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FM24C256 — 256K-Bit Standard 2-Wire Bus

Interface Serial EEPROM

General Description

FM24C256 is a 256Kbit CMOS non-volatile serial EEPROM
organized as 32K x 8 bit memory. This device confirms to
Extended IIC 2-wire protocol that allows accessing of memoryin
excessof 16KbitonanlICbus. This serial communication protocol
uses a Clock signal (SCL) and a Data signal (SDA) to synchro-
nously clock databetweenamaster (e.g.amicrocontroller) anda
slave (EEPROM). FM24C256 is designed to minimize pin count
and simplify PCboard layout requirements.

FM24C256 offers hardware write protection where by the entire
memory array can be write protected by connecting WP pinto V cc-
The entire memory then becomes unalterable untilthe WP pinis
switchedtoV gg.

“LZ”and“L” versions of FM24C256 offer very low standby current
making them suitable for low power applications. This device is
offeredin SO and DIP packages.

Fairchild EEPROMs are designed and tested for applications
requiring highendurance, high reliability and low powerconsump-
tion.

Features

B Extended operatingvoltage:2.7Vto 5.5V
B Upto400KHzclock frequency at2.7V o 5.5V

B Lowpowerconsumption
—0.5mA active currenttypical
— 10pA standby currenttypical
— 1uAstandby currenttypical (L version)
—0.1pAstandby currenttypical (LZ version)

B Schmitttriggerinputs

W 64 byte page write mode

B Selftimed write cycle (6ms max)

B Hardware Write Protectionforthe entire array
B Endurance: upto 100K data changes

B Data Retention: Greaterthan40years

W Packages: 8-Pin DIP and 8-Pin SO

B Temperature range
—Commercial:0 °Cto+70°C
—Industrial (E):-40 °Cto+85°C
— Automotive (V):-40 °Cto+125°C
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Connection Diagram

Dual-in-Line Package (N) and SO Package (M8)
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See Package Number NOSE and MO8A

Pin Names
Vsg Ground
SDA Serial Data I/O
SCL Serial Clock Input
WP Write Protect
Vee Power Supply
A0, A1, A2 Device Address Inputs
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Ordering Information

FM 24 C XX F Z E YY X Letter  Description
l— Blank
X Tape and Reel
Package N
M8
Temp. Range Blank
E -40to +85°C
\ -40to +125°C
Voltage Operating Range Blank
L
(4 2.7Vto5.5Vand
<1pA Standby Current
SCL Clock Frequency Blank
F
Density 256 256K with write protect
C
Interface 24
FM Fairchild Non-Volatile
3 www.fairchildsemi.com
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Product Specifications
Absolute Maximum Ratings

Operating Conditions

Ambient Storage Temperature —65°C to +150°C Ambient Operating Temperature
FM24C256 0°Cto+70°C
AllinputorOutput Voltages EM24C256E -40°C to +85°C
with Respectto Ground 6.5V t0-0.3V EM24C256V -40°C to +125°C
Lead Temperature Positive Power Supply
(Soldering, 10seconds) +300°C FM24C256 4.5V 10 5.5V
FM24C256L2 2.7Vto 5.5V
Standard V. (4.5V to 5.5V) DC Electrical Characteristics
Symbol Parameter Test Conditions Limits Units
Min Typ Max
(Note 1)
leca Active Power Supply Current fgcL =400 KHz 0.5 1.0 mA
fgoL = 100 KHz
lsg Standby Current Vin=GNDor Ve 10 50 UA
I InputLeakage Current Vin=GND to V¢ 0.1 1 UA
lo OutputLeakage Current Vour=GND to V¢ 0.1 1 UA
Vi InputLow Voltage -0.3 Ve x0.3 Vv
V4 InputHigh Voltage Ve x0.7 Ve +0.5 \
VoL OutputLow Voltage loo=2.1mA 0.4 \
Low V. (2.7V to 5 .5V) DC Electrical Characteristics
Symbol Parameter Test Conditions Limits Units
Min Typ Max
(Note 1)
leca Active Power Supply Current fgoL =400 KHz 0.5 1.0 mA
fgoL = 100 KHz
Isg Standby Current Vin=GND | V=27V -4.5V (L) 1 10 UA
(Note 3) orVee Ve =2.7V-4.5V (LZ) 0.1 1 UA
Vee =4.5V-5.5V 10 50 UA
I InputLeakage Current Vin=GND to V¢ 0.1 1 UA
o OutputLeakage Current Vour=GND to Ve 0.1 1 UA
Vi InputLow Voltage -0.3 Veex 0.3 Vv
Vig InputHigh Voltage Vee x0.7 Voo + 0.5 \
VoL OutputLow Voltage lop =2.1mA 0.4 \
Capacitance T, = +25°C, f = 100/400 KHz, V ¢ = 5V (Note 2)
Symbol Test Conditions | Max | Units
Cio Input/Output Capacitance (SDA) Vo =0V 8 pF
Cin Input Capacitance (A0, A1,A2,SCL) Viy=0V 6 pF

Note 1: TypicalvaluesareT ,=25°Candnominalsupply voltage (5V).
Note 2: Thisparameteris periodically sampled and not 100% tested.
Note 3: The"L"and"LZ"versionscanbe operatedinthe2.7Vt05.5VV

ccrange. Howeverthel ggvaluesforLandLZareapplicable only whenV

ccisinthe2.7Vto4.5Vrange.
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AC Test Conditions

AC Testing Input/Output Waveforms

InputPulse Levels Ve x0.1t0 Ve x0.9 0.9Voc >¢ _______________________ }< ____________ 07Ves
InputRise and Fall Times 10ns 0.1Veo S NCEEEPPPRPPPPPPPPPPEPPETTY (b CEEEEEPEPPPY 0.3Vce
Input & Output Timing Levels Ve x0.3t0 Vi x0.7
OutputLoad 1 TTL Gate and C | =100 pF
Read and Write Cycle Limits (Standard and Low V.. Range 2.7V - 5.5V)
Symbol Parameter 100 KHz 400 KHz Units
Min Max Min Max
fsoL SCL Clock Frequency 100 400 KHz
T Noise Suppression Time Constant at
SCL, SDAInputs (MinimumV 100 50 ns
Pulse width)
tan SCL Low to SDA Data Out Valid 0.3 3.5 0.1 0.9 us
teur Time the Bus Must Be Free before 4.7 1.3 us
aNew Transmission Can Start
thp.sTA Start Condition Hold Time 4.0 0.6 us
tlow Clock Low Period 4.7 1.5 us
thigH ClockHigh Period 4.0 0.6 us
tsusTA Start Condition Setup Time 4.7 0.6 us
(fora Repeated Start Condition)
tHD.DAT DatainHold Time 0 0 ns
tsupaT Datain Setup Time 250 120 ns
tg SDAand SCL Rise Time 1 0.3 us
te SDAand SCL Fall Time 300 300 ns
tsu:sto Stop Condition Setup Time 4.7 0.6 us
ton Data Out Hold Time 100 50 ns
twr Write Cycle Time 6 6 ms

Note 4: The write cycle time (t yg) is the time from a valid stop condition of a write sequence to the end of the internal erase/program cycle. During the write cycle,
the FM24C256 bus interface circuits are disabled, SDA is allowed to remain high per the bus-level pull-up resistor, and the device does not respond to its slave
address. Refer "Write Cycle Timing" diagram.

Bus Timing
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Write Cycle Timing

/\< 8th BIT \ ACK [\

/NS

WORD n
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CONDITION

[S N
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START
CONDITION

Note:  Thewritecycletime(t \)isthetimefroma valid stop condition of a write sequence to the end of the internal erase/programcycle.

Typical System Configuration

Vee
Master sl Slave Master Master
Transmitter/ R ave Transmitter/ Transmitter Transmitter/
Receiver eceiver Receiver Receiver

Note:  Duetoopendrainconfiguration of SDAand SCL, abus-level pull-up resistoris called for, (typical value =4.7k

Q)

_/ \....
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Background Information (lIC Bus)

Extended IIC specificationis an extension of Standard IIC speci-
fication to allow addressing of EEPROMs with more than 16Kbits
of memory on an IIC bus. The difference between the two
specificationsisthat Extended |IC specification defines two bytes
of “Array Address” information while Standard IIC specification
defines only one. All other aspects are identical between the two
specifications. Usingtwo bytes of Array Address and 3address
signals (A2, A1and A0), itisnow possible to address up to4 Mbits
(28 * 28 * 28 * 8 = 4 Mbits) of memory on an |IC bus.

Note that due to format difference, it is not possible to have
peripherals which follow Standard IIC specification (e.g. 16K bit
EEPROM) and peripherals which follow Extended IIC specifica-
tion (e.g. 256K bit EEPROM) onacommon IIC bus.

1IC bus allows synchronous bi-directional communication be-
tweena TRANSMITTER and a RECEIVER using a Clock signal
(SCL)and aDatasignal (SDA). Additionally there are up tothree
Address signals (A2, A1and AO) which collectively serve as “chip
selectsignal”’toadevice (e.g. EEPROM) onthe bus.

All communication on the 1IC bus must be started with a valid
START condition (by aMASTER), followed by transmittal (by the
MASTER) of byte(s) ofinformation (Address/Data). Forevery byte
ofinformation received, the addressed RECEIVER provides a
valid ACKNOWLEDGE pulse tofurther continue the communica-
tionunlessthe RECEIVER intends to discontinue the communica-
tion. Depending on the direction of transfer (Write or Read), the
RECEIVER can be a SLAVE or the MASTER. A typical 1IC
communication concludes with a STOP condition (by the MAS-
TER).

Addressingan EEPROM memory location involves sendinga
commandstring with the followinginformation:

[DEVICE TYPE]—[DEVICE/PAGE BLOCK SELECTION]—[R/W
BIT]—[ARRAY ADDRESS#1]—[ARRAY ADDRESS#0]
Slave Address

Slave Addressis an 8-bitinformation consisting of a Device type
field (4bits), Device/Page block selection field (3bits) and Read/
Write bit (1bit).

Slave Address Format

Device Type Device/Page Block
Identifier Selection

I I I I I I I
1 Io|1 |0|A2|A1|AO|R/W (LSB)

Device Type

lICbusis designedto supporta variety of devices such as RAMs,
EPROMs etc., along with EEPROMS. Hence to properly identify
various devices onthe IIC bus, a 4-bit “Device Type”identifier
stringis used. For EEPROMS, this 4-bit stringis 1-0-1-0. Every lIC
device onthe businternally compares this 4-bit stringtoits own
“Device Type” stringto ensure proper device selection.

Device/Page Block Selection

When multiple devices of the same type (e.g. multiple EEPROMS)
are present on the IIC bus, then the A2, A1 and A0 address
information bits are usedin device selection. Every IIC device on
the bus internally compares this 3-bit string toits own physical
configuration (A2, A1 and AO pins) to ensure proper device
selection. This comparisonis in addition to the “Device Type”
comparison.

Inadditionto selectingan EEPROM, these 3 bits are also used to
selecta “page block” withinthe selected EEPROM. Each page
blockis 512Kbit (64 K Bytes)insize. Ifan EEPROM contains more
than one page bockthen the selection of a page block withinthe
EEPROM s by using A2, A1 and AO bits.

Read/Write Bit

Lastbitof the Slave Addressindicatesifthe intended accessis
Read or Write. Ifthe bitis "1," thenthe accessis Read, whereas
ifthe bitis"0,"thenthe accessis Write.

Acknowledge

Acknowledgeisanactive LOW pulse onthe SDAlinedrivenbyan
addressed receiver to the addressing transmitter to indicate
receipt of 8-bits of data. The receiver provides an ACK pulse for
every 8-bits of datareceived. Thishandshake mechanismis done
as follows: After transmitting 8-bits of data, the transmitter re-
leases the SDA line and waits forthe ACK pulse. The addressed
receiver, if present, drives the ACK pulse onthe SDA line during
the 9th clock and releases the SDA line back (to the transmitter).
Refer Figure 3.

Array Addressi#1

Thisisan8-bitinformation containingthe mostsignificant 8-bits of
16-bitmemory array address of alocationto be selected withina
page block of the device.

Array Address#0

Thisisan8-bitinformation containingthe least significant 8-bits of
16-bitmemory array address of alocationto be selected withina
page block of the device.
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Pin Descriptions
Serial Clock (SCL)

The SCLinputis usedto clock all data into and out of the device.

Serial Data (SDA)

SDAisabi-directional pinusedtotransfer datainto and out of the
device. Itisan opendrain outputand may be wire—ORed withany
number of opendrain oropen collector outputs.

Write Protect (WP)

IftiedtoV ;c, PROGRAM operations onto the entire memory will
not be executed. READ operations are possible. IftiedtoV g,
normal operationis enabled, READ/WRITE overthe entire memory
ispossible.

Thisfeature allows the userto assign the entire memory as ROM
which can be protected againstaccidental programming. When
writeis disabled, slave address and word address will be acknowl-

edgedbutdata willnotbe acknowledged.

This pinhasaninternal pull-down circuit. However, on systems
where write protection is not required itis recommended thatthis
pinistiedtoV gg.

Device Selection Inputs A2, A1 and AO (as
appropriate)

These inputs collectively serve as “chip select” signal to an
EEPROM when multiple EEPROMs are presentonthe same lIC
bus. Hencetheseinputs shouldbe connectedtoV ~ ccorVggina
unique mannertoallow proper selection ofan EEPROM amongst
multiple EEPROMSs. During atypical addressing sequence, every
EEPROM on the IIC bus compares the configuration of these
inputs to the respective 3 bit “Device/Page block selection”
information (part of slave address) to determine a valid selection.
Fore.g.ifthe 3bit“Device/Page block selection”is 1-0-1, thenthe
EEPROMwhose “Device Selectioninputs” (A2, A1 and AO) are
connectedtoV -Vgg-Vcrespectively, is selected.

Device Operation

The FM24C256 supports a bi-directional bus oriented protocol.
The protocol defines any device that sends data ontothe bus as
atransmitterandthe receiving device asthe receiver. The device
controlling the transfer is the master and the device that is
controlled is the slave. The master will always initiate data
transfers and provide the clock for both transmit and receive
operations. Therefore, the FM24C256 will be considered aslave
inallapplications.

Clock and Data Conventions

Data states onthe SDA line can change only during SCL LOW.
SDA state changes during SCL HIGH are reserved forindicating
startand stop conditions. Refer  Figure 1.

Start Condition

Allcommands are preceded by the start condition, which is a
HIGHto LOW transition of SDAwhen SCLis HIGH. The FM24C256
continuously monitors the SDA and SCL lines for the start condi-
tionand will not respond to any command until this condition has
beenmet. Refer Figure2.

Stop Condition

Allcommunications are terminated by a stop condition, whichisa
LOW to HIGH transition of SDA when SCL is HIGH. The stop
condition is also used by the FM24C256 to place the device inthe
standby powermode. Refer Figure?2.

FM24C256 Array Addressing

During Read/Write operations, addressingthe EEPROM memory
array involvesin providing2 addressbytes, “Word Address 1”and
“Word Address 0." However on FM24C256 only the 7 least
significant bits (LSB) of “Word Address 1” byte are used in
decodingthe accesslocation. The remaining 1 bitis notusedand
isrecommendedtobe setto“0." All 8 bits of the “Word Address
0”byte are usedin decoding the accesslocation.
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Data Validity (Figure 1)
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Write Operations
BYTE WRITE

Forbyte write operation, two bytes of address are required after
the slave address. These two bytes select 1 out of the 32K
locationsinthe memory. The masterprovidesthese twoaddress
bytes andforeach address byte received, FM24C256 responds
with an acknowledge pulse. Master then provides a byte of data
tobe writtenintothe memory. Uponreceiptof thisdata, FM24C256
responds withanacknowledge pulse. The masterthenterminates
the transfer by generating a stop condition, at which time the
FM24C256 begins the internal write cycle to the memory. While
the internal write cycleisin progress the FM24C256 inputs are
disabled, andthe device willnotrespondtoany requests fromthe
master for the duration of t 5. Refer Figure 4 for the address,
acknowledge and data transfer sequence.

PAGE WRITE

To minimize write cycle time, FM24C256 offers Page Write
feature, which allows simultaneous programming of up to 64
contiguous bytes. Tofacilitate this feature, the memory array is
organizedinterms of “Pages”. A Page consists of 64 contiguous
byte locations starting at every 64-Byte address boundary (for
example, starting atarray address 0x0000, 0x0040, 0x0080 etc.).
Page Write operationis confined to asingle page. In other words
aPage Write operation will notcross overtolocations onthe next
page but will “roll over” to the beginning of the same page
wheneverend of page is reached and additional databytes area
continuedto be provided. A Page Write operation can be initiated
tobeginatany location withina page (startingaddress ofthe Page
Write operation need notbe the starting address of a Page).

Byte Write (Figure 4)

S
T SLAVE
Bus Activity: A ADDRESS

WORD

ADDRESS (1)

Page Write is initiated in the same manner as the Byte Write
operation; butinstead of terminating the cycle aftertransmitting
thefirstdata byte, the master can furthertransmit up to 63 more
bytes. Afterthe receiptof each byte, FM24C256 will respond with
anacknowledge pulse, incrementthe internaladdress counterto
the nextaddress, andis ready to acceptthe nextdata. Ifthe master
should transmitmore than 64 bytes priorto generatingthe STOP
condition, the address counter will “roll over” and previously
loaded data willbe re-loaded. As with the Byte Write operation, all
inputs are disabled until completion of the internal write cycle.
Refer Figure 5 forthe address, acknowledge, and data transfer
sequence.

Acknowledge Polling

Once the stop conditionisissuedtoindicate the end ofthe host's
write operation, the FM24C256 initiates the internal write cycle.
ACKpollingcanbeinitiatedimmediately. Thisinvolvesissuingthe
startcondition followed by the slave address forawrite operation.
Ifthe FM24C256 is still busy with the write operation,no ACK will
bereturned. Ifthe FM24C256 has completed the write operation,
an ACK will be returned and the host can then proceed with the
nextread orwrite operation.

Write Protection

Programming of the entire memory will not take place ifthe WP pin

of the FM24C256 is connected to V. . The FM24C256 will
respondtoslave andbyte addresses; butifthe memory accessed

is write protected by the WP pin, the FM24C256 will not generate

an acknowledge after the first byte of data has been received.
Thusthe programcycle willnotbe started whenthe stop condition
isasserted.

WORD
ADDRESS (0)

DATA

Master

T T T
SDA Line ||||||
A

Bus Activity:
EEPROM

0

Page Write (Figure 5)
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Read Operations

Read operations are initiated in the same manner as write
operations, with the exception that the R/W bit of the slave
addressis settoaone. There are three basic read operations:
currentaddressread, randomread, and sequential read.

Current Address Read

Internally the FM24C256 contains an address counter thatmain-
tainsthe address ofthe lastbyte accessed, incrementedby one.
Therefore, ifthe lastaccess (eitheraread orwrite) wasto address

n, the nextread operation wouldaccess datafromaddressn+1.
Upon receipt of the slave address with R/W set to "1," the
FM24C256 issues an acknowledge and transmits the eight bit
word. The master will not acknowledge the transfer but does
generate a stop condition, and therefore the FM24C256 discon-
tinuestransmission. Refer  Figure 6forthe sequence ofaddress,
acknowledge and datatransfer.

Random Read

Randomread operations allow the mastertoaccessany memory
locationinarandom manner. Priortoissuing the slave address
with the R/W bit set to "1," the master must first perform a
“dummy” write operation. The masterissues the startcondition,
slave address with the R/W bit set to "0" and then the byte
address. Afterthe byte address acknowledge, the masterimme-
diately issues another startcondition andthe slave address with
the R/W bit setto one. This will be followed by an acknowledge
fromthe FM24C256 and then by the eight bit word. The master

Current Address Read (Figure 6)

will not acknowledge the transfer but does generate the stop
condition, and therefore the FM24C256 discontinues transmis-
sion. Refer Figure 7 for the address, acknowledge, and data
transfersequence.

Sequential Read

Sequential reads can beinitiated as eithera currentaddress read
orrandomaccessread. Thefirstwordis transmitted inthe same
manner as the other read modes; however, the master now
responds withan acknowledge, indicatingit requires additional
data. The FM24C256 continues to output data for each acknowl-
edgereceived. The read operationisterminated by the masternot
responding with an acknowledge or by generating a stop condi-
tion.

The data output is sequential with the data from address n
followed by the data from n + 1. The address counter for read
operations increments all word address bits, allowing the entire
memory contents to be serially read during one operation. After

the entire memory has beenread, the counter "rolls over"to the
beginning of the memory. FM24C256 continues to output data for
each acknowledge received. Refer  Figure 8 for the address,
acknowledge, and datatransfersequence.
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Physical Dimensions inches (millimeters) unless otherwise noted

- |0.150-0.157

0010-0.020 ,.
(0.254 - 0.508)

0.0075 - 0.0098
(0.190 - 0.249)
Typ. All Leads

J

" |3.810-3.988)
45i—p|

8j Max, Typ.

All leads

v
0.004

(0.102)

All

lead tips

= ™
ﬁ

0.016 - 0.050
(0.406 - 1.270)
Typ. All Leads

0.189-0.197
"(4.800 - 5.004) |
8 7 6 5
f IRIEERE
0.228 - 0.244
(5.791-6.198 Q
¢ U Uuu
1 3 4
Lead #1
IDENT
0.053 - 0.069
(1,346 - 1.753) 0.004 - 0.010
v (0.102 - 0.254)
S e o e e i % Seating
# f $ Plane
0.014
(0.356)
0.050 | . 0014-0020 1
(1.270) (0.356 - 0.508)

T
8-Pin Molded Small Outline Package (RIIS)
Package Number MO8SA
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Physical Dimensions inches (millimeters) unless otherwise noted

0.373 - 0.400
"~ (9.474-10.16)
0.090
a5 (2%6) A 0.032 £ 0.005
8/l |7 |6] |5 (0.813+£0.127)
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@337) ———— -
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Pin#1 IDENT ®\\\/// (6.35 £ 0.127) IDENT
Option 1 ~.

0.280 \iN w @ S w Option 2

TN e 0.0407, <
a0 0320 0030,y (1016) 0.039 0.145 - 0.200
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Life Support Policy

Fairchild's products are not authorized for use as critical componentsiin life support devices or systems without the express written
approval of the President of Fairchild Semiconductor Corporation. As used herein:

1. Life supportdevices orsystems are devices or systems which, 2. Acriticalcomponentis any component of a life supportdevice
(a)areintendedforsurgicalimplantintothe body, or (b) support or system whose failure to perform can be reasonably ex-
orsustain life, and whose failure to perform, when properly pectedto causethefailure of thelife support device or system,
usedinaccordance with instructions for use providedinthe ortoaffectits safety or effectiveness.
labeling, can be reasonably expected toresultina significant
injurytothe user.

Fairchild Semiconductor Fairchild Semiconductor Fairchild Semiconductor Fairchild Semiconductor

Americas Europe Hong Kong Japan Lid.

Customer Response Center Fax: +44 (0) 1793-856858 8/F,Room 808, Empire Centre 4F,Natsume Bldg.

Tel. 1-888-522-5372 Deutsch Tel: +49 (0) 8141-6102-0 68Mody Road, Tsimshatsui East 2-18-6, Yushima, Bunkyo-ku
English Tel: +44 (0) 1793-856856 Kowloon.HongKong Tokyo, 113-0034 Japan
Francais Tel: +33 (0) 1-6930-3696 Tel; +852-2722-8338 Tel: 81-3-3818-8840
Italiano Tel: +39 (0) 2-249111-1 Fax: +852-2722-8383 Fax:81-3-3818-8841

Fairchild does notassume any responsibility for use of any circuitry described, nocircuit patentlicenses areimplied and Fairchild reserves the right at any time without notice to change said circuitry and specifications.
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