MITSUBISHI MICROCOMPUTERS

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The M37451SSP/FP/GP is a single-chip microcomputer
designed with CMOS silicon gate technology. It is housed
in a 64-pin shrink plastic molded DIP or a 0.8mm pitch or
0.65mm pitch 80-pin plastic molded QFP. In addition to its
simple instruction sets, the ROM, RAM and 1/0 addresses
are placed on the same memory map to enable easy prog-
ramming. It is suited for office automation equipment and
control devices. The low power consumption made possible
by the use of a CMOS process makes it especially suitable
for battery powered devices requiring low power consump-
tion. It also has a unique feature that enables it to be used
as a slave microcomputer.

M37451SSP/FP/GP has basically the same functions as
M37451M4-XXXSP/FP/GP except the RAM size and the
fact that these three need external ROM area.

FEATURES

Number of basic instructiong:««««-+++++-sssressresreseeesees 71
69 MELPS 740 basic instructions+ 2 multiply/divide in-
structions

PIN CONFIGURATION (TOP VIEW)

P3;/Spoy + [1] Voo
P3s/ScLk < [2] AVss
Reference
P35/TxD + [3] = Veer voltage input
o P3,/RxD + [1] 61— D-A1 )
port P3 | P35/PWMoyr ++ [E] [60] — D-A, | output
P3,/EV; + [6] [55] « P4o/ANg
P3,/EV, + [1] 58] Pa,/AN | oty
P3y/EV, « [£] «— P4,/AN,
P5,/DB; + [¢] — Ay
P5¢/DBg +* [10] — A
P5s/DBs +* [I1] 5] — A,
170 P54/DB, + [12] —As
port PS P5,/DB; + [13] — A,
P5,/DB, + [14] 51]— As
<
P5,/DB, « [T5] ® [50] — As
P5o/DBo +> ] & 91— A; | Address
P6,/W + [i7] o 28] = Ag | Dus
P66/R + [1] o — A
P65/CS +> [19] 6] — Aqo
170 P64/AQ — Ay,
port P6 —
P63/Proy + 1] 4] = Aqz
P6,/INT; +> [22] — A3
P6,/INT, + [ — Ay
" P6o/INT, > [24] 4] — Ass
Read/Write —
status out:;ut R/W +— (] 40} + Do
Synchronous QYNNG «— @ D,
signal output
CNvgs — 2] <D,
Reset mput RESET — @ D,
Clock input Xin— |2 D, Data bus
Clock output  Xor +— [39] > Ds
Timing output ¢ E + Dg
Vss [ Dy

Outline 64P4B

® Memory size ROM
RAM

® |Instruction execution time

(minimum instructions at 12.5 MHz frequency) 0.64us
@ Single poOwer SUpply -+--- sssrrrssssrrrrnnneeeeennns 5Vt10%
® Power dissipation normal operation mode

(at 12.5MHz frequency ) ««««ww-rmsreersreeeneeneee 40mwW
® Subroutine nesting -xecoeeeeeeeeereeeee 128 levels max.
@ Interrupt --ooorererre 15 events
® Master CPU bus interface «--««-++oreerrerseeeemeeeens 1 byte
® 16-bit timer
® 8-bit timer (Serial 1/0 use) -
® Serial 170 (UART or clock synchronous) «««=:-==-===s-seeee 1
® A-D converter (8-bit resolution) -+ 3 channels (DIP)

8 channels (QFP)

® D-A converter (8-bit resolution) «««-----s-oeee 2 channels
® PWM output with 8-bit prescaler

(Either resolution 8-bit or 16-bit is software selectable) 1
® Programmable 1/0

(POI’TS P3, P5, ps) .............................................. 24
@ Input (Port P4) -weoeeeeeersenseeeeneens 3 (DIP), 8 (QFP)
o Output (Port D-AT, D-Az) ......................................... 2
APPLICATION

Slave controller for PPCs, facsimiles and page printers
HDD, optical disk, inverter and industrial motor controllers
Industrial robots and machines .
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MITSUBISHI MICROCOMPUTERS

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

, '
2222222
TxxEsss
AP I P DL -
§3dfdddececarrrreripise
VAl bbbttt trrttttttt
o<1 [e3] [e2]{e] ol sl [se] [57] 56l 551 1 s3] [52] [ [5ol{ao] 28] 47] ] (] [a]

P4o/ANg — 5] [40] <~ Do
D-Az « [5g Dy
D-Aq Bel«> D2

DAVRer — [8] < D3

ADVpggr — [£9] > Dy
AVss > Ds
AVee ~ Dg
Vee [+ D,
Vss M37451SFP Ves

P37/Sppy ~ — ¢

P3s/ScLk = [7] NC

P35/TD 7| 28] — Xour

P34/RyD «> 28]+ X

P33/PWMoyr +> NC

P3,/EV3 + [ “ RESET

NC <+— CNVsgg
(4T3 LD (292 27] [
R R R R EE
(SR o N o N = €| 2 %,2,.5 ~lx|a IS
2ua88448488558ErcsEREg 5
PRl R r IS orEgSeSSS c5h5
LR A 3
o
‘ Outline 80P6N
oy o
Z2ZZZ2Z
<<
IIFIT borpofFSos
FfdfEILILLESELcc<<<
Vidbbitrtrtrrrtrtttnt
[e0] [se][o4][53]
P4p/AN, — [90] — Ass
P4{/ANy — NC
P4g/ANg — [38] ++~ Do
D-Az «— Dy
D-Ay «— [36]+~ D2
DAVRegf — <« D3
ADVRer —» Dy
AVsg <« Ds
AVcc [32]+~ De
Vee M37451SGP -0
Vss Vss
P37/SroyY < [25] —~ ¢
P3g/ScLk +*> NC
P35/TxD «+ [27] — Xour
P34/RxD «» [26] < Xin
P33/PWMoyt NC
P32/EV3 +» ~ RESET
NG [5]— CNVss
NG [Z]— RESETour
P34/EV; «» [5) — SYNC
K & |E} K1 6 S Y )
$¢¢¢$$1$¢33¢3¢33¢1lé
Sddddddd 3R Y 35 K g2
woooggoooiﬁ95£zg£ﬂmg
N NN LA T
CPRPRLRLEY TrSoge
Outlme SOPGS NC : No connection

* MITSUBISHI 3—107
ELECTRIC




801—¢

/-LOI T
IHSIGNSLIN x

M37451SSP BLOCK DIAGRAM

Clock Clock Timing Reset
input  output output input _
Xin  Xour  # RESET R/W SYNC Vee  Ves
Data bus
Instruction
Clock generating circuit ﬂ T|n(11§)r 1 Tlme?":) fateh
RAM Program | Program Vs 5]
‘counter | counter '
1024 pcu®] Pe.ie) Timer2
bytes T (16) Instruction
\|/ \L’ a E1y22|/,—'; = ] decoder
Eﬂ Timer 3 imer 3 latch|
e /|\ . (1) 16)
a Evs L Control signai
8-bit Pulse width
h A rocessof] [ Index Index Stack ||\ ioner modulator
togic unit|| tator r:';';"ir register || register || pomter {f° -
PS(8) X(8) Y(8) S(8)
0000000

h—4 J
Interrupt ) RI
nterru AD
T, it
INT; 5
2 1BF OBE & \ "
| | A-D D-A : |
\ ,( Bus interface d converterl j’lconve rter" Serial I/0
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|
|
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|
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|
|
i Al8)
|
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|
|
|
|
|
|

- - y -y 11 Mode]
T < i3 ¥
B | i | RN L {
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— - —Dedotdtn— - —EHOGBEtY—ps- -0 b —o—-
“A,D- NV.
1/0 port P6 1/0 port P5 VeerAVss Input port P4 D-A2D-A g port P3 1/0 port P2 Data bus Address bus s
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M37451SFP BLOCK DIAGRAM

Clock Clock Timing
nput  output output
Xin Xout $

Reset
nput

RESET RESEToyr

Reset
output

WR RD R/W SYNC

— - —btdbdeG - i

00k

696568666704 o) E/_e)e

S<NM

|
I
| Data bus
X [
l Clock generating circuit ‘% Tlrr;éa)m Le_\-lTlmer“zi latch
|
| RAM counter | counter (1 EV1 =) .
1024 PCu(8) |PCL () KTl Timer 2 Timer 2 latch]
' bytes (16) (16)
| i J/ 1 EV2 = decoder
I kT2 Timer 3 Timer 3 latch
(16) {16)
| ] EV3 Control signal
| 8-bit T3~ Pulse width
| arthmetic || accumu-][P' i Index Index stack | f\vuiupher modulator
| togic unith| jator || register || re9'ster |} register f| ponter ||y e,
‘ A(8) PS(8) X(8) Y(8) s(8)
|
I AD h RI ‘
| INT4 COMP n
| INT, BRG
. INT,
! /( Jr>|A-D conver!erl ﬁ’ cor?v-eAner I Senal I/0 I
| 7 \ ﬁ A .3 II\ 11
S A S =220
! [ P6(8) —I I P5(8) I | P4(8) I I P3(8)
| =] =

1/0 port P6

170 port P5

AVce

AVss
ADVger Input port P4 D.

170 port P3 Data bus

Address bus
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M37451SGP BLOCK DIAGRAM
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MITSUBISHI MICROCOMPUTERSl

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37451SSP/FP/GP

Parameter Functions

Number of basic instructions 71(69 MELPS 740 basic instructions+2)
Instruction execution time 0 64xs(minimum instructions, at 12 5MHz frequency)
Clock frequency 12 5MHz(max )
RAM size M37451SSP/FP/GP 1024 bytes

P3, P5, P6 170 8-bitX3 .
Input/Output port P4 Input 3-bitX1(8-bitX 1 for 80-pin model)

D-A Output 2-bitX1
Senal 1/0 UART or clock synchronous
Timers 16-bit imerX3,

8-bit timer(senal 1/0 baud rate generator) X1

A-D converter

8-bitX 3 channels(8 channels for 80-pin model)

D-A converter

8-bitX2 channels

Pulse width modulator(with 8-bit-prescaler)

| &-bit or 16-bitx1

Data bus buffer

F-byte input and output each

Subroutine nesting

FZS-Ievels (max )

[ 6 external interrupts, 8 internal interrupts, 1 software interrupt

Interrupt

Clock generating circuit Built-in(ceramic or quarts crystal oscillator)

Supply voltage 5V+E10%

Power dissipation 40mW(at 12 5MHz frequency)
Input/Output voltage 5V

Input/Output characters
Output current +5mA(max )

Operating temperature range —20to 85C

Device structure

CMOS silicon gate

M37451SSP 64-pin shrink plastic molded DIP
Package M37451SFP 80-pin plastic molded QFP(0 8mm pitch)
M37451SGP 80-pin plastic molded QFP(0 65mm pitch)

* MITSUBISHI
ELECTRIC
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MITSUBISHI MICROCOMPUTERS

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION |

Input/
Pin Name Functions
Output
Vce, Supply voltage Power supply inputs 5V£10% to Vcc, and OV to Vss
Vss
CNVgg CNVsg Input This 1s connected to Vgc
RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles(under nor-
mal Vge conditions) |f more time 1s needed for the crystal oscillator to stabilize, this “L” condition should
be maintained for the required time .
XiNn Clock input Input This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a
quartz crystal oscillator I1s connected between the Xjy and Xour pins If an external clock 1s used, the clock
XouT Clock output Output source should be connected to the X,y pin and the Xour pin should be left open
¢ Timing output Output Normally outputs signal consisting of oscillating frequency divided by four
SYNC Synchronous signal Output This signal 1s output “H” during operation code fetch and s used to control single stepping of programs
output
R/W Read/Wnte Output This signal determines the direction of the data bus It 1s “H” during read and “L” during write
status output
Ao-Ass Address bus Output This 1s 16-bit address bus
Do-D7 Data bus 170 This 1s 8-bit data bus
P3,-P3; input/Output port P3 170 Port P3 is an 8-bit 1/0 port with directional registers allowing each 1/0 bit to be individually programed as
input or output The output structure 1s CMOS output Senal I/0, PWM output, or even I/0 function can be
selected with a program
P4,-P4, Input port P4 Input Analog nput pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight
(P4y-P4;) pins They may also be used as digital input pins
P5y-P5; Input/Output port P5 1/0 An 8-bit input/output port with the same function as P3 This port functions as an 8-bit data bus for the mas-
ter CPU when slave mode 1s selected with a program
P6,-P67 Input/Qutput port P6 (Y{e] An 8-bit input/output port with the same function as P3 Pins P63-P6; change to a control bus for the master
CPU when slave mode 1s selected with a program Pins P6o-P6; may be programmed as external interrupt
Input pins
D-A4, D-A, D-A output Output | Analog signal from D-A converter Is output
VRger Reference voltage Input Reference voltage input pin for A-D and D-A converter This pin 1s for 64-pin model only
input
ADVRger A-D reference voltage Input Reference voltage input pin for A-D converter This pin is for 80-pin model only
input
DAVRger D-A reference voltage input Reference voltage input pin for D-A converter This pin 1s for 80-pin model only
nput
AVsgs Analog power supply Ground level input pin for A-D and D-A converter Same voltage as Vss 1s applied
N\
AVcc Analog power supply Power supply input pin for A-D converter This pin 1s for 80-pin model only Same voltage as Vccis applied
In the case of the 64-pin model AV¢c Is connected to Ve Internally
RD Read signal output Output Control signal output as active “L” when vaiid data is read from data bus This pin 1s for 80-pin model only
WR Write signal outbut Output Control signal output as active “L” when writing data from data bus to external component This pin Is for
80-pin model only
RESETour | Reset output Output Control signal output as active “H” during reset It 1s used as a reset output signal for peripheral compo-
nents This pin 1s for 80-pin model only
31z }\ﬁecmc '



MITSUBISHI MICROCOMPUTERS

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

The differences between M37451M4-XXXSP/FP/GP and
M37451SSP/FP/GP are noted below. Other functions are
the same as M37451M4-XXXSP/FP/GP in microprocessor
mode.

MEMORY

« Special Function Register (SFR) Area

The special function register (SFR) area contains the reg-
isters relating to functions such as 1/0 ports and timers.

* RAM

RAM is used for data storage as well as a stack area.

* Interrupt Vector Area

The interrupt vector area is for storing jump destination
addresses used at reset or when an interrupt is generated.
(This area must be located in ROM area)

* Zero Page

Zero page addressing mode is useful because it enables
access to this area with only 2 bytes,

* Special Page

Special page addressing mode is useful because it en-,
ables access to this area with only 2 bytes.

000046
RAM (192 bytes)

00BF1s Zero page
: |
1 |

00D8: SFR area

(hg 2)
010046
RAM (832 bytes)

043F¢
| |
| |
| |
| |
| |
1 |
] |
| |
! |

FF00,6 r ——————————— 4
| |
| |

FFEOw r ——————————— 1 Special page
] Interrupt vector area :

FFFFie L______.____._J )

Fig. 1 Memory map

3—113




MITSUBISHI MICROCOMPUTERS

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

00D64¢ | P3 register 00EB;s | PWM register (low-order)
00D74¢ | P3 directional register 00EC,¢ | PWM register (high-order)
00D8,¢ | P4 register/PWM prescaler latch 00ED+¢ | Timer 1 control register
00D9,¢ | Additional function register 00EE;s | Timer 2 control register
00DA;¢ | P5 register 00EF,¢ | Timer 3 control register
00DBys | P5 directional register 00F04¢ | Timer 1 register (low-order)
00DC;¢ | P6 register 00F14¢ | Timer 1 register (high-order)
00DD;¢ | P6 directional register 00F2, | Timer 1 latch (low-order)
00DEqs | MISRG1 . 00F346 | Timer 1 latch (high-order)
00DF; | MISRG2 00F4,¢ | Timer 2 register (low-order)
00EO,¢ | D-A1 register 00F5,¢ | Timer 2 register (high-order)
00E14¢ | D-A2 register 00F6,¢ | Timer 2 latch (low-order)
00E2,¢ | A-D register 00F74¢ | Timer 2 latch (high-order)
00E3;¢ | A-D control register 00F8,¢ | Timer 3 register (low-order)
00E4,¢ | Data bus buffer register 00F9,¢ | Timer 3 register (high-order)
00ES5,s | Data bus buffer status register 00FA¢ | Timer 3 latch (low-order)
00E6,¢ | Receive/transmit buffer register 00FB,s | Timer 3 latch (high-order)
00E7,4¢ | Serial I/0 status register 00FC4¢ | Interrupt request register 1
00E8,¢ | Serial I/0 control register 00FD4¢ | Interrupt request register 2
00E9,¢ | UART control register 00FE,¢ | Interrupt control register 1
00EA;¢ | Baud rate generator 00FF,¢ | Interrupt control register 2

Fig. 2 SFR (Special Function Register) memory map

3114 * MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3t0 7 \
V, Input voltage RESET, Xy —0.3t0 7 \"

Input voltage Do-D7, P30-P37, P4o-P47,
v, P5¢-P57, P6o-P67, ADVger, With respect to Vss —0.3to Vge+0.3 v
DAVger, Vrer, AVcc Output transistors are
V, Input voltage CNVss at “OFF” state —0.3t013 \"
Output voltage Ag-A;s, Do-D7, P3¢-P3;,

Vo P5°‘_P57'j5°'P§- Xour. —0.3 to Vge+0. 3 v

¢, RD, WR, R/W, RESEToyr, SYNC

Pd Power dissipation Ta=25T 1000 (Note 1) mw
Topr Operating temperature —20 to 85 c
Tstg Storage temperature —40 to 125 C

Note 1 : 500mW for QFP type
RECOMMENDED OPERATING CONDITIONS
(Vee=5V+10%, Ta=—20 to 85°C unless otherwise noted)
Symbol Parameter Limits Unit
Min Typ Max

Vee Supply voltage 4.5 5 5.5 \

Vss Supply voltage 0 \

Vin “H” Input voltage RESET, Xy, CNVss (Note 1) 0.8V¢ce Vce v

“H” input voltage Do-D7, P30-P3;, P4o-P4;,
Vin ’ ¢ P50-P57, P6p-P6; (except Note 1) 2.0 Voo v
VL “L” input voltage CNVss (Note 1) 0 0.2Vce \
“L” input voltage Do-D7, P30-P37, P4o-P4;,

Vie i ? P;D-P57, P6y-P6; D(ex(:ept Note 1) o 0.8 v

Vi “L” input voltage RESET 0 0.12Vge| V

ViL “L” input voltage Xy 0 0. 16Vce \Y

“L” peak output current Ag-As, Do-Ds,
loL(peak) P30-P3;, P50-P57, 10 mA
P6o-P6;
“L” average output current Ag-Ays, Do-Ds,
loLcavg) P30-P37, Pbo-P57, 5 mA
P6,-P6; (Note 2)
“H” peak output current Ag-As, Do-D7,
lon(peak) P30-P37, P50-P57, —10 mA
P6o-P6;
“H” average output current Ao-Ais, Do-D7,
loncavg) P3o-P37, P5-P57, —5 mA
P6y-P6; (Note 2)
f(Xin) Clock oscillating frequency ‘ 1 12.5 \ MHz
Note 1 : Ports operate as INT;-INT5(P6y-P6,), EV;-EV3(P3,-P3;), RxD(P3,) and Scik(P3)
2 . The average output current loncavg) and loLcavg) are the average value duringa 100ms
3 : The total of “L” output current lou(peak) of port P3, P5, P6, R/W, SYNC, RESEToyr, RD, WR and
¢ is less than 40mA - o
The total of “H” output current lon(peak) of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and
¢ 1s less than 40mA
* MITSUBISHI 3115
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MITSUBISHI MICROCOMPUTERS

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (Voc=5V+10%, Vss = 0V, Ta = —20 to 85%C, f(X;y) = 12.5MHz, unless otherwise noted)

Limits

Symbol Parameter Test conditions - Unit
Min Typ. Max
Vou “H" output voltage RD, WR, R/W, SYNC, RESETour, ¢ | lov=—2mA Vee—1 v
“H” output voltage Ag-A;s, Do-D7, P3p-P3;, :
Von J ge Aq-Ais, Do-D7, P3p-P3; low=—5mA Voo—T1 v

P5¢-P5;, P6o-P67
“L” output voltage Aq-As, Do-D7, P3o-P37,
Vou P56-P57, P6o-P67, RD, WR, loL=2mA 0.45 v
R/W, SYNC, RESETour, ¢
Voo “L” output voltage Ag-Ass, Do-D7, P3o-P37, loL=5mA 1 v
P5¢-P5;, P6y-P6;
Hystenisis INT;-INT3(P6¢-P6,), EV4-EV3(P3p-P3;),

Vrgp—Vi— Function input level 0.3 1
T RxD(P3,), Scik(P3s) P
Vr4+—Vy— | Hysterisis RESET 0.7 v
Vr+—Vr— | Hysterisis Xy 0.1 0.5 v
“L" input current Do-D;, P39-P3;, P4o-P4;,
| — ViI=V, —5 5 A
i P5y-P5;, P6-P6;, RESET, Xix e “
“H” input current Do-D7, P3o-P37, P4o-P4;,
- P! o-D7, P3o-P37, P4o-P4;, Vi=Veo —s 5 A
P50-P5;, P6o-P6;, RESET, Xy
Veam RAM retention voltage ’ At stop mode 2 \'
At system operation
ysiem op 8 15 mA
lcc Supply current f(Xiy)=12.5MHz
At stop mode (Note 1) 1 10 uA

Note 1 : The terminals RD, WR, R/W, SYNC, RESETour, ¢, D-A; and D-A, are all open The other ports, which are in the input mode, are connected
to Vss A-D converter is in the A-D completion state The current through ADVgee and DAVRgee 1s not included(Fig.7)

A-D CONVERTER CHARACTERISTICS

(Voo = AVge = 5V £ 10%, Vss = AVss = 0V, Ta = —20 to 85°C, f(X;y)=12.5MHz, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
— Resolution 8 Bits
— Absolute accuracy Vee=AVcc=ADVper=5VE10% +1.5 +3 LSB
tconv Conversion time X 49 te()
Via Analog nput voltage AVss AVce \
Vapvrer | Reference input voltage 2 Vece \'
Riapper | Ladder resistance value ADVger=5V 20 35 50 kQ
hapvrer | Reference input current ADVger=5V 0.1 0.14 | 0.25 mA
Vavce Analog power supply Input voltage Vce \
Vavss Analog power supply input voltage ) 0 \

D-A CONVERTER CHARACTERISTICS (Voo =5V +10%, Vss = AVss = 0V, Ta = —20 to 85°C, unless otfierwise noted)

Symbol Parameter Test condition - Limits Unit
Min. Typ Max
— Resolution 8 Bits
- Absolute accuracy Vee=DAVger=5V+10% 1.0 %
tsu Setup time 3 MS
Ro Output resistance 1 2 4 kQ
Vavss Analog power supply input voltage 0 \"
Vpbavrer | Reference input voltage 4 Vce \
Ipavrer | Reference power input current 0 5 10 mA
3—116 ‘ MITSUBISHI



MITSUBISHI MICROCOMPUTERS

M37451SSP/FP/GP

8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS

Port (Vec=5vV+10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted)

Limits

Symbol Parameter Test condition i Tve Max Unit
tsu(pap—g¢) | Port P3 input setup time 160 ns
tsu(pap—g) | Port P4 input setup time 160 ns
tsu(pso—¢) | Port P5 nput setup time 160 ns
tsu(pep—¢) | POt P6 input setup time " 160 ns
th(¢—p3D) Port P3 input hold time 40 ns
th(s—pap) Port P4 input hold time 40 ns
th(s—psD) Port P5 input hold time Fig 3 40 ns
th(s—pPeD) Port P6 nput hold time 40 ns
te(Xin) External clock input cycle time 80 1000 ns
tw(XinL) External clock input “L” pulse width 20 ns
tw(X;nH) External clock input “H” pulse width 20 ns
tr(Xin) External clock nsing edge time 20 ns
t1( Xin) External clock falling edge time 20 ns

Master CPU bus interface timing (R and W separation type mode)
(Vee=5VE10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted)

‘ Limits
Symbol Parameter Test condition Unit
Min Typ Max

tsu(cs—R) CS setup time 0 ns
tsu(cs—w) | CS setup time 0 ns
th(r—cs) CS hold time 0 ns
thw—cs) CS hold time 0 ns
tsua—r) A0 setup time 10 ns
tsua—w) A0 setup time Fig 4 10 ns
th(r—a) A0 hold time 0 ns
thiw—a) AQ hold time 0 ns
tw(r) Read pulse width 120 ns
twiw) Write pulse width 120 ns
tsu(o—w) Date input setup time before write 50 ns
th(w—b) Date input hold time after write 0 ns

Master CPU bus interface timing

(R/W type mode)

(Vee=5V+10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted)

ELECTRIC

Symbol Parameter Test condition Limits Unmit
Min Typ Max
tsu(cs—e) CS setup time 0 ns
th(e—cs) CS hold time 0 ns
tsu(a—e) A0 setup time 10 ns
th(e—a) A0 hold time 0 ns
tsu(rw—E) R/W setup time 0 ns
th(e—rw) R/W hold time Fig 4 0 ns
tw(er) Enable clock “L” pulse width 120 ns
twen) Enable clock “H” pulse width 120 ns
tre) Enable clock nsing edge time 25 ns
tie) Enable clock falling edge time 25 ns
tsu(p—e) Data input setup time before write 50 ns
th(e—p) Data input nold time after write 0 ns
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Local bus/Memory expansion mode, Microprocessor mode
(Vee=5V£10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted)

Limits
Symbol Parameter Test condition - Unit
Min Typ Max
tsu(p—a Data input setup time 60 ns
th(¢—p) Data input hold time 0 ns
tsu(p—rp) | Data input setup time 60 ns
th(ro—D) Data input hold time 0 ns
Clock synchronous serial I/0 (Vco=5V+10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tsu(ryp—scy) | Senal input setup time 160 ns
th(scik—RxD) | Seral input hold time ) 80 ns
tr(ryD) Senial nput rising edge time o 30 ns
tf(ryD) Senal input falling edge time 30 ns
tr(sce) Senial input clock nsing edge time 30 ns
tsc) Senal input clock falling edge time 30 ns
to(so) Senal input clock period 640 ns
tw(sckL) Seral input clock “L” pulse width 290 ns
tw(sgkH) Serial input clock “H” pulse width 290 ns
SWITCHING CHARACTERISTICS
Port (Voc=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)
Limits
Symbol Parameter Test condition Unit
Min Typ Max
td(¢—pr3q) Port P3 data output delay ime 200 ns
td(¢—pPsq) Port P5 data output delay time 200 ns
td(s—prsq) Port P6 data output delay time 200 ns
tc(e) Cycle time 320 4000 ns
tw(sH) ¢ clock pulse width (“H” level) 150 ns
tw(sL) ) ¢ clock pulse width (“L" level) 130 ns
tr(s) # clock rising edge time 20 ns
tf(s) ¢ clock falling edge time 20 ns
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Master CPU bus interface (R and W separation type mode)
(Vec=5V£10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted)

Limits
Symbol Parameter Test condition vin Tve Max Unit
ta(r—b) Data output enable time after read 80 ns
tv(r—D) Data output disable time after read 0 30 ns
teLH(r—pr) | Proy OUtput transmission time after read 150 ns
teLr(w—pr) | Proy Output transmission time after write 150 ns

Master CPU bus interface (R/W type mode) (Vec=5V10%, Vss=0V, Ta=—20 10 85C, unless otherwise noted)

Limits
Symbol Parameter Test condition Unit
Min Typ Max
tace—p) Data output enable time after read 80 ns
tv(e—D) Data output disable time after read 0 30 ns
tpLH(E—pPR) | Proy output transmission time after E clock 150 ns

Local bus/Memory expansion mode, microprocessor mode
(Voc=5V*10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)

Symbol Parameter Test condition Limits Unit
Min Typ Max
td(s—a) Address delay time after ¢ 80 ns
tv(s—a) Address effective time after ¢ 10 ns
tv(RD—A) Address effective time after RD 10 ns
tv(wR—A) Address effective time after WR 10 ns
td(s—pD) Data output delay time after ¢ 80 ns
td(wr—b) Data output delay time after WR 1 80 ns
tv(¢—n) Data output effective time after ¢ 20 ns
tv(wrR—D) Data output effective time after WR 20 ns
td(¢—RwW) R/W delay time after ¢ 80 ns
td(¢—svnc) | SYNC delay time after ¢ 80 ns
tw(rD) RD pulse width 130 ns
tw(wRr) WR pulse width 130 ns
Clock synchronous serial /O (Voc=5v£10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted)
Limits

Symbol Parameter Test conditions vin T Typ Mox Unit
td(scik—TxD) | Seral output delay time 100 ns
trisc Serial output clock rising edge time 30 ns
tH(sow) Senal output clock falling edge time 30 ns
to(sew) Senal output clock period 640 ns
tw(sckl) Serial output clock “L” pulse width 290 ns
tw (s kH) Senal output clock “H" pulse width 290 ns
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TEST CONDITION

Input voltage level : V,y 2.4V

V. 0.45v
Output test level : Vo 2.0V
Voo 0.8V
A ‘—I——-O
P3 50pF
P4 P5 1 I
Ps —TQ 100pF
100pF € o fb—1—o
P6 ;1; s ;J; 100pF
Pl :50pF R/W
0 SYNC —1—()
’ 50pF ;]; RD 50pF
+ wal|
Fig. 3 Port test circuit Fig. 4 Master CPU bus interface Fig. 5 Local bus test circuit
test circuit
V,
Vee oo
Scik (test point)
other power
50pF RESET Vee supply
P openorno  _{ AVcc
N I output current ’
ADV;
Vee or Vss —| D REF
TxD ——T( ) DAVger
50pF
I Vee —P3 D-A1
P4 D-A2
P5 RD
P6 WR open or no output
Fig. 6 Serial 170 test circuit CNVss R/W | [ current
AVss SYNC
Vss RESETour
[
r
Vss Xin Xour
Eed
Vss Vss

Fig. 7 lcc (at stop mode) test condition
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TIMING DIAGRAM

Port/single-chip mode timing diagram

teoan twoggH)  twianw)
__/ } ! 1
Xin } & Z
L \ ]
Hixn) trixn)
teeo)
twisL) (—
4 {2_ 0 2.0 Z 2.0
" . X 0.8 O.E,
W | () trs)
. tsu(pio—9)
\ 2.4
Port P input 2.4
/ . K045 0.45
—=t
tds—pi0) | th(s —piD)
Port Pi output 2.0
0.8
Note : V;4=0.8Vcc, Vie=0.16Vcc of Xy
Master CPU bus interface/ R and W separation type timing diagram
Read

tsuta—r) th(r—a)

A0 2.4 2.4

0.45 0. 45

tsutcs—r) th(r—cs)
cs 0.45 0.45

tw(r)
2 2.4 Y £2.4
R ﬁyg 0.45 0.45 ,Z
DB, 2.0 2.0
o~ DB, 0.8 0.8

t. —

a0 { tv(rR—D)
Prov

tPLH(R—PR)
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Write

) tsu(a-w) thw—a)
2.4 2.4
A0 0.45 0.45
tsu(cs—w) thiw—cs)
cs 0.45 0.45
tww) )
I ‘!
_ 2.4\ | £ 2.4
w % 0. 45 0. 45
thiw-p)
_ Z 2.4 2.4
DB,—DB; <o.45 >___————o. p
tsu(o—w)
N 2.0
PRDY
teLn(w—pR)
Master CPU interface/ R/W type timing diagram
i‘ tw(ew) twien)
E f 2.4 2.4 !\
0. 45 0.45/ 0. 45
tree) te)
tsuca—e)
th(e—a)
AO 2.4
R/W 0.45
__ 1 the—cs) e
CS Su(Cs—E)
0.45 0.45
read
\ 2.0 A
DBo,—DB; ————-—/ 0.8
tate-p)
= ty(e-0)
tsuo—e)
“" th(e-o)
write ﬁ 2 4
DBy— DB, -/ 0.45 %
P 2.0
teLH(e—PR)
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Local bus timing diagram

te(p)
twie ) twisL)
‘ i N /
/., k. /
d(¢ —RW) Yo
r(s
_ e
R/W
X
tds-a) Weson)
Aog—Ass k
[
tsuo—¢) = the-o
Do—D;
CPU read
tdis—
d(4-p) tyis—0)
Do—Dy
CPU write X

Ao—Ass X X
/
' tw(
t WD tv(ro—a)
RD y
tsuto—ro) th(ro—0)
Do—D;
CPU read
twiwr)
WR \L
td(wr—p)
Do—D;
CPU write
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Clock synchronous serial 170 timing diagram

teisok)
tsciw) tw(souxt) trsouk) twiscikH)
0.8Vee N /0. 8Veo \ 0.8Vee
Scik /
\Q 2Vee 0. 2Vcc]
tsu(ryo—scLK) th(scLk—RxD) |
0.8Vec /0 8Vee 0.8Vce
RxD
0. 2Veo KO- 2Veo 0. 2Voo
tdisck—Tx0) , tr(rxo)
- tf(ry0)
0.8Vce
<D
0.2Vce
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