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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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General Precautions

1. Precaution against Electrostatic Discharge (ESD)
      A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately 

degrade the device operation. Steps must be taken to stop the generation of static electricity as much as possible, and 
quickly dissipate it when it occurs. Environmental control must be adequate. When it is dry, a humidifier should be 
used. This is recommended to avoid using insulators that can easily build up static electricity. Semiconductor devices 
must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and 
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a 
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions must be taken for 
printed circuit boards with mounted semiconductor devices.

2. Processing at power-on
      The state of the product is undefined at the time 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 time 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 time 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 time when power is supplied until the 
power reaches the level at which resetting is specified.

3. Input of signal during power-off state
      Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results 

from input of such a signal or I/O pull-up power supply may cause malfunction and the abnormal current that passes 
in the device at this time may cause degradation of internal elements. Follow the guideline for input signal during 
power-off state as described in your product documentation.

4. 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 the 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.

5. Clock signals
      After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the 

clock signal during program execution, wait until the target clock signal is 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. Additionally, 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.

6. Voltage application waveform at input pin
      Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device 

stays in the area between VIL (Max.) and VIH (Min.) due to noise, for example, the device may malfunction. Take 
care to prevent chattering noise from entering the device when the input level is fixed, and also in the transition 
period when the input level passes through the area between VIL (Max.) and VIH (Min.).

7. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of 
functions. Do not access these addresses as the correct operation of the LSI is not guaranteed.

8. Differences between products
      Before changing from one product to another, for example to a product with a different part number, confirm that the 

change will not lead to problems. The characteristics of a microprocessing unit or microcontroller unit products in the 
same group but having a different part number might differ in terms of 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.
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Features
■ ARM® Cortex®-M0+ Core
 ARM®v6-M architecture
 Maximum operating frequency: 32 MHz
 ARM® Memory Protection Unit (MPU) with 8 regions
 Debug and Trace: DWT, BPU, CoreSight™ MTB-M0+
 CoreSight Debug Port: SW-DP

■ Memory
 Up to 256-KB code flash memory
 4-KB data flash memory (up to 100,000 erase/write cycles)
 Up to 24-KB SRAM
 Memory protection units
 128-bit unique ID

■ Connectivity
 USB 2.0 Full-Speed Module (USBFS)

- On-chip transceiver with voltage regulator
- Compliant with USB Battery Charging Specification 1.2

 Serial Communications Interface (SCI) × 3
- UART
- Simple IIC
- Simple SPI

 Serial Peripheral Interface (SPI) × 2
 I2C bus interface (IIC) × 2
 CAN module (CAN)
 Digital Addressable Lighting Interface (DALI)

■ Analog
 14-Bit A/D Converter (ADC14)
 8-Bit D/A Converter (DAC8) × 3
 High-Speed Analog Comparator (ACMPHS) × 3
 Low-Power Analog Comparator (ACMPLP) × 2
 Operational Amplifier (OPAMP) × 4
 Temperature Sensor (TSN)

■ Timers
 General PWM Timer 32-Bit (GPT32)
 General PWM Timer 16-Bit High Resolution (GPT16H) × 3
 General PWM Timer 16-Bit (GPT16) × 3
 Asynchronous General-Purpose Timer (AGT) × 2
 Watchdog Timer (WDT)

■ Safety
 ECC in SRAM
 SRAM Parity Error Check
 Flash Area Protection
 ADC self-diagnosis function
 Clock Frequency Accuracy Measurement Circuit (CAC)
 Cyclic Redundancy Check (CRC) Calculator
 Data Operation Circuit (DOC)
 Port Output Enable for GPT (POEG)
 Independent Watchdog Timer (IWDT)
 GPIO Readback Level Detection
 Register Write Protection
 Main Oscillator Stop Detection
 Illegal memory access

■ System and Power Management
 Low-power modes
 RealTime Clock (RTC)
 Event Link Controller (ELC)
 Data Transfer Controller (DTC)
 Key Interrupt Function (KINT)
 Power-on reset
 Low Voltage Detection with voltage settings

■ Security and Encryption
 AES128/256
 True Random Number Generator (TRNG)

■ Human Machine Interface (HMI)
 Capacitive Touch Sensing Unit (CTSU)

■ Multiple Clock Sources
 Main clock oscillator (MOSC) 

(1 to 20 MHz when VCC = 2.4 to 5.5 V)
(1 to 8 MHz when VCC = 1.8 to 5.5 V)
(1 to 4 MHz when VCC = 1.6 to 5.5 V)

 Sub-clock oscillator (SOSC) (32.768 kHz)
 High-speed on-chip oscillator (HOCO)

(24, 32, 48, 64 MHz when VCC = 2.4 to 5.5 V)
(24, 32, 48 MHz when VCC = 1.8 to 5.5 V)
(24, 32 MHz when VCC = 1.6 to 5.5 V)

 Middle-speed on-chip oscillator (MOCO) (8 MHz)
 Low-speed on-chip oscillator (LOCO) (32.768 kHz)
 Independent watchdog timer OCO (15 kHz)
 Clock trim function for HOCO/MOCO/LOCO
 Clock out support

■ General Purpose I/O Ports
 Up to 53 input/output pins

- Up to 3 CMOS input
- Up to 50 CMOS input/output
   - Up to 5 5-V tolerant input/output (when VCC = 3.6 V)
   - Up to 2 pins high current (20 mA)

■ Operating Voltage
 VCC: 1.6 to 5.5 V

■ Operating Temperature and Packages
 Ta = –40°C to +85°C

- 36-pin LGA (4 mm × 4 mm, 0.5 mm pitch)
 Ta = –40°C to +105°C

- 64-pin LQFP (10 mm × 10 mm, 0.5 mm pitch)
- 48-pin LQFP (7 mm × 7 mm, 0.5 mm pitch)
- 32-pin LQFP (7 mm × 7 mm, 0.8 mm pitch)
- 48-pin QFN (7 mm × 7 mm, 0.5 mm pitch)
- 32-pin QFN (5 mm × 5 mm, 0.5 mm pitch)

Ultra low power 32-MHz ARM® Cortex®-M0+ microcontroller, up to 256-KB code flash memory, 24-KB SRAM, Digital 
Addressable Lighting Interface, Capacitive Touch Sensing Unit, 14-bit A/D Converter, 8-bit D/A Converter, security and 
safety features.

Features

S128 MCU (Ultra Low-Power MCU)

32-bit ARM® Cortex®-M0+ Microcontroller

Features
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S128 2. Electrical Characteristics

Note 1. P205, P206, P400, P401, P407 (total 5pins) 

Table 2.5 I/O VIH, VIL (2)
Conditions: VCC = AVCC0 = VCC_USB = VCC_USB_LDO = 1.6 to 2.7 V

Parameter Symbol Min Typ Max Unit
Test 
Conditions

Schmitt trigger 
input voltage

RES, NMI 
Peripheral input pins 

VIH VCC × 0.8 - -3 V -

VIL - - VCC × 0.2

∆VT VCC × 0.01 - -

Input voltage 
(except for 
Schmitt trigger 
input pin)

5V-tolerant ports*1 VIH VCC × 0.8 - 5.8

VIL - - VCC × 0.2

P000 to P004 
P010 to P015
P500 to P502

VIH AVCC0 × 0.8 - -

VIL - - AVCC0 × 0.2

P914, P915 VIH VCC_USB × 
0.8

- VCC_USB + 
0.3

VIL - - VCC_USB × 
0.2

EXTAL 
Input ports pins except for 
P000 to P004, P010 to P015, 
P500 to P502, P914, P915

VIH VCC × 0.8 - -

VIL - - VCC × 0.2
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S128 2. Electrical Characteristics

Figure 2.13 VOH/VOL and IOH/IOL temperature characteristics at VCC = 2.7 V when middle drive output is 

selected (reference data)

Figure 2.14 VOH/VOL and IOH/IOL temperature characteristics at VCC = 3.3 V when middle drive output is 

selected (reference data)
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S128 2. Electrical Characteristics

Figure 2.15 VOH/VOL and IOH/IOL temperature characteristics at VCC = 5.5 V when middle drive output is 

selected (reference data)

2.2.8 Output Characteristics for IIC I/O Pins

Figure 2.16 VOH/VOL and IOH/IOL voltage characteristics at Ta = 25°C 
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S128 2. Electrical Characteristics

Note 1. Supply current values do not include output charge/discharge current from all pins. The values apply when 
internal pull-up MOSs are in the off state.

Note 2. The clock source is HOCO.
Note 3. The clock source is MOCO.
Note 4. The clock source is the sub-clock oscillator.
Note 5. This does not include BGO operation.
Note 6. This is the increase for programming or erasure of the ROM or flash memory for data storage during program 

execution.
Note 7. PCLKB and PCLKD are set to divided by 64.
Note 8. PCLKB and PCLKD are the same frequency as that of ICLK.
Note 9. VCC = 3.3 V.
Note 10. MOCO and DAC is stopped.

Supply 
current*1

Low-voltage 
mode*3

Normal mode All peripheral clock 
disabled, while (1) code 
executing from flash*5

ICLK = 4 MHz ICC 1.5 - mA *7

All peripheral clock 
disabled, CoreMark code 
executing from flash*5

ICLK = 4 MHz 1.4 -

All peripheral clock 
enabled, while (1) code 
executing from flash*5

ICLK = 4 MHz 2.3 - *8

All peripheral clock 
enabled, code executing 
from flash*5

ICLK = 4 MHz - 4.0

Sleep mode All peripheral clock 
disabled*5

ICLK = 4 MHz 0.9 - *7

All peripheral clock 
enabled*5

ICLK = 4 MHz 1.7 - *8

Subosc-
speed 
mode*4

Normal mode All peripheral clock 
disabled, while (1) code 
executing from flash*5

ICLK = 32.768 kHz ICC 5.9 - μA *7

All peripheral clock 
enabled, while (1) code 
executing from flash*5

ICLK = 32.768 kHz 13.0 - *8

All peripheral clock 
enabled, code executing 
from flash*5

ICLK = 32.768 kHz 128.3
(17.8)*10

163.7

Sleep mode All peripheral clock 
disabled*5

ICLK = 32.768 kHz 3.2 - *7

All peripheral clock 
enabled*5

ICLK = 32.768 kHz 10.0 - *8

Table 2.11 Operating and standby current (1)  (2 of 2)
Conditions: VCC = AVCC0 = 1.6 to 5.5 V

Parameter Symbol Typ*9 Max Unit
Test 
Conditions
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S128 2. Electrical Characteristics

Figure 2.17 Voltage dependency in high-speed mode (reference data)

0

2

4

6

8

10

12

14

16

18

20

1 .5 2 .0 2 .5 3 .0 3 .5 4 .0 4 .5 5 .0 5 .5 6 .0

IC
C
 (
m
A
)

V CC (V )

Ta =  105 C , IC LK =  4M H z*2

Ta  =  105 C , IC LK =  16M H z*2

Ta  =  105 C , IC LK =  8M H z*2

Ta  =  25 C , IC LK =  16M H z*1

Ta  =  25 C , IC LK =  8M H z*1

Ta  =  25 C , IC LK =  4M H z*1

Ta =  25 C , IC LK =  32M H z*1

Ta  =  105 C , IC LK =  32M H z*2

Ta  =  25 C , IC LK =  32M H z*1

Ta  =  25 C, IC LK  =  16M H z*1

Ta  =  25 C, IC LK =  8M H z*1

Ta  =  25 C, IC LK =  4M H z*1

Ta  =  105 C , IC LK =  32M H z*2

Ta  =  105 C , IC LK =  16M H z*2

Ta  =  105 C , IC LK =  8M H z*2

Ta  =  105 C , IC LK =  4M H z*2

Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the 
actual measurements of the sample cores during product evaluation.

Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the 
actual measurements for the upper-limit samples during product evaluation.
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Note 1. The lower-limit frequency of ICLK is 1 MHz while programming or erasing the flash memory.
Note 2. The frequency accuracy of ICLK must be ±3.5% during programming or erasing the flash memory. Confirm the 

frequency accuracy of the clock source.
Note 3. The lower-limit frequency of PCLKD is 1 MHz when the A/D converter is in use.
Note 4. See section 8, Clock Generation Circuit in User’s Manual for the relationship of frequencies between ICLK, 

PCLKB, and PCLKD.
Note 5. The maximum value of operation frequency does not include internal oscillator errors. For details on the range of 

guaranteed operation, see Table 2.21, Clock timing.

Note 1. The lower-limit frequency of ICLK is 1 MHz while programming or erasing the flash memory. When using ICLK for 
programming or erasing the flash memory at below 4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. 
A non-integer frequency such as 1.5 MHz cannot be set.

Note 2. The frequency accuracy of ICLK must be ±3.5% during programming or erasing the flash memory. Confirm the 
frequency accuracy of the clock source.

Note 3. The lower-limit frequency of PCLKD is 4 MHz at 2.4 V or above and 1 MHz at below 2.4 V when the 14-bit A/D 
converter is in use.

Note 4. See section 8, Clock Generation Circuit in User’s Manual for the relationship of frequencies between ICLK, 
PCLKB, and PCLKD.

Note 5. The maximum value of operation frequency does not include internal oscillator errors. For details on the range of 
guaranteed operation, see Table 2.21, Clock timing.

Note 1. Programming and erasing the flash memory is not possible.
Note 2. The 14-bit A/D converter cannot be used.
Note 3. See section 8, Clock Generation Circuit in User’s Manual for the relationship between ICLK, PCLKB, and PCLKD 

frequencies.

Table 2.18 Operation frequency in low-speed mode
Conditions: VCC = AVCC0 = 1.8 to 5.5 V

Parameter Symbol Min Typ Max*5 Unit

Operation 
frequency

System clock (ICLK)*1, *2, *4 1.8 to 5.5 V f 0.032768 - 1 MHz

Peripheral module clock (PCLKB)*4 1.8 to 5.5 V - - 1

Peripheral module clock (PCLKD)*3, *4 1.8 to 5.5 V - - 1

Table 2.19 Operation frequency in low-voltage mode
Conditions: VCC = AVCC0 = 1.6 to 5.5 V

Parameter Symbol Min Typ Max*5 Unit

Operation 
frequency

System clock (ICLK)*1, *2, *4 1.6 to 5.5 V f 0.032768 - 4 MHz

Peripheral module clock (PCLKB)*4 1.6 to 5.5 V - - 4

Peripheral module clock (PCLKD)*3, *4 1.6 to 5.5 V - - 4

Table 2.20 Operation frequency in Subosc-speed mode
Conditions: VCC = AVCC0 = 1.8 to 5.5 V

Parameter Symbol Min Typ Max Unit

Operation 
frequency

System clock (ICLK)*1, *3 1.8 to 5.5 V f 27.8528 32.768 37.6832 kHz

Peripheral module clock (PCLKB)*3 1.8 to 5.5 V - - 37.6832

Peripheral module clock (PCLKD)*2, *3 1.8 to 5.5 V - - 37.6832
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Note 1. Time until the clock can be used after the main clock oscillator stop bit (MOSCCR.MOSTP) is set to 0 (operating) 
when the external clock is stable.

Note 2. After changing the setting of the SOSCCR.SOSTP bit to start sub-clock oscillator operation, only start using the 
sub-clock oscillator after the sub-clock oscillation stabilization wait time elapsed. Use the oscillator wait time 
value recommended by the oscillator manufacturer.

Note 3. The 48-MHz HOCO can be used within a VCC range of 1.8 V to 5.5 V.
Note 4. The 64-MHz HOCO can be used within a VCC range of 2.4 V to 5.5 V.
Note 5. This is a characteristic when the HOCOCR.HCSTP bit is cleared to 0 (oscillation) in the MOCO stop state.

When the HOCOCR.HCSTP bit is cleared to 0 (oscillation) during MOCO oscillation, this specification is 
shortened by 1 μs.

Note 6. Check OSCSF.HOCOSF to confirm whether stabilization time has elapsed.

Figure 2.25 EXTAL external clock input timing

Figure 2.26 LOCO clock oscillation start timing

Figure 2.27 HOCO clock oscillation start timing (started by setting the HOCOCR.HCSTP bit)

Figure 2.28 Sub-clock oscillation start timing

Sub-clock oscillation stabilization time*2 tSUBOSC - 0.5 - s Figure 2.28

Table 2.21 Clock timing  (2 of 2)

Parameter Symbol Min Typ Max Unit Test conditions

tXH

tXcyc

EXTAL external clock input VCC × 0.5

tXL

tXr tXf

LOCO clock oscillator output

LOCOCR.LCSTP

tLOCO

Note 1. x = 24, 32, 48, 64

HOCO clock

HOCOCR.HCSTP

tHOCOx
*1

Sub-clock oscillator output

SOSCCR.SOSTP

tSUBOSC
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Note 1. The division ratio of ICK and PCKx is the minimum division ratio within the allowable frequency range. The 
recovery time is determined by the system clock source.

Note 2. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h.
Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.

Note 1. The division ratio of ICK and PCKx is the minimum division ratio within the allowable frequency range. The 
recovery time is determined by the system clock source.

Note 2. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h.
Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.

Note 1. The sub-clock oscillator or LOCO itself continues oscillating in Software Standby mode during Subosc-speed 
mode.

Table 2.25 Timing of recovery from low power modes (3)

Parameter Symbol Min Typ Max Unit
Test 
conditions

Recovery time 
from Software 
Standby mode*1

Low-speed 
mode

Crystal 
resonator 
connected to 
main clock 
oscillator

System clock source is 
main clock oscillator 
(1 MHz)*2

tSBYMC - 2 3 ms Figure 2.31

External clock 
input to main 
clock oscillator

System clock source is 
main clock oscillator 
(1 MHz)*3

tSBYEX - 28 50 μs

System clock source is MOCO (1 MHz) tSBYMO - 25 35 μs

Table 2.26 Timing of recovery from low power modes (4)

Parameter Symbol Min Typ Max Unit
Test 
conditions

Recovery time 
from Software 
Standby mode*1

Low-voltage 
mode

Crystal 
resonator 
connected to 
main clock 
oscillator

System clock source is 
main clock oscillator 
(4 MHz)*2

tSBYMC - 2 3 ms Figure 2.31

External clock 
input to main 
clock oscillator

System clock source is 
main clock oscillator 
(4 MHz)*3

tSBYEX - 108 130 μs

System clock source is HOCO (4 MHz) tSBYHO - 108 130 μs

Table 2.27 Timing of recovery from low power modes (5)

Parameter Symbol Min Typ Max Unit
Test 
conditions

Recovery time 
from Software 
Standby mode*1

SubOSC-speed mode System clock source is sub-clock 
oscillator (32.768 kHz)

tSBYSC - 0.85 1 ms Figure 2.31

System clock source is LOCO 
(32.768 kHz)

tSBYLO - 0.85 1.2 ms
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Note 1. The differences among lines in 1-LSB resolution are normalized by this value.
Note 2. The drive capability of the PWM delay generation circuit output port is middle drive.

2.3.8 CAC Timing

Note 1. tPcyc: PCLKB cycle. 

Note 2. tcac: CAC count clock source cycle. 

2.3.9 SCI Timing

Note 1. tPcyc: PCLKB cycle.

Table 2.32 CAC timing

Parameter Symbol Min Typ Max Unit
Test 
conditions

CAC CACREF input pulse width tPcyc *1 ≤ tcac*2 tCACREF 4.5 × tcac + 3 × tPcyc - - ns -

tPcyc*1 > tcac*2 5 × tcac + 6.5 × tPcyc - - ns

Table 2.33 SCI timing (1)
Conditions: VCC = AVCC0 = 1.6 to 5.5 V

Parameter Symbol Min Max Unit*1 Test conditions

SCI Input clock cycle Asynchronous tScyc 4 - tPcyc Figure 2.41

Clock synchronous 6 -

Input clock pulse width tSCKW 0.4 0.6 tScyc

Input clock rise time tSCKr - 20 ns

Input clock fall time tSCKf - 20 ns

Output clock cycle Asynchronous tScyc 6 - tPcyc

Clock synchronous 4 -

Output clock pulse width tSCKW 0.4 0.6 tScyc

Output clock rise time 1.8V or above tSCKr - 20 ns

1.6V or above - 30

Output clock fall time 1.8V or above tSCKf - 20 ns

1.6V or above - 30

Transmit data delay 
(master)

Clock 
synchro
nous

1.8V or above tTXD - 40 ns Figure 2.42

1.6V or above - 45

Transmit data delay 
(slave)

Clock 
synchro
nous

2.7V or above - 55 ns

2.4V or above - 60

1.8V or above - 100

1.6V or above - 125

Receive data setup 
time (master)

Clock 
synchro
nous

2.7V or above tRXS 45 - ns

2.4V or above 55 -

1.8V or above 90 -

1.6V or above 110 -

Receive data setup 
time (slave)

Clock 
synchro
nous

2.7V or above 40 - ns

1.6V or above 45 -

Receive data hold 
time (master)

Clock synchronous tRXH 5 - ns

Receive data hold 
time (slave)

Clock synchronous tRXH 40 - ns
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Figure 2.41 SCK clock input timing

Figure 2.42 SCI input/output timing in clock synchronous mode

tSCKW tSCKr tSCKf

tScyc

SCKn
(n = 0, 1, 9)

tTXD

tRXS tRXH

TXDn

RXDn

SCKn

n = 0, 1, 9
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SPI Data input setup 
time

Master tSU 10 - ns Figure 2.50 to 
Figure 2.55
C = 30PF

Slave 2.4V or above 10 -

1.8V or above 15 -

1.6V or above 20 -

Data input hold time Master
(RSPCK is PCLKB/2)

tHF 0 - ns

Master
(RSPCK is not PCLKB/2)

tH tPcyc -

Slave tH 20 -

SSL setup time Master tLEAD – 30 + N x 
tSpcyc*2

- ns

Slave 6 x tPcyc - ns

SSL hold time Master tLAG – 30 + N x 
tSpcyc*3

- ns

Slave 6 x tPcyc - ns

Data output delay Master 2.7V or above tOD - 14 ns Figure 2.50 to 
Figure 2.55
C = 30PF

2.4V or above - 20

1.8V or above - 25

1.6V or above - 30

Slave 2.7V or above - 50

2.4V or above - 60

1.8V or above - 85

1.6V or above - 110

Data output hold 
time

Master tOH 0 - ns

Slave 0 -

Successive 
transmission delay

Master tTD tSPcyc + 2 × 
tPcyc

8 × tSPcyc
+ 2 × tPcyc

ns

Slave 6 × tPcyc -

MOSI and MISO 
rise and fall time

Output 2.7V or above tDr, tDf - 10 ns

2.4V or above - 15

1.8V or above - 20

1.6V or above - 30

Input - 1 µs

SSL rise and fall 
time

Output 2.7V or above tSSLr, tSSLf - 10 ns

2.4V or above - 15

1.8V or above - 20

1.6V or above - 30

Input - 1 µs

Slave access time 2.4V or above tSA - 2 × tPcyc 
+100

ns Figure 2.54 and 
Figure 2.55
C = 30PF1.8V or above - 2 × tPcyc 

+140

1.6V or above - 2 × tPcyc 
+180

Slave output release time 2.4V or above tREL - 2 × tPcyc 
+100

ns

1.8V or above - 2 × tPcyc 
+140

1.6V or above - 2 × tPcyc 
+180

Table 2.36 SPI timing  (2 of 2)
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit*1 Test conditions
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Note 1. tPcyc: PCLKB cycle.

Note 2. N is set as an integer from 1 to 8 by the SPCKD register.
Note 3. N is set as an integer from 1 to 8 by the SSLND register.

Figure 2.49 SPI clock timing

Figure 2.50 SPI timing (master, CPHA = 0) (bit rate: PCLKB division ratio is set to any value other than 1/2)
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2.4 USB Characteristics

2.4.1 USBFS Timing

Figure 2.58 USB_DP and USB_DM output timing

Table 2.39 USB characteristics
Conditions: VCC = AVCC0 = VCC_USB = 3.0 to 3.6 V, Ta = –20 to +85°C

Parameter 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 | USB_DP – USB_DM |

Differential common mode 
range

VCM 0.8 2.5 V -

Output 
characteristics

Output high level voltage VOH 2.8 VCC_USB 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 2.58,
Figure 2.59,
Figure 2.60

Rise time FS tr 4 20 ns

LS 75 300

Fall time FS tf 4 20 ns

LS 75 300

Rise/fall time ratio FS tr/tf 90 111.11 %

LS 80 125

Output resistance ZDRV 28 44 Ω (Adjusting the resistance 
of external elements is not 
necessary.)

VBUS 
characteristics

VBUS input voltage VIH VCC × 0.8 - V -

VIL - VCC × 0.2 V -

Pull-up,
pull-down

Pull-down resistor RPD 14.25 24.80 kΩ -

Pull-up resistor RPUI 0.9 1.575 kΩ During idle state

RPUA 1.425 3.09 kΩ During reception

Battery Charging 
Specification 
Ver 1.2

D + sink current IDP_SINK 25 175 μA -

D – sink current IDM_SINK 25 175 μA -

DCD source current IDP_SRC 7 13 μA -

Data detection voltage VDAT_REF 0.25 0.4 V -

D + source voltage VDP_SRC 0.5 0.7 V Output current = 250 μA

D – source voltage VDM_SRC 0.5 0.7 V Output current = 250 μA

USB_DP,
USB_DM

tftr

90%
10%10%

90%VCRS
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2.9 POR and LVD Characteristics

Note 1. These characteristics apply when noise is not superimposed on the power supply. When a setting causes this 
voltage detection level to overlap with that of the voltage detection circuit, it cannot be specified whether LVD1 or 
LVD2 is used for voltage detection.

Note 2. # in the symbol Vdet0_# denotes the value of the OFS1.VDSEL1[2:0] bits.

Note 3. # in the symbol Vdet1_# denotes the value of the LVDLVLR.LVD1LVL[4:0] bits.

Note 4. # in the symbol Vdet2_# denotes the value of the LVDLVLR.LVD2LVL[2:0] bits.

Table 2.53 Power-on reset circuit and voltage detection circuit characteristics (1)

Parameter Symbol Min Typ Max Unit Test Conditions

Voltage detection 
level*1

Power-on reset (POR) VPOR 1.27 1.42 1.57 V Figure 2.64, 
Figure 2.65

Voltage detection circuit (LVD0)*2 Vdet0_0 3.68 3.85 4.00 V Figure 2.66
At falling edge 
VCC

Vdet0_1 2.68 2.85 2.96

Vdet0_2 2.38 2.53 2.64

Vdet0_3 1.78 1.90 2.02

Vdet0_4 1.60 1.69 1.82

Voltage detection circuit (LVD1)*3 Vdet1_0 4.13 4.29 4.45 V Figure 2.67
At falling edge 
VCC

Vdet1_1 3.98 4.16 4.30

Vdet1_2 3.86 4.03 4.18

Vdet1_3 3.68 3.86 4.00

Vdet1_4 2.98 3.10 3.22

Vdet1_5 2.89 3.00 3.11

Vdet1_6 2.79 2.90 3.01

Vdet1_7 2.68 2.79 2.90

Vdet1_8 2.58 2.68 2.78

Vdet1_9 2.48 2.58 2.68

Vdet1_A 2.38 2.48 2.58

Vdet1_B 2.10 2.20 2.30

Vdet1_C 1.84 1.96 2.05

Vdet1_D 1.74 1.86 1.95

Vdet1_E 1.63 1.75 1.84

Vdet1_F 1.60 1.65 1.73

Voltage detection circuit (LVD2)*4 Vdet2_0 4.11 4.31 4.48 V Figure 2.68
At falling edge 
VCC

Vdet2_1 3.97 4.17 4.34

Vdet2_2 3.83 4.03 4.20

Vdet2_3 3.64 3.84 4.01

Table 2.54 Power-on reset circuit and voltage detection circuit characteristics (2) (1 of 2)

Parameter Symbol Min Typ Max Unit Test Conditions

Wait time after power-on 
reset cancellation

LVD0:enable tPOR - 1.7 - ms -

LVD0:disable tPOR - 1.3 - ms -

Wait time after voltage 
monitor 0,1,2 reset 
cancellation

LVD0:enable*1 tLVD0,1,2 - 0.6 - ms -

LVD0:disable*2 tLVD1,2 - 0.2 - ms -

Response delay*3 tdet - - 350 μs Figure 2.64, Figure 2.65

Minimum VCC down time tVOFF 450 - - μs Figure 2.64, 
VCC = 1.0 V or above
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Figure 2.66 Voltage detection circuit timing (Vdet0)

Figure 2.67 Voltage detection circuit timing (Vdet1)
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Note 1. Does not include the time until each operation of the flash memory is started after instructions are executed by 
the software.

Note 2. The lower-limit frequency of ICLK is 1 MHz during programming or erasing the flash memory. When using ICLK 
at below 4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz 
cannot be set.

Note 3. The frequency accuracy of ICLK must be ±3.5% during programming or erasing the flash memory. Confirm the 
frequency accuracy of the clock source.

2.13.2 Data Flash Memory Characteristics

Note 1. The reprogram/erase cycle is the number of erasure for each block. When the reprogram/erase cycle is n times 
(n = 100,000), erasing can be performed n times for each block. For instance, when 1-byte programming is 
performed 1,000 times for different addresses in 1-byte blocks, 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 
erasure is not enabled. (overwriting is prohibited.)

Note 2. Characteristics when using the flash memory programmer and the self-programming library provided by Renesas 
Electronics.

Note 3. These results are obtained from reliability testing.

Table 2.61 Code flash characteristics (3)
Middle-speed operating mode
Conditions: VCC = AVCC0 = 1.8 to 5.5 V, Ta = –40 to +85°C 

Parameter Symbol

ICLK = 1 MHz ICLK = 8 MHz

UnitMin Typ Max Min Typ Max

Programming time 4 bytes tP4 - 157 1411 - 101 966 μs

Erasure time 1 KB tE1K - 9.10 289 - 6.10 228 ms

Blank check time 2 bytes tBC4 - - 87.7 - - 52.5 μs

1 KB tBC1K - - 1930 - - 414 μs

Erase suspended time tSED - - 32.7 - - 21.6 μs

Startup area switching setting time tSAS - 22.8 592 - 14.2 465 ms

Access window time tAWS - 22.8 592 - 14.2 465 ms

OCD/serial programmer ID setting time tOSIS - 22.8 592 - 14.2 465 ms

Flash memory mode transition wait 
time 1

tDIS 2 - - 2 - - μs

Flash memory mode transition wait 
time 2

tMS 720 - - 720 - - ns

Table 2.62 Data flash characteristics (1)

Parameter Symbol Min Typ Max Unit Conditions

Reprogramming/erasure cycle*1 NDPEC 100000 1000000 - Times -

Data hold time After 10000 times of NDPEC tDDRP 20*2, *3 - - Year Ta = +85°C

After 100000 times of NDPEC 5*2, *3 - - Year

After 1000000 times of NDPEC - 1*2, *3 - Year Ta = +25°C
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Note 1. Does not include the time until each operation of the flash memory is started after instructions are executed by 
the software.

Note 2. The lower-limit frequency of ICLK is 1 MHz during programming or erasing the flash memory. When using ICLK 
at below 4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz 
cannot be set.

Note 3. The frequency accuracy of ICLK must be ±3.5% during programming or erasing the flash memory. Confirm the 
frequency accuracy of the clock source.

Note 1. Does not include the time until each operation of the flash memory is started after instructions are executed by 
the software.

Note 2. The lower-limit frequency of ICLK is 1 MHz during programming or erasing the flash memory. When using ICLK 
at below 4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz 
cannot be set.

Note 3. The frequency accuracy of ICLK must be ±3.5% during programming or erasing the flash memory. Confirm the 
frequency accuracy of the clock source.

2.13.3 Serial Wire Debug (SWD)

Table 2.63 Data flash characteristics (2)
High-speed operating mode
Conditions: VCC = AVCC0 = 2.7 to 5.5 V

Parameter Symbol

ICLK = 4 MHz ICLK = 32 MHz

UnitMin Typ Max Min Typ Max

Programming time 1-byte tDP1 - 52.4 463 - 42.1 387 μs

Erasure time 1-KB tDE1K - 8.98 286 - 6.42 237 ms

Blank check time 1-byte tDBC1 - - 24.3 - - 16.6 μs

1-KB tDBC1K - - 1872 - - 512 μs

Suspended time during erasing tDSED - - 13.0 - - 10.7 μs

Data flash STOP recovery time tDSTOP 5 - - 5 - - μs

Table 2.64 Data flash characteristics (3)
Middle-speed operating mode
Conditions: VCC = AVCC0 = 1.8 to 5.5 V, Ta = –40 to +85°C

Parameter Symbol

ICLK = 4 MHz ICLK = 8 MHz

UnitMin Typ Max Min Typ Max

Programming time 1-byte tDP1 - 94.7 886 - 89.3 849 μs

Erasure time 1-KB tDE1K - 9.59 299 - 8.29 273 ms

Blank check time 1-byte tDBC1 - - 56.2 - - 52.5 μs

1-KB tDBC1K - - 2.17 - - 1.51 ms

Suspended time during erasing tDSED - - 23.0 - - 21.7 μs

Data flash STOP recovery time tDSTOP 720 - - 720 - - ns

Table 2.65 SWD characteristics (1)  (1 of 2)
Conditions: VCC = AVCC0 = 2.4 to 5.5 V 

Parameter Symbol Min Typ Max Unit Test conditions

SWCLK clock cycle time tSWCKcyc 80 - - ns Figure 2.69

SWCLK clock high pulse width tSWCKH 35 - - ns

SWCLK clock low pulse width tSWCKL 35 - - ns

SWCLK clock rise time tSWCKr - - 5 ns

SWCLK clock fall time tSWCKf - - 5 ns
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