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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

Operational Amplifier (OPAMP) Operational amplifiers can be used to amplify small analog input voltages and output the 
amplified voltages. This MCU has a total of four differential operational amplifier units with two 
input pins and one output pin. See section 42, Operational Amplifier (OPAMP) in User's 
Manual.

Table 1.11 Human machine interfaces

Feature Functional description

Segment LCD Controller (SLCDC) The SLCDC provides the following functions:
 Waveform A or B selectable
 The LCD driver voltage generator can switch between internal voltage boosting method, 

capacitor split method, and external resistance division method
 Automatic output of segment and common signals based on automatic display data register 

read
 The reference voltage generated when operating the voltage boost circuit can be selected in 

16 steps (contrast adjustment)
 The LCD can be made to blink.
See section 49, Segment LCD Controller/Driver (SLCDC) in User's Manual.

Key Interrupt Function (KINT) A key interrupt can be generated by setting the Key Return Mode register (KRM) and inputting 
a rising/falling edge to the key interrupt input pins. See section 21, Key Interrupt Function 
(KINT) in User's Manual.

Capacitive Touch Sensing Unit 
(CTSU)

The Capacitive Touch Sensing Unit (CTSU) measures the electrostatic capacitance of the 
touch sensor. Changes in the electrostatic capacitance are determined by software, which 
enables the CTSU to detect whether a finger is in contact with the touch sensor. The electrode 
surface of the touch sensor is usually enclosed with an electrical conductor so that a finger 
does not come into direct contact with the electrode. See section 45, Capacitive Touch 
Sensing Unit (CTSU) in User's Manual.

Table 1.12 Data processing

Feature Functional description

Cyclic Redundancy Check (CRC) 
Calculator

The Cyclic Redundancy Check (CRC) generates CRC codes to detect errors in the data. The 
bit order of CRC calculation results can be switched for LSB first or MSB first communication. 
Additionally, various CRC generation polynomials are available. The snoop function allows 
monitoring reads from and writes to specific addresses. This function is useful in applications 
that require CRC code to be generated automatically in certain events, such as monitoring 
writes to the serial transmit buffer and reads from the serial receive buffer. See section 35, 
Cyclic Redundancy Check (CRC) Calculator in User's Manual.

Data Operation Circuit (DOC) The Data Operation Circuit (DOC) is used to compare, add, and subtract 16-bit data. See 
section 46, Data Operation Circuit (DOC) in User's Manual.

Table 1.13 Security

Feature Functional description

Secure Crypto Engine 5 (SCE5)  Security algorithm:
- Symmetric algorithm: AES

 Other support features:
- TRNG (True Random Number Generator)
- Hash-value generation: GHASH

Table 1.10 Analog (2/2)

Feature Functional description
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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 1.5 Pin assignment for BGA 121-pin (Upper perspective view)

R7FS3A77C2A01CBJ

11

10

9

8

7

6

5

4

3

2

1

11

10

9

8

7

6

5

4

3

2

1

A B C D E F G H J K L

A B C D E F G H J K L

P407

USB_DM

VCC_
USB

P205

P203

VSS

P308

P305

P809

P301

P300/
TCK/

SWCLK

P408 P411 P414
P212/

EXTAL
P215/
XCIN

VCL P406 P403 P401 P400

USB_DP P410 P415
P213/
XTAL

P214/
XCOUT

VBATT P405 P402 P511 P512

VSS_
USB

P409 P412 P708 VCC VSS P404 P002 P001 P000

VCC_
USB_
LDO

P206 P204 P413 P710 P702 P006 P004 P003 P005

VCC RES P201/MD P200 NC P700 P008 AVCC0
P013/

VREFL
P012/

VREFH

P309 P307 P302 P304 P612 P601 P506 P505 P015 P014

P306 P808 P114 P611 P603 P600 P504 P503 VSS VCC

P303 P110/TDI P111 P609 P604 P106 P104 P502 P500 P501

P108/
TMS/

SWDIO
P113 P608 P613 P605 P602 P105 P102 P801 P800

P202 P313 P314 P315 P709 P701 P007 AVSS0
P011/

VREFL0
P010/

VREFH0

P109/
TDO/
SWO

P112 P115 P610 VCC VSS P107 P103 P101 P100



R01DS0263EU0100 Rev.1.00 Page 24 of 130
Feb 23, 2016

S3A7 1. Overview

B5 59 P311 CS2 SEG10

D7 60 P310 A15 SEG11

A5 61 B5 P309 A14 SEG12

C5 62 A5 P308 A13 SEG13

A4 63 C5 41 C5 P307 A12 SEG14

B4 64 B4 42 D4 P306 A11 SEG15

D6 65 A4 43 A4 P305 A10 SEG16 IRQ8

C4 66 E5 44 B4 28 28 P304 A09 GTIOC
7A_A

SEG17 IRQ9

A3 67 C4 45 C4 P808 SEG18

B3 68 A3 46 A3 P809 SEG19

D5 69 B3 47 B3 29 29 P303 A08 GTIOC
7B_A

SEG3/
COM7

A2 70 D5 48 B2 30 30 P302 A07 GTOU
UP_A

GTIOC
4A_A

TXD2_
A/
MOSI2
_A/
SDA2_
A

SSLB3
_B

SEG2/
COM6

IRQ5

C3 71 A2 49 C2 31 31 P301 A06 GTOU
LO_A

GTIOC
4B_A

RXD2_
A/
MISO2
_A/
SCL2_
A

SSLB2
_B

SEG1/
COM5

IRQ6

B2 72 A1 50 A2 32 32 TCK/
SWCL
K

P300 GTIOC
0A_A

SSLB1
_B

A1 73 B2 51 A1 33 33 TMS/
SWDI
O

P108 GTIOC
0B_A

CTS9_
RTS9_
B/
SS9_B

SSLB0
_B

D4 74 B1 52 B1 34 34 TDO/
SWO/
CLKO
UT_B

P109 GTOV
UP_A
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MOSIB
_B
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/
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SCL9_
B
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_B
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T
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C2 76 D3 54 D3 36 36 P111 A05 GTIOC
3A_A
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B/
SCK9_
B

RSPC
KB_B

CAPH IRQ4

D3 77 C1 55 C1 37 37 P112 A04 GTIOC
3B_A
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_B/
SDA2_
B

SSISC
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CAPL
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_B/
SCL2_
B

SSIWS
0_B
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COM4

E4 79 D4 57 D2 P114 A02 SSIRX
D0_B

SEG24

E3 80 D1 58 E4 P115 A01 SSITX
D0_B
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D1 82 P807 SEG27

F4 83 D2 59 D1 P608 A00/
BC0

SEG28

E2 84 E3 60 E3 P609 CS1 SEG29

F3 85 E1 61 E2 P610 CS0 SEG30

E1 86 E4 P611 SEG31

F2 87 F5 P612 D08 SEG32

F1 88 E2 P613 D09 SEG33

G3 89 P614 D10 SEG34

G1 90 F1 62 E1 39 39 VCC

G2 91 G1 63 F1 40 40 VSS

H1 92 P606 SEG35

H2 93 F2 P605 D11 SEG36

G4 94 F3 P604 D12 SEG37

H3 95 F4 64 F2 P603 D13 SEG38

J1 96 G2 65 F3 P602 EBCLK SEG39

J2 97 G5 66 F4 P601 WR/
WR0

SEG40

H4 98 G4 67 F5 P600 RD SEG41

K2 99 P805 SEG42

K1 100 P804 SEG43
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J3 101 H1 68 G3 41 41 P107 D07 GTIOC
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COM3 KR07
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_A
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Note 1. Use AVCC0 and VCC under the following conditions:
AVCC0 and VCC can be set individually within the operating range when VCC ≥ 2.0 V
AVCC0 = VCC when VCC < 2.0 V

Note 2. When powering on the VCC and AVCC0 pins, power them on at the same time or the VCC pin first and then the AVCC0 pin.

Table 2.2 Recommended operating conditions

Item Symbol Value Min Typ Max Unit

Power supply voltages VCC*1, *2 When USBFS is not 
used

1.6 - 5.5 V

When USBFS is used
USB Regulator  
Disable

VCC_USB - 3.6 V

When USBFS is used
USB Regulator  
Enable

VCC_USB
_LDO

- 5.5 V

VSS - 0 - V

USB power supply voltages VCC_USB When USBFS is not 
used

- VCC - V

When USBFS is used
USB Regulator  
Disable
(Input)

3.0 3.3 3.6 V

VCC_USB_LDO When USBFS is not 
used

- VCC - V

When USBFS is used
USB Regulator 
Enable

3.8 - 5.5 V

VSS_USB - 0 - V

VBATT power supply voltage VBATT When the battery 
backup function is not 
used

- VCC - V

When the battery 
backup function is 
used

1.6 - 3.6 V

Analog power supply voltages AVCC0*1, *2 1.6 - 5.5 V

AVSS0 - 0 - V

VREFH0 When used as 
ADC14 Reference

1.6 - AVCC0 V

VREFL0 - 0 - V

VREFH When used as 
DAC12 Reference

1.6 - AVCC0 V

VREFL - 0 - V
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Figure 2.8 VOH/VOL and IOH/IOL Temperature Characteristics at VCC = 1.6 V When Middle drive output is 

Selected (Reference Data)

Figure 2.9 VOH/VOL and IOH/IOL Temperature Characteristics at VCC = 2.7 V When Middle drive output is 

Selected (Reference Data)
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2.2.7 P408, P409 I/O Pin Output Characteristics of Middle Drive Capacity

Figure 2.12 VOH/VOL and IOH/IOL Voltage Characteristics at Ta = 25°C When Middle drive output is Selected 

(Reference Data)

Figure 2.13 VOH/VOL and IOH/IOL Temperature Characteristics at VCC = 2.7 V When Low drive output is 

Selected (Reference Data)
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Figure 2.18 Voltage dependency in middle-speed mode (reference data)
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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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2.3 AC Characteristics

2.3.1 Frequency

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.

Table 2.17 Operation frequency value in high-speed operating mode
Conditions: VCC = AVCC0 = 2.4 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 - 48 MHz

2.4 to 2.7 V 0.032768 - 16

FlashIF clock (FCLK)*1, *2, *4 2.7 to 5.5 V 0.032768 - 32

2.4 to 2.7 V 0.032768 - 16

Peripheral module clock (PCLKA)*4 2.7 to 5.5 V - - 48

2.4 to 2.7 V - - 16

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

2.4 to 2.7 V - - 16

Peripheral module clock (PCLKC)*3, 

*4
2.7 to 5.5 V - - 64

2.4 to 2.7 V - - 16

Peripheral module clock (PCLKD)*4 2.7 to 5.5 V - - 64

2.4 to 2.7 V - - 16

External bus clock (BCLK)*4 2.7 to 5.5 V - - 24

2.4 to 2.7 V - - 16

EBCLK pin output 2.7 to 5.5 V - - 12

2.4 to 2.7 V - - 8
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Figure 2.42 External bus timing/external wait control
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2.3.12 IIC Timing

Note: tIICcyc: IIC internal reference clock (IICφ) cycle, tPcyc: PCLKB cycle

Note 1. The value in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
Note 2. Only supported for SCL0_A, SDA0_A, SCL2, and SDA2.

Table 2.42 IIC timing
Conditions: VCC = AVCC0 = 2.7 to 5.5 V

Item Symbol Min*1, *2 Max Unit
Test 
conditions

IIC
(standard mode, 
SMBus)

SCL input cycle time tSCL 6 (12) × tIICcyc + 1300 - ns Figure 2.66

SCL input high pulse width tSCLH 3 (6) × tIICcyc + 300 - ns

SCL input low pulse width tSCLL 3 (6) × tIICcyc + 300 - ns

SCL, SDA input rise time tSr - 1000 ns

SCL, SDA input fall time tSf - 300 ns

SCL, SDA input spike pulse removal 
time

tSP 0 1 (4) × tIICcyc ns

SDA input bus free time
(When wakeup function is disabled)

tBUF 3 (6) × tIICcyc + 300 - ns

SDA input bus free time
(When wakeup function is enabled)

tBUF 3 (6) × tIICcyc + 4 × tPcyc 
+ 300

- ns

START condition input hold time
(When wakeup function is disabled)

tSTAH tIICcyc + 300 - ns

START condition input hold time
(When wakeup function is enabled)

tSTAH 1 (5) × tIICcyc + tPcyc + 
300 

- ns

Repeated START condition input 
setup time

tSTAS 1000 - ns

STOP condition input setup time tSTOS 1000 - ns

Data input setup time tSDAS tIICcyc + 50 - ns

Data input hold time tSDAH 0 - ns

SCL, SDA capacitive load Cb - 400 pF

IIC
(Fast mode)

SCL input cycle time tSCL 6 (12) × tIICcyc + 600 - ns Figure 2.66

SCL input high pulse width tSCLH 3 (6) × tIICcyc + 300 - ns

SCL input low pulse width tSCLL 3 (6) × tIICcyc + 300 - ns

SCL, SDA input rise time tSr 20 × (external pullup 
voltage/5.5V)*2

300 ns

SCL, SDA input fall time tSf 20 × (external pullup 
voltage/5.5V)*2

300 ns

SCL, SDA input spike pulse removal 
time

tSP 0 1 (4) × tIICcyc ns

SDA input bus free time 
(When wakeup function is disabled)

tBUF 3 (6) × tIICcyc + 300 - ns

SDA input bus free time
(When wakeup function is enabled)

tBUF 3 (6) × tIICcyc + 4 × tPcyc 
+ 300

- ns

START condition input hold time
(When wakeup function is disabled)

tSTAH tIICcyc + 300 - ns

START condition input hold time
(When wakeup function is enabled)

tSTAH 1(5) × tIICcyc + tPcyc + 
300 

- ns

Repeated START condition input 
setup time

tSTAS 300 - ns

STOP condition input setup time tSTOS 300 - ns

Data input setup time tSDAS tIICcyc + 50 - ns

Data input hold time tSDAH 0 - ns

SCL, SDA capacitive load Cb - 400 pF
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Figure 2.70 SSI data output delay from SSIWSn change time

2.3.14 SD/MMC Host Interface Timing

Figure 2.71 SD/MMC host interface signal timing

Table 2.44 SD/MMC host interface signal timing
Conditions: VCC = AVCC0 = 2.7 to 5.5 V
Middle drive output is selected in the Drive Capavility Control in PmnPFS register

Item Symbol Min Max Unit
Test 
conditions

SDCLK clock cycle tSDCYC 62.5 - ns Figure 2.71

SDCLK clock high-level pulse width tSDWH 18.25 - ns

SDCLK clock low-level pulse width tSDWL 18.25 - ns

SDCLK clock rising time tSDLH - 10 ns

SDCLK clock falling time tSDHL - 10 ns

SDCMD/SDDAT output data delay tSDODLY –18.25 18.25 ns

SDCMD/SDDAT input data setup tSDIS 9.25 - ns

SDCMD/SDDAT input data hold tSDIH 23.25 - ns

tDTRW

SSIWSn (Input)

SSIDATAn (Output)

MSB bit output delay from SSIWSn change time for Slave 
transmitter when DEL = 1, SDTA = 0 or DEL = 1, SDTA = 1, SWL[2:0] = DWL[2:0] 

SDCLK
(output)

SDCMD/SDDAT
(input)

SDCMD/SDDAT
(output)

tSDODLY(max)

tSDIS tSDIH

tSDLHtSDHL

tSDCYC

tSDWHtSDWL

tSDODLY(min)
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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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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 = 8 MHz)

Permissible signal 
source impedance 
Max. = 5 kΩ

7.50 - - μs High-precision channel
ADCSR.ADHSC = 1
ADSSTRn.SST[7:0] = 0Dh

10.88 - - μs Normal-precision channel
ADCSR.ADHSC = 1
ADSSTRn.SST[7:0] = 28h

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 2.54 A/D conversion characteristics (7) in low power mode (1/2)
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.

Item Min Typ Max Unit Test conditions

Frequency 1 - 4 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 = 4 MHz)

Permissible signal 
source impedance 
Max. = 9.9 kΩ

13.5 - - μs High-precision channel
ADCSR.ADHSC = 1
ADSSTRn.SST[7:0] = 0Dh

20.25 - - μs Normal-precision channel
ADCSR.ADHSC = 1
ADSSTRn.SST[7:0] = 28h

Offset error - ±1.0 ±7.5 LSB High-precision channel

±10.0 LSB Other than above

Full-scale error - ±1.5 ±7.5 LSB High-precision channel

±10.0 LSB Other than above

Quantization error - ±0.5 - LSB -

Absolute accuracy - ±3.0 ±8.0 LSB High-precision channel

±12.0 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 2.53 A/D conversion characteristics (6) in low power mode (2/2)
Conditions: VCC = AVCC0 = 1.8 to 5.5 V (AVCC0 = VCC when VCC < 2.0 V), VREFH0 = 1.8 to 5.5 V, VSS = AVSS0 = VREFL0 = 0 V
Reference voltage range applied to the VREFH0 and VREFL0.

Item Min Typ Max Unit Test conditions
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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.

Conversion time*1

(Operation at 
PCLKC = 4 MHz)

Permissible signal 
source impedance 
Max. = 9.9 kΩ

15.0 - - μs High-precision channel
ADCSR.ADHSC = 1
ADSSTRn.SST[7:0] = 0Dh

21.75 - - μs Normal-precision channel
ADCSR.ADHSC = 1
ADSSTRn.SST[7:0] = 28h

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 2.55 14-Bit A/D converter channel classification

Classification Channel Conditions Remarks

High-precision channel AN000 to AN015 AVCC0 = 1.6 to 5.5 V Pins AN000 to AN015 cannot be used  
as general I/O, IRQ8, IRQ9 inputs, 
and TS transmission, when the A/D 
converter is in use

Normal-precision channel AN016 to AN027

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

Item Min Typ Max Unit Test conditions

Internal reference voltage input 
channel*2

1.36 1.43 1.50 V -

Table 2.54 A/D conversion characteristics (7) in low power mode (2/2)
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.

Item Min Typ Max Unit Test conditions
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Figure 2.83 Voltage detection circuit timing (Vdet1)

Figure 2.84 Voltage detection circuit timing (Vdet2)
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Figure 2.92 JTAG TCK timing

Figure 2.93 JTAG input/output timing

Table 2.83 JTAG (Debug) characteristics (2)
Conditions: VCC = AVCC = 1.6 to 2.4 V

Item Symbol Min Typ Max Unit Test conditions

TCK clock cycle time tTCKcyc 250 - - ns Figure 2.92

TCK clock high pulse width tTCKH 120 - - ns

TCK clock low pulse width tTCKL 120 - - ns

TCK clock rise time tTCKr - - 5 ns

TCK clock fall time tTCKf - - 5 ns

TMS setup time tTMSS 50 - - ns Figure 2.93

TMS hold time tTMSH 50 - - ns

TDI setup time tTDIS 50 - - ns

TDI hold time tTDIH 50 - - ns

TDO data delay time tTDOD - - 150 ns

TCK

tTCKcyc

tTCKH

tTCKf

tTCKL
tTCKr

TCK

TMS

TDI

TDO

tTMSS tTMSH

tTDIHtTDIS

tTDOD
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2.17.1 Serial Wire Debug (SWD)

Figure 2.94 SWD SWCLK timing

Table 2.84 SWD characteristics (1)
Conditions: VCC = AVCC0 = 2.4 to 5.5 V

Item Symbol Min Typ Max Unit Test conditions

SWCLK clock cycle time tSWCKcyc 80 - - ns Figure 2.94

SWCLK clock high pulse width tSWCKH 35 - - ns

SWCLK clock low pulse width tSWCKL 35 - - ns

SWCLK clock rise time tSWCKr - - 5 ns

SWCLK clock fall time tSWCKf - - 5 ns

SWDIO setup time tSWDS 16 - - ns Figure 2.95

SWDIO hold time tSWDH 16 - - ns

SWDIO data delay time tSWDD 2 - 70 ns

Table 2.85 SWD characteristics (2)
Conditions: VCC = AVCC0 = 1.6 to 2.4 V

Item Symbol Min Typ Max Unit Test conditions

SWCLK clock cycle time tSWCKcyc 250 - - ns Figure 2.94

SWCLK clock high pulse width tSWCKH 120 - - ns

SWCLK clock low pulse width tSWCKL 120 - - ns

SWCLK clock rise time tSWCKr - - 5 ns

SWCLK clock fall time tSWCKf - - 5 ns

SWDIO setup time tSWDS 50 - - ns Figure 2.95

SWDIO hold time tSWDH 50 - - ns

SWDIO data delay time tSWDD 2 - 150 ns

SWCLK

tSWCKcyc

tSWCKH

tSWCKf

tSWCKrtSWCKL
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Renesas Electronics Malaysia Sdn.Bhd.
Unit 1207, Block B, Menara Amcorp, Amcorp Trade Centre, No. 18, Jln Persiaran Barat, 46050 Petaling Jaya, Selangor Darul Ehsan, Malaysia
Tel: +60-3-7955-9390, Fax: +60-3-7955-9510
Renesas Electronics India Pvt. Ltd.
No.777C, 100 Feet Road, HAL II Stage, Indiranagar, Bangalore, India
Tel: +91-80-67208700, Fax: +91-80-67208777
Renesas Electronics Korea Co., Ltd.
12F., 234 Teheran-ro, Gangnam-Gu, Seoul, 135-080, Korea
Tel: +82-2-558-3737, Fax: +82-2-558-5141
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