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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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MB90387/387S/F387/F387S
MB90V495G

16-bit Microcontrollers
F2MC-16LX MB90385 Series
MB90385 series devices are general-purpose high-performance 16-bit micro controllers designed for process control of consumer
products, which require high-speed real-time processing. The devices of this series have the built-in full-CAN interface. 
The system, inheriting the architecture of F2MC family, employs additional instruction ready for high-level languages, expanded
addressing mode, enhanced multiply-divide instructions, and enriched bit-processing instructions. Furthermore, employment of 32-
bit accumulator achieves processing of long-word data (32 bits). 
The peripheral resources of MB90385 series include the following: 
8/10-bit A/D converter, UART (SCI), 8/16-bit PPG timer, 16-bit input-output timer (16-bit free-run timer, input capture 0, 1, 2, 3 (ICU)),
and CAN controller.

Features

Clock

■ Built-in PLL clock frequency multiplication circuit

■ Selection of machine clocks (PLL clocks) is allowed among 
frequency division by two on oscillation clock, and multiplication 
of 1 to 4 times of oscillation clock (for 4-MHz oscillation clock, 
4 MHz to 16 MHz). 

■ Operation by sub-clock (8.192 kHz) is allowed. (MB90387, 
MB90F387)

■ Minimum execution time of instruction: 62.5 ns (when operating 
with 4-MHz oscillation clock, and 4-time multiplied PLL clock).

16 Mbyte CPU memory Space

■ 24-bit internal addressing

Instruction System Best Suited to Controller

■ Wide choice of data types (bit, byte, word, and long word)

■ Wide choice of addressing modes (23 types)

■ Enhanced multiply-divide instructions and RETI instructions

■ Enhanced high-precision computing with 32-bit accumulator

Instruction System Compatible with High-level 
Language (C language) and Multitask

■ Employing system stack pointer

■ Enhanced various pointer indirect instructions

■ Barrel shift instructions

Increased Processing Speed

■ 4-byte instruction queue

Powerful Interrupt Function with 8 Levels and 34 
Factors

Automatic Data Transfer Function Independent of CPU

■ Expanded intelligent I/O service function (EI2 OS): Maximum 
of 16 channels

Low Power Consumption (standby) Mode

■ Sleep mode (a mode that halts CPU operating clock)

■ Time-base timer mode (a mode that operates oscillation clock, 
sub clock, time-base timer and watch timer only)

■ Watch mode (a mode that operates sub clock and watch timer 
only)

■ Stop mode (a mode that stops oscillation clock and sub clock)

■ CPU blocking operation mode

Process

■ CMOS technology

I/O Port

■ General-purpose input/output port (CMOS output): 

MB90387, MB90F387: 34 ports (including 4 high-current out-
put ports) 
MB90387S, MB90F387S: 36 ports (including 4 high-current 
output ports) 

Timer

■ Time-base timer, watch timer, watchdog timer: 1 channel

■ 8/16-bit PPG timer: 8-bit x 4 channels, or 16-bit x 2 channels

■ 16-bit reload timer: 2 channels

■ 16-bit input/output timer
❐ 16-bit free run timer: 1 channel
❐ 16-bit input capture: (ICU): 4 channels

Interrupt request is issued upon latching a count value of 16-
bit free run timer by detection of an edge on pin input.

CAN Controller: 1 channel

■ Compliant with Ver2.0A and Ver2.0B CAN specifications

■ 8 built-in message buffers

■ Transmission rate of 10 kbps to 1 Mbps (by 16 MHz machine 
clock)

■ CAN wake-up

UART (SCI): 1 channel

■ Equipped with full-duplex double buffer

■ Clock-asynchronous or clock-synchronous serial transmission 
is available.
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DTP/External Interrupt: 4 channels, CAN wakeup: 
1channel

■ Module for activation of expanded intelligent I/O service 
(EI2OS), and generation of external interrupt.

Delay Interrupt Generator Module

■ Generates interrupt request for task switching.

8/10-bit A/D Converter: 8 channels

■ Resolution is selectable between 8-bit and 10-bit.

■ Activation by external trigger input is allowed.

■ Conversion time: 6.125 s (at 16 MHz machine clock, including 
sampling time)

Program Patch Function

■ Address matching detection for 2 address pointers.
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Initial values: 

0: Initial value of this bit is “0.”

1: Initial value of this bit is “1.”

X: Initial value of this bit is undefined.

*: “Reserved area” should not be written anything. Result of reading from “Reserved area” is undefined.

003D0DH  (Reserved area) *

003D0EH TIER Send completion interrupt permission 
register

R/W CAN controller 00000000B

003D0FH  (Reserved area) *

003D10H, 
003D11H

AMSR Acceptance mask selection register R/W CAN controller XXXXXXXXB, 
XXXXXXXXB

003D12H, 
003D13H

 (Reserved area) *

003D14H

 to 
003D17H

AMR0 Acceptance mask register 0 R/W CAN controller XXXXXXXXB

 to 
XXXXXXXXB

003D18H

 to 
003D1BH

AMR1 Acceptance mask register 1 R/W XXXXXXXXB

 to 
XXXXXXXXB

003D1CH

 to 
003DFFH

 (Reserved area) *

003E00H

 to 
003EFFH

 (Reserved area) *

003FF0H

 to 
003FFFH

 (Reserved area) *

Address Register 
Abbreviation Register Read/

Write Resource Initial Value
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Port 1 Pins Block Diagram (single-chip mode)

Port 1 Registers (single-chip mode)

■ Port 1 registers include port 1 data register (PDR1) and port 1 direction register (DDR1).

■ The bits configuring the register correspond to port 1 pins on a one-to-one basis.

Relation between Port 1 Registers and Pins

Port Name Bits of Register and Corresponding Pins

Port 1 PDR1, DDR1 bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Corresponding pins P17 P16 P15 P14 P13 P12 P11 P10

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)

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

Internal data bus
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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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12.5  16-bit Reload Timer

The 16-bit reload timer has the following functions:

■ Count clock is selectable among 3 internal clocks and external event clock.

■ Activation trigger is selectable between software trigger and external trigger.

■ Generation of CPU interrupt is allowed upon occurrence of underflow on 16-bit timer register. Available as an interval timer using 
the interrupt function.

■ When underflow of 16-bit timer register (TMR) occurs, one of two reload modes is selectable between one-shot mode that halts 
counting operation of TMR, and reload mode that reloads 16-bit reload register value to TMR, continuing TMR counting operation.

■ The 16-bit reload timer is ready for expanded intelligent I/O service (EI2OS).

■ MB90385 series device has 2 channels of built-in 16-bit reload timer.

Operation Mode of 16-bit Reload Timer

Internal Clock Mode

■ The 16-bit reload timer is set to internal clock mode, by setting count clock selection bit (TMCSR: CSL1, CSL0) to “00B”, “01B”, “10B”.

■ In the internal clock mode, the counter decrements in synchronization with the internal clock.

■ Three types of count clock cycles are selectable by count clock selection bit (TMCSR: CSL1, CSL0) in timer control status register.

■ Edge detection of software trigger or external trigger is specified as an activation trigger.

Count Clock Activation Trigger Operation upon Underflow

Internal clock mode Software trigger, external trigger One-shot mode, reload mode

Event count mode Software trigger One-shot mode, reload mode
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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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12.11  UART Outline

UART is a general-purpose serial data communication interface for synchronous and asynchronous communication using external 
devices.

■ Provided with bi-directional communication function for both clock-synchronous and clock-asynchronous modes.

■ Provided with master/slave communication function (multi-processor mode). (Only master side is available.)

■ Interrupt request is generated upon completion of reception, completion of transmission and detection of reception error.

■ Ready for expanded intelligent service, EI2OS.

Note: Start/stop bit is not added upon clock-synchronous transmission. Data only is transmitted.

: Disallowed

1: “+1” is an address/data selection bit used for communication control (bit 11 of SCR1 register: A/D).

2: Only 1 bit is detected as a stop bit on data reception.

Table 12-3.  UART Functions

Description

Data buffer Full-duplex double buffer

Transmission mode Clock synchronous (No start/stop bit, no parity bit)
Clock asynchronous (start-stop synchronous)

Baud rate Built-in special-purpose baud-rate generator. Setting is selectable among 8 
values. 
Input of external values is allowed.
Use of clock from external timer (16-bit reload timer 0) is allowed.

Data length 7 bits (only asynchronous normal mode)
8 bits

Signaling system Non Return to Zero (NRZ) system

Reception error detection Framing error
Overrun error
Parity error (not detectable in operation mode 1 (multi-processor mode))

Interrupt request Receive interrupt (reception completed, reception error detected)
Transmission interrupt (transmission completed)
Ready for expanded intelligent I/O service (EI2OS) in both transmission and 
reception

Master/slave communication function 
(asynchronous, multi-processor mode)

Communication between 1 (master) and n (slaves) are available
 (usable as master only).

Table 12-4.  UART Operation Modes

Operation Mode
Data Length

Synchronization Stop Bit Length
With Parity Without Parity

0 Asynchronous mode 
(normal mode)

7-bit or 8-bit Asynchronous 1- bit or 2-bit *2

1 Multi processor mode 8+1*1  Asynchronous

2 Synchronous mode 8  Synchronous No
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12.13  Address Matching Detection Function Outline

The address matching detection function checks if an address of an instruction to be processed next to a currently-processed 
instruction is identical with an address specified in the detection address register. If the addresses match with each other, an instruction 
to be processed next in program is forcibly replaced with INT9 instruction, and process branches to the interrupt process program. 
Using INT9 interrupt, this function is available for correcting program by batch processing.

Address Matching Detection Function Outline

■ An address of an instruction to be processed next to a currently-processed instruction of the program is always retained in an address 
latch via internal data bus. By the address matching detection function, the address value retained in the address latch is always 
compared with an address specified in detection address setting register. If the compared address values match with each other, 
an instruction to be processed next by CPU is forcibly replaced with INT9 instruction, and an interrupt process program is executed.

■ Two detection address setting registers are provided (PADR0 and PADR1), and each register is provided with interrupt permission 
bit. Generation of interrupt, which is caused by address matching between the address retained in address latch and the address 
specified in address setting register, is permitted and prohibited on a register-by-register basis.

Address Matching Detection Function Block Diagram

■ Address latch

Retains address value output to internal data bus.

■ Address detection control register (PACSR)

Specifies if interrupt is permitted or prohibited when addresses match with each other.

■ Detection address setting (PADR0, PADR1)

Specifies addresses to be compared with values in address latch.

AD1EReserved Reserved Reserved Reserved Reserved ReservedAD0E

PACSR

Address latch

Detection address setting register 0

Detection address setting register 1

INT9 instruction
(generate INT9 interrupt)

Address detection control register (PACSR)

Reserved: Be sure to set to “0.”

Internal data bus

C
om

p
arator

PADR0 (24-bit)

PADR1 (24-bit)
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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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12.15  512 Kbit Flash Memory Outline

The following three methods are provided for data writing and deleting on Flash memory:

1. Parallel writer

2. Serial special-purpose writer

3. Writing/deleting by program execution

This section describes “3. Writing/deleting by program execution.”

512 Kbit Flash Memory Outline

The 512 Kbit Flash memory is allocated on FFH bank of CPU memory map. Using the function of Flash memory interface circuit, the 
memory allows read access and program access from CPU. 

Writing/deleting on Flash memory is performed by instruction from CPU via Flash memory interface. Because rewriting is allowed on 
mounted memory, modifying program and data is performed efficiently.

Features of 512 Kbit Flash Memory 

■ 128 K words x 8 bits/64 K words x 16 bits (16 K + 8 K + 8 K + 32 K) sector configuration

■ Automatic program algorithm (Embedded Algorithm: Similar to MBM29LV200.)

■ Built-in deletion pause/deletion resume function

■ Detection of completed writing/deleting by data polling and toggle bits.

■ Detection of completed writing/deleting by CPU interrupt.

■ Deletion is allowed on a sector-by-sector basis (sectors are combined freely).

■ Number of writing/deleting operations (minimum): 10,000 times 

■ Sector protection

■ Expanded sector protection

■ Temporaly sector unprotection

Note: A function of reading manufacture code and device code is not provided. These codes are not accessible by command either.

Flash Memory Writing/Deleting

■ Writing and reading data is not allowed simultaneously on the Flash memory.

■ Data writing and deleting on the Flash memory is performed by the processes as follows: Make a copy of program on Flash memory 
onto RAM. Then, execute the program copied on the RAM.

List of Registers and Reset Values in Flash Memory

Sector Configuration

For access from CPU, SA0 to SA3 are allocated in FF bank register.

0 0000 X00

7 6bit 5 4 3 2 1 0

  : Undefined

Flash memory control status register (FMCS)
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13.2  Recommended Operating Conditions

*1: Use a ceramic capacitor, or a capacitor of similar frequency characteristics. On the Vcc pin, use a bypass capacitor that has a 
larger capacity than that of Cs.
Refer to the following figure for connection of smoothing capacitor Cs.

*2: AVcc is a voltage at which accuracy is guaranteed. AVcc should not exceed Vcc.

WARNING: The recommended operating conditions are required in order to ensure the normal operation of 
the semiconductor device. All of the device's electrical characteristics are warranted when the 
device is operated within these ranges.

Always use semiconductor devices within their recommended operating condition ranges. 
Operation outside these ranges may adversely affect reliability and could result in device failure.

No warranty is made with respect to uses, operating conditions, or combinations not represented 
on the data sheet. Users considering application outside the listed conditions are advised to contact 
their representatives beforehand.

(VSS  AVSS  0.0V)

Parameter Symbol
Value

Unit Remarks
Min Typ Max

Power supply voltage VCC 3.5 5.0 5.5 V Under normal operation

3.0  5.5 V Retain status of stop 
operation

AVCC 4.0  5.5 V *2

Smoothing capacitor CS 0.1  1.0 F *1

Operating temperature TA 40  105  C

C

CS

 C pin connection diagram
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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

ita
l o

u
tp

ut

Analog input 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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(Continued)
 (VCC - VOH)  IOH

TA  25 C, VCC  4.5 V

VOL  IOL

TA  25 C, VCC  4.5 V

H level input voltage/ L level input voltage
VIN  VCC

TA  25 C

V
C

C
 - 

V
O

H
 (

m
V

)

IOH (mA)

0 4 6 8 10
0

600

900

1000

200

400

100

300

500

700

800

21 5 7 93

V
O

L 
(m

V
)

IOL (mA)

0 4 6 8 10
0

600

900

1000

200

400

100

300

500

700

800

2

V
IN

 (
V

)

VCC (V)

2.5 3.5 4 4.5 6
0

3

5

1

2

4

3 5 5.5

VIH

VIL
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(Continued)
 (VCC - VOH)  IOH

TA  25 C, VCC  4.5 V

VOL  IOL
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17.  Major Changes

Spansion Publication Number: DS07-13717-5E

NOTE: Please see "Document History" about later revised information.

Page Section Change Results

4 ■ PRODUCT LINEUP Changed the number of channel of 8/16 bit PPG timer. 
or one 16-bit channel  or two 16-bit channels

13 ■ BLOCK DIAGRAM Changed the direction of arrow of TIN0, TIN1 signals of 16-bit reload 
timer. 
right arrow (output)  left arrow (input)

67 ■ ELECTRIC CHARACTERISTICS
4. AC Characteristics
(4) UART timing

Changed the value of Serial clock.
Serial clock “H” pulse width: 4tCP2tCP

Serial clock “L” pulse width: 4tCP2tCP
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