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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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Low power 
consumption

Low power consumption 
function

• Module stop function
• Four low power consumption modes

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

Battery backup function • When the voltage on the VCC pin drops, battery power from the VBATT pin is supplied 
to keep the real-time clock (RTC) operating.

Interrupt Interrupt controller
(ICUB)

• Peripheral function interrupts: 259 sources
• External interrupts: 16 (pins IRQ0 to IRQ15)
• Software interrupts: 2 sources
• Non-maskable interrupts: 7 sources
• Sixteen levels specifiable for the order of priority
• Method of interrupt source selection: 

The interrupt vectors consist of 256 vectors (128 sources are fixed. The remaining 128 
vectors are selected from among the other 120 sources.)

External bus extension • The external address space can be divided into eight areas (CS0 to CS7), each with 
independent control of access settings.
Capacity of each area: 16 Mbytes (CS0 to CS7)
A chip-select signal (CS0# to CS7#) can be output for each area.
Each area is specifiable as an 8-, 16-, or 32-bit bus space.
The data arrangement in each area is selectable as little or big endian (only for data).

• SDRAM interface connectable
• Bus format: Separate bus, multiplex bus
• Wait control
• Write buffer facility

DMA DMA controller
(DMACAa)

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

peripheral functions
EXDMA controller 
(EXDMACa)

• 2 channels
Four transfer modes: Normal transfer, repeat transfer, block transfer, and cluster 
transfer

• Single-address transfer enabled with the EDACKn signal
• Request sources: Software trigger, external DMA requests (EDREQn), and interrupt 

requests from peripheral functions
Data transfer controller 
(DTCb)

• Three transfer modes: Normal transfer, repeat transfer, and block transfer
• Request sources: External interrupts and interrupt requests from peripheral functions
• Sequence transfer

I/O ports Programmable I/O ports • I/O ports for the 177-pin TFLGA, 176-pin LFBGA, and 176-pin LFQFP
I/O pins: 136
Input pin: 1
Pull-up resistors: 136
Open-drain outputs: 136
5-V tolerance: 19

• I/O ports for the 145-pin TFLGA and 144-pin LFQFP
I/O pins: 111
Input pin: 1
Pull-up resistors: 111
Open-drain outputs: 111
5-V tolerance: 18

• I/O ports for the 100-pin TFLGA and 100-pin LFQFP
I/O pins: 78
Input pin: 1
Pull-up resistors: 78
Open-drain outputs: 78
5-V tolerance: 17

Table 1.1 Outline of Specifications (3/9)
Classification Module/Function Description



RX65N Group, RX651 Group 1. Overview

R01DS0276EJ0210 Rev.2.10 Page 17 of 232
Oct 02, 2017

RX651
(D ver-
sion)

R5F5651EDDFC PLQP0176KB-A 2 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651EHDFC PLQP0176KB-A 2 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651CDDFC PLQP0176KB-A 1.5 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651CHDFC PLQP0176KB-A 1.5 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651EDDFB PLQP0144KA-B 2 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651EHDFB PLQP0144KA-B 2 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651CDDFB PLQP0144KA-B 1.5 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651CHDFB PLQP0144KA-B 1.5 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F56519ADFB PLQP0144KA-B 1 M 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56519BDFB PLQP0144KA-B 1 M 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

R5F56519EDFB PLQP0144KA-B 1 M 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56519FDFB PLQP0144KA-B 1 M 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

R5F56517ADFB PLQP0144KA-B 768 K 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56517BDFB PLQP0144KA-B 768 K 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

R5F56517EDFB PLQP0144KA-B 768 K 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56517FDFB PLQP0144KA-B 768 K 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

R5F56514ADFB PLQP0144KA-B 512 K 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56514BDFB PLQP0144KA-B 512 K 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

R5F56514EDFB PLQP0144KA-B 512 K 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56514FDFB PLQP0144KA-B 512 K 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

R5F5651EDDFP PLQP0100KB-B 2 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651EHDFP PLQP0100KB-B 2 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F5651CDDFP PLQP0100KB-B 1.5 M 640 K 32 K 120 MHz Not avail-
able

Available Available –40 to +85

R5F5651CHDFP PLQP0100KB-B 1.5 M 640 K 32 K 120 MHz Available Available Available –40 to +85

R5F56519ADFP PLQP0100KB-B 1 M 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56519BDFP PLQP0100KB-B 1 M 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

R5F56519EDFP PLQP0100KB-B 1 M 256 K Not 
included

120 MHz Available Not 
available

Not 
available

–40 to +85

R5F56519FDFP PLQP0100KB-B 1 M 256 K Not 
included

120 MHz Available Available Not 
available

–40 to +85

R5F56517ADFP PLQP0100KB-B 768 K 256 K Not 
included

120 MHz Not 
available

Not 
available

Not 
available

–40 to +85

R5F56517BDFP PLQP0100KB-B 768 K 256 K Not 
included

120 MHz Not 
available

Available Not 
available

–40 to +85

Table 1.3 List of Products (5/8)

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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Figure 1.9 Pin Assignment (100-Pin LFQFP)
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Note: This figure indicates the power supply pins and I/O port pins. For the pin configuration, 
see Table 1.10, List of Pin and Pin Functions (100-Pin LFQFP).

RX65N Group, RX651 Group
PLQP0100KB-B
(100-pin LFQFP)

(Top view)
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109 PA4 A4 MTIC5U/
MTCLKA/
TIOCA1/
TMRI0/PO20

ET0_MDC/TXD5/
SMOSI5/SSDA5/
SSLA0-B

LCD_DA
TA4-B

IRQ5-DS

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

ET0_MDIO/
RXD5/SMISO5/
SSCL5

LCD_DA
TA5-B

IRQ6-DS

111 TRDATA3 PG7 D31

112 PA2 A2 MTIOC7A/
PO18

RXD5/SMISO5/
SSCL5/SSLA3-B

LCD_DA
TA6-B

113 TRDATA2 PG6 D30

114 PA1 DQM3/A1 MTIOC0B/
MTCLKC/
MTIOC7B/
TIOCB0/PO17

ET0_WOL/
SCK5/SSLA2-B

LCD_DA
TA7-B

IRQ11

115 VCC

116 TRCLK PG5 D29

117 VSS

118 PA0 DQM2/
BC0#/A0

MTIOC4A/
MTIOC6D/
TIOCA0/PO16/
CACREF

ET0_TX_EN/
RMII0_TXD_EN/
SSLA1-B

LCD_DA
TA8-B

119 TRSYNC PG4 D28

120 P67 DQM1/CS7# MTIOC7C IRQ15

121 TRDATA1 PG3 D27

122 P66 DQM0/CS6# MTIOC7D

123 TRDATA0 PG2 D26

124 P65 CKE/CS5#

125 PE7 D15[A15/
D15]/D7[A7/
D7]

MTIOC6A/
TOC1

MISOB-B SDHI_WP/
MMC_RES#-B

LCD_DA
TA9-B

IRQ7 AN105

126 PE6 D14[A14/
D14]/D6[A6/
D6]

MTIOC6C/TIC1 MOSIB-B SDHI_CD/
MMC_CD-B

LCD_DA
TA10-B

IRQ6 AN104

127 VCC

128 P70 SDCLK

129 VSS

130 PE5 D13[A13/
D13]/D5[A5/
D5]

MTIOC4C/
MTIOC2B

ET0_RX_CLK/
REF50CK0/
RSPCKB-B

LCD_DA
TA11-B

IRQ5 AN103

131 PE4 D12[A12/
D12]/D4[A4/
D4]

MTIOC4D/
MTIOC1A/
PO28

ET0_ERXD2/
SSLB0-B

LCD_DA
TA12-B

AN102

132 PE3 D11[A11/
D11]/D3[A3/
D3]

MTIOC4B/
PO26/TOC3/
POE8#

ET0_ERXD3/
CTS12#/
RTS12#/SS12#

MMC_D7-B LCD_DA
TA13-B

AN101

133 PE2 D10[A10/
D10]/D2[A2/
D2]

MTIOC4A/
PO23/TIC3

RXD12/
SMISO12/
SSCL12/
RXDX12/SSLB3-
B

MMC_D6-B LCD_DA
TA14-B

IRQ7-DS AN100

Table 1.6 List of Pin and Pin Functions (176-Pin LFQFP) (6/8)
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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Note 1. These pins are only enabled for products with 2 or 1.5 Mbytes of code flash memory.
Note 2. P53 is multiplexed with the BCLK pin function, so cannot be used as an I/O port pin when the external bus is enabled.

N7 TRDATA3 P55 D0[A0/D0]*1/
WAIT#/
EDREQ0

MTIOC4D/
TMO3

ET0_EXOUT/
TXD7*1/
SMOSI7*1/
SSDA7*1/CRX1

IRQ10

N8 VSS

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

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

MMC_D7-A IRQ14

N10 TRSYNC P82 EDREQ1 MTIOC4A/
PO28

ET0_ETXD1/
RMII0_TXD1/
SMOSI10/
SSDA10/TXD10

MMC_D4-A

N11 PC3 A19 MTIOC4D/
TCLKB/PO24

ET0_TX_ER/
TXD5/SMOSI5/
SSDA5

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

N12 TRSYNC1 P75 CS5# PO20 ET0_ERXD0/
RMII0_RXD0/
SCK11/RTS11#

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

N13 TRDATA5 P74 A20/CS4# PO19 ET0_ERXD1/
RMII0_RXD1/
SS11#/CTS11#

Table 1.7 List of Pin and Pin Functions (145-Pin TFLGA) (7/7)
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

145-Pin
TFLGA

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

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

(QSPI, SDHI, SDSI, 
MMCIF, PDC)
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49 VSS_USB

50 P56 EDACK1 MTIOC3C/
TIOCA1

SCK7*1

51 TRDATA3 P55 D0[A0/D0]*1/
WAIT#/
EDREQ0

MTIOC4D/
TMO3

ET0_EXOUT/
TXD7*1/
SMOSI7*1/
SSDA7*1/CRX1

IRQ10

52 TRDATA2 P54 ALE/D1[A1/
D1]*1/
EDACK0

MTIOC4B/
TMCI1

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

53 P53*2 BCLK

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

55 P51 WR1#/
BC1#/
WAIT#

SCK2/SSLB2-A

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

57 VSS

58 TRCLK P83 EDACK1 MTIOC4C ET0_CRS/
RMII0_CRS_DV/
SCK10/SS10#/
CTS10#

59 VCC

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

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

MMC_D7-A IRQ14

61 PC6 D2[A2/D2]*1/
A22/CS1#

MTIOC3C/
MTCLKA/
TMCI2/PO30/
TIC0

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

MMC_D6-A IRQ13

62 PC5 D3[A3/D3]*1/
A21/CS2#/
WAIT#

MTIOC3B/
MTCLKD/
TMRI2/PO29

ET0_ETXD2/
SCK8/SCK10/
RSPCKA-A

MMC_D5-A

63 TRSYNC P82 EDREQ1 MTIOC4A/
PO28

ET0_ETXD1/
RMII0_TXD1/
SMOSI10/
SSDA10/TXD10

MMC_D4-A

64 TRDATA1 P81 EDACK0 MTIOC3D/
PO27

ET0_ETXD0/
RMII0_TXD0/
SMISO10/
SSCL10/RXD10

QIO3-A/SDHI_CD/
MMC_D3-A

65 TRDATA0 P80 EDREQ0 MTIOC3B/
PO26

ET0_TX_EN/
RMII0_TXD_EN/
SCK10/RTS10#

QIO2-A/SDHI_WP/
MMC_D2-A

66 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

67 PC3 A19 MTIOC4D/
TCLKB/PO24

ET0_TX_ER/
TXD5/SMOSI5/
SSDA5

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

68 TRDATA7 P77 CS7# PO23 ET0_RX_ER/
RMII0_RX_ER/
SMOSI11/
SSDA11/TXD11

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

Table 1.8 List of Pin and Pin Functions (144-Pin LFQFP) (3/7)
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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RX65N Group, RX651 Group 2. CPU

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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RX65N Group, RX651 Group 3. Address Space

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.
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RX65N Group, RX651 Group 3. Address Space

3.2 External Address Space
The external address space is divided into CS areas (CS0 to CS7) and SDRAM area (SDCS). The CS areas are divided 
into up to eight areas (CS0 to CS7), each corresponding to the CSn# signal output from a CSn# (n = 0 to 7) pin.
Figure 3.2 shows the address ranges corresponding to the individual CS areas (CS0 to CS7) and SDRAM areas (SDCS) 
in on-chip ROM disabled extended mode.

Figure 3.2 Correspondence between External Address Spaces and CS Areas
(In On-Chip ROM Disabled Extended Mode)

Reserved area*1

Note 1. Reserved areas should not be accessed.
Note 2. This area is only included in products with at least 1.5 Mbytes of code flash memory.
Note 3. The CS0 area is disabled in on-chip ROM enabled extended mode.

In this mode, the address space for addresses above 1000 0000h is as shown in figure on this 
section, Memory Map in Each Operating Mode.
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External address space*3

(CS area)

0100 0000h

0200 0000h

0300 0000h

0400 0000h

0500 0000h

0600 0000h

0700 0000h

CS7 (16 Mbytes)

01FF FFFFh

02FF FFFFh

03FF FFFFh

04FF FFFFh

05FF FFFFh

06FF FFFFh

07FF FFFFh

CS6 (16 Mbytes)

CS5 (16 Mbytes)

CS4 (16 Mbytes)

CS3 (16 Mbytes)

CS2 (16 Mbytes)

CS1 (16 Mbytes)

FFFF FFFFh FFFF FFFFh

FF00 0000h

CS0 (16 Mbytes)

External address space
(SDRAM area)

1000 0000h

0FFF FFFFh

0800 0000h

SDCS (128 Mbytes)

Peripheral I/O registers
Standby RAM000A 4000h

Peripheral I/O registers000A 6000h

0004 0000h

Expansion RAM*2
0080 0000h

0086 0000h
Reserved area*1
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0008 0036h SYSTE
M

High-Speed On-Chip Oscillator Control Register HOCOCR 8 8 3 ICLK Clock 
Generat
ion 
Circuit

0008 0037h SYSTE
M

High-Speed On-Chip Oscillator Control Register 2 HOCOCR2 8 8 3 ICLK Clock 
Generat
ion 
Circuit

0008 003Ch SYSTE
M

Oscillation Stabilization Flag Register OSCOVFSR 8 8 3 ICLK Clock 
Generat
ion 
Circuit

0008 0040h SYSTE
M

Oscillation Stop Detection Control Register OSTDCR 8 8 3 ICLK Clock 
Generat
ion 
Circuit

0008 0041h SYSTE
M

Oscillation Stop Detection Status Register OSTDSR 8 8 3 ICLK Clock 
Generat
ion 
Circuit

0008 00A0h SYSTE
M

Operating Power Control Register OPCCR 8 8 3 ICLK Low 
Power 
Consum
ption

0008 00A1h SYSTE
M

Sleep Mode Return Clock Source Switching Register RSTCKCR 8 8 3 ICLK Low 
Power 
Consum
ption

0008 00A2h SYSTE
M

Main Clock Oscillator Wait Control Register MOSCWTCR 8 8 3 ICLK Clock 
Generat
ion 
Circuit

0008 00A3h SYSTE
M

Sub-Clock Oscillator Wait Control Register SOSCWTCR 8 8 3 ICLK Clock 
Generat
ion 
Circuit

0008 00C0h SYSTE
M

Reset Status Register 2 RSTSR2 8 8 3 ICLK Resets

0008 00C2h SYSTE
M

Software Reset Register SWRR 16 16 3 ICLK Resets

0008 00E0h SYSTE
M

Voltage Monitoring 1 Circuit Control Register 1 LVD1CR1 8 8 3 ICLK LVDA

0008 00E1h SYSTE
M

Voltage Monitoring 1 Circuit Status Register LVD1SR 8 8 3 ICLK LVDA

0008 00E2h SYSTE
M

Voltage Monitoring 2 Circuit Control Register 1 LVD2CR1 8 8 3 ICLK LVDA

0008 00E3h SYSTE
M

Voltage Monitoring 2 Circuit Status Register LVD2SR 8 8 3 ICLK LVDA

0008 03FEh SYSTE
M

Protect Register PRCR 16 16 3 ICLK Register 
Write 
Protecti
on 
Functio
n

0008 1000h FLASH ROM Cache Enable Register ROMCE 16 16 2 ICLK Flash

0008 1004h FLASH ROM Cache Invalidate Register ROMCIV 16 16 2 ICLK Flash

0008 101Ch SYSTE
M

ROM Wait Cycle Setting Register ROMWT 8 8 2 ICLK Clock 
Generat
ion 
Circuit

0008 1200h RAM RAM Operating Mode Control Register RAMMODE 8 8 2 ICLK RAM

0008 1201h RAM RAM Error Status Register RAMSTS 8 8 2 ICLK RAM

0008 1204h RAM RAM Protection Register RAMPRCR 8 8 2 ICLK RAM

0008 1208h RAM RAM Error Address Capture Register RAMECAD 32 32 2 ICLK RAM

0008 1240h RAM Expansion RAM Operating Mode Control Register EXRAMMOD
E

8 8 2 ICLK RAM

0008 1241h RAM Expansion RAM Error Status Register EXRAMSTS 8 8 2 ICLK RAM

0008 1244h RAM Expansion RAM Protection Register EXRAMPRCR 8 8 2 ICLK RAM

Table 4.1 List of I/O Registers (Address Order) (2 / 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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0008 8208h TMR0 Timer Counter TCNT 8 8 2, 3 PCLKB 2 ICLK TMR

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

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

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

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

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

0008 820Ch TMR0 Timer Counter Start Register TCSTR 8 8 2, 3 PCLKB 2 ICLK TMR

0008 820Dh TMR1 Timer Counter Start Register TCSTR 8 8 2, 3 PCLKB 2 ICLK TMR

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

0008 821Bh TMR3 Timer Counter Control Register TCCR 8 8 2, 3 PCLKB 2 ICLK TMR

0008 821Ch TMR2 Timer Counter Start Register TCSTR 8 8 2, 3 PCLKB 2 ICLK TMR

0008 821Dh TMR3 Timer Counter Start Register TCSTR 8 8 2, 3 PCLKB 2 ICLK TMR

0008 8280h CRC CRC Control Register CRCCR 8 8 2, 3 PCLKB 2 ICLK CRCA

0008 8284h CRC CRC Data Input Register CRCDIR 32 8, 32 2, 3 PCLKB 2 ICLK CRCA

0008 8288h CRC CRC Data Output Register CRCDOR 32 8, 16, 
32

2, 3 PCLKB 2 ICLK CRCA

0008 8300h RIIC0 I2C-bus Control Register 1 ICCR1 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8301h RIIC0 I2C-bus Control Register 2 ICCR2 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8302h RIIC0 I2C-bus Mode Register 1 ICMR1 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8303h RIIC0 I2C-bus Mode Register 2 ICMR2 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8304h RIIC0 I2C-bus Mode Register 3 ICMR3 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8305h RIIC0 I2C-bus Function Enable Register ICFER 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8306h RIIC0 I2C-bus Status Enable Register ICSER 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8307h RIIC0 I2C-bus Interrupt Enable Register ICIER 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8308h RIIC0 I2C-bus Status Register 1 ICSR1 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8309h RIIC0 I2C-bus Status Register 2 ICSR2 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 830Ah RIIC0 Slave Address Register L0 SARL0 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 830Bh RIIC0 Slave Address Register U0 SARU0 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 830Ch RIIC0 Slave Address Register L1 SARL1 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 830Dh RIIC0 Slave Address Register U1 SARU1 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 830Eh RIIC0 Slave Address Register L2 SARL2 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 830Fh RIIC0 Slave Address Register U2 SARU2 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8310h RIIC0 I2C-bus Bit Rate Low-Level Register ICBRL 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8311h RIIC0 I2C-bus Bit Rate High-Level Register ICBRH 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8312h RIIC0 I2C-bus Transmit Data Register ICDRT 8 8 2, 3 PCLKB 2 ICLK RIICa

0008 8313h RIIC0 I2C-bus Receive Data Register ICDRR 8 8 2, 3 PCLKB 2 ICLK RIICa

Table 4.1 List of I/O Registers (Address Order) (16 / 61)
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0008 9080h S12AD A/D Group Scan Priority Control Register ADGSPCR 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

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

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

0008 908Ch S12AD A/D Comparison Function Window A/B Status 
Monitoring Register

ADWINMON 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 9090h S12AD A/D Comparison Function Control Register ADCMPCR 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 9094h S12AD A/D Comparison Function Window A Channel Select 
Register 0

ADCMPANSR
0

16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 9098h S12AD A/D Comparison Function Window A Comparison 
Condition Setting Register 0

ADCMPLR0 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 909Ch S12AD A/D Comparison Function Window A Lower Level 
Setting Register

ADCMPDR0 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 909Eh S12AD A/D Comparison Function Window A Upper Level 
Setting Register

ADCMPDR1 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90A0h S12AD A/D Comparison Function Window A Channel Status 
Register 0

ADCMPSR0 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90A6h S12AD A/D Comparison Function Window B Channel Select 
Register

ADCMPBNS
R

8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90A8h S12AD A/D Comparison Function Window B Lower Level 
Setting Register

ADWINLLB 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90AAh S12AD A/D Comparison Function Window B Upper Level 
Setting Register

ADWINULB 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90ACh S12AD A/D Comparison Function Window B Channel Status 
Register

ADCMPBSR 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90D4h S12AD A/D Channel Select Register C0 ADANSC0 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90D9h S12AD A/D Group C Trigger Select Register ADGCTRGR 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90E0h S12AD A/D Sampling State Register 0 ADSSTR0 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90E1h S12AD A/D Sampling State Register 1 ADSSTR1 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90E2h S12AD A/D Sampling State Register 2 ADSSTR2 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90E3h S12AD A/D Sampling State Register 3 ADSSTR3 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90E4h S12AD A/D Sampling State Register 4 ADSSTR4 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90E5h S12AD A/D Sampling State Register 5 ADSSTR5 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90E6h S12AD A/D Sampling State Register 6 ADSSTR6 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 90E7h S12AD A/D Sampling State Register 7 ADSSTR7 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 9100h S12AD1 A/D Control Register ADCSR 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 9104h S12AD1 A/D Channel Select Register A0 ADANSA0 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 9106h S12AD1 A/D Channel Select Register A1 ADANSA1 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

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

ADADS0 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

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

ADADS1 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

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

ADADC 8 8 2, 3 PCLKB 2 ICLK S12AD
Fa

0008 910Eh S12AD1 A/D Control Extended Register ADCER 16 16 2, 3 PCLKB 2 ICLK S12AD
Fa

Table 4.1 List of I/O Registers (Address Order) (19 / 61)
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0008 A08Ah SCI4 I2C Mode Register 2 SIMR2 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A08Bh SCI4 I2C Mode Register 3 SIMR3 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A08Ch SCI4 I2C Status Register SISR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A08Dh SCI4 SPI Mode Register SPMR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A08Eh SCI4 Transmit Data Register H TDRH 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A08Fh SCI4 Transmit Data Register L TDRL 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A08Eh SCI4 Transmit Data Register HL TDRHL 16 16 4, 5 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A090h SCI4 Receive Data Register H RDRH 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A091h SCI4 Receive Data Register L RDRL 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A090h SCI4 Receive Data Register HL RDRHL 16 16 4, 5 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A092h SCI4 Modulation Duty Register MDDR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A0h SCI5 Serial Mode Register SMR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A1h SCI5 Bit Rate Register BRR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A2h SCI5 Serial Control Register SCR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A3h SCI5 Transmit Data Register TDR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A4h SCI5 Serial Status Register SSR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A5h SCI5 Receive Data Register RDR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A6h SMCI5 Smart Card Mode Register SCMR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A7h SCI5 Serial Extended Mode Register SEMR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A8h SCI5 Noise Filter Setting Register SNFR 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0A9h SCI5 I2C Mode Register 1 SIMR1 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0AAh SCI5 I2C Mode Register 2 SIMR2 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

0008 A0ABh SCI5 I2C Mode Register 3 SIMR3 8 8 2, 3 PCLKB 2 ICLK SCIg, 
SCIh, 
SCIi

Table 4.1 List of I/O Registers (Address Order) (27 / 61)
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Figure 5.20 External Bus Timing/Page Read Cycle (Bus Clock Synchronized)

Figure 5.21 External Bus Timing/Page Write Cycle (Bus Clock Synchronized)

A23 to A1

CS7# to CS0#

tAD

BCLK

A23 to A0

D31 to D0 (Read)

Byte strobe mode

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

tBCD

tCSD tCSD

RD# (Read)

tRSD tRSD

tRDHtRDS

tAD

tBCD

TW1 TW2 Tend Tpw1 Tpw2

tAD tAD

tRSD tRSD

tRDHtRDS

tRSD tRSD
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Tend Tpw1 Tpw2 Tend Tn1 Tn2

tAD tAD tAD tAD
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CSRWAIT:2
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tAD
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CSPRWAIT:2
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CSON:0

A23 to A1

CS7# to CS0#

tAD

BCLK

A23 to A0
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1-write strobe mode
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Common to both byte strobe mode
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Note 1. Be sure to specify WDON and WDOFF as at least one cycle of BCLK.
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CSWOFF:2
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5.3.7 Timing of On-Chip Peripheral Modules

Note 1. tPBcyc: PCLKB cycle

Figure 5.33 I/O Port Input Timing

Table 5.26 I/O Port 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

I/O ports Input data pulse width tPRW 1.5 — tPBcyc Figure 5.33

Port

PCLKB

tPRW
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Note: tIICcyc: RIIC internal reference clock (IICφ) cycle
Note 1. The value within parentheses is applicable when the value of the ICMR3.NF[1:0] bits is 11b while the digital filter is enabled by 

the setting ICFER.NFE = 1.
Note 2. Cb is the total capacitance of the bus lines.

Table 5.38 RIIC Timing (1)
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, 
High-drive output is selected by the driving ability control register.

Item Symbol Min.*1, *2 Max. Unit Test 
Conditions

RIIC 
(Standard-mode, 
SMBus) 
ICFER.FMPE = 0

SCL input cycle time tSCL 6(12) × tIICcyc + 1300 — ns Figure 5.54

SCL input high pulse width tSCLH 3(6) × tIICcyc + 300 — ns

SCL input low pulse width tSCLL 3(6) × tIICcyc + 300 — ns

SCL, SDA input rise time tSr — 1000 ns

SCL, SDA input fall time tSf — 300 ns

SCL, SDA input spike pulse removal time tSP 0 1(4) × tIICcyc ns

SDA input bus free time tBUF 3(6) × tIICcyc + 300 — ns

Start condition input hold time tSTAH tIICcyc + 300 — ns

Restart condition input setup time tSTAS 1000 — ns

Stop condition input setup time tSTOS 1000 — ns

Data input setup time tSDAS tIICcyc + 50 — ns

Data input hold time tSDAH 0 — ns

SCL, SDA capacitive load Cb — 400 pF

RIIC 
(Fast-mode) 
ICFER.FMPE = 0

SCL input cycle time tSCL 6(12) × tIICcyc + 600 — ns

SCL input high pulse width tSCLH 3(6) × tIICcyc + 300 — ns

SCL input low pulse width tSCLL 3(6) × tIICcyc + 300 — ns

SCL, SDA input rise time tSr 20 × (External pull-up 
voltage/5.5V)

300 ns

SCL, SDA input fall time tSf 20 × (External pull-up 
voltage/5.5V)

300 ns

SCL, SDA input spike pulse removal time tSP 0 1(4) × tIICcyc ns

SDA input bus free time tBUF 3(6) × tIICcyc + 300 — ns

Start condition input hold time tSTAH tIICcyc + 300 — ns

Restart condition input setup time tSTAS 300 — ns

Stop condition input setup time tSTOS 300 — ns

Data input setup time tSDAS tIICcyc + 50 — ns

Data input hold time tSDAH 0 — ns

SCL, SDA capacitive load Cb — 400 pF
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Figure 5.79 Voltage Detection Circuit Timing (Vdet2)

tVOFF

Vdet2VCC

tdettdet

tLVD2

Td(E-A)

LVD2E

LVD2
Comparator output

LVD2CMPE

LVD2MON

Internal reset signal
(Low is valid)

When LVD2RN = L

When LVD2RN = H

VLVH

tLVD2
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Appendix 1. Package Dimensions
Information on the latest version of the package dimensions or mountings has been displayed in “Packages” on Renesas 
Electronics Corporation website.

Figure A 177-Pin TFLGA (PTLG0177KA-A)
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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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RX65N Group, RX651 Group Appendix 1. Package Dimensions

Figure G 100-Pin LFQFP (PLQP0100KB-B)


