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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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4. Register Indirect with Post-Increment or Pre-Decrement�@Rn+ or @�Rn:
  Register indirect with post-increment�@Rn+

The @Rn+ mode is used with MOV instructions that load registers from memory.
The register field of the instruction specifies a 16-bit general register containing the address
of the operand. After the operand is accessed, the register is incremented by 1 for MOV.B
or 2 for MOV.W. For MOV.W, the original contents of the 16-bit general register must be
even.

  Register indirect with pre-decrement�@�Rn
The @�Rn mode is used with MOV instructions that store register contents to memory.
The register field of the instruction specifies a 16-bit general register which is decremented
by 1 or 2 to obtain the address of the operand in memory. The register retains the
decremented value. The size of the decrement is 1 for MOV.B or 2 for MOV.W. For
MOV.W, the original contents of the register must be even.

5. Absolute Address�@aa:8 or @aa:16: The instruction specifies the absolute address of the
operand in memory.
The absolute address may be 8 bits long (@aa:8) or 16 bits long (@aa:16). The MOV.B and bit
manipulation instructions can use 8-bit absolute addresses. The MOV.B, MOV.W, JMP, and
JSR instructions can use 16-bit absolute addresses.
For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The address range is
H'FF00 to H'FFFF (65280 to 65535).

6. Immediate�#xx:8 or #xx:16: The instruction contains an 8-bit operand (#xx:8) in its second
byte, or a 16-bit operand (#xx:16) in its third and fourth bytes. Only MOV.W instructions can
contain 16-bit immediate values.
The ADDS and SUBS instructions implicitly contain the value 1 or 2 as immediate data. Some
bit manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number.

7. Program-Counter Relative�@(d:8, PC): This mode is used in the Bcc and BSR
instructions. An 8-bit displacement in byte 2 of the instruction code is sign-extended to 16 bits
and added to the program counter contents to generate a branch destination address. The
possible branching range is �126 to +128 bytes (�63 to +64 words) from the current address.
The displacement should be an even number.

8. Memory Indirect�@@aa:8: This mode can be used by the JMP and JSR instructions. The
second byte of the instruction code specifies an 8-bit absolute address. The word located at this
address contains the branch destination address.
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2.9.3 Notes on Use of the EEPMOV Instruction

•  The EEPMOV instruction is a block data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

← R6

← R6 + R4L

R5 →

R5 + R4L →

•  When setting R4L and R6, make sure that the final destination address (R6 + R4L) does not
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during execution of
the instruction.

H'FFFF
Not allowed

← R6

← R6 + R4L

R5 →

R5 + R4L →
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3.   Interrupt Enable Register 2 (IENR2)

Bit

Initial value

Read/Write

7

IENDT

0

R/W

6

IENAD

0

R/W

5

—

0

R/W

4

IENTG

0

R/W

3

IENTFH

0

R/W

0

IENEC

0

R/W

2

IENTFL

0

R/W

1

IENTC

0

R/W

IENR2 is an 8-bit read/write register that enables or disables interrupt requests.

Bit 7: Direct transfer interrupt enable (IENDT)

Bit 7 enables or disables direct transfer interrupt requests.

Bit 7
IENDT Description

0 Disables direct transfer interrupt requests (initial value)

1 Enables direct transfer interrupt requests

Bit 6: A/D converter interrupt enable (IENAD)

Bit 6 enables or disables A/D converter interrupt requests.

Bit 6
IENAD Description

0 Disables A/D converter interrupt requests (initial value)

1 Enables A/D converter interrupt requests

Bit 5: Reserved bit

Bit 5 is a readable/writable reserved bit.  It is initialized to 0 by a reset.

Bit 4: Timer G interrupt enable (IENTG)

Bit 4 enables or disables timer G input capture or overflow interrupt requests.

Bit 4
IENTG Description

0 Disables timer G interrupt requests (initial value)

1 Enables timer G interrupt requests
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4. Time for Direct Transition from Subactive Mode to Active (Medium-Speed) Mode

A direct transition from subactive mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON is
cleared to 0 in SYSCR1, bits MSON and DTON are both set to 1 in SYSCR2, and bit TMA3 is set
to 1 in TMA.  The time from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (4) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } × (tsubcyc before transition) + { (wait time set in
STS2 to STS0) + (number of interrupt exception handling execution
states) } × (tcyc after transition) ........................ (4)

Example: Direct transition time = (2 + 1) × 8tw + (8192 + 14) × 16tosc = 24tw + 131296tosc
(when φw/8 or φ8 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:
tosc: OSC clock cycle time
tw: Watch clock cycle time
tcyc: System clock (φ) cycle time
tsubcyc: Subclock (φSUB) cycle time

5.8.3 Notes on External Input Signal Changes before/after Direct Transition

1. Direct transition from active (high-speed) mode to subactive mode
Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

2. Direct transition from active (medium-speed) mode to subactive mode
Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

3. Direct transition from subactive mode to active (high-speed) mode
Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

4. Direct transition from subactive mode to active (medium-speed) mode
Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.
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1.   Port Data Register 3 (PDR3)

Bit

Initial value

Read/Write

7

P3  

0

R/W

6

P3  

0

R/W

5

P3  

0

R/W

4

P3  

0

R/W

3

P3  

0

R/W

0

P3  

0

R/W

2

P3  

0

R/W

1

P3  

0

R/W

2 1 05 47 6 3

PDR3 is an 8-bit register that stores data for port 3 pins P37 to P30.  If port 3 is read while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states.  If port 3 is
read while PCR3 bits are cleared to 0, the pin states are read.

Upon reset, PDR3 is initialized to H'00.

2.   Port Control Register 3 (PCR3)

Bit

Initial value

Read/Write

7

PCR3  

0

W

6

PCR3  

0

W

5

PCR3  

0

W

4

PCR3  

0

W

3

PCR3  

0

W

0

PCR3  

0

W

2

PCR3  

0

W

1

PCR3  

0

W

2 1 05 4 37 6

PCR3 is an 8-bit register for controlling whether each of the port 3 pins P37 to P30 functions as an
input pin or output pin.  Setting a PCR3 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin.  The settings in PCR3 and in PDR3 are valid only
when the corresponding pin is designated in PMR3 as a general I/O pin.

Upon reset, PCR3 is initialized to H'00.

PCR3 is a write-only register, which is always read as all 1s.
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8.11.2 Register Configuration and Descriptions

Table 8.27 shows the registers used by the input/output data inversion function.

Table 8.27 Register Configuration

Name Abbr. R/W Address

Serial port control register SPCR R/W H'FF91

Serial Port Control Register (SPCR)

Bit

Initial value

Read/Write

7

—

1

—

6

—

1

—

5

SPC32  

0

R/W

4

SPC31  

0

R/W

3

SCINV3  

0

R/W

0

SCINV0  

0

R/W

2

SCINV2  

0

R/W

1

SCINV1  

0

R/W

SPCR is an 8-bit readable/writable register that performs RXD31, RXD32, TXD31, and TXD32 pin
input/output data inversion switching.  SPCR is initialized to H'C0 by a reset.

Bits 7 and 6: Reserved bits

Bits 7 and 6 are reserved; they are always read as 1 and cannot be modified.

Bit 5: P42/TXD32 pin function switch (SPC32)

This bit selects whether pin P42/TXD32 is used as P42 or as TXD32.

Bit 5
SPC32 Description

0 Functions as P42 I/O pin (initial value)

1 Functions as TXD32 output pin*

Note: * Set the TE bit in SCR3 after setting this bit to 1.
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Bit 2: Transmit end (TEND)

Bit 2 indicates that bit TDRE is set to 1  when the last bit of a transmit character is sent.

Bit 2 is a read-only bit and cannot be modified.

Bit 2
TEND Description

0 Transmission in progress

Clearing conditions:

After reading TDRE = 1, cleared by writing 0 to TDRE

When data is written to TDR by an instruction

1 Transmission ended (initial value)

Setting conditions:

When bit TE in SCR3 is cleared to 0

When bit TDRE is set to 1 when the last bit of a transmit character is sent

Bit 1: Multiprocessor bit receive (MPBR)

Bit 1 stores the multiprocessor bit in a receive character during multiprocessor format reception in
asynchronous mode.

Bit 1 is a read-only bit and cannot be modified.

Bit 1
MPBR Description

0 Data in which the multiprocessor bit is 0 has been received* (initial value)

1 Data in which the multiprocessor bit is 1 has been received
Note: * When bit RE is cleared to 0 in SCR3 with the multiprocessor format, bit MPBR is not

affected and retains its previous state.
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Table 10.7 Relation between n and Clock

SMR Setting

n Clock CKS1 CKS0

0 φ 0 0

0 φw/2*1/φw*2 0 1

2 φ/16 1 0

3 φ/64 1 1
Notes: 1. φw/2 clock in active (medium-speed/high-speed) mode and sleep mode

2. φw clock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is φw/2 only.

10.2.9 Clock Stop Register 1 (CKSTPR1)

— TFCKSTP TCCKSTP TACKSTPS31CKSTP S32CKSTP ADCKSTP TGCKSTP

7 6 5 4 3 2 1 0

1 1 1 1 1 1 1 1

R/W R/W R/W R/WR/W R/W R/W R/W

Bit

Initial value

Read/Write

CKSTPR1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules.  Only the bits relating to SCI3 are described here.  For details of the other bits, see the
sections on the relevant modules.

Bit 6: SCI3-1 module standby mode control (S31CKSTP)

Bit 6 controls setting and clearing of module standby mode for SCI31.

S31CKSTP Description

0 SCI3-1 is set to module standby mode

1 SCI3-1 module standby mode is cleared (initial value)
Note: All SCI31 register is initialized in module standby mode.

Bit 5: SCI3-2 module standby mode control (S32CKSTP)

Bit 5 controls setting and clearing of module standby mode for SCI32.
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Section 15   Electrical Characteristics

15.1 H8/3827R Group Absolute Maximum Ratings
(Regular Specifications)

Table 15.1 lists the absolute maximum ratings.

Table 15.1 Absolute Maximum Ratings

Item Symbol Value Unit Notes

Power supply voltage VCC, CVCC �0.3 to +7.0 V *1

Analog power supply voltage AVCC �0.3 to +7.0 V

Programming voltage VPP �0.3 to +13.0 V

Input voltage Ports other than Port B Vin �0.3 to VCC +0.3 V

Port B AVin �0.3 to AVCC +0.3 V

Operating temperature Topr �20 to +75*2 °C

Storage temperature Tstg �55 to +125 °C
Notes: 1. Permanent damage may occur to the chip if maximum ratings are exceeded.  Normal

operation should be under the conditions specified in Electrical Characteristics.
Exceeding these values can result in incorrect operation and reduced reliability.

2. The operating temperature is the temperature range in which power (voltage VCC shown
in "Electrical Characteristics") can be applied to the chip.
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15.4.4 A/D Converter Characteristics

Table 15.12 shows the A/D converter characteristics of the H8/3827R.

Table 15.12 A/D Converter Characteristics

VCC = 1.8 V to 5.5 V, VSS = AVSS = 0.0 V, Ta = �40°C to +85°C unless otherwise indicated.

Values

Item Symbol
Applicable
Pins Min Typ Max Unit Test Condition Notes

Analog power
supply voltage

AVCC AVCC 1.8 � 5.5 V *1

Analog input
voltage

AVIN AN0 to AN7 � 0.3 � AVCC + 0.3 V

AIOPE AVCC � � 1.5 mA AVCC = 5 VAnalog power
supply current AISTOP1 AVCC � 600 � µA *2

Reference
value

AISTOP2 AVCC � � 5 µA *3

Analog input
capacitance

CAIN AN0 to AN7 � � 15.0 pF

Allowable
signal source
impedance

RAIN � � 10.0 kΩ

Resolution
(data length)

� � 10 bit

Nonlinearity
error

� � ±2.5 LSB AVCC = 2.7 V to 5.5 V
VCC = 2.7 V to 5.5 V

*4

� � ±5.5 AVCC = 2.0 V to 5.5 V
VCC = 2.0 V to 5.5 V

� � ±7.5 Except the above *5

Quantization
error

� � ±0.5 LSB
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15.6 H8/3827S Group Electrical Characteristics

15.6.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range are indicated by the shaded region in the figures.

1.   Power Supply Voltage and Oscillator Frequency Range

38.4   

1.8 3.6

VCC  (V)

fW
  (

kH
z)

• All operating modes

32.768

4.0

10.0

2.0

1.8 2.7 3.6
VCC  (V)

fo
sc

  (
M

H
z)

• Active (high-speed) mode

• Sleep (high-speed) mode

Note:  fosc is the oscillator frequency.  When external
 clocks are used, fosc=1MHz is the minimum.
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes

Allowable
output low
current
(per pin)

IOL All output pins � � 0.5 mA

Allowable
output low
current
(total)

∑ IOL All output pins � � 20.0 mA

Allowable
output high
current
(per pin)

�IOH All output pins � � 0.2 mA

Allowable
output high
current
(total)

∑ � IOH All output pins � � 10.0 mA

Notes: 1. Pin states during current measurement.

Mode
RESRESRESRES
Pin Internal State

Other
Pins

LCD Power
Supply Oscillator Pins

Active (high-speed)
mode (IOPE1)

VCC Only CPU operates VCC Halted

Active (medium-
speed) mode (IOPE2)

Sleep mode VCC Only timers operate VCC Halted

System clock oscillator:
crystal

Subclock oscillator:
Pin X1 = GND

Subactive mode VCC Only CPU operates VCC Halted

Subsleep mode VCC Only timers operate,
CPU stops

VCC Halted

Watch mode VCC Only time base
operates, CPU stops

VCC Halted

System clock oscillator:
crystal

Subclock oscillator:
crystal

Standby mode VCC CPU and timers both
stop

VCC Halted System clock oscillator:
crystal

Subclock oscillator:
Pin X1 = GND

2. Excludes current in pull-up MOS transistors and output buffers.
3. The maximum current consumption value (standard) is 1.1 × typ.
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes

Output low
voltage

VOL � � 0.6 V VCC = 4.0 V to 5.5 V

IOL = 1.6 mA

P10 to P17,
P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
PA0 to PA3

� � 0.5 IOL = 0.4 mA

P30 to P37 � � 1.0 VCC = 4.0 V to 5.5 V

IOL = 10 mA

� � 0.6 VCC = 4.0 V to 5.5 V

IOL = 1.6 mA

� � 0.5 IOL = 0.4 mA

| IIL | RES, P43,
P10 to P17,
OSC1, X1,
P30 to P37,
P40 to P42,
P50 to P57,
P60 to P67,
P70 to P77,
P80 to P87,
PA0 to PA3

� � 1.0 µA VIN = 0.5 V to VCC �
0.5 V

Input/
output
leakage
current

PB0 to PB7 � � 1.0 VIN = 0.5 V to AVCC
� 0.5 V

�Ip 20 � 200 µA VCC = 5.0 V,
VIN = 0.0 V

Pull-up
MOS
current

P10 to P17,
P30 to P37,
P50 to P57,
P60 to P67

� 40 � VCC = 2.7 V,
VIN = 0.0 V

Refer-
ence
value

Input
capaci-
tance

Cin All input pins
except power
supply pin

� � 15.0 pF f = 1 MHz,
VIN = 0.0 V,
Ta = 25°C
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes

Subsleep
mode
current
consump-
tion

ISUBSP VCC � 3.8 16 µA VCC = 2.7 V,
LCD on,
32-kHz crystal
resonator used
(φSUB = φW/2)

*3 *4

IWATCH VCC � 1.8 � µA *1 *3 *4

Reference
value

Watch
mode
current
consump-
tion

� 1.8 �

VCC = 2.7 V,
Ta = 25°C,
32-kHz crystal
resonator used,
LCD not used

*2 *3 *4

Reference
value

� 3.0 6.0 VCC = 2.7 V,
32-kHz crystal
resonator used,
LCD not used

*3 *4

ISTBY VCC � 0.3 � µA VCC = 2.7 V,
Ta = 25°C,
32-kHz crystal
resonator not used

*1 *3 *4

Reference
value

Standby
mode
current
consump-
tion � 0.3 � VCC = 2.7 V,

Ta = 25°C,
32-kHz crystal
resonator not used

*2 *3 *4

Reference
value

� 0.4 � *1 *3 *4

Reference
value

� 0.5 �

VCC = 5.0 V,
Ta = 25°C,
32-kHz crystal
resonator not used *2 *3 *4

Reference
value

� 1.0 5.0 32-kHz crystal
resonator not used

*3 *4

RAM data
retaining
voltage

VRAM VCC 2.0 � � V *5

IOL Output pins
except port 3

� � 2.0 mA VCC = 4.0 V to 5.5 V

Port 3 � � 10.0 VCC = 4.0 V to 5.5 V

Allowable
output low
current
(per pin)

All output pins � � 0.5

∑IOL Output pins
except port 3

� � 40.0 mA VCC = 4.0 V to 5.5 V

Port 3 � � 80.0 VCC = 4.0 V to 5.5 V

Allowable
output low
current
(total)

All output pins � � 20.0
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15.8.3 AC Characteristics

Table 15.24 lists the control signal timing and table 15.25 lists the serial interface timing.

Table 15.24 Control Signal Timing

VCC = 2.7 V to 5.5 V, AVCC = 2.7 V to 5.5 V, VSS = AVSS = 0.0 V, unless otherwise specified

Values

Item Symbol
Applicable
Pins Min Typ Max Unit Test Condition

Reference
Figure

2.0 � 16.0 MHz *3

2.0 � 16.0 VCC = 4.5 to 5.5 V

System clock
oscillation
frequency

fOSC OSC1,
OSC2

2.0 � 10.0 VCC = 2.7 to 5.5 V

*4

62.5 � 500
(1000)

ns Figure
15.1*2 *3

62.5 � 500
(1000)

VCC = 4.5 to 5.5 V

OSC clock (φOSC)
cycle time

tOSC OSC1,
OSC2

100 � 500
(1000)

VCC = 2.7 to 5.5 V

Figure
15.1*2 *4

tcyc 2 � 128 tOSCSystem clock (φ)
cycle time � � 128 µs

Subclock oscillation
frequency

fW X1, X2,
EXCL

� 32.768
or 38.4

� kHz

Watch clock (φW)
cycle time

tW X1, X2,
EXCL

� 30.5 or
26.0

� µs Figure
15.1

Subclock (φSUB)
cycle time

tsubcyc 2 � 4 tW *1

Instruction cycle
time

2 � � tcyc
tsubcyc

Oscillation
stabilization time

trc OSC1,
OSC2

� 20 45 µs Ceramic resonator
(VCC = 3.0 to 5.5 V)

� 80 � Ceramic resonator
other than above

� 0.8 2 ms Crystal resonator

Figure
15.10

� � 50 Other than above

trc X1, X2 � � 2.0 s
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FLMCR2�Flash Memory Control Register 2 H'F021 Flash Memory

Bit

Initial value

Read/Write

Note:   A write to FLMCR2 is prohibited.

7

FLER

0

R

6



0



5



0



0



0



2



0



1



0



4



0



Flash memory error

3



0



FLPWCR�Flash Memory Power Control Register H'F022 Flash Memory

Bit

Initial value

Read/Write

7

PDWND

0

R/W

6



0



5



0



0



0



2



0



1



0



4



0



Power-down Disable
0 When the system transits to sub-active mode, 

the flash memory changes to low-power mode
1 When the system transits to sub-active mode, 

the flash memory changes to normal mode

3



0
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PMR2�Port Mode Register 2 H'C9 I/O port

Bit

Initial value

Read/Write

7

EXCL

0

R/W

6

—

1

R

5

—

0

R/W

4

—

1

R

3

—

1

R

0

—

0

R/W

2

—

0

R/W

1

—

0

R/W

P31/UD/EXCL pin function switch

0
1

Functions as P31/UD I/O pin
Functions as EXCL input pin

Note:  The information on this register applies to the H8/38327 Group and H8/38427 Group.
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P32

VCC

VCC

PUCR32

In
te

rn
al

 d
at

a 
bu

s

PMR32

PDR32

PCR32

SBY

VSS

PDR3: Port data register 3

PCR3: Port control register 3

PMR3: Port mode register 3

PUCR3: Port pull-up control register 3

RESO

Figure C.2 (e-1)   Port 3 Block Diagram (Pin P32, H8/3827R Group and H8/3827S Group)
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C.6 Block Diagram of Port 7

P7n

VCC

PDR7n

In
te

rn
al

 d
at

a 
bu

s

PCR7n

SBY

VSS

PDR7: Port data register 7

PCR7: Port control register 7

n = 7 to 0

Figure C.6   Port 7 Block Diagram


