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What is "Embedded - Microcontrollers"?
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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
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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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S128 1. Overview

1.2 Block Diagram

Figure 1.1 shows a block diagram of the MCU superset. Some individual devices within the group may have a subset of 
the features.

Figure 1.1 Block diagram

1.3 Part Numbering

Figure 1.2 shows the product part number information, including memory capacity, and package type. Table 1.12 shows 
a product list.
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Note: Several pin names have the added suffix of _A, _B, _C, _D and _E. The suffix can be ignored when assigning 
functionality.

56 42 42 A4 29 29 AVCC0

57 43 43 A3 30 30 AVSS0

58 44 44 B3 31 31 VREFL0 P011 AN006 DA2_A AMP2O

59 45 45 A2 32 32 VREFH0 P010 AN005 AMP1O

60 - - - - - P004 AN004 DA2_B TS25 IRQ3

61 - - - - - P003 AN003 AMP3O

62 46 46 F1 - - P002 AN002 AMP0O IRQ2

63 47 47 C2 - - P001 AN001 IVREF2 AMP0- TS22 IRQ7

64 48 48 B2 - - P000 AN000 IVCMP2 AMP0+ TS21 IRQ6
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S128 2. Electrical Characteristics

2.2 DC Characteristics

2.2.1 Tj/Ta Definition

Note: Make sure that Tj = Ta + θja × total power consumption (W), where total power consumption = (VCC – VOH) × 

ΣIOH + VOL × ΣIOL + ICCmax × VCC.

2.2.2 I/O VIH, VIL

Note 1. SCL0_A, SDA0_A, SDA0_B, SCL1_A, SDA1_A (total 5 pins)
Note 2. SCL0_A, SDA0_A, SCL0_B, SDA0_B, SCL0_C, SCL1_A, SDA1_A, SCL1_B, SDA1_B (total 9 pins)
Note 3. P205, P206, P400, P401, P407 (total 5pins)

Table 2.3 DC characteristics
Conditions: Products with operating temperature (Ta) –40 to +105°C

Parameter Symbol Typ Max Unit Test conditions

Permissible junction temperature Tj - 125 °C High-speed mode
Middle-speed mode
Low-voltage mode
Low-speed mode
SubOSC-speed mode

Table 2.4 I/O VIH, VIL (1)
Conditions: VCC = AVCC0 = VCC_USB = VCC_USB_LDO =  2.7 to 5.5 V

Parameter Symbol Min Typ Max Unit
Test 
Conditions

Schmitt trigger 
input voltage

IIC (except for SMBus)*1 VIH VCC × 0.7 - 5.8 V -

VIL - - VCC × 0.3

∆VT VCC × 0.05 - -

RES, NMI
Other peripheral input pins 
excluding IIC

VIH VCC × 0.8 - -

VIL - - VCC × 0.2

∆VT VCC × 0.1 - -

Input voltage 
(except for 
Schmitt trigger 
input pin)

IIC (SMBus)*2 VIH 2.2 - - VCC = 3.6 to 
5.5 V

VIH 2.0 - - VCC =2.7 to 
3.6 V

VIL –0.3 - 0.8 -

5V-tolerant ports*3 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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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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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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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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2.3 AC Characteristics

2.3.1 Frequency

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. 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.

Table 2.16 Operation frequency in high-speed operating mode
Conditions: VCC = AVCC0 = 2.4 to 5.5 V

Parameter Symbol Min Typ Max*5 Unit

Operation 
frequency

System clock (ICLK)*1, *2, *4 2.7 to 5.5 V f 0.032768 - 32 MHz

2.4 to 2.7 V 0.032768 - 16

Peripheral module clock (PCLKB)*4 2.7 to 5.5 V - - 32

2.4 to 2.7 V - - 16

Peripheral module clock (PCLKD)*3, 
*4

2.7 to 5.5 V - - 64

2.4 to 2.7 V - - 16

Table 2.17 Operation frequency in middle-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 2.7 to 5.5 V f 0.032768 - 12 MHz

2.4 to 2.7 V 0.032768 - 12

1.8 to 2.4 V 0.032768 - 8

Peripheral module clock (PCLKB)*4 2.7 to 5.5 V - - 12

2.4 to 2.7 V - - 12

1.8 to 2.4 V - - 8

Peripheral module clock (PCLKD)*3, *4 2.7 to 5.5 V - - 12

2.4 to 2.7 V - - 12

1.8 to 2.4 V - - 8
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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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2.3.3 Reset Timing

Note 1. When OFS1.LVDAS = 0.
Note 2. When OFS1.LVDAS = 1.

Figure 2.29 Reset input timing at power-on

Figure 2.30 Reset input timing

Table 2.22 Reset timing

Parameter Symbol Min Typ Max Unit
Test 
conditions

RES pulse width At power-on tRESWP 3 - - ms Figure 2.29

Not at power-on tRESW 30 - - μs Figure 2.30

Wait time after RES cancellation
(at power-on)

LVD0 enabled*1 tRESWT - 0.7 - ms Figure 2.29

LVD0 disabled*2 - 0.3 -

Wait time after RES cancellation
(during powered-on state)

LVD0 enabled*1 tRESWT2 - 0.5 - ms Figure 2.30

LVD0 disabled*2 - 0.05 -

Wait time after internal reset cancellation 
(watchdog timer reset, SRAM parity error 
reset, SRAM ECC error reset, bus master 
MPU error reset, bus slave MPU error 
reset, stack pointer error reset, software 
reset)

LVD0 enabled*1 tRESWT3 - 0.6 - ms -

LVD0 disabled*2 - 0.15 - -

VCC

RES

tRESWP

Internal reset

tRESWT

RES

Internal reset

tRESWT2

tRESW
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Figure 2.32 Recovery timing from Software Standby mode to Snooze mode

2.3.5 NMI and IRQ Noise Filter

Note: 200 ns minimum in Software Standby mode.
Note 1. tPcyc indicates the PCLKB cycle.

Note 2. tNMICK indicates the cycle of the NMI digital filter sampling clock.

Note 3. tIRQCK indicates the cycle of the IRQi digital filter sampling clock (i = 0 to 7).

Figure 2.33 NMI interrupt input timing

Figure 2.34 IRQ interrupt input timing

Table 2.29 NMI and IRQ noise filter

Parameter Symbol Min Typ Max Unit Test conditions

NMI pulse width tNMIW 200 - - ns NMI digital filter disabled tPcyc × 2 ≤ 200 ns

tPcyc × 2*1 - - tPcyc × 2 > 200 ns

200 - - NMI digital filter enabled tNMICK × 3 ≤ 200 ns

tNMICK × 3.5*2 - - tNMICK × 3 > 200 ns

IRQ pulse width tIRQW 200 - - ns IRQ digital filter disabled tPcyc × 2 ≤ 200 ns

tPcyc × 2*1 - - tPcyc × 2 > 200 ns

200 - - IRQ digital filter enabled tIRQCK × 3 ≤ 200 ns

tIRQCK × 3.5*3 - - tIRQCK × 3 > 200 ns

Note 1. When SNZCR.SNZDTCEN is set to 1, ICLK is supplied to DTC and SRAM.

tS N Z

IR Q

IC L K  (to  D T C , S R A M )*1 P C LK

IC LK  (e xce p t D T C , S R A M )

O sc illa to r 

S o ftw a re  S tan db y m o de S no oze  m o de

tNMIW

NMI

tIRQW

IRQ
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Note 1. tPcyc: PCLKB cycle.

Table 2.34 SCI timing (2)
Conditions: VCC = AVCC0 = 1.6 to 5.5 V

Parameter Symbol Min Max Unit*1 Test conditions

Simple 
SPI

SCK clock cycle output (master) tSPcyc 4 65536 tPcyc
Figure 2.43

SCK clock cycle input (slave) 6 65536

SCK clock high pulse width tSPCKWH 0.4 0.6 tSPcyc

SCK clock low pulse width tSPCKWL 0.4 0.6 tSPcyc

SCK clock rise and fall time 1.8V or above tSPCKr, 
tSPCKf

- 20 ns

1.6V or above - 30

Data input setup 
time 

Master 2.7V or above tSU 45 - ns Figure 2.44 to 
Figure 2.47

2.4V or above 55 -

1.8V or above 80 -

1.6V or above 110 -

Slave 2.7V or above 40 -

1.6V or above 45 -

Data input hold time Master tH 33.3 - ns

Slave 40 -

SS input setup time tLEAD 1 - tSPcyc

SS input hold time tLAG 1 - tSPcyc

Data output delay Master 1.8V or above tOD - 40 ns

1.6V or above - 50

Slave 2.4V or above - 65

1.8V or above - 100

1.6V or above - 125

Data output hold 
time

Master 2.7V or above tOH –10 - ns

2.4V or above –20 -

1.8V or above –30 -

1.6V or above –40 -

Slave –10 -

Data rise and fall 
time

Master tDr, tDf - 20 ns

Slave 1.8V or above - 20

1.6V or above - 30

Simple 
SPI

Slave access time tSA - 6 tPcyc Figure 2.47

Slave output release time tREL - 6 tPcyc
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Figure 2.43 SCI simple SPI mode clock timing

Figure 2.44 SCI simple SPI mode timing (master, CKPH = 1)

tSPCKWH

VOH VOH

VOL VOL

VOH VOH

tSPCKWL

tSPCKr tSPCKf

VOL

tSPcyc

tSPCKWH

VIH VIH

VIL VIL

VIH VIH

tSPCKWL

tSPCKr tSPCKf

VIL

tSPcyc

VOH = 0.7 × VCC, VOL = 0.3 × VCC, VIH = 0.7 × VCC, VIL = 0.3 × VCC

(n = 0, 1, 9)

SCKn
master select 
output

SCKn
slave select input

tDr, tDf

tSU tH

tOH tOD

MSB IN DATA LSB IN MSB IN

MSB OUT DATA LSB OUT IDLE MSB OUT

SCKn
CKPOL = 0
output

SCKn
CKPOL = 1
output

MISOn
input

MOSIn
output

(n = 0, 1, 9)
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Figure 2.48 SCI simple IIC mode timing

2.3.10 SPI Timing

Table 2.36 SPI timing  (1 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

SPI RSPCK clock cycle Master tSPcyc 2 4096 tPcyc Figure 2.49
C = 30PFSlave 6 4096

RSPCK clock high 
pulse width

Master tSPCKWH (tSPcyc – 
tSPCKR
– tSPCKF) / 2 
– 3

- ns

Slave 3 × tPcyc -

RSPCK clock low 
pulse width

Master tSPCKWL (tSPcyc – 
tSPCKR
– tSPCKF) / 2 
– 3

- ns

Slave 3 × tPcyc -

RSPCK clock rise 
and fall time

Output 2.7V or above tSPCKr, 
tSPCKf

- 10 ns

2.4V or above - 15

1.8V or above - 20

1.6V or above - 30

Input - 1 µs

SDAn

SCLn

VIH

VIL

P*1 S*1

tSftSr

tSDAH tSDAS

tSP

P*1

Test conditions:
VIH = VCC × 0.7, VIL = VCC × 0.3
VOL = 0.6 V, IOL = 6 mA

Sr*1

Note 1. S, P, and Sr indicate the following:
S: Start condition
P: Stop condition
Sr: Restart condition

(n = 0,1,9)
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Figure 2.55 SPI timing (slave, CPHA = 1)

SSLA0
input

RSPCKA
CPOL = 0
input

RSPCKA
CPOL = 1
input

MISOA
output

MOSIA
input

tDr, tDf

tSA tOH

tLEAD

tTD

tLAG

tH

LSB OUT
(Last data) DATA MSB OUT

MSB IN DATA LSB IN MSB IN

LSB OUT

tSU

tOD tREL

MSB OUT
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Figure 2.56 I2C bus interface input/output timing

2.3.12 CLKOUT Timing

Note 1. When the EXTAL external clock input or an oscillator divided by 1 (the CKOCR.CKOSEL[2:0] bits are 011b and 
the CKOCR.CKODIV[2:0] bits are 000b) is used for output from CLKOUT, specifications in Table 2.38 should be 
satisfied with 45% to 55% of input duty cycle.

Note 2. When MOCO is selected as the clock output source (the CKOCR.CKOSEL[2:0] bits are 001b), set the clock 
output division ratio to 2 (the CKOCR.CKODIV[2:0] bits are 001b).

Table 2.38 CLKOUT timing

Parameter Symbol Min Max Unit Test conditions

CLKOUT CLKOUT pin output cycle*1 VCC = 2.7 V or above tCcyc 62.5 - ns Figure 2.57

VCC = 1.8 V or above 125 -

VCC = 1.6 V or above 250 -

CLKOUT pin high pulse width*2 VCC = 2.7 V or above tCH 15 - ns

VCC = 1.8 V or above 30 -

VCC = 1.6 V or above 150 -

CLKOUT pin low pulse width*2 VCC = 2.7 V or above tCL 15 - ns

VCC = 1.8 V or above 30 -

VCC = 1.6 V or above 150 -

CLKOUT pin output rise time VCC = 2.7 V or above tCr - 12 ns

VCC = 1.8 V or above - 25

VCC = 1.6 V or above - 50

CLKOUT pin output fall time VCC = 2.7 V or above tCf - 12 ns

VCC = 1.8 V or above - 25

VCC = 1.6 V or above - 50

SDA0 and SDA1

SCL0 and SCL1

VIH

VIL

tSTAH

tSCLH

tSCLL

P*1 S*1

tSf tSr

tSCL
tSDAH

tSDAS

tSTAS tSP tSTOS

P*1

tBUF

Sr*1

Note 1. S, P, and Sr indicate the following conditions.
S: Start condition
P: Stop condition
Sr: Restart condition
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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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Note: The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute 
accuracy does not include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error, 
and INL integral nonlinearity error do not include quantization errors.

Note 1. The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is 
indicated for the test conditions.

Note 1. The internal reference voltage cannot be selected for input channels when AVCC0 < 2.0 V.
Note 2. The 14-bit A/D internal reference voltage indicates the voltage when the internal reference voltage is input to the 

14-bit A/D converter.

Offset error - ±4.0 ±30.0 LSB High-precision channel

±40.0 LSB Other than above

Full-scale error - ±6.0 ±30.0 LSB High-precision channel

±40.0 LSB Other than above

Quantization error - ±0.5 - LSB -

Absolute accuracy - ±12.0 ±32.0 LSB High-precision channel

±48.0 LSB Other than above

DNL differential nonlinearity error - ±4.0 - LSB -

INL integral nonlinearity error - ±4.0 ±12.0 LSB -

Table 2.48 14-bit A/D converter channel classification

Classification Channel Conditions Remarks

High-precision channel AN000 to AN013 AVCC0 = 1.6 to 5.5 V Pins AN000 to AN013 cannot be used 
as general I/O, IRQ2 input, or for TS 
transmission when the A/D converter 
is in use.

Normal-precision channel AN016 to AN022 -

Internal reference voltage 
input channel

Internal reference voltage AVCC0 = 2.0 to 5.5 V -

Temperature sensor input 
channel

Temperature sensor output AVCC0 = 2.0 to 5.5 V -

Table 2.49 A/D internal reference voltage characteristics
Conditions: VCC = AVCC0 = VREFH0 = 2.0 to 5.5 V*1

Parameter Min Typ Max Unit Test conditions

Internal reference voltage input 
channel*2

1.36 1.43 1.50 V -

Sampling time 5.0 - - μs -

Table 2.47 A/D conversion characteristics (7) in low-power A/D conversion mode  (2 of 2)
Conditions: VCC = AVCC0 = 1.6 to 5.5 V (AVCC0 = VCC when VCC < 2.0 V), VREFH0 = 1.6 to 5.5 V, VSS = AVSS0 = VREFL0 = 0
Reference voltage range applied to the VREFH0 and VREFL0.

Parameter Min Typ Max Unit Test Conditions
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Figure 2.62 Illustration of 14-bit A/D converter characteristic terms

Absolute accuracy

Absolute accuracy is the difference between output code based on the theoretical A/D conversion characteristics, and the 
actual A/D conversion result. When measuring absolute accuracy, the voltage at the midpoint of the width of the analog 
input voltage (1-LSB width), which can meet the expectation of outputting an equal code based on the theoretical A/D 
conversion characteristics, is used as the analog input voltage. For example, if 12-bit resolution is used and the reference 
voltage VREFH0 = 3.072 V, then 1-LSB width becomes 0.75 mV, and 0 mV, 0.75 mV, and 1.5 mV are used as the analog 
input voltages. If analog input voltage is 6 mV, an absolute accuracy of ±5 LSB means that the actual A/D conversion 
result is in the range of 003h to 00Dh, though an output code of 008h can be expected from the theoretical A/D 
conversion characteristics.

Integral nonlinearity error (INL)

Integral nonlinearity error is the maximum deviation between the ideal line when the measured offset and full-scale 
errors are zeroed, and the actual output code.

Differential nonlinearity error (DNL)

Differential nonlinearity error is the difference between 1-LSB width based on the ideal A/D conversion characteristics 
and the width of the actual output code.

Offset error

Offset error is the difference between the transition point of the ideal first output code and the actual first output code.

Full-scale error

Full-scale error is the difference between the transition point of the ideal last output code and the actual last output code.

Integral nonlinearity 
error (INL)

Actual A/D conversion 
characteristic

Ideal A/D conversion 
characteristic

Analog input voltage

Offset error

Absolute accuracy

Differential nonlinearity error (DNL)

Full-scale error
FFFh

000h

0

Ideal line of actual A/D 
conversion characteristic

1-LSB width for ideal A/D 
conversion characteristic

Differential nonlinearity error (DNL)

1-LSB width for ideal A/D 
conversion characteristic

VREFH0
(full-scale)

A/D converter
output code
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Figure 1.3 LQFP 32-pin

2.

1.
NOTE)

DIMENSIONS "*1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

Index mark
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F
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25

24 17

16

9

81
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x
bpe

H EE

D

HD

ZD

Z E
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Previous CodeJEITA Package Code RENESAS Code
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0.2gP-LQFP32-7x7-0.80

1.0

0.125

0.35

0.7
0.7

0.20

0.200.1450.09

0.420.370.32

MaxNomMin
Dimension in Millimeters
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Reference

7.17.06.9D
7.17.06.9E

1.4A2
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9.29.08.8
1.7A
0.20.10

0.70.50.3L

x

8°0°

c

0.8e

0.10y
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HE
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c1

ZD
ZE

L1

Terminal cross section

b1

c 1

bp

c

y S
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