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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-
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for any infringements of patents or other rights belonging to third
parties which may result from their use.
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MITSUBISHI MICROCOMPUTERS

INDEX BY FUNCTION

ESERIES MELPS 7700 16-BIT MICROCOMPUTERS (Continue)

Electrical characteristics
Supply | Typ | Min | Max
Type Circuit function and organization Structure; voltage |power| cycle | fre- Package Page
(V)  [dissipation time |quency
(mw) | (ns) |(MHz)
) 16K-Byte Mask-Prog. ROM, 512-Byte RAM
M37705M2-XXXSP  *| 16-Bit Timer, 8-Bit A-D Converter C,Si |5+10% | 30 | 500 8 64P4B
UART
16K-Byte Mask-Prog. ROM, 512-Byte RAM
M37705M2AXXXSP | 16-Bit Timer, 8-Bit A-D Converter C,Si |5*+10% | 60 | 250 | 16 64P4B
UART
2—162
External ROM, 512-Byte RAM 7
M37705S1SP *| 16-Bit Timer, 8-Bit A-D Converter C,Si |5%+10% | 30 | 500 8 64P4B
UART
External ROM, 512-Byte RAM
M37705S1ASP  *| 16-Bit Timer, 8-Bit A-D Converter C,Si |5*+10%| 60 | 250 | 16 64P4B
UART
External ROM, RAM )
M37795SJ *| 16-Bit Timer, 10-Bit A-D Converter C,Si |5+10% | 50 | 500 8 84P0
Three PWM, Serial I/0
2—184
External ROM, RAM
M37795STJ *| 16-Bit Timer, 10-Bit A-D Converter C,Si |5*10% | 50 | 500 8 84P0
Three PWM, Serial I/0

* . New product

1—4 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

DEVELOPMENT ‘SUPPORT SYSTEMS

Development support systems for seties MELPS 7700 (1)

MELPS7700
type name

Assembler

Compiler

Debug system

PC4000E base

PC4816 base

Debugger

Ecmulrannon
ard"

Emul
m’lsl gélon

soRware

Debugger

Emgtlﬁaon

Sware

For evaluate

M37700M2-XXXFP
M37700M2AXXXFP
M37700M4-XXXFP
M37700M4AXXXFP
M37700SFP
M37700SAFP
M37700S4FP
M37700S4AFP
M37700E2-XXXFP
M37700E2AXXXFP
M37700E2FS
M37700E2AFS
M37700E4-XXXFP
M37700E4AXXXFP
M37700E4FS
M37700E4AFS

RASM77

M37701M2-XXXSP
M37701M2AXXXSP
M37701SSP
M37701SASP
M37701M4-XXXSP
M37701M4AXXXSP
M37701S4SP
M37701S4ASP
M37701E2-XXXSP
M37701E2AXXXSP
M37701E4-XXXSP
M37701E4AXXXSP

crr

PC4000E

mode

M37700T-
RTT

M37700T-

POD

(Corresponds
to single-chip

M37700TX-
POD

(Corresponds
to microproc-
essor mode)

RTT77

PC4816%

M37700T-*
HPD

SDB77*

M37700E2FS
M37700E2AFS
M37700E4FS
M37700E4AFS

M37701E2-XXXSP
M37701E2AXXXSP
M37701E4-XXXSP
M37701E4AXXXSP

Development

supports systems for series MELPS 7700 (2)

ELPS7700
pe name

Assembler

Compiler

Debug system

PCA4000E base

PC4816 base

Debugger

Emulation
comm
0ar

Emulati
mgoﬁlon

Control
software

Debugger

Emul&glon
po

SR,

For evaluate

M37704M2-XXXFP
M37704M2AXXXFP
M37704S1FP
M37704S1AFP
M37704E2-XXXFP
M37704E2AXXXFP
M37704E2FS
M37704E2AFS

M37705M2-XXXSP
M37705M2AXXXSP
M37705S1SP
M37705S1ASP
M37705E2-XXXSP
M37705E2AXXXSP
M37705E2SS
M37705E2ASS

RASM77

M37795SJ
M37795STJ

M37796E4-XXXJ
M37796E4TXXXJ

Cc77

PC4000E

mode

M37700T-
RTT

M37700T-POD
(Corresponds
to sm?le-chip

M37700TX-
POD

(Corresponds
to microproc-
essor mode)

RTT77

PC4816*

M37704T-X*
* HPD

M37795T-X*
HPD

M37796T-**
HPD

SDB77*

M37704E2FS
M37704E2AFS

M37705E2SS
M37705E2ASS

* . New products

%% . Under development
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MITSUBISHI MICROCOMPUTERS

ORDERING INFORMATION

FUNCTION CODE

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

For Mitsubishi Original Products
Example: M 3F 77 00 E _4r - Q_(H Eg

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 I PLCC, or SOJ package

FP : Molded plastic flat package

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

PACKAGE CODE

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

Example: 42 P 4 B
T T TTT

Number of pins

Package structure

— K ! Glass-sealed ceramic
P : Molded plastic

L. S ! Metal-sealed ceramic

Package outline

[ 0 :PLCC, SOJ 4 (DIP
1 :DIP 6 :QFP
~ 2 ISOP

— Secondary outline code

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

@ MITSUBISHI
1-8 ELECTRIC



o T MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 68P0O 68-PIN MOLDED PLASTIC LEADED CHIP CARRIER \ Dimension in mm

, 25.27 MAX
25.02 MIN
. 24.33 MAX
2413 MIN
D nnanaD® o
© [@) @
1
-]
] Xz xl»
P 55 33
™Ml ~ioN
% B N R
HE  FY sls
S b
- | = p
(2] 1e} c}f(b
@ () B
4 [ N
UUTUCUTUTUY L g“ Iﬂ.n"“unl]‘“n“n“n“““n“n"n“n“nl_n
Nzmy 0.81 MAX
1.27 0.53|MAX > 0.66 MIN
0.33[MIN |2 s
s|3 2
. (=3 -] ©
23.62 MAX | S 23.62 MAX
2.62 MIN ' 22.62 MIN
TYPE 80D0 8OPIN CERAMIC LCC : Dlmenswn‘m mm
21.0+0.2
(20.0)

J

-

(14. 40)
15.6+0.2

$68. 8
@ \[0.4/ v F

INDEX LEAD

0. 800. 05

|

1.78%£0.2
3.32MAX

12.040.15 |

18.40£0. 15

—10 : MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

PACKAGE OUTLINES

TYPE 84P0 84-PIN MOLDED PLASTIC LEADED CHIP CARRIER Dimension in mm
o 30.35 MAX
30. 10 MIN
. 20,41 MAX
29.21 MIN_
@ D& ®
[n.:m.n.n.n.:u:\.n.n.n.n.:m.n.n.n.n.n.n.n_
@ @) @
o}
P
p
P
)
s}
b Xz %z
b3S 33
; IR 8=
h ] 88
b
p
Xz 3
b3 ]
o< o))
| V.
1.27 0. 53 MAX %z z 0.81 MAX
0-33MIN EE : 0.66 MIN
28.7 MAX e S
27.7MIN \ . 2.1 hax .

1—12 MITSUBISHI
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D MITSUBISHI MICROCOMPUTERS

LET'I'ER 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 enable) w
X . R Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex-
Time interval between two signal events d ample CAS, should not be used
Fall time f. 2 It should be noted, when further letter symbols are chosen, that the sub-
Hold time h script should not end with H, K, V, X, or Z (See clause 5)

. . 3 If the same terminal, or signal, can be used for two functions (for example
Precharglng time pc Data input/output, ReadMirite) 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 o 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

e . Valid steady-state level (either low or high) \Y
Characteristic Subscript X s ,
Unknown, changing, or ‘don‘t care’ level X
Access time a High-impedance state of three-state output z
Disable time dis . L ‘
Enable time en The direction of transition is expressed by two letters,
Propagation time P the direction being from the state represented by the
. first letter to that represented by the second letter, with
Recovery time rec the letters bei . b ’
. . ele in iven above.
Transition time T ers e' gasg . .

s When no misunderstanding can occur, the first letter

Valid time v

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

Note Recovery time for use as a characteristic 1s limited to sense recovery time

4. SUBSCRIPTS B AND D

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

. may contain an indeterminate number of letters, 1t is necessary to put the

restriction on the subscripts an that they should not end wit L,
Chip enable E he sub: 8 and D that they should dwith H, L
V, X, or Z, so as to avoid possible confusion

1—1a @ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

SYMBOLOGY

FOR DIGITAL INTEGRATED CIRCUITS

New symbol [Former symbol Parameter—definition

C, Input capacitance

Co Output capacitance

Cio Input/output terminal capacitance

Ci(g) Input capacitance of clock input

f Frequency

f(¢) | Clock frequency

| Current—the current into an integrated circuit terminal 15 defined as a positive value and the current out ol'a terminal 1s defined as a negative value

!B Supply current from Vgg

| BB(AV) Average supply current from Vgg

lce Supply current from Vec

lce(av) Avarage supply current from Vee

lce(Pp) Power down supply current from Vcc

'op Supply current from Vpp

lpp(Av) Average supply current from Vpp

{Fe¥e) Supply current from Vgg

laG(AV) Average supply current from Vgg

Iy Input current

(117) High level input current—the value of the input current when Vo 1s applied to the input considered

i Low level input current—the value of the input current when Vg 1s applied to the input considered

loH High level output current—the value of the output current when Vo 1s applied to the output considered

loL ' Low level output current—the value of the output current when Vg 1s applied to the output considered

loz Off state (high impedance state) output current—the current into an output having a three-state capability with input condition so applied that
1t will establish according to the product specification, the off (high-impedance) state at the output

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

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

'03 Short-circuit output current

Iss Supply current from Vgg

Pd Power dissipation

New Number of erase/write cycles

Ngra Number of read access unrefreshed

R, Input resistance

RL External load resistance

RoFF Off state output }esustance

Ron On-state output resistance

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

ta(a) ta(aD) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output

ta(cas) Column address strobe access time

ta(F_) ta(ce) Chip enable access time

ta ) ta(oe) Output enable access time

ta (PR) Data access time after program )

ta (RAS) Row address strobe access ime

ta (s) ta(cs) Chip select access ime

tc Cycle time

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

tcRF tc (REF) Refresh cycle time—the tm:\e interval between successive signals that are intended to restore the level in a dynamic memory cell to 1ts original leve!

tcp te(Pa) Page-mode cycle time

tcRMW tc(RMR) Read-modify-write cycle time—the time interval between the start of a cycle in which the memory 1s read and new data 1s entered, and the start of
the next cycle

tcw tc(wm Write cycle time—the time interval between the start of a write cycle and the start of the next cycle

1—16 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

SYMBOLOGY

New symbol Former symbol| Parameter—definition
tsu(b) tsu(pa) Data-in setup time
tsu(D-E) tsu(DA-CF_) Chip enable setup nmé before data-in
tsu(p-w) tSu(DA«WR‘ Write setup time before data-in
tsu(e) tsu(ce) Chip enable setup time
tsu(e-pP) tsu (CE-P) Precharge setup time before chip enable
tsu(g-g) |tsu(oe-ce)| Chipenablesetup time before output enable
tsu(p-g) tsu(p-cE) Chip enable setup time before precharge ‘
tsu (PD) Power-down setup time
tsu(R) tsu(RD) Read setup time
tsu(R-cAs) tsu (ra-cAS) Column address strobe setup time before read
tSoLl (RA-CAS) Column address strobe setup time before row address
tsu(s) tsu(cs) Chip select setup time
tsu(s-w) [tsu(cs-wr)| Writesetup time before chip select
tsu(w) tsu(wR) Write setup time
tTHL High-level to low-level transition time the time interval between specified reference points on the edge of the autput pulse when the output i1s
going to the low (high) level and when a specified input signal 1s applied through a specified network and
tTLH Low-level to high level transition time the output 1s loaded by another specified network
tv(a) IdV(AD) Data valid time after address
tv(e) th(OE) Data valid time after chip enable
tv (E)PR ty (CE)PR Data valid time after chip enable in program mode
tv(e) tV(OE) Data valid time after output enable
tv(PR) Data valid time after program
tv(s) ty (cs) Data valid time after chip select
tw Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms
tw () tW(CE) Chip enable pulse width
IW“:_H) tW(CEH) Chip enable high pulse width
tW(EL) tW(EL) Chip enable low pulse width
rw(PR) Program pulse width
tW(R) tW(RD) Read pulse width
tw(s) tw(cs) Chip select pulse width
tw(w) tw(wn) Wrtie pulse width
twig) Clock pulse width
Ta Amblent‘ temperature
Topr Operating temperature
Tstg S(ora;;e temperature
Ves Vgg supply voltage
Vee Ve supply voltage
Voo ‘ Vpp supply voltage
Vaa Vg supply voltage
V) Input voltage
ViH High-level input voltage—the value of the permitted high-state voltage at the input
ViL Low-level input voltage—the value of the permitted low-state voltage at the input
Vo Output voltage
VoH 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 Vsg supply voltage
1—18 MITSUBISHI ,
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MITSUBISHI MICROCOMPUTERS

QUAI.ITY ASSURANCE AND RELIABILITY TESTING

DESIGN/
STAGE| MARKET SALES PRODUCTION | MANUFAGTURING QliHNce | EBODUCTION

( MARKETSURVEY ) -

' L( STRATEGIC PRODUCT PLAN )

U

DUCTION/ )
RIZATION

1]
C DECISION OF PRE-PRODUCTION D)

PREPARATION
OF SPECS./
INSTRUCTION

( PRE-PRODUCTION  H

QUALIFICATION (1)
e

QUALIFICATION (2)

Y

C DECISION OF MASS PRODUCTION )

T

MATERIAL
INCOMING
TEST

MASS PRODUCTION—————t=——PRE. | o \——>T<——DESIGN/DEVELOPMENT ——>|

QUALITY CONTROL

[9]
c
q

ENVIRONMENTAL CONTROL

IN-PROCESS
DOCUMENT CONTROL

ALITY
ASSURANCE TEST

? 7

?

SMALL GﬁOUP ACTIVITY (QC CIRCLE)

]
]
t z
QUALITY DATA/FAILURE ANALYSIS/QUALITY e Z
IMPROVEMENT 5 I
[
Q [=
(&)
> z 8
[ INVENTORY o
> =
D 3
o INVENTORY ) 2@
CONTROL 3
(6]
@ SHIPPING ) o
. g <
o >0 £
= t | RETURNED PRODUCT ? ? ]
e | |2 :
g FAILURE ANALYSIS/CORRECTIVE ACTION 5
<]
2 o= | 2
3 FAILURE ANALYSIS REPORT GENERATION J
Iy

=3 FLOW OF PRODUCT — FLOW OF INFORMATION

Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM
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MITSUBISHI MICROCOMPUTERS

QUALITY ASSURANCE AND RELIABILITY TESTING

3 RELIABILITY TEST RESULTS
The reliability test results for Mitsubishi Single-chip 16-bit

Microcomputers are shown in Table 2.

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

ature operation life and high temperature storage life 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.

Table 2 ENDURANCE and ENVIRONMENTAL TEST RESULTS

Tee! Sertes Type Number | Test Condiion | N8 T O | e
High Temperature M37700E4-XXXFP
S eratior Liia e | MELPS 7700 M37700M2-XXXFP 125C 7V 266 266000 0
P M37700M4-XXXFP
High Temperature M37700E4-XXXFP
o reu® | MELPS 7700 M37700M2-XXXFP 150C 228 228000 0
9 M37700M4-XXXFP
Low Temperature M37700E4-XXXFP
Storanpera’® | MELPS 7700 M37700M2-XXXFP 551 66 66000 0
9 M37700M4-XXXFP
[ M37700E4-XXXFP 85'C85%RH 5.5V 228 228000 0
::.'g: :,em%?'atll_‘i'fe MELPS 7700 M37700M2-XXXFP 0
'gh Humidity Life M37700M4-XXXFP 85C85%RH 22 22000 0
e Series Type Number | Test Conditon | N et s
Pressure M37700E4-XXXFP
P MELPS 7700 M37700M2-XXXFP 121C 100% 176 0 0 0
M37700M4-XXXFP
Test Series Type Number | Test Gondition | "o el oty
Temperature M37700M2-XXXFP —65C  30min
Cycling MELPS 7700 M37700M4-XXXFP 150C_30min [ 0 0
1—22 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

QUALITY ASSURANCE AND RELIABILITY TESTING

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

50um

Fig.9 Micrograph of surge

)

Fig.10 Aluminu 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 formati
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 defegtive 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.

1—24
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M37700M2-XXXFP,M37700M2AXXXFP

M37700SFP,M37700SAFP
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

M37700M2 XXXFP,M37700M2AXXXFP

M377OOSFP M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Input/Output Functions

Vee, Power supply Supply 5V+10% to Voc and 0V to Vss.

Vss

CNVss CNVss input Input This pin controls the processor mode. Connect to Vgg for single-chip mode, and to Ve for external ROM
types.

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

! time.

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

Xout Clock output Output | and the Xour pin should be left open.

E Enable output Output Data or instruction read and data write are performed when output from this pin s “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 Vcc and AVsg to Vss externally.

AVss

VRer Reference voltage input Input This 1s reference voltage input pin for the A-D converter

P0o~PO0; 170 port PO V{e] In single-chip mode, port PO becomes an 8-bit I/0 port. An I/0 directional register is available so that each
pin can be programmed for input or output These ports are in input mode when reset
Address(A;~Ay)is output in memory expansion mode or microprocessor mode

P1o~P1; I/Q port P1 170 In single-chip mode, these pins have the same functions as port PO. When the BYTé pin is set to “L” in
memory expansion mode or microprocessor mode and external data bus i1s 16-bit width, high-order data
(Dy5~Dg)is input or output when E output is “L” and an address (Ass~Ag) is output when E output is “H"

If the BYTE pin i1s “H” that is an external data bus is 8-bit width, only address(Ass~Asg)is output

P2o~P2; 1/0 port P2 1’0 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode low-order data(D;~Dy) Is input or output when E output is “L” and an address(Azz~Ase)1s
output when E output 1s “H".

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

P4o~P4; 1/0 port P4 170 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp-
rocessor mode, P4y and P4, become HOLD and RDY input pin respectively Functions of other pins are the
same as in single-chip mode. Port P4, can be programed for ¢, output pin divided the clock to Xiy pin by

2

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

P6o~P6; 1/0 port P6 170 In addition to having the same functions as port PO In single-chip mode, these pins also function as 1/0
pins for timer A4, external interrupt input INTo, INT;, and INT, pins, and input pins for timer BO, timer B1,
and timer B2.

P7o~P7; 170 port P7 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog
input ANg~AN; input pins. P77 also has an A-D conversion trigger input function.

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

2—6 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
‘M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address (Hexadecimal notation) Address (Hexadecimal notation)
000000 000040 Count start flag
000001 000041
000002 Port PO 000042 One-shot start flag
000003 Port P1 000043
000004 Port PO data direction register 000044 Up-down flag
000005 Port P1 data direction register . 000045
000006 Port P2 000046 Timer A0
000007 Port P3 000047
000008 Port P2 data direction register 000048 Timer A1
000009 Port P3 data direction register 000049
00000A Port P4 00004A Timer A2
00000B | Port P5 000048
00000C Port P4 data direction register 00004C Timer A3
00000D Port P5 data direction register 00004D
00000E Port P6 00004E Timer A4
00000F Port P7 00004F |
000010 Port P6 data direction register 000050 Timer BO
000011 Port P7 data direction register 000051
000012 Port P8 000052 Timer B1
000013 000053
000014 Port P8 data direction register 000054 Timer B2
000015 000055
000016 000056 Timer AO mode register
000017 000057 Timer A1 mode register
000018 000058 Timer A2 mode register
000019 000059 Timer A3 mode register
00001A 00005A Timer A4 mode register
00001B 000058 Timer BO mode register
00001C 00005C Timer B1 mode register
00001D R 00005D Timer B2 mode register
00001E A-D control register 00005E Processor mode register
00001F 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
000028 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 transmission interrupt control register
000032 UART 0 transmission buffer register 000072 UARTO receive interrupt control register
000033 000073 UART1 transmission interrupt control register
000034 UART 0 transmit/receive control register 0 000074 UART1 receive interrupt control register
000035 UART 0 transmit/receive control register 1 000075 Timer AQ interrupt control register
000036 . . 000076 Timer A1 interrupt control register
000037 UART 0 receive buffer register 000077 Timer A2 intemjzt control register
000038 UART 1 transmit/receive mode register 000078 Timer A3 interrupt control register
000039 UART 1 bit rate generator 000079 Timer A4 interrupt control register
00003A . . 00007A Timer BO interrupt control register
00003 | YART 1 transmission buffer register 000078 | Timer BT intormupt control reqister
00003C UART 1 transmit/receive control register 0 00007C Timer B2 interrupt control register
00003D | UART 1 transmit/receive control register 1 00007D | INT, interrupt control register
00003E . . 00007E INT; interrupt control register
o0003F | UART 1 receive buffer register 00007F | INT; interrupt control regiter

Fig.2 Location of peripheral devices and interrupt control registers
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M37700M2-XXXFP,M37700M2AXXXFP

M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

Stack pointer (S) is an 16-bit register. It is used during a
subroutine call or interrupts. It is also used during stack,
stack pointer relative, or stack pointer relative indirect in-
dexed Y 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. These is a bus interface unit between the '

program memory and the CPU, so that the program mem-
ory is accessed through bus interface unit. This is de-
scribed later.

'PROGRAM BANK REGISTER (PG)

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

DATA BANK REGISTER (DT)

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

DIRECT ‘PAGE REGISTER (DPR)

Direct page register (DPR) is a 16-bit register. Its contents
is used as the base address of a 256-byte direct page
area. The direct page area is allocated in bank 0, but when
the contents of DPR is FF01,¢ or greater, the direct page
area spans across bank 0 and bank 1. All direct addressing
modes use the contents of the direct page register (DPR)
to generate the data address. If the low-order 8 bits of the
direct page register (DPR) is “004¢”, the number of cycles
required to generate an address is minimized. Normally the
low-order 8 bits of the direct page register (DPR) is set to
“0046".

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

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

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

1. Carry flag (C)

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

2. Zero flag (2)

This zero flag is set if the result of an 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 jinterrupts
except watchdog timer, DBC, and software jnterrupt are
disabled. This flag is set to “1” automatically when these 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.

MITSUBISHI
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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).

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

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

When performing 16-bit data read or write, if the conditions
for simultaneously accessing two bytes are not satisfied,
waveform (2) is used to access each byte one by one.
However, when prefetching the instruction code, if the
address of the instruction code is odd, waveform (1)'is
used, and only one byte is read in the instruction queue
buffer.

The signals A, and BHE in Figure 5 are used to control
these cases: 1-byte read from even address, 1-byte read
from odd address, 2-byte simultaneous read from even and
odd addresses, 1-byte write to even address, 1-byte write
to odd address, or 2-byte simultaneous write to even and
odd addresses. The A, signal that is the address bit 0 is
“L” when an even number address is accessed. The BHE
signal becomes “L” when an odd number address is
accessed. ‘

The bit 2 of processor mode register (address 5Eq¢) is the
wait bit. When this bit is set to “0”, the ALE signal and E
signal are extended and the access time is doubled when

accessing an external memory area in memory expansion -

mode or microprocessor mode. However, these signals are
not extended when an internal memory area is accessed.
When the wait bit is “1”, the access time is not extended
for any access. Waveform (3) is an expansion of waveform
(1). Waveform (4),(5), and (6) are expansion of the entire

waveform (2), first half of waveform (2), and the last half of

waveform (2) respectively.
Instruction code read, data read, and data write are de-
scribed below.

Internal clock mmm_ﬂ_

E
) L
ALE I—l
o

ALE 1T
- —
Port P2 X A X b X
3) € | I
ALE [ L
]

| E—
ALE I L l l

ALE J—l I [

T

A Address
D : Data

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

Access
ethod| Access 2-byte| Access even | Access odd
Signal simultaneously| address 1-byte | address 1-byte
Ao “ a“r “y
m uLn “Hu “L”

Fig.5 Relationship between access method and
signals A, and BHE
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M37700M2-XXXFP,M37700M2AXXXFP

M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

INTERRUPTS

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

DBC is an interrupt used during debugging.

Interrupts other than reset, DBC, watchdog timer, zero di-
. vide, and BRK instruction all have interrupt control regis-

ters. Table 2 shows the addresses of the interrupt control

registers and Figure 6 shows the bit configuration of the in-

terrupt control register.

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.

l_ﬁ?g to mT—o are external interrupts and whether to cause

an interrupt at the input level (level sense) or at the edge

(edge sense) can be selected with the level sense/edge

sense selection bit. Furthermore, the polarity of the inter-

rupt input can be selected with polarity selection bit.

Timer and UART interrupts are described in the respective

section.

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

reset > DBC > watchdog timer > other interrupts

Table 1. Interrupt types and the interrupt vector

addresses
Interrupts Vector addresses
A-D conversion 00FFD6,s 00FFD74¢
UART1 transmit 00FFD8,s  00FFD9,¢
UART1 receive . 00OFFDA;s 00FFDB;¢
UARTO transmit 00FFDC,s 00FFDD,g
UARTO receive 00FFDE;s OOFFDF,¢
Timer B2 O00FFEO,s  OOFFE14¢
Timer B1 00FFE2,s  OOFFE3;s
Timer BO O00FFE4,s  OOFFES5qs
Timer A4 00FFE6,s  OOFFE7.¢
Timer A3 OOFFE8:s  OOFFE9ys
Timer A2 00FFEA,s O0FFEB;¢
Timer A1 O0FFECys  OOFFED:g
Timer AO 00FFEE;s  OOFFEF¢
INT, external interrupt O00FFFO;s  OOFFF146
INT, external interrupt 00FFF2,;  OOFFF3,4
| INT, external interrupt 00FFF4,,  OOFFF5,q
Watchdog timer 00FFF6,6  OOFFF74¢
DBC (unusable) O00FFF8,,  O0FFF9yq
Break instruction 00FFFA,s  OOFFFBis
Zero divide 00FFFC _ OOFFFD4g
Reset O00FFFE,s  OOFFFF¢

7 g 54 3210
Interrupt priority

Interrupt request bit
0 : Nointerrupt
1 ! interrupt

765 43210

R

Interrupt priority

Interrupt request bit
0 : Nomnterrupt

1 ! Interrupt
Polarity selection bit

0 : Edge sense
1 ! Level sense

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

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

Interrupt control register configuration for INT,~INT,.

Fig.6 Interrupt control register configuration
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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
exeéuting instruction has been completed.

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

However, the shortest time may be selected by software.

Table 3. Value set in processor interrupt level (IPL)dur-
ing an interrupt

Interrupt types Setting value
Reset 0
DBC 7
Watchdog timer 7 .
Zero divide Not change value of IPL.
BRK instruction Not change value of IPL.

Table 4. Relationship between priority level evaluation

time selection bit and number of cycles
Priority level resolution time st?lectlon bit Number of cycles
Bit 5 Bit 4
0 0 7 cycles of ¢
0 1 4 cycles of ¢
1 0 2 cycles of ¢

¢ . internal clock

Internal clock ¢

Operation code fetch cycle

Sampling pulse

Priority resolution time

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

Fig.9 Interrupt priority resolution time

7 6 5 4 3 2 1 0

| [

I Processor mode register(5Eg)

I—-I— Processor mode bits

L Software reset bit~

0 0 : Single-chip mode
0 1 : Memory expansion mode
1 0 : Microprocessor mode
1 1 : Evaluation chip mode
Wait bit
0 : Wait
1 ! No wait

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

Priority resolution time selection bit

0 0 : Select 0 in Figure 9
0 1 : Select 1 n Figure 9
1 0 : Select 2 in Figure 9

Test mode bit
Must be “0”

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

Fig.10 Processor mode register configuration
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When bit 2 of the timer Ai mode register is “1”, the output
is generated from TAioyr pin. The output is toggled each
time the contents of the counter reaches to 0000,s. When
the contents of the count start flag is “0”, “L” is output from
TAiour pin.

When bit 2 is “0”, TAigur can be used as a normal port pin.
When bit 4 is “0”, TAi;y can be used as a normal port pin.
When bit 4 is “1”, counting is performed only while the in-
put signal from the TAi 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 TAi, pin input

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

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

When data is written to timer Ai register, the same data is
also written to the reload register and the counter. The
count start flag corresponding to the written timer is
cleared to “0” and count is stopped. 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).

EEDEEEDD

"Clock source selection bit

Addresses
Timer A0 mode register 5616

Timer A1 mode register 5716
Timer A2 mode register 5846
Timer A3 mode register 596
Timer A4 mode register 5Aq6

0 0 : Always “00” in timer mode

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

1 1 Pulse output

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

0 : Always “0” in timer mode

0 0 : Selectf,
01 ! Selectfg
10 : Select feq

11 : Select fs12

Fig.12 Timer Ai mode register bit configuration during timer mode
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(2) Event counter mode (01)

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

The input signal from the TAiy pin is counted when the
count start flag shown in Figure 13 is “1” and countino;'; is
stopped when it is “0”.

Count is performed at the falling edge of the input signal
when bit 3 is “0” and at the rising edge of the signal when
itis “1”.

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

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

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

Also, the increment or decrement count interval must be at
least two cycles of the timer count source.

The count is decremented when the input signal from the
TAiour pin is “L” and incremented when it is “H”.

An interrupt request signal is generated and the interrupt
request bit in the timer Ai interrupt control régister is set
when the counter reaches 0000, (decrement count) or
FFFF;6 (increment count). At the same time, the contents
of the reload register is transferred to the counter and the
count is continued.

At decrement count, if bit 2 is “1”, the output is generated
from the TAioyr pin. The output is toggled each time the
counter reaches 0000,5. At increment count, If bit 2 is “1”,
the output is generated from the TAigyr pin. The output is
toggled each time the counter reaches FFFFg.

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

Addresses
Timer A0 mode register 56,5

Timer A1 mode register 5746
Timer A2 mode register 5846
Timer A3 mode register 59,6

Timer A4 mode register 5A16

L]— 0 1 © Always “01” in event counter mode

0 : No pulse output
1 I Pulse output

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

0 :Increment or decrement according
to up/down flag

1 ! Increment or decrement according
to TAioyr pin input signal level

0 ! Always “0” in event counter mode

XX : Not used in event counter mode

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

Address
Up-down flag 44,6

L—— Timer A0 up-down flag

Timer A1 up-down flag

Timer A2 up-down flag

Timer A3 up-down flag

Timer A4 up-down flag
Timer A2 two-phase pulse signal

processing selection bit

0 : Two-phase pulse signal processing
disabled

1 © Two-phase pulse signal processing
mode

Timer A3 two-phase pulse signal

processing selection bit

0 : Two-phase pulse signal processing
disabled

1 : Two-phase pulse signal precessing
mod

76543210

e
Timer A4 two-phase pulse signal
processing selection bit

0 ! Two-phase pulse signal processin
disabled gnalp ¢

1 : Two-phase pulse signal processing
mode

Fig.16 Up-down flag bit configuration
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Addresses Add
Timer A0 mode register 5646 76543210 : ress
Timer A1 mode register  574¢ 0 One-shot start flag 42,

Timer A2 mode register 5846 ' Timer AQ one-shot start flag
Timer A3 mode register 59,6

WTT:T(?T Timer A4 mode register 5A6

L——— Timer A1 one-shot start flag

Timer A2 one-shot start flag

Timer A3 oﬁe-shot start flag

: Always “10” in one-shot pulse mode

Timer A4 one-shot start flag
1 ! Always “1” in one-shot pulse mode L—————————— Must be “0".

It 1s set to “0” after a reset operation

0 X : Software trigger

1 0 : Trigger at the falling edge of TAin
input

ig. - rt flag bit configuration
11 :Tngger at the rising edge of TAiy Fig.19 One-shot sta 9 9

input

0 : Always “0” in one-shot pulse mode

Clock source selection
0 0 : Select f,

01 :Selectfig

10 : Select feq

11 :Select f5;»

Fig.18 Timer Ai mode register bit configuration during
one-shot pulse mode

Selected clock

source fj III||||||||||I|||||||||||||||||||||||||

TAin
(in case of the
rising edge)

TAiour

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

Fig.20 Pulse output example when external rising edge is selected

2—2 MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP

M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(4) Pulse width modulation mode (11)
Figure 22 shows the bit configuration of the timer Ai mode
register during pulse width modulation mode. In pulse
width modulation mode, bits 0, 1, and 2 must be set to “1”.
Bit 5 is used to determine whether to perform 16-bit length
pulse width modulator or 8-bit length pulse width modula-
tor. 16-bit length pulse width modulator is performed when
bit 5 is “0” and 8-bit length pulse width modulator is per-
formed when it is “1”. The 16-bit length pulse width mod-
ulator is described first.
The pulse width modulator can be started with a software
trigger or with an input signal from a TAiy pin (external
trigger).
The software trigger mode is selected when bit 4 is “0".
Pulse width modulator is started and pulse is output from
TAiour when the timer Ai start flag is set to “1”.
The' external trigger mode is selected when bit 4 is “1”.
Pulse width modulator starts when a trigger signal is input
from the TAij 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”.
If data is written in timer Ai when the timer Ai start flag is
“0” (that is when pulse width modulator is halted), the data
is written in the reload register and the counter. Then when
the time Ai start flag is set to “1” and a software trigger or
an external trigger is issued to start modulation, the wave-
form shown in Figure 23 is output continuously. Once mod-
ulation is started, triggers are not accepted. If the value in
the reload register is m, the duration “H” of pulse is
1

selected clock frequency Xm

and the output pulse period is
1

selected clock frequency
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.
To change the pulse width, write the data during the time
after the pulse falls but before the rise of the next pulse. in
contrast to the timer mode, data is written in the reload reg-
ister only and not in the counter. Furthermore, the timer Ai
start flag is unaffected and the counter is not stopped.
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.
To read the timer Ai is performed from the reload register
instead of the counter.
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(216—1).

order 8 bits function as the 8-bit length pulse width modula-.
tor. The prescaler counts the clock selected by bits 6 and
7. A pulse is generated when the counter reaches 000046
as shown in Figure 24. At the same time, the contents of
the reload register is transferred to the counter and count is
continued.

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

76543210 Timer A3 mode register 596

1

Timer A4 mode register 5A6

11 : Always “11” in pulse width modulation
mode

1 @ Always “1” in pulse width modulation
mode

0 X : Software trigger
1 0 ! Trngger at the falling of TAi, Input
1 1 : Tngger at the rising of TAyy input

0 : 16 bit pulse width modulator

1 : 8 bit pulse width modulator

Clock source selection bit

00 :Selectf,

01 ! Selectfig
10 : Select fg,
11 ! Select fs2

Fig.22 Timer Ai mode register bit configuration during
pulse width modulation mode
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TIMER B

Figure 25 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 26 shows the bit configuration of the timer Bi mode
register during timer mode. Bits 0, and 1 of the timer Bi
mode register must always be “0” in timer mode.

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

As shown in Figure 13, the timer Bi count start flag is at the
same address as the timer Ai count start flag. The count is
decremented, an interrupt occurs, and the interrupt request
bit in the timer Bi interrupt cohtrol register is set when the
contents becomes 0000,6. At the same time, the contents of
the reload register is stored in the counter and count is
continued.

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

When data is written to timer Bi register, the same data is
written to the reload register and the counter. The count
start flag of the corresponding to the written timer is
cleared to “0” and count is stopped. The contents of the
counter can be read at any time.

Data bus{odd) g
§
Clock source selection (Lower 8 bits) (Higher 8 bits)
* Timer Jd b b
f —o0 * Pulse period measurement/pulse I Reload register(16) |
ftie —O width measurement y p
16 \ e N
fes —o0
< SZ Addresses
f —_0
o Gounter(16) | TimerBo 5146 504
8 Polarity selection Event counter Timer B1 5346 5246
TBin (O—] and edge pulse —0
(i=0~2) generator Count start flag Timer B2 55,5 5446

(4016)

Counter reset
circuit

Fig.25 Timer B block diagram
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After the contents of the counter is transferred to the reload counted from the fall of the TBi\y pin input signal to the next
register, an interrupt request signal is generated and the rise or from the rise of the input signal to the next fall as

interrupt request bit in the timer Bi interrupt control register shown in Figure 30.

is set. However, no interrupt request signal is generated When timer Bi is read, the contents of the reload register is

when the contents of the counter is transferred first time to read.

the reload register after the count start flag is set to “1”. Note that in this mode, the interval between the fall of the

When bit 3 is “1”, the pulse width measurement mode is TBiiy pin input signal to the next rise or from the rise to the

selected. Pulse width measurement mode is similar to next fall must be at least two cycles of the timer count

pulse period measurement mode except that the clock is source.

Selected clock
source fj

%

TBin

é

Reload register «— counter

:____:]

Counter+-0

Count start flag l

Interrupt request signal

T

Fig. 29 Pulse period measurement mode operation (example of measuring the interval between the falling edge to
next falling one)

Selected clock
source f;

é

TBi

é

—
—

Reload register — Counter

Counter+~0Q

Count start flag |

Interrupt request signal

:l____:l
4| Lo
s

Fig.30 Pulse width measurement mode operation
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q TT Data bus(odd) 5
§ Data bus(even) , J
[ ive buff
[0 T ol o] o o]0l 0 o ][® 0] o]0 ][0 0]0]0 Jreqmor
8 bit
RxDj 2 stop bit Sgy‘r)\lt:hvmous
Receive
O register
Fig.33 Receiver block diagram
§ Data bus{odd] It
{ Data bus(even) ]
<7 T .
I De—” D, ’ Ds I Ds l D4 I Ds l D, l Dy | Do b'uTier regisltner
8 bit
2 stop bit gy:‘éhrmws

8 bit
Transmission register
1 stop bit Synchronous

Fig.34 Transmitter block diagram

7 65 43 2 10 Addresses

W P;:I" 7C l oo I CSO] [UART 0 Transmit/Receive control register 0 3416]

UART 1 Transmit/Receive control register 0  3Cye
Clock source selection bit
00 :Selectf,

01 :Selectf

10 : Select fgq

11  Select fs12
CTS, RTS Selection bit

0 : Select CTS
1 :Select RTS
Tr ission register empty bit
7 6 5432 10 ‘ Addresses

{UART 0 Transmit/Receive control register 1 3546
UART 1 Transmit/Receive control register 1  3Dyg
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

lSUMlPEHIFERIOERl R | RE I Tl |TE

H_

Fig.35 UARTI transmit/receive control register bit configuration
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- TxDj TxDg
l UART; t ission regi } ! —I UART Transmission register 1
I UART; "ag.s,'f?g;s:ggister I I UARTK Transmission register I

I UART; receive buffer register |

[ UART receive buffer register I

l UART; receive register ]<— RxDj RxDk —->.I UARTK receive register | .
UART] Transmit/Receive mode register UARTK Transmit/Receive mode register
Lolx[x]x]olofo]] | Lo[x[x[x[1]o]o]t]
UART; Transmit/Receive control oL OLK UARTK Transmit/Receive control
register 0 ‘ - register 0
DDXDXPK] 0 [osiosd ROXNEIEERE
o7, ATSK

UART] Transmit/Receive control
register 1

ISUM|PEH|FEHIOERI Rl l RE l T | TE I

UARTK Transmit/Receive control
register 1

ISUM'PERlFERIOERI RI I HE[ Tl ITEI

Fig.36 Clock synchronous serial communication

——=1/5X(n+1)X2

Transmission

oo MU UYLy Uiuyuyuyiuyt
TEj . J l l
T 4\ I_—_J
Wirite in & ion buffer regist Transmission regi Transmission buffer regist
CTS; _u 1 I .
——f= 1/iX(n+1)X2 Stopped because TE;= “0”
CLK;j
Tenoj I—I r'l I—L
TxDj

XOXOXPXOXPNNKD:_ XDXOXDNXPNXONDHKPKD:_ XPoXDXDKPKONHDKLXD:
TXEPTY; /1 M ] ——

Fig.37 Clock synchronous serial /0 timing
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Bit 6 is the parity bit selection bit which indicates whether
to add parity bit or not.

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

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

The UART; transmit/receive control regisger 0 bit 2 is used
to determine whether to' use CTSj input or RTS;j output.
CTS;j input used if bit 2 is “0” and RTS; output is used if bit
2is “1”.

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

Transmission

Transmission is started when the bit 0 (TEi flag) of UART;
transmit/receive control register 1 is “1”, the bit 1 (Tlj flag)
is “0”, and CTSj input is “L” if CTSj input is selected. As
shown in Figure 38 and 39, data is output from the TxDj pin
with the stop bit and parity bit specified by the bits 4 to 6 of
UART; transmit/receive mode register bits. The data is out-
put from the least significant bit.

The Tlj flag indicates whether the transmission butter is
empty or not. It is cleared to “0” when data is written in the
transmission buffer and set to “1” when the contents of the
transmission buffer register is transferred to the transmis-
sion register. i

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

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

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

The transmission start condition indicated by TE; flag, Tl;
flag, and CTS;j is checked while the Tenpi signal shown in
Figure 38 is “H". Therefore, data can be transmitted con-
tinuously if the next transmission data is written in the trans-
mission butter register and Tl flag is cleared to 0 before
the Tenpi signal goes “H”.

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

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

Receive

Receive is enabled when the bit 2 (RE;j flag) of UART;
transmit/receive control register 1 is set. As shown in Fi-
gure 40, the frequency divider circuit at the receiving end
begin to work when a start bit is arrived and the data is re-
ceived. '

RE;

N

worter - IUULUUMANUUUIUIUAARAARUAARE ALY
] |

Start bit

Stop bit
RxDj Start bit [ By X:DT- - :@:)'
Ch “L Get data

Receive eck to be “L” level .
Clock — L

Starting at the falling

edge of start bit )
RI; l—"

RS L]

Fig.40 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected
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A-D CONVERTER

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

Figure 41 shows a block diagram of the A-D converter and
Figure 42 shows the bit configuration of the A-D control
regiéter. The frequency of the A-D converter operating
clock ¢ ap is selected by the bit 7 of the A-D control regis-
ter. When bit 7 is “0”, ¢ 4p is the clock frequency divided by
8. That is, #ap=Ff(X;n)/8. When bit 7 is “17, ¢ 5p is the clock
frequency divided by 4 and ¢ ap is=f(Xiy)/4. The $p dur-
ing A-D conversion must be 2560KHz minimum because the
comparator consists of a capacity coupling amplifier.

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

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

The operation of each mode is described below.

Address
A-D control register 1 1E¢

7 6543210

CLITTTT 1]

Analog input selection bit
. Select AN,
Select AN,
Select AN,
: Select AN;
Select AN,
. Select ANg
Select ANg
: Select AN,
eration mode selection bit
0 : One-shot mode
0 1 ! Repeat mode
1 0 : Single sweep mode
1 1 [ Repeat sweep mode
Trigger selection bit
0 : Software trigger
1 : ADypa INput trigger
L————————— A-D conversion start flag
0 : Stop A-D conversion
1 ! Start A-D conversion
Frequency selection flag
0 :Select f(X,y)/ 8
1 : Select f(Xn)/ 4

1
0:
1
0:
1
0:
1
op

Fig.42 A-D control register bit configuration

A-D Conversion speed selection

f, ¢
fo O— 172 F——] 172 172 o Ao
Veer O—

Vref
Ladder network
AVss O—
CILIITII]k
Successive approximation register rl | | I l | JJ

L Addresses A-D con(troé résgusterl 1

A-D reglster 0 (206)

A-D register 1 (22,6)

A-D register 2 (24,¢)

A-D register 3 (26y5) |

Decoder

A-D register 4 (28,5) |

A-D register 5 (2A5)
A-D register 6 (2C+s)

Comparator
A-D register 7 (2E4g)
{ U {
Data bus (even)

ANy O - o—

AN, O 0 “o—t j

AN, O -0 So—

AN; O 0 No—

AN, O 0 So—

ANs O o So—+

AN O —0 Yoy

AN, O - o

ADrre Selector

Fig.41 A-D converter block diagram
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WATCHDOG TIMER

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

Figure 43 shows a block diagram of the watchdog timer.

Watchdog iimer
frequency selection (connection forced to fs, during
fa2 —O STP instruction execution)

f512—0
The watchdog timer consists of a 12-bit binary counter. b Watchdog timer
The watchdog timer counts the clock frequency divided by Hold (601¢)
32 (fs2) or by 512 (fs1,) . Whether to count fs, or fsy, is de- ) )

. . N Write to watchdog timer ———— .
termined by the watchdog timer frequency selection flag Set FFFys
shown in Figure 44. 5, is selected when the flag is “0” and —>
f32 is selected when it is “1”. The flag is cleared after reset. RESET Nea
FFF,s is set in the watchdog timer when “L” or 2V is ap- @ “";::‘c‘”l:;‘

plied to the RESET pin, STP instruction is executed, data is
written to the watchdog timer, or the most significant bit of
the watchdog timer become “0”.

After FFF,¢ is set in the watchdog timer, the contents of

watchdog timer is decremented by one at every cyle of

R
selected frequency fs; or fs12, and after 2048 counts, the G—J

most significant bit of watchdog timer become “0”, and a
watchdog timer interrupt request bit is set, and FFFy¢ is Fig.43 Watchdog timer block diagram
preset in the watchdog timer.

Normally, a program is witten so that data is written in the

STP Instruction S Q

watchdog timer before the most significant bit of the watch- 7 6 5 4 3 2 1 0
dog timer become “0". If this routine is not executed due to DMW—I . Address
unexpected program execution, the most significant bit of Watchdog timer gy

the watchdog timer become eventually “0” and an interrupt frequency selection

is generated. 0 : Select fsy,
The processor can be reset by setting the bit 3 (software 1 : Select fg
reset bit) of processor mode register described in Figure
10 in the interrupt section and generating a reset pulse.
The watchdog timer stops its function when the RESET pin N
voltage is raised to double the V¢ voltage. Fig.44 Watchdog timer frequency selection flag

The watchdog timer can also be used to recover from when

the clock is stopped by the STP instruction. Refer to the

section on clock generation circuit for more details.

The watchdog timer hold the contents during a hold state

and the frequency is stopped to input.
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INPUT/OUTPUT PINS

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

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

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

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

Figure 47 shows a block diagram of ports P8 to PO in sing-
le-chip mode and the E pin output.

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

Refer to the section on processor modes for more details.

2—40 ; . . MITSUBISHI
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PROCESSOR MODE

The bits 0 and 1 of processor mode register as shown in Fi-
gure 48 are used to select any mode of single-chip mode,
memory expansion mode, microprocessor mode, and eva-
luation chip mode.

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

Figure 49 shows the functions of ports P4 to PO in each
mode.

The external memory area changes when the mode
changes.

Figure 50 shows the memory map for each mode.

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

- BYTE pin

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

The data bus width is ‘8 bits when the level of the BYTE pin
is “H” and port P2 becomes the data I1/0 pin.

The data bus width is 16 bits when the level of the BYTE
pin is “L” and ports P1 and P2 become the data 1/0 pins.

- When accessing the internal memory, the data bus width is

always 16 bits regardless of the BYTE pin level.

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

Wait bit
0 : Wait
1 No Wait

Test mode bit

Processor mode register 5E1s

‘——l——— Processor mode bit

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

1 1 ! Evaluation chip mode

Software reset bit

Reset occurs when this bit is set to 1

Interrup priority resolus\ion time selection bit
0 0 : Select 1/f(X,y) X 14
01 :Select 1/f(X;y)X 8

10 :Select 1/f(X)) X 4

This bit must be 0

Clock ¢4 output selection bit

0 : No ¢4 output
1 ! ¢, output

Address

Fig.48 Processor mode register bit configulation

[
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- Wait bit

As shown in Figure 51, when the external memory area is
accessed with the processor mode register bit 2 (wait bit)
cleared to “0”, the access time becomes twice the access
time than the wait bit is “1” (no wait) . The wait bit is
cleared during reset.

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

The processor modes are described below.

Memory expansion  Microprocessor Evalua:on chip
mode mode mode
2.6 2
916, 916
A|6
o]
8046
RAM RAM RAM
27F16
C000¢
ROM
FFFFs
FFFFFF,q
The shaded area Is the external memory area.

Fig.50 External memory area for each processor mode

Internal clock¢ l l | | | | || | | | |
Port P2 X Xam){__Xoaa)

Address Address
Wait bit E
“qn

|ALE M1 M

Port P2 XAddress X__Data_ ) Address
Wait bit | _
p 1 E I |
(ALE [ | |

Relationship between wait bit and access time

L
Fig.51

(1) Single-chip mode (00)

single-chip mode is entered by connecting the CNVSS pin
to Vss and starting from reset. Ports P4 to PO all function as
normal 1/0 ports.

(2) Memory expansion mode (01)

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

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

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

When the BYTE pin level is “L”, port P1 functions as an
address output pin while E is “H” and as an odd address
data 170 pin while E is “L”. However, if an internal memory
is read, external data is ignored while E is “L”. In this case
the 170 port function is lost.

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

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

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

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

Ports P3y, P3,, P3,, and P3; become R/W, BHE, ALE, and
HLDA output pin respectively and lose their 1/0 port func-
tions.

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

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

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

Figure 52 shows a block diagram of the clock generator.
When an STP instruction is executed, the internal clock ¢
stops oscillating at “L” level. At the same time, FFF,s is M37700M2-XXXFP
written to watchdog timer and the watchdog timer input
connection is forced to fs,. This connection is broken and
connected to the input determined by the watchdog timer

frequency selection flag when the most significant bit of the 3 1«"//'\,0 30
watchdog timer is cleared or reset.

Oscillation resumes when an interrupt is received, but the | |
internal clock ¢ remains at “L” level until the most signifi- 1 D |
cant bit of the watchdog timer is cleared. This is to avoid
the unstable interval at the start of oscillation when using a ;L 71-,
ceramic resonator.

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

The stop or wait state is released when an interrupt is re- M37700M2-XXXFP
ceived or when reset is issued. Therefore, interrupts must
be enabled before executing a STP or WIT instruction. Xin Xout
Figure 53 shows a circuit example using a ceramic (or 29 30
quartz crystal) resonator. Use the manufacturers recom- Open
mended values for constants such as capacitance which
differ for each resonator. Figure 54 shows an example of
using an external clock signal.

AN

LAl
o]

Q

Fig.53 Circuit using a ceramic resonator

External clock source
v U
Vss

Fig.54 External clock input circuit

Reset
Interrupt request S Q S Q Q S

— STP instruction

D
py

STP instruction R WIT instruction—

© Watchdog
Internal clock ¢ timer
f2 f1e faz [
172 s | 12 12— s fora

Fig.52 Block diagram of a clock generator

O

XIN XOUT
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vece Supply voltage —0.3~7 \%
AVcc Analog supply voltage —0.3~7 \
\/ Input voltage RESET, CNVsg, BYTE —0.3~12 \

Input voltage POy~P07, P19~P17, P2o~P2;, P3p~P3;,
Vv P4o~P47, P5,~P5;, P6g~P67, P79~P77, —0.3~Vgc+0.3 v

P80~P87, Vaer, XiN
Output voltage P0y~P0;, P1o~P1;, P2o~P2;, P3;~P33,

Vo Pdo~P4y, P5y~P57, P6y~P67, P7o~P77, —0.3~Vc+0.3 \

+ P8¢~P87, Xour, E - '
Pd Power dissipation Ta=25C 300 mwW
Topr Operating temperature ‘ —10~70 c
Tstg Storage temperature —40~125 C

RECOMMENDED OPERATING CONDITIONS (Voc=5v%10%, Ta=—10~70C, unless otherwise noted)

Limits
Symbol Parameter . - Unit
Min. Typ. Max
Vece Supply voltage 4.5 5.0 5.5 v
AVcc Analog supply voltage ‘Vee \"
Vss Supply voltage 0 \
AVss Analog supply voltage 0 \
High-level input voltage POy~P0;, P3;~P3;, P4o~P4;,
P5y~P57, ~P87, PTo~P77,
Vi P::~ v, ;:) RESET, ::st;, 0.8Vee Vee v
BYTE
Vin High-level input voltage P1o~P17, P2p~P2; 0.8Vec Voo v

(in single-chip mode)
High-level input voltage P1o~P17, P2p~P27,
Vin (in memory expansion mode and |0.5Vcc Vce v

microprocessor mode)
Low-level input voltage POo~PO07, P3,~P3;, P4o~P4;,

P5o~P5;, P6o~P67, P7o~P77,

Vie P8~P8;, Xin, RESET, CNVss, 0 0.2Vee| V
BYTE
Low-level input voltage P1g~P17, P2g~P2;,
Vi evel input voltag o 7. P2y 7 0 0. 2Voo v

(in single-chip mode)

Low-level input voltage P1o~P17, P2;~P2;
Vi (in memory expansion mode and 0 0.16Vee \"

microprocessor mode)

High-level peak output current POo~P07, P1o~P17, P29~P2;,
lon(peak) P3g~P33, Pdg~P47, P5o~P57, —10 mA
P6o~P67, P7o~P77, P8o~P87
High-level average output current PO~ P07, P1o~P17, P2p~P2;,
|on(avg) P39~P33, P4g~P4;, P5,~P5;, —5 mA
‘ P6o~P67, P7o~P77, P8o~P8;
Low-level peak output current POo~PO07, P1o~P17, P29~P27, .
loL(peak) P39~P3g, P4o~P4;, PSg~P5;, 10 mA
P6o~P6;, P7o~P77, P8o~P87
Low-level average output current POy~P07, P1o~P17, P2g~P27,

mA
loLcavg) P3g~P33, P4g~P47, PSp~P57, 5
PBo~P6;, PTo~P77, P8o~P8;
H(Xen) 1 clock input M37700M2-XXXFP, M37700SFP 8 MHz
u
N N i M37700M2AXXXFP, M37700SAFP 16

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

2. The sum of lo (peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less,
the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less,
the sum of loi(peak) for ports P4, PS5, P6 and P7 must be 80mA or less, and
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less.
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2 MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS (Vcc=5V£10%, Vss=0V, Ta=25C, f(X,y)=8MHz, unless otherwise noted)
External clock input

Symbol Parameter Test conditions - Limits Unit
Min © Typ Max.
tc External clock input cycle time 125 ns
tw(H) External clock input high-level pulse width 50 ns
twiL) External clock input low-level pulse width 50 . ns
tr External clock rise time 20 ns
tf External clock fall time ' 20 ns
Single-chip mode
Limits
Symbol Parameter Test conditions in. Ty Max Unit
tsu(pop—e) | Port PO input setup time 200 ns
tsu(pip—e) | Port P1 input setup time 200 ns
——‘su(on—E) Port P2 input setup time 200 ns
tsu(pap—e) | Port P3 input setup time 200 ns
tsu(pap—e) | Port P4 input setup time 200 ns
tsu(psp—e) | Port P5 input setup time 200 ns
tsu(pep—e) | Port P6 input setup time 200 ns
tsu(pzo—e) | Port P7 input setup time 200 ns
tsu(psp—e) | Port P8 input setup time 200 ns
th(e—poD) Port PO input hold time 0 ns
th(e—pP1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time 0 ns
th(e—p3D) Port P3 input hold time 0 ns
th(e—paD) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—peD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—prsD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
tsu(pio—e) | Port P1 input setup time 60 ns
tsu(p2o—g) | Port P2 input setup time 60 ns
tsutrov—g ™" RDY input setup time ' 70 ns
th(e—P1D) Port P1 input hold time 0 ns
th(e—p2p) Port P2 input hold time 0 ns
th(s,—rov)*' | RDY input hold time 0 ns

* 1 1 New standard attending on the change In product specification.
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B input (Count input in event counter mode) N

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(te) TBiw input cycle time 500 ns
tw(reH) TBiy input high-level pulse width 250 ns
tw(TeL) TBiw nput low-level pulse width : 250 ns
Timer B input (Puise period measurement mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(re) TBijy Input cycle time 1000*2 ns
tw(TeH) TBiiy input high-level pulse width 500*2 ns
tw(TaL) TBiiy input low-level pulse width 500*2 ns
Timer B input (Pulse width measurement mode)
Limits
Symbol Parameter ! Test conditions Unit
Min. Typ. Max
tc(re) TBuy input cycle time 1000*2 ns
tw(ren) TBin input high-level pulse width 500 %2 ns
tw(TeL) TBuy input low-level pulse width 500*2 ns
A-D trigger input
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tc(ap) ADrra Input cycle time (minimum allowable trigger) 2000 | | ns
tw(abL) ADtra input low-level pulse width . 250 ns
Serial /O~
Limits
Symbol Parameter Test conditions Unit
Min Typ Max.
tc(ck) CLKi input cycle time 500 ns
tw(ckH) CLKi input high-level pulse width 250 ns
tw(ckL) CLKi input low-level pulse width . 250 ns
tdc—ay ™! | TxDi output delay time 150 ns
th(c—a)™' | TxDihold time 30 ‘ ns
tsu(p—c) ™' | RxDi input setup time 60 ns
thic—o) "' | RxDi input hold time 90 ns
External interrupt INTi input
Limits
Symbol Parameter Test conditions Unit
) Min. Typ. Max.
twank) INTi input high-level pulse width 250 ns
tw(nw) INTi input low-level pulse width 250 ns

*1 . New standard attending on the change in product specification.
* 2 . Changed standard attending on the change in product specification.
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max
td(PoA—E) Port PO address output delay time 350 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 120 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="“L") 5 ns
td(p1a—E) Port P1 address output delay time 350 ns
tde—p2q) | Port P2 data output delay time ' 120 ns
texz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—g) Port P2 address output delay time 350 ns
td(e—nLpa) | HLDA output delay time 100 ns
td(ALE—E) ALE output delay time . Co4%*2 ns
tw(aLE) ALE pulse width 350 ns
tdeme—e) | BHE output delay time ) 350 ns
— Figure 55

td(r/w—E) R/W output delay time 350 ns
tae—g ™’ # output delay time 0 30 ns
th(e—roa) Port PO address hold time 50*2 ns
thiae—p1a) ! | Port P1 address hold time (BYTE="L") 9 ns
th(e—p1q) | Port P1 data hold time (BYTE="L") 50*2 ns
tezx(E—p1z) | Port P1 floating release delay time (BYTE="L") 50*2 ns
th(e—P1a) Port P1 address hold time (BYTE="H") 50*2 ns
thiaLe—p2a) ™ ' | Port P2 address hold ime 9 ns
th(e—p2a) Port P2 data hold time 50*2 ns
tpzx(e—p2z) | Port P2 floating release delay time 50*2 ns
th(e—_ene) | BHE hold time 20 ns
th(e—r/w) R/W hold time 20 ns
twen ™! E pulse width 470 ns

*1 | New standard attending on the change In product specification
* 2 | Changed standard attending on the change in product specification.

PO
P1

100pF
P3 i

P4
PS5
P6
4
P8

Fig.55 Testing circuit for ports PO~P8, ¢,
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'MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXF P
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS (Vce=5V+10%, Vss=0V, Ta=25T, f(X,n)=16MHz, unless otherwise noted)
External clock input

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
tc External clock input cycle time 62 ns
tw(n) External clock input high-level puise width - 25 ns
tw) ! External clock input low-level pulse width 25 ns
tr External clock rise time N 10 ns
tf External.clock fall time 10 ns
Single-chip mode
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max
tsu(pop—e) | Port PO input setup ime 100 ns
tsutpip—e) | Port P1 input setup time 100 ns
tsu(peo—e) | Port P2 input setup time 100 ns
tsu(pap—e) | Port P3 input setup time 100 ns
tsu(pap—e) | Port P4 input setup time - 100 ns
tsu(psp—e) | Port P5 input setup time 100 ns
tsupep—e) | Port P6 input setup time 100 ) ns
tsu(prp—E) | Port P7 input setup time 100 ns
tsu(pep—e) | Port P8 input setup time 100 ns
th(e—poD) Port PO input hold time 0 ns
th(e—P1D) Port P1 input hold time 0 ns
th(e—p2p) Port P2 input hold time , 0 ns
th(e—pP3D) Port P3 input hold time 0 ns
th(e—pPaD) Port P4 input hold time 0 ns
th(e—psp) Port P5 input hold time 0 ns
th(e—preD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—psD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Limits .
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tsu(pip—e) | Port P1 input setup time 45 ns
tsu(pep—e) | Port P2 input setup time 45 ns
tsurov—s " ' | RDY input setup time 60 ns
th(e—P1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time 0 ns
this,—roy)*' | RDY input hold time 0 ns

*1 . New standard attending on the change in product specification.

v
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXF P
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B input (Cont input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
te(re) TBiiy input cycle time 250 ns
tw(ren) TBii input high-level pulse width 125 ns
tw(TsL) TBin input low-level pulse width 125 ns
Timer B input (Pulse period measurement mode)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max.
tcre) TBii input cycle time 500*2 ns
tw(TeH) TBiiy input high-level pulse width 250*2 s
tw(TeL) TBiiy Input low-level pulse width . | 250*2 s
Timer B input (Puise width measurement mode)
Limits
Symbol . Parameter Test conditions - Unit
Min. Typ Max.
tc(te) .| TByy input cycle time 500*2 ns
tw(Ten) TBiin Input high-level pulse width 250*2 ns
tw(TeL) TBiyy input low-level puise width 250*2 ns
A-D trigger input
N . Limits
Symbol Parameter Test conditions Unit
Min Typ. Max
tccap) ADrrg Input cycle time (minimum allowable trigger) 1000 ns
tw(abL) ADrgg input low-level pulse width 125 ns
Serial /0
Limits )
P; t Test conditions Unit
Symbol arameter i, Typ Mon.
tccx) CLKi input cycle time 250 ns
tw(ckH) CLKi input high-level pulse width 125 ns
tw(ckL) CLKi input low-level pulse width 125 . ns
td(c—a) *' | TxDi output delay time 90 ns
thic—ay ™! | TxDi hold time 30 ns
tsuo—c) ™! | RxDi input setup time 30 ns
thc—o *' | RxDi input hold time 90 ns
External interrupt INTi input .
Lomi
Symbol Parameter Test conditions mits Unit
Min. Typ. Max.
twanH) INTi input high-level puise width . 250 ns
tw(NL) INTi input low-level pulse width - 250 - ns

*1 | New standard attending on the change in product specification.
* 2 ! Changed standard attending on the change in product specification
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

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

td(poa—g) Port PO address output delay time 155 ns
td(e—P1Q) Port P1 data output delay time (BYTE="“L") 80 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(p1a—E) Port P1 address output delay time 155 ns
td(e—p2q) . | Port P2 data output delay time | 80 ns
tepxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 155 ns
td(e—nLpa) | HLDA output delay time 50 ns
td(ALE—E) ALE output delay time 4*2 ns
tw(ALE) ALE pulse width 165 ns
td(BHE—E) 'BH__E output delay time Figure 55 155 ns
td(R/W—E) R/W output delay time 155 ns
tde—e ™! #1 output delay time 0 20 ns
th(e—poa) Port PO address hold time 25*2 ns
thiaLe—pia) ™' | Port P1 address hold time (BYTE="L") 9 ns
th(e—p1q) | Port P1 data hold time (BYTE=“L") 25%2 i ns
tpzx(E—p1z) | Port P1 floating release delay time (BYTE="L") 25*2 ns
th(e—p1A) Port P1 address hold time (BYTE=“H") 25*2 ns
“theae—pza) *' | Port P2 address hold time 9 ns
th(e_pzq) | Port P2 data hold time ' 25%2 ns
tpzx(e—p2z) | Port P2 floating release delay time 25*2 ns
th(e—sne) | BHE hold time 20 ns
th(e—rw) | R/W hold time 20 ns
twew ™! E pulse width 220 ns

* 1 ! New standard attending on the change in product specification.
* 2 . Changed standard attending on the change in product specification.
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

teira)
twiran;
/ )
TAny Input /
tw(TAL)
| |
tewue
tw(upH)
TAiour Input / \ \ '
tw(ue)
|
tecre)
tw(ren)
" /
TBi input / \
tw(reL)
[ |
toiap)
twiaoL)
ADqgg input \ P W /
teiek)
twickn)
CLKi / * \
tw(ckL)
[ =1

thic-a)

TxD1 ><,
N

tdc—a) _ tsuto—c)

{ th(c—p)
RxDi /f *

twone)

INTi input \ /
twinm)
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MITSUBISHI MICROCOMPUTERS

M37700M2-XXXFP,M37700M2AXXXFP
M37700SFP,M37700SAFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

tc
d [\
tde—gy) e tde-g)
tw(eL) —_\ —
E  /
td(roa—k)
th(e—|roa)
Port PO output X
Address Address

(A0~A7)

thiate—p1a)f1 the—p1a) > texz(e—p12) tezx(e—P12)
Port P1 output
(Ag~A,5/Dg~Dys) X Address Data Address | W — — — — — - Address
(BYTE="L") il ryv——

tdp1a—e)
the—ria)
Port P1 output
(Ag~Ass) X Address Address
(BYTE=“H")
tsutpio-g) th(e—p10)

Port P1 input

th(aLE—pP2a) -»——‘ thie—r2a) texz(e—p2z) tezx(e—p2z;
Port P2 output X Address Data Address | r—————
(A16~A23/Dg~D7) -

- tde—r2a ) td(p2a—g) tsu(reo—g)
Port P2 input
td(e—HLoA)
Port P3; output
(HLDA)
%
W tdace—e)

Port P3, output
(ALE) N

\dene-e) ?“" the—sHe)
Port P3, output 4 X X
(BHE)

td(rw—r) ‘_)‘ thie—rw)
Port P3, output \
(R/W)

tsu(rov—¢y) | th(¢—rDY)
i \
Port P4, input
(RDY) N 4
Test conditions
* Vee=5V£10%
+ Output timing voltage : Vo =0.8V, Vou=2. 0V
+ Ports P1,P2 input LV =0.8V, Vi\y=2.5V
+ Port P4, input LV =10V, Vig=4.0v
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MITSUBISHI MICROCOMPUTERS
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37700M4-XXXFP,M37700M4AXXXFP
M37700S4FP,M37700S4AFP
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M37701M2-XXXSP,M37701M2AXXXSP
M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

DESCRIPTION

The M37701M2-XXXSP, M37701M2AXXXSP, M37701SSP
and M37701SASP are single-chip microcomputers de-
signed with high-performance CMOS silicon gate technolo-
gy. These are housed in a 64-pin shrink plastic molded
DIP. These single-chip microcomputers have 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 switch-
ed to perform 8-bit parallel processing. These microcompu-
ters are suitable for office, business and industrial equip-
ment controller that require high-speed processing of large
data.

The differences between M37701M2-XXXSP, M37701M2A
XXXSP, M37701SSP and M37701SASP are the ROM size
and the external clock input frequency as shown below.
Therefore, the following descriptions will be for the
M37701M2-XXXSP unless otherwise noted.

Type name ROM size External clock input frequency
M37701M2-XXXSP 16K bytes 8 MHz
M37701M2AXXXSP 16K bytes 16MHz
M37701SSP External 8 MHz
M37701SASP External 16MHz

The M37701M2-XXXSP cuts down the pins of M37700M2-
XXXFP. Refer to the section on M37700M2-XXXFP for the
functional differences.

DISTINCTIVE FEATURES

® Number of basic INStrUCHIONS: ++++++++++eerrrrerrmrerareerenes 103

® Memory size ROM ----++-+-

® Instruction execution time
M37701M2-XXXSP, M37701SSP
(The fastest instruction at 8 MHz frequency) -+ 500ns
M37701M2AXXXSP, M37701SASP
(The fastest instruction at 16 MHz frequency)--+ 250ns

PIN CONFIGURATION (TOP VIEW)

AVce Vee
Veer — ‘ + P8,/CTS/RTS,
AVss [62] +» P8,/CLK,
P7,/AN;/ADzre + [4] «> P8,/RxDq
P7,/AN, + 3] 60] ++ P83/TxDo
P7,/AN, +[§] 53] ++ P86/RXD,

P7o/ANy >
P65s/TBO +> [&]
P6,/INT, « [¢] [56] +> PO,/A,
P63/INT, «[i7] [55] «» PO,/A,
P6,/INT, > [11] + POs/Ag
P5,/TA3)y + 53] ++ POJ/A,
P5¢/TA3oyr +* 5 +'P0s/As
P5s/TA2) + [12]Z [T+ POg/As
P5,/TA20yr +> S+ Po/A;
P5a/TAT + QS [El+ P1o/As/Ds
P5,/TAloyr +* < [28] ++ P1,/Ag/Dg
P5,/TAOw + [13] L[ P12/Aw0/Dio
PSo/TAOour + [13] B [El+ P15/A1/D;,
P4,/DBC* [45] <> P14/A12/Ds2
Pay/ ¢+ [21] [43] <> P15/A13/Dys
P4,/RDY + + P1g/A14/Dyy
P4o/HOLD + P1,/A15/Dys
[41] ++ P24/A16/Do

58] ++ P8,/TxD,
+ PO/Ag

dSvs 58[18
dSSI0ZLEN
10
dSXXXVCWI0ZLENW

CNVss 40] ++ P2,/A7/D,
RESET — +> P2,/A1s/D;
Xin— 138] +» P24/A9/D3
Xout + [28] > P24/A%/Dy
E+ <+ P25/A/Ds

Vss > P24/A22/Dg

P3,/ALE +
P3,/BHE +

3] <+ P2,/A4/D,
+ P3y/R/IW

Outline 64P4B

* Used in the evaluation chip mode only

APPLICATION

Control devices for office equipment such as copiers, prin-

® Single power supply -««-:-sereeerereeeiaeees presene 5Vt10% ters, typewriters, facsimiles, word processors, and personal
® Low power dissipation (at 8 MHz frequency) computers
............................................................ 30mwW (Typ.) Control devices for industrial equipment such as ME, NC,
@ Interrupts e communication, and measuring instruments
® Multiple function 16-bit timer ««++--exoererrmereeceneaenne
® UART (may also be synchronous) -+
Q@ 8-bit A-D converter ---rsreeeereererennainn,
® 12-bit watchdog timer
® Programmable input/output
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) R X ]
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MITSUBISHI MICROCOMPUTERS

‘M37701M2-XXXSP,M37701M2AXXXSP

- M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37701M2-XXXSP

' Parameter

Functions

Number of basic instructions

103

| M37701M2-XXXSP, M37701SSP 500ns (the fastest instructions, at 8MHz frequency)
Instruction execution time
M37701M2AXXXSP, M37701SASP 250ns (the fastest instructions, at 16MHz frequency)
" ROM 16K bytes
emory size
oy RAM 1512 bytes
PO, P1, P2, P5 8-bitX 4
Input/Output port P8 6-bitX 1
nput/Outpul s
putButput p P4, P6, P7 4-bitX 3
P3 3-bitX 1
TAO, TA1, TA2, TA3, TA4 16-bitX 5 (4 Input/Output functions)
Multi-function timers
TBO, TB1, TB2 16-bitX 3 (1 Input function)

Senali 1/0

UARTX2(One can be set clock synchronous senal 1/0 )

A-D converter

8 -bitX 1 (4 channels)

Watchdog timer

12-bitX 1

Interrupts

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

Clock generating circuit

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

Supply voltage 5V+10% A
Power dissipation 30mW(at external 8 MHz frequency) .
Input/Output voltage 5V
Input/Output characteristic
‘ Output current 5mA
Memory expansion _ Maximum 16M bytes
Operating temperature range —10~70C

Device structure

CMOS high-performance silicon gate process

Package

64-pin shrink plastic molded DIP

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37701M2-XXXSP,M37701M2AXXXSP

M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The functional differences between the M7701M2-XXXSP
and M37700M2-XXXFP are described below. The
M37701M2-XXXSP has the same functions as the
M37700M2-XXXFP, except these points. Refer to the sec-
tion on the M37700M2-XXXFP.

A-D CONVERTER

Analog signals are input through four channels, ANy, AN,
AN, and AN; In one-shot mode and répeat mode, select
one on ANg, AN;, AN,, and AN; as analog input by the ana-
log input selection bits (bits 2, 1 and 0) of A-D control reg-
ister. Set the bits of the directional registers for ports cor-
responding to analog input channels ANz, AN,4, ANs and
ANg not having pins to “1” (output mode) and output “0” to
the ports.

In the single sweep mode and repeat sweep mode, the
M37701M2-XXXSP operates the same as the M37700M2-
XXXFP. Set the directional register bits of ports corres-
ponding to ANO, AN1, AN2, and AN7 to “0” (input mode),

and the bits of the directional registers for ports corres--

ponding to AN3, AN4, ANs and ANg not having pins to “1”
(output mode), and output “0” to the ports. In the single
sweep mode and repeat sweep mode, the contents of A-D
register bits corresponding to analog input channels ANj,
ANy, ANs, and ANg not having pins are undefined.

TIMER

Since timer A4 has no input/output function and timer B1,
B2 have no input function, timers A4, B1 and B2 operate
only in timer mode. Therefore, only clock source can be
selected -by the bits 7 and 6 of timer mode register for
each of timers A4, B1 and B2. The bits of timer mode regis-
ter must be “0” except for the clock source selection bits.
Other timers AO, A1, A2, A3 and B0 have the same func-
tions as the M37700M2-XXXFP.

SERIAL 1O

UART1 has only the asynchronous serial communication
function and no clock synchronous serial communication
function. Therefore, do not select the clock synchronous se-
rial communication function (“001”) by the serial com-
munication method selection bits (bits 2, 1 and 0) of UART1
transmit/receive mode register. Since UART1 does not
have the functions of CTS and RTS, the CTS and RTS

‘'selection bit (bit 2) of UART1 transmit/receive control reg-

ister 0 must always be “1”. UARTO has the same function as
the M37700M2-XXXFP.

INPUT/OUTPUT PINS :
The port registers and directional registers for ports P4, P6,
P7 and P8 have eigtht bits, the directional register bits hav-
ing no pins must always be set to the output mode. Since
port P33 is not available as a pin although it has port regis-
ter and directional register, port P3; must be set to the out-
put mode.

ADDRESSING MODES

The M37701M2-XXXSP has 28 powerful addressing modes.
Refer to the Series MELPS 7700 addressing mode descrip-
tion for the details of each addressing mode.

MACHINE INSTRUCTION LIST

The M37701M2-XXXSP has 103 machine instructions. Refer
to the Series MELPS 7700 machine instruction list for de-
tails.

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

(1) M37701M2-XXXSP mask ROM orde! confirmation form
(2) Mark specification form for 64P4B

(3) ROM data (EPROM 3 sets)

Table 1. The functional differences between the M37701M2-XXXSP and M37700M2-XXXFP
Parameter M37701M2-XXXSP M37700M2-XXXFP
Input/Output ports 8 -bitX 4 | PO~P2, P4~ P8 rrrrrrrrrrrrrerssrnnenaninens 8 -bitX 8
. 6 _bltx ‘I PS .................................................... 4 _bitx ]
4 -bitX 3 (with HLDA)
3-bitX 1
(without HLDA) '
Timer Timer A---e-eeeee with Input/Output ports  16-bitX 4 | Timer A «---oo-o- with Input/Output ports 16-bitX 5
only timer mode 16-bitX 1
\ Timer B------ooe- with Input ports 16-bitX 1 | Timer B---------+ with Input ports 16-bitX 3
. only timer mode 16-bitX 2
Serial I/0 (UART or clock synchronous serial 1/0)X 1 (UART or clock synchronous serial 1/0)X 2
UARTX 1
A-D converter 8 -bitX 1 ( 4 channels) 8 -bitX 1 ( 8 channels)
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MITSUBISHI MICROCOMPUTERS *

M37701M2-XXXSP,M37701M2AXXXSP
M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37701M2-XXXSP
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(X;x)=8MHz, unless otherwise noted) .
Limits
Symbol Parameter Test conditions Unit
Min Typ Max.
High-level output voltage P0y~P0;, P19~P17, P29~P2;,
P3g, P34, P4g~P4;, P4;,
V. lonw=—10mA
oH P5g~P5;, P6;~P6s, PTg~PT5, | " m 3 v
P77, P8,~P83, P8, P87 N
High-level output voltage P0y~P0;, P1o~P17, P2y~P2;,
Von a dputvotage Mo o Pl PETPE ] 1on=—400uA 4.7 v
P3y, P34
lon=—10mA 3.1
V High-level output voltage P3: v
oH 9 put vollage P5 low=—4002A 4.8
— lon=—10mA 3.4
V, High-level output voltage E \"
on 9 P 9 lon=—4002A 1.8 ,
Low-level output voltage POg~P07, P15~P17, P2;~P27,
P30, P34, P4y~P4,, P47, .
V, lo.=10mA
oL PSy~P5;, P6;~P6s, PTo~P7s | O~ 2 v
P77, P8o~P8;, P8, P87
Low-level output voltage POy~P0;, P1o~P1;, P2p~P2;,
Vou P g9e Pho=POn Plo=Hin Po™Fern | 1o.=2mA 0.45 v
P3yp, P34
lo.=10mA 1.9 | '
V. Low-level output voltage P3; v
oL P 9e % loL=2mA 0.43 {
_ lo.=10mA 1.6
V Low-level output voltage E v
ot P 9 ] lo.=2mA | 0.4
Vor—V. Hysteresis HOLD, RDY, TAON~TA3)y, TBO, 0.4 1
T INTo~INT, ADrra, CTSp, CLKp .
Vr4+—Vr— | Hysteresis RESET 0.2 0.5 v
Vr+—Vr— | Hysteresis Xy 0.1 0.3 v
High-level input current.POy~P07, P1o~P17, P2p~P2;,
P3g~P3,, Pdg~P4,, Pz,
('™ P5¢~P5;, P6,~P6s, P7o~P75, V=5V 5 ~A
P77, P8y~P8;, P8, P8;,
XN, RESET, CNVss, BYTE
Low-level input current POo~P0;, P1o~P17, P2p~P2;,
P3,~P3;, P4g~P4,, P4;,
[ P5¢~P5;, P6,~P6s, P7o~P75, V=0V —5 #A
P77, P8,~P8;, P8s, P87,
Xin, RESET, CNVss, BYTE
Vram RAM hold voltage When clock Is stopped 2 \2
f(Xin) =8MHz,
_ (X 6 12 | mA
In single-chip mode | square waveform
loo Power supply current output only pin is Ta=25C when clock 1
open and other pins | is stopped
are Vss during reset | T,=70°C when clock 10 “A
1s stopped N
A-D CONVERTER CHARACTERISTICS (vcc=5V, Vgs=0V, Ta=257T, f(X;n)=8MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min. Typ Max
— Resolution Vrer=Voc 8 Bits
— Absolute accuracy Vrer=Vcc +3 LSB
RLappER | Ladder resistance Vrer=Vce 2 10 KQ
tcony Conversion time 28.5 us
Vger Reference voltage 2 Vee v
Via Analog input voltage 0 Vger \
N MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37701M2-XXXSP,M37701M2AXXXSP

M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions - Unit
Min Typ. Max.
tc(ta) TAiw input cycle time 250 ns
tw(TAH) TA input high-level pulse width 125 ns
tw(TAL) TAin input low-level pulse width 125 ns
Timer A input (Gating input in timer mode)
Limit;
Symbol Parameter Test conditions mits Unit
Min Typ Max
te(ra) TAij input cycle time 1000 ns
tw(TaH) TAij input high-level pulse width 500 ns
tw(TaL) TAiy input low-level pulse width 500 ns
Timer A input (External trigger input in one-shot pulse mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tecra) TAiw input cycle time 500 ns
tw(TAH) TAi input high-level pulse width 250 ns
tw(TAL) TAuy input low-level pulse width 250 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions e Unit
Min Typ Max.
tw(TAH) TAin input high-level pulse width 250 ns
tw(TAL) TAi input low-level pulse width 250 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter Test conditions - Unit
: Min. Typ Max
tecup) TAiour input cycle time 1000 ns
tw(uPH) TAiour input high-level pulse width 500 ns
tw(upL) TAiour input low-level pulse width 500 ns
276 MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37701M2-XXXSP,M37701M2AXXXSP
M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, {(X,y)=8MHz, unless otherwise noted)
Single-chip mode -

Symbol Parameter Test conditions Limits Unit
Min Typ Max
td(e—poq) Port PO data output delay time 200 ns
td(e—P1Q) Port P1 data output delay time 200 ns
td(e—p2q) Port P2 data output delay time 200 ns
td(e—pr3aq) Port P3 data output delay time : 200 ns
td(e—Paq) Port P4 data output delay time Figure 1 200 ns
td(e—psa) Port P5 data output delay time 200 ns
td(e—preq) Port P6 data output delay time 200 ns
td(e—p7a) Port P7 data output delay time 200 ns
td(e—psq) Port P8 data output delay time 200 ns
’
Memory expansion mode and microprocessor mode (when wait bit = "1")
Symbol Parameter Test conditions N Limits Unit
Min Typ Max.
td(Poa—E) Port PO address output delay time 100 ns
td(e—p1Q) Port P1 data output delay ime (BYTE="L") 120 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 40 ns
td(P1Aa—E) Port P1 address output delay time 100 ns
td(e—r2q) Port P2 data output delay time 120 ns
texz(e—p2z) | Port P2 floating start delay time 40 ns
td(p2a—E) Port P2 address output delay time 100 ns
td(aLE—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 100 ns
td(BHE—E) BHE output delay time . 100 ns
— Figure 1

td(rR/W—E) R/W output delay time J 100 ns
td(e—¢1) ¢4 output delay time 0 30 ns
th(e—proa) Port PO address hold time 50 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—p1q) | Port P1 data hold time (BYTE="L") 50 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 50 ns
th(e—pr1A) Port P1 address hold time (BYTE="H") 50 ns
th(aLe—p2a) | Port P2 address hold time N 9 ns
th(e—p2q) Port P2 data hold time 50 ns
tpzx(e—p2z) | Port P2 floating release delay tim 50 ns
th(e—eHE) BHE hold time ) 20 ns
th(e—r/wW) R/W hold time 20 ns
tw(eL) E pulse width 220 ns
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M37701M2-XXXSP,M37701M2AXXXSP
| M37701SSP,M37701SASP

- SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37701M2AXXXSP
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(X,y)=16MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit

- Min. Typ Max

High-level output voltage PO~PO07, P1g~P17, P25~P2;,
P3y, P34, P4y~P4,, P47,

loy==—10mA 3 v

Von P5g~P5;, P6,~P6s, PTo~P7,, | " m
P77, P8,~P83, P8¢, P87

High-level output voltage P0y~P07, P1o~P17, P2;~P2;,

Vou P3,, P34 o TH00wA 7 Y
lon=—10mA 3.1

Vou High-level output voltage P3; o= —400uA 2.8 \%
_ lon=—10mA 3.4

Vou High-level output voltage E o —4001 A 18 \"

Low-level output voltage P0y~P0;, P1o~P1;, P20~P2;,
P3p, P31, P4g~P4,, P47,

lo.=10mA 2 v

Voo PSo~P57, PE~P65, PTg~PTs, | O
P77, PBy~ P83, Ple, P87

Low-level output voltage P0y~P07, P15~P17, P2p~P27,

Voo P30, P3; lot=2mA 0.45 \"
lo.=10mA 1.9

Voo Low-level output voltage P3, lo=2mA 0.43 \"
— lo.=10mA 1.6

VoL Low-level output voltage E o =2mA 0.4 v
Vrs—Vr_ Hysteresis @@, TAON~TAS, TBO, 0.4 1

INTo~INT2, ADtra, CTSo, CLKp
Vr+—Vy— | Hysteresis RESET 0.2 0.5 Y,
Vr+—Vr— | Hysteresis Xiy 0.1 0.3 v

High-level input current POG~P0;, P1o~P17, P2p~P2;,
P3g~P3,, P4o~P4,, P47,
[ P5¢~P5;, P6,~P6s, P7p~P7,, V=5V 5 uA
P77, P8y~P83, P8¢, P87,
Xin, RESET, CNVgs, BYTE
Low-level input current POg~P0;, P19~P17, P20~P27,
P3o~P3,;, P4y~P4,, P4;,
[ P5o~P57, P6;~P65, P7o~P7», Vi=0vV —5 u“A
P77, P8o~P8g, P8¢, P8y,
X, RESET, CNVsg, BYTE
Veam RAM hold voltage When clock is stopped 2 \'

f(Xin)=16MHz, 12 24 mA
In single-chip mode | square waveform
output only pin is Ta=25C when clock
P ly current
lec ower supply open and other pins | is stopped ! A
are Vss during reset. | T,=70"C when clock 10 “
is stopped.

A-D CONVERTER CHARACTERISTICS (Voo=5V, Ves=0V, Ta=25C, f(Xn)=16MHz, unless otherwise noted)

Symbol Parameter Test conditions Limits : Unit
. Min. Typ Max.
— Resolution Veer=Vcc 8 Bits
- Absolute accuracy Vrer=Vecc +3 LSB
Ri_apper | Ladder resistance Verer=Vce 2 10 kQ
tconv Conversion time 14.25 “s
Veer Reference voltage . ' 2 Vce \%
Via Analog input voltage 0 VRer \4

280 ‘ MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37701M2-XXXSP,M37701M2AXXXSP
M37701SSP,M37701SASP,
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Timer A input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min Typ | Max
te(ra) TAinn Input cycle time 125 ns
tw(TAH) TAuy input high-level pulse width 62 ns
tw(TAL) TAun Input low-level pulse width 62 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter Test conditions Unmit
Min Typ . Max
to(ra) TAuy 1nput cycle time 500 ns
tw(TAn) TAuy input high-level pulse width 250 ns
tw(TaL) TAnn iInput low-level pulse width 250 ns
Timer A input (External trigger input in one-shot pulse mode)
. Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
te(ta) TAi Input cycle time 250 ns
tw(TaH) | TAun input high-level pulse width 125 ns
tw(TaL) TAuy Input low-level puise width . 125 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw(TaH) TAin input high-level pulse width 125 ns
tw(TaL) TAuy input low-level pulse width 125 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter Test conditions Umit
Min Typ Max.
te(up) TAiout Input cycle time 500 - ns
tw(uPH) TAiour Input high-level pulse width N 250 ns
tw(upL) TAiour Input low-level pulse width 250 ns
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M37701M2-XXXSP,M37701M2AXXXSP
M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f(X,n)=16MHz, unless otherwise noted)
Single-chip mode '

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max.
td(e—roQ) Port PO data output delay time 100 ns
td(e—P1Q) Port P1 data output delay time 100 ns
td(e—p2q) Port P2 data output delay time 100 ns
td(e—r3Q) Port P3 data output delay time 100 ns
td(e—raq) Port P4 data output delay time Figure 1 100 ns
td(e—PsQ) Port P5 data output delay time 100 ns
td(e—peq) Port P6 data output delay time 100 ns
td(e—p7Q) Port P7 data output delay time 100 ns
td(e—psq) Port P8 data output delay time 100 ns
Memory expansion mode and microprocessor mode (when wait bit=*1")
. Limits
Symbol Parameter Test conditions Unit
Min Typ. Max.,
td(PoAa—E) Port PO address output delay time 30 ns
td(e—p1Q) Port P1 data output delay time (BYTE="L") 80 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 40 ns
td(p1a—E) Port P1 address output delay time 30 ns
td(e—p2q) Port P2 data output delay time 80 ns
tpxz(e—p2z) | Port P2 floating start delay time 40 ns
td(p2a—g) Port P2 address output delay time 30 ns
td(ALE—E) ALE output delay time 4 ns
tw(aLE) ALE puise width 40 ns
td(sne—e) | BHE output delay time 30 ns
td(rR/wW—E) R/W output delay time 30 ns
Figure 1

td(e—¢1) ¢4 output delay time 0 20 ns
th(e—PoA) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—P1Q) Port P1 data hold time (BYTE="“L") 25 ns
tpzx(e—p12) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) | Port P1 address hold time (BYTE="H") 25 ns
th(aLe—pza) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—sme) | BHE hold time 20 ns
th(e—r/wW) R/W hold time 20 ns
tw(eL) E pulse width . 95 ns

—ga MITSUBISHI
‘ ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37701M2-XXXSP,M37701M2AXXXSP
M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM g
Single-chip mode '
twary twiw

1(Xin)

e td(e—roaq)

Port PO output

tsutroo—g)

Port PO input ‘ l th(e—pop)

e td(e—P10)

Port P1 output X

tsucpio—g)

—
Port P1 input / the—p10)

le—>{ td(e—r2q)

Port P2 output

tsutp2o—e)

—
Port P2 input / th(e—p20)

<—>1 td(e~raa)

L th(e—rap)

—>| td(e—paq)

j\ th(e—pap)

== td(e—rsa)

.Port P3 output

tsutpan—g)
Port P3 input

~

Port P4 output

tsu(pao—e)

~

Port P4 input

Port P5 output

tsu(pso—e)
Port P5 input 3\ th(e—psD)
td(e—prsa)
Port P6 output y
tsu(rep—e) ‘
Port P6 input /Fq\ th(e—re0)
ke td(e—p7a)

Port P7 output

tsucpro—€)
Port P7 input

i

3\ th(e—p70)

< td(e—rsa)

3\ th(e—peo)

Port P8 output

tsu(pso—e)

Port P8 input

)
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MITSUBISHI MICROCOMPUTERS

M37701M2-XXXSP,M37701M2AXXXSP
- M37701SSP,M37701SASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

tww tw(n) tf t tc

S S VAN o N N N an

tde—g1) tde—¢n)

E tw(e) ———\ /_'——

td(poa—e)
thie—poa)

Port PO output x Address Address x
( Aog~A; )
thiate—p1a) "——>’

Port P1 output x Address Data
(Ag~A5/Dg~D;s) tac :
(BYTE="L") e

th(e—r1q) texz(e—p12) tezx(e—P12)

Address | H# — — —— — o +— Address

td(p1a—e)

thie—p1a)
Port P1 output x Address Address X
(Ag~Ass) -
(BYTE="H") tsu(pio—g) thie—p1D)

Port P1 input

th(e—paa) texz(e—p22)

tezx(e—p2z)

th(aLe—P2a) K—-i

Port P2 output Address % pete e T e 1 L
tr ut x tsu(p2p—g)
(Asg~Aga/Dy~D) taera) td(p2a—g) Su(P2D—E t
h(e—p2D)
Port P2 input
tw(aLe)
tdcaLe—e)

Port P3; output / \
(ALE)

td(sHE—E) --‘ the—snE)
Port P3; output ( X
(BHE)

tdrw—e) (—)1 the—rw)
Port P3, output /{
(R/W)

tsu(roy—41)
hi(¢ 1—RDY)

Port P4, input

(RDY)
Test conditions
*Vee=5V+10%
+ Output timing voltage : Vo =0. 8V, Vou=2.0V
+ Ports P1,P2 input 1V, =0.8V, Viy=2.5V
« Port P4, input IV =110V, Vig=4.0v
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M37701M4-XXXSP,M37701M4AXXXSP
M37701S4SP,M37701S4ASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

'DESCRIPTION

The M37701M4-XXXSP, M37701M4AXXXSP, M37701S4SP
and M37701S4ASP are single-chip microcomputers de-
signed with high-performance CMOS silicon gate technolo-
gy. These are housed in a 64-pin shrink plastic molded
DIP. These single-chip microcomputers have 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 switch-
ed to perform 8-bit parallel processing. These microcompu-
ters are suitable for office, business and industrial equip-
ment controller that require high-speed processing of large
data.

The differences between M37701M4-XXXSP, M37701M4A
XXXSP, M37701S4SP and M37701S4ASP are the ROM size
and the external clock input frequency as shown below.
Therefore, the following descriptions will be for the
M37701M4-XXXSP unless otherwise noted.

Type name ROM size External clock input frequency
M37701M4-XXXSP 32K bytes 8 MHz
M37701M4AXXXSP 32K bytes 16MHz
M37701S4SP External 8 MHz
M37701S4ASP External 16MHz

The M37701M4-XXXSP has the same functions as the
M37701M2-XXXSP except for the memory size.

DISTINCTIVE FEATURES

Number of basic instructions:----««««-«=rreereeeeeeeeeeeennes 103
o Memory s'Ze ROM ................................. 32K bytes
RAM oreerrmenneneeiieciieneneen 2048 bytes

® |Instruction execution time
M37701M4-XXXSP, M37701S4SP
(The fastest instruction at 8 MHz frequency) -+ 500ns
M37701M4AXXXSP, M37701S4ASP )
(The fastest instruction at 16 MHz frequency)---*- 250ns

PIN CONFIGURATION (TOP VIEW)

AVce Vee
Veer &3] «+ P8,/CTSe/RTS,
AVss + P8,/CLK,q

P7,/AN;/ADrpe «[4]
P7,/AN, +
P7,/AN, «[6]
P7o/ANg +

P65/TBO) + |8}
P6,/INT, 9]
P63/INT, <+ [i0]
P6,/INT, +

P5;/TA3\y +

P5¢/TA3oyr +>
P55/TA2)y + (14l =

61] +> P8,/RxDo
[60] +> P85/TxDg
[59] +» P8¢/RxD;
58] > P8,/TxD;

[52] <> POs/As
[51] > P0s/Ag

P54/TA20ur + B9 + P0,/A;
P54/TA1, + [ 78] < P1o/Ag/Ds

=9

 P1,/Ag/Dy
> P1,/A10/Dyo
<+ P13/Ay4/Dyq

dSPSI0ZLEN
10
dSXXXVYNLOLLEW
10
SXXX-YWIL0LLENW

P4,/DBC* + O[] «> P1,/A15/Dy2
P4/ ¢4+ <+ P15/Ay3/Dy3
P4,/RDY «» > P1/A14/Dy4
P4,/HOLD + +> P17/A15/Dys

BYTE — > P29/A1s/Do
CNVss 0] +» P2,/A17/D4
RESET — [2¢] > P2,/A15/Dy

Xin — > P23/A1o/Ds
Xour + > P2,/Az0/Dy
E« +> P25/Az,/Ds
Vss > P2¢/Az,/Dg

P3,/ALE +
P3,/BHE +

> P2;/Ag3/D;
<« P3,/R/W

Outline 64P4B

* Used in the evaluation chip mode only

) Single power supply ..................................... 5Vi10% APPLICAT'ON i i i )
PR Control devices for office equipment such as copiers, prin-
® Low power dissipation (at 8 MHz frequency) . .
ters, typewriters, facsimiles, word processors, and personal
............................................................ 30mwW (Typ.) computers
e Inter.rupts """ """""" """""" 19 types 7 levels Control devices for industrial equipment such as ME, NC,
® Multiple function 16-bit timer -+ 543 communication, and measuring instruments '
® UART (may also be Synchronous) «««+««««+-eswseeeeeeeees 2 ’ g ‘
® _b't A-D rter soreeeeererereiieenns 4-channe| in uts
: ?2-:>n D oonverer P THE FUNCTIONS AND CHARACTERISTICS
o P bl g toutout The M37701M4-XXXSP has the same functions and charac-
(f°‘-:t'a':g‘i1 ep"z‘pga ;4p“P5 PG, P7. D) s sy  teristics as the M37701M2-XXXSP except for the ROM and
ports FO, F1, Fe, 13, P4, 19, 7o, FY, RAM size. Refer to the section on the M37701M2-XXXSP.
DATA REQUIRED FOR MASK ORDERING
Please send the following data for mask orders.
(1) M37701M4-XXXSP mask ROM order confirmation form
(2) Mark specification form for 64P4B
(3) ROM data (EPROM 3 sets)
2—90 MITSUBISHI
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V}M37704M2 XXXFP M37704M2AXXXFP

MITSUBISHI MICROCOMPUTERS

M37704SIFP M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M37704M2-XXXFP, M37704M2AXXXFP, M37704S1FP
and M37704S1AFP are single-chip microcomputers de-
signed with high-performance CMOS silicon gate technolo-
gy. These are housed in a 80-pin plastic molded QFP.
These single-chip microcomputers have 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 paraliel processor that can also be switched to P7o/ANo + [1] [54] +» PB,/CTS, RTS,
. . . P6;/TB2 +* +» PB5/CLK

perform 8-bit parallel processing. These m|crocomlputers Po/TBIn ~> 5] e PBYRLD,

are suitable for office, business, and industrial equipment Pg?g%%g“ »Pa,/rxn.

. . . INTz +> POg/Ag
controller that require high-speed processing of large data. pﬁ;,%0 ] 5]« POy/AY
Also, the incorporated motor control circuit makes these P’gﬁ/z&%: “’P)gz;:z

. 3 . 1 IN - 3/Az
_microcomputers suitable for control of equipment that re- PSy/TMour/RTP1g ++ [5] 5] +> PO,/As

quires motor control.

The differences between M37704M2-XXXFP, M37704M2A P55/TA2/U/RTP1, +> [iZ]

PIN CONFIGURATION (TOP VIEW)

¢

Q «

< Y90
SN 30 o <S8
zzzzzzz = %5
€L L, 0 00T K
$S$S$3$$SS 88,3338
RN I S PR PR T L Xk 3
gcoaoocaoaa>I>I>aaaa
IR IR | titd
feol7sl ] 7] ] rs] 4] [l 7] ]

P5;/TA3,y «> [10]
P3g/TA3our/RTP1, + [11]

10
d4XXX-ZNPOLLEW
[2]
!
3
F

P54 TAZur/V/RTPT, +>

o]
d41SY0LLENW
plo]
dIXXXVEWPOLLEN

dSVISY0LLEN

XXXFP, M37704S1FP and M37704S1AFP are the ROM size P5a/TAT/WIRTPO; < [i4] < P1,/Ag/Dg
and the external clock input frequency as shown below. P5,/TAlour/U/RTPO, <+ [50] ++ P1,/A10/Dsp
. . il be f th PS5, /TAi/V/RTPO; + [16] [88] ++ P13/A11/Dsy
Therefore, the following descriptions will be for e PRy TAdour WIRTRG <> [i6] +> P1,/A12/Ds
M37704M2-XXXFP unless otherwise noted. P4;/DBC +» [1 > Pls/A1a/Dig
Pag/VPA* + [€] +> P1/Aqa/Dis
P4s/VDA*® > [&] ++ P1;/A;5/D1s
P4,/QCL* + -

Type name ROM size External clock input frequency P4y /MX* ; ._. z;?;:::;g?
M37704M2-XXXFP 16K bytes 8 MHz P:"%; - > P2,/A8/D,
M37704M2AXXXFP 16K bytes 16MHz ‘/ ] T 8 - 1) > P2g/Aso/Ds
M37704S1FP External 8 MHz [ R I B R S T A I S R
M37704S1AFP External 16MHz ’g E ;gg k: EM >g;§ ;{EIE e:etg“:%’

LI £ 27 S £
i FEEgdSE
DISTINCTIVE FEATURES
® Number of basic iNStructions:«+««+-r+serseeserennenenes 103 Outline 80P6N
® Memory size ROM «ooomreeersnressnesnnneennineees 16K bytes * Used in the evaluation chip mode only
RAM .................................. 51 2 bytes
® |Instruction execution time
M37704M2-XXXFP, M37704S1FP APPLICATION
(The fastest instruction at 8 MHz frequency) ==+ 500ns Control devices for office equipment such as copiers, prin-
M37704M2AXXXFP, M37704S1AFP ters, typewriters, facsimiles, word processors, and personal
(The fastest instruction at 16 MHz frequency)--*-- 250ns computers
® Single power SUpPPIly ---=-ssrreesserrrrresieniaaie 5V+10% Control devices for industrial equipment such as ME, NC,
® Low power dissipation (at 8 MHz frequency) general purpose inverter and measuring instruments.
Cetereeireeiieiieeieeaaeas 30mwW (Typ ) .

® |Interrupts

Multiple function 16-bit timer ---+------

19 types 7 levels

..................... 5+3

(Three-phase motor drive waveform or pulse motor

drive waveform can be output.)

12-bit watchdog timer
Programmable input/output

UART (may also be synchronous) -
8-bit A-D converter «=«--serererereninnns

(ports PO, P1, P2, P3, P4, P5, PB, P7, P8) -+++wwrwvsesoe: 68

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

 M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37704M2-XXXFP

Parameter

Functions

Number of basic instructions

103

1on ion time M37704M2-XXXFP, M37704S1FP 500ns (the fastest instructions, at 8MHz frequency)

M37704M2AXXXFP, M37704S1AFP 250ns (the fastest instructions, at 16MHz frequency)
Memory size ROM 16K bytes

RAM 512 bytes
Input/Output ports PO~P2, P4~P8 8-bitX 8

P3 4 -bitX 1
Mult-function timers TAO, TA1, TA2, TA3, TA4 16-bitX 5

TBO, TB1, TB2 16-bitX 3
Senal 110 (UART or clock synchronous senial 1/0)X2
A-D converter 8 -bitX 1 (8 channels)
Watchdog timer 12-bitX 1
Dead-time timer 8 -bitX 3
Interrupts 3 external types, 16 intfernal types

(Each interrupt can be set the prionty levelsto 0~ 7 )
Clock generating circuit Built-in( externally cc dtoa or quartz crystal resonator)
Supply voltage 5v+10%
Power dissipation 30mW(at external 8 MHz frequency)
- Input/Output voltage 5V

Input/Output characteristic

Output current 5mA
Memory expansion M 16M bytes
Operating temperature range —10~70C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP

2—94
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The M37704M2-XXXFP contains the following devices on a
single chip: ROM and RAM for storing instructions and
data, CPU for processing, bus interface unit (which controls
instruction prefetch and data read/write between CPU and
memory), timers, UART, A-D converter, and other peripher-
al devices such as 1/0 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 FFFFFF6. The address
space is divided into 64K bytes units called banks. The
banks are numbered from 045 to FFye.

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

The 16K bytes area from addresses C000,¢ to FFFFq is the
built-in ROM. Addresses FFD6,s to FFFF;s 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 804 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 04 to 7F; 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 0 using the direct page register DPR. In direct page
addressing mode, the memory in the direct page area can
be accessed with two words thus reducing program steps.

00000016 0000006

00007F16
00008016
Bank 0y

00FFFF1s
0100006

\ 00027F6

Bank 146 \
\
01FFFFis \

o o e e o o o s o s e

FE0000,¢
Bank FE,¢ : \

FEFFFFie \
FF0000:6 . \

Bank FFyg

FFFFFFi

Peripheral devices

~N control registers

Internal RAM N
512 b \\ see Fig 2 for
vtes further information

N
00007F;6

Interrupt vector table
00FFD646

A-D conversion
UART1 transmission

/ UART1 receive

/| UARTO transmission
/ UARTO receive
Timer B2

/ Timer B1
/ Timer BO

/ Timer A4
/ Timer A3
Timer A2
/ Timer A1
Internal ROM / Timer AQ
/ INT,
INT,.
// INTo
Watchdog timer
bDBC
BRK instruction
Zero divide
RESET

16K bytes

O0FFFEqg

Fig. 1 Memory map

’
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP

M3770481FP,M3770481AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

ACCUMULATOR A (A)

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

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

ACCUMULATOR B (B)

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

INDEX REGISTER X (X)

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

. In index addressing mode, register X is used as the index

register and the contents of this address is added to obtain
the real address.

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

INDEX REGISTER Y (Y)

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

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

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

15 7 0

[ An I AL ] Accumulator A

15 7 0

| By | BL | Accumulator B

15 7 0

I Xu l X l Index register X

15 7 0

l Yu T Yo ] Index register Y

15 0
z 9 l S ]Stack pointer S
Program bank register PG G 5
7 0 l PC ] Program counter PC
Data bank register DT 15 . 0

I DPR IDlrect page register DPR

15 7 0
m 0 m i OLO |u>|.2|m|mu,l Nl \ | m[ X l D[ | | ZJC] Processor status register PS

Carry flag

Zero flag

Interrupt disable flag
Decimal mode flag
Index register length flag
Data length flag
Overflow tlag

Negative flag

Processor interrupt priority level IPL

Fig. 3 Register structure
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MITSUBISHI MICROCOMPUTERS

M37704M2 XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

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

6. Data length flag (m)

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

7. Overflow flag (V)

The overflow flag has meaning when addition or subtraction
is performed a word as signed binary number. When the
data length flag m is “0”, the overflow flag is set when the
result of addition or subtraction is outside the range be-
tween — 32768 and +32767. When the  data length flag m
is “1”, the overflow flag is set when the result of addition or
subtraction is outside the range between —128 and +127.
It is reset in all other cases. The overflow flag can also be
set and reset directly with the SEP, and CLV or CLP in-
structions.

8. Negative flag (N) :

The negative flag is set when the result of arithmetic op-
eration or data transfer is negative (If data length flag m is
“0”, when data bit 15 is “1”. If data length flag m is “17,
when data bit 7 is “1”.) It is reset in all other cases. It can
also be set and reset with the SEP and CLP instructions.

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

BUS INTERFACE UNIT

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

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

< D'1s~D’s Dys~Dg
D';~D’y D;~Dgo
< , >
A'3~Ao > Azz~Ay

CPU

Control signal

Bus interface| BRE
unit R/W

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

M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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.

2—102
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M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 2. Addresses of interrupt control registers

Interrupt control registers Addresses
A-D conversion interrupt control register 000070,¢
UARTO transmit interrupt control register 00007146
UARTO receive interrupt control register 000072,¢
UART1 transmit interrupt control register 00007346
UART1 receive interrupt control register 0000744¢
Timer AQ interrupt control register 000075,¢
Timer A1 interrupt control register 000076,¢
Timer A2 interrupt control register 0000776
Timer A3 interrupt control register 0000784¢
Timer A4 interrupt control register 0000796
Timer BO interrupt control register 00007A,¢
Timer B1 interrupt control register 00007B,¢
Timer B2 interrupt control register 00007C¢
INT, Interrupt control register 00007D4¢
WT_1 interrupt control register 00007E;¢
INT, interrupt control register 00007F,¢

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

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

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

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

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

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

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

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

. Fig. 7

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

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

Prionty i1s determined by hardware

® ® @ ®
r- - - - - -1
| | |Watchdog] | ——
L H 1 Ji{ e osc Hreset
L - ul

A-D converter, UART, Timer, INT interrupts

Prionty can be changed with software inside @

Interrupt priority

Level 0

A-D conversion

Interrupt request| UART1 transmit
UART1 receive

=

Watchdog
timer

Fig. 8 Interrupt priority resolution
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M37704M2-XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMER

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

The timer 1/0 pins are shared with 1/0 pins for port P5 and
P6. To use these pins as timer input pins, the data direction
register bit corresponding to the pin must be cleared to “0”
to specify input mode.

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

TIMER A

Figure 11 shows a block diagram of timer A.

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

(1) Timer mode (00)

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

Bit 3 is ignored if bit 4 is “0”.

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

Figure 13 shows the bit configuration of the count start flag.
The counter is decremented, an interrupt is caused and the
interrupt request bit in the timer Ai interrupt control register
is set when the contents becomes 0000,. At the same
time, the contents of the reload register is transferred to the
counter and count is continued.

[A f16 faz + fea fs12
q Data bus (odd)
q Data bus (even)
Clock source selection (Lower 8 bits) (Higher 8 bits)
f, —o ¢ Timer = N
. * One-shot l Reload register(16) I
16 —O + Pulse width modulation
\r} o
fea —O
fora Timer(gate function) J di
;[ ) ° Counter(1 I——
ounter(16) Addresses
Polarity Event counter - - Up/Down TimerA0 47,6 4616
TAim selection Count start flag Always decremented TimerAl 49, 486
=0~ except in event count mode
(i=0~4) (4046) P " TimerA2 4By dAs
L External trigger
Down count ——o0 ) TimerA3 4D;¢ 4Cyg
- TimerA4 4Fis 4Eyq
Up-down flag o \\3_
(4416)
o
Pulse output
O_‘< II Toggle flip-flop II
TAiour
(i=0~4)
|
Fig. 11 Block diagram of timer A
MITSUBISHI
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5 4 3 2 1 0 Count start flag Address

TT T [ [ ] ‘owearosanars 40re

L

Timer AO count start flag

Timer A1 count start flag

Timer A2 count start flag

Timer A3 count start flag

Timer A4 count start flag

Timer BO count start flag

Timer B1 count start flag

Timer B2 count start flag

Fig. 13 Count start flag bit configuration

Selected clock source f; ’““””IH|||l|l||””|||||H|”“|||H|””H“l

TAin

Timer mode register
Bit 4 Bit 3

I N B L

1 0

Timer mode register
Bit 4 Bit3

quuuy il

1 1

T Ty

Fig. 14 Count waveform when gate function is available
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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 TAjoyr (j=2 to 4) pin and TA)y pin.

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

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

When a phase related pulse with a falling edge input to the
TA4oyr 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 (44,5) are the two-phase pulse signal processing
selection bit for timer A2, A3, and A4 respectively. Each
timer operates in normal event counter mode when the cor-
responding bit is “0” and performs two-phase pulse signal
processing when it is “1”.

Count is started by setting the count start flag to “1”. Data
write and read are performed in the samesway 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 5816

Timer A3 mode register 5916

76543210 Timer A4 mode register  5Aqq
X|Xi{0{1(0{0l0]1
U— 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

TAKour J l

L

Up-count Up-count  Up-count

we - L LT L

Down-count Down-count Down-count

Fig. 177 Two-phase pulse processing operation of timer A2 and timer A3

L

T}

Up-count at each edge

Lo

Down-count at each edge

L

NS

TA4N

Up-count at each edge

N ————————————
Down-count at each edge

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

source f, Ill||||||||||||||||||||||||||||||||||||

TAun

(in case of the

nsing edge) —— J L
TAiout

Example when the contents of the reload register 1s 0003,¢

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

Selected clock
source f,

uyuvvvyirivivvyuyy

TAnn

(in case of the
nising edge)

TAiout

Example when the contents of the reload register i1s 0004,

Fig. 23 Example when trigger is re-issued during pulse output
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Therefore, if the low order 8-bit of the reload register is n,
the period of the generated pulse is

1
selected clock frequency (" 11 )-

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

1
selected clock frequency X(n+1)Xm.

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
same as for 16-bit length pulse width modulator except that selected clock frequency

X(n+1)X(28—-1).

1/4X(2'5—1) |

=

I
r
I

Selected clock

i

source f; .: :
I |
| , |
TAIN ' \ . |
(in case of the | |\ This trigger Is not accepted [
nsing edge) | | |
1/§X(m) |

TAioyr l—_

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

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

176X (n+1) X (28—1)

Selected clock
source f,

| |
! |
|
L
TAin | |
(in case of the falling edge) } : |
. T T
! |

Prescaler output

(when n=2)

e VX (DX (m)

8-bit length pulse
width modulater |
output

(when m =2)

Fig. 26 8-bit length pulse width modulator output pulse example
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(2) Event counter mode (01)
Figure 29 shows the bit configuration of the timer Bi mode
register during event counter mode. In event counter mode,
the bit 0 in the timer Bi mode register must be “1” and bit 1
must be “0”.
The input signal from the TBiy pin is counted when the
count start flag is “1” and counting is stopped when it is “0”.
Count is performed at the fall of the input signal when bits
2, and 3 are “0” and at the rise of the input signal when bit
3 is “0” and bit 2 is “1”.
When bit 3 is “1” and bit 2 is “0”, count is performed at the
rise and fall of the input signal.
Data write, data read and timer interrupt are performed in
the same way as for timer mode.
(3) Pulse period measurement/pulse width
measurement mode (10)
Figure 30 shows the bit configuration of the timer Bi mode
register during pulse period measurement/pulse width
measurement mode.
In pulse period measurement/pulse width measurement
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7
are used to select the clock source. The selected clock is
counted when the count start flag is “1” and counting stops
when it is “0”.
The pulse period measurement mode is selected when bit
3 is “0". In pulse period measurement mode, the selected
clock is counted during the interval starting at the fall of the
input signal from the TBijy pin to the next fall or at the rise
of the input signal to the next rise and the result is stored in
the reload register. In this case, the reload register acts as
a buffer register.
When bit 2 is “0”, the clock is counted from the fall of the
input signal to the next fall. When bit 2 is “1”, the clock is
counted from the rise of the input signal to the next rise.
In the case of counting from the fall of the input signal to
the next fall, counting is performed as follows. As shown in
Figure 31, when the fall of the input signal from 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 5By¢

0 Timer B1 mode register 5C,g
0

Timer B2 mode register 5Dy¢

L-l— 0 0 : Always “00" in timer mode

XX ! Not used in imer mode and
may be any

Timer Bi overflow flag

Clock source selection bit
00 : Selectf,

01 : Select fis
1 0 : Select fgq

11 I Select fsy,

Fig. 28 Timer Bi mode register bit configuration during

timer mode
Addresses
Timer BO mode register 5B,¢
76543210 Timer B1 mode register 5C,q
XX 011] LTimer 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 nsing edge of
input signal

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

Timer Bi overflow flag

XX I Not used in event counter mode

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

Addresses
Timer BO mode register 5B;g

76543210
110

Timer B1 mode register 5C,q

Timer B2 mode register 5D,q .

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 nising edge of
Input signal to the next rising one

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

Timer Bi overflow flag

Clock source selection bit

00 : Selectf,

01 :Select f16

10 : Select fgq

11 : Selectfs;,

Fig. 30 Timer Bi mode register bit configuration during

pulse period measurement/pulse  width
measurement mode
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Timer B can detect phase difference by using timer B1 and
timer BO. The phase detection mode is explained below.
Figure 33 shows a block diagram of the phase detection
mode. In the phase detection.mode, timer B1 and timer BO
are used. Set timer B1 to the timer mode and timer BO to
the pulse period measurement/pulse width measurement

mode. For selection of the phase detection mode, set bit 4

of the timer BO mode register (5B, address) to “1”. Bit 5 of
timer BO mode register functions as phase detection flag
by setting bit 4 to “1”. Figure 34 shows the bit configuration
of the timer BO mode register and the timer B1 mode regis-
ter in the phase detection mode.

Figure 35 shows an example of operation in the phase de-
tection mode. First, each time the counter of timer B1 is set
to 0000, in the timer mode of timer B1, a signal reversing
polarity is generated as a reference signal. Next an exter-
nal signal is input from the TBO,y pin. By setting bit 4 of the
timer BO mode register to “1”, timer BO measures the pulse
width of the logical sum (AND) signal of the reference sig-
nal generated from timer B1 and the external input signal
from the TBO,y pin. The bit 5 (phase detection flag) of the
timer BO mode register indicates whether the phase "of the
signal from the TBO,y pin is ahead or behind with respect to
the reference signal. The phase detection flag gets the in-
put level from the TBO,y pin at the rising from “L” to “H” of
the reference signal. “0” of phase detection flag indicates
that the phase of the input signal from the TBO,y pin is be-
hind with respect to the reference signal. “1” indicates that
the phase of the input signal from the TBO, pin is ahead
with respect to the reference signal.

To detect the phase difference between the reference sig-
nal and the input signal of the TBO, pin, advance the
phase of the input signal from the TBO,y pin with respect to
the reference signal. In this state, the phase difference be-
tween the reference signal and the input signal from the

TBOy pin can be detected by measuring the pulse width by
timer BO.

7 6 5 43 2 10 Address
[ J I 1 I 1 I OI 1 lO Timer BO mode register 5B,¢

1 0 : Always “10” in phase
detection mode
1 0 : Always “10” in phase
detection mode
1 . Always “1” in phase
detection mode

Phase detection flag

Clock source selection bit
00 : Selectf,

01 Selectfis

10 : Select fgq

11 : Select f52

6 3 2 Address

l_l I X NX I X l T 01 Timer B1 mode register 5Cy¢

0 0 : Always “00” in phase
detection mode

Not used in phase

detection mode

Clock source selection bit
00 : Selectf,

01 : Select fig

10 : Select fe4

11 : Select fs12

Fig. 34 Timer BO and B1 mode register bit configura-
tion during phase detection mode

Phase detection flag (bit 4 of 5B,¢ address)

Phase detection
mode bit

TBO input O~

Toggle

—

Timer B1 (16) flip-flop

Fig. 33 Block diagram of phase detection mode
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The dead-time timer operates as a one-shot pulse timer.
When a trigger arrives, the dead-time timer starts pulse
output, and when the value of the timer reaches 004, it ter-
minates pulse output, stops operation, and waits for the
next trigger. )
The output polarity of three-phase waveform depends on
the output polarity setting toggle flip-flops. When the con-
tents of the output polarity toggle flip-flops is “0”, the posi-
tive phase waveform is output at “H” level, and when “1”, it
is output at “L” level (three-phase waveform is output using
negative logic).

The output polarity setting toggle flip-flops each have out-
put polarity setting buffers shown in Figure 39. When the
contents of timer B2 counter reaches 000046, the contents
of output polarity setting buffers is set in the output polarity
setting toggle flip-flops. After this, the output polarity setting
toggle flip-flops have polarity reversed for each termination
of one-shot pulse of timer (timer A2, A1 or A0) correspond-
ing to each phase.

An example of U phase waveform is shown in Figure 40 to
explain waveform output operation. Writing “0” to the U
phase waveform start level setting bit (bit 1 of 64,
address) and actuating timer B2 makes the three-phase
waveform mode effective. When the contents of timer B2
counter reaches 0000,¢, timer A2 starts one-shot pulse out-
put. At this time, the contents (“0” in this case) of U phase
output polarity setting buffer is set in the output polarity set-
ting toggle flip-flop 2. At termination of one-shot pulse out-
put of timer A2, the contents of the output polarity setting
toggle flip-flop 2 changes from “0” to “1” and a one-shot
pulse of the eight-bit dead-time timer is output to set a
time so that the “L” level of U phase waveform and U
phase waveform with the negative phase of U phase wave-
form does not overlap.

76 54 3210

LT

Address

| l [ lWaveform output mode register 6216

Waveform output selection bit

0 0 0 : Parallel port

0 0 1 : RTP1 selected

0 1 0 : RTPO selected

0 11 :RTP1 and RTPO selected

1 0 0 : Three-phase waveform mode

Polarity selection bit
0 : Positive polarity
1 ! Negative polarity

L Pulse width modulation selection bit by
timer A1 ;

0 : Not modulated

1 ! Modulated

Pulse width modulation selection bit by

timer A3

0 : Not modulated -

1 ! Modulated

Dead-time timer trigger selection bit

0 : Both edge of one-shot pulse

1 © Only the faling edge of one-shot
pulse

Waveform output control bit
0 : Waveform output inhibited
1 : Waveform output enabled

76 54 3210 Address

Timer A0 mode register 5646
l | J O] ! I ! I ! l ! | 0] l:Tlmer A1 mode register 57,¢

Timer A2 mode register 58,

Always “10" n three-phase
waveform mode

Always “0111" in three-phase
waveform mode

Clock source selection bit

00 :Selectf,

01 :Selectfsg

10 : Select fg

11 ! Select fs2

76 543210 Address

l I lXMXIXl 0 I 0 I Timer B2 mode register 5Dye

\—— Always “00” in three-phase
waveform mode

Not used In three-phase
waveform mode

Clock source selection bit
00 :Selectf,

01 : Select fig

1 0 : Select fg4

11 ! Select f512

Fig. 36 Waveform output mode register bit configura-
tion .

Fig. 37 Timer A0, A1, A2 mode register and timer B2
mode register bit configuration
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The U-phase waveform output that began at “H” level re-
mains at “H” level until termination of the one-shot pulse
output of the dead-time timer, even when the contents of
the output polarity setting toggle flip-flop 2 changes from
“0” to “1” due to one-shot pulse output of timer A2. At ter-
mination of the one-shot pulse output of the dead-time tim-
er, “1” of the output polarity setting toggle flip-flop 2
already reversed becomes effective and the U-phase
waveform changes to “L” level. Next write “1” again to the
U-phase output polarity setting buffer (bit 1 of 6446
address) before the counter of timer B2 reaches 0000;¢.
When the counter of timer B2 reaches 00006, the one-shot
pulse output of timer B2 begins to operate. At the same
time, “1” written to the U-phase output polarity setting buf-
fer is set in the output polarity setting toggle flip-flop 2 and
the U-phase waveform output remains at “L” level. At ter-
mination of the one-shat pulse output of timer A2, the con-
tents of the output polarity setting toggle flip-flop 2 changes
from “1” to “0” and the one-shot pulse output of the dead-
time timer begins to operate. The U-phase waveform out-
put, when the contents of the output polarity setting toggle
flip-flop changes from “1” to “0”, changes form “L” to “H”
without waiting for termination of the one-shot pulse output
of the dead-time timer.

U-phase waveform is generated by repeating the above
operation. U-phase waveform with the negative phase of U-
phase waveform is generated in the same way as U-phase
waveform, except that the signal contents of the output
polarity setting toggle flip-flop 2 is the very reverse of that
in U-phase waveform. In this way, U-phase waveform and
U-phase waveform with the negative phase are generated
from the pins so that the “L” level does not overlap.

7 6 5 4 3 2 1 0
Pulse output Agf’ess
I><I><I><I><I X l XI ] ] data register 1 16
V-phase output polarity
setting buffers
0 : “H” output
1 D “L" output

U-phase output polarity
setting buffers

0 . “H” output

1 1 “L" output

Not used in three-phase
waveform mode

0 Address

3 2 1
DDA x ] fessesso oo

Not used in three-phase
waveform mode
W-phase output polarity
setting buffers

0 : “H” output

1 “L” output

Fig. 39 Pulse output data register 0, 1 in three-phase
waveform mode

The width of “L” level can be changed by changing the
value of timer B2 and the value of timer A2. This technique
for generating waveforms with “L” level not overlapping is
also applicable to V phase, W phase, and their negative
phases, V phase and W phase, by using corresponding
timers.

The above explanation is for an example of generating
three-phase waveform by the triangular wave modulation
(called double edge modulation), but three-phase wave-
form by the saw-tooth-wave modulation (called signal edge
modulation) can also be generated by fixing the start level
of each phase.

Output signal at each time ] n
when timer B2

reaches 00006

One-shot pulse output
by timer A2

The contents of the
output polanty setting toggle
flip-flop 2

Reversed pulse output signal
by dead-time timer

U-phase
waveform output

U-phase
waveform output

Fig. 40 Example of U-phase waveform output (three-phase waveform by triangular wave modulation)
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When “0” is written to a specified bit of the pulse output
data register, “L” level is output to the corresponding pulse
outpyt port when the counter of corresponding timer be-
comes 0000,6, and when “1” is written, “H” level is output to
the pulse output port.

Pulse width modulation can be applied to each pulse out-
put port. Since pulse width modulation involves the use of
timers A3 and A1, activate these timers in pulse width mod-
ulation mode. When a certain bit of the pulse output regis-
ter is “17, pulse width modulation is output from the pulse
output port when the counter of the corresponding timer
becomes 000046.

Ports P6,y, P5¢, P55 and P5, are applied pulse width mod-
ulation by timer A3 by setting the pulse width modulation
selection bit by timer A3 (bit 5) of the waveform output
mode register to “1”.

Ports P53, P5,, P5; and P5, are applied pulse width mod-
ulation by timer A1 by setting the pulse width modulation
selection bit by timer A1 (bit 4) of the waveform output
mode register to “1”.

The contents of the pulse output data reglster 0 can be re-
versed and output to pulse output ports P53, P5,, P5, and
P5, by the polarity selection bit (bit 3) of the waveform out-
put mode register. When the polarity selection bit is “0”,
the contents of the pulse output data register 0 is output
unchangeably, and when “1”, the contents of the pulse out-
put data register 0 is reversed and output. When pulse
width modulation is applied, likewise the polarity reverse to
pulse width modulation can be selected by the polarity
selection bit.

Figure 44 shows example of waveforms in pulse output port
mode.

Ports selecting the pulse output port mode can control out-
put as in the three-phase wavefrom mode by the waveform
output control bit (bit 7) of the waveform output mode reg-
ister (62,6 address).

When the waveform output control bit is set to “1”, a wave-
form is output from the port. When this bit is set to “0”,
waveform output from the port is stopped and the port is
placed in floating state.

This bit can be set to “0” by instructions, by inputting a fall-
ing edge to the INT, pin, or reset.

Address

76543210 [TlmerAOmode register 5616]

LI Tofolx] ]o]o]

Timer A2 mode register 5816

Always “100” in pulse output
port mode

L Notusedin pulse output port mode

Always “00” in pulse output port mode

Clock source selection bit

00 : Select f,

01 :Select fis
1 0 : Select fgq
11 : Select fs;

Fig. 42 Timer A0, A2 mode register bit configuration in
pulse output port mode

76 543 210

MODIA

Address

l I ] Pulse output data register 1 6446

Pulse output data bit of port P5,

Pulse output data bit of port P55

Pulse output data bit of port P5¢

Pulse output data bit of port P6,
765 43 21 Address

I>Q><l><]><] I I r—l Pulse output data register 0 65,6

Pulse output data bit of port P5,

Pulse output data bit of port P5,

Pulse output data bit of port P5,

Pulse output data bit of port P53

Fig. 43 Pulse output data register bit configuration
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SERIAL /O PORTS

Two independent serial I/0 ports are provided. Figure 45
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 46 are used to determine
whether to use port P8 as paraliel port, clock synchronous
serial /0 port, or asynchronous (UART) serial I/O port us-

ing start and stop bits.

Figures 47 and 48 show the connections of receiver/trans-
mitter according to the mode.

Figure 49 shows the bit configuration of the UARTI transmit/
receive control register.

Each communication method is described below.

Data bus(odd)

T

RxD,

Data bus(even)

[oToToTo] 00T 0]DsD;[D6Ds|D.[DJD:[D:]D] Recerve butter register

\UARTO(3716, 3615)
UART1(3F5, 3E)

1 Receive register |

UART receive

S ) Receive

’ vonwor | Receive clock
circuit

Transmission clock

TxD,

[ Transmission register ]—O

on

CTSI/RTSI

Bit rate Clock synchronousro ;
generator 1 .
Clock source selection UART trasmlssmn
f —o  UARTO(STie) o [yt
fz UART1(39,¢) Clock synchronous
16 Internal Clock synchronous
fes - (Internal clock)
fs12—o el o
External Clock synchronous Clock synchronous
(Internal clock) (External clock)
otk O—A—4

o2 N A R Mttt

1T UARTO(3316, 32:6)
UART1(3B1, 3As6)

ster

Data bus

(odd)

T

Data bus(even)

Fig. 45 Serial 1/0 port block diagram

76543210

LT

UART 0 Transmit/Receive mode register
[UART 1 Transmit/Receive mode register
Serial communication method selection bit
0
0
1
1

: Parallel port
. Clock synchronous
: 7-bit UART
. 8-bit UART
110 :9-bit UART

Internal clock/External clock selection bit
0 : Internal clock
1 : External clock
Stop bit length selection bit
0 : 1 stop bit
1 : 2 stop bits
~Even/Odd parity selection bit
0 :Odd parity
1 : Even parity
Parity enable selection bit
0 : No panty
1 © With panty
Sleep selection bit
0 : No sleep
1 ! Sleep

0
0
0
0

—_—o —O

Addresses

3048
)

Fig. 46 UART i Transmit/Receive mode 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 50
will be described. (The transmission side will be denoted
by subscript j and the receiving side will be denoted by
subscript k.)

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

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

The clock source is selected by bit 0 (CS,) and bit 1
(CS;) of the clock sending side UART] transmit/receive
control register 0. As shown in Figure 45, the selected
clock is divided by (n 4+ 1), then by 2, passed through a
transmisson control circuit, and output as transmisson clock
CLK;|. Therefore, when the selected clock is fi,

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

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

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

Transmission

Transmission is started when the bit 0 (TEj flag) of UART]
transmit/receive control register 1 is “1”, bit 1 is (Tlj flag)
of one is “0”, and CTSj input is “L”. As shown in Figure 51,
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]j transmit/receive control register 0
is “17, C?Sj input is ignored and transmission start is con-
trolied only by the TEj flag and TIj flag. Once transmission
has started, the TEj flag, Tlj flag, and CTSj signals are
ignored until data transmission completes. Therefore, trans-

mission is not interrupt when —C—ng input is changed to “H”
during transmission.

The transmission start condition indicated by TEj flag, Tlj
flag, and CTSj is checked while the Tenpj Signal shown in
Figure 51 is “H”. Therefore, data can be transmitted con-
tinuously if the next transmission data is written in the trans-
mission buffer register and Tlj flag is cleared to “0” before
the Tenpj signal goes “H”.

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

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

Receive

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

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

The data from the RxDk pin is retrieved and the contents of
the receive register is shifted by 1 bit each time the trans-
mission clock CLKj changes from “L” to“H”. When an 8-bit
data is received, the contents of the receive register is
transferred to the receive buffer register and the bit 3 (Rlk
flag) of UARTK transmit/receive control register 1 is set to
“1”. In other words, the setting of the RIk flag indicates that
the receive buffer register contains the received data. At
this point, RTSj output goes “L” to indicate that the next
data can be received. When the Rlk flag changes from “0”
to “1”, the interrupt request bit in the UARTk receive inter-
rupt control register is set to “1”. Bit 4 (OERk flag) of
UARTK transmit/receive control register is set to “1” when
the next data is transferred from the receive register to the
receive buffer register while Rlk flag is “1”, and indicates
that the next data was transferred to the receive register
before the contents of the receive buffer register was read.
Rlk and OERk flags are cleared automatically to “0” when
the low-order byte of the receive buffer register is read.
The OERk flag is also cleared when the REk flag is
cleared. Bit 5 (FERk flag), bit 6 (PERk flag), and bit 7
(SUMK flag) are ignored in clock synchronous mode.

As shown in Figure 50, with clock synchronous serial com-
munication, data cannot be received unless the transmitter
is operating because the receive clock is created from the
transmission clock. Therefore, the transmitter must be oper-
ating even when there is no data to be sent from UARTK to
UART].
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ASYNCHRONOUS

SERIAL COMMUNICATION

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

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

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

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

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

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

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

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

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

— (11, or V/fexr) X (n+1)X16

Transmission clock Hlllllllllllllll ||||HIHH| H I'Illl_]l_] I__ll_ll_ll_ll_

TE, _ [ [
. — [ —
o Write in transmission buffer regisger Transmission register < Transmission
CTS;i _l buffer register
Tewo [ [ \

Start bit Parity bit Stop bit Stopped because TE,= “0”
i \STADXE XL XEXXOHONOXP Y 5p\STAOXRHRXRNONONDXOXKPY sp —  \STAXDX
TXEPTY; I ,—| J_—L__—

Fig. 52 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected

= (1/4, or 1/fexr) X (1

Transmission clock_

)X16

TE;j

_
gy

T

I
[ —

\—

Write in transmission buffer register
Tenoi

Transmission register«~Transmission
buffer register

TxEPTY, I

[ I_L\L
Start bit Stop Bit Stop Bit : Stopped because |
TXDi \STARXDOHXRXDNKPXDHONKDeY 5P SPASTARXR NP XDXDNHDHDNOXDeY 'SP 5P \STAEHONE:

n

—

Fig. 53 Transmit timing example when 9-bit asynchrono

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

The entire transmission data bits are received when the
start bit passes the final bit of the receive block shown in
Figure 33. At this point, the contents of the receive register
is transferred to the receive buffer register and the bit 3 of
UART,; transmit/receive control register 1 is set. In other
words, the Rl; flag indicates that the receive buffer register
contains data when it is set. If RTSj output is selected, RTS;
output goes “L” to indicate that the register is ready to re-
ceive the next data.

The interrupt request bit in the UART| receive interrupt
control register is set when the Rlj flag changes from “0” to
“17,

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

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

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

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

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

Sleep mode

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

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

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

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

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

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

2—132

MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37704M2 XXXFP,M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

(1) One-shot mode (00)

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

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

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

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

(2) Repeat mode (01)

The operation of this mode is the same as the operation of
one-shot mode except that when A-D conversion of the
selected pin is complete and the result is stored in the A-D
register, conversion does not stop, but is repeated. Also, no
interrupt request is issued in this mode. Furthermore, if
software trigger is selected, the A-D conversion start flag is
not cleared. The contents of the A-D register can be read
at any time.

(3) Single sweep mode (10)

In the sweep mode, the number of analog input pins to be
swept can be selected. Analog input pins are selected by
bits 1 and 0 of the A-D sweep pin selection register (1Fs
address) shown in Figure 57. Two pins, four pins, six pins,
or eight pins can be selected as analog input pins, de-
pending on the contents of these bits.

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

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

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

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

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

(4) Repeat sweep mode (11)

The difference with the single sweep mode is that A-D
conversion does not stop after converting from the AN, pin
to the selected pins, but repeats again from the AN, pin.
The repeat is performed among the selected pins. Also, no

* interrupt request is generated. Furthermore, if software trig-

ger is selected, the A-D conversion start flag is not cleared.
The A-D register can be read at any time.

| —I A-D sweep pin  Address
selection register 1Fq¢

0 0 : AN, AN; (2 pins)
01 : ANg~AN; (4 pins)
0 : ANp~AN;s (6 pins)
1 ANg~AN; (8 pins)

Fig. 57 A-D sweep pin selection register configuration
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v

RESET CIRCUIT
Reset occurs when the RESET pin is returned to “H” level
R . w on . /Power on
after holding it at “L” level when the power voltage is at 5V M37704M2-XXXFP
+10%. Program execution starts at the address formed by
setting the address pins Ay~ A;g to 004, A5~ Ag to the 4.5v
contents of address FFFF,6, and A;~ A, to the contents of RESET Voo ov
address FFFE;q. 28 M 69
Figure 60 shows the status of the internal registers when a —p—
reset occurs. ; ov 0.9v
Figure 61 shows an example of a reset circuit. The reset in-
put voltage must be held 0.9V or lower when the power vol-
tage reaches 4.5V. Fig. 61 Example of a reset circuit (perform careful
evaluation at the system design level before using)
Address Address
(1) Port PO data directional register  (04¢):-* 9 Processor mode register (5Eq6)-+-
(2) Port P1 data directional register  (05:6) (0 Watchdog timer (6046)-+ [ FFFyg T
(3) Port P2 data directional register  (08¢)"** (k1) g timer frequency selection flag (6146) l......n
(4) Port P3 data directional register  (09;¢)-* m%%mnnnn (32 Waveform output mode register  (624¢)-+ 004
" ' . ) NN
(5) Port P4 data directional register (0Cqq)- 0046 (9 A-D conversion iterrupt control register (7016) A}AM
(6) Port P5 data directional register (0Dyg)-* UART 0 transmission interrupt control register (7146) x‘mxnnnn
(7) Port P6 data directional register (104)-** UART 0 receive interrupt control register (7246) -+ %%m%nnnn
(8) Port P7 data directional register (114¢)"" UART 1 transmission interrupt control register (784g) mm}x znnnn
(9) Port P8 data directional register  (144¢)-- UART 1 receive Interrupt control register (744) 0 ‘ 0 [ 0 | 0 |
(10 A-D control register (1Eqg) nnnnn Timer A interrupt control register (7546) 0 | 0 | 0 | Ol
(1N A-D sweep pin selection register (1F;¢)-* mmmmmmn (39 Timer A1 interrupt control register (7616)- mﬁmmnnnn
(1) UART 0 Transmit/Receive mode register (304¢) 40 Timer A2 interrupt control register (7746) N}X{%Nnnnn
(19 UART 1 Transmit/Receive mode register ~ (3846)++* 0046 @) Timer A3 interrupt control register (7846)- mﬁml‘nﬂﬂn
(14 UART 0 Transmit/Receive control register 0 (3444 M 1 nun (42 Timer A4 interrupt control register (7946)- }X{mnnnm
(15 UART 1 Transmit/Recewve control register 0 (3Cqg) -+ 1 | Oj 0 | 0| @3 Timer BO interrupt control register (7A4g) -+ mmnnnn
(16 UART 0 Transmit/Recewve control register 1 (35¢5)-+ EE 0 nnnn @) Timer B1 interrupt control register  (7Byg)-+ }E%mmnnnn
(1) UART 1 Transmit/Recewve control register 1~ (3Dqg) -+ nnnnnnu (9 Timer B2 interrupt control register (7Cqg)--- 0 i 0 | 0 I?I
(19 Count start flag (40,6)-+ #6) INT O interrupt control register ~ (7Dqg) -+ 0 ‘ 0 I 0 | 0 ‘ 0 | 0’
(9 One-shot start flag (42,6) nmmunnnn @) TNT 1 interrupt control register  (7Eqq) E%nnnnnn
@0 Up-down flag (4446)- 49 INT 2 interrupt control register  (7Fg)- mmnnnnnn
@) Timer A0 mode register (5646)"* 0046 . 9 Processor status register PS | 0 l 0 | 0 I ? | ? ‘ 1] | 1] I Ol 1 I ? | ? I
@2 Timer A1 mode register (5716) 0046 (50) Program bank register PG
@) Timer A2 mode register (5846)"+- (57 Program counter PCy Content of FFFFyg
@4 Timer A3 mode register (5946) (520 Program counter PC, Content of FFFEg
. @9 Timer A4 mode register (5A46) (53 Direct page register DPR | 000046 1
6 Timer BO mode register (5B46) - (4 Data bank register DT
@) Timer B1 mode register (5Cqg)*+ Annnn
Contents of other registers and RAM are not initialized and should be in-
(@9 Timer B2 mode register (5D1e)+ | O : 1 0 nnn itialized by software.

Fig. 60 Microcomputer internal status during reset
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* Port PO;~P0o, P1,~P1o, P2;,~P2y, P3;~P3,, P4s~P4, (Inside dotted-line not included)
Port P4y, P4,, P4;, P5;, P6,~P6,, P8,, P8; (Inside dotted-line included, but P8,, P8¢ are without hysterisis)

__.I Data direction l_
register
-—-l Port latch } v }I %——V—O

Data bus

@ l
* Port P7¢~P7, (Inside dotted-line not included) ! !

« Port P7, (Inside dgtted~llne included)

r—-{ Data direction |7
register.

+——{ Portiatch_H— l} =

O

Data bus

<l

Analog input —===———1

« Port P83, P8; (Inside dotted-line not included)
Port P5,~ P56, P8, (Inside dotted-line included)
_.I Data direction l_\
register. “1"—o
, L—-q o |
]

Output

o e —{—{ P ] 10

1575

* Port P8, P8,, P8,, P85

“ro
Data direction

e T s W N

O

Data bus —— E———‘A %V—V—O
~N %_

‘A

Fig. 62 Block diagram for ports P8 to PO in single-chip mode and the E pin output
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1 1

CM, 0 0
CM, 0 1 0 1
Mode M
Single-chip Mode Memory Expansion Mode Microprocessor Evaluation Chip Mode
Port Mode

I

P PO Same as left Same as left
Port PO 7 ;
° ! 10 Port ) Address A;~Aq
P0o PO,

[ — | ’ E . I l
A15"“A8§,
BYTE= “L” P1, Same as left Same as left
l Address XData(odd
| o}, K Adcress Ypata(odo)
P1, = E
E E
- —a 1/0 Port ———l___r—
£ |ore= | U X voren X | F [ —
7
s ) Address A;s~Ag Data(odd)
or2-V P1o
e Same as left { Port P4, P5 and their direction
(Evaluation registers are treated as 16-bit wide
cr:'p ;node bus If BYTE=2+V,c, the internal
only ROM area 1s also treated as 16-bit
wide bus
T T il
BYTE= “L” P2 haa e Same as left Same as left
= P2,
; o=
o P2; 0
; e :
& |ByTE= “H’| P2 E m
Az3~Asg P2 Pay~hue
. P2; Same as left 7 - Data
(Evaluation P2, ° (even, odd)
(;::5 )rnode (even, odd) Same as for Port P1

L]
P33
P33
P3o

P3,

mi

>
I
31 mn 5'
| 2 l:

Same as left Same as left

S N I L]
P4, P4,
oh o, (ver X )

RDY
Port P4 * When processor mode P4, P4,

register bit 7 = “0”

X act X
* When processor mode Pa
register bit 7 = “0” 2 -2

Same as left in
spite of proce-

P4, I 4, | I | l | P4,

é
T T
2 2
X

513
U-(

ssor mode re-
Same as above except P4, Same as above except P4, grister bit 7
* When processor mode register * When processor mode register
bit 7 = "1" bit7="1"

Fig. 64 Processor mode and ports P4 to PO functions
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ALE is an address latch enable signal used to latch the
address signal from a multiplexed signal of address and
data. The latch is transparent while ALE is “H” to let the
address signal pass through and held while ALE is “L”.
HLDA is a hold acknowledge signal and is used to notify
externally when the microcomputer receives HOLD input
and enters into hold state.

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

HOLD is a hold request signal. It is an input signal used to
put the microcomputer in hold state. Ports PO, P1, P2, P3,,
and P3, are floating while the microcomputer stays in hold
state.

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

(3) Microprocessor mode (10)

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

(4) Evaluation chip mode (11)

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

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

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

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

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

Port P4 and its data direction register which are located at
address 0A4¢ and 0C,¢ are treated differently in evaluation
chip mode. When these addresses are accessed, the data
bus width is treated as 16 bits regardless of the BYTE pin
level, -and the access cycle is treated as internal memory
regardless of the wait bit.

When a voltage twice the V¢ voltage is applied to the

BYTE pin, the addresses corresponding to the internal
ROM area are also treated as 16-bit data bus.

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

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

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

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

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

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

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

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

* Evaluation chip the processor mode bit by
software

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

+ Evaluation chip mode only.

2+ Veo * Evaluation chip
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP M37704M2AXXXFP

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ADDRESSING MODES

The M37704M2-XXXFP has 28 powerful addressing modes.
Refer to the Series MELPS 7700 addressing mode descrip-'
tion for the details of each addressing mode.

MACHINE INSTRUCTION LIST

The M37704M2-XXXFP has 103 machine instructions. Refer
to the Series MELPS 7700 machine instruction list for de-
tails.

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

(1) M37704M2-XXXFP mask ROM order confirmation form
(2) Mark specification form for 80P6N

(3) ROM data (EPROM 3 sets)
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37704M2-XXXFP
ELECTRICAL CHARACTERISTICS (Voo=5V, Vss=0V, Tg=25C, f(Xiy)=8MHz, unless otherwise noted)
_Symbol ‘ Parameter Test conditions Limits Unit

Min. Typ Max
High-level output voltage POy~PO0;, P1o~P1;, P2p~P2;, ' 7
P3o, P31, P33, P4o~P4;,

Vou PSy~P5y, P6g~PEy, PTo~PT;, | % 10mA 3 v
P8y~P8; i
Von High-level output voltage ::Np':7p: o~P17, P2p~P2;, lon=—4004A 4.7 v
] lon=—10mA 3.1
Vou High-level output voltage P3; o= — 400 A 48 \
] _ low=—10mA 3.4
Vou High-level output voltage E lon=—4002A 2.8 v
Low-level output voltage POp~PO07, P19~P17, P2;~P2;,
P3o, P31, P3;, Pdg~P4y,
Vou P5:, P5‘7, P6§~:;7. P7.7,~P77, lou=10mA 2 v
P8,~P8;
Voo Low-level output voltage P5,~P55 lo.=20mA 2
VoL Low-level output voltage :g:TPZT,PZlu'*N 7 P2g~P2;, lor=2mA . 0.45
lo,=10mA 1.9
VoL Low-level output voltage P3; lor=2mA 0.43 v
— lo.=10mA 1.6
VoL Low-level output voltage E loL=2mA 0.4 v
VyqmVy_ | Hystoresis HOLD, RDY, TAGN~TA4y, TBON~TB2y, 0.4 1
INTg~INT2, ADrra, CTSp, CTSy, CLKy, CLK; .
Vy+—Vr— | Hysteresis RESET 0.2 0.5 v
Vy4+—Vr— | Hysteresis X - 0.1 0.3 \

High-level input current POo~P0;, P1o~P17, P2p~P2;,
P3¢~ P33, P4o~P4;, P5,~P5;,
P6o~P67, P79~P77, P8y~P8;,
Xin, RESET, CNVsgs, BYTE

Low-level input current POy~P0;, P1o~P17, P2;~P2;,
P3y~P33, P4g~P4;, P5~P57,

Vi=0v : -
b PGo~ P67, PTy~P77, PBy~P8;, ! O A
Xin, RESET, CNVgs, BYTE
Vram RAM hold voltage When clock is stopped 2 v
f(Xin) =8MHz,
_ (Xin) =EMHz 6 12| ma
In single-chip mode | square waveform
tput onl =
oo Power supply current output only pin is Ta=25C when clock 1
open and other pins | s stopped.
are Vss during reset | 1,=70°C when clock 10 HA
Is stopped.
A-D CONVERTER CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25T, f(Xuy)=8MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min. Typ Max
- Resolution Veer=Vcc 8 Bits
— Absolute accuracy Vrer=Vcc +3 LSB
Riapper | Ladder resistance Veer=Vcc 2 10 kQ
tconv Conversion time 28.5 ”S
VRer Reference voltage 2 Vece \%
Via Analog input voltage . 0 Vrer \
2—148 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max.
tc(ra) TAny input cycle time - 250 ns
tw(TAR) TA input high-level pulse width 125 ns
tw(TaL) TAuy input low-level pulse width 125 ns
Timer A input (Gating input in timer mode)
. Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
to(ra) TAiy input cycle time 1000 ns
tw(TaR) TAuy input high-level pulse width 500 ns
tw(TAL) TAin input low-level pulse width 500 ns
Timer A input (Extemal trigger input in one-shot pulse mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(ta) TAi Input cycle ime 500 ns
tw(TaH) _| TAyy input high-level pulse width 250 ns
tw(TaL) TAi input low-level pulse width 250 ns
Timer A input (Exteral trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tw(tan) TAny input high-level pulse width 250 ns
tw(TAL) TAuy input low-level pulse width 250 ns
Timer A input (Up-down input in event counter mode)
. Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tc(up) TAioyr Input cycle time ! 5000 ns
tw(upH) TAiour input high-level pulse width 2500 ns
tw(upL) TAiour Input low-level pulse width 2500 ns
tsuup-Ty) TAiour Input setup time 1000 ns
th(Ty-up) TAioyr input hold time 1000 ns
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
- M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Voo=5V£10%, Vss=0V, Ta=25C, f(X\y)=8MHz, unless otherwise noted)
Single-chip mode '

. Limits .

Symbol . Parameter Test conditions Yy Typ, Max Unit
td(e—poq) Port PO data output delay time 200 ns
td(e—r1Q) Port P1 data output delay time 200 ns
td(e—p2q) Port P2 data output delay time 200 ns
td(e—p3q) Port P3 data output delay time 200 ns
td(e—paq) Port P4 data output delay time ) Figure 70 200 ns
td(e—psq) Port P5 data output delay time 200 ns
td(e—peQ) Port P6 data output delay time 200 ns
td(e—P7Q) Port P7 data output delay time 200 ns
td(e—rsq) Port P8 data output delay time 200 ns

Memory expansion mode and microprocessor mode (when wait bit = “17)

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
td(Poa—e) Port PO address output delay time 100 : ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 120 ns
tpxz(E—p1z) | Port P1 floating start delay time (BYTE="L") - 5 ns
td(P1a—E) Port P1 address output delay time 100 ns
td(e—P2q) Port P2 data output delay time 120 ns
texz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 100 ns
td(e—nLpa) | HLDA output delay time 100 ns
td(ALE—E) ALE output delay ime 4 ns
tw(aLE) ALE pulse width 100 ns
tdsHe—e) | BHE output delay time 100 ns
td(r/w—e) | R/W output delay time 100 ns
Figure 70
tde—¢)) ¢, output delay time 0 30 ns
th(e—roa) Port PO address hold time » 50 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") . 9 ns
th(e—p1q) Port P1 data hold time (BYTE="L") 50 ns
tezx(e—p1z) | Port P1 floating release delay time (BYTE="L") 50 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 50 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 50 ns:
tpzx(e—p2z) | Port P2 floating release delay time 50 ns
th(e—ene) | BHE hold time 20 ns
th(e—r/w) R/W hold time 20 ns
tw(er) E pulse width 220 ns
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37704M2AXXXFP
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vgs=0V, Ta=25C, f(X;y)=16MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
High-level output voltage P00~P97, P1og~P17, P2o~P2;,
P3y, P34, P33, P4g~P4, .
Vou PBorPS, Pg~PS, PTo~PT;, | ‘4~ 10MA 3 v
P8,~P8;
High-level output voltage POo~PO;, P1g~P17, P2o~P2;,
=—400 .
Vou Pa P3, P low A 4.7 v
lon=—10mA 3.1
V, High-level output voltage P3. \"
oH 9 put vollage P lon=—A400A 4.8
— low=—10mA 3.4
V High-level output voltage E v
oH o put voleg lon=—4004A - 4.8
Low-level output voltage PO,~P07, P1g~P17, P2o~P2;,
P3o, P34, P33, P4o~P47,
=10, 2
Vou PSe, P57, Po~P6r, PTg~P7;, | 'O 0T v
P8y~P8;
Voo Low-level output voltage P5,~P5s lo.=20mA 2
Low-level output voltage POy~P07, P1p~P17, P29~P2;,
V, loL=2mA 0.45
o P3s, P31, P& >
lo,=10mA 1.9
V, Low-level ut voltage P: v
oL output voltage P3, lo.=2mA 0.43
- lo,=10mA 1.6
V, Low-level output voltage E v
oL vel output voltag loL=2mA ' 0.4
Vs —V. Hysteresis HOLD, RDY, TAO\N~TA4,y, TBON~TB2)y, 0.4 1
T+ INTo~INT3, ADrra, CTSg, CTS1, CLKo, CLK; :
V1-+—VT_' Hysteresis RESET 0.2 0.5 \'
Vr+—Vr— | Hysteresis X 0.1 0.3 \"
High-level input current POg~P07, P1o~P17, P2y~P2;,
P3p~P33, P4g~P4;, P5o~P5;,
i V=5V
b P6u~P67, PTo~PTy, PBy~P8;, : o
Xin, RESET, CNVss, BYTE
Low-level input cuirent POy~PO07, P1o~P17, P29~P2;,
P3g~P33, P4g~P47, P50~P57, -
V=0V — A
he P6o~P67, PTo~PT;, P8y~P8;, ' Sl
Xin, RESET, CNVss, BYTE )
Veam RAM hold voltage When clock is stopped. 2 \'
f(Xin)=16MHz,
! ! (Xan) 2 12 24 | ma
In single-chip mode | square waveform
lec Power supply current output only pin s Ta=25"C when clock 1
open and other pins | is stopped.
are Vss during reset. [ T,=70C when clock 10 “A
is stopped.
A-D CONVERTER CHARACTERISTICS (Voc=5V, Vss=0V, Ta=257, {(X;y)=16MHz, unless otherwise noted)
) Limits
Symbol Parameter Test conditions " Unit
Min. Typ. Max.
—_ Resolution Verer=Vee 8 Bits
— Absolute accuracy Vrer=Vocc +3 LSB
Riapper | Ladder resistance Verer=Vce 2 10 kQ
tconv Conversion time 14.25 “s
VRrer Reference voltage 2 Vece v
Via Analog input voltage ) 0 Vger \
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXF P

M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max.
te(Ta) TAin input cycle time 125 ns
tw(TAaH) TA1y input high-level pulse width 62 ns
tw(TaL) TAuy input low-level pulse width 62 ns
Timer A input (Gating input in timer mode)
bol P t . Test . Limits Unit
‘est conditions ni
Symbol arameter i . vy
to(ra) TAi input cycle time 500 ns
tw(TaH) TAin input high-level pulse width 250 ns
tw(TaL) TAi input low-level pulse width 250 ns
Timer A input (Extemal trigger input in one-shot pulse mode)
" Limits
Symbol Parameter Test conditions - Unit
Min. Typ Max.
tera) TAiw input cycle time 250 ns
twW(TAH) TAiy input high-level pulse width 125 ns
tw(TaL) TAiw input low-level pulse width 125 . ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw(TaH) TAnn input high-level pulse width 125 ns
tweTaL) TAunn input low-level pulse width 125 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(up) TAioyr input cycle time 2500 ns
tw(upPH) TAiour input high-level pulse width 1250 ns
tw(upL) TAiour Input low-level pulse width 1250 ns
tsucup-ty) | TAiour input setup time 500 ns
th(ry-up) TAloyr input hold time 500 >
)
2—154 MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f(X;y)=16MHz, unless otherwise noted)
Single-chip mode

. Limits
Symbol Parameter Test conditions " Umt
. . Min Typ Max
td(e—proq) Port PO data output delay time 100 ns
td(e—p1Q) Port P1 data output delay time 100 ns
td(e—p2q) Port P2 data output delay time 100 ns
td(e—paq) Port P3 data output delay time 100 ns
td(e—paq) Port P4 data output delay time Figure 70 100 ns
td(e—psa) Port P5 data output delay time 100 ns
td(e—peQ) Port P6 data output delay time 100 ns
td(e—p7a) Port P7 data output delay ime 100 ns
td(e—psQ) Port P8 data output delay time 100 ns
Memory expansion mode and microprocessor mode (when wait bit= “1")
Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
td(roa—E) Port PO address output delay time 30 ns
td(e—p1Q) Port P1 data output delay time (BYTE="L") 80 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
tdp1a—£) Port P1 address output delay time ‘ 30 ns
td(e—pr2q) Port P2 data output delay time 80 ns
texz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 30 ns
td(e—HLoa) | HLDA output delay time 50 ns
tdaLe—k) ALE output delay time 4 ns
tw(aLe) ALE pulse width 40 ns
td(sHe—E) BHE output delay time 30 ns
td(rR/w—g) R/W output delay time 30 ns
Figure 70

td(e—sp ¢4 output delay time 0 20 ns
th(e—roa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE=“L") 9 ns
th(e—pr1Q) Port P1 data hold time (BYTE="L") 25 ns
tezx(e—p1z) | Port P1 floating release delay time (BYTE=“L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—sne) | BHE hold time 20 ns
th(e—rw) | R/W hold time 20 ns
tw(EL) E pulse width % o
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MITSUBISHI MICROCOMPUTERS

M37704M2 XXXFP,M37704M2AXXXFP
‘ M3770481FP M37704S1AFP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

S
TIMING DIAGRAM tr LS
Single-chip mode twin) twiw)
f(XlN)
£ 7/

. <—)| td(e—poa)
Port PO output ' ﬂ

tsucpoo—e
Port PO input 3\ th(e—pop)

<——>{ td(e—pi1a)
Port P1 output X

tsucpio—g)
Port P1 input 3\ the—p10)

le—>] td(e—p2q)

Port P2 output x

tsu(pzo—€)
Port P2 input j\ th(e—pe2p)

t=—={ td(e—raq) '

Port P3 output

tsu(pap—e)
Port P3 input 3\ th(e—pap)

l—= td(e—peq)

Port P4 output

, tsu(pan—e)
Port P4 input

1]

tsu(pep—e)

th(e—pap)
*—’i td(e—psa)
Port P5 output X
tsu(psp—g)
Port P5 input . 3\ th(e—psp)
td(e—rsa)
Port P6 output X
tsu(pep—€)
Port P6 input /F::* th(e—peD)
I > td(e—-p7a)
Port P7 output
tsu(pro—£)
Port P7 input /F: 3\ thie—er0)
e td(e—pea)
Port P8 output

j\ th(e—rsp)

Port P8 input
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MITSUBISHI MICROCOMPUTERS

M37704M2-XXXFP,M37704M2AXXXFP
M37704S1FP,M37704S1AFP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

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

tf tr tc
tww twin)

A VAN Vg WY/ N VN Vo N

td(e—¢ ) td(e—¢,) )
E ‘ tw(ew) ‘ B \ Y/
t, — —
the—rpon) d(PoA—E)
Port PO output X Address Address X
(Ao~A7)
'h(ALe—Pu)-r—sl . thie—r1a) texz(e-p12) tezx(e—p12)
Port P1 output X Address Data Address | W —————- L — (' -Address
(A8~A|5/Da"‘015)
ke—>{ td(e-p1q]
(BYTE="L")
td(p1a—e)
thie—r1a)
. y
Port P1 output x Address \ Address X
(Ag~As) 7

(BYTE="H") tsu(p1—g) th(e—p1D)
Port P1 input
th(aLe—p2a) q_)‘ thee—r2q) texz E-F2z) tezx(e—P22)
% :
Port P2 output X Address /K Data X Address | W —————— — Address
(Atg~Aa5/Do~D7) td(e—pac) 1 td(p2a—€) tsutpzo—e)

{ th(e—p20)
Port P2 input . . / \_______

td(e—nLoa)

Port P3; output
(HLDA)

tw(aLE)

W(ALE: td(aLe—g)
Port P3, output ) / \
(ALE) :

td(ere—E) -| th(e—smHe)

Port P3, output X X X

(BHE)

'dw-e -—»‘ thee—rw)

Port P3, output \ I{
(R/W)

tsuroy—¢ )| thie-rov)
l

Port P4, input \

(RDY)

Test conditions

*Vee=5V*10%

« Output timing voltage : Vo, =0. 8V, Vou=2.0V
« Ports P1,P2 input L Ve=0.8V, Viy=2.5V
* Port P4, input V=10V, Vig=4.0v
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QZMMZ -XXXSP,M3770SM2AXXXSP
M37705$1SP,M37705$1ASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

DESCRIPTION

The M37705M2-XXXSP, M37705M2AXXXSP, M37705S1SP,
and M37705S1ASP are single-chip microcomputers de-
signed with high-performance CMOS silicon gate technolo-
gy. These are housed in a 64-pin shrink plastic molded
DIP. These single-chip microcomputers have 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 switch-
ed to perform 8-bit parallel processing. These microcompu-
ters are suitable for office, business and industrial equip-
ment controller that require high-speed processing of large
data.

Also, the incorporated motor control circuit makes these
microcomputers suitable for control of equipment that re-
quires motor control.

The differences between M37705M2-XXXSP, M37705M2A
XXXSP, M37705S1SP and M37705S1ASP are the ROM size
and the external clock input frequency as shown below.
Therefore, the following descriptions will be for the
M37705M2-XXXFP unless otherwise noted.

Type name ROM size External clock input frequency
M37705M2-XXXSP 16K bytes 8 MHz
M37705M2AXXXSP 16K bytes 16MHz
M37705S1SP External 8 MHz
M37705S1ASP External 16MHz

The M37705M2-XXXSP cuts down the pins of M37704M2-
XXXFP. Refer to the section on M37704M2-XXXFP for the
functional differences.

DISTINCTIVE FEATURES

® Number of basic instructiong:««««=--ssrrererrerrrnserneees 103
® Memory size [2{0])Y I 16K bytes
RAM everereersrneniseieieee. 512 bytes

® |Instruction execution time
M37705M2-XXXSP, M37705S1SP
(The fastest instruction at 8 MHz frequency) =+ 500ns
M37705M2AXXXSP, M37705S1ASP
(The fastest instruction at 16 MHz frequency)---- 250ns

[ ] S|ng|e power supp'y ..................................... 5vi10%
® Low power dissipation (at 8 MHz frequency)
............................................................ 30mwW (Typ.)
® Interrupts 16 types 7 levels
® Multiple function 16-bit timer ««+-xeessrereeererereeeeees 5+3

(Three-phase motor drive waveform or pulse motor
drive waveform can be output.)

12-bit watchdog timer
Programmable input/output
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) -:--weeeoeeeee 53

PIN CONFIGURATION (TOP VIEW)

P7¢/ANg (64] «> P7;/AN;/ADtra
P75/ANg +> AVsg
P74/AN,

P73/AN; < [4] AVco
P7,/AN, +> Veo
P7,/AN, « [6] 59] +> P86/RyD,
P7o/ANy +> 58] +> P8,/TxD;

P6s/TB1y «~ [E] + P0y/Ag
P65/TBO\ + 2] [56] +> PO, /A,
P63/INT, + [10} [55] +> PO,/A,
P6,/INT, + [i1] > P03/A;
P8o/TMoyt/RTP1 <> + P0,/A,

P5e/TA3our/RTP1, <> [13]
PS5/TA2,N/U/RTP1, <+ [14]
P54/TA20u7/V/IRTP1, <> [15]
P55/TA1/W/RTPO5 <>
P5,/TA1 our/U/RTPO, <>
P5,/TAO/VIRTPO, <> [3]
P5o/TAOouT/WIRTPO, <> [i9]

Z[52] +» POs/As
[51] +> POg/Ag
50] <> PO,/A;
4]+ P1o/Ag/Ds
48] > P1,/Ag/Dg
> P1,/A10/D1o
%] +> P14/A1/Dy,
P4,/DBC* « O[] «> P1,/As2/D1z
P4,/ ¢, + 21 [44] <> P15/A,3/Ds5
P4,/RDY « > P16/A14/Dys
P4,/HOLD + 2] +» P1,/A15/Dys
[41] > P2,/A16/Do

£

dSVISS0.LEN

ds lSQJ(c))LLSW
dSXXXV%?NQOLLSW

XXX'jZ(I’\IQOL

CNVss J40] +> P2,/A;7/D;
RESET — 39] ++ P2,/A5/D,
Xin = [38] +» P23/A9/D5
Xour + ++ P2,/A2%/D,
E+— > P25/A/Ds

Vss +> P24/A2,/Dg
P3,/ALE + P2;/Az3/D;

P3,/BHE « + P3,/R/W

Outline 64P4B

*: Uséd 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,
general purpose inverter, and measuring instruments
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MITSUBISHI MICROCOMPUTERS

: ~ M37705M2-XXXSP,M37705M2AXXXSP

M37705S1SP,M37705S1ASP

- SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37705M2-XXXSP

Parameter

Functions

Number of basic instructions

103

time M37705M2-XXXSP, M3770551SP 500ns (the fastest instructions, at 8MHz frequency)
M37705M2AXXXSP, M37705S1ASP 250ns (the fastest instructions, at 16MHz frequency)
ROM 16K bytes
Memory size
RAM 512 bytes
PO, P1, P2, P7 8 -bitX 4
P5 7 -bitX 1
Input/Output ports Pe 5 -bitX 1
P4 4-bitX 1
P3 3-bitX 1
P8 2-bitX 1
. TAO, TA1, TA2, TA3, TA4 16-bitX 5 (3 input/output and 2 output functions)
Multi-function timers
TBO, TB1, TB2 16-bitX 3 (2 input functions)
Seral 1/0 UART X1
A-D converter 8 -bitX 1 (8 channels)
Watchdog timer 12-bitX 1
Dead-time timer 8 -bitX 3
Interrupts 2 external types, 14 internal types
(Each interrupt can be set the prionty levelsto 0~ 7 )
Clock generating circuit Built-in(externally cc dtoa or or quartz crystal resonator)
Supply voltage 5Vv+10%
Power dissipation 30mW(at external 8 MHz frequency)
Input/Output voltage 5V
Input/Output ch istic
Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range —10~70C

Device structure

CMOS high-performance silicon gate process

Package

64-pin shrink plastic molded DIP
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MITSUBISHI MICROCOMPUTERS

M37705M2-XXXSP M37705M2AXXXSP

M37705S1SP,M37705S1ASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The functional differences between the M37705M2-XXXSP
and M37704M2-XXXFP are described below. The
M37705M2-XXXSP has the same functions as the
M37704M2-XXXFP, e){cept these points. Refer to the sec-
tion on the M37704M2-XXXFP.

TIMER

Since timers A3 and A4 have no input pin, timers A3 and A4
~operate only in the modes except for event counter mode
'and select only no input function by timer A3 and timer A4
mode register. }

Since timer B2 has no input pin, timer B2 operates only in
timer mode. Therefore, only clock source can be selected
by the bits 7 and 6 of timer B2 mode register. The bits of
timer mode register must be “0” except for the clock
source selection bits. Other timers A0, A1, A2, BO and B1
have the same functions as the M37704M2-XXXFP.

SERIAL /O

Serial 1/0 is only UART1. UART1 has only the asynchronous
serial communication function and no clock synchronous
serial communication function. Therefore, do not select the
clock synchronous serial communication function (“001”) by
the serial communication method selection bits (bits 2, 1
and 0) of UART1 transmit/receive mode register. Since
UART1 does not have the functions of CTS and RTS, the
CTS, RTS selection bit (bit 2) of UART1 transmit/receive
control register must always be “1”.

Since UARTO has no function as serial I/0, set all the serial
communication method selection bits (bits 2; 1 and 0) of
UARTO transmit/receive mode register to “0”.

INPUT/OUTPUT PINS

Though the port registers and directional registers for ports
P4, PS5, P6 and P8 have eight bits, the directional register
bits having no. pins must always be set to the output mode.
Since port P3; is not available as a pin although it has port
register and directional register, port P3; must be set to the
output mode.

ADDRESSING MODES

The M37705M2-XXXSP has 28 powerful addressing modes.
Refer to the Series MELPS 7700 addressing mode descrip-
tion for the details of each addressing mode.

MACHINE INSTRUCTION LIST

The M37705M2-XXXSP has 103 machine instructions. Refer:
to the Series MELPS 7700 machine instruction list for de-
tails.

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

(1) M37705M2-XXXSP mask ROM order confirmation form
(2) Mark specification form for 64P4B

(3) ROM data (EPROM 3 sets)

The functional differences between the M37705M2-XXXSP and M37704M2-XXXFP

Parameter M37705M2-XXXSP M37704M2-XXXFP
1/0 port 8 -bitX 4 | PO~P2, P4~P8" - 8 -bitX 8
o 7 -bitX 1 PRt st e 4 -bitX 1
-+ 5-bitX 1 | (with HLDA pin)
PP cereeer e 4 -pitX 1
P3 .................................................... 3 _bitx ‘I
PS ..................................................... 2 _bitx ‘I
) (without HLDA pin)
Timer Timer A creerererrrreceeeees with 1/0 pins  16-bitX 3 | Timer A -c-ccveereeereeceeees with 170 pins  16-bitX 5
with output pins  16-bitX 2
Timer B-rororeerrrnnenens with input pins  16-bitX 2 | Timer B------ccocereeerereeens with input pins  16-bitX 3
g only timer mode 16-bitX 1
Serial I/0 UART (no clock synchronous serial 1/0) X 1 (UART or clock synchronous serial 1/0)X 2
Package 64-pin shrink plastic molded DIP 80-pin plastic molded QFP
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MITSUBISHI MICROCOMPUTERS

M37705M2-XXXSP,M37705M2AXXXSP
- M37705S1SP,M37705S1ASP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

M37705M2-XXXSP ,
ELECTRICAL CHARACTERISTICS (Vco=5V, Vss=0V, Ta=25C, f(X,y) =8MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max.
High-level output voltage P0p~P07, P1g~P17, P2g~P2;,
P3g, P34, P4g~P4,, P4,
Von P::~P55, :20, P65, Ps, PBs, low="—10mA 3 v
P6g, P7o~P77, P8¢, P8;
Vo High-level output voltage POo~P07, P1o~P17, P2;~P2;, lon=—400A 4.7 v
P3p, P3,
Vou High-level output voltage P3; loy=—10mA 3.1 v
lon=—400uA 4.8
Von High-level output voltage E :Z:;:lggr}\ 33 Y
Low-level output voltage POo~P0;, P1o~P17, P2;~P2;,
P3g, P3y, P4o~P4y, Péy,
Vou P5:, PG:,, PG:, PG: Ptsf,,7 PBe, lo=10mA 2 v
_ P7,~P7;, P8¢, P87
Voo Low-level output voltage P5¢~ P55 lo,=20mA 2
Vo Low-level output voltage POy~P07, P1g~P1;, P2;~P2;, lo=2mA 0. 45
P3o, P3,
Voo Low-level output voltage P3, lo=10mA 1.9 v
loL=2mA 0. 43
VoL Low-level output voltage E low=10mA 1.6 Y
loL=2mA 0.4
Voo —Vo_ Hysteresis HOLD, RDY, TAOw~TA2u, TBOw, TB1m, 0.4 1
INTy, INT4, ADtre
Vr+—Vr— | Hysteresis RESET 0.2 0.5 v
Vr+—Vr— | Hysteresis Xiy 0.1 0.3 v
High-level input current PO;~P0;, P1o~P17, P2;~P2;,
P3g~P3,, P4o~P4,, P4;,
hn P5o~P5g, P6o, P62, P63, P6s, Vi=5v 5 A
P6g, P7o~P7;, P8¢, P87,
X, RESET, CNVgs, BYTE
Low-level input current POg~P07, P1o~P17, P2g~P2;,
P3g~P3z, P4g~P4y, P47,
e P5o~P5¢, P6o, P62, P6s, PBs, V=0V —5 | uA
P6g, P7o~P77, P8¢, P87,
Xin, RESET, CNVsgs, BYTE
VRam RAM hold voltage When clock 1s stopped 2 v
‘ #(Xin)=8MHz, 6 12 mA
In single-chip mode | square waveform
lcc Power supply current Z:‘ep:ta:zlit’::rl:ins ;a;:s‘fe:hen clock 1
are Vss during reset | T,=70°C when clock 10 #A
1s stopped.
A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=257, f(X;n)=8MHz, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min. Typ Max.
— Resolution Verer=Vcc 8 Bits
— Absolute accuracy Vrer=Vcc +3 LSB
Riapper | Ladder resistance Vrer=Vecc 2 10 kQ
tconv Conversion time 28.5 S
Vgser Reference voltage 2 Vee \'
Via Analog input voltage 0 Vger \
2—-168 MITSUBISHI

ELECTRIC




MITSUBISHI MICROCOMPUTERS

M37705M2-XXXSP,M37705SM2AXXXSP
M37705S1SP,M37705S1ASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits )
Symbol Parameter Test conditions i ey v Unit
' in p. ax.
to(ta) TAii input cycle time 250 ns
tw(TaH) TAuy input high-level pulse width 125 ns
tw(TaL) TAy input low-level pulse width 125 ns
Timer A input (Gating input in timer mode)
] Limits
Symbol Parameter Test conditions " T v Unit
in. yp. ax
tci(ta) TAnn Input cycle time 1000 ns
tw(Tan) TAin input high-level pulse width 500 ns
' tw(TaL) TAun Input low-level pulse width 500 ns
Timer A input (External trigger input in one-shot pulse mode)
Symb Limits
ymbol Parameter Test conditions v T v Unit
in yp. ax
tc(ta) TAuy input cycle time 500 ns
tw(TaH) TAu input high-level pulse width 250 ns
tw(TaL) TAin input low-level pulse width 250 ns
Timer A input (Exteral tngger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions v T v Unit
n yp ax
tw(TaH) TAny iInput high-level pulse width 250 ns
tw(TAaL) TAny input low-level pulse width 250 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter Test conditions " T v Unit
' in yp. ax
tecue) TAigut Input cycle time 5000 ns
tw(upH) TAioyr Input high-level pulse width 2500 ns
tw(upL) TAiout Input low-level pulse width 2500 ns
tsutup-Ty) TAioyr input setup time 1000 ns
thiry-up) TAloyr input hold time 1000 ns
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MITSUBISHI MICROCOMPUTERS

M37705M2 XXXSP,M37705M2AXXXSP
M37705$1$P M37705S1ASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Voc=5v+10%, Vss=0V, Ta=25'C, f(Xiy)=8MHz, unless otherwise noted)
Single-chip mode

Limits
Symbol Parameter Test conditions Unmit
Min. Typ Max
td(e—proq) Port PO data output delay time 200 ns
td(e—P1Q) Port P1 data output delay time 200 ns
td(e—p2q) Port P2 data output delay time 200 ns
td(e—Paa) Port P3 data output delay time 200 ns
td(e—Paq) Port P4 data output delay time Figure 1 200 ns
td(e—psq) Port P5 data output delay time . 200 ns
td(e—psa) Port P6 data output delay time 200 ns
td(e—p7a) Port P7 data output delay time 200 ns
td(e—Psq) Port P8 data output delay time 200 ns
Memory expansion mode and microprocessor mode (when wait bit= “1)
Symbol Parameter Test conditions Limits Unit
Min Typ Max.
td(Poa—E) Port PO address output delay time 100 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") . 120 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(Pia—E) Port P1 address output delay time 100 ns
td(e—p2q) Port P2 data output delay time 120 ns
texz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 100 ns
td(ALE—E) ALE output delay time 4 ns
tw(ALE) ALE pulse width 100 ns
td(sne—e) | BHE output delay time 100 ns
td(rR/w—E) R/W output delay time 100 ns
- Figure 1

tde—¢) ¢ output delay time 0 30 ns
th(e—pPoa) Port PO address hold time 50 . ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—P1Q) Port P1 data hold time (BYTE="L") 50 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 50 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 50 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 50 ns
tpzx(e—p2z) | Port P2 floating release delay time 50 ns
th(e—sne) | BHE hold time 20 ns
the—rw) | R/W hold time 20 ns
tw(er) E pulse width 220 ns
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M37705M2-XXXSP,M37705M2AXXXSP
M37705S1SP,M37705S1ASP

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

M37705M2AXXXSP
ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25T, f(Xiy)=16MHz, unless otherwise noted)
Symbol Parameter Test conditions " Limits Unit
Min. Typ. Max
High-level output voltage P0o~P0;, P1o~P1;, P29~P27,
P3q, P3;, Pdg~P4y, P47,
Von P5:~ 5, P;(,, Pe:, ey, P, low=—10mA 2 v
P8¢, P7o~P7;, P8¢, P87
Von High-level output voltage POo~P0;, P1o~P1;, P2,~P2;, lon=—4004A 4.7 v
P3g, P34
. lon=—10mA 3.1
Vou High-level output voltage P3, lon——400A 2.8 v
. — lon=—10mA 3.4
Vown High-level output voltage E lon——4001A 2.8 \"
Low-level output voltage P0o~P0;, P1o~P1;, P2~P27,
P3o, P34, P4y~P4,, P4;,
Vou P5:, PG:,, P6:, PS: P65,7 PG, lo=10mA 2 v
P70~P7;, P8¢, P8;
Voo Low-level output voltage PS¢~ P55 lo.=20mA 2
Vo Low-level output voltage P0g~P0;, P1o~P1;, P2g~P27, loL=2mA 0.45
P3y, P3;
VoL Low-level output voltage P3, lo=10mA 1.9 v
lo,=2mA 0. 43
— loo=10mA 1.6
Voo Low-level output voltage E o =2mA 0.4 \%
Hysteresis HOLD, RDY, TAON~TA2)y, TBOn, TB1yy,
VARSRVARN Bl N, W A ™ w 0.4 1
Vr+—Vi— | Hysteresis RESET 0.2 0.5 v
Vr4—Vr— | Hysteresis Xy 0.1 0.3 \%
High-level input current POg~P07, P1o~P1;, P2;~P2;,
P3¢~P3;, P4o~P4,, P4;,
hw P5o~P5s, P6y, P62, P63, P6s, V=5V 5 A
P6g, P79~P7;, P8, P87,
Xin, RESET, CNVss, BYTE
Low-level input current P0g~P07, P1g~P17, P2~P27,
P3g~P3;, P4g~P4,, P47,
I P5¢~P56, P6¢, P62, P63, P6s, V=0V —5 KA
P6g, P7¢o~P77, P8s, P87,
XN, RESET, CNVsgs, BYTE
Vieam RAM hold voltage When clock is stopped 2 \'
‘ f(Xin)=16MHz, 12 24 mA
In single-chip mode | square waveform
loo Power supply current output only pin |S( Ta=25C when clock 1
open and other pins | s stopped
are Vss during reset | 1,=70"C when clock 10 uA
is stopped.
A-D CONVERTER CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, {(X\n)=16MHz, unless otherwise noted)
z
/' Limits
Symbol Parameter Test conditions - Unit
Min Typ. Max
—_ Resolution Vrer=Vcc 8 Bits
— Absolute accuracy Veer=Vecc +3 LSB
Riapper | Ladder resistance Veer=Vce 2 10 kQ
tconv Conversion time 14.25 us
VRser Reference voltage 2 Vece \%
Via Analog input voltage 0 VRer \%
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M37705M2-XXXSP,M37705SM2AXXXSP
M37705S1SP,M37705S1ASP

SINGLE-CHIP 16-BIT CMoOS MICROCOMPUTER

Timer A input (Count input in event counter mode)

Limits ]
Symbol Parameter Test conditions Unit
Min. Typ. Max.
teira) TAin input cycle time 125 ns
tw(TaR) TAin input high-level pulse width 62 ns
tw(TAL) TAi input low-level pulse width 62 ns
Timer A input (Gating input in timer mode)
Limits
Symbol Parameter Test conditions ! Unit
Min Typ Max.
te(ta) TAii input cycie time ) 500 ns
tw(Tar) TAi input high-level puise width -250 ns
tw(TAL) TAuy input low-level pulse width 250 ns
Timer A input (External trigger input in one-shot pulse mode)
Limits
Symbol Parameter Test conditions - Unit
Min Typ. Max. ’
te(ra) TAij input cycle ime 250 ns
tw(TAR) TAny input high-level pulse width ' 125 ns
tw(TaL) TAuy input low-level pulse width 125 ns
Timer A input (Extemal trigger input in pulse width modulation mode)
Symb P; Test diti Limits Unit
te! est conditions n
ymbol arameter Y T, Max
tw(Tan) TAin Input high-level pulse width 125 ns
tw(TaL) TAii input low-level pulse width 125 ns
Timel’ A input (Up-down input in event counter mode)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ Max
tc(up) TAiour Input cycle time 2500 ns
tw(uPH) TAiout Input high-level pulse width 1250 ns
tw(upL) TAigyr input low-level puise width ' 1250 ns
tsucup-Ty) TAigyt Input setup time 500 ns
th(r-ur) TAiour Input hold time 500 ns
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M37705M2-XXXSP,M3770SM2AXXXSP
M37705S1SP,M37705S1ASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Voc=5Vt10%, Vss=0V, Ta=25T, f(X,y)=16MHz, unless-otherwise noted)
Single-chip mode

Symbol Parameter Test conditions Lumits Unit
Min. Typ Max.
td(e—poQ) Port PO data output delay time 100 ns
td(e—P1Q) Port P1 data output delay time 100 ns
td(e—p2q) Port P2 data output delay time 100 ns
td(e—P3q) Port P3 data output delay time 100 ns
td(e—paq) Port P4 data output delay time Figure 1 100 ns
td(e—Psa) Port P5 data output delay time 100 ns
td(e—reQ) Port P6 data output delay time 1, 100 | ns
td(e—p7a) Port P7 data output delay time ' 100 ns
td(e—rsq) Port P8 data output delay time j 100 ns
Memory expansion mode and microprocessor mode (when wat bit="“1")
Limits
Symbol Parameter Test conditions - Unit
. Min. Typ. Max.
td(Poa—E) Port PO address output delay time 30 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 80 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE=“L") 5 ns
td(p1a—E) Port P1 address output delay ime 30 ns
td(e—r2q) Port P2 data output delay time . 80 ns
texz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—g) Port P2 address output delay time 30 ns
td(aLE—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 40 ns
td(BHE—E) BHE output delay ime 30 ns
td(r/w—E) R/W output delay time . 30 ns
Figure 1

td(e—¢) ¢, output delay time 0 20 ns
th(e—roa) Port PO address hold time 25 ns
thaLe—p1a) | Port P1 address hold time (BYTE="“L") 9 ns
th(e—P1Q) Port P1 data hold time, (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE=“H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—P2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—ene) | BHE hold time 20 ns
th(e—r/w) R/W hold time .20 ns
tw(eL) ) E pulse width 95 ns

_ MITSUBISHI
2178 ELECTRIC



MITSUBISHI MICROCOMPUTERS

'M37705M2-XXXSP,M37705M2AXXXSP
M37705S1SP,M37705S1ASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM tr t o
Single-chip mode twin) tww
f(Xin)

e td(e—roq)

Port PO output

tsu(poo—E)
Port PO input 1\ th(e—roo)
‘ <—>i tde~pr1a)
Port P1 output x .
tsupio—g) '

Port P1 input :3\ the-p10)

le—>] td(e—r20)

Port P2 output

tsutr20—€)
Port P2 input j\ th(e—p20)

= td(e—p3q)

Port P3 output x

tsu(pap—e)
Port P3 input L th(e—pao)

—>| td(e—psa)

Port P4 output

. tsu(pan—e)
Port P4 input 3\ thie—pap)

tde-rsa)

Port P5 output

tsupso—e)
Port PS5 input

Port P6 output

tsu(peo—e)
Port P6 input ,

Port P7 output

. tsu(p7o—e)
Port P7 input

Port P8 output

: tsucpso—e) |
Port P8 input q th(e—pep)
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MITSUBISHI MICROCOMPUTERS

M37705M2-XXXSP,M37705M2AXXXSP
M37705S1SP,M37705S1ASP

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

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

tf tr tc
tw) tw()

f(Xin)

AWAW
g _ /S )
_

tde—¢p) td(e—gp)
_ twier)
E \ /
td(poa—E)
the—roa) dee
Port PO output
(Ag~A;) Address Address
thcaLe—p1a)Hg thie—p1a) texz(e—p12) teax(E—P12)
Port P1 output Y
(Ag~A,5/Dg~D;s) _ Address Data \ Address | W —————— t— Address
(BYTE="L") e td(e—p1h)
tdp1a—g)
thke—p1a)
Port P1 output s
((A3~A|5) ) X Address \ Address X
BYTE="H"
tsupio—e) thie—p1D)
Port P1 input
thiaLe—pza) ‘—‘| the—rpea) texz(e—p2z) tozx(e—p2z)
Port P2 output
(Aqg~Az3/Dy~Dy) x Address k Data Address | ————— 1= Address
<1 td(p2a—g)
tde—r2a) tsucpo—e) th(e—p20)
Port P2 input
twiace)
. td(ace—e)
Port P3; output \ / \
(ALE) —/
td(eHE—E) thie—one)
—BHE

Port P3, output i X
(BHE) -
td(rR/w—E) <—-I the—aw)

Port P3, output
(R/W)

tsu(rovy—¢y)| th(s;—rDY)
|

Port P4, input s
(RDY) /

Test conditions

* Vee=5V£10%

- Output timing voltage : Vo =0.8V, Vou=2.0V

- Port P1, P2 input 1V, =0.8V, Vjy=2.5V

- Port P4, input V=10V, Viy=4.0V
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M37795S),M37795ST)

16-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M37795SJ, and the M37795STJ are 16-bit micro-
computers designed with high-performance CMOS silicon
gate technology. These are housed in a 84-pin PLCC.
These microcomputers have a large 16M bytes address
space, the instruction queue buffers, and the 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. Utilizing its built-in peripheral func-
tions such as timer system, 10-bit A-D converter and pulse
width modulator (PWM), the M37795SJ and the
M37795STJ are especially suited for industrial machinery
applications that require real time control capability.

The M37795STJ is a version of the M37795SJ that has
been upgraded for use in automobile vehicles. Its function
and performance are same as for the M37796SJ, but it has
a different operating temperature range which is shown
below.

Therefore, the following descriptions will
M37795SJ unless other wise noted.

be for the

Type name Operating temperature range
M37795SJ —20~75C
M37795STJ —40~85C

DISTINCTIVE FEATURES
o Number Of basic instructions .................................. 103
® Instruction execution time

(The fastest instruction at 8 MHz frequency) *+-500 ns

® Single power SUPPIY weeeerrrersrrere e, 5V+10%
® Low power dissipation (at 8 MHz frequency) -+-- 50mW (Typ.)
® Memory
® |[nterrupt
@ 16-bit timer ----cocerererr 16
[ ] PWM ..................................................................... 3
® UART (may also be synchronous) ............................. 1
® 10-bit A-D converter:::«--wrerreeeeerieeanes 8 channel input
. Watchdog timer ...................................................... 1
® Programmable input/output i
(ports P3, P4, P5, P6, p7,) ................................... 33
APPLICATION

For factory automation system, automobiles and other in-
dustrial machinery control.

PIN CONFIGURATION (TOP VIEW)

+ Dg/Az

5]« Dy/Ay
[Fl++ Dy/Ass
[2]«+ Da/Ase
[S]++ D4/Az
1~]

[o]++ Dg/Ass
[5]«> D7/Azs

AN, — [32]
IR sl el B el ol o]
ttrtrt ot
22222282
<<<<<<§<

M37795SJ
or [64] <> P6,/INT

M37795S8TJ

al<g

Al

5 [bsopSs
Bu32832577
TEEEY
[83] [e2] ] so] [l (72} [771 [76] [75]

> Pdy/dour

[eaf (e Tes] el o] [as] el ool 1] T2 )
[T I AR R IR A O
[ ~ 0
SOEREE S
O > a0 L
SER®
o

Outline 84P0
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MITSUBISHI MICROCOMPUTERS

M37795SJ,M37795ST)

16-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37795SJ '

Parameter Functions

Number of basic instructions 103
Instruction execution time 500ns (the fastest instructions, at 8MHz frequency)
Memory ROM/RAM external

P4~P6 8-bitX3
Input/Output port P3 4-bitX1

P7 5-bitX1
Analog input port ANg~AN; 8-bitX1

TA1~TA8 16-bitX 8
Multi-function 16-bit Timer TB1~TB4 16-bitX4

TC1~TC3 16-bitX 3

D ° 16-bitX1
PWM 8-bitX3
A-D converter 10-bitX 1 (8 channels)
Serial I/0 (UART or Clock Synchronous)X1
Watchdog timer 12-bitX1

4 external types, 16 internal types
Interrupts Maskable interrupt factor is capable of setting the Interrupt Prionty
Level (IPL) of 0 to 7 for each factor.
Clock generating circuit Built-in (externally connected ceramic or quarts crystal oscillator)
Supply voltage ’ 5V+10%
Power dissipation 50mW (at external 8MHz frequency)
Operating temperature M37795SJ —20~75TC
range M37796STJ —40~85TC
Device structure CMOS high-performance silicon gate process
Package 84-pin PLCC
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MITSUBISHI MICROCOMPUTERS.

M37795SJ,M37795ST]!

16-BIT CMOS MICROCOMPUTER

Input/
Pin Name pu Functions
Output
P4,~P4, | 1/0 port P4 1/0 This is a CMOS input/output port P4y, P4; and P4, have double functions, which can be selected by soft-
ware

HOLD Hold request signal Input This 1s the hold request input to the CPU Input of “L”" level sets the CPU In the hold status when the cur-
(P4y) rently executing bus cycle is finished. Input of “H” level releases the hold and the CPU resumes execution
HLDA Hold acknowledge Output When CPU 1s in the hold status, “L” level signal I1s output
(P4,) signal .
#our(P4;) | System clock output Output | This Is the external output of CPU system clock (¢)

P50~P5; | I/0 port P5 [{e] This 1s a CMOS input/output port All 8 bits have double functions, which can be selected by softwave
TAl1our | PISO data output Output PISO data update by synchronizing with the timer underflow, etc of the timers, TA1~TA8
~TA8our
(P5y~P5;)

P6o~P6; | 1/0 port P6 1/0 This 1s a CMOS input/output port All 8 bits have double functions, which can be selected by softwere.
TBin(P6,) | Timer B clock Input This signal is used as the clock input for the timers, TB1~TB4
TBrra(P6y) | Timer B trigger Input This 1s the trigger signal input for the timers, TB1, TB3 and TB4
TBlour(P62) | PISO data output Output PISO data update by synchronizing with the timer underflow, etc of the timers, TB1 and TB2
TB20ur(P63)
PWM1 PWM output Output Output pulse of this pin is generated by PWM
~PWM3
(P6,~P65)
INT(P6;) | External interrupt input Input This is the interrupt input pin Edge sense or level sense can be specified

P70o~P74 | I/0 port P7 1/0 This 1s a CMOS input/output port All 5 bits have double functions, which can be selected by software.
TC1n(P7o) | Timer C1 clock Input This 1s the timer TC1's clock input
TC1s7e(P7;) | Timer C1 strobe Input This 1s the strobe signal input for timer TC1's measurement function
TC2n(P7,) | Timer C2 clock JInput This 1s the timer TC2's clock input.
TC2s1s(P75) | Timer C2 strobe Input This 1s the strobe signal input for timer TC2's meapurement function.
TC3s7s(P74) | Timer C3 strobe Input This 1s the strobe signal input for timer TC3's measurement function

ANg~AN; | Analog input port Input ﬁ'hls 1s an 8-bit analog input pin to the A-D converter
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MITSUBISHI MICROCOMPUTERS

M37795SJ,M37795ST])

16-BIT CMOS MICROCOMPUTER

Address (Hexadecimal notaion) Address (Hexadecimal notation)
gggw gg%s Timer A1 counter
ggg%g gg%g Timer A1 reload register
000004 - 000044 | 10 or A2 counter
000005 . 000045
gg%gg %gg:? Timer A2 reload register
ggg% gggag Timer A3 counter
00000A 00004A Timer A3 reload register
00000B Port P3 data register 00004B
00000C Port P4 data register 00004C Timer A4 counter
00000D Port P5 data register 00004D
00000E Port P6 data register 00004E Timer A4 reload register
00000F Port P7 data register 00004F
000010 000050 Timer A5 counter
000011 : 000051
000012 000052
000013 | Port P3 direction register 000053 | Timer AS reload register
000014 Port P4 direction register 000054 "
000015 | Port P5 direction register 000055 | Timer A6 counter
000016 Port P6 direction register 000056 Timer A6 reload register
000017 Port P7 direction register 000057
000018, 000058 Timer A7 counter
000019 000059
00001A 00005A Timer A7 reload register
00001B Port P3 operation mode register 000058
00001C Port P4 operation mode register 00005C "
00001D Port P5 operation mode register 00005D Timer A8 gounter
00001E Port P6 operation mode register 00005E " .
00001F Port P7 operation mode register . 00005F Timer A8 reload register
000020 A-D control register 000060 TG1 prescaler
000021 000061 TG2 prescaler
000022 A-D succesive approximation register 000062 Timer A control register-enable
000023 000063 Timer A protect register
000024 000064 Timer A control register-CW
000025 000065 Timer A control register-P/N
000026 000066 Timer A interrupt mask register
000027 000067 Timer A interrupt status register
000028 000068 Timer A1 PISO register
000029 000069 Timer A2 PISO register
00002A 00006A Timer A3 PISO register
000028 000068 Timer A4 PISO register
00002C 00006C Timer A5 PISO register
00002D ) 00006D | Timer A6 _PISO register
00002E 00006E Timer A7 PISO register
00002F 00006F Timer A8 PISO register
000030 UART transmit/receive mode register 000070 Timer D counter
000031 UART baud rate register 000071
gggggg UABT transmission buffer register gggg;s Timer D reload register
000034 UART tr ission/receive control register 0 000074 Timer D operation control register
000035 UART tr ission/receive control register 1 000075
gg%g? UART receive buffer register gggg;g
000038 000078
000039 000079
00003A 00007A
00003B 00007B
00003C 00007C
00003D 00007D
00003E 00007E
00003F 00007F

Fig. 2 Location of peripheral devices control registers (1)
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MITSUBISHI MICROCOMPUTERS

M37795S),M37795ST)

: 16-BIT CMOS MICROCOMPUTER

M37795SJ TIMER SYSTEM BLOCK DIAGRAM

TAlour

¢ —{_8-bit prescaler }——So—{ _TA1 16-bit reload timer ﬂ
+—3o—{ TA2 16-Dit reload timer ]_EP'SO

TA20ur

y—o—{ TA3 16-bit reload timer ]—ﬂ PISO .! TA3our
L5o—{"_TA4 16-bit reload timer PISO TAdour

TG2

TAS0ur

¢ — 8-bit prescaler J—‘*—O\O——{ TA5 16-bit reload timer fﬁ PISO } I
t—o TA6 16-bit reload timer ﬂ_
t—So—{ _TA7 16-bit reload timer l—ﬁ PISO '!

L3o—{" TA8 16-bit reload timer I—&

TABour

TA7our

TA8our

¢
TBi Tdgs Jo “o—{B-bit prescaier o 757 7651 Teload Tmer ] TBlour
T EL-——J:——HEB Edge} !
Prea ' =g f&°—{TB2 T6-bit reload fimer 1 TB20ur
v—:\O—|Es16-bit reload timer } B3
L_o—{TB4 16-bit reload timer } B4
]
TC1|N Edge —(L
TCsrs [ H{Edge J— 15—l 8:bit prescaler |— TC1 16-bit timer — ;?:12::
TC2i Edge |

)}
TC247e [ Edgs 1531 &-bit prescacalert— TC2 16-bit timer — 1o

$—— 8-bit prescaler }—— TC3 16-bit timer }———= TC3ovr
TC3sra Edge } - — TC3,
STB

¢+——_Clock divider |———{ 7D 16-bit reload timer —— 1™
PWM1

1 Clock divider PWM?1 (8-bit counterX 2) PWM1

+——{ Clock divider |——{___PWM2 (8-bit counterx2 Pwm2
L— Clock divider }———{  PWMS3 (8-bit counterX2)

PWM3
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MITSUBISHI MICROCOMPUTERS

M37795S),M37795ST)

16-BIT CMOS MICROCOMPUTER

M37795SJ \
ELECTRICAL CHARACTERISTICS (Voc=5V£10%, Ta=—20~75C, f(Xu)=8MHz, unless otherwise noted) -
. Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
Vou High-level output voltage lok=—"2mA Vee—1 \
Voo Low-level output voltage loL=2mA 0.45 \"
'™ High-level input current Vi=Vce —5 5 uA
I Low-level input current V=0V —5 5 A
f(Xin)=8MHz square waveform 8(Note 2) 20 mA
lcc Power supply current (Note 1) Ta=25"C when clock Is stopped 1 A
Ta=75C when clock is stopped 15 “
Hysteresis TB\, TBrrg, TC1iy, TC2),
Vr+—Vi— . =
T TC1ste, TC2s78, TC3srs, RESET (Note3) Voo=5V 0.8 M
Hysteresis HOLD, INT, CLK, CTS/RTS, —
Vr+—Vr— NMI, RDY (Note 4) co= 0.2 v
Note 1. When reset with output pins open and connecting input pins to Vss.
2. Vge=5V, Ta=25TC
3. Double function except for RESET pin '
4. Double function, except for NMI and RDY pins.
A-D CONVERTER CHARACTERISTICS (AVco=Vaer=5.12V, Ta=25T, {(X\x)=8MHz)
| Caramet Limits L;lnlt
Symbol arameter Min. Typ. Max.
— Resolution 10 Bits
— Absolute accuracy +3 LSB
tconv Conversion time 40.5 us
lian Analog input leak current (Note 1) —200 200 nA
Note 1. Inputleak current of ANg~AN; with A-D converter halted
Input voltage is 0<V,<AVcc.
TIMING REQUIREMENTS (Voc=5V£10%, Ta=—20~75T, f(X\y)=8MHz)
. Limits Uit
1)
Symbol arameter Min. Typ. Max
tc Cycle time 125 ns
tsu(p—g) Data input setup time 80 ns
th(e—b) Data input hold time 0 ns
" MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

C s | M37795S),M37795ST)

. o ) 16-BIT CMOS MICROCOMPUTER

RDY characteristics (Vcc=5v+10%, Ta=—20~75TC, {(X)=8MHz)

Limits
Symbol Parameter Unit
Min. Typ. Max
tsu(rov—¢) | RDY input setup time 100 220 ns'
th(s—RDY) RDY input hold time 60 ns
tsu(roy—e) | RDY input setup time 220 300 ns
th(e—RDY) RDY input hold time —20 ns
Note. Follow the characteristics of ¢ or E.
_ [
. —_\__—/_——\ Y
RDY / '
tsu(rov—9) | th(s—roV)
tsu(rov—e) th(e—rov)
HOLD characteristics (Voc=5v£10%, Ta=—20~75%, f(Xix)=8MHz)
P " Limits Unit
1|
Symbol arameter Min. Typ. Max.
tsu(noLp—g¢)| HOLD input setup time 100 ns
th(g—HoLp) | HOLD input hold time 30 ns
td(¢—nHLpa) | HLDA output delay ime 80 ns

$our _/—\\__./ m
tsutHoLo—9) '
e th(¢—HoLD)

— - ———

HOLD /
y.
td(g—HLDA)

>

HLDA
106 . MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

‘ » M37795S),M37795ST)

. o 16-BIT CMOS MICROCOMPUTER

Timer B characteristics (Vcc=5v+10%, Ta=—20~75T, f(Xn)=8MHz)

A Limits
Symbol Parameter Unit
. Min Typ. Max.
tsu(re—# | TBiv input setup time 200 ns
th(s—Tey | TBi input hold time 0 ns
tsu(rBgrp—#) | TBsta input setup ime 200 ns
th(¢—Tegrg) | TBsta input hold time 0 ns
PISO writing 200
td(s —TBoyr) | TBour output delay time Shifting 200 ns
Plural triggering (Note 1) 200

Note 1. Shift by TB2 underflow with plural trigger.

$our

TN N

tsutten—¢) | thie—TeN)

TBin

tsucrerpg—# | th(s—Terme)

TBrra

mi

N

td(s —Teour)
—>

TBour
(Piso writing)

td(s —Teoyr)

TBour
(Shifting)

td(s —TBOUT

TBour
(Plural triggering)

: " MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37795S),M37795ST)

16-BIT CMOS MICROCOMPUTER

UART characteristics (Vooc=5v£10%, Ta=—20~75C, f(X)=8MHz)

mit:
Symbol Parameter i L_:_ s v Unit
in. yp ax.
to(ck) CLK input cycle time 500 ns
tw(ckH) CLK input high-level pulse width 250 ns
tw(ckL) CLK input low-level pulse width 250 - ns
tecex)
tw(ckH)
o A \ /V—\__
. tw(ck)

INT characteristics (Voc=5v+10%, Ta=—20~75%, f(Xn)=8MHz)

Limits
Symbol Parameter . Unit
Min. Typ. Max.
tw(NTH) INT input high-level pulse width 250 ns
twOnTL) INT input low-level pulse width 250 ns
twinTH)
INT
twinTL)
HI
2200 MITSUBIS
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MITSUBISHI MICROCOMPUTERS

M37795S),M37795ST)

16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS (Voc=5V+10%, Ta=—40~85C, {(Xiy)=8MHz)

Symbol Parameter ' Limits Unit
‘ Min. Typ. Max.

twiaLe) ALE pulse width 0 —
to(aLe—e) | E end time after ALE 300 e
tdcae—e) | E start time after ALE 0 e
tw(e) E pulse width 180 ns,
tpzv(e—pz) | Floating release delay ime 60 ns
td(a—g) Address output delay time 100 ns
tpvz(e—pz) | Floating start delay time 40 ns
td(e—b) Data output delay time 100 ns
tv(aLE—A) Address delay time after ALE 10 ns
ty(e—p) Data valid time after E | 10 ns
ty(e—Aa) Address valid time after E 10 ns
td(cont—E) | Control signal delay time 100 ns
tv(e—conT) | Control signal valid time 10 ns

Note. Limits have guaranties under load capacity of the test pin=100pF including test tool's capacity. If capacities of pins are much different from each
other, limits may not be followed. So pay attention to the design of the board.

Test pin

100pF
M37795STJ

i

Test conditions for switching characteristics

Voo valid level 0.2V¢gc
Vo valid level 0.8Vgc

Fig. 5 Testing circuit

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

R M37795S),M37795ST)

16-BIT CMOS MICROCOMPUTER

Port characteristics (vcc=5v+10%, Ta=—40~85C, f(X\n)=8MHz)

R . Limits Unit
1]
Symbol arameter . o Tvp. Mo
tsu(p—e) Port input setup time 200 ns
th(e—p) Port input hold time 20 ns
td(e—p) Port data output delay time 200 ns
Poo N\ S
e __/_—_\__/f——\__
td(e—p)
Port output
tsute—e) | thee—e
I le
Port Input * k
Timer A characteristics (Veo=5v£10%, Ta=—40~85T, f(X\y)=8MHz)
Limit
Symbol Parameter - mits Unit
Min. Typ. Max.
PISO writing 200 ns
t, — TAour output delay time
d(s —TAour) ouT Outp y Shifting 200 s

Four _/_\_/m\_/—l
£ —\___Jr
td(s—tagur
—>»f

TAour

(PISO writing)

td(s —TAour)
—
TAour
(shifting)
C MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37795SJ,M37795ST)

16-BIT CMOS MICROCOMPUTER

Timer C characteristics (Vcc=5v+10%, Ta=—40~85T, f(X\)=8MHz)

Limits
Symbol Parameter Min. Typ. Max. Unit
tsu(rep—# | TCi input setup time 200 ) ns
th(g—vcy) | TCw input hold time A 0 s
tsu(tcgrp—9)| TCsta input setup time 200 ns
th(s —Tcgre) | TCste input hold time o -

w N S S

tsutrey—¢)| thie—tcp)

TCin

tsu(teste—#) | thes—rtogre)

TCSTB

PWM characteristics (Voc=5v+10%, Ta=—40~85C, f(X;y)=8MHz)

Limits
Symbol Parameter Unit

Min. Typ. Max.
td(¢ —pwmour) | PWMour output delay time 200

ns

Pour

td(g—PwMoyr)

PWMour

4 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37795S),M37795ST)

16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM
te

1) M

twaLe)
wine te(ae- 6)
N
ALE / N
td(ae—e) twe)
— 4
E \\ /|
tpzv(e—p2) tdia-o L tsuo-e theero)
f
D/A _.______.{, Address Input data j——-
(Reading) N tpvz(e-02)
. 1 tde-p)
tvate—a) ty(e-p)

Y N
D/A —eeeel{  Address ﬁi Output data >————
(writing) N\

tv(e~a)
y
Ag~A7 :>——< Address (low order)

I td(cont—e) tv(e—conm)

—
BHE >( BHE(R/W) &
RIW

— ) . MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode : Immediate addressing mode
Function A portion of the instruction is the actual data. Instruction : ADC, AND, CLP, CMP, CPX,
Such instruction code may cross over the bank CPY, DIV, EOR, LDA, LDT,
boundary. - LDX, LDY, MPY, ORA, RLA,
SBC, - SEP
ox. : Mnemonic Machine code ex. * Mnemonic Machine code
ADC A, #0A5H 696 A5y ) ADC A,#0A5B7H 695 B7,5 A5y
(m=1) (m=0)
Memory Memory
—————— - 0000, R —— 0000,
Program
Program
8-bit width bank-PG Op Code (69,) bank-PG
A—A+C+ Op Code (69,5) Program 16-bit width Operand (B7+s) Program
IAS“I - Operand (A5,) | Bank Register A~—A+C+IA5,,E B7s I*‘ Operand (A5,) | Bank Register
_______ FFFF,q ] FFFF,q
L ~—
ex.  Mnemonic Machine code ! ex. : Mnemonic Machine code
LDX #0ASH A2,s A5 LDX #0A5B7H A2, B7: A5y
(x=1) (x=0)
Memory Memory
——~———] /\/‘
i 0000, ——— — — — 00001;
Program
bank-PG Program
it wi 16-bit width Op Code (A2;,) bank-PG
8-bit width Op Code (A2,) Pr
ogram - Operand (B7,¢) Program
X< | A5ig | — Operand (A5,g) Bank Register X<— Operand (A5,¢) Bank Register
. — FFFFa B FFFFq
— =]
2—210 MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode . Direct addressing mode
Function  : The contents of the bank-0 memory location spe- Instruction : ADC, AND, ASL, CMP, CPX,
cified by the result of adding the second byte of CPY, DEC, DIv, EOR, INC,
the instruction to the contents of the direct page LDA, LDM, LDX, LDY, LSR,
register become the actual data. if, however, MPY, ORA, ROL, ROR, SBC,
addition of the instruction’s second byte to the STA, STX, STY
direct page register's contents result in a value
that exceeds the bank-0 range, the specified
location will be in bank-1
ex. - Mnemonic Machine code ex. . Mnemonic Machine code
ADC A,02H 65,5 02,5 ADC A,02H 65 02,
(m=1) (m=0)
Memory Memory
0000,¢ 0000,
- Bank-0
A-AtCH Bank-0 A AtCH DATA, 1236,
| DATA |¢— DATA 1236,4 ‘_ DATA,
_______ FFFFy
T T Direct page
_______ FFFF,¢ Op Code (65;5) register
| i Operand (0246) + | 1234, |=1236,,
~ = Direct page
Op Code (65,9) register |~
Operand (02i) | + [ 1234,5 |=12364¢
/—'\_/
ex. : Mnemonic Machine code ex. : Mnemonic Machine code
LDX 02H A6, 02, LDX 02H A6, 02,
(x=1) (x=0)
Memory Memory
0000,¢ 0000,
Bank-0 Bank-0
- - DATA
x<[ DaTa | DATA 1236, Wl e wyer I { N 1236,
I___.I—.] DATA.
FFFFyq ] FFFF,q
= L 3+ Di
T s Direct page r irect tpage
: register
Op Code (AByy) register Op Code (A64g) e v
Operand (02:) | + [ 12345 | = 12366 Operand (02e) 12341 | = 12361
— L
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

Mode . Direct indexed X addressing mode
Function . The contents of the bank-0 memory location spe- Instruction : ADC, AND, ASL, CMP, DEC,
cified by the result of adding the second byte of DIV, EOR, INC, LDA, 'LDM,
the instruction, the contents of the direct page LDY, LSR, MPY, ORA, ROL,
register and the contents of the index register X ROR, SBC, STA, STY
become the actual data. If, however, addition of
the instruction’s second byte, the direct page
register's contents and the index register X’s con-
tents results in a value that exceeds the bank-0
or bank-1 range, the specified location will be in
bank-1 or bank-2.
ex.  Mnemonic Machine code ex. : Mnemonic Machine code
ADC A,1EH,X 75:¢ 1E¢6 ADC A,1EH,X 75:¢ 1Eq4¢
(m=1,x=1) (m=0,x=1)
Memory Memory
0000, 0000,,
A-A+cC+ Bank-0 Bank-0
A+~
| DATAI - DATA 1338,¢ A+$ + DATA, 1338,
| DATA, 1 DATA |« DATA.
F—————] FFFF/) L _ ] FFFFyq
T [ Direc_t page Index T T Direct page Index
Op Code (75, register register X Op Code (755) register  register X
Operand (1Eyg) | +| 123446 [+ }E61.|= 13386 Operand (1E,q) +| 123415]"'[ ;EG"|= 133846
e ——e™”
ex. . Mnemonic Machine code ex. - Mnemonic Machine code
ADC A,1 EH,X 7515 1E1s ADc Al1 EH’X 7518 1E18
(m=1,x=0) (m=0,x=0)
Memory Memory
0000,¢
A—A+C+
A~
DATA | - DATA Atct DATA 4338,
= [ommn Town] - {5
cc——™m™ bk FFFFyq
T T Direct page Index T TDi
. ! irect page Index
gp Cod:(11721.5 register register X m)'j register register X
perand (1Bis) |+[1234s6 ]+ [ 30E6:q | = 433816 Operand (1Eys) | +[ 12341 |+ 30E6, | = 4338,
N
N
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode . Direct indexed Y addressing mode

Function  : The contents of the bank-0 memory location spe- Instruction : LDX, STX

cified by the result of adding the second byte of

the instruction, the contents of the direct page
" register and the contents of the index register Y

become the actual data. If, however, addition of

the instruction’s second byte, the direct page

register's contents and the index register Y’s con-

tents results in a value that exceeds the bank-0

or bank-1 range, the specified location will be in

bank-1 or bank-2.

ex. . Mnemonic Machine code
LDX 02H,Y B6ys 02,6
(x=1)
Memory 0000,,

x< | DATA | < DATA 131C,e

L— _____ 1 FFFF,q

[Direct page Index

Op Code (B6,) register register Y
Operand (02:) | +[ 123446 |+ E6ys | =131C,,
L
ex. . Mnemonic Machine code
LDX O2H,Y B61s 026
(x=0)
Memory
0000,¢

Bank-0

X [TF_ID b DATA_ 131C,¢
- -
ATAL ! ATAL DATA,

——————— FFFF,q

&
~

Direct page Index

Op Code (B64g) register registerY
Operand (02,) +| 12344 |+| 006, | = 131C,,
/-\_/
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode

Function

ex.

- Direct indexed X indirect addressing mode

: The value obtained by adding the instruction’s

second byte, the contents of the direct page re-
gister and the contents of the index register X
specifies 2 adjacent bytes in memory bank-0, and
the contents of these bytes in memory bank-0,
and the contents of these bytes in memory bank-
DT (DT is contents of data bank register) be-
come the actual data. If, however, the value
obtained by adding the instruction's second byte,
the direct page register's contents and the index
register X's contents exceeds the bank-0 or
bank-1 range, the specified location will be in
bank-1 or bank-2 :

. Mnemonic Machine code

ADC A, (1EH, X) 6146 1E
(m=1,x=1)

Memory

0000,

Bank-0

DATAT (00,6) 13386

Instruction : ADC, AND, CMP, DIV, EOR,
LDA, MPY, ORA, SBC, STA

DATAIL (144¢)

P,

————— — — FFFFy,

Direct page Index
Op Code (61,) register  register X

- L

T [

Data bank
register

A—A+c+[ pata |- DATA [DT] 1400,

Program

Operand (1E,) +[ 1234, |+ [ 1 E6is | =1338;¢ bank-PG

2—218
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ex. . Mnemonic Machine code:
ADC A, (1EH, X) 6146 1E4q
(m=0,x=0)
Memory
"—_---‘\-.____ﬂ
——————— 10000,
| } Bank-1
DATAT (00:6) 103386
DATALL (1446)
S — 1FFFFyq
P

Direct page  |ndex
Op Code (6146) register  register X Program

Operand (1Eyg) + | 1234, +=10333u bank-PG

\ Datq bank

register

DATAy,
— ~——
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

ex.

. Mnemonic

ADC A, (1EH), Y
(m=0,x=1)

——— 1252,
1253,

Direct page
register

L—| 1234, | +

Machine code

Memory

DATAIL (12)

Op Code (714¢) |

Operand (1Eqg)

t

DATAT (01) }

Bank-0

Index
register Y

+ =12£7.,‘

Data bank
register
-at oo o - {3 e <
DATA4
/\_/
ex. . Mnemonic Machine code
ADC A, (1EH), Y 7146 1Eqg
(m=1,x=0)
Memory
Bank-0
Index
register Y
————— 12524 DATAI (0146)
FOE6,; | =102E7.
1253, | DATAL (12) } +[ Foee | 1
Direct page
register Op Code (714¢)
[ 1234 |+ Operand (1Eqg)
______ Data bank
register
A—A+C+[ DATA |« DATA [o7 |+1, 0267, <—
J
"
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Machine code
6746 1E46

Bank-0

1201EF,; «<——

Mode . Direct indirect long addressing mode
Function ! The value obtained by adding the instruction’s Instruction : ADC, AND, CMP, DIV, EOR,
second byte and the contents of the direct page LDA, MPY, ORA, SBC, STA
register specifies 3 adjacent bytes in memory
bank-0, and the contents of these bytes specify
the address of the memory location that contains
the actual data. If, however, the value obtained by
adding the contents of the instruction’s second
byte and the direct page register exceeds the
bank-0 range, the specified location will be in
bank-1. The 3 adjacent bytes memory location
may be spread over two different banks.
ex. : Mnemonic Machine code ex. - Mnemonic
ADCL A, (1EH) 6746 1E46 ADCL A, (1EH)
(m=1) (m=0)
Memory Memory
Bank-0
—————> 1252, DATA I (EFy) 1252, DATA I (EF,)
1253,¢ DATA 1T (01,¢) 1253, DATATI (014¢)
1254,6| DATA I (12,5) 1254, [ DATATI (1275)
&3 = [ —_J
Directpage | 0 T T T T T
regis:)ea;ge Op Code (67,) Direct page
‘—L 123, ] + Operand (1Eq) register Op Code(67,¢)
L L1234.,, ] + Operand(1E;g)
- ]
&S ¥
e ~
~ ]
A—A+cC +| DATA DATA 1201EF s <—
. DATA_
P A"A+°+"{ DATA,
L———
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ox. . Mnemonic Machine code
ADCL A,(1EH),Y 7746 1E¢¢
. (m=0, x=1)

Memory

Bank-0

Index
1252, DATA (EF,e) register Y

1253, DATAII (014¢) + =120210,¢

1254, DATAII (12,6)

Direct page
register Op Code(774¢)
[ 1234, |+ Operand(1E,g)

DATAL <
A+—A+C+|DATA, | DATA_ | = - 120210,
DATA,

ex. . Mnemonic Machine code
ADCL A,(1EH),Y 7716 1E46
(m=1, x=0)

Memory

Bank-0
Index

> 1252, DATAI (EF,) } register Y

1253, DATAH (01,5) + =12E710,6

1254, DATAIN (12,¢)

T
el

Direct page
register Op Code(77¢)

L[ 1234 | +[  Operand(1E;)

A—A+cC+]| pata | < DATA 12E710,, =<

_ MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

| SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode . Absolute addressing mode
Function : The contents of the memory locations specified Instruction @ ADC, AND, ASL, CMP, CPX,
by the instruction’s second and third bytes and CPY, DEC, DIV, EOR, INC,
the contents of the data bank register are the JMP, JSR, LDA, LDM, LDX,
actual data. Note that, in the cases of the JMP LDY, LSR, MPY, ORA, ROL,
and JSR instructions, the instructions” second and ROR, SBC, STA, STX, STY
third byte contents are transferred to the program
counter.
ex. . Mnemonic Machine code ex. . Mnemonic Machine code
ADC A, 0AD12H 6D, 12,5 AD;¢ ADC A, 0AD12H 6D, 12,6 AD,q
(m=1) (m=0)
Memory Memory
N /_\_/
Op Code (6D5) Op Code (6Dye)
Operand (12,¢) Operand (12,5) ]
Operand (ADy¢) Operand (AD,¢)
I\ |
b e e Data bank
register
_______ Dataibank A-A+C+
A—-A+C+ register -— { DATA AD12,
[oata ] < DATA [DT]AD12,, DATAu
P -
ex. : Mnemonic Machine code ex. : Mnemonic Machine code
LDX 0AC14H AE,; 14,5 AC,¢ LDX 0AC14H AEs 14,5 AC,¢
(x=1) (x=0)
Memory Memory
/\4 T ~——
N e e ———
Op Code (AE,¢) Op Code (AE,g)
Operand (144¢) Operand (14,¢)
Operand (ACy¢) Operand (ACyg)
r BN % =
_______ | __ ___| Databank
Data bank register
register DATA_ -DT AC14
X «—| DATA | < DATA AC14,, X "“ { DATA, [or] "
- e
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode . Absolute bit addressing mode
Function  : The contents of the instruction’s second and third Instruction : CLB, SEB
bytes and the contents of the data bank register
specify the memory locations, and data for multi-
ple bit positions in the memory locations are spe-
cified by a bit pattern specified in the instruction’s
fourth and fifth bytes (the fourth byte only if the m
flag is setto 1).
ex. . Mnemonic Machine code €x. I Mnemonic Machine code
CLB #5AH, 1234H 1C46 3446 12,5 5A 6 CLB #5AA5H, 1234H 1C6 3446 12,6 A5,5 5A+
(m=1) (m=0)
Memory Memory
Op Code (1Cyq) r\/
Operand (34,5) Op Code (1C,¢)
Operand (12,¢) Operand (34;6)
Operand (5A6) Operand (12;5)
Operand (AS5,5)
I — Operand (5A,6)
Data bank "L F
register e { Data bank
HEBERERE 1234, register
——————— 20202072222 1234, <
’-J/\/ 221212121 2|2
——————— Data bank |
register
?J o] ?]o[o]?[0] 2 1234,
_______ 77 pata bank
— register
o[?[2[o[?]0] [DT] 1234
?{0]2olo|?2]o|?
T —~———
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

ex. . Mnemonic Machine code ex. . Mnemonic Machine code
ADC A, 0AD12H, X 7Dy 1246 ADy¢ ADC A, 0AD12H, X 7Dy 12,5 ADy
(m=1, x=0) (m=0, x=0)
Memory Memory
e —~—— T ~——
] - — — — —
Index ]
Op Code (7Dy¢) reqi Index
gister X Op Code (7D,¢) i
Operand (12,5) } _ p Code (7Dys register X
| + [10gE, | ~seo0, o
5 T (AD.) ) perand (12,¢) —BEQO
peran *© Operand (ADyg) + '

3 :F
Databank | _
A—A+C+ register Data bank
| DATA I — DATA DT| BE0O,; <— register

DATA, DT | BE0O. <
| A—A+C+[DATA,| DATA |« . [o7] 800
DATA,

4

ex. . Mnemonic Machine code ex. . Mnemonic ‘Machine code
LDY 0BC12H, X BCis 1216 BCyg LDY 0BC12H, X BCy6 124 BCye
(x=1) (x=0)
Memory Memory
T ~—— /\__4
R e T I (
Op G In~dex ﬂ Index
Ozer::: ((?20‘;) registerX Op Code (BCy6) register X
1 + =BD00 Operand (12,5)

o T Data bank
register el
Y<-| DATA | < DATA [D7] 8000, ,
DATA
S i | o L
DATAy )
]
— ~——"
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MITSUBISHI MICROCOM/PUTERS

- SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ex. . Mnemonic Machine code ex. . Mnemonic Machine code
LDX 0BC12H, Y BEs 1246 BCy¢ LDX OBC12H, Y BE 12,6 BCy¢
(x=1) (x=0)
Memory Memory
T ~——
Op Code (BE;s) ndex [ ] Index
18 register Y Op Code (BE,5) register Y
Operand (12,¢) } +‘_BDOO Operand (12,5) gister
=i e =CDO00.
Operand (BCyg) Operand (BCyg) + '
_____________ i
&3 3 L L
‘‘‘‘‘‘‘ Data bank [~ 7 7 7 7 7] Databank
register register
X=<| DATA |- DATA DT | BDOO
= L i oy | e LS
_______ DATA,
L . |
/
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‘MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode . Absolute long indexed X addressing mode
Function The contents of the memory location specified by Instruction : ADC, AND, CMP, DIV, EOR,
adding the numeric value expressed by the LDA, MPY, ORA, SBC, STA
instruction’s second, third and fourth bytes with
the contents of the index register X are the actual
data.
ex. : Mnemonic Machine code ex. . Mnemonic Machine code
ADC A, 123456H, X 7F16 5646 3415 12,6 ADC A, 123456H, X 7F 6 5646 3445 1246
(m=1, x=1) (m=0, x=1)
Memory Memory
N T ~—
______ ] [—— — — — — ]
Op Gode (7Fig) Index Op Code (7Fy) Index
i Operand (5615) register X
Operand (56,5) register X P 16 :
Operand (34,¢) +L .’ m=123537‘6 Operand (34:) +L 1Bl I =12353746
Operand (12,¢) Operand (124¢)
L L B 3
T ]
______ -
A-A+C+ A-A+CH
DATA, 123537,
DATA,, ' DATA, |<
/_\_/ L
ex. * Mnemonic Machine code ex. . Mnemonic Machine code
ADC A, 123456H, X 7F 16 5616 3415 1244 ADC A, 123456H, X 7F 6 5646 3416 1246
(m=0, x=1) (m=0, x=0)
Memory Memory
T ~—— —~—— ]
Op Code (7Fyg) Index Op Code (7F,¢) Index
Operand (5616) register X Operand (564¢) register X
Operand (34y5) + I EEE1g I =132337,¢ Operand (34,¢) +| EEE14s | =132337,¢
Operand (12,¢) Operand (12,¢)
______ . R ——
J\ NS 3 3
S 3
S — S ——
A—A+C+ .
[oaTA] < DATA 132337,, < - { DATA, 1323376 =<
A—A+C+ DATA
/—\-/
/\ )
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode . Absolute indirect long addressing mode

Function  : The instruction’s second and third bytes specify 3 instruction : JMP
adjacent bytes in memory, and the contents of
these bytes specify the address to which a jump

is to be made.
ex. . Mnemonic Machine code
JMPL(1234H) 'DC1g 3416 1246
Memory

Op Code (DCyg)
Operand (34,¢)
Operand (12,¢)

Program
bank register
DATA I (12,) ||[PG]1234s
DATA II (B4y6)
DATA Il (A14e)

Program
bank register

Address to be
B412,
executed next. 16

—

DATA I is loaded in the program bank register
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CM0OS MICROCOMPUTER

Mode . Stack addressing mode
Function ' Register contents are saved to or restored from Instruction : PEA, PEl, PER, PHA, PHB,
the memory location specified by the stack poin- PHD, PHG, PHP, PHT, PHX,
ter. The stack pointer is set in bank-0. PHY, PLA, PLB, PLD, PLP,
PLT, PLX, PLY, PSH, PUL
ex. : Mnemonic Machine code ex. . Mnemonic Machine code
PHA 48, PHA 486
(m=1) (m=0)
Memory / Memory
Stack pointer Stack pointer
-1 00,6 Su 1 S| s-2 60i6| S} St |
] AL . S-1 A
. s A
Bank-0 ' Bank-0
— 1
/\/
ex. . Mnemonic Machine code ' ex. . Mnemonic Machine code:
PHD 0B;¢ PEA # 1234H Fa, 34,6 1245
Memory Memory
Stack pointer
S-2 | 00,[Su! S| Stack pointer
s DPR, s2 00,
S DPBy Bank-0 s Sadl Bank-0
S
L ::
Op Code (Fdy)
Operand (34,¢)
Operand (124¢)
T ~———
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode . Relative addressing mode
Function Branqhing occurs to the address specified by the Instruction : BCC, BCS, BEQ, BMI, BNE,
value resulting from addition of the contents of BPL, BRA, BVC, BVS

the program counter and the instruction’s second
byte. In the case of a long branch by the BRA in-
struction, a 15-bit signed numeric value formed
by the contents of the instruction’s second and
third bytes is added to the program counter con-
tents. If the addition generates a carry or borrow,
1 is added to or subtracted from the program
bank register.

ex. . Mnemonic Machine code
BCC * —12 9016 F415
Branches to the address * —12 if the carry flag (C) Advances to the address * if the carry flag (C)
has been cleared has been set.
Memory Memory
(-\—/ N
Address to be
ted next *—12
Op Code (90,6) Op Code (9045)
Operand (F4¢) Jump Operand (F4y¢)
* Address to be *
executed next. -
/_\’ /—\_’
ex. . Mnemonic Machine code
BRA 1234H 82,6 3446 124¢
Memory
Op Code (82,) Program
Operand (34,¢) bank-PG
Operand 212“) Program
L 16 bank register
[Pa] FF12,
Address to be
executed next. 114616 Program
bank-PG+1
— ~—————
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SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ex. . Mnemonic

BBS #5AA5H, 04H, OF6H

(m=0)

Address to be
executed next

Jump

Machine code.

Memory

{6

~

Op Code (24,¢)

001238,; ~<—

Progrém
bank register

FFFE,q

Direct page
register

Operand (04,¢)

+ [1234,6|=1238,¢ -

Operand (A5,g)
Operand (5Ay¢)
Operand (F6,¢)

,—\._/
(Branch)

Program
bank register

000815

Address to be
executed next

Bank-0

Memory
o[1[1]0{0{1{1(1] 001238, _
of1(o{1{1|0{1(1
“““““ |

Direct page
Op Code (24¢) register
Operand (04,¢) + =1238,,
Operand (A5,5)
Operand (5A,¢) . Program
Operand (F6;6) bank register
12@ 0008,

"‘\/

(Not branch)
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ex. = : Mnemonic ‘Machine code
BBS #5AA5H, 1234H, 0F6H  2Cyg 344 124 A5y 5A4 F61g
(m=0)
Memory Memory
Program
‘ bank register

Address to be
executed next. FFFD,6

Op Code (2Cy6)

Op Code (2Cy¢)
Jump Operand (34,6) Operand (34,5) }
Operand (12,¢) (C))peran;ﬁ ((;i,s))
peran 16
d (AS.
gp:::d EsAw)) P Operand (5A,g) Program
O:Jerand (st) ban,;??erzri‘;ter Operand (F6y¢) bank register
LI Address to be 0007
16

0007, ' executed next

——————— Data bank Data bank
register register
1]o[1]1]o[1]o[1] [DT] 1238, < ojo[1[1[o[1]0[1] [DT]|1284,, <
1[1]o[1]1[1]1]0 1[1e1][1[1]1 o
| |
(Branch) (Not branch)
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SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mode

Function

ex.

12526
1253,¢

. Mnemonic
ADC A,(1EH, S), Y
(m=1, x=1)

. Stack pointer relative indirect indexed Y addres-

sing mode

: The value obtained by adding the instruction’s

second byte and the contents of the stack pointer
specifies 2 adjacent bytes in memory. The value
obtained by adding the contents of these bytes
and the contents of the index register Y specifies
address of the actual data in memory bank-DT
(DT is contents of data bank register). If addition
of the 2 bytes in memory with the contents of the
index register Y generate a carry, the bank num-
ber will be 1 larger than the contents of the data
bank register.

Machine code
7346 1E4¢

Memory

Bank-0

Index register Y

DATA 1 (01,6)
DATA 11 (124¢)

Instruction

ex.

:ADC, AND, CMP, DIV, EOR,
LDA, MPY, ORA, SBC, STA

: Mnemonic

ADC A,(1EH, S), Y
(m=0, x=1)

1252,
1253,¢

Memory

DATA I (01,¢)

DATA I (12;6)

——

7

Machine code

73,6 1E46
Bank-0
Index register Y

+ = 12E7

&S
N e
_____ ] Stack pointer
i Op Code (73,6)
Stack pointer Op Code (7346) + operand (IED)
[1234, | + Operand (1E;g)
______ ] N o
S o ] Data bank
BN s e ————— R
___| Data bank A—A+C+ register
A—A+C+ register [DATA.| DATA,_'<—{ DATA, 12676 -
| PATA | < DATA [DT 12676 <— DATA,
N — ~——
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 ADDRESSING MODES

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

ELECTRIC

Mode . Block transfer addressing mode
Function  : The instruction’s second byte specifies the trans- Instruction : MVN, MVP
fer-to data bank, and the contents of the index
register Y specify the transfer - to address within
the data bank. The instruction’s third byte speci-
fies the transfer-from data bank, and the contents
of the index register X specify the address in the
data bank where the data to be transferred is
stored. The contents of the accumulator A consti-
tute the number of bytes to be transfeered. Upon
termination of transfer, the contents of the data
bank register will specify the transfer-to data
bank. The MVN instruction is used for transfer to
lower address location. In this case, the contents
of the index registers X and Y are incremented
each time data is transferred. The MVP instruc-
tion is used for transfer to higher address loca-
tion. In this case, the contents of the index regis-
ters X and Y are decremented each time data is
transferred. The block of data to be transferred
may cross over the bank boundary.
ex. . Mnemonic Machine code
MVN OE2H, OE5H 54,5 E2,5 E5¢
Before transfer After transfer
Memory Memory
’—\_“
e N -
DATA I E25678,¢
Bank-E24¢ DATA [T
1 DATA TI
=1 |
Op Code(54,5) | A ! Op Code(54,,) | A[ FFFFys |
Operand (E2,5) | X[ 1234, Gperand (E26) X[ 12374 |
Operand (E5) | y | Operand (E5yq) | v
DT 7] DT(E2, |
= —— T T T
3 3 ~ h
______ 1 - - —— —
DATA 1 E51234,¢ DATA 1
DATA I DATA IT
DATA Il Bank-E51¢ DATA TI
L — T ~——
1
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' MITSUBISHI MICROCOMPUTERS
‘ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
INSTRUCTION CODE TABLE-1
Ds~Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 1000 | 1001 1010 | 101 1100 | 1101 mo | 1
Hexad |
D~DN. nodton| O | 1 2 |3 | a | s | 678 | 9l alB|lc|D|E]|F
, ORA ORA | SEB | ORA | ASL | ORA ORA | ASL SEB | ORA | ASL | ORA
0000 0 BRK PHP PHD
A(DIRX) ASR | DIRb | ADIR | DIR |AL(DIR) A,IMM A ABSb | AABS| ABS | A ABL
ORA | ORA | ORA | CLB | ORA | ASL | ORA ORA | DEC CLB | ORA | ASL | ORA
0001 1 BPL CLC TAS
A(DIR).Y|A,(DIR)[A,(SR),Y| DIR,b |A,DIR,X| DIR,X |AL(DIR), AABSY| A ABS,b |A,ABS,X| ABS,X |A,ABL,X
JSR AND JSR AND BBS | AND ROL | AND AND ROL BBS | AND ROL | AND
0010 2 PLP PLD
ABS |A(DIRX)| ABL | ASR |DIRb,R| ADIR| DIR [AL(DIR) A IMM A [ABS,b,R| A ABS | ABS | AABL
AND | AND | AND | BBC | AND | ROL | AND AND | INC BBC | AND | ROL | AND
0011 3 BMI SEC TSA
A(DIR),Y|A,(DIR)|A,(SR),Y|DIR,b,R|A,DIR,X| DIRX [AL(DIR)Y| AABSY| A ABS,b,R|A,ABS X| ABS,X |A,ABL,X
EOR EOR EOR LSR EOR EOR LSR JMP EOR LSR EOR
0100 4 RTI Note 1 MVP PHA PHG
A(DIRX) A,SR ADIR | DIR |AL(DIR) A MM A ABS |AABS| ABS | AABL
EOR | EOR | EOR EOR | LSR | EOR EOR JMP | EOR | LSR | EOR
0101 5 BvVC MVN CLI PHY | TAD
A(DIR),Y|A,(DIR)|A,(SR)Y| A,DIRX| DIR,X |AL(DIR), AABS,Y ABL |AABSX| ABS,X [AABL,X
ADC ADC | LDM | ADC | ROR | ADC ADC | ROR JMP | ADC | ROR | ADC
0110 6 RTS PER PLA RTL
A,(DIRX) ASR | DIR | ADIR| DIR |AL(DIR) AIMM A (ABS) | AABS | ABS | AABL
ADC | ADC | ADC | LDM | ADC | ROR | ADC . ADC JMP | ADC | ROR | ADC
om 7 BVS SEI PLY | TDA
A(DIR),Y|A,(DIR)|A,(SR),Y| DIR,X |ADIR,X| DIRX [AL(DIR)Y] AABS,Y (ABS,X) |A,ABS,X| ABS,X |AABL X
BRA STA BRA STA STY STA STX STA STY STA STX STA
1000 8 DEY |Note2| TXA | PHT
REL |A(DIRX)| REL | ASR | DIR | ADIR| DIR [AL(DIR) ABS |AABS| ABS | AABL
STA STA STA STY STA STX STA STA LDM STA LDM STA
1001 9 BCC TYA TXS | TXY
A(DIR),Y|A,(DIR)|A,(SR),Y| DIR,X |A,DIR,X| DIR,Y [AL(DIR)Y] AABS,Y ABS |AABS X| ABS,X |AABL.X
LDY | LDA | LDX | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA
1010 A TAY TAX PLT
IMM |A(DIRX)| IMM | ASR | DIR | ADIR| DIR |AL(DIR) A,IMM ABS | AABS| ABS | AABL
LDA | LDA | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA
1011 B BCS CLv TSX TYX
A,(DIR),Y[A,(DIR)|A,(SR),Y| DIR,X |A,DIRX| DIR,Y |AL(DIR)Y| AABS)Y ABS, X |AABS,X| ABS,Y |AABLX
CPY | CMP | CLP | CMP | CPY | CMP | DEC | CMP CmP CPY | CMP | DEC | CMP
1100 C INY DEX | wIT
IMM |A(DIRX)| IMM | ASR | DIR | ADIR| DIR [AL(DIR) A MM ABS | AABS| ABS | AABL
CMP | CMP | CMP CMP | DEC | CMP CMP JMP | CMP | DEC | CMP |
1101 D BNE PEI CLM PHX | STP
A(DIR).Y|A,(DIR)|A,(SR).Y| ADIR,X| DIR.X [AL(DIR), AABS.Y L(ABS)|A,ABS X| ABS,X |AABLX|
CPX | SBC | SEP | SBC | CPX [-SBC | INC | SBC SBC | CPX | SBC | INC | SBC
1110 E INX NOP | PSH
IMM |A(DIRX)| IMM | ASR | DIR | ADIR| DIR |AL(DIR) A,IMM ABS | AABS| ABS | AABL
SBC | SBC | SBC SBC | INC | SBC SBC JSR | SBC | INC | SBC
mnm F BEQ PEA SEM PLX | PUL
A(DIR),Y|A,(DIR)|A,(SR),Y| A,DIR,X| DIR,X |AL(DIR) Y] A,ABS.Y (ABS,X) |A,ABS X| ABS,X |A,ABL,X|
Note 1 : 42,6 specifies the contents of the INSTRUCTION CODE TABLE-2
About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2.
2 ! 89 specifies the contents of the INSTRUCTION CODE TABLE-3
About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2
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CODE TABLE

SING‘LE-CHIF; 16-BIT CMOS MICROCOMPUTER

INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 89,¢)

T
Dsg~Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D;~D, notation]  © 1 2 3 4 5 6 7 8 9 A B ¢ D E F
MPY MPY MPY MPY MPY MPY MPY
0000 0
(DIR,X) . SR DIR L(DIR) IMM ABS ABL
MPY | MPY | MPY MPY MPY MPY | MPY MPY
0001 1
(DIR),Y| (DIR) |(SR),Y DIRX L(DIR),Y| ABS,Y ABS,X ABL,X
DIV DIV DIV DIV DIV DIV DIV
0010 2 XAB
(DIR,X) SR DIR L(DIR) IMM ABS ABL
DIV | DIV | DIV DIV DIV DIV ’ DIV DIV
0011 3
(DIR),Y| (DIR) | (SR),Y DIR,X L(DIR),Y ABS)Y ABS,X ABLX
| RLA
0100 4
IMM
0101 5
0110 6
o 7
1000 8
1001 9
1010 A
1011, B
LDT ,
1100 [¢]
IMM
1101 D
1110 E
1 F
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SERIES MELPS 7700 MACHINE
INSTRUCTIONS

MACHINE INSTRUCTIONS

Addressing mode
Symbol Function Details IMP | IMM A DIR [ DIRb | DIRX | DIRY | (DIR) | (DIRX) | (DIR).Y
opn#opin#opn#op|ni¢opn#upn#opn#opn#opn#opn#
‘ ADC Acc,C < AcctM+C | Adds the carry, the accumulator and the memory contents 69?2 2 65| 4 | 2 75|52 72|16 (21617 |2|71{8|2
(Note 1,2) The result i1s entered into the accumulator When the D
flag I1s “0”, binary additions i1s done, and when the D flag 1s 421413 42|16 {3 42| 713 42| 8| 3 |42| 913 142|110 3
' “1”, decimal addition is done 69| 65| 75| 72 61 71
L
AND Acc ~ AccAM Obtains the logical product of the contents of the accumu- 29/212 25/ 4|2 35/ 512 32|6(2]21|7|2|31/8]2
(Note 1,2) lator and the contents of the memory The result 1s en-
tered into the accumulator 1421413 42163 42713 1428|3142/ 913142103
29| 25| 35 32| 21 31
ASL Shifts the accumulator or the memory contents one bit to 0A| 2(1(06] 7|2 16| 7| 2
(Note 1) the left “0” I1s entered into bit 0 of the accumulator or the
memory The contents of bit 15 (bit 7 when the m flag 1s 421412
“1") of the accumulator or memory before shift is entered 0A
into the C flag
BBC Mb=0? Tests the specified bit of the memory Branches when all ' —‘
(Note 3,5) the contents of the specified bit is “0”
BBS Mb=1? Tests the specified bit of the memory Branches when all
(Note 3,5) the contents of the specified bit 1s “1”
BCC c=0? Branches when the contents of the C flag 1s “0”
(Note 3) )
BCS c=1? Branches when the contents of the C flag 1s “1”
(Note 3)
BEQ z=1? Branches when the contents of the Z flag i1s “1”
(Note 3)
BMI N=1? Branches when the contents of the N flag 1s “1”
(Note 3)
BNE z=0" Branches when the contents of the Z flag i1s “0”
(Note 3)
BPL N=0? Branches when the contents of the N flag i1s “0”
(Note 3)
BRA PC+PC*offset Jumps to the address Indicated by the program counter
(Note 4) | PG+—PGH+1 plus the offset value
(carry occured)
PG+PG—1
(borrow occured)
BRK PC+PC+2 Executes software interruption 00(15| 2
M(8)-PG
S—s—1
M(S)+—PCy
§+8—1
M(S)+—PC
S+—s—1
M(S)+—Psy
S+-s—1
M(S)+PS_
§+—s—1
-1
PCL—AD_.
PCHx+—ADy N
PG+0016
BVC v=0? Branches when the contents of the V flag 1s “0”
(Note 3) -
BVS v=1? Branches when the contents of the V flag 1s “1”
(Note 3)
CLB Mb+0 Makes the contents of the specified bit in the memory “0” 1483
(Note 5)
CcLC C+—0 Makes the contents of the C flag “0” 1821
CLI 1+-0 Makes the contents of the | flag “0” 58/ 2 |1
CLM m+—0 Makes the contents of the m flag’ “0” D8 2|1
CLP PSb+0 Specifies the bit position in the processor status register by the bit C2| 412 A
pattern of the second byte in the instruction, and sets “0” in that bit
CLv v—0 Makes the contents of the V flag “0” B§2|1
CMP Acc—M Compares the contents of the accumulator with the contents of C9|2(2 C5(4|2 D55]2 D2 6|2|Cl|7|2|D1|8|2
(Note 1,2) , the memory
421413 4216 |3 421713 42| 813142/ 913142|10| 3
C9 C5) D5| D2 Cl D1
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Addressing mode

Symbol Function Details IMP [ IMM | A DIR | DIRb | DIRX | DIRY [ (DIRS [ (DIRX) [ (DIR).Y
op| n | # [op| n {3 |op| n|# |op| n|# [op|n [#|op|n|# fop|n|#|op|n |3 ]op| n|#|op|n|#
CPX X—M Compares the contents of the index register X with the £0(2]|2 B4(2] 7 |.
(Note 2) contents of the memory
CPY Y=M Compares the contents of the index register Y with the C0| 2|2 C4( 4|2
(Note 2) contents of the memory
DEC Acc+Acc—1 or Decrements the contents of the accumiator or memory by 1A 2(1]C617 (2 D6| 7|2
(Note 1) | M—M—1 1
2[4 2
1A
DEX X+—X—1 Decrements the contents of the index register X by 1 ICA{ 2 {1
DEY Y+Y—1 Decrements the contents of the index register Y by 1 88|21
DIV A(quotient)«B,A/M | The numeral that places the contents of accumulator B to the higher order and the 89(27| 3 89129| 3 189[30| 3 89131] 3 [89(32 3 |89(33( 3
(qu2,10) B(remainder) contents of accumulator A to the lower order I1s dwded by the contents of the memory 29| 25| 135) 32 21 31
The quatient 1s entered nto accumulator A and the remander into accumulator B
EOR Acc+AccYM Logical lusive sum 1s obtained of the c of the 49|12 |2 454 | 2 555 | 2 15216124117 |2}51|8|2
(Note 1,2) accumulator and the contents of the memory The result 1s
placed into the accumulator 42143 42|16 |3 42| 713 42| 8| 3142/ 91342103
49 145 55 52| 41 51
INC Acc+Acc+1 or I the of the or memory by 3A|2|1|E6|7 {2 F6|7(2
(Note 1) | M <M1 1
4242
3A
INX Xe=X+1 Increments the contents of the index register X by 1 E8[2|1
INY Y-Y+1 Increments the contents of the index register Y by 1 C8|2 |1
JMP ABS Places a new address into the program counter and jumps
PCL+ AD_ to that new address
PCy + ADy
ABL
PCL+ AD_
PCy +— ADy
PG+ADg
(ABS)
PCL+(ADy, AD.)
PCy +(ADy, AD+1)
L(ABS)
PC_+(ADy, AD)

PCy +—(ADy, AD+1)
PG +(ADy, AD_+2)

(ABS, X) !

PC_ +(ADy, AD+X)

PCy +(ADy, AD_+X
+1)

JSR ABS Saves the contents of the program counter (also the con-

M(8)+« PCy tents of the program bank register for ABL) into the stack,
S+S—1 and jumps to the new address.

PCL+— AD,
PCh+ ADy
PG + ADg

(ABS, X)

| M(8)~PCy

S—§—1

M(S)+ PC_

S—5—1

PC +(ADy, ADL+X)

PCy < (ADy, AD +X
+1)

— . MITSUBISHI
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Addressing mode
Symbol . Function Details IMP | IMM A DIR | DIRb | DIRX | DIRY | (DIR) | (DIRX) | (DIR).Y
wn#opn#opnﬁopn#upnﬂop'n#opn#opn#opn#opn#
LDA Acc—M Enters the contents of the memory into the accumulator A9 2|2 5|42 B5| 5|2 B2[6|2]Al|7]2(BI[8]|2
(Note 1,2)
42/4 13 42163 42|17 |3 42| 8 {3142| 9| 3 42|10( 3
A9 N B5 B2 Al Bl
LDM M+~ IMM Enters the immediate value into the memory. 64/43 74|53
(Note 5)
LDT DT «~ IMM Enters the immediate value into the data bank register 89)5(3
. C2,
LDX X+M Enters the contents of the memory into index register X A2)2(2 A5\ 4|2 B6|5 (2
(Note 2)
LDY Ye~M Enters the contents of the memory into index register Y A0[2(2 Af4]2 B4|5|2
(Note 2)
LSR m=0 Shifts the of the or the of 40| 2( 11467 |2 56| 7|2
(Note 1) 0~[bwg_Jbo}~C the memory one bit to the nght The bit 0 of the accumula-
m=1 tor or the memory 1s entered into the C flag “0” is entered 42/ 4|2
— into bit 15 (bit 7 when the m flag 1s “1” ) 4A
o~{bi T}-o
MPY B, A-A*M Multiphes the contents of accumulator A and the contents of the mem- 189)16( 3 89)18| 3 89[19 3 89(20] 3 [89]21] 3 [8922| 3
(Note 2,11) ory The higher order of the result of operation are entered into accu- 09| 05 15 12 01 11
mulator B, and the lower order into accumulator A
MVN Mn—+ie—-Mm+i Transmits the data block The transmission 1s done from
(Note 8) the lower order address of the block
MVP Mn—1+=Mm—| Transmits the data block Transmission i1s done form the
(Note 9) higher order address of the data block
NOP PC+PC+1 Advances the program counter, but performs nothing else |[EA| 2|1
ORA Acc+AccVM Logical sum per bit of the contents of the accumulator and 09|22 05(4 |2 15|52 121620117 (2[11|8 |2
(Note 1,2) the contents of the memory Is obtained The result 1s en-
tered into the accumulator 42/ 413 42|16 | 3 42|73 42| 8 |3 42| 9 | 3 42|10 3
09 05| 15) 12 01 1
PEA M(S)+~IMM; The 3rd and the 2nd bytes of the instruction are saved into
S+S—1 the stack, in this order
M(S)+~IMM;
§+s—1
PEI M(S)+—M((DPR)+IMM | Specifies 2 sequential bytes in the direct page In the 2nd
+) byte of the instruction, and saves the contents into the
§+s—1 stack
M(8)+-M((DPR)+IMM)
S+S—1
PER EAR«<PC-+IMM2,IMM; Regards the 2nd and 3rd bytes of the instruction as 16-bit
M(S)+EARy numerals, adds them to the program counter, and saves
S+8—1 the result into the stack
M(S)«—EAR_ )
§+5—1
PHA m= Saves the contents of accumulator A into the stack
M(S)+~Ay
S§+8—1
M(8)+—AL
s.—s—-] /
m=
M(S)—AL
S+~s—1 )
PHB m=0 Saves the contents of accumulator B into the stack
M(S)+~By
§+S—1
M(8)+~B,
§+-8—1
m=1
M(8)+—B.
§+s—1
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Addressing mode

Symbol Function Details IMP [ IMM A DIR | DIRb | DIRX | DIRY | (DIR) | (DIRX) [ (DIR),Y

op| n|#|op| n|#|op| n|$op|n|d|op|n |#|op|n|# op|n|2t|op|n|#[op|n|H|op|n|H
PHD M(S)+<DPRy Saves the contents of the direct page register into the ‘

S+s—1 stack
M(S)+DPR,

S+—s—1

PHG M(8)+-PG . | Saves the contents of the program bank register into the
S+S—1 stack .

PHP M(S)+«PSh Saves the contents of the program status register into the
S+s—1 stack

M(S)—PS
S+s—1

PHT " m(s)-pbT Saves the contents of the data bank register into the
S+-8—-1 stack

PHX x=0 Saves the contents of the index register X into the stack
M(S)+Xy
S+-s—1

M(S)+=X, :
S+—s—1

x=1
M(S)+<X,
§+8—1

PHY x=0 Saves the contents of the index register Y into the stack
M(S)+~Yy
S+—s—1
M(8)+Y,
S+s—1

x=1
M(S)<YL
§+S—1

PLA m=0 Restores the contents of the stack on the accumulator A
S—S+1
AL—M(8)
S+S+1
An+—M(S)

m=1
S+S+1
AL~-M(S)

PLB m=0 Restores the contents of the stack on the accumulator B
S+s+1
BL+~M(S)
S+S+1
Buy+M(S)

m=1
S+—s+1
BL—M(8)

PLD S+S+1 Restores the contents of the stack on the direct page reg-
DPR_+M(S) ister

S+S+1
DPRy+M(S)

PLP S+Ss+1 Restores the contents of the stack on the processor status
PS_ +—M(S) register

S+s+1
PSH—M(S)

PLT S—s+1 Restores the contents of the stack on the data bank reg-
DT+M(S) ister

PLX x=0 Restores the contents of the stack on the index register X
S+s+1
XL +-M(8)
S-s+1
Xy+—M(S)

x=1
S—S+1
X +-M(S)

_  MITSUBISHI
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Addressing mode
Symbol Function Details IMP | IMM A DIR | DIRb | DIRX | DIRY | (DIR) | (DIRX) | (DIR),Y
op| n |4 |op| n|#[op[n |2 op| n|#[op|n|#|op|n|#|op|n|t|op|n|H|op|n|2t|op|n|#
PLY x= Restores the contents of the stack on the index register Y
S+s+1
YL—M(S)
S+—S+1
Yu—M(S)
=1
S+—S+1
Yi-M(8)
PSH M(S)+<A, B, X+ Saves the registers among accumulator, index register,
(Note 6) direct page register, data bank register, program bank
register, or processor status register, specified by the bit
pattern of the second byte of the instruction into the stack
PUL A, B, X+ <M(S) Restores the contents of the stack to the registers among
(Note 7) accumulator, index register, direct page register, data
bank register, or processor status register, specified by
the bit pattern of the second byte of the instruction
RLA m=0 Rotates the contents of the accumulator A, n bits to the 896 |3
(Note 13) | n bit rotate left left 49 T
m=1
n bit rotate left
Il
ROL m=0 Links the accumulator or the memory to & flag, and rotates 2A(2(1126/7|2 36/ 7| 2
(Note 1) result to the left by 1 bit
{o1s] - [bo] - 121412
2A
m=1
(b2 Jbo (€l
ROR m=0 Links the accumulator or the memory to C flag, and rotates 6A(2| 116672 76/ 7 (2
(Note 1) result to the nght by 1 bit
{b1s] -~ [ bo 424]2
6A|
m=1
(7] - Tho |
RTI S+—S+1 Returns from the interruption routine 40(11]1
PS_—M(S)
S+—85+1
PSK—M(S)
S+—s+1
PC_+—M(S)
S+—S+1
PCH—M(S)
S+—s+1
PG—M(S)
RTL Ss+1 Returns from the subroutine The contents of the program [6B|8 1
PC_L+—M(S) bank register are also restored
S—8+1
PCH—M(S)
S—s+1
PG+M(S)
RTS S+S+1 Returns from the subroutine The contents of the program (60|51
PCL—M(S) bank register are not restored
S-S+
PCH+M(S)
SBC Acc, C—Acc—M—C | Subtracts the contents of the memory and the borrow from E9}2|2 E5)4|2 5 5|2 F2|6|2|E1|7|2|F1|8]|2
(Note 1,2) the contents of the accumulator
42(4 (3 4216 |3 42{713 4218|3142/ 9|3 142(10 3
E5 =] R El] | |F1
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Addressing mode

Symbol Function Detalls IMP [ IMM | A DIR | DIRb | DIRX | DIRY | (DIR) | (DIRX) | (DIR).Y
op|n|$jop|n|#|op| n|)op| n|#[op| n |4 |op| n|#|op| n |#|op| n|#|op|n |2 op|n|#
SEB Mb+1 Makes the contents of the specified bit in the memory “1” 04/8 |3 )
(Note 5)
SEC C+1 Makes the contents of the C flag “1” 38|21
SEI =1 Makes the contents of the | flag “1”. 78|12 (1
SEM m+1 Makes the contents of the m flag “1” F8l2(1
SEP ) PSb+1 Set the specified bit of the processor status register’s low- E2|3|2
er byte (PS,) to “1”
STA M+Acc Stores the contents of the accumulator into the memory 85(4 (2 95(5 | 2 92(7 218172917 |2
(Note 1)
42(6 (3 42713 42|19 {3142)91342|9|3
85| 95 92 81 91
STP Stops the oscillation of the oscillator. DB|3 (1
STX M—X Stores the contents of the index register X into the memory. 86| 4|2 96| 5 (2
STY MY Stores the contents of the index register Y into the memory. 8442 945 | 2
TAD DPR+A T the of the A to the direct |58 2|1
page register
TAS S+A Transmits the contents of the accumulator A to the stack pointer [1B|2|1
TAX XA T the of the I A to the index [AA| 2|1
register X
TAY YA T the ts of the A to the index |A8(2 {1
register Y.
TBD DPR+B T the of the I B to the direct [42(4 |2
page register 58
TBS $-B Transmits the contents of the accumulator B to the stack [42(4 (2
pointer. 18
TBX X+-B T the of the B to the index {42|4 |2
register X. AA|
TBY Y+-B T the of the B to the index 42| 4 |2
register Y A8
TDA A+<DPR Transmits the contents of the direct page register to the (7821
accumulator A.
TDB B+DPR Transmits the contents of the direct page register to the (42{4 |2
accumulator B. 78
TSA A+S Transmits the contents of the stack pointer to the accumulator A |38{2 | 1
TSB B+S Transmits the contents of the stack pointer to the accumu- (424 (2
lator B. 38
TSX X+S Transmits the contents of the stack pointer to the index [BA| 2|1
register X
TXA A—X Transmits the contents of the index register X to the accu- |8A| 2|1 X
mulator A
TXB B+X Transmits the contents of the index register X to the accu- [42(4 |2
mulator B 8A
TXS S+X Transmits the contents of the index register X to the stack [9A|2 | 1
pointer.
TXY Y+<X Transmits the contents of the index register X to the index 98| 2|1
register Y
TYA A=Y Transmits the contents of the index register Y to the accu-—l 1
mulator A.
TYB B+~Y Transmits the contents of the index register Y to the accu- [42(4 | 2
mulator B a8
TYX XY Transmits the contents of the index register Y to the index 1BB| 2 | 1
register X.
WIT Stops the internal clock. CI;P 1
XAB ASB E the of the A and the con- (89]6 (2
tents of the accumulator B 8
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The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is
calculated for DPR_=0. The number of cycles in the addressing mode concerning the DPR when DPR_+0 must be incremented by 1

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory
read/write address is odd or even. It also differs when the external region memory is accessed by BYTE="H"

Note
Note
Note

Note

Note

Note

Note

Note

Note

Note
Note
Note

Note

1. The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B.
2. When setting flag m=0 to handle the data as 16-bit data in the iImmediate addressing mode, the number of bytes increments by 1
3. The number of cycles increments by 2 when branching

4. The operation code on the upper row Is used for branching in the range of —128~-+127, and the operation code on the lower row is used for
branching in the range of —32768~+-32767

5. When handling 16-bit data with flag m=0, the byte in the table 1s incremented by 1

6.

[Typeofregister [ A. [ B [ X [ Y [DPR] DT [ PG | PS |
[Numberofcycles] 2 | 2 | 2 | 2 | 2 [ v [ 11 2]

The number of cycles corresponding to the register to be pushed are added The number of cycles when no pushing 1s done 1s 12 I, indicates
the number of registers among A, B, X, Y, DPR, and PS to be saved, while 1, indicates the number of registers among DT and PG to be saved.

7.

| Typeofregister | A | B | X | Y |DPR| DT | PS |
[Numberofcycles| 3 [ 3 | 3 [ 3 [ 4 [ 3 | 3}

The number of cycles corresponding to the register to be pulled are added The number of cycles when no pulling is done 1s 14 14 indicates the
number of registers among A, B, X, Y, DT, and PS to be restored, while i,=1 when DPR is to be restored

8. The number of cycles Is the case when the number of bytes to be transfered I1s even
When the number of bytes to be transfered is odd, the number Is calculated as,

7+ (V2) X744
Note that, (i/2) shows the integer part when i 1s divided by 2.

9. The number of cycles Is the case when the number of bytes to be transfered I1s even
When the number of bytes to be transfered is odd, the number s calculated as,

9+ (i/2) X7+5
Note that, (1/2) shows the integer part when 1 1s divided by 2
10. The number of cycles Is the case in the 16-bit<-8-bit operation. The number of cycles Is incremented by 16 for 32-bit=-16-bit operation.
11. The number of cycles is the case In the 8-bitX 8-bit operation The number of cycles i1s incremented by 8 for 16-bit X 16-bit operation
12. When setting flag x=0 to handle ihe data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1

13. When flag m 1s 0, the byte In the table is incremented by 1.
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M37700E2-XXXFP,M37700E2AXXXFP

M37700E2FS,M37700E2AFS

PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP
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MITSUBISHI MICROCOMPUTERS

M37700E2-XXXFP,M37700E2AXXXFP
M37700E2FS,M37700E2AFS

PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP

PIN DESCRIPTION (NORMAL MODE)

Pin Name Input/Output| Functions

Vee, Vss Power supply Supply 5V=+5% to Vec and 0V to Vss

CNVss CNVgs nput Input This pin controls the processor mode. Connect to Vss for single-chip mode.

RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re-
quired time —~

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

Xout Clock output Output and the 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 1s 16 bits when “L” signal inputs and 8 bits when “H” signal inputs.

AVcc, AVgs | Analog supply input Power supply for the A-D converter Connect AVc to Vec and AVss to Vgs externally.

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

P0g~P0; 170 port PO 170 In single-chip mode, port PO becomes an 8-bit I/0 port An I/0 directional register is available so that each
pin can be programmed for input or output. These ports are in input mode when reset .

Address(A;~Ag)1s output in memory expansion mode or microprocessor mode

P1o~P1; 1/0 port P1 170 In single-chip mode, these pins have the same functions as port P0. When the BYTE pin is set to “L” in
memory expansion mode or microprocessor mode and external data bus I1s 16-bit width, high-order data
(Dys~Dg)is input or output when E output 1s “L” and an address (A;s~Ag) is oltput when E output 1s “H”

If the BYTE pin is “H” that 1s an external data bus 1s 8-bit width, only address(A;s~As)is output.

P2y~P2; 170 port P2 170 In single-chip mode, these pins have the same functions as port PO in memory expansion mode or microp-
rocessor mode low-order data(D;~Dp) Is input or output when E output is “L” and an address(Az~Ag)is |
output when E output is “H".

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

P4o~P4; 1/0 port P4 170 In single-chip mode, these pins have the same functions as port PO 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 Port P4, can be programed for ¢ output pin divided the clock to Xy pin by
2

P5¢o~P57 170 port P5 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/0
pins for timer AQ, timer A1, timer A2, and timer A3 ’

P60~ P67 170 port P6 1710 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0
pins for timer A4, external interrupt input INTo, INTy, and INT, pins, and input pins for timer BO, timer B1,
and timer B2

P7,~P7; 170 port P7 70 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog
input ANo~AN;7 input pins P7; also has an A-D conversion trigger input function.

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

M37700E2-XXXFP,M37700E2AXXXFP
M37700E2FS,M37700E2AFS

PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP

EPROM MODE

The M37700E2-XXXFP features an EPROM mode in addi-
tion to its normal modes. When the RESET signal level is
“L", the chip automatically enters the EPROM mode. Table
1 list the correspondence between pins and Fig. 2 gives
the pin connections in the EPROM mode.

When in the EPROM mode, ports PO, P1, P2, P5,, P5,,
CNVgg and BYTE are used for the EPROM (equivalent to
the M5M27C256K). When in this mode, the built-in PROM
can be written to or read from using these pins in the same
way as with the M56M27C256K.

This chip does not have Device Identifer Mode, so that set
the corresponding program algorithm. The program area
should specify address 40005~ 7FFF,¢ for the M37700E2-
XXXFP.

Connect the clock which is either ceramic resonator or ex-
ternal clock to Xy pin and Xoyt pin.

Table 1 Pin function in EPROM programming mode

M37700E2-XXXFP M5M27C256K
Vee Vce Vee
Vep CNVss, BYTE Vpp
Vss Vss Vss
Address input Ports PO, P1,~P1¢ Ao~A14
Data 1/0 Port P2 Do~D7;
CE P5, CE
OE P5, OE

pivieg

P7o/ANg ++ [
P6,/TB2) +*
P65/TB1 )y +*

P5,/TA3y + [19]
P56/TA3our +* [11]

P55/TA2)y +*
P54/TA20ur +*
P54/TA1 )y + [4]
@O———P5,/TA1 oyt +[]
@E——P5,/TAO +>[1g]

d4AXXX-2300LLEN

—————————— P4, 7]
P4y + 2]
¢ Pay¢, =[5

P4,/RDY +>[24]

g £

[a] «

g 29 o
N wwoR N¥ags
z2z2z22zZzZ2z %%
LLLLILL ol100 XK
SSYSSSSS AL oINS
NN N S S PR PR L XX
aoocpooaa><>4C>000n
Pttt ! tttt
fool o] s} ] el 1 4] s} fes] fo7] el e

P65/TBOw + [4] E1] + P8,/TyD————
P64/INT, +[5] [60] +> POo/Ag — (2
P64/INT, + [¢] 53] ++ PO,/A, ———D
P6,/INT, ++ [58] +> PO,/A,———(
P6,/TA4)y +[g] > POg/Ag— (D
$——————P6,/TAdour + [2] 58] ++ POy/Ay—— a0

P50/ TAOour +* [€] <+ P14/A;2/D;———@1D
P4, 1§ > P15/A13/Dyg— @
P4g + [19] [#6] +> P1g/Aq4/D1s——210
P4s +> [ 5] +» P1;/A15/Dss

[e4] «> P8,/CTS:/RTS;—¢
53] > P8s/CLK; ——— ¢

[62) +> P8¢/RyD———————————4

53] ++ PO,/ Ay————CD
2] +» P1o/Ag/ Dg———Ca)
1]+ P1,/Ag/Dg——Ca)
[59] + P12/A|0/DIO———.
58] «> P13/A1/Dyy———G@D

[#4] +> P2y/Aq¢/ Dp—0
[+ P2,/A,;/D;—»D
(2] «» P2,/A,5/D—0
[i1] ++ P23/Ao/Ds—@D

2] 28] [2s]aq] el 7 Te kol led]

bttt

QW gk Zz2 Hw g wwz s L0y

AR E

70l LTRSS

: l SELERY

[ Es ,égég

* . Connect to ceramic oscillation circuit
Outline 80P6 O : Same functions as M5M27C256K.

Fig. 1 Pin connection in EPROM programming mode
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M37700E2-XXXFP,M37700E2AXXXFP
M37700E2FS,M37700E2AFS

PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP

AC waveforms

PROGRAM VERIFY
Viu
ADDRESS
Vi t, tan
As
VinfVon DATA OUTPUT
DATA DATA SET ] (v
N~
Vii/Vou tos [ tore
Vep
Vi
P tves|
Vee
Vee tves
Vee
le —'—ﬂ
—— 4
CE S Z t toe
Vi L__? OES L—-
tepw ‘
K Vin
OE torw [
vlL

Fast programming algorithm flow chart

START

((ADDR=FIRST LOCATION )

Voo=6.0V
Vpp=12.5V

———=={( PROGRAM ONE PULSE OF Ims )

NO
PROGRAM/VERIFY
PROGRAM PULSE
OF 3Xms DURATION
[NCREMENT ADDR LAST ADDR

Yes

Vee=Vpp="*5.0V

FAIL

DEVICE
FAILED

R
>
1]
17

*4.75<Voc=Vpp=5. 25V

DEVICE PASSED
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MITSUBISHI MICROCOMPUTERS

M37700E2-XXXFP,M37700E2AXXXFP
‘ M37700E2FS,M37700E2AFS

PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unmit
Vee Supply voltage R ' '—0.3~7 \Y
AVcc Analog supply voltage —0.3~7 v
V, Input voltage RESET, CNVgs, BYTE ' —0.3~12 \%

Input voltage PQo~P0;, P1o~P17, P29~P2;, P3;~P33, '
\Z P4o~P4;, P5¢~P57, P6o~P67, P7o~P77, —0.3~Vcc+0.3 \

P8o~P87, Vaer, Xin
Output voltage POo~ P07, P1o~P17, P2g~P2;, P3g~P33,

Vo P4y~ P4;, P5o~P5;, P6,~P67, P7o~P77, —0.3~Vcc+0.3 \Y
P8o~P87, Xour, E ‘

Pd Power dissipation Ta=25C 300 mw

Topr Operating temperature —10~70 C

Tstg Storage temperature —40~125 C

Note 1. Input voltage for CNVgs and BYTE pins 1s 13V in writing to PROM

RECOMMENDED OPERATING CONDITIONS (Voc=5V+5%, Ta=—10~70C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
Vce Supply voltage 4.75 5.0 5.25 A\
AVce Analog supply voltage Vce \
Vss Supply voltage 0 \"
AVss Analog supply voltage 0 v
High-level input voltage POy~ P07, P39~ P33, P4~P4;,
P50~ P57, P6o~P67, P7o~PT77,
Vin P8:~P:77, x.:, RES7ET, 2st; 0-8Veo Vee v
BYTE o | |
Vi High-level input voltage P1o~P1;7, P2p~P2; 0.8Veo Voo v

(in single-chip mode)

High-level input voltage P1o~P17, P2o~P2;

Vin (in memory expansion mode and |0.5Vcc Vce \
microprocessor mode)

Low-level input voltage POy~ P07, P3;~P33, P4o~P47,
P5¢~P5;7, P6o~ P67, P7o~P77,

. 2V,
Vie P8o~P87, Xin, RESET, CNVss, 0 0 2Vee Y
BYTE
- Low-level input voltage . P1g~P17, P2~P2
Vi ow-level input voltag o~P17, P29~P2; 0 0.2Vee \'

(in single-chip mode)
Low-level input voltage P1o~P17, P2p~P2;
ViL (in memory expansion mode and 0 0.16Vce v
microprocessor mode)

High-level peak output current POo~P07, P1o~P17, P2o~P27,
lon(peak) P3g~P33, P4g~P4y, P5o~P57, —10 mA

P60~ P67, P7o~P77, P8,~P8;
High-level average output current POg~P07, P1o~P17, P2o~P2,
loncavg) P3g~P3;, P4o~P47, P5p~P57, —5 mA
P69~ P67, P7o~P77, P8,~P8;

Low-level peak output current POg~PO07, P19~P17, P29~P27, .
loL(peak) P3o~P33, P4o~P47, P5p~P57, 10 mA
P6o~P67, P7o~P77, P8~P8;

Low-level average output current POp~ P07, P19~P17, P2~P2;,

mA
low¢ avg) P3o~P33, P4o~P47, P5,~P57, 5
P6o~P67, P7o~P77, P8~P8;
M37700M2-XXXFP, M37700SFP 8
foxp) External clock freq input MHz
M37700M2AXXXFP, M37700SAFP 16

Note 1. Average output current is the average value of al00ms interval
2. The sum of |0L(peak> for ports PO, P1, P2, P3 and P8 must be 80mA or less,
the sum of lonpeak) for ports PO, P1, P2, P3 and P8 must be 80mA or less,
the sum of |oL<peak) for ports P4, P5, P6 and P7 must be 80mA or less, and
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less
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MITSUBISHI MICROCOMPUTERS

M37700E2-XXXFP,M37700E2AXXXFP
M37700E2FS,M37700E2AFS

PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP

TIMING REQUIREMENTS (Vee=5V+5%, Ves=0V, Ta=25C, f(Xi)=8MHz, unless otherwise noted)
External clock input

Limits
Symbol Parameter Test conditions - Unit
Min. Typ Max
tc External clock input cycle time 125 ns
twiH) External clock input high-level pulse width 50 ns
twiL) External clock input low-level pulse width 50 ns
tr External clock rise time 20 ns
tf External clock fall time 20 ns
Single-chip mode .

) Limits .

Symbol Parameter Test conditions i Ty, Mon Unit
tsu(pop—e) | Port PO input setup time ' 200 ns
tsu(pip—e) | Port P1input setup time 200 ns
tsu(p2o—g) | Port P2 input setup ime 200 ns
tsu(pap—e) | Port P3 input setup time 200 ns
tsu(pap—e) | Port P4 input setup time 200 ns
tsu(psp—e) | Port P5 input setup time 200 ns
tsu(pep—Ee) | Port P6 input setup time 200 ns
tsu(pzp—e) | Port P7 input setup time 200 ns
tsu(psp—e) | Port P8 input setup time 200 ns
th(e—PoD) Port PO input hold time 0 ns
th(e—P1D) Port P1 input hold time 0 ns
th(e—p2p) Port P2 input hold time 0 ns
th(e—pap) Port P3 input hold time 0 ns
th(e—P4D) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—preD) Port P6 input hold time 0 ns
th(e—pP7D) Port P7 input hold time 0 ns
th(e—prsD) Port P8 input hold time 0 ns

Memory expansion mode and microprocessor mode
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tsu(pio—e) | Port P1 input setup time 60 ns
tsu(pap—e) | Port P2 input setup time 60 ns
tsu(rov—gy) | RDY input setup time 70 ns
th(e—piD) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time” ' 0 ns
th(s,—roy) | RDY input hold time 0 ns
3—14 MITSUBISHI
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M37700E2-XXXFP,M37700E2AXXXFP
~ M37700E2FS,M37700E2AFS

PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP

Timer B input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min Typ. Max.
te(te) TBinn input cycle time . 500 ns
tw(TeH) TByy input high-level pulse width 250 ns
tw(TL) TBii input low-level pulse width 250 ns

Timer B input (Puise period measurement mode)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tc(re) TBiw input cycle time 1000 ns
tw(TeH) TBuy input high-level pulse width 500 ns
tw(TeL) TBii input low-level pulse width 500 ns
Timer B input (Pulse width measurement mode)
Limits
Symbol Parameter - Test conditions Unit
Min. Typ Max
te(re) TBun input cycle time 1000 ns
tw(TaH) TBiiv input high-level pulse width 500 ns
tw(TeL) TBiiy input low-level pulse width 500 ns
A-D trigger input
Limits
Symbol Parameter Test conditions - Unit
Min. Typ Max
tc(ap) ADrgg Input cycle time (minimum allowable trigger) 2000 ns
tw(aDL) ADrgg input low-level pulse width 250 ns
Serial I/O
Limits
Symbol Parameter Test conditions " Unit
Min Typ. Max.
tc(ck) CLKi input cycle time 500 ns
tw(ckH) CLKi input high-level pulse width 250 ns
tw(ckL) CLKi input low-level pulse width 250 ns
td(c—a) TxDi output delay time 150 ns
th(c—aq) TxDi hold time ) 30 ns
tsu(p—c) RxDi input setup time 60 ns
th(c—b) RxDi input hold time 90 ns
External interrupt INTi input
- Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
twink) INTi input high-level pulse width . 250 ns
twinL) INTi input low-level pulse width 250 ns
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M37700E2-XXXFP M37700E2AXXXFP
M37700E2FS M37700E2AFS

PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP

SWITCHING CHARACTER'ST'CS (Voe=bVE5%, Vss=0V, Ta=25C, f(Xin)=8MHz, uniess otherwise noted)
Single-chip mode

‘ Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
td(e—roq) Port PO data output delay time 200 ns
td(e—p1Q) Port P1 data output delay time 200 ns
td(e—p2q) Port P2 data output delay time _ 200 ns
td(e—pP3q) Port P3 data output delay time 200 ns
td(e—paq) Port P4 data output delay time Figure 2 200 ns
td(e—psa) Port P5 data output delay time 200 ns
td(e—peq) Port P6 data output delay time 200 ns
td(e—p7Q) Port P7 data output delay time 200 ns
td(e—psaQ) Port P8 data output delay time 200 ns
Memory expansion mode and microprocessor mode (when wait bit = “1")
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
td(PoA—E) Port PO address output delay time 100 ns
td(e—r1Q) Port P1 data output delay time (BYTE="L") 120 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(p1a—E) Port P1 address output delay time 100 : ns
td(e—P2q) Port P2 data output delay time 120 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 100 ns
td(e—nLpa) | HLDA output delay time 100 ns
td(ALE—E) ALE output delay time 4 ns
tw(ALE) ALE pulse width 100 ns
td(BHE—E) BHE output delay time 100 ns
tdcr/w—e) | R/W output delay time ) 100 ns
Figure 2

tde—sp) ¢ output delay time 0 30 ns
th(e—pPoa) Port PO address hold time 50 ns
thcaLe—p1a) | Port P1 address hold time (BYTE="“L") 9 ns
th(e—p1Q) Port P1 data hold time (BYTE="L") 50 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE=“L") 50 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 50 ns
thcaLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 50 ns
tpzx(E—p2z) | Port P2 floating release delay time 50 ns
thce—ene) | BHE hold time 20 © ns
th(e—rw) | R/W hoid time 20 ns
tw(eL) E pulse width 220 ns
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M37700E2-XXXFP,M37700E2AXXXFP
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PROM VERSION of M37700M2-XXXFP,M37700M2AXXXFP

TIMING REQUIREMENTS (Vcc=5V+5%, Vss=0V, Ta=257C, f(Xn)=16MHz, unless otherwise noted)
External clock input

- Limits

Symbol Parameter Test conditions Vin Tve Max Unit
tc . | External clock input cycle time 62 ns
twin) External clock input high-level pulse width 25 ns
tw(L) External clock input low-level pulse width 25 ns
tr External clock rise time 10 ns
tf External clock fall time 10 ns

Single-chip mode
Symbol Parameter ‘ Test conditions Lumits Unit
Min Typ Max
tsu(pop—g) Port PO input setup time 100 ns
tsu(pip—e) | Port P1input setup time 100 ns
tsu(p2p—e) | Port P2 input setup time 100 ns
tsu(pap—e) | Port P3 input setup time 100 ns
tsu(pap—e) | Port P4 input setup time 100 ns
tsu(psp—e) | Port P5 input setup time 100 ns
tsu(pep—e) | Port P6 input setup time 100 ns
tsu(pzo—e) | Port P7 input setup time 100 ns
tsu(psp—e) | Port P8 input setup ime 100 ns
th(e—poD) Port PO input hold time 0 ns
th(e—p1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time 0 ns
th(e—pPab) Port P3 input hold time 0 ns
th(e—pap) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—peD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—psD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Symbol Parameter Test conditions Limits Unit
Min Typ Max

tsupio—e) | Port P1input setup time 45 ns
tsu(peo—e) | Port P2 input setup time 45 ns
tsu(rov—gy) | RDY Input setup time : 60 ns
th(e—P1D) Port P1 input hoid time 0 ns
th(e—p2p) Port P2 input hold time 0 ns
th(s—roy) | RDY mput hold time 0 ns
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Timer B input (Cont input in event counter mode)

Limits -
Symbol Parameter Test conditions Unit
Min. Typ. Max.
te(re) TBijy input cycle time 250 ns
tw(TBH) TBin input high-level pulse width 125 ns
tw(TeL) TBiy input low-level pulse width 125 ns
Timer B input (Puise period measurement mode)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ Max.
tc(te) TBi input cycle time 500 ns
tw(TeH) TBijy input high-level pulse width 250 ns
tw(TeL) TBiiy input low-level pulse width 250 ns
Timer B input (Pulse width measurement mode)
Limit:
Symbol Parameter Test - imits Unit
i Min. Typ. Max.
te(re) TBijy input cycle time 500 ns
tw(TeH) TBuy input high-level puise width 250 ns
tw(TeL) TBiin input low-level pulse width ) 250 ns
A-D trigger input
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
tc(ap) ADrgg input cycle time (minimum allowable trigger) 1000 ns
tw(ADL) ADrgg Input low-level pulse width 125 ns
Serial 1/0
Limits
Symbol Parameter Test conditions - Unit
Min. Typ Max.
te(ck) CLKi input cycle time 250 ns
tw(ckH) CLKi input high-level pulse width 125 ns
tw(ckL) CLKi input low-level pulse width 125 ns
td(c—a) TxDi output delay time 90 ns
th(c—a) TxD1 hold time 30 ns
tsu(p—c) RxDi Input setup time 30 ns
th(c—b) RxDi input hold time 90 ns
External interrupt INTi input
ol P: t Test diti Limits Unit
st conditions
Symb B arameter e in. Tye Max.
tw(inH) INT! input high-level pulse width ’ 250 ns
tw(inL) INTi input low-level pulse width 250 ns
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Memory expansion mode and microprocessor mode (when wait bit = “0", and external memory area is accessed)

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
td(PoA—E) Port PO address output delay time 155 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 80 ns
texz(e—p12z) | Port P1 floating start delay time (BYTE="L") 5 ns
td(p1a—E) Port P1 address output delay time 155 ns
td(e—p2q) | Port P2 data output delay time ) 80 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 155 ns
td(e—HLDA) | HLDA output delay time 50 ns
td(ALE—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 165 ns
td(sne—e) | BHE output delay time 155 ns
td(rrw—e) | R/W output delay time 155 ns
Figure 2 -

td(e—gy) $, output delay time 0 20 ns
th(e—pPoA) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
the—piqy | Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1A) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—r2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—sne) | BHE hold time 20 ns
the—rw) | R/W hold time 20 ns
tw(eL) E pulse width 220 ns
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CLKi
| 4 \\ / \
twick)

thic—a)
" -
TxDi >< 1 :
N
thic-p)

tdic—a) tsuo—c)

RXDi [ ( *

g

twinw)

INTi input ) .
. . twank) )
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Memory expansion mode and microprocessor mode(when wait bit="0", and external memory area is accessed)

f(Xin)

mi

Port PO output
(A0~A7)

Port P1 output
(Ag~A15/Dg~D;s)
(BYTE="L")

Port P1 output
(As"‘Ais)
(BYTE="H")

Port P1 input

Port P2 output
(A16~Az3/Dop~D7)

Port P2 input

Port P3; output
(HLDA)

Port P3; output
(ALE)

Port P3, output
(BHE)'

Port P3, output
(R/W)

Port P4, input
(RDY)

tc
td(e—w—a —)Q:/_\_
twien) —
td(poa—e) —/
th(e—poa)
x Address Address X
theaLe—p1a)) h(E—p1Q) texz(e—p12) tezx(E—P1Z)
X Address Data Address | W ————— -+= Address
td(e—p10)
td(p1a—E)
th(e—r1a)
4
X Address Address
N
tsu(pio—g) thie—p10)
th(aLe—p2a) <—~i th(e—p2a) texz(e—p2z) tezx(e—p2z:
x Address Data Address | f—————— - Address
t, —
tde—r20) d(p2a—E) tsupeo—t)
td(e—nLonA)
tw(aLe)
e td(aLe—e)
denee) *" th(e—sne)
\
tdmv—e) thee—r/w)
tsu(rov—¢;) th(¢,—roY)
N

Test conditions

*Vee=5V*5%

+ Output timing voltage : Vo, =0. 8V, Vou=2. 0V
+ Ports P1,P2 input LV =0.8V, Vig=2.5v

+ Port P4, input V=10V, Vig=4.0V
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M37701E2-XXXSP,M37701E2AXXXSP

‘PROM VERSION of M37701M2-XXXSP,M37701M2AXXXSP

PIN DESCRIPTION

Pin Name Input/Qutput Functions
Vee, Power supply Supply 5V+5% to Vgc and 0V to Vss.
Vss
CNVsgs CNVgs input Input This pin controls the processor mode. Connect to Vss for single-chip mode.
RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required
time.
Xin Clock input Input These are I/0 pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-
- tween Xy and Xour. When an external clock is used, the clock source should be connected to the Xy pin
Xout Clock output Output and the Xour pin should be left open.
E Enable output Output Data or instruction read and data write are performed when output from this pin 1s “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 1s 16 bits when “L” signal inputs and 8 bits when “H” signal inputs.
AVce, Analog supply input Power supply for the A-D converter Connect AVcc to Vec and AVgs to Vsg externally
AVss
VRer Reference voltage input Input This is reference voltage input pin for the A-D converter.
P0o~PO0; 170 port PO 1/0 In single-chip mode, port PO becomes an 8-bit I/0 port. An I/0O directional register is available so that each
pin can be programmed for input or output. These ports are in input mode when reset .
Address(A;~Ag)is output in memory expansion mode or microprocessor mode.
P1o~P1; 170 port P1 170 In single-chip mode, these pins have the same functions as port P0. When the BYTE pin is set to “L" in
memory expansion mode or microprocessor mode and external. data bus is 16-bit width, high-order data
(Dy5~Dg)is input or output when E output 1s “L” and an address (A1s~Ag) Is output when E output is “H”
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(As~Ag)is output.
P2y~P2; 170 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(Azz~Asg)is
output when E output 1s “H”
P3¢p~P3; 1/0 port P3 Ve In single-chip mode , these pins have the same functions as port P0. In memory expansion mode or mic-
roprocessor mode, R/W, BHE, and ALE signals are output.
P4o~P4,, 1/0 port P4 170 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
P4, rocessor mode, P4y and P4, become HOLD and RDY input pin respectively Functions of other pins are the
same as in single-chip mode Port P4, can be programed for ¢, output pin divided the clock to Xiy pin by
2.
P5¢~P5; 1/0 port P5 110 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/0
pins for timer AQ, timer A1, timer A2, and timer A3
P6,~P65 170 port P6 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as external
interrupt input INTy, INTy, and INT, pins, and input pins for timer BO
P7o~P73, 1/0 port P7 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog
P77 ' input ANg~AN, and AN; input pins. P77 also has an A-D conversion trigger input function
P8y~P8;, 1/0 port P8 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD,
P8g, P87 TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1.
ISHI
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MITSUBISHI MICROCOMPUTERS

M37701E2-XXXSP,M37701E2AXXXSP

PROM VERSION of M37701M2-XXXSP,M37701M2AXXXSP

EPROM MODE

The M37701E2-XXXSP features an EPROM mode in addi-
tion to its normal modes. When the RESET signal level is
“L”, the chip automatically enters the EPROM mode. Table
1 list the correspondence between pins and Fig. 1 gives
the pin connections in the EPROM mode.

XXXSP.
Connect the clock which is either ceramic resonator or ex-
ternal clock to Xy pin and Xoyr pin.

Table 1 Pin function in EPROM programming mode

When in the EPROM mode, ports PO, P1, P2, P5,, P5,, M37701E2-XXXSP MSM27C256K
CNVss and BYTE are used for the EPROM (equivalent to \\;cc CNVVCCBYTE \\/ICC
the M5M27C256K). When in this mode, the built-in PROM Voo 5 o
can be written to or read from using these pins in the same Address input| Ports Po,s:1o~,:.1s Aoj:ﬂ
way as with the M5M27C256K. ’ Data 170 Port P2 Do~D>
This chip does not have Device Identifer Mode, so that set CE P5, CE
the corresponding program algorithm. The program area OE P5, OE
should specify address 400046~ 7FFF,s for the M37701E2-
Avee [ Vee
Veer — [2] ++ P8,/CTSy/RTS,
vy [ « P8,/CLKo
$——————P7;/AN;/ADrqe + [4] ++ P8,/RxDg——————————+
—————————P7,/AN, ~[3] +> P84/TxDy
p————P7,/AN, « 5] <> P8g/RXD; —————————¢
b P7/AN, [T} «> P8,/TXxD;——————————%
P65/TBO,y +* (8] > POg/Ag—
P64/INT, +[3] «* PO,/A;—————GD
$———————P6y/INT, [ PO/ A&
$———————P6y/INT,+[I] > POy/Ay——— &
¢—————————P5,/TA3,y +[12] > PO/ A———————— (D
P56/TA30ur + [13] z « POs/Ay———————— o
P55/TA2, +[14] ® + POg/Ag———— (o
P54/TA20u7 + 15 8’ + PO;/A;—————GD
P53/TA1,y +* [1g] m + P1o/Ag/Dg ——(a>
@O——P5,/TAloyr + N + P14/Ag/Dg——— @)
@—————P5,/TAO < [T8] o] > P13/ Aqg/Dyg————Gap
P5o/TAGour ++ 3 > P1y/A4/Dy—————GD
P4, > T > P14/A2/Dyp———@1D
———————P4y/ ¢, +|21 > Pls/A13/Dyg—Gd
$——————————P4,/RDY +~ > P1g/A14/Dyy— @19
-}———p%/m - + P1,/A;5/Dys
BYTE — > P2y/A;5/Dg————0)
sts > P2,/Ay7/D———————@D
$—————— RESET— +> P2,/A5/D,—————0D
*] O X > P2y/Are/ Dy ED
O———Xour+ > P2,/Agy/Dy—————5D
E« > P25/Az1/Ds—————05)
Vss +> P2/Az2/Dg
P3,/ALE + + P2;/Az3/D;——@D
$——————————P3,/BHE ~ > P3o/R/W
%E * [ Connect to ceramic oscillation circuit.
Outline 64P4B (O : Same functions as M5M27C256K.

Fig. 1 Pin connection in EPROM programming mode
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AC waveforms

| PROGRAM VERIFY

Vin

ADDRESS
. Vi

Viu/Von

r
y E DATA OUTPUT
DATA DATA SET —2_
4 - VALID

Vi/Vou

tos ton torp|

Vep : '

o]
m
val

VIH

Vi K__.—_/

Fast programming algorithm flow chart

START

((ADDR=FIRST LOCATION )

Vce=6. ov

PROGRAM/VERIFY FAIL
ONE BYTE

PASS

DEVICE
FAILED

INCREMENT ADDR

LAST ADDR ?
YE.
Vee=Vep="*5.0V

0
>
1]
7]

DEVICE PASSED

*4.75<Vec=Vpp=5. 25V
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"PROM VERSION of M37701M2-XXXSP,M37701M2AXXXSP

ABSOLUTE MAXIMUM RATINGS

Note 1. Average output current is the average value of al00ms interval.
2. The sum of lo (peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less,

' the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80maA or less,

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

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

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3~7 \
AVce Analog supply voltage )l —0.3~7 \"
V, Input voltage RESET, CNVss, BYTE —0.3~12 \%

Input voltage POg~PO0;, P1o~P17, P2p~P27, P3p~P3,,
\'A P49~P4;, P47, P5o~P5;, P6,~P6s, —0.3~Vgc+0.3 \"
P70~P72, P77, P8o~P83, P8¢, P87, Vrer, Xin
Output voitage P0y~P0;, P1o~P17, P2s~P27, P3;~P3,,
Vo P4g~P4,, P4;, P5g~P57, P6,~P6s, N —0.3~Vc+0.3 v
P7¢~P7,, P77, P8g~P83, P8¢, P87, Xour, E
P4 Power dissipation Ta=25C 1000 mwW
Topr Operating temperature —10~70 C
Tstg Storage temperature —40~125 C
Note 1. Input voltage for CNVgs and BYTE pins 1s 13V in writing to PROM.
RECOMMENDED OPERATING CONDITIONS (Vec=5v+5%, Ta=—10~70T, uniess otherwise noted)
Limits
Symbol Parameter Unit
Min Typ Max
Vece Supply voltage 4.75 5.0 5.25 \
AVcc Analog supply voltage Vce \"
Vss Supply voltage 0 \%
AVss Analog supply voltage 0 v
High-level input voltage P0o~PO07, P3p~P3;, P49~P4,, P4;,
P5¢~P5;, P6,~P6s, P7o~P72, P77,
Vin P82~P8:, P8:, »987,5 x.N.D'FEsTEZ‘?, "10.8Voo Veo v
CNVss, BYTE
High-level input voltage P1o~P1;, P2p~P2;
Vi ? i ¢ (lnosmgle-chlop mode) 0.8Voo Voo v
High-level input voltage P1¢o~P1;, P2o~P2;
Vin (in memory expansion mode and |0.5Vgco Vce v
microprocessor mode)
Low-level input voltage POo~ P07, P3o~ P33, P4o~P4,, P4;,
P50~ P57, P62~P6s, P7q~P73, P77,
Vi PaZ~Pa:, Psz. P87,5 X.N,ORESéT, ' 0 0-2Vee| vV
CNVss, BYTE
Low-level input voltage P1o~P17, P2;~P2.
Vie p ? (inoslngl7e-ch‘i]p mo;e) 0 0.2Voe M
Low-level input voltage P1o~P17, P2o~P2;
Vi (in memory expansion mode and 0 0.16Vee \"
microprocessor mode)
High-level peak output current POo~P07, P1g~P17, P2o~P27,
lor( P3¢~P3y, P4g~P4,, P4;,
peald P52~P57, PoPEy. PTo~PTs 10 mA
P77, P8o~P83, P8g, P8;
High-level average output current POg~P0;7, P1g~P1;, P2o~P27,
lon P3¢~P3z, P4g~P4,, P4;,
e P5:~P57, P;:~P65., P7o~P72, —5 | mA
P7;, P8o~P83, P8¢, P87
Low-level peak output current POp~P07, P1o~P17, P2p~P2;,
low( P3g~P3,, Pdo~P4y, P4,
peat? P52~P5j, P6:~P6:, P7o~PT2, 10} mA
P77, P8,~P83, P8s, P87
Low-level average output current POg~P07, P19~P17, P25~P2;,
loL P3o~P32, P4o~P4,, P4;,
e P52~ st, P6§~P65, P7g~PT2, 5| mA
P77, P8,~P83, P8, P8;
fos - | clock fr nput M37701E2-XXXSP | 8 MHz
N - M37701E2AXXXSP 16
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M37701E2-XXXSP,M37701E2AXXXSP

PROM VERSION of M37701M2-XXXSP,M37701M2AXXXSP

TIMING REQUIREMENTS (Voc=5V 5%, Vss=0V, Ta=25C, f(X;n)=8MHz, unless otherwise noted)
External clock input

- Limits .
Symbol Parameter Test conditions in Tvp. Mox Unit
tc External clock input cycle time 125 ns
twiH) External clock input high-level pulse width 50 ns
twir) External clock input low-level pulse width 50 ns
tr External clock rise time 20 ns
tf External clock fall time 20 ns
Single-chip mode
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tsucpoo—e) | Port PO input setup time 200 ns
tsu(pip—e) | Port P1 input setup time 200 ns
tsu(pep—e) | Port P2 input setup time 200 ns
tsu(pap—e) | Port P3 input setup time 200 ns
tsu(pap—e) | Port P4 input setup time 200 ns
tsupsp—e) | Port P5 input setup time 200 ns
tsu(pep—e) | Port P6 input setup time 200 ns
tsu(p7o—e) | Port P7 input setup time 200 ns
tsu(pep—e) | Port P8 input setup time 200 ns
th(e—pPoD) Port PO input hold time 0 ns
th(e—pP1D) Port P1 input hold time 0 ns
th(e—p2b) Port P2 input hold time 0 ns
th(e—PaD) Port P3 input hold time 0 ns
th(e—paD) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—PeD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—psD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Symbol Parameter Test conditions Limits Unit
Min. Typ Max.
tsu(pip—e) | Port P1 input setup time 60 ns
tsu(p2p—e) | Port P2 input setup time 60 ns
tsu(rov—¢y) | RDY input setup time 70 ns
th(e—P1D) Port P1 input hold time 0 ns
th(e—p2b) Port P2 input hold time 0 ns
thcs1—rpy) | RDY input hold time 0 ns
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Timer B input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions - Unit
E Min - Typ. Max.
tc(te) TBiy input cycle time 500 ns
tw(TeH) TBiiy input high-level pulse width 250 ns
tw(reL) TBiy input low-level pulse width 250 ns
Timer B input (Puise period measurement mode)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max
tcire) TBiy input cycle time 1000 ns
tw(TeH) TBun input high-level pulse width 500 ns
tw(TeL) TB1y input low-level pulse width 500 ns
Timer B input (Pulse width measurement mode)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max
te(re) TBijy input cycle time ) 1000 ns
tw(TeH) TBijy input high-level pulse width 500 ns
tw(TBL) TBny input low-level pulse width 500 ns
A-D trigger input
Limits
Symbol Parameter Test conditions Unit
Min Typ Max.
tc(ap) ADrgg Input cycle time (minimum allowable trigger) 2000 ns
tw(abL) ADrra Input low-level pulse width 250 ns
Serial I/0
Limits
Symbol Parameter Test conditions - Unit
Min Typ Max.
tcck) CLKi input cycle time 500 ns
tw(ckH) CLKi input high-level pulse width 250 ns
tw(ckL) CLKi input low-level pulse width 250 ns
td(c—a) TxD1 output delay time 150 ns'
th(c—a) TxDi hold time 30 ns
tsu(b—c) | RxDi input setup time 60 ns
th(c—b) RxD1 input hold time 90 ns
External interrupt INTi input
Limits
Symbol Parameter Test conditions Unit
Min Typ. Max.
tw(ne) INTi input high-level pulse width 250 ns
tw(inw) INT1 Input low-level pulse width 250 ns
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Memory expansion mode and microprocessor mode (when wait bit = “0", and external memory area is accessed) '

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
td(PoA—E) Port PO address output delay time 350 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") ) 120 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE="L") 40 ns
td(p1a—E) Port P1 address output delay time 350 ns
td(e—p2q) Port P2 data output delay time 120 ns
texz(e—p2z) | Port P2 floating start delay time 40 ns
td(p2a—E) Port P2 address output delay time 350 ns
td(aLe—E) ALE output delay time 4 ns
tw(ALE) ALE pulse width 350 ns
td(BHE—E) BHE output delay time 350 ns
td(rrw—e) | R/W output dela)-' time Figure 2 350 ns
td(e—¢1) ¢4 output delay time 0 30 ns
th(e—pPoA) Port PO address hold time 50 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") . 9 ns
th(e—piq) | Port P1 data hold time (BYTE="L") 50 ns
tpzx(e—pP1z) | Port P1 floating release delay time (BYTE="L") 50 ns
th(e—r1a) Port P1 address hold time (BYTE="H") 50 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—pr2q). Port P2 data hold time 50 ns
tpzx(e—p2z) | Port P2 floating release delay time . 50 ns
th(e—ewe) | BHE hold time 20 ns
th(e—rw) | R/W hold time 20 ns
tw(eL) E pulse width 470 ns
PO
O
P1
P2
P3 100pF
P4
P5
P6
P7
P8
1
E

Fig. 2 Testing circuit for ports PO~P8, ¢,
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TIMING REQUIREMENTS (Voo=5V+5%, Vss=0V, Ta=25C, f(X,y)=16MHz, unless otherwise noted)
External clock input

Limits
Symbol Parameter Test conditions Unit
. Min. Typ Max. -
tc External clock input cycle time 62 ' ns
tw(H) External clock input high-level pulse width 25 ns
twiL) External clock input low-level pulse width 25 ns
tr External clock rise time 10 ns
tf External clock fall time 10 ns

Single-chip mode

Limits .
Symbol Parameter Test conditions i Tve Mo Unit
tsu(pop—e) | Port PO input setup time 100 ns
tsu(pip—e) | Port P1input setup time ) 100 ns
tsu(pep—e) | Port P2 input setup time 100 ns
tsu(pap—e) | Port P3 input setup time \ 100 ns
tsu(pap—e) | Port P4 input setup time 100 ns
tsu(psp—e) | Port P5 input setup time 100 ns
tsu(pep—e) | Port P6 input setup time 100 ns
tsu(pzp—e) | Port P7 input setup time 100 ns
tsu(psp—e) | Port P8 input setup time 100 ns
th(e—pPoD) Port PO input hold time 0 ns
th(e—p1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time 0 ns
th(e—PaD) Port P3 input hold time 0 ns
th(e—paD) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—pPeD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—p8D) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Symbol Parameter Test conditions - Limits Unit
Min. Typ Max.

tsu(pip—e) | Port P1 input setup time 45 ns
tsu(p2p—e) | Port P2 input setup time 45 ns
tsu(rov—g1)| RDY input setup time 60 ns
th(e—r1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time 0 ns
th(s 1—RDY) RDY input hold time 0 ns
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Timer B input (Cont input in event counter mode)

- Limits
Symbol Parameter Test conditions - Unit
Min Typ. Max
tc(re) TBiy input cycle time 250 ns
tw(TBH) TBijy Input high-level pulse width 125 ns
tw(TBL) TBiy Input low-level pulse width ' 125 ns
Timer B input (Pulse period measurement mode)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tc(re) TBin input cycle time 500 ns
tw(TeH) TBiy input high-level pulse width 250 ns
tw(TeL) TBin input low-ievel pulse width 250 ns
Timer B input (Pulse width measurement mode)
. . Limits .
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tc(re) TBi input cycle time 500 ns
twTeH) TBiiy input high-level pulse width 250 ns
tw(TeL) TBijy input low-level pulse width 250 ns
A-D trigger input
P Test conditi Limits Unit
ons
Symbol arameter ‘est conditi Vin. Tvp. Max.
tc(ap) ADr1gg input cycle time (minimum allowable trigger) 1000 ns
tw(ADL) ADrra input low-level pulse width 125 ns

Serial /0

- Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tc(ck) CLKi input cycle time ’ 250 ns
tw(ckH) CLKi input high-level pulse width 125 ns
tw(ckL) CLKi input low-level pulse width 125 ns
td(c—a) TxDi output delay time 90 ns
th(c—a) TxDi hold time 30 ns
tsu(p—c) RxDi input setup time 30 ns
th(c—b) RxDi input hold time 90 ns
External interrupt INTi input
Limits
Symbol Parameter Test conditions in. . Max. Unit
tw(ing) INTi input high-level pulse width 250 ns
tw(nw) INT! input low-level pulse width 250 ns
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Memory expansion mode and micrOprocessor mode (when wait bit = “0", and external memory area is accessed) .

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

td(poA—E) Port PO address output delay time 155 ns
td(e—p1Q) Port P1 data output delay time (BYTE="L") 80 ns
tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L") 40 ns
td(pia—e) | Port P1 address output delay time 155 ns
td(e—p2q) Port P2 data output delay time 80 ns
tpxz(e—p2z) | Port P2 floating start delay time 40 ns
td(p2a—E) Port P2 address output delay time 155 ns
td(aLE—E) ALE output delay time 4 ne
tw(aLE) ALE pulse width 165 ns
td(BHE—E) BHE output delay time 155 s
tdriw—e) | R/W output delay ime Figure 2 155 ns
tde—g¢1) ¢4 output delay time 0 20 ns
th(e—Poa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—p1Q) Port P1 data hold time (BYTE="L") 25 | ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 -
th(e—pP1A) Port P1 address hold time (BYTE=“H") 25 ns
th(aLe—p2a) | Port P2 address hold time . ) e
th(e—pr2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—ene) | BHE hold time 20 ns
the—r/w) | R/W hold time 20 o
twiew) E pulse width 220 -
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toera)
tw(Tan,
4
TAiy input / \ \
tw(raL)
=
teir)
tw(uph)
TAiour input / \ \
twiupL)
|
tere)
twiten)
- /
TBi input / /f \
tw(reL)
] ~
tc(ap)
tw(aoL)
ADygg input W
teicw
tw(ckn)
CLKi {
_—_/ \\ /| \
tw(cku)
thic—a)
XD K
tdic-a) tsu(o—c) thc-o)
RxDI /' *
| twiinw)
INTi input ’
twinm)
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Memory expansion mode and microprocessor mode(when wait bit="0", and external memory area Is accessed)

te
d IV AWAWAWEAY \ | JAWANAWAN
tde—¢ 1) —> > tde—e1)
~ twen —
— —_/
£ td(poa—E)
th(e—{pon)
Port PO output X Addi X
Address ress
(Ag~A7)
th(ALE—Pu)?‘—"‘ the—pr1a) tezx(e—p12) texz(e—p12)
Port P1 output g
(Ag~A15/Dg~Dss) X Address Data Address | W ———— — b~ ress
(BYTE="L") P rv—
tdp1a—E)
th(e—p1a) >
Port P1 output
(Ag~Ays) X Address Address
(BYTE="H")
tsutpio—g) th(e—pr10)
Port P1 input
th(aLe—P2a) ‘P—'! the—r2q) texz(e-p2z) tpzx(e—P22)
Port P2 output X Address Data Address | Br—————— - Address
(A16~Az3/Do~D;)
tde—r2q) td(p2a—e)
tsu(p2o—g)
f th(e—p2p)
Port P2 input . \
fwiae) tdaLe-e)
Port P3; output
(ALE) J \ \
td(eHE—E) ‘_. thee—sne)
Port P3, output ) X
(BHE)
tdrw-p) th(e—r/w)
Port P3, output \
(R/W)
tsu(roy—¢1)
} th(s 1—rDY)
Port P4, input -/
(RDY)
Test conditions
*Vec=5V+5%
+ Output timing voltage : Vo =0.8V, Vou=2.0V
* Ports P1,P2 input LV =0.8V, V|y=2.5V
* Port P4, input V=10V, V=40V
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Reference Bus width
(ov) (ov) (5v) voltage input  selection input
CNVss AVss AVce Vrer BYTE

Enable output Reset input (5V) (ov)
Xour E RESET Ve Vss

Clock output

Clock input
Xin

ha

M37704E2-XXXFP BLOCK DIAGRAM
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PIN DESCRIPTION (NORMAL MODE)

Pin Name Input/Output Functions

Vee, Power supply Supply 5V+5% toVec and 0V to Vss

Vss

CNVsgs CNVss input Input This pin controls the processor mode Connect to Vgs for single-chip mode

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 I/0 pins of internal clock generating circuit Connect a ceramic or quartz crystal resonator be-
tween Xy and Xoyr When an external clock is used, the clock source should be connected to the Xy pin

Xour 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 i1s 16 bits when “L” signal inputs and 8 bits when “H" signal inputs.

AVce, Analog supply input Power supply for the A-D converter Connect AVcc to Vec and AVss to Vss externally.

AVss

VRer Reference voltage input Input This 1s reference voltage input pin for the A-D converter

P0o~P0; 1/0 port PO 170 In single-chip mode, port PO becomes an 8-bit I/0 port An I/0 directional register is available so that each
pin can be programmed for input or output These ports are in input mode when reset .
Address(A;~Ag)1s output in memory expansion mode or microprocessor mode.

P1o~P1; 1/0 port P1 170 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L" in
memory expansion mode or microprocessor mode and external data bus i1s 16-bit width, high-order data
(Dys~Dg)is input or output when E output is “L” and an address (Aj;s~Ag) 1s output when E output is “H”
If the BYTE pin 1s “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output

P2o~P2; 170 port P2 1/0 In single-chip mode, these pins have the same functions as port P0. In memory expansion mode or microp-
rocessor mode low-order data(D;~Dy) I1s input or output when E output is “L” and an addfeSS(Azg"'Am)IS
output when E output 1s “H" f

P3o~P33 1/0 port P3 170 In single-chip mode , these pins have the same functions as port PO In memory expansion mode or mic-
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output

P4o~P4; 1/0 port P4 170 In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp-
rocessor mode, P4, and P4, become HOLD and RDY input pin respedtively Functions of other pins are the
same as in single-chip mode In single-chip mode or memory expansion mode, port P4, can be programed
for ¢, output pin divided the clock to Xy pin by 2 In microprocessor mode, P4, always has the fanction as
$4 output pin.

P5o~P5; 1/0 port P5 110 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0

: pins for timer A0, timer A1, timer A2, and timer A3 PS5 to P5¢ also have the function as motor control output

pins

P6o~P67 1/0 port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/0
pins for timer A4, external interrupt input INTo, INTy, and INT, pins, and Iinput pins for timer BO, timer B1,
and timer B2 P6, and P6; also have the function as motor control output pins.

P7o~P7; 1/0 port P7 110 in addition to having the same functions as port PO in single-chip mode, these pins also function as analog
input ANg~AN3 input pins. P7; also has an A-D conversion trigger input function

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

The M37704E2-XXXFP features an EPROM mode in addi-
tion to its normal modes. When the RESET signal level is
“L”, the chip automatically enters the EPROM mode. Table
1 list the correspondence between pins and Fig. 1 gives
the pin connections in the EPROM mode.

When in the EPROM mode, ports PO, P1, P2, P5,, P5,,
CNVsgs and BYTE are used for the EPROM (equivalent to
the M5M27C256K). When in this mode, the built-in PROM
can be written to or read from using these pins in the same
way as with the M56M27C256K.

This chip does not have Device Identifer Mode, so that set
the corresponding program algorithm. The program area
should specify address 4000,¢~ 7FFF,¢ for the M37704E2-
XXXFP.

Set the clock which is either ceramic resonator or external

clock to X,y pin and Xoyr pin.

Table 1 Pin function in EPROM programming mode

M37704E2-XXXFP M5M27C256K
Vee Vee Vee
Vep CNVgs, BYTE Vep
Vss Vss Vss
Address input Ports PO, P1o~P1g Ao~A1s
Data I/0 Port P2 Do~D-
CE P5, ' CE
OE P5, OE

Veo)

[Bl+> P74/AN;— 4
~ P7o/ANp—
+~+P73/ANg— ¢

(2]
]

$————————————P7y/ANy [T}

—————————P6,/TA4) ~[E]
————P6o/TA4oyr/RTP1; ++ 2]

P54/TA20ur/V/RTP1, + (1]
P53/TA1,n/W/RTPO, + 1]
@—P5,/TA1oyr/U/RTPO, +*
@®——P5,/TAOW/V/RTPO, +* 1]

P4y/ ¢, +> [
$————————P4,/RDY + [24]

P4g/HOLD <+ [B]

d4XXX-¢3ar0LLEN

[&]

P3;/HLDA
P3,/ALE <+ [E]

/CTSo/RTSo

—
[B]+> P82/RxDg———————4

[Z]+ P8,

P6,/TB2)\ + [2] 53] ++ P85/CLK; —

P66/ TB1 )y + 3] [82] +> P86/RxD;

P65/TBO + [4] [1] ++ P87/TxDy——
——————— P6,/INT, + E [69] +> POo/Aq————Gp
t———————P6y/INT, ~ 53]+ PO/AI————GD
1 P6,/INTo + [7]

P5,/TA3)y +>[19] [55) +> POs/As )
P5¢/TA30ur/RTP1, ++ [ [52] +> P0g/As @
P55/TA2,,/U/RTP1, + [12] [53] + PO,/A; @

P50/TAOout/W/RTPO, +* [#8] <> P14/A12/D1— G
P4; > [ig] + P15/A1a/Di3— G

Pég +>[19] (] <> P16/A14/D1s—G@1D
P45 +> [0} [#5] +> P1,/A5/D1s

P4, ~ [ [4] ++ P2o/A16/ Do —G0>
P4y +> 2l > P2,/A;7/D1—(op

=

P27/A23/D7 +*[E]

P3o/R/W

P3,/BHE + [&]
P2s/A2/Ds + [&]

@
(&)
[
@D)———P24/Az0/D4 + ]

P26/A22/Dg + [B]

> P1g/Ag/Dg— >
5] +> P1,/Aq/Dy
[59] +> P1,/A10/D1o — @
[ +» P13/A11/Dyi—GD

> P2,/A/D;—(oD
i1] +> P23/A19/Ds——(

Outline 80P6N

* . Connect to ceramic oscillation circuit.
(O : same functions as M5M27C256K

Fig. 1 Pin connection in EPROM programming mode
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AC waveforms

PROGRAM VERIFY
Vin.
ADDRESS )
Vi T
AH
Vil Von 3 FoRTAGuTRuT]
DATA DATA SET j}——g NS
A
Vii/Vou ton 2’2{
sy
Vep
Vep
Vee
Veot1
Vee
Vee
- o | -
CE
t
\ Sk z foes <—°§
tepw
VIH
oF forw v
\2 -

Fast programming algorithm flow chart

START

( ADDR=FIRST LOCATION )

———={( PROGRAM ONE PULSE OF 1ms )

DEVICE PASSED *475<Veo=Vpp=5 25V

i

. g
Vo
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ABSOLUTE MAXIMUM. RATINGS

Symbol Parameter . Conditions Ratings Unit
Vee 1 Supply voltage —0.3~7 \"
AVce Analog supply voltage —0.3~7 v
v, Input voltage RESET, CNVss, BYTE —0.3~12(Note 1) \Y

Input voltage P0p~P0;, P15~P17, P29~ P27, P3p~P33,
Vi P4o~P4;, P5,~P57, P69~ P67, P7¢~P7;, —0.3~Vgc+0.3 \

P8o~P87, Vrer, Xin
Output voltage P0o~P07, P1o~P17, P2;~P2;, P3p~P33,

Vo P4y~P4;, P5o~P5;, P6o~P67, P7o~PT77, —0.3~Vcct0.3 \"
P8y~P8;, Xour, E

Pd Power dissipation Ta=25C 300 mwW

Topr Operating temperature : —10~70 C

Tstg Storage temperature —40~125 ‘C

Note 1. Input voltage for CNVsg and BYTE pins 1s 13V in writing to PROM

RECOMMENDED OPERATING CONDITIONS (Vcc=5V+5%, Ta=—10~70C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
Vce Supply voltage 4.75 5.0 5.25 v
AVce Analog supply voltage Vece \
Vss Supply voltage 0 \"4
AVss Analog supply voltage 0 \"/
High-level input voltage P0Oy~P0;, P3;~P33, P4y~P4;,

P5g~P5;, P6~P67, P7o~P77,
Vi PB~PE, X, RESET, ONVes, | V00 Veo v

BYTE
Vin High-level input voltage P1o~P1;, P2p~P2; 0.8V Voo v

(in single-chip mode)
High-level input voltage P1o~P17, P2;~P2;
Vin (1in memory expansion mode and |0.5Vcc Vece v

microprocessor mode)
Low-level input voltage P0p~ P07, P3g~ P33, P4o~P4;,

PSo~P57, P6o~P67, P7~P77,

. 2
\C P8~P87, Xy, RESET, CNVsg, 0 0.2Vee| Vv
BYTE
Low-level input voltage P1o~P1;, P2p~P2.
Vi P e PlomHln, PRo=rey 0 0.2Veo| V

(in single-chip mode)

Low-level input voltage P1o~P17, P2p~P2;
Vie (in memory expansion mode and 0 0.16V¢ee v
microprocessor mode)

High-level peak output current POy~P07, P1o~P17, P2y~P2;7,
lon(peak) P3o~P33, P4g~P47, P5~P57, —10 mA

P6g~P6y7, P7g~P77, P8;~P8;
High-level average output current POg~PO07, P1o~P17, P29~P27,
loncavg) P3¢~P33, P4g~P4;, P55~P5, -5 mA

P6o~P67, P7o~PT77, P8o~P8;
Low-level peak output current POg~P0;, P1o~P1;, P2g~P2;,

lou(peak) P3o~P33, P4g~P4;, P55, P57, 10 mA
P6o~P6;, P7q~P77, P8o~P8;

|0L(peak) Low-level peak output current P5o~P5s 20 mA
Low-level average output current POo~PO07, P1o~P17, P29~P27,

loLcavg) P3y~P33, P4g~P47, P56, P57, 5 mA
P6q~ P67, P7o~P77, P8y~P8;

loL(avg) | Low-level average output current P5o~P55 15 mA

M37704E2-XXXFP, M37704E2FS 8
f(Xin) E I clock frequency input MHz

M37704E2AXXXFP, M37704E2AFS 16
Note 1. Average output current is the average value of al00ms interval
2. The sum of lo (peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, ® )
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, ‘

the sum of loL(peak) for ports P4, P5, P6, and P7 must be 110mA or less, and
the sum of lon(peak) for ports P4, P5, P8, and P7 must be 80mA or less
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TIMING REQUIREMENTS (Veo=5V£5%, Vss=0V, Ta=25C, f(Xiy)=8MHz, unless otherwise noted)
External clock input

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max
tc External clock Input cycle time 125 ns
tw(n) External clock input high-level pulse width 50 ns
tw(L) External clock input low-level pulse width 50 ns
tr External clock rise time ) 20 ns
tf External clock fall ime 20 ns
Single-chip mode
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tsu(pob—e) | Port PO input setup time 200 ns
tsu(pip—e) | Port P1input setup time 200 ns
tsu(p2o—e) | Port P2 input setup time 200 ns
tsu(pap—e) | Port P3 input setup time 200 ns
tsu(pap—e) | Port P4 input setup time 200 ns
tsu(pso—e) | Port P5 input setup time 200 ns
tsu(pep—e) | Port P6 input setup time 200 ns
tsu(pro—e) | Port P7 input setup time 200 , ns
tsu(psp—e) | Port P8 input setup time 200 ns
th(e—PoD) Port PO input hold time 0 ns
th(e—P1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time - 0 ns
th(e—p3D) Port P3 input hold time 0 ns
th(e—P4D) Port P4 input hold time 0 ns
th(e—psD) Port P5 input hold time 0 ns
th(e—preD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—PsD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tsu(pio—e) | Port P1input setup time 60 ns
tsu(p2o—e) | Port P2 input setup time 60 ns
tsu(roy—¢ ) RDY input setup time 70 ns
th(e—P1D) Port P1 1nput hold time 0 ns
th(e—p2p) Port P2 input hold time 0 ns
th(s,—roy) | RDY Input hold time 0 ns
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Timer B il"lput (Count input in event counter mode)

Symbol Parameter Test conditions Limits Unit
‘ Min Typ Max.
te(te) TBiiy Input cycle time (one edge count) 250 ns
tw(TeH) TBii input high-level pulse width (one edge count) 125 ns
tw(TsL) TBi input low-level pulse width (one edge count) 125 ns
to(te) TBii Input cycle ime (both edges count) 500 ) ns
tw(TeH) TBin Input high-level pulse width (both edges count) 250 ns
tw(TeL) TBin input low-level pulse width (both edges count) 250 ns
Timer B input (Pulse period measurement mode)
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max
te(te) TBiy Input cycle time 1000 ns
tw(TeH) TBin iInput high-level pulse width 500 ns
tw(TeL) TBiy Input low-level pulse width 500 ns
Timer B input (Puise width measurement mode)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tc(te) TBin Input cycle time 1000 ns
tw(taH) TBuy input high-level pulse width 500 ns
tw(TeL) TBiy input low-level pulse width 500 ns
A-D trigger input
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tc(ap) ADrre Input cycle time (minimum allowable trigger) 2000 ns
tw(abL) ADrre Input low-level pulse width 250 ns
Serial I/0
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tc(ck) CLKi input cycle time 500 ns
tw(ckH) CLKi input high-level pulse width 250 ns
tw(ckL) CLKi input low-level pulse width 250 ns
td(c—a) TxD1 output delay time 150 ns
th(c—a) TxD1 hold time 30 ns
tsu(o—c) RxD1 input setup time 60 ns
th(c—b) RxD1 input hold time 90 ns
External interrupt INTi input
Limits
Symbol Parameter Test conditions " Tvo Viax. Unit
tw(NH) INT1 input high-level pulse width 250 ns
twiing) INTI nput low-level pulse width 250 ns
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Memory expansion mode and microprocessor mode (when wait bit = 0", and external memory area is accessed)

] Limits '
Symbol Parameter Test conditions Unit
Min Typ. ‘Max.
td(roa—E) Port PO address output delay time 350 ns
td(e—P1Q) Port P1 data output delay time (BYTE="L") 120 ns
texz(E—p1z) | Port P1 floating start delay time (BYTE="L") 5 ns
tdp1a—e) Port P1 address output delay time 350 ns
td(e—r2a) Port P2 data output delay time 120 ns
texz(E—p22) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay ime 350 ns
td(e—mLpa) | HLDA output delay time 100 ns
td(ALE—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 350 ns
tgceme—e) | BHE output delay time 350 ns
— Figure 2

td(r/w—E) R/W output delay time 350 ns
tde—¢) ¢4 output delay time 0 30 ns
th(e—pPoa) Port PO address hold time 50 ns
th(aLe—p1a) | Port P1 address hold time (BYTE=“L") 9 ns
th(e—p1Q) Port P1 data hold time (BYTE="L") 50 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 50 ns
th(e—P1a) Port P1 address hold time (BYTE="H") 50 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—pP2q) Port P2 data hold time 50 ns
tpzx(e—p2z) | Port P2 floating release delay time 50 ns
th(e—sme) | BHE hold time 20 ns
th(e—rw) | R/W hold time 20 ns
tw(eL) E pulse width 220 ns

PO

O
P1
P2
P3 100pF

P4

P5

P6

P7

P8

#4

E

Fig. 2 Testing circuit for ports PO~P8, ¢,
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TIMING REQUIREMENTS (Voo=5V£5%, Vss=0V, Ta=25C, f(X,y)=16MHz, unless otherwise noted)
External clock input

Limits

Symbol Parameter Test conditions Unit

. Min Typ. Max
tc External clock input cycle time 62 ns
twir) External clock input high-level pulse width 25 ns
twiL) External clock input low-level puise width ) 25 ns
tr External clock rnise time 10 ns
tf External clock fall time 10 ns

Single-chip mode
) . Limits

Symbol Parameter ! Test conditions - Unit

Min Typ Max
tsu(pob—E) Port PO input setup time . 100 ns
tsu(pip—e) | Port P1 input setup time 100 ns
tsu(p2p—e) | Port P2 input setup time 100 ns
tsu(pap—e) | Port P3 input setup time : 100 ns
tsu(pap—e) | Port P4 input setup time 100 ns
tsu(psp—e) | Port P5 input setup time 100 ns
tsu(pep—e) | Port P6 input setup time 100 ns
tsu(pzp—e) | Port P7 input setup time 100 ns
tsu(psp—e) | Port P8 input setup time 100 ns
th(e—roD) Port PO input hold time 0 ns
th(e—p1D) Port P1 input hold time 0 ns
th(e—pP2b) Port P2 input hold time 0 ns
th(e—p3aD) Port P3 input hold time 0 ns
th(e—p4D) Port P4 input hold time 0 ns
th(e—PsD) Port P5 input hold time 0 ns
th(e—preD) Port P6 input hold time 0 ns
th(e—p7D) Port P7 input hold time 0 ns
th(e—psD) Port P8 input hold time 0 ns

Memory expansion mode and microprocessor mode

Symbol Parameter Test conditions Limits Unit

Min. Typ Max
tsu(pip—e) | Port P1 input setup time 45 ns
tsu(pep—g) | Port P2 input setup time 45 ns
tsu(rov—g ) | RDY input setup time 60 ns
th(e—PiD) Port P1 input hold time 0 ns
th(e—p2b) Port P2 input hold time 0 ns
th(s,—roy) | RDY mput hold time 0 ns
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Timér B input (Count input 1n event counter mode)

' Limits
Symbol Parameter Test conditi - Unit
Min. Typ. Max
te(te) TBin input cycle ime (one edge count) ) 125 ns
tw(TeH) TBiiy input high-level pulse width (one edge count) 62 ns
tw(TeL) TBii input low-level pulse width (one edge count) 62 ns
tc(re) TBin input cycle time (both edges count) 250 ns
tw(TeH) TBuy input high-level pulse width (both edges count) 125 ns
tw(TeL) TBiy input low-level pulse width (both edges count) 125 ns
Timer B iNPUt (Pulse period measurement mode)
Symbol Parameter ’ Test conditions - Limits Unit
Min. Typ Max.
tc(te) TBiw input cycle time 500 ns
tw(TBH) TBin input high-level pulse width 250 ns
tw(TeL) TBiy input low-level pulse width 250 ns
Timer B input (Pulse width measurement mode)
Symbol Parameter Test condi - Limits Unit
Min. Typ. Max.
tc(re) TBiy input cycle time 500 ns
tw(TeH) TBiy input high-level pulse width 250 ns
tw(TeL) TBiiy Input low-level pulse width 250 ns
A-D trigger input
Symbol Parameter Test conditions Limits Unit
Min Typ. Max.
tocap) ADrrg Input cycle time (minimum allowable trigger) 1000 ns
tw(aDL) ADrra Input low-level pulse width ) 125 ns
Serial /0
Symbol ) Parameter Test cond Limits Unit
Min. Typ Max.
teick) CLKi input cycle time 250 ns
tw(ckH) CLKi input high-level pulse width 125 ns
tw(ckL) CLKi input low-level pulse width . 125 ns
tac—a) TxDi output delay time 90 ns
thdc—a) TxD1 hold time 30 ns
tsu(p—c) RxDi input setup time 30 ns
th(c—b) RxD1 input hold time - 90 ns
External interrupt INTi input
Limits
Symbol Parameter Test conditions Unit
. Min. Typ. Max
tw(INH) INTi input high-level pulse width 250 ns
twnw) INT! input low-level pulse width 250 ns
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Memory eXpaﬂSiOl’l mode and microprocessor mode (when wait bit="0", and external memory area is accessed)

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

td(Poa—E) Port PO address output delay time 155 ns
td(e—p1Q) Port P1 data gutput delay time (BYTE="L") 80 ns
tpxz(e—p12) | Port P1 floating start delay time (BYTE="“L") 5 ns
td(p1a—E) Port P1 address output delay time 155 ns
td(e—p2q) Port P2 data output delay time 80 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 155 ns
td(e—nLoa) | HLDA output delay time | . 50 ns
td(ALE—E) ALE output delay time 4 ns
tw(aLe) ALE pulse width . 165 ns
td(BHE—E) W_E output delay time Figure 2 155 ns
td(rR/w—g) R/W output delay time 155 ns
tde—s,) 4, output delay time 0 20 ns
th(e—roa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—pP1Q) Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ns
th(e—p1a) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 25 ns
tpzx(e—p2z) | Port P2 floating release delay time - 25 ns
th(e—sne) | BHE hold time 20 ns
the—r/w) | R/W hold time 20 ns
tw(EL) E pulse width 220 ns
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teira)
tw(Tan)
TAuyy input /
twiral)
| |
teiue)
twiuph)
TAiour input
N \
twiupL)
]
Y
TAioyr nput )
(Up-down input) N
In event counter mode
TAin input
(When count by falling) "‘h (rn-up| tsu (UP-Tm)\

TAi input .——-———.\

(When count by rising)

[

-/

Teire)
twiren) .
TBin input / \
tw(reL)
| 1
tetan) |
twiaoL)
ADypg Input \
|
teiek)
twickH)
CLKi ( \
/ \ /| \
twickL)

thic—a)

TXDi ><

tdc—a) L tsuc-o thic—n)

RxDi . /{

twine)

J

INT1 input
twanm)
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Memory expansion mode and microprocessor mode(when wait bit="0", and external memory area Is accessed)

£(Xin)

é

Port PO output
(Ag~A7)

Port P1 output
(Ag~A5/Dg~Dys)
(BYTE="L")

Port P1 output
(Ag~Ay5)
(BYTE="H")

Port P1 input

Port P2 output
(A16~Az3/Do~Dy)

Port P2 input

Port P33 output
(HLDA)

Port P3; output
(ALE)

Port P3; output
(BHE)

Pon_ P3, output
(R/W)

td(s—¢1)—>-‘<~ —sHetd(e—g
tw(er) —
T C—
the—{roa) d(Poa—8)
x , Address Address X
thiaLe—ria) _,I thie—p1q) texz(e—p12) tozx(E—p1Z)
X Address Data Address | MW — — — — — o t— Address
<3 td(e—p10)
tdpia—g)
th(e—H1a)
X Address Address X
tsu(pio—e) thie—p10/
thiaLe—p2a) ‘s—al thie—r2q) toxz(e—p2z) tezx(e—p2z,
X Address % Data Address | pr————— -1- Address
tde— fe—>4 td(p2a—E) \
die—r2qp At tsucp20—€) thie—p20)
td(e—HLDA)
twaLe)
tdaLe—e)

a

[\

td(sHE—E) '.1 the .
E—BHE
X X X
td(rw—¢) ‘_,i

thie—rw)

tsu(roy—¢ )

Port P4, input th(s ;—roV)
(RDY) /

Test conditions

*Vee=5V*5%

+ Output timing voltage : Vo, =0.8V, Vou=2.0V

« Ports P1,P2 input TV =0.8V, V;y=2.5V

« Port P4, input V=10V, V=400V
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PIN DESCRIPTION

Pin Name Input/Output Functions
Vee, Power supply Supply 5VE5% to Ve and 0V to Vss
Vss
CNVss CNVss input Input This pin controls th.e processor mode Connect to Vss for single-chip mode.
RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required
time
Xin Clock input Input These are 1/0 pins of internal clock generating circuit Connect a ceramic or quartz crystal resonator be-
tween Xy and Xour. When an external clock is used, the clock source should be connected to the Xy pin
Xour Clock output Output and the Xoyt 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 1s
8-bit width or 16-bit width The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs.
AVcc, Analog supply input Power supply for the A-D converter Connect AVcc to Ve and AVss to Vss externally.
AVss
VRer Reference voltage input Input This 1s reference voltage input pin for the A-D converter.
P0o~P0; 170 port PO 170 In single-chip mode, port PO becomes an 8-bit I/0 port. An I/0 directional register is available so that each
pin can be programmed for input or output These ports are in input mode when reset
Address(A;~Ay)is output in memory expansion mode or microprocessor mode.
P1o~P1; 170 port P1 110 In single-chip mode, these pins have the same functions as port P0. When the BYTE pin is set to “L” in
~memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data
(D45~Dg)is input or output when E output is “L” and an address (A;s~Ag) 1s output when E output is “H”.
If the BYTE pin 1s “H" that 1s an external data bus is 8-bit width, only address(Ass~Asg)is output.
P2o~P2; 170 port P2> 170 In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp-
rocessor mode low-order data(D;~Dy) is input or output when.E output is “L” and an address(Ax~Aq)is
output when E output is “H".
P3p~P3; 1/0 port P3 170 In single-chip mode , these pins have the same functions as port PO In memory expansion mode or mic-
roprocessor mode, R/W, BHE, and ALE signals are output
P4,~P4,, 1/0 port P4 170 In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp-
P4, 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 programed
for ¢4 output pin divided the clock to Xy pin by 2. In microprocessor mode, P4, always has the fanction as
¢4 output pin
P5¢~P5g 1/0 port PS 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/0
pins for timer AOQ, timer A1, timer A2, and output pin for timer A3. These pins also have the function as motor
control output pin
P6,, P6,, 170 port P6 [{e] In addition to having the same functions as port PO in single-chip mode, these pins also function as output
P63, P6s, pins for timer A4, and input pins for external interrupt input INT and INT; pins, and for timer BO and timer
P6g B1, P6, and P6, also have the function as motor control output pins
P7o~P7; 1/0 port P7 170 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog
input ANo~AN; input pins. P7; also has an A-D conversion trigger input function.
P8¢, P8; 170 port P8 110 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD
and TxD pins for UART 1.
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EPROM MODE
The M37705E2-XXXSP features an EPROM mode in addi-

Connect the clock which is either ceramic resonator or ex-
ternal clock to Xy pin and Xoyr pin.

tion to its normal modes. When the RESET signal level is Table 1 Pin function in EPROM programming mode
“L”, the chip automatically enters the ?PROM m.ode. Telzble M37705E2-XXXSP M5M27Go56K
1 list the correspondence between pins and Fig. 1 gives Veo Voo Voo
the pin connections in the EPROM mode. Vep CNVgs, BYTE Vor
When in the EPROM mode, ports PO, P1, P2, P5,, P5, Vss Vss Vss
CNVss and BYTE are used for the EPROM (equivalent to Address input| Ports PO, P1o~P1, Ao~Aqs
the M5M27C256K). When in this mode, the built-in PROM Data I/0 Port P2 Do~Dy
can be written to or read from using these pins in the same CE P5, 9_5
way as with the M5M27C256K. : OE PS5, OE
This chip does not have Device Identifer Mode, so that set
the corresponding program algorithm. The program area
should specify address 400046~ 7FFF;¢ for the M37705E2-
XXXSP.
P7s/ANg ~ [1] [64] +» P7;/AN;/ADre
P7s/ANs + [Z] " Avgs
P74/AN, > 62] « Vier
P73/ANg + [4] AVee —
P7,/AN, «> Voo
P7,/AN, +[6] [59] +> P84/RxD;
P70/ANg +> «> P8,/T¢D,
P6¢/TB1,y +* | 8] [57} +» PO/Ay ————————
P65/TBO) +[9] [56] +> PO,/A, ——— G
P64/INT, « [0} [55] «» POy/A, ————————— G
P6,/INT, + 5] «> PO/A; —————————
P60/ TAdour/RTP15 +[12] z z > PO/A, ——————————
PSe/TA3our/RTPI =[] & 8  [EePoi/p ———@®
P5s/TA2,,/U/RTP1, ++[14] 3 S > POg/Ay ——
P5,/TA20ur/V/RTP1o++[5] & & [ Poya;
P53/TA1,\/W/RTPO; +* 8 N > P1y/Ag/Dg ————————
@—P5,/TA10ur/U/RTPO, ++ % o] « P1y/Ag/Dy —
@ ——Ps5,/TAONV/RTPO, -+ [1§] X 2 > P1y/Ap/Dyg ——————@®
P50/TAOour/W/RTPO,+[19] % T + P15/A4/Dyy ———————G1D
P4,/DBC + > P1,/A5/Dyp — D)
P4,/ ¢+ [2]] [44] +» P15/A(3/Dyg —————— G
P4,/RDY + 143] > P1/A14/D14
P4o/HOLD +> + P1;/A;5/D1s
BYTE — [41] «> P2¢/A1/Dg —————— D
CNVss 0] ~ P2,/A;7/Dy ————

P3,/ALE +
P3,/BHE +

@
> P2,/As/D, )
[38] +> P23/A19/D3 ———————@»
> P2,/Az/Dy ———————— (o
[36] +» P25/Ay1 /D5 —————————(©»
[35] +» P2¢/Az0/Dg —————— (oo
+ P2;/Aze/D; ————————©D
+ P3,/R/W

&

Outline 64P4B

% . Connect to ceramic oscillation circuit.
O : Same functions as M5M27C256K.

Fig. 1 Pin connection in EPROM programming mode

MITSUBISHI

ELECTRIC



MITSUBISHI MICROCOMPUTERS

'M37705E2-XXXSP,M3770SE2AXXXSP
-M37705E2SS,M37705E2ASS

PROM VERSION of M37705M2-XXXSP,M37705M2AXXXSP

AC waveforms

‘

PROGRAM " VERIFY

v|H<
ADDRESS
Vi :
AH
Vin/Von N Vars
DATA OUTPUT| Yo
DATA DATA SET JE_——-Z‘VALID
ViVo ton tors
o=
Vep
Vee
 Vee
Veett
\7
cc Veo
- Vin ————\ Vs -
Cl
E St _jZ toes | | toe
Ve 4 I
tepw
Vin
OE topw 7k
Vi !

Fast programming algorithm flow chart

START

( ADDR=FIRST LbCATlON)

Vec=6.0V
Vpp=12.5V

———=( PROGRAM ONE PULSE OF 1ms )

NO

PROGRAM/VERIFY
ONE BYTE

PROGRAM PULSE .
OF 3Xms DURATION

LAST ADDR?

YES

DEVICE PASSED *4.755Voo=Vpp=5.25V
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3~7 v
AVce Analog supply voltage —0.3~7 \
Vi Input voltage RESET, CNVss, BYTE —0.3~12(Note 1) \

Input voltage P0y~P07, P1o~P17, P2;~P2;, P3p~P3;,
Vi P4o~P4;, P47, PSo~P5g, P6o, P62, P63, —0.3~Vcc+0.3 v
P65, P6g, P79~P77, P8s, P87, Vrer, Xin
Output voltage P0p~ P07, P15~P1;, P25~P2;, P3;~P3,,
Vo P4o~P4y, P47, P5o~P5e, P6o, P6>, P63, —0.3~Vcc+0.3 v
P65, P6g, P79~ P77, P8¢, P87, Xout, E
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature —10~70 c
Tstg Storage temperature —40~125 ‘C

Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM.

RECOMMENDED OPERATING CONDITIONS (Veo=5v£10%, Ta=—10~70C, unless otherwise noted)

Symbol Parameter ’ Limits Unit
Min. Typ. Max.
Vece Supply voltage 4,75 5.0 5.25 v
AVic Analog supply voltage Vece \
Vss Supply voltage 0 v
AVss Analog supply voltage 0 \"
Vi High-level input voltage POo~P07, P3~P3;, P4g~P4;, P47, PSo~P5e, P6o, P62, P63, P65, P6s, 0.8Vee Voo Vv
P7o~P7;, P8, P87, Xin, RESET, CNVsgg, BYTE
Vin High-level input voltage P1o~P1;, P2g~P2; (in single-chip mode) 0.8Vcc Vece \%
High-level input voltage P1o~P17, P2;~P2;
Vin . ? ) (Inomem7ory :xpan;ion mode and microprocessor mode) 0.5Vee Vee M
Vi Low-level input voltage POo~PO7, P3g~P3;, Pdg~P4,, P47, P5~P5g, P6o, P65, P63, P6s, P6g, 0 0.2Vee| V
P7o~P7;, P8, P87, Xin, RESET, CNVgs, BYTE
Vie Low-level input voltage P1o~P17, P2o~P2; (in single-chip mode) 0 0.2Vce \
Vi Low-level input voltage P19~P17, P2o~P2; 0 0. 16Vod
(in memory expansion mode and microprocessor mode)
|on(peak> High-level peak output current POy~P0;, P1o~P1;, P2o~P2;, P3y~P3;, P4o~P4,, P47, P5,~P5g, —10 mA
P6y, P6,, P63, P6s, P6g, P79~P77, P8s, P87
|ou(avg> High-level average output current POg~P07, P1g~P1;, P2g~P2;, P3g~P3;, P4o~P4,, P4;, P5,~P5g, —5 mA
P6g, P6, P63, P6s, P6s, P7o~P77, P8s, P87
| Low-level peak output current POg~P07, P1g~P17, P2g~P2;, P3;~P3,, P4;~P4,, P4;, P5g, 10 mA
ou(peak) PBy, PB, P, P6s, P65, P7o~P77, P8s, P8;
loL(peak)| Low-level peak output current PSo~P55 20 mA
'on.(avg) Low-level average output current POy~PO0;, P1o~P1;, P2g~P2;, P3y~P3;, P49~P4,, P4;, P5¢, 5 mA
P6g, P6, P63, P65, P6s, P7o~P77, P8s, P87
loLcavg) | Low-level average output current P5,~P55 15 mA
f(Xin) External clock frequency input MS7705E2-XXXSP, M37705E25S 8 MHz
M37705E2AXXXSP, M37705E2ASS 16

Note 1. Average output current is the average value of al00ms interval.

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less,
the sum of lou(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less,
the sum of lor(peak) for ports P4, P5, P6, and P7 must be 110mA or less, and
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less.
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TIMING REQUIREMENTS (Vcc=5V+£5%, Vss=0V, Ta=257C, {(Xin)=8MHz, unless otherwise noted)
External clock input

" Limits L
Symbol Parameter Test cc i Tve. i Unit
tc External clock input cycle time 125 ns
tw(H) External clock input high-level pulse width 50 ns
tw) - External clock input low-level pulse width 50 ns
tr External clock rise time 20 ns
tf External clock fall ime 20 ns
Single-chip mode
Symbol Parameter Test conditions - Limits Unit
Min Typ Max
tsu(pob—e) | Port PO input setup time 200 ns
tsu(pio—e) | Port P1input setup time 200 ns
tsu(pep—e) | Port P2 input setup time 200 ns
tsu(pap—e) | Port P3 input setup time 200 ns
tsu(pap—e) | Port P4 input setup time 200 ns
tsu(PsD—E) Port P5 input setup time 200 ns
tsu(pep—e) | Port P6 input setup time ) 200 ns
tsu(pro—e) | Port P7 input setup time 200 ns
tsu(psp—e) | Port P8 input setup time 200 ns
th(e—rop) Port PO input hold time 0 ns
th(e—p1D) Port P1 input hold time 0 ns
th(e—p2D) Port P2 input hold time 0 ns
th(e—P3p) Port P3 input hold time 0 ns
th(e—PaD) Port P4 input hold time 0 ns
th(e—PsD) Port P5 input hold time 0 ns
th(e—peD) Port P6 input hold time 0 ns
th(e—pP7D) Port P7 input hold time 0 ns
th(e—raD) Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode
Symbol Parameter Test conditions Limits Unit
Min Typ Max
tsu(pip—e) | Port P1input setup time 60 ns
tsu(peo—e) | Port P2 input setup time 60 ns
tsu(roy—g¢1)| RDY input setup time 70 ns
th(e—P1D) Port P1 jnput hold time 0 ns
th(e—p2p) Port P2 input hold time R 0 ns
th(s 1—RDY) RDY input hold time 0 ns
3—06 MITSUBISHI
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Timer A input (Count input in event counter mode)

™. Limits
Symbol Parameter Test conditions - Unit
Min. Typ Max
to(ta) TAy input cycle time 250 ns
tw(TaH) TAin jnput high-level pulse width 125 ns
tw(TAL) TAii Input low-level pulse width 125 ns
Timer A input (Gating input in timer mode)
Limits
Symbol - Parameter Test conditions - Unit
Min Typ. Max.
to(ta) TAii input cycle time 1000 ns
tw(TaH) TAin input high-level pulse width 500 ns
tw(TAL) TAiiy Input low-level pulse width 500 ns
Timer A input (External trigger input in one-shot pulse mode)
Limits
Symbol ’ Parameter Test conditions - Unit
Min. Typ Max
te(ra) TAuy input cycle time 500 ns
tw(TaH) TAii input high-level pulse width 250 ns
tw(TaL) TAiiy Input low-level pulse width 250 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
twiTar) TAiw Input high-level pulse width 250 ns
tw(TaL) TAinN input low-level pulse width 250 ns
Timer A Input (Up-down input in event counter mode)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tc(up) TAioyy input cycle time 5000 ns
tw(uPH) TAioyr input high-level pulse width 2500 ns
tw(upL) TAiour input low-level pulse width 2500 ns
tsucup—tyy) | TAiour input setup time 1000 ns
th(ty—upP) TAioyy input hold time 1000 ns
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SWITCHING CHARACTERISTICS (Vcc=5V+5%, Vss=0V, Ta=25C, f(Xiy)=8MHz, unless otherwise noted)
Single-chip mode

Symbol Parameter Test conditions Limits Unit
Min Typ Max.
td(e—roq) Port PO data output delay time 200 ns
td(e—P1Q) Port P1 data output delay time 200 ns
td(e—p2q) Port P2 data output delay time 200 ns
td(e—p3q) Port P3 data output delay time 200 ns
td(e—praq) Port P4 data output delay time Figure 2 200 ns
td(e—psa) Port P5 data output delay time 200 ns
td(e—peq) Port P6 data output delay time 200 ns
td(e—p7q) .| Port P7 data output delay time 200 ns
td(e—PaQ) Port P8 data output delay time 200 ns
Memory expansion mode and microprocessor mode (when wai bit= 1)
Symbol Parameter Test conditions Limits Unit
Min. Typ Max.
td(Poa—E) Port PO address output delay time 100 ns
td(e—pP1Q) Port P1 data output delay time (BYTE="L") 120 ns
texz(e—p1z) | Port P1 floating start delay time (BYTE=“L") 5 ns
td(p1a—E) Port P1 address output delay time 100 ns
td(e—P2qQ) Port P2 data output delay time 120 ns
texz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—E) Port P2 address output delay time 100 ns
td(ALE—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 100 ns
td(ene—e) | BHE output delay time 100 ns
= - Figure 2
td(r/w—E) R/W output delay time 100 ns
td(e—s1) ¢1 output delay time 0 30 ns
th(e—roa) Port PO address hold time 50 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—piq) | Port P1 data hold time (BYTE="L") . 50 ns
tezx(E—p1z) | Port P1 floating release delay time (BYTE="L") 50 ns
th(e—P1a) Port P1 address hold time (BYTE=“H") 50 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—p2q) Port P2 data hold time 50 ns
tezx(e—p2z) | Port P2 floating release delay time 50 ns
th(e—sne) | BHE hold time - 20 ns
th(e_rw) | R/W hold time 20 ns
tw(er) E pulse width 220 ns
/
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M37705E2AXXXSP )
ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25T, f(X;y)=16MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions - Unit
| Min. Typ. Max
High-level output voltage POy~ P07, P1o~P17, P2o~P2;,
P3y, P3y, P4g~P4,, P47, P50~ P5g,
low=—10mA
Vou PGo, P62, Py, P65, PBs, PTo~PT7, | % 3 v
P8¢, P87
High-I | output volt ~P0;, P1g~P17, P2y~P2;,
Vo oh-level output voltage Ply~P0r, Pla~P17. P~P2r. | | oy=—400uA 4.7 v
: P30, P34 )
v High-level output voltage P3 low=—10mA 3.1 v
-level output volta
oH 9 put vollage P lon=—4004A 4.8
V. High-level output voltage E low=—10mA 3.4 v
-level output voltage
oH 9 putvoliag . lon=—400A 4.8
Low-level output voltage P0Oo~P0;, P1o~P17, P2o~P27,
P3g, P31, P4y~P4,, P4;, P5g,
=10mA
Vou P6a, P6z, P6s, PBs, P, PTo~PT77, | O 1" S
P8g, P8;
Voo Low-level output voltage P5o~P55 lo.=20mA 2
Low-level output voltage P0y~P07, P1o~P17, P2o~P2;, _
VoL P3g, P3, lo.=2mA 0.45
V. Low-level output voltage P3, lo.=10mA 1.9 v
ow-level output voltage
VoL pul volage P lou=2mA 0.43
— lor=10mA 1.6
V Low-level output voltage E \"
oL P! 9 loL=2mA 0.4
Hysteresis HOLD, RDY, TAO~TA2y, TBOw, TB1yy, '
VeV INT,, INT,, ADrna 0.4 !
Vr4+—Vr— | Hysteresis RESET 0.2 0.5 v
Vr4+—Vy— | Hysteresis Xy 0.1 0.3 v
High-level input current POy~ P07, P1o~P17, P2o~P27,
P3p~P3;, P4o~P4,, P4;,
I V=5V
" P5q~PSg, Py, PBy, P6s, P65, PBs, | o e
P7o~P7;, P8, P87,
Xn, RESET, CNVss, BYTE
Low-level input current POy~P0;, P1o~P1;, P2o~P2;,
P3g~P3y, P4g~P4y, P4;,
I V=0V — A
" P5~PSs, P6o, PBy, Pg, P65, PBs, | °l
P7¢~P7;, P8, P87,
Xin, RESET, CNVss, BYTE
VRram RAM hold voltage When clock is stopped. 2 v
s —lomie,
. ' f(Xin)=16MHz 12 24 mA
In single-chip mode | square waveform
lcc Power supply current output only pin is Ta=25C when clock o
open and other pins | s stopped.
are Vss during reset. | 1,=70C when clock 10 “A
is stopped
A-D CONVERTER CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25T, f(X;n)=16MHz, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
| Min. Typ Max.
— Resolution Vrer=Vce 8 Bits
— Absolute accuracy Vrer=Vcec +3 LsSB
Riapper | Ladder resistance Veer=Vcc 2 10 kQ
tconv Conversion time 14.25 us
VRer Reference voltage 2 Vece \"
Via -| Analog input voltage 0 Vger \"J
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Timer A input (Count input in event counter mode)

Limits
Symbol Parameter Test conditions Unit
Min Typ. Max
to(ta) TAij input cycle time 125 ns
tw(TaH) TAiy input high-level puise width 62 ns
tw(TAL) TAin input low-level pulse width 62 . ns
Timer A input (Gating input in timer mode)
. Limits ’
Symbol Parameter Test conditions Unit
Min. Typ Max
tc(ta) TAuy input cycle ime 500 ns
tw(TaH) TAi input high-level pulse width 250 ns
tw(TaL) TAiiy input low-level pulse width 250 ns
Timer A input (External trigger input in one-shot pulse mode)
| Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tcira) TAin input cycle time 250 ns
tw(TaH) TAin input high-level pulse width 125 ns
tw(TaL) TAin input low-level pulse width 125 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
tw(TaH) TAi input high-level pulse width 125 ns
tw(TAL) TAi input low-level pulse width 125 ns
Timer A input (Up-down input in event counter mode)
Limits
Symbol Parameter Test conditions Unit
- Min. Typ. Max.
te(up) TAioyr input cycle time 2500 ns
tw(upH) TAigyr input high-level pulse width 1250 ns
twupL) TAiour input low-level pulse width ) 1250 ns
tsu(up—1y) | TAlour Input setup time 500 ns
thery—up) | TAiour input hold time ) 500 ns
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SWITCHING CHARACTERISTICS (Vec=5V+5%, Vss=0V, Ta=25C, f(X,y)=16MHz, unless otherwise noted)
Single-chip mode

Symbol Parameter Test conditions Limits Unit
Min. Typ Max
. td(e—PoQ) Port PO data output delay time . 100 ns
td(e—P1q) Port P1 data output delay time 100 ns
td(e—p2q) Port P2 data output delay time 100 ns
td(e—P3Q) Port P3 data output delay time 100 ns
td(e—pPaq) Port P4 data output delay time Figure 2 100 ns
td(e—PsQ) Port P5 data output delay time 100 ns
td(e—prsQ) Port P6 data output delay time 100 ns
td(e—p7Q) Port P7 data output delay time 100 ns
td(e—psq) Port P8 data output delay time 100 ns
Memory expansion mode and microprocessor mode (when wait bit = “1")
Limits
Symbol Parameter Test conditions Unit
Min. Typ Max

td(Poa—E) Port PO address output delay time 30 ns
td(e—p1Q) Port P1 data output delay time (BYTE="L") 80 ns
texz(e—p12) | Port P1 floating start delay time (BYTE="L") 5 ns
td(P1A—E) Port P1 address output delay time 30 . ns
td(e—r2q) Port P2 data output delay time 80 ns
tpxz(e—p2z) | Port P2 floating start delay time 5 ns
td(p2a—e) Port P2 address output delay time 30 ns
td(aLe—E) ALE output delay time 4 ns
tw(aLE) ALE pulse width 40 ns
td(sHE—E) EﬁE output delay time Figure 2 30 ns
td(r/w—E) R/W output delay time 30 ns
td(e—¢1) ¢4 output delay time 0 20 ns
th(e—roa) Port PO address hold time 25 ns
th(aLe—p1a) | Port P1 address hold time (BYTE="L") 9 ns
th(e—pr1Q) Port P1 data hold time (BYTE="L") 25 ns
tpzx(e—p1z) | Port P1 floating release delay time (BYTE="L") 25 ‘ ns
th(e—P1a) Port P1 address hold time (BYTE="H") 25 ns
th(aLe—p2a) | Port P2 address hold time 9 ns
th(e—pP2q) Port P2 data hold time 25 ns
tezx(e—p2z) | Port P2 floating release delay time 25 ns
th(e—sue) | BHE hold time 20 ns
the—r/w) | R/W hold time 20 ns
twier) E pulse width 95 ns
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to(ra)
twiran)
TAin input / * - »r \
W(TAL)
| ]
teiue)
twiupn)
TAioyr input / \ \
twiupL)
>

TAioyur Input
(Up-down input)

N

>

7

In Event counter mode

TAiy input

(When count by falling) "‘hrT.N -uP) tsu(u,,_Tm,\

(When count by rising)

TAuy input —-——_\ r

Tecre)

tw(ran)

/
TBin input . /

B

tw(tsL)

tc(an)

twiaoL)
ADqgg input \ / \

s

teicw)

twickm)

CLKi / \L f

twickL)

thic—a)

TxDi

A X

RxDi

td(c—a) _tsuo—c) thee-o) |

twanw)
- —
INTi input
) twink)
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Memory expansion mode and microprocessor mode(When wait bit = “0”, and external memory area is accessed)

tc

SRV AVAVAVAVAVAVAVAVAVAVAVAVAY AVAVAVAVAVAVAVAY

A AV AWAWat/ aWal/aWallaWaliaWall

td(e—g1) — —= tde—¢1)
_ tw(er) ————————
§ (R __
td(poa—e)
th(e—{poa) dipon—e
Port PO output
(Ag~A7) . X Address Address
th(aLe—P14) ._.l the—p10) texz(e—p12) tezx(e—P12)
. Port P1 output } Y
(Ag~A, 5/%B~D‘ s) hddress Data . Address | MW — — — — — - Address
(BYTE="L") 1 td(e—p1a)
tdpra—e)
thee—pha)
Port P1 output
(Ag~A5) x Address L Address X
(BYTE="H")
tsuprio—e) thie—piD)
Port P1 input
th(aLe—P2A) _,_,l th(e—r2a) texz(e—p2z) tozx(e—p2z)
PTXZ&?{':S'SOND,) x Address X Data Address | B ————— J - Address
’ t — |
td(e—p2q] ‘—4 d(P2a—E) tsu(p2o—g) { thie—pzon
Port P2 input . / *
twaLe)
le— td(aLe-e)
Port P3, output Y \
(ALE) /

td(eHe—E) -| th(e-eHe)
Port P3, output )( . X
(BHE)
td(rR/w—g) -—lth(e—n/wJ
Port P3, output \
(R/W) - I{
tsu(rov—¢1)
th(¢1—roY)
Port P4, input
(RDY)

Test conditions

*Vee=5V+5%

* Output timing voltage : Vo =0. 8V, Vo, =2.0V
* Port P1, P2 input “Vii=0.8V, v\y=2,5v

* Port P4, input SVie=1.0V, Vig=4. 0v
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

1d uod
inding/anduj

0d Hod
indingandy;

2d vod

ndinQ/indu)

€d wod
nding/ndu;  Indino/andu)
—

Ui 11l

vd wod

9d uod
ndino/ndug

Sd uwod
indino/induj

/d yod
indino/ndug

NV uod Bojeuy
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MITSUBISHI MICROCOMPUTERS

M37796E4-XXXJ,M37796E4TXXXJ

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (1)

Input/

Pin Name Output Functions
Vee, Power supply Supply 5V £10% to Vce, Voo and OV to Vss.
Vob,
Vss
RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition should be main-
tained for the required time.
Xin Clock input Input These are 1/0 pins of internal clock generating circuit. Connect a ceramic or.
quartz crystal resonator between X,y and Xoyt. When an external clock is used,
XouTt Clock output Output | the clock source should be connected to the Xy pin and the Xour pin should be
left open.
NUA NUA input Input These pins change processor mode Connect both pins to Vgg in single-chip
mode.
NUB NUB input Input
E Enable output Output | Data or instruction read and data write are performed when output from this pin
is “L”.
BYTE Bus width input This pin determines whether the external data bus is 8-bit width. or 16-bit width.
selection input The width is 16-bit width when “L” signal inputs and 8-bit when “H” signal
inputs.
NMI Non-maskable Input This is the non-maskable interrupt input pin. Connect with GND as this pin is not
interrupt input pin usually used
INT Interrupt input Input This pin is interrupt input pin which can use edge or level.
AVcc A-D power supply Power supply for the A-D converter.
AVss
VRser Reference Input This is reference voltage input pin for A-D converter.
voltage input
P0,~PO; 170 port PO 170 In single-chip mode, port PO is 8-bit CMOS input/output port
Each pin can be programmed for input or output pin by the direction register.
Do/Ao~D7/A; Data (low-order) 170 In the other mode except for single chip-mode, Multiplex signal consisting of
(POo~PO;), / Address bus low-order 8-bit of data bus and address bus is input/output.
(low-order)
P1o~P1, 1/0 port P1 170 In single-chip mode, port P1 is 8-bit CMOS input/output same as port PO.
Dg/Ag~D;s5/Ass | Data (high-order) 170 In the other mode except for single chip-mode, Multiplex signal consisting of
(P1o~P1;) /Address bus high-order 8-bit of data bus and middle-order 8-bit address bus is input/output.
(middle-order)
P2o~P2; 170 port P2 170 In single-chip mode, port P2 is 8-bit CMOS input/output same as port PO.
A16~Az3 Address bus Output | In memory expansion mode and microprocessor mode, 8-bit high-order address
(P2,~P2;) (high-order) are output.
WEMPO(P2,) Emulation strobe Output | In port emulation mode, these pins are strobe signal output pins which indicates
REMPO(P2,) signal writing or reading to port PO~P3 with “H” level
WEMP1(P2,)
REMP1(P2;)
WEMP2(P2,)
REMP2(P2s)
WEMP3(P2)
REMP3(P2;)
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M37796E4-XXXJ,M37796E4TXXXIJ

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (PROM MODE)

" Pin Name Input/Output| Functions
Vee, Voo, Power supply Supply 5V+5% to Veg, Vpp and 0V to Vsg.
Vss
INT Vpp input Input Connect to Vpp when programming or verifing
BYTE Vee input input Connect to Vpr when programming or verifing.
RESET Reset input Input | Connect to Vss.
Xin Clock input Input Connect a ceramic resonator between Xy and Xouyr.
Xout Clock output Output
E Enable output Output | Keep open.
AVcc, A-; power supply Input Connect AV¢c to Ve, and AVgs to Vss.
AVgs
VRer Reference voltage input Input Connect to Vss
POy~P0; Data I/0 (Dg~Dy) 170 Port PO functions as the 8 bits data bus (Do~Dy)
P1o~P1; Address input (Ag~Aq4) Input, | Port P19~P1¢ functions as the higher 7 bits address input (Ag~A44). Connect P17 to Ve,
P2o~P2; Address input (Ag~A7) 'Inpu( Port P2 functions as the lower 8 bjts address input (Ag~A7).
P3p~P3; Input port P3 Input Connect to Vss.
P4y~P4; Input port P4 Input Connect P4; and P45 to Ve, ;nd P4y~P4,, P44 and P4 to Vss Keep P4; open.
P5,~P5; | Control signal input “lnput | P5, and P5; function as OE and CE input pin
Connect P5q, P53, P54, P55 and P5; to Vcc. Connect P5g to Vss.
P6¢~P6; Input port P6 Input Connect to Vss.
P7o~P7; Input port P7 Input Connect to Vgs.
ANo~AN; Input port P8 Input Connect to Vsgs.
NMI Input Connect to Vss.
NUA, Input Connect to Vsgs.
NUB
3-116 )‘MITSUBISHI
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M37796E4-XXXJ,M37796E4TXXXJ

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Address (Hexadecimal notation) Address (Hexadecimal notation)
000000 000040 Timer A1 counter
000001 000041
gggggg gggg:g Timer A1 reload register
000004 000044 Timer A2 counter
000005 000045
gg%gg gggg:s Timer A2 reload register
000008 Port PO data register 000048 Timer A3 counter
000009 . | Port P1 data register 000049
00000A Port P2 data register 00004A Timer A3 reload register
00000B Port P3 data register 000048
00000C Port P4 data register 00004C
00000D Port P5 data register 00004D
00000E Port P6 data register . 00004E
00000F Port P7 data register 00004F
000010 Port PO direction register 000050 Timer A4 counter
000011 Port P1 direction register 000051
000012 Port P2 direction register 000052 Timer A4 reload register
000013 Port P3 direction register 000053
000014 Port P4 direction register 000054 Timer A5 counter
000015 Port P5 direction register 000055
000016 Port P6 direction register 000056 Timer AS reload register
000017 Port P7 direction register 000057
000018 000058 Timer A6 counter
000019 000059
ggg:g %gg:g Timer A6 reload register
00001C Port P4 operation mode register 00005C
00001D Port P5 operation mode register 00005D
00001E Port P6 operation mode register 00005E
00001F Port P7 operation mode register 00005F
000020 A-D control register 000060 TG1 prescaler
000021 000061 TG2 prescaler
000022 ) 000062 Timer A control register-enable

A-D succesive approximation register

000023 000063 Timer A protect register
000024 000064 Timer A control register-CW
000025 000065 Timer A control register-P/N
000026 ' 000066 Timer A interrupt mask register
000027 000067 Timer A interrupt status register
000028 000068 Timer A1 PISO register
000029 000069 Timer A2 PISO register
00002A 00006A Timer A3 PISO register
00002B 000068 Timer A4 PISO register
00002C 00006C Timer A5 PISO register
00002D 00006D Timer A6 __PISO register
00002E 00006E
00002F 00006F
000030 UARTO transmit/receive mode register 000070 Timer D counter
000031 UARTO baud rate register 000071
gggggg UARTO transmission buffer regist gggg;i Timer D reload register
000034 UARTO ion/receive control register 0 000074 Timer D operation control register
000035 UARTO t ission/receive control register 1 000075
ggggg: UARTO receive buffer register %gg;‘;’
000038 UART1 transmit/receive mode register 000078
000039 UART1 baud rate register 000079
gggggg UART1 transmission buffer register %gg;g
00003C UART1 t ission/receive control re gister 0 ' 00007C
00003D UART1 ission/receive control register 1 00007D
ggggg:i UART1 receive buffer register gggg;'E:

Fig. 2 Location of peripheral devices control registers (1)
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“ 'M37796E4-XXXJ,M37796E4TXXXIJ

: : SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37796E4-XXXJ TIMER SYSTEM BLOCK DIAGRAM "

] > TG
“ ¢ — 8-bit prescaler \0—[ TA1 16-bit reload timer |—-d PISO ,! TAlour

oo—{ TA2 16-bit reload timer I-—[:| PISO ,E TA20ur
oo— TA3 16-bit reload timer l—d PISO .! TA3oyr

o] TAZ 16 reload timer PIS TAdour

- ! > TG2
¢ —{ 8-bit prescaler }t TA5 16-bit reload timer I—Tj PISO } TASour

TA6 16-bit reload timer PISO TABour

[
TBin [Edge Jo “o—[ B-bi prescaler P»—F\:ﬂ TB1_16-bit reload timer }— TBloyr
T dge [Edge }
Bra 9 | ==cJ 2 o—{(T62_To-bil eload imer H- TB2our
Lf\"—' TB3__16-bit reload timer J- B3
L5 TB4 16-bit reload timer }
) \0—11 ] TB4
TCl,y Edge —1
o1 Fage '-—{r‘ﬂ:l 8-bit prescaler |——— TC1_16-bit timer }———= TClow
sTB TC1
TC2i Edge 3 o
TC2ere Taae] »—g—-—cs-l 8-bit prescaler }—— TC2 16-bit imer ——n Igz:vr
2 TB

t—— Clock divider }———  TD 16-bit reload timer }————= T

b [ Ciock divider ] PwM1 (8-bit comnterx 2) __} :@PWM‘

———{_Clock divider j——— PWM2 (8-bit counterX 2) s Pwmz2
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3—120 ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37796E4-XXXJ,M37796E4TXXXJ

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SAFETY INSTRUCTIONS

The programmable M37796E4J and M37796E4TJ that are
shipped in blank are also provided. For the M37796E4J and
M37796E4TJ, Mitsubishi Electric corp. does not perform
PROM write test and screening in the assembly process
and following processes. To improve reliability after write,
performing write and test according to the flow below be-
fore use is recommended.

Writing with PROM writer

U

Screening

(Leave at 150°C for 40 hours)

0

Verify test with PROM writer

I A

| Function check in target device |

ADDRESSING MODES

The M37796E4-XXXJ has 28 powerful addressing modes.
Refer to the Series MELPS 7700 addressing mode descrip-
tion for the details of each addressing mode.

MACHINE INSTRUCTION LIST

The M37796E4-XXXJ has 103 machine instructions. Refer
to the Series MELPS 7700 machine instruction list for de-
tails.

DATA REQUIRED FOR PROM ORDERING

Please send the following data for writing to PROM.

(1) M37796E4-XXXJ writing to PROM order confirmation
form

(2) Mark specification form for 84P0

(3) ROM data (EPROM 3 sets)
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

M37796E4-XXXJ ;
ELECTRICAL CHARACTERISTICS (Voc=Voo=5V+10%, Vss=0V, Ta=—20~75C, f(X;y)=8MHz, unless otherwise noted)
! Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
Vou High-level output voltage low=—2mA Vee—1 \"
VoL Low-level output voltage lor=2mA 0. 45 \4
hn High-level input current Vi=Vc¢c -5 5 ~A
he Low-level input current V=0V —5 5 A
Voo RAM hold voltage 2.5 5.5 v
Ta=25C, when clock is stopped 1
RAM hold t A
loo curren Ta=757C, when clock is stopped 7.5 “
#(Xin)=8MHz, square waveform 15(Note 2)] 30 mA
lec Power supply current (Note 1) Ta=25C, when clock is stopped . 1 A
Ta=75"C when clock is stopped 15 “
_ Hysteresis TBjn, TBrra, TC1iv, TC2)y, _
Vre—Vr- TC1ste, TC2srs, RESET (Note3) Vee=5V 0-8 v
Hysteresis HOLD, CLKO, CLK1, CTS0/RTSO, _
Vr+—Vr- CTS1/RTS1, INT, NMI (Note 4) Vee=5V 0.2 v
Note 1. When reset with output pins open and connecting input pins to Vss
2. Vge=bV, Tag=25C
3. Double function except for RESET pin
4. Double function except for INT and NMI pins
A-D CONVERTER CHARACTERISTICS (AVoc=Vaer=5.12V, Ta=25C, {(X\\)=8MHz)
Symbol P: ter Limits Unit
rai
m aramete Min. Typ Max.
—_ Resolution 10 Bits
- Absolute accuracy +3 LSB
— Offset error +2 LSB
- Full-scale error (Note 1) +2 LSB
tconv Conversion time 40.5 us
han Analog input leak current (Note 2) —200 200 nA
Note 1. The difference from ideal 10-bit A-D converter characteristics when offset error is not corrected. ’
2. Input leak current of ANg~AN; with A-D converter halted. Input voltage is 0<V,<AVqc.
TIMING REQUIREMENTS (Vco=Voo=5V£10%, Ta=—20~75C, f(Xy)=8MHz)
Limits
Symbol Parameter - Unit
Min. Typ. Max.
tc Cycle time 125 ns
tsu(p—E) Data input setup time 80 ns
th(e—b) Data input hold time 0 ns

MITSUBISHI
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M37796E4-XXXJ,M37796E4TXXXJ

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

HOLD characteristics (Voco=5V£10%, Ta=—20~75C, {(X\y) =8MHz)

Limits
Symbol Parameter Unit
Min. Typ. Max
tsu(HoLp—¢ )| HOLD input setup time 100 ns
th(s —HowLp) | HOLD input hold time 30 ns
td(s —HLDA) | HLDA output delay time 80 ns
our SN S S
tsuHoLo—¢)
|
th(¢—HoLD)
HOLD /,_ T -
td(s—HLDA)
—>
HLDA
Port characteristics (Vco=5v+10%, Ta=—20~75C, f(X,)=8MHz)
imit:
Symbol Parameter Limits Unit
Min. Typ. Max.
tsu(p—e) Port input setup time 200 ns
the—p) Port input hold time 20 ns
td(e—p) Port data output delay time 200 ns
. —/___\_—/ ,__1—_
tde-p)
Port output
tsute—e) | the—p)
Port input *
MITSUBISHI
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M37796E4-XXXJ,M37796E4TXXXIJ

R : ‘ .SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer B characteristics (Voc=5V+10%, Ta=—20~75C, f(Xnn)=8MHz) . o
Symbol Parameter Limits Unit
Min. Typ Max
tsu(rey—# | TBin input setup time 200 ns
th(s —tey) | TBiN Input hold ime 0 ns
tsu(tegrg—#) | TBsts input setup time . 200 ns
th(# —TBgr) | TBsts Input hold time 0 ns
PISO wniting 200
td(¢ —TBoyr) | TBour output delay time Shifting 200 ns
Plural triggering (Note 1) 200

Note 1. Shift by TB2 underflow with plural trigger.

¢ ouT

TN

tsu(ren—4) | th(e—TB)

TBn

tsu(terra—#)  |th(s—TBrRa)

: \ ’

td(s —1B0uT)
— 3=y

TBour
(PISO writing)

td(s —TBouT)

TBouyr
(Shifting)

td(s—TBouT)

TBour
(Plural tnggering)

3128 " MITSUBISHI
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o M37796E4-XXXJ,M37796E4TXXXJ

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UART characteristics (Vec=5v+10%, Ta=—20~75C, f(Xy)=8MHz)

. Limits
Symbol Parameter Unit
Min. Typ Max
tecr) CLK input cycle time 500 ns
tw(ckH) CLK input high-level pulse width 250 ns
tw(ckL) CLK input low-level pulse width 250 ns
toex)
tw(ickn)
o A N )/—\_
tw(ckL)
INT characteristics (Voo=5v£10%, Ta=—20~75T, f(Xn)=8MHz)
Symbol Parameter Limits Unit
Min Typ Max.
twONTH) INT input high-level pulse width 250 ns
tw(INTL) INT input low-level pulse width 250 ns
twanTH)
INT ' F :
twonT)
3—130 MITSUBISHI
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' ‘ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTEBISTICS (Veo=Voo=5V+10%, Ta=—40~85C, f(Xin)=8MHz)

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

tw(aLE) ALE pulse width 80 ns
to(ALE—E) E end time after ALE 300 ns
tdae—e) | E start time after ALE 0 | ns
twe) E pulse width 180 ns
}_'gzv( e—pz) | Floating release delay time 60 ns
td(a—e) Address output delay time 100 ns
tpvz(e—pz) | Floating start delay time 40 ns
td(e—pb) Data output delay time 100 ns
tv(ALE—A) Address valid time after ALE 10 ns
tv(e—D) Data valid time after E 10 ns
ty(e—a) Address valid time after E 10 ns
td(cont—e) | Control signal delay time 100 . ns
tv(e—conT) | Control signal valid time 10 ns

Note. Limits have guaranties under load capacity of the test pin=100pF including test tool's capacity. If capacities of pins are much different from each
other, limits may not be followed. So pay attention to the design of the board.

Test pin '

100pF
M37796E4TXXXJ

i

Test conditions for switching characteristics

Vo valid level 0.2Vcc
Von valid level 0.8Vcec

Fig. 5 Testing circuit

MITSUBISHI
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer A characteristics (Vcc=5V%10%, Ta=—40~857C, f(Xin)=8MHz)

Limits
Symbol Parameter Min Ty Mo Unit
. in. Yp.
tdce TAour output delay time PISO writing 200 ns
d(¢ —TAour) oyt outp y Shitting o0
four ﬂ/%\ﬂ
E \ Y
td(s —vaour)
—>
TAOUT
(PISO writing)
td(¢ —TAour
—
TAour
(Shifting)
MITSUBISHI
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- M37796E4-XXXJ,M37796E4TXXXJ

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer C characteristics (Vcc=5v£10%, Ta=—20~75C, f(Xin)=8MHz)

Limits
Symbol Parameter v Tve Mo Unit

tsu(rcp—# | TCi Input setup time 200 ns
th(s —1cyy | TCin Input hold time 0 ns
tsu(tcgp—¢)| TCste input setup time ’ 200 ns
th(g —Tcgrg) | TCsta input hold time 0 ns

dour _/_\__/_—\M

tsucron—e) | this—Tep)
TCin
tsu(regre—¢) | th(s—Tcgrs)
TCSTB
PWM characteristics (Vec=5V+10%, Ta=—20~75T, {(Xy)=8MHz)
Limi
Symbol Parameter v Tm s v Unit
n. yp. ax .

td(s—pwmgyr) | PWMour output delay time 200 ns

¢OUT

td(g—PwMoyr)
PW'\AOUT
3—136 'MITSUBISHI
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM

10X _ S\
twiae) te(aLe—e)
ALE \
tdcaLe—e) twee)
= 4
E \k /
tpzve—oz) | lda-o . tsuo-e th(s|—n>
f
D/A (PO, P1) Address Input data
(Reading) tpvz(e~p2)
! tde-o) o)
tvALe~a) , V(E—D
D/A (PO, P1) Address N Output data )
(Writing) /
ty(e—a)
—
AreAzs Address (high order)
(P2) 9
| td(cont—e) tvte—conm)
—>
BHE __
R/W >£ BHE(R/W)
\
MITSUBISHI
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MITSUBISHI LSIs

M6M72561),-1

VERSATILE ROM

BLOCK DIAGRAM

<
ADDRESS LATCH — ] (3) Pao
INPUT  ALE (21 ] (3) PA,
ENABLE INPUT  E (2 < () PA, INPUT
READ WRITE INPUT R/W (23 = (6) PA3 PORT A
R o«
CHIP ENABLE INPUT  OE (22 e () PA, 38$:5TS§
PROGRAM INPUT  PRG (34 (D) Pas As~Ays
BYTE INPUT BYTE (55 £ (3) Pas
BYTE HIGH ENABLE FpE 3 OTPROM r" L
\ABLE BHE (% 2 256K <,':'> L] @) Pa; )
EXTERNAL ROM SIGNAL EXT (57 ©
RESET INPUT RESET (58 3 !
o — N
( Ao (10 % 3 B (1) PBo
Ar(n o @ PB;
Az (12 e SRAM (67) PB,
As (13 g ok K= | Me (60) PB ouTPUT
ADDRESS | 2 16K = 3 s
INPUTS Aq (14 Ja) g (5) PB, PORT B
5 —
As (15 w ;) (69) PBs
As (16 (63) PBg
A P
\ ({7 = — @ B A/
ADg (33 X
ADg (34 o
AD1o (33 = - - COUNTER r
-/
AD11 (36 39
AD = COUNTER 0 ]
BIDIRECTIONAL 12 37 S @ ©
ADDRESS/DATAY  AD13 (38 oF = 1/0 PORT C
<] COUNTER 1 S
AD14 (39 q e
3 (=)
AD15 (40
Do/AD16 (25 L F—
| D1/AD @8 J(}:;> o | [
( D, (27 w COUNTER
D3 (28 w — CONTROL
04 (29 2 - CIRCUIT !
DATA < 05 (33 gl M INPUT PORT D
o —
Ds (31 ¢ oy ,_ 49) GSy/PDy CHIP SELECT .0
. @ He o KRG G57/P0, cHiP seLecT 1
- L 51) RD/PD, READ SIGNAL
<::| § \(59) C|n/PD3 COUNTER INPUT
! 1 ~>(60) Coyt/PD4 COUNTER
OUTPUT
61) CLK/PDs (o
Vpp  Vss Vob Vss Vge
POWER SUPPLY  (OV)  (5Vv) (0V) (2.5~5V)
FOR OTPROM
WRITE (125V)
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VERSATILE ROM

00000

UNUSED

04000

FF

SRAM (2K BYTE)

oo
PN
oo~

00

0480E

SPECIAL FUNCTION

UNUSED

08000

ROM (32K BYTE)

2FFFF

I
|
I
I
I
I
I
]
|
I
|
I
|
]
|
|
I
FFFF} o o
0000:
|
!
]
|
|
]
I
1
I
i
1
|
|
]
I
|
i

EXTERNAL MEMORY

(64K BYTE)

EXTERNAL MEMORY

(64K BYTE)

e e e e el

04802

04804

04806

04808

0480A

0480C

PORT A

PORT B

PORT C DIRECTION REGISTER

PORT C

PRESCALER OVERFLOW

COUNTER OVERFLOW

COUNTER MODE REGISTER

PORT D

~ EXTERNAL MEMORY EXPANSION PIN (CSg)

5 EXTERNAL MEMORY EXPANSION PIN (CS;)

Fig. 1 M6M72561J, J-1 Address area
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M6M72561),-1

VERSATILE ROM

/

OTP ROM Mode Table

(x 15 irrelevant )

Pinname |ALE| E |R/W| CE | PRG|BYTE|BHE |EXT|RESET| Vpp | Vep | Veoe Data /0
Mode (21) | (22) | (23) | (24) | (58) | (55) | (56) | (57) | (58) | (19) | (20) | (53) | Dg/A1s,D1/Aq7| D2~D7 | ADg~AD1s
3 ViH X : Address input Address input
3 d,
;? 8-bit mode pulse Vi | ViH | Vi | ViL | VIn Note 1 ViL X 5V 5V 5V Data output Output Data floating
@©
£
5 | 16-bit mode Vin Address input Address input
o
Z | Note2 pulse Vie | Vin | Vie | Vie | Vie | Vi | Vi x 5V sv 5v Data output Output Data output
Output disable Vie | Vin ViL | ViL X X Vi | X 5V 5V 5V Data floating Floating Data floating
Power down mode X X x ViH x X x X Vi | 5V 5V | 5V Floating Floating Floating
Read ViIH | ViL { Vin | Vi | ViIH | VIH X ViL X 5V 5V | 5V Output Output Address input
8
g Outputdisable | Vig | Vig | Vim | Vi | Vid | Vin X ViL X 5V 5V 5V Floating Floating Address input
g
g Power down X X Vin X X X X ViH | 5V 5V | 5V Floating Floating Address input
o«
Sl p Vi
£ rogram ViH | Vin | VI pulse ViH | ViIH X ViL X 6V [12.5V| 6V Data input Input Address input
=4
Program verify | Vi | Vi | Vie | Vin | ViH | VIH X ViL X 6V [12.5V| 6V Output Output Address input
External ROM'mod ViH v v v v x x v % sv | sv | sv Address input Floatin Address input
xterna mode | ee | VIL | ViH | ViL | ViL IH Data floating 08UNG | Data floating

Note 1 If BHE is fixed to V), Non-ALE is enabled, and 1f ALE s fixed to V), address inputs of Dg/A 6 and D; /A4 are not needed
2 A isfixed to Vi . :

3 If PRG s fixed to V4, ROM Only mode is enabled and address input is fixed to Non-ALE mode and address inputs of Ajs, Ag

SRAM Mode Table

and A, are not needed.

(x 1s irrelevant )

Pinname | ALE| E |R/W| CE |PRG|BYTE|BHE| Ag |EXT|RESET| Vpp | Vep | Veo Data |/0
Mode @) | 2 | 23 | 24) | (58) | (58) | (56) | (10) | (57) | (58) | (19) | (20) | (53) [ Dg/Ars.D1/A17]| D2~Dy | ADg~AD1s
ViH X |Address Address input Address input
8-bit mode (o]
- pulse Vie | Ve Vi | Vi | Vik Note 4| 'nput x x Sv A 5v Data output utput Data floating
©
Q
4
ViH Address input Address input
16-bit mode
pulse ViL Vi | Vie | Vi | ViL Vi | ViL x X 5V 5V 5V Data output Output Data output
Vik X |Address| Address input Address input
8-bit mode
pulse | ViL | ViL | ViL | Vi | Vin Note 4| input X XSV BV SV bataoutput Input Data floating
Do~Ds| Viy Address input Address input
\% Input
2 access | pulse i Vie | Vie | ViL | Vie | Vil | Vie X x Sv sV 5v Data input pu Data input
fes @
=13 Dg~Dys| v Addi Add
€ |Ds ~ Dys ] ress input ress iInput
= | access | pulse Vi | Vie | Vie | Vie | Vie X ViH X X 5V 5V 5V Data X X Data Input
©
- Do ~ Dis| vy Address input Address input
Input
access | pulse Vie | Vie | Vie | Vic | Vie | Vie | vie x x 5v 5v v Data input P Data input
P -
n?::;r down x| x |vie | x| x| x| x| x |wvin]sv|sv|sv]| Fiosting Floating | Floating

Note 4  If BHE is fixed to Vi, Non-ALE mode 1s enabled, and if ALE s fixed to V|4, address inputs of Dg/A ¢ and D, /A, are not needed
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M6M72561),-1

VERSATILE ROM

(3) Counter _
The input pulse from C;y pin is counted by an 8-bit up-
counter. The count value can be preset or output from
data pins Doy to D,.

Table 3 shows the table for counter mode.

Initial setting for counter use
Cin/PD3, Cout/PDs, CLK/PDs are common function
pins related to a counter. Port PD should be specified to

(Double count mode)
In this mode, both Cy counter and C; counter count the
input pulse from C;y pin. Co counter is preset by the
trigger input from PC,/TRIG pin and C; counter is preset
by the overflow output pulse of Co counter.

To enable the double count mode, PC,/TRIG pin
should be initialized as TRIG pin by specifying the address
04804,¢ and by writing “’L"’ to D4 pin.

enable counter pin for counter use. This can be specified by COUNTER
writing ‘‘H” to data pin D, after the address 0480E s is INPUT 8-8IT COUNTER|OVF
specified. Then clock pulse should be continuously input (Cin) —|(Co PRESCALER) COUNTER
from CLK pin. The counter operation is synchronized COUNT OUTPUT
with this clock pulse. L_PRESL. (Cout)
(Prescaler mode)
This mode is enabled by an 8-bit prescaler counter (Cq) to
count the input pulse from C)y pin and by an 8-bit counter o8 o OVF
- UNTER
(C,) to count the overflow output pulse. Each counter ﬁh‘;ﬁﬁ ©n
returns to the preset count value by the overflow output (CLK) SONT
pulse to count up again. PRESET
Table 4 Mode setting and counter preset -
9 p Fig. 2 Prescaler mode
Parameter Write address Write data
Mode setting
N
(counter mode and edge mode) 0480C16 See Table 3. COENIIS? &.8IT COUNTER OVF
©n (Co)
Co counter preset 04808 15 fny pc;gset \’/:a’I:ue ! 0 COUNTER
rom 00 to COUNT OUTPUT
PRESET (CouT)
Any preset value TRIG ouT
C, counter preset 0480A1¢ from 00 to FF
COUNT PRESET
OVF
CLOCK “-8-BIT COUNTER
INPUT (D))
(CLK)
Fig. 3 Double count mode
Table 3 Counter mode table
Counter mode register (0480C;¢) Mode name
Counter configuration
Dy Ds Ds Counter mode Edge mode
0 0 Count disable mode
0 1 Falling edge count mode See Fig 2.
0 Prescaler mode e Counter is preset by the OVF
1 0 Rising edge count mode output timing
1 1 Double edge count mode
0 0 Count disable mode
0 1 Falling edge count mode See Fig 3
1 Double count mode o Counter is preset by the external
1 0 Rising edge count mode trigger timing
1 1 Double edge count mode
4—10 MITSUBISHI
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VERSATILE ROM

ABSOLUTE MAXIMUM RATINGS .

Symbol Parameter Test conditions , Ratings Unit
Vit All input or output voltage except Vpp —0.6~7 A\
Viz2 Vpp supply voltage during programming With respect to GND —0.6—14.0 \
\ Output voltage —0.6~7 \
Topr Operating temperature —50~95 °C
Tstg Storage temperature —65~150 °C
CAPACITANCE
Limits
Symbol Parameter Test conditions Unit
‘ Min Typ Max
C Input capacitance (Note 5) 4 8 pF
- Ta=25°C, f=1MHz, V|=Vo=0V
Co Output capacitance (Note 6) 4 12 pF

Note 5 Ao~A,, ALE,E, RW, CE, PRG, BYTE, BHE, EXT, RESET, Cin/PD3, CLK/PDs
6 99_/A|s. Dy/Ay,. Dz_"_E>7. ADg~AD;s, PAg~PA,, PBo~PB,, PCo~PC,
CSo/PDy, CS, /PD,, RD/PD,, Coyt/PDs

4—12 MITSUBISHI
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M6M72561),-1

TIMING REQUIREMENTS (Ta=0~70"C*: Vpp=Vcc=Vpp=5V+£10%, unless otherwise noted)

VERSATILE ROM

Limits
Symbol Parameter Test conditions Unit
Min Typ Max

tsu(a-L) Address setup time before latch 30 ns
th(L-a) Address hold time after latch 20 ns
tw() Latch pulse width 70 ns
tww) Write low-level pulse width 0 ns
tsua-w) Address setup time before write 70 ns
tsu(p-w) Data setup time before write 60 ns
tw(e) Write low level pulse width 70 ns
tsu(a-g) Address setup time before write 60 ns
tsu(p-g) Data setup time before write 60 ns
thw-p) Data hold time after write 10 ns
th(e-p) Data hold time after write 10 ns
th(w-a) Address hold time after write 20 ns
th(e-a) Address hold time after write 20 ns
tow-L Latch pulse rise after write 20 ns
te(e-L Latch pulse rise after write 20 ns
te(L-w) Write pulse fall after latch 30 ns
te(-g) Write pulse fall after latch ' 30 ns
te(a-g) Write pulse fall after address input 0 ns
tdis(w) Output disable after write 60 ns
te(e-a) Address input after write 50 ns
te(oL-g) E rise after CLK rise at counter-preset 15 ns
tsu(pT-E) | Portsetup time before read 200 ns
theE-pPm) Port hold time after read 20 ns
te(oLk) Clock cycle time 250 ns
tw(CcLKH) CLK input high-level pulse width 125 ns
tw(cLkL) CLK input low-level pulse width 125 ns
tr CLK input rise time 20 ns
tf CLK input fall time 20 ns
tw (CINH) Counter event Input high-level pulse width 4Xtc(cLK) ns
tw(cinw Counter event input low-level pulse width 4 X1c(cLK)) ns
tw(TRGH) Trigger event input high-level pulse width 4X10(CLK) ns
tw(TRGL) Trigger event input low-level pulse width 14X to(oLK) ns

* Ta=—40~85C for M6M72561J-1
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VERSATILE ROM

AC WAVEFORMS
READ OPERATION

ta(g)

m|
>

ta(ce) tor
CE
K
ta (AD)
Ag~A7 ) X
toH
ADg~AD1s / RN
ADDRESS DATA VALID

Do~A1s,D1/A17 ) /

, N
Dy~Ds DATA VALID

\ g

7\ /
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VERSATILE ROM

TIMING DIAGRAM
1/0 PORT

td-pm)

mi

R/W

PORT
OuTPUT

PORT OUTPUT

Do/A1g, D1/A17

X‘
D

D2~Dy
tsu(e-p)
Tsu(w-b)
tdE-pm
: /
| tdw-PT)
R/W 5 /
va
PORT
OUTPUT kh PORT QUTPUT
td(PT-0)
_ ¥
: /
tsu(e-PT) thE-pPT)
e —>4
PORT s
P
INPUT -k ORT INPUT

tsu(PT-E)

Do/A1g, D1/A17
D2~Dy

DATA

Amnsuslsm
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VERSATILE ROM

AC WAVEFORMS

PROGRAM VARIFY
ViH \ . N
ADDRESSES Xk X
Vi
tas , tan
Vin/Von r N
- 3 DATA OUTPUT | N
DATA DATA SET VALID [
ViL/Vou =~ =
t toH
<23 le—] le—>{toFp
Vpp ;
Vi
P / |tves]
Vpp le—>1
Vpp+1 .
Voo / |tvos
Vob te—>{
VIH ——
CE \ / t te
ViL k 7 ES (€—2>
trpw
ViK'
E topw \ /
Vi

FAST PROGRAMMING ALGORITHM
FLOW CHART

(__ADDR=FIRST LOCATION )

Test conditions for A C. characteristics
Input voltage V=045V, V=24V
Input rise and fail times < 20ns
Reference voltage at time measurement Input 0 8V

START

and 2V Output 0 8V, and 2V

Vpp=6.0V

INCREMENT ADDR

Vpp=12.5V

DEVICE
FAILED

C

PROGRAM PULSE OF
3Xms DURATION

LAST ADDR?
YES
Vpp=Vpp=*5.0V

VERIFY FAIL DEVICE
ALL BYTE FAILED
PASS

| DEvice passeD | . %45V Vpp=Vpp=5.5V
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RASM77

MELPS 7700 RELOCATABLE MACRO ASSEMBLER

Table 1 Pseudo directives function list

Table 2 Macro instructions function list

Pseudo Macro
directives Functions Pseudo directives instructions Functions Macro instructions
classification classification .
Assembly * Declares data length .INDEX .DATA Y mac- | Repeats the prc ing operation In { .REPEATI ~.ENDM
control * Declares data bank /|.DT.DP ro instructions | accordance with the number of argu-
direct page register ments contained in the operand
value Repeats the prc ing operation in | .REPEATC ~.ENDM
« Conditional assemble IF (.ELSE) .ENDIF accordance with the number of char-
includes file .INCLUDE acters presented by the operand as
* Equation .EQU arguments
* Declares end of program | .END Repeats the processing operation a | .REPEAT ~.ENDM
* Out puts messages .ASSERT specific number of imes
L * Declares assemble error | ERROR User macro | Defines the macro instructions. .MACRO ~ENDM
Address * Declares address .ORG instructions | Forces the termination of macro | .EXITM
control * Allocates RAM area .BLKB .BLKW .BLKA .BLKD generation
* Defines data BYTE .WORD .ADDR .DWORD Changes the labels used in the| LOCAL
* Corrects location align- | .EVEN macro definitions into Iintra-macro
ment local labels
Linkage « Specifies section name | .SECTION
control « Specifies global lavel | DPEXT .DTEXT .EXT
name .PUB
* Specifies linkage file | .OBJ .LIB CONSTRUCTION
name The following shows the software construction of RASM77.
* Specifies version VER ’
Listing * Specifies new page and | .PAGE Relocatable macro A bles the bly I je source files for
control title . assembler RASM77 series MELSP 7700, and generates the relocat-
« Specifies listing format | .COL .LINE able object files.
(columns and rows Linkage editor LINK77 | Generates a machine language file in hexadecim-
counts) al format from the plural relocatable files gener-
« Specifies listing output / | .LIST .NLIST ated by RASM77.
suppression Librarian Generates a library file from the relocatable files
* Specifies macrogenera- | .LISTM .NLISTM LIB77 generated by RASM77
tion line listing output / Cross referencer Generates a cross refrence file from the assembly
suppression CRF77 language source files for series MELPS 7700
C language | * Outputs begining of line | CLINE The cross refrence file shows the points defined,
source level | * Specifies function start / | FUNC .ENDFUNC and refrenced the labels and symbols.
debugging end . File converter Generates a S format machine language file from
support * Outputs language type | .LANGUAGE HEXTOS2 a hexadecimal format b language file
« Setting pointer length .POINTER generated LINK77
* Specifies source file { . SOURCE
name
Subspriction | * Declares program name | .PROGNAME
* Declares area name 10 .ENDIO RAM ENDRAM
* Declares module name | .PROCMAIN .PROCSUB ENVIRONMENT
.PROCINT .ENDPROC RASM?77 operates in the following OS environments.

® MS-DOS

® SUN-3/SUN OS
® VAX/ULTRIX

® HP9000/HP-UX -

Note 1 : MS-DOS is a registered trademark of Microsoft
Corp.

Note 2 : SUN-3 and SUN OS are registered trademarks of
Sun Microsystems Corp.

Note 3 : VAX and ULTRIX are registered trademarks of
Digital Equipment Corp.

Note 4 : HP9000 and HP-UX are registered trademarks of

_HEWLETT PACKARD Corp.
MITSUBISHI
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c77

MELPS 7700 C COMPILER

C language
source file

C77

C compiler
Assembly
language
source file

Software development flow for series MELPS 7700

Assembly
language
source file

RASM77 LiB77
MR7700
Real-time OS Relocatable
object file
Assembler LINK77
Symbol file Hexadecimal
for debugging format file
Debugger RTT77 ROM’ ]
Software development flow by C77
C language
source file
CPP77 Preprocessor
Processes the line
remarked “#” at begin
* Macro substitution
* Includes file
« Conditional line
. Parser
Compile driver Parses C language
CPP77, PS77, CG77,
RASM77, and LINK77 ) ;
' CG77 Code generator
and generates the Generates the code of MELPS 7700
machine language file assembly language

Fig. 1 C77 processing flow
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SDB77

MELPS 7700 SYMBOLIC DEBUGGER

DESCRIPTION

SDB77 is the series MELPS 7700 debugger control soft-
ware prepared for the PC4816 system. SDB77 operates on
a 16-bit personal computer that supports the MS-DOS en-
vironment, and controls the PC4816 system through the RS-
232C serial interface.

DISTINCTIVE FEATURES
SDB77 supports the following features:

Support of the runtime debugging function that refers
memory during execution of a program

Support of various break point setting functions

Support of various real-time trace control functions
Support of the execution time measurement function
Support of the C language source line display function
Apply to every MCU in the series MELPS 7700 with the
use of data files that contain particular data of individual
MCU

The initialization file automatically sets debugging start
conditions. .

The batch command enables continuors execution of
debugging commands.

Debugging history can be recorded in the log file.
Support of the debugging information definition file that
automatically sets break points and trace points.
Support of the online manual

Personal computer

Emulation pod

(sold separately)

Fig. 1 MELPS 7700 debugger control system
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MR7700KIT

e MELPS 7700 REAL-TIME 0S DEVELOPMENT KIT

DESCRIPTION

MR7700 is the real-time operating system developed for
the 16-bit single-chip microcomputer MELPS 7700 series.
MR7700KIT is the tool kit required to develop application
software incorporating MR7700. *

DISTINCTIVE FEATURES

® Based on with M ITRON specifications

® Real-time operating system intended for industrial in-
corporation systems. '

® High speed processing

® Minimam size of OS kernel by automatically selecting
only necessary modules

® Application programs can be developed in C language
by using C compiler C77,

FUNCTIONS
(1) Outline specifications of MR7700
Table 1 shows outline specifications of MR7700.

The OS nucleus data size does not include stack size.
Because the 16 bytes of task context (for standard model)
is allocated on the stack, contexts of individual tasks are
not included in the OS data size.

Time data in the table is measured by M37700M2 (16MHz)
at 0 wait memory access and 16-bit width. The task switch-
ing time and maximum interrupt inhibited time are for a
wup-tsk system call at priority number 1.

(2) Kernel configuration for MR7700

The MR7700 kernel consists of two module groups: One is
the requiste module group that performs real-time proces-
sing and multi-tasking, the other is the expansion function
module group from which modules can be selected accord-
ing to user applications.

Figure 1 shows the module configuration of the MR7700
kernel. The application program is prepared by the user,
and is composed of tasks, an interrupt processing handler,
a cycle execution handler, and an alarm handler.

Table 1 Outline specifications of MR7700
Item Specifications Application program
Target MCU Series MELPS 7700
Maximum number of tasks 124
Priority number 1~63 Evént flags |Semaphore| Mail box Memory
Number of system calls 51 pool o
OS nucleus code size About 0 9K bytes to 5 8K bytes Q:(\Q\
Task Task Interrupt  [Time Version )
(standard model) manage |appendix |Processing | scheduling| Manage ‘\‘g}“
OS nucleus data size Minimam 14 bytes and 9 bytes increased ment synchroni- ment
by each task zation
OS nucleus description Assembly Scheduler
language
Task switching time About 30us max
M - N
aximum interrupt inhibited | About 11 us to 24us MELPS 7700 series
time
Fig. 1 MR7700 configuration
510 ~ MITSUBISHI
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MR7700SRC

MELPS 7700 REAL-TIME OS SOURCE KIT

DESCRIPTION

MR7700 is the real-time opearating system developed for
the 16-bit one-chip microcomputer MELPS 7700 series.
MR7700SRC is the mass production contract that authorries
mass production of products incroporating MR7700.

CONFIGURATION

MR7700SRC consists of the followings elements:

® MR7700 source

® Mass production right (to incorporate MR7700 into an
unlimited number of products of a single model)

CONTRACT OUTLIVE

MR7700SRC is the license to manufacture a large quantity
of products that incorporate MR7700. This license autho-
rizes production of an unlimited number of products by five
specified computer systems and five engineers in a single
section. No royalties are charged nor report of output is re-
quired. To carry out development by employing more en-
gineers or more systems than specified, the user must ac-
quire the right of use.

MR7700SRC guarantees maintence (including software
version up) of MR7700 for two years without payment.

NOTES

Purchase of MR7700KIT (development kit) is the prere-

quiste to close contract MR7700SRC.

® MELPS is a registered trademark of Mitsubishi Electric
Corp.
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PC4000E

DEBUGGING MACHINE

PC4000E BLOCK DIAGRAM

25pins 3pins

Bus Connector for -——_——————— —— — -
Expansion (2) | |
r !
! I
! |
Control Port for ! | .
RS232C 1/0 Option Board 1 | “’
82C55 g l,—-\lﬁ .
81C55 2 : 4 *\I |
Serial 1/0 5 |
%ré?nA 3 | Option Board for Slngle~chip: 1
3 : Microcomputer | I '
Program Memory & |+ (Common Board and : : | ’
5165 e Emulation Pod for | ! l‘
. o . h
2167 c |1 MELPSs 7700) - T I
p [ (]
Bus Connector | 1 =3 : ‘?»

|
|
|
|
; >
Ltor Expansion(1) l I Bus Control Gate l :
— ! ___[Monitor
Switch | ROW
B
[

Gﬁ!gcl,:i” Monitor CPU LED i
Ucircuit 80C85 Display — Lo o e J
Supply
Input
IConnector
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Bt MELPS 7700 DEBUGGING MACHINE
DESCRIPTION APPLICATIONS

PC4816 is the high performance debugging machine for
Mitsubishi original 16-bit microcomputers.

PC4816 executes debugging with a help of emulation pods
connected to it. Various emulation pods are prepared for
individual microcomputers and provided separately.
PC4816 can be connected to a host machine with a per-
sonal computer (hereafter, PC), and can be controlled by
control software on the host machine.

Because PC4816 supports simple 1/0 functions, it can be
used as a stand-alone unit after down-load the user's
program.

DISTINCTIVE FEATURES

® Runtime debugging function is supported.

® Program evaluation function is supported.

® Usable as a stand-alone unit.

® Evaluation functions can be enhanced by adding
boards.

Compact design requires less space on a desk.

For development of hardware and software for systems us-
ing MELPS 7700, and for program debugging.

Fig. 1 The exterior of PC4816

5—16
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PC4816

MELPS 7700 DEBUGGING MACHINE

FUNCTIONS When PC4816 is turned on, the monitor CPU is activated
PC4816 consists of the following three kind products- and the monitor programs stored in the EPROM on various
® PC4800 boards in the rack are started.

This is the debugger that incorporates the power unit, inter- When the monitor programs are started, the start message
face with the host machine, key entry unit, LCD display is displayed on the LCD display unit on PC4816. Then the
unit, monitor CPU board, emulation board, and container system waits for control instructions from debugger control
rack. software SDB77 on the host machine.

® M37700T-CNT When the debugger control software is started, the host
This is the emulation control board that consists of the MCU machine requests details (board configuration, monitor
execution control circuit and program memory. program version number, etc. ) to be reported via the serial
® PCA4800R circuit. Acceptance of various debugging commands is en-
This is the debugging function board that consists of the abled after PC4816 returns the details correctly.

real-time tracer and coverage function circuit. ® Serial circuits : Complying with RS-232C, two circuits
PC4816 is used combined with emulation pods that are ® Parallel circuit : Complying with GP-IB

prepared for individual MCU and provided separately. - @ Power supply : Power units applicable to 115V and
PC4800 is connected to the host machine via a serial cir- 220V systems

cuit (RS-232C) . PC4816 is connected to the emulation ® Board rack : Five boards can be accommodated.
board and the debugging function board via two 96-pin

connectors.

RS-232C 1ch
LCD & KEYS RS-232C 2ch
GP-1B
— Monitor CPU board =
—— Reserved for option

Reserved for option

L

Expansion memory

PCA4800M
board (sold separately)

— Real-time trace board ’= PCA4800R

Emulation MCU control board - M37700T-CNT

AC power supply
115V / 220V

50 7 60Hz -

DC power
module

Pod by each MCU
(sold separately)

Fig. 3 Functional block diagram
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PCA4800M

1M BYTE MEMORY EXPANSION BOARD for PC4816

DESCRIPTION

PCA4800M is the emulation memory expansion board that
is used incorporated in PC4816, the debugging machine for
MELPS 7700.

1M bytes of high speed SRAM, which can be distributed
over areas of 16M bytes in units of 4K bytes in mounted.

DISTINCTIVE FEATURES
® Applicable to 8 or 16-bit wide memory buses.

SPECIFICATIONS

Item

Contents

Debugger

PC4816

Corresponding MCU

MELPS 7700 series

Corresponding control board

M37700T-CNT

Corresponding bus width 8, 16-bit
Memory capacity IMB
Mapping units 4KB

Supply voltage

5[V] = 5 [%]

sl c2
Deliy A £
g e

°

. i
1C63 »
»

988 00005080500

B samsemmemnaal

S G
y *(1C9 4 1C10 ¢ ICH] ¢

_se
PPETP Y o

2

Fig. 1 The exterior of PCA4800M
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M37700T-POD

MELPS 7700 EMULATION POD(SINGLE-CHIP MODE,CORRESPOND to PC4000E)

DESCRIPTION

The M37700T-POD is an emulation pod constructs the op-
tion board for single-chip mode of MELPS 7700 emulation
common board M37700T-RTT.

M37700T-POD is used with M37700T-RTT and PC4000E.

DISTINCTIVE FEATURES

® Debugging functions can be used to connect with
PC4000E, M37700T-RTT, and this pod.

® |t can be corresponded to a system with 16MHz oscil-
lator.

® The M37700T-POD can be connected by an attached
flat cable with the users system.

® The M37700T-POD can be use an internal clock or an
external oscillator.

STRUCTURE

The M37700T-POD consists of the following hardwares :
1. Evaluation MCU (M37700SAFP) and related circuits.
2. Gatearray for port emulation and related circuit.

FUNCTIONS

To connect the M37700T-RTT, the M37700T-POD con-
structs the opion board for single-chip mode of M37700M2-
XXXFP or M37700M2AXXXFP.

The PCA4000E debugging machine is controlled by the
monitor program ROM on the M37700T-RTT, and the eva-
luation MCU (M37700SAFP) mounted on the M37700T-
POD executes the program stored in the program RAM on
the M37700T-RTT.

Single-step execution, execution with break points, and
reading of internal status with the evaluation MCU halted
are performed under the control of the monitor CPU on the
PC4000E.

SPECIFICATIONS

Item Specification

Corresponded M37700M2-XXXFP
microcomputer M37700M2AXXXFP
M37700M4-XXXFP
M37700M4AXXXFP
M37701M2-XXXSP
M37701M2AXXXSP
M37701M4-XXXSP
M37701M4AXXXSP
M37704M2-XXXFP*
M37704M2AXXXFP*
M37705M2-XXXSP*
M37705M2AXXXSP*

Corresponded mode | Single-chip mode

16MHz (on board)
External oscillator 16MHz (max)

Clock frequency

Common emulation M37700T-RTT

board

Power supply PC4000P usable

Connection with Connected by the attached cable

user system

* Be necessary to order exchanging the evaluation MCU

5o MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37700T-HPD

MELPS 7700 HIGH LEVEL EMULATION POD(CORRESPOND to PC4816)

DESCRIPTION ,

The M37700T-HPD is a high level pod for MELPS 7700 is
an emulation pod which enables debugging system
PC4816. It can be used as an emulator corresponding to
M37700 and M37701 by conection with M37700T-CNT
built-in PC4816.

DISTINCTIVE FEATURES

® The electrical characteristics of the direct ports is ex-
cellent because of the distance between the emulation
MCU and the users system is short.

® The whole processor mode that single-chip mode, mic-
roprocessor mode and memory expansion mode can be
corresponded alone.

® Compact pod

STRUCTURE

M37700T-HPD consists of the following hardware.
(1) Evaluation MCU (M37700SAFP-A)

(2) Clock oscillation compact board

(3) Port emulation circuit

(4) 1/0 buffer

SPECIFICATIONS

Item

Contents

Debugger

PC4816

Corresponding MCU

M37700, M37701

Clock frequency

16MHz

Corresponding con-
trol board

M37700T-CNT

Corresponding MCU
mode

(1) Single-chip mode

(2) Memory expansion mode of 8 and 16-bit bus
width

(3) Microprosessor mode of 8 and 16-bit bus width

5 (V] £ 5[%]

Supply voltage

Fig. 1 The exterior of M37700T-HPD
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M37704T-HPD

%Wﬁ“ MELPS 7700 HIGH LEVEL EMULATION POD(CORRESPOND to PC4816)
DESCRIPTION SPECIFICATIONS
The M37704T-HPD is a high level pod for MELPS 7700 is o Contorts
an emulation pod which enables debugging system Debugger PC4816
PC4816. It can be used as an emulator corresponding to Corresponding MCU | M37704, M37705
M37704 and M37705 by conection with M37700T-CNT Clock frequency 16MHz

built-in PC4816.

DISTINCTIVE FEATURES

® The electrical characteristics of the direct ports is ex-
cellent because of the distance between the emulation
MCU and the users system is short.

® The whole processor mode that single-chip mode, mic-
roprocessor mode and memory expansion mode can be
corresponded alone.

® Compact pod

STRUCTURE
M37704T-HPD consists of the following hardware.
(1) Evaluation MCU (M37705ASP)
(2) Clock oscillation compact board
(3) Port emulation circuit
)

(4) 1/0 buffer

Corresponding con-

M37700T-CNT

trol board
Corresponding MCU | (1) Single-chip mode
mode (2) Memory expansion mode of 8 and 16-bit bus
width
(3) Microprosessor mode of 8 and 16-bit bus width
Supply voltage 5[Vl % 5([%]

Fig. 1 The exterior of M37704T-HPD
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- . ﬁ%f&yﬁég‘“m .
e E ‘ M37795T-HPD
P . ' :

MELPS 7700 HIGH LEVEL EMULATION POD(CORRESPOND to PC4816)

DESCRIPTION SPECIFICATIONS
The M37795T-HPD is a high level pod for MELPS 7700 is "
) tem Contents

an emulation pod which enables debugging system Debugger PC4816
PC4816. It can be used as an emulator corresponding to Corresponding MCU | M377955J
M37795SJ by conection with M37795T-CNT built-in Clock frequency 16MHz
PC4816. Corresponding con- | M37700T-CNT

trol board .
DIST'NCT'VE FE ATURES Corresponding MCU | Microprosessor mode of 8 and 16-bit bus width

The electrical characteristics of the direct ports is ex- mode
Supply voltage 5[V] =+ 5[%]

cellent because of the distance between the emulation
MCU and the users system is short.
® Compact pod

STRUCTURE

M37795T-HPD consists of the following hardware.
(1) Evaluation MCU (M37795SJ)

(2) Clock oscillation compact board

(3) Port emulation circuit

(4) 1/0 buffer

Fig. 1 The exterior of M37795T-HPD
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PROGRAM WRITING ADAPTER for ONE TIME PROM VERSION MICROCOMPUTERS

PCA4707

DESCRIPTION

The PCA4707 is an adapter writing the program into the
EPROM  version  microcomputer  M37700E2-XXXFP,
M37700E2AXXXFP, M37700E4-XXXFP, or M37700E4AXXXFP.

It can be used the PROM writer (correspond to M5M27C2-
56K) on the market to write the program through the
PCA4707.

STRUCTURE \

The PCA4707 is consisted of two printed circuit boards

named PCA4707 and PCA4701B.

PCA4707 The EPROM version microcomputer is mount-
ed on this board.
The PCA4707 has a 80-pin IC socket to mount
the EPROM version microcomputer, and a dual
In line socket to connect with the PCA4701B.

PCA4701B The PCA4701B has two dual in line connecter.
One of them is used connecting with the
PROM writer, and anoter one is used connect-
ing with the PCA4707.

NOTE

Some kind of PROM writer cannot write the program on the
EPROM version microcomputer through the PCA4707.

An example to attach the PCA4707 on the PROM writer

SPECIFICATIONS
Iltem Specification
Correspond M37700E2-XXXFP
microcomputer M37700E2AXXXFP
M37700E4-XXXFP
M37700E4AXXXFP

Clock frequency

8MHz (ceramic oscillator on the PCA4707)

Power supply

Supplied from PROM writer

Specification of
PROM writer

(1) Be able to write to M5M27C256K, or the other
EPROM equal

(2) Be able to write, to compare check, and erace
check with designating the area

(3) Be able to supply the current about 10mA from
the source (5V line) to external.
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PCA4709

PROGRAM WRITING ADAPTER for PROM VERSION MICROCOMPUTERS

DESCRIPTION

The PCA4709 is an adapter writing the program into the
EPROM  version  microcomputer  M37701E2-XXXSP,
M37701E2AXXXSP, M37701E4-XXXSP, M37701E4AXXXSP,
M37705E2-XXXSP, M37705E2AXXXSP, M37705E2SS, or
M37705E2ASS.

It can be used the PROM writer (correspond to M5M27C2-
56K) on the market to write the program through the
PCA4709.

STRUCTURE

The PCA4709 is consisted of two printed circuit boards

named PCA4709 and PCA4740B.

PCA4709 The EPROM version microcomputer is mount-
ed on this board.
The PCA4709 has a 64-pin shrink DIP type IC
socket to mount the EPROM version micro-
computer, and a dual in line socket to connect
with the PCA4740B.

PCA4740B The PCA4740B has two dual in line connecter.
One of them is used connecting with the
PROM writer, and anoter one is used connect-
ing with the PCA4709.

NOTE

Some kind of PROM writer cannot write the program on the
EPROM version microcomputer through the PCA4709.

An example to attach the PCA4709 on the PROM writer

SPECIFICATIONS
ltem Specification
Correspond M37701E2-XXXSP, M37701E2AXXXSP

microcomputer

M37701E4-XXXSP, M37701E4AXXXSP
M37706E2-XXXSP, M37705E2AXXXSP
M37706E2SS, M37705E2ASS

Clock frequency

8MHz (ceramic oscillator on the PCA4709)

Power supply

Supplied from PROM writer

Specification of
PROM writer

(1) Be able to write to M5M27C256K, or the other
EPROM equal

(2) Be able to write, to compare check, and erace
check with designating the area.

(3) Be able to supply the current about 10mA from
the source (5V line) to external.
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PCA4780

PITCH CONVERTER for 80-PIN FLAT PACKAGE

DESCRIPTION SPECIFICATIONS

The PCA4780 is a pitch converter for 80-pin flat package

. . . Item Specification
connect the printed circuit pattern of the system mounted Corespond package | 80-pin flat package (pins interval 0.8mm)
the 80-pin flat package single-chip microcomputer and that TYPE 80P6 .
option board or evaluation board. Components CUBESO0 : Electrodes for the flat package
FLAT80 : The pitch converter

DISTINCTIVE FEATURES Connection CUBESO: The FLAT80 and the user system by
® The PCA4780 can be used for an in circuit emulation _ solder

probe to debug the system mounted the 80-pin flat FLATEO - ::l:e?‘p'" dual in line connecters and

package microcomputer.
® The PCA4780 can be converted the 40-pin, 1 inch dual
in line pitch to 80-pin 0.8mm flat package pitch.

CONFIGURATION

The PCA4780 is structured following two parts

(1) FLAT80 : The printed circuit flexible board
The FLAT80 has the 80-pin (0.8mm pitch)
flat package pattern to attach the CUBES0O
and two 40-pin connecters to connect the
attachment cables of the option board or
evaluation board, and these are connected
one-to-one.

(2) CUBESO : An electrode for flat package pattern
The CUBE80 has two electrodes formed
same as the 80-pin (0.8mm pitch) flat pack-
age microcomputer.
One of that is connected with the user sys-
tem, and another is connected with the
FLATS80.
It is necessary soldering to connect there.

ATTACHMENT

PCA4780 is attached the following process:

(1) One of the electrodes of the CUBESO is soldered with
the user system, and the another is soldered with the
FLATS80.

(2) The FLATS80 is connected to the option board or the
evaluation board by the attachment cables.

(3) The GND electrode of the FLAT80 is connected with
the GND electrode of the 6ption board or the evalua-

. tion board.
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PCA7780G02

PITCH CONVERTOR for 80-PIN FLAT PACKAGE

DESCRIPTION ,
PCA7780G02 is a pitch convertor for 80-pin flat package to
connect the mounting pattarn of the system mounted 80-pin
flat package type single-chip microcomputer to the option
boards, evaluation boards, and so on.

It can be connected to mounted evaluation microcomputer
or the emulator by mounting the 80LCC IC socket to the
foot pattern of 80-pin flat package on the terget system.

DISTINCTIVE FEATURES

® It can be used as incircuit emulation probe to debug
the system mounted 80-pin flat package type micro-
computer.

® |t can be converted the pattern that has 80-pin two line
half pitch dual-in-line to the pattern of 80-pin flat pack-
age (0.8mm pitch).

The following boards and IC socket are needed to use
PCA7780G02.
(1) Using series MELPS 7700(M377XX)
PCA7781 : Pitch convertor
(2) Using M37450 family
PCA7782 : Pitch convertor
(3) 80LCC socket
® Surface mounting type 1C61-0804-034
('Yamaichi electric industory corporation.)
® Manual solderable type 80LCC-046 (refer to figure 1)
(Mitsubishi electric corporation)

0.8X23= 18 i

— uuuunuuunnn{uu

NDEX 1 location

4040,
= -
= _@_ _$ = <
—~
~|-| =8 =g |t
dls| B S| |
& = B
o"_g = © L!l,
— [— =}
QL = =° |C
v = Va = X
= AV = 3}
[—] —E———o

4-41.6
(location for
| stand off)

Fig. 1 80LCC-046 pattarn

FUNCTIONS

The process of PCA7780G02 connecting as following.

(1) Soldering the 80-pin LCC socket to the terget system.

(2) Connect the PCA7780G02 and PCA7781 or PCA7782 to
the flat cable of the option board.

(3) Connect the PCA7780G02 to the 80-pin LCC socket .

(4) Connect the GND pin of PCA7781 or PCA7782 to the
GND line of the option board.

SPECIFICATION

ltem Contents
Correspond MCU 80-pin flat package (0.8mm pitch)
Type name I1s 80P6.

NOTE

The mounting pattern of 80QFP must be designed larger
than normally to correspond to the packages 80P6, 80P6N,
and two types 80LCC socket (refer Figure 2).

.~——— Connect to

PCA7780G02 debugger

To user’s system

Fig. 2 PCA7780G02 appearances

——+ 1C61-0804-034 or 80LCC-046
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SERIES MELPS 7700 MASK ROM
ORDERING METHOD

GZZ—SH00—92A<74B0>

SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM L2 FOM nomeer | |

SINGLE-CHIP 16-BIT MICROCOMPUTER M37700M2-XXXFP

Date :
MlTSUBISHI ELECTR'C Section head| Supervisor
signature signature

Receipt

Note : Please fill in all items marked?

TEL Responsible | gupervisor
Company o @ officer p
name ( ) e e
% | Customer S 2
» £
Date . a2 D
issued Date - @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4g” in the shaded area.
0 27256 O 27512 (2) Address 046 to 10,6 are the area for storing the
data on model designation and options. This area
0000 0000 must be written with the data shown below.
LA 0010 0010 Details for option data are given next in the sec-
/ . tion describing the STP instruction option.
/// ) Address and data are written in hexadecimal
T 4000 . notation.
_] bl L donlo Lo L COOO—I Address AddressI ]A?gress
4D 0 2D 8 Option data
DATA 16K DATA 16K 33 1 3
37 2 FF A
7FFF L JFFFF 37 3 FF B
30 4 FF C
30 5 FF D
4D 6 FF E
32 7 FF F

¥ 2. STP instruction option
One of the following sets of data should be written to the option data address (10,¢) of the EP_ROM you have
ordered. Check @ in the appropriate box.

[0 STP instruction enable Address 1046
[0 STP instruction disable Address 1046

¥ 3. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (80P6 for M37700M2-XXXFP) and attach to the Mask ROM Order Con-
firmation Form.

¥ 4. Comments
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SERIES MELPS 7700 MASK ROM
ORDERING METHOD

GZZ—SH01—33A<81A0>

SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM

rMask ROM number [ ,

SINGLE-CHIP 16-BIT MICROCOMPUTER M37700M4-XXXFP

Date :
MITSUBISHI ELECTRIC Section head| Supervisor
— signature signature
=
[7]
o
7]
o

Note : Please fill in all items marked %

Responsible :
Company TEL R officer Supervisor
name ( ) g ¢
% | Customer (S 2
Date . 3 5
issued Date - @
% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMSs submitted.
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4¢" in the shaded area.
O 27512 (2) Address 04 to 1045 are the area for storing the
data on model designation and options. This area
0000 must be written with the data shown below.
0010 Details for option data are given next in the sec-
tion describing the STP instruction option.
Address and data are written in hexadecimal
notation.
1 8000 —1 Address Address Address
DATA 9K 4D 0 2D 8 [Option data] 10
33 1 FF 9
37 2 FF A
FFFF 37 3 FF B
30 4 FF C
30 5 FF D
4D 6 FF E
% 2. STP instruction option 34 / FF F
. One of the following sets of data should be written to the option data address (104) of the EPROM you have
ordered. Check @ in the appropriate box.
O] STP instruction enable Address 104
[ STP instruction disable Address 104¢
% 3. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (80P6 for M37700M4-XXXFP) and attach to the Mask ROM Order Con-
firmation Form.
% 4. Comments
6—6 MITSUBISHI
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SERIES MELPS 7700 MASK ROM

ORDERING METHOD

GZZ—SHO1—69A< 8ZA0)>

SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM
SINGLE-CHIP 16-BIT MICROCOMPUTER M37701M2-XXXSP
MITSUBISHI ELECTRIC

Mask ROM number ‘ I

Date :
Section head| Supervisor
signature signature

Receipt

Note : Please fill in all items marked

Company TEL . Responsible | gypervisor
name ( ) 8 o
% | Customer § =
c
Date . 8o
issued Date - @
% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMSs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMs submitted.
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type
(1) Set “FF46” in the shaded area.
[0 27256 0O 27512 (2) Address 045 to 1046 are the area for storing the
data on model designation and options. This area
0000 0000 must be written with the data shown below.
L 0010 0010 Details for option data are given next in the sec-
/ tion describing the STP instruction option.
/ Address and data are written in hexadecimal
|7 s000 notation.
C000 Address ' Address Address
DATA 16K DATA TGIK 4D 0 2D 8 Option data| 10
33 1 FF 9
J 37 2 FF A
7FFF I FFFF 37 3 FF B
30 4 FF C
31 5 FF D
4D 6 FF E
% 2. STP instruction option 32 / FF F
One of the following sets of data should be written to the option data address (104¢) of the EPROM you have
ordered. Check @ in the appropriate box.
[0 STP instruction enable Address 1046
[0 STP instruction disable Address 1046
% 3. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (64P4B for M37701M2-XXXSP) and attach to the Mask ROM Order Con-
firmation Form. '
% 4. Comments
6—8 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 MASK ROM
ORDERING METHOD

GZZ—SH02—01A<8ZA0>

SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM

Mask ROM number ‘ I

SINGLE-CHIP 16-BIT MICROCOMPUTER M37701M4-XXXSP

Date :
MITSUBISHI ELECTRIC ‘ s

ection head| Supervisor
- signature signature
=3 .
]
3
[+

Note : Please fill in all items marked3

Company TEL . Responsible| supervisor
name ( ) § s=_>
% | Customer ] §
. 2 o
g:ﬁ%d Date : - ®
% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
“tained in the EPROMSs submitted.
. Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4¢” in the shaded area.
0 27512 (2) Address 046 to 10,5 are the area for storing the
data on model designation and options. This area
0000 must be written with the data shown below.
0010 Details for option data are given next in the sec-
tion describing the STP instruction option.
Address and data are written in hexadecimal
) notation.
| 8000 Address Address Address
DATA 3_2|K 4D 0 2D 8 [option data] 10
33 1 FF 9
) 37 2 FF A
FFFF 37 3 FF B
30 4 FF C
31 5 FF D
4D 6 FF E
% 2. STP instruction option 34 / FF F
One of the following sets of data should be written to the option data address (1046) of the EPROM you have
ordered. Check @ in the appropriate box. .
O STP instruction enable Address 1046
[0 STP instruction disable Address 1046
% 3. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (64P4B for M37701M4-XXXSP) and attach to the Mask ROM Order Con-
firmation Form.
% 4. Comments
6—10 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 MASK ROM
ORDERING METHOD

GZZ—SH01—75A<8ZA0>

SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM

Mask ROM number I l

SINGLE-CHIP 16-BIT MICROCOMPUTER M37704M2-XXXFP

Date :
MITSUBISHI ELECTRIC s
ection head| Supervisor
signature signature

Receipt

Note : Please fill in all items marked?

Gompany TEL o Responsible | supervisor
name ( ) o g
% | Customer § 2
c
Date . _3’_» Ry
issued Date : @
% 1. Confirmation )
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMSs submitted. '
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4” in the shaded area.
[0 27256 O 27512 (2) Address 046 to 1045 are the area for storing the
data on model designation and options. This area
0000 0000 must be written with the data shown below.
LA 0010 0010 I:?etails for gption data qre givep next. in the sec-
/ tion describing the STP instruction option.
// Address and data are written in hexadecimal
R R Y notation.
Ll ALl LA cooo—] 5 Ad(;iress 55 Ad;ress(o y |A?gress
: . ption data
DATA 16K DATA 16K 33 1 FF 9 )
37 2 FF A
7FFF FFFF 37 3 FF B
30 4 FF C
34 5 FF D
4D 6 FF E
% 2. STP instruction option 32 7 FF F
One of the following sets of data should be written to the option data address (10,¢) of the EPROM you have
ordered. Check @ in the appropriate box.
[0 STP instruction enable Address 1046
O STP instruction disable Address 104
* 3. Mark specification
Mark specificati‘on mus? 'be §ubmitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (80P6N for M37704M2-XXXFP) and attach to the Mask ROM Order Con-
firmation Form.
% 4. Comments
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 MASK ROM
ORDERING METHOD

GZZ—SHO01—81A<8ZA0>

SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [

Mask ROM number | : I

SINGLE-CHIP 16-BIT MICROCOMPUTER M37705M2-XXXSP

Date :
MITSUBISHI ELECTRIC Soat

ection head| Supervisor
. signature signature
2
®
3]
0]
o«

Note : Please fill in all items marked

Responsible :
Company TEL . |officer Supervisor
name ( ) s e
% | Customer § 2
c
Date . 3 o
issued Date . -
% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMSs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-
tained in the EPROMs submitted.
Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4g” in the shaded area.
[0 27256 O 27512 (2) Address 0i6 to 10, are the area for storing the
’ data on model designation and options. This area
0000 0000 must be written with the data shown below.
777777 0010 | 0010 I_Details fonj option data are give_n next in the sec-
% tion describing the STP instruction option.
/ Address and data are written in hexadecimal
T 4000 notation.
Cooo—l Address Address Address
DATA 16K DATA 16K 4D 0 2D 8 lOptiOn datal 10
33 1 FF 9
. 37 2 FF A
7FFF FFFF 37 3 FF B
30 4 FF C
35 5 FF D
4D 6 FF E
% 2. STP instruction option 32 / FF F
One of the following sets of data should be written to the option data address (1015) of the EPROM you have
ordered. Check @ in the appropriate box.
[0 STP instruction enable Address 1046
[0 STP instruction disable Address 10;6
¥ 3. Mark specification

Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (64P4B for M37705M2- XXXSP) and attach to the Mask ROM Order Con-
firmation Form.

¥ 4. Comments
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- SERIES

MITSUBISHI MICROCOMPUTERS

MELPS 7700 PROM
ORDERING METHOD

PROM ORDERING METHOD

Mitsubishi Electric' corp. accepts order to transfer EPROM -

supplied program data into the one time PROMs in single-
chip 16-bit microcomputers. When placing such order,
please submit the information described below.

1. Writing to PROM Order Confirmation Form ««----++-- 1 set
(There is a specific form to be used for each model.)
2. Data to be written into PROM built in-:x-ooeeeeee EPROM

(Please provide three sets containing the identical
data.)
3 . Mark Speciﬁcaﬁon FOI'm .................................... 1 Set

NOTES

(1) Acceptable EPROM type
Any EPROM made by Mitsubishi Electric corp. that is
listed in the Writing to PROM Order Confirmation Form
may be used.

Example Label

(2) EPROM window labeling
Please write the model name and the identification
code (A, B, C) on the label for each of the three sets
of data EPROMSs provided.

(3) Calculation and indication of check sum code

Please calculate the total number of data in words in
the EPROM, and write the number in 4-digit hexade-
cimal form in the check sum code field of the Writing
to PROM Order Confirmation Form.

Marking specification method

The permissible marking specifications differ depend-
ing on the shape of package. Please fill out the Mark-
ing Specification Form and attach it to the Writing to
PROM Order Confirmation Form.

OUTLINE OF ORDER PROCESSING
Mitsubishi Electric corp. will produce Writing to PROM if at
least two of the three EPROM sets submitted contain iden-
tical data.

If we find error when the submitted EPROMs are com-
pared, wé will contact your representative. Thus, we
assume responsibility only when we produce Writing to
PROMs that contain data other than the data correctly pro-
vided by the customer.

\dentification  The chart below shows the flow of one time PROM produc-

| AN
M37700 M37700 M37700
E2 E2 E2 Type
-XXXFP -XXXFP -XXXFP
©
® ® © code for each tjon.
of three sets

SERIES MELPS 7700 ONE TIME PROM

From customer

DEVELOPMENT CAD SYSTEM
|

Mitsubishi Electric corp.

Acceptance

Confirmation ’
form !
EPROM
Object (3 sets) NO
program
generation
)
r
| ROM code
1 list
©® Writing to
PROM
®Final test
‘| ®Screening
® QA test

‘MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

- SERIES MELPS 7700 PROM
ORDERING METHOD

GZZ—SHO01—57A<84A0>

SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM [ rommmber | |
SINGLE-CHIP 16-BIT MICROCOMPUTER :
M37700E2AXXXFP S[:):::)r; head| Supervisor
MlTSUBlSHI ELECTR'C v % signature signature
(5}
o

Note : Please fill in all items marked X

Responsible :
TEL A Supervisor
Company o @ officer P

name ( ) o 2
% | Customer § .g

c
Date . 39
issued Date : @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4¢" in the shaded area.
O 27256 O 27512 (2) Address 046 to OF;g are the area for storing the
data on model designation. This area must be
0000 0000 written with the data shown below.
71 000F “| 000F Address and data are written in hexadecimal
notation.
Address Address
4D 0 41 8
/ 33 1 FF 9
4000
‘l °°°°A[ 37 | 2 FF_| A
DATA 16K DATA 16K 37 3 FF B
30 4 FF C
7FFF L |FFFF 30 5 FF D
45 6 FF E
32 7 FF F

% 2. Mark specification )
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (80P6 for M37700E2AXXXFP) and attach to the Writing to PROM Order
Confirmation Form. ‘

% 3. Comments
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 PROM
ORDERING METHOD

GZZ—SH01—36A<81A0>

SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM [__ROM number I I
SINGLE-CHIP 16-BIT MICROCOMPUTER -
M3770°E4AXXXFP Slz:::)r; head| Supervisor
MITSUBISHI ELECTRIC 5 [denature | signature

Note : Please fill in all items marked

Responsible :
TEL P Supervisor
Company ° @ officer P

name ( ) g o
% | Customer g %

» S
Date . @ 9
issued Date @

¥ 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMSs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4¢” in the shaded area.
O 27512 (2) Address 046 to OF are the area for storing the
data on model designation. This area must be
0000 written with the data shown below.
000F Address and data are written in hexadecimal
notation.
Address Address

4D 0 41 8

4 8000 _I 33 ] FF 9

DATA 32K 37 2 FF A
37 3 FF B

30 4 FF C

FFFF 30 5 FF D

45 6 FF E

34 7 FF F

% 2. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (80P6 for M37700E4AXXXFP) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 PROM
ORDERING METHOD

GZZ—SH01—68A<8ZA0>

SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM "0 e I
SINGLE-CHIP 16-BIT MICROCOMPUTER .
M37701 E2AXXXSP 32::; head| Supervisor
MITSUBISH' ELECTRIC §- signature signature
[
5]
o

Note : Please fill in all items marked

Responsible :
TEL SP Supervisor
Company . |officer P

name ( y | 8¢
% | Customer § %

c
Date . 89
issued Date : @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMs submitted.

Checksum code for entire EPROM areas '(hexadecimal notation)
EPROM Type :
(1) Set “FFq¢” in the shaded area.
] 27256 OO 27512 (2) Address 046 to OF;s are the area for storing the
data on model designation. This area must be
0000 0000 written with the data shown below.
// 777 000F 7| 000F Addr_ess and data are written in hexadecimal
notation.
/ Address Address
T 4000“ 4D 0 141 8
33 1 FF 9
C000
37 2 FF A
DATA 16K 16K 37 3 FF B
30 4 FF Cc
7FFF FFFF 31 5 FF D
45 6 FF E
32 7 FF F

% 2. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (64P4B for M37701E2AXXXSP) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 PROM
ORDERING METHOD

GZZ—SH02—04A<8ZA0>

SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM L2 """ | |
SINGLE-CHIP 16-BIT MICROCOMPUTER :
M37701E4AXXXSP LN
MITSUBISHI ELECTRIC % signature signature
(5]
o«

Note : Please fill in all items marked X

Responsible ;
TEL Supervisor
Company ) o @ officer p

name ( ) 8 g
% | Customer § ©

c
0w
Date . @n 2
issued Date : @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Thrée sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMs submitted.

Checksum code for entire EPROM areas , (hexadecimal notation)
EPROM Type :
(1) Set “FFy¢" in the shaded area.
00 27512 (2) Address 0; to OF;¢ are the area for storing the
data on model designation. This area must be
0000 written with the data shown below.
| 000F Address and data are written in hexadecimal
notation.
Address Address
4D 0 41 8
-4 33 1 FF 9
8000_} 37 2 FF A
DATA, 32K 37 | 3 FE_| B
30 4 FF (¢
FFFF 31 .5 FF D
45 6 FF E
34 7 FF F

% 2. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (64P4B for M37701E4AXXXSP) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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MITSUBISHI MICROCOMPUTERS

- SERIES MELPS 7700 PROM
ORDERING METHOD

GZZ—SH01—-72A<8ZA0>

SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM L_"2 "™ | !
SINGLE-CHIP 16-BIT MICROCOMPUTER ——
M37704E2AXXXFP ‘ ate

Section head| Supervisor
signature signature

MITSUBISHI ELECTRIC

Receipt

Note : Please fill in all items marked

Responsible ;
TEL A Supervisor
Company 0 @ officer P
name ( ) o 9_::
% | Customer S §
»n £
Date . 3 5
© issued Date . @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the

products we produce differ from this -data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMSs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4” in the shaded area.
O 27256 O 27512 . (2) Address 046 to OF; are the area for storing the
data on model designation. This area must be
0000 0000 written with the data shown below.
ey ey g ren . Address and data are written in hexadecimal
V/ 000F 000F ;
notation.
// Address Address
T 4000 4D 0 41 8
33 1 FF 9
DATA 000 37 |2 [ FF_| A
1ex 16K 37 3 FF_| B
30 4 FF_| C
7FFF FFFF 34 5 FF D
45 6 FF E
¥ 2. Mark specification 32 7 FF F

Mark specification must be submitted using the correct form for the type of package being ordered fill out the

appropriate Mark Specification Form (80P6N for M37704E2AXXXFP) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 PROM
ORDERING METHOD

GZZ—-SH01—80A< 8ZA0 ’

SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM

SINGLE-CHIP 16-BIT MICROCOMPUTER

M37705E2AXXXSP
MITSUBISHI ELECTRIC

N

ROM number [ I
Date :
Section head| Supervisor

5 signature signature

D

3}

Q

o

Note : Please fill in all items marked

% | Customer

Company
name

TEL

Date
issued

Date :

Issuance
signatures

Responsible
officer

Supervisor

¥ 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMs submitted.

Checksum code for entire EPROM areas

(hexadecimal notation)

EPROM Type :
: (1) Set “FF4s” in the shaded area.
] 27256 O 27512 (2) Address 046 to OF,s are the area for storing the
: data on model designation. This area must be
.| oooo 0000 written with the data shown below.
P Address and data are written in hexadecimal
000F 000F .
/ notation.
// Address Address
T 4000 4D 0 41 8 -
4 000 33 1 FF 9
37 2 FF A
DATA 16K DATA 1ex a7 3 FF B
30 4 FF C
7FFF FFFF 35 5 FF D
45 | 6 FF E
¥ 2. Mark specification 32 7 FF F

Mark specification must be submitted using the correct form for the type of package being ordered fill out the

appropriate Mark Specification Form (64P4B for M37705E2AXXXSP) and attach to the Writin

 Confirmation Form.
% 3. Comments

g to PROM Order
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MITSUBISHI MICROCOMPUTERS

SERIES MELPS 7700 PROM
ORDERING METHOD

GZZ—SH02—87A< 9XA0>

SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM L ROM number [ l

SINGLE-CHIP 16-BIT MICROCOMPUTER

Date :
M37796E4TXXXJ- :

Section head| Supervisor

signature signature

MITSUBISHI ELECTRIC

Receipt

Note : Please fill in all items marked ¥

TEL Responsible Supervisor

Company - officer P
name ( ) o
% | Customer S ‘3

=

c
Date . 8o
issued Date - @

% 1. Confirmation
Specify the name of the product being ordered and the type of EPROMs submitted.
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data
contained in the EPROMs submitted.

Checksum code for entire EPROM areas (hexadecimal notation)
EPROM Type :
(1) Set “FF4¢”" in the shaded area.
0 27512 (2) Address 046 to OF are the area for storing the
data on model designation. This area must be
] 0000 written with the data shown below. .
7| 0ooF Address and data are written in hexadecimal
notation.
Address Address

4D 0 54 8
4 80007 33 1 FF | 9
DATA 32K 37 2 FF A
37 3 FF B
39 4 FF C
FFFF 36 5 FF D
45 6 FF E
34 7 FF F

¥ 2. Mark specification
Mark specification must be submitted using the correct form for the type of package being ordered fill out the
appropriate Mark Specification Form (84P0 for M37796E4TXXXJ) and attach to the Writing to PROM Order
Confirmation Form.

% 3. Comments
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MITSUBISHI MICROCOMPUTERS

MARK SPECIFICATION FORM

64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM

Mitsubishi IC catalog name

Please <):hoose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if
needed).

A. Standard Mitsubishi Mark
(X alalalalalalalalalalalalalalalalalalalalnlialalalalalalalal ®
{

Mitsubishi product number

D (6-digit)

EX J~~—— ~ Mitsubishi IC catalog name

@ UUULTUUUUUUUUUUUUUUUUUUUULUUUUUUT @
B. Customer' s Parts Number + Mitsubishi IC Catalog Name

® Hala! ~Customer’ s Parts Number
Qﬁﬁﬁﬁﬁﬁﬁﬁnmnnnnnnr\ Q0A0AANAAaAA * : Note : The fonts and size of

%l N characters are standard

Mitsubishi type.

)| A k<f{— — —Mlitsubishi IC catalog name

Mitsubishi product number
(6-digit)

@ UWWULIUUUUUUUUUUULD UIOUUUUIUUTIUUUUOUT 62

Note1 : The mark field should be written right aligned.
2 : The fonts and size of characters are standard Mitsubishi type.
3: Customer’ s parts number can be up to 19 alphanumeric characters for capital letters, hyphens, commas, periods and
so on.
4 : If the Mitsubishi logo A is not required, check the box on the right.
A Mitsubishi logo is not required

]

C. Special Mark Required
6 NONNNNNNNNANNANAAACANAANINANAANNANLN &

D

@ IU]|V|U|VIVIVINIVIVIVIVVINIVINIVIN VININIVIISIS NI

Notel : If special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will be dupli-
cated technically as close as possible. Mitsubishi product number (6-digit) and Mask ROM number (3-digit) are al-
ways marked for sorting the products.

2:1f special character fonts (e. g., customer’s trade mark logo) must be used in special mark, check the box on the
right.
For the new special character fonts a clean font original (ideally logo drawing) must be submitted.
. Special character fonts required

[]
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MITSUBISHI MICROCOMPUTERS

MARK SPECIFICATION FORM

84P0 (84-PIN PLCC) MARK SPECIFICATION FORM

Please choose one of the marking types
needed).

A. Standard Mitsubishi Mark

Mitsubishi IC catalog name

below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if

() o® ®
@} © @
q
FIR ——————— Mitsubishi IC catalog name
: Mitsubishi product
E number (6-digit)
;
q
i
@ of @

® ® \
B. Customer’s Parts Number + Mitsubishi IC Catalog Name

@

anoonnooonanaonnonononn

r Customer’'s Parts Number
———— Note : The fonts and size of characters are standard Mitsu-
bishi type.

—————— Mitsubishi IC catalog name

‘Note1 : The mark field should be written right aligned.

2: The fonts and size of characters are standard Mitsu-
bishi type.

3:Customer’s parts number can be up to 16 alpha-
numeric characters for capital letters, hyphens,
commas, periods and so on.

4:If the Mitsubishi logo A is not required, check the
box below. .

A Mitsubishi logo is not required

]

Note1 : If Special Mark is to be printed, indicate the de-
sired layout of the mark in the left figure. The layout
will be duplicated technically as close as possible.
Mitsubishi product number (6-digit) and Mask ROM
number (3-digit) are always marked.

2:If special character fonts (e.g., customer's trade
mark logo) must be used in special mark, check
the box below.
For the new special character fonts a clean font ori-
ginal (ideally logo drawing) must be submitted.

Special character fonts required

]
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