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LC88FC2HOA

16-bit Microcontroller
512K-byte Flash ROM / 24K-byte RAM

Features
® 16-channel 12-bit resolution AD converter
¢ linfrared remote controller receiver circuit
* CRC operating circuit
¢ Internal Reset Function

Performance
* 83.3 ns (12.0 MHz) Vpp = 3.0 t0 3.6 V Ta = —40°C to +85°C
* 100 ns (10.0 MHz) Vpp = 2.7 t0 3.6 V Ta = —40°C to +85°C

Function Descriptions
* Xstromyl16 CPU
- 4G-byte address space
- General-purpose registers : 16 bits x 16 registers
* Ports
- I/O Ports 86
- Power supply pins 8 (VSS1 to VSS4, V
* Timer
- 16-bit timers x 8
- Base timer serving as a time-o! day clo«
* Serial interfaces
- Synchronous SIO intcifaces »3
(with automatic Lrausmicsion capability)
- Single mastcr 20/ nchrosnous SIO interface %2
- Slave I“C synchrono - SIO interface
- Asynchronons SIO(UART) interfaces. x 3
Wultifrequency 12-bit PWM modules
* 16-chann-! 12-bit tesolution AD converter
* Watchilog timet
* Infrared remcte controller receiver circnit
* CRC operating circuit
* Real tinie clock
¢« System clock frequency divider
¢ CF oscillator circuit, Crystal oscillator circuit, RC oscillator circuit
* 61-source 14-vector interrupt feature
* On-chip debugger function

Y1 to 'DD4)

Application

* Home audio, Car audio, White goods

* This product is licensed from Silicon Storage Technology, Inc. (USA).

ORDERING INFORMATION
See detailed ordering and shipping information on page 48 of this data sheet.

© Semiconductor Components Industries, LLC, 2017
May 2024 - Rev. 2

ON Semiconductor®
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LC88FC2HOA

Function Details
B Xstromyl6 CPU
® 4G-byte address space
® General-purpose registers : 16 bits x 16 registers

B Flash ROM
® Programming voltage level : 2.7 to 3.6 V.
® Block-erasable in 2K byte units.
® Data written in 2-byte units.
® 524288 x 8 bits

H RAM
® 24576 x 8 bits

B Minimum instruction cycle time (tCYC)
® 83.3 s (12 MHz), Vpp = 3.0 10 3.6 V
® 100 ns (10 MHz), Vpp = 2.7 t0 3.6 V

M Ports
® Normal withstand voltage I/O ports
Ports whose 1/O direction can be designated in 1 bit units : 86 (POn P1n, P2n, P3n, "4n, ' n. 700, P7n, PAn,
PBO to PEG, PC~ PDO to ?D5)

® Oscillation/normal with stand voltage 1/O ports 14 (PCO, PC1, PC3, "4y

® Reset pins :2(RESH)

® TEST pins » T (FEST

® Power pins 18 (Vaal to 4, Vppl to 4)
M Timers

® Timer 0 : 16-bit timer that supports PWM/toozic ts

<1> 5-bit prescaler

<2> 8-bit PWM x 2, 8-biit timer + ¢ bit Y WM mode selectable

<3> Clock sonice sclectable fromi system-elock, OSCQ; OSC1, and internal RC oscillator.
® Timer 1 : 16-bit time! with capture registers

<1>-0il prescaler

<23 Mg lividea 1nto 2 channeis of 8-bit timer
2> Clock source selectable from systeni-ciock, @SC0, OSC1, and internal RC oscillator
e 2 0 16-bie tiier with capture registers

<1> -bit prescaler

<2> May be¢ divided-into 2 channeis of &-bit timer

<3> Clock source selesiable from system clock, OSCO, OSC1, and external events
® Timer 3 :16-bit timer that shpporis PWiV/toggle outputs

<1> 8-bit prescaler

<2> 8-bit timer x.2 ch or 8-bit timer + 8-bit PWM mode selectable

<3> Clock source selectable from system clock, OSCO0, OSCI1, and external events
® Timer 4 : 16-bit timer that supports toggle outputs

<1> Clock source selectable from system clock and prescaler 0
® Timer 5 : 16-bit timer that supports toggle output

<1> Clock source selectable from system clock and prescaler 0
® Timer 6 : 16-bit timer that supports toggle outputs

<1> Clock source selectable from system clock and prescaler 1
® Timer 7 : 16-bit timer that supports toggle output

<1> Clock source selectable from system clock and prescaler 1

* Prescaler 0 and 1 are consisted of 4bits and can choose their clock source from OSCO or OSC1.

www.onsemi.com
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LC88FC2HOA

® Base timer

<1> Clock may be selected from OSCO (32.768 kHz crystal oscillator) and frequency-divided output
of system clock.
<2> Interrupts can be generated in 7 timing schemes.

M Real time clock

M Serial
® SI00 :

® SIO1 :

® SI04 :

<1> Calender with Jan. 1, 2000 to Dec.31, 2799 including automatic leapyear calculation function.
<2> Consisted of Indipendent second-minuit-hour-day-month-yeare-century counters.

interfaces
8-bit synchronous SIO
<1> LSB first/MSB first mode selectable
<2> Supports data communication with a data length of 8 bits or less (1 to 8 bits specifiable)
<3> Built-in 8-bit baudrate generator (4 tCYC to 512 tCYC transfer clocks)
<4> Continuous/automatic data transmission (9- to 32768-bit units specifiable)
<5> Interval function (intervals specifiable in 0 to 64tSCK units)
<6> Wakeup function
8-bit synchronous SIO
<1> LSB first/MSB first mode selectable
<2> Supports data communication with a data length of 8 bits or less (1 to © hits ¢pecifialiiC)
<3> Built-in 8-bit baudrate generator (4 tCYC to 512 tCYC transfer «locks)
<4> Continuous/automatic data transmission (9- to 32768-bit uniiz spccifiable
<5> Interval function (intervals specifiable in 0 to 64tSC! its)
<6> Wakeup function
8-bit synchronous SIO

<1> LSB first/MSB first mode selectable

<2> Supports data communication with a cata leng 1 of 8 bits or legs (1 to 8 bits specifiable)
<3> Built-in 8-bit baudrate genera FCY T to 512 tCYCitrans{er clocks)

<4> Continuous/automatic rans issioi (- to 32762-bit units-snecitiable)

<5> Interval function (intervals specifiable in 0 to 64tSCK units)

<6> Wakeup function

® SMIICO : Single mas{ct *C/8-bit sy ieliionous S0

® SMIIC

SLIIC

Mode 0.+ Singic master 11ode communication
Mod: 1 : Synchionous ©-bit serial /G (MSB firat)
- Single mastor I°C/8-bit'synchronous SIO
Mode 0.« Sintle-master mode communication
Mode 1 : Synchronous 8-bit serial [/O (MSB {irst)
Slave I?C/8-bit'synchranous SIO
Mode 67+ I°C slave mode communication
Mode I+ Synchronous 3-bit-serial 1/O (MSB first)
Note: usable only with'the external clock source

www.onsemi.com
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LC88FC2HOA

® UARTO
<1> Data length : 8 bits (LSB first)
<2> Start bits : 1 bit
<3> Stop bits : 1 bit
<4> Parity bits : None/even parity/odd parity
<5> Transfer rate : 4/8 cycle

<6> Baudrate source clock : PO7 input signal used as a 1 cycle signal (TOPWMH can be used as a clock source) or
Timer4 cycle.
<7> Full duplex communication

Note : The “cycle” refers to one period of the baudrate clock source.

® UART2
<1> Data length : 8 bits (LSB first)
<2> Start bits 1 bit
<3> Stop bits 1 1/2 bit
<4> Parity bits : None/even parity/odd parity
<5> Transfer rate : 8 t0 4096 cycle

<6> Baudrate source clock : System clock/OSC0/OSC1/P26 input signal
<7> Wakeup function
<8> Full duplex communication

Note : The “cycle” refers to one period of the baudrate clock souica.

® UART3
<1> Data length : 8 bits (LSB first)
<2> Start bits 11 bit
<3> Stop bits 1 1/2 bit
<4> Parity bits : None/e arity ‘odd parity
<5> Transfer rate 18104096 cycle

<6> Baudrate source clocl: « Systei cloc:/OSC0/OSC /P36 input signal
<7> Wakeup function
<8> Full duplex communica

Note : Iiie “cycle  refers (o one pericd of the beuarate clock ssuice.

B AD cunverter
‘1> 12/8 viws resolution selectable
> Analog input : 16 channels
5> Comparator mode

B PWM
® PWMU : Multifrequency 1Z-bit PWM x 2 channels (PWMOA and PWMO0B)
<1> 2-channel pairs controlled independently of one another
<2> Clock souice selectable from system clock or OSC1
<3> §8-bit prescaler : TPWMRO= (prescaler value + 1) x clock period
<4> 8-bit fundamental wave PWM generator circuit + 4-bit additional pulse generator circuit
<5> Fundamental wave PWM mode

Fundamental wave period : 16 TPWMRO to 256 TPWMRO

High pulse width : 0 to (Fundamental wave period - TPWMRO)
<6> Fundamental wave + additional pulse mode

Fundamental wave period : 16 TPWMRO to 256 TPWMRO

Overall period : Fundamental wave period x 16

High pulse width : 0 to (Fundamental wave period - TPWMRO)

B CRC operating circuit

B Watchdog timer
<1> Driven by the base timer + internal watchdog timer dedicated counter
<2> Interrupt or reset mode selectable

www.onsemi.com
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LC88FC2HOA

M Infrared Remote Controller Receiver Circuit
1) Noise rejection function (noise filter time constant: Approx. 120 pus when the 32.768 kHz crystal oscillator is
selected as the reference clock source)
2) Supports data encording systems such as PPM (Pulse Position Modulation) and Manchester encording

3) X’tal HOLD mode release function

B Internal Reset Function
® Power-on reset (POR) function
1) POR reset is generated only at power-on time.
2) The POR release level can be selected through option configuration.
® [ ow-voltage detection reset (LVD) function
1) LVD and POR functions are combined to generate resets when power is turned on and when power voltage
falls below a certain level.
2) The use/disuse of the LVD function and the low voltage threshold level can be selected by option
configuration.

B Interrupts (peripheral function))
® 61 sources (33 modules), 14 vector addresses
<1> Provides three levels (low (L), high (H), and highest (X)) of multiplex interrunt controi
Any interrupt requests of the level equal to or lower than the current interruj are not accepic
<2> When interrupt requests to two or more vector addresses occur at the saiie tite. the interrupt of the

highest level takes precedence over the other interrupts. For intertipts of th¢ san vel,
the interrupt into the smallest vector address takes precedenc

No. Vector Address litarrupt Vadule
1 08000H Watchdog timer ( B N < N N
2 08004H Base timer (. ) A ¥V \
3 08008H Timer \% - \
4 0800CH | INTOA) A \%Z \9J \
5 08014H | INTI )_ \ \ X
6 080 18H - 2(1)/ t'merl_(z_) /UART2 (4) \
7 0801CH INT3 ( A)Tt?n;r 24 /_SgdeCC (1 ,78_LHC1 (@)
8 | UEO20H II a 1/ tlmv;(z_)/ Iniared remote control receiver (4)
_9 l 00024H —1—INT5 (1)_/71nTer 441) ’—bl(_)l )
D 1O 08C2Ch— P‘.‘:{d (nH/ SMH—CI @)
B \F’BOH % ADC{]) /t;erS(l)/SIO4 2
|7£4 __08054}1_— Y IN'1; (1) / timer 6 (1) / UART 3 (4)
[ 13 08038H 7 INT7 (1) / SIOO0 (2) / SIO0(2)
I— 14 0@3_";{__ Port 0 (3) / Port 5 (8) / RTC (1) / CRC (1)

® 3 priority levels selectable
® Of interrupts of the same level, the one with the smallest vector address takes precedence.
® A number enclosed in parentheses denotes the number of sources.

B Subroutine stack : RAM area

® Subroutine calls that automatically save PSW, interrupt vector calls : 6 bytes
® Subroutine calls that do not automatically save PSW : 4 bytes

B Multiplication/division instructions

® 16 bits % 16 bits (4 tCYC execution time)
® |6 bits + 16 bits (18 to 19 tCYC execution time)
® 32 bits + 16 bits (18 to 19 tCYC execution time)

www.onsemi.com
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B Oscillator circuits
® RC oscillator circuit (internal) : For system clock
® CF oscillator circuit ( built-in Rf circuit ) : For system clock( OSC1 )
® Crystal oscillator circuit ( built-in Rf circuit ) : For low-speed system clock (OSCO)
® SL.RC oscillator circuit (internal) : For system clock (In the case of exception processing)
® VCO oscillator circuit : For timer3,4,5,6,7 clock

B System clock divider function
® Can run on low current.
® 1/1 to 1/128 of the system clock frequency can be set.

B Standby function
® HALT mode : Halts instruction execution while allowing the peripheral circuits to continue operation.
<1> Oscillation is not stopped automatically.
<2> Released by a system reset or occurrence of an interrupt.
® HOLD mode : Suspends instruction execution and the operation of the peripheral circuits.
<1> OSCl1, RC, and OSCO oscillations automatically stop.
<2> There are six ways of releasing the HOLD mode:
(1) Setting the reset pin to the low level
(2) Setting at least one of the INTO, INT1, INT2, INT4, INTS5, INT6, and IN7 / pins (0 tne specitied level
(3) Having an interrupt source established at port 0
(4) Having an interrupt source established at port 5
(5) Having an interrupt established at SIO0, SIO1 or SIO4
(6) Having an interrupt established at UART2 or UART-
® HOLDX mode : Suspends instruction execution and {/ic operaiion ¢! the peripheral Circuits except those wiiich rui on
OSCO.
<1> OSC1 and RC oscillations automatically siop.
<2> OSCO0 maintains the state that is est hed when the 11OLDX mode is enfered.
<3> There are nine ways of releasing the i/ OLL. de.
(1) Setting the reset pin to thc low level
(2) Setting at least one of the INTO, [N T1, INT2, INT4, INTS; INT6,and IN'L 7 pins to the specified level
(3) Having an intcitupt source Lished at port 0
(4) Having an.intcrupt solice established at port S
(5) Having an-inferiupt source ectablished at the base timer circuit
(6) Haviig an intccrupt established at SICO, SIO1 or 8104
7) Having an terrupt established-at UART2 or UATR3
(¢) Having an intertupt establiched at'Infared rernote control receiver.

(9) Hdaving an-interrupt source established-at the real time clock circuit

B On-chip debugger function
& Supports software debugging with the IC mounted on the target board.
® Supports source line debugging and tracing functions, and breakpoint setting and real time display.
® Single-wire commitnication

M Package form
® TQFP100 (14 x 14) : Pb-Free and Halogen Free type

M Development tools
® On-chip debugger: EOCUIF1 or EOCUIF2 + LC88FC2HOA

B Programming board
Package Programming Board
TQFP100 (14 x 14) WSE8F52TQ

www.onsemi.com
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M Flash ROM Programmer

LC88FC2HOA

Maker Model Supported Version Device
Flash Support Single AF9709C
Group programmer
Company Gang AF9723/AF9723B(Main body)
(FSG) programmer | (Include Ando Electric Co.,Ltd.
models
AF9833(Unit)
(Include Ando Electric Co.,Ltd.
Models)
Flash Support On-board AF9101/AF9103(Main budy) ( Note 2) LC88FC2HOA
Group Single / ( FSG models )
Company Gang SIB88 Type A
(FSG) programmer (Interface driver )
+ (ON Semiconductor model)
ON
Semiconductor
(Note 1)
Single / SKK Type C Application Versio LC83FC2HOA
ON Gang (SanyoFWS) Atier 1.0
Semiconductor | programmer Clin Dal Version |
A | ter2.46
On-board FWS-X16DI Type 2 plication Version | ~LC88FC2H0A
Single After 1.08 '
programmer Chip Data Versian
N [N After245

For information about AF-Series :
Flash Support Group Company.

TEL : +81-53-459-1050
E-mail : sales@)j-fsg.co.in

JA ELECTEONICS, Tic.)

Notel : On-board-progiammer T om FSG (AF9161/AF9103)-and serial interface driver from our company

(SIB8S 1ypeA)

Note2 : It nee

veth

environment. I'lease ask FSG or our company. forthe information.

www.onsemi.com
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Package Dimensions
unit : mm

TQFP100 14x14 / TQFP100
CASE 932AY
ISSUE A

16.0+0.2

LC88FC2HOA
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NOTE: The measurements are not to guarantee but for reference only.

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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GENERIC
MARKING DIAGRAM*

2 XOOXXXXXX

= YMDDD

XXXXX = Specific Device Code

Y = Year

M = Month

DDD = Additional Traceability Data

*This information is generic. Please refer to
device data sheet for actual part marking.

Pb-Free indicator, “G” or microdot “=
may or may not be present.
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Pinout
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TQFP100 (14x14) (Pb-Free and Halogen free type)
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System BI

LC88FC2HOA
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Pin Description

LC88FC2HOA

Pin Name 1/0 Description
VSS1, VSS2, - — power sources
VSS3, VSs4
VDDI, VDD?2, - + power sources
VDD3, VDD4
Port 0 I/0 | 8-bit I/O port
P00 to PO7 « I/O specifiable in 1-bit units
e Pull-up resistors can be turned on and off in 1 bit units
¢ HOLD release input (P00 to P03, P04, P05)
¢ Port 0 interrupt input (P00 to P03, P04, P0S)
« Pin functions
P06 : Timer OL output
P07 : Timer OL output/UARTO clock input
Port 1 /O |« 8-bit I/O port
P10 to P17 « I/O specifiable in 1-bit units
e Pull-up resistors can be turned on and off in 1 bit units
« Pin functions
P10 : SIOO0 data output
P11 : SIOO0 data input/pulse input/output
P12 : SIOO0 clock input/output
P13 : UARTO transmit
P14 : Timer 3L output/UARTO receive
P15 : Timer 3H output
P16 : UART?2 receive
P17 : UART?2 transmit KA , A\
Port 2 I/O |« 8-bit I/O port
P20 to P27 « /O specifiable in1 hit uni

e Pull-up resistors cai be on and of{1n 1 bit units
¢ Pin functions
P20 : IN 14 input/} /OLD releasc input/timer 3 ¢vent input/

timer 2L capiure input/timer 2H capture input

P21 : INT5 mput/HCLD release input/timer 3 event lnput/
| tinver 2L capture input/timer ZH capture input

P22 7 SMIICO clock input/autput

P23 : SMIICO bus input/eutput/data. input
| P24 : SMIICO data output (usea in 3-wire SIO mode)

©25 : Timer 4 qutput
‘ P26 :TimerS output
| Interrupt-acknowledge type
[ ANT4, INTS:Hlevel, L level, H edge, L edge, both edges

www.onsemi.com
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Continued on next page.




LC88FC2HOA

Continued from preceding page.

Pin Name

I/0

Description

Port 3

P30 to P37

I/O

« 8-bit I/O port
« 1/O specifiable in 1-bit units
e Pull-up resistors can be turned on and off in 1 bit units
¢ Pin functions
P30 : INTO input/HOLD release/timer 2L capture input
P31 : INT1 input/HOLD release/timer 2H capture input

P32 : INT2 input/HOLD release/timer 2 event input/timer 2L capture input/

Infrared Remote Controller Receiver input

P33 : INT3 input/HOLD release/timer 2 event input/timer 2H capture input

P34 : UARTS3 receive
P35 : UARTS3 transmit
P36 : Timer 6 output
P37 : Timer 7 output
Interrupt acknowledge type
INTO to INT3 : H level, L level, H edge, L edge, both edges

Port 4

P40 to P47

/O

« 8-bit I/O port
¢ 1/O specifiable in 1-bit units
e Pull-up resistors can be turned on and off in 1 bit units
« Pin functions
P40 : INT6 input/HOLD release input
P41 : INT7 input/HOLD release input
P43 : SIO1 data output
P44 : SIO1 data input/bus input/output
P45 : SIO1 clock input/output
P46 : PWMOA output
P47 : PWMOBoutput

Interrupt acknowledge tyne

INT6, INT7 : H level, L icvel, H edoe, L edge. both edges

Port 5
P50 to P57

/O

* 8-bit I/O port
¢ [/O specifiablc in 1-vil units
e Pull-up iesistors ¢an be torned on and off in 1.bit units

T

[} T D 1clease inpit

Port 0 intei: uput . [

Port 6

P60 to P67

e

S-bit I/0) port
ol scifiable in 1-bit units
» Pull-up resistors can be turned on and otf in 1 bit units
« Pin {unctions
LANO (P60)tc AN7 (P67): AD converter input port

P70 17

—
~J
|

*8-bit I/O port
« I/O specifiable.in 1<bit units
e Pull-up resistors can be turned on and off in 1 bit units
« Pin functions
ANR4{P70) to AN15 (P77) : AD converter input port

www.onsemi.com
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Continued from preceding page.

Pin Name 110

Description

Port A

/O

PAO to PA7

* 8-bit I/O port
« 1/O specifiable in 1-bit units
e Pull-up resistors can be turned on and off in 1 bit units
* Multiplexed pin functions
PAO : SIO4 data output
PA1 : SIO4 data input/pulse input/output
PA2 : SIO4 clock input/output
PA3 : SIO4 chip select input
PA4 : SLIICO clock input
PAS5 : SLIICO bus input/output/data input
PAG6 : SLIICO data output (used in 3-wire SIO mode)

Port B

T/o

PBO0 to PB6

¢ 7-bit I/O port
« [/O specifiable in 1-bit units
ePull-up resistors can be turned on and off in 1 bit units

¢ Multiplexed pin functions
PB4 : SMIICI clock input/output
PBS : SMIIC1 bus input/output/data input
PB6 : SMIIC1 data output (used in 3-wire SIO mode)

Port C

/O

PCO to PC4

* 5-bit I/O port
« 1/O specifiable in 1-bit units
e Pull-up resistors can be turned on and of? 11 1 bit units(i
¢ Pin functions
PCO : 32.768 kHz crystal oscillaior inpt
PC1 : 32.768 kHz crystal oscillaior output
PC2: FILT of VCO
PC3 : Ceramic ost rinput
PC4 : Ceramic osciliator ot 'VCO quiput

Port D

/O

PDO to PD5

* 6-bit I/Q port
¢ [/0 speciliable in | bit units
Pull-up reqistors can be turned on and off in 1 bit uiis

TEST

1/0)

TEST j'h
« Used 10 communicate with on-chip debugger.
» Connects-an external 100 k2 pull-down resistor.

RESP

T .~

! Resetpin

www.onsemi.com
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Port Output Types
The table below lists the types of port outputs and the presence/absence of a pull-up resistor.
Data can be read into any input port even if it is in the output mode.

Port Name Opt;:t::fg:m Output Type Pull-up Resistor
P00 to PO7 1 bit CMOS Programmable
P10 to P17 Able to program special
P20 to P27 functions’output type from CMOS
P30 to P37 output or Nch-opendrain
P40 to P47
P50 to P57
P60 to P67
P70 to P77
PAO to PA7
PBO to PB6
P60 to P67 CMOS
P70 to p77
PDO to PD5
PC2 L P AN\ Y
PCO - N-channel open drain Noie

(32.768 kHz crystal oscillator input)
PC1 - Nch-open drain Nong

(32.768k kHz ¢ rysi-1 osc ator output) _:
PC3 - CMOS None

(cerariiic oscillitor input) s . N\
PC4 — CcMVOS None

(cerain ~illator output)

* Make the following connection to minimize the noise input to the VDD pin and prolong the backup time.
Be sure to electrically siort tie VSS1. VSS2, VSS3 and V' SS4 pins,

Example 1 :"Whea dato s being backed up.in the HOLD modg, the H level signals to the output ports are
ed 1 > backup capacitors.

LSI

oy N T

‘ | For buckup . VPn2
k 1™
Vpp3
™
Vpp4
T

7;7 Vss1 Vss2 Vss3 Vs

|

www.onsemi.com
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Example 2 : When data is being backed up in the HOLD mode, the H level output at any ports is not sustained
and is unpredictable.

LSl
» 1 Vpp1
Power
For buckup
7;7 M i VDD2
M i Vpp3
M Vpp4
g L
y Vgs1 Vgs2 Vgs3 Vgs4

L]

www.onsemi.com
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LC88FC2HOA

m Absolute Maximum Ratings at Ta = 25°C, Vgg1 =Vgg2 =Vgg3 = Vgg4 =0 V

Applicable Pin » Specification
Parameter Symbol Conditions
/Remarks VpD [VI] min typ max unit
Maximum supply | VDD max Vppl, VDD2, Vpp!l = Vpp2 =
voltage VDD3, VDD4 VDD3 = Vpp# -03 +4.6
Input voltage VI(1) RESB 03 Vpp+0.3
Input/output voltage | VIO (1) Ports 0, 1,2 \"
Ports 3, 4,5 03 ——
Ports 6, 7
Ports A, B, C, D
T | Peak output IOPH (1) Ports 0, 1,2, 3 CMOS output selected
U% current P40 to P45 Per applicable pin
% Ports 7, A, D =73
g PB2 to PB6
Ed IOPH (2) P46, P47 Per applicable pin
g PBO, PBI 123
% IOPH (3) Port 5, 6 Per applicable pin
PCO to PC4 __ A N
Average output| [OMH (1) Ports 0, 1,2, 3 CMOS output selected
current P40 to P45 Per applicable pin ‘
(Note 1-1) Ports 5, 6,7, A -5 |
PB2 to PB6 ’ ‘
Ports D A | L =\
IOMH (2) | P46, P47 Per anplical e pin | ‘ |
PBO, PBI B A ‘ ~ K" “ON
IOMH@3)  |Ports,6 | Per aj ticable p ] o]
PCOtOPC4 ol A O ‘ A\
Total output | ZIOAH (1) Pprts 5 ! Total of currents at B |
current PC 00 1( | ap tJlicab_'e_p_nis a _’ i
2IOAH (2 t6 Total of currents at |
2 - _ |lapplicable pins [ \\ 10 mA
ZI0AT (3) Port 5, ¢ Total of curenis at |
[0 to PC4 appiicable pins ’ -20
r‘“" \H (4 ‘Ports 1.D1 | Uotal of currents at
L P20 th P21 | applicable pins 20
JAH (5) lI 22 to P27 Total of currents at
o . | applicable pins —20
ZIOAH (6) ‘Pnr;_‘ ,2,D Total of currents at 40
| ~\ applicable pins
ZI0AH (7) ‘Po-’.s 4 Total of currents at
ko applicable pins -20
YIOAH (8) Ports 0, 3 Total of currents at
| A applicable pins -20
YI0AH (9) Ports 0, 3, 4 Total of currents at 2
applicable pins
ZI0AH (10) |Ports B, 7 Total of currents at 20
applicable pins
YIOAH (11) |Ports A Total of currents at
applicable pins —20
YIOAH (12) |Ports 7, A, B Total of currents at
applicable pins —40

Note 1-1 : Average output current refers to the average of output currents measured for a period of 100 ms.
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LC88FC2HOA

Continued from preceding page.

Applicable Pin » Specification
Parameter Symbol Conditions
/Remarks VpD [V] min typ max unit
' | Peak output IOPL (1) Ports 0, 1, 3,4 Per applicable pin
fT current Ports 7, D
s P20, P21, P24 to P27 15
g PAO to PA4, PAG6, PA7
= PBO to PB4, PB6,
[e] . .
g IOPL (2) |P22,P23 Per applicable pin
g PA4, PAS 20
PB4, PB5
IOPL (3) Ports 5, 6 Per applicable pin s
PCO to PC4 )
Average output| IOML (1) |Ports 0, 1, 3,4 Per applicable pin
current Ports 7, D
(Note 1-1) P20, P21, P24 to P27 2.5
PAO to PA4, PA6, PA7
PBO to PB4, PB6, PB7 1 N _|
IOML (2) |P22,P23 Per applicable pin
PA4, PAS | 15
PB4, PB5 N J ~)
IOML (3) |Ports 5, 6 Per applicable | |
PCO to PC4 A O | B N\ SN
Total output YIOAL (1) |Ports 5 Tatalof currcnis at N |
current PCO0 to PC2 | applicible pins | A A | “‘ \ mA
ZI0AL (2) |Port6 Total oi currents at _ | ‘
PC3 to PC4 | “holicable pins | 10
2I0AL (3) [Pait 3, ¢ 1ol of currents at
0 to PC4 applicable vias 20
ZI0AT (1) |Porsl,D [otal ot currerits at ’ '
P20, 121 applicable pins 35
SIOAL(5) 1022 to P27 Total of Currents at
| S . 35
| | applicable piiis
| 210 AL (6) |Ports 1,2,D | Total of currents at
| _ . 70
applicable pins
YI0AL(7) |Port4 Total of currents at
. . 35
Vs N\ o\ applicable pins
| SIOAL (8) IPLI‘t 0,3 Total of currents at
S\ applicable pins 35
2I0AL (9) !}\ 0.3, 4 Total of currents at
<IN applicable pins 70
YI0AL (10y |Port7,B Total of currents at
A" applicable pins 35
YIOAL (11) |Port A Total of currents at
applicable pins 35
YIOAL (12) |Port7,A,B Total of currents at
applicable pins 70
Allowable power Pd max TQFP100 Ta =-40 to +85°C
dissipation Package with thermal
. 460 mW
resistance bord
(Note 1-2)
Operating ambient Topr
P ¢ P —-40 +85
temperature
. °C
Storage ambient Tstg
=55 +125
temperature

Note 1-1 : Average output current refers to the average of output currents measured for a period of 100 ms.
Note 1-2 : SEMI standerds thermal resistance board ( size : 76.1x 114.3 x 1.6 tmm, glass epoxy ) is used.

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality should not be assumed,
damage may occur and reliability may be affected.
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LC88FC2HOA

m Allowable Operating Conditions at Ta = —40 to +85°C, Vgg1 = Vgg2 = Vgg3 = Vgg4 =0 V

Specification
Parameter Symbol [Applicable Pin/Remarks Conditions
Vpp [V] min typ max unit
Operating supply | Vpp (1) | VDD1=VDD2=VDD3 | 0.081 pus <tCYC < 66 us 3.0 36
voltage 0.098 ps < tCYC < 66 s
(Note 2-1) 2.7 3.6
Memory VHD VDD1=VDD2=VDD3 | RAM and register contents
sustaining supply sustained in HOLD mode 2.0 3.6
voltage
High level input VIH (1) | Ports0,1,2,3,4 0.3VpD VDD
voltage Port 5, A, B 27t03.6 +0.7
VIH (2) | Ports 6,7, D,PC2 0.3VpD VDD
2.7t03.6
+0.7
e EICE:,B PC1, PC3, PC4 271036 |0-7VDD VDD
VIH (4) | P22, P23, PA4, PAS, \
PB4, PB5 12C side 2.7t03.6 0.7VDi_ _‘- VDD
Low level input VIL (1) | When ports 1, 2, 3, 4, |
voltage 15);1/;;:12=zort B, 2714 ‘ e ! 02V
Ports 0, 6, 7, D, PC2 1 | 7
VIL (2) | When ports 1, 2, 3, 4,
5, A and port B, I 971t03.6 AL 0.2VpDp
PnFSAn=1 P W N AT S~
' |
VILG) Sg(l) iglsicz, C4 27036 | Vss i |0-25VDp
VIL 4) | P22, P23, PA4, PAS N |
PB4, PB5 12C side | i\« jKo) 03VDD
Instruction cycle tCYC i 30103.6-]_0.051 66
time | us
(Note 2-2) ‘ 2.7102.6 0.098 66
External system |FEXCI (1)| CF! | * CF2 pin open |
clock frequency * Systen: clock freguency 3.0t03.6 0.1 12
| division ratic =1/1
= External systein clock
i { o n Y 271036 | 0.1 10 | MH,
| | £CF2 pin open 301036 | 02 24
* System clock frequency
| division ratio = 1/2 2.7t03.6 0.2 20

Note 2-1 .

when the ratio is 1/2.
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LC88FC2HOA

1 7t03.6

Applicable Pin o Specification
Parameter Symbol Conditions
/Remarks Vpp [V]| min typ max unit
Oscillation FmCF (1) PC3 (CF1), 12 MHz ceramic oscillator
frequency range PC4 (CF2) mode 30t03.6 12
(Note 2-3) See Fig. 1.
FmCF (2) PC3(CF1), 10 MHz ceramic oscillator
PC4(CF2) mode 2.7t03.6 10 MHz
See Fig. 1.
FmRC Internal RC oscillation
2.7t03.6 0.5 1.0 2.0
FmSLRC Internal low-speed RC
oscillation 2.7103.6 18 30 45
FsX'tal XT1, XT2 32.768 kHz crystal oscillator kHz
mode 2.7t03.6 32.76
See Fig. 2. A
FmVCO(1) VCO oscillator I
When setting FRQSEL =0 2.7 to 3.6 12 28 |
See Fig. 9. ] N\ J
FmVCO(2) VCO oscillator + |
When setting FRQSEL = ! 7 t0 3.0 36 ‘ 70 MHz
See Fig. 9. 9 L _ + ’
FmVCO(5) VCO oscillator

Note 2-2 : See Tables 1 and 2 for oscillator constant valu

Note 2-3 : VCO oscillation frequency = Ceramic ¢ cillator fi

Functional operation above the stresses listed in the Recomi
Operating Ranges limits may affect device reliability

AV

juency ~ Setting pointof SELREF

Jporoting Ranges is not implied. Extended exposure to stiesses beyond the Recommended
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LC88FC2HOA

m Electrical Characteristics at Ta =40 to +85°C, Vgg1=Vgg2=Vgg3=Vgg4 =0V

Applicable Pin » Specification
Parameter Symbol Conditions
/Remarks Vpp [V] min typ max unit
High level input IIH (1) |Ports 0, 1,2 Output disabled
current Ports 3, 4, 5 Pull-up resistor off
Ports 6, 7 VIN = VDD 2.7t03.6 1
Ports A. B.C. D (including output Tr. off
RESB leakage current)
- A
Low level input IIL (1) |PortsO, 1,2 Output disabled H
current Ports 3, 4, 5 Pull-up resistor off
Ports 6, 7 VIN=VSS8 27103.6 1
Ports A. B. C. D (including output Tr. off
RESB leakage current)
Hi IOH =-0.4 mA
igh level output VOH (1) (Ports 0, 1,2, 3 301036 | VDD-04
voltage Ports 5, 6
VOH (2) |Ports A, D, PC2 IOH =-0.2 mA
P40 to P45 27t03.6 | VDD-0.4
PB2 to PB6 J
VOH (3) |P46, P47 IOH =-1.6 mA 3.0t03.6 | D1 B _'
VOH (4) |PBO, PBI IOH =-1.0 mA 271036 LV 0.4
VOH (5) | PCO, PCl, IOH =-1.0 mA 300036 SD-U.4 [
PC3, PC4, _ AN
VOH (6) IOH =-0.4 mA [ 2710 VD=0
Low level output VOL (1) |Ports 0, 1,3 , 4 IOL = 1.6 mA | |
voltage Ports 5, 6,7, D 301036 ’ ” v
PC2 i |
P20 to P21, . NI, +— o\ SN
VOL @) |pog 10 P27 QN | |
|
PAO 1 371056 ’ 0.4
PA6 {0 PAT |
200, B3, PB¢ \
VOI (3) |P22, P25, {IOL 790 mA 2 di0 36 .
'OL () |PA4 TAS, [1OL = 13 m/ —f
| PR PB5 | 2.7t03.6 0.4
| VO (9 |PC0. TC i:OL ~1.0 mA 301036 04
| PC3.PCA4, . TN
oL (&) T0L S0-AmA 2.7103.6 0.4
Lullup res - or Rpu (1) Ports 0. 1, 2.3 VOH = 0.9Vpp
Ports 56,7 | 3.0t03.6 15 35 80
X | 54,3, 06, kQ
Rpu(2) | Poris A, B, D PCZ 271036 15 35 100
Hysteresis voltage VHYS | RESP
| 'When ports 1, 2, 3,
7to03. .
| 4 A B 2.7t03.6 0.1vDD v
PnFSAn=1
Pin capacitance CP All pins Pins other than that under
test
VIN = VSS 2.7103.6 10 pF
f=1MHz
Ta=25°C

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product performance may not be
indicated by the Electrical Characteristics if operated under different conditions.
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LC88FC2HOA

m Serial /O Characteristics at Ta = -40to +85°C, Vgg1=Vgg2 = Vgg3=Vgg4 =0V

1-1. Serial I/O Characteristics (Wakeup Function Disabled) (Note 4-1-1)

Applicable Specification
Parameter Symbol X Conditions
Pin/Remarks VDD [V] min typ max unit
o 5 Period tSCK (1)  |SCKO (P12) | * See Fig. 6. 4
@
=
= |2 | Low level SCKL (1)
s |8 . 2
& | & [pulse width
High level tSCKH (1) 2
pulse width tSCKHA (1) * Automatic communication
mode 271036 6
* See Fig. 6. St 3.
tSCKHBSY * Automatic communication teYce
(1a) mode 23
* See Fig. 6.
tSCKHBSY * Mode other than automatic
(1b) communication mode 4
* See Fig. 6.
< Period tSCK (2) |SCKO (P12) | * CMOS output selected . T |
E * See Fig. 6. " | | ~\
£ | Low level tSCKL (2)
& . 172
7 | pulse width
R \ tSCK
High level tSCKH (2) >
pulse width A N . 2
tSCKHA (2) * Automatic coniunication | [
mode | ‘
e CMUS ouiput selec 27036 6 ‘
| * oo Fig 6. _ Fa | Y
tSCKHBSY > Aulomatic comimunication |
(2a) it | ) 2 tCYC
CMOS output eelected | |
_ * >ee Fig. 5. |
tSCRHBSY ‘ * Mocde other than-automatic
(2b) | com munication mode 4
| _y | ~ |.*See Fig. 6, - |
o | Datasetup (e | isDIC, [SIGUPIT), |« Specified with respect o
5 | |SBO (P11) sising edge of SIOCLK 0.03
E 4 Dalihold time thDI (1) | *'See Fig\6. 271036
’ ‘ 0.03
| f
| S =N\ - — ‘_I
@ [ Outputdelay tdD0 (1).1SO0(P10), | * (Note 4-1-2)
g le
& | £ | time SBO (P11)
o |2 | 1tCYC
g |4
S | * | +0.05 us
|
o tdDO (2) * (Note 4-1-2) 2.7t03.6
g
g
) 1tCYC
= +0.05

Note 4-1-1 : These specifications are theoretical values. Add margin depending on its use.
Note 4-1-2 : Specified with respect to the falling edge of SIOCLK. Specified as the interval up to the time an output change
begins in the open drain output mode. See Fig. 6.
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1-2. SI100 Serial Input/Output Characteristics (Wakeup Function Enabled) (Note 4-2-1)

Specification

Note 4-2-1 : These specifications are theoretical values. Add margin depending on its us
s the Interval Up to the time ari output change

Note 4-2-2 : Specified with respect to the falling edge of SIOCLK. Specifiec

begins in the open drain output mode. See Fig. 6.
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Applicable .
Parameter Symbol . Conditions
Pin/Remarks VpD [V] min typ max unit
2 E Period tSCK (3) | SCKO (P12) | * See Fig. 6. 5
g
B e
o | 2 | Low level tSCKL (3)
o |8 1
2 | & | pulse width
High level tSCKH (3) 2.7t03.6 . tCYC
pulse width
tSCKHBSY

3 2
@ | Data setup time tsDI (2) SI0 (P11), | * Specified with respect to
é SBO (P11) | rising edge of SIOCLK 0.03
E' Data hold time thDI (2) * See Fig. 6. 27103.6
- 0.03
¢ | £ | Output delay tdDO (3) SO0 (P10), | * (Note 4-2-2) us
o
& & | time SBO (P11)
s |l CYcC
E |3 2.7t03.6
S | & ‘ +0.05
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2-1. SIO1 Serial Input/Output Characteristics (Wakeup Function Disabled) (Note 4-3-1)

Applicable Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
(g{ﬁ E Period tSCK (4) SCK1 (P45) | * See Fig. 6. 4
2. |2
= | a | Lowlevel tSCKL (4) )
§ § pulse width
High level tSCKH (4) 2
pulse width tSCKHA (4) * Automatic communication
mode 6
e See Flg 6. 2.7t03.6
tSCKHBSY * Automatic communication teyce
(4a) mode 23
* See Fig. 6.
tSCKHBSY * Mode other than automatic
(4b) communication mode 4
* See Fig. 6.
O | Period tSCK (5) SCK1 (P45) | * CMOS output selected
£ . +
g * See Fig. 6. - —%—_
£ | Low level tSCKL (5)
3 . 2
7 | pulse width
N — 7| tSCK
High level tSCKH (5) \
pulse width ”
. . e [
tSCKHA (5) * Automatic collimunic 1oL |
mode p \ ‘
e CMO5 vuiput seleciod 2.7t 36 ‘
e e Fig. 6.
W\, WD WEREN " ! N@
tSCKHBSY * Aulomatic corumunication |
(5a) N tCYC
4 23
CMOS output selected |
i “SeeFip o\
tSC KHBSY ‘ * Mode other than autoinatic
o | comimunization. niode | 4
[ | * See Fig. 6.
@ | Data sciup LI Q3) | ST1 (P44), * Specified with respect to
o}
%; - ’ Q\ SE1 (P44) rising edge o SIOCLK 0.03
= | Data hinld e ’ thDI{(3) ‘ * SeeTig. 6. 271t03.6
i 0.03
I |
I | A - L
%’ % Outpu: delay” | tdDO (4) SO1.(P43), | * (Note 4-3-2)
E =4 iime 1 S81 (P44)
o |2 1tCYC
.E* (” I us
e +0.05
|
] DN 2.7t03.6
o tdDO (5) « (Note 4-3-2) ©
£}
(g 1tCYC
e
2 +0.05
e

begins in the open drain output mode. See Fig. 6.
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Note 4-3-1 : These specifications are theoretical values. Add margin depending on its use.
Note 4-3-2 : Specified with respect to the falling edge of SIOCLK. Specified as the interval up to the time an output change
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2-2. SIO1 Serial Input/Output Characteristics (Wakeup Function Enabled) (Note 4-4-1)

Specification

Note 4-4-1 : These specifications are theoretical values. Add margin depending
Note 4-4-2 : Specified with respect to the falling edge of SIOCLK. Specifiea

begins in the open drain output mode. See Fig. 6.
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its usc

s the ‘nterval

Applicable .
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
¢ |5 | Period tSCK (6) SCK1 (P45) | * See Fig. 6. 5
o}
B8
o | & | Low level tSCKL (6)
o |8 . 1
2 | = | pulse width
High level tSCKH (6) 27103.6 | tCYe
pulse width

tSCKHBSY

©) 2
@ | Data setup time tsDI (4) SI1 (P44), * Specified with respect to
@
=N SB1 (P44) | rising edge of SIOCLK 0.03
~§ Data hold time thDI (4) * See Fig. 6. 27103.6
- 0.03
% | 5 | Output delay | tdDO (6) SO1 (P43), | * (Note 4-4-2) hs
@
& & | time SB1 (P44)
>le cYe
E |3 2.7t03.6
g |2 ‘ +0.05

p to the time an output change




3-1. S104 Serial Input/Output Characteristics (Wakeup Function Disabled) (Note 4-5-1)

LC88FC2HOA

Applicable Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
(g{ﬁ E Period tSCK (7) SCK4 (PA2)| * See Fig. 6. 4
2. |2
= | a | Lowlevel tSCKL (7) )
§ § pulse width
High level tSCKH (7) 2
pulse width tSCKHA (7) * Automatic communication
mode 6
¢ See Flg 6. 2.7t03.6
tSCKHBSY * Automatic communication tCYC
(7a) mode 23
* See Fig. 6.
tSCKHBSY * Mode other than automatic
(7b) communication mode 4
* See Fig. 6.
9 Period tSCK (8) SCK4 (PA2)| * CMOS output selected
S « See Fig. 6 * '
£ | Low level tSCKL (8)
3 . 2
7 | pulse width
N 7 N tSCK
High level tSCKH (8) \
pulse width v
. . e [
tSCKHA (8) * Automatic coliinunicafio: |
mode p \ ‘
e CMO5 vuiput seleciod 274036
e = Fig. 6. | ‘
L | 22N [ o>
tSCKHBSY * Aulomatic co ‘1nuniC'lfi0“1<‘ |
(82) | {CYC
4 23
CMOS output selected |
i “SeeFip o\
tSC KHBSY ‘ * Mode other than autoinatic
86 |~ conimunication miode | 4
[ | * See Fig. 6.
@ | Data sciup LOIL(S) | S14 (PA1), | * Specified with respect to
o}
%; - ’ Q\ SE4 (PA1) rising edge o SIOCLK 0.03
= | Data hold tie ’ thDI(3) ‘ * See Fig. 6. 27103.6
| i 0.03
| |
%’ % Output delay” | tdBO(7) SO4.(PAU), | * (Note 4-5-2)
B |8 |ame | SB14(PA1)
o |2 1tCYC
.E* (” I us
= |~ +0.05
|
PN p 2.7t03.6
o tdDO (8) « (Note 4-5-2) ©
El
(g 1tCYC
e
3 +0.05
e

Note 4-5-1 : These specifications are theoretical values. Add margin depending on its use.
Note 4-5-2 : Specified with respect to the falling edge of SIOCLK. Specified as the interval up to the time an output change
begins in the open drain output mode. See Fig. 6.
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3-2. S104 Serial Input/Output Characteristics (Wakeup Function Enabled) (Note 4-6-1)

Note 4-6-1 : These specifications are theoretical values. Add margin depending o1 its usc
Note 4-6-2 : Specified with respect to the falling edge of SIOCLK. Specifiea
output change begins in the open drain output mode. c& Fig. ¢

www.onsemi.com
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s the interval

Applicable Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
¢ |5 | Period tSCK (9) SCK4 (P45) | * See Fig. 6. 5
o}
B8
o | & | Low level tSCKL (9)
o |8 . 1
2 | = | pulse width
High level tSCKH (9) 27103.6 | tCYe
pulse width

tSCKHBSY

©) 2
@ | Data setup time tsDI (6) S14 (P44), * Specified with respect to
@
=N SB4 (P44) | rising edge of SIOCLK 0.03
§ Data hold time thDI (6) * See Fig. 6. 27103.6
- 0.03
% | 5 | Output delay | tdDO (9) SO4 (P43), | * (Note 4-6-2) hs
@
& & | time SB4(P44)
>le cYe
E |3 2.7t03.6
g |2 ‘ | +0.05

p to the time an
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4-1. SMIICO Simple SIO Mode Input/Output Characteristics

Applicable . Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
(g{ﬁ 5 Period tSCK (10) .
B|& SMOCK (P22) | See Fig. 6.
22 | Low level {SCKL (10)
= |~ . 2.7103.6 2
pulse width oy
tCY!
High level tSCKH (10) )
pulse width
9 Period tSCK (11) 4
”§ SMOCK (P22) | *« CMOS output selected
2. | Low level tSCKL (11) * See Fig. 6.
8 . 2.71t03.6 12
7 | pulse width SCK
t
High level tSCKH (11) "
pulse width
§ Data setup time tsDI (7) SMODA (P23), | ¢ sPec1ﬁed with respect to 0.03 ’
=N rising edge of SIOCLK |
= - . 2.7103.6
S Data hold time thDI (7) * See Fig. 6. g |
i{’ Output delay time | tdDO (10) | SMODO (P24), | * Specified with respect to I s
=) SMODA (P23) | falling edge of SIOCLK |
é * Specified as interval up . . ’ | 1tCYC
g to time when outfiil state | B I +0.05
starts changii | [
* See Fiu o. ’ _L A\ Y a

Note 4-7-1 : These specifications are theoretical values. /.ud 111argin e/ 2ndiig on.its us=.
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4-2. SMIICO I12C Mode Input/Output Characteristics

Applicable » Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
Q |5 | Period tSCL
Ak . 5
= SMOCK (P22) | * See Fig. 8.
& | Low level tSCLL
=~ . 2.7103.6 2.5
pulse width TEl
. t
Highlevel | tSCLH , !
pulse width
9 Period tSCLx 10
g SMOCK (P22) | * Specified as interval up to
2. | Low level tSCLLx time when output state starts
8 . . 2.7t03.6 12
7 | pulse width changing. SCL
t.
High level tSCLHx "
pulse width
T
SMOCK and SMODA | 15P SMOCK (P22) | * See Fig. 8. ’
pins input spike SMODA (P23) 2.7t03.6 ’ 1 Tfilt
suppression time
) N AR,V
= | tBUF SMOCK (P22) | * See Fig. 8. ’ I [
El SMODA (P23) 2 | Tfilt
a il
T
tBUFx SMOCK (P22) | ¢ Standard clock mode ’» |
Bus release time SMODA (P23) | * Specified as interval | | - |
between start and time when otfpul state Slarts| 3 56 3.6 | . |
stop g | changiff — —= ! T | uwsec
g e Iigh-speed clock mo 1 ! | H
o Spevified as interval up to | 2
= hien output state staits -
. changiig.  \\ a » ()
tHD;STA | SVI0CK (PZ ¢ When SMIIC register ‘ |
SIMODA (P27 | contrdl bit, ‘ l
12CSHDS =0 20
|.*.See Fig:'s ’ -
s} NV & Tfilt
| > | * When SMIIC register !
I | | control bit )5
| 12CSHD:Z =1 ’
art/rest | N\
- | | * St Fig. 8.
condition hold T S N\ 2.7t03.6
i | | tHD;STAX | SMUCK (P22) = Standard clock mode
i
| ! SMODA(P25) ! ¢ Specified as interval up to "
time when output state starts ’
o changing.
g ¢ High-speed clock mode Kt
* Specified as interval up to o
time when output state starts ’
changing.
- tSU;STA | SMOCK (P22) | * See Fig. 8.
2 SMODA (P23) 1.0 Tfilt
tSU;STAx | SMOCK (P22) | * Standard clock mode
SMODA (P23) | * Specified as interval up to
Restart condition time when output state starts 55
. . 2.7103.6
setup time o changing.
é - usec
=4 ¢ High-speed clock mode
* Specified as interval up to L6
time when output state starts ’
changing.
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: Specification
Parameter Symbol PA[;I];llcablli Conditions
in/Remarks VpD [V] min typ max unit
tSU;STO | SMOCK (P22) | * See Fig. 8.
g SMODA (P23) 1.0 Tilt
tSU;STOx | SMOCK (P22) | * Standard clock mode
Stop condition SMODA (P23) | * Specified as interval up to
. . 2.7103.6 4.9
setup time time when output state starts
o changing.
E’: ¢ High-speed clock mode usee
* Specified as interval up to 11
time when output state starts ’
changing.
tHD;DAT | SMOCK (P22) | * See Fig. 8.
»§ SMODA (P23) 0
Data hold time tHD;DATx | SMOCK (P22) | * Specified as interval up to 271036 Tfilt
e SMODA (P23) | time when output state starts 1 | 15
g changing. |
L 8 |
tSU;DAT | SMOCK (P22) | * See Fig. 8.
g SMODA (P23) ’ ) ‘
Data setup time - - — 700, A ! Tfilt
:O tSU;DATx | SMOCK (P22) | * Specified as inttival up o |
=l SMODA (P23) | time when Guiput ‘late ciarts " 1tSCL- ’ |
= changi . | LSTlL_| |
|
. I\ _¥ _S \
tF SMOCK (P22) | * St Fig. 8. i ‘
g SMODA (3 271036 | 300
SMOCK and tF SVOCK (P2 o When SMIC register |
SMODA pins fall SIODA (P2 control bits 3 | 20+0.1Ch 250 ns
time o FSLW=1,P5Vi=1 ‘
£ I 2 0 \¢
- ['+’SMOCK, SMODA port
| output FAST mode 3.0t03.6 100
| [ Cb<400pF.

|
Ne 8-1 Thes
wote 4-0-2:

cificatiotis.aire theoretical va

sy<iem clock fraquency

lues. Add margin depending on its use.
= value of TTiit is determined by the values oi the register SMICOBRG, bits 7 and 6 (BRP1, BRP0) and the

[: " BRPI 4 BRPO Tilt
K 0 tCYCx1
0 1 tCYCx2
'__
1 0 {CYCx3
1 1 tCYCx4

Set bits (BPR1, BPRO) so that the value of Tfilt falls between the following range :

250 ns > Tfilt > 140 ns
Note 4-8-3 : Cb represents the total loads (in pF) connected to the bus pins. Cb <400 pF

Note 4-8-4 : The standard clock mode refers to a mode that is entered by configuring SMICOBRG as follows :

250 ns > Tfilt > 140 ns

BRDQ (bit5) = 1

SCL frequency setting < 100 kHz

The high-speed clock mode refers to a mode that is entered by configuring SMICOBRG as follows :
250 ns > Tfilt > 140 ns

BRDQ (bit5) =0

SCL frequency setting < 400 kHz
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5-1. SMIIC1 Sim

LC88FC2HOA

le SIO Mode Input/Output Characteristics

Applicable . Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
(g{ﬁ E Period tSCK (12) .
= § SMOCK (PB4) | See Fig. 6.
22 | Low level {SCKL (12)
= |~ . 2.7103.6 2
pulse width oy
tCY!
High level tSCKH (12) )
pulse width
9 Period tSCK (13) 4
”§ SMOCK (PB4) | * CMOS output selected
S | Low level tSCKL (13) * See Fig. 6.
8 . 2.7t03.6 172
7 | pulse width SCK
t
High level tSCKH (13) 2
pulse width
§ Data setup time tsDI (8) SMODA (PBS) | ¢ sPec1ﬁed with respect to 0.03 ’
=N rising edge of SIOCLK |
= - . 2.7103.6
S Data hold time thDI (8) * See Fig. 6. g |
i{’ Output delay time | tdDO (12) | SMODO (PB6), | * Specified with respect to I S
=) SMODA (PB5) | falling edge of SIOCLK | K
é * Specified as interval up . . ’ | 1tCYC
g to time when outfiil state | B I +0.05
starts changii | [
* See Fiu o. ’ _L A\ Y a

Note 4-9-1 : These specifications are theoretical value:. Add margiri ?e‘.ding ori its use.
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5-2. SMIIC1 I°C Mode Input/Output Characteristics

Applicable Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
Q g Period tSCL
9]
2 § SMICK (PB4) | * See Fig. 8. >
§ Low level tSCLL
a . 2.7t03.6 2.5
pulse width -
Tfilt
Highlevel | tSCLH , !
pulse width
9 Period tSCLx
'g: SMICK (PB4) | * Specified as interval up to 10
2. | Low level tSCLLx time when output state starts
3 . . 271t03.6 12
7 | pulse width changing. SCL
t
High level tSCLHx "
pulse width
SMOCK and SMODA | 5P SMICK (PB4) | * See Fig. 8. ’
pins input spike SMIDA (PBS5) 2.7t03.6 ’ 1 Tfilt
suppression time
day W y N
— | tBUF SMICK (PB4) | * See Fig. 8. ’ | |
El SMIDA (PB5) 2. | Tfilt
- N
tBUFx SMI1CK (PB4) | * Standard clock mode I
Bus release time SM1DA (PBS) | * Specified as interval | o3 |
between start and time when ofitpul fate siarts| ) 03 6 . |
stop g |_changiff§ — — = ! T T usec
g ¢ Iigh-speed clock mo } ! | W
* Specified as interval up to | 6
> when output staie staits !
| changiig. A\ N\ 2 ()
tHD;STA | SV 1CK (PE“) | * When SMIIC register [
SIMIDA (PE) | contrdl bit, ‘ ' "
| 12CSHDS =0 ’ ’
5 | SeeFig:s, 7\
S Tfilt
| 2 | * When SMIIC register !
I | | cantrol bit )
| 12CSHDE =1 ’
art/res: | | | * See Fig' 8.
condition hold | N — e\ 2.7t03.6
. | tHHD;STAx | SMICK (PB4) Standard clock mode
ini
| ! SMIDAAPES) . ¢ Specified as interval up to
time when output state starts 41
e changing.
El * High-speed clock mode psee
* Specified as interval up to o
time when output state starts ’
changing.
= tSU;STA | SMICK (PB4) | * See Fig. 8.
2 SMIDA (PB5) 1.0 Tfilt
tSU;STAx | SM1CK (PB4) | * Standard clock mode
SMIDA (PBS) | * Specified as interval up to
Restart condition time when output state starts 3.5
. . 2.7t03.6
setup time o changing.
§ - psec
= ¢ High-speed clock mode
* Specified as interval up to L6
time when output state starts ’
changing.
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: Specification
Parameter Symbol Aliphcablli Conditions
Pin/Remarks Vpp [V] min typ max unit
tSU;STO | SMICK (PB4) | * See Fig. 8.
g SMIDA (PB5) 10 Tt
tSU;STOx | SMICK (PB4) | * Standard clock mode
Stop condition SM1DA (PBS) | * Specified as interval up to 2 36 49
setup time time when output state starts Tto3. ’
e changing.
"3; ¢ High-speed clock mode Hsee
* Specified as interval up to 11
time when output state starts '
changing.
tHD;DAT | SMICK (PB4) | * See Fig. 8.
§ SMIDA (PB5) 0
Data hold time {HD;DATx | SMICK (PB4) | * Specified as interval up to | >/ 1© 30 Tfilt
g SMIDA (PB5) | time when output state starts 1 15
E changing. |
tSU;DAT | SMICK (PB4) | * See Fig. 8.
_’g SMIDA (PB5)
(=1
Data setup time - - 2.7103.6 }‘ 4‘ =\ V Tfilt
:O tSU;DATx | SMICK (PB4) | * Specified as interval in to | ’
=l SMIDA (PB5) | time when output sta ' | 1tSCT
= changing. | 15Tl ’ |
tF SMICK (PB4) | * See'l 1z ¢ ’ | :
g SMIDA (PB5) 271036 ‘ 300
_ | \ AN
SMOCK and tF SMICLIL(IR4) © When & MIIC register
SMODA pins fall SUIDA (PEY) atrol bits 3 [ 20+0.1Cb 250 ns
time o PSLW=1, PHV =1 |
=1
g _ P
= {* SMOCK, SMODA port
| output FAST mode ’ 3t03.6 100
I S [+Ch<400pk - |
Note 4-10-1 : Thece specifications are theoretical values. Add margin-depending on its use.

Note 4-10- : The value of Tfilt is determined by the values of tiie register SMIC1BRG, bits 7 and 6 (BRP1,
bi0) and the sysiem clack frequency

’57 BRPI__ [ BRPO Tfilt

L0 1 0 tCYCxI
Pe). 1 tCYCx2
SPAN 0 tCYCx3
| 1 1 {CYCx4

Set bits (BPR1, BPRO) so that the value of Tfilt falls between the following range:

250 ns > Tfilt > 140 ns
Note 4-10-3 : Cb represents the total loads (in pF) connected to the bus pins. Cb <400 pF

Note 4-10-4 : The standard clock mode refers to a mode that is entered by configuring SMICOBRG as follows:

250 ns > Tfilt > 140 ns
BRDQ (bit5) = 1
SCL frequency setting < 100 kHz
The high-speed clock mode refers to a mode that is entered by configuring SMIC1BRG as follows:
250 ns > Tfilt > 140 ns
BRDQ (bit5) =0
SCL frequency setting < 400 kHz
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6-1. SLIICO Simple SIO Mode Input/Output Characteristics

Applicable . Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit

(g{ﬁ E Period tSCK (13) | SLOCK (PA4) | See Fig. 6. 4
|8
o |2
S |8 | Low level tSCKL (13)
=~ . 2.7t03.6 2 tCYC

pulse width

High level tSCKH (13) 5

pulse width
f§ Data setup time tsDI (9) SLODA (PAS5) | ¢ ‘Sp?emﬁed with respect to 0.03
= rising edge of SIOCLK 5
5 | Data hold time thDI (9) * See Fig. 6. 71036
=4 0.03
fr:f' Output delay time | tdDO (13) SLODO (PA6), | * Specified with respect to s
=N SLODA (PAS) falling edge of SIOCLK
% * Specified as interval up 1tCYC
e . 2.7t03.6
= to time when output state 0.05

starts changing.
* See Fig. 6. » | ~\X

Note 4-11-1 : These specifications are theoretical values. Add margin depending on it: use.

www.onsemi.com

33



LC88FC2HOA

6-2. SLIIC1 I2C Mode Input/Output Characteristics

Applicable Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
Q | 5 | Period tSCL SLOCK (PA4) | * See Fig. 8.
R 5
=g
§ Low level tSCLL
~ . 2.7103.6 2.5 Tfilt
pulse width
High level tSCLH 5
pulse width
SLOCK and SLODA | 1P SLOCK (PA4) | * See Fig. 8.
pins input spike SLODA (PAS) 2.7t03.6 1 Tfilt
suppression time
Bus release time tBUF SLOCK (PA4) | * See Fig. 8.
=
between start and |2 SLODA (PAS) 2.7t03.6 2.5 Tfilt
stop
tHD;STA | SLOCK (PA4) | * When SMIIC register
SLODA (PAS) | control bit,
12CSHDS =0 4
Start/restart . [
dition hold |5 * SecFig. 8. . 9’ MR T
condi
. =S * When SMIIC register o | !
time . |
control bit ’ ‘
2.5
12CSHDS = 1 | |
* See Fig. 8. A |_ o ! A\
. {SU;STA | SLOCK (PA4) | * See Fis ' ’
Restart condition |z
_ S SLODA (PA5) ’ 271036 | 1.0 Tiilt
setup time =3 | |
LA o L 2R N
tSU;STO | SLOCK (PA<,  “See | u. 8. :
SLODA (PAS) i
|
Stop condition 5 ) l
setup time 8, ¥Yto N 1.0 Tfilt
|
| |
| |
I O AR\
LiD;DAT | SLOCK (PA4) | < See Fig. 2.
Z ’ SLODIA (FAS) 0
) | g
Dati fotitame [ 15D DATx | SLOCK (PAY) | * Specified as interval up to | 2 ©© 30 Tfilt
§ SLGDA (PAS) | time when output state starts 1 15
g changing.
| tSU;DAT . | SLOCK (PA4) | * See Fig. 8.
5 SLODA (PAS) 1
)
=t
Data setup time - - 2.7t03.6 Tfilt
9 tSU;DATx | SLOCK (PA4) | * Specified as interval up to
El SLODA (PA5) | time when output state starts 1tSCL-
- changing. 1.5Tfilt
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7. UARTO Operating Conditions at Ta =40 to +85°C, Vgg1 = Vgg2 = Vgg3 = Vgg4 =0 V

Applicable Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
Transfer rate UBRO UORX (P13),
UOTX (P14),
UOBRG (P07) 2.7t03.6 4 8 tBGCYC
Note 4-9 : tBGCYC denotes one cycle of the baudrate clock source.
8. UART2 Operating Conditions at Ta=-40to +85°C, Vgg1 =Vgg2 =Vgg3=Vgg4 =0V
Applicable Specification
Parameter Symbol . Conditions
Pin/Remarks Vpp [V] min typ max unit
Transfer rate UBR2 U2RX (P16),
U2TX (P17),
2.7t03.6 8 4096 tBGCYC
|
Note 4-10 : tBGCYC denotes one cycle of the baudrate clock source.
9. UART3 Operating Conditions at Ta =40 to +85°C, Vgg1 = Vgg2 = Vgg 2=V =0V
Applicable N N Specification
Parameter Symbol . Conditions ’— g — T
Pin/Remarks Vion[V] min Lty}f | max unit
Transfer rate UBR3 U3RX (P34), , ‘ ' \
U3TX (P35) : \
2.7t03.6 8 ‘ 4096 |tBGCYC
AP~ AN
Note 4-10 : tBGCYC denotes one cycle of the baudraie clock cource.
m Pulse Input Conditions at 7. =0 10+5°C, Vgg1 =592 =Vgg2=Vgg4=0V
pplicable Specification
Parameter Symh Conditions —\\
Pin/Rematks L (. < I_VDD [V] min typ max unit
High/low level RIH (1) T0 (P30) : « Interrupt tource flag can bte sel.
pulse width | tPIL.£1) INTI1 (P31), « Evenitinputs for timers 2 and 3
INTZ2(P52), are enabled.
(INT3'(P33),
INT4 (P20, 2.7t03.6 2 tCYC
‘ INTS (P21), !
‘ LiN‘T6 (P40); -~ |
l U INT7 (P41)
tPIL (2) RESE Resetting is enabled. 271t3.6 10 ps
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m AD Converter Characteristics at Ta =-40to +85°C, Vgg1 =Vgg2 =Vgg3=Vgg4 =0V
1. 12-bit AD Conversion Mode

Applicable Pin Specification
Parameter Symbol /Remarks Conditions
Vpp [V] min typ max unit
Resolution NAD ANO (P60) 2.7t03.6 12 bit
to AN7 (P67)
Absolute accuracy | ETAD > | (Note 6-1) +
ANS (P70) 2.7103.6 16 LSB
Conversion time TCADI12 to AN15 (P77) Conversion time calculated 3.0t03.6 64 115 "
2.7103.6 128 230
Analog input VAIN
£mp 2.7103.6 Vss VDD \%
voltage range
Analog port IAINH VAIN =Vpp 271t03.6 1
input current _ HA
P IAINL VAIN =Vgg 2.7103.6 -1
o . ) _ 52
- Conversion time calculation formula : TCAD12 = ( 35 qivisionrane T2) x tCYC
2. 8-bit AD Conversion Mode A O )
Applicable Pin I Speci!ication
Parameter Symbol /Remarks Conditions A [ | \ ¥
Vo V] min typ | max unit
— \\
Resolution NAD | ANO (P60) L 03 g bit
Absolute accuracy | ETAD to AN7 (P67), (Note 6-1) 7103 .6 +15 LSB
ANS (P70) |~ o O W : e () N ——
Conversion time TCADS to AN15 (P77) Conversion tiric calculatod 3.0t03.6 | 39 AN TN _I s
274036 1 79 o 171 140
Analog input VAIN f ‘ |
[ 2.7103.6 l Vs VDD v
voltage range P _ \¢ 7D\
Analog port IAINH VAIN =V 2710 2.6 | 1
input current v \\V¥ R N HA
IAINL | VAINEVsg | 271036 | -1
—% N\ % — 1
52

- Conversion time calculation formula : TCAD8 =

The
he convers
1 the

rsic

Note 6-1
Note 6-2 .

o

"he con
- The

time is twice i

— 22 ) L tCYE
ADdivisiontatin. </ tcye

on error (+1/2LEB) is excludeq from the absolute accuracy.
1 time refers to the interval from the time a conversion starting instruction is issued
> the comipiete digitai value-against the analog input value is loaded in the result register.

he normal value wher one ¢f the following conditions occurs:
rst AD conversion is execiited in the 12-hit AD conversion mode after a system reset.

T he first AD conversion is executed-aftei the AD conversion mode is switched from 8-bit to 12-bit AD

conversion mode.
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m Consumption Current Characteristics at Ta =40 to +85°C, Vgg1 =Vgg2 =Vgg3=Vgg4 =0V

typ:3.3V

Parameter

Symbol

Applicable
Pin/Remarks

Conditions

Specification

Vpp [V]

min

Typ max unit

Normal mode
consumption
current

(Note 7-1)

IDDOP (1)

IDDOP (2)

IDDOP (3)

IDDOP (4)

VDD1

=VDD2
=VDD3
=VDD4

* FmCF = 12 MHz ceramic oscillator
mode

* FmX'tal = 32.768 kHz crystal
oscillation mode

* System clock set to 12 MHz

¢ Internal RC oscillation stopped

* 1/1 frequency division mode

3.0t0 3.6

5.5 13.0

* FmCF = 10 MHz ceramic oscillator
mode

* FmX'tal = 32.768 kHz crystal oscillator
mode

* System clock set to 10 MHz

¢ Internal RC oscillation stopped

* 1/1 frequency division mode

2.7t03.6

* 1/1 frequency division niode

* FmCF = 0 Hz (oscillation stopped)
* FmX'tal = 32.768 kHz crystal oscillator
mode
* System clock set to internal RC
oscillation
* FmCF = 0 Hz (0 cillation sioppec
* FmX'tal = 32.768 i |1z crystal oscillator
mode
* Sy loek “ot to 32.768 kllz

iterial RC osciliation stopped

* 1/ frequoncy division mode

‘ 7t03.6

|
2710 3.6

5.0 12.0

0.73 | 1.8

30 120 A
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Continued from preceding page.

Parameter

Symbol

Applicable
Pin/Remarks|

Conditions

Specification

Vpp [V]

min max unit

typ

HALT mode
consumption
current
(Note 7-1)

IDDHALT (1)

IDDHALT (2)

IDDHALT (3)

IDDHALT (4)

VDDI

=VDD2
=VDD3
=VDD4

* HALT mode

* FmCF =12 MHz ceramic oscillator
mode

* FmX'tal = 32.768 kHz crystal oscillation
mode

* System clock set to 12 MHz

* Internal RC oscillation stopped

* 1/1 frequency division mode

3.0t0 3.6

1.7 3.5

* HALT mode

* FmCF = 10 MHz ceramic oscillator
mode

* FmX'tal = 32.768 kHz crystal oscillator
mode

* System clock set to 10 MHz

¢ Internal RC oscillation stopped

* 1/1 frequency division mode

2.7t03.6

* HALT mode

* FmCF = 0 Hz (oscillation stopped)
* FmX'tal = 32.768 kHz crysta
mode

lator
* System clock « interna 1C
oscillation

* 1/1 frequenc v division mode

271030

mA
3.2

0.8

* HAE T 0de
ACi
C'tal

0 Hz (uscillation stopped)
* Fi 32.768 kHz crystal oscillator
mo

System clock set to 32.768 kHz

e Internal RC osciliatioit stopped

i * 1/1 frequency division mede

2.7t6.3.0

8.5 65 pA
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Applicable Specification
Parameter Symbol Pin/Remarks Conditions
Vpp [V] min typ max unit
HOLD mode | IDDHOLD (1) | VDDI1 HOLD mode
consumption * CF1 = Vpp or open 2.7t03.6 0.2 45
current (external clock mode)
IDDHOLD (2) HOLD mode
* CF1 = Vpp or open
(external (?cl))ck m:de) 271036 1.2 48
* LVD option selected
HOLDX mode| IDDHOLD (3) HOLDX mode
consumption * CF1=Vpp or open
current (external clock mode) 2.7t03.6 4.6 60 KA
* FmX'tal = 32.768 kHz crystal
oscillator mode
IDDHOLD (4) HOLDX mode
¢ CF1 = Vpp or open
(external clock mode)
« FmX'tal = 32.768 kHz crystal 2.7 1046 ‘ 3 63
oscillator mode
* LVD option selected L \Y |
Note 7-1 : The consumption current value includes none of the currents that [low inio the Gutput transisicr and
internal pull-up resistors.
m F-ROM Programming Characteristics atT - 110to +0°°C, V551 =¥g82=Vgs3 Vg4 =0V,
Applicable Specification
Parameter Symbol | Pin/Remarks “onditios [ = T\
| VpDIV] min ! typ max unit
Onboard IDDFW (1) | VDD! licrocontroller erase eurrent ‘
programming cuirent 1s exclnded. 2.7t02.6 10 mA
current al a
Onboard tFW (1) * 2K-<byte erase operation [
programming 2.7t03.6 25 ms
time w2 * 2-byte prograinming opcration
2.7t03.6 45 us
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m Power-on Reset (POR) Characteristics at Ta = +40 to +85°C, Vgg1 = Vgg2 = Vgg3 =Vgg4 =0V

Specification
Parameter Symbol | Pin/Remarks Conditions Option selected ) ]
voltage min typ max unit
Por release PORRL * Select from option. 257V 2.47 257 272
voltage (Note 8-1) 287V 277 | 287 | 3.02
Detction voltage | POUKS * See Figl0. v
unknown state (Note 8-2) 0.7 0.95
Power supply PORIS * Power supply rise time
rise time from0OVtol.6V. 100 mS

Note8-1 : The POR release level can be selected out of 2 levels only when the LVD reset function is disabled.

Note8-2 : POR is in an unknown state before transistors start operation.

m Low Voltage Detection Reset (LVD) Characteristics
at Ta = +40 to +85°C, Vgg1 =Vgg2 =Vgg3 =Vgg4 =0V

Specificiiion
Parameter Symbol | Pin/Remarks Conditions Option selected ] T T _
min ty; max unit
voltage | )

LVD reset LVDET * Select from option. ‘\‘ I
voltage (Note 9-2) 2.8\ 2.7 2.81 | 2.96 \Y%
(Note 9-2) ¢ See Fig. 11. A W 1
LVD hysteresis | LVHYS
width L =y 64 A
Detection LVUKS * See Fig. 11 |
voltage unknown (Note 9-3) 0.7 | 0.95 \Y
state A L o\ Pd F \ )
Low voltage TLVDW s LVIET-C. |
detection “Seée Fighl2. ’
minimum width i 0.2 mS
(Replay
sensitivity) 8 | £ <\ A

Note9-1 : LVD icsel voltad e speciiication valuas ¢o not include hysteresis voliage.

Note9-2 : LV reset voitage 114y exceed its specification values wiien port output state changes and/or when a large current

lows (hrough port.
N 3: LVD is unknowii etate before transistors siart operation.
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= Power Pin Treatment Conditions 1 (VDD1, VSS1)

Connect capacitors that meet the following conditions between the Vpp1 and VsS1 pins :

- Connect among the Vppl and Vg1 pins and the capacitors C1 and C2 with the shortest possible lead wires,
of the same length (L1=L1", L2=L2") wherever possible.

- Connect a large-capacity capacitor C1 and a small-capacity capacitor C2 in parallel.
The capacitance of C2 should be approximately 0.1 pF or larger.

- The Vpp!1 and Vgs1 traces must be thicker than the other traces.

L2
L1
« >
9 9 Vsg1
C1 C2
@ @ Vpp1
«
L1
«-—
L2’ L J

m Power Pin Treatment Conditions 2 (VDD(, & 4), Vi 5(2, 3, 4))

Connect capacitors that meet the follow cond ition betweenthe VDD(2,3. 4) and VSS(2, 3, 4) pins :

- Connect among the VDD(2. 3, 4) aind Vo (2, 3, 4)pins and the capacitor C3-with the shortest possible lead
wires, of the same length (1 '=L3") wherever possivle.

- The capacitance o' C3 shoula pproximately 0.1 b or larger.
- The VDD(2. 2. 4) and VSI(2, 3, 4) traces must be thicker than the other traces.

L3
b
£ —_—— Vss (2,3, 4)
c3
& VpD (2,3, 4)
T I
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m Characteristics of a Sample Main System Clock Oscillation Circuit
Given below are the characteristics of a sample main system clock oscillation circuit that are measured using a
ON Semiconductor-designated oscillation characteristics evaluation board and external components with
circuit constant values with which the oscillator vendor confirmed normal and stable oscillation.

m Table 1 Characteristics of a Sample Main System Clock Oscillator Circuit with a Ceramic Resonator

— Operating Oscillation
. Circuit Constant e .
Nominal Voltage |Stabilization Time
Vendor Name Resonator Remarks
Frequency C3 C4 Rf Rd2 Range typ max
[pF] | [pF] | [ [Q] [V] [ms] [ms]
Cl1,C2
12 MHz CSTCEI2MOGS2-RO | (10) | (10) | OPEN| 330 | 2.2t03.6 | 0.02 02 | .
integrated type
Cl1,C2
MURATA CSTCE10MO0G52-R0 | (10) (10) | OPEN| 680 2.2t03.6 0.02 0.2 .
integrated type
10 MHz Py
CSTLS10MO0GS53-B0 | (15) (15) | OPEN| 680 2.2t03.6 0.02 0.2 . ’
integrated type
The oscillation stabilization time refers to the time interval that is required for the oscillation to cet stabilized

after VDD goes above the lower limit level of the operating voltage range (see Figuie 4)

m Characteristics of a Sample Subsystem Clock Oscillator Circuit

Given below are the characteristics of a sample subsystem clock oscillation circu

ON Semiconductor-designated oscillation characteristics evaluation bhoard

circuit constant values with which the oscillator vendor confirmed i

Mma

that are reasured using a

id external ‘components with

nd stable-oscillation.

m Table 2 Characteristics of a Sample Subsystem Clock ‘s& ator Circuit witiv-a Crystai Resonatoy

Cirenit Const

Nominal
'Vendor Name| Resonator
Frequency
EPSON
32.768 kHz MC 06
TOYOCOM

C3

-4

r«q:]_\_ ‘DF

1C

It Open | 230K ’

Operating Voltage

Osciliation

Stubilization Time

l Rarnge Remarks
Rf2 d2 typ mex
: V] )\
AN oVt A AAsh [s]
22103.6 ! 1.0 3.0 CL=7.0pF

The oscillation stabili -ation tini- refo+ to the time interval that is req'lire_i_for the oscillation to get stabilized
after the instruction [0 starting the subclock oscillator cireuit is executed plus the time interval that is required
for the oscillatioii to g

Note : 1!
108

traces to
hle ¢
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stabilized afterthe HOLD mode is refeased (see Figure 4).

id from the components-that are invoived in oscillation should be kept as short as
thie oscillation characteristics are aftected by their trace pattern.
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CF1 CF2 XT1 XT2
——— \\N—» ————\\N—9
Rf1 Rf2
§ Rd1 Rd2
C1 —— —_—QC2 C3 —/— C4
CF X'tal
e 777 e J;
Figure 1 CF oscillator circuit Figure 2 XT Oscillator Circuit

Figure 3 AC Timing M casuicment Ioint
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Power ‘. ------------------------------------------

RESB E

Internal RC J

oscillation ' —
«— tmsCF !

CF1, CF2 ! —‘ H H ’_HJJ
: -

.
—— tmelal — ——

XT4L,XT2 T T T T /\/xAL{JU

VDD

Operating VDD
lower limit

ov

Operating : Initiahizatic T Jeer inatriation P
mode Unpredictable >< Reset ><' sty oxec o User |nit action executl_a_
Reset T ana Oscillation Stabilization Times
Ir—gl?el‘:age o HULD relesise signali J‘;S(;':OLD‘ rilee.qe signia'io_s\’F Interrupt operation
AT
Internal 'C /—l u
cillation L. N o D < L
, 54_ tmsCF !
CF1 , CF2 i/\/\/\/\/\/;\/\//\A/\J ”
«— tmsXtal 4>.
XT1, XT2 E :
State HOLD X HALT >< Instruction execution

HOLD Release and Oscillation Stabilization Time

Figure 4 Oscillation Stabilization Time Timing Charts
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VDD
RRES Note: ’
Reset signal must be present when power
supply rises.
RES 1 Determine the value of Crgg and Rygg so that
L. the reset signal is present for 10 us after the
—T— “RES supply voltage gets stabilized.
777
Figure 5 Reset Circuit
tSCKHBSY SCKIBSY
e A e
: — O N\
RUN: ; N Y
SIOCLK: i /§ | i
| - N L 1 |

DATAIN: ><DIO >< D1 /_>\/ W 9 :_ X--_Di ><Tn_<___
DATAOUT: X D e K_;/ no¢ ﬂ\<__ oor X .Dm>>

.~Data transfer > rn;_,é
" (SIO0 and SI(,1 only) '

PN - -

F——& tSCK ——,' >
SIOCL - ; : |
\:T_" tSCKL | — ¥4——— t5CKH L
-l ' (sDl —>x—— thDI |
| —X\J —_ :
DATALN. : ><
= = N .
DATAOQOUT: : \ ><
_ X i av
E<_Data transfer period _,E
""""""""""""""""""" " (SIO0 and SIO1 only)  *~.._
B N

SIOCLK: —\— tSCKL 7/ tSCKHA 4>\

«— tsD| —»¢—— thDI —» :

DATAIN: ' >< ><

DATAOUT: : >< X

* Remarks: DIx and DOx denote the last bits communicated; x = 0 to 32768

Figure 6 Serial I/O Waveforms
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<— tPIL —w— tPIH —v

Figure 7 Pulse Input Timing Signal Waveform

Sr P

L

'_ﬁ_.

7

r r
[} 1
[ 1
1 1
I I
1 1
1

1 1
1 1
1 1
1 1
1 1
T

1 1
1 1
1 1
1 1
1

—»] |
1

- 1
:
- ! - -
tHIGH|
—>

tHD;DAT tSU;DAT tSU;STA tSU:510

S : Start condition
P : Stop condition
Sir : Restart condition

Figure & I'C Tinuing

o |

— "/V___T_—| PC2/FILT
Jﬁ ——
2.2uF /
R T cfs
L ———————P Vgs1
Cfs=OPEN

Figure 9 Recommended FILT Circuit
* Take at least 50 ms to oscillation to stabilize after PLL is started.
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POR release voltage
(PORRL)

VDD
/' K —— -; Reset period
Unknown-state E
(POUKS) ;
RES#
Figure 10 Waveform observed when only POR is used (LVD not vsed)
(RESET pin : Pull-up resistor RRES only)
* The POR function generates a reset only when power is turned on stiriing at the V3¢ ievel
* No stable reset will be generated if power is turned on again when the power et el does not go
down to the VSS level as shown in (a). If such a case is anu cipated. use i1 LVD function
together with the POR function or implement an externa' rese! circi L.
* A reset is generated only when the power leve! goes o the VSS leve! as shown in (b)
and power is turned on again after this condaition conuinues for 100us or ionger.
LVD hysteresis width
(LVHYS) LVD release voltage
(LVDET+LVHYS)
VDD B Y A ol
' ' A\ . LVD reset voltage

p T Reset jericd T

Figure 11 Waveform observed when both POR and LVD functions are used
(RESET pin : Pull-up resistor RRES only)

* Resets are generated both when power is turned on and when the power level lowers.
¢ A hysteresis width (LVHYYS) is provided to prevent the repetitions of reset release and entry

cycles near the detection level.
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VDD

LVD release voltage

N

1
LVD reset voltage —/ |~ ll
| - — — LVDET-0.5V

Figure 12 Low voltage detection minimum width
(Example of momentary power loss / Voltage variation wavetorm)
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