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Sequential

PCI Express”
Base Specification

PCI >

EXPRESS

Base Specification

» Contains all the
system knowledge

» Can directly be
applied to Chip
Test

KEYSIGHT
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—

Development of PCle Specs anc

Scope

PCIl Express”
Card Electromechanical
Specification

—

PCI >
EXPRESS'

Card Electromechanical (CEM) Spec

Applies to Add-In Cards and
Mother Boards

Mitigates card manufacturer’s
need to study the base
specification

Increases reproducibility through
PCI-SIG supplied test tools CBB
and CLB (compliance base and
load board)

PCI Express® Architecture
PHY Test Specification

PCI=>
EXPRESS'

Phy Test Specification

Defines compliance
tests of CEM spec in
detail
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Differences on PHY-layer between PCle2 and PCle3
. PCle2  [PCle3/PCled

transfer rate 5GT/s 8GT/s/ 16GTl/s

coding 8B/10B 128B/130B

overhead 25% 1.5625%

symbol / block K28.5 for symbol EIEOS for block alignment

alignment alignment

scrambling optional with PRBS 216-1: control: no (partially), data: always
scrambler reset through  PRBS 223-1; scrambler reset
K28.5 through EIEOS

Adaptable TX link no yes

equalization
RX-test informative normative
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Why Test Recelvers

2.5Gbps

8Gbps

[ EEPEEEENE|
gl

16 Gbps



PCle 4.0 Outlook and Test Challenges

New data rate will be added 16GT/s

* Requires an output stages capable of providing pre-shoot and de-emphasis with fast
enough rise-times.

Link Equalization protocol will be similar

« TxEQ PO-P10

« RXEQ CTLE + 2tap DFE

« Max Channel Length (shorter) — more needs for Re-timers and Re-drivers
» RX needs to be more sensitive

RX clocking architectures: CC, DC and IR
« CC = Common RefClock =» synchronous RX and TX
* IR =» Independent RefClock = asynchronous RX and TX
« SKP OS filtering is required!

2.5GT/s = 8GT/s with link equalization, if successful = 16GT/s with link equalization
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Integration at 16Gbps

. >16Gbps BERT o
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Link Equalization
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Phase 2.
Downstream

TS1: EC=01, Value C2

Optimized TxEq
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R TS1.EC =11, Value G The Upstream Port may send an EIEOS
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on Forts The
. Downstream Port sends an EIEOS every
(=) (= %] TS1: EC = 11, Value CZ 32 TS1 Crdered Sefs.
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..... s o Vs Eualization Complete
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Tx/Rx Link for PCle 3.0

Block Diagram of Transmitter and Receiver Architecture

Algorithm for
determining Request de-emphasis setting
equalization
and de-
emphasis

De-
Emphasis
Controller

Means for
measuring

signal quality

Control

Equalization

3-Tap

De-Emphasis

Receiver Transmitter

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing

Page 9



TXEQ vs RXEQ

RXEQ - CTLE

1
Aoc MM

¥ L1

VI
|
\

—
—
F—1
L—1

-12

108 108 1012
Freguency (Hz)
A0BZD

Figure 4-69: Loss Curves for Behavioral CTLE

RXEQ — DFE

Decisicon
Funchion

(&}

=Veve, Teve

¥i= X — disan(Yie-1)

¥k = DFE summer differential output voltage,
¥*y, = decision function output voltage. [¥*k| =1
=, = DFE differential input voltage

dy = feedback coefficient

k = sample index in LI

Figure 4-701 Equation and Flow Diagram for 1-tap DFE

Algorithm for
determining

Request de-emphasis setting De-

equalization
and de-
emphasis

Means for
measuring

signal quality

Equalization

Emphasis
Controller

3-Tap

De-Emphasis

Receiver Transmitter
TXEQ — De-emphasis and el T
Pre-shoot P4 00 00

P1 0.0 35+1dB
PO 0o 60+15dB
P9 35+1dB (0.0
P8 35+1dB |-35+1dB
1 — re L P7 35+1dB |-6.0+15dB
. ".lr'[ | P5 19+1dB |00
1 i T | P6 25+1dB |00
:JuJ‘.\_, o L P3 0.0 25+ 1dB
T v v v v v v v P2 oo 44+15dB
P10 0.0 See Note 2.
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Dynamic Equalization
Root Complex and End Point will negotiate the optimized EQ Setting

Algorithm for

determining Request de-emphasis setting De-
equalization

e, Emphasis

and de- Controller

emphasis

Means for [
measuring £
signal quality [

O

Receiver Transmitter

3-Tap
De-Emphasis

Equalization
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Dynamic Link Equalization Handshake
The four phases of the Link Equalization Protocol

DOWNSTREAM PORT

AIC Test

J-BERT M8020A

[ System Test

EQ starts

EQ complete

System )
RcvrLock RcvrLock
EQTS2
_____________________________ V=P .
Phase 0
TS1, [P2]
EC = 00b, PV = P2
Phase 1
TS1, [P1]
EC = 01b, PV = P1, Use_Preset=0
Phase 1
TS1, [P2]
EC = 01b, PV = P2, Use_Preset=0
Phase 2
TS1, [P1]
EC = 10b, PV = P1, Use_Preset =0
Phase 2
TS1, [P2]
EC = 10b, PV = P3, Use_Preset=1
TS1, [P3]
EC = 10b, PV = P3, Use_Preset = 0
TS1, [P2]
EC = 10b, PV = P4, Use_Preset=1
TSI, [P4]
EC = 10b, PV = P4, Use_Preset = 0
BER < 102
Phase 3
TS1, [P2]
EC = 11b, PV = P2, Use_Preset=0
Phase 3
TSI, [P4]
EC = 11b, PV = P6, Use_Preset=1
TS1, [P6]
EC = 11b, PV = P6, Use_Preset=0
TSI, [P4]
EC = 11b, PV = P7, Use_Preset=1
TS1, [P7]
EC = 11b, PV = P7, Use_Preset=0
e BER=10Z
RcvrLock
TSI, [P4]
EC = 00b, PV = P4, Use_Preset=0
RevrLock
TS1, [P7]
EC = 00b, PV = P7
PV

KEYSIGHT
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EC

Phase 0O:
e 2.5Ghb/s

» Downstream port tells upstream port which initial preset to use after

the speed change will have been done.

Phase 1:

* 8Gh/s

» Link partners settle on 8GT/s speed.
» Exchange FS/LF values.

Phase 2:

* 8Gb/s

* Add-in Card sets up the de-emphasis of the System Board’s
transmitter.

Phase 3:

» 8Gh/s

» System Board sets up the de-emphasis of the Add-in Card’s
transmitter.

Preset Value

Equalization Control

PCle 8GT/s Link EQ
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Tx/Rx Link Equalization Testing for PCle 3.0
According to PCI Express Electrical PHY Test Specification

Test Number Test Name

2.4 Add-in Card Transmitter Link Equalization Response
Test for 8GT/s

Add-in Card Receiver Link Equalization Test for
8GTl/s

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.3, 2.4, and 2.7 focus on the transmitter

Algorithm for
determining Request de-emphasis setting De-
equalization
and de-
emphasis

Emphasis
Controller

Means for
measuring
signal quality

3-Tap
De-Emphasis

Equalization

Receiver Transmitter
KEYSIG HT PCle 8GT/s Link EQ
TECHNOLOGIES Testing
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.3, 2.4, and 2.7 focus on the transmitter

The PCle 3.0 Transmitter Link Equalization
Tests specified in 2.3 and 2.4 and 2.7
provide insight to TXEQ issues and corner
case situations
* Requires the DUT to negotiate using
both Presets and Cursors values
o Determines if DUT responds to
Preset/Cursor requests in the
specified amount of time
» Troubleshoot the issues between
protocol communication vs PHY layer
performance

\2

Control

Transmitter
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.3 — Link EQ TX Test for AICs

What does the test do?

This tests checks if the AIC starts 8G transmission with the preset requested by the system
in phase 0.

How does the test work?

The test system simulates the downstream port and trains the link up through recovery.
Phase 2 and phase 3 of the link equalization are bypassed and thus the AIC is not
changing its TX eq. The loopback pattern is the 8G compliance pattern. Once in loopback
the waveform of the looped pattern is captured on the scope and analyzed using SIGTEST.
The test is repeated for presets 0 through 9.

What are the requirements on the AIC to be able to perform this test?

The AIC must be able to be trained into loopback through recovery. The AIC must accept
that phase 2 and phase 3 are bypassed.

KEYSIGHT
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.3 — Example Test Result Report

KEYSIGHT
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6 BitifEye

Digital Test Solutions

2 Show all results
@ Show only selected

LO_Cal_8G

L0_Cal_8G

LO0_Cal_8G

KEYSIGHT

TECHNOLOGIES

m

L0 Tx 8GTps_EQ 2 3
for PCI Express 3.0 Add-In Card

Offline

Data Rate Dewviation
Generator Start FPreset
Link EQ Tx Test Script File
Suppress Loopback Training
Hes=ages

U== CDE

CDE Loop Bandwidth

Pealking

Analyzer Equalization
Capture and Compare Mode
EQ Preset Measuremsnt

Scope Sampling Rate

Us=e Power Switch Automation
Power Switch Channel Hunber
Power Cycle Off On Duration
Power Cycle Settling Time

Fower Cycle max.
for LB Training

Retries

pass Fi
pass F1
pass F2
pass F3
pass F4
pass F&S
pass F&
pass F7?
pass Fa
pass F9

Fal=e

0 ppm

EB7

C:»Document=s and Settings~all Users~Application
Data~Bitifeye~Valiframe~Settings"PCIExpressi~Pcield_8G _HB0204_ EqTz_Loopback. tzt
False

Trues

12 HH=z

1 dB

5dB
False
SigTe=t
40 35a-=

[ [

0.on0 0. 0.o0 —-6.03 -7.50 -4 .50
0.on0 0. 0.o0 —-3.583 -4 .50 —-2.80
0.on0 0. 0.o0 —4 .45 -£.90 —2.90
0.o0 0. 0.o0 —-2.70 —-3.50 —-1.50
0.on 0. 0.o0 0.00 0.00 0.o0
1.92 0. 2.490 0.00 0.00 0.o0
2.68 1. 3.50 0.00 0.00 0.o0
3.49 2. 4,50 6. 02 -7.50 -4 .50
3.90 2. 4,50 —-3.92 -4 .50 —-2.50
3.50 2. 4,50 0.00 0.00 0.o0

PCle 8GT/s Link EQ
Testing
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.4 — Link EQ TX Test for AICs

What does the test do?

This tests checks if the AIC is reacting to preset and cursor requests of the system in phase 3.
Next to the waveform, protocol as well as electrical response times are checked to be within 1us.

How does the test work?

The test system simulates the downstream port and trains the link up through recovery. Phase 2
and phase 3 of the link equalization are performed. The AIC TX signal as well as the test system
TX signal are captured for phase 3. The captured data is analyzed and decoded to find the initial
TX eq change request of the test system as well as to find the acknowledgement of the AIC and
physical waveform change. Once in loopback the waveform of the looped pattern is captured on
the scope and analyzed using SIGTEST. The test is repeated for presets 0 through 9 as well as
for the cursors reported by the AIC for each preset.

What are the requirements on the AIC to be able to perform this test?

The AIC must be able to be trained into loopback through recovery. The AIC must be able to
perform phase 2 and phase 3 and be able to react on cursor requests.

KEYSIGHT
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.4/ 2.7 — Relevant Symbols of TS1

Symbol 6:

* Bit0-1:
* Bit 2:
* Bit3-6:
* Bit7:

Symbol 7:

e Bit0-5:
e Bit6—-7:

Symbol 8:

e Bit0O-5:
e Bit6-7:

Symbol 9:

e Bit0O-5:
e Bit6-7:

KEYSIGHT

TECHNOLOGIES

EC — current phase
reserved
Transmitter Preset

Use Preset

Pre-cursor coefficient

reserved

Main cursor coefficient

reserved

Post-cursor coefficient

reserved

Gen3 TS[6:0]

Ox1E

Gen3 T5[6:0]

Ox1E

Link Number[&6:0] Link Number[5:0]

Ox00

Dx00

Lane Number[&:0] Lane Number{&:0]

0x00
N_FTS

OxFD
S/A| R |SuppDR R A

00| OxD 07 | D oo
RTC |C|5|L|L|H RTC

Ox0 (000D |D 0x0

0x00
MN_FTS

Ox0C
R |SuppDR R

0x0 0x7 ]
C|(S|L|L|H

0|00 0|0

U| TransmP (R | EC U| TransmP (R EC

1 Oxd 0| Ox3 0
R Pre-c Coeff Val R

Ox00
Curs Coeff Val

Ox18
Post-c Coeff Val

Ox00
Ts51

DA

PCle 8GT/s Link EQ
Testing

0x7 0| 0x2
Pre-c Coeff Val

Ox02
Curs Coeff Val

Ox14
Post-c Coeff Val

Ox02
T51

OndA
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.4/ 2.7 — EQ Change Request & Acknowledgement

How to identify the first EQ change request for the timing measurement?

The J-BERT M8070A TX signal is checked for EC bits indicating the phase change and the
Use_Preset bits are checked for a change from O to 1

o Test2.7: EC changes from 01b to 10b and Use_Preset from Ob to 1b
o Test 2.4: EC changes from 10b to 11b and Use_Preset from Ob to 1b

How to identify the protocol acknowledgement for the EQ request?

The DUT TX signal is checked for a change in the preset value in the respective phase. E.g.
initial preset P7 to requested preset of P4.

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing

Page 22



Tx/Rx Link Equalization Testing for PCle 3.0
Tests 2.3 and 2.4 — Test Setup

J-BERT M8020A is

used to train the

device and issue a

, trigger to the scope

e allowing to capture
=== phase 3

J-BERT TX signal as
well as DUT TX
signals are split and
captured by the
scope

s L (! The common timing
et o W reference allows for
e ol ‘ timing measurements
on the captured and
decoded waveforms

KEYSIGHT
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PCle 8GT/s Link EQ
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Tx/Rx Link Equalization Testing for PCle 3.0
Tests 2.4 — Protocol Response Time

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help RS

Offline ©@0oov |

Waveform Window 1

|°|4oomv || sosmv |@(1somv J1samv | O @O OO

:“!L ”“ ll’\"” WN JN | H ‘“\‘ H~ Hi‘ n |im | m ||| i " bl ’

| \l |
f|\|f1|_fgtll'-fffl|r‘-.‘il" H
n DI Y

792 mv
* 392 mv

-8 mv

| -a08 mv

seal |BIIUaA | SERW 2w

516 ns 76 102 ns 27 ns 152 ns 177 ns 202 ns 27 252 ns

|° |25.0 ns/ ||176.6016 ns | @ - @ |m|m|ﬂ|ﬁ|mll | of 124 Protocol Search a |

|‘F Protocol 1 Listing : PCI Express Gen3
& Index | Time Channel 1: PCI-Express Packet Sequence Number | Tag | Length | Address Data * indicates not descramble

%—---~

%7477 [Toi(cens) | | ]
wsesmn e ||

s |15t (Gen3) e

I

|‘F Protocol 2 Listing : PCI Express Gen3
& Index | Time Channel 2: PCI-Express Packet Sequence Number | Tag | Length | Addres | Data

5—--- o s foc 000000000 |
doo0s [102537a108 [ts1(Gensy [ | e ]
Electrical Idle Exit Ordered Set (EIEOS) (Gen3 5

[168.53850 ns__|[T51 (Gen3) I:II:II:I 7 53668 ns
B

2 (104 780A8 nc TC1 (Zan2) N
|11} {11 >

- Symbol 6 = A3 Hex
Use Presets = 1 Hex
Transmitter Presets = 4 Hex
Reset EIEOS Interval Count = O Hex
EC = Phase 3

[ Loyur 392ed patoales

* indicates not descramb

A - Symbol 6 = 23 Hex
Use Presets = 0 Hex
Transmitter Presets = 4 Hex
Reset EIEOS Interval Count = O Hex

EC = Phase 3

[ Wuoyut 19308 PETPajes

IIJ Results  (Measure All Data)

X1 64275100 ns I/AX 95910841 MHz
X2 168538600 ns Y1 -1.20800 V
AX 10426350 ns Y2 -408.000 mV

First TS1 with change request to first TS1 |
KEYSIGHT With acknowledgement = 104ns et

302 ns




Tx/Rx Link Equalization Testing for PCle 3.0
Tests 2.4 — Electrical Response Time

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

Offlin

Waveform Window 1

"|°|400mv || -s0smv |@1somv [1samv | @O @S oﬂ|

3 ||h \W w H‘HHM W\MW U\\ U WI " M “ W W HNH fid UH VL\WM A ! \W\' | WHIW'IW \Mﬁyg
iy A\M‘fI/MIWH”WH*’"”MM1 “\‘MI L MWW‘M A O o e A

76.6 n:

12 2 ns
.|°|25o s/ ||1?6.6016 s | @ T @ I'mmlﬁlﬁlﬁh | of 124 Protocol Search

Protocol 1 Listing : PCI Express Gen3

il

-

| -408 mv

14 e i |{ l"[||f frlg (i f.wh[ -808 mv
"l"?“’ IW” ||||‘ u[l lwi u“. Wm“ m‘pnwﬂw || [;'wu|||w|||ml |||u|[|u|"n"||num M"u |u'\“|.|'1 Iwwww;u'h uu' |u|| | ‘mlrll i |"'a\||:‘ym'»dilu Bl :pwl' niWu"uwl \’uih.rll [|| w ;|f I | i "H ' I|| |||||' H' l

-1.21v

-1.61V

Channel 1: PCI-Express Packet
G

Transmitter Presets = 4 Hex
Reset EIEOS Interval Count = 0 Hex
EC = Phase 3

[ liiayut 183ped papajes

v Payload

| Header

@ Protocol 2 Listing : PCI Express Gen3

@ Results (Measure All Data)

X1 64275100 ns 1/AX 52428460 MHz AY  745mV
X2 255.011200 ns ¥i -16.5100 mV'
AX 19073610 ns Y2 -9.06000 mV

KEYSIGHT First TS1 with change request to physical i s Lk 0| Page 25
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.4 — Example Test Result Report

Use Power Switch Automation
Power Switch Channel Humber

KEYSIGHT Power Cycle Off On Duration

TECHNOLOG'ES Power Cycle Settling Time

Power Cycle maz. Retries
/(’ BitifEye
Digital Test Solutions

for LE Training

Conment

© show all results pass re?grigdlg?rSDrsr

@ Show only selected L .
pass F1 125.12  136.12 000  ©0.00 0.00 -3.54 -4 50 -2.50 DUt re?ﬁrgﬁdlg?rSDIS'
pass F2 126.25  125.87  0.00  0.00 0.00  —4.45  —5.90 —-2.90 DUt re?ﬁrzgdlg?rSDTS:
pass 3 121,87 124 62 o.00  o.oo0 0.00 -2.71  —-3.50 —1.50 DuT reﬁﬁfﬁﬁf grers
pass P4 132.25  121.62 000 ©0.00  0.00 0.00 000 0.00 DUt rePﬁfﬁﬁf gy e
pass FS 126.37  130.37  1.93  0.90  2.90 0.00 000 0.00 DUt reDﬁfﬁﬁf gyrers
pass 3 128 50 132 .00 269  1.50 350 0.00 000 0,00 DuT reP&fﬁﬁf e
pass 7 134.50  132.37 351 250 4.50 603 -7 50 -4.50 DUt re?grzgdlg?rSDIS:
pass F8 131.12 12162  3.91  2.850 4.50  —3.92 -4 50 -2.50 DUt reD&fﬁﬁf gy rers
pass P9 120 75 128 12 3.50  2.50  4.50 0.00 000 0,00 DuT re??ﬁtgg Gyrsors:
pass PO’ (0.45.15) 127.12  126.25  0.00 ©0.00 0.00 —6.03 -7 50 -4 .50
pass  Fl' (0,50,10) 127.1z  127.75  0.00 ©0.00 0.00 —3.54 -4 50 -2.50
pass P2’ (0.48.12) 126.00  124.12  0.00 ©0.00 0.00 -4 46 -5 90 -2.90
pass F3' (0,52.8) 142.12 120,12z  0.00  0.00 0.00  -2.70  —3.50 —1.50
pass P4' (0.60.0) 127 00 | 126 87  0.00  0.00  0.00 0.00 000 0.00
pass PS' (6.54.0) 130.50  121.37  1.93  0.90 2.90 0.00 000 0.00
pass P6' (8.52.0) 127 25 | 121.37  2.68  1.50  3.50 0.00 000 0.00
pass  P7' (6.42.12) 125.37  1286.12  3.50 250 4.50  —-§.03 -7 50 -4 50
pass P8’ (8.44.8) 123 75 | 123.37  3.91 250 4.50 -3 93 -4 50 -2 50
pass P9’ (10,50,0) 133.75 = 119.87  3.52 2. 50 4.50 0.00 000 0.00

GTps_EQ_Comp_2_4

KEYSIGHT PCle 8GT/s Link EQ| Page 26
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.7 — Test Setup

J-BERT M8020A is used to

train the device and issue a

trigger to the scope allowing
to capture phase 2

J-BERT TX signal as well as
DUT TX signals are split
y and captured by the scope

_J-BERT M8020A is
synchronized to the system
by the system’s 100MHz
clock

It is not necessary to turn off
SSC on the system side

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.7 — Link EQ TX Test for Systems

What does the test do?

This tests checks if the system is reacting to preset and cursor requests of the system in phase
2. Next to the waveform, protocol as well as electrical response times are checked to be within
1lus.

How does the test work?

The test system simulates the upstream port and trains the link up through recovery. Phase 2
and phase 3 of the link equalization are performed. The system TX signal as well as the test
system TX signal are captured for phase 2. The captured data is analyzed and decoded to find
the initial TX eq change request of the test system as well as to find the acknowledgement of the
system and physical waveform change. Once in loopback the waveform of the looped pattern is
captured on the scope and analyzed using SIGTEST. The test is repeated for presets 0 through
9 as well as for the cursors reported by the AIC for each preset.

What are the requirements on the system to be able to perform this test?

The system must be able to be trained into loopback through recovery. The system must be able
to perform phase 2 and phase 3 and be able to react on cursor requests. It must be possible to
change the initial preset of the system to P4 and P7 (usually a BIOS entry) to be able to measure
response times for all presets reliably.

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.7 — Example Test Result Report

KEYSIGHT

TECHNOLOGIES

<> NS

) show all results

@ Show only selected

m

2.
KEYSIGHT

TECHNOLOGIES

Comment

DUT reported cursors:

w%x FATL (0.74.8)
< F PO noa 404 50  0.00  0.00  0.00  —6.32  —7.50 -4 50 Could not ina w prosst 1
L change on the waveform
pass Pl 177.66 41712 0.00  0.00 0.00 % 29  —4.E0 -2 .ED LuT rED(DDrtze?d Syreers:
pass P2 167 29 432 50 D00 0.00  0.00  —4.12  -5.90 —2.90 DuT rep(‘:'urtzesd Syrsors:
pass 3 183 41 395 25 D00  0.00  0.00  —-2.39  —3.80 —1.50 DuT rep(‘:'urtfad pres:
pass P4 208 41 411 37 D00 0.00 000 000 o.o0  0.oo DuT rep(‘:'urtfgd Freers:
pass PS 18379 426 .12 1.74  0.90  2.90 000 o.o0  0.oo DuT reP(DSrt;d Frers
pass Bg 180 28 399 50 237 1.50  3.50 000 o.o0  0.oo DuT r8p(°4rt288d e
4 DUT reported cursors: 2
o FAIL (3.73.6) 1,
s P7 nea n-a 3.28 2.50 4 50 -5 . bh -7.50 -4 50 Found response beforse request
Could not find a preset
\ chanﬂe on the waveforn
pass P3 196.41 479 50 3.93 | 2.50 4.50 -3.95  —4.50 -2.50 DUt reP(c'ftid e
pass P9 191.03 425 62 330 2.50  4.50 000 pooo | 0.00 DUt reP(DSrt;d gyrers
pass PO’ (0.24.8) 169.54 43587  0.00  0.00 0.00 -6 33  -7.50 —4 50
pass  F1' (0,27.5) 186.04 422 62  0.00  0.00 0.00  -3.27  —4.50 —2.50
pass  P2' (0.26.6) 182 41 42575  0.00  0.00 0.00 —4.12  -5.90 -2 90
pass  F3' (0,28 4) 183 16 444 00 0.00  0.00 0.00 -2 34  -3.50 —1.50
pass P4’ (0.32.0) 18229 440,50  ©0.00 | 0.00 0.00 000 ooo0 | 0.00
pass PS5’ (3.29.0) 182 54  406.87 1.7z | 0.90  2.90 000 ooo | 0.00
Dass Pr' 4 22 1% 184 22 427 17 2 UF i Cf 2 Cf 0_nn n_nn 0_0n
xxx FATL Found response before request
o P7' (3.23.8) n-a nsa 3.28 2.50 4 .50 -5 67 -7.50 -4 .50 Could not find a preset 1 2
change on the waveform ]
T T R =i R O O S RN K- 1 B R (10 - N B S -1 RN =11 RN B |- - TR
pass P9’ (5.27.0) 167.78 39925 3 .28 | 2.50  4.50 000 ooo | 0.00

| Testing

Initial preset could not be changed from P7 to a different value =» PO and P7 electrical response
times could not be measured.

It is not possible to find an acknowledgment for a P7 change request when the system is at P7
already




Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.10 and 2.11 focus on the recelver

Algorithm for
determining Request de-emphasis setting
equalization
and de-
emphasis

De-
Emphasis
Controller

Means for
measuring

signal quality

Control

r

Equalization

3-Tap

De-Emphasis

Receiver Transmitter

KEYSIGHT
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.10 and 2.11 focus on the receiver

The PCle 3.0 Receiver Link Equalization Tests
specified in 2.10 and 2.11 are the most
important test of a DUT, they:

A  Determine the DUT’s ability to request
appropriate amounts of transmitter
equalization

« Determine the DUT’s ability to

A internally apply the appropriate amount
of receiver equalization

« Determine the quality of the DUT'’s

<—— <— algorithm for optimizing the link quality

« Determine the DUT’s ability to optimize
TXEQ and RxXEQ in a short period of
time

Control

Receiver

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing

Page 31




Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.10 — Link EQ RX Test for AIC

What does the test do?

This tests checks if the AIC is able to optimize the systems TX to achieve a link with a target ber
of 1012,

How does the test work?

The test system simulates the downstream port and trains the link up and into loopback through
recovery. Phase 2 and phase 3 of the link equalization are performed and not bypassed. The
test pattern used in loopback is the modified compliance pattern. The training is performed under
full RX stress conditions. The same stress signal calibration used for test 2.8 RX Jitter Tolerance
Test is applied.

The test is performed P7 and P8 as BERT TX preset.
What are the requirements on the AIC to be able to perform this test?

The AIC must be able to be trained into loopback through recovery. The AIC must be able to
perform phase 2 and phase 3.

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
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Tx/Rx Link Equalization Testing for PCle 3.0
Tests 2'10, - Tgst Setup

A T J-BERT M8020A is used
to train the device
through LO and recovery

into loopback

Phase 2 and 3 are
performed and the AIC
optimizes J-BERT TX to
the actual stress signal

J-BERT checks the
looped signal for the ber

Very clean setup since
no additional
instruments or repeaters
are required

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing
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Tx/Rx Link Equalization Testing for PCle 3.0
Tests 2.10 — Example Test Report

Differential Mode Sinusoidal
KEYSIGHT msiza .01 n¥
TECHNOLOG'ES Re_mdom.Jltte:{c 2.711 p=
Sinusoidal Jitter 12.5 p=
R Dffline False
( B ItInye Enable Impairments for Link T
_) " A Training e
Digital Test Solutions Eve—Height 45 u¥
Eve-Width 40.75 p=
© Show all results Sinusoidal Jitter Freguency 100 MH=
- BER Mode FizedTime
@ Show only selected BEF Measurement Duration 125 =
Allowed Bit Error 1
Initial Preset F7
=| DUOT Tz Presst P4
Data Rate Deviation 0 ppm
Summary DUT Target Freset F4
= = Interactive Training Script C:nDocuments and Settings~All Users~Application
insh i File Data~Bitifeye~Valiframe~Settings~PCIExpress3~Pcied_8G _HMA0204_ ILT Loopback. txt
SR DEL Suppress Loopback Training Fal
N He=sages alse
GTps_PreShoot == COR True
; ) CDE Loop Bandwidth 12 MH=
GTps_DeEmpha
ps_ pha Pealking 1 dE
GTps_EQ_Preset Analvzer Equalization £dB
Capture and Compare Mode Fal=e
GTps_EQ_Cust _Preset Relax Tine 3=
T=e Power Switch Automation True=
GTps_RJ Power Switch Channel Humber 2
Power Cycle 0ff On Duration 7=
~ Power Cycle Settling Time 8=
_ ~ Power Cycle nax. Retries for
GTps_CBB3_DW_S 1B Training 3

GTps_CBB3_Eye_Height

GTps_CBB3_Eye Width

pass P7 20 2.50 —4.44 1 0

L0_Cal_8GTps_CBB3_Comp_Eye
—-#_obIps_LERS_Lomp_=¥e pass Pg 20 2 50 —4 44 1 0

KEYSIGHT PCle 8GT/s Link EQ| Page 34
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Tx/Rx Link Equalization Testing for PCle 3.0
Test 2.11 — Link EQ RX Test for Systems

What does the test do?

This tests checks if the system is able to optimize the AIC TX to achieve a link with a target ber of
1012,

How does the test work?

The test system simulates the downstream port and trains the link up and into loopback through
recovery. Phase 2 and phase 3 of the link equalization are performed and not bypassed. The
test pattern used in loopback is the modified compliance pattern. The training is performed under
full RX stress conditions. The same stress signal calibration used for test 2.8 RX Jitter Tolerance
Test is applied.

What are the requirements on the system to be able to perform this test?

The system must be able and set up in BIOS to be trained into loopback through recovery.
The system must be able and set up in BIOS to perform phase 2 and phase 3.

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.11 — Test Setup

J-BERT

MBO20A DC-block

N9398C

KEYSIGHT

TECHNOLOGIES

J-BERT is running on
the system’s 100MHz
reference clock

J-BERT M8020A is used
to train the device
through LO and recovery
into loopback

Phase 2 and 3 are
performed and the
Systems optimizes J-
BERT TX to the actual
stress signal

J-BERT checks the
looped signal for the ber

Very clean setup since
no additional
instruments or repeaters

are required

Testing
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Tx/Rx Link Equalization Testing for PCle 3.0
Tests 2.11 — Example Test Report

KEYS I G H T Product Mumber: PCI Express PCI Express 2 Station Unknown User 8/11/2015 10:52:47 AM

TECHNOLOGIES LO_EqRx_8GTps_CLB3_Com_2.11

B. fE for PCI Express 3.0 System
> itifEye
Digital Test Solutions Differential Mode Sinusoidal

Interference 26.96 n¥
Random Jitter 2.735 p=

(2 Show all results Sinusoidal Jitter 12.5 p=

© show only selected Offline False
Ena]_:!lg Inpairments for Link True
Training
Eve-Height 49 ¥V
Eye-Width 44 5§ p=
Sinusoidal Jitter Fregquency 100 HH=

Summary EER MHode FizedTine
BER Measurement Duraticon 128 =

Instruments Allowed Bit Error 1
DUT Tx Preset P4

L0_Cal_ > DUT Target Preset P7
Interactive Training Script CowDocunents and Settings~All UserstApplication Data~Bitifeye~Valiframe~Settings PCIlEzpress3
File ~Pocied_8G M8020A_ ILT Loopback.txt
ﬁ;gg;sgg Loopbaclk Training False
CDR Loop Bandwidth 12 HH=z
Peaking 1 dB
Analvyzer Equalization &edB
Capture and Compares Hode False
Relaz Time 1=
Uze Power Switch Automaticon False

KEYSIGHT PCle 8GT/s Link EQ| Page 37
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i
Agenda

— Introduction

— Dynamic Link Equalization

— TX/RX Link Equalization Tests
— Test Automation

— RX Stress Signal Calibration

— Summary
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N5990A Automation Software

—— ——
Design Layout Format &

= =

=

Insert Data Review view [F

£ New Window [ [13
EArrangeAll | B

Page Layout Formulas

Lﬁ Iﬂ | Page Break Preview fum
ai

IE] Custom Views

]

L

File  Station Sequencer Help

| |

Prirt

e m
Load Sawve | Start Abot  Pause

Configure DUT

4] |
Properties | Log List

Mormal| Page Show | Zoom 100% Zoomto Save Switch Macros
Layout = Full Sereen - Selection | B Freeze Panes - ] | 4 Workspace Windows ~ =
‘Workbook Views Zoom Window Macros
Chart1 M &
A B c D E F G H

i |:|. Compliance Eye Verfication
EII:‘ . Receiver
=[] @ e0GTs

&1 @ CBBrev.3

‘ Lanel

EQ Coefficient Matrix Scan
EQ Pre-Shoot De-Emphasis Scan
Preset Compliance Test 2.8

NE

All Resutts -

Bl Jitter Tolerance Test
Offline

Bl Link Training
Generator final preset
Generator final pre-shoot
Generator final de-emphasis

—_||B Sinusoidal Jitter Variation

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing
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1 |Product Number: PCl Express  Unknown Unknown User 9/25/2015 5:52:13 AM Compliance Test 2.8 N
z Jitter Tolerance Test Freguency Mode Equally Spaced Frequencies
: i Sensitivity Test Frequency Scale Logarithmic
4 LO_EqRx_8GTps_CBB2_JitTol g B . Start Frequency 30 kHz
5 for PCI Express 3.0 Add-In Card = E— Stop Frequency 100 MHz
6 . 80GT/A Frequency Steps 10
T 1ooooo | . CBBrev. 3 Search algorithm LogarithmicUp
i S B LaneDd Jitter Steps 20
190 Compiiance Test 2.10 Show Min Failed Points True
11 10000 Jitter Tolerance Test |8 Pan‘:meler. -
19 Sensitivity Test Use Com p.llance RJ and DMSI Values True
13 . CBBrev.2 Random Jitter 262ps

- Differential Mode Sinuscidal Interferer 23.86 mV

2 r Lanel
1‘51 % 1000 - E| Compiiance Test 2.10 Force retraining on each frequency  False

] E . : ; Jitter Tol Test El BER Measurement
16, £ E —B— Min Failed Jitter er Tolerance
17 = £ @ Sensitvity Test BER Mode TargetBer
1| = r —B— Max Passad Jitter . Target BER 1E-9
19 5 100 C liter Capability Test Set s Confidence Level 95 %

=1 E —&— Jitter Capabil up 4=
20 E E Brev.? —||B Sequencer
21 v C —— Min 5pec =7 . Lane0 Procedure Error Case Behavior Proceed With Next Procedure
% r Compiiance Test 2.3 :rocet.::!.lre Failed Case Behavior fmceed With Next Procedure

10 Compliance Test 2.4 Epetions v
24 E
25 N
26 =
27
55 1 t t t ﬂ Preset Compliance Tests 2.2 Procedure Error Case Behavior
29 0.03 03 3 30 Dﬂ De-emphasis Preset #0 - || Instruction for sequencer in error cases
30 Sinusoidal litter Frequency [MHz] ] ' [THOT I:'r‘l" Lo Ot F4 I
31
32 Severty  Message Date -
gi Offline Talse Progress Jitter Tolerance Test: Step 5- Jitter Frequency = 1.104 MHz 9/25/2015 6:03:06 AM
= E‘E‘I“E“Y :”‘if'*’ Spaced E‘E‘I“?:E;js Progress  Jiter Tolerance Test: Step 6 - Jitter Frequency = 2718 MHz 9/25/2015 6:05:05 AM
requency Scal ari c

36 seore Feequon, S e Progress  Jiter Tolerance Test: Step 7- Jiter Frequency = 6.634 MHz 9/25/2015 6:06:55 AM
37 Stop Freguene: 100 MHz Frogress  Jitter Tolerance Test: Step 8 - Jitter Frequency = 10 MHz 9/25/2015 6:05:04 AM
38 Frequency Stey 10 Progress  Jitter Tolerance Test: Step 5 - Jitter Frequency = 16.487 MHz 9/25/2015 6:11:07 AM D
39 |search algori Logarithmiclp Progress  Jitter Tolerance Test: Step 10 - Jitter Frequency = 40.604 MHz 9/25/20156:13:02AM .
40 |Jitter Steps 20 4 | m | b
41 |show Min Faili True
I:g‘__’ bl-[ L0 .Eﬂ_Rx 8GTps,_CBB2 JitTol = m 4] m ] Performing procedure step 10 of iteration 0, total step count is 10 _ PCI Express 3 Station E




N5990A Automation Software

Calibration and Test Overview

Test name Result
LO Cal 8GTps_PreShoot Passed
LO _Cal 8GTps DeEmphasis Passed
LO_Cal 8GTps_EQ_Preset Passed
LO_Cal 8GTps_EQ_ Cust_Preset Passed
LO Cal 8GTps_RJ Passed
LO Cal 8GTps_SJ Passed
LO_Cal 8GTps_CBB3_DM_SI Passed
LO_Cal 8GTps_CBB3_Eye_ Height Passed
LO Cal 8GTps CBB3 Eye Width Passed
LO Cal 8GTps_CBB3 Comp Eye Passed
LO Ver 8GTps_CBB3_Comp_Eye Passed
LO_Rx_8GTps_CBB3_EOQtable Passed
LO_Rx_8GTps_CBB3_DeEmph_Scan Passed
LO Rx_8GTps CBB3 PreSh Scan Passed
LO Rx 8GTps CBB3 PreComp 2.8 Passed
LO_Rx_8GTps_CBB3_Comp 2.8 Passed
LO_Rx_8GTps_CBB3_lJitTol Passed
LO Rx_8GTps CBB3_Sensitivity Passed
LO EgRx_8GTps CBB3 Com_2.10 Passed
LO EgRx 8GTps_CBB3 JitTol Passed
LO_EqRx_8GTps_CBB3_Sens Passed
LO EgRx_8GTps _CBB2 Com_2.10 Passed
LO EgRx 8GTps_CBB2 JitTol Passed
LO EgRx 8GTps_CBB2_Sens Passed
LO Tx 8GTps EQ 2 3 Passed
LO Tx 8GTps EQ Comp 2 4 Passed

KEYSIGHT

TECHNOLOGIES

Cal point before (riser +) CBB + CLB

Cal point after (riser +) CBB + CLB

Long Channel RX Tests without Link EQ
(Short channel RX tests are optional)
Long Channel RX Link EQ Test

Short Channel RX Link EQ Test

TX Link EQ Test

PCle 8GT/s Link EQ
Testing

Page 40




N5990A Automation Software
Cal and Test Coverage

— DUT Types:

» Chip — Base Specification

System — Electrical PHY Test Specification (CEM)

AIC — Electrical PHY Test Specification (CEM)

Switch — Electrical PHY Test Specification (CEM)

U.2 system and U.2 device will be added
— 2.5GT/s,5GT/s and 8GT/s

— Clocking Modes:
* CC - common reference clock
* SRNS - separate reference clock no SSC

* SRIS - separate reference clock independent SSC

— Cal and Tests for:
« RX
e RX/TXLink EQ for 8GT/s

» TX (interfacing to respective rt-scope compliance test application)

KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
Testing
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i
Agenda

— Introduction

— Dynamic Link Equalization

— TX/RX Link Equalization Tests
— Test Automation

— RX Stress Signal Calibration

— Summary
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Presets and Amplitude

=

% ovvrvrrrer

=

o
o

Automated by ValiFrame Software

[

Set
De-— Differenti Set De- Differenti
Pre—Shoot Empha=si=z | al Voltage | Set Pre- Empha=si= |al Voltage
Freset [dE] [dE] [ ] Shoot [dE] [dE] [ ]
] 0.00 -6.00 g0o0 0.08 -&6.02 691
1 0.00 -3.50 goo -0.03 -3.c8 681
2 0.00 —-4.40 goo 0.0% —-4.43 676
3 0.00 -2.30 go0 0.02 -2.63 681
4 0.00 0.00 go0 0.11 -0.32 TeE
=] 1.50 0.00 goo 1.52 -0.27 752
& 2.50 0.00 goo 2.58H -0.17 755
7 32.30 -6.00 go0 3.36 -5.832 681
a8 3.30 -3.30 g00 3.38 —3.34 604
) 2.50 0.00 g0o0 3.332 -0.05% T44
KEYSIGHT PCle 8GT/s Link EQ| Page 43
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SJand RJ

‘ETTTTTTT

Automated by ValiFrame Software

Measured Random Jitter [ps]

7.5
6.75

5.25
4.5
3.75

2.25
15
0.75

LO _Cal 8GTps_RJ
for PCI Express 3.0 Add-In Card

—B— Measured
Random Jitter

1 2 3 4 5

Set Random Jitter [ps]

Measured SJ [ps]

75
67.5
60
52.5
45
37.5
30
22.5
15
7.5

L0 Cal_8GTps_SJ

for PCI Express 3.0 Add-In Card

—m—SJ (5 MHz)
—&—SJ (100 MHz)

20 30 40 50
Set SJ [ps]

KEYSIGHT
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PCle 8GT/s Link EQ
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DMI and Eye

Ileasured DM Interference [mV]

LO Cal 8GTps _CBB3 DM_SI
for PCI Express 3.0 Add-In Card

Automated by ValiFrame Software

SigTest SW

e ——
—— B | =

Measure Eye Width [ps]

LO Cal 8GTps _CBB3 Eye Width
for PCI Express 3.0 Add-In Card

19 23 27 31

DM Interference [mV]

—B—Eye Width
(0.5ps RJ)

—&—Eye Width
(2.5ps RJ)

400
360
320
280
240
200
%28 —B—Measured DM
80 S| Amplitude
40

0

0 80 160 240 320 400
Set DM Interference [mV]
LO _Cal 8GTps_CBB3 Eye Height
for PCI Express 3.0 Add-In Card

= 75

67.5
£ 60
& 525
L 45
o 375 —— Eye Height
o 30 (0.5ps RJ)
3 221'2 —B— Eye Height
g 75 (2.5ps RJ)
= 0 - . .

15 19 23 27 31 35
DM Interference [mV]
KEYSIGHT
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Final Calibrated Eye

Set up BERT to generate compliance pattern with P7 activated:

1. Adjust DM-SI to meet specified EH

Adjust RJ to meet specified EW

2
3. Re-check EH and if necessary re-adjust DM-SI once
4

Record the final calibration values RJ_, and DM-SI_,, for later usage

L0 _Cal 8GTps CBB3 Comp Eye

for PCI Express 3.0 Add-In Card

SigTest Ver 3.1.63
BERT System DE5S4300110
Offline False
Max Number [ 8
Number of Af 5
Scope Conneect Connect
Jitter Unit Time
Eye-Height | Eye-Width
DMSI [mV] RJ [ps] [mV] [p=]
21.3 2.85 44 .8 41.2
KEYSIGHT

TECHNOLOGIES

PCle 8GT/s Link EQ
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CEM Rx Jitter Tolerance Spec
According to PCI Express Electrical PHY Test Specification

Parameter SigTest
Technology Template
Vpp 800 mV N/A N/A

RJ (Random litter) 1.5 1.7 ps RMS PCI_3_0_RX_CAL PCIE_3_8GB_Rx_Sj_CAL
SJ (Sinusoidal Jitter) 12.5 13.5 ps PP PCI_3_0_RX_CAL PCIE_3_8GB_Rx_Sj_CAL
@ 100 MHz

Differential Mode 14 16 mV PP N/A N/A
Sinusoidal

Interference at 2.1 GHz

Vixen-s Eye Height AlC: mV PCI_3_0_RX_CAL AIC:
41 to 46 PCIE_3_8GB_RX
CARD_CAL_MULTI_CTLE_DFE_EMBEDO1
System:
ST PCIE_3_8GB_RX
45 to 50 SYS_CAL_MULTI_CTLE_DFE_
EMBEDO1
Texew-sc Eye Width AlC: ps PCI_3_0_RX_CAL AIC:
39.25to PCIE_3_8GB_RX
41.25 CARD_CAL_MULTI_CTLE_DFE_EMBEDO1
System:
PCIE_3_8GB_RX
System: SYS_CAL_MULTI_CTLE_DFE_
43 to 45 EMBEDO1
KEYSIG HT PCle 8GT/s Link EQ| Page 47
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Optimized TxEq 100 MHz Refclk

'y Y : : : Y

- - - 2
\ 8 Gb PRES ] Calibration £ Breakout BER = 10-1
, E';::':E:Q::l'-::' R Generator Combiner | Channel | | Channel —
§ '.:"‘::"ﬁ.l:s W S W)
|
i TP1 TP4 TPB Receiver
Under Test
L , ,
i Rj Sj
? Source Source

Diff CcmM
Interference | | Interference

Figwge 4-72: Layout for Stress Voltage Testing of Receiver
DATA MOD mo\ DﬂTAJlttei \CMUDE
Build in Jitter Sources: @ 5
R I——P ;:'ap‘; )zn,nv/ EE/ . 1 DATA OUT 1
- 8 Tap De-emphasis [ S
_ SJ \—p@— 1.0;; :.uo‘r:v/ off o TRIG OUT
: o
- R‘] RSSO — = p:rm':: J'“’:'J BUI
B DMI - -é— Dy 100 MV off 9 Lk ouT
- CMI (Base Spec) L= °
- Clock Multiplier A> f?mw >0 s axo
- 1SI Channel Emulation T = O
- Error Detector Equalization ~ —|
D { | DATAIN 1 |
KEYSIGHT PCle 8GT/s Link EQ| Page 48
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Agenda

— Introduction

— Dynamic Link Equalization

— TX/RX Link Equalization Tests
— Test Automation

— RX Stress Signal Calibration

— Summary
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PCI Express Link Equalization Testing
Summary

— The Link EQ Tests are designed to check the link equalization
algorithms as well as the PHY performance

— The Link EQ RX Tests are better suited to test a DUT’s ability to
work in worst case channel scenario compared to the RX Jitter
Tolerance Test

— The Link EQ Tests and especially the TX Link EQ Tests are time
consuming and a test automation with automated remote power
on/off switching is very helpful

— The J-BERT M8020A in combination with Keysight's V-, X-, Z- and
Q- Series oscilloscopes and the N5990A Test Automation for PCle
covers all your RX, TX and Link EQ test needs

— The J-BERT M8020A is ready for testing 16Gb/s today!

KEYSIGHT
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Thank youl!
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