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Presentation Disclaimer: All opinions, judgments, recommendations, etc.
that are presented herein are the opinions of the presenter of the material
and do not necessarily reflect the opinions of the PCI-SIG®.
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Agenda

= From PCle 2.xto PCle 3.0

= Test Set-up and Calibration Methodology according to Base
Specification

= Practical set-up

=  Step-by-step Calibration Procedure
= Summary

= Q&A
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=% From PCle 2.x to PCle 3.0 -
Goals and Consequences

= Effective data rate shall be doubled

= Existing infrastructure of PCs and servers shall be reusable;
in PCle terminology this means:

v" PCle 2.x compliant channels shall also be compliant with PCle 3.0

= Transmitting data at higher rate over the same channels means more
loss causing closed eyes at the end of channel / receiver (RX) input
= Method needs to be found opening the signal eye in order to
v' asses channel compliance
v"achieve functionality

= Circuits and methods compensating channel loss have to be implemented
In active components, Transmitter (TX) and Receiver (RX)

v' enhancing TX de-emphasis range and adding pre-shoot not sufficient
= extensive RX equalization is necessary to achieve functionality

v open source simulation tool (seasim) provides turnkey capability for channel
assessment, where the user provides the channel characteristics at the
receiver’s die pad as step responses, and the tool calculates a statistical eye
showing pass/fail.

WOOSDODCod®WwS0N||nw—oo0Q

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies



.. Reference Receiver

W|th Eguallzatlon

1. CTLE with seven “DC-attenuation” settings peaking at 4 GHz
Reference CDR specified by OJTF with no peaking and 10MHz BW

3. One tap DFE with
a limit for d1 of R £

N i’ @ " Decision
+/- 30mV ‘ iy d, Circuit
4. TI-type reference . , :
package model ] — 1@l 5,
-16 \‘

also specified . 0 NV ///7 ___________________
x4 :

pd | |
Phil | . , ;
Q. = ¥ ker ek _Teference RX

Eye opening is specified for basic RX inside orange dotted box
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¢ Agenda

Test Set-up and Calibration Methodology according to Base
Specification
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“se RX Test for PCle 3.0
Generic Test Set-up

____________________________________________________________________

| 8 Gbis : !
| Pattern ; | :
E Generato ! i E
| 8 Gbis @} : ASBE
! Error ! RX !
| Detector @ ! Ll —_Sh
: I Eaai
LT : g2l
1 € E 3 :

1 back to i

() ERT EﬁTX

= RX-test itself is identical to that at lower ! et N - J:
data rates such as PCle 2.x: i i

v' RX input is stimulated from a BERT PG
with a “stressed eye” signal containing well defined impairments

v" RX-output is looped back through the device’s TX such that the RX’s
“correct” detection can be observed with a Bit Error Ratio Tester (BERT)

= Construction / calibration of RX stress test signal is completely different utilizing
methods and tools originally created for channel compliance verification
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5 RX Test-set-up acc. to

PCle 3.0 Base Spec.

____________________________________________________________________

Custom Test Boardi

8 Gbls [@--
Pattern
Generato @-—

Combiner

RX
DUT

ASIC)

g T8
T £ : o
X
= The test generator shall be capable of et " . J
generating the required Sinusoidal and Clk

Random Jitter (SJ and RJ) R

= |tis complemented with signal sources for the simultaneous generation
of Common- and Differential Mode Sinusoidal Interference (CM- and DM-SI)
modeling the “noise” of the real application

= They are superimposed to the test pattern through a passive combiner;
output at TP1

» |s TP6 suited for the calibration of the stressed eye RX-test signal?
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5 RX Test-set-up acc. to

PCle 3.0 Base Spec.

____________________________________________________________________

Custom Test Boardi
8 Gbls [@--

cenerato{ OIH
) S, 4SO
E@} DUT

«© Breakout
O Channel

Combiner

X

= |s TP6 suited for the calibration of the
stressed eye RX-test signal? NO!

= The PC board traces enabling connection of
the DUT with test equipment (the so-called breakout channels)
are not negligible in terms of signal degradation (DDJ) / (ISI)

= Calibration must include the breakout channels

= Connecting or probing for calibration of the stress signal directly at the ASIC
pins / balls is not practical!
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____________________________________________________________________

Custom Test Board-

8 Gb/s |

Replica
Channel

10 :

= \:

' : ASIC\

Signal @ ! T > :
Sources i ! : DUT 5 !
= | -E T g

L o o o o o e - . 1 Breakout o} g. 1
+ ' © Channel £ gl

1 = —1 |y

: TX :

: | 0 J:

= Structure of the test board with the L o ; |
so-called “Replica Channels” was defined ! o !

= At the output of those
there is the important test point TP2

= TP2is equivalent to the ASIC-input pins / balls as the replica channels duplicate
the break-out channels

= TP2is the “closest point” to the RX inputs that can be measured of the RX test
signals
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= RX Test-set-up acc. to

PCle 3.0 Base Spec.
oo (O 28 W
Generato@— I

e

Replica

Combiner
.

1
1
1
1
1
1
| :
1 ," 0 !
' : - Channel :
1 1 1
Signal :\.LE@]— ! : RX i
1
Sources [@'— o Long Calibration Channel ! DUT ~|
R 30 T 8|
L o o e e e e e £l = . Breakout T ol
1 © = ol
i1 0o Channel & £ ol
L F =t
1.0%1dB | ' LR :
12,5 + 1dB
-4.0+1dB J\\ 1 i O\ / E
-5 —
-6.5+ 1.50B ! Ref i) !
| Clk :
M -10 it it :
o° -12 + 2dB : . ..
e Emulation of different target applications
» s ‘ ‘ N is achieved with different channel lengths:
~~—_ Three test cases have been defined :
o | ~Breakout Channel Only — 20 + 2dB
20 +
===Breakout + Short Calibration Channel \
===Breakout + Long Calibration Channel n + Short Cal Chan (9 5dB @ 4GHZ)
25 | | | TS
' " Frequentcy / GHz > ’ . + long cal chan. (17.5dB @ 4GHz)

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 7 Agilent Technologies 11



“se RX Test Specifications for

Stressed Jitter Eye

Virx.Launch. Generator 800 (nominal) mVppr Measured at TP1,
8G launch voltage
Trx.uLsc Unit Interval 125.00 ps Nominal value is sufficient for Rx tolerancing.
Value does not account for SSC.
Vix.sv-sa Eye height at TP2P 25 (min) mVpp At BER=10"12
35 (max)
Try-sv-sc Eye width at TP2P 0.30 Ul At BER=1012
Trx.sts38c  Sinusoidal Jitter 0.1-1.0 Ul,,  Measured at TP1.
Try.sv-ri-sc Random Jitter 3.0 psrys RJ spectrally flat before filtering. Measured at

TP1. Adjusted to set eye width
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PCI #

—_ RX Test Specifications for

Stressed Voltage Eye

Symbol L'm'tsat8OGT/s

Vex-Launcrse  Generator mVpp Measured at TP1 Figure 4-65.
launch voltage VRX-LAUNCH-8G may be adjusted if necessary to
yield the proper EH as long as the outside eye
voltage at TP2 does not exceed 1300 mVpp.

Tryui-sa Unit Interval 125.00 ps Nominal value is sufficient for Rx tolerancing. Value
does not account for SSC.
Vexsv-s6 Eye height at TP2P 25 (-20 dB channel) mV,, Eye height @ BER=1012

50 (-12 dB channel)
200 (-3 dB channel)

s e Eye width at TP2P 0.3t00.35 ul Eye width at BER=10-12,

Vixsvoirrss Differential mode 14 or greater mVpp Adjusted to set EH. Frequency = 2.10 GHz..
interference

Virxsv.cmss ~ RXAC Common mode 150 (EH < 100 mVpp) mVp, Defined for a single tone at 120 MHz.
voltage at 120MHz at TP2P 250 (EH = 100 mVpp)

Trysv-sise  Sinusoidal Jitter at 100 0.1 Ulpp  Fixed at 100 MHz.
MHz

Trysv-risc Random Jitter 2.0 pspus RI spectrally flat before filtering.
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"5 Calibration Method of Stressed

Exe for RX Test

_______________________________________________________________________

Custom Test Board
8 Gbls [@--

Pattern
Generato @-—

Add Behavioral
L@) RX Package,
~ Equalizer and CDR
o

|

Replica
Channel —

= When using long calibration channel signal eye at TP2 is completely closed
= Specifying stressed eye or jitter components at TP2 is therefore impractical

= Specification of minimal tolerable eye opening refers to input of “basic receiver”
inside the ASIC behind the reference RX’s equalization (CTLE and DFE) and
“jitter-filtering” with OJTF of RX-CDR
(post processed signal of TP2 resulting in the signal at virtual test point TP2-P)

= Calibration by measurement only is not possible
= Combination of signal measurements and SW-simulation is required

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies 14



2§, Calibration Method of Stressed

Exe for RX Test

_______________________________________________________________________

Custom Test Board
8 Gb/s [@—

Pattern Add Behavioral
Generato@-— —@ RX Package,

~ Equalizer and CDR
o
|_

B
()

Replica
Channel

= Measure the actual RX test pattern with all signal impairments at TP2 and use
SW to calculate the eye opening at TP2-P
(applying package- and CDR- behavioral model and optimizing reference RX
equalizers)

= Adjust the relevant impairments (such as DM-SI or RJ) on the test generator
until the specified eye-height or eye-width is achieved

= Noise floor of RT-scope decreases eye-opening vertically
and (through voltage-noise to jitter conversion) horizontally as well
such that the resulting stress signal would be wider open than “measured”
and the RX under test would not be stressed as much as intended

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies 15



“'ﬂ% Screenshots of test pattern with

| m Q alrments turned on

ntrol  Setu p T gg Measure Analyze Utilities Demos Help 10 May 2011 11:21 PM

=
0
1S

E <l = Compliance pattern (800mV,pp)
superimposed with

DM-SI of 14mV,, at 2.1GHz

************* = Scope setting 200mV/div (diff.) and a
noise floor of approx. 4.7mV, . (diff.)

i | 10 May 2011 10:32 PM

Same scope setting 200mV/div

Pattern paused “visualizing®
DM-SI of 14mV, at 2.1GHz

= Reading of approx. 50mVpp !

v

= Accurate measurement of the stress signal at TP2 is impractical and error prone
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"5 Calibration Method of Stressed

Exe for RX Test

8 Gbls [@--
Pattern @
Generato@-—@
Sinusoid@——’@:

Custom Test Board

f

\

Add Behavioral
RX Package,

~ Equalizer and CDR

o
=

B
0

Combiner
T T
l

oo

-

Long Calibration Channel

= Divide the calibration of the RX stress signal into three separate steps:

1. Characterize the test set-up at TP2 using a test signal (clock/256), which allows averaging for
noise reduction of RT-scope, resulting in a measured “step-response”

2. Use this step response as input for the statistical simulation SW that is also used for channel
compliance verification and that calculates the eye opening for the final stress test signal
(PRBS23) at a probability level of 10-1? after optimizing all equalizers and simulating impairments,
iteratively finding the necessary amount of DM-SI or RJ that yields the specified eye-height (EH)
or eye-width (EW)

3. Calibrate those impairments, which require calibration, one at a time, at the best suited test-point
with the best suited test signal

= Perform RX test with modified compliance pattern and all impairments turned on

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies 17



rar¢ Calibration of Stressed Eye for RX Test
" Ysia Flow chart w/ Statistical Eye Analysis Simulator
(seasim)

test generator apply behavioral package model

calibrate generator for
stimulates Clk/256 to step response and

simulated values measuri

(128x1”, 128x”0”) import result into “seasim” RJ, SJ at TP1
into test set-up

CM-SI| and DM-

simulate PRBS23 plus

default impairments

It ILis ~osciioscope RJ, PJ, DM-Sl and apply set up test generator :
outside the measures signal CDR behavioral model b 9 :

specified at TP2 using » modified compliance
range change averaging ~ pattern
de-emphasis calculate eye-opening * IMpaiLE accs
up to +/- 2dB create step using statistical - base spec
or adapt set- response and simulator

up and/or calculate IL of
cal. channels test Set_up

adapt optimize CTLE
amount of and DFE for

 end of calibration J

Run RX test
IL DM-Sl or RJ max EW & EH N iy ,
within . : .
range? calibrate impairments

and set up PG

—
verify test set-up

‘ v )
simulate stressed eye seasim

mation
SW
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e

Practical set-up

PCI-SIG Developers Conference

- Agenda
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=L Two different RX Test Set-Ups
(1 of 2) Stressed Jitter Eye

-20 dB IL at 4GHz
A

8 Gb/s patttern " | : Lo !
generator I I

/ de-emphasis \ L :

L |

1 TPS

= Stressed jitter eye is testing RX for 12
minimum horizontal eye opening 1
(for long calibration channel plus
break-out channel only) N \

= Horizontal eye closure adjusted y \
varying RJ | N\

= SJvaried according to specified -
curve X

= This set up is straight forward and can ' ' ' ' '
be realized with suitable BERTs

0.8

SJ Amplitude / Ul

SJlfrequency/Hz

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies 20



=L Two different RX Test Set-Ups

(2 of 2) Stressed Voltage Eye

-20dB, -12dB, -2.5dB IL at 4GHz

T ‘I I/ 1 | A

ll 8 Gb/s pattern L o _._
generator H Combiner —— AN . |

! / de-emphasis ' S :

1
iITP1 TP41 1 TP5 | TP6

/
Source g source s

1
1
N 7’

= Stressed voltage eye is testing RX for minimum vertical eye opening
(three possible combinations of calibration- plus break-out- channels)

= Vertical eye closure is adjusted varying DM-SI

= This test requires at least two additional voltage sources plus the
non-trivial combiner circuit

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 7 Agilent Technologies 21



“5e Realization for Voltage Interference
Sources and Combiner

20 dB, -12dB, -2.50dB IL at 4GHz
A

/’______________. ____________ RN / 1 1 \
Combiner ; : : ,

8 Gb/s pattern S @/: L v
generator i (3 : e 4 '

! ' iITP1 TP4:1 1 TP5 | TP6
= Same electrical length and
attenuation for both paths:
otherwise CM = DM
120MHz
CM-SI-source
» The most obvious realization for the CM-SI path
= DM-SI path not shown for simplification
Agilent Technologies 22
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PCI ¢

~ysie 1ransformation of CM-to DM-SI due to
skew between “P” and “N”

Vom (D) = Vemamp X {SIN[ocyt] — sinfogy(t - toyew)1}
sin(x) - sin(y) =2 x cos((x+y)/2) x sin((x-y)/2)
VDI\/I (t) =2X VCI\/I,amp X COS((DCI\/I(t B tskewlz)) X sin ((’)CMtskeW/Z)
VDI\/I,amp =2X VCI\/I,amp X sin (TC X fCM X tskew)
Transformation of CM-SI into DM-SI
Vpm/mV
16.00 VCM/mV N .
100 ¥ In addition to DM-SI resulting
12.00 v 150
oo A rso from skew between the two
00 ~ - sinewaves there is also DM-SI
600 L~ resulting from different amplitudes
4.00 = of the two sinewaves, which is
e directly proportional to amplitude
6 10 20 0 40 50 0 70 80 tueups and attenuation differences

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies 23
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=45 Realization for Voltage Interference
Sources and Combiner

8 Gb/s pattern B

generator

- e e e = e e e e e e

-20dB, -12dB, -2.5dB IL at 4GHz

2.1GHz
DM-SI-source

120MHz
CM-SI-source

______________

—— R TR

!

T T T e

|
A !
1

A
\ / | | \
: 1 1
== —_— '
1 | 1 I
iITP1 TP4:1 1 TP5 | TP6

= The most obvious realization for the CM-SI path
= DM-SI path not shown for simplification

PCI-SIG Developers Conference

Copyright © 2011, PCI-SIG, All Rights Reserved

Desired signal path:

CM-SI is split-up 50:50 into both
P and N data paths with a total
attenuation of 12dB as desired

Agilent Technologies 24



3

"=+ Realization for Voltage Interference
Sources and Combiner

-20dB, -12dB, -2.5dB IL at 4GHz

RJ- SJ
source @ source |

_________________________________________ . P A N
.‘ : '/ Combiner p—m \\ 1 : : "
! 8 Gb/s pattern Esss : L Lo . .
d generator E % o . S

i ' T/ | o ;
: : ! ITP1 TP4:1 1 TP5 ' TP6
| | . -

1 1

1 1

1 1

1

1

2.1GHz
DM-SI-source

120MHz
CM-SI-source

1 1 BdB

= Undesired signal path:

N e . P P-data signal is coupled into N-
data signal path (and vice versa)

with an attenuation of 12dB

relative to the data signal

generating undesired broadband

(DC-coupled) crosstalk

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved i Agilent Technologies 25
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PCI ¢

—¥sie Realization for Voltage Interference
Sources and Combiner

____________________

8 Gb/s pattern

-20dB, -12dB, -2.5dB IL at 4GHz

generator

/ de-emphasis

- e e e e e — ——

RJ- SJ
il source i source B

A 7

_____________________ ~ / A \

v Combiner P ; | o '
I I - I

: 1 I I I
1 A —— _— _
: : I I o I
: t | o |
! TP1 TP4: 1 TP5 ' TP6
: .
1
1
1

Test set-up can be realized utilizing

= BERT with internal jitter
generation

= Differential signal generator for
DM-SI (or single ended source
w/ balun)

= Two separate sources for CM-SI

N P ~

- === ~—————

= Final realization

PCI-SIG Developers Conference

generation avoiding crosstalk and

_____________________ . allowing individual delay and

amplitude adjust

= External “plumbing” for signal
addition

Copyright © 2011, PCI-SIG, All Rights Reserved 7 Agilent Technologies 26



3
5

“Agenda

=  Step-by-step Calibration Procedure

PCI-SIG Developers Conference
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PCi ¢

-20 dB, -12dB, -2.5dB IL at 4GHz

4 2 N
- N4915A-014 o ;
N4916B @ - I i e )\
@ | N N — Y Y|
TP1 TP4i i TP5 | TP2

Connect RT-Scope instead of DUT-RX
= Generate clk/256 *)
= Check IL for compliance with base spec.

= |f necessary, adjust de-emphasis (and
amplitude) up to 2dB and re-check IL

CM- + 2.1 GHz DM-SI

*)  BERT:
DM-SI set to OmV (don‘t disable!)

Function Generator

either set amplitude to OV or set into gating
mode with threshold such that output is held
constant

(if amplitude cannot be set to 0V;

disabling would disconnect 50 Ohm
termination!)

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 7 Agilent Technologies 28



PCIi ¢

e INnterpretation of Calibration
Channel SEecification

4.3.4.3.1. Calibration Channels

The calibration channel’s electrical characteristics are defined in terms of differential

insertion loss masks as shown in Figure 4-66, with S,, measured between TP1 and TP2. Any HF loss
caused by the generator and combiner and the connections between TP1-TP3 and TP4-TP5 that

represent cabling are to be included in the S,; measurement.

Breakout + Short Breakout + Long

Breakout Calibration Calibration
Channel Only Channel Channel
1.0+ 1d8- 9= l ' ' | '
@ u +—-25+1dB @ 4 GHz
-40+1 dB?— \Iﬁ‘_ I—
6.5+ 1.5 dB— \J\K
@ 10 —
= - +—-12+2dB @ 4 GHz
5 —
5 -15 u
-20 +—-20+2dB @ 4 GHz
x @
'25 T T 17T T T 17T T T T T T T 1T T T T T T T T

1.0 1.5 2.0 2.5 3.0 35 4.0
Frequency (GHz)

A-0827

Figure 4-66: Insertion Loss Guidelines for Calibration/Breakout Channels
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PClI

File Control

——== Long Cal. Channel with

0dB and -1.5dB De-emphasis

Setup  Trigger
Acquisition is stopped.
40.0 GSa/s 1.00 kpt

Measure

Analyze Utilities Demos Help 1 Jun 2011 1:43 PM

12.0 GHz

(B

#Avgs: 4096

B

dv/dt =

impulse response step response

FFT = Insertion loss de-emphasis = -1.

de-emphasis =0 dB

PCI-SIG Developers Conference

4 InfiniiSim

o - K >

Status | Scales

X

4.000 GHz
20 MHz
-3.980 GHz
-251.26 ps

144.562 dBm

e adBm
20.052 dB

Copyright © 2011, PCI-SIG, All Rights Reserved

H 1.Check IL of test

set-up:
differentiating
step response
and doing FFT of
the resulting
impulse response

.Measured IL too

large (~21.5dB)!

.Correct with

appropriate de-
emphasis of -
1.5dB of post
cursor

and adjust
amplitude for
same end value
of step response

.Insertion loss of

adjusted set-up ~
20.0dB

i Agilent Technologies 30




;

~——¥se Long Cal. Channel

+ Ref. Package

File Control Setup Trigger
Acquisition is stopped.
40.0 GSa/s 1.00 kpts

o =

PCI-SIG Developers Conference

Measure Analyze Utilities Demos Help

<«—— with ref. package——»

Measurements Navigation Status | Scales

Bix - p
T (elelo) Falol) N N - i (|

1Jun 2011 1:54 PM

e 12.0 GHz #Avgs: 4096 g Apply the
On reference
O
package model
(IL @ 4GHz ~
3.2dB)
and import

e waveform in

appropriate form
into seasim!

4 InfiniiSim lfa

X Y ?
A—(T2) 8O0 GHz ! 125 db
B—(2) 5]

1/AX

Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies 31



"= Construction and Calibration {EfE®
™ of stress signal

= Disconnect all signals from scope input (terminate with 50 Ohms)

1. Measure* scope intrinsic noise Vi intrinsic

= Turn on all sources, set generator to “pause”-pattern / set amp=0V
(“disable” outputs)

2. Measure* Noise Voltage V, systep and determine noise of generators as
= 2
VI’] gen Sqrt (VI’] intrinsic Vn ,system )

*  always apply ref. package model

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies 32
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‘SIG

Differential Noise Volta

= Scope Noise V,, ininsic

= 640 PVre

= System Noise =V, = 754 uV, ¢

=V

File Control Setup Trigger Measure Analyze

GSa/s 20.0 kpts

iy
1

Mean
Std Dev
pxlo
P20
p=30

X Scale 59.825 khits/
X Offset @ hits

n,gen

Utilities

Demos  Help

Measurements|| Markers [ITaie]elnll Status | Scales

-80.4115 pVv
639.544 pv
69.8%
95.9%
99.7%

p-p 6.8387 mV

Min -3.4194 mV

Max 3.4194 mV
Bin Width 32.3 pVv

PCI-SIG Developers Conference

— Sq I (Vn,intrinsic2

10 May 2011 10:40 PM File Control Setup Trigger Measure Analyze Utilities Demos

GSa/s 20.0 kpts

Help

ge

Vn,systemz) = 399 “Vrms

10 May 2011 10:42 PM

More
(10f2)
Measurements|| Markers JRIEGIENN Status | Scales
Median Delete Mean 688.2511 pV
Mode -32.3 pV Al X Scale 538.936 khits/ Std Dev 753.631 pV

69.3%
95.6%
99.7%

X 0ffset 0 hits pxlo
px20

p=30

9.781455 Mhits
239.299 khits

Hits
Peak

Copyright © 2011, PCI-SIG, All Rights Reserved

p-p

Min -3.8032 mV

Max
Bin Width

Median
Mode
Hits
Peak

8.7742 mV 680.6 pV
487.1 pv
167.3561 Mhits

2.155745 Mhits

4.9710 nV
32.3 wv

Agilent Technologies
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&5\
Seasim Parameters

_io/x]
File Edit Format View Help
# This contains all of the default settings for Gens ]
# channel compliance
Ui 125e-12 # Time in secs
scale_ypdf 2.0 # ratio of egualized step to output POF
N B0 # Search Tength back from cursor
isi_xtalk_ratio e # Ratio vpt to max ISI and =talk magnitude
aggr_align center # align all aggressors to peak of eye opening
BER le-12 # BER uUsed Lo measure eye opening
jit_seconds True # allow seconds to specify jitter walues
adapt_DC [-12,-11,-10,-9,-8,-7,-6] # DC gain of CTLE in dB
adapt_pole [2e5%] # CTLE Tixed pole Tocation
adapt_Cspace 24 # Coefficent space size
adapt _Fom area # eye height * eye width FOM
adapt_DFE_mag [0.030] # Number and dynamic range of DFE taps
Teqg_hw 525 # HF roll-off of egualizer
max_ds_offset 0.1 # Maximum data sample offset center in UI
R} — .
S = i
DM-SI > i
vV — [t 23 # TNtrinsic noise
n,gen -
4| | M 2

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved Agilent Technologies



PCI

——=e Seasim calibration for stressed @E@
voltage test, long cal channel

step=broadcom_18dB_repl wopckg t0 x125 step=broadcom_18dB_repl_wopckg_t0_x125
job=my-seasim job=my-seasim
Ul=125.0ps adapt_ FOM=area bw=8.0GHz Ul=125.0ps adapt FOM=area bw=8.0GHz

txc=[-0.042,0.958,0] rxc=[-21] DC=-12.0dB fp=2.00GHz txc=[-0.042,0.958,0] rxc=[-21] DC=-12.0dB fp=2.00GHz

== Q=1 si=0.0005 pwddj=0,0

ORI -2 000= D =0.Gs fudi=12.3

o
=

130mV 130mV
87TmV 87mv
3mv e 3mv e
omy T . - - L U OmV I . = o - T

“““““

-87mV -8Tmv
-130mV 130mV
-173mV 173mV '
ew=0.350Ul T]=81,240s (ewoff=-0.124Ul ehoff=-0.080Ul) ew=0.335Ul T]=83.1ps (ewoff=-0.124Ul ehoff=-0.080UI)
anes=1 nui=71 cb=6 v 46 nes=1 nui=71 ch=6
€2 01 0 01 02 03 04 05 06 07 08 09 1 €2 01 0 01 02 03 04 05 06 07 08 09 1 11 12
starting value for DM-SI = 14mV “SW-adjusted” value for DM-SI = 16mV
resulting in ~27mV of eye height (EH) resulting in ~25mV of EH w/ (0.3UI<EW<0.35UlI)
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*. Construction and Calibration ijg/@
™ of stress signal

1.

= Turn on all sources, set generator to “pause”-pattern / set amp=0V
(“disable” outputs)

2.

3. Adjust* DM-SI voltage amplitude to value resulting from Seasim

*  always apply ref. package model (package loss at 2.1 GHz approximately 1.7dB)
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Calibration of 2.1G DM-SI

File Control Setup Trigger Measure Analyze Utilities Demos Help 7 Feb 2011 10:00 AM

46.0 GSa/s 1.00 kpts 13.0 GHz #Avgs: 64 AS Vn,gen (noise
o from generator)
is taken care of
by vn_Ifrn in
seasim,
averaging can be
used for
calibration of
DM-SI

Pt V p-p(1)
16.188 mV Source off
e e Yy, S eee=e==========

v = cso=s=s=====s=s====

PGB s==mememmoomoc
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=2 Construction and Calibration ijg@
of stress signal

1.

= Turn on all sources, set generator to “pause”-pattern / set amp=0V
(“disable” outputs)

2.

£l

4. Adjust CM-SI amplitude to specified value (150 or 250mV)
(also applying ref package model)
adjust delay (and amplitudes) of CM-SI generator for minimum
residual differential amplitude

*  always apply ref. package model
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porg
T Vsie CM-
res

40.0 GSa/s l1.00 kpts

3
7T

T

EEE

G

Sl calibration of
iIdual DM

ontrol Setup Trigger Measure { Jemos  Help 15 Feb 2011 4:50 AM

#Avgs: 04 ‘L‘

CM-SI, 120MHz 150mV

remaining DM —“noise*

PCI-SIG Developers Conference

InfiniiSim "f RJ DJ

\I\IL_\V_EHEHEI = EE

RJ D] | Status | Scales

V p-p(1+3) V p-p(l-3)
156.438 mV 1.181 mV
150.629 mV 7 1.29084 mV
156.174 mV 7 849 pv
156.493 mV 7 8.026 mV
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*. Construction and Calibration ijg/@
™ of stress signal

v' Set generator to clock/2 pattern

5. Turnon RJ and SJ each at a time and sequentially adjust* them to
specified values measuring either at TP1 or TP2

* always apply ref. package model
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Calibration of RJ

File Control Setup Tr'igger Measure Analyze

Utilities

Demos Help

13.0 GHz

B

RJ,PJ Histogram
DDJ _I 77 [ Ry, p7 N DD

Vs,
Bit

I BER |

[ [
-15.0 ps 0.0s

' RO OEEEEL

R1 D] Status Scales
Clock Rec Second Order PLL
Clock Freg 3.99996798 GHz
Patn Length Clock

(10f2)

Source Channel 1 - 3
Edges Both

PCI-SIG Developers Conference

Transitions: 6.48 M

Composite Histogram

TJ Histogram

I I
-15.0 ps 0.0s

BER Bathtub

_ = Dyal-Dirac BER Bathtub === TJ Data
Transitions: 6.48 M
Measured T1: 1E-5

[
15.0 ps

15 D ps 0. D uI 500 mUI

DJ(9-3) 1.82 ps

DDJ(p-p) 118 fs
DCD 110 fs

ISI(p-p) 0.0 s

Copyright © 2011, PCI-SIG, All Rights Reserved

15 Feb 2011 5:41 AM

Transitions: 6.48 M

|
1.00 UT
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Calibration of RJ and SJ

File Control Setup Trigger' Measure Analyze

Utilities

Demos Help

13.8 GHz

RJ,PJ Histogram

| |
-20.0 ps 0.0s

I 1) B Ry, p) MM DDJ

Ill :':

Tl e/eld) II P

(10f2)
RI D] StatUS Scales
Clock Rec Second Order PLL

Clock Freq 3.99996843 GHz
Patn Length Clock
Channel 1 - 3
Both

Source
Edges

PCI-SIG Developers Conference

Composite Histogram

TJ Histogram

Transitions: 2.47 M

[
0.0s

BER Bathtub

I [
20.0 ps -20.0 ps

15 Feb 2011 5:45 AM

Transitions: 2.47 M

20.0 ps

_mmmm DualDirac BER Bathtub = TJ Data

Transitions: 2.47 M
Measured T1: 1E-5

I [ I
20.0 ps 0.0 UI 500 mUI

DJ(a-9)
DDI(p-p) 118 fs

DCD 118 fs
ISI(p-p}) 0.8 s

Copyright © 2011, PCI-SIG, All Rights Reserved
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1.00 UI

12.35 ps
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PCI #

= Calibration accomplished -

ready to perform the RX test

Disconnect cables fromTP5 (input replica channel)
and connect to TP6 (input breakout channel)

Set DUT-RX into loopback
Turn on all impairments 14 l

as calibrated and make
BERT-PG generate the
test pattern (modified
compliance pattern)

Verify number of errors
for sufficient time period
such that

BER<10-12 w/ 95% of CL -
e.g.. g .
0 errors in 6% minutes 2 ¢
1 error in 10% minutes s Y I T
2 errorsin ... 0 | 2 3 ! 5 ; ]

Number of errors

—
2

BER <|le-12

=

=
=

Mumber of transmited bits (10'2)
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% Agenda

= From PCle 2.xto PCle 3.0

= Test Set-up and Calibration Methodology according to Base
Specification

= Practical set-up

= Step-by-step Calibration Procedure
= Summary

= Q&A
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Summary

= PCle 3.0 Phy Layer system design with its 8GT/s was
relatively demanding, its realization in a computer system is
not trivial

= |nteroperability depends on proper RX functionality and can
only be guaranteed by thorough RX testing

= Test set-up must be designed with great care

= Calibration of stress test signal requires deep insight into
base specification and measurement techniques

= Performing “step-by-step calibration® manually
IS cumbersome and error prone — automation desirable
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% Agenda

= From PCle 2.xto PCle 3.0

= Test Set-up and Calibration Methodology according to Base
Specification

= Practical set-up

= Step-by-step Calibration Procedure
= Summary

= Q&A
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Thank you for attending the
PCI-SIG Developers Conference 2011.

For more information please go to
WWW.PCISIg.com
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