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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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R32C/116 Group 1.  Overview

1.1.2 Performance Overview
Tables 1.1 to 1.4 list the performance overview of the R32C/116 Group.

Note:
1. Contact a Renesas Electronics sales office to use the optional features.

Table 1.1 Performance Overview for the 144-pin Package (1/2)

Unit Function Explanation

CPU Central 
processing unit

R32C/100 Series CPU Core
• Basic instructions: 108
• Minimum instruction execution time: 15.625 ns (f(CPU) = 64 MHz)
• Multiplier: 32-bit × 32-bit  64-bit
• Multiply-accumulate unit: 32-bit × 32-bit + 64-bit  64-bit
• IEEE-754 compatible FPU: Single precision
• 32-bit barrel shifter
• Operating mode: Single-chip mode, memory expansion mode, 

microprocessor mode (optional (1))

Memory Flash memory: 384 Kbytes to 1 Mbyte
RAM: 40 K/48 K/63 Kbytes
Data flash: 4 Kbytes × 2 blocks
Refer to Table 1.5 for each product’s memory size

Voltage 
Detector

Low voltage 
detector

Optional (1)

Low voltage detection interrupt

Clock Clock generator • 4 circuits (main clock, sub clock, PLL, on-chip oscillator)
• Oscillation stop detector: Main clock oscillator stop/restart detection
• Frequency divide circuit: Divide-by-2 to divide-by-24 selectable
• Low power modes: Wait mode, stop mode

External Bus 
Expansion

Bus and memory 
expansion

• Address space: 4 Gbytes (of which up to 64 Mbytes is user 
accessible)

• External bus Interface: Support for wait-state insertion, 4 chip select 
outputs

• Bus format: Separate bus/Multiplexed bus selectable, data bus width 
selectable (8/16/32 bits)

Interrupts Interrupt vectors: 261
External interrupt inputs: NMI, INT × 9, key input × 4
Interrupt priority levels: 7

Watchdog Timer 15 bits × 1 (selectable input frequency from prescaler output)

DMA DMAC 4 channels
• Cycle-steal transfer mode
• Request sources: 57
• 2 transfer modes: Single transfer, repeat transfer

DMAC II • Triggered by an interrupt request of any peripheral
• 3 characteristic transfer functions: Immediate data transfer, 

calculation result transfer, chain transfer

I/O Ports Programmable
I/O ports

• 2 input-only ports
• 120 CMOS I/O ports (of which 32 are 5 V tolerant)
•  A pull-up resistor is selectable for every 4 input ports (except 5 V 

tolerant inputs)
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Note:
1. Contact a Renesas Electronics sales office to use the optional features.

Table 1.2 Performance Overview for the 144-pin Package (2/2)

Unit Function Explanation

Timer Timer A 16-bit timer × 5
Timer mode, event counter mode, one-shot timer mode, pulse-width 
modulation (PWM) mode
Two-phase pulse signal processing in event counter mode (two-
phase encoder input) × 3

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

Three-phase 
motor control 
timer

Three-phase motor control timer × 1 (timers A1, A2, A4, and B2 used)
8-bit programmable dead time timer

Serial 
Interface

UART0 to UART8 Asynchronous/synchronous serial interface × 9 channels

• I2C-bus (UART0 to UART6)
• Special mode 2 (UART0 to UART6)

• IEBus (optional (1)) (UART0 to UART6)

A/D Converter 10-bit resolution × 34 channels
Sample and hold functionality integrated

D/A Converter 8-bit resolution × 2

CRC Calculator CRC-CCITT (X16 + X12 + X5 + 1)

X-Y Converter 16 bits × 16 bits

Intelligent I/O Time measurement (input capture): 16 bits × 16
Waveform generation (output compare): 16 bits × 24
Serial interface: Variable-length synchronous serial I/O mode, IEBus 

mode (optional (1))

Multi-master I2C-bus Interface 1 channel

Flash Memory Programming and erasure supply voltage: VCC = 3.0 to 5.5 V
Minimum endurance: 1,000 program/erase cycles
Security protection: ROM code protect, ID code protect
Debugging: On-chip debug, on-board flash programming

Operating Frequency/Supply 
Voltage

64 MHz (high speed version)/VCC = 3.0 to 5.5 V
50 MHz (normal speed version)/VCC = 3.0 to 5.5 V

Operating Temperature -20°C to 85°C (N version)
-40°C to 85°C (D version)
-40°C to 85°C (P version)

Current Consumption 45 mA (VCC = 5.0 V, f(CPU) = 64 MHz)
35 mA (VCC = 5.0 V, f(CPU) = 50 MHz)
8 µA (VCC = 3.3 V, f(XCIN) = 32.768 kHz, in wait mode)

Package 144-pin plastic molded LQFP (PLQP0144KA-A)
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1.3 Block Diagram
Figure 1.2 shows the block diagram for the R32C/116 Group.

Figure 1.2 R32C/116 Group Block Diagram
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Peripherals

Timers:
Timer A 16 bits × 5 timers
Timer B 16 bits × 6 timers

Three-phase motor
controller

Watchdog timer:
15 bits

D/A converter:
8 bits × 2 channels

A/D converter:
10 bits × 1 circuit

Standard: 10 inputs
Maximum: 34 inputs (1)

Serial interface:
9 channels X-Y converter:

16 bits × 16 bits

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

DMAC

CRC calculator (CCITT)
X16 + X12 + X5 + 1

Intelligent I/O
Time measurement: 16
Wave generation: 24 (2)

Serial interface:
- Variable-length
   synchronous serial I/O
- IEBus

R32C/100 Series CPU Core
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R7R5
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USP
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ROM
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Multiplier

Port P14 Port P14_1 Port P11Port P12Port P13

4 588

DMAC II

Floating-point unit

P
ort P

8

Port P15

8

(Note 4)

Notes:

1. The 144-pin package has 34 inputs. The 100-pin package can have up to 26 inputs.

2. The 144-pin package has 24 outputs. The 100-pin package has 19 outputs.
3. The 144-pin package has eight ports. The 100-pin package has five I/O ports and one input-only port

(P9_1).
4. Ports P11 to P15 are only available in the 144-pin package.

Multi-master I2C-bus
interface:
1 channel
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Table 1.8 Pin Characteristics for the 144-pin Package (2/4)

Pin 
No.

Control 
Pin

Port
Interrupt 

Pin
Timer Pin UART Pin Intelligent I/O Pin

Analog 
Pin

Bus Control 
Pin

37 P7_0 TA0OUT TXD2/SDA2/SRXD2/
MSDA

IIO1_6/OUTC2_0/
ISTXD2/IEOUT

38 P6_7 TXD1/SDA1/SRXD1

39 VCC

40 P6_6 RXD1/SCL1/STXD1

41 VSS

42 P6_5 CLK1

43 P6_4 CTS1/RTS1/SS1 OUTC2_1/ISCLK2

44 P6_3 TXD0/SDA0/SRXD0

45 P6_2 TB2IN RXD0/SCL0/STXD0

46 P6_1 TB1IN CLK0

47 P6_0 TB0IN CTS0/RTS0/SS0

48 P13_7 OUTC2_7 D31

49 P13_6 OUTC2_1/ISCLK2 D30

50 P13_5 OUTC2_2/ISRXD2/
IEIN

D29

51 P13_4 OUTC2_0/ISTXD2/
IEOUT

D28

52 P5_7 CTS7/RTS7 RDY/CS3

53 P5_6 RXD7 ALE/CS2

54 P5_5 CLK7 HOLD

55 P5_4 TXD7 HLDA/CS1

56 P13_3 OUTC2_3 D27

57 VSS

58 P13_2 OUTC2_6 D26

59 VCC

60 P13_1 OUTC2_5 D25

61 P13_0 OUTC2_4 D24

62 P5_3 CLKOUT/
BCLK

63 P5_2 RD

64 P5_1 WR1/BC1

65 P5_0 WR0/WR

66 P12_7 D23

67 P12_6 D22

68 P12_5 D21

69 P4_7 TXD6/SDA6/SRXD6 CS0/A23

70 P4_6 RXD6/SCL6/STXD6 CS1/A22

71 P4_5 CLK6 CS2/A21

72 P4_4 CTS6/RTS6/SS6 CS3/A20

73 P4_3 TXD3/SDA3/SRXD3 OUTC2_0/ISTXD2/
IEOUT

A19

74 VCC
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Table 1.9 Pin Characteristics for the 144-pin Package (3/4)

Pin 
No.

Control 
Pin

Port
Interrupt 

Pin
Timer Pin UART Pin Intelligent I/O Pin

Analog 
Pin

Bus Control 
Pin

75 P4_2 RXD3/SCL3/STXD3 ISRXD2/IEIN A18

76 VSS

77 P4_1 CLK3 A17

78 P4_0 CTS3/RTS3/SS3 A16

79 P3_7 TA4IN/U A15(/D15)

80 P3_6 TA4OUT/U A14(/D14)

81 P3_5 TA2IN/W A13(/D13)

82 P3_4 TA2OUT/W A12(/D12)

83 P3_3 TA1IN/V A11(/D11)

84 P3_2 TA1OUT/V A10(/D10)

85 P3_1 TA3OUT UD0B/UD1B A9(/D9)

86 P12_4 D20

87 P12_3 CTS6/RTS6/SS6 D19

88 P12_2 RXD6/SCL6/STXD6 D18

89 P12_1 CLK6 D17

90 P12_0 TXD6/SDA6/SRXD6 D16

91 VCC

92 P3_0 TA0OUT UD0A/UD1A A8(/D8)

93 VSS

94 P2_7 AN2_7 A7(/D7)

95 P2_6 AN2_6 A6(/D6)

96 P2_5 AN2_5 A5(/D5)

97 P2_4 AN2_4 A4(/D4)

98 P2_3 AN2_3 A3(/D3)

99 P2_2 AN2_2 A2(/D2)

100 P2_1 AN2_1 A1(/D1)/
BC2(/D1)

101 P2_0 AN2_0 A0(/D0)/
BC0(/D0)

102 P1_7 INT5 IIO0_7/IIO1_7 D15

103 P1_6 INT4 IIO0_6/IIO1_6 D14

104 P1_5 INT3 IIO0_5/IIO1_5 D13

105 P1_4 IIO0_4/IIO1_4 D12

106 P1_3 IIO0_3/IIO1_3 D11

107 P1_2 IIO0_2/IIO1_2 D10

108 P1_1 IIO0_1/IIO1_1 D9

109 P1_0 IIO0_0/IIO1_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 BC3/WR3
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4. Special Function Registers (SFRs)
SFRs are memory-mapped peripheral registers that control the operation of peripherals. Table 4.1 SFR List
(1) to Table 4.25 SFR List (25) list the SFR details.

Table 4.1 SFR List (1)
Address Register Symbol Reset Value

000000h
000001h
000002h
000003h
000004h Clock Control Register CCR 0001 1000b
000005h
000006h Flash Memory Control Register FMCR 0000 0001b
000007h Protect Release Register PRR 00h
000008h
000009h
00000Ah
00000Bh
00000Ch
00000Dh
00000Eh
00000Fh
000010h External Bus Control Register 3/Flash Memory Rewrite Bus 

Control Register 3
EBC3/FEBC3 0000h

000011h
000012h Chip Selects 2 and 3 Boundary Setting Register CB23 00h
000013h
000014h External Bus Control Register 2 EBC2 0000h
000015h
000016h Chip Selects 1 and 2 Boundary Setting Register CB12 00h
000017h
000018h External Bus Control Register 1 EBC1 0000h
000019h
00001Ah Chip Selects 0 and 1 Boundary Setting Register CB01 00h
00001Bh
00001Ch External Bus Control Register 0/Flash Memory Rewrite Bus 

Control Register 0
EBC0/FEBC0 0000h

00001Dh
00001Eh Peripheral Bus Control Register PBC 0504h
00001Fh

000020h to
00005Fh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.11 SFR List (11)
Address Register Symbol Reset Value

000200h to
0002BFh
0002C0h X0 Register/Y0 Register X0R/Y0R XXXXh
0002C1h
0002C2h X1 Register/Y1 Register X1R/Y1R XXXXh
0002C3h
0002C4h X2 Register/Y2 Register X2R/Y2R XXXXh
0002C5h
0002C6h X3 Register/Y3 Register X3R/Y3R XXXXh
0002C7h
0002C8h X4 Register/Y4 Register X4R/Y4R XXXXh
0002C9h
0002CAh X5 Register/Y5 Register X5R/Y5R XXXXh
0002CBh
0002CCh X6 Register/Y6 Register X6R/Y6R XXXXh
0002CDh
0002CEh X7 Register/Y7 Register X7R/Y7R XXXXh
0002CFh
0002D0h X8 Register/Y8 Register X8R/Y8R XXXXh
0002D1h
0002D2h X9 Register/Y9 Register X9R/Y9R XXXXh
0002D3h
0002D4h X10 Register/Y10 Register X10R/Y10R XXXXh
0002D5h
0002D6h X11 Register/Y11 Register X11R/Y11R XXXXh
0002D7h
0002D8h X12 Register/Y12 Register X12R/Y12R XXXXh
0002D9h
0002DAh X13 Register/Y13 Register X13R/Y13R XXXXh
0002DBh
0002DCh X14 Register/Y14 Register X14R/Y14R XXXXh
0002DDh
0002DEh X15 Register/Y15 Register X15R/Y15R XXXXh
0002DFh
0002E0h X-Y Control Register XYC XXXX XX00b
0002E1h
0002E2h
0002E3h
0002E4h UART1 Special Mode Register 4 U1SMR4 00h
0002E5h UART1 Special Mode Register 3 U1SMR3 00h
0002E6h UART1 Special Mode Register 2 U1SMR2 00h
0002E7h UART1 Special Mode Register U1SMR 00h
0002E8h UART1 Transmit/Receive Mode Register U1MR 00h
0002E9h UART1 Bit Rate Register U1BRG XXh
0002EAh UART1 Transmit Buffer Register U1TB XXXXh
0002EBh
0002ECh UART1 Transmit/Receive Control Register 0 U1C0 0000 1000b
0002EDh UART1 Transmit/Receive Control Register 1 U1C1 0000 0010b
0002EEh UART1 Receive Buffer Register U1RB XXXXh
0002EFh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.13 SFR List (13)
Address Register Symbol Reset Value

000320h
000321h
000322h
000323h
000324h UART3 Special Mode Register 4 U3SMR4 00h
000325h UART3 Special Mode Register 3 U3SMR3 00h
000326h UART3 Special Mode Register 2 U3SMR2 00h
000327h UART3 Special Mode Register U3SMR 00h
000328h UART3 Transmit/Receive Mode Register U3MR 00h
000329h UART3 Bit Rate Register U3BRG XXh
00032Ah UART3 Transmit Buffer Register U3TB XXXXh
00032Bh
00032Ch UART3 Transmit/Receive Control Register 0 U3C0 0000 1000b
00032Dh UART3 Transmit/Receive Control Register 1 U3C1 0000 0010b
00032Eh UART3 Receive Buffer Register U3RB XXXXh
00032Fh
000330h
000331h
000332h
000333h
000334h UART2 Special Mode Register 4 U2SMR4 00h
000335h UART2 Special Mode Register 3 U2SMR3 00h
000336h UART2 Special Mode Register 2 U2SMR2 00h
000337h UART2 Special Mode Register U2SMR 00h
000338h UART2 Transmit/Receive Mode Register U2MR 00h
000339h UART2 Bit Rate Register U2BRG XXh
00033Ah UART2 Transmit Buffer Register U2TB XXXXh
00033Bh
00033Ch UART2 Transmit/Receive Control Register 0 U2C0 0000 1000b
00033Dh UART2 Transmit/Receive Control Register 1 U2C1 0000 0010b
00033Eh UART2 Receive Buffer Register U2RB XXXXh
00033Fh
000340h Count Start Register TABSR 0000 0000b
000341h Clock Prescaler Reset Register CPSRF 0XXX XXXXb
000342h One-shot Start Register ONSF 0000 0000b
000343h Trigger Select Register TRGSR 0000 0000b
000344h Increment/Decrement Select Register UDF 0000 0000b
000345h
000346h Timer A0 Register TA0 XXXXh
000347h
000348h Timer A1 Register TA1 XXXXh
000349h
00034Ah Timer A2 Register TA2 XXXXh
00034Bh
00034Ch Timer A3 Register TA3 XXXXh
00034Dh
00034Eh Timer A4 Register TA4 XXXXh
00034Fh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.14 SFR List (14)
Address Register Symbol Reset Value

000350h Timer B0 Register TB0 XXXXh
000351h
000352h Timer B1 Register TB1 XXXXh
000353h
000354h Timer B2 Register TB2 XXXXh
000355h
000356h Timer A0 Mode Register TA0MR 0000 0000b
000357h Timer A1 Mode Register TA1MR 0000 0000b
000358h Timer A2 Mode Register TA2MR 0000 0000b
000359h Timer A3 Mode Register TA3MR 0000 0000b
00035Ah Timer A4 Mode Register TA4MR 0000 0000b
00035Bh Timer B0 Mode Register TB0MR 00XX 0000b
00035Ch Timer B1 Mode Register TB1MR 00XX 0000b
00035Dh Timer B2 Mode Register TB2MR 00XX 0000b
00035Eh Timer B2 Special Mode Register TB2SC XXXX XXX0b
00035Fh Count Source Prescaler Register TCSPR 0000 0000b
000360h
000361h
000362h
000363h
000364h UART0 Special Mode Register 4 U0SMR4 00h
000365h UART0 Special Mode Register 3 U0SMR3 00h
000366h UART0 Special Mode Register 2 U0SMR2 00h
000367h UART0 Special Mode Register U0SMR 00h
000368h UART0 Transmit/Receive Mode Register U0MR 00h
000369h UART0 Bit Rate Register U0BRG XXh
00036Ah UART0 Transmit Buffer Register U0TB XXXXh
00036Bh
00036Ch UART0 Transmit/Receive Control Register 0 U0C0 0000 1000b
00036Dh UART0 Transmit/Receive Control Register 1 U0C1 0000 0010b
00036Eh UART0 Receive Buffer Register U0RB XXXXh
00036Fh
000370h
000371h
000372h
000373h
000374h
000375h
000376h
000377h
000378h
000379h
00037Ah
00037Bh
00037Ch CRC Data Register CRCD XXXXh
00037Dh
00037Eh CRC Input Register CRCIN XXh
00037Fh

X: Undefined
Blanks are reserved. No access is allowed.
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Table 4.21 SFR List (21)
Address Register Symbol Reset Value
0400C0h Port P4_0 Function Select Register P4_0S X0XX X000b
0400C1h Port P5_0 Function Select Register P5_0S XXXX X000b
0400C2h Port P4_1 Function Select Register P4_1S X0XX X000b
0400C3h Port P5_1 Function Select Register P5_1S XXXX X000b
0400C4h Port P4_2 Function Select Register P4_2S X0XX X000b
0400C5h Port P5_2 Function Select Register P5_2S XXXX X000b
0400C6h Port P4_3 Function Select Register P4_3S X0XX X000b
0400C7h Port P5_3 Function Select Register P5_3S XXXX X000b
0400C8h Port P4_4 Function Select Register P4_4S X0XX X000b
0400C9h Port P5_4 Function Select Register P5_4S X0XX X000b
0400CAh Port P4_5 Function Select Register P4_5S X0XX X000b
0400CBh Port P5_5 Function Select Register P5_5S X0XX X000b
0400CCh Port P4_6 Function Select Register P4_6S X0XX X000b
0400CDh Port P5_6 Function Select Register P5_6S X0XX X000b
0400CEh Port P4_7 Function Select Register P4_7S X0XX X000b
0400CFh Port P5_7 Function Select Register P5_7S X0XX X000b
0400D0h Port P6_0 Function Select Register P6_0S X0XX X000b
0400D1h Port P7_0 Function Select Register P7_0S X0XX X000b
0400D2h Port P6_1 Function Select Register P6_1S X0XX X000b
0400D3h Port P7_1 Function Select Register P7_1S X0XX X000b
0400D4h Port P6_2 Function Select Register P6_2S X0XX X000b
0400D5h Port P7_2 Function Select Register P7_2S X0XX X000b
0400D6h Port P6_3 Function Select Register P6_3S X0XX X000b
0400D7h Port P7_3 Function Select Register P7_3S X0XX X000b
0400D8h Port P6_4 Function Select Register P6_4S X0XX X000b
0400D9h Port P7_4 Function Select Register P7_4S X0XX X000b
0400DAh Port P6_5 Function Select Register P6_5S X0XX X000b
0400DBh Port P7_5 Function Select Register P7_5S X0XX X000b
0400DCh Port P6_6 Function Select Register P6_6S X0XX X000b
0400DDh Port P7_6 Function Select Register P7_6S X0XX X000b
0400DEh Port P6_7 Function Select Register P6_7S X0XX X000b
0400DFh Port P7_7 Function Select Register P7_7S X0XX X000b
0400E0h Port P8_0 Function Select Register P8_0S X0XX X000b
0400E1h Port P9_0 Function Select Register P9_0S X0XX X000b
0400E2h Port P8_1 Function Select Register P8_1S X0XX X000b
0400E3h Port P9_1 Function Select Register P9_1S X0XX X000b
0400E4h Port P8_2 Function Select Register P8_2S X0XX X000b
0400E5h Port P9_2 Function Select Register P9_2S X0XX X000b
0400E6h Port P8_3 Function Select Register P8_3S X0XX X000b
0400E7h Port P9_3 Function Select Register P9_3S 00XX X000b
0400E8h Port P8_4 Function Select Register P8_4S XXXX X000b
0400E9h Port P9_4 Function Select Register P9_4S 00XX X000b
0400EAh
0400EBh Port P9_5 Function Select Register P9_5S 00XX X000b
0400ECh Port P8_6 Function Select Register P8_6S XXXX X000b
0400EDh Port P9_6 Function Select Register P9_6S 00XX X000b
0400EEh Port P8_7 Function Select Register P8_7S XXXX X000b
0400EFh Port P9_7 Function Select Register P9_7S X0XX X000b

X: Undefined
Blanks are reserved. No access is allowed.
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Notes:
1. The device is operationally guaranteed under these operating conditions.
2. This value should be met with due consideration to the following conditions: operating temperature,

DC bias, aging, etc.

Table 5.3 Operating Conditions (2/5) 

(VCC = 3.0 to 5.5 V, VSS = 0 V, and Ta = Topr, unless otherwise noted) (1)

Symbol Characteristic
Value (2)

Unit
Min. Typ. Max.

CVDC Decoupling capacitance for voltage 
regulator

Inter-pin voltage: 1.5 V
2.4 10.0 µF
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Note:
1. The device is operationally guaranteed under these operating conditions.

Figure 5.1 Clock Cycle Time

Table 5.5 Operating Conditions (4/5) 

(VCC = 3.0 to 5.5 V, VSS = 0 V, and Ta = Topr, unless otherwise noted) (1)

Symbol Characteristic
Value

Unit
Min. Typ. Max.

f(XIN) Main clock oscillator frequency 4 16 MHz

f(XRef) Reference clock frequency 2 4 MHz

f(PLL) PLL clock oscillator frequency 96 128 MHz

f(Base) Base clock frequency High speed version 64 MHz

Normal speed version 50 MHz

tc(Base) Base clock cycle time High speed version 15.625 ns

Normal speed version 20 ns

f(CPU) CPU operating frequency High speed version 64 MHz

Normal speed version 50 MHz

tc(CPU) CPU clock cycle time High speed version 15.625 ns

Normal speed version 20 ns

f(BCLK) Peripheral bus clock operating 
frequency 

High speed version 32 MHz

Normal speed version 25 MHz

tc(BCLK) Peripheral bus clock cycle time High speed version 31.25 ns

Normal speed version 40 ns

f(PER) Peripheral clock source frequency 32 MHz

f(XCIN) Sub clock oscillator frequency 32.768 62.5 kHz

Base clock
 (internal signal)

t  c(Base)

Peripheral bus clock
 (internal signal)

t  c(BCLK)

CPU clock
 (internal signal)

t  c(CPU)
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VCC = 5 V

Note:
1. Pins AN15_0 to AN15_7 are available in the 144-pin package only.

Table 5.18 A/D Conversion Characteristics (VCC = AVCC = VREF = 4.2 to 5.5 V, VSS = AVSS = 0 V, 

Ta = Topr, and f(BCLK) = 32 MHz, unless otherwise noted)

Symbol Characteristic Measurement Condition
Value

Unit
Min. Typ. Max.

— Resolution VREF = VCC 10 Bits

—

Absolute error VREF = VCC = 5 V AN_0 to AN_7, 
AN0_0 to AN0_7, 
AN2_0 to AN2_7, 
AN15_0 to AN15_7, 

ANEX0, ANEX1 (1)

±3 LSB

External op-amp 
connection mode

±7 LSB

INL Integral non-linearity 
error

VREF = VCC = 5 V AN_0 to AN_7, 
AN0_0 to AN0_7, 
AN2_0 to AN2_7, 
AN15_0 to AN15_7, 

ANEX0, ANEX1 (1)

±3 LSB

External op-amp 
connection mode

±7 LSB

DNL Differential non-linearity 
error

±1 LSB

— Offset error ±3 LSB

— Gain error ±3 LSB

RLADDER Resistor ladder VREF = VCC 4 20 k

tCONV Conversion time
(10 bits)

AD = 16 MHz, with sample and hold 

function
2.06 µs

AD = 16 MHz, without sample and hold 

function
3.69 µs

tCONV Conversion time
(8 bits)

AD = 16 MHz, with sample and hold 

function
1.75 µs

AD = 16 MHz, without sample and hold 

function
3.06 µs

tSAMP Sampling time AD = 16 MHz 0.188 µs

VIA Analog input voltage 0 VREF V

AD Operating clock 
frequency

Without sample and hold function 0.25 16 MHz

With sample and hold function 1 16 MHz
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VCC = 5 V
Timing Requirements (VCC = 4.2 to 5.5 V, VSS = 0 V, and Ta = Topr, unless otherwise noted)

Table 5.20 External Clock Input

Symbol Characteristic
Value

Unit
Min. Max.

tc(X) External clock input period 62.5 250 ns

tw(XH) External clock input high level pulse width 25 ns

tw(XL) External clock input low level pulse width 25 ns

tr(X) External clock input rise time 5 ns

tf(X) External clock input fall time 5 ns

tw / tc External clock input duty 40 60 %

Table 5.21 External Bus Timing

Symbol Characteristic
Value

Unit
Min. Max.

tsu(D-R) Data setup time before read 40 ns

th(R-D) Data hold time after read 0 ns

tdis(R-D) Data disable time after read 0.5 × tc(Base) + 10 ns
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VCC = 5 V
Timing Requirements (VCC = 4.2 to 5.5 V, VSS = 0 V, and Ta = Topr, unless otherwise noted)

Table 5.27 Timer B Input (counting input in event counter mode)

Symbol Characteristic
Value

Unit
Min. Max.

tc(TB) TBiIN input clock cycle time (one edge counting) 200 ns

tw(TBH) TBiIN input high level pulse width (one edge counting) 80 ns

tw(TBL) TBiIN input low level pulse width (one edge counting) 80 ns

tc(TB) TBiIN input clock cycle time (both edges counting) 200 ns

tw(TBH) TBiIN input high level pulse width (both edges counting) 80 ns

tw(TBL) TBiIN input low level pulse width (both edges counting) 80 ns

Table 5.28 Timer B Input (pulse period measure mode)

Symbol Characteristic
Value

Unit
Min. Max.

tc(TB) TBiIN input clock cycle time 400 ns

tw(TBH) TBiIN input high level pulse width 180 ns

tw(TBL) TBiIN input low level pulse width 180 ns

Table 5.29 Timer B Input (pulse-width measure mode)

Symbol Characteristic
Value

Unit
Min. Max.

tc(TB) TBiIN input clock cycle time 400 ns

tw(TBH) TBiIN input high level pulse width 180 ns

tw(TBL) TBiIN input low level pulse width 180 ns
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VCC = 5 V
Timing Requirements (VCC = 4.2 to 5.5 V, VSS = 0 V, and Ta = Topr, unless otherwise noted)

Table 5.30 Serial Interface

Symbol Characteristic
Value

Unit
Min. Max.

tc(CK) CLKi input clock cycle time 200 ns

tw(CKH) CLKi input high level pulse width 80 ns

tw(CKL) CLKi input low level pulse width 80 ns

tsu(D-C) RXDi input setup time 80 ns

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

Table 5.31 A/D Trigger Input

Symbol Characteristic
Value

Unit
Min. Max.

tw(ADH) ADTRG input high level pulse width
Hardware trigger input high level pulse width ns

tw(ADL) ADTRG input low level pulse width
Hardware trigger input high level pulse width

125 ns

Table 5.32 External Interrupt INTi Input

Symbol Characteristic
Value

Unit
Min. Max.

tw(INH) INTi input high level pulse width Edge sensitive 250 ns

Level sensitive tc(CPU) + 200 ns

tw(INL) INTi input low level pulse width  Edge sensitive 250 ns

Level sensitive tc(CPU) + 200 ns

Table 5.33 Intelligent I/O

Symbol Characteristic
Value

Unit
Min. Max.

tc(ISCLK2) ISCLK2 input clock cycle time 600 ns

tw(ISCLK2H) ISCLK2 input high level pulse width 270 ns

tw(ISCLK2L) ISCLK2 input low level pulse width 270 ns

tsu(RXD-ISCLK2) ISRXD2 input setup time 150 ns

th(ISCLK2-RXD) ISRXD2 input hold time 100 ns

3
AD
----------
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VCC = 3.3 V
Timing Requirements (VCC = 3.0 to 3.6 V, VSS = 0 V, and Ta = Topr, unless otherwise noted)

Note:
1. The value is calculated using the formulas below based on a value SSC set by bits SSC4 to SSC0 in

the I2CSSCR register:
th(SDA-SCL)S = SSC ÷ 2 × tc(IIC) + 40 [ns]

tsu(SCL-SDA)P = (SSC ÷ 2 + 1) × tc(IIC) + 40 [ns]

tw(SDAH)P = (SSC + 1) × tc(IIC) + 40 [ns]

Table 5.60 Multi-master I2C-bus Interface

Symbol Characteristic

Value

UnitStandard-mode Fast-mode

Min. Max. Min. Max.

tw(SCLH) MSCL input high level pulse width 600 600 ns

tw(SCLL) MSCL input low level pulse width 600 600 ns

tr(SCL) MSCL input rise time 1000 300 ns

tf(SCL) MSCL input fall time 300 300 ns

tr(SDA) MSDA input rise time 1000 300 ns

tf(SDA) MSDA input fall time 300 300 ns

th(SDA-SCL)S MSCL high level hold time after 
START condition/repeated START 
condition

(1) 2 × tc(IIC) + 40 ns

tsu(SCL-SDA)P MSCL high level setup time for 
repeated START condition/STOP 
condition

(1) 2 × tc(IIC) + 40 ns

tw(SDAH)P MSDA high level pulse width after 
STOP condition

(1) 4 × tc(IIC) + 40 ns

tsu(SDA-SCL) MSDA input setup time 100 100 ns

th(SCL-SDA) MSDA input hold time 0 0 ns
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Figure 5.6 Switching Characteristic Measurement Circuit 

Figure 5.7 External Clock Input Timing

30 pF

Pin to be
measured

MCU

XIN

t  w(XH) t  w(XL)

t  r(X) t  f(X)

t  c(X)
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Figure 5.10 Timing of Peripherals

TAiIN input

TAiOUT input

t  c(TA)

t  w(TAH) t  w(TAL)

t  c(UP)

t  w(UPH) t  w(UPL)

TAiIN input (in falling edge counting)

TAiOUT input (input for increment/
decrement switching)

In event counter mode

TAiIN input (in rising edge counting)

t  h(TIN-UP)

TBiIN input

ADTRG input

t  c(TB)

t  w(TBH) t  w(TBL)

t  w(ADL)

CLKi

t  c(CK)

t  w(CKH) t  w(CKL)

TXDi

t  d(C-Q) t  h(C-Q)

RXDi

t  su(D-C) t  h(C-D)

INTi input

t  w(INL) t  w(INH)

NMI input

Two CPU clock cycles +
300 ns or more

Two CPU clock cycles +
300 ns or more

t  su(UP-TIN)

t  w(ADH)
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