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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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Note that the functions of each pin depend on the operating mode.

The H8S/2626 Group and H8S/2623 Group can be used only in modes 4 to 7. This means that the
mode pins must be set to select one of these modes. Do not change the inputs at the mode pins
during operation.

3.1.2 Register Configuration

The H8S/2626 Group and H8S/2623 Group have a mode control register (MDCR) that indicates
the inputs at the mode pins (MD2 to MD0), and a system control register (SYSCR) that controls
the operation of the H8S/2626 Group or H8S/2623 Group chip. Table 3.2 summarizes these
registers.

Table 3.2 MCU Registers

Name Abbreviation R/W Initial Value Address*

Mode control register MDCR R/W Undetermined H'FDE7

System control register SYSCR R/W H'01 H'FDE5

Pin function control register PFCR R/W H'0D/H'00 H'FDEB

Note: * Lower 16 bits of the address.
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Pin Selection Method and Pin Functions

TPU Channel
0 Setting (2) (1) (2) (2) (1) (2)

P13/PO11/
TIOCD0/TCLKB/
A23 (cont)

MD3 to MD0 B'0000 B'0010 B'0011

IOD3 to IOD0 B'0000
B'0100
B'1xxx

B'0001 to
B'0011

B'0101 to
B'0111

— B'xx00 Other than B'xx00

CCLR2 to
CCLR0

— — — — Other
than

B'110

B'110

Output
function

— Output
compare
output

— — PWM
mode 2
output

—

x: Don’t care



Section 9   I/O Ports

Rev. 5.00  Jan 10, 2006  page 229 of 1042
REJ09B0275-0500

Pin Selection Method and Pin Functions

TPU Channel
0 Setting (2) (1) (2) (1) (1) (2)

P12/PO10/
TIOCC0/TCLKA/
A22 (cont)

MD3 to MD0 B'0000 B'001x B'0010 B'0011

IOC3 to IOC0 B'0000
B'0100
B'1xxx

B'0001 to
B'0011

B'0101 to
B'0111

B'xx00 Other than B'xx00

CCLR2 to
CCLR0

— — — — Other
than

B'101

B'101

Output
function

— Output
compare
output

— PWM
mode 1
output*3

PWM
mode 2
output

—

x: Don’t care

Notes: 1. TIOCC0 input when MD3 to MD0 = B'0000, and IOC3 to IOC0 =
B'10xx.

2. TCLKA input when the setting for TCR0 to TCR5 is: TPSC2 to
TPSC0 = B'100.
TCLKA input when channels 1 and 5 are set to phase counting
mode.

3. TIOCD0 output is disabled.
When BFA = 1 or BFB = 1 in TMDR0, output is disabled and
setting (2) applies.



Section 9   I/O Ports

Rev. 5.00  Jan 10, 2006  page 247 of 1042
REJ09B0275-0500

9.6.2 Register Configuration

Table 9.9 shows the port B register configuration.

Table 9.9 Port B Registers

Name Abbreviation R/W Initial Value Address*

Port B data direction register PBDDR W H'00 H'FE3A

Port B data register PBDR R/W H'00 H'FF0A

Port B register PORTB R Undefined H'FFBA

Port B MOS pull-up control register PBPCR R/W H'00 H'FE41

Port B open-drain control register PBODR R/W H'00 H'FE48

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0

PB7DDR PB6DDR PB5DDR PB4DDR PB3DDR PB2DDR PB1DDR PB0DDR

Initial value : 0 0 0 0 0 0 0 0

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

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR is initialized to H'00 by a reset, and in hardware standby mode. It retains its prior state in
software standby mode. The OPE bit in SBYCR is used to select whether the address output pins
retain their output state or become high-impedance when a transition is made to software standby
mode.

•  Modes 4 to 6

The corresponding port B pins become address outputs in accordance with the setting of bits
AE3 to AE0 in PFCR, irrespective of the value of the PBDDR bits. When pins are not used as
address outputs, setting a PBDDR bit to 1 makes the corresponding port B pin an output port,
while clearing the bit to 0 makes the pin an input port.

•  Mode 7

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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9.8 Port D

9.8.1 Overview

Port D is an 8-bit I/O port. Port D has a data bus I/O function, and the pin functions change
according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.7 shows the port D pin configuration.

PD7/D15

PD6/D14

PD5/D13

PD4/D12

PD3/D11

PD2/D10

PD1/D9

PD0/D8

Port D

D15

D14

D13

D12

D11

D10

D9

D8

(I/O)

(I/O)

(I/O)

(I/O)

(I/O)

(I/O)

(I/O)

(I/O)

Port D pins Pin functions in modes 4 to 6

PD7

PD6

PD5

PD4

PD3

PD2

PD1

PD0

(I/O)

(I/O)

(I/O)

(I/O)

(I/O)

(I/O)

(I/O)

(I/O)

Pin functions in mode 7

Figure 9.7   Port D Pin Functions
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10.2.3 Timer I/O Control Register (TIOR)

Channel 0: TIOR0H

Channel 1: TIOR1

Channel 2: TIOR2

Channel 3: TIOR3H

Channel 4: TIOR4

Channel 5: TIOR5

Bit : 7 6 5 4 3 2 1 0

IOB3 IOB2 IOB1 IOB0 IOA3 IOA2 IOA1 IOA0

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 0: TIOR0L

Channel 3: TIOR3L

Bit : 7 6 5 4 3 2 1 0

IOD3 IOD2 IOD1 IOD0 IOC3 IOC2 IOC1 IOC0

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

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit  registers that control the TGR registers. The TPU has eight  TIOR
registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers are initialized to H'00 by a reset, and in hardware standby mode.

Care is required since TIOR is affected by the TMDR setting.  The initial output specified by
TIOR is valid when the counter is stopped (the CST bit in TSTR is cleared to 0).  Note also that, in
PWM mode 2, the output at the point at which the counter is cleared to 0 is specified.
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Channel
Bit 3
IOC3

Bit 2
IOC2

Bit 1
IOC1

Bit 0
IOC0 Description

0 0 0 0 0 Output disabled (Initial value)

1 0 output at compare match

1 0 1 output at compare match

1

TGR0C
is output
compare
register*1

Initial output is 0
output

Toggle output at compare
match

1 0 0 Output disabled

1 0 output at compare match

1 0 1 output at compare match

1

Initial output is 1
output

Toggle output at compare
match

1 0 0 0 Input capture at rising edge

1 Input capture at falling edge

1 *

Capture input
source is
TIOCC0 pin

Input capture at both edges

1 * *

TGR0C
is input
capture
register*1

Capture input
source is channel
1/count clock

Input capture at TCNT1
count-up/count-down

*: Don’t care
Note: 1. When the BFA bit in TMDR0 is set to 1 and TGR0C is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Clock

See the section on asynchronous mode.

Transmitting
station

Receiving
station A

(ID= 01)

Receiving
station B

(ID= 02)

Receiving
station C

(ID= 03)

Receiving
station D

(ID= 04)

Serial transmission line

Serial
data
 

ID transmission cycle = 
 receiving station
specification

Data transmission cycle = 
Data transmission to
receiving station specified by ID

(MPB= 1) (MPB= 0)

H'01 H'AA

Legend:
MPB:  Multiprocessor bit

Figure 13.9   Example of Inter-Processor Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A)

Data Transfer Operations

Multiprocessor serial data transmission: Figure 13.10 shows a sample flowchart for
multiprocessor serial data transmission.

The following procedure should be used for multiprocessor serial data transmission.
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14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the Smart Card interface.

B
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 in
te

rf
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e

TDR

RSR

RDR

Module data bus

TSR

SCMR

SSR

SCR

Transmission/
reception control

BRR

Baud rate
generator

Internal
data bus

RxD

TxD

SCK

Parity generation

Parity check
 

Clock

φ

φ/4

φ/16

φ/64

TXI
RXI
ERI

SMR

Legend:
SCMR
RSR
RDR
TSR
TDR
SMR
SCR
SSR
BRR

: Smart Card mode register
: Receive shift register
: Receive data register
: Transmit shift register
: Transmit data register
: Serial mode register
: Serial control register
: Serial status register
: Bit rate register

Figure 14.1   Block Diagram of Smart Card Interface
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LAFMH Bits 7 to 0 and 15 to 13—11-Bit Identifier Filter (LAFMH7 to LAFMH5,
LAFMH15 to LAFMH8): Filter mask bits for the first 11 bits of the receive message identifier
(for both standard and extended identifiers).

Bit x

LAFMHx Description

0 Stored in MC0, MD0 (receive-only mailbox) depending on bit match between MC0
message identifier and receive message identifier (Initial value)

1 Stored in MC0, MD0 (receive-only mailbox) regardless of bit match between MC0
message identifier and receive message identifier

LAFMH Bits 12 to 10—Reserved: These bits always read 0. The write value should always be 0.

LAFMH Bits 9 and 8, LAFML Bits 15 to 0—18-Bit Identifier Filter (LAFMH1, LAFMH0,
LAFML7 to LAFML0, LAFML15 to LAFML8): Filter mask bits for the 18 bits of the receive
message identifier (extended).

Bit x

LAFMHx
LAFMLx Description

0 Stored in MC0 (receive-only mailbox) depending on bit match between MC0 message
identifier and receive message identifier (Initial value)

1 Stored in MC0 (receive-only mailbox) regardless of bit match between MC0 message
identifier and receive message identifier
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initial setting for mailboxes is 0, designating transmission use. Refer to Mailbox
transmit/receive settings in 15.3.2, Initialization after Hardware Reset, for details.

•  Mailbox (RAM) initialization

As message control/data registers (MCx[x], MDx[x]) are configured in RAM, their initial
values after powering on are undefined, and so bit initialization is necessary. Write 0s or 1s to
the mailboxes. See Mailbox (Message Control/Data (MCx[x], MDx[x]) Initial Settings in
15.3.2, Initialization after a Hardware Reset, for details.
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Initialization
IRR0 clearing
BCR setting

MBCR setting
Mailbox (RAM) initialization

Interrupt settings

Arbitration field setting
Local acceptance filter settings

Receive data setting

Message reception
(Match of identifier

in mailbox?)

No

Same RXPR = 1?
Yes

Data frame?
No

RXPR
IRR1 = 1

Yes
IMR1 = 1?

Interrupt to CPU

Message control read
Message data read

Clear all RXPRn bits of mailbox for which
receive interrupt requests are enabled

by MBIMR

End of reception

Yes

No

Yes

No

Unread message

RXPR, RFPR = 1
IRR2 = 1, IRR1 = 1

Yes
IMR2 = 1?

Interrupt to CPU

Message control read
Message data read

Clear all RXPRn bits of mailbox for which
receive interrupt requests are enabled

by MBIMR

Transmission of data frame corresponding
to remote frame

IRR1 = 0 IRR2 = 0, IRR1 = 0

No

: Settings by user

: Processing by hardware

Figure 15.9   Reception Flowchart



Section 16   A/D Converter

Rev. 5.00  Jan 10, 2006  page 591 of 1042
REJ09B0275-0500

16.1.3 Pin Configuration

Table 16.1 summarizes the input pins used by the A/D converter.

The AVCC and AVSS pins are the power supply pins for the analog block in the A/D converter.
The Vref pin is the A/D conversion reference voltage pin.

The 16 analog input pins are divided into two channel sets and two groups, with analog input pins
0 to 7 (AN0 to AN7) comprising channel set 0, analog input pins 8 to 15 (AN8 to AN15)
comprising channel set 1, analog input pins 0 to 3 and 8 to 11 (AN0 to AN3, AN8 to AN11)
comprising group 0, and analog input pins 4 to 7 and 12 to 15 (AN4 to AN7, AN12 to AN15)
comprising group 1.

Table 16.1 A/D Converter Pins

Pin Name Symbol I/O Function

Analog power supply pin AVCC Input Analog block power supply

Analog ground pin AVSS Input Analog block ground and reference voltage

Reference voltage pin Vref Input A/D conversion reference voltage

Analog input pin 0 AN0 Input Channel set 0 (CH3 = 0) group 0 analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Channel set 0 (CH3 = 0) group 1 analog inputs

Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

Analog input pin 8 AN8 Input Channel set 1 (CH3 = 1) group 0 analog inputs

Analog input pin 9 AN9 Input

Analog input pin 10 AN10 Input

Analog input pin 11 AN11 Input

Analog input pin 12 AN12 Input Channel set 1 (CH3 = 1) group 1 analog inputs

Analog input pin 13 AN13 Input

Analog input pin 14 AN14 Input

Analog input pin 15 AN15 Input

A/D external trigger input
pin

ADTRG Input External trigger input for starting A/D conversion
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•  Before branching to the programming control program (RAM area H'FFC000), the chip
terminates transmit and receive operations by the on-chip SCI (channel 2) (by clearing the RE
and TE bits in SCR to 0), but the adjusted bit rate value remains set in BRR. The transmit data
output pin, TxD2, goes to the high-level output state (PA1DDR = 1, PA1DR = 1).

The contents of the CPU’s internal general registers are undefined at this time, so these
registers must be initialized immediately after branching to the programming control program.
In particular, since the stack pointer (SP) is used implicitly in subroutine calls, etc., a stack area
must be specified for use by the programming control program.

The initial values of other on-chip registers are not changed.

•  Boot mode can be entered by making the pin settings shown in table 19.6 and executing a
reset-start.

Boot mode can be cleared by driving the reset pin low, waiting at least 20 states, then setting
the FWE pin and mode pins, and executing reset release*1. Boot mode can also be cleared by a
WDT overflow reset.

Do not change the mode pin input levels in boot mode, and do not drive the FWE pin low
while the boot program is being executed or while flash memory is being programmed or
erased*2.

•  If the mode pin input levels are changed (for example, from low to high) during a reset, the
state of ports with multiplexed address functions and bus control output pins (AS, RD, HWR)
will change according to the change in the microcomputer’s operating mode*3.

Therefore, care must be taken to make pin settings to prevent these pins from becoming output
signal pins during a reset, or to prevent collision with signals outside the microcomputer.

Notes: 1. Mode pin and FWE pin input must satisfy the mode programming setup time (tMDS = 4
states) with respect to the reset release timing.

2. For further information on FWE application and disconnection, see section 19.13,
Flash Memory Programming and Erasing Precautions.

3. See appendix D, Pin States.

19.6.2 User Program Mode

When set to user program mode, the chip can program and erase its flash memory by executing a
user program/erase control program. Therefore, on-board reprogramming of the on-chip flash
memory can be carried out by providing on-board means of FWE control and supply of
programming data, and storing a program/erase control program in part of the program area as
necessary.
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To select user program mode, select a mode that enables the on-chip flash memory (mode 6 or 7),
and apply a high level to the FWE pin. In this mode, on-chip supporting modules other than flash
memory operate as they normally would in modes 6 and 7.

The flash memory itself cannot be read while the SWE1 bit is set to 1 to perform programming or
erasing, so the control program that performs programming and erasing should be run in on-chip
RAM or external memory. If the program is to be located in external memory, the instruction for
writing to flash memory, and the following instruction, should be placed in on-chip RAM.

Figure 19.9 shows the procedure for executing the program/erase control program when
transferred to on-chip RAM.

Clear FWE*

FWE = high*

Branch to flash memory application
program

Branch to program/erase control
program in RAM area

Execute program/erase control
program (flash memory rewriting)

Transfer program/erase control
program to RAM

MD2, MD1, MD0 = 110, 111
 Reset-start

Write the FWE assessment program and 
transfer program (and the program/erase 
control program if necessary) beforehand

Notes: Do not apply a constant high level to the FWE pin. Apply a high level to the FWE pin 
only when the flash memory is programmed or erased. Also, while a high level is 
applied to the FWE pin, the watchdog timer should be activated to prevent 
overprogramming or overerasing due to program runaway, etc.

   * For further information on FWE application and disconnection, see section 19.13,  
 Flash Memory Programming and Erasing Precautions.

Figure 19.9   User Program Mode Execution Procedure
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Crystal Resonator: Figure 20.3 shows the equivalent circuit of the crystal resonator. Use a crystal
resonator that has the characteristics shown in table 20.3. The crystal resonator frequency should
not exceed 20 MHz.

XTAL

CL

AT-cut parallel-resonance type

EXTAL

C0

L Rs

Figure 20.3   Crystal Resonator Equivalent Circuit

Table 20.3 Crystal Resonator Parameters

Frequency (MHz) 4 8 12 16 20

RS max (Ω) 120 80 60 50 40

C0 max (pF) 7 7 7 7 7

Note on Board Design: When a crystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 20.4.

When designing the board, place the crystal resonator and its load capacitors as close as possible
to the XTAL and EXTAL pins.

CL2

Signal A Signal B

CL1

H8S/2626 Group or
H8S/2623 Group

XTAL

EXTAL

Avoid

Figure 20.4   Example of Incorrect Board Design
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(6)  Branch Instructions
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TIER5—Timer Interrupt Enable Register 5 H'FEA4 TPU5

Bit

Initial value

Read/Write

:

:

:

7

TTGE

0

R/W

6

—

1

—

5

TCIEU

0

R/W

4

TCIEV

0

R/W

3

—

0

—

2

—

0

—

1

TGIEB

0

R/W

0

TGIEA

0

R/W

0 Interrupt requests (TGIA) 
by TGFA bit disabled

Interrupt requests (TGIA) 
by TGFA bit enabled

TGI interrupt enable A

1

0 Interrupt requests (TGIB)
by TGFB bit disabled

Interrupt requests (TGIB) 
by TGFB bit enabled

TGI interrupt enable B

1

0 Interrupt requests (TCIV) by TCFV disabled

Interrupt requests (TCIV) by TCFV enabled

Overflow interrupt enable

1

0 A/D conversion start request generation disabled

A/D conversion start request generation enabled

A/D conversion start request enable

1

0 Interrupt requests (TCIU) by TCFU disabled

Interrupt requests (TCIU) by TCFU enabled

Underflow interrupt enable

1
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TIOR0H—Timer I/O Control Register 0H H'FF12 TPU0

Bit

Initial value

Read/Write

:

:

:

7

IOB3

0

R/W

6

IOB2

0

R/W

5

IOB1

0

R/W

4

IOB0

0

R/W

3

IOA3

0

R/W

2

IOA2

0

R/W

1

IOA1

0

R/W

0

IOA0

0

R/W

0 0

TGR0A I/O control

0 0

1

TGR0A 
is output 
compare 
register1 0

1

1 0 0

1

1 0

1

01 0 0 TGR0A 
is input 
capture 
register

1

1 *

Output disabled

Initial output is 
1 output

Output disabled

Initial output is 
0 output

Capture input 
source is 
TIOCA0 pin

0 output at compare match

1 output at compare match

Toggle output at compare match

*: Don’t care

0 output at compare match

1 output at compare match

Toggle output at compare match

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

* *1 Capture input 
source is channel 
1/count clock

Input capture at TCNT1count-up/ 
count-down

0 0

TGR0B I/O control

0 0

1

TGR0B 
is output 
compare 
register1 0

1

1 0 0

1

1 0

1

01 0 0 TGR0B 
is input 
capture 
register

1

1 *

Output disabled

Initial output is 
1 output

Output disabled

Initial output is 
0 output

Capture input 
source is 
TIOCB0 pin

0 output at compare match

1 output at compare match

Toggle output at compare match

*: Don’t care

0 output at compare match

1 output at compare match

Toggle output at compare match

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

* *1 Capture input 
source is channel 
1/count clock

Input capture at TCNT1 count-up/ 
count-down*1

Note: 1. When bits TPSC2 to TPSC0 in TCR1 are set to B'000 and ø/1 is used as 
the TCNT1 count clock, this setting is invalid and input capture is not 
generated.


