Integrated
Circuit
Systems, Inc.

ICS9DB206
PCl Express™
JITTER ATTENUATOR

GENERAL DESCRIPTION

. The ICS9DB206 is a high perfromance 1-to-6 Dif-
e ferential-to-HCSL Jitter Attenuator designed for use
e in PCI Express™ systems. In some PCI Express™
E systems, such as those found in desktop PCs, the
PCI Express™ clocks are generated from a low
bandwidth, high phase noise PLL frequency synthesizer. In these
systems, a jitter-attenuating device may be necessary in order
to reduce high frequency random and deterministic jitter com-
ponents from the PLL synthesizer and from the system board.
The ICS9DB206 has two PLL bandwidth modes. In low band-
width mode, the PLL loop bandwidth is 500kHz. This setting of-
fers the best jitter attenuation and is still high enough to pass a
triangular input spread spectrum profile. In high bandwidth mode,
the PLL bandwidth is at 1MHz and allows the PLL to pass more
spread spectrum modulation.

For serdes which have x10 reference multipliers instead of x12.5
multipliers, 5 of the 6 PCI Express™ outputs (PCIEX1:5) can be
set for 125MHz instead of 100MHz by configuring the appropri-
ate frequency select pins (FS0:1). Output PCIEXO will always
run at the reference clock frequency (usually 100MHz) in desk-
top PC PCI Express™ Applications.

BLock DIAGRAM

Features
e Six 0.7V current mode differential HCSL output pairs

o 1 differential clock input

e CLK and nCLK supports the following input types:
LVPECL, LVDS, LVHSTL, SSTL, HCSL

e Maximum output frequency: 140MHz
e OQutput skew: 110ps (maximum)
e Cycle-to-Cycle jitter: 110ps (maximum)

e RMS phase jitter @ 100MHz, (1.5MHz - 22MHz):
2.42ps (typical)

e 3.3V operating supply
e 0°C to 70°C ambient operating temperature
¢ Industrial temperature information available upon request

e | ead-Free package fully RoHS compliant

Current
IREF gm% ine PIN ASSIGNMENT
nOEO 1 HiZ PLL BWT 28l Vooa
0 Enabled cLk2 277 GND
] nCLK 3 26[] IREF
| _[ PCIEXTO Fso4  2s[q Fst
I— nPCIEXCO PCIEXTO []5 24[] PCIEXT5
PCIEXCO []6 23[] PCIEXC5
nCLK Voo [}7 22[] Vop
Loop , GND[]8 21[] GND
Phase [ | ~ | @04 PCIEXTH1 Ol u
CLK Detector Filter veo 1:5 — NPCIEXCH PCIEXT1 ]9 20[] PCIEXT4
I~ PCIEXT2 PCIEXC1 10 19[1] PCIEXC4
| nPCIEXC2 PCIEXT2 {11 181 PCIEXT3
PCIEXC2[]12  17[1 PCIEXC3
-5 Voo []13 16[d Vob
nOEO[]14 15[ nOE1
Internal Feedback
FSo ICS9DB206
L {025 — PCIEXT3 28-Lead TSSOP, 173-MIL
] ;4 — nPCIEXC3  4.4mm x 9.7mm x 0.92mm body package
' — PCIEXT4 L Package
— nPCIEXC4 Top View
— PCIEXTS ICS9DB206
— NPCIEXCS 28-Lead, 209-MIL SSOP
FS1 5.3mm x 10.2mm x 1.75mm body package
F Package
1 Hiz Top View
nOEt 0 Enabled
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JITTER ATTENUATOR

TaBLE 1. PN DEscRIPTIONS

Number Name Type Description
1 PLL_BW Input Pullup | Selects PLL Bandwidth input. LVCMOS/LVTTL interface levels.
2 CLK Input | Pulldown | Non-inverting differential clock input.
Pullup/ . . . . .
3 nCLK Input | 5 idown | nverting differential clock input. V /2 default when left floating.
4 FSO Input Pullup | Frequency select pin. LVCMOS/LVTTL interface levels.
PCIEXTO, . . . .
5,6 PCIEXCO Output Differential output pairs. HCSL interface levels.
7,13, 16, 22 Voo Power Core supply pins.
8, 21 GND Power Power supply ground.
PCIEXTT, . . . .
9,10 PCIEXC1 Output Differential output pairs. HCSL interface levels.
PCIEXT2, . . . .
11,12 PCIEXC2 Output Differential output pairs. HCSL interface levels.
14 15 nOEOQ, Inout | Pulldown Output enable. When HIGH, forces outputs to HiZ state.
’ nOE1 P When LOW, enables outputs. LVCMOS/LVTTL interface levels.
PCIEXCS, . . . .
17,18 PCIEXT3 Output Differential output pairs. HCSL interface levels.
PCIEXCA4, . . . .
19, 20 PCIEXT4 Output Differential output pairs. HCSL interface levels.
PCIEXCS, . . . .
23,24 PCIEXTS Output Differential output pairs. HCSL interface levels.
25 FS1 Input | Pulldown | Frequency select pin. LVCMOS/LVTTL interface levels.
26 IREE Inbut A fixed precision resistor (475€) from this pin to ground provides a
P reference current used for differential current-mode PCIEX clock outputs.
27 GND Power Power supply ground.
28 Vioa Power Analog supply pin. Requires 24Q series resistor.

NOTE: Pullup and Pulldown refer to internal input resistors. See Table 2, Pin Characteristics, for typical values.

TaBLE 2. PIN CHARACTERISTICS

Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Cy Input Capacitance 4 pF
Rouiue Input Pullup Resistor 51 kQ
Rouioown | INPUt Pulldown Resistor 51 kQ

TaBLE 3A. RaTio oF OuTtpuTt FREQUENCY TO
INpuT FREQUENCY FuncTiON TABLE, FSO

TaBLE 3B. RaTio oF OuTtpuT FREQUENCY TO
INpuT FREQUENCY FuncTiON TABLE, FS1

TaBLE 3C. OutpuT ENABLE
FuncTion TaBLE, nOEO

Inputs Outputs

nOEO PCIEX0:2
0 Enabled
1 Hiz

Inputs Outputs Inputs Outputs
FSO PCIEXO0 PCIEX1 PCIEX2 FS1 PCIEX3 PCIEX4 PCIEX5
0 1 5/4 5/4 0 1 1 1
1 1 1 1 1 5/4 5/4 5/4

TaBLE 3D. Output ENABLE
FuncTioN TasLE, NOE1

Inputs Outputs

nOE1 PCIEX3:5
0 Enabled
1 Hiz

TasLe 3E. PLL BanbwiDTH TABLE

Inputs Bandwidth
PLL_BW
0 500kHz
1MHz

9DB206CL

www.icst.com/products/hiperclocks.html

2

REV. B MARCH 21, 2005



ICS9DB206
PCl Express™
JITTER ATTENUATOR

Integrated
Circuit
Systems, Inc.

ABsoLuTE Maximum RATINGS

Supply Voltage, V,, 4.6V NOTE: Stresses beyond those listed under Absolute
Inputs, V. 0.5VtoV,,+0.5V Ma).<|mum Ratlngs may cause per'r’r'1an.ent damage tq the

device. These ratings are stress specifications only. Functional
Outputs, V, -0.5V toV,+ 0.5V 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.

Package Thermal Impedance, 6

7 YUA
28 Lead TSSOP
28 Lead SSOP

Storage Temperature, T,

49.8°C/W (0 Ifpm)
49°C/W (0 Ifpm)

-65°C to 150°C

TasLE 4A. Power SuppLy DC CHARACTERISTICS, V=V, = 3.3V+5%, Ta = 0°C 10 70°C, RREF = 475Q
Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Voo Core Supply Voltage 3.135 3.3 3.465 Vv
Vooa Analog Supply Voltage 3.135 3.3 3.465 \Y
loo Power Supply Current 112 mA
looa Analog Supply Current 22 mA
TasLe 4B. LVCMOS / LVTTL DC CHARACTERISTICS, V=V, = 3.3V+5%, Ta = 0°C 70 70°C
Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
Vi, Input High Voltage 2 Vo +0.3 | mV
\'A Input Low Voltage -0.3 0.8 mV
) FS1, nOEO, nOE1 V,, =V, =3.465V 150 pA
Iy Input High Current
FSO, PLL_BW 5 pA
FS1,nOEO, nOE1 |V, =3.465V,V, =0V -5 HA
I Input Low Current
FSO, PLL_BW -150 pA
TasLe 4C. DiFrerenTiAL DC CHARACTERISTICS, V=V, = 3.3V+5%, Ta = 0°C T0 70°C, RREF = 475Q
Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
I Input High Current | CLK, nCLK Vo =V, = 3.465V 150 pA
I Input Low Current | CLK, nCLK Vi, = 3.465V, V| = 0V 150 pA
Ve Peak-to-Peak Input Voltage 0.15 1.3 \Y
Voun Common Mode Input Voltage; NOTE 1, 2 GND + 0.5 Vo, - 0.85 \

NOTE 1: Common mode voltage is defined as V..
NOTE 2: For single ended applications, the maximum input voltage for CLK, nCLK is V_, + 0.3V.

9DB206CL
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Integrated ICSg D B206

Circuit PCl Express™
Systems, Inc.
JITTER ATTENUATOR
TasLe 4D. HCSL DC CHARACTERISTICS, V=V, = 3.3V+5%, Ta = 0°C 10 70°C, RREF = 475Q
Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
lon Output Current 12 14 16 mA
\. Output High Voltage 610 780 mV
Vo Output Low Voltage 65 mV
loz High Impedance Leakage Current -10 10 pA
A Output Crossover Voltage 250 550 mV
TasLE 5. AC CHARACTERISTICS, V=V, = 3.3V+5%, Ta = 0°C 10 70°C, RREF = 475Q

Symbol | Parameter Test Conditions Minimum | Typical | Maximum | Units
fiuax Output Frequency 140 MHz
tsk(o) Output Skew; NOTE 1, 2 50 110 ps
. ) Outputs @ Different Frequencies 110 ps
fiit(cc) Cycle-to-Cycle Jitter -

Outputs @ Same Frequencies 50 ps
" RMS Phase Jitter . .
fjit(D) (Random): NOTE 3 Integration Range: 1.5MHz - 22MHz 2.42 ps
to/ 1 Output Rise/Fall Time 20% to 80% 300 1100 ps
odc Output Duty Cycle 48 52 %

NOTE 1: Defined as skew between outputs at the same supply voltage and with equal load conditions.
Measured at the output differential cross points.

NOTE 2: This parameter is defined in accordance with JEDEC Standard 65.

NOTE 3: Please refer to the Phase Noise Plot following this section.
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TypricaL PHASE Noise AT 100MHz
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The illustrated phase noise plot was taken using a low phase Due to the tracking ability of a PLL, it will track the input signal
noise signal generator, the noise floor of the signal generatoris  up to its loop bandwidth. Therefore, if the input phase noise is
less than that of the device under test. greater than that of the PLL, it will increase the output phase

noise performance of the device. It is recommended that the
Using this configuration allows one to see the true spectral purity ~ phase noise performance of the input is verified in order to
or phase noise performance of the PLL in the device undertest.  achieve the above phase noise performance.
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PARAMETER MEEASUREMENT INFORMATION

3.3V+5%

3.3V HCSL Ourtput Loap AC Test Circuit

Vip — — — — — —
nCLK
A A
= Ve — — Cross Points — — Vowr —
Lk Y |
GND . . . . _ _ _ _ _ _ _ _l_

DirFrFerenTIAL INPUT LEVEL

PCIEXCO:5x
PCIEXTO:5x :>:< >< 3<
|
I
PCIEXCO:5y ,
I
PCIEXTO:5y : X )< X

I
—>» < tsk(0)

OuTPUT SKEW

PCIEXCO0:5

PCIEXTO0:5
<—— fcycle n feycle n+1

tjit(cc) = Ieycle n —fcycle n+1
1000 Cycles

CvycLe-To-CYCLE JITTER

/80% 80% \ f
1
! ! Vswing
Clock  20% 7/ \ K20% |
Outputs - [
1R trl

HCSL Output Rise/FALL TiIME

PCIEXCO:5

PCIEXTO0:5

Pulse Width %

t »!

PERIOD

A

tPW

odc =

tPERIOD

Ourtput Duty CycLE/PuLse WipTH/PERIOD
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APPLICATION INFORMATION

PoweRr SuppLy FILTERING TECHNIQUES

As in any high speed analog circuitry, the power supply pins are
vulnerable to random noise. The ICS9DB206 provides separate
power supplies to isolate any high switching noise from the out-
puts to the internal PLL.V_ and V, should be individually con-
nected to the power supply plane through vias, and bypass ca-
pacitors should be used for each pin. To achieve optimum jitter
performance, power supply isolation is required. Figure 1 illus-
trates how a 24Q resistor along with a 10uF and a .01uF by-
pass capacitor should be connected to each V, pin.

Ficure 1. Power SuppLy FILTERING

WIRING THE DIFFERENTIAL INPUT TO AccePT SINGLE ENDED LEVELS

Figure 2 shows how the differential input can be wired to accept
single ended levels. The reference voltage V_REF =V /2 is
generated by the bias resistors R1, R2 and C1.This bias circuit
should be located as close as possible to the input pin. The ratio

of R1 and R2 might need to be adjusted to position the V_REF in
the center of the input voltage swing. For example, if the input
clock swingis only 2.5V and V= 3.3V, V_REF should be 1.25V
and R2/R1 =0.609.

Single Ended Clock Input

VDD

R1
1K

V_REF

CLK

C1 _|
0.1u T~

R2
1K

Ficure 2. SINGLE ENDED SIGNAL DRivING DIFFERENTIAL INPUT
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DirrerenTIAL CLocK INPUT INTERFACE

The CLK/nCLK accepts LVDS, LVPECL, LVHSTL, SSTL, HCSL
and other differential signals. Both V¢ @nd V,,, must meet the
Ve and V5 input requirements. Figures 3A to 3D show inter-
face examples for the HiPerClockS CLK/nCLK input driven by
the most common driver types. The input interfaces suggested

here are examples only. Please consult with the vendor of the
driver component to confirm the driver termination requirements.
For example in Figure 3A, the input termination applies for ICS
HiPerClockS LVHSTL drivers. If you are using an LVHSTL driver
from another vendor, use their termination recommendation.

1.8V

Zo =50 Ohm

CLK

Zo =50 Ohm

NCLE HiPerClocks
LVHSTL Input

= ICS
HiPerClockS
LVHSTL Driver

R1 R2
50 50 =

-Ill—'\/\/‘

3.3V

CLK

nCLK HiPerClocks
Input
= R1 R2

50 50 =

LVPECL

R3
50

Ficure 3A. HIPERCLockS CLK/NCLK INpuT DRIVEN BY Ficure 3B. HIPERCLockS CLK/NCLK INpuT DRIVEN BY
ICS HIPERCLOCKS LVHSTL DRivER 3.3V LVPECL Driver
3.3V
3.3V T
sav 3.3V 3.3V Zo =50 Ohm
R3 R4
Zo =50 Ohm 125 125 LVDS_Driver I_ oLR
CLK
R1
Zo =50 Ohm 100 oLl Freceiver
NCLK HiPerClocks Zo = 50 Ohm
LVPECL Input
= R R2 L = =
84 84 =

Ficure 3C. HIPERCLockS CLK/NCLK INpuT DRIVEN BY
3.3V LVPECL Driver

Ficure 3D. HIPERCLockS CLK/NCLK INpuT DRIVEN BY
3.3V LVDS DRiver
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ScHEmATIC EXAMPLE

The schematic below illustrates two different terminations. Both
are reliable and adequate. The PCI Express termination is rec-
ommended for all PCI Express application. The optional termi-

nation, which has a slightly better signal integrity, is recom-
mended for all other applications.

vee vce
R7 24
VCCA
vee
R12
elo] R11 C11 c16
1K 1K u 0.1uF 10uF
’ 20=50 \ PLL_BW vDDA (22 ==
AR ); CLK GNDA 55 -
33 FS0 noLk IREF 25 FSt Zo =50
Z0 =50 24 )
PCIEXTO PCIEXT5 [—57 ) +
PCIEXCO PCIEXC5 |55
HoSL 33 vbD YDD o7
GND GND 730 Zo = 50
O— 5 PCIEXT1 PCIEXT4 70
— C—3 PCIEXC1 PCIEXC4 g1
= ?01 ;‘02 O— 5 PCIEXT2 PCIEXT3 —g—D HeSL
O— 5 PCIEXC2 PCIEXCS [~ rs S Rs
nOEQ 4| VbD VDD 45 nOE1 50 § 50 [
— nOEO nOE1 R15 L[]
R13 R14 1K
1K = 1K =
1CS9DB206 R10 =
VCOC=3.3V L 475 [
L Optional Termination
U1-7, U1-16 Ut-22
( )vcc ( ) ( )
c1 c2 c3 Zo =50
0.1uF 0.1uF 0.1uF LAB8A N
33
= Zo = 50
L~ Fn
33 HCSL
PCI Express Termination
R17> R18 should be as close the
50 % 50  device as possible
PCI Express Termination

9DB206CL

Ficure 4. ExampLE oF ICS9DB206 ScHEMATIC
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RELIABILITY INFORMATION

TaBLE 6A. O JAVS- AR FLow TaBLE For 28 Leap TSSOP PackaGe

6,, by Velocity (Linear Feet per Minute)

0 200 500
Single-Layer PCB, JEDEC Standard Test Boards 82.9°C/W 68.7°C/W 60.5°C/W
Multi-Layer PCB, JEDEC Standard Test Boards 49.8°C/W 43.9°C/W 41.2°C/W

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

TaBLE 6B. GJAvs. AR FLow TaBLE For 28 LeEap SSOP PackaGe

8,, by Velocity (Linear Feet per Minute)

0 200 500
Multi-Layer PCB, JEDEC Standard Test Boards 49°C/W 36°C/W 30°C/W

TrANsISTOR COUNT
The transistor count for ICS9DB206 is: 2471
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Packacge OUTLINE - L Surrix For 28 LEab TSSOP

A2

oTE

A
ey

F 3
Y

y

g’
=

S
e

[

NN

o[aaa[C]|

TaBLE 6A. PAackAaGeE DIMENSIONS

SYMBOL Millimeters
Minimum Maximum
N 28
A - 1.20
Al 0.05 0.15
A2 0.80 1.05
b 0.19 0.30
c 0.09 0.20
9.60 9.80
E 6.40 BASIC
E1 4.30 4.50
0.65 BASIC
0.45 0.75
o 0° 8°
aaa - 0.10

Reference Document: JEDEC Publication 95, MO-153

PackaGge OUTLINE

INDEX
AREA

- F Surrix For 28 Leap SSOP

g

A2 A

Al 1
iana e
= ol e\ \me
S[Toco0a]C]

TaBLE 6B. Package DIMENSIONS

SYMBOL Millimeters
Minimum Maximum
N 28
2.00
Al 0.05
A2 1.65 1.85
b 0.22 0.38
c 0.09 0.25
9.90 10.50
E 7.40 8.20
E1 5.00 5.60
e 0.65 BASIC
L 0.55 0.95
o 0° 8°

Reference Document: JEDEC Publication 95, MO-150
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TaBLE 7. ORDERING INFORMATION

Part/Order Number Marking Package Shipping Packaging | Temperature
ICS9DB206CL ICS9DB206CL 28 Lead TSSOP Tube 0°C to 70°C
ICS9DB206CLT ICS9DB206CL 28 Lead TSSOP 1000 Tape & Reel 0°C to 70°C

ICS9DB206CLLF ICS9DB206CLLF 28 Lead "Lead-Free" TSSOP Tube 0°C to 70°C
ICS9DB206CLLFT ICS9DB206CLLF 28 Lead "Lead-Free" TSSOP 1000 Tape & Reel 0°C to 70°C
ICS9DB206CF ICS9DB206CF 28 Lead SSOP Tube 0°C to 70°C
ICS9DB206CFT ICS9DB206CF 28 Lead SSOP 1000 Tape & Reel 0°C to 70°C
ICS9DB206CFLF ICS9DB206CFLF 28 Lead "Lead-Free" SSOP Tube 0°C to 70°C
ICS9DB206CFLFT ICS9DB206CFLF 28 Lead "Lead-Free" SSOP 1000 Tape & Reel 0°C to 70°C

NOTE: Parts that are ordered with an "LF" suffix to the part number are the Pb-Free configuration and are RoHS compliant.

The aforementioned trademarks, HiPerClockS™ and PCI Express™ are trademarks of Integrated Circuit Systems, Inc. or its subsidiaries in the United States and/or other countries.
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 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.
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REVISION HISTORY SHEET
Rev Table Page Description of Change Date

A T7 12 Ordering Information Table - added Lead-Free marking for TSSOP package. 11/29/04

B T4D 4 HCSL Table -adjusted V, min from 680mV to 610mV and added V,, max. 12/21/04

B T7 12 Ordering Information Table - added Lead-Free marking for SSOP package. 3/21/05
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