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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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Communications CAN module (CAN)
(as an optional 
function)

 1 channel
 32 mailboxes

Serial peripheral 
interface (RSPI)

 1 unit
 RSPI transfer facility

Using the MOSI (master out, slave in), MISO (master in, slave out), SSL (slave select), 
and RSPI clock (RSPCK) signals enables serial transfer through SPI operation (four 
lines) or clock-synchronous operation (three lines) 
Capable of handling serial transfer as a master or slave

 Data formats
Switching between MSB first and LSB first
The number of bits in each transfer can be changed to any number of bits from 8 to 16, 
or to 20, 24, or 32 bits.
128-bit buffers for transmission and reception
Up to four frames can be transmitted or received in a single transfer operation (with each 
frame having up to 32 bits)

 Buffered structure
 Double buffers for both transmission and reception

LIN module (LIN)  1 channel (LIN master)
 Supports revisions 1.3, 2.0, and 2.1 of the LIN protocol

A/D converter 12-bit A/D converter 
(S12ADA)

 12 bits (2 units x 4 channels)
 12-bit resolution
 Conversion time:

1.0 s per channel (in operation with A/D conversion clock ADCLK at 50 MHz) for AVCC 
= 4.0 to 5.5 V
2.0 s per channel (in operation with A/D conversion clock ADCLK at 25 MHz) for 
AVCC0 = 3.0 to 3.6 V

 Two basic operating modes
Single mode and scan mode

 Scan mode
One-cycle scan mode
Continuous scan mode
2-channel scan mode (Input ports of the A/D unit are divided into two groups in this 
mode, and the activation sources are separately selectable for each group.)

 Sample-and-hold function
A common sample-and-hold circuit for both units is included.
Additionally, sample-and-hold circuit for each unit is included. (three channels per unit)

 A/D-conversion register settings for each input pin. 
 Two registers for the result of conversion are provided for a single analog input pin of 

each unit (AN000 and AN100).
 Three ways to start A/D conversion

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

 Functionality for 8- or 10-bit precision output
Right-shifting of the results of conversion for output by two or four bits is selectable.

 Self-diagnostic function
The self-diagnostic function internally generates three analog input voltages (VREFL0, 
VREFH0 x 1/2, VREFH0).

 Amplification of input signals by a programmable gain amplifier (three channels per unit)
Amplification rate: 2.0-, 2.5-, 3.077-, 3.636-, 4.0-, 4.444-, 5.0-, 5.714-, 6.667-, 10.0-, or 
13.333-times amplification (a total of 11 steps)

 Window comparators (three channels per unit)

Table 1.1 Outline of Specifications (4 / 5)

Classification Module/Function Description



R01DS0096EJ0200 Rev.2.00 Page 7 of 134
Jan 10, 2014

RX62T Group, RX62G Group 1. Overview

Under development Preliminary document
Specifications in this document are tentative and subject to change.

Table 1.2 Functions of RX62T Group and RX62G Group Products (1 / 2)

Functions RX62G Group RX62T Group

Pin number 112 Pins 100 Pins 112 Pins 100 Pins

80 Pins
(R5F562T
xGDFF) 80 Pins 64 Pins

Data transfer Data transfer 
controller (DTC)

√

Interrupt 
controller (ICU)

Input on the NMI pin √

Input on the IRQ pins √ (8) √ (4)

Timers Multi-function timer 
pulse unit 3 (MTU3)

√ √*1

General PWM timer 
(GPT)

— √ √*1

General PWM timer 
(GPTa)

√ —

MTU3/GPT 
complementary 
PWM pin

12 6

Port output enable 3 
(POE3)

√
(POE pins: 5)

√
(POE pins: 
3)

Compare match 
timer (CMT)

√

Watchdog timer 
(WDT)

√

Independent 
watchdog timer 
(IWDT)

√

Communication 
function

Serial 
communications 
interface (SCI)

√

I2C bus interface 
(RIIC)

√

CAN module (CAN) 
(as an optional 
function)

√

LIN module (LIN) √

Serial peripheral 
interface (RSPI)

√

12-bit A/D converter (S12ADA) √ (4 ch. x 2 units)

Simultaneous 
sampling on three 
channels

√ (2 units)

Programmable gain 
amplifier

√ (3 ch. x 2 units)

Window comparator √ (3 ch. x 2 units)

10-bit A/D converter (ADA) √
(12 ch.)

√
(4 ch.)

—

CRC calculator (CRC) √

I/O ports I/O pins 61 55 61 55 44 44 37 

Input pins 21 21 21 21 13 13 9 
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41 PA0 MTIOC6C SSL3-B 

42 VCC 

43 P96 IRQ4 POE4# 

44 VSS 

45 P95 MTIOC6B 

46 P94 MTIOC7A 

47 P93 MTIOC7B 

48 P92 MTIOC6D 

49 P91 MTIOC7C 

50 P90 MTIOC7D 

51 P76 MTIOC4D/ 
GTIOC2B-A 

52 P75 MTIOC4C/ 
GTIOC1B-A 

53 P74 MTIOC3D/ 
GTIOC0B-A 

54 P73 MTIOC4B/ 
GTIOC2A-A 

55 P72 MTIOC4A/ 
GTIOC1A-A 

56 P71 MTIOC3B/ 
GTIOC0A-A 

57 P70 IRQ5 POE0# 

58 P33 MTIOC3A/ 
MTCLKA-A 

SSL3-A 

59 P32 MTIOC3C/ 
MTCLKB-A 

SSL2-A 

60 VCC 

61 P31 MTIOC0A-B/ 
MTCLKC-A 

SSL1-A 

62 VSS 

63 P30 MTIOC0B-B/ 
MTCLKD-A 

SSL0-A 

64 P24 RSPCK-A 

65 P23 CTX-B/ LTX/ 
MOSI-A 

66 P22 ADTRG# CRX-B/ LRX/ 
MISO-A 

67 P21 ADTRG1#-B MTCLKA-B IRQ6 

68 P20 ADTRG0#-B MTCLKB-B IRQ7 

69 P65 AN5 

70 P64 AN4 

71 AVCC 

72 VREF

73 AVSS 

74 P63 AN3 

75 P62 AN2 

76 P61 AN1 

Table 1.5 List of Pins and Pin Functions (100-Pin LQFP) (2 / 3)

Pin No.
(80-Pin 
LQFP)

Power Supply
Clock
System Control I/O Port Analog Timer

Communi-
cation Interrupt POE Debugging
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Table 1.6 List of Pins and Pin Functions (80-Pin LQFP) (1 / 3)

Pin No.
(80-Pin 
LQFP)

Power Supply
Clock
System Control I/O Port Analog Timer

Communi-
cation Interrupt POE Debugging

1 EMLE 

2 VSS 

3 MDE 

4 VCL 

5 MD1 

6 MD0 

7 PE4 MTCLKC-C IRQ1-B POE10#-B 

8 PE3 MTCLKD-C IRQ2-A POE11# 

9 RES# 

10 XTAL 

11 VSS 

12 EXTAL 

13 VCC 

14 PE2 NMI POE10#-A 

15 PE0 CRX-C 

16 PD7 GTIOC0A-B CTX-C TRST# 

17 PD6 GTIOC0B-B TMS 

18 PD5 GTIOC1A-B RXD1 TDI 

19 PD4 GTIOC1B-B SCK1 TCK 

20 PD3 GTIOC2A-B TXD1 TDO 

21 PB7 SCK2-A 

22 PB6 CRX-A/ 
RXD2-A 

23 PB5 CTX-A/ 
TXD2-A 

24 PLLVCC 

25 PB4 GTETRG IRQ3 POE8# 

26 PLLVSS 

27 PB3 MTIOC0A-A SCK0 

28 PB2 MTIOC0B-A TXD0/SDA 

29 PB1 MTIOC0C RXD0/SCL 

30 PB0 MTIOC0D MOSI-B 

31 PA3 MTIOC2A SSL0-B 

32 PA2 MTIOC2B SSL1-B 

33 VCC 

34 P96 IRQ4 POE4# 

35 VSS 

36 P95 MTIOC6B 

37 P94 MTIOC7A 

38 P93 MTIOC7B 

39 P92 MTIOC6D 

40 P91 MTIOC7C 

41 P76 MTIOC4D/ 
GTIOC2B-A 
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(9) Accumulator (ACC)

The accumulator (ACC) is a 64-bit register used for DSP instructions. The accumulator is also used for the multiply and 

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

accumulator is modified by execution of the instruction.

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

instructions write data to the higher-order 32 bits (bits 63 to 32) and the lower-order 32 bits (bits 31 to 0), respectively.

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

instructions read data from the higher-order 32 bits (bits 63 to 32) and the middle 32 bits (bits 47 to 16), respectively.
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(a) Write to an I/O register.

(b) Read the value from the I/O register to a general register.

(c) Execute the operation using the value read.

(d) Execute the subsequent instruction.

[Instruction examples]

If multiple registers are written to and a subsequent instruction should be executed after the write operations are entirely 

completed, only read the I/O register that was last written to and execute the operation using the value; it is not necessary 

to read or execute operation for all the registers that were written to.

 Byte-size I/O registers

   MOV.L  #SFR_ADDR, R1
   MOV.B  #SFR_DATA, [R1]
   CMP    [R1].UB, R1     
   ;; Next process

 Word-size I/O registers

   MOV.L  #SFR_ADDR, R1
   MOV.W  #SFR_DATA, [R1] 
   CMP    [R1].W, R1
   ;; Next process

 Longword-size I/O registers

   MOV.L  #SFR_ADDR, R1
   MOV.L  #SFR_DATA, [R1]
   CMP    [R1].L, R1
   ;; Next process
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(4) Number of Access Cycles to I/O Registers

The number of access cycles to I/O registers is obtained by following equation.*

Number of access cycles to I/O registers = Number of bus cycles for internal main bus 1 +

Number of divided cycles for clock synchronization +

Number of bus cycles for internal peripheral buses 1, 2, 4, and 6

The number of bus cycles for internal peripheral buses 1, 2, 4, and 6 differs according to the register to be accessed. For 

the number of access cycles to each I/O register, see Table 4.1, List of I/O Registers.

When peripheral functions connected to internal peripheral bus 6 are accessed, the number of divided cycles for clock 

synchronization is added.

Although the number of divided cycles for clock synchronization differs depending on the number of frequency ratio 

between ICLK and PCLK or bus access timing, the sum of the number of bus cycles for internal main bus 1 and the 

number of divided cycles for clock synchronization will be one PCLK at a maximum. Therefore, one PCLK is added to 

the number of access cycles shown in Table 4.1.

Note: • This applies to the number of cycles when the access from the CPU does not conflict with the instruction fetching 
to the external memory or bus access from the different bus master (DTC).
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0008 C065h PORT5 Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C066h PORT6 Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C067h PORT7 Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C068h PORT8 Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C069h PORT9 Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C06Ah PORTA Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C06Bh PORTB Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C06Dh PORTD Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C06Eh PORTE Input buffer control register ICR 8 8 2, 3 PCLK*3

0008 C070h PORTG Input buffer control register ICR*1 8 8 2, 3 PCLK*3

0008 C108h IOPORT Port function register 8 PF8IRQ 8 8 2, 3 PCLK*3

0008 C109h IOPORT Port function register 9 PF9IRQ 8 8 2, 3 PCLK*3

0008 C10Ah IOPORT Port function register A PFAADC 8 8 2, 3 PCLK*3

0008 C10Ch IOPORT Port function register C PFCMTU 8 8 2, 3 PCLK*3

0008 C10Dh IOPORT Port function register D PFDGPT 8 8 2, 3 PCLK*3

0008 C10Fh IOPORT Port function register F PFFSCI 8 8 2, 3 PCLK*3

0008 C110h IOPORT Port function register G PFGSPI 8 8 2, 3 PCLK*3

0008 C111h IOPORT Port function register H PFHSPI 8 8 2, 3 PCLK*3

0008 C113h IOPORT Port function register J PFJCAN 8 8 2, 3 PCLK*3

0008 C114h IOPORT Port function register K PFKLIN 8 8 2, 3 PCLK*3

0008 C116h IOPORT Port function register M PFMPOE 8 8 2, 3 PCLK*3

0008 C117h IOPORT Port function register N PFNPOE 8 8 2, 3 PCLK*3

0008 C280h SYSTEM Deep standby control register DPSBYCR 8 8 4, 5 PCLK*3

0008 C281h SYSTEM Deep standby wait control register DPSWCR 8 8 4, 5 PCLK*3

0008 C282h SYSTEM Deep standby interrupt enable register DPSIER 8 8 4, 5 PCLK*3

0008 C283h SYSTEM Deep standby interrupt flag register DPSIFR 8 8 4, 5 PCLK*3

0008 C284h SYSTEM Deep standby interrupt edge register DPSIEGR 8 8 4, 5 PCLK*3

0008 C285h SYSTEM Reset status register RSTSR 8 8 4, 5 PCLK*3

0008 C289h FLASH Flash write erase protection register FWEPROR 8 8 4, 5 PCLK*3

0008 C28Ch SYSTEM Key code register for low-voltage detection 
control register

LVDKEYR 8 8 4, 5 PCLK*3

0008 C28Dh SYSTEM Voltage detection control register LVDCR 8 8 4, 5 PCLK*3

0008 C290h SYSTEM Deep standby backup register 0 DPSBKR0 8 8 4, 5 PCLK*3

0008 C291h SYSTEM Deep standby backup register 1 DPSBKR1 8 8 4, 5 PCLK*3

0008 C292h SYSTEM Deep standby backup register 2 DPSBKR2 8 8 4, 5 PCLK*3

0008 C293h SYSTEM Deep standby backup register 3 DPSBKR3 8 8 4, 5 PCLK*3

0008 C294h SYSTEM Deep standby backup register 4 DPSBKR4 8 8 4, 5 PCLK*3

0008 C295h SYSTEM Deep standby backup register 5 DPSBKR5 8 8 4, 5 PCLK*3

0008 C296h SYSTEM Deep standby backup register 6 DPSBKR6 8 8 4, 5 PCLK*3

0008 C297h SYSTEM Deep standby backup register 7 DPSBKR7 8 8 4, 5 PCLK*3

0008 C298h SYSTEM Deep standby backup register 8 DPSBKR8 8 8 4, 5 PCLK*3

0008 C299h SYSTEM Deep standby backup register 9 DPSBKR9 8 8 4, 5 PCLK*3

0008 C29Ah SYSTEM Deep standby backup register 10 DPSBKR10 8 8 4, 5 PCLK*3

0008 C29Bh SYSTEM Deep standby backup register 11 DPSBKR11 8 8 4, 5 PCLK*3

Table 4.1 List of I/O Registers (Address Order) (13 / 25)

Address
Module 
Abbreviation Register Name

Register 
Abbreviation

Number 
of Bits

Access 
Size

Number of 
Access 
Cycles
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000C 200Ah GPT General PWM timer hardware stop/clear source 
select register

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

000C 200Ch GPT General PWM timer write-protection register GTWP 16 8, 16, 32 3 to 5 ICLK*4

000C 200Eh GPT General PWM timer sync register GTSYNC 16 8, 16, 32 3 to 5 ICLK*4

000C 2010h GPT General PWM timer external trigger input 
interrupt register

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

000C 2014h GPT General PWM timer buffer operation disable 
register

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

000C 2018h GPT General PWM timer start write protection 
register

GTSWP 16 16, 32 3 to 5 ICLK*4

000C 2080h GPT LOCO count control register LCCR 16 8, 16, 32 3 to 5 ICLK*4

000C 2082h GPT LOCO count status register LCST 16 8, 16, 32 3 to 5 ICLK*4

000C 2084h GPT LOCO count value register LCNT 16 8, 16, 32 3 to 5 ICLK*4

000C 2086h GPT LOCO count result average register LCNTA 16 8, 16, 32 3 to 5 ICLK*4

000C 2088h GPT LOCO count result register 0 LCNT00 16 8, 16, 32 3 to 5 ICLK*4

000C 208Ah GPT LOCO count result register 1 LCNT01 16 8, 16, 32 3 to 5 ICLK*4

000C 208Ch GPT LOCO count result register 2 LCNT02 16 8, 16, 32 3 to 5 ICLK*4

000C 208Eh GPT LOCO count result register 3 LCNT03 16 8, 16, 32 3 to 5 ICLK*4

000C 2090h GPT LOCO count result register 4 LCNT04 16 8, 16, 32 3 to 5 ICLK*4

000C 2092h GPT LOCO count result register 5 LCNT05 16 8, 16, 32 3 to 5 ICLK*4

000C 2094h GPT LOCO count result register 6 LCNT06 16 8, 16, 32 3 to 5 ICLK*4

000C 2096h GPT LOCO count result register 7 LCNT07 16 8, 16, 32 3 to 5 ICLK*4

'000C 2098h GPT LOCO count result register 8 LCNT08 16 8, 16, 32 3 to 5 ICLK*4

000C 209Ah GPT LOCO count result register 9 LCNT09 16 8, 16, 32 3 to 5 ICLK*4

000C 209Ch GPT LOCO count result register 10 LCNT10 16 8, 16, 32 3 to 5 ICLK*4

000C 209Eh GPT LOCO count result register 11 LCNT11 16 8, 16, 32 3 to 5 ICLK*4

000C 20A0h GPT LOCO count result register 12 LCNT12 16 8, 16, 32 3 to 5 ICLK*4

000C 20A2h GPT LOCO count result register 13 LCNT13 16 8, 16, 32 3 to 5 ICLK*4

000C 20A4h GPT LOCO count result register 14 LCNT14 16 8, 16, 32 3 to 5 ICLK*4

000C 20A6h GPT LOCO count result register 15 LCNT15 16 8, 16, 32 3 to 5 ICLK*4

000C 20A8h GPT LOCO count upper permissible deviation 
register

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

000C 20AAh GPT LOCO count lower permissible deviation 
register

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

000C 2100h GPT0 General PWM timer I/O control register GTIOR 16 8, 16, 32 3 to 5 ICLK*4

000C 2102h GPT0 General PWM timer interrupt output setting 
register

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

000C 2104h GPT0 General PWM timer control register GTCR 16 8, 16, 32 3 to 5 ICLK*4

000C 2106h GPT0 General PWM timer buffer enable register GTBER 16 8, 16, 32 3 to 5 ICLK*4

000C 2108h GPT0 General PWM timer count direction register GTUDC 16 8, 16, 32 3 to 5 ICLK*4

000C 210Ah GPT0 General PWM timer interrupt and A/D converter 
start request skipping setting register

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

000C 210Ch GPT0 General PWM timer status register GTST 16 8, 16, 32 3 to 5 ICLK*4

000C 210Eh GPT0 General PWM timer counter GTCNT 16 16 3 to 5 ICLK*4

000C 2110h GPT0 General PWM timer compare capture register A GTCCRA 16 16, 32 3 to 5 ICLK*4

000C 2112h GPT0 General PWM timer compare capture register B GTCCRB 16 16, 32 3 to 5 ICLK*4

000C 2114h GPT0 General PWM timer compare capture register C GTCCRC 16 16, 32 3 to 5 ICLK*4

Table 4.1 List of I/O Registers (Address Order) (20 / 25)

Address
Module 
Abbreviation Register Name

Register 
Abbreviation

Number 
of Bits

Access 
Size

Number of 
Access 
Cycles
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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

Table 4.1 List of I/O Registers (Address Order) (21 / 25)

Address
Module 
Abbreviation Register Name

Register 
Abbreviation

Number 
of Bits

Access 
Size

Number of 
Access 
Cycles
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ICU IR044 — — — — — — — IR

ICU IR045 — — — — — — — IR

ICU IR046 — — — — — — — IR

ICU IR047 — — — — — — — IR

ICU IR056 — — — — — — — IR

ICU IR057 — — — — — — — IR

ICU IR058 — — — — — — — IR

ICU IR059 — — — — — — — IR

ICU IR060 — — — — — — — IR

ICU IR064 — — — — — — — IR

ICU IR065 — — — — — — — IR

ICU IR066 — — — — — — — IR

ICU IR067 — — — — — — — IR

ICU IR068 — — — — — — — IR

ICU IR069 — — — — — — — IR

ICU IR070 — — — — — — — IR

ICU IR071 — — — — — — — IR

ICU IR096 — — — — — — — IR

ICU IR098 — — — — — — — IR

ICU IR102 — — — — — — — IR

ICU IR103 — — — — — — — IR

ICU IR106 — — — — — — — IR

ICU IR114 — — — — — — — IR

ICU IR115 — — — — — — — IR

ICU IR116 — — — — — — — IR

ICU IR117 — — — — — — — IR

ICU IR118 — — — — — — — IR

ICU IR119 — — — — — — — IR

ICU IR120 — — — — — — — IR

ICU IR121 — — — — — — — IR

ICU IR122 — — — — — — — IR

ICU IR123 — — — — — — — IR

ICU IR124 — — — — — — — IR

ICU IR125 — — — — — — — IR

ICU IR126 — — — — — — — IR

ICU IR127 — — — — — — — IR

ICU IR128 — — — — — — — IR

ICU IR129 — — — — — — — IR

ICU IR130 — — — — — — — IR

ICU IR131 — — — — — — — IR

ICU IR132 — — — — — — — IR

ICU IR133 — — — — — — — IR

ICU IR134 — — — — — — — IR

ICU IR135 — — — — — — — IR

ICU IR136 — — — — — — — IR

ICU IR137 — — — — — — — IR

ICU IR138 — — — — — — — IR

ICU IR139 — — — — — — — IR

ICU IR140 — — — — — — — IR

ICU IR141 — — — — — — — IR

ICU IR142 — — — — — — — IR

ICU IR143 — — — — — — — IR

Table 4.2 List of I/O Registers (Bit Order) (4 / 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
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SCI1 SEMR — — NFEN ABCS — — — —

SMCI1 SMR GM BLK PE PM (BCP[1:0]) CKS[1:0]

SMCI1 BRR

SMCI1 SCR TIE RIE TE RE MPIE TEIE CKE[1:0]

SMCI1 TDR

SMCI1 SSR TDRE RDRF ORER ERS PER TEND MPB MPBT

SMCI1 RDR

SMCI1 SCMR BCP2 — — — SDIR SINV — SMIF

SCI2 SMR CM CHR PE PM STOP MP CKS[1:0]

SCI2 BRR

SCI2 SCR TIE RIE TE RE MPIE TEIE CKE[1:0]

SCI2 TDR

SCI2 SSR TDRE RDRF ORER FER PER TEND MPB MPBT

SCI2 RDR

SCI2 SCMR BCP2 — — — SDIR SINV — SMIF

SMCI2 SMR GM BLK PE PM (BCP[1:0]) CKS[1:0]

SMCI2 BRR

SMCI2 SCR TIE RIE TE RE MPIE TEIE CKE[1:0]

SMCI2 TDR

SMCI2 SSR TDRE RDRF ORER ERS PER TEND MPB MPBT

SMCI2 RDR

SMCI2 SCMR BCP2 — — — SDIR SINV — SMIF

CRC CRCCR DORCLR — — — — LMS GPS[1:0]

CRC CRCDIR

CRC CRCDOR

RIIC0 ICCR1 ICE IICRST CLO SOWP SCLO SDAO SCLI SDAI

RIIC0 ICCR2 BBSY MST TRS — SP RS ST —

RIIC0 ICMR1 MTWP CKS[2:0] BCWP BC[2:0]

RIIC0 ICMR2 DLCS SDDL[2:0] TMWE TMOH TMOL TMOS

RIIC0 ICMR3 SMBS WAIT RDRFS ACKWP ACKBT ACKBR NF[1:0]

RIIC0 ICFER — SCLE NFE NACKE SALE NALE MALE TMOE

RIIC0 ICSER HOAE — DIDE — GCAE SAR2E SAR1E SAR0E

RIIC0 ICIER TIE TEIE RIE NAKIE SPIE STIE ALIE TMOIE

RIIC0 ICSR1 HOA — DID — GCA AAS2 AAS1 AAS0

RIIC0 ICSR2 TDRE TEND RDRF NACKF STOP START AL TMOF

RIIC0 SARL0 SVA[6:0] SVA0

RIIC0 TMOCNTL

RIIC0 SARU0 — — — — — SVA[1:0] FS

RIIC0 TMOCNTU

RIIC0 SARL1 SVA[6:0] SVA0

RIIC0 SARU1 — — — — — SVA[1:0] FS

RIIC0 SARL2 SVA[6:0] SVA0

RIIC0 SARU2 — — — — — SVA[1:0] FS

RIIC0 ICBRL — — — BRL[4:0]

RIIC0 ICBRH — — — BRH[4:0]

RIIC0 ICDRT

RIIC0 ICDRR

RSPI0 SPCR SPRIE SPE SPTIE SPEIE MSTR MODFEN TXMD SPMS

Table 4.2 List of I/O Registers (Bit Order) (11 / 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
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MTU3 TGRA

MTU3 TGRB

MTU4 TGRA

MTU4 TGRB

MTU TCNTSA

MTU TCBRA

MTU3 TGRC

MTU3 TGRD

MTU4 TGRC

MTU4 TGRD

MTU3 TSR TCFD — — TCFV TGFD TGFC TGFB TGFA

MTU4 TSR TCFD — — TCFV TGFD TGFC TGFB TGFA

MTU TITCR1A T3AEN T3ACOR[2:0] T4VEN T4VCOR[2:0]

MTU TBTERA — T3ACOR[2:0] — T4VCNT[2:0]]

MTU TBTERA — — — — — — BTE[1:0]

MTU TDERA — — — — — — — TDER

MTU TOLBRA — — OLS3N OLS3P OLS2N OLS2P OLS1N OLS1P

MTU3 TBTM — — — — — — TTSB TTSA

MTU4 TBTM — — — — — — TTSB TTSA

MTU TITMRA — — — — — — — TITM

MTU TITCR2A — — — — — TRG4COR[2:0]

MTU TITCNT2A — — — — — TRG4COR[2:0]

MTU4 TADCR BF[1:0] — — — — — —

UT4AE DT4AE UT4BE DT4BE ITA3AE ITA4VE ITB3AE ITB4VE

MTU4 TADCORA

MTU4 TADCORB

MTU4 TADCOBRA

MTU4 TADCOBRB

MTU TWCRA CCE — — — — — — WRE

MTU TMDR2A — — — — — — — DRS

MTU3 TGRE

MTU4 TGRE

MTU4 TGRF

MTU TSTRA CST4 CST3 — — — CST2 CST1 CST0

MTU TSYRA SYNC4 SYNC3 — — — SYNC2 SYNC1 SYNC0

MTU TCSYSTR SCH0 SCH1 SCH2 SCH3 SCH4 — SCH6 SCH7

MTU TRWERA — — — — — — — RWE

MTU0 TCR CCLR[2:0] CKEG[1:0] TPSC[2:0]

Table 4.2 List of I/O Registers (Bit Order) (19 / 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
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MTU7 TIORL IOD[3:0] IOC[3:0]

MTU6 TIER TTEG — — TCIEV TGIED TGIEC TGIEB TGIEA

MTU7 TIER TTEG TTEG2 — TCIEV TGIED TGIEC TGIEB TGIEA

MTU TOERB — — OE7D OE7C OE6D OE7B OE7A OE6B

MTU TOCR1B — PSYE — — TOCL TOCS OLSN OLSP

MTU6 TCNT

MTU7 TCNT

MTU TCDRB

MTU TDDRB

MTU6 TGRA

MTU6 TGRB

MTU7 TGRA

MTU7 TGRB

MTU TCNTSB

MTU TCBRB

MTU6 TGRC

MTU6 TGRD

MTU7 TGRC

MTU7 TGRD

MTU6 TSR TCFD — — TCFV TGFD TGFC TGFB TGFA

MTU7 TSR TCFD — — TCFV TGFD TGFC TGFB TGFA

MTU TITCR1B T6AEN T6ACOR[2:0] T7VEN T7VCOR[2:0]

MTU TITCNT1B — T6ACNT[2:0] — T7VCNT[2:0]

MTU TBTERB — — — — — — BTE[1:0]

MTU TDERB — — — — — — — TDER

MTU TOLBRB — — OLS3N OLS3P OLS2N OLS2P OLS1N OLS1P

MTU6 TBTM — — — — — — TTSB TTSA

MTU7 TBTM — — — — — — TTSB TTSA

MTU TITMRB — — — — — — — TITM

MTU TITCR2B — — — — — TRGCOR[2:0]

MTU TITCNT2B — — — — — TRG7CNT[2:0]

MTU7 TADCR BF[1:0] — — — — — —

UT7AE DT7AE UT7BE DT7BE ITA6AE ITA7VE ITB6AE ITB7VE

MTU7 TADCORA

MTU7 TADCORB

MTU7 TADCOBRA

Table 4.2 List of I/O Registers (Bit Order) (21 / 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
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Note 1. Supply current values are with all output pins unloaded.
Note 2. Measured with clocks supplied to the peripheral functions. This does not include the BGO operation.
Note 3. ICC depends on f (ICLK) as follows. (ICLK: PCLK = 8:4)

 ICC max. = 0.54 x f + 16 (max.)
 ICC max. = 0.3 x f + 5 (normal operation)
 ICC max. = 0.44 x f + 16 (sleep mode)

Note 4. Measured with clocks not supplied to the peripheral functions. This does not include the BGO operation.
Note 5. Incremented if data is written to or erased from the ROM or data flash for data storage during the program execution.
Note 6. The values are for reference.

Table 5.3 DC Characteristics (2)
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
Test 
Conditions

Supply 
current*1

In operation Max.*2 ICC
*3 - - 70 mA ICLK = 

100 MHz
PCLK = 
50 MHz

Normal*4 - 35 -

Increased by BGO 
operation*5

- 15 -

Sleep 22 60

All-module-clock-stop mode*6 14 28

Standby 
mode

Software standby mode - 0.10 3 mA

Deep software standby 
mode

- 20 60 A

Analog power 
supply current

During 12-bit A/D conversion (when a 
sample-and-hold circuit is in use; per unit)

AICC0 - 3 5 mA

During 12-bit A/D conversion (when a 
sample-and-hold circuit is not in use; per 
unit)

- 3 5 mA

Programmable gain amp (per channel) - 1 2 mA

Window comparator (1 channel) 0.5 1 mA

Window comparator (6 channels) - 1 2 mA

During 12-bit A/D conversion (per unit) - 60 90 A

During 10-bit A/D conversion (per unit) AICC - 0.9 2 mA

Waiting for 10-bit A/D conversion (all units) - 0.3 3 A

Reference 
power supply 
current

During 12-bit A/D conversion (per unit) AIREFH0 - 1.6 3 mA

Waiting for 12-bit A/D conversion (all units) - 1.6 3 mA

During 10-bit A/D conversion (per unit) AIREF - 0.1 1 mA

Waiting for 10-bit A/D conversion (all units) - 0.1 3 A

VCC rising gradient SVCC - - 20 ms/V
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Note: • tIcyc: ICLK cycle

Figure 5.16 MTU3 Input/Output Timing

Figure 5.17 MTU3 Clock Input Timing

Table 5.12 Timing of On-Chip Peripheral Modules (4)
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. Max. Unit
Test 
Conditions

MTU3 Input capture input pulse width
(single-edge setting)

tTICW 3.0 - tIcyc Figure 5.16

Input capture input pulse width
(both-edge setting)

tTICW 5.0 - tIcyc

Timer clock pulse width 
(single-edge setting)

tTCKWH/L 3.0 - tIcyc Figure 5.17

Timer clock pulse width 
(both-edge setting)

tTCKWH/L 5.0 - tIcyc

Timer clock pulse width 
(phase coefficient mode)

tTCKWH/L 5.0 - tIcyc

GPT Input capture input pulse width
(single-edge setting)

tGTICW 3.0 - tIcyc Figure 5.18

Input capture input pulse width
(both-edge setting)

tGTICW 5.0 - tIcyc

Input capture 
input

ICLK

tTICW

MTCLKA to 
MTCLKD

ICLK

tTCKWL tTCKWH
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Figure 5.18 GPT Input/Output Timing

Note: •  tPcyc: PCLK cycle

Figure 5.19 POE3# Clock Timing

5.3.4 Timing of PWM Delay Generation Circuit

Note 1. This value is correct when the difference between each code and the next is a resolution of one bit (1 LSB).

Table 5.13 Timing of On-Chip Peripheral Modules (5)
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. Max. Unit
Test 
Conditions

POE3 POE# input pulse width tPOEW 1.5 - tPcyc Figure 5.19

Table 5.14 Timing of the PWM Delay Generation Circuit
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 = 4.0 to 5.5 V, VSS = PLLVSS = AVSS = VREL0 = 0 V
AVCC = AVCC = 4.0 to 5.5 V, VREFH0 = 4.0 V to AVCC0, VREF = 4.0 V to AVCC

                   Ta = Topr.

Item Symbol Typ. Max. Unit Test Conditions

Resolution — 312.5 — ps ICLK = 100 MHz

DNL*1 — 2.0 — LSB

Input capture 
input

ICLK

tGTICW

POEn# input

PCLK

tPOEW
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5.4 A/D Conversion Characteristics

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 5.15 10-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

Item Min. Typ. Max. Unit Test Conditions

Resolution 10 10 10 Bit

Conversion time*1

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

Analog input capacitance - - 4 pF

Integral nonlinearity error - - 3.0 LSB

Offset error - - 3.0 LSB

Full-scale error - - 3.0 LSB

Quantization error - 0.5 - LSB

Absolute accuracy - - 4.0 LSB

Permissible signal source impedance - - 1.0 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.

Item Min. Typ. Max. Unit Test Conditions

Resolution 10 10 10 Bit

Conversion time*1

(AD clock = 50-MHz operation)
1.0 - - s Sampling 25 states

Analog input capacitance - - 4 pF

Integral nonlinearity error - - 3.0 LSB

Offset error - - 3.0 LSB

Full-scale error - - 3.0 LSB

Quantization error - 0.5 - LSB

Absolute accuracy - - 4.0 LSB

Permissible signal source impedance - - 1.0 k
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5.6 Oscillation Stop Detection Timing

Figure 5.23 Oscillation Stop Detection Timing

Table 5.20 Oscillation Stop 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

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
Test 
Conditions

Detection time tdr - - 1.0 ms Figure 5.23

Internal oscillation frequency when 
oscillation stop is detected

fMAIN 0.5 - 7.0 MHz

ICLK

Main clock oscillator

Internal oscillation

Normal operation Abnormal operationOSTDF*

Note : * This indicates the OSTDF flag in the oscillation detection control register (OSTDCR).

tdr
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Figure D 64-Pin LQFP (PLQP0064KB-A) Package Dimensions

Terminal cross section
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