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Welcome to E-XFL.COM

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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1.3 Pin Descriptions

1.3.1 Pin Arrangement

Figures 1.3 and 1.4 show pin arrangements of the H8S/2623 Group and H8S/2626 Group.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26

Top view
(FP-100B)

P
13

/P
O

11
/T

IO
C

D
0/

T
C

LK
B

/A
23

P
14

/P
O

12
/T

IO
C

A
1/

IR
Q

0

P
15

/P
O

13
/T

IO
C

B
1/

T
C

LK
C

P
16

/P
O

14
/T

IO
C

A
2/

IR
Q

1

P
17

/P
O

15
/T

IO
C

B
2/

T
C

LK
D

V
C

C
H

T
xD

V
S

S
H

R
xD

P
E

0/
D

0
P

E
1/

D
1

P
E

2/
D

2
P

E
3/

D
3

P
E

4/
D

4
V

S
S

P
E

5/
D

5
P

V
C

C
1

P
E

6/
D

6
P

E
7/

D
7

P
D

0/
D

8
P

D
1/

D
9

P
D

2/
D

10
P

D
3/

D
11

P
D

4/
D

12
P

D
5/

D
13

PA4
PA3/A19/SCK2
PA2/A18/RxD2
PA1/A17/TxD2
PA0/A16
PB7/A15/TIOCB5
PB6/A14/TIOCA5
PB5/A13/TIOCB4
PB4/A12/TIOCA4
PB3/A11/TIOCD3
PB2/A10/TIOCC3
PVCC2
PB1/A9/TIOCB3
VSS
PB0/A8/TIOCA3
PC7/A7
PC6/A6
PC5/A5/SCK1/IRQ5

PC4/A4/RxD1
PC3/A3/TxD1
PC2/A2/SCK0/IRQ4

PC1/A1/RxD0
PC0/A0/TxD0
PD7/D15
PD6/D14

P
F

0/
B

R
E

Q
/IR

Q
2

P
F

1/
B

A
C

K

P
F

2/
W

A
IT

/B
R

E
Q

O

P
F

3/
L
W

R
/A

D
T

R
G

/IR
Q

3

P
F

4/
H

W
R

P
F

5/
P

D

P
F

6/
A

S

P
F

7/
φ

F
W

E
E

X
T

A
L

V
S

S
X

T
A

L
V

C
C

S
T

B
Y

N
M

I
R

E
S

P
LL

V
C

C
P

LL
C

A
P

P
LL

V
S

S
M

D
2

M
D

1
V

S
S

M
D

0
P

V
C

C
3

P
A

5

AVCC
Vref

P40/AN0
P41/AN1
P42/AN2
P43/AN3
P44/AN4
P45/AN5
P46/AN6
P47/AN7
P90/AN8
P91/AN9

P92/AN10
P93/AN11
P94/AN12
P95/AN13
P96/AN14
P97/AN15

AVSS
VSS

WDTOVF

PVCC4
P10/PO8/TIOCA0/A20
P11/PO9/TIOCB0/A21

P12/PO10/TIOCC0/TCLKA/A22

Figure 1.3   Pin Arrangement (FP-100B: Top View) (H8S/2623 Group)
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Type Instruction Size*1 Function

TRAPA — Starts trap-instruction exception handling.

RTE — Returns from an exception-handling routine.

System
control
instructions

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

LDC B/W (EAs) → CCR, (EAs) → EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

STC B/W CCR → (EAd), EXR → (EAd)

Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.

ANDC B CCR ∧  #IMM → CCR, EXR ∧  #IMM → EXR

Logically ANDs the CCR or EXR contents with
immediate data.

ORC B CCR ∨  #IMM → CCR, EXR ∨  #IMM → EXR

Logically ORs the CCR or EXR contents with immediate
data.

XORC B CCR ⊕  #IMM → CCR, EXR ⊕  #IMM → EXR

Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP — PC + 2 → PC

Only increments the program counter.
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SAR or
DAR
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·
·
·

Figure 8.8   Memory Mapping in Block Transfer Mode
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Figure 10.8 illustrates periodic counter operation.

TCNT value

TGR

H'0000

CST bit

TGF

Time

Counter cleared by TGR 
compare match

Flag cleared by software or
DTC activation

Figure 10.8   Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

•  Example of setting procedure for waveform output by compare match

Figure 10.9 shows an example of the setting procedure for waveform output by compare match

Select waveform output mode

Output selection

Set output timing

Start count operation

<Waveform output>

[1]

[2]

[3]

[1]  Select initial value 0 output or 1 output, and
 compare match output value 0 output, 1 output,
 or toggle output, by means of TIOR. The set
 initial value is output at the TIOC pin until the
 first compare match occurs.

[2] Set the timing for compare match generation in
 TGR.

[3] Set the CST bit in TSTR to 1 to start the count
 operation.

Figure 10.9   Example of Setting Procedure for Waveform Output by Compare Match
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12.3 Operation

12.3.1 Watchdog Timer Operation

To use the WDT as a watchdog timer, set the WT/IT bit in TCSR and TME bit to 1. Software
must prevent TCNT overflows by rewriting the TCNT value (normally be writing H'00) before
overflows occurs. This ensures that TCNT does not overflow while the system is operating
normally. If TCNT overflows without being rewritten because of a system crash or other error, in
the WDT0 the WDTOVF signal is output. This is shown in figure 12.4 (a). This WDTOVF signal
can be used to reset the system. The WDTOVF signal is output for 132 states when RSTE = 1, and
for 130 states when RSTE = 0.

If TCNT overflows when 1 is set in the RSTE bit in RSTCSR, a signal that resets the chip
internally is generated at the same time as the WDTOVF signal. This reset can be selected as a
power-on reset or a manual reset, depending on the setting of the RSTS bit in RSTCSR. The
internal reset signal is output for 518 states.

If a reset caused by a signal input to the RES pin occurs at the same time as a reset caused by a
WDT overflow, the RES pin reset has priority and the WOVF bit in RSTCSR is cleared to 0.

In the case of  WDT1, the chip is reset, or an NMI interrupt request is generated, for 516 system
clock periods (516φ) (515 or 516 states when the clock source is φSUB (PSS = 1)).  This is
illustrated in figure 12.4 (b).

An NMI request from the watchdog timer and an interrupt request from the NMI pin are both
treated as having the same vector.  So, avoid handling an NMI request from the watchdog timer
and an interrupt request from the NMI pin at the same time.
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13.1.3 Pin Configuration

Table 13.1 shows the serial pins for each SCI channel.

Table 13.1 SCI Pins

Channel Pin Name Symbol* I/O Function

0 Serial clock pin 0 SCK0 I/O SCI0 clock input/output

Receive data pin 0 RxD0 Input SCI0 receive data input

Transmit data pin 0 TxD0 Output SCI0 transmit data output

1 Serial clock pin 1 SCK1 I/O SCI1 clock input/output

Receive data pin 1 RxD1 Input SCI1 receive data input

Transmit data pin 1 TxD1 Output SCI1 transmit data output

2 Serial clock pin 2 SCK2 I/O SCI2 clock input/output

Receive data pin 2 RxD2 Input SCI2 receive data input

Transmit data pin 2 TxD2 Output SCI2 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.
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Bit 5

PE Description

0 Parity bit addition and checking disabled  (Initial value)

1 Parity bit addition and checking enabled*

Note: * When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity
(even or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/EEEE): Selects either even or odd parity for use in parity addition and
checking.

The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. The O/E bit setting is invalid in clocked synchronous mode,
when parity addition and checking is disabled in asynchronous mode, and when a multiprocessor
format is used.

Bit 4

O/EEEE Description

0 Even parity*1  (Initial value)

1 Odd parity*2

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character  plus the parity bit is odd.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.

Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP bits setting is only valid in asynchronous mode. If clocked synchronous mode is set the
STOP bit setting is invalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit: In transmission, a single 1 bit (stop bit) is added to the end
of a transmit character before it is sent.  (Initial value)

1 2 stop bits: In transmission, two 1 bits (stop bits) are added to the end of a transmit
character before it is sent.
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17.2.3 Module Stop Control Register C (MSTPCRC)

Bit : 7 6 5 4 3 2 1 0

MSTPC7 MSTPC6 MSTPC5 MSTPC4 MSTPC3 MSTPC2 MSTPC1 MSTPC0

Initial value : 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

MSTPCRC is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPC5 bit is set to 1, D/A converter operation is stopped at the end of the bus cycle,
and module stop mode is entered. Register read/write accesses are not possible in module stop
mode. For details, see section 21B.5, Module Stop Mode.

MSTPCRC is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 5—Module Stop (MSTPC5): Specifies module stop mode for the D/A converter (channels 2
and 3).

Bit 5

MSTPC5 Description

0 D/A converter (channels 2 and 3) module stop mode is cleared

1 D/A converter (channels 2 and 3) module stop mode is set (Initial value)

17.3 Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion
independently.

D/A conversion is performed constantly while enabled in DACR23. If the DADR2 or DADR3
value is modified, conversion of the new data begins immediately. The conversion results are
output when bits DAOE0 and DAOE1 are set to 1.

An example of D/A conversion on channel 2 is given below. The timing is shown in figure 17.2.

1. Data to be converted is written in DADR2.

2. Bit DAOE0 is set to 1 in DACR23. D/A conversion starts and DA2 becomes an output pin.
The conversion result is output after the conversion time. The output value is (DADR2
contents/256) × Vref. Output of this conversion result continues until the value in DADR2 is
modified or the DAOE0 bit is cleared to 0.
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Note:  If a memory cell does not operate normally and cannot be erased, one H'FF byte is 
transmitted as an erase error, and the erase operation and subsequent operations 
are halted.

Start

Set pins to boot mode
and execute reset-start

Host transfers data (H'00)
continuously at prescribed bit rate

LSI measures low period
of H'00 data transmitted by host

LSI calculates bit rate and
sets value in bit rate register

After bit rate adjustment, LSI 
transmits one H'00 data byte to

host to indicate end of adjustment

Host confirms normal reception
of bit rate adjustment end 

indication (H'00), and transmits
one H'55 data byte

After receiving H'55,
LSI transmits one H'AA

data byte to host

Host transmits number
of programming control program 

bytes (N), upper byte followed
by lower byte

LSI transmits received
number of bytes to host as verify

data (echo-back)

n = 1

Host transmits programming control
program sequentially in byte units

LSI transmits received
programming control program to
host as verify data (echo-back)

Transfer received programming
control program to on-chip RAM

n = N?
No

Yes

End of transmission

Check flash memory data, and
if data has already been written,

erase all blocks

After confirming that all flash
memory data has been erased,

LSI transmits one H'AA data
byte to host

Execute programming control
program transferred to on-chip RAM

n + 1 → n

Figure 19.7   Boot Mode Execution Procedure
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Figure 19.13 shows the flash memory state transition diagram.

RD VF PR ER FLER = 0

Error
occurrence

RES = 0 or HSTBY = 0

RES = 0 or
HSTBY = 0

RD VF PR ER FLER = 0

Program mode
Erase mode

Reset or standby
(hardware protection)

RD VF PR ER FLER = 1 RD VF PR ER FLER = 1

Error protection mode
Error protection mode

 (software standby)
Software
standby mode

FLMCR1, FLMCR2, EBR1, EBR2   
initialization state

FLMCR1, FLMCR2, 
EBR1, EBR2 
initialization state

Software standby 
mode release

RD: Memory read possible
VF: Verify-read possible
PR: Programming possible 
ER: Erasing possible

RD: Memory read not possible
VF: Verify-read not possible
PR: Programming not possible
ER: Erasing not possible

Legend:

RES = 0 or 
HSTBY = 0Error occurrence

(software standby)

Figure 19.13   Flash Memory State Transitions
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Table 21B.2   Power-Down Mode Transition Conditions

Status of Control Bit at
Transition

Pre-Transition
State SSBY PSS LSON DTON

State After Transition
Invoked by SLEEP
Command

State After Transition
Back from Power-Down
Mode Invoked by
Interrupt

0 * 0 * Sleep High-speed/Medium-speedHigh-speed/
Medium-speed 0 * 1 * — —

1 0 0 * Software standby High-speed/Medium-speed

1 0 1 * — —

1 1 0 0 Watch High-speed

1 1 1 0 Watch Sub-active

1 1 0 1 — —

1 1 1 1 Sub-active —

Sub-active 0 0 * * — —

0 1 0 * — —

0 1 1 * Sub-sleep Sub-active

1 0 * * — —

1 1 0 0 Watch High-speed

1 1 1 0 Watch Sub-active

1 1 0 1 High-speed —

1 1 1 1 — —

Legend:
—: Do not set.

*: Don’t care
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Table 22.3 Permissible Output Currents — Preliminary —

Conditions: VCC = PLLVCC = 3.0 V to 3.6 V, PVCC = 4.5 V to 5.5 V, AVCC = 4.5 V to 5.5 V,
Vref = 4.5 V to AVCC, VSS = AVSS = 0 V, Ta = –20°C to +75°C (regular specifications),
Ta = –40°C to +85°C (wide-range specifications)*

Item Symbol Min Typ Max Unit

Permissible output
low current (per pin)

All output
pins

PVCC = 4.5 V to 5.5 V IOL — — 10 mA

Permissible output
low current (total)

Total of all
output pins

PVCC = 4.5 V to 5.5 V ∑ IOL — — 100 mA

Permissible output
high current (per pin)

All output
pins

PVCC = 4.5 V to 5.5 V –IOH — — 2.0 mA

Permissible output
high current (total)

Total of all
output pins

PVCC = 4.5 V to 5.5 V ∑ –IOH — — 30 mA

Note: * To protect chip reliability, do not exceed the output current values in table 22.3.

22.3 AC Characteristics

Figure 22.1 show, the test conditions for the AC characteristics.

3V

RL

RHC

LSI output pin

C = 50 pF: Ports 10 to 13, A to F
 (In case of expansion bus control signal output pin setting)
C = 30 pF: All ports
RL = 2.4 kΩ
RH = 12 kΩ
Input/output timing measurement levels
•  Low level  : 0.8 V 
•  High level  : 2.0 V

Figure 22.1   Output Load Circuit
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SCR0—Serial Control Register 0 H'FF7A Smart Card Interface

Bit

Initial value

Read/Write

:

:

:

7

TIE

0

R/W

6

RIE

0

R/W

5

TE

0

R/W

4

RE

0

R/W

3

MPIE

0

R/W

2

TEIE

0

R/W

1

CKE1

0

R/W

0

CKE0

0

R/W

SCMR
SCK Pin Function

See the SCI specification

Clock enable

SMIF
0

1

C/A, GM

0

1

CKE1

0

1

CKE0

0

1

0

1

0

1

SMR SCR Setting

Operates as port I/O pin

Outputs clock as SCK 
output pin
Operates as SCK output 
pin, with output fixed low
Outputs clock as SCK 
output pin
Operates as SCK output 
pin, with output fixed high
Outputs clock as SCK 
output pin

0 Transmit end interrupt (TEI) request disabled
Transmit end interrupt (TEI) request enabled

Transmit end interrupt enable

1

0 Multiprocessor interrupts disabled
[Clearing conditions]
•  When the MPIE bit is cleared to 0
•  When data with MPB = 1 is received
Multiprocessor interrupts enabled
Receive interrupt (RXI) requests, receive error interrupt (ERI) 
requests, and setting of the RDRF, FER, and ORER flags in 
SSR are disabled until data with the multiprocessor bit set to 
1 is received

Multiprocessor interrupt enable

1

0 Reception disabled
Reception enabled

Receive enable

1

0 Transmission disabled
Transmission enabled

Transmit enable

1

0 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request disabled
Receive data full interrupt (RXI) request and receive error interrupt (ERI) request enabled

Receive interrupt enable

1

0 Transmit data empty interrupt (TXI) request disabled
Transmit data empty interrupt (TXI) request enabled

Transmit interrupt enable

1

Note: For details of how to clear interrupt requests, see section 13.2.6, Serial Control Register (SCR).
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SMR2—Serial Mode Register 2 H'FF88 Smart Card Interface

Bit

Initial value

Read/Write

:

:

:

7

GM

0

R/W

6

BLK

0

R/W

5

PE

0

R/W

4

O/E

0

R/W

3

BCP1

0

R/W

2

BCP0

0

R/W

1

CKS1

0

R/W

0

CKS0

0

R/W

0 0 φ clock

φ/4 clock

φ/16 clock

φ/64 clock

Clock select

1

1 0

1

0 Even parity*1

Odd parity*2

Parity mode

1

0 Parity bit addition and checking disabled

Parity bit addition and checking enabled

Parity enable

1

0 Normal smart card interface mode operation
•  Error signal transmission/detection and automatic data retransmission performed
•  TXI interrupt generated by TEND flag
•  TEND flag set 12.5 etu after start of transmission (11.0 etu in GSM mode)

Block transfer mode operation
•  Error signal transmission/detection and automatic data retransmission not performed
•  TXI interrupt generated by TDRE flag
•  TEND flag set 11.5 etu after start of transmission (11.0 etu in GSM mode)

Block transfer mode

1

0 Normal smart card interface mode operation
•  TEND flag generation 12.5 etu (11.5 etu in block transfer mode) after beginning of start bit
•  Clock output on/off control only

GSM mode smart card interface mode operation
•  TEND flag generation 11.0 etu after beginning of start bit
•  High/low fixing control possible in addition to clock output on/off control (set by SCR)

GSM mode

1

Note: 

0 0 32 clock periods

64 clock periods

372 clock periods

256 clock periods

Basic clock pulse

1

1 0

1

etu: Elementary Time Unit (time for transfer of 1 bit)

Notes: 1. When even parity is set, parity bit addition is performed in 
transmission so that the total number of 1 bits in the transmit 
character plus the parity bit is even.

  In reception, a check is performed to see if the total number 
of 1 bits in the receive character plus the parity bit is even.

 2. When odd parity is set, parity bit addition is performed in 
transmission so that the total number of 1 bits in the transmit 
character  plus the parity bit is odd.

  In reception, a check is performed to see if the total number 
of 1 bits in the receive character plus the parity bit is odd.

Note: When the smart card interface is used, be sure to make the 1 setting.
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Mode 6

PWM output
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enable

Legend:
WDDRC: Write to PCDDR
WDRC: Write to PCDR
WODRC: Write to PCODR
WPCRC: Write to PCPCR
RDRC: Read PCDR
RPORC: Read port C
RODRC: Read PCODR
RPCRC: Read PCPCR

Notes: n = 6 or 7
 1.  Output enable signal
 2.  Open drain control signal

Figure C.6 (d)   Port C Block Diagram (Pins PC6 and PC7)
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WDDRF: Write to PFDDR 
WDRF: Write to PFDR
RDRF: Read PFDR
RPORF: Read port F

Figure C.9 (f)   Port F Block Diagram (Pin PF4)
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Appendix G   Package Dimensions

Figure G.1 shows the FP-100B package dimensions of the H8S/2626 Group and H8S/2623 Group.

NOTE)
1. DIMENSIONS"*1"AND"*2"

DO NOT INCLUDE MOLD FLASH
2. DIMENSION"*3"DOES NOT

INCLUDE TRIM OFFSET.
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Figure G.1   FP-100B Package Dimensions


