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"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
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therapeutic equipment. Their versatility and
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creating efficient, responsive, and intelligent electronic
systems.
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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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Figure 6.2  PM2 Register

NOTES:
1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enable).
2. The PM20 bit becomes effective when PLC07 bit in the PLC0 register is set to 1 (PLL on). Change the PM20 

bit when the PLC07 bit is set to 0 (PLL off).  Set the PM20 bit to 0 (2 waits) when PLL clock > 16MHz.
3. Once this bit is set to 1, it cannot be cleared to 0 by program.
4. Writting to the following bits has no effect when the PM21 bit is set to 1:
    CM02 bit in the CM0 register
    CM05 bit in the CM0 register (main clock is not halted)
    CM07 bit in the CM0 register (CPU clock source does not change)
    CM10 bit in the CM1 register (stop mode is not entered)
    CM11 bit in the CM1 register (CPU clock source does not change)
    CM20 bit in the CM2 register (oscillation stop, re-oscillation detection function settings do not change)
    All bits in the PLC0 register (PLL frequency synthesizer setting do not change)
 Do not execute WAIT instruction when the PM21 bit is set to 1.
5. Setting the PM22 bit to 1 results in the following conditions:

 • The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock or 
PLL clock) (system clock of count source selected by the CM21 bit is valid)

 • The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer  
count source.

 • The CM10 bit in the CM1 register cannnot be written. (Writing 1 has no effect, stop mode is not entered.)
 • The watchdog timer does not stop in wait mode.

6. For NMI function, the PM24 bit must be set to 1(NMI function). Once this bit is set to 1, it cannot be set to 0 by 
program. 

7. SD input is valid regardless of the PM24 setting.

FunctionBit Symbol Bit Name

Processeor Mode Register 2 (1)

Symbol Address  After Reset 
PM2 001E16 XXX000002 

RW

b7 b6 b5 b4 b3 b2 b1 b0

PM20

0

 

PM21

RW

RW

RW

(b7-b5)

PM22

PM24

(b3) Reserved bit Set to 0 RW

RW

Nothing is assigned. When write, set to 0. 
When read, thecontent is undefined

0: CPU clock is used for the    
watchdog timer count source

1: On-chip oscillator clock is used 
for the watchdog timer count  
source

0: 2 waits
1: 1 wait

Specifying wait when 
accessing SFR(2)

System clock protective 
bit(3,4)

WDT count source 
protective bit(3,5)

0: Clock is protected by PRCR    
register

1: Clock modification disabled

P85/NMI configuration bit(6,7) 0: P85 function (NMI disabled)
1: NMI function
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Figure 7.3  CM1 Register

Figure 7.4  ROCR Register

b7 b6 b5 b4 b3 b2 b1 b0

RW

ROCR0

ROCR1

On-chip Oscillator Control Register  (1)

Symbol Address After Reset 
ROCR 025C16 X00001012

Bit Name FunctionBit Symbol

Frequency select bits RW

RW

Reserved bit

0 00

0 0: f1 (ROC)
0 1: f2 (ROC)
1 0: Do not set to this value
1 1: f3 (ROC)

b1 b0

ROCR2

ROCR3

Divider select bits RW

RW

0 0: Do not set to this value
0 1: divide by 2
1 0: divide by 4
1 1: divide by 8

b3 b2

NOTE:
     1. Write to this register after setting the PRC0 bit in the PRCR register to 1 (write enable).

(b6-b4) Set to 0

Nothing is assigned. When write, set to 0. When read, its 
content is undefined(b7)

RW

System Clock Control Register 1 (1)

Symbol Address After Reset 
CM1 000716 001000002

Bit Name FunctionBit Symbol

b7 b6 b5 b4 b3 b2 b1 b0

CM10 All clock stop control bit
(4, 6)

0 : Clock on
1 : All clocks off (stop mode)

CM15 XIN-XOUT drive capacity 
select bit (2)

 0 : LOW
 1 : HIGH

RW

CM16

CM17

Reserved bit Set to 0

Main clock division 
select bits (3)

0 0 : No division mode
0 1 : Division by 2 mode
1 0 : Division by 4 mode
1 1 : Division by 16 mode

b7 b6

00 0

CM11 System clock select bit 1
(6, 7)

0 : Main clock 
1 : PLL clock (5)

RW

RW

RW

RW

RW

RW

(b4-b2) 

NOTES:
1. Write to this register after setting the PRC0 bit in the PRCR register to 1 (write enable).
2. When entering stop mode from high or middle speed mode, or when the CM05 bit is set to 1 (main clock 

turned off) in low speed mode, the CM15 bit is set to 1 (drive capability high).
3. Effective when the CM06 bit is 0 (bits CM16 and CM17 enable).
4. If the CM10 bit is 1 (stop mode), XOUT goes “H” and the internal feedback resistor is disconnected. The XCIN 

and XCOUT pins are placed in the high-impedance state. When the CM11 bit is set to 1 (PLL clock), or the 
CM20 bit in the CM2 register is set to 1 (oscillation stop, re-oscillation detection function enabled), do not set 
the CM10 bit to 1.

5. After setting the PLC07 bit in the PLC0 register to 1 (PLL operation), wait until tsu (PLL) elapses before setting 
the CM11 bit to 1 (PLL clock).

6. When the PM21 bit in the PM2 register is set to 1 (clock modification disable), writing to bits  CM10, CM11 has 
no effect.  When the PM22 bit in the PM2 register is set to 1 (watchdog timer count source is on-chip oscillator 
clock), writing to the CM10  bit has no effect.

7. Effective when CM07 bit is 0 and CM21 bit is 0 .
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• Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or
                                  whose interrupt priority can be changed by priority level.
• Non-maskable Interrupt: An interrupt which cannot be enabled (disabled) by  the interrupt enable flag
                                         (I flag) or whose interrupt priority cannot be changed by priority level.

Figure 9.1  Interrupts

Interrupt











Software

(Non-maskable interrupt)

Hardware








Special

(Non-maskable interrupt)

Peripheral function (1)

(Maskable interrupt)







Undefined instruction (UND instruction)
Overflow (INTO instruction)
BRK instruction
INT instruction









 _______

NMI
________

DBC (2)

Watchdog timer
Oscillation stop and re-oscillation
detection
Low voltage detection
Single step (2)

Address match

NOTES:
      1. Peripheral function interrupts are generated by the MCU's internal functions.
      2. Do not normally use this interrupt because it is provided exclusively for use by development
          tools.

9. Interrupts
   Note

The SI/O4 interrupt of peripheral function interrupts is not available in the 64-pin package.
The low voltage detection function is not available in M16C/29 T-ver. and V-ver..

9.1 Type of Interrupts
Figure 9.1 shows types of interrupts.
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Interrupt Request Cause Select Register

Bit Name FunctionBit Symbol RW

 Symbol Address After Reset
 IFSR   035F16 0016

IFSR0

b7 b6 b5 b4 b3 b2 b1 b0

INT0 interrupt polarity 
switching bit

0 : SI/O3
1 : INT4

0 : SI/O4
1 : INT5

0 : One edge
1 : Both edges

0 : One edge
1 : Both edges

0 : One edge
1 : Both edges

0 : One edge
1 : Both edges

0 : One edge
1 : Both edges

INT1 interrupt polarity 
switching bit

INT2 interrupt polarity 
switching bit

INT3 interrupt polarity 
switching bit

INT4 interrupt polarity 
switching bit

INT5 interrupt polarity 
switching bit

0 : One edge
1 : Both edges

Interrupt request cause 
select bit

Interrupt request cause 
select bit

IFSR1

IFSR2

IFSR3

IFSR4

IFSR5

IFSR6

IFSR7

RW

RW

RW

RW

RW

RW

RW

RW

(1)

(1)

(1)

(1)

(1)

(1)

(2)

NOTES:
1. When setting this bit to 1 (both edges), make sure the POL bit in registers INT0IC to INT5IC is set to 

0 (falling edge).
2. When setting this bit to 0 (SI/O3, SI/O4), make sure the POL bit in registers S3IC and S4IC is set to 

0 (falling edge).

(2)

______

9.6 INT Interrupt
_______

INTi interrupt (i=0 to 5) is triggered by the edges of external inputs.  The edge polarity is selected using the
IFSRi bit in the IFSR register.

________

The INT5 input has an effective digital debounce function for a noise rejection. Refer to "19.6 Digital
________

Debounce function" for this detail.  When using INT5 interrupt to exit stop mode, set the P17DDR register
to FF16 before entering stop mode.

________ ________ ________

To use the INT4 interrupt, set the IFSR6 bit in the IFSR register to 1 (INT4).  To use the INT5 interrupt, set
________

the IFSR7 bit in the IFSR register to 1 (INT5).
After modifiying bit IFSR6 or IFSR7, clear the corresponding IR bit to 0 (interrupt not requested) before
enabling the interrupt.
Figure 9.11 shows the IFSR registers.

Figure 9.11  IFSR Register
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Figure 10.2  WDC Register and WDTS Register

10.1 Count Source Protective Mode
In this mode, a on-chip oscillator clock is used for the watchdog timer count source. The watchdog timer
can be kept being clocked even when CPU clock stops as a result of run-away.
Before this mode can be used, the following register settings are required:
(1) Set the PRC1 bit in the PRCR register to 1 (enable writes to PM1 and PM2 registers).
(2) Set the PM12 bit in the PM1 register to 1 (reset when the watchdog timer underflows).
(3) Set the PM22 bit in the PM2 register to 1 (on-chip oscillator clock used for the watchdog timer count source).
(4) Set the PRC1 bit in the PRCR register to 0 (disable writes to PM1 and PM2 registers).
(5) Write to the WDTS register (watchdog timer starts counting).
Setting the PM22 bit to 1 results in the following conditions
• The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock

or PLL clock) (system clock of count source selected by the CM21 bit is valid)
• The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer
  count source.

• The CM10 bit in the CM1 register is disabled against write. (Writing a 1 has no effect, nor is stop mode entered.)
• The watchdog timer does not stop when in wait mode.

Watchdog timer period =
Watchdog timer count (32768)

on-chip oscillator clock

Watchdog Timer Start Register 

Symbol  Address After Reset 
WDTS  000E16 Undefine d

WO

b7 b0

 

Function

 

RW

The watchdog timer is initialized and starts counting after a write instruction 
to this register.  The watchdog timer value is always initialized to 7FFF16 
regardless of whatever value is written.

Watchdog Timer Control Register

Symbol Addres  s  After Reset  
WDC 000F16 00XXXXXX2   

FunctionBit Symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

High-order bits of watchdog timer

WDC7

Bit Name

Prescaler select bit 0 : Divided by 16
1 : Divided by 128

Reserved bit Set to 0

0

RO

RW

RW

RW

(b4-b0) 

(b6)

0

(b5) Reserved bit Set to 0
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12.2  Timer B
Figure 12.15 shows a block diagram of the timer B.  Figures 12.16 and 12.17 show registers related to the
timer B.
Timer B supports the following four modes. Use bits TMOD1 and TMOD0 in the TBiMR register (i = 0 to 2)
to select the desired mode.

• Timer mode:  The timer counts the internal count source.
• Event counter mode:  The timer counts the external pulses or overflows and underflows of other timers.
• Pulse period/pulse width measurement mode:  The timer measures the pulse period or pulse width of
  external signal.
• A/D trigger mode:  The timer starts counting by one trigger until the count value becomes 000016.
  This mode is used together with simultaneous sample sweep mode or delayed trigger mode 0 of A/D
  converter to start A/D conversion.

Figure 12.15  Timer B Block Diagram

Figure 12.16  TB0MR to TB2MR Registers

Clock source selection

• Event counter

Reload register

Low-order 8 bits High-order 8 bits

Data bus low-order bits

Data bus high-order bits

f8

 

 

TABSR registerPolarity switching,  
edge pulse

Counter reset circuit

Counter

Clock selection

• Timer mode
• Pulse period/, pulse width measuring mode
• A/D trigger mode

f1 or f2

fC32

f32

TBj overflow (1)
 (j = i – 1, except  j = 2 if i = 0)

Can be selected in 
onlyevent counter mode

TBiIN
(i = 0 to 2)

NOTE:
     1. Overflow or underflow.

 TBi Address  TBj
 Timer B0 039116 - 039016  Timer B2
 Timer B1 039316 - 039216  Timer B0
 Timer B2 039516 - 039416  Timer B1

Timer Bi Mode Register (i=0 to 2)

 Symbol  After Reset
 TB0MR to TB2MR  

Bit Name Function Bit Symbol RW 

b7 b6 b5 b4 b3 b2 b1 b0

 

b1 b0  

TCK1

MR3

MR2

MR1

TMOD1

MR0

TMOD0

TCK0

 

Operation mode select bit

(1)

(2)

RW 

RW 

RW 
RW
RW 

RW 
RW 

RO 

NOTES:
     1. Timer B0.
     2. Timer B1, Timer B2.

Function varies with each operation 
modeCount source select bit

Function varies with each operation 
mode

Address 
 039B16 to 039D16 00XX00002  

0 0 : Timer mode or A/D trigger mode
0 1 : Event counter mode
1 0 : Pulse period measurement mode,  
        pulse width measurement mode
1 1 : Do not set
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Figure 13.3  G1DV Register and G1BCR1 Register

Divider Register
Symbol        Address   After Reset 
G1DV        032A16   0016 

b7 b6 b5 b4 b3 b2 b1 b0

RW

RW

Function Setting range

Divide f1, f2 or two-phase pulse input by (n+1) 
for fBT1 clock cycles generation.
n: the setting value of the G1DV register

0016 to FF16

RST1

0: The base timer is not reset by 
applying "L" to the INT1 pin 

1: The base timer is reset by applying "L" 
to the INT1 pin

Base Timer Control Register 1
Symbol Address After Reset 
G1BCR1 032316 0016 

RW

RW

RW

RW

RW

RW

RW

RW

Bit Name FunctionBit 
Symbol

b6

0
0
1

1

b5

0
1
0

1

(b0)

RST2

BTS

UD0

UD1

Base timer reset
cause select bit 1

Base timer reset
cause select bit 2

Counter increment/
decrement control bit

0: Base timer is reset
1: Base timer starts counting

: Counter increment mode
: Counter increment/decrement mode
: Two-phase pulse signal processing 
  mode   
: Do not set to this value

NOTS:
     1. The base timer is reset two fBT1 clock cycles after the base timer matches the value set in the 

G1PO0 register. (See Figure 13.7 for details on the G1PO0 register)  When the RST1 bit is set to 1, 
the value of the G1POj register (j=1 to 7) for the waveform generating function must be set to a 
value smaller than that of the G1PO0 register. 

         When the RST1 bit is set to 1, set the RST4 bit in the G1BCR0 register to 0.

Reserved bit Set to 0

0: The base timer is not reset by 
matching the G1PO0 register  

1: The base timer is reset by matching 
with the G1PO0 register (1)

Reserved bit Set to 0

Reserved bit Set to 0 RW

(b3)

(b7)

Base timer start bit

0 00
b7 b6 b5 b4 b3 b2 b1 b0
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Figure 13.9  G1IR Register

Interrupt Request Register  (1)

Symbol Address After Reset 
G1IR 033016 Undefined 

b7 b6 b5 b4 b3 b2 b1 b0

RW

RW

RW

RW

RW

RW

RW

RW

RW

Bit NameBit 
Symbol

G1IR0

G1IR1

G1IR2

Interrupt request, Ch0

G1IR3

G1IR4

G1IR5

G1IR7

Function

G1IR6

0 : No interrupt request
1 : Interrupt requested

Interrupt request, Ch1

Interrupt request, Ch2

Interrupt request, Ch3

Interrupt request, Ch4

Interrupt request, Ch5

Interrupt request, Ch6

Interrupt request, Ch7

NOTE: 
 1. When writing 0 to each bit in the G1IR register, use the following instruction:
             AND, BCLR
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Item Specification
Transfer data format • Character bit (transfer data): Selectable from 7, 8 or 9 bits

• Start bit: 1 bit
• Parity bit: Selectable from odd, even, or none
• Stop bit: Selectable from 1 or 2 bits

Transfer clock • The CKDIR bit in the UiMR(i=0 to 2) register is set to 0 (internal clock) : fj/ (16(n+1))
fj = f1SIO, f2SIO, f8SIO, f32SIO.   n: Setting value of UiBRG register      0016 to FF16

• CKDIR bit is set to 1 (external clock ) : fEXT/16(n+1)
fEXT: Input from CLKi pin.    n :Setting value of UiBRG register      0016 to FF16

Transmission, reception control
_______ _______ _______ _______

• Selectable from CTS function, RTS function or CTS/RTS function disable
Transmission start condition • Before transmission can start, the following requirements must be met

_ The TE bit in the UiC1 register is set to 1 (transmission enabled)
_ The TI bit in the UiC1 register is set to 0 (data present in UiTB register)

_______ _______
_ If CTS function is selected, input on the CTSi pin is set to “L”

Reception start condition • Before reception can start, the following requirements must be met"
_ The RE bit in the UiC1 register is set to 1 (reception enabled)
_ Start bit detection
• For transmission, one of the following conditions can be selected
_ The UiIRS bit (2)  is set to 0 (transmit buffer empty): when transferring data from the

UiTB register to the UARTi transmit register (at start of transmission)
_ The UiIRS bit is set to1 (transfer completed): when the serial I/O finished sending

data from the UARTi transmit register
•  For reception
 When transferring data from the UARTi receive register to the UiRB register (at
 completion of reception)

Error detection • Overrun error (1)

This error occurs if the serial I/O started receiving the next data before reading the
UiRB register and received the bit one before the last stop bit in the the next data
• Framing error

This error occurs when the number of stop bits set is not detected
• Parity error

This error occurs when if parity is enabled, the number of 1 in parity and
character bits does not match the number of 1 set

• Error sum flag
This flag is set to 1 when any of the overrun, framing, and parity errors is encountered

Select function • LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected

• Serial data logic switch (UART2)
This function reverses the logic of the transmit/receive data.  The start and stop bits
are not reversed.

• TXD, RXD I/O polarity switch (UART2)
This function reverses the polarities of hte TXD pin output and RXD pin input.  The
logic levels of all I/O data is reversed.

_______ _______

• Separate CTS/RTS pins (UART0)
_________ _________

   CTS0 and RTS0 are input/output from separate pins
• UART1 pin remapping selection
   The UART1 pin can be selected from the P67 to P64 or P73 to P70

NOTES:
     1. If an overrun error occurs, bits 8 to 0 in the UiRB register are undefined. The IR bit in the SiRIC register remains unchange.
     2. Bits U0IRS and U1IRS respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bit 4.

14.1.2 Clock Asynchronous Serial I/O (UART) Mode
The UART mode allows transmitting and receiving data after setting the desired bit rate and transfer data
format. Table 14.5 lists the specifications of the UART mode.

Table 14.5  UART Mode Specifications

Interrupt request
generation timing
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(1) When the UFORM bit in the UiC0 register is set to 0  (LSB first)

(2) When the UFORM bit in the UiC0 register is set to 1 (MSB first)

NOTE:
      1. This applies to the case where the CKPOL bit in the UiC0 register is set to 0 (transmit data output at the 

falling edge and the receive data taken in at the rising edge of the transfer clock), the UiLCH bit in the UiC1 
register is set to 0 (no reverse), the STPS bit in the UiMR register is set to 0 (1 stop bit) and the PRYE bit in 
the UiMR register is set to 1 (parity enabled).

D1 D2 D3 D4 D5 D6 SPD0

D1 D2 D3 D4 D5 D6 SPD0

TXDi

RXDi

CLKi

D6 D5 D4 D3 D2 D1 D0D7

TXDi

RXDi

CLKi

ST

ST

D7 P

D7 P

SP

SP

ST

ST

P

P

D6 D5 D4 D3 D2 D1 D0D7

ST : Start bit
P : Parity bit
SP : Stop bit
i = 0 to 2

14.1.2.2 Counter Measure for Communication Error

If a communication error occurs while  transmitting or receiving in UART mode, follow the procedure
below.
• Resetting the UiRB register (i=0 to 2)
 (1) Set the RE bit in the UiC1 register to 0 (reception disabled)
 (2) Set the RE bit in the UiC1 register to 1 (reception enabled)

• Resetting the UiTB register (i=0 to 2)
 (1) Set bits SMD2 to SMD0 in UiMR register 0002 (Serial I/O disabled)
 (2) Set bits SMD2 to SMD0 in UiMR register 0012, 1012, 1102

 (3) 1 is written to TE bit in the UiC1 register (reception enabled), regardless of the TE bit

14.1.2.3 LSB First/MSB First Select Function

As shown in Figure 14.18, use the UFORM bit in the UiC0 register to select the transfer format.  This
function is valid when transfer data is 8 bits long.

Figure 14.18  Transfer Format
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Item Specification
Function           Bits SCAN1 and SCAN0 in the ADCON1 register and bits ADGSEL1 and

ADGSEL0  in the ADCON2 register select pins.  Analog voltage applied
to the selected pins is converted one-by-one to a digital code.  At this time,
the input voltage of AN0 and AN1 are sampled simultaneously.

A/D Conversion Start Condition When the TRG bit in the ADCON0 register is 0 (software trigger)
 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 trigger is selected by bits TRG1 and HPTRG0 (See Table 15.9)
  The ADTRG pin input changes state from “H” to “L” after setting the ADST
  bit to 1 (A/D conversion started)
  Timer B0, B2 or Timer B2 interrupt generation frequency setting counter
  underflow after setting the ADST bit to 1 (A/D conversion started)

A/D Conversion Stop Condition A/D conversion completed (If selecting software trigger, the ADST bit is
automatically set to 0 ).
Set the ADST bit to 0 (A/D conversion halted)

Interrupt Generation Timing A/D conversion completed
Analog Input Pin Select from AN0 to AN1 (2 pins), AN0 to AN3 (4 pins), AN0 to AN5 (6 pins),

or AN0 to AN7 (8 pins) (1)

Readout of A/D conversion result Readout one of registers AN0 to AN7 that corresponds to the selected pin
NOTE:

1. AN00 to AN07, AN 20 to AN27, and AN30 to AN32 can be used in the same way as AN0 to AN7.  However, all input
pins  need to belong to the same group.

15.1.6 Simultaneous Sample Sweep Mode
In simultaneous sample sweep mode, analog voltages applied to the selected pins are converted one-by-
one to a digital code.  The input voltages of AN0 and AN1 are sampled simultaneously using two circuits
of sample and hold circuit.  Table 15.8 shows the simultaneous sample sweep mode specifications.
Figure 15.16 shows the operation example in simultaneous sample sweep mode.  Figure 15.17 shows
registers ADCON0 to ADCON2 and Figure 15.18 shows ADTRGCON registers in simultaneous sample
sweep mode.  Table 15.9 shows the trigger select bit setting in simultaneous sample sweep mode.  In
simultaneous sample sweep mode, Timer B0 underflow can be selected as a trigger by combining soft-

___________

ware trigger, ADTRG trigger, Timer B2 underflow, Timer B2 interrupt generation frequency setting counter
underflow or A/D trigger mode of Timer B.

Figure 15.16  Operation Example in Simultaneous Sample Sweep Mode

Table 15.8  Simultaneous Sample Sweep Mode Specifications

    •Example when selecting AN0 to AN3 to A/D pins for sweep (SCAN1 to SCAN0 = 012)

A/D conversion started

A/D interrupt request generated

AN0

AN1

AN2

AN3

AN4

AN5

AN6

AN7

A/D pin input voltage 
sampling
A/D pin conversion
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Figure 15.25 Each Flag Operation in ADSTAT0 Register Associated with the Operation Example

       in Delayed Trigger Mode 1 (1)

•Example when selecting AN0 to AN3 to A/D sweep pins (SCAN1 to SCAN0 = 012)

A/D pin input 
voltage sampling

A/D pin conversion

AN0

AN1

AN2

AN3

ADTRG pin input

•Example 1: When ADTRG pin falling edge is generated during AN0 pin conversion 

ADST flag

ADERR0 flag

ADERR1 flag

ADTCSF flag

ADSTT0 flag

ADSTT1 flag

ADSTRT0 flag

ADSTRT1 flag

IR  bit in the ADIC 
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1

0

1

0

1

0

1

0

1
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1

0

1

0

1

0

1

0

Set to 0 by interrupt request acknowledgement or a program

Set to 0 by program

Do not set to 1 by program

AN0

AN1

AN2

AN3

•Example 2: When ADTRG pin falling edge is generated again after AN0 pin conversion

ADST flag

ADERR0 flag

ADERR1 flag

ADTCSF flag

ADSTT0 flag

ADSTT1 flag

ADSTRT0 flag

ADSTRT1 flag

IR bit in the ADIC 
register

1

0

1

0

1

0

1

0

1

0

1

0

1

0

1

0

1

0

ADST flag: Bit 6 in the ADCON0 register
ADERR0, ADERR1, ADTCSF, ADSTT0, ADSTT1, ADSTRT0 and ADSTRT1 flag: bits 0, 1, 3, 4, 5, 6 and 7 in the ADSTAT0 register

Set to 0 by interrupt request acknowledgment or a program

Set to 0 by program

Do not set to 1 by program

ADTRG pin input
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(2) Generation of RESTART condition
 In order to generate a RESTART condition after 1-byte data transfer, write E016 to the S10 register,
enter START condition standby mode and leave the SDAMM open.  Generate a START condition trigger
by setting the S00 register after inserting a sufficient software wait until the SDAMM outputs a high-level
("H") signal.  Figure 16.24 shows the RESTART condition generation timing.

Figure 16.24  The time of generation of RESTART condition

8 clocks
      

ACK clockSCL 

 

S10 writing signal
(START condition setting standby)

                   
SDA 

S00 writing signal
(START condition triger generation)

Insert software wait

(3) Iimitation of CPU clock
When the CM07 bit in the CM0 register is set to 1 (subclock), each register of the I2C bus interface
circuit cannot be read or written.  Read or write data when the CM07 bit is set to 0 (main clock, PLL
clock, or on-chip oscillator clock).
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22.4.6 Rewrite the Interrupt Control Register
(1) The interrupt control register for any interrupt should be modified in places where no requests for that

interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control register.
(2) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with the

instruction to be used.

Changing any bit other than the IR bit

If while executing an instruction, a request for an interrupt controlled by the register being modified
occurs, the IR bit in the register may not be set to 1 (interrupt requested), with the result that the
interrupt request is ignored. If such a situation presents a problem, use the instructions shown below
to modify the register.
Usable instructions: AND, OR, BCLR, BSET

Changing the IR bit

Depending on the instruction used, the IR bit may not always be cleared to 0 (interrupt not requested).
Therefore, be sure to use the MOV instruction to clear the IR bit.

(3) When using the I flag to disable an interrupt, refer to the sample program fragments shown below as
you set the I flag. (Refer to (2) for details about rewrite the interrupt control registers in the sample
program fragments.)

22.4.7 Watchdog Timer Interrupt
Initialize the watchdog timer after the watchdog timer interrupt occurs.

Examples 1 through 3 show how to prevent the I flag from being set to 1 (interrupts enabled) before the
interrupt control register is rewrited,  due to the internal bus and the instruction queue buffer.

Example 1: Using the NOP instruction to keep the program waiting until the 
interrupt control register is modified

 INT_SWITCH1:
  FCLR I ; Disable interrupts
  AND.B #00h, 0055h ;Set the TA0IC register to 0016
  NOP  ; 
  NOP
  FSET I ; Enable interrupts   

 The number of NOP instruction is as follows.   
 PM20 = 1 (1 wait) : 2, PM20 = 0 (2 waits): 3

Example 2:Using the dummy read to keep the FSET instruction waiting 
 INT_SWITCH2:
  FCLR I ; Disable interrupts
  AND.B #00h, 0055h ; Set the TA0IC register to 0016
  MOV.W MEM, R0 ; Dummy read
  FSET I ; Enable interrupts

Example 3:Using the POPC instruction to changing the I flag
 INT_SWITCH3:
  PUSHC FLG
  FCLR I ; Disable interrupts
  AND.B #00h, 0055h ; Set the TA0IC register to 0016
  POPC FLG ; Enable interrupts


