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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

7451 Group

DESCRIPTION

The 7451 group is a single-chip microcomputer designed
with CMOS technology.

In addition to its simple instruction sets, the ROM, RAM,
and |/O addresses are placed on the same memory map to
enable easy programming.

It is suited for office automation equipment and control de-
vices. The low power consumption made by the use of a
CMOS process makes it especially suitable for battery po-
wered devices requiring low power consumption. It also
has a unique feature that enables it to be used as a slave
microcomputer.

For details on availability of microcomputers in the 7451
group, refer to the section on group expansion.

The number of analog input pins for the 80-pin model (FP,
GP version) is different from the 64-pin model (SP version).
In addition, the 80-pin model has special pins for RD, WR,
RESETour, DAVger, ADViper, AVee and the 64-pin model
has a special Vgge pin.

FEATURES
® Basic machine-language instructiong ---------oooeoereneens 71
® The minimum instruction execution time
(at 12.5MHz oscillation frequency) --------=eereee 0.64us
® Memory size
(=10 ] ¥ TR 0K to 24K bytes
RAM ............................................... 256 to 1024 bytes
® Power source voltage «---- e 5v+10%
® Power dissipation }
(at 12.5MHz oscillation frequency) ------+----=se 40mwW
® Subroutine nesting -------- 96 levels max.(M37451M4/E4)
96 levels max.(M37451MB8/E8)
128 levels max.(M37451MC/EC/S)
@ Interrupt - oo 15 events
@ Master CPU bus interface -+----------roreeeeeeeenen 1 byte
. 16_b|l nmers .......................................................... 3
® 8-bit timer (Serial /O use) ...................................... 1
® Serial 10 (UART or clock Synchronous) -=-==-=-------reeees 1
® A-D converter (8-bit resolution) -+ 3 channels (DIP)
8 channels (QFP)
® D-A converter (8-bit resolution) «-++++------oee 2 channels
® PWM output with 8-bit prescaler

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

(mask ROM version and PROM version)

(External ROM version) :-------=-sseessannannnns
Y Input port (Port p4) ............................
@ Output ports (Ports D-A;, D-A,)

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
7451 Group:

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
PIN CONFIGURATION (TOP VIEW)
P3,/Sgoy + [1] Vee P3;/Snoy + Veo
P3s/SoLk + L2} AVss P3s/Scik AVss
P3s/TxD «+ +~ Vaer 3:::::: 7:pul P35/TxD +> *+ Ve 3;:2;"?:‘“,
10 port PS P3,/RxD ++ — D-A, D-A output /o P3,/RxD +* 60— DAt s
P33/PWMgyr +* — D-A; port P3 | P33/PWMoyr < (60] — D-A, | output
P3,/EV, + [E] +— P4g/ANg P3,/EVy 55] + P4o/AN,
P3,/EVy+> +— P4,/AN; | Input port P4 P3,/EV, 58] +— P4,/AN, ,';':mm"m
P3,/EV, + [E] +— P4,/AN, P3,/EV, +* +— P4,/AN,
P5,/D8; + 2] + P0o/Ag P5,/DB; + — Ay
P5¢/DBg +> + PO/A P5¢/DB, — A,
P55/DBg ++ + PO/A, P55/DBs + — A,
/O port 6 P5,/DB, +* E 5 5 + P03/As 1/0 port P p(::‘ops P54/DBy + — Az
P5,/DB; + [13] 5§ QL K2 Pova, P5g/DB,+> 2] — A,
ps,/DB, @& & &« Posas P5,/DB, ++ - 5] — A,
p5,/0B < [E T o T o T B+ Pocras P5,/DB, + & 5] —+ Ae
PSo/DBo++[8] © = @ = £ [ig]« Po/A; P5,/DBq +* P 5] = A; | Address
reweX X FEroa P67 /W + > 3] — A [ bus
P6o/R ++ % <>,<, é +~ P1,/Ag PBs/R + ‘-’3 — Ay
P65/CS « b ] o o - P1,/A P6s/CS ++ : 46] — Ay
/0 port P Pspsﬂ - ~ Pl3/Aq Vo por Pt ;:10.:5 PBa/AO +~ l45] — A,
2/ Proy +* “«+ P1,/A 2 P63/Proy +* 3] = A,
PB,/INT; ++ > Plg/Ass P62/INT, + 53] —+ Ag
P6,/INT, + ~+ Plg/Aqg PB1/INT, ++ 22] - A,
Roadrwrits Tt " > Pla/hss R%“uwme':,s"/lNIl - Ll Ass
status output /W +— ++ P24/Dq status output R/W — j40] ++ D,
Synchronous SYNC +— « P2,/D, s_ynchmnous SYNG + [39] ++ D
signal output CNVes —+ « P2,/D, signal output CNVss — op
Reset input RESET — +~+ P24/Ds Reset input RESET — Dy
Clock Input X, - p2,/D, [VOPotP2 Glock Input X — &)« b, | 0%
Clock output  Xgr — «+ P2:/Ds Clock output Xyt + 35] ++ D5
Timing output b - P2¢/Dg Timing output b 34}« D¢
Vss 33] +» P2,/D, Vss 23]+ D>
Qutline 64P4B Outline 64P4B
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

]+~ P1s/A
5] ++ P16/A

P4g/ANg — [68] [40]) «~ P25/Dg
D-Az +— [66] - P2,/Dy
D-Ay [38] == P22/Dy

DAVper — ~ P23/Dy
ADVrer — M37451M4-XXXFP (3]~ P24/Da
AVgg [35] « P2s/Ds
AVce or [3] ~ P2g/Dg
\ee M37451M8-XXXFP Tl
Vss Vss

P37/Spoy = or [B]— ¢

P3e/ScLk =+ NG

Py D - [ M37451MC-XXXFP ] X

P34/RxD o 17 [28] +— Xin

P33/PWMoyt NC

P3,/EVy o O [%6])+~— RESET

NC +— CNVss
[ N=T=-NMEMEETEEE FIRIEREIE]
31ttttttti;tg)ttiﬁttiélllﬁ
O T N O 0 2 06 - o @ (=11 o - [4)
YRR IR T L3R
Sdeerirocnl®eSNSSs N
ERPERLRLLY QeSS E @
4
Outline 80P6N-A
Mt 0 @~
Z2Z2ZZ2Z — o ~ ez
T dddEdLLILIETcdd D
B T T S I Su Ny N Wy g
ffdFsSSSSdSEg T30
n.cun.mn.gﬁa.n.mn.n.u.n.n.n.&amn.
R EEEEEEEEEE RS
21 EE FEE FEIEEEEEE] =]

P4z/ANy — [51]

Pa,/ANy — NC
P4g/ANg — [38] ++ P2o/Dg
D-Ap +— [&4] -~ P2,/Dy
D-A; «— [&5] 5] <~ P2,/D,
DAVRer — [56] [35) «~ P23/D3
ADVggr — M37451M4-XXXGP [B4) ~~ P24/Da
AVssg <+ P25/Ds
AVce or «— P2¢/Dg
Veo -~ P2;/D;
Ves M37451MB-XXXGP Vae
P37/Sppy or [l — &
P3e/Scii +~~ NC
P35/TxD M37451MC-XXXGP — Xour
P34/RyD + ] — Xon
P33/PWMoyr NC
P32/EV; « 2] — RESET
NC O O — CNVgs
NG (2] — RESETour -
P31/EV3 « 5| [E] — SYNC
HTE N =T B E EEEE R E
tthifttiititttttittlll
- o v o e o o o -
SodddddddIZCAB L5 xa
wooonaacg\h}ii’s S
FIREIcaaslESSLSSST ¢
> &%
P eeeg™ " EEgggg

Outline 80P6S-A

NC ! No connection
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MITSUBISHI MICROCOMPUTERS
7451 Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

M37451SFP

Outline 80P6N-A

2ZEEE

$3333 crsss
faddidfdLLLLLELELCdad
Lidbbtttrttrrtttrtts
BE! BEEEERES [l =1=1=]

P42/AN2 — [&]

P4,/AN{ — [c3} NC
Pdy/ANg — [&3] [38] «+ Do
D-Ag «— [&4] -~ Dy
D-Ay « [65] [36] v~ D2
DAVaer — [53] [35] ~ Ds
ADVRer — [67 (3]« D4
AVss [33] =+ Ds
AVce «— Dg
Voo M37451SGP gt} D7
Vss Ves
P37/Sapy <= (23] — ¢
P3s/ScLK ~~ 13 NC
P3s/TxD +» [Tt — Xour
P34/RxD - [28] +— Xin
P33/PWMoyt = (7] NC
P32/EV; +» [24] -— gﬁflET
NC - 58
NC —. RESETout
P31/EV;2 - [&] _. SYNC

Outline 80P6S-A

NC : No connection
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (mask ROM version and PROM version)

Pin N Input/ Funct
v ( ame Output unctions

Vee, Power source Apply voltage of 5VE109% to Ve, and OV to Vss.

VSS

CNV;ss CNVss Input Controls the processor mode of the chip. Normally connected to Vgs or Vee.

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for 8 or more clock cycles (under normal
Vee conditions). If more time is needed for the crystal oscillator to stabilize, this “L” condition should be
maintained for the required time.

Xin Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a
quartz crystal oscillator is connected between the Xy and Xoyr pins. If an external clock is used, the clock

XouT Clock output Output source shouid be connected to the Xy pin and the Xeyr pin should be left open.

[ Timing output Qutput Normally outputs clack consisting of oscillating frequency divided by four.

SYNC Synchronous Output | This signal is output “H” during operation code fetch and is used to control single stepping of programs.

signal output '

R/W Read/Write Qutput This signal determines the direction of the data bus. it is “H" during read and "L" during write.

status output

PQOo- PO, 17O port PO 170 Port PO is an 8-bit I/0 port with directional registers allowing each I/O bit to be individually programmed as
input or output. The output structure is CMOS output. The low-order bits of the address are autput except
in gingle-chip mode.

P1y-P1; 17O port P1 17O Port P1 is an 8-bit I/0 port and has basically the same functions as port P0. The high-order bits of the
address are output except in single-chip mode.

P2,-P2; /O port P2 [I{e] Part P2 is an 8-bit /0 pert and has basically the same functions as port PO. Used as data bus except in
single-chip mode.

P3,-P3; /O port P3 170 Port P3 is an 8-bit 1/0 port and has basically the same functions as port PO. Serial 170, PWM output, or
event 1/0 function can be selected with a program.

Pdo-P4, Input port P4 Input Analog input pin for the A-D converter. The §4-pin model has three pins and the 80-pin model has eight

(P44-P4;) pins. They may also be used as digital input pins.

PS5,-P5; 1/0 port PS 170 Port PS5 is an 8-bit 170 port and has basically the same functions as port PQ. This port functions as an 8-bit
data bus for the master CPU when slave mode is selected with a program.

P6,-P6, /0 port P6 170 Port P6 is an 8-bit 1/0 port and has basically the same function as port PO. Pins P6s-P6; change to a control
bus for the master GPU when slave mode is selected with a program. Pins P6,-P6; may be programmed
-as external interrupt input pins.

D-A;, D-Az | D-A output Qutput Analog signal from D-A converter is output.

Vrer Reference voltage Input Refarence voltage input pin for A-D and D-A converter. This pin is for 64-pin model only.

input

ADVpee A-D reference Input Reference voltage input pin for A-D converter. This pin is for BO-pin model only.

voitage input

DAVRer D-A reference Input Reference voltage input pin for D-A converter. This pin is for 80-pin mode! only.

voltage input

AVsgs Anatog power supply Ground level input pin for A-D and D-A converter. Same voltage as Vsg is applied.

AVce Analog power supply Power supply input pin for A-D converter. This pin is for 80-pin modal only. Same voltage as V¢ is applied.
In the case of the 64-pin model, AV is connected to Ve internally.

AD Read signal Output Control signal output as active “L” when valid data is read from data bus. This pin is for 80-pin model cnly.

output

WR Write signal Output Gontrol signal output as active “L” when writing data from data bus to external component. This pin is for

output 80-pin model only.

RESETour Reset output Output Control signai output as active “H" during reset. It is used as a reset output signal for peripheral compo-
nents. This pin is for 80-pin model only.
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MITSUBISHI MICROCOMPUTERS
7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPT!O.N (EPROM mode of PROM version)

Input/
Pin Name Pu Functions
Qutput

Veer Vss | Power source Apply voltage of 5V10% to Vgc, and OV to Vss.
CNVss/Vpe | Ve Input Gonnect to Vpr when programming or verifing.
RESET Reset input Input Connect to Vgs
Xin Clock input Input Connect a ceramic or a quartz crystal oscillator between Xy and Xoyr for clock oscillation.
XouT Clock output Output .
¢ Timing output Output For timing output
SYNC Synchronous Output Kept to apen (“L” signal is output).

signal output
R/W Read/Write Output Kept to open ("H” signal is output).

status output
PQOy—PQ; | 170 port PO Input PO works as the lower 8-bit address input.
P1,—P1; | 1O port P1 Input P1,—P15 work as the higher 6-bit address input. P1g and P17 connect to Vgc.
P2,—P2; | VO port P2 170 P2 works as an 8-bit data bus.
P3o—P3; | I/0 port P3 Input Connect to Vgg
Pd4,—P4, tnput port P4 Input Connect ta Vgg. The 64-pin model has only three pins P4y—P4,.
(P4g—P4,}
PS¢—P5; | 170 port P5 Input P5g, P5y, P5; works as A, OF, and CE inputs respectively. Gonnect P53 and P5, 1o Ve and PSs— PS; to

Vgs.

P6,—P6; | 170 port P& Input Connect to Vss.
D-A,, D-A; | D-A output Qutput Kept to open.
VRer Reference voitage {nput Connect to Vss. This pin is for 64-pin mode! only.

input
ADVger A-D reference Input Connect to Vsgg. This pin is for 80-pin model only.

voltage input
DAVger D-A reference Input Connect to Vss. This pin is for 80-pin mode! only.

voltage input
AVsg Analog power Input Connect to Vgg.
AVce Analog power Input Connect 1o Vg or Vgs. This pin is for 80-pin model only.
RD Read signal output Output | Kept 1o open (“H" signal is output). This pin is for 80-pin model only.
WR Write signal Output | Kept to open (“H” signal is output}. This pin is for 80-pin model onty.

output
RESEToyr | Reset output Output Kept to open (“H" signal is output). This pin is for 80-pin model only.
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MITSUBISHI MICROCOMPUTERS
7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION (External ROM version)

B L249828 DO2u47?bY

Input/
Pin Name P Functions
Output

Voo Power source Apply voltage of SV110% to Voc, and OV to Vgg.

Vss

CNVgsg CNVss nput This is connected 1o Vee.

RESET Reset input fnput To enter the reset state, the reset input pin must be kept at a “L" for 8 or more clock cycles(under normal
Vec conditions). it more time is needed for the crystal oscillator to stabitize, this “L" condition should be
maintained for the required time.

Xin Clock input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a
quartz-crystal oscillator is connected between the Xiy and Xoyt pins. If an external clock is used, the clock

Xour Clock output Output source should be connected to the X pin and the Xoyr pin should be left open.

¢ Timing output Qutput Normally outputs clock consisting of oscillating frequency divided by four.

SYNC Synchronous signal QOutput This signal is output “H” during operation code fetch and is used to control single stepping of programs.

output
‘ R/W Read/Write Qutput This signal determines the direction of the data bus. It is “H" during read and “L" during write
status output

Ag-Ais Address bus Output This is 16-bit address bus.

Do-D7 Data bus (I{e] This is 8-bit data bus.

P30-P3; Input/Output port P3 170 Port P3 is an 8-bit 170 port with directional registers allowing each 170 bit to be Individually programed as
input or output. The output structure is CMOS output. Serial 1/0, PWM output, or even 1/O function can be
selected with a program.

P4,-P4, Input port P4 Input Analog input pin for the A-D converter. The B4-pin model has three pins and the 80-pin mode! has sight

(P4,-P4;) pins. They may alsa be used as digital input pins.

P5,-P5, Input/Output pert PS 170 An 8-bit Input/output port with the samé function as P3. This port functions as an 8-bit data bus for the mas-
ter CPU when slave mode is selected with a program.

P6,-P6&; Input/Output port P& 17Q An 8-bit input/output port with the same function as P3. Pins P6;-P6; change to a control bus for the master
CPU when slave mode is selected with a program. Pins P6y-P§; may be programmed as external interrupt
input pins.

D-Ay, D-A; D-A output Output Analog signal from D-A converter is output.

Vaer Reference voltage Input Reference voltage input pin for A-D and D-A converter. This pin is for 64-pin model only.

input

ADVgee A-D reference voltage Input Reference voltage input pin for A-D converter. This pin is for 80-pin model only.

input

DAVger D-A reference voltage Input Reference voltage input pin for D-A converter. This pin is for BO-pin modet only.

input

AVss Analog power supply Ground level input pin for A-D and D-A converter. Same voltage as Vgs is applied.

AVee Analog power supply Power supply Input pin for A-D converter. This pin is for 80-pin mode! only. Same voltage as Vecis applied.
In the case of the 64-pin model AVcc is connected to Ve internalty.

RD Read signal output Output Control signal output as active “L” when valid data is read from data bus. This pin is for 80-pin model only.

WR Write signal output Output Control signal output as active “L” when writing data from data bus to external component. This pin is for
80-pin model only. -

RESEToyur | Reset output Output Control signal output as active “H” during reset. It is used as a reset output signal for peripheral compo-
nents. This pin is for 80-pin model only.
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

SP

- X
> 1 222
L— Package type

SP ! 64 pin shrink plastic molded DIP

FP : 80 pin plastic molded QFP (0. 8mm pitch)
GP ! 80 pin plastic molded QFP (0.65mm pitch)
88 { 64 pin shrink ceramic DIP

FS [ 80 pin pin LCC

Product M37451

1z
jo

ROM code distinction
{omitted with some types)

Electric characteristics -
Operating temperature range

— or omission | —20 to 85C

D . —40 10 85°C

Memory size

Memory type
M: Mask ROM
S: External ROM
E : Internal PROM
R : Emulator MCU

7451 group

B 5249828 00247L5 385 W
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

Memory expansion plan

ROM size (bytes) Mass product

24K '""'”"“""‘:"'""""'"'"': """"""""" P

e S — e T —
Mass product : : b :

L LT LTI VLI 10> S SORSIOSS SEUSS S U S

12K foooemememeeennnsd S

Mass product |

17 . I M37451 M4 :

oy S SN SN S— SRPR: SSSRSSNS SRS N—
; i : Mass product | )
0 : : : : : M37451S

128 256 384 512 640 768 896 1024

RAM size (bytes)

B L249828 00247bb 211 W
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7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Currently supported products listed balow

As of May 1996

Product (P} ROM size (byte) RAM size (byte) Package Remarks
M37451M4-XXXEP Mask ROM version
M37451M4DXXXSP 64P4B Extended operating temperature version
M37451M4-XXXFP 8K 256 BOPEN-A Mask ROM version
M37451M4DXXXFP Extended operating temperature version
M37451M4-XXXGP B80P6S-A | Mask ROM version '
M37451 MB-XXXSP Mask ROM version
M37451MBDXXXSP Extended operating temperature version
M37451E8-XXXSP 64P4B | One Time PROM version
M37451EBDXXXSP Extended operéting temperature version
M37451E8SP One Time PROM version {blank)
M37451M8-XXXFP Mask ROM version
M37451MBDXXXFP Extended operating temperature version
M37451E8-XXXFP 16K 384 B8OPGN-A | One Time PROM version
M37451ES8DXXXFP Extended operating temperature version
M37451E8FP One Time PROM version (blank)
M37451M8-XXXGP Mask ROM version
M37451EB-XXXGP 80P6S-A | One Time PROM version
M37451E8GP One Time PROM version (blank)
M37451E8SS 64518 | EPROM version
M37451E8FS 80D0 EPROM version
M37451MC-XXXSP " | Mask ROM version
M37451EC-XXXSP 64P4B One Time PROM version
M37451ECSP One Time PROM version (blank)
M37451MC-XXXFP Mask ROM version
M37451EC-XXXFP 80PEN-A | One Time PROM version
M37451ECFP 24K 512 One Time PROM version (blank)
M37451MC-XXXGP Mask ROM version
M37451EC-XXXGP 80P6S-A | One Time PROM version
M37451ECGP One Time PROM version {blank)
M37451ECSS 64S1B EPROM version
M37451ECFS 80D0 EPROM version
M37451SSP 64P4B | External ROM version
M37451SFP 80PE6N-A | External ROM version
M37451SGP oK 1024 80P6S-A | External ROM version
M374561RSS 6451M | Emuiator MCU
M37451RFS 80D0OM | Emulator MCU

Use the EPROM version and the Emulator MCU for evaluation only. Do not use those for production applycations.

B L249828 00247L7 156 WA
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The 7451 group uses the standard 740 family instruction
set. Refer to the table of 740 family addressing modes and
machine instructions or the SERIES 740 (Software> User's
Manual for detalls on the instruction set.

Machine-resident 740 family instructions are as follows:

The FST and SLW instruction cannot be used.

The MUL, DIV, WIT, and STP instruction can be used.

MISRG2 Register ’

The MISRG2 register is allocated to address Q0DFq6. Bits 0
and 1 of this register are processor mode bits. This register
also has a stack page selection bit.

b7 b0

LT TT] 11 MmisRa2 (address Q0DF,q)
Processor mode bits

00 : Single-chip mode

01 : Memory expansion mode
10 : Microprocessor mode

11 © Disable to select
Bus interface enable bit

0 ! Disable

1 ! Enable (slave mode)
Bus interface mode bit
0. RD, WR bus

1 : R/W bus
——————————— PWM enable bit

0 : Disable

1 Enable

PWM mode selection bit
0 : 8-bit high speed PWM
1 I 16-bit high precision PWM
Bus cycle control bit

0 I Normal bus cycle

1 . Normal bus cycleX2
Stack page selection bit
0 :In page 0 area

1:In page 1 area

Fig. 1 Structure of MISRG 2
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MITSUBISHI MICROCOMPUTERS
7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY

« Special Function Register (SFR) Area

The special function register area in the zero page contains
controf registers such as I/0 ports and timers.

* RAM

RAM is used for data storage and for stack area of sub-

routine calls and interrupts.

* ROM

ROM is used for storing user programs as welt as the inter-

rupt vector area.

* Interrupt Vector Area

The interrupt vector area is for storing jump destination
addresses used at reset or when an interrupt is generated.
* 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'.

RAM
(320 bytes)
for
M37451MC/EC

ROM
(24K bytes)
for

M37451MC/EC

RAM

(192 bytes)
for

M37451M8/E8

ROM
(16K bytes}
for

M37451M8/ES |

RAM
(192 bytes)

RAM
(64 bytes)
for

M37451M4/E4

ROM
(8K bytes)
for
M37451M4/E4

0000,¢

00BFy¢

Not used Zero page

00D0y¢

SFR area
O0FF g
0100,

013Fq

01BF;6

023F ¢

Not used

A000,¢

C000,4

ECQ005

FFOQ,¢

Special page

FFEQqs

rea
FFFFss Interrupt vector ai

Fig. 2 Memory map (mask ROM version and PROM version)
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RAM (192 bytes)

RAM (832 bytes) {

000046

00BFg

00D6
e SFR area

(Fig. 5)

0100,¢

043F;¢

| Interrupt vector area ]

FFFF16 b am o o o e e e o e

Zero page

Special page

Fig. 3 Memory map (external ROM version)
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00D0,6
00D146
000246
00D3,,
00D4,s
00055
00D6,5
00075
00085
00D94¢
00DA
00DB,s
00DCys
00DDy;
00DE¢
DODF,5
00ED,q
00E1 g
00E246
00E3,6
0046
00E5,¢
00ESG ¢
00E7 .6
Q0ES,¢
00E9,¢
ODEA,

PQ register 00EB, ¢
PO directional register 00EC e
P1 register 00ED¢
P1 directional register 00EE,¢
P2 register 00EF,¢
P2 directional register 00F046
P3 ragister QOF14¢
P3 directional register 00F2,g
P4 register/PWM prescaler latch 00F346
Additional function register 00F44¢
P5 ragister 00F5,¢
P5 directional register 00F6,6
P6 register 00F74¢
PE directional register 00F8,¢
MISRG1 00F9;¢
MISRG2 00FA+e
D-A1 register 00FB,g
D-A2 register 00FC ¢
A-D register 00FD16
A-D control register 00FE s
Data bus buffer register 00FF,¢
Data bus buffer status register

Receive/Transmit buffer register

Serial 1/0 status register

Serial I/0 control register

UART control register

Baud rate generator

PWM register {low-order)

PWM register {high-order)

Timer 1 control register

Timer 2 control register

Timer 3 control register

Timer 1 register (low-order)

Timer 1 register (high-order)

Timer 1 latch (low-order)

Timer 1 Jatch (high-order)

Timer 2 register (low-order)

Timer 2 register (high-order)

Timer 2 latch (low-order)

Timer 2 latch {high-order)

Timer 3 register {low-order)

Timer 3 register (high-order)

Timer 3 latch (fow-order)

Timer 3 latch (high-order)

interrupt request register 1

Interrupt request register 2

Interrupt control register 1

Interrupt control register 2

Fig. 4 SFR (Special Function Register) memory map (mask ROM version and PROM version)
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

00D6,s | P3 register 00EB,s | PWM register (low-order)
00D7,¢ | P3 directional register 00EC,g | PWM register (high-order)
00D8,¢ | P4 register/PWM prescaler latch 00ED,¢ | Timer 1 control register
00D9,¢ | Additional function register Q0EE,s | Timer 2 control register
00DA,s | P5 register 00EF, | Timer 3 control register
00DB,s | P5 directional register 00F0,¢ | Timer 1 register {low-order)
00DC,q | P6 register 00F14¢ | Timer 1 register (high-order)
00DD,s | PE directional register 00F2,5 | Timer 1 latch (low-order)
00DE,s | MISRG1 00F3,5 | Timer 1 latch (high-order)
00DF,¢ | MISRG2 00F4,5 [ Timer 2 register (low-order)
DOEQy¢ | D-A1 register 00F5,5 | Timer 2 register (high-order)
00E14¢ | D-A2 register 00F6,5 | Timer 2 latch (low-order)
00E2.5 | A-D register 00F7y [ Timer 2 latch (high-crder)
00E3,¢ | A-D control register 00F8,s | Timer 3 register (low-order)
DDE4s | Data bus buffer register 00F9;¢ | Timer 3 register (high-order)
O0ES5,¢ | Data bus buffer status register 00FA,g | Timer 3 latch {low-order)
00E6.¢ { Receive/transmit buffer register 00FB,g | Timer 3 latch (high-order)
00E7:¢ | Serial 17O status register ’ 00FC1g | Interrupt request register 1
OOE8,¢ | Serial 1O control register 00FD,g | Interrupt request register 2
00E9,¢ | UART control register O00FE,¢ | Interrupt control register 1
O0EA¢ | Baud rate generator 00FFys { Interrupt control register 2

Fig. 5 SFR (Special Function Register) memory map (external ROM version)
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INTERRUPTS

Interrupts can be caused by 15 different events consisting
of six external, eight internal, and one software events.
Interrupts are vectored interrupts with priorities shown in
Table 1. Reset is also included in the table because its op-
eration is similar to an interrupt.

When an interrupt is accepted, the registers are pushed,
interrupt disable flag | is set to “17, and the program jumps
to the address specified in the vector table. The interrupt
request bit is cleared automatically. The reset and BRK in-
struction interrupt can never be disabled. QOther interrupts
are disabled when the interrupt disable flag is set to “1".

All interrupts except the BRK instruction interrupt have an
interrupt request bit and an interrupt enable bit. The inter-
rupt request bits are in interrupt request registers 1 and 2
and the interrupt enable bits are in interrupt control regis-
ters 1 and 2. Figure 6 shows the structure of the interrupt
request registers 1 and 2 and interrupt control registers 1
and 2.

Interrupts other than the BRK instruction interrupt and reset
are accepted when the interrupt enable bit is “1”, interrupt
request bit is “1”, and the interrupt disabie flag is “0". The
interrupt request bit can be reset with a program, but not
set. The interrupt enable bit can be set and reset with a

program. .
Reset is treated as a non-maskable interrupt with the high-
est priority. Figure 7 shows interrupts control.

Table 1. Interrupt vector address and priority.

Event Priority Interrupt vectar addresses Remarks
RESET 1 FFFF,s, FFFEqe Non-maskable
input buffer full interrupt 2 FFFD4s, FFFC,g Valid only in slave mode
Qutput buffer empty interrupt 3 FFFB4g, FFFAg Valid only in slave mode
INT, interrupt 4 FFF9., FFF8,¢ External interrupt {polarity programmable)
INT interrupt 5 FFF7,6, FFF6,g External interrupt (polarity programmable)
INT; interrupt 6 FFF5,4, FFF44g External interrupt (polarity programmable)
Timer 1 interrupt 7 FFF3,¢, FFF2,s
Timer 2 interrupt 8 FFF1:6, FFFO4¢
Timer 3 interrupt 9 FFEF,s, FFEE,g
EV, interrupt 10 FFED.s, FFEC4g External event interrupt (polarity programmable)
EV, interrupt 1 FFEB.s, FFEAs External event interrupt { polarity programmable)
EV; interrupt 12 FFE9,6, FFE8.s External event interrupt (polarity programmable)
Serial I/0 receive interrupt 13 FFE7,6, FFEB,¢ Valid only when serial 170 is selected
Serial 1/0 tranamit interrupt 14 FFES.:s, FFE4,¢ Valid only when serial 1/0 is selected
A-D conversion completion interrupt 15 FFE3.s, FFE24¢
BRK instruction interrupt 16 FFE1,6, FFEQ.s Non-maskable software interrupt

B L249428 0024773 451 EE
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b7 b0 b7 b0
| l [ l ] I | [ ] Interrupt request register 1 [ l I l I I l I I Interrupt request register 2
(address 00FC,g) {address 00FD,g)
Input buffer full interrupt .
request bit EV, interrupt request bit
Output buffer empty imertrul'f]t EV, interrupt request bit
request bit . .
INT, interrupt request bit EV4 interrupt request bit
INT; interrupt request bit Serial I/0 receive interrupt request bit
INT; interrupt request bit ————————— Serial I/0 transmit interrupt request bit
L Timer1 interrupt request bit A-D conversion completion interrupt
Timer 2 interrupt request bit Nothing is allocated request bit
Timer 3 interrupt request bit (The value is undefined at reading)
0 I No interrupt reguest issued 0 © No interrupt reguest issued
1 © Interrupt request issued 1! Interrupt request issued
b7 b0 b7 b0

LT T T TT ] mnteruptcontrol register 2

HEE

(address QOFF,)

I I 1 Interrupt contro! register 1
L (address 00FE,g)
input buffer full interrupt.
enabla bit
Output butfer empty intbelrrug}
enable b
L INT, interrupt enable bit
INT; interrupt enable bit
INT; interrupt enable bit

Timer 1 interrupt enable bit

EV, interrupt enable bit
EV, interrupt enable bit
EV; interrupt enabie bit

Serial 170 receive interrupt enable bit
Serial /0 transmit interrupt enabie bit

A-D conversion completion interrupt
enable bit

Nothing is aliocated

Timer 2 interrupt enable bit

Timer 3 interrupt enable bit

0 : Interrupts disabled

1 ! interrupts enabled

(The value is undefined at reading)

0 ! Interrupts disabled

1 ! Interrupts enabled

Fig. 8 Structure of registers related to interrupt

Interrupt request bit ——

Interrupt enable bit —

Interrupt disable flag |

BRK instruction
reset —1_/

Interrupt request

Fig. 7 Interrupt control
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TIMER
The 7451 group has three independent 16-bit internal tim- b7 . 50
ers as shown in Figure 10. T T 1T 1 1 I 1 Jtvimericontrol register ((i=1,2,3)
i . R . -~ Timer 1 control register {address Q0ED,g)

The timers are controlied byl the' timer i control register G Timer 2 control register{address 00EE:g)
1, 2, 3) and MISRG1 shown in Figure 8 and 9. Timer 3 controt register (address Q0EF )
The timer and the timer latch are independent of each Timer mode selection bits
other and a value must be written in both when setting a 000 16-bit timer mode
i 001: Event count mode
timer. 010 Pulse output mode
A write to a timer is performed in the order of T_ to T, after 011: Pulse period measurement mode

" . T 100 : Pulse width measurement mode
setting the count enable bit to count inhibit “0". 101: Programmable waveform
A read from a timer is performed in the order of Ty, to T. 110: P " g::es'::?” mode

. ) . . . Programmable one-
The vaiue of T, is latched in the read timer latch at the tim- ) 9 generation mode
ing when Ty is read. All timers are decrement counters and 111 Disable to set
" " R . aqn ——Timer count source selection bit

are started by setting the timer i count enable bit to “1”". 0 Clock consisting of oscillating
When the value of the timer reaches 00005, and overflow frequency divided by four
occurs and the timer i interrupt request bit is set to “1”7 at 1 ¢ INTi pin input (1) 74)
the next count puise. "~ Output level latch
During a reset or an STP instruction execution, the low- Eve"‘g‘."igh’ selection bit
order byte of the timer 1 register is set to FF,s and the 1: Rise
high-order byte is set to 03,¢. Also, when an STP instruction Nothing is allocated (The value is
is executed, a clock obtained by dividing the oscillating undefined at reading)
frequency by four (f{X,) /4) becomes the timer 1 count Fig. 8 Structure of timer i control register

source regardless of the timer 1 count source selection bit.
This condition is canceled and the original count source is
resumed when the timer i interrupt request bit is set to “1”
or when a reset occurs. Refer to the section on the clock
generator for details concerning the operation of the STP )

§ ' INT; input polarity selection bit
instruction. INT, input polarity selection bit
The 7451 group provides seven timer modes selectable 0: Fall
with the timer mode selection bit in the timer i control reg-

b7 b0
LTT T T 11 T | misrat (address 00DEq)

INT, input potarity selection bit

1 Rise
h l——————————Nothing is allocated (The value is
ister. undefined at reading)
~————————————Timer 1 count enable bit

Timer 2 count enable bit

Timer 3 count enable bit
0 . Count disabled
1. Count enabled
Nothing is allocated (The value is
undefined at reading)

Fig. 9 Structure of MISRG1

R

(X748
" —o0 Count enable bit 16

INT O___o o___lﬁ_L T H Ty Timer interrupt request bit
—o

oo

imer control
register

Fig. 10 Timer block diagram
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(1) 16-bit Timer Mode [000]

In this mode, an interrupt request occurs and the value of
the timer latch is loaded in the timer each time the timer
overflows.

The timer count source is set to {(X,y) divided by four re-
gardless of the count sorce selection bit. Assuming that the
timer latch is n, the frequency dividing ratio is 1/(n+1).
Figure 11 shows the timer operation during 16-bit timer
mode.

FFFFas

LR

TL ; Value set in
timer latch

TR ; Timer interrupt

0000, , request

Fig. 11 16-bit timer mode operation

(2) Event Count Mode [001]

In this mode, the EVi pin input signal are counted in the
direction selected by the event input polarity selection bit.
The input signal from the EVi pin is used as the count
source regardless of the timer count source selection bit.
The operation is the same as with the 16-bit timer mode
except for the difference in the count source.

Both the “H" and “L" pulse width of the EVi pin input signal
must be not less than (4/f(X,,))+100ns.

Figure 12 shows the timer operation during event count
mode.

FFFFyq

TL

TL ; Value setin
timer latch

TR ; Timer interrupt
request

0000,

Fig. 12 Event counter mode operation

(3) Pulse Output Mode [010]

In this mode, a 50% duty pulse is output from the EVi pin.
The count source selected with the timer count source
selection bit is counted. When it overflows, the phase of the
EVi pin output level is reversed and the value of the timer
latch is loaded in the timer.

When this mode is selected, the EVi pin output level is in-
itialized to “L".

Figure 13 shows the timer operation during puise output
mode.

FFFFye

T - g———g——— g — —x——— TL: Value set in

1\ timer latch
TR ; Timer interrupt
0000

00 *"TRL_TR! TAL_TR request
EV pin |
output  —
waveform

Fig. 13 Pulse output mode

(4) Pulse Period Measurement Mode

[o11) ,
This mode is used to measure the pulse period of the EVi
pin input signal.
The timer counts the count source selected by the count
source selection bit between the rise-to-rise or fall-to-fall
interval (selected with the event input polarity selection bit
in the timer i control register) of the EVi pin input signal.
At a valid edge on the EVi pin input, the 1's compiement of
the timer value is stored in the timer latch and the timer
value is set to FFFF,;.
Figure 14 shows the timer operation during pulse frequency
measurement mode.

EV pin | T2 T3 [ FrFrr TR
g}g;;l EVR  EVR EVR EVR

Event phase is valid rising edge

TR : Timer interrupt request
EVR : Event interrupt request

Fig. 14 Pulse period measurement mode
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(5) Pulse Width Measurement Mode [100]
This mode measures the pulse width while the EVi pin in-
put signal is “H” or “L”.

Whether to measure the "H” or “L" interval is determined
by the event input polarity selection bit. If this bit is “0”, the
count source selected with the count source selection bit is
counted while the input pulse is “H”. If it is “1”, the count
source is counted while the input pulse is “L”. A 1’s com-
plement of the timer value is stored in the timer latch for a
valid edge on the EVi pin input. In addition, the timer vaiue
is set to FFFF,s for an edge (both rise and fall) on the EVi
pin input. Figure 15 shows the timer operation during pulse
width measurement mode. '

0000~ """ """ A T T T T T T T T T T
L S A -
T2 ¢ —Jf—— 41—,
LI % A Z ] A
FFFF.e
FFFF+T2 TR
EV pin + 3 =
input EVR EVR EVR
signal
Event interrupt input polarity is valid rising edge.
Measure width “L"of pulse.
TR : Timer interrupt request
EVR : Event interrupt request

Fig. 16 Pulse width measurement mode

In pulse period measurement mode [011] and pulse width
measurement mode [100], an EVi interrupt request is issued
at the valid edge selected by the event phase selection bit.
That is, an interrupt occurs at the end of the pulse period
measurement or puise width measurement. Also, when a
timer overflow occurs, the count continues from FFFFg
without the value of the timer latch being loaded in the
timer.

Write to timer latch is inhibited in pulse period measure-
ment mode and pulse width measurement mode. Furth-
armore, EVi interrupt is disabled during STP instruction ex-
ecution.

(6) Programmable Waveform Generation
Mode {101]

In this mode, the level set in the output level {atch of the

timer i control register is output to the EVi pin every time

the timer overflows.

The timer counts the source selected by the count source

selection bit and when it overflows, the value in the timer

lateh is loaded in the timer.

After it overflows, the value of the output level latch and the

timer latch can be modified to generate any waveform from

the EVi pin. '

Figure 16 shows the timer operation during programmable
waveform generation mode.

FFFF 6

Q¥ ey

L

T2 TN\

T N~ T

L;TLy and TL,

00004g } initial values
EV pin Ly T1 13 TR ; Timer interrupt
autput request
signai TR TR TR TR

Fig. 16 Programmable waveform generation mode

(7) Programmable One-shot Generation
Mode [110]

This mode uses the INTi pin input signal as a trigger and

counts by writing the value of the timer latch in the timer.

The output level of the EVi pin goes “H” when the trigger is

issued and goes “L” when the timer overflows.

The EVi pin level is initialized to “L” when this mode is

selected.

The timer count souce is set to f(X,y) divided by four re-

gardless of the count source selection bit.

A valid edge of the INTi pin input trigger signal is deter-

mined by the INTi phase selection bit of MISRG1 (00DE,g).

Figure 17 shows the timer operation during programmable

one-shot generation mode.

FFFFq

L — TR : Timer interrupt
request
L is one-shot

0000,¢ uise width
INT pin TF!I P
input _.__"_l_ﬂ_._ﬂ.—'
signal
evpn | T U

output signal
Fig. 17 Programmable one-shot generation mode

When the INTi pin input signai is selected as the count
source for pulse output mode [010], pulse period measure-
ment mode [011], pulse width measurament mode [100],
and programmable waveform generation mode [101], the
“H” and “L" pulse width of the input signal must not be less
than (6/f(Xy))<+100ns.
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SERIAL

J{e]

Serial I1/0 can operate in either clock synchronous or clock
asynchronous (UART) mode. An exclusive baud rate gen-

eration timer (baud rate generator) is provided for serial
170 operation. Figure 18 shows the structure of the regis-
ters used for serial 1/0.

b7

b0
Serial i
I I I I I l I eria I/(Ostatus register

address 00E7,;)
Transmit buffer empty flag
" 0 Buffer full
1 Buffer empty

Receive buffer full flag
0 Buffer empty
1: Buffer full

I ——— Transmit shift register shift

completion flag

0 Busy shifting
11 Shitt complete

Qverrun error (OE) flag
0: No

1:Yes

Parity error (PE) flag
0 No
1:Yes

Framing error (FE) flag
0:No
1:Yes

Summing error (SE) flag
. No
1. Yes

b7

Nothing is allocated
(The value is undefinded at reading)

b0
L] I | ] ] UART controi register

(address 00E9,4)
Character length selection bit
0: 8 bits
1:7 bits
Parity enable bit
0 : Parity disable
1 Parity enable
Parity selection bit
Q0 : Even parity
1 0dd parity
Stop bit length selection bit
0 1 stop bit
1% 2 stop bit

Nothing is allocated
{The value is undefinded at reading)

b0

b7
LLITTT

—

L

l ﬂ Serial I/Q control register (address 00E8,¢)

BRG count source selaction bit
0 : Clock consisting of oscillating frequency
divided by two (1(X)/2)
1! Clock consisting of oscillating frequency
divided by eight (i(Xy)/8)
Serial I/0 synchronous clock selection bit
0 : BRG output divided by 4
(when clock synchronous serial 170
is selected)
BRG output divided by 16
(when UART is selected)
1 External input clock

Saov output enable bit
0! P3; operates as normal 1/0 pin
1. P3; change to Sppy cutput pin

Transmit interrupt source selection bit
0 . When transmit bufter becomes empty
11 When transmit shift operation is complete
Fransmit enable bit
0 . Transmit disabled
1 Transmit enabled
Receive enable bit
0! Receive disabled
1! Receive enabled
Serial 170 mode selection bit
0 © Asynchronous serial I/O (UART)
1 Clock synchronous serial 1/0
Serial 10 enable bit
0 : Serial 1/0 disabled
(P3,-P3; are normal I/0 ports)
1! Serial 1/0 enabled
{P3,-P3; are serial 1/0 function pins)

Fig. 18 Structure of registers related to serial 170
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(1) Clock Synchronous Serial I/Q With clock synchronous serial I/0, the same clock is used
Clock synchronous serial 1/0 is selected by setting the as the aperating clock between the transmitting and receiv-
moede selection bit of the serial 1/O control register to “1”. ing microcomputers. If an internal clock is used for operat-
Figure 19 shows a block diagram of clock synchronous se- ing clock, transmit/receive is started by writing a signal in
rial I/0 and Figure 20 shows its operation. the transmit/receive buffer register.

s e S LI B e S S

address 00E6,¢ address 00E8.¢

[ Recoive vutter cogister I—T—»Receive buffer full flag (RBF)

Receive interrupt request (RI)

RxD O Receive shift registar
shit clock
S, O [
o ’ Frequency dividing C'?Ck T—g_‘
css ratio1/(n+1) %?tectnon b
0w {73
address 00EA;¢
SRDY
=
Swar O F/A P~
TE
W O @ { Transmit shit register Transmit shift register shift completion fiag (TSC)
I Transmit interrupt request (TI)
I Transmit butiar registar Transmit butfer empty flag (TBE)
P3, address 00E7 ¢

Fig. 19 Clock synchronous serial 1/0 block diagram

memat ook ¢~ L LMLl

Transmit/receive shift clock
1/2 to 1/2048 of internal clock

or external clock
Serial output  TxD ¥ Dg X D, Dy M Ds Ds De D;

T
Serial input RxD K Do X _Di 21 XD X 0s X Be X Dy X_
I
!
Receive ready signal -—-“—_'— - T
Sroy :
|
|
i
[

Receive/transmit I i

buffer register '
write signal to TBE=0 ¥ v
address DOE6. =
1% TBE=1 RBF=1
TSC=0 TSC=1

Overrun error {OE) detected

Nate 1. Use the transmit interrupt source selection bit (TIC) in the serial 1/0 control register to specify whether to generate a transmit
interrupt (T1)-when the transmit buffer becomes empty (TBE=1) or when transmit shift operation completes (TSC=1).
2. If data is written in the transmit bufter register when TSC=0, transmit clock is generated continuously and serial data is output
continuously from the TxD pin.
3, The receive interrupt (RI) is set when the receive bufier full flag (RBF) is set.
. This example shows the case that the BRG count source is f(Xuy)/2 and the contents of BRG reload latch is “00,4"
5. If the transmit enable bit (TE) goes from “0" to “1” when the serial 170 enable bit is at “1", the TxD pin goes to “H" level.

After the TxD has transmitted serial data, it is held at the “D;" level of the final bit of the last data to be transmiited until the next
serial data is transmitted.

s

Fig. 20 Clock synchronous serlal 1/0 operation
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(2) Clock Asynchronous Serial /0 (UART)
UART is selected by setting the mode selection bit of the
serial I/0 control register to “0". Figure 21 shows a block
diagram of UART and Figure 22 shows its operation.

With the 7451 group, one of eight serial data transmission
formats can be selected with the UART control register as
shown in Figure 18. The transmission format must be
agreed upon between the transmit side and the receive

The transmit shift register and the receive shift register has
its buffer register respectively to perform serial data trans-
fer (same memory addresses).

Data cannot be written or read directly to/from the shift
registers. Therefore, the data to be transmitted is written to
a buffer register and the received data is read from a buf-
fer register. The buffer registers can also be used to store
data to be transmitted next or to receive 2-byte data con-

side. secutively.
) “Detabus - NS AN
P3, Soce®  [FETomiTmm] sddress 00ES,s
RxD RE o Racaive butfar register Receive buffer full flag (RBF)
= Receive interrupt request (RI)
Receive shilt regiater
-bit UART control ragister
B PE FE - s address EGE;,G
Clock contro) circuit
SI/0 clock selection bit
Scik O— j *5—]
Frequency dividing ratio 1/(n41)
H(Xon) _m Bavd rate
1/4] Transmit shift register shift completion flag (TSC)
TE
T«D O——n-] - Transmit interrupt request (TI)
P3, - Transmit buffer empty flag ( TBE)
address 00E6,s address 00E7.e
Flg. 21 UART serial I/0 block diagram

Transmit or receive
clock

Transmit butfer
register write

r
[
[}

-

Uy

signai

Serial output T,D

1 start bit

7/8 data bits
1/0 parity bits
1/2 stop bits

[

Receive buffer
register read

TSC=1*

x , SP
* Generated at the second
stop bit if 2 stop bits set.

signal

Serial input RxD

Note 1.
2.

Error flag detection is performed as soon as RBF=1 {fi

3.
4.

RBF=1

sP

rst stop bit for receive ).

Transmit interrupt (T1) is set to either TBE=1 or TSC=1 according to the transmit interrupt source selection bit (TIC) in the serial
10 control register.

Receive interrupt (RI) is set by RBF=1.
After data is written to the transmit butfer when TSC=1

» 0.5 10 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Fig. 22 UART serial I/O operation
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[Serial I/0 control register] SIOCON

The serial I/O control register is an 8-bit register consisting
of selection bits for controlling the serial 1/0 function.

+ Serial I/0O enable bit SIOE

When this bit is set to “1”, serial [/O is enabled and pins
P34-P3; can be used as serial 1/0 function pins.

+ Serial /O mode selection bit SIOM

This bit is used to select the serial 1/0 operation mode.
When this bit is “0”, asynchronous serial /0 (UART), which
transfers data using start and stop bits, is selected. When it
is “17, clock synchronous serial 1/O which performs trans-
mission and receive using the same clock is selected.

- Receive enable bit RE

Receive operation is enabled when this bit is set to “1” and
pin P3, becomes a serial data input pin.

* Transmission enable bit TE

Transmission operation is enabled when this bit is set to
“1”. Pin P35 becomes a serial data output pin and shift data
is output.

» Transmisslon interrupt source selection bit TIC

This bit is used to selelct events that can cause a transmis-
sion interrupt.

+ Sppy output enable bit SRDY

If this bit is set to “1” when clock synchronous serial I/Q is
selected, pin P3; becomes an Sgpy signal output pin and
Sgoy signal is output.

When an external clock is used during clock éynchronous
serial 1/0, the Sgpy signal is used to notify the clock sender
that it can send the serial clock signal. It goes “L” when
data is written in the transmit/receive buffer register and
goes “H” at the first fall of the receive clock. When using
the Sgpy signal, the transmission enable bit must be set to
“1” even when performing receive only.

« Serlal VO synchronous ‘clock selection bit SCS

When this bit is “1”, pin P3g becomes an input pin and the
external clock input from the S « pin is selected as the
serial 1/0 synchronous clock. When this bit is “0”, the baud
rate generator (BRG) overflow signal is selected as the se-
rial 170 synchronous clock. Also, when this bit is “0” during
clock synchronous serial 1/0, pin P3g becomes an output
pin and the shift clock is output from the Sg « pin.

When clock synchronous serial 1/O is selected, the baud
rate generator (BRG) output signal divided by four or an
external clock input is used. When UART is selected, the
BRG output signal divided by sixteen or an external clock
input signal divided by sixteen is used.

* BRG count source selection bit CSS

The baud rate generator is an 8-bit counter with a reload
register. By setting a value n in the BRG register (address
00EA) , the count source selected by the BRG count
source selection bit is divided by (n+1).

[UART control register] UARTCON

The UART control regsiter is a 4-bit register consisting of
control bits that are valid when UART is selected. The con-
tent of this register is used to set the data format for serial
data transmission/receiving.

+ Character length selection bit CHAS

This bit is used to select the transmission/receiving charac-
ter tength.

- Parity enable bit PARE

When this bit is set to “17, a parity bit is added next to the
most significant bit (MSB) of the transmission data and
parity is checked during receive.

+ Parity selection bit PARS

This bit is used to specify the type of parity to be gener-
ated during transmission and checked when data is re-
ceived. The number of 1’s in the data is set to even or odd
according to this bit.

- Stop bit length selection STPS

This bit is used to determine the number of stop bits to be
used during transmission.

[Serial I/0 status register] SIOSTS

The serial 1/O status register is a 7-bit read only register
consisting of serial |/0O operation status flags and error
flags. Bits 4 to 6 are valid only during UART mode.

All bits of this register are initialized to “0” at reset, and
when the transmit enable bit in the serial 1/0 control regis-
ter is set to “1”, bits “0” and “2” ¢change to “1”.

» Transmission buffer empty flag TBE

This bit is cleared to “0” when transmission data is written
in the transmission buffer register and set to “1” when that
data is transferred to the transmit shift register. It is also
cleared when TE=0.

* Receive buffer full flag RBF

When receiving serial data, data is transferred to the re-
ceive buffer register and this bit is set to “1” when the re-
ceive shift register compietes receiving a data byte. This
bit is cleared when the data is read. This bit is also cleared
when RE=0.

+ Transmit shift register shift completion flag TSC

This bit is cleared to “0” when the data in the transmission
buffer register is transferred to the transmit shift register
and set to “1" when data shift completes. It is also set to
“1” when TE=0.

+ Overrun error flag OE

When continuously receiving serial data, this bit is set when
the next data fill the receive shift register before the data in
the receive buffer register has been read.

* Parity error flag PE

When receiving serial data with parity, this bit is set to “1 ”
if the parity of the received data differs from the specified
parity.
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+ Framing error flag FE

This bit is set to “1” when there is no stop bit when trans-
ferring data from the receive shift register to the receive
buffer.

+ Summing error flag SE

This bit is set when either overrun, a parity, or a framing
error occurs.

Tests for these errors are performed as soon as the data is
transferred from the receive shift register to the receive
buffer register and at the same time the receive buffer full
flag is set. The error flags (OE, PE, FE, and SE) are
cleared when any data is written in the serial 1/0 status
register. Also, all status flags including error flags are
cleared when SIOE=0.

Usage cautions

(1) To reset the serial 170 control register
Reset the serial 1/0 control register after disabling the
transmit and receive enable bits that were enabled at
that point and resetting the transmit and receive cir-
cuits. If the serial 1/O control register is reset without
resetting the other items, the settings will not operate
correctly.

{2) Transmit and receive interrupt requests when transmit
and receive enable bits are set.
Setting the transmit and receive enable bits to “1” sets
the receive buffer empty flag and the transmit shift reg-
ister shift completion flag to “1". Therefore, an interrupt
request is generated and the transmit interrupt request
bit is set, regardless of which timing is selected for the
generation of transmit interrupts.
If interrupts of this timing are not used, first clear the
transmit interrupt enable bit to “0” (disabled status),
set the transmit enable bit, then clear the transmit in-
terrupt request bit again after executing one instruction
(e. g., the NOP instruction). Finally, set the transmit in-
terrupt enable bit to “1” (enabled status).

(3) To disable transmission after one byte of data has
been transmitted.
The method used in the M37451 to post the completion
of data transmission is to reference the transmit shift
register shift completion flag (TSC flag). The TSC flag
is cleared to “0” while data is being transmitted, and it
is set to “1” when the data transmission is completed.
Therefore, if transmission is disabled after it has been
confirmed that the TSC flag has been set, transmission
can be forced to end after one byte of data is trans-
mitted.
However, the TSC flag can also be set by enabling se-
rial 1I/0, but it is not cleared by shift clock generation
and transmission start (after data has been transferred
from the transmit buffer to the transmit shift register, af-

ter 0.5 to 1.5 cycles of the shift clock), so if the TSC
flag is referenced and transmission is disabled at this
point, data will not be transmitted. Make sure that the
TSC flag is referenced after transmission has started.
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BUS INTERFACE An input buffer full interrupt occurs when data is received
from the host CPU and an output buffer empty interrupt
occurs when data is read by the host CPU.

In slave mode, ports P5,-P5; become a tri-state data bus
used to transfer data, commands, and status to and from
the host CPU.

Furthermore, ports P64-P6; become host CPU control signal
input pins and P65 becomes a slave status output pin.

The 7451 group is equipped with a bus interface that is
functionally similar to the MELPS 8-41 series. Its operation
can be controlled with control signals from the host CPU
(slave mode).

The 7451 group bus interface can be connected directly to
either a R/W type GPU or separate RD, WR type CPU. Fig-
ure 23 shows a block diagram of the bus interface function.
Slave mode is selected with MISRG2 (address 00DF,5) bit
2 and 3 as shown in Figure 24.

W
— RD WR DBB
PSq/DBg o—— Tnput data DBBSTS
PS5,/DBs 0| o bus bufier _] LD7
P5,/DB;, o &
P5,/DB, 0—— 8 ,;D———- 2
>
P54/DBs o—& [ g
P55/DBs o— 5 _D~< A
M 3 | Outputdata |__ §
PSe/DBs o—— & ;l bus butfer | g
P5;/DB, o—] _F T T T T -
[ | | L T TF 11T 71 IT T ]
MUz T Us T Us T UalAO]Ug]IBFIO‘BJI-’I
P6,/W L P TR R i !
P6e/R
W
P6:/CS
P6./AQ o—
NS
—<t - P a———
P64/Pppy O— One-shot pulse Rising edge
generation circuit detection circuit

One-shot puise Rising edge
generation circuit ] detection circuit q

P_pm'; output

mode selection
bit

Fig. 23 Bus Interface circuit diagram
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b7 b0 b7

b0

11 1 [ 11 1T m™msRrG2(address 00DF,s) []

[T T ] Additional function register (address 0009,s)

. rocessor mode bits

, 00 : Single-chip mode

i 01 | Memory expansion mode
10 : Microprocessor mode
11 2 Disable to seiect

Bus interface enable bit

0  Disable

1 ! Enable (slave mode)
Bus interface mode bit

0 : RD, WR bus

1 I R/W bus

PWM enable bit

0 : Disable

1 : Enable

PWM mode selection bit

0 : B-bit high speed PWM
1 ! 16-bit high precision PWM
Bus cycele control bit

0 : Normal bus cycle

1 ! Normai bus cyclex 2
Stack page selection bit

0 ®In page 0 area

—Timing output stop bit

0 : Output

} @ Stop (“H" output)

Timing output clock selection bit

0 : Internal system clock

1 * Oscillation frequency (X,y)
divided by 4 regardiess of the value
of bus cycie control bit

Proy output mode selection bit

0 OQutput the logical sum of OBF and
TBF (Same as the 7450 group)

1 ! One shot pulse output when OBF or
IBF changes from 0 to 1

PB3/Pray pin function selection bit

0 : Proy output when DBBE=1, and
Port P6; function when DBBE=0

1 ! Port P8, function .

PWM clock source selection bit

0 : Oscillation frequency 1{X,)
divided by 2 (Same as the M37450)

1 ' 8-bit prescaler output

Not used

1 !In page 1 area

b7 b0
LI T T T T T T patabus buffer status register
(address 00E5,¢)

Output bufter 1uil flag
0 : Buffer empty

1 ! Butfer tull

Input buffer full flag
0 . Buffer empty

1 ! Bufter full

User definable fiag

User may freely define this flag
————A0flag

Indicates the A0 status when the
IBF flag is set

User definable flags

User may freely define this flag

Not used
This bit must be set to “0"

Fig. 24 Structure of bus interface relation registers
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[Data bus buffer status register] DBBSTS
This is an 8-bit register. Bits 0, 1, and 3 are read-only bits
indicating the status of the data bus buffer. Bits 2, 4, 5, 6,
and 7 are read/write enabled user-definable flags that can
be set with a program. The host CPU can only read these
fiags by setting the A0 pin to “H".

- Output buffer full flag OBF

This flag is set when data is written in the output data bus
buffer and cleared when the host CPU reads the data in
the output data bus buffer. When the Pgrpy output mode
selection bit is “0”, OBF is initialized to “1” only at reset
and is cleared to “0" by setting the bus interface enable bit
to “1”. In this case, OBF is set ta “1” when the bus interface
enable bit changes from “1” (enable) to "0” (disable). But
when the bus interface enable bit is set to “1” again, it is
set to the value directly before clearing the bus interface
enable bit. When the Pgpy output mode selection bit is “1”,
OBF is initialized to “1” when the bus interface enable bit
is cleared to "0" or reset.

In this case, OBF is set to “1” by clearing the bus interface
enable bit and it is cleared to “0” by setting the bus inter-
face enable bit.

* Input buffer full flag IBF

This flag is set when the host CPU writes data in the input

data bus buffer and cleared when the slave CPU reads the
data in the input data bus buffer. When the Prpy output
mode selection bit is “0”, IBF is initialized to “0” only at
reset.

When the m output mode selection bit is “1”, IBF is in-
itialized to “0” when the bus interface enable bit is cleared
to “0” or reset.

A0 Flag
The level of the AD pin is latched when the host CPU writes
data in the input data bus buffer.

[Input data bus buffer] DBBIN

Data on the data bus is iatched in DBBIN when there is a
write request from .the host CPU. The data in DBBIN can
be read from the data bus buffer register (SFR address
00E4,¢).

[Output data bus buffer] DBBOUT

Data is written in DBBOUT by writing data in data bus buf-
fer register (SFR address 00E4,s). The data in DBBOUT is
output to the data bus (P5) when the host CPU issues a
read request with setting the A0 pin to “L”.

Table 2. Control 170 pin functions when bus interface function is selected

| Bus interface | Proy output | PB2/Papy pin fnput/
P N i
" 2™ | mode bit | mode skcion i |fncin selecton b~ Output Function
P63 Prov - 0 0 OQutput | Status output. The NOR of OBF and IBF is output.
| 1 170 Port P63 function.
1 0 QOutput | Status output. Normally output “0”.
One shot pulse whose length is half of a period of internal system clock ¢is output,
when OBF or IBF changes from “0” to “1".
(Refer to Figure. 25)
1 170 Part P63 function.
PE, AO — — — Input Address input. Used to seléct between DBBSTS and DBBOUT during host CPU read.
Also used to identify commands and data during write.
P6s cs — — — Input Chip select input. Used to select the data bus buffer. Select when “L”.
P6e R 0 — — Input Timing signal used by the host CPU to read data from the data bus buffer.
E 1 — - Input nputs a timing signal E or inverse of ¢.
P&, w 1] - - input Timing signal used by the host CPU to write data to the data bus butfer.
R/W 1 — — Input | Input R/W signal used to control the data transfer direction. When this signal is “L",
data bus buffer write is synchronized with the E signal. When it is “H”, data bus butfer
read is synchronized with the E signal.
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OBF

|~

IBF

Paoy n output mode selection bit is “0”.
|

]
Prov Output whel

1

Paoy Proy output when output mode selection bit is “1".

Fig. 26 Output status of Pgpy pin
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PWM
The PWM generator has two program-selectable modes;
the high-speed mode (8-bit resolution) and the high-
precision mode (16-bit resolution).
Also two clocks listed below can be selected as the count
clock of each PWM mode.
* Oscillation frequency f(Xy) divided by 2
» 8-bit prescaler output {The count source of prescaler is
oscillation frequency f(X,y) divided by 2)
Figure 28 shows a block diagram of PWM.
The count clock of PWM can be selected by the PWM
clock source selection bit of additional function register
(address 00D9:¢). And the register MISRG2 (address
00DF,s) is used to enable/disable the PWM and change its
mode. When the PWM enable bit is set, the PWM gener-
ator starts from its initial state.
When PWM clock source selection bit is “0”,
Figure 26, the output period is fixed.
In high-speed mode
(2X255)/t(X;y) 40.8us at f(Xy)=12.5MHz
In high-precision mode
(2X65535)/1(X;n) 10.4856ms at f(Xy)=12.5MHz
When PWM clock source selection bit is “1", as shown in
Figure 27, the output period can be changed by setting the
value to prescaler latch (address 00D8,g).(Note)
In high-speed mode
{2(n+1) X 255 /f(X\) 40.8(n+1)es at f(X.N
12.5MHz
In high-precision mode
{2(n+1)X 865535 /f(X\)
=12.5MHz
n . Set value to prescatler latch
The “H” width of the output pulse is determined by setting
a value only in the PWM,_ register for high-speed mode and
in both the PWMy and PWM_ in this order for high-
precision mode.
If the value set in the PWM register is m, the “H” width of
the output pulse is
(PWM periodXm)/255 for high-speed mode and
(PWM period Xm)/65535 for high-precision mode.
Note : Address 00D8;s functions as port P4 register (read
only) when read, and functions as PWM prescaler
latch (write only) when write. So the value of PWM

as shown in

10.4856(n+1)ms at f(X,)

Changes according to the value
set in the PWM register

| |
R

L

PWM output

) ]
j=————Fixed period ——=

Fig. 26 PWM output (when PWM clock source:

selection bit Is “0™)

Changes according to the value set in
the PWM register

| - | | I

| t t | !

Changes accordind to the value set in the
PWM prescaler latch (changeable period).

Fig. 27 PWM output (when PWM clock source

Notes on PWM

(1)

selection bit is “1")

start

Notes on PWM start

PWM starts after the PWM enable bit is set to enable
and “L” level is output from the PWMqgyuy pin. The
length of this “L"-level output is as follows:

If the PWM prescaler is not used (PWM clock source
selection bit=0): 1/2 clock cycle

If the PWM prescaler is used (PWM clock source
selection bit=1): (1+n)/2 clock cycle (where n is the
value set in the prescaler)

prescaler can not be read out. (2) Notes on PWM restart (only when PWM clock source

selection bit is “1”)
If the PWM enable bit is set to enabled, then to dis-
abled, then back to enabled, temporarily clear the
PWM clock source selection bit to “0” then reset it to
“1”'to re-enable PWM.
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PWM ciock source

selection bit 116
Relcad control circuit
E\ PWM mode
18 8% :l selection bit
H{Xin)/2
o ot+—— 7w ]
PWM enabie bit
PWMour
8/16
setection
8-bit N TF/F
prescaler
IE
8-bit
prescaler
Fig. 28 PWM generator block diagram
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A-D CONVERTER

An A-D converter is an 8-bit successive approximation b7 bo

method. Figure 30 shows a block diagram of the A-D con- l I I I I I I I—IA_D control register

verter. (address 00E3,s)

The 64-pin model has three analog voltage input pins; the ' ‘ Analog input pin

80-pin model has eight. ?:Jlteh?:gnisb:lslocated (The
A-D conversion is started by a write operation to the analog value is undefined at reading)
input pin selection bit of the A-D control register shown in b2 bl be

Figure 29 and by selecting the analog voltage input pin. 64 pin model': 8 8 ? :Q”:’
The A-D conversion completion interrupt request bit in the 0 1 0 :AN;
interrupt request register 2 is set when A-D conversion o 1 1 AN
completes. The result of A-D conversion is stored in the 1 0 0 AN?
A-D register. : ? (1) ﬁzz
The contents of the A-D register must not be read during T 1 1 TAN,
A-D conversion and f(xlN) must be no less than 1 MHz dur- Note | Do not select pins other than ANg-AN, with the 64-pin model.
ing A-D conversion. Fig. 20 Structure of A-D control register

A-D control register
(address O0E3g)
Pdo/AN, A : A-D control circuit | .A-D conversion completion
. interrupt request
P4,/AN; O—
P4,/AN, O 4 5 Comparato A-D register
G (address 00E2,s)
P4,/ANg O ©
P4 AN, O—— ©
;:':u Switch tree
Pés/ANg O— o '
P4s/ANg O Ladder resistor
P4;/AN; O
i — O -
AVcc AVgg ADVrer
(Veg) (Vrer)

Fig. 30 A-D converter block diagram

D-A CONVERTER
Two 8-bit resolution D-A converter channels are provided.

Figure 31 shows a block diagram of the D-A converter. D'Ar:gi"‘s‘{::smn
D-A conversion is performed by setting a value in the D-Ai .
register (addresses 00EQ,s and 00E1.s). The result of D-A @
conversion is output from the D-Ai output pin.

The output analog voltage Vp, is determined by the value n R-2R resistor ladder oA
(decimal) set in the D-Ai register as fallows: C
Vpa=DAVgee* Xn/256 :
% Vger for 64-pin model. 6 é
AVss  DAVger
(Vrer)

Fig. 31 D-A converter block diagram
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SINGLE-CHIP 8-BIT CMO0S MICROCOMPUTER

RESET CIRCUIT

The 7451 group is reset according to the sequence shown
in Figure 32. It starts the program from the address formed
by using the content of address FFFF,; as the high order
address and the content of the address FFFE,s as the low
order address, when the RESET pin is held at “L” level for
no less than 8 clock cycles while the power voltage is 5VE

10% and the crystal oscillator oscillation is stable and then
returned to “H” level. The internal initializations following
reset are shown in Figure 32.

An example of the reset circuit is shown in Figure 33. The
reset input voltage must be kept below 0.6V until the supp-
ly voltage surpasses 4.5V.

address
(1) Port PO directional register 00D14¢ l;,igq‘s ) J
(2) Port P1 directional register 00D3:¢ | 00,6
(3) Port P2 directional register 005 00 “
(4) Port P3 directional register 00D74¢ 0016 ) :

(5) Additional function register

0009,6 (o] | To[ofo]o]o,
oooe [ 0w |

00DD,s

00 |
O0DE : 0.0] ofo o

T o
00DF,s [O|O(0Q|O|0IO M‘:O]

(6) Port P5 directional register
(7) Port P6 directional register

(8) MISRG1

(9) MISRG2
(100 D-A1 register 00EQ,4
1) D-AZ register 00E1 g

(12} Data bus buffer status register 00E5,

(13) Serial 10 status register 00E7 s

_lo]ofo]o[ojo]o]

€8 | 00,
wese [ [ [ ] Jolo 0,?J
00eDys | | [o]o[a[o[o]o
| o]

(14 Serial I70 control register
(19 UART control register

(16) Timer 1 control register

(1) Timer 2 control register O00EEs

RESET

Vss

7451 group

BRI o Dl sl Fig. 33 Example of reset circuit
08 Timer 3 control register 0DEF ¢ ..nnunm
(19 Timer 1 register (low order) 00F04 \[ FFig
S
(0 Timer 2 register (high order) 00F1 03,6 q
@1 Interrupt request register 1 GOFC,¢ [ 00:¢
22) interrupt request register 2 00FDy¢ jojo'ojo|0 0]
= ol
(23) Interrupt control register 1 O0FE; ¢ 00,¢ \
SRR
4) Interrupt contral register 2 00FF,¢ D:[O 0 OTO LO o
el el [
25 Processor status register (PS) T 1
6 Program counter (PCw) L Ferre o }
Note 1. Since the contents of both registers other than those listed
above (including timer 1, timer 2, timer 3, and the seriat 170
register) and the RAM are undefined at reset, it is necessary
1o set initial values.
2. The initial value of CM1 depends on the level on the CNVgg
pin.
Fig. 32 Internal state of microcomputer at reset
KR
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reser __|

RESETour
SYNC I I
:'\;)eset address from
€ vector tab)
ata D &S &5 GG € €V D .
Note 1: Frequency relation of X,y and ¢ is T(Xn)=4-(¢).
8 to 12 clock cycles 2 The mark “? " means that the address is changable
depending upon the previous state.
Fig. 34 Timing dlagram at reset
B L249828 0024791 477 mm
MITSUBISHI
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

/O PORTS

1)

B L2u9828 0024792 303 MR

Port PO

Port PO is an 8-bit i/0O port with CMOS output.

As shown in the memory map (Figure 4 and Figure 5),
port PO can be accessed at zero page memory
address 00D0;¢.

Port PO has a directional register (address 00D1,s)
which can be used to program each individual bit as
input (“0") or as output (“1”). If the pins are program-
med as output, the output data is latched to the port
register and then output. When data is read from the
output port the output pin level is not read, only the
latched data in the port register is read. This allows a
previously ouptut value to be read correctly even
though the output voltage level is shifted up or down.
Pins set as input are in the floating state and the signal
levels can thus be read. When data is written into the
input port, the data is latched only to the port latch and
the pin still remains in the floating state.

ister (bit 0 and bit 1 at address 00DF,¢), three different
modes can be selected; single-chip mode, memory ex-
pansion mode and microprocessor mode.

in these modes it functions as address (A;-A;) output
port {excluding single-chip mode). For more details,
see the processor mode information.

Port P1

In single-chip mode, port P1 has the same function as
port PO. In other modes, it functions as address (Aqs-
Ag) output port.

Refer to the section on processor modes for details.
Port P2

In single-chip mode, port P2 has the same function as
port PO. In other modes, it functions as data (Dgy-D;) in-
put/output port. Refer to the section on processor mod-
es for details.

Port P3

Port P3 is an 8-bit 170 port with function simitar to port
PO. All pins have program selectable dual functions.
When a serial 1/0 function is selected, the input and
output from pins P3,-P3; are determined by the con-
tents of the serial 1/0 registers.

This port is unaffected by the processor mode.

Port P4

This is an input-only port and may be used as an ana-
log voltage input port. The number of ports is different
for the 64-pin model and 80-pin model. The 64-pin
model has three ports and the 80-pin model has eight
ports.

Port P5

This is an 8-bit 170 port with function similar to port PO.
When slave mode is selected with a program, aif ports
change to the data bus for the master CPU. In this
case, port input/output is unaffected by the directional
register.

This port is unaffected by the processor mode register.
Port P6

This is an 8-bit input/output port with function similar to
port PO.

When slave mode is selected with a program, ports
P65-P6; change to the control bus for the bus interface
function. In this case, port input/output is unaffected by
the directional register.

Ports P6,-P6, are shared with the external interrupt in-
put pins {(INT(-INT3). The INT interrupt constantly
monitors the status of this port and generates an inter-
rupt at a valide edge. Therefore, if the INT interrupt is
not used, it must be disabled and if it is used, this port
must be set to input.

Port D-A

Port D-A consists of two analog voltage output pins.
Any analog voltage can be generated by setting a
value in the D-A register.

RS
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(9) ¢ pin 10 SYNC pin _
The ¢ pin normally outputs the internal system clock This pin outputs a signal that is “H” during one cycle of
{the oscillation frequency of the resonator connected the_ ¢ during operation code fetch.
between the Xiy and Xour pins, divided by four). () R/W pin
The timing clock output from the ¢ pin is in output This is a control signal output pin that indicates the loc-
mode if the timing output stop bit (bit 0 of address al bus direction in memory expansion and microp-
00D9,s)is set to “0”, and in stop mode if that bit is set rocessor modes.
to “1” and the timing clock output is "H". (12 RD, WR pins
If the timing output clock selection bit (bit 1 of address These are local bus write and read timing signal output
00D9;s) is set to “0” when the timing output stop bit is pins for memory expansion and microprocessor modes.
“0” (timing output is being output), the internal system A signal eguivalent to the signal otuput from the R/W
clock that is output from the ¢ pin is the oscillation fre- separated by the ¢ signal is output.
quency divided by four if the bus cycle control bit is These pins are used exclusively by the 80-pin model.
“0", or the oscillation frequency divided by eight if that (1) RESEToyr pin
bit is “1”. If the timing output clock selection bit is “1”, This pin goes “H” while the microprocessor is being
the bus cycle control bit is ignored —the clock that is reset. It can be used as a reset signal output pin for
output is the oscillation frequency divided by four. {See peripheral devices.
Fig. 35) This pin is used exclusively by the 80-pin model.
SEB B, $DF CLB 6, $DF LDA
Internal system clock ¢ ‘ :
SYNC I__I
R/W I | | I
I N O e N o N o A L
WR || [
# output when timing output clock selection bit is “0”.
e Uy e r. rgfL
¢ autput when timing output clock selection bit is “1".
g aipipipipipEpipipipipipipipipipiph
Fig. 35 Output from ¢ pin

BN LZ249428 0024793 24T WM
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Port PO, P1, P2 P34

Serial 1/0 enable bit
Receive enable bit

a4 <

<

| == T 7

Directional register
Data bus ! fo Data bus— Data register ’ }ﬂ—o

— Data register J I }-—O J _DVL},J 1

Serial 1/0 input ’-Q’
P3,-P3; . P35
Serial 170 enable bit
T < Transmit enable bit ——D—
—_——

%

Data bus - : j :r. - -
—'__mj_c?— %ﬁ'_o Data bui_@ J 1 ] iD '}_Fo

Timer moge Mode 2 4[?
selection bit mode 5 %}*» @

mode 6 Event ter 1 t .
vent counter inpu Serial 170 output —[}—
Timer output ﬁfL— P

Event interrupt input

P3s P3¢
i Serial 170 clock selection bit
—<+— Serial /0 enable bit
v [orecvorm oo} Serial I/0 mode selection bit
—_—]

Serial 170 enable bit
Data bus P

—e Dala regstar

-~

I
%*‘O - )

Data bus "&_
— Dala ragistar J

X

L
o

PWM enable bit

PWM output

Serial /0 clock output—‘>—-4
Externat clock input

Fig. 36 Ports P0-P6 block diagram (single-chip mode) and output only pin output format (1)
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P3, . R/W, SYNC, RD, WR, RESETour
Saerial 1/0 enable bit
Serial YO mode selection bit }cy . ?
Sppv output enable bit —O
< 1
o
»—Jr r-gm-rl T
—_ L
¢ Timing output clock selection bit

Data bug | e 1 —F
] e

Oscillation—f»e—]
frequency
divided by 4 ] 5
Serial ready output >—— Intrnal
systern —po——

Port P4 clock
Timing output stop bit
P5p-P57
_ PG,
P65/C§ P63/Pgrovy pin function
P6s/R selection bit
Bus interface enable bit — Bus interface enﬂale ot
A ~
~

Data bus 1 Data bus | T ’1‘;
" 1 B [ T %ﬁro Ry —

Paralle! ready output —>——

X
P8./AD '
> P6.-P6;

Bus interface enable bit

Data bui@ _J -Dob“

>—|

(PS5, does not have a status register and OBF flag is set.
@P5, does not have a status register and IBF flag is set. 1
3P5; does not have a status register and AQO flag is set.

P6g-P6; . J
0BB control input

Pl
~

p—Joirach; ragnmrl'

DBB controi input P64+ AQ input

Data bus P6s-----CS input

—4»—' Data register i PG+ -R/E input
_D.,_[DJ P87 -----W/R/W input

Interrupt input —Q—J

Fig. 37 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (2)

u
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PROCESSOR MODE

By changing the contents of the processor mode bits (bits
0 and 1 at address 00DF,s), three different operation mod-
es can be selected; single-chip mode, memory expansion
mode, and microprocessor mode.

The external ROM version (M37451SSP/FP/GP) works
only the microprocessor mode.

In the memory expansion mode and the microprocessor
mode, ports PO-P2 can be used as address, and data in-
put/output pins.

Figure 39 shows the functions of ports PO-P2.

The memory map for the single-chip mode is shown in Fi-
gure 2 and for other modes, in Figure 38.

By connecting CNVgs to Vgs, all three modes can be
selected through software by changing the processor mode

(M

Single-chip mode (00)

The microcomputer will automaticaily be in the single-
chip mode when started from reset, if CNVgg is con-
nected to Vgs. Ports PO-P2 will work as original 1/0
ports.

Memory expansion mode [01)

The microcomputer will be placed in the memory ex-
pansion mode when CNVgg is connected to Vgg and
the processor mode bits are set to “01". This mode is
used to add external memory when the internai mem-
ory is not sufficient.

In this mode, port PO and port P1 are as a system
address bus and the original IO pin function is lost.
Port P2 becomes the data bus of D,-Dy (including in-
struction code) and loses its normal 1/0 functions.

bits. Connecting CNVss to Vg automatically forces the (3) Microprocessor mode [10]
microcomputer into microprocessor mode. After connecting CNVgs to V¢ and initiating a reset or
The three different modes are explained as follows: connecting CNVgg to Vg and the processor mode bits
are set to “10", the microcomputer will automatically
FFFE defauit to this mode. In this mode, the internal ROM is
FFFFis 1 disabled so the external memory is required. Other
functions are same as the memory expansion mode.
Internal ROM The relationship between the input level of CNVss and
the processor mode is shown in Table 3.
E000;¢ /
013F - T T T 013F
0100:2 |mer.-.a| RA.M L 0100:: lntel;nal RA,M
Special function Special function
00D6,g registers’ — — — —00D6,¢ registers
00C0, o 00COys >
0000,6 internal RAM 0000, Internal RAM
Memory Microprocessor
expansion mode
mode
The shaded area is external memory area
Fig. 38 External memory map in processor mode
(M37451M4)
- Il L249828 D02479b T59 IR
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CM, 0 0 1
CM, V] 1 ]
Mode
Single-chip mode Memory expansion mode Microprocessor
Port X
mode
é l | I ¢ I | I
Port PO Ports P0;-P0, Ports P0,-P0, Same as left
X 170 port Addresses Az-Ay
2 I o I
Port P1 Ports P1,-P1o Ports P1,-P1, Same as left
X o
J LT L[
Port P2 Ports P2,-P2, Ports P2,-P2, Same as left.
———— Data -
X o >

Fig. 39 Processor mode and function of ports PO-P2

ks

Table 3. Relationship between CNVgs pin input level and processor mode

CNVgg Mode Explanation
= Single-chip mode The single-chip mode is set by the reset.
Vss = Memory expansion mode All modes can be selected by changing the processor mode bit with the program.
* Microprocessor mode
Voo » Microprocessor mode The microprocessor mode is set by the reset.

B L249828 0024797 995 EE
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CLOCK GENERATING CIRCUIT

The built-in clock generating circuits are shown in Figure
42.

When an STP instruction is executed, the internal clock ¢
stops oscillating at “H” level. At the same time, FFg is set
in the low-order byte of timer 1, 03,5 is set in the high-order
byte, and timer 1 count source is forced to f(X,) divided
by four. This connection is cleared when timer 1 overflows
or the reset is in, as discussed in the timer section.

The oscillator is restarted when an interrupt is accepted.
However, the clock ¢ keeps its “H” level until timer 1 over-
flows.

This is because the oscillator needs a set-up period if a
ceramic or a quartz crystal oscillator is used.

When the WIT instruction is executed, the clock ¢ stops in
the “H" level but the oscillator continues running. This wait
state is cleared when an Interrupt is accepted. Since the
oscillation does not stop, the next instructions are executed
at once.

To return from the stop or the wait status, the interrupt en-
able bit must be set to “1" before executing STP or WIT in-
struction. Especially, to return from the stop status, the tim-
er 1 count enable bit must be set to “1” and the timer 1 in-
terrupt enable bit must be set to “0” before executing STP
instruction.

With the 7451 group, the MISRG2 bit 6 shown in Figure 24
can be used to double the bus cycle. However, the timer,
UART, and PWM operations are unafffected. This facilitates

accessing of slow peripherai LSis when external memory
and |/0 are extended in memory expansion mode or mic-
roprocessor mode. Note that this bit also affects the bus cy-
cle in single-chip mode.

The circuit example using a ceramic resonator (or a quartz-
crystal oscillator) is shown in Figure 40.

The constant capacitance will differ depending on which
oscillator is used, and should be set to the manufactures
suggested value.

The example of external clock usage is shown in Figure 41.
Xin is the input, and Xgyr is open.

M37451M4-XXXSP

Xin Xour
29_ MO 730
o
==Cn

. :‘[: Cour
7 ¥

Fig. 40 Extarnal ceramic resonator circult

M37451M4-XXXSP
Xin
29

External oscillating circuit

Fig. 41 External clock input circuit

Interrupt

request L

Interrupt d

disable flag | S Q

Reset

STP instruction —R

instruction R R }— STP instruction

Raset
o GG T O P

4

Bus cycle control bit —

} Internal clock &

174

XJN XOUT

j:

Timer 1 count enable bit

Timer 1

Fig. 42 Block diagram of clock generating circuit
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EPROM MODE
The PROM version features an EPROM mode in addition to

its normal modes. When the RESET signal level is low
(“L”) and CNVgg/Ver signal level is high (“H”), the chip
automatically enters the EPROM mode. Table 4 list the cor-
respondence between pins and Figure 43, 44 and 45 give
the pin connections in the EPROM mode. When in the
EPROM mode, ports PO, P13—P15, P2, P5;—P5; and CNVgg
are used for the PROM (equivalent to the M5L27256) .
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
MEL27256. The oscillator should be connected to the X
and Xour pins, or external clock should be connected to
the Xy pin.

Table 4. Pin function in EPROM mode

: P37/Srov + [
1 P3s/Scx ~ 2]
= P35/TxD + [3]
¥ P3,/RxXD += 4]
*——— P33/PWMgyr +*
t———— P3/EV; ~[E]
$———— P3y/EV,
P3o/EV, +* | 8]
P5;/08; |8}
¢ P5/DB, + [i7]

Vee

+——— P5,/DB; ~
P5,/DB, ~
P53/DBy +~~
P5,/DB,/CE «[19]
PS,/DB,/OE « [13]
@3———F——  P5y/DBy/As ]

1 P6,/W + [i7]
P6s/R + [1Z]
————P6:;/CS ~[13
PB/AD ++

t————— P63/Papy +*

dSXXX-83ISF.IEN
10

)&

P62/INT; + [22]
PB/INT,

dSXXX-0315v.eN
10

bl

1 P6g/INT, ++
\’,’; R/W ~—
SYNG +—
Vep CNVgs/Vpp —
RESET —
o T R Xin — [29)
Qscillating circuit o— Xour +—
b —
Vss
Vedd
Vss

SS03ISFIEN

PROM version M5L27256
Vee Ve Vec
Vep CNVss/Vee Vep
Vss Vss Vss
Address input |Ports PO, P1,—P1;, P5; Ag—Aq4
Data 170 Port P2 Dy—D7
CE P5,/DB,/CE CE
OE P5,/DB,/OE OE
Voo ——Veo
AVss _—‘ﬁ[_;lr
Al T — Vss
— D-A,
— D-A;

— Pay/ANg————4
+ P4,/AN, ¢
- P42/AN2:
- POy/hg ————&)
— P0,/A,

~ PO,/A,

— PO,/A,

— POL/A

— POg/As

— POg/Ag

— PO, /A;

~ P1g/Ag

~ P1,/Ag

s P1,/AL
~ P1a/Ay,
~ Pla/As
~ Pls/Ars ?V”
- Ple/Ay,

s P1,/A5 ]

~ P20/Dy
~ P2,/D;
~* P2,/Dy"
s P24/Ds
~ P2,/D,
> P2,/Ds
~ P25/Dg
~ P2,/D;

@

SS83LSHIEN

EMANA

O . Same functions as M5L27256.

Fig. 43 Pin connection in EPROM mode (64-pin model)
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Vee
[ NN a1
VS8 .~ w0 v w0
Z2ZZZZZ2Z - o oo ™) .~ o 22T e
ER A SR B S I g  elp
ER R RS SRR S R R R R SR SN
dddddddfRE e RRRzarsaarrss
RN R SR R EEE
| 1R = E R EE]E E R R EE EE E R
Vs | Pag/ANy — [ pd = P20/Dg——————(%)
D-A;  + [eg] ()« P2y/Dy3—— ()
D-Ay [38) > P2o/Dy——-—()
4 DAVRer — [&] ]« P23/D3—— (&
t————————ADVger — [ [38] == P24/Dy —————(0,)
AV [l P2s/Ds &
—  — AVec M37451E8FS M37451ECFS [+ P2s/Dg ———(0y
\‘:ccﬁvcc or ar [Bee P2:/D; —— &)
5§ ———————— Vs Vgg —————— Vs
P31/ Sngy — M37451E8-XXXFP M37451EC-XXXFP -
P3¢/ScLk -~ , . NG
P35/TAD < (& — Xour —oQscillating
———P3¢/RAD - 78] «— XN circuit
P33/PWMour = [ NC
t———————P3/EV3 —[3] %] — RESET
NG B CNVss/Vpp————vep
== TEEEEEEE R EE &)= Vs
. U:mt—ikttﬁ.‘&,ﬁ’.;,ééé‘,ﬂﬁ‘.éé‘i’,t
Ves 228 dadglloJ2Y8 e s LEIRES 3
B i T f PP o> —
PSS SISO IR FE 55 t i
344393 LeeeE 2
R I 2
aaa
oo -
Vss
Vee
() : same functions as M5L27256.

Fig. 44 Pin connection in EPROM mode (0.8mm pitch 80-pin model)
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In

Vss

P4;/AN2
Pay/AN;
+———Pag/ANy
D-Az
D-A;
t———DAVper
ADVRer
AVss
AVce
Vee
Vss
P37/Sapy
+——P3¢/ScLx
P35/ TxD
[ P3./RxD
— P33/ PWMour
4 P3,/EV,

Vee

Vss

Lirtidd

I RRRER!

M37451E8-XXXGP

or
M37451EC-XXXGP

—P3/EV, [T}
—— P5;/DB; + 2]
P5¢/DBg + 3]
—— P55/DBs +» [ 4]
P5./DB, +» |5]
/CE +»
———P64/AQ + [1]]
+——P63/Papy +>

- P5,/DB,

&
3

—¢

Vss

O . Same functions as M5L.27256.

Vee

P17/A45
NC

P2/Dg
P2,/D;
P2,/D;
P23/D3
P2,/Dy
P25/Ds
P2¢/Dg
P2,/D;

;eqe@eee

. Vss
] Oscillating
circuit

CNVss/Vep— vy, Vss
RESEToyr

SYNC

Fig. 45 #Pin connection in EPROM mode (0.65mm pitch 80-pin model)
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This Materi al

PROM READING, WRITING AND ERASING
Reading o

To read the PROM, set the CE and OE pins to a “L” level,
and supply OV to the RESET pin, 5V to the V¢ pin and the
CNVss (Vpp) pin. Input the address of the data (Ag—Aq,) to
be read and the data will be output to the 170 pins Dg—Ds.
The data I/0 pins will be fioating when either the CE or OE
pins are in the “H" state.

Writing o

To write to the PROM, set the OE pin to an “H” level, and
supply OV to the RESET pin, 6V to the Vg pin and 12.5V to
the Vpp pin. The CPU will enter the program mode when
Ver is applied to the Vep pin. The address to be written to
Is selected with pins Ay—A,4, and the data to be written is
input to pins Dy—Dy;. Set the CE pin to a “L” level to begin
writing.

Erasing

Data can only erased on the M37451E8SS/FS and
M37451ECSS/FS ceramic package, which includes a win-
dow. To erase data on this chip, use an ultraviolet light
source with a 2537 Angstrom wave length. The minimum
radiation power necessary for erasing is 15W-s/cm?.

NOTES ON HANDLING

(1) Sunlight and fluorescent light contain wave lengths
capable of erasing data. For ceramic package types,
cover the transparent window with a seal (provided)
when this chip is in use. However, this seal must not
contact the lead pins.

(2) Before erasing, the glass should be cleaned and stains
such as finger prints should be removed thoroughly. If
these stains are not removed, complete erasure of the
data could be prevented.

(3) Since a high voltage is used to write data, care should
be taken when turning on the PROM programmer's
power.

(4) For the programmable microcomputer (shipped In
blank or One Time PROM type), Mitsubishi does not
perform PROM write test and screening in the assem-
bly process and foilowing process. To improve reliabil-
ity after write, performing write and test according to
the flow below before use is recommended.

(5) In EPROM mode, address A is set to “H” automati-
cally.

Writing with PROM programmer

~L -

Screening (Caution) (Leave at 150°C for 40 hours)

~L -

Verify test with PROM programmer

Caution ® Since the screening temperature is higher than
storage temperature, never expose to 150C ex-
ceeding 100 hours.

Table 5. 1/0 signal in each mode
Pin — —

Mode CE OF Vpp Nee Port P2

Read-out Vi Vio 5v 5V Output

Programming Vi Viu 12.5v 6V Input

Programming verify Viy Vi 12.5v 6V Output

Program disable Vin Vin 12.5v BV Floating
Note 1 V, and V,, indicate a “L” and “H" input voltage, respectively.
- B b2494828 002802 Géc W
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTEh

NOTES ON PROGRAMMING

Processor status register

1. The contents of the processor status register (PS) after
a reset are undefined, except for the interrupt disable
flag (1) which is “1”. After a reset, initialize flags which
affect program execution. In particular, it is essential to
initialize the index X mode (T) and the decimal opera-
tion mode (D) flag because of their effect on calcula-
tions.

2. An NOP instruction must be used after the execution of
a PLP instruction.

Interrupts

The contents of the interrupt request bits do not change im-
mediately after they have been written.

After writing to an interrupt request register, execute at
least one instruction before performing a BBC or 8BS in-
struction.

Decimal operations .

To caleulate in decimal notation, set the decimal mode flag
(D) to “1”, then execute the ADC or the SBC instruction.
Only the ADC and the SBC instruction yield proper decimal
results. After executing the ADC or SBC instruction, ex-
ecute at least one instruction before executing the SEC, the
CLC, or the CLD instruction.

In decimal mode, the values of the negative (N), overflow
(V), and zero {Z) flag are invalid.

The carry flag can be used to indicate whether a carry or
borrow has occurred. Initialize the carry flag before each
calculation. Clear the carry flag before an ADC and set the
flag before an SBC.

Timers

1. If a value n (n: 0 to 65535) is written to a timer latch,
the frequency division ratio is 1/(n+1).

2. When directly writing a value in the timer, set the count
enable bit to count disable (0) and write in the low-
order byte first and then in the high-order byte.

3. The timer value must be read from the high-order byte
first.

Serial VO

In clock synchronous serial |/O mode, if the receiver is to
output an Srov using an external clock, the receive enable
bit, Spovy Output enable bit, and transmission enable bit
must be set to “1”.

M L2u9424 0024803 T19 WA

A-D conversion

The comparator consists of coupling capacitors that lose
their charge when the clock frequency is low. Therefore,
f(Xn) must be no less than 1MHz during A-D conversion.
(1f the bus cycle control bit is “1”, the bus cycle is doubled
and the A-D conversion time is also doubled, therefore,
f{X;) must not be less than 2MHz.) Also, the STP and WIT
instructions must not be executed during A-D conversion.

STP instruciton

The STP instruction must be executed after setting the tim-
er 1 count enable bit (bit 4 at address 00DE,g) to-enable
(“17). '

Multiply/Divide instructions

The index X mode (T) and the decimal mode (D) flag do
not affect the MUL and DIV instruction.

The execution of these instructions does not change the
contents of the processor status register.

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

+ mask ROM order confirmation form

+ mark specification form

* ROM data----- EPROM 3 sets

ol HTER
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; MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions . Ratings Unit
Vee Power source voltage —0.3t0 7 \4
\'Z Input voltage Xi, RESET ~0.3t0 7 \i

Input voitage PQy-PO;, P1¢-P1;, P2¢-P2;,
\ P3o-PSr. Pdv-Pdy. Po-Por, —0.3 to Veg+0. 3 v
PGg-P67, ADVRers, DAVRer, All voltages are based on Vgs.
Vrer, AVcc Qutput transistors are cut off.
Vi nput voltage CNVgg —0.3t013 \'4
Output voltage P0g-PO7, P1g-P1;, P2y-P27,
Vo P3¢-P37, P5¢-P5;, P6y-P67, XouT, #, —0. 3 to Vce40.3 v
R/W, RD, WR, SYNC, RESETour

P4 Power dissipation Ta=25C 1000( Note 1) mw
Topr Operating temperature —20 to 85 C
Tstg Storage temperature —40 to 125 ‘C

Note 1 ! BOOmW in case of the flat package

RECOMMENDED OPERATING CONDITIONS

(Veo=5V+10%, Ta=—20 to 85T untess otherwise noted)

Limits

Symbol Parameter - Unit
Min. Typ. Max.

Vee Power source voltage 4.5 5 5.5 \'

Vss Power source voltage 0 \

Vin “H" input voltage RESET, Xy, CNVsg (Note 1) 0. 8Vcc Vee \"

“H" input voltage P0o-PQ;, P1o-P1,, P2,-P2;,
P3¢-P3;, Pdg-Pd;, PSo-P5;,

\ .0
= P6-PE; 2 Vee v
(expect Note 1)
A “L” input voltage CNVgs (Note 1) 0 0.2Vge \"

“L" input voltage P0o-PO;, P19-P1;, P2,-P2;,
P30-P3;, P4y-P47, P5,-PSy,

Vi PEo-P6: 0 0.8 v
(expect Note 1)
Vi “L" input voltage RESET 0 0.12V¢eel V
Viu “L” input voltage Xy o} 0. 16V \%
“L” peak output current POy-P0;, P14-P17,
loL(peak) P20-P27, P30-P37, ) 10 mA

P5o-P5;, P69-P6;
“L” average cutput current PQ,-P0;, P1o-P1;,
lowcavgy P2,-P2;, P3p-P3;, 5 mA
P5¢-R5;, PBy-P6; (Note 2)
“H" peak output current P0g-PO;, P1,-Pty,
lonpeak) P2o-P2;, P3-P3;, —10 mA
P5¢-P57, PBy-P6;
“H" average output current P0g-PO;, P1o-Pty,

loncavg) P2g-P27, P3¢-P3, —5 mA
P5-P57, P6g-PB; (Note 2)
(X)) Internal clock osciltation frequency 1 12.5 MHZz
Note 1 . Ports operating as special function pins INT-INT;(P6o-P86,), EV,-EV3(P3¢-P3;), RxD(P3,), ,
Scik(P3g)

2 loLcavg) and lontavg) are the average current in 100ms.
3 I The total of Io_ of Port PQ, P1, and P2 should be 40mA (max.).
: The total of lo. of Port P3, PS5, P6, R/W, SYNC, RESEToyr, RD, WR and ¢ should be 40mA (max.),
The total of loy of Port PO, P1, and P2 should be 40mA (maﬂ. o
The total of loy of Port P3, PS5, P6, R/W, SYNC, RESEToyr, RD, WR, and ¢ should be 40mA (max.).

BB L2yg9828 0024804 955 WA
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS (voc=5v+10%, Vss= 0V, Ta=—20 t0 85°C, #(Xy)=12. 5MHz)

Limits
Symbol Parameter Test conditions Unit
Min Typ. Max.
Vo “H* output voltage RD, WR, R/W, SYNC, RESETour, ¢ low =— 2mA Voe—1 v
“H" output voltage P0p-P0;, P1o-P17, P2p-P2;,
Von i ’ P3,-P3;, P5e-P5;, Pe-P6, fon =—5mA Vee—1 v
“L" output voltage P0y-PO;, P15-P1;, P2p-P2;,
Voo E,-Pi PSo-_P57, P6o-P67, loL =2 mA 0. 45 \"
RD, WR, R/W, SYNC, RESEToyr,
“L" output voltage PQy-PO;, P1o-P1y, P25-P2;,
Voo ’ i P3y-P3;, P5y-P5;, P6y-P6; lon =5 mA ! v
v | TS INT TSP P80, BV VPSS i put vl 0.3 1
Vr+ — Vy—| Hysteresis RESET . 0.7 \'
Vr4+ — Vr— | Hysteresis Xy 0.1 0.5 v
“L” input current P05-PO;, P1g-P17, P24-P2;,
e P3y-P3;, Pdg-P4;, PSg-P5;, V) =Vss —5 5 uA
P6y-P6;, RESET, Xy
“H” input current P0p-PO;, P19-P1;, P2¢-P2,,
(- P39-P3;, P4g-P4s, PSy-P57, Vi =Vog —5 5 HA
P6q-P6;, RESET, Xy
Veam RAM retention voltage At stop mode 2 v
i(X|N)=12.5MHz. 8 15 mA
lea Power source current At system operallon
At stop mode 1 10 LA
(Note 1)

Note 1 : The terminals RD, WR, SYNC, R/W, RESEToyr, ¢, D-A; and D-A, are all open.The other ports, which are in the input

mode, are connected to Vgs. A-D converter is in the A-D completion state. The current through ADVggr and DAVgee is not

included. (Fig. 50) .

A-D CONVERTER CHARACTERISTICS

(Veo=AVcoc=bVE10%, Vss=AVss=0V, Ta=—2010857C, f(X;y)=12. 5MHz unless otherwise noted)

Symbol Parameter Test conditions i L_;T:s Mo, Unit

— Resolution 8 Bits

— Absolute accuracy Voe=AVoc=ADVgegr=5VE10% +*+1.5 +3 LSB

tcony Conversion time 49 to(e)
Via Analog input voltage AVgs AVece \%
VADVREF Reference input voltage 2 Vee \%
Veer Reference input voltage 2 Vee 12
RLADDER Ladder resistance value ADVger= 5V 20 35 50 k2

liaovrer Reference Input current ADVper= 5V 0.1 0.14 0. 25 mA
Vavce Analog power supply input voltage Vee v
Vavss Analog power-supply input voltage 0 \'

D-A CONVERTER CHARACTERISTICS (Voc=5V*t10%, Vss=AVss=0V, Ta=—201to 85C unless otherwise noted)
Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.

- Resolution 8 Bits

— Full scale deviation Voo=DAVRer=5V+10% 1.0 %

tsu Set time 3 MS
Ro Output resistance 1 2 4 kQ
Vavss Analog power supply input vottage 0 v
VDbAVREF Reference input voltage 4 Vec \
Vaer Reference input voltage 4 Vee \"
|pavREF Reference power input cusrent 4] 5 10 mA

MW L2u9828 0024805 891 WH
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS

Port/single-chip mode (Vec=5v+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)

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

tgu(ron—4¢) | Port PO input setup time 160 ns
tsutpip—# | POt P1 input setup time 160 ns
tsu(pzo—¢) | Porit P2 input setup time 160 ns
tsuipsp—g) | Port P3  input setup time 160 ns
tsu(pap—¢) | Port P4 input setup time 160 ns
tsurso—¢) | Port PS input setup time 160 ns
tsu(pep—y) | POt P6 input setup time 160 ns
th{g—pPoD) Port PO input hotd time 40 ns
th(g—pr1D) Port P1 input hold time 40 ns
th(¢—pr20) Port P2 input hold time Fig.46 40 ns
thip—pran) Port P3 input hold time 40 ns
th(e—pPao) Port P4 input hold time 40 ns
th(e—rsD) Port PS  input hold time 40 ns
thie—preD) Port P6 input hold time 40 ns
tc(Xin) External clock input cycle time 80 1000 ns
tw{XinL) External clock input “L" pulse width 20 ns
tw(XinH) External clock input “H” pulse width 20 ns
tr(Xin) External clock rising time 20 ns
t{Xin) External clock falling time 20 ns

Master CPU bus interface timing (R and W separation type mode)
(Vco=5VE10%, Vgg=0V, T,=—20 10 85°C, unless otherwise noted)

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

tsutcs—r) | CS setup time [0} ns
tsu(cs—w) | CS setup time o} ns
th(a—cs) CS hold time 0 ns
thiw—cs) | C8 hold time 0 ns
tsuca—nr) A0 setup time 10 ns
tsuta—w) A0 setup time Fig.47 10 ns
thir—a) AQ hold time 0 ns
thiw—a) AQ hold time 0 ns
twir) Read pulse width 120 ns
twiw) Write pulse width 120 ns
tsuco—w) Date input setup time before write 50 ns
thiw—p) Date input hold time after write 0 ns

Master CPU bus interface timing (RW type mode)

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

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
tsu(cs—e) | CS setup time 0 ns
thie—cs) CS hold time 0 ns
tsuta—e) A0 setup time 10 ns
thie—a) AQ  hold time 0 ns
tsu(rw—Eg) | R/W setup time 1} ns
thie—rwW) R/W hold time : Fig 48 ¢} ns
twiew) Enable ctock “L” pulse width 120 ns
twiew) Enable clock “H" pulse width 120 ns
tre) Enable clock rising time 25 ns
tice) Enable clock falling time 25 ns
tsutb—e) Data input setup time before write 50 ns
thie—pb) Data input hold time after write 0 ns
B L2u9828 002480L 728 W
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MITSUBISHI MICROCOMPUTERS
7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Local bus/memory expansion mode, microprocessor mode
(Vec=5V+£10%, Vss=0V, Ta=—20 to 85C, unless ctherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min. TYp. Max.
tsu(o—w) Data input setup time 60 ns
th(s—np) Data input hold time ' Fio.d8 0 ns
tsu(o—ro) | Data input setup time o 60 ns
thiro—D) Data input hold time 0 ns
Clock synchronous serial /O (Voc=5V£10%, Vss=0V, Ta=—20 to 85, unless otherwiss noted)
Limits .
Symbol ’ Parameter Test conditions - Unit
Min. Typ. Max.
tsutaxp—scuo | Serial input setup time ' 160 ‘ns
thisc—rxo)| Serial input hold time . . 80 ns
tr(axD) Serlal Input rising time 30 ns
t(rxD) Serial input falling time 30 ‘'ns
tresou Serial input clock rising time Fig. 49 30 ‘ns
tsou) Saerial input clock falling time 30 ns
tetsc) Serlal input clock period 640 ns
| “elsc
twiscLkl) Serial input clock “L” pulse width 230 ns
twiscikH) Serial input clock “"H” pulse width 290 ns

B 249428 0024407 bbby HE
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

SWITCHING CHARACTERISTICS
Port/single-chip mode (Vco=5v£10%, vss=0v, Ta=—20 to 85°C, unless otherwise noted)

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

td(s—rPoa} Port PO data output delay time 200 ns
tdis—Pia) Port P1 data output delay time 200 ns
td(e—p2a) Port P2 data output delay time 200 ns
td(s—raa) Port P3 data output delay time 200 ns
td(s—Psq) Port P5 data output delay time 200 ns
td(s—Peq) Port P6 data output delay time Fig.46 200 ns
te(s Cycle time JO 4000 ns
tuvi #r) ¢ clock pulse width (*H" levei) 150 ns
twise) $ clock pulse width (“L" level) 130 ns
tr e ¢ clock rising time 20 ns
the ¢ clock falling time 20 ns

Master CPU bus interface (R and W separation type mode)

(Vee=5VE10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted)

Limits
Symbol Parameter Test condition i Tvp. Mox Unit
tair—p) Data output enable time after read 80 ns
tvir—0) Dita output disable time after read Fig.47 0 30 ns
toLn(r—pR) | Prov output transmission time after read 150 ns
ey iw—pr) | Prov output transmission time after write 150 ns
Master CPU bus interface (R/W type mode) (Voe=5VE10%, Vgs=0V, Ta=—20 to 85C, unless ctherwise noted)
Limits
Symbol Parameter Test condition - Unit
Min. Typ. Max
tace—o) Data output enable time after read 80 ns
tvie—p) Data output disable time after read Fig.47 0 30 ns
tpLr(e—pPr) | Papy Output transmisslon time after E clock 150 ns.
Local bus/memory expansion mode, microprocessor mode
(Voc=5v£10%, Vss=0V, Ta=—20 10 85T, unless otherwiss noted)
Limits
Symbol Parameter Test condition - Unit
Min, Typ. Max
td(e—n) Address delay time after ¢ 80 ns
ty(p—n) Address effective time after ¢ 10 ns
tv(rRD—A) Address effective time after RD 10 ns
ty(wR—a) Address effective time after WR 10 ns
tdis—D) Data output delay time after ¢ 80 ns
tdiwh—o) Data output defay time after WR Fig.48 80 ns
tvis—o) Data output effective time after ¢ 20 ns
tv(wR—D) Data output effective time after WR 20 ns
t(a—Aw) R/W delay time after ¢ 80 ns
tdis—sync) | SYNC delay time after ¢ 80 ns
twiap) RD pulse width 130 ns
twiwr) WR pulse width 130 ns
Clock synchronous serial /O (Voc=5v£10%, Vss=0v, T,=—20 t0 85°C, unless otherwise noted)
Symbel Parameter Test conditions - Limits Unit
Min. Typ. Max
td(scik—Tx0)| Serial output delay time 100 ns
trisquo Serial output clock rising time 30 ns
tscw Serial output clock falling time Fig. 49 30 ‘ns
tetsok) Serial output clock period 640 ns
| twisciku Serial output clock “L" pulse width 290 ns
twisg ks Serlal output clock “H” pulse width 290 ns
B L249428 0024808 5TO W
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MITSUBISHI MICROCOMIPUTERS
7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TEST CONDITION

Input voltage level -V 2.4V
Vie 0.45v
Output test level : Vo, 2.0V
Voo 0.8V

PO '
P1 P(l] —1—
p2 P5 [—4—O P1 I 50pF
P3 H—p—0 100pF
P4 100pF 5 P2 —13—0
P5 I_ s ; 100pF
Pe Pe 0 R/W
S50pF
SYNC
i e el ;; D i 50pF
+ WR
Fig. 46 Test circult In Fig. 47 Master CPU bus interface Fig. 48 Local bus test circuit
single-chip mode test circuit
Vee
Vee
lec
.0 t (test point)
gt B 100pF RESET Vee other power
AVec supply
Scuk TO PO ADVger
100pF P1 DAVaer
T - -
P3 D-A1
P4 D-A2
. P5 RD
=) he WR
g. 49 Serlal 1/0 test circuit CNVss RN open
AVss SYNC
Vss RESEToyr
[
r
Vss Xin Xour

&S]

A H

Fig. 50 Icc {at stop mode) test condition

B L248428 0024809 u37 N

- AMITSLBISHI
ELECTRIC

This Material Copyrighted By Its Respective Manufacturer




MITSUBISHI MICROCOMPUTERS
7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ABSOLUTE MAXIMUM RATINGS (external ROM version)

Symbol Parameter Conditions Ratings Unit
Voo Power source voltage R —0.3t0 7 v
vV, Input voltage RESET, Xy . —0.3t0 7 v

Input voltage Dp-D7, P3p-P3;, Pdo-P4,,
Vi PSo-PSr. Pby-P67. ADVeer. All voltage are based on Vss. —0.3 10 Veet0.3 v

DAVger, Vaer, AVce .
Output transistors are cut off.

Vv, _ | Input voitage CNVgs —0.3t013 . v

Output voltage Aqg-Aqs, Do-D7, P3y-P3;,
Vo P5q-P57, PBo-P67, Xour. —0.3 to Vge10.3 v

¢, RD, WR, R/W, RESEToyr, SYNC

Pa Power dissipation Ta=25TC 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

(External ROM version, Vgo=5V10%, Ta=—20 to 85°C unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.
Vee Power source voltage 4.5 5 5.5 A\
Vss Power source voltage - 0 ’ v
Vin “H” input voltage RESET, Xy, CNVgs (Note 1) 0.8Vee Veo \"2
“H” input voltage Dg-D;, P3¢-P37, Pdg-P4;,
Vin P e P;g-FZS;.S;Gq-F:BT lZB:«:ep! Note 1} 2.0 Vee v
Vi "L" input voltage CNVgs (Note 1) 0 0. 2Vee v
“L" input voltage Dg-Ds, P3o-P3;, P4y-P4,,
Vie i i P;D-P57.3;60-F:87 lEexcepl Note 1) 0 0.8 v
Vo “L” input voltage RESET 0 0. 12V v
Vo “L" input voltage Xy 0 0. 16V \
“L" peak output current Ag-Aig, Dg-Dy,
loupeak: P3y-P3;, P54-P5;, 10 mA
P6o-P67
“L" average output current Ag-A.s, Dg-Dy,
lowavg) P39-P3;, P5p-P5;, 5 mA
P6o-P6; (Note 2)
“H" peak output current Ag-A,s, Dy-Ds,
lon(peak) | P3-P3;, P5;-P&7, —10 mA
P6o-P67
“H" average output current Ag-Ays, Do-Dj.
loncavg) P39-P3;, P5¢-P5y, -5 mA
PBg-P6; (Note 2)
F(Xin) Glock oscitlation trequency 1 12.5 MHz

Note 1 : Ports operate as INT,-INT3(P6o-P62), EV,-EV4(P34-P3;), RxD(P3,) and Sc k(P3g)
2 The average output current Iou(a\,g) and g tavg) are the average value during a 100ms.
3 ! The total of “L” output current |0L(peak) of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and
$ is less than 40mA. .
The total of “H" output current lonipeak) of port P3, P5, PG, R/W, SYNC, RESEToyr. RD, WR and
¢ is less than 40maA.

MR GL2u9828 0024410 159 W
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

ELECTRICAL CHARACTERISTICS

(External ROM version, Voc = 5V10%, Vgs = 0V, Tq = —20 to 85°C, f(Xy) = 12. 5MHz, unless otherwise noted)

’ ] Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
Vou “H” output voltage RD, WR, R/W, SYNC, RESEToyr, ¢ | low=—2mA Vec—1 v
“H” output voltage Ag-A,s, Dg-D7, P3p-P3;,
V, : i lov=—5mA Veo—1 v
on P5,-P5;, P6y-P6; o co
“L" output voltage Ag-Ais, Dop-D7, P3p-P3,
VoL P5¢-P5;, P6o-P67, RD, WR, lo,=2mA 0.45 v
R/W, SYNG, RESEToyr, ¢
“L” output voltage Ag-Ass, Do-D7, P3o-P37,
" p ge Ag-Ars, Do-D7, P3o-P3; loL=5mA 1 v
PSo-P5;, P6o-P67
Hysterisis INTy-INT3{P6,-P62), EV3-EV3{ P3-P32),
Ve —Vr— Function input fevel 0.3 1
T RxD(P3,), Scuk{P3s) P
Vr+—Vr— | Hysterisis RESET 0.7 v
Vr+—Vr— | Hysterisis Xy 0.1 0.5 v
“L” input current Do-D7, P3p-P3;, P4y-P4;,
1 . Vi=V. —
L P5o-P5;, P6y-P6;, RESET, Xin oYss 5 5 #A
“H" input current Do-D7, P3¢-P3;, P4s-P4;, \ .
| Vi=V, —5 5 A
" P5q-P57, P6y-P6;, RESET, Xin e “
Veam RAM retention voltage At stop mode 2 \'
At system operation
ystom op 8 15 mA
lce Power source current 1(Xin)=12. 5MHz
At stop mode (Note 1) 1 10 1A

. Note 1 : The terminals RD, WR, R/W, SYNC, RESETour, ¢ D-A,

A-D CONVERTER CHARACTERISTICS

(External ROM version, Vee = AVec = 5V £ 10%, Vgs = AVgs = 0V, Ty = —20 to 85C, f(Xn)=12.5MHz, untess otherwise noted)

and D-A, are all open. The other ports, which are in the input mode, are connected
to Vss. A-D converler is in the A-D compietion state. The current through ADVgee and DAVger is not included{Fig.55).

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
— Resolution 8 Bits
— Absolute accuracy Voe=AVcc=ADVpger=5VE10% +1.5 +3 LSB
tconv Conversion time 49 to(d)
Via Analog input voltage AVss AVcc \i
Vaovrer | Reference input voltage 2 Veeo \
VReer Reference input voltage . 2 Vee. \"
R spper | Ladder resistance value ADVRer=5V 20 35 50 kQ
liapvrer | Reference input current ADVger=5V 0.1 0.14 | 0.25 mA
Vavce Analog power supply input voltage Vee v
Vavss Analog power supply input voltage 0 \

D-A CONVERTER CHARACTERISTICS

(External ROM version, Vec = 5V £10%, Vas = AVss =0V, Ta = —20 to 85C, unless otherwise noted)

Symbot Parameter Test condition Limits Unit
Min. TYp. Max.

— Resolution 8 Bits

— Absolute accuracy Veo=DAVagr=5V£10% 1.0 %
tsu Setup time . 3 48
Ro Qutput resistance 1 2 4 kO
Vavss Analog power supply input valtage 0 \"2
Voaveer | Reference input voltage 4 Veeo \%
VREF Reference input voltage 4 Vee \4
ipavrer | Reference power input current 0 5 10 mA
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MITSUBISHI MICROCOMPUTERS
7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS

Port (External ROM version, Voc=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)

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

tsutpan—g) | Port P3 input setup time 160 ns
tgutpap—¢) | Port P4 input setup time 160 ns
tsutpsp—e) | Port PS input setup time 160 ns
tsutpep—g) | Port P6  input setup time 160 ns
th(s—pan) Port P3  input hold time 40 ns
th(e—pan) Port P4 input hold time . 40 ns
th(s—psp) Port P5 input hold time Fig. 51 40 ns
th{s—preD) Port P6 input hold time 40 ns
te(Xin) External clock input cycle time 80 1000 ns
tw{ Xl ) External clock input “L” pulse width 20 ns
tw{XinH) External clock input “H” pulse width 20 ns
tr(Xin) External clock rising time 20 ns
(XN External clock failing time 20 ns

Master CPU bus interface timing (R and W separation type mode)

(External ROM version, Voc=5V£10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)
Limits
Symbol Parameter Test condition - Unit
Min. Typ. Max.

tsutcs—n) | CS setup time 0 ns
tsuics—w) ‘| CS setup time 0 ns
th(r—cs) CS hold time 0 ns
thiw—cs) CS hold time 0 ns
taua—r) AD setup time 10 ns
tsua—w) AQ setup time Fig. 52 10 ns
th(r—a> AQ hold time Q ns
thiw—a) AD hold time 0 ns
twir) Read pulse width 120 ns
twiw) Write pulse width 120 ns
tsulo—w) Date input setup time before write 50 ns
thiw—op) Date Input hold time after write 0 ns

Master CPU bus interface timing (R/W type mode)

(External ROM version, Voc=5V+10%, Vss=0V, Ta=—20 to 85T, unless otherwise noted)
Lirnits
Symboi Parameter Test condition i, Tp. Max. Unit
tsutcs—e) | CS setup time 0 ns
thie—cs) CS hold time 0 ns
tsuta—e) AOQ  setup time 10 ns
thig—a) AQ hold time 0 ns
tsutrw—e) | R/W setup time 0 ns
thie—aw) R/W hold time - Fig. 52 s} .ns
twiew) Enable clock “L" pulse width 120 ns
twien) Enable clock “H" putse width 120 ns
trie) Enable clock rising time 25 ns
tice) Enabte clock talling time 25 ns
tsuo—g) Data input setup time befora write 50 ns
thie—0) Data input hold time after write 0 ns
I 249828 0024812 T2l WA
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Local bus/Memory expansion mode, Microprocessor mode
(External ROM version, Voo =5V+10%, Vss=0V, Ta=—20 to 85, unless ctherwise noted)

Limits N

Symbol Parameter Test condition Unit
Min. Typ. Max.

tsu(o—e Data input setup time . 60 ns

thts—o) Data input hold time Fig. 53 0 ns

tsu(p—rp) | Data Input setup time ’ 80 ns

th(ARD—D) Data input hold time 0 ns

Clock synchronous serial 1/O (External ROM version, Voe=5V£10%, Vee=0V, To=—20 to 85C, unfess otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. _Typ. Max.
tsutryp—sc | Serial input setup time 160 ns
thisg x—rxp) | Serial input hold time 80 ns
tripeo) Serial input riging time 30 ns
i ryD) Serial input falling time 30 ns
trisg ) Serial input clock rising time Fig. 54 30 ns
Hesg 0 Serial input clock falling time 30 ns
te{sc) ‘| Serial input clock peried 640 ns
twisg kL) Serial input clock “L" pulse width 290 ns
'VL(EOLKH’ Serial input clock “H” pulse width 290 ns
SWITCHING CHARACTERISTICS
Port (External ROM version, Voc==5V£10%, Vss=0V, Ta=—20 10 85°C, unless otherwise noted)
. Limits
Symbol Parameter Teast condition Unit
Min. Typ. Max.

td(e—Paq) Port P3 data output delay time 200 ns
td(s—Psq) Port P5 data output delay time 200 ns
td(e—pea) Port P6 data output delay time 200 ns
te(e Cycle time Fig. 51 320 4000 ns
tw(sr) # clock pulse width (“H” level) 150 ns
twiaL) ¢ clock puise width (“L” lavel) 130 ns
tr(e) ¢ clock rising time 20 nsg
(5} ¢ clock falling time 20 ns
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MITSUBISHI MICROCOMPUTERS
- 7451 Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

Master CPU bus interface (R and W separation type mode)

(External ROM version, Voc=5Vt10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)

Limits
Symbol Parameter Test condition - Unit
Min. Typ. Max.
ta(r—p) Data output enable time after read 80 ns
tvir—o) Data output disable time after read 0 30 ne
teLu(r—pR) | Prov output transmission time after read 150 ns
teLH(w—pPR) | Proy Output transmission time after write 150 ns

Master CPU bus interface (R/W type mode)

{External ROM version, Vee=5V110%, Vss=0V, Ta=—20 to 85°C, unless otherwise nated)

Limits
Symbol Parameter Test condition Unit
Min. Typ. Max.
tacte—o) Data output enable time atter read 80 ns
tvie—oy Data output disable time after read 0 30 ns
tpLnie—prR) | Prov output transmission time after E clock 150 ns

Local bus/Memory expansion mode, microprocessor mode
(External ROM version, Veo=5V10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)

Symbol Parameter Test condition Limits Unlt
Min. Typ. Max.

tdie—a) Address delay time after ¢ 80 ns
[P Address effective time after ¢ 10 ns
tv(Ro—a) Address effective time atter RD 10 ns
t(wR—A) Address effective time after WR 10 ns
td(s—n) Data output delay time after ¢ 80 ns
tdewa—o) Data output delay time after WR 80 ns
tv(p—D) Data output effective time after ¢ 20 ns
tu(wRr—D) Data output sffective time after WR 20 ns
tdie—nAw) R/W delay time atter ¢ 80 ns
tdie—syne) | SYNC delay time after ¢ 80 ns
tw(rD) RD pulse width 130 ns
tw(wr) WR pulse width 130° ns

Clock synchronous serial I/Q (Extemal ROM version, Veoe=5V+10%, Ves=0V, Ta=—20 to 85°C, unless atherwise noted)

. Limits
Symbol Parameter Test conditions Unit
Min. Typ. Ma.
td(scik—TxD) | Serial outpit delay time 100 ns
trisgw) Sertal output clock rising edge time 30 ns
Hisow Serial output clock falling edge time 30 ns
teisg) Serial output clock period 640 ns
twisgl) Serial output clock “L" pulse width 290 ns
twisgigr) Sertal output clock “H" pulse width 290 ns
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. ' MITSUBISHI MICROCOMPUTERS

7451 Group

- SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

TEST CONDITION (External ROM version)

Input voltage level | Vi, 2.4V
Vi 0.45v

Qutput test level . Vo 2.0V

Vo 0.8V
P3 A I
F
P4 5 ——=0 ;; 50p
- 100pF
SR + 1=
PE pF
I . T 100pF
P6. __I._O —
s 50pF RIW
¢ 41— + SYNC ff—3—0
50pF E :’r’ 50pF
;; WR
Fig. 51 Port test circuit Fig. 52 Master CPU bus interface Fig. 53 Local bus test circult
test circuit
Veo Vee
N ICC
Sew \l’ (test point)
v other power
100pF RESET co supply
open or no —a AVece
output current ?
ADV,
Vog of Vgs —{ D REF
<0 ——I—O DAY
REF
100pF
I Veo P3 D-A1
. P4 D-A2
. PS5 RD
P86 m open or no output
Fig. 54 Serial 170 test circuit CNVgs R/W current
' AVss SYNC
Vss RESETour
[
~r
Vss Xin Xout
joie)
Vsg Vss

Fig. 55 Igc (at stop mode) test condition
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM

Port/single-chip mode timing diagram

ooy twixigr)  twixw)
XIN _-J 1]
trig)
twiew)
, /20 2.0 f 2.0
} QB 0.8 4
t
‘Wi H) l ’f(ﬁ) tr(i)
. tsucpio—s)
- 1 2.4 2.4
Port Pi input
/ 0.45 0.45
—
tdi s —pio ! this —pip)
2.0
Port Pi output
0.8
Note | V,,=0.8Vec, Vie=0.16Vee of Xy
Master CPU bus interface/ R and W separation type timing diagram
Read
tsuia—r) thta—a)
A0 2.4 2.4
0. 45 0. 45
tsutcs—r) her—cs)
CS 0.45 0.45
twir)
_ 2.4 ¢
R N4 o.as 4 &
DB,—DB, 20
0.8
1tv(r—p)
Prov ’ 2.0
trLH(R~PR)
B 6249828 DD2481k k77 1R
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MIiCROCOMPUTER

Write

tsu(a-w)

thiw—a)

4

0.45% <

Master CPU interface/ R/W type timing diagram

AQ

R/W

read

DB,—DB;

write

0B,—DB;

pFIDY

BN L249828 0024817 503 WA

2—66

AD 2. 2.4
0. 45 ,
tsutes—w) thiw-cs)
Cs 0.45 0.45
twiw)
N 4
— 2.4 2.4
W N o0.45 0.45 /]
2.4
DB, D8, 0.45
tsu(o—w)
S 2.0
PRDV
tPLH(W—PR)
| tw(ew) twien)
Z? 2.4 Z.4 3\
0.45 0.45 4 0. 45
treey tre
tayta
SU(A—E) thiemn
2.4
0. 45
th(e-cs) t
tsu(cs—e)
0.45 0.45
tate—o0) )
1 tvie—0)
X tsuto—e) e
. =0
\ 2.4
/ 0.45
2.0
toLn(eE—PA)
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Local bus tlmlng'dlagram

tcie)
twien) twisr)
/ - [
¢ W N )’
tdis —Aw)
Aw tce) treo)
R/W
X
tdie —ar
tyis~a)
Ag—A;s 1&
l
tsuo—-4) this—o)
De—Dy
CPU read
tdce ~0) A
Do—D5
CPU write
e D4 X
/
X twiro)
tv(rRo—a)
AD \L
7
| suip—ro) the
RO~D)
Do—D; ,
CPU read [t
t
wiwn) ty(wa—a)
W N
A
tdtwn—p)
Do_ D?
CPU write
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MITSUBISHI MICROCOMPUTERS

7451 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Serial /0 timing diagram

tetseiw)
¢
{04 Scik! twcsout) MScLk) twisour)
. BVeo 0. 8Vee N o, 8Vec
Scik \ /
RO 2Vee 0. 2Veo 2 /
tsuiRy0—ScLk! tisgLe—RxD)
0.8Vee 10. 8Vcee 0. 8VCCX
RxD
0. 2Vee \O. 2Vee 0. 2Vcc7
td(scux—TxD?) trtruo)
ti(ryD)
0.8Vce
TxD
0.2Vec
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