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Topics

ÁCreating the 5GT/s Cable Specification

VClocking over longer distances

VLossy Interconnects 

VLimitations

ÁOther Cabled Implementation Considerations
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Donôt other standards exist 
operating above 5GT/s?

ÁYes, howeveré

VHow many reference the Host PCôs clock?

VHow many are designed to be the primary bus 
interconnect of a PCB?

VHow many do not have equalization built into the 
receiver?

ÁPCI Express at 5GT/s have these characteristics
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5GT/s Cable WG Goals

ÁExtend the PCI Express 2.0 specification in the 
cabled environment

VReuse as much of the existing infrastructure as 
possible

VMaximize interoperability

VProvide cost effective solution
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Reuse Goals

ÁUse PCI Express devices as specified in the 
base specification

ÁUtilize existing cables and interconnect schemes

ÁUse existing methodologies for qualification of 
cables
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Maximize Interoperability

ÁDesign each end of the link with a standard 
methodology

ÁAllow as many systems to work as possible

ÁMinimize any requirements that are unique to 
the cabled form factor.

VComponents that differ much from the base 
specification will be costly
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Minimize any Cost Additions

ÁUnique cables

VBulk wire

VActive devices

VLabor intensive assembly options

ÁNew and Unique Sideband Circuits
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Primary Areas of Interest

ÁClocking

VRefclk jitter

ïPhase/Transport Delay

ÁSignal Integrity

VEntire Interconnect Functionality

VCable specifications

ÁJitter Link Budgeting

ÁSideband Changes
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Jitter Budget

ÁFrom the 5GT/s 
Specification for PCIe, 
the table shows the 
allocated jitter 
budgets.

ÁRj components are 
broken into the 
transmitter, receiver, 
and what is induced 
from the reference 
clock.

VBudget for RefCLK is 
3.1ps 

Table 4-5 from the CEM r2.0 specification.
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Jitter Calculations for 
Reference Clock

ÁThe delay of the 
arriving clock 
information creates 
a differential jitter 
seen between 
components and is 
allocated in the link 
budget.  

ÁThe cable increased 
this term from 12ns 
to up to 70ns.

From the PCI Express Base 

Specification Rev 2.0
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Testing of 5 Motherboards

Systems are all over with regard to jitter.  The problem is made worse when the 

transport delays for cables are used.  Note that none meet the base specification 

assumption of 3.1ps of RMS jitter.
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Phase Delay Comparison

Top function and plot 
are CEM/Base Spec 
12ns phase delay

Bottom function and 
plot are with max 
cable phase delay of 
70ns.  Jitter 
amplification region 
greatly increased and 
more low frequency 
passed by transfer 
function
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Phase Jitter with 12ns Delay

ÁArtificial clock waveform analysis

Á12ns Phase delay per CEM spec.

ÁRMS jitter calculated to be 2.987ps
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Phase Jitter with 70ns Delay

ÁArtificial clock waveform analysis

Á70ns Phase delay per CEM spec.

ÁRMS jitter calculated to be 5.798ps

Note that the LF jitter is increasing as 

cable delay increases
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Look at Varying the Phase 
Delay on a Clock Sample

Á A sample of data from a 5GT/s capable system shows that the jitter 
does not consistently increase with transport delay (cable length).  
Some components of the spectral content are amplified while others are 
minimized due to this delay.

Á 12ns corresponds to the 5GT/s Base specification jitter assumptions
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Reference Clock Modulation
ÁSeveral PCBôs have clocks that do not meet the 

PCI Express specification of 0.5% down-spread
VGreen and White are compliant systems

VRed is over-clocked by using center spread modulation

VBlue is center spread and spread amplitude is double the 
limit

Clock Frequency Over Time
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Clock Survey Results

Total Number of 

Systems Tested

Number of Systems 

Meeting Specification

Vendor A 2 2

Vendor B 2 0

Vendor C 1 1

Vendor D 2 2

Vendor E 1 1

Vendor F 1 1

Vendor G 8 2

Vendor H 2 2

Vendor I 5 5

Vendor J 7 4

Vendor K 1 1

Vendor L 5 3

Vendor M 1 1

Vendor M 4 3

Vendor P 2 2

Á68% of the systems meet the 

specification in their default state by 

either being down-spread or having 

a non-spread clock.  Two of these 

systems had the ability to change 

the SSC setting in the BIOS.

ÁSeveral vendors have mixed 

results, so adapter suppliers can not 

necessarily recommend a specific 

brand of motherboard/system.

*Note that most vendors have a small sample set so 

this can not be considered representative of any 

particular brand.
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Clocking Resolution & 
Implications

ÁFor cabled application, the clock solution must 
be better than what is required for system 
boards due to the larger transport delay.

ÁAnalysis of the clock must be swept over the 
delay range from 12ns to 70ns to look for the 
worst case value.

VA cabled port has unknown phase delay to the system 
designer.

ÁBased on test data, the clock reference for the 
cable may need to isolated from the clock 
reference of the host system.
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Cables and Signal Integrity
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Cables

ÁSDD21 for 3, 5, 7m cables (typcial)

ÁThe bottom curve matches the 2.5GT/s 
specification.
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Performance of Link with 
Various Cables

ÁThe cables increase in length from left to right. Cables include 0.5m, 1m, 3m, 5m, 

and 7m.  This graph indicates that most cables pass.

ÁThe cables at the far right are passively equalized cables with values of 9dB, 

6dB, and 3dB (right to left).  

ÁThis was preliminary data to check the performance of the cabled system.  Jitter 

components were not added for this simulation data.
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Performance of Link with 
Various Cables

ÁNotice that when the cables passively equalized, the smaller transmitter 

de-emphasis value is better.
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Jitter Impact on the Cabled 
Interconnect

ÁThe top left picture is the output of a transmitter 

with all jitter components added.  This eye has no 

De-emphasis and the eye has collapsed 4mV due 

to jitter.

ÁUpper right is a 7m cable with no jitter added, 

-3.5dB of equalization is applied.

ÁLower right is the same cable with all jitter 

sources applied.
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Examples of Passively 
Equalized Cables

Á 7m cables with 3, 6, and 9dB of passive 
equalization, 3.5dB de-emphasis and no jitter 
(above).

Á 7m cable with 9dB of passive equalization and 
6dB of de-emphasis (right).

Á Larger de-emphasis values have a very 
negative impact to passively equalized cables.

7m, 3dB Cable 7m, 6dB Cable 7m, 9dB Cable

7m, 9dB Cable
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