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ICS87973I
LOW SKEW, 1-TO-12

LVCMOS / LVTTL CLOCK MULTIPLIER/ZERO DELAY BUFFER

PIN ASSIGNMENT

GENERAL DESCRIPTION
The ICS87973I is a LVCMOS/LVTTL clock generator .
The ICS87973I has three selectable inputs and provides
fourteen LVCMOS/LVTTL outputs.

The ICS87973I is a highly flexible device. The three selectable
inputs (1 differential and 2 single ended inputs) are often used
in systems requiring redundant clock sources. Up to three
different output frequencies can be generated among the
three output banks.

The three output banks and feedback output each have their
own output dividers which allows the device to generate a
multitude of different bank frequency ratios and output-to-input
frequency ratios. In addition, 2 outputs in Bank C (QC2, QC3)
can be selected to be inverting or non-inverting. The output
frequency range is 8.33MHz to125MHz. The input frequency
range is 5MHz to 120MHz.

The ICS87973I also has a QSYNC output which can by used
for system synchronization purposes. It monitors Bank A and
Bank C outputs and goes low one period prior to coincident
rising edges of Bank A and Bank C clocks. QSYNC then goes
high again when the coincident rising edges of Bank A and
Bank C occur. This feature is used primarily in applications where
Bank A and Bank C are running at different frequencies, and is
particularly useful when they are running at non-integer
multiples of one another.

Example Applications:

1. System Clock generator:  Use a 16.66MHz reference
clock to generate eight 33.33MHz copies for PCI and
four 100MHz copies for the CPU or PCI-X.

2. Line Card Multiplier:  Multiply differential 62.5MHz from
a back plane to single-ended 125MHz for the line Card
ASICs and Gigabit Ethernet Serdes.

3. Zero Delay buffer for Synchronous memory:  Fan out
up to twelve 100MHz copies from a memory controller
reference clock to the memory chips on a memory module
with zero delay.

FEATURES
• Fully integrated PLL

• Fourteen LVCMOS/LVTTL outputs;  twelve clock outputs,
one feedback, one sync

• Selectable LVCMOS/LVTTL or differential CLK, nCLK  inputs

• CLK0, CLK1 can accept the following input levels:
LVCMOS or LVTTL

• CLK, nCLK pair can accept the following differential
input levels:  LVPECL, LVDS, LVHSTL, SSTL, HCSL

• Output frequency range:  8.33MHz to 125MHz

• VCO range:  200MHz to 480MHz

• Output skew:  550ps (maximum)

• Cycle-to-cycle jitter:  ±100ps (typical)

• Full 3.3V supply voltage

• -40°C to 85°C ambient operating temperature

• Available in both standard and lead-free RoHS compliant
packages

• Compatible with PowerPC™ and Pentium™ Microprocessors
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SIMPLIFIED BLOCK DIAGRAM
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TABLE 1. PIN DESCRIPTIONS

rebmuN emaN epyT noitpircseD

1 IDNG rewoP .dnuorgylppusrewoP

2 EO/RMn tupnI pulluP
nehW.stuptuoehtselbane,HGIHnehW.elbanetuptuodnateserretsaM

.yrtiucricedividtuptuosteserdnaetatsirtotstuptuoehtsteser,WOL
.slevelecafretniLTTVL/SOMCVL.stuptuollaselbasiddnaselbanE

3 KLC_ZRF tupnI pulluP .slevelecafretniLTTVL/SOMCVL.yrtiucricezeerfroftupnikcolC

4 ATAD_ZRF tupnI pulluP
.yrtiucricezeerfroftupniatadnoitarugifnoC

.slevelecafretniLTTVL/SOMCVL

72,62,5
,2BF_LESF
,1BF_LESF

0BF_LESF
tupnI pulluP

.eulavediviDkcabdeeFlortnocsniptceleS
.slevelecafretniLTTVL/SOMCVL

6 LES_LLP tupnI pulluP
tuptuoehtottupniehtsaskcolcecnereferdnaLLPehtneewtebstceleS

.LLPehtsessapyb,WOLnehW.LLPstceles,HGIHnehW.sredivid
.slevelecafretniLTTVL/SOMCVL

7 LES_FER tupnI pulluP
.stupniKLCn,KLCdna1KLCro0KLCneewtebstceleS

.1KLCro0KLCstceles,WOLnehW.KLCn,KLCstceles,HGIHnehW
.slevelecafretniLTTVL/SOMCVL

8 LES_KLC tupnI pulluP
rotcetedesahpsa1KLCdna0KLCneewtebstceleS.tupnitceleskcolC

.1KLCstceles,HGIHnehW.0KLCstceles,WOLnehW.ecnerefer
.slevelecafretniLTTVL/SOMCVL

01,9 1KLC,0KLC tupnI pulluP .slevelecafretniLTTVL/SOMCVL.stupnikcolcecnerefeR

11 KLC tupnI pulluP .tupnikcolclaitnereffidgnitrevni-noN

21 KLCn tupnI
/pulluP
nwodlluP

V.tupnikcolclaitnereffidgnitrevnI DD .gnitaolftfelnehwtluafed2/

31 V ADD rewoP .nipylppusgolanA

41 KLC_VNI tupnI pulluP
.stuptuo3CQdna2CQroftceleskcolcdetrevnI

.slevelecafretniLTTVL/SOMCVL
,03,42,51
15,74,93,53

ODNG rewoP .dnuorgylppusrewoP

,81,61
32,12

,2CQ,3CQ
0CQ,1CQ

tuptuO
7.stuptuokcolcCknaB Ω .ecnadepmituptuolacipyt

.slevelecafretniLTTVL/SOMCVL
,33,22,71

94,54,73
V ODD rewoP .snipylppustuptuO

02,91
,1C_LESF

0C_LESF
tupnI pulluP .slevelecafretniLTTVL/SOMCVL.stuptuoCknaBrofsniptceleS

52 CNYSQ tuptuO
,1erugiFotrefeR.CknaBdnaAknaBroftuptuonoitazinorhcnyS

.slevelecafretniLTTVL/SOMCVL.smargaiDgnimiT
82 V DD rewoP .snipylppuseroC

92 BFQ tuptuO .slevelecafretniLTTVL/SOMCVL.tuptuokcolckcabdeeF

13 BF_TXE tupnI pulluP .slevelecafretniLTTVL/SOMCVL.kcabdeefdednetxE
,43,23

83,63
,2BQ,3BQ

0BQ,1BQ
tuptuO

7.stuptuokcolcBknaB Ω .ecnadepmituptuolacipyt
.slevelecafretniLTTVL/SOMCVL

14,04
,1B_LESF

0B_LESF
tupnI pulluP .slevelecafretniLTTVL/SOMCVL.stuptuoBknaBrofsniptceleS

34,24
,1A_LESF

0A_LESF
tupnI pulluP .slevelecafretniLTTVL/SOMCVL.stuptuoAknaBrofsniptceleS

,64,44
05,84

,2AQ,3AQ
0AQ,1AQ

tuptuO
7.stuptuokcolcAknaB Ω .ecnadepmituptuolacipyt

.slevelecafretniLTTVL/SOMCVL

25 LES_OCV tupnI pulluP
.1÷OCVstceles,HGIHnehW.OCVstceleS

.slevelecafretniLTTVL/SOMCVL.2÷OCVstceles,WOLnehW

:ETON nwodlluPdnapulluP .seulavlacipytrof,scitsiretcarahCniP,2elbateeS.srotsisertupnilanretniotrefer
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TABLE 2. PIN CHARACTERISTICS

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

C NI ecnaticapaCtupnI 4 Fp

R ULLUP P/
R NWODLLUP

rotsiseRnwodlluP/pulluPtupnI 15 kΩ

C DP

ecnaticapaCnoitapissiDrewoP
)tuptuorep(

V DD V, ADD V, ODD V564.3= 81 Fp

R TUO ecnadepmItuptuO 5 7 21 Ω

TABLE 3A. OUTPUT BANK CONFIGURATION SELECT FUNCTION TABLE

stupnI stuptuO stupnI stuptuO stupnI stuptuO

1A_LESF 0A_LESF AQ 1B_LESF 0B_LESF BQ 1C_LESF 0C_LESF CQ

0 0 4÷ 0 0 4÷ 0 0 2÷

0 1 6÷ 0 1 6÷ 0 1 4÷

1 0 8÷ 1 0 8÷ 1 0 6÷

1 1 21÷ 1 1 01÷ 1 1 8÷

TABLE 3B. FEEDBACK CONFIGURATION SELECT FUNCTION TABLE

stupnI stuptuO

2BF_LESF 1BF_LESF 0BF_LESF BFQ

0 0 0 4÷

0 0 1 6÷

0 1 0 8÷

0 1 1 01÷

1 0 0 8÷

1 0 1 21÷

1 1 0 61÷

1 1 1 02÷

TABLE 3C. CONTROL INPUT SELECT FUNCTION TABLE

niPlortnoC 0cigoL 1cigoL

LES_OCV 2/OCV OCV

LES_FER 1KLCro0KLC KLCn,KLC

LES_KLC 0KLC 1KLC

LES_LLP LLPSSAPYB LLPelbanE

EO/RMn ZiHtuptuO/teseRretsaM stuptuOelbanE

KLC_VNI 3CQ,2CQdetrevnI-noN 3CQ,2CQdetrevnI
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TABLE 4B. DC CHARACTERISTICS, VDD = VDDA = VDDO = 3.3V±5%, TA = -40°C TO 85°C

TABLE 4A. POWER SUPPLY DC CHARACTERISTICS, VDD = VDDA = VDDO = 3.3V±5%, TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V DD egatloVylppuSeroC 531.3 3.3 564.3 V

V ADD egatloVylppuSgolanA 539.2 3.3 564.3 V

V ODD egatloVylppuStuptuO 531.3 3.3 564.3 V

I DD tnerruCylppuSrewoP sniprewopllA 522 Am

I ADD tnerruCylppuSgolanA 02 Am

.snoitarugifnocemosnideriuqerebyamgnildnahlamrehtlaicepS:ETON

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V HI egatloVhgiHtupnI 2 6.3 V

V LI egatloVwoLtupnI 8.0 V

I NI tnerruCtupnI 021± Aµ

V HO egatloVhgiHtuptuO I HO Am02-= 4.2 V

V LO egatloVwoLtuptuO I LO Am02= 5.0 V

V PP 2,1ETON;egatloVtupnIkaeP-ot-kaeP KLCn,KLC 3.0 1 V

V RMC 2,1ETON;egatloVtupnIedoMnommoC KLCn,KLC V DD V2- V DD V6.0- V

VsadenifedsiegatlovedomnommoC:1ETON HI .
snoitacilppadedneelgnisroF.2ETON , VsiKLCndnaKLCrofegatlovtupnimumixameht DD .V3.0+

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VDD  4.6V

Inputs, VI -0.5V to VDD + 0.5 V

Outputs, VO -0.5V  to VDDO + 0.5V

Package Thermal Impedance, θJA  42.3°C/W (0 lfpm)

Storage Temperature, TSTG -65°C to 150°C

NOTE: Stresses beyond those listed under Absolute
Maximum Ratings may cause permanent damage to the
device. These ratings are stress specifications only. Functional
operation of product at these conditions or any conditions be-
yond those listed in the DC Characteristics or AC Character-
istics is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect product reliability.

TABLE 5. INPUT FREQUENCY CHARACTERISTICS, VDD = VDDA = VDDO = 3.3V±5%, TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f NI ycneuqerFtupnI
,1KLC,0KLC

1ETON;KLCn,KLC
021 zHM

KLC_ZRF 02 zHM
foegnarOCVehtnisi"ediviDkcabdeeF*kcolc"erusneotoitaredividkcabdeefehtnosdnepedycneuqerftupnI:1ETON

.zHM084otzHM002
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TABLE 6. AC CHARACTERISTICS, VDD = VDDA = VDDO = 3.3V±5%, TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f XAM ycneuqerFtuptuO

÷2 521 zHM

÷4 021 zHM

÷6 08 zHM

÷8 06 zHM

)Ø(t
;tesffOesahPcitatS

1ETON

0KLC
BFQ ÷8

zHM05=ycneuqerFnI

07- 031 033 sp

1KLC 031- 07 072 sp

KLCn,KLC 522- 52- 571 sp

t )o(ks 2ETON;wekStuptuO 055 sp

t )cc(tij 4,3ETON;rettiJelcyC-ot-elcyC 001± sp

f OCV egnaRkcoLOCVLLP 002 084 zHM

t KCOL 3ETON;emiTkcoLLLP 01 Sm

tR t/ F 3ETON;emiTllaF/esiRtuptuO V2otV8.0 51.0 2.1 sn

t WP htdiWesluPtuptuO t DOIREP 057-2/ t DOIREP 005±2/ t DOIREP 057+2/ sp

t LZP t, HZP 3ETON;emiTelbanEtuptuO 2 01 sn

t ZLP t, ZHP 3ETON;emITelbasiDtuptuO 2 8 sn

langistupnikcabdeefegarevaehtdnakcolcecnerefertupniehtneewtebecnereffidemitehtsadenifeD:1ETON
.elbatssiycneuqerfecnerefertupniehtdnadekcolsiLLPehtnehw

.snoitidnocdaollauqehtiwdnaegatlovylppusemasehttastuptuoneewtebwekssadenifeD:2ETON
VtaderusaeM ODD .2/

.noitcudorpnidetsettoN.noitaziretcarahcybdeetnaraugerasretemarapesehT:3ETON
.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:4ETON
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PARAMETER MEASUREMENT INFORMATION

3.3V OUTPUT LOAD AC TEST CIRCUIT

SCOPE

Qx
LVCMOS

1.65V±5%

  -1.65V±5%

DIFFERENTIAL INPUT LEVEL

CYCLE-TO-CYCLE JITTEROUTPUT SKEW

STATIC PHASE OFFSET (LVCMOS)
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➤
➤

➤
➤

V
DDO

2

V
DDO

2

V
DDO

2

tcycle n tcycle n+1

t jit(cc) = tcycle n –tcycle n+1
1000 Cycles

Clock 
Outputs

0.5V

2.4V 2.4V

0.5V

tR tF

➤

➤

t(Ø)

VDD

2

VDD

2

(where t(Ø) is any random sample, and t(Ø) mean is the average
of the sampled cycles measured on controlled edges)

t(Ø) mean = Static Phase Offset

OUTPUT RISE/FALL TIME tPW & tPeriod

STATIC PHASE OFFSET (DIFFERENTIAL)

CLK0,
CLK1

EXT_FB

nCLK

EXT_FB

CLK

t(Ø)➤

➤

VDD

2

(where t(Ø) is any random sample, and t(Ø) mean is the average
of the sampled cycles measured on controlled edges)

t(Ø) mean = Static Phase Offset

V
CMR

 Cross Points V
PP

 

nCLK

CLK

GND
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VDD,
VDDA, VDDO
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Qx FREEZE Internal

Qx Internal

Qx Out

FRZ_CLK

FRZ_DATA

Start 

Bit QA0 QA1 QA2 QA3 QB0 QB1 QB2 QB3 QC1 QC2 QC3 QSYNC

APPLICATION INFORMATION

FIGURE 2A.  FREEZE DATA INPUT PROTOCOL

USING THE OUTPUT FREEZE CIRCUITRY

OVERVIEW

To enable low power states within a system, each output of
ICS87973I (Except QC0 and QFB) can be individually frozen
(stopped in the logic “0” state) using a simple serial interface
to a 12 bit shift register. A serial interface was chosen to elimi-
nate the need for each output to have its own Output Enable
pin, which would dramatically increase pin count and package
cost. Common sources in a system that can be used to drive
the ICS87973I serial interface are FPGA’s and ASICs.

PROTOCOL

The Serial interface consists of two pins, FRZ_Data (Freeze
Data) and FRZ_CLK (Freeze Clock). Each of the outputs which
can be frozen has its own freeze enable bit in the 12 bit shift
register. The sequence is started by supplying a logic “0” start
bit followed by 12NRZ freeze enable bits. The period of each
FRZ_DATA bit equals the period of the FRZ_CLK signal. The
FRZ_DATA serial transmission should be timed so the ICS87973I
can sample each FRZ_DATA bit with the rising edge of the

FRZ_CLK signal. To place an output in the freeze state, a logic
“0” must be written to the respective freeze enable bit in the shift
register. To unfreeze an output, a logic “1” must be written to the
respective freeze enable bit. Outputs will not become enabled/
disabled until all 12 data bits are shifted into the shift register.
When all 12 data bits are shifted in the register, the next rising
edge of FRZ_CLK will enable or disable the outputs. If the bit
that is following the 12th bit in the register is a logic “0”, it is used
for the start bit of the next cycle; otherwise, the device will wait
and won’t start the next cycle until it sees a logic “0” bit. Freez-
ing and unfreezing of the output clock is synchronous (see the
timing diagram below). When going into a frozen state, the out-
put clock will go LOW at the time it would normally go LOW, and
the freeze logic will keep the output low until unfrozen. Likewise,
when coming out of the frozen state, the output will go HIGH
only when it would normally go HIGH. This logic, therefore, pre-
vents runt pulses when going into and out of the frozen state.

FIGURE 2B.  OUTPUT DISABLE TIMING
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POWER SUPPLY FILTERING TECHNIQUES

As in any high speed analog circuitry, the power supply pins
are vulnerable to random noise. The ICS87973I
providesseparate power supplies to isolate any high switch-
ing noise from the outputs to the internal PLL. VDD, VDDA, and
VDDO should be individually connected to the power supply
plane through vias, and bypass capacitors should be
used for each pin. To achieve optimum jitter performance,
power supply isolation is required. Figure 3 illustrates how
a 10Ω resistor along with a 10μF and a .01μF bypass
capacitor should be connected to each VDDA pin. The 10Ω
resistor can also be replaced by a ferrite bead.

FIGURE 3.  POWER SUPPLY FILTERING

10Ω

V
DDA

10 μF

.01μF

3.3V

.01μF

V
DD

Figure 4 shows how the differential input can be wired to accept
single ended levels. The reference voltage V_REF = VDD/2 is
generated by the bias resistors R1, R2 and C1. This bias circuit
should be located as close as possible to the input pin. The ratio

FIGURE 4.  SINGLE ENDED SIGNAL DRIVING DIFFERENTIAL INPUT

WIRING THE DIFFERENTIAL INPUT TO ACCEPT SINGLE ENDED LEVELS

of R1 and R2 might need to be adjusted to position the V_REF in
the center of the input voltage swing. For example, if the input
clock swing is only 2.5V and VDD = 3.3V, V_REF should be 1.25V
and R2/R1 = 0.609.

V_REF 

R1 
1K 

C1 
0.1u R2 

1K 

Single Ended Clock Input 
CLK 

nCLK 

VDD 



 87973DYI www.idt.com REV.  D  AUGUST 11, 2010

12

ICS87973I
LOW SKEW, 1-TO-12

LVCMOS / LVTTL CLOCK MULTIPLIER/ZERO DELAY BUFFER

FIGURE 5C. CLK/NCLK INPUT DRIVEN BY

                   3.3V LVPECL DRIVER

FIGURE 5B. CLK/NCLK INPUT DRIVEN BY

                   3.3V LVPECL DRIVER

FIGURE 5D. CLK/NCLK INPUT DRIVEN BY

                   3.3V LVDS DRIVER

3.3V

R1
50

R3
50

Zo = 50 Ohm

LVPECL

Zo = 50 Ohm

HiPerClockS

CLK

nCLK

3.3V

Input

R2
50

Zo = 50 Ohm

Input
HiPerClockS

CLK

nCLK

3.3V

R3
125

R2
84

Zo = 50 Ohm

3.3V

R4
125

LVPECL

R1
84

3.3V

DIFFERENTIAL CLOCK INPUT INTERFACE
The CLK /nCLK accepts LVDS, LVPECL, LVHSTL, SSTL, HCSL
and other differential signals. Both VSWING and VOH must meet
the VPP and VCMR input requirements.  Figures 5A to 5D show
interface examples for the CLK/nCLK input driven by the most
common driver types. The input interfaces suggested here are

FIGURE 5A. CLK/NCLK INPUT DRIVEN BY

 LVHSTL DRIVER

examples only. Please consult with the vendor of the driver
component to confirm the driver termination requirements. For
example in Figure 5A, the input termination applies for  LVHSTL
drivers. If you are using an LVHSTL driver from another
vendor, use their termination recommendation.

1.8V

R2
50

Input

LVHSTL Driver

ICS
HiPerClockS

R1
50

LVHSTL

3.3V

Zo = 50 Ohm

Zo = 50 Ohm

HiPerClockS

CLK

nCLK

Zo = 50 Ohm

R1
100

3.3V

LVDS_Driv er

Zo = 50 Ohm

Receiv er

CLK

nCLK

3.3V

INPUTS:
CLK INPUT:
For applications not requiring the use of a clock input, it can
be left floating. Though not required, but for additional
protection, a 1kΩ resistor can be tied from the CLK input to
ground.

CLK/nCLK INPUT:
For applications not requiring the use of the differential input,
both CLK and nCLK can be left floating. Though not required,
but for additional protection, a 1kΩ resistor can be tied from
CLK to ground.

LVCMOS CONTROL PINS:
All control pins have internal pull-ups or pull-downs; additional
resistance is not required but can be added for additional
protection. A 1kΩ resistor can be used.

RECOMMENDATIONS FOR UNUSED INPUT AND OUTPUT PINS

OUTPUTS:
LVCMOS OUTPUT:
All unused LVCMOS output can be left floating. There should
be no trace attached.
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RELIABILITY INFORMATION

TRANSISTOR COUNT

The transistor count for ICS87973I is:  8364

TABLE 7. θJAVS. AIR FLOW TABLE

θθθθθJA
 by Velocity (Linear Feet per Minute)

0 200 500
Single-Layer PCB, JEDEC Standard Test Boards 58.0°C/W 47.1°C/W 42.0°C/W
Multi-Layer PCB, JEDEC Standard Test Boards 42.3°C/W 36.4°C/W 34.0°C/W

NOTE:  Most modern PCB designs use multi-layered boards. The data in the second row pertains to most designs.
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TABLE 8. PACKAGE DIMENSIONS

Reference Document:  JEDEC Publication 95, MS-026

PACKAGE OUTLINE - Y SUFFIX FOR 52 LEAD LQFP

NOITAIRAVCEDEJ
SRETEMILLIMNISNOISNEMIDLLA

LOBMYS
CCB

MUMINIM LANIMON MUMIXAM

N 25

A -- -- 06.1

1A 50.0 -- 51.0

2A 53.1 04.1 54.1

b 22.0 23.0 83.0

c 90.0 -- 02.0

D CISAB00.21

1D CISAB00.01

E CISAB00.21

1E CISAB00.01

e CISAB56.0

L 54.0 -- 57.0

θθθθθ 0° -- 7°

ccc -- -- 80.0
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TABLE 9. ORDERING INFORMATION

While the information presented herein has been checked for both accuracy and reliability, Integrated Device Technology, Inc. (IDT) assumes no responsibility for either its use or for infringement of
any patents or other rights of third parties, which would result from its use. No other circuits, patents, or licenses are implied. This product is intended for use in normal commercial and industrial
applications. Any other applications such as those requiring high reliability, or other extraordinary environmental requirements are not recommended without additional processing by IDT.  IDT reserves
the right to change any circuitry or specifications without notice. IDT does not authorize or warrant any IDT product for use in life support devices or critical medical instruments.
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We’ve Got Your Timing Solution.

Sales
800-345-7015 (inside USA)
+408-284-8200 (outside USA)
Fax: 408-284-2775

Tech Support
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