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S128 1. Overview

Table 1.3 System (2 of 2)

Feature Functional description

Resets 13 types of resets:

e RES pin reset

e 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

e SRAM ECC error reset

e Bus master MPU error reset

o Bus slave MPU error reset

e CPU stack pointer error reset

o Software reset.

See section 5, 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 7, Low Voltage
Detection (LVD) in User’'s Manual.

Clock e Main clock oscillator (MOSC)

Sub-clock oscillator (SOSC)

High-speed on-chip oscillator (HOCO)

Middle-speed on-chip oscillator (MOCO)

Low-speed on-chip oscillator (LOCO)

Independent watchdog timer on-chip oscillator

Clock out support.

See section 8, Clock Generation Circuit in User’s Manual.

Clock Frequency Accuracy The Clock Frequency Accuracy measurement circuit (CAC) checks the system clock
Measurement Circuit (CAC) 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 9, Clock Frequency Accuracy Measurement Circuit (CAC) in User’s Manual.

Interrupt Controller Unit (ICU) The Interrupt Controller Unit (ICU) controls which event signals are linked to the NVIC/DTC
module. The ICU also controls NMI interrupts. See section 12, Interrupt Controller Unit (ICU) in
User’s Manual.

Key interrupt function (KINT) A key interrupt can be generated by setting the Key Return Mode register (KRM) and inputting
a rising or falling edge to the key interrupt input pins. See section 18, Key Interrupt Function
(KINT) in User’s Manual.

Low Power Mode Power consumption can be reduced in multiple ways, including setting clock dividers, stopping
modules, selecting power control mode in normal operation, and transitioning to low power
modes. See section 10, Low Power Modes in User’s Manual.

Register Write Protection The register write protection function protects important registers from being overwritten due to
software errors. See section 11, Register Write Protection in User’s Manual.

Memory Protection Unit (MPU) Four MPUs and a CPU stack pointer monitor function are provided for memory protection. See
section 14, Memory Protection Unit (MPU) in User’s Manual.

Watchdog Timer (WDT) The Watchdog Timer (WDT) is a 14-bit down-counter. It can be used to reset the MCU when

the counter underflows because the system has run out of control and is unable to refresh the
WDT. In addition, a non-maskable interrupt or interrupt can be generated by an underflow. The
refresh-permitted period can be set to refresh the counter and used as the condition for
detecting when the system runs out of control. See section 24, Watchdog Timer (WDT) in
User’s Manual.

Independent Watchdog Timer (IWDT) | The Independent Watchdog Timer (IWDT) consists of a 14-bit down-counter that must be
serviced periodically to prevent counter underflow. The IWDT provides functionality to reset
the MCU or to generate a non-maskable interrupt/interrupt for a timer underflow. Because the
timer operates with an independent, dedicated clock source, it is particularly useful in returning
the MCU to a known state as a fail safe mechanism when the system runs out of control. The
IWDT can be triggered automatically on a reset, underflow, refresh error, or by a refresh of the
count value in the registers. See section 25, Independent Watchdog Timer (IWDT) in User’s
Manual.

RO1DS0309EU0100 Rev.1.00 RENESAS Page 6 of 107
Mar 10, 2017



5128

1. Overview

o
[a]
=
@
8588388sggecc-288
AodaAaann>>Saooaainan
OO0O000O000O000000O00a0n
HTLLILTITTLBBBBEEBIY
P500 [ 49 32 [ P300/SWCLK
P501 ] 50 31 [3 P301
P502 ] 51 30 [ P302
PO15 ] 52 29 [ P303
PO14 [] 53 28 [ P304
P0O13 ] 54 27 [0 P200
P0O12 [ 55 26 [ P201/MD
AvCCOo [ 56 25 [ RES
wsogse RIFS128783A01CFM 500
PO11/VREFLO [] 58 23 [ P205
PO10/VREFHO [] 59 22 [ P206
P004 [] 60 21 [ VCC_USB_LDO
P003 [ 61 20 [ VCC_USB
P002 [] 62 19 [ P914/USB_DP
P001 ] 63 O 18 [ P915/USB_DM
P000 [] 64 17 |3 VSS_USB
- N ®m % 0o ~®©o 2 - 2T e
gy uouugy
85880258228 c2385
§§§E>§8>g;>E{E{EEE
©w X @ 4
83 85
N a
Figure 1.3 Pin assignment for LQFP 64-pin
R0O1DS0309EU0100 Rev.1.00 I!ENESAS Page 16 of 107

Mar 10, 2017



S128 1. Overview
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20 16 16 F4 1" 11 [VCC_UsB
21 17 17 F5 | 12 12 |VCC_USB_
LDO
22 18 18 - - - P206 GTIU_A RXDO_D/ | SDA1_A |SSLB1_A TSO01 IRQO
MISO0_D/
SCLO_D
23 - - - - - |CLKOUT_A[ P205 AGTO1 GTIV_A | GTIOC4A TXDO_D/ | SCL1_A [SSLBO_A TSCAP_| IRQ1
B MOSIO_D/ A
SDAO0_D/
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A _A TXD9_B/
MOSI9_B/
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35 | 27 | 27 | D5 | 19 19 P110 GTOVLO_[GTIOC1B CRX0_A [ CTSO_RTS MISOB_B vcouT TS11 IRQ3
A A 0_c/
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MISO9_B/
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36 | 28 | 28 | D6 - - P111 AGTOA0 GTIOC3A SCKO0_C/ RSPCKB_| TS12 IRQ4
A SCK9_B B
37 [ 29 [ 29 | C6 | 20 | 20 P112 | AGTOBO GTIOC3B TXDO_C/ SSLBO_C TSCAP_
A MOSI0_C/ C
SDAO0_C/
SCK1_D
38 | - N I B P113 GTIOC2A
_C
39 [30 |30 | - | - B vce
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_B
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B
43 - - - - - P105 GTETRGA|GTIOC1A SSLA2_A| ANO17 KRO5/
e C IRQO
44 | 32 | 32 - - - P104 GTETRGB | GTIOC1B RXDO_C/ SSLA1_A| ANO18 TS13 KRO04/
B C MISO0_C/ IRQ1
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45 | 33 | 33 | C3 | 21 21 P103 GTOWUP | GTIOC2A CTX0_C [CTSO_RTS SSLAO_A| ANO019 CMPREF TS14 KR03
A _A 0_A/SS0_A 1
46 | 34 | 34 | C4 | 22 | 22 P102 AGTO0 |GTOWLO_[GTIOC2B CRX0_C [ SCKO_A RSPCKA_| AN020/ CMPIN1 TS15 KR02
A _A A |ADTRGO_
A
47 | 35 [ 35 | C5 | 23 | 23 P101 AGTEEO |GTETRGB | GTIOC5A DTX0 TXDO_A/ | SDA1_B |MOSIA_A| AN021 CMPREF TS16 KRO1/
A A MOSI0_A/ 0 IRQ1
SDAO_A/
CTS1_RTS
1_A/SS1_A
48 | 36 [ 36 | B6 | 24 | 24 P100 |AGTIOO_|GTETRGA|GTIOC5B DRX0 RXDO_A/ | SCL1_B [MISOA_A| AN022 CMPINO TS26 KR00/
A A A MISO0_A/ IRQ2
SCLO_A/
SCK1_A
49 | 37 | 37 - - - P500 ANO13 | DA1_B TS27
50 | - N I B P501 ANOT2 AMP3+
51 | - - B P502 ANOT1 AMP3-
52 | 38 | 38 | A6 | 25 | 25 P015 ANO010 | DA1_A | IVCMP1 [ AMP2+ TS28 IRQ7
53 [ 39 [ 39 [ A5 | 26 | 26 PO14 ANO009 DAO IVREF1 | AMP2- TS29
54 | 40 | 40 | B5 | 27 | 27 P013 AN008 IVCMPO | AMP1+
55 | 41 41 B4 (28 | 28 P012 AN007 IVREFO | AMP1-
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S128 2. Electrical Characteristics
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Figure 2.3 Von/VoL and lgy/lg. temperature characteristics at VCC = 1.6 V when low drive output is selected
(reference data, except for P914 and P915)
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Figure 2.4 Von/VoL and lgy/lg, temperature characteristics at VCC = 2.7 V when low drive output is selected

(reference data, except for P914 and P915)
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S128 2. Electrical Characteristics

229 Operating and Standby Current
Table 2.11 Operating and standby current (1) (1 of 2)
Conditions: VCC = AVCC0=1.61t05.5V
Test
Parameter Symbol | Typ*? Max Unit | Conditions
Supply High-speed Normal mode All peripheral clock ICLK = 32 MHz lec 4.2 - mA | *7
current*! mode*2 disabled, while (1) code —
executing from flash*3 ICLK =16 MHz 2.6 3
ICLK = 8 MHz 1.8 -
All peripheral clock ICLK = 32 MHz 6.2 -
disabled, CoreMark code —
executing from flash*5 ICLK =16 MHz 36 i
ICLK = 8 MHz 24 -
All peripheral clock ICLK = 32 MHz 10.5 - *8
enabled, while (1) code —
executing from flash*5 ICLK =16 MHz 58 -
ICLK = 8 MHz 34 -
All peripheral clock ICLK = 32 MHz - 221
enabled, code executing
from flash*S
Sleep mode All peripheral clock ICLK = 32 MHz 1.6 - *7
disabled*5
sabie ICLK = 16 MHz 12 -
ICLK = 8 MHz 0.9 -
All peripheral clock ICLK = 32 MHz 7.5 - *8
bled*5
enabie ICLK = 16 MHz 41 -
ICLK = 8 MHz 24 -
Increase during BGO operation*6 25 - -
Middle-speed | Normal mode All peripheral clock ICLK = 12 MHz lec 1.9 - mA *7
mode*2 disabled, while (1) code —
executing from flash*5 ICLK = 8 MHz 1.6 -
All peripheral clock ICLK = 12 MHz 2.7 -
disabled, CoreMark code
executing from flash*5 ICLK = 8 MHz 2.1 -
All peripheral clock ICLK = 12 MHz 43 - *8
enabled, while (1) code ~
executing from flash*5 ICLK =8 MHz 3.1 -
All peripheral clock ICLK = 12 MHz - 8.1
enabled, code executing
from flash*S
Sleep mode All peripheral clock ICLK = 12 MHz 0.8 - *7
) 5
disabled ICLK = 8 MHz 0.8 -
All peripheral clock ICLK = 12 MHz 3.0 - *8
bled*®
enavie ICLK = 8 MHz 2.2 -
Increase during BGO operation*6 25 - -
Low-speed Normal mode All peripheral clock ICLK =1 MHz lec 0.3 - mA | *7
mode*3 disabled, while (1) code
executing from flash*®
All peripheral clock ICLK =1 MHz 0.4 -
disabled, CoreMark code
executing from flash*S
All peripheral clock ICLK =1 MHz 0.5 - *8
enabled, while (1) code
executing from flash*3
All peripheral clock ICLK =1 MHz - 2.0
enabled, code executing
from flash*S
Sleep mode All peripheral clock ICLK =1 MHz 0.2 - *7
disabled*®
All peripheral clock ICLK =1 MHz 0.4 - *8
enabled*S
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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

Ta =105"C, ICLK = 12MHz"2
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Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the
actual measurements of the sample cores during product evaluation.

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

Figure 2.18 Voltage dependency in middle-speed mode (reference data)
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234

Table 2.23

Wakeup Time

Timing of recovery from low power modes (1)

Parameter

Symbol

Min

Typ

Max

Unit

Test
conditions

Recovery time
from Software
Standby mode™!

High-speed
mode

Crystal
resonator
connected to
main clock
oscillator

System clock source is
main clock oscillator
(20 MHz)"2

ts

BYMC

ms

External clock
input to main
clock oscillator

System clock source is
main clock oscillator
(20 MHz)"3

ts

BYEX

14

25

us

System clock source is HOCO™
(HOCO clock is 32 MHz)

ts

BYHO

43

52

us

System clock source is HOCO™
(HOCO clock is 48 MHz)

ts

BYHO

44

52

us

System clock source is HOCO™
(HOCO clock is 64 MHz)

ts

BYHO

82

110

us

System clock source is MOCO

ts

BYMO

16

25

us

Figure 2.31

Note 1.

recovery time is determined by the system clock source.

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

The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h.
The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.
The HOCO clock wait control register (HOCOWTCR) is set to 05h.
The HOCO clock wait control register (HOCOWTCR) is set to 06h.

The division ratio of ICK and PCKXx is the minimum division ratio within the allowable frequency range. The

Table 2.24 Timing of recovery from low power modes (2)
Test

Parameter Symbol | Min | Typ | Max | Unit | conditions
Recovery time Middle-speed | Crystal System clock source is | tsgymc | - 2 3 ms | Figure 2.31
from Software mode resonator main clock oscillator
Standby mode*1 connected to (12 MHz)*2

main clock

oscillator

External clock System clock source is | tsgyex | - 29 10 us

input to main main clock oscillator

clock oscillator | (12 MHz)*3

System clock source is HOCO*4 tseyHo | - 38 50 us

System clock source is MOCO (8 MHz) tseymo | - 3.5 5.5 us

Note 1.

recovery time is determined by the system clock source.

Note 2.
Note 3.
Note 4.

The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 05h.
The Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 00h.
The system clock is 12 MHz.

The division ratio of ICK and PCKXx is the minimum division ratio within the allowable frequency range. The
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Table 2.34

SCI timing (2)

Conditions: VCC = AVCC0=161t0 5.5V

Parameter Symbol Min Max Unit" | Test conditions
Simple | SCK clock cycle output (master) tspeye 4 65536 tpeye | Figure 243
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 tSPcyc
SCK clock rise and fall time 1.8V or above | tspckr, - 20 ns
1.6V or above fspoxi - 30
Data input setup Master | 2.7V or above | tgy 45 - ns Figure 2.44 to
time 5 4V or above 55 j Figure 2.47
1.8V or above 80 -
1.6V or above 110 -
Slave 2.7V or above 40 -
1.6V 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 | 1.8V orabove | top - 40 ns
1.6V or above - 50
Slave 2.4V or above - 65
1.8V or above - 100
1.6V or above - 125
Data output hold Master | 2.7V or above | toy -10 - ns
time 2.4V or above -20 -
1.8V or above -30 -
1.6V or above —40 -
Slave -10 -
Data rise and fall Master tpr, tof - 20 ns
fime Slave | 1.8V or above - 20
1.6V or above - 30
Simple | Slave access time tsa - 6 tpeyc Figure 2.47
SP! Slave output release time tReL - 6 toeyc
Note 1. tpcyc: PCLKB cycle.
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S128 2. Electrical Characteristics
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Figure 2.43 SCI simple SPI mode clock timing
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Figure 2.44 SCI simple SPI mode timing (master, CKPH = 1)
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Figure 2.45 SCI simple SPI mode timing (master, CKPH = 0)
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Figure 2.46 SCI simple SPI mode timing (slave, CKPH = 1)
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Figure 2.47 SCI simple SPI mode timing (slave, CKPH = 0)
Table 2.35 SCI timing (3)
Conditions: VCC = AVCCO0 =2.7t0 5.5V
Parameter Symbol Min Max Unit Test conditions
Simple IIC SDA input rise time tsr - 1000 ns Figure 2.48
(Standard mode) "gp A%yt fall time ter - 300 ns
SDA input spike pulse removal time tsp 0 4 Yiceye ns
Data input setup time tspas 250 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp*1 - 400 pF
Simple IIC SDA input rise time tsr - 300 ns Figure 2.48
(Fast mode) SDA input fall time ter - 300 ns
SDA input spike pulse removal time tsp 0 4 Yiceye ns
Data input setup time tspas 100 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp*1 - 400 pF
Note:  tceyct IIC internal reference clock (IICo) cycle.
Note 1. Cb indicates the total capacity of the bus line.
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Table 2.36

SPI timing (2 of 2)

Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit"! | Test conditions
SPI Data input setup Master tsu 10 - ns Figure 2.50 to
time Slave | 2.4V or above 10 - Figure 2.55
C = 30pF
1.8V or above 15 -
1.6V or above 20 -
Data input hold time | Master tye 0 - ns
(RSPCK is PCLKB/2)
Master th tpeyc -
(RSPCK is not PCLKB/2)
Slave thy 20 -
SSL setup time Master tLeaD -30+Nx - ns
tSpcy(:*2
Slave 6 X tpeyc - ns
SSL hold time Master tLaG -30+Nx - ns
'[Spc:yc*3
Slave 6 X tpeyc - ns
Data output delay Master 2.7V or above | top - 14 ns Figure 2.50 to
2.4V or above - 20 Ei“;%jlff’
1.8V or above - 25
1.6V or above - 30
Slave 2.7V or above - 50
2.4V or above - 60
1.8V or above - 85
1.6V or above - 110
Data output hold Master ton 0 - ns
time Slave 0 -
Successive Master tro tspeyc t 2% | 8 X tgpeyc ns
transmission delay Peyc +2 X tpeye
Slave 6 * tpeyc -
MOSI and MISO Output 2.7V or above | tp tpy - 10 ns
rise and fall time 2 4V or above N 15
1.8V or above - 20
1.6V or above - 30
Input - 1 us
SSL rise and fall Output 2.7V or above | tggr tssif - 10 ns
time 2.4V or above - 15
1.8V or above - 20
1.6V or above - 30
Input - 1 us
Slave access time 2.4V or above | tgp - 2 X tpeyc ns Figure 2.54 and
+100 Figure 2.55
1.8V or above - 2 % tpeye C =30pF
+140
1.6V or above - 2 x tpeye
+180
Slave output release time 2.4V or above | tggL - 2 x tpeyc ns
+100
1.8V or above - 2 x tpeye
+140
1.6V or above - 2 x tpeyc
+180
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Note 1. tpgyc: PCLKB 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.

RSPCKA
master select
output

RSPCKA
slave select input

tspckr

tspckwh tspcxr
Vou
P tSPcyc N
< >|
tspckwH tspcxr
Vi1
tspcrwL

Von=0.7 x VCC, Vo =0.3 x VCC, Vy=0.7 x VCC, V. =0.3 x VCC

Figure 2.49 SPI clock timing
to

SSLAO to 0 \ i
SSLA3 X
output £ g AL

tiean tiac > e

tsstr, tsstr
RSPCKA 7 5\—/_5 \ ' /
CPOL =0 A
output
RSPCKA —33 /—\_&
CPOL = 1 \
output N 9—/
tsu th
MISOA /
tor, tor ey ton — oo
I \ ( _
MOSIA X msBouT DATA LSB OUT IDLE MSB OUT
output -+ 7 e -
Figure 2.50 SPI timing (master, CPHA = 0) (bit rate: PCLKB division ratio is set to any value other than 1/2)
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2.3.11 [IC Timing
Table 2.37 lIC timing
Conditions: VCC = AVCC0=2.7t0 5.5V
Test
Parameter Symbol | Min*1 Max Unit | conditions
lIc SCL input cycle time tscL 6 (12) x tjjceyc + 1300 | - ns Figure 2.56
standard mode, - - -
(SMBus) SCL input high pulse width tscLH 3 (6) * tjjceyc + 300 - ns
SCL input low pulse width tscLL 3 (6) * tjceyc + 300 - ns
SCL, SDA input rise time tsr - 1000 ns
SCL, SDA input fall time tst - 300 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) *ticeye | NS
time
SDA input bus free time tsur 3 (6) * tjjceyc + 300 - ns
(When wakeup function is disabled)
SDA input bus free time tguF 3(6) x tyjcoyc +4 X tpeye | - ns
(When wakeup function is enabled) + 300
START condition input hold time tsTAH tiiceyc + 300 - ns
(When wakeup function is disabled)
START condition input hold time tsTAH 1(5) X ticeye * tpeye + | - 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 ticeye + 90 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp - 400 pF
lIc SCL input cycle time tscL 6 (12) * t)ceyc + 600 - ns Figure 2.56
(Fast mode) SCL input high pulse width tsotn | 3(6) X ticeye + 300 | - ns
SCL input low pulse width tscLL 3 (6) x tyceyc + 300 - ns
SCL, SDA input rise time tsr - 300 ns
SCL, SDA input fall time tst - 300 ns
SCL, SDA input spike pulse removal | tgp 0 1(4) X tyceye | NS
time
SDA input bus free time tguF 3 (6) x tyceyc + 300 - ns
(When wakeup function is disabled)
SDA input bus free time tsur 3(6) * tycoye 4 X tpeye | - ns
(When wakeup function is enabled) + 300
START condition input hold time tsTAH ticeyc + 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 + 90 - ns
Data input hold time tspaH 0 - ns
SCL, SDA capacitive load Cp - 400 pF

Note:

tiiceyc: 11C internal reference clock (lICo) cycle, tpeyc: PCLKB cycle

Note 1. Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE

setto 1.
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Observation
USB_DP point
X /
- 1
% 50 pF
USB_DM
50 pF
Figure 2.59 Test circuit for Full-Speed (FS) connection
Observation
USB_DP point
A v
L
L 200 pF to
% 600 pF 36V
1.5 KQ
USB_DM
L 200 pF to /
% 600 pF  Observation
point
Figure 2.60 Test circuit for Low-Speed (LS) connection
242 USB External Supply
Table 2.40 USB regulator
Parameter Min Typ Max Unit Test conditions
VCC_USB supply current | VCC_USB_LDO = 3.8V 50 mA -
VCC_USB_LDO = 4.5V 100 mA -
VCC_USB supply voltage 3.0 3.6 \% -
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2.6 DACS8 Characteristics

Table 2.50 D/A conversion characteristics
Conditions: VCC =AVCC0=1.8t0 5.5V

Parameter Min Typ Max Unit Test conditions

Resolution - - 8 bit -

Charge pump stabilization time - - 100 us -

Conversion time VCC =2.7 to 5.5V - - 3.0 us 35-pF capacitive
VCC=18t027V |- ; 6.0 us load

Absolute accuracy VCC =2.41t05.5V - - +3.0 LSB 2-MQ resistive
VCC=18t024V |- : 35 load
VCC =2.4to 5.5V - - 2.0 LSB 4-MQ resistive
VCC=18t024V |- : 25 load

RO output resistance - 6.4 - kQ -

2.7 TSN Characteristics

Table 2.51 TSN characteristics
Conditions: VCC = AVCC0=2.0to 55V

Parameter Symbol Min Typ Max Unit Test conditions
Relative accuracy - - +1.5 - °C 2.4V or above

- +2.0 - °C Below 2.4 V
Temperature slope - - -3.65 - mV/°C
Output voltage (at 25°C) - - 1.05 - \% VCC =33V
Temperature sensor start time tsTART - - 5 us
Sampling time - 5 - - us

2.8 OSC Stop Detect Characteristics

Table 2.52 Oscillation stop detection circuit characteristics

Parameter Symbol Min Typ Max Unit

Test conditions

Detection time tar - - 1 ms

Figure 2.63

Main clock _\_/—\_/_\_/q’

OSTDSR.OSTDF 1

wocososs —1 [ L[
ICLK ~ ’ ~ ’ ~ ’ ~ ’ ~ ’

Figure 2.63 Oscillation stop detection timing
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Table 2.54 Power-on reset circuit and voltage detection circuit characteristics (2) (2 of 2)

Parameter Symbol Min Typ Max Unit Test Conditions
Power-on reset enable time tw (POR) 1 - - ms Figure 2.65,
VCC = below 1.0 V

LVD operation stabilization time (after LVD is T4 E-A) - - 300 us Figure 2.67,

enabled) Figure 2.68

Hysteresis width (POR) VpPORH - 110 - mV -

Hysteresis width (LVDO, LVD1 and LVD2) Vi VH - 60 - mV LVDO selected
- 100 - Vet 0 10 Vget1 o selected.
- 60 - Vget1_3 10 Vge1_g selected.
- 50 - Vdet1_A 10 Vget1_p selected.
- 40 - Vget1_c 10 Vget1_r 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’ Vdet1’ and Vdetz for the POR/LVD.

tvorr
VCC
Vpor
1.0V
Internal reset signal
(active-low)
- e 44 >
tdet  teet tror
Figure 2.64 Voltage detection reset timing
Vpor
VCC
1.0V
-‘ twpor)
Internal reset signal !
(active-low)
e
taet  tpor
Note: tw(por) is the time required for a power-on reset to be enabled while the external power VCC is being
held below the valid voltage (1.0 V).
When VCC turns on, maintain t,,or) for 1.0 ms or more.

Figure 2.65 Power-on reset timing
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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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