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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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10.  I/O Map

Address Register 
Abbreviation Register Read/

Write Resource Initial Value

000000H  (Reserved area) *

000001H PDR1 Port 1 data register R/W Port 1 XXXXXXXXB

000002H PDR2 Port 2 data register R/W Port 2 XXXXXXXXB

000003H PDR3 Port 3 data register R/W Port 3 XXXXXXXXB

000004H PDR4 Port 4 data register R/W Port 4 XXXXXXXXB

000005H PDR5 Port 5 data register R/W Port 5 XXXXXXXXB

000006H

 to 
000010H

 (Reserved area) *

000011H DDR1 Port 1 direction data register R/W Port 1 00000000B

000012H DDR2 Port 2 direction data register R/W Port 2 00000000B

000013H DDR3 Port 3 direction data register R/W Port 3 000X0000B

000014H DDR4 Port 4 direction data register R/W Port 4 XXX00000B

000015H DDR5 Port 5 direction data register R/W Port 5 00000000B

000016H

 to 
00001AH

 (Reserved area) *

00001BH ADER Analog input permission register R/W 8/10-bit A/D 
converter

11111111B

00001CH to 
000025H

 (Reserved area) *

000026H SMR1 Serial mode register 1 R/W UART1 00000000B

000027H SCR1 Serial control register 1 R/W, W 00000100B

000028H SIDR1/
SODR1

Serial input data register 1/ Serial output 
data register 1

R, W XXXXXXXXB

000029H SSR1 Serial status data register 1 R, R/W 00001000B

00002AH  (Reserved area) *

00002BH CDCR1 Communication prescaler control 
register 1

R/W UART1 0XXX0000B

00002CH to 
00002FH

 (Reserved area) *

000030H ENIR DTP/External interrupt permission 
register

R/W DTP/External 
interrupt

00000000B

000031H EIRR DTP/External interrupt permission 
register

R/W XXXXXXXXB

000032H ELVR Detection level setting register R/W 00000000B

000033H R/W 00000000B

000034H ADCS A/D control status register R/W 8/10-bit A/D 
converter

00000000B

000035H R/W, W 00000000B

000036H ADCR A/D data register W, R XXXXXXXXB

000037H R 00101XXXB
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000038H

 to 
00003FH

 (Reserved area) *

000040H PPGC0 PPG0 operation mode control register R/W, W 8/16-bit PPG timer 0/
1

0X000XX1B

000041H PPGC1 PPG1 operation mode control register R/W, W 0X000001B

000042H PPG01 PPG0/1 count clock selection register R/W 000000XXB

000043H  (Reserved area) *

000044H PPGC2 PPG2 operation mode control register R/W, W 8/16-bit PPG timer 2/
3

0X000XX1B

000045H PPGC3 PPG3 operation mode control register R/W, W 0X000001B

000046H PPG23 PPG2/3 count clock selection register R/W 000000XXB

000047H to 
00004FH

 (Reserved area) *

000050H IPCP0 Input capture data register 0 R 16-bit input/output 
timer

XXXXXXXXB

000051H XXXXXXXXB

000052H IPCP1 Input capture data register 1 R XXXXXXXXB

000053H XXXXXXXXB

000054H ICS01 Input capture control status register R/W 00000000B

000055H ICS23 00000000B

000056H TCDT Timer counter data register R/W 00000000B

000057H 00000000B

000058H TCCS Timer counter control status register R/W 00000000B

000059H  (Reserved area) *

00005AH IPCP2 Input capture data register 2 R 16-bit input/output 
timer

XXXXXXXXB

00005BH XXXXXXXXB

00005CH IPCP3 Input capture data register 3 R XXXXXXXXB

00005DH XXXXXXXXB

00005EH to 
000065H

 (Reserved area) *

000066H TMCSR0 Timer control status register R/W 16-bit reload timer 0 00000000B

000067H R/W XXXX0000B

000068H TMCSR1 R/W 16-bit reload timer 1 00000000B

000069H R/W XXXX0000B

00006AH to 
00006EH

 (Reserved area) *

00006FH ROMM ROM mirroring function selection register W ROM mirroring 
function selection 
module

XXXXXXX1B

000070H

 to 
00007FH

 (Reserved area) *

000080H BVALR Message buffer enabling register R/W CAN controller 00000000B

000081H  (Reserved area) *

000082H TREQR Send request register R/W CAN controller 00000000B

Address Register 
Abbreviation Register Read/

Write Resource Initial Value
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0000B0H ICR00 Interrupt control register 00 R/W Interrupt controller 00000111B

0000B1H ICR01 Interrupt control register 01 00000111B

0000B2H ICR02 Interrupt control register 02 00000111B

0000B3H ICR03 Interrupt control register 03 00000111B

0000B4H ICR04 Interrupt control register 04 00000111B

0000B5H ICR05 Interrupt control register 05 00000111B

0000B6H ICR06 Interrupt control register 06 00000111B

0000B7H ICR07 Interrupt control register 07 00000111B

0000B8H ICR08 Interrupt control register 08 00000111B

0000B9H ICR09 Interrupt control register 09 00000111B

0000BAH ICR10 Interrupt control register 10 00000111B

0000BBH ICR11 Interrupt control register 11 00000111B

0000BCH ICR12 Interrupt control register 12 00000111B

0000BDH ICR13 Interrupt control register 13 00000111B

0000BEH ICR14 Interrupt control register 14 00000111B

0000BFH ICR15 Interrupt control register 15 00000111B

0000C0H

 to 
0000FFH

 (Reserved area) *

001FF0H PADR0 Detection address setting register 0 
(low-order)

R/W Address matching 
detection function

XXXXXXXXB

001FF1H Detection address setting register 0 
(middle-order)

XXXXXXXXB

001FF2H Detection address setting register 0 
(high-order)

XXXXXXXXB

001FF3H PADR1 Detection address setting register 1 
(low-order)

R/W XXXXXXXXB

001FF4H Detection address setting register 1 
(middle-order)

XXXXXXXXB

001FF5H Detection address setting register 1 
(high-order)

XXXXXXXXB

003900H TMR0/
TMRLR0

16-bit timer register 0/16-bit reload 
register

R,W 16-bit reload timer 0 XXXXXXXXB

003901H XXXXXXXXB

003902H TMR1/
TMRLR1

16-bit timer register 1/16-bit reload 
register

R,W 16-bit reload timer 1 XXXXXXXXB

003903H XXXXXXXXB

003904H

 to 
00390FH

 (Reserved area) *

Address Register 
Abbreviation Register Read/

Write Resource Initial Value
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003C38H, 
003C39H

DLCR4 DLC register 4 R/W CAN controller XXXXXXXXB, 
XXXXXXXXB

003C3AH, 
003C3BH

DLCR5 DLC register 5 R/W XXXXXXXXB, 
XXXXXXXXB

003C3CH, 
003C3DH

DLCR6 DLC register 6 R/W XXXXXXXXB, 
XXXXXXXXB

003C3EH, 
003C3FH

DLCR7 DLC register 7 R/W XXXXXXXXB, 
XXXXXXXXB

003C40H

 to 
003C47H

DTR0 Data register 0 R/W XXXXXXXXB

 to 
XXXXXXXXB

003C48H

 to 
003C4FH

DTR1 Data register 1 R/W XXXXXXXXB

 to 
XXXXXXXXB

003C50H

 to 
003C57H

DTR2 Data register 2 R/W XXXXXXXXB

 to 
XXXXXXXXB

003C58H

 to 
003C5FH

DTR3 Data register 3 R/W XXXXXXXXB

 to 
XXXXXXXXB

003C60H

 to 
003C67H

DTR4 Data register 4 R/W XXXXXXXXB

 to 
XXXXXXXXB

003C68H

 to 
003C6FH

DTR5 Data register 5 R/W XXXXXXXXB

 to 
XXXXXXXXB

003C70H

 to 
003C77H

DTR6 Data register 6 R/W XXXXXXXXB

 to 
XXXXXXXXB

003C78H

 to 
003C7FH

DTR7 Data register 7 R/W XXXXXXXXB

 to 
XXXXXXXXB

003C80H

 to 
003CFFH

 (Reserved area) *

003D00H, 
003D01H

CSR Control status register R/W, R CAN controller 0XXXX001B, 
00XXX000B

003D02H LEIR Last event display register R/W 000XX000B

003D03H  (Reserved area) *

003D04H, 
003D05H

RTEC Send/receive error counter R CAN controller 00000000B, 
00000000B

003D06H, 
003D07H

BTR Bit timing register R/W 11111111B, 
X1111111B

003D08H IDER IDE register R/W XXXXXXXXB

003D09H  (Reserved area) *

003D0AH TRTRR Send RTR register R/W CAN controller 00000000B

003D0BH  (Reserved area) *

003D0CH RFWTR Remote frame receive wait register R/W CAN controller XXXXXXXXB

Address Register 
Abbreviation Register Read/

Write Resource Initial Value
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11.  Interrupt Sources, Interrupt Vectors, And Interrupt Control Registers

Interrupt Source EI2OS
Readiness

Interrupt Vector Interrupt Control Register
Priority*3

Number Address ICR Address

Reset #08 08H FFFFDCH   High

INT 9 instruction #09 09H FFFFD8H   

Exceptional treatment #10 0AH FFFFD4H  

CAN controller reception completed 
(RX)

´ #11 0BH FFFFD0H ICR00 0000B0H*1

CAN controller transmission 
completed (TX) / Node status 
transition (NS)

´ #12 0CH FFFFCCH

Reserved #13 0DH FFFFC8H ICR01 0000B1H

Reserved #14 0EH FFFFC4H

CAN wakeup  #15 0FH FFFFC0H ICR02 0000B2H*1

Time-base timer #16 10H FFFFBCH

16-bit reload timer 0  #17 11H FFFFB8H ICR03 0000B3H*1

8/10-bit A/D converter  #18 12H FFFFB4H

16-bit free-run timer overflow  #19 13H FFFFB0H ICR04 0000B4H*1

Reserved #20 14H FFFFACH

Reserved #21 15H FFFFA8H ICR05 0000B5H*1

PPG timer ch0, ch1 underflow ´ #22 16H FFFFA4H

Input capture 0-input  #23 17H FFFFA0H ICR06 0000B6H*1

External interrupt (INT4/INT5)  #24 18H FFFF9CH

Input capture 1-input  #25 19H FFFF98H ICR07 0000B7H*2

PPG timer ch2, ch3 underflow ´ #26 1AH FFFF94H

External interrupt (INT6/INT7)  #27 1BH FFFF90H ICR08 0000B8H*1

Watch timer  #28 1CH FFFF8CH

Reserved #29 1DH FFFF88H ICR09 0000B9H*1

Input capture 2-input
Input capture 3-input

´ #30 1EH FFFF84H

Reserved #31 1FH FFFF80H ICR10 0000BAH*1

Reserved #32 20H FFFF7CH

Reserved #33 21H FFFF78H ICR11 0000BBH*1

Reserved #34 22H FFFF74H

Reserved #35 23H FFFF70H ICR12 0000BCH*1 

16-bit reload timer 1 #36 24H FFFF6CH Low




















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12.4  16-bit Input/Output Timer

The 16-bit input/output timer is a compound module composed of 16-bit free-run timer, (1 unit) and input capture (2 units, 4 input pins). 
The timer, using the 16-bit free-run timer as a basis, enables measurement of clock cycle of an input signal and its pulse width.

Configuration of 16-bit Input/Output Timer

The 16-bit input/output timer is composed of the following modules:

■ 16-bit free-run timer (1 unit)

■ Input capture (2 units, 2 input pins per unit)

Functions of 16-bit Input/Output Timer

Functions of 16-bit Free-run Timer

The 16-bit free-run timer is composed of 16-bit up counter, timer counter control status register, and prescaler. The 16-bit up counter 
increments in synchronization with dividing ratio of machine clock.

■ Count clock is set among four types of machine clock dividing rates.

■ Generation of interrupt is allowed by counter value overflow.

■ Activation of expanded intelligent I/O service (EI2OS) is allowed by interrupt generation.

■ Counter value of 16-bit free-run timer is cleared to “0000H” by either resetting or software-clearing with timer count clear bit (TCCS: 
CLR).

■ Counter value of 16-bit free-run timer is output to input capture, which is available as base time for capture operation.

Functions of Input Capture

The input capture, upon detecting an edge of a signal input to the input pin from external device, stores a counter value of 16-bit free-
run timer at the time of detection into the input capture data register. The function includes the input capture data registers corre-
sponding to four input pins, input capture control status register, and edge detection circuit.

■ Rising edge, falling edge, and both edges are selectable for detection.

■ Generating interrupt on CPU is allowed by detecting an edge of input signal.

■ Expanded intelligent I/O service (EI2OS) is activated by interrupt generation.

■ The four input capture input pins and input capture data registers allows monitoring of a maximum of four events.

16-bit Input/Output Timer Block Diagram

Internal data bus

Input capture
Special-

purpose bus
16-bit free-run 

timer
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Input Capture Block Diagram

EG00EG01EG10EG11ICE0ICE1ICP0ICP1

IN1

IN0

2

2

2

2

EG00EG01EG10EG11ICE0ICE1ICP0ICP1

EG00EG01EG10EG11ICE0ICE1ICP0ICP1

IN3

IN2

16-bit free-run timer

Input capture data register 3 (IPCP3)

Input capture data register 2 (IPCP2)

Edge detection 
circuit

Pin

Pin

Input capture control 
status register 
(ICS23)

Input capture 
interrupt request

Input capture control 
status register 
(ICS01)

Input capture data register 1 (IPCP1)Pin

Pin

Edge detection 
circuit

Input capture data register 0 (IPCP0)

Internal data bus
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16-bit Reload Timer Block Diagram

CSL1 CSL0 MOD2 MOD1 OUTLOUTE RELD INTE UF CNTE TRGMOD0

TMR

TMRLR

TOTENTIN

23

3

CLK

CLK

Internal data bus

16-bit reload register
Reload 
control
circuit

Reload signal

16-bit timer register UF

Wait signal

Count clock generation 
circuit

Machine 
clock


Prescaler

Gate 
input

Valid 
clock 

decision 
circuit Output to internal 

peripheral 
functions

Output control
circuit

Internal 
clock

Clear

Pin Pin
Input

control
circuit

Clock 
selector

Output signal 
generation 

circuit

External clock

Select function

Select 
signal Operation control

circuit generation 
circuit

Timer control status register (TMCSR)
Interrupt request 
output
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8/16-bit PPG Timer 0 Block Diagram

PPG0

CLK

R

S Q

PEN0 PE0 PIE0 PUF0

PCS2 PCS0 PCM2 PCM1 PCM0PCS1

3

2

Re-
served

Re-
versed

“H” level side data bus

“L” level side data bus
PPG0 reload 
register PPG0 operation mode control 

register (PPGC0)

Interrupt 
request output*

Operation mode 
control signal

Select 
signalReload register 

L/H selector

PRLH0
(“H” level side)

PRLL0
(“L” level side)

PPG0 temporary 
buffer 0(PRLBH0)

Count start 
value Reload Clear

PPG0 down counter 
(PCNT0)

Underflow

PPG1 underflow
PPG0 underflow
(To PPG1)

Pulse selector

PPG0 
output latch

PPG output control circuit

Pin

Time-base timer output
(512/HCLK)

Peripheral clock (1/)
Peripheral clock (2/)
Peripheral clock (4/)
Peripheral clock (8/)

Peripheral clock (16/)

Count clock 
selector

Select signal

PPG0/1 count clock selection register (PPG01)

 : Undefined
Reserved: Reserved bit
HCLK : Oscillation clock frequency
 : Machine clock frequency
* : Interrupt output of 8/16-bit PPG timer 0 is incorporated into one by the OR circuit against 

interrupt output of 8/16-bit PPG timer 1.
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DTP/External Interrupt/CAN Wakeup Block Diagram

LA4LB4LA5LB5LA6LB6LA7LB7 LA0LB0

EN0EN4EN5EN6EN7

ER0ER4ER5ER6ER7

INT7

INT6

INT5

INT4 RX

Re-
served

Re-
served

Re-
served

Re-
served

Re-
served

Re-
served

Re-
served

Re-
served

Re-
served

Re-
served

Re-
served

Re-
served

Detection level setting register (ELVR)

Level/edge 
selectorPin

Pin

Pin

Pin Pin

DTP/external interrupt input 
detection circuit

Interrupt 
request signal

DTP/external interrupt 
cause register (EIRR)

Interrupt 
request signal

DTP/external interrupt 
permission register (ENIR)

Level/edge 
selector

Level/edge 
selector

Level/edge 
selector

Level/edge 
selector

Internal data bus
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12.12  CAN Controller 

The Controller Area Network (CAN) is a serial communication protocol compliant with CANVer2.0A and Ver2.0B. The
protocol allows data transmission and reception in both standard frame format and expanded frame format.

Features of CAN Controller

■ CAN controller format is compliant with CANVer2.0A and Ver2.0B.

■ The protocol allows data transmission and reception in standard frame format and expanded frame format.

■ Automatic transmission of data frame by remote frame reception is allowed.

■ Baud rate ranges from 10 kbps to 1 Mbps (with 16-MHz machine clock).

■ Provided with 8 transmission/reception message buffers.

■ Transmission/reception is allowed at ID 11 bit in standard format, and at ID 29 bit in expanded frame format.

■ Specifying 0 byte to 8 bytes is allowed in message data.

■ Multi-level message buffer configuration is allowed.

■ CAN controller has two built-in acceptance masks. Mask settings are independently allowed for the two acceptance masks on 
reception IDs.

■ The two acceptance masks allow reception in standard frame format and expanded frame format.

■ For types of masking, all-bit comparison, all-bit masking, and partial masking with acceptance mask register 0/1, are specifiable.

Table 12-5.  Data Transmission Baud Rate

Machine Clock Baud Rate (Max)

16 MHz 1 Mbps

12 MHz 1 Mbps

8 MHz 1 Mbps

4 MHz 500 kbps

2 MHz 250 kbps
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13.4.4  UART Timing

*: Refer to Clock Timing ratings for tCP (internal operation clock cycle time).

Notes:

■ AC Characteristics in CLK synchronous mode.

■ CL is a load capacitance value on pins for testing.

 (VCC  4.5 V to 5.5 V, VSS  0.0 V, TA  40 C to 105 C)

Parameter Symbol Pin Name Conditions
Value

Unit Remarks
Min Max

Serial clock cycle time tSCYC SCK1 Internal shift clock 
mode output pin is: CL 

 80 pF+1TTL.

4 tCP *  ns

SCK   SOT delay time tSLOV SCK1, 
SOT1

80 80 ns

Valid SIN  SCK  tIVSH SCK1, SIN1 100  ns

SCK   valid SIN hold time tSHIX SCK1, SIN1 60  ns

Serial clock “H” pulse width tSHSL SCK1 External shift clock 
mode output pin is: CL 

 80 pF+1TTL.

2 tCP *  ns

Serial clock “L” pulse width tSLSH SCK1 2 tCP *  ns

SCK   SOT delay time tSLOV SCK1, 
SOT1

 150 ns

Valid SIN  SCK  tIVSH SCK1, SIN1 60  ns

SCK   valid SIN hold time tSHIX SCK1, SIN1 60  ns
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13.4.5  Timer Input Timing

*: Refer to Clock Timing ratings for tCP (internal operation clock cycle time).

 (VCC  4.5 V to 5.5 V, VSS  0.0 V, TA  40 C to 105 C)

Parameter Symbol Pin Name Conditions
Value

Unit Remarks
Min Max

Input pulse width tTIWH TIN0, TIN1  4 tCP *  ns

tTIWL IN0 to IN3

 Internal shift clock mode

SCK

SOT

SIN

tSCYC

tSLOV

tIVSH tSHIX

0.8 V 0.8 V

2.4 V

2.4 V

0.8 V

0.8 VCC

0.2 VCC

0.8 VCC

0.2 VCC

 External shift clock mode

SCK

SOT

SIN

tSLSH tSHSL

tSLOV

tIVSH tSHIX

0.2 VCC 0.2 VCC

0.8 VCC 0.8 VCC

2.4 V

0.8 V

0.8 VCC

0.2 VCC

0.8 VCC

0.2 VCC
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13.6  Definition of A/D Converter Terms

(Continued)

Resolution: Analog variation that is recognized by an A/D converter.

Linear error: Deviation between a line across zero-transition line (“00 0000 00 0 0” “00 0000 0001”)
and full-scale transition line (“11 1111 11 1 0”  “11 1111 1111”) and actual conversion characteristics.

Differential linear error: Deviation of input voltage, which is required for changing output code by 1 LSB, from an ideal value.

Total error: Difference between an actual value and an ideal value. A total error includes zero transition error, full-
scale transition error, and linear error.

3FFH

3FEH

3FDH

004H

003H

002H

001H

AVss AVR

1.5 LSB

0.5 LSB

{1 LSB × (N − 1) + 0.5 LSB}

VNT

Total error

Total error of digital output “N”  
VNT  {1 LSB   (N  1)  0.5 LSB}

 [LSB]
1 LSB

1 LSB  (Ideal value) 
AVR  AVSS

 [V]
1024

VOT (Ideal value)  AVSS  0.5 LSB [V]

VFST (Ideal value)  AVR  1.5 LSB [V]

VNT: A voltage at which digital output transits from (N-1)H to NH.

D
ig

ita
l o

u
tp

ut

Actual conversion 
characteristics

(Actually-measured value)

Actual conversion 
characteristics

Analog input

Ideal characteristics
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(Continued)

3FFH
Actual conversion 
characteristics

VNT (actual 
measurement value)

Ideal characteristics

Actual conversion 
characteristics

Actual conversion 
characteristics

Ideal characteristics

3FEH

3FDH

004H

003H

002H

001H

AVss AVR AVss AVR

(N + 1)H

NH

(N − 1)H

(N − 2)H

V (N + 1) T

VOT (actual measurement value) 

VFST (actual 
measurement 
value)

{1 LSB × (N − 1)
 + VOT }

VNT

(actual measurement
value)

Actual conversion 
characteristics

(actual measurement value)

Differential linear errorLinear error

Linear error of digital output N  
VNT  {1 LSB   (N  1)  VOT}

1 LSB
 [LSB]

Differential linear error of digital output N  
V (N  1) T  VNT

1 LSB
 1LSB [LSB]

VFST  VOT

1022
 [V]1 LSB  

VOT: Voltage at which digital output transits from “000H” to “001H.”
VFST: Voltage at which digital output transits from “3FEH” to “3FFH.”
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Analog input Analog input
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13.7  Notes on A/D Converter Section

Use the device with external circuits of the following output impedance for analog inputs:

Recommended output impedance of external circuits are: Approx. 3.9 k or lower (4.5 V  AVcc  5.5 V) (sampling period=2.00 s 
at 16 MHz machine clock), Approx. 11 k or lower (4.0 V  AVcc < 4.5 V) (sampling period=8.0 s at 16 MHz machine clock).

If an external capacitor is used, in consideration of the effect by tap capacitance caused by external capacitors and on-chip capacitors, 
capacitance of the external one is recommended to be several thousand times as high as internal capacitor.

If output impedance of an external circuit is too high, a sampling period for an analog voltage may be insufficient.

About errors

As [AVR-AVss] become smaller, values of relative errors grow larger.

13.8  Flash Memory Program/Erase Characteristics

*: This value comes from the technology qualification (using Arrhenius equation to translate high temperature measurements into 
normalized value at  85 C).

Parameter Conditions
Value

Unit Remarks
Min Typ Max

Sector erase time TA   25 C
VCC  5.0 V

 1 15 s Excludes 00H programming 
prior to erasure

Chip erase time  4  s Excludes 00H programming 
prior to erasure

Word (16-bit width) 
programming time

 16 3,600 s Except for the over head time of 
the system

Program/Erase cycle  10,000   cycle

Flash Data Retention Time Average
TA   85 C

20   Year *

C

R

 Analog input circuit model

Note: Use the values in the figure only as a guideline.

MB90F387/S, MB90387/S
4.5 V    AVCC    5.5 V R  2.35 k, C  36.4 pF
4.0 V    AVCC < 4.5 V R  16.4 k, C  36.4 pF

Comparator
Analog input
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14.  Example Characteristics

MB90F387

(Continued)

ICC  VCC

TA  25 C, In external clock operation
f  Internal operating frequency

ICCS  VCC

TA  25 C, In external clock operation
f  Internal operating frequency

ICCL  VCC

TA  25 C, In external clock operation
f  Internal operating frequency

IC
C
 (

m
A

)

VCC (V)
2.5 3.5 4.5 5.5 6.5

0

5

10

15

20

25

30

f = 16 MHz

f = 10 MHz

f = 8 MHz

f = 4 MHz

f = 2 MHz

IC
C

S
 (

m
A

)

VCC (V)
2.5 3.5 4.5 5.5 6.5

0

2

4

6

8

10

f = 16 MHz

f = 10 MHz

f = 8 MHz

f = 4 MHz

f = 2 MHz

IC
C

L 
(µ

A
)

VCC (V)

3 4 5 6 7
0

50

200

250

300

350

f = 8 kHz

100

150
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(Continued)

ICCLS  VCC

TA  25 C, In external clock operation
f  Internal operating frequency

ICCT  VCC

TA  25 C, In external clock operation
f  Internal operating frequency

ICCH  VCC

Stopping, TA  25 C

IC
C

LS
 (

µA
)

VCC (V)
3 4 5 6 7

0

3

9

11

13

15

f = 8 kHz

5

7

1

4

6

8

10

12

14

2

IC
C

T
 (

µA
)

VCC (V)

3 4 5 6 7
0

6

9

10

f = 8 kHz

2

4

1

3

5

7

8

VCC (V)
2 4 5 6 7

0

30

5

10

15

20

25

3

IC
C

H
 (

µA
)
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MB90387

(Continued)

ICC  VCC

TA  25 C, In external clock operation
f  Internal operating frequency

ICCS  VCC

TA  25 C, In external clock operation
f  Internal operating frequency

ICCL  VCC

TA  25 C, In external clock operation
f  Internal operating frequency

IC
C
 (

m
A

)

VCC (V)

2.5 3.5 4 4.5 6
0

15

25

5

10

20

3 5 5.5 6.5 7

f = 10 MHz

f = 16 MHz

f = 8 MHz

f = 4 MHz

f = 2 MHz
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C

S
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)

VCC (V)
2.5 3.5 4.5

0

5

9
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7

5.5 6.5
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f = 16 MHz

f = 8 MHz
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8
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A
)
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f = 8 kHz
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40
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16.  Package Dimension

DIMENSIONS
SYMBOL

MIN. NOM. MAX.

A 1.70

A1 0.00 0.20

b 0.15 0.27

c 0.09 0.20

D 9.00 BSC

D1 7.00 BSC

e 0.50 BSC

E

E1

L 0.45 0.60 0.75

L1 0.30 0.50 0.70

9.00 BSC

7.00 BSC

0° 8°

D1

D

e
1 12

48

EE1

45
7

4

5 7

3

0.20 C A-B D
3

b
0.10 C A-B D

0.80 C A-B D

8

752

2

A

A'
SEATING
 PLANE

A

A10.25
10

b

SECTION A-A'

c

9

L1
L

6

0.80 C

1

4813

24

36 25

37

12

13

24

25 36

37

7.0X7.0X1.7 MM LQA048 REV**
PACKAGE OUTLINE, 48 LEAD LQFP 

002-13731 **
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