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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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M16C

M30290FAVHP

A U3

XXXXXXX

Product Name: indicates M30290FAVHP
Chip Version and Product Code:

  A: indicates chip version
      The first edition is shown to be blank and continues with A and B.
U3: indicates product code (see Table 1.8)

Date Code (7 digits): indicates manufacturing management code    

A U3

M30291FAVHP

XXXXXXX

Chip Version and Product Code:
  A: indicates chip version 
      The first edition is shown to be blank and continues with A and B.
U3: indicates product code (see Table 1.8)

Product Name: indicates M30291FAVHP
Date Code (7 digits): indicates manufacturing management code   

(1) Flash Memory Version, PLQP0080KB-A (80P6Q-A), V-ver.   

(2) Flash Memory Version, PLQP0064KB-A (64P6Q-A), V-ver.  

Figure 1.6  Marking Diagrams of Flash Memory Version - M16C/29 Group V-ver. (Top View)

M16C
M30290MA-

XXXHP A  U5
XXXXXXX

Type No. M30290MAHP

Chip version and product code
  XXX : ROM No.

     A   : Chip version and product code(1)

             The first edition is shown to be blank and continues with A, B and C. 
     U5 :  Product code. (Table 1.9)

Date code seven digits
Manufacturing management code

(1) Mask ROM Version, PLQP0080KB-A (80P6Q-A), Normal-ver.

XXXXXXX

M30291MA-

XXXHP A  U5

Type No. M30291MAHP

Date code seven digits
Manufacturing management code

(2) Mask ROM Version, PLQP0064-KB-A (64P6Q-A), Normal-ver.

Chip version and product code
   XXX: ROM No.

     A   : Chip version and product code(1)

             The first edition is shown to be blank and continues with A, B and C. 
     U5 :  Product code. (Table 1.9)

Figure 1.7  Marking Diagrams of Mask ROM Version - M16C/29 Group Normal-ver. (Top View)
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9.1.1 Software Interrupts
A software interrupt occurs when executing certain instructions.  Software interrupts are non-maskable
interrupts.

9.1.1.1 Undefined Instruction Interrupt

An undefined instruction interrupt occurs when executing the UND instruction.

9.1.1.2 Overflow Interrupt

An overflow interrupt occurs when executing the INTO instruction with the O flag set to 1 (the opera-
tion resulted in an overflow).  The following are instructions whose O flag changes by arithmetic: ABS,
ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

9.1.1.3 BRK Interrupt

A BRK interrupt occurs when executing the BRK instruction.

9.1.1.4 INT Instruction Interrupt

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63
can be specified for the INT instruction.  Because software interrupt Nos. 1 to 31 are assigned to
peripheral function interrupts, the same interrupt routine as for peripheral function interrupts can be
executed by executing the INT instruction.
In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is
cleared to 0 (ISP selected) before executing an interrupt sequence.  The U flag is restored from the
stack when returning from the interrupt routine.  In software interrupt Nos. 32 to 63, the U flag does not
change state during instruction execution, and the SP then selected is used.
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Figure 10.1  Watchdog Timer Block Diagram

10. Watchdog Timer
The watchdog timer is the function of detecting when the program is out of control.  Therefore, we recommend
using the watchdog timer to improve reliability of a system.  The watchdog timer contains a 15-bit counter which
counts down the clock derived by dividing the CPU clock using the prescaler.  Whether to generate a watchdog
timer interrupt request or apply a watchdog timer reset as an operation to be performed when the watchdog timer
underflows after reaching the terminal count can be selected using the PM12 bit in the PM1 register.  The PM12
bit can only be set to 1 (reset). Once this bit is set to 1, it cannot be set to 0 (watchdog timer interrupt) in a
program.  Refer to 5.3 Watchdog Timer Reset for the details of watchdog timer reset.
When the main clock source is selected for CPU clock, on-chip oscillator clock, PLL clock, the WDC7 bit in the
WDC register value for prescaler can be chosen to be 16 or 128. If a sub-clock is selected for CPU clock, the
prescaler is always 2 no matter how the WDC7 bit is set.  The period of watchdog timer can be calculated as
given below.  The period of watchdog timer is, however, subject to an error due to the prescaler.

For example, when CPU clock is set to 16 MHz and the divide-by-N value for the prescale ris set to 16, the
watchdog timer period is approx. 32.8 ms.
The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset. Note that
the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is activated to start
counting by writing to the WDTS register.
Write the WDTS register with shorter cycle than the watchdog timer cycle. Set the WDTS register also in the
beginning of the watchdog timer interrupt routine.
In stop mode and wait mode, the watchdog timer and prescaler are stopped. Counting is resumed from the held
value when the modes or state are released.
Figure 10.1 shows the block diagram of the watchdog timer. Figure 10.2 shows the watchdog timer-related
registers.

With main clock source chosen for CPU clock, on-chip oscillator clock, PLL  clock

Watchdog timer period =

With sub-clock chosen for CPU clock
Prescaler dividing (2) X Watchdog timer count (32768)

CPU clock

Watchdog timer period =
Prescaler dividing (16 or 128) X Watchdog timer count (32768)

CPU clock

CPU clock

Write to WDTS register

PM12 = 0

Watchdog timer

Set to 7FFF16

1/128

1/16

CM07 = 0
WDC7 = 1

CM07 = 0
WDC7 = 0

CM07 = 1
1/2

Prescaler

PM12 = 1    
Reset

PM22 = 0

PM22 = 1

On-chip oscillator clock

Internal reset signal 
(low active)

Watchdog timer 
interrupt request
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Item Specification
Count source  • Two-phase pulse signals input to TAiIN or TAiOUT pins (i = 2 to 4)
Count operation  • Increment or down-count can be selected by two-phase pulse signal

• When the timer overflows or underflows, it reloads the reload register con-
tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

Divide ratio 1/ (FFFF16 - n + 1) for increment
1/ (n + 1) for down-count n : set value of TAi register    000016 to FFFF16

Count start condition Set TAiS bit in the TABSR register to 1 (start counting)
Count stop condition Set TAiS bit to 0 (stop counting)
Interrupt request generation timing Timer overflow or underflow
TAiIN pin function Two-phase pulse input
TAiOUT pin function Two-phase pulse input
Read from timer Count value can be read by reading timer A2, A3 or A4 register
Write to timer • When not counting and until the 1st count source is input after counting start

Value written to TAi register is written to both reload register and counter
 • When counting (after 1st count source input)

Value written to TAi register is written to reload register
(Transferred to counter when reloaded next)

Select function (Note) • Normal processing operation (timer A2 and timer A3)
The timer counts up rising edges or counts down falling edges on TAjIN pin
when input signals on TAjOUT pin is “H”.

• Multiply-by-4 processing operation (timer A3 and timer A4)
If the phase relationship is such that TAkIN(k=3, 4) pin goes “H” when the
input signal on TAkOUT pin is “H”, the timer counts up rising and falling
edges on TAkOUT and TAkIN pins.  If the phase relationship is such that
TAkIN pin goes “L” when the input signal on TAkOUT pin is “H”, the timer
counts down rising and falling edges on TAkOUT and TAkIN pins.

Table 12.3  Specifications in Event Counter Mode
                           (when processing two-phase pulse signal with timers A2, A3 and A4)

• Counter initialization by Z-phase input (timer A3)
The timer count value is initialized to 0 by Z-phase input.

NOTE:
 1. Only timer A3 is selectable. Timer A2 is fixed to normal processing operation, and timer A4 is fixed to

multiply-by-4 processing operation.

TAjOUT

Increment Increment Increment Decrement Decrement Decrement

TAjIN
(j=2,3)

TAkOUT

TAkIN
(k=3,4)

Increment all edges

Increment all edges

Decrement all edges

Decrement all edges
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13.6.1 INPC17 Alternate Input Pin Selection
The input capture pin for IC/OC channel 7 can be assigned to one of two package pins.  The CH7INSEL

________

bit in the G1BCR0 register selects IC/OC INPC17 from P27/OUTC17/INPC17 or P17/INT5/INPC17/IDU.

________

13.6.2 Digital Debounce Function for Pin P17/INT5/INPC17
________ ________

The INT5/INPC17 input from the P17/INT5/INPC17/IDU pin has an effective digital debounce function
against a noise rejection.  Refer to 19.6 Digital Debounce function for this detail.
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Table 14.7 lists the functions of the input/output pins in UART mode.  Table 14.8 lists the P64 pin func-
tions during UART mode. Note that for a period from when the UARTi operation mode is selected to when
transfer starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output is selected, this pin is in a
high-impedance state.)

Table 14.7  I/O Pin Functions in UART mode(1)

Table 14.8  P64 Pin Functions in UART mode (1)

Pin  Name Function Method of Selection
TxDi (i = 0 to 2)
(P63, P67, P70)

Serial data output

Serial data input

Input/output port

Transfer clock input

Input/output port

(Outputs "H" when performing reception only) 

RxDi
(P62, P66, P71)

CLKi
(P61, P65, P72)

Set the CKDIR bit in the UiMR register  to 0
Set the CKDIR bit in the UiMR register to 1
Set the PD6_1 bit and PD6_5 bit in the PD6 register  to 0, PD7_2 bit in the PD7 
register to 0

PD6_2 bit, PD6_6 bit in the PD6 register and the PD7_1 bit in the PD7 register
(Can be used as an input port when performing transmission only)

Set the CRD bit in the UiC0 register to 0
Set the CRS bit in the UiC0 register to 0
Set the PD6_0 bit and PD6_4 bit in the PD6 register to 0, the PD7_3 bit in the 
PD7 register 0
Set the CRD bit in the UiC0 register to 0
Set the CRS bit in the UiC0 register to 1
Set the CRD bit in the UiC0 register 1

CTS input

RTS output

CTSi/RTSi
(P60, P64, P73)

NOTE:     
     1. When the U1MAP bit in PACR register is set to 1 (P73 to P70), UART1 pin is assgined to P73 to P70. 

Pin Function 
Bit Set Value

U1C0 register UCON register PD6 register 
CRD CRS RCSP CLKMD1 PD6_4

P64 1 0 0 Input: 0, Output: 1
CTS1 0 0 0 0
RTS1 1 0 0
CTS0 (2) 0

0
0
0 0 1 0

NOTES:     
1. When the U1MAP bit in PACR register is 1 (P73 to P70), this table lists the P70 functions.    
2. In addition to this, set the CRD bit in the U0C0 register to 0 (CTS0/RTS0 enabled) and the 

CRS bit in the U0C0 register to 1 (RTS0 selected).
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14.1.3.1 Detection of Start and Stop Condition

Whether a start or a stop condition has been detected is determined.
A start condition-detected interrupt request is generated when the SDA2 pin changes state from high
to low while the SCL2 pin is in the high state. A stop condition-detected interrupt request is generated
when the SDA2 pin changes state from low to high while the SCL2 pin is in the high state.
Because the start and stop condition-detected interrupts share the interrupt control register and vec-
tor, check the BBS bit in the U2SMR register to determine which interrupt source is requesting the
interrupt.

Figure 14.24  Detection of Start and Stop Condition

14.1.3.2 Output of Start and Stop Condition

A start condition is generated by setting the STAREQ bit in the U2SMR4 register to 1 (start).
A restart condition is generated by setting the RSTAREQ bit in the U2SMR4 register to 1 (start).
A stop condition is generated by setting the STPREQ bit in the U2SMR4 register to 1 (start).
The output procedure is described below.
(1) Set the STAREQ bit, RSTAREQ bit or STPREQ bit to 1 (start).
(2) Set the STSPSEL bit in the U2SMR4 register to 1 (output).
Make sure that no interrupts or DMA transfers will occur between (1) and (2).
The function of the STSPSEL bit is shown in Table 14.14 and Figure 14.25.

Setup time Hold time

SCL2

SDA2
(Start condition)

SDA2
(Stop condition)

3 to 6 cycles < setup time (1)

3 to 6 cycles < hold time (1)

NOTE:     
1. When the PCLK1 bit in the PCLKR register is set to 1, the cycles indicates the f1SIO's 

generation frequency cycles; when PCLK1 bit is set to 0, the cycles indicated the 
f2SIO's generation frequency cycles.
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Table 14.14  STSPSEL Bit Functions

Figure 14.25  STSPSEL Bit Functions

Function
Output of SCL2 and SDA2 pins

Start/stop condition interrupt
request generation timing

STSPSEL = 0
Output transfer clock and data/
Program with a port determines
how the start condition or stop
condition is output
Start/stop condition are detec-
ted

STSPSEL = 1
The STAREQ, RSTAREQ and
STPREQ bit determine how the
start condition or stop condition is
output
 Start/stop condition generation
are completed

14.1.3.3 Arbitration

Unmatching of the transmit data and SDA2 pin input data is checked synchronously with the rising
edge of SCL2.  Use the ABC bit in the U2SMR register to select the timing at which the ABT bit in the
U2RB register is updated. If the ABC bit is set to 0 (updated bitwise), the ABT bit is set to 1 at the same
time unmatching is detected during check, and is cleared to 0 when not detected. In cases when the
ABC bit is set to 1, if unmatching is detected even once during check, the ABT bit is set to 1
(unmatching detected) at the falling edge of the clock pulse of 9th bit.  If the ABT bit needs to be
updated bytewise, clear the ABT bit to 0 (undetected) after detecting acknowledge in the first byte,
before transferring the next byte.
Setting the ALS bit in the U2SMR2 register to 1 (SDA2 output stop enabled) causes arbitration-lost to
occur, in which case the SDA2 pin is placed in the high-impedance state at the same time the ABT bit
is set to 1 (unmatching detected).

SDA2

(1) In slave mode, 
     CKDIR is set to 1 (external clock) 

SCL2

SDA2

Start condition detection
interrupt 

Stop condition detection 
interrupt 

(2) In master mode,
     CKDIR is set to 0 (internal clock), CKPH is set to 1(clock delayed)

SCL2

Set STAREQ 
to 1 (start) Set STPREQ 

to 1 (start)

STPSEL bit 0

STPSEL bit

Set to 1 by  
program

Set to 0 by 
program

Set to 1 by 
program

Set to 0 by 
program

1st 2nd 3rd 5th 6th 7th 8th 9th bit

1st 2nd 3rd 5th 6th 7th 8th 9th bit

4th

4th

Start condition detection
interrupt 

Stop condition detection 
interrupt 
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14.2.3  Functions for Setting an SOUTi Initial Value
If the SMi6 bit in SiC register is set to 0 (external clock), the SOUTi pin output level can be fixed high or low
when not transferring data. However, when transmitting data consecutively, the last bit (bit 0) value of the
last transmitted data is retained between the sccessive data transmissions. Figure 14.39 shows the
timing chart for setting an SOUTi initial value and how to set it.

Figure 14.39  SOUTi Initial Value Setting
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NOTES:     
1. This diagram applies to the case where the bits in the SiC register are set as follows:
      SMi2 = 0 (SOUTi output), SMi5 = 0 (LSB first) and SMi6 = 0 (external clock)     
2. SOUTi can only be initialized when input on the CLKi pin is in the high state if the SMi4bit in the SiC 

register is set to 0 (transmit data output at the falling edge of the transfer clock) or in the low state if 
the SMi4 bit is set to 1 (transmit data output at the rising edge of the transfer clock).     

3. If the SMi6 bit is set to 1 (internal clock) or if the SMi2 bit is set to 1 (SOUTi output disabled), this 
output goes to the high-impedance state.

Setting of the initial value of S OUTi 
output and starting of transmission/

reception

Set the SMi3 bit to 0 
(SOUTi pin functions as an I/O port)

Write to the SiTRR register

Serial transmit/reception starts

Set the SMi7 bit to 1 
(SOUTi initial value = “H”)

Set the SMi3 bit to 1 
(SOUTi pin functions as S OUTi output)

“H” level is output 
 from the SOUTi pin
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Figure 15.29 Analog Input Pin and External Sensor Equivalent Circuit

15.5 Output Impedance of Sensor under A/D Conversion
To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 15.29 has to be
completed within a specified period of time.  T (sampling time) as the specified time.  Let output imped-
ance of sensor equivalent circuit be R0, MCU’s internal resistance be R, precision (error) of the A/D
converter be X, and the A/D converter’s resolution be Y (Y is 1024 in the 10-bit mode, and 256 in the 8-
bit mode).

VC is generally VC = VIN{1-e   c(R0+R)     }

And when t = T, VC=VIN-           VIN=VIN(1-           )

e  c(R0+R)     =

    -                 T = ln

Hence, R0 = -                      - R

Figure 15.29 shows analog input pin and externalsensor equivalent circuit.  When the difference be-
tween VIN and VC becomes 0.1 LSB, we find impedance R0 when voltage between pins.  VC changes
from 0 to VIN-(0.1/1024) VIN in  timer T.  (0.1/1024) means that A/D precision drop due to insufficient
capacitor chage is held to 0.1LSB at time of A/D conversion in the 10-bit mode.  Actual error however is
the value of absolute precision added to 0.1LSB.  When f(XIN) = 10MHz, T=0.3µs in the A/D conversion
mode with sample & hold.  Output inpedance R0 for sufficiently charging capacitor C within time T is
determined as follows.

T = 0.3µs, R = 7.8kΩ, C = 1.5pF, X = 0.1, and Y = 1024.  Hence,

R0 = -                                         - 7.8 X 103 ≅  13.9 X 103

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A/D con-
verter turns out of be approximately 13.9kΩ.

1

1 T

t

C(R0+R)
1 X

Y

X
Y

X
Y

X
Y

T
C•ln X

Y

1.5X10-12•ln
0.1
1024

0.3X10-6

R0 R (7.8kΩ)

C (1.5pF)
VIN

VC

Sampling time 

 Sample-and-hold function enabled:

 Sample-and-hold function disabled:

3
φAD

MCU

Sensor equivalent 
circuit

2
φAD

(1)

(1)

NOTE:
     1. Reference value
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16.4  I2C0 Control Register 0 (S1D0)
The S1D0 register controls data communication format.

16.4.1  Bits 0 to 2: Bit Counter (BC0–BC2)

Bits BC2 to BC0 decide how many bits are in one byte data transferred next. After the selected num-
bers of bits are transferred successfully, I2C bus interface interrupt request is gnerated and bits BC2 to
BC0 are reset to 0002.  At this time, if the ACK-CLK bit in the S20 register is set to 1 (with ACK clock),
one bit for ACK clock is added to the numbers of bits selected by the BC2 to BC0 bits.
In addition, bits BC2 to BC0 become 0002 even though the START condition is detected and the
address data is transferred in 8 bits.

16.4.2  Bit 3: I2C Interface Enable Bit (ES0)

The ES0 bit enables to use the multi-master I2C bus interface.  When the ES0 bit is set to 0, I2C bus
interface is disabled and the SDA and SCL pins are placed in a high-h-impedance state.  When the
ES0 bit is set to 1, the interface is enabled.
When the ES0 bit is set to 0, the process is followed.
1)The bits in the S10 register are set as MST = 0, TRX = 0, PIN = 1, BB = 0, AL = 0, AAS = 0,
   ADR0 = 0
2)The S00 register cannot be written.
3)The TOF bit in the S4D0 register is set to 0 (time-out detection flag is not detected)
4)The I2C system clock (VIIC) stops counting while the internal counter and flags are reset.

16.4.3  Bit 4: Data Format Select Bit (ALS)
The ALS bit determines whether the salve address is recognized.  When the ALS bit is set to 0, an
addressing format is selected and a address data is recognized.  Only if the comparison is matched
between the slave address stored into the S0D0 register and the received address data or if the
general call is received, the data is transferred.  When the ALS bit is set to 1, the free data format is
selected and the slave address is not recognized.

16.4.4  Bit 6: I2C bus Interface Reset Bit (IHR)
The IHR bit is used to reset the I2C bus interface circuit when the error communication occurs.
When the ES0 bit in the S1D0 register is set to 1 (I2C bus interface is enabled), the hardware is reset
by writing 1 to the IHR bit.  Flags are processed as follows:
1)The bits in the S10 register are set as MST = 0, TRX = 0, PIN to 1, BB = 0, AL = 0, AAS =
   0, and ADR0 = 0
2)The TOF bit in the S4D0 register is set to 0 (time-out detection flag is not detected)
3)The internal counter and flags are reset.
The I2C bus interface circuit is reset after 2.5 VIIC cycles or less, and the IHR bit becomes 0 automati-
cally by writing 1 to the IHR bit.  Figure 16.10 shows the reset timing.
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17.10 Reception and Transmission
Configuration of CAN Reception and Transmission Mode
Table 17.3 shows configuration of CAN reception and transmission mode.

Table 17.3  Configuration of CAN Reception and Transmission Mode

TrmReq, RecReq, Remote, RspLock, RemActive, RspLock: Bits in the C0MCTLj register (j = 0 to 15)

When configuring a slot as a reception slot, note the following points.
(1) Before configuring a slot as a reception slot, be sure to set the C0MCTLj register (j = 0 to 15) to 0016.
(2) A received message is stored in a slot that matches the condition first according to the result of

reception mode configuration and acceptance filtering operation.  Upon deciding in which slot to
store, the smaller the number of the slot is, the higher priority it has.

(3) In normal CAN operating mode, when a CAN module transmits a message of which ID matches, the
CAN module never receives the transmitted data.  In loop back mode, however, the CAN module
receives back the transmitted data.  In this case, the module does not return ACK.

When configuring a slot as a transmission slot, note the following points.
(1) Before configuring a slot as a transmission slot, be sure to set the C0MCTLj registers to 0016.
(2) Set the TrmReq bit in the C0MCTLj register to 0 (not transmission slot) before rewriting a transmission

slot.
(3) A transmission slot should not be rewritten when the TrmActive bit in the C0MCTLj register is 1

(transmitting).
If it is rewritten, an undefined data will be transmitted.

TrmReq RecReq Remote RspLock Communication mode of the slot
0 0 - - Communication environment configuration mode:

configure the communication mode of the slot.
0 1 0 0 Configured as a reception slot for a data frame.
1 0 1 0 Configured as a transmission slot for a remote frame.  (At this time

the RemActive = 1.)
After completion of transmission, this functions as a reception slot
for a data frame.  (At this time the RemActive = 0.)
However, when an ID that matches on the CAN bus is detected
before remote frame transmission, this immediately functions as
a reception slot for a data frame.

1 0 0 0 Configured as a transmission slot for a data frame.
0 1 1 1/0 Configured as a reception slot for a remote frame.  (At this time

the RemActive = 1.)
After completion of reception, this functions as a transmission slot
for a data frame.  (At this time the RemActive = 0.)
However, transmission does not start as long as RspLock bit
remains 1; thus no automatic response.
Response (transmission) starts when the RspLock bit is set to 0.
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Figure 19.8  PUR0 to PUR2 Registers

Pull-up Control Register 0 (1)

Symbol Address After Reset
PUR0 03FC16 0016

Bit Name Function Bit Symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

PU00 P00 to P03 pull-up

PU01 P04 to P07 pull-up
PU02 P10 to P13 pull-up
PU03 P14 to P17 pull-up
PU04 P20 to P23 pull-up
PU05 P24 to P27 pull-up
PU06 P30 to P33 pull-up
PU07 P34 to P37 pull-up

  0: Not pulled up
  1: Pulled up (1)

Pull-up Control Register 1

Symbol Address After Reset
PUR1 03FD16 0016

Bit Name Function Bit Symbol

b7 b6 b5 b4 b3 b2 b1 b0

PU14 P60 to P63 pull-up
PU15 P64 to P67 pull-up
PU16 P70 to P73 pull-up

PU17 P74 to P77 pull-up

  0: Not pulled high
  1: Pulled high (1)

NOTE:
     1. The pin for which this bit is 1 (pulled up) and the direction bit is 0 (input mode) is pulled up.

RW
RW
RW
RW
RW
RW
RW
RW

RW

RW
RW
RW
RW

NOTE:
     1. The pin for which this bit is 1 (pulled up) and the direction bit is 0 (input mode) is pulled up. 

Pull-up Control Register 2

Symbol Address After Reset
PUR2 03FE16 0016

Bit Name FunctionBit Symbol

b7 b6 b5 b4 b3 b2 b1 b0

PU20 P80 to P83 pull-up

PU21 P84 to P87 pull-up
PU22 P90 to P93 pull-up
PU23 P95 to P97 pull-up
PU24 P100 to P103 pull-up

PU25 P104 to P107 pull-up
Nothing is assigned.   If necessary, set to 0.
When read, the content is 0

  0: Not pulled up
  1: Pulled up (1)

RW
RW
RW
RW
RW
RW
RW

(b7-b6)

NOTE:
     1. The pin for which this bit is 1 (pulled up) and the direction bit is 0 (input mode) is pulled up.

Nothing is assigned.   If necessary, set to 0.
When read, the content is 0

(b3-b0)
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00FFFF16

Block B :2K bytes  (2)00F00016

 4K bytes  (4)
0FF00016

0FFFFF16

Boot ROM area

0FE00016

0FC00016

0FDFFF16

0F800016
Block 2 : 16K bytes

0FBFFF16

0F7FFF16

0F000016
0EFFFF16

0FFFFF16

User ROM area

0E800016

Block A :2K bytes  (2)

Block 2 : 16K bytes  (5)

Block 4 : 32K bytes  (5)

Block 3 : 32K bytes  (5)

Block 1 : 8K bytes  (3)

Block 0 : 8K bytes  (3)

00F7FF16
00F80016

NOTES:
1. To specify a block, use the maximum even address in the block.
2. Blocks A and B are enabled for use when the PM10 bit in the PM1 

register is set to 1. 
3. Blocks 0 and 1 are enabled for programs and erasure when the 

FMR02 bit in the FMR0 register is set to 1 and the FMR16 bit in the 
FMR1 register is set to 1. (CPU rewrite mode only)

4. The Boot ROM area is reserved. Do not rewrite.
5. Blocks 2 to 4 are enabled for programs and erasure when the 

FMR16 bit in the FMR1 register is set to 1. (CPU rewrite mode 
only)

(Data space)

(Program space)

Figure 20.2 Flash Memory Block Diagram (ROM capacity 96 Kbytes)
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VCC = 5V

Figure 21.1  Timing Diagram (1)

TAiIN input

TAiOUT input

During Event Counter Mode

TBiIN input

ADTRG input

tc(TA)

tw(TAH)

tw(TAL)

tc(UP)

tw(UPH)

tw(UPL)

tc(TB)

tw(TBH)

tw(TBL)

tc(AD)

tw(ADL)

th(TIN-UP) tsu(UP-TIN)
TAiIN input
(When count on falling 
 edge is selected)
TAiIN input 
(When count on rising
 edge is selected)

TAiOUT input
(Up/down input)

TAiIN input

Two-Phase Pulse Input in Event Counter Mode

tc(TA)

tsu(TAIN-TAOUT)

tsu(TAOUT-TAIN)

tsu(TAIN-TAOUT)

tsu(TAOUT-TAIN)
TAiOUT input

XIN input

tw(H) tw(L)tr
tf

tc
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VCC = 3V
Timing Requirements

(VCC = 3V, VSS = 0V, at Topr = – 20 to 85oC / – 40 to 85oC unless otherwise specified)

Table 21.26  External Clock Input (XIN input)

Max.

External clock rise time nstr

Min.
External clock input cycle time
External clock input HIGH pulse width
External clock input LOW pulse width

External clock fall time

ns
ns
ns

ns

tc
tw(H)
tw(L)

tf

ParameterSymbol UnitStandard

100
40
40

18
18 
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Table 21.81  Flash Memory Version Electrical Characteristics (1) for 100/1000 E/W cycle products

                        [Program Space and Data Space in U3; Program Space in U7]

Table 21.82  Flash Memory Version Electrical Characteristics (6) for 10000 E/W cycle products

                                                                                                          [Data Space in U7 (7)]

lobmyS retemaraP
dradnatS

tinU
.niM .pyT )2( .xaM

- ecnarudnEesarEdnamargorP )3( 0001/001 )11,4( selcyc
- V(emiTmargorPdroW CC 52=rpoT,V0.5= C° ) 57 006 µs

- emiTesarEkcolB
V( CC 52=rpoT,V0.5= C° )

kcolBetybK-2 2.0 9 s
kcolBetybK-8 4.0 9 s
kcolBetybK-61 7.0 9 s
kcolBetybK-23 2.1 9 s

)SE-RS(dt dnepsuSesarEdnatseuqeRdnepsuSneewtebnoitaruD 8 sm
t SP tiucriCyromeMhsalFezilibatSotemiTtiaW 51 µs

- emiTdloHataD )5( 02 sraey

lobmyS retemaraP
dradnatS

tinU
.niM .pyT )2( .xaM

- ecnarudnEesarEdnamargorP )9,8,3( 00001 )01,4( selcyc
- V(emiTmargorPdroW CC 52=rpoT,V0.5= C° ) 001 µs

- emiTesarEkcolB V( CC 52=rpoT,V0.5= C° )
)kcolbetybK-2(

3.0 s

)SE-RS(dt dnepsuSesarEdnatseuqeRdnepsuSneewtebnoitaruD 8 sm
t SP tiucriCyromeMhsalFezilibatSotemiTtiaW 51 µs

- emiTdloHataD )5( 02 sraey
:SETON

°06ot0=rpoTtaV5.5ot2.4=CCVotdecnerefeR.1 ,)ecapsatad(C°521ot04-=rpoT/)ecapsmargorp(C
.deificepsesiwrehtosselnu
C°52=RPOT;V0.5=CCV.2

.kcolbrepselcycesare-margorpforebmunsadenifedsiecnarudneesarednamargorP.3
siecnarudneesarednamargorpfI n (elcyc n demmargorpdnadesareebnackcolbhcae,)00001,0001,001= n

.selcyc
,semit420,1sserddahcaeotataddrow-enognimmargorpretfadesaresiAkcolbetybK-2afi,elpmaxeroF

nahteromsserddaemasehtotdemmargorpebtonnacataD.ecnarudneesarednamargorpenosastnuocsiht
.)detibihorpetirwer(.kcolbehtgnisaretuohtiwecno

.)deetnarugeraeulavmuminimot1(deetnarugsinoitarepohcihwrofselcycW/EforebmuN.4
C°55=rpoT.5

.deificepsesiwrehtosselnuC°521ot04-=rpoTtaV5.5ot2.4=CCVotdecnerefeR.6
.7 28.12elbaT .selcyc000,1nahteromsiecnarudneesarednamargorpnehw7Uniecapsatadrofseilppa

esu,esiwrehtO 18.12elbaT .
,setirwersuoremungniriuqersmetsyshtiwgnikrownehwecnarudneesarednamargorpforebmunehtecuderoT.8

sesserddaelbissopllaretfaylnokcolbesarE.etirwerfodaetsnikcolbehtnihtiwsesserddadrowdesunuotetirw
.yrassecensemocebesareerofebmumixamsemit821nettirwebnacmargorpdrow-8na,elpmaxeroF.desuera

sitI.ycneiciffeevorpmioslalliwBkcolbdnaAkcolbneewteberusaresemitforebmunlauqenagniniatniaM
.erusareforebmunehttimilotdnakcolbrepdemrofreperusareforebmunlatotehtkcartotdednemmocer

esarekcolbdnadnammocretsigersutatsraelcehtetucexe,esarekcolbgniruddetarenegsirorreesarenafI.9
.detarenegtonsirorreesarenalitnusemit3tsaeltadnammoc

nitib71RMFehtgnittesybsseccakcolbrepetatstiawenotes,setirwersemit001nahteromgnitucexenehW.01
tesebnacetatstiaw,MARlanretnidnaskcolbrehtollaotgnisseccanehW.)etatstiaw(1otretsiger1RMFeht

.eulavgnittestib71RMFehtfosseldrager,tib71MPehtyb
selcyc000,1;3Uniecapsataddnaecapsmargorprofselcyc001siecnarudneesarednamargorpehT.11

.7Uniecapsmargorprof
rofrotubirtsidtcudorp.proCygolonhceTsaseneRdezirohtuanaro.proCygolonhceTsaseneRtcatnocesaelP.21

.etareruliafW/Eehtnosliatedrehtruf

Erase suspend 
request

(interrupt request)

FMR46

td(SR-ES)
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22.4 Interrupts
22.4.1 Reading Address 0000016

Do not read the address 0000016 in a program. When a maskable interrupt request is accepted, the CPU
reads interrupt information (interrupt number and interrupt request priority level) from the address
0000016 during the interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to 0.
If the address 0000016 is read in a program, the IR bit for the interrupt which has the highest priority
among the enabled interrupts is cleared to 0. This causes a problem that the interrupt is canceled, or an
unexpected interrupt request is generated.

22.4.2 Setting the SP

Set any value in the SP(USP, ISP) before accepting an interrupt. The SP(USP, ISP) is cleared to 000016

after reset. Therefore, if an interrupt is accepted before setting any value in the SP(USP, ISP), the pro-
gram may go out of control.

_______

22.4.3  NMI Interrupt
_______ _______

1.  The NMI interrupt is invalid after reset. The NMI interrupt becomes effective by setting the PM24 bit in
_______

the PM2 register to “1”. Set the PM24 bit to "1" when a high-level signal ("H") is applied to the NMI pin.
_______ _______

If the PM24 bit is set to "1" when a low-level signal ("L") is applied, NMI interrupt is generated. Once NMI
interrupt is enabled, it will not be disabled unless a reset is applied.

_______

2. The input level of the NMI pin can be read by accessing the P8_5 bit in the P8 register.
_______ _______

3. When selecting NMI function, stop mode cannot be entered into while input on the NMI pin is low. This
_______

is because while input on the NMI pin is low the CM1 register’s CM10 bit is fixed to 0.
_______ _______

4. When selecting NMI function, do not go to wait mode while input on the NMI pin is low. This is because
_______

when input on the NMI pin goes low, the CPU stops but CPU clock remains active; therefore, the current
consumption in the chip does not drop. In this case, normal condition is restored by an interrupt gener-
ated thereafter.

_______ _______

5. When selecting NMI function, the low and high level durations of the input signal to the NMI pin must
each be 2 CPU clock cycles + 300 ns or more.

_______

6. When using the NMI interrupt for exiting stop mode, set the NDDR register to FF16 (disable digital
debounce filter) before entering stop mode.

22.4.4 Changing the Interrupt Generate Factor
If the interrupt generate factor is changed, the IR bit in the interrupt control register for the changed
interrupt may inadvertently be set to 1 (interrupt requested). If you changed the interrupt generate factor
for an interrupt that needs to be used, be sure to clear the IR bit for that interrupt to 0 (interrupt not
requested).
“Changing the interrupt generate factor” referred to here means any act of changing the source, polarity
or timing of the interrupt assigned to each software interrupt number. Therefore, if a mode change of any
peripheral function involves changing the generate factor, polarity or timing of an interrupt, be sure to
clear the IR bit for that interrupt to 0 (interrupt not requested) after making such changes. Refer to the
description of each peripheral function for details about the interrupts from peripheral functions.
Figure 22.2 shows the procedure for changing the interrupt generate factor.
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