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GENERAL DESCRIPTION

The ICS86004 is a high performance 1:4

LVCMOS/LVTTL Clock Buffer and a member of

the HiPerClockS™   family of High Performance

Clock Solutions from IDT. The ICS86004 has a

fully integrated PLL and can be configured as zero

delay buffer and has an input and output frequency range of

15.625MHz to 62.5MHz. The VCO operates at a frequency

range of 250MHz to 500MHz. The external feedback allows the

device to achieve “zero delay” between the input clock and the

output clocks. The PLL_SEL pin can be used to bypass the

PLL for system test and debug purposes. In bypass mode, the

reference clock is routed around the PLL and into the internal

output divider.

FEATURES

• Four LVCMOS/LVTTL outputs, 7Ω typical output impedance

• Single LVCMOS/LVTTL clock input

• CLK accepts the following input levels:  LVCMOS or LVTTL

• Output frequency range:  15.625MHz to 62.5MHz

• Input frequency range:  15.625MHz to 62.5MHz

• VCO range:  250MHz to 500MHz

• External feedback for “zero delay” clock regeneration
with configurable frequencies

• Fully integrated PLL

• Cycle-to-cycle jitter:  65ps (maximum)

• Output skew:  65ps (maximum)

• Full 3.3V or 2.5V, or 3.3V core/2.5V output operating supply

• 0°C to 70° ambient operating temperature

• Available in both standard and lead-free RoHS compliant

packages

HiPerClockS™

ICS
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tupnI
tuptuO

LES_F

0 8÷feR

1 61÷feR

TABLE 1. PIN DESCRIPTIONS

TABLE 2. PIN CHARACTERISTICS

TABLE 3A. CONTROL INPUT FUNCTION TABLE, PLL_SEL = 1

tupnI
tuptuO/tupnI

)zHM(egnaRycneuqerF

LES_F muminiM mumixaM

0 52.13 5.26

1 526.51 52.13

TABLE 3B. CONTROL INPUT FUNCTION TABLE, PLL_SEL = 0

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

)tuptuorep(

V
DD

V,
ADD

V,
ODD

V564.3= 32 Fp

V
DD

V,
ADD

V,
ODD

V526.2= 71 Fp

R
TUO

ecnadepmItuptuO %5±V3.3 5 7 21 Ω

rebmuN emaN epyT noitpircseD

,3,1

51,31

,0Q,1Q

2Q,3Q
tuptuO 7.stuptuokcolC Ω .slevelecafretniLTTVL/SOMCVL.ecnadepmituptuolacipyt

41,7,2 DNG rewoP .dnuorgylppusrewoP

4 LES_F tupnI nwodlluP
.B3dnaA3elbaTeeS.tupnitcelesegnarycneuqerF

.slevelecafretniLTTVL/SOMCVL

5 V
DD

rewoP .nipylppuseroC

6 KLC tupnI nwodlluP .tupnikcolcLTTVL/SOMCVL

8 V
ADD

rewoP .nipylppusgolanA

9 LES_LLP tupnI pulluP

.sredividehtottupnisakcolcecnereferdnaLLPehtneewtebstceleS

,HGIHnehW.)ssapyBLLP(kcolcecnereferehtstceles,WOLnehW

.slevelecafretniLTTVL/SOMCVL.)delbanELLP(LLPstceles

01 NI_BF tupnI nwodlluP
."yaledorez"htiwskcolcgnitarenegerrofrotcetedesahpottupnikcabdeeF

.slevelecafretniLTTVL/SOMCVL.stuptuoehtfoenoottcennoC

11 RM tupnI nwodlluP

tesererasredividlanretnieht,HGIHcigolnehW.teseRretsaMHGIHevitcA

ehtdnasredividlanretnieht,WOLcigolnehW.wologotstuptuoehtgnisuac

.slevelecafretniLTTVL/SOMCVL.delbaneerastuptuo

61,21 V
ODD

rewoP .snipylppustuptuO

:ETON pulluP dna nwodlluP .seulavlacipytrof,scitsiretcarahCniP,2elbaTeeS.srotsisertupnilanretniotrefer
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TABLE 4A. POWER SUPPLY DC CHARACTERISTICS, V
DD 

= V
DDA 

= V
DDO

 
 
= 3.3V±5%, TA = 0°C TO 70°C

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V
DD

 4.6V

Inputs, V
I

-0.5V to V
DD 

+ 0.5 V

Outputs, V
O

-0.5V  to V
DDO 

+ 0.5V

Package Thermal Impedance, θ
JA

 89°C/W (0 lfpm)

Storage Temperature, T
STG

-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 op-

eration of product at these conditions or any conditions beyond

those listed in the DC Characteristics or AC Characteristics is not

implied. Exposure to absolute maximum rating conditions for ex-

tended periods may affect product reliability.

TABLE 4B. POWER SUPPLY DC CHARACTERISTICS, V
DD 

= V
DDA 

= 3.3V±5%, V
DDO

 
 
= 2.5V±5%, TA = 0°C TO 70°C

TABLE 4C. POWER SUPPLY DC CHARACTERISTICS, V
DD 

= V
DDA 

= V
DDO

 
 
= 2.5V±5%, TA = 0°C TO 70°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 V
DD

V

V
ODD

egatloVylppuStuptuO 531.3 3.3 564.3 V

I
DD

tnerruCylppuSrewoP 89 Am

I
ADD

tnerruCylppuSgolanA 71 Am

I
ODD

tnerruCylppuStuptuO 8 Am

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V
DD

egatloVylppuSeroC 531.3 3.3 564.3 V

V
ADD

egatloVylppuSgolanA 531.3 3.3 V
DD

V

V
ODD

egatloVylppuStuptuO 573.2 5.2 526.2 V

I
DD

tnerruCylppuSrewoP 89 Am

I
ADD

tnerruCylppuSgolanA 71 Am

I
ODD

tnerruCylppuStuptuO 8 Am

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V
DD

egatloVylppuSeroC 573.2 5.2 526.2 V

V
ADD

egatloVylppuSgolanA 573.2 5.2 V
DD

V

V
ODD

egatloVylppuStuptuO 573.2 5.2 526.2 V

I
DD

tnerruCylppuSrewoP 88 Am

I
ADD

tnerruCylppuSgolanA 41 Am

I
ODD

tnerruCylppuStuptuO 6 Am
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TABLE 5A. AC CHARACTERISTICS, V
DD 

= V
DDA 

= V
DDO

 
 
= 3.3V±5%, TA = 0°C TO 70°C

TABLE 4D. LVCMOS / LVTTL DC CHARACTERISTICS, V
DD 

= V
DDA 

= V
DDO

 
 
= 3.3V±5% OR 2.5V±5%, TA = 0°C TO 70°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V
HI

egatloVhgiHtupnI
V

DD
V3.3= 2 V

DD
3.0+ V

V
DD

V5.2= 7.1 V
DD

3.0+ V

V
LI

egatloVwoLtupnI
V

DD
V3.3= 3.0- 8.0 V

V
DD

V5.2= 3.0- 7.0 V

I
HI

tnerruChgiHtupnI

,RM,KLC

LES_F,NI_BF
V

DD
V=

NI
V564.3= 051 Aµ

LES_LLP V
DD

V=
NI

V564.3= 5 Aµ

I
LI

tnerruCwoLtupnI

,RM,KLC

LES_F,NI_BF
V

DD
V,V564.3=

NI
V0= 5- Aµ

LES_LLP V
DD

V,V564.3=
NI

V0= 051- Aµ

V
HO

1ETON;egatloVhgiHtuptuO
V

ODD
V564.3= 6.2 V

V
ODD

V526.2= 8.1 V

V
LO

1ETON;egatloVwoLtuptuO V
ODD

V526.2roV564.3= 5.0 V

05htiwdetanimretstuptuO:1ETON Ω Vot
ODD

,noitceSnoitamrofnItnemerusaeMretemaraPeeS.2/

.smargaidtiucriCtseTdaoLtuptuO

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f
XAM

ycneuqerFtuptuO
0=LES_F 52.13 5.26 zHM

1=LES_F 526.51 52.13 zHM

pt
HL

1ETON;hgiH-ot-woL,yaleDnoitagaporP
,V0=LES_LLP

edoMssapyB
1.4 1.6 sn

)Ø(t 4,2ETON;tesffOesahPcitatS V3.3=LES_LLP 005- 005 sp

t )o(ks 4,3ETON;wekStuptuO V0=LES_LLP 56 sp

t )cc(tij 4ETON;rettiJelcyC-ot-elcyC 05 56 sp

t
L

emiTkcoLLLP 1 Sm

t
R

t/
F

emiTllaF/esiRtuptuO 4.0 1 sn

cdo elcyCytuDtuptuO 94 15 %

taderusaemsretemarapllA f
XAM

.esiwrehtodetonsselnu

tatuptuoehtottniopgnissorctupnilaitnereffidehtmorfderusaeM:1ETON V
ODD

.2/

ehtdnakcolcecnerefertupniehtneewtebecnereffidemitehtsadenifeD:2ETON langistupnikcabdeefegareva

.elbatssiycneuqerfecnerefertupniehtdnadekcolsiLLPehtnehw

.snoitidnocdaollauqehtiwdnasegatlovylppusemasehttastuptuoneewtebwekssadenifeD:3ETON

VtaderusaeM
ODD

.2/

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:4ETON
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TABLE 5B. AC CHARACTERISTICS, V
DD 

= V
DDA 

= 3.3V±5%, V
DDO

 
 
= 2.5V±5%, TA = 0°C TO 70°C

TABLE 5C. AC CHARACTERISTICS, V
DD 

= V
DDA 

= V
DDO

 
 
= 2.5V±5%, TA = 0°C TO 70°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f
XAM

ycneuqerFtuptuO
0=LES_F 52.13 5.26 zHM

1=LES_F 526.51 52.13 zHM

pt
HL

1ETON;hgiH-ot-woL,yaleDnoitagaporP
,V0=LES_LLP

edoMssapyB
52.4 52.6 sn

)Ø(t 4,2ETON;tesffOesahPcitatS V5.2=LES_LLP 005- 005 sp

t )o(ks 4,3ETON;wekStuptuO V0=LES_LLP 56 sp

t )cc(tij 4ETON;rettiJelcyC-ot-elcyC 56 sp

t
L

emiTkcoLLLP 1 Sm

t
R

t/
F

emiTllaF/esiRtuptuO 4.0 1 sn

cdo elcyCytuDtuptuO 84 25 %

taderusaemsretemarapllA f
XAM

.esiwrehtodetonsselnu

tatuptuoehtottniopgnissorctupnilaitnereffidehtmorfderusaeM:1ETON V
ODD

.2/

ehtdnakcolcecnerefertupniehtneewtebecnereffidemitehtsadenifeD:2ETON langistupnikcabdeefegareva

.elbatssiycneuqerfecnerefertupniehtdnadekcolsiLLPehtnehw

.snoitidnocdaollauqehtiwdnasegatlovylppusemasehttastuptuoneewtebwekssadenifeD:3ETON

VtaderusaeM
ODD

.2/

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:4ETON

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f
XAM

ycneuqerFtuptuO
0=LES_F 52.13 5.26 zHM

1=LES_F 526.51 52.13 zHM

pt
HL

1ETON;hgiH-ot-woL,yaleDnoitagaporP
,V0=LES_LLP

edoMssapyB
5.4 5.6 sn

)Ø(t 4,2ETON;tesffOesahPcitatS V5.2=LES_LLP 005- 005 sp

t )o(ks 4,3ETON;wekStuptuO V0=LES_LLP 56 sp

t )cc(tij 4ETON;rettiJelcyC-ot-elcyC 07 sp

t
L

emiTkcoLLLP 1 Sm

t
R

t/
F

emiTllaF/esiRtuptuO 4.0 1 sn

cdo elcyCytuDtuptuO 84 25 %

taderusaemsretemarapllA f
XAM

.esiwrehtodetonsselnu

tatuptuoehtottniopgnissorctupnilaitnereffidehtmorfderusaeM:1ETON V
ODD

.2/

ehtdnakcolcecnerefertupniehtneewtebecnereffidemitehtsadenifeD:2ETON langistupnikcabdeefegareva

.elbatssiycneuqerfecnerefertupniehtdnadekcolsiLLPehtnehw

.snoitidnocdaollauqehtiwdnasegatlovylppusemasehttastuptuoneewtebwekssadenifeD:3ETON

VtaderusaeM
ODD

.2/

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:4ETON
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3.3V CORE/2.5V OUTPUT LOAD AC TEST CIRCUIT3.3V CORE/3.3V OUTPUT LOAD AC TEST CIRCUIT

CYCLE-TO-CYCLE JITTER

OUTPUT SKEW

t jit(cc) = tcycle n –tcycle n+1

1000 Cycles

Q0:Q3

➤

➤

➤

➤

V
DDO

2

V
DDO

2

V
DDO

2

tcycle n tcycle n+1

tsk(o)

V
DDO

2

V
DDO

2Qy

Qx

STATIC PHASE OFFSET

(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

➤

➤

t(Ø)

VDD

2

VDD

2

CLK

FB_IN

PARAMETER MEASUREMENT INFORMATION

2.5VCORE/ 2.5V OUTPUT LOAD AC TEST CIRCUIT

SCOPE

Qx
LVCMOS

1.25V±5%

  -1.25V±5%

V
DD

,
V

DDA
, V

DDO

 GND

SCOPE

Qx
LVCMOS

1.65V±5%

-1.65V±5%

SCOPE

Qx
LVCMOS

VDDO

2

1.25V±5%

  -1.25V±5%

V
DD

,
V

DDA
, V

DDO

 GND

V
DD

,
V

DDA

 GND

V
DDO

2.05V±5%
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tPW

   
tPERIOD

VDDO

2

VDDO

2

VDDO

2

tPW

tPERIOD

odc =

Q0:Q3

OUTPUT DUTY CYCLE/PULSE WIDTH/PERIOD OUTPUT RISE/FALL TIME

Clock 
Outputs

20%

80% 80%

20%

tR tF

PROPAGATION DELAY

Q0:Q3

t
PD

VDD

2

VDDO

2

CLK
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APPLICATION INFORMATION

As in any high speed analog circuitry, the power supply pins

are vulnerable to random noise. The ICS86004 provides sepa-

rate power suppl ies to isolate any high switching

noise from the outputs to the internal PLL. V
DD

, V
DDA

, and V
DDO

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 isolat ion is required. Figure 1 i l lustrates how

a 10Ω resistor along with a 10µF and a .01µF bypass

capacitor should be connected to each V
DDA

.

POWER SUPPLY FILTERING TECHNIQUES

FIGURE 1.  POWER SUPPLY FILTERING

10Ω

V
DDA

10 µF

.01µF

3.3V

.01µF

V
DD

INPUTS:
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. We recommend

that there is no trace attached.

FIGURE 2.  ICS86004 SCHEMATIC EXAMPLE

SCHEMATIC EXAMPLE

Figure 2 shows a schematic example of using an ICS86004. It is

recommended to have one decouple capacitor per power pin.

Each decoupling capacitor should be located as close as possible

to the power pin. The low pass filter R7, C11 and C16 for

clean analog supply should also be located as close to the

VDDA pin as possible.

VDD

Ro ~ 7 Ohm

LVCMOS

R4
100

U1

ICS86004

1
2
3
4
5
6
7
8 9

10
11
12
13
14
15
16

Q1
GND
Q0
F_SEL
VDD
CLK
GND
VDDA PLL_SEL

FB_IN
MR

VDDO
Q3

GND
Q2

VDDO

VDD

R3
1K

C11
0.01u

R2 43

VDD

Zo = 50

Zo = 50

R11 43

Serial Termination

VDD

R6

1K

Zo = 50

(U1-12)

VDD

C2
0.1uF

(U1-5)

Zo = 50

VDD

C16
10u

VDD=3.3V

R8 43

Parallel Termination

Zo = 50

R7
10

R1 43

VDD

C3
0.1uF

(U1-16)

C1
0.1uF

R5
100
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RELIABILITY INFORMATION

TRANSISTOR COUNT

The transistor count for ICS86004 is: 2496

TABLE 5. θ
JA

VS. AIR FLOW TABLE FOR 16 LEAD TSSOP

θθθθθ
JA

 by Velocity (Linear Feet per Minute)

0 200 500
Single-Layer PCB, JEDEC Standard Test Boards 137.1°C/W 118.2°C/W 106.8°C/W

Multi-Layer PCB, JEDEC Standard Test Boards 89.0°C/W 81.8°C/W 78.1°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 - G SUFFIX 16 LEAD TSSOP

TABLE 6. PACKAGE DIMENSIONS

Reference Document:  JEDEC Publication 95, MO-153

LOBMYS
sretemilliM

muminiM mumixaM

N 61

A -- 02.1

1A 50.0 51.0

2A 08.0 50.1

b 91.0 03.0

c 90.0 02.0

D 09.4 01.5

E CISAB04.6

1E 03.4 05.4

e CISAB56.0

L 54.0 57.0

α °0 °8

aaa -- 01.0
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The ICS logo is a registered trademark, and HiPerClockS is a trademark of Integrated Circuit Systems, Inc. All other trademarks are the property of their respective owners and may be registered

in certain jurisdictions.

TABLE 7. 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 infringe-

ment 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

applications. Any other applications such as those requiring extended temperature range, 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 gnigakcaPgnippihS erutarepmeT

GB40068SCI GB40068 POSSTdaeL61 ebuT C°07otC°0

TGB40068SCI GB40068 POSSTdaeL61 leeR&epaT0052 C°07otC°0

FLGB40068SCI LGB40068 POSST"eerF-daeL"daeL61 ebuT C°07otC°0

TFLGB40068SCI LGB40068 POSST"eerF-daeL"daeL61 leeR&epaT0052 C°07otC°0

.tnailpmocSHoReradnanoitarugifnoceerF-bPehterarebmuntrapehtotxiffus"FL"nahtiwderedroeratahtstraP:ETON
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TEEHSYROTSIHNOISIVER

veR elbaT egaP egnahCfonoitpircseD etaD

A
7T

1

21

.4morfsnoisnemidydobegakcapdetcerroc-tnemngissAniP

.mm529.0xmm0.5xmm4.4otmm29.0xmm0.3xmm4

morfGB40068SCImorfgnikramdetcerroc-elbaTnoitamrofnIgniredrO

.gnikrameerf-daeldeddA.GB40068

60/13/3

B

A4

B4

C4

3

3

3

DVdegnahc-elbaTylppuSrewoPV3.3
AD

VotV564.3morfxam
DD
,

Idegnahc
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15.625MHZ TO 62.5MHZ, 1:4 LVCMOS ZERO DELAY CLOCK BUFFER
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