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1. Overview

Table 1.4 Event Link

Feature

Functional description

Event Link Controller (ELC)

The Event Link Controller (ELC) uses the interrupt requests generated by various peripheral
modules as event signals to connect them to different modules, enabling direct interaction
between the modules without CPU intervention. See section 16, Event Link Controller in
User’s Manual.

Table 1.5

Direct memory access

Feature

Functional description

Data Transfer Controller (DTC)

A Data Transfer Controller (DTC) module is provided for transferring data when activated by an
interrupt request. See section 15, Data Transfer Controller (DTC) in User’s Manual.

Table 1.6 Timers

Feature

Functional description

General PWM Timer (GPT)

The General PWM Timer (GPT) is a 32-bit timer with 1 channel and a 16-bit timer with 6
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 20,
General PWM Timer (GPT) in User’s Manual.

Port Output Enable for GPT (POEG)

Use the Port Output Enable for GPT (POEG) function to place the General PWM Timer (GPT)
output pins in the output disable state. See section 19, Port Output Enable for GPT (POEG) in
User’s Manual.

Asynchronous General Purpose
Timer (AGT)

The Asynchronous General Purpose Timer (AGT) is a 16-bit timer that can be used for pulse
output, external pulse width or period measurement, and counting 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 22, Asynchronous General Purpose Timer (AGT) in User’s Manual.

Realtime Clock (RTC)

The Realtime Clock (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 23, Realtime Clock (RTC) in User’s Manual.

Table 1.7

Communication interfaces (1 of 2)

Feature

Functional description

Serial Communications Interface
(SCI)

The Serial Communication Interface (SCI) is configurable to five asynchronous and

synchronous serial interfaces:

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

e 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 has 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 27, Serial Communications Interface (SCI) in User’s Manual.

Digital Addressable Lighting Interface
(DALI)

A Digital Addressable Lighting Interface (DALI) module is provided. DALI is an international
open lighting control communication protocol that includes dimming control of electronic
ballasts and LED lights from different manufacturers. The DALI interface module is designed to
allow compliance with international standard IEC62386-101 Edition 1.0/2.0 (DALI 2), that
includes software control. See section 28, Digital Addressable Lighting Interface (DALI) in
User’s Manual.
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S128 1. Overview
Table 1.7 Communication interfaces (2 of 2)
Feature Functional description

I2C Bus interface (IIC)

A 2-channel IIC module conforms with and provides a subset of the NXP 12C bus (Inter-
Integrated Circuit bus) interface functions. See section 29, 12C Bus Interface (IIC) in User’s
Manual.

Serial Peripheral Interface (SPI)

Two independent Serial Peripheral Interface (SPI) channels are capable of high-speed, full-
duplex synchronous serial communications with multiple processors and peripheral devices.
See section 31, Serial Peripheral Interface (SPI) in User’s Manual.

CAN Module (CAN)

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 30, Controller Area Network (CAN) in User’s Manual.

USB 2.0 Full-Speed Module (USBFS)

The USBFS is a USB controller that can operate as a host controller or device controller. The
module supports full-speed and low-speed 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 5 pipes. PIPEO and
PIPE4 to PIPE7 can be assigned any endpoint number based on the peripheral devices used
for communication or based on the user system.

The MCU supports revision 1.2 of the Battery Charging Specification. Because the MCU can
be powered at 5 V, the USB LDO regulator provides the internal USB transceiver power supply
at 3.3 V. See section 26, USB 2.0 Full-Speed Module (USBFS) in User’s Manual.

Table 1.8 Analog

Feature

Functional description

14-bit A/D Converter (ADC14)

A 14-bit successive approximation A/D converter is provided. Up to 21 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 33, 14-Bit A/D Converter (ADC14) in User’s Manual.

8-bit D/A Converter (DAC8)

An 8-bit D/A converter (DACS8) is provided. See section 34, 8-Bit D/A Converter (DAC8) in
User’s Manual.

Temperature Sensor (TSN)

The on-chip temperature sensor determines and monitors 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 35, Temperature Sensor (TSN) in User’s Manual.

High-Speed Analog Comparator
(ACMPHS)

The analog comparator compares 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 ACMPHS from internal sources (D/A converter output) 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 37, High-
Speed Analog Comparator (ACMPHS) in User’s Manual.

Low-Power Analog Comparator
(ACMPLP)

The analog comparator compares 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, an output from
internal D/A converter, or from the internal reference voltage (Vref) generated internally in the
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 38, Low-Power Analog Comparator (ACMPLP) in User’s Manual.

Operational Amplifier (OPAMP)

The operational amplifier amplifies small analog input voltages and outputs the amplified
voltages. A total of four differential operational amplifier units with two input pins and one
output pin are provided. See section 36, Operational Amplifier (OPAMP) in User’s Manual.

R01DS0309EU0100 Rev.1.00
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S128 1. Overview
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S128 1. Overview
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S128 1. Overview

Pin number Timers Communication Interfaces Analogs HMI
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Note:  Several pin names have the added suffix of _A, B, C, D and _E. The suffix can be ignored when assigning
functionality.
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2. Electrical Characteristics

Table 2.2 Recommended operating conditions
Parameter Symbol Value Min Typ Max Unit
Power supply voltages VCC™, "2 When USBFSis not | 1.6 - 5.5 \%
used
When USBFS is used | VCC_USB | - 3.6 \Y
USB Regulator
Disable
When USBFS is used | VCC_USB | - 5.5 \Y
USB Regulator _LDO
Enable
VSS - 0 - \Y
USB power supply voltages VCC_USB When USBFS is not | - VCC - \%
used
When USBFS is used | 3.0 3.3 3.6 \Y
USB Regulator
Disable
(Input)
VCC_USB_LDO When USBFS is not | - VCC - \Y
used
When USBFS is used | 3.8 - 5.5 \
USB Regulator
Enable
VSS_USB - 0 - Vv
Analog power supply voltages | AVCC0™1, 2 1.6 - 55 \%
AVSS0 - 0 - \Y
VREFHO When used as 1.6 - AVCCO \Y
VREFLO ADC14 Reference _ 0 B v

Note 1. Use AVCCO and VCC under the following conditions:

AVCCO0 and VCC can be set individually within the operating range when VCC 22.0 V
AVCCO0 = VCC when VCC <2.0 V.
Note 2. When powering on the VCC and AVCCQO pins, power them on at the same time or the VCC pin first and then the

AVCCO pin.

R0O1DS0309EU0100 Rev.1.00
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S128 2. Electrical Characteristics
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Figure 2.13 Von/VoL and lgy/lo. temperature characteristics at VCC = 2.7 V when middle drive output is
selected (reference data)
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Figure 2.14 Von/VoL and lgy/lo. temperature characteristics at VCC = 3.3 V when middle drive output is
selected (reference data)

RO1DS0309EU0100 Rev.1.00 RENESAS Page 36 of 107
Mar 10, 2017



S128 2. Electrical Characteristics

Table 2.11 Operating and standby current (1) (2 of 2)
Conditions: VCC = AVCCO0=1.6t0 5.5V

Test
Parameter Symbol | Typ*? Max Unit | Conditions
Supply Low-voltage Normal mode All peripheral clock ICLK = 4 MHz lec 1.5 - mA | *7
current*! mode*3 disabled, while (1) code
executing from flash*S
All peripheral clock ICLK = 4 MHz 1.4 -

disabled, CoreMark code
executing from flash*®

All peripheral clock ICLK = 4 MHz 23 - *8
enabled, while (1) code
executing from flash*®

All peripheral clock ICLK = 4 MHz - 4.0
enabled, code executing
from flash*S

Sleep mode All peripheral clock ICLK = 4 MHz 0.9 - *7

disabled*®
All peripheral clock ICLK = 4 MHz 1.7 - *8
enabled*S

Subosc- Normal mode All peripheral clock ICLK = 32.768 kHz lec 5.9 - uA *7

speed disabled, while (1) code

mode*4 executing from flash*S
All peripheral clock ICLK = 32.768 kHz 13.0 - *8

enabled, while (1) code
executing from flash*3

All peripheral clock ICLK = 32.768 kHz 128.3 163.7
enabled, code executing (17.8)*10
from flash*3

Sleep mode All peripheral clock ICLK = 32.768 kHz 3.2 - *7
disabled*5
All peripheral clock ICLK = 32.768 kHz 10.0 - *8
enabled*5

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. PCLKB and PCLKD are set to divided by 64.

Note 8. PCLKB and PCLKD are the same frequency as that of ICLK.

Note 9. VCC=3.3V.

Note 10. MOCO and DAC is stopped.
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S128 2. Electrical Characteristics

Table 2.13 Operating and standby current (3)
Conditions: VCC = AVCC0=16t0 55V

Test
Parameter Symbol | Min Typ Max Unit conditions
Operational Low power mode 1-unit operating lamp - 1.0 2.0 uA -
Amplifier - -
operating 2-unit operating - 15 3.0 uA -
current 3-unit operating - 2.0 3.5 HA -
4-unit operating - 25 4.5 A -
High speed mode 1-unit operating - 200 280 uA -
2-unit operating - 320 450 HA -
3-unit operating - 440 620 A -
4-unit operating - 560 790 uA -
USB operating During USB communication under the following luser*2 - 3.6 (VCC) - mA -
current settings and conditions: 1.1 (VCC_USB)*

e Function controller is in Full-Speed mode and
- Bulk OUT transfer is (64 bytes) x 1
- Bulk IN transfer is (64 bytes) x 1

* Host device is connected by a 1-meter USB cable
from the USB port.

During suspended state under the following setting Isusp*® - 0.35 (VCC) - uA -

and conditions: 170 (VCC_USB)*4

e Function controller is in Full-Speed mode (the
USB_DP pin is pulled up)

¢ Software Standby mode

e Host device is connected by a 1-meter USB cable
from the USB port.

PWM Delay PCLKD = 64 MHz, DLL Mode = 5-bit mode lec - 3.3 4.6 mA -
Generation
Circuit current

PCLKD = 64 MHz, DLL Mode = 4-bit mode - 3.0 4.2 mA -

PCLKD = 32 MHz, DLL Mode = 5-bit mode - 2.0 2.8 mA -

Note 1. The reference power supply current is included in the power supply current value for D/A conversion.

Note 2. Current is consumed only by the USBFS.

Note 3. Includes the current supplied from the pull-up resistor of the USB_DP pin to the pull-down resistor of the host
device, in addition to the current consumed by the MCU in the suspended state.

Note 4. When VCC =VCC_USB=3.3V.

Note 5. When the MCU is in Software Standby mode or the MSTPCRD.MSTPD16 (ADC140 module-stop bit) is in the
module-stop state.
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2. Electrical Characteristics

Table 2.18 Operation frequency in low-speed mode
Conditions: VCC = AVCCO0=1.8t0 5.5V
Parameter Symbol | Min Typ Max*$ Unit
Operation System clock (ICLK)*1, *2, *4 1.8t055V f 0.032768 - 1 MHz
frequency Peripheral module clock (PCLKB)* 1.8105.5V - - 1
Peripheral module clock (PCLKD)*3.*4 | 1.8t0 5.5V - - 1
Note 1. The lower-limit frequency of ICLK is 1 MHz while programming or erasing the flash memory.

Note 2.

frequency accuracy of the clock source.

Note 3.
Note 4.

PCLKB, and PCLKD.

Note 5.

guaranteed operation, see Table 2.21, Clock timing.

The lower-limit frequency of PCLKD is 1 MHz when the A/D converter is in use.
See section 8, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK,

The frequency accuracy of ICLK must be +3.5% during programming or erasing the flash memory. Confirm the

The maximum value of operation frequency does not include internal oscillator errors. For details on the range of

Table 2.19 Operation frequency in low-voltage mode
Conditions: VCC = AVCCO0=1.6t0 5.5V
Parameter Symbol | Min Typ Max*5 Unit
Operation System clock (ICLK)*1. *2, *4 16to55V f 0.032768 - 4 MHz
frequency Peripheral module clock (PCLKB)* 161055V - - 4
Peripheral module clock (PCLKD)*3. *4 | 1.6t0 5.5V - - 4
Note 1. The lower-limit frequency of ICLK is 1 MHz while programming or erasing the flash memory. When using ICLK 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 ICLK must be +3.5% during programming or erasing the flash memory. Confirm the
frequency accuracy of the clock source.
Note 3. The lower-limit frequency of PCLKD is 4 MHz at 2.4 V or above and 1 MHz at below 2.4 VV when the 14-bit A/D
converter is in use.
Note 4. See section 8, Clock Generation Circuit in User's Manual for the relationship of frequencies between ICLK,
PCLKB, and PCLKD.
Note 5. The maximum value of operation frequency does not include internal oscillator errors. For details on the range of
guaranteed operation, see Table 2.21, Clock timing.
Table 2.20 Operation frequency in Subosc-speed mode
Conditions: VCC = AVCCO0=1.8t0 5.5V
Parameter Symbol | Min Typ Max Unit
Operation System clock (ICLK)*1. *3 1.8to 5.5V f 27.8528 | 32.768 | 37.6832 kHz
frequency Peripheral module clock (PCLKB)*3 181055V - - 37.6832
Peripheral module clock (PCLKD)*2,*3 | 1.8t0 5.5V - - 37.6832
Note 1. Programming and erasing the flash memory is not possible.

Note 2.
Note 3.

The 14-bit A/D converter cannot be used.
See section 8, Clock Generation Circuit in User’'s Manual for the relationship between ICLK, PCLKB, and PCLKD
frequencies.
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S128 2. Electrical Characteristics

23.2 Clock Timing

Table 2.21 Clock timing (1 of 2)

Parameter Symbol Min Typ Max Unit Test conditions
EXTAL external clock input cycle time tyeye 50 - - ns Figure 2.25
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*1 texwT 0.3 - - Us -
EXTAL external clock input frequency fExTAL - - 20 MHz 24<VCC<55
- - 8 1.8=VCC<24
- - 1 1.6<VCC<18
Main clock oscillator oscillation frequency fvaiN 1 - 20 MHz 24<VCC=<55
1 - 8 1.8<VCC<24
1 - 4 1.6<VCC<1.8
LOCO clock oscillation frequency fLoco 27.8528 32.768 37.6832 kHz -
LOCO clock oscillation stabilization time tLoco - - 100 Us Figure 2.26
IWDT-dedicated clock oscillation frequency fiLoco 12.75 15 17.25 kHz -
MOCO clock oscillation frequency fuoco 6.8 8 9.2 MHz -
MOCO clock oscillation stabilization time tmoco - - 1 Us -
HOCO clock oscillation frequency fHocoz4 23.64 24 24.36 MHz Ta =-40 to —-20°C
1.8<VCC=<55
22.68 24 25.32 Ta=—-40to -85°C
16<VCC<18
23.76 24 24.24 Ta=-20to0 85°C
1.8<VCC<55
23.52 24 24.48 Ta =85to0 105°C
24<VCC=<55
frocos2 31.52 32 32.48 Ta =-40to -20°C
1.8<VCC<55
30.24 32 33.76 Ta =-40to 85°C
1.6<VCC<18
31.68 32 32.32 Ta=-20to 85°C
1.8<VCC<55
31.36 32 32.64 Ta=85to 105°C
24<VCC=<55
fHOCO48*3 47.28 48 48.72 Ta = -40 to —20°C
1.8<VCC<55
47.52 48 48.48 Ta=-20to 85°C
1.8<VCC=<55
47.04 48 48.96 Ta=-40to 105°C
24<VCC<55
fHOCOG4'4 63.04 64 64.96 Ta = —40 to —20°C
24<VCC<55
63.36 64 64.64 Ta=-20to 85°C
24<VCC=<55
62.72 64 65.28 Ta=85t0 105°C
24<VCC=<55
HOCO clock oscillation Except low- thoco24 - - 37.1 us Figure 2.27
stabilization time*5, *6 voltage mode thocos2
thocoss - - 43.3
thocosa - - 80.6
Low-voltage tHoco24 - - 100.9
mode tHocos2
tHocoss
tHocoss
Sub-clock oscillator oscillation frequency fsus - 32.768 - kHz -
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S128 2. Electrical Characteristics

Note 1. The differences among lines in 1-LSB resolution are normalized by this value.
Note 2. The drive capability of the PWM delay generation circuit output port is middle drive.

2.3.8 CAC Timing

Table 2.32 CAC timing

Test
Parameter Symbol | Min Typ Max | Unit | conditions
CAC CACREF input pulse width | tpeyc *1 Stcac™® | tcacrer | 45 X teac ¥ 3 X tpgye | - - ns -
tPcyc*1 > teac*? S X teae ¥ 6.5 % tpeye | - - ns

Note 1. tpgyc: PCLKB cycle.
Note 2. t.5.: CAC count clock source cycle.

2.3.9 SCI Timing

Table 2.33 SCI timing (1)
Conditions: VCC = AVCC0=161t0 5.5V

Parameter Symbol Min Max Unit" | Test conditions
SCI Input clock cycle Asynchronous tseyc 4 - tpeyc Figure 2.41
Clock synchronous 6 -
Input clock pulse width tsckw 0.4 0.6 tseyc
Input clock rise time tsckr - 20 ns
Input clock fall time tscks - 20 ns
Output clock cycle | Asynchronous tseyc 6 - tpeyc
Clock synchronous 4 -
Output clock pulse width tsckw 0.4 0.6 tseye
Output clock rise time 1.8V or above | tgckr - 20 ns
1.6V or above - 30
Output clock fall time 1.8V or above | tscks - 20 ns
1.6V or above - 30
Transmit data delay | Clock 1.8V or above | trxp - 40 ns Figure 2.42
(master) synchro [ =\ o1 above i 45
nous
Transmit data delay | Clock 2.7V or above - 55 ns
(slave) synchro 173 4v or above - 60
nous
1.8V or above - 100
1.6V or above - 125
Receive data setup | Clock 2.7V or above | tgxs 45 - ns
time (master) synchro 2 4V or above 55 _
nous
1.8V or above 90 -
1.6V or above 110 -
Receive data setup | Clock 2.7V or above 40 - ns
time (slave) synchro 16V or above 45 _
nous ’
Receive data hold Clock synchronous tRxH 5 - ns
time (master)
Receive data hold Clock synchronous tRxH 40 - ns
time (slave)

Note 1. tpgyc: PCLKB cycle.
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S128 2. Electrical Characteristics

Table 2.41 A/D conversion characteristics (1) in high-speed A/D conversion mode (2 of 2)
Conditions: VCC = AVCC0 =4.5t0 5.5V, VREFHO =4.5t0 5.5V, VSS = AVSS0 = VREFLO = 0V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions

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 - 0.5 - LSB -

Absolute accuracy - +5.0 +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 -

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.

Table 2.42 AID conversion characteristics (2) in high-speed A/D conversion mode (1 of 2)
Conditions: VCC = AVCCO0 = 2.7 to 5.5V, VREFH0 = 2.7 t0 5.5 V, VSS = AVSS0 = VREFLO = 0V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions
Frequency 1 - 48 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 0.94 - - Ms High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKD = 48 MHz) Max. = 0.3 kQ ADSSTRnN.SST[7:0] = 0Dh
1.50 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRnN.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
16.0 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 -
Conversion time*1 Permissible signal 1.06 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =0
PCLKD = 48 MHz) Max. = 0.3 kQ ADSSTRN.SST[7:0] = 0Dh
1.63 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h
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S128 2. Electrical Characteristics

Table 2.43 AID conversion characteristics (3) in high-speed A/D conversion mode (2 of 2)
Conditions: VCC = AVCCO0 =2.4t0 5.5V, VREFH0 = 2.4 t0 5.5V, VSS = AVSS0 = VREFLO = 0V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions

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 - 0.5 - LSB -

Absolute accuracy - +5.0 +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 -

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.

Table 2.44 A/D conversion characteristics (4) in low-power A/D conversion mode (1 of 2)
Conditions: VCC = AVCCO0 = 2.7 t0 5.5V, VREFHO0 = 2.7 to 5.5 V, VSS = AVSS0 = VREFLO = 0V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions
Frequency 1 - 24 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 2.25 - - Ms High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKD = 24 MHz) Max. = 1.1 kQ ADSSTRnN.SST[7:0] = 0Dh
3.38 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRnN.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
16.0 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 -
Conversion time*1 Permissible signal 2.50 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKD = 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
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Table 2.44 A/D conversion characteristics (4) in low-power A/D conversion mode (2 of 2)
Conditions: VCC = AVCCO0 = 2.7 t0 5.5V, VREFHO0 = 2.7 to 5.5 V, VSS = AVSS0 = VREFLO = 0V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions

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 - 0.5 - LSB -

Absolute accuracy - +5.0 +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 -

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.

Table 2.45 A/D conversion characteristics (5) in low-power A/D conversion mode (1 of 2)
Conditions: VCC = AVCCO0 =2.4t0 5.5V, VREFHO = 2.4 t0 5.5V, VSS = AVSS0 = VREFLO = 0V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions
Frequency 1 - 16 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 3.38 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKD = 16 MHz) Max. = 2.2 kQ ADSSTRnN.SST[7:0] = 0Dh
5.06 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRnN.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
16.0 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 -
Conversion time*1 Permissible signal 3.75 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKD = 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
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Table 2.47

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

Conditions: VCC = AVCCO0 = 1.6 to 5.5 V (AVCCO = VCC when VCC < 2.0 V), VREFHO = 1.6 to 5.5 V, VSS = AVSS0 = VREFL0 =0
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions

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 -

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.

Table 2.48 14-bit A/D converter channel classification

Classification Channel Conditions Remarks

High-precision channel ANO0O0O to AN013 AVCCO0=1.6t05.5V Pins ANOOO to AN013 cannot be used
as general /0, IRQ2 input, or for TS
transmission when the A/D converter
is in use.

Normal-precision channel ANO016 to AN022 -

Internal reference voltage

input channel

Internal reference voltage

AVCC0=20to 5.5V

Temperature sensor input

channel

Temperature sensor output

AVCC0=2.0t0o 5.5V

Table 2.49

Conditions: VCC = AVCCO0 = VREFHO0 = 2.0 to 5.5 V*1

A/D internal reference voltage characteristics

Parameter Min Typ Max Unit Test conditions
Internal reference voltage input 1.36 1.43 1.50 \Y -

channel*2

Sampling time 5.0 - - us -

Note 1. The internal reference voltage cannot be selected for input channels when AVCCO0 < 2.0 V.
Note 2. The 14-bit A/D internal reference voltage indicates the voltage when the internal reference voltage is input to the

14-bit A/D converter.
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2. Electrical Characteristics

Table 2.61 Code flash characteristics (3)
Middle-speed operating mode
Conditions: VCC = AVCCO = 1.8 to 5.5V, Ta = -40 to +85°C

ICLK =1 MHz ICLK = 8 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 4 bytes tpg - 157 1411 - 101 966 us
Erasure time 1KB te1k - 9.10 289 - 6.10 228 ms
Blank check time 2 bytes taca - - 87.7 - - 52.5 us

1KB tec1k | - - 1930 - - 414 us
Erase suspended time tsep - - 32.7 - - 216 us
Startup area switching setting time tsas - 22.8 592 - 14.2 465 ms
Access window time taws - 22.8 592 - 14.2 465 ms
OCD/serial programmer ID setting time | tog)s - 22.8 592 - 14.2 465 ms
Flash memory mode transition wait tois 2 - - 2 - - us
time 1
Flash memory mode transition wait tms 720 - - 720 - - ns
time 2

Note 1. Does not include the time until each operation of the flash memory is started after instructions are executed by
the software.

Note 2. The lower-limit frequency of ICLK is 1 MHz during programming or erasing the flash memory. When using ICLK
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 3. The frequency accuracy of ICLK must be +3.5% during programming or erasing the flash memory. Confirm the
frequency accuracy of the clock source.

2.13.2 Data Flash Memory Characteristics

Table 2.62 Data flash characteristics (1)

Parameter Symbol | Min Typ Max Unit Conditions
Reprogramming/erasure cycle*! Npprec 100000 1000000 | - Times -
Data hold time | After 10000 times of Nppgc topre 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

Note 2.

Note 3.

(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.)

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

These results are obtained from reliability testing.
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Table 2.65

SWD characteristics (1) (2 of 2)
Conditions: VCC = AVCC0=2.4t0 5.5V

Parameter Symbol Min Typ Max Unit Test conditions
SWDIO setup time tswos 16 - - ns Figure 2.70
SWDIO hold time tswoH 16 - - ns
SWDIO data delay time tswobp 2 - 70 ns
Table 2.66 SWD characteristics (2)
Conditions: VCC = AVCC0=1.6t0 2.4V
Parameter Symbol Min Typ Max Unit Test conditions
SWCLK clock cycle time tswekeye 250 - - ns Figure 2.69
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 tswos 50 - - ns Figure 2.70
SWDIO hold time tswoH 50 - - ns
SWDIO data delay time tswobp 2 - 150 ns
tswekeye
i
N
tswekH
> tsweks
[ A
¢ tswokr
tswekL
Figure 2.69 SWD SWCLK timing
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Appendix 1. Package Dimensions

JEITA Package code RENESAS code Previous code MASS(TYP.)[g]
P-HWQFN48-7x7-0.50 | PWQNOO4BKB-A |  pagks oo aba-6 0.13

o[Elx w[S A8

D
36 25
37 24 DETAIL OF (A) PART
+ A A
L[]
48 13 —A —co
1 12
INDEX AREA
Referance| Dimension in Millimeters
Symbol Min Nom Max
D D 6.95 | 7.00 | 7.05
2
E 6.95 | 7.00 | 7.05
—Llp EXPOSED DIE PAD A — T — T 080
! 12 A 000 | — -
UUUUUUUUUUY !
48P 18 b 018 | 025 | 0.30
3 g [e] — 050 | —
=) =
=4 = Lp 0.30 | 0.40 | 050
=) (= X — | — 0.05
=) + c Eo
=) (= y — | — 0.05
=) = — —
ZE— D d Zp 0.75
=) (= Ze — 075 | —
7(d So2
uRaXalaXaXalaXeXuRakaka C2 015 | 020 | 025
% % Do — 5.50 —
Zp @ E, — 550 | —
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Figure 1.5 QFN 48-pin
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