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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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Table 1.2   Performance Overview of M16C/28 Group (64-Pin Package)
 Item Performance

CPU Number of basic instructions 91 instructions
Shortest instruction 50 ns (f(BCLK)= 20MHZ, VCC= 3.0 to 5.5V)       (T-ver.)
excution time 50 ns (f(BCLK)= 20MHZ, VCC= 4.2 to 5.5V, -40 to 105°C)      (V-ver.)

62.5 ns (f(BCLK)= 16MHZ, VCC= 4.2 to 5.5V, -40 to 125°C)    (V-ver.)
Operation mode Single chip mode
Address space 1 Mbytes
Memory capacity ROM/RAM : See Table 1.3 and Table 1.4

Peripheral port Input/Output : 55 lines
Function Multifunction timer TimerA:16 bits x 5 channels, TimerB:16 bits x 3 channels

Three-phase Motor Control Timer
TimerS (Input Capture/Output Compare)

: 16bit base timer x 1 channel (Input/Output x 8 channels)
Serial I/O 2 channels (UART, clock synchronous serial I/O)

1 channel (UART, clock synchronous serial I/O, I2C bus, or IEbus(1) )
1 channel (Clock synchronous serial I/O)
1 channel (Multi-Master I2C bus)

A/D converter 10 bits x 16 channels
DMAC 2 channels
CRC calculation circuit 2 polynomial (CRC-CCITT and CRC-16) with MSB/LSB selectable
Watchdog timer 15 bits x 1 channel (with prescaler)
Interrupt 24 internal and 8 external sources, 4 software sources, 7 levels
Clock generation circuit 4 circuits

• Main clock
• Sub-clock
• On-chip oscillator(main-clock oscillation stop detect function)
• PLL frequency synthesizer

Oscillation Stop Detect Main clock oscillation stop, re-oscillation detect function
Function
Voltage detection circuit Not available

Electrical Power supply voltage VCC=3.0 to 5.5V (T-ver.)
Characteristics VCC=4.2 to 5.5V (V-ver.)

Power consumption 18mA  (VCC=5V, f(BCLK)=20MHz)
25 µA  (VCC=5V, f(BCLK)=f(XCIN)=32kHz on RAM)
3 µA (VCC=5V, f(BCLK)=f(XCIN)=32kHz, in wait mode)
0.8 µA (VCC=5V, in stop mode)

Flash Memory Program/erase voltage 3.0V to 5.5V  (T-ver.)    4.2V to 5.5V  (V-ver.)
Number of program/erase 100 times (all space) or 1,000 times (blocks 0 to 4)/ 10,000 times

(blocks A and B(2))
Operating Ambient Temperature -40 to 85°C (T-ver.), -40 to 125°C (V-ver.)
Package 64-pin plastic mold LQFP

NOTES:
 1. IEBus is a trademark of NEC Electronics Corporation.
 2. Refer to Table 1.5 and Table 1.6 for number of program/erase endurance and ambient temperature.





(These circuits contain a built-in feedback
resistor)
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Address                                             Register Symbol After Reset
038016 Count start flag TABSR 0016

038116 Clock prescaler reset flag CPSRF 0XXXXXXX2

038216 One-shot start flag ONSF 0016

038316 Trigger select register TRGSR 0016

038416 Up-dowm flag UDF 0016

038516

038616 Timer A0 register TA0 XX16

038716 XX16

038816 Timer A1 register TA1 XX16

038916 XX16

038A16 Timer A2 register TA2 XX16

038B16 XX16

038C16 Timer A3 register TA3 XX16

038D16 XX16

038E16 Timer A4 register TA4 XX16

038F16 XX16

039016 Timer B0 register TB0 XX16

039116 XX16

039216 Timer B1 register TB1 XX16

039316 XX16

039416 Timer B2 register TB2 XX16

039516 XX16

039616 Timer A0 mode register TA0MR 0016

039716 Timer A1 mode register TA1MR 0016

039816 Timer A2 mode register TA2MR 0016

039916 Timer A3 mode register TA3MR 0016

039A16 Timer A4 mode register TA4MR 0016

039B16 Timer B0 mode register TB0MR 00XX00002

039C16 Timer B1 mode register TB1MR 00XX00002

039D16 Timer B2 mode register TB2MR 00XX00002

039E16 Timer B2 special mode register TB2SC X00000002

039F16

03A016 UART0 transmit/receive mode register U0MR 0016

03A116 UART0 bit rate register U0BRG XX16

03A216 UART0 transmit buffer register U0TB XX16

03A316 XX16

03A416 UART0 transmit/receive control register 0 U0C0 000010002

03A516 UART0 transmit/receive control register 1 U0C1 000000102

03A616 UART0 receive buffer register U0RB XX16

03A716 XX16

03A816 UART1 transmit/receive mode register U1MR 0016

03A916 UART1 bit rate register U1BRG XX16

03AA16 UART1 transmit buffer register U1TB XX16

03AB16 XX16

03AC16 UART1 transmit/receive control register 0 U1C0 000010002

03AD16 UART1 transmit/receive control register 1 U1C1 000000102

03AE16 UART1 receive buffer register U1RB XX16

03AF16 XX16

03B016 UART transmit/receive control register 2 UCON X00000002

03B116 

03B216 

03B316 

03B416 SFR snoop address register CRCSAR XX16

03B516 00XXXXXX2

03B616 CRC mode register CRCMR 0XXXXXX02

03B716 

03B816 DMA0 request cause select register DM0SL 0016

03B916 

03BA16 DMA1 request cause select register DM1SL 0016

03BB16 

03BC16 CRC data register CRCD XX16

03BD16 XX16

03BE16 CRC input register CRCIN XX16

03BF16

NOTE:
     1. The blank areas are reserved and cannot be used by users.

X : Undefined

Table 4.6 SFR Information(6)(1)
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____________

Table 5.1  Pin Status When RESET Pin Level is “L”

Figure 5.3  CPU Register Status After Reset

Figure 5.2  Reset Sequence

td(P-R) More than
 td(ROC)

CPU clock

Address

ROC

RESET

Content of reset vector

CPU clock: 28 cycles

FFFFE16

FFFFC16

VCC

Max. 2 ms

StatusPin Name
P0 to P3,
P6 to P10 Input port (high impedance)  

b15       b0      

Data register(R0)

Address register(A0)

Frame base register(FB)

Program counter(PC)
Interrupt table register(INTB)

User stack pointer(USP)

Interrupt stack pointer(ISP)
Static base register(SB)

Flag register(FLG)

000016

000016

000016

AA
AA

AA
AA
A
A
AA
AA

AAAAAA
AAAAAA
AA
AA

AA
AA
A
A
AA
AA
AA
AA

CDZSBOIUIPL

000016

000016

000016

000016

000016

b19      b0      

Content of addresses FFFFE16 to FFFFC16

b15       b0      

b15       b0      

b15       b0      b7      b8       

0000016

Data register(R1)
Data register(R2)

Data register(R3)

Address register(A1)

000016

000016

000016
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Switch to the main clock

Determine several times whether 
the CM23 bit is set to 0 
(main clock oscillates) 

Set the CM22 bit to 0 
("oscillatin stop, re-oscillation" not detected)

Set the CM06 bit to 1 
(divide-by-8 mode)

Set the CM21 bit to 0 
(main clock or PLL clock)

CM06:  Bit in the CM0 register
CM23 to CM21: Bits in the CM2 register

Yes

No

End

NOTE: 
     1. If the clock source for CPU clock is to be changed to PLL clock, set to PLL operation 
         mode after set to high-speed mode.

7.8.3 How to Use Oscillation Stop and Re-oscillation Detect Function
• The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter-

rupt.  If the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read
the CM22 bit in an interrupt  routine to determine which interrupt source is requesting the interrupt.

• Where the main clock re-oscillated after oscillation stop, return the main clock to the CPU clock and
peripheral function clock source by program.  Figure 7.13 shows the procedure for switching the clock
source from the on-chip oscillator to the main clock.

• Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be-
comes 1.  When the CM22 bit is set at 1, oscillation stop, re-oscillation detection interrupt are disabled.
By setting the CM22 bit to 0 by program, oscillation stop, re-oscillation detection interrupt are enabled.

• If the main clock stops during low speed mode where the CM20 bit is 1, an oscillation stop, re-oscillation
detection interrupt request is generated. At the same time, the on-chip oscillator starts oscillating.  In
this case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred,
the peripheral function clocks now are derived from the on-chip oscillator clock.

• To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CM02 bit to
0 (peripheral function clocks not turned off during wait mode).

• Since the oscillation stop, re-oscillation detection function is provided in preparation for main clock stop
due to external factors, set the CM20 bit to 0 (Oscillation stop, re-oscillation detection function disabled)
where the main clock is stopped or oscillated by program, that is where the stop mode is selected or the
CM05 bit is altered.

• This function cannot be used if the main clock frequency is 2 MHz or less.  In that case, set the CM20 bit
to 0.

 Figure 7.13  Procedure to Switch Clock Source From On-chip Oscillator to Main Clock
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Figure 9.3  Interrupt Control Registers
C01WKIC, C0RECIC, C0TRMIC, ICOC0IC, ICOC1IC, IICIC, BTIC, SCLDAIC, BCNIC, DM0IC, DM1IC, C01ERRIC, ADIC, KUPIC, S0TIC to S2TIC, S0RIC to S2RIC, TA0IC to TA4IC, TB0IC to TB2IC, INT3IC, S4IC, INT5IC, S31C, INT4IC, INT0IC to INT2IC  Registers

 Symbol   Address After Reset
INT3IC 004416 XX00X0002
S4IC, INT5IC 004816 XX00X0002
S3IC, INT4IC 004916 XX00X0002
INT0IC to INT2IC 005D16 to 005F16 XX00X0002

Bit Name FunctionBit Symbol

b b4 b3 b2 b1 b0

ILVL0

IR

POL

Interrupt priority level 
select bit

Interrupt request bit

Polarity select bit

Reserved bit

0: Interrupt not requested
1: Interrupt requested

0: Selects falling edge (3, 4)

1: Selects rising edge

Set to 0

ILVL1

ILVL2

Interrupt Control Register(2)

b b4 b3 b2 b1 b0

Bit Name FunctionBit Symbol RW

 Symbol Address After Reset 
ICOC0IC 004516 XXXXX0002
ICOC1IC, IICIC(3) 004616 XXXXX0002
BTIC, SCLDAIC(3) 004716 XXXXX0002
BCNIC 004A16 XXXXX0002
DM0IC, DM1IC 004B16, 004C16 XXXXX0002

  ADIC, KUPIC(3) 004E16 XXXXX0002
S0TIC to S2TIC 005116, 005316, 004F16 XXXXX0002
S0RIC to S2RIC 005216, 005416, 005016 XXXXX0002
TA0IC to TA4IC 005516 to 005916 XXXXX0002
TB0IC to TB2IC 005A16 to 005C16 XXXXX0002

ILVL0

IR 

Interrupt priority level 
select bit

Interrupt request bit  0:  Interrupt not requested
1:  Interrupt requested

ILVL1

ILVL2

0 0 0 :  Level 0 (interrupt disabled)
0 0 1 :  Level 1 
0 1 0 :  Level 2 
0 1 1 :  Level 3 
1 0 0 :  Level 4 
1 0 1 :  Level 5 
1 1 0 :  Level 6 
1 1 1 :  Level 7 

 b2 b1 b0

 0 0 0 : Level 0 (interrupt disabled)
0 0 1 : Level 1 
0 1 0 : Level 2 
0 1 1 : Level 3 
1 0 0 : Level 4 
1 0 1 : Level 5 
1 1 0 : Level 6 
1 1 1 : Level 7 

 b2  b1 b0

0

RW

RW

RW

RW(1)

(b7-b4)

RW

RW

RW

RW

RW

RW

(b7-b6)

(b5)

 
  
  
 

RW(1)

NOTES:
1. This bit can only be reset by writing 0 (Do not write 1). 
2. To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that register.  

For details, refer to 21. 4 Interrupts.
3. Use the IFSR2A register to select.

NOTES: 
1. This bit can only be reset by writing 0 (Do not write 1). 
 2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that      

register.  For details, refer to 21.4 Interrupts.  
3. If the IFSRi bit in the IFSR register (i = 0 to 5) is 1 (both edges), set the POL bit  in the INTiIC register to 0           

(falling edge).  
4. Set the POL bit in register S3IC or S4IC to 0 (falling edge) when the IFSR6 bit in the IFSR register is set to 0  

(SI/O3 selected) or IFSR7 bit in the IFSR register to 0 (SI/O4 selected), respectively.

Nothing is assigned.  If necessary, set to 0.
When read, the contents are undefined

Nothing is assigned.  If necessary, set to 0.
When read, the contents are undefined
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Figure 12.31  TB2 Register, TRGSR Register, and TABSR Register

Symbol Address After Reset 
TB2 039516-039416 Undefined

b7 b0 b7
b0(b15) (b8)

RW

000016 to FFFF16

Function Setting Range

Timer B2 Register (1)

NOTE:
     1. Access the register by 16 bit units. 

RW
Divide the count source by n + 1 where n = set value. 
Timer A1, A2 and A4 are started at every occurrence of 
underflow.

TA1TGL

Symbol Address After Reset  
TRGSR 038316 0016

Timer A1 event/trigger 
select bit

To use the V-phase output control 
circuit, set these bits to “01 2”(TB2 
underflow).

Trigger Select Register

Bit Name FunctionBit Symbol

b0

To use the W-phase output control 
circuit, set these bits to “01 2”(TB2 
underflow).

0 0 : Input on TA3IN is selected (1) 

0 1 : TB2 is selected (2)  

1 0 : TA2 is selected (2)   
1 1 : TA4 is selected (2)    

To use the U-phase output control 
circuit, set these bits to “01 2”(TB2 
underflow).

Timer A2 event/trigger 
select bit

Timer A3 event/trigger 
select bit

Timer A4 event/trigger 
select bit

RW

TA1TGH

TA2TGL

TA2TGH

TA3TGL

TA3TGH

TA4TGL

TA4TGH

b5 b4

NOTES:
     1. Set the corresponding port direction bit to 0 (input mode).
     2. Overflow or underflow.

b7 b6 b5 b4 b3 b2 b1

Symbol Address After reset 
TABSR 038016 0016

Count Start Flag

Bit Name FunctionBit Symbol

b7 b6 b5 b4 b3 b2 b1 b0

Timer B2 count start flag

Timer B1 count start flag

Timer B0 count start flag

Timer A4 count start flag

Timer A3 count start flag

Timer A2 count start flag

Timer A1 count start flag

Timer A0 count start flag 0 : Stops counting
1 : Starts counting

TB2S

TB1S

TB0S

TA4S

TA3S

TA2S

TA1S

TA0S

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW
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15.1.2 Repeat mode
In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code.  Table

15.4 shows the repeat mode specifications.  Figure 15.8 shows the operation example in repeat mode.
Figure 15.9 shows the ADCON0 to ADCON2 registers in repeat mode.

Item Specification
Function Bits CH2 to CH0 in the ADCON0 register and the ADGSEL1 to ADGSEL0 bits

in the ADCON2 register select pins.  Analog voltage applied to a selected pin
is repeatedly converted to a digital code

A/D Conversion Start • When the TRG bit in the ADCON0 register is 0 (software trigger)
Condition Set the ADST bit in the ADCON0 register to 1 (A/D conversion started)

• When the TRG bit in the ADCON0 register is 1 (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to 1 (A/D conversion started)

A/D Conversion Stop Condition Set the ADST bit to 0 (A/D conversion halted)
Interrupt Request  Generation Timing None generated
Analog Input Pin Select one pin from AN0 to AN7, AN00 to AN07, AN20 to AN27, and AN30 to AN32

Readout of A/D Conversion Result Readout one of the AD0 to AD7 registers that corresponds to the selected pin

Table 15.4  Repeat Mode Specifications

Figure 15.8 Operation Example in Repeat Mode
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•Example when selecting AN2 to an analog input pin (CH2 to CH0 = 0102)
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Figure 15.13  ADCON0 to ADCON2 Registers in Repeat Sweep Mode 0

A/D Control Register 0 (1)

Symbol Address After Reset  
ADCON0 03D616 00000XXX2  

b7 b6 b5 b4 b3 b2 b1 b0

Analog input pin select bit

CH0

Bit Symbol Bit Name Function

CH1

CH2

A/D operation mode 
select bit 0

 

 
 

  

MD0

MD1

Trigger select bit 0: Software trigger
1: Hardware trigger (ADTRG trigger)TRG

ADST A/D conversion start flag 0: A/D conversion disabled
1: A/D conversion started

Frequency select bit 0 See Table 15.2  CKS0

RW

NOTE:
     1. If the ADCON0 register is rewritten during A/D conversion, the conversion result will be undefined.

RW

RW

RW

RW

RW

RW

RW

RW

Invalid in repeat sweep mode 0

b4 b3

1 1: Repeat sweep mode 0 or 
       repeat sweep mode 1  

A/D Control Register 1 (1)

Symbol  Address After Reset  
ADCON1 03D716 0016  

Bit Name FunctionBit Symbol

b7 b6 b5 b4 b3 b2 b1 b0

A/D sweep pin select bit (2)

SCAN0

SCAN1

MD2

BITS 8/10-bit mode select bit 0: 8-bit mode
1: 10-bit mode

VCUT

A/D operation mode 
select bit 1 0: Other than repeat sweep mode 1

1: Vref connected

Frequency select bit 1CKS1

RW

RW

RW

RW

RW

RW

RW

See Table 15.2 

Nothing is assigned.  If necessary, set to 0.
When read, the content is 0(b7-b6)

NOTES:     
1. If the ADCON1 register is rewritten during A/D conversion, the conversion result will be undefined.      
2. AN00 to AN07, AN20 to AN27, and AN30 to AN32 can be used in the same way as AN0 to AN7. Use bits ADGSEL1 

and ADGSEL 0 in the ADCON2 register to select the desired pin.
3. If the VCUT bit is reset from 0 (Vref unconnected) to 1 (Vref connected), wait for 1 µs or more before  starting A/D 

conversion.

Vref connect Bit (3)

A/D Control Register 2(1) 
Symbol  Address After Reset  
ADCON2 03D416 0016

Bit Name FunctionBit Symbol

b7 b6 b5 b4 b3 b2 b1 b0

A/D conversion method 
select bit

SMP

Reserved bit Set to 0

TRG1

A/D input group select bit 

b2 b1

0 0: Select port P10 group 
0 1: Select port P9 group
1 0: Select port P0 group
1 1: Select port P1/P9 group 

Set to 0 in repeat sweep mode 0

Frequency select bit 2CKS2

RW

RW

RW

RW

RW

RW

RW

0: Without sample and hold
1: With sample and hold

See Table 15.2 

Nothing is assigned.  If necessary, set to 0.
When read, the content is 0(b7-b6)

NOTE:     
     1. If the ADCON2 register is rewritten during A/D conversion, the conversion result will be undefined.

Trigger select bit

ADGSEL0

ADGSEL1

(b3)

1 1

1 0

When repeat sweep mode 0 is selected,
b1 b0

0 0: AN0 to AN1 (2 pins) 
0 1: AN0 to AN3 (4 pins)
1 0: AN0 to AN5 (6 pins)
1 1: AN0 to AN7 (8 pins)

0 0
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Figure 16.8  S2D0 Register

NOTES:
     1. Do not set odd values or 000002 to START/STOP condition setting bits (SSC4 to SSC0)
     2. When the PCLK0 bit in the PCLKR register is set to 1.

Oscillation I2C bus system I2C bus system SSC4-SSC0(1) SCL release Setup time Hold time
f1 (MHz) clock select clock(MHz) time (cycle) (cycle) (cycle)

       10                  1 / 2f1(2)              5       XXX11110 6.2 µs  (31)        3.2 µs  (16)  3.0 µs (15)
         8     1 / 2f1(2) 4   XXX11010 6.75 µs(27)         3.5 µs  (14)    3.25 µs(13)

  XXX11000 6.25 µs(25)       3.25 µs  (13) 3.0 µs  (12)
         8     1 / 8f1(2) 1   XXX00100 5.0 µs  (5)         3.0 µs  (3) 2.0 µs  (2)
         4     1 / 2f1(2) 2   XXX01100 6.5 µs  (13)         3.5 µs  (7) 3.0 µs  (6)

  XXX01010 5.5 µs  (11)         3.0 µs  (6) 2.5 µs  (5)
         2     1 / 2f1(2) 1   XXX00100 5.0 µs  (5)         3.0 µs  (3) 2.0  µs  (2)

Table 16.2  Recommended setting (SSC4-SSC0) start/stop condition at each oscillation frequency

0: Short setup/hold time mode
1: Long setup/hold time mode

0: SDA enabled
1: SCL enabled

0: Active in falling edge
1: Active in rising edge

START/STOP condition
generation select bit

SCL/SDA interrupt pin 
select bit

SCL/SDA interrupt pin 
polarity select bit

START/STOP condition 
setting bits(1)

STSPSEL

SIS

SIP

SSC4

SSC3

SSC2

SSC1

SSC0

FunctionBit NameBit Symbol

000110102

After Reset
02E516

AddressSymbol
S2D0

C0 Start/stop Condition Control RegisterI 2

RW

b7 b6 b5 b4 b3 b2 b1 b0

NOTE:
     1. Do not set 000002 or odd values.

RW

RW

RW

RW

RW

RW

RW

RW

Setting for detection condition
of START/STOP condition.
See Table 16.2
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Figure 17.3  CRC Calculation

(1) Setting 000016 (initial value)
b15 b0

1 0001 0000 0010 0001 1000  0000  0000  0000  0000  0000
1000  1000  0001  0000  1
          1000  0001  0000  1000  0
          1000  1000  0001  0000  1
                    1001  0001  1000  1000

1000  1000 MSB

Modulo-2 operation is 
operation that complies 
with the law given below.

0 + 0 = 0
0 + 1 = 1
1 + 0 = 1
1 + 1 = 0
     -1 = 1

The code resulting from sending 0116 in LSB first mode is (10000 0000).This the CRC code in the generating polynomial,
(X16 + X12 + X5 + 1), becomes the remainder resulting from dividing (1000 0000)X16 by ( 1 0001 0000 0010 0001) in
conformity with the modulo-2 operation.

(2) Setting 0116

b0b7

b15 b0

118916

2 cycles 
After CRC calculation is complete

Thus the CRC code becomes ( 1001 0001 1000 1000). Since the operation is in LSB first mode, the (1001 0001 1000 1000)
corresponds to 118916 in hexadecimal notation. If the CRC operation in MSB first mode is necessary, set the CRC mode 
selection bit to 1.  CRC data register stores CRC code for MSB first mode.

CRD data register   CRCD 
[03BD16, 03BC16]

CRC input register   CRCIN
[03BE16]

CRD data register   CRCD 
[03BD16, 03BC16]

CRC input register   CRCIN
[03BE16](3) Setting 2316

b0b7

b15 b0

0A4116

After CRC calculation is complete

CRD data register   CRCD 
[03BD16, 03BC16]

9 8 1 1

MSB

LSB

LSB

Stores CRC code

Stores CRC code
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Figure 18.4  I/O Ports (4)

1

Output

Direction register

Data bus Port latch

Analog input

Pull-up selection

(1)

P87

P86

fc

Rf

Rd

Data bus

Direction register

Pull-up selection

Port latch

Direction register

Pull-up selection

Port latchData bus
(1)

(1)

Input to respective peripheral functions

P90, P95
  (inside dotted-line 
   included)

P93, P96
  (inside dotted-line 
   not included)

NOTE:
1.                symbolizes a parasitic diode.
     Make sure the input voltage on each port will not exceed Vcc.
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19.2 Memory Map
The flash memory contains the user ROM area and the boot ROM area (reserved area).  Figures 19.1 and
19.2 show a block diagram of the flash memory.  The user ROM area has space to store the MCU operation
program in single-chip mode and two 2-Kbyte spaces: the block A and B.
The user ROM area is divided into several blocks.  The user ROM area can be rewritten in CPU rewrite,
standard serial input/output, or parallel input/output mode.
However, to rewrite program in block 0 and 1 in CPU rewrite mode, set the FMR02 bit in the FMR0 register
to 1 (block 0, 1 rewrite enabled) and the FMR16 bit in the FMR1 register to 1 (blocks 0 to 4 rewrite enabled).
Also, to rewrite program in blocks 2 to 4 in CPU rewrite mode, set the FMR16 bit in the FMR1 register to 1
(blocks 0 to 4 rewrite enabled).  When the PM10 bit in the PM1 register is set to 1 (data space access
enabled),  block A and B can be available for use.
The boot ROM area (4-byte) is a reserved area.  This boot ROM area has a standard serial I/O mode
control program stored before shipping.   Do not rewrite the boot ROM area.

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

0FFFFF16

User ROM area

Block A :2K bytes (2)

Block 2 : 16K 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 to use when the PM10 bit in the PM1 

register is set to 1. 
3. Blocks 0 and 1 are enabled for programs and erases 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 access.
5. Blocks 2 and 3 are enabled for programs and erases when the 

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

(Data space)

(Program space)

Figure 19.1 Flash Memory Block Diagram (ROM capacity 64 Kbytes)
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Table 20.3  A/D Conversion Characteristics (1)

lobmyS retemaraP noitidnoCtnemerusaeM
dradnatS

tinU
.niM .pyT .xaM

- noituloseR V FER V= CC 01 stiB

LNI ytiraenilnoNlargetnI
rorrE

tib01
V FER V= CC V5= 3± BSL

V FER V= CC V3.3= 5± BSL

tib8 V FER V= CC V3.3= 2± BSL

- ycaruccAetulosbA
tib01

V FER V= CC V5= 3± BSL

V FER V= CC V3.3= 5± BSL

tib8 V FER V= CC V3.3= 2± BSL

LND rorrEytiraenilnoNlaitnereffiD 1± BSL
- rorrEtesffO 3± BSL
- rorrEniaG 3± BSL

R REDDAL reddaLrotsiseR V =FER V CC 01 04 kΩ

t VNOC
emiTnoisrevnoCtib-01

elbaliavAnoitcnuFdloH&elpmaS V FER V= CC zHM01=DAø,V5= 3.3 µs

t VNOC
emiTnoisrevnoCtib-8

elbaliavAnoitcnuFdloH&elpmaS V FER V= CC zHM01=DAø,V5= 8.2 µs

V FER egatloVecnerefeR 0.2 V CC V
V AI egatloVtupnIgolanA 0 V FER V

:SETON
VotdecnerefeR.1 CC VA= CC V= FER V,V5.5ot3.3= SS VA= SS esiwrehtosselnuC°58ot04-=rpoTtaV0=

.deificeps
peeK.2 φ fehtedivid,yllanoitiddA.sselrozHM01taycneuqerfDA DA Vfi CC ekamdna,V2.4nahtsselsi φ DA

fnahtrewolrootlauqeycneuqerf DA .2/
.3 peek,delbasidsinoitcnufdloh&elpmasnehW φ .2etoNninoitatimilehtotnoitiddanieromrozHk052taycneuqerfDA

peek,delbanesinoitcnufdloh&elpmasnehW φ .2etoNninoitatimilehtotnoitiddanieromrozHM1taycneuqerfDA
/3siemitgnilpmas,delbanesinoitcnufdloh&elpmasnehW.4 φ .ycneuqerfDA
/2siemitgnilpmas,delbasidsinoitcnufdloh&elpmasnehW φ .ycneuqerfDA
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VCC = 5V
Table 20.7  Electrical Characteristics (1)

lobmyS retemaraP noitidnoC
dradnatS

tinU
.niM .pyT .xaM

V HO hgiHtuptuO
egatloV)"H"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I HO Am5-= V CC - 0.2 V CC V

V HO
hgiHtuptuO
egatloV)"H"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I HO 002-= µA V CC - 3.0 V CC V

V HO

egatloV)"H"(hgiHtuptuO X TUO
rewoPhgiH I HO Am1-= V CC - 0.2 V CC

V
rewoPwoL I HO Am5.0-= V CC - 0.2 V CC

egatloV)"H"(hgiHtuptuO X TUOC
rewoPhgiH deilppadaoloN 5.2

V
rewoPwoL deilppadaoloN 6.1

V LO woLtuptuO
egatloV)"L"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I LO Am5= 0.2 V

V LO
woLtuptuO

egatloV)"L"(
0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

I LO 002= µA 54.0 V

V LO

egatloV)"L"(woLtuptuO X TUO
rewoPhgiH I LO Am1= 0.2

V
rewoPwoL I LO Am5.0= 0.2

egatloV)"L"(woLtuptuO X TUOC
rewoPhgiH deilppadaoloN 0

V
rewoPwoL deilppadaoloN 0

V +T V- -T siseretsyH 0AT NI 4AT- NI 0BT, NI 2BT- NI TNI, 0 TNI- 5 DA,IMN, GRT STC, 0-
STC 2 KLC,ADS,LCS, 0 KLC- 2 2AT, TUO 4AT- TUO IK, 0 IK- 3 R, 0DX -

R 2DX S, 3NI S, 4NI

2.0 0.1 V

V +T V- -T siseretsyH TESER 2.0 5.2 V
V +T V- -T siseretsyH X NI 2.0 8.0 V
I HI hgiHtupnI

tnerruC)"H"(
0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

X NI VNC,TESER, SS

VI V5= 0.5 µA

I LI woLtupnI
tnerruC)"L"(

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

X NI VNC,TESER, SS

VI V0= 0.5- µA

R PULLUP pu-lluP
ecnatsiseR

0P 0 0Pot 7 1P, 0 1Pot 7 2P, 0 2Pot 7 3P, 0 3Pot 7 6P, 0 6Pot 7,
7P 0 7Pot 7 8P, 0 8Pot 7 9P, 0 9Pot 3 9P, 5 9Pot 7 01P, 0 01Pot 7

VI V0= 03 05 071 kΩ

fR NIX ecnatsiseRkcabdeeF X NI 5.1 MΩ

fR NICX ecnatsiseRkcabdeeF X NIC 51 MΩ

V MAR egatloVybdnatSMAR edompotsnI 0.2 V

:ETON
otdecnerefeR.1 V CC V,V5.5ot2.4= SS .deificepsesiwrehtosselnuzHM02=)KLCB(f,C°58ot04-=rpoTtaV0=
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VCC = 5V
Table 20.8  Electrical Characteristics (2) (1)

lobmyS retemaraP noitidnoCtnemerusaeM
dradnatS

tinU
.niM .pyT .xaM

I CC ylppuSrewoP
tnerruC

V( CC )V5.5ot2.4=

erasniptuptuO
dnanepotfel
erasniprehto
Votdetcennoc SS

MORksaM ,zHM02=)KLCB(f
noisividon,kcolcniam

81 52 Am

noitallicsopihc-nO
f )COR(2 zHM1=)KLCB(f,detceles

2 Am

yromemhsalF ,zHM02=)KLCB(f
noisividon,kcolcniam

81 52 Am

f,noitallicsopihc-nO )COR(2 ,detceles
zHM1=)KLCB(f

2 Am

yromemhsalF
margorp V0.5=ccV,zHM01=)KLCB(f 11 Am

yromemhsalF
esare V0.5=ccV,zHM01=)KLCB(f 11 Am

MORksaM X(f NIC ,zHk23=)
,edomnoitpmusnocrewop-wolnI

MORnogninnurmargorP )3(

52 µA

noitallicsopihc-nO
f )COR(2 ,zHM1=)KLCB(f,detceles

edomtiawnI

05 µA

yromemhsalF zHk23=)KLCB(f ,
edomnoitpmusnocrewop-wolnI ,

MARnogninnurmargorP )3(

52 µA

,zHk23=)KLCB(f
,edomnoitpmusnocrewop-wolnI
yromemhsalfnogninnurmargorP )3(

054 µA

,noitallicsopihc-nO
f )COR(2 ,zHM1=)KLCB(f,detceles

edomtiawnI

05 µA

,MORksaM
yromemhsalF

edomtiawnI,zHk23=)KLCB(f )2( ,
hgihyticapacnoitallicsO

5.8 µA

,zHk23=)KLCB(f edomtiawnI )2( ,
wolyticapacnoitallicsO

3 µA

,spotskcolcelihW 52=rpoT C° 8.0 3 µA
:SETON

otdecnerefeR.1 V CC V,V5.5ot2.4= SS .deificepsesiwrehtosselnuzHM02=)KLCB(f,C°58ot04-=rpoTtaV0=
fgnisu,setareporemitenohtiW.2 23C .

.stsixedetucexeebotmargorpehthcihwniyromemehtsetacidnisihT.3



20. Electrical Characteristics (V-version)

page 347

).rev-V/.rev-T(puorG82/C61M

093fo7002,03.raM01.1.veR
0110-7820B90JER

Table 20.44  Power Supply Circuit Timing Characteristics

lobmyS retemaraP noitidnoCtnemerusaeM
dradnatS

tinU
.niM .pyT .xaM

)R-P(dt nehwegatloVylppuSlanretnIezilibatSotemiTtiaW
no-rewoP

V CC V5.5ot2.4=

2 sm

)COR(dt nehwrotallicsOpihc-nOlanretnIezilibatSotemiTtiaW
no-rewoP 04 µs

)R-S(dt emiTesaeleRPOTS 051 µs

)S-W(dt esaeleRedoMtiaWedoMnoitapissiDrewoPwoL
emiT 051 µs

td(P-R)
   Wait time to stabilize internal 

supply voltage when power-on

CPU clock

td(R-S)
(a)

(b) td(W-S)

td(R-S)
    STOP release time 

td(W-S)  
    Low power dissipation mode
    wait mode release time

Interrupt for 
 (a) Stop mode release
                or
 (b) Wait mode release

td(ROC)
   Wait time to stabilize internal 

on-chip oscillator when power-
on

ROC

RESET

VCC

td(P-R) td(ROC)
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Table 20.46  Electrical Characteristics (2) (1)
VCC = 5V

lobmyS retemaraP noitidnoCtnemerusaeM
dradnatS

tinU
.niM .pyT .xaM

I CC ylppuSrewoP
tnerruC

V( CC )V5.5ot2.4=

erasniptuptuO
dnanepotfel
erasniprehto
Votdetcennoc SS

MORksaM ,zHM02=)KLCB(f
noisividon,kcolcniam

81 52 Am

noitallicsopihc-nO
f )COR(2 zHM1=)KLCB(f,detceles

2 Am

yromemhsalF (f KLCB ,zHM02=)
noisividon,kcolcniam

81 52 Am

(f KLCB ,zHM61=)
noisividon,kcolcniam

41 02 Am

f,noitallicsopihc-nO )COR(2 ,detceles
zHM1=)KLCB(f

2 Am

yromemhsalF
margorp V0.5=ccV,zHM01=)KLCB(f 11 Am

yromemhsalF
esare V0.5=ccV,zHM01=)KLCB(f 11 Am

MORksaM X(f NIC ,zHk23=)
,edomnoitpmusnocrewop-wolnI

MORnogninnurmargorP )3(

52 µA

noitallicsopihc-nO
f )COR(2 ,zHM1=)KLCB(f,detceles

edomtiawnI

05 µA

yromemhsalF zHk23=)KLCB(f ,
edomnoitpmusnocrewop-wolnI ,

MARnogninnurmargorP )3(

52 µA

,zHk23=)KLCB(f
,edomnoitpmusnocrewop-wolnI
yromemhsalfnogninnurmargorP )3(

054 µA

f,noitallicsopihc-nO )COR(2 ,detceles
edomtiawnI,zHM1=)KLCB(f

05 µA

,MORksaM
yromemhsalF

edomtiawnI,zHk23=)KLCB(f )2( ,
hgihyticapacnoitallicsO

5.8 µA

,zHk23=)KLCB(f edomtiawnI )2( ,
wolyticapacnoitallicsO

3 µA

,spotskcolcelihW 52=rpoT C° 8.0 3 µA
:SETON

otdecnerefeR.1 V CC V,V5.5ot2.4= SS V/zHM02=)KLCB(f,C°501ot04-=rpoTtaV0= CC V,V5.5ot2.4= SS V0=
.deificepsesiwrehtosselnu,zHM61=)KLCB(f,C°521ot04-=rpoTta

fgnisu,setareporemitenohtiW.2 23C .
.stsixedetucexeebotmargorpehthcihwniyromemehtsetacidnisihT.3
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21.14.14 Definition of Programming/Erasure Times
"Number of programs and  erasure" refers to the  number of erasure per block.
If the number of  program and erasure is  n (n=100 1,000 10,000) each block can be erased n times.
For example, if a 2K byte block A is erased after writing 1 word data 1024 times, each to a different
address, this is counted as one program and erasure. However, data cannot be written to the same
adrress more than once without erasing the block. (Rewrite prohibited)

21.14.15 Flash Memory Version Electrical Characteristics 10,000 E/W cycle product (U7)
When Block A or B E/W cycles exceed 100, set the FMR17 bit in the FMR1 register to 1 (1 wait) to select
one wait state per block access for U7. When FMR17 is set to 1, one wait state is inserted per access to
Block A or B - regardless of the value of PM17. Wait state insertion during access to all other blocks, as
well as to internal RAM, is controlled by PM17 - regardless of the FMR17 bit setting.
To use the limited number of erasure efficiently, write to unused address within the block instead of
rewite. Erase block only after all possible addresses are used. For example, an 8-word program can be
written 128 times before erase becomes necessary.
Maintaining an equal number of erasure between Block A and B will also improve efficiency.
We recommend keeping track of the number of times erasure is used.

21.14.16 Boot Mode
An undefined value is sometimes output in the I/O port until the internal power supply becomes stable

_____________

when "H" is applied to the CNVSS pin and "L" is applied to the RESET pin.
When setting the CNVSS pin to "H", the following procedure is required:

____________

(1) Apply an "L" signal to the RESET pin and the CNVSS pin.
(2) Bring VCC to more than 2.7V, and wait at least 2msec. (Internal power supply stable waiting time)
(3) Apply an "H" signal to the CNVSS pin.

____________

(4) Apply an "H" signal to the RESET pin.

When the CNVSS pin is “H” and RESET pin is “L”, P67 pin is connected to the pull-up resister.



Page 390

Register Index

093fo7002,03.raM01.1.veR
0110-7820B90JER

).rev-V/.rev-T(puorG82/C61M

O

ONSF 94

P

P0 to P3 287

P17DDR 290

P6 to P10 287

PACR 166, 289

PCLKR 41

PCR 289

PD0 to PD3 286

PD6 to PD10 286

PDRF 126

PFCR 128
PLC0 42

PM0 34

PM1 34

PM2 35, 41

PRCR 58

PUR0 to PUR2 288

R

RMAD0 77
RMAD1 77
ROCR 39

ROMCP 298

S

S00 247

S0D0 246

S0RIC to S2RIC 65

S0TIC to S2TIC 65

S10 249

S1D0 248

S20 247

S2D0 252

S31C 65

S3BRG 207

S3C 207

S3D0 250

S3TRR 207

S4BRG 207

S4C 207

S4D0 251

S4IC 65

S4TRR 207

SAR0 84

SAR1 84

SCLDAIC 65

T

TA0 to TA4 93

TA0IC to TA4IC 65

TA0MR to TA4MR 92

TA11 119

TA1MR 122

TA2 119

TA21 119

TA2MR 122

TA4 119

TA41 119

TA4MR 122

TABSR 93, 107, 121

TB0 to TB2 107

TB0IC to TB2IC 65

TB0MR to TB2MR 106

TB2 121

TB2MR 122

TB2SC 120, 216

TCR0 84

TCR1 84

TPRC 128
TRGSR 94, 121

U

U0BRG to U2BRG 163

U0C0 to U2C0 165

U0C1 to U2C1 166

U0MR to U2MR 164

U0RB to U2RB 163

U0TB to U2TB 163

U2SMR 167

U2SMR2 167

U2SMR3 168

U2SMR4 168

UCON 165

UDF 93

W

WDC 79

WDTS 79
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