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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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2.5 Data Formats 

The H8S/2600 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. 

2.5.1 General Register Data Formats 

Figure 2.9 shows the data formats in general registers. 
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Figure 2.9   General Register Data Formats (1) 
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10.3.6 Timer Counter (TCNT) 

The TCNT registers are 16-bit counters. The TPU has three TCNT counters, one for each channel. 
The TCNT counters are initialized to H'0000 by a reset. The TCNT counters cannot be accessed in 
8-bit units; they must always be accessed as a 16-bit unit. 

10.3.7 Timer General Register (TGR) 

The TGR registers are 16-bit registers with a dual function as output compare and input capture 
registers. The TPU has 16 TGR registers, four for channel 0 and two each for channels 1 and 2. 
TGRC and TGRD for channel 0 can also be designated for operation as buffer registers. The TGR 
registers are initialized to H'FFFF by a reset. The TGR registers cannot be accessed in 8-bit units; 
they must always be accessed as a 16-bit unit. TGR buffer register combinations are TGRA—
TGRC and TGRB—TGRD. 

10.3.8 Timer Start Register (TSTR) 

TSTR is an 8-bit readable/writable register that selects operation/stoppage for channels 0 to 2. 
TCNT of a channel performs counting when the corresponding bit in TSTR is set to 1. When 
setting the operating mode in TMDR or setting the count clock in TCR, first stop the TCNT 
counter. 

Bit Bit Name 
Initial 
value R/W Description 

7 to 3 ⎯ All 0 R Reserved 

The initial value should not be changed. 

2 

1 

0 

CST2 

CST1 

CST0 

0 

0 

0 

R/W 

R/W 

R/W 

Counter Start 2 to 0 (CST2 to CST0) 

These bits select operation or stoppage for TCNT. 

If 0 is written to the CST bit during operation with the 
TIOC pin designated for output, the counter stops but 
the TIOC pin output compare output level is retained. 

If TIOR is written to when the CST bit is cleared to 0, 
the pin output level will be changed to the set initial 
output value. 

0: TCNT_n count operation is stopped 

1: TCNT_n performs count operation 

(n = 2 to 0) 
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(b) Free-running count operation and periodic count operation 

Immediately after a reset, the TPU's TCNT counters are all designated as free-running counters. 
When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-count 
operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000), the TCFV 
bit in TSR is set to 1. If the value of the corresponding TCIEV bit in TIER is 1 at this point, the 
TPU requests an interrupt. After overflow, TCNT starts counting up again from H'0000. Figure 
10.7 illustrates free-running counter operation. 

TCNT value

H'FFFF

H'0000

CST bit

TCFV

Time

 

Figure 10.7   Free-Running Counter Operation 

When compare match is selected as the TCNT clearing source, the TCNT counter for the relevant 
channel performs periodic count operation. The TGR register for setting the period is designated 
as an output compare register, and counter clearing by compare match is selected by means of bits 
CCLR2 to CCLR0 in TCR. After the settings have been made, TCNT starts up-count operation as 
periodic counter when the corresponding bit in TSTR is set to 1. When the count value matches 
the value in TGR, the TGF bit in TSR is set to 1 and TCNT is cleared to H'0000. If the value of 
the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an interrupt. After a 
compare match, TCNT starts counting up again from H'0000. Figure 10.8 illustrates periodic 
counter operation. 
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10.5.2 Synchronous Operation 

In synchronous operation, the values in a number of TCNT counters can be rewritten 
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared 
simultaneously by making the appropriate setting in TCR (synchronous clearing). Synchronous 
operation enables TGR to be incremented with respect to a single time base. Channels 0 to 2 can 
all be designated for synchronous operation. 

(1) Example of Synchronous Operation Setting Procedure 

Figure 10.14 shows an example of the synchronous operation setting procedure. 

No

Yes

Synchronous operation
selection

Set synchronous
operation

Synchronous presetting

Set TCNT

<Synchronous presetting> <Counter clearing> <Synchronous clearing>

Synchronous clearing

Clearing
source generation

channel?

Select counter
clearing source

Start count

Set synchronous
counter clearing

Start count

Set to 1 the SYNC bits in TSYR corresponding to the channels to be designated for synchronous
operation.
When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.
Use bits CCLR2 to CCLR0 in TCR to specify TCNT clearing by input capture/output compare,
etc.
Use bits CCLR2 to CCLR0 in TCR to designate synchronous clearing for the counter clearing
source.
Set to 1 the CST bits in TSTR for the relevant channels, to start the count operation.

[1]

[2]

[3]

[4]

[5]

[1]

[3]

[5]

[4]

[5]

[2]

 

Figure 10.14   Example of Synchronous Operation Setting Procedure 
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13.3 Register Descriptions 

The TMR has the following registers. For details on the serial timer control register, see section 
3.2.3, Serial Timer Control Register (STCR).  

Table 13.2 Register Configuration 

Channel Register Name Abbreviation R/W 
Initial 
Value Address 

Data 
Bus 
Width 

Timer counter_0 TCNT_0 R/W H'00 H'FFD0 16 

Time constant register A_0 TCORA_0 R/W H'FF H'FFCC 16 

Time constant register B_0 TCORB_0 R/W H'FF H'FFCE 16 

Timer control register_0 TCR_0 R/W H'00 H'FFC8 8 

Channel 0 

Timer control/status register_0 TCSR_0 R/W H'00 H'FFCA 8 

Timer counter_1 TCNT_1 R/W H'00 H'FFD1 16 

Time constant register A_1 TCORA_1 R/W H'FF H'FFCD 16 

Time constant register B_1 TCORB_1 R/W H'FF H'FFCF 16 

Timer control register_1 TCR_1 R/W H'00 H'FFC9 8 

Channel 1 

Timer control/status register_1 TCSR_1 R/W H'10 H'FFCB 8 

Timer counter_Y TCNT_Y R/W H'00 H'FFF4 
H'FECC* 

8 

Time constant register A_Y TCORA_Y R/W H'FF H'FFF2 
H'FECA* 

8 

Time constant register B_Y TCORB_Y R/W H'FF H'FFF3 
H'FECB* 

8 

Timer control register_Y TCR_Y R/W H'00 H'FFF0 
H'FEC8* 

8 

Channel Y 

Timer control/status register_Y TCSR_Y R/W H'00 H'FFF1 
H'FEC9* 

8 

 Timer connection register S TCONRS R/W H'00 H'FFFE 8 

Note: * Upper address: when RELOCATE = 0 
  Lower address: when RELOCATE = 1 
 



Section 13   8-Bit Timer (TMR) 

Rev. 3.00  Sep. 28, 2009  Page 382 of 910 

REJ09B0350-0300  

(2) Selection of Input Capture Signal Input 

TMRIX (input capture input signal of TMR_X) is selected according to the setting of the ICST bit 
in TCONRI. The input capture signal selection is shown in table 13.5. 

Table 13.5 Input Capture Signal Selection 

TCONRI 

Bit 4 

ICST Description 

0 Input capture function not used 

1 TMIX pin input selection 
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15.2 Input/Output Pins 

Table 15.1 shows the input/output pins for each SCI channel. 

Table 15.1 Pin Configuration 

Channel Pin Name* Input/Output Function 

SCK1 Input/Output Channel 1 clock input/output 

RxD1 Input Channel 1 receive data input 

1 

TxD1 Output Channel 1 transmit data output 

SCK2 Input/Output Channel 2 clock input/output 2 

RxD2 Input Channel 2 receive data input 

 TxD2 Output Channel 2 transmit data output 

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the 
channel designation. 

 



Section 15   Serial Communication Interface (SCI) 

  Rev. 3.00  Sep. 28, 2009  Page 405 of 910 

  REJ09B0350-0300 

15.3.1 Receive Shift Register (RSR) 

RSR is a shift register used to receive serial data that converts it into parallel data. When one 
frame of data has been received, it is transferred to RDR automatically. RSR cannot be directly 
accessed by the CPU. 

15.3.2 Receive Data Register (RDR) 

RDR is an 8-bit register that stores receive data. When the SCI has received one frame of serial 
data, it transfers the received serial data from RSR to RDR where it is stored. After this, RSR can 
receive the next data. Since RSR and RDR function as a double buffer in this way, continuous 
receive operations be performed. After confirming that the RDRF bit in SSR is set to 1, read RDR 
for only once. RDR cannot be written to by the CPU. The initial value of RDR is H'00. 

15.3.3 Transmit Data Register (TDR) 

TDR is an 8-bit register that stores transmit data. When the SCI detects that TSR is empty, it 
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered 
structures of TDR and TSR enable continuous serial transmission. If the next transmit data has 
already been written to TDR when one frame of data is transmitted, the SCI transfers the written 
data to TSR to continue transmission. Although TDR can be read from or written to by the CPU at 
all times, to achieve reliable serial transmission, write transmit data to TDR for only once after 
confirming that the TDRE bit in SSR is set to 1. The initial value of TDR is H'FF. 

15.3.4 Transmit Shift Register (TSR) 

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI first 
transfers transmit data from TDR to TSR, and then sends the data to the TxD pin. TSR cannot be 
directly accessed by the CPU. 
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Figure 18.18   Internal Flag of First KCLK Falling Interrupt in Software Standby Mode and 
Watch Mode 



Section 19   LPC Interface (LPC) 

Rev. 3.00  Sep. 28, 2009  Page 602 of 910 

REJ09B0350-0300  

R/W 

Bit Bit Name 
Initial 
Value Slave Host Description 

4 ABRT 0 R/(W)* ⎯ LPC Abort Interrupt Flag 

This bit is a flag that generates an ERRI interrupt 
when a forced termination (abort) of an LPC transfer 
cycle occurs. 

0: [Clearing conditions] 

• Writing 0 after reading ABRT = 1 

• LPC hardware reset 
(LRESET pin falling edge detection) 

• LPC software reset (LRSTB = 1) 

• LPC hardware shutdown 
(SDWNE = 1 and LPCPD pin falling edge 
detection) 

• LPC software shutdown (SDWNB = 1) 
1: [Setting condition] 

LFRAME pin falling edge detection during LPC 
transfer cycle 

3 IBFIE3 0 R/W ⎯ IDR3 and TWR Receive Complete interrupt Enable 

Enables or disables IBFI3 interrupt to the slave (this 
LSI). 

0: Input data register IDR3 and TWR receive 
complete interrupt requests disabled 

1: [When TWRE = 0 in LADR3] 

Input data register (IDR3) receive complete 
interrupt requests enabled 

[When TWRE = 1 in LADR3] 

Input data register (IDR3) and TWR receive 
complete interrupt requests enabled 

2 IBFIE2 0 R/W ⎯ IDR2 Receive Complete interrupt Enable 

Enables or disables IBFI2 interrupt to the slave (this 
LSI). 

0: Input data register (IDR2) receive complete 
interrupt requests disabled 

1: Input data register (IDR2) receive complete 
interrupt requests enabled  
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• LADR2L 
 

R/W 

Bit Bit Name 
Initial 
Value Slave Host Description 

7 

6 

5 

4 

3 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

0 

1 

1 

0 

0 

R/W 

R/W 

R/W 

R/W 

R/W 

⎯ 

⎯ 

⎯ 

⎯ 

⎯ 

Channel 2 Address Bits 7 to 3 

Set the LPC channel 2 host address. 

2 Bit 2 0 R/W ⎯ Reserved 

This bit is ignored when an address match is decided. 

1 

0 

Bit 1 

Bit 0 

1 

0 

R/W 

R/W 

⎯ 

⎯ 

Channel 2 Address Bits 1 and 0 

Set the LPC channel 2 host address. 

 

• Host select register 
 

I/O Address 

Bits 5 to 3 Bit 2 Bits 1 and 0 
Transfer 
Cycle Host Select Register 

Bits 15 to 3 in LADR2 0 Bits 1 and 0 in LADR2 I/O write IDR2 write (data) 

Bits 15 to 3 in LADR2 1 Bits 1 and 0 in LADR2 I/O write IDR2 write (command) 

Bits 15 to 3 in LADR2 0 Bits 1 and 0 in LADR2 I/O read ODR2 read 

Bits 15 to 3 in LADR2 1 Bits 1 and 0 in LADR2 I/O read STR2 read 

Note: * When channel 2 is used, the content of LADR2 must be set so that the addresses for 
channels 1, 3, 4, and SCIF are different. 
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ADDRStart

LFRAME

LAD3 to 
LAD0

Number of clocks

LCLK

TAR Sync Data TAR Start

Cycle type, 
direction, 
and size

1 1 4 12 2 2 1  

Figure 19.2   Typical LFRAME Timing 
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LCLK
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and size
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Too many Syncs 
cause timeout

Master will 
drive high

 

Figure 19.3   Abort Mechanism 
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Table 19.5 Fast Gate A20 Output Signals 

C/D1 Data/Command 

Internal CPU 
Interrupt Flag 
(IBF) 

GA20  
(P81) Remarks 

1 H'D1 command 0 Q 

0 1 data*1  0 1 

1 H'FF command 0 Q (1) 

Turn-on sequence 

1 H'D1 command 0 Q 

0 0 data*2  0 0 

1 H'FF command 0 Q (0) 

Turn-off sequence 

1 H'D1 command 0 Q 

0 1 data*1  0 1 

1/0 Command other than H'FF and 
H'D1 

1 Q (1) 

Turn-on sequence 
(abbreviated form) 

1 H'D1 command 0 Q 

0 0 data*2  0 0 

1/0 Command other than H'FF and 
H'D1 

1 Q (0) 

Turn-off sequence 
(abbreviated form) 

1 H'D1 command 0 Q 

1 Command other than H'D1 1 Q 

Cancelled sequence 

1 H'D1 command 0 Q 

1 H'D1 command 0 Q 

Retriggered sequence 

1 H'D1 command 0 Q 

0 Any data 0 1/0 

Consecutively executed 
sequences 

1 H'D1 command 0 Q (1/0)  

Notes: 1. Any data with bit 1 set to 1. 
 2. Any data with bit 1 cleared to 0. 
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Table 19.6 shows the scope of the LPC interface pin shutdown. 

Table 19.6 Scope of LPC Interface Pin Shutdown 

Abbreviation Port 
Scope of 
Shutdown I/O Notes 

LAD3 to LAD0 P33 to P30 O I/O Hi-Z 

LFRAME P34 O Input Hi-Z 

LRESET P35 X Input LPC hardware reset function is active 

LCLK P36 O Input Hi-Z 

SERIRQ P37 O I/O Hi-Z 

LSCI PB1 Δ I/O Hi-Z, only when LSCIE = 1 

LSMI PB0 Δ I/O Hi-Z, only when LSMIE = 1 

PME P80 Δ I/O Hi-Z, only when PMEE = 1 

GA20 P81 Δ I/O Hi-Z, only when FGA20E = 1 

CLKRUN P82 O Input Hi-Z 

LPCPD P83 X Input Needed to clear shutdown state 

[Legend] 
O: Pin that is shutdown by the shutdown function 
Δ: Pin that is shutdown only when the LPC function is selected by register setting 
X: Pin that is not shutdown 
 

In the LPC shutdown state, the LPC's internal state and some register bits are initialized. The order 
of priority of LPC shutdown and reset states is as follows. 

1. System reset (reset by RES pin input, or WDT overflow) 
All register bits, including bits LPC4E to LPC1E, are initialized. 

2. LPC hardware reset (reset by LRESET pin input) 
LRSTB, SDWNE, and SDWNB bits are cleared to 0. 

3. LPC software reset (reset by LRSTB) 
SDWNE and SDWNB bits are cleared to 0. 

4. LPC hardware shutdown 
SDWNB bit is cleared to 0. 

5. LPC software shutdown 
 
The scope of the initialization in each mode is shown in table 19.7. 
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14. After programming finishes, clear FKEY and specify software protection. If this LSI is 
restarted by a reset immediately after programming has finished, secure the reset input period 
(period of RES = 0) of at least 100 μs. 
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Register 

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

TCONRS TMRX/Y ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ TMR_X, 
TMR_Y 

Notes: 1. In normal mode and smart card interface mode, bit names differ in part. 
  ( ) : Bit name in smart card interface mode. 
 2. When TWRE = 1 or SELSTR3 = 0. 
 3. When TWRE = 0 and SELSTR3 = 1. 
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