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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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MB90V495G
*1: Settings of DIP switch S2 for using emulation pod MB2145-507. For details, see MB2145-507 Hardware Manual
 (2.7 Power Pin solely for Emulator).

*2: MB90387S, MB90F387S

2.  Packages And Product Models

: Yes : No

Note: Refer to Package Dimension for details of the package.

3.  Product Comparison

Memory Space

When testing with test product for evaluation, check the differences between the product and a product to be used actually. Pay 
attention to the following points:

■ The MB90V495G has no built-in ROM. However, a special-purpose development tool allows the operations as those of one with 
built-in ROM. ROM capacity depends on settings on a development tool.

■ On MB90V495G, an image from FF4000H to FFFFFFH is viewed on 00 bank and an image of FE0000H to FF3FFFH is viewed only 
on FE bank and FF bank. (Modified on settings of a development tool.)

■ On MB90F387/F387S/387/387S, an image from FF4000H to FFFFFFH is viewed on 00 bank and an image of FE0000H to FF3FFFH 
is viewed only on FF bank.

8/10-bit A/D converter Number of channels: 8
Resolution: Selectable 10-bit or 8-bit.
Conversion time: 6.125 s (at 16 MHz machine clock, including sampling time)
Sequential conversion of two or more successive channels is allowed. (Setting a 
maximum of 8 channels is allowed.)
Single conversion mode: Selected channel is converted only once.
Sequential conversion mode: Selected channel is converted repetitively.
Halt conversion mode: Conversion of selected channel is stopped and activated alter-
nately.

UART(SCI) Number of channels: 1
Clock-synchronous transfer: 62.5 kbps to 2 Mbps
Clock-asynchronous transfer: 9,615 bps to 500 kbps
Communication is allowed by bi-directional serial communication function and master/
slave type connection.

CAN Compliant with Ver 2.0A and Ver 2.0B CAN specifications.
8 built-in message buffers.
Transmission rate of 10 kbps to 1 Mbps (by 16 MHz machine clock)
CAN wake-up

Package MB90F387, MB90F387S MB90387, MB90387S

LQA048

Part Number MB90F387
MB90F387S

MB90387
MB90387S MB90V495G

Parameter
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5.  Pin Description

Pin No. Pin Name Circuit 
Type Function

1 AVcc  Vcc power input pin for A/D converter.

2 AVR  Power (Vref+) input pin for A/D converter. Use as input for Vcc or lower.

3 to 10 P50 to P57 E General-purpose input/output ports.

AN0 to AN7 Functions as analog input pins for A/D converter. Valid when analog input setting is 
“enabled.”

11 P37 D General-purpose input/output port.

ADTG Function as an external trigger input pin for A/D converter. Use the pin by setting as 
input port.

12 P20 D General-purpose input/output port.

TIN0 Function as an event input pin for reload timer 0. Use the pin by setting as input port.

13 P21 D General-purpose input/output port.

TOT0 Function as an event output pin for reload timer 0. Valid only when output setting is 
“enabled.”

14 P22 D General-purpose input/output port.

TIN1 Function as an event input pin for reload timer 1. Use the pin by setting as input port.

15 P23 D General-purpose input/output port.

TOT1 Function as an event output pin for reload timer 1. Valid only when output setting is 
“enabled.”

16 to 19 P24 to P27 D General-purpose input/output ports.

INT4 to INT7 Functions as external interrupt input pins. Use the pins by setting as input port.

20 MD2 F Input pin for specifying operation mode. Connect directly to Vss.

21 MD1 C Input pin for specifying operation mode. Connect directly to Vcc.

22 MD0 C Input pin for specifying operation mode. Connect directly to Vcc.

23 RST B External reset input pin.

24 Vcc  Power source (5 V) input pin.

25 Vss  Power source (0 V) input pin.

26 C  Capacitor pin for stabilizing power source. Connect a ceramic capacitor of approx-
imately 0.1 F.

27 X0 A Pin for high-rate oscillation.

28 X1 A Pin for high-rate oscillation.

29 to 32 P10 to P13 D General-purpose input/output ports.

IN0 to IN3 Functions as trigger input pins of input capture ch.0 to ch.3. Use the pins by setting 
as input ports.

33 to 36 P14 to P17 G General-purpose input/output ports. High-current output ports.

PPG0 to PPG3 Functions as output pins of PPG timers 01 and 23. Valid when output setting is 
“enabled.”

37 P40 D General-purpose input/output port.

SIN1 Serial data input pin for UART. Use the pin by setting as input port.

38 P41 D General-purpose input/output port.

SCK1 Serial clock input pin for UART. Valid only when serial clock input/output setting on 
UART is “enabled.”
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Notes When Using No Sub Clock

■ If an oscillator is not connected to X0A and X1A pin, apply pull-down resistor to X0A pin and leave X1A pin open.

About Power Supply Pins

■ If two or more Vcc and Vss pins exist, the pins that should be at the same potential are connected to each other inside the device. 
For reducing unwanted emissions and preventing malfunction of strobe signals caused by increase of ground level, however, be 
sure to connect the Vcc and Vss pins to the power source and the ground externally.

■ Pay attention to connect a power supply to Vcc and Vss of MB90385 series device in a lowest-possible impedance.

■ Near pins of MB90385 series device, connecting a bypass capacitor is recommended at 0.1 F across Vcc pin and Vss pin.

Crystal Oscillator Circuit

■ Noises around X0 and X1 pins cause malfunctions on a MB90385 series device. Design a print circuit so that X0 and X1 pins, an 
crystal oscillator (or a ceramic oscillator), and bypass capacitor to the ground become as close as possible to each other. Furthermore, 
avoid wires to X0 and X1 pins crossing each other as much as possible. 

■ Print circuit designing that surrounds X0 and X1 pins with grounding wires, which ensures stable operation, is strongly recommended.

Caution on Operations during PLL Clock Mode

■ If the PLL clock mode is selected, the microcontroller attempt to be working with the self-oscillating circuit even when there is no 
external oscillator or external clock input is stopped. Performance of this operation, however, cannot be guaranteed.

Sequence of Turning on Power of A/D Converter and Applying Analog Input

■ Be sure to turn on digital power (Vcc) before applying signals to the A/D converter and applying analog input signals (AN0 to AN7 pins).

■ Be sure to turn off the power of A/D converter and analog input before turning off the digital power source.

■ Be sure not to apply AVR exceeding AVcc when turning on and off. (No problems occur if analog and digital power is turned on and 
off simultaneously.)

Handling Pins When A/D Converter is Not Used

■ If the A/D converter is not used, connect the pins under the following conditions: “AVcc=AVR=Vcc,” and “AVss=Vss”

Note on Turning on Power

■ For preventing malfunctions on built-in step-down circuit, maintain a minimum of 50 s of voltage rising time (between 0.2 V and 
2.7V) when turning on the power.

Stabilization of Supply Voltage

■ A sudden change in the supply voltage may cause the device to malfunction even within the specified VCC supply voltage operating 
range. Therefore, the VCC supply voltage should be stabilized. 
For reference, the supply voltage should be controlled so that VCC ripple variations (peak-to-peak values) at commercial frequencies 
(50 Hz / 60 Hz) fall below 10 of the standard VCC supply voltage and the coefficient of fluctuation does not exceed 0.1 V/ms at 
instantaneous power switching.
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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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000083H  (Reserved area) *

000084H TCANR Send cancel register W CAN controller 00000000B

000085H  (Reserved area) *

000086H TCR Send completion register R/W CAN controller 00000000B

000087H  (Reserved area) *

000088H RCR Receive completion register R/W CAN controller 00000000B

000089H  (Reserved area) *

00008AH RRTRR Receive RTR register R/W CAN controller 00000000B

00008BH  (Reserved area) *

00008CH ROVRR Receive overrun register R/W CAN controller 00000000B

00008DH  (Reserved area) *

00008EH RIER Receive completion interrupt 
permission register

R/W CAN controller 00000000B

00008FH

 to 
00009DH

 (Reserved area) *

00009EH PACSR Address detection control register R/W Address matching 
detection function

00000000B

00009FH DIRR Delay interrupt request generation/
release register

R/W Delay interrupt 
generation module

XXXXXXX0B

0000A0H LPMCR Lower power consumption mode control 
register

W,R/W Lower power 
consumption mode

00011000B

0000A1H CKSCR Clock selection register R,R/W Clock 11111100B

0000A2H

 to 
0000A7H

 (Reserved area) *

0000A8H WDTC Watchdog timer control register R,W Watchdog timer XXXXX111B

0000A9H TBTC Time-base timer control register R/W,W Time-base timer 1XX00100B

0000AAH WTC Watch timer control register R,R/W Watch timer 1X001000B

0000ABH 
to 

0000ADH

 (Reserved area) *

0000AEH FMCS Flash memory control status register R,W,R/W 512k-bit Flash 
memory

000X0000B

0000AFH  (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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Port 4 Pins Block Diagram

Port 4 Registers

■ Port 4 registers include port 4 data register (PDR4) and port 4 direction register (DDR4).

■ The bits configuring the register correspond to port 4 pins on a one-to-one basis.

Relation between Port 4 Registers and Pins

Port Name Bits of Register and Corresponding Pins

Port 4 PDR4, DDR4    bit4 bit3 bit2 bit1 bit0

Corresponding pins    P44 P43 P42 P41 P40

P-ch

N-ch

Peripheral 
function input

Peripheral 
function output

Port data register (PDR)

PDR read

Output latch

PDR write

Peripheral function 
output permission

Pin
Port direction register (DDR)

Direction 
latch

DDR write

DDR read
Standby control (SPL=1)

In
tern

al d
a

ta
 b

us

Standby control: Control among Stop mode (SPL=1), Time-base timer mode (SPL=1), and watch mode
 (SPL=1).
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Port 5 Pins Block Diagram

Port 5 Registers

■ Port 5 registers include port 5 data register (PDR5), port 5 direction register (DDR5), and analog input permission register (ADER).

■ Analog input permission register (ADER) allows or disallows input of analog signal to the analog input pin.

■ The bits configuring the register correspond to port 5 pins on a one-to-one basis.

Relation between Port 5 Registers and Pins

Port Name Bits of Register and Corresponding Pins

Port 5 PDR5, DDR5 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

ADER ADE7 ADE6 ADE5 ADE4 ADE3 ADE2 ADE1 ADE0

Corresponding pins P57 P56 P55 P54 P53 P52 P51 P50

ADER

P-ch

N-ch

Standby control: Control among Stop mode (SPL=1), Time-base timer mode (SPL=1), and watch mode 
(SPL=1).

Port data register (PDR)

PDR read

Output latch

PDR write
Pin

Port direction register (DDR)

Direction 
latch

DDR write

DDR read
Standby control (SPL=1)

In
tern

al d
a

ta
 b

us

Analog input
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12.3  Watchdog Timer

The watchdog timer is a 2-bit counter that uses time-base timer or watch timer as count clock. If the counter is not cleared within an 
interval time, CPU is reset.

Watchdog Timer Functions

■ The watchdog timer is a timer counter that prevents runaway of a program. Once a watchdog timer is activated, the counter of 
watchdog timer must always be cleared within a specified time of interval. If specified interval time elapses without clearing the 
counter of a watchdog timer, CPU resetting occurs. This is the function of a watchdog timer.

■ The interval time of a watchdog timer is determined by a clock cycle, which is input as a count clock. Watchdog resetting occurs 
between a minimum time and a maximum time specified.

■ The output target of a clock source is specified by the watchdog clock selection bit (WTC: WDCS) in the watch timer control register.

■ Interval time of a watchdog timer is specified by the time-base timer output selection bit / watch timer output selection bit (WDTC: 
WT1, WT0) in the watchdog timer control register.

Interval Timer of Watchdog Timer 

HCLK: Oscillation clock (4 MHz), CSCLK: Sub clock (8.192 kHz) 

Notes:

■ If the time-base timer is cleared when watchdog timer count clock is used as time base timer output (carry-over signal), watchdog 
reset time may become longer.

■ When using the sub clock as machine clock, be sure to specify watchdog timer clock source selection bit (WDCS) in watch timer 
control register (WTC) at “0,” selecting output of watch timer.

Min Max Clock Cycle Min Max Clock Cycle

Approx. 3.58 ms Approx. 4.61 ms (214211)
/HCLK

Approx. 0.457 s Approx. 0.576 s (21229)
/SCLK

Approx. 14.33 ms Approx. 18.3 ms (216213)
/HCLK

Approx. 3.584 s Approx. 4.608 s (215212)
/SCLK

Approx. 57.23 ms Approx. 73.73 ms (218215)
/HCLK

Approx. 7.168 s Approx. 9.216 s (216213)
/SCLK

Approx. 
458.75 ms

Approx. 
589.82 ms

(221218)
/HCLK

Approx. 
14.336 s

Approx.
 18.432 s

(217214)
/SCLK
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16-bit Free-run Timer

Counter value of 16-bit free-run timer is used as reference time (base time) of input capture.

Input Capture

Input capture detects rising edge, falling edge or both edges and retains a counter value of 16-bit free-run timer. Detection of edge 
on input signal is allowed to generate interrupt.

16-bit Free-run Timer Block Diagram

Detailed Pin Assignment on Block Diagram

The 16-bit input/output timer includes a 16-bit free-run timer. Interrupt request number of the 16-bit free-run timer is as follows:
Interrupt request number: 19 (13H)

Prescaler

The prescaler divides a machine clock and provides a counter clock to the 16-bit up counter. Dividing ratio of the machine clock is 
specified by timer counter control status register (TCCS) among four values.

Timer Counter Data Register (TCDT)

The timer counter data register is a 16-bit up counter. A current counter value of the 16-bit free-run timer is read. Writing a value during 
halt of the counter allows setting an arbitrary counter value. 

IVF IVFE CLK2 CLK1 CLK0STOP CLR

CLK STOP CLR

2

OF

Re-
served

16-bit free-run timer

Timer counter data register 
(TCDT)

Output counter value 
to input capture

Prescaler

Timer counter 
control status register 
(TCCS)

Free-run timer 
interrupt request

 : Machine clock
OF: Overflow

Internal data bus
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8/16-bit PPG Timer 1 Block Diagram

CLK

MD0

R

S Q

PEN1 PE1 PIE1 PUF1 MD1 MD0

PCS2 PCS0 PCM2 PCM1 PCM0PCS1

3

2

PPG1
Re-

versed

Re-
served

“H” level side data bus

“L” level side data bus
PPG1 reload 
register

PPG1 operation mode control 
register (PPGC1)

Interrupt 
request output*

Select signalReload selector 
L/H selector

PRLH1
(“H” level side)

PRLL1
(“L” level side)

PPG1 temporary 
buffer 0(PRLBH1)

Count start 
value

Reload Clear

PPG1 down 
counter (PCNT1)

Under-
flow PPG1 

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 1 is incorporated into one by the OR circuit against 

interrupt output of 8/16-bit PPG timer 0.

Operation 
mode 
control 
signal

PPG1 underflow 
(To PPG0)

PPG0 underflow
(From PPG0)
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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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12.14  ROM Mirror Function Selection Module Outline

The ROM mirror function selection module sets the data in ROM assigned to FF bank so that the data is read by access to 00 bank.

ROM Mirror Function Selection Module Block Diagram

FF Bank Access by ROM Mirror Function

ROM

MIReserved Reserved Reserved ReservedReservedReservedReserved

ROM mirror function selection register 
(ROMM)

Address

Data

Address area
FF bank 00 bank

Internal data bus

FFFFFFH

FF4000H

FF0000H

FEFFFFH

00FFFFH

004000H

MB90F387
MB90387

FC0000H

MB90V495G

FBFFFFH

ROM mirror area00 bank

FF bank (ROM 
mirror applicable 

area)
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13.  Electrical Characteristics

13.1  Absolute Maximum Rating

*1: The parameter is based on VSS = AVSS = 0.0 V. 

*2: AVcc and AVR should not exceed Vcc.

*3: VI and VO should not exceed Vcc + 0.3 V. However if the maximum current to/from an input is limited by some means with external 
components, the ICLAMP rating supersedes the VI rating.

*4: A peak value of an applicable one pin is specified as a maximum output current.

*5: An average current value of an applicable one pin within 100 ms is specified as an average output current.
 (Average value is found by multiplying operating current by operating rate.)

*6: An average current value of all pins within 100 ms is specified as an average total output current. (Average value is found by 
multiplying operating current by operating rate.)

*7: 

■ Applicable to pins: P10 to P17, P20 to P27, P30 to P33, P35*, P36*, P37, P40 to P44, P50 to P57
 *: P35 and P36 are MB90387S and MB90F387S only.

Parameter Symbol
Rating

Unit Remarks
Min Max

Power supply voltage*1 VCC VSS  0.3 VSS  6.0 V

AVCC VSS  0.3 VSS  6.0 V VCC  AVCC*2

AVR VSS  0.3 VSS  6.0 V AVCC  AVR*2

Input voltage*1 VI VSS  0.3 VSS  6.0 V *3

Output voltage*1 VO VSS  0.3 VSS  6.0 V *3

Maximum clamp current ICLAMP   2.0   2.0 mA *7

Total maximum clamp current  | ICLAMP |  20 mA *7

“L” level maximum output current IOL1  15 mA Normal output*4

IOL2  40 mA High-current output*4

“L” level average output current IOLAV1  4 mA Normal output*5

IOLAV2  30 mA High-current output*5

“L” level maximum total output current IOL1  125 mA Normal output

IOL2  160 mA High-current output

“L” level average total output current IOLAV1  40 mA Normal output*6

IOLAV2  40 mA High-current output*6

“H” level maximum output current IOH1  15 mA Normal output*4

IOH2  40 mA High-current output*4

“H” level average output current IOHAV1  4 mA Normal output*5

IOHAV2  30 mA High-current output*5

“H” level maximum total output current IOH1  125 mA Normal output

IOH2  160 mA High-current output

“H” level average total output current IOHAV1  40 mA Normal output*6

IOHAV2  40 mA High-current output*6

Power consumption PD  245 mW

Operating temperature TA 40 105  C

Storage temperature Tstg 55 150  C
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*: fc is 8 MHz at maximum when crystal or ceramic resonator circuit is used.
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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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(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.”

D
ig

ita
l o

u
tp

ut

D
ig
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l o

u
tp

ut

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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