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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"

Active

ARM® Cortex®-M4

32-Bit Single-Core

120MHz

CANbus, EBI/EMI, Ethernet, I12C, IrDA, MMC/SD, QSPI, SCI, SPI, SSI, UART/USART, USB
DMA, LVD, POR, PWM, WDT
110

2MB (2M x 8)

FLASH

64K x 8

640K x 8

2.7V ~ 3.6V

A/D 22x12b; D/A 2x12b
Internal

-40°C ~ 105°C (TA)
Surface Mount

144-LQFP

144-LFQFP (20x20)
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LENESAS

S5D9 MCU (High-integration MCU)
32-bit ARM® Cortex®-M4 microcontroller

Leading performance 120-MHz ARM Cortex-M4 microcontroller, up to 2-MB code flash memory, 640-KB SRAM,
Graphics LCD Controller, 2D Drawing Engine, Capacitive Touch Sensing Unit, Ethernet MAC Controller with IEEE 1588
PTP, USB 2.0 High-Speed, USB 2.0 Full-Speed, SDHI, Quad SPI, security and safety features, and advanced analog.

Features

= ARM Cortex-M4 Core with Floating Point Unit (FPU)

ARMV7E-M architecture with DSP instruction set
Maximum operating frequency: 120 MHz

m System and Power Management
o Low-power modes
o Realtime Clock (RTC) with calendar and VBATT support

o Support for 4-GB address space e Event Link Controller (ELC)
e On-chip debugging system: JTAG, SWD, and ETM o DMA Controller (DMAC) x 8
e Boundary scan and ARM Memory Protection Unit (MPU) o Data Transfer Controller (DTC)
= Wemory L Keyterupt ncton (CIND
e Up to 2-MB code flash memory (40 MHz zero wait states) . ; .
e 64-KB data flash memory (up to 100,000 erase/write cycles) * Low Voltage Detection (LVD) with voltage settings
e Up to 640-KB SRAM m Security and Encryption
o Flash Cache (FCACHE) o AES128/192/256
e Memory Protection Units (MPU) e 3DES/ARC4
e Memory Mirror Function (MMF) o SHA1/SHA224/SHA256
e 128-bit unique ID ¢ GHASH
- e RSA/DSA
m Connectivity o True Random Number Generator (TRNG)

Ethernet MAC Controller (ETHERC)
Ethernet DMA Controller (EDMAC)
Ethernet PTP Controller (EPTPC)

USB 2.0 High-Speed Module (USBHS)

- On-chip transceiver

- USB battery charge version 1.2 supported
USB 2.0 Full-Speed Module (USBFS)

- On-chip transceiver

Serial Communications Interface (SCI) with FIFO x 10
Serial Peripheral Interface (SPI) x 2

12C Bus Interface (11C) x 3

CAN module (CAN) x 2

Serial Sound Interface Enhanced (SSIE) x 2
SD/MMC Host Interface (SDHI) x 2

Quad Serial Peripheral Interface (QSPI)
IrDA interface

Sampling Rate Converter (SRC)

External address space

- 8- or 16-bit bus space is selectable per area
- SDRAM support

= Analog

12-Bit A/D Converter (ADC12) with 3 sample-and-hold circuits
each x 2

12-Bit D/A Converter (DAC12) x 2

High-Speed Analog Comparator (ACMPHS) x 6
Programmable Gain Amplifier (PGA) x 6

Temperature sensor (TSN)

m Timers

General PWM Timer 32-Bit Enhanced High Resolution
(GPT32EH) x 4

General PWM Timer 32-Bit Enhanced (GPT32E) x 4
General PWM Timer 32-Bit (GPT32) x 6
Asynchronous General-Purpose Timer (AGT) x 2
Watchdog Timer (WDT)

m Safety

ECC in SRAM

SRAM parity error check

Flash area protection

ADC self-diagnosis function

Clock Frequency Accuracy Measurement Circuit (CAC)
Cyclic Redundancy Check (CRC) calculator
Data Operation Circuit (DOC)

Port Output Enable for GPT (POEG)
Independent Watchdog Timer (IWDT)
GPIO readback level detection

Register write protection

Main oscillator stop detection

Illegal memory access

m Human Machine Interface (HMI)
e Graphics LCD Controller (GLCDC)
e JPEG Codec
e 2D Drawing Engine (DRW)
o Capacitive Touch Sensing Unit (CTSU)
o Parallel Data Capture Unit (PDC)

m Multiple Clock Sources

Main clock oscillator (MOSC) (8 to 24 MHz)
Sub-clock oscillator (SOSC) (32.768 kHz)

High-speed on-chip oscillator (HOCO) (16/18/20 MHz)
Middle-speed on-chip oscillator (MOCO) (8 MHz)
Low-speed on-chip oscillator (LOCO) (32.768 kHz)
Independent Watchdog Timer OCO (15 kHz)

Clock trim function for HOCO/MOCO/LOCO

Clock out support

m General-Purpose I/O Ports
e Up to 133 input/output pins
- Up to 9 CMOS input
- Up to 124 CMOS input/output
- Up to 21 5-V tolerant input/output
- Up to 18 high current (20 mA)

m Operating Voltage
e VCC:27t03.6 V

m Operating Temperature and Packages

e Ta=-40°C to +85°C
- 176-pin BGA (13 mm x 13 mm, 0.8 mm pitch)
- 145-pin LGA (7 mm x 7 mm, 0.5 mm pitch)

e Ta=-40°C to +105°C
- 176-pin LQFP (24 mm x 24 mm, 0.5 mm pitch)
- 144-pin LQFP (20 mm x 20 mm, 0.5 mm pitch)
- 100-pin LQFP (14 mm x 14 mm, 0.5 mm pitch)
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S5D9 1. Overview
Table 1.8 Communication interfaces (2 of 2)
Feature Functional description

Ethernet MAC with IEEE 1588 PTP
(ETHERC)

One-channel Ethernet MAC Controller (ETHERC) compliant with the Ethernet/IEEE802.3
Media Access Control (MAC) layer protocol. An ETHERC channel provides one channel of the
MAC layer interface, connecting the MCU to the physical layer LS| (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:

e Synchronization Frame Processing unit (SYNFPO)

o 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 module provides 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 1.9 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 11 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 47, 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 48, 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 49, 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 50, High-
Speed Analog Comparator (ACMPHS) in User's Manual.

Table 1.10 Human machine interfaces

Feature

Functional description

Capacitive Touch Sensing Unit
(CTSV)

The CTSU measures the electrostatic capacitance of the touch sensor. Changes in the
electrostatic capacitance are determined by the 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 fingers do not come into direct contact
with the electrodes. See section 51, Capacitive Touch Sensing Unit (CTSU) in User's Manual.
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S5D9 1. Overview

Table 1.13 Security

Feature Functional description

Secure Crypto Engine 7 (SCE7) e Security algorithms:
- Symmetric algorithms: AES, 3DES, and ARC4
- Asymmetric algorithms: RSA and DSA.
o Other support features:
- TRNG (True Random Number Generator)
- Hash-value generation: SHA1, SHA224, SHA256, GHASH
- 128-bit unique ID.

1.2 Block Diagram

Figure 1.1 shows the block diagram of the MCU superset. Some individual devices within the group have a subset of the
features.

RO1DS0303EU0100 Rev.1.00 ENESAS Page 11 of 115
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S5D9 1. Overview
Table 1.16 Pin functions (4 of 5)
Function Signal I/O Description
ETHERC REF50CKO Input 50-MHz reference clock. This pin inputs reference signal for
transmission/reception timing in RMII mode.
RMIIO_CRS_DV Input Indicates carrier detection signals and valid receive data on RMII0_RXD1
and RMII0_RXDO0 in RMII mode.
RMII0_TXDO, Output 2-bit transmit data in RMIl mode.
RMII0_TXD1
RMII0_RXDO, Input 2-bit receive data in RMII mode.
RMII0_RXD1
RMIIO_TXD_EN Output Output pin for data transmit enable signal in RMII mode.
RMIIO_RX_ER Input Indicates an error occurred during reception of data in RMII mode.
ETO_CRS Input Carrier detection/data reception enable signal.
ETO_RX_DV Input Indicates valid receive data on ETO_ERXD3 to ETO_ERXDO.
ETO_EXOUT Output General-purpose external output pin.
ETO_LINKSTA Input Input link status from the PHY-LSI.
ETO_ETXDO to Output 4 bits of MIl transmit data.
ETO_ETXD3
ETO_ERXDO to Input 4 bits of MIl receive data.
ETO_ERXD3
ETO_TX_EN Output Transmit enable signal. Functions as signal indicating that transmit data is
ready on ET_ETXD3 to ET_ETXDO.
ETO_TX_ER Output Transmit error pin. Functions as signal notifying the PHY_LSI of an error
during transmission.
ETO_RX_ER Input Receive error pin. Functions as signal to recognize an error during
reception.
ETO_TX_CLK Input Transmit clock pin. This pin inputs reference signal for output timing from
ETO_TX_EN, ETO_ETXD3 to ETO_ETXDO, and ETO_TX_ER.
ETO_RX_CLK Input Receive clock pin. This pin inputs reference signal for input timing to
ETO_RX_DV, ETO_ERXD3 to ETO_ERXDO, and ETO_RX_ER.
ETO_COL Input Input collision detection signal.
ETO_WOL Output Receive Magic packets.
ETO_MDC Output Output reference clock signal for information transfer through ET0_MDIO.
ETO_MDIO 1/0 Input or output bidirectional signal for exchange of management data with
PHY-LSI.
SDHI SDOCLK, SD1CLK Output SD clock output pins.
SDOCMD, SD1CMD | I/O Command output pin and response input signal pins.
SDODATO to I/0 SD and MMC data bus pins.
SDODAT7,
SD1DATO to
SD1DAT7
SDOCD, SD1CD Input SD card detection pins.
SDOWP, SD1WP Input SD write-protect signals.
Analog power AVCCO Input Analog voltage supply pin. This is used as the analog power supply for the
supply respective modules. Supply this pin with the same voltage as the VCC pin.
AVSS0 Input Analog ground pin. This is used as the analog ground for the respective
modules. Supply this pin with the same voltage as the VSS pin.
VREFHO Input Analog reference voltage supply pin for the ADC12 (unit 0). Connect this pin
to VCC when not using the ADC12 (unit 0) and sample-and-hold circuit for
ANOO0O to AN002.
VREFLO Input Analog reference ground pin for the ADC12. Connect this pin to VSS when
not using the ADC12 (unit 0) and sample-and-hold circuit for ANOOO to
ANO002.
VREFH Input Analog reference voltage supply pin for the ADC12 (unit 1) and D/A
Converter. Connect this pin to VCC when not using the ADC12 (unit 1),
sample-and-hold circuit for AN100 to AN102, and D/A Converter.
VREFL Input Analog reference ground pin for the ADC12 and D/A Converter. Connect this

pin to VSS when not using the ADC12 (unit 1), sample-and-hold circuit for
AN100 to AN102, and D/A Converter.
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1. Overview
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S5D9

2. Electrical Characteristics

Note 4.  All input pins except for the peripheral function pins already described in the table.
Note 5. P205, P206, P400, P401, P407 to P415, P511, P512, P708 to P713, PBO1 (total 22 pins).
Note 6. All input pins except for the ports already described in the table.
Note 7.  When VCC is less than 2.7 V, the input voltage of 5V-tolerant ports should be less than 3.6 V, otherwise breakdown may occur
because 5V-tolerant ports are electrically controlled so as not to violate the break down voltage.
2.2.3 /0 low: loL
Table 2.5 110 lons loL
Item Symbol Min Typ Max Unit
Permissible output current Ports PO08 to P010, P201 - loH - - -2.0 mA
(average value per pin)
|o|_ - - 2.0 mA
Ports P014, P015 - loH - - 4.0 mA
IOL - - 4.0 mA
Ports P205, P206, P407 to P415, | Low drive*" loH - - -2.0 mA
P602, P708 to P713, PB01 (total
19 pins) loL - - 2.0 mA
Middle drive*2 loH - - 4.0 mA
|o|_ - - 4.0 mA
High drive*3 loH - - -20 mA
IOL - - 20 mA
Other output pins*4 Low drive*" loH - - -2.0 mA
IOL - - 2.0 mA
Middle drive*2 loH - - 4.0 mA
|o|_ - - 4.0 mA
High drive*3 loH - - -16 mA
IOL - - 16 mA
Permissible output current Ports P008 to P010, P201 - loH - - —4.0 mA
(max value per pin)
loL - - 4.0 mA
Ports P014, P015 - loH - - -8.0 mA
|o|_ - - 8.0 mA
Ports P205, P206, P407 to P415, | Low drive*" loH - - -4.0 mA
P602, P708 to P713, PB01
(total 19 pins) loL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
High drive*3 loH - - —40 mA
|o|_ - - 40 mA
Other output pins*4 Low drive* loH - - —4.0 mA
IOL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
High drive*3 loH - - -32 mA
|o|_ - - 32 mA
Permissible output current Maximum of all output pins ZIoH (max) - - -80 mA
(max value total pins)
ZIOL (max) - - 80 mA

Caution:

To protect the reliability of the MCU, the output current values should not exceed the values in this

table. The average output current indicates the average value of current measured during 100 ps.

Note 1.

Note 2.

driving ability is retained in Deep Software Standby mode.

Note 3.

This is the value when low driving ability is selected in the port drive capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
This is the value when middle driving ability is selected in the port drive capability bit in the PmnPFS register. The selected

This is the value when high driving ability is selected in the port drive capability bit in the PmnPFS register. The selected driving
ability is retained in Deep Software Standby mode.
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S5D9

2. Electrical Characteristics

Note 4. Except for PO00 to P007, P200, which are input ports.

224 I/0 Von, VoL, and Other Characteristics
Table 2.6 /0 Voy, VoL, and other characteristics
Item Symbol Min Typ Max Unit Test conditions
Output voltage lic VoL - - 0.4 \ loL =3.0mA
VOL - - 0.6 IOL =6.0 mA
lc*1 VoL - - 0.4 loL = 15.0 mA
(ICFER.FMPE = 1)
VoL - 0.4 - loL =20.0 mA
(ICFER.FMPE = 1)
ETHERC VoH VCC-05 | - - loy=-1.0mA
VOL - - 0.4 |o|_ =1.0mA
Ports P205, P206, P407 to P415, VoH VCC-10 | - - loy =—20 mA
P602, P708 to P713, PB01 (total 19 VCC =33V
pins)*2
VOL - - 1.0 |o|_ =20 mA
VCC =33V
Other output pins VoH VCC-05 | - - lop=-1.0mA
VOL - - 0.5 IOL =1.0mA
Input leakage current RES [linl - - 5.0 HA Vih=0V
Vin=5.5V
Ports PO00 to P002, P004 to P0O0S, - - 1.0 Vin=0V
P200 Vi, =VCC
Ports P003, PO07 | Before - - 45.0 Vin=0V
initialization Vinh =VCC
After - - 1.0 Vin=0V
initialization Vinh =VCC
Three-state leakage 5V-tolerant ports [ITsil - - 5.0 WA Vih=0V
current (off state) Vin=55V
Other ports (except for ports PO0O0 - - 1.0 Vihr=0V
to P007, P200) Vi, = VCC
Input pull-up MOS current | Ports PO to PB (except for ports Ip -300 - -10 A VCC=27t036V
P000 to P007) Vin=0V
Input capacitance USB_DP, USB_DM, and ports Cin - - 16 pF Vbias = 0V
P003, P007, PO14, PO15, P400, Vamp = 20mV
P401, P511, P512 f=1MHz
T,=25°C
Other input pins - - 8 a

Note 1. SCLO_A, SDAO_A (total 2 pins).

Note 2. This is the value when high driving ability is selected in the port drive capability bit in the PmnPFS register.

The selected driving ability is retained in Deep Software Standby mode.
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2. Electrical Characteristics

2.2.5 Operating and Standby Current
Table 2.7 Operating and standby current (1 of 2)
Item Symbol Min Typ Max Unit | Test conditions
Supply Maximum*2 Icc™3 - - 137*2 | mA | ICLK = 120 MHz
current” v PCLKA = 120 MHz*7
CoreMark® - 21 - PCLKB = 60 MHz
Normal mode All peripheral clocks enabled, - 34 - Egt?g f ?gOMI\;Ez
\fllv:sllhe* 1) code executing from FOLK = 60 MHz
BCLK = 120 MHz
All peripheral clocks disabled, - 14 -
(] . .
g while (1) code executing from
= flash*>, *6
é Sleep mode*5, *6 - 12 46
2 | Increase during BGO Data flash P/E - 6 -
=y ti
T | operation Code flash P/E - 8 -
Low-speed mode*S - 2.4 - ICLK = 1 MHz
Subosc-speed mode*> - 2 - ICLK = 32.768 kHz
Software Standby mode - 1.8 28 -
Power supplied to Standby SRAM and USB resume - 30 113 uA -
detecting unit
° Power not supplied to Power-on reset circuit low- - 13 40 -
3 SRAM or USB resume power function disabled
E detecting unit Power-on reset circuit low- - 6.3 34 -
2 power function enabled
j
% Increase when the RTC | When the low-speed on-chip - 5 - -
o | and AGT are operating oscillator (LOCO) is in use
©
2 When a crystal oscillator for - 1.0 - -
3 low clock loads is in use
§ When a crystal oscillator for - 1.5 - -
[a] standard clock loads is in use
RTC operating while VCC is off (with | When a crystal - 0.9 - Vgarr =18V,
the battery backup function, only the | oscillator for low clock VCC=0V
RTC and sub-clock oscillator loads is in use
operate) - 1.3 - VearT = 3.3V,
vVCC=0V
When a crystal - 1.1 - Vearr =18V,
oscillator for standard VCC=0V
clock loads is in use
- 1.8 - VearT = 3.3V,
VCC=0V
Analog During 12-bit A/D conversion Alcc - 0.8 1.1 mA -
28;’;; During 12-bit A/D conversion with S/H amp - 2.3 3.3 mA -
current PGA (1ch) - 1 3 mA | -
ACMPHS (1unit) - 100 150 pA AVCC =227V
Temperature sensor - 0.1 0.2 mA -
During D/A conversion (per unit) Without AMP output - 0.1 0.2 mA -
With AMP output - 0.6 1.1 mA -
Waiting for A/D, D/A conversion (all units) - 0.9 1.6 mA -
ADC12, DAC12 in standby modes (all units)*8 - 2 8 uA -
Reference During 12-bit A/D conversion (unit 0) AIREFHO - 70 120 WA -
23;“;; Waiting for 12-bit A/ID conversion (unit 0) - 007 |05 |uA |-
current ADC12 in standby modes (unit 0) - 0.07 0.5 WA -
(VREFHO0)
Reference During 12-bit A/D conversion (unit 1) AlREFH - 70 120 uA -
28:’;; During D/A conversion Without AMP output - 0.1 0.4 mA -
it
current (per unit) With AMP ouput - 01 |04 |mA |-
(VREFH)
Waiting for 12-bit A/D (unit 1), D/A (all units) conversion - 0.07 0.8 HA -
ADC12 unit 1 in standby modes - 0.07 0.8 pA -
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S5D9 2. Electrical Characteristics

Table 2.7 Operating and standby current (2 of 2)

Item Symbol Min Typ Max Unit | Test conditions
uUsB Low speed usB lccusBLs | - 3.5 6.5 mA VCC_USB
operating
current USBHS - 10.5 13.5 mA VCC_USBHS =
AVCC_USBHS
(PHYSET.HSEB = 0)
USBHS - 2.8 3.6 mA VCC_USBHS =
AVCC_USBHS
(PHYSET.HSEB = 1)
Full speed usB lccusBrs | - 4.0 10.0 mA VCC_USB
USBHS - 14 22 mA VCC_USBHS =
AVCC_USBHS
(PHYSET.HSEB = 0)
USBHS - 6.5 13.0 mA VCC_USBHS =
AVCC_USBHS
(PHYSET.HSEB = 1)
High speed USBHS lccusBHs | - 50 65 mA VCC_USBHS =
AVCC_USBHS
Standby mode (direct power down) USBHS lccusBsBy | - 0.5 45 WA VCC_USBHS =
AVCC_USBHS

Note 1.  Supply current values are with all output pins unloaded and all input pull-up MOS transistors in the off state.
Note 2. Measured with clocks supplied to the peripheral functions. This does not include the BGO operation.
Note 3. ICC depends on f (ICLK) as follows. (ICLK:PCLKA:PCLKB:PCLKC:PCLKD:BCK:EBCLK = 2:2:1:1:2:1:1)
ICC Max. = 0.84 x f + 37 (max. operation in High-speed mode)
ICC Typ. =0.09 x f + 3.7 (normal operation in High-speed mode)
ICC Typ. =0.6 x f + 1.8 (Low-speed mode 1)
ICC Max. = 0.08 x f + 37 (Sleep mode).
Note 4. This does not include the BGO operation.
Note 5.  Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
Note 6. FCLK, BCLK, PCLKA, PCLKB, PCLKC, and PCLKD are set to divided by 64 (3.75 MHz).
Note 7. When using ETHERC, GLCDC, DRW, and JPEG, PCLKA frequency is such that PCLKA = ICLK.
Note 8.  When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (ADC120 module stop bit) and
MSTPCRD.MSTPD15 (ADC121 module stop bit) are in the module stop state.
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({4 L
vee 71
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RES 7[
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Internal reset signal REswP
(low is valid) « £
treswt
Figure 2.9 Power-on reset timing
treswp, tresws, tresw
_SS—
RES T
Internal reset signal
(low is valid) \
55 £5
treswt
Figure 2.10 Reset input timing
234 Wakeup Timing
Table 2.16 Timing of recovery from low-power modes
Test
Item Symbol | Min Typ Max Unit conditions
Recovery time Crystal System clock source is main | tsgymc - 2.4*9 2.8%9 ms Figure 2.11
from Software resonator clock oscillator*2 The division
*1 H
Standby mode connected System clock source is PLL | tsgypc - 2.7%9 3.2*9 ms ratio of all .
to main ; . . N oscillators is
with main clock oscillator*3
clock 1.
oscillator
External System clock source is main | tggyex - 230*9 280*9 | us
clock input | clock oscillator*4
to main - " "
System clock source is PLL | tsgypE - 570*9 700*9 | ps
clock ; . . "
. with main clock oscillator*®
oscillator
System clock source is sub-clock tseysc - 1.2*9 1.3*9 ms
oscillator*8
System clock source is LOCO*8 tseyLo - 1.2*9 1.4*9 ms
System clock source is HOCO clock tseyHO - 240*9.*10 | 310 us
oscillator*é *9, 10
System clock source is MOCO clock tseymo - 220*9 300* us
oscillator*?
Recovery time from Deep Software Standby mode tpsBy - 0.65 1.0 ms Figure 2.12
Wait time after cancellation of Deep Software Standby mode tosgywT | 34 - 35 toye
Recovery time High-speed mode when system clock tsnz - 35*9, %10 | 71 us Figure 2.13
from Software source is HOCO (20 MHz) *9, *10
gtandby mo(;je to High-speed mode when system clock tsnz - 11*9 14*9 us
nooze mode source is MOCO (8 MHz)
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(not the system clock) «

)

< [ »

tSBYOSCWTT tseysea

==

ICLK — /] "

L
)

IRQ

A

L

Software Standby mode

> ».
< »

tseymc, tseyex, tseypc, tseype,
tseyph, tseysc, tseyHo, tseyLo

When stabilization of the system clock oscillator is slower
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When stabilization of an oscillator other than the system clock is slower

Figure 2.11 Software Standby mode cancellation timing
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SDRAM command ACT RD PRA

SDCLK 7

C
.

tap2

A15 to A0O acﬁ?gs Column address

J

i

tap2 tap2 tan2 &’Tz
AP*! ‘_% i PRA }S
command I
tesp2 tespz tespz tesp2 tesp2 tespe
sbcs | ;L ;k ;ll
trasD trasD trasD trasD
RAS | ;L ;k ;ll
tcaso tcaso
CAS
twep twep
WE j& }
High
CKE (High)
tbavp
DQMn |

tros2 | troH2

DQ15 to DQOO

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

Figure 2.23 SDRAM single read timing
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Note 1.

SDRAM command
SDCLK

A15 to AOO

AP

SDCS

RAS

CAS

WE

CKE

DQMn

DQ15 to DQOO

Address pins are for output of the precharge-select command (Precharge-sel) for the SDRAM.
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T,All
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Figure 2.28

SDRAM mode register set timing
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Input capture >§E jF<

tericw

Figure 2.32 GPT32 input capture timing

wo [\ S LS L S

Output delay
—

GPT32 output

temisk

Figure 2.33 GPT32 output delay skew

o [\ S\ S

Output delay

GPT32 output

teTosk

Figure 2.34 GPT32 output delay skew for OPS

wo |\ S\ L LS

Output delay
I

GPT32 output
(PWM delay
generation circuit)

tHrsk

Figure 2.35 GPT32 (PWM Delay Generation Circuit) output delay skew
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2.3.1 SPI Timing
Table 2.25 SPI timing
Conditions:

For RSPCKA and RSPCKB pins, high drive output is selected with 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*2
SPI RSPCK clock cycle Master tspeyc 2 (PCLKA <60 MHz) | 4096 tpeyc | Figure 2.47
4 (PCLKA > 60 MHz) C=30pF
Slave 4 4096
RSPCK clock hlgh Master tSPCKWH (tSPcyc - tSPCKR - - ns
pulse width tSPCKF) /2-3
Slave 2 x tpeyc -
RSPCK clock low pulse | Master tspckwL | (tspeyc — tspckr — - ns
width tSPCKF) /12-3
Slave 2 % tpeyc -
RSPCK clock rise and | Master tspckr - 5 ns
fall time Slave tSPCKf _ 1 us
Data input setup time Master tsu 4 - ns Figure 2.48 to
Figure 2.53
Slave 5 C =30 pF
Data input hold time Master tue 0 - ns
(PCLKA division ratio
set to 1/2)
Master ty tpeyc -
(PCLKA division ratio
set to a value other
than 1/2)
Slave th 20 -
SSL setup time Master tLeaD N x tgpeyc - 10*3 N x ns
tSPcyc +
100*3
Slave 6 X tpeyc - ns
SSL hold time Master tLac N x tgpgyc - 10 *4 N x ns
tSPcyc +
100*4
Slave 6 X tpeyc - ns
Data output delay Master top - 6.3 ns
Slave - 20
Data output hold time | Master ton 0 - ns
Slave 0 -
Successive Master tro tspeye * 2 X tpeye 8 x ns
transmission delay tspeyc *
2 % tpeye
Slave 6 % tpeyc
MOSI and MISO rise Output tor, tof - 5 ns
and fall time
Input - 1 us
SSL rise and fall time | Output tssir, - 5 ns
Input tssLf - 1 us
Slave access time tsa - 2Xtpeyc | NS Figure 2.52 and
+28 Figure 2.53
Slave output release time tREL - 2 X tpeye C = 30pF
+28
Note 1. tpeyc: PCLKA cycle.
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Table 2.27

IIC timing (1) (2 of 2)

(1) Conditions: Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: SDAO_B,
SCLO_B, SDA1_A, SCL1_A, SDA1_B, SCL1_B.
(2) The following pins do not require setting: SCLO_A, SDAO_A, SCL2, SDA2.
(3) Use pins that have a letter appended to their names, for instance “_A” or “_B”, to indicate group membership. For the IIC interface, the
AC portion of the electrical characteristics is measured for each group.

Test

Item Symbol | Min*1 Max Unit | conditions*3
1] SCL input cycle time tscL 6 (12) x t)ccyc + 600 - ns Figure 2.56
(Fast mode) SCL input high pulse width tsctn | 3(6) % tigeye + 300 | - ns

SCL input low pulse width tscLL 3 (6) x tyyceyc + 300 - ns

SCL, SDA input rise time tsr 20 x (external pullup 300 ns

voltage/5.5V)*2
SCL, SDA input fall time tst 20 x (external pullup 300 ns
voltage/5.5V)*2

SCL, SDA input spike pulse removal | tgp 0 1(4) *ticeye | NS

time

SDA input bus free time when tsur 3 (6) * tjceyc + 300 - ns

wakeup function is disabled

SDA input bus free time when tsuF 3(6) X tycoyc +4 X tpeye | - ns

wakeup function is enabled + 300

START condition input hold time tsTAH tiiceye + 300 - ns

when wakeup function is disabled

START condition input hold time tsTAH 1(5) * ticoye *tpeye * | - ns

when wakeup function is enabled 300

Repeated START condition input tsTas 300 - ns

setup time

STOP condition input setup time tstos 300 - ns

Data input setup time tspas tiiceyc + 90 - ns

Data input hold time tspaH 0 - ns

SCL, SDA capacitive load Cp - 400 pF

Note:

Note 1.
Note 2.
Note 3.

tiiceye: 1IC internal reference clock (IICo) cycle, tpeyc: PCLKB cycle.

Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
Only supported for SCLO_A, SDAO_A, SCL2, and SDA2.

interface, the AC portion of the electrical characteristics is measured for each group.

Must use pins that have a letter (“_A”, “_B”) to indicate group membership appended to their name as groups. For the IIC
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P tEchc
tEXH P tEXL o
GTIOC1A, B -
AUDIO_CLK R 1/2VCC
(input) - —+
tExf tEXr
—> —>
Figure 2.58 Clock input timing
SSIBCKn [ \
(Input or Output) ] L
SSILRCKn/SSIFSn (input),
SSIRXDO,
SSIDATA1 (input)
tsr tHTrR
SSILRCKnN/SSIFSn (output), b
SSITXDO,
SSIDATA1 (output) /]
) totr
Figure 2.59 SSIE data transmit and receive timing when SSICR.BCKP =0
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PIXCLK | I o] L
tonesbe L i —
VSYNC L i ! |
! | ' '

tSYNCS e : ' tSYNCH

HSYNC b P
b H '
]
trixos E‘—>:<_": tP_l3<_D_'j ...............
PIXD7 to PIXDO R G X X

Figure 2.75 PDC AC timing

2.3.18 GLCDC Timing

Table 2.33 GLCDC 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 tecye - - 60*1 MHz Figure 2.76
LCD_EXTCLK input clock low pulse width twi 0.45 - 0.55 tecye
LCD_EXTCLK input clock high pulse width twH 0.45 - 0.55
LCD_CLK output clock frequency tieye - - 60*1 MHz Figure 2.77
LCD_CLK output clock low pulse width tLoL 0.4 - 0.6 tLeye Figure 2.77
LCD_CLK output clock high pulse width tLoH 0.4 - 0.6 tieye Figure 2.77
LCD data output delay timing | _A or _B combinations*2 top -3.5 - 4 ns Figure 2.78

_A and _B combinations*3 -5.0 - 55

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.

tDcyc, tEcyc |

A

twh

1/2 Vce

LCD_EXTCLK

Figure 2.76 LCD_EXTCLK clock input timing

RO1DS0303EU0100 Rev.1.00 ENESAS
Nov 3, 2016

Page 84 of 115



S5D9

2. Electrical Characteristics

tTC Keyc

&
<

trokn
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Figure 2.99 Boundary scan TCK timing

TCK J—\

N/

trmss

trmsn

TMS

trois

trom

TDI

C

TDO

trpoo

Figure 2100  Boundary scan input/output timing

\ele} T
RES
) tessTup - Boundary scan -
(= treswe) execute
Figure 2.101 Boundary scan circuit startup timing
2.16  Joint European Test Action Group (JTAG)
Table 2.56 JTAG
Test
Item Symbol Min Typ Max Unit conditions
TCK clock cycle time trekeye 40 - - ns Figure 2.99
TCK clock high pulse width trekn 15 - - ns
TCK clock low pulse width trekL 15 - - ns
TCK clock rise time trekr - - 5 ns
TCK clock fall time treks - - 5 ns
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