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Keysight PCIl Express Receiver Test Solutions

~ Coupler
MB045A-803
DC-block
NO398F

TTC!I

UTTC not required If 3 scope BW
15 a beast 50 GHz

Versatile — tailored solutions for both the computer and server application spaces
Proven — M8000 BERT Series has been an effective tool for both compliance workshop testing and pathfinding
Accurate — vast experience in test automation combined with great instruments

Integration — built-in pattern generator de-emphasis, reference clock multiplier and error detectors equipped with clock
recovery and equalization
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Differences between PCI Express 3 and PCI| Express 4

_ PCI Express 3.0/3.1 PCI Express 4.0 rev 0.5 PCI Express 4.0 rev 0.7

added transfer rate 8 GT/s 16 GT/s
coding 128B/130B
block alignment & scrambler reset EIEOS for block alignment
EIEOS 10 10 10
OOFF OOFF OOFF OOFF OOFF OOFF O0FF OOFF OOFF OOFF OOFF OOFF OOFF OOFF 0000 FFFF 0000 FFFF 0000 FFFF 0000
OOFF = 500 MHz OOFF = 1 GHz FFFF = 500 MHz
scrambling control: no (partially), data: always
PRBS 223-1; scrambler reset through EIEOS
Adaptable TX link equalization yes yes, two step process: first 8G link eq followed by 16G link eq if 8G link eq is successful
RX tests stressed jitter test and stressed voltage test one RX stress test
rSSC for common reference clock no no yes
eye opening after reference RX for 0.3 Ul, 25 mV, BER of 1012 0.3 Ul, 15 mV (RX eye spec. is actually 14 mV), BER of 1012
stress signal cal
stress signal adjustment using RJ, DM-SI and Vi« coarse: ISI
fine: DM-SI + SJ or DM-SI + Vi
CTLE pole 1 frequency 2 GHz 4 GHz 2 GHz
Channel for RX test No connector required PCle 4.0 CEM connector required as part of RX test channel
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Differences between PCI Express 3 and PCI Express 4

RELEVANT CHANGES WITH PCI EXPRESS 4.0 REV 0.5
T T ——

added transfer rate 8 GT/s 16 GT/s
coding 128B/130B

block alignment & scrambler reset EIEOS for block alignment

EIEOS 10 10 10
OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF 0000 FFFF 0000 FFFF 0000 FFFF 0000
O00FF = 500 MHz = 1 GHz FFFF = 500 MHz
scrambling | Link EQ gets more important
-1; scrambler reset throug S
Adaptable TX link equalization I yes yes, two step process: first 8G link eq followed by 16G link eq if 8G link eq is successful
RX tests stressed jitter test and stressed voltage test one RX stress test
rSSC for common reference clock no no yes
eye opening after reference RX for I Different cal procedure V (RX eye spec. is actually 14 mV), BER of 1012
stress signal cal

stress signal adjustment using RJ, DM-SI and V coarse: ISI
fine: DM-SI + SJ or DM-SI + V¢
Reference CTLE changes: . : . 2 GHz
I Special cal channel fixture required I\
pole 1 frequency = affects RX cal b q

Channel for RX test I No connector required PCle 4.0 CEM connector required as part of RX test channel I
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Differences between PCI Express 3 and PCI Express 4

RELEVANT CHANGES FROM PClI

EXPRESS 4.0 REV 0.5 TO PCI

EXPRESS 4.0 REV 0.7

_ PCI Express 3.0/3.1 PCI Express 4.0 rev 0.5 PCI Express 4.0 rev 0.7

added transfer rate 8 GT/s

coding

I Affects block alignment and descrambler reset

16 GT/s

block alignment & scrambler reset

EIEOS 10

OOFF OOFF OOFF OOFF OOFF OOFF OOFF
OOFF = 500 MHz

scrambling

NDDODC 1223 1.

EIEOS for block alignmen

A new type of impairment. Amplitude is

Adaptable TX IinLI significantly higher compared to PCle 2.0

10
OOFF OOFF OOFF OOFF OOFF OOFF
OOFF OOFF = 1 GHz

10
0000 FFFF 0000 FFFF 0000 FFFF 0000
FFFF = 500 MHz

control: no (partially), data: always

reset through EIEOS

is successful

RX tests
voltage test

rSSC for common reference clock no

eye opening after reference RX for stress
signal cal

stress signal adjustment using

Channel for RX test
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stressed jitter test and stress

0.3 Ul, 25 mV, BER of 10-*?

RJ, DM-SI and Vg

No connector required

one RX stress test

yes, two step process: first 8G link eq followed by 16G link eq if 8G link eq

no

yes

coarse: ISI

fine: DM-SI + SJ or DM-SI + V4«

0.3 Ul, 15 mV (RX eye spec. is actually 14 mV), BER of 10-1?

PCle 4.0 CEM connector required as part of RX test channel



Differences between PCI Express 4 and PCIl Express 5
 [poiEwpess3031 | POiBpress40 | PCibpesssorev0s |

added transfer rate 8 GT/s 16 GT/s 32 GT/s

Coding for added transfer rate 128B/130B

block alignment & scrambler reset for EIEOS for block alignment

added transfer rate

EIEOS for added transfer rate 10 10 10
OOFF 0OFF 0OFF OOFF OOFF OOFF OOFF OOFF 0000 FFFF 0000 FFFF 0000 FFFF 0000 FFFF 0000 0000 FFFF FFFF 0000 0000 FFFF FFFF
= 500 MHz = 500 MHz 10

0000 0000 FFFF FFFF 0000 0000 FFFF FFFF
= 500 MHz, but EIEOS @ 32 GT/s is now 2

blocks
Scrambling for added transfer rate control: no (partially), data: always
PRBS 223-1; scrambler reset through EIEOS
Precoder for added transfer rate no no Yes, but can be deactivated upon request
from RX
Adaptable TX link equalization for yes yes, two step process: first 8G link eq yes, three step process: 8G, if successful
added transfer rate followed by 16G link eq if 8G link eq is try 16G, if successful try 32G. Optional
successful bypass modes are available
RX tests stressed jitter test and stressed voltage one RX stress test. But different SJ masks One RX test same swept SJ masks
test. Different SJ masks for CC and IR for CC and IR applied for CC and IR plus additional

33kHz spur. Amplitude of spur differes
between CC and IR. Swept SJ mask is
different for 16G and 32G

rSSC for common reference clock no yes no
eye opening after reference RX for 0.3 Ul, 25 mV, BER of 1012 0.3 Ul, 15 mV (RX eye spec. is actually 14 mV), BER of 1012
stress signal cal
stress signal adjustment using RJ, DM-SI and V coarse: ISI ISI + DM-SI + SJ + Vi
fine: DM-SI + SJ + Vdiff Preference on combination with higher
channel loss
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PCIl Express

Bnne Speciication PE g T oMY Tart Spectommion
‘ SpecMicotion ‘
91 PCI >
e s ormes
Base Specification Form Factor Specifications Phy Test Specification
» Contains all the system » Card Electromechanical (CEM) Spec « Defines compliance tests of form
knowledge * Applies to Add-In Cards and Mother factor spec in detalil
« Can directly be applied to Chip Boards + Different PHY Test Specifications
Test + Mitigates card manufacturer’s need to for each form factor

study the base specification
* Increases reproducibility through PCI-
SIG supplied test tools CBB and CLB
(compliance base and load board)
* U.2 Specification
* M.2 Specification
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PCIl Express

To answer this question we need additional information: * According to which PCI Express Specification revisions do you want

: to test?
« What is your device under test (DUT)?

« 50
« The answer to this question will help narrow down the specification type from
the PCI Express specification framework which needs to be considered. © 4.0
Possible answers are - 3.1/3.0
« ASIC « 20
* A CEM DUT: System / mainboard or an add-in card c 11
* An U.2 DUT: An U.2 host or an U.2 device, e.g. a SSD 1.0

* An M.2 DUT: An M.2 host or an M.2 device, e.g. a SSD

* A RXin an embedded PCI Express application

- Or something else The answers to above questions help to decide on the best PCI Express RX and
LinkEQ test solution for you.

« What are the transfer rates you wish to test?
« 32GTls

« 16 GT/s
« 8GT/s
« 5GTI/s
2.5GT/s
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PCIl Express

Device Type | 32 GT/s 16 GT/s 8 GT/s 5GT/s 2.5 GTls

ASIC
CEM

u.2

M.2

Other

2019/04/09
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Base Specification

PHY Architecture Test
Specification for CEM
n/a

n/a

Base Specification

Base Specification

PHY Architecture Test
Specification for CEM
n/a

n/a

Base Specification

Base Specification
PHY Architecture Test
Specification for CEM

PHY Architecture Test
Specification for U.2

PHY Architecture Test
Specification for M.2

Base Specification

Base Specification

(CEM Specification)

n/a

n/a

Base Specification

Base Specification

(CEM Specification)

n/a

n/a

Base Specification
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Dynamic Link Equalization Handshake 8 GT/s

DOWNSTREAM PORT
AIC Test J-BERT M8020A

[ System Test System )
RcvrLock RcvrLock
EQTS2 ph :
EQ starts ieae o) D ——— e ase 0
TS1, [P2] e 2.5 Gb/S
EC =00b, PV =P2 . . .
— et Downstream port tells upstream port which initial
— EC=01b, PV=P1, Use_Preset=0 preset to use after the speed change will have been
TS1, [P2]
EC = 01b, PV = P2, Use_Preset=0 done .
Phase 2
TE?: [:f(])b’ PV =P1, Use_Preset=0
Phase 2 Phase 1:
T::CLZ LPlzg)b, PV =P3, Use Preset =1
- 151, [P3] « 8 Gb/s
EC = 10b, PV = P3, Use_Preset = 0 .
* Link partners settle on 8 GT/s speed.
TS1, [P2]
iy + Exchange FS/LF values.
EC’ =10b, PV = P4, Use_Preset=0
BER < 102
o T:é Epﬂ.b PV =P2, Use_Preset=0 Ph ase 2
B ST - B Phase 3 ° 8 Gb/s
TS1, [P4] . .
- EC=11b, PV= P, Use Preset= 1 « Add-in Card sets up the de-emphasis of the
EC =110, PV= PG, Use Preset =0 System Board’s transmitter.
Téclz [=Pﬂb, PV = P7, Use_Preset = 1
TS, [P7] - Phase 3:
EC = 11b, PV = P7, Use_Preset=0
EQ complete ————— oo BER <107 e 8 Gb/S
o . $ystem Board sets up the de-emphasis of the Add-
e in Card’s transmitter.
EC = 00b, PV = P7
PV Preset Value
EC Equalization Control
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Dynamic Link Equalization Handshake 16 GT/s

THE FOUR PHASES OF THE LINK EQUALIZATION PROTOCOL

DOWNSTREAM PORT

AIC Test J-BERT M8020A
[ System Test System )
RcvrLock RcvrLock
EQTS2
PV=P1
EQstarts —g-ccy——--—-mo oo T e e
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
TS1, [P4]
EC = 10b, PV = P4, Use_Preset =0
BER < 102
Phase 3
TS1, [P2]
EC = 11b, PV = P2, Use_Preset = 0
Phase 3
TS1, [P4]
EC =11b, PV = P6, Use_Preset=1
TS1, [P6]
EC = 11b, PV = P6, Use_Preset = 0
TS1, [P4]
EC = 11b, PV = P7, Use_Preset=1
TS1, [P7]
EC = 11b, PV = P7, Use_Preset = 0
12
EQ complete BECEREOm _____
RevrLock
TS1, [P4]
EC = 00b, PV = P4, Use_Preset=0
RevrLock
TS1, [P7]
EC = 00b, PV = P7
PV
EC
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Phase 0O:
2.5 Gb/s

« Downstream port tells
upstream port which initial
preset to use after the speed
change will have been done.

Phase 1:

+ 8Gb/s

* Link partners settle on 8 GT/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:

+ 8Gb/s

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

IF SUCCESSFUL

Preset Value

Equalization Control

Phase O:

+ 8Gb/s

+ Downstream port tells
upstream port which initial
preset to use after the speed
change will have been done.

Phase 1:

+ 16 Gb/s

* Link partners settle on 16 GT/s
speed.

» Exchange FS/LF values.

Phase 2:

* 16 Gb/s

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

Phase 3:

« 16 Gb/s

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



Dynamic Link Equalization Handshake 32 GT/s

DOWNSTREAM PORT

AIC Test

J-BERT M8020A

Phase 0O:

2.5 Gb/s

« Downstream port tells
upstream port which initial
preset to use after the speed
change will have been done.

Phase 1:

+ 8Gb/s

* Link partners settle on 8 GT/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:

+ 8Gb/s

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

[ System Test System
RcvrLock RcvrLock  ®
EQTS2
PV=P1
EQstarts —gmcc-p——--—mmo oo TS o e
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
TS1, [P4]
EC = 10b, PV = P4, Use_Preset =0
BER < 102
Phase 3
TS1, [P2]
EC =11b, PV = P2, Use_Preset = 0
Phase 3
TS1, [P4]
EC =11b, PV = P6, Use_Preset=1
TS1, [P6]
EC = 11b, PV = P6, Use_Preset = 0
TS1, [P4]
EC = 11b, PV = P7, Use_Preset=1
TS1, [P7]
EC = 11b, PV = P7, Use_Preset = 0
12
EQ complete BECEREOm _____

RevrLock
TS1, [P7]
EC = 00b, PV = P7
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TS1, [P4]
EC = 00b, PV = P4, Use_Preset=0

RcvrLock

PV
EC

IF SUCCESSFUL

Preset Value

Equalization Control

Phase O:

+ 8Gb/s

+ Downstream port tells
upstream port which initial
preset to use after the speed
change will have been done.

Phase 1:

+ 16 Gb/s

* Link partners settle on 16 GT/s
speed.

» Exchange FS/LF values.

Phase 2:

* 16 Gb/s

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

Phase 3:
16 Gb/s

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

IF SUCCESSFUL

[ ¢

Phase 0O:

* 16 Gb/s

« Downstream port tells
upstream port which initial
preset to use after the speed
change will have been done.

Phase 1:

« 32Gb/s

* Link partners settle on 16 GT/s
speed.

+ Exchange FS/LF values.

Phase 2:

+ 32Gb/s

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

Phase 3:

« 32Gb/s

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




M8000 Setup — PCI Express

LTSSM LOG - EXAMPLE FOR END POINT - TIMING OF LTSSM STEPS - 16 GT/S

Link Training Logging for Ml.DataOutl at 11/09/2018 13:42:59

State Execution Time Transfer Rate
Detect.Active 1,04864 ms 2.5 GT/s
Polling.Active 2,097184 ms 2.5 GT/s
Polling.Configuration 1,36 us 2.5 GT/s
Configuration.Linkwidth.Start 2,192 us 2.5 GT/s
Configuration.Linkwidth.Accept 256 ns 2.5 GT/s
Configuration.Lanenum.Wait 2,208 us 2.5 GT/s
Configuration.Lanenum.Accept 544 ns 2.5 GT/s
Configuration.Complete 3,296 us 2.5 GT/s
Configuration.Idle 240 ns 2.5 GT/s
L0 224 ns 2.5 GT/s
Recovery.RcvrLock 2,8 us 2.5 GT/s
Recovery.RcvrCfg 2,512 us 2.5 GT/s
Recovery.Speed 10,608 us 2.5 GT/s
Recovery.RcvrLock 448 ns 8.0 GT/s
Recovery.Equalization.Phasel 131,328 us 8.0 GT/s
Recovery.Equalization.Phase? 14,578208 ms 8.0 GT/s
Recovery.Equalization.Phase3 1,12 us 8.0 GT/s
Recovery.RcvrLock 1,84 us 8.0 GT/s
Recovery.RcvrCfg 640 ns 8.0 GT/s
Recovery.Idle 1,328 us 8.0 GT/s
L0 224 ns 8.0 GT/s
Recovery.RcvrLock 1,936 us 8.0 GT/s
Recovery.RcvrCfg 800 ns 8.0 GT/s
Recovery. Speed 9,248 us 8.0 GT/s
Recovery.RcvrLock 448 ns 16.0 GTI/s
Recovery.Equalization.Phasel 141,568 us 16.0 GT/s
Recovery.Equalization.Phase?2 6,850304 ms 16.0 GT/s
Recovery.Equalization.Phase3 1,408 us 16.0 GT/s
Recovery.RcvrLock 288 ns 16.0 GT/s
Recovery.RcvrCfg 1,424 us 16.0 GT/s
Recovery.Idle 112 ns 16.0 GT/s
Loopback.Entry 2,144 us 16.0 GT/s
Loopback.Active - 16.0 GT/s
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M8000 Setup — PCI Express

LTSSM LOG - EXAMPLE FOR END POINT — CHANGE REQUESTS TO BERT

BERT Tx Equalization

Accept Speed Preset PreCursor MainCursor PostCursor FullSwing LowFrequency
True Gen3 P8 - - - 24 8
True Gen3 PO - - - 24 8
True Gen3 Pl - - - 24 8
True Gen3 P2 - - - 24 8
True Gen3 P3 - - - 24 8
True Gen3 P4 - - - 24 8
True Gen3 P5 - - - 24 8
True Gen3 P6 - - - 24 8
True Gen3 P7 - - - 24 8
True Gen3 P8 - - - 24 8
True Gen3 P9 - - - 24 8
False Gen3 10 - - - 24 8
True Gen3 P6 - - - 24 8
True Gen3 P8 - - - 24 8
True Geni P7 - - - 24 8
True Geni PO - - - 24 8
True Geni Pl - - - 24 8
True Geni P2 - - - 24 8
True Geni P3 - - - 24 8
True Gend P4 - - - 24 8
True Gend P5 - - - 24 8
True Gend P6 - - - 24 8
True Gend P7 - - - 24 8
True Gend P8 - - - 24 8
True Gend P9 - - - 24 8
False Gend 10 - - - 24 8
True Gend P9 - - - 24 8
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M8040A

EXPRESS 5 32G LTSSM - ENDPOINT -— REAL DATA, NO FAKE!

¥ Default - M8070B

File Application System Clock Generator Analyzer Patterns Measurements Utilities Window Help

%Selup View %Modules View - System View - :]Sequence Editor X ~ Link Training Log

:] <Xml> = E] | < = £

Locations: =] Locations: Sequence Settings Recovery.RcvrCfg
M1.DataOutl o M2.Dataln . Recovery.Speed
Recovery.RcvrLock

Recovery.RcvrLock

\ 0
Y]

YY)

DUT Preset Hint Gen 3 Reserved T
1 . LinkTrainingDown 1. Wait 2 Recovery.Equalizatio
Recovery. i

M2.Dataln - Sampling Point Setup ~0X%x;

Link Traini Recovery.

m®mmmo N

Recovery.

2 . idie Analyzer: M2 M8046A Automatic Re-Sync v

Recovery.

Recovery.

L
Auto Refresh (on @l Accumulate @ Both Scales

Recovery.R ock 608 1

factory:PC
1024 Bits

Juuany — Recovery.R 2.48
- Recovery.S 1.001%2

Recovery.Rev 4.000592 m

3 . LinkTra

Link Trainii Recovery.

Siojaweled

4 . TestPat
100 mV Recovery.RcvrLock

m

factory:PC

8686600 £

Recovery.RcvrCfg
Recovery.ldle
LO

overy.RcvrLock

Recovery.

Recovery.

Recovery.

qualization.Pha
Generator 3 Recovery.RcvrLock
Recovery.RcvrCfg

Status Indici Recovery.Ildle

Loopback txy
Module Chan -80 ps

Loopback.Active

M1 32.000 Gb/s 4:..BIT 326 @ @ BERT Tx Equalization

Accept Speed Preact PreCursor
M2 32.000 Gb/s 2:..._BIT_32G BER 0.00e+00 PostCursor FullSwing LowFrequency

True X PS

24

g Global Outputs o8 @D & Enable Impairments Enable SSC  Insert Error Preset All
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M8040A

PCl EXPRESS 5 32G LTSSM - ENDPOINT -— REAL DATA, NO FAKE!

BERT Tx Equalization

Accept Speed Preset PreCursor MainCursor PostCursor FullSwing LowFrequency
True Gen3 P5 - - - 24 8
True Gen3 P7 - - - 24 8
True Gen3 P8 - - - 24 8
True Gen3 PO - - - 24 8
True Gen3 P3 - - - 24 8
True Gen3 - 3 18 3 24 8
True Gen4 P7 - - - 24 8
True Gen4 P8 - - - 24 8
True Gen4 PO - - - 24 8
True Gen4 - 3 18 3 24 8
True Gen4 - 3 18 0 24 8
True Gen4 P6 - - - 24 8
True Genb P5 - - - 24 8
True Genb P7 - - - 24 8
True Genb P4 - - - 24 8
True Genb P8 - - - 24 8
True Genb PO - - - 24 8
True Genb - 2 17 5 24 8
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M8040 Setup — PCIl Express / CCIX — SKP OS Filtering

Sequence Settings

« Instrument Configuration

Symbol Width

Replicate

~ Sequence Configuration

Sequence Generator ~

Name Generator

Locations * The PHY Protocol settings defines the protocol applied for SKP
PHY Protocol PCle3 ~ W OS filtering. Possible choices are

* PCle2 — PCIl Express 2.0 5 GT/s SKP OS

PCle3 — PCI Express 3.0 8 GT/s SKP OS & EIEOS definition
PHY Protocol Pcles ~ PCle4 — PCI Express 4.0 16 GT/s SKP OS & EIEOS definition
PCle5 — PCI Express 5.0 32 GT/s SKP OS & EIEOS definition
CCIX — CCIX 20 GT/s /25 GT/s SKP OS & EIEOS definition

* The test pattern used must be generator in two
versions
1. LinkTrainingDown Bits 1. Wait Bits: 1024 « The pattern used for the pattern generator must
Link Training Down Copy ‘¥ factory :PCIExpress4/Calibration/DMSI_CMSI_c... [ copy ® have the reqmred SKP OS embedded
— — 1024 Bits « The pattern used as expected pattern for the
factory:PCIExpress4/Calibration/DMSI_CMSI_c.. [A E 2 . TestPatternED Sync and Loop Bits: 8652800 error detector must not have anY SKP OS
1024 Bits I factory:PCIExpressd/Test/pCied._modifed. com embedded. The error detector will remove all
nry': XPress 5 14| ed_ - A N .
T - 8652800 Bits @ copy detect_ed SKP OS from the _recelve_d data_t stream
& and will compare the such filtered incoming
pattern against the expected pattern

* The M8000 factory pattern library contains
factory:PCIExpress4/Test/PCled_modified_com... rx . respective modified compliance test patterns for
8686600 Bits

pattern generator and error detector for above PHY
protocol selections for CC and IR clocking modes

PHY Protocol PCled ~ W

PHY Protocol CCIX

Locations: M1.DataOutl e i Locations: M2.Dataln

Link Training Up Copy

4 . TestPatternPG Bits: 8686600

KEYSIGHT
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M8040 Setup — PCI Express LTSSM - 32 GT/s

Link Training PCle :
DUT

Clock Architecture
Loopback through
Trigger State

Lane

Link

Compliance Receive Bit
Link Equalization

Start P

DUT Preset Hint Ge
DUT Initial 5en 3

DUT Target Preset Gen 3

DUT Target Preset Gen 4
Start P

DUT Initial 5en 5
DUT Target Preset Gen 5
Pre-

Main C

Speed Change Control

KEYSIGHT
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0

System Board
Common
LO-Recovery

Recovery Equalization Phas:

AV

Sequence Settings

- Instrument Configuration

Symbol Width

Replicate

« Sequence Configuration

Sequence Generator -
Name Generator
Locations

PHY Protocol

PHY Protocol needs to be set to PCle5

Select DUT type

* Any endpoint device = Add In Car

* Any root complex device = System Board

Two sets of phase 0 through phase 3 parameter

« 25GT/sto 8 GTI/s
« DUT Target Preset can be presets only

+ 8GT/sto 16 GT/s
« DUT Target Preset 4 can be presets or coefficients

Select Start Preset Gen 4/ Gen 5

* User Defined
» User can define the preset which is used for 16 GT/s/ 32 GT/s phase 1

* LTSSM Defined
* Result of 8 GT/s/ 16 GT/s TXEQ negotiation is used for 16 GT/s/ 32 GT/s

phase 1

Speed Change Control:

*  While the root complex usually is responsible for initiating the speed change,
most root complex today need the RX test equipment to take control of the
speed change.

Speed bypass modes of PCI Express 5 are not supported

Link Training PCle :

DUT

Clock Architecture
Loopback through
Trigger State

Lane

Link

Compliance Receive Bit
Link Equalization

Start Preset Gen 3

DUT Preset Hint Gen 3
DUT Initial Preset Gen 3
DUT Target Preset Gen 3
Select Start Preset Gen 4
Start P t Gen 4

DUT Initial Preset Gen 4

DUT Target Preset Gen 4

. Select Start Preset Gen 5

Start P

DUT Initial Preset Gen 5

DUT Target Preset Gen 5

Pre-

Main C

Add In Card
Common
LO-Recovery

Recovery Equalization Phast

0 AV

0 AV

Deasserted

Full

P5

Reserved

P5

P5

LTSSM Defined

P53

P5

LTSSM Defined




M8040A Setup — PCI Express LTSSM - LTSSM Trigger

KEYSIGHT

TECHNOLOGIES

Trigger State
Lane

Link

Recovery Equalization -

Detect Active

Polling Active

Polling Config

Config Linkwidth Start
Config Linkwidth Accept
Config Lane Number Wait

Config Lane Number Accept

Config Complete

Config Idle
LD

Loopback Active

Recovery Equalization Phasel
Recovery Equalization Phasel
Recovery Equalization Phase?2
Recovery Equalization Phase3

Recovery Speed

» Extended selection of LTSSM states for trigger signal
enable debug in addition to TX link eq tests 1)

* Phase 2 and Phase 3 presets are required for Link EQ
tests

« Additional presets can be used to debug training
issues by triggering scope captures of respective
LTSSM state



M8040A Setup — PCIl Express LTSSM - Sequence

[
I

I
|
i

Lot

Locations: M1.DataOutl

1 . LinkTrainingDown
Link Training Down
2 . Idle

factory:PCIExpress4/Calibration/DMSI_CMSI_c...
1024 Bits

3 . LinkTrainingUp
Link Training Up
4 . TestPatternPG

factory: PCIExpress5,/Test/PCle5_modified_com..
8686600 Bits

Generator x

KEYSIGHT

TECHNOLOGIES

<Xml>

Bits: 1024
Copy

Bits: 1024
[ copy ¥

Bits: 1024
Copy

Bits: 8686600

[ copy ¥

=]

- E

=]

Locations: M2.Dataln

1. Wait Bits: 1024

factory:PCIExpress4/Calibration/DMSI_CMSI_c._. ko] Copy i

1024 Bits
2 . TestPatternED Sync and Loop Bits: 8652800
factory: PCIExpress5/Test/PCle5_modified_com... A

[Z copy

8652800 Bits

Analyzer x

Sequence Settings
AOO LONTrol

Generator : Block 1

- Block Data
Name

Length

Block Type

Direction

-  Block Settings

Enabled

Error Insertion

Trigger

= | Block Branches
if

Enabled

Source

Event

Go To Block

Add Branch

~  Block Controls

LinkTrainingDown
1024
Link Training ~

Down ~

Select Location Specific Patterns =

0]

MNone ~

0]

Detect State - Link Training ~
High ~

Idle




J-BERT M8020A Setup — PCI Express — SKP OS Filtering

EIEOS for 8 GT/s

Modified Compliance Pattern Sequence / Coding Configuration Memory granularity fits to

Sequence Settings - 128b/130b Coding

- emenceeEen » Scrambling and descrambling in
HW allows best use of memory

« ED uses EIEOS for block
synchronization and descrambler
reset

« ED filters SKP OS

Symbol Width

Replicate

128b/130b Coding Configuration

Scrambler Reset Value 1949628

EIEOQS PCle4 ~| H

Link Training PCle3

DUT PCle4

KEYSIGHT

TECHNOLOGIES



J-BERT M8020A Setup — PCl Express LTSSM - 16 GT/s

KEYSIGHT

TECHNOLOGIES

Sequence Settings

128b/130b Coding Configuration :

Scrambler Reset Value
EIEQS

Link Training PCle :
Generation

DUT

Trigger State

Lane

Link

Link Equalization

Start Preset

DUT Preset Hint

DUT Initial Preset

DUT Target Preset
Select Start Preset Gen 4
Start Preset Gen 4

DUT Initial Preset Gen 4
DUT Target Preset Gen 4
Pre-Cursor

Main Cursor

Post-Cursor

1949628

PCle4

PCle Gen 4

Add In Card

Recovery Equalization
0 AW
0 AW
Full

P7

Reserved

P7

PO

User Defined

P4

PO

Cursor
AV

A Y

AV

EIEOS needs to be set to PCle3 for PCI
Express Base Specification 4.0 rev 0.5. But
for PCI Express Base Specification 4.0 rev
0.7 and higher it needs to be set PCle4!
Generation needs to be set to PCle Gen 4
Select DUT type

« Any endpoint device = Add In Car

« Any root complex device = System Board

Two sets of phase 0 through phase 3

parameter

+ 2.5GT/sto 8GT/s
« DUT Target Preset can be presets only

+ 8GT/sto 16GT/s
« DUT Target Preset 4 can be presets or

coefficients

Speed Change Control:

* While the root complex usually is
responsible for initiating the speed
change, most root complex today need the
RX test equipment to take control of the
speed change.

Sequence Sethings

128b/130b Coding Configuration :
Scrambler Reset Value 1949628
EIEOQS PCI=4
Link Training PCle :
Generation PCle Gen 4
DUT Systemn Board
Trigger State Recovery Equalization
Lane 0 AV
Link

Link Equalization

Start

DUT Preset Hint

DUT Initial Preset

DUT Target Preset

Start

DUT Initi:

DUT Target Preset Gen 4 Cursor

Pre-Cursor

Main Cursor

Post-Cursor

Speed Change Control

A Y
AV
A Y

BERT ~ ®m



J-BERT M8020A Setup — PCIl Express — LTSSM Trigger

Trigger State Recovery Equalization -

Lane Detect Active

Link Polling Active

Polling Config

Config Linkwidth Start
Config Linkwidth Accept
Config Lane Number Wait
Config Lane Number Accept
Config Complete

Config Idle

LO

Loopback Active

Recovery Equalization Phasel
Recovery Equalization Phasel
Recovery Equalization Phase?2
Recovery Equalization Phase3

Recovery Speed

KEYSIGHT

TECHNOLOGIES

» Extended selection of LTSSM states for trigger signal
enable debug in addition to TX link eq tests 1)

* Phase 2 and Phase 3 presets are required for Link EQ
tests

« Additional presets can be used to debug training
issues by triggering scope captures of respective
LTSSM state



M8020A Setup — PCI

Locations: M1.DataOutl

1 . LinkTrainingDown
Link Training Down
2 . Wait

current:idle
130 Bits

EA
3 . LinkTrainingUp
Link Training Up

4.

eieosDataPattern &
260 Bits

5

dataPattern

A
130 Bits &
6.

skposDataPattern
390 Bits

A

(B

7.

dataPattern
A
130 Bits L'

PgSequence X

Bits:

Copy

Bits:

Copy

Bits:

Copy

Bits:

Copy

Bits:

Copy

Bits:

Copy

Bits:

Copy

130

if

SSE

{14

144

= Locations: M1.Dataln1
1. Wait
current:idle
A
130 Bits =
2.

eieosDataPattern
260 Bits

2)

dataPattern
130 Bits

4.

skposDataPattern
390 Bits

5 -

dataPattern
130 Bits

6.

eieosDataPattern
260 Bits

7 -

dataPattern
130 Bits

8.

skposDataPattern
390 Bits

~ EdSequence x

Copy

Sync

=

Bits: 130

if

Bits: 260

Copy

Bits: 130

Copy

Bits: 390

Copy

Bits: 130

Copy

Bits: 260

Copy

Bits: 130

Copy

Bits: 390

Copy

41T

2T

5114

gee

Express LTSSM — Sequence

Mo controls added for this sequence.

Add Control

PgSequence : Block 1

~ Block Data

Name LinkTrainingDown
Length 130
Block Type Link Training ~
Direction Down

Select Location Specific Patterns ~

«  Block Settings

Enabled On
Error Insertion On
Trigger None ~

~  Block Branches

if X
Enabled on
Source Detect State - Link Training ~
Event High + m
Go To Block
Add Branch

~ Block Controls

KEYSIGHT

TECHNOLOGIES




Agenda

 PCI Express Generic

e Challenge 1 — Which Test Setup Do You Need?

» Challenge 2 — PCI Express LTSSM

e Challenge 3 — PCIl Express Stress Signal

* Challenge 4 — PCI Express RX and LinkEQ Tests

» Challenge 5 — Calibration / Test Complexity and Time

e Solution Overview

* Appendix

KEYSIGHT

TECHNOLOGIES

Server Technologies RX Test

29



PCIl Express 4.0 — Base Specification

T?l TES
| |
I I
- -
8 GT/s Combiner ! I Calibration Channel
Data Generator | ] ]
I I
t t t t t -
Vg ~ Ry ~ DM-SI »
EH/EW sJ EH/EW CM- EH/EW
adjust adjust SI adjust
7 7

Replica Channel

N Oscilloscope
1 RX reference package
—_— model embedding

l

Reference Receiver
RX reference CTLE / DFE
RX reference CDR

l

TP2P
EH/EW
measurement

» In case SIGTEST is used the RX reference package model embedding is not done on the oscilloscope but by SIGTEST.

This applies to 8 GT/s only

KEYSIGHT

TECHNOLOGIES



PCIl Express 4.0 — Base Specification

RX STRESS SIGNAL CALIBRATION SETUP FOR 16 GT/s & 32 GT/s

TPL  TP3 sz
| | |
| | 1nl / | .
16 GT/s or 32 GT/s —_ _ L1 Calibration Channel _ E — Oscilloscope
Combiner | | Incl. CEM connector Replica Channel | RX reference package
Data Generator - L1 EH/EW adjust coarse B — model embedding
1 1 / 111 1
4 4 4 4 4 - . .
Vy X S] DM-SI >
EH/EW RJ EH/EW CM- EH/EW
adjust adjust SI adjust Reference Receiver
“ < fine < fine RX reference CTLE / DFE
RX reference CDR
« For 16 GT/s and 32 GT/s RJ is no longer used as a primary adjustment parameter to achieve l
target EH/ EW. TPop
* Instead the channel itself is manipulated for a coarse adjustment and the fine tuning is achieved EH/EW

measurement

by manipulating SJ and DM-SI
* The intention was to achieve a more realistic stress signal

+ RX reference package model embedding is no longer done in SIGTEST for 16 GT/s and 32 GT/s
but on the scope itself

KEYSIGHT

TECHNOLOGIES



PCIl Express 5.0 — Base Specification

=L EE FCle - 5.0. RootComplexASIC TP2P Calibration Steps

TP3 Calibration Steps

Calibration

Ll
=5

&

D@ 20675

-] TxEQ and Launch Voltage Calibration
|:| Random Jitter Calibration

|:| HF Sinusoidal Jitter Calibration

EI D“ Advanced Measurements

------ Dm TxEQ and Launch Voltage Measurement

EI |:| . Long Channel

Ingertion Loss Calibration
Initial Equalization Preset Optimization
Channel Calibration
AWG Amplitude Comection Calibration
DM Sinusoidal Interference Calibration
CM Sinusoidal Interfference Calibration
Final Equalization Preset Optimization
Pre Compliance Eye Calibration
Compliance Eye Calibration
------ DM Compliance Eye Verfication
EI Dm —:| ranced Measurements
- M Eye Height and Width Measurement
------ Dm Eye Height and Width Scan

DDDDDDDDD

=- D'n Receiver

g ----- ﬂ EQ Coefficient Matrix Scan
...... Dm Jitter Tolerance Test
...... Dm Compliance Test

=~ Dm Receiver Setup

EI I:lu 320GT/s
------ DM Setup Impaiments for Test

KEYSIGHT

TECHNOLOGIES

« Launch voltage, preshoot and de-emphasise

* RJ

« using EZJIT
« SJ

« using EZJIT

Insertion loss calibration

* VNA

Initial optimal preset selection

* using SEASIM

Test channel loss selection

* using SEASIM

DM-SI calibration for selected channel
CM-SI calibration for selected channel
Final optimal preset selection

* using SEASIM

Compliance eye calibration

» using SEASIM



PCI Express 5.0 32 GT/s — M8040A < |

TP3 Calibration Steps
« Launch voltage, preshoot and de-emphasis
* RJ
« using EZJIT
« SJ
« using EZJIT

Connection

« BERT Data Output = Power Couplers = DC Blocks = high quality
matched pair 2.4 mm cables =» scope
Comment: The actual cabling after the DC blocks and the scope is
dependent on the connectors used for the ISl traces

Coupler » 2
M8045A-803 Scope BW .
DC-block At least 50 GHz of scope BW are required

N9398F

KEYSIGHT

TECHNOLOGIES



PCIl Express 5.0 — Base Specification

CALIBRATION 32 GT/s

=-[Jf§ PCle - 5.0. RootComplexASIC
=-L R Calibration
=]

TxEQ and Launch Voltage Calibration
Random Jitter Calibration

HF Sinusoidal Jitter Calibration
B-[1%a Advanced Measurements

b Dﬂ TxEQ and Launch Voltage Measurement
=[] . Long Channel

|:| Insertion Loss Calibration

Initial Equalization Preset Optimization
Channel Calibration

AWG Amplitude Comection Calibration
DM Sinusoidal Inteference Calibration

L]

-] CM Sinusoidal Interfference Calibration
L]
L]

Final Equalization Preset Optimization
Pre Compliance Eye Calibration
Compliance Eye Calibration

- DM Compliance Eye Verfication

Dﬂ Advanced Measurements

Dﬂ Eye Height and Width Measurement
Dﬂ Eye Height and Width Scan

= 1¥0 Receiver

------ Dﬂ Jitter Tolerance Test

------ Dﬂ Compliance Test
I':'Iljﬂ Receiver Setup
=L 18 220GT/4
- Dﬂ Setup Impaiments for Test

KEYSIGHT

TECHNOLOGIES

RX STRESS SIGNAL

Parameter

— TP3 CALIBRATION SETTINGS

Oscilloscope Settings

Q-Series | Z-Series

Launch Amplitude 800 mV | 796 804 mV,, |BW:50 GHz M8040A BW: 50 GHz M8040A
Sampling rate: 160 GSa/s Sampling rate: 256 GSa/s
Memory depth: 4.096 kpts Memory depth: 6.554 kpts

Launch Amplitude 720 mV | 716 724 mv,, Averaging: 128 Averaging: 256

Preshoot and de-emphasis for PO through P9 BW: 50 GHz M8040A BW: 50 GHz M8040A

P5 and P6 are the only presets used for the Sampling rate: 160 GSa/s Sampling rate: 256 GSal/s

calibration of the stress signal Memory depth: 4.096 kpts Memory depth: 6.554 kpts
Averaging: 128 Averaging: 256

RJ 0.5 0.6 pSims | BW: 33 GHz BW: 33 GHz
Sampling rate: 160 GSa/s Sampling rate: 256 GSa/s
Memory depth: 10 Mpts Memory depth: 16 Mpts
Averaging: off Averaging: off

SJ @ 100 MHz 1 ps 0.8 1.0 pSp, | BW:33 GHz BW: 33 GHz
Sampling rate: 160 GSa/s Sampling rate: 256 GSa/s

SJ @ 100 MHz 5 ps 50 55 ps Memory depth: 10 Mpts Memory depth: 16 Mpts

PP | Averaging: off Averaging: off




PCIl Express 5.0 32 GT/s — M8040A .,k

Coupler
M8045A-803

DC-block
N9398F

KEYSIGHT

EEEEEEEEEEEE



PCIl Express 5.0 — Base Specification

CALIBRATION 32 GT/s RX STRESS SIGNAL - TP2P CALIBRATION SETTINGS

L ]EE - ehS
= EEll F‘.Cleleﬁa"t;:t.nﬂmt[:ampl I Parameter Oscilloscope Settings
EI|:| . 1 0GT/ s X-Series / Q-Series
|:| TxEQ and Launch Voltage Calibration V-Series / Z-Series
|:| Random Jitter Calibration " " "
D HF Sinusoidal Jitter Calibmation Insertion Loss @ 16 -37 -34 dB | VNA measurements; root and end point reference package models need to be taken into account
- Ifm Advanced Measuremerts GHz
- L pow TeEG and Launch Voliage Messurement | py-s| @ 2.1 GHz 25 mV. 28 30 mV,, | BW: 5 GHz BW: 5 GHz
= LC""T' "‘ha"”"ell_ — Sampling rate: 160 GSa/s Sampling rate: ? GSa/s
nsertion Loss Calibration . .
tia] Errmliostion Prest Onfimiact DM-SI @ 2.1 GHz 14 mV 8 10 mV,, Memory depth: 2 Mpts Memory depth: ? Mpts
inimal EQualization Freset Liptimization Averaging: off Averaging: off
'f!"a"'""ﬂ '”Tl't;at":"" N Reference package model embedding required Reference package model embedding required
AWG Amplitude Comection Calibration
DM Sinusocidal Interference Calibration CM-SI @ 120 MHz 148 150 mV,, | BW:5 GHz BW: 5 GHz
CM Sinusoidal Interference Calibration Sampling rate: 160 GSa/s Sampling rate: ? GSa/s
Final Equalization Preset Optimization Memory depth: 2 Mpts Memory depth: ? kpts
Pre Compliance Eye Calibration Averaging: off Averaging: off
Compliance Eye Calibration Reference package model embedding required Reference package model embedding required
BE% :;m;l_:zzzii;u;:';?:fn TXEQ Preset selection Largest eye height * eye width | mVps | BW: 33 GHz BW: 33 GHz
e My R Sampling rate: 160 GSa/s Sampling rate: 256 GSa/s
[Jgon Ee Heiaht =nd VWit Mezsurement Memory depth: 2.05 kpts Memory depth: 3.278 kpts
Dﬂ Eye Height and Width Scan ry pth: 2. p y pth: 3. P
HOT _— Averaging: 1024 Averaging: 1024
EIDM S Reference package model embedding required Reference package model embedding required
{1 MW EQ Cosfficient Matrix Scan packag g red packag 9req
- CIRi Jitter Tolerance Test Viexenes Eve Height AIC & System: mV | BW: 33 GHz BW: 33 GHz
Eﬂ Compliance Test 13.5t0 15.5 Sampling rate: 160 GSa/s Sampling rate: 256 GSals
EIDM "F‘;'?[C'Bi"r'er Setup Memory depth: 2.05 kpts Memory depth: 3.278 kpts
E---l;lu ! GTs Trxew-sc Eye Width AIC & System: ps | Averaging: 1024 Averaging: 1024
-] pym Setup Impaiments for Test 18.25 to 19.25 Reference package model embedding required Reference package model embedding required

KEYSIGHT

TECHNOLOGIES




PCI Express 5.0 — Base Specification

=188
=]
=

_U
]

- 5.0, RootComplarASIC Compliance Eye Verification

Calibration at TP2P
com e Checks if stress impairment set of current calibration leads to EH / EW with target
S e tolerance
' « EH/ EW Target
« 13.5mV<EH <155 mV
» 8.88 ps <EW <9.88 ps
« SEASIM is used to measure EH and EW based on waveform captures
« RX reference package model is embedded on the scope

0= = '.
La = m
3
a o
°

51

T

£y 3
[= ]
o = =

s

[ ]

IIIIIIHHH D. C
guisinln Ji)

mmmmmmmmmD

KEYSIGHT

TECHNOLOGIES



PCIl Express 4.0 — PHY Test Specification

CALIBRATION STEPS

=-CJ88 FCle - 4.0, AddinCard
=5 |:| . ,ahtrah n
B- D . 25GT/ e
B- |:| Lane(
D Random Jitter Calibration
D De-Emphasis Calibration
|:| Eye Height Calibration
D Eye Height Verfication
= 5.0
.D. La|1-=-
-]l Random Jitter Calibration
|:| De-Emphasis Calibration
G- Eye Height Calibration
D Eye Height Verfication
=]+ l:‘ . 0GT/s
= |:| . Lanel
-]l TxEQ and Launch Voltage Calibration
- N Random Jitter Calibration
D Sinusoidal Jitter Calibration
=] Long Channel, CBB rev. 3
&[]} DM Sinuscidal Interference Calibration
-] Eye Height and Width Calibration
|:| Compliance Eye Calibration
|:| C-:-m|:-lian-:-3 Eye Verfication
ERm]
=8 |:| . La|'|-=-
D TxEQ and Launch Veltage Calibration
D Random Jitter Calibration
D LF Sinusoidal Jitter Calibration
D HF Sinusoidal Jitter Calibration
-] Unit Interval Calibration
EID Long Channel, CBE rev. 4
|:| Insertion Loss Calibration
|:| DM Sinusoidal Interference Calibration
|:| CM Sinusoidal Interference Calibration
|:| Initial Equalization Preset Optimization
|:| Channel Calibration
|:| Final Equalization Preset Optimization
|:| Pre Compliance Eye Calibration
|:| Compliance Eye Calibration
H-L ] Compliance Bye Verdfication
KEYSIGHT

TECHNOLOGIES

I CRINES

TP3 Calibration Steps

RX STRESS SIGNAL

« Launch voltage, preshoot and de-emphasis-

RJ
» using SIGTEST
SJ
» using SIGTEST

Unit interval measurement

Ul is provided to SIGTEST for TP2P
waveform post processing

TP2P Calibration Steps

Insertion loss calibration

* VNA or SEASIM

DM-SI calibration

e @ 28 dB channel loss
CM-SI calibration

* @ 28 dB channel loss
Initial optimal preset selection
» using SIGTEST

Test channel loss selection

» using SIGTEST

Final optimal preset selection
» using SIGTEST
Compliance eye calibration

» using SIGTEST



PCIl Express 4.0 16 GT/s — M8020A &=’

TP3 Calibration Steps
« Launch voltage, preshoot and de-emphasis
* RJ
« using SIGTEST
« SJ
« using SIGTEST
Unit interval measurement
Ul is provided to SIGTEST for TP2P waveform post processing

PRTPPTYTEe - -

Connection

« BERT Data Output = DC Blocks = high quality matched pair 2.92
mm cables = scope

: * The short 2.92 mm to SMP cables are considered part of the channel
DC-block TP3 2 TP2P

N9398C
Scope BW
» At least 25 GHz of scope BW are required

FPRTrYTTTeE . - .

KEYSIGHT

TECHNOLOGIES



PCIl Express 4.0 — PHY Test Specification

CALIBRATION 16 GT/s

RX STRESS SIGNAL

— TP3 CALIBRATION SETTINGS

2-[ 8 FCle - 4.0, AddinCard

EI|:| . Calibration

=L@ 25GTs

EI|:| . Lanel
Random Jitter Calibration
De-Emphasis Calibration
Eye Height Calibration
Eye Height Verfication

Eye Height Calibration
Eye Height Verfication

] Random Jitter Calibration
] De-Emphasis Calibration
Ll
U

2@ 20GTA
=8 . Lanel
] TxEQ and Launch Veltage Calibration
O Random Jitter Calibration
#-[] Sinusoidal Jitter Calibration
2] Long Channel, CBB rev. 3
&[]} DM Sinuscidal Interference Calibration
|:| Eye Height and Width Calibration
|:| Compliance Eye Calibration
|:| Compliance Eye Verfication
0GT/s

m
0[]
g

TxEQ and Launch Veltage Calibration

Random Jitter Calibration

LF Sinusoidal Jiter Calibration

HF Sinuscidal Jitter Calibration

Unit Interval Calibration

Long Channel, CBE rev. 4
Insertion Loss Calibration
DM Sinusoidal Interference Calibration
CM Sinusoidal Intefference Calibration
Initial Equalization Preset Optimization
Channel Calibration
Final Equalization Preset Optimization
Pre Compliance Eye Calibration
Compliance Eye Calibration
Compliance Eye Verfication

lll-lliDDDDﬂ

&[]
-]
-]
w7
-]
&[]
-]
-]
&[]

KEYSIGHT

TECHNOLOGIES

Parameter

Technology

SigTest

Template

Oscilloscope Settings

X-Series / Q-Series
V-Series | Z-Series

Launch Amplitude 800 mV | 796 804 mVp, N/A N/A BW: 25 GHz M8020A BW: 25 GHz M8020A
50 GHz M8040A w/o TTC 50 GHz M8040A w/o TTC
Sampling rate: 80 / 160 GSals Sampling rate: 128 GSa/s
Launch Amplitude 720 mV | 716 724 MV, Memory depth: 2048 / 4096 pts Memory depth: 3277 pts
Averaging: 128 Averaging: 256
Low pass filter 30 GHz Low pass filter 30 GHz
Preshoot and de-emphasis for PO through P9 N/A N/A BW: 25 GHz M8020A BW: 25 GHz M8020A
P5 and P6 are the only presets used for the 50 GHz M8040A w/o TTC 50 GHz M8040A w/o TTC
calibration of the stress signal Sampling rate: 80 /160 GSa/s Sampling rate: 128 GSa/s
Memory depth: 2048 / 4096 pts | Memory depth: 3277 pts
Averaging: 128 Averaging: 256
Low pass filter 30 GHz Low pass filter 30 GHz
RJ 1.0 1.1 PSms | PCIE_4_ 0 RX_CAL | PCIE_4_16GB_CEM_Rj Sj CAL |BW: 25 GHz BW: 25 GHz
Sampling rate: 80 GSa/s Sampling rate: 64 GSals
Memory depth: 10 Mpts Memory depth: 8 Mpts
Averaging: off Averaging: off
SJ @ 100 MHz 10 ps 9.5 10.0 PSpp PCIE_4_0_RX_CAL | PCIE_4_16GB_CEM_Rj_Sj_CAL | BW: 25 GHz BW: 25 GHz
Sampling rate: 80 GSa/s Sampling rate: 64 GSa/s
SJ @ 100 MHz 5 ps 50 55 P, Memory dc.apth: 10 Mpts Memory df::pth: 8 Mpts
Averaging: off Averaging: off




PCIl Express 4.0 16 GT/s — M8040A .- .

SYSTEM TP2P CALIBRATION SETUP

MB8045A-803

DC-block |
N9398F -
TTCY
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PCIl Express 4.0 — PHY Test Specification

CALIBRATION 16 GT/s

=-CIER FCle -

4.0, AddInCard

=l . Calibration

=L@ 25GTs

EI|:| . Lanel

] Random Jitter Calibration
De-Emphasis Calibration
Eye Height Calibration
Eye Height Verfication
50GT/s

el

E,D
[
LI

Random Jitter Calibration

De-Emphasis Calibration
Eye Height Calibration
Eye Height Verfication

(|

[==1
=
oy}
i
n

,_
=1
3 -
o o
c

-

TxEQ and Launch Veltage Calibration
Random Jitter Calibration

Sinusocidal Jitter Calibration

Long Channel, CBB rev. 3

DM Sinusoidal Interference Calibration
Eye Height and Width Calibration

(] |
n

O
o0
-0
..
o

i
o

|:| Compliance Eye Calibration
|:| Compliance Eye Verfication
=@ 150GTs
=[] . Lanel
] TxEQ and Launch Veltage Calibration
O Random Jitter Calibration
O LF Sinusoidal Jitter Calibration
O HF Sinuscidal Jitter Calibration
] Unit Interval Calibration
=El Long Channel CEB rev. 4
m-L ] Insertion Loss Calibration
m-] DM Sinusoidal Interference Calibration
m-L] CM Sinusoidal Intefference Calibration
-] Initial Equalization Preset Optimization
w1 Channel Calibration
m-] Final Equalization Preset Optimization
m-] Pre: Compliance Eye Calibration
m-L] Compliance Eye Calibration
-] Compliance Eye Verfication
KEYSIGHT
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Parameter

RX STRESS SIGNAL

SigTest

— TP2P CALIBRATION SETTINGS

Oscilloscope Settings

18.25t0 19.25

Reference package model
embedding required

Technology Template X-Series / Q-Series UXR
V-Series / Z-Series
Insertion Loss @ 8 GHz | -30 -27 dB VNA measurement or step response method using SEASIM BW: 25 GHz BW: 25 GHz
for PCI Express 4.0 16 GT/s the matched cable from the Sampling rate: 80 GSa/s Sampling rate: 128 GSals
BERT PG outputs to TP3 is included in this measurement Memory depth: 2.048 kpts Memory depth: 3.278 kpts
although it is compensated for in the launch amplitude, Averaging: 1024 Averaging: 1024
preshoot and de-emphasis calibration Reference package model Reference package model
embedding required embedding required
DM-SI @ 2.1 GHz25mV | 23 25 mV, DM-SI amplitude = ACV,,s * 2 * sqrt(2) BW: 25 GHz BW: 25 GHz
Sampling rate: 80 GSa/s Sampling rate: 64 GSa/s
DM-SI@2.1GHz 14 mV | 12 14 mv,, Memory depth: 1 Mpts Memory depth: 800 kpts
Averaging: 128 Averaging: 128
Reference package model Reference package model
DM-SI @ 2.1 GHz 10 mV 8 10 MVpp embedding required embedding required
CM-SI @ 120 MHz 148 150 mVy, N/A N/A BW: 25 GHz BW: 25 GHz
Sampling rate: 80 GSal/s Sampling rate: 64 GSals
Memory depth: 1 Mpts Memory depth: 800 kpts
Averaging: 128 Averaging: 128
Reference package model Reference package model
embedding required embedding required
TXEQ Preset selection Largest eye mVps PCIE_4_0_RX_CAL PCle_4_16G_Rx_CAL_CTLE_xdB | BW: 25 GHz BW: 25 GHz
between P5 & P6 height * eye xdB...8 dB to 10 dB in ¥ dB steps | Sampling rate: 80 GSals Sampling rate: 64 GSals
width Memory depth: 10 Mpts Memory depth: 8 Mpts
Averaging: off Averaging: off
Reference package model Reference package model
embedding required embedding required
Vexen-sc Eye Height AIC & System: mV PCIE_4_0_RX_CAL PCle_4 16G_Rx_CAL_CTLE xdB | BW: 25 GHz BW: 25 GHz
13.5t0 15.5 xdB...8 dB to 10 dB in ¥ dB steps | Sampling rate: 80 GSals Sampling rate: 64 GSals
Memory depth: 10 Mpts Memory depth: 8 Mpts
Trx.ew-sc Eye Width AIC & System: ps Averaging: off Averaging: off

Reference package model
embedding required




PCIl Express 4.0 — PHY Test Specification

CALIBRATION 16 GT/s RX STRESS SIGNAL - COMPLIANCE EYE VERIFICATION

=8 P. le - 40, AddinCard
=5 |:| ,ahtrahcn . .o .

= DlDz. GT/s Compliance Eye Verification
=0 Lanel . .
Random Jitter Calibration o Callbratlon at TP2P

De-Emphasis Calibration

e e » Checks if stress impairment set of current calibration leads to EH / EW with target
e tolerance

Random Jitter Calibration ° EH / EW Targ et

De- Em|:ha°| ,,ahl:ratn:n

+ 135 mV <EH<155mV
1; * 18.25 ps < EW < 19.25 ps
TxEQ and Launch Voltage Calibration

Random Jiter Calbraton « SIGTEST is used to measure EH and EW based on waveform captures

Sinusocidal Jitter Calibration

Long Channel, CBB ev. 3 « RX reference package model is embedded on the scope

DM Sinusoidal Interference Calibration
Eye Height and Width Calibration

]
-

m
[

~aiiﬂaaiDDDDDD'ﬁ@al!DDDD'ﬁDDDD'ﬂDDDD

g o o

— o1
3

DDDD'...@

m

Compliance Eye Calibration
Compliance Eye Verfication

=@ 160GT
=] Lane
-- TxEQ and Launch Veltage Calibration
-- Random Jitter Calibration
-- LF Sinusoidal Jiter Calibration
-- HF Sinuscidal Jitter Calibration
-- Unit Interval Calibration
a- Long Channel, CBE rev. 4

Insertion Loss Calibration

DM Sinusoidal Interference Calibration
CM Sinusoidal Intefference Calibration
Initial Equalization Preset Optimization
Channel Calibration

Final Equalization Preset Optimization
Pre Compliance Eye Calibration
Compliance Eve Calibration

Compliance Eye Verfication I

-J5
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Agenda

 PCI Express Generic

e Challenge 1 — Which Test Setup Do You Need?

» Challenge 2 — PCI Express LTSSM

* Challenge 3 — PCI Express Stress Signal

e Challenge 4 — PCIl Express RX and LinkEQ Tests

» Challenge 5 — Calibration / Test Complexity and Time

e Solution Overview

* Appendix
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PCIl Express 4.0 — Base Specification

* No differences compared to PCI Express 3.1
« Different swept SJ jitter tolerance curves for CC and SRIS.

» Fixed 33 kHz SJ spur with amplitude of 25 ns for IR. BERT PG data rate needs to be 8 Gb/s -2500 ppm for IR.
* No fixed 33 kHz SJ spur or rSSC for CC

PCl Express 4.0 S) Mask for 8 GT/s CC PCl Express 4.0 S) Mask for 8 GT/s IR

mplitude [UI
mplitude [UI

1.00e-01

KEYSIGHT
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PCle 4.0 RX Tests

« Different jitter tolerance curves for CC and IR
* ISSC @ 33 kHz for CC only

» Constant 33 kHz SJ tone with 25ns in addition to jitter tolerance curve and 210 MHz SJ tone for IR only. BERT PG data rate needs to be
16 Gb/s -2500 ppm for IR.

PCl Express 4.0 SJ Mask for 16 GT/s CC PCl Express 4.0 SJ Mask for 16 GT/s IR

SJ Amplitude |U
SJ Amplitude U

KEYSIGHT
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PCIl Express 5.0 — Base Specification

* No longer different jitter tolerance curves for CC and SRIS. Only difference is in the fixed 33 kHz SJ spur which is in
addition to the swept SJ jitter tolerance curve and 210 MHz SJ tone

» rSSC for CC substituted by fixed 33 kHz SJ spur similar to SRIS
 Fixed 33 kHz SJ spur with amplitude of 1 ns for CC and 25 ns for SRIS.
* In case of SRIS the BERT PG data rate needs to be 16 Gb/s -2500 ppm.

PCl Express 5.0 SJ Mask for 16 GT/s CC PCl Express 5.0 SJ Mask for 16 GT/s SRIS

J plitud |
J plitud |

KEYSIGHT
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PCle 5.0 RX Tests

 Similar swept SJ jitter tolerance curves for CC and SRIS. Only difference is in the fixed 33 kHz SJ spur which is in addition to the swept SJ
jitter tolerance curve and 210 MHz SJ tone

» Fixed 33 kHz SJ spur with amplitude of 1 ns for CC and 15 ns for SRIS.
* In case of SRIS BERT PG data rate needs to be 32 Gb/s -1500 ppm.

PC| Express 5.0 SJ Mask for 32 GT/s CC PCl Express 5.0 SJ Mask for 32 GT/s SRIS

SHAmplitude {1

SHAmplitude {1

1.00E404 1.00E+05 1.00E404 1.00E+05

1 .00€E-01

1.006-01
S Frequency [Hz)

KEYSIGHT
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PCIl Express 5.0 SJ Sources— M8040A & M8020A

PCI Express Base Specification 5.0 replaced PCle 4.0 16G: PCle 5.0 16G: PCle 5.0 32G:

rSSC, which was used for common clock

architecture to emulate the worst case effect  Enable P11 +/ Enable P11  Enable P11

of SSC on the receiver by, a 33 kHz SJ tone of 400.00 kHz ILID LG 400.00 kHz

1ns which is applied in addition to the SJ mask 1.0000 UL 34500 U1 = L

and the fixed 210 MHz SJ tone, which is used EoinE i Enable P12 il Enable P12

to keep SJ maSk flxed +/ Enable rssC 33.000 kHz 33.000 kHz
33.000 kHz 16.000 UI 32.000 UI

This mix of a SJ mask plUS a 210 MHz fixed 8.0000 UI Enable rssc Enable rSsC

SJ tone plus a 33 kHz fixed SJ tone was not

possible on the M8020A and M8040A until & Enable P11 < Enable PI1 & Enable P11

M8070B S6.5 release. 100.00 MHz 100.00 MHz 100.00 MHz

0.3 ps

Starting with M8070B S6.5 release a second
low frequency SJ tone, LF-PJ2, is available on
all M8020A and M8040A systems equipped
with jitter sources. Erable BUS

+ Enable P12

210.00 MHz

3.0ps

+ Enable RJ
1.00 ps
100 MHz ~

10 MHz ~

KEYSIGHT
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6.3 ps
+ Enable P12
210.00 MHz
3.0 ps
Enable BUJ
+ Enable RJ
1.00 ps

100 MHz ~

10 MHz ~

3.1ps
+~ Enable P12
210.00 MHz
1.8 ps
Enable BUJ
~" Enable RJ
0.50 ps

100 MHz ~

10 MHz ~




PCle 4.0/ 5.0 RX Tests

BERT Pattern Generator

f, = BERT PG transfer rate +/- 300 ppm f, = DUT TX transfer rate +/- 300 ppm

f., = BERT PG center frequency averaged over multiple SSC cycles  f,, = DUT TX center frequency averaged over multiple SSC
cycles Maximum allowed difference between f_; and f,, is 600
ppm

KEYSIGHT
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PCIl Express 4.0 — PHY Test Specification

16 GT/s LINK EQUALIZATION PRESET & RESPONSE TIME TEST

=8

m
=]
Q

2 o

0L

g Channel. CEB rev. 3
Lane0
EQ Coefficient Matroc Scan
EQ Pre-Shoot De-Emphasis Scan
Preset Pre Compliance Test
Pre Compliance Test
Jitter Tolerance Test
Sensitivity Test

KIKRIKIRIK4® S

&
=
q
@

g

©

&5
a
Q
2
3
(]
m
o
a
<
F=

Lane0

#-[1(@) EQ Coefficient Matrix Scan
EQ Pre-Shoot De-Emphasis Scan

Pre Compliance Test

. Link Equalization
. Receiver
2 | 80GTA
-] . . Long Channel, CEB rav. 3

Jitter Tolerance Test

DI
n

= § Laned
! Compliance Test 2.11.1
Jitter Tolerance Test
E 1 Sensitivity Test
160GT/s
. Long Channel, CBB rev. 4
501§ Laned
R
-]
nsmitter
8.0GT/s
. Laned
.8 Compliance Test 2.4.1
16

]
m!
n'

Compliance Test 2.11.2
Jitter Tolerance Test

Compliance Test 2.5.1

-
I
| Ex H'H H"a‘
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Link Equalization Tests
» This test checks if the preset and coefficient requests during phase 2/3 are set

physically and if the electrical and protocol response happens fast enough. This test
applies to AlICs and systems

» Testis performed for PO through P9 as preset request and again as coefficient request
« DUT is trained into loopback through LO/Recovery with phase 2 and phase 3 active
» The compliance pattern is used
* Response Time Measurement
 The BERT PG and DUT TX waveforms are captured around the change request
* BERT PG waveform is decoded to determine the time of the initial preset request

« DUT TX waveform is decoded to determine the time of the acknowledgment for the
protocol response time

« DUT TX waveform is analyzed for time of the waveform change for the electrical
response time

* Preset Measurement
» Waveforms are captured and analyzed by SIGTEST for de-emphasis and preshoot
* PHY Test Specification Number
« 2.5.2 for add-in cards
» 2.9.2 for systems

My s0GTA
4§ Long Channel CLBrev 3

“ LaneD
EQ Cosfcomrt Matax Scan
£Q Pre-Shoot De-Exphass Scan
Pre Complance Test
Jeer Tolerance Test
Senstivty Test

f\li"x.lk!l\ll(ﬁ"

.. 160GTA
'_1. Lorg Chanrel, CLE rev 4
4 Lared

EQ Coeficiart Mutax Scan
G Pro-Sroot De-Emphass Scar

Pre Complance Teat
Jter Tolerance Test

Rl I‘\ll"\‘

14
LY

S 4
[

v

‘f.,&nﬂ"‘ 528
3
T8
5

@zt
o5 2
17

"1

ClBrev 3

i M@ Complance Tem 2121
0 1@ Jtter Tolerance Temt

v @ Serotviy Test

eh




PCIl Express 4.0 — PHY Test Specification

16 GT/s LINK EQUALIZATION PRESET & RESPONSE TIME TEST EXAMPLE RESULTS

pass PO 185.6% 113.00 0.00 0.00 0.00 -5_85 -7.50 -4 _50 DUT reported cursors: (0, 35, 12)
pass Pl 174 .08 11z2.1% 0.00 0.00 0.00 -3.Z24 -4 _50 -Z.50 DUT repocrted cursors: (0, 35, 8)
pass BZ 173.81 117.44 0.00 0.00 0.00 -4._07 -5_%80 -Z.%0 DUT repocrted cursors: (0, 38, 9)
pass B3 185.6% 1z23.13 0.00 0.00 0.00 -Z.30 -3.50 -1.50 DUT repcrted curscrs: (0, 41, &)
pass P4 185.75 115.54 0.00 0.00 0.00 0.00 0.00 0.00 DUT repcrted curscrs: (0, 47, 0)
pass BS 185.6% 11z2.75 1.7& 0.50 2.50 0.00 0.00 0.00 DUT reported cursors: (5, 42, 0)
pass =3 185.81 108.13 2.15 1.50 3.50 0.00 0.00 0.00 DUT repcrted curscrs: (&, 41, 0)
pass B7 185.6% 107.25 3.37 2.50 4_50 -5_8%3 -7.50 -4 _50 DUT repocrted curscrs: (5, 33, 9)
pass B3 173.58 111.08& 3.18 2.50 4_50 -3.33 -4 _50 -Z.50 DUT reported cursors: (&, 35, &)
pass == 171.81 107.1% 3.07 2.50 4_50 0.00 0.00 0.00 DUT repcrted curscrs: (8, 35, 0)
pass PO' {0, 35, 12) 125.81 72.25 0.00 0.00 0.00 -5.48 -7.50 -4.50

pass P1' {0, 33, 8) 131.75 €7.44 0.00 0.00 0.00 -3.06 -4.50 -2.50

pass p2' {0, 38, 3) 125.659 €7.88 0.00 0.00 0.00 -3.81 -5.50 -2.50

pass P3' {0, 41, &) 129.54 T7e.13 0.00 0.00 0.00 -2.37 -2.50 -1.50

pass P4 {0, 47, O} 1z29.88 71.83 0.00 0.00 0.00 0.00 0.00 0.00

pass P5' (5, 42, O0) 125.81 €2.00 1.81 0.30 2.80 0.00 0.00 0.00

pass Pe' (g, 41, O) 127.81 €5_56 2.22 1.50 3.50 0.00 0.00 0.00 S t IWW 2 9 2
pass B7' {5, 33, 3 131.75 73.75 3.22 2.50 4.50 -5.02 -7.50 -4.50 ys e . -
pass p3' (g, 35, ®) 129.65 73.38 2.93 2.50 4.50 -2.08 -4.50 -2.50

pass P3' {8, 33, O} 1z27.88 €5.00 3.1ls 2.50 4.50 0.00 0.00 0.00

pass Cwerall Result nfa nfa nfa nfa nfa nfa nfa nfa

Add-In Card 2.5.2

FL' 10, 26, & ze3._08 131 87 5.00 g.00 0.00 3.80 .80
#3* 10, 38, 1 an1.14 137.92 a 0.00 4.70 s.00
pane » 29, ¢ n/n nie an 3,06 a.00 3.48 3.%0 1.8 Tound zwm

Wz preset =hange

e g, 23 $ 00 ¥ 20.%3 1 ¢ oo L] ¢ 0
i i, 207 .%% 134, 0% 1.54 . » 3.n ) a,00 ]

e 4. 3 156 .17 " in L& 3. 60 3,00 v0
L L #7739 136.9% i s 4.580 -6.13 ? 4.
12 L N | NI i3i w2 LIS 3 i% 4.50 -3 A5 -4.50 -3.50
e € 3§, 2 133 0% 13137 LR is 4. 50 D00 0.0

Overall Jeruis n's n's LY n'a n/s n/s nin n'e

KEYSIGHT
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PCIl Express 4.0 16 GT/s — M8040A

LinkEQ TX AIC SETUP - MOSTLY 1.85 mm / 2.4 mm

-----

"~ Coupler
M8045A-803
DC-block
N9398F e >

DTTC not required if a scope BW
is at least 50 GHz
KEYSIGHT
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PCIl Express 4.0 16 GT/s — M8020A

LinkEQ TX TEST FOR SYSTEMS - LONG BACKCHANNEL

6 dB power dividers on PG data out to

SUT RX path

« 10 dB to 14 dB pick-off z matched on
SUT TX to ED data in path. Pick-off
towards scope. Pick-off examples
N1027A-2P2 or M8045A-803.

* Re-driver between ED data in and pick-

off. Re-driver needs to be AC coupled on

inputs as well as outputs

P T L. - Re-driver examples

;,wm* o ¥ - Diodes PIEQX16904GL eval board

N : | « Texas Instruments DS280BR820EVM
* Are-driver is recommended with the

M8040A test setup when testing a SUT
for LInkEQ RX as well as LInkEQ TX

KEYSIGHT
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Agenda

 PCI Express Generic

e Challenge 1 — Which Test Setup Do You Need?

» Challenge 2 — PCI Express LTSSM

* Challenge 3 — PCI Express Stress Signal

* Challenge 4 — PCI Express RX and LinkEQ Tests

* Challenge 5 — Calibration / Test Complexity and Time

e Solution Overview

* Appendix
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Calibration / Test Complexity and Time

- 4.0, AddInCard
ali

m
m-[]

o158
[ 3
- T
=
g
2

» The PCI Express RX stress signal calibration is
BGET/s

i * very complex, and

Random Jitter Calibration
De-Emphasis Calibration
Eye Height Calibration
Eye Height Verfication

4 « LIinkEQ transmitter testing required for compliance is tedious, especially the LInkEQ phase 2/3 preset,
coefficient and response time test which requires 20 measurement steps

Pl

=

m
o-w OODO® S DD 2 ODe

()

+ time intensive due to many steps requiring averaging of results of a lot of measurements with post processing

0
B
1]
=]

Random Jitter Calibration
De-Emphasis Calibration

Eye Height Caiibration « RX characterization measurements like JTOL and TXEQ matrix scans are running a long time

Eye Height Verfication

el = An RX and LinkEQ test automation plus a PC with 12 logical processors or more is highly recommended
TxEQ and Launch Veltage Calibration
Random Jitter Calibration
Sinusocidal Jitter Calibration
Long Channel, CBB rev. 3
' DM Sinusoidal Interference Calibration " Frissigenerll| Bopiara 41 TR ! " "
F-L ] Eye Height and Width Calibration pens #0 1743 136.9% 0.00 0.0 0.00 -5.33 -7.60 -4 50 UUT reporsed sursors: 19, 4, @

]
g 9
o

D Compliance Eye Calibration pana 17} 181,09 190, %% 5.00 3.4 0,00 -3 89 -4.50 -i.%0 DT yeported cursofs
m-L] Compliance Eye Verfication pans L 189 .08 187.13 2.00 0.9¢ 0.00 -4.70 -5.90 -3.90 DUT reported cursocs
= 60 DUT repoxte ]
B D . 160GT/ pass L n/e nia 5.00 8.0¢ 0.00 -1.48 -3.80 -1.89 Mo preser o
=[] . Lanel e preset change
D TxEQ and Launch "\.-"Drtage Calibration peans e 0.9 136.93 2.00 g.88 0.00 8.00 0.08 9.00 OUT reported sussccs &, 32, 8
. . . paan b ant. i i22.m i.a2 0.9 3.9 0.0u 0.02 2.00 T zepocted —ucscce 3, 25, ¢
[ 1@ Random Jitter Calibration = e e 4 ; - : : e 3
pans ) 2 a8 137.08 T 1,82 Y 0.09 0.0e 5.00 DU repotted sarsocs 18,
D LF SII'ILISDIdEd Jmercallbra‘tlnn pans ” 2931 0. 9% L ]| 4 o ~4.32 T.80 4 82 OUT repostted cursnce: 3, 3a3. N
O HF Sinuscidal Jitter Calibration puns s 175, 30.%4 3.3z ‘.80 5.4t 400 2.40 DU reperted sussees: (4, I4, 4
D Unit Interval Calibration pans 2] 344,02 30.40 3.6 t 4,00 0.09 0.0¢ 9.00 T repocted cursoze: (6, 36, 0
-] @ Long Channel, CBE rev. 4 Fpasz $0° 10, 34, 8 ¢824 139.33 2.00 0.00 ’ 4.0 .
&=~ Insertion Loss Calibration cf A b S5t = = = 822 -
i . . : . Fann #3° 10, 38, 7 ani.ia aT.. 2.00 oo 4.70 8.00 ¥
-] OM Sinuscidal Interference Calibration R e o T
H . . . . P32 (0, 39, ¢ R/ o.00 a.06 n.00 3. 45 3.80 1.%0 nTy v Py
&l CM Sinusoidal Interfersnce Calibration LN i ks : Wz preset =hange found on the wavefarm
D Initial Equalization Preset Optimization pana P4 10, 27, ¢ 300 9% 120,93 5.00 .99 0,00 n.on ¢.00 2.00
: g - L A, 32, 0 207 .58 i3s. 0% 1.54 c. " 3.0 0.00 ag.00 2.00
- @ Channel Calibration el . <
: ) o o pans P6T (4, 35, © 15537 1319 ] L 3,60 0.00 3.0
|:| Final Equalization Preset Cptimization =y yiv 19, 28,7 397 38 32 38 oy 0 ~T- = ”
=-_]{@ Pre Compliance Eye Calibration S P4, 34, 4 37714 131.93 >3 4.50 o .. 5
&[]l Compliance Eys Calibration pane PP 16, 36, © 233.0% 13197 .6 4.50 90 9
-] Compliance Eye Verfication pans Overall Sesuis n/e ne ne n/a n/a n/e nin ne
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N5991PxxA

RX TEST AUTOMATION SOFTWARE

- ~ \
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Guided and automated stress signal calibration
minimize user interaction and help to reduce
errors

LinkEQ tests require add-on option N5991PA3-
ADD

Test beyond compliance
*  TXEQ matrix scan for 32 GT/s, 16 GT/s and 8 GT/s

 JTOL testfor 32 GT/s, 16 GT/s and 8 GT/s
* Sensitivity Test for 8 GT/s

“Setup Impairment for Test” function sets the
M8040A/M8020A system to user defined
impairments. This function supports generator
only systems as well as full RX test systems

N5991PxxA offers test automation software
products per PCI Express Specification type and
revision

* N5991PB5A — PCI Express 5.0 Base Spec

* N5991PB4A — PCI Express 4.0 Base Spec

* N5991PC4A — PCI Express 4.0 CEM / PHY Test Spec

* N5991PU4A — PCI Express 4.0 U.2 Test Spec,
currently 8 GT/s only

+ N5991PM4A — PCI Express 4.0 M.2 Test Spec,
currently 8 GT/s only
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o e



N5991PB5A

|  Guided and automated stress signal Loc;smpsc;:p;c
f - 4 ] . . —~-al_ 2\
o e A | calibration and test for PCI Express 5.0 .~ """
WO I B —— 32 GT/s)
@ x Rapeat Setup Fase :
2 D;@ v Generste o i'i: an
e ok Do Erchams 7y « “Setup Impairment for Test” function sets =
(o Difiereroal Voltage Wny fozpe
O Comman Mot st 01 the M8040A/M8020A system to user
: lé . defined impairments. This function
pLIE f’,,“““"~,. supports generator only systems as well
o i as full RX test systems
a® Frocesure Fades Case T Frocesd Wih Neot Proosdas
- Repatnces } H
o . » Test beyond compliance
a 7 *  TxXEQ matrix scan
02 « JTOL test
R o  LinkEQ tests will be released in CY19H2
G e (requires add-on option N5991PA3-ADD)
i E}@ 30G R Pre Comphance Test
' “%5”_“':‘" 716 GT/s, 8 GT/s, 5 GT/s and 2.5 GT/s support for
- 26 R ipamerts Sap M8040A will be added to the released N5991PB5A
PCI Express 5.0 Base Specification RX Test product in
ekt CY19H2. 2.5 GT/s support using a M8040A based
setups requires M8046A L4 HW.
Saveny Nerragm Ciste
Dirfo 3G Fix rpanrerts Setup started 6/11/2005 1.0235PM
@ Poges  1G Fx mpemerts S S 0 611/2045 10223 PM v
Completed PClu Station
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N5991PC4A =

£ . 2 ar . :
e Sﬂe = B R;?g S-,'m, o g Ag, . Gu'lded.and automated stress signal
810) & B4 Lk Euskzation A v BOGTA calibration, RX test, RX LinkEQ and
0] g [ﬁ@ Secsrve: 4 L-i‘@ Rae Repetisons 0 .
© 20 soaT i DataRote Devistion  Opom TX LinkEQ for PCI Express 8 GT/s
0O e 1 EQ 296TA Seesitiviy Noma N :
: 0Q ; : _J%gom CeBrev 2 1@ Lang Crarmel CEBrev. 3 v Lospbuck Teing and 16 GT/s" according to the
g Larel A ) Interactive Training Scripl C\Px Dista\BaIEye N5591\4 . . . .
: 58 s 5T 55 A Codicsert Mat Seo [j.@gg"gmm:mme o e integrators list compliance testing at
0@ weo 8- E3(Q) 86 A Pre Shoot De-Enphass Scn i EA(Q) 96 LEQ R Jie Towrance Teu - T e T PCI-SIG Compliance Workshops for
- ﬂ@ ; - '_-_‘J@ 85 Fx Preeet Fre Complance Teg % q@ G LEQ Rx Senstivty Test Generat Full Swing 24 CEM f f t
o ' : PRGN Cadghia Y S (@ Sot Channel.CEB v 2 ormfactor
i U@ . _]@ BG Fix e Tolersnce Tes E@ Larel
| [ 5 Rx Senstrvty Test . H ; _ H
: %@ L 6o W(Qm —  BQ wwrn () PCle LinkEQ tests require add-on option
s F1 () 86 LEQ R dster
» 00 Larcn Vetage @ Laned : 1) 53150 R on N5991PA3-ADD
0 0@ f 3 U@ BG Fix Coefcert Matrix Scan 2@15:3:"-. 'i Close l
: U% e : 28 RS RO FAQ torg e Corey 4 s Gl W « “Setup Impairment for Test” function
k- TIQ) 146 Lt v ot 5 Q) 56 RxPo Comlarce Tes IR wriamacns amirapy o sets the M8040A/M8020A system to
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95 GT/s and 2.5 GT/s stress signal calibration
will be added to the released N5991PC4A PCI
Express 4.0 CEM Specification RX Test product
KEVSIGHT in CY20H1.
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« Guided and automated stress signal
calibration, RX test, RX LInkEQ and TX
LinkEQ according to PCI Express Base
Specification 4.0

» LinkEQ tests require add-on option
N5991PA3-ADD

“Setup Impairment for Test” function sets the
M8040A/M8020A system to user defined
impairments. This function supports
generator only systems as well as full RX
test systems

» Test beyond compliance
¢ TXEQ matrix scan for 16 GT/s and 8 GT/s)”

e JTOL test for 16 GT/s, 8 GT/s, 5 GT/s and 2.5 GT/s)”
¢ Sensitivity Test for 8 GT/s, 5 GT/s and 2.5 GT/s)

« Supports M8040A as well as M8020A
)5 GT/s and 2.5 GT/s support for M8040A will be added to

the released N5991PB4A PCI Express 4.0 Base Specification
RX Test product in CY20H1.
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Agenda

 PCI Express Generic

e Challenge 1 — Which Test Setup Do You Need?

» Challenge 2 — PCI Express LTSSM

* Challenge 3 — PCI Express Stress Signal

* Challenge 4 — PCI Express RX and LinkEQ Tests

» Challenge 5 — Calibration / Test Complexity and Time

» Solution Overview

* Appendix

KEYSIGHT
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Server Technologies RX Test
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M8040A 64 Gbaud High-performance BERT

KEYSIGHT

TECHNOLOGIES

Loopback
to error
analyzer

PAM4 and NRZ

1 and 2 channel pattern generator
with remote heads, de-emphasis, jitter
injection and FEC

Where used:

400GDbE, 200GbE, CEI-56G
New: PCI Express, TBT 3, CCIX, SAS

Input (RX) characterization and
compliance test

For PAM4 and NRZ signals up to 64
Gbaud

Key Capabilities:
 Highly integrated BERT, AXle based

« Accurate physical layer characterization and compliance test of next
generation digital high- speed 1/0Os with NRZ and PAM4 data formats

« Control via M8070B system software for M8000
Pattern Generator (M8045A)

« Single or dual 32/64 Gbaud NRZ/PAM4

* Built-in de-emphasis (5 taps)

« Clean and jittered data patterns and clocks

* Remote head M8057B: 1.8 Vpp diff. for close connection to DUT
* NRZ and PAM4 is switchable by software

« FEC encoding on 1 lane

* ISl channels and interference source

Error Analyzer (M8046A)

« 32/58Gbaud error detector for PAM4 and NRZ
 Built-in equalization

* Built-in clock recovery

» Supports up to 64Gb/s NRZ, 30GBd PAM4
 Burst error distribution and FLR extrapolation

* Filtering of SKP OS symbols

* Interactive link training 8/16/32 GT/s PCle




Interference Source M8054A with Coupler
B "" ﬁ? ® @ @ @ @ @

M8054A Interference Source (prelim. outline) rforence Source

Emulate level interference for RX stress test l
* Only usable with M8070A/B or other Keysight RX test automation SW

« BW 32 GHz

* 4ch

« Random Interference (RI), Sinusoidal Interference (SI)

« Common mode and differential mode

* Near-end and far-end channel injection possible by use of couplers

« Specs similar to today‘s M8196A when used as RI/SI source in M8070A
« Control via M8070A/B

Applications

» PCI Express

« SAS

* OIF-CEI & IEEE 802.3 10G / 100G / 200G / 400G

M8045A-803 coupler

KEYSIGHT

TECHNOLOGIES



PCIl Express Interactive Link Training — M8040A

M8046A-0S1 INTERACTIVE LINK TRAINING FOR PCIE 32G/16G/8G

» Coefficient resolution between 1/24 and
1/63. Available on M8040A only. e
Y %

« PCle TXEQ Matrix editor to change e Py
MB8040A’s coefficient sets per possible . Amphier 1. DetwOwt1
coefficient and preset request. Available on ! D e
M8040A Only ":;. PCli LTSSM Présets

Full Swing

Pro-Cursor

Post-Cursor
*  Output Timing M1.DataOutl
*  LF Wtter M1 . Datatut)
*  HF Jitter M1 DataOutl

= Ervor Insertion Mi.DataODuts

*  FEC Error Insertion M1 DataOutl

PCle LISSM Prosets
Defines the de-emphasiz presets foc the PCle LTSSM

OUTPut:DEEMphasis:PCIEXpress PRESetFILE
‘ML DataOutl”, Factory / FullSwing- 24.xml’

SOUTTPut D F Mohasis-POTF PRESHTTLE?

KEYSIGHT
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ISI Channels for High-Speed Receiver Test

M8049A

M8049A 001 M8049A-002 M8049A-003

Preliminary S21 (Sep 2018)

ISI Channel Board with 5 traces from ISI Channel Board with 9 traces from 0.8 1SI Channel Board with 7 traces from 9.1
1.4 to 5.5 inches to 8.0 inches to 22.3 inches
1.5, 2, 2.5, 3, 3.5 (estimated) 25,3,35,4,5,6,7,8,9 (estimated) 10, 12, 14, 16, 18, 20, 22 (estimated)
Key features of ISI Channel boards Ordering
« Emulate channel loss with fine granularity -> 3 separately M8049A-001, -002, -003
orderable & cascadable boards Cascading of boards possible

» Lower loss needed for 32 Gbd signals
Applications: PCle 5, CCIX, SATA, IEEE 802.3, OIF-CEI-56G,
Fibre Channel, other >20Gbd applications

« Recommended cables for cascading: M8046A-802 (1m matched
cable pair 2.4mm)

KEYSIGHT
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Data Center — Electrical RX Test Applications

HPC Server Links

Electrical TRX: IEEE 802.3 100G/400G
- OIF-CEI CEI-04.0 T

Data Center Network Coverage DC|_E

* CEI-56G-VSR PAM4 (M8040A
only) _E
* OIF-CEI CEI-03.1
« CEI-28G-VSR?®
+ |EEE 802.3
« 200GAUI-4 PAM4 C2M (M8040A IEEE 802.3 10G/100G
only) InfiniBand / OmniPath
. gggg%AUl% PAM4 C2M (M8040A PEE—
Optical TRX: HECSEER
« |EEE 802.3 HPC Server
- 10GBASE-LR/ER (M8020A only) T —
* 25GBASE-LR/-ER/-SR (M8040A
orﬂy) SAS/FC
* 40GBASE-LR4/ER4 (M8020A
Only) GP Server
* 100GBASE-LR4/-ER4/-SR4
* 200GBASE-FR4/-LR4/-DR4 Storage Array
(M8040A Only) Storage Array
* 400GBASE-FR8/-LR8 (M8040A
o nIy) Storage Array
« 400GBASE-DR4 (M8040A only) Storage Array e e
« MSA
* 100G-CLR4 MSA
+ 100G CWDM4 MSA IIIIIII
+ 100G 4WDM-10/-20/-40 MSA Graphic does not represent actual rack
* 400G-FR4 100G lambda MSA structure but link technologies used Ll

RX test automation is available
DMB8040A: currently planned for end of CY19
KEYSIGHT Server Technologies RX Test ®Test automation available for host only
TECHNOLOGIES 4According to CEM specification ~ 9M8020A: no LTSSM for 32 GT/s

Pooled
Memory
Fabric

Data Center Server Coverage

* PCI Express®

« PCI Express Base Spec 5.0

e 32GT/s®, 16 GT/s, 8 GT/s, 5 GT/sY, 2.5
GT/sH?

« PCI Express Base Spec 4.0
« 16 GT/s,8 GT/s, 5 GT/sY, 2.5 GT/sV?

» PCI Express Architecture PHY Test Spec for
CEMrev. 4.0
« 16 GT/s, 8 GT/s, 5 GT/s%, 2.5 GT/s%2

» PCI Express Architecture PHY Test Spec for
CEMrev. 3.0
 8GT/s,5GT/sY, 2.5 GT/s%?

* PCI Express U.2
e 8GT/s

* PCI Express M.2

« 8GT/s
« CCIX 20G/25G
* SAS-3/SAS-4
.+ 225G, 12G
* OIF-CEI CEI-04.0
« CEI-56G-MR/-LR PAM4 (M8040A only)
* OIF-CEI CEI-03.1
* CEI-28G-SR/-MR
* CEI-25G-LR
- |IEEE 802.3
« 200GAUI-4 PAM4 C2C (M8040A only)
* 400GAUI-8 PAM4 C2C (M8040A only)
« DDR5 (M8020A only)
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Server Standard Coverage — M8040A

CCIX
25G/20G
CEI-03.1
PCI Express 5.0/4.0 . CEL-28G-SR/-MR
32G/16G/8G/5GY/2.5GD2) . CEL-25G-LR
22.5G/1 :
SGI12G IEEE 802.3 + CEI-56G-MR/-LR PAM4
» 200GAUI-4 PAM4 C2C
* 400GAUI-8 PAM4 C2C Optical TRX:
+ |EEE 802.3
* 25GBASE-LR/-ER/-SR
* 100GBASE-LR4/-ER4/-SR4
Electrical TRX: * 200GBASE-FR4/-LR4/-DR4
* CEI-04.0 * 400GBASE-FR8/-LR8
* CEI-56G-VSR PAM4 * 400GBASE-DR4
. .  CEI-03.1 + MSA

RX test automation is available . CEl-28G-VSRY . 100G-CLR4 MSA

DCurrently planned for end of CY19 . |EEE 802.3 « 100G CWDM4 MSA

22.5G requires M8046A L4 hardware which is not shipping as of May 2019 Consumer/Computer: - 200GAUI-4 PAM4 C2M - 100G 4WDM-10/-20/-40 MSA
3)Test automation available for host only TBT 3.0 20G < 400GAUI-8 PAM4 C2M « 400G-FR4 100G lambda MSA

KEYSIGHT
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Consumer / Computer Standard Coverage — M8020A

TBT 3.0 DDR5

USB 3.0/3.1/3.2 2Y¢ DisplayPort
5G/10G RBR/HBR/HBR2/HBR3

PCI Express 5.0/4.0/3.0 CEI-03.1
16G/8G/5G/2.5G  CEI-28G-SR/-MR
« CEI-25G-LR
SAS-4/SAS-3 MIPI M-PHY
22.5G/12G
SATA-1/-2/-3 UHS-II
1.5G/3G/6G 1.5G/3G _ _
Optical TRX:
+ |EEE 802.3

e 10GBASE-LR/ER
« 40GBASE-LR4/ER4
« 100GBASE-LR4/-ER4/-SR4
- MSA
e 100G-CLR4 MSA
e 100G CWDM4 MSA
RX test automation is available e 100G 4WDM-10/-20/-40 MSA

KEYSIGHT
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M8040A vs J-BERT M8020A

Feature M8040A J-BERT M8020A 16G/32G
Data rate range 2- 64.8 GBaud 1-32.4 Gb/s
Data formats PAM-4, NRZ NRZ
Adjustable ISI No Yes, internal
De-emphasis taps 4 8
De-emphasis resolution 1% in GUI 0.1dB
. : M8041A+ 51A: 4x 16G

Channels per 5-slot chassis 1-2 w/ adj. delay MBO62A. 1x 32G
X-point adjust No Yes
Level interference Yes, using M8054A or M8195A/96A + couplers Ve, =1 (et sourci/l?(;Gl\gi()MlA, S PEEel 7
Equalizer Yes (FFE) Yes (CTLE)
Clock recovery Yes Yes
BER Scan Yes(NRZ), no (PAM4) Yes

. . o . . M8041A: Yes
Eye diagram No, but sampling point view with level histogram MB062A: only with external clock
Capture Yes (raw data) Yes

Yes, for PCI Express 8G/16G/32G and CCIX 20G/25G. Planned for _
Filtering of filler symbols PCle 2.5GY2 and 5G?, USB 3.0/3.1 5G2/10G?, SATA 3GY2/6G2 and| MSC4LASIA: Yes, 80b/10b, PCle 8G/16G, USB 3.1 10G
M8062A: No
SAS 12G?

Burst mode Only masking No
Interactive link training Yes, for PCle 8G/16G/32G, planned for USB 3.0/3.1 5G3/10G?3 Yes, for PCle 8G/16G and USB 3.1/3.0 5G/10G
FEC encoding Yes, 50GBASE-R No
ED- only Yes No

DPlanned for CY20H1

2)
KEYSIGHT Planned for CY19Q4
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M8070EDAB - Error Distribution Analysis

ERROR DISTRIBUTION & FRAME LOSS RATIO

Propetes
D

+  Acquisition Parameters

Symbol Errors per Frame Error Map

Analyzer
Dota Frarmeng Presets

Ps per Symbol

Frame Count
Frame Number

Symbols per Frame

No. of Fraimes

|
|
!
i
|
!
]

-  Evaluation Parameters
|

300

FHHHL

Symbol Errors per Frame

i Correctibde Symbols prer

Error Position

Barst Erroe Analysss

Symbol Errocs per Frame Consecutive Error Distance Data

No. Of Symbal Errors
Calcutated Resuits
Anply red Block Size
ith  Un-Correctnble Measured  Estunated  No of Barst  No of Random -
Frames FLR FiLn Errors Errors 132900 !
No Of Consecutrve Lrrors

3.12¢-Q 0.00e+00 325 1193 000 1 1 1

Error Distance Thrashok)

1309s 1 1 1

Data Framing Presets
Specify frame size of data.

AN G DA A Tsieat inn  DRESote "Crrne

obad Outputs @) AN BB Enable Unpairments B Enable SSC  Tnsert Error

Investigate effectiveness of different FEC algorithms for a NRZ or PAM4 transmission line

KEYSIGHT
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¥ ° Analyzes symbol error

occurrences in a FEC frame

Provides a histogram view
symbol errors per FEC
frame

Consecutive error
occurrences

Error map

Measures and estimates FLR
User definable

Bits per symbol
Symbols per FEC frame
Correctable symbols per
FEC frame

Number of frames per
capture




PCIl Express RX and Link EQ Test
Questions?

Thanks a lot for your time!

Further information available on

Keysight’s overall PCIl Express solution offering

PCI Express RX and LIinkEQ Test

PCl Express 4.0 TX Test

PCIl Express 5.0 TX Test

SAS RX Test

SAS TX Test

J-BERT M8020A

M8040A 64 Gbaud High-performance BERT

KEYSIGHT
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https://www.keysight.com/us/en/solutions/high-speed-digital-system-design/peripheral-component-interconnect-express-pcie.html
https://www.keysight.com/en/pd-650581/accurate-pci-express-30-receiver-characterization?nid=-536902433.536907541.00&cc=US&lc=eng
https://www.keysight.com/en/pd-3019194-pn-D9040PCIC/pci-express-electrical-performance-validation-and-compliance-software?nid=-32976.1276521.00&cc=US&lc=eng
https://www.keysight.com/en/pd-2976420-pn-D9050PCIC/pci-express-50-transmitter-electrical-performance-validation-and-compliance-software?nid=-32976.1260163.00&cc=US&lc=eng
https://www.keysight.com/en/pd-2820526/sas-receiver-test-solutions?nid=-536902433.1217060.00&cc=US&lc=eng
https://www.keysight.com/en/pd-3007103-pn-D9040SASC/sata-compliance-test-software?nid=-32976.1273836.00&cc=US&lc=eng
https://www.keysight.com/en/pd-2367493-pn-M8020A/j-bert-high-performance-bert-configuration-for-bench-top-5-slot-chassis?cc=US&lc=eng&lsrch=true&searchT=M8020A
https://www.keysight.com/en/pd-2694474-pn-M8040A/64-gbaud-high-performance-bert?nid=-32914.1176817.00&cc=US&lc=eng
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