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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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Register Indirect@ERn 

The register field of the instruction code specifies an address register (ERn), the lower 24 bits of 
which contain the address of the operand on memory. 

Register Indirect with Displacement@(d:16, ERn) or @(d:24, ERn) 

A 16-bit or 24-bit displacement contained in the instruction is added to an address register (ERn) 
specified by the register field of the instruction, and the lower 24 bits of the sum the address of a 
memory operand. A 16-bit displacement is sign-extended when added. 

Register Indirect with Post-Increment or Pre-Decrement@ERn+ or @-ERn 

• Register indirect with post-increment@ERn+ 

The register field of the instruction code specifies an address register (ERn) the lower 24 bits 
of which contains the address of a memory operand. After the operand is accessed, 1, 2, or 4 is 
added to the address register contents (32 bits) and the sum is stored in the address register. 
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For the word 
or longword access, the register value should be even. 

• Register indirect with pre-decrement@-ERn 

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field 
in the instruction code, and the lower 24 bits of the result is the address of a memory operand. 
The result is also stored in the address register. The value subtracted is 1 for byte access, 2 for 
word access, or 4 for longword access. For the word or longword access, the register value 
should be even. 

 
Absolute Address@aa:8, @aa:16, @aa:24 

The instruction code contains the absolute address of a memory operand. The absolute address 
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24)  

For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-bit 
absolute address the upper 8 bits are a sign extension. A 24-bit absolute address can access the 
entire address space. 

The access ranges of absolute addresses for the group of this LSI are those shown in table 2.11, 
because the upper 8 bits are ignored. 
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Bit Bit Name 
Initial 
Value R/W Description 

5, 4  All 1  Reserved 

These bits are always read as 1. 

3 IRRI3 0 R/W IRQ3 Interrupt Request Flag 

[Setting condition] 

When IRQ3 pin is designated for interrupt input and the 
designated signal edge is detected. 

[Clearing condition] 

When IRRI3 is cleared by writing 0 

2 IRRI2 0 R/W IRQ2 Interrupt Request Flag 

[Setting condition] 

When IRQ2 pin is designated for interrupt input and the 
designated signal edge is detected. 

[Clearing condition] 

When IRRI2 is cleared by writing 0 

1 IRRI1 0 R/W IRQ1 Interrupt Request Flag 

[Setting condition] 

When IRQ1 pin is designated for interrupt input and the 
designated signal edge is detected. 

[Clearing condition] 

When IRRI1 is cleared by writing 0 

0 IRRl0 0 R/W IRQ0 Interrupt Request Flag 

[Setting condition] 

When IRQ0 pin is designated for interrupt input and the 
designated signal edge is detected. 

[Clearing condition] 

When IRRI0 is cleared by writing 0 
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6.1.4 Module Standby Control Register 2 (MSTCR2) 

MSTCR2 allows the on-chip peripheral modules to enter a standby state in module units. 

Bit Bit Name 
Initial 
Value R/W Description 

7 MSTS3_2 0 R/W SCI3_2 Module Standby 

SCI3_2 enters standby mode when this bit is set to1 

6, 5  All 0  Reserved 

These bits are always read as 0. 

4 MSTTB1 0 R/W Timer B1 Module Standby 

Timer B1 enters standby mode when this bit is set to1 

3, 2  All 0  Reserved 

These bits are always read as 0. 

1 MSTTZ 0 R/W Timer Z Module Standby 

Timer Z enters standby mode when this bit is set to1 

0 MSTPWM 0 R/W PWM Module Standby 

PWM enters standby mode when this bit is set to1 

 

6.2 Mode Transitions and States of LSI 

Figure 6.1 shows the possible transitions among these operating modes. A transition is made from 
the program execution state to the program halt state by executing a SLEEP instruction. Interrupts 
allow for returning from the program halt state to the program execution state. A direct transition 
between active mode and subactive mode, which are both program execution states, can be made 
without halting the program. The operating frequency can also be changed in the same modes by 
making a transition directly from active mode to active mode, and from subactive mode to 
subactive mode. RES input enables transitions from a mode to the reset state. Table 6.2 shows the 
transition conditions of each mode after the SLEEP instruction is executed and a mode to return 
by an interrupt. Table 6.3 shows the internal states of the LSI in each mode. 



Section 7   ROM 

  Rev.5.00  Nov. 02, 2005  Page 101 of 500 

  REJ09B0027-0500 

8. The maximum number of repetitions of the program/program-verify sequence of the same bit 
is 1,000. 

 

START

End of programming

Notes:  *   The RTS instruction must not be used during the following 1. and 2. periods.
            1.  A period between 128-byte data programming to flash memory and the P bit clearing
            2.  A period between dummy writing of H'FF to a verify address and verify data reading
 

Set SWE bit in FLMCR1

Write pulse application subroutine

Wait 1 µs

Apply Write Pulse

*

End Sub

Set PSU bit in FLMCR1

WDT enable

Disable WDT

Wait 50 µs

Set P bit in FLMCR1

Wait (Wait time=programming time) 

Clear P bit in FLMCR1

Wait 5 µs

Clear PSU bit in FLMCR1

Wait 5 µs

n= 1

m= 0

No

No

No Yes

Yes

Yes

Yes

Wait 4 µs

Wait 2 µs

Wait 2 µs

Apply Write pulse

Set PV bit in FLMCR1

Set block start address as
verify address

H'FF dummy write to verify address

Read verify data

 Verify data =
write data?

Reprogram data computation

Additional-programming data computation

Clear PV bit in FLMCR1

Clear SWE bit in FLMCR1

m = 1

m= 0 ?

Increment address

Programming failure

No
Clear SWE bit in FLMCR1

Wait 100 µs

No

Yes

n ≤ 6?

No

Yes

n ≤ 6 ?

Wait 100 µs

n ≤ 1000 ?

n ← n + 1

Write 128-byte data in RAM reprogram
data area consecutively to flash memory

Store 128-byte program data in program
data area and reprogram data area

Apply Write Pulse

Sub-Routine-Call

128-byte
data verification completed?

Successively write 128-byte data from additional-
programming data area in RAM to flash memory

*

 

Figure 7.3   Program/Program-Verify Flowchart 
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9.5.2 Port Data Register 6 (PDR6) 

PDR6 is a general I/O port data register of port 6. 

Bit Bit Name 
Initial 
Value R/W Description 

7 

6 

5 

4 

3 

2 

1 

0 

P67 

P66 

P65 

P64 

P63 

P62 

P61 

P60 

0 

0 

0 

0 

0 

0 

0 

0 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

Stores output data for port 6 pins. 

If PDR6 is read while PCR6 bits are set to 1, the value 
stored in PDR6 are read. If PDR6 is read while PCR6 bits 
are cleared to 0, the pin states are read regardless of the 
value stored in PDR6. 

 

9.5.3 Pin Functions 

The correspondence between the register specification and the port functions is shown below. 

P67/FTIOD1 pin 

Register TOER TFCR TPMR TIORC1 PCR6  

Bit Name ED1 
CMD1 and 
CMD0 PWMD1 

IOD2 to 
IOD0 PCR67 Pin Function 

Setting Value 1 00 0 000 or 
1XX 

0 P67 input/FTIOD1 input pin 

     1 P67 output pin 

 0 00 0 001 or  
01X 

X FTIOD1 output pin 

   1 XXX   

  Other than 
00 

X XXX   

Legend: X: Don't care. 
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13.3.2 Timer Mode Register (TMDR) 

TMDR selects buffer operation settings and synchronized operation. 

Bit Bit Name 
Initial 
Value R/W Description 

7 BFD1 0 R/W Buffer Operation D1 

0: GRD_1 operates normally 

1: GRB_1 and GRD_1 are used together for buffer 
operation 

6 BFC1 0 R/W Buffer Operation C1 

0: GRC_1 operates normally 

1: GRA_1 and GRD_1 are used together for buffer 
operation 

5 BFD0 0 R/W Buffer Operation D0 

0: GRD_0 operates normally 

1: GRB_0 and GRD_0 are used together for buffer 
operation 

4 BFC0 0 R/W Buffer Operation C0 

0: GRC_0 operates normally 

1: GRA_0 and GRC_0 are used together for buffer 
operation 

3 to 1  All 1  Reserved 

These bits are always read as 1, and cannot be modified.

0 SYNC 0 R/W Timer Synchronization 

0: TCNT_1 and TCNT_0 operate as a different timer 

1: TCNT_1 and TCNT_0 are synchronized 

TCNT_1 and TCNT_0 can be pre-set or cleared 
synchronously 
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GRB

GRA

H'0000

FTIOB Toggle output 

Toggle output 

Time

TCNT value

FTIOA
 

Figure 13.14   Example of Toggle Output Operation 
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[1] Clear bits STR0 and STR1 in TSTR to 0, 
and stop the counter operation of 
TCNT_0. Stop TCNT_0 and TCNT_1 and 
set complementary PWM mode.

[2] Write H'00 to TOCR.
[3] Use bits TPSC2 to TPSC0 in TCR to 

select the same counter clock for channels 
0 and 1. When an external clock is 
selected, select the edge of the external 
clock by bits CKEG1 and CKEG0 in TCR. 
Do not use bits CCLR1 and CCLR0 in 
TCR to clear the counter.

[4]  Use bits CMD1 and CMD0 in TFCR to set  
complementary PWM mode. FTIOB0 to 
FTIOD0 and FTIOA1 to FTIOD1 
automatically become PWM output pins.

[5] Set H'00 to TOCR.
[6] TCNT_1 must be H'0000. Set a non-

overlapped period to TCNT_0.
[7] GRA_0 is a cycle register. Set the cycle to 

GRA_0. Set the timing to change the 
PWM output waveform to GRB_0, GRA_1, 
and GRB_1. Note that the timing must be 
set within the range of compare match 
carried out for TCNT_0 and TCNT_1.

  For GR settings, see 3. Setting GR Value 
in Complementary PWM Mode in section 
13.4.7.

[8] Use TOER to enable or disable the timer 
output.

[9] Set the STR0 and STR1 bits in TSTR to 1 
to start the count operation.

[1]

Complementary PWM mode

Stop counter operation

 Note: To re-enter complementary PWM mode, first, enter a mode other than the complementary
 PWM mode. After that, repeat the setting procedures from step [1].
 For settings of waveform outputs with a duty cycle of 0% and 100%, see the settings shown
 in 2. Examples of Complementary PWM Mode Operation and 3. Setting GR Value in 
 Complementary PWM Mode in section 13.4.7.

[2]Initialize output pin

[3]Select counter clock

[4]Set complementary
PWM mode

[5]Initialize output pin

<Complementary PWM mode>

[6]Set TCNT

[7]Set GR

[8]Enable waveform output

[9]Start counter operation

 

Figure 13.29   Example of Complementar y PWM Mode Setting Procedure 
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13.4.8 Buffer Operation 

Buffer operation differs depending on whether GR has been designated for an input capture 
register or an output compare register, or in reset synchronous PWM mode or complementary 
PWM mode. 

Table 13.8 shows the register combinations used in buffer operation. 

Table 13.8 Register Combinations in Buffer Operation 

General Register Buffer Register 

GRA GRC 

GRB GRD 

 

1. When GR is an output compare register 

When a compare match occurs, the value in the buffer register of the corresponding channel is 
transferred to the general register. 

This operation is illustrated in figure 13.35. 
 

Buffer register Comparator TCNTGeneral 
register

Compare match signal

 

Figure 13.35   Compare Match Buffer Operation 

2. When GR is an input capture register 

When an input capture occurs, the value in TCNT is transferred to the general register and the 
value previously stored in the general register is transferred to the buffer register. 

This operation is illustrated in figure 13.36. 
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Bit 
Bit 
Name Initial Value R/W Description 

0 WRST 0 R/W Watchdog Timer Reset 

[Setting condition] 

When TCWD overflows and an internal reset signal is 
generated 

[Clearing conditions] 

• Reset by RES pin 

• When 0 is written to the WRST bit while writing 0 to the 

B0WI bit when the TCSRWE bit=1 

 

14.2.2 Timer Counter WD (TCWD) 

TCWD is an 8-bit readable/writable up-counter. When TCWD overflows from H'FF to H'00, the 
internal reset signal is generated and the WRST bit in TCSRWD is set to 1. TCWD is initialized to 
H'00. 

14.2.3 Timer Mode Register WD (TMWD) 

TMWD selects the input clock. 

Bit Bit Name 
Initial 
Value R/W Description 

7 to 4  All 1  Reserved 

These bits are always read as 1. 

3 

2 

1 

0 

CKS3 

CKS2 

CKS1 

CKS0 

1 

1 

1 

1 

R/W 

R/W 

R/W 

R/W 

Clock Select 3 to 0 

Select the clock to be input to TCWD. 

1000: Internal clock: counts on φ/64 

1001: Internal clock: counts on φ/128 

1010: Internal clock: counts on φ/256 

1011: Internal clock: counts on φ/512 

1100: Internal clock: counts on φ/1024 

1101: Internal clock: counts on φ/2048 

1110: Internal clock: counts on φ/4096 

1111: Internal clock: counts on φ8192 

0XXX: Internal oscillator 

For the internal oscillator overflow periods, see section 
23, Electrical Characteristics. 

Legend: X: Don't care. 
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16.5.3 Serial Data Transmission 

Figure 16.10 shows an example of SCI3 operation for transmission in clocked synchronous mode.  
In serial transmission, the SCI3 operates as described below. 

1. The SCI3 monitors the TDRE flag in SSR, and if the flag is 0, the SCI3 recognizes that data 
has been written to TDR, and transfers the data from TDR to TSR. 

2. The SCI3 sets the TDRE flag to 1 and starts transmission. If the TIE bit in SCR3 is set to 1 at 
this time, a transmit data empty interrupt  (TXI) is generated. 

3. 8-bit data is sent from the TxD pin synchronized with the output clock when output clock 
mode has been specified, and synchronized with the input clock when use of an external clock 
has been specified. Serial data is transmitted sequentially from the LSB (bit 0), from the TxD 
pin. 

4. The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7). 

5. If the TDRE flag is cleared to 0, data is transferred from TDR to TSR, and serial transmission 
of the next frame is started. 

6. If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TDRE flag maintains the 
output state of the last bit. If the TEIE bit in SCR3 is set to 1 at this time, a TEI interrupt 
request is generated.  

7. The SCK3 pin is fixed high at the end of transmission. 
 
Figure 16.11 shows a sample flow chart for serial data transmission. Even if the TDRE flag is 
cleared to 0, transmission will not start while a receive error flag (OER, FER, or PER) is set to 1. 
Make sure that the receive error flags are cleared to 0 before starting transmission. 
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SCL

ICCR1

Transfer clock
generation

circuit

Address
comparator

Interrupt
generator Interrupt request

Bus state
decision circuit

Arbitration
decision circuit

Noise canceler

Noise canceler

Output
control

Output
control

Transmission/
reception

control circuit
ICCR2

ICMR

ICSR

ICIER

ICDRR

ICDRS

ICDRT

I2C bus control register 1
I2C bus control register 2
I2C bus mode register 
I2C bus status register 
I2C bus interrupt enable register
I2C bus transmit data register 
I2C bus receive data register
I2C bus shift register
Slave address register 

[Legend]

ICCR1 :
ICCR2 :
ICMR :
ICSR :
ICIER :
ICDRT :
ICDRR :
ICDRS :
SAR :

SAR
SDA
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 d
at

a 
bu
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Figure 17.1   Block Diagram of I2C Bus Interface 2 
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Values 

Item Symbol Applicable Pins Test Condition Min Typ Max Unit Notes 

Standby 
mode 
current 
consump-
tion 

ISTBY VCC 32-kHz crystal  
resonator not 
used 

— — 5.0 µA * 

RAM data 
retaining 
voltage 

VRAM VCC  2.0 — — V  

Note: * Pin states during current consumption measurement are given below (excluding current 
in the pull-up MOS transistors and output buffers). 

 

 Mode RES Pin Internal State Other Pins Oscillator Pins 

 Active mode 1 VCC Operates VCC Main clock:  
ceramic or crystal 
resonator 

 Active mode 2  Operates  
(φOSC/64) 

 Subclock:  
Pin X1 = VSS 

 Sleep mode 1 VCC Only timers operate VCC  

 Sleep mode 2  Only timers operate 
(φOSC/64) 

  

 Subactive mode VCC Operates VCC Main clock:  
ceramic or crystal 
resonator 

 Subsleep mode VCC Only timers operate VCC Subclock resonator:  
crystal 

 Standby mode VCC CPU and timers  
both stop 

VCC Main clock:  
ceramic or crystal 
resonator 

Subclock:  
Pin X1 = VSS 
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Values 

Item Symbol 
Applicable 
Pins Test Condition Min Typ Max Unit 

Reference 
Figure 

Conversion time 
(single mode) 

  AVCC = 4.0 to 5.5 V 134 — — tcyc  

 Nonlinearity error    — — ±3.5 LSB  

 Offset error    — — ±3.5 LSB  

 Full-scale error    — — ±3.5 LSB  

 Quantization error    — — ±0.5 LSB  

 Absolute accuracy    — — ±4.0 LSB  

Notes:  1. Set AVCC = VCC when the A/D converter is not used. 

 2. AISTOP1 is the current in active and sleep modes while the A/D converter is idle. 

 3. AISTOP2 is the current at reset and in standby, subactive, and subsleep modes while the 
A/D converter is idle. 

 

23.3.5 Watchdog Timer Characteristics 

Table 23.17 Watchdog Timer Characteristics  

VCC = 2.7 to 5.5 V, VSS = 0.0 V, Ta = –20 to +75°C, unless otherwise indicated. 

Values 

Item Symbol 
Applicable 
Pins 

Test 
Condition Min Typ Max Unit 

Reference 
Figure 

On-chip 
oscillator 
overflow 
time 

tOVF   0.2 0.4 — s * 

Note: * Shows the time to count from 0 to 255, at which point an internal reset is generated, 
when the internal oscillator is selected. 
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Instruction Mnemonic 

Instruction 

Fetch 

I 

Branch 

Addr. Read

J 

Stack 

Operation

K 

Byte Data 

Access 

L 

Word Data 

Access 

M 

Internal 

Operation 

N 

Bcc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BLT d:8 

BGT d:8 

BLE d:8 

BRA d:16(BT d:16) 

BRN d:16(BF d:16) 

BHI d:16 

BLS d:16 

BCC d:16(BHS d:16) 

BCS d:16(BLO d:16) 

BNE d:16 

BEQ d:16 

BVC d:16 

BVS d:16 

BPL d:16 

BMI d:16 

BGE d:16 

BLT d:16 

BGT d:16 

BLE d:16 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

BCLR BCLR #xx:3, Rd 

BCLR #xx:3, @ERd 

BCLR #xx:3, @aa:8 

BCLR Rn, Rd 

BCLR Rn, @ERd 

BCLR Rn, @aa:8 

1 

2 

2 

1 

2 

2 

   

2 

2 

 

2 

2 

  

BIAND BIAND #xx:3, Rd 

BIAND #xx:3, @ERd 

BIAND #xx:3, @aa:8 

1 

2 

2 

   

1 

1 

  

BILD BILD #xx:3, Rd 

BILD #xx:3, @ERd 

BILD #xx:3, @aa:8 

1 

2 

2 

   

1 

1 
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PDR

PMR

PCR

SBY

PMR:
PDR:
PCR:

[Legend]
Port mode register
Port data register
Port control register

Internal data bus

 

Figure B.7   Port 2 Block Diagram (P24, P23) 
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PDR

PCR

SBY

PDR: Port data register
PCR: Port control register

SCKIE

Internal data bus

SCKI

SCI3

SCKOE

SCKO

[Legend]

 

Figure B.10   Port 2 Block Diagram (P20) 
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PDR

PCR

SBY

OS3
OS2
OS1
OS0

TMOV

PDR: Port data register
PCR: Port control register

Internal data bus

Timer V

[Legend]

 

Figure B.16   Port 7 Block Diagram (P76) 
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PDR

PCR

SBY

TMCIV

PDR: Port data register
PCR: Port control register

Internal data bus

Timer V

[Legend]

 

Figure B.17   Port 7 Block Diagram (P75) 



Appendix 

Rev.5.00  Nov. 02, 2005  Page 488 of 500 

REJ09B0027-0500  

Appendix D   Package Dimensions 

The package dimensions that are shown in the Renesas Semiconductor Packages Data Book have 
priority. 
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Figure D.1   FP-64E Package Dimensions 


