
MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIPS-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37415M4-XXXFP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 

PIN CONFIGURATION (TOP VIEW) 

. 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 
liD addresses are placed on the same memory map to en
able easy programming. 
This microcomputer is also suitable for applications which 
require controlling LCDs and generating DTMF. 

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

• Memory size 
ROM .................................................... 8192 bytes 

RAM·······················································512 bytes 
RAM for display LCD .................................. 16 bytes 

• Instruction execution time 
... 2.5 f,LS (minimum instructions at 3.2MHz frequency) 
...... ·5f,Ls (minimum instructions at 1.6MHz frequency) 
.... 10 f,LS (minimum instructions at 800kHz frequency) 
..... 20f,Ls (minimum instructions at 400kHz frequency) 

• Single power supply 
f(X1N )=400kHz, or 800kHz ................ 2.5~Vcc~5.5V 
f(X1N )=1.6MHz, or 3.2MHz .......... · .. · 4.5V~Vcc~5.5V 

• Power disl1ipation 
normal operation (TIode (at 3.2MHz frequency) 

.................... 20mW (DTMF output Vcc=5.0V typ.) 

......................... 15mW (DTMF off Vcc=5.0V typ.) 

low-speed operation mode 
(at 32kHz frequency for clock function) 
...................................... 225f,LW (Vcc=5.0V typ.) 

stop mode (at 25'C) .............. 5f,LW (Vcc=5.0V max.) 

• RAM retention voltage (stop mode) ..... 2V~VRAM~5.5V 
• Subroutine nesting ............................ ·64 levels (max.) 
• Interrupt .......................................... 8 types, 5 vectors 
• 8-bit timer ........ · .. · .......... 3 (2 when used as serial liD) 
• 16-bit timer ............ 1 (Two 8-bit timers makes one set) 
• Programmable liD ports 

(Ports PO, P1, P2, P3) ...... · ...... · .................. · .. · .. · .. 32 
• Input port (Port P4) ................................................ ·8 
• Serial 110 (8-bit) .................................................... 1 

• DTMF (Dual-Tone Multi-Frequency) generator"'Built-in 
• LCD controller/driver 

(112,1/3, bias, 1/2, 1/3, 1/4 duty) 
segment output················································"·32 
common output .. · ............................. : .................... 4 

resistor for LCD power supply .... · ...... · .......... · Built-in 

• Two clock generator circuits 
- (One i~ for main clock, the other is for clock function.) 

APPLICATION 
Home telephone, Multi function telephone 
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MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37415M4-XXXFP 
Parameter Functions 

Number of basIc Instructions 69 

2. 5,u s (mmimum instructions, at 3. 2MHz frequency) 

Instruction execution time 
5,us (minimum instructions, at 1. 6MHz frequency) 

lO.us (minimum instructions, at 800kHz frequency) 

20,(.15 (minimum instructions, at 400kHz frequency) 
c---

3. 2MHz, 1. 6MHz, 800kHz, 400kHz r-CloCk frequency 

ROM 8192 bytes 

Memory size RAM 512 bytes 

1------- -
RAM for display LCD 16 bytes 

PO, Pl, P2, P3 1/0 8-bltX4 

P4 Input 8-bltX 1 (Port P4 are In common with SEG) 
Input/Output port --

32-bitX1 SEG LCD output 

COM J LCD output 4-bItX1 
1--
I Senall/O 8-bltX1 

8-btt ttmerX3 (X2, when senalliO IS used) 
Timers 

16-blt trmerXl (combmatlon of two 8-blt timers) 
I------------~----------

1/2, 1/3, bias selectable 

~~ty ratio 1/2,1/3,1/4 duty selectable 
LCD controller/driver -------4-Common output 

--------
Segment output ~G24~SEG31 are In common with port P4) 

_~ubroutlne nestIng ~max) 

Interrupt 
Two external mterrupts, Three timer Internal mterrupts 

(or two timer, one senall/O) 
------- ---

Clock generating CIrcuit Two bUilt-in CircUits (ceramic or quartz crystal oscillator) 

2. 5~5. 5V(at 400kHz or 800kHz frequency) 

Supply voltage 4. 5~5. 5V(at 1. 6MHz or 3. 2MHz frequency) 

RAM retention voltage at clock stop IS 2 ....... 5. 5V 
--

E~----
At high-speed 

20mW (at clock frequency f(x,N)=3 2MHz) 
operation Vcc=5V 

At high-speed 

Power diSSipation operation Vcc=5V 
15mW (at clock frequency f(X,N )=3.2MHz) 

DTMF off At low-speed 
225"W (at clock frequency t(XcIN)=32kHz) 

operation Vcc=5V 

__ ~~top mode I"A (max 2S'C) 
1--

Input/Output voltage 

Input/Output 
Output current 

characteristics 

~!ltlng temperature range 

DeVice structure 
j---

Package 

3-232 

5V 

IOH=-2mA(VoH=3V) 

IOL=10mA(VoL=2V) 

Pull-up current: Min -30"A, Max -140"A, Typ -70"A 

(Vcc=5V Input voltage OV) 

-10~70'C 

CMOS SIlicon gate 

80-pln plasllc molded QFP 
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MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
Inputl 

Functions 
Output 

Vee. Supply voltage Input Power supply Inputs 5V±10% to Vcc and OV to Vss 

Vss 

CNVss CNVss Input Connect to Vss 

---
RESET Reset mput Input To enter the reset state, the reset Input pin must be kept at a "L" for more than 2"s (under normal Vcc 

conditions) If more time IS needed for the crystal oscillator to stabilize. this "L" condition should be mam· 

tamed for the required time 

X,N Clock Input Input These are 1/0 PinS of Internal clock generatmg Circuit for main clock To control generating frequency, an 

external ceramic or a quartz crystal oscillator IS connected between the XIN and XOUT pms If an external 

XOUT Clock output Output clock IS used, the clock source should be connected the X1N pin and the XOUT pin should be left open 

--
INT, Interrupt Input Input This IS the highest order Interrupt Input pin It can be measured mput voltage level 

--
POO-P07 1/0 port PO 110 Port PO IS an 8-bIt 1/0 port with directional register allOWing each 1/0 bit to be individually programmed as 

anput or output At reset, thiS port IS set to Input mode The output structure IS CMOS output 

P1 0 -P1 7 1/0 port P1 1/0 Port P1 IS an 8-blt 1/0 port and has basically the same functions as port PO 

P20-P27 1/0 port P2 1/0 Port P2 IS an 8-bIt 1/0 port and has basically the same functions as port PO 
c--. 

P30-P37 1/0 port P3 1/0 Port P3 IS an 8-bIt 1/0 port and has basically the same functions as port PO When senal 1/0 IS used, P3" 

P3,;, P3" and P34 work as SADY, CLK, SoUT, and S,N pins, respectively Also P33, P3" P3" and P30 work as 

timer 3 overflow signal divided by 2 output pin (T), INT2 pm, XC1N and XCOUT pms, respectively 

P4o-P47 Input port P4 Input· Port P4 IS an 8-blt Input port and can be used as segment output pins 

V L Voltage Input for LCD Input ThiS IS a voltage Input pin for LCD Supply voltage IS OV;;;VL;;;Vcc OV-VLV IS supplied to LCD 

COMo- Common output Output These are the LCD common output pins At 1/2 duty, COM, and COM3 PinS are not use At 1/3 duty, COM3 

COM 3 pin IS not used 

SEGo- Segment output Output These are LCD segment output pins 

SEG 23 

CNTR Counter 1/0 1/0 ThiS IS an output pin for timer 4 and 5 It can be measured Input voltage level 
--

VREF D-A convert power Reference voltage mput for A-D converter of DTMF 

supply for DTMF 
1---

Tone DTMF output Output ThiS IS DTMF output pm 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37415 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 are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

3-234 



MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

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

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

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

rupt vector area. 

RAM 

(128 bytes) 

RAM for LCD 1 
(16 bytes) 

RAM 
(384 bytes) 

ROM 

(8192 bytes) 

0000, 6 

007F, 6 

0000, 6 
OOOF, 6 

OOFF, 6 
0100, 6 

027F'6 

2000'6 

3FOO'6 

3FF4,. 

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

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

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

Not used 

SFR area 

Not used 

Zero page 

Special 

page 
for 

Interrupt vector area 

subroutine 
call 

3FFF,. 

Flg.l Memory map 
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MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

OOEO'6 Port PO OOFO, 6 

OOE1'6 Port PO directional register OOF1'6 

OOE2'6 Port P1 OOF2'6 

OOE3" Port P1 directional register OOF3'6 

OOE4'6 Port P2 OOF4'6 DTM F register 

OOE5'6 Port P2 directional register OOF5'6 LCD mode register 

OOE6'6 OOF6'6 Serial I/O mode register 

OOE?'6 OOF?'6 Serial I/O register 

OOES'6 Port P3 OOFS'6 Timer 4, 5 mode register 

OOE9'6 Port P3 directional register OOF9'6 Timer 1 

OOEA'6 Port P4 OOFA'6 Timer 2 

OOES'6 OOFS'6 Timer 3 

OOEC'6 OOFC'6 Timer 4 

OOED'6 OOFD'6 Timer 5 

OOEE'6 OOFE'6 Interrupt control register 

OOEF'6 OOFF'6 Timer control register 

Fig. 2 SFR (Special Function Register) memory map 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

INTERRUPT 
The M37415M4-XXXFP can be interrupted from eight 
sources; INT" Timer 1, Timer 2, Timer 3 or Serial 1/0, INT2 
or key on wake up, and BRK inctruction. 

The value of bit 2 of the serial 1/0 register (address 
00F6,6) determines whether the interrupt is from timer 3 or 
from serial 1/0. When the bit 2 is "1" the interrupt is from 
serial 1/0, and when bit 2 is "0" the interrupt is from timer 
3. Also, when bit 2 is "1", parts of port 3 are used for serial 
1/0. Bit 7 of t~e serial 1/0 register determines if an inter
rupt is from INT2 or from "key on wake up". When bit 7 is 
"0", the interrupt is from INT2. When bit 7 is "1" the interrupt 
is from "key on wake up". "Key on wake up" can only be 
used at power down by the STP or WIT instruction. 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 interrupt. 

Table 1. Interrupt vector address and priority 

Interrupt Pnority Vector address 

RESET 1 3FFF,., 3FFE'6 

INT, 2 3FFD'6, 3FFC'6 
Timer 1 3 3FFB'6, 3FFA'6 

Timer 2 4 3FF9'6, 3FF8'6 
Timer 3 or serial 1/0 5 3FF7'6,3FF6'6 

INT 2 " key on wake up( BRKI 6 3FF5'6, 3FF4'6 

When an interrupt is accepted, the contents of certain reg
isters are pushed into specified locations, as discussed in 
the stack pOinter section, 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 in
terrupt and can never be inhibited. Expect for the reset in
terrupt, all interrupts are inhibited when the interrupt dis
able flag is set to "1". All of the other interrupts except key 
on wake up function can further be controlled individually 
via the interrupt control register shown in Figure 3 An inter
rupt is accepted when the interrupt enable bit and the in
terrupt request bit are both "1" and the interrupt disable 
flag is "0". The interrupt request bits are set when the fol
lowing conditions occur: 
(1) When the INT, or INT2 pins goes from "H" to "L" 
(2) When the levels any pin of P2 goes "L" (at power 

down mode) 
(3) When the contents of timer 1, timer 2, timer 3 or the 

counter of serial 1/0 goes to "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. 
Since the BRK instruction interrupt and the INT2 inter
rupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in
struction caused the interrupt of if I NT 2 generated the 
interrupt. 

L-r ...... ,.... ....... ,.... ..... ..&...,.....&...,.......,...J Interrupt control register (Address OOFE,6) 

Interrupt 
request 

Fig.3 Interrupt control 

Bit 7 : INT, pin Interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 : Timer 2 Interrupt request bit 

Bit 4 : Timer 2 Interrupt enable bit 

Bit 3 : Timer 3 Interrupt or senal 1/0 Interrupt request bit 

Bit 2 : Timer 3 Interrupt or serial I/O Interrupt enable bit 

Bit 1 : INT, pin Interrupt request bit 

Bit a : INT; Pin Interrupt enable bit 

Timer control register (Address OOFF,6) 

Bit 7 : Timer 1 Interrupt request bit 

Bit 6 : Timer 1 Interrupt enable bit 

Bit 5 : Timer 1 count stop bit 

Bit 4 : Timer 3 count source selection bit 

Bit 3 : Timer 2 count source selection bit 

Bit 2 : Timer 1 count source selection bit 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

TIMER 
The M37415M4-XXXFP has five timers; timer 1, timer 2, 
timer 3, timer 4, and timer 5. The interrupt of timer 3 cannot 
be used when serial I/O is used (see serial I/O section). 
The count source for timer 1, timer 2, timer 3 can be 
selected by using bit 2, 3 and 4 of the timer control register 
(address 00FF16), as shown in Figure 5. A block diagram of 
timer 1 through 5 is shown in Figure 4. 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 
contents of the reload latch are loaded into the timer. The 
division ratio of the timers is 1/( n+ 1 ), where n is the con
tents of timer latch. 

The timer interrupt request bit is set at the next count pulse 
after the timer reaches "0". The interrupt and timer control 
registers are located at addresses 00FE16, and 00FF16 , re
spectively (see interrupt section) . The starting and stop
ping of timer 1 is controlled by bit 5 of the timer control 
register. If bit 5 (address 00FF16 ) is "0", the timer starts 
counting. When bit 5 is "1", the timer stops. 
After a STP instruction is executed, timer 2, timer 1, and the 
clock (if> divided by 4) are connected in series (regardless 
of the status of bit 2 though 4 of the timer control register). 
This state is canceled if timer 2 interrupt request bit is set 
to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 1, 
count stop bit), bit 6 of the timer control register (timer 1 

interrupt enable bit), and bit 4 of interrupt control register 
(timer 2 interrupt enable bit) must be set t{) "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 

TIMER 4 AND TIMER 5 MODES 
(1) Timer mode [00]. 

The internal clock divided by 4 is counted. When the 
timer counts to "0", the interrupt request bit is set to 
"1", the contents of the timer latch is reloaded, and the 
counting starts again. 

(2) Pulse output mode [01]. 

The output level of the CNTR pin inverts each timer the 
timer contents to zero. 

(3) Event counter mode [10]. 

The same function is executed as that of mode "00", 
except that the counting source is input from the CNTR 
pin. The count decreased each time the CNTR input 
goes from "L" to "H". 

(4) Pulse width measurement mode [11]. 

This mode is used to measure the pulse width of a sig
nal (between "L"s) input into the CNTR pin. The count

ing is done using the oscillation frequency divided by 
4, and only while the CNTR pin is at a low level. When 
the contents of the counter reaches zero, the timer 5 
overflow flag is set to "1", the timer is reloaded from 
the reload latch, and counting starts again. The over

flow flag can be reset by writing a "0" to bit 7 of 
address 00F816. 

The structure of timer 4, 5 mode register is shown in 
Figure 6. 
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00 I 01 Ext clock 

10 : 1/2 Timer 3 

11 : 1/4 ~ 

TC5 TC, 

MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Data bus 

Timer 1 interrupt 
request bit 

LCDCK 

Timer 2 interrupt 
request bit 

Timer 3 or senal 1/0 
Interrupt request bit 

TC : Timer 4, 5 mode register (Address OOFS,.) 

TM : Tinier control register (Address 00FF'6) 

SM: Se"alI/O mode register (Address 00F6'6) 

LM : LCD mode register (Addless 00F5,,) 

~ Select gate: at reset, t shaded side IS connected 

TC, 

P3,/INT~ 0..-----------------------:- INT, 

Fig.4 Block diagram of timers 1 through 5 
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I I I I I I I J I 

LL 
Timer control register 

(Address OOFF,.) 

00 : Single-chip mode 

01 : Not used 

10: Not used 

11 : Not used 

Timer 1 count source selection bit 

o : ¢ divided by 4 

1 : Timer for clock (XCIN ) 

Timer 2 count source selection bit 

o : Timer 1 overflow 

1 : Timer for clock (XCIN ) 

Timer 3 count source selection bit 

o : ¢ divided by 4 

1 : Timer 2 overflow 

Time' 1 count stop bit 

o : Count start 

1 : Count stop 

Timer 1 interrupt enable bit 

o : Interrupt inhibit 

1 : Interrupt enable 

Timer 1 interrupt request bit 

a : No interrupt request 

1 : With interrupt request 

Flg.5 Structure of timer control register 

7 o 

111111111 
L 

"----

Timer 4, 5 mode register 
(Address 00F8,.) 

CNTR Input level 

o : at "L" level 

1 : at "H" level 
INT, input level 

o : at "L" level 

1 : at "H" level 

Timer 4, 5 mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 : Event counter mode 

11 : Pulse width measurement mode 

Timer 4, 5 count stop bit 

o : Count start 

1 : Count stop 

Timer 5 overflow bit 

o : No timer 5 overflow 

1 : With timer 5 overflow 

Flg.S Structure of timer 4, 5 mode register 

MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PORT P3:JTIMER 3 OUTPUT 
The signal that timer 3 is divided by 2 is output from P33 

(T), at the contents of bit 4 of the serial I/O mode register 
(address 00F616 ) is "1" 

WATCHDOG TIMER FUNCTION 
Timer 4 and 5 can be used as a watchdog timer by con
necting the CNTR pin and the RESET pin as shown in Fi

gure 7, and by setting bit 4 and 5 of address 00F816 to "01". 
At this time the output of the 112 divider counter 
(connected to timer 5) is initialized to "1" when data is 
written to timer 5. After a delay of 12.5 to 15.0,us (at f(X ,N ) 
=800kHz) after the reset is input, bits 4,5 and 6 of the tim

er 4,5 mode register are initialized to "0". The initialization 
program to set the watchdog timer mode should have the 
following sequence; 
(1) Set the pulse output mode after writing a value to timer 

4 and 5 registers. 
(2) If the program is running correctly, the CNTR pin 

should never go low due to data being continuously 
written to timer 5. If the program sequence is inter
rupted timer 5 will overflow and the CNTR pin will out
put a "L" and retain this value until the reset is ex
ecuted. 

(3) 12.5 to 17.5,us (at f(X ,N ) = 800kHz) after a reset, the 
CNTR pin will be in high impedance state. 

M37415M4-XXXFP 

CNTR RESET 

18 29 D .. 
R, R, 

JC 

C and D are for power-on reset 

Flg.7 Reset circuit with the watchdog timer 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

SERIAL I/O 
The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode the receive ready signal (SRDY). synchro
nous input/output clock (elK). and the serial I/O (SOUT. 
SIN) pins are used as P37• P36• P3s• and P34• respectively. 
The serial I/O mode register (address 00F616 ) is an 8-bit 

Internal 
clock ¢ 

DIvider 

register. Bit 0 and 1 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 I/> divided by 4 becomes the clock. 

from Internal clock 

divided by 4 or 

P3, }-=:!!...-<l-_+-_______ -..::Tlmer 2 

Prescaler 

P3s 

P3s 
SOUT 

to timer 3 or 
senall/O 
Interrupt 
request bit 

Senal 1/0 mode register 

.... ,...-I..,.....L..,....L-r'-r.J-,...-I-r ...... T"""""' (Address 00F616 ) 

INT, source selection bit (at STP/WIT) 
0: P3, (INT,) 

1 : P2o-P2, (key on wake up) 

Unsystem clock operation bit ______ -....J 

0: HALT 

1 : operation 

Timer for clock port selection bit (P30. P3,) ---
o : p30. P3, (Normal 1/0 port) 

1 : XC1N , XcOUT 

Output of clock port selection bit (P3,) ______ ....J 

o : P3, (Nomal 1/0 port) 

1: T 

Fig.8 Block diagram of serial 1/0 

Synchronous clock selection bit 

00 '1 01. External clock 

10 . Timer 3 overflow signal divided by 2 
11 . Timing ¢ divided by 4 

l... ____ Senal 1/0 port selection bit"; P3s• P3s) 

o : Normal 1/0 port 

1 : Senal 1/0 port 

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

o : Normal 1/0 port 

1 : SROY signal output pin 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3e becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3e. If the exter
nal synchronous clock is selected, the clock is input to P3e. 

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 correspon9s 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" 
P3e will function as a normal I/O. Interrupts will be gener
ated from the serial 1/0 counter instead of timer 3. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3="1", SRDY) or used as a oormall/O 
pin (bit 3="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 trans
mission or while dummy data is stored in the serial I/O reg
ister. After the faling edge of write Signal, the SRDY signal 

Synchronous clock 

Transfer clock 

Serial 1/0 register write 
signal 

becomes low signaling that the M37415M4-XXXFPis 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 serial 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 P34 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 50kHz at a duty 
cycle of 50%. 
Timing diagrams are shown in Figure 9, and connection be
tween two M37415M4-XXXFP's are shown in Figure 10, 

~~~ ~ 
SOUT --____________ r-.J'~~~~-"~~n-~~~~,~~-n--~~+_~---------

Serial 1/0 Input 

S'N 
I Receivable signal ___________ -;' 

SRey U 

Flg.9 Serial I/O timing 

Sending side 

Serial 1/0 mode register 

P37 

bit3 bitO 

f 0 I 1 I 1 I 0 I 
Set the directional 
register for P37 pin P3s 
In input mode 

Ps. 

Flg.IO Example of serial I/O connection 
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Interrupt request bit set 

Receiving side 

SROV 
Senal 1/0 mode register 

P37 

bit 3 bit 0 

11 I 1 I 0 I X I 
Set the directional Synchronous clock 

P3s register for P3. pin 
in input mode 

Senal data 
P3. 
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DTMF FUNCTION 
The M37415M4-XXXFP has the DTMF (Dual-Tone Multi
Frequency) output and control function. The value of bit 0, 
and bit 1 of DTMF register (address 00F416 ) determines 
the low frequency band value. And the value of bit 2, and 

bit 3 of DTM F register determines the high frequency band 
value. The DTMF output can be controlled by the value of 
bit 4, and bit 5 of the DTMF register. When bit 4 is "1" the 
low frequency band is output to Tone, and when bit 4 is "0" 
the output of low frequency band is stopped. When bit 5 is 

"1" the high frequency band is output to Tone, and when bit 
5 is "0" the output of high frequency band is stopped. 

I I I I I I I I I 
DTMF register 

(Address 00F4,,) 

The value of bit 6, and 7 of DTMF register determines the 
basic frequency. The structure of the DTMF register is 
shown in Figure 11. The accuracy of DTMF output value is 

shown in Table 2 and 3. 

Table 2. Accuracy of DTMF output (at low frequency band value) 

Standard lrequ.ney valu. [Hz) Oulput Ir.quency value [Hz] Deflection Error [%l 
697 694.44 -2.555 -0.367 

770 769.23 -0.769 -0.1 

852 854.7 2.7 0.317 
-----g41 938.97 -2.033 -0.216 

Ll Low frequency band value selectIOn 

00 : 697Hz 

~I 770Hz 

10: 852Hz 

II : 941Hz 

High frequency band value selection 

00 . 1209Hz 

01 . 1336Hz 

10: 1477Hz 

11 : 1633Hz 

Low frequency band output control 

0: stop 

1 : start 

High frequency band output control 

o stop 

1 . start 

DTMF baSIC frequency selection 

00. f(X,")=400kHz 

01 . t(X'N)=800kHz 

10. t(X'N)=1. 6MHz 

11 : t(X'N)=3. 2MHz 

Flg.11 Structure of the DTMF register 

Table 3. Accuracy of DTMF output (at high frequency band value) 

Standard frequency value [Hz) Output frequency value [Hz] Deflection Error I%l 
1209 1204.8 -4.181 -0.346 

1336 1333.3 -2.667 -0.2 

1477 1470.6 -6.412 -0.434 
----

1633 1639.3 6.344 0.389 

N 
J: 

~ 

N N 
J: J: 

~ S 
N 
J: 
~ 
'" 

High group frequencies 

697Hz 

770Hz 

852Hz 

941 Hz 

Low group 

freguencles 

Fig.12 Telephone keys and DTMF 

3. 2M Hz 

Divider 

Low group frequencies _________ , -fn output counter 

Clock :~ 
Selection : I 

I~~-I-n I '--.1.. --'-.,.-J....JL,-L...,.L..~ DT~~::,~':~~ress) 
DIvider DIvider 

High group frequencies 
output counter 

Fig.13 Block diagram of DTMF generator 

~~ 
I 

3-243 



MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

LCD CONTROLLER/DRIVER 
The M37415M4-XXXFP has internal LCD controllers and 
drivers. A block diagram of LCD circuit is shown in Figure 
17. 

The terminals for LCD consist of 4.common-pin and 32 
segments pin. SEG24-SEG3, are in common with input P4. 

These pins are selected by bit 4 of the LCD mode register 
(LM4 , address 00F5'6)' Two biases (112 and 1/3) can also 
be selected. When bit 2 of the LCD mode register is "1", 1/2 

bias is selected. When bit 2 is "0", 1 13 bias is selected. A 
1/2, 1/3, or 1/4 duty cycle can also be selected. When bits 
o and 1 of the LCD mode register (LMo, LM,) is n, the duty 
ratio is 1/(n+1l. 
Address 0000'6 - 00DF'6 is the designated RAM for the 
LCD display. When ls' are written to these a(ldresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi
gure 15. The ONIOFF function for the LCD controller is 
controlled by bit 3 of the LCD mode register (LM3 ). When 
this bit is "1" all the segments of the LCD are turned on. 
When this bit is "0" all the segments are turned off. An ex
ample circuit for each bias is shown in Figure 18 and Fi
gure 19 describes the LCD driver waveforms for each bias 
and duty cycle. 
The LCDCK timing frequency (LCD driver timing) is 
generated internally and the frame frequency can be deter
mined with the following equation; 

f(LCDCK) 
(frequency of timer 1 count source) 

((timer 1 setting+l )X4) 

Frame frequency 
f(LCDCK) 

n ; at lin duty 
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LCD mode register 

(Address OOFS,,) 

Duty ratio selection bit 

01 : 112 duty 

10 : 113 duty 

11 : 114 duty 

'------ Bias selection bit 
o : 1/3 bias 

1 : 1/2 bias 

'------- LCD turn on bit 

0: OFF 

1: ON 

'-------- P4/LCD segment selection 
bit 

0: P4o-P4, (Input port) 

1 : SEG'4-SEG31 

(segment output) 

'----------- XCOUT drive ability selectIOn 
0: High bit 

1: Low 

L-__________ System clock ,"selection bit 

0: X/4 

1 : Xc/2 

Fig.14 Structure of the LCD mode register 
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I~ 7 6 5 4 3 2 1 0 
Address 

00 1 1 1 1 0 0 0 0 

01 3 3 3 3 2 2 2 2 

02 5 5 5 5 4 4 4 4 

03 7 7 7 7 .6 6 6 6 

04 9 9 9 9 8 8 8 8 

05 11 11 11 11 10 10 10 10 

06 13 13 13 13 12 12 12 12 

07 15 15 15 15 14 14 14 14 

08 17 17 17 17 16 16 16 16, 

09 19 19 19 19 18 18 18 18 

OA 21 21 21 21 20 20 20 20 

OB 23 23 23 23 22 22 22 22 

OC 25 25 25 25 24 24 24 24 

00 27 27 27 27 26 26 26 26 

OE 29 29 29 29 28 28 28 28 

OF 31 31 31 31 30 30 30 30 

" .; :i c " .; :i c 
::?! ::?! ::?! ::?! 
0 0 0 0 0 0 0 0 
U U U U U U U U 

* Number in data memory area indicates corresponding segment. 

Flg.15 Map of RAM for LCD segment 

VLCDO---------------------~----~~~ 

2/3VLCD (At 1/3 bias) 
o~------·------------_4 

l/2VLcD (At 1/2 bias)'Bias selection 1/3 
bit (LM2 ) 

1/3VLCD (At 1/3 bias) 

o'------------------~~~ 
1/2VLcD (At 1/2 bias) 

Fig.IS Internal circuit of LCD power supply input pin 

• MITSUBISHI 
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Internal logic 
LCDCK timing 

1/4 duty Voltage level 

'L..J _VL 
COMo ___________ _---------r-"l-VL/2 

, L---vss 

COM, -----'L..J 'L.J......---
COM, --~'L.J 'L.J~-----
COM, ~r-------r-ur--------
SEGo -VL 

-Vss 

OFF ON OFF ON 

COM, COM, COM, COMo COM, COM, COM, COMo 

1/3 duty 

COMo -VL 
,.....-----VL/2 

COM, ------r-u...------r-u...------

ON OFF ON OFF ON OFF 

-Vss 

'-VL 
-Vss 

-EE--_> ~~ ~~ ~ "'E--~:;;' ~ ~ ~ 

COMo COM, COM, COMo COM, COM, COMo COM, 

1/2 duty 

COMo 

COM, 

SEGo 

ON OFF ON OFF ON OFF ON OFF 
'EO :;a < ~< :;a~~~~E ;. 

COM, COMo COM, COMo COM, COMo COM, COMo 

Fi9,18 LCD drive waveform (at 1/2 bias) 

• M\TSUBISHI 
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-VL 
-VL/2 
-Vss 
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Internal logic 
LCDCK timing 

COMo 

COM, 

COM, 

COM, 

SEGo 

COMo 

COM, 

COM, 

SEGo 

COMo 

COM, 

SEGo 
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Voltage level 

1/4 duty 
--VL 
--2VL/3 
--VL /3 
--Vss 

--VL 
--2VL/3 
--VL/3 
--Vss 

OFF ON OFF ON 

~-~~ ~---3ll-~ ~ EZ ;:O!o EO ~ ~~ 

COM, COM, COM, COMo COM, COM, COM, COMo 

1/3 duty 

--VL 
--2VL/3 
--VL/3 
--Vss 

~~~~~'-----y----' 
ON OFF ON OFF ON OFF 

COMo COM, COM, COMo COM, COM, COMo COM, 

1/2 duty 

--VL 
--2VL /3 
--VL/3 
--Vss 

ON OFF ON OFF ON OFF ON OFF 
~;:a. ...e:::::------;:. ~ ~ ~ ~ ~ EO ;, 

COM, COMo COM, COMo COM, COMo COM, COMo 

LC D drive waveform (at 1/3 bias) 

• MITSUBISHI 
~ELECTRIC 
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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. If any ter
minal of port P2 has a "L" level applied, after bit 7 of the 
serial I/O mode register (SM 7 ) is set to "1", an interrupt is 

generated and the microcomputer is returned to the normal 
operating state. As shown in Figure 20, a key matrix can be 
connected to port P2 and the microcomputer can be re
tuned to a normal state by pushing any key. 

Port P3, 

The key on wake up interrupt is common with the INT2 in
terrupt. When SM 7 is set to "1", the key on wake up func
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT2 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (I) is "0" 
and SM 7 is "1", all of port P2 must be input "H" 

directional register 

I 
I 
I 
I 
I 
I 
I 

P3,/INT; 

P2, 

}-l-±----.grJ--~r_-- Port P3, data read circuit 

Port PXx 

Port P27 

directional 
register 

Port P2, 
directional reg Iter 

, "L" level output 

INT2 lnterrupt 

b---...J~P---- request signal 

Port P2 data read circuit 

Note 1 Pull-up tranSistor (mask option) 

Fig.20 Block diagram of port P2 and P32 , and example of wired at used key on wake up 

• MITSUBISHI 
"ELECTRIC 
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RESET CIRCUIT 
The M37415M4-XXXFP is reset according to the sequence 
shown in Figure .23. It starts the program from the address 
formed by using the content of address 3FFF16 as the high 
order address and the content of the address 3FFF16 as the 
low order address, when the RESET pin is held at "L" level 
for at least 8 rising edges of X,N while the power voltage is 
in the recommended oprating condition and the crystal 

Address 

(1) Port PO directional register (00E1,.)1 DO,. I 
(2) Port PI directional register (00E3,.) I DO,. 

(3) Port P2 directional register (00E5,.) I 00" 

(4) Port P3 directional register (00E9,.) I 00'6 

(5) DTMF register (00F4,.) 10101010 1 I 
(6) LCD mode register (00F5,.) 1 00,. 

(7) Serial 1/0 mode register (00F6,.) I DO,. 

(8) Timer 4, 5 mode register (OaFS,.) 10 101 01 a I I I I 
(9) Interrupt control register (OOFE,.)I 00,. 

00) Timer control register (OOFF,.) I 00,. 

(11) Interrupt disable flag for (PS) I I I 111 
processor status register 

(12) Program counter (PCH ) 
Contents of 

address 3FFF,. 

Contents of (PCel address 3FFE,. 

Note Smce the contents of both registers other than 
those listed above (mcludmg timers and the serial 
1/0 register) and the RAM are undefmed at reset, It 
IS necessary 10 sel mltlal values 

Fig.21 Internal state of microcomputer at reset 

Internal 

RESET 

SYNC 

Address 

Data 

8-12 clock cycles 

oscillator oscillation is stable and then returned to "H" level. 
The internal initializations following reset are as shown in 
Figure 21, regardless of the status before reset (including 
stop m.ode or wait mode). 
An example of the reset circuit is shown in Figure 22. 
When the power on reset is used and the reset is used 
while the X,N clock is stopped, the RESET pin must be held 
"L" unitil the oscillation of X,N-XOUT becomes stable. 

'M37415M4-XXXFP 

-- vee RESET 

29 17 

.. I f 
-'-- "1 

I 

Fig.22 Example of reset circuit 

Nole 1: Frequency relation of t(X,N ) and ¢ IS f(X,N) =4' ¢ 

2: The mark" ., " means that the address IS change

able dependmg upon the prevIous state 

Flg.23 Timing diagram at reset 
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I/O PORTS 
(1) Port PO 

Port PO is an 8-bit 1/0 port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E016• Port PO's directional register allows 
each bit to be programmed individually as input or out
put. The directional register (zero page address 
00E1 16 ) 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. 

(2) Port P1 
Port P1 has the same function as PO. 

(3) Port P2 
Port P2 has the same function as PO. Following the ex
ecution of STP or WIT instruction. P2 can be used to 
generate the "wake up mode". This mode is used to 
bring the microcomputer back in its normal oprating 
mode after being in the power-down mode. 

(4) Port P3 
Port P3 has the same function as PO execept that part 
of P3 is common with the serial 1/0 lines (ie output of 
timer 3, input/output of timer clock, and interrupt 
input). 

(5) Segment output (SEGo-SEG23) 
These ports drive and control the LCD segments. 

(6) Port P4 

Port P4 is an 8-bit input port which can be used as a 
LCD segment output port. ' 

(7) Common output (COMo-COM3) 

These port provides outP,ut drive and control for the 
LCD common lines. 

(8) Power supply for LCD (VL ) 

Supplies power to the LCD terminals. 
(9) INTl 

The INTl pin is an interrupt pin. The INTl interrupt re
quest bit (bit 7 of address 00FE16 ) is set to "1" when 
the input level of this pin changes from "H" to "L", This 
input level is read into bit 1 of the timer 4 and 5 mode 
register (address 00F816), 

00) INT2 (INT2/P32) 
The INT2 pin is an interrupt input pin common with P32. 
When P32's directional register is set for input ("0"), 
this pin can be used as an interrupt input. The I NT 2 in
terrupt request bit (bit 1 of address 00FE16 ) is auto
matically set to "1" when the input level of this pin 
changes from "H" to "L", 

(11) CNTR 

The CNTR pin is an 1/0 pin of timer 4 and 5. The input 
level is read into bit 0 of the timer 4 and 5's mode reg
ister (address 00F816), 
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Ports PO, P1 

Ports P2, P32 

Data bus 

Directional 
register 

MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Tr1 is pull-up transistor (mask option) 

Data bus -+---1 Port latch 

Ports P3o, P3" P3" P34 , P36 , P3, 

L-__ --' 

Interrupt control CircUit 

Directional 
register 

Data bus -~-1 Port latch 

Fig.24 Block diagram of ports PO~P3 
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1....-__ -' 

Tr3 IS pull-up transistor (mask option) 
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Port P3, CMOS output 

N-channel open drain output 

r--D~'~re-c~t,o-n-a~' -, 
register 

Data bUS~~-1_!P~o~rt~la~tc~h!""J-1---I------~~L-'" 

Port P4(SEG24-SEG3,) 

Tr4 IS pull-up transistor (mask option) 

Tr5 IS P-channel output transistor (mask option) 

VL 

Timing circuit ~ r 
+ 

CNTR 

Timer control 

Vec Vce 

T!4 (mask option) 

Vcc 

dTr6 (mask option) 

) 

-j~-O 
circuit and ~ 

~_ti_m_e_r_4_,5 __ ~~----~~~ 
Interrupt control clrcult----....J_ 

Flg.25 Block diagram of ports P3, P4, CNTR, and INT, 

COMMON OUTPUT 

VL -----..., 

ld Pch 

~PCh 

---:J 

~~ J1 Neh 

Fig.26 Block diagram of COM, SEG 

The Input signals of each 

transistor gates are controlled 

by duty ratio of LCD and ItS 

bias mode 

Tr6 IS pUll-Up transistor (mask option) 

SEGMENT OUTPUT 

~PCh 
J ~ SEG~SEG23 

-----.J Nch 

The voltage that IS supplied 
with source of P-channel and 

N-channel transistor IS 

controlled by bias mode 
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CLOCK GENERATING CIRCUIT 
The M37415M4-XXXFP has two internal clock generating 
circuit. Figure 29 shows a block diagram of the clock 
generating circuit. Normally, the frequency applied to the 
clock input pin X1N divided by four is used as the internal 
clock (timing output)<,6. Bit 7 of LCD mode register can be 
used to switch the internal clock<,6 to 1/2 the frequency ap
plied to the clock input pin XCIN' 

Figure 27 shows a circuit example using a ceramic (or 
cystal) oscillator. Use the manufacture's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input form the XIN (XCIN ) pin and leave the XOUT ( 

XcOUT) pin open. A circuit example is shown in Figure 28. 
The M37415M4-XXXFP has two low power dissipation mod
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
XIN clock and XC1N clock) stops with the internal clock <,6 
held at "H" level. In this case timer 1 and timer 2 are forc
ibly connected and <,6/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil
ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
("0") , timer 1 interrupt enable bit and timer 2 interrupt 
enablb bit must be set to disable ("0"), and timer 2 inter
rupt r~quest bit must be set to no request ("0"). 
Oscillation is resarted (release the stop mode) when INTI 
INT2, key on wake up or serial I/O interrupt is received. 
The interrupt enaable bit of the interrupt used to release 
the stop mode must be set to "1". When restarting oscilla
tion with an interrupt, the internal clock <,6 is held "H" unitil 
timer 2 overflows and is not supplied to the CPU. 
The microcomputer enters a wait mode when the WIT in
struction is executed. The internal clock, <,6 stops at "H" 
level, but the oscillator does not stop. <,6 is re-supplied (wait 
mode release) the microcomputer receives an interrupt. In
structions can be executed immediately because the OSCil
lator is not stopped. The interrupt enable bit of the interrupt 
used to reset the wait mode must be set to "1" before ex
ecuting the WIT instruction. 
Low power disspation operation is also achieved when the 
X1N clock is stopped and the internal clock <,6 is generated 
from the XC1N clock. X1N clock oscillation is stopped when 
the bit 6 of serial I/O mode register (address 00F616) is set 
and restarted when it is cleared. However, the wait time 
until the oscillation stabilizes must be generated with a 
program when restaring. An "L" level must be kept to the 
RESET pin until the oscillation stabilizes when resetting 
while the X1N clock is stopped. Figure 30 shows the transi
tion states for the system clock. 
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Flg.27 External ceramic resonator circuit 

M37415M4-XXXFP 

30 f 31 
External OPEN 

oscillating 
circuit 

Vee JlflIU1I 
Vss 

XC1N XCOUT 

25 f 26 
External OPEN 

oscillating 
circuit or 

external pulses 

Vee --, r--1 
Vss ~ ~ 

Flg.28 External clock Input circuit 



SM. ---',......--~ 

LM, 

XC1N XCOUT 

>----f 

SM. 

Q 

Unsystem clock 
operation SM. 

SM. 

LM, 

XOUT 

St-------.------Is 

R STP 
instruction 

WIT 
Instrucllon 

R 

Flg.29 Block diagram of clock generating circuit 

MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 
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Q 

count source 
selection TM, 

R 

Timing</> 
(Internal clock) 

Reset 

STP 
instruction 

INT, Interrupt enable 

INT, interrupt Request 

Timer 1 interrupt enable 

Timer 1 interrupt request 

Timer 2 interrupt enable 
Timer 2 Interrupt request 

Timer 3 Interrupt enable 
(or senal I/O) 

'-_--' Timer 3 Interrupt request 
(or serial I/O) 

INT, interrupt enable 

I NT, interrupt request 
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WIT instruction 

Interrupt 

[ 
~n~e~~~~lt J 
Se"alI/O 
Interrupt 

Timer Interrupt 
keyon wake up 

WIT instruction 

Interrupt 

WIT instruction 

Interrupt 

WIT instruction 

~ 

SMs=l 
(Note 2) 
SM.=l 

(LM.=l) 
LM,=l 

J ~~::~ LM.=O 
LM,=O 

SM.=O jSMS=O 

STP instruction ... 
Interrupt (Note 1) 

E 

[

External J interrupt 
Serial 1/0 
Interrupt 

key on wake up 

STP instruction ... 
Interrupt 

STP instruction ... 
Interrupt 

E STP instruction 

Interrupt 
Interrupt 

Note At the -end of STP Instruction, wait time occurs automatically by connection of timers 1 and 2 and changing sys

tem clock. This time is set by program. 

When SM. = 1 and unsystem clock is operated, walt time necessary by program until oscillation becomes 

stable. 

The case of example clock X=800kHz, clock Xc=32kHz 

Flg.30 External clock Input circuit 
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<An example of flow for system> 

Power on reset 
l 

Clock X oscillation 
l 

Internal system clock start (X -1/4- ¢» 
l __ 

Program start from RESET vector····· .. ·····Xc osclilation(SM.= I • SM.= I ) 
I 

I Normal program J -Operating at BOOkHz 

Clock for clock function Xc power down (LM.: 0 - I ) 
l 

Internal clock ¢> source switching X(BOOkHz)-XC<32. 76BkHz)( Lfvh : 0 - I ) 
l 

Clock X halt(Xc in operation)(SM.= 0 ) 
l 

Internal clock halt(WIT Instruction) 
l 

Internal clock operation start (WIT Instruction released) lTlmer I (clock count)overflow 

I Clock processing routine I - Operating at 32. 76BkHz 

I 
Internal clock halt (WIT Instruction) 

Interrupts from INT,. timer 2. timer 3 or serial 1/0, INT2 • Key On wake up 
l 

Internal clock operation start (WIT Instruction released) 
l 

Program start fr0"I interrupt vector 

Unsystem clock X oscillation start (SM.= 1 ) 
l 

Oscillation nse time routine (software) 

l 

-Operating at 32. 768kHz 

Internal clock¢>source sWitching Xc-X (LM7 : 1 -0) 
I 

I Normal program I -Operating at 800kHz 

STP Instruction preparation (pushing register) 

l 
Timer 1, and timer 2 Interrupt disable (TM. = 0, IM4 = 0 ) 

l 
Timer I count stop bit resettlng(TMs = 0 ) 

l 
Clock X and clock for clock function Xc halt (STP Instruction) 

I 

RAM backup status I 

Interrupts from INT, or senal 1/0, INTi. key on wake up 
l 

Clock X and clock for clock function Xc oscillation start 
l 

Timer 2 overflow (X/16 or Xc /8-tlmer I -timer 2 ) 
l 

Internal system clock start (X/4 or Xc/2-¢» 
l 

Program start from Interrupt vector 
I 

Normal program 
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MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

1. if>: X,N/4-XCIN/2 (timing diagrams are shown situation A-C. because there are three kinds of waveform by the timing) 

Situation A 

X,N 
I 

(1-LM7)R/W --, I I 
I I 
I I 

XC1N 
Ii ,: 
I I ¢ I l I 

I 
SYNC I 

Situatlo~ B 

X,N 

(1-LM7)R/W --, I 
I 

XC1N 
Ii 
I 

, 
if> 

: \ 
'SYNC 

~ __ ....Ir 
~ __________ .......Ir--

SYNC 

X,N 

(O-LM7 )R/W -------i;:==~-----------...... ------

SYNC ------------~--~" I 
Note 1,: The '''L'' period of the R/W signal is shown the wntltng timing of setting value to LM7 

2 : The delay of timing is Ignored 

Fig.31 Timing diagram of the changing system clock 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/(n+1). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modifications 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. 

(3) When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of the these timers are not changing or 
after timer 4, 5 count stop bit (bit 6 of address OOFS,s) 
is' set to "1". 
Also, when the timer 1, timer 2, or timer 3 is input the 
clock except 1/>/4 or it divided by timer, control the 
same as above. 

(4) 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 instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction, 

(6) When LCD turn-on bit (bit 3 of address 00F5,s) of the 
LCD mode register is "1", don't stop the timers or 
count source for timers, 

(7) The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in
struction, 

(8) Notes on controlling the clock generation circuit 
CD When system clock is changed X1N/4 to XCIN/2, set 

LM7 to "1" after oscillation is stable by the software 
in side of clock Xc. 

® When system clock is changed XcIN /2 to X1N/4, set 
LM7 to "0" after oscillation is stable by the software 
in side of clock X. 

@ When SMa is "0" or when LM7 is "0" and SMs is "0", 
LMs is automatically set to "0" by the hardware. 

@) When system clock selection bit (bit 7 of address 
OOF5,s) of the LCD mode register is "1", don't set 
SMa to "0". 

Just for reference, timing diagram of the changing system 
clock are shown in Figure 31. 

(9) In order to avoid noise and latch-~p, connect the fol
lowing external circuit. 

CD Connect a bypass capacitor (= O. l,u F) directly be
tween the Vcc pin and Vss pin using a heavy wire. 

® Connect a bypass capacitor (= O. l,u F) directly be
tween the VREF pin and Vss pin using a heavy wire, 

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

Write the following option on the mask ROM confirmation 
from 
• Port PO pull-up transistor bit (see the confirmation form) 
• Port P1 pull-up transistor bit (see the confirmation form) 
• Port P2 pull-up transistor bit (see the confirmation form) 
• Port P3 pull-up transistor bit (see the confirmation form) 
• Port P3a/SouT output type (see the confirmation form) 
• CNTR pin pull up transistor (see the confirmation form) 
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MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3~7 V 

V, Input voltage for LCD VL -0. 3~Vee+0. 3 V --

V, 
Input voltage POo-PO,. Plo-PI,. P2o-P2, 

-0. 3~Vee+0. 3 V 
P30-P3" SEG"-SEG,,, X,N 

V, Input voltage INT" CNVss, VR., -0.3~ 7 V 

V, Input voltage RESET, CNTR 
'---' I W,th respect to Vss -0.3-13 V 

Output voltage POo-PO" Plo-PI" P2o-P2, 

Vo P30-P3" COMo-COM" SEGo-SEG31 -0. 3~Vee+0. 3 V 

XO UT 

Vo Output voltage CNTR -O.3~7 V 

Pd Power dlsspation Ta = 25"C 300 rnW 

Topr Operating temperature -10~70 "C 

Tsto Storage temperature -40~125 "c 

RECOMMENDED OPERATING CONDITIONS (Vee~~ 2. 7-5.5V, Vss = OV, Ta = -1 0-70"C , unless otherwise noted) 

I Limits 
Symbol Parameter Conditions Unit 

MIn Typ Max 
--

Supply voltage( Note 1) 
f(X,N )=3.2MHz 4.5 5.5 

Vee 
~)(IN) =800kHz 

V 
2.5 5.5 

Vss Supply voltage 0 V 

VREF Supply voltage for DTMF __ RL~20kfl 1.5 Vee-0.5 V 

"H" onput voltage POo-PO" Plo·-PI" P3o, P3,(Note 2), 

V ,H P3,-P3,( Note 3) 0. 8Vee Vee V 
--

P4o-P4" RESET, X,N , CNVss 
~-

"H" Input voltage P2o-P2" P3" P3,(Note 4) 
V ,H 

iNT" CNTR 
0. 74Vee Vee V 

"L" onput voltage PO,-PO" Plo-PI" P3o, P3,(Note 2). 

VOL P3,-P3,(Note 3) 0 O. 3Vee V 

P4o-P4" CNVss 

VOL 
"L" Input voltage P2o-P2" P3" P3,(Note 4) 

INT" CNTR 
0 0. 2Vcc V 

V ,L "L" onput voltage RESET 0 0.1 2Vcc V 
----

V ,L "L" mput voltage XIN 0 0. 16Vce V 
-

IOH 
"H" output current POo ...... PO?, P1o ....... P17, P2o ...... P27 -2 rnA 

P3c-P3,(Note 5), Xour 

IOLcpeak) 
"L" peak output current POo-PO" Plo-PI" P2o-P2, 

10 rnA 
P30-P3,. CNTR, XouT(Note 6) 

-

IOLcavg) 
"L" average output current POO ....... P07, Plo-Ph, P2o--....P27 

5 rnA 
P30-P3" CNTR, XouT(Note ?) 

f(X,N ) 

f(XeIN ) 

Note 1 
2 
3 
4 

5 
6 
7 
8 
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Clock oselliatong frequency(Note 8) 
Vec=4. 5~5. 5V 

Vcc=2. 5~5. 5V 

Clock oscillating frequency for clock functIOn 

When only malntaonong the RAM data mInImum value of Vee IS 2V 
When using port P3, as XeIN , O. 85Vee~ V'H~ Vee, O~VIL~O. 15Vee for port P3, 
In this case of using port P3, as normal input. 

380 3300 

380 1000 
kHz 

32 50 kHz 

In thIS case of using port P36 as ClK onput EspecIally when the input oscIllatIon frequency IS more than 50kHz, recommend the following: 
O. 8Vee~ V'H~ Vee, O~VIL~O. 2Vee· 
The total of 10H of port PO, P1, P2, P3, XOUT should be 35mA max 
The total of 10L(peak) of port PO, P1, P2, P3 should be 55mA max, and the total of IOLcpeak) of port P3, CNTR and XOUT should be 45mA max 
10Lcavg) is the average current in lOOms 
When using DTMF functIon, f(X,N ) should be 400kHz, 800kHz, 1. SMHz, or 3. 2MHz 

• MITSUBISHI 
"ElECTRIC 



~ITSUBISHI MICROCOMPUTERS 

M3741SM4·XXXFP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

ELECTRI,CAL CHARACTERISTICS (Vss = OV, T a =-10-70"C, unless otherwise noted) 

Symbol Parameter Test conditions 

"H" output voltage POo-po" Pl.-PI" P20-P2, Vcc-5V, IOH--2mA 
VOH P30-P3,(Note I )(Note 2) Vcc=3V, IOH=-O. 7mA 

Vcc=5V, IOH=-1. 5mA 
VOH "H" output voltage Xour 

Vcc=3V, IOH=-O. 3mA 

"L" output voltage POo-PO" P1.-P1" P2.-P2, Vcc-5V,loL-l0mA 
VOL P30-P3,(Note 2), CNTR Vcc-3V, IOL -3mA 

Vcc-5V, IOL -1. 5mA 
VOL "L" output voltage Xour 

Vcc-3V, IOL -0. 3mA 

Hysteres,s INT" CNTR 
Vcc=5V 

Vr+-Vr-
Vcc=3V 

When used as Vce=5V 
Vr+-Vr - HysteresIs P36 

elK input Vee-3V 

When used as Vce-5V 
Vr+-Vr - Hysteres,s P3, 

Xe'N input Vce-3V 

Vce=5V 
Vr+-Vr - Hysteres,s P2.- P2" P3, 

Vec=3V 

Hysteres,s RESET 
Vec=5V 

Vr+-Vr -
Vcc=3V 

Vcc-5V 
Vr+-Vr - HysteresIs X.N 

Vcc-3V 

"L" ,nput current SEG24-SEG31( Except reset state) Vcc=5V, V,=OV 
I'L iPO.-PO" P1.-PI" P2.-P2" P3.-P3,1 

W,thout pull-up Tr INT" RESET, X'N Vcc=3V, V,=OV 

"L" ,nput current ipo.-po" PI.-P1" P2.-P2, Vee=5V, V,=OV 
I'L P30-P3" CNTRI W,th pull-up Tr Vec=3V, V,=OV 

"L" Input current SEG'4-SEG3' (at reset state) 
Vcc=5V, VL-5V, V,=OV 

I'L Vcc-3V, VL -3V, V,-DV 

"H" ,nput current SEG,,-SEG3,(Except reset state) Vce=5V, V,=5V 
I'H PO.-Po" P1.-P1" P2.-P2, 

P30-P3" INT" RESET, X'N Vec=3V, V,=3V 

Vcc=5V, VL =5V, V,=5V 
I'H "H" Input current SEG24 ....... SEG31 (at reset state) 

Vcc=3V, VL =3V, V,=3V 

f(X'N)=3.2MHz :~r~T~~ave 

Vcc=5V at DTMFwave 
c: form stoo 
a f(X,N)-800kHz at DTMFwave 

Output p,ns are opened ~ form outout 

RESET, PO.-PO" Vcc=3V at DTMFwave 
CD form stoo a. 

P1.-P1" P2.-P2" 0 T a=25"C, X'N=O~ Vce=5V 
and P30-P3, are :( f(XCIN)=32.8kHz 

at low power mode 

connected to Vee (LM 6=1l Vcc=3V 

Icc Supply current 
Except the above pinS CI) f(X'N)=3. 2MHz, Vcc=5V 
are connected to Vss ~ f(X'N)-800kHz, Vcc=3V 
However, X1N and XCIN are a Ta-25"C, X'N-OV Vcc=5V mput signal according to 3: f(XC'N)=32.8kHz 
the conditions :( 

at low power mode 
( LM6=1) Vcc=3V 

a. f(X'N)=O Ta=25"C OCD 
1i51a f(XC'N)=O <0 Vcc=5V Ta=70"C 

Vce=VL =5V,Y, bias 
IL VL current 

VCC-VL -3V,Y, bias 

VcC=5V,VREF=4.5V 
IREF VREF current 

Vce=3V,VREF=2.5V 

VRAM RAM retention voltage I(X'N)=O, f(XC'N)=O 

Note Except when the output type of P3, ,s N-channel open drain (mask opt,on) 
II P3. ,s used as Xcour, capab,lIty of load driving 's lower than the above 

Limits 
Unit 

M'n Typ Max 

3 

2 
V 

3 

2 
V 

2 

1 
V 

2 

1 
V 

0.25 1 

0.15 0.7 
V 

0.5 

0.4 
V 

0.7 

0.5 
V 

0.5 

0.4 
V 

0.5 0.7 

0.35 
V 

0.5 

0.35 
V 

-5 
Jl.A 

-4 

-30 -70 -140 

-6 -25 -45 
Jl.A 

-30 -140 

-6 -45 
Jl.A 

5 
Jl.A 

4 

5 

4 
Jl.A 

4 8 

3 6 

0.8 1.5 
mA 

0.5 1.0 

45 
Jl.A 

18 

1 

0.3 
mA 

20 60 

4 12 

0.1 1 
Jl.A 

10 

10 25 

6 15 
Jl.A 

100 200 

60 120 
Jl.A 

2 5.5 V 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DTMF CHARACTERISTICS (Vss = OV, Ta =-10-70'C, unless otherwise noted) 

Symbol 

VOT 

dBcA 
DIS 
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Parameter Test conditions 

High frequency Vcc=5V, VAEF=4,5V, 
band group Vcc=3V, VAEF=2,5V, 

Output voltage Tone 
Vcc-5V, VAEF-4,5V, Low frequency 

band group Vcc=3V, VAEF=2,5V, 
Output ratio of high frequency band to low frequency band RL =20kO 
Disportional percentage RL =20kO, Ta=25'C 

• MlTSUBlSHI 
"'ELECTRIC 

Limits 
Untt 

Min Typ Max. 

RL =20kO 470 490 510 
RL =20kO 257 270 283 
RL -20kO 325 345 365 

mVrms 

RL =20kO 177 190 203 
2.5 3 3.5 dB 

13 % 


