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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,
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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 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 I/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
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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

I/O 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
0 16-bit free run timer: 1 channel
0 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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5. Pin Description

Pin No. Pin Name C_Ii_)r/%ueit Function
1 AvVcc - 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.
3to 10 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.
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 MDO C Input pin for specifying operation mode. Connect directly to Vcc.
23 RST B External reset input pin.
24 Vcce - 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.
290 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.
331to 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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Type Circuit Remarks
F m Hysteresis input with pull-down resistor
m Pull-down resistor, approx. 50 kQ
R
Hysteresis input m Flash productis not provided with pull-down
resistor.
R
Vss
G m CMOS hysteresis input

Vce

P-ch High-current output

— High-current output
N-ch
Vss

CMOS
hysteresis input

Standby control

m CMOS level output (high-current output)

m Standby control provided

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.

e Using external clock

[>o X0

Open 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 X0A 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 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

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 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. 1/0 Map
Address Ab%?g\i/si‘;?iron Register '3\(;}?%/ Resource Initial Value
000000~ (Reserved area) *
000001+ PDR1 Port 1 data register R/W Port 1 XXXXXXXXe
000002+ PDR2 Port 2 data register R/W Port 2 XXXXXXXXs
000003+ 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) *
OOO’[(;)].OH
000011+ DDR1 Port 1 direction data register R/W Port 1 000000008
000012+ DDR2 Port 2 direction data register R/W Port 2 000000008
000013+ DDR3 Port 3 direction data register R/W Port 3 000X0000s
000014+ DDR4 Port 4 direction data register R/W Port 4 XXX00000s
000015+ DDR5 Port 5 direction data register R/W Port 5 000000008
000016+ (Reserved area) *
OOOE)O].AH
00001B+ ADER Analog input permission register R/W 8/10-bit A/D 11111111e
converter
00001Cnto (Reserved area) *
000025+
000026+ SMR1 Serial mode register 1 R/W UART1 000000008
000027+ SCR1 Serial control register 1 R/W, W 000001008
000028+ SIDR1/ Serial input data register 1/ Serial output R, W XXXXXXXXe
SODR1 data register 1
000029+ SSR1 Serial status data register 1 R, RIW 000010008
00002AH (Reserved area) *
00002BH CDCR1 Communication prescaler control R/W UART1 0XXX0000s
register 1
00002Cnto (Reserved area) *
00002FH
000030~ ENIR DTP/ExternaI interrupt permission R/W DTP/ExternaI 000000008
register interrupt
000031+ EIRR DTI_:’/ExternaI interrupt permission R/W XXXXXXXXe
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 000000008
000035 RW, W |converter 00000000s
000036+ ADCR A/D data register W, R XXXXXXXXs
000037x R 00101XXXs

Document Number: 002-07765 Rev. *A
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Address Ab%erg\i/si;?iron Register l\j\?r?t(iz/ Resource Initial Value
003C38H, DLCR4 DLC register 4 R/W CAN controller XXXXXXX Xz,
003C39H XXXXXXXXs
003C3AH, DLCR5 DLC register 5 R/W XXXXXXXXs,
003C3Bw XXXXXXXXs
003C3Ch, DLCR6 DLC register 6 R/W XXXXXXXXs,
003C3Dn XXXXXXXXs
003C3EH, DLCR7 DLC register 7 R/W XXXXXXXXs,
003C3F+x XXXXXXXXs
003C40n DTRO Data register 0 R/W XXXXXXXXs
003tC?47H XXXXt)c()XXXB
003C48n DTR1 Data register 1 R/W XXXXXXXXs
003tC?4FH XXXX'[)(()XXXB
003C50+ DTR2 Data register 2 R/W XXXXXXXXs
003?57»4 XXXX'[)(()XXXB
003C58H DTR3 Data register 3 R/W XXXXXXXXe
003E305FH XXXXt)c()XXXB
003C60H DTR4 Data register 4 R/W XXXXXXXXe
003t((2)67H XXXXt)(()XXXB
003C68H DTR5 Data register 5 R/W XXXXXXXXs
OO3E?6FH XXXXt)(()XXXB
003C70n DTR6 Data register 6 R/W XXXXXXXXs
003tC?77H XXXXt)c()XXXB
003C78n DTR7 Data register 7 R/W XXXXXXXXs
OOStC(I)?FH XXXX'[)(()XXXB
003C80x (Reserved area) *

OOSEJFFH

003DO00w, CSR Control status register R/W, R |CAN controller 0XXXX001e,
003DO01H 00XXX000s
003D02+ LEIR Last event display register R/W 000XX000s
003DO03H (Reserved area) *

003D04+, RTEC Send/receive error counter R CAN controller 00000000,
003D05w 000000008
003DO06H, BTR Bit timing register R/W 111111118,
003DO07H X1111111s
003D08H IDER IDE register R/W XXXXXXXXs
003D09H (Reserved area) *

003D0A+ | TRTRR |Send RTR register | RW  [CAN controller 00000000
003DO0BH (Reserved area) *

003DO0CH RFWTR |Remote frame receive wait register | R/W ICAN controller XXXXXXXXe

Document Number: 002-07765 Rev. *A
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Port 4 Pins Block Diagram

SNQ elep |eulalu|

Peripheral
function input

Port data register (PDR)

Peripheral

function output

DDR w

Direction

___ Peripheral function
output permission

P

latch

rite

: DDR read

1).

) 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=

Port 4 Registers

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

m 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 bitl bit0
Corresponding pins - - - P44 P43 P42 P41 P40

Document Number: 002-07765 Rev. *A
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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

m 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.

m 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.

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

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

Interval Timer of Watchdog Timer

Min Max Clock Cycle Min Max Clock Cycle
Approx. 3.58 ms Approx. 4.61 ms (214+21) Approx. 0.457 s | Approx. 0.576 s (2%2£29)
/HCLK /SCLK
Approx. 14.33 ms | Approx. 18.3 ms (216+213) Approx. 3.584 s | Approx. 4.608 s (215+£212)
/HCLK /SCLK
Approx. 57.23 ms | Approx. 73.73 ms (218£215) Approx. 7.168 s | Approx. 9.216 s (216£213)
/HCLK /SCLK
Approx. Approx. (221£218) Approx. Approx. (217£214)
458.75 ms 589.82 ms /HCLK 14.336 s 18.432 s /SCLK

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

m 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.

m 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.
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Watchdog Timer Block Diagram
Watchdog timer control register(WDTC) Watch timer control register (WTC)
«
2”
PONR| — |WRST|ERST|SRST|WTE |WT1 | WTO WDCS| |
l | I
Watchdog timer 2
: ! o l Activate
_ Resetoceurs == 0 ter . Watchdog | :
Shift to sleep mode —» Count clock 2-bit reset . Internalreset
) i . _|clear control R - : X
Shift to time-base — . selector [ counter > generation [ generation
Shift to watch mode _J" —" :
Shift to stop mode — Clear T
s 4
4
| Time-base timercounter | | | |
. _MaindOCk x21|x22|. .| x 28| x 29x 210/ x 211[x 212|x 213|x D14|x 215|x 216(x 217|x D18
(dividing HCLK by 2) :
. Watchcounter | ]
SUb CIOCk —P x21 x22 P x25 x26 x27 x28 x29 x210 X211 x212x213x214x215
SCLK :
HCLK: Oscillation clock
SCLK: Sub clock
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12.5 16-bit Reload Timer

The 16-bit reload timer has the following functions:

m Count clock is selectable among 3 internal clocks and external event clock.
m Activation trigger is selectable between software trigger and external trigger.

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

m 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.

m The 16-bit reload timer is ready for expanded intelligent I/O service (EI?OS).

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

Operation Mode of 16-bit Reload Timer

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

Internal Clock Mode

m The 16-bit reload timer is set to internal clock mode, by setting count clock selection bit (TMCSR: CSL1, CSLO) to “00s”, “01s”, “10s".
m In the internal clock mode, the counter decrements in synchronization with the internal clock.

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

m Edge detection of software trigger or external trigger is specified as an activation trigger.
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12.7 8/16-bit PPG Timer Outline

The 8/16-bit PPG timer is a 2-channel reload timer module (PPGO and PPG1) that allows outputting pulses of arbitrary cycle and duty
cycle. Combination of the two channels allows selection among the following operations:

m 8-bit PPG output 2-channel independent operation mode
m 16-bit PPG output operation mode

m 8-bit and 8-bit PPG output operation mode

MB90385 series device has two 8/16-bit built-in PPG timers. This section describes functions of PPG0/1. PPG2/3 have the same
functions as those of PPGO0/1.

Functions of 8/16-bit PPG Timer

The 8/16-bit PPG timer is composed of four 8-bit reload register (PRLHO/PRLLO, PRLH1/PRLL1) and two PPG down counters
(PCNTO, PCNT1).

m Widths of “H” and “L” in output pulse are specifiable independently. Cycle and duty factor of output pulse is specifiable arbitrarily.
m Count clock is selectable among 6 internal clocks.
m The timer is usable as an interval timer, by generating interrupt requests for each interval.

m The time is usable as a D/A converter, with an external circuit.

Document Number: 002-07765 Rev. *A Page 39 of 81
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8/16-bit PPG Timer 1 Block Diagram

“H” level side data bus

(To PPGO)

PPGO underflow
(From PPGO)

Time-base timer output
(512/HCLK)
Peripheral clock (1/¢)
Peripheral clock (2/¢)
Peripheral clock (4/¢)
Peripheral clock (8/¢)

Peripheral clock (16/¢)

Countclock
selector

3
Select signal

AN\ 2\
“L” level side data bus
/\l PPG1 reload PPG1 operation mode control
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PPG1 underflow PPG output control circuit
< MDO

PCS2|PCS1|PCSO
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¢

*

: Undefined

Reserved: Reserved bit
: Oscillation clock frequency
: Machine clock frequency

. Interrupt output of 8/16-bit PPG timer 1 is incorporated into one by the OR circuit against

PCM2

PCM1|PCMO0

PPGO0/1 count clock selection register (PPG01)

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

m 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.

m Two detection address setting registers are provided (PADRO 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

]

snq eyep reusalu)

INT9 instruction

Detection address setting register 0 -
(generate INT9 interrupt)

PADR1 (24-bit)
Detection address setting register 1

PADRO (24-bit) >
|

01911§d woD

L

)
D_

PACSR

I

Reserved |Reserved |Reserved |Reserved| AD1E |Reserved| ADOE |Reserved

Address detection control register (PACSR)
Reserved: Be sure to set to “0.”

m Address latch
Retains address value output to internal data bus.

m Address detection control register (PACSR)
Specifies if interrupt is permitted or prohibited when addresses match with each other.

m Detection address setting (PADRO, PADR1)
Specifies addresses to be compared with values in address latch.
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13.3 DC Characteristics

(Vcc =5.0 V£10%, Vss = AVss = 0.0 V, Ta=—-40 °C to +105 °C)

Value
Parameter | Symbol Pin Name Conditions - Unit Remarks
Min Typ Max
“H” level ViHs |CMOS hysteresis |— 0.8 Vcc — Vec+03| V
input input pin
voltage View  |MD input pin — Vee-03| — |Vec+03]| V
“L” level Vi,s  |CMOS hysteresis |— Vss — 0.3 — 0.2 Vcc \%
input input pin
voltage Vi |MD input pin — Vss—03| — |Vss+03| Vv
“H” level VoH1 |Pins other than Vec=4.5YV, Vee - 0.5 — — \%
output P14 to P17 lon =-4.0 mA
voltage Vonz |P14to P17 Vec =45V, Vec-05| — — Vv
lon =-14.0 mA
“L" level Vou1 |Pins other than Vecc=4.5YV, — — 0.4 \Y
output P14 to P17 loL=4.0 mA
voltage Vo2 |Pl4toP17 Vec=45V, — — 0.4 Vv
loL =20.0 mA
Input leak I All input pins Vcc=5.5YV, -5 — +5 A
current Vss < VI < Vcc
Power Icc Vce Vcc=5.0V, — 25 30 mA
supply Internally operating at
current* 16 MHz, normal operation.
Veec =5.0V, — 45 50 mA | MB90F387/S
Internally operating at
16 MHz, writing on
Flash memory.
Vcc=5.0V, — 45 50 mA | MB90F387/S
Internally operating at
16 MHz, deleting on
Flash memory.
lccs Vcc=5.0V, — 8 12 mA
Internally operating at
16 MHz, sleeping.
IcTs Vcec=5.0V, — 0.75 1.0 mA | MB90F387/S
Internally operating at
2 MHz, transition from main
clock mode, intime-base timer 0.2 0.35 MB90387/S
mode.
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Rating values of alternating current is defined by the measurement reference voltage values shown below:
* Input signal waveform « Output signal waveform
Hysteresis input pin Output pin
0.8VCC ----Xfr----mmmmmmee e 24V - X fr
0.2VCC -~ K- 08V ----Af N
13.4.2 Reset Input Timing
) Value )
Parameter Symbol |Pin Name - Unit Remarks
Min Max
Reset input time trRsTL RST 16 tcp*3 - ns Normal operation
Oscillation time of oscillator** + - - In sub clock*?, sub
100 ps + 16 tcp*3 sleep*2, watch*2 and
stop mode
100 - us In timebase timer

*1: Oscillation time of oscillator is time that the amplitude reached the 90%. In the crystal oscillator, the oscillation time is between
several ms to tens of ms. In ceramic oscillator, the oscillation time is between hundreds of us to several ms. In the external clock,

the oscillation time is 0 ms.
*2: Except for MBOOF387S and MB90387S.
*3: Refer to "(1) Clock timing" ratings for tce (internal operation clock cycle time).

clock

Internal operation

Internal reset

90% of

amplitude

tRSTL

e In sub clock, sub sleep, watch and stop mode

RST
N

- 0.2 Vce

/0.2 Vce

100 ps
+16 tcp

Oscillation
time of
oscillator

Wait time for stabilizing

VWYY
UV

oscillation

Execute instruction
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e Timer input timing

TINO, TINT, 0.8 Vce 0.8 Vce
INO to IN3 0.2 Vce 0.2 Vco
I tTIwH | tTiwL |
13.4.6 Trigger Input Timing
(Mcc=4.5V1t055V, Vss=0.0V, Ta=-40 °C to +105 °C)
) o Value )
Parameter Symbol Pin Name Conditions - Unit | Remarks
Min Max
Input pulse width trrReH INT4 to INT7, - 5tep* - ns
trreL ADTG
*: Refer to Clock Timing ratings for tce (internal operation clock cycle time).
e Trigger input timing
INT4 to INT7, 0.8 Vcc 0.8 Vcc
ADTG 0.2 Vee 0.2 Ve
i tTRGH i tTRGL |
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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 kQ or lower (4.5 V < AVcc < 5.5 V) (sampling period=2.00 us
at 16 MHz machine clock), Approx. 11 kQ or lower (4.0 V < AVcc < 4.5 V) (sampling period=8.0 us 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.

¢ Analog input circuit model

R
Analog input
D— \/ \/ \/ Comparator
—_——c
777
MB90F387/S, MB90387/S
45V < AVce £ 55V R =2.35kQ, C=36.4pF
40V < AVec <45V R = 16.4 kQ, C = 36.4 pF

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

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

13.8 Flash Memory Program/Erase Characteristics

. Value .
Parameter Conditions - Unit Remarks
Min Typ Max

Sector erase time Ta=+25°C - 1 15 S Excludes 0O0H programming

Vec=5.0V prior to erasure
Chip erase time - 4 - s Excludes 00H programming

prior to erasure

Word (16-bit width) - 16 3,600 us  |Except for the over head time of
programming time the system
Program/Erase cycle - 10,000 - - cycle
Flash Data Retention Time Average 20 - - Year |*

Ta=+85°C

*: This value comes from the technology qualification (using Arrhenius equation to translate high temperature measurements into
normalized value at + 85 °C).
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lccLs — Vee
Ta=+25 °C, In external clock operation
f = Internal operating frequency
15
14
13
12
11
10
<_5L 9 f=8kHz
= 8
a7
8 6
5
4
3
2
1
0
3 4 5 6 7
Vce (V)
lcct — Vee
Ta=+25 °C, In external clock operation
f = Internal operating frequency
10
9
8 f=8kHz —
7
< 6
=
- 5
(6]
S 4
3
2
1
0
3 4 5 6 7
Vce (V)
lcen — Vee
Stopping, Ta=+25 °C
30
25
< 20
2
5 15
kS
10
5
0
2 3 4 5 6 7
Vee (V)

(Continued)
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lccLs — Vee
Ta=+25 °C, In external clock operation
f = Internal operating frequency
10
9
8
. f=8kHz
<6
® 5
Q
L 4
3
2
1
0
3 4 5 6
vee (V)
lcct — Vee
Ta=+25 °C, In external clock operation
f = Internal operating frequency
10
9
8
7
f=8 kHz
21 6
E 5
S 4
3
2
1
0
3 4 5 6
Vce (V)
lcch — Vee
Stopping, Ta=+25 °C
30
25
20
<
2
z 15
Q
S
10
5
0
2 3 4 5 6 7
Vee (V)
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