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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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Peripherals DMA, POR, PWM, WDT

Number of I/O 85
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RAM Size 24K x 8

Voltage - Supply (Vcc/Vdd) 3V ~ 5.5V

Data Converters A/D 26x10b; D/A 2x8b
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Operating Temperature -20°C ~ 85°C (TA)
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Package / Case 100-LQFP
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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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Table 1.9 144-Pin Package List of Pin Names (2/4)  
Pin 
No.

Control 
Pin Port Interrupt 

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

41 VSS
42 P6_5 CLK1
43 P6_4 CTS1/RTS1/SS1 OUTC2_1/ISCLK2
44 P6_3 TXD0/SDA0/SRXD0/

IrDAOUT
45 P6_2 RXD0/SCL0/STXD0/

IrDAIN
46 P6_1 RTP0_1 CLK0
47 P6_0 RTP0_0 CTS0/RTS0/SS0
48 P13_7 OUTC2_7
49 P13_6 OUTC2_1/ISCLK2
50 P13_5 OUTC2_2/ISRXD2/

IEIN
51 P13_4 OUTC2_0/ISTXD2/

IEOUT
52 P5_7 RDY
53 P5_6 ALE
54 P5_5 HOLD
55 P5_4 HLDA/ALE
56 P13_3 OUTC2_3
57 VSS
58 P13_2 OUTC2_6
59 VCC2
60 P13_1 OUTC2_5
61 P13_0 OUTC2_4
62 CLKOUT P5_3 BCLK/ALE
63 P5_2 RD
64 P5_1 WRH/BHE
65 P5_0 WRL/WR
66 P12_7
67 P12_6
68 P12_5
69 P4_7 CS0/A23
70 P4_6 CS1/A22
71 P4_5 CS2/A21
72 P4_4 CS3/A20
73 P4_3 A19
74 VCC2
75 P4_2 A18
76 VSS
77 P4_1 A17
78 P4_0 A16
79 P3_7 A15,[A15/D15]
80 P3_6 A14,[A14/D14]
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Table 1.11 144-Pin Package List of Pin Names (4/4)  
Pin 
No.

Control 
Pin Port Interrupt 

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

Bus Control 
Pin

121 P0_1 AN0_1 D1
122 P0_0 AN0_0 D0
123 P15_7 CTS6/RTS6 AN15_7
124 P15_6 CLK6 AN15_6
125 P15_5 RXD6 AN15_5
126 P15_4 TXD6 AN15_4
127 P15_3 CTS5/RTS5 AN15_3
128 P15_2 RXD5 ISRXD0 AN15_2
129 P15_1 CLK5 ISCLK0 AN15_1
130 VSS
131 P15_0 TXD5 ISTXD0 AN15_0
132 VCC1
133 P10_7 KI3 RTP3_3 AN_7
134 P10_6 KI2 RTP3_2 AN_6
135 P10_5 KI1 RTP3_1 AN_5
136 P10_4 KI0 RTP3_0 AN_4
137 P10_3 RTP1_3 AN_3
138 P10_2 RTP1_2 AN_2
139 P10_1 RTP1_1 AN_1
140 AVSS
141 P10_0 RTP1_0 AN_0
142 VREF
143 AVCC
144 P9_7 RXD4/SCL4/STXD4 ADTRG
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Figure 1.4 Pin Assignment for 100-Pin Package
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Figure 1.5 Pin Assignment for 100-Pin Package
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T3
 / 

D
13

P1
_6

 / 
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T4
/ D

14
P1

_7
 / 

IN
T5

 / 
D

15

P7_0(2)(3)
P6_7 /TXD1 /  SDA1 / SRXD1
P6_6 / RXD1 / SCL1 / STXD1
P6_5 / CLK1
P6_4 / CTS1 / RTS1 / SS1 / OUTC2_1 / ISCLK2
P6_3 / TXD0 / SDA0 / SRXD0 / IrDAOUT
P6_2 / RXD0 / SCL0 / STXD0 / IrDAIN
P6_1 / RTP0_1 / CLK0
P6_0 / RTP0_0 / CTS0 / RTS0 / SS0
P5_7 / RDY
P5_6 / ALE
P5_5 / HOLD
P5_4 / HLDA / ALE
P5_3 / CLKOUT / BCLK / ALE
P5_2 / RD
P5_1 / WRH / BHE
P5_0 / WRL / WR
P4_7 / CS0 / A23
P4_6 / CS1 / A22
P4_5 / CS2 / A21
P4_4 / CS3 / A20

50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31

(4)ANEX1 / CAN1OUT / SRXD4 / SDA4 / TXD4 / P9_6
(4)ANEX0 / CAN1WU / CAN1IN / CLK4 / P9_5 26

27
28
29
30

P4_3 / A19
P4_2 / A18

NOTES:
     1. P7_1 / TA0IN / TB5IN / RTP0_3 / RXD2 / SCL2 / STXD2 / INPC1_7 / OUTC1_7 / OUTC2_2 / ISRXD2 / IEIN
     2. P7_0 / TA0OUT / RTP0_2 / TXD2 / SDA2 / SRXD2 / INPC1_6 / OUTC1_6 / OUTC2_0 / ISTXD2 / IEOUT

3. P7_0 and P7_1 are N-channel open drain output ports.
4. The CAN pins cannot be used in M32C/87B. Only CAN0 pins can be used in M32C/87A.
5. Refer to Package Dimensions for the pin1 position on the package.
6. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two separate functional signals.

( note 6)

( note 6)

( note 5)
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2. Central Processing Unit (CPU)

R0H R0L
R1H R1L

R2
R3

R2
R3

A0
A1
SB
FB

Static base register(1)

Frame base register(1)

Carry flag
Debug flag
Zero flag
Sign flag
Register bank select flag
Overflow flag
Interrupt enable flag
Stack pointer select flag
Reserved
Processor interrupt priority level
Reserved

R0L
R1L

R2
R3

R2
R3

A0
A1
SB
FB

USP

INTB
ISP

PC

R0H
R1H

b31 b15

b23

b0

FLG

CDZSBOIUIPL
b15

b0b8 b7

SVF
SVP
VCT

b23

b15 b0

DMD0
DMD1

DCT0
DCT1
DRC0
DRC1

DMA0
DMA1
DRA0
DRA1
DSA0
DSA1

b23

b15

b0b7

Address registers(1)

User stack pointer
Interrupt stack pointer
Interrupt table register
Program counter

Flag register

General registers

High-speed interrupt registers

DMAC-associated registers

Flag save register
PC save register
Vector register

DMA mode registers

DMA transfer count registers

DMA transfer count reload registers

DMA memory address registers

DMA memory address reload registers

DMA SFR address registers

NOTE:
    1.  These registers comprise a register bank.

There are two sets of register banks (register bank 0 and register bank 1).

Data registers(1)

Figure 2.1 shows the CPU registers. 
The register bank is comprised of eight registers (R0, R1, R2, R3, A0, A1, SB, and FB) out of 28 CPU registers. There 
are two sets of register banks.

 

Figure 2.1 CPU Register



M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 2. Central Processing Unit (CPU) 

REJ03B0127-0151  Rev.1.51   Jul 31, 2008
Page 25 of 85

2.1.8.7 Interrupt Enable Flag (I)
The I flag enables maskable interrupts.
Interrupts are disabled when the I flag is set to 0 and enabled when it is set to 1. The I flag becomes 0 when 
an interrupt request is acknowledged.

2.1.8.8 Stack Pointer Select Flag (U)
ISP is selected when the U flag is set to 0. USP is selected when the U flag is set to 1.
The U flag becomes 0 when a hardware interrupt request is acknowledged or the INT instruction specifying 
software interrupt numbers 0 to 31 is executed.

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

2.1.8.10 Reserved Space
Only write 0 to bits assigned to the reserved space. When read, the bits return undefined values.

2.2 High-Speed Interrupt Registers
Registers associated with the high-speed interrupt are as follows:

• Flag save register (SVF)
• PC save register (SVP)
• Vector register (VCT)

2.3 DMAC-Associated Registers
Registers associated with the DMAC are as follows:

• DMA mode register (DMD0, DMD1)
• DMA transfer count register (DCT0, DCT1)
• DMA transfer count reload register (DRC0, DRC1)
• DMA memory address register (DMA0, DMA1)
• DMA memory address reload register (DRA0, DRA1)
• DMA SFR address register (DSA0, DSA1)
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Table 4.2 SFR Address Map (2/20)  

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

Address Register Symbol After Reset
0030h
0031h
0032h
0033h
0034h
0035h
0036h
0037h
0038h

Address Match Interrupt Register 6 RMAD6 000000h0039h
003Ah
003Bh
003Ch

Address Match Interrupt Register 7 RMAD7 000000h003Dh
003Eh
003Fh
0040h
0041h
0042h
0043h
0044h
0045h
0046h
0047h
0048h External Space Wait Control Register 0 EWCR0 X0X0  0011b
0049h External Space Wait Control Register 1 EWCR1 X0X0  0011b
004Ah External Space Wait Control Register 2 EWCR2 X0X0  0011b
004Bh External Space Wait Control Register 3 EWCR3 X0X0  0011b
004Ch
004Dh
004Eh
004Fh
0050h
0051h
0052h
0053h
0054h
0055h Flash Memory Control Register 1 FMR1 0000  0X0Xb
0056h

0057h Flash Memory Control Register 0 FMR0 0000  0001b(Flash Memory)
XXXX  XXX0b(Mask ROM)

0058h
0059h
005Ah
005Bh
005Ch
005Dh
005Eh
005Fh
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Table 4.4 SFR Address Map (4/20)  

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

Address Register Symbol After Reset
0090h UART0 Transmit/NACK Interrupt Control Register S0TIC XXXX  X000b
0091h UART1/UART4 Bus Conflict Detection Interrupt Control Register BCN1IC/BCN4IC XXXX  X000b
0092h UART1 Transmit/NACK Interrupt Control Register S1TIC XXXX  X000b
0093h Key Input Interrupt Control Register KUPIC XXXX  X000b
0094h Timer B0 Interrupt Control Register TB0IC XXXX  X000b
0095h II/O Interrupt Control Register 1 / CAN1 Interrupt Control Register 1 IIO1IC/CAN4IC XXXX  X000b
0096h Timer B2 Interrupt Control Register TB2IC XXXX  X000b
0097h II/O Interrupt Control Register 3 IIO3IC XXXX  X000b
0098h Timer B4 Interrupt Control Register TB4IC XXXX  X000b
0099h II/O Interrupt Control Register 5 /CAN1 Interrupt Control Register 2 IIO5IC/CAN5IC XXXX  X000b

009Ah INT4 Interrupt Control Register INT4IC XX00  X000b
009Bh II/O Interrupt Control Register 7 IIO7IC XXXX  X000b

009Ch INT2 Interrupt Control Register INT2IC XX00  X000b
009Dh II/O Interrupt Control Register 9 / CAN0 Interrupt Control Register 0 IIO9IC/CAN0IC XXXX  X000b

009Eh INT0 Interrupt Control Register INT0IC XX00  X000b
009Fh Exit Priority Register RLVL XXXX  0000b
00A0h Interrupt Request Register 0 IIO0IR 0000  000Xb
00A1h Interrupt Request Register 1 IIO1IR 0000  000Xb
00A2h Interrupt Request Register 2 IIO2IR 0000  000Xb
00A3h Interrupt Request Register 3 IIO3IR 0000  000Xb
00A4h Interrupt Request Register 4 IIO4IR 0000  000Xb
00A5h Interrupt Request Register 5 IIO5IR 0000  000Xb
00A6h Interrupt Request Register 6 IIO6IR 0000  000Xb
00A7h Interrupt Request Register 7 IIO7IR 0000  000Xb
00A8h Interrupt Request Register 8 IIO8IR 0000  000Xb
00A9h Interrupt Request Register 9 IIO9IR 0000  000Xb
00AAh Interrupt Request Register 10 IIO10IR 0000  000Xb
00ABh Interrupt Request Register 11 IIO11IR 0000  000Xb
00ACh
00ADh
00AEh
00AFh
00B0h Interrupt Enable Register 0 IIO0IE 00h
00B1h Interrupt Enable Register 1 IIO1IE 00h
00B2h Interrupt Enable Register 2 IIO2IE 00h
00B3h Interrupt Enable Register 3 IIO3IE 00h
00B4h Interrupt Enable Register 4 IIO4IE 00h
00B5h Interrupt Enable Register 5 IIO5IE 00h
00B6h Interrupt Enable Register 6 IIO6IE 00h
00B7h Interrupt Enable Register 7 IIO7IE 00h
00B8h Interrupt Enable Register 8 IIO8IE 00h
00B9h Interrupt Enable Register 9 IIO9IE 00h
00BAh Interrupt Enable Register 10 IIO10IE 00h
00BBh Interrupt Enable Register 11 IIO11IE 00h
00BCh
00BDh
00BEh
00BFh

to
00DFh
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Table 4.15 SFR Address Map (15/20) 

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

NOTE:
1. The IFSRA register is included in the 144-pin package only.

Address Register Symbol After Reset
02F0h
02F1h
02F2h
02F3h
02F4h UART4 Special Mode Register 4 U4SMR4 00h
02F5h UART4 Special Mode Register 3 U4SMR3 00h
02F6h UART4 Special Mode Register 2 U4SMR2 00h
02F7h UART4 Special Mode Register U4SMR 00h
02F8h UART4 Transmit/Receive Mode Register U4MR 00h
02F9h UART4 Baud Rate Register U4BRG XXh
02FAh

UART4 Transmit Buffer Register U4TB XXXXh
02FBh
02FCh UART4 Transmit/Receive Control Register 0 U4C0 0000  1000b
02FDh UART4 Transmit/Receive Control Register 1 U4C1 0000  0010b
02FEh

UART4 Receive Buffer Register U4RB XXXXh
02FFh
0300h Timer B3, B4, B5 Count Start Register TBSR 000X  XXXXb
0301h
0302h

Timer A11 Register TA11 XXXXh
0303h
0304h

Timer A21 Register TA21 XXXXh
0305h
0306h

Timer A41 Register TA41 XXXXh
0307h
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
030Fh
0310h

Timer B3 Register TB3 XXXXh
0311h
0312h

Timer B4 Register TB4 XXXXh
0313h
0314h

Timer B5 Register TB5 XXXXh
0315h
0316h
0317h
0318h
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 External Interrupt Source Select Register 1(1) IFSRA 00h
031Fh External Interrupt Source Select Register IFSR 00h
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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 5.10 Flash Memory Electrical Characteristics (VCC1 = 4.5 V to 5.5 V, 3.0 to 3.6 V,   
Topr = 0 to 60°C unless otherwise specified)  

NOTE:
1. If erase and program endurance is n times (n = 100), each block can be erased n times.  For example, if a 4-

Kbyte block A is erased after programming a word data 2,048 times, each to a different address, this counts as 
one erase and program time.  Data can not be programmed to the same address more than once without 
erasing the block. (rewrite prohibited)

Symbol Parameter Measurement Condition
Standard

Unit
Min. Typ. Max.

− Erase and program endurance(1) 100 times

− Word program time (16 bits) (VCC1 = 5.0 V, Topr = 25°C) 25 300 μs

− Lock bit program time 25 300 μs

− Block erase time
(VCC1 = 5.0 V, Topr = 25°C)

4-Kbyte block 0.3 4 s

8-Kbyte block 0.3 4 s

32-Kbyte block 0.5 4 s

64-Kbyte block 0.8 4 s

tps Wait time to stabilize flash memory circuit 15 μs

− Data hold time (Topr = -40 to 85°C) 10 years

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 5.23 A/D Trigger Input

Table 5.24 Serial Interface

      i = 0 to 6

Table 5.25 Intelligent I/O Communication Function (Groups 0 and 1)  

      i = 0, 1 

Table 5.26 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 = 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 5.27 External Interrupt INTi Input (Edge Sensitive)  

      i = 0 to 8(1)

NOTE:
1. INT6 to INT8 are provided in the 144-pin package only.

Symbol Parameter
Standard

Unit
Min. Max.

tw(INH) INTi input high (“H”) pulse width 250 ns

tw(INL) INTi input low (“L”) pulse width 250 ns

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

Table 5.29 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
- 15 [ns]th(WR-DB)   =

     109

f(BCLK) × 2
- 10 [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 -5 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 = 5V
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Figure 5.3 VCC1 = VCC2 = 5 V Timing Diagram (1/4)

VCC1=VCC2=5V

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)
tw(TBH)

tw(TBL)

ADTRG input

tc(AD)
tw(ADL)

CLKi
ISCLKi

tc(CK)
tw(CKH)

tw(CKL)
TXDi
ISTXDi

th(C-Q)

td(C-Q)
RXDi
ISRXDi

tsu(D-C) th(C-D)

INTi input

tw(INL)

tw(INH)

NMI input

2 CPU clock cycles
+ 300 ns or more

2 CPU clock cycles
+ 300 ns or more

("L" width)

XIN input

tc

tw(L)tw(H)
tr tf

TAiIN input

TAiOUT input
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Figure 5.9 VCC1 = VCC2 = 3.3 V Timing Diagram (3/4) 

VCC1=VCC2=3.3VMemory Expansion Mode and Microprocessor Mode
(when accessing an external memory space)

NOTES:
  1. Values guaranteed only when the MCU is used stand-alone.
      A maximum of 35 ns is guaranteed for td(BCLK-AD) + tsu(DB-BCLK).
  2. Varies with operation frequency:
            tac1(RD-DB) = (tcyc / 2 x m - 35) ns.max (if external bus cycle aφ + bφ, m = (b x 2) + 1)
            tac1(AD-DB) = (tcyc x n - 35) ns.max (if external bus cycle aφ + bφ, n = a + b)

Read Timing (1φ + 1φ Bus Cycle)

Write Timing (1φ + 1φ Bus Cycle)

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

Measurement Conditions:
- VCC1 = VCC2 = 3.0 to 3.6 V
- Input high and low voltage: VIH = 1.5 V, VIL = 0.5 V
- Output high and low voltage: VOH = 1.5 V, VOL = 1.5 V
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Appendix 1. Package Dimensions
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