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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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1. Overview

1.1 Outline of Specifications

Table 1.1 lists the specifications in outline, and Table 1.2 gives a comparison of the functions of products in different 

packages.

Table 1.1 shows the outline of maximum specifications, and the number of peripheral module channels differs 

depending on the pin number on the package and the code flash memory capacity. For details, see Table 1.2, 

Comparison of Functions for Different Packages.

Table 1.1 Outline of Specifications (1/10)

Classification Module/Function Description

CPU CPU  Maximum operating frequency: 240 MHz
 32-bit RX CPU (RXv2)
 Minimum instruction execution time: One instruction per state (cycle of the system 

clock)
 Address space: 4-Gbyte linear
 Register set of the CPU

General purpose: Sixteen 32-bit registers
Control: Ten 32-bit registers
Accumulator: Two 72-bit registers

 Basic instructions: 75
 Floating-point instructions: 11
 DSP instructions: 23
 Addressing modes: 11
 Data arrangement

Instructions: Little endian
Data: Selectable as little endian or big endian

 On-chip 32-bit multiplier: 32 × 32 → 64 bits
 On-chip divider: 32 / 32 → 32 bits
 Barrel shifter: 32 bits

FPU  Single precision (32-bit) floating point 
 Data types and floating-point exceptions in conformance with the IEEE754 standard

Memory Code flash memory  Capacity: 2 Mbytes, 2.5 Mbytes, 3 Mbytes, 4 Mbytes
 No-wait access at up to 120 MHz, single wait access at frequencies above 120 MHz
 No-wait access to instructions and operands when the AFU is hit in operation at 240 

MHz
 On-board programming: Four types
 Off-board programming (parallel programmer mode)
 The trusted memory (TM) function protects against the reading of programs from blocks 

8 and 9.

Data flash memory  Capacity: 64 Kbytes
 Programming/erasing: 100,000 times

RAM  Capacity: 512 Kbytes
 0000 0000h to 0003 FFFFh (256 Kbytes): 240 MHz No-wait access

0004 0000h to 0007 FFFFh (256 Kbytes): No-wait access at up to 120 MHz, single wait 
access at frequencies above 120 MHz

RAM with ECC  Capacity: 32 Kbytes
 Single wait access at up to 120 MHz, two wait accesses for reading and three wait 

accesses for writing at frequencies above 120 MHz
 SEC-DED (single error correction/double error detection)

Standby RAM  Capacity: 8 Kbytes
 Operation synchronized with PCLKB: Up to 60 MHz, two-cycle access
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Event link controller (ELC)  Event signals such as interrupt request signals can be interlinked with the operation of 
functions such as timer counting, eliminating the need for intervention by the CPU to 
control the functions. 

 119 internal event signals can be freely combined for interlinked operation with 
connected functions.

 Event signals from peripheral modules can be used to change the states of output pins 
(of ports B and E).

 Changes in the states of pins (of ports B and E) being used as inputs can be interlinked 
with the operation of peripheral modules.

Timers 16-bit timer pulse unit 
(TPUa)

 (16 bits × 6 channels) × 1 unit
 Maximum of 16 pulse-input/output possible
 Select from among seven or eight counter-input clock signals for each channel
 Input capture/output compare function
 Output of PWM waveforms in up to 15 phases in PWM mode
 Support for buffered operation, phase-counting mode (two phase encoder input) and 

cascade-connected operation (32 bits × 2 channels) depending on the channel.
 PPG output trigger can be generated
 Capable of generating conversion start triggers for the A/D converters
 Digital filtering of signals from the input capture pins
 Event linking by the ELC

Timers Multifunction timer 
pulse unit (MTU3a)

 9 channels (16 bits × 8 channels, 32 bits × 1 channel)
 Maximum of 16 pulse-input/output and 3 pulse-input possible
 Select from among 13 counter-input clock signals for each channel (PCLKA/1, PCLKA/

2, PCLKA/4, PCLKA/8, PCLKA/16, PCLK/A32, PCLKA/64, PCLKA/256, PCLKA/1024, 
MTCLKA, MTCLKB, MTCLKC, MTCLKD) 
11 of the signals are available for channels 1, 3 and 4, 12 are available for channel 2, 
and 9 are available for channels 5 to 8. 

 Input capture function
 39 output compare/input capture registers
 Counter clear operation (synchronous clearing by compare match/input capture)
 Simultaneous writing to multiple timer counters (TCNT)
 Simultaneous register input/output by synchronous counter operation
 Buffered operation
 Support for cascade-connected operation
 43 interrupt sources
 Automatic transfer of register data
 Pulse output mode

Toggle/PWM/complementary PWM/reset-synchronized PWM
 Complementary PWM output mode

Outputs non-overlapping waveforms for controlling 3-phase inverters
Automatic specification of dead times
PWM duty cycle: Selectable as any value from 0% to 100%
Delay can be applied to requests for A/D conversion.
Non-generation of interrupt requests at peak or trough values of counters can be 
selected.
Double buffer configuration

 Reset synchronous PWM mode
Three phases of positive and negative PWM waveforms can be output with desired duty 
cycles.

 Phase-counting mode: 16-bit mode (channels 1 and 2); 32-bit mode (channels 1 and 2)
 Counter functionality for dead-time compensation
 Generation of triggers for A/D converter conversion
 A/D converter start triggers can be skipped
 Digital filter function for signals on the input capture and external counter clock pins
 PPG output trigger can be generated
 Event linking by the ELC

Port output enable 3 
(POE3a)

 Control of the high-impedance state of the MTU3/GPT's waveform output pins
 5 pins for input from signal sources: POE0, POE4, POE8, POE10, POE11
 Initiation on detection of short-circuited outputs (detection of simultaneous PWM output 

to the active level)
 Initiation by oscillation-stoppage detection or software
 Additional programming of output control target pins is enabled

Table 1.1 Outline of Specifications (4/10)

Classification Module/Function Description
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E13 TRDATA0 PG2 D26 ET1_TX_CLK

E14 TRDATA1 PG3 D27 ET1_ETXD0/
RMII1_TXD0

E15 P67 CS7#/DQM1 MTIOC7C/
GTIOC1B-C

CRX2 IRQ15

F1 VBATT

F2 VCL

F3 PJ3 EDACK1 MTIOC3C ET0_EXOUT/
CTS6#/RTS6#/
CTS0#/RTS0#/
SS6#/SS0#

F4 BSCANP

F12 P66 CS6#/DQM0 MTIOC7D/
GTIOC2B-C

CTX2

F13 TRSYNC PG4 D28 ET1_ETXD1/
RMII1_TXD1

F14 PA0 A0/BC0#/
DQM2

MTIOC4A/MTIOC6D/
GTIOC0B-C/TIOCA0/
CACREF/PO16

SSLA1-B/
ET0_TX_EN/
RMII0_TXD_EN

F15 VSS

G1 XCIN

G2 XCOUT

G3 MD/FINED

G4 TRST# PF4

G12 TRCLK PG5 D29 ET1_ETXD2

G13 TRDATA2 PG6 D30 ET1_ETXD3

G14 PA1 A1/DQM3 MTIOC0B/MTCLKC/
MTIOC7B/
GTIOC2A-C/TIOCB0/
PO17

SCK5/SSLA2-B/
ET0_WOL

IRQ11

G15 VCC

H1 XTAL P37

H2 VSS

H3 RES#

H4 UPSEL P35 NMI

H12 PA4 A4 MTIC5U/MTCLKA/
TIOCA1/TMRI0/PO20

TXD5/SMOSI5/
SSDA5/SSLA0-B/
ET0_MDC

IRQ5-DS

H13 PA3 A3 MTIOC0D/MTCLKD/
TIOCD0/TCLKB/PO19

RXD5/SMISO5/
SSCL5/
ET0_MDIO

IRQ6-DS

H14 PA2 A2 MTIOC7A/
GTIOC1A-C/PO18

RXD5/SMISO5/
SSCL5/SSLA3-B

H15 TRDATA3 PG7 D31 ET1_TX_ER

J1 EXTAL P36

J2 VCC

J3 P34 MTIOC0A/TMCI3/
PO12/POE10#

SCK6/SCK0/
ET0_LINKSTA

IRQ4

J4 TMS PF3

J12 PA5 A5 MTIOC6B/
GTIOC0A-C/TIOCB1/
PO21

RSPCKA-B/
ET0_LINKSTA

J13 VSS

Table 1.5 List of Pin and Pin Functions (177-Pin TFLGA, 176-Pin LFBGA) (3/7)

Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

Interrupt
S12ADC,
R12DA

177-Pin 
TFLGA
176-Pin 
LFBGA

(MTU, GPT, TPU, 
TMR, PPG, RTC, 
CMTW, POE, CAC)

(ETHERC, SCIg, 
SCIh, RSPI, RIIC, 
CAN, USB, SSI)

(QSPI, SDHI, 
MMCIF, PDC)
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K4 P15 MTIOC0B/MTCLKB/
GTETRG-B/TIOCB2/
TCLKB/TMCI2/PO13

RXD1/SCK3/SMISO1/
SSCL1/CRX1-DS/
SSIWS1

PIXD0 IRQ5

K5 TRDATA2 P54 ALE/EDACK0 MTIOC4B/TMCI1 CTS2#/RTS2#/SS2#/
CTX1/ET0_LINKSTA

K6 P53 BCLK

K7 P51 WR1#/BC1#/
WAIT#

SCK2/SSLB2-A

K8 VCC

K9 TRDATA0 P80 EDREQ0 MTIOC3B/PO26 SCK10/RTS10#/
ET0_TX_EN/
RMII0_TXD_EN

MMC_D2-A/
SDHI_WP-A/
QIO2-A

K10 P76 CS6# PO22 RXD11/ET0_RX_CLK/
REF50CK0

MMC_CMD-A/
SDHI_CMD-A/
QSSL-A

K11 PB7 A15 MTIOC3B/TIOCB5/
PO31

TXD9/ET0_CRS/
RMII0_CRS_DV

K12 PB6 A14 MTIOC3D/TIOCA5/
PO30

RXD9/ET0_ETXD1/
RMII0_TXD1

K13 PB5 A13 MTIOC2A/MTIOC1B/
TIOCB4/TMRI1/PO29/
POE4#

SCK9/RTS9#/
ET0_ETXD0/
RMII0_TXD0

L1 P25 CS5#/
EDACK1

MTIOC4C/MTCLKB/
TIOCA4/PO5

RXD3/SMISO3/
SSCL3/SSIDATA1

HSYNC ADTRG0#

L2 P23 EDACK0 MTIOC3D/MTCLKD/
GTIOC0A-B/TIOCD3/
PO3

TXD3/CTS0#/RTS0#/
SMOSI3/SS0#/
SSDA3/SSISCK0

PIXD7

L3 P16 MTIOC3C/MTIOC3D/
TIOCB1/TCLKC/
TMO2/PO14/
RTCOUT

TXD1/RXD3/SMOSI1/
SMISO3/SSDA1/
SSCL3/SCL2-DS/
USB0_VBUS/
USB0_VBUSEN/
USB0_OVRCURB

IRQ6 ADTRG0#

L4 P24 CS4#/
EDREQ1

MTIOC4A/MTCLKA/
TIOCB4/TMRI1/PO4

SCK3/
USB0_VBUSEN/
SSISCK1

PIXCLK

L5 P13 MTIOC0B/TIOCA5/
TMO3/PO13

TXD2/SMOSI2/
SSDA2/SDA0[FM+]

IRQ3 ADTRG1#

L6 P56 EDACK1 MTIOC3C/TIOCA1

L7 P52 RD# RXD2/SMISO2/
SSCL2/SSLB3-A

L8 TRCLK P83 EDACK1 MTIOC4C/
GTIOC0A-D

CTS10#/ET0_CRS/
RMII0_CRS_DV/
SCK10

L9 PC5 A21/CS2#/
WAIT#

MTIOC3B/MTCLKD/
GTIOC1A-D/TMRI2/
PO29

SCK8/RSPCKA-A/
RTS8#/ET0_ETXD2

MMC_D5-A

L10 PC4 A20/CS3# MTIOC3D/MTCLKC/
GTETRG-D/TMCI1/
PO25/POE0#

SCK5/CTS8#/
SSLA0-A/
ET0_TX_CLK

MMC_D1-A/
SDHI_D1-A/
QIO1-A/QMI-A

L11 PC2 A18 MTIOC4B/
GTIOC2B-D/TCLKA/
PO21

RXD5/SMISO5/
SSCL5/SSLA3-A/
ET0_RX_DV

MMC_CD-A/
SDHI_D3-A

L12 P73 CS3# PO16 ET0_WOL

L13 VSS

M1 P22 EDREQ0 MTIOC3B/MTCLKC/
GTIOC1A-B/TIOCC3/
TMO0/PO2

SCK0/
USB0_OVRCURB/
AUDIO_MCLK

PIXD6

Table 1.7 List of Pin and Pin Functions (145-Pin TFLGA) (4/5)

Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

Interrupt
S12ADC, 
R12DA

145-Pin
TFLGA

(MTU, GPT, TPU, 
TMR, PPG, RTC, 
CMTW, POE, CAC)

(ETHERC, SCIg, 
SCIh, RSPI, RIIC, 
CAN, USB, SSI)

(QSPI, SDHI, 
MMCIF, PDC)
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M2 P17 MTIOC3A/MTIOC3B/
MTIOC4B/
GTIOC0B-B/TIOCB0/
TCLKD/TMO1/PO15/
POE8#

SCK1/TXD3/SMOSI3/
SSDA3/SDA2-DS/
SSITXD0

PIXD3 IRQ7 ADTRG1#

M3 P86 MTIOC4D/
GTIOC2B-B/TIOCA0

RXD10 PIXD1

M4 P12 TMCI1 RXD2/SMISO2/
SSCL2/SCL0[FM+]

IRQ2

M5 VCC_USB

M6 VSS_USB

M7 P50 WR0#/WR# TXD2/SMOSI2/
SSDA2/SSLB1-A

M8 PC6 A22/CS1# MTIOC3C/MTCLKA/
GTIOC3B-D/TMCI2/
TIC0/PO30

RXD8/MOSIA-A/
ET0_ETXD3

MMC_D6-A IRQ13

M9 TRDATA1 P81 EDACK0 MTIOC3D/
GTIOC0B-D/PO27

RXD10/ET0_ETXD0/
RMII0_TXD0

MMC_D3-A/
SDHI_CD-A/
QIO3-A

M10 P77 CS7# PO23 TXD11/ET0_RX_ER/
RMII0_RX_ER

MMC_CLK-A/
SDHI_CLK-A/
QSPCLK-A

M11 PC0 A16 MTIOC3C/TCLKC/
PO17

CTS5#/RTS5#/SS5#/
SSLA1-A/ET0_ERXD3

IRQ14

M12 PC1 A17 MTIOC3A/TCLKD/
PO18

SCK5/SSLA2-A/
ET0_ERXD2

IRQ12

M13 VCC

N1 P21 MTIOC1B/MTIOC4A/
GTIOC2A-B/TIOCA3/
TMCI0/PO1

RXD0/SMISO0/
SSCL0/
USB0_EXICEN/
SSIWS0

PIXD5 IRQ9

N2 P20 MTIOC1A/TIOCB3/
TMRI0/PO0

TXD0/SMOSI0/
SSDA0/USB0_ID/
SSIRXD0

PIXD4 IRQ8

N3 P87 MTIOC4C/
GTIOC1B-B/TIOCA2

TXD10 PIXD2

N4 P14 MTIOC3A/MTCLKA/
TIOCB5/TCLKA/
TMRI2/PO15

CTS1#/RTS1#/SS1#/
CTX1/
USB0_OVRCURA

IRQ4

N5 USB0_DM

N6 USB0_DP

N7 TRDATA3 P55 WAIT#/
EDREQ0

MTIOC4D/TMO3 CRX1/ET0_EXOUT IRQ10

N8 VSS

N9 UB PC7 A23/CS0# MTIOC3A/MTCLKB/
GTIOC3A-D/TMO2/
TOC0/PO31/CACREF

TXD8/MISOA-A/
ET0_COL

MMC_D7-A IRQ14

N10 TRSYNC P82 EDREQ1 MTIOC4A/
GTIOC2A-D/PO28

TXD10/ET0_ETXD1/
RMII0_TXD1

MMC_D4-A

N11 PC3 A19 MTIOC4D/
GTIOC1B-D/TCLKB/
PO24

TXD5/SMOSI5/
SSDA5/ET0_TX_ER

MMC_D0-A/
SDHI_D0-A/
QIO0-A/
QMO-A

N12 P75 CS5# PO20 SCK11/RTS11#/
ET0_ERXD0/
RMII0_RXD0

MMC_RES#-A/
SDHI_D2-A

N13 P74 A20/CS4# PO19 CTS11#/ET0_ERXD1/
RMII0_RXD1

Table 1.7 List of Pin and Pin Functions (145-Pin TFLGA) (5/5)

Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

Interrupt
S12ADC, 
R12DA

145-Pin
TFLGA

(MTU, GPT, TPU, 
TMR, PPG, RTC, 
CMTW, POE, CAC)

(ETHERC, SCIg, 
SCIh, RSPI, RIIC, 
CAN, USB, SSI)

(QSPI, SDHI, 
MMCIF, PDC)
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Table 1.9 List of Pin and Pin Functions (100-Pin TFLGA) (1/4)

Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

Interrupt
S12ADC, 
R12DA

100-Pin
TFLGA

(MTU, GPT, TPU, 
TMR, PPG, RTC, 
CMTW, POE, CAC)

(ETHERC, SCIg, 
SCIh, RSPI, RIIC, 
CAN, USB, SSI)

(QSPI, SDHI, 
MMCIF, PDC)

A1 P05 IRQ13 DA1

A2 AVCC1

A3 P07 IRQ15 ADTRG0#

A4 VREFL0

A5 P43 IRQ11-
DS

AN003

A6 PD0 D0[A0/D0] GTIOC1B-E/POE4# IRQ0 AN108

A7 PD4 D4[A4/D4] MTIOC8B/POE11# MMC_CMD-B/
SDHI_CMD-B/
QSSL-B

IRQ4 AN112

A8 PE0 D8[A8/D8] MTIOC3D/GTIOC2B-
A

SCK12/SSLB1-B MMC_D4-B ANEX0

A9 PE1 D9[A9/D9] MTIOC4C/MTIOC3B/
GTIOC1B-A/PO18

TXD12/SMOSI12/
SSDA12/TXDX12/
SIOX12/SSLB2-B

MMC_D5-B ANEX1

A10 PE2 D10[A10/
D10]

MTIOC4A/GTIOC0B-
A/PO23/TIC3

RXD12/SMISO12/
SSCL12/RXDX12/
SSLB3-B

MMC_D6-B IRQ7-DS AN100

B1 EMLE

B2 AVSS0

B3 AVCC0

B4 P40 IRQ8-DS AN000

B5 P44 IRQ12-
DS

AN004

B6 PD1 D1[A1/D1] MTIOC4B/GTIOC1A-
E/POE0#

CTX0 IRQ1 AN109

B7 PD3 D3[A3/D3] MTIOC8D/GTIOC0A-
E/POE8#/TOC2

MMC_D3-B/
SDHI_D3-B/
QIO3-B

IRQ3 AN111

B8 PD6 D6[A6/D6] MTIC5V/MTIOC8A/
POE4#

MMC_D0-B/
SDHI_D0-B/
QIO0-B/QMO-B

IRQ6 AN106

B9 PD7 D7[A7/D7] MTIC5U/POE0# MMC_D1-B/
SDHI_D1-B/
QIO1/QMI-B

IRQ7 AN107

B10 PE3 D11[A11/
D11]

MTIOC4B/GTIOC2A-
A/PO26/POE8#/TOC3

CTS12#/RTS12#/
SS12#/ET0_ERXD3

MMC_D7-B AN101

C1 VCL

C2 AVSS1

C3 PJ3 EDACK1 MTIOC3C ET0_EXOUT/CTS6#/
RTS6#/CTS0#/RTS0#/
SS6#/SS0#

C4 VREFH0

C5 P42 IRQ10-
DS

AN002

C6 P47 IRQ15-
DS

AN007

C7 PD2 D2[A2/D2] MTIOC4D/GTIOC0B-
E/TIC2

CRX0 MMC_D2-B/
SDHI_D2-B/
QIO2-B

IRQ2 AN110
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80 PD6 D6[A6/D6] MTIC5V/MTIOC8A/
POE4#

MMC_D0-B/
SDHI_D0-B/
QIO0-B/
QMO-B

IRQ6 AN106

81 PD5 D5[A5/D5] MTIC5W/MTIOC8C/
POE10#

MMC_CLK-B/
SDHI_CLK-B/
QSPCLK-B

IRQ5 AN113

82 PD4 D4[A4/D4] MTIOC8B/POE11# MMC_CMD-B/
SDHI_CMD-B/
QSSL-B

IRQ4 AN112

83 PD3 D3[A3/D3] MTIOC8D/
GTIOC0A-E/POE8#/
TOC2

MMC_D3-B/
SDHI_D3-B/
QIO3-B

IRQ3 AN111

84 PD2 D2[A2/D2] MTIOC4D/
GTIOC0B-E/TIC2

CRX0 MMC_D2-B/
SDHI_D2-B/
QIO2-B

IRQ2 AN110

85 PD1 D1[A1/D1] MTIOC4B/
GTIOC1A-E/POE0#

CTX0 IRQ1 AN109

86 PD0 D0[A0/D0] GTIOC1B-E/POE4# IRQ0 AN108

87 P47 IRQ15-DS AN007

88 P46 IRQ14-DS AN006

89 P45 IRQ13-DS AN005

90 P44 IRQ12-DS AN004

91 P43 IRQ11-DS AN003

92 P42 IRQ10-DS AN002

93 P41 IRQ9-DS AN001

94 VREFL0

95 P40 IRQ8-DS AN000

96 VREFH0

97 AVCC0

98 P07 IRQ15 ADTRG0#

99 AVSS0

100 P05 IRQ13 DA1

Table 1.10 List of Pin and Pin Functions (100-Pin LQFP) (4/4)

Pin 
Number

Power Supply
Clock System 
Contro I/O Port

Bus
EXDMAC

Timer Communication
Memory Interface
Camera Interface

Interrupt
S12ADC, 
R12DA

100-Pin
LQFP

(MTU, GPT, TPU, 
TMR, PPG, RTC, 
CMTW, POE, CAC)

(ETHERC, SCIg, 
SCIh, RSPI, RIIC, 
CAN, USB, SSI)

(QSPI, SDHI, 
MMCIF, PDC)
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2.3 Accumulator

The accumulator (ACC0 or ACC1) is a 72-bit register used for DSP instructions. The accumulator is handled as a 96-bit 

register for reading and writing. At this time, when bits 95 to 72 of the accumulator are read, the value where the value of 

bit 71 is sign extended is read. Writing to bits 95 to 72 of the accumulator is ignored. ACC0 is also used for the multiply 

and multiply-and-accumulate instructions; EMUL, EMULU, FMUL, MUL, and RMPA, in which case the prior value in 

ACC0 is modified by execution of the instruction.

Use the MVTACGU, MVTACHI, and MVTACLO instructions for writing to the accumulator. The MVTACGU, 

MVTACHI, and MVTACLO instructions write data to bits 95 to 64, the higher-order 32 bits (bits 63 to 32), and the 

lower-order 32 bits (bits 31 to 0), respectively.

Use the MVFACGU, MVFACHI, MVFACMI, and MVFACLO instructions for reading data from the accumulator. The 

MVFACGU, MVFACHI, MVFACMI, and MVFACLO instructions read data from the guard bits (bits 95 to 64), higher-

order 32 bits (bits 63 to 32), the middle 32 bits (bits 47 to 16), and the lower-order 32 bits (bits 31 to 0), respectively.
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3. Address Space

3.1 Address Space

This MCU has a 4-Gbyte address space, consisting of the range of addresses from 0000 0000h to FFFF FFFFh. That is, 

linear access to an address space of up to 4 Gbytes is possible, and this contains both program and data areas.

Figure 3.1 shows the memory maps in the respective operating modes. Accessible areas will differ according to the 

operating mode and states of control bits.

Figure 3.1 Memory Map in Each Operating Mode

Reserved area*3

Reserved area*3

Reserved area*3

Reserved area*3

Reserved area*3

Reserved area*3

Reserved area*3

On-chip RAM

External address space
(CS area)

Reserved area*3

External address space

On-chip RAM

On-chip ROM (program ROM)
(read only)*2

On-chip ROM
(data flash memory)

Reserved area*3

External address space
(CS area)

0000 0000h

0008 0000h

FFFF FFFFh

Single-chip mode*1

On-chip RAM

On-chip ROM (program ROM)
(read only)*2

0010 0000h

0011 0000h

On-chip ROM
(data flash memory)

0100 0000h

ECC-RAM

FFC0 0000h

On-chip ROM (user boot) 
(read only)

0000 0000h

0008 0000h

On-chip ROM enabled 
extended mode

0010 0000h

0100 0000h

0800 0000h

0000 0000h

0008 0000h

FFFF FFFFh

On-chip ROM disabled 
extended mode

0010 0000h

0100 0000h

0800 0000h

FF00 0000h

00FF 8000h 00FF 8000h

FF7F 8000h

FF80 0000h

On-chip ROM (user boot) 
(read only)

1000 0000h

External address space
(SDRAM area)

External address space
(SDRAM area)

1000 0000h

ECC-RAM

0011 0000h

FFFF FFFFh

FFC0 0000h

FF7F 8000h

FF80 0000h

ECC-RAM
00FF 8000h

FF00 0000h

On-chip ROM (FCU firmware)
(read only)*4

FEFF F000h

On-chip ROM (option-setting memory)
0012 0040h

Reserved area*3
0012 0070h

On-chip ROM (write only)*2
007E 0000h

Reserved area*3

FCU-RAM area*4

Reserved area*3
Peripheral I/O register

007F 0000h

007F 8000h

007F 9000h

007F E000h

0080 0000h

Reserved area*3

Reserved area*3

On-chip ROM (option-setting memory)
0012 0040h

Reserved area*3
0012 0070h

On-chip ROM (write only)*2
007E 0000h

Reserved area*3

FCU-RAM area*4

Reserved area*3
Peripheral I/O register

007F 0000h

007F 8000h

007F 9000h

007F E000h

0080 0000h

Reserved area*3
FF00 0000h

On-chip ROM (FCU firmware)
(read only)*4

FEFF F000h

Peripheral I/O registers
Standby RAM000A 4000h

Peripheral I/O registers000A 6000h

Peripheral I/O registers
Standby RAM000A 4000h

Peripheral I/O registers000A 6000h

Peripheral I/O registers
Standby RAM000A 4000h

Peripheral I/O registers000A 6000h

Note 1. The address space in boot mode and user boot mode/USB boot mode is the same as the address space in single-chip 
mode.

Note 2. The capacity of ROM/RAM differs depending on the products.

Note 3. Reserved areas should not be accessed.
Note 4. The FCU-RAM and the on-chip ROM (FCU firmware) are reserved in products that do not include the FCU-RAM. For 

details on the FCU, see section 63, Flash Memory, in the User’s Manual: Hardware.
Note 5. When MEMWAIT = 1, access to addresses in the range from 0004 0000h to 0007 FFFFh of the on-chip RAM space and 

to the on-chip ROM area (program ROM) takes two cycles whether for reading or writing.

Code 
Flash 
Memory 
Capacity Address

Data 
Flash 
Memory 
Capacity Address 

RAM
Capacity Address

4 Mbytes FFC0 0000h to FFFF FFFFh 64 Kbytes 0010 0000h to 0010 FFFFh 512 
Kbytes

0000 0000h to 0007 FFFFh

3 Mbytes FFD0 0000h to FFFF FFFFh

2.5 Mbytes FFD8 0000h to FFFF FFFFh

2 Mbytes FFE0 0000h to FFFF FFFFh

*2, *5 *2, *5 *2, *5
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0008 811Ah TPU0 Timer General Register B TGRB 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 811Ch TPU0 Timer General Register C TGRC 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 811Eh TPU0 Timer General Register D TGRD 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8120h TPU1 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8121h TPU1 Timer Mode Register TMDR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8122h TPU1 Timer I/O Control Register TIOR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8124h TPU1 Timer Interrupt Enable Register TIER 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8125h TPU1 Timer Status Register TSR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8126h TPU1 Timer Counter TCNT 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8128h TPU1 Timer General Register A TGRA 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 812Ah TPU1 Timer General Register B TGRB 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8130h TPU2 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8131h TPU2 Timer Mode Register TMDR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8132h TPU2 Timer I/O Control Register TIOR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8134h TPU2 Timer Interrupt Enable Register TIER 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8135h TPU2 Timer Status Register TSR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8136h TPU2 Timer Counter TCNT 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8138h TPU2 Timer General Register A TGRA 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 813Ah TPU2 Timer General Register B TGRB 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8140h TPU3 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8141h TPU3 Timer Mode Register TMDR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8142h TPU3 Timer I/O Control Register H TIORH 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8143h TPU3 Timer I/O Control Register L TIORL 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8144h TPU3 Timer Interrupt Enable Register TIER 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8145h TPU3 Timer Status Register TSR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8146h TPU3 Timer Counter TCNT 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8148h TPU3 Timer General Register A TGRA 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 814Ah TPU3 Timer General Register B TGRB 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 814Ch TPU3 Timer General Register C TGRC 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 814Eh TPU3 Timer General Register D TGRD 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8150h TPU4 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8151h TPU4 Timer Mode Register TMDR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8152h TPU4 Timer I/O Control Register TIOR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8154h TPU4 Timer Interrupt Enable Register TIER 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8155h TPU4 Timer Status Register TSR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8156h TPU4 Timer Counter TCNT 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8158h TPU4 Timer General Register A TGRA 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 815Ah TPU4 Timer General Register B TGRB 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8160h TPU5 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8161h TPU5 Timer Mode Register TMDR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8162h TPU5 Timer I/O Control Register TIOR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8164h TPU5 Timer Interrupt Enable Register TIER 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8165h TPU5 Timer Status Register TSR 8 8 2, 3 PCLKB 2 ICLK TPUa

0008 8166h TPU5 Timer Counter TCNT 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 8168h TPU5 Timer General Register A TGRA 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 816Ah TPU5 Timer General Register B TGRB 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 81E6h PPG0 PPG Output Control Register PCR 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81E7h PPG0 PPG Output Mode Register PMR 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81E8h PPG0 Next Data Enable Registers H NDERH 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81E9h PPG0 Next Data Enable Registers L NDERL 8 8 2, 3 PCLKB 2 ICLK PPG

Table 4.1 List of I/O Registers (Address Order) (14 / 67)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access Cycles
Related 
Function ICLK PCLK  ICLK  PCLK
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0008 81EAh PPG0 Output Data Registers H PODRH 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81EBh PPG0 Output Data Registers L PODRL 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81ECh PPG0 Next Data Registers H*1 NDRH 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81EDh PPG0 Next Data Registers L*2 NDRL 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81EEh PPG0 Next Data Registers H*1 NDRH2 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81EFh PPG0 Next Data Registers L*2 NDRL2 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81F0h PPG1 PPG Trigger Select Register PTRSLR 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81F6h PPG1 PPG Output Control Register PCR 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81F7h PPG1 PPG Output Mode Register PMR 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81F8h PPG1 Next Data Enable Registers H NDERH 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81F9h PPG1 Next Data Enable Registers L NDERL 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81FAh PPG1 Output Data Registers H PODRH 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81FBh PPG1 Output Data Registers L PODRL 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81FCh PPG1 Next Data Registers H*3 NDRH 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81FDh PPG1 Next Data Registers L*4 NDRL 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81FEh PPG1 Next Data Registers H*3 NDRH2 8 8 2, 3 PCLKB 2 ICLK PPG

0008 81FFh PPG1 Next Data Registers L*4 NDRL2 8 8 2, 3 PCLKB 2 ICLK PPG

0008 8200h TMR0 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8201h TMR1 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8202h TMR0 Timer Control/Status Register TCSR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8203h TMR1 Timer Control/Status Register TCSR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8204h TMR0 Time Constant Register A TCORA 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8204h TMR01 Time Constant Register A TCORA 16 16 2, 3 PCLKB 2 ICLK TMRb

0008 8205h TMR1 Time Constant Register A TCORA 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8206h TMR0 Time Constant Register B TCORB 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8206h TMR01 Time Constant Register B TCORB 16 16 2, 3 PCLKB 2 ICLK TMRb

0008 8207h TMR1 Time Constant Register B TCORB 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8208h TMR0 Timer Counter TCNT 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8208h TMR01 Timer Counter TCNT 16 16 2, 3 PCLKB 2 ICLK TMRb

0008 8209h TMR1 Timer Counter TCNT 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 820Ah TMR0 Timer Counter Control Register TCCR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 820Ah TMR01 Timer Counter Control Register TCCR 16 16 2, 3 PCLKB 2 ICLK TMRb

0008 820Bh TMR1 Timer Counter Control Register TCCR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 820Ch TMR0 Time Count Start Register TCSTR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 820Dh TMR1 Time Count Start Register TCSTR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8210h TMR2 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8211h TMR3 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8212h TMR2 Timer Control/Status Register TCSR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8213h TMR3 Timer Control/Status Register TCSR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8214h TMR2 Time Constant Register A TCORA 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8214h TMR23 Time Constant Register A TCORA 16 16 2, 3 PCLKB 2 ICLK TMRb

0008 8215h TMR3 Time Constant Register A TCORA 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8216h TMR2 Time Constant Register B TCORB 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8216h TMR23 Time Constant Register B TCORB 16 16 2, 3 PCLKB 2 ICLK TMRb

0008 8217h TMR3 Time Constant Register B TCORB 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8218h TMR2 Timer Counter TCNT 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 8218h TMR23 Timer Counter TCNT 16 16 2, 3 PCLKB 2 ICLK TMRb

0008 8219h TMR3 Timer Counter TCNT 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 821Ah TMR2 Timer Counter Control Register TCCR 8 8 2, 3 PCLKB 2 ICLK TMRb

0008 821Ah TMR23 Timer Counter Control Register TCCR 16 16 2, 3 PCLKB 2 ICLK TMRb

Table 4.1 List of I/O Registers (Address Order) (15 / 67)

Address
Module 
Symbol Register Name
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Number 
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0008 907Ch S12AD A/D Sample-and-Hold Circuit Operating Mode Select 
Register

ADSHMSR 8 8 2, 3 PCLKB 2 ICLK S12ADC

0008 9080h S12AD A/D Group Scan Priority Control Register ADGSPCR 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9084h S12AD A/D Data Duplication Register A ADDBLDRA 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9086h S12AD A/D Data Duplication Register B ADDBLDRB 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9090h S12AD A/D Compare Control Register ADCMPCR 8 8 2, 3 PCLKB 2 ICLK S12ADC

0008 9094h S12AD A/D Compare Channel Select Register 0 ADCMPANSR
0

16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9098h S12AD A/D Compare Level Register 0 ADCMPLR0 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 909Ch S12AD A/D Compare Data Register 0 ADCMPDR0 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 909Eh S12AD A/D Compare Data Register 1 ADCMPDR1 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 90A0h S12AD A/D Compare Status Register 0 ADCMPSR0 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9100h S12AD1 A/D Control Register ADCSR 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9104h S12AD1 A/D Channel Select Register A0 ADANSA0 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9106h S12AD1 A/D Channel Select Register A1 ADANSA1 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9108h S12AD1 A/D-Converted Value Addition/Average Mode Select 
Register 0

ADADS0 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 910Ah S12AD1 A/D-Converted Value Addition/Average Mode Select 
Register 1

ADADS1 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 910Ch S12AD1 A/D-Converted Value Addition/Average Count Select 
Register

ADADC 8 8 2, 3 PCLKB 2 ICLK S12ADC

0008 910Eh S12AD1 A/D Control Extended Register ADCER 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9110h S12AD1 A/D Start Trigger Select Register ADSTRGR 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9112h S12AD1 A/D Conversion Extended Input Control Register ADEXICR 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9114h S12AD1 A/D Channel Select Register B0 ADANSB0 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9116h S12AD1 A/D Channel Select Register B1 ADANSB1 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9118h S12AD1 A/D Data Duplication Register ADDBLDR 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 911Ah S12AD1 A/D Temperature Sensor Data Register ADTSDR 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 911Ch S12AD1 A/D Internal Reference Voltage Data Register ADOCDR 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 911Eh S12AD1 A/D Self-Diagnosis Data Register ADRD 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9120h S12AD1 A/D Data Register 0 ADDR0 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9122h S12AD1 A/D Data Register 1 ADDR1 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9124h S12AD1 A/D Data Register 2 ADDR2 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9126h S12AD1 A/D Data Register 3 ADDR3 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9128h S12AD1 A/D Data Register 4 ADDR4 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 912Ah S12AD1 A/D Data Register 5 ADDR5 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 912Ch S12AD1 A/D Data Register 6 ADDR6 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 912Eh S12AD1 A/D Data Register 7 ADDR7 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9130h S12AD1 A/D Data Register 8 ADDR8 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9132h S12AD1 A/D Data Register 9 ADDR9 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9134h S12AD1 A/D Data Register 10 ADDR10 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9136h S12AD1 A/D Data Register 11 ADDR11 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9138h S12AD1 A/D Data Register 12 ADDR12 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 913Ah S12AD1 A/D Data Register 13 ADDR13 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 913Ch S12AD1 A/D Data Register 14 ADDR14 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 913Eh S12AD1 A/D Data Register 15 ADDR15 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9140h S12AD1 A/D Data Register 16 ADDR16 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9142h S12AD1 A/D Data Register 17 ADDR17 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9144h S12AD1 A/D Data Register 18 ADDR18 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9146h S12AD1 A/D Data Register 19 ADDR19 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9148h S12AD1 A/D Data Register 20 ADDR20 16 16 2, 3 PCLKB 2 ICLK S12ADC

0008 9160h S12AD1 A/D Sampling State Register 0 ADSSTR0 8 8 2, 3 PCLKB 2 ICLK S12ADC

Table 4.1 List of I/O Registers (Address Order) (18 / 67)
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0008 C0EDh PORTD Drive Capacity Control Register DSCR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C0EEh PORTE Drive Capacity Control Register DSCR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C0F0h PORTG Drive Capacity Control Register DSCR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C100h MPC CS Output Enable Register PFCSE 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C102h MPC CS Output Pin Select Register 0 PFCSS0 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C103h MPC CS Output Pin Select Register 1 PFCSS1 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C104h MPC Address Output Enable Register 0 PFAOE0 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C105h MPC Address Output Enable Register 1 PFAOE1 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C106h MPC External Bus Control Register 0 PFBCR0 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C107h MPC External Bus Control Register 1 PFBCR1 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C10Eh MPC Ethernet Control Register PFENET 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C11Fh MPC Write-Protect Register PWPR 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C140h MPC P00 Pin Function Control Register P00PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C141h MPC P01 Pin Function Control Register P01PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C142h MPC P02 Pin Function Control Register P02PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C143h MPC P03 Pin Function Control Register P03PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C145h MPC P05 Pin Function Control Register P05PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C147h MPC P07 Pin Function Control Register P07PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C148h MPC P10 Pin Function Control Register P10PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C149h MPC P11 Pin Function Control Register P11PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Ah MPC P12 Pin Function Control Register P12PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Bh MPC P13 Pin Function Control Register P13PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Ch MPC P14 Pin Function Control Register P14PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Dh MPC P15 Pin Function Control Register P15PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Eh MPC P16 Pin Function Control Register P16PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Fh MPC P17 Pin Function Control Register P17PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C150h MPC P20 Pin Function Control Register P20PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C151h MPC P21 Pin Function Control Register P21PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C152h MPC P22 Pin Function Control Register P22PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C153h MPC P23 Pin Function Control Register P23PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C154h MPC P24 Pin Function Control Register P24PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C155h MPC P25 Pin Function Control Register P25PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C156h MPC P26 Pin Function Control Register P26PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C157h MPC P27 Pin Function Control Register P27PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C158h MPC P30 Pin Function Control Register P30PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C159h MPC P31 Pin Function Control Register P31PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C15Ah MPC P32 Pin Function Control Register P32PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C15Bh MPC P33 Pin Function Control Register P33PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C15Ch MPC P34 Pin Function Control Register P34PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C160h MPC P40 Pin Function Control Register P40PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C161h MPC P41 Pin Function Control Register P41PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C162h MPC P42 Pin Function Control Register P42PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C163h MPC P43 Pin Function Control Register P43PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C164h MPC P44 Pin Function Control Register P44PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C165h MPC P45 Pin Function Control Register P45PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C166h MPC P46 Pin Function Control Register P46PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C167h MPC P47 Pin Function Control Register P47PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C168h MPC P50 Pin Function Control Register P50PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C169h MPC P51 Pin Function Control Register P51PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C16Ah MPC P52 Pin Function Control Register P52PFS 8 8 2, 3 PCLKB 2 ICLK MPC
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0009 0852h CAN0 Mailbox Search Status Register MSSR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 0853h CAN0 Mailbox Search Mode Register MSMR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 0854h CAN0 Time Stamp Register TSR 16 8, 16 2, 3 PCLKB 2 ICLK CAN

0009 0856h CAN0 Acceptance Filter Support Register AFSR 16 8, 16 2, 3 PCLKB 2 ICLK CAN

0009 0858h CAN0 Test Control Register TCR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 1200h to 
0009 13FFh

CAN1 Mailbox Registers 0 to 31 MB0 to 31 128 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 1400h to 
0009 141Fh

CAN1 Mask Registers 0 to 7 MKR0 to 7 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 1420h CAN1 FIFO Received ID Compare Register 0 FIDCR0 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 1424h CAN1 FIFO Received ID Compare Register 1 FIDCR1 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 1428h CAN1 Mask Invalid Register MKIVLR 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 142Ch CAN1 Mailbox Interrupt Enable Register MIER 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 1820h to 
0009 183Fh

CAN1 Message Control Registers 0 to 31 MCTL0 to 31 8 8 2, 3 PCLKB 2 ICLK CAN

0009 1840h CAN1 Control Register CTLR 16 8, 16 2, 3 PCLKB 2 ICLK CAN

0009 1842h CAN1 Status Register STR 16 8, 16 2, 3 PCLKB 2 ICLK CAN

0009 1844h CAN1 Bit Configuration Register BCR 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 1848h CAN1 Receive FIFO Control Register RFCR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 1849h CAN1 Receive FIFO Pointer Control Register RFPCR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 184Ah CAN1 Transmit FIFO Control Register TFCR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 184Bh CAN1 Transmit FIFO Pointer Control Register TFPCR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 184Ch CAN1 Error Interrupt Enable Register EIER 8 8 2, 3 PCLKB 2 ICLK CAN

0009 184Dh CAN1 Error Interrupt Factor Judge Register EIFR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 184Eh CAN1 Receive Error Count Register RECR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 184Fh CAN1 Transmit Error Count Register TECR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 1850h CAN1 Error Code Store Register ECSR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 1851h CAN1 Channel Search Support Register CSSR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 1852h CAN1 Mailbox Search Status Register MSSR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 1853h CAN1 Mailbox Search Mode Register MSMR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 1854h CAN1 Time Stamp Register TSR 16 8, 16 2, 3 PCLKB 2 ICLK CAN

0009 1856h CAN1 Acceptance Filter Support Register AFSR 16 8, 16 2, 3 PCLKB 2 ICLK CAN

0009 1858h CAN1 Test Control Register TCR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 2200h to 
0009 23FFh

CAN2 Mailbox Registers 0 to 31 MB0 to 31 128 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 2400h to 
0009 241Fh

CAN2 Mask Registers 0 to 7 MKR0 to 7 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 2420h CAN2 FIFO Received ID Compare Register 0 FIDCR0 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 2424h CAN2 FIFO Received ID Compare Register 1 FIDCR1 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 2428h CAN2 Mask Invalid Register MKIVLR 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 242Ch CAN2 Mailbox Interrupt Enable Register MIER 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 2820h to 
0009 283Fh

CAN2 Message Control Registers 0 to 31 MCTL0 to 31 8 8 2, 3 PCLKB 2 ICLK CAN

0009 2840h CAN2 Control Register CTLR 16 8, 16 2, 3 PCLKB 2 ICLK CAN

0009 2842h CAN2 Status Register STR 16 8, 16 2, 3 PCLKB 2 ICLK CAN

0009 2844h CAN2 Bit Configuration Register BCR 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CAN

0009 2848h CAN2 Receive FIFO Control Register RFCR 8 8 2, 3 PCLKB 2 ICLK CAN

0009 2849h CAN2 Receive FIFO Pointer Control Register RFPCR 8 8 2, 3 PCLKB 2 ICLK CAN
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000D 0420h USBA CFIFO Port Select Register CFIFOSEL 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 0422h USBA CFIFO Port Control Register CFIFOCTR 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 0428h USBA D0FIFO Port Select Register D0FIFOSEL 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 042Ah USBA D0FIFO Port Control Register D0FIFOCTR 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 042Ch USBA D1FIFO Port Select Register D1FIFOSEL 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 042Eh USBA D1FIFO Port Control Register D1FIFOCTR 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 0430h USBA Interrupt Enable Register 0 INTENB0 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 0432h USBA Interrupt Enable Register 1 INTENB1 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 0436h USBA BRDY Interrupt Enable Register BRDYENB 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 0438h USBA NRDY Interrupt Enable Register NRDYENB 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa

000D 043Ah USBA BEMP Interrupt Enable Register BEMPENB 16 16 (3 + BUSWAIT) 
PCLKA or more

Rounded up to 
the nearest 
integer greater 
than 1 + (3 + 
BUSWAIT) × 
(frequency ratio of 
ICLK/PCLKB)*5

USBAa
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Figure 5.77 DP and DM Output Timing (Full-Speed)

Figure 5.78 Test Circuit (Full-Speed)

Table 5.43 On-Chip USB Full-Speed Characteristics (DP and DM Pin Characteristics)
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 3.0 to 3.6 V, 3.0 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V, 
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
USBA_RREF = 2.2 kΩ ±1%, USBMCLK = 20/24 MHz, UCLK = 48 MHz, 
PCLKA = 8 to 120 MHz, PCLKB = 8 to 60 MHz, Ta = Topr

Item Symbol Min. Typ. Max. Unit Test Conditions

Input 
characteristics

Input high level voltage VIH 2.0 — — V

Input low level voltage VIL — — 0.8 V

Differential input sensitivity VDI 0.2 — — V | DP – DM |

Differential common mode range VCM 0.8 — 2.5 V

Output 
characteristics

Output high level voltage VOH 2.8 — 3.6 V IOH = –200 μA

Output low level voltage VOL 0.0 — 0.3 V IOL = 2 mA

Cross-over voltage VCRS 1.3 — 2.0 V Figure 5.77

Rise time tFR 4 — 20 ns

Fall time tFF 4 — 20 ns

Rise/fall time ratio tFR / tFF 90 — 111.11 % tFR/ tFF

Output resistance ZDRV 28 — 44 Ω USBb: Rs = 27 Ω included

40.5 — 49.5 Ω USBA: Rs not necessary
(PHYSET.REPSEL[1:0] = 01b 
and PHYSET.HSEB = 0)

Pull-up and 
pull-down 
characteristics

DP pull-up resistance 
(when the function controller 
function is selected)

Rpu 0.900 — 1.575  kΩ Idle state

1.425 — 3.090  kΩ At transmission and reception

DP/DM pull-down resistance
(when the host controller function 
is selected)

Rpd 14.25 — 24.80  kΩ

DP, DM

tFFtFR

90%
10%10%

90%VCRS

Observation 
point

50 pF

50 pF

dp

dm

USBb: 27 
USBA: Not 

necessary
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5.6 D/A Conversion Characteristics

5.7 Temperature Sensor Characteristics

Table 5.49 D/A Conversion Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 

2.7 ≤ VREFH0 ≤ AVCC0, VCC_USBA = AVCC_USBA = 3.0 to 3.6 V,
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
Ta = Topr

Item Min. Typ. Max. Unit Test Conditions

Resolution 12 12 12 Bit

Without AMP 
output

Absolute accuracy — — ±6.0 LSB 2-MΩ resistive load
10-bit conversion

DNL differential nonlinearity 
error

— ±1.0 ±2.0 LSB 2-MΩ resistive load

RO output resistance — 7.5 — kΩ

Conversion time — — 3.0 μs 20-pF capacitive load

With AMP output Resistive load 5 — — kΩ

Capacitive load — 50 pF

Output voltage range 0.2 — AVCC1 – 0.2 V

DNL differential nonlinearity 
error

— ±1.0 ±2.0 LSB

INL integral nonlinearity error — ±2.0 ±4.0 LSB

Conversion time — — 4.0 μs

Table 5.50 Temperature Sensor Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V, 
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
Ta = Topr

Item Min. Typ. Max. Unit Test Conditions

Relative accuracy ― ±1 ― °C

Temperature slope ― 4.1 ― mV/°C

Output voltage (at 25°C) ― 1.24 ― V

Temperature sensor start time ― ― 30 μs

Sampling time 4.15 ― ― μs ADSSTRT.SST[7:0] = 250 states
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5.9 Oscillation Stop Detection Timing

Figure 5.87 Oscillation Stop Detection Timing

5.10 Battery Backup Function Characteristics

Note: The VCC-off period for starting power supply switching indicates the period in which VCC is below the minimum value of the 
voltage level for switching to battery backup (VDETBATT).

Figure 5.88 Battery Backup Function Characteristics

Table 5.52 Oscillation Stop Detection Circuit Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V, 
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
Ta = Topr

Item Symbol Min. Typ. Max. Unit
Test 

Conditions

Detection time tdr — — 1 ms Figure 5.87

Table 5.53 Battery Backup Function Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V, 
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
VBATT = 2.0 to 3.6 V, Ta = Topr

Item Symbol Min. Typ. Max. Unit
Test 

Conditions

Voltage level for switching to battery backup VDETBATT 2.50 2.60 2.70 V Figure 5.88

Lower-limit VBATT voltage for power supply switching due to 
VCC voltage drop

VBATTSW 2.70 — —

VCC-off period for starting power supply switching tVOFFBATT 200 — — μs

tdr

Main clock or
PLL clock

OSTDSR.OSTDF

LOCO clock

ICLK

VCC

tVOFFBATT

VDETBATT

VBATTSWVBATT

VCC supplyVBATT supplyVCC supply
Backup power 

area
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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 = 100000), 
erasing can be performed n times for each block. For instance, when 4-byte programming is performed 512 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. This is the minimum number of times to guarantee all the characteristics after reprogramming (guaranteed range is from 1 to the 
value of the minimum value).

Note 3. This shows the characteristics when reprogramming is performed within the specified range, including the minimum value.

Table 5.55 Data Flash Memory Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
Temperature range for programming/erasure: Ta = Topr

Item Symbol
FCLK = 4 MHz 20 MHz ≤ FCLK ≤ 60 MHz

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

Programming time 4 bytes tDP4 — 0.66 3.8 — 0.3 1.7 ms

Erasure time 64 bytes tDE64 — 5.4 18 — 3 10 ms

Blank check time 4 bytes tDBC4 — — 84 — — 30 μs

Reprogramming/erasure cycle*1 NDPEC 100000
*2

— — 100000
*2

— — Times

Suspend delay time during programming tDSPD — — 264 — — 120 μs

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

tDSESD1 — — 216 — — 120 μs

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

tDSESD2 — — 300 — — 300 μs

Suspend delay time during erasing 
(in erasure priority mode)

tDSEED — — 300 — — 300 μs

Forced stop command tFD — TBD 32 — — 20 μs

Data hold time*3 tDDRP 10 — — 10 — — Year
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5.12 Boundary Scan

Figure 5.90 Boundary Scan TCK Timing

Figure 5.91 Boundary Scan TRST# Timing

Table 5.56 Boundary Scan Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V, 
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
Ta = Topr
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 30 pF
High-drive output is selected by the driving ability control register.

Item Symbol Min. Typ. Max. Unit
Test 

Conditions

TCK clock cycle time tTCKcyc 100 ― ― ns Figure 5.90

TCK clock high pulse width tTCKH 45 ― ― ns

TCK clock low pulse width tTCKL 45 ― ― ns

TCK clock rise time tTCKr ― ― 5 ns

TCK clock fall time tTCKf ― ― 5 ns

TRST# pulse width tTRSTW 20 ― ― tTCKcyc Figure 5.91

TMS setup time tTMSS 20 ― ― ns Figure 5.92

TMS hold time tTMSH 20 ― ― ns

TDI setup time tTDIS 20 ― ― ns

TDI hold time tTDIH 20 ― ― ns

TDO data delay time tTDOD ― ― 40 ns

TCK

tTCKcyc

tTCKH

tTCKf

tTCKL tTCKr

RES#

TRST#

TCK

tTRSTW


