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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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2.3 Data Formats 

The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit 
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n = 0, 1, 2, 
…, 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two 
digits of 4-bit BCD data. 

2.3.1 General Register Data Formats 

Figure 2.5 shows the data formats in general registers. 

7 0
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MSB LSB

MSB LSB

7 04 3

Don't care

Don't care

Don't care

7 04 3

7 0

Don't care6 5 4 3 27 1 0

7 0
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Don't care

RnH

RnL

RnH

RnL

RnH

RnL

Data Type General Register Data Format

Byte data

Byte data

4-bit BCD data

4-bit BCD data

1-bit data

1-bit data

Upper Lower

Upper Lower

 

Figure 2.5   General Register Data Formats (1) 
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Table 2.8 System Control Instructions 

Instruction Size* Function 

TRAPA — Starts trap-instruction exception handling. 

RTE — Returns from an exception-handling routine. 

SLEEP — Causes a transition to a power-down state. 

LDC B/W (EAs) → CCR 
Moves the source operand contents to the CCR. The CCR size is one 
byte, but in transfer from memory, data is read by word access. 

STC B/W CCR → (EAd), EXR → (EAd) 
Transfers the CCR contents to a destination location. The condition 
code register size is one byte, but in transfer to memory, data is written 
by word access. 

ANDC B CCR ∧ #IMM → CCR, EXR ∧ #IMM → EXR 
Logically ANDs the CCR with immediate data. 

ORC B CCR ∨ #IMM → CCR, EXR ∨ #IMM → EXR 
Logically ORs the CCR with immediate data. 

XORC B CCR ⊕ #IMM → CCR, EXR ⊕ #IMM → EXR 
Logically XORs the CCR with immediate data. 

NOP — PC + 2 → PC 
Only increments the program counter. 

Note: * Refers to the operand size. 

 B: Byte 
 W: Word 
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(2) Bit Manipulation in a Register Containing a Write-Only Bit 

Example 3: BCLR instruction executed designating port 5 control register PCR5 

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 that output low-level signals. An example of setting the P50 pin as 
an input pin by the BCLR instruction is shown below. It is assumed that a high-level signal will be 
input to this input pin. 

Prior to executing BCLR 

 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 

 

BCLR instruction executed 

BCLR   #0,    @PCR5  The BCLR instruction is executed for PCR5. 

 

After executing BCLR 

 P57 P56 P55 P54 P53 P52 P51 P50 

Input/output Output    Output  Output Output Output Output Output Input 

Pin state Low  
level 

High  
level  

Low  
level 

Low  
level 

Low  
level 

Low  
level 

Low  
level 

High  
level  

PCR5 1 1 1 1 1 1 1 0 

PDR5 1 0 0 0 0 0 0 0 

 

Description on operation 

When the BCLR instruction is executed, first the CPU reads PCR5. Since PCR5 is a write-only 
register, the CPU reads a value of H'FF, even though the PCR5 value is actually H'3F. 

Next, the CPU clears bit 0 in the read data to 0, changing the data to H'FE.  

Finally, H'FE is written to PCR5 and BCLR instruction execution ends. 
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CCR I bit     1

Set port mode register bit

Execute NOP instruction

Interrupts masked.  (Another possibility 
is to disable the relevant interrupt in 
interrupt enable register 1.)

After setting the port mode register bit, 
first execute at least one instruction 
(e.g., NOP), then clear the interrupt 
request flag to 0

Interrupt mask cleared

Clear interrupt request flag to 0

←

CCR I bit     0←  

Figure 3.4   Port Mode Register Setting and Interrupt Request Flag Clearing Procedure 
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4.2 Operation 

When the ABIF and ABIE bits in ABRKSR are set to 1, the address break function generates an 
interrupt request to the CPU. The ABIF bit in ABRKSR is set to 1 by the combination of the 
address set in BAR, the data set in BDR, and the conditions set in ABRKCR.  When the interrupt 
request is accepted, interrupt exception handling starts after the instruction being executed ends.  
The address break interrupt is not masked because of the I bit in CCR of the CPU. 

Figures 4.2 show the operation examples of the address break interrupt setting.  

NOP
instruc-

tion
prefetch

Register setting
•  ABRKCR = H'80
•  BAR = H'025A

Program
0258
025A
025C
0260
0262
   :

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

0258
Address 
bus

φ

Interrupt 
request

025A 025C 025E SP-2 SP-4

NOP
instruc-

tion
prefetch

MOV
instruc-
tion 1

prefetch

MOV
instruc-
tion 2

prefetch
Internal

processing Stack save

Interrupt acceptance

Underline indicates the address 
to be stacked.

When the address break is specified in instruction execution cycle

 

Figure 4.2   Address Break Interrupt Operation Example (1) 
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5.4 Usage Notes 

5.4.1 Note on Resonators 

Resonator characteristics are closely related to board design and should be carefully evaluated by 
the user, referring to the examples shown in this section. Resonator circuit constants will differ 
depending on the resonator element, stray capacitance in its interconnecting circuit, and other 
factors. Suitable constants should be determined in consultation with the resonator element 
manufacturer. Design the circuit so that the resonator element never receives voltages exceeding 
its maximum rating. 

5.4.2 Notes on Board Design 

When using a crystal resonator (ceramic resonator), place the resonator and its load capacitors as 
close as possible to the OSC1 and OSC2 pins. Other signal lines should be routed away from the 
resonator circuit to prevent induction from interfering with correct oscillation (see figure 5.11). 

OSC1

OSC2

C1

C2

Signal A Signal BAvoid

 

Figure 5.11   Example of Incorrect Board Design 
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• P14/IRQ0 Pin 
 
Register PMR1 PCR1  

Bit Name IRQ0 PCR14 Pin Function 

Setting value 0 0 P14 input pin 

  1 P14 output pin 

 1 X IRQ0 input pin 

[Legend] 

X: Don't care. 

 

• P12 Pin 
 
Register PCR1  

Bit Name PCR12 Pin Function 

0 P12 input pin Setting value 

1 P12 output pin 

 

• P11 Pin 
 
Register PCR1  

Bit Name PCR11 Pin Function 

0 P11 input pin Setting value 

1 P11 output pin 

 

• P10/TMOW Pin 
 
Register PMR1 PCR1  

Bit Name TMOW PCR10 Pin Function 

Setting value 0 0 P10 input pin 

  1 P10 output pin 

 1 X TMOW output 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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10.3 Register Descriptions 

Timer A has the following registers. 

• Timer mode register A (TMA) 

• Timer counter A (TCA) 
 

10.3.1 Timer Mode Register A (TMA) 

TMA selects the operating mode, the divided clock output, and the input clock.  

Bit 
Bit 
Name 

Initial 
Value R/W Description 

7 

6 

5 

 

TMA7 

TMA6 

TMA5 

0 

0 

0 

R/W 

R/W 

R/W 

Clock Output Select 7 to 5 

These bits select the clock output at the TMOW pin. 

000: φ/32 

001: φ/16 

010: φ/8 

011: φ/4 

100: φw/32 

101: φw/16 

110: φw/8 

111: φw/4 

For details on clock outputs, see section 10.4.3, Clock 
Output. 

4  1  Reserved 

This bit is always read as 1. 

3 TMA3 0 R/W Internal Clock Select 3 

This bit selects the operating mode of the timer A. 

0: Functions as an interval timer to count the outputs of 
prescaler S.  

1: Functions as a clock-time base to count the outputs 
of prescaler W. 
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12.3.4 Timer Status Register W (TSRW) 

TSRW shows the status of interrupt requests. 

Bit Bit Name 
Initial 
Value R/W Description 

7 OVF 0 R/W Timer Overflow Flag 

[Setting condition] 

When TCNT overflows from H'FFFF to H'0000 

[Clearing condition] 

Read OVF when OVF = 1, then write 0 in OVF 

6 

5 

4 

 

 

 

1 

1 

1 

 

 

 

Reserved 

These bits are always read as 1. 

3 IMFD 0 R/W Input Capture/Compare Match Flag D 

[Setting conditions] 

• TCNT = GRD when GRD functions as an output 

compare register 

• The TCNT value is transferred to GRD by an input 

capture signal when GRD functions as an input 

capture register 

[Clearing condition] 

Read IMFD when IMFD = 1, then write 0 in IMFD 

2 IMFC 0 R/W Input Capture/Compare Match Flag C 

[Setting conditions] 

• TCNT = GRC when GRC functions as an output 

compare register 

• The TCNT value is transferred to GRC by an input 

capture signal when GRC functions as an input 

capture register 

[Clearing condition] 

Read IMFC when IMFC = 1, then write 0 in IMFC 
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Bit Bit Name 
Initial 
Value R/W Description 

6 RIE 0 R/W Receive Interrupt Enable 

When this bit is set to 1, RXI and ERI interrupt 
requests are enabled. 

5 TE 0 R/W Transmit Enable 

When this bit is set to 1, transmission is enabled. 

4 RE 0 R/W Receive Enable 

When this bit is set to 1, reception is enabled. 

3 MPIE 0 R/W Multiprocessor Interrupt Enable (enabled only when 
the MP bit in SMR is 1 in asynchronous mode) 

When this bit is set to 1, receive data in which the 
multiprocessor bit is 0 is skipped, and setting of the 
RDRF, FER, and OER status flags in SSR is 
prohibited. On receiving data in which the 
multiprocessor bit is 1, this bit is automatically cleared 
and normal reception is resumed. For details, refer to 
section 14.6, Multiprocessor Communication 
Function. 

2 TEIE 0 R/W Transmit End Interrupt Enable 

When this bit is set to 1, the TEI interrupt request is 
enabled. 

1 

0 

CKE1 

CKE0 

0 

0 

R/W 

R/W 

Clock Enable 0 and 1 

Selects the clock source. 

Asynchronous mode: 

00: Internal baud rate generator 

01: Internal baud rate generator 
Outputs a clock of the same frequency as the bit 
rate from the SCK3 pin. 

10: External clock 
Inputs a clock with a frequency 16 times the bit 
rate from the SCK3 pin. 

11:Reserved 

Clocked synchronous mode: 

00: Internal clock (SCK3 pin functions as clock output) 

01: Reserved 

10: External clock (SCK3 pin functions as clock input) 

11: Reserved 
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SDA
(slave output)

SDA
(master output)

SCL
(slave output)

21 2143 65 87 998

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

IRIC

ICDRS

ICDRT

TDRE

SCL
(master output)

Interrupt
request
generation

Interrupt
request
generation

Interrupt
request
generation

Slave receive mode Slave transmit mode

Data 1 Data 2

[3]  IRIC
clearance

[5]  IRIC
clearance

[3] ICDR
write

[3] ICDR
write

[5] ICDR
write

User processing

Data 1

Data 1 Data 2

Data 2

AR/W

A

[3]

[2]

 

Figure 15.9   Example of Slave Transmit Mode Operation Timing 
 (MLS = 0) 

S DATA DATA P

1 1n8

1 m

FS = 1 and FSX = 1

n: transfer bit count 
(n = 1 to 8)

m: transfer frame count 
(m ≥ 1)  

Figure 15.10   I2C Bus Data Format (Serial Format) 

15.4.6 Clock Synchronous Serial Format  

Serial format is a non-addressing format that has no acknowledge bit. Figure 15.10 shows this 
format. 
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H'0000

H'01FF
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[Legend]
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Figure 17.1   Block Diagram of EEPROM 
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17.4.9 Read Operation 

There are three read operations; current address read, random address read, and sequential read.  
Read operations are initiated in the same way as write operations with the exception of R/W = 1. 

1. Current Address Read 

The internal address counter maintains the (n+1) address that is made by the last address (n) 
accessed during the last read or write operation, with incremented by one.  Current address 
read accesses the (n+1) address kept by the internal address counter.   

After receiving in the order of a start condition and the slave address + R/W code (R/W = 1), 
the EEPROM outputs the 1-byte data of the (n+1) address from the most significant bit 
following acknowledgement "0". If the EEPROM receives in the order of acknowledgement 
"1" and a following stop condition, the EEPROM stops the read operation and is turned to a 
standby state.  

In case the EEPROM has accessed the last address H'01FF at previous read operation, the 
current address will roll over and returns to zero address.  In case the EEPROM has accessed 
the last address of the page at previous write operation, the current address will roll over within 
page addressing and returns to the first address in the same page.   

The current address is valid while power is on.  The current address after power on will be 
undefined.  After power is turned on, define the address by the random address read operation 
described below is necessary. 

The current address read operation is shown in figure 17.5. 
 

R/W ACK

SCL

SDA D7 D0

ACK

1 12 3 4 5 6 7 8 9 8 9

Start
condition

Stop
conditon

[Legend]

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

Read DataSlave address

 

Figure 17.5   Current Address Read Operation 
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Section 19   List of Registers 

The register list gives information on the on-chip I/O register addresses, how the register bits are 
configured, and the register states in each operating mode. The information is given as shown 
below. 

1. Register addresses (address order) 

• Registers are listed from the lower allocation addresses. 

• Registers are classified by functional modules. 

• The data bus width is indicated. 

• The number of access states is indicated. 
 
2. Register bits 

• Bit configurations of the registers are described in the same order as the register addresses. 

• Reserved bits are indicated by  in the bit name column. 

• When registers consist of 16 bits, bits are described from the MSB side. 
 
3. Register states in each operating mode 

• Register states are described in the same order as the register addresses. 

• The register states described here are for the basic operating modes. If there is a specific reset 
for an on-chip peripheral module, refer to the section on that on-chip peripheral module. 
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19.3 Register States in Each Operating Mode 

Register 
Name 

 
Reset 

 
Active 

 
Sleep 

 
Subactive 

 
Subsleep 

 
Standby 

 
Module 

TMRW Initialized — — — — — Timer W 

TCRW Initialized — — — — —  

TIERW Initialized — — — — —  

TSRW Initialized — — — — —  

TIOR0 Initialized — — — — —  

TIOR1 Initialized — — — — —  

TCNT Initialized — — — — —  

GRA Initialized — — — — —  

GRB Initialized — — — — —  

GRC Initialized — — — — —  

GRD Initialized — — — — —  

FLMCR1 Initialized — — Initialized Initialized Initialized ROM 

FLMCR2 Initialized — — — — —  

FLPWCR Initialized — — — — —  

EBR1 Initialized — — Initialized Initialized Initialized  

FENR Initialized — — — — —  

TCRV0 Initialized — — Initialized Initialized Initialized Timer V 

TCSRV Initialized — — Initialized Initialized Initialized  

TCORA Initialized — — Initialized Initialized Initialized  

TCORB Initialized — — Initialized Initialized Initialized  

TCNTV Initialized — — Initialized Initialized Initialized  

TCRV1 Initialized — — Initialized Initialized Initialized  

TMA Initialized — — — — — Timer A 

TCA Initialized — — — — —  

SMR Initialized — — Initialized Initialized Initialized SCI3 

BRR Initialized — — Initialized Initialized Initialized  

SCR3 Initialized — — Initialized Initialized Initialized  

TDR Initialized — — Initialized Initialized Initialized  

SSR Initialized — — Initialized Initialized Initialized  

RDR Initialized — — Initialized Initialized Initialized  
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A.3 Number of Execution States 

The status of execution for each instruction of the H8/300H CPU and the method of calculating 
the number of states required for instruction execution are shown below. Table A.4 shows the 
number of cycles of each type occurring in each instruction, such as instruction fetch and data 
read/write. Table A.3 shows the number of states required for each cycle. The total number of 
states required for execution of an instruction can be calculated by the following expression: 

Execution states = I × SI + J × SJ + K × SK + L × SL + M × SM + N × SN 

Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed. 

 BSET #0, @FF00 

From table A.4: 
I = L = 2,     J = K = M = N= 0 

From table A.3: 
SI = 2,     SL = 2 

Number of states required for execution = 2 × 2 + 2 × 2 = 8 

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and 
on-chip RAM is used for stack area. 

 JSR @@ 30 

From table A.4: 
I = 2,     J = K = 1,     L = M = N = 0 

From table A.3: 
SI = SJ = SK = 2 

Number of states required for execution = 2 × 2 + 1 × 2+ 1 × 2 = 8 
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PDR

PUCR

PCR

SBYRES

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

Internal data bus

Pull-up MOS

[Legend]

 

Figure B.3   Port 1 Block Diagram (P12, P11) 
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Product Type Product Code Model Marking Package Code 

H8/3660 Mask ROM 
version 

Standard 
product 

HD6433660FP 

HD6433660H 

HD6433660FX 

HD6433660FY 

HD6433660BP 

HD6433660 (***) FP 

HD6433660 (***) H 

HD6433660 (***) FX 

HD6433660 (***) FY 

HD6433660 (***) BP 

LQFP-64 (FP-64E) 

QFP-64 (FP-64A) 

LQFP-48 (FP-48F) 

LQFP-48 (FP-48B) 

SDIP-42 (DP-42S) 

[Legend] 

(***): ROM code 
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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 


