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S124 Datasheet

1. Overview

Table 1.11 Security
Feature Functional description
AES See section 38, AES Engine in User’s Manual

True Random Number Generator

(TRNG)

See section 39, True Random Number Generator (TRNG) in User’s Manual

1.2 Block Diagram

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

features.
Memories Arm Cortex-M0+ System
128/64 KB Code POR/LVD Clocks
Flash
MOSC/SOSC
4 KB Data Flash | NviC |
(H/M/L) OCO
16 KB SRAM | System Timer |
| Mode Control
DMA | Test and DBG I/F |
Power Control | CAC |
Interrupt
Controller Unit
KINT Register Write
Protection
Timers Communication Interfaces Human Machine Interfaces
GPT32 x 1
| GPT16 x 6 | SCIx3 | CTsU
| AGT x 2 | IIC x 2 |
| RTC | SPI x 2 | | CAN x 1 |
USBFS
WDT/WDT with BC1.2
Event Link Data Processing Analogs
ELC CRC | ADC14 | | TSN |
Security DOC | DAC12 | | ACMPLP x 2 |
AES + TRNG
Figure 1.1 Block diagram

1.3 Part Numbering

Figure 1.2 shows how to read the product part number, memory capacity, and package types. Table 1.12 shows a list of

products.
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S124 Datasheet

1. Overview

AO1CFM#AA1

L Product identification code

Packing, terminal material (Pb-free)

#AA: Tray/Sn (Tin) only
#AC: Tray/others

Package type

FM: LQFP 64 pins
FL: LQFP 48 pins
LM: LGA 36 pins
NB: QFN 64 pins
NE: QFN 48 pins
NF: QFN 40 pins

Quality ID
Software ID

Operﬁting temperature
2:-40 Cto 85 C
3:-40 Cto 105 C

Code flash memory size
6: 64 KB

7: 128 KB

Feature set

7: Superset

Group name
24: S124 Group, Arm Cortex-M0+, 32 MHz

Series name
1: Ultra low power

Renesas Synergy family
Flash memory

Renesas microcontroller

Renesas
Figure 1.2 Part numbering scheme
Table 1.12 Product list
Operating

Product part number | Orderable part number Package code Code flash | Data flash | SRAM temperature
R7FS124773A01CFM | R7FS124773A01CFM#AA1 | PLQP0064KB-C 128 KB 4 KB 16 KB —40 to +105°C
R7FS124773A01CNB | R7FS124773A01CNB#AC1 | PWQNOO064LA-A —40 to +105°C
R7FS124773A01CFL | R7TFS124773A01CFL#AA1 | PLQPO048KB-B | —40t0 +105°C
R7FS124773A01CNE | R7FS124773A01CNE#AC1 | PWQNO0048KB-A —40 to +105°C
R7FS124773A01CNF | R7TFS124773A01CNF#AC1 | PWQNO040KC-A —40 to +105°C
R7FS124772A01CLM | R7FS124772A01CLM#AC1 | PWLGO036KA-A —40 to +85°C
R7FS124763A01CFM | R7FS124763A01CFM#AA1 | PLQP0064KB-C 64 KB —40 to +105°C
R7FS124763A01CFL R7FS124763A01CFL#AA1 | PLQP0048KB-B —40 to +105°C
R7FS124762A01CLM | R7FS124762A01CLM#AC1 | PWLGO036KA-A —40 to +85°C

Note:  Earlier products with orderable part number suffix AAO and ACO have a restriction in AES functions. If AES

functions are required for your application, refer to the products with orderable part number suffix AA1 or AC1.
For details on the differences of AES functions between AAO/ACO and AA1/AC1 products, see Technical Update
(TN-SY*-A024A/E). Contact your Renesas sales representative for additional information.
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S124 Datasheet 1. Overview

Pin number Timers Communication Interfaces Analogs HMI
(4] o
b3 - w i}
H s o z
z %2 o H S
< o a8 ) 2 2} < 2
> I @ ) © oo £ o %) < o 5
o a 3 3 @ o X 9 | w b b = £
5 5 £ £ s |822| o 5 & & 2 8 5 z 3 2 2 2
3 3 g <} S 200 2 4 o] o & E @ 2 & < a o £
35 27 27 23 D5 P110 GTOVLO | GTIOC1B CRXO0_A |CTSO_RT MISOB_B VCOUT | 151 IRQ3
_ A S0_C/
SS0_C/
RXD9_B/
MISO9_B/
SCL9_B
36 28 28 24 D6 P11 GTIOC3A SCKO_C/ RSPCKB_ TS12 IRQ4
A SCK9_B B
37 29 29 25 C6 P12 GTIOC3B TXDO_C/ TSCAP_C
A MOSI0_C/
SDA0_C
38 - - - - P113
39 30 30 - - VCC
20 31 31 - - VSS
] N . B N P107 GTIOCOA KRO7
B
42 - - - - P106 GTIOCOB SSLA3_A KRO6
B
43 - - - - P105 GTETRG SSLA2_A KRO5/
AC IRQO
24 32 32 26 - P104 GTETRG RXDO_C/ SSLAT_A TS13 KR04/
BB MISO0_C/ IRQ1
SCL0_C
45 33 33 27 C3 P103 GTOWUP | GTIOC2A CTX0_C |CTSO_RT SSLAO_A| ANO19 |CMPREF | Ts14 KRO3
A A SO0_A/ 1
SSO_A
46 34 34 28 ] P102 | AGTOO |GTOWLO|GTIOC2B CRX0_C | SCKO_A RSPCKA_| AN020/ | CMPIN1 | TS15 KRO02
_A _A A ADTRGO_
A
47 35 35 29 C5 P101 | AGTEEO | GTETRG | GTIOC5A TXDO_A/ | SDAT_B [MOSIA_A| ANO21 | CMPREF| 71516 KRO1/
BA A MOSI0_A/ 0 IRQ1
SDAO_A/
CTS1_RT
S1_A/
SS1_A
48 36 36 30 B6 P100 |AGTIOO_| GTETRG | GTIOC5B RXDO_A/ | SCL1_B [MISOA_A| AN022 | CMPINO | T1S26 KROO/
A AA A MISO0_A/ IRQ2
SCLO_A/
SCK1_A
49 37 37 - - P500 | AGTOAO | GTIU_B |GTIOC2A ANO16 TS27
B
50 - - - - P501 | AGTOBO | GTIV_B |GTIOC2B ANOT7
B
51 - - - - P502 GTIW_B | GTIOC3B ANO18
B
52 38 38 31 A6 P015 ANOT0 TS28 IRQ7
53 39 39 32 A5 P014 AN009 DAO
54 40 40 33 B5 P013 AN008
55 41 41 34 B4 P012 AN007
56 42 42 35 A4 AVCCO
57 43 43 36 A3 AVSS0
58 44 44 37 B3 VREFLO | PO11 AN006 TS31
59 45 45 38 A2 VREFHO [ P010 AN005 TS30
60 - - - - P004 AN004 TS25 IRQ3
61 - - - - P003 AN003 TS24
62 46 46 - - P002 AN002 TS23 IRQ2
63 47 47 39 - POO1 ANOOT TS22 IRQ7
64 48 48 20 B2 P000 AN00O TS21 IRQ6
Note:  Several pin names have the added suffix of _A, _B, _C, and _D. The suffix can be ignored when assigning
functionality.
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S124 Datasheet 2. Electrical Characteristics

2. Electrical Characteristics

Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:
VCC+*1 = AVCC0 = VCC_USB*2=VCC_USB_LDO*2=1.6to 5.5V, VREFH0 = 1.6 to AVCCO,

VSS = AVSS0 = 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

L
>

Vou =VCC x 0.7, VoL = VCC x 0.3
Vg = VCC x 0.7,V = VCC x 0.3
Load capacitance C = 30pF

Figure 2.1 Input or output timing measurement conditions

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

Each function pin used for the same function must select the same drive ability. If 1/O drive ability of each function is
mixed, the AC specification of the function is not guaranteed.

RO1DS0264EU0130 Rev.1.30 RENESAS Page 19 of 104
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S124 Datasheet

2. Electrical Characteristics

Note 2. t.5.: CAC count clock source cycle.

2.3.8 SCI Timing

Table 2.32 SCI timing (1)
Conditions: VCC = AVCC0=16t0 55V

Parameter Symbol Min Max Unit"! | Test conditions
SCI Input clock cycle Asynchronous tseyc - tpeyc Figure 2.41
Clock synchronous -
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 tseye - tpeyc
Clock synchronous -
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 | tgcks - 20 ns
1.6V or above - 30
Transmit data delay | Clock 1.8V orabove | trxp - 40 ns Figure 2.42
(master) synchro 1.6V or above - 45
nous
Transmit data delay | Clock 2.7V or above - 55 ns
(slave) synchro 2.4V or above - 60
nous
1.8V or above - 100
1.6V or above - 125
Receive data setup | Clock 2.7V or above | trxs 45 - ns
time (master) synchro 75 4y or above 55 B}
nous
1.8V or above 90 -
1.6V or above 110 -
Receive data setup | Clock 2.7V or above 40 - ns
time (slave) synchro [ =\ o1 above 45 B}
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.
R01DS0264EU0130 Rev.1.30 RENESAS Page 54 of 104
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S124 Datasheet

2. Electrical Characteristics

trp -
SSn \ y A
input N I 'Z \
tieap 2 tiac
SCKn 3 / /
CKPOL = 1 F &< /
input
SCKn ) )
CKPOL =0 /] \ \
input \—7 e
tsa ton top tREL
[—>| )
MISOn LSB OUT 7 RV
output (Last data) MSB OUT >§r B DATA 7& LSB OUT MSB OUT
)
tSU tH tgr E)f
input
(n=0,1,9)
Figure 2.47 SCI simple SPI mode timing (slave, CKPH = 0)
Table 2.34 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 tes - 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 11IC*2 SDA input rise time tsr - 300 ns Figure 2.48
(Fast mode) SDA input fall time tes - 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:

tiiceye: Clock cycle selected by the SMR.CKSJ[1:0] bits.

Note 1. Cb indicates the total capacity of the bus line.
Note 2. Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

R01DS0264EU0130 Rev.1.30
Feb 5, 2018
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S124 Datasheet 2. Electrical Characteristics

Table 2.35 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 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 toH 0 - ns
time Slave 0 -
Successive Master to tspeyc + 2% | 8 X tgpeye ns
transmission delay tpeyc +2 X tpeyc
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 orabove | tgg tgsiy - 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 tpeye ns Figure 2.54 and
+100 Figure 2.55
C = 30pF
1.8V or above - 2 X tpeyc
+140
1.6V or above - 2 x tpeyc
+180
Slave output release time 2.4V or above | tgrgL - 2 x tpeye ns
+100
1.8V or above - 2 x tpeye
+140
1.6V or above - 2 x tpeye
+180
Note 1. tpcyc: 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.
RO1DS0264EU0130 Rev.1.30 RENESAS Page 62 of 104
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S124 Datasheet

2. Electrical Characteristics

2.3.11 CLKOUT Timing
Table 2.37 CLKOUT timing
Parameter Symbol Min Max Unit*1 Test conditions
CLKOUT | CLKOUT pin output cycle*! VCC =27V or above | tceye 62.5 - ns Figure 2.57
VCC =1.8 V or above 125 -
VCC =1.6 V or above 250 -
CLKOUT pin high pulse width*2 | VCC = 2.7 V or above | tch 15 - ns
VCC =1.8 V or above 30 -
VCC =1.6 V or above 150 -
CLKOUT pin low pulse width*2 | VCC = 2.7 V or above | tg 15 - ns
VCC = 1.8 V or above 30 -
VCC =1.6 V or above 150 -
CLKOUT pin output rise time VCC =2.7 Vor above | tg, - 12 ns
VCC =1.8 V or above - 25
VCC =1.6 V or above - 50
CLKOUT pin output fall time VCC =2.7 Vor above | tcf - 12 ns
VCC =1.8 V or above - 25
VCC =1.6 V or above - 50
Note 1.  When the EXTAL external clock input or an oscillator is used with division by 1 (the CKOCR.CKOSEL[2:0] bits are 011b and
the CKOCR.CKODIV[2:0] bits are 000b) to output from CLKOUT, the above should be satisfied with an input duty cycle of 45 to
0
Note 2. \E;\?h/gn the MOCO is selected as the clock output source (the CKOCR.CKOSEL[2:0] bits are 001b), set the clock output division
ratio selection to be divided by 2 (the CKOCR.CKODIV[2:0] bits are 001b).
teeye
< for e tor
[ \
CLKOUT pin output \
\ /
) teL " fer
Test conditions: Voy = VCC x 0.7, VoL = VCC x 0.3, loy =-1.0 mA, lo. = 1.0 mA, C =30 pF
Figure 2.57 CLKOUT output timing
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S124 Datasheet

2. Electrical Characteristics

Table 2.42

Conditions: VCC = AVCC0 =2.4t0 5.5V, VREFHO =2.4t0 5.5V, VSS = AVSS0 = VREFLO = 0V

Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (3) in high-speed A/D conversion mode (2 of 2)

Parameter Min Typ Max Unit Test Conditions

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 1.59 - - us High-precision channel

(Operation at source impedance ADCSR.ADHSC =0

PCLKD = 32 MHz) Max. = 1.3 kQ ADSSTRN.SST[7:0] = 0Dh

2.44 - - us Normal-precision channel
ADCSR.ADHSC =0
ADSSTRN.SST[7:0] = 28h

Offset error - +2.0 +18 LSB High-precision channel
+24.0 LSB Other than above

Full-scale error - +3.0 +18 LSB High-precision channel
+24.0 LSB Other than above

Quantization error - - LSB -

Absolute accuracy - + +20 LSB High-precision channel
+32.0 LSB Other than above

DNL differential nonlinearity error - +4.0 - LSB -

INL integral nonlinearity error - +4.0 +12.0 LSB -

Note:  The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute
accuracy does not include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error,
and INL integral nonlinearity error do not include quantization errors.

Note 1. The conversion time is the sum of the sampling time and the comparison time. The number of sampling states is

indicated for the test conditions.

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

Note 3. Reference data.

Table 2.43

Conditions: VCC = AVCCO =2.7t0 5.5V, VREFH0 = 2.7 t0 5.5 V, VSS = AVSS0 = VREFLO = 0V

Reference voltage range applied to the VREFHO and VREFLO.

A/D conversion characteristics (4) in low-power A/D conversion mode (1 of 2)

Feb 5, 2018

Parameter Min Typ Max Unit Test Conditions
Frequency 1 - 24 MHz -
Analog input capacitance*? Cs - - 8*3 pF High-precision channel
- - 9*3 pF Normal-precision channel
Analog input resistance Rs - - 2.5%3 kQ High-precision channel
- - 6.7*3 kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO \% -
12-bit mode
Resolution - - 12 Bit -
Conversion time*1 Permissible signal 2.25 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKD = 24 MHz) Max. = 1.1 kQ ADSSTRN.SST[7:0] = 0Dh
3.38 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h
Offset error - +0.5 +4.5 LSB High-precision channel
16.0 LSB Other than above
Full-scale error - +0.75 +4.5 LSB High-precision channel
6.0 LSB Other than above
Quantization error - +0.5 - LSB -
R01DS0264EU0130 Rev.1.30 RENESAS Page 75 of 104
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2. Electrical Characteristics

Table 2.44

Reference voltage range applied to the VREFHO and VREFLO.

AID conversion characteristics (5) in low-power A/D conversion mode (2 of 2)
Conditions: VCC = AVCCO0 =2.4t0 5.5V, VREFH0 = 2.4 t0 5.5V, VSS = AVSS0 = VREFLO = 0V

Parameter Min Typ Max Unit Test Conditions

Full-scale error - +0.75 +4.5 LSB High-precision channel
16.0 LSB Other than above

Quantization error - 0.5 - LSB -

Absolute accuracy - +1.25 5.0 LSB High-precision channel
+ LSB Other than above

DNL differential nonlinearity error - +1. - LSB -

INL integral nonlinearity error - + +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

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. - LSB -

Absolute accuracy - + +20 LSB High-precision channel
+32.0 LSB Other than above

DNL differential nonlinearity error - +4.0 - LSB -

INL integral nonlinearity error - +4.0 +12.0 LSB -

Note:  The characteristics apply when no pin functions other than 14-bit A/D converter input are used. Absolute
accuracy does not include quantization errors. Offset error, full-scale error, DNL differential nonlinearity error,
and INL integral nonlinearity error do not include quantization errors.

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

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

Note 3. Reference data.

Table 2.45

A/D conversion characteristics (6) in low-power A/D conversion mode (1 of 2)

Conditions: VCC = AVCCO = 1.8 to 5.5 V (AVCCO0 = VCC when VCC < 2.0 V), VREFHO = 1.8 to 5.5 V, VSS = AVSS0 = VREFLO =0 V
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions
Frequency 1 - 8 MHz -
Analog input capacitance*? Cs - - 8*3 pF High-precision channel
- - 9*3 pF Normal-precision channel
Analog input resistance Rs - - 3.8*3 kQ High-precision channel
- - 8.2*3 kQ Normal-precision channel
Analog input voltage range Ain 0 - VREFHO \% -
12-bit mode
Resolution - - 12 Bit -
R01DS0264EU0130 Rev.1.30 RENESAS Page 77 of 104
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2. Electrical Characteristics

2.6

Table 2.49

DAC12 Characteristics

D/A conversion characteristics

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 - AVCCO0-047 | V -
DNL differential nonlinearity error - +0.5 +2.0 LSB -
INL integral nonlinearity error - + 8.0 LSB -
Offset error - - +30 mV -
Full-scale error - - +30 mV -
Output impedance - 5 - Q -
Conversion time - - 30 us -
i
______________________________________________ r--
Full-scale error Gain error

Upper output limit

Output analog voltage

Lower output limit

=

Integral nonlinearity error (INL) —
-

1-LSB width for ideal D/A conversion
characteristic

Differential nonlinearity error

(DNL)

Offset error

Ideal output voltage

/L

S
'Yffset error

Ideal output voltage

"1

Actual D/A conversion characteristic

000h

i

D/A converter input code

Note 1. Ideal D/A conversion output voltage that is adjusted so that offset and full scale errors are zeroed

FFFh

Figure 2.64

Integral nonlinearity error (INL)

lllustration of D/A converter characteristic terms

Integral nonlinearity error is the maximum deviation between the ideal output voltage based on the ideal conversion
characteristic when the measured offset and full-scale errors are zeroed, and the actual output voltage.

Differential nonlinearity error (DNL)

Differential nonlinearity error is the difference between 1-LSB voltage width based on the ideal D/A conversion
characteristics and the width of the actual output voltage.
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2. Electrical Characteristics

tvorr
VCC Vieto / Iy Vivu
Internal reset signal
(active-low)
> e
taet tagt tLvoo
Figure 2.68 Voltage detection circuit timing (Vyeto)
. tvorr
VCC Vett / 5 \a
LVCMPCR.LVD1E
+>{ TaEA)
LVD1
Comparator output
LVD1CR0.CMPE l

LVD1SR.MON
Internal reset signal
(active-low)

When LVD1CRO.RN =0

ey ol
tdet taet trvpe
When LVD1CRO.RN =1
tvor
Figure 2.69 Voltage detection circuit timing (Vget1)
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2. Electrical Characteristics

2.11  Comparator Characteristics

Table 2.55 ACMPLP characteristics

Conditions: VCC = AVCC0=1.8t0 5.5V, VSS =AVSS0=0V

Parameter Symbol Min Typ Max Unit Test conditions
Reference voltage range VRer 0 - VCC \ -
-1.4
Input voltage range V, 0 - VCC \% -
Internal reference voltage - 1.36 1.44 1.50 \% -
Output delay High-speed mode Ty - - 1.2 us VCC =3.0
Low-speed mode - - 5 us zlger‘:\;;. a>te58 fnl:\‘lrj:ts
Window mode - - 2 us
Offset voltage High-speed mode - - - 50 mV -
Low-speed mode - - - 40 mV -
Window mode - - - 60 mV -
Internal reference voltage for window mode VRFH - 0.76 x - \Y -
VCC
VRFL - 0.24 x - \Y -
VCC
Operation stabilization wait time Temp 100 - - us -
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S124 Datasheet 2. Electrical Characteristics

212

2.12.1

Flash Memory Characteristics

Code Flash Memory Characteristics

Table 2.56 Code flash characteristics (1)

Parameter Symbol Min Typ Max Unit Conditions
Reprogramming/erasure cycle*! Npec 1000 - - Times -
Data hold time | After 1000 times Npgc torp 20%2,*3 - - Year T, =+85°C

Note 1. The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times

Note 2.

Note 3.

(n = 1,000), erasing can be performed n times for each block. For instance, when 4-byte programming is
performed 256 times for different addresses in 1-KB blocks, and then the entire block is erased, the reprogram/
erase cycle is counted as 1. However, programming the same address for several times as one erasure is not
enabled. (overwriting is prohibited.)

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

This result is obtained from reliability testing.

Table 2.57 Code flash characteristics (2)
High-speed operating mode
Conditions: VCC = AVCC0 =2.7t0 5.5V

ICLK =1 MHz ICLK = 32 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 4-byte tpg - 116 998 - 54 506 us
Erasure time 1-KB teqk - 9.03 287 - 5.67 222 ms
Blank check time 4-byte taca - - 56.8 - - 16.6 us

1-KB tscik | - - 1899 - - 140 us
Erase suspended time tsep - - 22.5 - - 10.7 us
Startup area switching setting time tsas - 21.9 585 - 121 447 ms
Access window time taws - 21.9 585 - 121 447 ms
OCD/serial programmer ID setting time | tog)s - 21.9 585 - 121 447 ms
Flash memory mode transition wait tois 2 - - 2 - - us
time 1
Flash memory mode transition wait tms 5 - - 5 - - us
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% while programming or erasing the flash memory. Confirm the
frequency accuracy of the clock source.
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Table 2.58 Code flash characteristics (3)
Middle-speed operating mode
Conditions: VCC = AVCCO = 1.8 t0 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-byte tpg - 157 1411 - 101 966 us
Erasure time 1-KB teqk - 9.10 289 - 6.10 228 ms
Blank check time 2-byte taca - - 87.7 - - 52.5 us

1-KB tscik | - - 1930 - - 414 us
Erase suspended time tsep - - 32.7 - - 21.6 VE
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 tpis 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% while programming or erasing the flash memory. Confirm the
frequency accuracy of the clock source.

2.12.2 Data Flash Memory Characteristics

Table 2.59 Data flash characteristics (1)

Parameter Symbol | Min Typ Max Unit Conditions
Reprogramming/erasure cycle*! Nprec 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 1. 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 2.60 Data flash characteristics (2)
High-speed operating mode
Conditions: VCC = AVCC0=2.7t0 5.5V

ICLK = 4 MHz ICLK = 32 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 1-byte top4 - 52.4 463 - 42.1 387 us
Erasure time 1-KB tpe1k - 8.98 286 - 6.42 237 ms
Blank check time 1-byte tpec1 - - 243 - - 16.6 us

1-KB tbBC1K - - 1872 - - 512 us
Suspended time during erasing tbsep - - 13.0 - - 10.7 us
Data flash STOP recovery time tbstop 5 - - 5 - - VK

Note 1.

Note 2.

Note 3.

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

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.

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

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

ICLK =4 MHz ICLK = 8 MHz

Parameter Symbol | Min Typ Max Min Typ Max Unit
Programming time 1-byte top4 - 94.7 886 - 89.3 849 us
Erasure time 1-KB tpe1k - 9.59 299 - 8.29 273 ms
Blank check time 1-byte tpec1 - - 56.2 - - 52.5 us

1-KB tpBCIK - - 217 - - 1.51 ms
Suspended time during erasing tbsep - - 23.0 - - 217 us
Data flash STOP recovery time tbsTop 720 - - 720 - - ns

Note 1.

Note 2.

Note 3.

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

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.

The frequency accuracy of ICLK must be +3.5% while programming or erasing the flash memory. Confirm the
frequency accuracy of the clock source.
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Figure 2.72 SWD input output timing
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Appendix 1. Package Dimensions

Information on the latest version of the package dimensions or mountings is displayed in “Packages” on the Renesas
Electronics Corporation website.

JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [9]

P-LFQFP64-10x10-0.50 PLQP0064KB-C — 0.3
Unit: mm
Hp
*1 D
48 33
ARARAARAAAAAAAAR E
49 = = 32 =
] - =.
= o= i
[= = o —n
=] == w w :.=
= = ~ T =
(== =] * =
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=] = —
] -
] |
64 = )/ s 17
CCEEEE LR
1 16 NOTE 4
Index area
NOTE 3
F NOTE)
1. DIMENSIONS “*1” AND “*2” DO NOT INCLUDE MOLD FLASH.
5] 2. DIMENSION **3" DOES NOT INCLUDE TRIM OFFSET.
E /] [ 1 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
IR LOCATED WITHIN THE HATCHED AREA.
4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
anIs |5 i —
@ bp Reference | Dimensions in millimeters
[]x v Symbol | Min | Nom | Max
D 9.9 10.0 | 10.1
E 9.9 10.0 | 10.1
Az — 1.4 —
Hp 11.8 | 12.0 | 12.2
( \ He 11.8 | 12.0 | 12.2
wv
N - J—
< & 3 o A 1.7
AT A 005 — |05
- 77“’ bp | 0.15 | 0.20 | 0.27
< c 0.09 — 0.20
Lo 0 0° | 35| 8
L4 le] — 05 —
Detail F X - o 0.08
y — — 0.08
Lp 0.45 0.6 | 0.75
L4 — 1.0 —
© 2015 Renesas Electronics Corporation. All rights reserved.
Figure 1.1 LQFP 64-pin
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JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]

P-WFLGA36-4x4-0.50 PWLGO036KA-A P36FC-50-AA4-2 0.023
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DETAIL
DETAIL (C) DETAIL (D) B ONITimm)
. 0.70+0.05 R0.17+0.05 R0.17+0.05 0.70+0.05— ITEM DIMENSIONS
\\ —055+0.05 R0.12£0.05 R0.12+0.05 0.55+0.05 — D 4.00£0.10
0.75 0.75 7 E 4.00£0.10
% ~0.55 0.55— w 0.20
le] 0.50
\\ A 0.69+0.07
b 0.24+0.05
¢b X 0.05
(LAND PAD) X :
y 0.08
$0.3440.05 \ ] 0.20
(APERTURE OF 0.55 0.55 R0.275+0.05 y -
SOLDER RESIST) 075 075 ZD 075
0.55+0.05 0.55+0.05 R0.35+0.05 ZE 075
0.70+0.05 0.70+0.05
©2012 Renesas Electronics Corporation. All rights reserved.
Figure 1.3 LGA 36-pin
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Notice

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 or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by

you or third parties arising from the use of these circuits, software, or information.

Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application

examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by

you or third parties arising from such alteration, modification, copying or reverse engineering.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended 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; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are

not intended or 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 damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all

liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or

other Renesas Electronics document.

When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the

reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation

characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified

ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a

certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas

Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are ible for i iting safety to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and

sufficiently in i i laws and r i that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics

products in compliance with all these i laws and r i Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

Renesas Electronics products and technologies shall 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 shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third

party in advance of the contents and conditions set forth in this document.
11. This document shall not be reprinted, 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.
(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

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

(Rev.4.0-1 November 2017)
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