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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Product Status Active

Core Processor RXv2

Core Size 32-Bit Single-Core

Speed 120MHz

Connectivity CANbus, EBI/EMI, Ethernet, I²C, LINbus, MMC/SD, QSPI, SCI, SPI, UART/USART, USB

Peripherals DMA, LVD, POR, PWM, WDT

Number of I/O 136

Program Memory Size 2MB (2M x 8)

Program Memory Type FLASH

EEPROM Size 32K x 8

RAM Size 640K x 8

Voltage - Supply (Vcc/Vdd) 2.7V ~ 3.6V

Data Converters A/D 29x12b; D/A 2x12b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 176-LFBGA

Supplier Device Package 176-LFBGA (13x13)
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SD host interface (SDHI)*3 • 1 channel
• Transfer speed: Supports high-speed mode (25 MB/s) and default speed mode (12.5 MB/s)
• One interface for SD memory and I/O cards (supporting 1- and 4-bit SD buses)
• SD specifications

Part 1: Physical Layer Specification Ver. 3.01 compliant (DDR not supported)
Part E1: SDIO Specification Ver. 3.00

• Error checking: CRC7 for commands and CRC16 for data
• Interrupt requests: Card access interrupt, SDIO access interrupt, card detection 

interrupt
• DMA transfer requests: SD_BUF write and SD_BUF read
• Support for card detection and write protection

SD slave interface (SDSI)*3 • 1 channel
• Compliant with the SDIO Card Specification Ver.2.00 (CSA is not supported)
• 1-bit SD/4-bit SD/SPI mode
• SDIO Proprietary command is supported
• SD/SPI Mandatory command is supported
• Interrupt requests: 6

MMC host interface (MMCIF) • 1 channel
• Transfer speed: Data transfer mode (30 MB/s), backward compatible mode (25 MB/s)
• Compliant with JEDEC STANDARD JESD84-A441 (DDR is not supported)
• Interface for Multimedia Cards (MMCs)
• Device buses: Support for 1-, 4-, and 8-bit MMC buses
• Interrupt requests: Card detection interrupt, error/timeout interrupt, normal operation 

interrupt
• DMA transfer requests: CE_DATA write and CE_DATA read
• Support for card detection, boot operation, high priority interrupt (HPI)

Parallel data capture unit (PDC) • 1 channel
• Acquisition of synchronization through external 8-bit horizontal and vertical 

synchronization signals
• Setting of the image size when clipping of the output for a one-frame image is required

Graphic-LCD controller (GLCDC) • 1 channel
• Various data formats and LCD panels are supported
• Superposition of 3 planes (single-color background, graphic 1, graphic 2)
• 32- and 16-bpp color data and 8-, 4-, and 1-bit CLUT data formats are supported

2D drawing engine (DRW2D) • 1 channel
• Vector drawing (straight lines, triangles, and circles)
• Bit blitting (with support for filling, copying, stretching, and rotation)
• Bus master function for input and output of frame buffer data

32-, 16-, and 8-bit pixel graphics data are supported
• Bus master function for input of texture data

Input of texture data (32, 24, 16, 8, 4, 2, or 1 bit) are supported. 
Run length encoding is supported
A CLUT is installed and index data can be converted into color data

• Two rendering modes are supported (register mode and display list mode)
• Performance counting
• Interrupts in response to completion of rendering and processing of the display list

Table 1.1 Outline of Specifications (7/9)
Classification Module/Function Description
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Table 1.2 Code Flash Memory Capacity and Comparison of Functions for Different Packages (1/2)

Functions

Products Products with 1 Mbyte of 
code flash memory or less

Products with at least 1.5 Mbytes of code 
flash memory

Package 145 Pins, 
144 Pins 100 Pins 177 Pins, 

176 Pins
145 Pins, 
144 Pins 100 Pins

Code Flash 
Memory

Code Flash Memory Capacity 512 Kbytes/768 Kbytes
/1 Mbyte 1.5 Mbytes/2 Mbytes

Dual bank function Not available Available

BGO function Not available Available

Data Flash Memory Not available 32 Kbytes

RAM 256 Kbytes 640 Kbytes
(256 Kbytes + 384 Kbytes of expansion RAM)

External bus External bus width 16/8 bits 32/16/8 bits 16/8 bits

SDRAM area controller Available Not available Available Not available

DMA DMA controller Ch. 0 to 7

Data transfer controller Available

EXDMA controller Ch. 0 and 1

Timers 16-bit timer pulse unit Ch. 0 to 5

Multi-function timer pulse unit 3 Ch. 0 to 8

Port output enable 3 Available

Programmable pulse generator Ch. 0 and 1

8-bit timers Ch. 0 to 3

Compare match timer Ch. 0 to 3

Compare match timer W Ch. 0 and 1

Realtime clock Available

Watchdog timer Available

Independent watchdog timer Available

Communication 
function

Ethernet controller Ch. 0 (only for RX65N group)

DMA Controller for the Ethernet 
Controller

Ch. 0 (only for RX65N group)

USB 2.0 FS host/function module Ch. 0

Serial communications interfaces 
(SCIg)

Ch. 0 to 9 Ch. 0 to 3, 5, 
6, 8 and 9

Ch. 0 to 9 Ch. 0 to 3, 5, 
6, 8 and 9

Serial communications interfaces 
(SCIh)

Ch. 12

Serial communications interfaces 
(SCIi)

Ch. 10 and 11

I2C bus interfaces Ch. 0 and 2 Ch. 0 to 2 Ch. 0 and 2

Serial peripheral interface Ch. 0 to 2

CAN module Ch. 0 and 1

Quad serial peripheral interface Ch. 0

SD host interface Available

SD slave interface Available

MMC host interface Available

Parallel data capture unit Available Not available Available Not available

Graphics Graphic-LCD controller Not available Available

2D drawing engine Not available Available
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RX651
(D ver-
sion)

R5F56517EDFP PLQP0100KB-B 768 K 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56517FDFP PLQP0100KB-B 768 K 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

R5F56514ADFP PLQP0100KB-B 512 K 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56514BDFP PLQP0100KB-B 512 K 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

R5F56514EDFP PLQP0100KB-B 512 K 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56514FDFP PLQP0100KB-B 512 K 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

R5F5651EDDBG PLBG0176GA-A 2 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651EHDBG PLBG0176GA-A 2 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651CDDBG PLBG0176GA-A 1.5 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651CHDBG PLBG0176GA-A 1.5 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651EDDLC PTLG0177KA-A 2 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651EHDLC PTLG0177KA-A 2 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651CDDLC PTLG0177KA-A 1.5 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651CHDLC PTLG0177KA-A 1.5 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651EDDLK PTLG0145KA-A 2 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651EHDLK PTLG0145KA-A 2 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651CDDLK PTLG0145KA-A 1.5 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651CHDLK PTLG0145KA-A 1.5 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F56519ADLK PTLG0145KA-A 1 M 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56519BDLK PTLG0145KA-A 1 M 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

R5F56519EDLK PTLG0145KA-A 1 M 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56519FDLK PTLG0145KA-A 1 M 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

R5F56517ADLK PTLG0145KA-A 768 K 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56517BDLK PTLG0145KA-A 768 K 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

R5F56517EDLK PTLG0145KA-A 768 K 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56517FDLK PTLG0145KA-A 768 K 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

R5F56514ADLK PTLG0145KA-A 512 K 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56514BDLK PTLG0145KA-A 512 K 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

R5F56514EDLK PTLG0145KA-A 512 K 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56514FDLK PTLG0145KA-A 512 K 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

Table 1.3 List of Products (6/8)

Group Part No. Package

Code 
Flash 
Memory 
Capacity 
(byte(s))

RAM 
Capacity 
(byte(s))

Data 
Flash 
Memory 
Capacity 
(byte(s))

Operating 
Frequency 
(Max.)

Encryption 
Module SDHI/SDSI Dual bank

Operating 
temperat
ure (°C)
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74 P83 EDACK1 MTIOC4C ET0_CRS/
RMII0_CRS_DV/
SCK10/SS10#/
CTS10#

LCD_DA
TA8-A

75 VCC

76 UB PC7 A23/CS0# MTIOC3A/
MTCLKB/
TMO2/PO31/
TOC0/
CACREF

ET0_COL/TXD8/
SMOSI8/SSDA8/
SMOSI10/
SSDA10/TXD10/
MISOA-A

MMC_D7-A LCD_DA
TA9-A

IRQ14

77 PC6 D2[A2/D2]/
A22/CS1#

MTIOC3C/
MTCLKA/
TMCI2/PO30/
TIC0

ET0_ETXD3/
RXD8/SMISO8/
SSCL8/
SMISO10/
SSCL10/RXD10/
MOSIA-A

MMC_D6-A LCD_DA
TA10-A

IRQ13

78 PC5 D3[A3/D3]/
A21/CS2#/
WAIT#

MTIOC3B/
MTCLKD/
TMRI2/PO29

ET0_ETXD2/
SCK8/SCK10/
RSPCKA-A

MMC_D5-A LCD_DA
TA11-A

79 P82 EDREQ1 MTIOC4A/
PO28

ET0_ETXD1/
RMII0_TXD1/
SMOSI10/
SSDA10/TXD10

MMC_D4-A LCD_DA
TA12-A

80 P81 EDACK0 MTIOC3D/
PO27

ET0_ETXD0/
RMII0_TXD0/
SMISO10/
SSCL10/RXD10

QIO3-A/SDHI_CD/
MMC_D3-A

LCD_DA
TA13-A

81 P80 EDREQ0 MTIOC3B/
PO26

ET0_TX_EN/
RMII0_TXD_EN/
SCK10/RTS10#

QIO2-A/SDHI_WP/
MMC_D2-A

LCD_DA
TA14-A

82 PC4 A20/CS3# MTIOC3D/
MTCLKC/
TMCI1/PO25/
POE0#

ET0_TX_CLK/
SCK5/CTS8#/
RTS8#/SS8#/
SS10#/CTS10#/
RTS10#/SSLA0-
A

QMI-A/QIO1-A/
SDHI_D1-A/
SDSI_D1-A/
MMC_D1-A

LCD_DA
TA15-A

83 PC3 A19 MTIOC4D/
TCLKB/PO24

ET0_TX_ER/
TXD5/SMOSI5/
SSDA5

QMO-A/QIO0-A/
SDHI_D0-A/
SDSI_D0-A/
MMC_D0-A

LCD_DA
TA16-A

84 P77 CS7# PO23 ET0_RX_ER/
RMII0_RX_ER/
SMOSI11/
SSDA11/TXD11

QSPCLK-A/
SDHI_CLK-A/
SDSI_CLK-A/
MMC_CLK-A

LCD_DA
TA17-A

85 P76 CS6# PO22 ET0_RX_CLK/
REF50CK0/
SMISO11/
SSCL11/RXD11

QSSL-A/
SDHI_CMD-A/
SDSI_CMD-A/
MMC_CMD-A

LCD_DA
TA18-A

86 PC2 A18 MTIOC4B/
TCLKA/PO21

ET0_RX_DV/
RXD5/SMISO5/
SSCL5/SSLA3-A

SDHI_D3-A/
SDSI_D3-A/
MMC_CD-A

LCD_DA
TA19-A

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

SDHI_D2-A/
SDSI_D2-A/
MMC_RES#-A

LCD_DA
TA20-A

88 P74 A20/CS4# PO19 ET0_ERXD1/
RMII0_RXD1/
SS11#/CTS11#

LCD_DA
TA21-A

89 PC1 A17 MTIOC3A/
TCLKD/PO18

ET0_ERXD2/
SCK5/SSLA2-A

LCD_DA
TA22-A

IRQ12

90 VCC

91 PC0 A16 MTIOC3C/
TCLKC/PO17

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

IRQ14

Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (4/8)
Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

GLCDC Interrupt
A/D
D/A

176-Pin 
LFQFP

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

(ETHERC, SCI, 
RSPI, RIIC, 
CAN, USB)

(QSPI, SDHI, SDSI, 
MMCIF, PDC)
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69 TRDATA6 P76 CS6# PO22 ET0_RX_CLK/
REF50CK0/
SMISO11/
SSCL11/RXD11

QSSL-A/
SDHI_CMD-A/
SDSI_CMD-A/
MMC_CMD-A

70 PC2 A18 MTIOC4B/
TCLKA/PO21

ET0_RX_DV/
RXD5/SMISO5/
SSCL5/SSLA3-A

SDHI_D3-A/
SDSI_D3-A/
MMC_CD-A

71 TRSYNC1 P75 CS5# PO20 ET0_ERXD0/
RMII0_RXD0/
SCK11/RTS11#

SDHI_D2-A/
SDSI_D2-A/
MMC_RES#-A

72 TRDATA5 P74 A20/CS4# PO19 ET0_ERXD1/
RMII0_RXD1/
SS11#/CTS11#

73 PC1 A17 MTIOC3A/
TCLKD/PO18

ET0_ERXD2/
SCK5/SSLA2-A

IRQ12

74 VCC

75 PC0 A16 MTIOC3C/
TCLKC/PO17

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

IRQ14

76 VSS

77 TRDATA4 P73 CS3# PO16 ET0_WOL

78 PB7 A15 MTIOC3B/
TIOCB5/PO31

ET0_CRS/
RMII0_CRS_DV/
TXD9/SMOSI9/
SSDA9/
SMOSI11/
SSDA11/TXD11

SDSI_D1-B

79 PB6 A14 MTIOC3D/
TIOCA5/PO30

ET0_ETXD1/
RMII0_TXD1/
RXD9/SMISO9/
SSCL9/
SMISO11/
SSCL11/RXD11

SDSI_D0-B

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

ET0_ETXD0/
RMII0_TXD0/
SCK9/SCK11

SDSI_CLK-B LCD_CL
K-B*1

81 PB4 A12 TIOCA4/PO28 ET0_TX_EN/
RMII0_TXD_EN/
CTS9#/RTS9#/
SS9#/SS11#/
CTS11#/RTS11#

SDSI_CMD-B LCD_TC
ON0-B*1

82 PB3 A11 MTIOC0A/
MTIOC4A/
TIOCD3/
TCLKD/TMO0/
PO27/POE11#

ET0_RX_ER/
RMII0_RX_ER/
SCK4/SCK6

SDSI_D3-B LCD_TC
ON1-B*1

83 PB2 A10 TIOCC3/
TCLKC/PO26

ET0_RX_CLK/
REF50CK0/
CTS4#/RTS4#/
SS4#/CTS6#/
RTS6#/SS6#

SDSI_D2-B LCD_TC
ON2-B*1

84 PB1 A9 MTIOC0C/
MTIOC4C/
TIOCB3/
TMCI0/PO25

ET0_ERXD0/
RMII0_RXD0/
TXD4/SMOSI4/
SSDA4/TXD6/
SMOSI6/SSDA6

LCD_TC
ON3-B*1

IRQ4-DS

85 P72 A19/CS2# ET0_MDC

86 P71 A18/CS1# ET0_MDIO

Table 1.8 List of Pin and Pin Functions (144-Pin LFQFP) (4/7)
Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

GLCDC Interrupt
A/D
D/A

144-Pin 
LFQFP

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

(ETHERC, SCI, 
RSPI, RIIC, 
CAN, USB)

(QSPI, SDHI, SDSI, 
MMCIF, PDC)
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110 PE1 D9[A9/D9]/
D1[A1/D1]*1

MTIOC4C/
MTIOC3B/
PO18

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

MMC_D5-B LCD_DA
TA15-B*1

ANEX1

111 PE0 D8[A8/D8]/
D0[A0/D0]*1

MTIOC3D SCK12/SSLB1-B MMC_D4-B LCD_DA
TA16-B*1

ANEX0

112 P64 WE#/D3[A3/
D3]*1/CS4#

113 P63 CAS#/
D2[A2/D2]*1/
CS3#

114 P62 RAS#/
D1[A1/D1]*1/
CS2#

115 P61 SDCS#/
D0[A0/D0]*1/
CS1#

116 VSS

117 P60 CS0#

118 VCC

119 PD7 D7[A7/D7] MTIC5U/
POE0#

SSLC3-A QMI-B/QIO1-B/
SDHI_D1-B/
MMC_D1-B

LCD_DA
TA17-B*1

IRQ7 AN107

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

SSLC2-A QMO-B/QIO0-B/
SDHI_D0-B/
MMC_D0-B

LCD_DA
TA18-B*1

IRQ6 AN106

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

SSLC1-A QSPCLK-B/
SDHI_CLK-B/
MMC_CLK-B

LCD_DA
TA19-B*1

IRQ5 AN113

122 PD4 D4[A4/D4] MTIOC8B/
POE11#

SSLC0-A QSSL-B/
SDHI_CMD-B/
MMC_CMD-B

LCD_DA
TA20-B*1

IRQ4 AN112

123 PD3 D3[A3/D3] MTIOC8D/
TOC2/POE8#

RSPCKC-A QIO3-B/SDHI_D3-
B/MMC_D3-B

LCD_DA
TA21-B*1

IRQ3 AN111

124 PD2 D2[A2/D2] MTIOC4D/TIC2 MISOC-A/CRX0 QIO2-B/SDHI_D2-
B/MMC_D2-B

LCD_DA
TA22-B*1

IRQ2 AN110

125 PD1 D1[A1/D1] MTIOC4B/
POE0#

MOSIC-A/CTX0 LCD_DA
TA23-B*1

IRQ1 AN109

126 PD0 D0[A0/D0] POE4# LCD_EX
TCLK-B
*1

IRQ0 AN108

127 P93 A19 POE0# CTS7#/RTS7#/
SS7#

AN117

128 P92 A18 POE4# RXD7/SMISO7/
SSCL7

AN116

129 P91 A17 SCK7 AN115

130 VSS

131 P90 A16 TXD7/SMOSI7/
SSDA7

AN114

132 VCC

133 P47 IRQ15-
DS

AN007

134 P46 IRQ14-
DS

AN006

135 P45 IRQ13-
DS

AN005

Table 1.8 List of Pin and Pin Functions (144-Pin LFQFP) (6/7)
Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

GLCDC Interrupt
A/D
D/A

144-Pin 
LFQFP

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

(ETHERC, SCI, 
RSPI, RIIC, 
CAN, USB)

(QSPI, SDHI, SDSI, 
MMCIF, PDC)
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26 P22 EDREQ0 MTIOC3B/
MTCLKC/
TIOCC3/
TMO0/PO2

SCK0/
USB0_OVRCUR
B

27 P21 MTIOC1B/
MTIOC4A/
TIOCA3/
TMCI0/PO1

RXD0/SMISO0/
SSCL0/SCL1*1/
USB0_EXICEN

IRQ9

28 P20 MTIOC1A/
TIOCB3/
TMRI0/PO0

TXD0/SMOSI0/
SSDA0/SDA1*1/
USB0_ID

IRQ8

29 P17 MTIOC3A/
MTIOC3B/
MTIOC4B/
TIOCB0/
TCLKD/TMO1/
PO15/POE8#

SCK1/TXD3/
SMOSI3/SSDA3/
SDA2-DS

IRQ7 ADTRG1
#

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

TXD1/SMOSI1/
SSDA1/RXD3/
SMISO3/SSCL3/
SCL2-DS/
USB0_VBUSEN/
USB0_VBUS/
USB0_OVRCUR
B

IRQ6 ADTRG0
#

31 P15 MTIOC0B/
MTCLKB/
TIOCB2/
TCLKB/TMCI2/
PO13

RXD1/SMISO1/
SSCL1/SCK3/
CRX1-DS

IRQ5

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

CTS1#/RTS1#/
SS1#/CTX1/
USB0_OVRCUR
A

IRQ4

33 P13 MTIOC0B/
TIOCA5/TMO3/
PO13

TXD2/SMOSI2/
SSDA2/
SDA0[FM+]

IRQ3 ADTRG1
#

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

IRQ2

35 VCC_USB

36 USB0_DM

37 USB0_DP

38 VSS_USB

39 P55 D0[A0/D0]*1/
WAIT#/
EDREQ0

MTIOC4D/
TMO3

ET0_EXOUT/
CRX1

IRQ10

40 P54 ALE/D1[A1/
D1]*1/
EDACK0

MTIOC4B/
TMCI1

ET0_LINKSTA/
CTS2#/RTS2#/
SS2#/CTX1

41 P53*2 BCLK

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

43 P51 WR1#/
BC1#/
WAIT#

SCK2/SSLB2-A

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

Table 1.10 List of Pin and Pin Functions (100-Pin LFQFP) (2/5)
Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

GLCDC Interrupt
A/D
D/A

100-Pin 
LFQFP

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

(ETHERC, SCI, 
RSPI, RIIC, 
CAN, USB)

(QSPI, SDHI, SDSI, 
MMCIF, PDC)
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2. CPU
Figure 2.1 shows register set of the CPU.

Figure 2.1 Register Set of the CPU

Note 1. The stack pointer (SP) can be the interrupt stack pointer (ISP) or user stack pointer (USP), according to 
the value of the U bit in the PSW.

R15
R14
R13
R12
R11
R10
R9
R8
R7
R6
R5
R4
R3
R2
R1
R0  (SP)*1

General-purpose register
b31 b0

DSP instruction register

b71 b0

ACC0 (Accumulator 0)

ACC1 (Accumulator 1)

USP (User stack pointer)
ISP (Interrupt stack pointer)

INTB (Interrupt table register)

PC (Program counter)

PSW (Processor status word)

BPC (Backup PC)

BPSW (Backup PSW)

FINTV (Fast interrupt vector register)

FPSW (Floating-point status word)

Control register
b31 b0

 EXTB (Exception table register)
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Figure 3.1 Memory Map in Each Operating Mode

On-chip expansion RAM*5

Reserved area*2

On-chip ROM
 (data flash memory)*5

On-chip ROM
 (data flash memory)*5

On-chip expansion RAM*5On-chip expansion RAM*5

Reserved area*2

FACI command issuing area
Reserved area*2

Reserved area*2

Peripheral I/O registers

On-chip RAM*5

0004 0000h Reserved area*2

Peripheral I/O registers Peripheral I/O registers

Reserved area*2

Reserved area*2

Peripheral I/O registers

Reserved area*2

Reserved area*2

Peripheral I/O registers

Reserved area*2

On-chip RAM*5

0004 0000h Reserved area*2

On-chip ROM
(code flash memory)*3, *4, *5

External address space
(CS area)

0000 0000h

0008 0000h

FFFF FFFFh

On-chip RAM*5

On-chip ROM
(code flash memory) *3, *4, *5

0010 0000h

FFE0 0000h

0000 0000h

0008 0000h

0010 0000h

0800 0000h

1000 0000h

External address space
(SDRAM area)

FFFF FFFFh

FFE0 0000h

On-chip ROM (option-setting memory)*3

Reserved area*2

On-chip ROM (read only)*3

Reserved area*2

007F C000h
0080 0000h

007F C000h
0080 0000h

Standby RAM000A 4000h
Peripheral I/O registers000A 6000h

Standby RAM000A 4000h
Peripheral I/O registers000A 6000h

0004 0000h Reserved area*2

On-chip ROM (option-setting memory)*3

Reserved area*2

On-chip ROM (read only)*3

Reserved area*2

FACI command issuing area

FE7F 5D00h
FE7F 5D80h

FE7F 7D70h
FE7F 7DA0h

FE7F 5D00h
FE7F 5D80h

FE7F 7D70h
FE7F 7DA0h

0100 0000h

007F 0004h

007E 0000h

Reserved area*2

External address space
(CS area)

External address space
(CS area)

Single-chip mode*1 On-chip ROM enabled 
extended mode

0000 0000h

0008 0000h

FFFF FFFFh

On-chip ROM disabled 
extended mode

0010 0000h

0100 0000h

0800 0000h

FF00 0000h

External address space
(SDRAM area)

1000 0000h

Standby RAM000A 4000h
Peripheral I/O registers000A 6000h

007F 0004h

007E 0000h

0086 0000h 0086 0000h

0010 8000h 0010 8000h

0080 0000h

0086 0000h

Note 1. The address space in boot mode is the same as the address space in single-chip mode.
Note 2. Reserved areas should not be accessed.
Note 3. The access cycle is 1 cycle, 2 cycles, and 3 cycles while the ROMWT[1:0] bits are 00b, 01b, and 10b respectively.
Note 4. The on-chip ROM (code flash memory) can be used in linear mode, where the user area forms a single area, or in dual mode, 

where the user area is divided into two banks. For details, refer to section 59.2, Structure of Memory in section 59, Flash 
Memory in the User’s Manual: Hardware.

Note 5. The capacities of the code flash memory, data flash memory, and RAM differ depending on the products.

Code Flash Memory Data Flash Memory RAM

Capacity

Address

Capacity Address Capacity Address
Linear mode

Dual mode 
(BANKSEL.BANKSWP[2:0] 
= 111b)

2 Mbytes FFE0 0000h to 
FFFF FFFFh

bank 1: 
FFE0 0000h to FFEF FFFFh

32 Kbytes 0010 0000h to 
0010 7FFFh

640 Kbytes 0000 0000h to 
0003 FFFFh

bank 0: 
FFF0 0000h to FFFF FFFFh

0080 0000h to 
0085 FFFFh

1.5 Mbytes FFE8 0000h to 
FFFF FFFFh

bank 1: 
FFE4 0000h to FFEF FFFFh

32 Kbytes 0010 0000h to 
0010 7FFFh

640 Kbytes 0000 0000h to 
0003 FFFFh

bank 0: 
FFF4 0000h to FFFF FFFFh

0080 0000h to 
0085 FFFFh

1 Mbyte FFF0 0000h to 
FFFF FFFFh

— — — 256 Kbytes 0000 0000h to 
0003 FFFFh

768 Kbytes FFF4 0000h to 
FFFF FFFFh

— — — 256 Kbytes 0000 0000h to 
0003 FFFFh

512 Kbytes FFF8 0000h to 
FFFF FFFFh

— — — 256 Kbytes 0000 0000h to 
0003 FFFFh
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000C 1405h MTU2 Timer Status Register TSR 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1406h MTU2 Timer Counter TCNT 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1408h MTU2 Timer General Register A TGRA 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 140Ah MTU2 Timer General Register B TGRB 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 140Ch MTU2 Timer Control Register 2 TCR2 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1600h MTU8 Timer Control Register TCR 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1601h MTU8 Timer Mode Register 1 TMDR1 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1602h MTU8 Timer I/O Control Register H TIORH 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1603h MTU8 Timer I/O Control Register L TIORL 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1604h MTU8 Timer Interrupt Enable Register TIER 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1606h MTU8 Timer Control Register 2 TCR2 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1608h MTU8 Timer Counter TCNT 32 32 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 160Ch MTU8 Timer General Register A TGRA 32 32 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1610h MTU8 Timer General Register B TGRB 32 32 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1614h MTU8 Timer General Register C TGRC 32 32 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1618h MTU8 Timer General Register D TGRD 32 32 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A00h MTU6 Timer Control Register TCR 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A01h MTU7 Timer Control Register TCR 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A02h MTU6 Timer Mode Register 1 TMDR1 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A03h MTU7 Timer Mode Register 1 TMDR1 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A04h MTU6 Timer I/O Control Register H TIORH 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A05h MTU6 Timer I/O Control Register L TIORL 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A06h MTU7 Timer I/O Control Register H TIORH 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A07h MTU7 Timer I/O Control Register L TIORL 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A08h MTU6 Timer Interrupt Enable Register TIER 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A09h MTU7 Timer Interrupt Enable Register TIER 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A0Ah MTU Timer Output Master Enable Register B TOERB 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A0Eh MTU Timer Output Control Register 1B TOCR1B 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A0Fh MTU Timer Output Control Register 2B TOCR2B 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A10h MTU6 Timer Counter TCNT 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A12h MTU7 Timer Counter TCNT 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A14h MTU Timer Cycle Data Register B TCDRB 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A16h MTU Timer Dead Time Data Register B TDDRB 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A18h MTU6 Timer General Register A TGRA 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A1Ah MTU6 Timer General Register B TGRB 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A1Ch MTU7 Timer General Register A TGRA 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A1Eh MTU7 Timer General Register B TGRB 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A20h MTU Timer Subcounter B TCNTSB 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A22h MTU Timer Cycle Buffer Register B TCBRB 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A24h MTU6 Timer General Register C TGRC 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A26h MTU6 Timer General Register D TGRD 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A28h MTU7 Timer General Register C TGRC 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A2Ah MTU7 Timer General Register D TGRD 16 16 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A2Ch MTU6 Timer Status Register TSR 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A2Dh MTU7 Timer Status Register TSR 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A30h MTU Timer Interrupt Skipping Set Register 1B TITCR1B 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A31h MTU Timer Interrupt Skipping Counter 1B TITCNT1B 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A32h MTU Timer Buffer Transfer Set Register B TBTERB 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A34h MTU Timer Dead Time Enable Register B TDERB 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

000C 1A36h MTU Timer Output Level Buffer Register B TOLBRB 8 8 4, 5 PCLKA 1, 2 ICLK MTU3a

Table 4.1 List of I/O Registers (Address Order) (53 / 61)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access Cycles
Related 
FunctionICLK ≥ PCLK ICLK < PCLK
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000E 0400h 
to 
000E 07FCh

GLCDC Graphic 1 Color Look-up Table 1[0 to 255] GR1CLUT1[0 
to 255]

32 32 5, 6 PCLKA*7 1, 2 ICLK*7 GLCDC

000E 0800h 
to 
000E 0BFCh

GLCDC Graphic 2 Color Look-up Table 0[0 to 255] GR2CLUT0[0 
to 255]

32 32 5, 6 PCLKA*7 1, 2 ICLK*7 GLCDC

000E 0C00h 
to 
000E 0FFCh

GLCDC Graphic 2 Color Look-up Table 1[0 to 255] GR2CLUT1[0 
to 255]

32 32 5, 6 PCLKA*7 1, 2 ICLK*7 GLCDC

000E 1000h GLCDC Background Generating Block Operation Control 
Register

BGEN 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1004h GLCDC Free-Running Period Register BGPERI 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1008h GLCDC Synchronization Position Register BGSYNC 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 100Ch GLCDC Vertical Size Register BGVSIZE 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1010h GLCDC Horizontal Size Register BGHSIZE 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1014h GLCDC Background Color Register BGCOLOR 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1018h GLCDC Background Generating Block Status Monitor Register BGMON 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1100h GLCDC Graphic 1 Register Update Control Register GR1VEN 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1104h GLCDC Graphic 1 Frame Buffer Read Control Register GR1FLMRD 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 110Ch GLCDC Graphic 1 Frame Buffer Control Register 2 GR1FLM2 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1110h GLCDC Graphic 1 Frame Buffer Control Register 3 GR1FLM3 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1118h GLCDC Graphic 1 Frame Buffer Control Register 5 GR1FLM5 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 111Ch GLCDC Graphic 1 Frame Buffer Control Register 6 GR1FLM6 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1120h GLCDC Graphic 1 Alpha Blending Control Register 1 GR1AB1 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1124h GLCDC Graphic 1 Alpha Blending Control Register 2 GR1AB2 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1128h GLCDC Graphic 1 Alpha Blending Control Register 3 GR1AB3 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 112Ch GLCDC Graphic 1 Alpha Blending Control Register 4 GR1AB4 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1130h GLCDC Graphic 1 Alpha Blending Control Register 5 GR1AB5 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1134h GLCDC Graphic 1 Alpha Blending Control Register 6 GR1AB6 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1138h GLCDC Graphic 1 Alpha Blending Control Register 7 GR1AB7 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 113Ch GLCDC Graphic 1 Alpha Blending Control Register 8 GR1AB8 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1140h GLCDC Graphic 1 Alpha Blending Control Register 9 GR1AB9 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 114Ch GLCDC Graphic 1 Background Color Control Register GR1BASE 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1150h GLCDC Graphic 1 CLUT/Interrupt Control Register GR1CLUTINT 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1154h GLCDC Graphic 1 Status Monitor Register GR1MON 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1200h GLCDC Graphic 2 Register Update Control Register GR2VEN 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1204h GLCDC Graphic 2 Frame Buffer Read Control Register GR2FLMRD 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 120Ch GLCDC Graphic 2 Frame Buffer Control Register 2 GR2FLM2 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1210h GLCDC Graphic 2 Frame Buffer Control Register 3 GR2FLM3 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1218h GLCDC Graphic 2 Frame Buffer Control Register 5 GR2FLM5 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 121Ch GLCDC Graphic 2 Frame Buffer Control Register 6 GR2FLM6 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1220h GLCDC Graphic 2 Alpha Blending Control Register 1 GR2AB1 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1224h GLCDC Graphic 2 Alpha Blending Control Register 2 GR2AB2 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1228h GLCDC Graphic 2 Alpha Blending Control Register 3 GR2AB3 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 122Ch GLCDC Graphic 2 Alpha Blending Control Register 4 GR2AB4 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1230h GLCDC Graphic 2 Alpha Blending Control Register 5 GR2AB5 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1234h GLCDC Graphic 2 Alpha Blending Control Register 6 GR2AB6 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1238h GLCDC Graphic 2 Alpha Blending Control Register 7 GR2AB7 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 123Ch GLCDC Graphic 2 Alpha Blending Control Register 8 GR2AB8 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1240h GLCDC Graphic 2 Alpha Blending Control Register 9 GR2AB9 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 124Ch GLCDC Graphic 2 Background Color Control Register GR2BASE 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1250h GLCDC Graphic 2 CLUT/Interrupt Control Register GR2CLUTINT 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

000E 1254h GLCDC Graphic 2 Status Monitor Register GR2MON 32 32 2, 3 PCLKA 1, 2 ICLK GLCDC

Table 4.1 List of I/O Registers (Address Order) (58 / 61)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access Cycles
Related 
FunctionICLK ≥ PCLK ICLK < PCLK
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ICC Max. = 0.44 × f + 20 (max. operation in high-speed operating mode)
ICC Typ. = 0.18 × f + 4 (ICLK 1 MHz max) (normal operation in high-speed operating mode)
ICC Typ. = 0.4 × f + 1.2 (low-speed operating mode 1)
ICC Max. = 0.27 × f + 20 (sleep mode)

Note 4. Whether supply of the clock signal to peripheral modules continues or is stopped only depends on the state determined by the 
settings of the bits in module stop control registers A to D.
The setting for the peripheral module clock stopped state is FCLK = BCLK = PCLKA = PCLKB = PCLKC = PCLKD = BCLK pin 
= 3.75 MHz (division by 64).

Note 5. The low power consumption function is disabled and DEEPCUT[1:0] = 01b.
Note 6. The low power consumption function is enabled and DEEPCUT[1:0] = 11b.
Note 7. These are the increases during programming of the code flash memory after the code flash memory (limitations apply to the combinations 

of address ranges of the program area and the readable area) or the data flash memory has been programmed or erased.
Note 8. Reference value

Note 1. The reference power supply current is included in the power supply current value for 12-bit A/D conversion (unit 1) and D/A 
conversion.

Note 2. This applies when VBATT is used.

Table 5.7 DC Characteristics (4)
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = 2.7 to 3.6 V, 2.7 V ≤ VREFH0 ≤ AVCC0, 

VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = 0 V, 
Ta = Topr

Item Symbol
D version G version

Unit Test Conditions
Min. Typ. Max. Min. Typ. Max.

Analog 
power 
supply 
current*1

During 12-bit A/D conversion (unit 0) AICC — 0.8 1 — 0.8 1 mA IAVCC0_AD

During 12-bit A/D conversion (unit 
0) with the channel-dedicated 
sample-and-hold circuits for 3 
channels operating

— 1.7 2.5 — 1.7 2.5 mA IAVCC0_AD+SH

During 12-bit A/D conversion (unit 1) — 0.6 1 — 0.6 1 mA IAVCC1_AD

During 12-bit A/D conversion (unit 
1) with the temperature sensor 
operating

— 0.7 1.1 — 0.7 1.1 mA IAVCC1_AD+TEMP

During D/A 
conversion 
(per unit)

Unbuffered output — 0.25 0.4 — 0.25 0.4 mA IAVCC1_DA

Buffered output — 0.57 0.8 — 0.57 0.8 mA

Waiting for A/D, D/A, or 
temperature sensor conversion (all 
units)

— 0.9 1.4 — 0.9 1.4 mA IAVCC0 + IAVCC1

A/D, D/A converter, temperature 
sensor in standby mode (all units)

— 1.4 6.7 — 1.4 9.0 μA IAVCC0 + IAVCC1

Reference 
power 
supply 
current

During 12-bit A/D conversion (unit 0) AIREFH — 38 60 — 38 60 μA IVREFH0

Waiting for 12-bit A/D conversion 
(unit 0)

— 0.07 0.5 — 0.07 0.6 μA IVREFH0

12-bit A/D converter in standby 
mode (unit 0)

— 0.07 0.4 — 0.07 0.5 μA IVREFH0

USB 
operating 
current

Low speed USB0 ICCUSBLS — 3.7 6.5 — 3.7 6.5 mA VCC_USB

Full speed USB0 ICCUSBFS — 4.2 10 — 4.2 10 mA VCC_USB

RAM hold voltage VRAM 2.7 — — 2.7 — — V

VCC rising gradient SrVCC 8.4 — 20000 8.4 — 20000 μs/V

VCC falling gradient*2 SfVCC 8.4 — — 8.4 — — μs/V
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5.3.5 Bus Timing

Table 5.24 Bus Timing
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 V ≤ VREFH0 ≤ AVCC0, 

VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = 0 V, 
ICLK = PCLKA = 8 to 120 MHz, PCLKB = BCLK = SDCLK = 8 to 60 MHz, 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. Max. Unit Test Conditions

Address delay time tAD — 12.5 ns Figure 5.16 to 
Figure 5.21Byte control delay time tBCD — 12.5 ns

CS# delay time tCSD — 12.5 ns

ALE delay time tALED — 12.5 ns

RD# delay time tRSD — 12.5 ns

Read data setup time tRDS 12.5 — ns

Read data hold time tRDH 0 — ns

WR# delay time tWRD — 12.5 ns

Write data delay time tWDD — 12.5 ns

Write data hold time tWDH 0 — ns

WAIT# setup time tWTS 12.5 — ns Figure 5.22

WAIT# hold time tWTH 0 — ns

Address delay time 2 (SDRAM) tAD2 1 12.5 ns Figure 5.23

CS# delay time 2 (SDRAM) tCSD2 1 12.5 ns

DQM delay time (SDRAM) tDQMD 1 12.5 ns

CKE delay time (SDRAM) tCKED 1 12.5 ns

Read data setup time 2 (SDRAM) tRDS2 10 — ns

Read data hold time 2 (SDRAM) tRDH2 0 — ns

Write data delay time 2 (SDRAM) tWDD2 — 12.5 ns

Write data hold time 2 (SDRAM) tWDH2 1 — ns

WE# delay time (SDRAM) tWED 1 12.5 ns

RAS# delay time (SDRAM) tRASD 1 12.5 ns

CAS# delay time (SDRAM) tCASD 1 12.5 ns
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Figure 5.16 Address/Data Multiplexed Bus Read Access Timing

Figure 5.17 Address/Data Multiplexed Bus Write Access Timing

Address bus/
data bus

Data read 
(RD#)

tAD

BCLK

Address bus

Address latch
(ALE)

Chip select
(CS1#)

tALED

TW1 TW2 Tn1

tAD tAD
tRDS

Tn2

tRSD tRSD

TW3 TW4 TW5 Tend

Ta1 Ta1 Tan

Address cycle Data cycle

tRDH

tALED

tCSD
tCSD

Address bus/
data bus

Data write 
(WRm#)

tAD

BCLK

Address bus

Address latch
(ALE)

Chip select
(CS1#)

tALED

TW1 TW2 Tn1

tAD tAD

Tn2

tWRD tWRD

TW3 TW4 TW5 Tend
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Figure 5.24 SDRAM Space Single Write Bus Timing

tAD2

SDCLK pin
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SDCS#
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Note 1. Address pins for output of the precharge-setting command (Precharge-sel) for SDRAM.
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Note 1. tPBcyc: PCLKB cycle

Figure 5.41 A/D Converter Trigger Input Timing

Note 1. tPBcyc: PCLKB cycle
Note 2. tcac: CAC count clock source cycle

Table 5.32 A/D Converter Trigger Timing
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 V ≤ VREFH0 ≤ AVCC0, 

VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = 0 V, 
PCLKA = 8 to 120 MHz, PCLKB = 8 to 60 MHz, 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. Max. Unit*1 Test 
Conditions

A/D 
converter

A/D converter trigger input pulse width tTRGW 1.5 — tPBcyc Figure 5.41

Table 5.33 CAC Timing
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 V ≤ VREFH0 ≤ AVCC0, 

VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = 0 V, 
PCLKA = 8 to 120 MHz, PCLKB = 8 to 60 MHz, 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*1, *2 Symbol Min.*1 Max. Unit*1 Test 
Conditions

CAC CACREF input pulse width tPBcyc ≤ tcac tCACREF 4.5 tcac + 
3 tPBcyc

— ns

tPBcyc > tcac 5 tcac + 
6.5 tPBcyc

—

ADTRG0#,
ADTRG1#

PCLKB

tTRGW
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5.6 D/A Conversion Characteristics

5.7 Temperature Sensor Characteristics

Note 1. Set the S12AD1.ADSSTRT register such that the sampling time of the 12-bit A/D converter satisfies this specification.

Table 5.49 D/A Conversion Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 V ≤ VREFH0 ≤ AVCC0, 

VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = 0 V, 
Ta = Topr

Item Symbol Min. Typ. Max. Unit Test Conditions

Resolution — 12 12 12 Bit

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

Differential nonlinearity error DNL — ±1.0 ±2.0 LSB 2-MΩ resistive load

Output resistance RO — 8.6 — kΩ

Setting time tS — — 3 μs 20-pF capacitive load

Buffered output Load resistance RL 5 — — kΩ

Load capacitance CL — — 50 pF

Output voltage VO 0.2 — AVCC1 – 
0.2

V

Differential nonlinearity error DNL — ±1.0 ±2.0 LSB

Integral nonlinearity error INL — ±2.0 ±4.0 LSB

Setting time tS — — 4 μs

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

VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = 0 V, 
Ta = Topr

Item Min. Typ. Max. Unit Test Conditions

Relative accuracy ― ±1 ― °C

Temperature slope ― 4 ― mV/°C

Output voltage (at 25°C) ― 1.21 ― V

Temperature sensor start time ― ― 30 μs

Sampling time*1 4.15 ― ― μs
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Figure 5.82 Flash Memory Programming/Erasure Suspension Timing
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Figure C 176-Pin LFQFP (PLQP0176KB-A)

NOTE)

 1. DIMENSIONS "*1" AND "*2"

  DO NOT INCLUDE MOLD FLASH.

 2. DIMENSION "*3" DOES NOT

  INCLUDE TRIM OFFSET.
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Figure F 100-Pin TFLGA (PTLG0100JA-A)
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