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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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

Common Subcategories of "Embedded -
Microcontrollers"

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

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Table 1.4 Specifications (100-Pin Package) (2/2)

NOTES:
1. IEBus is a registered trademark of NEC Electronics Corporation.
2. Available in UART0.
3. Please contact a Renesas sales office for optional features.

Item Function Specification
Serial Interface UART0 to UART4 Clock synchronous/asynchronous × 5

  I2C bus, special mode 2, GCI mode, SIM mode, 
 IrDA mode(2), IEBus (optional)(1)(3)

UART5 Clock synchronous/asynchronous × 1
A/D Converter 10-bit resolution × 26 channels (in single-chip mode)

10-bit resolution × 10 channels (in memory expansion mode 
 and microprocessor mode)
Including sample and hold function

D/A Converter 8-bit resolution × 2 channels
CRC Calculation Circuit CRC-CCITT (X16 + X12 + X5 + 1) compliant
X/Y Converter 16 bits x 16 bits
Intelligent I/O 16-bit timer × 2

• Time measurement function (input capture): 8 channels
• Waveform generation function (output compare): 10 channels
• Communication function: Clock synchronous mode, clock 

asynchronous mode, HDLC data processing mode,  
IEBus (optional)(1)(3)

• 2-phase pulse signal processing (2-phase encoder input) × 1
ROM Correction Function Address match interrupt × 8
CAN modules Supporting CAN 2.0B specification

M32C/87: 16 slots × 2 channels, M32C/87A: 16 slots × 1 channel 
M32C/87B: none

I/O Ports Programmable I/O 
ports

• Input only: 1
• CMOS I/O: 85, selectable pull-up resistor
• N channel open drain ports: 2

Flash Memory • Erase and program voltage: 3.3 V ± 0.3 V or 5.0 V ± 0.5 V
• Erase and program endurance: 100 times (all areas)
• Program security: ROM code protect and ID code check
• Debug functions: On-chip debug and on-board flash reprogram

Operating Frequency/Supply Voltage 32 MHz: VCC1 = 4.2 to 5.5 V, VCC2 = 3.0 V to VCC1
24 MHz: VCC1 = 3.0 to 5.5 V, VCC2 = 3.0 V to VCC1

Current Consumption 32 mA (32 MHz, VCC1 = VCC2 = 5 V)
23 mA (24 MHz, VCC1 = VCC2 = 3.3 V)
45 μA (approx. 1 MHz, VCC1 = VCC2 = 3.3 V,
  on-chip oscillator low-power consumption mode → wait mode)
0.8 μA (VCC1 = VCC2 = 3.3 V, stop mode)

Operating Ambient Temperature (°C) -20 to 85°C, -40 to 85°C (optional)(3)

Package 100-pin LQFP (PLQP0100KB-A)
100-pin QFP (PRQP0100JB-A)
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1.3 Block Diagram
Figure 1.2 shows a block diagram of the M32C/87 Group (M32C/87, M32C/87A, M32C/87B).
    

Figure 1.2 M32C/87 Group (M32C/87, M32C/87A, M32C/87B) Block Diagram

<VCC1>

<VCC1><VCC2>

Port P0 Port P1 Port P2 Port P3 Port P4 Port P5 Port P6 Port P7

Internal peripheral functions

Three-phase motor
control circuit

Watchdog timer (15 bits)

8-bit D/A converters:
  2 circuits

Intelligent I/O
Time measurement function:
8 channels

Waveform generation
function: 16 channels(4)

Communication function:
clock synchronous serial
interface, UART, HDLC
data processing, IEBus

CAN modules:2 channels(5)

Serial interface: 7 channels(3)

X/Y converter:
  16 bits X 16 bits

CRC calculation circuit
(CCITT):
　X16 + X12 + X5 + 1

Clock generation circuits:
  XIN-XOUT
  XCIN-XCOUT
  On-chip oscillator
  PLL frequency synthesizer

DMAC: 4 channels DMACII

10-bit A/D converter:
  1 circuit
  34 channels for input(2)

Port P13(1) Port P12(1) Port P11(1) Port P15(1) Port P14(1) Port P10 Port P9 Port P8P8_5

Timers (16 bits)
  Output (timer A): 5
  Input (timer B): 6

NOTES:
   1. Ports P11 to P15 are provided in the 144-pin package only.
   2. 34 channels are available in the 144-pin package. 26 channels are available in the 100-pin package.
   3. 6 channels are available in the 100-pin package.
   4. 10 channels are available in the 100-pin package.
   5. M32C/87A has 1 channel.  M32C/87B has no CAN module.
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Table 1.10 144-Pin Package List of Pin Names (3/4) 
Pin 
No.

Control 
Pin Port Interrupt 

Pin Timer Pin UART/CAN Pin Intelligent I/O Pin Analog 
Pin Bus Control Pin

81 P3_5 A13,[A13/D13]
82 P3_4 A12,[A12/D12]
83 P3_3 A11,[A11/D11]
84 P3_2 A10,[A10/D10]
85 P3_1 A9,[A9/D9]
86 P12_4
87 P12_3 CTS6/RTS6
88 P12_2 RXD6
89 P12_1 CLK6
90 P12_0 TXD6
91 VCC2
92 P3_0 A8,[A8/D8]
93 VSS
94 P2_7 AN2_7 A7,[A7/D7]
95 P2_6 AN2_6 A6,[A6/D6]
96 P2_5 AN2_5 A5,[A5/D5]
97 P2_4 AN2_4 A4,[A4/D4]
98 P2_3 AN2_3 A3,[A3/D3]
99 P2_2 AN2_2 A2,[A2/D2]

100 P2_1 AN2_1 A1,[A1/D1]
101 P2_0 AN2_0 A0,[A0/D0]
102 P1_7 INT5 D15
103 P1_6 INT4 D14
104 P1_5 INT3 D13
105 P1_4 D12
106 P1_3 D11
107 P1_2 D10
108 P1_1 D9
109 P1_0 D8
110 P0_7 AN0_7 D7
111 P0_6 AN0_6 D6
112 P0_5 AN0_5 D5
113 P0_4 AN0_4 D4
114 P11_4
115 P11_3 INPC1_3/OUTC1_3
116 P11_2 INPC1_2/OUTC1_2/

ISRXD1
117 P11_1 INPC1_1/OUTC1_1/

ISCLK1
118 P11_0 INPC1_0/OUTC1_0/

ISTXD1
119 P0_3 AN0_3 D3
120 P0_2 AN0_2 D2
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Table 1.18 Pin Functions (100-Pin and 144-Pin Package) (4/4)

I: Input    O: Output    I/O: Input and output

Table 1.19 Pin Functions (144-Pin Package Only)

I: Input    O: Output    I/O: Input and output

Type Symbol I/O 
Type

Supply 
Voltage Description

I/O port 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

I/O VCC2 8-bit CMOS I/O ports. The Port Pi Direction Register (i = 0 to 15) 
determines if each pin is used as an input port or an output port. 
The Pull-Up Control Registers determine if the input ports, divided 
into groups of four, are pulled up or not. 

P6_0 to P6_7,
P7_0 to P7_7,
P9_0 to P9_7,
P10_0 to 
P10_7

I/O VCC1 These 8-bit I/O ports are functionally equivalent to P0.
(P7_0 and P7_1 are N-channel open drain output.)

P8_0 to P8_4
P8_6, P8_7

I/O VCC1 These I/O ports are functionally equivalent to P0.

Input port P8_5 I VCC1 Shares the pin with NMI. Input port to read NMI pin level.
Key input 
interrupt input

KI0 to KI3 I VCC1 Key input interrupt input pins.

Type Symbol I/O 
Type

Supply 
Voltage Description

INT Interrupt 
Input

INT6 to INT8 I VCC1 INT interrupt input pins.

Serial 
interface

CTS6 I VCC1/
VCC2

Input pin to control data transmission.

RTS6 O VCC1/
VCC2

Output pin to control data reception.

CLK6 I/O VCC1/
VCC2

Serial clock input/output pin.

RXD6 I VCC1/
VCC2

Serial data input pin.

TXD6 O VCC1/
VCC2

Serial data output pin.

Intelligent I/O OUTC2_3 to 
OUTC2_7

O VCC2 Output pins for the waveform generation function.

A/D converter AN15_0 to 
AN15_7

I VCC1 Analog input pins for the A/D converter.

I/O port P11_0 to 
P11_4,
P12_0 to 
P12_7,
P13_0 to 
P13_7 

I/O VCC2 These I/O ports are functionally equivalent to P0.

P14_0 to 
P14_6, 
P15_0 to 
P15_7

I/O VCC1 These I/O ports are functionally equivalent to P0.
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Table 4.11 SFR Address Map (11/20)

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

NOTES:
1. Values are obtained by setting the SLEEP bit in the C1SLPR register to “1” (sleep mode exited) after reset and supplying a clock to the CAN 

module.
2. The CAN-associated registers (allocated in addresses 01E0h to 02BFh) cannot be used in M32C/87B. In M32C/87A, only CAN0-associated 

registers can be used.
3. Set the PM13 bit in the PM1 register to 1 (2 wait states for SFR area) before accessing the CAN-associated registers.

Address Register(2)(3) Symbol After Reset
0250h CAN1 Slot Buffer Select Register C1SBS 00h(1)

0251h CAN1 Control Register 1 C1CTLR1 X000  00XXb(1)

0252h CAN1 Sleep Control Register C1SLPR XXXX  XXX0b(1)

0253h
0254h

CAN1 Acceptance Filter Support Register C1AFS
0000  0000b(1)

0255h 0000  0001b(1)

0256h
0257h
0258h
0259h
025Ah
025Bh
025Ch
025Dh
025Eh
025Fh
0260h CAN1 Message Slot Buffer 0 Standard ID0 C1SLOT0_0 XXh
0261h CAN1 Message Slot Buffer 0 Standard ID1 C1SLOT0_1 XXh
0262h CAN1 Message Slot Buffer 0 Extended ID0 C1SLOT0_2 XXh
0263h CAN1 Message Slot Buffer 0 Extended ID1 C1SLOT0_3 XXh
0264h CAN1 Message Slot Buffer 0 Extended ID2 C1SLOT0_4 XXh
0265h CAN1 Message Slot Buffer 0 Data Length Code C1SLOT0_5 XXh
0266h CAN1 Message Slot Buffer 0 Data 0 C1SLOT0_6 XXh
0267h CAN1 Message Slot Buffer 0 Data 1 C1SLOT0_7 XXh
0268h CAN1 Message Slot Buffer 0 Data 2 C1SLOT0_8 XXh
0269h CAN1 Message Slot Buffer 0 Data 3 C1SLOT0_9 XXh
026Ah CAN1 Message Slot Buffer 0 Data 4 C1SLOT0_10 XXh
026Bh CAN1 Message Slot Buffer 0 Data 5 C1SLOT0_11 XXh
026Ch CAN1 Message Slot Buffer 0 Data 6 C1SLOT0_12 XXh
026Dh CAN1 Message Slot Buffer 0 Data 7 C1SLOT0_13 XXh
026Eh CAN1 Message Slot Buffer 0 Time Stamp High-Order C1SLOT0_14 XXh
026Fh CAN1 Message Slot Buffer 0 Time Stamp Low-Order C1SLOT0_15 XXh
0270h CAN1 Message Slot Buffer 1 Standard ID0 C1SLOT1_0 XXh
0271h CAN1 Message Slot Buffer 1 Standard ID1 C1SLOT1_1 XXh
0272h CAN1 Message Slot Buffer 1 Extended ID0 C1SLOT1_2 XXh
0273h CAN1 Message Slot Buffer 1 Extended ID1 C1SLOT1_3 XXh
0274h CAN1 Message Slot Buffer 1 Extended ID2 C1SLOT1_4 XXh
0275h CAN1 Message Slot Buffer 1 Data Length Code C1SLOT1_5 XXh
0276h CAN1 Message Slot Buffer 1 Data 0 C1SLOT1_6 XXh
0277h CAN1 Message Slot Buffer 1 Data 1 C1SLOT1_7 XXh
0278h CAN1 Message Slot Buffer 1 Data 2 C1SLOT1_8 XXh
0279h CAN1 Message Slot Buffer 1 Data 3 C1SLOT1_9 XXh
027Ah CAN1 Message Slot Buffer 1 Data 4 C1SLOT1_10 XXh
027Bh CAN1 Message Slot Buffer 1 Data 5 C1SLOT1_11 XXh
027Ch CAN1 Message Slot Buffer 1 Data 6 C1SLOT1_12 XXh
027Dh CAN1 Message Slot Buffer 1 Data 7 C1SLOT1_13 XXh
027Eh CAN1 Message Slot Buffer 1 Time Stamp High-Order C1SLOT1_14 XXh
027Fh CAN1 Message Slot Buffer 1 Time Stamp Low-Order C1SLOT1_15 XXh



M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 4. Special Function Registers (SFRs) 

REJ03B0127-0151   Rev.1.51   Jul 31, 2008
Page 44 of 85

Table 4.18 SFR Address Map (18/20) 

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

Address Register Symbol After Reset
0380h

A/D0 Register 0 AD00 00XXh
0381h
0382h

A/D0 Register 1 AD01 00XXh
0383h
0384h

A/D0 Register 2 AD02 00XXh
0385h
0386h

A/D0 Register 3 AD03 00XXh
0387h
0388h

A/D0 Register 4 AD04 00XXh
0389h
038Ah

A/D0 Register 5 AD05 00XXh
038Bh
038Ch

A/D0 Register 6 AD06 00XXh
038Dh
038Eh

A/D0 Register 7 AD07 00XXh
038Fh
0390h
0391h
0392h A/D0 Control Register 4 AD0CON4 XXXX  00XXb
0393h
0394h A/D0 Control Register 2 AD0CON2 XX0X  X000b
0395h A/D0 Control Register 3 AD0CON3 XXXX  X000b
0396h A/D0 Control Register 0 AD0CON0 00h
0397h A/D0 Control Register 1 AD0CON1 00h
0398h D/A Register 0 DA0 XXh
0399h
039Ah D/A Register 1 DA1 XXh
039Bh
039Ch D/A Control Register DACON XXXX  XX00b
039Dh D/A Control Register 1 DACON1 XXXX  0000b
039Eh
039Fh
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Table 4.19 SFR Address Map  (19/20)

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

NOTES:
1. These registers cannot be used in the 100-pin package.
2. Set to FFh in the 100-pin package.

Address Register Symbol After Reset
03A0h Function Select Register A8(1) PS8 X000  0000b
03A1h Function Select Register A9(1) PS9 00h
03A2h
03A3h Function Select Register B9(1) PSL9 XXX0  XX00b
03A4h Function Select Register E2 PSE2 XXXX  XX0Xb
03A5h
03A6h
03A7h Function Select Register D1 PSD1 00X0  XX00b
03A8h Function Select Register D2 PSD2 XXXX  XX0Xb
03A9h
03AAh Function Select Register C6(1) PSC6 XXXX  0X00b
03ABh Function Select Register E1 PSE1 00XX  XX00b
03ACh Function Select Register C2 PSC2 XXXX  X00Xb
03ADh Function Select Register C3 PSC3 X0XX  XXXXb
03AEh
03AFh Function Select Register C PSC 00h
03B0h Function Select Register A0 PS0 00h
03B1h Function Select Register A1 PS1 00h
03B2h Function Select Register B0 PSL0 00h
03B3h Function Select Register B1 PSL1 00h
03B4h Function Select Register A2 PS2 00X0  0000b
03B5h Function Select Register A3 PS3 00h
03B6h Function Select Register B2 PSL2 00X0  0000b
03B7h Function Select Register B3 PSL3 00h
03B8h Function Select Register A4 PS4 00h
03B9h Function Select Register A5(1) PS5 XXX0  0000b
03BAh
03BBh Function Select Register B5(1) PSL5 XXX0  0000b
03BCh Function Select Register A6(1) PS6 00h
03BDh Function Select Register A7(1) PS7 00h
03BEh Function Select Register B6(1) PSL6 00h
03BFh Function Select Register B7(1) PSL7 00h
03C0h Port P6 Register P6 XXh
03C1h Port P7 Register P7 XXh
03C2h Port P6 Direction Register PD6 00h
03C3h Port P7 Direction Register PD7 00h
03C4h Port P8 Register P8 XXh
03C5h Port P9 Register P9 XXh
03C6h Port P8 Direction Register PD8 00X0  0000b
03C7h Port P9 Direction Register PD9 00h
03C8h Port P10 Register P10 XXh
03C9h Port P11 Register(1) P11 XXh
03CAh Port P10 Direction Register PD10 00h
03CBh Port P11 Direction Register(1)(2) PD11 XXX0  0000b
03CCh Port P12 Register(1) P12 XXh
03CDh Port P13 Register(1) P13 XXh
03CEh Port P12 Direction Register(1)(2) PD12 00h
03CFh Port P13 Direction Register(1)(2) PD13 00h
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Table 5.6 Electrical Characteristics (2/3)   
(VCC1 = VCC2 = 4.2 to 5.5 V, VSS = 0 V, Topr = -20 to 85°C, f(CPU) = 32 MHz unless 
otherwise specified)

NOTE:
1. P11 to P15 are provided in the 144-pin package only.

Symbol Parameter Measurement
Condition

Standard
Unit

Min. Typ. Max.

IIH Input high 
“H” 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_4, P12_0 to P12_7,  
P13_0 to P13_7, P14_0 to P14_6, 
P15_0 to P15_7(1), XIN, RESET, CNVSS, 
BYTE

VI = 5 V 5.0 μA

IIL Input low “L” 
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_4, P12_0 to P12_7,  
P13_0 to P13_7, P14_0 to P14_6, 
P15_0 to P15_7(1), XIN, RESET, CNVSS, 
BYTE

VI = 0V -5.0 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_4, P12_0 to P12_7,  
P13_0 to P13_7, P14_0 to P14_6, 
P15_0 to P15_7(1)

VI = 0V 30 50 167 kΩ

RfXIN Feedback 
resistance

XIN 1.5 MΩ

RfXCIN Feedback 
resistance

XCIN 10 MΩ

VRAM RAM data 
retention 
voltage

In stop mode 2.0 V

VCC1 = VCC2 = 5V
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Table 5.7 Electrical Characteristics (3/3)  
(VCC1 = VCC2 = 5.5 V, VSS = 0 V, Topr = 25°C)   

NOTES:
1. In single-chip mode, leave the output pins open and connect the input pins to VSS.
2. Value is obtained when setting the FMSTP bit in the FMR0 register to 1 (flash memory stopped) and running 

the program on RAM.

Symbol Parameter Measurement Condition(1)
Standard

Unit
Min. Typ. Max.

ICC Power 
supply 
current

Flash memory 
version

f(CPU) = 32 MHz 32 45 mA

f(CPU) = 16 MHz 19 mA

f(CPU) = 8 MHz 12 mA

f(CPU) = f(Ring) 
  In on-chip oscillator low-power consumption mode

2.6 mA

f(CPU) = 32 kHz
  In low-power consumption mode
  While flash memory is operating 

430 μA

f(CPU) = 32 kHz
  In low-power consumption mode
  While flash memory is stopped(2)

30 μA

Wait mode: f(CPU) = f(Ring)
  After entering wait mode from on-chip oscillator
  low-power consumption mode

50 μA

Stop mode (while clock is stopped) 0.8 5 μA

Stop mode (while clock is stopped) Topr = 85°C 50 μA

Mask ROM 
version

f(CPU) = 32 MHz 32 45 mA

f(CPU) = 16 MHz 19 mA

f(CPU) = 8 MHz 12 mA

f(CPU) = f(Ring) 
  In on-chip oscillator low-power consumption mode

1 mA

f(CPU) = 32 kHz
  In low-power consumption mode

30 μA

Wait mode: f(CPU) = f(Ring)
  After entering wait mode from on-chip oscillator
  low-power consumption mode

50 μA

Stop mode (while clock is stopped) 0.8 5 μA

Stop mode (while clock is stopped) Topr = 85°C 50 μA

VCC1 = VCC2 = 5V
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Timing Requirements
(VCC1 = VCC2 = 4.2 to 5.5 V, VSS = 0 V, Topr = -20 to 85°C unless otherwise specified)

Table 5.28 Memory Expansion mode and Microprocessor Mode  

NOTE:
1. Values, which depend on BCLK frequency and external bus cycles, can be obtained from the following 

equations.  Insert wait states or lower the operation frequency, f(BCLK), if the calculated value is negative.
109 × m

f(BCLK) × 2
- 35 [ns] (if external bus cycle is aφ + bφ, m = (b × 2) + 1)tac1(RD-DB) =

109 × n
f(BCLK)

- 35 [ns] (if external bus cycle is aφ + bφ, n = a + b)tac1(AD-DB) =

109 × m
f(BCLK) × 2

- 35 [ns] (if external bus cycle is aφ + bφ, m = (b × 2) - 1)tac2(RD-DB) =

109 × p
f(BCLK) × 2

- 35 [ns] (if external bus cycle is aφ + bφ, p = {(a + b - 1) × 2} + 1)tac2(AD-DB) =

Symbol Parameter
Standard

Unit
Min. Max.

tac1(RD-DB) Data input access time (RD standard) (note 1) ns
tac1(AD-DB) Data input access time (AD standard, CS standard) (note 1) ns

tac2(RD-DB)
Data input access time (RD standard, when accessing a space with the 
multiplexed bus) (note 1) ns

tac2(AD-DB)
Data input access time (AD standard, when accessing a space with the 
multiplexed bus) (note 1) ns

tsu(DB-BCLK) Data input setup time 26 ns
tsu(RDY-BCLK) RDY input setup time 26 ns
tsu(HOLD-BCLK) HOLD input setup time 30 ns
th(RD-DB) Data input hold time 0 ns
th(BCLK-RDY) RDY input hold time 0 ns
th(BCLK-HOLD) HOLD input hold time 0 ns
td(BCLK-HLDA) HLDA output delay time 25 ns

VCC1 = VCC2 = 5V
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Figure 5.4 VCC1 = VCC2 = 5 V Timing Diagram (2/4)

Memory Expansion Mode and Microprocessor Mode

BCLK

RD
(Separate bus)

WR, WRL, WRH
(Separate bus)

RD
(Multiplexed bus)

WR, WRL, WRH
(Multiplexed bus)

RDY Input

tsu(RDY-BCLK) th(BCLK-RDY)

Hi-Z

tsu(HOLD-BCLK)

td(BCLK-HLDA)

BCLK

HOLD Input

HLDA Output

P0, P1, P2,
P3, P4,
P5_0 to P5_2

Measurement Conditions
- VCC1 = VCC2 = 4.2 to 5.5 V
- Input high and low voltage: VIH = 4.0 V, VIL = 1.0 V
- Output high and low voltage: VOH = 2.5 V, VOL = 2.5 V

VCC1=VCC2=5V

th(BCLK-HOLD)

td(BCLK-HLDA)
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Figure 5.6 VCC1 = VCC2 = 5 V Timing Diagram (4/4)

BCLK

CSi

ADi
BHE

RD

ALE

td(BCLK-ALE)
18ns.max th(BCLK-ALE)

-2ns.min

td(BCLK-CS)
18ns.max

td(AD-ALE)(1) th(ALE-AD)(1)

tdz(RD-AD)
8ns.max

tac2(RD-DB)(1)

th(BCLK-CS)
-3ns.min

th(RD-DB) 0ns.min
th(BCLK-AD)
-3ns.min

td(BCLK-AD)
18ns.max

ADi /DBi

td(BCLK-RD)
18ns.max

tac2(AD-DB)(1)

th(BCLK-RD)
-5ns.min

th(RD-AD)(1)

tcyc

Address

NOTES:
  1. Varies with operation frequency:
         td(AD-ALE) = (tcyc / 2 x n - 20) ns.min (if external bus cycle aφ + bφ, n = a)
         th(ALE-AD) = (tcyc / 2 x n - 20) ns.min (if external bus cycle aφ + bφ, n = a)
         th(RD-AD) = (tcyc / 2 - 10) ns.min,  th(RD-CS) = (tcyc / 2 - 10) ns.min
         tac2(RD-DB) = (tcyc / 2 x m - 35) ns.max (if external bus cycle aφ + bφ, m = (b x 2) - 1)
         tac2(AD-DB) = (tcyc / 2 x p - 35) ns.max (if external bus cycle aφ + bφ, p = {(a + b - 1) x 2} + 1)

NOTES:
  1. Varies with operation frequency:
         td(AD-ALE) = (tcyc / 2 x n - 20) ns.min (if external bus cycle aφ + bφ, n = a)
         th(ALE-AD) = (tcyc / 2 x n - 20) ns.min (if external bus cycle aφ + bφ, n = a)
         th(WR-AD) = (tcyc / 2 - 10) ns.min,  th(WR-CS) = (tcyc / 2 - 10) ns.min
         th(WR-DB) = (tcyc / 2 - 15) ns.min
         td(DB-WR) = (tcyc / 2 x m - 25) ns.min (if external bus cycle aφ + bφ, m = (b x 2) - 1)
           Measurement Conditions:

- VCC1 = VCC2 = 4.2 to 5.5 V
- Input high and low voltage VIH = 2.5 V, VIL = 0.8 V
- Output high and low voltage VOH = 2.0 V, VOL = 0.8 V

Address

VCC1=VCC2=5VMemory Expansion Mode and Microprocessor Mode
 (when accessing an external memory space with the multiplexed bus)

Read Timing (2φ + 2φ Bus Cycle)

tcyc=
109

f(BCLK)

BCLK

CSi

ADi
BHE

WR,WRL,WRH

Write Timing (2φ + 2φ Bus Cycle)

td(BCLK-ALE)
18ns.max th(BCLK-ALE)

-2ns.min

td(BCLK-CS)
18ns.max

td(AD-ALE)(2) th(ALE-AD)(2)

td(DB-WR)(2)

th(WR-CS)(2)

td(BCLK-AD)
18ns.max

td(BCLK-WR)
18ns.max th(BCLK-WR)

-5ns.min

tcyc

AddressData output

th(WR-DB)(2)

ADi /DBi

ALE

Address

th(BCLK-AD)
-3ns.min

th(BCLK-CS)
-3ns.min

th(RD-CS)(1)

Data input

tsu(DB-BCLK) 26ns.min

th(WR-AD)(2)
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Table 5.31 Electrical Characteristics (1/3)  
(VCC1 = VCC2 = 3.0 to 3.6 V, VSS = 0 V, Topr = -20 to 85°C, f(CPU) = 24 MHz unless otherwise 
specified)  

NOTE:
1. P11 to P15 are provided in the 144-pin package only.

Symbol Parameter Measurement
Condition

Standard
Unit

Min. Typ. Max.

VOH Output 
high “H” 
voltage

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, 
P11_0 to P11_4, P12_0 to P12_7,
P13_0 to P13_7(1)

IOH = -1 mA VCC2 - 0.6 VCC2 V

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, 
P14_0 to P14_6, P15_0 to P15_7(1)

VCC1 - 0.6 VCC1

XOUT IOH = -0.1 mA 2.7 VCC1 V

XCOUT Drive capability 
= high

No load 
applied

2.5 V

Drive capability 
= low

No load 
applied

1.6 V

VOL Output low 
“L” voltage

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_4, 
P8_6, P8_7, P9_0 to P9_7,P10_0 to P10_7, 
P11_0 to P11_4, P12_0 to P12_7,  
P13_0 to P13_7, P14_0 to P14_6, 
P15_0 to P15_7(1)

IOL = 1 mA 0.5 V

XOUT IOL = 0.1 mA 0.5 V

XCOUT Drive capability 
= high

No load 
applied

0 V

Drive capability 
= low

No load 
applied

0 V

VT+ - VT- Hysteresis HOLD, RDY, TA0IN to TA4IN,
TB0IN to TB5IN, INT0 to INT8, ADTRG, 
CTS0 to CTS6, CLK0 to CLK6, 
TA0OUT to TA4OUT, NMI, KI0 to KI3, 
RXD0 to RXD6, SCL0 to SCL4, 
SDA0 to SDA4, INPC1_0 to INPC1_7,
ISCLK0 to ISCLK2, ISRXD0 to ISRXD2,
IEIN, CAN0IN, CAN1IN, CAN1WU

0.2 1.0 V

RESET 0.2 1.8 V

 VCC1 = VCC2 = 3.3 V
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Timing Requirements
(VCC1 = VCC2 = 3.0 to 3.6 V, VSS = 0 V, Topr = -20 to 85°C unless otherwise specified)

Table 5.46 A/D Trigger Input

Table 5.47 Serial Interface

      i = 0 to 6
Table 5.48 Intelligent I/O Communication Function (Groups 0 and 1)  

      i = 0, 1

Table 5.49 Intelligent I/O Communication Function (Group 2)  

Symbol Parameter
Standard

Unit
Min. Max.

tc(AD) ADTRG input cycle time (required for trigger) 1000 ns

tw(ADL) ADTRG input low (“L”) pulse width 125 ns

Symbol Parameter
Standard

Unit
Min. Max.

tc(CK) CLKi input cycle time 200 ns

tw(CKH) CLKi input high (“H”) pulse width 100 ns

tw(CKL) CLKi input low (“L”) pulse width 100 ns

td(C-Q) TXDi output delay time 80 ns

th(C-Q) TXDi output hold time 0 ns

tsu(D-C) RXDi input setup time 70 ns

th(C-D) RXDi input hold time 90 ns

Symbol Parameter
Standard

Unit
Min. Max.

tc(CK) ISCLKi input cycle time 600 ns

tw(CKH) ISCLKi input high (“H”) pulse width 300 ns

tw(CKL) ISCLKi input low (“L”) pulse width 300 ns

td(C-Q) ISTXDi output delay time 100 ns

th(C-Q) ISTXDi output hold time 0 ns

tsu(D-C) ISRXDi input setup time 100 ns

th(C-D) ISRXDi input hold time 100 ns

Symbol Parameter
Standard

Unit
Min. Max.

tc(CK) ISCLK2 input cycle time 600 ns

tw(CKH) ISCLK2 input high (“H”) pulse width 300 ns

tw(CKL) ISCLK2 input low (“L”) pulse width 300 ns

td(C-Q) ISTXD2 output delay time 180 ns

th(C-Q) ISTXD2 output hold time 0 ns

tsu(D-C) ISRXD2 input setup time 150 ns

th(C-D) ISRXD2 input hold time 100 ns

 VCC1 = VCC2 = 3.3 V
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Switching Characteristics
(VCC1 = VCC2 = 3.0 to 3.6 V, VSS = 0 V, Topr = -20 to 85°C unless otherwise specified)

Table 5.52 Memory Expansion Mode and Microprocessor Mode (when accessing external 
memory space)  

NOTES:
1. Values, which depend on BCLK frequency, can be obtained from the following equations.

     109

f(BCLK) × 2
- 20 [ns]th(WR-DB)   =

     109

f(BCLK) × 2
- 15 [ns]th(WR-AD)   =

     109

f(BCLK) × 2
- 10 [ns] th(WR-CS)   =

2. Values, which depend on BCLK frequency and external bus cycles, can be obtained from the following 
equations.

109 × n
f(BCLK) × 2

- 15 [ns] (if external bus cycle is aφ + bφ, n = (b × 2) - 1)tw(WR)          =

109 × m
    f(BCLK)

- 20 [ns] (if external bus cycle is aφ + bφ, m = b)td(DB-WR)    =

3. tc [ns] is added when recovery cycle is inserted.

Symbol Parameter Measurement 
Condition

Standard
Unit

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

See Figure 5.2

18 ns
th(BCLK-AD) Address output hold time (BCLK standard) -3 ns
th(RD-AD) Address output hold time (RD standard)(3) 0 ns
th(WR-AD) Address output hold time (WR standard)(3) (note 1) ns
td(BCLK-CS) Chip-select signal output delay time 18 ns
th(BCLK-CS) Chip-select signal output hold time (BCLK standard) -3 ns
th(RD-CS) Chip-select signal output hold time (RD standard)(3) 0 ns
th(WR-CS) Chip-select signal output hold time (WR standard)(3) (note 1) ns
td(BCLK-RD) RD signal output delay time 18 ns
th(BCLK-RD) RD signal output hold time -5 ns
td(BCLK-WR) WR signal output delay time 18 ns
th(BCLK-WR) WR signal output hold time 0 ns
td(DB-WR) Data output delay time (WR standard) (note 2) ns
th(WR-DB) Data output hold time (WR standard)(3) (note 1) ns
tw(WR) WR output width (note 2) ns

 VCC1 = VCC2 = 3.3 V
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Figure 5.7 VCC1 = VCC2 = 3.3 V Timing Diagram (1/4)

VCC1=VCC2=3.3V

TAiIN input

tc(TA)
tw(TAH)

tw(TAL)

TAiOUT input

tc(UP)
tw(UPH)

tw(UPL)

TAiOUT input (counter increment/
decrement select input)

TAiIN input (count on falling edge)

TAiIN input (count on rising edge)

th(TIN-UP) tsu(UP-TIN)

In event counter mode

TBiIN input

tc(TB)
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Figure 5.8 VCC1 = VCC2 = 3.3 V Timing Diagram (2/4)

Memory Expansion Mode and Microprocessor Mode

BCLK

RD
(Separate bus)

WR, WRL, WRH
(Separate bus)

RD
(Multiplexed bus)

WR, WRL, WRH
(Multiplexed bus)

RDY Input

tsu(RDY-BCLK) th(BCLK-RDY)

Hi-Z

tsu(HOLD-BCLK)

td(BCLK-HLDA)

BCLK

HOLD Input

HLDA Output

P0, P1, P2,
P3, P4,
P5_0 to P5_2

Measurement Conditions
-VCC1 = VCC2 = 3.0 to 3.6 V
-Input high and low voltage: VIH = 2.4 V, VIL = 0.6 V
-Output high and low voltage: VOH = 1.5 V, VOL = 1.5 V

VCC1=VCC2=3.3V

th(BCLK-HOLD)

td(BCLK-HLDA)
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