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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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RX63T Group 1. Overview

Clock Clock generation circuit  Main clock oscillator, low-speed on-chip oscillator, PLL frequency synthesizer, and 
dedicated on-chip oscillator for the IWDT

 Main-clock oscillation stop detection
 Separate frequency-division and multiplication settings for the system clock (ICLK), 

peripheral module clock (PCLKA), peripheral module clock (PCLKB), AD clock 
(PCLKC), FlashIF clock (FCLK) and S12AD clock (PCLKD).
The CPU and other bus masters run in synchronization with the system clock (ICLK): 
Up to 100 MHz
Multi-function timer pulse unit 3 and general PWM timer run in synchronization with 
PCLKA: Up to 100 MHz
Peripheral modules run in synchronization with the peripheral module clock (PCLKB): 
Up to 50 MHz
Flash IF run in synchronization with the FlashIF clock (FCLK): Up to 50 MHz
Devices connected to the external bus run in synchronization with the external bus 
clock (BCLK): Up to 50 MHz
10-bit A/D converter runs in synchronization with the AD clock (PCLKC): Up to 100 MHz
12-bit A/D converter runs in synchronization with the S12AD clock (PCLKD): Up to 50 
MHz

Clock Clock frequency 
accuracy measurement 
circuit (CAC)

The frequency of the following clocks can be measured; the main clock oscillator, PLL 
circuit, and IWDT-dedicated on-chip oscillator.

Reset RES# pin reset, power-on reset, voltage-monitoring reset, independent watchdog timer 
reset, watchdog timer reset, deep software standby reset, and software reset

Voltage detection circuit When the voltage on VCC passes the voltage detection level (Vdet), an internal reset or 
internal interrupt is generated.

Low power 
consumption

Low power 
consumption facilities

 Module stop function
 Four low power consumption modes

Sleep mode, all-module clock stop mode, software standby mode, and deep software 
standby mode

Interrupt Interrupt controller
(ICUb)

 Peripheral function interrupts: Up to 169 sources
 External interrupts: Up to 8 (pins IRQ0 to IRQ7)
 Software interrupts: One source
 Non-maskable interrupts: 6 sources
 Sixteen levels specifiable for the order of priority

External bus extension  The external address space can be divided into four areas (CS0 to CS3), each with 
independent control of access settings.
Capacity of each area: 1 Mbyte (CS0 to CS3)
A chip-select signal (CS0# to CS3#) can be output for each area.
Each area is specifiable as an 8- or 16-bit bus space
The data arrangement in each area is selectable as little or big endian (only for data).

 Bus format: Separate bus, multiplex bus
 Wait control
 Write buffer facility

DMA DMA controller
(DMACA)

 4 channels
 Three transfer modes: Normal transfer, repeat transfer, and block transfer
 Activation sources: Software trigger, external interrupts, and interrupt requests from 

peripheral functions

Data transfer controller 
(DTCa)

 Three transfer modes: Normal transfer, repeat transfer, and block transfer
 Activation sources: Software interrupt activation register settings, external interrupts, 

and interrupt requests from peripheral functions

Table 1.1 Outline of Specifications (2/7)

Classification Module/Function Description
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12-bit A/D converter (S12ADB)
[64- and 48-pin versions]

 12 bits (8 channels x 1 unit)
 12-bit resolution
 Conversion time

1.0 µs per channel (S12ADB clock: PCLKD (A/D conversion clock: ADCLK) = 50 MHz
 Operating modes

Scan mode (single scan mode / continuous scan mode / group scan mode)
Group A priority control (group scan mode only)

 Sample-and-hold function
A common sample-and-hold circuit for units is included
Separate sample-and-hold circuits are also included (three channels per unit)

 Self-diagnosis function
Three analog input voltages (VREFL0, VREFH0 × 1/2, VREFH0) can be generated 
internally by the self-diagnosis function.

 Double trigger mode (double the results of A/D conversion)
 Three ways to start A/D conversion

Conversion can be started by software, a conversion start trigger from a timer (MTU3 or 
GPT), or an external trigger signal.

 Window comparators (three channels per unit)

10-bit A/D converter (ADA) 10 bits (20 channels × 1 unit)
 10-bit resolution
 Conversion time

0.5 µs per channel (A/D conversion clock ADCLK = 100 MHz)
 Two operating modes

Single mode, scan mode
 Scan mode

Single-cycle scan mode
Continuous scan mode

 Sample-and-hold function
A common sample-and-hold circuit for units is included

 Three ways to start A/D conversion
Conversion can be started by software, a conversion start trigger from a timer (MTU3 or 
GPT), or an external trigger signal.

 8-bit precision output
2-bit right shifting for output of conversion results is selectable.

 Self-diagnostic function
The self-diagnostic function internally generates three analog input voltages (AVSS, 
VREF x 1/2, VREF)

D/A converter (DAa)  2 channels
 10-bit resolution
 Output voltage: 0 V to VREF

CRC calculator (CRC)  CRC code generation for arbitrary amounts of data in 8-bit units
 Select any of three generating polynomials: 

X8 + X2 + X + 1, X16 + X15 + X2 + 1, or X16 + X12 + X5 + 1.
 Generation of CRC codes for use with LSB-first or MSB-first communications is 

selectable

Data operating circuit (DOC)  Comparison, addition, and subtraction of 16-bit data

Digital power supply controller (DPC)  Control parameters calculation unit of the digital switch-mode power supply systems.
 Adopt robust control algorithm with high control stability
 Results of measurement by the 10-bit A/D converter can be used in calculating the 

control parameters.

Operating frequency Up to 100 MHz

Power supply voltage
[144-, 120-, 112- and 100-pin versions]

 3-V product
VCC = PLLVCC = VCC_USB = 2.7 to 3.6 V
AVCC0 = AVCC = VREF = 3.0 to 3.6 V, or 4.0 to 5.5 V
VREFH0 = 3.0 to AVCC0, or 4.0 to AVCC0

 5-V product
VCC = PLLVCC = 4.0 to 5.5 V
VCC_USB = 3.0 to 3.6 V
AVCC0 = AVCC = VREF = 4.0 to 5.5 V
VREFH0 = 4.0 to AVCC0

Power supply voltage
[64- and 48-pin versions]

VCC = 2.7 to 3.6 V, AVCC0 = 3.0 to 3.6 V, VREFH0 = 3.0 V to AVCC0

Table 1.1 Outline of Specifications (6/7)

Classification Module/Function Description
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1.5 Pin Assignments

Figure 1.3 to Figure 1.8 show the pin assignments. Table 1.5 to Table 1.10 show the lists of pins and pin functions.

Figure 1.3 Pin Assignment (144-Pin LQFP)
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(Top View)

Note: • This figure indicates the power supply pins and I/O port pins. For the pin configuration, 
see Table 1.5, List of Pins and Pin Functions (144-Pin LQFP).
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72 PG3 GTIOC6A TXD3/SMOSI3/SSDA3

73 PG2 SCK2 IRQ2

74 PG1 GTIOC7B RXD2/SMISO2/SSCL2 IRQ1

75 PG0 GTIOC7A TXD2/SMOSI2/SSDA2 IRQ0

76 P76 D0/[A0/D0] MTIOC4D/GTIOC2B

77 P75 D1/[A1/D1] MTIOC4C/GTIOC1B

78 P74 D2/[A2/D2] MTIOC3D/GTIOC0B

79 P73 D3/[A3/D3] MTIOC4B/GTIOC2A

80 P72 D4/[A4/D4] MTIOC4A/GTIOC1A

81 P71 D5/[A5/D5] MTIOC3B/GTIOC0A

82 P70 D6/[A6/D6] POE0# CTS1#/RTS1#/SS1# IRQ5-DS

83 P33 D7/[A7/D7] MTIOC3A/MTCLKA SSLA3/SSLB3

84 P32 D8/[A8/D8] MTIOC3C/MTCLKB SSLA2/SSLB2

85 VCC

86 P31 D9/[A9/D9] MTIOC0A/MTCLKC SSLA1/SSLB1

87 VSS

88 P30 D10/[A10/
D10]

MTIOC0B/MTCLKD SCK0/SSLA0/SSLB0

89 P26 CS0# TXD1/SMOSI1/
SSDA1/SDA1

90 P25 CS1# SCK1/SCL1

91 P24 D11/[A11/D11] CTS0#/RTS0#/SS0#/
RSPCKA/RSPCKB

IRQ4

92 P23 D12/[A12/
D12]

CACREF TXD0/SMOSI0/
SSDA0/MOSIA/
MOSIB/CTX1

93 P22 D13/[A13/
D13]

RXD0/SMISO0/
SSCL0/MISOA/
MISOB/CRX1

ADTRG#

94 P21 D14/[A14/
D14]

MTCLKA IRQ6-DS ADTRG1#

95 P20 D15/[A15/
D15]

MTCLKB IRQ7-DS ADTRG0#

96 PC5 AN19

97 PC4 AN18

98 P65 A0/BC0# AN5

99 P64 A1 AN4

100 PC3 AN17

101 PC2 AN16

102 AVCC

103 VREF

104 AVSS

105 PC1 AN15

106 PC0 AN14

107 P63 A2 AN3

108 P62 A3 AN2

109 P61 A4 AN1

Table 1.5 List of Pins and Pin Functions (144-Pin LQFP)  (3/4)

Pin Number
Power Supply
Clock System 
Control I/O Port Bus

Timer 
(MTU3, GPT, POE3, CAC)

Communications
(SCIc, SCId, RSPI, RIIC, 
CAN, USB) Interrupt

S12ADB,
AD, DA

144-Pin 
LQFP
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111 P82 WAIT# MTIC5U SCK12 IRQ3

112 P81 A8 MTIC5V TXD12/SMOSI12/
SSDA12/TXDX12/
SIOX12

113 P80 A9 MTIC5W RXD12/SMISO12/
SSCL12/RXDX12

IRQ5

114 P12 CS3# USB0_DPRPD

115 P11 ALE MTCLKC IRQ1-DS

116 P10 MTCLKD IRQ0-DS

117 USB0_DPUPE

118 VSS_USB

119 USB0_DM

120 USB0_DP

Table 1.6 List of Pins and Pin Functions (120-Pin LQFP)  (4/4)

Pin Number
Power Supply
Clock System 
Control I/O Port Bus

Timer 
(MTU3, GPT, POE3, CAC)

Communications
(SCIc, SCId, RSPI, RIIC, 
CAN, USB) Interrupt

S12ADB,
AD, DA

120-Pin 
LQFP
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Table 1.8 List of Pins and Pin Functions (100-Pin LQFP) (1/3)

Pin Number
Power Supply
Clock System 
Control I/O Port Bus

Timer 
(MTU3, GPT, POE3, CAC)

Communications
(SCIc, SCId, RSPI, RIIC, 
CAN) Interrupt

S12ADB,
AD, DA

100-Pin 
LQFP

1 PE5 BCLK IRQ0

2 EMLE

3 VSS

4 P01 RD# CTS0#/RTS0#/SS0#

5 VCL

6 P00 CS1# CACREF

7 MD/FINED

8 PE4 A10 POE10#/MTCLKC IRQ1

9 PE3 A11 POE11#/MTCLKD IRQ2-DS

10 RES#

11 XTAL

12 VSS

13 EXTAL

14 VCC

15 PE2 POE10# NMI

16 PE1 WR0#/WR# CTS12#/RTS12#/
SS12#/SSLA3/SSLB3

17 PE0 WR1#/BC1#/
WAIT#

SSLA2/SSLB2/CRX1 IRQ7

18 TRST# PD7 GTIOC0A CTS0#/RTS0#/SS0#/
SSLA1/SSLB1/CTX1

19 TMS PD6 GTIOC0B SSLA0/SSLB0

20 TDI PD5 GTIOC1A RXD1/SMISO1/SSCL1 IRQ6

21 TCK/FINEC PD4 GTIOC1B SCK1

22 TDO PD3 GTIOC2A TXD1/SMOSI1/SSDA1

23 PD2 CS2# GTIOC2B MOSIA/MOSIB

24 PD1 CS0# GTIOC3A MISOA/MISOB

25 PD0 A12 GTIOC3B RSPCKA/RSPCKB

26 PB7 A19 SCK12

27 PB6 A18 RXD12/SMISO12/
SSCL12/RXDX12/
CRX1

IRQ2

28 PB5 A17 TXD12/SMOSI12/
SSDA12/TXDX12/
SIOX12/CTX1

29 PLLVCC

30 PB4 A16 POE8#/GTETRG0 IRQ3-DS

31 PLLVSS

32 PB3 A15 MTIOC0A/CACREF SCK0

33 PB2 MTIOC0B TXD0/SMOSI0/
SSDA0/SDA0

34 PB1 MTIOC0C RXD0/SMISO0/
SSCL0/SCL0

IRQ4

35 PB0 A14 MTIOC0D MOSIA/MOSIB

36 PA5 MTIOC1A RXD0/SMISO0/
SSCL0/
MISOA/MISOB

ADTRG1#
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0008 3024h BSC CS2 Wait Control Register 1 CS2WCR1 32 32 1, 2 BCLK Buses Not present in versions 
with 64 or 48 pins.

0008 3028h BSC CS2 Wait Control Register 2 CS2WCR2 32 32 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 3032h BSC CS3 Mode Register CS3MOD 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 3034h BSC CS3 Wait Control Register 1 CS3WCR1 32 32 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 3038h BSC CS3 Wait Control Register 2 CS3WCR2 32 32 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 3802h BSC CS0 Control Register CS0CR 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 380Ah BSC CS0 Recovery Cycle Register CS0REC 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 3812h BSC CS1 Control Register CS1CR 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 381Ah BSC CS1 Recovery Cycle Register CS1REC 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 3822h BSC CS2 Control Register CS2CR 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 382Ah BSC CS2 Recovery Cycle Register CS2REC 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 3832h BSC CS3 Control Register CS3CR 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 383Ah BSC CS3 Recovery Cycle Register CS3REC 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 3880h BSC CS Recovery Cycle Insertion Enable 
Register 

CSRECEN 16 16 1, 2 BCLK Not present in versions 
with 64 or 48 pins.

0008 6400h MPU Region-0 Start Page Number Register RSPAGE0 32 32 1 ICLK MPU

0008 6404h MPU Region-0 End Page Number Register REPAGE0 32 32 1 ICLK

0008 6408h MPU Region-1 Start Page Number Register RSPAGE1 32 32 1 ICLK

0008 640Ch MPU Region-1 End Page Number Register REPAGE1 32 32 1 ICLK

0008 6410h MPU Region-2 Start Page Number Register RSPAGE2 32 32 1 ICLK

0008 6414h MPU Region-2 End Page Number Register REPAGE2 32 32 1 ICLK

0008 6418h MPU Region-3 Start Page Number Register RSPAGE3 32 32 1 ICLK

0008 641Ch MPU Region-3 End Page Number Register REPAGE3 32 32 1 ICLK

0008 6420h MPU Region-4 Start Page Number Register RSPAGE4 32 32 1 ICLK

0008 6424h MPU Region-4 End Page Number Register REPAGE4 32 32 1 ICLK

0008 6428h MPU Region-5 Start Page Number Register RSPAGE5 32 32 1 ICLK

0008 642Ch MPU Region-5 End Page Number Register REPAGE5 32 32 1 ICLK

0008 6430h MPU Region-6 Start Page Number Register RSPAGE6 32 32 1 ICLK

0008 6434h MPU Region-6 End Page Number Register REPAGE6 32 32 1 ICLK

0008 6438h MPU Region-7 Start Page Number Register RSPAGE7 32 32 1 ICLK

0008 643Ch MPU Region-7 End Page Number Register REPAGE7 32 32 1 ICLK

0008 6500h MPU Memory-Protection Enable Register MPEN 32 32 1 ICLK

0008 6504h MPU Background Access Control Register MPBAC 32 32 1 ICLK

0008 6508h MPU Memory-Protection Error Status-Clearing 
Register

MPECLR 32 32 1 ICLK

0008 650Ch MPU Memory-Protection Error Status Register MPESTS 32 32 1 ICLK

0008 6514h MPU Data Memory-Protection Error Address 
Register

MPDEA 32 32 1 ICLK

0008 6520h MPU Region Search Address Register MPSA 32 32 1 ICLK

0008 6524h MPU Region Search Operation Register MPOPS 16 16 1 ICLK

0008 6526h MPU Region Invalidation Operation Register MPOPI 16 16 1 ICLK

0008 6528h MPU Instruction-Hit Region Register MHITI 32 32 1 ICLK

0008 652Ch MPU Data-Hit Region Register MHITD 32 32 1 ICLK

Table 4.1 List of I/O Registers (Address Order) (3/48)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access States
Module 
Name Remarks ICLK PCLK  ICLK  PCLK
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0008 732C ICU Interrupt Source Priority Register 044 IPR044 8 8 2 ICLK ICUb Not present in versions 
with 64 or 48 pins.

0008 732Dh ICU Interrupt Source Priority Register 045 IPR045 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7331h ICU Interrupt Source Priority Register 049 IPR049 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7334h ICU Interrupt Source Priority Register 052 IPR052 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7336h ICU Interrupt Source Priority Register 054 IPR054 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7337h ICU Interrupt Source Priority Register 055 IPR055 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7338h ICU Interrupt Source Priority Register 056 IPR056 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7339h ICU Interrupt Source Priority Register 057 IPR057 8 8 2 ICLK

0008 733Ah ICU Interrupt Source Priority Register 058 IPR058 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 733Bh ICU Interrupt Source Priority Register 059 IPR059 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 733Ch ICU Interrupt Source Priority Register 060 IPR060 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 733Dh ICU Interrupt Source Priority Register 061 IPR061 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 733Eh ICU Interrupt Source Priority Register 062 IPR062 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7340h ICU Interrupt Source Priority Register 064 IPR064 8 8 2 ICLK

0008 7341h ICU Interrupt Source Priority Register 065 IPR065 8 8 2 ICLK

0008 7342h ICU Interrupt Source Priority Register 066 IPR066 8 8 2 ICLK

0008 7343h ICU Interrupt Source Priority Register 067 IPR067 8 8 2 ICLK

0008 7344h ICU Interrupt Source Priority Register 068 IPR068 8 8 2 ICLK

0008 7345h ICU Interrupt Source Priority Register 069 IPR069 8 8 2 ICLK

0008 7346h ICU Interrupt Source Priority Register 070 IPR070 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7347h ICU Interrupt Source Priority Register 071 IPR071 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 735Ah ICU Interrupt Source Priority Register 090 IPR090 8 8 2 ICLK Not present in versions 
with 112, 100, 64 or 48 
pins.

0008 7362h ICU Interrupt Source Priority Register 098 IPR098 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7366h ICU Interrupt Source Priority Register 102 IPR102 8 8 2 ICLK

0008 7367h ICU Interrupt Source Priority Register 103 IPR103 8 8 2 ICLK

0008 7368h ICU Interrupt Source Priority Register 104 IPR104 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7369h ICU Interrupt Source Priority Register 105 IPR105 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 736Ah ICU Interrupt Source Priority Register 106 IPR106 8 8 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 7372h ICU Interrupt Source Priority Register 114 IPR114 8 8 2 ICLK

0008 737Ah ICU Interrupt Source Priority Register 122 IPR122 8 8 2 ICLK

0008 737Eh ICU Interrupt Source Priority Register 126 IPR126 8 8 2 ICLK

0008 7382h ICU Interrupt Source Priority Register 130 IPR130 8 8 2 ICLK

0008 7385h ICU Interrupt Source Priority Register 133 IPR133 8 8 2 ICLK

0008 7387h ICU Interrupt Source Priority Register 135 IPR135 8 8 2 ICLK

0008 7389h ICU Interrupt Source Priority Register 137 IPR137 8 8 2 ICLK

0008 738Bh ICU Interrupt Source Priority Register 139 IPR139 8 8 2 ICLK

0008 738Dh ICU Interrupt Source Priority Register 141 IPR141 8 8 2 ICLK

0008 7391h ICU Interrupt Source Priority Register 145 IPR145 8 8 2 ICLK

0008 7392h ICU Interrupt Source Priority Register 146 IPR146 8 8 2 ICLK

0008 7396h ICU Interrupt Source Priority Register 150 IPR150 8 8 2 ICLK

0008 7397h ICU Interrupt Source Priority Register 151 IPR151 8 8 2 ICLK

Table 4.1 List of I/O Registers (Address Order) (12/48)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access States
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0008 83B2h RSPI1 RSPI Command Register 1 SPCMD1 16 16 2, 3 PCLKB 2 ICLK RSPI Not present in versions 
with 64 or 48 pins.

0008 83B4h RSPI1 RSPI Command Register 2 SPCMD2 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 83B6h RSPI1 RSPI Command Register 3 SPCMD3 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 83B8h RSPI1 RSPI Command Register 4 SPCMD4 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 83BAh RSPI1 RSPI Command Register 5 SPCMD5 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 83BCh RSPI1 RSPI Command Register 6 SPCMD6 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 83BEh RSPI1 RSPI Command Register 7 SPCMD7 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 9000h S12AD A/D Control Register ADCSR 16 16 2, 3 PCLKB 2 ICLK S12ADB

0008 9004h S12AD A/D Channel Select Register A ADANSA 16 16 2, 3 PCLKB 2 ICLK

0008 9008h S12AD A/D-Converted Value Addition Mode Select 
Register

ADADS 16 16 2, 3 PCLKB 2 ICLK

0008 900Ch S12AD A/D-Converted Value Addition Count Select 
Register

ADADC 8 8 2, 3 PCLKB 2 ICLK

0008 900Eh S12AD A/D Control Extended Register ADCER 16 16 2, 3 PCLKB 2 ICLK

0008 9010h S12AD A/D Start Trigger Select Register ADSTRGR 16 16 2, 3 PCLKB 2 ICLK

0008 9014h S12AD A/D Channel Select Register B ADANSB 16 16 2, 3 PCLKB 2 ICLK

0008 9018h S12AD A/D Data-Doubling Register ADDBLDR 16 16 2, 3 PCLKB 2 ICLK

0008 901Eh S12AD A/D Self-Diagnosis Data Register ADRD 16 16 2, 3 PCLKB 2 ICLK

0008 9020h S12AD A/D Data Register 0 ADDR0 16 16 2, 3 PCLKB 2 ICLK

0008 9022h S12AD A/D Data Register 1 ADDR1 16 16 2, 3 PCLKB 2 ICLK

0008 9024h S12AD A/D Data Register 2 ADDR2 16 16 2, 3 PCLKB 2 ICLK

0008 9026h S12AD A/D Data Register 3 ADDR3 16 16 2, 3 PCLKB 2 ICLK

0008 9028h S12AD A/D Data Register 4 ADDR4 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 144, 120, 112, or 
100 pins.

0008 902Ah S12AD A/D Data Register 5 ADDR5 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 144, 120, 112, or 
100 pins.

0008 902Ch S12AD A/D Data Register 6 ADDR6 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 144, 120, 112, or 
100 pins.

0008 902Eh S12AD A/D Data Register 7 ADDR7 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 144, 120, 112, or 
100 pins.

0008 9060h S12AD A/D Sampling State Register 0 ADSSTR0 8 8 2, 3 PCLKB 2 ICLK

0008 9066h S12AD A/D Sample and Hold Circuit Control Register ADSHCR 16 16 2, 3 PCLKB 2 ICLK

0008 9073h S12AD A/D Sampling State Register 1 ADSSTR1 8 8 2, 3 PCLKB 2 ICLK

0008 9074h S12AD A/D Sampling State Register 2 ADSSTR2 8 8 2, 3 PCLKB 2 ICLK

0008 9075h S12AD A/D Sampling State Register 3 ADSSTR3 8 8 2, 3 PCLKB 2 ICLK

0008 9076h S12AD A/D Sampling State Register 4 ADSSTR4 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 144, 120, 112, or 
100 pins.

0008 9077h S12AD A/D Sampling State Register 5 ADSSTR5 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 144, 120, 112, or 
100 pins.

0008 9078h S12AD A/D Sampling State Register 6 ADSSTR6 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 144, 120, 112, or 
100 pins.

0008 9079h S12AD A/D Sampling State Register 7 ADSSTR7 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 144, 120, 112, or 
100 pins.

0008 9080h S12AD A/D Group Scan Priority Control Register ADGSPCR 16 16 2, 3 PCLKB 2 ICLK

0008 9084h S12AD A/D Data-Doubling Register A ADDBLDRA 16 16 2, 3 PCLKB 2 ICLK

0008 9086h S12AD A/D Data-Doubling Register B ADDBLDRB 16 16 2, 3 PCLKB 2 ICLK

0008 908Ah S12AD A/D Programmable Gain Amplifier Register ADPG 16 16 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

Table 4.1 List of I/O Registers (Address Order) (17/48)

Address
Module 
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0008 C1A3h MPC PC3 Pin Function Control Register PC3PFS 8 8 2, 3 PCLKB 2 ICLK MPC Not present in versions 
with 120, 112, 100, 64, 
or 48 pins.

0008 C1A4h MPC PC4 Pin Function Control Register PC4PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 120, 112, 100, 64, 
or 48 pins.

0008 C1A5h MPC PC5 Pin Function Control Register PC5PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 120, 112, 100, 64, 
or 48 pins.

0008 C1A8h MPC PD0 Pin Function Control Register PD0PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 C1A9h MPC PD1 Pin Function Control Register PD1PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 C1AAh MPC PD2 Pin Function Control Register PD2PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 C1ABh MPC PD3 Pin Function Control Register PD3PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1ACh MPC PD4 Pin Function Control Register PD4PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1ADh MPC PD5 Pin Function Control Register PD5PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1AEh MPC PD6 Pin Function Control Register PD6PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1AFh MPC PD7 Pin Function Control Register PD7PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1B0h MPC PE0 Pin Function Control Register PE0PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 C1B1h MPC PE1 Pin Function Control Register PE1PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 C1B2h MPC PE2 Pin Function Control Register PE2PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1B3h MPC PE3 Pin Function Control Register PE3PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 C1B4h MPC PE4 Pin Function Control Register PE4PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 C1B5h MPC PE5 Pin Function Control Register PE5PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 64 or 48 pins.

0008 C1BAh MPC PF2 Pin Function Control Register PF2PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 100, 64, or 48 pins.

0008 C1BBh MPC PF3 Pin Function Control Register PF3PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 100, 64, or 48 pins.

0008 C1C0h MPC PG0 Pin Function Control Register PG0PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 100, 64, or 48 pins.

0008 C1C1h MPC PG1 Pin Function Control Register PG1PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 100, 64, or 48 pins.

0008 C1C2h MPC PG2 Pin Function Control Register PG2PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 100, 64, or 48 pins.

0008 C1C3h MPC PG3 Pin Function Control Register PG3PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 100, 64, or 48 pins.

0008 C1C4h MPC PG4 Pin Function Control Register PG4PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 100, 64, or 48 pins.

0008 C1C5h MPC PG5 Pin Function Control Register PG5PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 100, 64, or 48 pins.

0008 C1C6h MPC PG6 Pin Function Control Register PG6PFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 112, 100, 64, or 48 
pins.

0008 C1D0h MPC USB0_DPUPE Pin Function Control Register UDPUPEPFS 8 8 2, 3 PCLKB 2 ICLK Not present in versions 
with 112, 100, 64, or 48 
pins.

0008 C280h SYSTEM Deep Standby Control Register DPSBYCR 8 8 4, 5 PCLKB 2, 3 ICLK Low Power 
Consumption

0008 C282h SYSTEM Deep Standby Interrupt Enable Register 0 DPSIER0 8 8 4, 5 PCLKB 2, 3 ICLK

0008 C284h SYSTEM Deep Standby Interrupt Enable Register 2 DPSIER2 8 8 4, 5 PCLKB 2, 3 ICLK

0008 C286h SYSTEM Deep Standby Interrupt Flag Register 0 DPSIFR0 8 8 4, 5 PCLKB 2, 3 ICLK

0008 C288h SYSTEM Deep Standby Interrupt Flag Register 2 DPSIFR2 8 8 4, 5 PCLKB 2, 3 ICLK

0008 C28Ah SYSTEM Deep Standby Interrupt Edge Register 0 DPSIEGR0 8 8 4, 5 PCLKB 2, 3 ICLK

0008 C28Ch SYSTEM Deep Standby Interrupt Edge Register 2 DPSIEGR2 8 8 4, 5 PCLKB 2, 3 ICLK

0008 C290h SYSTEM Reset Status Register 0 RSTSR0 8 8 4, 5 PCLKB 2, 3 ICLK Resets

0008 C291h SYSTEM Reset Status Register 1 RSTSR1 8 8 4, 5 PCLKB 2, 3 ICLK

Table 4.1 List of I/O Registers (Address Order) (27/48)
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000C 211Ah GPT0 General PWM Timer Compare Capture 
Register F

GTCCRF 16 16, 32 2 to 5 PCLKA 2, 3 ICLK GPT

000C 211Ch GPT0 General PWM Timer Cycle Setting Register GTPR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 211Eh GPT0 General PWM Timer Cycle Setting Buffer 
Register 

GTPBR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2120h GPT0 General PWM Timer Cycle Setting Double-
Buffer Register 

GTPDBR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2124h GPT0 A/D Converter Start Request Timing Register 
A

GTADTRA 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2126h GPT0 A/D Converter Start Request Timing Buffer 
Register A

GTADTBRA 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2128h GPT0 A/D Converter Start Request Timing Double-
Buffer Register A

GTADTDBRA 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 212Ch GPT0 A/D Converter Start Request Timing Register 
B

GTADTRB 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 212Eh GPT0 A/D Converter Start Request Timing Buffer 
Register B

GTADTBRB 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2130h GPT0 A/D Converter Start Request Timing Double-
Buffer Register B

GTADTDBRB 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2134h GPT0 General PWM Timer Output Negate Control 
Register 

GTONCR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2136h GPT0 General PWM Timer Dead Time Control 
Register 

GTDTCR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2138h GPT0 General PWM Timer Dead Time Value 
Register U

GTDVU 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 213Ah GPT0 General PWM Timer Dead Time Value 
Register D

GTDVD 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 213Ch GPT0 General PWM Timer Dead Time Buffer 
Register U

GTDBU 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 213Eh GPT0 General PWM Timer Dead Time Buffer 
Register D

GTDBD 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2140h GPT0 General PWM Timer Output Protection 
Function Status Register

GTSOS 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2142h GPT0 General PWM Timer Output Protection 
Function Temporary Release Register

GTSOTR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2180h GPT1 General PWM Timer I/O Control Register GTIOR 16 8, 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2182h GPT1 General PWM Timer Interrupt Output Setting 
Register 

GTINTAD 16 8, 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2184h GPT1 General PWM Timer Control Register GTCR 16 8, 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2186h GPT1 General PWM Timer Buffer Enable Register GTBER 16 8, 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2188h GPT1 General PWM Timer Count Direction Register GTUDC 16 8, 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 218Ah GPT1 General PWM Timer Interrupt, 
A/D Converter Start Request Skipping 
Setting Register 

GTITC 16 8, 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 218Ch GPT1 General PWM Timer Status Register GTST 16 8, 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 218Eh GPT1 General PWM Timer Counter GTCNT 16 16 2 to 5 PCLKA 2, 3 ICLK

000C 2190h GPT1 General PWM Timer Compare Capture 
Register A

GTCCRA 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2192h GPT1 General PWM Timer Compare Capture 
Register B

GTCCRB 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2194h GPT1 General PWM Timer Compare Capture 
Register C

GTCCRC 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2196h GPT1 General PWM Timer Compare Capture 
Register D

GTCCRD 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 2198h GPT1 General PWM Timer Compare Capture 
Register E

GTCCRE 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 219Ah GPT1 General PWM Timer Compare Capture 
Register F

GTCCRF 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 219Ch GPT1 General PWM Timer Cycle Setting Register GTPR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 219Eh GPT1 General PWM Timer Cycle Setting Buffer 
Register 

GTPBR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 21A0h GPT1 General PWM Timer Cycle Setting Double-
Buffer Register 

GTPDBR 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

000C 21A4h GPT1 A/D Converter Start Request Timing Register 
A

GTADTRA 16 16, 32 2 to 5 PCLKA 2, 3 ICLK

Table 4.1 List of I/O Registers (Address Order) (38/48)
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5.3.3 Timing of Recovery from Low Power Consumption Modes

Note: • The wait time varies depending on the state in which each oscillator was when the WAIT instruction was executed. The recovery 
time when multiple oscillators are operating is the same period as that when the oscillator, which takes the longest time for 
recovery among the operating oscillators, is operating alone.

Figure 5.9 Software Standby Mode Cancellation Timing

Table 5.10 Timing of Recovery from Low Power Consumption Modes
Note: Common standard values for conditions not given in the table are listed as “Condition 1” to “Condition 3” below.

Condition 1: VCC = PLLVCC = VCC_USB = 2.7 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0 V

 AVCC0 = AVCC = VREF = 3.0 to 3.6 V, VREFH0 = 3.0 V to AVCC0

Condition 2: VCC = PLLVCC = VCC_USB = 2.7 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0 V

 AVCC0 = AVCC = VREF = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0

Condition 3: VCC = PLLVCC = 4.0 to 5.5 V, VCC_USB = 3.0 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0 V
 AVCC0 = AVCC = VREF = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0

                    Ta = Topr. Ta is common to conditions 1 to 3. 

Item Symbol Min. Typ. Max. Unit
Test 
Conditions

Recovery time 
after 
cancellation of 
software 
standby mode

Crystal resonator 
connected to 
main clock 
oscillator

Main clock oscillator 
operating

tSBYMC 10 — — ms Figure 5.9

Main clock oscillator and 
PLL circuit operating

tSBYPC 10 — — ms

External clock 
input to main 
clock oscillator

Main clock oscillator 
operating

tSBYEX 1 — — ms

Main clock oscillator and 
PLL circuit operating

tSBYPE 1 — — ms

Low-speed clock oscillator or IWDT-specific low-
speed clock oscillator operating

tSBYLO — — 800 µs

Recovery time after cancellation of deep software standby mode tDSBY — — 1 ms Figure 5.10

Wait time after cancellation of deep software standby mode tDSBYWT 45 — 46 tcyc

Oscillator 

ICLK

IRQ

Software standby mode

tSBYMC, tSBYPC, tSBYEX, tSBYPE, 

tSBYSC, tSBYHO, tSBYLO
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Figure 5.14 External Bus Timing/Normal Write Cycle (Bus Clock Synchronized)

A19 to A1

CS3# to CS0#

tAD

BCLK

A19 to A0

Byte write strobe mode

1-write strobe mode

BC1#, BC0#

Common to both byte write strobe
mode and 1-write strobe mode

tBCD

tCSD tCSD

tAD

tAD

tAD

tBCD

D15 to D0 (Write)

WR1#, WR0#, WR# (Write)

tWRD tWRD

tWDH

tWDD

TW1 TW2 Tend Tn1 Th

WRON:1
WDON:1*1

CSWWAIT:2

CSWOFF:1
WDOFF:1*1CSON:0

Note1.  Be sure to specify WDON and WDOFF as at least one cycle of BCLK.
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Figure 5.15 External Bus Timing/Page Read Cycle (Bus Clock Synchronized)

Figure 5.16 External Bus Timing/Page Write Cycle (Bus Clock Synchronized)

A19 to A1

CS3# to CS0#

tAD

BCLK

A19 to A0

D15 to D0 (Read)

Byte write strobe mode

1-write strobe mode

BC1#, BC0#

Common to both byte write strobe
mode and 1-write strobe mode

tBCD

tCSD
tCSD

RD# (Read)

tRSD tRSD

tRDHtRDS

tAD

tBCD

TW1 TW2 Tend Tpw1 Tpw2

tAD tAD

tRSD tRSD

tRDHtRDS

tRSD tRSD

tRDHtRDS

Tpw3 Tend Tn1 Tn2

tAD tAD tAD tAD

RDON:1

CSRWAIT:3

CSROFF:2

Tpw1 Tpw2 Tend

CSPRWAIT:3

RDON:1

CSPRWAIT:3

RDON:1

CSON:0
Tpw3TW3

A19 to A1

CS3# to CS0#

tAD

BCLK

A19 to A0

Byte write strobe mode

1-write strobe mode

BC1#, BC0#

Common to both byte write strobe
mode and 1-write strobe mode

tBCD

tCSD tCSD

tAD

tBCD

TW1

D15 to D0 (Write)

WR1#, WR0#, WR# (Write)

tWRD tWRD

tWDH

tWDD

TW2 Tend Tpw1 Tpw2

tAD tAD

tWRD tWRD

tWDH

tWDD

tWRD tWRD

tWDH
tWDD

Tdw1 Tend Tpw1 Tpw2 Tend Tn1 ThTdw1

tAD tAD tAD tAD

WRON:1
WDON:1*1

CSWWAIT:2 CSPWWAIT:2

WDOFF:1*1

CSPWWAIT:2

WDOFF:1*1 WDOFF:1*1

CSON:0

Note 1.   Be sure to specify WDON and WDOFF as at least one cycle of BCLK.

WRON:1
WDON:1*1

WRON:1
WDON:1*1

CSWOFF:1
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Figure 5.20 I/O port Input Timing

Figure 5.21 MTU3 Input/Output Timing

Figure 5.22 MTU3 Clock Input Timing

Figure 5.23 GPT Input Capture Input Timing

Figure 5.24 GPT External Trigger Input Timing

Port

PCLK

tPRW

Input capture 
input

PCLKA

tTICW

MTCLKA to 
MTCLKD

PCLKA

tTCKWL tTCKWH

Input capture
input

PCLKA

tGTICW

External trigger input

PCLKA

tGTEW
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Figure 5.35 RSPI Timing (Slave, CPHA = 1) and Simple SPI Timing (Slave, CKPH = 0)

Figure 5.36 RIIC Bus Interface Input/Output Timing and Simple IIC Bus Interface Input/Output 
Timing

 

SSLn0
input

RSPCKn
CPOL = 0
input

RSPCKn
CPOL = 1
input

MISOn
output

MOSIn
input

tDR, tDF

tSA tOH

tLEAD

tTD

tLAG

tH

LSB OUT
(Last data) DATA MSB OUT

MSB IN DATA LSB IN MSB IN

LSB OUT

tSU

tOD tREL

MSB OUT

(n = A, B)

SSm#
input

SCKm
CPOL = 0
input

SCKm
CPOL = 1
input

SMISOm
output

SMOSIm
input

(m = 0 to 3, 12)

RSPI Simple SPI

SDAn

SCLn

VIH

VIL

tSTAH

tSCLH

tSCLL

P *1 S *1

tSf tSr

tSCL
tSDAH

tSDAS

tSTAS tSP tSTOS

P *1

tBUF

Note 1. S, P, and Sr indicate the following conditions.
S: Start condition
P: Stop condition
Sr: Restart condition

Test conditions
VIH = VCC×0.7, VIL = VCC×0.3
VOL = 0.6V, IOL = 6mA

Sr *1

RIIC Simple IIC

(n = 0, 1)

SSDAm

SSCLm

(m = 0 to 3,12)
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5.9 ROM (Flash Memory for Code Storage) Characteristics

Note 1. Definition of reprogram/erase cycle:
The reprogram/erase cycle is the number of erasing for each block. When the reprogram/erase cycle is n times (n = 1000), 
erasing can be performed n times for each block. For instance, when 128-byte programming is performed 16 times for different 
addresses in 2-Kbyte block and then the entire block is erased, the reprogram/erase cycle is counted as one. However, 
programming the same address for several times as one erasing is not enabled (overwriting is prohibited).

Note 2. The value is obtained from the reliability test.

Table 5.29 ROM (Flash Memory for Code Storage) Characteristics (1)
Condition 1: VCC = PLLVCC = VCC_USB = 2.7 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0 V

 AVCC0 = AVCC = VREF = 3.0 to 3.6 V, VREFH0 = 3.0 V to AVCC0

Condition 2: VCC = PLLVCC = VCC_USB = 2.7 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0V

 AVCC0 = AVCC = VREF = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0

Condition 3: VCC = PLLVCC = 4.0 to 5.5 V, VCC_USB = 3.0 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0 V
 AVCC0 = AVCC = VREF = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0

                    Temperature range for the programming/erasure operation: Ta = Topr. Ta is common to conditions 1 to 3.

Item Symbol Min. Typ. Max. Unit Test Conditions

Reprogram/erase cycle*1 Npec 1000 — — Times

Data hold time tDRP 30*2 — — Year Ta = +85°C

Table 5.30 ROM (Flash Memory for Code Storage) Characteristics (2)
Note: Common standard values for conditions not given in the table are listed as “Condition 1” to “Condition 3” below.

Condition 1: VCC = PLLVCC = VCC_USB = 2.7 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0 V
 AVCC0 = AVCC = VREF = 3.0 to 3.6 V, VREFH0 = 3.0 V to AVCC0,

Condition 2: VCC = PLLVCC = VCC_USB = 2.7 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0 V
 AVCC0 = AVCC = VREF = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0

Condition 3: VCC = PLLVCC = 4.0 to 5.5 V, VCC_USB = 3.0 to 3.6 V, VSS = PLLVSS = VSS_USB = AVSS0 = AVSS = VREFL0 = 0 V
 AVCC0 = AVCC = VREF = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0

                    Temperature range for the programming/erasure operation: Ta = Topr. Ta is common to conditions 1 to 3.

Item Symbol
FCLK = 4 MHz 20 MHz ≤ FCLK ≤ 50 MHz

Unit
Min. Typ. Max. Min. Typ. Max.

Programming time
NPEC  100 times

128 bytes tP128 — 2.8 28 — 1 10 ms

4 Kbytes tP4K — 63 140 — 23 50 ms

16 Kbytes tP16K — 252 560 — 90 200 ms

Programming time
NPEC > 100 times

128 bytes tP128 — 3.4 33.6 — 1.2 12 ms

4 Kbytes tP4K — 75.6 168 — 27.6 60 ms

16 Kbytes tP16K — 302.4 672 — 108 240 ms

Erasure time
NPEC  100 times

4 Kbytes tE4K — 50 120 — 25 60 ms

16 Kbytes tE16K — 200 480 — 100 240 ms

Erasure time
NPEC > 100 times

4 Kbytes tE4K — 60 144 — 30 72 ms

16 Kbytes tE16K — 240 576 — 120 288 ms

Suspend delay time during programming tSPD — — 400 — — 120 μs

First suspend delay time during erasing
(in suspend priority mode)

tSESD1 — — 300 — — 120 μs

Second suspend delay time during erasing
(in suspend priority mode)

tSESD2 — — 1.7 — — 1.7 ms

Suspend delay time during erasing
(in erasure priority mode)

tSEED — — 1.7 — — 1.7 ms

FCU reset time tFCUR 35 — — 35 — — μs
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6.2 DC Characteristics

Note 1. Ports 0, 1, 2, 3, 7, 9, A, B, and D are 5 V tolerant.

Table 6.2 DC Characteristics (1)
Conditions: VCC = 2.7 to 3.6 V, VSS = AVSS0 = VREFL0 = 0 V, 

AVCC0 = 3.0 to 3.6 V, VREFH0 = 3.0 V to AVCC0, 
Ta = Topr

Item Symbol Min. Typ. Max. Unit Test Conditions

Schmitt trigger 
input voltage

IRQ input pin
MTU3 input pin
POE3 input pin
SCI input pin
A/D trigger input pin
GPT input pin
RES#, NMI

VIH VCC × 0.8 — VCC + 0.3 V

VIL –0.3 — VCC × 0.2

∆VT VCC × 0.06 — —

RIIC input pin (IICBus 
operating)

VIH VCC × 0.7 — 5.8

VIL –0.3 — VCC × 0.3

∆VT VCC × 0.05 — —

Port 4 
(also used as an analog 
port)

VIH AVCC0 × 0.8 — AVCC0 + 0.3

VIL –0.3 — AVCC0×0.2

Ports for 5 V tolerant*1 VIH VCC × 0.8 — 5.8

VIL –0.3 — VCC × 0.2

Input high voltage 
(except for Schmitt 
trigger input pin)

MD pin, EMLE VIH VCC × 0.9 — VCC + 0.3

EXTAL, TCK, RSPI input pin VCC × 0.8 — VCC + 0.3

RIIC input pin (SMBus 
operating)

2.1 — VCC + 0.3

Input low voltage 
(except for Schmitt 
trigger input pin)

MD pin, EMLE VIL –0.3 — VCC × 0.1

EXTAL, TCK, RSPI input pin –0.3 — VCC × 0.2

RIIC input pin (SMBus 
operating)

–0.3 — 0.8

Output high voltage All output pins VOH VCC – 0.5 — — V IOH = –1 mA

Output low voltage All output pins
(except for RIIC pins)

VOL — — 0.5 V IOL = 1.0 mA

RIIC pins — — 0.4 IOL = 3 mA

— — 0.6 IOL = 6 mA

Input leakage 
current

RES#, MD pin, EMLE, 
Ports 4 and PE2

Iin — — 1.0 μA Vin = 0V, Vin = VCC

Three-state 
leakage current
 (off state)

Ports for 5V tolerant ITSI — — 1.0 μA Vin = 0V, Vin = 5.5 V

— — 5.0

Input capacitance All input pins
(except for ports PB1 and 
PB2)

Cin — — 15 pF Vin = 0V, 
f = 1 MHz, 
Ta = 25ºC

Ports PB1 and PB2 — — 30
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Note 4. This is calculated from the formula below, where n is the number of cycles set by the PLLWTCR.PSTS[4:0] bits.

Figure 6.1 EXTAL External Clock Input Timing

 

Figure 6.2 Main Clock Oscillation Start Timing

Figure 6.3 LOCO, IWDTCLK Clock Oscillation Start Timing

Figure 6.4 PLL Clock Oscillation Start Timing (PLL is Operated after Main Clock Oscillation Has 
Settled)
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