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GENERAL DESCRIPTION
The ICS81006I is a high performance, low jitter/
low phase noise VCXO and is a member of the
HiPerClockS™  family of high performance clock
solutions from IDT. The ICS81006I works in
conjunction with a pullable crystal to generate

an output clock over the range of 12MHz - 40MHz and has
6 LVCMOS outputs, effectively integrating a fanout buffer
function.

The frequency of the VCXO is adjusted by the VC control
voltage input. The output range is ±100ppm around the
nominal crystal frequency. The VC control voltage range is
0 - VDD. The device is packaged in a small 4mm x 4mm
VFQFN package and is ideal for use on space constrained
boards typically encountered in ADSL/VDSL applications.

FEATURES
• Six LVCMOS/LVTTL outputs, 20Ω nominal

output impedance

• Output Q5 can be selected for ÷1 or ÷2 frequency relative to
the crystal frequency

• Output frequency range: 12MHz to 40MHz

• Crystal pull range:  ± 90ppm (typical)

• Synchronous output enable places outputs in High-Z state

• On-chip filter on VIN to suppress noise modulation of VCXO

• VDD/VDDO combinations

3.3V/3.3V
3.3V/2.5V
3.3V/1.8V
2.5V/2.5V
2.5V/1.8V

• 4mm x 4mm 20 Lead VFQFN package is ideal for space
constrained designs

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

• Available in both standard (RoHS 5) and lead-free (RoHS 6)
packages

HiPerClockS™

ICS
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VCXO-TO-6 LVCMOS OUTPUTS

TABLE 2. PIN CHARACTERISTICS

TABLE 1. PIN DESCRIPTIONS

rebmuN emaN epyT noitpircseD

2,1
,NI_LATX
TUO_LATX

tupnI
.tupniehtsiNI_LATX.ecafretnirotallicsolatsyrC

.tuptuoehtsiTUO_LATX

3 V DD rewoP .nipylppuseroC

4 CV tupnI .tupniegatlovlortnoC

5 5Q_LES_VID tupnI nwodlluP
,HGIHnehW.1÷,WOLnehW.tuptuo5QrofniptcelesredividtuptuO

.slevelecafretniLTTVL/SOMCVL,2÷

6 1EO tupnI pulluP
.delbanesituptuo5Q,HGIHnehW.nipelbanetuptuO

.slevelecafretniLTTVL/SOMCVL.etatsZiHot5Qsecrof,WOLnehW

91,51,11,7 DNG rewoP .dnuorgylppusrewoP

,21,01,8
81,61,41

,3Q,4Q,5Q
0Q,1Q,2Q

tuptuO
.slevelecafretniLTTVL/SOMCVL.stuptuokcolcdedne-elgniS

51 Ω .ecnadepmituptuolacipyt

71,31,9 V ODD rewoP .snipylppustuptuO

02 0EO tupnI pulluP
nehW.delbaneerastuptuo4Q:0Q,HGIHnehW.nipelbanetuptuO

.slevelecafretniLTTVL/SOMCVL.etatsZiHot4Q:0Qsecrof,WOL

:ETON pulluP dna nwodlluP .seulavlacipytrof,scitsiretcarahCniP,2elbaTeeS.srotsisertupnilanretniotsrefer

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

C NI ecnaticapaCtupnI 1EO,0EO 4 Fp

C DP ecnaticapaCnoitapissiDrewoP

V DD V= ODD V564.3= 3 Fp

V DD ,V526.2roV564.3=
V ODD V526.2=

4 Fp

V DD ,V526.2roV564.3=
V ODD V2=

6 Fp

R PULLUP rotsiseRpulluPtupnI 15 kΩ
R NWODLLUP rotsiseRnwodlluPtupnI 15 kΩ

R TUO ecnadepmItuptuO

V ODD V3.3= 02 Ω
V ODD V5.2= 52 Ω
V ODD V8.1= 83 Ω
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VDD  4.6V

Inputs, VI -0.5V to VDD + 0.5 V

Outputs, VO -0.5V  to VDD + 0.5V

Package Thermal Impedance, θJA 60.4°C/W (0 mps)

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 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 3A. POWER SUPPLY DC CHARACTERISTICS, VDD = 3.3V±5%, VDDO = 3.3V±5% = 2.5V±5% = 1.8V±0.2V, TA = -40°C TO 85°C

TABLE 3B. POWER SUPPLY DC CHARACTERISTICS, VDD = 2.5V±5%, VDDO = 2.5V±5% = 1.8V±0.2V, TA = -40°C TO 85°C

TABLE 3C. LVCMOS/LVTTL DC CHARACTERISTICS, TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V HI egatloVhgiHtupnI
V DD %5±V3.3= 2 V DD 3.0+ V

V DD %5±V5.2= 7.1 V DD 3.0+ V

V LI egatloVwoLtupnI
,1EO,0EO

5Q_LES_VID
V DD %5±V3.3= 3.0- 8.0 V

V DD %5±V5.2= 3.0- 7.0 V

CV egatloVlortnoCOXCV 0 V DD V

I HI tnerruChgiHtupnI
5Q_LES_VID V DD %5±V5.2roV3.3= 051 Aµ

1EO,0EO V DD %5±V5.2roV3.3= 5 Aµ

I LI tnerruCwoLtupnI
5Q_LES_VID V DD %5±V5.2roV3.3= 5- Aµ

1EO,0EO V DD %5±V5.2roV3.3= 051- Aµ

II nipCVfotnerruCtupnI V DD V526.2roV564.3= 001- 001 Aµ

V HO ;egatloVhgiHtuptuO 1ETON

V ODD %5±V3.3= 6.2 V

V ODD %5±V5.2= 8.1 V

V ODD V2.0±V8.1= 5.1 V

V LO ;egatloVwoLtuptuO 1ETON
V ODD %5±V5.2roV3.3= 5.0 V

V ODD V2.0±V8.1= 4.0 V

05htiwdetanimretstuptuO:1ETON Ω Vot ODD .smargaid"tiucriCtseTdaoL",noitcestnemerusaeMretemaraPeeS.2/

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V DD egatloVylppuSeroC 531.3 3.3 564.3 V

V ODD egatloVylppuStuptuO

531.3 3.3 564.3 V

573.2 5.2 526.2 V

6.1 8.1 0.2 V

I DD tnerruCylppuSrewoP 05 Am

I ODD tnerruCylppuStuptuO 02 Am

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V DD egatloVylppuSeroC 573.2 5.2 526.2 V

V ODD egatloVylppuStuptuO
573.2 5.2 526.2 V

6.1 8.1 0.2 V

I DD tnerruCylppuSrewoP 05 Am

I ODD tnerruCylppuStuptuO 02 Am
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TABLE 4A. AC CHARACTERISTICS, VDD = VDDO = 3.3V±5%,  TA = -40°C TO 85°C

TABLE 4B. AC CHARACTERISTICS, VDD = 3.3V±5%, VDDO = 2.5V±5%,  TA = -40°C TO 85°C

TABLE 4C. AC CHARACTERISTICS, VDD = 3.3V±5%, VDDO = 1.8V±0.2V,  TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f TUO ycneuqerFtuptuO 21 44.91 04 zHM

t )Ø(tij
;)modnaR(rettiJesahPSMR

1ETON
zHM1-zHk1:egnaRnoitargetnI 53.0 sp

)o(kst
;wekStuptuO

3,2ETON
4Q:0Q 03 sp

5Q:0Q 1÷=5Q_LES_VID 001 sp

tR t/ F emiTllaF/esiRtuptuO %08ot%02 002 057 sp

cdo elcyCytuDtuptuO 44 65 %
.tolPesioNesahPehtotreferesaelP:1ETON

.snoitidnocdaollauqehtiwdnaegatlovylppusemasehttastuptuoneewtebwekssadenifeD:2ETON
.stniopssorclaitnereffidtuptuoehttaderusaeM

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:3ETON

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f TUO ycneuqerFtuptuO 21 44.91 04 zHM

t )Ø(tij
;)modnaR(rettiJesahPSMR

1ETON
zHM1-zHk1:egnaRnoitargetnI 83.0 sp

)o(kst
;wekStuptuO

3,2ETON
4Q:0Q 02 sp

5Q:0Q 1÷=5Q_LES_VID 09 sp

tR t/ F emiTllaF/esiRtuptuO %08ot%02 003 008 sp

cdo elcyCytuDtuptuO 54 55 %
.tolPesioNesahPehtotreferesaelP:1ETON

.snoitidnocdaollauqehtiwdnaegatlovylppusemasehttastuptuoneewtebwekssadenifeD:2ETON
.stniopssorclaitnereffidtuptuoehttaderusaeM

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:3ETON

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f TUO ycneuqerFtuptuO 21 44.91 04 zHM

t )Ø(tij
;)modnaR(rettiJesahPSMR

1ETON
zHM1-zHk1:egnaRnoitargetnI 72.0 sp

)o(kst
;wekStuptuO

3,2ETON
4Q:0Q 05 sp

5Q:0Q 1÷=5Q_LES_VID 081 sp

tR t/ F emiTllaF/esiRtuptuO %08ot%02 054 0041 sp

cdo elcyCytuDtuptuO 54 55 %
.tolPesioNesahPehtotreferesaelP:1ETON

.snoitidnocdaollauqehtiwdnaegatlovylppusemasehttastuptuoneewtebwekssadenifeD:2ETON
.stniopssorclaitnereffidtuptuoehttaderusaeM

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:3ETON
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TABLE 4D. AC CHARACTERISTICS, VDD = VDDO = 2.5V±5%,  TA = -40°C TO 85°C

TABLE 4E. AC CHARACTERISTICS, VDD = 2.5V±5%, VDDO = 1.8V±0.2V,  TA = -40°C TO 85°C

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f TUO ycneuqerFtuptuO 21 44.91 04 zHM

t )Ø(tij
;)modnaR(rettiJesahPSMR

1ETON
zHM1-zHk1:egnaRnoitargetnI 82.0 sp

)o(kst
;wekStuptuO

3,2ETON
4Q:0Q 52 sp

5Q:0Q 1÷=5Q_LES_VID 501 sp

tR t/ F emiTllaF/esiRtuptuO %08ot%02 003 008 sp

cdo elcyCytuDtuptuO 54 55 %
.tolPesioNesahPehtotreferesaelP:1ETON

.snoitidnocdaollauqehtiwdnaegatlovylppusemasehttastuptuoneewtebwekssadenifeD:2ETON
.stniopssorclaitnereffidtuptuoehttaderusaeM

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:3ETON

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f TUO ycneuqerFtuptuO 21 44.91 04 zHM

t )Ø(tij
;)modnaR(rettiJesahPSMR

1ETON
zHM1-zHk1:egnaRnoitargetnI 62.0 sp

)o(kst
;wekStuptuO

3,2ETON
4Q:0Q 04 sp

5Q:0Q 1÷=5Q_LES_VID 581 sp

tR t/ F emiTllaF/esiRtuptuO %08ot%02 054 0041 sp

cdo elcyCytuDtuptuO 04 06 %
.tolPesioNesahPehtotreferesaelP:1ETON

.snoitidnocdaollauqehtiwdnaegatlovylppusemasehttastuptuoneewtebwekssadenifeD:2ETON
.stniopssorclaitnereffidtuptuoehttaderusaeM

.56dradnatSCEDEJhtiwecnadroccanidenifedsiretemarapsihT:3ETON
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PARAMETER MEASUREMENT INFORMATION

SCOPE

Qx

LVCMOS
GND

3.3V CORE/2.5V OUTPUT LOAD AC TEST CIRCUIT

2.05V±5%

VDDO

 -1.25V±5%

VDD

1.25V±5%

3.3V CORE/3.3V OUTPUT LOAD AC TEST CIRCUIT

SCOPE

Qx

LVCMOS

GND

1.65V±5%

-1.65V±5%

V
DD

,
V

DDO

3.3V CORE/1.8V OUTPUT LOAD AC TEST CIRCUIT 2.5V CORE/2.5V OUTPUT LOAD AC TEST CIRCUIT

2.5 CORE/1.8V OUTPUT LOAD AC TEST CIRCUIT RMS PHASE JITTER

SCOPE

Qx

LVCMOS
GND

2.4V±0.065V

VDDO

 -0.9V±0.1V

VDD

0.9V±0.1V

SCOPE

Qx

LVCMOS

GND

1.25V±5%

 -1.25V±5%

VDD,
VDDO

Phase Noise Mask

Offset Frequencyf1 f2

Phase Noise Plot

RMS Jitter =   Area Under the Masked Phase Noise Plot

N
oi

se
 P

ow
er

SCOPE

Qx

LVCMOS
GND

1.6V±0.025V

VDDO

 -0.9V±0.1V

VDD

0.9V±0.1V
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OUTPUT RISE/FALL TIME

OUTPUT SKEW

Clock 
Outputs

20%

80% 80%

20%

tR tF

t
PERIOD

t
PW

t
PERIOD

odc =

V
DD

2

x 100%

t
PW

   
Q0:Q5

OUTPUT DUTY CYCLE/PULSE WIDTH/PERIOD

tsk(o)

V
DDO

2

V
DDO

2Qy

Qx
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APPLICATION INFORMATION

Oscillator

FIGURE 1:  VCXO OSCILLATOR CIRCUIT

VC

CV

CS1

C
L1

CS2

C
L2

C
V

XTAL

VCXO (Internal)

Optional

➤

➤ ➤

➤

➤

Control Voltage

TABLE 5. EXAMPLE CRYSTAL PARAMETERS

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

fN ycneuqerFlanimoN 44.91 zHM

fT ecnareloTycneuqerF 02± mpp

fS ytilibatSycneuqerF 02± mpp

egnaRerutarepmeTgnitarepO 0 07 C°

CL ecnaticapaCdaoL 21 Fp

CO ecnaticapaCtnuhS 4 Fp

C ,0 C1 oitaRytiliballuP 022 042

RSE ecnatsiseRseireStnelaviuqE 02

leveLevirD 1 Wm

C°52@gnigA raeyrep3± mpp

noitarepOfoedoM latnemadnuF

VCXO CRYSTAL SELECTION

Choosing a crystal with the correct characteristics is one of the
most critical steps in using a Voltage Controlled Crystal Oscillator
(VCXO).  The crystal parameters affect the tuning range and

VC Control voltage used to tune frequency

CV Varactor capacitance, varies due to the change in
control voltage

accuracy of a VCXO. Below are the key variables and an example
of using the crystal parameters to calculate the tuning range of
the VCXO.

CL1, CL2 Load tuning capacitance used for fine tuning or
centering nominal frequency

CS1, CS2 Stray Capacitance caused by pads, vias, and other
board parasitics
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lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

C WOL_V ecnaticapaCrotcaraVwoL VC V0= 4.51 Fp

C HGIH_V ecnaticapaCrotcaraVhgiH VC V3.3= 6.92 Fp

TABLE 6. VARACTOR PARAMETERS

FORMULAS

( ) ( )
( ) ( )LowVSLLowVSL

LowVSLLowVSL
Low CCCCCC

CCCCCC
C

_22_11

_22_11

+++++
++⋅++

=
( ) ( )
( ) ( )HighVSLHighVSL

HighVSLHighVSL
High CCCCCC

CCCCCC
C

_22_11

_22_11

+++++
++⋅++

=

6

01
0

01
0

10

12

1

12

1
)( ⋅

























 +⋅⋅

−





 +⋅⋅

=

C
C

C
C

C
C

C
C

TPRRangePullTotal
HighLow

• CLow  is the effective capacitance due to the low varactor capacitance, load capacitance and stray capacitance.
CLow  determines the high frequency component on the TPR.

• CHigh  is the effective capacitance due to the high varactor capacitance, load capacitance and stray capacitance.
CHigh  determines the low frequency component on the TPR.

Absolute Pull Range (APR) = Total Pull Range – (Frequency Tolerance + Frequency Stability + Aging)

EXAMPLE CALCULATIONS

Using the tables and figures above, we can now calculate the
TPR and APR of the VCXO using the example crystal parameters.
For the numerical example below there were some assumptions
made. First, the stray capacitance (CS1, CS2), which is all the excess
capacitance due to board parasitic, is 4pF. Second, the expected
lifetime of the project is 5 years; hence the inaccuracy due to

aging is ±15ppm. Third, though many boards will not require load
tuning capacitors (CL1, CL2), it is recommended for long-term
consistent performance of the system that two tuning capacitor
pads be placed into every design. Typical values for the load tuning
capacitors will range from 0 to 4pF.

( ) ( )
( ) ( ) pf

pfpfpfpf

pfpfpfpf
CLow 7.9

4.15404.1540

4.15404.1540 =
+++++
++⋅++=

( ) ( )
( ) ( ) pf

pfpfpfpf

pfpfpfpf
CHigh 8.16

6.29406.2940

6.29406.2940 =
+++++
++⋅++=

ppm

pF
pF

pF
pF

TPR 5.22610

4
8.1612202

1

4
7.912202

1 6 =⋅⋅





















 +⋅⋅

−





 +⋅⋅

=

TPR = ±113.25ppm
APR = 113.25ppm – (20ppm + 20ppm + 15ppm) = ±58.25ppm

The example above will ensure a total pull range of
±113.25 ppm with an APR of ±58.25ppm. Many times, board
designers may select their own crystal based on their
application.  If the application requires a tighter APR, a crystal

with better pullability (C0/C1 ratio) can be used. Also, with the
equations above, one can vary the frequency tolerance,
temperature stability, and aging or shunt capacitance to achieve
the required pullability.
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SCHEMATIC EXAMPLE

Figure 2 shows an example of ICS81006I application schematic.
The decoupling capacitors should be located as close as
possible to the power pin. For the LVCMOS 20Ω output drivers,

series termination example is shown in the schematic. Additional
termination approaches are shown in the LVCMOS Termination
Application Note.

FIGURE 2. ICS81006I SCHEMATIC EXAMPLE

INPUTS:

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. The VC pin can not be
floated.

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.

C2
SPARE

R5 1K

VC = 0V to VDD

VDD

C1
SPARE

U1

81006

2
3
4
5

6 7 8 9

11
12
13
14

17181920

10
16

151

XTAL_OUT
VDD
VC
DIV_SEL_Q5

O
E

1
G

N
D

Q
5

V
D

D
O

GND
Q3

VDDO
Q2

V
D

D
OQ
0

G
N

D
O

E
0

Q
4

Q
1

GNDXTAL_IN

Zo = 50

(U1-13)

C3
0.1uF

Unused outputs can be left floating.  There should be
no trace attached to unused outputs.  Device
characterized and specification limits set with all
outputs terminated.

C6
0.1uF

C5
0.1uF

C7
10uf

Pull-up
example

(U1-9)

R4
1KQuartz crystal should be

placed as close to the
device as possible.

VDDO

Pull-down
example

VDD

R3
1K

VDDO

R1

30

VDD

R2

30

VC

C4
0.1uF

XTAL

(U1-17)

Zo = 50

VDD

(U1-3)

81006I
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RELIABILITY INFORMATION

TRANSISTOR COUNT

The transistor count for ICS81006I is: 983

TABLE 7. θ
JA

VS. AIR FLOW TABLE FOR 20 LEAD VFQFN

θθθθθ
JA

 by Velocity (Meters per Second)

0 1 3
Multi-Layer PCB, JEDEC Standard Test Boards 60.4°C/W 52.8°C/W 46.0°C/W
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TABLE 8. PACKAGE DIMENSIONS FOR 20 LEAD VFQFN

PACKAGE OUTLINE - K SUFFIX FOR 20 LEAD VFQFN

NOITAIRAVCEDEJ
SRETEMILLIMNISNOISNEMIDLLA

LOBMYS MUMINIM MUMIXAM

N 02

A 08.0 0.1

1A 0 50.0

3A ecnerefeR52.0

b 81.0 03.0

e CISAB05.0

ND
5

NE
5

D 0.4

2D 57.0 08.2

E 0.4

2E 57.0 08.2

L 53.0 57.0

Reference Document:  JEDEC Publication 95, MO-220
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While the information presented herein has been checked for both accuracy and reliability, Integrated Device Technology, Incorporated (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.

TABLE 9. ORDERING INFORMATION

rebmuNredrO/traP gnikraM egakcaP gnigakcaPgnippihS erutarepmeT

IKA60018SCI IA6001 NFQFVdael02 ebut C°58otC°04-

TIKA60018SCI IA6001 NFQFVdael02 leer&epat0052 C°58otC°04-

FLIKA60018SCI DBT NFQFV"eerF-daeL"dael02 ebut C°58otC°04-

TFLIKA60018SCI DBT NFQFV"eerF-daeL"dael02 leer&epat0052 C°58otC°04-

.tnailpmocSHoReradnanoitarugifnoceerF-bPehterarebmuntrapehtotxiffus"FL"nahtiwderedroeratahtstraP:ETON
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