converter, UART, timer, and inter-
rupt 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.

00000016 000000;¢

00007F¢
00008016

Bank 0,6

00FFFFs
01000016

\ 00027F ¢
Bank 116 \

01FFFFs \

FE0000:5

Bank FEqq \

FEFFFFis \
FF00001 \

Bank FF,g

FFFFFFis

00FFFFis

O00FFD6)¢
\

\

Peripheral devices

control registers

~N
~ see Fig. 2 for
further information

Internal RAM
512 bytes

N
00007F 6

Interrupt vector table
00FFD6¢

A-D conversion
UART1 transmission
/ UART1 receive
/ UARTO transmission
UARTO receive
Timer B2 )
Timer B1
/ Timer BO |

/ Timer A4
Timer A3
Timer A2
/ Timer Al
Internal ROM / Timer AQ
/ INT,
INT,
// INT,
Watchdog timer
DBC
BRK instruction
Zero divide
RESET

16K bytes

00FFFEq¢

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 AQ
000007 Port P3 000047
000008 Port P2 data direction register 000048 Timer A1
000009 Port P3 data direction register 000049
00000A Port P4 00004A Timer A2
000008 Port P5 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 000053
000014 Port P8 data direction register 000054 Timer B2
000015 000055
000016 000056 Timer A0 mode register
000017 000057 Timer A1 mode register
000018 000058 Timer A2 mode register
000019 000059 Timer A3 mode register
00001A 00005A Timer A4 mode register
00001B 00005B Timer BO mode register
00001C 00005C | Timer B1 mode register
00001D 00005D | Timer B2 mode register
00001E A-D control register 00005E Processor mode register
00001F A-D sweep pin selection register > 00005F
000020 A-D register 0 000060 Watchdog timer
000021 000061 Watchdog timer frequency selection flag
000022 A-D register 1 000062
000023 000063
000024 A-D register 2 000064
000025 000065
000026 A-D register 3 000066
000027 000067
000028 A-D register 4 000068
000029 000069
00002A A-D register 5 00006A
00002B 00006B
00002C A-D register 6 00006C
00002D 00006D
00002E A-D register 7 00006E
00002F 00006F
000030 UART 0 transmit/receive mode register 000070 A-D conversion interrupt control register
000031 UART 0 bit rate generator 000071 UARTO tr ission interrupt control register
000032 . . 000072 UARTO receive interrupt control register
000033 UART 0 transmission buffer register 000073 UART1 transmission interrupt control register
000034 UART 0 transmit/receive control register 0 000074 UART1 receive interrupt control register
000035 UART 0 transmit/receive control register 1 000075 Timer AQ interrupt control register
000036 UART 0 receive buffer register 000076 Timer A1 interrupt control register
000037 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 UART 1 transmission buffer register 00007A Timer B0 interrupt control register
00003B 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

Fig. 2 Location of peripheral devices and interrupt control registers

2—10 }‘MITSIBISHI
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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

| A | Al | Accumulator A

15 7 0

L By | BL ] Accumulator B

15 7 0

L Xu [ X J Index register X

15 7 0

l Yu [ Yo J Index register Y

15 0
z 0 L S J Stack pointer S
Program bank register PG 15 5
7 0 L PC J Program counter PC
Data bank register DT 15 0

L DPR JDirect page register DPR

o

a
2

7 0
0 10 [ 0 'FLZJ'PLthLiN l Vv l m] X ] DI I IZ l CJ Processor status register PS

Carry flag

Zero flag

Interrupt disable flag
Decimdl 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. Aiso, when a carry
or borrow occurs after adding or subtracting the offset
value to or from the contents of the program counter (PC)
using branch instruction, the contents of the program bank
register (PG) is incremented or decremented by 1 so that
programs can be written without worrying about bank
boundaries.

DATA BANK REGISTER (DT)

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

DIRECT PAGE REGISTER (DPR)

Direct page register (DPR) is a 16-bit register. Its contents
is used as the base address of a 256-byte direct page
area. The direct page area is allocated in bank 0, but when
the contents of DPR is FFO1,¢ or greater, the direct page
area spans across bank 046 and bank 1,¢. All direct addres-
sing modes use the contents of the direct page register
(DPR) to generate the data address. If the low-order 8 bits
of the direct page register (DPR) is “00,¢", the number of
cycles required to generate an address is minimized. Nor-
mally 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 tésting 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, D—BC, 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.

PR
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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”7, 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 leve! 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’g

D', ~D',

A'23~A'

CE—
———

CPU

Control signal

Bus interface| BHE
unit R/W

BYTE
HOLD

Fig. 4 Relationship between the CPU and the bus interface unit
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2—13



MITSUBISHI MICROCOMPUTERS

M37702M2AXXXFP ,M37702M2BXXXFP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

The bus interface unit operates using one of the waveforms
(1) to (6) shown in Figure 5. The standard waveforms are

(1) and (2). Internal clock ¢ llllllllll'llll"

The ALE signal is used to latch only the address signal Port P2
from the multiplexed signal containing data and address.

The E signal becomes “L” when the bus interface unit < L—I
reads an instruction code or data from memory or when it ALE | |

writes data to memory. Whether to perform read or write is e—sy
controlled by the R/W signal. Read is performed when the
R/W signal is “H” state and write is performed when it is

E

Port P2 A XD XATIX D)

“L” state. B
Waveform (1) in Figure 5 is used to access a single byte or (2)< E
two bytes simultaneously. To read or write two bytes simul- ALE

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- (3)< E
ated as 16-bit bus width regardless of BYTE.

Port P2

hﬁ H

The signals Ag and BHE in Figure 5 are used to control B
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 (5)7 E
to odd address, or 2-byte simultaneous write to even and [ ALE m| M

ALE

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 Port P2 (AX_ D XX B )
address of the instruction code is odd, waveform (1) is #)< E ] 1 —
used, and only one byte is read in the instruction queue ALE | m|
buffer. <

l

Port P2 (AX__D__ XAtIX D)

|

odd addresses. The Aq 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 Port P2
accessed.
The bit 2 of processor mode register (address 5E;¢) is the E
wait bit. When this bit is set to “0”, the “L” width of E signal ALE M ui n
is 2 times as long when accessing an external memory [

area in memory expansion mode or 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 These waveforms are at the memory expansion mode and
waveform (1). Waveform (4),(5), and (6) are expansion of the microprocessor mode.

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

|

Y

A [ Address
D ! Data

tively.
Instruction code read, data read, and data write are de- Access |
) ethod| Access 2-byte| Access even | Access odd
scribed below. Signal simultaneously| address 1-byte | address 1-byte
™ o o o
BRE o o o

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

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

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

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

Data read and write are described below.

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

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

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

MI'ISUBISHI 2—15
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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.

DBC is an interrupt used during debugging.

Interrupts other than reset, bﬁ, 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.

I—N_TZ to WI’; are external interrupts and whether to cause
an interrupt at the input level (level sense) or at the edge

A-D conversion

00FFDB:g  O0FFD7,¢

UART1 transmit

O00FFD8,s  OOFFD9;¢

UART1 receive

00FFDA,;  O0FFDB,¢

UARTO transmit 00FFDC,s - OOFFDD;¢
UARTO receive 00FFDEs OOFFDF¢
Timer B2 00FFEQ;s  OOFFE1,g
Timer B1 00FFE2,s  OOFFE3;
Timer BO 00FFE4,s  OOFFES5;¢
Timer A4 00FFE6:¢ O0FFE7,¢
Timer A3 00FFE8:s  OOFFE9;¢
Timer A2 00FFEA;;  OOFFEB,¢
Timer Al 00FFEC;s OOFFED;¢
Timer AO 00FFEE,; OOFFEF,¢

INT, external interrupt

00FFF0,s  OOFFF1,s

INT, external interrupt

00FFF2,5  OOFFF3¢

INT, external interrupt

00FFF4,s  OOFFF5,4

(edge sense) can be selected with the level sense/edge Watchdog timer O0FFF6,s  OOFFF7:5
sense selection bit. Furthermore, the polarity of the inter- DBC (unusable) O0FFF8  O0FFF9:e
. . . . . Break instruction 00FFFA¢ 00FFFB;¢

rupt input can be selected with polarity selection bit. —
Ti d UART int t d ibed in th ti Zero divide 00FFFCys OOFFFDs
imer an interrupts are described in the respective Reset 00FFFE,,  O0FFFFy,

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

76 54 32 10

Interrupt priority

Interrupt request bit
0 : Nointerrupt
1 lInterrupt

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

7 6543210

T

Interrupt priority ‘

Interrupt request bit
0 : Nointerrupt
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

Priority resolution is performed by latching the interrupt re-

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.

Interrupt control registers Addresses quest bit and interrupt priority level so that they do not
A-D conversion interrupt control register 00007046 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 00007316 pulse is generated for a certain interval even if it is the next
UART1 receive interrupt control register 0000744¢ operation code fetch cycle.
Timer AO interrupt control register 00007546
Timer A1 interrupt control register 000076+¢
Timer A2 interrupt control register 000077+¢
Timer A3 interrupt control register 00007846 Priority is determined by hardware
Timer A4 interrupt control register 00007946
Timer BO interrupt control register 00007A+6 @ ©] @ ®
Timer B1 interrupt control register 00007B,6 r—— - 77
Timer B2 interrupt control register 00007C ¢ : I H l—— —-— —-I Haﬂlﬁgog DBC HResetl
INT, interrupt control register 00007D+6 T
ﬁ ?nterrupt control regfster 00007E+e A-D converter, UART, Timer, INT interrupts
INT, interrupt control register 00007F ¢

Priority can be changed with software inside 4"

Fig. 7

Interrupt priority

Level 0

UART1 transmit
UART1 receive

Interrupt request

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

The time is selected with bits 4 and 5 of the processor
mode register (address 5E;s) 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)
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

[

o1

Priority resolution time
Select from 0 to 2 with bits

—

4 and 5 of the processor

I

mode register

I 1 L

Fig. 9 Interrupt priority resolution time

7 6 5 4 3 2 1 0

[T

l [ T] l |Processor mode register(5E,g)

b——————— Software reset bit

Processor mode bits
0 0 : Single-chip mode
0 1 : Memory expansion mode
1 0 : Microprocessor mode
1 1 I Evaluation chip mode
Wait bit
0 @ Wait
1  No wait

The processor is reset when this bit is set to “1”,

Priority resolution time selection bit
0 0 : Select 0 in Figure 9
01 ! Select1in Figure 9
10 : 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 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 /O 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.

s fis fa2 fea fs12
f(X.N)~‘_1/2—l—l—| 18 | J { 12 | 1 {12} J E |—J
q Data bus (odd)
q Data bus (even)
S
Clock source selection (Lower 8 bits) (Higher 8 bits)
5 o) * Timer 4 N
* One-shot [ Reload register(16) I
fig —O * Pulse width modulation
\\o 0
fea —O
Timer(gate function)
fs1,—0 :D————-O
Counter(16) ]——
Addresses
O Polarity Event counter o Up/Down Timera0 47, 46,6
TAin selection Count start flag Always decremented ]Timerm 09,6 186
=0~ except in event count mode||
(i=0~4) (40,5) P TimerA2 4B,g 4Ar
L= External trigger
Down count ——o TimerA3 4Dy 4Cyg
TimerAd d4F, 4Eqq
:
(44:6)
—0
Pulse output
( ) —lj Toggle flip-flop Il
TAiour
(i=0~4)
Fig. 11 Block diagram of timer A
MITSUBISHI 2—19
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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 pln

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 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).

Addresses
Timer A0 mode register 5646

Timer A1 mode register 5746
Timer A2 mode register 5816
Timer A3 mode register 596

Timer A4 mode register 5A6
0 0 : Always “00” in timer mode
0 : No pulse output (TAigyr is normal port pin)

1 : Pulse output

0 X : No gate function (TAi\ is normal port pin)
1 0 : Count only while TAiy input is “L"
118 Count’ only while TAi\y input is “H”

0 ! Always “0” in timer mode

Clock source selection bit
00 : Select f,
01 : Select e
10 ' Select fg,s

11 ! Selectfss

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 A(igress
I ‘ ‘ I \ ‘ ‘ l (Stop at "0, Start at “1") e

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

Selected clock source fj |H|||||H|l|||” |||||||||HH||IIH|||||”||I|||I
TAin __I-__———|____, l——

Timer mode register
Bit 4 Bit 3

T AN n

Timer mode register

Bit 4 Bit 3

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 Addresses
register during event counter mode. In event counter mode, Timer AQ mode register 5616
the bit 0 of the timer Ai mode register must be “1” and bit 1 . Timer A1 mode register 5746
and 5§ must be “0”. Timer A2 mode register 58,6 !
The input signal from the TAiy pin is counted when the Timer A3 mode register 59, J
count start flag shown in Figure 13 is “1” and counting is 76543210 . )

P m Timer A4 mode register 5A6
stopped when it is “0".
Count is performed at the fall of the input signal when bit 3 ! U_ 0 1 : Always “01” in event counter mode
is “0” and at the rise of the signal when it is “1”. I
In event counter mode, whether to increment or decrement L——— 0 :Nopulse output
the count can be selected with the up-down flag or the in- 1 * Pulse output
put signal from the TAioyr pin. — 0 : Count at the falling edge of input signal
When bit 4 of the timer Ai mode register is “0”, the up- 1 : Count at the rising edge of input signal
down flag is used to determine whether to increment or de-
crement the count (decrement when the flag is “0” and in- 0 Increment or decrement according
crement when it is “1”). Figure 16 shows the bit configura- to up/down flag
tion of the up-down flag. 1 : Increment or decrement according
When bit 4 of the timer Ai mode register is “1”, the input to TAiour pin input signal level
signal from the TAioyr pin is used to determine whether to
increment or decrement the count. However, note that bit 2 0 : Always “0” in event counter mode
must be “0” if bit 4 is “1” because if bit 2 is “1”, TAioyr pin
becomes an output pin with pulse output. XX ! Not used in event counter mode
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 TAiour pin be-
fore valid edge is input to the TAi pin.

An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set

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

when the counter reaches 00005 (decrement count) or 76543210 Adﬂf:s

FFFF,s (increment count). At the same time, the contents I Up-down flag

of the reload register is transferred to the counter and the Timer AO up-down flag

count is continued. Timer A1 up-down flag

When bit 2 is “1” and the counter reaches 0000

(decrement count) or FFFF,¢ (increment count), the wave- -—————Timer A2 up-down flag,

form reversing polarity is output from TAigyr pin. Timer A3 up-down flag

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

However, if bit 4 is “1” and the TAioyr pin is used as an ——————Timer A4 up-down flag

output pin, the output from the pin changes the count direc- L Timer A2 two-phase pulse signal

tion. Therefore, bit 4 should be “0” unless the output from processing selection bit .

the TAigyr pin is to be used to select the count direction. 0: Z;r;::l:s:se pulse signal processing
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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Data write and data read are performed in the same way as
for timer mode. That is, when data is written to timer Ai
halted, it is also written to the reload register and the coun-
ter. When data is written to timer Ai which is busy, the data
is written to the reload register, but not to the counter. The
counter is reloaded with new data from the reload register
at the next reload time. The counter can be read at any
time.

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

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

For timer A4, as shown in Figure 18, when a phase related
pulse with a rising edge input to the TA4,y pin is input after
the level of TA4oyr pin changes from “L” to “H”, the count
is incremented at the respective rising edge and falling
edge of the TA4oyt pin and TA4,y pin.

When a phase related pulse with a falling edge input to the
TA4our pin is input after the level of TA4)y pin changes
from “H” to “L”, the count is decremented at the respective
rising edge and falling edge of the TA4,y pin and TA4qyr
pin. When performing this two-phase pulse signal proces-

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

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

Addresses
Timer A2 mode register 5846
Timer A3 mode register 5916
7 5A+6

0 Timer A4 mode register
1

\—L' 0 1 : Always “01” in event counter mode

0100 ' Always “0100" when processing
two-phase pulse signal

XX @ Not used in event counter mode

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

TAkout J

L

TAk.N

(k=2, 3)
Increment- Increment-
count count

Increment-

count count

N R O [

Decrement- Decrement- Decrement-
count

count

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

TA4our I \\ \L

{

L

Increment-count at each edge

Decrement-count at each edge

13

L

TA4, -
™ Increment-count at each edge

Decrement-count at each edge

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

LR



MITSUBISHI MICROCOMPUTERS

M37702M2AXXXFP,M37702M2BXXXFP
M37702S1AFP,M37702S1BFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(3) One-shot pulse mode (10)

Figure 20 shows the bit configuration of the timer Ai mode Timer AO mode reqist Add';sses
register during one-shot pulse mode. In one-shot pulse imer A% mode register 1
mode, bit 0 and bit 5 must be “0” and bit 1 and bit 2 must Timer A1 mode register 5716
be “17. Timer A2 mode register 58,6
The trigger is enabled when the count start flag is “1”. The Timer A3 mode register 596
trigger can -be generated by 'soﬂwz’are or it can be |n.put 76 g 43 ? : g Timer A4 mode register  5Ar
from the TAi\y pin. Software trigger is selected when bit 4 [ [ ]
is “0” and the input signal from the TAiy pin is used as the )

1 0 : Always “10” in one-shot pulse mode

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 l
the trigger signal when bit 3 is “0” and at the rise of the U
trigger signal when it is “1”.
Software trigger is generated by setting the bit in the one- input

shot start flag corresponding to each timer. 1.1 I Trigger at the rising edge of TAi,y
Figure 21 shows the bit configuration of the one-shot start input

flag. ‘——————— 0 ! Always “0" in one-shot pulse mode
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 TAioyr pin

1 Always “1" in one-shot pulse mode

0 X : Software trigger

10 : Trigger at the falling edge of TAi

Clock source selection

goes “H” when a trigger signal is received. The count 00 :Select,

direction is decrement. 0 1 : Select g
When the counter reaches 00016, The TAioyt pin goes “L” 10 : Select feu
and count is stopped. The contents of the reload register is 11 Select o,

transferred to the counter. At the same time, an interrupt
request signal is generated and the interrupt request bit in Fig. 20 Timer Al mode register bit configuration during
the timer Ai interrupt control register is set. This is repe- one-shot pulse mode

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). 76543210 Address
If the count start flag is “0”, TAigyr goes “L”. Therefore, the One-shot start flag 4246
value corresponding to the desired pulse width must be
written to timer Ai before setting the timer Ai count start Timer AQ one-shot start flag
flag. Timer A1 one-shot start flag
As shown in Figure 23, a trigger signal can be received be- L Timer A2 one-shot start flag
fore the operation for the previous trigger signal is com- Timer A3 one-shot start flag
pleted. In this case, the contents of the reload register is Timer A4 one-shot start flag
transferred to the counter by the trigger and then that value
is decremented.

Except when retriggering while operating, the contents of Fig. 21 One-shot start flag bit configuration
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.

—ou ' * MITSUBISHI
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Selected clock

source fj ||||||'||||||||||I|||||IIII||||||||||||

TAin
(in case of the }
rising edge) )

TAiour

Example when the contents of the reload register is 0003,

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

Selected clock

rouree ﬂ_mmﬂ_ﬂ_ﬂ_lmmmmw

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 TAin pin (external
trigger).
The software trigger mode is selected when bit 4 is “0”.
Pulse width modulator is started and pulse is output from
TAiour when the timer Ai start flag is set to “1”.
The external trigger mode is selected when bit 4 is “1”.
Pulse width modulator starts when a trigger signal is input
from the TAin pin when the timer Ai start flag is “1”.
Whether to trigger at the fall or rise of the trigger signal is
determined by bit 3. The trigger is at the fall of the trigger
signal when bit 3 is “0” and at the rise when it is “1”.
When data is written to timer Ai with the pulse width mod-
ulator halted, it is written to the reload register and the
counter.
Then when the timer Ai start flag is set to “1” and a soft-
ware trigger or an external trigger is issued to start modula-
tion, the waveform shown in Figure 25 is output continuous-
ly. Once modulation is started, triggers are not accepted. If
the value in the reload register is m, the duration “H” of
pulse is
1

selected clock frequency

and the output pulse period is
1

selected clock frequency
An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control register is set at
each fall of the output pulse.
The width of the output pulse is changed by updating timer
data. The update can be performed at any time. The output
pulse width is changed at the rise of the pulse after data is
written to the timer.
The contents of the reload register are transferred to the
counter just before the rise of the next pulse so that the
pulse width is changed from the next output pulse.
Undefined data is read when timer Ai is read.
The 8-bit length pulse width modulator is described next.
The 8-bit length pulse width modulator is selected when
the timer Ai mode register bit 5 is “1”.
The reload register and the counter are both divided into 8-
bit halves.
The low order 8 bits function as a prescaler and the high

X'm

X(2'—1).

order 8 bits function as the 8-bit length pulse width modula-
tor. The prescaler counts the clock selected by bits 6 and
7. A pulse is generated when the counter reaches 0000,¢
as shown in Figdre 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 5846
Timer A3 mode register 596

76543210
111 Timer A4.mode register 5Aq6

11 I 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 TAi input
1.1 : Trigger at the rising of TAiy input

0 : 16 bit pulse width modulator
1 - 8 bit pulse width modulator

Clock source selection bit

00 : Selectf,
01 ! Select fyg
10 : Select fgq

11 ! Select fsq,

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 length is 8 bits. If the high order 8-bit of the reload reg-

1/£X (m)

TAiour

the period of the generated pulse is ister is m, the duration “H” of pulse is
1 1
X(n+1)X m.
selected clock frequency X(n+1). selected clock frequency ( )
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is
modulator using this pulse as input. The operation is the 1 8
| X(n+1)X(28—1).
same as for 16-bit length pulse width modulator except that selected clock frequency
) 1/6X(2'%=1) |
I | .
| I
Selected clock :—-1' ,--.:
1
source fj .Jl : : IL- ]
|
, 1 !
f |
TAin | \ |
in case of th is tri
I
( of the | |\ This trigger is not accepted
rising edge) l | |
|

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 ni 1
source fj :.Jl :.Jl :-

TAin

(in case of the falling edge) }

— = 1/fiX(n+1)
Prescaler output ! e e
(wnenn =2 I
|
|
|

—»f—}«—mix(nﬂ )X (m)

|
|

8-bit length pulse
width modulator | L __

output

(when m =2)

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

Figure 27 shows a block diagram of timer B.

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

(1) Timer mode (00)

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

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

7 DatabusCeven) ..

| (Higher 8 bits)

Clock source selection ) i (Lower 8 bits) |
* Timer $b b Lo
f —O * Pulse period measurement/pulse l Reload register(16) J
fig —O width measurement s 7
fea —O .
; Addresses
f —O0
o2 Counter(16) I Timer BO 51,5 5046
. Polarity selection Event counter Timer B1 53;5 526
TBllN and edge pulse 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 -egister must be “1” and bit 1
must be “0”.
The input signal from the TBiy pin is counted when the
count start flag is “1” and counting is stopped when it is “0”.
Count is performed at the fall of the input signal when bits
2, and 3 are “0” and at the rise of the input signal when bit
3 is “0” and bit 2 is “1".
When bit 3 is “1” and bit 2 is “0”, count is performed at the
rise and fall of the input signal.
Data write, data read and timer interrupt are performed in
the same way as for timer mode.
(3) Pulse period measurement/pulse width
measurement mode (10)
Figure 30 shows the bit configuration of the timer Bi mode
register during pulse period measurement/pulse width
measurement mode.
In pulse period measurement/pulse width measurement
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7
are used to select the clock source. The selected clock is
counted when the count start flag is “1” and counting stops
when it is “0”.
The pulse period measurement mode is selected when bit
3 is “0”. In pulse period measurement mode, the selected
clock is counted during the interval starting at the fall of the
input signal from the 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.

Addresses
Timer BO mode register 5B,¢

0 Timer B1 mode register 5C,¢
0

Timer B2 mode register 5D;q

LL 0 0 : Always “00” in timer mode

XX I Not used in timer mode and
may be any

Not used in timer mode

Clock source selection bit
00 :Selectf,

01 :Select 15
10 . Select fgq

11 I Select fs,

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

Addresses
Timer BO mode register 5B,

7 43 2 0 Timer B1 mode register 5C,q
1

6 5 1
BIXC T oTT]
L

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 : Count at the rising edge of
input signal

1 0 * Count at the both falling edge
and rising edge of input signal

XXX : Not used in event counter mode

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

Addresses
Timer BO mode register 5B,

76543210
110

Timer B1 mode register 5C,¢

Timer B2 mode register 5D,¢

1 0 © Always “10” in pulse period
measurement/pulse width
measurement mode

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

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

1.0 : Count from the falling edge of
input signal to the next rising one
and from the rising edge to the
next falling one

Timer Bi overflow flag

Clock source selection bit

00 : Selectf,

01 : Select fyg

10 Select feq

11 ! Select fs;,

Fig. 30 Timer Bi mode register bit configuration during
pulse period measurement/pulse  width
measurement mode
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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 TBi,y 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
TBin 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.

Reload register «— counter

SelectedclockIllllllll”llllllllllll|||||||||”I|||Il|
source fj 1
|
|
]
TBin }: I }! | 1
T
|
i
|

Counter+0

Count start flag I

Interrupt request signal

T0rT

Fig. 31
next falling one)

Pulse period measurement mode operation (example of measuring the interval between the falling edge to

Reload register «— Counter

T U UUUUUIUU U
source fj
TBiw l { * } {

Counter+—0

:]____:

Count start flag

Interrupt request signal

| e T
—
—

Fig. 32 Pulse width measurement mode operation
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SERIAL /0 PORTS

Two independent serial I/0 ports are provided. Figure 33
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 34 are used to determine
whether to use port P8 as parallel port, clock synchronous
serial 1/0 port, or asynchronous (UART) serial I/0 port us-

ing start and stop bits.

Figures 35 and 36 show the connections of receiver/trans-
mitter according to the mode.

Figure 37 shows the bit configuration of the UARTi transmit/
receive control register.

Each communication method is described below.

Data bus(odd)

i

RxDj

Data bus(even)

[oToJoJo]olo]0[DsD;|Ds[Ds[Ds[Da[D2[D:[Do] Receive buffer register

UARTO(3745, 3646)
UART1(3F 6, 3E,g)

O

UART receive
—0

~{ Receive register |

[UART 1 Transmit/Receive mode register
u—LSerial communication method selection bit
0 0 0 : Parallel port
0 0 1 : Clock synchronous
100 :7-bit UART
101 :8-bit UART
110 :9-bit UART
Internal clock/External clock selection bit
0 : Internal clock
1 ! External clock
Stop bit length selection bit
0 : 1 stop bit
1 . 2 stop bits
Even/Odd parity selection bit
0 : Odd parity
1 : Even parity
Parity enable selection bit
0 : No parity
1 . With parity
Sleep selection bit
0 : No sleep

1 _: Sleep

- Fmrer | Receive clock
Bit rate Clock synchronous[o P Lot
generator UART "ans‘m'ssion
. ] L
Clock source'selecnon UARTO(31,5) o Fromemreoon] | Transmission clock
{2 UART1(39,¢) Clock synchronous oo oy
Y - Internal Clock synchronous v TxDj
64 —O (Internal clock) — n
o I 3 ( Transmlssuzn register (")
DY
External Clock synchronous Clock synchronous
(Internal clock) (External clock) Transmission
otk Q< [ CACEEREREACA ACHES M
I UARTO(3345, 325)
CTSi/RTSi UART1(3By¢, 3A:6)
Data bus
(odd)
§ 5
Data bus(even)
Fig. 33 Serial I/0 port block diagram
Addresses
76543210 UART 0 Transmit/Receive mode register 30‘5]
3846

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

figuration
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Receive buffer

Ds I D: I D, I Do ] register
Rl Receive
O register

Synchronous

Fig. 35 Receiver block diagram

Lo J[ o | 'T [ o[ o[ o[ o[ o oo Joiriogie
8 bit

9 bit
Synchronous

2 stop bit

Transmission register
1 stop bit Synchronous

Fig. 36 Transmitter block diagram

7 65 4 3 2 10 Addresses
e | cst |eso UART 0 Transmit/Receive control register 0 344
e UART 1 Transmit/Receive control register 0 SC'Gv

Clock source selection bit
00 : Selectf,

01 ! Selectfy
10 : Select fg,
11 . Select fsy,

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

Transmission register empty bit

e s a3 2 10 [UART 0 Transmit/Receive control registe}:?dres;;.z ]
ISUM{PEH[FER|°ER| i | he | T FI LUART1 Transmit/Receive control register 1 3D1¢
Transmit enable flag
Transmit buffer empty flag
Receive enable flag
— Receive completion flag

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

Fig. 37 UARTI Transmit/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 38
will be described. (The transmission side will be denoted
by subscript j and the receiving side will be denoted by
subscript k.)

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

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

On the clock receiving side, the CS, and CS, bits of the
UARTK transmit/receive control register 0 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 clear to “0” to select CTSj input. The
bit 2 of the clock receiving side is set to “1” to select RTSk
output. CTS, and RTS signals are described later.

Transmission

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

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

When the transmission register becomes empty after the
contents has been transmitted, data is transferred automati-
cally from the transmission buffer register to the transmis-
sion register if the next transmission start condition is satis-
fied. If the bit 2 of UART] transmit/receive control register 0
is “1”, CTSj input is ignored and transmission start is con-
trolled only by the TEj flag and Tlj flag. Once transmission
has started, the TEj flag, Tlj flag, and E:Tl'gj 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 CTS] is checked while the Tenpj signal shown in
Figure 39 is “H". Therefore, data can be transmitted con-
tinuously if the next transmission data is written in the trans-
mission buffer register and TIj 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] 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 (RIk
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, WS; output goes “L” to indicate that the next
data can be received. When the Rl 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.
RIk 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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>