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"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.
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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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14.1  Features 297 … or the WDT on-chip oscillator         can be selected as the
timer-counter clock.

Figure 14.1  Block
Diagram of
Watchdog Timer

298 Figure amended

φ PSS

WDT
on-chip

oscillator

14.2.1  Timer
Control/Status
Register WD1
(TCSRWD1)

300 Note * added

Bit Bit Name
Initial
Value R/W Description

2 WDON 0 R/W Watchdog Timer On*

TCWD starts counting up when the WDON bit is set to
1 and halts when the WDON bit is cleared to 0.

Note: * When transitioning to the watch mode or standby mode while the main internal clock is
selected (CKS3 = 1) using timer mode register WD (TMWD), make sure to clear WDON to
0 to halt operation of TCWD.

14.2.2  Timer
Control/Status Register
WD2 (TCSRWD2)

302 Note 4 amended

4. In subactive mode, clear this flag after setting the CKS3 to
CKS0 bits in TMWD to B'0XXX (WDT on-chip oscillator).

14.2.4  Timer Mode
Register WD
(TMWD)

303 Description amended

Bit Bit Name
Initial
Value R/W Description

3

2

1

0

CKS3

CKS2

CKS1

CKS0

1

1

1

1

R/W

R/W

R/W

R/W

0XXX: WDT on-chip oscillator: counts on Rosc/2048

For the WDT on-chip oscillator overflow periods, see
section 25, Electrical Characteristics.

In active (medium-speed) mode or sleep (medium-
speed) mode, the setting of B'0XXX and interval timer
mode is disabled.

14.3.1  Watchdog
Timer Mode

304 Description amended

… The internal reset signal is output for a period of 256 φOSC clock
cycles. …

Figure 14.2  Example
of Watchdog Timer
Operation

Figure amended

(Before) 512φOSC clock cycles → (After) 256φOSC clock cycles

14.3.2  Interval Timer
Mode

Figure 14.3  Interval

305 Figure amended

(Before) WT/IT = 0 → (After) WT/IT = 1
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20.3.4  LCD
Trimming Register
(LTRMR)

424 Note amended

Notes: Setting Method for LCD Trimming Register (LTRMR) and
BRG Control Register (BGRMR)

Assuming the following definitions,
V1 initial state voltage: A
LTRMR register TRM3 to TRM0: B

CTRM2 to CTRM0: C
BGRMR register BTRM2 to BTRM0: D

rough guidelines for the voltages after trimming are as
follows:
V1 voltage = A + B + C + 3 × D/1.2

V2 voltage = (A + B + C + 3 × D/1.2) × 2/3
V3 voltage = (A + B + C + 3 × D/1.2) / 3

After monitoring voltage A, set B, C, and D so the V1
voltage is 3 V.

The BRG control register is used both for ∆∑ A/D
converter REF output adjustment and 3 V constant-
voltage power supply circuit adjustment. Therefore, make
sure to choose settings that satisfy the specifications for
both functions.

20.4.3  3-V Constant-
Voltage Power Supply
Circuit

434 Note 4 added

4. Initially, the step-up circuit output voltage differs among
individual devices due to production variation. Therefore, make
sure to adjust the settings of the LCD trimming register (LTRMR)
and BRG control register (BGRMR) individually for each device.

20.5  Usage Notes 436 Added

20.5.1  Pin Processing
when No LCD
Controller/Driver Is
Used

20.5.2  Pin Processing
when No 3 V Constant
Voltage Circuit Is Used
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Table 2.4 Logic Operations Instructions

Instruction Size* Function

AND B/W/L Rd ∧  Rs → Rd,   Rd ∧  #IMM → Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L Rd ∨  Rs → Rd,   Rd ∨  #IMM → Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/L Rd ⊕  Rs → Rd,   Rd ⊕  #IMM → Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/W/L ¬ (Rd) → (Rd)
Takes the one's complement (logical complement) of general register
contents.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword

Table 2.5 Shift Instructions

Instruction Size* Function

SHAL
SHAR

B/W/L Rd (shift) → Rd
Performs an arithmetic shift on general register contents.

SHLL
SHLR

B/W/L Rd (shift) → Rd
Performs a logical shift on general register contents.

ROTL
ROTR

B/W/L Rd (rotate) → Rd
Rotates general register contents.

ROTXL
ROTXR

B/W/L Rd (rotate) → Rd
Rotates general register contents through the carry flag.

Note: * Refers to the operand size.
B: Byte
W: Word

L: Longword
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Table 2.11 Absolute Address Access Ranges

Absolute Address Access Range

8 bits (@aa:8) H'FF00 to H'FFFF

16 bits (@aa:16) H'0000 to H'FFFF

24 bits (@aa:24) H'0000 to H'FFFF

(6) Immediate #xx:8, #xx:16, or #xx:32

The instruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as an
operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number.

(7) Program-Counter Relative @(d:8, PC) or @(d:16, PC)

This mode is used in the BSR instruction. An 8-bit or 16-bit displacement contained in the
instruction is sign-extended and added to the 24-bit PC contents to generate a branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is –126 to +128 bytes (–63 to +64 words) or –32766 to +32768
bytes (–16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

(8) Memory Indirect @@aa:8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The memory operand is accessed in words, generating a 16-bit branch address. Figure 2.8 shows
how to specify branch address for in memory indirect mode. The upper bits of the absolute address
are all assumed to be 0, so the address range is 0 to 255 (H'0000 to H'00FF).

Note that the first part of the address range is also the exception vector area.
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Reset state

Program halt state

Exception-handling state

Program execution state

Reset cleared

SLEEP instruction executed

Reset 
occurs

Interrupt 
sourceReset 

occurs
Interrupt
source

Exception-
handling 
complete

Reset occurs

Figure 2.12   State Transitions

2.8 Usage Notes

2.8.1 Notes on Data Access to Empty Areas

The address space of this LSI includes empty areas in addition to the ROM, RAM, and on-chip
I/O registers areas available to the user. When data is transferred from CPU to empty areas, the
transferred data will be lost. This action may also cause the CPU to malfunction. When data is
transferred from an empty area to CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOV Instruction

EEPMOV is a block-transfer instruction and transfers the byte size of data indicated by R4L,
which starts from the address indicated by R5, to the address indicated by R6. Set R4L and R6 so
that the end address of the destination address (value of R6 + R4L) does not exceed H'FFFF (the
value of R6 must not change from H'FFFF to H'0000 during execution).
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Table 7.4 Reprogram Data Computation Table

Program Data Verify Data Reprogram Data Comments

0 0 1 Programming completed

0 1 0 Reprogram bit

1 0 1 

1 1 1 Remains in erased state

Table 7.5 Additional-Program Data Computation Table

Reprogram Data Verify Data
Additional-Program
Data Comments

0 0 0 Additional-program bit

0 1 1 No additional programming

1 0 1 No additional programming

1 1 1 No additional programming

Table 7.6 Programming Time

n
(Number of Writes)

Programming
Time

In Additional
Programming Comments

1 to 6 30 10

7 to 1,000 200 

Note: Time shown in µs.
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7.5 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

7.5.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted because of a transition to reset, subactive mode, subsleep mode, or standby
mode.  Flash memory control register 1 (FLMCR1), flash memory control register 2 (FLMCR2),
and erase block register 1 (EBR1) are initialized.  In a reset via the RES pin, the reset state is not
entered unless the RES pin is held low until oscillation stabilizes after powering on. In the case of
a reset during operation, hold the RES pin low for the RES pulse width specified in the AC
Characteristics section.

7.5.2 Software Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCR1.  When software protection is in effect, setting the P or E bit
in FLMCR1 does not cause a transition to program mode or erase mode.  By setting the erase
block register 1 (EBR1), erase protection can be set for individual blocks.  When EBR1 is set to
H'00, erase protection is set for all blocks.

7.5.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is forcibly aborted. Aborting the program/erase
operation prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bit in FLMCR2 is set to 1, and the error protection state is entered.

•  When the flash memory of the relevant address area is read during programming/erasing
(including vector read and instruction fetch)

•  Immediately after exception handling excluding a reset during programming/erasing

•  When a SLEEP instruction is executed during programming/erasing
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9.3 Port 4

Port 4 is an I/O port also functioning as an SCI3_1 data I/O pin and timer F I/O pin. Figure 9.3
shows its pin configuration.

P42/TXD31/IrTXD/TMOFH

P
or

t 4
P41/RXD31/IrRXD/TMOFL

P40/SCK31/TMIF

Figure 9.3   Port 4 Pin Configuration

Port 4 has the following registers.

•  Port data register 4 (PDR4)

•  Port control register 4 (PCR4)

•  Port mode register 4 (PMR4)

9.3.1 Port Data Register 4 (PDR4)

PDR4 is a register that stores data of port 4.

Bit Bit Name
Initial
Value R/W Description

7 to 3  All 1  Reserved

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

2

1

0

P42

P41

P40

0

0

0

R/W

R/W

R/W

If port 4 is read while PCR4 bits are set to 1, the values
stored in PDR4 are read, regardless of the actual pin
states. If port 4 is read while PCR4 bits are cleared to 0,
the pin states are read.
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10.3.8 RTC Interrupt Flag Register (RTCFLG)

RTCFLG sets the corresponding flag when an interrupt occurs. Each flag is not cleared
automatically even if the interrupt is accepted. To clear the flag, 0 should be written to the flag.

Bit Bit Name
Initial
Value R/W Description

7 FOIFG  R/W* [Setting condition]
When a free running counter overflows
[Clearing condition]
0 is written to FOIFG when FOIFG = 1

6 WKIFG  R/W* [Setting condition]
When a week periodic interrupt occurs
[Clearing condition]
0 is written to WKIFG when WKIFG = 1

5 DYIFG  R/W* [Setting condition]
When a day periodic interrupt occurs
[Clearing condition]
0 is written to DYIFG when DYIFG = 1

4 HRIFG  R/W* [Setting condition]
When an hour periodic interrupt occurs
[Clearing condition]
0 is written to HRIFG when HRIFG = 1

3 MNIFG  R/W* [Setting condition]
When a minute periodic interrupt occurs
[Clearing condition]
0 is written to MNIFG when MNIFG = 1

2 SEIFG  R/W* [Setting condition]
When a one-second periodic interrupt occurs
[Clearing condition]
0 is written to SEIFG when SEIFG = 1

1 05SEIFG  R/W* [Setting condition]
When a 0.5-second periodic interrupt occurs
[Clearing condition]
0 is written to 05SEIFG when 05SEIFG = 1

0 025SEIFG  R/W* [Setting condition]
When a 0.25-second periodic interrupt occurs
[Clearing condition]
0 is written to 025SEIFG when 025SEIFG = 1

Note: * Only 0 can be written to clear the flag.
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10.4 Operation

10.4.1 Initial Settings of Registers after Power-On

The RTC registers that store second, minute, hour, and day-of week data are not reset by a RES
input. Therefore, all registers must be set to their initial values after power-on.

10.4.2 Initial Setting Procedure

Figure 10.3 shows the procedure for the initial setting of the RTC. To set the RTC again, also
follow this procedure.

RTC operation is stopped.

RTC registers and clock count 
controller are reset.

Clock output and clock source are
selected and second, minute, hour, 
day-of-week, operating mode, and 
a.m/p.m are set.

RTC operation is started.

RUN in RTCCR1 = 0

RST in RTCCR1 = 1

RST in RTCCR1 = 0

Set RTCCSR, RSECDR, 
RMINDR, RHRDR, 
RWKDR, 12/24 in 
RTCCR1, and PM 

RUN in RTCCR1 = 1

Figure 10.3   Initial Setting Procedure



Section 12   16-Bit Timer Pulse Unit (TPU)

Rev. 3.00  Aug 23, 2006  Page 247 of 616

REJ09B0182-0300

Bit Bit Name
Initial
value R/W Description

0 TGFA 0 R/(W)* Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match.

[Setting conditions]

•  When TCNT = TGRA and TGRA is functioning as
output compare register

•  When TCNT value is transferred to TGRA by input

capture signal and TGRA is functioning as input
capture register

[Clearing condition]

•  When 0 is written to TGFA after reading TGFA = 1

Note: * Only 0 can be written to clear the flag.

12.3.6 Timer Counter (TCNT)

TCNT is a 16-bit readable/writable counter. The TPU has a total of two TCNT counters, one for
each channel.

TCNT is initialized to H'0000 by a reset or in hardware standby mode.

TCNT cannot be accessed in 8-bit units; it must always be accessed in 16-bit units.

12.3.7 Timer General Register (TGR)

TGR is a 16-bit readable/writable register, functioning as either output compare or input capture
register. The TPU has a total of four TGR registers, two for each channel. TGR is initialized to
H'FFFF by a reset. TGR cannot be accessed in 8-bit units; it must always be accessed in 16-bit
units.



Section 16   Serial Communication Interface 4 (SCI4)

Rev. 3.00  Aug 23, 2006  Page 378 of 616

REJ09B0182-0300

16.6 Usage Notes

When using the SCI4, keep in mind the following.

16.6.1 Relationship between Writing to TDR4 and TDRE

The TDRE flag in SCSR4 is a status flag that indicates that data to be transmitted has not been
stored in TDR4. When writing data to TDR4, the TDRE flag is automatically cleared to 0. The
TDRE flag is set to 1 when the SCI4 transfers data from TDR4 to SR4.

Data is written to TDR4 regardless of the TDRE flag value. However, if data is written to TDR4
with TDRE = 0, the previous data is lost unless the previous data has been transferred to SR4.
Accordingly, to ensure transmission, writing transmit data to TDR4 must be performed once after
confirming that the TDRE flag has been set to 1. (Do not write more than once.)

16.6.2 Receive Error Flag and Transmission

While the receive error flag (ORER) is set to 1, transmission cannot be started even if the TDRE
flag is cleared to 0. To start transmission, the ORER flag must be cleared to 0.

Note that the ORER flag cannot be cleared to 0 even if the RE bit is cleared to 0.

16.6.3 Relationship between Reading RDR4 and RDRF

The SCI4 always checks the RDRF flag status during reception. When the RDRF flag is cleared to
0 at the end of a frame, the reception is completed without error. When the RDRF flag is set to 1,
it indicates that an overrun has occurred.

Since reading RDR4 clears the RDRF flag to 0 automatically, if RDR4 is read twice or more, the
data is read with the RDRF flag cleared to 0. In this case, when the timing of the read operation
matches that of the data reception of the next frame, the read data may be the next frame data.
Figure 16.9 shows this operation.
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19.3.2 BGR Control Register (BGRMR)

BGRMR controls operation of the band-gap reference circuit (BGR) and adjusts the internal
reference voltage output from the REF pin (BGR output voltage).

Bit Bit Name
Initial
Value R/W Description

7 BGRSTPN* 0 R/W Band-Gap Reference Circuit Control

Sets operation or stop of the band-gap reference circuit.

0: Band-gap reference circuit stops

1: Band-gap reference circuit operates

6 to
3

 All 1  Reserved

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

2

1

0

BTRM2

BTRM1

BTRM0

0

0

0

R/W

R/W

R/W

BGR Output Voltage Trimming

Adjust approximately 1.2-V BGR output voltage.

000: ±0 V

001: +0.14 V

010: +0.09 V

011: +0.04 V

100: −0.04 V

101: −0.09 V

110: −0.14 V

111: −0.18 V

Note: * When the BGRSTPN bit is 0 (when the band-gap reference circuit is halted), the 3-V
constant-voltage power supply circuit of the LCD is halted.
The time from the point at which the BGRSTPN bit is set to 1 until the BGR output
voltage is stabilized to approximately 1.2 V is approximately 100 µs.
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21.3 Register Descriptions

The I2C bus interface 2 has the following registers.

•  I2C bus control register 1 (ICCR1)

•  I2C bus control register 2 (ICCR2)

•  I2C bus mode register (ICMR)

•  I2C bus interrupt enable register (ICIER)

•  I2C bus status register (ICSR)

•  Slave address register (SAR)

•  I2C bus transmit data register (ICDRT)

•  I2C bus receive data register (ICDRR)

•  I2C bus shift register (ICDRS)

21.3.1 I2C Bus Control Register 1 (ICCR1)

ICCR1 enables or disables the I2C bus interface 2, controls transmission or reception, and selects
master or slave mode, transmission or reception, and transfer clock frequency in master mode.

Bit Bit Name
Initial
Value R/W Description

7 ICE 0 R/W I2C Bus Interface 2 Enable

0: This module is halted. (SCL and SDA pins are set to
the port/serial function.)

1: This bit is enabled for transfer operations. (SCL and
SDA pins are bus drive state.)

6 RCVD 0 R/W Reception Disable

This bit enables or disables the next operation when
TRS is 0 and ICDRR is read.

0: Enables next reception

1: Disables next reception
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21.4.6 Clocked Synchronous Serial Format

This module can be operated with the clocked synchronous serial format, by setting the FS bit in
SAR to 1. When the MST bit in ICCR1 is 1, the transfer clock output from SCL is selected. When
MST is 0, the external clock input is selected.

(1) Data Transfer Format

Figure 21.13 shows the clocked synchronous serial transfer format.

The transfer data is output from the rise to the fall of the SCL clock, and the data at the rising edge
of the SCL clock is guaranteed. The MLS bit in ICMR sets the order of data transfer, in either the
MSB first or LSB first. The output level of SDA can be changed during the transfer wait, by the
SDAO bit in ICCR2.

SDA Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7

SCL

Figure 21.13   Clocked Synchronous Serial Transfer Format
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Values

Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Notes

Input low

voltage

V
IL

RES, NMI, WKP0 to

WKP7, IRQ0, IRQ1,

IRQ3, IRQ4,

IRQAEC, AEVL,

AEVH, TMIF,

ADTRG, SCK32,

SCK31, SCK4

–0.3 — 0.1V
CC

V

RXD32, RXD31 –0.3 — 0.2V
CC

OSC1 –0.3 — 0.1V
CC

X1 V
CC

 = 2.7 to 3.6 V –0.3 — 0.1V
CC

P10 to P16,

P30 to P32,

P36, P37,

P40 to P42,

P50 to P57,

P60 to P67,
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Figure B.2 (a)   Port 3 Block Diagram (P37) (F-ZTAT Version)
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Figure B.2 (b)   Port 3 Block Diagram (P37) (Masked ROM Version)
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E. Chip Form Specifications

X direction: TBD
Y direction: TBD

X direction: TBD
Y direction: TBD

Maximum dimensions
in chip's plane

0.
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 0

.0
2

M
ax

 0
.0

3

Unit: mm

Figure E.1   Cross-Sectional View of Chip
(HCD64338086R, HCD64338085R, HCD64338084R, and HCD64338083R)

X direction: 4.73 ± 0.05
Y direction: 4.73 ± 0.05

X direction: 4.73 ± 0.25
Y direction: 4.73 ± 0.25

Maximum dimensions
in chip's plane

0.
28
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ax

 0
.0
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Unit: mm

Figure E.2   Cross-Sectional View of Chip (HCD64F38086R)


