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Welcome to E-XFL.COM

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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 MB95630H Series

New 8FX 8-bit Microcontrollers
The MB95630H Series is a series of general-purpose, single-chip microcontrollers. In addition to a compact instruction set, the
microcontrollers of this series contain a variety of peripheral functions.

Features

■ F2MC-8FX CPU core
❐ Instruction set optimized for controllers

• Multiplication and division instructions
• 16-bit arithmetic operations
• Bit test branch instructions
• Bit manipulation instructions, etc.

■ Clock
❐ Selectable main clock source

• Main oscillation clock (up to 16.25 MHz, maximum ma-
chine clock frequency: 8.125 MHz)

• External clock (up to 32.5 MHz, maximum machine clock
frequency: 16.25 MHz)

• Main CR clock (4 MHz 2%)
• Main CR PLL clock

- The main CR PLL clock frequency becomes 8 MHz
2% when the PLL multiplication rate is 2.
- The main CR PLL clock frequency becomes 10 MHz
2% when the PLL multiplication rate is 2.5.
- The main CR PLL clock frequency becomes 12 MHz
2% when the PLL multiplication rate is 3.
- The main CR PLL clock frequency becomes 16 MHz
2% when the PLL multiplication rate is 4.

❐ Selectable subclock source
• Suboscillation clock (32.768 kHz)
• External clock (32.768 kHz)
• Sub-CR clock (Typ: 100 kHz, Min: 50 kHz, Max: 150 kHz)

■ Timer
❐ 8/16-bit composite timer  2 channels
❐ 8/16-bit PPG  3 channels
❐ 16-bit PPG timer  1 channel (can work independently or

together with the multi-pulse generator)
❐ 16-bit reload timer  1 channel (can work independently or 

together with the multi-pulse generator)
❐ Time-base timer  1 channel
❐ Watch prescaler  1 channel

■ UART/SIO  1 channel
❐ Full duplex double buffer
❐ Capable of clock asynchronous (UART) serial data transfer

and clock synchronous (SIO) serial data transfer

■ I2C bus interface  1 channel
❐ Built-in wake-up function

■ Multi-pulse generator (MPG) (for DC motor control)  1 channel
❐ 16-bit reload timer  1 channel
❐ 16-bit PPG timer  1 channel
❐ Waveform sequencer (including a 16-bit timer equipped with 

a buffer and a compare clear function)

■ LIN-UART
❐ Full duplex double buffer

❐ Capable of clock asynchronous serial data transfer and clock 
synchronous serial data transfer

■ External interrupt  10 channels
❐ Interrupt by edge detection (rising edge, falling edge, and

both edges can be selected)
❐ Can be used to wake up the device from different low power 

consumption (standby) modes

■ 8/10-bit A/D converter  8 channels
❐ 8-bit or 10-bit resolution can be selected.

■ Low power consumption (standby) modes
❐ There are four standby modes as follows:

• Stop mode
• Sleep mode
• Watch mode
• Time-base timer mode

❐ In standby mode, two further options can be selected: normal 
standby mode and deep standby mode.

■ I/O port
❐ MB95F632H/F633H/F634H/F636H (number of I/O ports: 28)

• General-purpose I/O ports (CMOS I/O): 25
• General-purpose I/O ports (N-ch open drain): 3

❐ MB95F632K/F633K/F634K/F636K (number of I/O ports: 29)
• General-purpose I/O ports (CMOS I/O): 25
• General-purpose I/O ports (N-ch open drain): 4

■ On-chip debug
❐ 1-wire serial control
❐ Serial writing supported (asynchronous mode)

■ Hardware/software watchdog timer
❐ Built-in hardware watchdog timer
❐ Built-in software watchdog timer

■ Power-on reset
❐ A power-on reset is generated when the power is switched

on.

■ Low-voltage detection reset circuit (only available on
MB95F632K/F633K/F634K/F636K)
❐ Built-in low-voltage detection function (The combination of

detection voltage and release voltage can be selected from 
four options.)

■ Comparator

■ Clock supervisor counter
❐ Built-in clock supervisor counter

■ Dual operation Flash memory
❐ The program/erase operation and the read operation can be

executed in different banks (upper bank/lower bank) simul-
taneously.

■ Flash memory security function
❐ Protects the content of the Flash memory.
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 MB95630H Series
2.  Packages And Corresponding Products

: Available

3.  Differences Among Products And Notes On Product Selection

• Current consumption
When using the on-chip debug function, take account of the current consumption of Flash memory program/erase.
For details of current consumption, see “Electrical Characteristics”.

• Package
For details of information on each package, see “Packages And Corresponding Products” and “Package Dimension”.

• Operating voltage
The operating voltage varies, depending on whether the on-chip debug function is used or not.
For details of operating voltage, see “Electrical Characteristics”.

• On-chip debug function

Part number

Parameter

MB95F632H MB95F633H MB95F634H MB95F636H MB95F632K MB95F633K MB95F634K MB95F636K

Flash memory

• It supports automatic programming (Embedded Algorithm), and program/erase/erase-
suspend/erase-resume commands.

• It has a flag indicating the completion of the operation of Embedded Algorithm.
• Flash security feature for protecting the content of the Flash memory

Standby mode

There are four standby modes as follows:
• Stop mode
• Sleep mode
• Watch mode
• Time-base timer mode
In standby mode, two further options can be selected: normal standby mode and deep 
standby mode.

Package
LQB032
PDS032
WNP032

Part number

Package

MB95F632H MB95F633H MB95F634H MB95F636H MB95F632K MB95F633K MB95F634K MB95F636K

LQB032        

PDS032        

WNP032        

Number of program/erase cycles 1000 10000 100000

Data retention time 20 years 10 years 5 years
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 MB95630H Series
7.3  Precautions for Use Environment

Reliability of semiconductor devices depends on ambient temperature and other conditions as described above.

For reliable performance, do the following:

 (1) Humidity

Prolonged use in high humidity can lead to leakage in devices as well as printed circuit boards. If high humidity
levels are anticipated, consider anti-humidity processing.

 (2) Discharge of Static Electricity

When high-voltage charges exist close to semiconductor devices, discharges can cause abnormal operation. In
such cases, use anti-static measures or processing to prevent discharges.

 (3) Corrosive Gases, Dust, or Oil

Exposure to corrosive gases or contact with dust or oil may lead to chemical reactions that will adversely affect
the device. If you use devices in such conditions, consider ways to prevent such exposure or to protect the devices.

 (4) Radiation, Including Cosmic Radiation

Most devices are not designed for environments involving exposure to radiation or cosmic radiation. Users should
provide shielding as appropriate.

 (5) Smoke, Flame

CAUTION: Plastic molded devices are flammable, and therefore should not be used near combustible substances. 
If devices begin to smoke or burn, there is danger of the release of toxic gases.

Customers considering the use of Cypress products in other special environmental conditions should consult with
sales representatives.

8.  Notes On Device Handling

• Preventing latch-ups
When using the device, ensure that the voltage applied does not exceed the maximum voltage rating.
In a CMOS IC, if a voltage higher than VCC or a voltage lower than VSS is applied to an input/output pin that is neither
a medium-withstand voltage pin nor a high-withstand voltage pin, or if a voltage out of the rating range of power sup-
ply voltage mentioned in “18.1 Absolute Maximum Ratings” of “Electrical Characteristics” is applied to the VCC pin or
the VSS pin, a latch-up may occur.
When a latch-up occurs, power supply current increases significantly, which may cause a component to be thermally
destroyed.

• Stabilizing supply voltage
Supply voltage must be stabilized.
A malfunction may occur when power supply voltage fluctuates rapidly even though the fluctuation is within the guar-
anteed operating range of the VCC power supply voltage.
As a rule of voltage stabilization, suppress voltage fluctuation so that the fluctuation in VCC ripple (p-p value) at the
commercial frequency (50 Hz/60 Hz) does not exceed 10% of the standard VCC value, and the transient fluctuation
rate does not exceed 0.1 V/ms at a momentary fluctuation such as switching the power supply.

• Notes on using the external clock
When an external clock is used, oscillation stabilization wait time is required for power-on reset, wake-up from sub-
clock mode or stop mode.
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 MB95630H Series
9.  Pin Connection

• Treatment of unused pins
If an unused input pin is left unconnected, a component may be permanently damaged due to malfunctions or latch-
ups. Always pull up or pull down an unused input pin through a resistor of at least 2 k. Set an unused input/output
pin to the output state and leave it unconnected, or set it to the input state and treat it the same as an unused input
pin. If there is an unused output pin, leave it unconnected.

• Power supply pins
To reduce unnecessary electro-magnetic emission, prevent malfunctions of strobe signals due to an increase in the
ground level, and conform to the total output current standard, always connect the VCC pin and the VSS pin to the
power supply and ground outside the device. In addition, connect the current supply source to the VCC pin and the
VSS pin with low impedance.
It is also advisable to connect a ceramic capacitor of approximately 0.1 µF as a bypass capacitor between the VCC

pin and the VSS pin at a location close to this device.

• DBG pin
Connect the DBG pin to an external pull-up resistor of 2 k or above.
After power-on, ensure that the DBG pin does not stay at “L” level until the reset output is released.
The DBG pin becomes a communication pin in debug mode. Since the actual pull-up resistance depends on the tool
used and the interconnection length, refer to the tool document when selecting a pull-up resistor.

• RST pin
Connect the RST pin to an external pull-up resistor of 2 k or above.
To prevent the device from unintentionally entering the reset mode due to noise, minimize the interconnection length
between a pull-up resistor and the RST pin and that between a pull-up resistor and the VCC pin when designing the
layout of the printed circuit board.
The PF2/RST pin functions as the reset input/output pin after power-on. In addition, the reset output of the PF2/RST
pin can be enabled by the RSTOE bit in the SYSC register, and the reset input function and the general-purpose I/O
function can be selected by the RSTEN bit in the SYSC register.

• C pin
Use a ceramic capacitor or a capacitor with equivalent frequency characteristics. The decoupling capacitor for the
VCC pin must have a capacitance equal to or larger than the capacitance of CS. For the connection to a decoupling
capacitor CS, see the diagram below. To prevent the device from unintentionally entering a mode to which the device
is not set to transit due to noise, minimize the distance between the C pin and CS and the distance between CS and
the VSS pin when designing the layout of a printed circuit board.

• Note on serial communication
In serial communication, reception of wrong data may occur due to noise or other causes. Therefore, design a printed

C

Cs

DBG

RST

• DBG/RST/C pins connection diagram 
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13.  Areas For Specific Applications

The general-purpose register area and vector table area are used for the specific applications.

• General-purpose register area (Addresses: 0x0100 to 0x01FF*1)
• This area contains the auxiliary registers used for 8-bit arithmetic operations, transfer, etc.
• As this area forms part of the RAM area, it can also be used as conventional RAM.
• When the area is used as general-purpose registers, general-purpose register addressing enables high-speed ac-

cess with short instructions.

• Non-volatile register data area (Addresses: 0xFFBB to 0xFFBF)
• The area from 0xFFBB to 0xFFBF is used to store data of the non-volatile register. For details, refer to “CHAPTER

26 NON-VOLATILE REGISTER (NVR) INTERFACE” in “New 8FX MB95630H Series Hardware Manual”.

• Vector table area (Addresses: 0xFFC0 to 0xFFFF)
• This area is used as the vector table for vector call instructions (CALLV), interrupts, and resets.
• The top of the Flash memory area is allocated to the vector table area. The start address of a service routine is set

to an address in the vector table in the form of data.

“Interrupt Source Table” lists the vector table addresses corresponding to vector call instructions, interrupts, and re-
sets.
For details, refer to “CHAPTER 4 RESET”, “CHAPTER 5 INTERRUPTS” and “A.2 Special Instruction ■ Special In-
struction ● CALLV #vct” in “New 8FX MB95630H Series Hardware Manual”.

• Direct bank pointer and access area

*1: Due to the memory size limit, the available access area is up to “0x018F” in MB95F632H/F632K.
*2: Due to the memory size limit, the available access area is up to “0x028F” in MB95F633H/F633K.

Direct bank pointer (DP[2:0]) Operand-specified dir Access area

0bXXX (It does not affect mapping.) 0x0000 to 0x007F 0x0000 to 0x007F

0b000 (Initial value) 0x0090 to 0x00FF 0x0090 to 0x00FF

0b001

0x0080 to 0x00FF

0x0100 to 0x017F

0b010 0x0180 to 0x01FF*1

0b011 0x0200 to 0x027F

0b100 0x0280 to 0x02FF*2

0b101 0x0300 to 0x037F

0b110 0x0380 to 0x03FF

0b111 0x0400 to 0x047F
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 MB95630H Series
• P02/INT02/AN02/SCK pin
This pin has the following peripheral functions:
• External interrupt circuit input pin (INT02)
• 8/10-bit A/D converter analog input pin (AN02)
• LIN-UART clock I/O pin (SCK)

• P03/INT03/AN03/SOT pin
This pin has the following peripheral functions:
• External interrupt circuit input pin (INT03)
• 8/10-bit A/D converter analog input pin (AN03)
• LIN-UART data output pin (SOT)

• P05/INT05/AN05/TO00 pin
This pin has the following peripheral functions:
• External interrupt circuit input pin (INT05)
• 8/10-bit A/D converter analog input pin (AN05)
• 8/16-bit composite timer ch. 0 output pin (TO00)

• P06/INT06/AN06/TO01 pin
This pin has the following peripheral functions:
• External interrupt circuit input pin (INT06)
• 8/10-bit A/D converter analog input pin (AN06)
• 8/16-bit composite timer ch. 0 output pin (TO01)
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 MB95630H Series
• Block diagram of P02/INT02/AN02/SCK, P03/INT03/AN03/SOT, P05/INT05/AN05/TO00 and P06/INT06/AN06/TO01

PDR0
Pin

PDR0 read

PDR0 write
Executing bit manipulation instruction

DDR0 read

DDR0 write

PUL0 read

PUL0 write

AIDRL read

AIDRL write

DDR0

PUL0

AIDRL

0

1

1

0

Stop mode, watch mode (SPL = 1)

Peripheral function input

Peripheral function input enable
(INT02, INT03, INT05 and INT06)

Peripheral function output enable
Peripheral function output

A/D analog input

Hysteresis
Pull-up
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• P07/INT07/AN07 pin
This pin has the following peripheral functions:
• External interrupt circuit input pin (INT07)
• 8/10-bit A/D converter analog input pin (AN07)

• Block diagram of P07/INT07/AN07

PDR0 Pin
PDR0 read

PDR0 write
Executing bit manipulation instruction

DDR0 read

DDR0 write

PUL0 read

PUL0 write

AIDRL read

AIDRL write

DDR0

PUL0

AIDRL

0

1

Stop mode, watch mode (SPL = 1)

Peripheral function input
Peripheral function input enable (INT07)

A/D analog input

Hysteresis

Pull-up

In
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 b
us
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• Block diagram of P14/UCK0/PPG01

PDR1
Pin

PDR1 read

PDR1 write
Executing bit manipulation instruction

DDR1 read

DDR1 write

PUL1 read

PUL1 write

DDR1

PUL1

0

1

1

0

Stop mode, watch mode (SPL = 1)

Peripheral function input
Peripheral function input enable

Peripheral function output enable
Peripheral function output

Hysteresis
Pull-up
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al
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15.4  Port F
Port F is a general-purpose I/O port. This section focuses on its functions as a general-purpose I/O port. For details of
peripheral functions, refer to their respective chapters in “New 8FX MB95630H Series Hardware Manual”.

15.4.1  Port F configuration
Port F is made up of the following elements.
• General-purpose I/O pins/peripheral function I/O pins
• Port F data register (PDRF)
• Port F direction register (DDRF)

15.4.2  Block diagrams of port F
• PF0/X0 pin

This pin has the following peripheral function:
• Main clock input oscillation pin (X0)

• PF1/X1 pin
This pin has the following peripheral function:
• Main clock I/O oscillation pin (X1)

• Block diagram of PF0/X0 and PF1/X1

PDRF Pin
PDRF read

PDRF write
Executing bit manipulation instruction

DDRF read

DDRF write

DDRF

0

1

Stop mode, watch mode (SPL = 1)

In
te
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al

 b
us

Hysteresis
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 MB95630H Series
• Operation as an input port
• A pin becomes an input port if the bit in the DDRF register corresponding to that pin is set to “0”.
• For a pin shared with other peripheral functions, disable the output of such peripheral functions.
• If data is written to the PDRF register, the value is stored in the output latch but is not output to the pin set as an

input port.
• Reading the PDRF register returns the pin value. However, if the read-modify-write (RMW) type of instruction is

used to read the PDRF register, the PDRF register value is returned.

• Operation at reset
If the CPU is reset, all bits in the DDRF register are initialized to “0” and port input is enabled.

• Operation in stop mode and watch mode
• If the pin state setting bit in the standby control register (STBC:SPL) is set to “1” and the device transits to stop

mode or watch mode, the pin is compulsorily made to enter the high impedance state regardless of the DDRF reg-
ister value. The input of that pin is locked to “L” level and blocked in order to prevent leaks due to input open.

• If the pin state setting bit is “0”, the state of the port I/O or that of the peripheral function I/O remains unchanged
and the output level is maintained.

15.5  Port G
Port G is a general-purpose I/O port. This section focuses on its functions as a general-purpose I/O port. For details of
peripheral functions, refer to their respective chapters in “New 8FX MB95630H Series Hardware Manual”.

15.5.1  Port G configuration
Port G is made up of the following elements.
• General-purpose I/O pins/peripheral function I/O pins
• Port G data register (PDRG)
• Port G direction register (DDRG)
• Port G pull-up register (PULG)

15.5.2  Block diagram of port G
• PG1/X0A/SNI1 pin

This pin has the following peripheral functions:
• Subclock input oscillation pin (X0A)
• Trigger input pin for the position detection function of the MPG waveform sequencer (SNI1)

• PG2/X1A/SNI2 pin
This pin has the following peripheral functions:
• Subclock I/O oscillation pin (X1A)
• Trigger input pin for the position detection function of the MPG waveform sequencer (SNI2)
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• Block diagram of PG1/X0A/SNI1 and PG2/X1A/SNI2

15.5.3  Port G registers
• Port G register functions

• Correspondence between registers and pins for port G

15.5.4  Port G operations
• Operation as an output port

• A pin becomes an output port if the bit in the DDRG register corresponding to that pin is set to “1”.
• For a pin shared with other peripheral functions, disable the output of such peripheral functions.
• When a pin is used as an output port, it outputs the value of the PDRG register to external pins.

Register
abbreviation Data Read Read by read-modify-write 

(RMW) instruction Write

PDRG
0 Pin state is “L” level. PDRG value is “0”. As output port, outputs “L” level.

1 Pin state is “H” level. PDRG value is “1”. As output port, outputs “H” level.

DDRG
0 Port input enabled

1 Port output enabled

PULG
0 Pull-up disabled

1 Pull-up enabled

Correspondence between related register bits and pins

Pin name - - - - - PG2 PG1 -

PDRG

- - - - - bit2 bit1 -DDRG

PULG

PDRG Pin

PDRG read

PDRG write
Executing bit manipulation instruction

DDRG read

DDRG write

PULG read

PULG write

DDRG

PULG

0

1

Stop mode, watch mode (SPL = 1)

Peripheral function input

Hysteresis

Pull-up
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 MB95630H Series
• If data is written to the PDRG register, the value is stored in the output latch and is output to the pin set as an output
port as it is.

• Reading the PDRG register returns the PDRG register value.

• Operation as an input port
• A pin becomes an input port if the bit in the DDRG register corresponding to that pin is set to “0”.
• For a pin shared with other peripheral functions, disable the output of such peripheral functions.
• If data is written to the PDRG register, the value is stored in the output latch but is not output to the pin set as an

input port.
• Reading the PDRG register returns the pin value. However, if the read-modify-write (RMW) type of instruction is

used to read the PDRG register, the PDRG register value is returned.

• Operation as a peripheral function input pin
• To set a pin as an input port, set the bit in the DDRG register corresponding to the input pin of a peripheral function

to “0”.
• Reading the PDRG register returns the pin value, regardless of whether the peripheral function uses that pin as its

input pin. However, if the read-modify-write (RMW) type of instruction is used to read the PDRG register, the PDRG
register value is returned.

• Operation at reset
If the CPU is reset, all bits in the DDRG register are initialized to “0” and port input is enabled.

• Operation in stop mode and watch mode
• If the pin state setting bit in the standby control register (STBC:SPL) is set to “1” and the device transits to stop

mode or watch mode, the pin is compulsorily made to enter the high impedance state regardless of the DDRG reg-
ister value. The input of that pin is locked to “L” level and blocked in order to prevent leaks due to input open.

• If the pin state setting bit is “0”, the state of the port I/O or that of the peripheral function I/O remains unchanged
and the output level is maintained.

• Operation of the pull-up register
Setting the bit in the PULG register to “1” makes the pull-up resistor be internally connected to the pin. When the pin 
output is “L” level, the pull-up resistor is disconnected regardless of the value of the PULG register.
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17.  Pin States In Each Mode

Pin name
Normal 

operation
Sleep mode

Stop mode Watch mode
On reset

SPL=0 SPL=1 SPL=0 SPL=1

PF0/X0

Oscillation input Oscillation input Hi-Z Hi-Z Hi-Z Hi-Z —

I/O port*4 I/O port*4

- Previous state 
kept

- Input 
blocked*2*4

- Hi-Z
- Input 

blocked*2*4

- Previous state 
kept

- Input 
blocked*2*4

- Hi-Z
- Input 

blocked*2*4

- Hi-Z
- Input 

enabled*1

(However, it 
does not 
function.)

PF1/X1

Oscillation input Oscillation input Hi-Z Hi-Z Hi-Z Hi-Z —

I/O port*4 I/O port*4

- Previous state 
kept

- Input 
blocked*2*4

- Hi-Z
- Input 

blocked*2*4

- Previous state 
kept

- Input 
blocked*2*4

- Hi-Z
- Input 

blocked*2*4

- Hi-Z 
- Input 

enabled*1

(However, it 
does not 
function.)

PG1/X0A/
SNI1

Oscillation input Oscillation input Hi-Z Hi-Z Hi-Z Hi-Z —

I/O port*4/
peripheral func-
tion I/O

I/O port*4/ 
peripheral func-
tion I/O

- Previous state 
kept

- Input 
blocked*2*4

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input 
blocked*2*4

- Previous state 
kept

- Input 
blocked*2*4

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input 
blocked*2*4

- Hi-Z 
- Input 

enabled*1

(However, it 
does not 
function.)

PG2/X1A/
SNI2

Oscillation input Oscillation input Hi-Z Hi-Z Hi-Z Hi-Z —

I/O port*4/
peripheral 
function I/O

I/O port*4/
peripheral 
function I/O

- Previous state 
kept

- Input 
blocked*2*4

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input 
blocked*2*4

- Previous state 
kept

- Input 
blocked*2*4

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input 
blocked*2*4

- Hi-Z 
- Input 

enabled*1

(However, it 
does not 
function.)

PF2/RST I/O port Reset input Reset input Reset input Reset input Reset input Reset input*3

P60/INT08/
SDA/DTTI

I/O port/
peripheral 
function I/O

I/O port/
peripheral 
function I/O

- Previous state 
kept

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z
- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Previous state 
kept

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z 
- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z
- Input 

enabled*1

(However, it 
does not 
function.)

P61/INT09/
SCL/TI1

P62/TO10/
PPG00/
OPT0 I/O port/

peripheral 
function I/O

I/O port/
peripheral 
function I/O

- Previous state 
kept

- Input blocked*2

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

- Previous state 
kept

- Input blocked*2

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

- Hi-Z
- Input 

enabled*1

(However, it 
does not 
function.)

P63/TO11/
PPG01/
OPT1
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Pin name
Normal 

operation
Sleep mode

Stop mode Watch mode
On reset

SPL=0 SPL=1 SPL=0 SPL=1

P64/EC1/
PPG10/
OPT2

I/O port/
peripheral 
function I/O

I/O port/
peripheral 
function I/O

- Previous state 
kept

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Previous state 
kept

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z 
- Input 

enabled*1

(However, it 
does not 
function.)

P65/PPG11/
OPT3

I/O port/ 
peripheral 
function I/O

I/O port/ 
peripheral 
function I/O

- Previous state 
kept

- Input blocked*2

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

- Previous state 
kept

- Input blocked*2

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

- Hi-Z
- Input 

enabled*1

(However, it 
does not 
function.)

P66/PPG1/
PPG20/
OPT4

P67/TRG1/
PPG21/
OPT5

I/O port/
peripheral 
function I/O

I/O port/
peripheral 
function I/O

- Previous state 
kept

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Previous state 
kept

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

(However, an 
external 
interrupt can 
be input when 
the external 
interrupt 
request is 
enabled.)

- Hi-Z
- Input 

enabled*1

(However, it 
does not 
function.)

P10/PPG10/
CMP0_O I/O port/

peripheral 
function I/O

I/O port/
peripheral 
function I/O

- Previous state 
kept

- Input blocked*2

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

- Previous state 
kept

- Input blocked*2

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

- Hi-Z
- Input 

enabled*1

(However, it 
does not 
function.)

P11/PPG11

P12/DBG/
EC0

I/O port/
peripheral 
function I/O

I/O port/
peripheral 
function I/O

- Previous state 
kept

- Input blocked*2

- Hi-Z
- Input blocked*2

- Previous state 
kept

- Input blocked*2

- Hi-Z
- Input blocked*2

- Hi-Z
- Input 

enabled*1

(However, it 
does not 
function.)

P13/PPG00
I/O port/
peripheral 
function I/O

I/O port/
peripheral 
function I/O

- Previous state 
kept

- Input blocked*2

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

- Previous state 
kept

- Input blocked*2

- Hi-Z (However, 
the setting of 
the pull-up 
control is 
effective.)

- Input blocked*2

- Hi-Z
- Input 

enabled*1

(However, it 
does not 
function.)
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*1: This is the clock before it is divided according to the division ratio set by the machine clock division ratio select bits
(SYCC:DIV[1:0]). This source clock is divided to become a machine clock according to the division ratio set by the
machine clock division ratio select bits (SYCC:DIV[1:0]). In addition, a source clock can be selected from the follow-
ing.

• Main clock divided by 2
• Main CR clock
• PLL multiplication of main CR clock (Select a multiplication rate from 2, 2.5, 3 and 4.)
• Subclock divided by 2
• Sub-CR clock divided by 2

*2: This is the operating clock of the microcontroller. A machine clock can be selected from the following.
• Source clock (no division)
• Source clock divided by 4
• Source clock divided by 8
• Source clock divided by 16

Machine clock 
frequency

FMP

—

0.031 — 16.25 MHz When the main oscillation clock is used

0.25 — 16 MHz When the main CR clock is used

FMPL

1.024 — 16.384 kHz When the suboscillation clock is used

3.125 — 50 kHz
When the sub-CR clock is used
FCRL = 100 kHz

Parameter Symbol Pin 
name

Value
Unit Remarks

Min Typ Max

FCH

(Main oscillation clock)
Divided by 2

Divided by 2

Divided by 2

FMCRPLL

(Main CR PLL clock)

FCRH

(Main CR clock)

FCL

(Suboscillation clock)

FCRL

(Sub-CR clock)

SCLK
(Source clock) MCLK

(Machine clock)

Machine clock divide ratio select bits
(SYCC:DIV[1:0])

Clock mode select bits
(SYCC:SCS[2:0])

Division circuit
×
×
×
×

1
1/4
1/8

1/16

• Schematic diagram of the clock generation block
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Sampling is executed at the rising edge of the sampling clock*1, and serial clock delay is enabled*2.
(ESCR register : SCES bit = 0, ECCR register : SCDE bit = 1)

(VCC = 5.0 V10%, VSS = 0.0 V, TA = 40°C to 85°C)

*1: There is a function used to choose whether the sampling of reception data is performed at a rising edge or a falling
edge of the serial clock.

*2: The serial clock delay function is a function used to delay the output signal of the serial clock for half the clock.
*3: See “Source Clock/Machine Clock” for tMCLK.

Sampling is executed at the falling edge of the sampling clock*1, and serial clock delay is enabled*2.
(ESCR register : SCES bit = 1, ECCR register : SCDE bit = 1)

(VCC = 5.0 V10%, VSS = 0.0 V, TA = 40°C to 85°C)

*1: There is a function used to choose whether the sampling of reception data is performed at a rising edge or a falling
edge of the serial clock.

*2: The serial clock delay function is a function used to delay the output signal of the serial clock for half the clock.
*3: See “Source Clock/Machine Clock” for tMCLK.

Parameter Symbol Pin name Condition
Value

Unit
Min Max

Serial clock cycle time tSCYC SCK

Internal clock 
operation output pin:
CL = 80 pF  1 TTL

5 tMCLK*3 — ns

SCK SOT delay time tSHOVI SCK, SOT 50 50 ns

Valid SIN  SCK tIVSLI SCK, SIN tMCLK*3  80 — ns

SCK valid SIN hold time tSLIXI SCK, SIN 0 — ns

SOT  SCKdelay time tSOVLI SCK, SOT 3tMCLK*3 70 — ns

Parameter Symbol Pin name Condition
Value

Unit
Min Max

Serial clock cycle time tSCYC SCK

Internal clock 
operation output pin:
CL = 80 pF  1 TTL

5 tMCLK*3 — ns

SCK  SOT delay time tSLOVI SCK, SOT 50 50 ns

Valid SIN  SCK tIVSHI SCK, SIN tMCLK*3  80 — ns

SCK  valid SIN hold time tSHIXI SCK, SIN 0 — ns

SOT  SCKdelay time tSOVHI SCK, SOT 3tMCLK*3 70 — ns

0.8 VCC

0.2 VCC 0.2 VCC
tSHOVI

tSOVLI

tIVSLI tSLIXI

0.8 VCC

0.2 VCC

0.8 VCC

0.2 VCC

SCK

SOT

SIN
0.7 VCC

0.3 VCC

0.7 VCC

0.3 VCC

tSCYC
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18.4.9  UART/SIO, Serial I/O Timing
(VCC = 5.0 V10%, VSS = 0.0 V, TA = 40°C to 85°C)

*: See “Source Clock/Machine Clock” for tMCLK.

Parameter Symbol Pin name Condition
Value

Unit
Min Max

Serial clock cycle time tSCYC UCK0

Internal clock operation

4 tMCLK* — ns

UCK  UO time tSLOV UCK0, UO0 190 190 ns

Valid UI  UCK  tIVSH UCK0, UI0 2 tMCLK* — ns

UCK  valid UI hold time tSHIX UCK0, UI0 2 tMCLK* — ns

Serial clock “H” pulse width tSHSL UCK0

External clock operation

4 tMCLK* — ns

Serial clock “L” pulse width tSLSH UCK0 4 tMCLK* — ns

UCK  UO time tSLOV UCK0, UO0 — 190 ns

Valid UI  UCK  tIVSH UCK0, UI0 2 tMCLK* — ns

UCK  valid UI hold time tSHIX UCK0, UI0 2 tMCLK* — ns

0.2 VCC 0.2 VCC

0.8 VCC

tSLOV

tIVSH tSHIX

0.8 VCC

0.2 VCC

UCK0

UO0

UI0
0.7 VCC

0.3 VCC

0.7 VCC

0.3 VCC

tSCYC

• Internal shift clock mode
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19.  Sample Characteristics

• Power supply current temperature characteristics
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VCC[V]

FMP = 16 MHz
FMP = 10 MHz
FMP = 8 MHz
FMP = 4 MHz
FMP = 2 MHz

ICC  VCC

TA  25C, FMP  2, 4, 8, 10, 16 MHz (divided by 2)
Main clock mode with the external clock operating
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ICC  TA

VCC  5.5 V, FMP  2, 4, 8, 10, 16 MHz (divided by 2)
Main clock mode with the external clock operating

ICCS  VCC

TA  25C, FMP  2, 4, 8, 10, 16 MHz (divided by 2)
Main sleep mode with the external clock operating

ICCS  TA

VCC  5.5 V, FMP  2, 4, 8, 10, 16 MHz (divided by 2)
Main sleep mode with the external clock operating

ICCL  VCC

TA  25C, FMPL  16 kHz (divided by 2)
Subclock mode with the external clock operating

ICCL  TA

VCC  5.5 V, FMPL  16 kHz (divided by 2)
Subclock mode with the external clock operating
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Package Type Package Code

QFN 32 WNP032

002-15160 **
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