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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER
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MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

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

FUNCTIONS OF M37100M8-XXXSP/FP

Parameter Functions

Number of basic instructions 69
Instruction execution time 28 (minimum instructions, at 4MHz frequency)
Clock frequency 4MHz

ROM 16384bytes
Memory size

RAM 320bytes

PO 110 8-bitX 1 (middle-voltage N-channel open drain)

P1, P2 7{e] 8-bitX2

P3 170 8-bitX1

P4; /0 1-bitX1

I,B, G, R, OUT Output 1-bitX5 {for CRT display function)
Input/Output ports

Vsync: Hsyne Input 1-bitX2 (for CRT display function)

PS5, P5; 1/0 2.bitX1 (can be used as an input for either INT or INTy)

PS5, P5,~P5; 1/0 5-bitX]

P6o, P64 /0 2-bitX1

P6;~ P65 /o] 4-bitX1 (middle-voltage N-channel open drain)
Serial 10 8-bitx<2
Timers 8-bit timerX3 (X2, when used as serial 1/0,)
Subroutine nesting levels (max.)

2 external interrupts, 6 internal interrupts,
Interrupt L
1 software interrupt

Two built-in circuits (externally connected ceramic or quartz crystal
oscillator), both circuits have option feedback resistors.

Supply voltage 5VE10%

CRT display function ON | 38.5mW (clock frequency Xw=4MHz, forr=6MHz)

CRT display function OFF | 27.5mW (clock frequency Xiv=4MHz)

at low-speed operation CRT display function OFF | 0. 33mW (clock frequency Xew=32kHz)

Clock generating circuit

at high-speed operation

Power dissipation

at stop mode lcc=1uA (when clock is stopped)

12V (input/output PO, P6,~P6s, input RESET, CNVss)

—0.3~V¢c+0. 3V(P1, P2, P3, P4;, P5, P8y, P6,)

0.5mA (PO, P1, P2, P3, PS5, P8, ~ P6; | N-channel cpen drain input/
output}

0.5mA, —0.5mA (P4, : CMOS input/output, R, G, B, |, OUT, P6y~P6; :
CMOS output)

Input/Output voltage

Input/Output characteristics
Output current

Operating temperature range ) —10~70C
Device structure CMOS silicon gate process

M37100M8-XXXSP 64-pin shrink plastic molded DIP
Package - -

M37100M8-XXXFP 80-pin plastic molded QFP

) Number of character 21 charactersX3lines.

CRT display function -

Kinds of character 96 (12X16 dots)
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PIN DESCRIPTION

N Input/ )
Pin Name Functions
Qutput

Vee, Supply voltage Power supply inputs 5V£10% to Ve, and 0V to Vee.

VSS

CNVgg CNVss This is connect to Vgg.

RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vec
conditions) . If more time is needed for the crystal oscillator to stabilize, this “L” condition should be main-
tained for the required time.

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

Xout Clock output Output condensers are connected. If an external clock is used, the clock source should be connected to the Xy
pin and the Xour pin should be left open.

3 Timing output Output This is the timing output pin. In single-chip mode, the output can be controlled by selecting the option.

Xen Clock input for clock Input These are the 1/0 pins of the clock generating circuit for the clock function. To control generating frequen-

function cy, an external ceramic or a quartz crystal oscillator is connected between the Xoiv and Xcour pins and ex-
ternal condensers are connected. If an external clock is used, the clock source should be connected to the

Xcour Clock output for clock Output Xc pin and the Xeour pin should be left open.

function”

P0g~PO0; | 170 port PO 110 Port PO is an 8-bit I/O port with directional registers atlowing each 1/0 bit to be individually programmed as
input or output. At reset, this port is set to input mode. The output structure is middle-voltage N-channel
open drain.

P1g~P1; | I/0 port P1 170 Port P1is an 8-bit IO port and has basically the same functions as port PQ but the output structure is
N-channel open drain. It can be built in pull-up transister at each pin by selecting the option.

P2o~P2; | I/0 port P2 [I{e} Port P2 is an 8-bit I/0 port and has basicaily the same functions as port P1.

P3o~P3; | I/0 port P3 (7o} Port P3 is an 8-bit I/0 port and has basically the same functions as port P1. When serial /0, is used. P3;,
P3s, P35, and P3, work as Spova, CLKa, Soura, and Siva pins, respectively. P3;, works as an analog input for
comparator and P3; works as a counter input.

P4, 1/0 port P4 170 Port P4; is an 1-bit 1/O port and has basically the same functions as port PO, but the output structure is
CMOS output.

1, B, G, R, | CRT output Qutput This is an 5-bit output pin for CRT display.

ouT The oulput polarity can be changed by selecting the option. At reset, inactive polarity is selected.

The output structure is CMOS output.

Hsyne Hsync input Input This is the hofizontal synchronizing signal input for CRT display. The input polarity can be changed by
selecting the option.

Vsvyne Vsyng input Input This is the vertical synchronizing signal input for CRT display. The input polarity can be changed by select-
ing the option.

P5,, P5; | VO port P5 170 These ports have basically the same functions as port P1, and are in common with interrupt input pins.

P5,, These ports have basically the same functions as port P1. When serial 1/0g is used, P57, P5g, P55 and P54

P54~P5; work as Sapve, CLKa. Sours and Siyg pins, respectively.

P6o~P65 | 1/0 port P 170 Port P6 is a 6-bit I/0 port and has basically the same functions as port P0. The output structure of P6y, P6,
is CMOS output and. the output structure of P6;~P6s is middle-voltage N-channel open drain. P8y, P§;, P6,,
PG5, P64, PBs can be programmed to function as timer output pin (T), PWM output pins {(PWM1, PWM2,
PWM3, PWM4 and PWMS), respectively.

OSsC1, Clock input for CRT display Input This is the 170 pins of the clock generating circuit for the GRT display function.

0OsC2 Clock output for CRT dispiay Output | To control generating frequency, external condensers and registers are connected.
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BASIC FUNCTION BLOCKS

MEMORY

A memory map for the M37100M8-XXXSP/FP is shown in
Figure 1. Addresses C000;¢ to FFFF5 are assigned to the
built-in ROM area which consists of 16384 bytes.
Addresses FF00,¢ to FFFF,s are a speciat 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 FFF445 to
FFFF,s are vector addresses used for the reset and inter-

rupts (see interrupt section). Addresses 00004g to 00FF¢
are the zero page address area. By using the zero page
addressing mode, this area can also be accessed with 2
bytes. The use of these addressing methods will greatly re-
duce the object size required. The RAM, I/0 port, timer,
etc., are assigned to this area.

Addresses 0000, to 00BF,s and 0100, to 017F4 are the
RAM address area and consist of 320 bytes.

In addition to data storage, this RAM is used for the stack
during subroutine calls and interrupts.

Decimal
0000, 0
RAM(192 bytes)
Zero page
00BF,¢ 191
Not used
00D04¢ 208
SFR area
(See Fig. 2)
00FF1g 255
010046
RAM(128 bytes)
017F,¢
Not used
200046
RAM for CRT display
20D4,¢
Not used
[ C0004e
FF00,6 65280
ROM(4K bytes) )
FFFa.s Special page for
Interrupt vector area subroutine call
(See section
on interrupt)
FFFFg 65535
Fig. 1 Memory map
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M37100M8-XXXSP/FP

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

00D0s¢ | Horizontal position register 00E8,4 | Port P3

00D1,¢ | Vertical position register of block 1 00E9,¢ | Port P3 directional register
00D2,¢ | Vertical position register of block 2 00EA,; | Port P4

00D3,¢ | Vertical position register of block 3 Q0EB | Port P4 directional register
00D4,¢ | Color register 0 00EC,¢ | Port P5

00D5,¢ | Color register 1 00ED, 4 | Port P5 directional register
00DE€,s | Color register 2 00EE ¢ | Port P6

00D7,¢ | Color register 3 00EF,s | Port P§ directional register
00D8,s | CRT control register 00F0;s { PWM1-H register

00D9,; | Display block counter 00F1,5 | PWM1-L register

00DA,¢ | Serial 1/0g mode register 00F2, | PWM2 register

00DB;¢ | Special mode register 00F3,5 | PWM3 register

00DC;s | Serial 1/Og register 00F4,5 | PWM4 register

00DD,¢ | Counter 0 00F5:6 | PWM control register
O0DE,4 00F8,s | Serial 10, mode register
00DF,s 00F7,¢ ] Serial 1/0, register

00EQ,¢ | Port PO 00F8,s | PWMS register

00Et,s | Port PO directional register 00F9:¢ | PWM output control register
00E2,¢ | Port P1 00FAs | Timer 1

00E346 { Port P1 directional register O0FB,¢ | Interrupt control register 2
00E4,¢ | Port P2 00FCys | Timer 2

00E5+ | Port P2 directional register 00FD4s | Timer 3

00E6¢ 00FEq | Interrupt control register 1
00E7,s | A-D control register 00FF,s | Timer control register

Fig. 2 SFR (Special Function Register) memory map
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CENTRAL PROCESSING UNIT (CPU)

The CPU 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, etc., 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 to “1”, the index register X itself becomes the address
for the second OPERAND.

INDEX REGISTER Y (Y)
The index register Y is an 8-bit register.

In the index 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 to 00, 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 setting the high-order eight bits to 004¢ 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 to 00, and the
low-order eight bits to the content of the stack pointer, and
then the stack pointer is decremented by one once more.
The push operation described above is performed auto-
matically when an interrupt occurs. The RTI instruction is
used to return from an interrupt routine.

7 9]
A Accumulator
7 0
X Index register X
7 0
Y Index register Y
7 0
S Stack pointer
15 7 0
PCH PC_ Program counter

7 0

N]jv]|T]B|D]t]Z]C

L Carry flag

Zero flag

Processor status register

Interrupt disable flag

Decimal mode flag

L—““—— Break flag

Index X mode flag

Overtlow flag

Negative flag

Fig. 3 Register structure
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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 executed, the content of the accumu-
lator is pushed into the address formed by setting the high-
order eight bits to 00,5 and the low-order eight bits to the
content of the stack pointer. Then the content of the stack
pointer is decremented by one. The PLA instruction is used
to restore the accumulator. When the PLA instruction is ex-
ecuted, the stack pointer is incremented by one and the
content of the address formed by setting the high-order
eight bits to 00,6 and the low-order eight bits to the content
of the stack pointer is stored in the accumulator. The pro-
cessor status register is pushed and restored in the same
manner with the PHP and PLP instructions. With subroutine
calls, only the program counter is pushed. Therefore, regis-
ters that must be preserved must be pushed by the prog-
ram. Use the RTS instruction to return from a subroutine.

PROGRAM COUNTER (PC)

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

PROCESSOR STATUS REGISTER (PS)

The processor status register is composed entirely of flags
used to indicate the condition of the processor immediately
after an operation. Branch operations can be performed by
testing the Carry flag (C), Zero flag (Z), Overtlow fiag (V)
or the Negative flag (N). Each bit of the register is ex-
plained below.

1. Carry flag (C)

The carry flag contains the carry or borrow generated by
the Arithmetic and Logical operation Unit (ALU) im-
mediately after an operation. It also 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 or not. If the result is zero, the zero
flag will be set to “1”. If the result is not zero, the zero flag
will be set to “0”.

3. Interrupt disable flag (1)

This flag is used to disable all interrupts. This is accom-
plished by setting the flag to “1”. When an interrupt, this
flag is automatically set to “1” to prevent other interrupts
from 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 subtraction are executed in binary or decimat. If the
decimal mode flag is set to “1”, the operations are ex-
ecuted in decimal, if the flag is set to “0", the operations
are executed in binary. Decimal correction is automatically
executed. The SED and CLD instructions are used to set
and clear this flag, respectively.

5. Break Flag (B)

The operation of a BRK instruction is similar to an interrupt.
The BRK instruction is a non-maskable software interrupt
that is used during program debugging. The break flag can
be checked only by checking the content 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. It is cleared to “0” for other interrupts.

6. Index X mode flag (T)

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

7. Overflow flag (V)

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

8. Negative flag (N)

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

Interrupts can be caused by 9 different events consisting of
two external, six internal, and one software event.

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

When an interrupt is accepted, the registers are pushed as
described in the stack pointer (S) section 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. Other interrupts are disabled
when the interrupt inhibit flag is set.

Falling edge active or rising edge active for each of the
INT, and INT, external interrupts can be selected by bits 4
and 5 of the PWM control register. Whether the INT; and
INT, external interrupts or the CRT display and serial 1/Og
interrupts are to be accepted can be selected by bits 0

and 1 of interrupt controi register 2.

Whether the timer 1 or serial 1/0O, interrupt is to be
accepted can be selected by bit 2 of the serial I/0, mode
register.

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

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 inhibit bit is “0". The in-
terrupt request bit can be clear with a program, but not set.
The interrupt enable bit can be set and clear with a
program.

Reset is treated as a non-maskable interrupt with the high-
est priority. Figure 5 shows interrupts control.

Table 1. Interrupt vector address and priority.
Event Priority Vector addresses Remarks

RESET 1 FFFF,s, FFFEqg Non-maskable

INT, or CRT display interrupt 2 FFFD4s, FFFCye INT, external interrupt (phase programmable) |

Timer 3 interrupt 3 FFFB,s, FFFAs )

Timer 2 interrupt 4 FFF9.6, FFF8,s

Timer 1 or serial 1/Q, interrupt 5 FFF71s, FFF64g

INT, or serial |/Og interrupt 6 FFF5,.. FFFdqe INT, fexternali interrupt (phase programmable) .

(BRK instruction interrupt) ? BRK instruction interrupt {nen-maskable software interrupt)
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0

7 7 0
T U T U771 T ] nterupt controt register 1 T 7T 1 Interrupt control register 2
L* L 1 L1 ] (address 00FE ) r* B 'LL - (address 00FB,¢)

INT»/serial 1/0g interrupt enabie bit INT./CRT display interrupt selection bit
0 : Interrupt disable 0 ©INT, interrupt
1 ! interrupt enabled 1 ! CRT display interrupt
INT./serial I/Og interrupt request bit INT2/serial I/Og interrupt selection bit
0 ’ Interrupt disable 0 [ INT; interrupt
1 *Interrupt requested 1 ' Serial I/Og interrupt

Timer 1/serial /0, interrupt enable bit
0 interrupt disable
1 ! Interrupt enabled

7
—————— Timer 1/serial 10, interrupt request bit "7*} T B T Timer control register
0 : Interrupt disable ELL H (address O0FF,g)

1 Ilinterrupt requested

Timer 3 interrupt enable bit
Timer 2 interrupt enable bit l 0 ! Interrupt disable
0 :Interrupt disable 1 ! Interrupt enabled
1 Interrupt enabled
Timer 3 interrupt request bit
Timer 2 interrupt request bit 0 : Interrupt disable
1 ! Interrupt requested

0 ! Interrupt disable

1 1 Interrupt requested

INT,/CRT display interrupt enable bit
0 ! Interrupt disable
1 ! Interrupt enabled

INT,/CRT display interrupt request bit
0 . iInterrupt disable
1 Interrupt requested

Fig. 4 Structure of registers related to interrupt

Interrupt request bit

Interrupt enable bit —1

Interrupt inhibit flag | ‘CJ

BRK instruction
reset

Interrupt request

Fig. 5 Interrupt control
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TIMER

The M37100M8-XXXSP/FP has three timers; timer 1, timer
2 and timer 3.

A block diagram of timer 1 through 3 is shown in Figure 7.
The count source for timer 1 through 3 can be selected by
using bit 2, 3 and 4 of the timer control register (address
00FF,¢), as shown in Figure 6. All of the timers are down
count timers and have 8-bit latches. When a timer reaches
“0” and the next count pulse is input to a timer, the con-
tents of the reload latch are loaded into the timer. The divi-
sion ratio of the timer is 1/(n+1), where n is the contents
of timer latch.

The timer interrupt request bit which is in the interrupt con-
trol register 1 or timer control register (located at addres-
ses 00FE.s and OOFF,s respectively) is set at the next
count pulse after the timer reaches “0” (see interrupt
section).

The starting and stopping of timer 2 is controlled by bit 5 of
the timer control register. if the bit 5 is “0”, the timer starts
counting, and the bit 5 is “1”, the timer stops.

At a reset or stop mode, FF is automatically set in timer 2
and 07+¢ in timer 3.

After a STP instruction is executed, timer 3, timer 2, and the
clock (¢ divided by 4) are connected in series (regardless
of the status of bit 2 through 4 of the timer control register).
This state is canceled if timer 3 interrupt request bit is set
to “1”, or if the system is reset. Before the STP instruction
is executed, bit 5 of the timer control register (timer 2
count stop bit) must be set to “0".

For more details on the STP instruction, refer to the oscilla-
tion circuit section.

7 0
) | Timer control register

Ty (Address 00FF )

Processor mode bit
00 : Single-chip mode
01 : Microprocessor mode
10 © Not used
11 . Eva-chip mode

Timer 1 count source selection bit
0 . ¢ divided by 4
1 . Timer 3 overflow

Timer 2 count source selection bit
0 ' ¢ divided by 4
1 . Clock for the clock function (Xein)

Timer 3 count source selection bit (Note)
| 0 : Timer 2 overflow
1 : P3; port input

Timer 2 count stop bit
0 ! Count start
1 I Count stop

Timer 3 interrupt enable bit
0 ! Interrupt disable
1 ! Interrupt enabled

Timer 3 interrupt request bit
0 : Interrupt disable
1 . Interrupt requested

Note @ In case that P3, port input is selected as the timer 3 count
source, the counter is decreased at a rising edge of input
signal.

Fig. 6 Structure of timer control register

MITSUBISHI
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Data bus
8

S

) X Reset
O Timer 2 latch
(8) STP instructi
X, instruction
-

TEr=——
FFis
O_ 1/4 ' 1/4 Timer 2 (8) Timer 2 interrupt request bit
Xin TM;3
T™;
internal clock ¢ 8
(Normally X,y divided by 4)
{ 8
Timer 3 latch
(8)
I
0746
Q Timer3 (8) Timer 3 interrupt request bit
P3, ™,
L 8
{; 8
Timer 1 latch
(8)
5
SM,
. Timer 1 or serial /O, interrupt
Timer 1 (8) ‘ ) — request bit
™.
L s
Pg, latch
1/2
P6o/T SM,
: CLKa SM,, SM,
P3¢
Synchronous
clock
Serial /0, counter
(3)
SM; SM,
O Souta 1 TM : Timer control register
P3s SM ! Serial I/0, mode register
SM. PM | PWM output mode register
O Sina MSB Serial 170, : —={ P‘* Select gate :
P register (8) LSB at reset, shaded side is connected.
4
SM,
O SRDVA ; 8
~
P3;

Fig. 7 Block diagram of timer 1 through 3
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SERIAL 1/0
M37100M8-XXXSP/FP has two serial I/O (serial 1/0, and
serial 1/0g).

SERIAL /O,

The block diagram of serial 1/04 is shown in Figure 8. In
the serial 1/0, mode the receive ready signal (Srova), Syn-
chronous input/output clock (CLK,), and the serial 1/Ox
(Souta, Sina) pins are used as P3;, P3q, P3;, and P3,, re-

spectively. The serial 170, mode register (address 00F6,)
is an 8-bit register. Bit 0 and 1 of this register is used to
select a synchronous clock source. When these bits are
{00) or (01), an external clock from P3g is selected. When
these bits are (10), the overflow signal divided by two from
timer 1 becomes the synchronous clock. Therefore, chang-
ing the timer period will change the transfer speed. When
the bits are (11], the internai clock ¢ divided by 4 becom-
es the clock.

¢ divided by 4

from internal clock ¢
divided by 4 or Timer 3

‘ Prescaler

I‘t/2|

Timer 1 (8)
(Address 00FA;g)

—J

to timer 1 or

serial 1/0, interrupt

»{Serial 1/04 counter (31

request bit

P3¢ G—CLKA

Sync.
circuit

Transfer clock

P35 O SOUTA

LAY

S
P3, O INA

={MSB Serial 110, register (8) LSB D

(Address 00F7:6) ] [

L

Data bus

J

]

HEEE

I ] Serial I/0, mode register
(Address 00F6,4)

Internal system clock generation selection‘l

0 Xin-Xout selection (normal mode)
1 : Xcin-Xcour selection (low-speed mode)

Clock (Xn-Xour) stop bit
0 : Oscillate
1 Stop

P8,/T output function selection bit
0 : Sync. mode (EAROM clock input signal generation)
1 . Asynchronous mode

Output of clock port selection bit {(P6,)
0 : P8, (Normal 1/0 port)
1:7

L

Synchronous clock selection blt

00 :

11

1 0 : Timer1 overflow signal divided by 2
11 ! Timing ¢ divided by 4

External clock

Serial 1/0, port selection bit (P3,, P35)
0 : Normal 170 port
1 . Serial I/0 port

Srov, signal output selection bit (P3;)
0 : Normal I/O port
1 ' Snov, output pin

Fig. 8 Block diagram of serial 1/0,
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Bits 2 and 3 decide whether parts of P3 will be used as a
serial 1/0, or not. When bit 2 is “1”, P33 becomes an 1/0
pin of the synchronous clock. When an internal syncnronous
clock is selected, the clock is output from P3g. If the exter-
nal synchronous clock is selected, the clock is input to P3g.
And P35 will be a serial output, and P3, will be a serial in-
put. To use P3, as a serial input, set the directional register
bit which corresponds to P3,, to “0”. For more information
on the directional register, refer to the 1/0 pin section.

To use the serial I/0,, bit 2 needs to be set to “1”, if it is
“0" P3¢ will function as a normal 1/0. Interrupts wiili be
generated from the serial 1/0, counter instead of timer 1.
Bit 3 determines if P3; is used as an output pin for the re-
ceive data ready signal (bit 3="1", Sppya) OF used as a
normal /O pin (bit 3="0").

The function of serial I/0, differs depending on the clock
source; external clock or internal clock.

Internal Clock- The Sgpya signal becomes “H” during trans-
mission or while dummy data is stored in the serial 1/0,
register. After the falling edge of write signal, the Sgpya

signal becomes low signaling that the M37100M8-XXXSP is
ready to receive the external serial data. The Sppya signal
goes “H” at the next falling edge of the transfer clock. The
serial 1/0, counter is set to 7 when data is stored in the se-
rial 1/0, register. At each falling edge of the transfer clock,
serial data is output to P3;. During the rising edge of this
clock, data can be input from P34 and the data in the serial
1/04 register will be shifted 1 bit. Data is output starting
with the LSB. After the transfer clock has counted 8 times,
the serial 1/0, register will be empty and the transfer clock
will remain at a high level. At this time the interrupt request
bit will be set.

External Clock- If an external clock is used, the interrupt
request bit will be set after the transfer clock has counted 8
times but the transfer clock will not stop. Due to this
reason, the external clock must be controlled from the out-
side. The external clock should not exceed 250kHz at a
duty cycle of 50%.

Timing diagrams are shown in Figure 9, and connection be-
tween two M37100M8-XXXSP's are shown in Figure 10.

Transfer clock

Serial 170 register write signal

SynchronousclockIIlllIIIIIlIlIlIIIlIII‘IlIl

Serial 1/0 output

Souta

Serial 170 input
SINA

Receivable signal

SRDVA

Interrupt request bit set

Fig. 9 Serial 1/0, timing

Sending side Receiving side
Serial 110, mode register — Serial 1/0, mode register
4 P37 Srpva P3; " o
bit 3 bit 0 bit3 bit 0
[of i i ]o] ] fo]x]
Set the directional i i
; ° P3, Synchronous clock P3, Set the directional
register for P3; pin register for P3, pin
in input mode. in input mode.
P35 Serial data P3,

Fig. 10 Example of serial 1/0, connection
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SERIAL 1/Og

The block diagram of serial 1/0g is shown in Figure 11. In
the serial I/0g mode the receive ready signal (5;;;;), syn-
chronous input/output clock (CLKg), and the serial 1/Og
(Soute. Sive) pins are used as P5;, P5g, P5s, and P5,, re-
spectively. The serial I/0g mode register (address 00DA¢)
is an 8-bit register. Bit 1 of this register is used to select a
synchronous clock source. When this bit is “0”, an external
clock from P3g is selected. When this bit is “1”, the over-
flow signal divided by two from clock counter 0 becomes
the synchronous clock.

Clock counter 0 is a 8-bit down counter to provide synchro-
nous clock for serial 1/0g. This counter divides internal
clock ¢. Structure of clock counter O is the same of timers.
Therefore, changing the timer period will change the trans-
fer speed.

Bits 2 and 3 decide whether parts of P5 will be used as a
serial 1/0g or not. When bit 2 is “1”, PS5 becomes an |/O
pin of the synchronous clock. When an internal synchronous

clock is selected, the clock is output from P5;. If the exter-
nal synchronous clock is selected, the clock is input to P5g.
And P55 will be a serial output, and P54 will be a serial in-
put. To use P5, as a serial input, set the directionai register
bit which corresponds to P54, to “0". For more information
on the directional register, refer to the I/0 pin section.

To use the serial I/0g, bit 2 needs to be set to' “1”, if it is
“0" P5¢ will function as a normai i/0. Bit 3 determines if P5;
is used as an output pin for the receive data ready signal
(bit 3="1", Sppys) Of used as a normal I/O pin (bit 3="0").
Bit 4 is the special mode select bit. Serial 1/0g can be set
to special mode by using this bit. Bits 0, 5, 6, and 7 are
used for special mode. For details, see the section of spe-
cial mode.

In the normal mode, operations of serial 1/Og are the same
as that of serial 1/0,. For details, see the section of serial
1/0a.

X O Internal clock
¢ Clock counter 0 (8)
Xemn (O—41/3 (Address 00DD,g)
SRDVB
PS5, P5; output 1 ]/2[
[—1 Sync. Serial 170 .
DF. 1 ci‘r/cuit ]_"_i counter (4) Arj_ja Serial I/0g interrupt
— T
control
circuit
CLKg/SCL /I\
P5s | & CLK
s
output c
control
Soura/SDA . circuit
CP%; | 2 DATA
P55
output
D.F.
Sie ﬂ SBs MSB LSB
O :]j Serial I/0g register (8)
PSa 584 ACK (Address 000C) ] [
:I Arbitration | 1 Data bus 1
circuit
I |
I l J | [ l | I Serial I/0g mode register
(Address 00DA,¢)
7 0
|
| I ] [ ] l I l Special mode register
(Address 00DB;¢)
7 0
Fig. 11 Block diagram of serial 1/0g

AL
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SPECIAL MODE (I°)C BUS:INTER IC BUSY)
M37100M8-XXXSP/FP has a special serial /0 circuit that
can be reception or transmission of serial data in conformity
with 12C (Inter IC) bus format.

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

M37100M8-XXXSP/FP’s special serial 1/0 is not included
the clock synchronisation function and the arbitration de-
tectable function at multimaster.

Operations of master transmission and master reception
with special serial 1/0 are explained in the following:

(1) Master transmission

To generate an interrupt at the end of transmission, set bit
1 of interrupt control register 2 (address 00FB,g) to “1" so
as to serial 1/0g interrupt is selected. Then set bit 0 of in-
terrupt control register 1 (address 00FE,s) to “1” so as to
serial I/0g 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 P55 and P5,. Set all bits (bits 5 and 6)
corresponding to P5; and P5; of the port P5 register
(address O00EC.s) and the port P5 direction register
(address 00ED;¢) to “1”.

Set the transmission clock. The transmission clock uses the
overflow signal divided by 2 from clock counter 0. Set
appropriate value in clock counter 0. (For instance, if 4 is
set in clock counter 0 when f(X\) is 4MHz, the master
transmission clock frequency is 100kHz).

Set contents of the speciat mode register (address
00DB,s). (Usually, 03,5.) Set the bit 4 of serial 1/0g mode
register (address Q0DA.s). Figure 14 shows the bit con-
figurations of special mode register and serial |/Og mode
register.

Initial setting is completed by the above procedure.

Write data to be transmitted in the serial |/Og register
(address 00DC;g).Immediately after this, clear bits 0 and 1
of special mode reigister (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 cy-
cle. The 9th clock is for ACK receiving and the output level
becomes “H" at this clock. If other master outputs the start
signal to transmit data simultaneously, it is not detected as
an arbitration-lost.

When the ACK bit has been transmitted, bit 1 of the timer
control register 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
serial 1/Og 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 ciock SCL to 1, then set bit 1

data SDA to “1”. This procedure transmits the stop signal.
Figure 12 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 interrupt thereafter, see the preceding
section (1) Master transmission.

In the interrupt routine, setmaster reception ACK provided
(361¢) in the serial 1/0g mode register (address 00DByg),
and write “FF.s" in the serial 1/Og register (address
00DC,s). 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 times. Then return to the master transmission mode
and transmit the stop signal by the same procedure for the
master transmission.

Figure 13 shows master reception timing.

(3} Wait function

Wait function 1 is held SCL line up “L” level after falling of
the 8th clock.

Wait function 2 is he!d SCL line up “L” level after falling of
the 9th clock.

The wait function is reset by setting bit 5, 6 of the special
mode register to “1”.

% :Purchase of Mitsubishi Electric Corporation’s I°C compo-
nents converys a license under the Philips 1°C Patent
Rights to use these components in an I°C system, provided
that the system conforms to the |12C Standard Specification
as defined by Philips.
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P5:/SDA

P5¢/SCL

P5/SCL

(o7 Yoo o5 X o4 X o2 X o2 J o1 X b0 Jacr) X Jeex)

e O0O00O0O00OYy T

[ERED

Fig. 12 Master transmission timing

Reception data

T T T Y

P5s/SDA ———- ~
® S0 6000800 IR
P5¢/SCL =~~~
P5s/SDA T T Y T T T T T -t

R SR O A O O I I A B
P56/SCL

Fig. 13 Master reception timing

Serial 1/0g mode register

IRERE - Special mode register

i

(address 00DA,g)

Transmission and reception mode select bit
0 : Reception mode

1 : Transmission mode

Synchronous clock select bit
0 . External clock
1 I Clock counter 0 divided by 2

LT 1T TTTT{

Serial 1/0g select bit
0 : Parallel port
1 . Serial 170 port

Srovs signal output select bit
0 . Parallel port
1 . Sgpye signal output pin

Special mode select bit
0 : Normal serial I/0O
1 | Special mode

(address 00DB,g)

Data line control bit (Note 2)
0 - SDA outputs “L".

1 . SDA outputs “H".

Clock line control bit (Note 2)
0 @ SCL outputs “L".

1 ! SCL outputs “H".

ACK recognition bit {Note 1)
0 : ACK was received.

1 . ACK is not received.

Wait function 1 enable bit (Note 3)
0  Wait function 1 is disabled.
1 . Wait function 1 is enabled.

Wait function 2 enable bit (Note 3)
0 : Wait function 2 is disabled.
1 : Wait function 2 is enabled.

ACK operation select bit
0 : ACK is not sent or received.
1 ! ACK is sent and received.

Start signal detect bit {(Note 1)
0 : Start signal is not detected.
1 ! Start signai was detected.

Stop signal detect bit (Note 1)
0 : Stop signal is not detected.
1 : Stop signal was detected.

Wait function 1 acceptance and

operation dispiay bit (Note 4)

0 : Wait function 1 is not functioning.

1 Wait function 1 is functioning.
—- Wait function 2 acceptance and

operation display bit (Note 4)

0 : Wait function 2 is not functioning.

1 : Wait function 2 is functioning.

Note 1

. This bit is for read only. When “1” is written to this bit, it is reset.

2 :The “L” or “H" output to the SDA or SCL line is the value to be output from this port, not the value cufrently held
by the SDA or SCL line.
: Wait function 1 maintains the SCL fine to “L” after the 8th bit clock putse has fallen in the special mode.

Wait function 2 maintains the line to “L” after the Sth bit clock pulse has talien.

: The wait function is canceled by writing “1” to these bits.

3

4

Fig. 14 Structure of registers related to serial 1/0p
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PWM OUTPUT CIRCUIT

(1)

Introduction

The M37100M8-XXXSP is equipped with one 14-bit
PWM and four 6-bit PWMs. The 14-bit resolution gives
PWM1 the minimum resolution bit width of 500ns (for

shown in Figure 16 (b). Changes in the contents of the
PWM latch allows the selection of 64 lengths of high-
level area outputs varying from 0/64 to 63/64. An
length of entirely high-ievel output cannot be output,
i.e. 64/64.

Xy = 4MHz) and a repeat period of 8192us. PWM2, (6) 14-bit PWM operation
PWM3, PWM4 and PWMS5 have a 6-bit resolution with The timing diagram of the 14-bit PWM1 is shown in Fi-
minimum resolution bit width of 16«s and repeat period gure 17. The 14-bit PWM divides the data within the
of 1024us. Accuracy and operation range is certified of PWM latch into the lower 6 bits and higher 8 bits.
PWM are Voo = 4.5 ~ 5.5V regardless of input fre- A high-level area within a length N timers 7 is output
quency. every short area of t=256 7 =128us as determined by
Block diagram of the PWM is shown in Figures 15. data N of the higher 8 bits. (Refer to PWM output @ in
The PWM timing generator section applies individual the lower part of Figure 17.)
control signals to PWM 1~5, using clock input Xy di- Thus, the time for the high-level area is equal to the
vided by 2 or Xcn divided by 2 as a reference signal. time set by the lower 8 bits or that puls 7. As a result,
(2) Data setting the short-area period t {(=128us, approx. 7.8kHz) be-
The output pins PWM1, PWM2, PWM3, PWM4 and comes an approximately repetitive period.
PWMS5 are in common with pins P6;, P6;, P63, P6, and (6) Output after reset
P65 of port P6 (i.e. for PWM output, PWM output selec- At reset the output of port P6 is in the high impedance
tion bits and the P6 directional register D6, ~ D6g state and the contents of the PWM register and latch
should be set). When PWM1 is used for output, first set are undefined. Note that after setting the PWM regis-
the higher 8-bit of the PWM1-H register (address ter, its data is transferred to the latch.
00F0,¢) , then the lower 6-bit of the PWM1-L register
(address 00F1,5). When one of the PWM2~PWMS is
used for output, set the 6-bit in the PWM2~PWMS5 reg- Table 2. Relation between the 6 lower-order bits .
ister, respectively. Note that the higher 2 bits of these of data and the space set by the ADD bit
8-bit registers are ignored when used 8-bit register. 6 fower-order bits of data |  Area longer by 7 than that of other tm(m = 0 ~63)
(3) Transferring data from registers to latches 00000%F | MNothing
The data written to the PWM registers is transferred to 000001 m=32
the PWM latches at the repetition of the PWM period. 000010 |m=1648
The signals output to the PWM pins correspond to the 000100 | m=8,240,5
001000 | m=4,1220,28, 36,42,50,58
contents of these latches. When data at addresses 010000 | m=2,6,1014 1822 26,30, 34, 35,4, 46, 50, 54, 56,62
00F0,,~00F4,5 and 00F8;4 is read, data in these latch- 100000 | M=1,3,5,7, e 57,59, 61,63
es has already been read allowing the data output by
the PWM to be confirmed. When the 6-bit latch is
being read, the upper 2 bits of the register becomes
undefined. However, bit 7 of the PWM1-L register indi-
cated the completion of the data transfer from the
PWM1 register to the PWM1 latch. If bit 7 is “0”, the
transfer has been completed, if bit 7 is “1”, the transfer
has not yet begun.
(4) Operation of the 6-bit PWMs
The timing diagram of the two B6-bit PWMs (PWM2~
PWMS) is shown in Figure 16. One period (T) is com-
posed of 64 (2°) segments.
There are six different pulse types configured from bits
0~ 5 representing the significance of each bit. These
are output within one petriod in the circuit internal sec-
tion. Refer to Figure 16 (a).
Six different pulses can be output from the PWM.
Thesé can be selected by bits 0 through 5. Depending
on the content of the 6-bit PWM latch, pulses from 5~0
is selected. The PWM output is the difference of the
sum of each of these pulses. Several examples are
o
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PWM1-L register 4 )_,
(address 00F144)
PWM1-H register . I l I l - ]
(address 00F0,g) bit 7 bit 5 bit 0 Pass gate
HEEEEREN
o -
it 7 ® bit 0 G:—\
PWM?1 latch
MSB {14-bit) LSB
ENEERREEEEEEER
js P6, D&,

Selection gate : connected to black
colored side when reset.

PNo 3 P6/PWM1
PM1 j'

J‘O P6,/PWM2

, (O P6:/PWM3

J_Q P6,/PWM4

O P6,/PWMS

_J
(1024xs period) Pe. DE,
[ )
PM; j
| 6-bit PWM circuit I 6-bit PWM circuit
3 —~
fe———————
6 PWM?2 |atch PWM3 |atch
(6-bit) (6-bit)
MSB LSB MmsB LSB j
M
bit 5 (%? bit 0 bit & bit 0
T1T1] Pé, D6,
PWM2 register PWM3 register o
(address 00F2y6) _J {address 00F3,q)
’ n
PN
[ } S T=D
I 6-bit PWM circuit [ 6-bit PWM circuit
7 D&
- ] 6 o
6 PWMA4 latch PWMS latch
(6-bit) (6-bit)
MSB LSB MSB LSB ﬂj
bit 5 bit 0 bit 5 bit 0
PWM4 register PWMDS register B .
(address 00F4,,) ) (address DOF8,4) PM . PWM control register
PN . PWM output control register
D6 : Port P6 directional register
Data bus P6 . Port P6 register

Fig. 15

Block diagram of the PWM circuit
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012345678 12 16 20 24 28 32 36 40 44 48 52 56 60 63

Shphnphnhhinimhphphphahhinhninhi!
X I O O Y Y Y N O N N N I B 1
Bit3 1 M I § [ I [ [
I n_ M n

I I

n

(a3 Pulses showing the weight of each bit

Contents
of the latch

When 00,
When 014 n
When 18,¢ |||||| Il”ll Ill”l III“l ll“ll Il”ll |l|||| |||”|

(24)
When28.57||l |||||I ||||“ Il“ll “”II UI_IU UUU UULI Ul—
(40)
When 38, u
enie. ] i U 1 U L
When3F'6—u
(63) t -
_}46
B T = 64t
When output is lower 6 bits of PWM1 t=128us T =8192us
When output is PWM2 ~ PWM5 t= 16us T=1024us

when (X, ) =4MHz

{b) Example of 6-bit PWM output

Fig. 16 6-bit PWM timing diagram
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Data in address 00F0,g is #6A g Data in address 00FQ.4 is £7B4g
PWMI-H
register 95 [ BA:s l *~ 7Bie
Data in address 00F1¢ is ¥ 24, Bit 7 reset after transter Data is address 00F 1, is & 35,4
PWMI-L T -
register 135 [ Adyg }/ 24,5 F I 356 -
Register to latch tranfer B5,¢ Register to latch tranfer
PWMI latch
2 bit) | 165346 1AAd [ 1AAd \ 1EFB,6
_ A__ When bit6 of PWMI -L is “0" register
T =8192us | to latch transfer will not occur.
3 (64X128us)
— t= 12845
(Example 1) 6A |6B GA 6B 6A 6B 6B 6B 6A 6B

PWM1 output

lower 6 bits
1 1
output 5,3,5
(When H:6A,
L: 244g) 68,5 - 36times BAp 28 ————
(107) (106) times
(Example2) ¢, l6a 6A 6A 6B 6A 6B 6A BB A GA 6A 6B 6A 6B GA 6B 6A A 6A 6B 6A 6B 6A 6B
PWM1 output
lower & bits
output
(When tﬂ?g‘ﬁj 6Bys 24 times A 52times |  |— s 106X64+ 24
. 16
e
e T = 1288~
" (256X 0, 5¢5) T
Minimum bit resolution width| r =0, 5us
—a
T TI T T T ‘I' ; T T T T ng
PWMI output GBIBA"SQIGS:W: — 102'01 6A|69:68:67: — :O?:Oll
o
& ADD ADD
. T T T T T T Y Y Y T T T T T Y T T T T
8-bit counter 102|011 00|FFIFE(FDIFG] — 1971961851 — 102101100 |FF1FEIFDIFC! — 197 1361951 —
High/low-level of the ADD |  High-level area output. the length
section is determined by of which is specitied PWM-H
the data contained in

the lower 6 bit. 256 * (128xs) standard

Fig. 17 14-bit PWM timing diagram
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0
I PWM control register ¢ : : PWM output controf register
(Address Q0F5,¢) i ' (Address 00F9,,)
| PWM1, PWM2, PWM3, PWM4, PWM5 l PWM1 output polarity selection bit |

] . .

1 count source selection bit PWM2 output potarity selection bit
0 : Supply

1 Stop PWM3 output polarity selection bit

P6,/PWM1 cutput selection bit PWM4 output polarity selection bit
0 ! Parallel port
1 . PWM1 output

PWMS output polarity selection bit
0 ! Positive
1 ! Negative

P62/PWM2 autput selection bit
0 : Parallel port
1 PWM2 output ———— P6;/PWMS5 output selection bit
0 ! Parallel port
1 I PWMS output

P63/PWM3 output selection bit
0 ' Parallel port
1 . PWM3 output

——————— INT, input reverse bit
0 :INT {leading-edge interrupt request)
1 INT (trailing-edge interrupt request)

INT, input reverse bit
0 :INT (leading-edge interrupt request}
1 ! INT (trailing-edge interrupt request)

P6,/T output selection decision bit (reading only)
C : Parallel port
1 : Outputis 1/2 that of timer 1

P6,/PWM4 output selection bit
0 ! Parallel port
1 ! PWM4 output

Fig. 18 Structure of registers related to PWM
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PORT P6,/ TIMER 1 OUTPUT

Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when
bit 4 (SM,) of the serial I/O, mode register (address
00F6,5) is set to “1”. The output switching can be accom-
plished with either of two procedures, synchronous mode or
asynchronous mode, depending on the setting of bit 5
(SM;) of the setial /0, mode register.

When SM; is set to “0” the synchronous mode is set. In
such a case, after SM, has been changed, synchronization
is set to the 1/2 frequency of timer 1 and switching be-
tween the port latch and timer takes place. It is possible to
ascertain whether switching actually occurred by reading
the value of bit 6 of the PWM control register.

From the time that the contents of SM, was changed to the
point where switching completes, the contents of neither
SM, nor PBy may be changed. Use of the synchronous
mode prevents the generation of a pulse shorter than the
timer output during switching. Figure 19 (a) gives an exam-
ple of timing in the synchronous mode. Use of the synchro-
nous mode allows generation of an EAROM clock input sig-
nal through the use of a simple program.

When SM; is set to “17, the asynchronous mode is set. In
this case, the output switching occurs directly after SM, has
been changed. Figure 19 (b) gives an example of timing in
the asynchronous mode.

R/W

i
SMq —J

I

T J' l
1
r

1/20f T

- 1

Latch output !

Timer output

>
i
P6, latch |
!
|
P6o/T output ;
(a) Synchronous mode (SM=0)
SM,
I
|
1/20f T | [
T
|

PMs I

Latch output |
c ouput\](

Timer output

PBy tatch

P6y/T output l ]

Note 1 :

(b) Asynchronous mode (SMs=1}

Output switching occurs at the trailing edge of timer 1 divided signal when the value of the P8, latch is “0” and
at the leading edge of timer 1 divided signal when the value of the P6,, latch is “1".

Fig. 19 P6,/T switching timing diagram
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COMPARATOR CIRCUIT

The comparator circuit is shown in Figure 20. The compara-

Table 3. Relationship between the contents of
A-D control register and internal voltage

tor circuit consists of the switch tree, ladder resistor, com- A-D control register
R i . - - - - Internal analog voltage
parator, comparator control circuit, A-D control register bit 3 bit 2 } bit 1 bit 0
(address 00E7.s), and analog signal input pin (P3,/A-D). 0 0 0 1 1/16Vee—1/32Vee
The analog input pin is common with the digital input/out- 0 0 1 0 2/16Voc—1/32Vcc
put terminal to the data bus. 0 0 1 1 } 3/16Voc—1/32Vcc
The 5-bit A-D control register can generate 1/16Vsg-step g : 8 ? :j:gz“:g;xc‘:
internal analog voltage, based on the settings of bits 0 to 3. e ce
; i A 0 1 1 0 6/16Voe—1/32Vec
Table 3 gives the relation between the descriptions of A-D 0 1 1 ] 7716V 00—1/32Vee
control register bits 0 to 3 and the generated internal ana- 1 0 0 0 8/16Vec—1/32Vec
log voltage. The comparator result of the analog input vol- 1 0 0 1 9/16Vee—1/32Vos
tage and the internal analog voltage is stored in the A-D 1 0 1 0 10/16Vec—1/32Vee
control register, bit 4. 1 0 1 1 11/16Vee—1/32Vee
The data is compared by setting the directional register 1 1 Q 0 12/16Vec—1/32Vcc
corresponding to port P35 to “0” (port P3; enters the input ! 1 0 1 13/16Vec—1/32Vec
mode), to allow port P3;/A-D to be used as the analog in- ! ! ! 0 14/16Voc—1/32Vec
put pin. The digital value corresponding to the internat ana- ! 1 1 1 15/16Vec—1/32Vcc
log voltage to be compared is then written in the A-D con-
trol register (address 00E7,¢), bits 0 to 3. The voltage com-
parision starts as soon as the writing is completed. 4-cycle
(required for comparating) later, the result of comparision
is stored in the A-D control register, bit 4. Bit 4 is "1” when
analog input voltage > internal analog voltage and “0”
when analog input voltage < internal analog voltage.
When voltage is compared to by setting bits 0 to 3 of the
comparator register “0”, bit 4 of the A-D control register be-
comes “1” regardiess of the analog input voltage.
' Data bus g
QOutput of
(Address 00E8,q) comparator 4
result
Compargtor .CoerI A-D control register
circuit (Address D0E7,)
. y 4 N
Analog input voltage oo ooy git4 | eit3| itz | it 1| 8ito
N
I
Internal analog voltage ]l Switch tree —l
%{ Ladder resistor
O Is
VSS VCC
Fig. 20 Comparator Circuit
MITSUBISHI

2—176

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER

with ON-SCREEN DISPLAY CONTROLLER

CRT DISPLAY FUNCTIONS

(1) Outline of CRT Display Functions
Table 4 outlines the CRT display functions. The M37100M8-
XXXSP incorporates a 21 columns X 3 lines CRT display
control circuit. CRT display is controlled by the CRT display
control register.

Up to 96 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
1.

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

The following shows the procedure how to dispiay charac-
ters on the CRT screen.

Set the character to be displayed in display RAM.

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

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

Specify the horizontal position by using the horizontal
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 Vgync signal.

® © & ©0

Lr— 12 dots =

Fig. 21 CRT display character configuration

The CRT display circuit has an extended display mode.
This mode allows multipie lines {more than 3 lines) to be
displayed on the screen by interrupting the display each
time one line is displayed and rewriting data in the block
for which display is terminated by software.

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

Table 4. Outline of CRT display functions

Parameter ! Functions
21characters X 3lines
12X 16 dots {See Figure 21)

Kinds of character 96

Number of display character

Character configuration

Character size 4 size selectable
t

i Kinds of color | 15(max.)
Color - —
J Coloring unit a character

| Possible {multipie lines)

Display expansion

CRT control register
‘ (address 00EAg)

Dlsplay of all blocks control bit (Note 1)
0 Display of all blocks off
. Display of alt blocks on

——— Display of block 1 control bit
0 Display of block 1 off
. Display of block 1 on

Display of block 2 control bit
(J Display of biock 2 off
. 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

Multiple lines display interrupt enable bit
(Note 2)
0 : interrupt is disabled
1 ! Interrupt request occurs
at every line display

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

Note 1 : Display of all blocks control bit indicates the
logical sum (AND) of each block display control
bit.

2 : The multiple lines display interrupt request

occurs only when CPU is operating at the inter-
nal clock frequency when f{Xy) =4MHz

Fig. 22 Structure of GRT control register

2 Ty
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0OSC1 08sGC2 Heyne Vsyne
Data bus $ % ? (P
(Address 00D8;¢) Clock generating
—

%ﬁl CRT control register |—\ circuit l

(Address 00D1,,~00D3,¢)

Character
—
Vertical position register

(Address 0000,5)

ﬂrizontal position register

size

Display position controf circuit

register

—— e 1
RAM for display ROM for dispiay
9-bit X21X3 12-bit X16X %6 [
Display
control
(Address 00D4,~00D7,,)
circuit
Shift register
Color register =]
12-bit
e/
Output circuit J
R G B ! ouT

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 biocks, block 1 to block 3.
Up to 21 characters can be displayed in one block. (See
(4) RAM 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 (Te
=oscillation cycle for display).

The display position in the vertical direction is selected
from 64-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 26), a block 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 ({c) in Figure 26}, the
former block is overridden and the latter is displayed.

The vertical position can be specified from 64-step posi-
tions (four scanning lines per step) for each block by set-
ting values 00~ 3Fs to bits 0~ 5 in the vertical position
register (addresses 00D1,5~00D3,¢). Figure 24 shows the
structure of the vertical position register.

The horizontal direction is common to all blocks, and can
be specified from 64-step display positions (4Tc per step
(Tc=oscillation cycle for display)) by setting values 00,6~
3F s to bits 0~5 in the horizontal position register (address
00D0ys).

Figure 25 shows the structure of the horizontal position reg-
ister.

7 0
[ { i I ] ‘ ] Vertical position register
1 | I (Address 00D1,6~00D3,¢)
L The vertical display start position

l 64-step positions (00,~3F;)

Character size bit
00 : Small size
01 . Medium size
10 : Large size
11 { Extra large size

Fig. 24 Structure of vertical position registers

Horizontal position register
} ‘ ' ‘ ‘ 1 {Address 00D0sg)

The: horizontal display start position
€4-step positions (00,6~3Fg)

Horizontal border function of OUT
output selection bit
0 : The same as R, G, B is output
1 . Border is output

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

Fig. 25 Structure of horizontai position register

MITSUBISHI
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T
|
.
(HR) j
e e
Block 1
cv, y_ L
Block 2
I
|
CV, Y
Block 3
(a) Example when each block is separated
T
|
|
=]
(HR) I
cV, l
cv, t22¥ .1
Block 1
|
|
I
!
!
|
cvs b - -
Block 3

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

eV == *j[“““ T Block 1
cv, 1 ——

Block 2

ot
Block 3

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

Fig. 26 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 bit 6 and 7 of vertic-
al position register to set a character size.

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 (=Tc) 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 Tc];
the large size consists of (three 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.

Table 5. The relationship between the set values of the character size bits and the character sizes
Set values of the character size bits Character ) i i . R i i
- - i width {horizontal) direction Height (vertical) direction
Bit 7 Bit 6 size

& 0 0 Small 1 Te 1
0 1 Medium 2 Tc 2
1 0 Large 3 Te 3
1 1 Extra large 4 Teo 4

Note : The display start position in the horizontal direction is not affected by the character size. In other words, the horizontal start position is common
to all blocks even when the character size varies with each block. (See Figure 27)

Small

Medium

Large

Extra large

<— Display start position

Fig. 27 Display start position of each character size (horizontal direction)
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(4) RAM for Display

The CRT display RAM is allocated at addresses 20004¢ ~
20D4,6, and is divided into a display character code spe-
cifying part and display color specifying part for each block.
Table 6 shows the contents 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. to
the two fow-order bits (bits 0 and 1) in address 20804s. 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 adv-
ance. For details on color registers, refer to (5) Color Reg-
isters.

The structure of the CRT display RAM is shown in Figure
28.

Table 6. The contents of the CRT display RAM

Block Display position (from |eft) Character code specification Color specification
1 st Column 20006 208046
B 2 nd Column 2001, 2081,
3 rd Column 2002, 208244
Block 1 : : :
19th Column 20125 209245
20th Column 20136 2093,¢
21th Column 201444 209445
20154 20954
Not used 1§ i
201F 5 209F ¢
T 1 st Column 2020, 20A0,
2 nd Column 202144 20A1¢
3rd Column 202246 20A2,¢
Block 2 : : :
19th Golumn 2032,¢ 20B2¢
20th Column 203346 20B3:6
21th Column 2034,¢ 20B4,¢
20354 20B5,¢
Not used { {
203F ¢ 20BF,s
B 1'st Column 2040, 20C0,6
2 nd Column 2041, 20C1,¢
3 rd Column 2042,¢ 20C2;¢
Block 3 . : !
19th Column 20526 20D2,¢
20th Column 2053,¢ 2003,
| 21th Column 2054,¢ 20D4,¢
20555
Not used {
207F ¢
MITSUBISHI
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Block 1
[Character specification}

1st column : 20005 7

’ HEEEEREN

21th column : 2014, I

Character code

[Color specification)
1st column © 208046 3

Specify 96 characters at 00,6~5F s

{ l ]

21th column . 2094,¢

L—J——M Former half color register specification in the normat mode
or in the half character width coior select mode.
00 : Color register 0 specification
01 : Color register 1 specification
10 : Cotor register 2 specification
11 : Color register 3 specification

Block 2, 3
(Character specification)

1st column - 202046 7

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

l

21th column : 2034, \

Character code

(Color specification)

1st column : 20A0,¢ 1. 0

21th column | 20B4g ||

Specify 96 characters at 0016~5F1¢

(Address 2040,5~2054, in the case of block 3}

! L1

(Address 20C0,s~20D4,¢ in the case of block 3)

Color register specification

00 : Color register 0 specification
01 : Color register 1 specification
10 : Color register 2 spegcification
11 : Color register 3 specification

Fig. 28 Structure of the CRT display RAM

MITSUBISHI
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(5) Color Registers

The color of a displayed character can be specified by set-
ting the color to one of the four color registers (CO0~CO3:
addresses 00D4,4~00D7¢) and then specifying that color
register with the CRT display RAM.

There are four color outputs: R, G, B, and |. By using a
combination of these outputs, it is possible to set 2%-1
(when no output) =15 colors. However, because only four
color registers are available, up to four colors can be dis-
played at one time.

R, G, B, and | outputs are set by using bits 0~3 in the color
register. Bit 4 in the color register is used to set a charac-
ter or blank output; bit 5 is used to specify whether a char-
acter output or blank output. Figure 29 shows the structure
of the color register.

(6) Half Character Width Color Select Mode
By setting “1” to bit 4 in the CRT control register {(address
00D8s) it is possible to specify colors in units of a haif
character size (vertical 16 dots X horizontal 6 dots) for char-
acters in block 1 only.

In the half character width color select mode, colors of dis-

play characters in block 1 are specified as follows:

(@ The left haif 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 2080,5~2094,5).

@ The right half of the character is set to the color of the
color register that is specified by bits 2 and 3 at the
color register specifying address in the CRT display
RAM (addresses 2080,5~2094,4).

7 0
[ r ‘ T J Color register (Address 00D4,6~00D7,)
L I pin output bit
! 0 ! No character is output
1 ' Character is output

B pin output bit
0 ' No character is output
1 ! Character is output

G pin output bit
0 : No character is output
1 ! Character is output

R pin output bit
0 ! No character is output
1 Character is output

OUT pin output bit (Note)
0 ! No character or blank is output
1 Character or blank is output

OUT pin output control bit (Note)
0  OUT pin outputs character
1 1 QUT pin outputs blank

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

Fig. 29 Structure of color registers

Color of the color register specified by

Color of the color register specified by

of address 2080, of address 2080,¢

Block 1
bit 0 and bit 1 of address 208044 bit 0 and bit 1 of address 20816
(a) Display in the normal mode
Color of the color register Color of the color register Color of the color register Color of the color register
specified by bit 0 and bit 1 specified by bit 2 and bit 3 specitied by bit 0 and bit 1 specified by bit 2 and bit 3 | Block 1

of address 20814 of address 2081,

it T T

(b) Display in the half character width color select mode

Fig. 30 Difference between normal color select mode and haif character width color select mode
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(7) Multiline Display

The M37100M8-XXXSP can normally display three lines on
the CRT screen by displaying three blocks at different hori-
zontal positions.

In addition, it allows up to 16 lines to be displayed by using
a GRT 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 initi-
ated when the scanning line reaches the display position
for that block (specified 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 terminated, the contents of the counter are
incremented by one.

| ’ ! l ‘ l ‘ ' | Display block counter
(address 00D9,¢)

. indicates number of blocks
that are being displayed or
were displayed

Fig. 31 Structure of display block counter

For multiline display, it is necessary to enable the CRT in-
terrupt (by clearing the interrupt disable flag to “0” and set-
ting the CRT interrupt enable bit (bit 6 at address 00FE;)
to “1”), then execute the following processing in the CRT
interrupt handling routine.

(D Read the value of the display block counter,

(2 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 display position
of that block with the character data (contents of CRT
display RAM) and display position (contents of vertical
position and horizontal position registers) to be dis-
played next.

Figure 31 shows the structure of the display biock
counter.

Count value Interrupt position
0
Biock 1
R R S <
Block 2 1
— — - M__ é'—
2
Block 3
4 __y__ -
Block 1’ 3
-_—t -1 -
4

Fig. 32 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 line 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 height of a char-
acter is extended twofoid.)

In addition, because the scanning line count is doubted, 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 64 steps from 00y to 3F,s, or four scanhing lines
per step, the number of steps in the scanning line double

count mode is 32 from 005 to 1F,¢, or eight scanning lines
per step.

If the contents of the vertical position register for a block
are set in the address range of 20,5 t0 3F,¢ 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
00D8,¢) to “17,

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 valid from the time the next screen is dis-
played.

4 )

Vertical position A

} Scanning line 16 lines

— J

(a) Display in the normal mode

e ™

Vertical position AX2

AX2

Scanning line 32 lines

\_ J

(b) Display in the scanning line double count mode

Fig. 33 Display in the normal mode and in the scanning line double count mode
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(9) Horizontal Character Border Function
An border of a one clock (one dot) equivalent size can be
added to a character to be displayed only horizontal direc-
tion.

The border is output from the OQUT 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 bit 6
and 7 of horizontal position register. Table 7 shows the re-
Jationship between the values set in the horizontal position
register and the character border function.

Table 7. The relationship between the value set in the horizontal position register and the character border function

Horizontal position register
Functions E. e of out
Bit 7 { Bit 6 xample of output
}‘ R, G, B, | output | |
X 0 Normal B P
OUT output I |
R, G, B, | output | |
0 1 Border including character
OUT output __l—__‘_
R, G, B, | output I pn S
1 1 Border not including character
OUT output | I | |
5" -
X” ~"
is border,
B is display by character data.
Fig. 34 Example of border
MITSUBISH! 2—187

ELECTRIC



MITSUBISH! MICROCOMPUTERS

M37100M8-XXXSP/FP

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

(10) Clock Oscillating Circuit for Display

The clock signat for display can be obtained by connecting
a resistor and a capacitor between the {/O ports of the
oscillating circuit (OSC1 and OSC2). Figure 35 shows an

example of circuit.

M37100M8-XXXSP

0SC1 0sC2

bafhs

Fig. 356 Example of oscillating circuit for display

(11) Programming Notes

1. Use STA instruciton for data transfer to the following

registers related to OSD functions.
(@ Horizontal position register (address 00D0,g)

@ Vertical position registers (address 00D1,s~00D3s)

@ Color registers (address 00D4,,~00D7,4)
@ CRT control register (address 00D8,)

2.

Do not display the display OFF blocks having different
character sizes on a block display

. The highest vertical position (the vertical display start

position bits are “004¢") can not be used. '

The interrupt to tell the end of block display is not
caused and the display block counter is not in-
cremented until the display of the block has been com-
pleted terminated.

The display block counter (00DS¢) is reset while
Vevnc 18 “H” (when the option is positive in polarity) to
“FFig".

If, during the display of a block, the display position of
another block comes, the display of the subsequent
block (having a larger vertical position register value)
is preferred.

When two or more blocks are displayed in the same
vertical position, the display priority is CV1, CV2, and
CV3 in this order. This is not affected by turning on/off
of block display.
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RESET CIRCUIT

The M37100 is reset according to the sequence shown in
Figure 37. It starts the program from the address formed by
using the content of address FFFF.s as the high order
address and the content of the address FFFEs as the low

Address
{1) Port PO directionat register (D 0)(E 1) - ) B
(D1)E3 ) ]
(D2)Eb5w) | 004 |

(D3)(E 9y~

(2) Port P1 directional register
(3) Port P2 directional register
(4) Port P3 directional register
(D4)(EBw ~[0] [ ]

(D5)(ED,e) [0[oio[o]o]o]o] |

(D6)(EF,q

(5) Port P4 directional register
{6) Port P5 directional register
(7) Port P6 directional register

(8) PWM control register (PM)(F 5.)

(9) Serial I/0, mode register  {SM)(F 6 ) - L 0 Oﬂ‘s

]

[ T Joo]o]o]o 0

{10) PWM output control register (P N){F 3,¢) -~

{11 Interrupt control register2 (I N)(F Byg) - ‘ 71 |10 Ol
02 Timer 2 (T2)FCw |  FFg |
19 Timer 3 (T3)FDw | 07,4

(I M)(FEe | bg_m :

(14) Interrupt control register |

(19 Timer control register (TM)(F Fe)

(16} Processor status register (PS)-~ le i

(1 Program counter (P )| Comepge aadese
(PCL) L(i?ntev;l:th‘:ddressk

(1% Horizontal location register {HR)(D 04g) - 004

(c00XD 4.6 [ To]o[ofo]o]o]
BAB0O0GD
(SB)DAW [ 00, |
(sc)(DB,e) | o[o[o[o]o[o]o]

(0D [ F Fo |

Note. Since the contents of both registers other than those listed
above and the RAM are undefined at reset, it is necessary to
set initial values.

(19) Color register 0
{28 Color register 1 (CO1)(D5,6)
(1) Color register 2 (C02)(D6,g)
@22 Color register 3 (CO3Y(D 744

(23) Display control register (CCHDBg)

(24) Serial 1/0g mode register
25 Special mode register

(26) Counter 0

Fig. 36 Internal state of microcomputer at reset

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 oscillator oscillation is stable and then returned
to “H” level. The internal initializations following reset are
shown in Figure 36.

oo MR
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1(X) -m.Uh-r-—-- -—mmmf
PR PRSI (I I
|

RESETour

SYNC I I

Address ) ED.GD T, T3, I G Gl €0,
Reset address from

I Note 1 : Frequency relation of {(X,y) and ¢ is {(X,n)=4" ¢.
2 The mark " ? " means that the address is changing
depending upon the previous state.

)

8~12 clock cycles

Fig. 37 Timing diagram at reset
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/O PORTS

(1)

Port PO

Port PO is an 8-bit I/0 port with N-channel open drain
and middle voltage output.

As shown in the memory map (Figure 2), port PO can
be accessed at zero page memory address O00EQ;e.
Port PO has a directional register (address 00E1s)
which can be used to program each individual bit as
input (“0") or as output (“1”). If the pins are program-
med 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
previously 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 floating state.

Depending on the contents of the processor mode bits
(bit 0 and bit 1 at address 00FF,s), three different
modes can be selected; single-chip mode, eva-chip
mode and microprocessor mode.

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

Port P1

In single-chip mode, port P1 has the same function as
port PO but the output structure is not middle voltage. It
can be built in pull-up register at each pin by selecting
the option. In other modes, it functions as address (Ays
~Ag) output port.

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

In single-chip mode, port P2 has the same function as
port P1. In other modes, it functions as data (Dy~ D)
input/output port.

Refer to the section on processor modes for details.
Port P3

In single-chip mode, port P3 has the same function as
port P1. P3,~ P3; have program selectable dual func-
tions. P3,, P3, function as control signals input/output
port except in the single-chip mode. Refer to the sec-
tion on processor modes for details.

Port P4

This is an 1-bit 170 port with function similar to port PO,
but the output structure is CMOS output.

This port is unaffected by the processor mode bits.
Port P5

This is an 7-bit [0 port with function similar to port P1.
P5,~ P5; have program selectable dual functions. P5;,
P55 are shared with external interrupt input pins (INT,,
INT,).

This port is unaffected by the processor mode bits.

{7)

Port P6

This is an 6-bit input/output port with function similar to
port PO. The output structure of P6y, P8, is CMOS out-
put and the output structure of P6,~ P65 is N-channel
open drain and middle voltage.

P6o~P6s have program selectable duat functions.

This port is unaffected by the processor mode bits.
Function pins for CRT display function

The horizontal synchronizing signal is input from Hgync.
The vertical synchronizing signal is input from Vsync.

I, B, G, R, OUT are output pins for CRT display.

Refer to the section on CRT display functions for de-
tails.

¢ pin.

The internal system clock (1/4 the frequency of the
oscillator connected between the X,y and Xgyr pins)
can be output from this pin by selecting the option.

At low-speed mode, X¢n divided by 2 is output from
this pin.

2 e

2-191



MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

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

Port PO, P6,~P6s

ﬁ

Directional register N-channel open drain output

Port PO, P6,~ P65
Data bus—1 Port latch j

J Note @ P6,~P6s; may also be

:

<
<U ' used as PWM output pins.

Mask option © E
Port P1, P2 P j, N-channe! open drain output

Directional register|
. Port P1, P2
Data bus— Port latch i
~N

N-channel open drain output

i

:

Port P3, P5

Directional register

Port P3, P5

Data bus—3 Port latch

]

Note : P3, PS5 may also be

used as serial /0 pins.

Port P4;, P6,, P6,

1.0

Port P4;, P6,, P&,

Directional register| ] j
}—H CMOS Tri-state output

< . ) .
j Note . P6o may also be used as timer
output pin and P6; may also
~N be used as PWM output pin.
Hgvne. Vsyne Sonmitt inout 4R G B IOUT
Schmitt et j CMOS output

Data bus () Hsyne, Vswnc
Data bus 4, R, G, B, I, OUT
i jr

Fig. 38 Ports PO~P6, Hgyne, Vsyne, ¢ R, G, B, | and OUT block diagram

N )‘mwmsu
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PROCESSOR MODE

By changing the contents of the processor mode bit (bit 0
and 1 at address 00FF,g), three different operation modes
can be selected; single-chip mode, microprocessor mode
and evaluation chip (eva-chip) mode. In the microp-
rocessor mode and eva-chip mode, ports PO~ P3 can be
used as multiplexed 170 for address, data and control sig-
nals, as well as the normal functions of the 170 ports.

Figure 40 shows the functions of ports PG~P3.

The memory map for the single-chip mode is illustrated in
Figure 1 and for other modes, in Figure 39.

By connecting CNVgg to Vgs, all three modes can be
selected through software by changing the processor mode
bits. Supplying 10V to CNVss places the microcomputer in
the eva-chip mode. The three different modes are ex-
plained as follows:

000046
Internal RAM Internal RAM
Q0BF 5 -
Not used Not used
00D04g T
miscellaneous miscellaneous
00DF, registers registers
00EQ,s B Port PQ~P2
00EB ¢ .
miscellaneous miscellaneous
0OFF ¢ registers registers
010044 o
internal RAM Internal RAM
017F g
Not used Not used
200046
RAM for displa RAM for displa
2004, play 7 play
Not used Not used
300046 o
ROM for display 1 ROM for display 1
35FF,¢ o
Not used Not used
3800, o
ROM for display 2 ROM for display 2
3DFF, pays | play
Not used Not used
400045 e T
7 /// /W7
. , . Y
g /// IS
S
/o IS
/ / //// 4‘/4////
s d .
C000,¢ 7 -
y Y S e y//
// // /// 4 ,//
/// o
// g // 7 /// o
S
s ’ /
FFFFig
Microprocessor mode Eva-chip mode

The shaded area is external memory area

Fig. 39 Example memory area in processor mode

(1)

Single-chip mode (00)

The microcomputer will automatically be in the single-
chip mode when started from reset, if CNVgs is con-
nected to Vgs. Ports PO~ P3 will work as original I/0
ports.

Microprocessor mode (01]

The microcomputer will be placed in the microp-
rocessor mode when CNVgg is connected to Vgg and
the processor mode bits are set to “01”.

In this mode, the internal ROM is inhibited so the ex-
ternal memory is required.

In this mode, port PO and P1 are used as the system
address bus and the original function of the 1/0 pins is
lost. Port P2 becomes the data bus (D;~Dg) and loses
its normal output functions. Port P3, and P3;, become
the SYNC and R/W pins, respectively and the normal 1/
O functions are lost.

Eva-chip mode (11]

When 10V is supplied to CNVgg pin, the microcomputer
is forced into the eva-chip mode. .
In this mode, the internal ROM is inhibited so the ex-
ternal memory is required.

The lower 8 bits of address data for port PO is output
when ¢ goes to “H” state. When ¢ goes to the “L”
state, PO retains its original output functions.

Port P1’s higher 8 bits of address data are output when
¢ goes to “H” state and as it changes back to the “L”
state it retains its original output functions. Port P2 re-
tains its original output functions while ¢is at the “H”
state, and works as a data bus of D;~Dj (including in-
struction code) while at the “L” state. Pins P3; and P3,
output the SYNC and R/W control signals, respectively
while ¢is in the “H” state. When in the “L” state, P3,
and P3q retain their original 1/Q function.

The R/W output is used to read/write from/to the out-
side. When this pin is in the “H” state, the CPU reads
data, and when in the “L” state, the CPU writes data.
The SYNC is a synchronous signal which goes to the
“H” state when it fetches the OP CODE.

The relationship between the input level of CNVgg and
the processor mode is shown in Table 8.

Note : The standards of M37100M8-XXXSP/FP is
assured only in single-chip mode. Use in the
microprocessor mode or the eva-chip mode
only at program development.
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\ CM, 0 1 0
. CM, 0 1 1
Mode
Port Single-chip mode Eva-chip mode Microprocessor mode

Port PO Ports PO;~PQp Ports PQ;~P0Q, Ports PO;~ P00,

x IO port Agff:: 110 pont Aj:‘f::
2 I I3 I A R Y I B

Ports P1;~P1g Ports P1,~P1, Ports P1,~P1,

Port P1
X _vore CRERR 0P )
o T S I i R AN [ A B S
Port P2 Ports P2,~P2, Ports P2,~P2, Ports P2,~P2,
X_rop T Xz X | Sk
[4 I I I 4 I | | [ | | |
Ports P3;~P3, Ports P3;~P3; Ports P3,~P3,
:X 1/0 port :X 1/0 port :X 170 port
Port P3 Port P3, Port P3,
Port P3, Port P3,
R/W 170 port R/W

Fig. 40 Processor mode and functions of ports PO~ P3

Table 8. Relationship between CNVgs pin input level and processor mode

CNVsgs Mode Explanation
Vss = Single-chip mode The single-chip mode is set by the reset.
* Eva-chip mode All modes can be selected by changing the processor mode bit with the program.
* Microprocessor mode o
10v  Eva-chip mode Eva-chip mode only.

MITSUBISHI
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CLOCK GENERATING CIRCUIT

The M37100M8-XXXSP has two internal clock generating
circuits. Figure 42 shows a block diagram of the clock
generating circuits. Normally, the frequency applied to the
clock input pin X,y divided by four is used as the internal
clock (timing output) ¢. Bit 7 of serial 1/0, mode register
can be used to switch the internal clock ¢to 1/2 the fre-
quency applied to the clock input pin Xgn.

Figure 41 shows a circuit example using a ceramic (or
crystal) oscillator. Use the manufacturer's recommended
values for constants such as capacitance which will differ
depending on each oscillator.

The M37100M8-XXXSP has two low power dissipation mod-
es; stop and wait. The microcomputer enters a stop mode
when the STP instruction is executed. The oscillator {both
Xiv clock and Xcn clock) stops with the internal clock ¢
held at “H” level. In this case timer 2 and timer 3 are forc-
ibly connected and ¢/ 8 is selected as timer 2 input. When
restarting oscillation, FF,s is automatically set in timer 2 and
07,6 in timer 3 in order to enable the osciliator to stabilize.
Before executing the STP instruction, the timer 2 count stop
bit must be set to supply (“0”), timer 2 interrupt enable bit
and timer 3 interrupt enable bit must be set to disable
(“07).

Oscillation is restarted (release the stop mode) when INT,,
INT,, or serial 1/0, or serial 1/Og interrupt is received. The
interrupt enable bit of the interrupt used to release the stop
mode must be set to “1”. When restarting oscillation with an
interrupt or canceling a reset, the internal clock ¢is held
“H” until timer 3 overflows and is not supplied to the CPU.
The microcomputer enters a wait mode when the WIT in-
struction is executed. The internal clock ¢ stops at “H”
level, but the oscillator does not stop. ¢ is re-supplied (wait
mode release) when the microcomputer is reset or when it
receives an interrupt.

Instructions can be executed immediately because the
oscillator is not stopped. The interrupt enable bit of the in-
terrupt used to reset the wait mode must be set to “1” be-
fore executing the WIT instruction.

Low power dissipation operation is also achieved when the
X,y clock is stopped and the internal clock ¢ is generated
from the Xgin clock (60uA or less at f(Xgin) =32kHz) . Xy
clock oscillation is stopped when the bit 6 of serial 1/0O,
mode register (address 00F8,¢) is set and restarted when
it is cleared. However, the wait time until the oscillation sta-
bilizes must be generated with a program when restarting.
Figure 43 shows the transition of states for the system
clock.

M37100M8-XXXSP

Xin  Xour Xcin Xcour
28 29 30 31
MQ Rt SRy
I

I;_Cw ;Cour };ch%cccur

Fig. 41 Example ceramic resonator circuit
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Xein Xcout
Xin Xour
T™s
2 O 172 ] 1 »{5—& Timer2 |—{ Timer3
Int | system Timer 2 count source
System clock n ch«‘:i ssgurce selection TM,
stop bit selection SM;

L sMg
| sm; Timing ¢
(internal clock)
—Q S S Q Q S
Reset

R STP instruction

R STP wIT —1R
instruction | instruction

Reset

[O— Interrupt disable fiag |

O~ Interrupt request

"Fig. 42 Block diagram of clock generating circuit
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WIT instruction
-

4MHz oscillation
32kHz oscillation
¢=stop{high-level)
Timer operation

—_—
Interrupt
External INT

Timer interrupt

{S /0 interrupt

WIT instruction
-

4MHz oscillation
32kHz osciliation

¢ =stop

Timer operation{ Note 3)

—_—
Interrupt
External INT
Timer interrupt
S 1/0 interrupt

WIT instruction
-

4MHz stop
32kHz oscillation
¢ =stop

Timer operation{Note 3)

—
Interrupt
External INT W

{Timer interruth
S 1/0 interrupt

4MHz oscillation
32kHz oscillation
¢=1MHz

SM;=0

4MHz oscillation

32kHz oscillation
¢=16kHz

SMe=0

SMe=1

4MHz stop

32kHz oscillation
#=16kHz

STP instruction
———r i

-
Interrupt{ Note 1)
TExternal INT
S 1/0 interrupt

STP instruction
—_—

- e
Interrupt(Note 1)
(Exlernal INT
so interrupt

STP instruction
—_—

g
Interrupt(Note 2)

External INT
S 1/0 interrupt

Note1 : Approximately 8ms of latency time are automatically generated upon release
from the STP instruction due to connections of timer 2 and 3.

2 . Approximately 500ms of latency time exists after the release of the STP instruction.

3 : When the internal clock 1/8 frequency is connected as a timer count source the count source becomes 2kHz.

4MHz stop
32kHz stop
¢ =stop

4MHz stop
32kHz stop
@ =stop

4MHz stop
32kHz stop

¢ =stop

The above example assumes that signals of 4MHz and 32kHz are being applied to pins X,y Xcin respectively. ¢ signifies the internal clock

Fig.43 Transition of states for the system clock

AL
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<An example of flow for system>

Power on reset
Clock X and clock for clock function X¢ oscillation
internal system clock start (X —1/4— @)

Program start ‘fron'; RESET vector

Normal program +—Operating at 4 MHz

§
Internal clock ¢ source switching X{ 4 MHz)—Xc(32. 768kHz)(SM; : 0 — 1)

Normat operation

Clock X hait(X¢ in operation)
Internal clock halt{WIT instruction)
Timer 3 (clock count)overflow

Internat ctock opesration start (WIT instruction released)

Operation on the clock
function only

L Clock processing routine <« Operating at 32. 768kHz

Internal clock halt (WIT instruction}

Interrupts from INT,, timer 2, timer 1 or serial 1704, INT; or serial 1/0g

Internal clock operation start {WIT instruction released)

5
?.:S Program start from interrupt vector
=
o) Clock X oscillation start
3 i
=4 -
g { Osciliation rise time routine (software) W +—Operating at 32. 768kHz
=
5 Internal clock ¢ source switching (Xc—=X)(SM;: 1 —0)
&
Normal program —Operating at 4AMHz
5 I STP instruction preparation (pushing registers)
2 :
2 Timer 2i timer 3 interrupt disable, (IM4= 0, TMg= 0}
32
-}2 Timer 2 count stop bit resetting (TMs =0 )
o
= Clock )§ and clock for clock function Xc halt {STP instruction)
<<
=

RAM backup status

Interrupts from iNT,, serial 1/O,, INT,, serial [/0g
Ciock for clock function Xc osciltation start

Timer 3 overflow (Xs/8—+timer 2 ~timer 3)
{Automatically connected by the hardware)

Internal system cl?ck start (Xc—1/2—¢)

Program start frorr} interrupt vector

Normal program

§

Return from RAM backup function
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PROGRAMMING NOTES

1

1.

3)

1.

Processor status register

Except for the interrupt inhibit flag ( | } being set to

“4" the content of the processor status register (PS)

is unpredictable after a reset. Therefore, flags affect-

ing program execution must be initialized.

The T flag and D flag which affect arithmetic opera-

tions, must always be initialized.

A NOP instruction must be used after the execution

of a PLP instruciton.

Interrupts

Even though the BBC and BBS instructions are ex-

ecuted just after the interrupt request bits are modified

(by the program), those instructions are only valid for

the contents before the modification. Also, at least one

instruction 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.

Decimal operations

Decimal operations are performed by setting the de-

cimal mode flag (D) and executing the ADC or SBC

instruction. In this case, there must be at least one

instruction following the ADC or SBC instruction be-

fore executing the SEC, CLC, or CLD instruction.

. The N (Negative), V (Overflow), and Z (Zero) flags
are ignored during decimal mode.

Timers

The frequency dividing ratio of timer is 1/(n+1).

STP instruction

The STP instruction must be executed after setting the

timer 2 count stop bit (bit 5 at address 00FF;s) to

supply (“0”).

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

* mask ROM order confirmation form

* mask specification form

* ROM data:----* EPROM 3 sets

Wirite the following option on the mask confirmation form

1
2
3
4

{
(
(
(
(5

)
)
)
)
)

Port P1 pull-up transistor bit

Port P2 pull-up transistor bit

Xin and X¢n oscillation feed-back registers
CRT display signal input/output polarity

¢ output

MITSUBISHI _
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ABSOLUTE MAXIMUM RATINGS

Symbot Parameter Gonditions Ratings Unit
Vee Supply voltage —0.3~6 v
Vi Input voltage RESET, CNVgs —0.3~13 A

Input voltage P0g~P0;, P15~P1;, P2e~P2;,
P3,~P3,, P4;, P5,~P5,, !
\A With respect to Vss —0.3~Vge+0.3 A"
P6o~P8s, Hsyne, Vsyne, .
Output transistors are
Xin, Xciv, OSC1
at “off” state.
Vo Output voltage POg~P0;, P6,~P6s —0.3~13 \
Qutput voltage P1g~P1;, P2y~P2;, P4,
Vo P3p~P37, P5,~P57, P6o, P61, Xour. 4. —0.3~Vee+0.3 v
Xcour, O8SC2, R, G, B, |, OUT i
lon Circuit current P, P6y, P47, R, G, B, |, OUT 0~10(Note 1) T mA
Circuit current P1,~P17, P2;~P2;, P3;~P3;, P4;,
oL o~P17, P2 7. P3o~P3;, P4; 0~15(Note 2) mA
P5,~P5;, PGy, PG, R, G, B, I, OUT
Vo= 7V 0~15(Note 2
loLz Gircuit current POy~ PO;, P6,~P6s 0 S(Note 2) mA
Vo> 7V 0~1(Note 2)

Pg Power dissipation Ta=25T 1000( Note 3) . mw
Topr Operating temperature —10~70 T
Tstg Storage temperature —40~125 C

Note 1 : The total of lgy should be 20mA(max).
2 . The total of lgyy and lo 2 shoutd be 50mA(max).
3 I 600mw in case of the flat package.

RECOMMENDED OPERATING CONDITIONS

(Vee=5V+£10%, Ta=—10~70C unless otherwise noted)

Symbol Parameter Limits Unit
Min. Typ. Max.
Suppt =
Voo pp:oltage Normal speed mode :?gg)c:?::&m 4.5 5.0 5.5 v
(Note 4) | Low-speed mode 1{Xcn)=32kHz 3.0 5.0 5.5
Vss Supply voltage 0 Q0 0 v
“H” input voitage P0g~P0;, P1p~P1;, P2;~P27,
P3¢~P3;, P4;, P5,~P5;,
Vin PZ:~P6; RE7SET,1 Xins ;C,N, 0.8Vee Veo v
Hsyng Vsvng
“L” input voltage POg~P07, P1g~P1;, P2y~P27,
ViL P3g, P3y, P3;~P3;5, P3;, P4;, 0 0.4Vee \"
P5,, P54, P55, P5;, PBy~P6g
“L" input voltage P3;, P3;, P5;, P53 P5g, RESET,
Vi XNy Xoin. Hsyne, Vsyne 0 0-2Voo M
“L" average output current POg~P0;, P1g~P1;,
|o|_(avg) P2g~P2;, P3~P3;, P4, 5 mA
P5,~P5;, P6;~P6s,
R. G, B, I, 0UT
|0L(avg) “L" average output current Vo7V 5 mA
POy~ P0;, PE~P6;s Vo>7V 1
|0H(avg) “H” average output current P4;, P6y, P6;, R, G, B, |, OUT 2 mA
f(Xine) Oscillating frequency (Note 5) 3.6 4 4.4 MHz
f(Xcin) | Oscillating frequency 29 32 35 kHz
f(OSC1) | Oscillating frequency 4 5 6 MHz

Note 4 :© Apply 0.022«F or greater capacitance externally to the Ve power supply pin so as to reduce
power source noise.
5 . Use a ceramic resonator or a quartz crystal oscillator to generate of main clock.
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MITSUBISHI MICROCOMPUTERS

M37100M8-XXXSP/FP

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER for VOLTAGE SYNTHESIZER
with ON-SCREEN DISPLAY CONTROLLER

ELECTRICAL CHARACTERISTICS (vcc=5V+10%, Vss= 0V, Ta=—10~70T, f(Xn)=4MHz2)

Limnits
Symbol Parameter Test conditions - Unit
Min Typ. Max
Vou “H" output voltage P4;, P6y, P6y, R, G, B, |, OUT Vee=4.5V, ion =—0.5mA 2.4 A\
Vee=4.5V
“H" output voltage .
Von output voltage ¢ lon =—2.5mA 2.4 A4
“L" output voltage POy~ P0;, P2g~P2;, P3;~P3;,
Vee=4.5V
VoL P4;, P5,~P5;, P6y~P6s, 0.4 v
loyr =0. 5mA
R, G, B, 1, 0UT
o n Vee=4.5V
VoL L” output voltage P1,~P1; lor =10mA 1.5 v
Vec=4.5V
V “L" output volt; 2
oL output voitage ¢ loL =2. 5mA v
V4 — Vo— | Hysteresis RESET Vee=5. 0V 0.5 0.7 v
V4 — Vi | Hysteresis P3,, P3g, P52, P5;, PSs, Hsvne, Vsvne Vee=5.0v 0.5 1.3 v
Pull-up transister (Note 6) Vge=5.0V
R 60 e}
Y P1g~P17, P25~ P2; V=0V 15 30 k
“H" input leak current POy~P0;, P1o~P17, P2y~P2;,
: Vee=35.3V
oz Pg~P3. Py, P5,~P5y, Pay~PBs, | % 5 uA
RESET, Hsvne, Vsvne o ]
Vge=5.5V
lozh “H” input leak current POo~P0;, P6g~P6s o 10 A
Vo=12V
“L” input ieak current POy~ P0;, P15~P1;, P2y~P2;,
Vee=5.5V .
lozi P3,~P3;, P4;, P5,~P5;, P6y~P6s, N 5 uA
Hsvne, Vevng, RESET °
VRam RAM retention voltage At stop mode 2.5 5.5 \
Vee™5.5V  {(Xin)=4MHz 5 10
At system operation and CRT display off
Vee=5.5V 1{Xn)=4MHz
ce " i 7 14 mA
At system operation and CRT display on
Vee=5.5V  f(Xn)=4MHz 1
At wait mode
Xin—Xour Stop Veo=5.5V 60 200
cc=%
lcc Supply current (X ) =32kHz
At system operation Vee=3V 25
Xi—Xour stop Voo=5.5v 25 100
f(Xen) =32kHz uA
At wait mode Vee=3V 5
Vee=5.5V 1 10
At stop mode
V=3V 0.6
Note 6 . Pull-up transistor is mask option.
' MITSUBISHI
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