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memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
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Obsolete
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S128 1. Overview

1. Overview

The S128 MCU integrates multiple series of software- and pin-compatible ARM®-based 32-bit MCUs that share a
common set of Renesas peripherals to facilitate design scalability and efficient platform-based product development.

Based on the energy-efficient ARM Cortex®-MO0+ 32-bit core, this MCU is particularly suited for cost-sensitive and low-
power applications. The MCU in this series has the following features:

e Up to 256 KB code flash memory

e 24-KB SRAM

e Capacitive Touch Sensing Unit (CTSU)
e 14-bit A/D Converter (ADC14)

o 8-bit D/A Converter (DACS)

e Security features.

1.1 Function Outline

Table 1.1 ARM core

Feature Functional description

ARM Cortex-MO+ e Maximum operating frequency: up to 32 MHz
e ARM Cortex-M0+
- Revision: rOp1-00rel0
- ARMv6-M architecture profile
- Single-cycle integer multiplier.
o ARM Memory Protection Unit (MPU)
- ARMv6 Protected Memory System Architecture
- 8 protection regions.
o SysTick timer
- Driven by LOCO clock.

Table 1.2 Memory

Feature Functional description

Code flash memory Maximum 256 KB code flash memory. See section 42, Flash Memory in User’s Manual.
Data flash memory 4 KB data flash memory. See section 42, Flash Memory in User’s Manual.
Option-setting memory The option-setting memory determines the state of the MCU after a reset. See section 6,

Option-Setting Memory in User’s Manual.

SRAM On-chip high-speed SRAM with either parity bit or Error Correction Code (ECC). See section
41, SRAM in User’s Manual.

Table 1.3 System (1 of 2)

Feature Functional description

Operating mode Two operating modes:

* Single-chip mode

e SCI boot mode.

See section 3, Operating Modes in User’s Manual.
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S128 2. Electrical Characteristics

2. Electrical Characteristics

Unless otherwise specified, the electrical characteristics of the MCU are defined under the following conditions:
VCC* = AVCCO = 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
o

Von =VCC x 0.7, VoL =VCC x 0.3
Viyp=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 the timing specifications for each peripheral are recommended for the best peripheral
operation. However, make sure to adjust driving abilities for each pin to meet the conditions of your system.

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 A/C specification of each function is not guaranteed.
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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
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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 2.17 Voltage dependency in high-speed mode (reference data)
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2. Electrical Characteristics
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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 2.20

Voltage dependency in low-voltage mode (reference data)
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S128 2. Electrical Characteristics
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Note 3. MOCO and DAC are stopped.

Note 1. All peripheral operations except any BGO operation are operating normally. This is the average of the

Note 2. All peripheral operations except any BGO operation are operating at maximum. This is the average of the

Figure 2.22 Temperature dependency in Software Standby mode (reference data)
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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

2.3.6 I/O Ports, POEG, GPT, AGT, KINT, and ADC14 Trigger Timing

Table 2.30 /0 Ports, POEG, GPT, AGT, KINT, and ADC14 trigger timing

Test

Parameter Symbol | Min Max Unit conditions

1/0 Ports Input data pulse width tPrRwW 1.5 - tpeye Figure 2.35

Input/output data cycle (P002, P0O03, P010, P011) trocyc 10 - us -

POEG POEG input trigger pulse width tpoew | 3 - tpeye Figure 2.36

GPT Input capture pulse width Single edge teticw | 1.5 - tPDeyc Figure 2.37
Dual edge 2.5 -

AGT AGTIO, AGTEE input cycle 27V<VCC<55V | tacyc*! | 250 - ns Figure 2.38
24V<sVCC<27V 500 - ns
1.8V<sVCC<24V 1000 - ns
1.6VsVCC<18V 2000 - ns

AGTIO, AGTEE input high level 27V<VCC<55V | tackwh, | 100 - ns

width, low-level width 24V <VCC <27V tackwL 200 _ ns
1.8V<sVCC<24V 400 - ns
1.6VsVCC<18V 800 - ns

AGTIO, AGTO, AGTOA, AGTOB | 27V <VCC<55V | tacyco | 62.5 - ns Figure 2.38

output frequency 24VSVCC <27V 125 |- ns
1.8V<sVCC<24V 250 - ns
16VsVCC<18V 500 - ns

ADC14 14-bit A/D converter trigger input pulse width trrRew 1.5 - tpeye Figure 2.39

KINT Key interrupt input low-level width tkr 250 - ns Figure 2.40

Note 1. Constraints on AGTIO input: tpeyc % 2 (tpeyc: PCLKB cycle) <tacyc.

Port :LF<
I trrw g
Figure 2.35 1/0 ports input timing
POEG input trigger
< >
troew
Figure 2.36 POEG input trigger timing
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S128 2. Electrical Characteristics
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Figure 2.41 SCK clock input timing
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Figure 2.42 SCI input/output timing in clock synchronous mode
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S128 2. Electrical Characteristics
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= tspan tspas
Note 1. S, P, and Sr indicate the following: Test conditions:
S: Start condition Viy=VCC x0.7, V. =VCC x 0.3
P: Stop condition VoL =0.6V, lo. =6 mA
Sr: Restart condition

Figure 2.48 SCI simple IIC mode timing

2.3.10 SPI Timing

Table 2.36 SPI timing (1 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 RSPCK clock cycle | Master tspeyc 2 4096 tpeye Figure 2.49
Slave 6 4096 C =30pF
RSPCK clock high | Master tspckwH (tspeyc — - ns
pulse width tSPCKR
—tspckr) /2
Slave 3 X tpeye -
RSPCK clock low Master tspckwiL (tspeyc — - ns
pulse width tspckr
—tspckr) /2
Slave 3x tpeyc B
RSPCK clock rise Output 2.7V or above | tgpckr, - 10 ns
and fall time 2.4V or above | SPCKf ; 15
1.8V or above - 20
1.6V or above - 30
Input - 1 us
R0O1DS0309EU0100 Rev.1.00 RENESAS Page 66 of 107
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2. Electrical Characteristics

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
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output £ g AL
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output
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output N 9—/
tsu th
MISOA /
tor, tor ey ton — oo
I \ ( _
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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. Electrical Characteristics

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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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 2.46 A/D conversion characteristics (6) in low-power A/D conversion mode (2 of 2)
Conditions: VCC = AVCCO0 = 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

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 2.47 A/D conversion characteristics (7) in low-power A/D conversion mode (1 of 2)
Conditions: VCC = AVCCO = 1.6 to 5.5 V (AVCCO = VCC when VCC < 2.0 V), VREFHO0 = 1.6 to 5.5V, VSS = AVSS0 = VREFL0 =0
Reference voltage range applied to the VREFHO and VREFLO.

Parameter Min Typ Max Unit Test Conditions
Frequency 1 - 4 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 13.5 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKD =4 MHz) Max. = 9.9 kQ ADSSTRN.SST[7:0] = 0Dh
20.25 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h

Offset error - +1.0 +7.5 LSB High-precision channel
+10.0 LSB Other than above
Full-scale error - +1.5 +7.5 LSB High-precision channel
+10.0 LSB Other than above
Quantization error - 0.5 - LSB -
Absolute accuracy - +3.0 8.0 LSB High-precision channel
+12.0 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*? Permissible signal 15.0 - - us High-precision channel
(Operation at source impedance ADCSR.ADHSC =1
PCLKD =4 MHz) Max. = 9.9 kQ ADSSTRN.SST[7:0] = 0Dh
21.75 - - us Normal-precision channel
ADCSR.ADHSC =1
ADSSTRN.SST[7:0] = 28h
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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

RO1DS0309EU0100 Rev.1.00 RENESAS
Mar 10, 2017

Page 88 of 107



S128

2. Electrical Characteristics

Table 2.58 OPAMP characteristics (2 of 2)
Conditions: 1.8 V < AVCC0=VCC<5.5V,VSS=AVSS0=0V
Parameter Symbol Conditions Min Typ Max Unit
Open gain Ay - 80 120 - dB
Gain-bandwidth (GB) product | GBW1 Low-power mode - 0.012 - MHz
GBW2 High-speed mode - 1.7 -
Phase margin PM CL =20 pF 50 - - deg
Gain margin GM CL =20 pF 10 - - dB
Equivalent input noise Vhoise1 f=10Hz Low-power mode - 700 - nV/
Vhoise2 f=1kHz - 400 - VHz
Vhoise3 f=1kHz High-speed mode | - 90 -
Vhoises f=100 kHz - 50 -
Power supply reduction ratio | PSRR - - 90 - dB
Common mode signal CMRR - - 90 - dB
reduction ratio
Stabilization wait time Tsta1 CL =20 pF Low-power mode 1800 - - us
Only operational VCC < 3.6V
::;P lgtlzgli Low-power mode 2500 - -
vated. VCC < 5.5V
Tstao High-speed mode | 13 - -
Tstas CL =20 pF Low-power mode 1800 - -
Operational VCC < 3.6V
ar?pllfler and t Low-power mode 2500 - -
reference curren VCC < 5.5V
circuit are activated
Tstaa simultaneously. High-speed mode 13 - -
Settling time Tset1 CL =20 pF Low-power mode - - 1400 us
VCC < 3.6V
Low-power mode - - 2000 us
VCC < 5.5V
Tseto High-speed mode | - - 13 us
Slew rate Tslew1 CL =20 pF Low-power mode - 0.005 - Vlius
Tsiew2 High-speed mode | - 1.1 - Vlius
Load current lload1 Low-power mode -100 - 100 pA
load2 High-speed mode -100 - 100
Load capacitance CL - - - 20 pF

Note 1. When the operational amplifier and the reference current circuit have already been activated.
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S128 2. Electrical Characteristics
2.13 Flash Memory Characteristics
2.13.1 Code Flash Memory Characteristics

Table 2.59 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 one. 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 2.60 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 bytes tpg - 116 998 - 54 506 us
Erasure time 1KB teqk - 9.03 287 - 5.67 222 ms
Blank check time 4 bytes tsca - - 56.8 - - 16.6 us

1KB tecik | - - 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% during programming or erasing the flash memory. Confirm the
frequency accuracy of the clock source.
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S128 2. Electrical Characteristics
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Figure 2.70 SWD input/output 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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