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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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

Common Subcategories of "Embedded -
Microcontrollers"

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

Types of "Embedded - Microcontrollers"

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

Ethernet controller 
(ETHERC)

 2 channels
 Input and output of Ethernet/IEEE 802.3 frames
 Transfer at 10 or 100 Mbps
 Full- and half-duplex modes
 MII (Media Independent Interface) or RMII (Reduced Media Independent Interface) as 

defined in IEEE 802.3u
 Detection of Magic PacketsTM*1 or output of a "wake-on-LAN" signal (WOL)
 Compliance with flow control as defined in IEEE 802.3x standards
 Filtering of multicast frames
 Direct transfer of frames between two channels by cut-through

PTP controller for 
Ethernet controller 
(EPTPCa)

 A block compatible with the IEEE 1588 standard is connected to the Ethernet controller 
(ETHERC).

 Matching with a time stamp can start counting by MTU3 and the GPT.

DMA controller for 
Ethernet controller 
(EDMACa)

 3 channels (the round-robin method determines the priority of the channels)
2 channels for ETHERC; 1 channel for EPTPC

 Alleviation of CPU load by the descriptor control method
 Transmission FIFO: 2 Kbytes; Reception FIFO: 4 Kbytes

USB 2.0 FS host/
function module (USBb)

 Includes a UDC (USB Device Controller) and transceiver for USB 2.0 FS
 One port
 Compliance with the USB 2.0 specification
 Transfer rate: Full speed (12 Mbps), low speed (1.5 Mbps) (host only)
 Self-power mode and bus power are selectable
 OTG (On the Go) operation is possible (low-speed is not supported)
 Incorporates 2 Kbytes of RAM as a transfer buffer
 External pull-up and pull-down resistors are not required

USB 2.0 HS host/
function module with 
battery charging 
(USBAa)

 Includes a UDC (USB Device Controller) and transceiver for USB 2.0 HS
 One port (only in 177-/176-pin devices)
 Compliance with the USB 2.0 specification
 Transfer rate: High speed (480 Mbps), full speed (12 Mbps), 

low speed (1.5 Mbps) (host only)
 Self-power mode and bus power are selectable
 OTG (On the Go) operation is possible (low-speed is not supported)
 Incorporates 8.5 Kbytes of RAM as a transfer buffer
 External pull-up and pull-down resistors are not required

Serial communications 
interfaces (SCIg, SCIh)

 9 channels (SCIg: 8 channels + SCIh: 1 channel)
 SCIg

Serial communications modes: Asynchronous, clock synchronous, and smart-card 
interface
Multi-processor function
On-chip baud rate generator allows selection of the desired bit rate
Choice of LSB-first or MSB-first transfer
Average transfer rate clock can be input from TMR timers for SCI5, SCI6, and SCI12
Start-bit detection: Level or edge detection is selectable.
Simple I2C
Simple SPI
9-bit transfer mode
Bit rate modulation
Double-speed mode
Event linking by the ELC (only on chanel 5)

 SCIh (The following functions are added to SCIg)
Supports the serial communications protocol, which contains the start frame and 
information frame
Supports the LIN format

Serial communications 
interface with FIFO 
(SCIFA)

 4 channels
 Methods of transfer: Asynchronous and clock synchronous
 Desired bit rates can be selected from the internal baud rate generators.
 LSB or MSB first is selectable.
 Both the transmission and reception sections are equipped with 16-byte FIFO buffers, 

allowing continuous transmission and reception.
 Bit rate modulation
 Double-speed mode

Table 1.1 Outline of Specifications (6/10)
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Safety Memory protection unit 
(MPU)

 Protection area: Eight areas (max.) can be specified in the range from 0000 0000h to 
FFFF FFFFh.

 Minimum protection unit: 16 bytes
 Reading from, writing to, and enabling the execution access can be specified for each 

area.
 An address exception occurs when the detected access is not in the permitted area.

Trusted Memory (TM) 
Function

 Protects against the reading of programs from blocks 8 and 9 of the code flash memory
 Instruction fetching by the CPU is the only form of access to these areas when the TM 

function is enabled.

Register write 
protection function

 Protects important registers from being overwritten for in case a program runs out of 
control.

CRC calculator (CRC)  CRC code generation for arbitrary amounts of data in 8-bit units
 Select any of three generating polynomials:

X8 + X2 + X + 1, X16 + X15 + X2 + 1, or X16 + X12 + X5 + 1
 Generation of CRC codes for use with LSB-first or MSB-first communications is 

selectable

Main clock oscillation 
stop function

 Main clock oscillation stop detection: Available

Clock frequency 
accuracy measurement 
circuit (CAC)

 Monitors the clock output from the main clock oscillator, sub-clock oscillator, low- and 
high-speed on-chip oscillators, the PLL frequency synthesizer, IWDT-dedicated on-chip 
oscillator, and PCLKB, and generates interrupts when the setting range is exceeded.

Data operation circuit 
(DOC)

 The function to compare, add, or subtract 16-bit data

Encryption 
function

AESa*3  Key lengths: 128, 196, and 256 bits
 Support for CBC, ECB, CFB, OFB, CTR, and CMAC operating modes
 Speed of calculations: 128-bit key length in 22 cycles

192-bit key length in 26 cycles
256-bit key length in 30 cycles

 Compliant with FIPS PUB 197

DES*3  Key lengths: 56 bits (DES)/3 × 56 bits (T-DES)
 Support for DES and triple DES
 Support for ECB and CBC operating modes
 Speed of calculations: 6 clock cycles in single DES mode

14 clock cycles in triple DES mode
 Compliant with FIPS PUB 46-3
 Compliant with FIPS PUB 81

SHAa*3  Support for SHA-1 (128), SHA-2 (224 or 256), and HMAC (160, 224, or 256)
 Speed of calculations: 50 clock cycles in SHA-1 mode

42 clock cycles in SHA-224 mode
42 clock cycles in SHA-256 mode

 Compliant with SHA as defined in FIPS PUB 180-1 and -2
 Compliant with HMAC as defined in FIPS PUB 198

True random number 
generator (RNG)*3

 Length of random numbers: 16 bits
 Generation of random-number-generated interrupts after a number is generated
 Random number generation time: 3.6 ms (typ) 

Operating frequency Up to 240 MHz

Power supply voltage VCC = AVCC0 = AVCC1 = VCC_USB = 2.7 to 3.6 V, 2.7  VREFH0  AVCC0, 
VCC_USBA = AVCC_USBA = 2.7 to 3.6 V,
VBATT = 2.0 to 3.6 V

Operating temperature D-version: 40 to +85°C
G-version: 40 to +105°C (in planning)

Package 177-pin TFLGA (PTLG0177KA-A) (in planning)
176-pin LFBGA (PLBG0176GA-A) (in planning)
176-pin LQFP (PLQP0176KB-A)
145-pin TFLGA (PTLG0145KA-A) (in planning)
144-pin LQFP (PLQP0144KA-A)
100-pin TFLGA (PTLG0100JA-A) (in planning)
100-pin LQFP (PLQP0100KB-A)

Table 1.1 Outline of Specifications (9/10)
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Note 1. Magic PacketTM is a registered trademark of Advanced Micro Devices, Inc.
Note 2. Setting is only possible when the input sampling rate 44.1 kHz is selected.
Note 3. The product part number differs according to whether or not it supports encryption.
Note 4. The product part number differs according to whether or not it includes an SDHI (SD host interface). 

On-chip debugging system  E1 emulator (JTAG and FINE interfaces)
 E20 emulator (JTAG interface)

Table 1.1 Outline of Specifications (10/10)

Classification Module/Function Description
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1.4 Pin Functions

Table 1.4 lists the pin functions.

Table 1.4 Pin Functions (1/8)

Classifications Pin Name I/O Description

Digital power supply VCC Input Power supply pin. Connect this pin to the system power supply. 
Connect the pin to VSS via a 0.1-μF multilayer ceramic 
capacitor. The capacitor should be placed close to the pin.

VCL Input Connect this pin to VSS via a 0.22-μF capacitor. The capacitor 
should be placed close to the pin.

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

VBATT Input Backup power pin

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

EXTAL Input

BCLK Output Outputs the external bus clock for external devices.

SDCLK Output Outputs the SDRAM-dedicated clock.

XCOUT Output Input/output pins for the sub clock oscillator. Connect a crystal 
resonator between XCOUT and XCIN.

XCIN Input

Clock frequency accuracy 
measurement

CACREF Input Reference clock input pin for the clock frequency accuracy 
measurement circuit

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

UB Input USB boot mode or user boot mode enable pin

UPSEL Input Selects the power supply method in USB boot mode.
The low level selects self-power mode and the high level 
selects bus power mode.

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.

BSCANP Input Boundary scan enable pin. Boundary scan is enabled when this 
pin goes high. When not used, it should be driven low.

On-chip emulator FINED I/O Fine interface pin

TRST# Input On-chip emulator or boundary scan 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.

TRSYNC Output This pin indicates that output from the TRDATA0 to TRDATA3 
pins is valid.

TRDATA0 to TRDATA3 Output These pins output the trace information.

Address bus A0 to A23 Output Output pins for the address

Data bus D0 to D31 I/O Input and output pins for the bidirectional data bus

Multiplexed bus A0/D0 to A15/D15 I/O Address/data multiplexed bus
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Table 1.6 List of Pin and Pin Functions (176-Pin LQFP) (1/7)

Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

Interrupt
S12ADC, 
R12DA

176-Pin
LQFP

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

(ETHERC, SCIg, 
SCIh, RSPI, RIIC, 
CAN, USB, SSI)

(QSPI, SDHI, 
MMCIF, PDC)

1 AVSS0

2 P05 IRQ13 DA1

3 AVCC1

4 P03 IRQ11 DA0

5 AVSS1

6 P02 TMCI1 SCK6 IRQ10 AN120

7 P01 TMCI0 RXD6/SMISO6/
SSCL6

IRQ9 AN119

8 P00 TMRI0 TXD6/SMOSI6/
SSDA6

IRQ8 AN118

9 PF5 IRQ4

10 EMLE

11 PJ5 POE8# CTS2#/RTS2#/SS2#

12 VSS

13 PJ3 EDACK1 MTIOC3C ET0_EXOUT/
CTS6#/RTS6#/
CTS0#/RTS0#/
SS6#/SS0#

14 VCL

15 VBATT

16 NC

17 TRST# PF4

18 MD/FINED

19 XCIN

20 XCOUT

21 RES#

22 XTAL P37

23 VSS

24 EXTAL P36

25 VCC

26 UPSEL P35 NMI

27 P34 MTIOC0A/TMCI3/
PO12/POE10#

SCK6/SCK0/
ET0_LINKSTA

IRQ4

28 P33 EDREQ1 MTIOC0D/TIOCD0/
TMRI3/PO11/POE4#/
POE11#

RXD6/RXD0/
SMISO6/
SMISO0/SSCL6/
SSCL0/CRX0

PCKO IRQ3-DS

29 P32 MTIOC0C/TIOCC0/
TMO3/PO10/
RTCOUT/RTCIC2/
POE0#/POE10#

TXD6/TXD0/
SMOSI6/SMOSI0/
SSDA6/SSDA0/
CTX0/
USB0_VBUSEN

VSYNC IRQ2-DS

30 TMS PF3

31 TDI PF2 RXD1/SMISO1/
SSCL1

32 P31 MTIOC4D/TMCI2/
PO9/RTCIC1

CTS1#/RTS1#/
SS1#/ET1_MDC/
SSLB0-A

IRQ1-DS

33 P30 MTIOC4B/TMRI3/
PO8/RTCIC0/POE8#

RXD1/SMISO1/
SSCL1/ET1_MDIO/
MISOB-A

IRQ0-DS

34 TCK PF1 SCK1

35 TDO PF0 TXD1/SMOSI1/SSDA1
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36 P27 CS7# MTIOC2B/TMCI3/PO7 SCK1/ET1_WOL/
RSPCKB-A

37 P26 CS6# MTIOC2A/TMO1/PO6 TXD1/CTS3#/
RTS3#/SMOSI1/
SS3#/SSDA1/
ET1_EXOUT/
MOSIB-A

38 P25 CS5#/
EDACK1

MTIOC4C/MTCLKB/
TIOCA4/PO5

RXD3/SMISO3/
SSCL3/
SSIDATA1

HSYNC ADTRG0#

39 VCC

40 P24 CS4#/
EDREQ1

MTIOC4A/MTCLKA/
TIOCB4/TMRI1/PO4

SCK3/
USB0_VBUSEN/
SSISCK1

PIXCLK

41 VSS

42 P23 EDACK0 MTIOC3D/MTCLKD/
GTIOC0A-B/TIOCD3/
PO3

TXD3/CTS0#/
RTS0#/SMOSI3/
SS0#/SSDA3/
SSISCK0

PIXD7

43 P22 EDREQ0 MTIOC3B/MTCLKC/
GTIOC1A-B/TIOCC3/
TMO0/PO2

SCK0/
USB0_OVRCURB/
USBA_OVRCURB/
AUDIO_MCLK

PIXD6

44 P21 MTIOC1B/MTIOC4A/
GTIOC2A-B/TIOCA3/
TMCI0/PO1

RXD0/SMISO0/
SSCL0/
USB0_EXICEN/
USBA_EXICEN/
SSIWS0

PIXD5 IRQ9

45 P20 MTIOC1A/TIOCB3/
TMRI0/PO0

TXD0/SMOSI0/
SSDA0/USB0_ID/
USBA_ID/
SSIRXD0

PIXD4 IRQ8

46 P17 MTIOC3A/MTIOC3B/
MTIOC4B/
GTIOC0B-B/TIOCB0/
TCLKD/TMO1/PO15/
POE8#

SCK1/TXD3/
SMOSI3/SSDA3/
SDA2-DS/
SSITXD0

PIXD3 IRQ7 ADTRG1#

47 P87 MTIOC4C/
GTIOC1B-B/TIOCA2

TXD10 PIXD2

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

TXD1/RXD3/
SMOSI1/SMISO3/
SSDA1/SSCL3/
SCL2-DS/
USB0_VBUS/
USB0_VBUSEN/
USB0_OVRCURB

IRQ6 ADTRG0#

49 P86 MTIOC4D/
GTIOC2B-B/TIOCA0

RXD10 PIXD1

50 P15 MTIOC0B/MTCLKB/
GTETRG-B/TIOCB2/
TCLKB/TMCI2/PO13

RXD1/SCK3/
SMISO1/SSCL1/
CRX1-DS/
USBA_VBUSEN/
SSIWS1

PIXD0 IRQ5

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

CTS1#/RTS1#/
SS1#/CTX1/
USB0_OVRCURA

IRQ4

52 P13 WR2#/BC2# MTIOC0B/TIOCA5/
TMO3/PO13

TXD2/SMOSI2/
SSDA2/
SDA0[FM+]

IRQ3 ADTRG1#

53 P12 WR3#/BC3# MTIC5U/TMCI1 RXD2/SMISO2/
SSCL2/
SCL0[FM+]

IRQ2

54 VCC_USB

55 USB0_DM

Table 1.6 List of Pin and Pin Functions (176-Pin LQFP) (2/7)

Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

Interrupt
S12ADC, 
R12DA

176-Pin
LQFP

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

(ETHERC, SCIg, 
SCIh, RSPI, RIIC, 
CAN, USB, SSI)

(QSPI, SDHI, 
MMCIF, PDC)
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Table 1.9 List of Pin and Pin Functions (100-Pin TFLGA) (1/4)

Pin 
Number

Power Supply
Clock System 
Control I/O Port

Bus
EXDMAC
SDRAMC

Timer Communication
Memory Interface
Camera Interface

Interrupt
S12ADC, 
R12DA

100-Pin
TFLGA

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

(ETHERC, SCIg, 
SCIh, RSPI, RIIC, 
CAN, USB, SSI)

(QSPI, SDHI, 
MMCIF, PDC)

A1 P05 IRQ13 DA1

A2 AVCC1

A3 P07 IRQ15 ADTRG0#

A4 VREFL0

A5 P43 IRQ11-
DS

AN003

A6 PD0 D0[A0/D0] GTIOC1B-E/POE4# IRQ0 AN108

A7 PD4 D4[A4/D4] MTIOC8B/POE11# MMC_CMD-B/
SDHI_CMD-B/
QSSL-B

IRQ4 AN112

A8 PE0 D8[A8/D8] MTIOC3D/GTIOC2B-
A

SCK12/SSLB1-B MMC_D4-B ANEX0

A9 PE1 D9[A9/D9] MTIOC4C/MTIOC3B/
GTIOC1B-A/PO18

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

MMC_D5-B ANEX1

A10 PE2 D10[A10/
D10]

MTIOC4A/GTIOC0B-
A/PO23/TIC3

RXD12/SMISO12/
SSCL12/RXDX12/
SSLB3-B

MMC_D6-B IRQ7-DS AN100

B1 EMLE

B2 AVSS0

B3 AVCC0

B4 P40 IRQ8-DS AN000

B5 P44 IRQ12-
DS

AN004

B6 PD1 D1[A1/D1] MTIOC4B/GTIOC1A-
E/POE0#

CTX0 IRQ1 AN109

B7 PD3 D3[A3/D3] MTIOC8D/GTIOC0A-
E/POE8#/TOC2

MMC_D3-B/
SDHI_D3-B/
QIO3-B

IRQ3 AN111

B8 PD6 D6[A6/D6] MTIC5V/MTIOC8A/
POE4#

MMC_D0-B/
SDHI_D0-B/
QIO0-B/QMO-B

IRQ6 AN106

B9 PD7 D7[A7/D7] MTIC5U/POE0# MMC_D1-B/
SDHI_D1-B/
QIO1/QMI-B

IRQ7 AN107

B10 PE3 D11[A11/
D11]

MTIOC4B/GTIOC2A-
A/PO26/POE8#/TOC3

CTS12#/RTS12#/
SS12#/ET0_ERXD3

MMC_D7-B AN101

C1 VCL

C2 AVSS1

C3 PJ3 EDACK1 MTIOC3C ET0_EXOUT/CTS6#/
RTS6#/CTS0#/RTS0#/
SS6#/SS0#

C4 VREFH0

C5 P42 IRQ10-
DS

AN002

C6 P47 IRQ15-
DS

AN007

C7 PD2 D2[A2/D2] MTIOC4D/GTIOC0B-
E/TIC2

CRX0 MMC_D2-B/
SDHI_D2-B/
QIO2-B

IRQ2 AN110
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RX71M Group 4. I/O Registers

0008 3880h BSC CS Recovery Cycle Insertion Enable Register CSRECEN 16 16 1, 2 BCLK Buses

0008 3C00h BSC SDC Control Register SDCCR 8 8 1, 2 BCLK Buses

0008 3C01h BSC SDC Mode Register SDCMOD 8 8 1, 2 BCLK Buses

0008 3C02h BSC SDRAM Access Mode Register SDAMOD 8 8 1, 2 BCLK Buses

0008 3C10h BSC SDRAM Self-Refresh Control Register SDSELF 8 8 1, 2 BCLK Buses

0008 3C14h BSC SDRAM Refresh Control Register SDRFCR 16 16 1, 2 BCLK Buses

0008 3C16h BSC SDRAM Auto-Refresh Control Register SDRFEN 8 8 1, 2 BCLK Buses

0008 3C20h BSC SDRAM Initialization Sequence Control Register SDICR 8 8 1, 2 BCLK Buses

0008 3C24h BSC SDRAM Initialization Register SDIR 16 16 1, 2 BCLK Buses

0008 3C40h BSC SDRAM Address Register SDADR 8 8 1, 2 BCLK Buses

0008 3C44h BSC SDRAM Timing Register SDTR 32 32 1, 2 BCLK Buses

0008 3C48h BSC SDRAM Mode Register SDMOD 16 16 1, 2 BCLK Buses

0008 3C50h BSC SDRAM Status Register SDSR 8 8 1, 2 BCLK Buses

0008 6400h MPU Region-0 Start Page Number Register RSPAGE0 32 32 1 ICLK MPU

0008 6404h MPU Region-0 End Page Number Register REPAGE0 32 32 1 ICLK MPU

0008 6408h MPU Region-1 Start Page Number Register RSPAGE1 32 32 1 ICLK MPU

0008 640Ch MPU Region-1 End Page Number Register REPAGE1 32 32 1 ICLK MPU

0008 6410h MPU Region-2 Start Page Number Register RSPAGE2 32 32 1 ICLK MPU

0008 6414h MPU Region-2 End Page Number Register REPAGE2 32 32 1 ICLK MPU

0008 6418h MPU Region-3 Start Page Number Register RSPAGE3 32 32 1 ICLK MPU

0008 641Ch MPU Region-3 End Page Number Register REPAGE3 32 32 1 ICLK MPU

0008 6420h MPU Region-4 Start Page Number Register RSPAGE4 32 32 1 ICLK MPU

0008 6424h MPU Region-4 End Page Number Register REPAGE4 32 32 1 ICLK MPU

0008 6428h MPU Region-5 Start Page Number Register RSPAGE5 32 32 1 ICLK MPU

0008 642Ch MPU Region-5 End Page Number Register REPAGE5 32 32 1 ICLK MPU

0008 6430h MPU Region-6 Start Page Number Register RSPAGE6 32 32 1 ICLK MPU

0008 6434h MPU Region-6 End Page Number Register REPAGE6 32 32 1 ICLK MPU

0008 6438h MPU Region-7 Start Page Number Register RSPAGE7 32 32 1 ICLK MPU

0008 643Ch MPU Region-7 End Page Number Register REPAGE7 32 32 1 ICLK MPU

0008 6500h MPU Memory-Protection Enable Register MPEN 32 32 1 ICLK MPU

0008 6504h MPU Background Access Control Register MPBAC 32 32 1 ICLK MPU

0008 6508h MPU Memory-Protection Error Status-Clearing Register MPECLR 32 32 1 ICLK MPU

0008 650Ch MPU Memory-Protection Error Status Register MPESTS 32 32 1 ICLK MPU

0008 6514h MPU Data Memory-Protection Error Address Register MPDEA 32 32 1 ICLK MPU

0008 6520h MPU Region Search Address Register MPSA 32 32 1 ICLK MPU

0008 6524h MPU Region Search Operation Register MPOPS 16 16 1 ICLK MPU

0008 6526h MPU Region Invalidation Operation Register MPOPI 16 16 1 ICLK MPU

0008 6528h MPU Instruction-Hit Region Register MHITI 32 32 1 ICLK MPU

0008 652Ch MPU Data-Hit Region Register MHITD 32 32 1 ICLK MPU

0008 6610h SYSTE
M

Memory Wait Cycle Setting Register MEMWAIT 32 32 1 ICLK RAM

0008 7010h to 
0008 70FFh

ICU Interrupt Request Registers 016 to 255 IR016 to 255 8 8 2 ICLK ICUA

0008 711Ah to 
0008 71FFh

ICU DTC Start Enable Registers 026 to 255 DTCER026 to 
DTCER255

8 8 2 ICLK ICUA

0008 7202h to 
0008 721Fh

ICU Interrupt Request Enable Registers 02 to 1F IER02 to 
IER1F

8 8 2 ICLK ICUA

0008 72E0h ICU Software Interrupt Generation Register SWINTR 8 8 2 ICLK ICUA

0008 72E1h ICU Software Interrupt 2 Generation Register SWINT2R 8 8 2 ICLK ICUA

0008 72F0h ICU Fast Interrupt Set Register FIR 16 16 2 ICLK ICUA

0008 7300h to 
0008 73FFh

ICU Interrupt Source Priority Registers 000 to 255 IPR000 to 
IPR255

8 8 2 ICLK ICUA
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0008 7400h ICU DMAC Start Source Select Register 0 DMRSR0 8 8 2 ICLK ICUA

0008 7404h ICU DMAC Start Source Select Register 1 DMRSR1 8 8 2 ICLK ICUA

0008 7408h ICU DMAC Start Source Select Register 2 DMRSR2 8 8 2 ICLK ICUA

0008 740Ch ICU DMAC Start Source Select Register 3 DMRSR3 8 8 2 ICLK ICUA

0008 7410h ICU DMAC Start Source Select Register 4 DMRSR4 8 8 2 ICLK ICUA

0008 7414h ICU DMAC Start Source Select Register 5 DMRSR5 8 8 2 ICLK ICUA

0008 7418h ICU DMAC Start Source Select Register 6 DMRSR6 8 8 2 ICLK ICUA

0008 741Ch ICU DMAC Start Source Select Register 7 DMRSR7 8 8 2 ICLK ICUA

0008 7500h to 
0008 750Fh

ICU IRQ Control Registers 0 to 15 IRQCR0 to 15 8 8 2 ICLK ICUA

0008 7520h ICU IRQ Pin Digital Filter Enable Register 0 IRQFLTE0 8 8 2 ICLK ICUA

0008 7521h ICU IRQ Pin Digital Filter Enable Register 1 IRQFLTE1 8 8 2 ICLK ICUA

0008 7528h ICU IRQ Pin Digital Filter Setting Register 0 IRQFLTC0 16 16 2 ICLK ICUA

0008 752Ah ICU IRQ Pin Digital Filter Setting Register 1 IRQFLTC1 16 16 2 ICLK ICUA

0008 7580h ICU Non-Maskable Interrupt Status Register NMISR 8 8 2 ICLK ICUA

0008 7581h ICU Non-Maskable Interrupt Enable Register NMIER 8 8 2 ICLK ICUA

0008 7582h ICU Non-Maskable Interrupt Status Clear Register NMICLR 8 8 2 ICLK ICUA

0008 7583h ICU NMI Pin Interrupt Control Register NMICR 8 8 2 ICLK ICUA

0008 7590h ICU NMI Pin Digital Filter Enable Register NMIFLTE 8 8 2 ICLK ICUA

0008 7594h ICU NMI Pin Digital Filter Setting Register NMIFLTC 8 8 2 ICLK ICUA

0008 7600h ICU Group BE0 Interrupt Request Register GRPBE0 32 32 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7630h ICU Group BE0 Interrupt Request Register GRPBL0 32 32 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7634h ICU Group BL1 Interrupt Request Register GRPBL1 32 32 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7640h ICU Group BE0 Interrupt Request Enable Register GENBE0 32 32 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7670h ICU Group BL0 Interrupt Request Enable Register GENBL0 32 32 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7674h ICU Group BL1 Interrupt Request Enable Register GENBL1 32 32 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7680h ICU Group BE0 Interrupt Clear Register GCRBE0 32 32 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7700h ICU Software Configurable Interrupt B Request Register 0 PIBR0 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7701h ICU Software Configurable Interrupt B Request Register 1 PIBR1 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7702h ICU Software Configurable Interrupt B Request Register 2 PIBR2 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7703h ICU Software Configurable Interrupt B Request Register 3 PIBR3 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7704h ICU Software Configurable Interrupt B Request Register 4 PIBR4 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7705h ICU Software Configurable Interrupt B Request Register 5 PIBR5 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7706h ICU Software Configurable Interrupt B Request Register 6 PIBR6 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7707h ICU Software Configurable Interrupt B Request Register 7 PIBR7 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7708h ICU Software Configurable Interrupt B Request Register 8 PIBR8 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7709h ICU Software Configurable Interrupt B Request Register 9 PIBR9 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 770Ah ICU Software Configurable Interrupt B Request Register A PIBRA 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7780h ICU Software Configurable Interrupt B Select Register 128 SLIBXR128 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7781h ICU Software Configurable Interrupt B Select Register 129 SLIBXR129 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA

0008 7782h ICU Software Configurable Interrupt B Select Register 130 SLIBXR130 8 8 2 ICLK to 
1 PCLKB

2 ICLK ICUA
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0008 B323h SCI12 Control Register 2 CR2 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B324h SCI12 Control Register 3 CR3 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B325h SCI12 Port Control Register PCR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B326h SCI12 Interrupt Control Register ICR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B327h SCI12 Status Register STR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B328h SCI12 Status Clear Register STCR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B329h SCI12 Control Field 0 Data Register CF0DR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B32Ah SCI12 Control Field 0 Compare Enable Register CF0CR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B32Bh SCI12 Control Field 0 Receive Data Register CF0RR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B32Ch SCI12 Primary Control Field 1 Data Register PCF1DR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B32Dh SCI12 Secondary Control Field 1 Data Register SCF1DR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B32Eh SCI12 Control Field 1 Compare Enable Register CF1CR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B32Fh SCI12 Control Field 1 Receive Data Register CF1RR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B330h SCI12 Timer Control Register TCR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B331h SCI12 Timer Mode Register TMR 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B332h SCI12 Timer Prescaler Register TPRE 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 B333h SCI12 Timer Count Register TCNT 8 8 2, 3 PCLKB 2 ICLK SCIh

0008 C000h PORT0 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C001h PORT1 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C002h PORT2 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C003h PORT3 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C004h PORT4 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C005h PORT5 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C006h PORT6 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C007h PORT7 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C008h PORT8 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C009h PORT9 Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C00Ah PORTA Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C00Bh PORTB Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C00Ch PORTC Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C00Dh PORTD Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C00Eh PORTE Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C00Fh PORTF Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C010h PORTG Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C012h PORTJ Port Direction Register PDR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C020h PORT0 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C021h PORT1 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C022h PORT2 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C023h PORT3 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C024h PORT4 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C025h PORT5 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C026h PORT6 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C027h PORT7 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C028h PORT8 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C029h PORT9 Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C02Ah PORTA Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C02Bh PORTB Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C02Ch PORTC Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C02Dh PORTD Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C02Eh PORTE Port Output Data Register PODR 8 8 2, 3 PCLKB 2 ICLK I/O Ports
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0008 C0EDh PORTD Drive Capacity Control Register DSCR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C0EEh PORTE Drive Capacity Control Register DSCR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C0F0h PORTG Drive Capacity Control Register DSCR 8 8 2, 3 PCLKB 2 ICLK I/O Ports

0008 C100h MPC CS Output Enable Register PFCSE 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C102h MPC CS Output Pin Select Register 0 PFCSS0 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C103h MPC CS Output Pin Select Register 1 PFCSS1 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C104h MPC Address Output Enable Register 0 PFAOE0 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C105h MPC Address Output Enable Register 1 PFAOE1 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C106h MPC External Bus Control Register 0 PFBCR0 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C107h MPC External Bus Control Register 1 PFBCR1 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C10Eh MPC Ethernet Control Register PFENET 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C11Fh MPC Write-Protect Register PWPR 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C140h MPC P00 Pin Function Control Register P00PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C141h MPC P01 Pin Function Control Register P01PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C142h MPC P02 Pin Function Control Register P02PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C143h MPC P03 Pin Function Control Register P03PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C145h MPC P05 Pin Function Control Register P05PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C147h MPC P07 Pin Function Control Register P07PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C148h MPC P10 Pin Function Control Register P10PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C149h MPC P11 Pin Function Control Register P11PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Ah MPC P12 Pin Function Control Register P12PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Bh MPC P13 Pin Function Control Register P13PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Ch MPC P14 Pin Function Control Register P14PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Dh MPC P15 Pin Function Control Register P15PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Eh MPC P16 Pin Function Control Register P16PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C14Fh MPC P17 Pin Function Control Register P17PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C150h MPC P20 Pin Function Control Register P20PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C151h MPC P21 Pin Function Control Register P21PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C152h MPC P22 Pin Function Control Register P22PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C153h MPC P23 Pin Function Control Register P23PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C154h MPC P24 Pin Function Control Register P24PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C155h MPC P25 Pin Function Control Register P25PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C156h MPC P26 Pin Function Control Register P26PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C157h MPC P27 Pin Function Control Register P27PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C158h MPC P30 Pin Function Control Register P30PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C159h MPC P31 Pin Function Control Register P31PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C15Ah MPC P32 Pin Function Control Register P32PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C15Bh MPC P33 Pin Function Control Register P33PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C15Ch MPC P34 Pin Function Control Register P34PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C160h MPC P40 Pin Function Control Register P40PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C161h MPC P41 Pin Function Control Register P41PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C162h MPC P42 Pin Function Control Register P42PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C163h MPC P43 Pin Function Control Register P43PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C164h MPC P44 Pin Function Control Register P44PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C165h MPC P45 Pin Function Control Register P45PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C166h MPC P46 Pin Function Control Register P46PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C167h MPC P47 Pin Function Control Register P47PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C168h MPC P50 Pin Function Control Register P50PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C169h MPC P51 Pin Function Control Register P51PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C16Ah MPC P52 Pin Function Control Register P52PFS 8 8 2, 3 PCLKB 2 ICLK MPC
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Note 1. The input leakage current value at the EMLE and BSCANP pins are only when Vin = 0 V.

Table 5.3 DC Characteristics (2)
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V, 
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
Ta = Topr

Item Symbol Min. Typ. Max. Unit Test Conditions

Output high voltage All output pins VOH VCC – 0.5 — — V IOH = –1 mA

Output low voltage All output pins
(except for RIIC pins and 
ETHERC output pin)

VOL — — 0.5 V IOL = 1.0 mA

RIIC output pin — — 0.4 IOL = 3.0 mA

— — 0.6 IOL = 6.0 mA

RIIC output pin
(only P12 and P13 in channel 0)

VOL — — 0.4 V IOL = 15.0 mA
(ICFER.FMPE = 1)

— 0.4 — IOL = 20.0 mA
(ICFER.FMPE = 1)

ETHERC output pin VOL — — 0.4 V IOL = 1.0 mA

Input leakage current RES#, MD pin, EMLE*1, 
BSCANP*1, NMI

Iin — — 1.0 μA Vin = 0 V
Vin = VCC

Three-state leakage 
current (off state)

Other than ports for 5 V tolerant ITSI — — 1.0 μA Vin = 0 V
Vin = VCC

Ports for 5 V tolerant — — 5.0 Vin = 0 V
Vin = 5.5 V

Input pull-up MOS 
current

Ports 0 to 2, 3, 4 to G, J3, J5 Ip –300 — –10 μA VCC = 2.7 to 3.6 V
Vin = 0 V

Input pull-down MOS 
current

EMLE, BSCANP Ip 10 — 300 μA Vin = VCC

Input capacitance All input pins
(except for ports 03, 05, 12, 13, 
16, 17, EMLE, BSCANP, 
USB0_DP, USB0_DM, 
USBA_DP, and USBA_DM)

Cin — — 8 pF Vbias = 0 V
Vamp = 20 mV
f = 1 MHz
Ta = 25°C

Ports 03, 05, 12, 13, 16, 17, 
EMLE, BSCANP, USB0_DP, 
USB0_DM, USBA_DP, and 
USBA_DM

— — 16
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5.3.2 Clock Timing

Figure 5.3 BCLK Pin and SDCLK Pin Output Timing

Table 5.11 BCLK Pin Output, SDCLK Pin Output Clock Timing
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V, 
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
Ta = Topr

Item Symbol Min. Typ. Max. Unit
Test 

Conditions

BCLK pin output cycle time Packages with 177 to 
144 pins

tBcyc 16.6 — — ns Figure 5.3

Packages with 100 
pins or less

33.2 — — ns

BCLK pin output high pulse width tCH 3.3 — — ns

BCLK pin output low pulse width tCL 3.3 — — ns

BCLK pin output rising time tCr — — 5 ns

BCLK pin output falling time tCf — — 5 ns

SDCLK pin output cycle time Packages with 177 to 
144 pins

tBcyc 16.6 — — ns

SDCLK pin output high pulse width tCH 3.3 — — ns

SDCLK pin output low pulse width tCL 3.3 — — ns

SDCLK pin output rising time tCr — — 5 ns

SDCLK pin output falling time tCf — — 5 ns

tCf
tCH

tBcyc, tSDcyc

tCr
tCL

BCLK pin output, SDCLK pin output

Test conditions: VOH = VCC × 0.7, VOL = VCC × 0.3, C = 30 pF
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Figure 5.47 RSPI Timing (Master, CPHA = 0) (Bit Rate: PCLKB Division Ratio Set to a Value Other 
Than 1/2) and Simple SPI Timing (Master, CKPH = 1)

Figure 5.48 RSPI Timing (Master, CPHA = 0) (Bit Rate: PCLKB Division Ratio Set to 1/2)

tDr, tDf

tSU tH

tLEAD

tTD

tLAG

tSSLr, tSSLf

tOH tOD

MSB IN DATA LSB IN MSB IN

MSB OUT DATA LSB OUT IDLE MSB OUT

SSLA0 to 
SSLA3
output

RSPCKA
CPOL = 0
output

RSPCKA
CPOL = 1
output

MISOA
input

MOSIA
output

RSPI

SCKn
CKPOL = 0
output

SCKn
CKPOL = 1
output

SMISOn
input

SMOSIn
output

Simple SPI

(n = 0 to 7, 12)

tDr, tDf

tSU tHF

tLEAD

tTD

tLAG

tSSLr, tSSLf

tOH tOD

MSB IN DATA LSB IN MSB IN

MSB OUT DATA LSB OUT IDLE MSB OUT

SSLA0 to 
SSLA3
output

RSPCKA
CPOL = 0
output

RSPCKA
CPOL = 1
output

MISOA
input

MOSIA
output

RSPI

tH
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Figure 5.77 DP and DM Output Timing (Full-Speed)

Figure 5.78 Test Circuit (Full-Speed)

Table 5.43 On-Chip USB Full-Speed Characteristics (DP and DM Pin Characteristics)
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 3.0 to 3.6 V, 3.0 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V, 
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
USBA_RREF = 2.2 kΩ ±1%, USBMCLK = 20/24 MHz, UCLK = 48 MHz, 
PCLKA = 8 to 120 MHz, PCLKB = 8 to 60 MHz, Ta = Topr

Item Symbol Min. Typ. Max. Unit Test Conditions

Input 
characteristics

Input high level voltage VIH 2.0 — — V

Input low level voltage VIL — — 0.8 V

Differential input sensitivity VDI 0.2 — — V | DP – DM |

Differential common mode range VCM 0.8 — 2.5 V

Output 
characteristics

Output high level voltage VOH 2.8 — 3.6 V IOH = –200 μA

Output low level voltage VOL 0.0 — 0.3 V IOL = 2 mA

Cross-over voltage VCRS 1.3 — 2.0 V Figure 5.77

Rise time tFR 4 — 20 ns

Fall time tFF 4 — 20 ns

Rise/fall time ratio tFR / tFF 90 — 111.11 % tFR/ tFF

Output resistance ZDRV 28 — 44 Ω USBb: Rs = 27 Ω included

40.5 — 49.5 Ω USBA: Rs not necessary
(PHYSET.REPSEL[1:0] = 01b 
and PHYSET.HSEB = 0)

Pull-up and 
pull-down 
characteristics

DP pull-up resistance 
(when the function controller 
function is selected)

Rpu 0.900 — 1.575  kΩ Idle state

1.425 — 3.090  kΩ At transmission and reception

DP/DM pull-down resistance
(when the host controller function 
is selected)

Rpd 14.25 — 24.80  kΩ

DP, DM

tFFtFR

90%
10%10%

90%VCRS

Observation 
point

50 pF

50 pF

dp

dm

USBb: 27 
USBA: Not 

necessary
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5.5 A/D Conversion Characteristics

Note: The above specification values apply when there is no access to the external bus during A/D conversion. If access proceeds 
during A/D conversion, values may not fall within the above ranges.

Note 1. The conversion time includes the sampling time and the comparison time. As the test conditions, the number of sampling states 
is indicated.

Note 2. The value in parentheses indicates the sampling time.

Table 5.46 12-Bit A/D (Unit 0) Conversion Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V,
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V, 
PCLKB = PCLKC = 1 MHz to 60 MHz, Ta = Topr

Item Min. Typ. Max. Unit Test Conditions

Resolution 8 — 12 Bit

Analog input capacitance — — 30 pF

Channel-dedicated 
sample-and-hold 
circuits in use
(AN000 to AN002)

Conversion time*1

(Operation at PCLK = 60 MHz)
Permissible signal source impedance
(max.) = 1.0 kΩ

1.06
(0.40 + 0.25)

*2

— — μs  Sampling of channel-
dedicated sample-and-
hold circuits in 24 states

 Sampling in 15 states

Offset error — ±1.5 ±3.5 LSB AN000 to AN002 = 0.25 V

Full-scale error — ±1.5 ±3.5 LSB AN000 to AN002 = VREFH0 
–0.25 V

Quantization error — ±0.5 — LSB

Absolute accuracy — ±2.5 ±5.5 LSB

DNL differential nonlinearity error — ±1.0 ±2.0 LSB

INL integral nonlinearity error — ±1.5 ±3.0 LSB

Holding characteristics of sample-and-
hold circuits

— — 20 μs

Dynamic range 0.25 — VREFH
0 – 
0.25

V

Channel-dedicated 
sample-and-hold 
circuits not in use
(AN000 to AN007)

Conversion time*1

(Operation at PCLK = 60 MHz)
Permissible signal source impedance
(max.) = 1.0 kΩ

0.48
(0.267)

*2

— — μs Sampling in 16 states

Offset error — ±1.0 ±2.5 LSB

Full-scale error — ±1.0 ±2.5 LSB

Quantization error — ±0.5 — LSB

Absolute accuracy — ±2.0 ±4.5 LSB

DNL differential nonlinearity error — ±0.5 ±1.5 LSB

INL integral nonlinearity error — ±1.0 ±2.5 LSB
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Figure 5.85 Voltage Detection Circuit Timing (Vdet1)

tVOFF

Vdet1VCC

tdettdet

tLVD1

Td(E-A)

LVD1E

LVD1
Comparator output

LVD1CMPE
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5.11 Flash Memory Characteristics

Note 1. Definition of reprogram/erase cycle:
The reprogram/erase cycle is the number of erasing for each block. When the reprogram/erase cycle is n times (n = 1000), 
erasing can be performed n times for each block. For instance, when 256-byte programming is performed 32 times for different 
addresses in 8-Kbyte block and then the entire block is erased, the reprogram/erase cycle is counted as one. However, 
programming the same address for several times as one erasing is not enabled (overwriting is prohibited).

Note 2. This is the minimum number of times to guarantee all the characteristics after reprogramming (guaranteed range is from 1 to the 
value of the minimum value).

Note 3. This shows the characteristics when reprogramming is performed within the specified range, including the minimum value.

Table 5.54 Code Flash Memory Characteristics
Conditions: VCC = AVCC0 = AVCC1 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7 ≤ VREFH0 ≤ AVCC0, 

VCC_USBA = AVCC_USBA = 3.0 to 3.6 V,
VSS = AVSS0 = AVSS1 = VREFL0 = VSS_USB = VSS1_USBA = VSS2_USBA = PVSS_USBA = AVSS_USBA = 0 V
Temperature range for programming/erasure: Ta = Topr

Item Symbol
FCLK = 4 MHz 20 MHz ≤ FCLK ≤ 60 MHz

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

Programming time
NPEC  100 times

256 bytes tP256 — 4.4 13.2 — 2 6 ms

8 Kbytes tP8K — 99 176 — 50 90 ms

32 Kbytes tP32K — 396 704 — 200 360 ms

Programming time
NPEC > 100 times

256 bytes tP256 — 5.3 15.8 — 2.4 7.2 ms

8 Kbytes tP8K — 119 212 — 60 108 ms

32 Kbytes tP32K — 476 848 — 240 432 ms

Erasure time
NPEC  100 times

8 Kbytes tE8K — 90 216 — 50 120 ms

32 Kbytes tE32K — 360 864 — 200 480 ms

Erasure time
NPEC > 100 times

8 Kbytes tE8K — 108 260 — 60 144 ms

32 Kbytes tE32K — 432 1040 — 240 576 ms

Reprogramming/erasure cycle*1 NPEC 1000*2 — — 1000*2 — — Times

Suspend delay time during programming tSPD — — 264 — — 120 μs

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

tSESD1 — — 216 — — 120 μs

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

tSESD2 — — 1.7 — — 1.7 ms

Suspend delay time during erasure
(in erasure priority mode)

tSEED — — 1.7 — — 1.7 ms

Forced stop command tFD — — 32 — — 20 μs

Data hold time*3 tDRP 10 — — 10 — — Year

FCU reset time tFCUR 35 — — 35 — — μs
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Figure E 144-Pin LQFP (PLQP0144KA-A)
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Figure G 100-Pin LQFP (PLQP0100KB-A)
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