MITSUBISHI MICROCOMPUTERS

M37102M8-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

DESCRIPTION
The M37102M8-XXXSP is a single-chip microcomputer de- PIN CONFIGURATION (TOP VIEW)
signed with CMOS silicon gate technology. It is housed in a Oscultaton igut lor . y
64-pin shrink plastic molded DIP. This single-chip micro- e om outpul for 0807 =" H::"c
computer is useful for the high-tech channel selection sys- "l;:’““f PA/INTL/A-D2 = 3] 7] — Voo
tem for TVs and VCRs. b port P3/A-D1 + 1] 51] = R/P5,
In addition to their simple instruclion sets, the ROM, RAM, P3./INT, =[5} =G5 oy
and 170 addresses are placed on the same memory map o 14-bit PWM outpul  D-A — 53] — B/PS, b
enable easy programming. PGo/PWMO + [56] — 1/P5,
PG,/PWMY = — OUT/PS,
FEATURES PG,/PWMZ = 5]+ PO,
& Number of DasiC INSUUCHONG: -+ ereerrerersseeiernenns 69 1O port P8 { x’jxm“ - :g‘
iza RO -<ro--veee b bteaeaiaaiaans 4 - hadia'r
#® Memory size ROM 16384 bytes PG /PUMS A
HAM ..................................... 320 bwes PSG,KPWMB” z — P{]A p
® Instruction execution time P8, /PWMT ++ [ @ — PO,
-------- 15 (minimum instructions at 4MH2 frequency) P3g/TIMA += § - g
® Single power supply rcmee VH10% O port B3 P3;/TIM2 + [15] T - PO;
& Power dissipation P3, ++ i 5]+~ P1,
normal operatlon mode {at 4MHz frequency) P3g+= o) = P1,
= 110mW (vcc—s 5V, CRT display) P?’iﬂbﬂ*""”‘*" » =P
& Subroutine nesting - - 96 levels {Max.) 4 SI::fsc 2: A : :3 140 port P1
L 4
[ ) lnlelrrt.llpl' . 13types, 13vectors :;f'n Pay/Souts w0 - P
B Bl LML+ v ms oot e e 4 9 Pas/Ser: B3 -Pi,
# Programmable 1/0 ports Py Sy + [ 6]~ 1,
(Ports PO, P1, P2, P3, P4, PG} - vrmmssisseins 47 P4 /Sc ~+ ) - P2,
® Oulput poft (PO“ P5) ............................................... 5 Pdg/Saurs =+ [5] - P2,
& Serial 110 (B-bil) e e e D CHVee — [27] - P2,
B PWM funclion - ce-sere oo mmmesissi 14-bitX1 Timing ouiput ¢ — ] - P2, V0 ot P2
8-bitX10 Reselinput  RESET ~» 3] <+ P2, [ PP
Clock input — —
® A-D conwerter {4-bit resolution} ---+oeoeeens 2 channels Clock :::out X::'— g - gi:
® 72-character on screen display function Ves -p2,
Number of character-- -+ 24 charactersX3 lines
Kinds of charactar -« rrrmrmerrmranrennniner i | 36 Qutline 64P4B
APPLICATION
TV, VCR
A ANII’S!.HSH
ELECTRIC
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FUNCTIONS OF M37102M8-XXXSP
Pa_rarneler Functions §
Nurber of basic inst - __ 9 - -
Insttuction exscution ime e - 13 (minlmum instructons. at AMH2 fraquency}
Clock frequency ) | MMhz . ) B
_ ROM - 16384bytes -
Memory size RAN S — 20bytes —_— — —
PO, P1, P2 o §-bitx3 T 7]
P3y, P3, 170 P2bitXl 1
Input/Oulpit ports P3,~P3, Vo 5-bit>1 (can be used as timer lnpul pins, INT,. INT: input plas and A-D

Serlal 140

__| input pirs)

8-bitx 1 (can-gused as serial (/O funciion plng and PWM oulput ping)

5-bilX 1 (can be used as R, G, B, |, QUT pins)

8-bitX1 (can be used as PWM outpul ping)

B-bitX 2 (Special serial 110 (8-bit} X 1)

Timers

B-bit timerX4

Subroutine nesling

Interrupl

Bilgvels [max }

| CGlock generating circuit

Supply voltage

Power dissipation

at CRT display ON

Two exlernal interrupts, nine intermal interrupts,
one software interrypl

| Twe built-in cirewils (externally connected ceramic or quarlz Crystal saciliator) i
V1045

110mW (clock ir ¥ Xa=dMHZ, Ve =5. 5V, Typ.)

at CRT display OFF

at slop mode

S5mW (clock frequency Xiv=4MHz, Veo=5. 5V, Typ.)

1. G5mv { Me )

Input/Cutput voltage

5V (Porl P4y, PA;, P6y—PE;}

Input/Outpul ch bsti

Output currenl

10mA [ Port P2,~P2;)

Operating lemperature rehge

—10~720C

Device structure

CMOS silicon gale process

Package

&4-pin shrink plastic molded DIF

Number of character

CRT display funclion

Kinds of ¢haracter

24 characters X 3 lines

126 (12X 16 dots)
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SINGLE.CHIP 8-BIT CM0OS MICROCOMPUTER for VOLTAGE SYNTHESIZER
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PIN DESCRIPTION

Inputs
Fin Mame P Funitions
Oulput

Vee. Supply voltage Pawer supply inputs S¥+10% to Ve, and 0V te Vs

Vs

CHVss CHVgs This s connactad to Ve,

RESET Resel Input Input To enter the reset state, Ihe raget inpul pin must be kept al a “L" lor more than 225 {under nermal Wee

: conditions).

It more fime is neaded lor the orystal oscillator to stabilize, this *L" condition should e maintained for the
required lime.

Kin Clock input Input This chip has an internal ¢lock generating circuit To control ganeraling Irequency. an exiernal ceramic or a
quartz crystal oscillator is connected between the X and Xeur ping If an external clock is used, the clock

Xour Clock output Oulpul | source should be connecled the Xy pin and the Xeor pin should be left gpen.

@ Timing output Quipwt Thig 15 the timing gutpul pin.

POy~PO> | 150 port PO 170 Port P 15 an 8-bit 170 port with directional regisiers allowing sach (/0 bit 1o be individually programmed as
input or cutput. Al resel, This port is set 1o input mode, The output structure is CMOS eulpul.

P1g~—P17 | HO port P1 o Fort P1 is an B-bil YO port and has basically the same lunctions as porf PO,

P2gp~P2; | VO port P2 O Port P2 15 an 8-bit 140 pert snd has basically the same funclions as port PO.

P3,~—P3g | IFC porl P3 [Fie} Port P3 is an 7-bil 170 port and has basically the same functions as port PO, but the oulpul strusture of P3y,
P3y 15 GMOS oulpul and the oulpul struciure of P3;—~ Py is N-channe| open drain.
P3,, P3y are in common with extemnal clock Input pins of timer 1 and 2. P3,, Fdg are in common wilh exter-
nal interrupt ingut pns INT; and INT.. P33, P3 are in common with analog inpul pins of A-D convartar
{A-D1, A-D2),

P4g~P4; | VO port P4 Bl Port P4 is an 8-bit YO ponl and has basically the same tunctions as port PO, but the output struclure 1s
M-channa| open drain.
When sarial /01 is used P4y, P4, Pd: and Pd; work as Soyri, Seua. Sen and Sppvi Dina. respectively.
When sarial 107 ig used, P4, P4, Pd; and P4; work as Soyre, Seoee, Sip and Sppez 0ing. respectively
Al30 Pdg, P4; are in common with PWM output pins of PWH § and 9

P&y~ PB; | VO port PE 11Q Porl P6 Is an 8-bit I/0 port and has basically the same functions 83 port PO, but the oulpul struciure is
M-channel open draln. This port is in common with PWM ouipul ping PWMO~PWMT.

OSsCh, Clock inpul for GRT Input This is the 1/ pins of the clock generating circuit for the CRT display function.

Qsce display Qutpul

Clack culpul for CRT
display

Hsvnc Hgyne inpul Input This {5 1he horizontal gynchronizing signal input for CRT display.

Vavne Yeene input Input This Is the verlical synchronizing signal input lor CRT display.

R G, B CRT outpul Outpul | This is an S-bit oulpul pin Jor CRT display. The output structure is CMOS oulput. This i In common with

I, OUT port PS;~Phe.

D-A DA Oulpul Quipul | This is a cutput pin lor 14-bit P

MITSUBISHI _
Aa.scmc 2-205
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BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M37102MB-XXXSP is shown in Fi-
gure 1. Addresses CO00.¢ to FFFF,s are assigned to the
built-in ROM area which consisls of 16384 bytes.
Addresses FF00,s to FFFF,s are a special address area
(special page). By using the special page addressing
mode of the JSR instruction, subroutines addressed on this
Page can be called with only 2 bytes. Addresses FFDEqg,
FFDF,s and FFEB.s to FFFF,, are vector addresses used

for the reset and interrupts (see interrupt chapter). Addres-
ses 00004 to 00FF,4 are the zero page address ares. By
using the zero page addressing 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, I/O port, timer, etc., are assigned to this area.
Addresses 0000,; to OOBF,; and 0100,¢ to 017F,s are
assigned to the buili-in RAM and consist of 320 bytes of
static RAM. In addition to data storage, this RAM except
the area in the page 1 is used for the stack during sub-
routing calls and interrupls.
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AOM
{15384 bytes)

RAM
{192 bytes)

Zera page

RAM
{128 byles)

RAM for display

{218 bytes)

ROM for display

(4086 bylas)

Special
page
for
subrouting
call

Fig. 1 Memory map

0000

008F,,

Q0FF,,

O17F 1]

Mol uged

[ 2000,

2007 10}

ot used

E 15|
3FFF

Hol used
GO, g

FFOO,4

FFDE 4
Iniariupl vacion

orea

(See section

of interrupl]

FFFFic

45535

.
\ DOFD
|‘- OFEr

Port PO

Port PO difechional register
r

Port P1

Port P1 direclional register
r

Porl P2

Port F2 directional registar

Port P

Porl P2 direchonal regisler

Porl P4

Port P4 directionnl register
Forl P

Port P3 direciional ragister

Forl P6

Part PG directional register

DA-H registar
DA-L regisier

PWM O register
PAWIM 1 regigsier

PW 2 register

PWM 3 registar

WM 4 register

P cutpul control register 1

PWM putput control register 2

Intemop! space distnguish regisler

pt space distinguish conirol

Special serial 140 register

9

Special mode register 1

Spesial mode register 2
MOCs

Serial 1/07 made register

w00 | Serial 1101 ragisier

0OE+g

Serial 1FO2 mode repigter
DODF

Serial 1/02 regiabec

Hovizontal position register
WET 1y

Vertical display start pogition ragister 1

Vertical diaplay starl position register 2

Verlical disglay start position raglster 3

{haracter 3/za regisher

Border salechon ragisisg

Gokor regisier 0

Colow raguster ¥

Color registar 2
Color register 3

CRT conired ragiaters

N Display block cournter

Polarity register

Seroll gondrol register

Scroll start register

A-D contrcs ragisier
Timer 1

Timer 2
Timer 3

Timer 4

Timer 12 mode reglsier
Times 34 mode regisier
PWM 5

P B

FwM 7

PWM B

FilM 3

DOFC1y

CPU mode regisier

Inferrupt recuest ragister 1

Intesrup! request register 2

QOFF ¢

Intesrupl contrel regizler

Interrupl conired register 2
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CENTRAL PROCESSING UNIT (CPU)
The GPU consists of 6 registers and is shown in Figure 3.

ACCUMULATOR (A)
The 8-bit accumulator {A) is the main register of the micro-
computer. Data operations such as data transfer, Input/Out-
put, elc., are executed mainly through accumulator.

INDEX REGISTER X (X)

The index register X is an 8-bit register.

In the index addressing mode, the value of the OPERAND
added to the contents of the register X, specifies the real
address. When the T flag in the processor status register is
set 10 “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 addressing mode, the value of the OPERAND
added to the contents of the register Y specifies the real
address.

STACK POINTER (S)

The stack pointer (S) is an 8-bit register. It is used during
subroutine calls and interrupts,

When there is an interrupts, the high-order contents of the
program counter is pushed into the address formed by set-
ting the high-order eight bits 10 00,4 or 01,5 and the low-
order eight bits to the content of the stack pointer. Next the
stack pointer is decremented by one and the low-order
content of the program counter is pushed into the address
formed by sefting the high-order eight bits to 00,4 or 01,
and the low-order eight bits to the content of the stack
pointer. Then the stack pointer is again decremented by
one, the content of the processor status register is pushed
into the address formed by setting the high-order eight bits
o 0044 or 0145 and the low-order eight bits to the content of
the stack pointer, and then the stack pointer is de-
cremented by one once more. Whether to set 00,5 or 01,
in the high-order eight bits is determined by bit 2 at
address 00FB.s. The high-order eight bits are set to 00, if
bit 2 at address 00FB,s is “D" and to 01,5 ¥ it is “1”. At re-
set, it is set to “0", then can be changed by program.

The push operation described above is performed auto-
matically when an interrupt occurs. The RTI instruction is
used to return from an intesrupt routine.

Fi 1] 7 i
A Accumulator NIV]TIEB D] 1]Z]C | Processor status register
7 "]
Carry flag
x Index regisier X
Zero flag
4 g Interrupt disable flag
Y Index register Y
Decimal mode flag
¥ 0
Break flag
s Stack pointer
Index. X mode lag
15 v 0
Overfiow Tlag
PC. PG, Program counler
Negative tlag
Fig. 2 Reglster structure

2=208
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When an RTI instruction is executed, control is returned by
reversing the above operation while incrementing the stack
pointer by one. The PHA instruction is used to push the
accumulator because it is not saved automatically. When
the PHA instruction is exccuted, the content of the accumu-
lator is pushed into the address formed by setting the high-
order eight bits to 00,5 or 01,5 and the low-order eight bits
1o the content of the stack pointer. Then the content of the
stack polnter is decremented by one. The PLA instruction
is used to restore the accumulator. When the PLA instruc-
tion is exscuted, the stack pointer is incrementied by one
and the content of the address formed by setting the high-
order eight bits to 004 or 01,4 and the low-order eight bits
to the content of the stack pointer is stored in the accumu-
lator. The processor status register is pushed and restored
in the same manner with the PHP and PLP instructions.
With subroutine calis, only the program counter is pushed.
Therefore, registers that must be preserved must be
pushed by the program. Use the RTS instruction to return
from a subroutine.

PROGRAM COUNTER (PC)

The 16-bit pregram counter consists of two 8-bit registers
PCn and PC,. The program counter is used to indicate the
address of the next instruction to be executed.

PROCESSOR STATUS REGISTER (PS)

‘The processor status reqgister is composed entirely of flags
used to indicate the condition of the processor immediaetly
after an operation. Branch operations can be performed by
tasting the Carry flag (C}, Zero flag {2}, Overtiow flag {V)
or the Negative flag (N). Each bit of the register is ex-
plained below.

1. Carry flag (C)

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

2. Zero flag (2)

This flag Is used to indicate if the immediate operation
generated a zero result o nob. If the result is zero, the zero
flag will be set to “1”. If the result is nat zero, the zero tlag
will be set to “07.

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “17. When an interrupt, this
flag is automatically set to 1" to prevent other interrupts
Irom interfering until the current interrupt is compleated.
The SEI 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 sublraction are executed in binary or decimal. If the
decimal mode flag is set to “1", the operations are ex-
eculed in decimal, if the flag is set to “0°, the operations
are executed in binary. Decimal correction is avtomatically
executed. The SED and GLD instructions are used to set
and clear this flag, respactively.

5. Break Flag (B)

The operation of a BRK insiruction is simitar to an interrupt.
The BRK instruction is a non-maskable software interrupt
thal is used during program debugging. The break flag can
be checked only by checking the contenl of the processor
status register {PS) saved during an interrupt. The content
of the processor status register (PS) is saved after setting
flag B to “1” when the BRK instruction is used as an inter-
rupt. ¥t is cleared to 0" for other interrupts.

6. Index X mode flag (T)

When the T flag is “17, operations between memories are
executed directly without passing through the accumulator.
Operations between memories involving the accumulator
are execuled when the T flag is “0" (L.e., operation resulis
between memories 1 and 2 are stored in the accumulator).
The address of memory 1 is specified by the conlents ol
the index register X, and that of memory 2 is specified by
the normal addressing mode. The SET and CLT instructions
are used lo sel and clear the index X made flag, respec-
tivaly.

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 “17, When
the BIT instruction is executed, bit 6 of the memaory location
is input lo the overtlow flag. The overflow flag is clear by
the GLV instruction and there is no set instruction.

8. Negative flag (N)

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

S sy
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INTERRUPTS

Interrupts can be caused by 12 different events consisting
of three external, eight internal, and one software events.
Interrupts are vectored interrupts with priorities shown in
Table 1. Reset is also included in the table because its op-
eration is simitar to an interrupt.

When an interrupt is accepted, the registers are pushed as
described in the stack pointer (S} saction above, interrupt
inhibit flag | is set, and the program jumps to the address
specified in the vector table. The interrupt request flag is
cleared automatically. The reset and BRK instruction inter-
rupt can never be inhibited. Qther interrupts are disabled
when the interrupt inhibit flag is set.

Table 1. Interrupt vector address and priority.

All imerrupts except the BRK instruction interrupt have an
interrupt request bit and an interrupt enable bil. The inter-
rupt request bits are in interrupt request registers 1 and 2
and the interrupt enable bits are in interrupt control regis-
ters 1 and 2, Figure 3 shows the structure of the interrupt
request ragisters 1 and 2 and interrupt control registers 1
and 2.

Interrupts other than the BRK instruction interrupt and resel
are accepted when the interrupt enable bit is “1”, interrupt
request bit is “1”, and the interrupt inhibit bit is “0". The in-
terrupt request bil can be raset with a progaram, byt not
set. The interrupt enable bit can be set and reset with a
program.

Reset is treated as a non-maskable interrupt with the high-
ast priority. Figure 4 shows interrupts control.

Event Prioity Veclor addresses Hemarks
RESET 1 FFFFys. FFFE;¢ Non-maskable
CRT interrupt 2 FFFD.g, FFFCyg
INT2 intesrupt 3 FFFBy4, FFFAs
INT, interrupt 4 FFF9,q, FFF8,¢
Serial 140 2 interrupt 5 FFF7,6, FFF6.q
Timer 4 interrupt G FFF5,s, FFFd,5
1 ms intarrupt 7 FFF3,e, FFF2,¢
Mayngo interrupt 8 FFFi,4, FFFOyq
Timer 3 interrupt g FFEF,s, FFEEg
Timer 2 interrupt 10 FFED,s, FFEC.g
Timer 1 interrupl n FFEB1s. FFEAu¢
Serial 140 1 interrupt 12 FFE®:g, FFES8,q
BRK instruction interrupt 13 FFOF,s, FFDE,; Non-maskable software interrupt

2—210
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7 0 7 0

rl [ ] [ T1 T ] interrupt request register 1 ITTTTLLY 1 | intermunt request register 2

L {address 00FCyg} L (address DOFD 6}

Titner 1 interrupt request bit INT, interrupl request bit

L—— Timer 2 interrupk request bil INT interrupt request bit

Timer 3 interrupl request bit Senal 1/01 interrupt request bit
Timer 4 internipl request bil L Serial 102 interrupt request bit
CRT interrupt request bit 1ms interupt request bit

V. internupt reques! bl
sene ptreq i This bit must be set 16 0"

0 Inlerrugd disable
1 Inlerrupt requested

7 J 7 ju]
I 111 11| _|_| Interrupt contral registar 1 I_ 1] | |1 |} interrupt control register 2
L (address OOFE, ) {address QDFF e}

Timer 1 interrupl enable kit — INT, interrupd enable bit
Timer 2 interrupt enable bit IMT; interrupt enable bit

— Timer 3 interrupt enable bit —— Serial 1YOY intemupt enabie bit
Timer 4 interrupt enable bit Sarnial 1/02 isterrupt enable bit
CRT interrupt enable bit 1ms interrupt enable bit

Vgync iMerrupt enable bit

0 Inerrupt disable
1 ! interrupl enabled

Flg. 3 Structura of registers ralated to interrupt

Intermupt request bit

Imecrupt enable bit

Interrupd inhibit flag { ———

BRK instructicn Interrupl request
reset

Fig. 4 Interrupt control

s
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TIMER

The M37102M8-XXXSP has four timers; timer 1, timer 2,
timer 3 and timer 4.

A block diagram of timer 1 through 4 is shown in Figure 6.
The count source for timer 1 through 4 can be selected by
using hit 0, 1, 4 of timer 12 mode register and tirmer 34
mode register {address 00F4,s, OOFS,5), as shown in Fi-
gure 5.

All of the timers are down count timers and have 8-hit
latches. When a timer reaches “FF.s" and the next count
pulse is input to a timer, a value which is subtracted 1 from
the contents of the reload latch are lvaded inta the timer,
The division ratio of the timer is 1/{n+1)}, where n Is the
contents of timer laich. The timer interrupt request bit is set
at the next count pulse after the limer reaches “FF,g".

The starting and stopping of the timer is controlled by bit 2,
3 of timer 12 mode register and timer 34 mode register.

At a reset or stop mode, FFyg is automatically set in timer 3
and 07,¢ in timer 4 and timer 4, timer 3 and the clock
(f(X,y) divided by 18} are connected in serigs.

When restarting oscillation or canceling a reset, the internal
clock is not supplied to the CPU until timer 4 overflows.

7 O
FTTTT T T T 1 Timer12mode register (address 00F4,s)

L

Timer t count source selection bit
0 (X)) divided by 16
1 1 1024us clock

Timer 2 counl souwrce selechon bit
0 IiInternal clock
} I External clock from TIMZ pin

Timer 1 count stop bit
0 : Count start
1 1 Count stop

Timer 2 couni siop bit
0 Count start
1 I Count stop

Timer 2 internal count sgurce
salaction bit

0 (X) divided by 16
1 Timer 1 overflow

7 0
I_LI J [ ] | [—l Timer 34 mode register [ address 00F5, g}

Timer 3 count source selection bit
0 (X, divided by 16
1 ! External clock from TIM3

Timer 4 intemal count source
seleclion bit

@ Timer 3 overllow

1 2 (%) divided by 16

Timer 3 count stop bit
0 . Count start
1 7 Counl stop

Timer 4 counl stop b
0 : Gount start
1 © Gount 510p

Timer 4 count source selection bit
0 ! Internat clock
1 (X, divided by 2

Fig. 5 Structure of timer 12 mode reglster and
timer 34 made register

2-212
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Data bus

}.

1024435 clock
C | Timer 1 {atch {8} l
8
O—s] 172 | s | Timer 1 (8) | Lo Timer 1
X | L I T12My | inerrupt requesl
T12M, L 8,
rd
T12M,
M
e

[ Timerziacn (@) |
B/

PR/TIMZ D.F. -é——?——)l Timer2  (8) | [ L2 est
TizM, pLrea
T12M, !

8
B
Reset
l FFs STP instruction
P3,/TIM3 F Timer 3 laich  (8) |
g
Timer3 {8} | Timer 3
Ta4M, J interrupt request

TAdM, L 8,

i

8

ﬁé T34M, I \[ W

Timer 4 latch (8} |
B

F

. Timer 4
;W Timer 4 (8} ]7 * intarrupt request
4

T34M,

]

Seleclion gate . Connected to black
colored side at reset.

Note : Pulse widih of extemnal clock Input TIM2Z, TIM3 need more than 4 maching cycles.
Fig. 6 Block diagram of timer 1, timer 2, timer 3 and timer 4
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SERIAL VO

M37T102MB-XOXSP has two serial /Q (serial 170 1, serial
170 2). Serial 170 1 has the same function as serial 1/0 2.

A block diagram of the serial 1/0 is shown in Figure 7.

In the sefial 10 mode the receive ready signal (Spgys) .
synchronous input/output clock {CLK;), and the serial 1/0
pins {Soyri, Swj) are used as port P4. The serial 1/O; mode
registers (address 00DC,s 00DE,) are 8-bit registers. Bits
0. 1 and 2 of these registers are used to select a synchro-
nous clock source.

Bit 3 and 4 decide whether parts of P4 will be used as a
serial /0 or not.

To use P4; or P4 as a serial input, set the directional reg-
ister bit which corresponds to P4; or P4 to “0”. For move
information on the directional regisler, refer to the 1/0 pin
section.

Also to use internal clock of serial 1/0 2, bit 1 of special
mode register 1 (address 00DA,s) needs (o be set to “1™.
The serial 1/0 tunction is discussed below. The function of
the serial I/O ditfers depending on the clock source: exter-
nal clock or interpal clock.

Dala bus
X O 172 1/2 Counter 1
1/18
P4; latch SIOTM,
* — SIO1M,
P43/ Snov circuit
SIOTM, e
’ P4, latch
[ - Serial 1701
Py /Seu O— SIE;;M: =] Sariat /0 counter 1 {8) '— intermupt request
P4y latch
SIOIM; | LSB—MSB
Pdo/Soyry O >
SIOTM,
P4:/8p: (> "'Il Serial 170 shift register 1 (8}
.
G 2
144 1178 (116
Pd; latch PWM$ S102M,
~ SIO2M, \? \f \?SEOZM,
P4,;/5q y
o $I02M,  SB, sieuil ] T
Pdg latch  SCL
i | ; Senial 1502
Pas/Sci e O pn=ny 5\;2 | Serial /O °°"“'9’.2 &) —I‘ ™ interrupt request
Pd, latch SDaA
SI02M; | LSBMSB
Pdu/Sours
SIO2M; SB:
Paorswe O = Serial /0 shift register 2 (8)
PWM9
8
P4, laich ’

Flg. 7 Block diagram of seria! /O
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Internal clock — The Sapyi signal becomes"H"during trans-

mission or white dummy data is stored in the serial Oj
register (address 00DD., 00DF,s). After the falling edge of
the wrile signal, the Sgovi signat becomes low signaling
that the M37102M3-XXXSP s ready to receive the external
serial data. The Sppy; Signal goes “H” at the next falling
adge of the transfer clock. The serial 1#/0; counter is set to
7 when data is stored in the serial 1/O; register. At sach
falling edge of the fransfer clock, serial data is output 10
Souri. During the rising edge of this clock, data can be in-
put from Sy; and the data in the serial 170 register will be
shitted 1 bit.

Transfer direction can be selected by bit 5 of serial 1/0;
mode register. After the transfer clock has counted 8 times,
the serial 1/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 extemal clock is used, the interrupt re-
quest will be sent after the transfer clock has counted &
times but transfer clock will not siop.

Due to this reason, the external clock must he controlled
from the outside, The external clock should not excead
500kHz at a duty cycle of 50% . The timing diagram is
shown in Figure 8. When using an external clock for trans-
ter, the external clock must be held at "H" level when the
serial 1/0; counter is initialized. When switching betweaen
the internal clock and extemal clock, the switching must not
be performed during transfer. Also, the serial 1/G counter
musl be initialized after switching.

An example of communication between two M37102M8-
XXXSPs is shown in Figure 9.

Sync. clock

Transter clock

Senial 170 register

pEplipipEpipipNpEpEpSRERERE N

wrile signal

Serial /G output

Sour; Do

Y o X o e X_D,

Senal 170 input

“ae
-

Sini

)re‘xx—xxx

el

X
X
Aecelvable signa.l

i

Interrupt request bit set

Flg. 8 Serial VO timing

Sending side Receiving side
Serial /01 mode register Saov Sarial /01 mode register
Sanvi Snovi
Bit 4 Bit 0 Bit 4 Bit D
F|111\x1x| [1]1|0‘x‘x|
Sync. cinck
Scik Sewki
The direction register for pin Sepey " The diraction registet for pin Sy,
should be set 10 Input mode. should ba to input mode,
Serial dala
SOU'VI —— —— " — ™ S““

Fig. 8 Example of serial /O connaction
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Serial 1YO1 mode register
(address 00DC,e}

Sernial I/02 mode register
{address 00DE,q)

Internal synchronous clock AI— Internal synchronous clock

selection bit selection bit

00 KX, divided by 4

01 1 f(Xy,) divided by 18
00 (X} divided by 32
112 (X} divided by 64

00 t(Xy) divided by 4
L HXy) divided by 16
LX) divided by 32
I H¥w) divided by 64

Sync. clock zatection bit Sync. clock selection bit
0 ! Extemal clock { . External clock
1 ! imernal clock 1 . Internal clock

Serlal 1¥O1 port selection bil
0 : Port P4, P4,
¥ D Sourts Scuks

Serial /02 port selection bit
O © Port P4, Pds
1 ! Special mode {see Fig. 14}

Sapve signal cutpul sefection bit l‘ Sapvz Signal cutput selection bit

0 Port Pdy 0 : Port P4,
1 Spowe 1 ' Special mode {see Fig, 14)

Transfer dirgction selection bit Transter direction seiection bit

0 .L58 0 .LsB
1. ME28 1 . MSB

Fig. 10 Structure of serlal 1/0; mods register
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SPECIAL MODE (1°C BUS MODE®*)
M37102M8-XXXSP has a special serial 1/0O circuit that can
be reception or transmission aof serial data in conformity
with I’G {inter IC) bus format.

I’C bus is a two line directional serial bus developed by
Philips to transfer and control data among internal I1Cs of a
machinery.

M37102M8-XXXSP's special serial 170 is not included the
clock synchronisation function and the arbitration detect-
able func¢tion at multimaster.

Operations of master transmisson and master reception
with special serial /O are explained in the following:

{11 Master tranzmission

To generats an interrupt at the end of transmission, set bit
7 of special mode register 2 (address 00DBys} to 1" s0 as
to special mode serial I/Q interrupt is selected. Then set
bit 3 of interrupt control register 2 (address DDFF,¢} to “1°
50 as to special mode serial 1/0 interrupt is enabled. Clear
the interrupt disable flag | to "0" by using the CLI instruc-
tion.

The output signals of master transmission SDA and SCL are
output from ports P4, and Pds. Set all bits (bits 4 and 5)
comresponding to P4, and P4; of the port P4 register
{address 00C8,s) and the port P4 direction register
{address 00C9,e) to "1™

Sel the transmission clock. The transmission clock uses the
averflow signal of timer 4. Set appropriate value in timer 4.
{For instance, it +{X)y) /16 is selected as the clock source
of timer 4 and 4 is set in imer 4 when f{X,y) is 4MHz, the
master transmission clock frequency is 25kHz.)

Set contenis of the special mode register 2 (address
00DB). (Usually, “835".}

Set the bit 3 of serial I/0, mode register (address 00DEqg).
After that set the special mode tegister 1 {address
00DA.¢). Figure 14 shows the struclure of special mode
registers 1 and 2.

Initial setting is completed by the above procedure.

Write data to be transmitied in the special serial /O regis-

ter {address 00D9,,) .Immediately after this, clear bits 0
and 1 of special mode regiser 2 {to "0"} to make both SDA
and SCL output to “L". This is for arbitration. The start sig-
nal has been completed.

The hardware auvtomatically sends oul dala of 9-clock cy-
cle. The Sth clock is for ACK receiving and the output level
becomes “H" at this clock. |f other master outputs the stan
signal to transmit data simultaneously with this 9th clock, it
is not delected as an arbitration-lost.

When the ACK bit has been transmitted, bit 3 of the inter-
rupt reguest register 2 is set to 91" {issue of interrupt
request), notifying the end of data ransmission,

To transmit data successively, write data to be sent to the
special serial /0 register, and set the interrupt enabled
state again. By repeating this procedure, unlimited number
of bytes can be transmitted.

To terminate data transfer, clear bits 0 and 1 of the special
mode register to "0, set bit 1 clock SCL to 1", then set bit
1 data SDA to *1". This procedure transmits the stop signal.
Figure 14 shows master transmission timing explained
above.

{2} Master raception

Master reception is carried out in the interrupt routine after
data is transferred by master transmission. For master
transmission and interrupt thereafter, see the preceding
section (1) Master transmission.

In the interrupt routine, set master receplion ACK provided
{26,5) in the special mode register 1 {address 00DA,g),
and write “FF,¢" in the special seral 1/0 register {address
00D%,,}. This sets data line SDA to “H" and to perform 8-
clock master reception. Then, "L” is transmitted to data line
SDA for ACK receiving. In the ACK provided mode, the
above ACK is automatically sent out.

Repeat the above receiving operation for a necessary num-
ber of limes. Then retrun to the master transmission mode
and transmit the stop signal by the same procedure for the
master transmission.

Figure 15 shows master reception liming

PhgrscL ()

Slo2m

P4, rSDA 0—1

PA, latch

SIO2M,
SIH0 thil ragister 2

Conlret
circuit

Internup reguest

Dala bus

Fig. 11 Block dlagram of special serial I/O

% | Purchase of Mitsubishi Electric Comporation’s °C components converys a license under the Phillps PG Patent Rights to use these
components in an °C system, provided that the system conforms to the I°C Standard Specification as defined by Philips.

Sy
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PasSDA man a ﬂ f?f," :-jic_x_’)
™ LML LTI UL

P4,/SCL l||||||l|l||||||ll l

Fig. 12 Master transmizssion timing

Reception dala
N

Pa/SDA GO0 IRIRIREEENENL
Pag/iSCL™ l|||||”|||||||]|[| ||||||||||[||[|[||

Py SDA i___i__j.__i__‘l_..:-_j.__j._ | | 1 | B
P4:/SOL l|!||||||”|l|,||| | T

Fig. 13 Master reception timing

7 0 7 0
[ Special mode register 1 | Special mode register 2
{address 00DA,e) [ ‘ {addrass (0DE,,)
Transmission and reception mode t L Data line controi bit
seleclinn bit ‘
1

0 | SDA outputs "L

* Reception made
0 scep 1 SDA culputs “H"

1 : Transmission mode

——— Synchronous clock selection bit Gtock line contral bit

0 ' External clock 0 ! SCL outpuls "L”
1 . Timer 4 overllow 1 7 SCL outputs “H"
P4,, P4; special mode selection pit ——— ACK recognifion bil
. , 0 ! ACK was received
@ = Sours. Scuke signal output 1 ACK is not received

1 : SDA, SCL signal output

Wait function 1 enable bit

P4, special mode selaction bit 0 I Wail tunction 1 is disabled
0 P4, outpyt 1 : Wail function T is enabled
1 PWMS outpul

Wait function 2 enable bit

P4; special mode selection bit 0 . Walt function 2 is disabled
0 ! Sapye signal output 1 I Wait function 2 is enabled
1 I PWME ocutpul

Wait lunction 1 acceplance display bit
ACK operation selection bit 0 Wait tunction 1 i3 not accepling
0 : ACK i not sent of received. 1 Wait function 1 is accepting
1 ! ACK is sent and received.

Wait function 2 acceplance display bit

Siar signa! detect bil 0 . Wait function 2 is not accepling
0 I Slart signal is not detecled 1 1 Wait function 2 is accepting
1 Slart signal was detected

Interrupt setection bit

Btop signal detect bil 0 ! Serial 1702 interrupt
0 . Stop signal i3 not detected 1 Special sesial 120 interrupt
1 ' Stop signal was detected

Fig. 14 Structure of special mode reglsters 1 and 2
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PWM OUTPUT CIRCUIT

m

()

Introduction

The M37102MB-XXXSP is equipped with one 14-bit
PWM{DA) and ten 8-bit PWMs {PWMO~PWMS). The
14-bit resclution gives DA the minimum resclution bit
width of 500ns (for X,y=4MHz) and a repeat period of
81925, PWMO ~ PWM9 have a 8-bit resolution with
minimum resolution bit width of 8xs and repeat period
of 204848,

Block diagram of the PWM is shown in Figure 15.

The PWM timing generator section applies individual
control signals to DA and PWM0~9 using clock input
X, divided by 2 as a referace signal.

Data setting

The output pins PWMO~7 are in common with port PG
and PWM3, 9 are in common with port Pdg, P4;

For PWM output, each PWM oulput selection bit (bit 1
~7 of PWM output control register 1, bit 0, 1 of PWM
output control register 2, bit 3, 4 of special mode regis-
tar 1 and bit 4 of serial 10 2 mode register) should be
set. When DA is used for output, first set the higher 8-
bit of the DA-H register (address DOCE,s}, then the
tower 6-bil of the DA-L register {address 00CFg).
When one of the PWMO~9 is used for cutput, set the
&-bit in the PWMO ~ 9 register {address 00D0s ~
00045, 00F6,5~00FA, ¢}, respectively.

Transferving data from registers to latches

The dala written to the PWM registers is transferred to
the PWM latches at the repetition of the PWM period.
The signals output to the PWM pins correspond to the
contents of these latches. When data in gach PWM
register is read, data in these latches has already been
read allowing the data output by the PWM to be con-

(6)

There are eight different pulse types configured from
bits 0 ~ 7 represenling the significance of each bil.
These are output within one period in the circuit inter-
nal section. Refer to Figure 16 (a).

Eight different pulses can be output from the PWM.
These can be selected by bits & through 7. Depending
on the content of the B-bit PWM iatch, pulses from 7~0
is selected. The PWM output is the difference of the
sum of each of these pulses. Several examples are
shown in Figure 16 {b}. Changes in the contents of the
PWM latch allows the selection of 256 lengths of high-
level area outputs varying from 0/128 to 255/256. An
length of entirely high-level output cannol be output,
i.e. 256/256.

14-bit PWM operation

The output example of the 14-bit PWM is shown in Fi-
gure 17. The 14-bit PWM divides the data within the
PWM latch into the lower 6 bits and higher 8 bits.

A high-tevel area within a length Dy times T is cutput
every short area of 1=256 T =128u5 as determined by
data Dy, of the higher 8 bits.

Thus, the time for the high-level area is equal to the
time set by the lower 8 bits or that plus 7. As a result,
the short-area period t {=128xs, approx. 7.8kHz) be-

‘comes an approximately repetitive period.

Qutput after reset

Al reset the output of porl P4, PG is in the high impe-
dance state and the contents of the PWM register and
latch are undefined. Note that after setting the PWM
register, its data is transferred to the laich.

Table 2. Relation between the 6 lower-order bits

of data and high-level area increase space

firmed. However, bit 7 of the DA-L register Indic?ted S g T AT Aveatonger by ¢ ihan that of other mfm = 0 ~63]
the completion of the data transfer from the DA register 20000% | Noting
to the DA latch. If bit 7 is “0", the transfer has been 000001 |m=32
completed, if bil 7 is "17, the transfer has nol yet D0O0D10 |m=l548
begun. Q00100 |m=8.24405
{4) Operation of the 8-bit PWMs 001000 | m=4,1220,28 35 42,50,58
The timing diagram of the ten 8-bit PWhs {PWMO—~3) 0106000 |m=2,6,10,14,18 22 25, 30, 4, 38, 42, 46, 50, 54, 58, 62
is shown in Figure 16. One period (T) is composed of 100000 |[m=1,3,5,7, oo 67,59, 61,63
256 (2°) segments.
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Drata bus
colored side when
DA-L ragister resel.
{agdress BOCF
2 Pass gae
Di-H raglsier
{adoress JOCE..)
BT T TTT =9 '9—‘
DA Tedeh [14-1it) ?
D I I A |
8 2 )
7
0-4
Ky 12 g
Tor PWM
Fv,
A== ==
I PO regisier !
| {adaress 0000} |
| ELITIITTH !
i
: PAMMD L ateh |
e I
1 !
1 [ ]
I I PNa:' pg, OB 'J—O PWMOD
l I B-bit PWM circuil }»—— a’
' | PW,
Hf——===----- ~4-5=4 ) o O
t l—-éﬁ)’_,
t HRG 11—0 P2
:' ———————————————— 1 ee, O ]
i A —D
________________ P
I_ _'I P6s D6 ,J—O 3
- i W
I 1 PW, i
:... e —————— - ————— .: PG, 2 J‘OF‘WW
i b
! I o
:. _______________ _= pg, U ﬁ'—b PWMS
! ,"’H pt -
!‘ —————————————— 4 re O al—o ¢
\ | N -
Hb=——=—— - ———— —— e — _: pg, e |J‘O FWMT
I
! b —T 1
| | PN o4
Hr—— - ————— V5o By | J-D Pwwms
| | 1 PM . PWM cutput control register 1
: 5B, SI02M, PN . PWM outpul control register 2
AfF-——= e m o .: P, [0 Py D4 . Porl P4 directional register
i ,___é_:DD_Ji P4: Porl P4 register
L 1 56 D& ©  Por PS directional register
————————————————— - PG . Porl PG register
SB ! Special mode register 1

—1‘5- Selection gate © connected to black

SI02M | Serial 170 2 mode register

Fig. 15 Block diagram of the PWM circuit
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133749 20 { 40 0 ] 0 fi} il I g 1 | 14 1 170 | 1 210 e 1] ] iz
Bit7 AN AN TR . ¥ NN i T il
ene QUL R AR AR A SR R A O
ST EEE R R ER SN EE N N i
ma L_FL L L K % Rk K ® % K _% % % F !
Bit 3 Iﬁ ﬁ ﬁ) 13 1“u ||_?|5 2ﬁ? Tln
Bh 2 ﬁ ﬁ ‘ﬁ’ 1Izld
Bil 1 it i
BiLD Iﬁ
{a} Pulses showing the weight of 2ach bil
Gonlents
of tha latch
WhenDOm (0)
When 0145 (1) 1
When13‘s(24}nn“ n_n_n N1 i i N nnn | .| | A |
When FF,;(2553 1
* L_‘ T=256t
When outpul is PWMD~8  tmBus T=2048u3
When (X, ) =4MHz
(b} Fxampie of 8-bil PWM output
Fig. 16 8-bit PWM timing diagram
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(Sei v2Cs" 10 DA-H tegiste) Sel “28,," 10 DA-L register )

Latch ransfer complate hit
0 §Transier complete

Transfer is not completed
{Automatically aet at writing}

(DA-H registerl 0 [0 T 1 T o A-Lregisted| 1] [1]o]t]ofofol

1{1]e]e]}
610

bit 7
Next pericd

m

bit 13

it bit §
Next perind

/m/

bit 0

OEne

1{1fofofi]e]:

1830

These bits decide “H” level area
of fundamental waveform
leval

"H*
( fundamental waveiorm durabons

area 01') - ( Mirtmum bil) (The higher 8 bits vatue )
of 14-bit PWM latch

" These bits decide smaller intervals tm in which “H" level arez
is [*H" level area of fundamental waveform plus r]

(Fundamental T
wareform

Q. 53X 44

14-bil
PWM
output

y "
Waveform of smaller intervals tm specified by the jower & bits
0. 58X 45

r=0, 5

14-bit
WM

i ]

b I
B-bit 17 11 1T T 1T
counter |FEIFEIFDS ~ 1053043031021 ~ 1021 011 00|

e J

!

[The fundamental waveform of smaler inlervals

tm which i3 nal specilied by the lowar & bits is
not changed

- output

1
9=bit TeENFD) ~ o5 2 03 o Yoo Vo '
sounter |FFIFEFD! ~ 1D61D41D34D21 ~ 102 011
- »

S]

0. Sus %45

t4-bit PWM output

r=0. 908

14-bit PWM iatch
the lower 6 bils sutput

T=B192:%

B

Fig. 17 14-bit PWM output example (f(X,,) =4MHz)
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Q 7 ] .
LTI T T T i 1] pwhoutput control register 1 LT T L L] 1] PwWMoutpyt control register 2
{address 00D5,) {address 00D6.s)
DA, PWM count source selection bit Phg/PWME output selection bit
0 : Count source supply 0 ' P6g output

1 7 Gount source siop 1 . PWMG output
DA/PN, output selection bit
0 DA output
1 PN, oulput

P6+/PWMT output selaction bit
0 P67 oulput
1 ! PWMT oulpul

L P§,/PWMOQ output selection bit

DA output polarity selaction bit

0 : P8, output
1 PWMO cutpul

P, /PWM1 output selection bil
0 : P8, cutput

0 : Positive polarity
1 Megative polarity

PWHM outpul polanity selection bil
0 . Positive polarity

1 FWMI1 output 1 7 Negative polarity

P62/PWMZ output selection bit DA wide use output register

0 - Pé; cutput ¢ 10" output

1 PWM2 output 151" output
P6./PWM3 output selection bit

0 ! PE, outpul

1 PWM3 oulput

P6./PWM4 outpat seleclion bit
0 : P56, output
1 . PWHMA ouiput

P6a/ PWMS cutput seleciion bit
0 ! Pé; oulput
1 1 PWMS5 output

Fig. 18 Structure of PWM output control reglster 1 and 2
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A-D CONVERTER

Block diagram of A-D converter is shown in Figure 20. A-D
converter consists of 4-bit D-A converter and comparator.
The A-D control register can generate 1/16 V.--step inter-
nal analog voltage based on the settings of bits 0 to 3.
Table 3 gives the relation between the descriptions of A-D
contrad register bits 0 to 3 and the generated intermnal ana-
log vollage. The comparison resull of the analog input vol-
tage and the intemal analog voltage is stored in the A-D
control reqister, bit 4.

The data is compared by sefting the directional register
corresponding to port P3:, P3g to “0" (pon P3;, P3; enters
the input mode), to allow port P3s/A-D1, P3,/A-D2 10 be
used as the analog input pin. The digital value correspond-
ing to the internal analog voltage to be compared is then
written in the A-D conirol register, bit 0 to 3 and an analog
input pin is selected. After 20 machine cycle, the voltage
comparison starts.

A-D conirol register
(address G0EF,q)

LOI DL L

Internal analog voltage
sel bil {See table 3]

Comparison result
{ ! Input voltage <
Intermal vollage
1 ! Inpui voitage >
Inlarnal vottage
A-0 input pin selaction bit
0 ! P3/A-D1 pin
1 Pig/A-D2 pin

Flg. 19 Structure of A-D control register

Table 3. Reiationship between the contents of A-D
control reglster and internal analog voitage

A-D conlrol register
Bt3 | miz | Ba1 | mao analog votage
0 0 0 0 1732 Ve
0 0 0 1 3/32 Nee
0 0 1 [+ 5/32 Veo
0 0 1 1 7/32 Vee
0 1 0 0 9/32 Voo
0 1 0 1 11/32 Vee
0 1 1 0 13/32 Vee
0 1 1 1 15/32 Vee
1 0 0 0 17/32 Vee
1 0 0 1 19/32 Vee
1 0 1 0 21/32 Nee
1 ¢ 1 1 23/32 Ve
1 1 0 0 25/32 Vee
1 1 0 1 27/32 Voo
1 1 1 0 29/32 Veo
1 1 ¥ 1 31/32 Ve
- Data bus
A-D control registar
Comparator control
Bit5
|
A-D contrgl
register
P3; -— Analog
signal omparators Bit 4 | Bit 3 | aitzl Bit 1 [ Bit0 |
P3s— switch

Ladder resistor

Fig. 20 Block diagram of A-D converter
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CRT DISPLAY FUNCTIONS

(1) Outline of CRT Display Functions

Table 4 outlines the CRT display functions of the
M37102MB-XXXSP. The M3I7102ME-XXXSP incorporates a
24 columns X 3 jines CRT display control circuit. CRT dis-
play is controlled by the CRT display control register.

Up to 126 kinds of characters can be displayed, and colors
can be specified for each character. Four colors can be
displayed on one screen. A combinalion of up 1o 15 colors
can be obtained by using each output signal (R, G, B, and
1.

Characters are displayed in a 12X 16 dot configuration to
obtain smooth character patterns. {See Figure 21)

The foillowing shows the procel:lu_re how to display charac- .

ters on the CRT screen.

Table 4. Outline of CRT display functions

) Parameter Functions
ispl

Number of display 24 characters™ 3 linesg
characler

1] 1
N afac er‘ 1216 dots (Sae Figure 21}
configuration )
Kinds ol character 126

Character size 4 size seleclable

Kinds of color | 15 {max.)

Color

Coloring unit a character

Possible {multiple lines)

Display expansion

12 dots

16 dots

Fig. 21 GRT display character configuration

Sel the character to be displayed in display RAM.

Set the display color by using the ¢olor register.
Specify the color register in which the display color is
set by using the display RAM.

Specify the vertical position and character size by us-
ing the vertical position register and \he character size
register.

Speacify the horizontal position by using the horizontal
position register.

Write the display enable bit to the designated block
display ftag of the CRT control register. When this is
done, the GRT staris operation according to the input
of the Vgvwe signal.

The CRT display circuit has an extended display mods.
This mode allows multiple tines {more than 4 lines) to be
displayed on the screen by interrupting the display each
time one line is displayed and rewriting tata in the block
for which display is terminated by software.

Figure 23 shows a biock diagram of the CRT display contral
circuit. Figure 22 shows the structure of the CRT display
control register.

®» e

@ @

7 &
EL T U T [T 1 [ ] CRTeonuol regisiar

I [Address (OER,.]
t Display of all blocks control bit {Note i}

F 0 Display of all blocks off
1 . Display of all blocks on

Display of black 1 coniral bBit
0 : Display of block 1 off
1 | Display of block t on

Display of block 2 control bl
Q0 . Display of block 2 ol
1 . Display of block 2 on

Display of block 3 control bit
0 : Display of block 2 off
1 ! Display of block 3 on

Block 1 color selaect mode switch bil
0 : Hormal mode
1 I Half character widih calor
select mode

L——————— Clock for display slop bit
0 - Stop
1 | Osclliation enable

2! ing ling double count mode: hil
G * Normal mode (256 lines)
1 ! Double sount mode

Note | | Dispiay of all blocks control bit indicates the
legical sum {AND) of each block disptay control
bit,

Flg. 22 Structure of CRT control register

S sEH
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0sC1 [nlcled Hevue Vevnc
) ¢ @
{Address DOEA e}
CRT control register Clock generating
circuit
{Address 00E1,5~00E3;¢)

Verttical position register

{Address O0E4,,)

Characler size regisier

Display position control ¢ircut

{ Addreszs D0EQ g}

Harizontal position register

{Address D0ES.e)

Border register

Display control
circuit
RAM for display
11-hit X 2431
. ROM for display Border RAM
=+ 9-bit X242 12-bit X16X126
{ Address Q0EB,.
~-00E9sg)
Color register snin teg_istsa‘ e vrond
12-bit 12-bit
{Address 00EC )
Output cirguit [~—
CRT port control regist

ouT

N N Y

Fig. 23 Block diagram of CRT display control circuit
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(2) Display Position

The display positions of characters are specified in units
called a “block.” There are three blocks, block 1 to block 3.
Up to 24 characters can be displayed in one block. (See
{4) Display Memory.)

The display position of each block in both horizontat and
vericat directions can be set by software,

The horizontal direction i5 common to all blocks, and Is
selacted from 64-step display positions in units of 4Tc (Tc
=oscillation cycle for display).

The display position in the vertical direction is selected
from 128-step display positions for e¢ach block in units of
four scanning tines.

if the display start position of a block overlaps with some
other block ((b) in Figure 24), a biock of the smaller block
No. {1~3) is displayed.

If when one block is displaying, some other block is dis-
played at the same display position ({5} in Figure 24}, the
former block is overridden and the latter is displayed.

The vertical position can be specified from 128-step posi-
tions {four scanning lines per step} for each block by set-
ting values 00— 7Fs 10 bits 0~ B in the vertical position
register (addresses 00E1,,~00E3,s). Figure 25 shows the
structure of the verical position register.

Vertical posilion register
{Address ODE1 ,~00E3,s)

The vertical display start position
128-s1ep positions {00,6~7F,5}

Fig. 24 Structure of vertical position registers

The harizontal direction is ¢common to all blocks, and can
be specified from 84 -step display positions {4Tc per step
{Tc=oscillation cycle for display} by setting values 00,5~
3F5 10 bits 0~5 in the horizontal positlon register {address
00ED,s} . Figure 26 shows the structure of the horizontal
position register.

7 0
[TTTTTT T} Horizontal position register
[Address O0EQ,)

The horizontal display start position
B4-stap positions {00,5~3F ¢}

Fig. 25 Structure of horizontal position register

2 M
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(HR}

R e e

Block 1

CVQ_ t__ 1~
Block 2

CVg-T—-
Block 3

(a} Example when each block is separaled

(HR}

¥ _ ]

[ e e
Block 1

CWy—*——
Block 3

(b} Example when the display start position of a block averlaps with some othar biock

{HR}

__¥__ ]

CV~ 1+ ==
Block 1 {Black 2]

oy, -~ *
Block 1 {Block 3}

(¢} Example when one block |s displaying some other block is superimposed.

Fig. 26 Display position
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(3) Character Size

The size of characters 1o be displayed can be selected
from four sizes for each block. Use the character size reg-
ister (address ODE4,5) to set a character size. The charac-
ter size in block 1 can be specified by using bits 0 and 1 in
the character size register; the character size in block 2
can be specified by using bits 2 and 3; the character size
in block 3 can be specified by using bils 4 and 5. Figure 27
shows the structure of the character size register.

The character size can be selected from four sizes: mini-
mum size, medium size, large size, and extra large size.
Each character size is determined by the number of scan-
ning lines in the height (vertical) direction and the cycle of
display oscillation (=T¢} in the width (horizontal} direction.
The minimum size consists of [one scanning line) X (1 Tc);
the medium size consists of (two scanning lines] X [2 T¢l;
the large size consists of [(three scanning lines) X (3 Tc);
and the exira large size consists of [four scanning lines} X
(4 Tc) . Table 5 shows the relationship between the set
values in the character size register and the character
sizes.

? o
LI T 1T {11 [ ] Character size register

| { Addre=s 00E4,,)

Block 1 character slze selection bit
0 : Small size
1 : Medium size
10 : Large size
11 ; Extra large size

Block 2 character size selection bit
00 : Small size
01 : Madium size
10 Large size
11 © Extra large size

Block 3 character size salection bit
00 . Small size
a1 ! Medwm size
10 Large size
11 : Extra large size

Fig, 27 Structure of character size register

Table 5. The relatlonshlp between the set values of the character size register and the character sizes

Set values ol the character size regisier Charactar Width (horizontat} Height (vertical)
CSm CSmo size direlion dirgction
0 Q Small 1 Te 1
0 1 Medium 2 T 2
1 0 Large 3 T 3
1 ! Extra large 4 T 4

Mcte : The display start posllion in the horizontal direction is net aflected by the character size, In other words, the horizonlal start posilion |s common Lo
all blocks even when the character size varias with each block. {See Figure 28]

A
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(4) Display Memory

There are two types of display memory: ROM of CRT dis-
play (3000,5 ~ 3FFF,5} used to store character dot data
{masked) and display RAM (2000,5~20D7.s} used to spe-
cify the colors of characters to be displayed. The following
describes each type of display memory.

@ ROM for GRT display (3000,5~3FFF,s)

The CRT display ROM containg dot pattern data for charac-
ters 10 be displayed. For characters stored In this ROM to
be actually displayed, it is necessary to specify them by
writing the character code inherent to each character
{code determined based on the addresses in the CRAT dis-
play ROM) inte the GRT display RAM.

Small

Medium

Large

Exlra large

Display start posgition

The CRT display ROM has a capacily of 4K bytes. Because
32 bytes are required for one character data, the RCM can
contain up to 128 kinds of characters. Actually, however,
because two characters are required for test pattern use,
the ROM can contain up to 126 kinds of characlers for dis-
play use.

The CRT display ROM space is broadly divided into two
areas. The [vertical 16 dots) X (hotizontal (left side) 8
dots) data of display characters are stored in addresses
3000,5 ~ 37FF,g the [vertical 16 dots] X [horizontal (right
side) 4 dots) data of display characters are stored in
addresses 3800,.~ 3FFF,.. (See Figure 29) Note however
that the tour upper bits in the data to be written to addres-
ses 38005~ 3FFF;s must be set to “1" by writing data F0,5
~FFys).

Table 6. Character code list

Conlained up address of character data
Character code - . .
Lett B dots lines Right 4 dots lines
IHM,6 3800,
LUV ITS § {
300F ¢ 380F g
3010, 38104
Olis § §
AMFe 381F g
302046 3820,
0248 § i
A02F ¢ A82F, g
303046 3830,
0346 § i
A03F ¢ 3823F g
31004 30
105 § {
I0F ¢ 390F ;¢
3110, 39104¢
11,6 § {
311Fe J91F e
34F0,¢ i JCFQys
4F, ¢ § {
34FF 3CFF,s
3500 s AN,
Sthe § {
250F, 3D0F s
3700, ! 3FDO0,
7Dye { i §
37DF, s GFDF,g
I7TEOs 3FEQyg
TE " { {
37EF.e AFEF,5
A7FO04e AFFOyg
7Fie* § 5
37FF.s 3FFFye

Fig. 28 Display start position of sach characier size
(horizantal direction)
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The character code used to specify a characier 1o be dis-
played is determined based on the address in the CRT dis-
play ROM in which that character is stored.

Assume that data for one character is stored at 3XX0,; ~
3XXFye (XX denotes 00y~ 7Fye) and 3YY0,5~ 3YYF,5 (YY
denotes 80,s ~ FF,;) , then the character code for  is
“X¥ig"

In other words, character code for any given character is
configured with two middle digits of the four-diglt {hex-
notated) address (3000,; ~ 37FF,,) where data for that
character is stored.

Table € lists the character codes.

bit? bit( .~ bit? ntd bid
%046 [0]070 070 0 0]0]  3xx0,+8004 0'0l0:0
olo. 0.6 0[1]alo EIE
alo 010 ol1{0l0 alo olo
oioiolofr]e]1]0 o]0 570
070 loloflo[v]o0 9l0]0 0
©:00/11010 011 ajoio|o]
010 0pti0 010 ¢j0°00
[0i0 o406 01 0[0:0.90
[ola[]0 0i0 0l0 10,0, 0]
oo [ vl T Ajololo
olof1lo ofo olo 1l0lo o]
o[1]olo ol 0 of EBE
el1jojo, 0000 oprje 9
041]04010,0:9.04 0/1i0,0
10,0/0;0,0,040]0 ¢ 0.0/9
3xxFsi0lo:0,0j0l0lolo 3XXF1+800hs olo ofo
Fig. 29 Display character stored area
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(2) CRT display RAM (2000,5~20D75)

The CRT display RAM is allocated at addresses 2000, ~
20D7 4, and is divided into a display character code spe-
cifying part and disptay color specilying pan for each block.
Table 7 shows the conlents of the CRT display RAM.

When a character is to be display at the first character
{leftmost) position in block 1, for example, it is necessary
to write the character code to the seven low-order bits
{bits 0~6) in address 2000, and the color register No. lo
the two low-order bits (bits O and 1) in address 2080, The
color ragister No. to be written here is one of the four color
registers in which the color to be displayed is set in ady-
ance. For details on color registers, refer to {6} Color Reg-
isters.

The structure of the CRT display BAM is shown in Figure
30. Write the character patterns at Table 8§ and 2, when
M37102MB-XXXSP is mask-orderad.

Table 7. The contents of the CRT display RAM

Block Display position {from left) Character code specilication Calor specification
15t colurnn 20004 2080,¢
2nd cotumn 2001, 2081, .
Ard column 2002,¢ 2082,:
Block 1 : M B
Z2th column 20158 2095,4
23th column 20164 2096,
24th colurn 201746 2097, |
2018, 20985
Not used ! t
201F g 209F, ¢
1st column 202044 20A0+¢
2nd column 2021,6 204814¢
3rd column 202246 20A2.¢
Block 2 : : :
22th column 2035.¢ 2085
23th column 2038, 2086, ]
24th column 203716 20875
2038, 2068,
Not used 4 i
203F ¢ 2QBF g
15t column 2040, 2000, ¢
2nd column 2041,¢ 20C1 4
3rd column 2042, 20C2,¢
Block 3 : . :
22th column 2055, 2005,¢
23th cotumn 2056,¢ 2006,
24th cotumn 20574 20D7,¢
2058, B
Not used ! :
207F s
2—22 MITSUBISHI
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Block 1
[Gharacter spacitication)
18t column © 20004,
24th column 20174

(Color specification)
151 cotumn & 2080,
?
24th column © 20974

Block 2, 3
[Character specification]
18t column - 2020,
241h column T 20374

(Color specilfication}
13t column IIZDAD',
24th column ; 2087,

Characler code
Specify 126 characters at 00,,~70 s

Former half color register specificalion
in the normal mode or in the haill characier
width color select mode,

00 © Color register ¢ spacification
01 2 Color register 1 specification
10 : Color register 2 specification
11 Color register 3 gpecification

Latter hall color register spacitication
in the half character width color select mode

00 © Color register ¢ specification
01 = Golor register 1 specification
10 © Color register 2 specification
11 © Color register 3 specilication

{ Address 2040,q~2057,¢ in the casa of block 3)

Character code
Spacity 126 charasters at 00,,~7TD e

{ Address 20C0,g~ 20074 in the case of block 3)

Color register specification

00 Color register O specification
0 Color register 1 specification
10 Color register 2 specilication
11 1 Color register 3 specification

Fig. 30 Structure of the CRT display RAM
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Table 8, Test character patterns 1

(5) Color Registers

Address Data Address T Daa The color of a displayed character can be specified by set-
3TEOq 4046 3FEDg FOug ting the color o one of the four color registers {CO0~GCO3:
37E1e 04, 3FE1ye FO.4 addresses (0EG,s~ 00E3) and then speciying that color
| 37E2 00,¢ IFE2,, Fdis register with the CRT display RAM.
37E36 2046 3FE3,g Fl,¢ There are four color outputs: R, G, B, and f. By using a
37E4.¢ 02, 3FE4e FOys combination of these outputs, it is possibie to set 2*-1
37ESqs 0045 2FESg F216 {when no output) = 15 colors. However, because only four
376615 106 3FE6.s FOie color registers are available, up to four colors can be dis-
37E7 s Ol 3FE7s Flhe .
37EByc 2015 SFEBre o played at one time.
37ES 08 3FES o R, G, B, and | outputs are set by using bits 0~3 in the color
16 16 16 16 . . N -
7AW 00 3FEA FBis register. Bit 4 in the color register is used to set a charac-
G7EB1s 204e 3FEB,. FO,q ter or blank output; bit 5 is used to specify whether a char-
37EC,« Ol 3FEC,s FO,q acter output or blank output. Figure 31 shows the structure
37EDue 0e 3FED.s Fdg of the color register.
37EE.e 2044 3FEEqs Fiie
37EF g 02.q 3FEF,s Fl,g
7 0
Table 8. Test character patterns 2 LI T T T TTT] Colorregister
Address Data Address Data (Address 0004,6~~0007 o)
37F0.e 0046 IFFO,e Fiie ! pin culput bit
37F 1,0 00,5 AFF1,, FOws 0 No charact'er i$ cutput
A7F2.s Oy 3FF24a FO.q 1 I Characler is output
A7F34s Q0ya 3FF 3.6 FO,q & pin oulput bit
37F4.10 0045 3FF e FOie 0 : No character is cutput
A7F5,¢ 00,¢ 3FF5s Flie 1 ! Character is output
37F61e 0046 3FF61s FOug '
37F76 00y 3FF7.1s Fhe G pin cutput bit
37F84e e 3FF&8,5 FOye i 0 ! Mo character is cutput
37F96 Ose 3FF3,¢ Filhg 1 I Characler is output
37FA, 0046 3IFFAs Fiha
37FB.g 00e 3FFB.g Flye R pin‘oulput bit
o, | oo || Srrc. | ro. Ve s o
37FDhe 00,4¢ 3FFD,g ;. Fhyg
37FE.q 0046 3FFE1s { Flwe OUT pin oulput bit (Note)
37FFs 00 3FFF4g | Fou 0 © No character of blank is output

1 Character or blank is output

QUT pin cutpul control bit { Nole}
0 ' OUT pin oulputs character
1 2 QUT pin culputs blank

MNote . When the character outlining lunction is used, the
contenls of these two bits (bils 4 and 5} are nullitied,
and the OUT pin output bacomes an border output.

Fig. 31 Structure of color registers
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N



MITSUBISHI MICROCOMPUTERS

M37102M8-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

(6) Half Character Width Color Select Mode
By setting “1” to bit 4 in the CAT control register (address
00EA.) it is possible to specify colors in units of a half
character size {vertical 16 dotsX horizontal & dots} for char-
acters in block 1 anly.

In the half character width color select mode, colors of dis-
play characters in block 1 are specified as follows:

(DThe Jeft half of the character is set o the color of the col-
or register that is specified by bits 0 and 1 at the color
register speclfying addresses in the CRT display RAM
{addresses 20802097}

@The right half of the character is set to the color of the
color register thal is specified by bits 2 and 3 at the color
regisler specifying address in the CRT display RAM
(addresses 2080,,~2097,).

Cotor of the coler regisier Color of the color register
specitied by bit & and bit 1 specifiad by bit 0 and bit 1 Block 1
of address 2080, ol address 2081,
{a} Disptay in the normal mode
Color of the calor segister Color of the color register Colar of the: color regisler Golor of the calor register
specified by bit 0 and bit 1 specifiad by bit 2 and bit 3 spacified by bit 0 and bit 1 specified by bit 2 and bit 3 Block 1
of address 2080, of address 2080, of addrass 2061, of address 2081,
(b} Display in the half character width color select mode
Fig. 32 Difference between normal color select mode and half character width colar select mode
"\El.ecmc"'"“msl ' a0
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(7} Multiline Display

The M37102M8-XXXSP can normally display three lines on
the CAT screen by displaying three bocks at different hori-
zontal positions.

In addition, it allows up to 16 lines to be displayed by using
a CRT interrupt and display block counter.

The GRT interrupt works in such a way that when display of
one block is terminated, an interrupt request is generated.
In cther words, character display for a certain block is initi-
aled when the scanning line reaches the display position
for that block (specified with verlical and horizontal position
registers) and whan the range of that block is exceeded,
an interrupt is apptied.

The display block counter is used to count the number of
blocks that have just been displayed. Each time the display
of one block is terminated, the contents of the counter are
incremented by one.

For multiline display, it is necessary to epable the CRT in-
tesrupt (by clearing the interrupl disable flag to "0" and set-
ting the CRT Iinterrupt enable bit=hit 4 at address O0FE,s)
to “1"}, then execute the following processing in the CRT
interrupt handling routine,

{DRead the value of the display block counter.

@The biock for which display is terminated (i.e., the cause
of CRT interrupt generation} can be determined by the
value read in (.

(DReplace the display character data and display position
of that block with the character data (contents of CRY
display RAM) and display position {contents of vertical
position and horizontal position registers} to be displayed
next.

Figure 33 shows the structure of the display block counter.

7 0
LI i [ [ [ [ ]} Displayblock counter
1 {address 00EB,g)

[ Indicates number of blocks that are
being displayed or ware displayed

Fig. 33 Structure of display block counter

Count value Interrupl
position
0
Block 1
——T == ] — —-—
Biock 2 1
————————— — ———
2
Block 3
EPEI S
Block 1'
NN D S
q

Fig. 34 Timing of CRT Interrupt and count value of display block counter
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(8) Scanning Line Double Count Mode

One dot in a displayed character is normally shown by one
scanning line. In the scanning kine double count mode, one
dot can be shown by two scanning lines. As a result, the
displayed dot is extended two times the normal size in the
vertical direction only. (That is to say, the h&ight of a char-
acter is extended twofold.)

In addition, because the scanning line count is doubled, the
display start position of a character is also extended two-
fold in the vertical direction. In other words, whereas the
contents set in the vertical position register in the normal
mode are 128 steps from 00,4 to 7F,s, or four scanning lines
per step, the number of steps in the scanning line double
count mode is 64 from 00,6 fo 3F, o eightl scanning lines
per step.

If the contents of the vertical position register for a block
are set in the address range of 4044 to 7F,¢ in the scanning
line double count mode, that block cannot be displayed
{not output to the CRT screen).

In the scanning line double count mode can be specified
by setting bit 6 in the CRT control register (address
OOEA-‘Q) to 1"

Because this function works in units of screen, even when
the mode is changed the mode about the scanning line
count during display of one screen, the double count mode
only becomes valld from the time the next screen is dis-
played.

Vertical position A

A
I} Scanning line 16 lines

. _/

{a} Display in the normal mode

Vertical posilion  AX2

AX2 -

Scanning line 32 lines

. Y,

{b} Display in the scanning line double count mode

Fig. 38 Display in the normal mode and in the scanning line double count mode

ELECTRIC
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{9) Character Border Function

An border of a one clock {one dol) equivaient size can be
added to a character 1o be displayed in both horizontal and
vertical direclions.

The border is output from the QUT pin. In this case, bits 4
and 5 in the color register {contents output from the OUT
pin} are nullified, and the border is output from the OUT

pin instead.

Border can be specified in units of block by using the bor-
der select register {address O0ES,s). Table 10 shows the
relationship between the values set in the border select
register and the character border function. Figure 37 shows
the structure ol the border select register.

Table 10. The relationship between the value set in the border selaction reglster and the character border function

3 is border
M is display by character data.

Border selactlon register
o Do — Functions Exampte of output
R, G, B, I output —_—
X 4] Normal P
OUT output —_
R. G. B, | cutput —_—
0 1 Border including character P
QOUT output S
R, G, B, | output —] 1
1 1 Border not including character e
OUT oulput P Uy
? 0
L 1T i T 1 i ] 1] bordersetecuon register
{Address 0GES s}

Fig. 36 Example of border

Block 1 QUT output border selection bit
0 I The same as R, G, B |3 output
1 . Border is outpul

Block 1 output switch bit
0 : Border including characier
1 : Border only

Block 2 OUT output border selection bit
0 : The same as R, G, B is cutput
1 [ Border is cutput

Biock 2 output switch bit
{ I Border including character
1 I Border only

Block 3 OUT output border selection bit
0 ! The same as R, G, B is output
1 Border is output

Black 3 output switch bit
0 ! Border including character
1 Border anty

Fig. 37 Structure of border selection ragister
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(10) CRT Output Pin Control

CAT output pins R, G, B, |, and OUT are respectively
shared with port P53, PS;, P54, PS5, and P5s. When the cor-
responding bits in the port P5 direction register are cleared
to “0", the pins are set for CRT output: when thé bits are
gset to “17, the pins function as port P5 (general- purpose
output pins).

Tha polarities of CRT outputs (R, G, B, |. and QUT, as well
as Hevne and Vsyns) can be specified by using the CRT
port control register {address 00EC¢).

Use bils 0~ 4 in the CRT port control register to set the
output polasities of Hgyne, Vsvne, R/G/B. | and OUT. When
these bits are cleared to “0”, a positive polarity 1s selected;
when the bits are set to “1”, a negative polarity is selected.
Bits 5~7 in the CRT port control register are used to spe-
cify pin by pin whether normal video signals or R-MUTE, G-
MUTE, and B-MUTE signals are output from each pin (R,
G, B). When set for R-MUTE, G-MUTE, and B-MUTE out-
puts, the whole background colors of the screen become
red, green, and blue.

Figure 38 shows the structure of the CRT port control reg-
ister.

7 0

HEEEREEE

CRY port conirad register
{address DDEC s}

Hsyne NpUt potarity selection bit
0 Positive polarity
1 i Negative polarity

Veeng input polarity selection bit
0 : fositive polarity
1 : Negative polarity

R/G/B oulput polanty selection bil
0 : Positive polarity
1_: Negative polarity

i outpui polarity selection bit
0 | Positive polarity
1 : Negative polarity

OUT output polarity selection bit
0 ! Posilive polarity
t ! Negative polarity

L — R pin output selection bit
0 [ R signal outpul
1 I MUTE signal output

G pin outpui selection bit
0 G signal cutput
| MUTE signal oulput

B pin oulput selection bit
0 @ B signal output
1 | MUTE signal outpul

Fig. 38 Structure of CRT port control register

(11) Scroll Function

I Scroll mode

The M37102M8-XXXSP allows the display area to be gra-
dually expanded o shrunk in the vertically direction in units
of 1H (H: Hayne signal}. There are three modes for this
scroll method. Each mode has Down and UP modes, pro-
viding a total of six modes.

Table 11 shows the contents of each scroll mode.

@ Scroll speed

The scroll speed is determined by the vertical synchroniza-
tion (Vgync) signal. For the NTSC interlace method, assum-
ing that

V=16Tms  262.5 Heyne Signals per screen

we obtain the scrol speed as shown in Table 12,

Scroll resolution varies with each scroll mode. In mode 1
and mode 2, one of three resolutions {(1H, 2H, 4H} can be
selected. (n mode 3, scroll is done in units of 4H alone.

7 0
[T T T T T T[] serolmode register

\ {address OCED,s}
1 Mode selection bll
1

00 : Scroll disable
01 : Mode 1
10 Mode 2

11 . Mode 3
Direction mode selaction bit

i 0 : Down Mode
1 | UP Moda

-J—— Scroll unit selection bit
Q0 7 1H unit
01 ;23 uni
100 4H vt

Stop mode selection bit
00 : Stop at the 312th H
01 : Stop at the 156th H
10 : Stop at the 256th H
11 7 Stop al We 128th H

Fig. 39 Structure of scroll mode register
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Table 11, Scroll operation in each mode and the values of scroll mode register

Scroll mode register
Mode Scrolt operation
Bit 2 Bit1 Blt0
Appear Trom
Down ) Down  Up 0 0 1
upper sitde ABCDETF o
) GHI JKL
M NOPGRH
ST W OW Y
Erase from ; = = oEea w
up : 1 o 1
lower side :
Erase from :
Cown : Down  Lip 0 1 0
upper side : A B o B E® o
3 GHI JKL
MMOFPGOGR
T
Appeat from : s uvwiX o Xl
ur : 1 1 0
lower side :
Erase from boih
Dewvers : ] 1 1
uppet and lower side ] t o neE £
GHI JKL
3 MHOPGQRAR
5T 4 ¥ W ¥
Appear to both :
upP ! 1 1 1
upper and lower side

Table 12. Scroll speed

Scroll resclution Scroll speed {in all picture)

1 H unit 16.7 (ms) X262.5+ 1% 4 ()
2 H unit 16.7 (ms) X262.5+2=2(s)
4 H unit 16.7 {(ms) X262, 54 4 i 1 (s)

Table 13. Scroll mode and scroll resolution

Seroll
Mode ) Scrol! speed
rasolution
1 H Unit abrout 4
Mode 1 n! ut 4 second
Made 2 2 H Unit about 2 second
4 H Unil aboul 1 second
Mode 3 4 H Unit about 1 second

_ MITSUBISH
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INTERRUPT INTERVAL DETERMINATION
FUNCTION

The MAT102M8-XXXSP Incorparates an interrupt interval
determination circuit. This interrupt inlerval determination
circuit has an 8-bit binary counter as shown in Figure 40.
Using this counter, it determines a duration of time from the
rising transition (falting Iransition) of an input signal pulse
on the INT, or INT; to the rising transition {falling transition)
of the signal pulse that is input next.

The following describes how the interrupt interval is deter-
mined,

1. The interrupt input to be delermined (INT, input or

INT, input) is selecled by using bit 2 in the interrupt in-
terval determination control register {address 00D8,).
When this bit is cleared to “0", the INT, input is
selected; when the bit is set to “17, the INT; input is
selectad.

2. When the INT, input is to be determined, the polarity is

selected by using bit 3 in the interrupt interval deter-
mination control register; when the INT; input is to be
determined, the polarity is selected by using bil 4 in
the interrupt interval determination control register.
wWhen the relevant bit is cleared to "0", determination is
madse of the interval of a positive polarity {rising

transition); when the bit is set to “t", determination is
made of the interval of a negative polarity (falling
transition).

. The reference clock is selected by using bit 1 in the

interrupt interval determination control register. When
the bit is cleared to "0, a 648 clock is selected, when
the bit is set to “1", a 32us clock Is selected (based on
an oscillation frequency of 4MHz in either case).
Simultaneously when the input pulse of the specified
polarity {rising or falling transition) occurs on the INT,
pin {or INT, pin}. the 8-bil binary counter starts count-
ing up with the selected reference cliock (64us or 32
FPEIR

Simultaneously with the next input pulse, the value of
the B-bit hinary counter is |loaded into the determina-
tion reglster {(address 00D7,s) and the counter is im-
mediately reset (00,5). The reference clock is input in
succession even after the counter is reset, and the
counter restarts counting up from "00,g"

When count value “FE" is reached, the 8-bit binary
counter stops counting. Then, simultaneously when the
reterence clock is input next, the counter sets value
“FF,s" to the determination register,

Rps
Control .
Bdus %— clreuil §-hit binary up counier
RE, RE,
8
INT, e
INT, Intersupt mlenval determination circuil
RE; Address 0007,
3/
Data bus

Fig. 40 Block diagram of interrupt interval determination circuit

MITSUBISHI _
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i Interrupd space distinguish conirol register
I (Addrass 00D8,,}

Remote cantrol determination circuit operation bit
0 Operation stop
1 . Qperation start

Standard clock selection bit
0 1 645 (A1 Xy ) =4MH2Z)
1 32us (At N Xn)=dMHz}

External interrupt Input pin selection bit
0 IINT,
1 1INT:

INT, pin input polarity switch bit
0 | Fosiltive polarity
1 I Hegative polarity

INT. pin input polarity switch bit
0 : Positive polarity
1 I Negative polarity

Fig. 41 Structure of interrupt space distingulsh control register

- MITSUBISHI
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RESET CIRCUIT

The M37102M8-XXXSP is reset according to the sequence
shown in Figure 44. It stans the program from the address
tormed by using the content of address FFFF.s as the high
order address and the content of the address FFFE,s as the
low order address, when the RESET pin is held at "L" level
for no less than 2xs while the power voltage is SVE10%

and the corystal oscillator oscillation is stable and then re-
tumed 1o “H” level. The internal initializations following re-
sel are shown in Figure 42.

An example of the reset circuit is shown in Figure 43. The
reset input voltage must be kept betow 0.6V until the supp-
Iv voltage surpasses 4.5V

Address
(1] Pon PO directionsl register (00 C 1 gl
{2) Port Pt directional register {0 0 G 3.4l
i3} Port P2 directional register (00 CS .5)--"
141 Port P3 direclional reglster (0 0 C 7 sl .
5] Pon P4 directional register {0 0 C 9.0
161 Porl P5 direclional regisier (0 0 C B el
(71 Port PS directional register (0 DT D)

id

PN culpud contred raglster 1 {0 0D S b

197 PWM output control tegester 2 {0 DD Byel

. Inlerrupl space
Mok contral register (0 0D 8w
M Spacial mode register 3 (000 A
1# Special mode registar 2 {0008

Wl Sewial 1/CH mode register (00D Gyl

4 Serlal 1102 mode registar tUODEu?-‘-L E._s ;
IS Hodzontal posiuon register [0 0E 0.5-[0] [o[00 0 ofo]

18 Color register 0 (00EGw[ O

= —
57 Program counter (P C,J---L j‘r::n;ﬂu”

- “Ccnients o addross I
trod- e

Nh Gokot registar 1 (ODE 7.4

10 Color reglster 2 [00E &

% Color register 3 (O0E D

Bt CRAT conroh regisier {0 QEAF"

@1 Display block counter [FOEB 0 )

B Polardy regisier (DDEGC) - ’ ‘_-

% Borol conlrol regisler {DO0ED -

HI A-D conlich register [OOEF gl

[ Twmer 1 (O OFQal

26 Timer2 [OOF 1 g0

@t Timer 3 (G4QF Z.,J---.

uh Timet 4 {00F 34 - ) "

P Timer 12 mode register tuum.,:---ﬂ ! u|o;o_o|o

M Timer 34 mode regisles (ODFS.e]--‘i_' :OIO 0|0|

41 GPU mode repister (ooFag-[1]t]1it]1]1]0]0]

B Indevropd requesl register 1 (DO F C..,J---| ] ]E'_o i} OI

A1 (teupt roquest reglstor 2 (8 0 F gl o;0l0]o]e]

I Interrupl control ragisier 1 (DUFE‘;.}---[_ __Dilo ] 0|0|

B8 interupd contrgl register 2 {00 FF .(,J---|—! 0|00 ?E

8 Processor statug regester iPs) iI ' _‘
j

Mete | Since Ihe contenis of both registers olnet than those lisled
above and tha RAM are undetned at resed. il 13 necessary 1o
sel initial values,

Al rased, 07 is read fiom all bits which is nol used.

Fig. 42 Internal state of microcomputer at reset

|
Supply vollage OV |

Resel input

vollage OV
TF Voo
1
5 RESET
5195341
q
3 O 1uF
[Ves

M37102M8-XXXSP

Fig. 43 Example of reset circuit
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——-- - e

L A SR I I Y Y s o 6 6
FIESET_J

internal RESET

SYNC I I

Address X2 X 2| X005 Xo0.s-D¥0. s-rere Xreer ) AR
Resget agdress from the vector table
XOOOEEEEXEX

32768 count of 1{¥,} {Nate 3)

1%}

Note 1 ! Frequency relation of 1{X) and ¢ is 1{ X ) =2 - ¢

2 The mark *? " means that the address is change-
able depending on the pravicus state,

3 immediately after a resel, FF,q is automatically sel
in timer 3 and 07, in timer 4 and Emer 4, Yimer 2
and the clock (f{X,,) divided by 16) are con-
nected in sories.
Reset is canceled by the overllow signal of imer
4,

Fig. 44 Timing dlagram at reset
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'O PORTS

i

{4

Port PO

Port PO is an 8-bit 170 port with CMOS outpul.

As shown in the memory map {Figure 2}, port PO can
be accessed at zero page memory address $0C0.s.
Part PO has a directional register {address 00C1e)
which can be used to program each individual bit as
input (*0"} or as output (*1"). If the pins are program-
med as outpul, the output data is latched to the port
register and then cutput. When data is read from the
output port the output pin level is not read, only the
lalched data in the port register is read. This allows a
previously output value to be read cofrectly even
though the output voltage level is shifted up or down.
Pins set as input are in the floating state and he signai
levels can thus be read. When data is written into the
input port, the data is latched only to the port lateh and
the pin still remains in the floating state.

Depending on the contents of the processor mode bits

. {bit 0 and bit 1 at address 00FB,;) ., three different

modes can be selected; single-chip made, memory ex-
panding mode and microprocessor mode.

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

Port P

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

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

In single-chip mode, port P2 has the same function as
port PO. In other modes, it functions as data (Do~ D)
input/output porl. Refer to the seclion on processor
modes for details.

Port P3

Port P3 is an 7-bit 1/0 port with function similar to port
PO, but the outpul structure of P3p, P3y is CMOS output
and P3,~P3; is N-channel open drain.

P3,, P3, are in common with the external clock input
pins of timer 2 and 3.

P3.. P3s are in common with the exlernal interrupt input
pins INT,, INT; and P35, P3¢ with the analog input pins
of A-D converter A-Dy, A-Da.

In the microprocessor mode or the memory expanding
mode, P3; P3, works as R/W signal outpul pin and
SYNG signal output pin.

(5}

{10

all

Part P4

Port P4 is an 8-bit 170 port with function similar to port
PO, but the output structure is N-channel open drain
output.

All pins have program selectable dual functions. When
a serial 170 1 function is selected, Pdy~P4d; work as in-
putfoutput pins of serial 1701, When a serial 1702 Junc-
tion is selected, P4,~ P4; work as input/ouiput pins of
serial 1402,

In the special serial I/Q0 made, P4,, P45 work as SDA,
SCL pins. P4g, P4; are in common with PWME and 9
outpul pins.

0SCt, OSC2 pins

Clock input/output pins for CRT display function.
Hsyuc, Vsvne Pins

Hsvne is @ hotizontal synchronizing signal input pin for
CRT display.

Vaync iS5 a vertical synchronizing signal input pin for
CRT display.

R, G, B, I, QUT pins

This is an 5-bit output pin for CRT display and in com-
moh with P5,~~P5g.

Port PB

Port PG is an 8-bit 1/Q port with function similar to pori
PO, but the output structure is N-channel open drain
aulput.

This port is in common with 8-bit PWM output pin
PWMO~PWM7.

D-A pin

This is a 14-bit PWM output pin.

# pin

The internal system clock (1/4 the frequency of the
oscillator connected between the Xy and Xoyr pins) is
outpul from this pin. i an STP or WIT instruction is ex-
ecuted, output stops atter going "H".

S M
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Port PO, P1, P2, P2, P3,
:D‘ onal redr j CMOS tri-state outpul
irectional ragish _D}_L‘
; Port PO, P1, P2, P3, P3,

i

Lo—4x

Port PA;~P3, Pdg—P4 MN-channel open drain oulput
Directional register
4 W Port P32-—P3, P4g--P4,
Data bus Port latoh tl Nole : P3;, P3, may also be used as
’J, timer inputs
Py, P3; may also be used as

external interrupt inputs.

P, P2y may also be used as
input pins for A-D converer.
Pag~~P4; may also be uged as
serial 1/0 pins.

N-channel open drain oulput

Port Pag, Pa;, PG
Directional register

1

L Port Pdg, P4;, PS

Hote . P4g, P4;, P6 may also be used as
8-bit PWM output pins.
P4y, Pd; may also be used as
serial 11O ping,

Data bus —— Port latch

i

N\—

Hswne Vavne Schmitt input

D-A, 4. R, G, B, ), OUT >
] CMOS oulput

Port P5,~P5,
F 3
D-A 4.R, G, B, |, OUT

17

Fig. 45 Block diagram of port P0~P6 (single-chip mode) and output format of D-A, ¢, R G, B, | OUT

Data bus

_ MITSUBISHI
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PROCESSOR MODE

By changing the contents of the processor mode bit {bit &
and 1 at address 00FB,s), {hree different operation modes
can be selscted; single-chip mode, memory expanding
mode, and microprocessor mode.

in the memory expanding mode and the microprocessor
mode , ports P~ P3 can be used as address, and data in-
put/output pins.

Figure 47 shows the functions of pors PO~P3.

The memory map for the single-chip mode is illustrated in
Figure 1 and for other modes, in Figure 46.

By connecting CNVgs to Vs, all three modes can be
selected through software by changing the processor mode
bits. Connecting CNVgs 10 Vee automatically forces the
microcomputer into memory expanding mode.

The three diffarent modes are explained as follows:

FFFFy, FFFF.,

Intemal ROM
C000,
4000, 4000,
20004 2000
0180, RO 0180,

Internal RAM Internal RAM
0100, 01004

arlous control 4 arious control
DGCO,e reqisters 00C0,g regisiers

Internal RAM Internal RAM
00004 0000:¢

Meamory gxpanding Microprocessar mode
mode

The shaded area is extsrnal memory area

Filg. 46 Example memaory area in processor mode

(1) Singte-chip mode (00]
The microcomputer will automatically be in the single-
chip mode when started from resel, if GNVgg is con-
necled to Vgs. Ports PO~ P3 will work as original I/0
ponts.

{2) Memory expanding mode (01)
The microcomputer will be placed in the memory ex-
panding mode after connecling CNV;gs to Vg and in-
itiating a reset or connecting GNVgs to Vgg and the pro-
cessor mode bits are set to "01”. This mode is used to
add external memory when the internal memory is nol
sufficient.
tn this mode, port PO and port P1 are as a system
address bus and the original 1/0 pin funclion is lost.
Port P2 becomes the data bus of D;~ Dy (including in-
struction code) and loses its normal 1/ function. Port
P3, and P3; works as R/W and ¢.

{3) Microprocessor mode {10}
When CNVgg is connected to Vgs and the processor
mode bits are set to 10", the microcompuler will auto-
matically default to this mode. In this mode, the internal
ROM is inhibited s0 lthe external memory is required.
Other functions are same as the memory expanding
mode. The relationship between the input level of
CNVys and the processor mode is shown in Table 14,

Note . Use the M37102M8-XXXSP in the microprocessor
mode or the memory expanding mode only at
program development.

The standards is assured only in the single-chip
mode.
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‘ CM, a G 1
CM, il 1 0
\Mocle ) T
kY
Y, Single-chip Memory expanding Microprocessor
mode moda : mode
Port !
!
| ]
!
. |
Port PO Poits PO;~F(, Ports PO;~ PO, | Same as lelt
Address :
X i
|
|
|
& I I I # I | I !
1
Port P1 Poris P1~P1, Pors P1,~P1y ‘ Same as left
X 170 port faress j
LT I
Fort F2 Ports P2,~P2, Poris P2,~P2y Same as lefl
Data
) Py
ST gL T
Ports P3x~P3g Pons P3,~P3g
10 port :X 170 pont
Porl P3 Same as laft
Porl P3, Part P3,
/O port SYNG
Porl P3, Port P3,
x 1O port RAW

Fig. 47 Processor mode and function of pont PO~P3

Table 14. Relationship between CNVgg pin input level and processor mode

CHVgs Mode Explanalion
* Single-chip mode The singte-chip mode is set by the reset. Al modes can be selacted by changing the pro-
Vg + Memory expanding mode | cessor mode bit with the program.
* Microprocessor mode
Ve * Memary expanding mode | The memory axpanding mode is set by the reset
2—248 MITSUBISHI
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CLOCK GENERATING CIRCUIT

The built-in clock generating circuits are shown in Figure
50.

When an STP instruction is executed, the internal clock ¢
stops osciflating at “H" level. At the same time, timer 3 and
timer 4 are connected automatically and FFyg is set in the
timer 3. 03, is sel in the timer 4, and timer 3 count source
is forced 1o f{ %) divided by 16. This connection is cleared
when an external interrupt is accepted or the reset is in, as
discussed in the timer section.

The oscillator is restarted when an interrupt is accepted.
However, the clock ¢ keeps its “H" tevel until limer 4 over-
flows.

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

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

To return from the stop or the wait status, the interrupt en-
able bit must be set to “1" before executing STP or WIT in-
struction.

The circuit example using a ceramic oscillator {or a quartz
orystal oscillator) is shown in Figure 48.

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

The example of external clock usage is shown in Figure 49
X i8 the input, and Xqyr is open.

M3ITI02ZMB-XXXSP

xw xOUT
an 1Ml kLl
b ANA———————

o~
i Ik

Fig. 48 External ceramic resonator circuit

M37102MB- X XXSP
Xy
30

External oscillating
cirguit

Fig. 48 External clock input circuit

® O

Xin Koyt

Interrupt request L
! R
eset
L] .
IMerrupl J—C S o = ) 2 5
disable flag |
Reset
wIT )
. nstruclion R R— STP instruction
STP instruction—R ;
Internai clock ¢
1/2 1/8 Timear 3 Timer 4
Ta4M0
TIAM2Z

Fig. 50 Block dlagram of clock generating circuit

KR
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PROGRAMMING NOTES

(1} The frequency ratio of the'timer is 1/{n+1).

(2} Ewen 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
contenis before the modifications are only valid for the
contents bafora 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} After the ADC and SBC instructions are executed
{indecimal mode), ons instruction cycle {such as a
NOP) is needed before the SEC, CLG, of CLD instruc-
tions are executed.

(4} A NOP instruction must be used aller the execution of
a PLP insturction.

(8) In order to avoid noise and latch-up, connsct a bypass
capacitor (= 0.1.F} directly between the V¢ pin and
Vsg pin using a heavy ‘wire.

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

{1} mask ROM order confirmation from

{2} mark specification from

(3} ROM data ......................................... EPRDM 3 Sets
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SINGLE-CHIP 8-BIT CMOS

MITSUBISHI MICROCOMPUTERS

M37102M8-XXXSP

MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

ABSOLUTE MAXIMUM RATINGS

Symbot Parameter Condilions Ralings [ unin
Voo Supply woltage —0,. 3~ 5 v
Vi Input vollage CNVsg ~0,3~86 v

Inpul voltage Plg~Pl, Pla~P1s, P2y~P2y, With respact to Vag )
Wi P3g~Pl, P4gy~P4;. PEy~P6y, Qutput transistors are al "ofl” state. —0.3~Vee+0.3 v
Heyng, Vevne. RESET :
Quiput voltage Pg~P0s, Pla~P17, P2o~P2;,
Vo Pla~P3¢, Pdo~Pdz, Py~Phz, —0,3~Vcc+0.3 v
A, G, B, |, OUT, D-A, Xpyy. OSC2
Circuit voltage R, G, B, I, OUT, PO—~PD;,
bon P15~ Pt7. PR~P2s, O~1{Note 1) [ mA
P3;. P3,, O-4 ;
Circuit voltage A, G, B, |, QUT, PO~ PO,
[R] P1y~P1;, P2y~P23 0~1{Hola 2] mA
P3p~Plg. Pdg~Pds, D-A
Loz Gircuit voltage Pig—P67, Pds. P4; 0~—1{Note 2} ma
laws Circult voltage P2y~P2; 0~10{ Note 3) mA
Pd Power dissipalion T,=25C 560 mw
Topr Operating 1emperature —10~70 C
|_Tstig Storage temparature —40~125 T
RECOMMENDED OPERATING CONDITIONS (vec=5v+10%. To==10~70T unless otherwise nated)
Symbed Paramsiar Lirits Unit
Min, Typ. Max.
Ve Supply voltaga| Note 4) Quring the GAT operation | 4.5 50 55 W
Vs Supply voltage 0 0 1] v
“H" input voliage Ply~POz. Ply~Plz, P2y~F2;,
P30~~P35 Pdo~Pdg PésPdy,
Vil PByP67, Havwc. Verme, ﬁﬁ', Q. 8Vee Voo WV
Xy, O5C1
Vi “H" input voitage Pd,, Pdg 0. 7Vec Voo v
Vi “L" input voltage PO;—~POy. Flp—FP17, P2—FP2;, 0 0. Voo v
P3g, P31, Py, Pdg, Pd3—~P4s, P4
Ve "L input voltage P3:~P3s P, Phi, Pz, Pdy, o 0.2Vee|
Heyne, Yaywo, RESET, Xu. ©8C1
“H" average output current (Note 1} R.GELOUT POp—~P0r,
lon 1 maA
Pty~P1s. P2y~P2Z7, Py, Py
L" average output current (Note 2) R,G,B,1LOUTPOy~—P0y.
lacs 2 mA
F2~P2y, P3y~P3s, Pdg~Pay, O-A

loLz “L" average output current (Note 2] Pig~-PBr, Pdg, P4y 1 mA,
loLa “L" average outpud current { Mote 3) P2~P2; 10 mA,
tepu Oscillating frequency {for CAT operation}{Note 5) 3.6 4.0 4.4 MHz
icar Oscillating frequency (for CAT display) 6.0 7.0 8.0 MHz
fhs inpul Irequency P3:—F3. P3s Pds 100 kHz
the Input frequancy Pdy 1 MHz

Note 1 : The total current that flows out of ihe |G should be 20mA {max.}.
2 © The iolal of L., and Jg.z should be 30maA (max.).
3 The iotal of Ig, of porl P2,—F2; should be 20ma {max. ).
4 Apply 0.022uF or greater capacit Ity bet the Voo — Ves power supply ping o as
10 reduce POWEr SCUrCE Noise.
Also apply 0. D68F of greater capacitance externally baiween the Ves—CWVgs pins.
PR



MITSUBISHI MICROCOMPUTERS

M37102M8-XXXSP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER
with ON-SCREEN DISPLAY CONTROLLER

ELECTRIC CHARACTERISTICS (vce=5v£10%. Vee=0V. Ta=—10~70C, I{X;nJ=4MHz unless other wise noted)

__ Limits ]
Symbol Parameler Test conditions Linit
Min. Typ. hax,
Voo=5 9V, {X,,l=4
[+2) { |u) MHz 10 20
CRT OFF A
loa Supply current Veo=5. 5V, 1{ X,y ) =4MHz 20 20
CAT ON
At stop mode 300 i
“H" oulpul woltage POy~PO;, Pig—P1;, P2g~P2;, Vee=4.5V
Vou 2.4 v
P2, P24 R, G. B 1, OUT lop=—0.5mA
"L cutpul volt; P01, Fla=P1;, P2o~F2
pul voltage Plg—~POr, Plo~P1s, P2g~P2;, Voo—=4. 5V
P3g~P3y, Pdg~Pd,, L 0. SmA 0.4
A. G, B. I OUT, D-A e
“L" output voltage PPy, Pdg, Pdy Vea=4, 5V 0.8
VoL 1o =0. TmaA ) v
"L” output voltage P2,~F2; Veo=4. 5V 3.0
to =10mA :
“L" outpul vollage Pd,, P4, Veoe=4. 5V 0.4
|o|_=3ml\ :
Hysteresis RESET Veo™5, v 0.5 0.7
Vo —Vr—| Hysteresis (Note 67 My, Ysyne, P32~P2,. v
=5, 3 1.
P3y, Pdy, Py, Pag~Pdg Vec=5.0v 0-5 3
"H" inpul leak current RESET, POy~—P0z, P1g—~P13, Veoo=h. 5V 5
F2~P2y, P3~P3,, Pdy~Pd; Veo="5. 5V
lozm L LA
H* inpul leak current Voo=5.5V 10
P6g~ P6;. Pdg, P4, Vo=5.5V
“L" inpul leak current RESET, PO,
P N POu~P0; Voo=5.5v
loze P1y—P1;, P2p~P2;, P3g~P3. VomDV 5 oA
' P4y~ Py, PBy~PS; ©

Note 1. P3:~P3, P3s have the hysteresis when these pins are used as interrupt input ping or timer input pins.

F4,, P4, P4,~P4s have the hysteresis when these pins are used as serial 170 ports.
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