M37410M3-XXXFP,M37410M4-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

M37410M6-XXXFP

DESCRIPTION

The M37410M3-XXXFP is a single-chip microcomputer de-
sighed with CMOS silicon gate technology. It is housed in a
80-pin plastic molded QFP. This single-chip microcomputer
is useful for business egquipment and other consumer ap-
plications.

In addition to its simple instruction set, the ROM, RAM, and
1/0 addresses are placed on the same memory map to en-
able easy programming.

This microcomputer is also suitable for applications which
require controlling LCDs.

The difterences among the M37410M3-XXXFP, the
M37410M4-XXXFP and the M37410M6-XXXFP are noted
below. The following explanations apply to the M37410M3-
XXXFP. Specification variations for other chips are noted
accordingly.

Type name ROM size RAM size
M37410M3-XXXFP 6144 bytes 192 bytes
M37410M4-XXXFP 8192 bytes 256 bytes
M37410M6-XXXFP 12288 bytes 256 bytes

FEATURES
® Number of basic instructions:-«-------rorrrereeeeenns 69
® Memory size

ROM -orvveverrenenenn 6144 bytes (M37410M3-XXXFP)

{
8192 bytes (M37410M4-XXXFP)
12288 bytes (M37410M6-XXXFP)
RAM:--orveerreniais 192 bytes {M37410M3-XXXFP)
256 bytes (M37410M4-XXXFP,
M37410M6-XXXFP)

® |Instruction execution time (minimum instructions)

at high-speed mode -+ =rrrerrmern 1us
at IOW_Speed mode ......................................... 4#8
® Single power supply -
f(X.N)=8MHZ .......................................... 4.5~55V
f(X|N)=2MHZ .......................................... 2 5~55V

® Power dissipation
normal operation mode (at 8MHz frequency)
........................................ 30mwW (VGC=5V: Typ.)
low-speed operation mode (at 32kHz frequency for
clock function)««««toereerireeeas 544 W (Vee=3V, Typ.)

® RAM retention voltage (stop mode)

............................................... 20V§VRAM§55V
® Subroutine nesting «+------- e 96levels (Max.)
@ Interrupt: oo 10types, Svectors
® B8-bit timer - 4 (3 when used as serial 1/0)
® 16-bit timer 1 (Two 8-bit timers make one set)
® Programmable 1/0 ports

(POI’tS PO, p-lv p2, psY p5) ................................ 40
® Input poﬂ (POI"[ p4) ................................................. 4
® Serial I/0O (8-bit) .................................................. SR |
® A-D converter: oo 8-bit, 8channel

PIN CONFIGURATION (TOP VIEW)

SEGo/IN, = — COM,
SEGao/INg + — COM,
SEGoy/IN, « 3] — COM,
SEGg/IN, « [2] -V,
SEGaa/INg +> -V,
AVgg 4 Vi
Voer — & )
Voo & - P2,
P5;/PWM3 += 3] b= -~ P2,
PSs/PWM2 < [0 4 P2,
P55/PWM1 +-[11] & ~ P2,
P5,/PWMO0 + x s P2,
P5,/SIG += & — P2,
PS3/CNT, += 1] o -~ P2,
P5,/CNT, = [i5] b4 < PO,
PS5q/INT 3 < [15] - PO,
P37/Sapy ++ PO,
P36/CLK ++[1§] “+ PO,
P35/Sour ++ {1 « PQ,
P24/ S+ (3] [~ PO,
P i3 P2 3|6 XD €D 0 | Feslfad]
R IR TR 70 S O TR 2 5 5 45 3 38 254
[ O R A O M
Srodsshssfiadancats
ESSw - 2w x
SaS Qo
ae g
o

Outline 80P6S

® LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty)
Segment output .................................................. 24
common Output .................................................... 4
® Two clock generating circuits
(One is for main clock, the other is for clock function)

APPLICATION
Audio-visual equipment,
Remote contral,
Camera
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M37410M3-XXXFP,M37410M4-XXXFP

M37410M6-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP,M37410M4-XXXFP

M37410M6-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONS OF M37410M3-XXXFP

Parameter

Functions

Number of basic instructions

69

Instruction execution time

1425 (minimum instructions, at BMHz frequency).

Clock frequency

8MHz (at Vec=5VE10%)

ROM &144bytes
M37410M3-XXXFP
RAM 192bytes
RCOM 8192bytes
M37410M4-XXXFP
Memory size RAM 256bytes
ROM 12288bytes
M37410M6E-XXXFP
RAM 256bytes
RAM for display LCD 12bytes
PO, P1, P2, P3, PS5 170 8-bitX5
P4 Input 4-bitX1 (port P4 are in common with SEG)
Input/Qutput port -
SEG LCD output 24-bitX1
COM LCD output 4-bitxX1
Serial 1/O 8-bitX1
8-bit timerX 4
Timers
1B-bit timerX1 { combination of two 8-bit timers)
Bias 1/2, 1/3 bias selectable
Duty ratio 1/2, 1/3, 1/4 duty selectabie

LCD controlier/driver
Common output

4

Segment output

24 (SEG12~S5EGg are in common with port P4 and analog input pins IN;~INg)

Subroutine nesting

96 (max)

interrupt

Theee external interrupts, three timer interrupts, serial /0 interrupt,
A-D interrupt, key on wake up, one software interrupt

Clock generating circuit

Two built-in circuits {ceramic or quartz crystal oscillator )

Operating temperature range

—20~75T

Device structure

CMOS silicon gate

Package

80-pin plastic molded QFP

2—370
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MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP,M37410M4-XXXFP
M37410M6-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

" Input/ _
Pin Name Functions
Output

Vee: Supply voltage Power supply inputs 5¥110% to Vee, and OV to Vgs.

Vss

CNVgs CNVgs This is connect to Vgs.

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L" for more than 164s (under normal Vcc
conditions). If more time is needed for the crystal oscillator to stabilize, this “L" condition should be main-
tained for the required time.

Xin Clock input input These are 1/0 pins of internal clock generating circuit for main clock. To control generating frequency, an
external ceramic or a quartz crystal oscillator is connected between the Xy and Xout pins. If an external

XouT Ciock output Output clock is used, the clock source should be connected the X pin and the Xoyr pin should be left open.

INT, Interrupt input Input This is the highest order interrupt input pin.

AVss Voltage input for A-D This is GND input pin for the A-D converter.

Vaer Reference voltage Input This is reference voltage input pin for the A-D converter.

input

P0g—~P07 | 170 port PG [I{e] Port PO is an 8-bit 170 port with directional registers allowing each 1/0 bit to be individually programmed as
input or output. At reset, this port is set to input mode. The output structure is CMOS output.

P1g~P1; | 1/0 port P1 170 Port P1 is an 8-bit 1/0 port and has basically the same functions as port PO, but the output structure is N-ch
open drain.

P2,~P2; | 1/0 port P2 I{e] Port P2 is an 8-bit I/O port and has basically the same functions as port PO and also works as the key on
wake up function with mask option.

P3,~P3; | ¥O port P3 WO Port P3 is an 8-bit I/O port and has basically the same functions as port P1. When serial 1/0 is used, P3;,
P3g, P35, and P3, wark as Spoy, CLK, Sour, and Siy pins, respectively. Also P3;, P3;, P3;, and P3, work as
timer 4 overflow signal divided by 2 output pin (T), INT, pin, Xain and Xcour pins, respectively.

SEG,2/P4; | Segment output Output SEG:,~SEGs work as input port P4 and also used by 2-bit unit as LCD segment cutput.

§ /Input port P4 /

SEGs/P4g Input

P5o~P57 | 1/O port PS5 170 Port P5 is an 8-bit I/0 port and has basically the same function as P1. P5y, P5;, PS5, and P53 are in common
with INT3, timer3 input, timer5 input and A-D trigger input respectively. P54~ P5; are also in common with
PWMO~PWM3,

VL1~V s | Voltage input for LCD Input These are voltage input pins for LCD. Supply voltage as V=V, SViaSVi3S Ve 0~V 3V is supplied to
LCD.

COMp~ | Common output Output | These are LCD common output pins. AL 1/2 duty, COM; and COM; pins are not used. At 1/3 duty, COMs is

COM, not used.
SEG,~ Segment output Output | These are LCD segment output pins.
SEG,

SEG¢/IN;7 Segment output /O SEGs~ SEG23 work as analog input pins IN7~INg.

§ /Analog input SEGs~ SEGyg are used by 2-bit unit and SEGz~SEG23 by 4-bit unit.

SEG2s/INg

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP,M37410M4-XXXFP

M37410M6-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M37410M3-XXXFP is shown in
Figurei. Addresses 28004 to 3FFF,¢ are assigned for the
built-in ROM area which consists of 6144 bytes. Addresses
2000, to 3FFF,s are assigned for the built-in ROM area
which consists of 8192 bytes for M37410M4-XXXFP.
Addresses 1000,¢ to 3FFF,; are assigned for the built-in
ROM area which consists of 12288 bytes for M37410M6-
XXXFP. Addresses 3F00,5 to 3FFF,¢ are a special address
area (special page). By using the special page addressing
mode of JSR instruction, subroutines addressed on this
page can be called with only 2 bytes. Addresses 3FF4,4 to

3FFF,¢ are vector addresses used for reset and interrupts
(see interrupts chapter). Addresses 0000,5 to 00FF,s are
the zero page address area. By using zero pege addres-
sing mode, this area can also be accessed with 2 bytes.
The use of these addressing methods will greatly reduce
the object size required.

The RAM, IO port, timer, etc. addresses are already
assigned for the zero page. Addresses 00005 to 00BF ¢
are assigned for the built-in RAM which consists of 192
bytes. Addresses 0000, to 00BF,¢ and 0100, to 013F,4 are
assigned for the built-in RAM which consists of 256 bytes
for M37410M4-XXXFP and M37410M6-XXXFP. This RAM is
used as the stack during subroutine calls and interrups, in
addition to data storage.

ROM
(12288 bytes)
for
M37410M6
-XXXFP

<

ROM
(8192 bytes)
for
M37410M4
-XXXFP

Zero page

ROM
(6144 bytes)
for
M37410M3
-XXXFP

00006

RAM
(192 bytes)

RAM
for {
LcD

(12 bytes)

00BF¢

00CB.

00E0¢

RAM
(64 bytes)
for
M37410M4
-XXXFpP
M37410M6
“XXXFP

0100,

013F¢

1000,

2000,

280045

3F00+¢

Special
page
for
subroutine
call

3FFd,q

3FFFyg

Decimal
0

Port PO
Port PO
Port P1
Port P1

//00E0|5
s 00E1g
00E2+

diractional
ragister

directional
register

00E34g
/ 00E4 g

Port P2

ditectional

Port P2 register

00ESs
00ES6+¢

Nat used /

00E7,¢
Port P3

00EB14
S ———3westor]
O0E9q | Port P83 fosiar™

00EA¢ | Port P4

\ Trterrupt request
(X)EB|5 distinguish register 1

\ 00EGs | Port P5

=TT
Not used \ 00EDs| POt P5  fomcio®
\ 00EE,¢

P2 Key on wakeupregister
\ OOEF,¢ | A-D register

! [TrierrapT regquast
\ 00F0s6 | Jictingnis ragister 2
\ Q00F14¢ | Timer 6 latch

\ 00F24¢ | A-D contral register
\ 00F 346 | PWM control register

\ 00F4,¢ | Segment control register
\ Q0F546 | LCD mode register
\ 00F 845 | Serial 170 mode register
\ 00F746 | Serial 170 register
\ 00F84¢ § Timer 4, 5, 6 mode register
00F9,¢ | Timer 1 latch

fagress L Timer 6 or A-D 00FA;g { Timer 2 latch

ﬁgg:gzg ,_'; Timer 3 or INT, \ O00FBy Timer 3 latch

Address L
Address H
dress L
Address !E
Address
Address H
ress

Timer 4 latch
Timer 5 latch
Interrapt control register

INT5 or Key onwake up \
Sera O ortimer2
INT,

00FC1e
00FDyg
\' 00FE,

RESET 00FF,¢ | Timer control register

16383

Address H

Fig. 1

Memory map
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MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP,M37410M4-XXXFP

M37410M6-XXXFP

SINGLE-CHIP 8-8IT CMOS MICROCOMPUTER

CENTRAL PROCESSING UNIT (CPU)

The CPU consists of 6 registers and is shown in Figure2.

ACCUMULATOR (A)

The 8-bit accumulator (A) is the main register of the micro-
computer, Date operations such as data transfer, input/out-
put, etc., is executed mainly through the accumulator.

INDEX REGISTER X (X)

The index register X is an 8-bit register. In the index regis-
ter X addressing mode, the value of the OPERAND added
to the contents of the index register X specifies the real
address. When the T flag in the processor status register is
set to “1”, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)

The index register Y is an 8-bit register. In the index regis-
ter Y addressing mode, the value of the OPERAND added
to the contents of the index register Y specifies the real
address. :

7 0
A Accumulator
7 0
X Index register X
7 ]
Y Index register Y
7 a
§ Stack pointer
15 7 0
PC,, (Note) PG Program counter

Note :@ PCy uses 6 bits only.

7 0

Niv|TIB]DYJ I | 2Z]|C |Processor status register

\— Carry tlag

Zero flag

Interrupt disable flag

Decimal mode flag

L Breaktlag

Index X mode flag

Overflow flag

Negative flag

Fig. 2 Register structure

S



MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP,M37410M4-XXXFP

M37410M6-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

STACK POINTER (S)

The stack pointer is an 8-bit register that contains the
address of the next location in the stack. It is mainly used
during interrupts and subroutine calls. The stack pointer is
not automatically initialized after reset and should be initiai-
ized by the program using the TXS instruction.

When an interrupt occurs, the higher 8-bit of the program
counter is pushed into the stack first, the stack pointer is
decremented, and then the lower 8-bits of the program
counter is pushed into the stack. Next the contents of the
processor status register is pushed into the stack. When
the return from interrupt instruction (RTI) is executed, the
program counter and processor status register data is pop-
ped off the stack in reverse order from above.

The accumulator is never pushed into the stack automati-
cally, so a push accumuiator instruction (PHA) is provided
to execute this function. Restoring the accumulator to its
previous value is accomplished by the pop accumulator in-
struction (PLA) . It is executed in the revese order of the
PHA instruction.

The contents of the processor status register (PS) are
pushed and popped to and from the stack with the PHP
and PLP instructions, respectively.

During a subroutine call, only the program counter is
pushed into the stack. Therefare, any registers that should
not be destroyed shoutd be pused into the stack manually.
To return from a subroutine call, the RTS instruction is
used.

PROGRAM COUNTER (PC)

The 16-bit program counter consists of two 8-bit registers
PCy and PC_. The program counter is used to indicate the
address of the next instruction 1o be executed.

PCy is used 6 bits.

. PROCEE‘;SOR STATUS REGISTER (PS)

The 8-bit PS is composed entirely of flags used to indicate
the condition of the processor immediately after an opera-
tion. Branch operations can be performed by testing the
Carry flag (C) , Zero flag (Z), Overfiow fag {V) or the
Negative flag (N) . Each bit of the register is explained
below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. It is also changed by the shift
and rotate instructions. The set carry (SEC) and clear carry
(CLC) instructions allow direct access for setting clearing
this flag.

2. Zero flag (2)
This flag is used to indicate if the immediated operation
generated a zero result or not. If the result is zero, the zero

flag will be set to “0”. if the result is not zero, the zero flag
will be set to “1”.

3. Interrupt disable flag (1)

This flag is used to disable all interrupts This is accom-
plished by setting the flag to “1”. When an interrupt is
accepted, this flag is automatically set to“1” to prevent fram
other interrupts until the current interrupt is completed. The
SEl and CLI instructions are used to set and clear this flag,
respectively.

4. Decimal mode flag (D)

The decimal mode flag is used to define whether addition
and subtraction are executed in binary or decimal. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is “0”, the operations are ex-
ecuted in binary. Decimal correction is automatically ex-
ected. The SED and CLD instructions are used to set and
clear this flag, respectively.

5. Break flag (B)

When the BRK instruction is executed, the same operations
are performed as in an interrupt. The address of the inter-
rupt vector of the BRK instruction is the same as that of the
lowest priority interrupt. The contents of the B flag can be
checked to determine which condition caused the interrupt.
¥ the BRK instruction caused the interrupt, the B flag will
be “1”, otherwise, it will be"0".

6. Index X mode flag (T)

When the T flag is “1", operations between memories are
executed directly, without passing through the accumulator.
Operations between memories involving the accumulator
are executed when the T flag is “0” (i.e., operation resuits
between memories 1 and 2 are stored in the accumulator).
The address of memory 1 is specified by the contents of
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and CLT instructions
are used to set and clear the T flag, respectively.

7. Overflow flag (V)

The overflow flag functions when one byte is added or sub-
tracted as a singed binary number. When the result ex-
ceeds +127 or —128, the overflow flag is set to “1”. When
the BIT instruction is executed, bit 6 of the memory Iocation
is input to the V flag. The overflow flag is clear by the CLV
instruction and there is no set instruction.

8. Negative flag (N)

The negative flag is set whenever the result of a data trans-
fer or operation is negative (bit 7 is “1"). Whenever the BIT
instruction is executed, bit 7 of the memory location is input
to the N flag. There are no instructions for directly setting or
clearing the N flag.

_ MITSUBISH!
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MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP, M37410M4-XXXFP

M37410M6-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPT

The M37410M3-XXXFP can be interrupted fromten sources;
INT,, Timer 2 or Serial /0, INT; or Key on wake up, INT;
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 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, as discussed in
the stack pointer section, and the interrupt disable flag (1)
is set, and the program jumps to the address spegcified by
the interrupt vector, and the interrupt request bit of the in-
terrupt control register or timer control register is cleared
automatically. The reset interrupt is the highest priority in-
terrupt and can never be inhibited. Except for the reset in-
terrupt, all interrupts are inhibited when the interrupt dis-
able fiag is set to “1”. All of the other interrupts can further
be controlled individually via the interrupt control register
shown in Figure 3. An interrupt is accepted when the inter-
rupt 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 INT,, INT, or INT; pins go from “H" to “L” or
“L" to “H”

(2} When the levels any pin of P2 goes “L"{at power down
mode)

(3) When the contents of timer 2, timer 3, timer 6 or the
counter of serial 170 goes “0”

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.

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 timer6

or A-D, interrupt have the same vectored address, the con-

tents of the B flag must be checked to determine if the

BRK instruction caused the interrupt or if timer 6 or A-D

generated the interrupt.

Table 1. Interrupt vector address and priority.

Interrupt Vector address
RESET 3FFF,6, 3FFEss
INT, 2 3FFDj6, 3FFCy6
Serial 1/0 or timer 2 3FFB4g, 3FFA¢
INT; or key on wake up 3FF9y6. 3FF8ys
INT, or timer 3 3FF7,6, 3FF64s
Timer 6 or A-D (BRK) 3FF5,5, 3FF4,6

Priority

[« RS NN N

pt request disting register 1 (00EB,s address)

Key on wake up register
{00EE, address)

Bit 7 of timer control register

Interrupt

requeslt - interrupt disable flag 1

Reset

Bit 7 ! Serial 1/0 interrupt request bit
Bit6 . Serial /O interrupt enabie bit
Bil5  Timer 2 interrupt request bil
Bitd : Timer 2 interrupt enable bit
Bit3 : INT; interrupt request bit

Bit2 | INT; interrupt enahle bit

Bit1 . Timer 3 interrupt request bit
Bit0 : Timer 3 interrupt enabte bit

Interrupt request distinguish registar 2 (00F0,s address)
Bit5 . INT; interrupt request bit
Bit4 [ INT, interrupt enable bit
8it3 | A-D inerrupt request bil
Bit2 | A-D interrupt enable bit
Bit1 ' Timer 6 interrupt request bit
Bit0 : Timer § interrupt enable bit

Interrupt control register (00FE ¢ address)

Bit7 [ INT, interrupt request bit

Bit6 : INT, interrupt enable bit

Bit5 | INT, or key on wake up interrupt request bit
Bit4 ! INT, or key on wake up interrupt enable bit
Bit3 . INT; or limer 3 intarrupt request bit

Bit2 I INT; or timer 3 interrupt enabie bit

Bit1 [ Timer 6 or A-D interrupt request bit

Bit0 : Timer 6 or A-D interrupt enabie bit

Timer control register (G0FF,s Address)
Bit7 : Serial I/0 or timer 2 interiupt request bit
Bit6 : Serial 1/O or timer 2 interrupt enable bit

Fig. 3 Interrupt control

KR
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MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP,M37410M4-XXXFP

M37410M6-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMER

The M37410M3-XXXFP has six timers; timer 1, timer 2, tim-
er 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
00FF,s), 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 00EB.s and
00F0,¢ 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 (00F8, 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 P3, by selting the bit
4 of the serial 1/0 mode register (00F6,s 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 ¢/4.
When the bit 6 of PWM control register (00F3,5 address) is
“1", the timer6 overflow singnal divided by 2 is output from
CNT, pin {common with P5,).

(2) Event Counter Mode

The count source is input from the CNT, pin. The count de-
cremented each time the input goes from “L” to “H”.

(3) PWM Mode

As shown in Figure 7, the output wave is controlled by the
contents of the timer latch of timer 5 and 6.

PWM output can choeose among PWMO, PWM1, PWM?2 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 shouid be 8us.

After a STP instruction is executed, timer 2, timer 1, and the
clock (gdivided 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
“17, or if the system is reset. Before the STP instruction is
executed, bit 7 of the interrupt request distinguish register2
(timert count stop bit), bit 5 of the interrupt request dis-
tinguish register1, and bit 6 and bit 7 of the timer control

register must be set to “0” (prohibition). And also bit 4 of
the interrupt request distinguish registert must be set to
“17. For more details on the STP instruction, refer to the
oscillation circuit section.
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Data bus
IF2, [ Timerllatch(8) |
IB r—e Overflow flag
] Timer 1 (B) '} {%}—-— LCDCK
™, | —Y R
[+]
Select gate : at reset, shaded side is connected. | Timer2iatch (8) |
' !
A . Timer 2 (8) —= Timer 2 interrupt request bit
IF2 : Interrupt request distinguish register 2 T™, X )
TM . Timer control register
TC : Timer 4, 5, 6 mode register TMs [ Timer3‘Iatch ) ]B
WC . PWM control register TM, IF2q {
SM . Serial |/0 mode register , ,i Timer 3 (8) Ir | Timer 3 interrupt request bit
P5,/CNT, . s
P3s/Scwx De— A
sM, SMp
ynchronous cl l—-l Serial I/0 counter }— [—> Serial /0 interrupt request bit
SM; SM; sM
P3s/Sour Q P
P3./Sin —1{  Serial /0 register
SM; X PR
P&/Snov‘q— {—"-88—
T
TC, L |mer4£atch ® | —{}—> Overflow flag
—&—L Timer 4 (8) } 172
SM, ~ 4B
Pay/T—< :
Timer 5 latch (8) |
!
P5;/CNT, Timer 5 (8) 1
N
8 sQ
R
L B
Timer 6 Iatch ® |
Tnme:B T Timer 6 interrupt
WG, TCe J‘b" AN request bit
P5,/PWMO 8
WC, |/ -
P5s/PWM1
WC,
P5g/ PWM2
WC,
P5;/PWM3
Fig. 4 Block diagram of timer 1 through 6
MITSUBISHI 2—377

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP,M37410M4-XXXFP
M37410M6-XXXFP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Timer control register
(Address 00FF,q)

I—L Processor mode bit

Q0 : Single-chip mode
01 © Not used
10 ¢ Not used
11 ¢ Not used

Timer 1 count source selection bit
0 : pdivided by 4
1 I Clock for clock tunction (Xein)

Timer 2 count source selection bit
@ I Timer 1 overflow
1 = Clock tor clock function (Xc)

Timer 3 count source selection bit
00 : g divided by 4
01 - Timer 2 overflow
10 Z CNT, input

Serial 170 or timer 2 interrupt enable bit
0 Interrupt inhibit
1 * Interrupt enable

Serial 1/Q or timer 2 interrupt request bit
0 : No interrupt request
1 I With interrupt request

Fig. 5 Structure of timer control register

Timer 4,5,6 mode register
{Address 00F8,s)

L INT, input polarity selection bit
0 : Interrupt request by falling edge
1 . Interrupt request by rising edge
INT; input polarity selection bit
0 Interrupt request by fatling edge
1 I Interrupt request by rising edge
INT, input polarity selection bit
0 : Interrupt request by falling edge
1 Interrupt request by rising edge
Timer 4 count stop bit
0 ! Count start
1 : Count stop
Timer 4 overfiow bit
0 ! No timer 4 overflow
1 . With timer 4 overllow

Timer 5,6 mode bit
00 : Timer mode
01 ! Event counter iode
10 : Pulse width measurement mode (count source ¢/4)
11 ! Pulse width measurement mode (count source is overflow of timer 4)

Timer 5,6 count stop bit
0 : Count start
1 : Count stop

Fig. 6 Structure of timer 4,5,6 mode register
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PWM

M37410M3-XXXFP has a pulse width modulated (PWM)
output control circuit connecting with timer5 and timer6.

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

PWM )
wave form | timer "-"__le timer 5

timer 5+timer 6

Fig. 7 PWM rectanguiar wave form

EEEEE

PWM control register

{00F3,; address)

P5,/PWMO selection bit
0:.P5,
1 PWMO
P5s/PWM1 selection bit
0 PS5,
1 PWMI1
P5,/PWM2 selection bit
0. P5
1! PWM2
P5,/PWM3 selection bit
0:P5;
1: PWM3
P5,3/SIG selection bit
0:P5;
1:81G
Timer 1 overtlow flag

- P5,/CNT; selection bit

0:P5,
1:CNT;

Fig. 8 Sturcture of PWM control register
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SERIAL 1O

The block diagram of serial 1/0 is shown in Figure 9. In the
serial 1/0 mode the receive ready signal (Sgpy), synchro-
nous input/output clock (CLK). and the serial 1/0 {Soyr,
Sy} pins are used as P3;, P3s, P3s, and P3,, respectively.
The serial 1/0 mode register (address 00F6,4) 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 P3¢ 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 ¢ divided by 4 becomes the clock.
Bits 2 and 3 decide whether parts of P3 will be used as a
serial /0 or not. When bit 2 is “1”, P35 becomes an 1/0 pin
of the synchronous clock. When an internal synchronous
clock is selected, the clock is output from P3g. If the exter-
nal synchronous clock is selected, the clock is input to P3s.
And P35 will be a serial output and P34 will be a serial in-
put. To use P3, as a serial input, set the directional register
bit which corresponds to P3,, to “0”. For more information
on the directional register, refer to the |/O pin section.

To use the serial I/0, bit 2 needs to be set to “1”, if it is “0”
P3¢ will function as a normal 1/O. Bit 3 determines if P3; is

Divider

tnternal
il
SRDV /‘
P, (O W 1

From internal clock

divided by 4 or
timer 2 or CNT, input

Prescaler

(Address 00FB,s)

Interrupt request
distinguish register 1

=
172}

Sync.
cricuit

A

!

Seria! 170 counter {3)

Transfer ciock

Interrupt request
distinguish register 1

~ MSB Serial /0 register (8) LSB]J

(Address 00F7,e) il

f Data bus J

LI ]

[

] l l Serial IO mode register
(Address 00F5¢)

Synchronous clock selection bit
00 :
'y External clock

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

Serial 1/0 port selection bit (P35, P3g)
0 I Normai 1/0 port
1 Serial I/O port

Sgpy Signal output selection bit (P3;)
0 ! Normal I/G port
1 ! Sgov signat output pin

Fig. 9 Biock diagram of serlat 1/0
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used as an output pin for the receive data ready signal (bit
3="1", Sppy) Or used as a nomal I/O pin (bit 3="0").

The function of serial /O differs depending on the clock
source; external clock or internal clock.

Internal Clock — The % signal becomes “H” during
transmission or while dummy data is stored in the serial 1/0O
register. After the falling edge of write signal, the Sgpy sig-
nal becomes low signaling that the M37410M3-XXXFP is
ready to receive the external serial data. The Sppy signal
goes “H" at the next falling edge of the transfer clock. The
serial 1/0O counter is set to 7 when data is stored in the se-
rial 170 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
1/0 register will be shifted 1 bit. Data is output starting with

the LSB. After the transfer clock has counted B times, the
serial 170 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 transier 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 shouid not exceed 250kHz at a
duty cycle of 50%. When the external clock is chosen, the
P3¢ pin must be held at “H” level while the serial I/0 is not
used.

Timing diagrams are shown in Figure 10, and connection
between two M37410M3-XXXFP’s are shown in Figure 11.

Synchronous clock

Transter clock

Serial /0 register write n
—

\ |

signal

Serial 170 output

Sour

Serial 1/0 input

: XXX

|
:
|
T
|
I
|
S ,
Receivable signal —

Srov u

Interrupt request bit set

Fig. 10 Serial 1/0 timing
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Sending side

Serial {/O mode register
P37
bit 3 bit0

Set the directional
register for P3; pin P3¢
in input mode.

P3s

Receiving side

Serial 1/Q0 mode register

SRDV
bit3 bit 0
[ ]rfo]x]
Synchronous clock Selllhe dlrecuonall
P3¢ register for P3, pin
in input mode.
Serial data
P34

Fig. 11

Example of serial |/0 connection

’ 0
l l I I I I [ ISerialI/Omoderegistef(SM)

(00F6,¢ address)

Synchronous clock selection bit
00
B } External clock
01
10 : Timer 3 overflow signal divided by 2
1) © Timing ¢ divided by 4

Serial I/0 port selaction bit {P3;, P3g)
0 . Normai 1/0 port
1 : Serial /0 port

Sroy signat output selection bit (P3,)
0 : Normat 1/0 port
1 ® Spov signal output pin

T/P3, selection bit
0 : Normal I/0 port
1.7

Xcine Xcout/P3g, P34 selection bit

0 : Normal 1/0 port
1% Xeine Xcour

Unsystem clock operation bit
0 HALT
1 1 Operation

INT, input level

Note . We say the unsystem clock, which is not chosen as the system clock of Xjy-Xour of Xem=Xcour-

Fig. 12

Structure of serial I/0 mode register
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LCD CONTROLLER/DRIVER

The M37410M3-XXXFP has internal LCD controllers and
drivers. A Block Diagram of LCD circuit is shown in Figure
15. The terminals for LCD consist of 4 common-pin and 24
segment-pin. SEG,,~ SEG;; are in common with input P4.
Also SEG14~SEGy; are in common with INg~IN;z. These are
selected by bit 3~7 of the LCD segment control register
(00F4,, address). Two biases (1/2 and1/3}) can also be
selected. When bit 2 of the LCD mode register is “17, 1/2
bias is selected. When bit 2 is “0", 1/3 bias is selected.
1,1/2,1/3, or 1/4 duty cycle can also be selected. When
bits 0 and 1 of the LCD mode register {LM,, LM;) is n, the

duty ratio is 1/(n+1).

Address 00CO,s~ 00CB;s is the designated RAM for the
LCD disptay. When 1s’ are written to these addresses, the
coarresponding segments of the LCD display panel are
turned on. A map of the LCD display RAM is shown in Fi-
gure 13.

The ON/OFF 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.

The structure of the LCD mode register is shown in Figure
14.

Bit
7 6 5 4 3 2 1 0
Address

co 1 1 1 1 M} 0 0 0
C1 3 3 3 3 2 2 2 2
C2 5 5 5 5 4 4 4 4
G3 7 7 7 7 6 6 ] 6
C4 9 9 9 9 8 8 8 8

Cs M| | nnj1o]10|10 |10
G6 13013 (1313121211212
C7 15116 | 1515 | 14 | 14
Cc8 17 17 (1717 | 16|16 | 16 | 16
C9 1919 {19019 ,18118 |18 | 18
CA 21 (21 21121 {20 ;20 |2 |20
cB 23 | 23 | 23423 | 2222|2222

* Number in data memory area indicates corresponding segment.

Fig. 13 Map ‘o! RAM for LCD segment

0
J ll i l I I ]Lcomoderegister(LM)
(00F5,¢ address)

Duty ratio selection bit
00 : 1/1 duty
01 11/2 duty
10 1 1/3 duty

11 . 1/4 duty
Bias selection bit

0:1/3 bias
1:1/2 pias
LCD turn on bit
0. Off
1:0n
Xou1/SYNC selection bit
0! Xour
1:8YNC
System clock ¢ selection bit
00 1 X;/16
01 & Xin/4
10 X Xcin/2 {back to Xin/16)
11 1 Xcin/2 (back to Xin/4)
External A-D start enable bit
0 : inhibit
1 : Enable

Fig. 14 Structure of LCD mode register
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ENOD SNOD 'NOD WO BTN 2N 1A SSA f25H3s %H3g tp3g 9%n3g ¢BH3IS T'OIS f'o3g pag Yoags  9o3s '93as  %93IS
@ mw @ @ c o _ .0 O O mu @ o 0O o 0O O
UOISIBAUOD
a-v APofJ = 4
1o)ng
A ndy) % 4 4 -
rd

1eaua Lieauq | eauq | ieau ! T i T 4 1 1 ] T T T )

Pl R TDTQT 1alj0u00 I [ I ] i i 1 | I [ I
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g --- 1q uq na g |--- ug
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Fig. 15 Block diagram of LCD control circuit
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A-D CONVERTER

The A-D converter circuit is shown in Figure 16. The analog
input ports of the A-D converter (INy~IN;) are in common
with the segment output ports. »

The segment control register is located at address 00F4,.
One of the eight analog inputs is selected by bits 0, 1 and
2 of this register. The IN pins, not to use as analog input,
uses as LCD segment output.

Bit 0, 1 and 2, and corresponding to analog input pin is
shown in Figure 17. A-D conversion is accomplished by first
selecting bit 0 and 1 of the A-D control register (address
00F2,¢) for the source of Vger. And also the analog input
pin is chosen by the analog input select bit of the segment
control register. A-D conversion starts by writing a dummy
data to the A-D register (address 00EF,s) 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.

Segment control register

(00F4,¢ address)

‘—l—[ Analog input selection bit

Q00 : INg 100 ¢ INg

G071 *IN, 101 INs

10 1IN, 110 INg

011 T INg 111 1IN,
SEG23~SEG0/INg~IN; selection bit

02 INg~IN,

1 SEG,3~SEGy

SEGqg, SEG5/1N,, IN5 selectjon bit
07 INg, INg
1 1 SEG, SEGg

SEG.7, SEG¢/INg, IN; selection bit
QI INg, IN;
1. SEG,;, SEGys

SEG13, SEGy,/P4,, P4, selection bit
0 P4y, P4;
1: 8EGy3, SEGy2

SEGy5, SEG14/P4y, P4, selection bit
01 P4y, P4,
1 I SEG;5 SEGi4

Fig. 17 Structure of segment control register

5 Data bus

Segment control register

(DOF4,¢ address)
2] 1o |

‘ A-D interrupt request bit

INo

A-D control 3 0

circuit

IN,

A-D control register
(Q0F2, address)
Vrer input selection

0 . Off
1 :0n

IN,

Successive
approximation

|

INg

8-channel multiplex analog switch

(T

IN7

INg = Comparator register
A-D Register i i
N, ( gister) Vrer SOurce selection bit
(00EF,g address) 0 : Vgee pin
INs — 1 Vee
Switch tree

Ladder resistor

}

Fig. 16 A-D converter circuit
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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 is designated
and key on wake up interrupt enable bit {IC,) is set to “1”,
if the key on wake up option pin of port P2 has “L” level
applied, key on wake up interrupt is generated and the
microcomputer is returned to the normal operating state.
When the bit 4 of PWM control register (address 00F3.g) is
set to “1”, the pulse shown in Figure 18 is outputed from
P5; pin.

Timer 1 and Timer 2 count

P53/51G pin

! !

Key on wake up input Stand-by release

As shown in Figure 19, if the key matrix of active “L” to in-
put port P2 is constructed, the }nicrocomputer is returned to
normal operating state by the key push. Refer to the sec-
tion 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 (1} is “0” and
IC, is “17, the input designated as key on wake up by op-
tion in port P2 must be all “H".

Fig. 18 Output from the SIG pin at wake up from the stop state

2—386
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l l l l I I I l l Key on wake up register
(0QEE,s address)
.
7
i Interrupt control register
b———O
Port P2,
P2, directional register
J - T .
(] s
| (Note) [],
!
: Option
|
| 1
i |
' I
! |
! ! Port P2
d'o u ! | ist Port P2 data
P2, lg—"iregls er read circuit |
J
L 17
(Note) 1
Option
Port P2q
P2, directional register
L - L]
(Noto) [, =] >H——
Option
Port PXx
“L" level output
Note : Pull-up transistor (mask option)
Fig. 19 Block diagram of port P2 and example of wired at used key on wake up
i
|
|
|
i
MITSUBISHI
2—387
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RESET CIRCUIT

The M37410M3-XXXFP is reset according to the sequence
shown in Figure 22. It starts the program from the address
formed by using the content of address 3FFF, as the high
order address and the content of the address 3FFE,s as the
low order address, when the RESET pin is held at “L" level
for no less than 16 us 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 20 regardless of the status before reset (including
stop mode or wait mode).

An exampie of the reset circuit is shown in Figure 2t.

When the power on reset is used, the RESET pin must be
input “H” after the osgillation of X;y-Xour becomes stable.

Address

{1) Port PO directional register (D0) (E1yg) - 00’1___7]

{2) Port P1 directional register (D1) (E3g) - 0045

e
{3} Port P2 directional register (D2) (E5;g) - 004 H
{4) Port P3 directional register {D3) (E9g)-- | 0046 "1

00+

[5) Port P5 directional register (D5) (EDig)- L

[6)  Interrupt request distinguish register 1 (EB,g)-* 0046

(7) Interrupt request distinguish register 2 (F0yg): - 0045 .i

=TT T T T
18] PWM control register (F3i6) [ TO: 0 OJE Om

17T T
(9) Segment contral register (Fag)- 0';0L0 0i0|—|—|—

10 LCD mode register (F5yg) 00,6
S
(1 Serial 170 mode register  (SM) {F6g) 0 0 mn
{12 Timer 4, 5, 6 mode register {FBig) 00,
(13 Interrupt control register (IM) (FE,g)- [ 004 ’—T
e
1 Timer controf register (TM) (FFyg)-- 0046 ¢

A-D contral register (F2yg)-+ |

Processor status register

(19

(8

Conls.ns of address
Contens of adaress

Note : Since the contents of both registers other than those listed
above {including timers and the serial 170 register) and the
RAM are undefined at resel, it is necessary to set initial
values.

(1 Program counter

Fig. 20 Internal state of microcomputer at reset

M37410M3-XXXFP

RESET Voo
27 8

h 4

Fig. 21 Example of reset circuit

_ MITSUBISH
2—388 ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37410M3-XXXFP,M37410M4-XXXFP
M37410M6-XXXFP

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

Juuuyuuudryuiduyut
f(Xn)
o I [

Magnifying diagram

T N
RESET ——l

Internal RESET

SYNC I

Address mz @ @ @ @ @ (Dx. ADY .
Reset address from

Data

32~48 clock cycles Note 1: Frequency relation of f(X,) and $ s f(X) =16+ ¢.
2 . The mark “? " means that the address is change-
able depending upon the previous state.

Fig. 22 Timing diagram at reset
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I'0 PORTS

()

(3)

n

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 00EQ;s. Port PQ’s directional register allows
each bit to be programmed individually as input or out-
put. The directional register (zero page address
00E1,¢) 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 iatched data of the port reg-
ister is read. Therefore, a previousiy 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.

Port P1

Port P1 has the same function as PO but the output
structure is N-ch open drain.

Port P2

Port P2 has the same function as PO. Following the ex-
ecution of STP or WIT instruction, key matrix with port
P2 can be used to generate the interrupt 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 directional register must be
“0".

Port P3

Port P3 has the same functions P0O except that part of
P3 is common with the serial /0, output of timer4,
clock oscillation of timer clock and interrupt input.

The output is N-channel open drain. When P3, and P3,
pins are used for X¢y input, pull-up is inhibited.

Port P4

Port P4 is an 4-bit input port which can be used as a
segment output port. At reset, this port is pull-up to V3.
Just after the reset, this port becomes high-impedance
state. When port P4 is used as input port, the pull-up
option to these pins are inhibits.

Port P&

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.

Segment output(SEG,~SEG;+)

These ports drive and control the LCD segments. At
reset, these output the level of Vi;.

Analog input(INy~INz)

This is a port for an analog input of A-D converter. This
can be used as the segment output. At reset, it is pull-

up to Vi Just after the reset, this becomes high-
impedance state.

Common output(COMg~COM;)

These port provides output drive and control for the
LCD common lines. At reset, this outputs the level of
Via.

Power Supply for LCD(V;~V, 3}

Supplies power to the LCD terminals.

INT,

The INT, pin is an interrupt input pin. The INT, inter-
rupt request bit {bit 7 of address 0OFE,¢) 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 10 mode register (addresss 00F6;¢).
INT,(P3,/INTS)

The INT, pin is an interrupt input pin common with P3,.
When P3,'s directional register is set for input (*0"),
this pin can be used as an interrupt input. The INT; in-
terrupt request bit (bit 3 of address O0EByg) is auto-
matically set to “1” when the input level of this pin
changes from “H” to “L” (or from “L" to “H").
INT,(P50/INT3)

The INT; pin is an interrupt input pin common with P5,.
The other functions are the same as INT,.
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Vee Vss
Port PO Vo

[ele)

] r ]
—] "—1 Vss Tr1 (mask option)
— ot QO
Port PO

4 Vee

Vee
Port P1
Tr2(mask option)

L O
Data bus Port Latch Port P1
N-ch open drain
VSS

™~
Tr2 is pull-up transistor at input (mask option)

Port P2 Voo Vee
: ) jvcc
mask option
i -
Vss ] o
Data bus Port Latch - D—l Port P2
CMOS autput
VSS
Interrupt control cirguit
Tr3 is pull-up transistor {mask option)
Vec
Port P3;, P5, j
[- gi | Tr4
| IR |

1 mask option
f—j——O

Data bus— Port Latch ' Port P3,, P5,

N-ch open drain

Interrupt control circuit

Tr4 is pull-up transistor (mask aption)

Fig. 23 Block diagram of ports PO~P2, P3; and P5,
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SINGLE-CHIP 8-BIT CM0S MICROCOMPUTER

Port P3q, P3,, P33, P34, P35, P3s, P3;, Veo
P5,, P5,, P53, P5,, P5s,

Directional
Poe, Por D
mask option
>_4—_—4. T Tr5
Data bus —4—| Port latch }—

Port P3,, P34, P33, P34, P3s, P3s,
P37, P5,, P5;, P55, PS5, PSs,

\Y
s P5,. P5,
Tr5 is pull-up transistor (mask optian)
Port P4(SEG5~SEGH2)
V3
6 j
RESET mask option
Port P4(SEG 5~SEG2)
LM,
Tr6 is only conducted at RESET="L".
Tr7 is pull -up transistor {mask option)
Fig- 24 Block diagram of Port P3, P4, P5,, P5;, P53, P5,, P55, P5¢, P5;
Analog input IN (SEGzs~SEG1s) Vi3
L
.
¥ .
A-D converter circuit —{*} (O Analog input IN
T (SEG3~SEG1g)

118 is only couducted at RESET="L"

INT, Data bus ' %———O

INT,

Interrupt contral circuit

RESET J\ﬂ___p‘

RESET

Fig. 25 Block diagram of analeg input port IN, INT,, RESET
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

CLOCK GENERATING CIRCUIT

The M37410M3-XXXFP has two internal clock generators.
Figure 28 shows a block diagram of the clock generator.
Normally, the frequency applied to the ¢lock input pin Xy
divided by four is used as the internal clock (timing output)
¢. Serial I/0 mode register bit 5 can be used to switch the
internal clock #to 1/2 the frequency applied to the clock
input pin Xcin. In this case, the pull-up option to these pins
are inhibited.

These signals can also be changed via bitd (LMs) and bité
(LMg) of the LCD mode register. When LM, and LMs are
[00), the internal clock is chosen Xin/16. When they are
[01] , the internal clock is chosen Xin/4. When they are
[10] and [11], the internal clock is Xgw/2. The one of
clock Xiy and clock Xgix, isn't in use for the internal clock
(none system clock), stops when the bité (SMg) of serial I/
O mode register is “0”. In order to restart the clock as the
internal clock, SMg is set to “1” and wait until the oscillation
becomes stability by the software then the internal clock is
chosen LMg and LMs.

Figure 26 shows a circuit exmple using a ceramic (or
crystal) oscillator. Use the manufacturer's recommended
values for constants such as capacitance which is unique
for each oscillator. when using an external clock signal, in-
put from the Xy (Xcinv) pin and leave the Xour(Xcout) pin
open. A circuit example is shown in Figure 27.

The M37410M3-XXXFP 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, clock and Xoin clock} stops with the internal
clock ¢held at “H” level. In this case timer 1 and timer 2
are forcibly connected and ¢/4 is selected as timer 1 input.
When restarting oscillation, set the suitable value for timer
1 and timer 2 in order to enable the oscillator to stabilize.
Before executing the STP instruction, the timer 1 count stop
bit must be set to supply (“0”), timer 2 interrupt enable bit
(iIF1,) of interrupt request distinguish register 1 must be
set to enable {*1”), timer 2 interrupt request bit (IF15) of
interrupt request distinguish register must be set to disable
(*0”). And serial 170 or timer 2 interrupt enable bit (TMg)
and serial 1/0 or timer 2 interrupt request bit (TM;) of tim-
er control register must be set to disable (“0").

Oscillation is restarted {reset stop mode)} when INT,, INT,,
or INT; interrupt is received. The interrupt enable bit of the
interrupt used to reset the stop mede must be set to “17".
When restarting oscillation with an interrupt, the internal
clock ¢is held “H" until timer 2 overflows and is not sup-
plied to the CPU. When oscillation is restarted by reset, “L"
level must be applied to the RESET pin until the oscillation
stabilizes because no wait time is generated.

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 the processor is reset or when it receives an

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
29. The change order of the internal clock is shown in Fi-
gure 29.

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.

M37410M3-XXXFP

Xn Xour Xow  Xgour
28 2 29 23 24
Re Rf 2Rd
—0— r— 0§
ZCn  FCour FCon FCcour
e e A &

Fig. 26 External ceramic resonator circuit
M37410M3-XXXFP
Xin  Xout Xow  Xcour
28] 29 23} 24
External Open  External Open
oscillating oscillating
circuit circuit or
external pulses
VSS VSS
Fig. 27 External clock input circuit

ol
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Xcin Kcour

1

SMe

. Unsystem clock
operation SMg

Internal system
clock source
sejection LMs, LMg

Timer! |4 Tizer2 }—

Timer 1
count source
seiection TM,

Timing ¢
(Internal Clock}

a si !
Q Reset

R STP instruction

Q s
R{ STP wiT —
instruc | instruction
-tion

Interrupt
disable
flag |

INT, interrupt enable
INT, interrupt request
Serial 170 or timer2 interrupt enable
Serial 170 or timer2 interrupt request

INT3 or key on wake up interrupt enable
INT; or key on wake up interrupt request

INT, or timer3 interrupt enable
INT; or timer3 interrupt request

Timer6 or A-D interrupt enable
Timer6 or A-D interrupt request

Fig. 28 Block diagram of clock generating circuit
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| Reset |
SMs=0
SMe=0
LMs=0
wIT A ytMs=0 c wiT
instructi [T instructionf MR oscillation |
BMHz oscilistion e JINormal model LMs="1"—"0" P tiexd e ah;g; :::ll?g?
- z
SZKEZ stop 8MHz oscillation [T oscillation #=stop
B siop 32kHz stop LMe="0"—="1" 32kHz stop Timers,
i $=500kHz ¢=2MHz LCD action
LCD action Interrupt — S interrupt
STP instruction STP instruction
Interrupt Interrupt
8MHz stop
SMs=“0"—"1" | | SMs="1"—"0" 32kHz stop SMg="0"—="1" | | SMg="1"—"0"
SMg="0"—1" | | SMg="1"—"0" 4 stop SMe="0"—"1" | | SMg="1"—"0"
Interrupt Interrupt
STP instruction  STP instruction
wWIT B D wIT
BMHz stop Joorruction et U O MRz ascilltion
322 cacilaton 8MHz oscillation v 8MHz oscillation 32KHs oscilation
¢=stop 32kHz oscillation| i 32kHz oscillation, ¢=stop
. — Timers,
Timers, ¢=500kHz LM.—"0"—"1" ¢§=2MHz .
: 5= LGD action
LCD action Interrupt Interrupt
Q,I’ Q'l; wQ\ﬁ AN
e ¢ ¢ . o
1, 4y KNS )
RN NI
“ L3
00'— O~ \}N, \}}b
. . o <
‘0. %. N N
wiT E STP
— tion| instruction
8MHz oscillation JinstruC A 8MHz stop
32kHz cscillation BNz oscilation
@ stop 32kHz oscillation 32kHz stop
Timers', ¢=16kHz ¢ stop
LCD action interrupt st} interrupt
SMe="0"—"1" SMg="1"—"0"
G wit  F STP H
Clock mode instructiol Low-speed instructi 8MHz stop
32k H2 oscillation made
@ stop 8MHz stop 32kHz stop
acion pirony » stop
Interrupt Interrupt
The case of example clock X;y=8MHz, clock Xciy=32kHz.
Note : Atthe end of STP instruction, wait time occurs automatically by caonnection of timers 1 and 2 and changing system clock. This time is set by program.
When SMg=1 and unsystem clock is aperated, 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

Fig. 29 Transition of states for the system clock
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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 Xgn or CNTy 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.
Alsc 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 insructions are only valid for the
contents before the modification. Also, at least one in-
sturction cycle must be used (such as a NOP) be-
tween the maodification of the interrupt request bits and
the execution of the BBC and BBS instructions.

(4) @ After the ADC and SBC instructions are executed (in
decimal mode), one instruction cycle (such as a
NOP) is needed before the SEC, CLG, 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} @ 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”

« Seriail [/O or timer 2 interrupt enable bit is set to “0”

* Serial I/0 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 for the oscillator to
stabilize.

(7) Some instructions can be used to write contents of the
timer control register, the interrupt control register and
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
durihg execution of these instructions may be cleared.
Therefore, these instructions should be used onty when
there is no problem even if such an interrupt request is
cleared. Usually, the LDM or STA instruction is used.
Use the LDA instruction (IMM, T=1) to write to inter-
rupt cause recognition register 2 only when A-D inter-
rupt or timer 6 interrupt is used.

(8) When LCD trun-on bit (bit 3 of address DOF5,¢) of the
L.CD mode register is “1”7, don't stop the timers or count
source for timers.

(9) After switching the serial I/O transfer clock, initialize
the serial 1/0 counter {write to address 00F7,¢).

10 To use an external clock as the serial I/O transfer
clock, initialize the serial /O counter when the external
clock is “H” level.

(1 To use the P3, and P3, pins as the /O pins of the
clock for clock function, do not use the pull-up resistors
by option.

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

(1) mask ROM confirmation form

{(2) mark specification form

(3) ROM data - mreeerresssrsesssrsses s EPROM 3sets
Write the following option on the mask ROM confirmation
form

* Port PO pull-up transistor bit

* Port P1 pull-up transistor bit

¢ Port P2 pull-up transistor bit

* Port P3 pull-up transistor bit

* Port P4 pull-up transistor bit

* Port P5 puli-up transistor bit

* Port P2 key on wake up
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3~7 v
V) Supply voltage for LCD Vi~V Vi <VL<Vs —0. 3~Vge+0.3 v
v, input voltage POo~P0y, P2o~P2;, P3q, P3,, —0. 3~Veo+0. 3 v
Pag~P4;, INg~IN7, Vier. Xin ) cer
V| Input voltage CNVsg —0.3~7 Vv
v Input voltage INTy, RESET, P1g~P1y,
: P3;~P3;, P5o~P5; —0.3~10 v
Vo Output voltage POy~P0;, P2o~P2;, P3q, P3,, —0.3~Veet0. 3 v
COMy~COM, SEGo~SEGzs, Xour o
Vo Output voltage P1p~P1;, P3,~P3;, P5~P5; —0.3~10 v
Pd Power dissipation Ta=25TC 300 mwW
Topr Operating temperature —20~75 C
Tstg Storage temperature —40~125 C

RECOMMENDED OPERATING CONDITIONS (veo=2.5~5.5V, Vss=0V, Ta=—2~75C,

unless otherwise noted)

Symbol Parameter Conditions Limits Unit
Min. Typ. Max.
1{Xn)= 8 MHz High-speed mode 4.5 5.5
Vee Supply voltage (Note 1 } 1{X;n)== 8 MHz Normal mode or 25 55 \
(X} = 2 MHz High-speed mode (Note 2 ) : ’
Vss Supply voltage 0 \")
“H” input voltage POy~ POy, P3p, P34, P4g~P4;,
Vin i ? XINO. CNVsg ?:Qme's ) T 0. 7Vee Voo v
Vin “H" input voltage P2,~P2; 0.BVce Vce \'
Vin “H” input voltage P1o~P1;, P5,~P5;, Siy 0. 7Vee 10 v
“H" input voltage P3;~P3;, P5y, INT,, INT2, INT;,
Vi ’ ? CNzTh CTNTE.OSIG, E:u»: h 0.8Vec 10 v
Vin “H” input voltage RESET, Xcin 0.85Vec 10 Vv
“L" input voltage PGy~ P07, P1g~P1;, P3,, P34,
Vi ’ ? P4:~P4:, P5?~ Psz. s.::.o 1 ° 0-2Vec|  V
“L” input voltage P2;~P2;, P3,~P3;, P5,, INT,,
Vie ’ ? |N;2, IN'7I'3, CZNT., CNT:, SIG.‘CLK 0 0.2V V
Vie “L" input voltage RESET, Xy, Xcin 0 0.15Vee
lon “H* output Gurrent PGy~ POy, P2g~P2;7, Xgur (Note 4 ) -1 mA
“L” output current  PQy~P0;, P2~P2;, P3g~P3;
loL P5g~ P57, Xour, PWMO~PWM3, 1 mA
T, Sout. CLK, Sroy. S1G (Note 5 )
Vee=3V 10
loL “L" output current  P1g~Pt; (Note 6) Veom5V 20 mA
1(Xin) Clock oscillating frequency 0.2 8.2 MHz
f{Xain) Clock oscillating frequency for clock function 30 50 kHz
Note 1 I When only maintaining the RAM data, minimum value of Ve is 2V.
2 . We say the high-speed mode, when the system clock is chosen Xn/4, and the low-speed mode, when the system clock is chosen Xin/16.
3 When P3, is used as Xcin, Vin and Vy_ of P3, is 0.85Vcc=Vin= Ve and 0=V, =015V
4 I The total lon(peak) of port PO, P2 and Xeyr is less than 35mA.
5 1 The total lonpeak of port PO, P2, P3 and PS5 is less than 32mA.
6 . The total peak current of I of port P1 is less than 80mA and the average current of total lo of port P1 is less than 40mA.

ELECTRIC
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ELECTRICAL CHARACTERICS (Vss=0V, Ta=—20~75%, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min. Typ. Max.
. V=5V, lgy=—0.5mA 4
Vor “H" autput voitage POg~PGQ;, P2g~P2; Voo=3V. lon=—0. 3mA 2.4 \"
. Veo=5V, lop=—0.3mA 4
Vou H” output voitage Xoyr Vor=3V. log=—0. TmA P \"
“L” output voltage POg~P0;, P2~P2;, P3¢~P3;, Vee=5V, lo,=1mA 1
Vou PSo~P57, T, Sout, GLK, v
Sioy. SIG, PWMO~PWM3 Voo=3V, lo,=0.5mA 0.6
j Voe=5V, lot=20mA 2
Voo “L” output voitage P1g~P17 Voc=3V, lou=10mA 5 v
VoL “L" output voltage Xour Vee=V. lov=0. 3mA ! v
V=3V, lg.=0. ITmA 0.6
Hysteresis INT,, INT,, INT3, CLK, CNT,, Vee=5V 0.2
Vi —Vi— A"
CNTy, SIG, S, P2o~P27.Xew Veo=3V 0.2
e V=5V 2
Vr+—Vr— | Hysteresis RESET — 10 v
' V=5V 0.5
Vi+—Vr— | Hysteresis Xy Voo=3V 0.35 \'4
“L" input current [POg~P07, Plg~P17, P2g~P27, P3g~P3;, Vee=5V V=0V —5
e Pdy~Pds, P5g~P5;1 without pull-up Ty, (Nole 1), A
INg~{N7, INT1, RESET, Xy Voe=3V V=0V —3
| “H” input current POg~P0,, P2o~P2,, P3p, P3,, V=5V V=5V 5 A
1w Pag~P47, Ng~IN7. Xix. Xcmv, CNVss Vo=V V=3V 3 |
“H" input current {P1g~P1;, P3g~P3;, P5~P5,} without pull-up Ty,
[ INTy, INT3, INT5, GNTy, V=10V 10 A
GNTj, SIG, RESET, SN, CLK
R Pult-up T¢, POg~PO07, P1o~P17, P2p~P2;, Veo=5V, V=0V 7 15 30 kQ
P P3g~P37, P4g~Pdg, PSo~P5; Voc=3V, V=0V 10 30 60
Rcom Output impedance COMy~COM; xt;:;@f(a :zz:i: :gg )
e Com, e | Vec=5V 2
Rs Output impedance SEGo~SEGy; pins are opéne q Veem3V 3 k$)
1{X;n) =8MHz High-speed mode V=5V 6 12
at operation £{Xn) =8MHz Normal mode Vcc=3V ) mA
f{Xan)=32kHz, Vcc=3V 18 36 A
lee Supply current
at walt mode #{Xn) =8MHz Normal mode V¢c=3V 1 mA
H{Xcom)=32kHz, Voc=3V 4 12
at stop mode Ta=25C 0.1 0.6 #A
Vaam RAM retention voltage 2 5.5 v
Note 1 ! Alsothe same when each port is used as INT,, INT,, CNT,, CNT,, SIG, S;y and Xcn, respectively.
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A-D CONVERTER CHARACTERISTICS (vcc=5V, Vss=AVgs= 0V, Tg=25%C, f{Xin)= 8 MHz, uniess otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
—_— Resolution 8 bits
Vee=Vrer=5. 12V +2
—_— Non-linearity error LSB
incarlty or Veo=Vogr=3. 072V x2S
Voe=Vrer=5. 12V +0.9
— Differential non-tineari LSB
v Voo=Vagr=1 072V +0.9
Veo=Vrer=5. 12V 2
V. Zero transition error LSB
o7 Voo =Veer=3. 072V 2
Vec=Vrer=5. 12V 6
v Full-scate transition error LSB
FsT Voe=Vaee=3.072V 10
o Vee=2.5~5.5V High-speed mode 000X}
Te Coenversion time nS
Vee=2.5~5.5V Normal mode 800/1(X)
Vaer=5V 1.0 2.5
| Reference input current mA
REF P Veer=3V 0.5 1.5
hin Analog pert input current Vin=0~Vec ] 10 HA
Vin Analog input voitage Vgg=2.5~5.5V AVss Vee v
Vgser Reference input voltage 2.5 Vee \Y
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