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"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.
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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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S7G2 1. Overview

Figure 1.6 Pin assignment for 145-pin LGA (top view)
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S7G2 1. Overview

Figure 1.7 Pin assignment for 144-pin LQFP (top view)
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S7G2 1. Overview

1.7 Pin Lists

Table 1.17 Pin list (1/12)
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S7G2 2. Electrical Characteristics

Derating is the systematic reduction of load for improved reliability.

2.2 DC Characteristics

2.2.1 Tj/Ta Definition

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

ΣIOH + VOL × ΣIOL + ICCmax × VCC.

2.2.2 I/O VIH, VIL 

Table 2.2 Recommended operating conditions

Item Symbol Value Min Typ Max Unit

Power supply voltages VCC When USB/SDRAM is not used 2.7 - 3.6 V

When USB/SDRAM is used 3.0 - 3.6 V

VSS - 0 - V

USB power supply voltages VCC_USB,
VCC_USBHS

- VCC - V

VSS_USB,
AVSS_USBHS,
PVSS_USBHS,
VSS1_USBHS,
VSS2_USBHS

- 0 - V

Switching regulator power 
supply voltage

VCC_DCDC When switching regulator is 
used

- VCC - V

When switching regulator is not 
used

- 0 - V

VBATT power supply voltage VBATT 2.0 3.6 V

Analog power supply voltages AVCC0 - VCC - V

AVSS0 - 0 - V

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

Item Symbol Typ Max Unit Test conditions

Permissible junction temperature Tj - 125 °C High-speed mode
Low-speed mode
Subosc-speed mode

Table 2.4 I/O VIH, VIL (1/2)

Item Symbol Min Typ Max Unit

Input voltage 
(except for Schmitt 
trigger input pins)

Peripheral 
function pin

EXTAL(external clock 
input), WAIT, SPI

VIH VCC × 0.8 - VCC + 0.3 V

VIL –0.3 - VCC × 0.2

D00 to D15,
DQ00 to DQ15

VIH VCC × 0.7 - VCC + 0.3

VIL –0.3 - VCC × 0.3

ETHERC VIH 2.3 - VCC + 0.3

VIL –0.3 - VCC × 0.2

IIC (SMBus)*1 VIH 2.1 - VCC + 0.3

VIL –0.3 - 0.8

IIC (SMBus)*2 VIH 2.1 - 5.8

VIL –0.3 - 0.8
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S7G2 2. Electrical Characteristics

Figure 2.2 Ripple waveform

2.3 AC Characteristics

2.3.1 Frequency

Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory.
Note 2. See section 9, Clock Generation Circuit in User's Manual for the relationship between the ICLK, PCLKA, PCLKB, 

PCLKC, PCLKD, FCLK, and BCLK frequencies.
Note 3. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.

Note 1. Programming or erasing the flash memory is disabled in low-speed mode.
Note 2. See section 9, Clock Generation Circuit in User's Manual for the relationship between the ICLK, PCLKA, PCLKB, 

PCLKC, PCLKD, FCLK, and BCLK frequencies.
Note 3. When the ADC12 is used, the PCLKC frequency must be set to at least 1 MHz.

Table 2.10 Operation frequency value in high-speed mode

Item Symbol Min Typ Max Unit

Operation frequency System clock (ICLK*2) f - - 240 MHz

Peripheral module clock (PCLKA)*2 - - 120

Peripheral module clock (PCLKB)*2 - - 60

Peripheral module clock (PCLKC)*2 -*3 - 60

Peripheral module clock (PCLKD)*2 - - 120

Flash interface clock (FCLK)*2 -*1 - 60

External bus clock (BCLK)*2 - - 120

EBCLK pin output - - 60

SDCLK pin output VCC ≥ 3.0 V - - 120

Table 2.11 Operation frequency value in low-speed mode

Item Symbol Min Typ Max Unit

Operation frequency System clock (ICLK)*2 f - - 1 MHz

Peripheral module clock (PCLKA)*2 - - 1

Peripheral module clock (PCLKB)*2 - - 1

Peripheral module clock (PCLKC)*2,*3 -*3 - 1

Peripheral module clock (PCLKD)*2 - - 1

Flash interface clock (FCLK)*1, *2 - - 1

External bus clock (BCLK) - - 1

EBCLK pin output - - 1

Vr(VCC)VCC

1/fr(VCC)
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S7G2 2. Electrical Characteristics

Figure 2.16 External bus timing for page read cycle with bus clock synchronized

Figure 2.17 External bus timing for page write cycle with bus clock synchronized
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S7G2 2. Electrical Characteristics

Figure 2.19 SDRAM single read timing

Note 1. Address pins are for output of the precharge-select command (Precharge-sel) for the SDRAM.
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S7G2 2. Electrical Characteristics

Figure 2.21 SDRAM multiple read timing

Note 1. Address pins are for output of the precharge-select command (Precharge-sel) for the SDRAM.
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S7G2 2. Electrical Characteristics

Figure 2.22 SDRAM multiple write timing

Note 1. Address pins are for output of the precharge-select command (Precharge-sel) for the SDRAM.
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Figure 2.37 SCI simple SPI mode clock timing

Figure 2.38 SCI simple SPI mode timing for master when CKPH = 1

Figure 2.39 SCI simple SPI mode timing for master when CKPH = 0
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SCKn
CKPOL = 1
output

MISOn
input

MOSIn
output

(n = 0 to 9)

tSU tH

tOH tOD

MSB IN DATA LSB IN MSB IN
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Figure 2.45 SPI timing for master when CPHA = 0 and the bit rate is set to PCLKA/2

Figure 2.46 SPI timing for master when CPHA = 1 and the bit rate is set to PCLKA/2

SSLA0 to 
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tDr, tDf

tSU tHF

tLEAD

tTD

tLAG

tSSLr, tSSLf

tOH tOD

MSB IN
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Figure 2.47 SPI timing for master when CPHA = 1 and the bit rate is set to PCLKA/2

Figure 2.48 SPI timing for slave when CPHA = 0
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Figure 2.51 Transmit and receive timing

2.3.13 IIC Timing

Table 2.27 IIC timing (1) (1/2)
Conditions: Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: SDA0_B, SCL0_B, 
SDA1_A, SCL1_A, SDA1_B, SCL1_B.
The following pins do not require setting: SCL0_A, SDA0_A, SCL2, SDA2.

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

IIC
(Standard mode, 
SMBus)
ICFER.FMPE = 0

SCL input cycle time tSCL 6 (12) × tIICcyc + 1300 - ns Figure 2.52

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

tSU tH

tLEAD

tTD

tLAG

tOH tOD

MSB IN DATA LSB IN

MSB OUT DATA LSB OUT IDLE

QSSL
output

QSPCLK
output

QIO0-3
input

QIO0-3
output
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Figure 2.57 SD/MMC Host Interface signal timing

2.3.16 ETHERC Timing

Note 1. RMII_TXD_EN, RMII_TXD1, RMII_TXD0.
Note 2. RMII_CRS_DV, RMII_RXD1, RMII_RXD0, RMII_RX_ER.

Table 2.31 ETHERC timing
Conditions: ETHERC (RMII): Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: 
ET0_MDC, ET0_MDIO, ET1_MDC, and ET1_MDIO
For other pins, high drive output is selected in the port drive capability bit in the PmnPFS register.
ETHERC (MII): Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol Min Max Unit
Test 
conditions

ETHERC 
(RMII)

REF50CK cycle time Tck 20 - ns Figure 2.58 to 
Figure 2.61

REF50CK frequency, typical 50 MHz - - 50 + 100 ppm MHz

REF50CK duty - 35 65 %

REF50CK rise/fall time Tckr/ckf 0.5 3.5 ns

RMII_xxxx*1 output delay Tco 2.5 12.0 ns

RMII_xxxx*2 setup time Tsu 3 - ns

RMII_xxxx*2 hold time Thd 1 - ns

RMII_xxxx*1, *2 rise/fall time Tr/Tf 0.4 4 ns

ET_WOL output delay tWOLd 1 23.5 ns Figure 2.62

ETHERC 
(MII)

ET_TX_CLK cycle time tTcyc 40 - ns -

ET_TX_EN output delay tTENd 1 20 ns Figure 2.63

ET_ETXD0 to ET_ETXD3 output delay tMTDd 1 20 ns

ET_CRS setup time tCRSs 10 - ns

ET_CRS hold time tCRSh 10 - ns

ET_COL setup time tCOLs 10 - ns Figure 2.64

ET_COL hold time tCOLh 10 - ns

ET_RX_CLK cycle time tTRcyc 40 - ns -

ET_RX_DV setup time tRDVs 10 - ns Figure 2.65

ET_RX_DV hold time tRDVh 10 - ns

ET_ERXD0 to ET_ERXD3 setup time tMRDs 10 - ns

ET_ERXD0 to ET_ERXD3 hold time tMRDh 10 - ns

ET_RX_ER setup time tRERs 10 - ns Figure 2.66

ET_RX_ER hold time tRESh 10 - ns

ET_WOL output delay tWOLd 1 23.5 ns Figure 2.67

SDCLK
(output)

SDCMD/SDDAT
(input)

SDCMD/SDDAT
(output)

TSDODLY(max)

TSDIS TSDIH

TSDLHTSDHL

TSDCYC

TSDWHTSDWL

TSDODLY(min)



R01DS0262EU0100 Rev.1.00 Page 94 of 113
Feb 23, 2016

S7G2 2. Electrical Characteristics

Note: These specification values apply when there is no access to the external bus during A/D conversion. If access 
occurs during A/D conversion, values might not fall within the indicated ranges.

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

Note 2. Values in parentheses indicate the sampling time.

Quantization error - ±0.5 - LSB -

Resolution - - 12 Bits -

Channel-dedicated 
sample-and-hold 
circuits in use 
(AN100 to AN102)

Conversion time*1 
(operation at 
PCLKC = 60 MHz)

Permissible signal 
source impedance 
Max. = 1 kΩ

1.06 
(0.4 + 0.25)*2

- - μs  Sampling of channel-
dedicated sample-and-hold 
circuits in 24 states

 Sampling in 15 states

Offset error - ±1.5 ±3.5 LSB AN100 to AN102 = 0.25 V

Full-scale error - ±1.5 ±3.5 LSB AN100 to AN102 = 
VREFH - 0.25 V

Absolute accuracy - ±2.5 ±5.5 LSB -

DNL differential nonlinearity error - ±1.0 ±2.0 LSB -

INL integral nonlinearity error - ±1.5 ±3.0 LSB -

Holding characteristics of sample-and hold 
circuits

- - 20 μs -

Dynamic range 0.25 - VREFH 
– 0.25

V -

Channel-dedicated 
sample-and-hold 
circuits not in use 
(AN100 to AN102)

Conversion time*1 
(Operation at 
PCLKC = 60 MHz)

Permissible signal 
source impedance 
Max. = 1 kΩ

0.88 
(0.667)*2

- - μs Sampling in 40 states

Offset error - ±1.0 ±2.5 LSB -

Full-scale error - ±1.0 ±2.5 LSB -

Absolute accuracy - ±2.0 ±4.5 LSB -

DNL differential nonlinearity error - ±0.5 ±1.5 LSB -

INL integral nonlinearity error - ±1.0 ±2.5 LSB -

High-precision 
channels
(AN103 to AN106)

Conversion time*1

(Operation at 
PCLKC = 60 MHz)

Permissible signal 
source impedance 
Max. = 1 kΩ

0.48 
(0.267)*2

- - μs Sampling in 16 states

Max. = 300Ω 0.40 
(0.183)*2

- - μs Sampling in 11 states
VCC = AVCC0 = 3.0 to 3.6 V
3.0 V ≤ VREFH ≤ AVCC0

Offset error - ±1.0 ±2.5 LSB -

Full-scale error - ±1.0 ±2.5 LSB -

Absolute accuracy - ±2.0 ±4.5 LSB -

DNL differential nonlinearity error - ±0.5 ±1.5 LSB -

INL integral nonlinearity error - ±1.0 ±2.5 LSB -

Normal-precision 
channels
(AN116 to AN120)

Conversion time*1 
(Operation at 
PCLKC = 60 MHz)

Permissible signal 
source impedance
Max. = 1 kΩ

0.88 
(0.667)*2

- - μs Sampling in 40 states

Offset error - ±1.0 ±5.5 LSB -

Full-scale error - ±1.0 ±5.5 LSB -

Absolute accuracy - ±2.0 ±7.5 LSB -

DNL differential nonlinearity error - ±0.5 ±4.5 LSB -

INL integral nonlinearity error - ±1.0 ±5.5 LSB -

Table 2.42 A/D internal reference voltage characteristics

Item Min Typ Max Unit Test conditions

A/D internal reference voltage 1.20 1.25 1.30 V -

Table 2.41 A/D conversion characteristics for unit 1 (2/2)
Conditions: PCLKC = 1 to 60 MHz

Item Min Typ Max Unit Test conditions
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2.9 POR and LVD Characteristics

Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection 
levels VPOR, Vdet1, and Vdet2 for POR and LVD.

Note 2. The low-power function is disabled and DEEPCUT[1:0] = 00b or 01b.
Note 3. The low-power function is enabled and DEEPCUT[1:0] = 11b.

Figure 2.89 Power-on reset timing

Table 2.46 Power-on reset circuit and voltage detection circuit characteristics

Item Symbol Min Typ Max Unit Test conditions

Voltage detection 
level

Power-on reset 
(POR)

Module-stop function 
disabled*1

VPOR 2.5 2.6 2.7 V Figure 2.89

Module-stop function 
enabled*2

2.0 2.35 2.7

Voltage detection circuit (LVD0) Vdet0_1 2.84 2.94 3.04 Figure 2.90

Vdet0_2 2.77 2.87 2.97

Vdet0_3 2.70 2.80 2.90

Voltage detection circuit (LVD1) Vdet1_1 2.89 2.99 3.09 Figure 2.91

Vdet1_2 2.82 2.92 3.02

Vdet1_3 2.75 2.85 2.95

Voltage detection circuit (LVD2) Vdet2_1 2.89 2.99 3.09 Figure 2.92

Vdet2_2 2.82 2.92 3.02

Vdet2_3 2.75 2.85 2.95

Internal reset time Power-on reset time tPOR - 4.6 - ms Figure 2.89

LVD0 reset time tLVD0 - 0.70 - Figure 2.90

LVD1 reset time tLVD1 - 0.57 - Figure 2.91

LVD2 reset time tLVD2 - 0.57 - Figure 2.92

Minimum VCC down time tVOFF 200 - - μs Figure 2.89, 
Figure 2.90

Response delay tdet - - 200 μs Figure 2.89 to 
Figure 2.92

LVD operation stabilization time (after LVD is enabled) Td(E-A) - - 10 μs Figure 2.91, 
Figure 2.92

Hysteresis width (LVD1 and LVD2) VLVH - 80 - mV

Internal reset signal
(active-low)

VCC

tVOFF

tdet tPORtdettPORtdet

VPOR
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Note 1. The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times 
(n = 125,000), erasing can be performed n times for each block. For example, when 4-byte programming is 
performed 16 times for different addresses in 64-byte blocks, and then the entire block is erased, the 
reprogram/erase cycle is counted as one. However, programming the same address several times as one 
erasure is not enabled. (Overwriting is prohibited.)

Note 2. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed 
range is from 1 to the minimum value.

Note 3. This indicates the characteristics when reprogramming is performed within the specified range, including the 
minimum value.

2.15 Boundary Scan

Note 1. Boundary scan does not function until the power-on reset becomes negative.

Figure 2.95 Boundary scan TCK timing

Forced stop command tFD - - 32 - - 20 μs

Data hold time*3 tDDRP 20 - - 20 - - Year

Table 2.54 Boundary scan characteristics

Item Symbol Min Typ Max Unit
Test 
conditions

TCK clock cycle time tTCKcyc 100 - - ns Figure 2.95

TCK clock high pulse width tTCKH 45 - - ns

TCK clock low pulse width tTCKL 45 - - ns

TCK clock rise time tTCKr - - 5 ns

TCK clock fall time tTCKf - - 5 ns

TMS setup time tTMSS 20 - - ns Figure 2.96

TMS hold time tTMSH 20 - - ns

TDI setup time tTDIS 20 - - ns

TDI hold time tTDIH 20 - - ns

TDO data delay tTDOD - - 40 ns

Boundary scan circuit startup time*1 TBSSTUP tRESWP - - - Figure 2.97

Table 2.53 Data flash memory characteristics (2/2)
Conditions: Program or erase: FCLK = 4 to 60 MHz
Read: FCLK ≤ 60 MHz

Item Symbol

FCLK = 4 MHz 20 MHz ≤ FCLK ≤ 60 MHz

UnitMin Typ Max Min Typ Max

tTCKcyc

tTCKH

tTCKf

tTCKL

tTCKr

TCK
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Figure 2.98 JTAG TCK timing

Figure 2.99 JTAG input/output timing

2.17 Serial Wire Debug (SWD)

Table 2.56 SWD

Item Symbol Min Typ Max Unit
Test 
conditions

SWCLK clock cycle time tSWCKcyc 40 - - ns Figure 2.100

SWCLK clock high pulse width tSWCKH 15 - - ns

SWCLK clock low pulse width tSWCKL 15 - - ns

SWCLK clock rise time tSWCKr - - 5 ns

SWCLK clock fall time tSWCKf - - 5 ns

SWDIO setup time tSWDS 8 - - ns Figure 2.101

SWDIO hold time tSWDH 8 - - ns

SWDIO data delay time tSWDD 2 - 28 ns

TCK

tTCKH

tTCKcyc

tTCKL

tTCKf

tTCKr

TCK

TMS

tTMSS tTMSH

TDI

tTDIS tTDIH

TDO

tTDOD
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Figure 1.5 144-pin LQFP

MASS (Typ) [g]

1.2

Unit: mm

Previous CodeRENESAS Code
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JEITA Package Code

P-LFQFP144-20x20-0.50

© 2016 Renesas Electronics Corporation. All rights reserved.
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     LOCATED WITHIN THE HATCHED AREA.
4.  CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
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Figure 1.6 100-pin LQFP
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0.6

Unit: mm
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