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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 ful-CAN interface.

The system, inheriting the architecture of FAMC 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

m Built-in PLL clock frequency multiplication circuit

m 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).

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

m 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

m 24-bit internal addressing

Instruction System Best Suited to Controller

m Wide choice of data types (bit, byte, word, and long word)
m Wide choice of addressing modes (23 types)

m Enhanced multiply-divide instructions and RETI instructions

m Enhanced high-precision computing with 32-bit accumulator

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

m Employing system stack pointer

m Enhanced various pointer indirect instructions
m Barrel shift instructions

Increased Processing Speed

m 4-byte instruction queue

Powerful Interrupt Function with 8 Levels and 34
Factors

Automatic Data Transfer Function Independent of CPU

m Expanded intelligent 1/O service function (EI? OS): Maximum
of 16 channels

Low Power Consumption (standby) Mode

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

Cypress Semiconductor Corporation
Document Number: 002-07765 Rev. *A
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m Time-base timer mode (a mode that operates oscillation clock,
sub clock, time-base timer and watch timer only)

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

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

m CPU blocking operation mode

Process
m CMOS technology

1/0 Port

m 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

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

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

m 16-bit input/output timer
o 16-bit free run timer: 1 channel
1 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
m Compliant with Ver2.0A and Ver2.0B CAN specifications
m 8 built-in message buffers

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

m CAN wake-up
UART (SCI): 1 channel
m Equipped with full-duplex double buffer

m Clock-asynchronous or clock-synchronous serial transmission
is available.

San Jose, CA 95134-1709 . 408-943-2600
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DTP/External Interrupt: 4 channels, CAN wakeup:
1channel

m Module for activation of expanded intelligent 1/O service
(EI2OS), and generation of external interrupt.

Delay Interrupt Generator Module

m Generates interrupt request for task switching.
8/10-bit A/D Converter: 8 channels

m Resolution is selectable between 8-bit and 10-bit.
m Activation by external trigger input is allowed.

m Conversiontime: 6.125 us (at 16 MHz machine clock, including
sampling time)

Program Patch Function

m Address matching detection for 2 address pointers.

Document Number: 002-07765 Rev. *A

Page 2 of 81



A,

MB90387/387S/F387/F387S

ws CYPRESS MB90V495G
N EMBEDDED IN TOMORROW
Contents
Product LINEUP ......cccceriremmiiemisseninsssnssss s s sssssnssssssnas 4 Delay Interrupt Generation Module Outline.................... 42
Packages And Product MOdElS ..........c.weeemermeseesessneseens 5 DTP/External Interrupt and CAN Wakeup Outline ......... 43
. 8/10-bit A/D CONVErter.......cccocvvvieieeenriiireeee e 45
Product CompariSoN ........cceeevsemsssrssessssssssmssssssssssmssssssssenas 5 UART Outline 47
Pin Assignment ........ccccceminmimnnsmmsssss s 6 CAN CONONE oo 49
Pin DeSCrPtion .....ccccvciiimnrresns s s 7 Address Matching Detection Function Outline............... 51
P ROM Mirror Function Selection Module Outline............. 52
/O Circuit TYPE cueerceerrrmerraersmsrsessssssss s ssssssss s s s smsssssnsnnas 9
Hanling D P 0 512 Kbit Flash Memory OUNe ...........ooccooroooccrrreroee 53
ANAIING DEVICES......coririrrriren s s
9 Electrical CharacteristiCs.......ccccccurrerrrsmrsssmrrsssrssssmssssanes 55
=72 [Q DTT: T | - 1 1 1 12 Absolute Maximum RAtING ...........ovveeeersrreeeeeererrreeeeee 55
MemOory Map.......cccuvmmnreerssmisms s s ssssssssssans 12 Recommended Operating Conditions .............ccccevvenees 57
Memory Allocation of MB90385 ..........ccccveiiiiiiiiiine 12 DC CharacteristiCs .........evvveeereereriererierereereseeeseseeseneeneas 58
Memory Map .......cccouveeeiiieiieee e 13 AC CharacteristiCs..........coccerveveeereeereeeereee e 60
1/O MAD...eucueureareeseseenssssesssssessessssssssssesseasssssesssessesssassssssans 14 A/D Converter-----(-:- ---------------------------------------------------------- g;
Definition of A/D Converter Terms ........cccceeveveeeiveennnnen.
g‘;e';;?:: sSources, Interrupt Vectors, And Interrupt Contrcél1 Notes on A/D Converter SECtioN .........ccceeeeereeceeneeceenenns 70
QISTEIS oo ———— Flash Memory Program/Erase Characteristics............. 20
Peripheral ReSources........c.occvvvmmiimsmmnsmsmsssesnnssesssssassssanes 22 Examole Characteristics 71
/O POMS v 22 ample LNATACIETISUCS wervrvvssssssrrrmmmssssssssmmms s
TiME-BaSE TIMEN oo 28 Ordering Information.........c.cccevrecmniscmrnnsnnnnss e 77
Watchdog Timer ... 30 Package Dimension.........coumusmnmssmsssnsnssnsmssnsssnsssssssssessssas 78
16-bit INPUYOULPUL TIMET ..o B2 MJOr CRANGES o eeeeeeeeeeseessseeseeseeeessssmmssssesessssssessssmmsssssene 79
16-bit Rel0ad TIMer........coomiivevmmeies 35 DOCUMENE HISTOMY..ovvveeeeenrrsessseeemsssmmesssessessseeessesmmesssesessseee 80
WatCh.Tlmer QUtIlne ...... RSRRRIEE LR 37 Sales, SO|utIOI‘IS, and Legal INFOrmMation .. e eeeeeeeeeeenn 81
8/16-bit PPG Timer Outline ........cccceeieiiiiniiiieieeee 39

Document Number: 002-07765 Rev. *A

Page 3 of 81



MB90387/387S/F387/F387S

&= CYPRESS MB90V495G
s> EMBEDDED IN TOMORROW
1. Product Lineup
Part Number

Parameter MBOOF3875 MB903875 MB90V4956
Classification Flash ROM Mask ROM Evaluation product
ROM capacity 64 Kbytes -
RAM capacity 2 Kbytes 6 Kbytes
Process CMOS
Package LQFP-48 (pin pitch 0.50 mm) PGA-256
Operating power supply voltage 3.5Vto55V 45Vio55V
Special power supply for - None
emulator*!

CPU functions

: 351 instructions
: 8 bits and 16 bits

Number of basic instructions
Instruction bit length
Instruction length : 1 byte to 7 bytes
Data bit length : 1 bit, 8 bits, 16 bits

Minimum instruction execution time: 62.5 ns (at 16 MHz machine clock)

Interrupt processing time: 1.5 ps at minimum (at 16 MHz machine clock)

(standby) mode

Low power consumption

Sleep mode / Watch mode / Time-base timer mode / Stop mode / CPU intermittent

1/0 port

General-purpose input/output ports (CMOS output): 34 ports (36 ports*?)
including 4 high-current output ports (P14 to P17)

Time-base timer

18-bit free-run counter
Interrupt cycle: 1.024 ms, 4.096 ms, 16.834 ms, 131.072 ms
(with oscillation clock frequency at 4 MHz)

Watchdog timer

Reset generation cycle: 3.58 ms, 14.33 ms, 57.23 ms, 458.75 ms
(with oscillation clock frequency at 4 MHz)

16-bit input/
output timer

16-bit free-run
timer

Number of channels: 1
Interrupt upon occurrence of overflow

Input capture

Number of channels: 4

Retaining free-run timer value set by pin input (rising edge, falling edge, and both edges)

16-bit reload timer

Number of channels: 2

16-bit reload timer operation

Count clock cycle: 0.25 us, 0.5 us, 2.0 us
(at 16-MHz machine clock frequency)
External event count is allowed.

Watch timer

15-bit free-run counter
Interrupt cycle: 31.25 ms, 62.5 ms, 12 ms, 250 ms, 500 ms, 1.0s,2.0 s
(with 8.192 kHz sub clock)

8/16-bit PPG timer

Number of channels: 2 (four 8-bit channels are available also.)

PPG operation is allowed with four 8-bit channels or two 16-bit channels.
Outputting pulse wave of arbitrary cycle or arbitrary duty is allowed.
Count clock: 62.5 nsto 1 us

(with 16 MHz machine clock)

Delay interrupt generator module

Interrupt generator module for task switching. Used for realtime OS.

DTP/External interrupt

Number of inputs: 4
Activated by rising edge, falling edge, “H” level or “L” level input.
External interrupt or expanded intelligent 1/O service (EI?0OS) is available.

Document Number: 002-07765 Rev. *A
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Part Number MB9OF387 MB90387
Parameter MB9OF387S MB90387S LR
8/10-bit A/D converter Number of channels: 8
Resolution: Selectable 10-bit or 8-bit.
Conversion time: 6.125 pus (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 bulffers.

Transmission rate of 10 kbps to 1 Mbps (by 16 MHz machine clock)
CAN wake-up

*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

Package MB9OF387, MBOOF387S MB90387, MB90387S
LQA048 O O

(O :Yes x: 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:

m 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.

m On MB90V495G, an image from FF4000+ to FFFFFFH is viewed on 00 bank and an image of FEO000+ to FF3FFF+ is viewed only
on FE bank and FF bank. (Modified on settings of a development tool.)

m On MB90F387/F387S/387/387S, an image from FF4000+ to FFFFFF+ is viewed on 00 bank and an image of FEO000+ to FF3FFFH
is viewed only on FF bank.

Document Number: 002-07765 Rev. *A Page 5 of 81
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4. Pin Assignment

AVcc
AVR
P50/ANO
P51/ANA1
P52/AN2
P53/AN3
P54/AN4
P55/AN5
P56/AN6
P57/AN7
P37/ADTG
P20/TINO

*: MB90387, MBOOF387

AOO000000000

(Top View)

omxlovm.hmr\)—s.\

47 [ X1A/P36*
46— X0A/P35*
45—/ P33
41— P44/RX
40— P43/TX
39— P42/SOT1
38— P41/SCK1
37— P40/SIN1

48[ 1 AVss
44—/ P32
43— P31
42—/ P30

LQFP-48

NN

P21/TOTO
P22/TIN1
P23/TOT1
P24/INT4
P25/INT5

=
[®)
>
o
=
[0¢]

)

: X1A, X0A
MB90387S, MBO0F387S: P36, P35

P17/PPG3
P16/PPG2
P15/PPG1
P14/PPGO
P13/IN3
P12/IN2
P11/IN1
P10/INO
X1

X0

C

Document Number: 002-07765 Rev. *A
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5. Pin Description

Pin No. Pin Name C.Ii.;%gt Function
1 AVcc - Vcce power input pin for A/D converter.
2 AVR - Power (Vref+) input pin for A/D converter. Use as input for Vcc or lower.
31010 P50 to P57 E General-purpose input/output ports.
ANO 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.
TINO 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.
TOTO 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.
TINA 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.
TOTH Function as an event output pin for reload timer 1. Valid only when output setting is
“enabled.”
16to0 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 MDO C Input pin for specifying operation mode. Connect directly to Vcc.
23 RST B External reset input pin.
24 Vce - 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 pF.
27 X0 A Pin for high-rate oscillation.
28 X1 A Pin for high-rate oscillation.
2910 32 P10 to P13 D General-purpose input/output ports.
INO to IN3 Functions as trigger input pins of input capture ch.0 to ch.3. Use the pins by setting
as input ports.
33 1o 36 P14 to P17 G General-purpose input/output ports. High-current output ports.
PPGO 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.”

Document Number: 002-07765 Rev. *A
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Pin No. Pin Name C.Ii.;%‘gt Function
39 P42 D General-purpose input/output port.
SOT1 Serial data input pin for UART. Valid only when serial data input/output setting on
UART is “enabled.”
40 P43 D General-purpose input/output port.
TX Transmission output pin for CAN. Valid only when output setting is “enabled.”
4 P44 D General-purpose input/output port.
RX Transmission output pin for CAN. Valid only when output setting is “enabled.”
42 to 45 P30 to P33 D General-purpose input/output ports.
46 XO0A* A Pin for low-rate oscillation.
P35* General-purpose input/output port.
47 X1A* A Pin for low-rate oscillation.
P36* General-purpose input/output port.
48 AVss - Vss power source input pin for A/D converter.

*: MB90387, MB90F387: X1A, X0A
MB90387S, MB90F387S: P36, P35

Document Number: 002-07765 Rev. *A Page 8 of 81
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6. 1/0 Circuit Type

Type Circuit Remarks
A m High-rate oscillation feedback resistor,
approx.1 MQ
ﬁ {3 Clock input m Low-rate oscillation feedback resistor,
X1A approx.10 MQ
X0 —
X0A ] Standby control signal
B m Hysteresis input with pull-up resistor.
Vee m Pull-up resistor, approx.50 kQ
R
R

Hysteresis input

C m Hysteresis input
R
[ F—\W——-1>—> Hysteresis input
D m CMOS hysteresis input
Vee m CMOS level output
. . m Standby control provided
12" Digital output
e Digital output
\%
> CMOS
hysteresis input
Standby control
E m CMOS hysteresis input

Vce

12-¢M Digital output

KNeen Digital output
R Vss

CMOS
B' > hysteresis input
S

tandby control

— Analog input

m CMOS level output
m Shared for analog input pin

m Standby control provided

Document Number: 002-07765 Rev. *A
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Vce

|7

Vss

N-ch

P-ch High-current output

High-current output

CMOS

hysteresis input
Standby control

Type Circuit Remarks
F m Hysteresis input with pull-down resistor
m Pull-down resistor, approx. 50 kQ
R
Hysteresis input m Flash product is not provided with pull-down
resistor.
Vss
G m CMOS hysteresis input

m Standby control provided

m CMOS level output (high-current output)

7. Handling Devices

Do Not Exceed Maximum Rating (preventing “latch up”)

m On a CMOS IC, latch-up may occur when applying a voltage higher than Vcc or a voltage lower than Vss to input or output pin,
which has no middle or high withstand voltage. Latch-up may also occur when a voltage exceeding maximum rating is applied across

Vcc pin and Vss pin.

m Latch-up causes drastic increase of power current, which may lead to destruction of elements by heat. Extreme caution must be
taken not to exceed maximum rating.

m When turning on and off analog power source, take extra care not to apply an analog power voltages (AVcc and AVR) and analog

input voltage that are higher than digital power voltage (Vcc).

Handling Unused Pins

m Leaving unused input pins open may cause permanent destruction by malfunction or latch-up. Apply pull-up or pull-down process
to the unused pins using resistors of 2 kQ or higher. Leave unused input/output pins open under output status, or process as input
pins if they are under input status.

Using External Clock

m When using an external clock, drive only X0 pin and leave X1 pin open. An example of using an external clock is shown below.

¢ Using external clock

o

Open

X0

X1
MB90385 series

Document Number: 002-07765 Rev. *A
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Notes When Using No Sub Clock

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

About Power Supply Pins

m 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.

m Pay attention to connect a power supply to Vcc and Vss of MB90385 series device in a lowest-possible impedance.
m Near pins of MB90385 series device, connecting a bypass capacitor is recommended at 0.1 pF across Vcc pin and Vss pin.
Crystal Oscillator Circuit

m 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.

m 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

m 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
m Be sure to turn on digital power (Vcc) before applying signals to the A/D converter and applying analog input signals (ANO to AN7 pins).
m Be sure to turn off the power of A/D converter and analog input before turning off the digital power source.

m 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
m |f 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

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

Stabilization of Supply Voltage

m A sudden change in the supply voltage may cause the device to malfunction even within the specified Vcc supply voltage operating
range. Therefore, the Vcec supply voltage should be stabilized.
For reference, the supply voltage should be controlled so that Vce 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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8. Block Diagram

X0,X1 —> N
RST Clock [ CPU
XOAX1A — > control circuit F2MC-16LX core
Watch timer
- 16-bit
Time-base timer < free-run timer
Input
<> capture «<—— INO to IN3
RAM < > (4 channels)
ROM/Flash < > 16-bit
= PPG timer ——> PPGO to PPG3
@ (2 channels)
>
o
Prescaler |<—> o
] «<—— RX
i g <> CAN > TX
SOT1 «<— c
SCK{ <—> UART1 < > ¢
SIN1T —>
B DTP/External INT4 to INT7
interrupt

AVcec —>

pss 8/10-bit A/D relc:e?d_?iiﬁner < TINO,TIN1
ANOto AN7 —>  converter < L,
TOTO,TOT1
AVR ——> (8 channels) (2 channels)

ADTG —>

A

Y
A

9. Memory Map
MB90385 series allows specifying a memory access mode “single chip mode.”

9.1 Memory Allocation of MB90385

MB90385 series model has 24-bit wide internal address bus and up to 24-bit bus of external address bus.
A maximum of 16-Mbyte memory space of external access memory is accessible.
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9.2 Memory Map

(with ROM mirroring
function enabled)

000000H Peripheral
0000COH
000100+ RAM area
_-Re ister
Address #1 =
003800+ Extension 10
004000k area
ROM area
(FF bank image)
010000H
FEOOOOH
ROM area*
FFOOO00H
— ROM area
Model Address #1
MB90V495G 0019004
MB90F387/MB90F387S 0009004
MB90387/MB90387S 000900y

[ ] :Internal access memory
|Z : Access disallowed

*: On MB90387/S or MB90F387/S, to read “FEQ000+” to “FEFFFFH” is to read out
“FFO000+” to “FFFFFFw”.

Note: When internal ROM is operating, F2MC-16LX allows viewing ROM data image on FF bank at upper-level of 00 bank. This
function is called “mirroring ROM,” which allows effective use of C compiler small model.
F2MC-16LX assigns the same low order 16-bit address to FF bank and 00 bank, which allows referencing table in ROM without
specifying “far” using pointer.
For example, when accessing to “00C000+", ROM data at “FFC000+" is accessed actually. However, because ROM area of
FF bank exceeds 48 Kbytes, viewing all areas is not possible on 00 bank image. Because ROM data of “FF4000n1” to “FFFFFFr”
is viewed on “004000+” to “O0FFFF+” image, store a ROM data table in area “FF4000+” to “FFFFFFH.”
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10. 1/O Map
Address AbFl‘)?‘gilsi';?iron Register thver?%/ Resource Initial Value
000000~ (Reserved area) *
000001H PDR1 Port 1 data register R/W Port 1 XXXXXXXXe
000002+ PDR2 Port 2 data register R/W Port 2 XXXXXXXXs
000003H PDR3 Port 3 data register R/W Port 3 XXXXXXXXe
000004+ PDR4 Port 4 data register R/W Port 4 XXXXXXXXs
000005+ PDR5 Port 5 data register R/W Port 5 XXXXXXXXe
000006+ (Reserved area) *
OOOt(§)1 OH
000011H DDR1 Port 1 direction data register R/W Port 1 000000008
000012+ DDR2 Port 2 direction data register R/W Port 2 000000008
000013n DDR3 Port 3 direction data register R/W Port 3 000X0000s
000014+ DDR4 Port 4 direction data register R/W Port 4 XXX00000s
000015H DDR5 Port 5 direction data register R/W Port 5 000000008
000016+ (Reserved area) *
OOOE)O1 An
00001BH ADER Analog input permission register R/W 8/10-bit A/D 111111118
converter
00001Cnto (Reserved area) *
000025+
000026+ SMR1 Serial mode register 1 R/W UART1 00000000s
000027H SCR1 Serial control register 1 R/W, W 000001008
000028+ SIDR1/ Serial input data register 1/ Serial output R, W XXXXXXXXs
SODR1 data register 1
000029+ SSR1 Serial status data register 1 R, R/'W 000010008
00002AH (Reserved area) *
00002BH CDCR1 Communication prescaler control R/W UARTA1 0XXX0000s
register 1
00002Cnto (Reserved area) *
00002FH
000030+ ENIR DTP/External interrupt permission R/W DTP/External 000000008
register interrupt
000031H EIRR DTI_D/ExternaI interrupt permission R/W XXXXXXXXs
register
000032+ ELVR Detection level setting register R/W 000000008
000033+ R/W 000000008
000034+ ADCS A/D control status register R/W 8/10-bit A/D 00000000s
000035+ RW, W |converter 000000008
000036+ ADCR A/D data register W, R XXXXXXXXs
000037+ R 00101XXXs

Document Number: 002-07765 Rev. *A

Page 14 of 81



MB90387/387S/F387/F387S

&= CYPRESS MB90V495G
s> EMBEDDED IN TOMORROW
Address Ab%?gilsi;?iron Register '3\?',?%/ Resource Initial Value
000038+ (Reserved area) *
0001(:)03FH
000040w PPGCO PPGO operation mode control register R/W, W |8/16-bit PPG timer 0/ 0X000XX1e
000041+ PPGCH1 PPG1 operation mode control register R/W, W 1 0X0000018
000042+ PPGO1 PPGO/1 count clock selection register R/W 000000XXe
000043+ (Reserved area) *
000044+ PPGC2 PPG2 operation mode control register R/W, W |8/16-bit PPG timer 2/ 0X000XX1e
000045+ PPGC3 PPG3 operation mode control register R/W, W s 0X0000018
000046+ PPG23 PPG2/3 count clock selection register R/W 000000XXe
000047+to (Reserved area) *
00004 Fw
000050+ IPCPO Input capture data register 0 R 16-bit input/output XXXXXXXXs
000051+ timer XXXXXXXXs
000052+ IPCP1 Input capture data register 1 R XXXXXXXXs
000053+ XXXXXXXXs
000054+ ICS01 Input capture control status register R/W 000000008
000055+ ICS23 000000008
000056+ TCDT Timer counter data register R/W 000000008
000057+ 000000008
000058+ TCCS Timer counter control status register R/W 000000008
000059+ (Reserved area) *
00005AH IPCP2 Input capture data register 2 R 16-bit input/output XXXXXXXXs
00005B+ timer XXXXXXXXs
00005CH IPCP3 Input capture data register 3 R XXXXXXXXs
00005D+ XXXXXXXXs
00005EHto (Reserved area) *
000065+
000066+ TMCSRO |Timer control status register R/W 16-bit reload timer 0 000000008
000067+ R/W XXXX0000s
000068+ TMCSR1 R/W 16-bit reload timer 1 00000000s
000069+ R/W XXXX0000s
00006AHt0 (Reserved area) *
00006EH
00006FH ROMM ROM mirroring function selection register w ROM mirroring XXXXXXX18
function selection
module
000070~ (Reserved area) *
OOOE)O7FH
000080 BVALR  |Message buffer enabling register | RW  [CAN controller 000000008
000081H (Reserved area) *
000082+ | TREQR |Send request register | RW [CAN controller 000000008
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Address AbTo?-gsl?;?iron Register 3\?.—?33/ Resource Initial Value
000083H (Reserved area) *
000084+ | TCANR [Send cancel register | W |cANcontroller 00000000
000085+ (Reserved area) *
000086+ TCR  |Send completion register | RW  |CAN controller 000000008
000087H (Reserved area) *
000088+ RCR  |Receive completion register | RW  |CAN controller 000000008
000089H (Reserved area) *
00008Ax | RRTRR |Receive RTR register | RW |CAN controller 000000008
00008BH (Reserved area) *
00008Cx | ROVRR [Receive overrun register | RW |CAN controller 000000008
00008Dw (Reserved area) *
00008EH RIER Recejve_ complgation interrupt R/W CAN controller 000000008
permission register
00008FH (Reserved area) *
OOOE)OQDH
00009EH PACSR |Address detection control register R/W Address matching 000000008
detection function
00009FH DIRR Delay interrupt request generation/ R/W Delay interrupt XXXXXXX0s
release register generation module
0000AOH LPMCR Lower power consumption mode control | W,R/W  |Lower power 000110008
register consumption mode
0000A1H CKSCR Clock selection register R,R/W  |Clock 111111008
0000A2+ (Reserved area) *
OOOE)OA7H
0000A8H WDTC Watchdog timer control register R,W Watchdog timer XXXXX111s
0000A9H TBTC Time-base timer control register R/W,W |Time-base timer 1XX00100s
0000AAH WTC Watch timer control register R,R/W  [Watch timer 1X0010008
0000ABH (Reserved area) *
OOOtgADH
0000AEH FMCS Flash memory control status register R,W,R/W |512k-bit Flash 000X0000s
memory
0000AFH (Reserved area) *
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Address AbTo?-gsl?;?iron Register 3\?.—?33/ Resource Initial Value
0000BO+ ICR0OO Interrupt control register 00 R/W Interrupt controller 000001118
0000B1H ICRO1 Interrupt control register 01 000001118
0000B2+ ICR02 Interrupt control register 02 000001118
0000B3H ICR0O3 Interrupt control register 03 000001118
0000B4+ ICR04 Interrupt control register 04 000001118
0000B5H ICR05 Interrupt control register 05 000001118
0000B6+ ICR06 Interrupt control register 06 000001118
0000B7H ICRO7 Interrupt control register 07 000001118
0000B8H ICR0O8 Interrupt control register 08 000001118
0000B9H ICR09 Interrupt control register 09 000001118
0000BAH ICR10 Interrupt control register 10 000001118
0000BBH ICR11 Interrupt control register 11 000001118
0000BCH ICR12 Interrupt control register 12 000001118
0000BDw ICR13 Interrupt control register 13 000001118
0000BEH ICR14 Interrupt control register 14 000001118
0000BF+ ICR15 Interrupt control register 15 000001118
0000CO~ (Reserved area) *
OOOE)OFFH
001FFOH PADRO Detection address setting register 0 R/W Address matching XXXXXXXXe
(low-order) detection function
001FF1n Detection address setting register 0 XXXXXXXXe
(middle-order)
001FF2u Detection address setting register 0 XXXXXXXXe
(high-order)
001FF3n PADR1 Detection address setting register 1 R/W XXXXXXXXs
(low-order)
001FF4n Detection address setting register 1 XXXXXXXXs
(middle-order)
001FF5H Detection address setting register 1 XXXXXXXXs
(high-order)
003900+ TMRO/ 16-bit timer register 0/16-bit reload R,W 16-bit reload timer 0 XXXXXXXXe
003901+ | TMRLRO register XXXXXXX X
003902+ TMR1/ 16-bit timer register 1/16-bit reload R,W 16-bit reload timer 1 XXXXXXXXe
003903+ | TMRLR1 register XXXXXXX X
003904+ (Reserved area) *
OOBEBOOFH
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Address AbTo?-gsl?;?iron Register 3\?.—?33/ Resource Initial Value
003910w PRLLO PPGO reload register L R/W 8/16-bit PPG timer XXXXXXXXs
0039111 PRLHO PPGO reload register H R/W XXXXXXXXe
003912x PRLL1 PPG1 reload register L R/W XXXXXXXXs
003913+ PRLH1 PPG1 reload register H R/W XXXXXXXXs
003914+ PRLL2 PPG2 reload register L R/W XXXXXXXXe
003915n PRLH2 PPG2 reload register H R/W XXXXXXXXs
003916+ PRLL3 PPG3 reload register L R/W XXXXXXXXs
003917+ PRLH3 PPGS3 reload register H R/W XXXXXXXXs
003918n (Reserved area) *
to
00392FH
003930+ (Reserved area) *
to
003BFFH
003CO00~ RAM (General-purpose RAM)
to
003COFH
003C10~ IDRO ID register 0 R/W CAN controller XXXXXXXXe
to to
003C13n XXXXXXXXs
003C14+ IDR1 ID register 1 R/W XXXXXXXXe
to to
003C17x XXXXXXXXs
003C18H IDR2 ID register 2 R/W XXXXXXX Xz
to to
003C1BwH XXXXXXXXs
003C1CH IDR3 ID register 3 R/W XXXXXXXXs
to to
003C1Fu XXXXXXXXs
003C20~ IDR4 ID register 4 R/W XXXXXXXXs
to to
003C23n XXXXXXXXs
003C24+ IDR5 ID register 5 R/W XXXXXXXXe
to to
003C27H XXXXXXXXs
003C28H IDR6 ID register 6 R/W XXXXXXXXe
to to
003C2BH XXXXXXXXs
003C2CH IDR7 ID register 7 R/W XXXXXXXXe
to to
003C2FH XXXXXXXXs
003C30H, DLCRO DLC register 0 R/W XXXXXXXXs,
003C31n XXXXXXXXs
003C32H, DLCR1 DLC register 1 R/W XXXXXXXXs,
003C33n XXXXXXXXs
003C34+, DLCR2 DLC register 2 R/W XXXXXXXXe,
003C35H XXXXXXXXe
003C36H, DLCR3 DLC register 3 R/W XXXXXXXXs,
003C37+ XXXXXXXXs
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Address Ab%?gilsi;?iron Register '3\?',?%/ Resource Initial Value
003C38H, DLCR4 DLC register 4 R/W CAN controller XXXXXXXXs,
003C39+ XXXXXXXXs
003C3AH, DLCR5 DLC register 5 R/W XXXXXXXXs,
003C3BH XXXXXXXXs
003C3ChH, DLCR6 DLC register 6 R/W XXXXXXXXe,
003C3Dw XXXXXXXXs
003C3EH, DLCR7 DLC register 7 R/W XXXXXXXXs,
003C3FH XXXXXXXXs
003C40+ DTRO Data register 0 R/W XXXXXXXXe
003tCO47H XXXXt)c(’XXXB
003C48+ DTR1 Data register 1 R/W XXXXXXXXe
0032)4FH XXXXt)c()XXXB
003C50+ DTR2 Data register 2 R/W XXXXXXXXe
003tC057H XXXXt)c()XXXB
003C58H DTR3 Data register 3 R/W XXXXXXXXs
OOSE‘?SFH XXXXt)(()XXXB
003C60+ DTR4 Data register 4 R/W XXXXXXX Xz
0031867H XXXXt)(()XXXB
003C68H DTR5 Data register 5 R/W XXXXXXXXs
OOStCOGFH XXXXt)(()XXXB
003C70~ DTR6 Data register 6 R/W XXXXXXXXs
003tCO77H XXXXt)c(’XXXB
003C78n DTR7 Data register 7 R/W XXXXXXXXs
0032)7FH XXXXt)c()XXXB
003C80~ (Reserved area) *
OOStCOFFH
003DO00H, CSR Control status register R/W, R |CAN controller OXXXX001s,
003DO01H 00XXX000s
003D02+ LEIR Last event display register R/W 000XX000s
003D03H (Reserved area) *
003D04H, RTEC Send/receive error counter R CAN controller 000000008,
003D05+ 000000008
003D06H, BTR Bit timing register R/W 11111111s,
003007+ X11111118
003D08H IDER IDE register R/W XXXXXXXXs
003D09H (Reserved area) *
003D0A+ | TRTRR |Send RTR register | RW  [GAN controller | 00000000
003DO0BH (Reserved area) *
003DOCH RFWTR |Remote frame receive wait register | R/W ICAN controller ‘ XXXXXXXXs

Document Number: 002-07765 Rev. *A Page 19 of 81



A,

ws CYPRESS

e EMBEDDED IN TOMORROW

MB90387/387S/F387/F387S
MB90V495G

Address

Register
Abbreviation

Register

Read/
Write

Resource

Initial Value

003DO0DH

(Reserved area) *

003DOEH

TIER

Send completion interrupt permission R/W

register

CAN controller

000000008

003DOFH

(Reserved area) *

003D10H,
003D 11+

AMSR

Acceptance mask selection register R/W

CAN controller

XXXXXXXXs,
XXXXXXXXs

003D12+,
003D13H

(Reserved area) *

003D14H
to
003D17H

AMRO

Acceptance mask register 0

R/W

003D18H
to
003D1BH

AMR1

Acceptance mask register 1

R/W

CAN controller

XXXXXXXXs
to
XXXXXXXXs

XXXXXXXXs
to
XXXXXXXXs

003D1CH
to
003DFFH

(Reserved area) *

003EQ0H
to
003EFFH

(Reserved area) *

003FFOH
to
003FFFH

(Reserved area) *

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.
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11. Interrupt Sources, Interrupt Vectors, And Interrupt Control Registers

Interrupt Source EIPOS Interrupt Vector Interrupt Control Register Priority*

Readiness| Number Address ICR Address

Reset X #08 | 08w FFFFDCH - - High

INT 9 instruction x #09 | 09« | FFFFD8x - - T

Exceptional treatment X #10 | OAw FFFFD4n - -

(CRﬁs(l\)l controller reception completed #11 | 0Bu FFFFDOH ICROO 0000BOH*"

CAN controller transmission #12 | OCH FFFFCCn

completed (TX) / Node status

transition (NS)

Reserved X #13 | 0D~ FFFFC8H ICRO1 0000B1H

Reserved X #14 | OEw FFFFC4n

CAN wakeup A #15 | OFn FFFFCOH ICR0O2 0000B2+*!

Time-base timer X #16 | 10m FFFFBCH

16-bit reload timer 0 A #17 | 11w FFFFB8H ICRO3 0000B3n*"

8/10-bit A/D converter A #18 | 12 FFFFB4n

16-bit free-run timer overflow A #19 | 13w FFFFBOH ICR0O4 0000B4+*

Reserved X #20 | 14+ FFFFACH

Reserved X #21 | 15n FFFFA8H ICRO5 0000B5H*!

PPG timer chO, ch1 underflow #22 | 16H FFFFA44

Input capture 0-input A #23 | 17w FFFFAOQH ICR06 0000B6H*"

External interrupt (INT4/INT5) A #24 | 18u FFFFICH

Input capture 1-input A #25 | 19u FFFF98H ICRO7 0000B7H*2

PPG timer ch2, ch3 underflow #26 | 1A FFFF94u

External interrupt (INT6/INT7) A #27 | 1Bu FFFF9O0H ICRO8 0000B8H*"

Watch timer A #28 | 1CH FFFF8CH

Reserved X #29 | 1Dw FFFF88H ICR0O9 0000B9H*"

Input capture 2-input #30 | 1Ew FFFF84n

Input capture 3-input

Reserved X #31 | 1Fu FFFF80+ ICR10 0000BAH*

Reserved X #32 | 20w FFFF7CH

Reserved X #33 | 21w FFFF78+ ICR11 0000BBH*!

Reserved X #34 | 22 FFFF74+

Reserved X #35 | 23w FFFF70x ICR12 0000BCH*! \2

16-bit reload timer 1 O #36 | 24+ FFFF6CH Low
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Interrupt Source EI’OS Interrupt Vector Interrupt Control Register Priority*

Readiness | Nymber Address ICR Address

UART1 reception completed © #37 | 25u FFFF68H ICR13 0000BD+*! High

UART1 transmission completed A #38 | 26k FFFF64+ 0

Reserved X #39 | 27 FFFF60H ICR14 0000BEH*

Reserved X #40 | 28+ FFFF5CH

Flash memory X #41 | 29 FFFF58n ICR15 0000BF+*! \2

Delay interrupt generation module X #42 | 2An FFFF54+ Low

O :Available
X : Unavailable
© : Available EPPOS function is provided.
A: Available when a cause of interrupt sharing a same ICR is not used.
*1:
a Peripheral functions sharing an ICR register have the same interrupt level.

a If peripheral functions share an ICR register, only one function is available when using expanded intelligent 1/O service.

a If peripheral functions share an ICR register, a function using expanded intelligent I/O service does not allow interrupt by another
function.

*2: Input capture 1 corresponds to EI?OS, however, PPG does not. When using EI?OS by input capture 1, interrupt should be disabled
for PPG.

*3:Priority when two or more interrupts of a same level occur simultaneously.
12. Peripheral Resources

12.1 1/0 Ports

The I/O ports are used as general-purpose input/output ports (parallel /0 ports). The MB60385 series model is provided with 5 ports
(34 inputs). The ports function as input/output pins for peripheral functions also.

1/0 Port Functions

An /O port, using port data resister (PDR), outputs the output data to I/0 pin and input a signal input to I/O port. The port direction
register (DDR) specifies direction of input/output of I/O pins on a bit-by-bit basis.

The following summarizes functions of the ports and sharing peripheral functions:

m Port 1: General-purpose input/output port, used also for PPG timer output and input capture inputs.

m Port 2: General-purpose input/output port, used also for reload timer input/output and external interrupt input.

m Port 3: General-purpose input/output port, used also for A/D converter activation trigger pin.

m Port 4: General-purpose input/output port, used also for UART input/output and CAN controller send/receive pin.

m Port 5: General-purpose input/output port, used also analog input pin.
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Port 1 Pins Block Diagram (single-chip mode)

MB90387/387S/F387/F387S
MB90V495G

snq ejep [eusaiy|

Peripheral

function input

Port data register (PD R)

PDR read

Peripheral

function output

__ Peripheral function

ﬁlk Output latch

. PDR write

Direction

output permission

latch

DDR write

DDR read

O lren

) o[ N-ch

Pin

Standby control (SPL=1)

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

Port 1 Registers (single-chip mode)

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

m 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 bits bit4 bit3 bit2 bit1 bit0
Corresponding pins P17 P16 P15 P14 P13 P12 P11 P10
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Port 2 Pins Block Diagram (general-purpose input/output port)

Peripheral Peripheral
function input function output

Port data register (PDR) Peripheral function
-------------------------------- [ output permission

) Y -
PER read

— . LO Y
> N
g 4’[? Output latch ; o © D—{ P-ch
3 PDR write : -
o| Pin
o | Port direction register (DDR)
al ST AT
o| Direction : N-ch
Sl } latch : D—{
: DDR write §
: lil‘ ? Standby control (SPL=1)
. DDR read :
Standby contrblmédﬁt»rnbnf .ai.rﬁb.h.g. étbbnr.ribde (SPL=1), Time-base timer mode (SPL=1), and watch mode
(SPL=1).
Port 2 Registers
m Port 2 registers include port 2 data register (PDR2) and port 2 direction register (DDR2).
m The bits configuring the register correspond to port 2 pins on a one-to-one basis.
Relation between Port 2 Registers and Pins
Port Name Bits of Register and Corresponding Pins
Port 2 PDR2,DDR2 bit7 bité bit5 bit4 bit3 bit2 bit1 bit0
Corresponding pins P27 P26 P25 P24 P23 P22 P21 P20
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