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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

48MHz

CANbus, EBI/EMI, I12C, MMC/SD, QSPI, SCI, SPI, SSI, UART/USART, USB
DMA, LCD, LVD, POR, PWM, WDT
124

512KB (512K x 8)

FLASH

8K x 8

96K x 8

1.6V ~ 5.5V

A/D 28x14b; D/A 2x8b, 2x12b
Internal

-40°C ~ 105°C (TA)

Surface Mount

144-LQFP

144-LFQFP (20x20)
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ENESANS

S3A3 Microcontroller Group

Datasheet

High efficiency 48-MHz Arm® Cortex®-M4 core, 512-KB code flash memory, 96-KB SRAM, Segment LCD Controller,
Capacitive Touch Sensing Unit, USB 2.0 Full-Speed, 14-Bit A/D Converter, 12-Bit D/A Converter, security and safety
features.

Features

m Arm Cortex-M4 Core with Floating Point Unit (FPU)

m System and Power Management

o Armv7E-M architecture with DSP instruction set e Low power modes
e Maximum operating frequency: 48 MHz e RealTime Clock (RTC) with calendar and Battery Backup support
e Support for 4-GB address space e Event Link Controller (ELC)
e Arm Memory Protection Unit (Arm MPU) with 8 regions o DMA Controller (DMAC) x 4
e Debug and Trace: ITM, DWT, FPB, TPIU, and ETB e Data Transfer Controller (DTC)
e CoreSight™ debug port: JTAG-DP and SW-DP e Key Interrupt Function (KINT)
e Power-on reset
. .I\n;nz"_;rgco de flash memory e Low Voltage Detection (LVD) with voltage settings
e 8-KB data flash memory (100,000 erase/write cycles) m Security and Encryption
e 96-KB SRAM o AES128/256
e Flash Cache (FCACHE) e GHASH
e Memory Protection Units e True Random Number Generator (TRNG)
* Memory Mirror Function (MMF) m Human Machine Interface (HMI)
e 128-bit unique ID

m Connectivity

USB 2.0 Full-Speed (USBFS) module

- On-chip transceiver with voltage regulator

- Compliant with USB Battery Charging Specification 1.2
Serial Communications Interface (SCI) x 6

e Segment LCD Controller (SLCDC)
- Up to 54 segments x 4 commons
- Up to 50 segments x 8 commons
e Capacitive Touch Sensing Unit (CTSU)

m Multiple Clock Sources

e Main clock oscillator (MOSC)

i ISjiﬁqRIl; 1c (1 to 20 MHz when VCC =2.4t0 5.5 V)
) Sim]I;le SPI (1 to 8 MHz when VCC =1.8t02.4V)

Serial Peripheral Interface (SPI) x 2

12C bus interface (IIC) x 3

Controller Area Network (CAN) module
Serial Sound Interface Enhanced (SSIE)
SD/MMC Host Interface (SDHI)

Quad Serial Peripheral Interface (QSPI)

(1 to 4 MHz when VCC =1.6to 1.8 V)

o Sub-clock oscillator (SOSC) (32.768 kHz)

o High-speed on-chip oscillator (HOCO)
(24, 32, 48, 64 MHz when VCC =2.4t0 5.5 V)
(24, 32,48 MHz when VCC=1.8t0 5.5 V)
(24, 32 MHz when VCC = 1.6 t0 5.5 V)

External add o Middle-speed on-chip oscillator (MOCO) (8 MHz)
Xiernal address space o Low-speed on-chip oscillator (LOCO) (32.768 kHz)
- 8-bit or 16-bit bus space is selectable per area o TWDT-dedicated on-chip oscillator (15 kHz)
= Analog e Clock trim function for HOCO/MOCO/LOCO

e 14-bit A/D Converter (ADC14) o Clock out support

e 12-bit D/A Converter (DACI12) General Purpose /0O Ports

o 8-bit D/A Converter (DACS) x2 (for ACMPLP) e in gt/out A oins

e Low Power Analog Comparator (ACMPLP) x 2 ) [I}p 03 CI\/II)OS in;?ut P

o Operational Amplifier (OPAMP) x 4 - Up to 123 CMOS input/output

e Temperature Sensor (TSN)

- Up to 11 input/output 5 V tolerant

m Timers - Up to 2 high current (20 mA)
e General PWM Timer 32-bit (GPT32) x 4 Operating Voltage
e General PWM Timer 16-bit (GPT16) x 6 " o €CC' 1 6gto 55 Vg
e Asynchronous General-Purpose Timer (AGT) x 2 o ’
e Watchdog Timer (WDT) m Operating Temperature and Packages

e Ta=-40°C to +85°C

m Safety . .
e Error Corrgction Code (ECC) in SRAM : ig?:giﬁ I];gﬁ(zgrr;ﬁlxx781%’0656?251;211)
* SRAM parity error check - 100-pin LGA (7 mm x 7 mm, 0.65 mm pitch)
e Flash area protectlpn ' o Ta=—40°C to +105°C
* ADC sclf-diagnosis function o - 144-pin LQFP (20 mm x 20 mm, 0.5 mm pitch)
e Clock Frequency Accuracy Measurement Circuit (CAC) - 100-pin LQFP (14 mm x 14 mm, 0.5 mm pitch)
e Cyclic Redundancy Check (CRC) calculator - 64-pin LQFP (10 mm x 10 mm b 5 mm pitch)
e Data Operation Circuit (DOC) - 64-pin QFN (8 mm x 8 mm, 0 ‘i n'lm pitch)
o Port Output Enable for GPT (POEG) T
e Independent Watchdog Timer IWDT)
e GPIO readback level detection
e Register write protection
e Main oscillator stop detection
o [llegal memory access
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S3A3 Datasheet

1. Overview

Function Signal 110 Description
GPT GTETRGA, Input External trigger input pin
GTETRGB
GTIOCOA to 110 Input capture, Output capture, or PWM output pin
GTIOC9A,
GTIOCOB to
GTIOC9B
GTIU Input Hall sensor input pin U
GTIV Input Hall sensor input pin V
GTIW Input Hall sensor input pin W
GTOUUP Output 3-phase PWM output for BLDC motor control (positive U phase)
GTOULO Output 3-phase PWM output for BLDC motor control (negative U phase)
GTOVUP Output 3-phase PWM output for BLDC motor control (positive V phase)
GTOVLO Output 3-phase PWM output for BLDC motor control (negative V phase)
GTOWUP Output 3-phase PWM output for BLDC motor control (positive W phase)
GTOWLO Output 3-phase PWM output for BLDC motor control (negative W phase)
AGT AGTEEO, AGTEE1 Input External event input enable
AGTIOO0, AGTIO1 1/0 External event input and pulse output
AGTOO0, AGTO1 Output Pulse output
AGTOAO0, AGTOA1 Output Output compare match A output
AGTOBO, AGTOB1 Qutput Output compare match B output
RTC RTCOUT Output Output pin for 1-Hz/64-Hz clock
RTCICO to RTCIC2 Input Time capture event input pins
SCI SCKO to SCK4, 110 Input/output pins for the clock (clock synchronous mode)
SCK9
RXDO0 to RXD4, Input Input pins for received data (asynchronous mode/clock synchronous mode)
RXD9
TXDO to TXD4, Output Output pins for transmitted data (asynchronous mode/clock synchronous
TXD9 mode)
CTSO_RTSO0 to 1/0 Input/Output pins for controlling the start of transmission and reception
CTS4_RTS4, (asynchronous mode/clock synchronous mode), active-low
CTS9_RTS9
SCLO to SCL4, 1/0 Input/output pins for the IIC clock (simple 1IC)
SCL9
SDAO to SDA4, 110 Input/output pins for the 1IC data (simple IIC)
SDA9
SCKO to SCK4, 110 Input/output pins for the clock (simple SPI)
SCK9
MISOO0 to MISO4, 1/0 Input/output pins for slave transmission of data (simple SPI)
MISO9
MOSIO to MOSI4, 110 Input/output pins for master transmission of data (simple SPI)
MOSI9
SSO0 to SS4, SS9 Input Slave-select input pins (simple SPI), active-low
1C SCLO to SCL2 110 Input/output pins for clock
SDAO to SDA2 1/0 Input/output pins for data
SSIE SSIBCKO 110 SSIE serial bit clock pin
SSILRCKO/SSIFS0 110 Word select pins
SSITXDO Output Serial data output pins
SSIRXDO Input Serial data input pins
AUDIO_CLK Input External clock pin for audio (input oversampling clock)
SPI RSPCKA, RSPCKB | I/10 Clock input/output pin
MOSIA, MOSIB 110 Inputs or outputs data output from the master
MISOA, MISOB 110 Inputs or outputs data output from the slave
SSLAO, SSLBO 1/0 Input or output pin for slave selection
SSLA1, SSLA2, Output Output pin for slave selection
SSLA3, SSLB1,
SSLB2, SSLB3

R01DS0307EU0110 Rev.1.10
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S3A3 Datasheet 1. Overview
Pin number < Timers Communication interfaces Analogs HMI
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K5 16 |4 79 G4 P503 GTET USB_E|CTS2_ Qlo1 ANO023 CMPIN[SEG51
RGA XICEN |RTS2/ 0
8Ss2
SCK3
L5 17 [H4 80 G5 P504 [ALE GTET USB_I [sCK2 Ql02 AN024
RGB D CTS3_
RTS3/
SS3
K6 18 |J5 81 G6 IRQ14 [P505 RXD2/ QIo3 AN025
MISO2
/SCL2
L6 119 [H5 IRQ15 [P506 TXD2/ AN026
MOSI2
/SDA2
N4 120 P507 ANO027
N5 121 L4 82 K3 VCC
M5 122 [K4 83 J3 VSS
M6 123 [K5 84 J4 52 52 IRQ7 [P015 ANO10 TS28
N6 124 L5 85 K4 53 53 PO14 ANO09 [DAO
M7 125 [K6 86 J5 54 54 VREFL P0O13 ANOO8 |AMP1+
N7 126 L6 87 K5 55 55 VREF P012 ANOO7 [AMP1-
H
L7 127 |J6 88 H5 56 56 AVCCO
L8 128 |07 89 H6 57 57 AVSSO
M8 129 [K7 90 J6 58 58 VREFL[IRQ15 [P0O11 ANOO6 |AMP2+ TS31
0
N8 130 L7 91 K6 59 59 VREF [IRQ14 |[P010 ANOO5 [AMP2- TS30
HO
M9 131 IRQ13 [P009 ANO15
N9 132 [H6 92 J7 IRQ12 [P008 ANO14
K7 133 [H7 93 H7 P007 ANO13 [AMP3
o
L9 134 [H8 94 G7 IRQ11 [P006 ANO12 [AMP3-
K8 135 L8 95 K7 IRQ10 [P005 ANO11 |AMP3+
K9 136 |J8 96 J8 60 60 IRQ3  [P004 AN004 [AMP2
[e]
K10 [137 |K8 97 H8 61 61 P003 ANOO3 [AMP1
[¢]
M10  [138  [J9 98 K8 62 62 IRQ2  [P002 AN0O2 |AMPO
o
N10 [139  [K9 99 K9 63 63 IRQ7 [P001 ANO001 [AMPO- TS22
L10  [140 Lo 100 [K10 (64 64 IRQ6 [P00O ANOOO [AMPO+ TS21
N11T [141 VSS
N12  [142 VCC
M11 [143 [L10 IRQ14 [P512 GTIOC CTX0 |TXD4/ [SCL2
0A MOSl4
/SDA4
M12  [144  [K10 IRQ15 [P511 GTIOC CRX0 |RXD4/ |SDA2
0B MISO4
/SCL4
E5 ’ﬁs NC
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S3A3 Datasheet 2. Electrical Characteristics

2.2 DC Characteristics
2.2.1 Tj/Ta Definition

Table 2.3 DC characteristics
Conditions: Products with operating temperature (T,) —40 to +105°C

Parameter Symbol Typ Max Unit Test conditions
Permissible junction temperature Tj - 125 °C High-speed mode
1051 Middle-speed mode

Low-voltage mode
Low-speed mode
Subosc-speed mode

Note: Make sure that Tj = T, + Bja x total power consumption (W), where total power consumption = (VCC — Vgp) * Zlgy + VoL
ZIOL + ICCmaX x VCC.

Note 1.  The upper limit of operating temperature is 85°C or 105°C, depending on the product. For details, see section 1.3, Part
Numbering. If the part number shows the operation temperature at 85°C, then the maximum value of Tj is 105°C, otherwise, it
is 125°C.

2.2.2 /O Vi, VL

Table2.4  1/OVyy, V) (1)
Conditions: VCC = AVCCO0 = VCC_USB =VCC_USB_LDO =2.7 t0 5.5V, VBATT =1.6t0 3.6 V,VSS=AVSS0=0V

Parameter Symbol Min Typ | Max Unit | Test conditions
Schmitt trigger | 11IC*1 (except for SMBus) ViH VCC x 0.7 - 5.8 \Y -
input voltage Vi N N VCC x 0.3
AVt VCC x 0.05 - -
RES, NMI ViH VCC x 0.8 - -
Other perlpheral input pins Vi N N VCC x 0.2
excluding IIC
AVt VCC % 0.1 - -
Input voltage IIC (SMBus)*2 Viy 22 - - VCC=36t055V
(except for Vi 2.0 ; ; VCC=271036V
Schmitt trigger
input pin) ViL - - 0.8 -
5V-tolerant ports*3 ViH VCC x 0.8 - 5.8
Vi - - VCC x 0.2
P914, P915 ViH VCC_USB x0.8 | - VCC_USB +0.3
ViL - - VCC_USB x 0.2
P000 to P0O15 Viy AVCCO x 0.8 - -
Vi - - AVCCO x 0.2
EXTAL ViH VCC x 0.8 - -
D00 to D15 . Vi N N VCC x 0.2
Input ports pins except for
P000 to P015, P914, P915
When VBATT P402, P403, P404 V|H VBATT x 0.8 - VBATT +0.3
power supply is v N N v 2
selected L satT * 0.
AVT VBATT x 0.05 - -

Note 1. P205, P206, P400, P401, P407, P408, P511, P512 (total 8 pins).
Note 2. P100, P101, P204, P205, P206, P400, P401, P407, P408, P511, P512 (total 11 pins).
Note 3. P205, P206, P400 to P404, P407, P408, P511, P512 (total 11pins).

R01DS0307EU0110 Rev.1.10 RENESAS Page 31 of 139
Jul 3, 2018



S3A3 Datasheet

2. Electrical Characteristics

2.2.5 I/O Pin Output Characteristics of Low Drive Capacity
lon/loL Vs Von/VoL
60
50
VCC=55V
40
30
20 VCC =33V
< 10 VCC =27V
E VCC=16V
30 —
3 10 VCC=16V /
= VCC =27V
20 TYcc-sav
-30
-40
=0 ™ cc=ssv
-60
0 1 2 3 4 5 6
VOH/VOL [V]
Figure 2.2 Von/VoL and lgy/lg, voltage characteristics at Ta = 25°C when low drive output is selected
(reference data)
lon/loL Vs Von/VoL
3
Ta=-40°C
2 Ta=25C
Ta=105°C
1
<
E
3 0
5
-1
Ta =105°C
-2 la=20C
Ta =-40°C
-3
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
VOH/VOL [V]
Figure 2.3 Von/VoL and lgy/lg. temperature characteristics at VCC = 1.6 V when low drive output is selected

(reference data)
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S3A3 Datasheet

2. Electrical Characteristics

100

lon/loL [MA]

Ta=105°C

lor/loL Vs Vor/VoL

Ta =-40°C

Ta =25°C

Ta=105°C

Ta=25°C

-80 ~Ta=-40°C

0 0.5

1.5 2

VOH/V oL [V]

2.5 3 3.5

Figure 2.14
selected (reference data)

Von/VoL and lgy/lg. temperature characteristics at VCC = 3.3 V when middle drive output is

220
180
140
100

lon/loL [MA]

-140 ~Ta=105°C

low/loL Vs Vor/VoL

Ta =-40°C

Ta =25°C

Ta=105°C

Ta=25°C

Ta =-40°C

2 3

VOH/VOL [V]

Figure 2.15
selected (reference data)

Von/VoL and lgy/lo. temperature characteristics at VCC = 5.5 V when middle drive output is
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Jul 3, 2018

RENESAS

Page 43 of 139



S3A3 Datasheet 2. Electrical Characteristics

2.3 AC Characteristics

2.3.1 Frequency

Table 2.17 Operation frequency value in high-speed operating mode
Conditions: VCC = AVCC0=24t0 55V

Parameter Symbol | Min Typ Max*5 Unit
Operation System clock (ICLK)*4 27t055V f 0.032768 - 48 MHz
frequency 241027V 0.032768 | - 16
FlashlF clock (FCLK)*1. *2, *4 27t055V 0.032768 - 32
24t027V 0.032768 - 16
Peripheral module clock (PCLKA)*4 27t055V - - 48
24t027V - - 16
Peripheral module clock (PCLKB)*4 27t055V - - 32
24t027V - - 16
Peripheral module clock (PCLKC)*3.*4 | 2.7 to 5.5V - - 64
24t027V - - 16
Peripheral module clock (PCLKD)*4 27t055V - - 64
24t027V - - 16
External bus clock (BCLK)*4 27t055V - - 24
24t027V - - 16
EBCLK pin output 27t055V - - 12
24t027V - - 8

Note 1.  The lower-limit frequency of FCLK is 1 MHz while programming or erasing the flash memory. When using FCLK for
programming or erasing the flash memory at below 4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer
frequency such as 1.5 MHz cannot be set.

Note 2. The frequency accuracy of FCLK must be +3.5% while programming or erasing the flash memory. Confirm the frequency
accuracy of the clock source.

Note 3. The lower-limit frequency of PCLKC is 4 MHz at 2.4 V or above and 1 MHz at below 2.4 V when the 14-bit A/D converter is in
use.

Note 4. See section 9, Clock Generation Circuit in User’s Manual for the relationship of frequencies between ICLK, PCLKA, PCLKB,
PCLKC, PCLKD, FCLK, and BCLK.

Note 5. The maximum value of operation frequency does not include the internal oscillator errors. The operation can be guaranteed
with the errors of the internal oscillator. For details on the range for guaranteed operation, see Table 2.22, Clock timing.
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S3A3 Datasheet 2. Electrical Characteristics

MOSCCR.MOSTP \

£

»
Main clock oscillator output W—\-‘ﬁ-ﬂ_\—/_\—/_\—/_

tmamoscwt R
Main clock N
Figure 2.30 Main clock oscillation start timing
PLLCR.PLLSTP B y
tpLL
PLL clock [ \ ’
Figure 2.31 PLL clock oscillation start timing (PLL is operated after main clock oscillation has settled)

SOSCCR.SOSTP !‘

£
2

tsusosc
Sub-clock oscillator output W\J

Figure 2.32 Sub-clock oscillation start timing

MOCOCR.MCSTP

tmoco

e
MOCO clock oscillator output 7l_\_/_\_/—

Figure 2.33 MOCO clock oscillation start timing
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S3A3 Datasheet

2. Electrical Characteristics

2.3.7 I/O Ports, POEG, GPT, AGT, KINT, and ADC14 Trigger Timing
Table 2.35 1/0 Ports, POEG, GPT, AGT, KINT, and ADC14 trigger timing
Test
Parameter Symbol | Min Max Unit conditions
1/0 ports Input data pulse width tPrRwW 1.5 - tpeyc Figure 2.47
Input/output data cycle (P002, PO03, P004, PO07) trocyc 10 - us

POEG POEG input trigger pulse width tpoew | 3 - tpeyc Figure 2.48

GPT Input capture pulse width Single edge teticw | 1.5 - tPDeyc Figure 2.49
Dual edge 2.5 -

AGT AGTIO, AGTEE input cycle 27V<VCC=<55V | tacyc™! | 250 - ns Figure 2.50
24V<sVCC<27V 500 - ns
1.8V=sVCC<24V 1000 - ns
1.6VsVCC<18V 2000 - ns

AGTIO, AGTEE input high level 27V<VCC<55V | tackwh, | 100 - ns

width, low-level width 24V <VCC <27V tackwL 200 _ ns
1.8V<sVCC<24V 400 - ns
1.6VsVCC<18V 800 - ns

AGTIO, AGTO, AGTOA, AGTOB | 27V =<VCC<55V | tacyco | 62.5 - ns Figure 2.50

output cycle 24V<VCC<27V 125 |- ns
1.8V<sVCC<24V 250 - ns
16V=sVCC<18V 500 - ns

ADC14 14-bit A/D converter trigger input pulse width trrRew 1.5 - tpeye Figure 2.51

KINT KRn (n = 00 to 07) pulse width tkr 250 - ns Figure 2.52

Note 1. Constraints on AGTIO input: tpeyc X 2 < tacyc
Note: tpeyc: PCLKB cycle, tppeye: PCLKD cycle

Port

A

trrw

Figure 2.47 1/0 ports input timing
POEG input trigger >d% jF<
troew
Figure 2.48 POEG input trigger timing
R01DS0307EU0110 Rev.1.10 RENESAS Page 74 of 139

Jul 3, 2018



S3A3 Datasheet 2. Electrical Characteristics

Input capture >a% jF<
I« N

teTicw
Figure 2.49 GPT input capture timing
< tacve >
e tackwi [ tackwH —>
AGTIO, AGTEE Z X

(input) \

tacvcz
AGTIO, AGTO,

AGTOA, AGTOB

(output) |

Figure 2.50 AGT 1/O timing

ADTRGO }# +

trrew

Figure 2.51 ADC14 trigger input timing

KROO to KRO7 * _Z

A 4

tkr
Figure 2.52 Key interrupt input timing
2.3.8 CAC Timing
Table 2.36 CAC timing
Test
Parameter Symbol | Min Typ | Max | Unit | conditions
CAC CACREF input pulse width | tpgeyc*! <tcac™® | tcacrer | 45 % teac + 3 * tpeyc™ | - - ns -
tPchc*1 > teac? S X teae + 6.5 tPchc*1 - - ns
R01DS0307EU0110 Rev.1.10 -IENESAS Page 75 of 139
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S3A3 Datasheet 2. Electrical Characteristics
Table 2.38 SCI timing (2) (2 of 2)
Parameter Symbol Min Max Unit Test conditions
Simple | Slave access time tsa - 10 (PCLKA > | tpeyc Figure 2.58 and
SPI 32 MHz), Figure 2.59
6 (PCLKA <
32 MHz)
Slave output release time tREL - 10 (PCLKA > | tpeyc
32 MHz),
6 (PCLKA <
32 MHz)
tspckwh
SCKn
master select
output
tspckwh
Vin
SCKn
slave select input
(n=0t04,9) tspckwL
Von=0.7 x VCC, Vo= 0.3 x VCC, Vy=0.7 x VCC, V,.= 0.3 x VCC
Figure 2.55 SCI simple SPI mode clock timing
SCKn Z‘ 5\—/_“_ ﬂ /
CKPOL =0 7 3
output
oco N/ N N\ \
CKPOL = 1
output N— 'y—/
tsu th
MISOn
tor, tor ton l—y top
MOSIn R e % 3
output M wmseout DATA >§ LSB OUT >< IDLE ><MSB out
(n=0t04,9)
Figure 2.56 SCI simple SPI mode timing (master, CKPH = 1)
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S3A3 Datasheet 2. Electrical Characteristics

SSLnO to <5 N Ly
SSLn3 ™ ™
output <4

tLeap fias | > e

—S - 7 tssir, tssir
RSPCKn / T Z
CPOL=0 4 \ y k
output —_——
RSPCKn \ X "_/—\—/_
CPOL = 1 \ V \
output N
tSU tHF tH
e
MISOn /
input MSB IN <r< DATA LSB IN { MSB IN
tOH to tDr, th
S e
MOSin MSB OUT DATA LSB OUT IDLE MSB OUT
output cc -
2

n=AorB

Figure 2.65 SPI timing (master, CPHA = 1) (bit rate: PCLKA division ratio is set to 1/2)

SSLn0 \ s N
inpu? o < 7'/ \
. tean ” tLac
RSPCKn v —\
: A NV /
i(r;wit?tL L
RSPCKn ——
CPOL = 1
input X§_7/—\_‘§_/ \;
tsa ton top treL
[ ———>] <€ > >
(';"Jtspcjt” MSB OUT f§< DATA >§f LSB OUT :Xz MSB IN MSB OUT
tsu tH t;r, ‘Df
ih:;)ust,ln 4} DATA D—@ { MSBIN
n=AorB
Figure 2.66 SPI timing (slave, CPHA = 0)
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S3A3 Datasheet

2. Electrical Characteristics

Table 2.48

Conditions: VCC = AVCC0 =4.5t0 5.5V, VREFH0O =4.5t0 5.5V

Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (1) in high-speed A/D conversion mode (2 of 2)

Parameter Min Typ Max Unit Test conditions
Conversion time*1 Permissible signal 0.80 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKC = 64 MHz) Max. = 0.3 kQ ADSSTRN.SST[7:0] = 0Dh
1.22 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
Offset error - +2.0 +18 LSB High-precision channel
124.0 LSB Other than above
Full-scale error - +3.0 +18 LSB High-precision channel
124.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - +5.0 +20 LSB High-precision channel
1+32.0 LSB Other than above
DNL differential nonlinearity error - 4.0 - LSB -
INL integral nonlinearity error - 4.0 +12.0 LSB -

Note: 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
not include quantization errors.

Note 1. The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is indicated for
the test conditions.

Note 2.  Except for I/O input capacitance (Cin), see section 2.2.4, I/O Voy, Vo, and Other Characteristics.

Table 2.49 AID conversion characteristics (2) in high-speed A/D conversion mode (1 of 2)

Conditions: VCC = AVCC0 =2.7t0 5.5V, VREFHO =2.7t0 5.5 V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 48 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 0.94 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKC =48 MHz) Max. = 0.3 kQ ADSSTRnN.SST[7:0] = 0Dh
1.50 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRn.SST[7:0] = 28h
Offset error - 0.5 +4.5 LSB High-precision channel
6.0 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 - +1.0 - LSB -
INL integral nonlinearity error - + +3.0 LSB -
14-bit mode
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Table 2.51

A/D conversion characteristics (4) in low power A/D conversion

Conditions: VCC = AVCC0 =2.7t0 5.5V, VREFH0O =2.7t0 5.5V
Reference voltage range applied to the VREFHO and VREFLO.

mode (2 of 2)

Parameter Min Typ Max Unit Test conditions
INL integral nonlinearity error - +1.0 +3.0 LSB -
14-bit mode
Resolution - - 14 Bit -
Conversion time*1 Permissible signal 2.50 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC =24 MHz) Max. = 1.1 kQ ADSSTRN.SST[7:0] = 0Dh
3.63 - - 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 - + +20 LSB High-precision channel
+32.0 LSB Other than above
DNL differential nonlinearity error - +4.0 - LSB -
INL integral nonlinearity error - +4.0 +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 2.52

Conditions: VCC = AVCC0=2.41t05.5V,VREFH0 =24t0 55V
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/0O Voy, Vo, and Other Characteristics.

A/D conversion characteristics (5) in low power A/D conversion mode (1 of 2)

Jul 3, 2018

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 16 MHz -
Analog input capacitance*2 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 3.38 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC = 16 MHz) Max. = 2.2 kQ ADSSTRN.SST[7:0] = 0Dh
5.06 - - us Normal-precision channel
ADCSR.ADHSC =1
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
16.0 LSB Other than above
Quantization error - +0.5 - LSB -
Absolute accuracy - +1.25 | £5.0 LSB High-precision channel
+ LSB Other than above
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Table 2.53

Conditions: VCC = AVCCO0 = 1.8 to 5.5 V (AVCCO = VCC when VCC < 2.0 V), VREFHO = 1.8t0 5.5V

Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (6) in low power A/D conversion mode (2 of 2)

Parameter Min Typ Max Unit Test conditions
Absolute accuracy - +3.0 8.0 LSB High-precision channel
+12.0 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*! Permissible signal 7.50 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC = 8 MHz) Max. = 5 kQ ADSSTRN.SST[7:0] = 0Dh
10.88 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h
Offset error - +4.0 +30.0 LSB High-precision channel
+40.0 LSB Other than above
Full-scale error - 6.0 +30.0 LSB High-precision channel
+40.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - +12.0 +32.0 LSB High-precision channel
+48.0 LSB Other than above
DNL differential nonlinearity error - +4.0 - LSB -
INL integral nonlinearity error - +4.0 +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 2.54

Conditions: VCC = AVCCO0 = 1.6 to0 5.5 V (AVCCO = VCC when VCC < 2.0 V), VREFHO = 1.6 to 5.5V

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/0O Voy, VoL, and Other Characteristics.

A/D conversion characteristics (7) in low power A/D conversion mode (1 of 2)

Jul 3, 2018

Parameter Min Typ Max Unit Test conditions
Frequency 1 - 4 MHz -
Analog input capacitance*2 Cs - - 8 (reference data) pF High-precision channel
- - 9 (reference data) pF Normal-precision channel
Analog input resistance Rs - - 13.1 (reference data) | kQ High-precision channel
- - 14.3 (reference data) | kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO \Y -
12-bit mode
Resolution - - 12 Bit -
Conversion time*1 Permissible signal 13.5 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKC =4 MHz) Max. = 9.9 kQ ADSSTRN.SST[7:0] = 0Dh
20.25 - - us Normal-precision channel
ADCSR.ADHSC = 1
ADSSTRN.SST[7:0] = 28h
Offset error - +1.0 7.5 LSB High-precision channel
+10.0 LSB Other than above
Full-scale error - +1.5 7.5 LSB High-precision channel
+10.0 LSB Other than above
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2123

[1/3 Bias Method]
Table 2.72

Conditions: VCC =22V to 55V

Capacitor Split Method

Internal voltage boosting method LCD characteristics

Parameter Symbol | Conditions Min Typ Max Unit I:ztiitions
VL4 voltage*1 Via C1to C4 =0.47 pF*2 | - VCC - \% -
VL2 voltage*! Vi C1t0C4 =047 uF*2 | 2/3x V| 4-0.07 | 2/3x V|4 | 213 xV 4 +0.07 | V -
VL1 voltage*! Vi1 C1t0C4 =047 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.

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%.

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.

MDSETO,

MDSET1 00b

01b or 10b

VLCON

LCDON

tvowr, twarr

Figure 2.93

2.13

Table 2.73

Comparator Characteristics

ACMPLP characteristics

Conditions: VCC=1.8t0 5.5V

LCD reference voltage setup time, voltage boosting wait time, and capacitor split wait time

Parameter Symbol | Min Typ Max Unit Test conditions
Reference voltage range Standard mode | IVREFn VREF 0 - VCC-14 |V -
(n=0,1)
Window mode*2 | IVREF1 VREFH | 1.4 - VCC \ -
IVREFO VREFL - VvCC-14 |V -
Input voltage range VI 0 - VCC Vv -
Internal reference voltage - 1.36 1.44 1.50 \% -
Output delay High-speed mode Td - - 1.2 us VCC =3.0
Low-speed mode - - 5 us 2';:‘;{ ites (()) fn:r:/;;ﬂ;
Window mode - - 2 us
Offset voltage*1 High-speed mode - - - 50 mV -
Low-speed mode - - - 40 mV -
Window mode - - - 60 mV -
Operation stabilization wait time Temp 100 - - us -

Note 1. When 8-bit DAC output is used as the reference voltage, the offset voltage increases up to 2.5 x VCC/256.
Note 2. In window mode, be sure to satisfy the following condition: IVREF1 - IVREF0 > 0.2 V.
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2.14 OPAMP Characteristics

Table 2.74 OPAMP characteristics
Conditions: VCC = AVCCO0 = 1.8 to 5.5 V (AVCCO0 = VCC when VCC < 2.0 V)
Parameter Symbol Conditions Min Typ Max Unit
Common mode input Vicm1 Low-power mode 0.2 - AVCC0-0.5 |V
range
9 Vicm2 High-speed mode 0.3 - AVCC0-06 |V
Output voltage range Vo1 Low-power mode 0.1 - AVCCO0-0.1 |V
Vo2 High-speed mode 0.1 - AVCCO0-0.1 | V
Input offset voltage Vioff 30 -10 - 10 mV
Open gain Av 60 120 - dB
Gain-bandwidth (GB) GBW1 Low-power mode - 0.04 - MHz
product
GBW2 High-speed mode - 1.7 - MHz
Phase margin PM CL =20 pF 50 - - deg
Gain margin GM CL =20 pF 10 - - dB
Equivalent input noise | Vnoise1 f=1kHz Low-power mode - 230 - nV/AHz
Vnoise2 f=10kHz - 200 - nV/VHz
Vnoise3 f=1kHz High-speed mode - 90 - nV/VHz
Vnoise4 f=2kHz - 70 - nV/\Hz
Power supply PSRR - 90 - dB
reduction ratio
Common mode signal | CMRR - 90 - dB
reduction ratio
Stabilization wait time Tstd1 CL =20 pF Low-power mode 650 - - us
Only operational amplifier is -
Tstd2 activated *1 High-speed mode 13 - - us
Tstd3 CL =20 pF Low-power mode 650 - - us
Operational amplifier and -
Tstd4 reference current circuit are High-speed mode 13 - - Hs
activated simultaneously
Settling time Tset1 CL =20 pF Low-power mode - - 750 us
Tset2 High-speed mode - - 13 us
Slew rate Tslew1 CL =20 pF Low-power mode - 0.02 - V/us
Tslew2 High-speed mode - 1.1 - V/us
Load current lload1 Low power mode -100 - 100 uA
lload2 High-speed mode -100 - 100 pA
Load capacitance CL - - 20 pF

Note 1.  When the operational amplifier reference current circuit is activated in advance.
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Table 2.77 Code flash characteristics (3)

Middle-speed opera

ting mode

Conditions: VCC = 1.8 10 5.5V, Ta = —40 to +85°C

FCLK =1 MHz FCLK = 8 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 8-byte tpg - 157 1411 - 101 966 us
Erasure time 2-KB teok - 9.10 289 - 6.10 228 ms
Blank check time 8-byte tacs - - 87.7 - - 52,5 us
2-KB tecok | - - 1930 - - 414 us
Erase suspended time tsep - - 32.7 - - 21.6 us
Startup area switching setting time tsas - 22.5 592 - 14.0 464 ms
Access window time taws - 225 592 - 14.0 464 ms
OCD/serial programmer ID setting time tosis - 225 592 - 14.0 464 ms
Flash memory mode transition wait time 1 | tpg 2 - - 2 - - us
Flash memory mode transition wait time 2 | tyg 720 - - 720 - - ns
Note: Does not include the time until each operation of the flash memory is started after instructions are executed by software.
Note: The lower-limit frequency of FCLK is 1 MHz during programming or erasing the flash memory. When using FCLK at below

4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz cannot be set.

Note: The frequency accuracy of FCLK must be +3.5%. Confirm the frequency accuracy of the clock source.

2.15.2 Data Flash Memory Characteristics

Table 2.78 Data flash characteristics (1)

Parameter Symbol | Min Typ Max Unit Test conditions
Reprogramming/erasure cycle*1 NpreC 100000 1000000 | - Times -
Data hold time | After 10000 times of Nppgc toprP 20*2.*3 | - - Year Ta = +85°C
After 100000 times of Nppgc 5*2,*3 - - Year
After 1000000 times of Nppgc - 1%2,*3 - Year Ta=+25°C

Note 1. The reprogram/erase cycle is the number of erasure for each block. When the reprogram/erase cycle is n times (n = 100,000),
erasing can be performed n times for each block. For instance, when 1-byte programming is performed 1,000 times for different
addresses in 1-byte blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However,
programming the same address for several times as one erasure is not enabled. (overwriting is prohibited).

Note 2.  Characteristics when using the flash memory programmer and the self-programming library provided by Renesas Electronics.

Note 3. These results are obtained from reliability testing.

Table 2.79 Data flash characteristics (2)
High-speed operating mode
Conditions: VCC =2.7t0 5.5V

FCLK =4 MHz FCLK =32 MHz
Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 1-byte top1 - 52.4 463 - 421 387 us
Erasure time 1-KB tbe1K - 8.98 286 - 6.42 237 ms
Blank check time 1-byte tbec1 - - 24.3 - - 16.6 us
1-KB tpeC1K - - 1872 - - 512 us
Suspended time during erasing tbsep - - 13.0 - - 10.7 us
Data flash STOP recovery time tpsToP 5 - - 5 - - us
Note: Does not include the time until each operation of the flash memory is started after instructions are executed by software.
Note: The lower-limit frequency of FCLK is 1 MHz during programming or erasing the flash memory. When using FCLK at below
4 MHz, the frequency can be set to 1 MHz, 2 MHz, or 3 MHz. A non-integer frequency such as 1.5 MHz cannot be set.
Note: The frequency accuracy of FCLK must be +3.5%. Confirm the frequency accuracy of the clock source.
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SWCLK / \ 7-—\—/—\—
tswos | tswoH
SWDIO
(Input)
tSWDD
SWDIO
(Output)
« tswob
SWDIO
(Output)
tSWDD
SWDIO
(Output)
Figure 2100  SWD input/output timing
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