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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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1.3.5 25-pin products
• 25-pin plastic WFLGA (3  3 mm, 0.5 mm pitch)

Caution Connect the REGC pin to VSS pin via a capacitor (0.47 to 1 F).

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection register 0 to 3

(PIOR0  to PIOR3).
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Note When duty is 50%.

(TA = -40 to +85°C, 1.6 V  EVDD = VDD  5.5 V, VSS = 0 V) (2/2)
Items Symbol Conditions MIN. TYP. MAX. Unit

TO00 to TO03, 
TKBO0, and TKBO1 
output frequency 
Note

fTO TO00 to TO03, 
TKBO0, and 
TKBO1
(in the case of 
output from port 
pins other than 
P20)

HS 
(high-speed main) 
mode

4.0 V  EVDD  5.5 V 12 MHz

2.7 V  EVDD < 4.0 V 8

1.8 V  EVDD < 2.7 V 4

1.6 V  EVDD < 1.8 V 2

LS (low-speed main) 
mode

1.8 V  EVDD  5.5 V 4

1.6 V  EVDD < 1.8 V 2

LP (low-power main)
 mode

1.8 V  EVDD  5.5 V 0.5

LV (low-voltage main) 
mode

1.6 V  EVDD  5.5 V 2

TKBO1

(in the case of 

output from P20)

HS 
(high-speed main) 
mode

4.0 V  VDD  5.5 V 1.5 MHz

2.7 V  VDD < 4.0 V 1.2

2.4 V  VDD < 2.7 V 1

LS (low-speed main) 
mode

4.0 V  VDD  5.5 V 1.5

2.7 V  VDD < 4.0 V 1.2

2.4 V  VDD < 2.7 V 1

1.8 V  VDD < 2.4 V 0.75

LP (low-power main)
 mode

1.8 V  VDD  5.5 V 0.5

LV (low-voltage main) 
mode

4.0 V  VDD  5.5 V 1.5

2.7 V  VDD < 4.0 V 1.2

2.4 V  VDD < 2.7 V 1

1.8 V  VDD < 2.4 V 0.75

1.6 V  VDD < 1.8 V 0.5

PCLBUZ0, 
PCLBUZ1 
output frequency

fPCL HS (high-speed main) mode 4.0 V  EVDD  5.5 V 16 MHz

2.7 V  EVDD < 4.0 V 8

1.8 V  EVDD < 2.7 V 4

1.6 V  EVDD < 1.8 V 2

LS (low-speed main) mode 1.8 V  EVDD  5.5 V 4

1.6 V  EVDD < 1.8 V 2

LP (low-power main) mode 1.6 V  EVDD  5.5 V 1

LV (low-voltage main) mode 1.8 V  EVDD  5.5 V 4

1.6 V  EVDD < 1.8 V 2

Interrupt input high-/
low-level width

tINTH,
tINTL

INTP0 to INTP2, INTP9 1.6 V  VDD  5.5 V 1 s

INTP3 to INTP8, INTP10, INTP11 1.6 V  EVDD  5.5 V 1

Key interrupt input 
low-level width

tKR KR0 to KR7 1.8 V  EVDD  5.5 V 250 ns

1.6 V  EVDD < 1.8 V 1 s

RESET low-level 
width

tRSL 10 s

<R>

<R>
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AC Timing Test Points

External System Clock Timing

TI/TO Timing

VIH/VOH

VIL/VOL

VIH/VOHTest points
VIL/VOL

EXCLK

1/fEX

tEXL tEXH

tTIL tTIH

1/fTO

TI00 to TI03

TO00 to TO03
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2.5 Peripheral Functions Characteristics 
AC Timing Test Points

VIH/VOH

VIL/VOL

VIH/VOHTest points
VIL/VOL
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CSI mode serial transfer timing (during communication at same potential)
(When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.)

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.)

Remark 1. p: CSI number (p = 00, 01, 10 and 11)
Remark 2. m: Unit number, n: Channel number (mn = 00 to 03)

SIp

SOp

tKCY1, 2

Input data

Output data

SCKp

tKL1, 2 tKH1, 2

tSIK1, 2 tKSI1, 2

tKSO1, 2

Input data

Output data

tKCY1, 2

tKH1, 2

tSIK1, 2 tKSI1, 2

tKSO1, 2

SIp

SOp

SCKp

tKL1, 2
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2.5.2 Serial interface IICA

Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.
Note 2. The maximum value (MAX.) of tHD: DAT is during normal transfer and a wait state is inserted in the ACK (acknowledge)

timing.

Caution The values in the above table are applied even when bit 2 (PIOR02) in the peripheral I/O redirection register 0
(PIOR0) is 1. At this time, the pin characteristics (IOH1, IOL1, VOH1, VOL1) must satisfy the values in the redirect
destination.

(1) I2C standard mode
(TA = -40 to +85°C, 1.6 V  EVDD  VDD  5.5 V, VSS = 0 V)

Parameter Symbol Conditions HS (high-speed 
main) mode

LS (low-speed 
main) mode

LP (Low-power 
main) mode

LV (low-voltage 
main) mode

Unit

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX.

SCLA0 clock 
frequency

fSCL Standard mode: 
fCLK  1 MHz

2.7 V  EVDD  5.5 V 0 100 0 100 0 100 0 100 kHz

1.8 V  EVDD  5.5 V 0 100 0 100 0 100 0 100 kHz

1.7 V  EVDD  5.5 V 0 100 0 100 0 100 0 100 kHz

1.6 V  EVDD  5.5 V — 0 100 0 100 0 100 kHz

Setup time of 
restart condition

tSU: STA 2.7 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.8 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.7 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.6 V  EVDD  5.5 V — 4.7 4.7 4.7 s

Hold time Note 1 tHD: STA 2.7 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.8 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.7 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.6 V  EVDD  5.5 V — 4.0 4.0 4.0 s

Hold time when 
SCLA0 = “L”

tLOW 2.7 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.8 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.7 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.6 V  EVDD  5.5 V — 4.7 4.7 4.7 s

Hold time when 
SCLA0 = “H”

tHIGH 2.7 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.8 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.7 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.6 V  EVDD  5.5 V — 4.0 4.0 4.0 s

Data setup time 
(reception)

tSU: DAT 2.7 V  EVDD  5.5 V 250 250 250 250 ns

1.8 V  EVDD  5.5 V 250 250 250 250 ns

1.7 V  EVDD  5.5 V 250 250 250 250 ns

1.6 V  EVDD  5.5 V — 250 250 250 ns

Data hold time 
(transmission) 
Note 2

tHD: DAT 2.7 V  EVDD  5.5 V 0 3.45 0 3.45 0 3.45 0 3.45 s

1.8 V  EVDD  5.5 V 0 3.45 0 3.45 0 3.45 0 3.45 s

1.7 V  EVDD  5.5 V 0 3.45 0 3.45 0 3.45 0 3.45 s

1.6 V  EVDD  5.5 V — 0 3.45 0 3.45 0 3.45 s

Setup time of 
stop condition

tSU: STO 2.7 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.8 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.7 V  EVDD  5.5 V 4.0 4.0 4.0 4.0 s

1.6 V  EVDD  5.5 V — 4.0 4.0 4.0 s

Bus-free time tBUF 2.7 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.8 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.7 V  EVDD  5.5 V 4.7 4.7 4.7 4.7 s

1.6 V  EVDD  5.5 V — 4.7 4.7 4.7 s
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Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.
Note 2. The maximum value (MAX.) of tHD: DAT is during normal transfer and a wait state is inserted in the ACK (acknowledge)

timing.

Caution The values in the above table are applied even when bit 2 (PIOR02) in the peripheral I/O redirection register 0
(PIOR0) is 1. At this time, the pin characteristics (IOH1, IOL1, VOH1, VOL1) must satisfy the values in the redirect
destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up resistor) at
that time in each mode are as follows. 
Fast mode plus: Cb = 120 pF, Rb = 1.1 k

IICA serial transfer timing

Remark n = 0, 1

(3) I2C fast mode plus
(TA = -40 to +85°C, 1.6 V  EVDD  VDD  5.5 V, VSS = 0 V)

Parameter Symbol Conditions HS (high-
speed main) 

mode

LS (low-
speed main) 

mode

LP (Low-
power main) 

mode

LV (low-
voltage 

main) mode

Unit

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX.

SCLA0 clock frequency fSCL Fast mode plus: 
fCLK  10 MHz

2.7 V  EVDD  5.5 
V

0 1000 — — — kHz

Setup time of restart 
condition

tSU: STA 2.7 V  EVDD  5.5 V 0.26 — — — s

Hold time Note 1 tHD: STA 2.7 V  EVDD  5.5 V 0.26 — — — s

Hold time when SCLA0 = “L” tLOW 2.7 V  EVDD  5.5 V 0.5 — — — s

Hold time when SCLA0 = “H” tHIGH 2.7 V  EVDD  5.5 V 0.26 — — — s

Data setup time (reception) tSU: DAT 2.7 V  EVDD  5.5 V 50 — — — ns

Data hold time (transmission) 
Note 2

tHD: DAT 2.7 V  EVDD  5.5 V 0 0.45 — — — s

Setup time of stop condition tSU: STO 2.7 V  EVDD  5.5 V 0.26 — — — s

Bus-free time tBUF 2.7 V  EVDD  5.5 V 0.5 — — — s

tSU: DATtHD: STA

Restart
condition

SCLAn

SDAAn

tLOW

tHIGH tSU: STA tHD: STA tSU: STO

Stop
condition

Stop
condition

Start
condition

tHD: DAT

tBUF
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2.6 Analog Characteristics

2.6.1 A/D converter characteristics

Note 1. Excludes quantization error (±1/2 LSB).
Note 2. This value is indicated as a ratio (%FSR) to the full-scale value.
Note 3. When AVREFP < VDD, the MAX. values are as follows.

Overall error: Add ±1.0 LSB to the MAX. value when AVREFP = VDD.
Zero-scale error/Full-scale error: Add ±0.05%FSR to the MAX. value when AVREFP = VDD.
Integral linearity error/ Differential linearity error: Add ±0.5 LSB to the MAX. value when AVREFP = VDD.

Note 4. Values when the conversion time is set to 57 s (min.) and 95 s (max.).
Note 5. Refer to 2.6.2 Temperature sensor characteristics/internal reference voltage characteristic.

Classification of A/D converter characteristics
Reference Voltage

Input channel
Reference voltage (+) = AVREFP

Reference voltage (-) = AVREFM

Reference voltage (+) = VDD

Reference voltage (-) = VSS

Reference voltage (+) = VBGR

Reference voltage (-)= AVREFM

ANI0 to ANI3 Refer to 2.6.1 (1). Refer to 2.6.1 (3). Refer to 2.6.1 (4).

ANI16 to ANI22 Refer to 2.6.1 (2).

Internal reference voltage
Temperature sensor output voltage

Refer to 2.6.1 (1). —

(1) When reference voltage (+) = AVREFP/ANI0 (ADREFP1 = 0, ADREFP0 = 1), reference voltage (-) =
AVREFM/ANI1 (ADREFM = 1), target pin: ANI2 and ANI3, internal reference voltage, and temperature
sensor output voltage

(TA = -40 to +85°C, 1.6 V  AVREFP  VDD  5.5 V, VSS = 0 V, Reference voltage (+) = AVREFP, Reference voltage (-)
= AVREFM = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Resolution RES 8 10 bit

Overall error Note 1 AINL 10-bit resolution
AVREFP = VDD Note 3

1.8 V  AVREFP  5.5 V 1.2 3.5 LSB

1.6 V  AVREFP  5.5 V Note 4 1.2 7.0 LSB

Conversion time tCONV 10-bit resolution
Target pin: ANI2 and ANI3

3.6 V  VDD  5.5 V 2.125 39 s

2.7 V  VDD  5.5 V 3.1875 39 s

1.8 V  VDD  5.5 V 17 39 s

1.6 V  VDD  5.5 V 57 95 s

10-bit resolution
Target pin: Internal reference voltage, 
and temperature sensor output voltage 

3.6 V  VDD  5.5 V 2.375 39 s

2.7 V  VDD  5.5 V 3.5625 39 s

1.8 V  VDD  5.5 V 17 39 s

Zero-scale error Notes 1, 2 EZS 10-bit resolution
AVREFP = VDD Note 3

1.8 V  AVREFP  5.5 V 0.25 %FSR

1.6 V  AVREFP  5.5 V Note 4 0.50 %FSR

Full-scale error Notes 1, 2 EFS 10-bit resolution
AVREFP = VDD Note 3

1.8 V  AVREFP  5.5 V 0.25 %FSR

1.6 V  AVREFP  5.5 V Note 4 0.50 %FSR

Integral linearity error Note 1 ILE 10-bit resolution
AVREFP = VDD Note 3

1.8 V  AVREFP  5.5 V 2.5 LSB

1.6 V  AVREFP  5.5 V Note 4 5.0 LSB

Differential linearity error Note 1 DLE 10-bit resolution
AVREFP = VDD Note 3

1.8 V  AVREFP  5.5 V 1.5 LSB

1.6 V  AVREFP  5.5 V Note 4 2.0 LSB

Analog input voltage VAIN ANI2 and ANI3 0 AVREFP V

Internal reference voltage 
(1.8 V  VDD  5.5 V)

VBGR Note 5 V

Temperature sensor output voltage
(1.8 V  VDD  5.5 V)

VTMPS25 Note 5 V
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2.6.7 LVD circuit characteristics 
(1) LVD Detection Voltage of Reset Mode and Interrupt Mode

(TA = -40 to +85°C, VPDR  EVDD  VDD  5.5 V, VSS = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection voltage Supply voltage level VLVD0 Power supply rise time 3.98 4.06 4.14 V

Power supply fall time 3.90 3.98 4.06 V

VLVD1 Power supply rise time 3.68 3.75 3.82 V

Power supply fall time 3.60 3.67 3.74 V

VLVD2 Power supply rise time 3.07 3.13 3.19 V

Power supply fall time 3.00 3.06 3.12 V

VLVD3 Power supply rise time 2.96 3.02 3.08 V

Power supply fall time 2.90 2.96 3.02 V

VLVD4 Power supply rise time 2.86 2.92 2.97 V

Power supply fall time 2.80 2.86 2.91 V

VLVD5 Power supply rise time 2.76 2.81 2.87 V

Power supply fall time 2.70 2.75 2.81 V

VLVD6 Power supply rise time 2.66 2.71 2.76 V

Power supply fall time 2.60 2.65 2.70 V

VLVD7 Power supply rise time 2.56 2.61 2.66 V

Power supply fall time 2.50 2.55 2.60 V

VLVD8 Power supply rise time 2.45 2.50 2.55 V

Power supply fall time 2.40 2.45 2.50 V

VLVD9 Power supply rise time 2.05 2.09 2.13 V

Power supply fall time 2.00 2.04 2.08 V

VLVD10 Power supply rise time 1.94 1.98 2.02 V

Power supply fall time 1.90 1.94 1.98 V

VLVD11 Power supply rise time 1.84 1.88 1.91 V

Power supply fall time 1.80 1.84 1.87 V

VLVD12 Power supply rise time 1.74 1.77 1.81 V

Power supply fall time 1.70 1.73 1.77 V

VLVD13 Power supply rise time 1.64 1.67 1.70 V

Power supply fall time 1.60 1.63 1.66 V

Minimum pulse width tLW 300 s

Detection delay time 300 s
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3.1 Absolute Maximum Ratings

Note 1. Connect the REGC pin to VSS via a capacitor (0.47 to 1 F). This value regulates the absolute maximum rating of the
REGC pin. Do not use this pin with voltage applied to it.

Note 2. Must be 6.5 V or lower.
Note 3. Do not exceed AVREF (+) + 0.3 V in case of A/D conversion target pin.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering physical
damage, and therefore the product must be used under conditions that ensure that the absolute maximum
ratings are not exceeded.

Remark 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
Remark 2. AVREF (+): + side reference voltage of the A/D converter.
Remark 3. VSS: Reference voltage

(1/2)
Parameter Symbols Conditions Ratings Unit

Supply voltage VDD, EVDD VDD  EVDD -0.5 to + 6.5 V

AVREFP 0.3 to VDD + 0.3 Note 2 V

AVREFM -0.3 to VDD + 0.3 Note 2

and AVREFM  AVREFP

V

REGC pin input voltage VIREGC REGC -0.3 to + 2.8
and -0.3 to VDD + 0.3 Note 1

V

Input voltage VI1 P00, P01, P30 to P33, P40, and P51 to 
P56

-0.3 to EVDD + 0.3 
and -0.3 to VDD + 0.3 Note 2

V

VI2 P20 to P23, P121, P122, P125, P137, 
EXCLK, RESET

-0.3 to VDD + 0.3 Note 2 V

Output voltage VO1 P00, P01, P30 to P33, P40, and P51 to 
P56

-0.3 to EVDD + 0.3 
and -0.3 to VDD + 0.3 Note 2

V

VO2 P20 to P23 -0.3 to VDD + 0.3 Note 2 V

Analog input voltage VAI1 ANI16 to ANI22 -0.3 to EVDD + 0.3
and -0.3 to AVREF(+) + 0.3 Notes 2, 3

V

VAI2 ANI0 to ANI3 -0.3 to VDD + 0.3
and -0.3 to AVREF(+) + 0.3 Notes 2, 3

V
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3.3 DC Characteristics

3.3.1 Pin characteristics

Note 1. Value of current at which the device operation is guaranteed even if the current flows from the VDD pin to an output pin.
Note 2. Do not exceed the total current value.
Note 3. Specification under conditions where the duty factor  70%.

The output current value that has changed to the duty factor  70% the duty ratio can be calculated with the following
expression (when changing the duty factor from 70% to n%).

• Total output current of pins = (IOH × 0.7)/(n × 0.01)
<Example> Where n = 80% and IOH = -10.0 mA

Total output current of pins = (-10.0 × 0.7)/(80 × 0.01)  -8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. 
A current higher than the absolute maximum rating must not flow into one pin.

Caution P00, P01, P20, P30 to P33, P40 and P51 to P56 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.

(TA = -40 to +105°C, 2.4 V  EVDD = VDD  5.5 V, VSS = 0 V) (1/5)
Items Symbol Conditions MIN. TYP. MAX. Unit

Output current, high 
Note 1

IOH1 Per pin for P00, P01, P30 to P33, P40, 
and P51 to P56

-3.0 
Note 2

mA

Total of P00, P01, and P40
(When duty  70% Note 3)

4.0 V  EVDD  5.5 V -12.5 mA

2.7 V  EVDD < 4.0 V -10.0 mA

2.4 V  EVDD < 2.7 V -5.0 mA

Total of P30 to P33, and P51 to P56
(When duty  70% Note 3)

4.0 V  EVDD  5.5 V -30.0 mA

2.7 V  EVDD < 4.0 V -19.0 mA

2.4 V  EVDD < 2.7 V -10.0 mA

Total of all pins 
(When duty  70% Note 3)

-42.5 mA

IOH2 Per pin for P20 to P23 -0.1 
Note 2

mA

Total of all pins 
(When duty  70% Note 3)

2.4 V  VDD  5.5 V -0.4 mA

<R>
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Note 1. Value of current at which the device operation is guaranteed even if the current flows from an output pin to the VSS pin.
Note 2. Do not exceed the total current value.
Note 3. Specification under conditions where the duty factor  70%.

The output current value that has changed to the duty factor  70% the duty ratio can be calculated with the following
expression (when changing the duty factor from 70% to n%).

• Total output current of pins = (IOL × 0.7)/(n × 0.01)
<Example> Where n = 80% and IOL = 10.0 mA

Total output current of pins = (10.0 × 0.7)/(80 × 0.01)  8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. 
A current higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.

(TA = -40 to +105°C, 2.4 V  EVDD  VDD  5.5 V, VSS = 0 V)                                                                                     (2/5)
Items Symbol Conditions MIN. TYP. MAX. Unit

Output current, low 
Note 1

IOL1 Per pin for P00, P01, P30 to P33, P40, and 
P51 to P56

8.5
 Note 2

mA

Total of P00, P01, and P40
(When duty  70% Note 3)

4.0 V  EVDD  5.5 V -36.0 mA

2.7 V  EVDD < 4.0 V 15.0 mA

2.4 V  EVDD < 2.7 V 9.0 mA

Total of P30 to P33, and P51 to P56
(When duty  70% Note 3)

4.0 V  EVDD  5.5 V 40.0 mA

2.7 V  EVDD < 4.0 V 35.0 mA

2.4 V  EVDD < 2.7 V 20.0 mA

Total of all pins 
(When duty  70% Note 3)

76.0 mA

IOL2 Per pin for P20 to P23 0.4 
Note 2

mA

Total of all pins 
(When duty  70% Note 3)

2.4 V  VDD  5.5 V 1.6 mA

<R>
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Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.

(TA = -40 to +105°C, 2.4 V  EVDD  VDD  5.5 V, VSS = 0 V) (5/5)
Items Symbol Conditions MIN. TYP. MAX. Unit

Input leakage 
current, high

ILIH1 P00, P01, P30 to P33, P40, and 
P51 to P56

VI = EVDD 1 A

ILIH2 P20 to P23, P125, P137, RESET VI = VDD 1 A

ILIH3 P121, P122, X1, X2, EXCLK VI = VDD In input port or 
external clock input

1 A

In resonator 
connection

10 A

Input leakage 
current, low

ILIL1 P00, P01, P30 to P33, P40, and 
P51 to P56

VI = VSS -1 A

ILIL2 P20 to P23, P125, P137, RESET VI = VSS -1 A

ILIL3 P121, P122, X1, X2, EXCLK VI = VSS In input port or 
external clock input

-1 A

In resonator 
connection

-10 A

On-chip pull-up 
resistance

RU P00, P01, P30 to P33, P40, P51 
to P56, P125

VI = VSS, In input port 10 20 100 k
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Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The SIp hold time becomes “from SCKp↓” when
DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes “from
SCKp↑” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 3. C is the load capacitance of the SOp output lines.
Note 4. The maximum transfer rate when using the SNOOZE mode is 1 Mbps.

Caution Select the normal input buffer for the SIp pin and the normal output mode for the SOp pin by using port input
mode register g (PIMg) and port output mode register g (POMg).

Remark 1. p: CSI number (p = 00, 01, 10 and 11), m: Unit number (m = 0), n: Channel number (n = 0  to 3), g: PIM and POM
numbers (g = 0, 2, 3 to 5 and 12)

Remark 2. fMCK: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number, 
n: Channel number (mn = 00 to 03))

When P20 is used as SO10 pin
(TA = -40 to +105°C, 2.4 V  EVDD  VDD  5.5 V, VSS = 0 V)

Parameter Symbol Conditions
HS (high-speed main) Mode

Unit
MIN. MAX.

SCKp cycle time Note 4 tKCY2 4.0 V  VDD  5.5 V fMCK  20 MHz 20/fMCK ns

fMCK  20 MHz 18/fMCK ns

2.7 V  VDD  4.0 V fMCK  16 MHz 20/fMCK and 
1000

ns

fMCK  16 MHz 18/fMCK ns

2.4 V  VDD  2.7 V 18/fMCK and 1200 ns

SCKp high-/low-level width tKH2, tKL2 4.0 V  VDD  5.5 V tKCY2/2 - 14 ns

tKH2, tKL2 2.7 V  VDD  4.0 V tKCY2/2 - 16 ns

2.4 V  VDD  2.7 V tKCY2/2 - 36 ns

SIp setup time (to SCKp↑) Note 1 tSIK2 2.7 V  VDD  5.5 V 1/fMCK + 40 ns

2.4 V  VDD  2.7 V 1/fMCK + 60 ns

SIp hold time (from SCKp↑) Note 1 tKSI2 1/fMCK + 62 ns

Delay time from SCKp↓ to SOp output Note 2 tKSO2 C = 30 pF Note 3 2.7 V  VDD  5.5 V 2/fMCK + 190 ns

2.4 V  VDD  2.7 V 2/fMCK + 250 ns
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Note 1. Transfer rate in the SNOOZE mode is 4,800 bps only.
Note 2. Use it with EVDD  Vb.
Note 3. The maximum operating frequencies of the CPU/peripheral hardware clock (fCLK) are:

HS (high-speed main) mode: 24 MHz (2.7 V  VDD  5.5 V)
16 MHz (2.4 V  VDD  5.5 V)

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (EVDD tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For VIH and VIL, see the
DC characteristics with TTL input buffer selected.

Remark 1. Vb[V]: Communication line voltage
Remark 2. q: UART number (q = 0 and 1), g: PIM and POM numbers (g = 0, 2, 3, 5, 12)
Remark 3. fMCK: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number, 
n: Channel number (mn = 00 to 03))

(5) Communication at different potential (1.8 V, 2.5 V, 3.0 V) (UART mode) (dedicated baud rate generator
output)

(TA = -40 to +105°C, 2.4 V  EVDD  VDD  5.5 V, VSS = 0 V)

Parameter Symbol Conditions
HS (high-speed main) Mode

Unit
MIN. MAX.

Transfer rate Reception 4.0 V  EVDD  5.5 V,
2.3 V  Vb  4.0 V

fMCK/12 Note 1 bps

Theoretical value of the maximum transfer rate
 fMCK = fCLK Note 3

2.0 Mbps

2.7 V  EVDD  4.0 V,
2.3 V  Vb  2.7 V

fMCK/12 Note 1 bps

Theoretical value of the maximum transfer rate
 fMCK = fCLK Note 3

2.0 Mbps

2.4 V  EVDD  3.3 V,
1.6 V  Vb  2.0 V

fMCK/12 Notes 1, 2 bps

Theoretical value of the maximum transfer rate
 fMCK = fCLK Note 3

1.3 Mbps

(1/2)
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3.6 Analog Characteristics

3.6.1 A/D converter characteristics

Note 1. Excludes quantization error (±1/2 LSB).
Note 2. This value is indicated as a ratio (%FSR) to the full-scale value.
Note 3. When AVREFP < VDD, the MAX. values are as follows.

Overall error: Add ±1.0 LSB to the MAX. value when AVREFP = VDD.
Zero-scale error/Full-scale error: Add ±0.05%FSR to the MAX. value when AVREFP = VDD.
Integral linearity error/ Differential linearity error: Add ±0.5 LSB to the MAX. value when AVREFP = VDD.

Note 4. Refer to 3.6.2 Temperature sensor characteristics/internal reference voltage characteristic.

Classification of A/D converter characteristics
Reference Voltage

Input channel
Reference voltage (+) = AVREFP

Reference voltage (-) = AVREFM

Reference voltage (+) = VDD

Reference voltage (-) = VSS

Reference voltage (+) = VBGR

Reference voltage (-)= AVREFM

ANI0 to ANI3 Refer to 3.6.1 (1). Refer to 3.6.1 (3). Refer to 3.6.1 (4).

ANI16 to ANI22 Refer to 3.6.1 (2).

Internal reference voltage
Temperature sensor output voltage

Refer to 3.6.1 (1). —

(1) When reference voltage (+) = AVREFP/ANI0 (ADREFP1 = 0, ADREFP0 = 1), reference voltage (-) =
AVREFM/ANI1 (ADREFM = 1), target pin: ANI2 and ANI3, internal reference voltage, and temperature
sensor output voltage

(TA = -40 to +105°C, 2.4 V  AVREFP  VDD  5.5 V, VSS = 0 V, Reference voltage (+) = AVREFP, Reference voltage (-)
= AVREFM = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Resolution RES 8 10 bit

Overall error Note 1 AINL 10-bit resolution
AVREFP = VDD Note 3

2.4 V  AVREFP  5.5 V 1.2 3.5 LSB

Conversion time tCONV 10-bit resolution
Target pin: ANI2 and ANI3

3.6 V  VDD  5.5 V 2.125 39 s

2.7 V  VDD  5.5 V 3.1875 39 s

2.4 V  VDD  5.5 V 17 39 s

10-bit resolution
Target pin: Internal reference voltage, 
and temperature sensor output voltage 

3.6 V  VDD  5.5 V 2.375 39 s

2.7 V  VDD  5.5 V 3.5625 39 s

1.8 V  VDD  5.5 V 17 39 s

Zero-scale error Notes 1, 2 EZS 10-bit resolution
AVREFP = VDD Note 3

2.4 V  AVREFP  5.5 V 0.25 %FSR

Full-scale error Notes 1, 2 EFS 10-bit resolution
AVREFP = VDD Note 3

2.4 V  AVREFP  5.5 V 0.25 %FSR

Integral linearity error Note 1 ILE 10-bit resolution
AVREFP = VDD Note 3

2.4 V  AVREFP  5.5 V 2.5 LSB

Differential linearity error Note 1 DLE 10-bit resolution
AVREFP = VDD Note 3

2.4 V  AVREFP  5.5 V 1.5 LSB

Analog input voltage VAIN ANI2 and ANI3 0 AVREFP V

Internal reference voltage 
(2.4 V  VDD  5.5 V)

VBGR Note 4 V

Temperature sensor output voltage
(2.4 V  VDD  5.5 V)

VTMPS25 Note 4 V
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Note 1. Excludes quantization error (±1/2 LSB).
Note 2. This value is indicated as a ratio (% FSR) to the full-scale value.
Note 3. Refer to 3.6.2 Temperature sensor characteristics/internal reference voltage characteristic.
Note 4. When reference voltage (-) = VSS, the MAX. values are as follows.

Zero-scale error: Add ±0.35%FSR to the MAX. value when reference voltage (-) = AVREFM.
Integral linearity error: Add ±0.5 LSB to the MAX. value when reference voltage (-) = AVREFM.
Differential linearity error: Add ±0.2 LSB to the MAX. value when reference voltage (-) = AVREFM.

(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFP0 = 0), reference voltage (-)
 = AVREFM/ANI1 (ADREFM = 1), target pin: ANI0 to ANI3, ANI16 to ANI22

(TA = -40 to +105°C, 2.4 V  VDD  5.5 V, 1.6 V  EVDD  VDD = 0 V, 
Reference voltage (+) = VBGR Note 3, Reference voltage (-) = AVREFM = 0 V Note 4)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Resolution RES 8 bit

Conversion time tCONV 17 39 s

Zero-scale error Notes 1, 2 EZS 0.60 % FSR

Integral linearity error Note 1 ILE 2.0 LSB

Differential linearity error Note 1 DLE 8-bit resolution 1.0 LSB

Analog input voltage VAIN 0 VBGR Note 3 V
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3.6.5 PGA

Note Time required until a state is entered where the DC and AC specifications of the PGA are satisfied after the PGA
operation has been enabled (PGAEN = 1).

(TA = -40 to +105°C, 2.7 V  EVDD  VDD  5.5 V, VSS = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input offset voltage VIOPGA 10 mV

Input voltage range VIPGA 0 0.9  
VDD/Gain

V

Output voltage range VIOHPGA 0.93  VDD V

VIOLPGA 0.07  VDD V

Gain error x4, x8 1 %

x16 1.5 %

x32 2 %

Slew rate SRRPGA Rising
When VIN = 0.1VDD/gain 
to 0.9VDD/gain.
10 to 90% of output 
voltage amplitude

4.0 V ≤ VDD ≤ 5.5 V

(Other than x32)

3.5 V/μs

4.0 V ≤ VDD ≤ 5.5 V (x32) 3.0

2.7 V ≤ VDD ≤ 4.0V 0.5

SRFPGA Falling
When VIN= 0.1VDD/gain 
to 0.9VDD/gain.
90 to 10% of output 
voltage amplitude

4.0 V ≤ VDD ≤ 5.5 V

(Other than x32)

3.5

4.0 V ≤ VDD ≤ 5.5 V (x32) 3.0

2.7 V ≤ VDD ≤ 4.0V 0.5

Reference voltage 
stabilization wait 
timeNote

tPGA x4, x8 5 μs

x16, x32 10 μs
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3.6.7 LVD circuit characteristics 
(1) LVD Detection Voltage of Reset Mode and Interrupt Mode

(2) LVD Detection Voltage of Interrupt & Reset Mode

3.6.8 Power supply voltage rising slope characteristics

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until VDD reaches the operating
voltage range shown in 3.4 AC Characteristics.

(TA = -40 to +105°C, VPDR  EVDD = VDD .5.5 V, VSS = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection voltage Supply voltage level VLVD0 Power supply rise time 3.90 4.06 4.22 V

Power supply fall time 3.83 3.98 4.13 V

VLVD1 Power supply rise time 3.60 3.75 3.90 V

Power supply fall time 3.53 3.67 3.81 V

VLVD2 Power supply rise time 3.01 3.13 3.25 V

Power supply fall time 2.94 3.06 3.18 V

VLVD3 Power supply rise time 2.90 3.02 3.14 V

Power supply fall time 2.85 2.96 3.07 V

VLVD4 Power supply rise time 2.81 2.92 3.03 V

Power supply fall time 2.75 2.86 2.97 V

VLVD5 Power supply rise time 2.71 2.81 2.92 V

Power supply fall time 2.64 2.75 2.86 V

VLVD6 Power supply rise time 2.61 2.71 2.81 V

Power supply fall time 2.55 2.65 2.75 V

VLVD7 Power supply rise time 2.51 2.61 2.71 V

Power supply fall time 2.45 2.55 2.65 V

Minimum pulse width tLW 300 s

Detection delay time 300 s

(TA = -40 to +105°C, VPDR  EVDD  VDD  5.5 V, VSS = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Interrupt and 
reset mode

VLVDD0 VPOC0, VPOC1, VPOC2 = 0, 1, 1, falling reset voltage 2.64 2.75 2.86 V

VLVDD1 LVIS0, LVIS1 = 1, 0 Rising release reset voltage 2.81 2.92 3.03 V

Falling interrupt voltage 2.75 2.86 2.97 V

VLVDD2 LVIS0, LVIS1 = 0, 1 Rising release reset voltage 2.90 3.02 3.14 V

Falling interrupt voltage 2.85 2.96 3.07 V

VLVDD3 LVIS0, LVIS1 = 0, 0 Rising release reset voltage 3.90 4.06 4.22 V

Falling interrupt voltage 3.83 3.98 4.13 V

(TA = -40 to +105°C, VSS = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope SVDD 54 V/ms
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4.4 24-pin products
R5F1057AGNA, R5F1057AANA

2013 Renesas Electronics Corporation. All rights reserved.
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