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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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S3A7 1. Overview

SPI RSPCKA, RSPCKB I/O Clock input/output pin.

MOSIA, MOSIB I/O Inputs or outputs data output from the master.

MISOA, MISOB I/O Inputs or outputs data output from the slave.

SSLA0, SSLB0 I/O Input or output pin for slave selection.

SSLA1, SSLA2, 
SSLA3, SSLB1, 
SSLB2, SSLB3

Output Output pin for slave selection.

QSPI QSPCLK Output QSPI clock output pin.

QSSL Output QSPI slave output pin.

QIO0 I/O Master transmit data/data 0.

QIO1 I/O Master input data/data 1.

QIO2, QIO3 I/O Data 2, Data 3.

CAN CRX0 Input Receive data.

CTX0 Output Transmit data.

USBFS VSS_USB Input Ground pins.

VCC_USB_LDO Input Power supply pin for USB LDO regulator.

VCC_USB I/O Input: Power supply pin for USB transceiver.
Output: USB LDO regulator output pin. This pin should be connected to an 
external capacitor.

USB_DP I/O D+ I/O pin of the USB on-chip transceiver. This pin should be connected to 
the D+ pin of the USB bus.

USB_DM I/O D– I/O pin of the USB on-chip transceiver. This pin should be connected to 
the D– pin of the USB bus.

USB_VBUS Input USB cable connection monitor pin. This pin should be connected to VBUS 
of the USB bus. The VBUS pin status (connected or disconnected) can be 
detected when the USB module is operating as a function controller.

USB_EXICEN Output Low-power control signal for external power supply (OTG) chip

USB_VBUSEN Output VBUS (5 V) supply enable signal for external power supply chip

USB_OVRCURA, 
USB_OVRCURB

Input External overcurrent detection signals should be connected to these pins. 
VBUS comparator signals should be connected to these pins when the 
OTG power supply chip is connected.

USB_ID Input MicroAB connector ID input signal should be connected to this pin during 
operation in OTG mode.

SDHI SD0CLK Output SD clock output pin.

SD0CMD I/O SD command output, response input signal pin.

SD0DAT0 to 
SD0DAT7 

I/O SD data bus pins.

SD0WP Input SD write-protect signal.

Analog power 
supply

AVCC0 Input Analog voltage supply pin for the analog. Connect this pin to VCC.

AVSS0 Input Analog ground pin. Connect this pin to VSS.

VREFH0 Input Analog reference voltage supply pin for the A/D converter. Connect this pin 
to VCC when not using the A/D converter.

VREFL0 Input Analog reference ground pin for the A/D converter. Connect this pin to VSS 
when not using the A/D converter.

VREFH Input Analog reference voltage supply pin for D/A converter.

VREFL Input Analog reference ground pin for D/A converter.

ADC14 AN000 to AN027 Input Input pins for the analog signals to be processed by the A/D converter.

ADTRG0 Input Input pins for the external trigger signals that start the A/D conversion, 
active LOW.

DAC12 DA0, DA1 Output Output pins for the analog signals to be processed by the D/A converter.

Comparator output VCOUT Output Comparator output pin.

ACMPHS IVREF0 to IVREF5 Input Reference voltage input pin.

IVCMP0 to IVCMP5 Input Analog voltage input pin.

ACMPLP CMPREF0, 
CMPREF1

Input Reference voltage input pin.

CMPIN0, CMPIN1 Input Analog voltage input pins.

Function Signal I/O Description
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Figure 1.5 Pin assignment for BGA 121-pin (Upper perspective view)
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S3A7 2. Electrical Characteristics

Figure 2.4 VOH/VOL and IOH/IOL Temperature Characteristics at VCC = 2.7 V When Low drive output is 

Selected (Reference Data)

Figure 2.5 VOH/VOL and IOH/IOL Temperature Characteristics at VCC = 3.3 V When Low drive output is 

Selected (Reference Data)
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Figure 2.22 Temperature dependency in Software Standby mode 48-KB SRAM on (reference data)

Figure 2.23 Temperature dependency in Software Standby mode all SRAM on (reference data)
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S3A7 2. Electrical Characteristics

Figure 2.32 Reset input timing at power-on

Figure 2.33 Reset input timing (1)

Figure 2.34 Reset input timing (2)
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RES
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S3A7 2. Electrical Characteristics

Figure 2.35 Software Standby mode cancellation timing

Table 2.29 Timing of recovery from low power modes (6)

Item Symbol Min Typ Max Unit Test conditions

Recovery time from 
Software Standby 
mode to Snooze

High-speed mode
System clock source is HOCO

tSNZ - 36 45 μs -

Middle-speed mode
System clock source is MOCO 
(8 MHz)

tSNZ - 1.3 3.6 μs

Low-speed mode
System clock source is MOCO 
(1 MHz)

tSNZ - 10 13 μs

Low-voltage mode
System clock source is HOCO 
(4 MHz)

tSNZ - 87 110 μs

Oscillator

ICLK

IRQ

Software Standby mode

tSBYSC, tSBYLO

Oscillator

ICLK

IRQ

Software Standby mode

tSBYMC, tSBYPC, tSBYEX, 

tSBYPE, tSBYMO, tSBYHO
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2.3.5 NMI and IRQ Noise Filter

Note: 200 ns minimum in Software Standby mode.
Note 1. tPcyc indicates the cycle of PCLKB.

Note 2. tNMICK indicates the cycle of the NMI digital filter sampling clock. 

Note 3. tIRQCK indicates the cycle of the IRQi digital filter sampling clock (i = 0 to 15).

Figure 2.36 NMI interrupt input timing

Figure 2.37 IRQ interrupt input timing

Table 2.30 NMI and IRQ noise filter

Item Symbol Min Typ Max Unit Test conditions

NMI pulse width tNMIW 200 - - ns NMI digital filter disabled tPcyc × 2 ≤ 200 ns

tPcyc × 2*1 - - tPcyc × 2 > 200 ns

200 - - NMI digital filter enabled tNMICK × 3 ≤ 200 ns

tNMICK × 3.5*2 - - tNMICK × 3 > 200 ns

IRQ pulse width tIRQW 200 - - ns IRQ digital filter disabled tPcyc × 2 ≤ 200 ns

tPcyc × 2*1 - - tPcyc × 2 > 200 ns

200 - - IRQ digital filter enabled tIRQCK × 3 ≤ 200 ns

tIRQCK × 3.5*3 - - tIRQCK × 3 > 200 ns

tNMIW

NMI

tIRQW

IRQ
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WAIT setup time tWTS 70 - ns Figure 2.42

WAIT hold time tWTH 0 - ns

Table 2.34 Bus timing (4)
Conditions: EBCLK pin ≤ 2 MHz (package with 145 to 100 pins) (BCLK: up to 2 MHz)
VCC = AVCC0 = 1.6 to 1.8 V
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 30 pF

Item Symbol Min Max Unit Test conditions

Address delay tAD - 120 ns Figure 2.38
to Figure 2.41Byte control delay tBCD - 120 ns

CS delay tCSD - 120 ns

RD delay tRSD - 120 ns

Read data setup time tRDS 90 - ns

Read data hold time tRDH 0 - ns

WR delay tWRD - 120 ns

Write data delay tWDD - 120 ns

Write data hold time tWDH 0 - ns

WAIT setup time tWTS 90 - ns Figure 2.42

WAIT hold time tWTH 0 - ns

Table 2.33 Bus timing (3)
Conditions: EBCLK pin ≤ 4 MHz (package with 145 to 100 pins) (BCLK: up to 4 MHz)
VCC = AVCC0 = 1.8 to 2.4 V
Output load conditions: VOH = VCC × 0.5, VOL = VCC × 0.5, C = 30 pF

Item Symbol Min Max Unit Test conditions
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Figure 2.38 External bus timing/normal read cycle (bus clock synchronized)
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Figure 2.64 QSPI clock timing

Figure 2.65 Transfer/receive timing
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2.3.13 SSI Timing

Figure 2.67 SSI clock input/output timing

Table 2.43 SSI timing
Conditions: VCC = AVCC0 = 1.6 to 5.5 V

Item Symbol Min Max Unit Test conditions

SSI AUDIO_CLK input 
frequency

2.7 V or above tAUDIO - 25 MHz -

1.6 V or above - 4

Output clock period tO 250 - ns Figure 2.67

Input clock period tI 250 - ns

Clock high pulse 
width

1.8 V or above tHC 100 - ns

1.6 V or above 200 -

Clock low pulse 
width

1.8 V or above tLC 100 - ns

1.6 V or above 200 -

Clock rise time tRC - 25 ns

Data delay 2.7 V or above tDTR - 65 ns Figure 2.68,
Figure 2.691.8 V or above - 105

1.6 V or above - 140

Set-up time 2.7 V or above tSR 65 - ns

1.8 V or above 90 -

1.6 V or above 140 -

Hold time tHTR 40 - ns

SSIDATA output 
delay from WS 
change time

1.8 V or above TDTRW - 105 ns Figure 2.70

1.6 V or above - 140

SSISCKn

tHC

tLC

tRC

tI, tO
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Figure 2.74 Test circuit for Full-Speed (FS) connection

Figure 2.75 Test circuit for Low-Speed (LS) connection

2.4.2 USB External Supply

Table 2.47 USB regulator

Item 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 V -

Observation 
point

50 pF

DP

DM

50 pF

Observation 
point

200 pF to 
600 pF

DP

DM

200 pF to 
600 pF

1.5 K

3.6 V

Observation 
point
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Figure 2.77 Illustration of 14-bit A/D converter characteristic terms

Absolute accuracy

Absolute accuracy is the difference between output code based on the theoretical A/D conversion characteristics, and the 
actual A/D conversion result. When measuring absolute accuracy, the voltage at the midpoint of the width of analog 
input voltage (1-LSB width), which can meet the expectation of outputting an equal code based on the theoretical A/D 
conversion characteristics, is used as the analog input voltage. For example, if 12-bit resolution is used and the reference 
voltage VREFH0 = 3.072 V, then 1-LSB width becomes 0.75 mV, and 0 mV, 0.75 mV, 1.5 mV are used as the analog 
input voltages. If analog input voltage is 6 mV, an absolute accuracy of ±5 LSB means that the actual A/D conversion 
result is in the range of 003h to 00Dh, though an output code of 008h can be expected from the theoretical A/D 
conversion characteristics.

Integral nonlinearity error (INL)

Integral nonlinearity error is the maximum deviation between the ideal line when the measured offset and full-scale 
errors are zeroed, and the actual output code.

Differential nonlinearity error (DNL)

Differential nonlinearity error is the difference between 1-LSB width based on the ideal A/D conversion characteristics 
and the width of the actually output code.

Offset error

Offset error is the difference between the transition point of the ideal first output code and the actual first output code.

Full-scale error

Full-scale error is the difference between the transition point of the ideal last output code and the actual last output code.

Integral nonlinearity 
error (INL)

Actual A/D conversion 
characteristic

Ideal A/D conversion 
characteristic

Analog input voltage

Offset error

Absolute accuracy

Differential nonlinearity error (DNL)

Full-scale error
FFFh

000h

0

Ideal line of actual A/D 
conversion characteristic

1-LSB width for ideal A/D 
conversion characteristic

Differential nonlinearity error (DNL)

1-LSB width for ideal A/D 
conversion characteristic

VREFH0
(full-scale)

A/D converter
output code



R01DS0263EU0100 Rev.1.00 Page 105 of 130
Feb 23, 2016

S3A7 2. Electrical Characteristics

2.7 TSN Characteristics

2.8 OSC Stop Detect Characteristics

Figure 2.79 Oscillation stop detection timing

Table 2.60 TSN characteristics
Conditions: VCC = AVCC0 = 2.0 to 5.5 V

Item Symbol Min Typ Max Unit Test conditions

Relative accuracy - - ±1.5 - °C 2.4 V or above

- - ±2.0 - °C Below 2.4 V

Temperature slope - - –3.65 - mV/°C -

Output voltage (at 25°C) - - 1.05 - V VCC = 3.3 V

Temperature sensor start time tSTART - - 5 μs -

Sampling time - 5 - - μs -

Table 2.61 Oscillation stop detection circuit characteristics

Item Symbol Min Typ Max Unit Test conditions

Detection time tdr - - 1 ms Figure 2.79

tdr

Main clock

OSTDSR.OSTDF

MOCO clock

ICLK
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2.9 POR and LVD Characteristics

Note 1. These characteristics apply when noise is not superimposed on the power supply. When a setting causes this voltage detection 
level to overlap with that of the voltage detection circuit (LVD2), it cannot be specified whether LVD1 or LVD2 is used for 
voltage detection.

Note 2. # in the symbol Vdet0_# denotes the value of the OFS1.VDSEL1[2:0] bits.
Note 3. # in the symbol Vdet1_# denotes the value of the LVDLVLR.LVD1LVL[4:0] bits.
Note 4. # in the symbol Vdet2_# denotes the value of the LVDLVLR.LVD2LVL[2:0] bits.

Table 2.62 Power-on reset circuit and voltage detection circuit characteristics (1)
Conditions: VCC = AVCC0 = VCC_USB

Item Symbol Min Typ Max Unit Test conditions

Voltage detection 
level*1

Power-on reset (POR) VPOR 1.27 1.42 1.57 V Figure 2.80, 
Figure 2.81

Voltage detection circuit (LVD0)*2 Vdet0_0 3.68 3.85 4.00 V Figure 2.82
At falling edge 
VCC

Vdet0_1 2.68 2.85 2.96

Vdet0_2 2.38 2.53 2.64

Vdet0_3 1.78 1.90 2.02

Vdet0_4 1.60 1.69 1.82

Voltage detection circuit (LVD1)*3 Vdet1_0 4.13 4.29 4.45 V Figure 2.83
At falling edge 
VCC

Vdet1_1 3.98 4.16 4.30

Vdet1_2 3.86 4.03 4.18

Vdet1_3 3.68 3.86 4.00

Vdet1_4 2.98 3.10 3.22

Vdet1_5 2.89 3.00 3.11

Vdet1_6 2.79 2.90 3.01

Vdet1_7 2.68 2.79 2.90

Vdet1_8 2.58 2.68 2.78

Vdet1_9 2.48 2.58 2.68

Vdet1_A 2.38 2.48 2.58

Vdet1_B 2.10 2.20 2.30

Vdet1_C 1.84 1.96 2.05

Vdet1_D 1.74 1.86 1.95

Vdet1_E 1.63 1.75 1.84

Vdet1_F 1.60 1.65 1.73

Voltage detection circuit (LVD2)*4 Vdet2_0 4.11 4.31 4.48 V Figure 2.84
At falling edge 
VCC

Vdet2_1 3.97 4.17 4.34

Vdet2_2 3.83 4.03 4.20

Vdet2_3 3.64 3.84 4.01
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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, 

Vdet0, Vdet1, and Vdet2 for the POR/LVD.

Figure 2.80 Voltage detection reset timing

Table 2.63 Power-on reset circuit and voltage detection circuit characteristics (2)
Conditions: VCC = AVCC0 = VCC_USB

Item Symbol Min Typ Max Unit Test conditions

Wait time after voltage 
monitoring 0,1,2 reset 
cancellation

LVD0:enable*1 tLVD0,1,2 - 0.6 - μs -

LVD0:disable*2 tLVD1,2 - 0.2 - μs -

Response delay*3 tdet - - 350 μs Figure 2.80, 
Figure 2.81

Minimum VCC down time tVOFF 450 - - μs Figure 2.80, 
VCC = 1.0 V or above

Power-on reset enable time tW (POR) 1 - - ms Figure 2.81, 
VCC = below 1.0 V

LVD operation stabilization time (after LVD is 
enabled)

Td (E-A) - - 300 μs Figure 2.83, 
Figure 2.84

Hysteresis width (POR) VPORH - 110 - mV -

Hysteresis width (LVD1 and LVD2) VLVH - 70 - mV Vdet1_0 to Vdet1_4 selected.

- 60 - Vdet1_5 to Vdet1_9 selected.

- 50 - Vdet1_A or Vdet1_B selected.

- 40 - Vdet1_C or Vdet1_D selected.

- 60 - LVD2 selected

Internal reset signal
(active-low)

VCC

tVOFF

tPORtdet

VPOR

tdet

1.0 V
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Figure 2.86 VBATT_POR Reset Timing

Figure 2.87 VBATT pin Voltage Detection Circuit Timing

2.11 CTSU Characteristics

Table 2.65 CTSU characteristics
Conditions: VCC = AVCC0 = 1.8 to 5.5 V

Item Symbol Min Typ Max Unit Test conditions

External capacitance connected to TSCAP pin Ctscap 9 10 11 nF -

TS pin capacitive load Cbase - - 50 pF -

Permissible output high current ΣIoH - - -24 mA When the mutual 
capacitance method 
is applied

VDETBATT VVBATH

VCC supplied

VBATT

VCC

VVBATPOR

VBATT supplied VCC supplied

Backup power area

not supplied

VBATT_POR
(active-low)

tVBATPOR

VDETBATLVDVBATT

Td_vbat

VBTCR2.VBTLVDEN

VBATT pin LVD
Comparator output

VBTCMPCR.VBTCMPE

VBTSR.VBTBLDF

VVBATLVDTH

tdet_vbat tdet_vbat
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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 FCLK is 1 MHz during programming or erasing the flash memory. When using FCLK 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 FCLK must be ±3.5%. Confirm the frequency accuracy of the clock source.

2.16 Boundary Scan

Note 1. Boundary scan does not function until Power-On-Reset becomes negative.

Figure 2.89 Boundary scan TCK timing

Table 2.80 Data flash characteristics (3)
Middle-speed operating mode
Conditions: VCC = AVCC0 = 1.8 to 5.5 V, Ta = –40 to +85°C

Item Symbol

FCLK = 4 MHz FCLK = 32 MHz

UnitMin Typ Max Min Typ Max

Programming time 1-byte tDP1 - 94.7 886 - 87.0 837 μs

Erasure time 1-KB tDE1K - 9.59 299 - 7.82 266 ms

Blank check time 1-byte tDBC1 - - 56.2 - - 50.9 μs

1-KB tDBC1K - - 2.17 - - 1.21 ms

Suspended time during erasing tDSED - - 23.0 - - 21.0 μs

Data flash STOP recovery time tDSTOP 720 - - 720 - - ns

Table 2.81 Boundary scan
Conditions: VCC = AVCC = 2.4 to 5.5 V

Item Symbol Min Typ Max Unit Test conditions

TCK clock cycle time tTCKcyc 100 - - ns Figure 2.89

TCK clock high pulse width tTCKH 45 - - ns

TCK clock low pulse width tTCKL 45 - - ns

TCK clock rise time tTCKr - - 5 ns

TCK clock fall time tTCKf - - 5 ns

TMS setup time tTMSS 20 - - ns Figure 2.90

TMS hold time tTMSH 20 - - ns

TDI setup time tTDIS 20 - - ns

TDI hold time tTDIH 20 - - ns

TDO data delay tTDOD - - 70 ns

Boundary Scan circuit start up time*1 tBSSTUP tRESWP - - - Figure 2.91

tTCKcyc

tTCKH

tTCKf

tTCKL

tTCKr

TCK
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Figure 1.5 LQFP 100-pin

MASS (Typ) [g]

0.6

Unit: mm

Previous CodeRENESAS Code

PLQP0100KB-B —

JEITA Package Code

P-LFQFP100-14x14-0.50

© 2015 Renesas Electronics Corporation. All rights reserved.
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