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PCIe 3.0 8GT/s

Transmitter Testing (De-Embedding)

Receiver Testing
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Content of this presentation is based on preliminary draft of the PCI 
Express 3.0 Base Specification Version 0.7.
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Measurement Challenges 
PCIe 3.0 Signaling

Á Direct probing at TX Pins is not generally feasible. Measurements 
made at TP1.

Á Data captured at TP1 must be post-processed to remove effects of 
breakout channel.

Á Using a replica channel we can determine the loss vs. frequency of 
the channel.

Á The loss of the breakout channel can be minimized by de-
embedding

Á De-embedding may or may not result in the lowest amount of jitter 
error.

Á Error arises due to impedance mismatches between TX package 
and breakout channel.

Á Shorter the channel, lower the loss, the less benefit achieved with 
de-embedding.
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Measurement Challenges 
PCIe 3.0 Signaling

4.4.1.1. Tx Measurement Point

Á The PCIe electrical specification references all measurements to the 
deviceôs pin. However, the pin of a device under test (DUT) is not 
generally accessible, and the closest accessible point is usually a 
pair of microwave-type coaxial connectors separated from the DUT 
pins by several inches of PCB trace, called the breakout channel. 
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Measurement Challenges  
PCIe 3.0 Signaling

4.4.1.1.1. Breakout and Replica channels

Á The replica channel reproduces the breakout channel as 
closely as possible, matching its length, layer transitions, etc, 
making it possible to de-embed Tx measurements to the pin of 
the DUT. While the specification does not define precise 
electrical  characteristics for the replica and breakout channels, 
it is advisable to adhere to the following guidelines:
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V The Breakout channels should 
be as short as feasible, less than 
6 inches if possible. 

V Breakout channels should be 
the same length and routed on 
as few layers as possible.

V Each routing layer on a test 
board should have a separate 
breakout channel
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Measurement Challenges  
PCIe 3.0 Signaling
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Termination of the Replica Channel is 

50 Ohms both ends.  Termination of the 

actual breakout channel for the PCIe 

3.0 device inside the package is not 

exactly 50 ohms.
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A replica channel attempts to duplicate the insertion loss 

characteristics of the breakout channel.  It can be used to 

facilitate de-convolving (ñde-embeddingò) the fixture to reveal 

signal performance at the pin
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Goals of ñDe-Embeddingò
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Definition of Terms:

De-Embedding (de-convolving): óI want to measure 

performance at the pins.ô

Embedding (convolving): adding loss to observe the impact of 

channels, connectors, cables, packages, etc.

Virtual Probing: óI want to look at all the test pointsô

Probe Loading: óI want to see the signal before I probed itò

Accuracy: óI want the lowest jitter and voltage uncertainty.ô

8



PCI-SIG Developers Conference

A System Model
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Common Measurement 
Scenarios

C h a n n e l  E l e m e n t
R e m o v a l

Examples: 

Á Break-out Channel (Fixture)

Á Cables

Á Connectors

TX

TX

Channel

Element
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Common Measurement 
Scenarios

C h a n n e l  E l e m e n t
I n s e r t i o n

Examples: 

Á Adding Channel ISI Effects

Á Adding Package loss

Á Adding cable effects

TX

TX
Channel

Element
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Signal Path Flow
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S-Parameters
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ÁA Matrix of S-Parameters is used to describe multi-port devices

Áa1,a2 represent the waves entering ports 1,2 respectively

Áb1,b2 represent the waves exiting ports 1,2 respectively

ÁThe voltage observed on port 1 is described by the vector addition     

of the voltage waves described by a1,b1

ÁFrequency based (Sinusoids)
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Obtaining S-21
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TP1

SMA connector

Rogers PCB

PHY chip

~5cm

Agilent N5230B-245 20GHz

Vector Network Analyzer

Use SMAôs when Available

May require special probing 

and board modifications if not.
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modification
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S-Parameters
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S2P File

S21 Insertion Loss
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Measurement of 8GT/s Signal
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Creating the S21 Transform 
Needed for De-embedding

Load S-Parameter File 

For Model

Choose type 

of De-embed 

model.
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De-embedded Waveform 
Measurements

Original TP2 Waveform

De-Embedded TP2 

Waveform
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