
MITSUBISH'I MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37413M4HXXXFP is a single-chip microcomputer de

signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap

plications. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en
able easy programming. 
The differences between the M37413M4HXXXFP and the 

M37413M6HXXXFP are noted below. The following ex
planations apply to the M37413M4HXXXFP. 
Specification variations for other chips are noted accor
dingly. 
The M37413M4HXXXFP has the same functions as the 
M37413M4-XXXFP except for the method of writing to in
terrupt request distinguish registers. 

Type name 

M37413M4HXXXFP 
M37413M6HXXXFP 

FEATURES 
• Number of basic instructions" ................................. 69 

• Memory size ROM .. · 8192 bytes (M37413M4HXXXFP) 
12288 bytes (M37413M6HXXXFP) 

RAM· .......... · .............. · ...... · .. · 2S6 bytes 

• Instruction execution time 
(minimum instructions at 8MHz frequency) 

at high-speed mode ......................................... 1/Ls 

at normal mode .......................... · .. · ...... · ........ · .. 4/Ls 

• Single power supply 
high-speed mode (at 8MHz frequency) 

........................................................ '" 4.S-S.SV 

normal mode (at 8MHz frequency) 
high-speed mode (at 2M Hz frequency) 

.......... ·· ........ · .... · .. · ...... · .... · .. · ...... ·· .... ···2.S-S.SV 

• Power dissipation 
high-speed mode (at 8M Hz frequency) 

........................................ 30mW (Vcc=SV, Typ.) 

low-speed mode (at 32kHz frequency for clock 
function) ............ · .................. 54/LW (Vcc=3V, Typ.) 

• RAM retention voltage (stop mode) 
....................................... , ....... 2.0V;;;;VRAM ;;;;S.SV 

• Subroutine nesting ............................. 961evels (Max.) 
• Interrupt .......................................... 10types, Svectors 

• 8-bit timer ...................... 4 (3 when used as serial 1/0) 
• 16-bit timer .......... · ............ · ................................ · .. · 1 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, PS, P6, p7) ...................... S6 

• Input port (Port P4) ................................................. 8 
• Serial 1/0 (S-bit) .................................................... 1 

• A-O converter ............ · ........................ · 8-bit, Schannel 

• Two clock generating circuits 
(One is for main clock, the other is for clock function) 

PIN CONFIGURATION (TOP VIEW) 

P4,/IN.- , 
P4,/IN5 - , 

P4o/IN. - 3 

1N3-+ 4 

IN 2 - 5 

IN 1 - 6 

INo - 7 

Vee 
P57/PWM3- 9 

P5./PWM2 - '0 
P55/PWM1- " 
P5./PWMO- 12 

P53/SIG- 13 

P5,/CNT, - 14 

P5,/CNT,- 15 

P50/lNT3 - 16 

P~/SADV- 17 
P3a/CLK- 18 

P35/SoUT ++ 19 

o o 

o 
P34/SlN 

++ _20"2"" "',,"'23"'2"'. "'25""26""2""7 ""28""29"'3""0 "'31 "'32"'3""3 3""."'35"'3""6 3"'7"'38"'39"'.""0'-

1111 t t t j 111111111 I 

Outline 80P6S 

NC : No connection 

APPLICATION 
Audio-visual equipment, VCR, Tuner, Office automation 
equipment, Camera, Communications apparatus, Cordless 
telephone. 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37413M4HXXXFP, M37413M6HXXXFP 
Parameter 

Number of basIc instructions 

Instruction execution time 

Clock frequency 

ROM 
M37413M4HXXXFP 

RAM 
Memory Size 

ROM 
M37413M6HXXXFP 

RAM 

PO, P2, P7 1/0 
--

Input/Output port P1, P3, P5, P6 1/0 

P4 Input 

Senall/O 

Timers 

Subroutme nesting 

Interrupt 

Clock generating CirCUit 

Operatmg temperature range 

Device structure 

Package 

Functions 

69 

1,us (minimum instructions, at 8MHz frequency) 

8MHz 

8192bytes 

256bytes 

12288bytes 

256bytes 

8-bltX3 (CMOS output, Pull-up option) 

8-bltX4 (N-channel open dram output, Pull-up option) 

8-bltX1 (Pull-up option) 

8-bltX 1 

8-blt timerX4 

16-bIt timerX1 

96 (max) 

4 external Interrupts, 5 Internal Interrupts, 1 software interrupt 

Two bUilt-In CircUits (ceramic or quartz crystal oscillator) 

-20-75"C 

CMOS silicon gate 

80-pm plastic molded QFP 

• MITSUBISHI 
"'ELECTRIC 
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PIN DESCRIPTION 

Pon Name 
Input! 

Output 

Vee. Supply voltage 

Vss 

CNVss CNVss 

RESET Reset mput Input 

X ,N Clock onput Input 

XOUT Clock output Output 

INT, Interrupt mput Input 

AVec Voltage Input for A-D 

AVss Voltage Input for A-D 

V REF Reference voltage Input 

input 

POO-P07 1/0 port PO 1/0 

P1 o-P1 7 1/0 port PI I/O. 

·P2o-P27 I/O port P2 I/O 

P30 -P37 I/O port P3 I/O 

P4o-P47 Input port P4 Input 

P50 -P57 I/O port P5 1/0 

P6o-P67 I/O port P6 I/O 

P7o-P77 I/O port P7 I/O 

MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

FunctIons 

Power supply mputs 5V±10% to Vee, and OV to Vss 

This IS connect to V 55 

To enter the reset state, the reset Input pm must be kept at a "L" for more than 16,1..15 (under normal Vee 

conditions) If more time IS needed for the crystal oscillator to stabIlize, this "L" condition should be maln-

tamed for the.required lime 

These are I/O PinS of Internal clock generatmg CirCUit for mam clock To control generatmg frequency, an 

external ceramic or a quartz crystal oscillator is connected between the X1N and XOUT pins If an external 

clock IS used, the clock source should be connected the X1N pm and the XOUT pm should be left open 

ThIS is the highest order interrupt Input pIn 

ThIS IS power supply Input pm for the A-D converter 

ThIS IS GND mput pm for the A-O converters. Connect to Vss 

This IS reference voltage Input pm for the A-O converter 

Port PO is an 8-blt 1/0 port wIth directIonal registers allowmg each liD bit to be individually programmed as 

input or output At reset, thIS port IS set to mput mode The output structure IS CMOS output Pull-up optIon 

of thIS port IS valId only m input mode 

Port P1 IS an 8-blt 1/0 port and has baSically the same functions as port PO, but the output structure IS N-ch 

open draIn Pull-up optIon of thIS port IS valid only m mput mode 
--

Port P2 IS an 8-blt liD port ana has baSically the same fUnctions as port PO and also works as the key on 

wake up function wIth mask optIon Pull-up option of thiS port IS valid only In mput mode 

Port P3 is an 8-blt liD port and has baSically the same functions as port P1 When serial liD IS used, P37 , 
--

P36, P35, and P34 work as SRDY, ClK, SOUT, and SIN pins, respectIvely Also P33, P32, P31, and P30 work as 

tImer 4 overflow signal divided by 2 output pIn (T), INT2 pm, XCIN and XCOUT pins, respectively Pull-up op-

tion of this port is valid m both Input and output modes 

Port P4 IS an 4-blt mput port P4o ....... P43 are in common with IN4 ....... /N7 Pull-up option can be used when thiS 

port IS used as a mput port 

Port PS is an 8-blt liD port and has basically the same function as P1. P50, PS1, P52 and P53 are in common 

with INT3, timer 3 mput, tImer 5 mput and A-O trrgger Input respectively P54--PS7 are also m common with 

PWMO ....... PWM3 Pull-up option of this port is valid m both Input and output modes. 

Port P6 IS an 8-blt liD port and has baSIcally the same functIOns as port P1 Pull-up optIon of thiS port is 

valId In both input and output modes 

Port P7 is an 8-blt 1/0 port and has baSically the same functions as port P2 Pull-up option of thiS port IS 

valid only In Input mode 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37413 microcomputers use the standard MELPS 740 
instruction set For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MEI.PS 740 

Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided, 
The MUL and DIV instructi0ns are not provided, 
The WIT instruction can be used, 

The STP instruction can be used, 

•. MITSUBISHI 
..... ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg

isters relating to functions such as I/O ports and timers. 

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

• ROM 
ROM is used for storing user programs as well as the inter

ru pt vector area. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 
addresses used at reset or when al) interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 

access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Hexadecimal 

Fig. 1 
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ROM 

(12288 bytes) 

for 

M37413M6H 

XXXFP 

Memory map 

ROM 

(8192 bytes) 
for 

M37413M4H 
XXXFP 

RAM 
(192 bytes) 

0000, 

OOBF, 

OODO, 

RAM { 0100, 

(64 bytes) 013F, 

1000, 

2000, 

6 

6 

Not used 

6 
SFR area 

6 

6 

Not used 

6 

6 

Interrupt vector area 

• MITSUBISHI 
~ELECTRIC 

Zero page 

Special 

page 
for 

subroutine 

call 



MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE.CHIP a·BIT CMOS MICROCOMPUTER 

0000'6 
0001,6 
0002'6 
0003'6 
0004'6 
0005,6 
0006,6 
00D?'6 
0008'6 
0009'6 
OODA" 
0008'6 
00DC'6 
0000'6 
00DE'6 
00DF'6 

Port P6 
Port P6 directional register 
Port P? 
Port P7 directional register 

P? Key on wake up register 

00EO'6 
00E1'6 
00E2'6 
00E3'6 
00E4'6 
00ES'6 
00E6'6 
00E?'6 
00ES'6 
00E9'6 
00EA'6 
00E8'6 
00EC'6 
00ED'6 
00EE'6 
00EF'6 
00FO'6 
00F1'6 
00F2'6 
00F3'6 
00F4'6 
00FS'6 
00F6'6 
00F?'6 
00F8'6 
00F9'6 
00FA'6 
00F8'6 
00FC'6 
00FD'6 
00FE'6 
00FF'6 

Fig. 2 SFR (Special Function Register) memory map 

• MITSUBISHI 
.... ELECTRIC 

Port PO 
Port PO directional register 

Port Pl 
Port P1 directional register 

Port P2 
Port P2 directional register 

Port P3 
Port P3 directIOnal re~~ster 
Interrupt request distingUish register 2 
Interrupt request dlstinQ.ulsh r~glster 1 

Port P5 
Port P5 directIOnal register 
P2 Key on wake up register 
A-D regIster 

Timer 6 latch 
A-O control register 
PWM control register 

Port P4 
Senal 1/0 mode reqlster 

Serial liD register 

Timer 4, 5, 6 mode register 
Timer 1 latch 
Timer 2 latch 
Timer 3 latch 
Timer 4 latch 
Timer 5 latch 
Interrupt control register 
Timer control register 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

INTERRUPT 
The M37 413M4HXXXFP can be interrupted from ten sources; 

INT1• Timer 2 or Serial I/O. INT3 or Key on wake uP. INT2 
or Timer 3. Timer 6 or A-D. and BRK instruction. 

"Key on wake up" can only be used at power down state by 

STP instruction or WIT instruction. When one of the P2 or 

P7 is "L". an interrupt occurs. 

These interrupts are vectored and their priorities are shown 

in Table 1. Reset is included in this table since it has the 
same function as an interrupt 

When an interrupt is accepted. the contents of certain reg

isters are pushed into specified locations. and the interrupt 

disable flag (I) is set. and the program jumps to the 

address specified by the interrupt vector. and the interrupt 

request bit is cleared automatically. The reset interrupt is 
the highest priority interrupt and can never be inhibited. Ex

cept for the reset interrupt. all interrupts are inhibited when 

the interrupt disable flag is set to "1". All of the other inter

rupts can further be controlled individually via the interrupt 

control register shown in Figure 3. An interrupt is accepted 

when the interrupt enable bit and the interrupt request bit 

are both "1" and the interrupt disable flag is "0". 

The interrupt request bits are set when the following condi

tions occur: 

(1) When the INT1 • INT2 or INT3 pins go from "H". to "L" or 

"L" to "H" 
(2) When the levels any pin of P2 or P7 goes "L"(at power 

down mode) 

(3) When the contents of timer 2. timer 3. timer 6 or the 

counter of serial I/O goes "0" 

These request bits can be clear by a program but can not 
be set. The interrupt enable bit can be set and clear by a 

program. 

When the two interrupt requests. which are the same prior

ity and are at the same sampling. the priority process is 

processed by interrupt request distinguish register 1 and 2 

The interrupt request distinguish bit is used by software to 
determine priority when two interrupt causes are allocated 

to the same interrupt vector(that is. the two interrupts have 

the same priority). 

Irrespective of whether the interrupt is disabled or enabled. 

the interrupt request distinguish bit is automatically set to 

"1" when conditions arise that satisfy the interrupt cause. 

However. the interrupt request distinguish bit is not auto

matically cleared. The bit must therefore be cleared by 

software in the interrupt service routine (before executing 

an RTI instruction). 

Note that when using the instruction CLB to cl~ar this bit. 

the request distinguish bit of an interrupt that is generated 
during execution of CLB will not be set( to "1"). Use one of 

the following two methods to clear interrupt request disting

uish bits: 

CD Use instruction LDM to write directly to address 00EB16 

(interrupt request distinguish register '1) or 00EA16 

(interrupt request distinguish register 2). 

LDM # $nn. $zz 

· Where zz IS the address(OOEB,. or OOEA,.)of the Interrupt request 

· distingUish register that includes the Interrupt request distingUish 

· bit that IS to be cleared and nn sets the Interrupt request dlstlng-

· ulsh bit to be cleared to "0" and other Interrupt request dlsllngulsh 

· bits to "1" 

· Other control bits must be set according to the reqUIred control 

• (interrupts enabled or disabled) 

[Example] Cleanng the INT, Interrupt request distingUish bit 

LDM 1 X1 XOX1 XB. $OOEB 

tIl 1 
Of the Interrupt request distinguish bits,only the INT, Interrupt re

quest dlsllngUish bit, which IS to be cleared, should be set to "0 " 

The values of bits marked "X" are determined by the control 

being effected 

C2l Use instructions LOA. ORA. AND. and STA to write via 

the accumulator to address 00EB16 (interrupt request 

distinguish register 1) or 00EA16 (interrupt request disting

uish register 2). 

LOA $zz 

ORA #$nn 

AND #$nn 

STA $zz 

• Where zz IS the address( OOEB" or OOEA,.) of the Interrupt request 

, dlsllngUish register that Includes the Interrupt request distinguish 

, bit that IS to be cleared and nn sets the Interrupt request dlstlng

· uish bit to be cleared to "0" and other Interrupt request distingUish 

, bits to "1" Other control bits must be set according to the required 

,control (Interrupts enabled or disabled) 

[Example] Cleanng the timer 6 Interrupt request distinguish bit 

LOA $OOEA 

ORA XX1 X1 XOXB 

1 1 1 
Of the Interrupt request distingUish bits. only the Interrupt request 

distinguish bit for timer 6. which IS to be cleared, shoud be set to 

"0" The values of bits marked "x" are detemlned by the control 

being effected 

j j j 

AND XX1X1XOXB 

STA $OOEA 

Because an interrupt request is generated only at the time 

the interrupt request distinguish bit is set (to "1"). no inter

rupt will be generated while the interrupt request disting

uish bit remains in the set state. For this reason. the inter

'rupt request distinguish bit must be cleared by software in 

the interrupt service routine. 



MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Note that only method of <D can be used in the M37413M4-
XXXFP. 

Since the BRK instruction interrupt and the timer 6 or A-D. 
interrupt have the same vectored address. the contents of 
the B flag must be checked to determine if the BRK in
struction caused the interrupt or if timer 6 or A-D generated 
the interrupt. 

Table 1. Interrupt vector address and priority 

Event Priority Vector addresses 

RESET 1 

INT, interrupt 2 
Serial 1/0 or timer 2 Interrupt 3 

I NT 3 or key on wake up interrupt 4 
INT2 or timer 3 Interrupt 5 

Timer 6 or A-D interrupt 
6 

(BRK instruction Interrupt) 

Interrupt request Interrupt d,sable flag I 

Fig. 3 Interrupt control 

3FFF'6, 3FFE'6 

3FFD'6, 3FFC'6 

3FFB'6, 3FFA,6 

3FF9'6, 3FF8'6 

3FF7'6, 3FF6'6 

3FF5,6, 3FF4'6 

• MrrsuBlSHI 
.... ELECTRIC 

Remarks 

Non-maskable 

External interrupt 

External Interrupt 

External Interrupt (INT2) 

(Non-maskable software Interrupt) 

Interrupt request distingUish register 1 (OOEB,6 address) 

Bit 7 : Senal I/O Interrupt request distingUish bit 

Bit 6 : Senal 1/0 Interrupt enable bit 

Bit 5 : Timer 2 Interrupt request distinguish bit 

Bit 4 : Timer 2 Interrupt enable bit 

Bit 3 : INT, Interrupt request distinguish bit 

Bit 2 : INT, Interrupt enable bit 

Bit 1 : Timer 3 Interrupt request distinguish bit 

Bit 0 : Timer 3 Interrupt enable bit 
Interrupt request dlsllngulsh register 2 (OOEA" address) 

Bit 5 : INT3 Interrupt request distingUish bit 

Bit 4 : INT3 Interrupt enable bit 

Bit 3 : A-D Interrupt request distingUish bit 

Bit 2 : A-D Interrupt enable bit 

Bit 1 : Timer 6 Interrupt request distinguish bit 

Bit 0 : Timer 6 Interrupt enable bit 

Interrupt control register (OOFE,6 address) 

Bit 7 : INT, Interrupt request bit 

Bit 6 : INT, Interrupt enable bit 

81t5: 1NT3 or key on wake up Interrupt request bit 

81t4 . 1NT3 or key on wake up Interrupt enable bit 

Bit 3 . tNT 2 or timer 3 Interrupt request bit 

Bit 2 . INT2 or timer 3 Interrupt enable bit 

Bit 1 : Timer 6 or A-D mterrupt request bit 

Bit a : Timer 6 or A-D Interrupt enable bit 

Timer control register (OOFF16 Address) 

Bit 7 : Senal 1/0 or timer 2 Interrupt request bit 

Bit 6 : Serial 1/0 or timer 2 interrupt enable bit 

Bit5 } 
Bit 4 Timer 3 count source selection bit 

Bit 3 : Timer 2 count source selection bit 

Bit 2 : Timer 1 count source selection bit 

Bit 1} Processor mode bit 

BitO 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

TIMER 
The M37413M4HXXXFP has six timers; timer 1, timer 2, 
timer 3, timer 4, timer 5 and timer 6. 

A block diagram of timer1 through 6 is shown in Figure 4. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3, 4 and 5 of the timer control register (address 
00FF16 ), as shown in Figure 5. All of the timers are down 

count timers and have 8-bit latches. When a timer reaches 
"0" and the next count pulse is input to a timer, the con
tents of the reload latch are loaded into the timer. The divi
sion ratio of the timer is 1/(n+1), where n is the contents 
of timer latch. 

Timer 2, 3 and 6 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt disting
uish register 1 or 2 (located at addresses 00EB16 and 
00EA16 respectively) is set at the next count pulse after the 
timer reaches "0" (see interrupt section). 
The starting and stopping of timer1 is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in

terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 
5 and 6 mode register (00F816 address). If the correspond

ing bit is "0". the timer starts counting, and the correspond
ing bit is "1", the timer stops. The timer4 overflow signal di
vided by 2 can be outputed from port P33 by setting the bit 
4 of the serial I/O mode register (00F616 address) to "1". 
Timer 5 and 6 work as timer mode, event counter mode 
and PWM mode by changing the contents of bit 5 and bit 6 
of the timer 4, 5 and 6 mode register. 
(1) Timer Mode 

This mode is the 16-bit timer, and the count source is 1>/4. 
When the bit 6 of PWM control register (00F316 address) is 
"1", the timer6 overflow singnal divided by 2 is output from 
CNT2 pin (common with P52 ). 

(2) Event Counter Mode 

The count source is input from the CNT2 pin. The count de
cremented each time the input goes from "L" to "H". 
(3) PWM Mode 

As shown in Figure 6, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 
PWM output can choose among PWMO, PWM1, PWM2 and 
PWM3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg
ister. 
When the count value of all timers, from timer 1 to timer 6, 
are read, be careful not to change the input source. 
When the count source is inputed from the external pin, the 
minimum pluse width should be 8,us. 

After a STP instruction is executed, timer 2, timer 1, and the 
clock (1) divided by 4) are connected in series (regardless 
of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 
"1", or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt request distinguish register2 
(timer1 count stop bit), bit 5 of the interrupt request dis
tinguish register1 and bit 6 and bit 7 of the timer control 
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register must be set to "0". And also bit 4 of the interrupt 
request distinguish register1 must be set to "1". For more 
details on the STP instruction, refer to the oscillation circuit 

section. 



MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

XC1N 

X'N '1'la-1 '14 
IF1 : Interrupt request distinguish register 1 
IF2 : Interrupt request distinguish register 2 

TC : Timer control register 

CM : Timer 4, 5, 6 mode register 

WC : PWM control register 

SM : Serial 1/0 mode register 

P5,/CNT, -=~==:i;:;::==t~~-----~ P3./SeLK -

SM,TSMo . d 15'OO""I'""'ocf-
SM, SM~ 

P35/SOUT '(~---~~---------+-----~ 

P3,/S'N --~:---tt-----l=~~~~~s;t~J SM 3 

P3'/SRDY -----<1-----

Overflow flag (WC.) 

Timer 2 interrupt request bit (IF1.) 

Timer 3 interrupt request bit (IF1,) 

Serial 1/0 interrupt request bit(IF1,) 

CM I Timer41atch (8) 1 
I .J. 3 r j ~ I - Overflow flag (CM,) 

SM~' ____ t===~~====~~~~-;-;-T;-'m,-e;,r~4~(~8~)~~~~~~~I~~-=:':/2:J 
P33/T 

1 

~CM~' c:~gDh P5,/CNT, -------...-~F-D;-r~____1r"'\ 

,l:CM. v CM. 
WC. 

SQ~------------~ 
R 

WCo 

P5'/PWMO~ 
CM. 1 ..... 

l I~ 
~ [=J~~~~~~=jln--Tlmer 6 Interrupt request bit (IF2,) 

W51 
P55/PWM1~ 

WC, ~-----~--------------~~-------------~ 
P5./PWM2 --::?t

WC, 

P5,/PWM3~ 

Note The abridgment of timer control register IS changed to TC 

The abridgment oUmer 4, 5, 6 mode register is changed to CM Select gate: at reset, shaded side is connected 

Fig. 4 Block diagram of timer 1 through 6 
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Fig. 5 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Timer control register 

Address OOFF,,) ( 

Processor mode bit 

00 : Single-chip mode 

01 : Not used 

10: Not used 

11 : Not used 

Timer 1 count source selection bit 

a : III divided by 4 

1 : Clock for clock functllon (XCIN ) 

Timer 2 count source selection bit 

a : Timer 1 overflow 

1 : Clock for clock functton (XCIN ) 

Timer 3 count source selection bit 

00 : III divided by 4 

01 : Timer 2 overflow 

10 : CNT, Input 

Serial 110 or timer 2 interrupt enable bit 

a : Interrupt inhibit 

1 : Interrupt enable 

Serial I/O or timer 2 interrupt request bit 

a : No interrupt request 

1 : With interrupt request 

Timer 4,5,6 mode register 

(Address OOF8,,) 

INT, Input polarity selection bit 

a : Interrupt request by failing edge 

1 : Interrupt request by rising edge 

INT. tnput polarity selection bit 

a : Interrupt request by falling edge 

1 : Interrupt request by rising edge 
INT 3 input polarity selection bit 

a : Interrupt request by falling edlte 

1 : Interrupt request by rising edge 
Timer 4 count stop bit 

a : Count start 

1 : Count stop 
Timer 4 overflow bit 

a : No timer 4 overflow 

1 : With timer 4 overflow 
Timer 5,6 mode bit 

00: Timer mode (count source 111/4) 

01 : Event counter mode 
10: Pulse width measurement mode (count source 111/4) 

11 : Pulse width measurement mode (count source IS overflow of timer 4) 
Timer 5,6 count stop bit 

a . Countstart 

1 : Count stop 

Structure of timer control register and timer 4,5,6 mode register 
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PWM 
M37413M4HXXXFP has a pulse width modulated (PWM) 
output control circuit connecting with timerS and timer6. 

PWM~ 
wave form timer 6 1- timer 5 :i 

! timer 5+tlmer 6 : I 

Fig. 6 PWM rectangular wave form 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Figure 5 shows the structure of timer 4,5,6 mode register, 
Figure 6 shows the PWM rectangular wave form and Figure 
7 shows the structure of PWM control register. 

7 

I 'I I I I I I I I 
L 
~ 

PWM control register 

(OOF3'6 address) 

P54 /PWMO selectIOn bit 

0: P54 

1: PWMO 
P55 /PWM1 selection bit 

0: P55 

1: PWM1 
P56/PWM2 selectIOn bit 

0: P56 
1: PWM2 

P5,/PWM3 selection bit 

0: P5, 
1: PWM3 

P53 /SIG selection bit 

0: P53 

1: SIG 
Timer 1 overflow flag 

P5,/CNT, selection bit 

0: P5, 
1 : CNT, 

Fig. 7 Sturcture of PWM control register 

• MITSUBISHI 
"'ELECTRIC 

3-179 



MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

SERIAL 1/0 
The block diagram of serial I/O is shown in Figure 9. In the 
serial I/O mode the receive ready signal (SRDY), synchro
nous input/output clock (ClK). and the serial I/O (SOUT, 
S,N) pins are used as P37 , P3a, P3s, and P34 , respectively. 

FUNCTION OF SERIAL 1/0 MODE 
REGISTER 
The serial I/O mode register (address 00F61a) is an 8-bit 

register. Bit 1 and 0 of this register is used to select a syn
chronous clock source. When these bits are (00) or (01) , 
an external clock from P3a is selected. When these bits are 
(10) , the overflow signal divided by two from timer 3 be

comes the synchronous clock. Therefore, changing the tim
er period will change the transfer speed. When the bits are 
(11) , the internal clock q, divided by 4 becomes the clock. 
Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3a becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3a. If the exter
nal synchronous clock is selected, the clock is input to P3s. 
And P3s will be a serial output and P34 will be a serial in
put. To use P34 as a serial input, set the directional register 
bit which corresponds to P34 , to "0:'. For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1 ", if it is "0" 
P3s will function as a normal I/O. Bit 3 determines if P37 is 
used as an ou'tput pin for the receive data ready signal (bit 

3="1", SRDY) or used as a nomal I/O pin (bit 3="0"). 

o 

I I I I I I I I I 
U 

Fig. 8 Structure of serial I/O mode register 
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OPERATION OF SERIAL 1/0 
The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock - The SRDY signal becomes "H" during 
transmission or while dummy data is stored in the serial I/O 
register. After the falling edge of write signal, the SRDY sig
nal becomes low signaling that the M37413M4HXXXFP is 

ready to receive the external serial data. The SRDY signal 
goes "H" at the next falling edge of the transfer clock. The 
serial I/O counter is set to 7 when data is stored in the se
rial I/O register. At each falling edge of the transfer clock, 
serial data is output to P3s. During the rising edge of this 
clock, data can be input from P3. and the data in the serial 
I/O register will be shifted 1 bit. Data is output starting with 
the lSB. After the transfer clock has counted 8 times, the 
serial I/O register will be empty and the transfer clock will 
remain at a high level. At this time the interrupt request bit 
will be set. 
External Clock - If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out
side. The external clock should not exceed 250kHz at a 

duty cycle of 50%. When the external clock is chosen, the 
P3s pin must be held at "H" level while the serial I/O is not 
used. 
Timing diagrams are !1hown in Figure 10, and connection 
between two M37413tJi4HXXXFP's are shown in Figure 11. 

Serial 110 mode register (SM) 

(OOFS" address) 

Synchronous clock selection bit 

00: l 01: Extern_al clock 

10 : Timer 3 overflow signal divided by 2 

11 : Timing ¢ divided by 4 

Senal 110 port selection bit (P35 • P3,) 

o : Normal 110 port 

1 : Serial 110 port 

SADY signal output selection bit (P3,) 

o : Normal 110 port 

1 : S;~ signal output pin 
T /P3, selection bit 

o : Normal 110 port 

1: T 
XC1N • XcouT!P3o, P31 selection bit 

o : Normal 110 port 

1 : XC1N , XCOUT 

Unsystem clock operatIOn bit 

0: HALT 

1 : Operation 

INT, Input level 



Divider 
Internal 
clock ¢> 

• P3, 

P3, 

P35 

Fig. 9 Block diagram of serial liD 
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From Internal clock divided by 4 
or timer 2 or CNT1 input ~T~im~er~3~(8~)j-l---lnterruPt request 

(Address OOFS16 ) distinguish reoglster 1 

E::~~~~:":.:1---4------- Interrupt request 
distinguish register 1 

Senal 1/0 mode register 
L.......L_...L._..L.. __ L....,...L...,...L..,,....l..,....J (Address 00F616 ) 

Synchronous clock selection bit 

00: I 01: External clock 

10 : Timer 3 overflow signal divided by 2 

11 : Timing ¢> divided by 4 

Senal ,110 port selecMn bit (P35 • P3,) 

o : Normal 1/0 port 

1 : Serial 1/0 port 

'------- SROY signal output selection bit (P3,) 

o : Norrnal 1/0 port 

1 : SR-;;;; signal output pin 

3-181 



Synchronous clock 

Transfer clock 

Serial I/O register write 
signal _____ --' 

Serial I/O output -------I---v 
SOUT -------t-...J 
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D, 

Serial I/O input -------i-,r-...... r--.r...".-""r--" 
S'N _______ !......J\ ..... _"-_J,_-'''-_J, __ 

Receivable signal -------1 
SRDY 

Interrupt request bit set 

Fig. 10 Serial liD timing 

Fig. 11 
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Sending side 

Senal I/O mode register 

bit3 bitO 

Set the directional 

register for P37 pin 

in input mode 

SRDY 
P37 jE-----=-----t P37 

Synchronous clock 
P3. 1---'----------7-1 P3. 

P35 
I-__ -=S:::e:.:.ria='...:d:.:a:.::ta=-----__ ~ P34 

Example of serial liD connection 

• MITSUBISHI 
"ELECTRIC 

Receiving side 

Serial I/O mode register 

Set the directional 

register for P34 pin 

in input mode 
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A-O CONVERTER 
The A-O converter circuit is shown in Figure 12. One of the 
eight analog input ports of the A-O converter (INo-IN 7 ) are 
selected by bits 0, 1 and 2 of the A-D control register. The 
IN pins, not to use as analog input, uses as input port. 
Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 13. A-O conversion is accomplished by first 
selecting bit 3 and. 4 of the A-O control register (address 
00F216) for the source of VREF. And also the analog input 
pin is chosen by the analog input select bit of the A-D con
trol register. A-D conversion starts by writing a dummy data 
to the A-O register or changing the input level from SIG pin 
"H" to "L". When A-D conversion is finished, an interrupt is 
generated. After A-D interrupt is accepted, the result of 
A-D conversion can be read from the A-D register. 
Note that the A-O conversion must to be started to convert 
after the reference voltage reaches stable level. 

Data bus 

INa .c 

"' IN, ~ 
'" '" 0 

'" " '" >< 

" c. 
'" :; 
E 
0; 

" " '" .c 
u 
ro 

Fig.12 A-D converter circuit 

A-O control register 

(00F2 '6 address) 

o 
Avss 

A-O control register 
(00F2 '6 address) 

Analog mput selection bit 

000: INa 100: IN. 

001 : IN, 101 : IN5 

010: IN, 110: IN. 

all : IN, 111 : IN, 

'------ VREF mput selection bit 

0: OFF 

1: ON 

'------- VREF source selection bit 

a : VREF pin 

1 : AVcc 

'----'------- System clock", selectIOn bit 

00 : X,N/16 
01 : X,N /4 

10: XclN /2 
11 : XclN /2 

'------------ External A-D start enable bit 

a : Inhibit 

1 : Enable 

Fig. 13 Structure of segment control register 

j----..;;.. A-O Interrupt request bit 

4 OJ A-O control register 
(00F216 address) , , , , , , , , , , , , 

: ' 

! : 
, 

, 

_________________ , _____ J 

g ~ g 
OFF VREF AVcc 

Vcc 
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KEY ON WAKE UP 
"Key on wake up" is one way of returning from a ,power 
down state caused by the STP or WIT instruction, 
When the key on wake up option of port P2 and port P7 are 
designated and key on wake up interrupt enable bit (IC4 ) 

is set to "1", if the key on wake up option pin of port P2, P7 
have "L" level applied, key on wake up interrupt is gener
ated and the microcomputer is returned to the normal oper
ating state. 
When the bit 4 of PWM control register (address OOF3,6) is 
set to "1", the pulse shown in Figure 14 is outputed from 

P5a pin. 

Timer 1 and Timer 2 count .. 
P53/SIG pin ----, I 

~-----II 
t 

Key on wake up Input Stand-by release 

As shown in Figure 15, if the key matrix of active "L" to in
put port P2, P7 are constructed, the microcomputer is re
turned to normal operating state by the key push. Refer to 
the section of interrupt how to use the key on wake up 
function. In order to enter the power down state generated 
by the STP or WIT instruction at the interrupt disable flag 
(J) is "0" and IC4 is "1", the input designated as key on 
wake up by option in port P2, P7 must be all "H". 

Fig. 14 Output from the SIG pin at wake up from the stop state 
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P7 key on wake up register 
~""'..L.......L...J......J_L-"-r'(0005,. address) 

P2 key on wake up register 
~""'..L.......L...J......J_.L...I....r.J(OOEE,. address) 

Port P20 

Port P70 

Port PXx 
"L" level output 

Interrupt control register 

Option 
Port P2 data 

read circuit 

Option 

Option 

Port P7 data 

read Circuit 

Note: In the M37413M4-XXXFP and M37413M6-XXXFP. each bit can be set to either 
enable or disable key on wake up by a pull-up reslstor(mask option) In the 
M37413E6-XXXFP and M37413E6FS. all bits are set to enable key on wake up 

Flg.15 Block diagram of port P2, P7 and example of wired at used key on wake up 
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RESET CIRCUIT 
The M37413M4HXXXFP is reset according to the sequence 

shown in Figure 18. It starts the program from the address 
formed by using the content of address 3FFF'6 as the high 
order address and the content of the address 3FFE '6 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 16 J1.S while the power voltage is between 
4 and 5.5V and the crystal oscillator oscillation is stable and 
then returned to "H" level. 

The internal initializations following reset are as shown in 
Figure 16 regardless of the status before reset (including 
stop mode or wait mode). 
An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 

input "H" after the oscillation of XIWXOUT becomes stable. 

Address 

(1) Port PO directional register (00) (El,.) ... 1 00,. 

(2) Port Pl directional register (01) (E3,.) ·1 00,. 

(3) Port P2 directional register (02) (E5,.)···1 00,. 

(4) Port P3 directional register (03) (E9,.)··· 00,. 

(5) Port P5 directional register (05) (EO,.)'" 00,. 

(6) Port P6 directional register (06) (ot,.)··· 00,. 

(7) Port P7 directional register (O?) (03,.)'" 00,. 

(8) Inte.upl request dlstmgu.h register 1 (IF1) (EB,.)··· 00,. 

(9) Intenupl request dlstmgUlsh reglsler 2 (IF2) (EA,.)··· 00,. 

00) PWM control register (WC) (F3,·)···1 10101010101010 

(11) Senal 110 mode register (SM) (F6,.) ... I-I a I a I a I a I a I a I a 
(12) Timer 4, 5, 6 mode register( CM) (F8,·)···1 00,. 
(13) Interrupt control register (1M) (FE,.)'" 1 00,. 
(14) Timer control register (TC) (FF,.)···I 00,. I 
(1~ A-O control register (AC) (F2,.)···lo I 01 01 01 01-1-1-1 

(16) Processor status register 1-1-1-1-1-111-1-1 

(17) Program counter (PCH)···I 
Contens of address 

I 3FFFU! 

(PCl)· .. 1 Contens of address 

I 3FFEll:! 

Note : Since the contents of both registers other than those listed 
above (,nclud,ng timers. A-O control register and the senal 1/0 
register) and the RAM are undefined at reset, It is necessary to 
set Inlllal values 

Fig. 16 Internal state of microcomputer at reset 
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M37413M4HXXXFP 

RESET Vec 

27 8 

v J 
~ 

r 
Fig. 17 Example of reset circuit 



Internal RESET _-+ ________ ~ 

SYNC 
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L....-____ ..... ! 

--~----------------~----------------~ 
Address 

Data 

32-48 clock cycles 

Fig, 18 Timing diagram at reset 

''----__ Reset address Irom 
the vector table 

Note 1: Frequency relatIon Ofl(X,N ) and 91 IS I(X,N ) =16'91 

2: The mark"? " means that the address IS change

able dependong upon the prevIous state 
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I/O PORTS 
(1) Port PO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zew page 

address 00EO'6' Port PO's directional register allows 
each bit to be programmed individually as input or out
put. The directional regis.ter (zero page address 

00E1'6) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as Input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. This port can be 
built in' a pull-up resistor option when it is used as a in
put port. 

(2) Port P1 

Port P1 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option when it is used as a input port. 

(3) Port P2 

Port P2 has the same function as PO. The output struc

ture is CMOS outputs. This port can be built in a pull
up resistor option when it is used as a input port. Fol

lowing the execution of STP or WIT instruction, key 
matrix with port P2 can be used to generate the inter
rupt to bring the microcomputer back in its normal 
state. The pin to be used as the key on wake up must 

be with key on wake up option and its value in direc
tional register must be "0". 

(4) Port P3 
Port P3 has the same functions PO except that part of 

P3 is common with the serial I/O, output of timer4, 
clock oscillation of timer ciock and interrupt input. 
The output is N-channel open drain. This port can be 
built in a pull-up resistor option. When P30 and P3, pins 
are used for XC1N input, pull-up is 'nhibited. 

(5) Port P4 

Port P4 is an 8-bit input port. P4o- P43 are in common 
with the IN4-IN 7 , This port can be built in a pull-up re
sistor option when it is used as a input port. 

(6) Port P5 

Port P5 has the same functions as PO except that part 
of P5 is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. This port can b3 built in a pull-up resistor 
option. 
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(7) Port P6 

Port P6 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option. 

(8) Port P7 

Port P7 has the same function as PO. The output struc
ture is CMOS outputs. This port can be built in a pull
up resistor option when it is used as a input port. Fol
lowing the execution of STP or WIT instruction, key 
matrix with port P7 can be used to generate the inter
rupt to bring the microcomputer back in its normal 
state, The pin to be used as the key on wake up must 
be with key on wake up option and its value in direc
tional register must be "0". 

(9) Analog input(INo-IN7 ) 

This is a port for an analog input of A-O converter. IN4 
-IN7 are in common with the P4o-P43 . 

(10) INT, 

The INT, pin is an interrupt input pin. The INT, inter
rupt request bit (bit 7 of address 00FE'6) is set to "1" 
when the input level of this pin changes from "H" to "L" 
(or "L" to "H"), This input level is read in the bit 7 of 

serial I/O mode register (address 00F6'6)' 
(11) INT2(P32/INT2) 

The INT2 pin is an interrupt input pin common with P32. 
When P3is directional register is set for input ("0"), 
this pin can be used as an interrupt input. The INT2 in
terrupt request bit (bit 3 of address 00ES'6) is auto
matically set to "1" when the input level of this pin 
changes from "H" to "L" (or from "L" to "H"). 

(11) INT3 ( P50 /INT3 ) 

The INT3 pin is an interrupt input pin common with P5o. 
The other functions are the same as INT2, 



Port PO 

Port P1 

PorI P2, P7 

Port P3" P50 -P53 
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Vee 

E::~~lrI-=~~~_-'-I--_~l" (mM' ~."": 
Data bus 

Tr1 is pull-up transistor at Input (mask option) 

Data bus 

Tr2 IS pull-up transistor at input (mask option) 

DlrectlorlalReglster 

Port Lalch Dala bus--+-~ 
'-----' 

Interrupt control circuit 
Tr3 IS pull-up Iransislor (mask option) 

Directional Register 

Dala bus --+---1 PorI Latch 
'-----' 

Tr4 IS pull-up transistor (mask option) 

Vee 

Port PO 

CMOS output 

dTr2(maSk option) 

1 

PorI P1 

N-ch open drain 

Vss 

Vee 

£ldTr4 

1 mask option 

Vss 

Port P3" P50- P53 

N-ch open drain 

Fig. 19 Block diagram of ports PO~P2. P3, • P50~P53 and P7 
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Port P3D• P32-P37• 

P5.-P57• P6 

Analog mput IND-I N3 
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Vee 

L11 
~ mask opllon 

Data bus ~~rFP;;;ortrtj,la;it~Ch0-+---'I~---'===D 1 
Tr5 IS pull-up transIstor (mask opllon) 

Vee 

hvee 9 
::;;:I Tr6 

vss.:tr '1 mask optIon 

Data bus ---<:J---1o 
Port P4 

Tr7 IS pull-up transIstor (mask optIon) 

_Crs 

Port P3D• P32-P37• 

------i[~] A-D converter CirCUIt - ~ t-------0 Analog lnput IN 

T 

Vee Vee 
Analog mput IN.-IN7 (P4D-P43) r IN/P4

1 
s:etlon J 

INT, 

RESET 

mask opllon ~ 
l- Vss ~ 

-,-
A-D converter CirCUIt -{I 

--r 

Data bus ---< /-------' 

mask optIon 

IN.-IN7 

(P4D-P43) 

Data bUS----r--C~I---0 
_ INT, 

CPU Interrupt control CirCUIt -------' 

Flg.20 Block diagram of ports P3o,P32-P37 , P4, P54-P57 , P6, analog Input port IN, INT" RESET 
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CLOCK GENERATING CIRCUIT 
The M37413M4HXXXFP has two internal clock generators. 
Figure 23 shows a block diagram of the clock generator. 
Normally, the frequency applied to the clock input pin X,N 
divided by 16 is used as the internal clock (timing output) 
</>. The internal clock </> can be changed to 1 14 the frequen
cy applied to the clock input pin X,N or 112 the frequency 

applied to the clock input pin XCIN ' When XcIN/2 is 
selected, the pull-up option to P3Q, P31 pins are inhibited. 
These signals can be changed via bit5 (AC5 ) and bit6 
(ACe) of the A-D control register. When ACe and ACs are 

[00], the internal clock is chosen X'N/16. When they are 
[01] , the internal clock is chosen X'N/4. When they are 
[10] and [11], the internal clock is XCIN/2. The one of 
clock X,N and clock XCIN , isn't in use for the internal clock 
(none system clock), stops when the bit6 (SMe) of serial 
1/0 mode register is "0". In order to restart the clock as the 
internal clock, SMe is set to "1" and wait until the oscillation 

becomes stability by the software then the internal clock is 
chosen ACe and AC5. 

The M37413M4HXXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both X,N clock and XC1N clock) stops with the internal 

clock </> held at "H" level. In this case timer 1 and timer 2 
are forcibly connected and </>14 is selected as timer 1 input. 
When restarting oscillation, the internal clock </> is held "H" 
until timer 2 overflows and is not supplied to the CPU. So 
set the suitable value for timer 1 and timer 2 in order to en
able the oscillator to stabilize. Before executing the STP in
struction, the timer 1 count stop bit (IF27 ) must be set to 
supply ("0"), timer 2 interrupt enable bit (IF1 4 ) of interrupt 
request distinguish register 1 must be set to enable ("1"), 
timer 2 interrupt request bit (IF1 5 ) of interrupt request dis
tinguish register 1 must be set to "0". And serial 1/0 or tim
er 2 interrupt enable bit (TCe) and serial 1/0 or timer 2 in
terrupt request bit (TC7 ) of timer control register must be 
set to "0". 
Oscillation is restarted (reset stop mode) when an external 
interrupt is received. The interrupt enable bit of the inter
rupt used to reset the stop mode must be set to "1". 
The microcomputer enters a wait mode when WIT instruc
tion is executed. The internal clock </> stops at "H" level, but 
the oscillator does not stop. </> is re-supplied (wait mode 
reset) when it receives an external interrupt or internal tim
er interrupt. Instructions can be executed immediately be

cause the oscillator is not stopped. The interrupt enable bit 
of the interrupt used to reset the wait mode must be set to 
"1" before executing the WIT instruction. 
When the interrupt is accepted and after the interrupt sub
routine is executed, the next instruction to STP or WIT is 

executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 

TranSition of states for the system clock is shown in Figure 
24. The change order of the internal clock is shown in Fi
gure 24. 

When STP instruction is executed from the states of A, B, 
C, D and E, it will be the same state as H (stop state). If 
the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 

Figure 21 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capaCitance which is unique 
for each oscillator. There are slight differences in constants 
in the M37413M4HXXXFP and M37413M6HXXXFP. If using 
one of these chips in applications such as high-precision 
clocks, ask the resonator manufacturer for measurements of 
these constants. When using an external clock Signal, input 
from the X,N(XC,N) pin and leave the XOUT(XCOUT) pin open. 
A circuit example is shown in Figure 22. 

M37413M4HXXXFP 

Fig. 21 External ceramic resonator circuit 

Fig. 22 

M37413M4HXXXFP I 
X 1N XOUT X C1N X COUT 

281 
External 

OSCillating 
CirCUit 

29 23! 24 
Open External 

OSCillating 
CirCUIt or 

external pulses 

Vee nnnJlf 
V" 

Vee'--l"L.. 
V" 

External clock input circuit 
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AC, 

SM.-L __ -',----L-~ 

SM, 

Q SI----------.-------IS Q 

R STP 
instruction 

WIT 
instruction 

Fig. 23 Block diagram of clock generating circuit 

R 

count source 
selecllon TC, 

Timing ¢ 

(Internal Clock) 

Reset 

R STP Instruction 

INT, Interrupt enable 

INT, Interrupt request 

Serral 1/0 or timer2 Interrupt enable 

Serral 1/0 or tlmer2 Interrupt request 

INT, or key on wake up interrupt enable 

INT, or key on wake up interrupt request 

INT, or tlmer3 Interrupt enable 

INT, or tlmer3 interrupt request 

Timer6 or A-D interrupt enable 

Timer6 or A-D interrupt request 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Reset 

SM5=O 
SM6 =O 
AC,=O 

~ A ~O ~ C 

1~ln~s~tr~u~c~tlo~n~~~~~~~ ~~~::~~~~In~s~tr~u~c~tio~n~ 8MHz oscilialion .. Normal mode AC5="t"-"O" II High-speed mode 8MHz oscillation 
32kHz stop 8MHz osCillatlonl""r------....::..:..:.......:...-..:....-------l1 OS~~I~t~on 32kHz stop 

~=stop 32kHz stop AC5="O"-"1" 32kHz stop ~=stop 
Timers actIOn ¢ 500kHz ~ 2MHz Timers action 

Interrupt Interrupt 

8M Hz stop 

32kHz oscillation 
¢=stop 

Timers action 

STP instruction 5TP Instruction 

Interrupt Interrupt 

SM5="O"-"1" 

SM6="O"-"I" 

SM5="1"-"O" 

SM6=''1''-''O'-

8MHz stop 

32kHz stop 

1> stop 

SM5="O"-"I" 
SM6='-O"-"I" 

SM5="I"-"O" 
SM6="I"-"O" 

Interrupt Interrupt 

STP instruction STP instruction 
WIT B D WIT 
Instruction instruction 

8MHz oscillation 

32kHz oscillatIOn 
8M Hz oscillation 

32kHz oscillation 
AC5=''1''-''O'' 

¢=2MHz 
Interrupt 

¢=500kHz 

Interrupt 
AC5="O"-"I" 

Instruction Instruction 
8MHz osciliailon 8M Hz oscillation 8MHZ stop 

32kHz oscillation 32kHz osCillation 32kHz stop 
FstoP 

¢=16kHz ¢ stop 
Timers action 

Interrupt Interrupt 

SM6="O"-"1 " SM6="I"-"O" 

G WIT F STP H 
Instruction Low-speed instruction 

Clock mode mode 
8MHz stop 

32kHz oscillation 8M Hz stop 32kHz stop 
¢ stop 32kHz oSCIliatloo 

¢stop Timer action ¢ 16kHz 
Interrupt Interrupt 

The case of example clock X,N =8MHz, clock XCIN=32kHz. 1> is Internal clock 

8MHz oscilialion 
32kHz oscilialion 

¢ stop 

Timers action 

Note : When a stop mode IS canceled, walt time occurs automatically by connection of timers 1 and 2 This time can be set by program. 

When SMe=1, unsystem clock IS operated and system clock IS changed, wait time necessary by program until oscillation becomes stable 

Return to the normal mode once in case changed to the low-speed mode from the normal mode 

Also return to the high-speed mode once In case changed to the low-speed mode from the high-speed mode 

Transitions B-E-D and D-E"'--~B are not possible 

Fig_ 24 Transition of states for the system clock 
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M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/(n+1). 
(2) The count value of timers 1, 2, 3, 4 can be read at an 

arbitrary timing when the timing'" divided by 4 or timer 
overflow is input to these timers. If XCIN or CNT, input 
is input to these timers, the value of timer 1, 2, 3, 4 
must be read only when the input of timers is not 
changing or the timer count is stopped. 
Also the count value of timers 5, 6 which are used in 
the event counter mode must be read when the exter
nal input is at the "L" level. When timers 5, 6 are used 
in the timer mode, the count value of these timers can
not be read. 

(3) Even though the BBC and BBS instructions are ex
ecuted 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 in
struction cycle must be used (such as a NOP) be
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(4) CD After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a 
NOP) is needed before the SEC, CLC, or CLD in
structions are executed. 

® In decimal mode, the negative (N), overflow (V) and 
zero (Z) flags are invalidated. 

(5) A NOP instruction must be used after the exection of a 
PLP instruction. 

(6) CD The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in
struction. 
Also the following conditions must be satisfied: 

• Timer 1 count stop bit is set to "0" 
• Timer 2 interrupt enable bit is set to "1" 
• Timer 2 interrupt request bit is set to "0" 
• Serial I/O or timer 2 interrupt enable bit is set to "0" 
• Serial I/O or timer 2 interrupt request bit is set to "0" 

® To restart oscillation when it is stopped by STP in
struction or unsystem clock operation bit, wait for a 
specified time which is needed lor the oscillator to 
stabilize. 

® Connect I/O ports which are in input mode to Vcc or 
GND to get less power supply current after execut
ing STP or WIT instruction. Connect P50 -P53 to Vcc 
or GND also in output mode. 

(7) Some instructions can be used to write contents of the 
interrupt request distinguish register 1, 2. If the SEB or 
CLB instruction or a set of instruction that acts as the 
SEB or CLB instruction (for instance, LDA TC+SEB 7, A 
+STA TC) is used, an interrupt request which is input 
during execution of these instructions may be cleared. 
Therefore, these instructions should be used only when 
there is no problem even if such an interrLlpt request is 
cleared. Usually, the LDM instruction or STA instruction 
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is used. Especially to write contents of the interrupt re
quest distinguish register 1, 2, use the flow chart as 
shown in Figure 26. 

(8) After switching the serial I/O transfer clock, initialize 
the serial I/O counter (write to address 00F7,6). 

(9) To use an external clo,?k as the serial I/Q transfer 
clock, initialize the serial I/O counter when the external 
clock is "H" level. 

00) To use the P30 and P3, pins as the I/O pins of the 
clock for clock function, do not use the pull-up resistors 
by option. 

(11) If using the A-D converter, supply power to the VREF 

pin(set bits 3 and 4 of address 00F2,6 ), and make sure 
that the voltage of the VREF pin has stabilized before 
activating the A-D conversion. 

Fig. 25 Flow to write Interrupt request distinguish 
registers 
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M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data" ......................................... EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 
• Port PO pull-up transistor bit 
• Port Pl pull-up transistor bit 
• Port P2 pull-up transistor bit 
• Port P3 pull-up transistor bit 
• Port P4 pull-up transistor bit 
• Port P5 pull-up transistor bit 
• Port P6 pull-up transistor bit 
• Port P7 pull-up transistor bit 
• Port P2 key on wake up 
• Port P7 key on wake up 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3-7 V 

AVec Analog supply voltage Vee-AVec -0.3-7 V 

V, 
Input voltage POo-PO" P20-P2" P30, P3" P40-P4" 

P7o ....... P77, 1No ....... IN7, VREF, X1N 
-0. 3-Vee+0. 3 V 

V, Input voltage CNVss -0.3-7 V 

V, 
Input voltage INT" RESET, Pl o-P1" P3,-P3" 

P50-P5" P6o-P6, (Note I) -0.3-10 V 

Vo 
Output voltage POo-PO" P20-P2" P30, P3" 

P7o ....... P77, XOUT 
-0. 3-Vee+0. 3 V 

Vo Output voltage Plo-PI" P3,-P3" P50-P5" P6o-P6, (Note 1) -0.3-10 V 

Pd Power diSsipation Ta - 25l: 300 rnW 

Topr Operattng te.nperature -20-75 "C 
Tst9 Storage temperature -40-125 "C 

Note 1 . When these ports are bUilt In a pull-up resistor option, the value IS -0. 3-Vcc+0. 3V 

RECOMMENDED OPERATING CONDITIONS (Vcc=2. 5-5. 5V, Vss= 0 V, T a=-20-75°C, unless otherw,ise noted) 

Symbol 

Vee 

Vss 

V ,H 

V ,H 

V ,H 

V ,H 

V ,H 

V ,L 

V ,L 

V ,L 

10H 

10L 

10L 

f(X,N ) 

f(XCIN ) 

Note 1 
2 
3 
4 
5 
6 
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Limits 
Parameter Conditions Unit 

Mm. Typ Max 

f(X,N )- 8 MHz High-speed mode 4.5 5.5 

Supply voltage (Note 1 ) f(X,N )= 8 MHz Normal mode or V 

f(X,N)= 2 MHz High-speed mode (Note2) 
2.5 5.5 

Supply voltage 0 V 

"H" Input voltage POo-PO" P30, P3" P4o-P4" 
0. 7Vee Vee 

( 
V 

CNVss (Note 3 ) 

"H" Input voltage P2o-P2, 0. 8Vee Vee V 

"H" Input voltage P1 o-P1" P5,-P5" P60-P6" S,N 0. 7Vec 10 V 

"H" Input voltage P3,-P3" P50, INT" INT" INT" 
0.8Vpe 10 V 

CNT" CNT" SIG, ClK 

"H" Input voltage RESET, X,N, XCIN 0. 85Vce Vee V 

"L" mput voltage POo-PO" P10-PI" P30, P3" 
0 0.25Vce V 

P40-P4" P5,-P5" P60-P6" S,N 

"L" mput voltage P20-P2" P3,-P3" P50, INT" 
0 0. 2Vee V 

INT,. INT" CNT,. CNT" SIG, ClK 

"L" mput voltage RESET, X'N, XCIN 0 0.15Vce V 

"H" output current POo- PO" P2o- P2" P70-P7" 
-1 rnA 

XOUT (Note 4 ) 

"L" output current POo-PO" P20-P2" P3,-P3" 

P50-P5" P60-P6" P70-P7" 1 rnA 
XOUT (Note 5) 

(Note 6 ) 
Vcc=3V 10 

"L" output current P10-P1, 
20 

rnA 
Vcc=5V 

Clock oscillatmg frequency 0.2 8.2 MHz 

Clock oscillatmg frequency for clock function 30 50 kHz 

When only maintaining the RAM data, minimum value of Vcc is 2 V 
We say the high-speed mode, when the system clock IS chosen X,N/4, and the low-speed mode, when the system clock is chosen X ,N/16 
When P3, IS used as XCIN , V'H and V,L of P3, is 0 85Vcc;o;V,H;o;VCC and O;o;V,L;o;O 15Vcc 
The total 10HIpeaki of port PO, P2, P7 and XOUT IS less than 35mA. 
The total 10HIpeaki of port PO, P2, P3, P5, P6 and P7 IS less than 32m A 
The total peak current of IOL of port P1 is less than 80mA and the average current of tOlal 10L of port PI IS les'S than 40mA 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERICS (Vss= 0 v, T a=-20-75"<:, unless otherwise noted) 

Symbol Parameter Test conditions 

Vcc-5V,loH--0.5mA 
VOH "H" ootput voltage POo-PO-" P2o-P2" P7o-P7, 

Vcc-3V, 10H--0. 3mA 

Vcc=5V, 10H=-0. 3mA 
VOH "H" ootput voltage XOUT 

Vcc=3V,loH=-0.lmA 

"l" ootput voltage POe-PO-" P2o-P2" P30-P3" PSo-PS" Vcc=5V,loL=lmA 
VOL P60-P6" P7o-P7" T, SoUT, ClK, 

SROY, SIG, PWMO-PWM3 Vcc=3V,loL=0.5mA 

Vcc=5V,loL=20mA 
VOL "l" ootput voltage Pto-Ph 

Vcc-3V,loL-IOmA 

Vcc=5V, 10L =0. 3mA 
VOL "l" output voltage XOUT 

Vcc=3V, 10L =0. I mA 

VT+-VT-
Hysteresis INT" INT" INT" ClK, CNT" CNT" Vcc=5V 

SIG, S,N, P2o-P2" P7o-P7" Xc'N Vcc=3v 

-- Vcc=5V 
VT+-VT- Hysteresis RESET 

Vcc=3V 

Vcc=5V 
VT+-VT- Hysteresis X1N 

Vcc=3V 

"L" Input current {POo-I'O" Pto-Pt" P2o-P2" P30-P3" P40-P4" Vcc=5V V,=OV 
I'L P50-P5" P60-P6" P7o-P7,1 without pull-up Tr, 

(Noten, INT" RESET, X,N Vcc=3V V,=ov 

"W onput current POe-po" P2o-P2" P30, P3" Vcc=5V V,=5V 
I'H P40-P4" P7o-P7" X'N, Xc'N, CNVss Vcc=3V V,=3V 

I'H 
"H" input curoent {Pto-Pt" P30-P3" P50-P5" P6o-P6,i 

V,=IOV --
without pull-up Tr, INT" RESET 

Pull-up Tr POo-PO" Pto-Pt" P?o-P2" Vcc=5V, v,=OV 
Rp~ P30-P3" P4o-P4s, P50-PS, Vcc=3V, v,=OV 

f(X'N)=8MHz High-speed mode Vcc=5V 

at operation f(X'N)=8MHz Normal mode Vcc=3V 

f(XC'N)=32kHz, Vcc=3V 

Icc Supply current (Note 2) f(X,N)=8MHz, Vcc=3V 
atW81t mode 

f(Xc'N)=32kHz, Vcc=3V 

Ta=25t 
at stop mode 

Ta=75t 

VRAM RAM retention voltage 

Note I 
2 

Also the same when each port IS used as INT" INT" CNT" CNT" SIG, S'N and XCIN , respectively. 
1/0 ports or input ports are connected to Vee Output ports are opened 

limits 
Unot 

Min Typ Max. 

4 

2.4 
V 

4 

2.4 
V 

1 
V 

0.6 

2 

1.5 
V 

1 

0.6 
V 

0.7 

0.5 
V 

2 

1.2 
V 

0.5 

0.35 
V 

-5 
IJA 

-3 

5 

3 
IJA 

10 IJA 

12 25 50 
kO 

25 50 100 

6 12 

1 4 
rnA 

18 36 IJA 
3 rnA 

4 12 

0.1 1.0 IJA 
6.0 

2 5.5 V 
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M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

A-O CONVERTER CHARACTERISTICS (Vee=5V, Vss=AVss= 0 v, Ta=25t, !(X,N)= 8 MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max. 

-- Resolution 8 bits 

Vce=VREF=5.12V ±2 -- Non~"nearlty error LSB 
Vce=VREF=3.072V ±2 

Vce=VREF=5.12V ±0.9 -- Dlfferentlsl non·lineanty LSB 
Vee=VREF=3. Ol2V +0.9 

Vee=VREF=5.12V 2 
VOT Zero transition error LSB 

Vee=VREF=3.0l2V 2 

Vee- VREF-5.12V 6 
VFST Full·scale transition error LSB 

Vee=VREF=3.0l2V 10 

Te ConverSIOIl time 
Vec=2. 5-5. 5V High-speed mode 2OO/1(X,N) 
Vee=2. 5-5. 5V Normal mode BOO/f(X,N) 

",s 

VREF=5V 1_0 2.5 
'REF Reference Input current 

0.5 1.5 
rnA 

VREF=3V 

liN Analog port Input current V'N-O-Vee 1 10 ",A 

V ,N Analog Input voltage Vce=2. 5-5. 5V AVss Vee V 

VREF Reference Input voltage 2.5 Vee V 
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