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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

GENERAL DESCRIPTION

The ICS87974I is a low skew, low jitter 1-to-15
LVCMOS/LVTTL Clock Generator/Zero Delay
Buffer and is a member of the HiPerClockS family
of high performance clock solutions from ICS. The
device has a fully integrated PLL and three banks

whose divider ratios can be independently controlled, providing
output frequency relationships of 1:1, 2:1, 3:1, 3:2, 3:2:1. In ad-
dition, the external feedback connection provides for a wide
selection of output-to-input frequency ratios. The CLK0 and CLK1
pins allow for redundant clocking on the input and dynamically
switching the PLL between two clock sources. The ICS87974I
is pin for pin compatible with the MPC974.

Guaranteed low jitter and output skew characteristics make the
ICS87974I ideal for those applications demanding well defined
performance and repeatability.

FEATURES

• Fully integrated PLL

• 15 single ended 3.3V LVCMOS/LVTTL outputs

• 2 LVCMOS/LVTTL clock inputs for redundant clock applications

• CLK0 and CLK1 accepts the following input levels:
LVCMOS/LVTTL

• Output frequency range:  8.33MHz to 125MHz

• VCO range:  200MHz to 500MHz

• External feedback for ”zero delay” clock regeneration

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

• Output skew:  350ps (maximum)

• 3.3V operating supply

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

• Pin compatible with the MPC974

HiPerClockS™
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52-Lead LQFP
10mm x 10mm x 1.4mm package body

Y package
Top View
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

TABLE 1. PIN DESCRIPTIONS

rebmuN emaN epyT noitpircseD
,91,51,1

,93,53,03,42
15,74,34

DNG rewoP .dnuorgylppusrewoP

2 EO/RMn tupnI pulluP

cigolnehW.elbanetuptuoWOLevitcA.teseRretsaMhgiHevitcA
-irterastuptuoehtdnatesererasredividlanretnieht,HGIH

sredividdnasredividlanretnieht,WOLcigolnehW.)ZiH(detats
.slevelecafretniLTTVL/SOMCVL.delbaneerastuptuoehtdna

3 NE_KLC tupnI pulluP
xCQ:xAQstuptuokcolc,HGIHnehW.elbanekcolcgnizinorhcnyS

.woleraxCQ:xAQstuptuokcolc,WOLnehW.delbaneera
.slevelecafretniLTTVL/SOMCVL

4 B_LES tupnI nwodlluP
.D3elbaTnidebircsedsatuptuoBknaBrofeulavedividstceleS

.slevelecafretniLTTVL/SOMCVL

5 C_LES tupnI nwodlluP
.D3elbaTnidebircsedsatuptuoCknaBrofeulavedividstceleS

.slevelecafretniLTTVL/SOMCVL

6 LES_LLP tupnI pulluP
ottupniehtsakcolcecnereferehtdnaLLPehtneewtebstceleS

ehtstceles,WOLnehW.LLPstceles,HGIHnehW.sredivideht
.slevelecafretniLTTVL/SOMCVL.kcolcecnerefer

7 A_LES tupnI nwodlluP
.D3elbaTnidebircsedsatuptuoAknaBrofeulavedividstceleS

.slevelecafretniLTTVL/SOMCVL

8 LES_KLC tupnI nwodlluP
,WOLnehW.1KLCstceles,HGIHnehW.tupnitceleskcolC

.slevelecafretniLTTVL/SOMCVL.0KLCstceles
9 0KLC tupnI nwodlluP .slevelecafretniLTTVL/SOMCVL.tupnikcolcecnerefeR

01 1KLC tupnI pulluP .slevelecafretniLTTVL/SOMCVL.tupnikcolcecnerefeR

24,72,11 cn desunU .tcennocoN

21 V DD rewoP .nipylppuseroC

31 V ADD rewoP .nipylppusgolanA

02,41
,0LES_BF

1LES_BF
tupnI nwodlluP

nidebircsedsatuptuokcabdeefknaBrofeulavedividstceleS
.slevelecafretniLTTVL/SOMCVL.E3elbaT

,81,61
52,32,12

,3AQ,4AQ
0AQ,1AQ,2AQ

tuptuO
7.stuptuokcolcAknaB Ω .ecnadepmituptuolacipyt

.slevelecafretniLTTVL/SOMCVL

62,22,71 V AODD rewoP .stuptuokcolcAknaBrofsnipylppustuptuO

82 V BFODD rewoP .tuptuokcolcBFQrofnipylppustuptuO

92 BFQ tuptuO .slevelecafretniLTTVL/SOMCVL.tuptuokcolC

13 NI_BF tupnI pulluP
htiwskcolcgnitarenegrofrotcetedesahpottupnikcabdeeF
ecafretniLTTVL/SOMCVL.92nipottcennoC."yaledorez"

.slevel
,43,23
04,83,63

,3BQ,4BQ
0BQ,1BQ,2BQ

tuptuO
7.stuptuokcolcBknaB Ω .ecnadepmituptuolacipyt

.slevelecafretniLTTVL/SOMCVL
14,73,33 V BODD rewoP .stuptuokcolcBknaBrofsnipylppustuptuO

,64,44
05,84

,2CQ,3CQ
0CQ,1CQ

tuptuO
7.stuptuokcolcCknaB Ω .ecnadepmituptuolacipyt

.slevelecafretniLTTVL/SOMCVL
94,54 V CODD rewoP .stuptuokcolcCknaBrofsnipylppustuptuO

25 LES_OCV tupnI nwodlluP
.WOLnehw2÷OCVstceleS.HGIHnehw4÷OCVstceleS

.slevelecafretniLTTVL/SOMCVL

:ETON pulluP dna nwodlluP .seulavlacipytrof,scitsiretcarahCniP,2elbaTeeS.srotsisertupnilanretniotrefer
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

TABLE 3A. OUTPUT CONTROL PIN FUNCTION TABLE

stupnI stuptuO

EO/RMn NE_KLC 4AQ:0AQ 4BQ:0BQ 3CQ:0CQ BFQ

0 X ZiH ZiH ZiH ZiH

1 0 WOL WOL WOL elbanE

1 1 elbanE elbanE elbanE elbanE

TABLE 3B. OPERATING MODE FUNCTION TABLE

stupnI
edoMgnitarepO

LES_LLP

0 ssapyB

1 LLP

TABLE 3C. PLL INPUT FUNCTION TABLE

stupnI

LES_KLC tupnILLP

0 0KLC

1 1KLC

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= 51 Fp

V:1ETON xODD Vsetoned AODD V, BODD V, CODD V, BFODD .

TABLE 3D. SELECT PIN FUNCTION TABLE

A_LES xAQ B_LES xBQ C_LES xCQ

0 2÷ 0 2÷ 0 4÷

1 4÷ 1 4÷ 1 6÷

TABLE 3E. FB SELECT FUNCTION TABLE TABLE 3F. VCO SELECT FUNCTION TABLE

stupnI stuptuO

1LES_BF 0LES_BF BFQ

0 0 4÷

0 1 6÷

1 0 8÷

1 1 21÷

stupnI

LES_OCV OCVf

0 2/OCV

1 4/OCV
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

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

TABLE 4A. POWER SUPPLY DC CHARACTERISTICS, VDD = VDDA = VDDOX = 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 531.3 3.3 564.3 V

V xODD 1ETON;egatloVylppuStuptuO 531.3 3.3 564.3 V

I DD tnerruCylppuSrewoP 811 Am

I ADD tnerruCylppuSgolanA 51 Am

I xODD 2ETON;tnerruCylppuStuptuO 22 Am
V:1ETON xODD Vsetoned AODD V, BODD V, CODD V, BFODD .
I:2ETON xODD Isetoned AODD I, BODD I, CODD I, BFODD

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V HI

tupnI
egatloVhgiH

,EO/RMn,C_LES:A_LES
,LES_LLP,LES_OCV

,NE_KLC,LES_KLC
NI_BF,1LES_BF,0LES_BF

2 V DD V

1KLC,0KLC 2 V DD V

V LI

tupnI
egatloVwoL

,EO/RMn,C_LES:A_LES
,LES_LLP,LES_OCV

,NE_KLC,LES_KLC
NI_BF,1LES_BF,0LES_BF

8.0 V

1KLC,0KLC 8.0 V

I HI

tupnI
tnerruChgiH

,1LES_BF,0LES_BF
,0KLC,C_LES:A_LES

LES_KLC,LES_OCV
V DD V= NI V564.3= 001 Aµ

,EO/RMn,NI_BF,1KLC
NE_KLC,LES_LLP

V DD V= NI V564.3= 5 Aµ

I LI

tupnI
tnerruCwoL

,1LES_BF,0LES_BF
,0KLC,C_LES:A_LES

LES_KLC,LES_OCV
V NI V,V0= DD V564.3= 5- Aµ

,EO/RMn,NI_BF,1KLC
NE_KLC,LES_LLP

V NI V,V0= DD V564.3= 001- Aµ

V HO 1ETON;egatloVhgiHtuptuO 4.2 V

V LO 1ETON;egatloVwoLtuptuO 5.0 V

05htiwdetanimretstuptuO:1ETON Ω Vot xODD .2/

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  73.2°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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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

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

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f XAM ycneuqerFtuptuO

xQ ÷ OCV,2 ÷ 2 521 zHM

xQ ÷ OCV,4 ÷ 2 36 zHM

xQ ÷ OCV,6 ÷ 2 24 zHM

f OCV 5ETON;egnaRkcoLOCVLLP 002 005 zHM

t DP

kcabdeeFotCNYS
5,2ETON;yaleDnoitagaporP

,V3.3=LES_LLP
zHM05=FERf

052- 001 sp

t )o(ks 5,4ETON;wekStuptuO
gnisirnoderusaeM

Vtaegde ODD 2/
053 sp

t )cc(tij
;rettiJelcyC-ot-elcyC

6,5ETON
001± sp

tL emiTkcoLLLP 01 Sm

tR t/ F emiTllaF/esiRtuptuO V0.2otV8.0 51.0 5.1 sn

t WP htdiWesluPtuptuO t doireP 008-2/ t doireP 005±2/ t doireP 008+2/ sp

t NE emiTelbanEtuptuO 2 01 sn

t SID emiTelbasiDtuptuO 2 01 sn
taderusaemsretemarapllA f XAM .esiwrehtodetonsselnu
ehtmorfderusaeM:1ETON V DD ehtottupniehtfotniop2/ V xODD 2/ .tuptuoehtfo

langistupnikcabdeefegarevaehtdnakcolcecnerefertupniehtneewtebecnereffidemitehtsadenifeD:2ETON
.elbatssiycneuqerfecnerefertupniehtdnadekcolsiLLPehtnehw
.snoitidnocdaollauqehtiwknabanihtiwwekssadenifeD:3ETON

.snoitidnocdaollauqehtiwdnaegatlovylppusemasehttastuptuoneewtebwekssadenifeD:4ETON
VtaderusaeM xODD .2/

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:5ETON
.kaep-ot-kaepsaderusaeM:6ETON
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

Clock Outputs
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 x

 x

3.3V OUTPUT LOAD AC TEST CIRCUIT OUTPUT SKEW

OUTPUT RISE/FALL TIMECYCLE-TO-CYCLE JITTER

tPW & tPERIOD

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

SYNC TO FEEDBACK PROPAGATION DELAY

PARAMETER MEASUREMENT INFORMATION

SCOPE

QxLVCMOS

QAx,
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QFB
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➤
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V
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2

V
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V
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V
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V
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GND = -1.65V±5%

VDD, VDDA, VDDOx = 1.65V±5%

Qx
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 x
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 x

 x x  x

 x

 x
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

FIGURE 2A.  ICS87974I LVCMOS/LVTTL ZERO DELAY BUFFER SCHEMATIC EXAMPLE
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Example of Reconfigurable Logic Control Input

LAYOUT GUIDELINE

The schematic of the ICS87974I layout example used in this lay-
out guideline is shown in Figure 2A. The ICS87974I recommended
PCB board layout for this example is shown in Figure 2B. This
layout example is used as a general guideline. The layout in the

actual system will depend on the selected component types, the
density of the components, the density of the traces, and the
stack up of the P.C. board.

As in any high speed analog circuitry, the power supply pins
are vulnerable to random noise. The ICS87974I provides sepa-
rate power supplies 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 pin.

POWER SUPPLY FILTERING TECHNIQUES

FIGURE 1.  POWER SUPPLY FILTERING

10Ω

VDDA

10 µF

.01µF

3.3V

.01µF

VDD

APPLICATION INFORMATION
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

FIGURE 2B.  PCB BOARD LAYOUT FOR ICS87974I

The following component footprints are used in this layout
example:

All the resistors and capacitors are size 0603.

POWER AND GROUNDING

Place the decoupling capacitors as close as possible to the power
pins. If space allows, placement of the decoupling capacitor on
the component side is preferred. This can reduce unwanted in-
ductance between the decoupling capacitor and the power pin
caused by the via.

Maximize the power and ground pad sizes and number of vias
capacitors. This can reduce the inductance between the power
and ground planes and the component power and ground pins.

The RC filter consisting of R7, C11, and C16 should be placed
as close to the V

DDA
 pin as possible.

CLOCK TRACES AND TERMINATION

Poor signal integrity can degrade the system performance or
cause system failure. In synchronous high-speed digital systems,
the clock signal is less tolerant to poor signal integrity than other
signals. Any ringing on the rising or falling edge or excessive ring
back can cause system failure. The shape of the trace and the

trace delay might be restricted by the available space on the board
and the component location. While routing the traces, the clock
signal traces should be routed first and should be locked prior to
routing other signal traces.

• The differential 50Ω output traces should have same
length.

• Avoid sharp angles on the clock trace. Sharp angle
turns cause the characteristic impedance to change on
the transmission lines.

• Keep the clock traces on the same layer. Whenever pos-
sible, avoid placing vias on the clock traces. Placement
of vias on the traces can affect the trace characteristic
impedance and hence degrade signal integrity.

• To prevent cross talk, avoid routing other signal traces in
parallel with the clock traces. If running parallel traces is
unavoidable, allow a separation of at least three trace
widths between the differential clock trace and the other
signal trace.

• Make sure no other signal traces are routed between the
clock trace pair.

• The series termination resistors should be located as
close to the driver pins as possible.

Pin 1

C8
U1

ICS87974

C11R7 C16

GND

VDDA

VDDO

VDD

VIA

C6

C5

C3

C9C12 C10

C4

C7

C13
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ICS87974I
LOW SKEW, 1-TO-15,

LVCMOS/LVTTL CLOCK GENERATOR

RELIABILITY INFORMATION

TRANSISTOR COUNT

The transistor count for ICS87974I is: 4225

TABLE 6. θJAVS. AIR FLOW TABLE

�
JA

 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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PACKAGE OUTLINE - Y SUFFIX

TABLE 7. PACKAGE DIMENSIONS

Reference Document:  JEDEC Publication 95, MS-026

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

� 0° -- 7°

ccc -- -- 80.0
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TABLE 8. 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.

rebmuNredrO/traP gnikraM egakcaP tnuoC erutarepmeT

IYA47978SCI IYA47978SCI PFQLdaeL25 yartrep061 C°58otC°04-

TIYA47978SCI IYA47978SCI leeRdnaepaTnoPFQLdaeL25 005 C°58otC°04-
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TEEHSYROTSIHNOISIVER

veR elbaT egaP egnahCfonoitpircseD etaD

A 11&01 .tuoyaLdraoBBCPdnaenilediuGtuoyaLdeddA 20/2/4

A 3 .margaidkcolbdeifilpmisdeddA 20/4/4

A
7T 21 otelbatsnoisnemiDegakcaPdetcerroC.gniwardeniltuOegakcaPdesiveR

.gniwardeniltuOegakcaPehthtiwdnopserroc

.teehsatadtuohguorhttamrofetadpU
20/51/11

B

1T
A4T

4
6

VdnaEO/RMndetadpu-elbatnoitpircseDniP xODD .snoitpircsednip
Vdegnahc-elbatylppuSrewoPV3 DD ."...evitisoP"morf"...eroC"otretemarap

IdegnahC DD ,.xamAm811ot.xamAm501morftimil.xam
Idna xODD .xamAm22ot.xamAm02morf

30/02/3

B
2T

E3T

5

5

Cdegnahc-elbaTscitsiretcarahCniP NI .lacipytFp4ot.xamFp8

,sgnidaehxLES_BFdehctiws-elbaTnoitcnuFtceleSBF
.2nmulocnisignidaeh0LES_BF,1nmulocnisignidaeh1LES_BF

30/51/5
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