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Fig. 21 Block diagram of ports (2)
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• Interrupt Request Generation, Acceptance, and Handling
Interrupts have the following three phases.
(i) Interrupt Request Generation

An interrupt request is generated by an interrupt source (ex-
ternal interrupt signal input, timer underflow, etc.) and the
corresponding request bit is set to “1”.

(ii) Interrupt Request Acceptance
Based on the interrupt acceptance timing in each instruction
cycle, the interrupt control circuit determines acceptance con-
ditions (interrupt request bit, interrupt enable bit, and interrupt
disable flag) and interrupt priority levels for accepting interrupt
requests. When two or more interrupt requests are generated
simultaneously, the highest priority interrupt is accepted. The
value of the interrupt request bit for an unaccepted interrupt
remains the same and acceptance is determined at the next
interrupt acceptance timing point.

(iii) Handling of Accepted Interrupt Request
The accepted interrupt request is processed.

Figure 25 shows the time up to execution in the interrupt process-
ing routine, and Figure 26 shows the interrupt sequence.
Figure 27 shows the timing of interrupt request generation, inter-
rupt request bit, and interrupt request acceptance.

• Interrupt Handling Execution
When interrupt handling is executed, the following operations are
performed automatically.
(1) Once the currently executing instruction is completed, an in-

terrupt request is accepted.
(2) The contents of the program counters and the processor sta-

tus register at this point are pushed onto the stack area in
order from 1 to 3.
1.High-order bits of program counter (PCH)
2.Low-order bits of program counter (PCL)
3.Processor status register (PS)

(3) Concurrently with the push operation, the jump address of the
corresponding interrupt (the start address of the interrupt pro-
cessing routine) is transferred from the interrupt vector to the
program counter.

(4) The interrupt request bit for the corresponding interrupt is set
to “0”. Also, the interrupt disable flag is set to “1” and multiple
interrupts are disabled.

(5) The interrupt routine is executed.
(6) When the RTI instruction is executed, the contents of the reg-

isters pushed onto the stack area are popped off in the order
from 3 to 1. Then, the routine that was before running interrupt
processing resumes.

As described above, it is necessary to set the stack pointer and
the jump address in the vector area corresponding to each inter-
rupt to execute the interrupt processing routine.

■ Notes on Interrupts
When setting the followings, the interrupt request bit may be set to
“1”.
•When switching external interrupt active edge
Related registers:
Interrupt edge selection register (address 003A16)
Timer X mode register (address 002B16)
Capture mode register (address 002016)

When not requiring the interrupt occurrence synchronized with
these setting, take the following sequence.
➀  Set the corresponding interrupt enable bit to “0” (disabled).
➁  Set the interrupt edge select bit (active edge switch bit, trigger

mode bit).
➂  Set the corresponding interrupt request bit to “0” after 1 or more

instructions have been executed.
➃  Set the corresponding interrupt enable bit to “1” (enabled).

Main routine
Interrupt handling

routine

Interrupt request 
generated

Interrupt request 
acceptance

Interrupt routine 
starts

Interrupt sequence

7 cycles0 to 16* cycles

7 to 23 cycles

* When executing DIV instruction

Stack push
Vector fetch

Fig. 25 Time up to execution in interrupt routine
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Fig. 42 Block diagram of output compare

Fig. 43 Block diagram of compare channel 0
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Fig. 49 Structure of capture software trigger register
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mode register
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Fig. 57 Block diagram of UART serial I/O1

(2) Asynchronous Serial I/O1 (UART) Mode
Clock asynchronous serial I/O mode (UART) can be selected by
clearing the serial I/O1 mode selection bit of the serial I/O1 control
register to “0”.
Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer, but the
two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer register, and receive data is read
from the receive buffer register.
The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

Fig. 58 Operation of UART serial I/O1 function
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2: As the transmit interrupt (TI), when either the TBE or TSC flag becomes “1,”  can be selected to occur depending on the setting of the transmit 

interrupt source selection bit (TIC) of the serial I/O1 control register.
3: The receive interrupt (RI) is set when the RBF flag becomes “1.”
4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Notes 

✽

✽

Serial output TXD1

Serial input RXD1

Receive buffer 1
read signal
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Bus collision detection (SIO1)
SIO1 can detect a bus collision by setting UART1 bus collision de-
tection interrupt enable bit.
When transmission is started in the clock synchronous or asyn-
chronous (UART) serial I/O mode, the transmit pin TxD1 is
compared with the receive pin RxD1 in synchronization with rising
edge of transmit shift clock. If they do not coincide with each other,
a bus collision detection interrupt request occurs.
When a transmit data collision is detected between LSB and MSB
of transmit data in the clock synchronous serial I/O mode or be-
tween the start bit and stop bit of transmit data in UART mode,  a
bus collision detection can be performed by both the internal clock
and the external clock.

A block diagram is shown in Fig. 61.
A timing diagram is shown in Fig. 62.

Note: Bus collision detection can be used when SIO1 is operating
at full-duplex communication. When SIO1 is operating at
half-duplex communication, set bus collision detection inter-
rupt to be disabled.

Fig. 61 Block diagram of bus collision detection interrupt circuit

Fig. 62 Timing diagram of bus collision detection interrupt

DTxD1

RxD1

Shift clock

UART1 bus collision detection 
interrupt valid bit

(Address 000A16, bit 1)

UART1 bus collision detection 
interrupt discrimination bit
(Address 000B16, bit 1)

Key-on wakeup/
UART1 bus collision detection 
interrupt request bit
(Address 003C16, bit 6)

Key-on wakeup interrupt request

Q

0 : No interrupt request issued

Interrupt source set register
 (INTSET: address 000A16, initial value: 0016) 

Key-on wakeup interrupt valid bit

b7                                         b0

0: Interrupt invalid

Interrupt source discrimination register
 (INTDIS: address 000B16, initial value: 0016) 

Key-on wakeup interrupt discrimination bit

b7                                         b0

Interrupt request register 1
(IREQ1 : address 003C16, initial value : 0016)

Serial I/O1 receive interrupt request bit

b7                                         b0

Serial I/O1 receive interrupt enable bit

0 : Interrupts disabled

Interrupt control register 1
(ICON1 : address 003E16, initial value : 0016)

b7                                         b0

1 : Interrupts enabled

CNTR0 interrupt enable bit

Key-on wake up/UART1 bus collision 
INT1 interrupt enable bit
INT0 interrupt enable bit
Serial I/O2 transmit interrupt enable bit
Serial I/O2 receive interrupt enable bit
Serial I/O1 transmit interrupt enable bit

detection interrupt enable bit

1 : Interrupt request issued

CNTR0 interrupt request bit
detection interrupt request bit
Key-on wake up/UART1 bus collision
INT1 interrupt request bit
INT0 interrupt request bit
Serial I/O2 transmit interrupt request bit
Serial I/O2 receive interrupt request bit
Serial I/O1 transmit interrupt request bit

1: Interrupt occurs
0: Interrupt does not occur

Not used (returns “0” when read)

Timer 1 interrupt discrimination bit

A/D conversion interrupt discrimination bit

discrimination bit
UART1 bus collision detection interrupt

1: Interrupt valid

Not used (returns “0” when read)

Timer 1 interrupt valid bit

A/D conversion interrupt valid bit

UART1 bus collision detection 
interrupt valid bit

Fig. 60 Bus collision detection circuit related registers

Bus collision detection
interrupt generation

Data collision

Transmit shift clock

Transmit pin TxD1

Receive pin RxD1
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Fig. 65 Block diagram of UART serial I/O2

(2) Asynchronous Serial I/O2 (UART) Mode
Clock asynchronous serial I/O mode (UART) can be selected by
clearing the serial I/O2 mode selection bit of the serial I/O2 control
register to “0”.
Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer, but the
two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer register, and receive data is read
from the receive buffer register.
The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

Fig. 66 Operation of UART serial I/O2 function

XIN

1/4

OE

PE FE

1/16

1/16

Data bus

Receive buffer register 2

Address 002E16

Receive shift register 2

Receive buffer full flag (RBF)
Receive interrupt request (RI)

Baud rate generator 2

Frequency division ratio 1/(n+1)

Address 003216

ST/SP/PA generator

Transmit buffer register 2

Data bus

Transmit shift register 2

Address 002E16

Transmit shift completion flag (TSC)

Transmit buffer empty flag (TBE)

Transmit interrupt request (TI)

Address 002F16

ST detector

SP detector UART2 control register

Address 003116

Character length selection bit

Address 003016

BRG count source selection bit

Transmit interrupt source selection bit

Serial I/O2 synchronous clock selection bit

Clock control circuit

Character length selection bit

7 bits

8 bits

Serial I/O2 control register

P06/SCLK2

Serial I/O2 status register

P04/RXD2

P05/TXD2

TSC=0
TBE=1

RBF=0

TBE=0 TBE=0

RBF=1 RBF=1

STD0 D1 SP D0 D1ST
SP

TBE=1 TSC=1

STD0 D1 SP D0 D1ST SP

Transmit or receive clock

Transmit buffer 2
write  signal

Generated at 2nd  bit in 2-stop-bit mode  1 start bit
7 or 8 data bit
1 or 0 parity bit
1 or 2 stop bit (s)

1: Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).
2: As the transmit interrupt (TI), when either the TBE or TSC flag becomes “1,”  can be selected to occur depending on the setting of the transmit 

interrupt source selection bit (TIC) of the serial I/O2 control register.
3: The receive interrupt (RI) is set when the RBF flag becomes “1.”
4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Notes 

✽

✽

Serial output TXD2

Serial input RXD2

Receive buffer 2
 read signal
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Fig. 70 Block diagram of A/D converter

A/D control register
(Address 003416)

C
ha

nn
el

 s
el

ec
to

r

A/D control circuit

Resistor ladder

VREF

Comparator

A/D interrupt request

b7 b0

Data bus

3

10

P20/AN0

P21/AN1

P22/AN2

P23/AN3

P24/AN4

P25/AN5

P26/AN6

P27/AN7

A/D conversion register (low-order)

  (Address 003616)

  (Address 003516)

A/D conversion register (high-order)

VSS

f(XIN)
f(XIN)/2
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(1) Oscillation control
• Stop mode
When the STP instruction is executed, the internal clock φ stops at
an “H” level and the XIN oscillator stops. At this time, timer 1 is set
to “0116” and prescaler 1 is set to “FF16” when the oscillation sta-
bilization time set bit after release of the STP instruction is “0”. On
the other hand, timer 1 and prescaler 1 are not set when the
above bit is “1”. Accordingly, set the wait time fit for the oscillation
stabilization time of the oscillator to be used. f(XIN)/16 is forcibly
connected to the input of prescaler 1. When an external interrupt
is accepted, oscillation is restarted but the internal clock φ remains
at “H” until timer 1 underflows. As soon as timer 1 underflows, the
internal clock φ is supplied. This is because when a ceramic oscil-
lator is used, some time is required until a start of oscillation. In
case oscillation is restarted by reset, no wait time is generated. So
apply an “L” level to the RESET pin while oscillation becomes
stable, or set the wait time by on-chip oscillator operation after
system is released from reset until the oscillation is stabled.
With the FLASH version, the internal power supply circuit is
changed to low power consumption mode for consumption current
reduction at the time of STP instruction execution.
Although an internal power supply circuit is usually changed to the
normal operation mode at the time of the return from an STP in-
struction, since a certain time is required to start the power supply
to FLASH and operation of FLASH to be enabled, set wait time
100 µs or more with the FLASH version by the oscillation stabiliza-
tion time set function after release of the STP instruction which
used the timer 1.

• Wait mode
If the WIT instruction is executed, the internal clock φ stops at an
“H” level, but the oscillator does not stop. The internal clock re-
starts if a reset occurs or when an interrupt is received. Since the
oscillator does not stop, normal operation can be started immedi-
ately after the clock is restarted. To ensure that interrupts will be
received to release the STP or WIT state, interrupt enable bits
must be set to “1” before the STP or WIT instruction is executed.

■  Notes on Clock Generating Circuit
For use with the oscillation stabilization set bit after release of the
STP instruction set to “1”, set values in timer 1 and prescaler 1 af-
ter fully appreciating the oscillation stabilization time of the
oscillator to be used.
• Switch of ceramic and RC oscillations
After releasing reset the operation starts by starting an on-chip os-
cillator. Then, a ceramic oscillation or an RC oscillation is selected
by setting bit 5 of the CPU mode register.

• Double-speed mode
When a ceramic oscillation is selected, a double-speed mode can
be used. Do not use it when an RC oscillation is selected.

Fig. 80 Structure of CPU mode register

O
 

s
 

c
 

i
 

l
 

l
 

a
 

t
 

i
 

o
 

n
 

 
 

m
 

o
 

d
 

e
 

 
 

s
 

e
 

l
 

e
 

c
 

t
 

i
 

o
 

n
 

 
 

b
 

i
 

t
 

 
 

(
 

N
 

o
 

t
 

e
 

 
 

1
 

)
 

 

 

 

 

 

 

 

0

 

 

 

 

 

:

 

 

 

C

 

e

 

r

 

a

 

m

 

i

 

c

 

 

 

o

 

s

 

c

 

i

 

l

 

l

 

a

 

t

 

i

 

o

 

n
 

 

 

 

 

 

 

 

1

 

 

 

 

 

:

 

 

 

R

 

C

 

 

 

o

 

s

 

c

 

i

 

l

 

l

 

a

 

t

 

i

 

o

 

n

C
 

P
 

U
 

 
 

m
 

o
 

d
 

e
 

 
 

r
 

e
 

g
 

i
 

s
 

t
 

e
 

r
 

 

(

 

C

 

P

 

U

 

M

 

:

 

 

 

a

 

d

 

d

 

r

 

e

 

s

 

s

 

 

 

0

 

0

 

3

 

B1

 

6,

 

 

 

i

 

n

 

i

 

t

 

i

 

a

 

l

 

 

 

v

 

a

 

l

 

u

 

e

 

:

 

 

 

8

 

01

 

6)

 

 

S
 

t
 

a
 

c
 

k
 

 
 

p
 

a
 

g
 

e
 

 
 

s
 

e
 

l
 

e
 

c
 

t
 

i
 

o
 

n
 

 
 

b
 

i
 

t
 

 

 

 

 

 

 

 

0

 

 

 

 

 

:

 

 

 

0

 

 

 

p

 

a

 

g

 

e
 

 

 

 

 

 

 

 

1

 

 

 

 

 

:

 

 

 

1

 

 

 

p

 

a

 

g

 

e

C
 

l
 

o
 

c
 

k
 

 
 

d
 

i
 

v
 

i
 

s
 

i
 

o
 

n
 

 
 

r
 

a
 

t
 

i
 

o
 

 
 

s
 

e
 

l
 

e
 

c
 

t
 

i
 

o
 

n
 

 
 

b
 

i
 

t
 

s
 

 

 

 

 

 

b

 

7

 

 

 

 

 

b

 

6

 

 

 

 
 

 

 

 

 

 

 

 

0

 

 

 

 

 

 

 

 

 

0

 

 

 

 

 

 

 

:

 

 

 

 

 

f

 

(φ)

 

 

 

=

 

 

 

f

 

(

 

XI

 

N)

 

/

 

2

 

 

 

(

 

H

 

i

 

g

 

h

 

-

 

s

 

p

 

e

 

e

 

d

 

 

 

m

 

o

 

d

 

e

 

)
 

 

 

 

 

 

 

 

0

 

 

 

 

 

 

 

 

 

1

 

 

 

 

 

 

 

:

 

 

 

 

 

f

 

(φ)

 

 

 

=

 

 

 

f

 

(

 

XI

 

N)

 

/

 

8

 

 

 

(

 

M

 

i

 

d

 

d

 

l

 

e

 

-

 

s

 

p

 

e

 

e

 

d

 

 

 

m

 

o

 

d

 

e

 

)
 

 

 

 

 

 

 

 

1

 

 

 

 

 

 

 

 

 

0

 

 

 

 

 

 

 

:

 

 

 

 

 

a

 

p

 

p

 

l

 

i

 

e

 

d

 

 

 

f

 

r

 

o

 

m

 

 on

 

-

 

c

 

h

 

i

 

p

 

 

 

o

 

s

 

c

 

i

 

l

 

l

 

a

 

t

 

o

 

r
 

 

 

 

 

 

 

 

1

 

 

 

 

 

 

 

 

 

1

 

 

 

 

 

 

 

:

 

 

 

 

 

 

 

f

 

(φ)

 

 

 

=

 

 

 

f

 

(

 

XI

 

N)

 

 

 

(

 

D

 

o

 

u

 

b

 

l

 

e

 

-

 

s

 

p

 

e

 

e

 

d

 

 

 

m

 

o

 

d

 

e

 

)

 

(

 

N

 

o

 

t

 

e

 

 

 

2

 

)

O
 

n
 

-
 

c
 

h
 

i
 

p 
 

o
 

s
 

c
 

i
 

l
 

l
 

a
 

t
 

o
 

r
 

 
 

o
 

s
 

c
 

i
 

l
 

l
 

a
 

t
 

i
 

o
 

n
 

 
 

c
 

o
 

n
 

t
 

r
 

o
 

l
 

 
 

b
 

i
 

t
 

 

 

 

 

 

 

 

0

 

 

 

 

 

:

 

 

 

O

 

n

 

-

 

c

 

h

 

i

 

p

 

 

 

o

 

s

 

c

 

i

 

l

 

l

 

a

 

t

 

o

 

r

 

 

 

o

 

s

 

c

 

i

 

l

 

l

 

a

 

t

 

i

 

o

 

n

 

 

 

e

 

n

 

a

 

b

 

l

 

e

 

d
 

 

 

 

 

 

 

 

1

 

 

 

 

 

:

 

 

 

O

 

n

 

-

 

c

 

h

 

i

 

p

 

 

 

o

 

s

 

c

 

i

 

l

 

l

 

a

 

t

 

o

 

r

 

 

 

o

 

s

 

c

 

i

 

l

 

l

 

a

 

t

 

i

 

o

 

n

 

 

 

s

 

t

 

o

 

p

XIN oscillation control bit
    0  : Ceramic or RC oscillation enabled
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2: These bits are used only when a ceramic oscillation is selected.

Notes 1: The bit can be rewritten only once after releasing reset. After rewriting
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Do not use these when an RC oscillation is selected.

• CPU mode register
Bits 5, 1 and 0 of CPU mode register are used to select oscillation
mode and to control operation modes of the microcomputer. In or-
der to prevent the dead-lock by error-writing (ex. program
run-away), these bits can be rewritten only once after releasing re-
set. After rewriting it is disable to write any data to the bit. (The
emulator MCU “M37542RSS” is excluded.)
Also, when the read-modify-write instructions (SEB, CLB) are ex-
ecuted to bits 2 to 4, 6 and 7, bits 5, 1 and 0 are locked.

• Clock division ratio, XIN oscillation control, on-chip oscillator control
The state transition shown in Fig. 84 can be performed by setting
the clock division ratio selection bits (bits 7 and 6), XIN oscillation
control bit (bit 4), on-chip oscillator oscillation control bit (bit 3) of
CPU mode register. Be careful of notes on use in Fig. 84.

•  Count source (Timer 1, Timer A, Timer B, Timer X, Serial I/O,
Serial I/O2, A/D converter, Watchdog timer)
A count source of watchdog timer is affected by the clock divi-
sion selection bit of the CPU mode register.
The f(XIN) clock is supplied to the watchdog timer when select-
ing f(XIN) as the CPU clock.
The on-chip oscillator output is supplied to the watchdog timer
when selecting the on-chip oscillator output as the CPU clock.
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Fig. 84 State transition

STP mode
f(XIN) oscillation: stop
On-chip oscillator: stop

WAIT mode 1 WAIT mode 2 WAIT mode 3

WAIT mode 3’

Operation clock source: On-chip oscillator (Note 2)Operation clock source: f(XIN) (Note 1)

Notes on switch of clock
(1) In operation clock = f(XIN), the following can be selected for the CPU clock division ratio.

f(XIN)/2 (high-speed mode)
f(XIN)/8 (middle-speed mode)
f(XIN) (double-speed mode, only at a ceramic oscillation)

(2) In operation clock = On-chip oscillator, the following can be selected for the CPU clock division ratio.
ROSC/1 (On-chip oscillator double-speed mode)
ROSC/2 (On-chip oscillator high-speed mode)
ROSC/8 (On-chip oscillator middle-speed mode)
ROSC/128 (On-chip oscillator low-speed mode)

(3) After system is released from reset, and state transition of state 2 → state 3 and state transition of state 2’ → state 3’, 
ROSC/8 (On-chip oscillator middle-speed mode) is selected for CPU clock.

(4) Executing the state transition state 3 to 2 or state 3 to 3’ after stabilizing XIN oscillation.

(5) When the state 2 → state 3 → state 4 is performed, execute the NOP instruction as shown below
according to the division ratio of CPU clock.
1. CPUM76 = 102 (state 2 → state 3)
2. NOP instruction

Transition from Double-speed mode: NOP ✕  3
Transition from High-speed mode: NOP ✕  1
Transition from Middle-speed mode: NOP ✕  0

3. CPU4 = 12 (state 3 → state 4)

(6) When the state 3 → state 2 → state 1 is performed, execute the NOP instruction as shown below
according to the division ratio of CPU clock.
1. CPUM76 = 002 or 012 or 112 (state 3 → state 2)
2. NOP instruction

Transition from On-chip oscillator double-speed mode: NOP ✕  4
Transition from On-chip oscillator high-speed mode: NOP ✕  2
Transition from On-chip oscillator middle-speed mode: NOP ✕  0
Transition from On-chip oscillator low-speed mode: NOP ✕  0

3. CPUM3 = 12 (state 2 → state 1)

WAIT mode 4

State 4

RESET state
f(XIN) oscillation: enabled
On-chip oscillator: enabled

State 3

State 3’

WAIT mode 2’

State 2’

State 2State 1

Interrupt STP
instruction

Interrupt WIT
instruction

Interrupt

CPUM3=02

CPUM3=12

CPUM76=102
(Note 3)

CPUM76=002
012
112

(Note 4)

CPUM76=102
(Note 3)

CPUM76=002
012
112

MISRG1=12 MISRG1=02
MISRG1=12
(Note 4) MISRG1=02 Reset

released
(Note 3)

CPUM4=02

CPUM4=12

Interrupt

WIT
instruction

WIT
instruction

InterruptWIT
instruction

Interrupt
WIT
instruction

Interrupt WIT
instruction

STP
instruction

STP
instruction

STP
instruction

Interrupt

Interrupt

Interrupt

f(XIN) oscillation: enabled
On-chip oscillator: stop

f(XIN) oscillation: enabled
On-chip oscillator: enabled

f(XIN) oscillation: enabled
On-chip oscillator: enabled

f(XIN) oscillation: enabled
On-chip oscillator: enabled

f(XIN) oscillation: enabled
On-chip oscillator: enabled

Oscillation stop detection circuit valid

f(XIN) oscillation: stop
On-chip oscillator: enabled
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Fig. 91 Bypass capacitor across the VSS line and the VCC line

2. Connection of bypass capacitor across VSS line and VCC line
Connect an approximately 0.1 µF bypass capacitor across the VSS

line and the VCC line as follows:
• Connect a bypass capacitor across the VSS pin and the VCC pin

at equal length.
• Connect a bypass capacitor across the VSS pin and the VCC pin

with the shortest possible wiring.
• Use lines with a larger diameter than other signal lines for VSS

line and VCC line.
• Connect the power source wiring via a bypass capacitor to the

VSS pin and the VCC pin.

VSS

VCC

��
��
����
��
��

VSS

VCC

��
��
��

��
��
��

��
��
��

��
��
��

N.G. O.K.

3. Wiring to analog input pins
• Connect an approximately 100 Ω to 1 kΩ resistor to an analog

signal line which is connected to an analog input pin in series.
Besides, connect the resistor to the microcomputer as close as
possible.

• Connect an approximately 1000 pF capacitor across the Vss pin
and the analog input pin. Besides, connect the capacitor to the
Vss pin as close as possible. Also, connect the capacitor across
the analog input pin and the Vss pin at equal length.

<Reason>
Signals which is input in an analog input pin (such as an A/D con-
verter/comparator input pin) are usually output signals from
sensor. The sensor which detects a change of event is installed far
from the printed circuit board with a microcomputer, the wiring to
an analog input pin is longer necessarily. This long wiring func-
tions as an antenna which feeds noise into the microcomputer,
which causes noise to an analog input pin.

Fig. 92 Analog signal line and a resistor and a capacitor

Analog 
input pin

VSS

Noise

Thermistor

Microcomputer

N.G. O.K.

(Note)

Note : The resistor is used for dividing  
           resistance with a thermistor.

• The analog input pin is connected to the capacitor of a voltage
comparator. Accordingly, sufficient accuracy may not be ob-
tained by the charge/discharge current at the time of A/D
conversion when the analog signal source of high-impedance is
connected to an analog input pin. In order to obtain the A/D con-
version result stabilized more, please lower the impedance of an
analog signal source, or add the smoothing capacitor to an ana-
log input pin.
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Fig. 98 Structure of flash memory control register 0

b7 b0
Flash memory control register 0
(FMCR0:  address : 0FE016: initial value: 0116)

RY/BY status flag
0 : Busy (being written or erased)
1 : Ready

CPU rewrite mode select bit (Note 1)
0 : CPU rewrite mode invalid
1 : CPU rewrite mode valid

8KB user block E/W mode enable bit (Note 1, 2)
0 : E/W disabled
1 : E/W enabled

Flash memory reset bit (Note 3)
0 : Normal operation
1 :  reset 

Not used (do not write “1” to this bit.)

User ROM area select bit (Note 4)
0 : Boot ROM area is accessed
1 : User ROM area is accessed

Program status flag
0: Pass
1: Error

Erase status flag
0: Pass
1: Error

Notes 1: For this bit to be set to “1”, the user needs to write a “0” and then a 
“1” to it in succession. For this bit to be set to “0”, write “0” only to 
this bit. 

2: This bit can be written only when CPU rewrite mode select bit is “1”.
3: Effective only when the CPU rewrite mode select bit = “1”. Fix this 

bit to “0” when the CPU rewrite mode select bit is “0”.
4: Write to this bit in program on RAM

[Flash memory control registers (FMCR0 to FMCR2)]
0FE016 to 0FE216

Figure 98 shows the flash memory control register 0.
Bit 0 of the flash memory control register 0 is the RY/BY status
flag used exclusively to read the operating status of the flash
memory. During programming and erase operations, it is “0”
(busy). Otherwise, it is “1” (ready).
Bit 1 of the flash memory control register 0 is the CPU rewrite
mode select bit. When this bit is set to “1”, the MCU enters CPU
rewrite mode. And then, software commands can be accepted. In
CPU rewrite mode, the CPU becomes unable to access the inter-
nal flash memory directly. Therefore, use the control program in
the internal RAM for write to bit 1. To set this bit 1 to “1”, it is nec-
essary to write “0” and then write “1” in succession to bit 1. The bit
can be set to “0” by only writing “0”.
Bit 2 of the flash memory control register 0 is the 8KB user block
E/W mode enable bit. By setting this bit in combination with bit 4
(all user block E/W enable bit) of flash memory control register 2
(address 0FE016), Erase/Write to user block in CPU rewrite mode
is disabled.

Bit 3 of the flash memory control register 0 is the flash memory re-
set bit used to reset the control circuit of internal flash memory.
This bit is used when exiting CPU rewrite mode and when flash
memory access has failed. When the CPU rewrite mode select bit
is “1”, setting “1” for this bit resets the control circuit. To release
the reset, it is necessary to set this bit to “0”.
Bit 5 of the flash memory control register 0 is the User ROM area
select bit and is valid only in the boot mode. Setting this bit to “1”
in the boot mode switches an accessible area from the boot ROM
area to the user ROM area. To use the CPU rewrite mode in the
boot mode, set this bit to “1”. Note that when the microcomputer is
booted up in the user ROM area, only the user ROM area is ac-
cessible and bit 5 is invalid; on the other hand, when the
microcomputer is in the boot mode, bit 5 is valid independent of
the CPU rewrite mode. To rewrite bit 5, execute the user-original
reprogramming control software transferred to the internal RAM in
advance.
Bit 6 of the flash memory control register 0 is the program status
flag. This bit is set to “1” when writing to flash memory is failed.
When program error occurs, the block cannot be used.
Bit 7 of the flash memory control register 0 is the erase status flag.
This bit is set to “1” when erasing flash memory is failed. When
erase error occurs, the block cannot be used.
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● Software Commands
Table 11 lists the software commands.
After setting the CPU rewrite mode select bit to “1”, execute a soft-
ware command to specify an erase or program operation.
Each software command is explained below.

• Read Array Command (FF16)
The read array mode is entered by writing the command code
“FF16” in the first bus cycle. When an address to be read is input
in one of the bus cycles that follow, the contents of the specified
address are read out at the data bus (D0 to D7).
The read array mode is retained until another command is written.

• Read Status Register Command (7016)
When the command code “7016” is written in the first bus cycle,
the contents of the status register are read out at the data bus (D0

to D7) by a read in the second bus cycle.
The status register is explained in the next section.

• Clear Status Register Command (5016)
This command is used to clear the bits SR4 and SR5 of the status
register after they have been set. These bits indicate that opera-
tion has ended in an error. To use this command, write the
command code “5016” in the first bus cycle.

• Program Command (4016)
Program operation starts when the command code “4016” is writ-
ten in the first bus cycle. Then, if the address and data to program
are written in the 2nd bus cycle, program operation (data program-
ming and verification) will start.
Whether the write operation is completed can be confirmed by

_____

read status register or the RY/BY status flag. When the program
starts, the read status register mode is entered automatically and
the contents of the status register is read at the data bus (D0 to
D7). The status register bit 7 (SR7) is set to “0” at the same time
the write operation starts and is returned to “1” upon completion of
the write operation. In this case, the read status register mode re-
mains active until the read array command (FF16) is written.

Table 11  List of software commands (CPU rewrite mode)

The RY/BY status flag of the flash memory control register is “0”
during write operation and “1” when the write operation is com-
pleted as is the status register bit 7.
At program end, program results can be checked by reading the
status register.

Fig. 102  Program flowchart
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Command

Read array

Read status register

Clear status register

Program

Block erase

Mode

First bus cycle Second bus cycle

Address
Data

(D0 to D7) Mode Address
Data

(D0 to D7)

Write

Write

Write

Write

Write

✕  (Note 4)

✕

✕

✕

✕

FF16

7016

5016

4016

2016

Read

Write

Write

✕

WA (Note 2)

BA (Note 3)

SRD (Note 1)

WD (Note 2)

D016

SRD = Status Register Data 
WA = Write Address, WD = Write Data
BA = Block Address to be erased (Input  the maximum address of each block.)
✕  = ✕ denotes a given address in the user ROM area.
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Fig. 107  Pin connection diagram in standard serial I/O mode 1 (PLQP0032GB-A package)
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Note. Connect the oscillation circuit to XIN and XOUT.

(Package type: PLQP0032GB-A)
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Fig. 111 Timing diagram in standard serial I/O mode 1
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1
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-
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-

-
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-
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-

Note: Keep input of P06 “H” until P07 turns “L”.

(Note)
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Fig. 113 Pin connection diagram in standard serial I/O mode 2 (PRSP0036GA-A package)

Fig. 114  Pin connection diagram in standard serial I/O mode 2 (PRDP0032BA-A package)
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(Package type: PRSP0036GA-A)

(Package type: PRDP0032BA-A)
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Table 24 Timing requirements (3)
(Mask ROM version: VCC = 2.2 to 5.5 V, VSS = 0 V, Ta = –20 to 85 °C, unless otherwise noted) (This is only for the mask ROM version.)

Min. Typ. Max.
Symbol Parameter

Limits
Unit

Reset input “L” pulse width

External clock input cycle time

External clock input “H” pulse width

External clock input “L” pulse width

CNTR0 input cycle time

CNTR0, INT0, INT1, CAP0, CAP1 input “H” pulse width (Note 1)

CNTR0, INT0, INT1, CAP0, CAP1 input “L” pulse width (Note 1)

Serial I/O1, serial I/O2 clock input cycle time (Note 2)

Serial I/O1, serial I/O2 clock input “H” pulse width (Note 2)

Serial I/O1, serial I/O2 clock input “L” pulse width (Note 2)

Serial I/O1, serial I/O2 input set up time

Serial I/O1, serial I/O2 input hold time

tW(RESET)

tC(XIN)

tWH(XIN)

tWL(XIN)

tC(CNTR0)

tWH(CNTR0)

tWL(CNTR0)

tC(SCLK1)

tWH(SCLK1)

tWL(SCLK1)

tsu(RxD1–SCLK1)

th(SCLK1–RxD1)

2

500

200

200

1000

460

460

4000

1900

1900

800

400

µs

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Notes 1: As for CAP0, CAP1, it is the value when noise filter is not used.
2: In this time, bit 6 of the serial I/O1 control register (address 001A16) is set to “1” (clock synchronous serial I/O is selected).

When bit 6 of the serial I/O1 control register is “0” (clock asynchronous serial I/O1 is selected), the rating values are divided by 4.
In this time, bit 6 of the serial I/O2 control register (address 003016) is set to “1” (clock synchronous serial I/O is selected).
When bit 6 of the serial I/O2 control register is “0” (clock asynchronous serial I/O is selected), the rating values are divided by 4.
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3. Interrupt discrimination bit
Use an LDM instruction to clear to “0” an interrupt discrimination
bit.
LDM #%0000XXXX, $0B
Set the following values to “X”
“0”: an interrupt discrimination bit to clear
“1”: other interrupt discrimination bits
Ex.) When a key-on wakeup interrupt discrimination bit is cleared;
LDM #%00001110 and $0B.

4. Interrupt discrimination bit and interrupt request bit
For key-on wakeup, UART1 bus collision detection, A/D conver-
sion and Timer 1 interrupt, even if each interrupt valid bit (interrupt
source set register (address 0A16)) is set “0: Invalid”, each inter-
rupt discrimination bit (interrupt source discrimination register
(address 0B16)) is set to “1: interrupt occurs” when corresponding
interrupt request occurs.
But corresponding interrupt request bit (interrupt request registers
1, 2 (addresses 3C16, 3D16) is not affected.

Notes on Timers
1. When n (0 to 255) is written to a timer latch, the frequency divi-

sion ratio is 1/(n+1).

2. When a count source of timer X, timer A or timer B is switched,
stop a count of the timer.

Notes on Timer X
1. CNTR0 interrupt active edge selection
CNTR0 interrupt active edge depends on the CNTR0 active edge
switch bit (bit 2 of timer X mode register (address 2B16)).
When this bit is “0”, the CNTR0 interrupt request bit is set to “1” at
the falling edge of CNTR0 pin input signal. When this bit is “1”, the
CNTR0 interrupt request bit is set to “1” at the rising edge of
CNTR0 pin input signal.

2. Timer X count source selection
The f(XIN) (frequency not divided) can be selected by the timer X
count source selection bits (bits 1 and 0 of timer count source set
register (address 2A16)) only when the ceramic oscillation or the
on-chip oscillator is selected.
Do not select it for the timer X count source at the RC oscillation.

3. Pulse output mode
Set the direction register of port P14, which is also used as CNTR0

pin, to output.
When the TXOUT pin is used, set the direction register of port P03,
which is also used as TXOUT pin, to output.

4. Pulse width measurement mode
Set the direction register of port P14, which is also used as CNTR0

pin, to input.

Notes on Timer A, B
1. Setting of timer value
When “1: Write to only latch” is set to the timer A (B) write control
bit, written data to timer register is set to only latch even if timer is
stopped or operating. Accordingly, in order to set the initial value
for timer when it is stopped,  set “0: Write to latch and timer simul-
taneously” to timer A (B) write control bit.

2. Read/write of timer A
Stop timer A to read/write its data in the following state;
XIN oscillation selected by clock division ratio selection bits (bits 7
and 6 of CPU mode register (address 3B16)), and the on-chip os-
cillator output is selected as the timer A count source.

3. Read/write of timer B
Stop timer B to read/write its data in the following state;
XIN oscillation selected by clock division ratio selection bits, the
timer A underflow is selected as the timer B count source, and  the
on-chip oscillator output is selected as the timer A count source.
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Notes on Output Compare
1. When the selected source timer of each compare channel is

stopped, written data to compare register is loaded to the com-
pare latch simultaneously.

2. Do not write the same data to both of compare latch x0 (x=0, 1,
2, 3) and x1.

3. When setting value of the compare register is larger than timer
setting value, compare match signal is not generated. Accord-
ingly, the output waveform is fixed to “L” or “H” level.
However, when setting value of another compare register is
smaller than timer setting value, this compare match signal is
generated. Accordingly, if the corresponding compare latch y
(y=00, 01, 10, 11, 20, 21, 30, 31) interrupt source bit is set to “1”
(valid), compare match interrupt request occurs.

4. When the compare x trigger enable bit is cleared to “0” (dis-
abled), the match trigger to the waveform output circuit is
disabled. Accordingly,  the output waveform can be fixed to “L”
or “H” level.
However, in this case, the compare match signal is generated.
Accordingly, if the corresponding compare latch y (y=00, 01, 10,
11, 20, 21, 30, 31) interrupt source bit  is set to “1”
(valid),compare match interrupt request occurs.

Notes on Input Capture
1. If the capture trigger is input while the capture register (low-or-

der and high-order) is in read, captured value is changed
between high-order reading and low-order reading. Accordingly,
some countermeasure by software is recommended, for ex-
ample comparing the values that twice of read.

2. Timer A cannot be used for the capture source timer in the fol-
lowing state;
• XIN oscillation selected by clock division ratio selection bits

(bits 7 and 6 of CPU mode register (address 3B16))
• Timer A count source: On-chip oscillator output.
Timer B cannot be used for the capture source timer in the fol-
lowing state;
• XIN oscillation selected by clock division ratio selection bits
• Timer B count source: Timer A underflow
• Timer A count source: On-chip oscillator output.

3. As shown below, when the capture input is performed to both
capture latch 00 and 01 at the same time, the value of capture
0 status bit (bit 4 of capture/compare status register (address
2216)) is undefined (same as capture 1).

• When “1” is written to capture latch 00 software trigger bit (bit 0
of capture software trigger register (address 1316)) and capture
latch 01 software trigger bit (bit 1 of capture software trigger reg-
ister) at the same time

• When external trigger of capture latch 00 and software trigger of
capture latch 01 occur at the same time

• When external trigger of capture latch 01 and software trigger of
capture latch 00 occur at the same time

4. When the capture interrupt is used as the interrupt for return
from stop mode, set the capture 0 noise filter clock selection
bits (bits 5 and 4 of capture mode register (address 2016)) to
“00 (Filter stop)” (same as capture 1).
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