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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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Interrupt Interrupt controller 
(ICU)

 Peripheral function interrupts: 101 sources
 External interrupts: 9 (NMI and IRQ0 to IRQ7 pins)
 Non-maskable interrupts: 3 (the NMI pin, oscillation stop detection interrupt, and voltage-

monitoring interrupt)
 16 levels specifiable for the order of priority

Data transfer Data transfer 
controller (DTC)

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

peripheral functions

I/O ports Programmable I/O 
ports

I/O port pins for devices in the 112-pin LQFP/100-pin LQFP/
80-pin LQFP (R5F562TxGDFF)/80-pin LQFP (except R5F562TxGDFF)/64-pin LQFP
 I/O: 61/55/44/44/37
 Input only: 21/21/13/13/9
 Open-drain outputs: 2/2/2/2/2 (I2C bus interface pins)
 Large-current outputs: 12/12/12/6/6(0) (MTU3 and GPT pins)

The 5-V version of the 64-pin product does not have large-current outputs.
 Reading out the states of pins is always possible.

Timers Multi-function timer 
pulse unit 3 (MTU3)

 16 bits x 8 channels
 Up to 24 pulse inputs/outputs and three pulse inputs
 Select from among six to eight counter-input clock signals for each channel (ICLK/1, 

ICLK/4, ICLK/16, ICLK/64, ICLK/256, ICLK/1024, MTCLKA, MTCLKB, MTCLKC, 
MTCLKD) other than channel 5, for which only four signals are available.

 24 output compare or input capture registers
 Counter clearing (clearing is synchronizable with compare match or input capture)
 Simultaneous writing to multiple timer counters (TCNT)
 Input to and output from all registers in synchronization with counter operation
 Buffered operation
 Cascade-connected operation
 38 kinds of interrupt source
 Automatic transfer of register data
 Pulse output modes

Toggled, PWM, complementary PWM, and reset synchronous 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 buffering

 Reset-synchronous PWM mode
Three PWM waveforms and corresponding inverse waveforms are output with the 
desired duty cycles.

 Phase-counting mode
 Counter functionality for dead-time compensation
 Generation of triggers for A/D converters
 Differential timing for initiation of A/D conversion

Port output enable 3 
(POE3)

 Control of the high-impedance state of the MTU3 and 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 switching of 
large-current pins to the active level)
Initiation by comparator-detection of analog level input to the 12-bit A/D converter
Initiation by oscillation-stoppage detection
Initiation by software

 Selection of which output pins should be placed in the high-impedance state at the time 
of each POE input or comparator detection

Table 1.1 Outline of Specifications (2 / 5)

Classification Module/Function Description
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Timers General PWM timer 
(GPT/GPTa)

 16 bits x 4 channels
 Counting up or down (saw-wave), counting up and down (triangle-wave) selectable for 

all channels
 Clock sources independently selectable for all channels
 2 input/output pins per channel
 2 output compare/input capture registers per channel
 For the 2 output compare/input capture registers of each channel, 4 registers are 

provided as buffer registers and are capable of operating as comparison registers when 
buffering is not in use.

 In output compare operation, buffer switching can be at peaks or troughs, enabling the 
generation of laterally asymmetrically PWM waveforms.

 Registers for setting up frame intervals on each channel (with capability for generating 
interrupts on overflow or underflow)

 Synchronizable operation of the several counters
 Modes of synchronized operation (synchronized, or displaced by desired times for phase 

shifting)
 Generation of dead times in PWM operation
 Through combination of three counters, generation of automatic three-phase PWM 

waveforms incorporating dead times
 Starting, clearing, and stopping counters in response to external or internal triggers
 Internal trigger sources: output of the internal comparator detection, software, and 

compare-match
 The frequency-divided system clock (ICLK) can be used as a counter clock for 

measuring timing of the edges of signals produced by frequency-dividing the low-speed 
on-chip oscillator clock signal dedicated to IWDT (to detect abnormal oscillation).

 PWM delay generation can control the timing with which signals on the two PWM output 
pins for each channel rise and fall with an accuracy of up to 1/32 times the period of the 
system clock (ICLK) (only for GPTa).

Compare match 
timer (CMT)

 (16 bits x 2 channels) x 2 units
 Select from among four internal clock signals (PCLK/8, PCLK/32, PCLK/128, PCLK/512)

Watchdog timer 
(WDT)

 8 bits x 1 channel
 Select from among eight counter-input clock signals (PCLK/4, PCLK/64, PCLK/128, 

PCLK/512, PCLK/2048, PCLK/8192, PCLK/32768, PCLK/131072)
 Switchable between watchdog timer mode and interval timer mode

Independent 
watchdog 
timer (IWDT)

 14 bits x 1 channel
 Counter-input clock: low-speed on-chip oscillator dedicated to IWDT

Communications Serial 
communications 
interface (SCIb)

 3 channels
 Serial communications modes:

Asynchronous, clock synchronous, and smart-card interface
 Multiprocessor communications
 On-chip baud rate generator allows selection of the desired bit rate
 Choice of LSB-first or MSB-first transfer
 Noise cancellation (only available in asynchronous mode)

I2C bus interface 
(RIIC)

 1 channel
 Communications formats

I2C bus format/SMBus format
Master/slave selectable

Table 1.1 Outline of Specifications (3 / 5)

Classification Module/Function Description
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Figure 1.6 Pin Assignment of the 80-Pin LQFP (Two-Motor Control Supported Version)
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1.5 Pin Functions

Table 1.9 lists the pin functions.

Table 1.9 Pin Functions (1 / 4)

Classifications Pin Name I/O Description

Power supply VCC Input Power supply pin. Connect it to the system power supply.

VCL Input Connect this pin to VSS via a 0.1-F capacitor. The capacitor 
should be placed close to the pin.

VSS Input Ground pin. Connect it to the system power supply (0 V).

PLLVCC Input Power supply pin for the PLL circuit. Connect it to the system 
power supply.

PLLVSS Input Ground pin for the PLL circuit.

Clock XTAL Output Pins for a crystal resonator. An external clock signal can be 
input through the EXTAL pin.

EXTAL Input

Operating mode control MD0
MD1
MDE

Input Pins for setting the operating mode. The signal levels on these 
pins must not be changed during operation.

System control RES# Input Reset signal input pin. This LSI enters the reset state when this 
signal goes low.

EMLE Input Input pin for the on-chip emulator enable signal. When the on-
chip emulator is used, this pin should be driven high. When not 
used, it should be driven low.

On-chip emulator TRST# Input On-chip emulator pins. When the EMLE pin is driven high, 
these pins are dedicated for the on-chip emulator.

TMS Input

TDI Input

TCK Input

TDO Output

TRCLK Output This pin outputs the clock for synchronization with the trace 
data. Not included in the 80-/64-pin versions.

TRSYNC Output This pin indicates that output from the TRDATA0 to TRDATA3 
pins is valid. Not included in the 80-/64-pin versions.

TRDATA0 to TRDATA3 Output These pins output the trace information. Not included in the 80-
/64-pin versions.

Interrupt (ICU) NMI Input Non-maskable interrupt request signal.

IRQ0-A/IRQ0-B/IRQ0-C
IRQ1-A/IRQ1-B/IRQ1-C
IRQ2-A/IRQ2-B
IRQ3 to IRQ7

Input Interrupt request signals. The IRQ0-C/IRQ1-C/IRQ2-B pin is 
not included in the 100-pin version. The IRQ0-B/IRQ0-C/IRQ1-
C/IRQ2-B pin is not included in the 80-pin version. The IRQ0-B/
IRQ0-C/IRQ1-B/IRQ1-/IRQ2-A/IRQ2-B/IRQ4/IRQ6/IRQ7 pin is 
not included in the 64-pin version.
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Serial communications 
interface (SCIb)

TXD0, TXD1, TXD2-A/TXD2-
B

Output Output pins for data transmission. The TXD2-B pin is not 
included in the 80-/64-pin versions.

RXD0, RXD1, RXD2-A/
RXD2-B

Input Input pins for data reception. The RXD2-B pin is not included in 
the 80-/64-pin versions.

SCK0, SCK1, SCK2-A/
SCK2-B

I/O Input/output pins for clock signals. The SCK2-B pin is not 
included in the 80-/64-pin versions.

I2C bus interface (RIIC) SCL I/O Input/output pin for I2C bus interface clocks. Bus can be directly 
driven by the NMOS open drain output.

SDA I/O Input/output pin for I2C bus interface data. Bus can be directly 
driven by the NMOS open drain output.

CAN module (CAN) 
(as an optional function)

CRX-A/CRX-B/CRX-C Input Input pin for the CAN. The CRX-C pin is not included in the 64-
pin version.

CTX-A/CTX-B/CTX-C Output Output pin for the CAN. The CTX-C pin is not included in the 
64-pin version.

LIN module (LIN) LRX Input Input pin for the LIN.

LTX Output Output pin for the LIN.

Serial peripheral interface 
(RSPI)

RSPCK-A/RSPCK-B/
RSPCK-C

I/O Clock input/output pin for the RSPI. The RSPCK-C pin is not 
included in the 80-/64-pin versions.

MOSI-A/MOSI-B/MOSI-C I/O Inputs or outputs data output from the master for the RSPI. The 
MOSI-C pin is not included in the 80-/64-pin versions.

MISO-A/MISO-B/MISO-C I/O Inputs or outputs data output from the slave for the RSPI. The 
MISO-C pin is not included in the 80-/64-pin versions.

SSL0-A/SSL0-B/SSL0-C I/O Select the slave for the RSPI. The SSL0-C/SSL1-C/SSL2-C/
SSL3-C pin is not included in the 80-/64-pin versions.

SSL1-A/SSL1-B/SSL1-C
SSL2-A/SSL2-B/SSL2-C
SSL3-A/SSL3-B/SSL3-C

Output

A/D converter AN000 to AN003
AN100 to AN103

Input Input pins for the analog signals to be processed by the 12-bit 
A/D converter.

AN0 to AN11 Input Input pins for the analog signals to be processed by the 10-bit 
A/D converter. The AN4 to AN11 pins are not included in the 
80-pin version. Not included in the 64-pin version.

ADTRG0#-A/ADTRG0#-B
ADTRG1#-A/ADTRG1#-B
ADTRG#

Input Input pins for the external trigger signals that start the A/D 
conversion. The ADTRG0#-B/ADTRG1#-B/ADTRG# pin is not 
included in the 64-pin version.

CVREFH Input Input pin for the high-level reference voltage to the comparator

CVREFL Input Input pin for the low-level reference voltage to the comparator

Analog power supply AVCC0 Input Analog power supply pin for the 12-bit A/D converter. When the 
A/D converter is not in use, connect this pin to the system 
power supply.

AVSS0 Input Ground pin for the 12-bit A/D converter. Connect this pin to the 
system power supply (0 V).

VREFH0 Input Reference power supply pin for the 12-bit A/D converter. When 
the 12-bit A/D converter is not in use, connect this pin to the 
system power supply.

VREFL0 Input Ground pin of the reference power supply pin for the 12-bit A/D 
converter. When the 12-bit A/D converter is not in use, connect 
this pin to the system power supply (0 V).

AVCC Input Analog power supply pin for the 10-bit A/D converter. When the 
A/D converter is not in use, connect this pin to the system 
power supply. Not included in the 64-pin version.

AVSS Input Ground pin for the 10-bit A/D converter. Connect this pin to the 
system power supply (0 V). Not included in the 64-pin version.

VREF Input Reference power supply pin for the 10-bit A/D converter. When 
the 10-bit A/D converter is not in use, connect this pin to the 
system power supply. Not included in the 80-/64-pin versions.

Table 1.9 Pin Functions (3 / 4)

Classifications Pin Name I/O Description
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2. CPU
The RX CPU has sixteen general-purpose registers, nine control registers, and one accumulator used for DSP 

instructions.

Figure 2.1 Register Set of the CPU

Note: * 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 register.

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)
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0008 90A4h S12AD1 A/D data register 2 ADDR2 16 16 2, 3 PCLK*3

0008 90A6h S12AD1 A/D data register 3 ADDR3 16 16 2, 3 PCLK*3

0008 90B0h S12AD1 A/D data register 0B ADDR0B 16 16 2, 3 PCLK*3

0008 90E0h S12AD1 A/D sampling state register ADSSTR 8 8 2, 3 PCLK*3

0008 C001h PORT1 Data direction register DDR 8 8 2, 3 PCLK*3

0008 C002h PORT2 Data direction register DDR 8 8 2, 3 PCLK*3

0008 C003h PORT3 Data direction register DDR 8 8 2, 3 PCLK*3

0008 C007h PORT7 Data direction register DDR 8 8 2, 3 PCLK*3

0008 C008h PORT8 Data direction register DDR 8 8 2, 3 PCLK*3

0008 C009h PORT9 Data direction register DDR 8 8 2, 3 PCLK*3

0008 C00Ah PORTA Data direction register DDR 8 8 2, 3 PCLK*3

0008 C00Bh PORTB Data direction register DDR 8 8 2, 3 PCLK*3

0008 C00Dh PORTD Data direction register DDR 8 8 2, 3 PCLK*3

0008 C00Eh PORTE Data direction register DDR 8 8 2, 3 PCLK*3

0008 C010h PORTG Data direction register DDR*1 8 8 2, 3 PCLK*3

0008 C021h PORT1 Data register DR 8 8 2, 3 PCLK*3

0008 C022h PORT2 Data register DR 8 8 2, 3 PCLK*3

0008 C023h PORT3 Data register DR 8 8 2, 3 PCLK*3

0008 C027h PORT7 Data register DR 8 8 2, 3 PCLK*3

0008 C028h PORT8 Data register DR 8 8 2, 3 PCLK*3

0008 C029h PORT9 Data register DR 8 8 2, 3 PCLK*3

0008 C02Ah PORTA Data register DR 8 8 2, 3 PCLK*3

0008 C02Bh PORTB Data register DR 8 8 2, 3 PCLK*3

0008 C02Dh PORTD Data register DR 8 8 2, 3 PCLK*3

0008 C02Eh PORTE Data register DR 8 8 2, 3 PCLK*3

0008 C030h PORTG Data register DR*1 8 8 2, 3 PCLK*3

0008 C041h PORT1 Data register PORT 8 8 2, 3 PCLK*3

0008 C042h PORT2 Data register PORT 8 8 2, 3 PCLK*3

0008 C043h PORT3 Data register PORT 8 8 2, 3 PCLK*3

0008 C044h PORT4 Data register PORT 8 8 2, 3 PCLK*3

0008 C045h PORT5 Data register PORT 8 8 2, 3 PCLK*3

0008 C046h PORT6 Data register PORT 8 8 2, 3 PCLK*3

0008 C047h PORT7 Data register PORT 8 8 2, 3 PCLK*3

0008 C048h PORT8 Data register PORT 8 8 2, 3 PCLK*3

0008 C049h PORT9 Data register PORT 8 8 2, 3 PCLK*3

0008 C04Ah PORTA Data register PORT 8 8 2, 3 PCLK*3

0008 C04Bh PORTB Data register PORT 8 8 2, 3 PCLK*3

0008 C04Dh PORTD Data register PORT 8 8 2, 3 PCLK*3

0008 C04Eh PORTE Data register PORT 8 8 2, 3 PCLK*3

0008 C050h PORTG Port register PORT*1 8 8 2, 3 PCLK*3

0008 C061h PORT1 Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C062h PORT2 Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C063h PORT3 Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C064h PORT4 Input buffer control register ICR 8 8 2, 3 PCLK*3
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000C 123Ah MTU Timer interrupt skipping mode register A TITMRA 8 8 5 ICLK

000C 123Bh MTU Timer interrupt skipping set register 2A TITCR2A 8 8 5 ICLK

000C 123Ch MTU Timer interrupt skipping counter 2A TITCNT2A 8 8 5 ICLK

000C 1240h MTU4 Timer A/D converter start request control 
register

TADCR 16 16 5 ICLK

000C 1244h MTU4 Timer A/D converter start request cycle set 
register A

TADCORA 16 16, 32 5 ICLK

000C 1246h MTU4 Timer A/D converter start request cycle set 
register B

TADCORB 16 16 5 ICLK

000C 1248h MTU4 Timer A/D converter start request cycle set 
buffer register A

TADCOBRA 16 16, 32 5 ICLK

000C 124Ah MTU4 Timer A/D converter start request cycle set 
buffer register B

TADCOBRB 16 16 5 ICLK

000C 1260h MTU Timer waveform control register A TWCRA 8 8 5 ICLK

000C 1270h MTU3 Timer mode register 2A TMDR2A 8 8 5 ICLK

000C 1272h MTU3 Timer general register E TGRE 16 16 5 ICLK

000C 1274h MTU4 Timer general register E TGRE 16 16 5 ICLK

000C 1276h MTU4 Timer general register F TGRF 16 16 5 ICLK

000C 1280h MTU Timer start register A TSTRA 8 8, 16 5 ICLK

000C 1281h MTU Timer synchronous register A TSYRA 8 8 5 ICLK

000C 1282h MTU Timer counter synchronous start register TCSYSTR 8 8 5 ICLK

000C 1284h MTU Timer read/write enable register A TRWERA 8 8 5 ICLK

000C 1300h MTU0 Timer control register TCR 8 8, 16, 32 5 ICLK

000C 1301h MTU0 Timer mode register 1 TMDR1 8 8 5 ICLK

000C 1302h MTU0 Timer I/O control register H TIORH 8 8, 16 5 ICLK

000C 1303h MTU0 Timer I/O control register L TIORL 8 8 5 ICLK

000C 1304h MTU0 Timer interrupt enable register TIER 8 8, 16, 32 5 ICLK

000C 1305h MTU0 Timer status register TSR 8 8 5 ICLK

000C 1306h MTU0 Timer counter TCNT 16 16 5 ICLK

000C 1308h MTU0 Timer general register A TGRA 16 16, 32 5 ICLK

000C 130Ah MTU0 Timer general register B TGRB 16 16 5 ICLK

000C 130Ch MTU0 Timer general register C TGRC 16 16, 32 5 ICLK

000C 130Eh MTU0 Timer general register D TGRD 16 16 5 ICLK

000C 1320h MTU0 Timer general register E TGRE 16 16, 32 5 ICLK

000C 1322h MTU0 Timer general register F TGRF 16 16 5 ICLK

000C 1324h MTU0 Timer interrupt enable register 2 TIER2 8 8, 16 5 ICLK

000C 1325h MTU0 Timer status register 2 TSR2 8 8 5 ICLK

000C 1326h MTU0 Timer buffer operation transfer mode register TBTM 8 8 5 ICLK

000C 1380h MTU1 Timer control register TCR 8 8, 16 5 ICLK

000C 1381h MTU1 Timer mode register 1 TMDR1 8 8 5 ICLK

000C 1382h MTU1 Timer I/O control register TIOR 8 8 5 ICLK

000C 1384h MTU1 Timer interrupt enable register TIER 8 8, 16, 32 5 ICLK

000C 1385h MTU1 Timer status register TSR 8 8 5 ICLK

000C 1386h MTU1 Timer counter TCNT 16 16 5 ICLK

000C 1388h MTU1 Timer general register A TGRA 16 16, 32 5 ICLK

000C 138Ah MTU1 Timer general register B TGRB 16 16 5 ICLK
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000C 1A39h MTU7 Timer buffer operation transfer mode register TBTM 8 8 5 ICLK

000C 1A3Ah MTU Timer interrupt skipping mode register B TITMRB 8 8 5 ICLK

000C 1A3Bh MTU Timer interrupt skipping set register 2B TITCR2B 8 8 5 ICLK

000C 1A3Ch MTU Timer interrupt skipping counter 2B TITCNT2B 8 8 5 ICLK

000C 1A40h MTU7 Timer A/D converter start request control 
register

TADCR 16 16 5 ICLK

000C 1A44h MTU7 Timer A/D converter start request cycle set 
register A

TADCORA 16 16, 32 5 ICLK

000C 1A46h MTU7 Timer A/D converter start request cycle set 
register B

TADCORB 16 16 5 ICLK

000C 1A48h MTU7 Timer A/D converter start request cycle set 
buffer register A

TADCOBRA 16 16, 32 5 ICLK

000C 1A4Ah MTU7 Timer A/D converter start request cycle set 
buffer register B

TADCOBRB 16 16 5 ICLK

000C 1A50h MTU6 Timer synchronous clear register TSYCR 8 8 5 ICLK

000C 1A60h MTU Timer waveform control register B TWCRB 8 8 5 ICLK

000C 1A70h MTU Timer mode register 2B TMDR2B 8 8 5 ICLK

000C 1A72h MTU6 Timer general register E TGRE 16 16 5 ICLK

000C 1A74h MTU7 Timer general register E TGRE 16 16 5 ICLK

000C 1A76h MTU7 Timer general register F TGRF 16 16 5 ICLK

000C 1A80h MTU Timer start register B TSTRB 8 8, 16 5 ICLK

000C 1A81h MTU Timer synchronous register B TSYRB 8 8 5 ICLK

000C 1A84h MTU Timer read/write enable register B TRWERB 8 8 5 ICLK

000C 1C80h MTU5 Timer counter U TCNTU 16 16, 32 5 ICLK

000C 1C82h MTU5 Timer general register U TGRU 16 16 5 ICLK

000C 1C84h MTU5 Timer control register U TCRU 8 8 5 ICLK

000C 1C86h MTU5 Timer I/O control register U TIORU 8 8 5 ICLK

000C 1C90h MTU5 Timer counter V TCNTV 16 16, 32 5 ICLK

000C 1C92h MTU5 Timer general register V TGRV 16 16 5 ICLK

000C 1C94h MTU5 Timer control register V TCRV 8 8 5 ICLK

000C 1C96h MTU5 Timer I/O control register V TIORV 8 8 5 ICLK

000C 1CA0h MTU5 Timer counter W TCNTW 16 16, 32 5 ICLK

000C 1CA2h MTU5 Timer general register W TGRW 16 16 5 ICLK

000C 1CA4h MTU5 Timer control register W TCRW 8 8 5 ICLK

000C 1CA6h MTU5 Timer I/O control register W TIORW 8 8 5 ICLK

000C 1CB0h MTU5 Timer status register TSR 8 8 5 ICLK

000C 1CB2h MTU5 Timer interrupt enable register TIER 8 8 5 ICLK

000C 1CB4h MTU5 Timer start register TSTR 8 8 5 ICLK

000C 1CB6h MTU5 Timer compare match clear register TCNTCMPCL
R

8 8 5 ICLK

000C 2000h GPT General PWM timer software start register GTSTR 16 8, 16, 32 3 to 5 ICLK*4

000C 2004h GPT General PWM timer hardware source start 
control register

GTHSCR 16 8, 16, 32 3 to 5 ICLK*4

000C 2006h GPT General PWM timer hardware source clear 
control register

GTHCCR 16 8, 16, 32 3 to 5 ICLK*4

000C 2008h GPT General PWM timer hardware start source 
select register

GTHSSR 16 8, 16, 32 3 to 5 ICLK*4
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000C 2116h GPT0 General PWM timer compare capture register D GTCCRD 16 16, 32 3 to 5 ICLK*4

000C 2118h GPT0 General PWM timer compare capture register E GTCCRE 16 16, 32 3 to 5 ICLK*4

000C 211Ah GPT0 General PWM timer compare capture register F GTCCRF 16 16, 32 3 to 5 ICLK*4

000C 211Ch GPT0 General PWM timer cycle setting register GTPR 16 16, 32 3 to 5 ICLK*4

000C 211Eh GPT0 General PWM timer cycle setting buffer register GTPBR 16 16, 32 3 to 5 ICLK*4

000C 2120h GPT0 General PWM timer cycle setting double-buffer 
register

GTPDBR 16 16, 32 3 to 5 ICLK*4

000C 2124h GPT0 A/D converter start request timing register A GTADTRA 16 16, 32 3 to 5 ICLK*4

000C 2126h GPT0 A/D converter start request timing buffer register 
A

GTADTBRA 16 16, 32 3 to 5 ICLK*4

000C 2128h GPT0 A/D converter start request timing double-buffer 
register A

GTADTDBRA 16 16, 32 3 to 5 ICLK*4

000C 212Ch GPT0 A/D converter start request timing register B GTADTRB 16 16, 32 3 to 5 ICLK*4

000C 212Eh GPT0 A/D converter start request timing buffer register 
B

GTADTBRB 16 16, 32 3 to 5 ICLK*4

000C 2130h GPT0 A/D converter start request timing double-buffer 
register B

GTADTDBRB 16 16, 32 3 to 5 ICLK*4

000C 2134h GPT0 General PWM timer output negate control 
register

GTONCR 16 16, 32 3 to 5 ICLK*4

000C 2136h GPT0 General PWM timer dead time control register GTDTCR 16 16, 32 3 to 5 ICLK*4

000C 2138h GPT0 General PWM timer dead time value register GTDVU 16 16, 32 3 to 5 ICLK*4

000C 213Ah GPT0 General PWM timer dead time value register GTDVD 16 16, 32 3 to 5 ICLK*4

000C 213Ch GPT0 General PWM timer dead time buffer register GTDBU 16 16, 32 3 to 5 ICLK*4

000C 213Eh GPT0 General PWM timer dead time buffer register GTDBD 16 16, 32 3 to 5 ICLK*4

000C 2140h GPT0 General PWM timer output protection function 
status register

GTSOS 16 16, 32 3 to 5 ICLK*4

000C 2142h GPT0 General PWM timer output protection function 
temporary release register

GTSOTR 16 16, 32 3 to 5 ICLK*4

000C 2180h GPT1 General PWM timer I/O control register GTIOR 16 8, 16, 32 3 to 5 ICLK*4

000C 2182h GPT1 General PWM timer interrupt output setting 
register

GTINTAD 16 8, 16, 32 3 to 5 ICLK*4

000C 2184h GPT1 General PWM timer control register GTCR 16 8, 16, 32 3 to 5 ICLK*4

000C 2186h GPT1 General PWM timer buffer enable register GTBER 16 8, 16, 32 3 to 5 ICLK*4

000C 2188h GPT1 General PWM timer count direction register GTUDC 16 8, 16, 32 3 to 5 ICLK*4

000C 218Ah GPT1 General PWM timer interrupt and A/D converter 
start request skipping setting register

GTITC 16 8, 16, 32 3 to 5 ICLK*4

000C 218Ch GPT1 General PWM timer status register GTST 16 8, 16, 32 3 to 5 ICLK*4

000C 218Eh GPT1 General PWM timer counter GTCNT 16 16 3 to 5 ICLK*4

000C 2190h GPT1 General PWM timer compare capture register A GTCCRA 16 16, 32 3 to 5 ICLK*4

000C 2192h GPT1 General PWM timer compare capture register B GTCCRB 16 16, 32 3 to 5 ICLK*4

000C 2194h GPT1 General PWM timer compare capture register C GTCCRC 16 16, 32 3 to 5 ICLK*4

000C 2196h GPT1 General PWM timer compare capture register D GTCCRD 16 16, 32 3 to 5 ICLK*4

000C 2198h GPT1 General PWM timer compare capture register E GTCCRE 16 16, 32 3 to 5 ICLK*4

000C 219Ah GPT1 General PWM timer compare capture register F GTCCRF 16 16, 32 3 to 5 ICLK*4

000C 219Ch GPT1 General PWM timer cycle setting register GTPR 16 16, 32 3 to 5 ICLK*4

000C 219Eh GPT1 General PWM timer cycle setting buffer register GTPBR 16 16, 32 3 to 5 ICLK*4
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4.2 I/O Register Bits

Register addresses and bit names of the peripheral modules are described below.

Each line cover eight bits, and 16-bit and 32-bit registers are shown as 2 or 4 lines, respectively.

Table 4.2 List of I/O Registers (Bit Order) (1 / 30)

Module 
Abbreviation

Register 
Abbreviation

Bit
31/23/15/7

Bit 
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

SYSTEM MDMONR — — — — — — — —

MDE — — — — — MD1 MD0

SYSTEM MDSR — — — — — — — —

— — — BOTS — — — IROM

SYSTEM SYSCR0 KEY[7:0]

— — — — — — — ROME

SYSTEM SYSCR1 — — — — — — — —

— — — — — — — RAME

SYSTEM SBYCR SSBY — — STS[4:0]

— — — — — — — —

SYSTEM MSTPCRA ACSE — — MSTPA28 — — — MSTPA24

MSTPA23 — — — — — MSTPA17 MSTPA16

MSTPA15 MSTPA14 — — — — MSTPA9 —

MSTPA7 — — — — — — —

SYSTEM MSTPCRB MSTPB31 MSTPB30 MSTPB29 — — — — —

MSTPB23 — MSTPB21 — — — MSTPB17 —

— — — — — — — —

MSTPB7 — — — — — — MSTPB0

SYSTEM MSTPCRC — — — — — — — —

— — — — — — — —

— — — — — — — —

— — — — — — — MSTPC0

SYSTEM SCKCR — — — — ICK[3:0]

— — — — — — — —

— — — — PCK[3:0]

— — — — — — — —

SYSTEM OSTDCR KEY[7:0]

OSTDE OSTDF — — — — — —

BSC BERCLR — — — — — — — STSCLR

BSC BEREN — — — — — — — IGAEN

BSC BERSR1 — MST[2:0] — — — IA

BSC BERSR2 ADDR[12:0]

ADDR[12:0] — — —

DTC DTCCR — — — RRS — — — —

DTC DTCVBR

DTC DTCADMOD — — — — — — — SHORT

DTC DTCST — — — — — — — DTCST

DTC DTCSTS ACT — — — — — — —

VECN[7:0]

MPU RSPAGE0 RSPN[27:0]

RSPN[27:0]

RSPN[27:0]

RSPN[27:0] — — — —
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ICU DTCER029 — — — — — — — DTCE

ICU DTCER030 — — — — — — — DTCE

ICU DTCER031 — — — — — — — DTCE

ICU DTCER045 — — — — — — — DTCE

ICU DTCER046 — — — — — — — DTCE

ICU DTCER064 — — — — — — — DTCE

ICU DTCER065 — — — — — — — DTCE

ICU DTCER066 — — — — — — — DTCE

ICU DTCER067 — — — — — — — DTCE

ICU DTCER068 — — — — — — — DTCE

ICU DTCER069 — — — — — — — DTCE

ICU DTCER070 — — — — — — — DTCE

ICU DTCER071 — — — — — — — DTCE

ICU DTCER098 — — — — — — — DTCE

ICU DTCER102 — — — — — — — DTCE

ICU DTCER103 — — — — — — — DTCE

ICU DTCER106 — — — — — — — DTCE

ICU DTCER114 — — — — — — — DTCE

ICU DTCER115 — — — — — — — DTCE

ICU DTCER116 — — — — — — — DTCE

ICU DTCER117 — — — — — — — DTCE

ICU DTCER121 — — — — — — — DTCE

ICU DTCER122 — — — — — — — DTCE

ICU DTCER125 — — — — — — — DTCE

ICU DTCER126 — — — — — — — DTCE

ICU DTCER129 — — — — — — — DTCE

ICU DTCER130 — — — — — — — DTCE

ICU DTCER131 — — — — — — — DTCE

ICU DTCER132 — — — — — — — DTCE

ICU DTCER134 — — — — — — — DTCE

ICU DTCER135 — — — — — — — DTCE

ICU DTCER136 — — — — — — — DTCE

ICU DTCER137 — — — — — — — DTCE

ICU DTCER138 — — — — — — — DTCE

ICU DTCER139 — — — — — — — DTCE

ICU DTCER140 — — — — — — — DTCE

ICU DTCER141 — — — — — — — DTCE

ICU DTCER142 — — — — — — — DTCE

ICU DTCER143 — — — — — — — DTCE

ICU DTCER144 — — — — — — — DTCE

ICU DTCER145 — — — — — — — DTCE

ICU DTCER149 — — — — — — — DTCE

ICU DTCER150 — — — — — — — DTCE

ICU DTCER151 — — — — — — — DTCE

ICU DTCER152 — — — — — — — DTCE

ICU DTCER153 — — — — — — — DTCE

ICU DTCER174 — — — — — — — DTCE

ICU DTCER175 — — — — — — — DTCE

ICU DTCER176 — — — — — — — DTCE

ICU DTCER177 — — — — — — — DTCE

ICU DTCER178 — — — — — — — DTCE

ICU DTCER179 — — — — — — — DTCE
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MTU0 TMDR1 — BFE BFB BFA MD[3:0]

MTU0 TIORH IOB[3:0] IOA[3:0]

MTU0 TIORL IOD[3:0] IOC[3:0]

MTU0 TIER TTEG — — TCIEV TGIED TGIEC TGIEB TGIEA

MTU0 TSR — — — TCFV TGFD TGFC TGFB TGFA

MTU0 TCNT

MTU0 TGRA

MTU0 TGRB

MTU0 TGRC

MTU0 TGRD

MTU0 TGRE

MTU0 TGRF

MTU0 TIER2 TTGE2 — — — — — TGIEF TGIEE

MTU0 TSR2 — — — — — — TGFF TGFE

MTU0 TBTM — — — — — TTSE TTSB TTSA

MTU1 TCR — CCLR[1:0] CKEG[1:0] TPSC[2:0]

MTU1 TMDR1 — — — — MD[3:0]

MTU1  TIOR  IOB[3:0] IOA[3:0]

MTU1 TIER TTEG — TCIEU TCIEV — — TGIEB TGIEA

MTU1 TSR TCFD — TCFU TCFV — — TGFB TGFA

MTU1 TCNT

MTU1 TGRA

MTU1 TGRB

MTU1 TICCR — — — — I2BE I2AE I1BE I1AE

MTU2 TCR — CCLR[1:0] CKEG[1:0] TPSC[2:0]

MTU2 TMDR1 — — — — MD[3:0]

MTU2 TIOR IOB[3:0]  IOA[3:0]

MTU2 TIER TTGE — TCIEU TCIEV — — TGIEB TGIEA

MTU2 TSR TCFD — TCFU TCFV — — TGFB TGFA

MTU2 TCNT

MTU2 TGRA

MTU2 TGRB

MTU6 TCR CCLR[20] CKEG[1:0] TPSC[2:0]

MTU7 TCR CCLR[20] CKEG[1:0] TPSC[2:0]

MTU6 TMDR1 — — BFB BFA MD[3:0]

MTU7 TMDR1 — — BFB BFA MD[3:0]

MTU6 TIORH IOB[3:0] IOA[3:0]

MTU6 TIORL IOD[3:0] IOC[3:0]

MTU7 TIORH IOB[3:0] IOA[3:0]
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GPT1 GTADTBRB

GPT1 GTADTDBRB

GPT1 GTONCR OBE OAE — SWN — — — NFV

NFS[3:0] NVB NVA NEB NEA

GPT1 GTDTCR — — — — — — — TDFER

— — TDBDE TDBUE — — — TDE

GPT1 GTDVU

GPT1 GTDVD

GPT1 GTDBU

GPT1 GTDBD

GPT1 GTSOS — — — — — — — —

— — — — — — SOS[1:0]

GPT1 GTSOTR — — — — — — — —

— — — — — — — SOTR

GPT2 GTIOR OBHLD OBDFLT GTIOB[5:0]

OAHLD OADFLT GTIOA[5:0]

GPT2 GTINTAD ADTRBDEN ADTRBUEN ADTRADEN ADTRAUEN EINT — — —

GTINTPR[1:0] GTINTF GTINTE GTINTD GTINTC GTINTB GTINTA

GPT2 GTCR — — CCLR[1:0] — — TPCS[1:0]

— — — — — MD[2:0]

GPT2 GTBER — ADTDB ADTTB[1:0] — ADTDA ADTTA[1:0]

— CCRSWT PR[1:0] CCRB[1:0] CCRA[1:0]

GPT2 GTUDC — — — — — — — —

— — — — — — UDF UD

GPT2 GTITC — ADTBL — ADTAL — IVTT[2:0]

IVTC[1:0] ITLF ITLE ITLD ITLC ITLB ITLA

GPT2 GTST TUCF — — — DTEF ITCNT[2:0]

TCFPU TCFPO TCFF TCFE TCFD TCFC TCFB TCFA

GPT2 GTCNT

GPT2 GTCCRA

GPT2 GTCCRB

GPT2 GTCCRC

GPT2 GTCCRD

GPT2 GTCCRE

GPT2 GTCCRF

GPT2 GTPR
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Caution: To protect the LSI's reliability, the output current values should not exceed the permissible output current.
Note 1. IOL = 15 mA (max.)/ - IOH = 5 mA (max.) for P71 to P76 and P90 to P95. Note, however, that up to 6 (112-pin or 100-pin LQFP) 

or 3 (80-pin or 64-pin LQFP) pins can accept over 2.0-mA IOL / - IOH at the same time.

Note: • Please contact Renesas Electronics sales office for derating of operation under Ta = +85°C to +105°C. Derating is the 
systematic reduction of load for improved reliability.

Note 1. The total power consmuption of the whole chip including output current.

Table 5.4 Permissible Output Currents
Note: Items for which test conditions are not specifically stated in the table below have the same values under conditions 1 to 3.

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

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

Condition 3: VCC = PLLVCC = 4.0 to 5.5 V, VSS = PLLVSS = AVSS0 = AVSS = VREFL0 = 0 V 
AVCC0 = AVCC = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0, VREF = 4.0 V to AVCC
Ta = Topr. Ta is the same under conditions 1 to 3.

Item Symbol Min. Typ. Max. Unit

Permissible output low current 
(average value per pin)

IOL - - 2.0*1 mA

Permissible output low current 
(max. value per pin)

IOL - - 4.0*1 mA

Permissible output low current (total) IOL - - 110 mA

Permissible output high current 
(average value per pin)

- IOH - - 2.0*1 mA

Permissible output high current 
(max. value per pin)

- IOH - - 4.0*1 mA

Permissible output high current (total) - IOH - - 35 mA

Table 5.5 Permissible Power Consumption (Only for G Version)
Note: Items for which test conditions are not specifically stated in the table below have the same values under conditions 1 to 3.

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

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

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

Ta = Topr. Ta is the same under conditions 1 to 3.

Item Symbol Typ. Max. Unit Test Conditions

Total permissible power consumption*1 Pd — 325 mW 85°C < Ta ≤ 105°C
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Note 1. The conversion time includes the sampling time and the comparison time. As the test conditions, the number of sampling states 
is indicated.

Table 5.16 12-Bit A/D Conversion Characteristics
Note:Items for which test conditions are not specifically stated in the table below have the same values under conditions 1 to 3.

Condition 1: VCC = PLLVCC = 2.7 to 3.6 V, VSS = PLLVSS = AVSS0 = AVSS = VREFL0 = 0 V
AVCC0 = AVCC = 3.0 to 3.6 V, VREFH0 = 3.0 V to AVCC0, VREF = 3.0 V to AVCC
Ta = Topr, ICLK = 8 to 100 MHz, PCLK = 8 to 50 MHz

Item Min. Typ. Max. Unit Test Conditions

Resolution 12 12 12 Bit

Conversion time*1

(AD clock = 25-MHz operation)
2.0 - - s Sampling 20 states

Analog input capacitance - - 6 pF

Integral nonlinearity error - - 4.0 LSB

Offset error - - 7.5 LSB

Full-scale error - - 7.5 LSB

Quantization error - 0.5 - LSB

Absolute 
accuracy

When a sample-and-hold circuit 
is in use

- - 8.0 LSB AVin = 0.25 to AVREFH - 
0.25

When a sample-and-hold circuit 
is not in use

- - 8.0 LSB AVin = AVREFL to AVREFH

Permissible signal source impedance - - 3.0 k

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

Condition 3: VCC = PLLVCC = 4.0 to 5.5 V, VSS = PLLVSS = AVSS0 = AVSS = VREFL0 = 0 V 
AVCC0 = AVCC = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0, VREF = 4.0 V to AVCC
Ta = Topr. Ta is the same under conditions 2 and 3. ICLK = 8 to 100 MHz, PCLK = 8 to 50 MHz.

Item Min. Typ. Max. Unit Test Conditions

Resolution 12 12 12 Bit

Conversion time*1

(AD clock = 25-MHz operation)
1.0 - - s Sampling 20 states

Analog input capacitance - - 6 pF

Integral nonlinearity error - - 4.0 LSB

Offset error - - 7.5 LSB

Full-scale error - - 7.5 LSB

Quantization error - 0.5 - LSB

Absolute 
accuracy

When a sample-and-hold circuit 
is in use

- - 8.0 LSB AVin = 0.25 to AVREFH - 
0.25

When a sample-and-hold circuit 
is not in use

- - 8.0 LSB AVin = AVREFL to AVREFH

Permissible signal source impedance - - 3.0 k
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5.5 Power-on Reset Circuit, Voltage Detection Circuit Characteristics

Note 1. The power-off time indicates the time when VCC is below the minimum value of voltage detection levels VPOR, Vdet1, and Vdet2 
for the POR/ LVD.

Figure 5.20 Power-on Reset Timing

Table 5.19 Power-on Reset Circuit, Voltage Detection Circuit Characteristics
Note:Items for which test conditions are not specifically stated in the table below have the same values under conditions 1 to 3.

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

Condition 2: VCC = PLLVCC = 2.7 to 3.6 V, VSS = PLLVSS = AVSS0 = AVSS = VREFL0 = 0 V
AVCC0 = AVCC = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0, VREF = 4.0 V to AVCC
Ta = Topr. Ta is the same under conditions 1 and 2.

Item Symbol Min. Typ. Max. Unit Test Conditions

Voltage detection 
level

Power-on reset (POR) VPOR 2.48 2.60 2.72 V Figure 5.20

Voltage detection circuit 
(LVD)

Vdet1 2.68 2.80 2.92 Figure 5.21

Vdet2 2.98 3.10 3.22 Figure 5.22

Internal reset time tPOR 20 35 50 ms Figure 5.21 and 
Figure 5.22

Min. VCC down time*1 tVOFF 200 - - us Figure 5.20 to 
Figure 5.22

Reply delay time tdet - - 200 us

Condition 3: VCC = PLLVCC = 4.0 to 5.5 V, VSS = PLLVSS = AVSS0 = AVSS = VREFL0 = 0 V 
AVCC0 = AVCC = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0, VREF = 4.0 V to AVCC
Ta = Topr

Item Symbol Min. Typ. Max. Unit Test Conditions

Voltage detection 
level

Power-on reset (POR) VPOR 3.70 3.90 4.10 V Figure 5.20

Voltage detection circuit 
(LVD)

Vdet1 3.95 4.15 4.35 Figure 5.21

Vdet2 4.40 4.60 4.80 Figure 5.22

Internal reset time tPOR 20 35 50 ms Figure 5.21 and 
Figure 5.22

Min. VCC down time*1 tVOFF 200 - - us Figure 5.20 to 
Figure 5.22

Reply delay time tdet - - 200 us

Internal reset signal 
(low valid)

VCC

tVOFF

VPOR

tPORtPOR tdet
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Figure A 112-Pin LQFP (PLQP0112JA-A) Package Dimensions
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Figure E 64-Pin LQFP (PLQP0064GA-A) Package Dimensions
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