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S3A1 Datasheet

1. Overview

Table 1.3 System (1 of 2)

Feature

Functional description

Operating modes

Two operating modes:

e Single-chip mode

e SCI/USB boot mode.

See section 3, Operating Modes in User’s Manual.

Resets

14 resets:

e RES pin reset

e Power-on reset

o VBATT-selected voltage power-on reset
¢ Independent watchdog timer reset

e Watchdog timer reset

* Voltage monitor O reset

* Voltage monitor 1 reset

* Voltage monitor 2 reset

o SRAM parity error reset

o SRAM ECC error reset

e Bus master MPU error reset

e Bus slave MPU error reset

e CPU stack pointer error reset

* Software reset.

See section 6, Resets in User’s Manual.

Low Voltage Detection (LVD)

Low Voltage Detection (LVD) function monitors the voltage level input to the VCC pin, and the
detection level can be selected using a software program. See section 8, Low Voltage
Detection (LVD) in User’'s Manual.

Clocks

e Main clock oscillator (MOSC)

e Sub-clock oscillator (SOSC)

e High-speed on-chip oscillator (HOCO)

* Middle-speed on-chip oscillator (MOCO)

e Low-speed on-chip oscillator (LOCO)

e PLL frequency synthesizer

* Independent watchdog timer on-chip oscillator

e Clock out support.

See section 9, Clock Generation Circuit in User’s Manual.

Clock Frequency Accuracy
Measurement Circuit (CAC)

The Clock Frequency Accuracy Measurement Circuit (CAC) checks the system clock
frequency with a reference clock signal by counting the number of pulses of the system clock
to be measured. The reference clock can be provided externally through a CACREF pin or
internally from various on-chip oscillators.

Event signals can be generated when the clock does not match or measurement ends.

This feature is particularly useful in implementing a fail-safe mechanism for home and
industrial automation applications.

See section 10, Clock Frequency Accuracy Measurement Circuit (CAC) in User’s Manual.

Interrupt Controller Unit (ICU)

The Interrupt Controller Unit (ICU) controls which event signals are linked to the NVIC/DTC
module and DMAC module. The ICU also controls NMI interrupts. See section 14, Interrupt
Controller Unit (ICU) in User’s Manual.

Key Interrupt Function (KINT)

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

Low power modes

Power consumption can be reduced in multiple ways, such as by setting clock dividers,
controlling EBCLK output, stopping modules, selecting power control mode in normal
operation, and transitioning to low power modes. See section 11, Low Power Modes in User’s
Manual.

Battery backup function

A battery backup function is provided for partial powering by a battery. The battery powered
area includes the RTC, SOSC, LOCO, wakeup control, backup memory, VBATT_R low voltage
detection, and switch between VCC and VBATT.

During normal operation, the battery powered area is powered by the main power supply,
which is the VCC pin. When a VCC voltage drop is detected, the power source is switched to
the dedicated battery backup power pin, the VBATT pin.

When the voltage rises again, the power source is switched from the VBATT pin to the VCC
pin. See section 12, Battery Backup Function in User’s Manual.

Register write protection

The register write protection function protects important registers from being overwritten
because of software errors. See section 13, Register Write Protection in User's Manual.
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S3A1 Datasheet

1. Overview

Table 1.7 Timers

Feature

Functional description

General PWM Timer (GPT)

The GPT is a 32-bit timer with four channels and a 16-bit timer with six channels. PWM
waveforms can be generated by controlling the up-counter, down-counter, or the 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 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 AGT is a 16-bit timer that can be used for pulse output, external pulse width or period
measurement, and counting 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 they can be accessed with the AGT
register. See section 24, Asynchronous General Purpose Timer (AGT) in User’s Manual.

Realtime Clock (RTC)

The RTC has two counting modes, calendar count mode and binary count mode, that are
controlled by the register settings.

For calendar count mode, the RTC has a 100-year calendar from 2000 to 2099 and
automatically adjusts dates for leap years.

For binary count mode, the RTC counts seconds and retains the information as a serial value.
Binary count mode can be used for calendars other than the Gregorian (Western) calendar.
See section 25, Realtime Clock (RTC) in User’s Manual.

Table 1.8

Communication interfaces (1 of 2)

Feature

Functional description

Serial Communications Interface
(SCI)

The SCl is configurable to five asynchronous and synchronous serial interfaces:

o Asynchronous interfaces (UART and asynchronous communications interface adapter
(ACIA))

* 8-bit clock synchronous interface

e Simple IIC (master-only)

e Simple SPI

e Smart card interface.

The smart card interface complies with the ISO/IEC 7816-3 standard for electronic signals and

transmission protocol.

SCI0 and SCI1 have 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 29, Serial Communications Interface (SCI) in User’'s Manual.

12C Bus Interface (IIC)

The 3-channel IIC module conforms with and provides a subset of the NXP 12C bus (Inter-
Integrated Circuit bus) interface functions. See section 30, 12C 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 32, Serial
Peripheral Interface (SPI) in User’s Manual.

Serial Sound Interface Enhanced
(SSIE)

The SSIE peripheral provides functionality to interface with digital audio devices for
transmitting PCM audio data over a serial bus with the MCU. The SSIE supports an audio
clock frequency of up to 25 MHz, and can be operated as a slave or master receiver,
transmitter, or transceiver to suit various applications. The SSIE includes 8-stage FIFO buffers
in the receiver and transmitter, and supports interrupts and DMA-driven data reception and
transmission. See section 35, Serial Sound Interface Enhanced (SSIE) 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 FeERAM) that has an SPIl-compatible interface.
See section 33, 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 31, Controller Area Network (CAN) Module in User’s Manual.
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S3A1 Datasheet

1. Overview

1.2 Block Diagram
Figure 1.1 shows a block diagram of the MCU superset. Some individual devices within the group have a subset of the
features.
Memory Bus Arm Cortex-M4 System
Clocks
1 MB Code Flash External | DSP | | FPU | | POR/LVD |
MOSC/SOSC
8 KB Data Flash CSC
| MPU | | Reset |
(H/M/L) OCO
192 KB SRAM
| NVIC | | Mode Control PLL
MPU
| System Timer | Power Control | CAC |
DMA
DTC | Test and DBG Interface | | ICU | Battery Backup
DMAC x 4 KINT Register Write
Protection
Timers Communication interfaces Human machine interfaces
GPT32 x 4 | SCIx6 | | QsPI | | cTsu | | sLcDC |
GPT16 6 | Iic x 3 || SDHI x 1 |
AGT x 2
| SPI x 2 | | CAN x 1 |
RTC
USBFS with
WDT/WDT SSIE x 1 Batterlleharging
revision 1.2
Event Link Data Processing Analog
ELC CRC | ADC14 | | TSN | | OPAMP x 4 |
Security DOC | DAC12 | | DAC8 | | ACMPLP x 2 |
SCE5
Figure 1.1 Block diagram
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S3A1 Datasheet

1. Overview

1

1
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A B c D E F G H J K L
P212/ | P215/
P407 | P408 | P4t | Pat4 | D8 | SN | VCL | P406 | P403 | P401 | P400 [11
P15/ | P914/ P213/ | P214/
uss.om|uss.op| P40 | P45 | Soal [ xcour | VBATT | P405 | Pd02 | P511 | P512 [10
vce_ | vss_
Ust™ | Usg | P409 | Pa12 | P708 | vec | VSS | P404 | P002 | POO1 | PO0O |9
VCC_
P205 | USB_ | P206 | P204 | P413 | P710 | P702 | POO6 | POO4 | PO03 | PO0O5 |8
LDO
PO11/ | PO10/
P203 | P202 | P313 | P314 | P315 | P709 | P701 | POO7 | AVSSO |\ poir'olyrerrol 7
P0O13/ | PO12/
vss | vcc | REs |P201/MD| P200 NC P700 | PO08 | AVCCO | \iocr, | yrer | 6
P308 | P309 | P307 | P302 | P304 | Pe12 | Peo1 | P506 | P505 | PO15 | PO14 |5
P305 | P306 | Ps0s | P114 | Pe11 | Pe03 | P00 | P504 | P503 | vss | vcc |4
P809 | P303 |P110/TDI| P111 | P609 | P04 | P106 | P104 | P502 | P500 | P501 |3
P108/
P301 | T™Ms/ | P113 | Pe0s | P613 | P05 | P602 | P105 | P102 | P80t | P800 |2
SWDIO
P300/ | P109/
Tck | TDO/ | P112 | P115 | Pe10 | vcc | vss | P107 | P103 | P101 | P100 |1
SWCLK | swo
A B c D E F G H J K L

Figure 1.5

Pin assignment for 121-pin BGA (top view)
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S3A1 Datasheet 1. Overview

1.7 Pin Lists

Pin number 5 Timers Communication interfaces Analog HMI
Q -
2k
og
> @ @ o
E> o =
g [} o 4 <
-4 3 - < o
> 2 0 (3] - o
< (=3 n O - pu o T o
w| | =|S|o|w . <% € © - - 5
<t ([ N|-| S| = fla ] S c (] [ 7] < o~ T Q
AL AR g 3 £ 9| = | e a — - - a 5
§153/53|5/2| 53 2| o|f B & 5 2§ g = 8 | 8 & 3 g g
o ‘© = 14 |
JlalelJlJ|lJ|C [ S| S|l < [C] [C] x| > (7] 2 (7] (7] (7] < a < (7] [$]
N13[1 [L11 1 [ut0 [t |1 [CACREF [IRQO [P400 |-  [AGTIO1 |- GTIOCSA |- - SCK1 [SCLO |- AUDIO_C |- - - - SEG4 [TS20
SCK4 LK
L2 [k |2 oo |2 2 |- [IRQ5 [PaoT - |- GTETRGA|GTIOC6B |- CTX0 [TXD1/ [sDAO |- - - - - - SEG5 [TS19
MOSI1
/SDA1
CTS4_
RTS4/
Ss4
M1 [3 [J10 [3 |F6 [3 |3 |VBATWIOO|IRQ4 |P402 |-  |AGTIOO/ |- - RTCICO [CRXO[RXD1/ |- - - - - - - SEG6 [TS18
3 AGTIO1 MISO1
/SCL1
K114 [J11 [4 [H10|- |- [vBATWIO1[- P403 |- [AGTIOO/ |- GTIOC3A [RTCICT |- CTS1_|- - SSIBCKO |- - - - - TS17
AGTIO1 RTS1/
Ss1
L12[s [Ho |5 [G8 |- [- [vBATWIOZ2[- P404 |- |- - GTIOC3B [RTCIC2 |- - - - SSILRCKO(- - - - - -
/SSIFS0
L13]6 [H10[6 [HO [- |- |- - P405 |- |- - GTIOC1A |- - - - - SSITXDO |- - - - - -
Jiofz [H1 {7 [F7 [ |- | - P406 [- |- - GTIOC1B |- - - - SSLA3  [SSIRXDO [- - - - - -
Hi1o[8 [G6 |- [- |- |- | - P700 |- |- - GTIOC5A |- - - - MISOA |- - - N N - B
k2l fe7 |- |- |- |- | - p7o1 |- |- - GTIOCSB |- - - - MOSIA |- - - - - - -
ki3fto [es |- |- |- |- | - P702 |- |- - GTIOCBA |- - - - RSPCKA |- - - - - - -
i - - T - P703 |- |- - GTIOCEB |- - - - SSLAO |- - - - VCOUT |- -
itz |- - - - | - P704 |- [AGTOO |- - - - - - SSLAT |- - - - - - -
cifs |- |- |- - |- T - P705 |- [AGTIOO [- - - - - - SSLA2 |- - - - - - -
J12[14 [G10(8 [G9 [4 [4 [VBATT - - - |- - - - - - - - - - - - - - -
J13[15 [G11]9 [G1o[s [5 [vcL - - - |- - - - - - - - - - - - - - -
H13[16 [F11 [10 [F10[6 [6 [XCIN - P215 |- |- - - - - - - - - - - - - - -
H12{17 [F10 [11 [Fe |7 [7 [xcouT |- P214 |- |- - - - - - - - - - - - - - -
F12[18 [G9 [12 [D9 [8 [8 |[vss E - - |- E - - - - E E E E E E E - -
G12[19 [E10[13 [E9 |9 |9 [XTAL IRQ2 [P213 [- |- GTETRGA |GTIOCOA |- - TXD1/ |- - - - - - - - -
MOSI1
/SDA1
G13[20 [E11 |14 [E10]10 [10 [EXTAL IRQ3 [P212 |- [AGTEE1[GTETRGB|GTIOCOB |- - RXD1/ |- - - - - - - - -
MISO1
/SCL1
F13]21 [Fo [15 [D10|11 [11 [vcc - - - |- - - - - - - - - - - - - - -
ctol22 [- |- |- |- |- | - P713 |- [AGTOAO|- GTIOC2A |- - - - - - - - - - - -
F1{23 |- |- |- |- |- | - P712 |- |AGTOBO|- GTIOC2B |- - - - - - - - - - - -
ef24a |- |- |- |- |- | - P711 |- [AGTEEO|- - - - CTS1_|- - - - - - - - -
RTS1/
Ss1
E2[25 [Fr8 |- |- |- |- | - P710 [A17 |- - - - - SCK1 |- - - - - - - - -
Flof26 [F7 |- |- |- |- | IRQ10 [P709 [- |- - - - - TXD1/ |- E B - R - N N N
MOsI1
/SDA1
D13[27 [E9 [16 [F8 |- |- |- [IRQ11 [P708 - |- - - - - RXD1/ |- SSLA3 |- - - - - - -
MISO1
/SCL1
E11(28 [D10[17 [E8 |- |- |- IRQ8 [P415 [- |- - GTIOCOA |- - - - SSLA2 |- SDOCD |- - - - -
D12[29 [D11 |18 [E7 |- |- |- [IRQ9 [Pa14 - |- - GTIOCOB |- - - - SSLAT |- SDOWP |- - - - -
E10|30 |E8 |19 |C9 [- |- - - P413 |- - GTOUUP |- - - CTSO0_ |- SSLAO |- SDOCLK |- - - - -
RTS0/
Ss0
c13[31 [p9 {20 [cto]- [- |- - P412 |- |- GTOULO |- - - SCKO |- RSPCKA |- SDOCMD |- - - - -
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S3A1 Datasheet

2. Electrical Characteristics

2.1 Absolute Maximum Ratings

Table 2.1 Absolute maximum ratings
Parameter Symbol Value Unit
Power supply voltage VCC -0.5t0 +6.5 Vv
Input voltage 5V-tolerant ports*? Vin -0.3to +6.5 \%
P000 to P0O15 Vin —0.3to AVCCO + 0.3 \Y
Others Vin -0.3to VCC +0.3 \
Reference power supply voltage VREFHO -0.3t0 +6.5 V
VREFH \Y
VBATT power supply voltage VBATT -0.5t0 +6.5 \%
Analog power supply voltage AVCCO -0.5t0 +6.5 \Y
USB power supply voltage VCC_USB -0.5t0 +6.5 \
VCC_USB_LDO -0.5t0 +6.5 \
Analog input voltage When AN0OOO to ANO15 are | Van -0.3to AVCCO + 0.3 \Y
used
When AN016 to AN027 are -0.3to VCC + 0.3 \Y
used
LCD voltage VL1 voltage V4 -0.3t0+2.8 \
VL2 voltage Vi -0.3t0 +6.5 \
VL3 voltage Vi3 -0.3t0 +6.5 \
VL4 voltage Vig -0.3to +6.5 \%
Operating temperature*2. *3, *4 Topr —40 to +105 °C
—40 to +85 °C
Storage temperature Tstg -55to +125 °C

Note 1. Ports P205, P206, P400 to P404, P407, P408, P511, P512 are 5V-tolerant.

Note 2. See section 2.2.1, Tj/Ta Definition.
Note 3. Contact Renesas Electronics sales office for information on derating operation under Ta = +85°C to +105°C. Derating is the

systematic reduction of load for improved reliability.

Note 4. The upper limit of operating temperature is 85°C or 105°C, depending on the product. For details, see section 1.3, Part

Numbering.
Caution:

Permanent damage to the MCU may result if absolute maximum ratings are exceeded.

To preclude any malfunctions due to noise interference, insert capacitors with high frequency characteristics
between the VCC and VSS pins, between the AVCCO0 and AVSSO0 pins, between the VCC_USB and VSS_USB pins,
between the VREFHO and VREFLO pins, and between the VREFH and VREFL pins. Place capacitors of about 0.1 uF
as close as possible to every power supply pin and use the shortest and heaviest possible traces. Also, connect
capacitors as stabilization capacitance.
Connect the VCL pin to a VSS pin by a 4.7 yF capacitor. The capacitor must be placed close to the pin.

Do not input signals or an 1/O pull-up power supply while the device is not powered. The current injection that
results from input of such a signal or I/O pull-up might cause malfunction and the abnormal current that passes in

the device at this time might cause degradation of internal elements.

R01DS0324EU0110 Rev.1.10

Mar 7, 2018

RENESAS

Page 29 of 137



S3A1 Datasheet

2. Electrical Characteristics

2.2.3 110 lop, oL
Table 2.6 110 lop, loL (1 of 2)
Conditions: VCC = AVCCO0 = VCC_USB =VCC_USB_LCO=1.6t055V
Parameter Symbol Min Typ Max Unit
Permissible output current Ports P212, P213 - lon - - —4.0 mA
(average value per pin)
IOL - - 4.0 mA
Port P408 Low drive*1 loH - - -4.0 mA
|o|_ - - 4.0 mA
Middle drive for IC | |y - - -8.0 mA
Fast-mode*4
VCC=271055V | loL - - 8.0 mA
Middle drive*2 loH - - -20.0 mA
VCC=3.0t0o 5.5V
|o|_ - - 20.0 mA
Port P409 Low drive*! lon - - —4.0 mA
IOL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
VCC=27t03.0V
|o|_ - - 8.0 mA
Middle drive*2 loH - - -20.0 mA
VCC=3.0to 55V
IOL - - 20.0 mA
Ports P100 to P115, Low drive*1 loH - - -4.0 mA
P201 to P204, P300 to P315,
P500 to P503, P600 to P606, loL - - 4.0 mA
P608 to P614, P800 to P809, - )
P900 to P02 Middle drive lon - - -4.0 mA
(total 67 pins) loL - - 8.0 mA
Ports P914, P915 - IOH - - —4.0 mA
|o|_ - - 4.0 mA
Other output pin*3 Low drive*1 lon - - —4.0 mA
IOL - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
|o|_ - - 8.0 mA
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S3A1 Datasheet

2. Electrical Characteristics

Table 2.6

/0 lop, oy (2 of 2)

Conditions: VCC = AVCCO = VCC_USB =VCC_USB_LCO=16t05.5V

Parameter Symbol Min Typ Max Unit
Permissible output current Ports P212, P213 - lon - - —-4.0 mA
(Max value per pin)
IOL - - 4.0 mA
Port P408 Low drive*1 loH - - —4.0 mA
|o|_ - - 4.0 mA
Middle drive for IIC | |oy - - -8.0 mA
Fast-mode*4
VCC=271055V | loL - - 8.0 mA
Middle drive*2 lo - - -20.0 mA
VCC=3.0to 55V
loL - - 20.0 mA
Port P409 Low drive*1 IoH - - —4.0 mA
|o|_ - - 4.0 mA
Middle drive*2 lon - - -8.0 mA
VCC=27t03.0V
loL - - 8.0 mA
Middle drive*2 loH - - -20.0 mA
VCC=3.0to55V
|o|_ - - 20.0 mA
Ports P100 to P115, Low drive*1 loH - - -4.0 mA
P201 to P204, P300 to P315,
P500 to P503, P600 to P606, loL - - 4.0 mA
P608 to P614, P800 to P809 . N
) ) *2 - -
P900 to P902 Middle drive loH —4.0 mA
(total 67 pins) loL - - 8.0 mA
Ports P914, P915 - lon - - —4.0 mA
loL - - 4.0 mA
Other output pin*3 Low drive*1 lon - - —4.0 mA
|o|_ - - 4.0 mA
Middle drive*2 loH - - -8.0 mA
loL - - 8.0 mA
Permissible output current Total of ports P000 to P015 ZloH (max) | - - -30 mA
(max value total pins)
ZIOL (max) - - 30 mA
Ports P914, P915 ZIOH (max) - - —4.0 mA
ZIOL (min) - - 4.0 mA
Total of all output pin*® ZloH (max) | - - —60 mA
ZIOL (max) - - 60 mA

Caution:

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

Note 1.
Note 2.
Note 3.
Note 4.
Note 5.

This is the value when low driving ability is selected with the Port Drive Capability bit in PmnPFS register.
This is the value when middle driving ability is selected with the Port Drive Capability bit in PmnPFS register.
Except for ports P200, P214, P215, which are input ports.
This is the value when middle driving ability for IIC Fast-mode is selected with the Port Drive Capability bit in PmnPFS register.
For details on the permissible output current used with CTSU, see section 2.11, CTSU Characteristics.

To protect the reliability of the MCU, the output current values should not exceed the values in this table. The
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S3A1 Datasheet

2. Electrical Characteristics

Table 2.9

/0 Von, Vo (3)

Conditions: VCC = AVCC0 = VCC_USB =VCC_USB_LCO=1.6t02.7V

Parameter Symbol | Min Typ Max Unit Test conditions
Output voltage | Ports PO00 to P015 | Low drive Vou AVCCO0-0.3 - - \ loy =-0.5mA
VOL - - 0.3 |o|_ =0.5mA
Middle drive | Von AVCCO0 - 0.3 - - lon =-1.0mA
VOL - - 0.3 IOL =1.0mA
Ports P914, P915 Von VCC_USB-03 | - - loy =-0.5mA
VOL - - 0.3 |o|_ =0.5mA
Other output pins*1 Low drive VoH VCC-0.3 - - loy =-0.5mA
VoL - - 0.3 loL =0.5mA
Middle Von VCC-0.3 - - loy =-1.0mA
kD
drive VoL - - 0.3 loL = 1.0 MA
Note 1. Except for ports P200, P214, P215, which are input ports.
Note 2. Except for P212, P213.
Table 2.10 1/0 other characteristics
Conditions: VCC = AVCCO0=1.6t0 5.5V
Parameter Symbol Min Typ Max Unit Test conditions
Input leakage current RES, P200, P214, P215 | lin | - - 1.0 MA Vip=0V
Vi, =VCC
Three-state leakage 5V-tolerant ports | Irsi | - - 1.0 MA V=0V
current (off state) Vi, =58V
Other ports - - 1.0 Vip=0V
(except for ports P200, P214, V;, =VCC
P215 and 5 V tolerant)
Input pull-up resistor All ports Ry 10 20 50 kQ Vi, =0V
(except for ports P200, P214,
P215, P914, P915)
Input capacitance P914, P915, Cin - - 30 pF Vi, =0V
P100 to P103, P111, P112, f=1MHz
P200 T,=25°C
Other input pins - - 15
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Ta = 105°C, ICLK = 16 MHz *2
=== Ta =105°C, ICLK = 8 MHz *?
=== Ta =105°, ICLK = 4 MHz *2

Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the
actual measurements of the sample cores during product evaluation.

Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the
actual measurements for the upper-limit samples during product evaluation.

Figure 2.17 Voltage dependency in high-speed mode (reference data)
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’
U4
,I
10 Ta = 105°C, ICLK = 8 MHz"?
< .
E
() Ta =25°C, ICLK = 12 MHz"?
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——_-----—-—-—-—----------- Ta = 1050(:, ICLK = 1 MHZ‘Z
_— Ta =25°C, ICLK = 1 MHz"?
0
15 20 25 30 35 40 45 50 55 6.0
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Ta =25°C, ICLK =12 MHz " === Ta =105°C, ICLK = 12 MHz "
Ta = 25°C, ICLK = 8 MHz ™ Ta = 105°C, ICLK = 8 MHz ™2
Ta = 25°C, ICLK = 4 MHz " Ta = 105°C, ICLK = 4 MHz ™
Ta =25°C, ICLK=1 MHz ™ === Ta=105°, ICLK = 1 MHz "2
Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the actual
measurements of the sample cores during product evaluation.
Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the
actual measurements for the upper-limit samples during product evaluation.
Figure 2.18 Voltage dependency in middle-speed mode (reference data)
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23.2 Clock Timing
Table 2.22 Clock timing (1 of 2)
Parameter Symbol Min Typ Max Unit Test conditions
EBCLK pin output cycle time VCC =2.7Vorabove | tgeyc 83.3 - - ns Figure 2.26
VCC = 1.8V or above 125 - -
VCC =1.6 V or above 500 - -
EBCLK pin output high pulse VCC =2.7Vorabove | tcy 20 - - ns
width VCC = 1.8V or above 30 - -
VCC =1.6 V or above 150 - -
EBCLK pin output low pulse width | VCC =2.7 V or above | to 20 - - ns
VCC = 1.8V or above 30 - -
VCC =1.6 V or above 150 - -
EBCLK pin output rise time VCC =2.7Vorabove | tc, - - 15 ns
VCC = 2.4V or above - - 25
VCC =1.8V or above - - 30
VCC =1.6V or above - - 50
EBCLK pin output fall time VCC =2.7 Vorabove | tcf - - 15 ns
VCC =24V orabove - - 25
VCC = 1.8V or above - - 30
VCC =1.6 V or above - - 50
EXTAL external clock input cycle time txeyc 50 - - ns Figure 2.27
EXTAL external clock input high pulse width txH 20 - - ns
EXTAL external clock input low pulse width txL 20 - - ns
EXTAL external clock rising time txr - - 5 ns
EXTAL external clock falling time txs - - 5 ns
EXTAL external clock input wait time*? tExwT 0.3 - - ps -
EXTAL external clock input frequency fexTAL - - 20 MHz 24<VCC=<55
- - 8 [ 18svcc<24
- - 1 [16svcC<18
Main clock oscillator oscillation frequency fMAIN 1 - 20 MHz 24<VCC=<55
1 - 8 18svcc<24
1 - 4 [16svcC<18
Main clock oscillation stabilization wait time (crystal)*9 tMAINOSCWT - - -*9 ms -
LOCO clock oscillation frequency floco 27.8528 32.768 37.6832 kHz -
LOCO clock oscillation stabilization time tLoco - - 100 us Figure 2.28
IWDT-dedicated clock oscillation frequency filLoco 12.75 15 17.25 kHz -
MOCO clock oscillation frequency fmoco 6.8 8 9.2 MHz -
MOCO clock oscillation stabilization time tmMoco - - 1 us -
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Table 2.22 Clock timing (2 of 2)

Parameter Symbol Min Typ Max Unit Test conditions
HOCO clock oscillation frequency fHoco24 23.64 24 24.36 MHz Ta =—-40to -20°C
1.8<VCC=55
22.68 24 25.32 Ta=-401t0 85°C
1.6=<VCC<18
23.76 24 24.24 Ta = -20to 85°C
1.8<VCC=55
23.52 24 24.48 Ta =85 to 105°C
24<VCC=<55
fHoCO32 31.52 32 32.48 Ta = —40 to -20°C
1.8<VCC=<55
30.24 32 33.76 Ta = -40to 85°C
1.6=<sVCC<18
31.68 32 32.32 Ta =-20to 85°C
1.8<VCC<55
31.36 32 32.64 Ta=85t0 105°C
24<VCC=<55
fuocosas™ | 47.28 48 48.72 Ta =40 to —20°C
1.8<VCC<55
47.52 48 48.48 Ta=-201t0 85°C
1.8<VCC<55
47.04 48 48.96 Ta=85t0 105°C
24<VCC=<55
fHocoss™® | 63.04 64 64.96 Ta =40 to —20°C
24<VCC=<55
63.36 64 64.64 Ta=-201t0 85°C
24<VCC=<55
62.72 64 65.28 Ta=851t0 105°C
24<VCC=<55
HOCO clock oscillation Except Low-voltage | thoco24 - - 371 us Figure 2.29
stabilization time*6. *7 mode thocoa2
tHoco4s - - 433
tHocoea - - 80.6
Low-voltage mode | tyocoz4 - - 100.9
tHocos2
tHoco4s
tHocoe4
PLL input frequency*2 fLLIN 4 - 12.5 MHz -
PLL circuit oscillation frequency*2 fpLL 24 - 64 MHz -
PLL clock oscillation stabilization time*8 tpLL - - 55.5 us Figure 2.31
PLL free-running oscillation frequency fPLLFR - 8 - MHz -
Sub-clock oscillator oscillation frequency fsus - 32.768 - kHz -
Sub-clock oscillation stabilization time*3 tsusosc - - -*3 s Figure 2.32
Note 1. Time until the clock can be used after the Main Clock Oscillator Stop bit (MOSCCR.MOSTP) is set to 0 (operating) when the

external clock is stable.

Note 2. The VCC range that the PLL can be used is 2.4to 5.5 V.

Note 3. After changing the setting of the SOSCCR.SOSTP bit so that the sub-clock oscillator operates, only start using the sub-clock
oscillator after the sub-clock oscillation stabilization wait time elapsed. Use the oscillator wait time recommended by the
oscillator manufacturer.

Note 4. The 48-MHz HOCO can be used within a VCC range of 1.8 Vto 5.5 V.

Note 5. The 64-MHz HOCO can be used within a VCC range of 2.4 Vto 5.5 V.

Note 6. This is a characteristic when HOCOCR.HCSTP bit is set to 0 (oscillation) in MOCO stop state.

When HOCOCR.HCSTP bit is set to 0 (oscillation) during MOCO oscillation, this specification is shortened by 1 us.

Note 7. Whether stabilization time has elapsed can be confirmed by OSCSF.HOCOSF.

Note 8. This is a characteristic when PLLCR.PLLSTP bit is set to O (operation) in MOCO stop state.

When PLLCR.PLLSTP bit is set to 0 (operation) during MOCO oscillation, this specification is shortened by 1 ps.

Note 9.  When setting up the main clock, 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
stabilization time. After changing the setting of the MOSCCR.MOSTP bit so that the main clock oscillator operates, read the
OSCSF.MOSCSEF flag to confirm that it is 1, then start using the main clock.
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Oscillator

R

=

ICLK

IRQ

d
)]

Software Standby mode

<
<

tsevivc, tseypc, tsevex,
tseype, tseymos tseyHo

IEREERRENERERi AR
ax 1]

Oscillator

i

§
IRQ *
Software Standby mode
tsevsc, tsevio
Figure 2.36 Software Standby mode cancellation timing
Table 2.29 Timing of recovery from low power modes (6)
Parameter Symbol | Min Typ Max Unit Test conditions
Recovery time from | High-speed mode tsnz - 36 45 us Figure 2.37
Software Standby System clock source is HOCO
m°ge toSnooze  Fpddle-speed mode tonz - 13 36 us
mode System clock source is MOCO
Low-speed mode tsnz - 10 13 us
System clock source is MOCO
Low-voltage mode tsnz - 87 110 us
System clock source is HOCO

Oscillator J_Uﬂ B | | | | | |

o7

ICLK (except DTC, SRAM) | | ﬂ )

7

ICLK (to DTC, SRAM) "' PCLK | |

—1

I
R

IRQ

I
7
< »le

Software Standby mode Snooze mode

tsnz

Note 1.  When SNZCR.SNZDTCEN is set to 1, ICLK is supplied to DTC and SRAM.

Figure 2.37 Recovery timing from Software Standby mode to Snooze mode
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2.3.6 Bus Timing

Table 2.31 Bus timing (1)

Conditions: Low drive output is selected in the Port Drive Capability in PmnPFS register
VCC=27t055V

Output load conditions: Vo = VCC x 0.5, Vo, = VCC x 0.5, C = 30 pF

Parameter Symbol Min Max Unit Test conditions
Address delay taD - 55 ns Figure 2.42
Byte control delay tscp - 55 ns to Figure 2.45
CS delay tcsp - 55 ns
ALE delay time tALED - 55 ns
RD delay trRsD - 55 ns
Read data setup time trRDS 37 - ns
Read data hold time tROH 0 - ns
WR delay twrD - 55 ns
Write data delay twobp - 55 ns
Write data hold time twoH 0 - ns
WAIT setup time twrs 37 - ns Figure 2.46
WAIT hold time twTH 0 - ns

Table 2.32 Bus timing (2)

Conditions: Low drive output is selected in the Port Drive Capability in PmnPFS register

VCC=24t027V

Output load conditions: Vo = VCC x 0.5, Vo, = VCC x 0.5, C = 30 pF
Parameter Symbol Min Max Unit Test conditions
Address delay taD - 55 ns Figure 2.42
Byte control delay tscp - 55 ns to Figure 2.45
CS delay tcsp - 55 ns
ALE delay time tALED - 55 ns
RD delay trRsD - 55 ns
Read data setup time trRDS 45 - ns
Read data hold time tROH 0 - ns
WR delay twrD - 55 ns
Write data delay twobp - 55 ns
Write data hold time twoH 0 - ns
WAIT setup time twrs 45 - ns Figure 2.46
WAIT hold time twTH 0 - ns
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SSIBCKO (Input or Output)

SSILRCKO/SSIFSO (Input),
SSIRXDO (Input)

tsr

SSILRCKO/SSIFSO0 (Output),
SSITXDO (Output)

trr

.
v

totr

Figure 2.72 SSIE data transmit/receive timing (SSICR.BCKP = 0)
SSIBCKO (Input or Output) /
SSILRCKO/SSIFSO (Input),
SSIRXDO (Input)
—
tsr tytr
SSILRCKO/SSIFSO0 (Output), I
SSITXDO (Output)
K
totr
Figure 2.73 SSIE data transmit/receive timing (SSICR.BCKP = 1)
SSILRCKO/SSIFSO (Input) )§<
SSITXDO (Output) >§
) totrRw !
MSB bit output delay from SSILRCKO/SSIFSO0 change time for slave
transmitter when DEL = 1, SDTA = 0 or DEL = 1, SDTA = 1, SWL[2:0] = DWL[2:0]
Figure 2.74 SSIE data output delay from SSILRCKO0/SSIFS0 change time
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Observation
DP point
x v
i 50 pF
DM
50 pF
Figure 2.78 Test circuit for Full-Speed (FS) connection
Observation
DP point
or /
LI
L 200 pF to
% 600 pF 36V
1.5 KQ
DM
l 200 pF to /
% 600 pF  Observation
point
Figure 2.79 Test circuit for Low-Speed (LS) connection
242 USB External Supply
Table 2.47 USB regulator
Parameter Min Typ Max Unit Test conditions
VCC_USB supply current | VCC_USB_LDO =23.8V | - - 50 mA -
VCC_USB_LDO 24.5V | - - 100 mA -
VCC_USB supply voltage 3.0 - 3.6 Vv -
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2.5 ADC14 Characteristics
VREFHO [ VREFHO [C
55 = 55 F
o = A/D Conversion ] —
5 - — | T Characteristics (1) 50
- —___ A/D Conversion - | ——___ A/D Conversion
— Characteristics (2) — — Characteristics (4)
4.0 4.0
30 | 30 | .
- . A/D Conversion
A/D Conversion - -
§'Z C Characteristics (3) SZ e | Characteristics (5)
T . A/D Conversion
20 2.0 Characteristics (6)
- 1.61'8 ~~__ A/D Conversion
C - Characteristics (7)
1.0 1.0
I O CLii1l1l T 0 O I I I
2427 55 AVCCO 1.8 2427 5.5 AVCCO
1.0 20 3.0 4.0 5.0 1.0 1620 3.0 4.0 5.0
ADCSR.ADHSC =0 ADCSR.ADHSC =1
Figure 2.80 AVCCO0 to VREFHO voltage range
Table 2.48 A/D conversion characteristics (1) in high-speed A/D conversion mode (1 of 2)

Conditions: VCC = AVCC0=4.5t0 5.5V, VREFHO =4.5t0 5.5V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 64 MHz -
Analog input capacitance*? Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
Analog input resistance Rs - - 2.5 (reference data) | kQ High-precision channel
- - 6.7 (reference data) | kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO \% -
12-bit mode
Resolution - - 12 Bit -
Conversion time*1 Permissible signal | 0.70 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKC =64 MHz) | Max. =0.3 kQ ADSSTRN.SST[7:0] = 0Dh
1.13 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
Offset error - +0.5 +4.5 LSB High-precision channel
16.0 LSB Other than above
Full-scale error - +0.75 +4.5 LSB High-precision channel
6.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - +1.25 15. LSB High-precision channel
+ LSB Other than above
DNL differential nonlinearity error - +1. - LSB -
INL integral nonlinearity error - +1 +3.0 LSB -
14-bit mode
Resolution - - 14 Bit -
R01DS0324EU0110 Rev.1.10 RENESAS Page 96 of 137

Mar 7, 2018



S3A1 Datasheet

2. Electrical Characteristics

Table 2.52

Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (5) in low power A/D conversion mode (2 of 2)
Conditions: VCC = AVCC0=2.41t0 5.5V, VREFH0 =2.4t0 55V

Parameter Min Typ Max Unit Test conditions

Full-scale error - 1+0.75 +4.5 LSB High-precision channel
6.0 LSB Other than above

Quantization error - +0.5 - LSB -

Absolute accuracy - +1.25 5 LSB High-precision channel
+ LSB Other than above

DNL differential nonlinearity error - +1.0 - LSB -

INL integral nonlinearity error - +1.0 +3.0 LSB -

14-bit mode

Resolution - - 14 Bit -

Conversion time*1 Permissible signal | 3.75 - - us High-precision channel

(Operation at source impedance ADCSR.ADHSC =1

PCLKC = 16 MHz) Max. = 2.2 kQ ADSSTRN.SST[7:0] = 0Dh

5.44 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h

Offset error - +2.0 +18 LSB High-precision channel
+24.0 LSB Other than above

Full-scale error - +3.0 +18 LSB High-precision channel
+24.0 LSB Other than above

Quantization error - 10. - LSB -

Absolute accuracy - +5 +20 LSB High-precision channel
+32.0 LSB Other than above

DNL differential nonlinearity error - 4. - LSB -

INL integral nonlinearity error - + +12.0 LSB -

The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute accuracy does not

include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error, and INL integral nonlinearity error do

Note:
not include quantization errors.
Note 1.
the test conditions.
Note 2.
Table 2.53

Reference voltage range applied to the VREFHO and VREFLO.

The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is indicated for

Except for I/O input capacitance (Cin), see section 2.2.4, I/O Voy, Vo, and Other Characteristics.

A/D conversion characteristics (6) in low power A/D conversion mode (1 of 2)
Conditions: VCC = AVCCO0 = 1.8 to 5.5 V (AVCCO = VCC when VCC < 2.0 V), VREFHO = 1.8 t0 5.5V

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 8 MHz -
Analog input capacitance*2 Cs - - 8 (reference data) pF High-precision
channel
- - 9 (reference data) pF Normal-precision
channel
Analog input resistance Rs - - 3.8 (reference data) | kQ High-precision
channel
- - 8.2 (reference data) | kQ Normal-precision
channel
Analog input voltage range Ain 0 - VREFHO \% -
12-bit mode
Resolution - - 12 Bit -
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[1/4 Bias Method]
Table 2.71

Conditions: VCC=1.8Vto 55V

Internal voltage boosting method LCD characteristics

Parameter Symbol | Conditions Min Typ Max Unit I:ztiitions
LCD output voltage Vi1 C1to C5*1 =0.47 uF VLCD =04h | 0.90 1.0 1.08 \Y -
variation range VLCD = 05h | 0.95 105 | 113 |V -
VLCD =06h | 1.00 1.10 1.18 \ -
VLCD =07h | 1.05 1.15 1.23 \Y -
VLCD =08h | 1.10 1.20 1.28 \Y -
VLCD=0%h | 1.15 1.25 1.33 \Y -
VLCD =0Ah | 1.20 1.30 1.38 \Y -
VLCD =0Bh | 1.25 1.35 1.43 \Y -
VLCD =0Ch | 1.30 1.40 1.48 \ -
Doubler output voltage | V|, C1to C5*1 =0.47 uF 2V 4-0.08 | 2V|4 2V 4 \Y -
Tripler output voltage Vi3 C1to C5*1=0.47 pF 3V 4-0.12 | 3V 4 3V 4 \ -
Quadruply output Vg™ C1to C5*1=0.47 pF 4V 1-0.16 | 4V 4 4V 4 \Y -
voltage
Reference voltage tyL1s 5 - - ms Figure 2.93
setup time*2
LCD output voltage tvowT C1to C5*1=0.47 pF 500 - - ms
variation range*3

Note 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between VL1 and GND
C3: A capacitor connected between VL2 and GND
C4: A capacitor connected between VL3 and GND
C5: A capacitor connected between VL4 and GND
C1=C2=C3=C4=C5=0.47 uF £ 30%
Note 2. This is the time required to wait from when the reference voltage is specified by using the VLCD register or when the internal
voltage boosting method is selected (by setting the MDSET[1] and MDSET]0] bits in the LCDMO register to 01b) if the default
value reference voltage is used) until voltage boosting starts (VLCON = 1).
Note 3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
Note 4. V| 4 must be 5.5V or lower.
2123 Capacitor Split Method
[1/3 Bias Method]
Table 2.72 Internal voltage boosting method LCD characteristics
Conditions: VCC =22V 10 5.5V
Test
Parameter Symbol | Conditions Min Typ Max Unit | conditions
VL4 voltage*! Vig C1to C4 =047 uF*2 | - VCC - \ -
VL2 voltage*! Vio C1t0C4 =047 uF*2 | 2/3x V| 4-0.07 | 2/3x V|4 | 213 xV 4+0.07 | V -
VL1 voltage*! " C1t0C4 =0.47 yF*2 | 1/3x V| 4-0.08 | 1/3x V|4 | 1/3xV 4+0.08 | V -
Capacitor split wait time*1 | tyaT 100 - - ms | Figure 2.93

Note 1.
Note 2.

This is the wait time from when voltage bucking is started (VLCON = 1) until display is enabled (LCDON = 1).
This is a capacitor that is connected between voltage pins used to drive the LCD.

C1: A capacitor connected between CAPH and CAPL

C2: A capacitor connected between VL1 and GND

C3: A capacitor connected between VL2 and GND

C4: A capacitor connected between VL4 and GND

C1=C2=C3=C4=0.47 yF £ 30%.
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2.17.1

Table 2.84
Conditions: VCC=241t05.5V

Serial Wire Debug (SWD)

SWD characteristics (1)

Parameter Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time tswekeye 80 - - ns Figure 2.99
SWCLK clock high pulse width tswckH 35 - - ns
SWCLK clock low pulse width tswekL 35 - - ns
SWCLK clock rise time tswekr - - 5 ns
SWCLK clock fall time tsweks - - 5 ns
SWDIO setup time tswpos 16 - - ns Figure 2.100
SWDIO hold time tswoH 16 - - ns
SWDIO data delay time tswop 2 - 70 ns

Table 2.85 SWD characteristics (2)

Conditions: VCC =1.6t02.4V
Parameter Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time tswekeye 250 - - ns Figure 2.99
SWCLK clock high pulse width tswekH 120 - - ns
SWCLK clock low pulse width tswekL 120 - - ns
SWCLK clock rise time tswekr - - ns
SWCLK clock fall time tsweks - - 5 ns
SWDIO setup time tswps 50 - - ns Figure 2.100
SWDIO hold time tswpH 50 - - ns
SWDIO data delay time tswop 2 - 150 ns

tswekeye =
tswekn
SWCLK ; tswekr Z
[— tswekr
tswekL
Figure 2.99 SWD SWCLK timing
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