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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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2.1 Address Space and Memory Map 

The address space of this LSI is 64 kbytes, which includes the program area and the data area. 
Figures 2.1 show the memory map. 

Interrupt vector

On-chip ROM
(32 kbytes)

Not used

(1-kbyte work area 
for flash memory 

programming)

Internal I/O register

H'0000
H'0033
H'0034

H'7FFF
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H'FB7F

H'FF7F
H'FF80

H'FB80

H'FFFF

HD64F3664
(Flash memory version)

HD6433660
(Mask ROM version)

HD6433661
(Mask ROM version)

Interrupt vector

On-chip ROM
(8 kbytes)

Not used

On-chip RAM
(512 bytes)

Internal I/O register

H'0000
H'0033
H'0034

H'FD80

H'FF7F
H'FF80

H'FFFF

H'1FFF

Interrupt vector

On-chip ROM
(12 kbytes)

Not used

On-chip RAM
(512 bytes)

Internal I/O register

H'0000
H'0033
H'0034

H'FD80

H'FF7F
H'FF80

H'FFFF

H'2FFF

(1-kbyte user area)

On-chip RAM
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Figure 2.1   Memory Map (1) 
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SP (ER7)

Free area

Stack area

 

Figure 2.4   Relationship between Stack Pointer and Stack Area 

2.2.2 Program Counter (PC) 

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length 
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When an 
instruction is fetched, the least significant PC bit is regarded as 0). The PC is initialized when the 
start address is loaded by the vector address generated during reset exception-handling sequence. 

2.2.3 Condition-Code Register (CCR) 

This 8-bit register contains internal CPU status information, including an interrupt mask bit (I) and 
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. The I bit is initialized to 1 
by reset exception-handling sequence, but other bits are not initialized. 

Some instructions leave flag bits unchanged. Operations can be performed on the CCR bits by the 
LDC, STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used as branching 
conditions for conditional branch (Bcc) instructions. 

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. 
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2.3.2 Memory Data Formats 

Figure 2.6 shows the data formats in memory. The H8/300H CPU can access word data and 
longword data in memory, however word or longword data must begin at an even address. If an 
attempt is made to access word or longword data at an odd address, an address error does not 
occur, however the least significant bit of the address is regarded as 0, so access begins the 
preceding address. This also applies to instruction fetches. 

When ER7 (SP) is used as an address register to access the stack, the operand size should be word 
or longword. 

7 0

7 6 5 4 3 2 1 0

MSB LSB

MSB

MSB

LSB

LSB

Data Type Address

1-bit data

Byte data

Word data

Address L

Address L

Address 2M

Address 2M+1

Longword data Address 2N

Address 2N+1

Address 2N+2

Address 2N+3

Data Format

 

Figure 2.6   Memory Data Formats 
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Table 2.12 Effective Address Calculation (2) 

No

5

op

23 0

abs

@aa:8 7

H'FFFF

op

23 0@aa:16

@aa:24

abs

1516

23 0op

abs

6

op IMM

#xx:8/#xx:16/#xx:32

8

Addressing Mode and Instruction Format

Absolute address

Immediate

Effective Address Calculation Effective Address (EA)

Sign extension

Operand is immediate data.

7 Program-counter relative

@(d:8,PC) @(d:16,PC)

Memory indirect  @@aa:8

23 0

disp

0

23 0

dispop

23

op

8

abs
23 0

absH'0000

78

015 23 015

H'00

16

[Legend]
r, rm,rn :
op :
disp :
IMM :
abs :

Register field
Operation field
Displacement
Immediate data
Absolute address

PC contents

Sign
extension

Memory contents
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Example 2: The BSET instruction is executed for port 5. 

P57 and P56 are input pins, with a low-level signal input at P57 and a high-level signal input at 
P56. P55 to P50 are output pins and output low-level signals. An example to output a high-level 
signal at P50 with a BSET instruction is shown below. 

Prior to executing BSET 

 P57 P56 P55 P54 P53 P52 P51 P50 

Input/output Input Input  Output Output Output Output Output Output 

Pin state Low  
level 

High  
level  

Low  
level 

Low  
level 

Low  
level 

Low  
level 

Low  
level 

Low  
level 

PCR5 0 0 1 1 1 1 1 1 

PDR5 1 0 0 0 0 0 0 0 

 

BSET instruction executed 

BSET   #0,    @PDR5  The BSET instruction is executed for port 5. 

 

After executing BSET 

 P57 P56 P55 P54 P53 P52 P51 P50 

Input/output Input Input  Output Output Output Output Output Output 

Pin state Low  
level 

High  
level  

Low  
level 

Low  
level 

Low  
level 

Low  
level 

Low  
level 

High  
level  

PCR5 0 0 1 1 1 1 1 1 

PDR5 0 1 0 0 0 0 0 1 

 

Description on operation 

When the BSET instruction is executed, first the CPU reads port 5.  

Since P57 and P56 are input pins, the CPU reads the pin states (low-level and high-level input).  
P55 to P50 are output pins, so the CPU reads the value in PDR5. In this example PDR5 has a 
value of H'80, but the value read by the CPU is H'40. 

Next, the CPU sets bit 0 of the read data to 1, changing the PDR5 data to H'41.  

Finally, the CPU writes H'41 to PDR5, completing execution of BSET. 
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MOV
instruc-
tion 1

prefetch

Register setting 
•  ABRKCR = H'A0
•  BAR = H'025A

Program
0258
025A
025C
0260
0262
   :

*

NOP
NOP
MOV.W @H'025A,R0
NOP
NOP
   :

025C
Address 
bus

φ

Interrupt 
request

025E 0260 025A 0262 0264 SP-2

MOV
instruc-
tion 2

prefetch

NOP
instruc-

tion
prefetch

MOV
instruc-

tion
execution

Next
instru-
ction

prefetch
Internal

processing
Stack
save

NOP
instruc-

tion
prefetch

Interrupt acceptance

Underline indicates the address 
to be stacked.

When the address break is specified in the data read cycle

 

Figure 4.2   Address Break Interrupt Operation Example (2) 
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5.2.2 Pin Connection when Not Using Subclock 

When the subclock is not used, connect pin X1 to VCL or VSS and leave pin X2 open, as shown in 
figure 5.10. 

X1

VCL or VSS 

X2 Open

 

Figure 5.10   Pin Connection when not Using Subclock 

5.3 Prescalers 

5.3.1 Prescaler S 

Prescaler S is a 13-bit counter using the system clock (φ) as its input clock. It is incremented once 
per clock period. Prescaler S is initialized to H'0000 by a reset, and starts counting on exit from 
the reset state. In standby mode, subactive mode, and subsleep mode, the system clock pulse 
generator stops. Prescaler S also stops and is initialized to H'0000. The CPU cannot read or write 
prescaler S. The output from prescaler S is shared by the on-chip peripheral modules. The divider 
ratio can be set separately for each on-chip peripheral function. In active mode and sleep mode, 
the clock input to prescaler S is determined by the division factor designated by MA2 to MA0 in 
SYSCR2. 

5.3.2 Prescaler W 

Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by 4 (φW/4) as its input clock. The 
divided output is used for clock time base operation of timer A. Prescaler W is initialized to H'00 
by a reset, and starts counting on exit from the reset state. Even in standby mode, subactive mode, 
or subsleep mode, prescaler W continues functioning so long as clock signals are supplied to pins 
X1 and X2.  Prescaler W can be reset by setting 1s in bits TMA3 and TMA2 of timer mode register 
A (TMA). 
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9.1.5 Pin Functions 

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

• P17/IRQ3/TRGV Pin 
 
Register PMR1 PCR1  

Bit Name IRQ3 PCR17 Pin Function 

Setting value 0 0 P17 input pin 

  1 P17 output pin 

 1 X IRQ3 input/TRGV input pin 

[Legend] 

X: Don't care. 

 

• P16/IRQ2 Pin 
 
Register PMR1 PCR1  

Bit Name IRQ2 PCR16 Pin Function 

Setting value 0 0 P16 input pin 

  1 P16 output pin 

 1 X IRQ2 input pin 

[Legend] 

X: Don't care. 

 

• P15/IRQ1 Pin 
 
Register PMR1 PCR1  

Bit Name IRQ1 PCR15 Pin Function 

Setting value 0 0 P15 input pin 

  1 P15 output pin 

 1 X IRQ1 input pin 

[Legend] 
X: Don't care. 
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Port 7 has the following registers. 

• Port control register 7 (PCR7) 

• Port data register 7 (PDR7) 
 

9.4.1 Port Control Register 7 (PCR7) 

PCR7 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 7. 

Bit Bit Name 
Initial 
Value R/W Description 

7    Reserved 

6 

5 

4 

PCR76 

PCR75 

PCR74 

0 

0 

0 

W 

W 

W 

Setting a PCR7 bit to 1 makes the corresponding pin an 
output port, while clearing the bit to 0 makes the pin an 
input port. Note that the TCSRV setting of the timer V 
has priority for deciding input/output direction of the 
P76/TMOV pin. 

3 

2 

1 

0 

 

 

 

 

 

 

 

 

 

 

 

 

Reserved 

 

9.4.2 Port Data Register 7 (PDR7) 

PDR7 is a general I/O port data register of port 7. 

Bit Bit Name 
Initial 
Value R/W Description 

7  1  Reserved 

This bit is always read as 1. 

6 

5 

4 

P76 

P75 

P74 

0 

0 

0 

R/W 

R/W 

R/W 

PDR7 stores output data for port 7 pins. 

PDR7 is read while PCR7 bits are set to 1, the value 
stored in PDR7 is read. If PDR7 is read while PCR7 bits 
are cleared to 0, the pin states are read regardless of 
the value stored in PDR7. 

3 

2 

1 

0 

 

 

 

 

1 

1 

1 

1 

 

 

 

 

Reserved 

These bits are always read as 1. 
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Section 10   Timer A 

Timer A is an 8-bit timer with interval timing and real-time clock time-base functions. The clock 
time-base function is available when a 32.768kHz crystal oscillator is connected. Figure 10.1 
shows a block diagram of timer A. 

10.1 Features 

• Timer A can be used as an interval timer or a clock time base. 

• An interrupt is requested when the counter overflows. 

• Any of eight clock signals can be output from pin TMOW: 32.768 kHz divided by 32, 16, 8, or 
4 (1 kHz, 2 kHz, 4 kHz, 8 kHz), or the system clock divided by 32, 16, 8, or 4. 

 
Interval Timer: 

• Choice of eight internal clock sources (φ/8192, φ/4096, φ/2048, φ/512, φ/256, φ/128, φ/32, φ8) 
 

Clock Time Base: 

• Choice of four overflow periods (1 s, 0.5 s, 0.25 s, 31.25 ms) when timer A is used as a clock 
time base (using a 32.768 kHz crystal oscillator). 
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14.4.3 Data Transmission 

Figure 14.5 shows an example of operation for transmission in asynchronous mode. In 
transmission, the SCI3 operates as described below. 

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

2. After transferring data from TDR to TSR, the SCI3 sets the TDRE flag to 1 and starts 
transmission. If the TIE bit is set to 1 at this time, a TXI interrupt request is generated. 
Continuous transmission is possible because the TXI interrupt routine writes next transmit data 
to TDR before transmission of the current transmit data has been completed. 

3. The SCI3 checks the TDRE flag at the timing for sending the stop bit. 

4. If the TDRE flag is 0, the data is transferred from TDR to TSR, the stop bit is sent, and then 
serial transmission of the next frame is started. 

5. If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the “mark 
state” is entered, in which 1 is output. If the TEIE bit in SCR3 is set to 1 at this time, a TEI 
interrupt request is generated. 

6. Figure 14.6 shows a sample flowchart for transmission in asynchronous mode. 
 

1 frame

Start
bit

Start
bit

Transmit
data

Transmit
data

Parity
bit

Stop
bit

Parity
bit

Stop
bit

Mark
state

1 frame

01 D0 D1 D7 0/1 1 1 10 D0 D1 D7 0/1Serial
data

TDRE

TEND

LSI
operation

TXI interrupt
request 
generated

TDRE flag
cleared to 0

User 
processing

Data written 
to TDR

TXI interrupt request generated TEI interrupt request
generated

 

Figure 14.5   Example SCI3 Operation in Transmission in Asynchronous Mode 
(8-Bit Data, Parity, One Stop Bit) 
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SDA

IRIC

SCL

ACK Bit 7

Data output

[3]  (Restart) Start condition instruction issuance

[4]  IRIC determination

[5]  ICDR write (next transmit data)

[2]  Detemination of SCL = Low

[1]  IRIC determination

Start condition
(retransmission)

IRIC = 1?

Yes

Clear IRIC in ICSR

Read SCL pin

Write transmit data to ICDR

Write BBSY = 1,
SCP = 0 (ICSR)

[1]

[1]  Wait for end of 1-byte transfer

[2]  Determine  whether SCL is low

[3]  Issue restart condition instruction for transmission

[4]  Determine whether start condition is generated or not

[5]  Set transmit data (slave address + R/W)

[2]

[3]

[4]

[5]

Yes

Yes

No

No
IRIC = 1?

Yes

SCL = Low?

Start condition
issuance?

No

No

Other processing

Note:  Program so that processing from [3] to [5] 
 is executed continuously.

9

 

Figure 15.17   Flowchart and Timing of Start Condition Instruction Issuance for 
Retransmission 
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17.4 Operation 

17.4.1 EEPROM Interface 

This LSI has a multi-chip structure with two internal chips of F-ZTAT™ HD64F3664 and 512-
byte EEPROM. 

The EEPROM interface is the I2C bus interface.  This I2C bus is open to the outside, so the 
communication with the external devices connected to the I2C bus can be made. 

17.4.2 Bus Format and Timing 

The I2C bus format and the I2C bus timing follow section 15.4.1, I2C Bus Data Format.  The bus 
formats specific for the EEPROM are the following two. 

1. The EEPROM address is configured of two bytes, the write data is transferred in the order of 
upper address and lower address from each MSB side. 

2. The write data is transmitted from the MSB side. 
 
The bus format and bus timing of the EEPROM are shown in figure 17.2. 

R/W ACK

SCL

SDA

Start
condition

Slave address
Upper memory

address
lower memory

address Data Data

Stop
conditon

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge

ACK ACKACK ACK

1 12 3 4 5 6 7 8

A15 A8 A7 A0 D7 D0 D7 D0

9 18 9 18 9 18 9 8 9

 

Figure 17.2   EEPROM Bus Format and Bus Timing 
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Addresses in the page are incremented at each receipt of the write data and the write data can 
be input up to 8 bytes.  If the LSB 3 bits (A2 to A0) in the EEPROM address reach the last 
address of the page, the address will roll over to the first address of the same page.  When the 
address is rolled over, write data is received twice or more to the same address, however, the 
last received data is valid.  At the receipt of the stop condition, write data reception is 
terminated and the write operation is entered. 

The page write operation is shown in figure 17.4. 
 

SCL

SDA

1 12 3 4 5 6 7 8

A15 A8 A7 A0 D7 D0 D7 D0

9 18 9 18 9 8 9

R/W ACK ACK ACKACK ACK

Start
condition

Upper memory
address

lower memory
address Write Data Write Data

Stop
conditon

[Legend]

Slave address

R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge  

Figure 17.4   Page Write Operation 

17.4.8 Acknowledge Polling 

Acknowledge polling feature is used to show if the EEPROM is in an internally-timed write cycle 
or not. This feature is initiated by the input of the 8-bit slave address + R/W code following the 
start condition during an internally-timed write cycle.  Acknowledge polling will operate R/W 
code = "0".  The ninth acknowledgement judges if the EEPROM is an internally-timed write cycle 
or not.  Acknowledgement "1" shows the EEPROM is in a internally-timed write cycle and 
acknowledgement "0" shows the internally-timed write cycle has been completed.  The 
acknowledge polling starts to function after a write data is input, i.e., when the stop condition is 
input. 
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Power Supply Voltage and Operating Frequency Range 

10.0

1.0

16.0

3.0 4.0 5.5 VCC (V)

φ  (MHz)

16.384

3.0 4.0 5.5 VCC (V)

φ SUB (kHz)

8.192

4.096

1250

78.125

2000

3.0 4.0 5.5 VCC (V)

φ (kHz)

•  AVCC = 3.3 V to 5.5 V
•  Active mode
•  Sleep mode
   (When MA2 = 0 in SYSCR2)

•  AVCC = 3.3 V to 5.5 V
•  Subactive mode
•  Subsleep mode

•  AVCC = 3.3 V to 5.5 V
•  Active mode
•  Sleep mode
   (When MA2 = 1 in SYSCR2)  
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    Values   

Item Symbol Applicable Pins Test Condition Min Typ Max Unit Notes 

Output 
high 
voltage 

VOH VCC = 4.0 V to 5.5 V 

–IOH = 1.5 mA 

VCC – 1.0 — — V  

  

P10 to P12,  
P14 to P17, 
P20 to P22, 
P50 to P55, 
P74 to P76, 
P80 to P87, 

–IOH = 0.1 mA VCC – 0.5 — —   

  P56, P57* VCC = 4.0 V to 5.5 V 

–IOH = 0.1 mA 

VCC – 2.5 — — V  

   VCC = 3.0 V to 4.0 V 

–IOH = 0.1 mA 

VCC – 2.0 — —   

Output  
low  
voltage  

VOL VCC = 4.0 V to 5.5 V 

IOL = 1.6 mA 

— — 0.6 V  

  

P10 to P12,  
P14 to P17, 
P20 to P22, 
P50 to P57*, 
P74 to P76, 

IOL = 0.4 mA — — 0.4   

  P80 to P87 VCC = 4.0 V to 5.5 V 

IOL = 20.0 mA 

— — 1.5 V  

   VCC = 4.0 V to 5.5 V 

IOL = 10.0 mA 

— — 1.0   

   VCC = 4.0 V to 5.5 V 

IOL = 1.6 mA 

— — 0.4   

   IOL = 0.4 mA — — 0.4   

  SCL, SDA VCC = 4.0 V to 5.5 V 

IOL = 6.0 mA 

— — 0.6 V  

   IOL = 3.0 mA — — 0.4   

Note: * P50 to P55 for H8/3664N 
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Appendix B   I/O Port Block Diagrams 

B.1 I/O Port Block 

RES goes low in a reset, and SBY goes low in a reset and in standby mode. 

[Legend]

PDR

PUCR

PMR

PCR

SBYRES

PUCR: Port pull-up control register
PMR: Port mode register
PDR: Port data register
PCR: Port control register

IRQ

TRGV

Internal data bus

Pull-up MOS

 

Figure B.1   Port 1 Block Diagram (P17) 
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Appendix D   Package Dimensions 

The package dimensions that are shows in the Renesas Semiconductor Packages Data Book have 
priority. 

Package Code
JEDEC
EIAJ
Mass (reference value)

FP-64E
−
Conforms 
0.4 g

Unit: mm

*Dimension including the plating thickness
Base material dimension

M

12.0 ± 0.2

10

48 33

1 16

17

32

64

49

*0.22 ± 0.05
0.08

0.
5

12
.0

 ±
 0

.2

0.10

1.
70

 M
ax

*0
.1

7 
±

 0
.0

5

0.5 ± 0.2

0° − 8°

1.0

1.
45

0.
10

 ±
 0

.1
0

1.25

0.20 ± 0.04

0.
15

 ±
 0

.0
4

 

Figure D.1   FP-64E Package Dimensions 
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