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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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Watchdog Timer (WDT) The Watchdog Timer (WDT) is a 14-bit down-counter. It can be used to reset the MCU when 
the counter underflows because the system has run out of control and is unable to refresh the 
WDT. In addition, a non-maskable interrupt or interrupt can be generated by an underflow.
A refresh-permitted period can be set to refresh the counter and be used as the condition for 
detecting when the system runs out of control. See section 27, Watchdog Timer (WDT) in 
User’s Manual.

Independent Watchdog Timer (IWDT) The Independent Watchdog Timer (IWDT) consists of a 14-bit down-counter that must be 
serviced periodically to prevent counter underflow. The IWDT provides functionality to reset 
the MCU or to generate a non-maskable interrupt or interrupt for a timer underflow. Because 
the timer operates with an independent, dedicated clock source, it is particularly useful in 
returning the MCU to a known state as a fail-safe mechanism when the system runs out of 
control. The IWDT can be triggered automatically on a reset, underflow, or refresh error, or by 
a refresh of the count value in the registers. See section 28, Independent Watchdog Timer 
(IWDT) in User’s Manual.

Table 1.4 Event link

Feature Functional description

Event Link Controller (ELC) The Event Link Controller (ELC) uses the interrupt requests generated by various peripheral 
modules as event signals to connect them to different modules, enabling direct interaction 
between the modules without CPU intervention. See section 19, Event Link Controller (ELC) 
in User’s Manual.

Table 1.5 Direct memory access

Feature Functional description

Data Transfer Controller (DTC) A Data Transfer Controller (DTC) module is provided for transferring data when activated by an 
interrupt request. See section 18, Data Transfer Controller (DTC) in User’s Manual.

DMA Controller (DMAC) An 8-channel DMAC module is provided for transferring data without the CPU. When a DMA 
transfer request is generated, the DMAC transfers data stored at the transfer source address 
to the transfer destination address. See section 17, DMA Controller (DMAC) in User’s Manual.

Table 1.6 External bus interface

Feature Functional description

External buses  CS area (EXBIU): Connected to the external devices (external memory interface)
 SDRAM area (EXBIU): Connected to the SDRAM (external memory interface)
 QSPI area (EXBIUT2): Connected to the QSPI (external device interface).

Table 1.7 Timers (1 of 2)

Feature Functional description

General PWM Timer (GPT) The General PWM Timer (GPT) is a 32-bit timer with 14 channels. PWM waveforms can be 
generated by controlling the up-counter, down-counter, or up- and down-counter. In addition, 
PWM waveforms can be generated for controlling brushless DC motors. The GPT can also be 
used as a general-purpose timer. See section 23, General PWM Timer (GPT) in User’s 
Manual.

Port Output Enable for GPT (POEG) Use the Port Output Enable for GPT (POEG) function to place the General PWM Timer (GPT) 
output pins in the output disable state. See section 22, Port Output Enable for GPT (POEG) in 
User’s Manual.

Asynchronous General-Purpose 
Timer (AGT)

The Asynchronous General Purpose Timer (AGT) is a 16-bit timer that can be used for pulse 
output, external pulse width or period measurement, and counting of external events.
This 16-bit timer consists of a reload register and a down-counter. The reload register and the 
down-counter are allocated to the same address, and can be accessed with the AGT register. 
See section 25, Asynchronous General-Purpose Timer (AGT) in User’s Manual.

Table 1.3 System (2 of 2)

Feature Functional description
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Figure 1.2 Part numbering scheme

Table 1.14 Product list

Product part number Orderable part number Package
Code 
flash

Data 
flash SRAM

Operating 
temperature

R7FS5D57C2A01CLK R7FS5D57C2A01CLK#AC0 PTLG0145KA-A 1 MB 32 KB 384 KB -40 to +85°C

R7FS5D57C3A01CFB R7FS5D57C3A01CFB#AA0 PLQP0144KA-B -40 to +105°C

R7FS5D57C3A01CFP R7FS5D57C3A01CFP#AA0 PLQP0100KB-B -40 to +105°C

R7FS5D57A2A01CLK R7FS5D57A2A01CLK#AC0 PTLG0145KA-A 512 KB -40 to +85°C

R7FS5D57A3A01CFB R7FS5D57A3A01CFB#AA0 PLQP0144KA-B -40 to +105°C

R7FS5D57A3A01CFP R7FS5D57A3A01CFP#AA0 PLQP0100KB-B -40 to +105°C

R 7 F S 5 D 5 7

Package type
FB: LQFP 144 pins
FP: LQFP 100 pins
LK: LGA 145 pins

Quality ID

Software ID

Operating temperature
2: -40°C to 85°C
3: -40°C to 105°C

Code flash memory size
A: 512 KB
C: 1 MB

Feature set
7: Superset

Group name
5: S5D5

Core
D: ARM Cortex-M4, 120 MHz

Series name
5: High integration

Renesas Synergy family

Flash memory

Renesas microcontroller unit

Renesas

C 3 A 0 1 C F B # A A 0

Packaging, Terminal material (Pb-free)
#AA: Tray/Sn (Tin) only
#AC: Tray/others

Production identification code
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1.4 Function Comparison

Table 1.15 Functional comparison

Function

Part numbers

R7FS5D57C2A01CLK/
R7FS5D57A2A01CLK

R7FS5D57C3A01CFB/
R7FS5D57A3A01CFB

R7FS5D57C3A01CFP/
R7FS5D57A3A01CFP

Pin count 145 144 100

Package LGA LQFP LQFP

Code flash memory 1 MB/512 KB

Data flash memory 32 KB

SRAM 384 KB

Parity 352 KB

ECC 32 KB

Standby SRAM 8 KB

System CPU clock 120 MHz

Backup registers 512 B

ICU Yes

KINT 8

Event link ELC Yes

DMA DTC Yes

DMAC 8

BUS External bus 16-bit bus 8-bit bus

SDRAM Yes No

Timers GPT32EH 4 4 4

GPT32E 4 4 4

GPT32 6 6 5

AGT 2 2 2

RTC Yes

WDT/IWDT Yes

Communication SCI 10

IIC 3 2

SPI 2

SSIE 1

QSPI 1

SDHI 2

CAN 2

USBFS Yes

ETHERC 1

Analog ADC12 22 19

DAC12 2

ACMPHS 6

TSN Yes

HMI CTSU 18 12

Graphics PDC Yes

Data processing CRC Yes

DOC Yes

SRC Yes

Security SCE7
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SPI RSPCKA, RSPCKB I/O Clock input/output pin

MOSIA, MOSIB I/O Input or output pins for data output from the master

MISOA, MISOB I/O Input or output pins for data output from the slave

SSLA0, SSLB0 I/O Input or output pin for slave selection

SSLA1 to SSLA3, 
SSLB1 to SSLB3

Output Output pins for slave selection

QSPI QSPCLK Output QSPI clock output pin

QSSL Output QSPI slave output pin

QIO0 to QIO3 I/O Data0 to Data3

CAN CRX0, CRX1 Input Receive data

CTX0, CTX1 Output Transmit data

USBFS VCC_USB Input Power supply pins

VSS_USB Input Ground pins

USB_DP I/O D+ I/O pin of the USB on-chip transceiver. Connect this pin to the D+ pin of 
the USB bus

USB_DM I/O D- I/O pin of the USB on-chip transceiver. Connect this pin to the D- pin of 
the USB bus

USB_VBUS Input USB cable connection monitor pin. Connect this pin to VBUS of the USB 
bus. The VBUS pin status (connected or disconnected) can be detected 
when the USB module is operating as a device controller.

USB_EXICEN Output Low-power control signal for external power supply (OTG) chip

USB_VBUSEN Output VBUS (5 V) supply enable signal for external power supply chip

USB_OVRCURA, 
USB_OVRCURB

Input Connect the external overcurrent detection signals to these pins. Connect 
the VBUS comparator signals to these pins when the OTG power supply 
chip is connected.

USB_ID Input Connect the MicroAB connector ID input signal to this pin during operation in 
OTG mode

Table 1.16 Pin functions (3 of 5)

Function Signal I/O Description



R01DS0317EU0110 Rev.1.10 Page 19 of 100
Jul 5, 2017

S5D5 Datasheet 1. Overview

Figure 1.5 Pin assignment for 100-pin LQFP (top view)
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C11 41 30 - - P207 A17 - - - - - - - - - SSLB2
_A/QS
SL

- - - - - - TS02 -

B10 42 31 - IRQ0-
DS

P206 WAI
T

- - GTIU - - USB_
VBUS
EN

RXD4/MI
SO4/SC
L4

- SDA1
_A

SSLB1
_A

SSIDA
TA0_C

ET0_LINK
STA

ET0_LINK
STA

SD0DA
T2_A

- - TS01 -

A10 43 32 CLKOUT IRQ1-
DS

P205 A16 - AGTO1 GTIV GTIOC
4A

- USB_
OVRC
URA-
DS

TXD4/M
OSI4/SD
A4

CTS9_R
TS9/SS9

SCL1
_A

SSLB0
_A

SSILR
CK0/S
SIFS0
_C

ET0_WOL ET0_WOL SD0DA
T3_A

- - TSCA
P

-

C10 44 - CACREF - P204 A18 - AGTIO1 GTIW GTIOC
4B

- USB_
OVRC
URB-
DS

SCK4 SCK9 SCL0
_B

RSPC
KB_A

SSIBC
K0_C

ET0_RX_
DV

- SD0DA
T4_A

- - TS00 -

A9 45 - - IRQ2-
DS

P203 A19 - - - GTIOC
5A

- CTX0 CTS2_R
TS2/SS2

TXD9/M
OSI9/SD
A9

- MOSIB
_A

- ET0_COL - SD0DA
T5_A

- - TSCA
P

-

C9 46 - - IRQ3-
DS

P202 WR1
/BC1

- - - GTIOC
5B

- CRX0 SCK2 RXD9/MI
SO9/SC
L9

- MISOB
_A

ET0_ERX
D2

- SD0DA
T6_A

- - - -

B9 47 - - - P313 A20 - - - - - - - - - - - ET0_ERX
D3

- SD0DA
T7_A

- - - -

D9 48 - VSS - - - - - - - - - - - - - - - - - - - - -

D8 49 - VCC - - - - - - - - - - - - - - - - - - - - -

A8 50 33 TRCLK - P214 - - - GTIU - - - - - - QSPC
LK

- ET0_MDC ET0_MDC SD0CL
K_B

- - - -

B8 51 34 TRDATA
0

- P211 CS7 - - GTIV - - - - - - QIO0 - ET0_MDI
O

ET0_MDI
O

SD0CM
D_B

- - - -

A7 52 35 TRDATA
1

- P210 CS6 - - GTIW - - - - - - QIO1 - ET0_WOL ET0_WOL SD0CD - - - -

B7 53 36 TRDATA
2

- P209 CS5 - - GTOVUP - - - - - - QIO2 - ET0_EXO
UT

ET0_EXO
UT

SD0WP - - - -

A6 54 37 TRDATA
3

- P208 CS4 - - GTOVLO - - - - - - QIO3 - ET0_LINK
STA

ET0_LINK
STA

SD0DA
T0_B

- - - -

C7 55 38 RES - - - - - - - - - - - - - - - - - - - - -

B6 56 39 MD - P201 - - - - - - - - - - - - - - - - - - -

C8 57 40 - NMI P200 - - - - - - - - - - - - - - - - - - -

C6 58 - - - P312 CS3 CAS AGTOA1 - - - - - CTS3_R
TS3/SS3

- - - - - - - - - -

B5 59 - - - P311 CS2 RAS AGTOB1 - - - - - SCK3 - - - - - - - - - -

D7 60 - - - P310 A15 A15 AGTEE1 - - - - - TXD3 - QIO3 - - - - - - - -

A5 61 - - - P309 A14 A14 - - - - - - RXD3 - QIO2 - - - - - - - -

C5 62 - - - P308 A13 A13 - - - - - - - - QIO1 - - - - - - - -

A4 63 41 - - P307 A12 A12 - GTOUUP - - - CTS6 - - QIO0 - - - - - - - -

B4 64 42 - - P306 A11 A11 - GTOULO - - - SCK6 - - QSSL - - - - - - - -

D6 65 43 - IRQ8 P305 A10 A10 - GTOWUP - - - TXD6/M
OSI6/SD
A6

- - QSPC
LK

- - - - - - - -

C4 66 44 - IRQ9 P304 A09 A09 - GTOWLO GTIOC
7A

- - RXD6/MI
SO6/SC
L6

- - - - - - - - - - -

A3 67 45 VSS - - - - - - - - - - - - - - - - - - - - -

B3 68 46 VCC - - - - - - - - - - - - - - - - - - - - -

D5 69 47 - - P303 A08 A08 - - GTIOC
7B

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

A2 70 48 - IRQ5 P302 A07 A07 - GTOUUP GTIOC
4A

- - TXD2/M
OSI2/SD
A2

- - SSLB3
_B

- - - - - - - -

C3 71 49 - IRQ6 P301 A06 A06 AGTIO0 GTOULO GTIOC
4B

- - RXD2/MI
SO2/SC
L2

CTS9_R
TS9/SS9

- SSLB2
_B

- - - - - - - -

B2 72 50 TCK/SW
CLK

- P300 - - - GTOUUP GTIOC
0A_A

- - - - - SSLB1
_B

- - - - - - - -

A1 73 51 TMS/SW
DIO

- P108 - - - GTOULO GTIOC
0B_A

- - - CTS9_R
TS9/SS9

- SSLB0
_B

- - - - - - - -

D4 74 52 CLKOUT
/TDO/S
WO

- P109 - - - GTOVUP GTIOC
1A_A

- CTX1 - TXD9/M
OSI9/SD
A9

- MOSIB
_B

- - - - - - - -

B1 75 53 TDI IRQ3 P110 - - - GTOVLO GTIOC
1B_A

- CRX1 CTS2_R
TS2/SS2

RXD9/MI
SO9/SC
L9

- MISOB
_B

- - - - - VCOUT - -

C2 76 54 - IRQ4 P111 A05 A05 - - GTIOC
3A_A

- - SCK2 SCK9 - RSPC
KB_B

- - - - - - - -

D3 77 55 - - P112 A04 A04 - - GTIOC
3B_A

- - TXD2/M
OSI2/SD
A2

SCK1 - SSLB0
_B

SSIBC
K0_B

- - - - - - -

C1 78 56 - - P113 A03 A03 - - GTIOC
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- - RXD2/MI
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L2
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CK0/S
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_B

- - - - - - -

E4 79 57 - - P114 A02 A02 - - GTIOC
2B

- - - - - - SSIRX
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- - - - - - -

E3 80 58 - - P115 A01 A01 - - GTIOC
4A

- - - - - - SSITX
D0_B

- - - - - - -

D2 81 - VCC - - - - - - - - - - - - - - - - - - - - -

D1 82 - VSS - - - - - - - - - - - - - - - - - - - - -

F4 83 59 - - P608 A00/
BC0

A00/D
QM1

- - GTIOC
4B

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

E2 84 60 - - P609 CS1 CKE - - GTIOC
5A

- CTX1 - - - - - - - - - - - -

F3 85 61 - - P610 CS0 WE - - GTIOC
5B

- CRX1 - - - - - - - - - - - -
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2.2.4 I/O VOH, VOL, and Other Characteristics

Note 1. SCL0_A, SDA0_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.

Table 2.6 I/O VOH, VOL, and other characteristics

Item Symbol Min Typ Max Unit Test conditions

Output voltage IIC VOL - - 0.4 V IOL = 3.0 mA

VOL - - 0.6 IOL = 6.0 mA

IIC*1 VOL - - 0.4 IOL = 15.0 mA
(ICFER.FMPE = 1)

VOL - 0.4 - IOL = 20.0 mA
(ICFER.FMPE = 1)

ETHERC VOH VCC – 0.5 - - IOH = –1.0 mA

VOL - - 0.4 IOL = 1.0 mA

Ports P205, P206, P407 to P415, 
P602, P708 to P713 (total of 18 
pins)*2

VOH VCC – 1.0 - - IOH = –20 mA
VCC = 3.3 V

VOL - - 1.0 IOL = 20 mA
VCC = 3.3 V

Other output pins VOH VCC – 0.5 - - IOH = –1.0 mA

VOL - - 0.5 IOL = 1.0 mA

Input leakage current RES |Iin| - - 5.0 μA Vin = 0 V
Vin = 5.5 V

Port P200 - - 1.0 Vin = 0 V
Vin = VCC

Three-state leakage 
current (off state)

5 V-tolerant ports |ITSI| - - 5.0 μA Vin = 0 V
Vin = 5.5 V

Other ports (except for port P200) - - 1.0 Vin = 0 V
Vin = VCC

Input pull-up MOS current Ports P0 to PB Ip –300 - –10 μA VCC = 2.7 to 3.6 V
Vin = 0 V

Input capacitance USB_DP, USB_DM, and ports 
P014, P015, P400, P401, P511, 
P512

Cin - - 16 pF Vbias = 0V
Vamp = 20 mV
f = 1 MHz
Ta = 25°C

Other input pins - - 8
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Figure 2.8 EXTAL external clock input timing

Figure 2.9 Main clock oscillation start timing

Figure 2.10 LOCO clock oscillation start timing

Figure 2.11 PLL clock oscillation start timing 

Note: Only operate the PLL after the main clock oscillation has stabilized.

tEXH

tEXcyc

EXTAL external clock input VCC × 0.5

tEXL

tEXr tEXf

Main clock oscillator output

MOSCCR.MOSTP

Main clock

tMAINOSCWT

LOCO clock

LOCOCR.LCSTP

tLOCOWT

On-chip oscillator output

PLLCR.PLLSTP

OSCSF.PLLSF

PLL clock

tPLLWT

PLL circuit output
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Figure 2.24 External bus timing for page read cycle with bus clock synchronized

Figure 2.25 External bus timing for page write cycle with bus clock synchronized
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Figure 2.28 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



R01DS0317EU0110 Rev.1.10 Page 52 of 100
Jul 5, 2017

S5D5 Datasheet 2. Electrical Characteristics

Note 1. tPcyc: PCLKB cycle, tPDcyc: PCLKD cycle.

Note 2. This skew applies when the same driver I/O is used. If the I/O of the middle and high drivers is mixed, operation is not 
guaranteed.

Note 3. The load is 30 pF.
Note 4. Constraints on AGTIO input: tPcyc × 2 (tPcyc: PCLKB cycle) < tACYC.

Figure 2.31 I/O ports input timing

Figure 2.32 POEG input trigger timing

GPT32 Input capture pulse width Single edge tGTICW 1.5 - tPDcyc Figure 2.33

Dual edge 2.5 -

GTIOCxY output skew
(x = 0 to 7, Y= A or B)

Middle drive buffer tGTISK*2 - 4 ns Figure 2.34

High drive buffer - 4

GTIOCxY output skew
(x = 8 to 13, Y = A or B)

Middle drive buffer - 4

High drive buffer - 4

GTIOCxY output skew
(x = 0 to 13, Y = A or B)

Middle drive buffer - 6

High drive buffer - 6

OPS output skew
GTOUUP, GTOULO, GTOVUP,
GTOVLO, GTOWUP, GTOWLO

tGTOSK
 

- 5 ns Figure 2.35

GPT(PWM 
Delay 
Generation 
Circuit)

GTIOCxY_Z output skew 
(x = 0 to 3, Y = A or B, Z = A)

tHRSK*3 - 2.0 ns Figure 2.36

AGT AGTIO, AGTEE input cycle tACYC*4 100 - ns Figure 2.37

AGTIO, AGTEE input high width, low width tACKWH, 
tACKWL

40 - ns

AGTIO, AGTO, AGTOA, AGTOB output cycle tACYC2 62.5 - ns

ADC12 ADC12 trigger input pulse width tTRGW 1.5 - tPcyc Figure 2.38

KINT Key interrupt input low width tKR 250 - ns Figure 2.39

Table 2.19 I/O ports, POEG, GPT32, AGT, KINT, and ADC12 trigger timing (2 of 2)
GPT32 Conditions:
High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

AGT Conditions:
Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Item Symbol Min Max Unit
Test 
conditions

Port

tPRW

POEG input trigger

tPOEW
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Figure 2.41 SCI input/output timing in clock synchronous mode

Table 2.23 SCI timing (2)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SCK0 to SCK9.
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

Simple 
SPI

SCK clock cycle output 
(master)

tSPcyc 4 (PCLKA ≤ 60 MHz)
8 (PCLKA > 60 MHz)

65536 tPcyc Figure 2.42

SCK clock cycle input (slave) - 6 (PCLKA ≤ 60 MHz)
12 (PCLKA > 60 MHz)

65536

SCK clock high pulse width tSPCKWH 0.4 0.6 tSPcyc

SCK clock low pulse width tSPCKWL 0.4 0.6 tSPcyc

SCK clock rise and fall time tSPCKr, tSPCKf - 20 ns

Data input setup time tSU 33.3 - ns Figure 2.43 to 
Figure 2.46

Data input hold time tH 33.3 - ns

SS input setup time tLEAD 1 - tSPcyc

SS input hold time tLAG 1 - tSPcyc

Data output delay tOD - 33.3 ns

Data output hold time tOH –10 - ns

Data rise and fall time tDr, tDf - 16.6 ns

SS input rise and fall time tSSLr, tSSLf - 16.6 ns

Slave access time tSA - 4 (PCLKA ≤ 60 MHz)
8 (PCLKA > 60 MHz)

tPcyc Figure 2.46

Slave output release time tREL - 5 (PCLKA ≤ 60 MHz)
10 (PCLKA > 60 MHz)

tPcyc

tTXD

tRXS tRXH

TxDn

RxDn

SCKn

n = 0 to 9
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2.3.14 SSIE Timing

Note 1. For slave-mode transmission, SSIE has a path, through which the signal input from the SSILRCK0/SSIFS0 pin is used to 
generate transmit data, and the transmit data is logically output to the SSITXD0 or SSIDATA0 pin.

Figure 2.58 SSIE clock input/output timing

Table 2.29 SSIE timing
(1) High 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 SSIE interface, 

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

Item Symbol

Target specification

Unit CommentsMin. Max.

SSIBCK0 Cycle Master tO 80 - ns Figure 2.58

Slave tI 80 - ns

High level/ low level Master tHC/tLC 0.35 - tO

Slave 0.35 - tI

Rising time/falling time Master tRC/tFC - 0.15 tO / tI

Slave - 0.15 tO / tI

SSILRCK0/SSIFS0, 
SSITXD0, SSIRXD0, 
SSIDATA0

Input set up time Master tSR 12 - ns Figure 2.60, 
Figure 2.61

Slave 12 - ns

Input hold time Master tHR 8 - ns

Slave 15 - ns

Output delay time Master tDTR -10 5 ns

Slave 0 20 ns Figure 2.60, 
Figure 2.61

Output delay time from 
SSILRCK0/SSIFS0 
change

Slave tDTRW - 20 ns Figure 2.62*1

GTIOC1A, 
AUDIO_CLK

Cycle tEXcyc 20 - ns Figure 2.59

High level/ low level tEXL/
tEXH

0.4 0.6 tEXcyc

SSIBCK0

tHC

tO, tI

tLC

tRC tFC
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Note: When simultaneously using channel-dedicated sample-and-hold circuits in unit0 and unit1, setting the ADSHMSR.SHMD bit to 
1 is recommended.

Figure 2.81 Illustration of ADC12 characteristic terms

Table 2.37 A/D conversion characteristics for simultaneous use of channel-dedicated sample-and-hold 
circuits in unit0 and unit1

Conditions: PCLKC = 30/60 MHz

Item Min Typ Max Test conditions

Channel-dedicated sample-and-hold circuits in use 
with continious sampling function enabled
(AN000 to AN002)

Offset error - ±1.5 ±5.0  PCLKC = 60 MHz
 Sampling in 15 states

Full-scale error - ±2.5 ±5.0

Absolute accuracy - ±4.0 ±8.0

Channel-dedicated sample-and-hold circuits in use 
with continious sampling function enabled
(AN100 to AN102)

Offset error - ±1.5 ±5.0

Full-scale error - ±2.5 ±5.0

Absolute accuracy - ±4.0 ±8.0

Channel-dedicated sample-and-hold circuits in use 
with continious sampling function enabled
(AN000 to AN002)

Offset error - ±1.5 ±3.5  PCLKC = 30 MHz
 Sampling in 7 states

Full-scale error - ±1.5 ±3.5

Absolute accuracy - ±3.0 ±5.5

Channel-dedicated sample-and-hold circuits in use 
with continious sampling function enabled
(AN100 to AN102)

Offset error - ±1.5 ±3.5

Full-scale error - ±1.5 ±3.5

Absolute accuracy - ±3.0 ±5.5

Table 2.38 A/D internal reference voltage characteristics

Item Min Typ Max Unit Test conditions

A/D internal reference voltage 1.13 1.18 1.23 V -

Sampling time 4.15 - - μs -

Integral nonlinearity 
error (INL)

Actual A/D conversion 
characteristic

Ideal A/D conversion 
characteristic

Analog input voltage

Offset error

Absolute accuracy

Differential nonlinearity error (DNL)

Full-scale error
FFFh

000h

0

Ideal line of actual A/D 
conversion characteristic

1-LSB width for ideal A/D 
conversion characteristic

Differential nonlinearity error (DNL)

1-LSB width for ideal A/D 
conversion characteristic

VREFH0
(full-scale)

A/D converter
output code
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2.7 TSN Characteristics

2.8 OSC Stop Detect Characteristics

Figure 2.82 Oscillation stop detection timing

2.9 POR and LVD Characteristics

Table 2.40 TSN characteristics

Item Symbol Min Typ Max Unit Test conditions

Relative accuracy - - ±1.0 - °C -

Temperature slope - - 4.0 - mV/°C -

Output voltage (at 25°C) - - 1.24 - V -

Temperature sensor start time tSTART - - 30 μs -

Sampling time - 4.15 - - μs -

Table 2.41 Oscillation stop detection circuit characteristics

Item Symbol Min Typ Max Unit Test conditions

Detection time tdr - - 1 ms Figure 2.82

Table 2.42 Power-on reset circuit and voltage detection circuit characteristics (1 of 2)

Item Symbol Min Typ Max Unit Test conditions

Voltage detection 
level

Power-on reset 
(POR)

Module-stop function 
disabled*2

VPOR 2.5 2.6 2.7 V Figure 2.83

Module-stop function 
enabled*3

1.8 2.25 2.7

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

Vdet0_2 2.77 2.87 2.97

Vdet0_3 2.70 2.80 2.90

Voltage detection circuit (LVD1) Vdet1_1 2.89 2.99 3.09 Figure 2.85

Vdet1_2 2.82 2.92 3.02

Vdet1_3 2.75 2.85 2.95

Voltage detection circuit (LVD2) Vdet2_1 2.89 2.99 3.09 Figure 2.86

Vdet2_2 2.82 2.92 3.02

Vdet2_3 2.75 2.85 2.95

Internal reset time Power-on reset time tPOR - 4.5 - ms Figure 2.83

LVD0 reset time tLVD0 - 0.51 - Figure 2.84

LVD1 reset time tLVD1 - 0.38 - Figure 2.85

LVD2 reset time tLVD2 - 0.38 - Figure 2.86

tdr

Main clock

OSTDSR.OSTDF

MOCO clock

ICLK
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2.10 VBATT Characteristics

Note: The VCC-off period for starting power supply switching indicates the period in which VCC is below the minimum 
value of the voltage level for switching to battery backup (VDETBATT).

Figure 2.87 Battery backup function characteristics

2.11 CTSU Characteristics

2.12 ACMPHS Characteristics

Note 1. This value is the internal propagation delay.

Table 2.43 Battery backup function characteristics
Conditions: VCC = AVCC0 = VCC_USB = 2.7 to 3.6 V, 2.7 ≤ VREFH0/VREFH ≤ AVCC0, VBATT = 1.8 to 3.6 V

Item Symbol Min Typ Max Unit Test conditions

Voltage level for switching to battery backup VDETBATT 2.50 2.60 2.70 V Figure 2.87

Lower-limit VBATT voltage for power supply 
switching caused by VCC voltage drop

VBATTSW 2.70 - - V

VCC-off period for starting power supply switching tVOFFBATT 200 - - μs

Table 2.44 CTSU characteristics

Item Symbol Min Typ Max Unit Test conditions

External capacitance connected to TSCAP pin Ctscap 9 10 11 nF -

TS pin capacitive load Cbase - - 50 pF -

Permissible output high current ΣIoH - - -40 mA When the mutual 
capacitance method 
is applied

Table 2.45 ACMPHS characteristics

Item Symbol Min Typ Max Unit Test conditions

Reference voltage range VREF 0 - AVCC0 V -

Input voltage range VI 0 - AVCC0 V -

Output delay*1 Td - 50 100 ns VI = VREF ± 100 mV

Internal reference voltage Vref 1.13 1.18 1.23 V -

VCC

tVOFFBATT

VDETBATT

VBATTSWVBATT

VCC supplyVBATT supplyVCC supply
Backup power 

area
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2.16 Serial Wire Debug (SWD)

Figure 2.94 SWD SWCLK timing

Figure 2.95 SWD input/output timing

Table 2.50 SWD

Item Symbol Min Typ Max Unit
Test 
conditions

SWCLK clock cycle time tSWCKcyc 40 - - ns Figure 2.94

SWCLK clock high pulse width tSWCKH 15 - - ns

SWCLK clock low pulse width tSWCKL 15 - - ns

SWCLK clock rise time tSWCKr - - 5 ns

SWCLK clock fall time tSWCKf - - 5 ns

SWDIO setup time tSWDS 8 - - ns Figure 2.95

SWDIO hold time tSWDH 8 - - ns

SWDIO data delay time tSWDD 2 - 28 ns

SWCLK

tSWCKH

tSWCKcyc

tSWCKL

SWCLK

SWDIO
(Input)

tSWDS tSWDH

SWDIO
(Output)

tSWDD

SWDIO
(Output)

tSWDD

SWDIO
(Output)

tSWDD



R01DS0317EU0110 Rev.1.10 Page 94 of 100
Jul 5, 2017

S5D5 Datasheet Appendix 1. Package Dimensions 

Figure 1.2 144-pin LQFP

MASS (Typ) [g]

1.2

Unit: mm

Previous CodeRENESAS Code

PLQP0144KA-B —

JEITA Package Code

P-LFQFP144-20x20-0.50

© 2016 Renesas Electronics Corporation. All rights reserved.
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