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Part Number MBOOF387 MB90387
E MBYOF387S MB90387S MBOOV495G
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 buffers.

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, MBO0F387S

2. Packages And Product Models

Package MB9O0F387, MBIOF387S 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 FFFFFF+ is viewed on 00 bank and an image of FEO00OH 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 FEOOOO+ to FF3FFFH
is viewed only on FF bank.
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MB90387/387S/F387/F387S
MB90V495G

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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9.2 Memory Map

(with ROM mirroring
function enabled)

000000H Peripheral
0000COH
000100+ RAM area
_-Re ister
Address #1 -
003800+ Extension 10
004000 area
ROM area
(FF bank image)
010000H
FEOOOOH
ROM area*
FFOOO00H
e 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 “FEO000+" to “FEFFFFH” is to read out
“FFO000+” to “FFFFFFH".

Note: When internal ROM is operating, F’MC-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 “FFCO00+" 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 “FF4000+" to “FFFFFFH"
is viewed on “004000+" to “O0FFFF+" image, store a ROM data table in area “FF4000+” to “FFFFFFH.”
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Address Ab%erg\i/si;?iron Register l\j\?r?t(iz/ Resource Initial Value

000083+ (Reserved area) *

000084+ TCANR |Send cancel register ‘ w ‘CAN controller 000000008

000085+ (Reserved area) *

000086+ TCR |Send completion register ‘ R/W ‘CAN controller 000000008

000087+ (Reserved area) *

000088+ RCR |Receive completion register ‘ R/W ‘CAN controller 000000008

000089+ (Reserved area) *

00008A+ | RRTRR |Receive RTR register | RW  |CAN controller 00000000z

00008BH (Reserved area) *

00008CH ROVRR |Receive overrun register ‘ R/W ‘CAN controller 000000008

00008Dw (Reserved area) *

00008EH RIER Rece_ive_ compl_etion 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 00011000e
register consumption mode

0000A1H CKSCR Clock selection register R,R/W  |Clock 111111008

0000A2H (Reserved area) *

000’[0?6\7H

0000A8H WDTC Watchdog timer control register R,W Watchdog timer XXXXX111s

0000A9H TBTC Time-base timer control register R/W,W |Time-base timer 1XX001008

0000AAH WTC Watch timer control register R,R/W  |Watch timer 1X001000s

0000ABH (Reserved area) *

OOOtOOADH

0000AEH FMCS Flash memory control status register R,W,R/W |512k-bit Flash 000X0000s

memory
0000AFH (Reserved area) *
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Register : Read/ o

Address AT e Register Write Resource Initial Value
003910~ PRLLO PPGO reload register L R/W 8/16-bit PPG timer XXXXXXXXe
003911+ PRLHO PPGO reload register H R/W XXXXXXXXs
003912+ PRLL1 PPGL1 reload register L R/W XXXXXXXXe
003913+ PRLH1 PPG1 reload register H R/W XXXXXXXXe
003914+ PRLL2 PPG2 reload register L R/W XXXXXXXXe
003915+ PRLH2 PPG2 reload register H R/W XXXXXXXXe
003916+ PRLL3 PPG3 reload register L R/W XXXXXXXXe
003917+ PRLH3 PPG3 reload register H R/W XXXXXXXXe
003918+ (Reserved area) *

to
00392FH
003930~ (Reserved area) *

to
003BFFH
003CO00~ RAM (General-purpose RAM)

to
003COFH
003C10~ IDRO ID register O R/W CAN controller XXXXXXXXs

to to
003C13n XXXXXXXXs
003C14+ IDR1 ID register 1 R/W XXXXXXXXe

to to
003C17+ XXXXXXXXs
003C18n IDR2 ID register 2 R/W XXXXXXXXe

to to
003C1BHn XXXXXXXXs
003C1Cn IDR3 ID register 3 R/W XXXXXXXXe

to to
003C1FH XXXXXXXXs
003C20n IDR4 ID register 4 R/W XXXXXXXXe

to to
003C23n XXXXXXXXs
003C24+ IDR5 ID register 5 R/W XXXXXXXXe

to to
003C27H XXXXXXXXs
003C28n IDR6 ID register 6 R/W XXXXXXXXe

to to
003C2BH XXXXXXXXs
003C2Cw 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
003C34H, DLCR2 DLC register 2 R/W XXXXXXXXe,
003C35n XXXXXXXXe
003C36wH, DLCR3 DLC register 3 R/W XXXXXXXXe,
003C37+ XXXXXXXXs
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Register : Read/ o
Address AT e Register Write Resource Initial Value
003DO0D+ (Reserved area) *
003DOEH TIER Send completion interrupt permission R/W CAN controller 000000008
register
003DO0FH (Reserved area) *
003D10w, AMSR Acceptance mask selection register R/W CAN controller XXXXXXXXe,
003D11+ XXXXXXXXs
003D12w, (Reserved area) *
003D13n
003D14+ AMRO Acceptance mask register O R/W CAN controller XXXXXXXXe
to to
003D17w XXXXXXXXs
003D18H AMR1 Acceptance mask register 1 R/W XXXXXXXXs
to to
003D1BH XXXXXXXXe
003D1CH (Reserved area) *
to
003DFFH
003E00H (Reserved area) *
to
003EFFH
003FFOH (Reserved area) *
to
003FFFH
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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Port 5 Pins Block Diagram

ADER {>O Analog input

A

A
Y

Port data register (PDR) o

PDR read
% %%Output latch - 9i Y P-ch
2| iPDRwrte .
o Pin
E% P'(_).r_t. .d.'.r?Qt.'.(?.r!.T?Q'.S.??T..(PPR.)‘
g. : Direction : N-ch
S : latch 1
DDR write 5

Standby control (SPL=1)
DDR read

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

Port 5 Registers
m Port 5 registers include port 5 data register (PDR5), port 5 direction register (DDR5), and analog input permission register (ADER).
m Analog input permission register (ADER) allows or disallows input of analog signal to the analog input pin.

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

Relation between Port 5 Registers and Pins

Port Name Bits of Register and Corresponding Pins
Port 5 PDR5, DDR5 bit7 bité bit5 bit4 bit3 bit2 bitl bit0
ADER ADE7 ADEG6 ADES5 ADE4 ADE3 ADE2 ADE1 ADEO
Corresponding pins P57 P56 P55 P54 P53 P52 P51 P50
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Time-base Timer Block Diagram

—— 7| Towatchdog
To PPG timer —> timer
Time-base timer counter T L‘
e e ) I |
2‘/HCLK—§-> x21 | x22 | x23| +v | -o0 | x28 | x29 | x210| %211 | x212 | x213 | x214 [x215 [x216 |x217 |x218
e e o e e
3
OF
OF OF
OF
> To clock controller
» | oscillation stabilizing
>’ wait time selector
Power-on reset Y V.V V
Stop mode —» Counter- Interval timer |
CKSCR:MCS=1>0" —> clear circuit selector -
CKSCR:SCS=0>12 —»

1 TBOF clear TBOF set

vy
Time-base timer control E:_gBlitce:; ssr\?éd _ - |tBiElTBOH TBR [TBC1ITBCO

Time-base timer interrupt signal @_C

OF : Overflow
HCLK : Oscillation clock

*1: Switch machine clock from main clock to PLL clock.

*2: Switch machine clock from sub clock to main clock.

Actual interrupt request number of time-base timer is as follows:
Interrupt request number: #16 (10w)
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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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12.4 16-bit Input/Output Timer

The 16-bit input/output timer is a compound module composed of 16-bit free-run timer, (1 unit) and input capture (2 units, 4 input pins).
The timer, using the 16-bit free-run timer as a basis, enables measurement of clock cycle of an input signal and its pulse width.

Configuration of 16-bit Input/Output Timer

The 16-bit input/output timer is composed of the following modules:
m 16-bit free-run timer (1 unit)

m Input capture (2 units, 2 input pins per unit)

Functions of 16-bit Input/Output Timer

Functions of 16-bit Free-run Timer

The 16-bit free-run timer is composed of 16-bit up counter, timer counter control status register, and prescaler. The 16-bit up counter
increments in synchronization with dividing ratio of machine clock.

m Count clock is set among four types of machine clock dividing rates.
m Generation of interrupt is allowed by counter value overflow.
m Activation of expanded intelligent I/O service (EI?0OS) is allowed by interrupt generation.

m Counter value of 16-bit free-run timer is cleared to “0000+" by either resetting or software-clearing with timer count clear bit (TCCS:
CLR).

m Counter value of 16-bit free-run timer is output to input capture, which is available as base time for capture operation.

Functions of Input Capture

The input capture, upon detecting an edge of a signal input to the input pin from external device, stores a counter value of 16-bit free-
run timer at the time of detection into the input capture data register. The function includes the input capture data registers corre-
sponding to four input pins, input capture control status register, and edge detection circuit.

m Rising edge, falling edge, and both edges are selectable for detection.
m Generating interrupt on CPU is allowed by detecting an edge of input signal.
m Expanded intelligent 1/O service (EI?OS) is activated by interrupt generation.

m The four input capture input pins and input capture data registers allows monitoring of a maximum of four events.

16-bit Input/Output Timer Block Diagram

Internal data bus

/  Special- | 16-bit free-run
\ purpose bus timer

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

Input Capture

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

16-bit Free-run Timer Block Diagram

Timer counter data register Output counter value
(TCDT) to input capture

16-bit free-run timer % >
N\

oF |TcLk fsToP TCLR

¢—{ Prescaler

7}
2

SNQ elep |jeulalu|

Timer counter
control status register

(TCCS) y [ 1
IVF | IVFE|STOP| 7= | CLR |CLK2|CLK1 CLKO< >

\;D Free-run timer

¢ : Machine clock interrupt request
OF: Overflow

Detailed Pin Assignment on Block Diagram

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

Prescaler

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

Timer Counter Data Register (TCDT)

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

The Controller Area Network (CAN) is a serial communication protocol compliant with CANVer2.0A and Ver2.0B. The
protocol allows data transmission and reception in both standard frame format and expanded frame format.

Features of CAN Controller

m CAN controller format is compliant with CANVer2.0A and Ver2.0B.

m The protocol allows data transmission and reception in standard frame format and expanded frame format.
m Automatic transmission of data frame by remote frame reception is allowed.

m Baud rate ranges from 10 kbps to 1 Mbps (with 16-MHz machine clock).

Table 12-5. Data Transmission Baud Rate

Machine Clock Baud Rate (Max)
16 MHz 1 Mbps
12 MHz 1 Mbps
8 MHz 1 Mbps
4 MHz 500 kbps
2 MHz 250 kbps

m Provided with 8 transmission/reception message buffers.

m Transmission/reception is allowed at ID 11 bit in standard format, and at ID 29 bit in expanded frame format.
m Specifying 0 byte to 8 bytes is allowed in message data.

m Multi-level message buffer configuration is allowed.

m CAN controller has two built-in acceptance masks. Mask settings are independently allowed for the two acceptance masks on
reception IDs.

m The two acceptance masks allow reception in standard frame format and expanded frame format.

m For types of masking, all-bit comparison, all-bit masking, and partial masking with acceptance mask register 0/1, are specifiable.
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CAN Controller Block Diagram

___ F2MC-16LX bus

CPU — Operation clock (TQ)
tion—s Prescaler Bittiming S t
oIpeEI ion (dividing by 1 to 64) generation circuit |——= Sync segmen
cloc Time segment 1
';:C Time segment 2
~— BTR !
TS2
RSJ
TOE
TS
RS
l«—| CSR | HALT Bus Idle, interrupt, suspend,
NE | Node status Node status status transmit, receive, error,
transition interrupt | transition J decision and overload
NT__ [~ generation circuit | interrupt signal circuit
NS1,0 Error
RTEC control
cireuit | o nsmission/
reception - ]
«— BVALR sequence
Clear transmission 1
~— buffer e Trans- L..| Error frame
- Transmission L Acceptance iom [
TRECA buffer —-mission cg)uar:taer filtergontrol gegie;,‘éitilton
decision circuit buffer circuit L Beerioad
e e 1D seneron
issi ion lecti i
Tran;urggflon DLC  pLG Setection circuit
L .| TCANR l L| Bit error, stuff error, | —— Arbitration OdlrjiflpeurtTX
CRC error, frame lost
l error, ACK error
<~ TRTRR [
_| Transmission | | Stuffing
«—~{ RFWTR shift register |" -
Set and clear
.| 1R [— transmission buffer ~ Trans- 1 CRC ACK | |
© .l Tansmoson 1 TEen ||| Transmission |gereie] fenereien
| _|completion interrupt = interrupt DLC
[+ TIER generation circuit signal CRC error
L. R = Set reception buffer Reception 5rg — Stuffing
Reception completion| ~Reception DLC %erpoerriﬁggkcwcw error
interrupt generation |_, completion
1 RIER circuit interrupt -
— - signal .| Reception Destuffing/stuffing [,_| |
Set and clear reception shift register error check
l— RRTRR [*— buffer and transmission buffer I
Set reception .
e~ ROVRR |* buffer ID selection
T «| Arbitration [+
|  AMSR | Arbitration lost check M
. Bit error [
| Bit —
AMRO ?—— pyso— Reception It error check —
~}-|Acceptance buffer p P ———
| decision circuit | Acknowledgment|_ |
AMR{ ACK error error check
IDROto 7 Reception buffer Form error Input
F - p
DTSX&O 7 RAM address Reception buffer, transmission buffer,
generation circuit reception DLC, transmission DLC, ID selection
~— IDER
] LEIR
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12.14 ROM Mirror Function Selection Module Outline
The ROM mirror function selection module sets the data in ROM assigned to FF bank so that the data is read by access to 00 bank.

ROM Mirror Function Selection Module Block Diagram

ROM mirror function selection register

(ROMM)
> Reserved | Reserved |Reserved |Reserved | Reserved| Reserved| Reserved Ml
Addres
2 £> .................. Addressarea
g : FF bank : i 00 bank :
a
=4
Q
O
c
@ % Data y
K | ROM

FF Bank Access by ROM Mirror Function

004000H
00 bank ROM mirror area
00FFFFH
FBFFFFH
FCO0000H
FEFFFFH
FFO000N MB90V495G
MB90F387
FF40004 | FF bank (ROM MB90387
mirror applicable
FFFFFFH area)
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m Use within recommended operating conditions.
m Use at DC voltage (current).
m The +B signal should always be applied a limiting resistance placed between the +B signal and the microcontroller.

m The value of the limiting resistance should be set so that when the +B signal is applied the input current to the microcontroller pin
does not exceed rated values, either instantaneously or for prolonged periods.

m Note that when the microcontroller drive current is low, such as in the power saving modes, the +B input potential may pass through
the protective diode and increase the potential at the Vcc pin, and this may affect other devices.

m Note that if a +B signal is input when the microcontroller power supply is off (not fixed at 0 V), the power supply is provided from the
pins, so that incomplete operation may result.

m Note that if the +B input is applied during power-on, the power supply is provided from the pins and the resulting supply voltage may
not be sufficient to operate the power-on reset.

m Care must be taken not to leave the +B input pin open.

m Note that analog system input/output pins other than the A/D input pins (LCD drive pins, comparator input pins, etc.) cannot accept
+B signal input.

m Sample recommended circuits:

¢ |Input/Output Equivalent circuits o
Protective diode

/ Vce
Limiting /‘ | Pch_

resistance —
+B input (0 V to 16 V) AN

N-ch

.

WARNING: Semiconductor devices can be permanently damaged by application of stress (voltage, current,
temperature, etc.) in excess of absolute maximum ratings. Do not exceed these ratings.

Document Number: 002-07765 Rev. *A Page 56 of 81



A,

ws CYPRESS

- EMBEDDED IN TOMORROW

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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13.4.4 UART Timing

(Vcc=45V1t05.5V, Vss=0.0V, Ta=-40 °C to +105 °C)

Value
Parameter Symbol | Pin Name Conditions : Unit | Remarks
Min Max
Serial clock cycle time tscve SCK1 Internal shift clock 4 tcp* - ns
SCK 4 — SOT delay time tstov Sck1, |modeoutputpinis: CL ™ g, 480 | ns
=80 pF+1TTL.

SOT1
Valid SIN — SCK T tvsh | SCK1, SIN1 100 - ns
SCK T — valid SIN hold time tsHix SCK1, SIN1 60 - ns
Serial clock “H” pulse width tshHsL SCK1 External shift clock 2 tep* - ns

; e - mode output pin is: CL " ~

Serial clock “L” pulse width tsLsH SCK1 — 80 pF+1TTL. 2 tep ns
SCK | — SOT delay time tsLov SCK1, - 150 ns

SOT1
Valid SIN - SCK 1 tivsH SCK1, SIN1 60 - ns
SCK T — valid SIN hold time tsix | SCK1, SIN1 60 - ns

*: Refer to Clock Timing ratings for tce (internal operation clock cycle time).

Notes:

m AC Characteristics in CLK synchronous mode.

m C. is a load capacitance value on pins for testing.
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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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(Continued)

(Vec - Vor) — lon

1000
900

800
700

600
500

Vcc - VoH (mV)

400

300

200

100

Ta=+425°C, Vec =45V

1000

900

800

700

600

500

VoL (mV)

400

300

200
100

2 4 6
loL (mA)

10

Ta=+25°C, Vec =45V

H level input voltage/ L level input voltage

Vin — Vce

VIH

VIN (V)

ViL

3 3.5 4 4.5

Vcec (V)

55

Ta=+25°C
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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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