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Welcome to E-XFL.COM

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 outline of M16C/26A group (M16C/26A, M16C/26B) (42-pin package)
 Item Performance

CPU Basic instructions 91 instructions

Minimun instruction 41.7 ns (f(BCLK) = 24 MHz (3), VCC = 4.2 to 5.5 V (M16C/26B)
execution time 50 ns (f(BCLK) = 20 MHZ, VCC = 3.0 to 5.5 V) (M16C/26A, M16C/26B)

100 ns (f(BCLK) = 10 MHZ, VCC = 2.7 to 5.5 V) (M16C/26A, M16C/26B)

Operation mode Single-chip mode
Address space 1M byte
Memory capacity ROM/RAM: See 1.4 Product Information

Peripheral Port 33 I/O pins
function Multifunction timer Timer A: 16 bits x 5 channels, Timer B: 16 bits x 3 channels

Three-phase motor control timer

Serial I/O 1 channel (UART, clock synchronous serial I/O)
1 channel (UART, clock synchronous, I2C bus, or IEBus(1))

A/D converter 10 bit A/D converter: 1 circuit, 10 channels

DMAC 2 channels
CRC calcuration circuit 1 circuits (CRC-CCITT and CRC-16) with MSB/LSB selectable
Watchdog timer 15 bits x 1 channel (with prescaler)

Interrupt 18 internal and 8 external sources, 4 software sources,
Interrupt priority level: 7

Clock generation circuit 4 circuits

   Main clock(*), Sub-clock(*)
   On-chip oscillator, PLL frequency synthesizer
(*)Equipped with a built-in feedback resister.

Oscillation stop detection Main clock oscillation stop, re-oscillation detection function
Voltage detection circuit On-chip

Electrical Supply voltage VCC = 4.2 to 5.5 V (f(BCLK) = 24 MHZ)(3) (M16C/26B)

Characteristics VCC = 3.0 to 5.5 V (f(BCLK) = 20 MHZ) (M16C/26A, M16C/26B)
VCC = 2.7 to 5.5 V (f(BCLK) = 10 MHZ)

Power Consumption 20 mA  (Vcc = 5 V, f(BCLK) = 24 MHz) (M16C/26B)

16 mA  (Vcc = 5 V, f(BCLK) = 20 MHz)
25 µA  (f(XCIN) = 32 KHz on RAM)
3 µA (Vcc = 3 V, f(XCIN) = 32 KHz, in wait mode)

0.7 µA (Vcc = 3 V, in stop mode)
Flash memory Programming/erasure 2.7 to 5.5 V

voltage

Programming/erasure 100 times (all area) or 1,000 times (block 0 to 3)
endurance / 10,000 times (block A, block B)(2)

Operating Ambient Temperature -20 to 85°C / -40 to 85°C (2)

Package 42-pin plastic molded SSOP
NOTES:
     1. IEBus is a trademark of NEC Electronics Corporation.
     2. See Tables 1.7 and 1.8 Product Code for the program and erase endurance, and operating ambient tempera-

ture.
     3. The PLL frequency synthesizer is used to run the M16C/26B at f(BCLK) = 24 MHz.
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Table 4.6 SFR Information(6)(1)

03C016

03C116

03C216

03C316

03C416

03C516

03C616

03C716

03C816

03C916

03CA16

03CB16

03CC16

03CD16

03CE16

03CF16

03D016

03D116

03D216

03D316

03D416

03D516

03D616

03D716

03D816

03D916

03DA16

03DB16

03DC16

03DD16

03DE16

03DF16

03E016

03E116

03E216

03E316

03E416

03E516

03E616

03E716

03E816

03E916

03EA16

03EB16

03EC16

03ED16

03EE16

03EF16

03F016

03F116

03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16

NOTE:
     1. Blank spaces are reserved. No access is allowed.
X: Undefined

Register Symbol After Reset
A/D register 0 AD0 XXXXXXXX2

XXXXXXXX2

A/D register 1 AD1 XXXXXXXX2
XXXXXXXX2

A/D register 2 AD2 XXXXXXXX2

XXXXXXXX2

A/D register 3 AD3 XXXXXXXX2

XXXXXXXX2

A/D register 4 AD4 XXXXXXXX2

XXXXXXXX2

A/D register 5 AD5 XXXXXXXX2

XXXXXXXX2

A/D register 6 AD6 XXXXXXXX2

XXXXXXXX2

A/D register 7 AD7 XXXXXXXX2

XXXXXXXX2

A/D trigger control register                                                                        ADTRGCON 0016

A/D status register 0 ADSTAT0 00000X002

A/D control register 2 ADCON2 0016

A/D control register 0 ADCON0 00000XXX2

A/D control register 1 ADCON1 0016

Port P1 register P1 XX16

Port P1 direction register PD1 0016

Port P6 register P6 XX16

Port P7 register P7 XX16

Port P6 direction register PD6 0016

Port P7 direction register PD7 0016

Port P8 register P8 XX16

Port P9 register P9 XXXXXXXX2

Port P8 direction register PD8 0016

Port P9 direction register PD9 XXXX00002

Port P10 register P10 XX16

Port P10 direction register PD10 0016

Pull-up control register 0 PUR0 0016

Pull-up control register 1 PUR1 0016

Pull-up control register 2 PUR2 0016

Port control register PCR 0016

Address
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Table 7.6.1.  Allowed Transition and Setting

High-speed mode, 
middle-speed mode

On-chip oscillator mode

Stop mode

Wait mode

On-chip oscillator
low power dissipation
mode

PLL operation mode2

Low power dissipation
mode

Low-speed mode2

C
ur

re
nt

 s
ta

te

State after transition

         8

--

(8)

(18)5

(9)7 --

(10)

(11)1, 6

(12)3
   

(14)4

--

-- --

--

(13)3 (15) --

--

--

--

--

--

(10)

--

--

--

-- -- --

--

--

(18)(18) --

--

(16)1 (17)

(16)1 (17)

(16)1 (17)

(16)1 (17)

(16)1 (17)

-- --

(18)5 (18)5

(18)(18)(18)(18)(18)

 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

Setting Operation

CM04 = 0 Sub clock turned off

CM04 = 1 Sub clock oscillating

CM06 = 0,
CPU clock no division modeCM17 = 0 , CM16 = 0

CM06 = 0, CPU clock division by 2 mode
CM17 = 0 , CM16 = 1

CM06 = 0, CPU clock division by 4 modeCM17 = 1 , CM16 = 0

CM06 = 1 CPU clock division by 8 mode

CM06 = 0, CPU clock division by 16 mode
CM17 = 1 , CM16 = 1

CM07 = 0 Main clock, PLL clock, 
or on-chip oscillator clock selected

CM07 = 1 Sub clock selected

CM05 = 0 Main clock oscillating

CM05 = 1 Main clock turned off

PLC07 = 0,
CM11 = 0

Main clock selected

PLC07 = 1,
CM11 = 1

PLL clock selected

CM21 = 0 Main clock or PLL clock selected

CM21 = 1 On-chip oscillator clock selected

CM10 = 1 Transition to stop mode

wait instruction Transition to  wait mode

Hardware interrupt Exit stop mode or wait mode

NOTES:
     1. Avoid making a transition when the CM20 bit is set to 1 (oscillation stop, re-oscillation detection function enabled). 
         Set the CM20 bit to 0 (oscillation stop, re-oscillation detection function disabled) before transiting.
     2. On-chip oscillator clock oscillates and stops in low-speed mode. In this mode, the on-chip oscillator can be used as peripheral function clock. 
         Sub clock oscillates and stops in PLL operation mode. In this mode, sub clock can be used as a clock for the timers A and B.
     3. PLL operation mode can only be entered from and changed to high-speed mode.
     4. Set the CM06 bit to 1 (division by 8 mode) before transiting from on-chip oscillator mode to high- or middle-speed mode.
     5. When exiting stop mode, the CM06 bit is set to 1 (division by 8 mode).
     6. If the CM05 bit is set to 1 (main clock stop), then the CM06 bit is set to 1 (division by 8 mode).
     7. A transition can be made only when sub clock is oscillating. 
     8. State transitions within the same mode (divide-by-n values changed or subclock oscillation turned on or off) are shown in the table below.        

--: Cannot transit

(11)1

High-speed mode, 
middle-speed mode

On-chip oscillator
mode Stop mode Wait mode

On-chip oscillator
low power
dissipation mode

PLL operation
mode2

Low power
dissipation mode

Low-speed mode2

8

8

(3)

(3)

(3)

(3)

(4)

(4)

(4)

(4)

(5)

(7)

(7)

(5)

(5)

(5)

(7)

(7)

(6)

(6)

(6)

(6)

No 
division

Divided 
by 2

(3)

(3)

(3)

(3)

(4)

(4)

(4)

(4)

(5)

(5)

(5)

(5) (7)

(7)

(7)

(7)

(6)

(6)

(6)

(6)

(1)

(1)

(1)

(1)

(1)

(2)

(2)

(2)

(2)

(2)

--

--

-- --

--

--

----

--

--

--

--

--

--

--

-- -- --

-- --

--

--

--

--

--

--

--

--

--

--

-- --

--

--

--

--

--

--

--

--

Sub clock oscillating Sub clock turned off

--: Cannot transit

Divided 
by 4

Divided  
by 8

Divided 
by 16

No 
division

Divided 
by 2

Divided
by 4

Divided 
by 8

Divided 
by 16

No division

Divided by 4

S
ub

 c
lo

ck
 

os
ci

lla
tin

g
S

ub
 c

lo
ck

 
tu

rn
ed

 o
ff

Divided by 8

Divided by 16

Divided by 2

No division

Divided by 4

Divided by 8

Divided by 16

Divided by 2

     9. ( ) : setting method. Refer to following table.

CM04, CM05, CM06, CM07 : Bits in the CM0 register
CM10, CM11, CM16, CM17 : Bits in the CM1 register
CM20, CM21 : Bits in the CM2 register
PLC07 : Bit in the PLC0 register

(9)7

(8)
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Interrupt source Vector table addresses Remarks Reference

 Address (L) to address (H)

Undefined instruction FFFDC16 to FFFDF16 Interrupt on UND instruction M16C/60, M16C/20

Overflow FFFE016 to FFFE316 Interrupt on INTO instruction serise software

BRK instruction FFFE416 to FFFE716 maual

Address match FFFE816 to FFFEB16 Address match interrupt

Single step (1) FFFEC16 to FFFEF16

Watchdog timer FFFF016 to FFFF316 Watchdog timer
Oscillation stop and

   re-oscillation detection Clock generating circuit
Voltage down

  detection Voltage detection circuit
________

DBC  (1) FFFF416 to FFFF716
_______

NMI FFFF816 to FFFFB16
_______

NMI interrupt

Reset (2) FFFFC16 to FFFFF16 Reset

Figure 9.2.1.  Interrupt Vector

AAAAAAAAA
AAAAAAAAA

Mid address
AAAAAAAAA
AAAAAAAAA

Low address

AAAAAAAAA
AAAAAAAAA

0 0 0 0 High address

AAAAAAAAA
AAAAAAAAA

0 0 0 0 0 0 0 0

Vector address (L)

LSBMSB

Vector address (H)

9.2 Interrupts and Interrupt Vector
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective

interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the

corresponding interrupt vector. Figure 9.2.1 shows the interrupt vector.

Table 9.2.1.1.  Fixed Vector Tables

If the contents of address
FFFE716 is FF16, program ex-
ecution starts from the address
shown by the vector in the
relocatable vector table.

9.2.1 Fixed Vector Tables
The fixed vector tables are allocated to the addresses from FFFDC16 to FFFFF16.  Table 9.2.1.1 lists the

fixed vector tables. In the flash memory version of microcomputer, the vector addresses (H) of fixed

vectors are used by the ID code check function. For details, refer to the section 17.3 Flash Memory

Rewrite Disabling Function.

NOTES:

1. Do not normally use this interrupt because it is provided exclusively for use by development tools.

2. The b3 to b0 in address 0FFFFF16 are reserve bits. Set these bits to “11112”.
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Figure 11.4 SAR0 and SAR1, DAR0 and DAR1, TCR0 and TCR1 Registers

b7 b0 b7 b0
(b8)(b15)

Function 

Set the transfer count minus 1. The written value is 
stored in the DMAi transfer counter reload register, and 
when the DMAE bit in the DMiCON register is set to “1” 
(DMA enabled) or the DMAi transfer counter 
underflows when the DMASL bit in the DMiCON 
register is “1” (repeat transfer), the value of the DMAi 
transfer counter reload register is transferred to the 
DMAi transfer counter. When read, the DMAi transfer 
counter is read. 

Symbol Address  After reset  
TCR0 002916, 002816 Indeterminate 
TCR1 003916, 003816 Indeterminate

DMAi transfer counter (i = 0, 1)

Setting range

000016 to FFFF16

b7
(b23)

b3 b0 b7 b0 b7 b0
(b8)(b16)(b15)(b19)

Function RW

Set the source address of transfer

Symbol Address After reset 
SAR0 002216 to 002016 Indeterminate 
SAR1 003216 to 003016 Indeterminate

DMAi source pointer (i = 0, 1) (1)

Setting range

0000016 to FFFFF16

Nothing is assigned. When write, set  “0”.  When read, these contents 
are “0”.

Symbol Address  After reset  
DAR0 002616 to 002416 Indeterminate 
DAR1 003616 to 003416 Indeterminate

b3 b0 b7 b0 b7 b0
(b8)(b15)(b16)(b19)

Function 

Set the destination address of transfer

DMAi destination pointer (i = 0, 1)(1) 

Setting range

0000016 to FFFFF16

b7
(b23)

RW

RW

RW

RW

RW

Nothing is assigned. When write, set  “0”.  When read, these contents 
are “0”.

NOTE:
1. If the DSD bit in the DMiCON register is “0” (fixed), this register can only be written to when the DMAE bit in the 

 DMiCON register is “0” (DMA disabled).  If the DSD bit is set to “1” (forward direction), this register can be written to 
at any time.  If the DSD bit is set to “1” and the DMAE bit is “1” (DMA enabled), the DMAi forward address pointer 
can be read from   this register. Otherwise, the value written to it can be read. 

NOTE:
1. If the DAD bit in the DMiCON register is “0” (fixed), this register can only be written to when the DMAE bit in the 

 DMiCON register is “0”(DMA disabled). If the DAD bit is set to “1” (forward direction), this register can be written to at 
any time.  If the DAD bit is set to “1” and the DMAE bit is “1” (DMA enabled), the DMAi forward address pointer can 
be read from   this register. Otherwise, the value written to it can be read. 
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Item Specification

Count source f1, f2, f8, f32, fC32

Count operation • Down-count

• When the counter reaches 000016, it stops counting after reloading a new value

• If a trigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n      n : set value of TAi register    000016 to FFFF16

However, the counter does not work if the divide-by-n value is set to 000016.
Count start condition TAiS bit in the TABSR register is set to “1” (start counting) and one of the

following triggers occurs.
• External trigger input from the TAiIN pin
• Timer B2 overflow or underflow,

timer Aj (j=i-1, except j=4 if i=0) overflow or underflow,
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow

• The TAiOS bit in the ONSF register is set to “1” (= timer starts)

Count stop condition • When the counter is reloaded after reaching “000016”

• TAiS bit is set to “0” (= stop counting)

Interrupt request generation timing When the counter reaches “000016”

TAiIN pin function I/O port or trigger input

TAiOUT pin function I/O port or pulse output

Read from timer An indeterminate value is read by reading TAi 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 only reload register
(Transferred to counter when reloaded next)

Select function • Pulse output function
The timer outputs a low when not counting and a high when counting.

Table 12.1.3.1.  Specifications in One-shot Timer Mode

12.1.3. One-shot Timer Mode
In one-shot timer mode, the timer is activated only once by one trigger.  (See Table 12.1.3.1.)  When the
trigger occurs, the timer starts up and continues operating for a given period.  Figure 12.1.3.1 shows the
TAiMR register in one-shot timer mode.
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Item Specification

Count source f1, f2, f8, f32, fC32

Count operation • Up-count

• Counter value is transferred to reload register at an effective edge of mea-

surement pulse. The counter value is set to “000016”  to continue counting.

Count start condition Set TBiS (i=0 to 2) bit(3) to “1” (= start counting)

Count stop condition Set TBiS bit to “0” (= stop counting)
Interrupt request generation timing • When an effective edge of measurement pulse is input(1)

• Timer overflow. When an overflow occurs, MR3 bit in the TBiMR register is
set to “1” (overflowed) simultaneously. MR3 bit is cleared to “0” (no over-
flow) by writing to TBiMR register at the next count timing or later after MR3
bit was set to “1”. At this time, make sure TBiS bit is set to “1” (start count-
ing).

TBiIN pin function Measurement pulse input

Read from timer Contents of the reload register (measurement result) can be read by reading TBi register(2)

Write to timer Value written to TBi register is written to neither reload register nor counter
NOTES:

 1. Interrupt request is not generated when the first effective edge is input after the timer started counting.
 2. Value read from TBi register is indeterminate until the second valid edge is input after the timer starts counting.
 3. The TB0S to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.

12.2.3  Pulse Period and Pulse Width Measurement Mode
In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an

external signal (see Table 12.2.3.1).  Figure 12.2.3.1 shows TBiMR register in pulse period and pulse

width measurement mode.  Figure 12.2.3.2 shows the operation timing when measuring a pulse period.

Figure 12.2.3.3 shows the operation timing when measuring a pulse width.

Table 12.2.3.1  Specifications in Pulse Period and Pulse Width Measurement Mode

Figure 12.2.3.1  TBiMR Register in Pulse Period and Pulse Width Measurement Mode

Timer Bi mode register (i=0 to 2)

 Symbol Address After reset
TB0MR to TB2MR 039B16 to 039D16 00XX00002 

Bit nameBit symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

Operation mode 
select bit

1 0 : Pulse period / pulse width  
 measurement mode

b1 b0 

TMOD1

TMOD0

MR0 Measurement mode 
select bit

MR2

MR1

MR3

TCK1

TCK0

01

0 0 : Pulse period measurement
(Measurement between a falling edge and the 
next falling edge of measured pulse)

0 1 : Pulse period measurement
(Measurement between a rising edge and the next 
rising edge of measured pulse)

1 0 : Pulse width measurement
(Measurement between a falling edge and the 
next rising edge of measured pulse and between 
a rising edge and the next falling edge)

1 1 : Must not be set.

Function

b3 b2

Count source 
select bit

Timer Bi overflow 
flag (1)

0 : Timer did not overflow
1 : Timer has overflowed

0 0 : f1 or f2
0 1 : f8
1 0 : f32

1 1 : fC32

b7 b6

RW

RW

RW

RW

RW

RW

RW

RO

TB0MR register
Must be set to “0” in pulse period and pulse width measurement mode

TB1MR, TB2MR registers
Nothing is assigned. When write, set to “0”. When read, its content turns out to be 
indeterminate.

NOTE:
1. This flag is indeterminate after reset. When the TBiS bit is set to "1" (start counting), the MR3 bit is cleared to “0” (no overflow) by writing to the 

TBiMR register at the next count timing or later after the MR3 bit was set to “1” (overflowed). The MR3 bit cannot be set to “1” in a program. The 
TB0S to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.
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Figure 12.3.1.  Three-phase Motor Control Timer Functions Block Diagram



12. Timer

page 126 923fo7002,51.beF00.2.veR
0020-2020B90JER

)T62/C61M,B62/C61M,A62/C61M(puorGA62/C61M

Figure 12.3.9.  Triangular Wave Modulation Operation

The three-phase motor control timer function is enabled by setting the INV02 bit in the VC0 register to “1”.

When this function is on, timer B2 is used to control the carrier wave, and timers A4, A1 and A2 are used to
__ ___ ___

control three-phase PWM outputs (U, U, V, V, W and W). The dead time is controlled by a dedicated dead-

time timer. Figure 12.3.9 shows the example of triangular modulation waveform, and Figure 12.3.10 shows

the example of sawtooth modulation waveform.

Start trigger signal 
for timer A4(1)

Timer B2

U phase

Triangular wave

Signal wave

U phase 
output signal (1)

m n n p pm

U phase

U phase

U phase

INV14 = 0

Triangular waveform as a Carrier Wave  

Timer A4
one-shot pulse(1)

INV14 = 1

Dead time

Dead time

Rewrite registers IDB0 and IDB1

NOTE:
     1. Internal signals. See Figure 12.3.1. 

Examples of PWM output change are:
(1)When INV11 = 1 (three-phase mode 1)

·  INV01 = 0 and ICTB2 = 216 (the timer B2 interrupt is generated 
every two times the timer B2 underflows), 

   or INV01 = 1, INV00 = 1, and ICTB2=116 (the timer B2 interrupt is 
generated at the falling edge of the timer A1 reload control signal.)

·  Default value of the timer: TA41 = m, TA4 = m.
   Registers TA4 and TA41 are changed whenever the timer B2 

interrupt is generated. 
     First time, TA41 = n, TA4 = n. Second time, TA41 = p, TA4 = p.
·  Default values of registers IDB0 and IDB1: 
   DU0 = 1, DUB0 = 0, DU1 = 0, DUB1 = 1. 
   They are changed to DU0 = 1, DUB0 = 0, DU1= 1 and DUB1 = 0 

when the third timer B2 interrupt is generated.

(2)When INV11 = 0 (three-phase mode 0)
· INV01 = 0, ICTB2 = 116 (the timer B2 interrupt is generated 

whenever timer B2 underflows)
· Default value of the timer: TA4 = m. The TA4 register is changed 

whenever the timer B2 interrupt is generated.  
  First time: TA4 = m. Second tim:, TA4 = n. 
  Third time: TA4 = n. Fourth time: TA4 = p. 
  Fifth time: TA4 = p.
· Default values of registers IDB0 and IDB1: 
  DU0 = 1, DUB0 = 0, DU1 = 0, DUB1 = 1.  
  They are changed to DU0 = 1, DUB0 = 0, DU1 = 1, and DUB1 = 0 

when the sixth timer B2 interrupt is generated.

TB2S bit in the 
TABSR register 

INV13
(INV11=1(three-phase
 mode 1))

The above applies under the following conditions:
      INVC0 = 00XX11XX2 (X varies depending on each system) and INVC1 = 010XXXX02. 

U phase 
output signal (1)

(“L” active)

(“H” active)

The value written to registers TA4 and TA41 becomes effective at the rising edge of the timer A1 reload control signal.

Transfer the values 
to the three-phase
output shift register
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Function I2C bus mode (SMD2 to SMD0 = 0102, IICM = 1)Clock synchronous serial I/O 
mode (SMD2 to SMD0 = 0012, 
IICM = 0)

Factor of interrupt number 
15 (1) 
(Refer to Fig.13.1.3.2.)

No acknowledgment 
detection (NACK) 
Rising edge of SCL2 9th bit

Factor of interrupt number 
16 (1)  
1(Refer to Fig.13.1.3.2.)

Start condition detection or stop condition detection
(Refer to Figure 13.1.3.2.1. STSPSEL Bit Function)

UART2 transmission 
output delay

Functions of P70 pin  

Noise filter width

Read RxD2 and SCL2 pin 
levels

Factor of interrupt number 
10 (1)  
(Refer to Fig.13.1.3.2.)

Acknowledgment detection 
(ACK) 
Rising edge of SCL2 9th bit

Initial value of TxD2 and 
SDA2 outputs

UART2 transmission
Transmission started or 
completed (selected by U2IRS)
UART2 reception
When 8th bit received
CKPOL = 0 (rising edge)
CKPOL = 1 (falling edge)

Not delayed

TxD2 output

RxD2 input

CLK2 input or output selected

15ns

Possible when the 
corresponding port direction bit 
= 0

CKPOL = 0 (H)
CKPOL = 1 (L)

Delayed 

SDA2 input/output

SCL2 input/output

(Cannot be used in I2C mode)

Initial and end values of 
SCL2

H

200ns

Always possible no matter how the corresponding port direction bit is set

The value set in the port register before setting I2C bus mode (2)

Timing for transferring data 
from the UART reception 
shift register to the U2RB 
register

 IICM2 = 0 
(NACK/ACK interrupt)

IICM2 = 1
(UART transmit/ receive interrupt)

CKPH = 1
(Clock delay) 

 CKPH = 1
(Clock delay)

UART2 transmission
Rising edge of  
SCL2 9th bit

UART2 transmission
Falling edge of SCL2 
next to the 9th bit

UART2 transmission
Falling edge of SCL2 9th bit

CKPOL = 0 (rising edge)
CKPOL = 1 (falling edge)

Rising edge of SCL2 9th bit Falling edge of 
SCL2 9th bit

Falling and rising 
edges of SCL2 9th 
bit

 

 

DMA1 factor (Refer to Fig. 
14.1.3.2.)

UART2 reception Acknowledgment detection 
(ACK) 

UART2 reception
Falling edge of SCL2 9th bit

Store received data 1st to 8th bits are stored in 
U2RB register bit 0 to bit 7

1st to 8th bits are stored in 
U2RB register bit 7 to bit 0

1st to 7th bits are stored in U2RB register 
bit 6 to bit 0, with 8th bit stored in U2RB 
register bit 8

L

Read U2RB register 
Bit 6 to bit 0 as bit 7 
to bit 1, and bit 8 as 
bit 0 (4)

Read received data U2RB register status is read 
directly as is

CKPH = 0
(No clock delay) 

CKPH = 0
(No clock delay) 

HL

1st to 8th bits are 
stored in U2RB 
register bit 7 to bit 0 
(3)

Functions of P71 pin 

Functions of P72 pin 

NOTES:
1. If the source or cause of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt 

may inadvertently be set to 1 (interrupt requested). (Refer to “Notes on interrupts” in Usage Notes) If one of the bits 
shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore, always be sure to clear 
the IR bit to 0 (interrupt not requested) after changing those bits. SMD2 to SMD0 bits in the U2MR register, IICM bit 
in the U2SMR register, IICM2 bit in the U2SMR2 register, CKPH bit in the U2SMR3 register

2. Set the initial value of SDA2 output while the SMD2 to SMD0 bits in the U2MR register is set to ‘0002’ (serial I/O 
disabled).

3. Second data transfer to U2RB register (Rising edge of SCL2 9th bit)
4. First data transfer to U2RB register (Falling edge of SCL2 9th bit)

Table 13.1.3.4.  I2C bus Mode Functions
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13.1.4 Special Mode 2 (UART2)
Multiple slaves can be serially communicated from one master. Transfer clock polarity and phase are

selectable. Table 13.1.4.1 lists the specifications of Special Mode 2. Table 13.1.4.2 lists the registers

used in Special Mode 2 and the register values set. Figure 13.1.4.1 shows communication control ex-

ample for Special Mode 2.

Table 13.1.4.1.  Special Mode 2 Specifications
Item Specification

Transfer data format • Transfer data length: 8 bits

Transfer clock • Master mode

The CKDIR bit in the U2MR register is set to  “0” (internal clock) : fj/ (2(n+1))

fj = f1SIO, f2SIO, f8SIO, f32SIO.  n: Setting value of U2BRG register     0016 to FF16

• Slave mode

The CKDIR bit is set to “1” (external clock selected) : Input from CLK2 pin

Transmit/receive control Controlled by input/output ports

Transmission start condition • Before transmission can start, the following requirements must be met (1)

_ The TE bit in the U2C1 register is set to  "1" (transmission enabled)
_ The TI bit in the U2C1 register is set to "0" (data present in U2TB register)

Reception start condition • Before reception can start, the following requirements must be met (1)

_ The RE bit in the U2C1 register is set to "1" (reception enabled)
_ The TE bit in the U2C1 register is set to "1" (transmission enabled)
_ The TI bit in the U2C1 register is set to "0" (data present in the U2TB register)

• While transmitting, one of the following conditions can be selected
_ The U2IRS bit in the U2C1 register is set to "0" (transmit buffer empty): when trans-
ferring data from the U2TB register to the UART2 transmit register (at start of transmission)
_ The U2IRS bit is set to "1" (transfer completed): when the serial I/O finished sending
 data from the UART2 transmit register
• While receiving

 When transferring data from the UART2 receive register to the U2RB register (at

 completion of reception)

Error detection • Overrun error (2)

This error occurs if the serial I/O started receiving the next data before reading the

U2RB register and received the 7th bit of the next data

Select function • Clock phase setting

Selectable from four combinations of transfer clock polarities and phases

Interrupt request

generation timing

NOTES:

1. When an external clock is selected, the conditions must be met while if the CKPOL bit in the U2C0 register “0”

(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the

external clock is in the high state; if the  CKPOL bit in the U2C0 register “1” (transmit data output at the rising edge

and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state.

2. If an overrun error occurs, bits 8 to 0 in UiRB register are undefined. The IR bit in the SiRIC register remains
unchanged.
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(2) The ACSE bit in the U2SMR register (auto clear of transmit enable bit)

(1) The ABSCS bit in the U2SMR register (bus collision detect sampling clock select)
If ABSCS=0, bus collision is determined at the rising edge of the transfer clock

Transfer clock

Timer A0

(3) The SSS bit in the U2SMR register (Transmit start condition select)

Transmission enable condition is met

If SSS bit = 1, the serial I/O starts sending data at the rising edge (1) of RxD2 

TxD2

CLK2

TxD2

RxD2

TxD2

RxD2

ST D0 D1 D2 D3 D4 D5 D6 D7 D8 SP

Input to TA0IN

If ABSCS is set to "1", bus collision is determined when timer 
A0 (one-shot timer mode) underflows .

TxD2

RxD2

ST D0 D1 D2 D3 D4 D5 D6 D7 D8 SP

ST D0 D1 D2 D3 D4 D5 D6 D7 D8 SP

ST D0 D1 D2 D3 D4 D5 D6 D7 D8 SP

Transfer clock

BCNIC register
IR bit (1)

U2C1 register
TE bit

If ACSE bit is set to "1"  
automatically clear when bus collision  
occurs), the TE bit is cleared to "0"
(transmission disabled) when  
the IR bit in the BCNIC register is 
set to "1" (unmatching detected).

If SSS bit is set to "0", the serial I/O starts sending data one transfer clock cycle after the transmission enable condition is met.

Transfer clock

(2)

This diagram applies to the case where the IOPOL is set to "1" (reversed)

.

NOTES:
1. The falling edge of RxD2 when the IOPOL is set to "0"; the rising edge of RxD2 when the IOPOL is set to "1".
2. The transmit condition must be met before the falling edge (Note 1) of RxD.

Figure 13.1.5.1.  Bus Collision Detect Function-Related Bits
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14.1.5 Repeat Sweep Mode 1
In repeat sweep mode 1, analog voltages applied to the all selected pins are converted to a digital code,

with mainly used in the selected pins. Table 14.1.5.1 shows the repeat sweep mode 1 specifications.

Figure 14.1.5.1 shows the operation example  in repeat sweep mode 1. Figure 14.1.5.2  shows the

ADCON0 to ADCON2 registers in repeat sweep mode 1.

Table 14.1.5.1  Repeat Sweep Mode 1 Specifications

Item Specification

Function The SCAN1 to SCAN0 bits in the ADCON1 register and the ADGSEL1 to

ADGSEL0 bits in the ADCON2 register mainly select pins. Analog voltage

applied to the all selected pins is repeatedly converted to a digital code

Example : When selecting AN0

Analog voltage is converted to a digital code in the following order

AN0      AN1      AN0      AN2      AN0      AN3, and so on.

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 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 Pins Mainly Select from AN0 (1 pins), AN0 to AN1 (2 pins), AN0 to AN2 (3 pins),

Used in A/D Conversions AN0 to AN3 (4 pins) (1)

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

NOTE:

1. 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.

Figure 14.1.5.1 Operation Example in Repeat Sweep Mode 1

    •Example when selecting AN0 to analog input pins (SCAN1 to SCAN0=002)

AN0

AN1

AN2

AN3

AN4

AN5

AN6

AN7

A/D conversion started

A/D pin input voltage 
sampling
A/D pin conversion
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Figure 16.3.  I/O Ports (3)

P85

P63, P67

Output

“1”

Data bus

Pull-up selection

Direction register

Port latch

Switching between CMOS and Nch

NOTE:
1.                symbolizes a parasitic diode.
     Make sure the input voltage on each port will not exceed Vcc.

Data bus

Pull-up selection

Direction register

Port latch

NMI Interrupt Input

NMI Enable

Digital Debounce

NMI Enable

SD

(1)

(1)

Data bus

Direction register

Pull-up selection

Port latch

Analog input

Input to respective peripheral functions

(1)

P91, P92, 
P104 to P107 
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Figure 16.5.   I/O Pins

CNVSS

CNVSS signal input

RESET
RESET signal input

(1)

(1)

NOTE:
1.                symbolizes a parasitic diode. Make sure the 

input voltage on each port will not exceed Vcc.
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17.2 Memory Map
The flash memory contains the user ROM area and the boot ROM area (reserved area). Figures 17.2.1 to

17.2.3 show the flash memory block diagram. The user ROM area has space to store the microcomputer

operation program in single-chip mode and a separate 2-Kbyte space as 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, and parallel input/output modes. However, if block 0 and 1 are rewritten in

CPU rewrite mode, setting 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 3 rewrite enabled) enable rewriting. Also, if blocks 2 to 3

are rewritten in CPU rewrite mode, setting the FMR16 bit in the FMR1 register to “1” (blocks 0 to 3 rewrite

enabled) enables writing. Setting the PM10 bit in the PM1 register to “1”(data area access enabled) for

block A and B enables to use.
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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)

Figure 17.2.1. Flash Memory Block Diagram (ROM capacity 64K byte)
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Figure 17.9.1. Pin Connections for Serial I/O Mode (1)

M16C/26A Group
(M16C/26A)

(Flash memory version)
PRSP0042GA-B (42P2R)

31

32

33

34

35

36

37

38

39

40

41

42

12

11

10

9

8

7

6

5

4

3

2

1

16

15

14

13

27

28

29

30

BUSY

SCLK
RxD

TxD

Vcc

Vss

RESET

Connect
oscillator

circuit

Mode setup method
Signal
CNVss
Reset

Value
Vcc

Vss to Vcc

CE
(1)

RP
(1)

17

21

20

19

18

26

22

23

24

25

 NOTE:
     1. Set following either or both in serial I/O mode while the RESET pin is held “L”.
 ⋅ Connect the CE pin to VCC.
 ⋅ Connect the RP pin to VSS and the P16 pin to VCC.

P16

(1)
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Table 18.39.  Recommended Operating Conditions (1)

Main clock input oscillation frequency
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Z
]

VCC[V] (main clock: no division)

5.53.0

10.0

2.7 AAAAA
AAAAA
AAAAA
AAAAA
AAAAA
AAAAA

20MHZ

PLL clock oscillation frequency
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0.0f(
P
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) 
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m
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[M
H

Z
]

VCC[V] (PLL clock oscillation)

5.5

10.0 AAAAA
AAAAA
AAAAA

3.0

20MHZ

lobmyS retemaraP
dradnatS

tinU
.niM .pyT .xaM

V CC egatloVylppuS 0.3 5.5 V

VA CC egatloVylppuSgolanA V CC V

V SS egatloVylppuS 0 V

VA SS egatloVylppuSgolanA 0 V

V HI )"H"(hgiHtupnI
egatloV

1P 5 1Pot 7 6P, 0 6Pot 7 7P, 0 7Pot 7,

8P 0 8Pot 7 9P, 0 9Pot 3 01P, 0 01Pot 7

V7.0 CC V CC V

SSVNC,TESER,NIX V8.0 CC V CC V

V LI )"L"(woLtupnI
egatloV

1P 5 1Pot 7 6P, 0 6Pot 7 7P, 0 7Pot 7,

8P 0 8Pot 7 9P, 0 9Pot 3 01P, 0 01Pot 7

0 V3.0 CC V

SSVNC,TESER,NIX 0 V2.0 CC V

I )kaep(HO hgiHtuptuOkaeP
tnerruC)"H"(

1P 5 1Pot 7 6P, 0 6Pot 7 7P, 0 7Pot 7,

8P 0 8Pot 7 9P, 0 9Pot 3 01P, 0 01Pot 7

0.01- Am

I )gva(HO tuptuOegarevA
tnerruC)"H"(hgiH

1P 5 1Pot 7 6P, 0 6Pot 7 7P, 0 7Pot 7,
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1P 5 1Pot 7 6P, 0 6Pot 7 7P, 0 7Pot 7,

8P 0 8Pot 7 9P, 0 9Pot 3 01P, 0 01Pot 7

0.01 Am

I )gva(LO tuptuOegarevA
tnerruC)"L"(woL

1P 5 1Pot 7 6P, 0 6Pot 7 7P, 0 7Pot 7,

8P 0 8Pot 7 9P, 0 9Pot 3 01P, 0 01Pot 7

0.5 Am

X(f NI ) ycneuqerFnoitallicsOtupnIkcolCniaM )4( 0 02 zHM

X(f NIC ) ycneuqerFnoitallicsOkcolCbuS 867.23 05 zHk

f1 )COR( 1ycneuqerFrotallicsOpihc-nO 5.0 1 2 zHM

)COR(2f 2ycneuqerFrotallicsOpihc-nO 1 2 4 zHM

)COR(3f 3ycneuqerFrotallicsOpihc-nO 8 61 62 zHM

)LLP(f ycneuqerFnoitallicsOkcolCLLP )4( 01 02 zHM

)KLCB(f ycneuqerFkcolCnoitarepOUPC 0 02 zHM

t US )LLP( rezisehtnySycneuqerFLLPezilibatSotemiTtiaW V CC V0.5= 02 sm

V CC V0.3= 05 sm

:SETON

VotdecnerefeR.1 CC .deificepsesiwrehtosselnuC°58ot04-=rpoTtaV5.5ot0.3=
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IlatotehT.3 )kaep(LO IlatotehT.sselroAm08ebtsumstropllarof )kaep(HO .sselroAm08-ebtsumstropllarof
.egatlovylppusdnaycneuqerfnoitallicsokcolcLLP,ycneuqerfnoitallicsokcolcniamgnomapihsnoitaleR.4
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VCC = 5V

Timing Requirements

(VCC = 5V, VSS = 0V, at Topr = – 40 to 85oC unless otherwise specified)

Table 18.46.  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 Unit
Standard

50

20

20
9

9
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19.3 Power Control
1. When exiting stop mode by hardware reset, the device will startup using the on-chip oscillator.

2. Set the MR0 bit in the TAiMR register(i=0 to 4) to “0”(pulse is not output) to use the timer A to exit stop

mode.

3. When entering wait mode, insert a JMP.B instruction before a WAIT instruction. Do not excute any

instructions which can generate a write to RAM between the JMP.B and WAIT instructions. Disable the

DMA transfers, if a DMA transfer may occur between the JMP.B and WAIT instructions. After the WAIT

instruction, insert at least 4 NOP instructions. When entering wait mode, the instruction queue reads

ahead the instructions following WAIT, and depending on timing, some of these may execute before the

microcomputer enters wait mode.

Program example when entering wait mode

Program Example: JMP.B L1 ; Insert JMP.B instruction before WAIT instruction

L1:

FSET I ;

WAIT ; Enter wait mode

NOP ; More than 4 NOP instructions

NOP

NOP

NOP

4. When entering stop mode, insert a JMP.B instruction immediately after executing an instruction which

sets the CM10 bit in the CM1 register to “1”, and then insert at least 4 NOP instructions. When entering

stop mode,  the instruction queue reads ahead  the instructions following the instruction which sets the

CM10 bit to “1” (all clock stops), and, some of these may execute before the microcomputer enters stop

mode or before the interrupt routine for returning from stop mode.

Program example when entering stop mode

Program Example: FSET I

BSET CM10 ; Enter stop mode

JMP.B L1 ; Insert JMP.B instruction

L1:

NOP ; More than 4 NOP instructions

NOP

NOP

NOP


