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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 1.3 Specifications (100-Pin Package) (1/2)

NOTE:
1. Please contact a Renesas sales office for optional features.

Item Function Specification
CPU Central processing unit M32C/80 core (multiplier: 16 bits × 16 bits → 32 bits, 

 multiply-addition operation instructions: 16 × 16 + 48 → 48 bits)
• Basic instructions: 108
• Minimum instruction execution time: 

31.3 ns (f(CPU) = 32 MHz / VCC1 = 3.0 to 5.5 V)
• Operating modes: Single-chip mode, memory expansion mode,

                            and microprocessor mode
Memory ROM / RAM Flash memory version: 256KB + 8KB/32 KB, 128KB + 8KB/32 KB

ROMless version        : − / 32KB
Power Supply Voltage Detection Voltage monitor interrupt (optional)(1)

External 
Bus 
Expansion

Bus / memory expansion 
function

• Address space: 16 Mbytes
• External bus interface: 1 to 7 wait states can be inserted,

4 chip select outputs, 3 V and 5 V interfaces
• Bus format: Switchable between separate bus and multiplexed 

bus formats, switchable data bus width (8-bit or 16-bit)
Clock Clock generation circuits • 4 circuits: 

Main clock, sub clock, on-chip oscillator,
PLL frequency synthesizer

• Oscillation stop detection: 
Main clock oscillation stop detect function

• Frequency divider circuit: 
Dividing ratio selectable among 1, 2, 3, 4, 6, 8, 10, 12, 14, 16

• Low power consumption features: Wait mode, stop mode
Interrupts • Interrupt vectors: 70

• External interrupt inputs:
11 (NMI, INT × 6, Key input × 4)

Single-chip mode
Memory expansion and microprocessor mode with 8-bit external bus

8 (NMI, INT × 3, Key input × 4) 
Memory expansion and microprocessor mode with 16-bit external bus

•  Interrupt priority levels: 7
Watchdog Timer 15-bit × 1 channel (with prescaler)
DMA DMAC • 4 channels, cycle steal method

• Trigger sources: 31
• Transfer modes: 2 (single transfer and repeat transfer)

DMACII • Can be activated by all peripheral function interrupt sources
• Transfer modes: 2 (single transfer and burst transfer)
• Immediate transfer, calculation transfer, and chain transfer 

functions
Timer Timer A 16-bit timer × 5

Timer mode, event counter mode, one-shot timer mode, 
pulse width modulation (PWM) mode
Event counter 2-phase pulse signal processing (2-phase 
encoder input) × 3

Timer B 16-bit timer × 6
Timer mode, event counter mode, pulse period measurement 
mode, pulse width measurement mode

Timer function for 
3-phase motor control

3-phase inverter control × 1 (using timer A1, timer A2, timer A4, 
and timer B2)
On-chip dead time timer
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Table 1.6 144-Pin Package List of Pin Names (1/3)
Pin 
No. Control Pin Port Interrupt Pin Timer Pin UART Pin Analog Pin Bus Control Pin

1 P9_6 TXD4/SDA4/SRXD4 ANEX1
2 P9_5 CLK4 ANEX0
3 P9_4 TB4IN CTS4/RTS4/SS4 DA1
4 P9_3 TB3IN CTS3/RTS3/SS3 DA0
5 P9_2 TB2IN TXD3/SDA3/SRXD3
6 P9_1 TB1IN RXD3/SCL3/STXD3
7 P9_0 TB0IN CLK3
8 P14_6
9 P14_5
10 P14_4
11 P14_3
12 P14_2
13 P14_1
14 P14_0
15 BYTE
16 CNVSS
17 XCIN P8_7
18 XCOUT P8_6
19 RESET
20 XOUT
21 VSS
22 XIN
23 VCC1
24 P8_5 NMI
25 P8_4 INT2
26 P8_3 INT1
27 P8_2 INT0
28 P8_1 TA4IN/U
29 P8_0 TA4OUT/U
30 P7_7 TA3IN
31 P7_6 TA3OUT
32 P7_5 TA2IN/W
33 P7_4 TA2OUT/W
34 P7_3 TA1IN/V CTS2/RTS2/SS2
35 P7_2 TA1OUT/V CLK2
36 P7_1 TA0IN/TB5IN RXD2/SCL2/STXD2
37 P7_0 TA0OUT TXD2/SDA2/SRXD2
38 P6_7 TXD1/SDA1/SRXD1
39 VCC1
40 P6_6 RXD1/SCL1/STXD1
41 VSS
42 P6_5 CLK1
43 P6_4 CTS1/RTS1/SS1
44 P6_3 TXD0/SDA0/SRXD0
45 P6_2 RXD0/SCL0/STXD0
46 P6_1 CLK0
47 P6_0 CTS0/RTS0/SS0
48 P13_7
49 P13_6
50 P13_5
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Figure 1.4 Pin Assignment for 100-pin Package
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NOTES:
    1. P7_0 and P7_1 are N-channel open drain output ports.
    2. Refer to Package Dimensions for the pin1 position on the package.
    3. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two separate functional signals.

( note 3 )

( note 2 )
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Table 1.10 100-Pin Package List of Pin Names (2/2)
Pin 
No. Control Pin Port Interrupt Pin Timer Pin UART Pin Analog Pin Bus Control Pin

51 P4_1 A17
52 P4_0 A16
53 P3_7 A15,[A15/D15]
54 P3_6 A14,[A14/D14]
55 P3_5 A13,[A13/D13]
56 P3_4 A12,[A12/D12]
57 P3_3 A11,[A11/D11]
58 P3_2 A10,[A10/D10]
59 P3_1 A9,[A9/D9]
60 VCC2
61 P3_0 A8,[A8/D8]
62 VSS
63 P2_7 AN2_7 A7,[A7/D7]
64 P2_6 AN2_6 A6,[A6/D6]
65 P2_5 AN2_5 A5,[A5/D5]
66 P2_4 AN2_4 A4,[A4/D4]
67 P2_3 AN2_3 A3,[A3/D3]
68 P2_2 AN2_2 A2,[A2/D2]
69 P2_1 AN2_1 A1,[A1/D1]
70 P2_0 AN2_0 A0,[A0/D0]
71 P1_7 INT5 D15
72 P1_6 INT4 D14
73 P1_5 INT3 D13
74 P1_4 D12
75 P1_3 D11
76 P1_2 D10
77 P1_1 D9
78 P1_0 D8
79 P0_7 AN0_7 D7
80 P0_6 AN0_6 D6
81 P0_5 AN0_5 D5
82 P0_4 AN0_4 D4
83 P0_3 AN0_3 D3
84 P0_2 AN0_2 D2
85 P0_1 AN0_1 D1
86 P0_0 AN0_0 D0
87 P10_7 KI3 AN_7
88 P10_6 KI2 AN_6
89 P10_5 KI1 AN_5
90 P10_4 KI0 AN_4
91 P10_3 AN_3
92 P10_2 AN_2
93 P10_1 AN_1
94 AVSS
95 P10_0 AN_0
96 VREF
97 AVCC
98 P9_7 RXD4/SCL4/STXD4 ADTRG
99 P9_6 TXD4/SDA4/SRXD4 ANEX1
100 P9_5 CLK4 ANEX0
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1.5 Pin Functions

Table 1.11 Pin Functions (100-Pin and 144-Pin Packages) (1/3)  

Item Pin Name I/O 
Type

Supply 
Voltage Description

Power supply VCC1,VCC2
VSS

− − Apply 3.0 to 5.5 V to pins VCC1 and VCC2, and 0 V to the VSS pin. 
Meet the input condition of VCC1 ≥ VCC2.

Analog power 
supply input

AVCC
AVSS

− VCC1 Power supply input pins to the A/D converter and D/A converter. 
Connect the AVCC pin to VCC1, and the AVSS pin to VSS.

Reset input RESET I VCC1 The MCU is placed in the reset state while applying an “L” signal to 
the RESET pin.

CNVSS CNVSS I VCC1 This pin switches processor mode. Apply an “L” to the CNVSS pin 
to start up in single-chip mode, or an “H” to start up in 
microprocessor mode and boot mode.

External data 
bus width 
select input

BYTE I VCC1 This pin switches data bus width in external memory space 3. A 
data bus is 16 bits wide when the BYTE pin is held “L” and 8 bits 
wide when it is held “H”. Fix to either “L” or “H”. Apply an “L” to the 
BYTE pin in single-chip mode.

Bus control 
Pins

D0 to D7 I/O VCC2 Data (D0 to D7) input/output pins while accessing an external 
memory space with separate bus.

D8 to D15 I/O VCC2 Data (D8 to D15) input/output pins while accessing an external 
memory space with 16-bit separate bus.

A0 to A22 O VCC2 Address bits (A0 to A22) output pins.

A23 O VCC2 Inverted address bit (A23) output pin.
A0/D0 to 
A7/D7

I/O VCC2 Data (D0 to D7) input/output and 8 low-order address bits (A0 to 
A7) output are performed by time-sharing these pins while 
accessing an external memory space with multiplexed bus.

A8/D8 to
A15/D15

I/O VCC2 Data (D8 to D15) input/output and 8 middle-order address bits (A8 
to A15) output are performed by time-sharing these pins while 
accessing an external memory space with 16-bit multiplexed bus.

CS0 to CS3 O VCC2 Chip-select signal output pins used to specify external devices.

WRL/WR
WRH/BHE
RD

O VCC2 WRL, WRH, (WR, BHE) and RD signal output pins. WRL and WRH 
can be switched with WR and BHE by a program.
• WRL, WRH and RD are selected:

If external data bus is 16 bits wide, data is written to an even   
address in external memory space while an “L” is output from the 
WRL pin. Data is written to an odd address while an “L” is output 
from the WRH pin.
Data is read while an “L” is output from the RD pin.

• WR, BHE and RD are selected:
Data is written while an “L” is output from the WR pin.
Data is read while an “L” is output from the RD pin.
Data in odd address is accessed while an “L” is output from the 
BHE pin. Select WR, BHE and RD when an external data bus is 
8 bits wide.

ALE O VCC2 ALE signal is used for the external devices to latch address signals 
when the multiplexed bus is selected.

HOLD I VCC2 The MCU is placed in the hold state while an “L” signal is applied to 
the HOLD pin.

HLDA O VCC2 The HLDA pin outputs an “L” while the MCU is placed in the hold state.

RDY I VCC2 Bus is placed in the wait state while an “L” signal is applied to the 
RDY pin.
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4. Special Function Registers (SFRs)
Special Function Registers (SFRs) are the control registers of peripheral functions. Tables 4.1 to 4.11 list SFR address
maps.

Table 4.1 SFR Address Map (1/11)

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

NOTE:
1. Bits PM01 and PM00 in the PM0 register maintain values set before reset, even after software reset or watchdog timer reset has been 

performed.

Address Register Symbol After Reset
0000h
0001h
0002h
0003h

0004h Processor Mode Register 0(1) PM0 1000  0000b(CNVSS=”L”)
0000  0011b(CNVSS=”H”)

0005h Processor Mode Register 1 PM1 00h
0006h System Clock Control Register 0 CM0 0000  1000b
0007h System Clock Control Register 1 CM1 0010  0000b
0008h
0009h Address Match Interrupt Enable Register AIER 00h
000Ah Protect Register PRCR XXXX  0000b

000Bh External Data Bus Width Control Register DS XXXX  1000b(BYTE=”L”)
XXXX  0000b(BYTE=”H”)

000Ch Main Clock Division Register MCD XXX0 1000b
000Dh Oscillation Stop Detection Register CM2 00h
000Eh Watchdog Timer Start Register WDTS XXh
000Fh Watchdog Timer Control Register WDC 000X  XXXXb
0010h

Address Match Interrupt Register 0 RMAD0 000000h0011h
0012h
0013h Processor Mode Register 2 PM2 00h
0014h

Address Match Interrupt Register 1 RMAD1 000000h0015h
0016h
0017h Reference Voltage Configuration Register DVCR 1000 1111b
0018h

Address Match Interrupt Register 2 RMAD2 000000h0019h
001Ah
001Bh Voltage Monitor Register LVDC 0000 1000h
001Ch

Address Match Interrupt Register 3 RMAD3 000000h001Dh
001Eh
001Fh Voltage Regulator Control Register VRCR 00h
0020h
0021h
0022h
0023h
0024h
0025h
0026h PLL Control Register 0 PLC0 0001  X010b
0027h
0028h

Address Match Interrupt Register 4 RMAD4 000000h0029h
002Ah
002Bh
002Ch

Address Match Interrupt Register 5 RMAD5 000000h002Dh
002Eh
002Fh
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Table 4.2 SFR Address Map (2/11)  

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

NOTES:
1. These registers are available only in ROMless version.
2. These registers are not available in ROMless version.

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 Page Mode Wait Control Register 0(1) PWCR0 0001  0001b
004Dh Page Mode Wait Control Register 1(1) PWCR1 0001  0001b
004Eh
004Fh
0050h Flash Memory Control Register 3(2) FMR 3 XX0X  XX00b
0051h
0052h Flash Memory Control Register 2(2) FMR 2 XXXX  XXX0b
0053h
0054h
0055h Flash Memory Control Register 1(2) FMR1 0000  XX0Xb
0056h
0057h Flash Memory Control Register 0(2) FMR0 0000  0001b
0058h
0059h Flash Memory Control Register 4(2) FMR4 00h
005Ah
005Bh
005Ch
005Dh
005Eh
005Fh
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Table 4.3 SFR Address Map (3/11)

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

Address Register Symbol After Reset
0060h
0061h
0062h
0063h
0064h
0065h
0066h
0067h
0068h DMA0 Interrupt Control Register DM0IC XXXX  X000b
0069h Timer B5 Interrupt Control Register TB5IC XXXX  X000b
006Ah DMA2 Interrupt Control Register DM2IC XXXX  X000b
006Bh UART2 Receive/ACK Interrupt Control Register S2RIC XXXX  X000b
006Ch Timer A0 Interrupt Control Register TA0IC XXXX  X000b
006Dh UART3 Receive/ACK Interrupt Control Register S3RIC XXXX  X000b
006Eh Timer A2 Interrupt Control Register TA2IC XXXX  X000b
006Fh UART4 Receive/ACK Interrupt Control Register S4RIC XXXX  X000b
0070h Timer A4 Interrupt Control Register TA4IC XXXX  X000b
0071h UART0/UART3 Bus Conflict Detection Interrupt Control Register BCN0IC/BCN3IC XXXX  X000b
0072h UART0 Receive/ACK Interrupt Control Register S0RIC XXXX  X000b
0073h A/D0 Conversion Interrupt Control Register AD0IC XXXX  X000b
0074h UART1 Receive/ACK Interrupt Control Register S1RIC XXXX  X000b
0075h
0076h Timer B1 Interrupt Control Register TB1IC XXXX  X000b
0077h
0078h Timer B3 Interrupt Control Register TB3IC XXXX  X000b
0079h

007Ah INT5 Interrupt Control Register INT5IC XX00  X000b
007Bh

007Ch INT3 Interrupt Control Register INT3IC XX00  X000b
007Dh

007Eh INT1 Interrupt Control Register INT1IC XX00  X000b
007Fh
0080h
0081h
0082h
0083h
0084h
0085h
0086h
0087h
0088h DMA1 Interrupt Control Register DM1IC XXXX  X000b
0089h UART2 Transmit/NACK Interrupt Control Register S2TIC XXXX  X000b
008Ah DMA3 Interrupt Control Register DM3IC XXXX  X000b
008Bh UART3 Transmit/NACK Interrupt Control Register S3TIC XXXX  X000b
008Ch Timer A1 Interrupt Control Register TA1IC XXXX  X000b
008Dh UART4 Transmit/NACK Interrupt Control Register S4TIC XXXX  X000b
008Eh Timer A3 Interrupt Control Register TA3IC XXXX  X000b
008Fh UART2 Bus Conflict Detection Interrupt Control Register BCN2IC XXXX  X000b
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Table 4.5 SFR Address Map (5/11)  

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

Address Register Symbol After Reset
02C0h

X0 Register, Y0 Register X0R, Y0R XXXXh
02C1h
02C2h

X1 Register, Y1 Register X1R, Y1R XXXXh
02C3h
02C4h

X2 Register, Y2 Register X2R, Y2R XXXXh
02C5h
02C6h

X3 Register, Y3 Register X3R, Y3R XXXXh
02C7h
02C8h

X4 Register, Y4 Register X4R, Y4R XXXXh
02C9h
02CAh

X5 Register, Y5 Register X5R, Y5R XXXXh
02CBh
02CCh

X6 Register, Y6 Register X6R, Y6R XXXXh
02CDh
02CEh

X7 Register, Y7 Register X7R, Y7R XXXXh
02CFh
02D0h

X8 Register, Y8 Register X8R, Y8R XXXXh
02D1h
02D2h

X9 Register, Y9 Register X9R, Y9R XXXXh
02D3h
02D4h

X10 Register, Y10 Register X10R, Y10R XXXXh
02D5h
02D6h

X11 Register, Y11 Register X11R, Y11R XXXXh
02D7h
02D8h

X12 Register, Y12 Register X12R, Y12R XXXXh
02D9h
02DAh

X13 Register, Y13 Register X13R, Y13R XXXXh
02DBh
02DCh

X14 Register, Y14 Register X14R, Y14R XXXXh
02DDh
02DEh

X15 Register, Y15 Register X15R, Y15R XXXXh
02DFh
02E0h X/Y Control Register XYC XXXX  XX00b
02E1h
02E2h
02E3h
02E4h UART1 Special Mode Register 4 U1SMR4 00h
02E5h UART1 Special Mode Register 3 U1SMR3 00h
02E6h UART1 Special Mode Register 2 U1SMR2 00h
02E7h UART1 Special Mode Register U1SMR 00h
02E8h UART1 Transmit/Receive Mode Register U1MR 00h
02E9h UART1 Baud Rate Register U1BRG XXh
02EAh

UART1 Transmit Buffer Register U1TB XXXXh
02EBh
02ECh UART1 Transmit/Receive Control Register 0 U1C0 0000  1000b
02EDh UART1 Transmit/Receive Control Register 1 U1C1 0000  0010b
02EEh

UART1 Receive Buffer Register U1RB XXXXh
02EFh
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Table 4.8 SFR Address Map (8/11) 

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

NOTE:
1. The TCSPR register maintains values set before reset, even after software reset or watchdog timer reset has been performed.

Address Register Symbol After Reset
0350h

Timer B0 Register TB0 XXXXh
0351h
0352h

Timer B1 Register TB1 XXXXh
0353h
0354h

Timer B2 Register TB2 XXXXh
0355h
0356h Timer A0 Mode Register TA0MR 00h
0357h Timer A1 Mode Register TA1MR 00h
0358h Timer A2 Mode Register TA2MR 00h
0359h Timer A3 Mode Register TA3MR 00h
035Ah Timer A4 Mode Register TA4MR 00h
035Bh Timer B0 Mode Register TB0MR 00XX  0000b
035Ch Timer B1 Mode Register TB1MR 00XX  0000b
035Dh Timer B2 Mode Register TB2MR 00XX  0000b
035Eh Timer B2 Special Mode Register TB2SC XXXX  XXX0b
035Fh Count Source Prescaler Register(1) TCSPR 0XXX  0000b
0360h
0361h
0362h
0363h
0364h UART0 Special Mode Register 4 U0SMR4 00h
0365h UART0 Special Mode Register 3 U0SMR3 00h
0366h UART0 Special Mode Register 2 U0SMR2 00h
0367h UART0 Special Mode Register U0SMR 00h
0368h UART0 Transmit/Receive Mode Register U0MR 00h
0369h UART0 Baud Rate Register U0BRG XXh
036Ah

UART0 Transmit Buffer Register U0TB XXXXh
036Bh
036Ch UART0 Transmit/Receive Control Register 0 U0C0 0000  1000b
036Dh UART0 Transmit/Receive Control Register 1 U0C1 0000  0010b
036Eh

UART0 Receive Buffer Register U0RB XXXXh
036Fh
0370h
0371h
0372h
0373h
0374h
0375h
0376h
0377h
0378h DMA0 Request Source Select Register DM0SL 0X00  0000b
0379h DMA1 Request Source Select Register DM1SL 0X00  0000b
037Ah DMA2 Request Source Select Register DM2SL 0X00  0000b
037Bh DMA3 Request Source Select Register DM3SL 0X00  0000b
037Ch

CRC Data Register CRCD XXXXh
037Dh
037Eh CRC Input Register CRCIN XXh
037Fh
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5. Electrical Characteristics

Table 5.1 Absolute Maximum Ratings

NOTES:
1. P11 to P15 are provided in the 144-pin package only.
2. Contact a Renesas sales office if temperature range of -40 to 85°C is required.

Symbol Parameter Condition Value Unit

VCC1, 
VCC2

Supply voltage VCC1 = AVCC -0.3 to 6.0 V

VCC2 Supply voltage − -0.3 to VCC1 + 0.1 V

AVCC Analog supply voltage VCC1 = AVCC -0.3 to 6.0 V

VI Input voltage RESET, CNVSS, BYTE, P6_0 to P6_7, 
P7_2 to P7_7, P8_0 to P8_7, 
P9_0 to P9_7, P10_0 to P10_7, 
P14_0 to P14_6, P15_0 to P15_7(1),
VREF, XIN

-0.3 to VCC1 + 0.3 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,
P11_0 to P11_4, P12_0 to P12_7,
P13_0 to P13_7(1)

-0.3 to VCC2 + 0.3

P7_0, P7_1 -0.3 to 6.0

VO 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,
P14_0 to 14_6, P15_0 to P15_7(1),
XOUT

-0.3 to VCC1 + 0.3 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,
P11_0 to P11_4, P12_0 to P12_7,
P13_0 to P13_7(1)

-0.3 to VCC2 + 0.3

P7_0, P7_1 -0.3 to 6.0

Pd Power consumption -40°C≤Topr≤85°C 500 mW

Topr Operating 
ambient 
temperature

during CPU operation -20 to 85/
-40 to 85(2)

°C

during programming or erasing Flash 
memory

0 to 60 °C

Tstg Storage temperature -65 to 150 °C
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Table 5.4 Recommended Operating Conditions (3/3) 
                       (VCC1 = VCC2 = 3.0 to 5.5 V, Topr = -20 to 85°C unless otherwise specified)

Table 5.5 Flash Memory Electrical Characteristics (VCC1 = VCC2 = 3.0 V to 5.5 V,  
Topr = 0 to 60°C unless otherwise specified)

NOTES:
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 four-byte data 1,024 times, each to a different address, this counts 
as one erase and program time. Data cannot be programmed to the same address more than once without 
erasing the block (rewrite prohibited).

2. Prior to accessing registers FMR0 to FMR3 or to entering CPU rewrite mode (EW0, EW1 mode), set the CPU 
clock frequency to 10 MHz or lower using bits MCD4 to MCD0 in the MCD register, and also set the PM12 bit in 
the PM1 register to 1 (1 wait state).

Symbol Parameter
Standard

Unit
Min. Typ. Max.

f(CPU) CPU clock frequency
(same frequency as f(BCLK))

VCC1 = 3.0 to 5.5V 0 32 MHz

f(XIN) Main clock input frequency VCC1 = 3.0 to 5.5V 0 16 MHz

f(XCIN) Sub clock frequency 32.768 50 kHz

f(Ring) On-chip oscillator frequency 0.5 1 2 MHz

f(PLL) PLL clock frequency VCC1 = 3.0 to 5.5V 10 32 MHz

tsu(PLL) Wait time to stabilize PLL frequency 
synthesizer

VCC1 = 5.0V 20 ms

VCC1 = 3.3V 50 ms

Symbol Parameter Measurement Condition
Standard

Unit
Min. Typ. Max.

− CPU clock frequency (in CPU rewrite mode)(2) 10 MHz

− Erase and program endurance(1) 100 times

− Program time (4 bytes) (Topr = 25°C) Other than Data flash 150 900
μsData flash 300 1700

− Lock bit program time Other than Data flash 70 500
μsData flash 140 1000

− Block erase time (Topr = 25°C) 4-Kbyte block 0.2 3 s

8-Kbyte block 0.2 3 s

64-Kbyte block 0.2 3 s

tps Wait time to stabilize flash memory circuit 50 μs

− Data hold time (Topr = -40 to 85°C) 10 years
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Table 5.7 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 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 50 170 kΩ

RfXIN Feedback 
resistance

XIN 1.5 MΩ

RfXCIN Feedback 
resistance

XCIN 15 MΩ

VRAM RAM data 
retention 
voltage

In stop mode 2.0 V

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 4

Table 5.25 External Interrupt INTi Input (Edge Sensitive)   

      i=0 to 5

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

tw(ADH) ADTRG input high (“H”) pulse width 3 φAD

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 80 ns

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

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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Figure 5.3 VCC1 = VCC2 = 5 V Timing Diagram (1)

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

tc(CK)
tw(CKH)

tw(CKL)

TXDi

th(C-Q)

td(C-Q)

RXDi

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

In event counter mode with two-phase pulse
tc(TA)

tsu(TAIN-TAOUT)tsu(TAIN-TAOUT)

tsu(TAOUT-TAIN)

tsu(TAOUT-TAIN)

tw(ADH)
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Figure 5.4 VCC1 = VCC2 = 5 V Timing Diagram (2)

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 5.5 VCC1 = VCC2 = 5 V Timing Diagram (3)

VCC1=VCC2=5VMemory 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 - 10) ns.min
       th(WR-AD) = (tcyc / 2 - 10) 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 = 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

tcyc= 109

f(BCLK)

BCLK

CSi

ADi
BHE

DBi

th(BCLK-CS)
-3ns.mintd(BCLK-CS)

18ns.max(1)

tcyc

td(BCLK-AD)
18ns.max(1)

th(WR-AD)(3)

th(BCLK-WR)
-5ns.min

td(DB-WR)(3)

th(BCLK-AD)
-3ns.min

td(BCLK-WR)
18ns.max

tw(WR)(3)

th(WR-DB)(3)

th(WR-CS)(3)

WR,WRL,WRH

BCLK

CSi

ADi
BHE

RD

DBi

th(BCLK-CS)
-3ns.min

th(RD-CS)
0ns.min

td(BCLK-CS)
18ns.max(1)

tcyc

td(BCLK-AD)
18ns.max(1)

18ns.max
td(BCLK-RD) th(RD-AD)

0ns.min

th(BCLK-RD)
-5ns.mintac1(RD-DB)(2)

tac1(AD-DB)(2)

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

tsu(DB-BCLK)
26ns.min(1)

th(BCLK-AD)
-3ns.min
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Table 5.29 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 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

1.7 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 INT5, ADTRG, 
CTS0 to CTS4, CLK0 to CLK4, 
TA0OUT to TA4OUT, NMI, KI0 to KI3, 
RXD0 to RXD4, SCL0 to SCL4, 
SDA0 to SDA4

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 5.34 External Clock Input

Table 5.35 Timer A Input (Count Source Input in Event Counter Mode)

       i = 0 to 4

Table 5.36 Timer A Input (Gate Signal Input in Timer Mode)

       i = 0 to 4

Table 5.37 Timer A Input (External Trigger Input in One-Shot Timer Mode)

       i = 0 to 4

Table 5.38 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

       i = 0 to 4

Symbol Parameter
Standard

Unit
Min. Max.

tc External clock input cycle time 62.5 ns

tw(H) External clock input high (“H”) pulse width 27.5 ns

tw(L) External clock input low (“L”) pulse width 27.5 ns

tr External clock rise time 5 ns

tf External clock fall time 5 ns

Symbol Parameter
Standard

Unit
Min. Max.

tc(TA) TAiIN input cycle time 100 ns

tw(TAH) TAiIN input high (“H”) pulse width 40 ns

tw(TAL) TAiIN input low (“L”) pulse width 40 ns

Symbol Parameter
Standard

Unit
Min. Max.

tc(TA) TAiIN input cycle time 400 ns

tw(TAH) TAiIN input high (“H”) pulse width 200 ns

tw(TAL) TAiIN input low (“L”) pulse width 200 ns

Symbol Parameter
Standard

Unit
Min. Max.

tc(TA) TAiIN input cycle time 200 ns

tw(TAH) TAiIN input high (“H”) pulse width 100 ns

tw(TAL) TAiIN input low (“L”) pulse width 100 ns

Symbol Parameter
Standard

Unit
Min. Max.

tw(TAH) TAiIN input high (“H”) pulse width 100 ns

tw(TAL) TAiIN input low (“L”) pulse width 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 5.48 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.

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

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) 0 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) 0 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 -3 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

     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)   =

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)    =

 VCC1 = VCC2 = 3.3 V


