
FEMTOCLOCKS™ CRYSTAL-TO-LVDS
FREQUENCY SYNTHESIZER

ICS844008I-15

IDT™ / ICS™ LVDS FREQUENCY SYNTHESIZER 1 ICS844008BYI-15  REV. A  AUGUST 14, 2007

GENERAL DESCRIPTION
The ICS844008I-15 is an 8 output LVDS
Synthesizer optimized to generate PCI Express™
reference clock frequencies and is a member of
the HiPerClocksTM family of high performance clock
solutions from IDT. Using a 25MHz parallel resonant

crystal, the following frequencies can be generated based on
F_SEL pin: 100MHz or 125MHz. The ICS844008I-15 uses IDT’s
3rd generation low phase noise VCO technology and can achieve
<1ps typical rms phase jitter, easily meeting PCI Express jitter
requirements. The ICS844008I-15 is packaged in a 32-pin LQFP
package.

FEATURES
• Eight LVDS outputs

• Crystal oscillator interface

• Supports the following output frequencies:
100MHz or 125MHz

• VCO:  500MHz

• RMS phase jitter @ 125MHz, using a 25MHz crystal
(1.875MHz - 20MHz):  0.42ps (typical)

• Full 3.3V supply modes

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

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

HiPerClockS™
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ICS844008I-15
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TABLE 1. PIN DESCRIPTIONS

TABLE 2. PIN CHARACTERISTICS

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

C NI ecnaticapaCtupnI 4 Fp

R NWODLLUP rotsiseRnwodlluPtupnI 15 kΩ

R PULLUP rotsiseRpulluPtupnI 15 kΩ

TABLE 3A. OE1 FUNCTION TABLE

tupnI stuptuO

1EO 4Qn:0Qn,4Q:0Q

0 etatsZ-iHnistuptuosecalP

1 noitarepolamroN

TABLE 3B. OE2 FUNCTION TABLE

tupnI stuptuO

2EO 7Qn:5Qn,7Q:5Q

0 etatsZ-iHnistuptuosecalP

1 noitarepolamroN

rebmuN emaN epyT noitpircseD

2,1 0Qn,0Q tuptuO .slevelecafretniSDVL.riaptuptuolaitnereffiD

,21,3
72,22

V DD rewoP .nipylppuseroC

5,4 1Qn,1Q tupuO .slevelecafretniSDVL.riaptuptuolaitnereffiD

,31,6
92,91

DNG rewoP .dnuorgylppusrewoP

8,7 2Qn,2Q tuptuO .slevelecafretniSDVL.riaptuptuolaitnereffiD

9 LES_F tupnI pulluP .slevelecafretniLTTVL/SOMCVLniptcelesycneuqerF

11,01 3Qn,3Q tuptuO .slevelecafretniSDVL.riaptuptuolaitnereffiD

51,41 4Qn,4Q tuptuO .slevelecafretniSDVL.riaptuptuolaitnereffiD

61 RM tupnI nwodlluP

erasredividlanretnieht,HGIHcigolnehW.teseRretsaMHGIHevitcA
xQnstuptuodetrevniehtdnawologotxQstuptuoeurtehtgnisuacteser

erastuptuoehtdnasredividlanretnieht,WOLcigolnehW.hgihogot
.slevelecafretniLTTVL/SOMCVL.delbane

81,71 5Q,5Qn tuptuO .slevelecafretniSDVL.riaptuptuolaitnereffiD

12,02 6Q,6Qn tuptuO .slevelecafretniSDVL.riaptuptuolaitnereffiD

42,32 7Q,7Qn tuptuO .slevelecafretniSDVL.riaptuptuolaitnereffiD

52 V ADD rewoP .nipylppusgolanA

62 LES_LLPn tupnI nwodlluP
,WOLnehW.sredividehtottupnisaLATXdnaLLPehtneewtebstceleS
.)ssapyBLLP(LATXehtstceles,HGIHnehW.)elbanELLP(LLPstceles

.slevelecafretniLTTVL/SOMCVL

82 2EO tupnI pulluP
.stuptuo7Qn/7Q:5Qn/5QrofelbanetuptuO

.slevelecafretniLTTVL/SOMCVL

13,03
,TUO_LATX

NI_LATX
tupnI

,tuptuoehtsiTUO_LATX.ecafretnilatsyrctnanoserlellaraP
.tupniehtsiNI_LATX
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TABLE 4A. POWER SUPPLY DC CHARACTERISTICS, DD = VDDA = 3.3V±5%, TA = -40°C TO 85°C

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

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, VDD  4.6V

Inputs, VI -0.5V to VDD + 0.5V

Outputs, IO

  Continuous Current 10mA
  Surge Current 15mA

Package Thermal Impedance, θJA  65.7°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.

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V HI egatloVhgiHtupnI V DD V3.3= 2 V DD 3.0+ V

V LI egatloVwoLtupnI V DD V3.3= 3.0- 8.0 V

I HI

tupnI
tnerruChgiH

LES_LLPn,RM V DD V= NI 564.3= 051 Aµ

LES_F,2EO,1EO V DD V= NI 564.3= 5 Aµ

I LI

tupnI
tnerruCwoL

LES_LLPn,RM V DD V,V564.3= NI V0= 5- Aµ

LES_F,2EO,1EO V DD V,V564.3= NI V0= 051- Aµ

TABLE 4C. LVDS DC CHARACTERISTICS, DD = VDDA = 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 V DD 51.0– 3.3 V DD V

I DD tnerruCylppuSrewoP 051 Am

I ADD tnerruCylppuSgolanA 51 Am

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

V DO egatloVtuptuOlaitnereffiD 062 063 064 Vm

Δ V DO
V DO egnahCedutingaM 05 Vm

V SO egatloVtesffO 2.1 3.1 5.1 V

Δ V SO
V SO egnahCedutingaM 05 Vm

I ZO tnerruCegakaeLecnadepmIhgiH 01- 1± 01 Aµ

I FFO egakaeLffOrewoP 02- 1± 02 Aµ

I DSO tnerruCtiucriCtrohStuptuOlaitnereffiD 5.3- 5- Am

I SO tnerruCtiucriCtrohStuptuO 5.3- 5- Am
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TABLE 6.  AC CHARACTERISTICS, VDD = VDDA = 3.3V±5%, TA = -40°C TO 85°C

TABLE 5. CRYSTAL CHARACTERISTICS

lobmyS retemaraP snoitidnoCtseT muminiM lacipyT mumixaM stinU

f TUO ycneuqerFtuptuO
0=LESF 521 zHM

1=LESF 001 zHM

t )o(ks 2,1ETON;wekStuptuO 011 sp

t )b(ks 3,2ETON;wekSknaB
4Qn/4Q:0Qn/0Q 05 sp

7Qn/7Q:5Qn/5Q 05 sp

t )cc(tij rettiJelcyC-ot-elcyC 52 sp

t )Ø(tij
;)modnaR(rettiJesahPSMR

4ETON
)zHM02-zHM578.1(,zHM521 24.0 sp

)zHM02-zHM578.1(,zHM001 64.0 sp

tR t/ F emiTllaF/esiRtuptuO %08ot%02 001 006 sp

cdo elcyCytuDtuptuO 54 55 %
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ycneuqerF 52 zHM

1ETON;)mpp(noilliMrepstraP 001 mpp

)RSE(ecnatsiseRseireStnelaviuqE 04 Ω
ecnaticapaCtnuhS 5 Fp

leveLevirD 001 Wµ
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.draobCPresurofdetsujdaspacmirtlanretxednalatsyrcmpp05dednemmocerhtiwdesunehW:1ETON
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TYPICAL PHASE NOISE AT 125MHZ
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PARAMETER MEASUREMENT INFORMATION

RMS PHASE JITTER3.3V CORE/3.3V OUTPUT LOAD AC TEST CIRCUIT
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Where x = 0, 1, 2, 3 or 4, and
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DIFFERENTIAL OUTPUT VOLTAGE SETUPOFFSET VOLTAGE SETUP

HIGH IMPEDANCE LEAKAGE CURRENT SETUP

OUTPUT SHORT CIRCUIT CURRENT SETUP POWER OFF LEAKAGE SETUP

DIFFERENTIAL OUTPUT SHORT CIRCUIT SETUP
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➤
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PARAMETER MEASUREMENT INFORMATION, CONTINUED
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CRYSTAL INPUT INTERFACE

The ICS844008I-15 has been characterized with an 18pF
parallel resonant crystals. The capacitor values shown in

FIGURE 2.  CRYSTAL INPUt INTERFACE

Figure 2 below were determined using a 25MHz parallel
resonant crystal and were chosen to minimize the ppm error.

APPLICATION INFORMATION

As in any high speed analog circuitry, the power supply pins
are vulnerable to random noise. The ICS844008I-15 provides
separate power supplies to isolate any high switching noise
from the outputs to the internal PLL. VDD and VDDA  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 0.01μF bypass capacitor should be connected to each VDDA.

POWER SUPPLY FILTERING TECHNIQUES

FIGURE 1.  POWER SUPPLY FILTERING

10Ω

VDDA

10μF

.01μF

3.3V

.01μF

VDD

 

C1 
27p 

X1 
18pF Parallel Crystal 

C2 
27p 

XTAL_OUT 

XTAL_IN 

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:
LVDS
All unused LVDS outputs should be terminated with 100Ω resistor
between the differential pair.
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FIGURE 3.  TYPICAL LVDS DRIVER TERMINATION

3.3V LVDS DRIVER TERMINATION

A general LVDS interface is shown in Figure 3.  In a 100Ω
differential transmission line environment, LVDS drivers require
a matched load termination of 100Ω across near the receiver

input. For a multiple LVDS outputs buffer, if only partial outputs
are used, it is recommended to terminate the unused outputs.

R1
100

3.3V

100 Ohm Differential Transmission Line

3.3V

+

-

LVDS

FIGURE 4.  ICS844008I-15 SCHEMATIC EXAMPLE

SCHEMATIC EXAMPLE

Figure 4 shows an example of 844008I-15 application schematic.
In this example, the device is operated at V

DD
=3.3V.  The 18pF

parallel resonant 25MHz crystal is used. The C1 = 27pF and
C2 = 27pF are recommended for frequency accuracy. For

different board layout, the C1 and C2 may be slightly adjusted
for optimizing frequency accuracy. Two examples of LVDS for
receiver without built-in termination are shown in this schematic.
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POWER CONSIDERATIONS

This section provides information on power dissipation and junction temperature for the ICS844008I-15.
Equations and example calculations are also provided.

1.   Power Dissipation.
The total power dissipation for the ICS844008I-15 is the sum of the core power plus the power dissipated in the load(s).
The following is the power dissipation for V

DD 
= 3.3V + 5% = 3.465V, which gives worst case results.

• Power (core)
MAX

 = V
DD_MAX

 * (I
DD_MAX

 + I
DDA_MAX

) = 3.465V * (150mA + 15mA) = 571.73mW

2.   Junction Temperature.
Junction temperature, Tj, is the temperature at the junction of the bond wire and bond pad and directly affects the reliability of the
device. The maximum recommended junction temperature for HiPerClockSTM devices is 125°C.

The equation for Tj is as follows:  Tj = θJA * Pd_total + TA

Tj = Junction Temperature

θJA = Junction-to-Ambient Thermal Resistance

Pd_total = Total Device Power Dissipation (example calculation is in section 1 above)
TA

 = Ambient Temperature

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance θJA
 
must be used. Assuming no air

flow and a multi-layer board, the appropriate value is 65.7°C/W per Table 7 below.

Therefore, Tj for an ambient temperature of 85°C with all outputs switching is:
85°C + 0.572W * 65.7°C/W = 122.5°C.  This is below the limit of 125°C.

This calculation is only an example. Tj will obviously vary depending on the number of loaded outputs, supply voltage, air flow, and
the type of board (single layer or multi-layer).

TABLE 7.  THERMAL RESISTANCE θθθθθ
JA

 FOR 32-LEAD LQFP, FORCED CONVECTION

θθθθθ
JA

 by Velocity (Meters per Second)

0 1 2.5

Multi-Layer PCB, JEDEC Standard Test Boards 65.7°C/W 55.9°C/W 52.4°C/W
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RELIABILITY INFORMATION

TRANSISTOR COUNT

The transistor count for ICS844008I-15 is: 2609

TABLE 8. θ
JA

VS. AIR FLOW TABLE FOR 32 LEAD LQFP

θθθθθ
JA

 by Velocity (Meters per Second)

0 1 2.5

Multi-Layer PCB, JEDEC Standard Test Boards 65.7°C/W 55.9°C/W 52.4°C/W
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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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