M37102M8-XXXSP/FP, M37102E8-XXXSP/FP, M37102E8SP/FP
M37201M6-XXXSP/FP, M37201E6-XXXSP/FP, M37201E6SP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

MITSUBISHI MICROCOMPUTERS

DESCRIPTION

The M37102MB-XXXSP/FP is a single-chip microcomputer designed
with CMOS silicon gate technology. It is housed in a 64-pin shrink
plastic molded DIP or an 80-pin plastic molded QFP. This single-chip
microcomputer is useful for the high-tech channel selection system
for TVs.

In addition to their simple instruction sets, the ROM, RAM, and /O
addresses are placed on the same memory map to enable easy
programming.

The features of the M37102E8-XXXSP/FP and the M37102ESP/FP
are similar to those of the M37102M8-XXXSP/FP except that these
chips have a built-in PROM which can be written electrically.

The differences between the M37102M8-XXXSP/FP and the
M37201M6-XXXSP/FP are the ROM size and the RAM size as
shown below. Accordingly, the following descriptions will be for the
M37102M8-XXXSP/FP unless otherwise noted.

Type name ROM size RAM size
M37102M8-XXXSP/FP 16 K bytes 320 bytes
M37201MB-XXXSP/FP 24 K bytes 384 bytes

FEATURES
® Number of basic instructions 69
@ Memory size ROM ............ 16 K bytes (M37102MB-XXXSP/FP)
24 K bytes (M37201MB-XXXSP/FP)
RAM.....ccconuen 320 bytes (M37102M8-XXXSP/FP)
384 bytes (M37201M6-XXXSP/FP)
ROM for display 4 K bytes
RAM for display ........ccccrermiinicnrenicnins 144 bytes

@® The minimum instruction execution time

1us (at 4MHz oscillation frequency)

@ Power source VORAGE .......coueerrecninnnneenceinas e BV210%

@ Power dissipation
(at AMHz oscillation frequency, Vcc=5.5V, at CRT display, at PLL
operating)

@ Subroutine nesting ... 96 levels (Max.)

@ interrupts 13 types, 13 vectors

@ B-DIt IMEBIS ...ttt ee e ane s anne .4
@ Programmabile /O ports

(Ports PO, P1, P2, P3, P4, P6) ...ccocounmenrnecrcrarnnninne 47

@ Output port (Port P5) reereerenenenea 5

@ 12V withstand ports [N 10

@ LED drive ports ........ rereraree et raeneos 4

@ Serial PO ..o 8-bit x 2 channel

@ PWM output circuit 14-bit x 1

8-bit x 10

@ A-D comparator (4-bit resoltion) ........cce.ceeercerrrvenennan 2 channels

@ CRT display function

Display characters.......coemerninreenreiees 24 characters x 3 lines

(16 lines max.)

Character kinds RO, 126 kinds

Dot structure ... 12 x 16 dots

Character size 4 kinds

Character color kinds (It can be specified by the character)
max. 15 kinds (R, G, B, |)

with ON-SCREEN DISPLAY CONTROLLER

PIN CONFIGURATION (TOP VIEW)
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Horizontal
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APPLICATION
v

......... .... 64 levels
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FUNCTIONS
Parameter Functions
Number of basic instructions 69
Instruction execution time 1us (The minimum instruction execution time, at 4MHz oscillation frequency)
Clock frequency . 4MHz
ROM 16 K bytes
oo sze M37102M8-XXXSP/FP 22’; :ioKb:;s
es
M37201MB-XXXSP RAM 384 byles
PO, P1, P2 /O 8-bitx 3
P3p, P31 /0O 2-bit x 1
5-bit x 1 {can be used as timer input pins, INT1, INT2 input pins and A-D
P3-P3g 110 . !
Input/Output ports input pins)
P4 ) 8-bit x 1 {can be used as serial O function pins and PWM output pins)
P5 Qutput 5-bit x 1 {can be used as R, G, 8, |, QUT pins)
P8 1O 8-bit x 1 (can be used as PWM output pins)
Serial /O 8-bit x 2 (Special serial /O (8-bit) x 1)
Timers 8-bit timer x 4
Subroutine nesting 96 levels (max.)
Interrupt Two external interrupts, nine intemal interrupts, one software interupt
Glock generating circut Two built-in circuits (externally connected a ceramic resonator or a quartz-
crystal oscillator)
Power source voltage 5V£10%
at CRT display ON 110mW (at 4MHz oscillation frequency, Vee = 5.5V, Typ.)
Power dissipation at CRT display OFF 55mW (at 4MHz oscillation frequency, Vec = 5.5V, Typ.)
at stop mode ' 1.65mW (Max.)
Operating temperature range ~10to0 70°C
Device structure CMOS silicon gate process
Package M37102MB-XXXSP, M37201M6-XXXSP 64-pin shrink plastic molded DIP
M37102M8-XXXFP 80-pin plastic molded QFP
Number of character 24 characters x 3 lines : maximum 16 lines (by software)
Character dot construction 12 x16 dots
. . Kinds of character 126 kinds
CRT display function Character size 4kinds
Kinds of color 15 kinds max. (R, G, B, |) : can be specified by character unit
Display position (horizontal, vertical) 64 levels (horizontal) x 128 levels (vertical)
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PIN DESCRIPTION
. Input/ .
Pin Name Functions
Output

Vee, Power source Apply voltage of 5V£10% to Viec, and OV to Vss.

Vss

CNVss CNVss This is connecled to Vss.

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L" for 2us or more {under normal Vcg
conditions).
if more time is neaded for the crystal oscilator to stabilize, this “L" condition shouki be maintained for the
required time.

Xin Clock input Input This chip has an intemat clock generating circuit. To controt generating frequency, an external ceramic reso-
nator or a quartz-crystal oscillator is connected between the Xy and Xour pins. !f an external clock is used,

Xout Clock output Output | tha clock source should be connected the Xiy pin and the Xour pin should be teft open.

@ Timing output Output | This is the timing output pin.

POo-PO7 YO port PO 1o Port PO is an 8-bit /O port with directional registers allowing each 1/Q bit to be individually programmed as
input or output. At reset, this port is set to input mode. The output structure is CMOS output.

PioP17 1Q port P1 [l[e] Port P1 is an 8-bit /O port and has basically the same functions as port PO.

P20-P2; 1O port P2 o Port P2 is an 8-bit I/O port and has basically the same functions as port PO.

P3¢-P3s /O port P3 Vo Port P3 is a 7-bit }/O port and has basically the same functions as port PO, but the output structure of P3p,
P31, is CMOS output and the output structure of P32-P3g, is N-channel open drain.
P32, P33 are in commion with external clock input pins of timer 2 and 3. P34, P3g are in common with exter-
nal interrupt input pins INTy and INT2. P3s, P3¢ are in common with analog input pins of A-D comparator
(A-D1, A-D2).

P4g-P4; YO port P4 o Port P4 is an 8-bit /O port and has basically the same functions a$ port PO, but the output structure is

: N-channel open drain.

When serial /O1 is used, P4g, P44, P42 and P43 work as Soutt, Sciks, S and Srpys pins, respectively.
When serial I/O2 is used, P44, P4s, P4 and P47 work as Soutz, ScLre, Sinz and Srovz pins, respectively.
Alsa P4g, P47 are in common with PWM output pins of PWM 8 and 9.

P6o-P67 1/Q port P6 e} Port P6 is an 8-bit /O pont and has basically the same functions as port P0, but the output structure is
N-channel open drain. This port is in common with PWM output pins PWMO-PWM?7.

0SCt, Clock input for CRT Input This is the i/O pins of the clock generating circuit for the CRT display function.

0sc2 display Output

Clock output for CRT'
display

Hsyne Hsyne input Input This is the horizontal synchronizing signat input for CRT display.

VsyNe Vsyng input input This is the vertical synchronizing signal input for CRT display.

R,G,B, CRT output QOutput | Thisis a 5-bit output pin for CRT display. The output structure is CMOS output. This is in common with port

I, OUT P5-PSe.

D-A DA Output Output | This is an output pin for 14-bit PWM.
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FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The M37102M8-XXXSP/FP uses the standard 740 family instruction
set. Refer to the table of 740 family addressing modes and machine
instructions or the SERIES 740 <Software> User's Manual for details
on the instruction set.

Machine-resident 740 family instructions are as follows:

The FST, SLW, and STP instruction cannot be used.

The WIT, MUL, and DIV instruction cannot be used.

CPU Mode Register

The CPU mode register is allocated at address 00FB1s. The CPU
mode register contains the stack page selection bit and the internal
systern clock output selection bit.

7 0
CPU mode register
Ciafa] 1] lojoj (CPUM : address O0OFB16)
Processor mode bits
b1 b0
0 ?:Single-ohip mode

] Not available
1

Stack page selection bit (Note 1)

0: Zero page
1:1page

Internai system clock output selection bit
0: Output is stopped {Note 2)
1: Internal system clock ¢ output

Fix these bits to “1.”

Notes 1 : Please beware of this bit when programming because it is set to “1” after the reset release.
2: The internal system clock ¢ stoppes at “H.”

Fig. 1 Structure of CPU mode register
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MEMORY

Special Function Register (SFR) Area

The special function register {SFR) area in the zero page contains
control registers such as /O ports and timers.

RAM
RAM is used for data storage and for a stack area of subroutine calls
and interrupts.

ROM
ROM is used for storing user programs as well as the interrupt vector
area.

RAM for Display

RAM for display is used for speotfmg the character codes and colors
to display.

ROM for Display
ROM for display is used for storing character data.

interrupt Vector Area
The interrupt vector area contains reset and interrupt vectors.

Zero Page

The 256 bytes from addresses 00001 to O0FF 16 are called the zero
page area. The internal RAM and the special function registers (SFR)
are allocated to this area.

The zero page addressing mode can be used to specify memory and
register addresses in the zero page area. Access to this area with
only 2 bytes is possible in the zero page addressing mode.

Special Page
The 256 bytes from addresses FF004¢ to FFFF1¢ are called the

_special page area. The special page addressing moda can be used

to specify memory addresses in the special page area. Access to this
area with only 2 bytes is possible in the special page addressing
mode.

000018
RAM
(192 bytes]
) 00BF16
Zero page
SFR area
RAM
RAM (128 bytes) { 00FF16
192 bytes) for
a9z on M37102M8 01716
M37201M6 01BF16
Not used
RAM for display (Note) | 200016
(144 bytes) 20D716
Not used
ROM for display 300016
(4 K bytes) 3FFF18
Not used
A00016
C00016
ROM
(16 Kf ok:vtes) Special
M37201 M6 e
M37102M8 FFDE1s P
subroutine
Interrupt vector area call
FFFF16
Note : Refer to Table 7. Contents of CRT display RAM.

Fig. 2 Memory map
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00C0O16 | Port PO Q0EO16 | Horizontal position register
00C118 | Port PO directional register 00E116 | Vertical display start position register 1
00C216 | Port P1 00E216 | Vertical display start position register 2
00C316 | Port P1 directional register . QOE316 | Vertical display start position register 3
00C416 | Pont P2 - 00E416 | Character size register
00C616 | Port P2 directional register 00ESt6 | Border selection register
00C616 | Port P3 00E616 | Color register 0

00C716 | Port P3 directional register 00E716 | Color register 1

00C816 | Port P4 00E816 | Color register 2

00C916 | Port P4 directional register - 00E916 | Color register 3

00CA16 | Port PS5 00EA16 | CRT control register
00CB16 | Port PS control register 00EBts | Display block counter
00CCis | Port P6 O0EC16 | CRT port control register
00CD16 | Port P6 directional register OOED16 | Wipe control register
00CE16 | DA-H register OOEE16 | Wipe start register

00CF16 | DA-L register O0EF16 | A-D control register
00D016 | PWM O register 00F016 | Timer 1

00D116 | PWM 1 register 00F116 | Timer 2

00D216 | PWM 2 register . 00F2t6 | Timer 3

00D316 | PWM 3 register 00F316 | Timer 4

00D416 | PWM 4 register 00F416 | Timer 12 mode register
00D516 | PWM output control register 1 00F518 | Timer 34 mode register
00D616 | PWM output control register 2 00F61s | PWMS

000716 | Interrupt interval determination register 00F716 | PWM6

00D816 | Interrupt interval determination control register 00F816 PWM7

00D916 | Special serial /O register 00F91s | PWM8

00DA1s | Special mode register 1 . 00FAts | PWMY

00DBis | Special mode register 2 0OFB16 | CPU mode register
00DC16 | Serial I/O1 mode register 00FCis | Interrupt request register 1
00DD16 | Serial VO1 register O0FD16 | Interrupt request register 2
00DE1s | Serial IO2 mode register Q0FEts | Interrupt control register 1
00DF16 | Serial VO2 register O00FF1i6 | Interrupt control register 2

Fig. 3 Memory map of special function register (SFR)

2-10
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INTERRUPTS

Interrupts can be caused by 12 different sources consisting of 3 ex-
ternal, 8 internal, 1 software, and reset.

Interrupts are vectored interrupts with priorities shown in Table 1.
Reset is also included in the table because its operation is similar to
an interrupt.

When an interrupt is accepted, the registers are pushed, interrupt
disable flag | is set, and the program jumps to the address specified
in the vector table. The interrupt request bit is cleared automatically.
The reset can never be disabled. Other interrupts are disabled when
the interrupt disable flag is set.

Table 1. Interrupt vector address and priority

All interrupts except the BRK instruction interrupt have an interrupt
request bit and an interrupt enable bit. The interrupt request bits are
in interrupt request registers 1 and 2 and the interrupt enable bits are
in interrupt control registers 1 and 2. Figure 4 shows the structure of
the interrupt request registers 1 and 2 and interrupt control registers
1and 2.

interrupts other than the BRK instruction interrupt and reset are
accepted when the interrupt enable bit is “1”, interrupt request bit is
“1”, and the interrupt disable flag is “0". The interrupt request bit can
be cleared with a program, but not set. The interrupt enable bit can
be set and cleared with a program.

Reset is treated as a non-maskable interrupt with the highest prior-
ity. Figure 5 shows interrupts control.

Interrupt source Priority Vector addresses Remarks
Reset 1 FFFF1g, FFFE1g Non-maskable
CRT interrupt 2 FFFD1g, FFFC1g
INT? interrupt 3 FFFB1g, FFFA1 Active edge selectable
INT interrupt 4 FFFO1e, FFF81e Active edge selectable
Serial VO2 interrupt 5 FFFT16, FFF61g
Timer 4 imerrupt 6 FFF518, FFF418
1 ms interrupt (Note) 7 FFF3yp, FFF218
Vsyng interrupt B FFFt1g, FFFO1g Active edge selectable
Timer 3 interrupt 9 FFEF1s, FFEE1g
Timer 2 interrupt 10 FFEDsg, FFEC18
Timer 1 interrupt 11 FFEB1e, FFEA1s
Serial O1 interrupt 12 FFES18, FFEB1s
BRK instruction interrupt 13 FFDF1g, FFDEss Non-maskable software interrupt

Note : At {(XIN) = 4 MHz.
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0 7 0

LT LT EL LT Jinterupt request register1 0] | 1 1 | 1 | mterrupt request register 2
(IREQ 1 : address O0FC16) (IREQ 2 : address 00FD16)
Timer 1 interrupt request bit INT1 interrupt request bit

L—— Timer 2 interrupt request bit L—— INT2 interrupt request bit

Timer 3 interrupt request bit Serial I/O1 interrupt request bit
Timer 4 interrupt request bit L Serial ¥O2 interrupt request bit
CRT interrupt request bit L imsinterrupt request bit
VSYNC interrupt request bit - Fix this bit to “0.”

0 : No interrupt request issued
1: Interrupt request issued

7 0 7 : o]
FTTTTH] I | binterruptcontrotregister1 [ ] | 1 1 1 [ | ]interrupt control register 2
(ICON1 : address 00FE16) L(ICONz : address O0FF16)
Timer 1 interrupt enable bit INT1 interrupt enable bit

L Timer 2 interrupt enable bit L——INT2 interrupt enable bit
Timer 3 interrupt enable bit Serial /01 interrupt enable bit
Timer 4 interrupt enabie bit L Serial /02 interrupt enable bit
CRT interrupt enable bit L 1ms interrupt enable bit
VSYNC interrupt enabile bit

0 : interrupt disabted
1: Interrupt enabled

Fig. 4 Structure of interrupt-related registers

Interrupt request bit ——
Interrupt enabel bit ———

Interrupt disabel flag (I) —(

BRK instruction Interrupt request
~ reset —L/

Fig. 5 Interrupt control

2~-12
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TIMERS
The M37102M8-XXXSP/FP has 4 timers: timer 1, timer 2, gimer 3,
- andtimer 4. All timers are 8-bit timers with the 8-bit timer fatch. The
timer block diagram is shown in Figure 7.

All of the timers count down and their divide ratio is 1/(n+1), wheren
is the value of timer latch. The value is set to a timer at the same time
by writing a count value to the corresponding timer latch (addresses
00F016 to O0F 316 : timers 1 to 4).

The count value is decremented by 1. The timer interrupt request bit
is set to “1” by an timer overflow at the next count puise after the
count value reaches “0016.”

(1) Timer 1

Timer 1 can select one of the following count sources:

o f(XIN)/16

* f(XIN)/4096 (1 ms interrupt signal)

The count source of timer 1 is selected by setting bit 0 of the timer 12
- mode register (address 00F416).

Timer 1 interrupt request occurs at timer 1 overflow.

(2) Timer 2

Timer 2 can select one of the following count sources:

* (XiN)/16

e Timer 1 overflow signal .

« Externat clock from the P32/TIM2 pin

The count source of timer 2 is selected by setting bits 4 and 1 of the
timer 12 mode register (address 00F418). When timer 1 overflow
signal is a count source for the timer 2, the timer 1 functions as an 8-
bit prescaler.

Timer 2 interrupt request occurs at timer-2 overflow.

(3) Timer 3

Timer 3 can select one of the following count sources:

e f(XIN)/16 ]

« External clock from the P33/TIM3 pin

The count source of timer 3 is selected by setting bit 0 of the timer 34
mode register (address 00F518).

Timer 3 interrupt request occurs at timer 3 overflow.

(4) Timer 4 ,

Timer 4 can select one of the following count sources:

o fXIN)/16

o f(XiN)f2

¢ Timer 3 overflow signal :

The count source of timer 3 is selected by setting bits 4 and 1 of the
timer 34 mode register (address 00F518). When timer 3 overflow
signal is a count source for the timer 4, the timer 3 functions as an &
bit prescaler.

Timer 4 interrupt request occurs at timer 4 overflow. And besides,
the timer 4 overflow signal is also used as the clock source of special
serial /0.

At reset, timers 3 and 4 are connected by hardware and “FF16” is
automatically set in timer 3; “0716” in timer 4. The {(XIN)/16 is se-
lected as the timer 3 count source. The internal reset is released by
timer 4 overflow at these state, the internal clock is connected .

At execution of the STP instruction, timers 3 and 4 are connected by
hardware and “FF16” is automatically set in timer 3; “0716” in timer 4.
However, the f(XIN)/16 is not selected as the timer 3 count sourcs.
So set bit 0 of the timer 34 mode register (address 00F516) to “0”
before the execution of the STP instruction (f(XiN)/16 is selected as
the timer 3 count source). The intemal STP state is released by timer
4 overflow at these state, the internal clock is connected .

Because of this, the program starts with stable clock.

The structure of timer-related registers is shown in Figure 6.

7 0
LLT 1T T 1 L 1 ] Timer12 mode register
(T12M : address 00F416)

Timer 1 count source selection bit
0 f(XiN) divided by 16
1: 1024 us clock

—— Timer 2 count source selection bit
0: Internal clock
1: External clock from TIM2 pin

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

Timer 2 count stop bit
0: Count start
1: Count stop

Timer 2 internal count source
selection bit

0: f{XIN) divided by 16

1 : Timer 1 overflow

7 0

Timi mode regist
HH L R,

Timer 3 count source selection bit
0 f(XIN) divided by 16
1: External clock from TIM3 pin

L Timer 4 internal count source
selection bit
0: Timer 3 overflow
11 f{XiN) divided by 16

Timer 3 count stop bit
0 : Count start
1: Count stop

Timer 4 count stop bit
0 : Count start
1: Count stop

Timer 4 count source selection bit
Q: Internal clock
1 2 f(XiIN) divided by 2

Fig. 6 Structure of timer-related registers
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Data bus

10245 clock
O I Timer 1 latch (8) l
. 8
. y
- Timer 1
XN Timer 1 (8) |_ interrupt request
T12Mo
T12M2 L 8 a
T12M4

8
| Timer2iatch(e) | ~
8 )

" Timer 2
P32/TIM2 O——’@O-E Timer 2 (8) } interrupt request
T12M1 T12Ma ‘ 8 :
8

1 | FF16

Reset
STP instruction
P3Y/TIM3 O—-D)E Timer 3 latch (8) | |
- 1 ‘ Timer 3
T34Mo Timer 3 (8) | interrupt request
T34M2 L 8
7
A
8
© T34M1 I { 0716
| Timerdlacn(e) |
) ‘
- . Timer 4
T34=M . D} | Timer 4 (8) I ™ interrupt request
T34M3 l 8
4»})—» Selection gate : Connected to black

colored side at reset.

T12M : Timer 12 mode register
T34M : Timer 34 mode register

Notes 1 : “H" pulse width of external clock inputs TIM2 and TIM3 needs 4 machine cycles or more.
2 : When the external clock source is selectad, timers 2 and 3 are counted at a rising edge of input signal.
3 : in the stop mode or the wait mode, external clock inputs TIM2 and TiM3 cannot be used.

Fig. 7 Timer block dlagram
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SERIAL VO

M37102M8-XXXSP has two serial VO (serial I/O1, serial /02). Serial
#O1 has the same function as serial VO2.

A block diagram of the serial /O is shown in Figure 8.

in the serial /O mode the receive ready signal (Srpyj), synchronous
input/output clock (Sciki), and the serial IO pins (Soui, Sini) are
used as port P4. The serial I/O; mode registers (address 00DCg,
00DEq+¢) are 8-bit registers. Bits 0, 1 and 2 of these registers are used
to select a synchronous clock source.

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

To use P4z or P4g as a serial input, set the directional register bit
which corresponds to P42 or P4g to “0”. For more information on the
directional register, refer to the I/O pin section.

Also to use internal clock of serial /02, bit 1 of special mode register
1 {address 00DA1g) needs to be set to “1”.

The serial /O function is discussed below. The function of the serial
/O differs depending on the clock source; external clock or intemal
clock.

Data bus
Frequency '
XN divider 1
im iua ims
P43 fatch SM11
—— SM12 SM1io
T Synchronization
P43/SADYT O— S&Ju circuft
P41 latch
Pa/SoLK) O Sé; »] " Serial VO counter 1 (8) m:,p"ﬂlqm
3
P4p latch
SM1s : L.SB <> MSB
P40/Soutt O— &
SM13 R .
P42/SINt O > Serial 4O shift register 1 (8)
‘L (address 0%0015)
7
Frequericy
divider 2
174 118 ims
P47 latch PWM8 i i SM21
P47/SDYS Synchronization S","Jf \f \? ¥ SM20
SM24  SBa circuit
P4slatch SCL
Ps/SoiLkz O— o—0 ] Serial /0 counter 2 (8) f\fgmiqu ot
3 f
P44 latch  SDA
Pa4/SouT SMs : LSB == MSB
2
SM23 SB2 T
P46/SiN2 O P | Serial /O shift register 2 (8)
PWMS /t (address 00DF1c)
P4é latch
»d}* Selection gate : Connected to black
colored side at reset.

Fig. 8 Block diagram of serial /O

S
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Internal clock——The Srov; signal becomes “H” during transmission or
while dummy data is stored in the serial I/O; register (address
00DD1s, 00DF ). After the falling edge of the write signal, the Srpy;
signal becomes low signaling that the M37102M8-XXXSP is ready to
receive the external serial data. The Srovi signal goes “H” at the next
falling edge of the transfer clock. The serial 1/O; counter is set to 7
when data is stored in the setial 1/O; register. At each falling edge of
the transfer clock, serial data is output to Sour;i. During the rising
edge of this clock, data can be input from Sin; and the data in the
serial I/O; register will be shifted 1 bit.

Transfer direction can be selected by bit 5 of serial /O; mode regis-
ter. Atter the transfer clock has counted 8 times, the serial VO; regis-
ter will be empty and the transfer clock will remain at a high fevel. At
this time the interrupt request bit will be set.

External clock— If an external clock is used, the interrupt request will
be sent after the transfer clock has counted 8 times but transfer clock
will not stop.

Due to this reason, the external clock must be controlied from the
outside. The external cfock should not exceed 500kHz at a duty cycle
of 50%. The timing diagram is shown in Figure 9. When using an
externat clock for transfer, the external clock must be held at “H" level
when the serial /O; counter is initialized. When switching between
the internal clock and external clock, the switching must not be per-
formed during transfer. Also, the serial 1/O counter must be initialized
after switching.

An example of communication between two M37102M8-XXXSPs is
shown in Figure 10.

Notes 1 : On programming, note that the serial IfO counter is set by
writing to the serial 1/O register with the bit managing in-
structions as SEB and CLB instructions.

2: When an - external clock is used as the synchronizing
clock, write transmit data to the serial /O register at “H” of
the transfer clock input level.

Sync. clock

Transfer clock

Serial /Oi register

(

\ .

serial HO shift register at “H” of the transfer clock input level.

write signal I_I :

Serial I/O‘output \ ' (Note 1)
SouT: ; XWWJDT)FDQ(D"XDLXDGLW/
Serial /O input ’

SIN: ‘ ;—X X )( )( J r X X )
Receivable signal ; : '

Notes1 : If internal clock is selected, the Sout pin is at high impedance after transfer is completed.
2 : When an external clock is used as the synchronous clock, write the transmit data to the

Interrupt request bit set

Fig. 8 Serlal VO timing (for LSB first)

Transmission side Reception side
Serial ¥O1 mode register Srovi Serial /01 mode register
SRDY1 SROY1
Bit 4 Bit 0 Bit 4 - Bit 0
Lol ] Ixfx] Lrfrfolx]x]
SOLK1 Syne. clock ScLkt
The direction register for pin SRDY1 The direction register for pin SiNt
should be set to input mode. should be to input mode.
SouTs Serial data SNt

Fig. 10 Example of serial /O connection
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7
L1 LT 11 |(Senalll01modereg&sler

l I L1 1T i1 |Senall/02moder ister
address 000C16) (SM

2 : address 00DE16)

Internal synchronous clock
selection
00 : {(XIN) divided by 4
01 : {(XIN) divided by 16
10 : f(XiN) divided by 32
11 : {(XiN) divided by 64

Internal sﬂchromus clock
selection bi :

00 : f(XIN) divided by 4

01 : 1{XIN} divided by 16
10 : {{XIN) divided by 32
11 : {{(XIN) divided by 64

Sync. clock selection bit Sync. clock selection bit
0: External clock 0 : External clock
1 : Internal clock 1 : Internal clock
Serial I/O1 port selection bit Serial /02 port selection bit

0: Port Pdo, P41
1: Soutt, ScLk1

SRDY1 signal output selection bit
0: Port P43
1 : SRDY1

Transfer direction selection bit
0: LSB first
1: MSB first

0: Port P44, Pas
1: Special moda (see Fig. 15)

SADY2 signal output selection bit
0: Port P47
1: Special mode (see Fig. 15)

Transfer direction selection bit
0: LSB first
1 : MSB first

Fig. 11 Structure of serial VO mode register
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SPECIAL MODE (12C BUS MODE")
M37102M8-XXXSP has a special serial /O circuit that can be recep-
tion or transmission of serial data in conformity with 12C (Inter IC) bus
format.

I2C bus is a two line directional serial bus developed by Philips to
transfer and control data between one IC and the other IC in
machinery. .
M37102M8-XXXSP's special serial /O is not included the clock
synchronisation function and the arbitration detectable function at
multimaster.

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

(1) Master Transmission

To generate an interrupt at the end of transmission, set bit 7 of special
mode register 2 (address 00DB1g) to “1” so as to special mode serial
1/O interrupt is selected. Then set bit 3 of interrupt control register 2
(address 00FF1¢) to “1” s0 as to special mode serial I/O interrupt is
enabled. Clear the interrupt disable flag | to “0” by using the CLI
instruction.

The output signals of master transmission SDA and SCL are output
from ports P44 and P4s. Set all bits (bits 4 and 5) corresponding to
P44 and P45 of the port P4 register (address 00C81¢) and the port P4
direction register {address 00C94¢) to “1".

Set the transmission clock. The transmission clock uses the overflow
signal of timer 4. Set appropriate value in timer 4. (For instance, i
f(Xin)/16 is selected as the clock source of timer 4 and 4 is set in timer
4 when f(XiN) is 4MHz, the master transmission clock frequency is
25kHz.)

Set contents of the special mode register 2 (address 00DB1g).
(Usually, “8316".)

Set the bit 3 of serial /02 mode register (address 00DE16).

After that set the special mode register 1 (address 00DA1s). Figure
15 shows the structure of special mode registers 1 and 2.

Initial setting is completed by the above procedure.

Write data to be transmitted in the special serial I/O register (address
00D91¢). Immediately after this, clear bits 0 and 1 of special mode
register 2 (to “0") to make both SDA and SCL output to “L”. This is for
arbitration. The start signal has been completed.

The hardware automatically sends out data of 9-clock cycle. The 9th
clock is for ACK reception and the output level becomes “H” at this
clock. If other master outputs the start signal to transmit data simul-
taneously with this 9th clock, it is not detected as an arbitration-lost.
When the ACK bit has been transmitted, bit 3 of the interrupt request
register 2 is set to “1” (issue of interrupt request), notifying the end of
data transmission.

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

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 13 shows master transmission timing explained above.

{(2) Master Reception

Master reception is carried out in the interrupt routine after data is
transferred by master transmission. For master transmission and in-
terrupt thereafter, see the preceding section (1) Master transmission.
In the interrupt routine, set master reception ACK provided (261¢) in
the special mode register 1 (address 00DA4g), and write “FF1¢” in the
special serial I/O register (address 00D91g). This sets data line SDA
to “H” and to perform 8-clock master reception. Then, “L” is transmit-
ted 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 number of
times. Then return to the master transmission made and transmit the
stop signal by the same procedure for the master transmission.
Figure 14 shows master reception timing.

P4s/SCL Oe—
SM23

b

P4s jatch -

SB2 Contrgl
IrCu

SI/O counter 2

—w Interrupt request

Databus =

PassDA O—y—>]0. F.] - Shift register
SBa
Selection gate : P44 latch s
connected to black ontrol
colored side when SM23 eyl
reset. SO shift register 2

R

S

Fig. 12 Block diagram of special seriat /O
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posct L [T LT ﬂl'lm—

s L A0 LT
sl [ 0L T

Fig. 13 Master transmission timing

Reception data

pauson | AorXee)(osXoeXesXeeXorX(oodhok T T T LTI hox
msce LI UUTTUUUUL _TUUUuUyyyyte
P44/SDA RN | -

P4s/SCL W--_-

Fig. 14 Master reception timing

7 0

7
|

0
HEEEN |S§eoalmodere%ster1 L1t LT LJSspeclalmodere%terz

address 00DA16) address 00DB16)
Transmission and reception mode Data fine control bit
selection bit 0: SDA outputs “L”
0: Reception mode 1: SDA outputs “H”
1 : Transmission made
Synchronous clock selection bit Clock line control bit
0 : External clock ’ . 0 : SCL outputs “L”
1: Timer 4 overflow. 1 : SCL outputs “H"
P44, P4s special mode selection bit — ACK recognition bit
0 : SouT2, SCLK2 signal output 0 : ACK was received
1 : SDA, SCL signal output 1 : ACK is not received
P46 special mode selection bit ———— Wait function 1 enable bit
0 : P4s output 0 : Wait function 1 is disabled
1: PWMZ output 1 : Wait function 1 is enabled
P47 special mode selection bit ——— Wait function 2 enable bit
0 : SRDY2, signal output 0 : Wait function 2 is disabled
1: PWMS output 1 : Wait function 2 is enabled
ACK operation selection bit L Wait function 1 acceptance display bit
0 : ACK is not transmitted or received. 0 : Wait function 1 is not accepting
1 : ACK is transmitted and received. 1 : Wait function 1 is accepting
Start signal detect bit - Wait function 2 acceptance display bit
0 : Start signal is not detected 0 : Wait function 2 is not accepting
1 : Start signal was detected 1 : Wait function 2 is accepting
Stop signal detect bit Interrupt selection bit
0 : Stop signal is not detected 0 : Serial 1/O2 interrupt
1 : Stop signal was detected 1: Special serial I/O interrupt

Fig. 15 Structure of special mode registers 1 and 2
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PWM OUTPUT CIRCUIT
(1) Introduction

The M37102M8-XXXSP is equipped with one 14-bit PWM (DA)
and ten 8-bit PWMs (PWMO0-PWMS). The 14-bit resolution gives
DA the minimum resolution bit width of 500ns (for {(Xin)=4MHz)
and a repeat period of 8192us. PWMO-PWMS have a 8-bit reso-
lution with minimum resolution bit width of 8 s and repeat period
of 2048ys.

Block diagram of the PWM is shown in Figure 16.

The PWM timing generator section applies individual control
signals to DA and PWMO-9 using clock input X divided by 2 as
a reference signal.

(2) Data Setting

The output pins PWMO-7 are in common with port P6 and
PWMS8, 9 are in common with port Pds, P47.

For PWM output, each. PWM output selection bit (bit 1-to 7 of
PWM output control register 1, bit 0, 1 of PWM output control
register 2, bit 3, 4 of special mode register 1 and bit 4 of serial
#O2 mode register) should be set. When DA is used for output,
first set the higher 8-bit of the DA-H register (address 00CEs),
then the lower 6-bit of the DA-L register {address O0CF1g).
When one of the PWMO-9 is used for output, set the 8-bit in the
PMMO-9 register (address 00D01¢ to 00D41s, 00F616 to 00F A1e),
respectively.

(3) Transferring Data from Registers to Latches

The data 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 each PWM register is read, data
in these latches has already been read allowing the data output
by the PWM to be confirmed. However, bit 7 of the DA-L register
indicated the completion of the data transfer from the DA regis-
ter to the DA latch. If bit 7 is “0r, the transfer has been completed,
if bit 7 is 17, the transfer has not yet begun.

(4) Operation of the 8-bit PWMs

The timing diagram of the ten 8-bit PWMs (PWMQ-9} is shown
in Figure 17. One period (T) is composed of 256(2%) segments.

There are eight different pulse types configured from bits 0 to 7
representing the significance of each bit. These are output within
one period in the circuit internal section. Refer to Figure 17 (a).
Eight different pulses can be output from the PWM.

These can be selected by bits 0 through 7. Depending on the
content of the 8-bit PWM latch, pulses from 7 to 0 is selected.
The PWM output is the difference of the sum of each of these
pulses. Several examples are shown in Figure 17 (b). Changes
in the contents of the PWM latch allows the selection of 256
lengths of high-level area outputs varying from 0/256 to 255/256.
A length of entirely high-level output cannot be output, i.e.
266/256.

(5) 14-bit PWM Operation

The output example of the 14-bit PWM is shown in Figure 18.
The 14-bit PWM divides the data within the PWM latch into the
lower 6 bits and higher 8 bits.

A high-level area within a length Dy times 1 is output every short
area of t=256 1=128us 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 . As a result, the short-area period t
(=128us, approx. 7.8kHz) becomes an approximately repetitive
period.

(6) Output after Reset

At reset the output of port P4, P6 is in the high impedance state
and the contents of the PWM register and fatch are undefined.
Note that after setting the PWM register, its data is transferred
to the latch.

Table 2. Relation between the low-order 6 bits of data and

high-level area increase space

6 low-order bits of data |

Area longer by T than thet of other tm (m=0 to 63)
88 "
g_g_g |Nothing

ma32

ma 16, 49

m=§, 24, 40, 56

ma 4, 12, 20, 28, 3, 44, 52, €0

= oo OO |Cc|©

ma2, 6 10, 14 18, 22, 26, 30, 34, 3B, 42 46, 50, 54, 5, &

o|=jojo|jo|Oo O
oljlo|=]o]Oo|Ccl©
clojo|=|o|e
clolojo|=|e
olojejo|e |~

Mel, 3 5 7T 57, §9, 61, 63




MITSUBISHI MICROCOMPUTERS

M37102M8-XXXSP/FP, M37102E8-XXXSP/FP, M37102E8SP/FP
M37201M6-XXXSP/FP, M37201E6-XXXSP/FP, M37201E6SP/FP

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

il

D61 '_I—OPWW
IOPWMZ
1 PWM3
.J-—OPWM4
gl
[TOPWNMS .
»1 \
[OPWNe
it
._’—OPWW
T

s

‘>¥)——> Selection gate : connected to
% side when reset.
Pass gate

: PWM output control register 2
: Port P4 directional register

: Port P4

: Port P8 directional register

: Port P8

: Special mode register 1

SM2 : Serial /02 mode register

black colored

PWM output control register 1

Fig. 16 PWM block diagram
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git 7 slkiineninmthsi
Bit6

Bit5

gta | & i & £ f f§ ¥ ®F ¥ HF {F

=g
=1
—
=

Bit3 [

—
—%
=5
Lty

Bit2

—1
="

Bit 1

Bit0 ‘ i

Contents
of the latch

When 0016 (0}
WhenOtie (1) It

When 1816 (24)_L__R__1Ki | . | - 1 | .| LR | I O
WhenFFts(zsg)'t

T = 256t

PWMoutput t=8us T =2048us
f(XIN) = 4MHz

{b) Example of 8-bit PWM output

Fig. 17 8-bit PWM timing
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“H™  leve!

éet “2C16” to DA-H registe)

Latch transfer complete bit

0 | Transfer complete

( Set “2816" to DA-L register }

Transfer is not completed

[DAHregister]f 0 fO0 [ 1] 0

(Automatically set at writing)
iTiJo]o] (pA-Lregister]] 1] [1Tol1Tolofol
bit 7 bit 0 bit7 bit0
Nextﬂperio% Nex}t penoc:
aner writin I W
iting g after writing y
bit 13 . bit
pAlatehifofol1]Jolt[1fofoli1lo]1lolofol

These bits decide *H" level area |

A

]

of fundamental waveform

area of Minimum
fundamental waveform

_ bit
=\ durations 0.5us /*

High-order 8-bit
value of DA latch

s

These bits decide smaller intervals tm in which “H” level
area is [‘H” level area of fundamental waveform pius r]

fFundamental) h [ Waveform of smaller intervals tm specified by the lower 6 bits )
waveform A
0.5usx44 0.5usx44
14-bit T 14-bit T S B B
PWM  loct2B!2A!---103!02!01}00 20 PWM  ociog!2A!---103'02)01
output _— 1 ¥ 1 1 I I OU‘DUt - 1 1 1 t t i
1 1 1
8-bit 8-bit
| counter |FFIFEIFDi---1D6'D5:D4/D3: — 102:01:00| | counter [FFIFE/FDI---1D6'D5:D4' D3 ~ 102101 00|
The fundamental waveform of smaller
intervals tm which is not specified by the
lower 6 bits is not changed
! 0.5u5x44 ' b
| r=0.5us |
| |
14-bit PWM output
I ! Ctse ! teo ! te1 | te2. ! 63 |
Low-order 6-bit ,
output of DA latch ! ‘
1 i
' T=8192us !
|
N ! ! J

Fig. 18 14-bit PWM timing (f(Xix)=4MHz)
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7
11T

0
L 11 lrwm output control register 1
(PW : address 00D516)

DA, PWM count source selection bit

0 : Count source supply
1: Count source stop

DA/PNA4 output selection bit
0: DA output
1: PN4 output

P6/PWMO output selection bit
0 : P60 output
1 : PWMO output

P61/PWM1 output selection bit
0: P61 output
1: PWM1 output

P62/PWM2 output selection bit
0: P62 output
1 : PWM2 output

PB3/PWMS output selection bit
0: P63 output
1: PWM3 output

P84/PWM4 output selection bit
0: P64 output
1: PWM4 output

P6s/PWMS output selection bit
0: P65 output
1: PWMS output

0

7
Lrtil

L 1 1 | PwM output control register 2

(PN : address 000616)

P66/PWMS6 output selection bit
0 : P66 output
1 : PWMS output

P67/PWMT7 qutput selection bit
0 : P67 output
1: PWM7 output

DA output polarity selection bit
0 : Positive polarity
1 : Negative polarity

PWM output polarity selection bit
0 : Positive polarity
1 : Negative polarity

DA wide use output register
0: “0” output
1:“1” output

Fig. 19 Structurs of PWM output control register 1 and 2
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A-D COMPARATOR

Block diagram of A-D comparator is shown in Figure 21. A-D com-

parator consists of 4-bit D-A converter and comparator. | l BN lj A—D control regist

The A-D control register can generate 1/16 Voo-step intarnal anaiog (ADC : address DOEF‘G)
voltage based on the settings of bits O to 3. {();:f:ro{:;vteadb?; :ng bits
Table 3 gives the relation between the descriptions of A-D control

register bits 0 to 3 and the generated internal analog voltage. The 0 Input voltage <
comparison result of the analog input voltage and the internal analog reference voltage
voltage is stored in the A-D control register, bit 4. 1: Input V?"age > |
The data is compared by setting the direction register corresponding reference voltage
to port P3s, P3s to “0” (port P35, P3¢ enters the input mode), to aliow 0 P35/A-D1 pin

port P35/A-D1, P3¢/A-D2 to be used as the analog input pin. The PasllNTzlA-Dz pin
digital value corresponding to the internal analog voltage to be

Storage bit of comparison result

Analog input pin selection bit

compared is then written in the A-D controf register, bit 0 to 3 and an Fig. 20 Structure of A-D contro! register
analog input pin is selected. After 16 machine cycle, the voltage com-

parison starts. Table 3. Relationship between the contents of A-D control
register and reference voitage
A-D control register : o

Bita | ere | Bt1 ] BrO ) vofiage
0 0 0 0 1/32 Ve

0 0 0 1 3/32 Vec

0 0 1 0 5§32 Vee

0 0 1 1 7132 Voo

0 1 0 0 9/32 Vec

0 1 0 1 11/32 Voo

0 1 1 0 13/32 Voo

0 1 1 1 15/32 Voo

1 0 0 0 17/32 Voo

1 0 0 1 19132 Voc

1 0 1 0 21/32 Voo

1 0 1 1 23132 Vco

1 1 0 0 25/32 Veo

1 1 0 1 27132 Voo

1 1 1 0 ) 29132 Voo

1 1 1 1| 31/32 Veo

A-D contro register
Bit 5

Comparator control

v A-D control register

P35 o—] Analo T -
signa Comparatel gta | Bta | Btz | Bt1 | Bito
P36 o—{ switch — -

~

Switch tree

Resister ladder

Fig. 21 Block diagram of A-D comparator
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CRT DISPLAY FUNCTIONS

(1) Outline of CRT Display Functions

Tabie 4 outlines the CRT display functions of the M37102M8-XXXSP.
The M37102M8-XXXSP incorporates a 24 columns x 3 lines CRT
display control circuit. CRT dispiay is controlied 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 combination of up to 15 colors can be obtained by using
each output signal (R, G, B, and I).

Characters are displayed in a 12 x 16 dot configuration to obtain
smooth character patterns (refer to Figure 22).

The following shows the procedure how to display characters on the
CRT screen.

Table 4. Outline of CRT display functions

Parameteor Functions

Number of display i

h
cha r 24 characters x 3 lines
Character .
configuration 12 x 16 dots (refer to Figure 22)
Kinds of character 126
Character size 4 size selectable
Color Kinds of color 1 screen : 4 kinds, maximum 15 kinds

Coloring unit A character

Display expansion Possible (multiline display)
Raster coloring Possible (maximum 15 kinds)

12 dots

16 dots

@ Set the character to be displayed in dispiay RAM.

@ Set the display color by using the color 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 using the verti-
cal position register and the character size register.

® Specify the horizontal position by using the horizontat position
register.

® Write the display enable bit to the designated block display flag of
the CRT control register. When this is done, the CRT starts
operation according to the input of the Vgyng signal.

The CRT display circuit has an extended display mode.

This mode allows multiple lines (more than 4 lines) to be displayed

on the screen by interrupting the display each time one line is dis-

played and rewriting data in the block for which display is terminated

by software.

Figure 24 shows a block diagram of the CRT display controi circuit.

Figure 23 shows the structure of the CRT display control register.

0
lol T1T T 111 ‘CRTwntrolregaster
] (CC : address O0EA16)
Display of all blocks control bit (Note 1)
0 : Display of all blocks off
1 : Display of all blocks on

Display of block 1 control bit
0 : Display of block 1 off
1 : Display of block 1 on

Dispiay of block 2 control bit
0 : Display of block 2 off
1 : Display of block 2 on

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

Block 1 color select mode switch bit
0 : Normal mode
1 : Half character width color select
mode

Clock for display stop'bit
0: Stop
1 : Oscillation enable

L Scanning line double count mode bit
0 : Normal mode (256 lines)
1 : Double count mode

Fix this bit to “0.”

Note 1 : Display is controlied by the logical product (AND)
between the all-blocks display control bit and each

block display control bit.

Fig. 22 CRT display character configuration

Fig. 23 Structure of CRT control register
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0sC1 0sc2 HSYNC VSYNC

. (Address 0DEA16)

CRT control register Display
oscitlation circuit

(Addresses 00E116 to 00E316

£

Vertical position register

(Address 00E416)

Character size register
Display position control circuit

(Address C0EO16)

| Horizontal position register

{Address 00E516)

Border selection register

Display control
circuit

RAM for display )
11 bits X 24 x 1 ROM

9 bits x 24 x 2 ~ for display Border RAM
+I DS x2ax 12 bits x16 x 126

‘ (Addresses 0OE616
to 00E916)

—

; Shift register Shift register
Color register 12 bits 12 bits

(Address 00EC18)

Output circuit !

CRT port control register

AP

Fig. 24 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 (refer to (4)
Memory for Display).

The display position of each block in both horizontal and vertical
directions can be set by software.

The horizontal direction is common to all blocks, and is selected from
64-step display positions in units of 4Tc (Tc=oscillating cycle for
display).

The display position in the vertical direction is selected from 128-step
display positions for each block in units of four scanning lines.

If the display start position of a block overlaps with some other block
((b) in Figure 27}, a block of the smaller block No. (1 to 3) i displayed.
if when one block is displaying, some other block is displayed at the
same display position {(c) in Figure 27), the former block is overrid-
den and the latter is displayed. R
The vertical position can be specified from 128-step positions (four
scanning lines per step) for each block by setting values 0016 to 7F1s
to bits 0 to 6 in the vertical position register (addresses O0E11g to
00E345). Figure 25 shows the structure of the vertical position
register.

HEEEEEN Vertical position registers 1,2, 3
(CV1 : address Q0E116)
(CV2 : address O0E216)
(CV3 : address 00E31s)

The vertical display start position
128-step positions (0016 to 7F16)

Fig. 25 Structure of vertical position registers

The horizontal direction is common to all biocks, and can be speci-
fied from 64-step display positions (4Tc per step (Tc=oscillation cycle
for display) by setting values 0016 to 3F1¢ to bits 0 to 5 in the horizon-
tal position register (address 00ED1g). Figure 26 shows the structure
of the horizontal position register.

0

7
Lol 1 1T 1T 1 1 1 | Horizontal position register
(HR : address 00EQ16)

The horizontal display start position
64-step positions (0016 to 3F16)

Fix this bit to “0.”

Fig. 26 Structure of horizontal position register
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(HR)

. AU

vt ¥ e

[}
1
i
i

Block 1

CV2 --
Block 2

cva¥--

Block 3

(a) Example when each block is separated

U S

(HR)

ovy Tt

Block 1

Cvs

Block 3

(b) Example when the display start position of a block overlaps with some other block

(HR)

T
i
'
|
]
S
|
!
i

CV1A.Q\!gl _____ R

Block 1 (Block 2)

cvt Yoo 52

Block 1' (Black 3)

(c) Example when one block is displaying some other block is superimposed.

Fig. 27 Display position
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(3) Character Size

The size of characters to be displayed can be selected from four
sizes for each block. Use the character size register (address
00E4+¢) to set a character size. The character 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 bits 4 and 5. Fig-
ure 28 shows the structure of the character size register.

The character size can be selected from four sizes: minimum size,
medium size, large size, and extra large size. Each character size is
determined by the number of scanning lines in the height (vertical) di-
rection and the cycle of display oscillation (=Tc}) in the width thorizon-
tal) direction.

The small size consists of [one scanning line] x [1 Tc] ; the medium
size consists of ftwo scanning lines} x [2 Tc]; the large size consists
of fthree scanning lines] x [3 Tc}; and the extra 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.

0
LT T LT 1.1 1 |charactersize register

(CS : address 00E416)

Block 1 character size selection bits
00 : Minimum size
01 : Medium size
10 : Large size
11: Extra large size

Block 2 character size selection bits
00 : Minimum size
01 : Medium size
10: Large size
11 : Extra large size

Block 3 character size selection bits
00 : Minimum size
01 : Medium size
10 : Large size
11 : Extra large size

Fig. 28 Structure of character size register

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

Set values of the character size register Character Width (horizontal} direction Height (vertical} direction
C8m CSno size T¢: oscillating cycle for display scanning lines
4 0 Minimum 1Tc 1
0 1 Medium 2Tc 2
1 0 Large 3Tc 3
1 1 Extra large 47Tc 4

Note: The display start position in the horizontal direction is not affected by the character size. In other words, the horizontal display start position is common to all
blocks even when the character size varies with each block (refer to Figure 29).
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{4) Memory for Display

There are two types of memory for display : ROM of CRT display
ROM (addresses 300016 to 3FFF1g) used to store character dot data
(masked) and display RAM (addresses 200016 to 20D71¢) used to
specify the colors of characters to be displayed. The foliowing
describes each type of display memory.

@ ROM for display (addresses 300016 to 3FFF1g)

The CRT display ROM contains dot pattern data for characters to 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
CRT display ROM) into the CRT display RAM.

The CRT display ROM has a capacity of 4K bytes. Because 32 bytes
are required for one character data, the ROM 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
characters for display use.

The CRT display ROM space is broadly divided into two areas.
The [vertical 16 dots] x [horizontal (left side) 8 dots] data of display
characters are stored in addresses 30001 to 37FF1g; the [vertical 16
dots] x [horizontal (right side) 4 dots] data of display characters are
stored in addresses 380016 to 3FFF 16 (refer to Figure 30). Note how-
ever that the four upper bits in the data to be written to addresses
380046 to 3FFF1s must be set to “1” (by writing data F0e to FF1g).

TFable 6. Character code list

Mini-
mum

Medium

Large

Extra large

< Horizontal display start position

Fig. 29 Display start position of each character size
{horizontal direction)

Character Contained up address of character data
Left 8 dots lines Right 4 dots lines
300016 3800|s
0016 10
300F ¢ 380F16
301016 381016
Gts
301 Fis 381 F1e
302016 382016
0216 to
3O2F16 382Fg
303015 3830rs
0316
303F|s 383F16
310013 390018
1018 1o
310F g 390F 18
31104s 391 Dva
il1e o
31 1F|s 391 F1s
34F016 SCFOW
4F1g
34FF1e 3CFF16
350016 3D0016
5016 o
: 350F s 3DOF16
7D1s 37?0‘6 3FDO|5
. 0
37DF1g 3FDF16
37E015 3FE015
TE16*
37EF19 3FEF|5
37F015 3FFGig
TFe* to
37FF16 3FFF1s

* For test pattern

9 MmTsuBISH _
n’\aacm:c 2-31
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The character code used to specify a character to be displayed is
determined based on the address in the CRT display ROM in which
that character is stored.

Assume that data for one character is stored at addresses 3XX016 to
3XXF16 (XX denotes 001 to 7F1¢) and addresses 3YY01e to 3YYF1e
(YY denotes 8015 to FF1¢), then the character code for it is “XX1¢".

In other words, character code for any given character is configured
with two middle digits of the four-digit (hex-notated) addresses
300018 to 37FF1s where data for that character is stored.

Table 6 lists the character codes.

<N
=4
o

3XX016

(=]
o

[=JE=21=Jk~0F=]
(-]
o
ol|lo|lo|e|o|=*

o000 |0 (0|00

o
QIOIC|OO
oclo|olo|o
o

O (OO0 |Q(OIQIC|O

OOQOOOOOOQCOOOQOg

OICIOIOO
o000 |0
Oo(ojlolo
ololo(o|o
olojo|o|o
o|lo|o|o|e

3XXF18

3XX016 + 80016

3XXF1i6 + 80016

bit 7

w

OOOOOOOQg

olejo|o|o|oio|o(oiolo

OOOOOOOOOOOOOCQO%

o|o|o|o|o|o|f|Ir|IC||oie|o|o|e|(e

OOO&O

Fig. 30 Display character stored area
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@ RAM for display (200016 to 20D71¢)

The CRT display RAM is allocated at addresses 20001s to 20D7+s,
and is divided into a display character code specifying part and dis-
play color specifying part for sach block. Table 7 shows the contents
of the CRT display RAM. '
When a character is to be displayed 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 to 6) in address 20001¢ and
the color register No. to the two low-order bits (bits 0 and 1) in
address 20801¢. The color register No. to be written here is one of the
four color registers in which the color to be displayed is set in
advance. For datails on color registers, refer to (5) Color Registers.
The structure of the CRT display RAM is shown in Figure 30. Write
the character patterns at Table 8 and 9, when M37102M8-XXXSP is
mask-ordered.

Table 7. The contents of the CRT display RAM

Block . Display pasttion (from left) Character code specification Color specification
1st character 200016 2080168
2nd character 200118 208116
3rd character 200216 208216
Biock 1 : : :
22nd character 201516 209516
23rd character 20161¢ 209616
24th character 201718 209716
201816 209816
Not used to to
201F1g 209F 16
st character 202018 20A01¢
2nd character 202148 20A11¢
3rd character 20221¢ 20A216
Block 2 : : :
22nd character 203518 20851
23rd character ’ 203618 20B61e
24th character 203718 20B716
203846 208815
Not used to o
203Fs 20BF1s
1st character 204018 20C01s
2nd character 204116 20C11s
3rd character . 204218 20C21s
Black 3 . : ’ :
22nd character 205518 - 20D516
23rd character 205616 20D61s
24th character 205716 20D718
205816
Not used to
207F¢
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Block 1
[Character specification] 7 [
1stchara§:§er.200016 FMTTTITITTI
24th character : 201716
Character code (0016 to 7D16)
Specify 126 characters
fmiaet . 2(.)80]16 3 0
er :
to I I I I I
24th character : 209716
Former half color register specificatiol
mmenonnalmodeonnmehalfcharader
width color select mode.
00 : Color register O specification
01 : Color register 1 specification
10 : Color register 2 specification
11 : Color register 3 specification
Latter half color register specification
in the half character width color select mode
00 : Color register 0 specification
01 : Color register 1 specification
10 : Color register 2 specification
11 : Color register 3 specification
Block 2, 3

[Character specification] 7 0
1st character : 202016

to
24th character : 203716

Character code (0016 to 7D16)
(Address 204018 to 205716 in the case of block 3) Specity 126 characters
[Color specification] 10
1st character : 20A016
to
24th character : 20B716
Color register specification '

{Address 20C016 to 20D716 in the case of block 3) 00 : Color register 0 specification
01 : Color register 1 specification’
10 : Color register 2 specification
11 : Color register 3 specification

Fig. 31 Structure of the CRT display RAM
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Table 8. Test character patterns 1 {5) Color Registers

Address - Data || ‘Address Data The color of a displayed character can be specified by setting the
376018 401 3FEO8 FO1e color to one of the four color registers (COO to CO3: addresses
37E118 0418 AFE14s FO1e 00E®61s to 00E94s) and then specifying that color register with the
37E218 0016 3FE21s F41s CRT display RAM.
37E318 2016 AFESe Foig There are four color outputs: R, G, B, and . By using a combination
37E446 0216 3FEd1e FOtg of these outputs, it is possible to set 2¢ -1 (when no output) = 15 col-
37ES16 0016 3FESe F216 ors. However, because only four color registers are available, up to
37E616 1016 3IFE61e FO1e four colors can be displayed at one time.
37E716 011 3FE716 FOis R, G, B, and | outputs are set by using bits 0 to 3 in the color register.
37E81e 8016 3FES816 FOs Bit 4 in the color register is used to set a character or blank output;
37E%e 0816 IFESe FOig bit 5 is used to specify whether a character output or blank output.
37EA16 0016 3FEAe F816 Figure 32 shows the structure of the color register.
37EB1s 401¢ 3FEB1g FO18
37EC1e Od1¢ 3FEC1s FO1g
37EDss 0018 3FED1g Fdg 7 0
37EE1s 2016,  aFEEsws FOis { P LT T 111 |coorregsterso 1,23
37EF1s 0216 3FEF1s Foe E  arons e

CO2 : address 00E81sg

CO3 : address 00E916

Table 9. Test character patterns 2 o
Address Data Address Data ! %m ma?:mr is output
37F01¢ 0016 3FFOie FO1g 1 : Character is output
37F 116 0018 ] 3FF11 FO1g
a7F216 0016 3FF216 Fois " Bpinoutputbit
37F3e 001 3FF3us Fo1s il o
37F4e 0015 3FF446 FO1g
37F516 0046 3FF515 FO1e ————— G pin output bit
37F615 0018 3FF61s FO1e 0 : No character is output
37FTe 0016 3FFT1e Fors 1: Character is output
37F81s 0016 3FFB1a FOis R pin output bit
37F914 0018 3FF96 FOis 0 : No character is output
37FA1s 0016 3FFA1s FOis 1: Character is output
37FBis 0016 3FFB1s FO1g OUT bi t bit (Not
_ in

37FC1s %01 3FFCe Fois 0: rgo ;uatpractsr (Er blaer)\k is output
37FD1s 0016 3FFD1s FO1s 1 : Character or blank is output
37FE1g 0016 3FFE1e FO1s
37FF1s 0018 3FFF16 FO1e ———————— OUT pin output control bit (Note)

0 : OUT pin outputs character
1 : QUT pin outputs blank

Note : When the characier outlining function is used, the contents
of these two bits (bits 4 and 5) are nullified, and the OUT
pin output becomes an border output,

Fig. 32 Structure of color registers
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(6) 1/2-Character Unit Color Specification Mode
By setting “1” to bit 4 in the CRT control register (address 00EA1) it
is possible to specify colors in-units of a half character size (vertical
16 dots x horizontal 6 dots) for characters in block 1 only.

In the half character width color select mode, colors of display char-
acters in block 1 are specified as follows:

@ The left half of the character is set to the color of the color register
that is specified by bits 0 and 1 at the color register specifying
addresses in the CRT display RAM (addresses 20801e to 20971s).

@ The right half of the character is set to the cotor of the color regis-
tor that is specified by bits 2 and 3 at the color register specifying
addrass in the CRT display RAM (addresses 20801 10 20971¢).

Color of the color register Color of the color register
specified by bit 0 and bit 1 specified by bit 0 and bit 1 Block 1
of address 208016 of address 208116
(a) Display in the normal mode

Color of the color register Color of the color register
specified by bitCand bit 1} specified by bit 2 and bit 3
of address 208016 of address 208016

Color of the color register Color of the color register
specified by bit 0 and bit 1 specified by bit 2 bit3 |Block 1
of address 208118 of address 208118

{b) Display in the haif character width color select mode

Fig. 33 Difference between normal color select mode and 1/2-character unit color specification mode
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{7) Multiline Display

The M37102M8-XXXSP can normally display three lines on the
CRT screen by displaying three blocks at different vertical positions.
In addition, it allows up to 16 lines to be displayed by using a CRT
interrupt and display block counter.

The CRT interrupt works in such a way that when display of one block
is terminated, an interrupt request is generated.

In other words, character display for a certain block is initiated when
the scanning line reaches the display position for that block (speci-
fied with vertical and horizontal position registers) and when the
range of that block is exceeded, an interrupt is applied.

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 ter-
minated, the contents of the counter are incremented by one.

For multiline display, it is necessary to enable the CRT interrupt (by
clearing the interrupt disable flag to “0” and setting the CRT interrupt
enable bit (bit 4 at address 00FE1s) to *17), then exacute the foliow-
ing processing in the CRT interrupt handling routine.

@ Read the value of the display block counter.

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

@ Replace the display character data and vertical display position of
that block with the character data (contents of CRT display RAM)
and vertical display position (contents of vertical position register)
to be dispiayed next.

Figure 34 shows the structure of the display block counter.

0
L1 1 [ § [ ] ]| Displayblock counter
(address 00EB16)

Indicates number of blocks that are
being displayed or were displayed

Fig. 34 Structure of display block counter

Count value Interrupt

position
0
Biock 1
_______________ Y e
Block 2 1
_____ j IS S
2
Block 3
________________ I,
Block 1’ 3
________________ e
4

Fig. 35 Timing of CRT interrupt and count value of display block counter

2-37
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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 line double count mode, one dot can be shown
by two scanning lines. As a rasult, the displayed dot is extended two
times the normal size in the vertical dirsction only. (That is to say, the
height of a character 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 sat in the vertical
position register in the nomal mode are 128 steps from 0016 to 7F1e,
or four scanning lines per step, the number of steps in the scanning
fine double count mode is 64 from 0016 t0 3F16, Or eight scanning
lines per step.

If the contents of the vertical position register for a block are set in the
address range of 4016 to 7F 16 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 00EAs) to “1”.

Bacause this function works in units of screen, even when tha mode
is changed the mode about the scanning line count during display of
ane screen, the double count mode only becomes valid from the time
the next screen is displayed.

Vertical position A

Scanning line 16 lines

\. . A Y
(a) Display in the normal mode )

Vertical position A x 2

Ax2
Scanning line 32 lines

. J
(b) Display in the scanning line double count mode

Fig. 36 Display in the normal mode and in the scanning line double count mode

KRS
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(9) Character Border Function

An border of a one clock {one dot) equivalent size can be added to a
character to be displayed in both horizontal and vertical directions.

The border is output from the QUT pin. In this case,

the border is output from the OUT pin instead.

Border can be specified in unfts of block by using the border select

register (address 00E5yg). Table 10 shows the relationship between
the values set in the border select register and the character border

bits 4 and 5 in function. Figure 38 shows the structure of the border select register.
the color register (contents output from the OUT pin) are nullified, and , )

Table 10. The relationship between the value set in the border selection register and the character border function

Border selection register
MDn1 MPno

Functions -

Example of output

X 0

Ordinary

R, G, B, i output .
OQUT output I

0 1 Border including character

R, G, B, f output —_—rl
QUT output [ s R

1 1 Border not including character

R, G, B, | output N o T
OUT output Suro

N\
NRR

Y}

%

NN

N

NN
NN

N
NN

4.2

0
1 | Border selection register

,
L1111

{

is border.
B is display by character data.

Fig. 37 Example of border

- Block 3 output switch bit

L(MD : address 00E516)

Btock 1 OUT output border selection bit
0: The same as R, G, B is output
1 : Border is output

L Block 1 output switch bit
0 : Border including character
1: Border only

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

Block 2 output switch bit
0 : Border including character
1 : Border only

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

0 : Border including character
1 : Border only

Fig. 38 Structure of border selection register

ol i
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(10) CRT Output Pin Control

CRT output pins R, G, B, |, and OUT are respectively shared with
port P52, P53, P54, PSs, and P5s. When the corresponding bits in the
port P5 control register (address 00CB16) are cleared to “0”, the pins
. are set for CRT output; when the bits are set to “1”, the pins function
as port P5 (general-purpose output pins).

The polarities of CRT outputs (R, G, B, |, and OUT, as wali as Hsyne
and Vsync) can be specified by using the CRT port control register
(address 00EC1¢).

Use bits 0 to 4 in the CRT port control register to set the output
polarities of Hgync, Vsyne, RIG/B, |, and OUT. When these bits are
cleared to “0", a positive polarity is selacted; when the bits are setto
“1", a negative polarity is selected.

Bits 5 to 7 in the CRT port control register are used to specify 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 outputs, the whole background colors of the

screen become red, green, and blue.
Figure 39 shows the structure of the CRT port control register.

7 0
LI T T T 11 I |cRTportconto register
(address 00EC18)
HeYNC input polarity selection bit
0 : Positive polarity
1: Negative polarity

VSYNC input polarity selection bit
0 : Pasitive polarity
1 : Negative polarity

R/G/B output polarity selection bit
0 : Positive polarity
1 : Negative polarity

1 output polarity selection bit
0 : Positive polarity
1 : Negative polarity

OUT output polarity selection bit
0 : Positive polarity
1 : Negative polarity

— R pin output switch bit
- 0 : R signal output
1 : MUTE signal output

G pin output switch bit
0: G signal output
1 : MUTE signal output

B pin output switch bit
0 : B signal output
1 : MUTE signal output

Fig. 39 Structure of CRY port control register

{11) Wipe Function

@ Wipe mode

The M37102M8-XXXSP/FP allows the display area to be gradually
expanded or shrunk in the vertically direction in units of 1H (H: Hsync
signal). There are three modes for this wipe method. Each mode has
Down and UP modes, providing a total of six modes.

Table 11 shows the contents of each scroll mode.

@ Wipe speed

The scroll speed is determined by the vertical synchronization
(Vsyne) signal. For the NTSC interlace method, assuming that
V=16.7ms  262.5 Hgync signals per screen

we obtain the scroll speed as shown in Table 12.

Wipe resolution varies with each wipe mode. In mode 1 and mode 2,
one of three resolutions (1H, 2H, 4H) can be selected. In mode 3,
wipe is done in unns of 4H alone.

7 0
HEEEEEE

| Wipe mode register
(C'ETP : address 00ED1s)

Wipe mode selection bit
00: Wipse disable

01 : Mode 1

10 : Mode 2

11.: Mode 3

Dirsction mode selection bit
0 : DowN Mode
1: {P-Mode

Wipe unit selection bit
00 : 1H unit
01: 2H unit
10 : 4H unit

Stop mode salection bit
00 : Stop at the 312th H
01 : Stop-at the 156th H
10: Stop at the 256th H
11: Stop atthe 128th H

Fig. 40 Structure of wipe mode register
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Table 11. Wipe operation in each mode and the values of wipe mode register

Wipe moda register
Mode Wipe operation
Bit 2 Bit 1 Bit 0
{
ear from !
Down App i Down Up 0 0 1
upper side : ABCDEF |ON
1 i GH I JKL
: MNOPQR
Erase from ! 3 TUVWX |OFFy
upP ) 1 1 0 1
lower side I
|
I
j
!
Erase from !
Down ) ' Down Up 0 1 0
upper side ! ABCDETF |OFF
) |l GHI1I UKL
: MNOPQR
Appear from | STUVWX ON _y___
uP ' 1 1 Y
lower side l
!
1
Erase from both !
I
Down upper and lower | Down Up 0 1 1
. | ABCDETF |OFF
side 'l GH 1 JKL
3 N_ 7T
! MNOPQR ON pmmer
Appeartoboth . .
| ST UVWX OFFr 1
up upper and lower | 1 1 1
side !
B

Table 12. Wipe speed :
Wipe resolution Wipe speed (in all picture)

1 Hunit i 16.7 {ms) x 262.5+1=4 (s)
2 H unit ' 16.7 (ms) x 262.5:252 (s)
4 Hunit 16.7 (ms) x 262.5+4=1 (s)

Table 13. Wipe mode and wipe resolution
'W‘DG

Mode Wi ed
resolution e £pe
Made 1 1HUnf1 about 4 second
2 2 HUnit about 2 second
4 H Unit about 1 second
Mode 3 4 H Unit about 1 second
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INTERRUPT INTERVAL DETERMINATION

FUNCTION

The M37102M8-XXXSP/FP incorporates an interrupt interval deter-

mination circuit. This interrupt interval determination circuit has an 8-

bit binary up counter as shown in Figure 41.

Using this counter, it determines an interval on the INT1 or INT2 (re-

fer to Figure 43). ’

The following describes how thie interrupt interval is determined.

1. The interrupt input to be determined (INT1 input or INT2 input) is
selected by using bit 2 in the interrupt interval determination con-
trol register (address 00D816). When this bit is cleared to “07, the
INT1 input is selected; when the bit is set to “1”, the INT2 input is
selected.

2. When the INT1 input is to be determined, the polarity is selected

by using bit 3 of the interrupt interval determination control regis-
ter; when the INT2 input is to be determined, the polarity is
selected by using bit 4 of the interrupt interval determination con-
trol register.
When the relevant bit is cleared to “0", determination is made of
the interval of a positive polarity (rising transition); when the bit is
set to “1", determination is made of the interval of a negative
polarity {falling transition).

3.

The reference clock is selected by using bit 1 of the interrupt
interval determination controf register. When the bit is cleared to
“0”, a 64us 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 INT1 pin (or INT2 pin),
the 8-bit binary up counter starts counting up with the selected
reference clock (64us or 32us).

. Simultaneously with the next input pulse, the value of the 8-bit

binary up counter is loaded into the determination register
(address 00D716) and the counter is immediately reset (0016). The
reference clock is input in succession even after the counter is
reset, and the counter restarts counting up from “004¢".

. When count value “FE1¢” is reached, the 8-bit binary up counter

stops counting. Then, simultaneously when the next reference
clock is input, the counter sets value “FF16” to the determination
ragister.

32us
64us A»é)i Contral 8-bit binary up counter
REo
RE1
8
INT2
INT1 Interrupt interval determination register
(Note) RE
2 Address 00D716
9¥>—> Selection gate : connected to black
colored side when reset.
RE : Interrupt interval determination control register
Note : The pulse width of external interrupt INT1 and INT2 needs 5 or more machine cycles.

Fig. 41 Block dlagram of interrupt interval determination circuit
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7 0
HEEREREN Interrupt interval determination control register
(RE : address 00DB816)

Interrupt interval determination circuit operation control bit
0 : Operation stop
1 : Operation start

Standard clock selection bit
0: 64us (AtH(Xin) = 4MH2Z)
1: 32us (At#(XIN) = 4MHZ)

Extemal interrupt input pin selection bit
0 : INT1 input
1: INT2 input

INT1 pin input polarity switch bit
0 : Positive polarity
1 : Negative polarity

INT2 pin input polarity switch bit
0 : Positive polarity
1 : Negative polarity

Fig. 42 Structure of interrupt space dimhguish control register

INT1 ar 2 input

Count interval

Fig. 43 Measuring imterval
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RESET CIRCUIT

The M37102M8-XXXSP/FP is reset according to the sequence
shown in Figure 46. It starts the program from the address formed by
using the content of address FFFF1¢ as the high order address and
the content of the address FFFE ¢ as the low order address, when
the RESET pin is held at “L” level for no less than 2us while the power
voltage is 5V+10% and the crystal osciltator oscillation is stable and

then retumed to “H” level. The intemal initializations following reset
are shown in Figure 44.

An example of the reset circuit is shown in Figure 45. The reset input
voitage must be kept below 0.6V until the supply voltage surpasses
4.5V.

(4) Port P3 directional register (00C716)---| [0/0[0]0[0]0|0
(5) Port P4 directional register (00C916)--- 0016

{6) Port P5 control register  (00CBu1e)- | [0]o]o]o]o] ]
(7) Port P6 directional register (00CD16)-:- 0016

(8) PWM output controt register 1 {00D5186)--- 0018
(9) PWMoutputcontrol register 2~ (00D616)-+[ | | [0]o]o]o]o
(10) mm (00D718)--- 0016
(H) Inbﬂummm' e ool regetsr (00816} [ | [ o]ojolo]o
(12 Special mode register 1 (OODA18)- 0016
(13) Special mode register2  (00DB18)-- 0016

(14) Serial VO1 mode register (00DC16)--| | [0]o|o]olo]o
(15) Serial I/O2 mode register (00DE18)-- 0:0{0{0!0{0
(16) Horizontal position register  (00EO18)-- 0] [o]o]oo]o[o
(17) Color register 0 (00E618)- - o[o[o]olc]o!
(18) Color register 1 (00E716)--| | [o]o]olo]o]o]
(19) Color register 2 (00E816)- 0/0{0{0:0{0
(20) Color register 3 (0OE916)--- o[o[o[o]ojo

{21) CRT control register (OOEA18)---
(22) Display block counter  (00EB1e)--[ | | [ [0[o[o]0]
{23) CRT port control register (O0ECts)-[ 0016 |
(24) Wipe control register (COED18)--| 1010/010(0]00

(25) A-D control register (0OEF16)--- 0] |0i0(0|0
(26) Timer 1 {O0F0186)- - FF18
(27) Timer 2 (0oFt1e)-[ 076 |
(28) Timer 3 (00F216).-| = FF16
(29) Timer 4 (O0F316)- | Q0718
{(30) Timer 12 mode register  (00F416)-- 0/0/0{0|0
(31) Timer 34 mode register  (00F516)-- 0i0j0{0;0
(32) CPU mode register (0OFB16)--|1[1]1[1]1]|1]0]0
(33) Interrupt request register 1 (00FC1e)--[ [ [o[o[o]o]o]o]
(34) Inerrupt request register 2 (OOFD16)--- ojoJofo[o
(35) Interrupt control register 1 (OOFE18)- 0010|000
{36) Interrupt control register 2 (00FF16)--[ [ | [0]o[o]o]o]
(37) Processor status register (PS)-- ] |
(38) Program counter (PCH)-.. | Contents df address
(PCL)- c«na;t's:Fo:‘a‘ddrm I

Note : The blank above, the contents of all other registers and
RAM are undefined, so set their initial values.
At reset, “0” is read from all bits which is not used.

Fig. 44 Internal state at reset

Address
(1) Port PO directional register (00C116)- 00t Poweran
(2) Port P1 directional register (00C318)- 0018 Power sovgll't‘:ge ov E /5 4.5V
(3) Port P2 directional register (00C516)--- 0016 |

] t

Reset input i E
voltage OV LT 0.6V

1

Vee
1
5 2 RESET
M51953AL
23
3 H
2lyss
”’ M37102M8-XXXSP

Fig. 45 Example of reset circult
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wo T i

|

Internal RESET
SYNC [ ]
Address X7 X7 Xot.s)or. s¥or, S-ZXFFFEXFF
Reset address from the vector table
Data X7 X 2 XreuXPor ) s X Ao Xaow X

32768 count of Xi clock cycla (Note 3) Note 1 104w) and () are n the relaionship : (XN) = 2- ).

A question mark (?) indicates an undefined state that
depends on the previous state.

3 : Immediately after a reset, FF1a is automatically set in
timer 3 and 0718 in timer 4 and timer 4, timer 3 and
the clock (f(XiN) divided by 16) are connected in
series.

Reset state is canceled by the overflow signal of
timer 4.

Fig. 46 Reset saquence
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O PORTS

M

()
3

“

)

Port PO

Port PO is an 8-bit i/O port with CMOS output.

As shown In the memory map (Figure 3), port PO can be
accessed at zero page memory address 00C01s.

Pott PO has a directional register (address 00C1+¢) which can
be used to program each individual bit as input (*0”) or as out-
put (“17). If the pins are programmed as output, the output data
is latched to the port register and then output. When data is read
from the output port the output pin level is not read, only the
latched data in the port register is read. This allows a previousty
output value to be read correctly even though the output voltage
level is shifted up or down.

Pins set as input are in the floating state and the signal levels
can thus be read. When data is written into the input port, the
data is latched only to the port latch and the pin still remains in
the fioating state.

Port P1

Port P1 has the same function as port PO.

Port P2

Port P2 has the same function as port PO.

Port P3

Port P3 is an 7-bit /O port with function similar to port PO, but
the output structure of P3q, P31 is CMOS output and P32-P3g is
N-channel open drain.’ .

P3p, P33 are in common with the external clock input pins of
timer 2 and 3.

P34, P3¢ are in common with the external interrupt input pins
INT1, INT2 and P3s, P3g with the analog input pins of A-D com-
parator A-D1, A-D2.

Port P4

Port P4 is an 8-bit 10 port with function similar to port PO, but
the output structure is N-channel open drain output.

All pins have program selactable dual functions. When a serial
101 function is selected, P4o-P43 work as input/output pins of
serial 1/01. When a serial 1/O2 function is selected, P44-P4;
work as input/output pins of serial 1/02.

In the special serial I/O mode, P44, P45 work as SDA, SCL pins.
P4g, P47 are in common with PWM8 and 9 output pins.

(6}
@

®)

@)

0SC1, OSC2 pins
Clock input/output pins for CRT display function.
Hsyne, Vsyne pins

Hsync is a horizontal synchronizing signal input pin for CRT

display.

Vsync is a vertical synchronizing signal input pin for CRT
display.

R, G, B, |, OUT pins

This is an 5-bit output pin for CRT display and in common with
P52-P5s.

Port P6

Port P& is an 8-bit 1/O port with function similar to port PO, but
the output structure is N-channe! open drain output.

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

{10) D-A pin

This is a 14-bit PWM output pin.

(11) ¢ pin

The internal system clock (1/4 the frequency of the oscillator
connected between the Xin and Xour pins) is output from this
pin. if an STP or WIT instruction is executed, output stops after
going “H".
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Port PO, P1, P2, P30, P31

Diractional register

D—x_'j
~

Port P32-P3s, P40-P4s ) .
N-channel open drain output
Directional register

CMOS tri-state output

1 Port P32-P3s, Pdo-P4s

:1 Note : P32, P33 may also be used as
timer inputs.

P34, P3s may also be used as

external interrupt inputs.

P3s, P36 may also be used as

input pins for A-D converter.

P40-P4s5 may also be used as

serial VO pins.

Data bus —— Port latch

RN

Port P4g, P47, P6
Directional register N-channel open drain output
Port Pds, P47, P6
Data bus Port latch :1
Note : P4s, P47, P6 may also be used
as 8-bit PWM output pins.
P46, P47 may also be used as
serial I/O pins.
|
HSYNC, VSYNC Schmitt input D-A, 9, R, G, B, |, OUT
CMOS output
Intemal circuit HSYNC, VSYNC
Intemal circuit D-A, 4R, G,B,J,0UT

1

Fig. 47 1O pin biock diagram
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CLOCK GENERATING CIRCUIT
The built-in clock generating circuit is shown in Figure 50.
When the STP instruction is executed, the internal clock ¢ stops
oscillating at “H” level. At the same time, timers 3 and 4 are con-
nected in hardware and “FF1¢” is set in the timer 3, “071¢” is set in the
timer 4. Select f(Xin)/16 as the timer 3 count source (set bit 0 of the
timer 34 mode register to “0" before the execution of the STP instruc-
tion). And besides, set the timer 3 and timer 4 interrupt enable bits to
disabled (“0") before exacution of the STP instruction.
The oscillator is restarted when an interrupt is accepted. However,
the clock ¢ keeps its “H” level until timer 4-overflows.
This is because the oscillator needs a set-up period if a ceramic reso-
nator or & quartz-crystal oscillator is used.
Whan the WIT instruction is executed, the internal clock ¢ stops in the
“H” level but the oscillator continues running. This wait state is
cleared when an interrupt is accepted (Note). Since the oscillation
does not stop, the next instructions are executed at once.
To retum from the stop or the walt state, set the interrupt enable bit
to “1” before executing the STP or the WIT instruction.
Note: In the wait mode, the following interrupts are invalid.
(1) Vsync interrupt
(2) CRT interrupt
(3) Timer 2 interrupt using P32/TIM2 pm input as count source
(4) Timer 3 interrupt using P33/TIM3 pin input as count source
(5) Timer 4 interrupt using f(X(n)/2 as count source
The circuit example using a ceramic resonator (or a quartz-crystal
oscillator) is shown in Figure 48.

Use the circuit constants in accordance with the resonator
manufacturer's recommended values.

The exampile of external clock usage is shown in Figure 49 X is the
input, and Xout is open.

M37102M8-XXXSP
N Xout |
30 31
MU
] DI
L CiN = Cout

7 *

Fig. 48 Ceramic resonator circuit example

M37102MB-XXXSP

XN
30

vce
External oscillation l | | ’ ‘ |
circuit Vvss

Fig. 49 External clock input circuit exampie

Interrupt request
Resget
Interrupt s Q § a Q s
disable fiag |
Reset
wit 1o al—sTP
Internal
clock ¢
T34Mo
1/2 178 Timer 3 Timer 4
®) T34M2
XiN Xout TIM3 *
Selection gate : connected to black colored
side when reset.

Fig. 50 Clock gsnerating circuit block diagram
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PROGRAMMING NOTES

(1) The divide ratio of the timer is 1/(n+1).

(2) Even though the BBC and BBS instructions are executed imme-
diately after the interrupt request bits are modified (by the pro-
gram), those instructions are only valid for the contents before the
modification. At least one instruction cycle is needed (such as an
NOP) between 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 (in decimal
mode), one instruction cycle (such as an NOP) is needed before
the SEC, CLC, or CL.D instruction is executed.

(4) An NOP instruction is needed immediately after the execution of
a PLP instruction.

(5) In order to avoid noise and latch-up, connect a bypass capacitor
(=0.1uF) directly between the Ve pin and Vss pin using a thick
wire.

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM production:

(1) Mask ROM Order Confirmation Form

(2) Mark Specification Form

(3) Data to be written to ROM, in EPROM form (28-pin DIP Type
27256, three identical copies)

PROM Programming Method

The built-in PROM of the blank One Time PROM version and built-in
EPROM version can be read or programimed with a general-purpose
PROM programmer using a special programming adapter.

Product Name of Programming Adapter
M37102E8SP PCA4724
M37102E8FP PCA4725
M37201E6SP PCA4723
M37201E6FP PCA4725

Note : In the case of M37102E6FP, after moving data of display ROM
to addresses 30001 to 3FFF s, write the data.

The PROM of the blank One Time PROM version is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 51 is recommended to verify programming.

Programming with
PROM programmer

L

Screening (Caution)
(150°C for 40 hours)

7
Verification with
PROM programmer

RV

Functional check in target device

Caution : The screening temparature is far higher than
the storage temperature. Never expose to
160°C exceeding 100 hours.

Fig. 51 Programming and testing of One Time PROM version

e
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Canditions Ratings Unit
Vo Power source voltage -0.31t06 \2
Vi Input voltage  CNVss -03106 Vv
Input voitage  P0o-P07, P10-P17, P20-P27,
Vi P30-03¢, P40-P47, P60-PE7, All voltages are based on Vss. -0.3 to Vec+0.3 \
Hsyne, Vsyne, RESET Output transistors are cut off.
Output voltage P0o-P0O7, P10-P17, P20-P27,
Vo - P30-P3s, P49-P4s, R, G, B, 1, OUT, ~0.3 to Voc+0.3 v
D-A, Xout, OSC2
Vo Output voltage P4s, P47, P6o-P67 -0.310 13 \
Circult current R, G, B, |, OUT, P0g-P07, .
oM P1o-P17, P20-P23, 0to 1 {Note 1) mA
P3, P31,D-A
Circuit current R, G, B, 1, OUT, P0o-PO07,
loLt P1o-P17, P20-P23, 010 2 (Note 2) mA
P30-P3s, P40-P43, D-A
o2 Circult current  P6o-P67, Pds, P47 0to 1 {Note 2) mA
loLa Circuit voltage P24-P27 0 to 10 {Note 3} mA
loLe Circuit current  P4a, P4s 0to 3 (Note 2) mA
Py Power dissipation Ta=25°C 550 mw
Topr Operating temperaturs -101t0 70 °C
Tsyg Storage temperature -4010 125 °C

RECOMMENDED OPERATING CONDITIONS (voc=6V10%, Ta=-10 to 70°C unless otherwise noted)

- Limits .
Symbol Parameter i . Mo Unit
Vee Power source (Note 4) During the CPU and the CRT operation 4.5 5.0 5.5 \
Vss Power source [ 0 0 v
“H" input voitage P0o-PO7, P1c-P17, P20-P27,
P3o-P3s, P40-P43, P4s, P47,
Vin P6o-PB7, Hsvne, Vsvnc, RESET, 08Veo Voo v
XN, OSCH1
Vi “H” input voltage P44, P4s 0.7Vce Vce \'
47 input vo POo-PO7, P1o-P17, P20-P27,
Ve Pt veteoe Pio, P31, P3s, Pdo, Pag-Pds, P4 0 O4vVee |V
“L” input voltage  TIM2, TIM3, INT1, Scuk1, SiNt, Sinz,
Vi pvelee Hsvnc, Vsvne, RESET, X, OSC1 0 02vec| Vv
low “H" average output current (Note 1) R, G, B, |, QUT, P0¢-PO7, 1 mA
' P1o-P17, P20-P27, P30, P31
lous “." average output current (Note 2) R, G, B, |, OUT, P0e-PO7, 2 mA
P20-P23, P30-P3e, P4o-P43, D-A
otz “L" average output current (Note 2) P8o-P67, P4s, P47 1 mA
lows “L” average output current (Note 3) P24-P27 10 mA
loLs “L” average output current {Note 2) P44, P4s 3 mA
fceu Osclilation frequency (for CRT operation) (Nota 5) 36 40 44 MHz
foar Oscillation frequency (for CRT display) 6.0 7.0 8.0 MHz
fhe Input frequency TIM2, TIM3, INT1, INT2, ScLkz, 100 kHz
fhs Input frequency  Scik1 1 MHz
Notes 1: The total current that flows out of the IC should be 20mA (max.).

: The total of lovs, loL2 and loLs should be 30mA {max.).
: The total of Io;. of port P24-P27 should be 20mA (max.).
: Connect 0.022yF or more capacitor extemally between the Vcc ~ Vss power source pins so as to reduce

power source noise.

Also connect 0.068.F or more capacitor extemally between the Vcc — CNVss pins.

: Use a quartz-crystal oscillator or a ceramic resonator for CPU osciltation circuit.




MITSUBISHI MICROCOMPUTERS

M37102M8-XXXSP/FP, M37102E8-XXXSP/FP, M37102E8SP/FP
M37201M6-XXXSP/FP, M37201E6-XXXSP/FP, M37201E6SP/FP

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

ELECTRIC CHARACTERISTICS (voo=5v210%, Vss=0V, Ta=—10 to 70°C, f{Xin)=4MHz unless otherwise noted)

Limits
Symbol P ter Test-conditions Unit
, aramef Min. | Typ. | Max
Vee=5.5V, {(Xm)=4MHz
CRT OFF 10 20 o
icc Power source current Vee=5.5V, {Xin)=4MHz 20 20
CRT ON
At stop mode 300 HA
v “H* output voltage POo-PO7, Pio-P17, P20-P27, Veo=4.5V 24 v
oH 3, P31, R, G, B, |, OUT Jor=-0.5mA :
“L” output voltage POo-P07, P10-P17, P20-P23,
Vceo=4.5V
P30-P3s, P40-P43, lo=0.5mA 0.4
R, G, B, 1, OUT, D-A o=
“L” output voltage  P60-P67, P4s, P47 Veo=4.5V 04
VoL loL=0.5mA ! \%
“L” output voitage  P24-P27 Voe=4.5V 30
lo,=10mA )
“” output votage P44, P45 Voo=4.5V
0.4
lon=3mA
Hysteresis RESET Veo=5.0V 05 0.7
Vr.~ Vi | Hysterssis (Note) Hsync, Vsyne, P32-P3s, v
Veo=5.0V } .
P3s, P41, Pd2, P4ePds cc=5.0 05 | 13
“H" input leak current RESET, P0o-P07, P1o-P17, Vee=5.6V s
i P20-P27, P30-P3s, P40-P4s Vo=5.5V A
ozH “H4 input leak current Voc5.5V o
PBo-P67, Pdg, P47 Vo=12V
V" input leak current RESET, P0o-P07,
Vce=5.5V
loa P10-P17, P20-P27, P30-P36, 5 HA
Vo=0V
P4o-P47, P60-P67

Note : P32-P34; P3g have the hysteresis when these pins are used as interrupt input pins or timer input pins.
P44, P42, P44-P4g have the hysteresis when these pins are used as serial VO ports.




