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PCIl Express 4.0 Timeline & 5.0 Roadmap

PCle 4.0 PCle 5.0

il T v03 | v05 | vo07 ) vo09 |omOE .

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

2014 2015

Base Spec :
PCle® Roadmap
CEM Spec
Base Spotincation PHY Test Spec
Revision 4.0 Version 1.0 PCle 5.0 @ 32GT/s
September 27, 2017
PCI>> PCI1 Express®
EXPRESS’ Card Electromechanical e
Specification 2010‘7 i
PCI Express® Architecture ' PCle 3.0 @ 8GT/s
PCI>=>= PHY Test Specification 20068 : :
‘ Continuous improvement with
PCI=> PCle 2.0 @ 5.0GT/s data rate as well as usage
EXPRESS' models; doubling bandwidth
and improving capabilities
2003 p g aap
@® PCle 1.0 @ 2.5GT/s
KEYSIGHT PCle® 4.0 and 5.0 Technology Update
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PCIl Express 4.0 New Features

Based on PCle v1.0 BASE specification

— New data rate:16GT/s

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

— Link Equalization protocol similar to PCle 3.0
+ TXEQ PO-P10
* RxEQ CTLE (2 pole 1 zero) + 2tap DFE

— Max Channel Loss -28dB @ 8GHz & 1 connector

* Re-timers used for longer channels or for channels with >1 connector

— RXclocking architectures: CC and IR
* CC -> Common RefClock -> synchronous RX and TX w/ or w/o SSC

* IR -> Independent RefClock -> asynchronous RX and TX w/ or w/o SSC

— Initial LinkEQ speed selection: 2.5GT/s -> 8GT/s with link equalization

* if successful -> Then transitions to 16GT/s with another round of link equalization
— TX Jitter Analysis: Similar to PCle 3.0
— RXLane Margining added.
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PCI Express®

CEM 4.0 and Compliance Testing Card Electromechanical

Specification
Revision 4.0, Version 0.7

= CEM 4.0 currently at v0.7 DRAFT
= V0.7 in CEM Review March 22, 28
= PCle 4.0 Compliance Requirements PCI >
EXPRESS

= CEM Spec completion at v0.7 (v0.9 optimal)
= Completion of Test Specifications

PCl Express Architecture PHY
Test Specification

Revision 4.0, Version 0.7

= Avalilability of Gen4 Compliance Test Fixtures for Purchase November 8, 2018

= Estimated Schedule PCl| >
EXPRESS’
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PCle 4.0 Base Spec TX Measurement Basic Test Setup
Tx Test Scope Bandwidth Requirement

BASE SPEC (V1.0)

. 10 o
b T oo
Keysight Z-Series 3 -
Real Time Oscilloscope S5 8382 a0 IEDEEUSEINS N
.3.5. pplying or De-embedding
PCle 4.0 ASIC/IC 0o
O} -0 Direct probing at a Transmitter’s pins is not generally feasible, so data is instead measured at TP1 of
Custom Breakout Board = OO the breakout channel. By means of the replica channel it is possible to determine the loss vs.
Cm o m frequency characteristics of the breakout channel and de-embed this channel, resulting in

BIeaa TP amplifies HF noise there is a practical frequency cutoff limit to de-embedding. As de-embedding

Lowu jitter Ghaval @ amplifies HF channel and measurement noise, an HE cutoff limit of 8GHz-12GHz and 20 GHz
clock source @

5 ¢0® o G =
DUT o2 g ’ ﬁ "9 2 measurements that are effectively referenced to the DUT’s pins. Note that since de-embedding

(3dB point) must be applied to de-embedding, depending on data rate as shown in Table 8-5.

<6 inches /< 4dB / 1000hm *5% Table 8-5: Recommended De-embeddi Sel®
R eplica Z
Ch. | imi ..
Z Dafp Rae HFCulof it pe-embed limit
s 2 N / 16GT/s 20GHz
Tx Test Board for Non-Embedded Re S-Parameters of Replica Ch
Used to de-embed to pin. 8.4.2.1 Procedure for Calibrating a Stressed EH/EW Eye
; : ' As the calibration procedure of the signal generator output contains steps where the generator is
DUT P gnat g ¥ p g
i ™ connected directly to measurement instrumentation, the transition time of the output waveform car
Refclk 3 be very fast. Therefore, it is important that the bandwidth of instrumentation used to calibrate the
S | generator be matched appropriately to the edge rate of the generator output. This specification
Feser | tequires the use of a generator whose outputs have a rise time of 14ps-19ps (20% / 80%) which
Breakout Channel TP1 5 - oo also requires a minimum oscilloscope bandwidth of 25GHz. This oscilloscope bandwidth is also
Ersmna(Ch0 the minimum required bandwidth for transmitter meas nts.
f CTLE can be used (12dB).
Re
TP3
Replica Channel ) 25GHz }
P2 Min Scope BW
Testboard

Tx Test Board for Embedded Refclk
KEYSIGHT

TECHNOLOGIES



PCle 4.0 TX Test with Keysic

Compliance Test SW Features

" [E) pCI Express - PCIE Device 1 *

File | View | Tools

Help

Dwr | )=

b I |

Task Flow _|

SetUp |5electTests| Configure | Conrmect | Run Tests | Automation | Resdlts | Hml Report |

r1.Deviee

PCIE Compliance Application

—2_Test Point

ht NS393F Application

[E pcl Express -- PCIE Device 1 *

File WView Toaols

Help

0w M|

ERIEE

Gl

Task Flow _

SetUp

E..

SetUp SelectTests IConﬁgureI Connectl Run Tests I Automat'onl Res‘.ultsl Himl Reportl

HEO

) 2.5GT/s Tests
O Transmitter {Tx) Tests
) 5.0 GT/s Tests

Select a complete
Gen4 TX test plan.

RefClk Test for . -
New Test Plan " PCIE1.0a ¥ Base - Transmitter ﬁlGGT/ Select Tests o ;:U ;T"E:;S:e'?t:r (rg Tests
SetU p CrFeIEily € CEM- EndPaint T ' S O Transmitter {Tx) Tests
\“/ " PCIE20 " CEM - RootComplex Tes 53"6‘15‘;5“"‘3{”"‘ B O 16.06T/sTests
. Y El-f#] © Transmitter {Tx) Tests
'\./} & PCIE30 " 1J.2 - EndPoint Tests EE ) Signal Quality
Configure ' PCIE4.0 ~_ " U.2- RootComplex T . O Unit Interval
| 3 Full swing Tx voltage with no TxEQ
- e 5. Setu it Sl 4. Device D ) Uncorrelated total jitter
g SeleCt Stan d ard Device 1 ) Uncorrelated deterministic jitter
Devi lization Preset Tests ) Total uncorrelated PV
| tO TeSt Y, » Determinisic DjDD uncarrelated PW1
[/ . Davice Dafinifon Complafed 6. Test Report | L ) Pseudo package loss
;g : . Rin Teats ) Min swing during EIEQS for full swing
/? — Undl = - User Comments: Configure InfiniiSim* —— T — E@Iﬂ [#] O Data dependent jitter
Conr 95 1ce ler Te| -
Run Tests Random jitter
! e Select S - eeds of n A g g | © Common Mode Voltage
Connet Gen4 Device to Test — Scope Channel 1 |[#] © Tx, AC commen mode voltage
[ Dt Ras  of |-[#] © Tx, DC common mode voltage
¥ 25GTis ]l ¥ -35dB N - 2; Create Transfer Function From Model... | |-[#] © Tx, Absclute delta of DC commen mode voltage
¥ 50GT/ = M 5048 Fert
. _A6GT/s Signal Quality— | | & 4Port (Channels 183) [~Apply Transfer Function
I 80GTis Preset I None - Tranfer Function File ame to see description)
4 Port (Channel 1) -
¥ 160GT/s = I A [fters\PCle_2 BASE Breskout Qe Embedti4  Erowse |
| ort Extraction
Ref Clock P i I RemoveFiterDelay ;I ™
~ Reference — | PowerLevel————
& Clean Clock @ Ful | — Choose your de-embed
| . L. Hter ze -
e s ¢ b 4 IBﬁamdth':m’n s transfer function
6073.200= MHz 0.465 = ns
o
Response Correction Min F R
mation Toagl
Aut ic DUT ol \__7|- DUT Auto oggle Setup 0 =z | - ‘
utomatic . contro [~ Plug Fest Mode SigTest Setup
for toggle signal Done OK | Cancel | Refresh | ResetThis Channel | ResetAll Channels |
J
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PCled4.0 Reference Clock Measurement

Show Spec in

Report

Table 8-21: Common Refclk PLL and CDR Chara tics for 8.0 and 16.0 GT /s
Data In Data Out
— Tx latch ”'.’ RxEQ Rxlatch [—
, 1} PLL#1 0.01 dB peaking | 2.0 dB peaking PLL #2 0.01 dB peaking | 1.0 dB peaking
T, T=[T,-T,| T COR Hy(®) = BWp, (min) =20 | = 0.448 Mrad/s | o ,= 6.02 Mrad/s BWpy (min) =2.0 (o = 0.448 Mrad/s | o ,= 4.62 Mrad/s
L ? f : MHz g, =14 ¢, =0.73 MHz ¢, =14 ¢, =1.15
BWp, (max) =4.0 |o,,= 0.896 Mrad/s |®, = 12.04 Mrad/s BWp (max) =5.0 | o,,=1.12Mrad/s |® = 11.53 Mrad/s
Tx PLL | Refclk » RxPLL L i n1™ ne v nz -
MHz =14 £, =073 MHz ¢,=14 ¢,=1.15
H (5) - 25(10)“—11'(0;11 H _ 25{2‘”7124’ “’%12 BWCDR(min) = 10 . .
1 v —— ,(8) = vy ap——— MHz, 1storder 64 combinations 8.0, 16.0 GT/s
REF Clock 8G TX Phase Jitter
Transfer Function: [Hy(s)e" - Hy(s)]H(s)
PLL1 PLL 2
X(s)[H (s)esT - H,(s)]H,(s
Jitter at Rx latch OILE AN Compute both and use ATX BTX CTX DTX ATX BTX CTX DTX
X(s)[H (S)e—ST_ H,(s)]H;(s) the larger of the two
2 1 3 - ARX
. . - BRX
Figure 8-57: Common Refclk Rx Architecture a
CRX 0.99
. DRX N\
] L B e ’ ARX \
] ¥
(@]
~ ] ¥ 1.0dB :Il BRX / \
s 5—_ 3.0dB \\ o CRX / / \
%) 1 \
T 0] A DRX / / \
\

Report Results in a
Matrix

PLL Jitter Transfer Function Example
that value.

= TN If user right clicks on a
2] | | || curve, pop up menu Color code fields for
155 - e shows curves related PASS/Fail/Margin
to the calculation of
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PCIl Express Channels for PCle 4.0

= Card Electromechanical (CEM) form factor

v Channel length limited to ~12 inches and one connector.
v Retimer required if longer channel or more than 1 connector required.

v Maximum 2 Retimers are permitted between Upstream and Downstream.

Longer
Channel

Short
Channel

+ Total channel loss allowed: -28dB (@ 8GHz) ©i
» Loss budget for Endpoint IC Package: -3dB

* Loss budget for Root Complex IC Package: -5dB
» Budget allocation for connector: -1dB

» Total Add-in card loss budget: -8dB (package, trace losses, etc.)
» Total System board loss budget: -20dB (package, trace losses,
connector, etc.)

KEYSIGHT
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PCle 4.0 CEM TX Test Requirements

The system board Transmitter path measurements at 16.0 GT/s are made using a two-port measurement

methodology. Figure 33 shows a functional block diagram for a system board and Add-in Card that
PCIG 4_0 (System) 7 . pots shows the measurement points for the two-port method. Keysight Z-Series 25GHz RT Oscilloscope
Tx Signal Quality Test ¢ S . —_ .
Scope BW is set to 25GHz | oy o5) l_l .

Channel Setup for CEM compliance | et | Xu®) L gl g . Yecls)

+  CLB plugs into system -> Variable IS| Board -> Scop : Driver | : , Ha(s)

+ 8dB at 8GHz of additional loss (including package | |
Power on System | |
Scope bandwidth = 25GHz AN VAC

H

3dB package model embedded on scope | | o)
Toggle DUT to transmit 16GT/s Compliance Pattern R R | [ N

+ 1ms pulse of 100MHz clock signal into Rx Lane0 ]
Capture 2.0M Ul waveform for every Tx EQ Preset - . T
Waveforms post processed using SigTest

Ref clock captured with data waveform and used for clock recovery
+ Behavioral Rx : i Test Port 2 Dual Port Test (4 Channels) with 25GHz BW
. . I > System Board (Clock) ’
€50 wilh  E PCle 4.0 (Add-in Car ot ,es D+ D- CLK+ CLK- Capture Simultaneously
« Each lane mug ‘ - i
. EW>03U TX Slg nal Qu 1 ! o o W 2 * Figure 35: 16 GT /s Two Port Measurement Functional Block Diagram
+ EH>15m . =Nl
Scope BW is set to 25GHz

Channel Setup for CEM compliance

+ Add-in Card pl into CBB -> Variable rorww . . K
PSSR e IR S5 2.8.3. System Board Transmitter Electrical Compliance Test

PCI-SIG Developers Conference 2017

Power on CBB for 16.0 GT/s s

Scope bandwidth is 25GHZ 1. Connect the Tx lane under test to the input of the CBB Variable ISI board (choosing the lane which
5dB package model embedded on scope gives a total loss of 15dB (@ 8GHz). Connect the output of the CBB Variable ISI board to a high speed
Toggle DUT to transmit 16GT/s Compliance Pattern oscilloscope or equivalent data capture instrument via low loss SMA cables.

1ms pulse of 100MHz clock signal into Rx Lane0
Capture 2.0M Ul waveform for every Tx EQ Preset
Waveforms post processed using SigTest

Time Domain CDR algorithm used to recover clock
+ Behavioral Rx Equalization applied

2. If the correct Transmitter Equalization setting is known, push the compliance toggle button on the CLB
(inject a 1 ms pulse of a 100 MHz clock signal into receive lane zero of the motherboard under test) until
the correct Tx EQ is selected, otherwise push the compliance toggle button until the initial 16 GT/s Tx
EQ preset is selected.

Eye width & Eye height @ E-12 3. Measure transmitted clock and data waveforms simultaneously with a high speed oscilloscope or
Each lane must pass SigTest analysis for at least one Tx EQ Preset equivalent data capture instrument.

« EW >0.3UI (with TBD adjustment due to lack of cross-talk, etc. in test fixtures) . .

+ EH > 15mV (with TBD adjustment due to lack of cross-talk, etc. in test fixtures) 4. Confirm that the waveform is the correct compliance pattern.

5. Capture 1.6 million unit intervals of data (2.0 X 10¢ X 62.5ps = 100.0us).

PCI-SIG Developers Conference 2017 Copyright © 2017 PCI-SIG® - All Rights Reserved
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PCle 4.0 CEM TX Test Setups

AlIC and Motherboard Test Proposals

Add-in Card TX Test

Motherboard TX Test

Real Time

Scope
(5dB package)

Nominal 1.0 dB
\ / cable to scope
|

0.7 dB PCle
Connector

DUT
>
o
=
0
Q
3
cBB

Variable ISI Board

\/“1\

(including cable)
Nominal 10.3 dB trace

3.0dB (3.0”) CBB
Tx trace

«—CLB

2.0dB (2.0")
CLB Tx trace

DUT

' Real Time
Nominal 1.0 dB Scope

(3dB package)

cable to scope

Variable ISI Board
(including cable) Nominal
2.0 dB trace

Note: This TX test proposal utilizes an external variable 1SI board to ensure consistent insertion loss of the test setup.

KEYSIGHT
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PCle 4.0 CEM TX Test Setup Example

CEM AIC Setup With Scope

Cabling from CBB4 to ISl
Channel

 mmmm e

»
Y,
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PCle 4.0 CEM TX Test Fixtures

CEM Test Fixture Set

CLB4 x4-x8 Fixture CBB4 Fixture ISI Fixture

JJJJJJ

‘ | 2
@ TX Output for

o
o Do
=0
B —
=
—m
> <
Z o
o=
mm
©»
@0
>
» o
mm
=
o 7

RX Lanes for DUT
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Speeding up Testing With N5393F Test Application

Automated DUT Control, SIGTEST Mode and Enhanced Switch Matrix Lane Mapping

ot DUT Automation Setup . E@ﬂ

o5l Device Under Test Setup m@g

Toggle Mode Options
Device Under Test Setup ‘ £ BusOut (100 Mhz)
& 811504
Data Rate 8GT/= Signal Quality De-emphasis Mode| © HF Osc
Preset 811504 Connection
WV 25GT! ¥ -35dB
N |P? ﬂ (+ |P Address 141.183.183.101 =
W 50GTis v -6.0dB € SICL Addres  [gpb3.13 =]
¥ 80GTis Get IDN... |
[ 160GTis - i |
[~ Use Power Switch Reset DUT Power Switch Setup
ot ConnectionSetup \
Reference Clock Power Level est Embed Choose from available switch matrix
- [Ereie Gt options for multi-lane testing
. + 2Probes
* Clean Clock (* Full SigTest 5- o 3Probes
" ssC " Half Parameter SEUpl L v
" No Switch
" BitifEye BIT 2100
‘ * Keysight U3020A 526 —
W Collective Data Commecton e D T
‘ * Single-Ended = 00_ =
v DUT Automation Toggle Setup ¢ Differential Probe L
_— Data Lane Chan 1-Direct Connect -
v Workshop Compliance Mode SigTest Setup Dnne‘ ——
¥ Lane0 [ Lanesd Lane 0-
DGR (Chan 4-Direct Connect
[T Lane2 [ Lane 10 .
— e — et e — System Automation Test Example
[T Lane4 [ Lanei2
Select location for save SigTest HTML report [7 Lane5 [ Lane 13 Maximum Supported Lane: 6

Erowse [ Lene6 [ Lane14

¥ Lane7 ¥ Lane 15

= Cx1 x4 OxB N
You specify what directory to use for your Workshop Select Lanes to map to your switch
= S L Complla}nce Mod_e (Sigtest generated) HTML reports network setup Euge
KEYSIGHT along with data files )
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Gen4d Tx testing test spec. and latest SIgTEST version
—

2.7.5 System Board Transmitter Electrical Compliance Test

for 16.0 GT/s

1. Connect the Tx lane under test on the CLB to the differential pair of the Variable IS| board
which provides a physical channel insertion loss of 5dB at 8 GHz (See Appendix C). Connect
the output of the Variable ISI board to a high-speed oscilloscope or equivalent data capture
instrument via low loss SMA cables.

2. Connect the Reference Clock (REF CLK) on the CLB to a high-speed oscilloscope or equivalent
data capture instrument via low loss SMA cables.

3. |If the correct Transmitter Equalization setting is known, push the compliance toggle button
on the CLB (inject a 1 ms pulse of a 100 MHz clock signal into receive lane zero of the
motherboard under test) until the correct Tx EQ is selected, otherwise push the compliance
toggle button until the initial 16 GT/s Tx EQ preset is selected.

4. Measure transmitted clock and data waveforms simultaneously with a high-speed
oscilloscope or equivalent data capture instrument with the maximum bandwidth set to
25GHz

5. Confirm that the waveform is the correct compliance pattern.

6. Capture 2.0 million unit-intervals of data and clock (2.0 X 10° X 62.5ps = 125.0ps)
simultaneously.

@ Note: The Non-Root Complex package model will be embedded into the captured data
waveform on the scope or by Sigtest. The s-parameters to be embedded are included with
this specification.

PCl Express Architecture PHY Test Specification
Revision 4.0, Version 0.7

KEYSIGHT
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7.

Measure Extrapolated Eye Height and Minimum Eye Width using SigTest analysis program
with the appropriate choice of template file (PCIE_4 0 SYS\
PCIE_4 16GB_CEM_DUAL_PORT.dat).

The SigTest analysis program will also indicate if the acquired data pattern matches the
expected compliance pattern. (this check is informative)

If the SigTest analysis program indicates the system board Minimum Eye Width is greater
than or equal to 21.75ps and Extrapolated Eye Height is greater than or equal to 19mV, the,
electrical compliance test passes and is complete. If SigTest indicates the system board fails,
the next Tx EQ setting should be selected (by pushing the compliance toggle button) and
steps 3 through 8 of this test procedure should be repeated until the system board passes or
all Tx EQ settings have been tested.

https://www.intel.com/content/www/us/en/design/technology/high-speed-

io/tools.html?grouping=rdc%20Content%20Types&sort=title:asc

| 22

~

Sigtest 4.0.45

File Size: 32.8 MB

Tagged As:

606844 4.0.45

11/29/2018

This is Beta release with support for PCle 4.0 System Tx (Dual Port Mode) and should only be used by the test equip
ment companies to test this new mode and provide feedback on any bugs discovered.

File Type: exe Content Type: Tools and Utilities

Tools and Utilities ~ High Speed | O


https://www.intel.com/content/www/us/en/design/technology/high-speed-io/tools.html?grouping=rdc Content Types&sort=title:asc

SigTest 4.0.45 test report

Sigtest:

* Overall Sigtest Result: Pass!

* Mean Unit Interval (ps): 62.501194

* Min Time Between Crossovers (ps): 51.907773

+ Data Rate (Gb/s): 15.999694

“Template File: PCIE_4_0_SYS \ PCIE_4_16GB_CEM_DUAL_PORT Ml WAIE ST Homs)
‘Nominal Data Rate (bits/sec): 15999999999.999998 22.36986 9 EO':9926 = &8':374
*Target Unit Interval (s): 6.25e-011 o f;-“ o : — [
*Minimum Time Allowed Between Crossovers (s): 4.0e-011 O M PN IO PRI

*Minimum Data For Testing (Ul): 200

Ambiguous Ul Resolution Method: EYE_AMBIGUOUS_NONE (0)
*Ti@E-12 Peak to Peak Jitter Limit (s): 4.075e-011

*CTLE equalization index =1

*DFE equalization: Tap 1 =12.695312, Tap 2 = -4.882812

Sigtest Version: 4.0.45

* Max Peak to Peak Jitter: 21.38739 ps

* Total Jitter at BER of 10E-12: 22.369856 ps
Total Jitter at BER of 10E-12 Passes Sigtest Limits!
* Minimum eye width: 40.130144 ps

* Deterministic Jitter Delta-Delta: 10.499261 ps
Deterministic Jitter Delta-Delta Passes Sigtest Limits!
* Random Jitter (RMS): 0.843742 ps
Random Jitter (RMS) Passes Sigtest Limits!
* Minimum Transition Eye Voltage: -0.105189 volts
Minimum Transition Eye Voltage Passes Sigtest Limits!
+ Maximum Transition Eye Voltage: 0.105026 volts
Maximum Transition Eye Voltage Passes Sigtest Limits!
« Composite Eye Height: 0.071119
« Composite Eye Location: 0.652
Composite Eye Height Passes Sigtest Limits!
* Minimum Transition Eye Voltage Margin Above Eye: 0.022703 volts
Minimum Transition Eye Voltage Margin Above Eye Passes Sigtest Limits
* Minimum Transition Eye Voltage Margin Below Eye: -0.022538 volts
Minimum Transition Eye Voltage Margin Below Eye Passes Sigtest Limits!
* Minimum Transition Eye Height: 0.091241 volts

KEYSIGHT
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TEMPLATE FILE SETTINGS

>ampie (Ul I:

j oot D1 {127 mV
Pass) I I Tapz 4’921mv

Mamilss 1

Ow or o -;-:-« Fanlog £

|1 5.99969

Sigtest Full Test Result

o 162 5011947
MTIER STATS w 0131“ Aitias 2

O 010503 9 010511 O 010522
Min Bottom Marg

S
fonl

O 001753 Q001765

)

O 002254

f 5375A

Deterministic Notse (mV).
2.80436

480841

=25 51980
Yiew HTML Report

8.26672

Differential Signal (V)
S & & o o
L L . ~

—O.G_I [ [ 1 1 1 1
-0.25 000 025 050 075 100 1.25

Unit Intervals
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SIGTEST STILL IN BETA VERSION!I!!

ile Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help 12/11/2018 X

TECHNOLOGIES \ ==

line ‘ GI@@
£ =
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Real-Time Eye DFE Equalization EEye :’ig‘“eqj
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w3 € TR "IH'l‘HHW o
N S Lein 1Tt [
0 O 0 FFE/CTLE Equalization
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(_/j;;>\‘[ 500 ps/ |0.0s > El]
Measurement Current Mean "/ 0[ ][ ] @
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.......................................................................................... ColorGrade . e e e e e e e e e . e e .. .. .. .. ..v J;l.

Measurement Current Mean Min 1 1-9 A
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PCle 4.0 LinkEQ and Receiver Testing at 16Gbps

\
N
N
N
N
N
N
\\
N\
N

Vi oo v_in, pp— V_inyq

vin,==1 * delay * delay
N \ -

. -

/

v_out,

v_out, = (v_ingqecq) + (v_ingecg) + (v_ing g Cey)

‘c_||+|cg|+|c+1| =1 €q=0 c,;=0

Figure 4-41: Tx Equalization FIR Representation
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FRTPPPPTrwd s «

% -9 -9 &

- 91_;3@_

® 99999

Downstream Port

Upstream Port

2.5 GTis data rate — Spead changs
negoialion Exchinge Presals
for 8.0 GT/s data rals

TS1: EC =01, Vaue C1

TS1: EC =01, Vaue C1

| 8.0 GTis data rate - Equalization

= —

T51: EC =10, Vaue C1

T51: EC =10, Vaue C1

TE1: EC =10, Vahe CT

o —
T51: EC =10, Value C17 —

TS1: EC =10, Value C17 (—

= TS1: EC =10, Value C1'

™ 1s1:EC =10, Value C1

TS1: EC = 11, Value C2

TE1: EC =11, Vahe C2° —

TS1: EC = 11, Value C2°

TS1: EC =11, Value C2°

TS1: EC = 11, Value C2

TS1: EC = 11, Value C

TS1: EC = 11, Value C2°

TS1: EC =11, Vaue C2°

TE1: EC =00, Value C1°

TSZ'es followed by IDL

TS2'%s followed by IDL

Phase iI: EQ TS2 Ordered Sets
send from Downstream Port to
Upstream Port.

Phase 1: Both sides exchange

TS1 Ordered Sets to establish

an operational Link.

EIEQS sent every 32 TS1 Ordered Sets.

Phase 2: Uipstream Port requests
Dowmstream Port fo set its Transmitter's
coeficients/presets to have its incoming
Link mest the electrical requirements.

The Dowavstream Port may send an EIECS
in up to 65536 T51 Ordered Sets, based
on the Lipstream Porf's request. The
Upstream Port sends an EIECS every
32 T51 Ordevred Sets.

Phase 3: Downstream Port requests:
Upstream Port to set its Transmitter's
coefficientsipresets to have its ncoming
Link mest the lectrical requirements.
The Upstream Port may send an EIEQS
in up to 65536 TS1 Ordered Sets, based
on the Downstream Port's request. The
Dowmstream Port sends an EIEQS every
32 T51 Ordered Sets.

TSEC =00 Valngpy: Eaualization Complete

Post Equalization: LTSSM goes through
Recovery. Rewrl ock, Recovery RowCig,
and Recovery. ldle to LOU

EIEDS sent after every 32 T51/TS2
Ordered Sets.

A0S



Differences between PCle Gen3 and PCle Gen4
Relevant changes with PCle 4.0 rev 0.5 and 0.7

added transfer rate 8 GT/s 16 GT/s
coding 128B/130B
block alignment & scrambler reset EIEOS for block alignment
10 10 10
EIEOS OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF 0000 FFFF 0000 FFFF 0000

OOFF OOFF OOFF =» 500 MHz OOFF OOFF OOFF = 1 GHz FFFF 0000 FFFF = 500 MHz

Link EQ gets more important

Seramb control: no (partially), data: always

Ing srambler reset through EIEOS

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

Adaptable TX link equalization yes 8G link eq is successful

stressed jitter test and
stressed voltage test

one RX stress test

Different cal procedure

mon reference cloc no yes
;{isosp;g':gl igler TEIEEES (RO el 0.3 Ul, 25 mV, BER of 1012 0.3 Ul, 15 mV (RX eye spec. is actually 14 mV), BER of 10-12
. . . coarse: IS
stress signal adjustment using RJ, DM-SI and V4 fine: DM-SI + SJ or DM-SI + V.

Special cal channel fixture required  sy=—

pole 1 frequency = affects RX cal 4 GHz 2 GHz

I Channel for RX test No connector required PCle 4.0 CEM connector required as part of RX test channel I

KEYSIGHT
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There is no Rx Jitter tolerance in Gen 4 test spec.

ONLY TX/RX LINK EQ TEST ITEMS

2.4 Add-in Card Transmitter Initial TXEQ Test ...
241 Starting ConfigUration ........oooiiiiii ittt eb e e e es b sbe e et
2.4.2 Add-in Card Transmitter Initial TX EQ test for 8.0 GT/s.....cccoovvviiiiiiiiniis e
2.4.3  Add-in Card Transmitter Initial TX EQ test for 16.0 GT/S.....cccoovvriiiiinieiiie e
2.5 Add-in Card Transmitter Link Equalization Response Test.........ccccoiiiiiiiiiiiiieceiiece e
2.5.1  Starting ConfigUration ... vt e s e e s s r e e e s b baeaeeaeeeaas

2.5.2 Add-in Card Transmitter Link Equalization Response Test for 8.0 GT/s .......ccoceeviivieiiinieennne
2.5.3 Add-in Card Transmitter Link Equalization Response Test for 16.0 GT/s
26 Add-in Card Lane Margining @t 18 GT/S ..ooiiioie i
2.7 System Board Transmitter Signal Quality........ccocceviiiiiniiicccicis s
2.7.1  Starting ConfigUration ...t e e
2.7.2  OVerview Of TESE SEPS ..oooiieiieie ettt e sr e e e n e een e nre e
2.7.3 System Board Transmitter Electrical Compliance Test for 2.5 GT/s and 5.0 GT/s
2.7.4 System Board Transmitter Electrical Compliance Test for 8.0 GT/s.....ccccoiveevieccecceee e
2.7.5 System Board Transmitter Electrical Compliance Test for 16.0 GT/s
2.8 System Board Transmitter Preset Test

2.8.1  Starting ConfigUration ... e
2.8.2 System Board Transmitter Preset Test for 8.0 GT/S ..o
2.8.3 System Board Transmitter Preset Test for 16.0 GT/s ...

2.9 System Board Transmitter Link Equalization Response Test. ... oo iiieieicies e
2.9.1  Starting ConfigUration ....... ...
2.9.2 System Board Transmitter Link Equalization Response Test for 8.0 GT/s.....coeevvvviiiniiieennn. 25
2.9.3 System Board Transmitter Link Equalization Response Test for 16.0 GT/S....cccccovvvieiiininennns 26

2.10 System Lane Margining at 18 GT/S .....cocviiiiieiie i 27

PCI Express Architecture PHY Test Specification
Revision 4.0, Version 0.7 | 3
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PCI Express Architecture PHY
Test Specification

Revision 4.0, Version 0.7

November 8, 2018

2.11 Add-in Card Receiver Link Equalization Test ..o
2.11.1 Starting Configuration, Overview of Calibration Steps at 8.0 GT/s
2.11.2 Overview of Calibration Steps at 16.0 GT/8 ....ooiuiiiiiiiee e
2.11.3 Add-in Card Receiver Link Equalization Test for 8.0 GT/s.......ccooviiiriiienieee e
2.11.4 Add-in Card Receiver Link Equalization Test for 16.0 GT/S........ccooeiiiiiciiiiiiiniiiiie,

2.12 System Receiver Link EQUAlIZAtION TOSE.........oooiieeiiiie e
2.12.1 Starting Configuration, Overview of Calibration Steps at 8.0 GT/s
2.12.2 Overview of Calibration Steps at 16.0 GT/S ...oeoviiiiiiiiece e
2.12.3 System Board Receiver Link EQUAliZation ...........ccccovieeiiiiieeiiiiee e
2.12.4 System Board Receiver Link Equalization Test for 16.0 GT/S .....vvvivviiiieeiiiiiiiiiiicciiiieccciinien,
2.12.5 Add-in Card PLL Bandwidth .........c.ccocoiiiiiiiiiii i
2.12.6 Starting ConfigUration .. .......oooi i
2.12.7 OVEIVIEW OF TEST SEEPS .oiiiiiiiiiiiiii e e et bt e e st eae e e b naeees

2.13 Add-in Card PCB Impedance (informative).........ccccoovvevieninenicieei v,

2.14 System Board PCB Impedance (Informative)




PCle Tx EQ De-Emphasis and Rx EQ Equalization

Request de-emphasis setting
Algorithm for

Initial State or

determining o\ >
equalization and C
de-emphasis

Detect

Pollhg ) { Disabled )

Min Reduced Swing Limit

. Co +
3724 424 5124 624 7124

8721
16| 00_-25[ 00_-35] 00 -47| 00 -60| 00_-76| 00 -95|
95

Means for
measuring signal
quality

25 35 z
7] 10_ 28| 12 38| 13 53| 16_-68 19 _-88
9

18] 22 31| 25 44| 29 60| 35 80
4 60 95

1 22| 35 35| 41_ 51| 49 70

95

76
25| 51_ 41| 6060
95

29| 70 49
95

Control

Co o)

|

Receiver Transmitter

2 Tap DFE

k‘ Va —Vb —Vc v
|

4 ol P \\
-a -ty B -t
e R i
W = e
e T o uj i T v_out,
1 Order % |/ \ f |\ J 0! | VUL, N, 6 NG, YN, Gy
15 - (o 7 J Lo et | 0 oo
T 10° 10° 10" _J | lellea e, | c,E0 c,50
. Frequency (GHz)
Figure 8-31: Diagram for 2-tap DFE Figure 8-29: Loss Curves for 16.0 GT /s Behavioral CTLE T r T r i T i T i T Figure §-4; Tx Equalization FIR Representation
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Reference Tx EQ : 3- Taps FIR, Presets and Cursors

Table 8-1. Tx Preset Ratios and Corresponding Coefficient Values Min Reduced Swing Limit

Preset# | Preshoot De-emphasis | c-1 c+l Valvd Vbivd Vceivd PS DE Ciy i
(dB) (dB) BOOST 0/24 1124 2/24 3124 4/24 ¢ 5/24 6/24 7124 8/24

P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000 o/za| 00 00 0.00 8-0.8 00 -16 0.02 5—2.5 0.03 5—3.5 0.04 7—4.7 0.06 0—6.0 0.0 -76 009 5—915

: : : : : : : 0.0 . 16 J ! s y 76 |8
P1 0.0 35+1dB | 0.000 -0.167 | 1.000 0.668 0.668 24| 0B_ 00| 08 08 |08 -17| 10_ 28| 12 38| 13 53| 16_ 68 19 _-88
PO 0.0 -60+£15d8 | 0.000 -0.250 1.000 0.500 0.500 oo AT 09 [Te el 22 325 44[ 28 [ 35w
P9 35x1dB | 0.0 -0.166 | 0.000 0.668 0.668 1,000 . 24| e 25 as 4.7 6.0 76| o5
P8 35:t1dB |-35+1dB | -0.125 | -0.125 | 0.750 | 0500 | 0.750 | aze| 25, 00 28 A0 |31 220 38 B8 41 S 4970
P7 35:1dB | -60+15d8 |-0.100 |-0.200 | 0.800 0.400 0.600 w24] 35 0033 AZ[4a_ 28] 51 &1/ 60 50
P5 19%1d8 |00 0100 | 0.000 0.800 0.800 1.000 ol 47 00153 3 e 2 TO A8
P6 25:1dB |00 20125 | 0.000 0.750 0.750 1.000 47 _| 60 | 76 |- 05
P3 0.0 25:t1dB | 0.000 20125 | 1.000 0.750 0.750 6iz4 | B0 00] 65 16|80 38
P2 0.0 44+15d8 | 0.000 0.200 | 1.000 0.600 0.600 :
P10 0.0 Note 2. 0.000 Note 2. | 1.000 Note 2. | Note2. Full swing Limit or

Max reduced swing limit
1.0 L1 1.0

v_in, = +1 detay delay 4
A
GD A\\[\—/_\
Va Vb__ve vd
L
1 h 4
v_aut,

VOOul =voIn B N InE e im e > Y

leal#lg l+fe, =1  ©,=0 c,=0

Figure B-4: Tx Equalization FIR Representation
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Reference Rx EQ : CTLE + DFE

CTLE Should Be Static Setup or Adaptive ?

1st order CTLE with seven different “DC-attenuation” settings peaking at 8 GHz
2 tap DFE with a limit for d1 of +/- 20mV

e o N
S+ a)Pl * ADC // 2 \

)= o oy s+ )

- |
o ——--=72222° ] . Refclk reference RX

-15 ‘ :
10° 10° {0k
0 Frequency (GHz) gl ! Z
; \ od. —» -d,—» "
1 X 2 Decision

1E+04 1E+05 1E+06 1E+07 1E+08 1E+09 ?
0 function

MR S
Il . 1

-20 /

1%t Order Xy
30 / ﬁ ] cmLE
40

/ Veve: Teve
.50

9 Figure 8-31: Diagram for 2-tap DFE

-60

Gain (dB)
\
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Dynamic Link Equalization Handshake 16G

The Four Phases Of The Link Equalization Protocol

Initial State or
Directed by
Data Link Layer

Recovery
Entry]|

|

Exit to
ery. Rl ock Qmﬁg“m@

Recovery Equalzaltn

Recovery.speed 4=

o
\ Reffpvery. g S
\ Exit to
\ =\ Loopback
\ -
Exit to
Disabled

o
Eilto ) <Hm Ré@

Recovery.ldie

KEYSIGHT

TECHNOLOGIES

DOWNSTREAM PORT

AIC Test J-BERT M8020A
[ System Test System )
RcvrLock RcvrLock
cvrLoc EQTSZ cvrLocl PhaSe O:
EQ Starts _FThja;e_O_ ______________________ _PV: Pl T EE A 2.5 Gb/s
TS1, [P2] « Downstream port tells upstream port
EC = 00b, PV = P2 . P oy
e 1 which initial preset to use after the
TS1, [P1] .
£c L 01b, PV = P Use Preset= 0 speed change will have been done.
Phase 1
TS1, [Pz]b
EC = 01b, PV = P2, Use_Preset = 0 Ph ase 1
Phase 2 -
Tzé [P:g)b PV =P1, Use_P! t=0 : 8 Gb/s
=10b, PV =P1, Use_Preset = .
Phase 2 » Link partners settle on 8 GT/s speed.
TS, [P2]
EC = 10b, PV = P3, Use_Preset = 1 . EXChange FS/LF values.
TS1, [P3]
EC = 10b, PV = P3, Use_Preset = 0
o1 P2 Phase 2:
EC = 10b, PV = P4, Use_Preset = 1 « 8Gb/s
TS1, [P4] .
EC = 10b, PV = P4, Use_Preset =0 *« Add-in Card sets up the de-
S BER <10 emphasis of the System Board’s
TS1, [P2] transmitter.
EC = 11b, PV = P2, Use_Preset = 0
Phase 3
TS1, [P4]
EC = 11b, PV = P6, Use_Preset =1 .
S Phase 3:
EC = 11b, PV = P6, Use_Preset = 0 « 8Gbh/s
T » System Board sets up the de-
EC = 11b, PV= P7, Use_Preset = 1 emphasis of the Add-in Card’s
TS1, [P7] .
EC = 11b, PV = P7, Use_Preset = 0 transmitter.
EQ complete ———————— ] = ______[lERs lqzﬁEerock
Ts1, [P4] IF SUCCESSFUL
EC = 00b, PV = P4, Use_Preset = 0
RcvrLock
TS1, [P7)]
EC =00b, PV=P7
PV Preset Value
EC Equalization Control

Phase O: \L

- 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.



M8020A J-BERT

Tx/Rx Link Equalization Testing

Sequence Settings

Sequence Settings

128b/130b Coding Configuration : 128b/130b Coding Configuration :

Scrambler Reset Value 1940628 - EIEOS needs to be set to PCle3 for PCI Express Scrambler Reset Value 1949628
Base Specification 4.0 rev 0.5. But for PCle Base —— PCled ~
Specification 4.0 rev 0.7 and higher it needs to be set
PCle4!

EIEOS PCIe4 ~

Link Training PCle : Link Training PCle :

Generati PCle Gen 4 ~ . Generati PCle Gen 4 ~

S ’ - Generation needs to be set to PCle Gen 4 S
DUT Add In Card ~ _ Select DUT type DUT System Board
Trigger State Recovery Equalization ~ - Any endpoint device =» Add In Card Trigger State Recovery Equalization ~
. olallw - Any root complex device = System Board = olalw
" Tal~ - Two sets of phase 0 through phase 3 parameters e olaly

- 2.5GT/sto 8GT/s
Hnk auslzation ! - DUT Target Preset can be presets i Sasatston
Start Preset P7 Only Start Preset
DUT Preset Hint Reserved - 8GT/s to 16GT/s DUT Preset Hint
DUT Initial Preset p7 - DUT Target Preset 4 can be presets T —
DUT T: t P t PO or Coeﬂ:ICIentS DUT Target Preset
darget Prese Si
- Speed Change Control:

Select Start presct Gen 4 yeer befined - While the root complex usually is Select Sa
Start Preset Gen 4 = responsible for initiating the speed change,
DUT Initial Preset Gen 4 PO most root complex today need the RX test DUT Initia :
DUT Target Preset Gen 4 Cursor equipment to take control of the speed change. DUT Target Preset Gen 4 Cursor

Pre-Cursor 2 AV Pre-Cursor 2 AT

Main Cursor I AT

Main Cursor 6 A YW

Post-Cursor 4 AV Post-Cursor 9 AV

Chan ntro DUT -

Speed Change Control BERT ~ W

KEYSIGHT
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J-BERT M8020A Setup — PCle 4.0
LTSSM Log

Link Training Logging for M1.DataOut1 at 12/05/2018 11:55:20

State Execution Time Transfer Rate

Detect.Active 1.04864 ms 2.5 GT/s BERT Tx Equalization

Polling.Active 2.25792ms 25GTls Accept Speed Preset PreCursor MainCursor PostCursor FullSuing
Polling.Configuration 22.94616 ms 2.5GT/s

Configuration.Linkwidth.Start 528 ns 2.5GTI/s LoFrequency

Configuration.Linkwidth.Accept 22.96 us 25GT/s True Gen3 P7 - - - 24
Configuration.Lanenum.Wait 2.16 us 25GT/s True Gen3 L] - - - 4
Configuration.Lanenum.Accept 496 ns 2.5GT/s True Gen3 P1 . . . 2%
Configuration.Complete 1.36 us 2.5GT/s

Configuration.ldle 1.856 us 2.5GT/s True Gen3 P2 i i i %
LO 336ns  25GT/s True Gen3 P3 - - - %
Recovery.RcvrLock 4.848 us 2.5GT/s True Gen3 P4 - - - pl
Recovery.RcvrCfg 2.496 us 2.5GTI/s True Gen3 [ - - - 24
Recovery.Speed 7.616 us 25 GT/s True Gend PG . . . 2%
Recovery.RcvrLock 448 ns 8.0 GT/s

Recovery.Equalization.Phase0 1.074304 ms 8.0 GT/s True Gen3 P7 ) ) ) 24
Recovery.Equalization.Phasel 906.832 us 8.0 GT/s True Gen3 P - - - 24
Recovery.Equalization.Phase?2 1.728 us 8.0 GT/s True Gen3 P9 - - - 24
Recovery.Equalization.Phase3 10.050416 ms 8.0 GT/s True en3 P6 - - - 2
Recovery.RcvrLock 432 ns 8.0 GT/s True Gen3 p7 ) ) B} 2
Recovery.RcvrCfg 1.568 us 8.0 GT/s

Recovery.ldle 432 ns 8.0 GT/s True Gend P - - - 4
LO 336 ns 8.0 GT/s True Gend Pl - - - 2%
Recovery.RcvrLock 3.328 us 8.0 GT/s True end P2 - - - 24
Recovery.RcvrCfg 816 ns 8.0 GT/s True Gend P2 . . . 2%
Recovery.Speed 8.96 us 8.0 GT/s

Recovery.RcvrLock 448 ns 16.0 GT/s True Gend P4 ) ) ) 2%
Recovery.Equalization.Phase0 141.6 us 16.0 GT/s True Gend P - - - e
Recovery.Equalization.Phasel 629.856 us 16.0 GT/s True Gend P6 - - - 2
Recovery.Equalization.Phase2 1.456 us 16.0 GT/s True Gend P7 . . . 2
Recovery.Equalization.Phase3 6.97888 ms 16.0 GT/s

Recovery.RcvrLock 304 ns 16.0 GT/s True Gend P8 i i . 2%
Recovery.RcvrCfg 1.424 us 16.0 GT/s True Gend P - - - %4
Recovery.ldle 112ns  16.0 GT/s True Gend 7 - - - pL
Loopback.Entry 2.16 us 16.0 GT/s

KEYSIGHT Loopback.Active - 16.0 GT/s
TECHNOLOGIES



Tx Link Equalization Testing for PCle 3.0/4.0
Tests 2.3 and 2.4 -

TeSt Setup J-BERT M8020A is used to train the
device and issue a trigger to the scope
allowing to capture phase 3

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

The common timing reference allows for
timing measurements on the captured
and decoded waveforms

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

Waveform Window 1

A e

e EE—
49 MR A

w I Wl 22 MHM"‘WW‘
e s A mm MMWN‘\MH L J Wﬂw
LT ww"\yy\'rzvu:"‘u“wu»H\:"m‘\["H'uuwW1»muv'l”wn‘ll\‘}\\l\]u‘;lu"‘l‘)"'Nl‘lr‘J>\V'|I‘n“u“l‘v‘\[l»fﬂf""“wv‘v\JVW'“’W‘W“‘MWU 14 wwfw‘m‘ninwv‘w|w\:mu-h.wm'wv”‘"' W L ‘n“"\ \I‘\

b

ED1IaA | BB B

i

I { ]
LI 1A e B b D b T b I N Je LR R (UL IR
LTI |[IRALL LI 1 CVLIUVR] FRNRT, DU

76.6016 ns

(% Protocol 1 Listing : PC1 Express Gen3
& | Index| Time Channel 1: PCI-Express Packet Data_* indicates not descrambl¢
(-] 3195 | 80.52589 ns TS1 (Gen3; B A = Symbol 6 = A3 Hex
3196 |96.77477 ns TS1 (Gen3] 176. e
113.02538 ns_[T51 (Gen3
129.27536 ns | TS1 (Gen3]
45.52577 ns_|T51 (Gen3 )
RV N s — S T E—
= e e e s
L1} >
(% Protocol 2 Listing ; PCI Express Gen3
& | Index| Time Channel 2: PCI-Express Packet
87.28799ns __|T51 (Gen3 A N = Symbol 6 = 23 Hex
103.53741 ns. TS1 (Gen3! 17 Use Prex
119.78797 ns__|T51 (Gen3 Transmitter
136.03826 ns TS1 (Gen3: Reset EIEOS
52.28866 ns | Electrical Idle Exit Ordered Sat (EIEOS) (Gen3) -
[168.53850ms [Tsi(Gens) [ [ [ | 3
e Ite1(cana ! B—— v |5 iayiead
> > Header

EC = Phase 3

KEYSIGHT

TECHNOLOGIES 2 UAX 95910841 MHz

X2 168538600 ns Y1 120800V

AX 10426350 ns Y2 -408000 mV



Tx Link Equalization Testing for PCle 3.0

Uze Power Switch Automation
Power Switch Channel Humber

KEYSIGHT Power Cycle 0ff On Duration

TECHNOLOGIES Power Cycle Settling Time

Power Cycle max. Retries
‘/.” BitifEye
Digital Test Solutions

for LB Training

Comment
© Show all results pass FO 000  0.00 0.00 603  -7.50 —4.50 DUt re?grifdlg?rSDIS:
@ Show only selected i .
pass P1 125 12 136 12 0.00  0.00  0.00 @ -3.54  —4.50 —2.50 DUt re?grgﬁdlg?rgarg'
pass P2 126 25 125 87 0.00  0.00  0.00 —4.45  -5.90 —2.90 puT re?grigdlg?TSDIS:
pass F3 131.87  124.62 000  0.00 0.00 -2.71  -3.50 -1.50 DUt reﬂﬁfﬁﬁf gy
pass P4 122 25 121 62 D00 0.00 000 0.00 000 0.00 DUt repﬁfﬁﬁf prsers:
pass PS5 12637 1320 37 1.93 090 2 90 0.00 000 0.00 puT reP&fiﬁf grers
pass Fé 128.50  132.00 269  1.50 3.50 0.00 0.00  0.00 DUt rePﬁfﬁﬁf gy
pass B7 134 50 132 37 351 250 4.50  —6.03 -7.50 -4.50 Dot re?grggdlg?rSDTS:
pass PR 121,12 121 62 3.91 250 4.50 -3.92  —4.50 —-2.50 puT reF?g*ff greors:
pass 9 130.75  128.12 350  2.50 4.50 0.00 0.00  0.00 DUt ref?ﬁtgﬁ Gyreors:
pass PO’ (0.45.15) 127.12  128.25  0.00 0.00 0.00 —6.03  —-7.50 -4 50
pass  Pl' (0.50.10) 127.12  127.75  0.00 0.00 0.00 —3.54 -4 50 -2 50
pass  F2' (0.48.12) 126.00  124.12  0.00  0.00 0.00 -4 46  -5.90 -2.90
pass P3' (0.52.8) 142.12 120,12  0.00  0.00 0.00 -2.70  -3.50 -1.50
pass F4' (0.60,0) 127.00  126.87  0.00  0.00  0.00 0.00 0,00 0.00
pass PS' (6.54.0) 130.50 | 121.37  1.93  0.90 2.90 0.00 0.00  0.00
pass P6' (8.52.0) 127.25 | 121.37  2.68  1.50  3.50 0.00 0.00  0.00
pass  P7' (6.42.12) 125.37  128.12  3.50  2.50 4.50 —6.03  -7.50 -4 50
pass P8’ (8.44.8) 123.75  123.37  3.91  2.50 4.50 -3.93  -4.50 -2 50
Tps_EQ_2 3 pass P9’ (10.50,0) 133.75  119.87  3.52 2. 50  4.50 0.00 0.00  0.00
Tps_EQ Comp_2 4
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Tx 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

e — : J-BERT TX signal as well as DUT TX
=== = signals are split 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

S v e ¥
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Rx Link Equalization Testing for PCle 3.0
Tests 2.10 - A Test Setup

fR e 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
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Rx Link Equalization Testing for PCle 3.0

Tests 2.11

PECET TV Tow. v o |

-----

KEYSIGHT

TECHNOLOGIES

() BitifEye

Digital Test Solutions

O shaw all resuts

@ show only selected

KEYSIGHT
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Product Number: FCI Express PC| Express 3 Station Unis
LO_EqRx_8GTps_CLB3_Com_2.11
for PCI Express 3.0 System

nown User 8/11/2015 10:5247 A

gs)a1l Usersapplication Data Bitifsye\Valifrane\Settings\PCIExpress:

C:\Docunents and Settin
\Boie3_8G_MB0204_TLT_ Laopback. txt
False

12 MHz

1aB

6dB

False

1s
False

— Test Setup

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

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

Phase 3 are performed and the System
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



PCle3.0 Rx and CEM LIinkEQ Test Gold Suites approval by PCISIG

I PCI-SIG - Home

&

x ) B PCI-SIG - Keysight/Agil %

C | & =& | httpsy//members.pcisig.com/wg/PCI-51G/document/folder/616

EEE= Y Bookmarks & Googles# [ o= BB Synology DiskStatic  [Z] influencer2+4 == [f§ Facebook ) Keysight Technoloc

& Documents

B Keysight/Agilent (update folder | delete)

¥ Video Electronics S
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Search for:
PCI-SIG Members A |
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PCle 4.0 Base Receiver Tests

16GT/s Base Specification — RX Calibration Channel

Fixed TX EQ Riser Board
Calibration Channel
l ) 16GTis ||
d
L |_ EH or EW Adjust /__ ‘
16.0 GT/5 PRBS Combiner | | Replica  ['T ot Equipment
Generator | Ll | Channel | ||
A A K CEM Connector ! ——
' ' eplica
TP1 P2 .
] Channel 4 Trace N
PCle_Base 4.0 requires a Post Processing Scripts:
Rj Sj Diff o™ CEM connector to part of the Rx pkg model
Source Source Interference | | Interference test channel! Behavioral CTLE/DFE
Behavioral CDR
Small EW Small EH
Adjust Adjust TP2P
i? gd %lzlé%niiﬁ;:::; | CEM 4.0 Compliantx16 Connector
15mVv /.3 Ul at E-12 BER
IEExample 16 GT /s Calibration Channe| )
Figure 8-33: Layout for Calibrating the Stressed Jitter Eye at 16.0 GT/s Base Board
. . . . c % cee
— The test channel is the long Rx calibration channel with a total loss of 28.0dB at (Physical channel loss 23dB for RC) S5y s Uiu-:_,.-,

— PCle 4.0 Base Spec requires a CEM connector to be part of the test channel 8GHz.

— Stress jitter eye height £15mV, Eye width <0.3Ul, same with CEM spec.

— Channel calibration with preset selection to get as close to target eye height and eye width as possible.
— Compliance eye calibration is done by adjusting DM-SI, SJ or V¢

— DM-SI and CM-SI are calibrated through the channel.
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PCle 4.0 Base Receiver Tests - Calibration

16GT/s Base Specification — RX Stress Signal Calibration Setup

J-BERT

M8020A
DC-block,

/ N9398C

¥
}
F

------------

=5 'u PCle - 4.0, End Point Asic ; -'
= Q Calibration .é:-|-| FE
=-[E] 16.0GT/s S | & Repica o
E @ Loneo PCle Base Specification | & chamer R
L] TxEQ and Launch Voltage Calibration 4.0 requires a CEM ) —
[C1@ Random Jitter Calibration connector to part of the ouT~ 5l
N5990A e --[C] @@ HF Sinusoidal Jitter Calibration test channel! o Breaton - E g
Automation SW -1l §§ Lona Channe) PR Chamel E 5|
[:] Channel Calibration i
|:| DM Sinusoidal Interference Calibration .
@D CM Sinusoidal Interfference Calibration : CIK

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ye Height and Width Calibration
Calibration

+ J-BERT M8020A’s internal ISI can be used to calibrate channel.
+ All other impairments are provided by J-BERT M8020A (RJ, SJ, DMSI, ISI, SSC).
* A built-in reference clock multiplier enables J-BERT M8020A to operate on a DUT’s reference clock if required.
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PCle 4.0 Base Receiver Tests

16GT/s Base Specification — RX Test Setup

+ PCle 4.0 Base Spec requires a CEM J-BERT
M8020A

DC-block,

connector to be part of the test channel! /N9398C

 All other impairments are provided by J-

BERT M8020A

* A built-in reference clock multiplier enables J-
BERT M8020A to operate on a DUT’s — WA Custom Test Board
reference clock if required |
. o & ‘
» No ref clock connection in case of IR / SRIS E PN
o %\ 4
SJ Mask for RX operating in CC mode SJ Mask for RX operating in IR mode i © (B:;‘eakm:( g E’ ::
10.00 1000.00 i I <Tx w‘
100.00 \\
_% ——5jMask :E e i___“_'é_li__(.)‘ ______________________________
010 Frequency [Hz] 010 F re&
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Emulating Loss with J-BERT M8020A

DATA OUTPUT - Internally Generated ISI

. M8070A

File Application System Clock Generator Analyzer Patterns Measurements Utiliies Window Help
,?“",’;T&Madules View %SParameters

‘@ | MLDataouti ~ | S11 521 |S12| 522

S Parameters Parameters
A Y

= Inter Symbol Interference

»~ 512 - File Points
»~~ M1.DataOutl

State

Preset

Mode
Frequency
Insertion Loss
Slope

Insertion Loss Offset

« Inter Symbol Interference

State

Programmable 1SI- . | | preset
Frequency range: 1 to 16 GHz | ode
Loss range: -1.5 dB to -25 dB

Frequency
Insertion Loss

Slope

R EERETREERS PRI e e e e [ e e e e
2 GH; 4 GHz 6 GH; 8 GHz 10 GHz 12 GHz 14 GHz 16 GHz 18 GHz 20 GHz Mode )
Controls ISI Trace as one or two point
Frequency (Hz)
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M1.DataOutl

off

Custom -

One Point -

16.000 GHz

-18.6 dB

-1.2 dB/GHz

0.0 dB

M1.DataOut2

Off

Custom -

One Paoint ~

8.000 GHz

-9.8dB

-1.2 dB/GHz

=1 T LT T ==

o9 -9 wew 6-n

& -
& o= UL U=

G == § & © & ]

Integrated ISI for streamlined RX Test
Setups and accurate Results:

— Adjustable loss and frequency up to 25dB
@16GHz

— Import of S-parameters

— Multiple channels

- Programmable

— Upgradeable option



PCle 4.0 CEM Receiver Tests

16GT/s CEM Specification — System RX Calibration and

Variable ISI Board - CLB
(including cable) Nominal /

/o

Nominal 1.0 dB
cable to scope

4.0 dB CLB Rx
trace matched
across all lanes

Va 0.7 dB

/ connector

Variable ISI Board

(including cable)
Nominal 10.3 dB trace

3.0 dB CBB Tx trace \

Real Time matched across all CBB
lanes

Scope
(5dB package)

Nominal 1.0 dB
cable from signal
generator

ClB —

. 4.0 dB CLB —

Variable ISl Board
(including cable) Nominal
3.0 dB trace

Rx

trace
matched
across all
lanes

DuUT

Note: This RX test proposal utilizes an external variable 1SI board to ensure consistent insertion loss of the test setup.
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Nominal
1.0dB
cable to
error
0.2 dB SMP to detector
2.92 mm
Adapter l

\

«— 2.0 dB System Tx
trace matched
across all lanes




PCle 4.0 CEM Receiver Tests

16GT/s CEM Specification — AIC RX Calibration and

CLB Variable ISI Board

- . . . inal 1.0 dB .
ClB —, (including cable) Nominal Nominal 1.0d Real Time
cables to scope
2.0 dB trace Scope
I:' / \ i (3dB package)

I ] — DUT Nominal 1.0 dB
0.7dB Nominal 1.0 dB cable cable from signal
connector 2.0dB CLB Tx Nominal 1.0 dB to error detector . I generator

trace matched cable from signal =8 connector
across all lanes generator — 0.2 dB :ﬁ"
SMP to 3
1 L1 2.92 mm 3.0 dB CBB Rx
| I 1 Adapter trace matched
b \ Variable 1S Board I across all lanes : g
3'0 dB CBBhR); (Including cable} l . i l L . I\Variable ISI Board
_ = . .
CBB trace matche Nominal 14.3 — 17.3 dB trace No(rl:i(:::jigg;gglfgace
across all lanes 3.0 dB CBB Tx I :
trace matched
CBB

across all lanes

Note: This RX test proposal utilizes an external variable 1SI board to ensure consistent insertion loss of the test setup.
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PCle 4.0 CEM Test Setup

- CBB4.0aswellas CLB 4.0 need to
be combined with ISI trace boards

- CEM calibration procedure is very
similar to base spec calibration but
SIGTEST instead of SEASIM is
mandatory

- J-BERT M8020A successfully tested
most of the 16 GT/s AICs and
systems at PCle WS 101

- Many AICs and systems could be
trained to loopback using the new
LTSSM

KEYSIGHT
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PCle 3.0/4.0 RX Test Solution - now

Latest Generation

J-BERT
M8020A

Support for CC as well as IR
End point as well as root complex
2.5GT/s,5GTl/s,8 GT/sand 16 GT/s

vvvvvvvvvvvvvvv

J-BERT M8020A (8-32 Gb/s)
~ « Interactive Training Function
* Build in Jitter Sources /DMI + CMI source
« Build in CDR and analyzer equalization
* Build in 8 Tap De-emphasis
» Build Adjustable ISI
» Support fully programmable

KEYSIGHT

TECHNOLOGIES

PCI Express® Gen4 Technology Update

_16GTpa_WEhCh_Corplance_Eye._Vedicaton_PCe

Real Time Scope
for calibration

42



M1 M8041A Channel 1

Key of Successful PCle Gen4 Rx testing: CTLE & CDR

Q&

PLL Synthesizer
Internal
5.0000 GHz

SsC

40mV High sensitivity

Delay
0.0 ps

DATA Analysis Align

REF CLK OUT

REF CLK IN

DATAIN 1
PCIe 16G...

Parameters

vyY

- Input Timing
Delay
Equalization

Data rate

Equalization

M1.DataInl

0.0 ps (—l

PCle 16Gb/s -9dB ~

Selects input signal equalization for specific applications.
The calibration of this parameter is only valid for the

specific application.

:INPut:EQUalization:PRESet 'M1.DataInl’,P6

0.00 -~ — s NEA = PCle3.0,
o0
© ‘ N —— PCle3.0,
@ -5.00 — T e PC|e3.0,
I — ——PCle4.0,
%10.00 7 ——PCle4.0,
g ——PCle4.0,
=15.00 |
o USB3.0
E \
18ps 24ps 30ps I6ps 42ps 48ps 54ps 60ps z'2000 - USB 311
——— USB 3.1,
-25.00 USB 3.1,
1.0E+06 1.0E+08 1.0E+10

KEYSIGHT
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Frequency / Hz

-6dB
-9dB
-12dB
-6dB
-9dB
-12dB

ADC 0dB
ADC -3dB
ADC -6dB

18ps 24ps 30ps

The Key with Error Free:
* No additional loss
with integrated CDR

36ps 42ps 48ps 54ps 60ps



Example: System board Gen4 Rx Test Report

BEAUTIFUL TEST REPORT WITH DETAIL INFORMATION

Product Number: PCle PCle Station Unknown User 05/12/2018 12:00:40 Drop Link Method LTSSM
KEYSIGHT
TECHNOLOGIES LO_ECIRX_'l GGTps_Comp_2.12.2 CDR Loop Bandwidth 20 MHz
Peaking 1 dB
. e for PCIe 40 SyStem Analyzer Equalization -9 dB
( B I t Inye Sensitivity High
Digital Test Solutions Random Jitter 1 ps Polarity Normal
Sinusoidal Jitter 10 ps Capture and Compare Mode False
Differential Mode Sinusoidal 17 mv Pause before Auto-Align False
O Show all results Interference Relax Time 3 s
Generator Launch Voltage 800 mv
® Show only selected g
Offline False
: Final . . . .
CLB var. ISI pair 2 Lha Final Generator Final Generator Allowed Bit Measured Bit
Result Generator .
Total Channel Loss -29.9 dB Proset Pre-shoot [dB] De-emphasis [dB] Errors [] Errors []
Sinusoidal Jitter Fregquency 100 MHz pass 1.90
LO_Cal_16GTps_IniPres_EH Common Mode Sinusoidal 150 mv
Interference §
. Product Number: PCle PCle Station Unknown User 04/12/2018 21:00:57
LO_Cal_16GTps_IniPres_EW Ena]:_)lg Impairments for Loopback True LO_Cal_16GTps_IL
Training
LO_Cal_16GTps_Chan_EH BER Mode FixedTime for PCle 4.0 System
BER Measurement Duration 62.5 s 0.0 Insertion Loss (Trace 3)
L0_Ca|_1GGTps_Chan_EW Allowed Bit Error 1 35 Insenion Loss (Trace 2)
3.9 Insertion Loss (Trace 1)
. Interactive Training Script File C:\ProgramData\BitifEye\ValiFrame’ Insertion Loss (Trace 0)
LO Cal 16GTps_FinPres EH ‘ . 7.0
- - - - Default Link Training Lane Number Auto
. for every Lane -105 3
L0 Cal 16GTps_FinPres EW L = ’
- = — — Suppress Loopback Training o
False &,
Messages @ -14.0
w
LO_Cal_16GTps_PreComp Use Gen3 EIEOS False L
c A
DUT Target Preset P5 =
LO_Cal_16GTps_CompEye T 210 ]
- = - DUT Target Preset Gend P5 - A
c
LO_Rx_16GTps_Comp Speed Change Control DUT — 245 3
— — Drop Link Method LTSSM 280
LO_EqRx_16GTps_Comp_2.12.2 ‘
-315 + E
KEYSIGHT -35.0 ——t ‘ : |

TECHNOLOGIES

38 5.2
Frequency [GHz]

8.0



Agenda

» PCIl Express 5.0 Preview
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- - PCI Express® Base Specification Revision
PCle Gen5 Preliminary Goals 5.0 Version 0.9

PCIE Base Spec Ver:0.5 PCI-SIG 18 October 2018

« Signaling rate: 32GT/s NRZ (no PAM4)
* Channel loss target is: -36dB @ 16GHz (Nyquist), Package Loss RC -9dB, EP -4dB

* PCle 5.0 base specification compliant PHYs must support both common clock and SRIS
clocking architectures

» Reference Clock is reduced from 300 ppm to 100 ppm, Phase Jitter: < 250fs RMS
* BER targetis 1le-12

« 2"d order CTLE and 3-tap DFE for 32GT/s

* TX Presets P0-P10 to remain the same

« Backward compatibility with previous PCle Genl/2/3/4

« Same TX Voltage parameters as Gen4

« Same approach for TX and RX testing used for Gen4
« Similar method for TX testing via de-embedding of breakout board traces
« Similar method for calibrating the eye width and eye height as used with PCle 4.0 (ISI based, fixed RJ)

KEYSIGHT
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PCIl Express® 4.0 — Keysight Total Solution

KEYSIGHT
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/Physical layer —\

interconnect design

5.
5
b=t

PNA PLTS / E5071C ENA
option TDR

Q/erify PCle 4.0 Compliant Channels)
Verify Return Loss Compliance

| J

/ Physical layer- \

receiver test

M8020/40A J-BERT High
Perfformance, Protocol Aware
BERT

N5990A automated
compliance and device
characterization test software

Vs

Automated RX Test software )
- Accurate, Efficient
\_ - Comprehensive RX Testing )




