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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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Bit 5—Data Transfer Master Enable 0 (DTME0): Enables or disables data transfer on channel 
0. 

Bit 5 
DTME0 

 
Description 

0 Data transfer disabled. In normal mode, cleared to 0 by an NMI interrupt (Initial value) 

1 Data transfer enabled 

 

Bits 6 and 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the 
activation source selected by the data transfer factor setting is ignored. If the activation source is 
an internal interrupt, an interrupt request is issued to the CPU or DTC. If the DTIE bit is set to 1 
when DTE = 0, the DMAC regards this as indicating the end of a transfer, and issues a transfer 
end interrupt request to the CPU. 

The conditions for the DTE bit being cleared to 0 are as follows: 

• When initialization is performed 
• When the specified number of transfers have been completed  
• When 0 is written to the DTE bit to forcibly abort the transfer, or for a similar reason 
 
When DTE = 1 and DTME = 1, data transfer is enabled and the DMAC waits for a request by the 
activation source selected by the data transfer factor setting. When a request is issued by the 
activation source, DMA transfer is executed. 

The condition for the DTE bit being set to 1 is as follows: 

• When 1 is written to the DTE bit after the DTE bit is read as 0 
 
Bit 6—Data Transfer Enable 1 (DTE1): Enables or disables data transfer on channel 1. 

Bit 6 
DTE1 

 
Description 

0 Data transfer disabled (Initial value) 

1 Data transfer enabled 
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10.2 Register Descriptions 

10.2.1 Timer Control Registers (TCR) 

Channel 0: TCR0 
Channel 3: TCR3 

Bit : 7 6 5 4 3 2 1 0 

 CCLR2 CCLR1 CCLR0 CKEG1 CKEG0 TPSC2 TPSC1 TPSC0 

Initial value : 0 0 0 0 0 0 0 0 

R/W : R/W R/W R/W R/W R/W R/W R/W R/W 

 

Channel 1: TCR1 
Channel 2: TCR2 
Channel 4: TCR4 
Channel 5: TCR5 

Bit : 7 6 5 4 3 2 1 0 

 — CCLR1 CCLR0 CKEG1 CKEG0 TPSC2 TPSC1 TPSC0 

Initial value : 0 0 0 0 0 0 0 0 

R/W : — R/W R/W R/W R/W R/W R/W R/W 

 

The TCR registers are 8-bit registers that control the TCNT channels. The TPU has six TCR 
registers, one for each of channels 0 to 5. The TCR registers are initialized to H'00 by a reset and 
in hardware standby mode. 

TCR register settings should be made only when TCNT operation is stopped. 
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Bits 4 and 3—Clock Edge 1 and 0 (CKEG1, CKEG0): These bits select the input clock edge. 
When the input clock is counted using both edges, the input clock period is halved (e.g. φ/4 both 
edges = φ/2 rising edge). If phase counting mode is used on channels 1, 2, 4, and 5, this setting is 
ignored and the phase counting mode setting has priority. 

Bit 4 
CKEG1 

Bit 3 
CKEG0 

 
Description 

0 0 Count at rising edge  (Initial value) 

 1 Count at falling edge 

1 — Count at both edges 
Note: Internal clock edge selection is valid when the input clock is φ/4 or slower. This setting is 

ignored if the input clock is φ/1, or when overflow/underflow of another channel is selected. 
 

Bits 2 to 0—Time Prescaler 2 to 0 (TPSC2 to TPSC0): These bits select the TCNT counter 
clock. The clock source can be selected independently for each channel. Table 10.4 shows the 
clock sources that can be set for each channel. 

Table 10.4 TPU Clock Sources 

 Internal Clock External Clock 

Channel φ/1 φ/4 φ/16 φ/64 φ/256 φ/1024 φ/4096 TCLKA TCLKB TCLKC TCLKD 

Overflow/ 
Underflow 
on Another 
Channel 

0 o o o o    o o o o  

1 o o o o o   o o   o 

2 o o o o  o  o o o   

3 o o o o o o o o     

4 o o o o  o  o  o  o 

5 o o o o o   o  o o  

Legend: 
o:  Setting  
Blank: No setting 
 



Section 10   16-Bit Timer Pulse Unit (TPU) 

Rev.6.00  Sep. 27, 2007  Page 477 of 1268 
REJ09B0220-0600 

 

10.2.7 Timer General Registers (TGR) 

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

                 

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

R/W : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 

 

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 each for channels 0 and 3 and two each for channels 
1, 2, 4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for operation as 
buffer registers*. The TGR registers are initialized to H'FFFF by a reset and in hardware standby 
mode. 

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit. 

Note: * TGR buffer register combinations are TGRA-TGRC and TGRB-TGRD. 



Section 10   16-Bit Timer Pulse Unit (TPU) 

Rev.6.00  Sep. 27, 2007  Page 492 of 1268 
REJ09B0220-0600 

 

10.4.4 Buffer Operation 

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer 
registers. 

Buffer operation differs depending on whether TGR has been designated  as an input capture 
register or as a compare match register. 

Table 10.5 shows the register combinations used in buffer operation. 

Table 10.5 Register Combinations in Buffer Operation 

Channel Timer General Register Buffer Register 

0 TGR0A TGR0C 

 TGR0B TGR0D 

3 TGR3A TGR3C 

 TGR3B TGR3D 

 

• When TGR is an output compare register 
When a compare match occurs, the value in the buffer register for the corresponding channel is 
transferred to the timer general register. 

This operation is illustrated in figure 10.16. 

Buffer register Timer general
register TCNTComparator

Compare match signal

 

Figure 10.16   Compare Match Buffer Operation 
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Restrictions on Use of DMAC* or DTC 

• When an external clock source is used as the serial clock, the transmit clock should not be 
input until at least 5 φ clock cycles after TDR is updated by the DMAC* or DTC. 
Misoperation may occur if the transmit clock is input within 4 φ clocks after TDR is updated. 
(Figure 14.22) 

• When RDR is read by the DMAC* or DTC, be sure to set the activation source to the relevant 
SCI receive-data-full interrupt (RXI). 

 
Note: * The DMAC is not supported in the H8S/2321. 

t

D0
LSB

Serial data

SCK

D1 D3 D4 D5D2 D6 D7

Note:  When operating on an external clock, set t > 4 clocks.

TDRE

 

Figure 14.22   Example of Synchronous Transmission Using DTC 
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• User program mode 

Flash memory

Chip

RAM

Host

Programming/
erase control program

SCI
Boot program

New application
program

Flash memory

Chip

RAM

Host

SCI

New application
program

Flash memory

Chip

RAM

Host

SCI

Flash memory
erase

Boot program

New application
program

Flash memory

Chip

Program execution state

RAM

Host

SCI
Boot program

Boot program

Application program
(old version)

New application
program

1.  Initial state
  (1) The program that will transfer the 

programming/erase control program to on-chip 
RAM should be written into the flash memory by 
the user beforehand. (2) The programming/erase 
control program should be prepared in the host 
or in the flash memory.

2.  Programming/erase control program transfer
  Executes the transfer program in the flash 

memory, and transfers the programming/erase 
control program to RAM.

3.  Flash memory initialization
 The programming/erase program in RAM is 

executed, and the flash memory is initialized (to 
H'FF). Erasing can be performed in block units, 
but not in byte units.

4.  Writing new application program
  Next, the new application program in the host is 

written into the erased flash memory blocks.  Do 
not write to unerased blocks.

Programming/
erase control program

Programming/
erase control program

Programming/
erase control program

Application program
(old version)

Transfer program

Transfer program

Transfer program

Transfer program

 

Figure 19.5   User Program Mode (Example) 
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19.20.5 Auto-Program Mode 

• In auto-program mode, 128 bytes are programmed simultaneously. For this purpose, 128 
consecutive byte data transfers should be performed. 

• A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this case, 
H'FF data must be written to the extra addresses. 

• The lower 7 bits of the transfer address must be held low. If an invalid address is input, 
memory programming will be started but a programming error will occur. 

• Memory address transfer is executed in the second cycle (figure 19.52). Do not perform 
transfer later than the second cycle. 

• Do not perform a command write during a programming operation. 
• Perform one auto-programming operation for a 128-byte block for each address. One or more 

additional programming operations cannot be carried out on address blocks that have already 
been programmed. 

• Confirm normal end of auto-programming by checking I/O6. Alternatively, status read mode 
can also be used for this purpose (the I/O7 status polling pin is used to identify the end of an 
auto-program operation). 

• Status polling I/O6 and I/O7 information is retained until the next command write. As long as 
the next command write has not been performed, reading is possible by enabling CE and OE. 
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Table 19.57 PROM Mode Commands 

 Number  1st Cycle  2nd Cycle 

Command Name of Cycles Mode Address Data  Mode Address Data 

Memory read mode 1 + n Write X H'00  Read RA Dout 

Auto-program mode 129 Write X H'40  Write PA Din 

Auto-erase mode 2 Write X H'20  Write X H'20 

Status read mode 2 Write X H'71  Write X H'71 
Legend: 
RA: Read address 
PA: Program address 
Notes: 1. In auto-program mode, 129 cycles are required for command writing by a simultaneous 

128-byte write. 
 2. In memory read mode, the number of cycles depends on the number of address write 

cycles (n). 
 

19.29.4 Memory Read Mode 

• After the end of an auto-program, auto-erase, or status read operation, the command wait state 
is entered. To read memory contents, a transition must be made to memory read mode by 
means of a command write before the read is executed. 

• Command writes can be performed in memory read mode, just as in the command wait state. 
• Once memory read mode has been entered, consecutive reads can be performed. 
• After power-on, memory read mode is entered. 
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Table 19.58 AC Characteristics in Memory Read Mode  

Conditions: VCC = 3.3 V ±0.3 V, VSS = 0 V, Ta = 25°C ±5°C 

Item Symbol Min Max Unit 

Command write cycle tnxtc 20 — µs 

CE hold time tceh 0 — ns 

CE setup time tces 0 — ns 

Data hold time tdh 50 — ns 

Data setup time tds 50 — ns 

Write pulse width twep 70 — ns 

WE rise time tr — 30 ns 

WE fall time tf — 30 ns 

 

CE

A18 to A0

Data H'00

OE

WE

Command write

twep tceh

tdh

tds

tf tr

tnxtc

Note:  Data is latched at the rising edge of WE.

tces

Memory read mode

Address stable

Data

 

Figure 19.78   Memory Read Mode Timing Waveforms after Command Write 
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Table 19.64 Status Read Mode Return Commands 

Pin Name I/O7 I/O6 I/O5 I/O4 I/O3 I/O2 I/O1 I/O0 

Attribute Normal  
end 
identification

Command 
error 

Program-
ming error 

Erase  
error 

— — Program-
ming or 
erase count 
exceeded 

Effective 
address error 

Initial value 0 0 0 0 0 0 0 0 

Indications Normal  
end: 0 

Abnormal 
end: 1 

Command 
error: 1 

Otherwise: 0 

Program-
ming 
error: 1 

Otherwise: 0 

Erase 
error: 1 

Otherwise: 0

— — Count 
exceeded: 1 

Otherwise: 0 

Effective 
address 
error: 1 

Otherwise: 0 

Note: I/O3 and I/O2 are undefined. 
 

19.29.8 Status Polling 

• The I/O7 status polling flag indicates the operating status in auto-program or auto-erase mode. 
• The I/O6 status polling flag indicates a normal or ab
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Instruction 
Fetch 

Branch 
Address 
Read 

 
Stack 
Operation 

Byte  
Data 
Access 

Word  
Data 
Access 

 
Internal 
Operation 

Instruction Mnemonic I J K L M N 

MOV MOV.W Rs,@(d:16,ERd) 2    1  

 MOV.W Rs,@(d:32,ERd) 4    1  

 MOV.W Rs,@-ERd 1    1 1 

 MOV.W Rs,@aa:16 2    1  

 MOV.W Rs,@aa:32 3    1  

 MOV.L #xx:32,ERd 3      

 MOV.L ERs,ERd 1      

 MOV.L @ERs,ERd 2    2  

 MOV.L @(d:16,ERs),ERd 3    2  

 MOV.L @(d:32,ERs),ERd 5    2  

 MOV.L @ERs+,ERd 2    2 1 

 MOV.L @aa:16,ERd 3    2  

 MOV.L @aa:32,ERd 4    2  

 MOV.L ERs,@ERd 2    2  

 MOV.L ERs,@(d:16,ERd) 3    2  

 MOV.L ERs,@(d:32,ERd) 5    2  

 MOV.L ERs,@-ERd 2    2 1 

 MOV.L ERs,@aa:16 3    2  

 MOV.L ERs,@aa:32 4    2  

MOVFPE MOVFPE @:aa:16,Rd Can not be used in the chip 

MOVTPE MOVTPE Rs,@:aa:16  

MULXS MULXS.B Rs,Rd 2     11 

 MULXS.W Rs,ERd 2     19 

MULXU MULXU.B Rs,Rd 1     11 

 MULXU.W Rs,ERd 1     19 

NEG NEG.B Rd 1      

 NEG.W Rd 1      

 NEG.L ERd 1      

NOP NOP 1      

NOT NOT.B Rd 1      

 NOT.W Rd 1      

 NOT.L ERd 1      

 




