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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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EXPRESS

* PCI Express® 3.0 versus 2.0

Bit Rate 5GT/s 8GT/s
Encoding/Decoding 8B/10B 128B/130B
Overhead 20% 1.5625%
Scrambling Optional Required

Effective Bit Rate

4GT/s per lane

7.88GT/s per lane

Transmission path

Same as Genl

Same as Genl and

Transmitter

Refelk
Pins

T Pins R

¥ Pins 'Y

Refclk
Pins

Refclk
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Gen2
Receiver Testing Informative Required
Signal at receiver
Receiver ‘ 5 GT/s -6dB de-emphasis

8 GT/s -6dB de-emphasis

8 GT/s -6dB de-emphasis
and 3.5dB pre-shoot with
CTLE + 1-tap DFE
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** Equalization Components

TXEQ

[
\

Channel

TXEQ 1 De-emphasis and Pre-shoot

_‘j-’_‘\ ~ 3 Sy

Jnr—w
I\

)
)

| |
'Jva Wb — VC'
i
l

1 A W 1
10 A A / 1
17 pw— ¥ = |~
RXEQ - CTLE
0
T T
Apc ™
-4
-6 !
© 8
-10
-12

108 108 1010

Freguency (Hz)
A0BZD

Figure 4-69: Loss Curves for Behavioral CTLE
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RXEQ
RxEQ 1 DFE
=
Decision
A= x ) Function
Y F Yk
. :

|18t Order
| cTLE

Vi = %y — d1sgn(¥g—)

Yy = DFE summer differential output voltage.
¥*y = decision function output voltage. ‘Y"k| =1
X, = DFE differential input valtage

d4 = feedback coefficient

k = sample index in Ul

- VEYE, TEYE

A-0230

Figure 4-70: Equation and Flow Diagram for 1-tap DFE
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“What and \Dhngnic

A What is dynamic?
V Both TXEQ and RXEQ settings can be changed at run-time

A Why does it need to be dynamic?

V Customers will be assured that PCI-SIG certified products will be
able to work at the highest advertised bit rates

V Optimal equalization setting for each combination of components
can vary

I Example: server versus workstation motherboard

V' There are too many add-in cards and motherboards to test all
the combinations

V' Dynamic equalization lets each component figure out the best
setting based upon the situation

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 7



T

PCI >
EXPRESS

= Dynamic Equalization Flow

[

TXEQ 4&

Channel

ATx implements a FIR based
equalization

Al of 11 presets
are used during TXEQ process

create de-emphasis and pre-shoot

AEqualization is based on 3-tap (pre
cursor + main cursor + post cursor) to

o

> RXEQ

ARXx implements a behavior
equalization algorithm

fABeDaviéral CTLE + IstaprDEE
equivalent or better

ABehavioral CDR

Rx adjusts own settings while requesting Tx

settings to dynamically at run-time find
combination that will make for a E-12 BER or

better

PCI-SIG Developers Conference
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Table 4-16: Tx Preset Ratios and Comresponding Coefficient Values Min Reduced Swing Limit
1
Preset Preshoot | De-emphasis | ¢ Ca1 Vavd Vbivd Veivd B DE C., ;
Number | (dB) (dB) pocsT|  oi24 124 2024 3024 424 | | 524 624 7124 /24
P4 0.0 0.0 0.000 0.000 1.000 1.000 1.000 024 00 00|00 02|00 16|00 25|00 .-%5(00 47|00 60|00 -78|00 -85
0.0 08 1.8 25 =35 4.7 6.0 7.8 g5
P1 0.0 -35+1dB 0.000 -0.167 1.000 0.668 0.668 OB ODO|0D8 08|08 17|10 28|12 -38(13 53|16 -BE[10 88
124] "o ! 25 |45 47 8.0 76 |.-5%
PO 0o 60+15dB | 0000 |-0250 |1.000 0.500 0.500 224 18, B0 17 DF[TE ¥ 22, 37( 25 AF[T8_B0| 2% AT
P9 35:1dB |00 0166 | 0000 | 0668 0.668 1.000 ¢, 2] 75, 55 z._aﬁ_'_:-r.tr "3.14';_2_2 o EXN
P8 35+1dB |-25+x1dB -0.125 0125 0.750 0.500 0.750 oal 35 ,B’ﬁ '3.9 ""1 133 55157 =71 50 =01 -
P7 35+1dB |-60+£15dB -0.100 -0.200 0.800 0.400 0.600 ="35 4. 6.0 7.6 -85
4| 47 00|53 13|60 20|70 40
P5 19+1dB |00 -0.100 0.000 0.800 0.800 1.000 47 6.0 78 -5
azs| 60 0D |68 18|80 _-35
P& 25+1dB |00 -0.125 0.000 0.750 0.750 1.000 8.0 7.8 s
P3 0.0 -25+1dB 0.000 -0.125 1.000 0.750 0.750 Full Swi H Limit
ull owany it or
P2 0.0 -44+15dB 0.000 -0.200 1.000 0600 0.600 Maox ?educa?Swing Limnit
P10 0.0 See Note 2. 0.000 See 1.000 See Note | See Note . . . i AcEne
Note 2. 2 2 Figure 4-45: TxEQ Coefficient Space Triangular Matrix Example
V_iNpeq v_in, v_ing, 4 /
_ . 1.0 Ul - 1.0Ul B ]
Vin,=+1 delay delay -hli :"-.II I’- Ir-. ™ IJPI i :
S | | ]\ [ 1
TN N N i 1|| Il P ] ,__.-r’_‘!| | 1||
(o, /; { co | ( c+1/| 11 I|| I i ' i
e
T ~ ~y || Va Vb — e | Jd !
T —— r__-—- — [ i II |

v_out,

v_out, = (V_iNgq=C g} + (V_iNgecg) + (V_iN, q«Csq)

|-l +[cof#[ ] = 1

=0 c4=0

A-0812

Figure 4-41: Tx Equalization FIR Representation
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De-emphasis = 20log,; Vb/'Va
Preshoot = 20l0g,,Vo/Vh
Boost = 20l0g,p Vd/Vh

A-0B13

Figure 4-42: Definition of Tx Voltage Levels and Equalization Ratios
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A There are 4 steps in the
equalization process:

V  Phase 0: Upstream sends Downstream —_____ T =+

Transmitter and Receiver presets at
2.5G to be used upon entering 8.0G

PCI >

EXPRESS

Dynamic Equalization Steps

Downstream Port | __ . e T Upstream Port

ragatiatan Exchangs Frezals
fior B4 GTis dals rabe

S—-

- i
LB = . | 8.0 GTis data rate — Equalization
T51: BC =01, Vahe C1 ——— i
: —— _——— TS1: EC =00, Value C2

V Phase 1: 8GT/s link established at E-4 =" 1z1.2c =01 vaeci | b 13 5~ 657 i T v

BER or better; Both sides advertise EQ
capabilities via FS/LF fields

V Phase 2: Downstream component —_— —

adjusts Upstream TX while adjusting its
own RX until achieving optimal settings

V Phase 3: Upstream component adjusts
Downstream TX while adjusting its own

A Both Preset and Cursor values
can be used to adjust TX
Equalization settings

V'  There are 10 Presets (pre-defined
combinations of de-emphasis and pre-
shgot) Ide%al for request during Phase

y £, AN

V  There are a minimum of 42
combinations of de-emphasis and pre-
shoot available when requesting via
Cursor values

RX until achieving optimal settings \ TE1 EC = 10, Value £ 5

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG,

T —— | TS1:EC =01, Value C2

T31: EC=10, Vale C1 f——0L

— ™ TS1: EC = 10, Value CT’
TS1: EC =10, Value C1" = )

— T51: EC = 10, Value C1”

T51: EC =10, Vahee C1° f—u_ H | T51: EC = 11, Value C2

1 EC =11, Value C2
\T'S' EC =11, Value C' S —

— 1 TS51: EC = 11, Value CZ
TS1: BC =11, Vahe G |——

= TS51: EC = 11, Value C”

T51: BEC =11, Vahe C° — S )
T EG 00 Ve G [ | e e
-— ST EC=10, Valie T

TSZes folowsd by IDL | — 2.0 GTs data rate
. ___F—TSEesﬂlmb'grDL

All Rights Reserved 10
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** Reasons for Testing

A The reason for compliance testing is to ensure
Interoperability
V Failure to successfully negotiate equalization could cause the
link to switch to a lower speed

A Examples of non-compliance:

V (1) No Response
I Trainee component fails to respond to a Link EQ request
I Trainer component unable to converge on a solution
V (2) Late Response
I Trainee component responds too late to Preset/Cursor request

I Trainer component trains its receiver on false information or does
not have enough time to train

V (3) Incorrect Response

I Trainee component sets the wrong Preset/Cursor on its transmitter
I Trainer component trains its receiver on false information

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 11
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Electrical Test Specification

A References:
V PCI Express Base Specification Revision 3.0

V PCI Express Card Electromechanical Specification Revision 3.0
\Y

A Sections of PHY Test Spec (also called as the Electrical
Test Spec):
V 2.3 Add-In Card Transmitter Initial TX EQ Test for 8.0 GT/s
V 2.4 Add-In Card Link Equalization Response Test for 8.0 GT/s

V 2.7 System Board Transmitter Link Equalization Response Test
for 8.0 GT/s

V 2.10 Add-In Card Receiver Link Equalization Test for 8.0 GT/s
V 2.11 System Receiver Link Equalization Test for 8.0 GT/s

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 13
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- est Spec Requirements |
PHY Test Spec Reg {
PHY Test Spec Section
23 | 24 | 27 | 210 | 211
Test Type TX=Transmitter Test, RX=Receiver Test X | TX TX RX RX
DUT AIC=Add-In Card, SYS=System AIC [ AIC | SYS | AIC | SYS
Enablers Loopback via Recovery X X X X X
Monitor Equalization Phase 1 3 2 3 2
Calibrated Stressed Eye X X
Fixture 3.0CBBorCLB X X X X X
2.0 CBB X
Pattern CP= Compliance, MCP=Modified Compliance Pattern | CP | CP | CP | MCP | MCP
Save DUTG6s Cursor associated with XrieXeqt
DUT6s Final Requested Presett/ CudrsdagrX X
Pass/Fail Preset Response Time, < 1 us X X
Suee Cursor Response Time, < 1 us X X
Legal PO to P9 Preset per SigTest X X X
BERE-12 (0O1 error in 2:05) X X

PCI-SIG Developers Conference
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*® Negotiation Capability

A Traverse LTSSM arc to Loopback
via |l ong method (nnt t he Achnr it A

method used in regular RX S
testing) N
A The method of traditional BERTS /:‘l A a K\

the fAblind handst /AN S

simply playing a fixed handshake | N vl

pattern from memory) would be |" \ WX T

painfully difficult, if not impossible, | P i\ N

due variation from run-to-run and i S N g

device-to-device: A NN

V' Timing delays e e N

V Equalization responses and S 7 U\ i, //
requests o o S

V Link/Lane I\--x-i--/‘il\_k"'__"j S

V' 128b/130b coding and scrambling I o
(dlsabllng nOt allowed at 8G) Figure 4-22: Main State Diagram for Link Training and Status State Machine

V Full swing and low frequency

A Protocol awareness simplifies
problem

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 15
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SSie . EXPRESS
L TSSM Arc for Link EQ

State Sub-State TX (Step) Task

Detect Quiet El | (1) Be quiet and wait
Active El | (2) Detect aload on TX

Polling Active TS1 | (3) Advertise speed; acquire symbol lock; detect polarity
Configuration | TS2 | (4) Set RX polarity

Configuration | LinkWidth TS1 | (5) Negotiate Link Width
LaneNum TS1 | (6) Negotiate Lane Number
Complete TS2 | (7) Verify negotiated Link and Lane
Idle Idle | (8) Wait for Idle data symbols

LO Idle

Recovery 256G 8.0G
RcvrLock TS1 | (9) Request Speed Change (14) Request Loopback
RcvrCfg TS2 | (10) Suggest TX and RX Presets | (15) Wait for TS2
Idle Idle | (11) Send Idle (16) Go to Loopback
Speed El | (12) Change speeds to 8G
Equalization | TS1 (13) Negotiate equalization

Loopback Entry TS1 | (17) Check for DUT in Loopback
Active (18) Send loopback data

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 16
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“ Electrical Capability

A Signal Characteristics - cAeedEsR

V Voltage Amplitude .
V Equalization

I De-Emphasis

I Pre-shoot
V Noise Sources

I Sinusoidal Jitter

I Random Jitter

I Differential Mode Noise

A EQ Response
VAdj ust B5D&EQ

\V Both electrically and { " 1) ~' "“ l" '|”|H "| ""‘I 1
protocol-wise ‘

Preset 7 within
500 ns of request

Preset 8 at time

|i | h | I |L J || |L.~.,_ |'

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 17



ey Monitoring and Post- POL>
= Processing Capability

[ (eCroy SORGEZIR ™ - c | Link Event Idle Time Stamp.
File™ Verticat™ i se TH 0 - Weasure WA Anafys Utifities ™ Help' L TRION: oeess| 0 Link Up 0.250ns |0000. 0000000005
cket 8.0 EIEOS Symbols
E50° | 0250ns_[0000 000 000 000 5

59TSPackets | 80| L | Link Lane N_FTS Training Conirol Data Rate Eq Control Pre-Cursor Cursor Post-Cursor * TS1 Symbols
2129 = 110 ] 10 00000 |25GT/5,5GT5,8GTis| 2 6 2 4A 0000000 000 016 s

Packet [70] [Cink Event lae T\mes‘»tam:,
[[LinkUp || 0250ns [0000.0000000745 |

ckel 80 EIEOS Symbols Fm
_ SIE0S | e 0250ns | 0000 000 000 074 5

26 T“ Packer S Training Control Rate Eq Control Pre-Cursor Post-Cursor * T51 Symbols || Time Delta Time Stamp
[ [ o 25GTfs SGT/s 8GTis 6 2 4A 438 500 ns_|0000. 000000 0390 s

509G, Byte 29550 24 00 25,06 26,00 59T Packets 80 Lane N_FTS Training Control Data Rate Pre-Cursar Post-Cursor " TS1 Symbols || Time Delta Time Stamp
54174 0 00000 [25GT/s, 5GTis, 8 GTis 5 4A.. ["622.000 ns |0000. 000 000 528 5

327TS Packets 8.0 Lane N_FTS Training Control Data R: Pre-Cursor Curs sor * 781 Symbols || Time Delta Time Stamp
131-225 0 0 00000 [25GTIs, 5GTis,8GTis 3 A [ 262250 ns 0000000001 158 5

75 TS Packet: Lane N_FTS Training Control Data Ra C Pre-Cursor Post-Cursor * T51 Symbols || Time Delia Time Stamp
174 25 GT/s, 5 GTls, 8 GTls 3 3 4A ["643.250 ns | 0000000001520 5

TS Packets Lane N_FTS Training Control Data Rat Pre-Cursor Cursor Post-Cursor " TS1 Symbal ime Delta Time S
0 25 GT/s, 5 GTis, 8 GTis 3 3 4A.. [ "536.000ns [0000. 000 0021585

7578 Packets Lane N_FTS Training Control Data Rate Pre-Cursor Curs sor * 781 Symbols || Time Delta
293-460 25 GT/s, 5 GTs, 8 GTls 82250 ns |0000.000 002704 5

v
Ropotitions  Dotaits 5 TS Packets Lane N_FTS Training Control Data Ra C Pre-Cursor Cursor Post-Cursor * T81 Symbols
i Link 1,Lanes S 10,5p I Se0005i 304-461 0 00000 [25GTls 5GTis,8GTis 2 5 4A 0000000002783 5

1

A Monitoring
V Observe both sides and capture waveforms

A Post-Processing

V Analyze protocol and measure response time
V Evaluate waveform for correct TXEQ

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 18
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Test Setup: Major Components

Protocol Aware BERT:

Signal source
Jitter source
Link negotiation

PCle 3.0 Compliance Test Fixtures

PCI-SIG Developers Conference

LeCroy PeRT? Phoenix

LeCroy SDA 830Zi-A
Waveform capture a0
Transaction monitor '
Electrical measurements
Timing measurements
Protocol Analysis

Jitter Calibration

High Speed Oscilloscope:

Data Type 3| Diferertial [ Embed  Test Mode
1 1 Data File
Eye Calibration =rel Dree
. D= e Broyise
TXEQ Preset AnaIyS|S EelaEl | Eroy
GiopleHIENEg | Browse.
E | ‘ App Settings and Debug Mode |
7
| TX_CON_LSWING_3 5db s |
T
litmberotlind: I—.
Intevalsim e =
Com ||ance Channel Vot Nn | Worst e Volizge | | N (. Fiter
p Teznsition Eyes | Trensiton Eyes | Misiogrem Datz Esilte e Datz 7

Copyright © 2012, PCI-SIG, All Rights Reserved
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*® Test Set-Up: Add-In Card

Terminator
; 0
Trigger Out 4 g ch
ull Phase matched SMA-SMA cable pair
L DataRx+ 3 S N
Error Detector |5 (] | EI.E.'} - ch2
= Data Rx- % |
I
Data Txt Splitters — '
Generator b L o1 ch3
Data Tx- Terminator
DC Blocks
Clock Out = d cha
g Phase matched ||
SMA-SMP cable \(\_)
pair

(€]

Clk In
R
A o )
o Rx- Tx- Tx+ O
SMA-SMP

cable pair \K:D Power
Supply

Riser Card CBB

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 21




= Test Set-Up: System

Terminator
- ]
Trigger Out 4 O chi
ul Phase matched SMA-SMA cable pair
Data Rx+ - A~ /N
Error Detector Conditioner EI-E-'} L-xg ch2
Data Rx- :
I
:'_D_a ta Tx Splitters/
Generator T e 1 | 4 -0 Ch3
Data Tx- Terminator
DC Blocks
Clock In c d cha
e Phase matched |
] SMA-SMP cable (| D
'“) (“ pair
System Under Test
SMA-SMP System board
cable pair trace length
CLB
CLK Out Tx+ Tx-

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 22
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A Methodology
A

v

A
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. Physical Set-up for Calibration

Set-up for TXEQ, Rj, and Sj calibration Set-up for differential mode noise calibration (cards)

DC Blocks LeCroy PeRT3 Phoenix LeCroy SDA830Zi-A

Data Tx+/ DC Blocks
Data T:
Generator ) Chl 2 g
Data Tx-
Data Tx -
Error Detector o Ch2
0 Phase matched
SMA-SMA cable pair
0O cCh3
Clock Out g chs N /
Phase matched SMA-SMP
cable pair

TXEQ Rj and Sj Calibration for Set-up for differential mode noise calibration (systems)
Add-In Cards and Systems use =

DC Blocks
Data Tx +
the same setup =
Phase matched SMA-SMP /
cable pair

A DM calibration for add-in cards
PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 24
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use the long channel

DM calibration for systems use
the short channel
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Calibration: TXEQ

Fite  Vertica!

PCI-SIG Developers Conference

Adjust signal amplitude, de-emphasis
and pre-shoot until desired ratios

achieved for various Presets

Copyright © 2012, PCI-SIG, All Rights Reserved
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P1

P2

P3

P4

PS5

P6

P7

P&

Pa

P10
Long Channel

PCI >

EXPRESS

Send Preset Calibration
Pattern (64 zeros, 64 ones,
128 zero/ones)

DE
-6.0
-3.5
-4.5
7

0.0

0.0

0.0
-6.0
-3.5

0.0
-9.5
-6.0

PS
0.0
0.0
0.0
0.0
0.0
2.0
2.5
3.5
3.5
3.5
0.0
6.0

Vvb/Va Ve/Vb

0.500
0.667
0.600
0.750
1.000
1.000
1.000
0.500
0.667
1.000
0.333
0.500

1.000
1.000
1.000
1.000
1.000
1.250
1.333
1.500
1.500
1.500
1.000
2.000

25



