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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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2. Notation of Numbers and Symbols
The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.

(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word
“register,” “bit,” or “pin” to distinguish the three categories.
Examples the PM03 bit in the PM0 register

P3_5 pin, VCC pin

(2) Notation of Numbers
The indication “2” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. The indication “16” is appended to numeric values given in hexadecimal format. Nothing
is appended to numeric values given in decimal format.
Examples Binary: 112

Hexadecimal: EFA016

Decimal: 1234
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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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Address Register Symbol After reset
034016

034116

034216

034316

034416

034516

034616

034716

034816

034916

034A16

034B16

034C16

034D16

034E16

034F16

035016

035116

035216

035316

035416

035516

035616

035716

035816

035916

035A16

035B16

035C16

035D16

035E16

035F16

036016

036116

036216

036316

036416

036516

036616

036716

036816

036916

036A16

036B16

036C16

036D16

036E16

036F16

037016

037116

037216

037316

037416

037516

037616

037716

037816

037916

037A16

037B16

037C16

037D16

037E16

037F16

NOTE:
     1. Blank spaces are reserved.  No access is allowed.
     2. Write "1" to bit 0 after reset.
X : Undefined

Timer A1-1 register TA11 XX16

XX16

Timer A2-1 register TA21 XX16

XX16

Timer A4-1 register TA41 XX16

XX16

Three phase PWM control register 0 INVC0 0016

Three phase PWM control register 1 INVC1 0016

Three phase output buffer register 0 IDB0 001111112

Three phase output buffer register 1 IDB1 001111112

Dead time timer DTT XX16

Timer B2 Interrupt occurrence frequency set counter ICTB2 XX16

Position-data-retain function control register PDRF XXXX00002

Port function control register PFCR 001111112

Interrupt request cause select register 2 IFSR2A XXXXXXX02(2)

Interrupt request cause select register IFSR 0016

UART2 special mode register 4 U2SMR4 0016

UART2 special mode register 3 U2SMR3 000X0X0X2

UART2 special mode register 2 U2SMR2 X00000002

UART2 special mode register U2SMR X00000002

UART2 transmit/receive mode register U2MR 0016

UART2 bit rate register U2BRG XX16

UART2 transmit buffer register U2TB XXXXXXXX2

XXXXXXXX2

UART2 transmit/receive control register 0 U2C0 000010002

UART2 transmit/receive control register 1 U2C1 000000102

UART2 receive buffer register U2RB XXXXXXXX2

XXXXXXXX2

Table 4.4 SFR Information(4)(1)
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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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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 in-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.

Figure 10.2 WDC Register and WDTS Register

Watchdog timer period =
Watchdog timer count (32768)

on-chip oscillator clock

Watchdog Timer Control Register

Symbol Address After Reset  
WDC 000F16 00XXXXXX2   

FunctionBit Symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

High-order bit of watchdog timer

WDC7

Bit Name

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

0

RO

RW

RW

(b4-b0) 

0

(b6-b5) Reserved bit Set to “0”

Watchdog Timer Start Register 

Symbol   Address After Reset  
WDTS  000E16     Indeterminate 

WO

b7 b0

 

Function

The watchdog timer is initialized and starts counting after a write instruction to 
this register.  The watchdog timer value is always initialized to “7FFF 16”
regardless of whatever value is written.

RW
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Item Specification

Count source f1, f2, f8, f32, fC32

Count operation • Down-count

• When the timer underflows, it reloads the reload register contents and continues counting

Divide ratio 1/(n+1) n: set value of TAi register (i= 0 to 4)      000016 to FFFF16

Count start condition Set TAiS bit in the TABSR register to “1” (= start counting)

Count stop condition Set TAiS bit to “0” (= stop counting)

Interrupt request generation timing Timer underflow

TAiIN pin function I/O port or gate input

TAiOUT pin function I/O port or pulse output

Read from timer Count value can be 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 • Gate function

Counting can be started and stopped by an input signal to TAiIN pin

• Pulse output function

Whenever the timer underflows, the output polarity of TAiOUT pin is inverted.

When not counting, the pin outputs a low.

12.1.1. Timer Mode
In timer mode, the timer counts a count source generated internally (see Table 12.1.1.1).  Figure 1.2.1.1.1

shows TAiMR register in timer mode.

Table 12.1.1.1.  Specifications in Timer Mode

Timer Ai mode register (i=0 to 4)

 Symbol Address After reset  
 TA0MR to TA4MR 039616 to 039A16 0016

Bit name FunctionBit symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

Operation mode 
select bit 0 0 : Timer mode

b1 b0 

TMOD1

TMOD0 

MR0 Pulse output function 
select bit

0 : Pulse is not output
     (TAiOUT pin is a normal port pin)
1 : Pulse is output
      (TAiOUT pin is a pulse output pin)

Gate function select bit
0 0 :      Gate function not available
0 1 :      (TAiIN pin functions as I/O port)
1 0 : Counts while input on the TAi IN pin
        is low     (1)
1 1 : Counts while input on the TAi IN pin
        is high    (1)

b4 b3

MR2

MR1

MR3 Must be set to “0” in timer mode

0 0 : f1 or f2 

0 1 : f8 
1 0 : f32 
1 1 : fC32

b7 b6 

TCK1

TCK0 Count source select bit

0 00

RW

RW

RW

RW

RW

RW

RW

RW

}

NOTE:
     1.The port direction bit for the TAiIN pin must be set to “0” (= input mode). 

Figure 12.1.1.1.  Timer Ai Mode Register in Timer Mode



12. Timer

page 98 923fo7002,51.beF00.2.veR
0020-2020B90JER

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

Item Specification
Count source • External signals input to TAiIN pin (i=0 to 4) (effective edge can be selected

in program)
• Timer B2 overflows or underflows,

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

Count operation • Up-count or down-count can be selected by external signal or program
• When the timer overflows or underflows, it reloads the reload register con-

tents and continues counting. When operating in free-running mode, the
timer continues counting without reloading.

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

Count start condition Set TAiS bit in the TABSR register to “1” (= start counting)

Count stop condition Set TAiS bit to “0” (= stop counting)
Interrupt request generation timing Timer overflow or underflow
TAiIN pin function I/O port or count source input
TAiOUT pin function I/O port, pulse output, or up/down-count select input
Read from timer Count value can be 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 • Free-run count function

Even when the timer overflows or underflows, the reload register content is
not reloaded to it

• Pulse output function
Whenever the timer underflows or underflows, the output polarity of TAiOUT

pin is inverted . When not counting, the pin outputs a low.

12.1.2. Event Counter Mode
In event counter mode, the timer counts pulses from an external device or overflows and underflows of
other timers. Timers A2, A3 and A4 can count two-phase external signals.  Table 12.1.2.1 lists specifica-
tions in event counter mode (when not processing two-phase pulse signal).  Table 12.1.2.2 lists specifica-
tions in event counter mode (when processing two-phase pulse signal with the timers A2, A3 and A4).
Figure 12.1.2.1 shows TAiMR register in event counter mode (when not processing two-phase pulse
signal).  Figure 12.1.2.2 shows TA2MR to TA4MR registers in event counter mode (when processing two-
phase pulse signal with the timers A2, A3 and A4).

Table 12.1.2.1.  Specifications in Event Counter Mode (when not processing two-phase pulse signal)
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Item Specification

Count source f1, f2, f8, f32, fC32

Count operation • Down-count

• When the timer underflows, it reloads the reload register contents and

continues counting

Divide ratio 1/(n+1) n: set value of TBi register (i= 0 to 2)      000016 to FFFF16

Count start condition Set TBiS bit(1) to “1” (= start counting)

Count stop condition Set TBiS bit to “0” (= stop counting)

Interrupt request generation timing Timer underflow

TBiIN pin function I/O port

Read from timer Count value can be read by reading TBi register

Write to timer • When not counting and until the 1st count source is input after counting start

Value written to TBi register is written to both reload register and counter

• When counting (after 1st count source input)

Value written to TBi register is written to only reload register

(Transferred to counter when reloaded next)

NOTE:

       1.  The TB0S to TB2S bits are assigned to the bit 5 to bit 7 in the TABSR register.

12.2.1  Timer Mode
In timer mode, the timer counts a count source generated internally (see Table 12.2.1.1).  Figure 12.2.1.1

shows TBiMR register in timer mode.

 Table 12.2.1.1  Specifications in Timer Mode

Figure 12.2.1.1  TBiMR Register in Timer Mode

Timer Bi mode register (i= 0 to 2)
 Symbol Address After reset 
 TB0MR to TB2MR 039B16 to 039D16 00XX00002

 

Bit name FunctionBit symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

Operation mode select bit
0 0 : Timer mode or A/D trigger mode
b1 b0 

TMOD1

TMOD0

MR0 Has no effect in timer mode 
Can be set to “0” or “1”

MR2

MR1

MR3

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

1 1 : fC32

TCK1

TCK0 Count source select bit

00

TB0MR register
Must be set to “0” in timer mode

b7 b6 

RW

RW

RW

RW

RW

RW

RW

RO

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

When write in timer mode, set to “0”. When read in timer mode, its 
content is indeterminate.
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Figure 12.3.8. TA1MR, TA2MR, TA4MR, and TB2MR Registers

Bit name

Timer Ai mode register
 Symbol Address After reset
 TA1MR 039716  0016

 TA2MR 039816 0016

 TA4MR 039A16 0016

Function Bit symbol

b7 b6 b5 b4 b3 b2 b1 b0

Operation mode 
select bit

Must set to “102” (one-shot timer mode) for 
the three-phase motor control timer function TMOD1

TMOD0

MR0 Pulse output function 
select bit

Must set to “0”  for the three-phase motor 
control timer function 

MR2

MR1

MR3 Must set to “0”  for the three-phase motor control timer function 

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

1 1 : fC32

b7 b6 

TCK1

TCK0 Count source select bit

1 00

Must set to “1”  (selected by event/trigger 
select register) for the three-phase motor 
control timer function 

Trigger select bit

External trigger select 
bit

RW

Timer B2 mode register
 Symbol Address After reset 
 TB2MR 039D16 00XX00002

Bit name FunctionBit symbol RW

b7 b6 b5 b4 b3 b2 b1 b0

Operation mode select bit Set to “002” (timer mode) for the three-
phase motor control timer function TMOD1

TMOD0

MR0 

MR2

MR1

MR3

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

1 1 : fC32
TCK1

TCK0 Count source select bit

0

When write in three-phase motor control timer function, write “0”.
When read, its content is indeterminate.

0

b7 b6 

1

0

Has no effect for the three-phase motor 
control timer function

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RW

RO

Has no effect for the three-phase motor control timer function.
When write, set to “0”. When read, its content is indeterminate.

Must set to “0”  for the three-phase motor control timer function 

0
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UARTi transmit/receive mode register (i = 0, 1)

 Symbol Address After reset
 U0MR, U1MR 03A016, 03A816 0016

b7 b6 b5 b4 b3 b2 b1 b0

Bit name
Bit 

symbol RW

CKDIR

SMD1

SMD0 Serial I/O mode select bit
 (2)

SMD2

Internal/external clock 
select bit

STPS

PRY

PRYE

(b7)

Parity enable bit

0 : Internal clock
1 : External clock (1)

Stop bit length select bit

Odd/even parity select bit

Reserve bit

0 : One stop bit
1 : Two stop bits

0 : Parity disabled
1 : Parity enabled

0 0 0 : Serial I/O disabled
0 0 1 : Clock synchronous serial I/O mode
1 0 0 : UART mode transfer data 7 bits long
1 0 1 : UART mode transfer data 8 bits long 
1 1 0 : UART mode transfer data 9 bits long
Do not set value other than the above

b2 b1 b0 

Effective when PRYE = 1
0 : Odd parity
1 : Even parity

Write to "0"

Function

RW

RW

RW

RW

RW

RW

RW

RW

UART2 transmit/receive mode register

 Symbol Address After reset
        U2MR 037816 0016

b7 b6 b5 b4 b3 b2 b1 b0

Bit name
Bit 

symbol RW

CKDIR

SMD1

SMD0 Serial I/O mode select bit
 (2)

SMD2

Internal/external clock 
select bit

STPS

PRY

PRYE

IOPOL

Parity enable bit

0 : Internal clock
1 : External clock (1)

Stop bit length select bit

Odd/even parity select bit

TxD, RxD I/O polarity 
reverse bit

0 : One stop bit
1 : Two stop bits

0 : Parity disabled
1 : Parity enabled

0 0 0 : Serial I/O disabled
0 0 1 : Clock synchronous serial I/O mode
0 1 0 : I2C bus mode
1 0 0 : UART mode transfer data 7 bits long
1 0 1 : UART mode transfer data 8 bits long 
1 1 0 : UART mode transfer data 9 bits long
Must not be set except above 

b2 b1 b0 

Effective when PRYE = 1
0 : Odd parity
1 : Even parity

0 : No reverse
1 : Reverse

Function

 

RW

RW

RW

RW

RW

RW

RW

RW

(3)

NOTES:
1. Set the corresponding port direction bit for each CLKi pin to “0” (input mode).
2. To receive data, set the corresponding port direction bit for each RxDi pin to “0” (input mode). 

NOTES:
1. Set the corresponding port direction bit for each CLK2 pin to “0” (input mode).
2. To receive data, set the corresponding port direction bit for each RxD2 pin to “0” (input mode).
3. Set the corresponding port direction bit for SCL2 and SDA2 pins to “0” (input mode).

Figure 13.1.5. U0MR to U2MR registers
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Table 13.1.2.3 lists the functions of the input/output pins during UART mode.  Table 13.1.2.4 lists the P64

pin functions during UART mode. Note that for a period from when the UARTi operation mode is selected

to when transfer starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output is selected, this

pin is in a high-impedance state.)

Table 13.1.2.3.  I/O Pin Functions in UART mode(1)

Pin name Function Method of selection

TxDi (i = 0 to 2)
(P63, P67, P70)

Serial data output

Serial data input

Input/output port

Transfer clock input

Input/output port

(Outputs "H" when performing reception only) 

RxDi
(P62, P66, P71)

CLKi
(P61, P65, P72)

Set the CKDIR bit in the UiMR register  to "0"

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

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

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

CTS input

RTS output

CTSi/RTSi
(P60, P64, P73)

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

Table 13.1.2.4.  P64 Pin Functions in UART mode(1)

Pin function Bit set value

U1C0 register UCON register PD6 register 
CRD CRS RCSP CLKMD1 PD6_4

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

0
0
0 0 1 0

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

register to “1” (RTS0 selected).
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 13.1.4.1 Clock Phase Setting Function

One of four combinations of transfer clock phases and polarities can be selected using the CKPH bit

in the U2SMR3 register and the  CKPOL bit in the U2C0 register.

Make sure the transfer clock polarity and phase are the same for the master and slave to communi-

cate.

13.1.4.1.1 Master (Internal Clock)

Figure 13.1.4.1.1.1 shows the transmission and reception timing in master (internal clock).

13.1.4.1.2 Slave (External Clock)

Figure 13.1.4.1.2.1 shows the transmission and reception timing (CKPH=0) in slave (external clock)

while Figure 13.1.4.1.2.2 shows the transmission and reception timing (CKPH=1) in slave (external

clock).

Data output timing

Data input timing

D0 D1 D2 D3 D4 D6 D7D5

Clock output
(CKPOL=0, CKPH=0)

"H"

"L"

Clock output
(CKPOL=1, CKPH=0)

"H"

"L"

Clock output
(CKPOL=0, CKPH=1)

"H"

"L"

Clock output
(CKPOL=1, CKPH=1)

"H"

"L"

"H"

"L"

Figure 13.1.4.1.1.1.  Transmission and Reception Timing in Master Mode (Internal Clock)
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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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16. Programmable I/O Ports
Note
P60 to P63, P92 and P93 are not available in the 42-pin package.

The programmable input/output ports (hereafter referred to simply as “I/O ports”) consist of 39 lines  P15 to

P17, P6, P7, P8, P90 to P93, P10 for the 48-pin package, or 33 lines P15 to P17, P64 to P67, P7, P8, P90 to

P91, P10 for the 42-pin package. Each port can be set for input or output every line by using a direction

register, and can also be chosen to be or not be pulled high in sets of 4 lines.
Figures 16.1 to 16.4 show the I/O ports. Figure 16.5 shows the I/O pins.

Each pin functions as an I/O port, a peripheral function input/output.

For details on how to set peripheral functions, refer to each functional description in this manual. If any pin

is used as a peripheral function input, set the direction bit for that pin to “0” (input mode). Any pin used as an

output pin for peripheral functions is directed for output no matter how the corresponding direction bit is set.

16.1 Port Pi Direction Register (PDi Register, i = 1, 6 to 10)
Figure 16.1.1 shows the direction registers.

This register selects whether the I/O port is to be used for input or output. The bits in this register corre-

spond one for one to each port.

16.2 Port Pi Register (Pi Register, i = 1, 6 to 10)
Figure 16.2.1 shows the Pi registers.

Data input/output to and from external devices are accomplished by reading and writing to the Pi register.

The Pi register consists of a port latch to hold the output data and a circuit to read the pin status. For ports

set for input mode, the input level of the pin can be read by reading the corresponding Pi register, and data

can be written to the port latch by writing to the Pi register.

For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and data

can be written to the port latch by writing to the Pi register. The data written to the port latch is output from

the pin. The bits in the Pi register correspond one for one to each port.

16.3 Pull-up Control Register 0 to Pull-up Control Register 2 (PUR0 to PUR2 Registers)

Figure 16.3.1 shows the PUR0 to PUR2 registers.

The PUR0 to PUR2 registers select whether the ports, divided into groups of four ports, are pulled up or not.

The ports, selected by setting the bits in registers PUR2 to PUR0 to “1” (pull-up), are pulled up when the

direction registers are set to “0” (input mode). The ports are pulled up regardless of their function.
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Figure 16.2.  I/O Ports (2)

Data bus

Pull-up selection

Direction register

Port latch

Data bus

Pull-up selection

Direction register

Port latch

Input to respective peripheral functions

Input to respective peripheral functions

"1"

Output
Data bus

Direction 
register

Port latch

Pull-up selection

(1)

Input to respective peripheral functions

Switching 
between
CMOS and
Nch

(1)

(1)

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

P70 to P73 

P82 to P84

P62, P66, P77
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Table 18.4.  Flash Memory Version Electrical Characteristic (1):
Program Space and Data Space for U3 and U5, Program Space for U7 and U9

Table 18.5.  Flash Memory Version Electrical Characteristics (6): Data Space for U7 and U9 (7)

Erase suspend 
request

(interrupt request)

FMR46

td(SR-ES)

lobmyS retemaraP
dradnatS

tinU
.niM .pyT )2( .xaM

- ecnarudnEesarEdnamargorP )3( 0001/001 )11,4( selcyc

- V(emiTmargorPdroW CC 52=rpoT,V0.5= C° ) 57 006 µs

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

kcolBetybK-2 2.0 9 s

kcolBetybK-8 4.0 9 s

kcolBetybK-61 7.0 9 s

kcolBetybK-23 2.1 9 s

)SE-RS(dt dnepsuSesarEdnatseuqeRdnepsuSneewtebnoitaruD 8 sm

t SP tiucriCyromeMhsalFezilibatSotemiTtiaW 51 µs

- emiTdloHataD )5( 02 sraey

lobmyS retemaraP
dradnatS

tinU
.niM .pyT )2( .xaM

- ecnarudnEesarEdnamargorP )9,8,3( 00001 )01,4( selcyc

- V(emiTmargorPdroW CC 52=rpoT,V0.5= C° ) 001 µs

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

3.0 s

)SE-RS(dt dnepsuSesarEdnatseuqeRdnepsuSneewtebnoitaruD 8 sm

t SP tiucriCyromeMhsalFezilibatSotemiTtiaW 51 µs

- emiTdloHataD )5( 02 sraey

:SETON
VotdecnerefeR.1 CC °06ot0=rpoTtaV5.5ot7.2= sselnu,)ecapsatad(C°58ot04-,)ecapsmargorp(C

.deificepsesiwrehto
V.2 CC T;V0.5= rpo C°52=

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

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

nahteromsserddaemasehtotdemmargorpebtonnacataD.ecnarudneesarednamargorpenosastnuocsiht
.)detibihorpetirwer(.kcolbehtgnisaretuohtiwecno

.)deetnaraugeraeulavmuminimot1(deetnarugsinoitarepohcihwrofselcycW/EforebmuN.4
T.5 rpo C°55=

VotdecnerefeR.6 CC TtaV5.5ot7.2= rpo .deificepsesiwrehtosselnu)9U(C°58ot02-/)7U(C°58ot04-=
.selcyc000,1nahteromsiecnarudneesarednamargorpnehw9Udna7Uniecapsatadrofseilppa5.81elbaT.7

.4.81elbaTesu,esiwrehtO
,setirwersuoremungniriuqersmetsyshtiwgnikrownehwecnarudneesarednamargorpforebmunehtecuderoT.8

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

sitI.ycneiciffeevorpmioslalliwBkcolbdnaAkcolbneewteberusaresemitforebmunlauqenagniniatniaM
.erusareforebmunehttimilotdnakcolbrepdemrofreperusareforebmunlatotehtkcartotdednemmocer

tonsirorreesarenalitnusemit3tsaeltadnammocesarekcolbdnadnammocretsigersutatsraelcehtetucexE.9
.detarenegsirorreesarenanehwdetareneg

nitib71RMFehtgnittesybsseccakcolbrepetatstiawenotes,setirwersemit001nahteromgnitucexenehW.01
ebnacetatstiaw,MARlanretnidnaskcolbrehtollaotgnisseccanehW.)etatstiaw("1"ot1retsiger1RMFeht

.eulavgnittestib71RMFehtfosseldrager,tib71MPehtybtes
000,1;5Udna3Uniecapsataddnaecapsmargorprofselcyc001siecnarudneesarednamargorpehT.11

.9Udna7Uniecapsmargorprofselcyc
.evitatneserpertroppuslacinhcetsaseneRriehttcatnocdluohsnoitamrofnietareruliafW/EgnirisedsremotsuC.21
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Timing Requirements

(VCC = 5V, VSS = 0V, at Topr = – 20 to 85oC / – 40 to 85oC unless otherwise specified)

Table 18.17.  Timer B Input (Counter Input in Event Counter Mode)

Table 18.18.  Timer B Input (Pulse Period Measurement Mode)

Table 18.19.  Timer B Input (Pulse Width Measurement Mode)

Table 18.20.  A/D Trigger Input

Table 18.21.  Serial I/O

_______

Table 18.22.  External Interrupt INTi Input

VCC = 5V

ns

ns

ns

ns

ns

ns

ns

Standard

Max.Min.

TBiIN input cycle time (counted on one edge)

TBiIN input HIGH pulse width  (counted on one edge)

TBiIN input LOW pulse width  (counted on one edge)

ns

ns

ns

tc(TB)

tw(TBH)

tw(TBL)

ParameterSymbol Unit

tc(TB)

tw(TBL)

tw(TBH)

ns

ns

ns
TBiIN input HIGH pulse width  (counted on both edges)

TBiIN input LOW pulse width  (counted on both edges)

TBiIN input cycle time (counted on both edges)

Standard

Max.Min.

ns

ns

tc(TB)

tw(TBH)

Symbol Parameter Unit

tw(TBL) ns
TBiIN input HIGH pulse width

TBiIN input cycle time

TBiIN input LOW pulse width

Standard

Max.Min.
ns

ns

tc(TB)

Symbol Parameter Unit

tw(TBL) ns

tw(TBH)

TBiIN input cycle time

TBiIN input HIGH pulse width

TBiIN input LOW pulse width

Standard

Max.Min.
ns

ns

tc(AD)

tw(ADL)

Symbol Parameter Unit

ADTRG input cycle time (trigger able minimum)

ADTRG input LOW pulse width

Standard

Max.Min.
ns

ns

tw(INH)

tw(INL)

Symbol Parameter Unit

INTi input LOW pulse width

INTi input HIGH pulse width

Standard

Max.Min.

CLKi input cycle time

CLKi input HIGH pulse width

CLKi input LOW pulse width

tc(CK)

tw(CKH)

tw(CKL)

ParameterSymbol Unit

td(C-Q)

tsu(D-C)

th(C-Q) TxDi hold time

RxDi input setup time

TxDi output delay time

th(C-D) RxDi input hold time

100

40

40

80

80

200

400

200
200

400

200

200

1000

125

250

250

200

100

100

0

70

90

80
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VCC = 5V

TAiIN input

TAiOUT input

During event counter mode

TBiIN input

ADTRG input

tc(TA)

tw(TAH)

tw(TAL)

tc(UP)

tw(UPH)

tw(UPL)

tc(TB)

tw(TBH)

tw(TBL)

tc(AD)

tw(ADL)

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

TAiOUT input
(Up/down input)

TAiIN input

Two-phase pulse input in event counter mode

tc(TA)

tsu(TAIN-TAOUT)

tsu(TAOUT-TAIN)

tsu(TAIN-TAOUT)

tsu(TAOUT-TAIN)

TAiOUT input

XIN input

tw(H) tw(L)tr
tf

tc

Figure 18.1.  Timing Diagram (1)
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18.2. M16C/26T (T version)

Table 18.38.  Absolute Maximum Ratings

lobmyS retemaraP noitidnoC eulaV tinU

V CC egatloVylppuS V CC VA= CC 5.6ot3.0- V

VA CC egatloVylppuSgolanA V CC VA= CC 5.6ot3.0- V

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

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

X NI V, FER VNC,TESER, SS

Vot3.0- CC 3.0+ V

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

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

X TUO

Vot3.0- CC 3.0+ V

dP noitapissiDrewoP 04- < rpoT < C°58 003 Wm

rpoT
gnitarepO

tneibmA
erutarepmeT

noitarepoUPCgnirud 58ot04- C°

yromemhsalfgnirud
esarednamargorp

noitarepo

ecapSmargorP
)3kcolBot0kcolB(

06ot0 C°

ecapSataD
)BkcolB,AkcolB(

58ot04- C°

gtsT erutarepmeTegarotS 051ot56- C°
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