OIDT

PCI EXPRESS JITTER ATTENUATOR

GENERAL DESCRIPTION

e . The 1CS9DB202-01 is a high performance 1-to-1
E E Differential-to HCSL Jitter Attenuator designed for
JURS Use in PCI Express™ systems. In some PCI Express
E systems, such as those found in desktop PCs, the
PCIl 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.

BLock DiAGRAM

ICS9DB202-01

FEATURES

e One 0.7V current mode differential HCSL output pair
o One differential clock input

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

e Maximum output frequency: 140MHz

e Input frequency range: 90MHz - 140MHz
e VCO range: 450MHz - 700MHz

o Cycle-to-cycle jitter: 30ps (maximum)

e RMS phase jitter @ 100MHz, (1.5MHz - 22MHz):
2.31ps (typical)

e 3.3V operating supply
e 0°C to 70°C ambient operating temperature

e Available in both standard and lead-free RoHS compliant
packages

e Industrial temperature information available upon request
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TasLE 1. PiN DESCRIPTIONS

Number Name Type Description
1 IREE Inout A fixed precision resistor (475Q) from this pin to ground provides a
P reference current used for differential current-mode PCIEX clock outputs.
2,6,7,8, 11,
12, 14, 15,
16, 17, 18,
19, 21, 22, nc Unused No connect.
23, 24, 25,
26, 28, 29,
30, 31, 32
3 Vioa Power Analog supply pin. Requires 24Q series resistor.
4 CLK Input | Pulldown | Non-inverting differential clock input.
Pullup/ . . . . .
5 nCLK Input Pulldown Inverting differential clock input. V /2 default when left floating.
PCIEXTO, . . . .
9,10 PCIEXCO Output Differential output pairs. HCSL interface levels.
13, 20 Voo Power Core supply pins.
27 GND Power Power supply ground.

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

C, Input Capacitance 4 pF

Rouiop Input Pullup Resistor 51 KQ

Rouioown | INPut Pulldown Resistor 51 KQ
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ABsoLuTE Maximum RATINGS

Supply Voltage, V,, 4.6V NOTE: Stresses beyond those listed under Absolute
Maximum Ratings may cause permanent damage to the
device. These ratings are stress specifications only. Functional op-
Outputs, V, -0.5V toV,,+ 0.5V 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-

Storage Temperature, T, -65°C to 150°C tended periods may affect product reliability.

’ 'STG

Inputs, V, -0.5VtoV,,+ 05V

Package Thermal Impedance, 6, 34.8°C/W (0 Ifpm)

7 TUA

TasLe 3A. Power SuppLy DC CHARACTERISTICS, 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 \Y
Vioa Analog Supply Voltage 3.135 3.3 3.465 \Y
loo Power Supply Current 112 mA
loon Analog Supply Current 22 mA

TasLe 3B. DiFrereNTIAL DC CHARACTERISTICS, 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 Vi =V, = 3.465V 150 pA
I Input Low Current | CLK, nCLK Vo, = 3465V, V =0V 150 pA
Ve Peak-to-Peak Input Voltage; NOTE 1 0.15 1.3 Vv
Ve Common Mode Input Voltage; NOTE 1, 2 GND + 0.5 Vi, - 0.85 \Y

NOTE 1: V| should not be less than -0.3V.
NOTE 2: Common mode voltage is defined as V..

TasLe 3C. HCSL DC CHARACTERISTICS, 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
Vou Output High Voltage 610 780 mV
Vo Output Low Voltage -5 mV
loz High Impedance Leakage Current -10 10 pA
Vox Output Crossover Voltage 250 550 mV
TasLE 4. AC CHARACTERISTICS, 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
fjit(Q) Eg?EP:wase Jitter (Random); Integration Range: 1.5MHz - 22MHz 2.31 ps
fiit(cc) Cycle-to-Cycle Jitter 30 ps
to /1 Output Rise/Fall Time 20% to 80% 200 700 ps
odc Output Duty Cycle 48 52 %o

NOTE: Electrical parameters are guaranteed over the specified ambient operating temperature range, which is established
when the device is mounted in a test socket with maintained transverse airflow greater than 500 Ifpm. The device will meet
specifications after thermal equilibrium has been reached under these conditions.

NOTE 1: 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
noise signal generator, the noise floor of the signal generator is
less than that of the device under test.

Using this configuration allows one to see the true spectral purity
or phase noise performance of the PLL in the device under test.
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Due to the tracking ability of a PLL, it will track the input signal up
to its loop bandwidth. Therefore, if the input phase noise is greater
than that of the PLL, it will increase the output phase noise
performance of the device. It is recommended that the phase
noise performance of the input is verified in order to achieve the
above phase noise performance.
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PARAMETER MIEEASUREMENT INFORMATION
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APPLICATION INFORMATION

Power SuppLY FILTERING TECHNIQUES

As in any high speed analog circuitry, the power supply pins are
vulnerable to random noise. To achieve optimum jitter perfor-
mance, power supply isolation is required. The ICS9DB202-01
provides separate power supplies to isolate any high switching
noise from the outputs to the internal PLL.V_ and V__, should be
individually connected to the power supply plane through vias,
and 0.01pF bypass capacitors should be used for each pin. Fig-
ure 1 illustrates this for a generic V, pin and also shows that
V__, requires that an additional 24Q resistor along with a 10pF

DDA
bypass capacitor be connected to the 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 swing is only 2.5V and V= 3.3V, V_REF should be 1.25V
and R2/R1 = 0.609.

VDD
R1
1K
Single Ended Clock Input
CLK
V_REF
nCL
c1 _|
0.1u T~ R2
1K
°

Ficure 2. SINGLE ENDED SIGNAL DRIvING DIFFERENTIAL INPUT
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DiFrerenTIAL CLockK INPUT INTERFACE

The CLK /nCLK accepts LVDS, LVPECL, LVHSTL, SSTL, HCSL
and other differential signals. Both signals must meet the V,,
and V,,, input requirements. Figures 4A to 4F show interface
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 4A, the input termination applies for IDT
HiPerClockS open emitter LVHSTL drivers. If you are using an
LVHSTL driver from another vendor, use their termination
recommendation.

Zo =50 Ohm

CLK

NCLEA HiperClocks
LVHSTL Input

= Ics R1 R2 1
HiPerClockS 50 50 =
LVHSTL Driver

Zo =50 Ohm

Zo =50 Ohm

CLK

Zo =50 Ohm

ncy HiPerClocks
LVPECL Input

= R1 R2
50 50 =

R3
50

Ficure 3A. HIPERCLockS CLK/nCLK INPUT
Driven BY AN IDT OpPeEN EMITTER
HIPERCLoOCKS LVHSTL DRiver

Ficure 3B. HIPERCLockS CLK/nCLK INPUT
Driven BY A 3.3V LVPECL Driver

3.3v
3.3V
R3 R4
125 125
CLK
NCLKA HiperClocks
LVPECL Input
= R1 R2 1
84 84 =

3.3V Zo =50 Ohm

I_ CLK

r nCL

LVDS_Driver

R1
100
Receiv er

Zo =50 Ohm

Ficure 3C. HIPERCLoOckS CLK/nCLK INPUT
Driven BY A 3.3V LVPECL Driver

Ficure 3D. HIPERCLockS CLK/nCLK INPUT
Driven BY A 3.3V LVDS DRIvEr

25V 3.3V 25V
3.3V
25V R3 R4
Zo = 50Q 120 120
R3 33 Zo = 60Q
CLK
CLK
Zo = 50Q Zo = 60Q
nCLK nCLK
* HiPerClockS HiPerClockS
HCsL R4 33 A o Ir1Ipuetl' OCI SSTL IPerCloci
50 50 — R1 R2
— 120 120 p—
— *Optional — R3 and R4 can be 0Q ? -
Ficure 3E. HIPERCLoOckS CLK/nCLK INPUT Ficure 3F. HIPERCLockS CLK/nCLK INPUT

Driven By A 3.3V HCSL Driver

IDT™/1CS™ PCI EXPRESS JITTER ATTENUATOR

DRriveN BY A 2.5V SSTL DRIvER
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VFQFN EPAD THermAL ReLEASE PATH

In order to maximize both the removal of heat from the package
and the electrical performance, a land pattern must be
incorporated on the Printed Circuit Board (PCB) within the footprint
of the package corresponding to the exposed metal pad or
exposed heat slug on the package, as shown in Figure 4. The
solderable area on the PCB, as defined by the solder mask, should
be at least the same size/shape as the exposed pad/slug area on
the package to maximize the thermal/electrical performance.
Sufficient clearance should be designed on the PCB between the
outer edges of the land pattern and the inner edges of pad pattern
for the leads to avoid any shorts.

While the land pattern on the PCB provides a means of heat
transfer and electrical grounding from the package to the board
through a solder joint, thermal vias are necessary to effectively
conduct from the surface of the PCB to the ground plane(s). The
land pattern must be connected to ground through these vias.
The vias act as “heat pipes”. The number of vias (i.e. “heat pipes”)

are application specific and dependent upon the package power
dissipation as well as electrical conductivity requirements. Thus,
thermal and electrical analysis and/or testing are recommended
to determine the minimum number needed. Maximum thermal
and electrical performance is achieved when an array of vias is
incorporated in the land pattern. It is recommended to use as
many vias connected to ground as possible. It is also
recommended that the via diameter should be 12 to 13mils (0.30
to 0.33mm) with 10z copper via barrel plating. This is desirable to
avoid any solder wicking inside the via during the soldering process
which may result in voids in solder between the exposed pad/
slug and the thermal land. Precautions should be taken to
eliminate any solder voids between the exposed heat slug and
the land pattern. Note: These recommendations are to be used
as a guideline only. For further information, refer to the Application
Note on the Surface Mount Assembly of Amkor’'s Thermally/
Electrically Enhance Leadframe Base Package, Amkor
Technology.

SOLDER

PIN EXPOSED HEAT SLUG PIN

SOLDER

[ \ ]
I 17 7 : X /)( A |
\ VA |77 774 A A \
PIN PAD GROUND PLANE \ / / LAND PATTERN PIN PAD

THERMAL VIA

(GROUND PAD)

Ficure 4. P.C.AssemBLY FOR ExPosep PAD THERMAL ReLEASE PATH —SIDE VIEw (DRAWING NOT TO SCALE)

IDT™/1CS™ PCI EXPRESS JITTER ATTENUATOR

ICS9DB202CK-01 REV.B FEBRUARY 18, 2009

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/

ICS9DB202-01

PCI EXPRESS JITTER ATTENUATOR

ScHEmATIC EXAMPLE

The schematic below illustrates two different terminations. Both
are reliable and adequate. The PCl Express termination is
recommended for all PCl Express application. The optional

termination, which has a slightly better signal integrity, is
recommended for all other applications.

VDD VDD

Yo

VDD

L/\/\/\ VRDA

R2
24

C3
10uF

|_

0.01u

coooopoo
gggaggoee
6]
; IREF nc —Dgg 20 =50 +
- nc o - TLL
R1 4| VDDA nc oo HCSL
475 5 | CLK nc 0 - Z0 =50
2 nCLK VDD g 1
i nc g T2
— Eﬁ nc nc TD
- O—— nc nc /4
CLK R4

nCLK

(U1-14)

(U1-20)

C1l c2 C1l
10uf 0.1uF 0.1uF

PCIEXTO
PCIEXCO

0
11
12
13
14
15
16

9DB202-01_lqf p32_short o)

1

50

Ficure 5. ExampLE oF ICS9DB202-01
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RecoMmENDED TERMINATION

Figure 6A is the recommended termination for applications
which require the receiver and driver to be on a separate PCB.
All traces should be 50Q impedance.

--------------- - PCI EXPRESS
n-0.2"||3 CONNECTOR
Rt 40 90 & 5%

Ficure 6 A. REcoMMENDED TERMINATION

Figure 6B is the recommended termination for applications and receiver on the same PCB. All traces should all be 50Q
which require a point to point connection and contain the driver impedance.

Ficure 6B. REcoMMENDED TERMINATION
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Power CONSIDERATIONS

This section provides information on power dissipation and junction temperature for the ICS9DB202-01.
Equations and example calculations are also provided.

1. Power Dissipation.

The total power dissipation for the ICS9DB202-01 is the sum of the core power plus the power dissipated in the load(s).
The following is the power dissipation for V= 3.3V + 5% = 3.465V, which gives worst case results.

NOTE: Please refer to Section 3 for details on calculating power dissipated in the load.

® Power (core) =V +1 )= 3.465V * (112mA + 22mA) = 464.3mW

*(l
MAX DD_MAX ( DD_MAX DDA_MAX

® Power (outputs), = 44.5mW/Loaded Output pair
Total PowerJMX (3.465V, with all outputs switching) = 464.3mW + 44.5mW = 508.81mW

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 HiPerClockS™ devices is 125°C.

The equation for Tj is as follows: Tj =6, * Pd_total + T,
Tj = Junction Temperature
0,, = Junction-to-Ambient Thermal Resistance

Pd_total = Total Device Power Dissipation (example calculation is in Section 1 above)
T, = Ambient Temperature

In order to calculate junction temperature, the appropriate junction-to-ambient thermal resistance 6,, must be used. Assuming no air
flow and a multi-layer board, the appropriate value is 34.8°C/W per Table 5 below.

Therefore, Tj for an ambient temperature of 70°C with all outputs switching is:
70°C + 0.509W * 34.8°C/W = 87.7°C. This is well 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).

TasLe 5. THERmAL ResisTaNCE 0, FOR 32-Pin VFQFN, Forcep ConvECTION

6, 0 Air Flow (Linear Feet per Minute)

0

Multi-Layer PCB, JEDEC Standard Test Boards 34.8C/W
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3. Calculations and Equations.

The purpose of this section is to calculate power dissipation on the IC per HCSL output pair.

HCSL output driver circuit and termination are shown in Figure 7.

VoD

loyt=17mA

@

Vour

RRer =
475Q + 1%

p— IC p—

Ficure 7. HCSL Driver CircuiT AND TERMINATION

HCSL is a current steering output which sources a maximum of 17mA of current per output. To calculate worst case on-chip power
dissipation, use the following equations which assume a 50Q load to ground.

The highest power dissipation occurs when V

DD_MAX.
- _ *
Power = (V= V..) " o

sinceV_ =1 *R
out out L

Power = (V L™ R) ™1,

DD_MAX ol

= (3.465V — 17mA * 50Q) * 17mA

uT

Total Power Dissipation per output pair = 44.5mW

IDT™/1CS™ PCI EXPRESS JITTER ATTENUATOR 12 ICS9DB202CK-01 REV.B FEBRUARY 18, 2009

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/

ICS9DB202-01

PCI EXPRESS JITTER ATTENUATOR

RELIABILITY INFORMATION

TaBLE 7. OJAvs. AR FLow TaBLE For 32 Leap VFQFN PackaGe

6, 0 Air Flow (Linear Feet per Minute)

0
Multi-Layer PCB, JEDEC Standard Test Boards 34.8C/W
TrANsISTOR COUNT
The transistor count for ICS9DB202-01 is: 2471
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Package OUTLINE - K Surrix For 32 Leap VFQFN

Seating Plane (Ref.)
g _’(ND(-ég:()@‘_ Np & Ng

Even
Index Area AT
./ hena gt <

N e] (Typ)
| —PO0U | Hian
Anvil ) 41 are Even
Singulation ‘*7:)— 1 |
S (Ng -1)X[E
—or— E2 —> E
E2, d * (Ref.)
. Sawn %l ‘K
Top View . . N €
Singulation \ % b
NN
> [ \—Thermal
(Ref. D B
«—D}—> —>| Afe— Noa N > 32' < ase
Odd
4— D2 —pi

C
-

NOTE: The following package mechanical drawing is a generic this device. The pin count and pinout are shown on the front page.
drawing that applies to any pin count VFQFN package. This draw- The package dimensions are in Table 8 below.
ing is not intended to convey the actual pin count or pin layout of

TaBLE 8. PackaGE DIMENSIONS

JEDEC VARIATION
ALL DIMENSIONS IN MILLIMETERS
SYMBOL MINIMUM MAXIMUM

N 32

A 0.80 1.0
A1 0 0.05
A3 0.25 Reference

b 0.18 0.30
e 0.50 BASIC

N, 8

N, 8

D 5.0

D2 3.0 3.3
E 5.0

E2 3.0 3.3
L 0.30 0.50

Reference Document: JEDEC Publication 95, MO-220
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TaBLE 9. ORDERING INFORMATION

Part/Order Number Marking Package Shipping Packaging | Temperature
9DB202CK-01 ICS9DB202CK-01 32 Lead VFQFN Tray 0°C to 70°C
9DB202CK-01T ICS9DB202CK-01 32 Lead VFQFN 2500 Tape & Reel 0°C to 70°C
9DB202CK-01LF ICS9DB202CK-01L 32 Lead "Lead-Free" VFQFN Tray 0°C to 70°C
9DB202CK-01LFT ICS9DB202CK-01L 32 Lead "Lead-Free" VFQFN 2500 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.

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.
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REVISION HISTORY SHEET
Rev Table Page Description of Change Date
B T3C 3 HCSL Table -adjusted V,,, min from 680mV to 610mV and added V, max. 12/21/04
B 1 Features Section - added Input Frequency Range and VCO Range bullets. 7/14/06
T3B 3 Differential DC Characteristics Table - updated NOTES 1 and 2.
T4 3 AC Characteristics Table - added thermal note.
5 Updated HCSL Output Load Test Circuit Diagram.
B 6 Updated Power Supply Filtering Techniques from 10ohms to 24ohms. 2/18/09
8 Added VFQFN EPAD Thermal Release Path section.
10 Added HCSL Termination section.
11 - 12 | Added Power Considerations.
T9 15 Ordering Information Table - Deleted "ICS" prefix from Order/Part number.
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