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1. Product Lineup

Part Number MBOOF387 MB90387
MB90V495G
Parameter MB90F387S MB90387S
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 35Vto55V 45Vto55V
Special power supply for - None
emulator*?
CPU functions Number of basic instructions : 351 instructions
Instruction bit length : 8 bits and 16 bits
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 pus at minimum (at 16 MHz machine clock)
Low power consumption Sleep mode / Watch mode / Time-base timer mode / Stop mode / CPU intermittent

(standby) mode

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/ 16-bit free-run |Number of channels: 1

output timer timer Interrupt upon occurrence of overflow

Number of channels: 4

Input capture 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 ps, 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,2.0s
(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: 62.5nsto 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 I/O service (EI?0S) is available.
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4. Pin Assignment
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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.”
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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
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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
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11. Interrupt Sources, Interrupt Vectors, And Interrupt Control Registers
EI2OS Interrupt Vector Interrupt Control Register o
Interrupt Source ; Priority*3
g Readiness | Number Address ICR Address Y
Reset X #08 | 08n FFFFDCH - - High
INT 9 instruction X #09 | O9n FFFFD8H - - 0
Exceptional treatment X #10 | OAw FFFFD4n - -
CAN controller reception completed ’ #11 | OBH FFFFDOH ICROO 0000B0Ow**
(RX)
CAN controller transmission #12 | OCn FFFFCCH
completed (TX) / Node status
transition (NS)
Reserved X #13 | ODw FFFFC8H ICRO1 0000B1H
Reserved X #14 | OEn FFFFC4n
CAN wakeup A #15 | OFu FFFFCOH ICR02 0000B2+*!
Time-base timer X #16 | 10m FFFFBCH
16-bit reload timer O A #17 | 11w FFFFB8H ICRO3 0000B3n**
8/10-bit A/D converter A #18 | 12w FFFFB4+
16-bit free-run timer overflow A #19 | 13w FFFFBO~ ICR0O4 0000B4+**
Reserved X #20 | 14w FFFFACH
Reserved X #21 | 15w FFFFA8H ICRO5 0000B5H*!
PPG timer chO, chl underflow #22 | 16w FFFFA4H
Input capture O-input A #23 | 17w FFFFAOH ICRO6 0000B6+**
External interrupt (INT4/INT5) A #24 | 18n FFFFICH
Input capture 1-input A #25 | 194 FFFF98H ICRO7 0000B7+*?
PPG timer ch2, ch3 underflow ’ #26 | 1AH FFFF94+
External interrupt (INT6/INT7) A #27 | 1Bn FFFF90H ICRO8 0000B8H*!
Watch timer A #28 | 1Cw FFFF8CH
Reserved X #29 | 1Dw FFFF88H ICR0O9 0000B9H*!
Input capture 2-input ’ #30 | 1E~ FFFF84n
Input capture 3-input
Reserved X #31 | 1Fu FFFF80H ICR10 0000BAH*!
Reserved X #32 | 20m FFFF7CH
Reserved X #33 | 21 FFFF78n ICR11 0000BBH**
Reserved X #34 | 22n FFFF74n
Reserved X #35 | 23w FFFF70m ICR12 0000BCH** \2
16-bit reload timer 1 O #36 | 24n FFFF6CH Low
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Input Capture Block Diagram

) S N
Edge detection : 16-bit free-run timer :
....... circuit
IN :
Pin ; Tl »| Input capture data register 3 (IPCP3) —N
IN2 { :
Pin ; _T_ _L : > Input capture data register 2 (IPCP2) \l—\//\
I

Input capture control / N
status register ICP1|ICPO|ICE1|ICEQ EG11|[EG10/EGO1 EGOO\, Y
(ICS23)

E \
I:: Input capture
——|:>_<> interrupt request

,—D_O/

SNq erep [eusaiu|

Input capture control ¥ N
(ICS01) T 1
CoTTTry . 2
INT v 2
Pin —> [ | I > Input capture data register 1 (IPCP1) K —— 1
INO_ !
pin > [ | > Input capture data register 0 (IPCP0) { —
Edge detection
circuit
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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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12.6 Watch Timer Outline
The watch timer is a 15-bit free-run counter that increments in synchronization with sub clock.

m Interval time is selectable among 7 choices, and generation of interrupt request is allowed for each interval.
m Provides operation clock to the subclock oscillation stabilizing wait timer and watchdog timer.

m Always uses subclock as a count clock regardless of settings of clock selection register (CKSCR).

Interval Timer Function

m In the watch timer, a bit corresponding to the interval time overflows (carry-over) when an interval time, which is specified by interval
time selection bit, is reached. Then overflow flag bit is set (WTC: WTOF=1).

m If an interrupt by overflow is permitted (WTC: WTIE=1), an interrupt request is generated upon setting an overflow flag bit.

m Interval time of watch timer is selectable among the following seven choices:

Interval Time of Watch Timer

Sub Clock Cycle Interval Time

1/SCLK (122 ps) 28/SCLK (31.25 ms)

29/SCLK (62.5 ms)

219/SCLK (125 ms)

21/SCLK (250 ms)

212/SCLK (500 ms)

2B3/SCLK (1.0 s)

24/SCLK (2.0 s)

SCLK: Sub clock frequency
Values in parentheses “( )" are calculation when operating with 8.192 kHz clock.
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12.8 Delay Interrupt Generation Module Outline
The delay interrupt generation module is a module that generates interrupts for switching tasks. Generation of a hardware interrupt

request is performed by software.

Delay Interrupt Generation Module Outline
Using the delay interrupt generation module, hardware interrupt request is generated and released by software.

Table 12-1. Delay Interrupt Generation Module Outline

Function and Control

Cause of interrupt

Set “1” in RO bit of delay interrupt request generation/release register (DIRR: R0O=1),
generating an interrupt request.
Set “0” in RO bit of delay interrupt request generation/release register (DIRR: R0=0),
releasing an interrupt request.

Interrupt number

#42 (2An)

Interrupt control

No setting of permission register is provided.

Interrupt flag

Retained in DIRR: RO bit

EI?OS

Not ready for expanded intelligent 1/O service.

Delay Interrupt Generation Module Block Diagram

Internal data bus

— | RO

—: Not defined

register (DIRR)

Delay interrupt request generation/release L@

S Interrupt request
R Latch

| Interrupt

request signal

Interrupt Request Latch

A latch that retains settings on delay interrupt request generation/release register (generation or release of delay interrupt request).

Delay Interrupt Request Generation/Release Register (DIRR)

Generates or releases delay interrupt request.

Interrupt Number

An interrupt number used in delay interrupt generation module is as follows:

Interrupt number: #42 (2An)

Document Number: 002-07765 Rev. *A

Page 42 of 81



A,

ws CYPRESS

MB90387/387S/F387/F387S
MB90V495G

EMBEDDED IN TOMORROW

-

UART Block Diagram

Control bus
( Reception intérrupt
Special-purpose Transmission request output
baud-rate — clock __ Transmission interrupt
generator request output
timer selector clock Reception Transmission
control control
Pin oy ycireuit ||y ycireuit
SCK1 _» Start bit Transmission
' | detection circuit | : start circuit
| Reception bit -— Transmission
! counter - bit counter
s R_eception Trqnsmlssmn J Pin
| parity counter parity counter
S [ SOT1
Pin . | Shift register for | Shift register for | :
T reception transmission :
SIN1 : 3 §
4 b ‘Recep- ! : 3
— | tion . 1 Start
Serial input data | com. :[Serial outputdata f fransmission
X register 1 pleted register 1 3 ;
Reception status| L———— 1" L P a— Reception error
decision circuit occurrence
T —— signal for EI?20S
~_ (to CPU)
Internal data bus
Communi MD1 PEN PE
_ . Serial MDO ' P Serial ORE
cation MD mode CS2 Serial SBL tat FRE
prescaler _ CS1 control CL status RDRF
| register CSo register A/D register TDRE
contro DIV2 1 RST 1 REC 1 BDS
register DIV1 SCKE RXE RIE
DIVO SOE TXE TIE
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CAN Controller Block Diagram

___ F2MC-16LX bus
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RS
l«—| CSR | HALT Bus Idle, interrupt, suspend,
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transition interrupt | transition J decision and overload
NT__ [~ generation circuit | interrupt signal circuit
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cireuit | o nsmission/
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Clear transmission 1
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|  AMSR | Arbitration lost check M
. Bit error [
| Bit —
AMRO ?—— pyso— Reception It error check —
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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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13.2 Recommended Operating Conditions

(Vss = AVss = 0.0V)

Value i
Parameter Symbol - Unit Remarks
Min Typ Max
Power supply voltage Vce 35 5.0 55 V |Under normal operation
3.0 - 5.5 V |Retain status of stop
operation
AVcc 4.0 - 5.5 vV o|*2
Smoothing capacitor Cs 0.1 - 1.0 uF |*1
Operating temperature TA -40 - +105 °C

*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.

¢ C pin connection diagram

Cs

E—H—‘
o}

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.
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MB90387/387S/F387/F387S
MB90V495G

(Vcec = 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
Power Ilcct  [Vcc Vcc=5.0V, — 0.3 1.2 mA | MB90F387/S
supply Internally operating at 8 kHz,
current* subclock operation,
Ta=+25°C — 40 100 A MB90387/S
IccLs Vcc=5.0V, — 10 30 HA
Internally operating at 8 kHz,
subclock,
sleep mode,
Ta=+25°C
lceT Vcc=5.0V, — 8 25 HA
Internally operating at 8 kHz,
watch mode,
Ta=+25°C
IccH Stopping, — 5 20 pA
Ta=+25°C
Input CiN Other than AVce, — 5 15 pF
capacity AVss, AVR, C, Vcc,
Vss
Pull-up Rup  |RST - 25 50 100 kQ
resistor
Pull-down Roown |MD2 - 25 50 100 kQ |Flashproductis
resistor not provided
with pull-down
resistor.

*: Test conditions of power supply current are based on a device using external clock.
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13.4 AC Characteristics
13.4.1 Clock Timing

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

Parameter Symbol | Pin Name - Value Unit Remarks
Min Typ Max
Clock frequency fc X0, X1 3 — 8 MHz [When crystal or ceramic
resonator is used*?
3 — 16 MHz |External clock input*® *2
4 — 16 MHz [PLL Multiply by 1 *?
4 — 8 MHz |PLL Multiply by 2 *?
4 — 5.33 | MHz |PLL Multiply by 3 *2
4 — 4 MHz |PLL Multiply by 4 *?
feu XO0A, X1A — 32.768 — kHz
Clock cycle time tHeyL X0, X1 125 — 333 ns
tLeve XO0A, X1A — 30.5 — us
Input clock pulse width PwH, Pwe X0 10 — — ns |Set duty factor at 30% to
70% as a guideline.
PwiH,PwLL XO0A — 15.2 — us
Input clock rise time and fall time tcr, tcr X0 — — 5 ns |When external clock is used
Internal operation clock frequency fcp — 15 — 16 MHz |When main clock is used
fLep — — 8.192 — kHz |When sub clock is used
Internal operation clock cycle time tep — 62.5 — 666 ns |When main clock is used
tep — — 122.1 — us  |When sub clock is used

*1: Internal operation clock frequency should not exceed 16 MHz.

*2: When selecting the PLL clock, the range of clock frequency is limited. Use this product within range as mentioned in “Relation
among external clock frequency and internal clock frequency”.

¢ Clock timing

tHCYL
A 0.8 Vce
)‘Z ............. 0.2 Vce
PWH | | Pwi- |
tcF tcR
tLeyL
\ /A 0.8 Vcc
\’( ;‘/ ............. 0.2 Vee
PWLH PwLL

tCF
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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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13.6 Definition of A/D Converter Terms
Resolution: Analog variation that is recognized by an A/D converter.

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

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

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

Total error

3FFH - ;-

Actual conversion | :
3FEH + |_i15L8B

characteristics

h
—»:
'

3FDH 1 mTeees '
5 5 | {1 LSBx (N—1)+0.5LSB}
o ~ ... ' o
= e ' h
3 — :
T 0041 : VNT
=) ; ; (Actually-measured value)
O ooznt+ - |

: ~— Actual conversion
00241 " oo : characteristics
. [ ldeal characteristics
00TH "'

> ~—05LSB

AVss ) AVR
Analog input

Vnr—{1LSB x (N-1)+0.5LSB}

Total error of digital output “N” = 1LSB

[LSB]

1LSB = (Ideal val ARZAS v
= (Ideal value) —1oma

Vor (Ideal value) = AVss + 0.5 LSB [V]

Vest (Ideal value) = AVR - 1.5 LSB [V]

Vnt: A voltage at which digital output transits from (N-1)+ to Nw.

(Continued)
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