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S3A1 Datasheet

1. Overview

Table 1.7 Timers

Feature

Functional description

General PWM Timer (GPT)

The GPT is a 32-bit timer with four channels and a 16-bit timer with six channels. PWM
waveforms can be generated by controlling the up-counter, down-counter, or the up- and
down-counter. In addition, PWM waveforms can be generated for controlling brushless DC
motors. The GPT can also be used as a general-purpose timer. See section 23, General PWM
Timer (GPT) in User’s Manual.

Port Output Enable for GPT (POEG)

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

Asynchronous General Purpose
Timer (AGT)

The AGT is a 16-bit timer that can be used for pulse output, external pulse width or period
measurement, and counting external events.

This 16-bit timer consists of a reload register and a down-counter. The reload register and the
down-counter are allocated to the same address, and they can be accessed with the AGT
register. See section 24, Asynchronous General Purpose Timer (AGT) in User’s Manual.

Realtime Clock (RTC)

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

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

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

Table 1.8

Communication interfaces (1 of 2)

Feature

Functional description

Serial Communications Interface
(SCI)

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

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

* 8-bit clock synchronous interface

e Simple IIC (master-only)

e Simple SPI

e Smart card interface.

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

transmission protocol.

SCI0 and SCI1 have FIFO buffers to enable continuous and full-duplex communication, and

the data transfer speed can be configured independently using an on-chip baud rate generator.

See section 29, Serial Communications Interface (SCI) in User’'s Manual.

12C Bus Interface (IIC)

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

Serial Peripheral Interface (SPI)

Two independent SPI channels are capable of high-speed, full-duplex synchronous serial
communications with multiple processors and peripheral devices. See section 32, Serial
Peripheral Interface (SPI) in User’s Manual.

Serial Sound Interface Enhanced
(SSIE)

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

Quad Serial Peripheral Interface
(QSPI)

The QSPI is a memory controller for connecting a serial ROM (nonvolatile memory such as a
serial flash memory, serial EEPROM, or serial FeERAM) that has an SPIl-compatible interface.
See section 33, Quad Serial Peripheral Interface (QSPI) in User’s Manual.

Controller Area Network (CAN)
Module

The CAN module provides functionality to receive and transmit data using a message-based
protocol between multiple slaves and masters in electromagnetically noisy applications.

The CAN module complies with the ISO 11898-1 (CAN 2.0A/CAN 2.0B) standard and supports
up to 32 mailboxes, which can be configured for transmission or reception in normal mailbox
and FIFO modes. Both standard (11-bit) and extended (29-bit) messaging formats are
supported. See section 31, Controller Area Network (CAN) Module in User’s Manual.
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Figure 1.6 Pin assignment for 100-pin LQFP (top view)
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S3A1 Datasheet 2. Electrical Characteristics

2. Electrical Characteristics
Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:

VCC*1 = AVCCO = VCC_USB*2=VCC_USB_LDO*2=1.61t05.5V, VRERH = VREFHO0 = 1.6 to AVCCO0, VBATT =
1.6103.6 V, VSS = AVSS0 = VREFL = VREFLO = VSS_USB =0V, Ta = Ty

Note 1. The typical condition is set to VCC = 3.3V.
Note 2. When USBFS is not used.

Figure 2.1 shows the timing conditions.

For example P100 l O
T°

Von =VCC x 0.7, VoL =VCC x 0.3
Viyp=VCC x 0.7, V. =VCC x 0.3
Load capacitance C = 30 pF

Figure 2.1 Input or output timing measurement conditions

The measurement conditions of timing specifications in each peripheral are recommended for the best peripheral
operation. However, make sure to adjust driving abilities of each pin to meet your conditions.

Each function pin used for the same function must select the same drive ability. If the I/O drive ability of each function
pin is mixed, the AC specification of each function is not guaranteed.
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S3A1 Datasheet 2. Electrical Characteristics

Table 2.22 Clock timing (2 of 2)

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

external clock is stable.

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

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

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

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

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

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

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

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

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

Note 9.  When setting up the main clock, ask the oscillator manufacturer for an oscillation evaluation and use the results as the
recommended oscillation stabilization time. Set the MOSCWTCR register to a value equal to or greater than the recommended
stabilization time. After changing the setting of the MOSCCR.MOSTP bit so that the main clock oscillator operates, read the
OSCSF.MOSCSEF flag to confirm that it is 1, then start using the main clock.
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S3A1 Datasheet 2. Electrical Characteristics

Table 2.26 Timing of recovery from low power modes (3)

Test

Parameter Symbol | Min | Typ | Max | Unit | conditions
Recovery time Low-speed Crystal System clock source is | tsgymc | - 2 3 ms | Figure 2.36
from Software mode resonator main clock oscillator
Standby mode*1 connected to (1 MHz)*2

main clock

oscillator

External clock System clock source is | tsgyex | - 28 50 us

input to main main clock oscillator

clock oscillator | (1 MHz)*3

System clock source is MOCO tseymo | - 25 35 us

Note 1.  The division ratio of ICK, BCK, FCK, and PCKXx is the minimum division ratio within the allowable frequency range. The
recovery time is determined by the system clock source.

Note 2. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h.

Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.

Table 2.27 Timing of recovery from low power modes (4)

Test

Parameter Symbol | Min | Typ | Max | Unit | conditions
Recovery time Low-voltage | Crystal System clock source is | tsgymc | - 2 3 ms | Figure 2.36
from Software mode resonator main clock oscillator
Standby mode*! connected to (4 MHz)*2

main clock

oscillator

External clock System clock source is | tsgyex | - 108 | 130 | ps

input to main main clock oscillator

clock oscillator | (4 MHz)*3

System clock source is HOCO tseyno | - 108 | 130 | ps

Note 1. The division ratio of ICK, BCK, FCK, and PCKx is the minimum division ratio within the allowable frequency range. The
recovery time is determined by the system clock source. When multiple oscillators are active, the recovery time can be
determined by the following expression.

Note 2. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h.

Note 3. The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.

Table 2.28 Timing of recovery from low power modes (5)

Test
Parameter Symbol | Min | Typ | Max | Unit | conditions
Recovery time Subosc-speed mode System clock source is sub-clock | tsgysc | - 0.85 | 1 ms Figure 2.36

from Software oscillator (32.768 kHz)
Standby mode*?

System clock source is LOCO tseyLo | - 0.85| 1.2 ms
(32.768 kHz)

Note 1. The sub-clock oscillator or LOCO itself continues to oscillate in Software Standby mode during Subosc-speed mode.
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2.3.6 Bus Timing

Table 2.31 Bus timing (1)

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

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

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

Table 2.32 Bus timing (2)

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

VCC=24t027V

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

239 SCI Timing
Table 2.37 SCI timing (1)
Test
Parameter Symbol Min Max Unit™ conditions
SCI Input clock cycle Asynchronous tseye - tpeyc Figure 2.53
Clock synchronous -
Input clock pulse width tsckw 4 0.6 tseyc
Input clock rise time tsckr - 20 ns
Input clock fall time tscks - 20 ns
Output clock cycle | Asynchronous tseye - tpeyc
Clock synchronous -
Output clock pulse width tsckw 4 0.6 tseye
Output clock rise time 1.8 Vor above | tgcr - 20 ns
1.6 V or above - 30
Output clock fall time 1.8 V or above | tgcks - 20 ns
1.6 V or above - 30
Transmit data delay | Clock 1.8 Vorabove | trxp - 40 ns Figure 2.54
(master) synchronous [~ =%, 0 above i 45
Transmit data delay | Clock 2.7 V or above - 55 ns
(slave) synchronous |5 4, or above N 60
1.8 V or above - 100
1.6 V or above - 125
Receive data setup | Clock 2.7V or above | trxs 45 - ns
time (master) synchronous |5 4, or above 55 N
1.8 V or above 90 -
1.6 V or above 110 -
Receive data setup | Clock 2.7V or above 40 - ns
time (slave) synchronous 16V or above 45 N
Receive data hold Clock synchronous tRxH 5 - ns
time (master)
Receive data hold Clock synchronous tRXH 40 - ns
time (slave)
Note 1. tp¢yc: PCLKA cycle.
tsckw tsckr tscki
> «
SCKn / ’\ ‘ ‘\
(n=0to4,9) K
A tScyc "
Figure 2.53 SCK clock input timing
R01DS0324EU0110 Rev.1.10 RENESAS Page 75 of 137

Mar 7, 2018



S3A1 Datasheet

2. Electrical Characteristics
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Figure 2.54

Table 2.38  SCI timing (2) (1 of 2)

SCI input/output timing in clock synchronous mode

Parameter Symbol Min Max Unit Test conditions
Simple | SCK clock cycle output (master) tspeyc 4 65536 tpeye Figure 2.55
SPI SCK clock cycle input (slave) 6 65536
SCK clock high pulse width tspckwH 0.4 0.6 tspeyc
SCK clock low pulse width tspckwL 0.4 0.6 tspeye
SCK clock rise and fall time 1.8 V or above | tgpckr, - 20 ns
1.6 V or above | 'SPCKf - 30
Data input setup Master | 2.7 V or above | tgy 45 - ns Figure 2.56 to
time 2.4V or above 55 N Figure 2.59
1.8 V or above 80 -
1.6 V or above 110 -
Slave 2.7 V or above 40 -
1.6 V or above 45 -
Data input hold time | Master ty 33.3 - ns
Slave 40 -
SS input setup time tLEAD 1 - tspeyc
SS input hold time tLac 1 - tspeyc
Data output delay Master | 1.8 Vorabove | top - 40 ns
1.6 V or above - 50
Slave 2.4V or above - 65
1.8 V or above - 100
1.6 V or above - 125
Data output hold Master | 2.7 V orabove | toy -10 - ns
time 2.4V or above -20 -
1.8 V or above =30 -
1.6 V or above —40 -
Slave -10 -
Data rise and fall Master 1.8V orabove | tp, tps - 20 ns
time 1.6 V or above - 30
Slave 1.8 V or above - 20
1.6 V or above - 30
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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)
e~ tspckr tspcks
V,
SCKn o
master select
output
tspckwL
P tSPt:yc N
< >|
tspekwH tspckr tspcks
Vin
SCKn
slave select input
(n=0to04,9) tseokm

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

y— ¥
N /N N\ /
output
- S U S BN \
CKPOL = 1
output N— 9—/
tsu th
g (oo o - p—Cisen ) (usan
tlar, tsz e—! tOH k— tOD
St W wmssout l)< DATA >§ LSB OUT >< IDLE ><MSB out
(n=0t04,9)
Figure 2.56 SCI simple SPI mode timing (master, CKPH = 1)
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Table 2.40 SPI timing (2 of 2)
Conditions: Middle drive output is selected in the Port Drive Capability in PmnPFS register

Parameter Symbol | Min Max Unit™ | Test conditions
SPI | Data output delay Master 2.7V orabove | top - 14 ns Figure 2.62 to
2.4V or above - 20 Figure 2.67
1.8 V or above - 25
1.6 V or above - 30
Slave 2.7 V or above - 50
2.4V or above - 60
1.8 V or above - 85
1.6 V or above - 110
Data output hold Master ton 0 - ns
time Slave 0 -
Successive Master tro tspeyc + 2 X tpeye | 8 X tspeyc ns
transmission delay +2 X tpeyc
Slave 6 * tpeyc -
MOSI and MISO Output 2.7V orabove | tp, tpf - 10 ns
rise and fall time 24V or above N 15
1.8 V or above - 20
1.6 V or above - 30
Input - 1 us
SSL rise and fall Output 2.7V orabove | tggr - 10 ns
time 2.4V or above | 'SStf - 15
1.8 V or above - 20
1.6 V or above - 30
Input - 1 us
Slave access time 2.4V or above | tga - 2 X tpgye + 100 | ns Figure 2.66 and
1.8 V or above - 2 x tpgye + 140 Figure 2.67
1.6 V or above - 2 x tpgye + 180
Slave output release time 2.4V or above | trg. - 2 % tpgye + 100 | ns
1.8 V or above - 2 X tpgye + 140
1.6 V or above - 2 x tpgye + 180
Note 1. tpcyc: PCLKA cycle.
Note 2. N is set as an integer from 1 to 8 by the SPCKD register.
Note 3. N is set as an integer from 1 to 8 by the SSLND register.
Note 4. The upper limit of RSPCK is 16 MHz.
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2312 [IC Timing
Table 2.42 lIC timing
Conditions: VCC =2.7to 55V
Test
Parameter Symbol | Min*1 Max Unit | conditions
1] SCL input cycle time tscL 6 (12) x tjjceyc + 1300 | - ns Figure 2.70
standard mode, : - -
(SMBus) SCL input high pulse width tscLH 3 (6) * tyceyc + 300 - ns
SCL input low pulse width tscLL 3 (6) * tijceye + 300 - ns
SCL, SDA input rise time tsr - 1000 ns
SCL, SDA input fall time tsf - 300 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) X tyceye | NS
time
SDA input bus free time tsuF 3 (6) * tyceyc + 300 - ns
(When wakeup function is disabled)
SDA input bus free time tsur 3(6) * tyceye +4 X tpeye | - ns
(When wakeup function is enabled) + 300
START condition input hold time tsTAH tiiceye + 300 - ns
(When wakeup function is disabled)
START condition input hold time tsTaH 1(5) * tyceye + treye + | - ns
(When wakeup function is enabled) 300
Repeated START condition input tsTas 1000 - ns
setup time
STOP condition input setup time tstos 1000 - ns
Data input setup time tspas tiiceye + 90 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp - 400 pF
lIc SCL input cycle time tscL 6 (12) x tceyc + 600 - ns Figure 2.70
Fast mode : - - For all ports
( ) SCL input high pulse width tscn | 3(6) X ticeye + 300 | - ns except’; o8
SCL input low pulse width tscLL 3 (6) * tjjceyc + 300 - ns use
SCL, SDA input rise time tg - 300 ns | PMnPFS.DSCR
of middle drive.
SCL, SDA input fall time tst - 300 ns For port P408,
SCL, SDA input spike pulse removal | t 0 1(4) x t ns | use
time PrspeP 5 @) liooye PmnPFS.DSCR
1/DSCR of
SDA input bus free time tsur 3 (6) * tjjceyc + 300 - ns middle drive for
(When wakeup function is disabled) IIC fast-mode.
SDA input bus free time tsuF 3(6) X ticoyc +4 X tpeye | - ns
(When wakeup function is enabled) + 300
START condition input hold time tsTaH tiiceye + 300 - ns
(When wakeup function is disabled)
START condition input hold time tsTAH 1(5) * ticeye + tpeye + - ns
(When wakeup function is enabled) 300
Repeated START condition input tstas 300 - ns
setup time
STOP condition input setup time tstos 300 - ns
Data input setup time tspas tiiceye + 50 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp - 400 pF

Note:
Note 1.

tiiceyc: 1IC internal reference clock (IICo) cycle, tpeyc: PCLKB cycle
The value in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
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2. Electrical Characteristics

2.3.13

Table 2.43

SSIE Timing

SSIE timing

Conditions: VCC=1.6t0 5.5V

Parameter Symbol Min Max Unit Test conditions
SSIE AUDIO_CLK input | 2.7 V or above taupIO - 25 MHz

frequency 1.6 V or above - 4
Output clock period to 250 - ns Figure 2.71
Input clock period f) 250 - ns
Clock high pulse 1.8 V or above the 100 - ns
width 16V or above 200 -
Clock low pulse 1.8 V or above tc 100 - ns
width 16 V or above 200 -
Clock rise time tre - 25 ns
Data delay 2.7 V or above tbTR - 65 ns Figure 2.72,

1.8 V or above - 105 Figure 2.73

1.6 V or above - 140
Set-up time 2.7V or above tsr 65 - ns

1.8 V or above 90 -

1.6 V or above 140 -
Hold time tHTR 40 - ns
SSITXDO output 1.8 V or above toTRW - 105 ns Figure 2.74
gzlﬁ_)/RfE?SSSIFS 1.6 V or above - 140
change time

tHC tRC
tic
SSIBCKO
» tl’ to »
« L]
Figure 2.71 SSIE clock input/output timing
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2.6 DAC12 Characteristics

Table 2.57 D/A conversion characteristics (1)
Conditions: VCC = AVCC0 =1.8t0 5.5V
Reference voltage = VREFH or VREFL selected

Parameter Min Typ Max Unit Test conditions
Resolution - - 12 bit -
Resistive load 30 - - kQ -
Capacitive load - - 50 pF -
Output voltage range 0.35 - AVCCO - 0.47 \Y -
DNL differential nonlinearity error - +0.5 +1.0 LSB -
INL integral nonlinearity error - +2.0 8.0 LSB -
Offset error - - +20 mV -
Full-scale error - - +20 mV -
Output impedance - 5 - Q -
Conversion time - - 30 us -
Table 2.58 D/A conversion characteristics (2)

Conditions: VCC = AVCC0 =1.8t0 5.5V
Reference voltage = AVCCO or AVSSO selected

Parameter Min Typ Max Unit Test conditions
Resolution - - 12 bit -
Resistive load 30 - - kQ -
Capacitive load - - 50 pF -
Output voltage range 0.35 - AVCCO - 0.47 \% -
DNL differential nonlinearity error - 0. +2.0 LSB -
INL integral nonlinearity error - +2 8.0 LSB -
Offset error - - +30 mV -
Full-scale error - - +30 mV -
Output impedance - 5 - Q -
Conversion time - - 30 us -

Table 2.59 D/A conversion characteristics (3)
Conditions: VCC = AVCC0 =1.8t0 5.5V
Reference voltage = internal reference voltage selected

Mar 7, 2018

Parameter Min Typ Max Unit Test conditions
Resolution - - 12 bit -
Internal reference voltage (Vbgr) 1.36 1.43 1.50 \Y -
Resistive load 30 - - kQ -
Capacitive load - - 50 pF -
Output voltage range 0.35 - Vbgr \Y -
DNL differential nonlinearity error - +2. +16.0 LSB -
INL integral nonlinearity error - + +16.0 LSB -
Offset error - - +30 mV -
Output impedance - 5 - Q -
Conversion time - - 30 us -
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Table 2.63 Power-on reset circuit and voltage detection circuit characteristics (2)

Parameter Symbol Min Typ Max Unit Test conditions
Wait time after power-on LVDO: enable tpor - 1.7 - ms -
reset cancellation
LVDO: disable tPor - 1.3 - ms -
Wait time after voltage LVDO: enable*1 tivpo.1,2 - 0.6 - ms -
monitor 0, 1, 2 reset
cancellation LVDO: disable*2 tLVD1 2 - 0.2 - ms -
Response delay*3 tdet - - 350 us Figure 2.85,
Figure 2.86
Minimum VCC down time tvoFr 450 - - us Figure 2.85,
VCC =1.0 V or above
Power-on reset enable time tw(PoRr) 1 - - ms Figure 2.86,
VCC = below 1.0 V
LVD operation stabilization time (after LVD is taE-a) - - 300 us Figure 2.88,
enabled) Figure 2.89
Hysteresis width (POR) VpoRH - 110 - mV -
Hysteresis width (LVDO, LVD1, and LVD2) ViIvH - 60 - mV LVDO selected
- 100 - Vdet1_0 to Vdet1_2 selected
- 60 - Vdet173 to Vdet179 selected
- 50 - Vdet1_A OF Vyet1_p Selected
- 40 - Vget1_c OF Vget1_F Selected
- 60 - LVD2 selected

Note 1. When OFS1.LVDAS = 0.
Note 2. When OFS1.LVDAS = 1.
Note 3. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels VpoR,

VdetO' Vde“’ and Vdet2 for the POR/LVD.

tvorr
VCC
Vpor
1.0V
Internal reset signal
(active-low)
-» e 44 »
toet  taet tror
Figure 2.85 Voltage detection reset timing
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VCC

LVCMPCR.LVD1E

LVD1
Comparator output

LVD1CR0.CMPE

LVD1SR.MON

Internal reset signal
(active-low)

When LVD1CRO.RN =0

When LVD1CRO.RN =1

tvorr

Vett /

Vi

<ﬂ taE-a)

<
tet tdet

tLvos

tLvpi

Figure 2.88

Voltage detection circuit timing (Vget()

VCC

LVCMPCR.LVD2E N

tvorr

VdetZ

VLVH

*ﬁ taE-aA)

LVD2
Comparator output

LVD2CR0.CMPE

LVD2SR.MON

Internal reset signal

(active-low)
When LVD2CRO.RN =0

tet taet

When LVD2CRO.RN =1

tLvp2

A

tLvp2

Figure 2.89

Voltage detection circuit timing (V)
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2.10 VBATT Characteristics

Table 2.64 Battery backup function characteristics
Conditions: VCC = AVCC0=1.6Vto55V,VBATT=161t03.6V

Parameter Symbol Min Typ Max Unit Test conditions
Voltage level for switching to battery backup (falling) VDETBATT 1.99 2.09 2.19 \ Figure 2.90,
Hysteresis width for switching to battery back up VVBATTH - 100 - mV Figure 2.91
VCC-off period for starting power supply switching tVOFFBATT 300 - - us -
Voltage detection level VVBATPOR 1.30 1.40 1.50 \ Figure 2.90,
VBATT_Power-on reset (VBATT_POR) Figure 2.91
Wait time after VBATT_POR reset time cancellation tvBATPOR - - 3 mS -
Level for detection of voltage drop on | VBTLVDLVL[1:0] = 10b | VpgteatLvD | 2-11 2.2 2.29 Vv Figure 2.92
the VBATT pin (falling) VBTLVDLVL[1:0] = 11b 192 |2 208 |V
Hysteresis width for VBATT pin LVD VVBATLVDTH | - 50 - mV
VBATT pin LVD operation stabilization time td_vbat - - 300 us Figure 2.92
VBATT pin LVD response delay time tdet_vbat - - 350 us
Allowable voltage change rising/falling gradient dt/dvCC 1.0 - - ms/V | -
VCC voltage level for access to the VBATT backup registers V_BKBATT 1.8 - - \ -
Note: The VCC-off period for starting power supply switching indicates the period in which VCC is below the minimum value of the
voltage level for switching to battery backup (VpgtgaTT)-
Vaeto v X Vivk
vee Vvgath jﬁz
VDETBATT y
Veor \C V4
VBATT
VVBATPOR
Internal reset signal
(active-low)
N e
tde taet t
Backup power area oet det Voo
VCC supplied VBATT supplied VCC supplied

Figure 2.90 Power supply switching and LVDO reset timing
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MDSETO,

MDSET1 00b

01b or 10b

VLCON

LCDON

tvwr, twarr

Figure 2.93

2.13

Comparator Characteristics

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

Table 2.73 ACMPLP characteristics
Conditions: VCC=1.8t0 5.5V
Parameter Symbol | Min Typ Max Unit Test conditions
Reference voltage Standard mode IVREFNn VREF 0 - VCC-14 |V -
range (n=0,1)
Window mode*2 | IVREF1 VREFH | 14 - VCC \Y -
IVREFO VREFL |0 - VCC-14 |V -
Input voltage range \i 0 - VCC \% -
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 :lgr\:\;lr e;teé (()) frrl1r</p/l:1ts
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.
Note 2.

2.14 OPAMP Characteristics

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

Table 2.74 OPAMP characteristics (1 of 2)

Conditions: VCC = AVCCO = 1.8 t0 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 - AVCC0-05 |V
range Viem2 High-speed mode 0.3 - AVCC0-0.6 | V
Output voltage range Vo1 Low-power mode 0.1 - AVCC0-0.1 | V

Vo2 High-speed mode 0.1 - AVCC0-0.1 |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
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SWCLK / \ 7—\—/—\—
tswos | tswon
SWDIO
(Input)
tSWDD
SWDIO
(Output)
p tswop N
SWDIO
(Output)
P tswop |
SWDIO
(Output)
Figure 2100  SWD input/output timing
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JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3
Unit: mm
Hp
*1 D
TRARRRRARRARRRAE J
™
49 = = 32 |-!
=] - —n
=] B w w =
=] =1 o~ T =
[=" = = * =
64 o] = =
17 |
H/HHHHHHHHHHHHH N E.
1 16 NOTE 4
Index area
NOTE 3
F NOTE)
1. DIMENSIONS “*1” AND “*2” DO NOT INCLUDE MOLD FLASH.
2. DIMENSION “*3" DOES NOT INCLUDE TRIM OFFSET.
! ] / 1\ 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHIN THE HATCHED AREA.
\ 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
I —
@ bp Reference | Dimensions in millimeters
($x @) Symool | nin [ Nom | Max
D 9.9 10.0 | 10.1
E 9.9 10.0 | 101
A2 — 1.4 —
Hp 11.8 | 12.0 | 12.2
( \ He 11.8 | 120 | 12.2
Te}
[
< < ; Sl o A — — 1.7
RERE A 005 | — |05
- 77‘” b, | 0.15 | 0.20 | 0.27
< [ 0.09 — 0.20
Lo 0 0° | 35° | &
L1 el _ 0.5 _
Detail F X - - 0.08
y — | — | o008
Lo, | 045 | 06 | 0.75
L1 — 1.0 —
LQFP 64-pin
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