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S3A7 1. Overview

1. Overview

The S3A7 MCU comprises multiple series of software- and pin-compatible ARM-based 32-bit MCUs that share a
common set of Renesas peripherals to facilitate design scalability and efficient platform-based product development.

This MCU provides an optimal combination of low-power, high-performance ARM® Cortex®-M4 core running up to 48
MHz with the following features:

e Up to 1-MB code flash memory

e 192-KB SRAM

e Segment LCD Controller (SLCDC)

e Capacitive Touch Sensing Unit (CTSU)
e USB 2.0 Full-Speed Module (USBFS)
e 14-bit ADC

e 12-bit DAC

e Security features.

1.1 Function Outline

Table 1.1 ARM core

Feature Functional description

ARM Cortex-M4 e Maximum operating frequency: up to 48 MHz
e ARM Cortex-M4:
- Revision: rOp1-01rel0
- ARMV7E-M architecture profile
- Single Precision Floating Point Unit compliant with the ANSI/IEEE Std 754-2008
o ARM Memory Protection Unit (MPU):
- ARMv7 Protected Memory System Architecture
- 8 protect regions
e SysTick timer:
- Driven by LOCO clock

Table 1.2 Memory

Feature Functional description

Code flash memory Maximum 1 MB code flash memory. See section 48, Flash Memory in User's Manual.
Data flash memory 16 KB data flash memory. See section 48, Flash Memory in User's Manual.
Option-Setting Memory The Option-Setting Memory determines the state of the MCU after a reset.

See section 7, Option-Setting Memory in User's Manual.

Memory Mirror Function (MMF) The MMF can be configured to mirror the desired application image load address in code flash
memory to the application image link address in the unused memory 23-bit space (memory
mirror space addresses). The user application code is developed and linked to run from this
MMF destination address. The user application code does not need to know the load location
where it is stored in code flash memory. See section 5, Memory Mirror Function (MMF) in
User's Manual.

SRAM This MCU has an on-chip high-speed SRAM with either parity-bit or Error Correction Code
(ECC). There is an area in SRAMO that provides error correction capability using ECC. See
section 47, SRAM in User's Manual.
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Table 1.3 System (1/2)

Feature

Functional description

Operating mode

Two operating modes:
- Single-chip mode
- SCI/USB boot mode.
See section 3, Operating Modes in User's Manual.

Reset

This MCU has 14 types of 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 Stack pointer error reset

« Software reset.

See section 6, Resets in User's Manual.

Low Voltage Detection (LVD)

The Low Voltage Detection (LVD) 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.

Clock

e Main clock oscillator (MOSC)

e Sub-clock oscillator (SOSC)

e High-speed on-chip oscillator (HOCO)

o 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) is used to check 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.

Low Power Mode

This MCU has several functions for reducing power consumption, such as 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 Mode in User's
Manual.

Battery Backup Function

This MCU has a battery backup function that can be partly powered by a battery. The battery
powered area includes RTC/AGT/SOSC/LOCO/Wakeup Control/Backup Memory/VBATT_R
Low Voltage Detection/Switch between VCC/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 due
to software errors. See section 13, Register Write Protection in User's Manual.

Memory Protection Unit (MPU)

This MCU incorporates two memory protection units and provide a CPU stack pointer monitor
function. See section 16, Memory Protection Unit (MPU) in User's Manual.
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Table 1.9 Communication interfaces (2/2)

Feature

Functional description

Controller Area Network (CAN)
Module

The Controller Area Network (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 32, Controller Area Network (CAN) Module in User's Manual.

USB 2.0 Full-Speed Module (USBFS)

This MCU incorporates a USB 2.0 Full-Speed module (USBFS). The USBFS is a USB
controller that is equipped to operate as a host controller or function controller. The module
supports full-speed and low-speed (only for the host controller) transfer as defined in the
Universal Serial Bus Specification 2.0. The module has an internal USB transceiver and
supports all of the transfer types defined in the Universal Serial Bus Specification 2.0.

The USB has buffer memory for data transfer, providing a maximum of 10 pipes. PIPE1 to
PIPE9 can be assigned any endpoint number based on the peripheral devices used for
communication or based on the user system.

This MCU supports revision 1.2 of the battery charging specification. Because this MCU can
be powered at 5 V, the USB LDO regulator provides the internal USB transceiver power supply
3.3 V. See section 28, USB 2.0 Full-Speed Module (USBFS) in User's Manual.

SD/MMC Host Interface (SDHI)

The Secure Digital Host Interface (SDHI) and MultiMediaCard (MMC) interface provide the
functionality needed to connect a variety of external memory cards with this MCU. The SDHI
supports both 1-bit and 4-bit buses for connecting different memory cards that support SD,
SDHC, and SDXC formats. When developing host devices that are compliant with the SD
Specifications, you must comply with the SD Host/Ancillary Product License Agreement (SD
HALA).

The MMC interface supports 1-bit, 4-bit, and 8-bit MMC buses that provide eMMC 4.51
(JEDEC Standard JESD 84-B451) device access. This interface also provides backward
compatibility and supports for high-speed SDR transfer modes. See section 37, SD/MMC Host
Interface (SDHI) in User's Manual.

Table 1.10 Analog (1/2)

Feature

Functional description

14-bit A/D Converter (ADC14)

This MCU incorporates up to one unit of a 14-bit successive approximation A/D converter. Up
to 28 analog input channels are selectable. Temperature sensor output and internal reference
voltage are selectable for conversion. The A/D conversion accuracy is selectable from 12-bit

and 14-bit conversion making it possible to optimize the tradeoff between speed and resolution
in generating a digital value. See section 39, 14-Bit A/D Converter (ADC14) in User's Manual.

12-bit D/A Converter (DAC12)

This MCU includes a 12-bit D/A converter with an output amplifier. See section 40, 12-Bit D/A
Converter (DAC12) in User's Manual.

Temperature Sensor (TSN)

The on-chip temperature sensor can be used to determine and monitor the die temperature for
reliable operation of the device. The sensor outputs a voltage directly proportional to the die
temperature, and the relationship between the die temperature and the output voltage is linear.
The output voltage is provided to the ADC for conversion and can be further used by the end
application. See section 41, Temperature Sensor (TSN) in User's Manual.

High-Speed Analog Comparator
(ACMPHS)

Analog comparators can be used to compare a test voltage with a reference voltage and to
provide a digital output based on the result of conversion.

Both the test voltage and the reference voltage can be provided to the comparator from
internal sources such as D/A converter output and internal reference voltage, and an external
source.

Such flexibility is useful in applications that require go/no-go comparisons to be performed
between analog signals without necessarily requiring A/D conversion. See section 43, High-
Speed Analog Comparator (ACMPHS) in User's Manual.

Low-Power Analog Comparator
(ACMPLP)

Analog comparators can be used to compare a reference input voltage and analog input
voltage. The comparison result can be read by software and also be output externally. The
reference input voltage can be selected from either an input to the CMPREF:i (i = 0, 1) pin or
from the internal reference voltage (Vref) generated internally in this MCU.

The ACMPLP response speed can be set before starting an operation. Setting high-speed
mode decreases the response delay time, but increases current consumption. Setting low-
speed mode increases the response delay time, but decreases current consumption. See
section 44, Low-Power Analog Comparator (ACMPLP) in User's Manual.

R01DS0263EU0100 Rev.1.00
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S3A7 1. Overview

1.2 Block Diagram

Figure 1.1 shows the block diagram of this MCU superset. Individual devices within the group may have a subset of the
features.

Memories Interrupt Control ARM Cortex-M4 System

1 MB Code Flash

| ICU | | DSP || FPU | |POR/LVD| Clocks

MOSC/SOSC
16 KB Data Flash
Bus | MPU | | Reset |
(H/MIL) OCO
192 KB SRAM
External
NVIC Mode Control PLL
CSsC
| System Timer | | Power Control | CAC |
DMA
DTC MPU Test and DBG I/F Register Write Battery Backup
Protection
DMAC x 4
Timers Communication Interfaces Human Machine Interfaces
GPT32x 10 SCIx 6 QsPI | CTSU | | sLcbe
IrDA % 1
AGT x 2 | I x3 | | SE):II | KINT
Realtime Clock SPI x 2 CAN x 1
USBFS
| WDT/IWDT | | SSIx 2 | | with BC1.2 |
Event Link Data Processing Analogs
ELC CRC | ADC14 | | TSN | | OPAMP x 4
ACMPHS x 2
Security alele | DAC12 | | ACMPLP x 2 |
SCE5
Figure 1.1 Block diagram
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Feb 23, 2016



S3A7

1. Overview

R7FS3A77C2A01CLJ

A B c D E F G H J K
P212/ | P215/
P407 | P409 | P412 | VCC | feral | xom | VCL | P403 | P400 | P00O
P213/ P214/
USB_DM|USB_DP| P413 VSS XTAL | xcouT VBATT P405 P401 P001
vee_ | vss_ |vec_us
USB USB B_LDO P411 P415 P708 P404 P003 P004 P002
P205 | P204 | P206 | P408 | P414 | P406 | Poos | P007 | Po08 | POOS5
PO11/ | PO10/
VSS VCC P202 P203 P410 P402 P505 AVSSO0 VREFLO | VREEHO
PO13/ | P0O12/
P200 |P201/MD| P307 RES P113 P600 P504 AVCCO VREFL | VREFH
P305 | P304 | Psos | P3o6 | P115 | P601 | P503 | P100 | PO15 | PO14
P09 | P303 |P110/TDI| P111 | P09 | Peo2 | P107 | P103 | vss | vcc
P300/
Tck/ | P302 | P301 | P114 | Pe10 | Pe03 | P106 | P101 | Ps01 | P502
SWCLK
P108/ | P109/
™S/ | TDO/ | P112 | Pe0s | vcc | vss | P10s | P104 | P102 | P500
SWDIO | Swo
A B C D E F G H J K

10

Figure 1.7

Pin assignment for LGA 100-pin (Upper perspective view)
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S3A7 1. Overview
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M10 138 J9 98 K8 62 62 P002 AN002 |AMPO |IVREF IRQ8
[e] 2/
IVCMP
2
N10 139 K9 99 K9 63 63 P001 AN001 |AMPO- |IVREF TS22 |IRQ7
1/
IVCMP
1
L10 140 L9 100 K10 64 64 P000 ANO0O |AMPO+|IVREF TS21 |IRQ6
o/
IVCMP
0
N11 141 VSS
N12 142 VCC
M11 143 L10 P512 GTIOC TXD4_|SCL2 IRQ14
0A B B/
MOSI4
B/
SDA4
B
M12 144 K10 P511 GTIOC RXD4_[SDA2 IRQ15
0B_B B/
MISO4
| B/
SCL4.
B
E5 F6 NC
Note: Several pin names have the added suffix of _A, _B, and _C. The suffix can be ignored when assigning functionality.
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S3A7 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
Item Symbol Typ Max Unit Test conditions
Permissible junction temperature Tj - 125 °C High-speed mode
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)
z'OH + VOL X Z|O|_ + ICCmax x VCC.
2.2.2 /0 Vi, VL
Table 2.4 11O Vi, Vi (1)

Conditions: VCC =2.7t0 5.5V, AVCC0=2.7t0 5.5V, VBATT=16t0 3.6 V,VSS=AVSS0 =0V

Item Symbol Min Typ Max Unit | Test conditions
Schmitt trigger IIC*" (except for SMBus) Viy VCC x 0.7 - 5.8 \% -
input voltage Vi 03 N VCC %03
AVt VCC x 0.05 - -
RES, NMI V4 VCC x 0.8 - VCC +0.3
Other perlpheral input pins Vi 03 N VCC x 0.2
excluding IIC
AVt VCC x 0.1 - -
Input voltage IIC (SMBus)*2 ViH 22 - VCC +0.3 VCC=36t055V
(except for Vin 2.0 - VCC + 0.3 VCC=271036V
Schmitt trigger
input pin) Vi -0.3 - 0.8 -
5V-tolerant ports*3 Vi VCC x 0.8 - 5.8
VL -0.3 - VCC x 0.2
P000 to P0O15 V4 AVCCO0x0.8 | - AVCC +0.3
Vi -0.3 - AVCCO x 0.2
EXTAL Vin VCC x 0.8 - VCC +0.3
DOO to D15 ViL 203 - VCC x 0.2
Input ports pins except for
P000 to PO15
When VBATT P402, P403, P404 V|H VBATT x 0.8 - VBATT +0.3
power supply is v 03 B v %02
selected I ' BATT ~ ™
AVT VBATT x 0.05 - -
Note 1. SCLO_A, SDAO_A, SCL1_A, SDA1_A, SCL2, SDA2, SDAOQ_B (total 7 pins).

Note 2.
Note 3.

SCLO_A, SDAO_A, SCLO_B, SDAO_B, SCL1_A, SDA1_A, SCL1_B, SDA1_B, SCL2, SDA2 (total 10 pins).
P205, P206, P400 to P404, P407, P511, P512 (total 10pins).

R01DS0263EU0100 Rev.1.00
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Figure 2.10

Von/VoL and lgy/lo. Temperature Characteristics at VCC = 3.3 V When Middle drive output is
Selected (Reference Data)
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Figure 2.11

Von/VoL and lgy/lo. Temperature Characteristics at VCC = 5.5 V When Middle drive output is
Selected (Reference Data)
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227

P408, P409 I/O Pin Output Characteristics of Middle Drive Capacity

low/loL Vs Vou/Vor

VCC =55V

VCC=33V.
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VCC=27V
VCC =33V
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Figure 2.12

Von/VoL and lgy/lg. Voltage Characteristics at Ta = 25°C When Middle drive output is Selected
(Reference Data)
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Figure 2.13

Von/VoL and lgy/lo. Temperature Characteristics at VCC = 2.7 V When Low drive output is
Selected (Reference Data)
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Table 2.11 Operating and standby current (1) (2/2)
Conditions: VCC = AVCCO0=1.6t0 5.5V

Test
Item Symbol | Typ*10 Max | Unit | conditions
Supply Low-speed Normal mode All peripheral clock ICLK =1 MHz lec 0.5 - mA *7
* *.
current*! mode™3 disabled, code executing
from flash*S
All peripheral clock ICLK =1 MHz 0.7 -
disabled, CoreMark code
executing from flash*®
All peripheral clock ICLK =1 MHz 1.5 - *8
enabled, code executing
from flash*S
All peripheral clock ICLK =1 MHz - 3.2
enabled, code executing
from SRAM*S
Sleep mode All peripheral clock ICLK =1 MHz 0.4 - *7
disabled*>
All peripheral clock ICLK =1 MHz 1.3 - *8
enabled*d
Low-voltage Normal mode All peripheral clock ICLK = 4 MHz lec 2.5 - mA *7
mode*3 disabled, code executing
from flash*5
All peripheral clock ICLK =4 MHz 3.0 -
disabled, CoreMark code
executing from flash*>
All peripheral clock ICLK =4 MHz 4.5 - *8
enabled, code executing
from flash*S
All peripheral clock ICLK = 4 MHz - 11.2
enabled, code executing
from SRAM*S
Sleep mode All peripheral clock ICLK = 4 MHz 2.0 - *7
disabled*>
All peripheral clock ICLK = 4 MHz 4.0 - *8
enabled*d
Subosc- Normal mode Al peripheral clock ICLK = 32.768 kHz lcc 13.5 - WA *8
speed disabled, code executing
mode*4 from flash*5
All peripheral clock ICLK = 32.768 kHz 25.0 -
enabled, code executing
from flash*5
All peripheral clock ICLK = 32.768 kHz - 2141
enabled, code executing
from SRAM*S
Sleep mode All peripheral clock ICLK = 32.768 kHz 9.5 -
disabled*®
All peripheral clock ICLK = 32.768 kHz 21.0 -
enabled*S
Note 1.  Supply current values do not include output charge/discharge current from all pins. The values apply when internal pull-up
MOSs are in the off state.
Note 2. The clock source is HOCO.
Note 3. The clock source is MOCO.
Note 4. The clock source is the sub-clock oscillator.
Note 5. This does not include BGO operation.
Note 6. This is the increase for programming or erasure of the ROM or flash memory for data storage during program execution.
Note 7. FCLK, BCLK, PCLKA, PCLKB, PCLKC and PCLKD are set to divided by 64.
Note 8. FCLK, BCLK, PCLKA, PCLKB, PCLKC and PCLKD are the same frequency as that of ICLK.
Note 9. FCLK, BCLK, and PCLKB are set to divided by 2 and PCLKA, PCLKC and PCLKD are the same frequency as that of ICLK.
Note 10. VCC =3.3 V.
R01DS0263EU0100 Rev.1.00 -QENESAS Page 44 of 130
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S3A7 2. Electrical Characteristics

2.2.10 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.15 Rise and fall gradient characteristics
Conditions: VCC = AVCC0=0t0 5.5V

Item Symbol | Min Typ | Max | Unit | Test conditions

Power-on VCC Voltage monitor O reset disabled at startup SrvCC | 0.02 | - 2 ms/V | -
rising gradient

Voltage monitor 0 reset enabled at startup*?: *2 0.02 | - -

Note 1.  When OFS1.LVDAS = 0.

Note 2.  Turn the power supply voltage on according to the normal startup rising gradient because the register settings set by OFS1 are
not read in boot mode.

Table 2.16 Rising and falling gradient and ripple frequency characteristics
Conditions: VCC = AVCC0=VCC_USB=1.6t05.5V

The ripple voltage must meet the allowable ripple frequency f,cc) within the range between the VCC upper limit (5.5 V) and lower limit
(1.6 V).

When VCC change exceeds VCC +10%, the allowable voltage change rising/falling gradient dt/dVCC must be met.

Item Symbol | Min Typ Max Unit Test conditions
Allowable ripple frequency fr (vee) - - 10 kHz Figure 2.25
Vi (vec) S VCC x 0.2
- - 1 MHz Figure 2.25
Vi (vecy S VCC x 0.08
- - 10 MHz Figure 2.25
Vi (vec) < VCC x 0.06
Allowable voltage change risingand | dt/dVvCC | 1.0 - - ms/V When VCC change exceeds VCC +10%
falling gradient

> < 1/fr(VCC)

VCC Vivee)
Figure 2.25 Ripple waveform
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2.3 AC Characteristics
2.3.1 Frequency
Table 2.17 Operation frequency value in high-speed operating mode
Conditions: VCC = AVCC0=2.41t0 55V
Item Symbol | Min Typ Max Unit
Operation System clock (ICLK)*4 27t055V f 0.032768 - 48 MHz
frequency 241027V 0032768 | - 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, | 2.7t0 5.5V - - 64
" 241027V - - 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
Note 4. ;Z(z section 9, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK, PCLKA, PCLKB,

PCLKC, PCLKD, FCLK, and BCLK.
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S3A7 2. Electrical Characteristics

CSRWAIT:3
CSWWAIT:3

TW1 TWZ TW3 (Tend) Tend Tn1 Tn2

ESOLK [\ \ (U U O

A16 to AOO X X

CS3 o CSO __\ /

RD (Read) \ /

WR (Write) \ /

External wait

twrs|twrh twrs| twrn
WAIT JN Aﬁ 7[ \
Figure 2.42 External bus timing/external wait control
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Figure 2.54 SCI simple SPI mode timing (slave, CKPH = 1)
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Observation
DP point
- v
i 50 pF
DM
50 pF
Figure 2.74 Test circuit for Full-Speed (FS) connection
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Figure 2.75 Test circuit for Low-Speed (LS) connection
242 USB External Supply
Table 2.47 USB regulator
Item Min Typ Max Unit Test conditions
VCC_USB supply current | VCC_USB_LDO =3.8V | - - 50 mA -
VCC_USB_LDO 24.5V | - - 100 mA -
VCC_USB supply voltage 3.0 - 3.6 \Y -
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25 ADC14 Characteristics
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Figure 2.76 AVCCO0 to VREFHO voltage range

Table 2.48 A/D conversion characteristics (1) in high-speed mode (1/2)
Conditions: VCC = AVCCO0 =4.5t0 5.5V, VREFH0 =4.5t0 5.5V, VSS = AVSS0 = VREFLO = 0V
Reference voltage range applied to the VREFHO and VREFLO.

Item Min Typ Max Unit Test conditions
Frequency 1 - 64 MHz -
Analog input capacitance Cs - - 15 pF High-precision channel
- - 30 pF Normal-precision channel
Analog input resistance Rs - - 2.5 kQ -
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 ADSSTRnN.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
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 5.0 LSB High-precision channel
+8.0 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 -
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212 Segment LCD Controller/Driver Characteristics

2121 Resistance Division Method

[Static Display Mode]

Table 2.66 Resistance division method LCD characteristics (1)
Conditions: VL4 <VCC <55V

Item Symbol Min Typ Max Unit Test conditions
LCD drive voltage Via 2.0 - VCC \ -
[1/2 Bias Method, 1/4 Bias Method]
Table 2.67 Resistance division method LCD characteristics (2)
Conditions: VL4 < VCC <55V
Item Symbol Min Typ Max Unit Test conditions
LCD drive voltage Vig 2.7 - VCC \ -
[1/3 Bias Method]
Table 2.68 Resistance division method LCD characteristics (3)
Conditions: VL4 <VCC <55V
Item Symbol Min Typ Max Unit Test conditions
LCD drive voltage Via 25 - VCC \Y -
212.2 Internal Voltage Boosting Method
[1/3 Bias Method]
Table 2.69 Internal voltage boosting method LCD characteristics
Conditions: VCC = AVCC0=1.8Vto 5.5V
Test
Item Symbol | Conditions Min Typ Max Unit conditions
LCD output voltage Vi4 C1to C4*1=0.47 yF | 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 \Y -
VLCD =07h | 1.05 1.15 1.23 \Y -
VLCD =08h | 1.10 1.20 1.28 \Y -
VLCD =0% | 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 \Y -
VLCD =0Dh | 1.35 1.45 1.53 \Y -
VLCD =0Eh | 1.40 1.50 1.58 \Y -
VLCD =0Fh | 1.45 1.55 1.63 \Y -
VLCD =10h | 1.50 1.60 1.68 \Y -
VLCD=11h | 1.55 1.65 1.73 \Y -
VLCD =12h | 1.60 1.70 1.78 \Y -
VLCD =13h | 1.65 1.75 1.83 \Y -
Doubler output voltage | V|, C1to C4*1 =0.47 pF 2xVi1-01 | 2xV4|2%xV 4|V -
Tripler output voltage Vig C1to C4*1 =0.47 pF 3xV1-015][3xV 4| 3xV 4|V -
Reference voltage tvL1s 5 - - ms Figure 2.88
setup time*2
LCD output voltage tvLwT C1to C4*1 =0.47 uF 500 - - ms
variation range*3

Note 1. This is a capacitor that is connected between voltage pins used to drive the LCD.

RO1DS0263EU0100 Rev.1.00 RENESAS
Feb 23, 2016

Page 112 of 130



S3A7 2. Electrical Characteristics

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%

Note 2. This is the time required to wait from when the reference voltage is specified using the VLCD register (or when the internal
voltage boosting method is selected (by setting the MDSET[1:0] 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).

[1/4 Bias Method]

Table 2.70 Internal voltage boosting method LCD characteristics
Conditions: VCC = AVCC0=1.8Vto 5.5V

Item Symbol | Conditions Min Typ Max Unit I::iitions
LCD output voltage V4 C1to C5*1 =0.47 pF 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 \ -
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 \ -
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 \ -
Tripler output voltage Vi3 C1to C5*1=0.47 yF 3V 4-0.12 | 3V 4 3V 4 \Y -
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 2.88
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 yF £ 30%

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 MDSET1 and MDSETO bits in the LCDMO register to 01b) if the default
value reference voltage is used) until voltage boosting starts (VLCON = 1).

This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).

V| 4 must be 5.5V or lower.

Note 2.

Note 3.
Note 4.
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Figure 2.91 Boundary scan circuit start up timing

2.17  Joint European Test Action Group (JTAG)

Table 2.82 JTAG (Debug) characteristics (1)
Conditions: VCC = AVCC =24t0 5.5V

Item Symbol Min Typ Max Unit Test conditions
TCK clock cycle time trekeye 80 - - ns Figure 2.92

TCK clock high pulse width trekH 35 - - ns

TCK clock low pulse width trekL 35 - - ns

TCK clock rise time trekr - - 5 ns

TCK clock fall time troks - - 5 ns

TMS setup time trmss 16 - - ns Figure 2.93
TMS hold time trmsH 16 - - ns

TDI setup time trois 16 - - ns

TDI hold time troH 16 - - ns

TDO data delay time troop - - 70 ns
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your iance with laws and ions.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

1

. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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