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Welcome to E-XFL.COM

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. Overview
The S7G2 MCU integrates multiple series of software- and pin-compatible ARM®-based 32-bit MCUs that share the 
same set of Renesas peripherals to facilitate design scalability and efficient platform-based product development.

The MCU provides a high-performance ARM Cortex®-M4 core running up to 240 MHz with the following features:

 Up to 4-MB code flash memory

 640-KB SRAM

 Graphics LCD Controller (GLCDC)

 2D Drawing Engine (DRW)

 Capacitive Touch Sensing Unit (CTSU)

 Ethernet MAC Controller (ETHERC) with IEEE 1588 PTP, USBFS, USBHS, SD/MMC Host Interface

 Quad Serial Peripheral Interface (QSPI)

 Security and safety features

 Analog peripherals.

1.1 Function Outline

Table 1.1 ARM core

Feature Functional description

ARM Cortex-M4  Maximum operating frequency: up to 240 MHz
 ARM Cortex-M4 core:

- Revision: r0p1-01rel0
- ARMv7E-M architecture profile
- Single precision floating point unit compliant with the ANSI/IEEE Std 754-2008

 ARM Memory Protection Unit (MPU):
- ARMv7 Protected Memory System Architecture
- 8 protect regions

 SysTick timer:
- Driven by LOCO clock

Table 1.2 Memory

Feature Functional description

Code flash memory Maximum 4 MB of code flash memory. See section 54, Flash Memory in User's Manual.

Data flash memory 64 KB of data flash memory. See section 54, Flash Memory in User's Manual.

Memory Mirror Function (MMF) The MMF can be configured to mirror the wanted application image load address in code flash 
memory to the application image link address in the 23-bit unused memory space (memory 
mirror space addresses). Your application code is developed and linked to run from this MMF 
destination address. The application code does not need to know the load location where it is 
stored in code flash memory. See section 5, Memory Mirror Function (MMF) in User's Manual.

SRAM On-chip high-speed SRAM providing either parity-bit or double-bit error detection (DED). The 
first 32 KB of SRAM0 is subject to DED. Parity check is performed for other areas. See section 
52, SRAM in User's Manual.

Standby SRAM On-chip SRAM that can retain data in Deep Software Standby mode. See section 53, Standby 
SRAM in User's Manual.

Table 1.3 System (1/2)

Feature Functional description

Operating modes Two operating modes:
   - Single-chip mode
   - SCI or USB boot mode.
See section 3, Operating Modes in User's Manual.
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Ethernet MAC with IEEE 1588 PTP 
(ETHERC)

Two-channel Ethernet MAC Controller (ETHERC) compliant with the Ethernet/IEEE802.3 
Media Access Control (MAC) layer protocol. Each ETHERC channel provides one channel of 
the MAC layer interface, connecting the MCU to the physical layer LSI (PHY-LSI) that allows 
transmission and reception of frames compliant with the Ethernet and IEEE802.3 standards. 
The ETHERC is connected to the Ethernet DMA Controller (EDMAC) so data can be 
transferred without using the CPU.
To handle timing and synchronization between devices, an on-chip Precision Time Protocol 
(PTP) module for the Ethernet PTP Controller (EPTPC) applies the PTP defined in the IEEE 
1588-2008 version 2.0 standard.
The EPTPC is composed of:
 Synchronization Frame Processing units (SYNFP0 and SYNFP1)
 A Packet Relation Controller unit (PRC-TC)
 A Statistical Time Correction Algorithm unit (STCA).
Use the EPTPC in combination with the on-chip Ethernet MAC Controller (ETHERC) and the 
DMA Controller for the PTP Ethernet Controller (PTPEDMAC). See section 29, Ethernet MAC 
Controller (ETHERC) in User's Manual.

SD/MMC Host Interface (SDHI) The SDHI and MultiMediaCard (MMC) interface provide the functionality required to connect a 
variety of external memory cards to the MCU. The SDHI supports both 1- and 4-bit buses for 
connecting memory cards that support SD, SDHC, and SDXC formats. When developing host 
devices that are compliant with the SD Specifications, you must comply with the SD 
Host/Ancillary Product License Agreement (SD HALA).
The MMC interface supports 1-, 4-, and 8-bit MMC buses that provide eMMC 4.51 (JEDEC 
Standard JESD 84-B451) device access. This interface also provides backward compatibility 
and supports high-speed SDR transfer modes. See section 43, SD/MMC Host Interface 
(SDHI) in User's Manual.

Table 1.10 Analog

Feature Functional description

12-Bit A/D Converter (ADC12) Up to two successive approximation 12-Bit A/D Converters are provided. In unit 0, up to 13 
analog input channels are selectable. In unit 1, up to 12 analog input channels, the 
temperature sensor output, and an internal reference voltage are selectable for conversion. 
The A/D conversion accuracy is selectable from 12-, 10-, and 8-bit conversion, making it 
possible to optimize the tradeoff between speed and resolution in generating a digital value. 
See section 46, 12-Bit A/D Converter (ADC12) in User's Manual.

12-Bit D/A Converter (DAC12) The DAC12 D/A converts data and includes an output amplifier. See section 47, 12-Bit D/A 
Converter (DAC12) in User's Manual.

Temperature sensor (TSN) The on-chip temperature sensor can determine and monitor the die temperature for reliable 
operation of the device. The sensor outputs a voltage directly proportional to the die 
temperature, and the relationship between the die temperature and the output voltage is linear.
The output voltage is provided to the ADC12 for conversion and can also be used by the end 
application. See section 48, Temperature Sensor (TSN) in User's Manual.

High-Speed Analog Comparator 
(ACMPHS)

Analog comparators can be used to compare a test voltage with a reference voltage and to 
provide a digital output based on the conversion result.
Both the test and reference voltages can be provided to the comparator from internal sources 
such as the DAC12 output and internal reference voltage, and an external source with or 
without an internal PGA.
Such flexibility is useful in applications that require go/no-go comparisons to be performed 
between analog signals without necessarily requiring A/D conversion. See section 49, High-
Speed Analog Comparator (ACMPHS) in User's Manual.

Table 1.11 Human machine interfaces (1/2)

Feature Functional description

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

Table 1.9 Communication interfaces (2/2)

Feature Functional description
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Sampling Rate Converter (SRC) The SRC converts the sampling rate of data produced by various audio decoders, such as the 
WMA, MP3, and AAC. Both 16-bit stereo and monaural data are supported. The sampling rate 
of the input signal can be one of the following:
 8 kHz
 11.025 kHz
 12 kHz
 16 kHz
 22.05 kHz
 24 kHz
 32 kHz
 44.1 kHz
 48 kHz.
The sampling rate of the output signal can be one of the following:
 8 kHz
 16 kHz
 32 kHz
 44.1 kHz
 48 kHz.
Independent FIFOs are provided for input and output. In a typical application, a DMA controller 
can be used to transfer PCM audio data from SRAM, for example, to the SRC. Sample-
converted audio data from the SRC can then be transferred using the DMA Controller to the 
SSI, from where it can be transmitted to an external audio codec. See section 42, Sampling 
Rate Converter (SRC) in User's Manual.

Table 1.14 Security

Feature Functional description

Secure Crypto Engine 7 (SCE7)  Security algorithms:
- Symmetric algorithms: AES, 3DES, and ARC4
- Asymmetric algorithms: RSA, DSA, and DLP.

 Other support features:
- TRNG (True Random Number Generator)
- Hash-value generation: SHA1, SHA224, SHA256, GHASH
- 128-bit unique ID.

Table 1.13 Data processing (2/2)

Feature Functional description
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ETHERC REF50CK0, 
REF50CK1

Input 50-MHz reference clocks. These pins input reference signals for 
transmission/reception timing in RMII mode.

RMII0_CRS_DV, 
RMII1_CRS_DV

Input Indicate carrier detection signals and valid receive data on RMII_RXD1 and 
RMII_RXD0 in RMII mode.

RMII0_TXD0, 
RMII0_TXD1,
RMII1_TXD0, 
RMII1_TXD1

Output 2-bit transmit data in RMII mode.

RMII0_RXD0, 
RMII0_RXD1,
RMII1_RXD0, 
RMII1_RXD1

Input 2-bit receive data in RMII mode.

RMII0_TXD_EN, 
RMII1_TXD_EN

Output Output pins for data transmit enable signals in RMII mode.

RMII0_RX_ER, 
RMII1_RX_ER

Input Indicate an error occurred during reception of data in RMII mode.

ET0_CRS, ET1_CRS Input Carrier detection/data reception enable signals.

ET0_RX_DV, 
ET1_RX_DV

Input Indicate valid receive data on ET_ERXD3 to ET_ERXD0.

ET0_EXOUT, 
ET1_EXOUT

Input General-purpose external output pins.

ET0_LINKSTA, 
ET1_LINKSTA

Output Input link status from the PHY-LSI.

ET0_ETXD0 to 
ET0_ETXD3,
ET1_ETXD0 to 
ET1_ETXD3

output 4 bits of MII transmit data.

ET0_ERXD0 to 
ET0_ERXD3,
ET1_ERXD0 to 
ET1_ERXD3

Input 4 bits of MII receive data.

ET0_TX_EN, 
ET1_TX_EN

Output Transmit enable signals. Function as signals indicating that transmit data is 
ready on ET_ETXD3 to ET_ETXD0.

ET0_TX_ER, 
ET1_TX_ER

Output Transmit error pins. Function as signals notifying the PHY_LSI of an error 
during transmission.

ET0_RX_ER, 
ET1_RX_ER

Input Receive error pins. Function as signals to recognize an error during 
reception.

ET0_TX_CLK, 
ET1_TX_CLK

Input Transmit clock pins. These pins input reference signals for output timing 
from ET_TX_EN, ET_ETXD3 to ET_ETXD0, and ET_TX_ER.

ET0_RX_CLK, 
ET1_RX_CLK

Input Receive clock pins. These pins input reference signals for input timing to 
ET_RX_DV, ET_ERXD3 to ET_ERXD0, and ET_RX_ER.

ET0_COL,
ET1_COL

Input Input collision detection signals.

ET0_WOL,
ET1_WOL

Output Receive Magic packets.

ET0_MDC, 
ET1_MDC

Output Output reference clock signals for information transfer through ET_MDIO.

ET0_MDIO, 
ET1_MDIO

I/O Input or output bidirectional signals for exchange of management data with 
PHY-LSI.

SDHI SD0CLK, SD1CLK Output SD clock output pin.

SD0CMD, SD1CMD I/O Command output pin and response input signal pin.

SD0DAT0 to 
SD0DAT7,
SD1DAT0 to 
SD1DAT7

I/O SD and MMC data bus pins.

SD0CD, SD1CD Input SD card detection pin.

SD0WP, SD1WP Input SD write-protect signal.

Table 1.16 Pin functions (4/5)

Function Signal I/O Description
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Figure 1.6 Pin assignment for 145-pin LGA (top view)
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- - GTI
OC
8B_
A

- - SC
K8_
A

- - SS
LA3
_A

- - - - - - - - KR
06

LC
D_
DA
TA0
0_A

M3 L3 127 J4 103 70 - P10
5

D05 DQ
05

- GT
ET
RG
A_
C

- - - TX
D8
_A/
MO
SI8
_A/
SD
A8_
A

- - SS
LA2
_A

- - - - - - - - IRQ
0/K
R05

LC
D_
TC
ON
3_A

N3 M2 128 L3 104 71 - P10
4

D04 DQ
04

- GT
ET
RG
B_
B

- - - RX
D8_
A/
MIS
O8
_A/
SC
L8_
A

- - SS
LA1
_A

- - - - - - - - IRQ
1/K
R04

LC
D_
TC
ON
2_A

Table 1.17 Pin list (9/12)
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P5 N5 143 K5 116 79 - P50
3

- - - GT
ET
RG
C_
B

GTI
OC
12B

- US
B_
EXI
CE
N_
B

CT
S6_
RT
S6_
B/
SS
6_B

SC
K5_
A

- QIO
1

- - - - SD
1D
AT1

AN
117

- - -

R5 P5 144 L5 117 80 - P50
4

- - - GT
ET
RG
D_
B

GTI
OC
13A

- US
B_I
D_
B

SC
K6_
B

CT
S5_
RT
S5_
A/
SS
5_A

QIO
2

- - - - SD
1D
AT2

AN
018

- - -

M5 P6 145 K6 118 - - P50
5

- - - - GTI
OC
13B

- - RX
D6_
B/
MIS
O6
_B/
SC
L6_
B

- - QIO
3

- - - - SD
1D
AT3

AN
118

- - IRQ
14

-

M6 R5 146 L6 119 - - P50
6

- - - - - - - TX
D6_
B/
MO
SI6
_B/
SD
A6_
B

- - - - - - - SD
1C
D

AN
019

- - IRQ
15

-

N6 N6 147 - - - - P50
7

- - - - - - - CT
S5_
RT
S5_
B/
SS
5_B

- - - - - - SD
1W
P

AN
119

- - - -

M7 - - - - - - P50
8

- - - - - - - SC
K5_
B

- - - - - - - AN
020

- - - -

P6 - - - - - - P50
9

- - - - - - - TX
D5_
B/
MO
SI5
_B/
SD
A5_
B

- - - - - - - AN
120

- - - -

N7 - - - - - - P51
0

- - - - - - - - RX
D5_
B/
MIS
O5
_B/
SC
L5_
B

- - - - - - - AN
021

- - - -

R6 R6 148 N4 120 81 VC
L2

- - - - - - - - - - - - - - - - - - - - - -

P7 M7 149 N5 121 82 VC
C

- - - - - - - - - - - - - - - - - - - - - -

R7 N7 150 M5 122 83 VS
S

- - - - - - - - - - - - - - - - - - - - - -

M8 P7 151 M6 123 84 - P01
5

- - - - - - - - - - - - - - - - AN
006
/AN
106

DA
1/IV
CM
P1

- IRQ
13

-

M9 R7 152 N6 124 85 - P01
4

- - - - - - - - - - - - - - - - AN
005
/AN
105

DA
0/IV
RE
F3

- - -

N8 P8 153 M7 125 86 VR
EFL

- - - - - - - - - - - - - - - - - - - - - -

R8 R8 154 N7 126 87 VR
EF
H

- - - - - - - - - - - - - - - - - - - - - -

P8 N8 155 L7 127 88 AV
CC
0

- - - - - - - - - - - - - - - - - - - - - -

N9 N9 156 L8 128 89 AV
SS
0

- - - - - - - - - - - - - - - - - - - - - -

P9 P9 157 M8 129 90 VR
EFL
0

- - - - - - - - - - - - - - - - - - - - - -

R9 R9 158 N8 130 91 VR
EF
H0

- - - - - - - - - - - - - - - - - - - - - -

Table 1.17 Pin list (11/12)
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2. Electrical Characteristics
Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:

VCC = AVCC0 = VCC_USB = VBATT = 2.7 to 3.6 V, 2.7  ≤ VREFH0/VREFH  ≤ AVCC0, VCC_USBHS = 
AVCC_USBHS = 3.0 to 3.6 V, VSS = AVSS0 = VREFL0/VREFL = VSS_USB = VSS1_USBHS = VSS2_USBHS = 
PVSS_USBHS = AVSS_USBHS = 0 V, Ta = Topr

Figure 2.1 shows the timing conditions.

Figure 2.1 Input or output timing measurement conditions

The measurement conditions of timing specification in each peripherals are recommended for the best peripheral 
operation, however make sure to adjust driving abilities of each pins to meet your conditions.

2.1 Absolute Maximum Ratings

Caution: Permanent damage to the MCU might result if absolute maximum ratings are exceeded.
Note 1. Ports P205, P206, P400, P401, P407 to P415, P511, P512, P708 to P713, and PB01 are 5V-tolerant.
Note 2. Connect AVCC0 and VCC_USB to VCC.
Note 3. See section 2.2.1, Tj/Ta Definition.

Note 4. Contact a Renesas Electronics sales office for information on derating operation when Ta = +85°C to +105°C. 

Table 2.1 Absolute maximum ratings

Item Symbol Value Unit

Power supply voltage VCC, VCC_USB *2 –0.3 to +4.6 V

VBATT power supply voltage VBATT –0.3 to +4.6 V

Input voltage (except for 5V-tolerant ports*1) Vin –0.3 to VCC + 0.3 V

Input voltage (5V-tolerant ports*1) Vin –0.3 to +5.8 V

Reference power supply voltage VREFH/VREFH0 –0.3 to VCC + 0.3 V

Analog power supply voltage AVCC0 *2 –0.3 to +4.6 V

USBHS power supply voltage VCC_USBHS –0.3 to +4.6 V

USBHS analog power supply voltage AVCC_USBHS –0.3 to +4.6 V

Switching regulator power supply voltage VCC_DCDC –0.3 to +4.6 V

Analog input voltage VAN –0.3 to AVCC0 + 0.3 V

Operating temperature*3 *4 Topr –40 to +105 °C

Storage temperature Tstg –55 to +125 °C

For example P100

C

VOH = VCC × 0.7, VOL = VCC × 0.3
VIH = VCC × 0.7, VIL = VCC × 0.3
Load capacitance C = 30pF
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Figure 2.20 SDRAM single write timing

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

tAD2

SDCLK

A15 to A00

SDCS

AP*1

DQMn

DQ15 to DQ00

RAS

CAS

WE

CKE

tDQMD

(High)

Row
address Column address

SDRAM command ACT WR PRA

tAD2

tCSD2

tRASD

tWED

tCASD

tWDD2

tAD2

tAD2

tCSD2

tRASD

tAD2

tAD2

tCSD2

tRASD

tAD2

tAD2

tCSD2

tRASD

tCSD2 tCSD2

tCASD

tWED tWED tWED

tWDH2

PRA
 command
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Figure 2.24 SDRAM mode register set timing

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

A15 to A00

SDCLK

SDCS

AP*1

DQMn

DQ15 to DQ00

RAS

CAS

WE

CKE

SDRAM command

(Hi-Z)

(High)

tCASD

tRASD

tCSD2

t AD2  

MRS

t AD2  

t AD2  

t AD2  

tCASD

tRASD

tCSD2

t WED t WED
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Note: SCL1_A output is not supported in these specifications.
tIICcyc: IIC internal reference clock (IICφ) cycle, tPcyc: PCLKA cycle.

Note 1. Cb indicates the total capacity of the bus line.

Figure 2.42 SCI simple IIC mode timing

Simple IIC
(Fast mode)

SCL, SDA input rise time tSr - 300 ns Figure 2.42

SCL, SDA input fall time tSf - 300 ns

SCL, SDA input spike pulse removal time tSP 0 4 × tIICcyc ns

Data input setup time tSDAS 100 - ns

Data input hold time tSDAH 0 - ns

SCL, SDA capacitive load Cb*
1 - 400 pF

Table 2.24 SCI timing (3) (2/2)
Conditions: For the SCL1_A pins, low drive output is selected in the port drive capability bit in the PmnPFS register.
For other pins, middle drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol Min Max Unit Test conditions

SDAn

SCLn

VIH

VIL

tSTAH

tSCLH

tSCLL

P*1 S*1

tSf tSr

tSCL
tSDAH

tSDAS

tSTAS tSP tSTOS

P*1

tBUF

Test conditions:
VIH = VCC × 0.7, VIL = VCC × 0.3
VOL  0.6 V, OL = 6 mA (ICFER.FMPE = 0)
VOL  0.4 V, OL = 15 mA (ICFER.FMPE = 1)

Sr*1

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

(n = 0 to 9)
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2.3.11 SPI Timing

Note 1. tPcyc: PCLKA cycle.

Note 2. N is set to an integer from 1 to 8 by the SPCKD register.
Note 3. N is set to an integer from 1 to 8 by the SSLND register.
Note 4. PCLKA division ratio set to 1/2.

Table 2.25 SPI timing
Conditions: 
(1) Middle drive output is selected with the port drive capability bit in the PmnPFS register.
(2) Use pins that have a letter appended to their names, for instance “_A” or “_B”, to indicate group membership. For the SPI interface, 
the AC portion of the electrical characteristics is measured for each group.

Item Symbol Min Max Unit*1 Test conditions

SPI RSPCK clock cycle Master tSPcyc 2 (PCLKA  60 MHz)
4 (PCLKA > 60 MHz)

4096 tPcyc Figure 2.43
C = 30 pF

Slave 6 4096

RSPCK clock high 
pulse width

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

Slave 3 × tPcyc -

RSPCK clock low pulse 
width

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

Slave 3 × tPcyc -

RSPCK clock rise and 
fall time

Master tSPCKr, 
tSPCKf

- 5 ns

Slave - 1 µs

Data input setup time Master tSU 4 - ns Figure 2.44 to
Figure 2.49
C = 30 pF

Slave 5 -

Data input hold time Master tHF*
4 0 - ns -

Master tH tPcyc -

Slave tH 20 - -

SSL setup time Master tLEAD  N × tSPcyc - 10*2 N × 
tSPcyc + 
100   *2

ns -

Slave 6 x tPcyc - ns -

SSL hold time Master tLAG  N × tSPcyc - 10 *3 N × 
tSPcyc + 
100   *3

ns -

Slave 6 x tPcyc - ns -

Data output delay Master tOD - 6.3 ns Figure 2.44 to 
Figure 2.49
C = 30PF

Slave - 20

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 tDr, tDf - 5 ns

Input - 1 μs

SSL rise and fall time Output tSSLr, 
tSSLf

- 5 ns

Input - 1 μs

Slave access time tSA - 2 x tPcyc 
+ 28

ns Figure 2.48 and 
Figure 2.49
C = 30PF

Slave output release time tREL - 2 x tPcyc 
+ 28
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Figure 2.49 SPI timing for slave when CPHA = 1

2.3.12 QSPI Timing

Note 1. tPcyc: PCLKA cycle.

Note 2. N is set to 0 or 1 in SFMSLD.
Note 3. N is set to 0 or 1 in SFMSHD.

Figure 2.50 QSPI clock timing

Table 2.26 QSPI timing
Conditions: High drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol Min Max Unit*1 Test conditions

QSPI QSPCK clock cycle tQScyc 2 48 tPcyc Figure 2.50

QSPCK clock high pulse width tQSWH tQScyc × 0.4 - ns

QSPCK clock low pulse width tQSWL tQScyc × 0.4 - ns

Data input setup time tSu 11 - ns Figure 2.51

Data input hold time tIH 0 - ns

QSSL setup time tLEAD (N+0.5) x 
tQscyc - 5 *2

(N+0.5) x 
tQscyc +100 *2

ns

QSSL hold time tLAG (N+0.5) x 
tQscyc - 5 *3

(N+0.5) x 
tQscyc +100 *3

ns

Data output delay tOD - 4 ns

Data output hold time tOH –3.3 - ns

Successive transmission delay tTD 1 16 tQScyc 

SSLA0
input

RSPCKA
CPOL = 0
input

RSPCKA
CPOL = 1
input

MISOA
output

MOSIA
input

tDr, tDf

tSA tOH

tLEAD

tTD

tLAG

tH

LSB OUT
(Last data) DATA MSB OUT

MSB IN DATA LSB IN MSB IN

LSB OUT

tSU

tOD tREL

MSB OUT

SPI

tQScyc

QSPCLK output

tQSWH tQSWL
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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)
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2.3.17 PDC Timing

Note 1. tPBcyc: PCLKB cycle.

Figure 2.68 PDC input clock timing

Figure 2.69 PDC output clock timing

Table 2.32 PDC timing
Conditions: Middle drive output is selected in the port drive capability bit in the PmnPFS register.
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 30 pF

Item Symbol Min Max Unit
Test 
conditions

PDC PIXCLK input cycle time tPIXcyc 37 - ns Figure 2.68

PIXCLK input high pulse width tPIXH 10 - ns

PIXCLK input low pulse width tPIXL 10 - ns

PIXCLK rise time tPIXr - 5 ns

PIXCLK fall time tPIXf - 5 ns

PCKO output cycle time tPCKcyc 2 × tPBcyc - ns Figure 2.69

PCKO output high pulse width tPCKH (tPCKcyc – tPCKr – tPCKf)/2 – 3 - ns

PCKO output low pulse width tPCKL (tPCKcyc – tPCKr – tPCKf)/2 – 3 - ns

PCKO rise time tPCKr - 5 ns

PCKO fall time tPCKf - 5 ns

VSYNV/HSYNC input setup time tSYNCS 10 - ns Figure 2.70

VSYNV/HSYNC input hold time tSYNCH 5 - ns

PIXD input setup time tPIXDS 10 - ns

PIXD input hold time tPIXDH 5 - ns

tPIXcyc

tPIXH tPIXf

tPIXL

tPIXr

PIXCLK input

tPCKcyc

tPCKH tPCKf

tPCKL

tPCKr

PCKO pin output
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Figure 2.85 USB_DP and USB_DM output timing in full-speed mode

Figure 2.86 Test circuit in full-speed mode

2.5 ADC12 Characteristics

[Normal-precision channel]

Output 
characteristics

Output high voltage VOH 2.8 - 3.6 V IOH = –200 μA

Output low voltage VOL 0.0 - 0.3 V IOL= 2 mA

Cross-over voltage VCRS 1.3 - 2.0 V Figure 2.85

Rise time tLR 4 - 20 ns

Fall time tLF 4 - 20 ns

Rise/fall time ratio tLR / tLF 90 - 111.11 % tFR/ tFF

Output resistance ZDRV 28 - 44 Ω USBFS: Rs = 27 Ω included

Pull-up and pull-
down 
characteristics

DM pull-up resistance in 
device controller mode

Rpu 0.900 - 1.575 kΩ During idle state

1.425 - 3.090 kΩ During transmission and 
reception

USB_DP and USB_DM pull-
down resistance in host 
controller mode

Rpd 14.25 - 24.80 kΩ -

Table 2.40 A/D conversion characteristics for unit 0 (1/2)
Conditions: PCLKC = 1 to 60 MHz

Item Min Typ Max Unit Test conditions

Frequency 1 - 60 MHz -

Analog input capacitance - - 30 pF -

Quantization error - ±0.5 - LSB -

Resolution - - 12 Bits -

Table 2.39 USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics) (2/2)
Conditions: VCC = AVCC0 = VCC_USB = VBATT = 3.0 to 3.6 V, 2.7 ≤ VREFH0/VREFH ≤ AVCC0, VCC_USBHS = AVCC_USBHS = 3.0 
to 3.6 V, USBA_RREF = 2.2 kΩ ±1%, USBMCLK = 20/24 MHz, UCLK = 48 MHz

Item Symbol Min Typ Max Unit Test conditions

USB_DP,
USB_DM

tFFtFR

90%
10%10%

90%VCRS

Observation 
point

50 pF

50 pF

USB_DP

USB_DM

27 
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S7G2 Appendix 1. Package Dimensions 

Figure 1.2 176-pin BGA

JEITA Package Code RENESAS Code Previous Code MASS (TYP.) 
PLBG0176GE-A 176FHS-A 0.45 gP-LFBGA176-13x13-0.80
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