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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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S3A7 1. Overview

Table 1.3 System (1/2)

Feature Functional description

Operating mode Two operating modes:
- Single-chip mode
- SCI/USB boot mode.

See section 3, Operating Modes in User's Manual.

Reset This MCU has 14 types of resets: 
 RES pin reset
 Power-on reset
 VBATT selected voltage power on reset
 Independent watchdog timer reset
 Watchdog timer reset
 Voltage monitor 0 reset
 Voltage monitor 1 reset
 Voltage monitor 2 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.
See section 6, Resets in User's Manual.

Low Voltage Detection (LVD) The Low Voltage Detection (LVD) monitors the voltage level input to the VCC pin, and the 
detection level can be selected using a software program. See section 8, Low Voltage 
Detection (LVD) in User's Manual.

Clock  Main clock oscillator (MOSC)
 Sub-clock oscillator (SOSC)
 High-speed on-chip oscillator (HOCO)
 Middle-speed on-chip oscillator (MOCO)
 Low-speed on-chip oscillator (LOCO)
 PLL frequency synthesizer
 Independent Watchdog Timer on-chip oscillator
 Clock out support. 
See section 9, Clock Generation Circuit in User's Manual.

Clock Frequency Accuracy 
Measurement Circuit (CAC)

The Clock Frequency Accuracy Measurement Circuit (CAC) is used to check the system clock 
frequency with a reference clock signal by counting the number of pulses of the system clock 
to be measured. The reference clock can be provided externally through a CACREF pin or 
internally from various on-chip oscillators.
Event signals can be generated when the clock does not match or measurement ends.
This feature is particularly useful in implementing a fail-safe mechanism for home and 
industrial automation applications.
See section 10, Clock Frequency Accuracy Measurement Circuit (CAC) in User's Manual.

Low Power Mode This MCU has several functions for reducing power consumption, such as setting clock 
dividers, controlling EBCLK output, stopping modules, selecting power control mode in normal 
operation, and transitioning to low power modes. See section 11, Low Power Mode in User's 
Manual.

Battery Backup Function This MCU has a battery backup function that can be partly powered by a battery. The battery 
powered area includes RTC/AGT/SOSC/LOCO/Wakeup Control/Backup Memory/VBATT_R 
Low Voltage Detection/Switch between VCC/VBATT.
During normal operation, the battery powered area is powered by the main power supply 
which is the VCC pin. When a VCC voltage drop is detected, the power source is switched to 
the dedicated battery backup power pin, the VBATT pin.
When the voltage rises again, the power source is switched from the VBATT pin to the VCC 
pin. See section 12, Battery Backup Function in User's Manual.

Register Write Protection The Register Write Protection function protects important registers from being overwritten due 
to software errors. See section 13, Register Write Protection in User's Manual.

Memory Protection Unit (MPU) This MCU incorporates two memory protection units and provide a CPU stack pointer monitor 
function. See section 16, Memory Protection Unit (MPU) in User's Manual.
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GPT GTETRGA, 
GTETRGB, 
GTETRGC, 
GTETRGD

Input External trigger input pin.

GTIOC0A to
GTIOC9A, 
GTIOC0B to
GTIOC9B

I/O Input capture, Output capture, or PWM output pin.

GTIU Input Hall sensor input pin U.

GTIV Input Hall sensor input pin V.

GTIW Input Hall sensor input pin W.

GTOUUP Output Three-phase PWM output for BLDC motor control (positive U phase).

GTOULO Output Three-phase PWM output for BLDC motor control (negative U phase).

GTOVUP Output Three-phase PWM output for BLDC motor control (positive V phase).

GTOVLO Output Three-phase PWM output for BLDC motor control (negative V phase).

GTOWUP Output Three-phase PWM output for BLDC motor control (positive W phase).

GTOWLO Output Three-phase PWM output for BLDC motor control (negative W phase).

AGT AGTEE0, AGTEE1 Input External event input enable.

AGTIO0, AGTIO1 I/O External event input and pulse output.

AGTO0, AGTO1 Output Pulse output.

AGTOA0, AGTOA1 Output Output compare match A output.

AGTOB0, AGTOB1 Output Output compare match B output.

RTC RTCOUT Output Output pin for 1-Hz/64-Hz clock.

RTCIC0 to RTCIC2 Input Time capture event input pins.

SCI SCK0 to SCK4, 
SCK9

I/O Input/output pins for the clock (clock synchronous mode).

RXD0 to RXD4, 
RXD9

Input Input pins for received data (asynchronous mode/clock synchronous 
mode).

TXD0 to TXD4, 
TXD9

Output Output pins for transmitted data (asynchronous mode/clock synchronous 
mode).

CTS0_RTS0 to 
CTS4_RTS4, 
CTS9_RTS9

I/O Input/Output pins for controlling the start of transmission and reception 
(asynchronous mode/clock synchronous mode), active LOW.

SCL0 to SCL4, 
SCL9

I/O Input/output pins for the IIC clock (simple IIC).

SDA0 to SDA4, 
SDA9

I/O Input/output pins for the IIC data (simple IIC).

SCK0 to SCK4, 
SCK9

I/O Input/output pins for the clock (simple SPI).

MISO0 to MISO4, 
MISO9

I/O Input/output pins for slave transmission of data (simple SPI).

MOSI0 to MOSI4, 
MOSI9

I/O Input/output pins for master transmission of data (simple SPI).

SS0 to SS4, SS9 Input Slave-select input pins (simple SPI), active LOW.

IIC SCL0 to SCL2 I/O Input/output pins for clock.

SDA0 to SDA2 I/O Input/output pins for data.

SSI SSISCK0 I/O SSI serial bit clock pin.

SSISCK1

SSIWS0 I/O Word select pins.

SSIWS1

SSITXD0 Output Serial data output pins.

SSIRXD0 Input Serial data input pins.

SSIDATA1 I/O Serial data input/output pins.

AUDIO_CLK Input External clock pin for audio (input oversampling clock).

Function Signal I/O Description
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Figure 1.9 Pin assignment for QFN 64-pin (Upper perspective view)
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1.7 Pin Lists
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Figure 2.6 VOH/VOL and IOH/IOL Temperature Characteristics at VCC = 5.5 V When Low drive output is 

Selected (Reference Data)

2.2.6 I/O Pin Output Characteristics of Middle Drive Capacity

Figure 2.7 VOH/VOL and IOH/IOL Voltage Characteristics at Ta = 25°C When Middle drive output is Selected 

(Reference Data)
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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. FCLK, BCLK, PCLKA, PCLKB, PCLKC and PCLKD are set to divided by 64.
Note 8. FCLK, BCLK, PCLKA, PCLKB, PCLKC and PCLKD are the same frequency as that of ICLK.
Note 9. FCLK, BCLK, and PCLKB are set to divided by 2 and PCLKA, PCLKC and PCLKD are the same frequency as that of ICLK.
Note 10. VCC = 3.3 V.

Supply 
current*1

Low-speed 
mode*3

Normal mode All peripheral clock 

disabled, code executing 

from flash*5

ICLK = 1 MHz ICC 0.5 - mA *7

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

ICLK = 1 MHz 0.7 -

All peripheral clock 
enabled, code executing 
from flash*5

ICLK = 1 MHz 1.5 - *8

All peripheral clock 
enabled, code executing 
from SRAM*5

ICLK = 1 MHz - 3.2

Sleep mode All peripheral clock 
disabled*5

ICLK = 1 MHz 0.4 - *7

All peripheral clock 
enabled*5

ICLK = 1 MHz 1.3 - *8

Low-voltage 
mode*3

Normal mode All peripheral clock 
disabled, code executing 
from flash*5

ICLK = 4 MHz ICC 2.5 - mA *7

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

ICLK = 4 MHz 3.0 -

All peripheral clock 
enabled, code executing 
from flash*5

ICLK = 4 MHz 4.5 - *8

All peripheral clock 
enabled, code executing 
from SRAM*5

ICLK = 4 MHz - 11.2

Sleep mode All peripheral clock 
disabled*5

ICLK = 4 MHz 2.0 - *7

All peripheral clock 
enabled*5

ICLK = 4 MHz 4.0 - *8

Subosc-
speed 
mode*4

Normal mode All peripheral clock 
disabled, code executing 
from flash*5

ICLK = 32.768 kHz ICC 13.5 - μA *8

All peripheral clock 
enabled, code executing 
from flash*5

ICLK = 32.768 kHz 25.0 -

All peripheral clock 
enabled, code executing 
from SRAM*5

ICLK = 32.768 kHz - 214.1

Sleep mode All peripheral clock 
disabled*5

ICLK = 32.768 kHz 9.5 -

All peripheral clock 
enabled*5

ICLK = 32.768 kHz 21.0 -

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

Item Symbol Typ*10 Max Unit
Test 
conditions
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Figure 2.21 Voltage dependency in Subosc-speed mode (reference data)

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 IWDT and LVD are not operating.
Note 3. Includes the current of sub-oscillation circuit or low-speed on-chip oscillator.
Note 4. VCC = 3.3 V.

Table 2.12 Operating and standby current (2)
Conditions: VCC = AVCC0 = 1.6 to 5.5 V

Item Symbol Typ*4 Max Unit Test conditions

Supply 
current*1

Software Standby 
mode*2

Ta = 25°C ICC 0.9 6.0 μA PSMCR.PSMC[1:0] = 01b (48-KB 
SRAM on)

Ta = 55°C 1.6 12.2 

Ta = 85°C 4.8 27.1 

Ta = 105°C 12.2 66.7 

Ta = 25°C 1.1 7.5 PSMCR.PSMC[1:0] = 00b (All SRAM 
on)

Ta = 55°C 2.2 17.0 

Ta = 85°C 7.5 43.3 

Ta = 105°C 19.6 105.9 

Increment for RTC operation with 
low-speed on-chip oscillator*3

0.5 - -

Increment for RTC operation with 
sub-clock oscillator*3

0.5 - SOMCR.SODRV[1:0] are 11b 
(Low power mode 3)

1.6 - SOMCR.SODRV[1:0] are 00b 
(Normal mode) 
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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 FCLK is 1 MHz while programming or erasing the flash memory. When using FCLK 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 FCLK must be ±3.5% while programming or erasing the flash memory. Confirm the frequency 
accuracy of the clock source.

Note 3. The lower-limit frequency of PCLKC 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 9, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK, PCLKA, PCLKB, 

PCLKC, PCLKD, FCLK, and BCLK.

Note 1. The lower-limit frequency of FCLK is 1 MHz while programming or erasing the flash memory.
Note 2. The lower-limit frequency of PCLKC is 1 MHz when the A/D converter is in use.
Note 3. See section 9, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK, PCLKA, PCLKB, 

PCLKC, PCLKD, FCLK, and BCLK.

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

Item Symbol Min Typ Max Unit

Operation 
frequency

System clock (ICLK)*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

FlashIF clock (FCLK)*1, *2, *4 2.7 to 5.5 V 0.032768 - 12

2.4 to 2.7 V 0.032768 - 12

1.8 to 2.4 V 0.032768 - 8

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

2.4 to 2.7 V - - 12

1.8 to 2.4 V - - 8

External bus clock (BCLK)*4 2.7 to 5.5 V - - 12

2.4 to 2.7 V - - 12

1.8 to 2.4 V - - 8

EBCLK pin output 2.7 to 3.6 V - - 12

2.4 to 2.7 V - - 8

1.8 to 2.4 V - - 8

Table 2.19 Operation frequency value in low-speed mode
Conditions: VCC = AVCC0 = 1.8 to 5.5 V

Item Symbol Min Typ Max Unit

Operation 
frequency

System clock (ICLK)*3 1.8 to 5.5 V f 0.032768 - 1 MHz

FlashIF clock (FCLK)*1, *3 1.8 to 5.5 V 0.032768 - 1

Peripheral module clock (PCLKA)*3 1.8 to 5.5 V - - 1

Peripheral module clock (PCLKB)*3 1.8 to 5.5 V - - 1

Peripheral module clock (PCLKC)*2, *3 1.8 to 5.5 V - - 1

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

External bus clock (BCLK)*3 1.8 to 5.5 V - - 1

EBCLK pin output 1.8 to 5.5 V - - 1
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2.3.2 Clock Timing

Table 2.22 Clock timing (1/2)

Item Symbol Min Typ Max Unit Test conditions

EBCLK pin output cycle time VCC = 2.7 V or above tBcyc 83.3 - - ns Figure 2.26

VCC = 1.8 V or above 125 - -

VCC = 1.6 V or above 500 - -

EBCLK pin output high pulse 
width

VCC = 2.7 V or above tCH 20 - - ns

VCC = 1.8 V or above 30 - -

VCC = 1.6 V or above 150 - -

EBCLK pin output low pulse width VCC = 2.7 V or above tCL 20 - - ns

VCC = 1.8 V or above 30 - -

VCC = 1.6 V or above 150 - -

EBCLK pin output rise time VCC = 2.7 V or above tCr - - 15 ns

VCC = 2.4 V or above - - 25

VCC = 1.8 V or above - - 30

VCC = 1.6 V or above - - 50

EBCLK pin output fall time VCC = 2.7 V or above tCf - - 15 ns

VCC = 2.4 V or above - - 25

VCC = 1.8 V or above - - 30

VCC = 1.6 V or above - - 50

EXTAL external clock input cycle time tXcyc 50 - - ns Figure 2.27

EXTAL external clock input high pulse width tXH 20 - - ns

EXTAL external clock input low pulse width tXL 20 - - ns

EXTAL external clock rising time tXr - - 5 ns

EXTAL external clock falling time tXf - - 5 ns

EXTAL external clock input wait time*1 tEXWT 0.3 - - μs -

EXTAL external clock input frequency fEXTAL - - 20 MHz 2.4 ≤ VCC ≤ 5.5

- - 8 1.8 ≤ VCC < 2.4

- - 1 1.6 ≤ VCC < 1.8

Main clock oscillator oscillation frequency fMAIN 1 - 20 MHz 2.4 ≤ VCC ≤ 5.5

1 - 8 1.8 ≤ VCC < 2.4

1 - 4 1.6 ≤ VCC < 1.8

LOCO clock oscillation frequency fLOCO 27.8528 32.768 37.6832 kHz -

LOCO clock oscillation stabilization time tLOCO - - 100 μs Figure 2.28

IWDT-dedicated clock oscillation frequency fILOCO 12.75 15 17.25 kHz -

MOCO clock oscillation frequency fMOCO 6.8 8 9.2 MHz -

MOCO clock oscillation stabilization time tMOCO - - 1 μs -
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Figure 2.26 EBCLK pin output timing

Figure 2.27 XTAL external clock input timing

Figure 2.28 LOCO clock oscillation start timing

Figure 2.29 HOCO clock oscillation start timing (started by setting HOCOCR.HCSTP bit)

tCf
tCH

tBcyc

tCr
tCL

EBCLK pin output

Test conditions: VOH = VCC × 0.7, VOL = VCC × 0.3, IOH = -1.0 mA,  IOL = 1.0 mA, C = 30 pF

tXH

tXcyc

XTAL external clock input VCC × 0.5

tXL

tXr tXf

LOCO clock oscillator output

LOCOCR.LCSTP

tLOCO

HOCO clock

HOCOCR.HCSTP

tHOCOx
*1

Note 1. x = 24, 32, 48, 64
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2.3.6 Bus Timing

Table 2.31 Bus timing (1)
Conditions: EBCLK pin ≤ 12 MHz (package with 145 to 100 pins) (BCLK: up to 24 MHz)
VCC = AVCC0 = 2.7 to 5.5 V
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 30 pF

Item Symbol Min Max Unit Test conditions

Address delay tAD - 55 ns Figure 2.38
to Figure 2.41Byte control delay tBCD - 55 ns

CS delay tCSD - 55 ns

RD delay tRSD - 55 ns

Read data setup time tRDS 37 - ns

Read data hold time tRDH 0 - ns

WR delay tWRD - 55 ns

Write data delay tWDD - 55 ns

Write data hold time tWDH 0 - ns

WAIT setup time tWTS 37 - ns Figure 2.42

WAIT hold time tWTH 0 - ns

Table 2.32 Bus timing (2)
Conditions: EBCLK pin ≤ 8 MHz (package with 145 to 100 pins) (BCLK: up to 8 MHz)
VCC = AVCC0 = 2.4 to 2.7 V
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 30 pF

Item Symbol Min Max Unit Test conditions

Address delay tAD - 55 ns Figure 2.38
to Figure 2.41Byte control delay tBCD - 55 ns

CS delay tCSD - 55 ns

RD delay tRSD - 55 ns

Read data setup time tRDS 45 - ns

Read data hold time tRDH 0 - ns

WR delay tWRD - 55 ns

Write data delay tWDD - 55 ns

Write data hold time tWDH 0 - ns

WAIT setup time tWTS 45 - ns Figure 2.42

WAIT hold time tWTH 0 - ns

Table 2.33 Bus timing (3)
Conditions: EBCLK pin ≤ 4 MHz (package with 145 to 100 pins) (BCLK: up to 4 MHz)
VCC = AVCC0 = 1.8 to 2.4 V
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 30 pF

Item Symbol Min Max Unit Test conditions

Address delay tAD - 90 ns Figure 2.38
to Figure 2.41Byte control delay tBCD - 90 ns

CS delay tCSD - 90 ns

RD delay tRSD - 90 ns

Read data setup time tRDS 70 - ns

Read data hold time tRDH 0 - ns

WR delay tWRD - 90 ns

Write data delay tWDD - 90 ns

Write data hold time tWDH 0 - ns
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Figure 2.39 External bus timing/normal write cycle (bus clock synchronized)

Note 1. Be sure to specify WDON and WDOFF as at least one cycle of EBCLK.

A16 to A01

CS3 to CS0

tAD

EBCLK

A16 to A00

Byte strobe mode

1-write strobe mode

BC1 to BC0

Common to both byte strobe mode 
and 1-write strobe mode

tBCD

tCSD tCSD

tAD

tAD

tAD

tBCD

D15 to D00 (Write)

WR1, WR0, WR (Write)

tWRD tWRD

tWDH

tWDD

TW1 TW2 Tend Tn1 Tn2

WRON: 1
WDON: 1*1

CSWWAIT: 2

WDOFF: 1*1CSON:0

CSWOFF: 2
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Note 1. tPcyc: PCLKA 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.

SPI Data output delay Master 2.7 V or above tOD - 14 ns Figure 2.58 to 
Figure 2.63 
C = 30PF

2.4 V or above - 20

1.8 V or above - 25

1.6 V or above - 30

Slave 2.7 V or above - 50

2.4 V or above - 60

1.8 V or above - 85

1.6 V 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 2.7 V or above tDr, tDf - 10 ns

2.4 V or above - 15

1.8 V or above - 20

1.6 V or above - 30

Input - 1 µs

SSL rise and fall 
time

Output 2.7 V or above tSSLr, 
tSSLf

- 10 ns

2.4 V or above - 15

1.8 V or above - 20

1.6 V or above - 30

Input - 1 µs

Slave access time 2.7 V or above tSA - 2 × tPcyc + 50 ns Figure 2.62 and 
Figure 2.63
C = 30PF 

2.4 V or above - 2 × tPcyc + 60

1.8 V or above - 2 × tPcyc + 85

1.6 V or above - 2 × tPcyc + 110

Slave output release time 2.7 V or above tREL - 2 × tPcyc + 50 ns

2.4 V or above - 2 × tPcyc + 60

1.8 V or above - 2 × tPcyc + 85

1.6 V or above - 2 × tPcyc + 110

Table 2.40 SPI timing (2/2)
Conditions: Middle drive output is selected in the Drive Strength Control in PmnPFS register

Item Symbol Min Max Unit*1 Test conditions
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2.5 ADC14 Characteristics

Figure 2.76 AVCC0 to VREFH0 voltage range

Table 2.48 A/D conversion characteristics (1) in high-speed mode (1/2)
Conditions: VCC = AVCC0 = 4.5 to 5.5 V, VREFH0 = 4.5 to 5.5 V, VSS = AVSS0 = VREFL0 = 0V
Reference voltage range applied to the VREFH0 and VREFL0.

Item Min Typ Max Unit Test conditions

Frequency 1 - 64 MHz -

Analog input capacitance Cs - - 15 pF High-precision channel

- - 30 pF Normal-precision channel

Analog input resistance Rs - - 2.5 kΩ -

Analog input voltage range Ain 0 - VREFH0 V -

12-bit mode

Resolution - - 12 Bit -

Conversion time*1

(Operation at 
PCLKC = 64 MHz)

Permissible signal 
source impedance 
Max. = 0.3 kΩ

0.70 - - μs High-precision channel
ADCSR.ADHSC = 0
ADSSTRn.SST[7:0] = 0Dh

1.13 - - μs Normal-precision channel
ADCSR.ADHSC = 0
ADSSTRn.SST[7:0] = 28h

Offset error - ±0.5 ±4.5 LSB High-precision channel

±6.0 LSB Other than above

Full-scale error - ±0.75 ±4.5 LSB High-precision channel

±6.0 LSB Other than above

Quantization error - ±0.5 - LSB -

Absolute accuracy - ±1.25 ±5.0 LSB High-precision channel

±8.0 LSB Other than above

DNL differential nonlinearity error - ±1.0 - LSB -

INL integral nonlinearity error - ±1.0 ±3.0 LSB -

14-bit mode

Resolution - - 14 Bit -

VREFH0

5.0

4.0

3.0

2.0

1.0

1.0 2.0 3.0 4.0 5.0

A/D Conversion 
Characteristics (2)

ADCSR.ADHSC = 0

5.5

2.7
2.4

2.4 2.7 5.5 AVCC0

VREFH0

5.0

4.0

3.0

2.0

1.0

1.0 2.0 3.0 4.0 5.0

ADCSR.ADHSC = 1

5.5

2.7
2.4

2.4 2.7 5.5 AVCC0

1.8

1.8

A/D Conversion 
Characteristics (1)

A/D Conversion 
Characteristics (3)

A/D Conversion 
Characteristics (4)

A/D Conversion 
Characteristics (5)

A/D Conversion 
Characteristics (6)
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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.

Conversion time*1

(Operation at 
PCLKC = 48 MHz)

Permissible signal 
source impedance 
Max. = 0.3 kΩ

1.06 - - μs High-precision channel
ADCSR.ADHSC = 0
ADSSTRn.SST[7:0] = 0Dh

1.63 - - μs Normal-precision channel
ADCSR.ADHSC = 0
ADSSTRn.SST[7:0] = 28h

Offset error - ±2.0 ±18 LSB High-precision channel

±24.0 LSB Other than above

Full-scale error - ±3.0 ±18 LSB High-precision channel

±24.0 LSB Other than above

Quantization error - ±0.5 - LSB -

Absolute accuracy - ±5.0 ±20 LSB High-precision channel

±32.0 LSB Other than above

DNL differential nonlinearity error - ±4.0 - LSB -

INL integral nonlinearity error - ±4.0 ±12.0 LSB -

Table 2.50 A/D conversion characteristics (3) in high-speed mode (1/2)
Conditions: VCC = AVCC0 = 2.4 to 5.5 V, VREFH0 = 2.4 to 5.5 V, VSS = AVSS0 = VREFL0 = 0V
Reference voltage range applied to the VREFH0 and VREFL0.

Item Min Typ Max Unit Test conditions

Frequency 1 - 32 MHz -

Analog input capacitance Cs - - 15 pF High-precision channel

- - 30 pF Normal-precision channel

Analog input resistance Rs - - 2.5 kΩ -

Analog input voltage range Ain 0 - VREFH0 V -

12-bit mode

Resolution - - 12 Bit -

Conversion time*1

(Operation at 
PCLKC = 32 MHz)

Permissible signal 
source impedance 
Max. = 1.3 kΩ

1.41 - - μs High-precision channel
ADCSR.ADHSC = 0
ADSSTRn.SST[7:0] = 0Dh

2.25 - - μs Normal-precision channel
ADCSR.ADHSC = 0
ADSSTRn.SST[7:0] = 28h

Offset error - ±0.5 ±4.5 LSB High-precision channel

±6.0 LSB Other than above

Full-scale error - ±0.75 ±4.5 LSB High-precision channel

±6.0 LSB Other than above

Quantization error - ±0.5 - LSB -

Absolute accuracy - ±1.25 ±5.0 LSB High-precision channel

±8.0 LSB Other than above

DNL differential nonlinearity error - ±1.0 - LSB -

INL integral nonlinearity error - ±1.0 ±3.0 LSB -

14-bit mode

Resolution - - 14 Bit -

Table 2.49 A/D conversion characteristics (2) in high-speed mode (2/2)
Conditions: VCC = AVCC0 = 2.7 to 5.5 V, VREFH0 = 2.7 to 5.5 V, VSS = AVSS0 = VREFL0 = 0V
Reference voltage range applied to the VREFH0 and VREFL0.

Item Min Typ Max Unit Test conditions
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2.6 DAC12 Characteristics

Table 2.57 D/A conversion characteristics (1)
Conditions: VCC = AVCC0 = VREFH0 = 1.8 to 5.5 V
Reference voltage = VREFH or VREFL selected

Item Min Typ Max Unit Test conditions

Resolution - - 12 bit -

Resistive load 30 - - kΩ -

Capacitive load - - 50 pF -

Output voltage range 0.35 - AVCC0 – 0.47 V

DNL differential nonlinearity error - ±0.5 ±1.0 LSB -

INL integral nonlinearity error - ±2.0 ±8.0 LSB -

Offset error - - ±20 mV -

Full-scale error - - ±20 mV -

Output impedance - 5 - Ω -

Conversion time - - 30 μs -

Table 2.58 D/A conversion characteristics (2)
Conditions: VCC = AVCC0 = 1.8 to 5.5 V
Reference voltage = AVCC0 or AVSS0 selected 

Item Min Typ Max Unit Test conditions

Resolution - - 12 bit -

Resistive load 30 - - kΩ -

Capacitive load - - 50 pF -

Output voltage range 0.35 - AVCC0 – 0.47 V -

DNL differential nonlinearity error - ±0.5 ±2.0 LSB -

INL integral nonlinearity error - ±2.0 ±8.0 LSB -

Offset error - - ±30 mV -

Full-scale error - - ±30 mV -

Output impedance - 5 - Ω -

Conversion time - - 30 μs -

Table 2.59 D/A conversioncharacteristics (3)
Conditions: VCC = AVCC0 = 1.8 to 5.5 V
Reference voltage = internal reference voltage selected

Item Min Typ Max Unit Test conditions

Resolution - - 12 bit -

Internal reference voltage (Vbgr) 1.36 1.43 1.50 V -

Resistive load 30 - - kΩ -

Capacitive load - - 50 pF -

Output voltage range 0.35 - Vbgr V -

DNL differential nonlinearity error - ±2.0 ±16.0 LSB -

INL integral nonlinearity error - ±8.0 ±16.0 LSB -

Offset error - - ±30 mV -

Output impedance - 5 - Ω -

Conversion time - - 30 μs -
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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 (LVD2), 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 2.62 Power-on reset circuit and voltage detection circuit characteristics (1)
Conditions: VCC = AVCC0 = VCC_USB

Item Symbol Min Typ Max Unit Test conditions

Voltage detection 
level*1

Power-on reset (POR) VPOR 1.27 1.42 1.57 V Figure 2.80, 
Figure 2.81

Voltage detection circuit (LVD0)*2 Vdet0_0 3.68 3.85 4.00 V Figure 2.82
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 2.83
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 2.84
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
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2.10 Battery Backup Function Characteristics

Note: The VCC-off period for starting power supply switching indicates the period in which VCC is below the minimum value of the 
voltage level for switching to battery backup (VDETBATT).

Figure 2.85 Power supply switching and LVD0 reset Timing

Table 2.64 Battery Backup Function Characteristics
Conditions: VCC = AVCC0 = 1.6V to 5.5V, VBATT = 1.6 to 3.6 V, VSS = AVSS0 = 0V

Item Symbol Min Typ Max Unit Test conditions

Voltage level for switching to battery backup (falling) VDETBATT 1.99 2.09 2.19 V Figure 2.85, 
Figure 2.86

Hysteresis width for switching to battery back up VVBATTH -  100 -  mV

VCC-off period for starting power supply switching tVOFFBATT 300 -  -  μs -

Voltage detection level 
VBATT_Power-on reset (VBATT_POR)

VVBATPOR 1.30 1.40 1.50 V Figure 2.85, 
Figure 2.86

Wait time after VBATT_POR reset time cancellation tVBATPOR -  -  3 mS -

Level for detection of voltage drop on 
the VBATT pin (falling)

VBTLVDLVL[1:0] = 10b VDETBATLVD 2.11 2.2 2.29 V Figure 2.87

VBTLVDLVL[1:0] = 11b 1.92 2 2.08 V

Hysteresis width for VBATT pin LVD VVBATLVDTH -  50 -  mV

VBATT pin LVD operation stabilization time td_vbat -  -  300 μs Figure 2.87

VBATT pin LVD response delay time tdet_vbat -  -  350 μs

Allowable voltage change rising/falling gradient dt/dVCC 1.0 -  -  ms/V -

VCC voltage level for access to the VBATT backup registers V_BKBATT 1.8 -  -  V -

VDETBATT

VVBATH

VCC supplied

VBATT

VCC

VVBATPOR

VBATT supplied VCC supplied

Backup power area

Internal reset signal
(active-low)

tLVD0

Vdet0
VLVH

tdettdet

VPOR
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Figure 1.3 BGA 121-pin
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit Products

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.


