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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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

Common Subcategories of "Embedded -
Microcontrollers"

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

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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M16C/65C Group 1.  Overview

Table 1.8 Pin Names for the 128-Pin Package (2/3)

Pin No. Control 
Pin Port

I/O Pin for Peripheral Function
Bus Control PinInterrupt Timer Serial interface A/D converter,

D/A converter
51 P5_6 ALE
52 P5_5 HOLD
53 P5_4 HLDA
54 P13_3
55 P13_2
56 P13_1
57 P13_0
58 P5_3 BCLK
59 P5_2 RD
60 P5_1 WRH/BHE
61 P5_0 WRL/WR
62 P12_7
63 P12_6
64 P12_5
65 P4_7 PWM1 TXD7/SDA7 CS3
66 P4_6 PWM0 RXD7/SCL7 CS2
67 P4_5 CLK7 CS1
68 P4_4 CTS7/RTS7 CS0
69 P4_3 A19
70 P4_2 A18
71 P4_1 A17
72 P4_0 A16
73 P3_7 A15
74 P3_6 A14
75 P3_5 A13
76 P3_4 A12
77 P3_3 A11
78 P3_2 A10
79 P3_1 A9
80 P12_4
81 P12_3
82 P12_2
83 P12_1
84 P12_0
85 VCC2
86 P3_0 A8, [A8/D7]
87 VSS
88 P2_7 AN2_7 A7, [A7/D7], [A7/D6]
89 P2_6 AN2_6 A6, [A6/D6], [A6/D5]
90 P2_5 INT7 AN2_5 A5, [A5/D5], [A5/D4]
91 P2_4 INT6 AN2_4 A4[A4/D4], [A4/D3]
92 P2_3 AN2_3 A3, [A3/D3], [A3/D2]
93 P2_2 AN2_2 A2, [A2/D2], [A2/D1]
94 P2_1 AN2_1 A1, [A1/D1], [A1/D0]
95 P2_0 AN2_0 A0, [A0/D0], A0
96 P1_7 INT5 IDU D15
97 P1_6 INT4 IDW D14
98 P1_5 INT3 IDV D13
99 P1_4 D12
100 P1_3 TXD6/SDA6 D11
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Notes:
1. Contact the manufacturer of crystal/ceramic resonator regarding the oscillation characteristics.
2. TXD2, SDA2, and SCL2 are N-channel open drain output pins. TXDi (i = 0, 1, 5 to 7), SDAi, and SCLi can be

selected as CMOS output pins or N-channel open drain output pins.

Table 1.16 Pin Functions for the 100-Pin Package (2/3)
Signal Name Pin Name I/O Power Supply Description

Main clock input XIN I VCC1 I/O for the main clock oscillator. Connect a ceramic 
resonator or crystal between pins XIN and XOUT. (1) 
Input an external clock to XIN pin and leave XOUT pin 
open. Main clock output XOUT O VCC1

Sub clock input XCIN I VCC1 I/O for a sub clock oscillator. Connect a crystal between 
XCIN pin and XCOUT pin. (1) Input an external clock to 
XCIN pin and leave XCOUT pin open.Sub clock output XCOUT O VCC1

BCLK output BCLK O VCC2 Outputs the BCLK signal.

Clock output CLKOUT O VCC2 Outputs a clock with the same frequency as fC, f1, f8, or 
f32.

INT interrupt input
INT0 to INT2 I VCC1

Input for the INT interrupt.
INT3 to INT7 I VCC2

NMI interrupt input NMI I VCC1 Input for the NMI interrupt.

Key input interrupt 
input KI0 to KI3 I VCC1 Input for the key input interrupt.

Timer A

TA0OUT to 
TA4OUT

I/O VCC1 I/O for timers A0 to A4 (TA0OUT is N-channel open drain 
output).

TA0IN to TA4IN I VCC1 Input for timers A0 to A4.

ZP I VCC1 Input for Z-phase.

Timer B TB0IN to TB5IN I VCC1 Input for timers B0 to B5.

Three-phase motor 
control timer

U, U, V, V, W, W O VCC1 Output for the three-phase motor control timer.

SD I VCC1 Forced cutoff input.

IDU, IDV, IDW I VCC2 Input for the position data.

Real-time clock 
output RTCOUT O VCC1 Output for the real-time clock.

PWM output PWM0, PWM1 O VCC1, VCC2 PWM output.

Remote control 
signal receiver input PMC0, PMC1 I VCC1 Input for the remote control signal receiver.

Serial interface
UART0 to UART2,
UART5 to UART7

CTS0 to CTS2, 
CTS5 I VCC1

Input pins to control data transmission.
CTS6, CTS7 I VCC2

RTS0 to RTS2, 
RTS5 O VCC1

Output pins to control data reception.
RTS6, RTS7 O VCC2

CLK0 to CLK2,  
CLK5 I/O VCC1

Transmit/receive clock I/O.
CLK6, CLK7 I/O VCC2

RXD0 to RXD2, 
RXD5

I VCC1
Serial data input.

RXD6, RXD7 I VCC2

TXD0 to TXD2, 
TXD5

O VCC1
Serial data output. (2)

TXD6, TXD7 O VCC2

CLKS1 O VCC1 Output for the transmit/receive clock multiple-pin output 
function.
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2.1 Data Registers (R0, R1, R2, and R3)
R0, R1, R2, and R3 are 16-bit registers used for transfer, arithmetic, and logic operations. R0 and R1 can
be split into upper (R0H/R1H) and lower (R0L/R1L) bits to be used separately as 8-bit data registers. 
R0 can be combined with R2, and R3 can be combined with R1 and be used as 32-bit data registers
R2R0 and R3R1, respectively.

2.2 Address Registers (A0 and A1)
A0 and A1 are 16-bit registers used for indirect addressing, relative addressing, transfer, arithmetic, and
logic operations. A0 can be combined with A1 and used as a 32-bit address register (A1A0).

2.3 Frame Base Register (FB)
FB is a 16-bit register that is used for FB relative addressing.

2.4 Interrupt Table Register (INTB)
INTB is a 20-bit register that indicates the start address of a relocatable interrupt vector table.

2.5 Program Counter (PC)
The PC is 20 bits wide and indicates the address of the next instruction to be executed.

2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)
The USP and ISP stack pointers (SP) are each comprised of 16 bits. The U flag is used to switch between
USP and ISP.

2.7 Static Base Register (SB)
SB is a 16-bit register used for SB relative addressing.

2.8 Flag Register (FLG)
FLG is an 11-bit register that indicates the CPU state.

2.8.1 Carry Flag (C Flag)
The C flag retains a carry, borrow, or shift-out bit generated by the arithmetic/logic unit.

2.8.2 Debug Flag (D Flag)
The D flag is for debugging only. Set it to 0.

2.8.3 Zero Flag (Z Flag)
The Z flag becomes 1 when an arithmetic operation results in 0. Otherwise, it becomes 0.

2.8.4 Sign Flag (S Flag)
The S flag becomes 1 when an arithmetic operation results in a negative value. Otherwise, it becomes
0.

2.8.5 Register Bank Select Flag (B Flag)
Register bank 0 is selected when the B flag is 0. Register bank 1 is selected when this flag is 1.

2.8.6 Overflow Flag (O Flag)
The O flag becomes 1 when an arithmetic operation results in an overflow. Otherwise, it becomes 0.
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2.8.7 Interrupt Enable Flag (I Flag)
The I flag enables maskable interrupts.
Maskable interrupts are disabled when the I flag is 0, and enabled when it is 1. The I flag becomes 0
when an interrupt request is accepted.

2.8.8 Stack Pointer Select Flag (U Flag)
ISP is selected when the U flag is 0. USP is selected when the U flag is 1.
The U flag becomes 0 when a hardware interrupt request is accepted, or the INT instruction of software
interrupt number 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)
IPL is 3 bits wide and assigns processor interrupt priority levels from 0 to 7.
If a requested interrupt has higher priority than IPL, the interrupt request is enabled.

2.8.10 Reserved Areas
Only set these bits to 0. The read value is undefined.
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Note: 
1. The blank areas are reserved. No access is allowed.

Table 4.3 SFR Information (3) (1)

Address Register Symbol Reset Value
0040h
0041h
0042h INT7 Interrupt Control Register INT7IC XX00 X000b
0043h INT6 Interrupt Control Register INT6IC XX00 X000b

0044h INT3 Interrupt Control Register INT3IC XX00 X000b
0045h Timer B5 Interrupt Control Register TB5IC XXXX X000b

0046h Timer B4 Interrupt Control Register
UART1 Bus Collision Detection Interrupt Control Register

TB4IC
U1BCNIC XXXX X000b

0047h Timer B3 Interrupt Control Register
UART0 Bus Collision Detection Interrupt Control Register

TB3IC
U0BCNIC XXXX X000b

0048h
SI/O4 Interrupt Control Register
INT5 Interrupt Control Register

S4IC
INT5IC XX00 X000b

0049h
SI/O3 Interrupt Control Register
INT4 Interrupt Control Register

S3IC
INT4IC XX00 X000b

004Ah UART2 Bus Collision Detection Interrupt Control Register BCNIC XXXX X000b
004Bh DMA0 Interrupt Control Register DM0IC XXXX X000b
004Ch DMA1 Interrupt Control Register DM1IC XXXX X000b
004Dh Key Input Interrupt Control Register KUPIC XXXX X000b
004Eh A/D Conversion Interrupt Control Register ADIC XXXX X000b
004Fh UART2 Transmit Interrupt Control Register S2TIC XXXX X000b
0050h UART2 Receive Interrupt Control Register S2RIC XXXX X000b
0051h UART0 Transmit Interrupt Control Register S0TIC XXXX X000b
0052h UART0 Receive Interrupt Control Register S0RIC XXXX X000b
0053h UART1 Transmit Interrupt Control Register S1TIC XXXX X000b
0054h UART1 Receive Interrupt Control Register S1RIC XXXX X000b
0055h Timer A0 Interrupt Control Register TA0IC XXXX X000b
0056h Timer A1 Interrupt Control Register TA1IC XXXX X000b
0057h Timer A2 Interrupt Control Register TA2IC XXXX X000b
0058h Timer A3 Interrupt Control Register TA3IC XXXX X000b
0059h Timer A4 Interrupt Control Register TA4IC XXXX X000b
005Ah Timer B0 Interrupt Control Register TB0IC XXXX X000b
005Bh Timer B1 Interrupt Control Register TB1IC XXXX X000b
005Ch Timer B2 Interrupt Control Register TB2IC XXXX X000b

005Dh INT0 Interrupt Control Register INT0IC XX00 X000b
005Eh INT1 Interrupt Control Register INT1IC XX00 X000b
005Fh INT2 Interrupt Control Register INT2IC XX00 X000b

X: Undefined
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Note: 
1. The blank areas are reserved. No access is allowed.

Table 4.9 SFR Information (9) (1)

Address Register Symbol Reset Value
0240h
0241h
0242h
0243h
0244h UART0 Special Mode Register 4 U0SMR4 00h
0245h UART0 Special Mode Register 3 U0SMR3 000X 0X0Xb
0246h UART0 Special Mode Register 2 U0SMR2 X000 0000b
0247h UART0 Special Mode Register U0SMR X000 0000b
0248h UART0 Transmit/Receive Mode Register U0MR 00h
0249h UART0 Bit Rate Register U0BRG XXh
024Ah

UART0 Transmit Buffer Register U0TB
XXh

024Bh XXh
024Ch UART0 Transmit/Receive Control Register 0 U0C0 0000 1000b
024Dh UART0 Transmit/Receive Control Register 1 U0C1 00XX 0010b
024Eh

UART0 Receive Buffer Register U0RB
XXh

024Fh XXh
0250h UART Transmit/Receive Control Register 2 UCON X000 0000b
0251h
0252h UART Clock Select Register UCLKSEL0 X0h
0253h
0254h UART1 Special Mode Register 4 U1SMR4 00h
0255h UART1 Special Mode Register 3 U1SMR3 000X 0X0Xb
0256h UART1 Special Mode Register 2 U1SMR2 X000 0000b
0257h UART1 Special Mode Register U1SMR X000 0000b
0258h UART1 Transmit/Receive Mode Register U1MR 00h
0259h UART1 Bit Rate Register U1BRG XXh
025Ah

UART1 Transmit Buffer Register U1TB
XXh

025Bh XXh
025Ch UART1 Transmit/Receive Control Register 0 U1C0 0000 1000b
025Dh UART1 Transmit/Receive Control Register 1 U1C1 00XX 0010b
025Eh

UART1 Receive Buffer Register U1RB
XXh

025Fh XXh
0260h
0261h
0262h
0263h
0264h UART2 Special Mode Register 4 U2SMR4 00h
0265h UART2 Special Mode Register 3 U2SMR3 000X 0X0Xb
0266h UART2 Special Mode Register 2 U2SMR2 X000 0000b
0267h UART2 Special Mode Register U2SMR X000 0000b
0268h UART2 Transmit/Receive Mode Register U2MR 00h
0269h UART2 Bit Rate Register U2BRG XXh
026Ah

UART2 Transmit Buffer Register U2TB
XXh

026Bh XXh
026Ch UART2 Transmit/Receive Control Register 0 U2C0 0000 1000b
026Dh UART2 Transmit/Receive Control Register 1 U2C1 0000 0010b
026Eh

UART2 Receive Buffer Register U2RB
XXh

026Fh XXh
X: Undefined
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Note: 
1. The blank areas are reserved. No access is allowed.

Table 4.12 SFR Information (12) (1)

Address Register Symbol Reset Value
0300h Timer B3/B4/B5 Count Start Flag TBSR 000X XXXXb
0301h
0302h

Timer A1-1 Register TA11
XXh

0303h XXh
0304h

Timer A2-1 Register TA21
XXh

0305h XXh
0306h

Timer A4-1 Register TA41
XXh

0307h XXh
0308h Three-Phase PWM Control Register 0 INVC0 00h
0309h Three-Phase PWM Control Register 1 INVC1 00h
030Ah Three-Phase Output Buffer Register 0 IDB0 XX11 1111b
030Bh Three-Phase Output Buffer Register 1 IDB1 XX11 1111b
030Ch Dead Time Timer DTT XXh
030Dh Timer B2 Interrupt Generation Frequency Set Counter ICTB2 XXh
030Eh Position-Data-Retain Function Control Register PDRF XXXX 0000b
030Fh
0310h

Timer B3 Register TB3
XXh

0311h XXh
0312h

Timer B4 Register TB4
XXh

0313h XXh
0314h

Timer B5 Register TB5
XXh

0315h XXh
0316h
0317h
0318h Port Function Control Register PFCR 0011 1111b
0319h
031Ah
031Bh Timer B3 Mode Register TB3MR 00XX 0000b
031Ch Timer B4 Mode Register TB4MR 00XX 0000b
031Dh Timer B5 Mode Register TB5MR 00XX 0000b
031Eh
031Fh
0320h Count Start Flag TABSR 00h
0321h
0322h One-Shot Start Flag ONSF 00h
0323h Trigger Select Register TRGSR 00h
0324h Increment/Decrement Flag UDF 00h 
0325h
0326h

Timer A0 Register TA0
XXh

0327h XXh
0328h

Timer A1 Register TA1
XXh

0329h XXh
032Ah

Timer A2 Register TA2
XXh

032Bh XXh
032Ch

Timer A3 Register TA3
XXh

032Dh XXh
032Eh

Timer A4 Register TA4
XXh

032Fh XXh
X: Undefined
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Note: 
1. The blank areas are reserved. No access is allowed.

Table 4.16 SFR Information (16) (1)

Address Register Symbol Reset Value
03C0h

A/D Register 0 AD0
XXXX XXXXb

03C1h 0000 00XXb
03C2h

A/D Register 1 AD1
XXXX XXXXb

03C3h 0000 00XXb
03C4h

A/D Register 2 AD2
XXXX XXXXb

03C5h 0000 00XXb
03C6h

A/D Register 3 AD3
XXXX XXXXb

03C7h 0000 00XXb
03C8h

A/D Register 4 AD4
XXXX XXXXb

03C9h 0000 00XXb
03CAh

A/D Register 5 AD5
XXXX XXXXb

03CBh 0000 00XXb
03CCh

A/D Register 6 AD6
XXXX XXXXb

03CDh 0000 00XXb
03CEh

A/D Register 7  AD7
XXXX XXXXb

03CFh 0000 00XXb
03D0h
03D1h
03D2h
03D3h
03D4h A/D Control Register 2 ADCON2 0000 X00Xb
03D5h
03D6h A/D Control Register 0 ADCON0 0000 0XXXb
03D7h A/D Control Register 1 ADCON1 0000 X000b
03D8h D/A0 Register DA0 00h
03D9h
03DAh D/A1 Register DA1 00h
03DBh
03DCh D/A Control Register DACON 00h
03DDh
03DEh
03DFh
03E0h Port P0 Register P0 XXh
03E1h Port P1 Register P1 XXh
03E2h Port P0 Direction Register PD0 00h
03E3h Port P1 Direction Register PD1 00h
03E4h Port P2 Register P2 XXh
03E5h Port P3 Register P3 XXh
03E6h Port P2 Direction Register PD2 00h
03E7h Port P3 Direction Register PD3 00h
03E8h Port P4 Register P4 XXh
03E9h Port P5 Register P5 XXh
03EAh Port P4 Direction Register PD4 00h
03EBh Port P5 Direction Register PD5 00h
03ECh Port P6 Register P6 XXh
03EDh Port P7 Register P7 XXh
03EEh Port P6 Direction Register PD6 00h
03EFh Port P7 Direction Register PD7 00h

X: Undefined
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4.2 Notes on SFRs

4.2.1 Register Settings
Table 4.19 lists Registers with Write-Only Bits and registers whose function differs between reading and
writing. Set these registers with immediate values. Do not use read-modify-write instructions. When
establishing the next value by altering the existing value, write the existing value to the RAM as well as
to the register. Transfer the next value to the register after making changes in the RAM.
Read-modify-write instructions can be used when writing to the no register bits.

Table 4.19 Registers with Write-Only Bits
Address Register Symbol
0249h UART0 Bit Rate Register U0BRG

024Bh to 024Ah UART0 Transmit Buffer Register U0TB
0259h UART1 Bit Rate Register U1BRG

025Bh to 025Ah UART1 Transmit Buffer Register U1TB
0269h UART2 Bit Rate Register U2BRG

026Bh to 026Ah UART2 Transmit Buffer Register U2TB
0273h SI/O3 Bit Rate Register S3BRG
0277h SI/O4 Bit Rate Register S4BRG
0289h UART5 Bit Rate Register U5BRG

028Bh to 028Ah UART5 Transmit Buffer Register U5TB
0299h UART6 Bit Rate Register U6BRG

029Bh to 029Ah UART6 Transmit Buffer Register U6TB
02A9h UART7 Bit Rate Register U7BRG

02ABh to 02AAh UART7 Transmit Buffer Register U7TB
02B6h I2C0 Control Register 1 S3D0
02B8h I2C0 Status Register 0 S10

0303h to 0302h Timer A1-1 Register TA11
0305h to 0304h Timer A2-1 Register TA21
0307h to 0306h Timer A4-1 Register TA41

030Ah Three-Phase Output Buffer Register 0 IDB0
030Bh Three-Phase Output Buffer Register 1 IDB1
030Ch Dead Time Timer DTT
030Dh Timer B2 Interrupt Generation Frequency Set Counter ICTB2

0327h to 0326h Timer A0 Register TA0
0329h to 0328h Timer A1 Register TA1
032Bh to 032Ah Timer A2 Register TA2
032Dh to 032Ch Timer A3 Register TA3
032Fh to 032Eh Timer A4 Register TA4

037Dh Watchdog Timer Refresh Register WDTR
037Eh Watchdog Timer Start Register WDTS
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5.1.3 A/D Conversion Characteristics

Notes:
1. Use when AVCC = VCC1.
2. Flash memory rewrite disabled. Except for the analog input pin, set the pins to be measured as input ports and

connect them to VSS. See Figure 5.2 “A/D Accuracy Measure Circuit”.

Figure 5.2 A/D Accuracy Measure Circuit

Table 5.5 A/D Conversion Characteristics (1/2) (1)

VCC1 = AVCC = 3.0 to 5.5 V ≥ VCC2 ≥ VREF, VSS = AVSS = 0 V at Topr = -20°C to 85°C/-40°C to 85°C unless otherwise
specified.

Symbol Parameter Measuring Condition Standard Unit
Min. Typ. Max.

- Resolution AVCC = VCC1 ≥ VCC2 ≥ VREF 10 Bits
INL Integral non-linearity error 10 bits VCC1 = 

5.0 V
AN0 to AN7 input, 
AN0_0 to AN0_7 input, 
AN2_0 to AN2_7 input, 
ANEX0, ANEX1 input
(Note 2)

±3 LSB

VCC1 = 
3.3 V

AN0 to AN7 input, 
AN0_0 to AN0_7 input, 
AN2_0 to AN2_7 input, 
ANEX0, ANEX1 input
(Note 2)

±3 LSB

VCC1 = 
3.0 V

AN0 to AN7 input, 
AN0_0 to AN0_7 input, 
AN2_0 to AN2_7 input, 
ANEX0, ANEX1 input
(Note 2)

±3 LSB

- Absolute accuracy 10 bits VCC1 = 
5.0 V

AN0 to AN7 input, 
AN0_0 to AN0_7 input, 
AN2_0 to AN2_7 input, 
ANEX0, ANEX1 input
(Note 2)

±3 LSB

VCC1 = 
3.3 V

AN0 to AN7 input, 
AN0_0 to AN0_7 input, 
AN2_0 to AN2_7 input, 
ANEX0, ANEX1 input
(Note 2)

±3 LSB

VCC1 = 
3.0 V

AN0 to AN7 input, 
AN0_0 to AN0_7 input, 
AN2_0 to AN2_7 input, 
ANEX0, ANEX1 input
(Note 2)

±3 LSB

AN Analog input

AN: One of the analog input pin
P0 to P14: I/O pins other than AN

P0 to P14
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Notes:
1. Use when AVCC = VCC1.
2. When VCC1 ≥ VCC2, set as below:

Analog input voltage (AN0 to AN7, ANEX0, and ANEX1) ≤ VCC1
Analog input voltage (AN0_0 to AN0_7 and AN2_0 to AN2_7) ≤ VCC2.

3. When analog input voltage is over reference voltage, the result of A/D conversion is 3FFh.
4. Flash memory rewrite disabled. Except for the analog input pin, set the pins to be measured as input ports and

connect them to VSS. See Figure 5.2 “A/D Accuracy Measure Circuit”.

5.1.4 D/A Conversion Characteristics

Notes:
1. This applies when using one D/A converter, with the D/A register for the unused D/A converter set to 00h. 
2. The current consumption of the A/D converter is not included. Also, the IVREF of the D/A converter will flow even

if the ADSTBY bit in the ADCON1 register is 0 (A/D operation stopped (standby)).

Table 5.6 A/D Conversion Characteristics (2/2) (1)

VCC1 = AVCC = 3.0 to 5.5 V ≥ VCC2 ≥ VREF, VSS = AVSS = 0 V at Topr = -20°C to 85°C/-40°C to 85°C unless otherwise 
specified.

Symbol Parameter Measuring Condition
Standard

Unit
Min. Typ. Max.

φAD A/D operating clock 
frequency

AN0 to AN7 input, 
ANEX0 to ANEX1 
input

4.0 V ≤ VCC1 ≤ 5.5 V 2 25 MHz
3.2 V ≤ VCC1 ≤ 4.0 V 2 16 MHz
3.0 V ≤ VCC1 ≤ 3.2 V 2 10 MHz

AN0_0 to AN0_7 
input, AN2_0 to 
AN2_7 input

4.0 V ≤ VCC2 ≤ 5.5 V 2 25 MHz
3.2 V ≤ VCC2 ≤ 4.0 V 2 16 MHz
3.0 V ≤ VCC2 ≤ 3.2 V 2 10 MHz

- Tolerance level impedance 3 kΩ

DNL Differential non-linearity error (4) ±1 LSB

- Offset error (4) ±3 LSB

- Gain error (4) ±3 LSB

tCONV 10-bit conversion time VCC1 = 5 V, φAD = 25 MHz 1.60 μs

tSAMP Sampling time 0.60 μs

VREF Reference voltage 3.0 VCC1 V

VIA Analog input voltage (2), (3) 0 VREF V

Table 5.7 D/A Conversion Characteristics 
VCC1 = AVCC = VREF = 3.0 to 5.5 V, VSS = AVSS = 0 V at Topr = -20°C to 85°C/-40°C to 85°C unless otherwise specified.

Symbol Parameter Measuring Condition
Standard

Unit
Min. Typ. Max.

- Resolution 8 Bits
- Absolute Accuracy 2.5 LSB
tSU Setup Time 3 μs
RO Output Resistance 5 6 8.2 kΩ

IVREF Reference Power Supply Input Current See Notes 1 and 2 1.5 mA
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VCC1 = VCC2 = 5 V
Switching Characteristics
(VCC1 = VCC2 = 5 V, VSS = 0 V, at Topr = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

5.2.4.3 In 2 or 3 Waits Setting, and When Accessing External Area and Using
Multiplexed Bus

Notes:
1. Calculated according to the BCLK frequency as follows:

2. Calculated according to the BCLK frequency as follows:

 n is 2 for 2-wait setting, 3 for 3-wait setting.

3. Calculated according to the BCLK frequency as follows:

4. Calculated according to the BCLK frequency as follows:

5. When using multiplex bus, set f(BCLK) 12.5 MHz or less.

6. Calculated according to the BCLK frequency as follows:  

Table 5.38 Memory Expansion Mode and Microprocessor Mode (in 2 or 3 Waits Setting, and When 
Accessing External Area and Using Multiplexed Bus) (5)

Symbol Parameter Measuring 
Condition

Standard
Unit

Min. Max.
td(BCLK-AD) Address output delay time

See 
Figure 5.14

25 ns

th(BCLK-AD) Address output hold time (in relation to BCLK) 0 ns

th(RD-AD) Address output hold time (in relation to RD) (Note 1) ns

th(WR-AD) Address output hold time (in relation to WR) (Note 1) ns

td(BCLK-CS) Chip select output delay time 25 ns

th(BCLK-CS) Chip select output hold time (in relation to BCLK) 0 ns

th(RD-CS) Chip select output hold time (in relation to RD) (Note 1) ns

th(WR-CS) Chip select output hold time (in relation to WR) (Note 1) ns

td(BCLK-RD) RD signal output delay time 25 ns

th(BCLK-RD) RD signal output hold time 0 ns

td(BCLK-WR) WR signal output delay time 25 ns

th(BCLK-WR) WR signal output hold time 0 ns

td(BCLK-DB) Data output delay time (in relation to BCLK) 40 ns

td(DB-WR) Data output delay time (in relation to WR) (Note 2) ns

th(WR-DB) Data output hold time (in relation to WR) (Note 6) ns

td(BCLK-ALE) ALE signal output delay time (in relation to BCLK) 15 ns

th(BCLK-ALE) ALE signal output hold time (in relation to BCLK) −4 ns

td(AD-ALE) ALE signal output delay time (in relation to Address) (Note 3) ns

th(AD-ALE) ALE signal output hold time (in relation to Address) (Note 4) ns

td(AD-RD) RD signal output delay from the end of address 0 ns

td(AD-WR) WR signal output delay from the end of address 0 ns

tdz(RD-AD) Address output floating start time 8 ns

0.5 109×
f BCLK( )

---------------------- 10 ns[ ]–

n 0.5–( ) 109×
f BCLK( )

------------------------------------ 40 ns[ ]–

0.5 109×
f BCLK( )

---------------------- 25 ns[ ]–

0.5 109×
f BCLK( )

---------------------- 15 ns[ ]–

0.5 109×
f BCLK( )

---------------------- 20 ns[ ]–
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Figure 5.19 Timing Diagram

Read timing

Write timing

BCLK

CSi

ALE

DBi

ADi
BHE

BCLK

CSi

ALE

DBi

ADi
BHE

RD

t cyc

t d(BCLK-CS)
25ns(max.)

Hi-Z
t su(DB-RD)

Hi-Z

V      = V      = 5V   CC1       CC2Memory Expansion Mode and Microprocessor Mode
(in wait state setting 2 φ + 3 φ, 2 φ + 4 φ, 3φ + 4 φ, and 4 φ + 5 φ, and
when inserting 1 to 3 recovery cycles and accessing external area)

 n: 3 (when 2 φ + 3 φ)
4 (when 2 φ + 4 φ or 3 φ + 4 φ)
5 (when 4 φ + 5 φ)

th(BCLK-CS)
0ns(min.)

t d(BCLK-AD)
25ns(max.)

th(BCLK-AD)
0ns(min.)

t d(BCLK-ALE)
15ns(max.) th(BCLK-ALE)

-4ns(min.)

t d(BCLK-RD)
25ns(max.)

th(BCLK-RD)
0ns(min.)

th(RD-DB)
0ns(min.)

t cyc

t d(BCLK-CS)
25ns(max.)

t d(BCLK-AD)
25ns(max.)

th(BCLK-ALE)
-4ns(min.)

t d(BCLK-ALE)
15ns(max.)

t d(BCLK-WR)
25ns(max.)

t d(BCLK-DB)
40ns(max.)

th(BCLK-CS)
0ns(min.)

th(BCLK-AD)
0ns(min.)

th(WR-AD)
(m × t     -10)ns(min.)           cyc

th(BCLK-WR)
0ns(min.)

th(WR-DB)
(m × t     -20)ns(min.)           cyc

(n × t     -45)ns(max.)          cyc
t ac4(RD-DB)

(n × t     -40)ns(min.)          cyc
t d(DB-WR)

t cyc =
1

f(BCLK)

Measuring conditions
V      = V      = 5V       CC1       CC2
Input timing voltage: V   = 0.8 V, V    = 2.0 V                                                  IL                     IH
Output timing voltage: V    = 0.4 V, V     = 2.4 V                                                     OL                     OH  m: 1 (when 1 recovery cycle inserted )

2 (when 2 recovery cycles inserted)
3 (when 3 recovery cycles inserted)

th(RD-AD)
(m × t    +0)ns(min.)           cyc

WR, WRL
WRH

50ns(min.)
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5.3 Electrical Characteristics (VCC1 = VCC2 = 3 V)

5.3.1 Electrical Characteristics
VCC1 = VCC2 = 3 V

Note:
1. When VCC1 ≠ VCC2, refer to 5 V or 3 V standard depending on the voltage.

Table 5.41 Electrical Characteristics (1) (1)

VCC1 = VCC2 = 2.7 to 3.3 V, VSS = 0 V at Topr = -20°C to 85°C/-40°C to 85°C, f(BCLK) = 32 MHz unless otherwise specified.

Symbol Parameter Measuring Condition
Standard

Unit
Min. Typ. Max.

VOH High 
output 
voltage

P6_0 to P6_7, P7_2 to P7_7, P8_0 to P8_4, 
P8_6, P8_7, P9_0 to P9_7, P10_0 to P10_7,
P11_0 to P11_7, P14_0, P14_1

IOH = −1 mA VCC1 − 0.5 VCC1 V

P0_0 to P0_7, P1_0 to P1_7, P2_0 to P2_7, 
P3_0 to P3_7, P4_0 to P4_7, P5_0 to P5_7, 
P12_0 to P12_7, P13_0 to P13_7

IOH = −1 mA VCC2 − 0.5 VCC2

VOH High output voltage     XOUT HIGH POWER IOH = −0.1 mA VCC1 − 0.5 VCC1 V

LOW POWER IOH = −50 μA VCC1 − 0.5 VCC1

High output voltage     XCOUT HIGH POWER With no load applied 2.6 V
LOW POWER With no load applied 2.2

VOL Low output 
voltage

P6_0 to P6_7, P7_0 to P7_7, P8_0 to P8_7, P9_0 to 
P9_7, P10_0 to P10_7, P11_0 to P11_7, P14_0, P14_1

IOL = 1 mA 0.5 V

P0_0 to P0_7, P1_0 to P1_7, P2_0 to P2_7, 
P3_0 to P3_7, P4_0 to P4_7, P5_0 to P5_7, 
P12_0 to P12_7, P13_0 to P13_7

IOL = 1 mA 0.5

CEC IOL = 1 mA 0 0.5 V
VOL Low output voltage     XOUT HIGH POWER IOL = 0.1 mA 0.5 V

LOW POWER IOL = 50 μA 0.5

Low output voltage     XCOUT HIGH POWER With no load applied 0 V
LOW POWER With no load applied 0

VT+-VT- Hysteresis HOLD, RDY, TA0IN to TA4IN, TB0IN to TB5IN, INT0 to 
INT7, NMI, ADTRG, CTS0 to CTS2, CTS5 to CTS7, 
SCL0 to SCL2, SCL5 to SCL7, SDA0 to SDA2, SDA5 
to SDA7, CLK0 to CLK7, TA0OUT to TA4OUT, KI0 to 
KI3, RXD0 to RXD2, RXD5 to RXD7, SIN3, SIN4, SD, 
PMC0, PMC1, SCLMM, SDAMM, ZP, IDU, IDV, IDW

0.2 1.0 V

CEC 0.2 0.5 1.0 V
RESET 0.2 1.8 V

IIH High input 
current

P0_0 to P0_7, P1_0 to P1_7, P2_0 to P2_7, 
P3_0 to P3_7, P4_0 to P4_7, P5_0 to P5_7, 
P6_0 to P6_7, P7_0 to P7_7, P8_0 to P8_7, 
P9_0 to P9_7, P10_0 to P10_7, P11_0 to P11_7, 
P12_0 to P12_7, P13_0 to P13_7, P14_0, P14_1
XIN, RESET, CNVSS, BYTE

VI = 3 V 4.0 μA

− Leakage current in powered-off state CEC VCC1 = 0 V 1.8 μA

IIL Low input 
current

P0_0 to P0_7, P1_0 to P1_7, P2_0 to P2_7, 
P3_0 to P3_7, P4_0 to P4_7, P5_0 to P5_7, 
P6_0 to P6_7, P7_0 to P7_7, P8_0 to P8_7, 
P9_0 to P9_7, P10_0 to P10_7, P11_0 to P11_7, 
P12_0 to P12_7, P13_0 to P13_7, P14_0, P14_1
XIN, RESET, CNVSS, BYTE

VI = 0 V −4.0 μA

RPULLUP Pull-up
resistance

P0_0 to P0_7, P1_0 to P1_7, P2_0 to P2_7, 
P3_0 to P3_7, P4_0 to P4_7, P5_0 to P5_7, 
P6_0 to P6_7, P7_2 to P7_7, P8_0 to P8_4, 
P8_6, P8_7, P9_0 to P9_7, P10_0 to P10_7,
P11_0 to P11_7, P12_0 to P12_7, P13_0 to 
P13_7, P14_0, P14_1

VI = 0 V 50 80 150 kΩ

RfXIN Feedback resistance   XIN 3.0 MΩ

VRAM RAM retention voltage In stop mode 1.8 V
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VCC1 = VCC2 = 3 V
Timing Requirements
(VCC1 = VCC2 = 3 V, VSS = 0 V, at Topr = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

5.3.2.3 Timer A Input
 

Figure 5.22 Timer A Input

Table 5.47 Timer A Input (Counter Input in Event Counter Mode)

Symbol Parameter
Standard

Unit
Min. Max.

tc(TA) TAiIN input cycle time 150 ns
tw(TAH) TAiIN input high pulse width 60 ns
tw(TAL) TAiIN input low pulse width 60 ns

Table 5.48 Timer A Input (Gating Input in Timer Mode)

Symbol Parameter
Standard

Unit
Min. Max.

tc(TA) TAiIN input cycle time 600 ns
tw(TAH) TAiIN input high pulse width 300 ns
tw(TAL) TAiIN input low pulse width 300 ns

Table 5.49 Timer A Input (External Trigger Input in One-Shot Timer Mode)

Symbol Parameter
Standard

Unit
Min. Max.

tc(TA) TAiIN input cycle time 300 ns
tw(TAH) TAiIN input high pulse width 150 ns
tw(TAL) TAiIN input low pulse width 150 ns

Table 5.50 Timer A Input (External Trigger Input in Pulse Width Modulation Mode and 
Programmable Output Mode)

Symbol Parameter
Standard

Unit
Min. Max.

tw(TAH) TAiIN input high pulse width 150 ns
tw(TAL) TAiIN input low pulse width 150 ns

TAiIN input

TAiOUT input

t  w(TAH)

t c(TA)

t  w(TAL)

t c(UP)

t  w(UPH)

t  w(UPL)
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VCC1 = VCC2 = 3 V
Timing Requirements
(VCC1 = VCC2 = 3 V, VSS = 0 V, at Topr = -20°C to 85°C/-40°C to 85°C unless otherwise specified)

5.3.2.7 Multi-master I2C-bus

Figure 5.27 Multi-master I2C-bus

Table 5.57 Multi-master I2C-bus

Symbol Parameter
Standard Clock Mode Fast-mode

Unit
Min. Max. Min. Max.

tBUF Bus free time 4.7 1.3 μs

tHD;STA Hold time in start condition 4.0 0.6 μs

tLOW Hold time in SCL clock 0 status 4.7 1.3 μs

tR SCL, SDA signals’ rising time 1000 20 + 0.1 Cb 300 ns

tHD;DAT Data hold time 0 0 0.9 μs

tHIGH Hold time in SCL clock 1 status 4.0 0.6 μs

fF SCL, SDA signals’ falling time 300 20 + 0.1 Cb 300 ns

tsu;DAT Data setup time 250 100 ns

tsu;STA Setup time in restart condition 4.7 0.6 μs

tsu;STO Stop condition setup time 4.0 0.6 μs

SDA

SCL
pp s Sr

t  LOW

t  HD;STA t  HD;DAT t  HIGH t  su;DAT t  su;STA

t  R t  F

t  HD;STA t  su;STOt  BUF
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Figure 5.28 Timing Diagram

Memory Expansion Mode and  Microprocessor Mode

(Effective in wait state setting)

RDY input

RD

BCLK

(Separate bus)

(Multiplexed bus)

RD

(Separate bus)

(Multiplexed bus)

t su(RDY-BCLK) t h(BCLK-RDY)

Measuring conditions
V      = V      = 3 V       CC1       CC2
Input timing voltage: V   = 0.6 V, V    = 2.4 V                                                  IL                     IH
Output timing voltage: V    = 1.5 V, V     = 1.5 V                                                     OL                     OH

V      = V      = 3 V   CC1       CC2

WR, WRL, WRH

WR, WRL, WRH
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Figure 5.30 Timing Diagram

BCLK

CSi

ADi

ALE

RD

30ns(max.)

0ns(min.)

Hi-Z
DBi

0ns(min.)

BHE

Read timing

Memory Expansion Mode and Microprocessor Mode
(in no wait state setting)

30ns(max.) 0ns(min.)

BCLK

CSi

ADi

ALE

BHE

DBi

Write timing

Hi-Z

1
f (BCLK)

V      = V      = 3V   CC1       CC2

25ns(max.)

t h(BCLK-CS)

t cyc

t h(BCLK-AD)
0ns(min.)

t d(BCLK-AD)

t d(BCLK-ALE)
-4ns(min.)

t h(RD-AD)
0ns(min.)

t d(BCLK-RD) t h(BCLK-RD)
0ns(min.)

t ac1(RD-DB)
(0.5 × t     -60)ns(max.)           cyc

t su(DB-RD) t h(RD-DB)

t h(BCLK-ALE)

30ns(max.)

t d(BCLK-CS)
30ns(max.)

t d(BCLK-CS)
30ns(max.)

0ns(min.)
t h(BCLK-CS)

t cyc

30ns(max.) 0ns(min.)

25ns(max.)
t d(BCLK-ALE)

-4ns(min.)
t h(BCLK-ALE)

t d(BCLK-AD) t h(BCLK-AD)

t h(WR-AD)
(0.5 × t     -15)ns(min.)           cyc

t d(BCLK-WR) t h(BCLK-WR)

t d(DB-WR)
(0.5 × t     -40)ns(min.)           cyc

t h(WR-DB)
(0.5 × t     -25)ns(min.)           cyc

t     = cyc

40ns(max.)

Measuring conditions
V      = V      = 3V       CC1       CC2
Input timing voltage: V   = 0.6 V, V    = 2.4 V                                                  IL                     IH
Output timing voltage: V    = 1.5 V, V     = 1.5 V                                                     OL                     OH

60ns(min.)

WR, WRL,
WRH

t d(BCLK-DB)
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Appendix 1. Package Dimensions
The information on the latest package dimensions or packaging may be obtained from “Packages“ on the
Renesas Electronics website.

2.

1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.

NOTE)

DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

DetailF

L1

cA

A
1

A
2

L

Index mark

y
x

F

1 38

39

64

65102

103

128

*1

*3

*
2

Z
E

ZD

D

HD

E H
E

bp

L1

ZE

ZD

c1

b1

bp

A1

HE

HD

y 0.10

e 0.5

c

0° 8°

x

L 0.35 0.5 0.65

0.05 0.125 0.2

A 1.7
15.8 16.0 16.2

21.8 22.0 22.2

A2 1.4

E 13.9 14.0 14.1

D 19.9 20.0 20.1

Reference
Symbol

Dimension in Millimeters

Min Nom Max

0.17 0.22 0.27

0.09 0.145 0.20

0.10

0.75

0.75

0.20

0.125

1.0

P-LQFP128-14x20-0.50 0.9g

MASS[Typ.]

128P6Q-APLQP0128KB-A

RENESAS CodeJEITA Package Code Previous Code

Terminal cross section

c

bp

c 1

b1

e

P-QFP100-14x20-0.65 1.8g

MASS[Typ.]

100P6F-APRQP0100JD-B

RENESAS CodeJEITA Package Code Previous Code

0.20.150.13

0.40.30.25

MaxNomMin

Dimension in Millimeters
Symbol

Reference

20.220.019.8D

14.214.013.8E

2.8A2

23.122.822.5

17.116.816.5

3.05A

0.20.10

0.80.60.4L

10°0°

c

0.65e

0.10y

HD

HE

A1

bp

ZD

ZE

0.575

0.825

x 0.13

2.

1. DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.

NOTE)

DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.
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Changed terminologies are as follows:
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• “oscillator manufacturer” to “manufacturer of crystal/ceramic resonator”
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Electrical Characteristics
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Table 5.20 Electrical Characteristics (3) and Table 5.21 Electrical Characteristics (4): Changed the 
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86, 87
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