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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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Timers 16-bit timer pulse unit
(TPUa)

 (16 bits x 6 channels) x 2 unit
 Maximum of 16 pulse-input/output possible
 Select from among seven or eight counter-input clock signals for each channel
 Input capture/output compare function
 Output of PWM waveforms in up to 15 phases in PWM mode
 Buffered operation and phase-counting mode (two phase encoder input) depending on 

the channel
 Support for cascade-connected operation (32 bits x 2 channels)
 PPG output trigger can be generated
 Capable of generating conversion start triggers for the A/D converters
 Signals from the input capture pins are input via a digital filter
 Clock frequency measuring method

Multi-function timer 
pulse unit 2 (MTU2a)

 (16 bits x 6 channels) x 1 unit
 Time bases for the 6 × 16-bit timer channels can be provided via up to sixteen pulse-input/

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

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

 Input capture function
 21 output compare/input capture registers
 Complementary PWM output mode
 Reset synchronous PWM mode
 Phase-counting mode
 Generation of triggers for A/D converter conversion
 Digital filter
 Signals from the input capture pins are input via a digital filter
 PPG output trigger can be generated
 Clock frequency measuring function

Frequency measuring 
method (MCK)

The MTU or unit 0 TPU module can be used to monitor the main clock, subclock, 
HOCO clock, LOCO clock, and PLL clock for abnormal frequencies.

Port output enable 2
(POE2a)

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

Programmable pulse 
generator (PPG)

 (4 bits x 4 groups) x 2 units
 Pulse output with the MTU2 or TPU output as a trigger
 Maximum of 32 pulse-output possible

8-bit timers (TMR)  (8 bits x 2 channels) x 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
 Generation of triggers for A/D converter conversion
 Capable of generating baud-rate clocks for SCI5, SCI6, and SCI12

Compare match timer 
(CMT)

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

Realtime clock 
(RTCa)

 Clock sources: Main clock, subclock
 Clock and calendar functions

Interrupt sources: Alarm interrupt, periodic interrupt, and carry interrupt
 Battery backup operation
 Time-capture facility for three values

Watchdog timer
(WDTA)

 14 bits x 1 channel
 Select from among 6 counter-input clock signals (PCLK/4, PCLK/64, PCLK/128, PCLK/

512, PCLK/2048, PCLK/8192)

Independent 
watchdog timer 
(IWDTa)

 14 bits x 1 channel
 Counter-input clock: IWDT-dedicated on-chip oscillator
 Dedicated clock/1, dedicated clock/16, dedicated clock/32, dedicated clock/64, dedicated 

clock/128, dedicated clock/256

Table 1.1 Outline of Specifications (4/6)

Classification Module/Function Description
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16-bit timer pulse unit TIOCA0, TIOCB0
TIOCC0, TIOCD0

I/O The TGRA0 to TGRD0 input capture input/output compare 
output/PWM output pins.

TIOCA1, TIOCB1 I/O The TGRA1 and TGRB1 input capture input/output compare 
output/PWM output pins.

TIOCA2, TIOCB2 I/O The TGRA2 and TGRB2 input capture input/output compare 
output/PWM output pins.

TIOCA3, TIOCB3
TIOCC3, TIOCD3

I/O The TGRA3 to TGRD3 input capture input/output compare 
output/PWM output pins.

TIOCA4, TIOCB4 I/O The TGRA4 and TGRB4 input capture input/output compare 
output/PWM output pins.

TIOCA5, TIOCB5 I/O The TGRA5 and TGRB5 input capture input/output compare 
output/PWM output pins.

TCLKA, TCLKB
TCLKC, TCLKD

Input Input pins for external clock signals.

TIOCA6, TIOCB6
TIOCC6, TIOCD6

I/O The TGRA6 to TGRD6 input capture input/output compare 
output/PWM output pins.

TIOCA7, TIOCB7 I/O The TGRA7 and TGRB7 input capture input/output compare 
output/PWM output pins.

TIOCA8, TIOCB8 I/O The TGRA8 and TGRB8 input capture input/output compare 
output/PWM output pins.

TIOCA9, TIOCB9
TIOCC9, TIOCD9

I/O The TGRA9 to TGRD9 input capture input/output compare 
output/PWM output pins.

TIOCA10, TIOCB10 I/O The TGRA10 and TGRB10 input capture input/output compare 
output/PWM output pins.

TIOCA11, TIOCB11 I/O The TGRA11 and TGRB11 input capture input/output compare 
output/PWM output pins.

TCLKE, TCLKF
TCLKG, TCLKH

Input Input pins for external clock signals.

Programmable pulse 
generator

PO0 to PO31 Output Output pins for the pulse signals.

8-bit timer TMO0 to TMO3 Output Output pins for the compare match signals.

TMCI0 to TMCI3 Input Input pins for the external clock signals that drive for the 
counters.

TMRI0 to TMRI3 Input Input pins for the counter-reset signals.

Serial communications 
interface (SCIc)

 Asynchronous mode/clock synchronous mode

SCK0 to SCK11 I/O Input/output pins for clock signals.

RXD0 to RXD11 Input Input pins for data reception.

TXD0 to TXD11 Output Output pins for data transmission.

CTS0# to CTS11# Input Transmit/receive start control input pins

RTS0# to RTS11# Output Transmit/receive start control output pins

 Simple I2C mode

SSCL0 to SSCL11 I/O Input/output pins for the I2C clock

SSDA0 to SSDA11 I/O Input/output pins for the I2C data

Serial communications 
interface (SCIc)

 Simple SPI mode

SCK0 to SCK11 I/O Input/output pins for the clock

SMISO0 to SMISO11 I/O Input/output pins for slave transmit data.

SMOSI0 to SMOSI11 I/O Input/output pins for master transmit data.

SS0# to SS11# Input Input pins for chip select signals

Table 1.4 Pin Functions (3/6)

Classifications Pin Name I/O Description
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H4 P15 MTIOC0B/
MTCLKB/
TIOCB2/
TCLKB/TMCI2/
PO13

RXD1/SCK3/
SMISO1/SSCL1/
CRX1-DS

IRQ5

H5 P55 WAIT#/
EDREQ0

MTIOC4D/
TMO3

CRX1/ET_EXOUT IRQ10

H6 P54 ALE/EDACK0 MTIOC4B/
TMCI1

CTS2#/RTS2#/
SS2#/CTX1/
ET_LINKSTA

H7 PC7 A23/CS0# MTIOC3A/
MTCLKB/
TMO2/PO31

TXD8/SMOSI8/
SSDA8/MISOA/
ET_COL

IRQ14

H8 PC6 A22/CS1# MTIOC3C/
MTCLKA/
TMCI2/PO30

RXD8/SMISO8/
SSCL8/MOSIA/
ET_ETXD3

IRQ13

H9 PB6 A14 MTIOC3D/
TIOCA5/PO30

RXD9/SMISO9/
SSCL9/ET_ETXD1/
RMII_TXD1

H10 PB7 A15 MTIOC3B/
TIOCB5/PO31

TXD9/SMOSI9/
SSDA9/ET_CRS/
RMII_CRS_DV

J1 P24 CS4#/
EDREQ1

MTIOC4A/
MTCLKA/
TIOCB4/
TMRI1/PO4

SCK3/
USB0_VBUSEN

J2 P21 MTIOC1B/
TIOCA3/
TMCI0/PO1

RXD0/SMISO0/
SSCL0/
USB0_EXICEN

IRQ9

J3 P17 MTIOC3A/
MTIOC3B/
TIOCB0/
TCLKD/TMO1/
PO15/POE8#

SCK1/TXD3/
SMOSI3/SSDA3/
MISOA/SDA2-DS/
IETXD

IRQ7 ADTRG#

J4 P13 MTIOC0B/
TIOCA5/TMO3/
PO13

TXD2/SMOSI2/
SSDA2/SDA0[FM+]

IRQ3 ADTRG#

J5 VSS_USB

J6 VCC_USB

J7 P50 WR0#/WR# TXD2/SMOSI2/
SSDA2/SSLB1

J8 PC4 A20/CS3# MTIOC3D/
MTCLKC/
TMCI1/PO25/
POE0#

SCK5/CTS8#/
RTS8#/SS8#/
SSLA0/ET_TX_CLK

J9 PC0 A16 MTIOC3C/
TCLKC/PO17

CTS5#/RTS5#/
SS5#/SSLA1/
ET_ERXD3

IRQ14

J10 PC1 A17 MTIOC3A/
TCLKD/PO18

SCK5/SSLA2/
ET_ERXD2

IRQ12

K1 P23 EDACK0 MTIOC3D/
MTCLKD/
TIOCD3/PO3

TXD3/CTS0#/
RTS0#/SMOSI3/
SS0#/SSDA3/
USB0_DPUPE

Table 1.9 List of Pins and Pin Functions (100-Pin TFLGA) (4/5)

Pin No. Power Supply 
Clock

System 
Control

I/O Port
Bus

EXDMAC

Timers Communications

Interrupt
S12AD

AD
DA

100-pin
TFLGA

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

(ETHERC, SCIc, 
SCId, RSPI, RIIC, 
CAN, IEB, USB)
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61 VREFH0

62 AVCC0

63 P05 IRQ13 DA1

64 AVSS0

Table 1.12 List of Pins and Pin Functions (64-Pin LQFP) (3/3)

Pin 
Number

Power Supply
Clock
System Control I/O Port

Timer Timer
Communications

Interrupt S12ADa, DAa
64-Pin
LQFP

(MTU2a, TPUa, TMR, PPG, 
RTCa, POE2a)

(SCIc, SCId, RSPI, RIIC, CAN, 
IEB, USB)
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4. I/O Registers
This section gives information on the on-chip I/O register addresses. The information is given as shown below. Notes on 

writing to registers are also given at the end.

(1) I/O register addresses (address order)

 Registers are listed from the lower allocation addresses.

 Registers are classified according to module symbols.

 The number of access cycles indicates the number of cycles based on the specified reference clock.

 Among the internal I/O register area, addresses not listed in the list of registers are reserved. Reserved addresses 

must not be accessed. Do not access these addresses; otherwise, the operation when accessing these bits and 

subsequent operations cannot be guaranteed.

(2) Notes on writing to I/O registers

When writing to an I/O register, the CPU starts executing the subsequent instruction before completing I/O register write. 

This may cause the subsequent instruction to be executed before the post-update I/O register value is reflected on the 

operation.

As described in the following examples, special care is required for the cases in which the subsequent instruction must be 

executed after the post-update I/O register value is actually reflected.

[Examples of cases requiring special care]

 The subsequent instruction must be executed while an interrupt request is disabled with the IENj bit in IERn of the 

ICU (interrupt request enable bit) cleared to 0. 

 A WAIT instruction is executed immediately after the preprocessing for causing a transition to the low power 

consumption state.

In the above cases, after writing to an I/O register, wait until the write operation is completed using the following 

procedure and then execute the subsequent instruction.

(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]

 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
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0008 2818h EXDMAC0 EXDMA offset register EDMOFR 32 32 1, 2 BCLK EXDMACa

0008 281Ch EXDMAC0 EXDMA transfer enable register EDMCNT 8 8 1, 2 BCLK

0008 281Dh EXDMAC0 EXDMA software start register EDMREQ 8 8 1, 2 BCLK

0008 281Eh EXDMAC0 EXDMA status register EDMSTS 8 8 1, 2 BCLK

0008 2820h EXDMAC0 EXDMA external request sense mode register EDMRMD 8 8 1, 2 BCLK

0008 2821h EXDMAC0 EXDMA external request flag register EDMERF 8 8 1, 2 BCLK

0008 2822h EXDMAC0 EXDMA peripheral request flag register EDMPRF 8 8 1, 2 BCLK

0008 2840h EXDMAC1 EXDMA source address register EDMSAR 32 32 1, 2 BCLK

0008 2844h EXDMAC1 EXDMA destination address register EDMDAR 32 32 1, 2 BCLK

0008 2848h EXDMAC1 EXDMA transfer count register EDMCRA 32 32 1, 2 BCLK

0008 284Ch EXDMAC1 EXDMA block transfer count register EDMCRB 16 16 1, 2 BCLK

0008 2850h EXDMAC1 EXDMA transfer mode register EDMTMD 16 16 1, 2 BCLK

0008 2852h EXDMAC1 EXDMA output setting register EDMOMD 8 8 1, 2 BCLK

0008 2853h EXDMAC1 EXDMA interrupt setting register EDMINT 8 8 1, 2 BCLK

0008 2854h EXDMAC1 EXDMA address mode register EDMAMD 32 32 1, 2 BCLK

0008 285Ch EXDMAC1 EXDMA transfer enable register EDMCNT 8 8 1, 2 BCLK

0008 285Dh EXDMAC1 EXDMA software start register EDMREQ 8 8 1, 2 BCLK

0008 285Eh EXDMAC1 EXDMA status register EDMSTS 8 8 1, 2 BCLK

0008 2860h EXDMAC1 EXDMA external request sense mode register EDMRMD 8 8 1, 2 BCLK

0008 2861h EXDMAC1 EXDMA external request flag register EDMERF 8 8 1, 2 BCLK

0008 2862h EXDMAC1 EXDMA peripheral request flag register EDMPRF 8 8 1, 2 BCLK

0008 2A00h EXDMAC EXDMA module start register EDMAST 8 8 1, 2 BCLK

0008 2BE0h EXDMAC Cluster buffer register 0 CLSBR0 32 32 1, 2 BCLK

0008 2BE4h EXDMAC Cluster buffer register 1 CLSBR1 32 32 1, 2 BCLK

0008 2BE8h EXDMAC Cluster buffer register 2 CLSBR2 32 32 1, 2 BCLK

0008 2BECh EXDMAC Cluster buffer register 3 CLSBR3 32 32 1, 2 BCLK

0008 2BF0h EXDMAC Cluster buffer register 4 CLSBR4 32 32 1, 2 BCLK

0008 2BF4h EXDMAC Cluster buffer register 5 CLSBR5 32 32 1, 2 BCLK

0008 2BF8h EXDMAC Cluster buffer register 6 CLSBR6 32 32 1, 2 BCLK

0008 2BFCh EXDMAC Cluster buffer register 7 CLSBR7 32 32 1, 2 BCLK

0008 3002h BSC CS0 mode register CS0MOD 16 16 1, 2 BCLK Buses

0008 3004h BSC CS0 wait control register 1 CS0WCR1 32 32 1, 2 BCLK

0008 3008h BSC CS0 wait control register 2 CS0WCR2 32 32 1, 2 BCLK

0008 3012h BSC CS1 mode register CS1MOD 16 16 1, 2 BCLK

0008 3014h BSC CS1 wait control register 1 CS1WCR1 32 32 1, 2 BCLK

0008 3018h BSC CS1 wait control register 2 CS1WCR2 32 32 1, 2 BCLK

0008 3022h BSC CS2 mode register CS2MOD 16 16 1, 2 BCLK

0008 3024h BSC CS2 wait control register 1 CS2WCR1 32 32 1, 2 BCLK

0008 3028h BSC CS2 wait control register 2 CS2WCR2 32 32 1, 2 BCLK

0008 3032h BSC CS3 mode register CS3MOD 16 16 1, 2 BCLK

0008 3034h BSC CS3 wait control register 1 CS3WCR1 32 32 1, 2 BCLK

0008 3038h BSC CS3 wait control register 2 CS3WCR2 32 32 1, 2 BCLK

0008 3042h BSC CS4 mode register CS4MOD 16 16 1, 2 BCLK

0008 3044h BSC CS4 wait control register 1 CS4WCR1 32 32 1, 2 BCLK

0008 3048h BSC CS4 wait control register 2 CS4WCR2 32 32 1, 2 BCLK

0008 3052h BSC CS5 mode register CS5MOD 16 16 1, 2 BCLK

0008 3054h BSC CS5 wait control register 1 CS5WCR1 32 32 1, 2 BCLK

0008 3058h BSC CS5 wait control register 2 CS5WCR2 32 32 1, 2 BCLK

0008 3062h BSC CS6 mode register CS6MOD 16 16 1, 2 BCLK

0008 3064h BSC CS6 wait control register 1 CS6WCR1 32 32 1, 2 BCLK

0008 3068h BSC CS6 wait control register 2 CS6WCR2 32 32 1, 2 BCLK

Table 4.1 List of I/O Registers (Address Order) (3/50)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access States
Related 
Function ICLKPCLK  ICLK<PCLK
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0008 7394h ICU Interrupt source priority register 148 IPR148 8 8 2 ICLK ICUb

0008 7396h ICU Interrupt source priority register 150 IPR150 8 8 2 ICLK

0008 7398h ICU Interrupt source priority register 152 IPR152 8 8 2 ICLK

0008 739Ch ICU Interrupt source priority register 156 IPR156 8 8 2 ICLK

0008 73A0h ICU Interrupt source priority register 160 IPR160 8 8 2 ICLK

0008 73A1h ICU Interrupt source priority register 161 IPR161 8 8 2 ICLK

0008 73A4h ICU Interrupt source priority register 164 IPR164 8 8 2 ICLK

0008 73A6h ICU Interrupt source priority register 166 IPR166 8 8 2 ICLK

0008 73AAh ICU Interrupt source priority register 170 IPR170 8 8 2 ICLK

0008 73ADh ICU Interrupt source priority register 173 IPR173 8 8 2 ICLK

0008 73B0h ICU Interrupt source priority register 176 IPR176 8 8 2 ICLK

0008 73B3h ICU Interrupt source priority register 179 IPR179 8 8 2 ICLK

0008 73B6h ICU Interrupt source priority register 182 IPR182 8 8 2 ICLK

0008 73B7h ICU Interrupt source priority register 183 IPR183 8 8 2 ICLK

0008 73B8h ICU Interrupt source priority register 184 IPR184 8 8 2 ICLK

0008 73B9h ICU Interrupt source priority register 185 IPR185 8 8 2 ICLK

0008 73BAh ICU Interrupt source priority register 186 IPR186 8 8 2 ICLK

0008 73BBh ICU Interrupt source priority register 187 IPR187 8 8 2 ICLK

0008 73BCh ICU Interrupt source priority register 188 IPR188 8 8 2 ICLK

0008 73BDh ICU Interrupt source priority register 189 IPR189 8 8 2 ICLK

0008 73BEh ICU Interrupt source priority register 190 IPR190 8 8 2 ICLK

0008 73BFh ICU Interrupt source priority register 191 IPR191 8 8 2 ICLK

0008 73C0h ICU Interrupt source priority register 192 IPR192 8 8 2 ICLK

0008 73C1h ICU Interrupt source priority register 193 IPR193 8 8 2 ICLK

0008 73C2h ICU Interrupt source priority register 194 IPR194 8 8 2 ICLK

0008 73C3h ICU Interrupt source priority register 195 IPR195 8 8 2 ICLK

0008 73C4h ICU Interrupt source priority register 196 IPR196 8 8 2 ICLK

0008 73C5h ICU Interrupt source priority register 197 IPR197 8 8 2 ICLK

0008 73C6h ICU Interrupt source priority register 198 IPR198 8 8 2 ICLK

0008 73C7h ICU Interrupt source priority register 199 IPR199 8 8 2 ICLK

0008 73C8h ICU Interrupt source priority register 200 IPR200 8 8 2 ICLK

0008 73C9h ICU Interrupt source priority register 201 IPR201 8 8 2 ICLK

0008 73CAh ICU Interrupt source priority register 202 IPR202 8 8 2 ICLK

0008 73CBh ICU Interrupt source priority register 203 IPR203 8 8 2 ICLK

0008 73CEh ICU Interrupt source priority register 206 IPR206 8 8 2 ICLK

0008 73CFh ICU Interrupt source priority register 207 IPR207 8 8 2 ICLK

0008 73D0h ICU Interrupt source priority register 208 IPR208 8 8 2 ICLK

0008 73D6h ICU Interrupt source priority register 214 IPR214 8 8 2 ICLK

0008 73D9h ICU Interrupt source priority register 217 IPR217 8 8 2 ICLK

0008 73DCh ICU Interrupt source priority register 220 IPR220 8 8 2 ICLK

0008 73DFh ICU Interrupt source priority register 223 IPR223 8 8 2 ICLK

0008 73E2h ICU Interrupt source priority register 226 IPR226 8 8 2 ICLK

0008 73E5h ICU Interrupt source priority register 229 IPR229 8 8 2 ICLK

0008 73E8h ICU Interrupt source priority register 232 IPR232 8 8 2 ICLK

0008 73EBh ICU Interrupt source priority register 235 IPR235 8 8 2 ICLK

0008 73EEh ICU Interrupt source priority register 238 IPR238 8 8 2 ICLK

0008 73F1h ICU Interrupt source priority register 241 IPR241 8 8 2 ICLK

0008 73F4h ICU Interrupt source priority register 244 IPR244 8 8 2 ICLK

0008 73F7h ICU Interrupt source priority register 247 IPR247 8 8 2 ICLK

0008 73FAh ICU Interrupt source priority register 250 IPR250 8 8 2 ICLK

0008 73FDh ICU Interrupt source priority register 253 IPR253 8 8 2 ICLK

Table 4.1 List of I/O Registers (Address Order) (13/50)

Address
Module 
Symbol Register Name

Register 
Symbol

Number 
of Bits

Access 
Size

Number of Access States
Related 
Function ICLKPCLK  ICLK<PCLK
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0008 814Ch TPU3 Timer general register C TGRC 16 16 2, 3 PCLKB 2 ICLK TPUa

0008 814Eh TPU3 Timer general register D TGRD 16 16 2, 3 PCLKB 2 ICLK

0008 8150h TPU4 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8151h TPU4 Timer mode register TMDR 8 8 2, 3 PCLKB 2 ICLK

0008 8152h TPU4 Timer I/O control register TIOR 8 8 2, 3 PCLKB 2 ICLK

0008 8154h TPU4 Timer interrupt enable register TIER 8 8 2, 3 PCLKB 2 ICLK

0008 8155h TPU4 Timer status register TSR 8 8 2, 3 PCLKB 2 ICLK

0008 8156h TPU4 Timer counter TCNT 16 16 2, 3 PCLKB 2 ICLK

0008 8158h TPU4 Timer general register A TGRA 16 16 2, 3 PCLKB 2 ICLK

0008 815Ah TPU4 Timer general register B TGRB 16 16 2, 3 PCLKB 2 ICLK

0008 8160h TPU5 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8161h TPU5 Timer mode register TMDR 8 8 2, 3 PCLKB 2 ICLK

0008 8162h TPU5 Timer I/O control register TIOR 8 8 2, 3 PCLKB 2 ICLK

0008 8164h TPU5 Timer interrupt enable register TIER 8 8 2, 3 PCLKB 2 ICLK

0008 8165h TPU5 Timer status register TSR 8 8 2, 3 PCLKB 2 ICLK

0008 8166h TPU5 Timer counter TCNT 16 16 2, 3 PCLKB 2 ICLK

0008 8168h TPU5 Timer general register A TGRA 16 16 2, 3 PCLKB 2 ICLK

0008 816Ah TPU5 Timer general register B TGRB 16 16 2, 3 PCLKB 2 ICLK

0008 8170h TPUB Timer start register TSTR 8 8 2, 3 PCLKB 2 ICLK

0008 8171h TPUB Timer synchronous register TSYR 8 8 2, 3 PCLKB 2 ICLK

0008 8178h TPU6 Noise filter control register NFCR 8 8 2, 3 PCLKB 2 ICLK

0008 8179h TPU7 Noise filter control register NFCR 8 8 2, 3 PCLKB 2 ICLK

0008 817Ah TPU8 Noise filter control register NFCR 8 8 2, 3 PCLKB 2 ICLK

0008 817Bh TPU9 Noise filter control register NFCR 8 8 2, 3 PCLKB 2 ICLK

0008 817Ch TPU10 Noise filter control register NFCR 8 8 2, 3 PCLKB 2 ICLK

0008 817Dh TPU11 Noise filter control register NFCR 8 8 2, 3 PCLKB 2 ICLK

0008 8180h TPU6 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8181h TPU6 Timer mode register TMDR 8 8 2, 3 PCLKB 2 ICLK

0008 8182h TPU6 Timer I/O control register H TIORH 8 8 2, 3 PCLKB 2 ICLK

0008 8183h TPU6 Timer I/O control register L TIORL 8 8 2, 3 PCLKB 2 ICLK

0008 8184h TPU6 Timer interrupt enable register TIER 8 8 2, 3 PCLKB 2 ICLK

0008 8185h TPU6 Timer status register TSR 8 8 2, 3 PCLKB 2 ICLK

0008 8186h TPU6 Timer counter TCNT 16 16 2, 3 PCLKB 2 ICLK

0008 8188h TPU6 Timer general register A TGRA 16 16 2, 3 PCLKB 2 ICLK

0008 818Ah TPU6 Timer general register B TGRB 16 16 2, 3 PCLKB 2 ICLK

0008 818Ch TPU6 Timer general register C TGRC 16 16 2, 3 PCLKB 2 ICLK

0008 818Eh TPU6 Timer general register D TGRD 16 16 2, 3 PCLKB 2 ICLK

0008 8190h TPU7 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 8191h TPU7 Timer mode register TMDR 8 8 2, 3 PCLKB 2 ICLK

0008 8192h TPU7 Timer I/O control register TIOR 8 8 2, 3 PCLKB 2 ICLK

0008 8194h TPU7 Timer interrupt enable register TIER 8 8 2, 3 PCLKB 2 ICLK

0008 8195h TPU7 Timer status register TSR 8 8 2, 3 PCLKB 2 ICLK

0008 8196h TPU7 Timer counter TCNT 16 16 2, 3 PCLKB 2 ICLK

0008 8198h TPU7 Timer general register A TGRA 16 16 2, 3 PCLKB 2 ICLK

0008 819Ah TPU7 Timer general register B TGRB 16 16 2, 3 PCLKB 2 ICLK

0008 81A0h TPU8 Timer control register TCR 8 8 2, 3 PCLKB 2 ICLK

0008 81A1h TPU8 Timer mode register TMDR 8 8 2, 3 PCLKB 2 ICLK

0008 81A2h TPU8 Timer I/O control register TIOR 8 8 2, 3 PCLKB 2 ICLK

0008 81A4h TPU8 Timer interrupt enable register TIER 8 8 2, 3 PCLKB 2 ICLK

0008 81A5h TPU8 Timer status register TSR 8 8 2, 3 PCLKB 2 ICLK

0008 81A6h TPU8 Timer counter TCNT 16 16 2, 3 PCLKB 2 ICLK

Table 4.1 List of I/O Registers (Address Order) (16/50)
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0008 C114h MPC USB0 control register PFUSB0 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C115h MPC USB1 control register PFUSB1 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 I/O Ports

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

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

0008 C142h MPC P02 pin function control register P02PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C143h MPC P03 pin function control register P03PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C145h MPC P05 pin function control register P05PFS 8 8 2, 3 PCLKB 2 ICLK

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

0008 C148h MPC P10 pin function control register P10PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C149h MPC P11 pin function control register P11PFS 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

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 C168h MPC P50 pin function control register P50PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C169h MPC P51 pin function control register P51PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C16Ah MPC P52 pin function control register P52PFS 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 C16Eh MPC P56 pin function control register P56PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C16Fh MPC P57 pin function control register P57PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C170h MPC P60 pin function control register P60PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C171h MPC P61 pin function control register P61PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C176h MPC P66 pin function control register P66PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C177h MPC P67 pin function control register P67PFS 8 8 2, 3 PCLKB 2 ICLK

Table 4.1 List of I/O Registers (Address Order) (32/50)
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0008 C178h MPC P70 pin function control register P70PFS 8 8 2, 3 PCLKB 2 ICLK MPC

0008 C179h MPC P71 pin function control register P71PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C17Ah MPC P72 pin function control register P72PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C17Bh MPC P73 pin function control register P73PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C17Ch MPC P74 pin function control register P74PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C17Dh MPC P75 pin function control register P75PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C17Eh MPC P76 pin function control register P76PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C17Fh MPC P77 pin function control register P77PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C180h MPC P80 pin function control register P80PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C181h MPC P81 pin function control register P81PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C182h MPC P82 pin function control register P82PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C183h MPC P83 pin function control register P83PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C186h MPC P86 pin function control register P86PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C187h MPC P87 pin function control register P87PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C188h MPC P90 pin function control register P90PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C189h MPC P91 pin function control register P91PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C18Ah MPC P92 pin function control register P92PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C18Bh MPC P93 pin function control register P93PFS 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

0008 C1AEh MPC PD6 pin function control register PD6PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1AFh MPC PD7 pin function control register PD7PFS 8 8 2, 3 PCLKB 2 ICLK

0008 C1B0h MPC PE0 pin function control register PE0PFS 8 8 2, 3 PCLKB 2 ICLK
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0008 C344h ICU Group 1 interrupt enable register GEN01 32 32 1 to 2PCLKB 2 ICLK ICUb

0008 C348h ICU Group 2 interrupt enable register GEN02 32 32 1 to 2PCLKB 2 ICLK

0008 C34Ch ICU Group 3 interrupt enable register GEN03 32 32 1 to 2PCLKB 2 ICLK

0008 C350h ICU Group 4 interrupt enable register GEN04 32 32 1 to 2PCLKB 2 ICLK

0008 C354h ICU Group 5 interrupt enable register GEN05 32 32 1 to 2PCLKB 2 ICLK

0008 C358h ICU Group 6 interrupt enable register GEN06 32 32 1 to 2PCLKB 2 ICLK

0008 C370h ICU Group 12 interrupt enable register GEN12 32 32 1 to 2PCLKB 2 ICLK

0008 C380h ICU Group 0 interrupt clear register GCR00 32 32 1 to 2PCLKB 2 ICLK

0008 C384h ICU Group 1 interrupt clear register GCR01 32 32 1 to 2PCLKB 2 ICLK

0008 C388h ICU Group 2 interrupt clear register GCR02 32 32 1 to 2PCLKB 2 ICLK

0008 C38Ch ICU Group 3 interrupt clear register GCR03 32 32 1 to 2PCLKB 2 ICLK

0008 C390h ICU Group 4 interrupt clear register GCR04 32 32 1 to 2PCLKB 2 ICLK

0008 C394h ICU Group 5 interrupt clear register GCR05 32 32 1 to 2PCLKB 2 ICLK

0008 C398h ICU Group 6 interrupt clear register GCR06 32 32 1 to 2PCLKB 2 ICLK

0008 C3C0h ICU Unit select register SEL 32 32 1 to 2PCLKB 2 ICLK

0008 C400h RTC 64-Hz counter R64CNT 8 8 2, 3 PCLKB 2 ICLK RTCa

0008 C402h RTC Second counter RSECCNT 8 8 2, 3 PCLKB 2 ICLK

0008 C404h RTC Minute counter RMINCNT 8 8 2, 3 PCLKB 2 ICLK

0008 C406h RTC Hour counter RHRCNT 8 8 2, 3 PCLKB 2 ICLK

0008 C408h RTC Day-of-week counter RWKCNT 8 8 2, 3 PCLKB 2 ICLK

0008 C40Ah RTC Date counter RDAYCNT 8 8 2, 3 PCLKB 2 ICLK

0008 C40Ch RTC Month counter RMONCNT 8 8 2, 3 PCLKB 2 ICLK

0008 C40Eh RTC Year counter RYRCNT 16 16 2, 3 PCLKB 2 ICLK

0008 C410h RTC Second alarm register RSECAR 8 8 2, 3 PCLKB 2 ICLK

0008 C412h RTC Minute alarm register RMINAR 8 8 2, 3 PCLKB 2 ICLK

0008 C414h RTC Hour alarm register RHRAR 8 8 2, 3 PCLKB 2 ICLK

0008 C416h RTC Day-of-week alarm register RWKAR 8 8 2, 3 PCLKB 2 ICLK

0008 C418h RTC Date alarm register RDAYAR 8 8 2, 3 PCLKB 2 ICLK

0008 C41Ah RTC Month alarm register RMONAR 8 8 2, 3 PCLKB 2 ICLK

0008 C41Ch RTC Year alarm register RYRAR 16 16 2, 3 PCLKB 2 ICLK

0008 C41Eh RTC Year alarm enable register RYRAREN 8 8 2, 3 PCLKB 2 ICLK

0008 C422h RTC RTC control register 1 RCR1 8 8 2, 3 PCLKB 2 ICLK

0008 C424h RTC RTC control register 2 RCR2 8 8 2, 3 PCLKB 2 ICLK

0008 C426h RTC RTC control register 3 RCR3 8 8 2, 3 PCLKB 2 ICLK

0008 C428h RTC RTC control register 4 RCR4 8 8 2, 3 PCLKB 2 ICLK

0008 C42Ah RTC Frequency register H RFRH 16 16 2, 3 PCLKB 2 ICLK

0008 C42Ch RTC Frequency register L RFRL 16 16 2, 3 PCLKB 2 ICLK

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

0008 C440h RTC Time capture control register 0 RTCCR0 8 8 2, 3 PCLKB 2 ICLK

0008 C442h RTC Time capture control register 1 RTCCR1 8 8 2, 3 PCLKB 2 ICLK

0008 C444h RTC Time capture control register 2 RTCCR2 8 8 2, 3 PCLKB 2 ICLK

0008 C452h RTC Second capture register 0 RSECCP0 8 8 2, 3 PCLKB 2 ICLK

0008 C454h RTC Minute capture register 0 RMINCP0 8 8 2, 3 PCLKB 2 ICLK
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Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.
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:BCLK:BCLK pin = 8:4:4:2)

ICC Max. = 0.87 × f + 13 (max. operation in high-speed operating mode)
ICC Typ. = 0.35 × f + 5 (normal operation in high-speed operating mode)
ICC Typ. = 1.0 × f + 3 (low-speed operating mode 1)
ICC Max. = 0.53 × f + 12 (sleep mode)

Note 4. This does not include the BGO operation.
Note 5. This is the increase for programming or erasure of the ROM or flash memory for data storage during program execution.
Note 6. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 7. The reference power supply current is included in the power supply current value for 10-bit A/D conversion and D/A conversion.
Note 8. When VBATT is used
Note 9. The current values for 10-bit A/D converter and 10-bit D/A converter are included in the current from the VREFH pin.
Note 10. The values are the sum of IAVCC0 and IVREFH.
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5.3 AC Characteristics

Note 1. The ICLK and PCLKA frequencies must be the same and at least 12.5 MHz if the Ethernet controller is in use
Note 2. The PCLKB must run at a frequency of at least 24 MHz if the USB is in use.
Note 3. The FCLK must run at a frequency of at least 4 MHz when changing the ROM or E2 DataFlash memory contents.

Table 5.8 Operation Frequency Value (High-Speed Operating Mode)
Conditions: VCC = AVCC0 = VREFH = VCC_USB = VBATT = 2.7 to 3.6 V, VREFH0 = 2.7 V to AVCC0, 

VSS = AVSS0 = VREFL/VREFL0 = VSS_USB = 0 V, Ta = Topr

Item Symbol Min. Typ. Max. Unit

Operation 
frequency

System clock (ICLK) f —*1 — 100 MHz

Peripheral module clock (PCLKA) —*1 — 100

Peripheral module clock (PCLKB) —*2 — 50

FlashIF clock (FCLK) —*3 — 50

External bus clock (BCLK) Packages with 177 to 144 pins — — 100

Packages with 100 pins or less — — 50

BCLK pin output Packages with 177 to 144 pins — — 50

Packages with 100 pins or less — — 25

SDRAM clock (SDCLK) Packages with 177 to 144 pins 
only

— — 50

SDCLK pin output Packages with 177 to 144 pins 
only

— — 50

USB clock (UCLK) — — 48

IEBUS clock (IECLK) — — 44.03

Table 5.9 Operation Frequency Value (Low-Speed Operating Mode 1)
Conditions: VCC = AVCC0 = VREFH = VCC_USB = VBATT = 2.7 to 3.6 V, VREFH0 = 2.7 V to AVCC0, 

VSS = AVSS0 = VREFL/VREFL0 = VSS_USB = 0 V, Ta = Topr

Item Symbol Min. Typ. Max. Unit

Operation 
frequency

System clock (ICLK) f — — 1 MHz

Peripheral module clock (PCLKA) — — 1

Peripheral module clock (PCLKB) — — 1

FlashIF clock (FCLK) — — 1

External bus clock (BCLK) Packages with 177 to 144 pins — — 1

Packages with 100 pins or less — — 1

BCLK pin output Packages with 177 to 144 pins — — 1

Packages with 100 pins or less — — 1

SDRAM clock (SDCLK) Packages with 177 to 144 pins 
only

— — 1

SDCLK pin output Packages with 177 to 144 pins 
only

— — 1

USB clock (UCLK) — — 1

IEBUS clock (IECLK) — — 1
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Figure 5.1 Reset Input Timing at Power-On

Figure 5.2 Reset Input Timing
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Figure 5.17 Address/Data Multiplexed Bus Read Access Timing

Figure 5.18 Address/Data Multiplexed Bus Write Access Timing
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Figure 5.56 MII Reception Timing (Error Occurrence)

Figure 5.57 WOL Output Timing (MII)

Figure 5.58 PDC Timing

Figure 5.59 PDC Input Clock Characteristic
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5.4 USB Characteristics

Figure 5.61 DP and DM Output Timing (Full-Speed)

Figure 5.62 Test Circuit (Full-Speed)

Table 5.27 On-Chip USB Full-Speed Characteristics (DP and DM Pin Characteristics)
Conditions: VCC = AVCC0 = VREFH = VCC_USB = 3.0 to 3.6 V, VREFH0 = 3.0 V to AVCC0

VSS = AVSS0 = VREFL/VREFL0 = VSS_USB = 0 V
PCLK = 24 to 50 MHz
Ta = Topr
High drive output is selected by the drive capacity control register.

Item Symbol Min. 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 5.61

Rise time tLr 4 20 ns

Fall time tLf 4 20 ns

Rise/fall time ratio tLr / tLf 90 111.11 % tLr / tLf

Output resistance ZDRV 28 44 Ω Rs = 22 Ω 
included

DP, DM

tLftLr

90%
10%10%

90%VCRS

Observation 
point22 

22 

50 pF

50 pF

dp

dm
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Figure 5.66 Voltage Detection Circuit Timing (Vdet2)
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Figure B 176-pin LFBGA (PLBG0176GA-A)



 

 

General Precautions in the Handling of MPU/MCU Products 
 
The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the 
products covered by this document, refer to the relevant sections of the document as well as any technical updates that 
have been issued for the products. 
 

1.  Handling of Unused Pins 
Handle unused pins in accordance with the directions given under Handling of Unused Pins in the 
manual. 
⎯ The input pins of CMOS products are generally in the high-impedance state. In operation with an 

unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an 
associated shoot-through current flows internally, and malfunctions occur due to the false 
recognition of the pin state as an input signal become possible. Unused pins should be handled as 
described under Handling of Unused Pins in the manual. 

2.  Processing at Power-on 
The state of the product is undefined at the moment when power is supplied. 
⎯ The states of internal circuits in the LSI are indeterminate and the states of register settings and 

pins are undefined at the moment when power is supplied. 
In a finished product where the reset signal is applied to the external reset pin, the states of pins 
are not guaranteed from the moment when power is supplied until the reset process is completed. 
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function 
are not guaranteed from the moment when power is supplied until the power reaches the level at 
which resetting has been specified. 

3.  Prohibition of Access to Reserved Addresses 
Access to reserved addresses is prohibited. 
⎯ The reserved addresses are provided for the possible future expansion of functions. Do not access 

these addresses; the correct operation of LSI is not guaranteed if they are accessed. 
4.  Clock Signals 

After applying a reset, only release the reset line after the operating clock signal has become stable. 
When switching the clock signal during program execution, wait until the target clock signal has 
stabilized. 
⎯ When the clock signal is generated with an external resonator (or from an external oscillator) 

during a reset, ensure that the reset line is only released after full stabilization of the clock signal. 
Moreover, when switching to a clock signal produced with an external resonator (or by an external 
oscillator) while program execution is in progress, wait until the target clock signal is stable. 

5.  Differences between Products 
Before changing from one product to another, i.e. to a product with a different part number, confirm 
that the change will not lead to problems. 
⎯ The characteristics of an MPU or MCU in the same group but having a different part number may 

differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect 
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity 
to noise, and amount of radiated noise. When changing to a product with a different part number, 
implement a system-evaluation test for the given product. 

 


