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PClt / PCI >

i . . EXPRESS
Disclaimer

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

ISIG ] _ EXPRESS
Presentation Overview

A General information about PCle® Protocol
Analyzers

A New issues introduced with getting a trace at
8.0GT/s

A Debugging common issues at 8.0GT/s

V Linking at 8.0GT/s
V Unstable PCle 3.0 link
V System crash and reboot
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What I1s a Protocol Analyzer?

A It is a hardware tool used to enable a user to
look at the PCle traffic on a system

A A PCle 3.0 Protocol Analyzer will support the
following:
V Bus widths: x1, x2, x4, x8, and x16
V Bus speeds: 8GT/s, 5GT/s, and 2.5GT/s

V Full bi-directional support T Upstream and
Downstream

A Who makes PCle Protocol Analyzers?
V Agilent Technologies
V LeCroy Corporation
V Tektronix Inc.
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ey How to Connect a Protocol gz
Analyzer?

A Different ways to connect to a system:

V Slot interposer card

I To look at traffic between an adapter card and a System
Under Test (SUT)

V Midbus probe connector
I Connects to a Midbus probe footprint on the SUT board

V Flying lead probe connector

I Can be soldered down directly to bus lanes on the SUT
board

A Analyzer typically connects to a host controller
system as well as SUT
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e How to Connect a Protocol gz
Analyzer?

Images from Agilent Technologies
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- T New Issues for 8.0GT/s PQI
Part 1

A Equalization introduces the need to do tuning on
the protocol analyzer

V To get the cleanest trace, tuning is required on every
slot in a trace setup (for the internal receivers)

V Automatic tuning process can take a long time
V Tuning requires linkup at 8.0GT/s

A 90 degree turns needed in some trace setups
were simple at 5.0GT/s and 2.5GT/s

VYoUu canot use t hese s ame
anymore at 8.0GT/s

V Not all companies provide 90 degree interposer
solutions
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- T New Issues for 8.0GT/s PQl=
Part 2

A Introducing an analyzer slot interposer may
change the properties of the link

V They typically have their own external power supply

V There may be a small gain or loss over the length of
the interposer

V If there Is a gain, link issues could be fixed by adding
an interposer

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 8



- T New Issues for 8.0GT/s PQl=
Part 3

A Getting a trace of an 8.0GT/s linking problem

V How can you tune, if you cannot link at 8.0GT/s?

V Possible solutions:

I Try using the tuning files of a nearby slot with similar
characteristics
I If there are separate tuning files needed for each direction:

A Find a card that does link in that slot. This will give you a
downstream tuning file.

A Find a slot that the problem card does link up at 8.0GT/s. This
will give you the upstream tuning file.

A Move the problem card back to the problem slot and use those
tuning files
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* |SSUE: Linking at 8.0GT/s

A Where to start debugging?

V Look at what is happening during the Training
Sequence Ordered Sets

V Trigger on 2.5 GT/s TS1 packets (downstream)

V Look at both directions, check their advertised data
rates

V See If they are attempting an uplink to 8.0GT/s

A Once you see the start of the linking process,
you can fine tune the trigger to move closer to
the problem. May need a larger trace depth.
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" LINking at 8.0GT/s
The Good

A The system should start by linking at 2.5 GT/s,

then uplink to 8.0GT/s

PCI =

EXPRESS

Sample Number Time Downstream Upstream
199205 -41.115 us TS52 Protocol: PCl Express
129206 ~41.051 us 1=z Packet Start Time: -83.503000 us
199207 —40.987 us I52 Packet End Time: -35.443000 us
199208 —40.923 us I52 16
133209 -40.859 us I52

b1

Packet Type

16349 —33 ns TS51 Gen3 16

b2

T Systern Trig.. b 186851 0 3 T51 Gen3 16
168352 16 ns T51 Gen3 16
16353 32 ns T51 Gen3 16
16354 49 ns T51 Gen3 16
16355 65 ng T51 Gen3 16
16356 81 ns TS51 Gen3 16
16357 97 ns T51 Gen3 16
16358 114 ns EIEQS Gen3 16
16359 130 ns T51 Gen3 16
16360 146 ns TS51 Gen3 16
16361 162 ns T51 Gen3 16
16362 179 ns T51 Gen3 16
16363 195 ns T51 Gen3 16
16364 211 ns T51 Gen3 16
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" LInking at 8.0GT/s
The Good

A The TS1 ordered sets are exchanged at 8.0GT/s

PCI >

EXPRESS

Sample Number Time Downatream Upstream Link Speed
19343 48.634 us T51 Gen3
199212 48. 643 us T51 Gen3
19344 43. 6850 us T51 Gen3
195213 43. 6859 us T51 Gen3
19345 48. 666 us TS51 Gen3
199214 48.675 us T51 Gen3
19844 48. 683 us TS51 Gen3
199215 48.691 us T51 Gen3
19547 43.6899 us T51 Gen3
195216 43.708 us T51 Gen3
19343 48.715 us TS51 Gen3
199217 423.724 us T51 Gen3
19349 48.731 us TS51 Gen3
195218 43.740 us T51 Gen3
19850 43.7438 us T51 Gen3
199219 48.756 us T51 Gen3
19851 48.764 us TS51 Gen3
199220 48.773 us T51 Gen3
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" LINking at 8.0GT/s

The Good
A The TS2 ordered sets are exchanged at 8.0GT/s

PCI =

Sample Mumber
24457
203828
24458
203327
24453
203828
24480
203829
b1 2446l
203330
24482
203831
24483
203832
24484
203833
24485
203834
24488
203835
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Time

123.611
123.621
123.628
123.638
123.644
123.654
123.660
123.670

us

us

us

us

us

us

us

us

us

us

us

us

us

Downstream

T52

T52

T52

T52

T52

T52

T52

Upstream

T51

T51

T51

T52

T52

T52

T52

T52
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" LInking at 8.0GT/s BQL=,
The Good

A After the Training Sequence, you should see
Flow Control packets. The link is up at 8.0GT/s.

Sample Number Time Downstream Upstream Link Speed
203369 124.320 us T52 Gen 3
203870 124.336 us EIECS Gen 3
203871 124.353 us T52 Gen 3
203872 124.369 us T52 Gen 3
203873 124.385 us T52 Gen 3
203874 124.401 us T52 Gen 3
203875 124.418 us T52 Gen 3
203874 124.434 us 5D5 Gen 3
b1 24482 T 124.515 us - Genz

24483 124.517 us N ] Gend
2443 124.519 us InitFC1-Cpl Gen3

24483 124.521 us InitFC1-P Gen3

2443 124.523 us InitFC1-NP Gen3

2443 124 .525 us InitFC1-Cpl Gen3

24438 124 .527 us InitFC1-P Gen3

2443 124.529 us InitFC1-NP Gen3

24430 124.531 us InitFC1-Cpl Gen3

24431 124.533 us InitFC1-P Gen3

24432 124.535 us InitFC1-NP Gen3

24433 124.537 us InitFC1-Cpl Gen3
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e Linking at 8.0GT/s BQL=,
" Issue 1

Al ssue 1: PCle 3.0 adapt
(links In others). Link lights flashing.

A How to get a trace of a link issue?

V Trigger on a TS1 Ordered Set packet on the
downstream, with the trigger position at the beginning
of the trace

V Walk through the training sequence to see what is
happening
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" LINking at 8.0GT/s
Issue 1

A TS1 at 2.5GT/s

PCI =

EXPRESS

Sample Number Time Downstream Upstream Bequester ID  Link Speed
1985892 -340 ns T51 Genl
198893 -276 n3 T51 Genl
1953594 -212 ns T51 Genl
1985895 -145 ns T51 Genl
19858946 -84 n3 T51 Genl
T aystem Trig.. (b L93897 -20 ns3 T51 Genl
19885893 44 ns T51 Genl
b1 B 86 ns T51 Genl
198899 108 n3 T51 Genl
1 150 ns I51 Genl
1983900 172 ns T51 Genl
2 214 n3 T51 Genl
193901 236 ns3 SKF 05 Genl
198902 252 ns3 T51 Genl
3 278 n3 T51 Genl
193903 316 ns T51 Genl
4 342 n3 I51 Genl
193904 380 ns T51 Genl
3 406 ns3 I51 Genl
193905 444 ns T51 Genl
6 470 ns3 I51 Genl
1384906 208 ns3 T51 Genl
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ey Linking at 8.0GT/s

I Issue 1l
A TS2 at 2.5GT/s

1 Sample Number Time Downstream Upstream Beguester ID (Link Speed
199924 65.180 us TS2 Genl
1027 65.198 us T51 Genl
199925 65.244 us TS2 Genl
1028 65.262 us TS51 Genl
199926 65.308 us TS2 Genl
1029 65.326 us TS51 Genl
193927 65.372 us TS2 Genl
1030 65.390 us T51 Genl
199928 65.436 us TS2 Genl
1031 65.454 us T51 Genl
193929 65.500 us TS2 Genl
1032 65.518 us TS51 Genl
193930 65.564 us TS2 Genl
1033 65.582 us T51 Genl
199931 65.628 us T52 Genl

hd2 1034 65.646 us T52 Genl
199932 65.692 us T52 Genl
1035 65.710 us T52 Genl
199933 65.756 us T52 Genl
1036 65.774 us T52 Genl
199934 65.820 us T52 Genl
1037 65.838 us T52 Genl
199935 65.884 us T52 Genl
1038 65.902 us T52 Genl
199936 65.948 us T52 Genl

1020
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" LINking at 8.0GT/s
Issue 1

A End of TS2. Downstream sends TS1 again.

b1 | b2 Sample Number

200001
1104

200002
1105

200003
200004
200005
200006
200007
200008
200009
200010
200011
200012
200013
200014
200015
200016
200017
200018
1106

200019
200020
200021

b2 1108

200022
200023
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Time

0.
-
70.
0.
0.
70.
70.
0.
0.
-
70.
0.
0.
70.
70.
0.
0.
71.
71.
71.
1.
71.

080
a78
124

u3

us

us

us

us

us

us

us

u3

us

us

us

us

us

us

us

u3

us

us

us

us

us

Downstream Upstream
T52

T52
T52

T52

SKEP 05

InitFC1-P
InitFCl-NFP
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Reguester ID |Link Speed

Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
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eef__ Linking at 8.0GT/s PO
| Issue 1

A Downstream wants to retrain the link

b1 | b2 Sample Number Time Downstream Upstream Bequeater ID Link Speed
200019 71.212 us T52 Genl
200020 71.276 us T52 Genl
200021 71.340 us T52 Genl
1107 71.414 us T51 Genl
b3 |1108 71.478 us T51 Genl
200022 71.484 us InitFC1-P Genl
200023 71.488 us InitFC1-NP Genl
200024 71.492 us InitFC1-Cpl Genl
200025 71.496 us InitFC1-P Genl
200026 71.500 us InitFC1-NP Genl
200027 71.504 us InitFC1-Cpl Genl
200023 71.508 us InitFC1-P Genl
200029 71.512 us InitFC1-NP Genl
200030 71.516 us InitFC1-Cpl Genl
200031 71.520 us InitFC1-P Genl
200032 71.524 us TnitFC1—NP Genl
200033 71.528 us Protocol: PCIExpress 1 Genl
Packet Type: T51
ZOL0EL TLoEEE e Packet Start Time: 71.542000 us Ez
200035 71.536 us Packet End Time: 71.602000 us Genl
200036 71.540 us InitFC1-Cpl Genl
1109 71.542 us T51 Genl
200037 71.544 us InitFC1-P Genl
2000338 71.548 us InitFC1-NP Genl
200039 71.552 us InitFC1-Cpl Genl
200040 71.556 us InitFC1-P Genl
200041 71.560 us InitFC1-NP Genl
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eef . Linking at 8.0GT/s
| Issue 1

A Back to TS1, 2.5GT/s

PCI =

EXPRESS

b1 | b2 | b3 Sample Number Time Downstream Upstream Requester ID Link Speed

200068 71.668 us InitFC1-NF Genl
1111 71.670 us T51 Genl
200069 71.672 us InitFC1-Cpl Genl
200070 71.676 us Ini tFC1-P Genl
200071 71.680 us InitFC1-NF Genl
200072 71.684 us InitFC1-Cpl Genl
200073 71.688 us InitFC1-P Genl
200074 71.6592 us InitFC1-NF Genl
200075 71.696 us InitFC1-Cpl Genl
200076 71.700 us InitFC1-P Protocol: PCl Express 1
200077 7%.708 us InlTECA-HE ::z:z:-swhfrel:'lji-fr:e: 71.400000 us

200078 71.708 us InitFCI-Cpl | packet End Time: 71.450000 us 1
1112 71.734 us T51 / BEn 1
Jzooo79 71.740 us TS1 v Genl
1113 71.788 us T51 Genl
200080 71.804 us T51 Genl
1114 71.862 us T51 Genl
200081 71.868 us T51 Genl
200082 71.832 us T51 Genl
1115 71.850 us T51 Genl
200083 71.996 us T51 Genl
1116 72.014 us T51 Genl
200084 72.060 us T51 Genl
1117 72.078 us T51 Genl
200085 72.124 us T51 Genl

PCI-SIG Developers Conference

Copyright © 2012, PCI-SIG, All Rights Reserved

20



et Linking at 8.0GT/s
| Issue 1

A Downstream moves to TS1, 8GT/s

b1 | b2 | b3 Sample Number Time Downstream Upstream
200130 74.956 us T52
1162 74.958 us T52
200131 75.020 us T52
1163 75.022 us T52
200132 75.084 us TS52
1164 75.086 us T52
200133 75.148 us T52
1165 75.150 us TS2
200134 75.212 us T52
1166 75.214 us T52

200135 73.276 us T52

: EUnknuwn Packet Type
200136 75.340 us T52
200137 75.404 us T52

b |1158 116.205 us T51

o

//////////////////// Unknown Packet Type ///////////

PCI >

EXPRESS

Requester ID Link Speed
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl
Genl

Genl

Protog
Packe

Genl
=t Packe
Genl Packe

Gen3

1169 116.222 us T51
1170 116.238 us T51
1171 116.254 us ETEQS
1172 116.270 us T51
1173 116.287 us T51
1174 116.303 us T51
1175 116.319 us T51
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Gen3
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Gen3
Gen3
Gen3
Gen3
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" LINking at 8.0GT/s

PCI =

EXPRESS
Ve
A Upstream starts TS1, 8.0GT/s
M. MM ME = Sample Hunmber Time Downstream Upstream Eequester ID Link Speed
50440 1.079391 T51 Gen 3
50441 1.079407 T51 Gen 3
§0442 1.079423 T51 Gen i
50443 1.079439 T51 Gen 3
hAS 200139 1.079449 T51 Gen 3
g0444 1.0794546 T51 Gen i
200140 1.079466 T51 Gen 3
50445 1.079472 T51 Gen 3
200141 1.079482 T51 Gen i
50448 1.0794838 T51 Gen 3
200142 1.0794938 T51 Gen 3
50447 1.079504 T51 Gen 3
200143 1.079514 ETEQS zen 3
50448 1.079521 T51 Gen 3
200144 1.079531 T51 Gen 3
50449 1.079537 T51 Gen 3
200145 1.079547 T51 Gen 3
50450 1.079553 T51 Gen 3
200148 1.079563 T51 Gen 3
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e Linking at 8.0GT/s
| Issue 1

AAft er

8 .

OGT/ s

TS2,

PCI>>
EXPRESS

t he

M3 Z Sample Number Time Downstream Upstream Requester ID Link Speed
939996 13.102140 ms T52 Gen3
800302 13.102148 ms TS52 Gen3
9393997 13.102156 ms T52 Gen3
800303 13.102164 ms T52 Gen3
9399938 13.102172 ms T52 Gen3
800304 13.102181 ms T52 Gen3
9393999 13.102188 ms T52 Gen3
800305 13.102197 ms T52 Gen3
940000 13.102205 ms T52 Gen3
800306 13.102213 ms T52 Gen3
940001 13.102221 ms T52 Gen3
800307 13.102229 ms 505 Gen3
940002 13.102237 ms T52 Gen3
940003 13.102253 ms T52 Gen3
940004 13.102270 ms T52 Gen3

b 200308 13.102271 ms InitFC1-P Gen3
800309 13.102273 ms InitFC1-NP Gen3
800310 13.102275 ms InitFC1-Cpl Gen3
800311 13.102277 ms InitFC1-P Gen3
800312 13.102279 ms InitFC1-NP Gen3
800313 13.102281 ms InitFC1-Cpl Gen3
800314 13.102283 ms InitFC1-P Gen3
800315 13.102286 ms InitFC1-NP Gen3
800316 13.102288 ms InitFC1-Cpl Gen3
800317 13.102290 ms InitFC2-P Gen3
ann=1a 18 AnAAAY ma Tri+tTea Wn Fon
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eef . Linking at 8.0GT/s
| Issue 1

A No Flow Control on the Upstream. Retrain.

PCI =

EXPRESS

PCI-SIG Developers Conference
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ME :|Sample Number Time Downatream Upstream Requester ID Link Speed
800419 13.10395% T51 Gen3
800420 13.1034972 T51 Gen3
800421 13.103988 T51 Gen3
800422 13.104004 T51 Gen3
800423 13.104021 T51 Gen3
940007 13.104025 EIECS Gen3

b7 IEUG424 13.104037 T51 Gen3
940008 13.104042 T51 Gen3
800425 13.104053 T51 Gen3
940009 13.104058 T51 Gen3
800428 13.104069 T51 Gen3
940010 13.104074 T51 Gen3
goo4z27v 13.104084 T51 Gen3
940011 13.104090 T51 Gen3
800425 13.104102 T51 Gen3
940012 13.104107 T51 Gen3
800429 13.104118 T51 Gen3
940013 13.104123 T51 Gen3
800430 13.104134 T51 Gen3
940014 13.104139 T51 Gen3
800431 13.104151 T51 Gen3
940015 13.104155 T52 Gen3d
800432 13.104187 T51 Gen3
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e Linking at 8.0GT/s
| Issue 1

A After TS2, some Flow Control, then retrain

PCI =

EXPRESS

PCI-SIG Developers Conference
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MY : Sample Number Time Downstream Upstream Requester ID | Link Speed
800500 13.105749 ms IS2 Gen3
940083 13.105752 ms TS2 Gen3
800501 13.105765 ms TS2 Gen3
940084 13.105768 ms TS52 Gen3
800502 13.105782 ms 5D5 Gen3
940085 13.105784 ms TS52 Gen3
940088 13.105801 ms TS2 Gen3
940087 13.105817 ms TS2 Gen3
940088 13.105833 ms TS52 Gen3
540083 13.105845 ms 5DS Gen3
800503 13.106119 ms UpdateFC-P Gen3
800504 13.106121 ms UpdateFC-NP Gen3
800505 13.106278 ms EDS Gen3
800506 13.106279 ms EIEQS Gen3

(] |80050? 13.106296 ms T51 Gen3
800508 13.106312 ms TS51 Gen3
200509 13.106328 ma T51 Gen3
800510 13.106344 ms TS1 Gen3
940090 13.106358 ms EDS Gen3
540091 13.106359 ms EIEOS Gen3
800511 13.106361 ms TS51 Gen3
940092 13.106376 ms3 T51 Gen3
800512 13.106377 ms TS1 Gen3
940093 13.106392 ms TS51 Gen3
800513 13.106393 ms TS1 Gen3
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eeg  LINking at 8.0GT/s BQl
i ssue 1 Analyzed

A What do we know?

V Link Is retraining constantly. It is never fully linking at
8.0GT/s.

V The signal is not good if the system wants to retrain
V The same card will link in nearby slots

V The card has worked in this slot in the past

I Has the system been updated recently? New firmware?
I Try another PCle 3.0 adapter in the slot
I Try another board or system. Hardware issue?

A How to fine tune this trace?
V Trigger on a Flow Control packet on the downstream
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roy__ Llnklng at 8.0GT/s b2
Issue 1 Analyzed

A What was the problem in this case?

V' A bent pin on the expansion adapter board

I NOTE: The expansion adapter board is used to give you a
standard PCle form factor slot on a system that may not have
one (ie 1 A blade server). With this board, you can use
standard PCle adapters in a place where they would not
normally fit (low profile). Mostly used in testing.

A After straightening the pin, the card linked up at
8.0GT/s like before
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