MITSUBISHI MICROCOMPUTERS

M37451M4-XXXSP/FP/GP
M37451M8-XXXSP/FP/GP

3
SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

7451 MC-XXXSP/FP/GP

instructions
® Instruction execution time
(minimum instructions at 12.5MHz frequency) - 0.64us

DESCRIPTION
The M37451M4-XXXSP/FP/GP is a single-chip micro- PIN CONFIGURATION (TOP VIEW)
computer designed with CMOS silicon gate technology. It P3;/Saoy ++ [0 Vee .
is housed in a 64-pin shrink plastic molded DIP or a Ple/Soue AVss
. . R . P35/TxD «* = Vrer Reference voltage input

0.8mm-pitch or 0.65mm-pitch 80-pin plastic molded QFP. P3,/RxD « 2] —D-A 9
In addition to its simple instruction sets, the ROM, RAM, VOPOTPS ) b Moy [ ] DA, | DAOUP
and 1/0 addresses are placed on the same memory map to ::g’i 3’: :i:"j':z°
enable easy programming. PavEy. ~ [ AN e
It is suited for office automation equipment and control de- P5;/DB; +[3] [56l = POo/A,
vices The low power consumption made by the use of a P5e/0B, + 1Y el POV/A,
CMOS process makes it especially suitable for battery po- :fjg:j: :ﬁgif
wered devices requiring low power consumption. It also /0 port PS P5y/DBy [0 = B posa, [ VOPNP0
has a unique feature that enables it to be used as a slave Ps,/DB, @ N ® - POs/As
microcomputer. PovoB, ~[ R G - Poy/A,
The differences among M37451M4-XXXSP/FP/GP, M37451 ”iﬁéf’f‘w“: 5982% S ::;f::
M8-XXXSP/FP/GP and M37451MC-XXXSP/FP/GP are as pos/R - [ X § Z@-rra
shown below. The descriptions that follow describe the pox/CS [ 3% X% el Pa/Asg
M37451M4-XXXSP/FP/GP (abbreviated as M37451) un- /0 port P8 ps':f%’: A - :f: 10 port P1
less otherwise noted. P6/INT; > > P1s/As

P61/INT, +> ~ Plg/A,

Type name ROM size RAM size Head/w,.tepe"/mf_‘" il <> P1o/Ass
M37451M4-XXHSP/FP/GP | 8192 bytes 256 bytes e o o By
M37451M8-XXXSP/FP/GP | 16384 bytes 384 bytes sanal UL o — - P20,

: y Reset input RESET — -
MT451MC-XXXSP/FP/GP | 24576 bytes 512 bytes et ST 22200 | panee
The number of analog input pins for the 80-pin model (FP, T|Cr::; Z::s:: X°”;: : ;ZE:
GP version) is different from the 64-pin model (SP version). Ves «— P2,/D,
In addition, the 80-pin model has special pins for RD, WR, Outline 64P4B
RESETour, DAVger, ADVger, AVge and the 64-pin model
has a special Vger pin.
® Programmable 1/0O ports
FEATURES (POI’tS PO, P1, P2, P3, P5, pe) .............................. 48
® Number of basic instructiong: =« =-rerrreermerierieenes 71 ® Input port (POI’I p4) ............................ 3(D|F’), 8(QFP)
69 MELPS 740 basic instructions+2 multiply/divide ® Output ports (Ports D-Aq, D-Ag) «ewrerrrermrrereseeneenees 2

APPLICATION

Slave controller for PPCs, facsimiles, and page printers.

@ Single power Supply «-eerreeerrrerrresreres seereees 5V+10% HDD, optical disk, inverter, and industrial motor controllers.
® Power dissipation normal operation mode Industrial robots and machines.

(at 12.5MHz frequency) ................................. 40mW
® Subroutine nesting «»+-oreereee 96 levels max.(M37451M4)

96 levels max.(M37451M8)
128 levels max.(M37451MC)

. |nterrupt ..................................................... 15 events

. Master CPU buS Intel'faCe .................................

@ 16-Dit timeEr sereeremrrrers e

@® 8-bit timer (Serial 1710 use) ......................................

@ Serial I/0 (UART or clock synchronous)

® A-D converter (8-bit resolution) ---++-+ 3 channels (DIP)
8 channels (QFP)

® D-A converter (8-bit resolution) «==+==w++ssvee 2 channels

® PWM output with 8-bit prescaler :

(Either resolution 8 bit or 16 bit is software selectable) -+ 1
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MITSUBISHI MICROCOMPUTERS

M37451 M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP
'M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

0
1
2
3
4
15

=] « P4,/AN,
[Z] « P4s/ANs
[Z]) + P4g/ANg
[Z] < P4;/AN;

P4o/ANg — [65] [40] «+ P2/Dg
D-Ay <+ [66) [39] «+ P2,/D1
138] <= P22/D2

D-A; —
DAVger — [68| [37] «+ P23/D3
ADVger — [ M37451M4-XXXFP [36] ++ P24/Da4

AVss ~ P25/Ds

AVee or [34] ++ P26/Dg

Vv P2,/

ce M37451M8-XXXFP il P27/D;
Vss Vss
P37/Srpy + [14 or —¢
P36/SciLk + [] NC
P3s/TXD ~ [ M37451MC-XXXFP [ — Xour
P34/RxD <= [7] : 28]« Xin
P33/PWMoyt > NC
P3,/EV; = %] «— RESET
NC +- CNVss
K[ 3| 3| K3 3 {3 I | R 2D 0 S { G K D
R R R R R R E R E A E A
O S d SET S SFSITER L 520 lE|QIZ O &5
STEEEEEEEES SIS L
i raracofREILSSS 2
SIS TSI S S5 ST u_g,gq‘,‘" %)
cdpgagaaaaaa CER a
[
Outline 80P6N
22222 o - noseoenrwo2CNOS
CCLCLLCLLCLCLCLLCLCLCLCLICICLC L
SN S OSSN N N NS NN N NS S N S N NS S
M T 0 © N O - N M T WO NO - N T WO
[= W« W « W o WY < WY s Wy A T 410 [ W W W o Wy WY « B o WY n HY o HY o Y
R R EEEEEE R
[60] 5] [s] [57] [=el [55] 4] [o] [so] [ao] [a8] [a7] [4e] [45] [4a] 3] 2] [41]
P4,/AN, — [ [ «> P1,/A1s
P41/AN; — NC
Pdo/ANg — [38] <= P2¢/Dg
D-Ap + > P2,/D;
D-A; +— + P2,/D,
DAVRer — <> P23/D3
ADVger — M37451M4-XXXGP [32] «+ P24/D4
~ AVss ++ P25/Ds
AVce or . +» P2s/Dg
v P2;/D
Ve M37451M8-XXXGP v
P37/Sapy or -
P3g7SgLk = NC
P3s/TxD « M37451MC-XXXGP — Xour
P34/RxD + — X
P33/PWMoyr ~» NG
P32/EV3 <+ «— RESET
NC, O [23]«— CNVsg
NC [22]— RESETour
P3,/EV; «» — SYNC
[N | 3 | X | X 3] 5 2 I I T2 2 S B K
ttttmtvtiitittttittlll
- e o & o o o -
SodddddddiZEA 0L €2
woooooooo\.\\‘o"éi gzzzli}ﬂf\ :
Srerryracael "’6%<<§ =
3>
ERegedeee™ Eoggesd

Outline 80P6S

NC : No connection
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M37451M4-XXXSP BLOCK DIAGRAM

Clock Clock Timing Reset
input  output output input
Xin Xout RESET R/W SYNC Vee Vss

—® -»—e?-# — %8 — o o — - - .

Data bus
I C
t Note 2
Clock generating HNO el H U ” j g Tnmer1 Tnmer1 Iatch Trstucton
circuit RAM Program | Program. ROM (8)
counter { counter e E¥|‘ h
) 256 PoH(®) | POL(E) 8192 Timer 2 1T|mer 2 latch)
decods
2 e = ecoder
Timer 3 -TTlmer 3 latchg
T (16) (16)
| q T Control signal
s-ot Pulze width
! d Stack Multi- modulator
toae | facoumu ) satvs | | ogumer | [ cegorer | | pomer | | sverr
ot A8) o x(8) Y(8) s(8) amider
I

Y ) T < -
Interrupt AD RI
T
INT, control COMP T

2 BRG

2 1BF OBE y N
A-D D
‘( Bus mterfacej converter ﬂconvener" Senal l/OI
N\ T X

L o 1| s

l P6(8) l l P5(8) I L P4(3) ]
/

L _ddddddls doddiddt oo —ese -

AVss D-A,
1/0 port P6 1/0 port P5  Vper Input port P4 D-A, 1/0 port P3 1/0 port P2 1/0 port P1 1/0 port PO

Note 1 : 384 bytes for M37451M8-XXXSP and 512 bytes for M37451MC-XXXSP
2 1 16384 bytes for M37451M8-XXXSP and 24576 bytes for M37451MC-XXXSP

Y43LNdWOJ0UIIN SONWD 118-8 dIHD-ITINIS

d9/dd/dSXXX-OINISYLEN

d9/d4/dSXXX-S8INTSYLEN 'dD/dd/dSXXX-VYINTSYLEN
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M37451M4-XXXFP BLOCK DIAGRAM

Clock Clock Timing Reset Reset
input  output output input output o
Xin Xout 4 RESET RESEToyr WR RD R/W SYNC Ve

T

V.
-~ - —& - DDO—-

Data bus
| C
A= Y
Clock generating Note 1 H H ] {Nmez = T TR
circut Frogram ] Program (16) (16) E (8)
RAM ROM A Fa
-} counter | counter "/_)‘ |y l
256 pcu®) | pcL(s) 8192 % Timer 2 Timer 2 latcl
! byte - l [ byte (16) (16)
r1 Teve decoder
T2
imer 3 H
(16)
1 s N Control signal
I 8.oit Pulse width
logic ‘ . Index Index Stack Mult- modulator
unit Tator roasier register register pointer pher/
A(8) PS(8) X(8) v(8) s(8) diider
1 ]
[
P
1 control
X INT, COMP
INT3 5 ||
2+ IBF,OBE
Bus A-D
interface . converter
N
L | l
3 418 8

] [ P5(8) 1 | P4(8)
— - 1!1%)@65@(5———(5@(5(5&3 DTI0-63696 g 5@&5)%'“23

i)
|

T [ AT -
1/0 port P6 1/0 port P5 | A[DVH: Input port P4 / E})_gz’" 1/0 port P3
AVce DAVger

Note 1 . 384 bytes for M37451M8-XXXFP and 512 bytes for M37451MC-XXXFP
2 1 16384 bytes for M37451M8-XXXFP and 24576 bytes for M37451MC-XXXFP

1/0 port P2

170 port P1

HILNdWOI0UIIW SOND 118-8 dIHO-ITIONIS

d9/dd/dSXXX-OWISV.LEN

d9/dd/dSXXX-SINTISVLEN 'dD/dA/dSXXX-VINTSPLEN

SH3ILNAWOI0YHIIN IHSIGNSLIN
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M37451M4-XXXGP BLOCK DIAGRAM

Clock Clock Timing Reset Reset
input  output output Input output
Xin Xout ¢ RESET RESEToyr WR RD R/W SYNC

BER A B s S 0 o S S

Data bus
IR
|
Clock generating UNote 1 H H } ’Note 2 —
circurt e
RAM Program | Program ROM %
counter | counter r
| 256 PCH(8) | PCL(8) 8192
bYte b yte Instruction
1 decoder
V C
k3 Control signal
! o _ ¢ Pulse width
logic ¢ Index Index Stack Multi- modulator
unit ator reser register register pointer phier/ -
A(8) PS(8) X(8) v(8) 5(8) dwider
3
1
L 4
[ = e

| 3
INT, control AD T
\ INT, CcoMP 2
INT, 5 N
24 IBF,OBE d

Bus A-D
interface ﬂconvener ]’lconvene]l Serlal 170
X

T

~
e

N—

b 4o 1 . | =]

Pe) | s ||| Il Pe® ] P3(8)

=

| ae ) maciRi e =
N
L sdddddddd- - —dddddded a0 1 WD
1/0 port P6 1/0 port P5 / A! Vs ® Input port P4 ? E’)_;’;A‘ 1/0 port P3 1/0 port P2
AVcc DAVger

Note 1 : 384 bytes for M37451M8-XXXGP and 512 bytes for M37451MC-XXXGP
2 . 16384 bytes for M37451M8-XXXGP and 24576 bytes for M37451MC-XXXGP

1/0 port P1

1/0 port PO

CNVsg

H3LNdWOIO0UDIN SOWD 118-8 AIHD-ITONIS

dd/dd/dSXXX-ONISY.LEN

d9/d4/dSXXX-SINTISYLEN'dD/dA/dSXXX-VINTISYLEN

SHILNAWOIO0UDIN IHSIGNSLIN



MITSUBISHI MICROCOMPUTERS

M37451 M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP

'M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37451M4-XXXSP/FP/GP, M37451M8-XXXSP/FP/GP, M37451MC-XXXSP/FP/GP

Parameter

Functions

Number of basic instructions

71(69 MELPS 740 basic instructions+2)

Instruction execution time

0.644s (minimum instructions, at 12 5MHz frequency)

Clock frequency

12 5MHz (max )

ROM 8192 bytes
M37451M4-XXXSP/FP/GP
RAM 256 bytes
ROM 16384 bytes
Memory size M37451M8-XXXSP/FP/GP
RAM 384 bytes
ROM 24576 bytes
M37451MC-XXXSP/FP/GP —
RAM 512 bytes
PO-P3, P5, P6 1/0 8-bitX6
Input/Output ports P4 Input 3-bitX1 (8-bitX1 for 80-pin model)
D-A Output 2-bitX1
Serial I/0 UART or clock synchronous
16-bit imerX3,
Timers

8-bit imer (serial 170 baud rate generator) X1

A-D converter

8-bitX3 channels (8 channels for 80-pin model)

D-A converter

8-bitX2 channels

Pulse width modulator with 8-bit prescaler

8-bit or 16-bitX1

Data bus buffer

1-byte input and output each

Subroutine nesting

96-levels (max for M37451M4, M37451M8)

128-levels (max for M37451MC)

Interrupt

6 external interrupts, 8 internal interrupts
1 software interrupt

Clock generating circuit

Built-in (ceramic or quarts crystal oscillator)

Supply voltage 5V+10%
Power dissipation 40mW (at 12 5MHz frequency)
) Input/Output voltage 5V
Input/Output characters
Output current +5mA (max )
Memory expansion Possible (64K bytes max )
Operating temperature range —20 to 85C

Device structure

CMOS silicon gate

M37451M4-XXXSP

M37451M8-XXXSP

M37451MC-XXXSP

64-pin shrink plastic molded DIP

M37451M4-XXXFP

Package M37451M8-XXXFP

M37451MC-XXXFP

80-pin plastic molded QFP
(0 8mm-pitch)

M37451M4-XXXGP

M37451M8-XXXGP

M37451MC-XXXGP

80-pin plastic molded QFP
(0 65mm-pitch)

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37451M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP

M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

" Input/
Pin Name Output Functions
Vee, Supply voltage Power supply inputs 5V*10% to Ve, and OV to Vgg
Vss
CNVsgg CNVss Input Controls the processor mode of the chip Normally connected to Vg or Ve
RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor-
mal Ve conditions) If more time 1s 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 1s connected between the Xy and Xoyt pins If an external clock is used, the clock
Xour Clock output Output source should be connected to the Xy pin and the Xoyr pin should be left open
] Timing output Output Normall); outputs signal consisting of oscillating frequency divided by four
SYNC Synchronous Output This signal 1s output “H” during operation code fetch and 1s used to control single stepping of programs
signal output
R/W Read/Write Output This signal determines the direction of the data bus It is “H” during read and “L” during write
status output
P0o-PO; 1/0 port PO 170 Port PO 1s an 8-bit 1/0 port with directional registers allowing each 1/0 bit to be individually programmed as
nput or output The output structure is CMOS output The low-order bits of the address are output except
In single-chip mode
P1o-P1; 1/0 port P1 110 Port P11s an 8-bit I/0 port and has basically the same functions as port PO The high-order bits of the
address are output except in single-chip mode
P2,-P2; 1/0 port P2 1/0 Port P2 1s an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in
single-chip mode
P3,-P3; 1/0 port P3 1/0 Port P3 i1s an 8-bit I/0 port and has basically the same functions as port PO Serial I/0, PWM output, or
event |/0 function can be selected with a program
P4,-P4, Input port P4 Input Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight
(P4y-P4;) pins They may also be used as digital Input pins
P5¢-P57 1/0 port P5 1/0 Port P5 is an 8-bit 170 port and has basically the same functions as port PO This port functions as an 8-bit
data bus for the master CPU when slave mode 1s selected with a program
P6o-P6; 1/0 port P6 110 Port P6 1s an 8-bit 170 port and has basically the same function as port PO Pins P63-P6; change to a control
bus for the master CPU when slave mode 1s selected with a program Pins P6y-P6, may be programmed
as external interrupt input pins
D-A;, D-A; | D-A output Output Analog signal from D-A converter is output
VRer Reference voltage input Reference voltage input pin for A-D and D-A converter This pin 1s for 64-pin model only
input
ADVger A-D reference Input Reference voltage input pin for A-D converter This pin 1s for 80-pin model only
voltage 1nput
DAVger D-A reference Input Reference voltage input pin for D-A converter This pin is for 80-pin modeli only
voltage input
AVgs Analog power supply Ground level input pin for A-D and D-A converter Same voltage as Vgs Is applied
AVce Analog power supply Power supply input pin for A-D converter This pin Is for 80-pin model only Same voltage as Vcc Is applied.
In the case of the 84-pin model, AV¢c Is connected to Ve internally
RD Read signal Output Control signal output as active “L” when valid data Is read from data bus This pin is for 80-pin model only.
output
WR Write signal Output Control signal output as active “L” when writing data from data bus to external component This pin s for
output 80-pin model only
RESETour Reset output Output Control signal output as active “H” during reset It 1s used as a reset output signal for peripheral compo-

nents This pin is for 80-pin model only

z MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37451 M4-XXXSP/ FP/GP,M37451M8-XXXSP/FP/GP
M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The M37451 microcomputers use the standard MELPS 740
instruction set. For details of instructions, refer to the
MELPS 740 CPU core basic functions, or the MELPS 740
Software Manual.

Machine-resident instructions are as follows:

The FST and SLW instructions are not provided.

The MUL and DIV instructions can be used.

The WIT instruction can be used.

The STP instruction can be used.

MISRG2 Register

The MISRG2 register is allocated to address 00DF¢. Bits 0
and 1 of this register are processor mode bits. This register
also has a stack page selection bit.

7 ' 0
| MISRG2 (address 00DF,¢)
Lr

Processor mode bits

00 : Single-chip mode

01 : Memory expansion mode
10 : Microprocessor mode

11 . Disable
lL————— Bus interface enable bit

0 ! Disable

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

11 R/W bus

PWM enable bit

0 : Disable

1! Enable

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

0 : Normal bus cycle

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

1% iIn page 1 area

Fig. 1 Structure of MISRG 2

3—6 * MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37451M4 XXXSP/FP/GP,M37451M8-XXXSP/FP/GP
'M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY * Interrupt Vector Area
* Special Function Register (SFR) Area The interrupt vector area is for storing jump destination
The special function register (SFR) area contains the reg- addresses used at reset or when an interrupt is generated.
isters relating to functions such as 170 ports and timers. * Zero Page )
« RAM Zero page addressing mode is useful because it enables
RAM is used for data storage as well as a stack area. access to this area with only 2 bytes.
* ROM * Special Page
ROM is used for storing user programs as well as the inter- Special page addressing mode is useful because it en-
rupt vector area. ables access to this area with only 2 bytes.
0000
RAM '
192 bytes)
¢ " 00BF 4
Not used . Zero page
00D016
SFR area
00FFy¢
RAM 010045
(64 bytes)
RAM for 013F6
RAM (192 bytes) M37451M4
(320 bytes) for
for M37451M8
M37451MC 01BF,
023F 46
Not used
A000;¢
C000+¢
ROM
(24K bytes)
4 E0004
for ROM
M37451MC
(16K bytes) ROM | FF0O,
for (8K bytes)
M37451M8
for
M37451M4 Special page
FFEO6 ror area
FFFFyq Interrupt vector are
Fig. 2 Memory map
MITSUBISHI 3—g7
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MITSUBISHI MICROCOMPUTERS

M37451 M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP
'M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

00D0,¢ | PO register 00EB,¢|{ PWM register (low-order)
00D14¢ | PO directional register 00EC,6| PWM register (high-order)
00D246 | P1 register 00ED,¢| Timer 1 control register
00D3,6 | P1 directional register 00EE;g| Timer 2 control register
00D4,¢ | P2 register 00EF46 | Timer 3 control register
00D5, | P2 directional register 00FO04¢ | Timer 1 register (low-order)
00D6, | P3 register 00F14¢ | Timer 1 register (high-order)
00D7,¢ | P3 directional register 00F246 | Timer 1 latch (low-order)
00D8,¢ | P4 register/PWM prescaler latch 00F346 | Timer 1 latch (high-order)
00D9,6 | Additional function register - 00F4,¢ | Timer 2 register (low-order)
00DA | P5 register 00F54¢ | Timer 2 register (high-order)
00DB¢| P5 directional register \ 00F6,¢ | Timer 2 latch (low-order) ~
00DC | P6 register 00F746 | Timer 2 latch (high-order)
00DD,¢| P6 directional register 00F8,6 | Timer 3 register (low-order)
00DE 6| MISRG1 00F9,¢ | Timer 3 register (high-order)
00DF,¢ [MISRG2 00FA,¢| Timer 3 latch (low-order)
00EO,6 | D-A1 register ' 00FB,¢} Timer 3 latch (high-order)
00E146 | D-A2 register 00FC;| Interrupt request register 1
00E246 | A-D register 00FD;¢| Interrupt request register 2
00E3,¢ | A-D control register 00FE,¢ | Interrupt control register 1
00E4,¢ | Data bus buffer register 00FF,¢ | Interrupt control register 2
00ES5,¢ | Data bus buffer status register
00E6,¢ | Receive/Transmit buffer register
00E7,¢ | Serial 1/0 status register
00E86 | Serial I/0O control register
00E9:6 | UART control register

, 00EAs| Baud rate generator

Fig.3 SFR (Special Function Register) memory map

3—68 . . MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37451M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP

M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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, and the program jumps to the
address specified in the vector table. The interrupt request
bit is cleared automatically. The reset and BRK instruction
interrupt can never be disabled. Other interrupts are dis-
abled when the interrupt disable flag is set.

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 4 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 disable 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 5 shows interrupts control.

Table 1. Interrupt vector address and priority.
Event ] Pnority;[ Vector addresses Remarks

RESET I FFFFy5, FFFEqg Non-maskable

Input buffer full interrupt 2 J FFFD4s, FFFC46¢ Valid only in slave mode

Output buffer empty interrupt 3 J FFFB,s, FFFA;¢ Valhid only in slave mode

INT; interrupt 4 [ FFF9,s, FFF846 External interrupt (phase programmable)

INT, interrupt L 5 4! FFF7.¢, FFF64¢ External interrupt (phase programmable)

INT3 interrupt ‘ 6 FFF5,5, FFF4,¢ External interrupt (phase programmable)
Timer 1 interrupt |7 FFF3,6, FFF2,4

Timer 2 interrupt | 8 FFF1is, FFFOye

Timer 3 interrupt 9 FFEF,s, FFEE;s

EV, interrupt 10 FFED.s, FFEC;s External event interrupt (phase programmable)
EV, interrupt 1 FFEB.s, FFEA4g External event interrupt (phase programmable)
EVj; interrupt 12 FFE946, FFE846 External event interrupt (phase programmable)
Serial 1/0 receive interrupt 13 FFE716, FFEB4¢ Vahd only when serial 1/0 is selected

Sernial 170 transmit interrupt 14 FFES5.6, FFE44¢ Valid only when sernial I/0 is selected

A-D conversion completion flag 15 J FFE346, FFE24¢

BRK instruction interrupt 16 \ FFE146, FFEO46 Non-maskable software interrupt
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7 0 7 0
r ] ] I l I l l l Interrupt request register 1 r l —I r ] I l I I Interrupt request register 2
(address 00FCi¢) (address 00FD;s)

Input buffer full interrupt

request bit EV, interrupt request bit

Output buffer empty interrupt EV, interrupt request bit

request bit . .

INT interrupt request bit EV; interrupt request bit
INT; interrupt request bit Serial 1/0 receive interrupt request bit

——————— INT; interrupt request bit Serial I/0 transmit interrupt request bit

Timer 1 interrupt request bit t—————————— A-D conversion completion interrupt
request bit

Timer 2 interrupt request bit

0 : Interrupt disable

Timer 3 interrupt request bit K
11 Interrupt requested

0 : Interrupt disable
1 : Interrupt requested

7 0 7
F'T T T 1 ] 1 ] ] interupt control register 1 L1 1T 1T 1 L1 T ]mteruptcontrol register 2
L (address 00FE5) L (address O0FF,¢)
Input buffer full mterrupt EV, interrupt enable bit
enable bit . .
L Output buffer empty |nterrué)% EV; interrupt enable bit
INT, interrupt enable pit EV; interrupt enable bit

INT; interrupt enable bit '———————Serial I/0 receive interrupt enable bit
INT, interrupt enable bit ——————Senal I/0 transmit interrupt enable bit
Timer 1 interrupt enable bit

Timer 2 interrupt enable bit

A-D conversion completion interrupt
enable bit

i i 0 : Interrupt disable
Timer 3 interrupt enable bit 1 Interrupt enabled

0 ! Interrupt disable
1 ! Interrupt enabled

Fig. 4 Structure of registers related to interrupt

Interrupt request bit ——

Interrupt enable bit

Interrupt disable flag |

BRK instruction Interrupt request
reset ——L/

—
Fig. 5 Interrupt control
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TIMER

The M37451 has three independent 16-bit internal timers
as shown in Figure 6.

The timers are controlled by the timer i control register (i=
1, 2, 3) and MISRG1 shown in Figure 7 and 8.

The timer and the timer latch are independent of each
other and a value must be written in both when setting a
timer.

A write to a timer is performed in the order of T, to Ty after
setting the count enable bit to count inhibit “0”.

A read from a timer is performed in the order of T, to T. |

The value of T is latched in the read timer latch at the tim-
ing when Ty is read. All timers are decrement counters and
are started by setting the timer i count enable bit to “1”.
When the value of the timer reaches 0000.¢, and overflow
occurs and the timer i interrupt request bit is set to “1” at
the next count pulse.

During a reset or an STP instruction execution, the low-
order byte of the timer 1 register is set to FFys and the
high-order byte is set to 03¢. Also, when an STP instruction
is executed, a frequency obtained by dividing the oscillat-
ing frequency by four becomes the timer 1 input 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 de-
tails concerning the operation of the STP instruction.

The M37451 provides seven timer modes selectable with
the timer mode’selection bit in the timer i control register.

7 0
['T1 | |Timer i control register (1=1,2,3)
Timer 1 control register (address 00ED¢)
Timer 2 control register (address 00EE;s)
Timer 3 control register (address 00EF¢)

Timer mode selection bits

000: 16-bit timer mode

001: Event count mode

010: Pulse output mode

011: Pulse period measurement mode

100: Pulse width measurement mode

101 . Programmable waveform
generation mode

110: Programmable one-shot
generation mode

Timer count source selection bit
0:f(Xn)/4
1 2 INTi pin input
Output level latch
Event phase selection bit
0: Fall
1. Rise

Fig. 7 Structure of timer i control register

7 0
I T 1 I ] | msrat (address 00DE,¢)

INT, input polarity selection bit

INT, input polanty selection bit

INT3 Input polarity selection bit
0: Fall
1! Rise

Timer 1 count enable bit

Timer 2 count enable bit

Timer 3 count enable bit
0 : Count disabled
1: Count enabled

Fig. 8 Structure of MISRG1

T

f(Xin)/4
" l—————0 Count enable bit 16

w O— AT

L o
EV Oj

Tly
T Timer interrupt request bit
Timer control
register
8
8

/ S Data bus ‘g

Fig. 6 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 f(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 9 shows the timer operation during 16-bit timer
mode.

TL , Value set In
timer latch

TR, Timer interrupt
request

0000+ v I

Fig. 9 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 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,y))+100ns.

Figure 10 shows the timer operation during event count
mode.

FFFFie

TL

TL, Value set in
timer latch

TR, Timer interrupt

000046 request

Fig. 10 Event counter mode operation

(3) Puise Output Mode [010]

In this mode, a 50% duty pulse is output from the EVi pin.
The count source selected with the 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 11 shows the timer operation during pulse output
mode.

FFFF1e

TL 4-—-fk———%-——K—-)——— TL,Valuesetin
i timer latch
TR, Timer interrupt

000016 =R TR, TR request
EV pin |
output *
waveform

Fig. 11 Pulse output mode

(4) Pulse Period Measurement Mode

[011]
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 complement of
the timer value is stored in the timer latch and the timer
value is set to FFFF6.
Figure 12 shows the timer operation during pulse frequency
measurement mode.

FFFFic !

EV pin }ﬂfﬂl&,ﬂ T2 T3 FFFF TR
's’}g;';, EVR _ EVR EVR EVR

Event phase s valid rising edge

Fig. 12 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” ot “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 value
is set to FFFF,g for an edge (both rise and fall) on the EVi
pin input. Figure 13 shows the timer operation during pulse
width measurement mode.

OOOO,GW ________________________
T_a e — —_— e ——— — —
T2 ke
7 kf———— 7~ N N A
FFFFye H 4
EV pin FFFF+T2 TR ‘ T3 '_—|T1
input EVR EVR EVR
signal
Event interrupt input polarity is vaiid rising edge
Measure width “L"of pulse

Fig. 13 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 pulse 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 these modes. Furth-
ermore, 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 latch 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

latch 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 14 shows the timer operation during programmable

waveform generation mode.

T3 ————T
T2 ———+ — N\
T INC 1

L;TLyand TL,

000046 _— initial values
EV pin i

output ' L w T3
signal TR TR TR TR

Fig. 14 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,).

Figure 15 shows the timer operation during programmable

one-shot generation mode.

FFFFs

L -
| |
L is one-shot

0000, ! — L
INT pin T TR: TR . TR pulse width
input ﬂ . N h
signal | Sy ST g SSu—
EV pin _]TU L l ' L

output signal
Fig. 15 Programmable one-shot generation mode

When the INTi pin input signal is selected as the count
source for pulse output mode [010], pulse period measure-
ment mode [011], pulse width measurement 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(X;y))=+100ns.
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SERIAL 1/0 eration timer (baud rate generator) is provided for serial
Serial 1/0 can operate in either clock synchronous or clock 1/0 operation. Figure 16 shows the structure of the regis-
asynchronous (UART) mode. An exclusive baud rate gen- ters used for serial 1/0.

7 0 7 0

I'T-I—r]—l—m Serial I/0 status register I | | | | I I | |Seria| 1/0 control register (address 00E8¢)

(address 00E7+¢) 1
Transm.lt buffer empty flag BRG count source selection bit
0 : Buffer full 0: f(Xin) divided by 2

1. Buffer empty 1 f(Xin) divided by 8
Receive buffer full flag

0 - Buff Senial 1/0 synchronous clock selection bit
) : Bu"el; t'ar?lpty 0 : BRG output divided by 4
- Buffer fu (when clock synchronous serial 1/0

Transmit shift register shift

1s selected)
completion flag
0 : Busy shifting BRG output divided by 16
1 Shift complete (when UART s selected)
Overrun error (OE) flag 1! External input clock
0:No —
1:Yes L Sppv output enable bit
0: P3; operates as normal 1/0 pin
Pamg :e rNrgr (PE) flag 1 P3; change to Sgpy output pin
1:!Yes -——————— Transmit interrupt source selection bit
Framing error (FE) flag 0: When transmit buffer becomes empty
:'No 1 When transmit shift operation is complete
1:Yes ————————— Transmit enable bit
Summing error (SE) fla 0 : Transmit disabled
Y 6";' ,?o rror (SE) flag 1: Transmit enabled
1:Yes Receive enable bit
0 Recelve disabled
1. Receive enabled
Senal I/0 mode selection bit
0: Clock asynchronous (UART) sernial I/0
7 1! Clock synchronous sernal 1/0
0 . Senal 1/0 enable bit
(T TTTTT] uarT control register 0: Senal I/0 disabled
L_ (address 00E9;) (P3,-P3; are normal I/0 ports)
Character length selection bit 1: Senal 170 enabled
? : ? g::z (P3,-P3; are serial I/0 function pins)
Parity enable bit

0 : Parity disable
1! Panty enable
Parity selection bit
0 : Even parity
1. 0dd parity
Stop bit length selection bit
0: 1 stop bit
1: 2 stop bit

Fig. 16 Structure of registers related to serial 170
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(1) Clock Synchronous Serial I/0 : With clock synchronous serial I/0, the same clock is used
Clock synchronous serial 1/0 is selected by setting the as the operating clock between the transmitting and receiv-
mode selection bit of the serial 1/0 control register to “1”. ing microcomputers. If an internal clock is used for operat-
Figure 17 shows a block diagram of clock synchronous se- ing clock, transmit/receive is started by writing a signal in
rial 1/0 and Figure 18 shows its operation. the transmit/receive buffer register.

Date Bus

address 00E6:s address 00E81

@@_T_) Receive buffer full flag (RBF)

Receive interrupt request (RI)
Receie shift register

Shift clock

Clock control circuit

Clock

Frequency dividing
css ratio1/(n+1)

f(Xin)
SRDY
Srovy O Fall detect Shift olock
0 O— Transmit shift register shift completion flag (TSC)
- Transmit interrupt request (T1)
Transmit butter register Transmit buffer empty flag (TBE)
P3
P3, ° address 00E6¢ address 00E74¢

!

Fig. 17 Clock synchronous serial 1/0 block diagram

Internal clock ¢

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

or external clock
Senal output ~ TxD Y Do X Dy
Serial input RxD Dy X D,

T
|
|

Receive ready signal —‘—-[ T
SRDV :

|

|

T

|

oL -
~

XX XX

Recelve/transmit | l

|

|

|
—_

buffer register v |
write signal to TBE=0 ¢ v
addre E =
ress 00E6;q TRE=1 RBF= 1
TSC=0 TSC=1

Overrun error (OE) detected

Note 1. Use the transmit interrupt source selection bit (TIC) in the serial I/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 1s written In the transmit buffer register when TSC=0, transmit clock I1s generated continuously and senal data Is output
continuously from the TxD pin
3. The receive interrupt (RI) is set when the receive buffer full flag (RBF) 1s set
. This example shows the case that the BRG count source 1s f(X;y)/2 and the contents of BRG reload latch 1s “004¢”
5. If the transmit enable bit (TE) goes from “0” to “1” when the serial I/0 enable bit is at “1”, the TxD pin goes to “H” level

After the TxD has transmitted seral data, it 1s held at the “D;” level of the final bit of the last data to be transmitted until the next
serial data Is transmitted

S

Fig. 18 Clock synchronous serial I/0 operation
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(2) Clock Asynchronous Serial I/O (UART)
UART is selected by setting the mode selection bit of the
serial 1/0 control register to “0”. Figure 19 shows a block
diagram of UART and Figure 20 shows its operation.

With the M37451, one of eight serial data transmission for-
mats can be selected with the UART control register as
shown in Figure 16. The transmission format must be
agreed upon between the transmit side and the receive
side.

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-
secutively.

PE_FE

Clock control circuit

Data bus
P3, Sooss  [mroemmmJaddress 00E8:s
RxD RE  OF <{ Feove vutir regiter Receive buffer full flag (RBF)
Tdetect Receive interrupt request (RI)
Recelve shift register
7-bit e | UART control register |
T 'L L= 116 address 00E9;¢

SI/0 clock selection bit

~

Character

length

Pse P35 selewlt’):

Scik O j
Frequency dividing ratio 1/(n+1)
f0aw) - —{T72H
TxD O—-—

-
Transmit buffer register

| address 00E6¢

Transmit shift register shift completion flag (TSC)
Transmit interrupt request (TI)

Transmit buffer empty flag (TBE)

address 00E715
! |

Data bus

Fig. 19 UART serial I/0 block diagram

Transmit or receive

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

S

Receive buffer
register read

r
clock : : l__I I__I
- - -d
Transmit buffer
register write - - .-
signal ¢ l,
TBE=0 TBE=0
e e et

* Generated at the second
stop bit If 2 stop bits set

signal

Serial input RxD
Note 1.

the serial 1/0 control register -
3. Receive interrupt (RI) is set by RBF=1.

STAL Ko -L

Error flag detection is performed as soon as RBF=1 (first stop bit for receive)
2. Transmit interrupt (T1) is set to either TBE=1 or TSC=1 according to the transmit interrupt source selection bit (TIC) in

RBF= 1 RBF=1

SP

Fig. 20 UART serial I/0 operation
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[Serial /O control register] SIOCON

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

+ Serial /0 enable bit SIOE

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

+ Serial I/0 mode selection bit SIOM

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

- Transmission 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 1/0 is
selected, pin P3; becomes an Sgpy signal output pin and
Sgrpy signal is output.

When an external clock is used during clock synchronous
serial /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 Sgrpy signal, the transmission enable bit must be set to
“1” even when performing receive only.

- Serial I/0 synchronous clock selection bit SCS

When this bit is “1”, pin P3g becomes an input pin and the
external clock input from the Sc « 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 1/0 synchronous clock. Also, when this bit is “0” during
clock synchronous serial 1/0, pin P3s becomes an output
pin and the shift clock is output from the Sg « pin.
When clock synchronous serial 1/0 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 length.

+ Parity enable bit PARE

When this bit is set to “1”, 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/O status register] SIOSTS

The serial 1/0 status register is a 7-bit read only register
consisting of serial 1/0 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 I/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 completes 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 I/0O status
register. Also, all status flags including error flags are
cleared when SIOE=0.

Usage cautions

(1) To reset the serial I/0 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 I/0 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” (d_isabled 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 170, 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

The M37451 is equipped with a bus interface that is func-
tionally similar to the MELPS 8-41 series. Its operation can
be controlled with control signals from the host CPU (slave
mode).

The M37451 bus interface can be connected directly to
either a R/W type CPU or separate RD, WR type CPU. Fig-
ure 21 shows a block diagram of the bus interface function.
Slave mode is selected with MISRG2 (address 00DF,¢) bit
2 and 3 as shown in Figure 22.

An input buffer full interrpt 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 P6,-P6; become host CPU control signal
input pins and P6; becomes a slave status output pin.

—
_ RD WR DBB
P5,/DB, . bus buffer ﬂ
P5,/DB; o—{ §
k] @
P54/DBy 0—| B 1 ) 2
o)
P5,/DBs o——| & ‘ s
13 1O 5
PS+/DBs % Output data | g
P5¢/DBs 0o—— s bus buffer £
P5,/DB, o—| — —7 I -
[ | | I8 R N Y I B A
U; [ Us | Us [ Us [ A0 ] U, ] 18F JOBH|
P6,/W T S [ ] 1\| ]
P6s/R \/J
P65/CS
P64/A0 o——3
N

—<

<t

P63/Prpy O—9

One-shot pulse

generation circuit

Rising edge

detection circurt

One-shot puise

generation circuit

Rising edge
| detection circutt <]

Proy output

mode selection
bit

Fig. 21 Bus interface circuit diagram
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7

0

| MISRG2 (address 00DF,¢)

7 0
I I Additional function register (address 00D9,¢)

Processor mode bits

00 : Single-chip mode

01 : Memory expansion mode
10 : Microprocessor mode

11 : Disable 0 ! Internal system clock
Bus interface enable bit 1 I Oscillation frequency f(X,y)
0 : Disable divided by 4 regardless of the value

1 ! Enable (slave mode)
Bus interface mode bit

0 : RD, WR bus 0 : Output the logical sum of OBF and
1 I R/W bus IBF (Same as the M37450)

PWM enable bit 1 : One shot pulse output when OBF or
0 : Disable IBF changes from 0 to 1

1 : Enable P63/Proy pin function selection bit

PWM mode selection bit
0 ! 8-bit high speed PWM
1 1 16-bit high precision PWM

Bus cycle control bit
0 ! Normal bus cycle
1 : Normal bus cycleX2

—Timing output stop bit
0 : Output
1 : Stop (“H” output)
Timing output clock selection bit

of bus cycle control bit
Pgrpy output mode selection bit

0 : Prpy output when DBBE=1, and
Port P63 function when DBBE=0

1 @ Port P63 function

PWM clock source selection bit

0 : Oscillation frequency f(Xn)
divided by 2 (Same as the M37450)

L Stack page selection bit 1 1 8-bit prescaler output
0 ! In page 0 area Not used
1 !In page 1 area Not used
This bit must be set to “0”
7 0

| I Data bus buffer status register

(address 00E5,6)

Output buffer full flag

0 . Buffer empty

1 : Buffer full

Input buffer full flag

0 : Buffer empty

1 : Buffer full

User definable flag

User may freely define this flag
AQ flag

Indicates the AO status when the
IBF flag is set

User definable flags
User may freely define this flag

Fig. 22 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
flags by setting the AO 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 Pgpy 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 to “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 Prpy 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 Pgoy 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 AO 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 latched 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,¢). The data in DBBOUT is
output to the data bus (P5) when the host CPU issues a
read request with setting the AO pin to “L".

Table 2. Control I/0 pin functions when bus interface function is selected

Bus interface | Pgpy output | P63/P n Input/
Pin Name ROy U T 3/ ROY P P Function
mode bit | mode slection bit nction selecton b Output
P63 Prov — 0 0 Output | Status output The NOR of OBF and IBF s output
1 1/0 Port P63 function
1 0 Output | Status output Normally output “0”
One shot pulse whose length is half of a period of internal system clock ¢ 1s output,
when OBF or IBF changes from “0” to “1”
(See Fig 23)
1 170 Port P63 function

P64 A0 — - — Input Address input Used to select 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

I
E 1 — — Input Inputs a timing signal E or inverse of ¢
P6, w 0 — - Input Timing signal used by the host CPU to write data to the data bus buffer
R/W 1 - - Input Input R/W signal used to control the data transfer direction When this signal I1s “L”,

data bus buffer write 1s synchronized with the E'5|gnal When 1t i1s “H”, data bus buffer
read 1s synchronized with the E signal )

Amrrsuslsm
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Fig. 23 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(Xy) divided by 2) -

Figure 26 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,s). And the register MISRG2 (address

00DF,¢) 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”, as shown in

Figure 24, the output period is fixed.

In high-speed mode
(2X255)/f(Xin)  40.8us at f(Xiy)=12.5MHz

In high-precision mode
(2X65535)/f(X;y)  10.4856ms at f(X;y)=12.5MHz

When PWM clock source selection bit is “1”, as shown in

Figure 25, the output period can be changed by setting the

value to prescaler latch (address 00D8,s).(Note)

In high-speed mode
{2(n+1) X 255} /f (Xin)
12.5MHz

In high-precision mode
{2(n+1) X 65535} /f(Xn)
=12.5MHz

n : Set value to prescaler 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 periodXm) /65535 for high-precision mode.

Note : Address 00D8,¢ functions as port P4 register (read

only) when read, and functions as PWM prescaler
latch (write only) when write. So the value of PWM
prescaler can not be read out.

40.8 (n+ 1)us at f(Xy) =

10.4856 (n+1)ms at f(Xy)

Changes according to the value
set in the PWM register

| |
—
|

PWM output I

| |
j=———Fixed period ———|

Fig. 24 PWM output (when PWM clock source
selection bit is “0”)

Changes according to the value set in
the PWM register

—
| |

PWM
output

l | |
r >t >

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

Fig. 25 PWM output (when PWM clock source
selection bit is “1”)

Notes on PWM start

(1) Notes on PWM start
PWM starts after the PWM enable bit is set to enable
and “L” level is output from the PWMoyr 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)

(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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2 Data bus 2

8 8

PWM clock source PWM, PWMy —I
selection bit 16

Reload control circuit

f(Xin)/2 1 ! e }

PWM mode
J selection bit

—-O/C}-—-—————-I T T ]
PWM enable bit
| PWMour
8/16 4 .
selection
TF/F
8-bit
prescaler
I
8-bit
prescaler
latch

D

f Data bus 2

Fig. 26 PWM generator block diagram
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A-D CONVERTER

An A-D converter is an 8-bit successive approximation
method. Figure 28 shows a block diagram of the A-D con-
verter.

The 64-pin model has three analog voltage input pins; the
80-pin model has eight.

A-D conversion is started by a write operation to the analog
input pin selection bit of the A-D control register shown in
Figure 27 and by selecting the analog voltage input pin.
The A-D interrupt request bit in the interrupt request regis-
ter 2 is set when A-D conversion completes. The result of
A-D conversion is stored in the A-D register.

The contents of the A-D register must not be read during
A-D conversion and f(X,y) must be no less than 1 MHz dur-
ing A-D conversion.

7 0

(I I o
Analog nput pin
selection bits

o

b2 b1 %

0 0 o AN
64 pin model 0 0 1 - AN?

0 1 0 IAN;

- ANg
L ANy
o ANs
: ANg
T AN;

—_————
—,—o O —
—,O—O —

Note . Do not select pins other than ANo-AN, with the 64-pin model

Fig. 27 Structure of A-D control register

g Data bus 2
b2 b0
A-D control register
(address 00E3,s)
P4y/ANg O—z = ——= A-D interrupt request
P4,/AN; O——4 —>
Pao/AN, O—4 =] & A-D register ||
] (address 00E2;¢)
P43/AN; O—4 > El
P4/AN, O—4 —=
P45/ANs S
P4g/ANg O—<4  |— Ladder resistor
P4,/AN; O—Z_—) S
AV AV ADVgee-
(Vee) (Vrer)

Fig. 28 A-D converter block diagram

D-A CONVERTER
Two 8-bit resolution D-A converter channels are provided.
Figure 29 shows a block diagram of the D-A converter.
D-A conversion is performed by setting a value in the D-Ai
register (addresses 00EO;¢ and 00E1¢). 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
(decimal) set in the D-Ai register as follows:
Vpa=DAVger* Xn/256

* Ve for 64-pin model.

1 Data bus 1

J

D-A conversion
register

R-2R resistor ladder —>O D-A

AVss  DAVger
(VREF)

Fig. 29 D-A converter block diagram
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RESET CIRCUIT

The M37451 is reset according to the sequence shown in
Figure 30. It starts the program from the address formed by
using the content of address FFFF,s as the high order
address and the content of the address FFFE g 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 5Vt

10% and the crystal oscillator oscillation is stable and then
returned to “H” level. The internal initializations following
reset are shown in Figure 30.

An example of the reset circuit is shown in Figure 31. The
reset input voltage must be kept below 0.6V until the supp-
ly voltage surpasses 4.5V.

address
— ] 1
(1) Port PO directional register 00D1,6 | ]‘ I 4.5V
| I—
|
(2) Port P1 directional register 00D3;6 Supply voltage 0V | |
|
(3) Port P2 directional register 00D5,6 _:/E/—
|
(4) Port P3 directional register 00D746 Reset Input voltage 0V | 0.6V
(5) Additional function register 00D9,¢ |
(6) Port P5 directional register 00DB;¢ | 0046 J v
F—*T——‘V‘—‘ cc
(7) Port P6 directional register 00DDy¢ | 700,5 ﬁJ R :
(8) MISRG1 00DE s | oWW 00 i i
16 _LJ_L T | :
(9) MISRG2 OODF‘S OJ_] ‘ro 0 E To] ! :
— i i
(10 D-A1 register 00EOy6 | oo.6 ! !
r::‘g.‘.ifiii - : :
(11 D-A2 register 00E1¢ L 0046 RESET ! !
FTTT 17T Talal ] |
(120 Data bus buffer status register 00ES5,s L | 01| ! !
1l 1 i
Tl alolalolnl 1 |
(13 Senal I/0 status register 00E7,6 \_LOLOLOJI_QJ_O LO_Q 5 E
1 '
(14 Senal I/0 control register 00E8,¢ { 006 ] v H !
(15 UART control register 00E9 T 7%::(;1)?@ - ; ‘l
6 R !
' J—Lil M37451
(16)  Timer 1 control register 00ED;¢ l OJ Ol OL 0‘
(17 Timer 2 control register 00EE ¢ L_ 0 0 0 0 ol 0 0\ Fig. 31 Example of reset circuit
18 |
(18  Timer 3 control register 00EF s l 1—,{4—0701—5
(19 Timer 1 register (low order) 00F0,6
@00 Timer 2 register (high order) 00F 14 I
Q1) Interrupt request register 1 00FCq6 |
= r,..)
(22} Interrupt request register 2 00FDy6 | 1;
{23 Interrupt control register 1 00FE¢ |
(24 Interrupt control register 2 00FF,¢ |
25 Processor statqs register (PS)
. ~Gontents of address
26/ Program counter (PCy) ! »: eE;f; D
(PCL) | Con.(eﬂFl;Foé‘aeddress |
Note 1 Since the contents of both registers other than those listed
above (including timer 1, imer 2, timer 3, and the senal 1/0
register) and the RAM are undefined at reset, it 1s necessary
to set initial values
2 The intial value of CM1 depends on the level on the CNVgg
pin
Fig. 30 Internal state of microcomputer at reset
3—86 MITSUBISHI
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1(X) _ﬂﬂ_h_[____ __ JINnanar
P S I I o I I I S N I
reser |

RESETour

SYNC 1

XX XN XD
Reset address from

Note 1 : Frequency relation of f(X;y) and ¢ is f(X\y)=4"¢
8 to 12 clock cycles 2 The mark “ ? " means that the address Is changable
depending upon the previous state.

Fig. 32 Timing diagram at reset
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/0 PORTS

(1)

Port PO

Port PO is an 8-bit 1/0 port with CMOS output.

As shown in the memory map (Figure 3), port PO can
be accessed at zero page memory address 00D0.
Port PO has a directional register (address 00D1,6)
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.

Depending on the contents of the processor status reg-
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 (Dg-D;) in-
put/output port. Refer to the section on processor mod-
es for details.

Port P3

Port P3 is an 8-bit I/0 port with function similar to port
PO. All pins have program selectable dual functions.
When a serial 1/0 function is selected, the input and
output from pins P34-P3; are determined by the con-
tents of the serial I/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 I/0 port with function similar to port PO.
When slave mode is selected with a program, all 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
P63-P6; change to the control bus for the bus interface
function. In this case, port input/output is unaffected by
the directional register.

Ports P6y-P6; are shared with the external interrupt in-
put pins (INT4-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.

R
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(9) ¢pin

The ¢ pin normally outputs the internal system clock
(the oscillation frequency of the resonator connected
between the Xy and Xour pins, divided by four).

The timing clock output from the ¢ pin is in output
mode if the timing output stop bit (bit 0 of address
00D9,6)is set to “0”, and in stop mode if that bit is set
to “1” and the timing clock output is “H”.

If the timing output clock selection bit (bit 1 of address
00D9,6) is set to “0” when the timing output stop bit is
“0” (timing output is being output), the internal system
clock that is output from the ¢ pin is the oscillation fre-
quency divided by four if the bus cycle control bit is
“0”, or the oscillation frequency divided by eight if that
bit is “1”. If the timing output clock selection bit is “1”,
the bus cycle control bit is ignored —the clock that Is
output is the oscillation frequency divided by four. (See
Fig. 33)

13

SYNC pin

This pin outputs a signal that is “H” during one cycle of
the ¢ during operation code fetch.

R/W pin .

This is a control signal output pin that indicates the loc-
al bus direction in memory expansion and microp-
rocessor modes.

RD, WR pins

These are local bus write and read timing signal output
pins for memory expansion and microprocessor modes.
A signal equivalent to the signal otuput from the R/W
separated by the ¢ signal is output.

These pins are used exclusively by the 80-pin model.
RESEToyr pin

This pin goes “H” while the microprocessor is being
reset. It can be used as a reset signal output pin for
peripheral devices.

This pin is used exclusively by the 80-pin model.

SEB 6, $DF

Internal system clock ¢

CLB 6, $DF

o

M

S

A

SYNC l.—|

R/W

L
oy

LI

# output when timing output clock selection bit is “0"

o T

¢ output when timing output clock selection bt ts “1”

Fig. 33 Output from ¢ pin
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Port PO, P1, P2 P3,

Senal I/0 enable bit
Receive enable bit )TW
<L
~
o G ,,,.] j

roosier j Ljo,_‘
Data bus 1 Data bus_o__i Data register |l M

—4 Data register J i
<
Senal 170 nput .-ﬂ—'

b

Al

P3o-P32 P3s
Serial I/0 enable bit

Transmit enable bit ———1
Data bus j 0 g )
o == od
==ty B

—t ;J 9 :

%

Data bus
pe

T

selection bit mode 5

mode 6 Event " "
vent counter inpu Senal 1/0 output p>—
Timer output “rL' Event interrupt input
P35 P3¢
Senal I/0 clock selection bit
—<— Serial I/0 enable bit
m Senal I/0 mode selection bit
—]
Data bus j Sernial I/O‘enable bit
~

Data bus
T 3

¥

A

PWM enable bit

~W

PWM output

Serial 170 clock output—b——
External clock input

Fig. 34 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (1)
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P3; R/W, SYNC, RD, WR, RESETour
Serial I/0 enable bit
Sernial I/0 mode selection bit }cy ?
Sgoy output enable bit 30
4 3 .
| reprmrm—
register T @
—_ [ Timing output cl i
Data bus ‘—[Dﬁ g output clock selection bit
—1>—.{ Data register } 1 2 I
E J l Oscillation—}»o]
frequency
{L._ divided by 4 ] .
Serial ready output —{>— Intrnal 1
system —o——
Port P4 clock lr
Timing output stop bit
P5,-P5;
__ P63
PBs/CS P63/Proy pin function
P6¢/R selection bit
Bus interface enable bit —1 Bus interface enﬂ;le oit
—<— =
o Gracrona ey =D— j’
oo j’ o
Data bus ’1 1 fo" Data blio-' Data register ; ly
—0—‘ Data register = j P 1 }-T_O J i
— _+ E—

Parallel ready output —p>—

P6,4-P6
P alet Bus interface enable bit
<
—4—' Input buffer '[ Directional register| f
Data bus 1 fD
—»—l Data register =
DP5, does not have a status register and OBF flag 1s set _] LD]_DoJi

@P5, does not have a status register and IBF flag 1s set
(P53 does not have a status register and A0 flag 1s set ;—

q—
P6o-P6, J
DBB control input
———
+—{Brectona eoer} j DBB control input AO input
Data bus CS input

—<>—-| Data register : - I
J L po

Interrupt input ._q——'

Fig. 35 Ports P0O-P6 block diagram (single-chip mode) and output only pin output format (2)
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PROCESSOR MODE

By changing the contents of the processor mode bits (bits
0 and 1 at address 00DF¢), three different operation mod-
es can be selected; single-chip mode, memory expansion
mode, and 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 37 shows the functions of ports P0-P2

The memory map for the single-chip mode is shown in Fi-
gure 2 and for other modes, in Figure 36.

By connecting CNVgg to Vgg, all three modes can be
selected through software by changing the processor mode
bits. Connecting CNVgs to Vgc automatically forces the
microcomputer into microprocessor mode.

The three different modes are explained as follows

FFFF6 FFFFe
Internal ROM
E000,¢
013F16 T T T 018F Internal RAM
0100, Internal RAM o _ _ 01004
Special function Special function
00D61¢ registers — — — — 00D6, registers
00C046 —__ _ 00CO04
Internal RAM Internal RAM
00006 L2 0000,
Memory Microprocessor
expansion mode
mode
The shaded area Is external memory area

Fig. 36 External memory map in processor mode
(M37451M4)

(1)

(2)

Single-chip mode (00)

The microcomputer will automatically 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 CNVgs is connected to Vsg and
the processor mode bits are set to “01” This mode is
used to add external memory when the internal mem-
ory is not sufficient.

In this mode, port PO and port P1 are as a system
address bus and the original 1/0 pin function is lost.
Port P2 becomes the data bus of D;-D, (including in-
struction code) and loses its normal 170 functions.
Microprocessor mode (10)

After connecting CNVgs to Ve and initiating a reset or
connecting CNVgg to Vss and the processor mode bits
are set to “10”, the microcomputer will automatically
default to this mode. In this mode, the internal ROM is
disabled so the external memory is required. Other
functions are same as the memory expansion mode.
The relationship between the input level of CNVgg and
the processor mode is shown in Table 3.

S



MITSUBISHI MICROCOMPUTERS

M37451M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP
M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CM, 0 0 1
CM, 0 1 0
Mode
Port Single-chip mode Memory expansion mode Microprocessor
mode
g LT J L[
Port PO Ports P0,-P0, Ports P0,-P0y Same as left
x 170 port Addresses Az-Aq
J LT J L
Port P1 Ports P17-Plo Ports P1,-P1o Same as left
x 170 port Addresses As-Ag
2 I o I
Port P2 Ports P2;-P2, Ports P2;-P2, Same as left
Data
R — BB

Fig. 37 Processor mode and function of ports P0O-P2

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

CNVss Mode
* Single-chip mode

Explanation
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

Vece * Microprocessor mode The microprocessor mode 1s set by the reset
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CLOCK GENERATING CIRCUIT

The built-in clock generating circuits are shown in Figure
40.

When an STP instruction is executed, the internal clock ¢
stops oscillating at “H” level. At the same time, FF¢ is set
in the low-order byte of timer 1, 0345 is set in the high-order
byte, and timer 1 count source is forced to f(X,y) 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 M37451, the MISRG2 bit 6 shown in Figure 22 can
be used to double the bus cycle. However, the timer,
UART, and PWM operations are unafffected. This facilitates

accessing of slow peripheral LSIs when external memory
and 1/0 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 oscillator (or a quartz
crystal oscillator) is shown in Figure 38.

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 39.
X is the input, and Xour is open.

M37451M4-XXXSP
Xin
29

XOUT

30

1MQ
—Q—3"
, ic”‘ j;COUT

Fig. 38 External ceramic resonator circuit

M37451M4-XXXSP
Xin
29

External oscillating circuit

Fig. 39 External clock input circuit

Interrupt
request
— Reset
Interrupt S Q Q s
disable flag | S Q
WIT
instruction R R | STP instruction
STP instruction —{R !
L _[—C )‘ Internai clock ¢
T Q
Bus cycle control bit —
1/4 .
>——————- Timer 1 -
Timer 1 count enable bit —I—‘
xIN XOUT

Fig. 40 Biock diagram of clock generating circuit
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PROGRAMMING NOTES

M

1.

(@)

3)

1.

(4)

1.

(5)

Processor status register

Except for the interrupt disable flag (1) being set to

“1”, the content of the processor status register (PS)

is unpredictable after a reset. Therefore, flags affect-

ing program execution must be initialized.

The T flag and D flag which affect arithmetic opera-

tions, must always be initialized.

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

Interrupts

Even though the BBC and BBS instructions are ex-

ecuted just after the interrupt request bits are modified

(by the program), those instructions are only valid for

the contents before the modification. Also, at least one

instruction cycle must be used (such as an NOP) be-

tween the modification of the interrupt request bits and

the execution of the BBC and BBS instructions.

Decimal operations

Decimal operations are performed by setting the de-

cimal mode flag (D) and executing the ADC or SBC

instruction In this case, there must be at least one

instruction following the ADC or SBC instruction be-

fore executing the SEC, CLC, or CLD instruction.

. The N (Negative), V(Overflow), and Z(Zero) flags
are ignored during decimal mode.

Timers

The frequency dividing ratio when n (0 to 65535) is

written in the timer latch is 1/(n+1).

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.

The timer value must be read from the high-order

byte first.

Serial 1/0

In clock synchronous serial I/0 mode, if the receiver is

to output an Sppy using an external clock, the receive

enable bit, Sgpy output enable bit, and transmission en-

able bit must be set to “1”

A-D conversion

The comparator consists of coupling capacitors that

lose their charge when the clock frequency is low.

Therefore,f(X;y) must be no less than 1MHz during A-D

conversion. (If the bus cycle control bit is “1”, the bus

cycle is doubled and the A-D conversion time is also

doubled, therefore, f (X,y) 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

timer 1 count enable bit (bit 4 at address 00DE;g) to

enable (“17).

(8) Multiply/Divide instructions
1. The MUL and DIV instructions are not affected b
the T and D flags. .
2. The contents of the processor status register are un-
affected by multiply or divide instructions.

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
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\

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3t0 7 \'
\A Input voltage X;n, RESET —0.3to0 7 \

Input voitage P0o-PO7, P1¢-P17, P2¢-P27,
v P3PS, Pdo-Pds, Plo-PSy, With tto V. 0.3 to Veo+0. 3 v
ith respect to —0. A
! P6-P67, ADVger, DAVger, P . s © Vee
Output transistors are
Vrer, AVoc “ff?
at “off” state
V, Input voltage CNVss —0.3t013 \"
Output voltage P0y-PO;, P1o-P17, P2y-P2;,
Vo P3¢-P3;, P5¢-P57, P6o-P67, Xour, $, —0.3 to Vee+0.3 \
R/W, RD, WR, SYNC, RESETour

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

Note 1 : 500mW in case of the flat package

RECOMMENDED OPERATING CONDITIONS

(Vee=5V%10%, Ta=

—20 to 85°C unless otherwise noted)

l Limits
Symbol Parameter Unit
[ Min Typ Max
Vee Supply voltage 4.5 5 5.5 \'
Vss Supply voltage 0 "
Vin “H” input voltage RESET, Xy, CNVgs (Note 1) 0.8Vce Vce \
“H” input voltage P0y-P0;, P1o-P1;, P2-P2;,
Vi ig:sz;, P4y-P4;, P5¢-P57, 2.0 Voo v
(expect Note 1)
Vi “L” input voltage CNVss (Note 1) 0 0.2Vee \Y
“L”" input voltage PQo-PO07, P1o-P17, P2-P2;,
oo Pl PP 0 08 | v
(expect Note 1)
ViL “L” input voltage RESET 0 0. 12V \
VL “L” input voltage Xy 0 0.16Vee \
“L” peak output current P0p-P0;, P1o-P1;,
lou(peak) P25-P2;7, P30-P37, 10 mA
P5¢-P5;, P6¢-P6;
“L" average output current P0,-P07, P1¢-P1;,
loLcavg) P2y-P27, P3-P3;, 5 mA
P50-P5;, P60-P6; (Note 2)
“H” peak output current P0,-P0O;, P1¢-P17,
lon(peak) P20-P27, P3-P3;, —10 mA
P50-P57, P6o-P6;
“H” average output current P0y-P0;, P1¢-P17, ‘
loncavg) P29-P27, P3-P37, —5 mA
P5,-P57, P6¢-P6; (Note 2)
f(Xin) Internal clock oscillating frequency | 1 12.5 MHz

Note 1 : Ports operating as special function pins INT;-INT3(P6o-P6,), EV;-EV3(P3¢-P3;), RxD(P3,),
Scix(P3g)
2 lowavg and lonavg) are the average current in 100ms
3 The total of I, of Port PO, P1, and P2 should be 40mA (max )
The total of lo, of Port P3, P5, P6, R/W, SYNC, RESEToyr, RD, WR and ¢ should be 40mA (max )
The total of oy of Port PO, P1, and P2 should be 40mA (max )
The total of loy of Port P3, P5, P6, R/W, SYNC, RESETour, RD, WR, and ¢ should be 40mA (max )

3—9
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ELECTRICAL CHARACTERISTICS (vco=5V%10%, Vss= 0V, Ta=—20 t0 85T, f(Xix)=12. 5MHz)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Vou “H” output voltage RD, WR, R/W, SYNC, RESETour, ¢ lon =—2mA Vec—1 Vv
Von H” output voltage zg;(;: FP’;:;;: ':25:-2:, low=— 5 mA Veo—1 v
“L” output voltage P0y-P07, P1¢-P17, P2,-P27,
Vou P30-P37, P5¢-P57, P6o-P67, lo. =2mA 0.45 \
RD, WR, R/W, SYNC, RESETour,
“L" output voltage P0y-P0;, P1¢-P1;, P2,-P2;,
Vou P s P3y-P3;, P5,-P5;, P6,-P6; lo. =5mA 1 v
Vi — Voo Hysteresis ::;(-:;B’?(F;iij%;;) EV;-EV3(P30-P3;), Function mput level 0.3 1
Vr4+ — Vi— | Hysteresis RESET 0.7 \Y
V14 — Vy—| Hysteresis Xy 0.1 0.5 \
“L” input current P0y-P0;, P1o-P1;, P2,-P2;,
I P3¢-P3;, P4¢-P4;, P5¢-P5;, Vi =Vss —5 5 uA
P6o-P6;, RESET, Xin
“H” input current P0y-P0;, P1o-P17, P2,-P2;,
hin P3o-P37, P4o-P4;, P5,-P5;, Vi =Vce —5 5 “A
P6o-P6;, RESET, Xin
VRam RAM retention voltage At stop mode 2 \
' f(Xin) =12 5MHz s 15 mA
loo Supply current At system operation
At stop mode
(Note 1) ! 10 A

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 Vss A-D converter is in the A-D completion state The current through ADVggr and DAVgee 1S not

included. (Fig 45)

A-D CONVERTER CHARACTERISTICS

(Voc=AVcc=5V*10%, Vss=AVss=0V, Ta=—20to85C, f(X;y)=12.5MHz unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max

— Resolution 8 Bits

— Absolute accuracy Vee=AVcc=ADVger=5V+10% +1.5 +3 LSB
tconv Conversion time 49 to( )
Via Analog Input voltage AVss AVce \
V ADVREF Reference input voltage 2 Vece \Y
RLADDER Ladder resistance value ADVgge= 5V 20 35 50 kQ
lADVREF Reference input current ADVggr=5V 0.1 0.14 0.25 mA
Vavce Analog power supply input voltage Vce \%
Vavss Analog power supply Input voltage 0 \%

D-A CONVERTER CHARACTERISTICS (Voc=5V*10%, Vss=AVss=0V, Tq=—201t085°C unless otherwise noted)
Limits

Symbol Parameter Test conditions in Ty Mok Unit
— Resolution 8 Bits

— Full scale deviation Voo =DAVgegr=5V£10% 1.0 %

tsu Set time 3 “S
Ro Output resistance 1 2 4 kQ
Vavss Analog power supply input voltage 0 \
VDpAVREF Reference nput voltage 4 Vece \Y
IpavREF Reference power input current 0 5 10 mA

R
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TIMING REQUIREMENTS

Port/single-chip mode (Vcc=5V+10%, Vss=0V, Ta=—20 to 857, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
tsu(pop—g) | Port PO input setup time 160 ns
tsu(pip—g) | Port P1 input setup time 160 ns
tsu(p2n—¢) | Port P2 input setup time 160 ns
tsu(pap—g) | Port P3 input setup time 160 ns
tsu(pap—¢) | Port P4 input setup time 160 ns
tsu(psp—¢) | Port P5 input setup time 160 ns
tsu(pep—g) | Port P6 input setup time 160 ns
th(s—PoD) Port PO  input hold time *40 ns
th(s—pP1D) Port P1 input hold time 40 ns
th(¢—p2D) Port P2 input hold time Fig 41 40 ns
th(s—p3D) Port P3 input hold time 40 ns
th(g—pap) Port P4 input hold time 40 ns
th(s—psD) Port PS5 input hold time 40 ns__
th(s—PsD) Port P6 input hold time 40 ns
ta(Xin) External clock input cycle time 80 1000 | ns
tw(X)nL) External clock input “L” pulse width 20 ns
tw(XinH) External clock input “H” pulse width 20 ns
tr(Xin) External clock rising edge time 20 ns
t1(Xn) External clock falling edge time 20 ns
Master CPU bus interface timing (R and W separation type mode)
(Vee=5VE10%, Vss=0V, Ta=—20 to 857C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tsu(cs—r) | CS setup time 0 ns
tsu(cs—w) | CS setup time 0 ns
th(r—cs) CS hold time 0 ns
thiw—cs) CS hold time 0 ns
tsu(a—R) AQ setup time 10 ns
tsuca—w) A0 setup time Fig 42 10 ns
th(r—A) A0 hold time 0 ns
th(w—Aa) A0 hold time 0 ns
tw(r) Read pulse width 120 ns
tww) Write pulse width 120 ns
tsu(o—w) Date input setup time before write 50 ns
th(w—pb) Date input hold time after write 0 ns
Master CPU bus interface timing (R/W type mode)
(Vee=5VE10%, Vss=0V, Ta=-—20 to 85°C, 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
tsu(a—e) A0 setup time 10 ns
th(e—a) A0 hold time 0 ns
tsu(rRw—E) R/W setup time 0 ns
th(e—RwW) R/W  hold time 0 ns
Fig 42
tw(er) Enable clock “L” pulse width 120 ns
tw(en) Enable clock “H” pulse width N 120 ns
tre) Enable clock rising edge time 25 ns
tice) Enable clock falling edge time 25 ns
tsuo—e) Data input setup time before write o 50 ns
th(e—pb) Data input hold time after write 0 ns
os z MITSUBISHI
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Local bus/memory expansion mode, microprocessor mode
(Vee=5VE10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max
tsu(p—a) Data input setup time 60 ns
th(s—p) Data input Ilold time Fig43 0 ns
tsuo—rp) | Data input setup time 60 ns
th(ro—b) Data input hold time 0 ns
Clock synchronous serial 1/O (Vco=5V+10%, Vss=0V, Ta=—20 t0 85C, unless otherwise noted)
Symbol Parameter I~ Test conditions Limts Unit
Min Typ Max
tsu(rxp—scLy) | Serial input setup time 160 ns
th(scik—RxD)| Serial input hold time 80 ns
tr(rxD) Senal input nsing edge time 30 ns
tf(rRxD) Serial input falling edge time 30 ns
tr(sck) Senal input clock rising edge time Fig. 44 30 ns
th(sc) Serial input clock falling edge time 30 ns
teso) Serial input clock period 640 ns
twiscixl) Serial input clock “L” pulse width 290 ns
tw(scicH) Serial input clock “H” pulse width 290 ns
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SWITCHING CHARACTERISTICS
Port/single-chip mode (Veo=5V£10%, Vss=0V, Ta=—20 t0 85T, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min Typ Max

td(s—proq) Port PO data output delay time 200 ns
td(¢—p1Q) Port P1 data output delay time 200 ns
td(¢—p2q) | Port P2 data output delay time ' 200 ns
td(s—paq) | Port P3 data output delay time ‘ 200 ns
td(¢—psQ) Port P5 data output delay time 200 ns
td(s—peQ) Port P6 data output delay time Fig 41 200 ns
[ ) Cycle time 320 4000 ns
tw(sH) ¢ clock pulse width (“H” level) 150 ) ns
tw(sL) ¢ clock pulse width (“L” level) 130 ns
tr(e) # clock rising edge time 20 ns
o) # clock falling edge time 20 ns

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

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

Limits
Symbol Parameter Test condition Unit
Min Typ Max
ta(r—pb) Data output enable time after read 80 ns
tv(rR—D) Data output disable time after read Fig 42 0 30 ns
— 0
tpLH(R—PR) | Prov output transmission time after read 9 150 ns
teLH(w—pR) | Proy output transmission time after write ) 150 ns

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

Limits
Symbol . Parameter Test condition Unit
Min Typ Max
ta(e—p) Data output enable time after read 80 ns
tv(e—b) Data output disable time after read Fig.42 0 30 ns
teLH(e—pR) | Proy output transmission time after E clock 150 ns

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

Limits
Symbol Parameter Test condition Unit
Min Typ Max
td(g—a) Address delay time after ¢ 80 ns
tv(s—a) Address effective time after ¢ 10 ns
tv(rD—A) Address effective time after RD 10 ns
tv(wR—A) Address effective time after WR 10 ns
td(s—b) Data output delay time after ¢ 80 ns
td(wr—-D) Data output delay time after WR Fig 43 80 ns
tv(s—D) Data output effective time after ¢ 20 ns
tv(wr—D) Data output effective time after WR 20 ns
td(s—RwW) R/W delay time after ¢ 80 ns
td(s—sync) | SYNC delay time after ¢ 80 ns
tw(rD) RD pulse width 130 ns
tw(wr) WR pulse width 130 ns
Clock synchronous serial /0O (Vee=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Umit
Min Typ. Max.

td(scik—Txp)| Serial output delay time 100 ns
tr(scix) Serial output clock rising edge time 30 ns
t(sc) Serial output clock falling edge time Fig 44 ' 30 ns
te(sc) Senal output clock period 640 ns
tw(scikl) Serial output clock “L” pulse width 290 : ns
twiscucH) Senial output clock “H” pulse width 290 ns

RN
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TEST CONDITION

Input voltage level

Output test level :

Viw 2.4V
Vi 0.45v

Vou 2.0V

Vo. 0.8V

PO
P1 PO } —1——o
P2 P5 —1—0 P1 ; 50pF
P3 — o) 100pF
P4 100pF ;-I; P2 ) o
Ps ;; s ,I 100pF
P6 —1© —
Fes 50pF R/wW
SYNC ——l——()
¢ I 50:pF I RD 50pF
* wrl|
Fig. 41 Test circuit in Fig. 42 Master CPU bus interface Fig. 43 Local bus test circuit
single-chip mode test circuit
VCC
Vee
|CC
0 l (test point)
* L 100pF RESET Vee other power
; AVcc supply
SeoLk TQ PO ADVger
100pF P1 DAVger
- P2
P3 D-A1
P4 D-A2
P5 RD
Fig. 44 Serial 1/0 test circuit iy WR
g. eria est circui CNVass R open
AVss SYNC
Vss RESETour
[
7
Vss Xin Xour
Ewd
Fig. 45 Icc (at stop mode) test condition
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TIMING DIAGRAM

Port/single-chip mode timing diagram

texn) i) twixnw
Xin _j ] /[ S
\ \ ]
o) — trix)
te(e)
twisv [
4 l 2.0 2.0 [ 2.0
’- . X 0.8 0. y
Wi | ts) treg)
\ tsu(pio—¢)

\ 2.4 2.4
Port Pi input ),

0. 45 0.45

—
td(¢ —piD) th(s —ri0)

2.0
0.8

Port Pi output

Note : V;u=0.8Vcc, V,.=0.16Vsc of Xin

Master CPU bus interface/ R and W separation type timing diagram

Read
tsu(a—r) thr—a)
A0 2.4 2.4
0.45 0.45
tsu(cs—r) th(r—cs)
cs 0.45% 0.45
twir)
& 2.4 (24
R S( 0.45 0. 45 72
DB,—DB; 2.0 2.0
0.8 0.8
tatr—p) .
ano) {tv(r—p)
Proy 2.0

teLH(R—PR)
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Write
tsuca—w) thiw—a)
A0 2.4 7.4
0.45 0.45
tsuccs—w) thow—cs),
cs 0.45 0.45
tww)
> 2\ 4
T 2.4 2.4
w \ 0.45 0.45 Z
thiw-p)
2. 2.4
DB,—DB, 0.15 0.45
tsu(o-w)
Prow 2.0
teLH(w—pR)

Master CPU interface/ R/W type timing diagram

‘ twien) twien)

f 2.4 2.4 \
E 0.45 0.45/ ‘ k0. 45

trie) tie)

Suae) the—a)
AO > J(- 2.4
R/W 0. 45
feutoon the—cs)
s 0.45 0.45

s

T

read
\ 2.0
/ 0.8
DB, — DB, tae-o)
 tve-o)
tsu(o-e)
‘—’1th(s D)
write _'ﬁ 24
. 4 %
DB,—DB; —/ 0.45
Proy 2.0

teLH(e—PR)
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Local bus timing diagram

tees)
twisn) twisL) .
4 X 4
’ _/ ¢ \( ;Z
ds —aw) ti(s) tris)
R/W >(
SYNC
tde—n
tve—n)
Ao—Ass
|
| t _
tsu(o—¢) hee -0
Do—D7
CPU read
tde—0) tv(s—0)
Do—D7
CPU write
~
X %
/!
t,
} WiRO) ty(ro—a)
RD
{ 7
tsu(o—ro) thero—o)
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MITSUBISHI MICROCOMPUTERS

M37451M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP
'M37451MC-XXXSP/FP/GP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Serial 1/0 timing diagram
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