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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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DMA DMA controller (DMACA)  4 channels
 Three transfer modes: Normal transfer, repeat transfer, and block transfer
 Activation sources: Software trigger, external interrupts, and interrupt requests from peripheral 

functions

Data transfer controller 
(DTCa)

 Three transfer modes: Normal transfer, repeat transfer, and block transfer
 Activation sources: Interrupts
 Chain transfer function

I/O ports General I/O ports 100-pin/64-pin/48-pin
 I/O pin: 84/48/34
 Input: 1/1/1
 Pull-up resistors: 84/48/34
 Open-drain outputs: 35/26/20
 5-V tolerance: 4/2/2
 8-bit port switching function: Not supported/supported/supported

Event link controller (ELC)  Event signals of 46 types can be directly connected to the module
 Operations of timer modules are selectable at event input
 Capable of event link operation for port B

Multi-function pin controller (MPC)  Capable of selecting input/output function from multiple pins

Timers Multi-function timer pulse 
unit 2 (MTU2a)

 (16 bits  6 channels)  1 unit
 Time bases for the six 16-bit timer channels can be provided via up to 16 pulse-input/output lines and 

three pulse-input lines
 Select from among eight or seven counter-input clock signals for each channel (PCLK/1, PCLK/4, 

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

 Input capture function
 21 output compare/input capture registers
 Pulse output mode
 Complementary PWM output mode
 Reset synchronous PWM mode
 Phase-counting mode
 Generation of triggers for A/D converter conversion

Port output enable 2 
(POE2a)

Controls the high-impedance state of the MTU’s waveform output pins

8-bit timer (TMR)  (8 bits  2 channels)  2 units
 Select from among seven internal clock signals (PCLK/1, PCLK/2, PCLK/8, PCLK/32, PCLK/64, 

PCLK/1024, PCLK/8192) and one external clock signal
 Capable of output of pulse trains with desired duty cycles or of PWM signals
 The 2 channels of each unit can be cascaded to create a 16-bit timer
 Capable of generating baud-rate clocks for SCI5, SCI6, and SCI12

Compare match timer 
(CMT)

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

Independent watchdog 
timer (IWDTa)

 14 bits  1 channel
 Counter-input clock: IWDT-dedicated on-chip oscillator

Frequency divided by 1, 16, 32, 64, 128, or 256

Realtime clock (RTCc)  Clock source: Sub-clock
 Time count or 32-bit binary count in second units basis selectable
 Time/calendar
 Interrupt sources: Alarm interrupt, periodic interrupt, and carry interrupt

Table 1.1 Outline of Specifications (2 / 3)

Classification Module/Function Description
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1.3 Block Diagram

Figure 1.2 shows a block diagram.

Figure 1.2 Block Diagram

BSC

ICUb: Interrupt controller
DTCa: Data transfer controller
DMACA: DMA controller
BSC: Bus controller
IWDTa: Independent watchdog timer
ELC: Event link controller
CRC: CRC (cyclic redundancy check) calculator
SCIe, SCIf: Serial communications interface
IrDA: Infrared Data Association

RSPI: Serial peripheral interface
RIIC: I2C bus interface
MTU2a: Multi-function timer pulse unit 2
POE2a: Port output enable 2
TMR: 8-bit timer
CMT: Compare match timer
RTCc: Realtime clock
DOC: Data operation circuit
CAC: Clock-frequency accuracy measuring circuit
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91 P43 AN003

92 P42 AN002

93 P41 AN001

94 VREFL0

95 P40 AN000

96 VREFH0

97 AVCC0

98 P07 ADTRG0#

99 AVSS0

100 P05

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

Pin 

No.

Power Supply, Clock, 

System Control I/O Port Timers (MTU, TMR, POE)

Communications

(SCIe, SCIf, RSPI, RIIC) Others
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Table 1.7 List of Pins and Pin Functions (48-Pin LQFP) (1 / 2)

Pin No.

Power Supply, Clock, 

System Control I/O Port Timers (MTU, TMR, POE)

Communication 

(SCIe, SCIf, RSPI, RIIC) Others

1 VCL

2 MD FINED

3 RES#

4 XTAL P37

5 VSS

6 EXTAL P36

7 VCC

8 P35 NMI

9 P31 MTIOC4D/TMCI2 CTS1#/RTS1#/SS1# IRQ1

10 P30 MTIOC4B/TMRI3/POE8# RXD1/SMISO1/SSCL1 IRQ0

11 P27 MTIOC2B/TMCI3 SCK1

12 P26 MTIOC2A/TMO1 TXD1/SMOSI1/SSDA1

13 P17 MTIOC3A/MTIOC3B/TMO1/
POE8#

SCK1/MISOA/SDA IRQ7

14 P16 MTIOC3C/MTIOC3D/TMO2 TXD1/SMOSI1/SSDA1/MOSIA/
SCL

IRQ6/ADTRG0#

15 P15 MTIOC0B/MTCLKB/TMCI2 RXD1/SMISO1/SSCL1 IRQ5

16 P14 MTIOC3A/MTCLKA/TMRI2 CTS1#/RTS1#/SS1# IRQ4

17 PH3 TMCI0

18 PH2 TMRI0 IRQ1

19 PH1 TMO0 IRQ0

20 PH0 CACREF

21 PC7 MTIOC3A/TMO2/MTCLKB MISOA CACREF

22 PC6 MTIOC3C/MTCLKA/TMCI2 MOSIA

23 PC5 MTIOC3B/MTCLKD/TMRI2 RSPCKA

24 PC4 MTIOC3D/MTCLKC/TMCI1/
POE0#

SCK5/SSLA0

25 PB5/PC3 MTIOC2A/MTIOC1B/TMRI1/
POE1#

26 PB3/PC2 MTIOC0A/MTIOC4A/TMO0/
POE3#

SCK6

27 PB1/PC1 MTIOC0C/MTIOC4C/TMCI0 TXD6/SMOSI6/SSDA6 IRQ4

28 VCC

29 PB0/PC0 MTIC5W RXD6/SMISO6/SSCL6/RSPCKA

30 VSS

31 PA6 MTIC5V/MTCLKB/TMCI3/
POE2#

CTS5#/RTS5#/SS5#/MOSIA

32 PA4 MTIC5U/MTCLKA/TMRI0 TXD5/SMOSI5/SSDA5/IRTXD5/
SSLA0

IRQ5

33 PA3 MTIOC0D/MTCLKD RXD5/SMISO5/SSCL5/IRRXD5 IRQ6

34 PA1 MTIOC0B/MTCLKC SCK5/SSLA2 CVREFA

35 PE4 MTIOC4D/MTIOC1A AN012/CMPA2

36 PE3 MTIOC4B/POE8# CTS12#/RTS12# AN011/CMPA1

37 PE2 MTIOC4A RXD12/RXDX12/SSCL12 IRQ7/AN010

38 PE1 MTIOC4C TXD12/TXDX12/SIOX12/
SSDA12

AN009

39 NC (Non-Connection)

40 P46 AN006

41 NC (Non-Connection)

42 P42 AN002

43 P41 AN001
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2. CPU
Figure 2.1 shows the register set of the CPU.

Figure 2.1 Register Set of the CPU

 

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

R15
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R12
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R2

R1

R0  (SP) *1

General-purpose register

Control register

b31 b0

b31 b0

DSP instruction register

b63 b0

ACC (Accumulator)
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0008 7581h ICU Non-maskable interrupt enable register NMIER 8 8 2 ICLK

0008 7582h ICU Non-maskable interrupt clear register NMICLR 8 8 2 ICLK

0008 7583h ICU NMI pin interrupt control register NMICR 8 8 2 ICLK

0008 7590h ICU NMI pin digital filter enable register NMIFLTE 8 8 2 ICLK

0008 7594h ICU NMI pin digital filter setting register NMIFLTC 8 8 2 ICLK

0008 8000h CMT Compare match timer start register 0 CMSTR0 16 16 2, 3 PCLKB 2 ICLK

0008 8002h CMT0 Compare match timer control register CMCR 16 16 2, 3 PCLKB 2 ICLK

0008 8004h CMT0 Compare match timer counter CMCNT 16 16 2, 3 PCLKB 2 ICLK

0008 8006h CMT0 Compare match timer constant register CMCOR 16 16 2, 3 PCLKB 2 ICLK

0008 8008h CMT1 Compare match timer control register CMCR 16 16 2, 3 PCLKB 2 ICLK

0008 800Ah CMT1 Compare match timer counter CMCNT 16 16 2, 3 PCLKB 2 ICLK

0008 800Ch CMT1 Compare match timer constant register CMCOR 16 16 2, 3 PCLKB 2 ICLK

0008 8010h CMT Compare match timer start register 1 CMSTR1 16 16 2, 3 PCLKB 2 ICLK

0008 8012h CMT2 Compare match timer control register CMCR 16 16 2, 3 PCLKB 2 ICLK

0008 8014h CMT2 Compare match timer counter CMCNT 16 16 2, 3 PCLKB 2 ICLK

0008 8016h CMT2 Compare match timer constant register CMCOR 16 16 2, 3 PCLKB 2 ICLK

0008 8018h CMT3 Compare match timer control register CMCR 16 16 2, 3 PCLKB 2 ICLK

0008 801Ah CMT3 Compare match timer counter CMCNT 16 16 2, 3 PCLKB 2 ICLK

0008 801Ch CMT3 Compare match timer constant register CMCOR 16 16 2, 3 PCLKB 2 ICLK

0008 8030h IWDT IWDT refresh register IWDTRR 8 8 2, 3 PCLKB 2 ICLK

0008 8032h IWDT IWDT control register IWDTCR 16 16 2, 3 PCLKB 2 ICLK

0008 8034h IWDT IWDT status register IWDTSR 16 16 2, 3 PCLKB 2 ICLK

0008 8036h IWDT IWDT reset control register IWDTRCR 8 8 2, 3 PCLKB 2 ICLK

0008 8038h IWDT IWDT count stop control register IWDTCSTPR 8 8 2, 3 PCLKB 2 ICLK

0008 8200h TMR0 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8201h TMR1 Timer counter control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8202h TMR0 Timer control/status register TCSR 8 8 2, 3 PCLKB 2 ICLK

0008 8203h TMR1 Timer control/status register TCSR 8 8 2, 3 PCLKB 2 ICLK

0008 8204h TMR0 Time constant register A TCORA 8 8 2, 3 PCLKB 2 ICLK

0008 8205h TMR1 Time constant register A TCORA 8 8*1 2, 3 PCLKB 2 ICLK

0008 8206h TMR0 Time constant register B TCORB 8 8 2, 3 PCLKB 2 ICLK

0008 8207h TMR1 Time constant register B TCORB 8 8*1 2, 3 PCLKB 2 ICLK

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

0008 8209h TMR1 Timer counter TCNT 8 8*1 2, 3 PCLKB 2 ICLK

0008 820Ah TMR0 Timer counter control register TCCR 8 8 2, 3 PCLKB 2 ICLK

0008 820Bh TMR1 Timer counter control register TCCR 8 8*1 2, 3 PCLKB 2 ICLK

0008 820Ch TMR0 Time count start register TCSTR 8 8 2, 3 PCLKB 2 ICLK

0008 8210h TMR2 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8211h TMR3 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8212h TMR2 Timer control/status register TCSR 8 8 2, 3 PCLKB 2 ICLK

0008 8213h TMR3 Timer control/status register TCSR 8 8 2, 3 PCLKB 2 ICLK

0008 8214h TMR2 Time constant register A TCORA 8 8 2, 3 PCLKB 2 ICLK

0008 8215h TMR3 Time constant register A TCORA 8 8*1 2, 3 PCLKB 2 ICLK

0008 8216h TMR2 Time constant register B TCORB 8 8 2, 3 PCLKB 2 ICLK

0008 8217h TMR3 Time constant register B TCORB 8 8*1 2, 3 PCLKB 2 ICLK

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

0008 8219h TMR3 Timer counter TCNT 8 8*1 2, 3 PCLKB 2 ICLK

0008 821Ah TMR2 Timer counter control register TCCR 8 8 2, 3 PCLKB 2 ICLK

0008 821Bh TMR3 Timer counter control register TCCR 8 8*1 2, 3 PCLKB 2 ICLK

0008 821Ch TMR2 Time count start register TCSTR 8 8 2, 3 PCLKB 2 ICLK

0008 8280h CRC CRC control register CRCCR 8 8 2, 3 PCLKB 2 ICLK

Table 4.1 List of I/O Registers (Address Order) (8 / 20)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access Cycles

 ICLK 
PCLK

 ICLK <
PCLK
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0008 8281h CRC CRC data input register CRCDIR 8 8 2, 3 PCLKB 2 ICLK

0008 8282h CRC CRC data output register CRCDOR 16 16 2, 3 PCLKB 2 ICLK

0008 8300h RIIC0 I2C bus control register 1 ICCR1 8 8 2, 3 PCLKB 2 ICLK

0008 8301h RIIC0 I2C bus control register 2 ICCR2 8 8 2, 3 PCLKB 2 ICLK

0008 8302h RIIC0 I2C bus mode register 1 ICMR1 8 8 2, 3 PCLKB 2 ICLK

0008 8303h RIIC0 I2C bus mode register 2 ICMR2 8 8 2, 3 PCLKB 2 ICLK

0008 8304h RIIC0 I2C bus mode register 3 ICMR3 8 8 2, 3 PCLKB 2 ICLK

0008 8305h RIIC0 I2C bus function enable register ICFER 8 8 2, 3 PCLKB 2 ICLK

0008 8306h RIIC0 I2C bus status enable register ICSER 8 8 2, 3 PCLKB 2 ICLK

0008 8307h RIIC0 I2C bus interrupt enable register ICIER 8 8 2, 3 PCLKB 2 ICLK

0008 8308h RIIC0 I2C bus status register 1 ICSR1 8 8 2, 3 PCLKB 2 ICLK

0008 8309h RIIC0 I2C bus status register 2 ICSR2 8 8 2, 3 PCLKB 2 ICLK

0008 830Ah RIIC0 Slave address register L0 SARL0 8 8 2, 3 PCLKB 2 ICLK

0008 830Ah RIIC0 Timeout internal counter L TMOCNTL 8 8 2, 3 PCLKB 2 ICLK

0008 830Bh RIIC0 Slave address register U0 SARU0 8 8 2, 3 PCLKB 2 ICLK

0008 830Bh RIIC0 Timeout internal counter U TMOCNTU 8 8*2 2, 3 PCLKB 2 ICLK

0008 830Ch RIIC0 Slave address register L1 SARL1 8 8 2, 3 PCLKB 2 ICLK

0008 830Dh RIIC0 Slave address register U1 SARU1 8 8 2, 3 PCLKB 2 ICLK

0008 830Eh RIIC0 Slave address register L2 SARL2 8 8 2, 3 PCLKB 2 ICLK

0008 830Fh RIIC0 Slave address register U2 SARU2 8 8 2, 3 PCLKB 2 ICLK

0008 8310h RIIC0 I2C bus bit rate low-level register ICBRL 8 8 2, 3 PCLKB 2 ICLK

0008 8311h RIIC0 I2C bus bit rate high-level register ICBRH 8 8 2, 3 PCLKB 2 ICLK

0008 8312h RIIC0 I2C bus transmit data register ICDRT 8 8 2, 3 PCLKB 2 ICLK

0008 8313h RIIC0 I2C bus receive data register ICDRR 8 8 2, 3 PCLKB 2 ICLK

0008 8380h RSPI0 RSPI control register SPCR 8 8 2, 3 PCLKB 2 ICLK

0008 8381h RSPI0 RSPI slave select polarity register SSLP 8 8 2, 3 PCLKB 2 ICLK

0008 8382h RSPI0 RSPI pin control register SPPCR 8 8 2, 3 PCLKB 2 ICLK

0008 8383h RSPI0 RSPI status register SPSR 8 8 2, 3 PCLKB 2 ICLK

0008 8384h RSPI0 RSPI data register SPDR 32 16, 32 2, 3 PCLKB 2 ICLK

0008 8388h RSPI0 RSPI sequence control register SPSCR 8 8 2, 3 PCLKB 2 ICLK

0008 8389h RSPI0 RSPI sequence status register SPSSR 8 8 2, 3 PCLKB 2 ICLK

0008 838Ah RSPI0 RSPI bit rate register SPBR 8 8 2, 3 PCLKB 2 ICLK

0008 838Bh RSPI0 RSPI data control register SPDCR 8 8 2, 3 PCLKB 2 ICLK

0008 838Ch RSPI0 RSPI clock delay register SPCKD 8 8 2, 3 PCLKB 2 ICLK

0008 838Dh RSPI0 RSPI slave select negation delay register SSLND 8 8 2, 3 PCLKB 2 ICLK

0008 838Eh RSPI0 RSPI next-access delay register SPND 8 8 2, 3 PCLKB 2 ICLK

0008 838Fh RSPI0 RSPI control register 2 SPCR2 8 8 2, 3 PCLKB 2 ICLK

0008 8390h RSPI0 RSPI command register 0 SPCMD0 16 16 2, 3 PCLKB 2 ICLK

0008 8392h RSPI0 RSPI command register 1 SPCMD1 16 16 2, 3 PCLKB 2 ICLK

0008 8394h RSPI0 RSPI command register 2 SPCMD2 16 16 2, 3 PCLKB 2 ICLK

0008 8396h RSPI0 RSPI command register 3 SPCMD3 16 16 2, 3 PCLKB 2 ICLK

0008 8398h RSPI0 RSPI command register 4 SPCMD4 16 16 2, 3 PCLKB 2 ICLK

0008 839Ah RSPI0 RSPI command register 5 SPCMD5 16 16 2, 3 PCLKB 2 ICLK

0008 839Ch RSPI0 RSPI command register 6 SPCMD6 16 16 2, 3 PCLKB 2 ICLK

0008 839Eh RSPI0 RSPI command register 7 SPCMD7 16 16 2, 3 PCLKB 2 ICLK

0008 8410h IRDA IrDA control register IRCR 8 8 2, 3 PCLKB 2 ICLK

0008 8600h MTU3 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8601h MTU4 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8602h MTU3 Timer mode register TMDR 8 8 2, 3 PCLKB 2 ICLK

0008 8603h MTU4 Timer mode register TMDR 8 8 2, 3 PCLKB 2 ICLK

0008 8604h MTU3 Timer I/O control register H TIORH 8 8 2, 3 PCLKB 2 ICLK

Table 4.1 List of I/O Registers (Address Order) (9 / 20)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access Cycles

 ICLK 
PCLK

 ICLK <
PCLK
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0008 B32Dh SCI12 Secondary control field 1 data register SCF1DR 8 8 2, 3 PCLKB 2 ICLK

0008 B32Eh SCI12 Control field 1 compare enable register CF1CR 8 8 2, 3 PCLKB 2 ICLK

0008 B32Fh SCI12 Control field 1 receive data register CF1RR 8 8 2, 3 PCLKB 2 ICLK

0008 B330h SCI12 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 B331h SCI12 Timer mode register TMR 8 8 2, 3 PCLKB 2 ICLK

0008 B332h SCI12 Timer prescaler register TPRE 8 8 2, 3 PCLKB 2 ICLK

0008 B333h SCI12 Timer count register TCNT 8 8 2, 3 PCLKB 2 ICLK

0008 C000h PORT0 Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C001h PORT1 Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C002h PORT2 Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C003h PORT3 Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C004h PORT4 Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C005h PORT5 Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C00Ah PORTA Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C00Bh PORTB Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C00Ch PORTC Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C00Dh PORTD Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C00Eh PORTE Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C011h PORTH Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C012h PORTJ Port direction register PDR 8 8 2, 3 PCLKB 2 ICLK

0008 C020h PORT0 Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C021h PORT1 Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C022h PORT2 Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C023h PORT3 Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C024h PORT4 Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C025h PORT5 Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C02Ah PORTA Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C02Bh PORTB Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C02Ch PORTC Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C02Dh PORTD Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C02Eh PORTE Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C031h PORTH Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C032h PORTJ Port output data register PODR 8 8 2, 3 PCLKB 2 ICLK

0008 C040h PORT0 Port input data register PIDR 8 8 3 or 4 
PCLKB 

cycles when 
reading, 
2 or 3 

PCLKB 
cycles when 

writing

3 ICLK 
cycles when 

reading, 
2 ICLK 

cycles when 
writing

0008 C041h PORT1 Port input data register PIDR 8 8 3 or 4 
PCLKB 

cycles when 
reading, 
2 or 3 

PCLKB 
cycles when 

writing

3 ICLK 
cycles when 

reading, 
2 ICLK 

cycles when 
writing

0008 C042h PORT2 Port input data register PIDR 8 8 3 or 4 
PCLKB 

cycles when 
reading, 
2 or 3 

PCLKB 
cycles when 

writing

3 ICLK 
cycles when 

reading, 
2 ICLK 

cycles when 
writing

Table 4.1 List of I/O Registers (Address Order) (15 / 20)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access Cycles

 ICLK 
PCLK

 ICLK <
PCLK
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0008 C062h PORT2 Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C063h PORT3 Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C064h PORT4 Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C065h PORT5 Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C06Ah PORTA Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C06Bh PORTB Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C06Ch PORTC Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C06Dh PORTD Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C06Eh PORTE Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C071h PORTH Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C072h PORTJ Port mode register PMR 8 8 2, 3 PCLKB 2 ICLK

0008 C082h PORT1 Open drain control register 0 ODR0 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C083h PORT1 Open drain control register 1 ODR1 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C085h PORT2 Open drain control register 1 ODR1 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C086h PORT3 Open drain control register 0 ODR0 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C087h PORT3 Open drain control register 1 ODR1 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C094h PORTA Open drain control register 0 ODR0 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C095h PORTA Open drain control register 1 ODR1 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C096h PORTB Open drain control register 0 ODR0 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C097h PORTB Open drain control register 1 ODR1 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C098h PORTC Open drain control register 0 ODR0 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C099h PORTC Open drain control register 1 ODR1 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C09Ch PORTE Open drain control register 0 ODR0 8 8, 16 2, 3 PCLKB 2 ICLK

0008 C0C0h PORT0 Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0C1h PORT1 Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0C2h PORT2 Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0C3h PORT3 Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0C4h PORT4 Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0C5h PORT5 Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0CAh PORTA Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0CBh PORTB Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0CCh PORTC Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0CDh PORTD Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0CEh PORTE Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0D1h PORTH Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0D2h PORTJ Pull-up control register PCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0E1h PORT1 Drive capacity control register DSCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0EBh PORTB Drive capacity control register DSCR 8 8 2, 3 PCLKB 2 ICLK

0008 C0ECh PORTC Drive capacity control register DSCR 8 8 2, 3 PCLKB 2 ICLK

0008 C11Fh MPC Write-protect register PWPR 8 8 2, 3 PCLKB 2 ICLK

0008 C120h PORT Port switching register B PSRB 8 8 2, 3 PCLKB 2 ICLK

0008 C121h PORT Port switching register A PSRA 8 8 2, 3 PCLKB 2 ICLK

0008 C147h MPC P07 pin function control register P07PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C14Ah MPC P12 pin function control register P12PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C14Bh MPC P13 pin function control register P13PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C14Ch MPC P14 pin function control register P14PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C14Dh MPC P15 pin function control register P15PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C14Eh MPC P16 pin function control register P16PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C14Fh MPC P17 pin function control register P17PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C150h MPC P20 pin function control register P20PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C151h MPC P21 pin function control register P21PFS 8 8 2, 3 PCLKB 2 ICLK
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0008 C152h MPC P22 pin function control register P22PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C153h MPC P23 pin function control register P23PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C154h MPC P24 pin function control register P24PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C155h MPC P25 pin function control register P25PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C156h MPC P26 pin function control register P26PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C157h MPC P27 pin function control register P27PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C158h MPC P30 pin function control register P30PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C159h MPC P31 pin function control register P31PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C15Ah MPC P32 pin function control register P32PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C15Bh MPC P33 pin function control register P33PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C15Ch MPC P34 pin function control register P34PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C160h MPC P40 pin function control register P40PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C161h MPC P41 pin function control register P41PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C162h MPC P42 pin function control register P42PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C163h MPC P43 pin function control register P43PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C164h MPC P44 pin function control register P44PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C165h MPC P45 pin function control register P45PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C166h MPC P46 pin function control register P46PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C167h MPC P47 pin function control register P47PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C16Ch MPC P54 pin function control register P54PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C16Dh MPC P55 pin function control register P55PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C190h MPC PA0 pin function control register PA0PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C191h MPC PA1 pin function control register PA1PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C192h MPC PA2 pin function control register PA2PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C193h MPC PA3 pin function control register PA3PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C194h MPC PA4 pin function control register PA4PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C195h MPC PA5 pin function control register PA5PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C196h MPC PA6 pin function control register PA6PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C197h MPC PA7 pin function control register PA7PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C198h MPC PB0 pin function control register PB0PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C199h MPC PB1 pin function control register PB1PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C19Ah MPC PB2 pin function control register PB2PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C19Bh MPC PB3 pin function control register PB3PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C19Ch MPC PB4 pin function control register PB4PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C19Dh MPC PB5 pin function control register PB5PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C19Eh MPC PB6 pin function control register PB6PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C19Fh MPC PB7 pin function control register PB7PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A0h MPC PC0 pin function control register PC0PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A1h MPC PC1 pin function control register PC1PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A2h MPC PC2 pin function control register PC2PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A3h MPC PC3 pin function control register PC3PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A4h MPC PC4 pin function control register PC4PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A5h MPC PC5 pin function control register PC5PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A6h MPC PC6 pin function control register PC6PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A7h MPC PC7 pin function control register PC7PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A8h MPC PD0 pin function control register PD0PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1A9h MPC PD1 pin function control register PD1PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1AAh MPC PD2 pin function control register PD2PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1ABh MPC PD3 pin function control register PD3PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1ACh MPC PD4 pin function control register PD4PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1ADh MPC PD5 pin function control register PD5PFS 8 8 2, 3 PCLKB 2 ICLK
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Note 1. Odd addresses cannot be accessed in 16-bit units. When accessing a register in 16-bit units, access the address of the TMR0 or TMR2 register.
Note 2. Odd addresses cannot be accessed in 16-bit units. When accessing a register in 16-bit units, access the address of the TMOCNTL register.

0008 C42Eh RTC Time error adjustment register RADJ 8 8 2, 3 PCLKB 2 ICLK

007F C402h FLASH Flash mode register FMODR 8 8 2, 3 FCLK 2 ICLK

007F C410h FLASH Flash access status register FASTAT 8 8 2, 3 FCLK 2 ICLK

007F C411h FLASH Flash access error interrupt enable register FAEINT 8 8 2, 3 FCLK 2 ICLK

007F C412h FLASH Flash ready interrupt enable register FRDYIE 8 8 2, 3 FCLK 2 ICLK

007F C440h FLASH E2 DataFlash read enable register 0 DFLRE0 16 16 2, 3 FCLK 2 ICLK

007F C450h FLASH E2 DataFlash programming/erasure enable register 0 DFLWE0 16 16 2, 3 FCLK 2 ICLK

007F FFB0h FLASH Flash status register 0 FSTATR0 8 8 2, 3 FCLK 2 ICLK

007F FFB1h FLASH Flash status register 1 FSTATR1 8 8 2, 3 FCLK 2 ICLK

007F FFB2h FLASH Flash P/E mode entry register FENTRYR 16 16 2, 3 FCLK 2 ICLK

007F FFB4h FLASH Flash protection register FPROTR 16 16 2, 3 FCLK 2 ICLK

007F FFB6h FLASH Flash reset register FRESETR 16 16 2, 3 FCLK 2 ICLK

007F FFBAh FLASH FCU command register FCMDR 16 16 2, 3 FCLK 2 ICLK

007F FFC8h FLASH FCU processing switching register FCPSR 16 16 2, 3 FCLK 2 ICLK

007F FFCAh FLASH E2 DataFlash blank check control register DFLBCCNT 16 16 2, 3 FCLK 2 ICLK

007F FFCCh FLASH Flash P/E status register FPESTAT 16 16 2, 3 FCLK 2 ICLK

007F FFCEh FLASH E2 DataFlash blank check status register DFLBCSTAT 16 16 2, 3 FCLK 2 ICLK

007F FFE8h FLASH Peripheral clock notification register PCKAR 16 16 2, 3 FCLK 2 ICLK
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Figure 5.2 Voltage Dependency in Low-Speed Operating Mode 1 (Reference Data)

Figure 5.3 Voltage Dependency in Low-Speed Operating Mode 2 (Reference Data)

3.0 4.0 5.0 6.01.0 2.0

0

1

2

3

4

5

6

7

VCC (V)

IC
C

 (
m

A
)

Ta = 25°C, ICLK = 8 MHz*1

Ta = 105°C, ICLK = 8 MHz*2

Note 1. All peripheral operation is normal. This does not include BGO operation. 
Average value of the tested middle samples during product evaluation.

Note 2. All peripheral operation is maximum. This does not include BGO operation. 
Average value of the tested upper-limit samples during product evaluation.

Ta = 25°C, ICLK = 4 MHz*1

Ta = 105°C, ICLK = 4 MHz*2

Ta = 105°C, ICLK = 2 MHz*2

Ta = 25°C, ICLK = 2 MHz*1

0

50

100

150

200

3.0 4.0 5.0 6.01.0 2.0

Ta = 25°C, ICLK = 32.768 kHz*1

Ta = 105°C, ICLK = 32.768 kHz*2

VCC (V)

IC
C

 (
A

)

Note 1. All peripheral operation is normal. This does not include BGO operation. 
Average value of the tested middle samples during product evaluation.

Note 2. All peripheral operation is maximum. This does not include BGO operation. 
Average value of the tested upper-limit samples during product evaluation.



R01DS0130EJ0110 Rev.1.10 Page 54 of 105
Dec 20, 2013

RX220 Group 5. Electrical Characteristics

Figure 5.4 Voltage Dependency in Software Standby Mode (SOFTCUT Bit = 11xb) (Reference Data)

Figure 5.5 Temperature Dependency in Software Standby Mode (SOFTCUT Bit = 11xb) (Reference 
Data)
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Figure 5.19 VOL and IOL Temperature Characteristics of RIIC Output Pin at VCC = 3.3 V (Reference 
Data)

Figure 5.20 VOL and IOL Temperature Characteristics of RIIC Output Pin at VCC = 5.5 V (Reference 
Data)

IOL vs VOL [V]

VOL [V]

I O
L 

[m
A

]

0 0.5 1 1.5 2 2.5 3.5
0

5

10

20

25

40

30

15

35

Ta = 105°C

Ta = 25°C

Ta = –40°C

3

IOL vs VOL [V]

VOL [V]

I O
L 

[m
A

]

0 1 2 3 4 5 6
0

10

20

40

50

80

60

30

70

Ta = 105°C

Ta = 25°C

Ta = –40°C



R01DS0130EJ0110 Rev.1.10 Page 70 of 105
Dec 20, 2013

RX220 Group 5. Electrical Characteristics

5.3.2 Reset Timing

Figure 5.28 Reset Input Timing at Power-On

Figure 5.29 Reset Input Timing

Table 5.23 Reset Timing
Conditions: VCC = AVCC0 = 1.62 to 5.5 V, VSS = AVSS0 = VREFL0 = 0 V, Ta = –40 to +105°C

Item Symbol Min. Typ. Max. Unit
Test 

Conditions

RES# pulse 
width

Power-on tRESWP 8 — — ms Figure 5.28

Software standby mode, low-speed 
operating modes 1 and 2

tRESWS 1 — — ms Figure 5.29

Programming or erasure of the ROM or E2 
DataFlash memory or blank checking of the 
E2 DataFlash memory

tRESWF 200 — — µs

Other than above tRESW 200 — — µs

Wait time after RES# cancellation tRESWT — — 912 µs Figure 5.28

Internal reset time
(independent watchdog timer reset, software reset)

tRESW2 — — 1.4 ms

VCC

RES#

tRESWP

Internal reset

tRESWT

1.55 V

RES#

Internal reset

tRESWT

tRESWS, tRESWF, tRESW
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5.3.3 Timing of Recovery from Low Power Consumption Modes

Note 1. The recovery time varies depending on the state of each oscillator when the WAIT instruction is executed. The recovery time 
when multiple oscillators are operating varies depending on the operating state of the oscillators that are not selected as the 
system clock source, and depends on the time set in the wait control registers corresponding to the oscillators.

Note 2. The indicated value is measured for an 8 MHz crystal resonator. ICLK is set to divided by 1. 
Note 3. When RCR3.RTCEN = 1, the time will be the time set in the SOSCWTCR register minus 2 s.
Note 4. When the external clock frequency is 20 MHz. ICLK is set to divided by 1. 
Note 5. ICLK is set to divided by 1. 
Note 6. When the frequency is 50 MHz, HOCOWTCR2.HSTS2[4:0] = 10101b and ICLK is set to divided by 2.

When the frequency is 32 MHz, HOCOWTCR2.HSTS2[4:0] = 10100b and ICLK is set to divided by 1.

Figure 5.30 Software Standby Mode Cancellation Timing

Table 5.24 Timing of Recovery from Low Power Consumption Modes
Conditions: VCC = AVCC0 = 1.62 to 5.5 V, VSS = AVSS0 = VREFL0 = 0 V, Ta = –40 to +105°C

Item Symbol Min. Typ. Max. Unit
Test 

Conditions

Recovery time 
after 
cancellation of 
software 
standby mode 
(HOCO power 
supplied)
(SOFTCUT[2:0] 
bits = 000b)*1

Crystal resonator 
connected to 
main clock 
oscillator*2

Main clock oscillator 
operating

tSBYMC — 3 — ms Figure 5.30

External clock 
input to main 
clock oscillator*4

Main clock oscillator 
operating

tSBYEX 7 — — µs

Sub-clock oscillator operating*5 tSBYSC 2*3 — — s

HOCO clock oscillator operating*6 tSBYHO — — 50 µs

LOCO clock oscillator operating*5 tSBYLO — — 90 µs

Recovery time 
after 
cancellation of 
software 
standby mode 
(HOCO power 
not supplied)
(SOFTCUT[2:0] 
bits = 11xb)*1

Crystal resonator 
connected to 
main clock 
oscillator*2

Main clock oscillator 
operating

tSBYMC — 3 — ms Figure 5.30

External clock 
input to main 
clock oscillator*4

Main clock oscillator 
operating

tSBYEX 40 — — µs

Sub-clock oscillator operating*5 tSBYSC 2*3 — — s

HOCO clock oscillator operating*6 tSBYHO — — 0.8 ms

LOCO clock oscillator operating*5 tSBYLO — — 90 µs

Oscillator

ICLK

IRQ

Software standby mode

tSBYMC, tSBYEX, tSBYSC, 

tSBYHO, tSBYLO
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5.3.4 Control Signal Timing

Note: • 200 ns minimum in software standby mode.

Figure 5.31 NMI Interrupt Input Timing

Figure 5.32 IRQ Interrupt Input Timing

Table 5.25 Control Signal Timing
Conditions: VCC = AVCC0 = 1.62 to 5.5 V, VSS = AVSS0 = VREFL0 = 0 V, Ta = –40 to +105°C

Item Symbol Min. Typ. Max. Unit Test Conditions

NMI pulse width tNMIW 200 — — ns tc(PCLKB) × 2 ≤ 200 ns, Figure 5.31

tc(PCLKB) × 2 — — ns tc(PCLKB) × 2 > 200 ns, Figure 5.31

IRQ pulse width tIRQW 200 — — ns tc(PCLKB) × 2 ≤ 200 ns, Figure 5.32

tc(PCLKB) × 2 — — ns tc(PCLKB) × 2 > 200 ns, Figure 5.32

NMI

tNMIW

IRQ

tIRQW
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Note: • These characteristics apply when noise is not superimposed on the power supply.
Note 1. # in the symbol Vdet2_# denotes the value of the LVDLVLR.LVD2LVL[3:0] bits.
Note 2. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels VPOR, Vdet0, 

Vdet1, and Vdet2 for the POR/ LVD. 

Table 5.38 Power-on Reset Circuit and Voltage Detection Circuit Characteristics (2)
Conditions: VCC = AVCC0, VSS = AVSS0 = VREFL0 = 0 V, Ta = –40 to +105°C

Item Symbol Min. Typ. Max. Unit Test Conditions

Voltage detection 
level

Voltage detection circuit (LVD2)*1 Vdet2_0 4.00 4.15 4.30 V Figure 5.55

At falling edge VCC
Vdet2_1 3.85 4.00 4.15

Vdet2_2 3.70 3.85 4.00

Vdet2_3 3.55 3.70 3.85

Vdet2_4 3.40 3.55 3.70

Vdet2_5 3.25 3.40 3.55

Vdet2_6 3.10 3.25 3.40

Vdet2_7 2.95 3.10 3.25

Vdet2_8 2.85 2.95 3.05

Vdet2_9 2.70 2.80 2.90

Vdet2_A 2.55 2.65 2.75

Vdet2_B 2.40 2.50 2.60

Vdet2_C 2.25 2.35 2.45

Vdet2_D 2.10 2.20 2.30

Vdet2_E 1.95 2.05 2.15

Vdet2_F 1.80 1.90 2.00

 VCMPA2 1.18 1.33 1.48 EXVCCINP2 = 1

Internal reset time Power-on reset time tPOR — 9 — ms Figure 5.52

Voltage monitoring 0 reset time tLVD0 — 9 — Figure 5.53

Voltage monitoring 1 reset time tLVD1 — 1.4 — Figure 5.54

Voltage monitoring 2 reset time tLVD2 — 1.4 — Figure 5.55

Minimum VCC down time*2 tVOFF 200 — — µs Figure 5.51

Response delay time tdet — — 200 µs Figure 5.52

LVD operation stabilization time (after LVD is enabled) Td(E-A) — — 15 µs Figure 5.54 and 
Figure 5.55

Power-on reset enable time tW(POR) 1 — — ms Figure 5.52
VCC = 0.9 V or lower

Hysteresis width (LVD1 and LVD2) V LVH — 100 — mV When selection is from 
among VdetX_0 to 7.

— 50 — When selection is from 
among VdetX_8 to F.
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Table 5.42 ROM (Flash Memory for Code Storage) Characteristics (3)
medium-speed operating mode 1A

Conditions: VCC = AVCC0 = 2.7 to 5.5 V, VSS = AVSS0 = VREFL0 = 0 V
Temperature range for the programming/erasure operation: Ta = –40 to +105°C

Item Symbol
FCLK = 4 MHz FCLK = 32 MHz

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

Programming time
when NPEC ≤ 100 times

2 bytes tP2 — 0.19 4.3 — 0.12 2.0 ms

8 bytes tP8 — 0.19 4.4 — 0.12 2.0

128 bytes tP128 — 0.67 10.7 — 0.41 4.8

Programming time
when NPEC > 100 times

2 bytes tP2 — 0.23 5.3 — 0.15 2.5 ms

8 bytes tP8 — 0.23 5.4 — 0.15 2.5

128 bytes tP128 — 0.80 13.2 — 0.48 6.0

Erasure time
when NPEC ≤ 100 times

2 Kbytes tE2K — 13.0 92.8 — 10.5 29 ms

Erasure time
when NPEC > 100 times

2 Kbytes tE2K — 15.9 176.9 — 12.8 60 ms

Suspend delay time during programming
(in programming/erasure priority mode)

tSPD — — 0.9 — — 0.8 ms

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

tSPSD1 — — 220 — — 120 μs

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

tSPSD2 — — 0.9 — — 0.8 ms

Suspend delay time during erasing 
(in programming/erasure priority mode)

tSED — — 0.9 — — 0.8 ms

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

tSESD1 — — 220 — — 120 μs

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

tSESD2 — — 0.9 — — 0.8 ms

FCU reset time tFCUR 20 μs or longer 
and FCLK × 6 

or greater

— — 20 μs or longer 
and FCLK × 6 

or greater

— — μs
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Note 1. The operating frequency is 8 MHz (max.) when the voltage is in the range from 1.62 V to less than 2.7 V.

Table 5.43 ROM (Flash Memory for Code Storage) Characteristics (4)
medium-speed operating mode 1B

Conditions: VCC = AVCC0 = 1.62 to 3.6 V, VSS = AVSS0 = VREFL0 = 0 V
Temperature range for the programming/erasure operation: Ta = –40 to +105°C

Item Symbol
FCLK = 4 MHz FCLK = 32 MHz*1

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

Programming time
when NPEC ≤ 100 times

2 bytes tP2 — 0.25 5.0 — 0.21 2.8 ms

8 bytes tP8 — 0.25 5.3 — 0.21 3.0

128 bytes tP128 — 0.92 14.0 — 0.65 8.3

Programming time
when NPEC > 100 times

2 bytes tP2 — 0.31 6.2 — 0.26 3.5 ms

8 bytes tP8 — 0.31 6.6 — 0.26 3.7

128 bytes tP128 — 1.09 17.5 — 0.77 10.0

Erasure time
when NPEC ≤ 100 times

2 Kbytes tE2K — 21.0 113.6 — 18.5 46 ms

Erasure time
when NPEC > 100 times

2 Kbytes tE2K — 25.6 220.6 — 22.5 90 (1000 times ≥ 
NPEC > 100 times), 
98 (10000 times ≥ 

NPEC > 1000 times)

ms

Suspend delay time during programming
(in programming/erasure priority mode)

tSPD — — 1.7 — — 1.6 ms

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

tSPSD1 — — 220 — — 120 μs

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

tSPSD2 — — 1.7 — — 1.6 ms

Suspend delay time during erasing 
(in programming/erasure priority mode)

tSED — — 1.7 — — 1.6 ms

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

tSESD1 — — 220 — — 120 μs

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

tSESD2 — — 1.7 — — 1.6 ms

FCU reset time tFCUR 20 μs or 
longer and 
FCLK × 6 
or greater

— — 20 μs or 
longer and 
FCLK × 6 
or greater

— — μs


