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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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s Measurement Challenges exprzss
PCle 3.0 Signaling

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

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

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

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

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

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

A Shorter the channel, lower the loss, the less benefit achieved with
de-embedding.
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faL . Measurement Challenges expricss
PCle 3.0 Signaling

4.4.1.1. Tx Measurement Point

A The PCle electrical specification references all measurements to the
deviceds pin. However, the isinotn o
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.

External Generator. Can be a
pulse Generator (e.g. Agilent
81134A, 81150A) or sinusoidal o i

source (e.g. Agilent E8663D PSG clock source
or N5181AMXG)

Specification Reference Point
is at the pin

Measurement point is

at TP1
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e Measurement Challenges BQI=
PCle 3.0 Signaling

V

4.4.1.1.1. Breakout and Replica channels

A 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:

V  The Breakout channels should
be as short as feasible, less than Lowjitter
6 inches if possible. clock source

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

Measurement point is

at TP1
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#2L_ Measurement Challenges expricss
PCle 3.0 Signaling

Termination of the Replica Channel is
50 Ohms both ends. Termination of the
actual breakout channel for the PCle
3.0 device inside the package is not
exactly 50 ohms.

Low jitter

clock source

A replica channel attempts to duplicate the insertion loss

characteristics of the breakout channel. It can be used to

facilitatede-c onvol viempediddeago) the fixture
signal performance at the pin
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Definition of Terms:

De-Embedding (de-convolving): 61 want t o meas
performance at the pins. o0

Embedding (convolving): adding loss to observe the impact of
channels, connectors, cables, packages, etc.

Virtual Probing: 61 want to | ook at al

Probe Loading: 01 want to see the si

Accuracy.: o0l want the | owest jitt
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A System Model

<

Transmitter Media Receiver

Life Cycle of a Transpo'ed bité

Starts in here Ends in here
Transmitter Receiver

. Pc Pc .
Bonding transmission Standard Standard transmission Bonding

wire/pins

wire/pins . .
p line connector connector line
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Scenarios

Examples:
A Break-out Channel (Fixture)

A Cables
A Connectors

SRS E Develgens Carifreree Copyright © 2010, PCI-SIG, All Rights Reserved
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eel__ Common Measurement Qi
Scenarios

Channel Element

Insertion

%

Examples:

A Adding Channel ISI Effects
A Adding Package loss

A Adding cable effects
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Signal Path Flow
@

TXp

10109UU0D
10109UU0D

Signal generated here Combine measurements and transmission line

Exits IC here models to view simulated scope measurements at
Exits board here any location in your design

o Thu | Fie ot

: 50.00 @ 50.0 0

E 9. T8 ci-8 s 8

E 50.0 0 ) 50.0 0

Thru File Thru

O Toreriie Scope

Load S-Parameters into Signal Path
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S-Parameters

Sik
/\/ % ——p —— — b S, = g
A

AA Matrix of S-Parameters is used to describe multi-port devices
Aal,a2 represent the waves entering ports 1,2 respectively

Ab1,b2 represent the waves exiting ports 1,2 respectively

AThe voltage observed on port 1 is described by the vector addition
of the voltage waves described by al,bl

AFrequency based (Sinusoids)

1} 1
Port 1 1 Port 2 s

é l Jf a4 g S:l | g b,
é-bl g_ ésll Slz é° a, g Port 1 % Sn S22 Port 2
hr ¢S Suicd b, ) Siz a,
b =S.a+S3 > -
b,=5a +S,3,
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PCI ¢ PCI

Use SMAOG6s when
May require special probing
and board modifications if not.

Agilent N5230B-245 20GHz
Vector Network Analyzer

@connector
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™ S-Parameters

File Edit Format View Help

lagilent Technologies,N5245A, My49151035,A.08.60.09
lagiTent N5Z245A:; AL0B.60.00
IDate: Tuesday, February 23, 2010 18:18:08
ICorrection: S11(Full 2 Port(l,?2))

Eﬁ m100223a_DemBd54916_26408v5sn450_A_p1J16p2J17.s2p - Notepad

Figure 1
File Plot Control

Figure 1
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1S21¢FUTT 2 Portdl,22)
1S12¢FUll 2 Portdl,2))
1522 ¢FUll 2 Portdl,2))
1S2P File: Measurements: 511, 521, 512, S272:
# Hz 5 dB R 50
10000000 -1.224343e4001 -1.772934e+002 -4.689444e+000 -4.055600e4+000
20000000 -1.221624e4+001 1.791212e+002 -4.735650e+000 -5.167600e+000
30000000 -1.223820e+001 1.770460e+002 -4.753351e+000 -6.887907e+000
40000000 -1.224887e+001 1.752930e+002 -4.758249e+000 -8.748381e+000
50000000 -1.225741e+001 1.736047e+002 -4.773274e+000 -1.065208e+001
60000000 -1.229180e4+001 1.720742e+002 -4.772188e+000 -1.257893e+001
70000000 -1.232777e+001 1.705868e+002 -4.775970e+000 -1.455881e+001
BOOOOO00 -1.235762e4001 1.691501e+007 -4.780704e+000 -1.653611e+001
90000000 -1.239385e+001 1.676880e+002 -4.787488e+000 -1.849432e+001
100000000 -1.243223e+001 1.662739e+002 -4.794525e+000 -2.045283e4+001
110000000 -1.247415e+001 1.648788e+002 -4.802291e+000 -2.244328e4+001
120000000 -1.251828e+001 1.634819e+002 -4.808766e+000 -2.442240e+001
130000000 -1.256693e+001 1.620814e+002 -4.814651e+000 -2.640366e+001
140000000 -1.262438e+001 1.607373e+002 -4.820703e+000 -2.839193e+001
150000000 -1.268803e+001 1.594424e+002 -4.828022e+000 -3.037498e+001
160000000 -1.274603e+001 1.581215e+002 -4.833044e+000 -3.234686e+001
170000000 -1.280791e+001 1.567978e+002 -4.840835e+000 -3.432754e+001
180000000 -1.287825e+001 1.554966e+002 -4.847504e+000 -3.631363e4+001
190000000 -1.295092e+001 1.541922e+002 -4.852639e+000 -3.828690e+001
200000000 -1.302776e+001 1.529226e+002 -4.862398e+000 -4.02618%9e+001
210000000 -1.311045e+001 1.516999e+002 -4.866248e+000 -4.225240e4+001
220000000 -1.319273e+001 1.504794e+002 -4.875292e+000 -4.4272349e+001
230000000 -1.327862e+001 1.492515e+002 -4.883096e+000 -4.619004e4+001
240000000 -1.337046e+001 1.480504e+002 -4.889324e+000 -4.814336e4+001
250000000 -1.346412e+001 1.468278e+002 -4.896165e+000 -5.012396e+001
260000000 -1.356675e+001 1.456860e+007 -4.904943e+000 -5.208196e+001
<

S2P File

PCI-SIG Developers Conference

— dB(m100223a_DemBd54916_26408v5sn450_A_p1J16p2J17.5(2,1))

S21 Insertion Loss
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Measurement of 8GT/s Si

File Control Setup Measure Analyze
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eel__ Creating the S21 Transform
- Needed for De-embedding

Application Preset

InfiniiSim Model Setup: 2 Port; Channel 1 *

Circuit Diagram View

‘Remove insertion loss of a fixture or cable

b | & Measurement & Simulation Circuits

Save Transfer Function File As (Not Saved)
‘ ...nfiniium\Filters\De-embed_A+B.tf2 ‘ B

O Measurement Circuit Only

InfiniiSim Block Setup

Choose type
of De-embed Ri— Fie R Measurement / Sln?ula.tlon Circuit
model. : : @ : ® I\-‘I.ea5ur{?menF Clr.{:mt
L rTNS000 ! ! 50.0 0  Simulation Circuit
i i Thru "--SEC;E);E-"
" Transmitter
Channel 1 Block
L2gend Hodks Block Type
= Measurement Circuit C = Channel O Ideal Thru ® S-parameter File
@ : ;Izaiﬁ::n:jtc:tde O Open O Transmission Line (Lossless)
ORLC O Combination Of Sub-circuits

{8 = Simulation Node
Chi=Ports 1 &2

S-parameter File
...16_26408v5isn450_A_pl1liep2117.52p

I Flip Model
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Save
Transfer
Function...

-

Load S-Paramater File

For Mode
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DI bedded Waveform

Measurements
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