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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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S7G2 1. Overview

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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Table 1.9 Communication interfaces (1/2)

Feature Functional description

Serial Communications Interface 
(SCI)

The SCI is configurable to five asynchronous and synchronous serial interfaces:
 Asynchronous interfaces (UART and Asynchronous Communications Interface Adapter 

(ACIA))
 8-bit clock synchronous interface
 Simple IIC (master-only)
 Simple SPI
 Smart card interface.
The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and 
transmission protocol.
Each SCI has FIFO buffers to enable continuous and full-duplex communication, and the data 
transfer speed can be configured independently using an on-chip baud rate generator. See 
section 34, Serial Communications Interface (SCI) in User's Manual.

IrDA Interface (IrDA) The IrDA interface sends and receives IrDA data communication waveforms in cooperation 
with the SCI1 based on the IrDA (Infrared Data Association) standard 1.0. See section 35, 
IrDA Interface in User's Manual.

 I2C Bus Interface (IIC) The three-channel IIC conforms with and provides a subset of the NXP I2C bus (Inter-
Integrated Circuit bus) interface functions. See section 36, I2C Bus Interface (IIC) in User's 
Manual.

Serial Peripheral Interface (SPI) Two independent SPI channels are capable of high-speed, full-duplex synchronous serial 
communications with multiple processors and peripheral devices. See section 38, Serial 
Peripheral Interface (SPI) in User's Manual.

Serial Sound Interface (SSI) The SSI peripheral provides functionality to interface with digital audio devices for transmitting 
PCM audio data over a serial bus with the MCU. The SSI supports an audio clock frequency of 
up to 50 MHz, and can be operated as a slave or master receiver, transmitter, or transceiver to 
suit various applications. The SSI includes 8-stage FIFO buffers in the receiver and 
transmitter, and supports interrupts and DMA-driven data reception and transmission. See 
section 41, Serial Sound Interface (SSI) in User's Manual.

Quad Serial Peripheral Interface 
(QSPI)

The QSPI is a memory controller for connecting a serial ROM (nonvolatile memory such as a 
serial flash memory, serial EEPROM, or serial FeRAM) that has an SPI-compatible interface. 
See section 39, Quad Serial Peripheral Interface (QSPI) in User's Manual.

Controller Area Network (CAN) 
Module

The CAN module provides functionality to receive and transmit data using a message-based 
protocol between multiple slaves and masters in electromagnetically-noisy applications.
The CAN module complies with the ISO 11898-1 (CAN 2.0A/CAN 2.0B) standard and supports 
up to 32 mailboxes, which can be configured for transmission or reception in normal mailbox 
and FIFO modes. Both standard (11-bit) and extended (29-bit) messaging formats are 
supported. See section 37, Controller Area Network (CAN) Module in User's Manual.

USB 2.0 Full-Speed Module (USBFS) Full-Speed USB controller that can operate as a host controller or device controller. The 
module supports full-speed and low-speed (host controller only) transfer as defined in 
Universal Serial Bus Specification 2.0. The module has an internal USB transceiver and 
supports all of the transfer types defined in Universal Serial Bus Specification 2.0.
The USB has buffer memory for data transfer, providing a maximum of 10 pipes. Pipes 1 to 9 
can be assigned any endpoint number based on the peripheral devices used for 
communication or based on your system. See section 32, USB 2.0 Full-Speed Module 
(USBFS) in User's Manual.

USB 2.0 High-Speed Module 
(USBHS)

High-Speed USB controller that can operate as a host controller or a device controller. As a 
host controller, the USBHS supports high-speed transfer, full-speed transfer, and low-speed 
transfer as defined in Universal Serial Bus Specification 2.0. As a device controller, the USBHS 
supports high-speed transfer and full-speed transfer as defined in Universal Serial Bus 
Specification 2.0. The USBHS has an internal USB transceiver and supports all of the transfer 
types defined in Universal Serial Bus Specification 2.0.
The USBHS has FIFO buffers for data transfer, providing a maximum of 10 pipes. Any 
endpoint number can be assigned to pipes 1 to 9, based on the peripheral devices or your 
system for communication. See section 33, USB 2.0 High-Speed Module (USBHS) in User's 
Manual.
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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 1.5 Pin assignment for 176-pin LQFP (top view)
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Figure 1.6 Pin assignment for 145-pin LGA (top view)
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2.2.5 Operating and Standby Current

Table 2.7 Operating and standby current (1/2)

Item Symbol

LDO mode DCDC mode

Unit Test conditionsMin Typ Max Min Typ Max

Supply 
current*1

H
ig

h
-s

p
e

ed
 m

od
e

Maximum*2 ICC - - 330 - - 140 mA ICLK = 240 MHz
PCLKA = 120 MHz*6

PCLKB = 60 MHz
PCLKC = 60 MHz
PCLKD = 120 MHz
FCLK = 60 MHz
BCLK = 120 MHz

CoreMark®*4 - 45 - - 24 -

Normal 
mode*3

All peripheral clocks 
enabled, code executing 
from flash

- 75 - - 38 -

All peripheral clocks 
disabled, code executing 
from flash

- 32 - - 18 -

Sleep mode*4 - 25 150 - 15 75

Increase 
during BGO 
operation

Data flash P/E - 7 - - 7 -

Code flash P/E - 10 - - 10 -

Low-speed mode*4 - 4.4 - - 3 - ICLK = 1 MHz

Subosc-speed mode*4 - 3 - - 2 - ICLK = 32.768 kHz

Software Standby mode - 2.4 110 - 1.2 55 -

D
ee

p
 S

o
ftw

a
re

 S
ta

n
d

b
y 

m
o

d
e

Power supplied to Standby SRAM and USB 
resume detecting unit

- 37 255 - 37 255 μA VBAT ≠ VCC*7

- 37 285 - 37 285 VBAT = VCC

Power not 
supplied to 
SRAM or 
USB resume 
detecting 
unit

Power-on reset circuit low-
power function disabled

- 25 50 - 25 50 VBAT ≠ VCC*7

- 25 80 - 25 80 VBAT = VCC

Power-on reset circuit low-
power function enabled

- 16 35 - 16 35 VBAT ≠ VCC*7

- 16 65 - 16 65 VBAT = VCC

Increase 
when the 
RTC and 
AGT are 
operating

When the low-speed on-chip 
oscillator (LOCO) is in use

- 9 - - 9 - -

When a crystal oscillator for 
low clock loads is in use

- 1.0 - - 1.0 - -

When a crystal oscillator for 
standard clock loads is in 
use

- 3.0 - - 3.0 - -

RTC operating while 
VCC is off (with the 
battery backup 
function, only the RTC 
and sub-clock 
oscillator operate)

When a crystal 
oscillator for low clock 
loads is in use

- 0.9 - - 0.9 - VBATT = 2.0 V, 
VCC = 0 V

- 1.6 - - 1.6 - VBATT = 3.3 V, 
VCC = 0 V

When a crystal 
oscillator for standard 
clock loads is in use

- 1.7 - - 1.7 - VBATT = 2.0 V, 
VCC = 0 V 

- 3.3 - - 3.3 - VBATT = 3.3 V, 
VCC = 0 V

Analog 
power 
supply 
current

During 12-bit A/D conversion AICC - 0.8 1.1 - 0.8 1.1 mA -

During 12-bit A/D conversion with S/H amp - 2.3 3.3 - 2.3 3.3 mA -

PGA (1ch) - 1 3 - 1 3 mA -

ACMPHS (1unit) 100 150 100 150 µA AVCC ≥ 2.7 V

Temperature sensor - 0.1 0.2 - 0.1 0.2 mA -

During D/A conversion 
(per unit)

Without AMP output - 0.1 0.2 - 0.1 0.2 mA -

With AMP output - 0.5 0.8 - 0.5 0.8 mA -

Waiting for A/D, D/A conversion (all units) - 0.9 1.6 - 0.9 1.6 mA -

ADC12, DAC12 in standby modes (all units) - 2 6 - 2 6 µA -

Reference 
power 
supply 
current 
(VREFH0)

During 12-bit A/D conversion (unit 0) AIREFH0 - 70 120 - 70 120 μA -

Waiting for 12-bit A/D conversion (unit 0) - 0.07 0.4 - 0.07 0.4 μA -

ADC12 in standby modes (unit 0) - 0.07 0.2 - 0.07 0.2 µA -
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Note 1. When setting up the main clock oscillator, ask the oscillator manufacturer for an oscillation evaluation and use the 
results as the recommended oscillation stabilization time. Set the MOSCWTCR register to a value equal to or 
greater than the recommended value.
After changing the setting in the MOSCCR.MOSTP bit to start main clock operation, read the OSCSF.MOSCSF 
flag to confirm that it is 1, and then start using the main clock oscillator.

Note 2. This is the time from release from reset state until the HOCO oscillation frequency (fHOCO) reaches the range 
for guaranteed operation.

Note 1. When setting up the sub-clock oscillator, ask the oscillator manufacturer for an oscillation evaluation and use the 
results as the recommended oscillation stabilization time.
After changing the setting in the SOSCCR.SOSTP bit to start sub-clock operation, only start using the sub-clock 
oscillator after the sub-clock oscillation stabilization time elapses with an adequate margin. Two times the value 
shown is recommended.

Figure 2.3 EBCLK and SDCLK output timing

HOCO clock oscillator 
oscillation frequency

Without FLL fHOCO16 15.61 16 16.39 MHz –20 ≤ Ta ≤ 105°C

fHOCO18 17.56 18 18.44

fHOCO20 19.52 20 20.48

fHOCO16 15.52 16 16.48 –40 ≤ Ta ≤ –20°C

fHOCO18 17.46 18 18.54

fHOCO20 19.40 20 20.60

With FLL fHOCO16 15.91 16 16.09 SOSC frequency is 
32.768kHz ± 50ppmfHOCO18 17.90 18 18.10

fHOCO20 19.89 20 20.11

HOCO clock oscillation stabilization wait time *2 tHOCOWT - - 64.7 μs -

FLL stabilization wait time tFLLWT - - 3 ms -

PLL clock frequency fPLL 120 - 240 MHz -

PLL clock oscillation 
stabilization wait time

tPLLWT - - 174.9 μs Figure 2.7

Table 2.14 Clock timing for the sub-clock oscillator

Item Symbol Min Typ Max Unit Test conditions

Sub-clock frequency fSUB - 32.768 - kHz -

Sub-clock oscillation stabilization wait time tSUBOSCWT - - -*1 s -

Table 2.13 Clock timing except for sub-clock oscillator (2/2)

Item Symbol Min Typ Max Unit Test conditions

tCf
tCH

tBcyc, tSDcyc

tCr
tCL

EBCLK pin output, SDCLK pin output
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Figure 2.11 Deep Software Standby mode cancellation timing

2.3.5 NMI and IRQ Noise Filter

Note: 200 ns minimum in Software Standby mode.
Note 1. tPcyc indicates the PCLKB cycle.

Note 2. tNMICK indicates the cycle of the NMI digital filter sampling clock.

Note 3. tIRQCK indicates the cycle of the IRQi digital filter sampling clock.

Figure 2.12 NMI interrupt input timing

Figure 2.13 IRQ interrupt input timing

Table 2.17 NMI and IRQ noise filter

Item Symbol Min Typ Max Unit Test conditions

NMI pulse width tNMIW 200 - - ns NMI digital filter disabled tPcyc × 2 ≤ 200 ns

tPcyc × 2*1 - - tPcyc × 2 > 200 ns

200 - - NMI digital filter enabled tNMICK × 3 ≤ 200 ns

tNMICK × 3.5*2 - - tNMICK × 3 > 200 ns

IRQ pulse width tIRQW 200 - - ns IRQ digital filter disabled tPcyc × 2 ≤ 200 ns

tPcyc × 2*1 - - tPcyc × 2 > 200 ns

200 - - IRQ digital filter enabled tIRQCK × 3 ≤ 200 ns

tIRQCK × 3.5*3 - - tIRQCK × 3 > 200 ns

Oscillator

IRQ

Internal reset
(low is valid)

Reset exception handling start

Deep Software Standby mode

Deep Software Standby 
reset

(low is valid)

tDSBY

tDSBYWT

tNMIW

NMI

tIRQW

IRQ
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2.3.6 Bus Timing

Table 2.18 Bus timing
Condition 1: When using the CS area controller (CSC).
BCLK = 8 to 60 MHz
VCC = AVCC0 = VCC_USB = VBATT = 2.7 to 3.6 V, VREFH/VREFH0 = 2.7 V to AVCC0,
VCC_USBHS = AVCC_USBHS = 3.0 to 3.6 V
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 30 pF
EBCLK: High drive output is selected in the port drive capability bit in the PmnPFS register.
Others: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 2: When using the SDRAM area controller (SDRAMC).
BCLK = SDCLK = 8 to 120 MHz
VCC = AVCC0 = VCC_USB = VBATT = 3.0 to 3.6 V, VREFH/VREFH0 = 3.0 V to AVCC0,
VCC_USBHS = AVCC_USBHS = 3.0 to 3.6 V
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 15 pF
High drive output is selected in the port drive capability bit in the PmnPFS register.

Condition 3: When using the SDRAM area controller (SDRAMC) and CS area controller (CSC) simultaneously.
BCLK = SDCLK = 8 to 60 MHz
VCC = AVCC0 = VCC_USB = VBATT = 3.0 to 3.6 V, VREFH/VREFH0 = 3.0 V to AVCC0,
VCC_USBHS = AVCC_USBHS = 3.0 to 3.6 V
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 15 pF
High drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol Min Max Unit Test conditions

Address delay tAD - 12.5 ns Figure 2.14 to 
Figure 2.17Byte control delay tBCD - 12.5 ns

CS delay tCSD - 12.5 ns

RD delay tRSD - 12.5 ns

Read data setup time tRDS 12.5 - ns

Read data hold time tRDH 0 - ns

WR/WRn delay tWRD - 12.5 ns

Write data delay tWDD - 12.5 ns

Write data hold time tWDH 0 - ns

WAIT setup time tWTS 12.5 - ns Figure 2.18

WAIT hold time tWTH 0 - ns

Address delay 2 (SDRAM) tAD2 0.8 6.8 ns Figure 2.19 to 
Figure 2.25CS delay 2 (SDRAM) tCSD2 0.8 6.8 ns

DQM delay (SDRAM) tDQMD 0.8 6.8 ns

CKE delay (SDRAM) tCKED 0.8 6.8 ns

Read data setup time 2 (SDRAM) tRDS2 2.9 - ns

Read data hold time 2 (SDRAM) tRDH2 1.5 - ns

Write data delay 2 (SDRAM) tWDD2 - 6.8 ns

Write data hold time 2 (SDRAM) tWDH2 0.8 - ns

WE delay (SDRAM) tWED 0.8 6.8 ns

RAS delay (SDRAM) tRASD 0.8 6.8 ns

CAS delay (SDRAM) tCASD 0.8 6.8 ns
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Figure 2.19 SDRAM single read 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 RD PRA

tAD2

tCSD2

tRASD

tAD2

tAD2

tCSD2

tRASD

tAD2

tAD2

tCSD2

tRASD

tAD2

tAD2

tCSD2

tRASD

tWED tWED

tCSD2 tCSD2

tCASD tCASD

tRDS2 tRDH2

PRA
command



R01DS0262EU0100 Rev.1.00 Page 60 of 113
Feb 23, 2016

S7G2 2. Electrical Characteristics

Figure 2.23 SDRAM multiple read line stride timing

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

R1A15 to A00

SDCLK

SDCS

AP*1

DQMn

DQ15 to DQ00

RAS

CAS

WE

CKE

SDRAM command ACT RD RD RD RD PRA ACT RD RD RD RD PRA

tCASD

tRASD

tCSD2

t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  

t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  t AD2  

tCSD2 tCSD2 tCSD2 tCSD2 tCSD2 tCSD2 t CSD2

tRASD tRASD tRASD tRASD tRASD

tCASD tCASD

tRASD tRASD

tCASD

tDQMD

tRDS2 tRDH2 tRDS2 tRDH2 tRDS2 tRDH2 tRDS2 tRDH2

(High)

Row
address

C0
 (column address 0) C1 C2 C3 C4 C5 C6 C7

PRA
 command

PRA
 command

t WED t WED t WED t WED
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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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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

tSPCKWH

VOH VOH

VOL VOL

VOH VOH

tSPCKWL

tSPCKr tSPCKf

VOL

tSPcyc

tSPCKWH

VIH VIH

VIL VIL

VIH VIH

tSPCKWL

tSPCKr tSPCKf

VIL

tSPcyc

VOH = 0.7 × VCC, VOL = 0.3 × VCC, VIH = 0.7 × VCC, VIL = 0.3 × VCC

(n = 0 to 9)

SCKn
master select 
output

SCKn
slave select input

tDr, tDf

tSU tH

tOH tOD

MSB IN DATA LSB IN MSB IN

MSB OUT DATA LSB OUT IDLE MSB OUT

SCKn
CKPOL = 0
output

SCKn
CKPOL = 1
output

MISOn
input

MOSIn
output

(n = 0 to 9)

tSU tH

tOH tOD

MSB IN DATA LSB IN MSB IN

MSB OUT DATA LSB OUT IDLE MSB OUT

SCKn
CKPOL = 1
output

SCKn
CKPOL = 0
output

MISOn
input

MOSIn
output

(n = 0 to 9)

tDr, tDf



R01DS0262EU0100 Rev.1.00 Page 71 of 113
Feb 23, 2016

S7G2 2. Electrical Characteristics

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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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 2.70 PDC AC timing

2.3.18 Graphics LCD Controller Timing

Note 1. Parallel RGB888, 666,565: Maximum 54 MHz
Serial RGB888: Maximum 60 MHz (4x speed)

Note 2. Use pins that have a letter appended to their names, for instance, “_A” or “_B”, to indicate
Note 3. Pins of group“_A” and “_B” combinations are used.

Figure 2.71 LCD_EXTCLK clock input timing

Table 2.33 Graphics LCD Controller timing
Conditions:
LCD_CLK: High drive output is selected in the port drive capability bit in the PmnPFS register.
LCD_DATA: Middle drive output is selected in the port drive capability bit in the PmnPFS register.

Item Symbol Min Typ Max Unit Test conditions

LCD_EXTCLK input clock frequency tEcyc - - 60*1 MHz Figure 2.71

LCD_EXTCLK input clock low pulse width tWL 0.45 - 0.55 tEcyc

LCD_EXTCLK input clock high pulse width tWH 0.45 - 0.55

LCD_CLK output clock frequency tLcyc - - 60*1 MHz Figure 2.72

LCD_CLK output clock low pulse width tLOL 0.4 - 0.6 tLcyc Figure 2.72

LCD_CLK output clock high pulse width tLOH 0.4 - 0.6 tLcyc Figure 2.72

LCD data output delay timing _A or _B combinations*2 tDD –3.5 - 4 ns Figure 2.73

_A and _B combinations*3 –5.0 - 5.5

LCD data output rise time (0.8 to 2.0 V) tDr - - 2 Figure 2.74

LCD data output fall time (2.0 to 0.8 V) tDf - - 2

PIXCLK

VSYNC

HSYNC

PIXD7 to PIXD0

tSYNCS

tSYNCS

tPIXDS tPIXDH

tSYNCH

tSYNCH

1/2 Vcc
VIH VIH

VIL VIL

tDcyc, tEcyc

tWH tWL

LCD_EXTCLK
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Figure 2.72 LCD_CLK clock output timing

Figure 2.73 Display output timing

Figure 2.74 LCD output rise and fall times

2.4 USB Characteristics

2.4.1 USBHS Timing

Table 2.34 USBHS low-speed characteristics for host only (USBHS_DP and USBHS_DM pin characteristics) 
(1/2)

Conditions: USBHS_RREF = 2.2 kΩ ± 1%, USBMCLK = 20/24 MHz, UCLK = 48 MHz

Item Symbol Min Typ Max Unit Test conditions

Input 
characteristics

Input high voltage VIH 2.0 - - V - -

Input low voltage VIL - - 0.8 V - -

Differential input sensitivity VDI 0.2 - - V | USBHS_DP - 
USBHS_DM |

-

Differential common-mode 
range

VCM 0.8 - 2.5 V - -

tLcyc

tLOL tLOH

tLOF tLOR

LCD_CLK

LCD_CLK

tDD

tDD

LCD_DATA00 to 
LCD_DATA23,
LCD_TCON0 to 
LCD_TCON3

Output on 
falling edge

Output on 
rising edge

tDr, tDf

LCD
output
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2.4.2 USBFS Timing

Figure 2.83 USB_DP and USB_DM output timing in low-speed mode

Figure 2.84 Test circuit in low-speed mode

Table 2.38 USBFS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics)
Conditions: VCC = AVCC0 = VCC_USB = VBATT = 3.0 to 3.6V, 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

Input 
characteristics

Input high voltage VIH 2.0 - - V -

Input low voltage VIL - - 0.8 V -

Differential input sensitivity VDI 0.2 - - V | USB_DP - USB_DM |

Differential common-mode 
range

VCM 0.8 - 2.5 V -

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 2.83

Rise time tLR 75 - 300 ns

Fall time tLF 75 - 300 ns

Rise/fall time ratio tLR / tLF 80 - 125 % tLR/ tLF

Pull-up and pull-
down 
characteristics

USB_DP and USB_DM pull-
down resistance in host 
controller mode

Rpd 14.25 - 24.80 kΩ -

Table 2.39 USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics) (1/2)
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

Input 
characteristics

Input high voltage VIH 2.0 - - V -

Input low voltage VIL - - 0.8 V -

Differential input sensitivity VDI 0.2 - - V | USB_DP - USB_DM |

Differential common-mode 
range

VCM 0.8 - 2.5 V -

USB_DP,
USB_DM

tLFtLR

90%
10%10%

90%VCRS

Observation 
point

200 pF to 
600 pF

USB_DP

USB_DM

200 pF to 
600 pF

1.5 K

3.6 V27 



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


