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ICS87608I
LOW VOLTAGE/LOW SKEW, 1:8 PCI/PCI-X

ZERO DELAY CLOCK GENERATOR

GENERAL DESCRIPTION
The ICS87608I has a selectable REF_CLK or
crystal input. The REF_CLK input accepts
LVCMOS or LVTTL input levels. The ICS87608I
has a fully integrated PLL along with frequency
configurable clock and feedback outputs for

multiplying and regenerating clocks with “zero delay”.

The ICS87608I is a 1:8 PCI/PCI-X Clock Generator and a
member of the HiPerClockSTM family of high performance clock
solutions from ICS. The ICS87608I has a selectable REF_CLK
or crystal input. The REF_CLK input accepts LVCMOS or
LVTTL input levels. The ICS87608I has a fully integrated PLL
along with frequency configurable clock and feedback outputs
for multiplying and regenerating clocks with “zero delay”. The
PLL’s VCO has an operating range of 250MHz-500MHz,
allowing this device to be used in a variety of general purpose
clocking applications. For PCI/PCI-X applications in particular,
the VCO frequency should be set to 400MHz. This can be
accomplished by supplying 33.33MHz, 25MHz, 20MHz, or
16.66MHz on the reference clock or crystal input and by
selecting ÷12, ÷16, ÷20, or ÷24, respectively as the feedback
divide value. The dividers on each of the two output banks
can then be independently configured to generate 33.33MHz
(÷12), 66.66MHz (÷6), 100MHz (÷4), or 133.33MHz (÷3).

The ICS87608I is characterized to operate with its core supply
at 3.3V and each bank supply at 3.3V or 2.5V. The ICS87608I
is packaged in a small 7x7mm body LQFP, making it ideal for
use in space-constrained applications.

FEATURES
• Fully integrated PLL

• 8 LVCMOS/LVTTL outputs, 15Ω typical output impedance

• Selectable crystal oscillator interface or
LVCMOS/LVTTL REF_IN clock input

• Maximum output frequency:  166.67MHz

• Maximum crystal input frequency:  38MHz
• Maximum REF_IN input frequency:  41.67MHz

• Individual banks with selectable output dividers for
generating 33.333MHz, 66.66MHz, 100MHz and
133.333MHz

• Separate feedback control for generating PCI / PCI-X
frequencies from a 16.66MHz or 20MHz crystal, or 25MHz
or 33.33MHz reference frequency

• VCO range:  200MHz to 500MHz

• Cycle-to-cycle jitter:  120ps (maximum), @ 3.3V

• Period jitter, RMS:  20ps (maximum)

• Output skew:  250ps (maximum)

• Bank skew:  60ps (maximum)

• Static phase offset:  160ps ± 160ps

• Voltage Supply Modes:
VDD (core/inputs), VDDA (analog supply for PLL),
VDDOA (output bank A),
VDDOB (output bank B, REF_OUT, FB_OUT)

VDD/VDDA/VDDOA/VDDOB

3.3/3.3/3.3/3.3
3.3/3.3/2.5/3.3
3.3/3.3/3.3/2.5
3.3/3.3/2.5/2.5

• Lead-Free package fully RoHS compliant

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

HiPerClockS™

ICS
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BLOCK DIAGRAM
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LOW VOLTAGE/LOW SKEW, 1:8 PCI/PCI-X

ZERO DELAY CLOCK GENERATOR

TABLE 1. PIN DESCRIPTIONS

TABLE 2. PIN CHARACTERISTICS

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

C NI ecnaticapaCtupnI 4 Fp

R PULLUP rotsiseRpulluPtupnI 15 kΩ

R NWODLLUP rotsiseRnwodlluPtupnI 15 kΩ

C DP

ecnaticapaCnoitapissiDrewoP
1ETON;)tuptuorep(

V DD V, ADD V, XODD V564.3= 9 Fp

V DD V, ADD V;V564.3= XODD V526.2= 11 Fp

R TUO ecnadepmItuptuO 51 Ω
V XODD Vsetoned AODD Vdna BODD .

rebmuN emaN epyT noitpircseD
,2,1

5,4
,1AQ,0AQ

3AQ,2AQ
tuptuO

51.stuptuokcolcAknaB Ω .ecnadepmituptuolacipyt
.slevelecafretniLTTVL/SOMCVL

22,61,3 DNG rewoP .dnuorgylppusrewoP

23,6 V AODD rewoP .stuptuoAknaBrofsnipylppustuptuO

7 RM tupnI nwodlluP
sredividlanretnieht,HGIHcigolnehW.teseRretsaMHGIHevitcA
lanretnieht,WOLcigolnehW.wologstuptuoehtgnisuacteserera

.slevelecafretniLTTVL/SOMCVL.delbaneerastuptuoehtdnasredivid
,8
,9
,01

11

,0ALES_VID
,1ALES_VID
,0BLES_VID

1BLES_VID

tupnI nwodlluP
.3elbaTnidebircsedsastuptuokcolcrofeulavedividstceleS

.slevelecafretniLTTVL/SOMCVL

,21
31

,0LES_VIDBF
1LES_VIDBF

tupnI nwodlluP
.tuptuokcabdeefdnatuptuokcolcecnereferrofeulavedividstceleS

.slevelecafretniLTTVL/SOMCVL
41 V DD rewoP .nipylppuseroC

51 NI_BF tupnI nwodlluP
htiwskcolcgnitarenegrofrotcetedesahpottupnikcabdeeF

.slevelecafretniLTTVL/SOMCVL."yaledorez"
71 TUO_BF tuptuO .slevelecafretniLTTVL/SOMCVL.NI_BFottcennoC.tuptuokcabdeeF

81 TUO_FER tuptuO .slevelecafretniLTTVL/SOMCVL.tuptuokcolcecnerefeR

52,91 V BODD rewoP .stuptuoTUO_BF,TUO_FERdnaBknaBrofsnipylppustuptuO
,12,02

42,32
,2BQ,3BQ

0BQ,1BQ
tuptuO

51.stuptuokcolcBknaB Ω .ecnadepmituptuolacipyt
.slevelecafretniLTTVL/SOMCVL

62 LES_LLP tupnI pulluP
.LLPstceles,HGIHnehW.edomssapybdnaLLPneewtebstceleS

.slevelecafretniLTTVL/SOMCVL.kcolcecnereferstceles,WOLnehW
72 V ADD rewoP .gniretlifrofetoNsnoitacilppAeeS.nipylppusgolanA

82 LES_LATX tupnI pulluP
LLPehtsakcolcecnereferrorotallicsolatsyrcneewtebstceleS

NI_FERstceleS.HGIHnehwstupniLATXstceleS.ecruosecnerefer
.slevelecafretniLTTVL/SOMCVL.WOLnehw

03,92
,1LATX

2LATX
tupnI .tuptuoehtsi2LATX.tupniehtsi1LATX.ecafretnirotallicsolatsyrC

13 NI_FER tupnI nwodlluP .slevelecafretniLTTVL/SOMCVL.tupnikcolcecnerefeR

:ETON pulluP dna nwodlluP .seulavlacipytrof,scitsiretcarahCniP,2elbaTeeS.srotsisertupnilanretniotrefer
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TABLE 3A. OUTPUT CONTROL PIN FUNCTION TABLE

stupnI stuptuO

RM 3AQ:0AQ TUO_FER,TUO_BF,3BQ:0BQ

1 WOL WOL

0 evitcA evitcA

TABLE 3B. OPERATING MODE FUNCTION TABLE

stupnI
edoMgnitarepO

LES_LLP

0 ssapyB

1 LLP

TABLE 3C. PLL INPUT FUNCTION TABLE

stupnI

LES_LATX tupnILLP

0 NI_FER

1 rotallicsOLATX

TABLE 3D. CONTROL FUNCTION TABLE

stupnI
stuptuO

1=LES_LLP ycneuqerF

_VIDBF
1LES

_VIDBF
0LES

BknaB

_VID
1BLES

BknaB

_VID
0BLES

AknaB

_VID
1ALES

AknaB

_VID
0ALES

ecnerefeR
ycneuqerF

)zHM(egnaR

3XQ:0XQ 3XQ:0XQ
)zHM(

TUO_BF
)zHM(

0 0 0 0 0 0 76.14-76.61 4x 86.661-86.66 76.14-76.61

0 0 0 1 0 1 76.14-76.61 3x 521-05 76.14-76.61

0 0 1 0 1 0 76.14-76.61 2x 43.38-43.33 76.14-76.61

0 0 1 1 1 1 76.14-76.61 1x 76.14-76.61 76.14-76.61

0 1 0 0 0 0 52.13-5.21 33.5x 65.661-36.66 52.13-5.21

0 1 0 1 0 1 52.13-5.21 4x 521-05 52.13-5.21

0 1 1 0 1 0 52.13-5.21 766.2x 43.38-43.33 52.13-5.21

0 1 1 1 1 1 52.13-5.21 33.1x 65.14-36.61 52.13-5.21

1 0 0 0 0 0 52-01 766.6x 86.661-76.66 52-01

1 0 0 1 0 1 52-01 5x 521-05 52-01

1 0 1 0 1 0 52-01 33.3x 52.38-03.33 52-01

1 0 1 1 1 1 52-01 66.1x 05.14-06.61 52-01

1 1 0 0 0 0 38.02-33.8 8x 46.661-46.66 38.02-33.8

1 1 0 1 0 1 38.02-33.8 6x 521-05 38.02-33.8

1 1 1 0 1 0 38.02-33.8 4x 23.38-23.33 38.02-33.8

1 1 1 1 1 1 38.02-33.8 2x 66.14-66.61 38.02-33.8

.zHM005otzHM002sievobasnoitarugifnocllarofegnarycneuqerfOCV:ETON
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TABLE 4A. POWER SUPPLY DC CHARACTERISTICS, VDD = VDDA = 3.3V±5%, VDDOX = 3.3V±5% OR 2.5V±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 531.3 3.3 564.3 V

V XODD egatloVylppuStuptuO 531.3 3.3 564.3 V

I DD tnerruCylppuSrewoP 581 Am

I ADD tnerruCylppuSgolanA 51 Am

I AODD tnerruCylppuStuptuO 02 Am

I BODD tnerruCylppuStuptuO 02 Am

V XODD Vsetoned AODD V, BODD .

TABLE  4B. LVCMOS/LVTTL DC CHARACTERISTICS, VDD = VDDA = 3.3V±5%, VDDOX = 3.3V±5% OR 2.5V±5%, TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V HI

tupnI
egatloVhgiH

,1xLES_VID,0xLES_VID,RM
,1LES_VIDBF,0LES_VIDBF
LES_LLP,NI_BF,LES_LATX

2 V DD 3.0+ V

NI_FER 2 V DD 3.0+ V

V LI

tupnI
egatloVwoL

,1xLES_VID,0xLES_VID,RM
,1LES_VIDBF,0LES_VIDBF
LES_LLP,NI_BF,LES_LATX

3.0- 8.0 V

NI_FER 3.0- 3.1 V

I HI

tupnI
tnerruChgiH

,1xLES_VID,0xLES_VID
,1LES_VIDBF,0LES_VIDBF

NI_BF,RM
V DD = V NI V564.3= 051 Aµ

LES_LLP,LES_LATX V DD = V NI V564.3= 5 Aµ

I LI

tupnI
tnerruCwoL

,1xLES_VID,0xLES_VID
,1LES_VIDBF,0LES_VIDBF

NI_BF,RM

V DD = ,V564.3

V NI V0=
5- Aµ

LES_LLP,LES_LATX
V DD = ,V564.3

V NI V0=
051- Aµ

V HO 1ETON;egatloVhgiHtuptuO
V DD = V NI V564.3= 6.2 V

V DD = V NI V526.2= 8.1 V

V LO 1ETON;egatloVwoLtuptuO 5.0 V
05htiwdetanimretstuptuO:1ETON Ω Vot XODD ,noitcesnoitamrofnItnemerusaeMretemaraPeeS.2/

."tiucriCtseTdaoLtuptuOV3.3"

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  47.9°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.
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TABLE 7A. AC CHARACTERISTICS, VDD = VDDA = VDDOX = 3.3V±5%, TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f XAM ycneuqerFtuptuO 76.661 zHM

)Ø(t 1ETON;tesffOesahPcitatS zHM52=FERF 0 061 523 sp

t )b(ks 6,2ETON;wekSknaB 06 sp

t )o(ks 6,3ETON;wekStuptuO 052 sp

t )cc(tij 6;rettiJelcyC-ot-elcyC 021 sp

t )rep(tij 7,6,4ETON;SMR,rettiJdoireP 02 sp

t )o(ls etaRwelS 1 4 sn/v

tL emiTkcoLLLP 01 sm

tR t/ F emiTllaF/esiRtuptuO %08ot%02 002 007 sp

cdo 5ETON;elcyCytuDtuptuO 84 25 %
.detonesiwrehtosselnu21ybVIDottessredividtuptuodnakcabdeefhtiwderusaemsretemarapllA

ehtnehwlangistupnikcabdeefegarevaehtdnakcolcecnerefertupniehtneewtebecnereffidemitehtsadenifeD:1ETON
VtaderusaeM.elbatssiycneuqerfecnerefertupniehtdnadekcolsiLLP DD .2/

.snoitidnocdaollauqehtiwdnasegatlovemasehttastuptuofoknabanihtiwwekssadenifeD:2ETON
.snoitidnocdaollauqehtiwdnaegatlovylppusemasehttastuptuoneewtebwekssadenifeD:3ETON

VtaderusaeM XODD .2/
.stupniSOMCVLgnisuecnamrofreprettiJ:4ETON

.etoNnoitacilppAotrefer,tupniLATXroF.NI_FERgnisuderusaeM:5ETON
.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:6ETON

.eulavSMRnasadenifedsiretemarapsihT:7ETON

TABLE 7B. AC CHARACTERISTICS, VDD = VDDA = 3.3V±5%, VDDOX = 2.5V±5%, TA = -40°C TO 85°C

retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

noitallicsOfoedoM latnemadnuF

ycneuqerF 01 83 zHM

)RSE(ecnatsiseRseireStnelaviuqE 05 Ω
ecnaticapaCtnuhS 7 Fp

TABLE 5. CRYSTAL CHARACTERISTICS

TABLE 6. PLL INPUT REFERENCE CHARACTERISTICS, VDD = VDDA = VDDOX = 3.3V±5%, TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f FER ycneuqerFecnerefeR 33.8 76.14 zHM

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f XAM ycneuqerFtuptuO 76.661 zHM

)Ø(t 1ETON;tesffOesahPcitatS zHM52=FERF 563- 501- 061 sp

t )b(ks 6,2ETON;wekSknaB 06 sp

t )o(ks 6,3ETON;wekStuptuO 052 sp

t )cc(tij 6;rettiJelcyC-ot-elcyC 071 sp

t )rep(tij 7,6,4ETON;SMR,rettiJdoireP 02 sp

t )o(ls etaRwelS 1 4 sn/v

tL emiTkcoLLLP 01 sm

tR t/ F emiTllaF/esiRtuptuO %08ot%02 002 007 sp

cdo 5ETON;elcyCytuDtuptuO 84 25 %

.setonrofA7elbaTeeS
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3.3V OUTPUT LOAD AC TEST CIRCUIT
(Where X denotes outputs in the same Bank) 3.3V/2.5V OUTPUT LOAD AC TEST CIRCUIT

BANK SKEWOUTPUT SKEW

OUTPUT PULSE WIDTH/PULSE WIDTH PERIOD

CYCLE-TO-CYCLE JITTER

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

STATIC PHASE OFFSET

OUTPUT RISE/FALL TIME

PARAMETER MEASUREMENT INFORMATION

SCOPE

Qx
LVCMOS

2.05V±5%

VDDOX

 -1.25V±5%

VDD,
V

DDA

1.25V±5%

SCOPE

Qx
LVCMOS

1.65V±5%

 -1.65V±5%

tsk(o)

V
DDOX

2

V
DDOX

2Qy

Qx

QAx,
QBx

➤

➤

➤

➤

V
DDOX

2

V
DDOX

2

V
DDOX

2

tcycle n tcycle n+1

tsk(b)

VDDOX
2

VDDOX
2

➤

➤

t(Ø)

VDD

2

VDD

2

REF_IN

FB_IN

Qy

Qx

tPW
   

tPERIOD

VDDOX

2

VDDOX

2

VDDOX

2

tPW

tPERIOD

odc =

Clock 
Outputs

20%

80% 80%

20%

tR tF

QAx, QBx,
FB_OUT,

REF_OUT

V
DD

,
V

DDA
,V

DDOX

 GND
 GND
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APPLICATION INFORMATION

As in any high speed analog circuitry, the power supply pins
are vulnerable to random noise. The ICS87608I provides sepa-
rate power suppl ies to isolate any high switching
noise from the outputs to the internal PLL. VDD, VDDA, and VDDOX

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 1 illustrates how
a 10Ω resistor along with a 10µF and a .01μF bypass
capacitor should be connected to each VDDA.

POWER SUPPLY FILTERING TECHNIQUES

FIGURE 1.  POWER SUPPLY FILTERING

10Ω

V
DDA

10 μF

.01μF

3.3V

.01μF

V
DD

CRYSTAL INPUT INTERFACE

The ICS87608I has been characterized with 18pF parallel
resonant crystals. The capacitor values, C1 and C2, shown in
Figure 2 below were determined using a 25MHz, 18pF parallel

Figure 2. CRYSTAL INPUt INTERFACE

resonant crystal and were chosen to minimize the frequency
ppm error. The optimum C1 and C2 values can be slightly ad-
justed for optimum frequency accuracy.

C1
22p

X1
18pF Parallel Cry stal

C2
22p

XTAL2

XTAL1



87608AYI www.icst.com/products/hiperclocks.html REV. B  MARCH 11, 2005

9

Integrated
Circuit
Systems, Inc.

ICS87608I
LOW VOLTAGE/LOW SKEW, 1:8 PCI/PCI-X

ZERO DELAY CLOCK GENERATOR

TRANSISTOR COUNT

The transistor count for ICS87608I is:  5495

TABLE 8. θJAVS. AIR FLOW TABLE FOR 32 LEAD LQFP

θθθθθJA by Velocity (Linear Feet per Minute)

0 200 500
Single-Layer PCB, JEDEC Standard Test Boards 67.8°C/W 55.9°C/W 50.1°C/W
Multi-Layer PCB, JEDEC Standard Test Boards 47.9°C/W 42.1°C/W 39.4°C/W

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

RELIABILITY INFORMATION
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PACKAGE OUTLINE - Y SUFFIX FOR 32 LEAD LQFP

TABLE 9. PACKAGE DIMENSIONS

Reference Document:  JEDEC Publication 95, MS-026

NOITAIRAVCEDEJ
SRETEMILLIMNISNOISNEMIDLLA

LOBMYS
ABB

MUMINIM LANIMON MUMIXAM

N 23

A -- -- 06.1

1A 50.0 -- 51.0

2A 53.1 04.1 54.1

b 03.0 73.0 54.0

c 90.0 -- 02.0

D CISAB00.9

1D CISAB00.7

2D .feR06.5

E CISAB00.9

1E CISAB00.7

2E .feR06.5

e CISAB08.0

L 54.0 06.0 57.0

θθθθθ 0° -- 7°

ccc -- -- 01.0
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TABLE 10. ORDERING INFORMATION

While the information presented herein has been checked for both accuracy and reliability, Integrated Circuit Systems, Incorporated (ICS) 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 ICS. ICS reserves the right to change any circuitry or specifications without notice. ICS does not authorize or warrant any ICS product
for use in life support devices or critical medical instruments.
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The aforementioned trademark, HiPerClockS™  is a trademark of Integrated Circuit Systems, Inc. or its subsidiaries in the United States and/or other countries.
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