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Sequential Development of PCle Specs and Scope

PCI Express”
Base Specification
Revision 3.0
Novermber 10, 2010

PCI >

EXPRESS

Base Specification

- Contains all the
system knowledge

« Candirectly be

applied to Chip Test:
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PCI Express”
Base Specification
Revision 3.0
Novermber 10, 2010

PCI >

EXPRESS

Card Electromechanical (CEM) Spec

«  Appliesto Add-In Cards and
Mother Boards

«  Mitigates card manufacturer’ s
need to study the base
specification

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

PCI Express® Architecture
PHY Test Specification
Revision 3.0 ver. 0.5
Movember 26, 2010

PCI=>
EXPRESS'

Phy Test Specification

«  Defines compliance
tests of CEM specin
detail




Ditferences on PHY-layer between PCle2 and PCle3

_________|PCle PCle3

transferrate  5GT/s 8GT/s

coding 8B/10B 128B/130B

overhead 25% 1.5625%

serial K-28.5 symbol with CID=5 01b or 10b every 128 bits

alignment (transition every 130 bits)

limited CID code guarantees CID <5 scrambling with PRBS23 achieves
CID=<23

DC-balance concept of running disparity =~ scrambling with PRBS23 achieves

gurantees DC-balance DC-balance after ~1ms (8Mb)

scrambling optional control: no (partially), data: always

data rate / 4Gb/s 7.88GDb/s

lane

RX-test informative normative
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PCle 4.0 Outlook and Test Challenges

New data rate will be added 16GT/s
e Requires an output stages capable of providing pre-shoot and de-emphasis with fast enough rise-times.

Link Equalization protocol will be similar

e TxEQPO-P10

« RxEQCTLE +2tap DFE

« Max Channel Length (shorter) - more needs for Re-timers and Re-drivers

RX clocking architectures: CC, DC and IR
e CC=» Common RefClock =» synchronous RX and TX
« DC=» Data Clocked =» synchronous or asynchronous RX and TX
e IR = Independent RefClock =» asynchronous RX and TX
«  SKP OSfiltering is required!

RX testing procedure will be standardized for all data rates 2.5GT/s, 5GT/s, 8GT/s and 16GT/s
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Why Test Receivers
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Tx/Rx Link for PCle 3.0

Block diagram of transmitter and receiver architecture
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CDR

Algorithm for
determining Request de-emphasis setting De-
equalization Emphasis
and de- Controller
emphasis
U
Means for o) Fe)
measuring || £ =
signal quality || § 3
Equalization De_gi;ﬁasis

Receiver Transmitter



Dynamic Channel

CDR

Algorithm for

determining

equalization
and de-

emphasis
M

Means for
measuring
signal quality

ontrol

Equalization
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Receiver

Feq uest de-emphasis setting

De-
> Emphasis
Controller

3-Tap
De-Emphasis

Transmitter

Breakout + Short  Breakout + Long

Breakout Calibration Calibration
Channel Only Channel Channel
1,02 1d8-0F ! [T 25:1dB@4GHz
-4.0% 1 dB—_s:-:::-—_E:T_L] s P
-65+£15dB—F = J\
& 40— o
g-10 ~— ET__‘HEH-—-u:de@:;GHz
§
& 2. \H““\H H-L\‘\\
-20 +—-20+2dB @4 GHz
1.0 15 20 25 3.0 35 40

Frequency (GHz)
A08z7

Figure 4-66: Insertion Loss Guidelines for Calibration/Breakout Channels




TxEQ vs RXEQ

Algorithm for
determining Fequest de-emphasis setting De-
equalization Emphasis
and de- Controller
RxEQ - CTLE emphasis |
L
-0
5 ‘f | Means for s S
. Apc ML measuring || € £
. A signal quality || 8 2
& Y L
an 11
® 8 e
—1-T
-10 —t—
12 =]
o 3-Tap
108 109 1010 CDR Equallzatlﬂn De—EmphaSiS
Frequency (Hz)
ADBIR
Figure 4-69: Loss Curves for Behavioral CTLE
Receiver Transmitter
RxEQ - DFE
- H Preset Preshoot | De-emphasis
x Pancton TxEQ — De-emphasis and Number | (dB (dB)
\_ = Pre-shoot P4 00 00
z P1 0.0 -35+1dB
] 15t Order| %% == L2 o 100
CTLE = VEYE. TEYE PO 00 60+15dB
= %~ drs e Po 352108 |00
¥k = DFE summer differential output voltage. ﬂ 35+1dB -3.5+1dB
¥*g = decision function output voltage. |Y'x| =1 =
% = DFE differential input voltage H~ I,‘” . = ' P7 35+1dB |-60+15dB
dq = feedback coefficient . I I PS5 19+1dB | 0.0
k = sample index in UL . - \’I‘" —— Vb — | "Iu P& 25+1dB | 0.0
Figure 4-70: Egquartien and Flow Diagram for 1-tap DFE 1 11 I| /1 J, i ) P3 0.0 -25+1dB
__J p— A4 hs = R h— — —
T v T T ¥ T T ¥ P2 0.0 “44+15dB
P10 0.0 See Note 2.
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Dynamic Equalization

Root complex and end point will negotiate the optimized eq setting

v_in, v_in, v_in,
Port Port N o 10Ul — 1gm | - ™
ou .8 G st ot - delay deiay
e e
TS1: EC =01, Vaue C1 ::;-'t_—-f_, TS EC = 00, Vakue C2
TSt £ =01 Vi €1 ::___l‘::"____'__f'mm‘-‘ﬂ.m‘a' Algorithm for
g e _ determining Request de-emphasis setting De- —
= [T equalization Emphasis
TS1: EC = 10, Vaiue C1 ST e L e ke =E
AT and de- Controller z
sl e—— | emphasis
P ¢
TRV S IS
TSLEC =10, Vave C1T° ::___I::‘ TSLEC =11, Vakoe G2 vout,
S e TS1:EC= 11, Vakoe G2 — =
TSHEC= I Vi T ﬁ rrxl::;jr{s TS g V_OUty = (V_iflge1G.g) + (V_ige Eg) + (V_iMpuqCe1)
4_____________--13;;3-11,\.&1:' . g S g |c_,|*|c°|¢|c‘,|=| eq 20 420
e signal quality stz
P Y Figure 4-41: Tx Equalizarion FIR Rep i
B s B —— TS EC =11, Vakoe G
TSTEC =00, Vake O [ ¥ ; :
To T EC=00, Vake T
i 80 GTs daarate
E— | T
1]
L 3-Ta
CDR Equalization P
De-Emphasis
z1
= x ) Bonion N R o
H H 724 824
Receiver Transmitter : : Forafos o]
0E 18 o 13 [:1] 7.8 -]
I OF TE| 05 17|10, 38| 13, 38| 13, 3|18 46|10 4%
EYE. 'EYC T O8[18 %[22 a7 Z5 3A[E8. A0[35 an|
26 |.7a% 47 60 70 |-
Wi = Hy — dysgniie—g) %’83'-5": a1 -22 u‘m-u 4.17 eﬂ‘ 199,5-?0
¥k = DFE summer differential output voltage 9-5| _I‘;'-2 “5.625 5'7 B“-‘ ?;Eé-s‘a
¥*y, = decision function output voltage [y7] =1 83, 513 99, ;70 | TRy 20 —
x, = DFE differential input voltage 78 18|80 58]
dy = feedback cosMcient e
k = sample index in LI Full Swing Limit or
aom Max Reduced Swing Limit
Figure 4-70h Equarion and Flow Diagram for 1-tap DFE Figure 4-43: TxEQ Coefficient Space Triangular Matrix Example e
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Dynamic Link Equalization Handshake

The four phases of the link equalization protocol

System Board tells the Add-in Card which
initial preset to use after the speed change

will have been done.
Link partners settle on 8GT/s speed.
Exchange FS/LF values.

Add-in Card sets up the de-emphasis of

the System Board” s transmitter.

System Board sets up the de-emphasis of

the Add-in Card’ s transmitter.

° NeulHelium

= 2= AN T BE

System Board

Downstream Port

2.5 GT/s data rale — Spead changs
ion Exchange Prescls
for 8.0 GT/s data rale

Add-in Card

Upstream Port

T31:EC=01, VaueC1

TS1:EC =01, Vaue C1 ><

TS51: EC =00, Vaue C2

ii—— [TST-EC =01, Vave C2

TS1:EC=10.VaueCl [——u___ |

| TS1:EC=01. Value C2

TS1: EC = 10, Value C1
>" TS1: EC = 10, Vaiue C1*
TS1: EC = 10. Valve Y

TS1: EC =10, Value C1” \\‘
TS1: EC =10, Value C1° e

L ——H{TstEC=10.vawer

TS1: EC =11, Value C2°

TS EC=11,Vaue C2

. TS1: EC = 11, Vaue C2
TS1: EC= 11, Valve C2 \
‘_______________,.._..-——— TS1: EC =11, Value C2

Efecutesm s
L ———{TStEC=11.VaueCZ

TS1: EC =11, Vaue C2"

TS1: EC =00, Value C1"

TS2es followed by IDL

TSZes followed by IDL

A

Phase 0: EQ TS2 Ordered Sets
send fom Downstream Port to
Upstream Port.

Phase 1: Both sides exchange

TS1 Ordered Sets to estabish

an operational Link.

EIEOS sent every 32 TS1 Ordered Sets.

Phase 2: Upstream Port

coeficients/presets
Link meet the electrical
hlbmnhtnwwm
in up 10 65536 TS1 Ordered Sets, based
on the Downstream Port's request. The
Downstream Port sends an EIEOS every
32 TS1 Ordered Sets.

TS EC=00;Vaue ¢ty Equalization Complete

Post Equalization: LTSSM goes through
. RewrLock, Recovery RewrCig.

and Recovery.|dle to LO.

EIEOS sent after every 32 TS1/TS2

Ordered Sets.

ACBOY

} Recovery.RcvrCfg

. Recovery.Equalization




Dynamic Link Equalization Loopback

The link training status state machine

Recovery
Entry
Initial State or

Directed by l

Data Link Layer L
> Exit to
~ | Recove lcvn.ock > i

Detect P o NS

L

Recovery.Equalization

PolingD Disabled )

Recovery.Speed
Y

Configurafion * ., Hot Reset ~ R%chcm
i '*., ) o, LK)
Lo Loopback Exit to

Recovery
LOs
L1 Y

Exit to Ext to
Detect Hot Reset

[ s ‘ A
|
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Tx/Rx Link Equalization Testing for PCle 3.0

According to pci express electrical phy test specification

Test Number Test Name

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

Add-in Card Receiver Link Equalization Test for
8GT/s
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.3, 2.4, and 2.7 focus on the transmitter

Algorithm for
determining Request de-emphasis setting De-
equalization Emphasis
and de- Controller
emphasis
i
Means for re S
measuring || £ =
signal quality || 8§ 3
/
\
. / 3-Tap
CDR Equalization \ De-Emphasis
Receiver Transmitter
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.3, 2.4 and 2.7 focus on the transmitter

e The PCle 3.0 Receiver Link Equalization Tests specified in 2.3
and 2.4 and 2.7 provide insight to TXEQ issues and corner case

situations

« Requires the DUT to negotiate using both Presets and

Cursors values

« Determinesif DUT responds to Preset/Cursor requests in

the specified amount of time

« Troubleshoot the issues between protocol

communication vs PHY layer performance

° NeulHelium
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.10 and 2.11 focus on the receiver

Algorithm for
determining Request de-emphasis setting De-
equalization =  Emphasis
and de- Controller
emphasis
fp
Means for S S
measuring || £ =
signal quality || 3 3
/|
R
CDR Equalization = \-{ De-él-‘l.l’i-gﬁasis

Receiver Transmitter
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Tx/Rx Link Equalization Testing for PCle 3.0

Tests 2.10 and 2.11 focus on the receiver

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

« Determinethe DUT s ability to request appropriate

amounts of transmitter equalization

« Determinethe DUT s ability to internally apply the

appropriate amount of receiver equalization

«  Determine the quality of the DUT" s algorithm for
optimizing the link quality

« Determinethe DUT s ability to optimize TXEQ and RxEQ

in a short period of time

° I\IELlHELLlFﬁ

= 2= AN T BE

CDR

L- Equalizaton

Receiver
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CEM Rx Jitter Tolerance Spec

° NeulHelium
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Parameter Min Max Unit SigTest
Technology Template
Vpp 800 mV N/A N/A
RJ (Random Jitter) 1.5 1.7 ps RMS PCI_3_0_RX_CAL PCIE_3_8GB_Rx_Sj_CAL
SJ (Sinusoidal Jitter) 12.5 13.5 ps PP PCI_3_0_RX_CAL PCIE_3_8GB_Rx_Sj_CAL
@ 100 MHz
Differential Mode 14 16 mV PP N/A N/A
Sinusoidal
Interference at 2.1 GHz
Vrx-en-sc Eye Height AIC: mV PCI_3_0_RX_CAL AIC:
41 to 46 PCIE_3_8GB_RX
CARD_CAL_MULTI_CTLE_DFE_EMBE
DO1
System: System:
45 to 50 PCIE_3 8GB_RX
SYS_CAL_MULTI_CTLE_DFE_
EMBEDO1
Trx-ew-sc Eye Width AlC: ps PCI_3_0_RX_CAL AlC:
39 25 to PCIE_3 8GB_RX
CARD_CAL_MULTI_CTLE_DFE_EMBE
41.25 "
System:
System: PCIE_3_8GB_RX
43to 45 SYS_CAL_MULTI_CTLE _DFE_

EMBEDO1




Setup

NeulHelium
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Build in Jitter Sources:

8 Tap De-emphasis

SJ

RJ

DMI

CMI (Base Spec)

Clock Multiplier

ISI Channel Emulation
Error Detector Equalization

Optimized TxEq 100 MHz Refclk

|| | |

8 Gb PRBS ; Calibration | Breakout BER= 1012
Generator Combiner b:t) Channel ).l I |>
TP4 TP Receiver

Under Test

TP1
Source Souroe |

Diff
Interference Int.en‘erence
A-OB3I2
Fi, e 4-72: Layout for Stress Voltage Testing of Receiver

nnumoowo—p

\ mumterl \CMUDM] 1
o [l

BUI
@ o
Delay
,—' o 1.200V . DATA OUT 1
~
—=— Data Generation
= 0
D2y joomw off TRIG OUT
1.0ps
0
CLK/TRIG Jitter ~
CKMODIN O—»
SR P P2 R BU
Off 0

Divider

» 100 mV' off CLK oUT
+1 £

ssC - PLL Synthesizer O REF CLK OUT

16.200000000 GHz

4——————() REFCKIN

____ Delay
< 0.000 ps
DATA Analysis Sample >

O
D \m DATA IN 1
O




ValiFrame Automation Software

- N5990A Test Automation Software Platform

- - =@ = |
File Station Sequencer Help
Pl Zz o © n | i ﬂ ﬂ AlResuits  ~
Corﬁg.ruDUT Lnad Save | Stat Aboit Fause | Print || Properties 0g
T¥eT D Emphasis Calibration a|[@ i,\l =
Eye Height Calibration = ‘ -
Eye Height Verfication B Compliance Eye Calibration
o D GT Offline True
Q. i3 .
. Larad Target Ey&l-'imght 45 TV
Pre-Shoot Calibration Sl Tamet Eye-Width 40.75ps
- [F]@ De-Emphasis Calibration b Max Number of Search Steps 8
7] @ Equalization Preset Calibration . Number of Averages 5
[T @ Equalization Custom Preset Calibration B Sequencer )
.[F] @ Random Jiter Calibration Procedure Err‘0r Case Beha\nc_;r Proceed With Next Procedure
{FI@ Sinusoidal Jitter Calibration Prooefh_.lre Failed Case Behavior Proceed With Next Procedure
&1 1§ cBBrev.3 Repetitions 0
DM Sinusoidal Inteference Calibration
Eye Height and Width Calibration
Compliance Eye Calibration
Compliance Eye Verffication
Repetitions
Compliance Test -
< m " gL
Severty  Message Date -
Info N5950A Test Automation Software Platform startup complete! 10/7/2014 10:49:54 AM
Info Procedure is running offiine 10/7/2014 10:56:17 AM
Info Compliance Eye Verification started 10/7/2014 10:56:17 AM
Progress  Compliance Eye Verfication: Step 0 - Verifying Target Eye Height 45mV and Target Eye Width 41 ps 10/7/2014 10:56:24 AM | =
Info Test result saved to C:\ProgramData'\Bitif Eye\ValiFrame\Tmp\Results\PC| Express 3 Station\Cal_8GTps_CBB3_Compliance_Eye_Verification_PC| Express 10/7/2014 10:56:26 AM
Info Showing results 10/7/2014 10:56:34 AM .
< | 1 | »
Ready !Completed PCI Express 3 Station .
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Presets and Amplitude

Automated by ValiFrame Software

Set
De- Differenti Set De- Differenti
Pre—-Shoot Emphasis |al Voltage | Set Pre- Emphasis | al Voltage

Preset [dB] [dB] [mV] Shoot [dB] [dB] [mV]
0 0.00 -6.00 800 0.08 -6.02 691
1 0.00 -3.50 800 -0.03 -3.68 681
2 0.00 -4.40 800 0.09 -4.43 676
3 0.00 -2.50 800 0.02 -2.65 681
4 0.00 0.00 800 0.11 =0.32 766
5 1.%0 0.00 800 1.92 -0.27 752
6 2.50 0.00 800 2.58 -0.17 755
7 3.50 -6.00 800 3.36 -5.83 681
8 3.50 -3.50 800 3.38 -3.34 664
S 3.50 0.00 800 3.53 -0.05 744
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SJandRJ
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Automated by ValiFrame Software

Measured Random Jitter [ps]

N

o

LO_Cal_8GTps_RJ
for PCI Express 3.0 Add-In Card

—— Measured
Random Jitter

1 2 3 4 5
Set Random Jitter [ps]

LO_Cal_8GTps_SJ

for PC| Express 3.0 Add-In Card

-
(4]

67.5

Measured SJ [ps]
w w
N anNo
g O

N

NN
o g O

Set SJ [ps]

-8 SJ (5 MHz)
—m—SJ (100 MHz)




DMI and Eye

° NeulHelium
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LO_Cal_8GTps_CBB3_DM_SI
for PCI Express 3.0 Add-In Card

—B— Measured DM
Sl Amplitude

0 80 160 240 320 400
Set DM Interference [mV]

75
2 675
60
525
45
375
30
225
15
75

Measured Eye Height [m

LO_Cal_8GTps_CBB3_Eye Height

for PCIl Express 3.0 Add-In Card

—B—Eye Height
(0.5ps RJ)
——Eye Height
(2.5ps RJ)

DM Interference [mV]

Automated by ValiFrame Software

LO_Cal_8GTps_CBB3_Eye Width
for PCIl Express 3.0 Add-In Card

75
67.5
60
B 525
= 45
L 375
30
225
15
75

dth [ps

—iB— Eye Width
(0.5ps RJ)

—— Eye Width
(2.5ps RJ)

Measure E

15 19 23 27 31 35
DM Interference [mV]




Final Calibrated Eye

Set up BERT to generate compliance pattern

with P7 activated:

Adjust DM-SI to meet specified EH

Adjust RJ to meet specified EW

Re-check EH and if necessary re-adjust DM-SI once

Record the final calibration values RJ., and DM-SI_,

for later usage

° NeulHelium
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LO Cal 8GTps CBB3 Comp Eye

for PCI Express 3.0 Add-In Card

SigTest Ver 3.1.63
BERT System DE54300110

Offline False
Max Number r 8
Number of A‘r 5
Scope Conneect Connect
Jitter Unit Time
Eye—-Height | Eye-Width
DMSI [mV] RJ [ps] [mV] [ps]
21.3 2.85 44.8 41.2
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Tx/Rx Link Equalization Testing for PCle 3.0

Test Number | Test Name

2.3 Add-in Card Transmitter Initial Tx EQ Test for
8.0GT/s

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

2.7 System Board Transmitter Link Equalization
Response Test for 8GT/s

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

2.1 System Board Receiver Link Equalization Test for
8GT/s
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Dynamic Link Equalization Loopback

The link training status state machine

Initial State or
Directed by
Data Link Layer
Detect
L
r n
L
L |
L |
| |
-
Cmﬁg:ra-o: i
J
Lo
L2
Los

L1
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Hot Reset

Recovery

Recovery.Equalization

\

Recovery.Speed

Recovery
Entry

™ Recove l - Exit to
ry.gevrLock > C\mﬁguatlcn

/ ‘ AA

Rm RewrCfg
8. Loopback
y g /

‘ i >(_ Disavied

Exit to Extto
Detect Hot Reset
J




Dynamic Link Equalization Handshake

The four phases of the link equalization protocol

System Board tells the Add-in Card which
initial preset to use after the speed change

will have been done.
Link partners settle on 8GT/s speed.
Exchange FS/LF values.

Add-in Card sets up the de-emphasis of the

System Board’ s transmitter.

System Board sets up the de-emphasis of

the Add-in Card’ s transmitter.

° NeulHelium
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System Board

Downstream Port

2.5 GT/s data rale —Speed changs
for 8.0 GT/s data rale

Add-in Card

Upstream Port

TS1:EC =01, Vaue C1

TS1:EC =01, Vaue C1

TS1: EC =10, Value C1

TS1: EC= 10, Value C1

T51: EC = 10, Value C1"

TS1: EC =10, Vaue C1° P——

TS1: EC =00, Value C2

P LA

— | 7S1:EC=01.VaueC2

> TS1: EC = 10, Value CT'

L HTSEC=10.Vaweor
TS1:EC=10. ValueC1"

TS EC =11, Vaue C2° \h

TS1: EC = 11, Value C2°

| TS1:EC =11, Vaue C2

] TS1: EC = 11, Value G2
TS1: EC = 11, Value C2 —\
_.____________.___-—« TS1:EC =11, Vaue C2

TS1: EC =11, Vaue C2°

TS1: EC =11, Vaue C2°

TS1: EC =00, Value C1"

TS2es followed by IDL

TS2Zes

by IDL

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

Phase 1: Both sides exchange

TS1 Ordered Sets to establish

an operational Link.

EIEOS sent every 32 TS1 Ordered Sets.

TS EC=00; Vaige b Equalization Complete

Post Equalization: LTSSM goes through
Recovery. RowrLock, Recovery RowClg.
and Recovery.idle to LO.

EIEOS sent after every 32 TS1/TS2
Ordered Sets.

A-D80S

} Recovery.RevrCfy

_ Recovery.Equalization




M8020A J-BERT LTSSM Capture

Link Training Logging for Ml.DataOutl at 9/16/2014 9:36:21 BAM

Timestamp State
1.04864 ms Detect.Active
1.055424 ms Polling.Active

° NeulHelium
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1.36 us
2.896 us
304 ns
2.72 us
544 ns
3.568 us
256 ns
224 ns
3.6 us
2.496 us
8.432 us
448 ns

2.205488 ms

20.867728
Yol ns
1.952 us
672 ns
112 ns
2.816 us

Polling.Configuration
Configuration.Linkwidth.Start
Configuration.Linkwidth.Accept
Configuration.Lanenum.Wait
Configuration.Lanenum.Accept
Configuration.Complete
Configuration.Idle

LO

Recovery.
Recovery.
Recovery.
Recovery.
Recovery.
Recovery.
Recovery.
Recovery.
Recovery.
Recovery.
Loopback.
Loopback.

RevrLock

RevrCfg

Speed

RcvrLock
Equalization.Phasel
Equalization.Phase2
Equalization.Phase3
RcvrLock

RcvrCfg

Idle

Entry

Active




PCle 3.0 Receiver Link Equalization Testing

Example of aic tests

e Measurements made with M8020A J-BERT and PCI-

SIG interface boards
e  Full calibrations were performed

« Integrated de-emphasis and sinusoidal
interference give us a very clean lab bench
(ignore all the mess in the background, it’” s

not necessary for the test!)
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M8020A J-BERT PCle 3.0 Link Training

Locations: M1.DataOut1

1 . LinkTrainingDown Length: 130

Link Training Down Copy if

2 . Wait

current:idle

3 . LinkTrainingUp

Link Training

Length: 390
osDataPattern Copy
Length: 130

Copy if

° NeulHelium
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M8020A J-BERT PCle 3.0 Link Training

ainingUp

Up

° NeulHelium
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PgSeguence : Block 1

- Block Data

Name LinkTrainingDown
Length 130
Block Type Link Training ~

Direction Down «

PgSequence : Block 3
~ Block Data

Name LinkTrainingUp
Length
Block Type Link Training ~

Direction Up =

~  Block Branches

if

Source

Event

Go To Block

Enabled

Source

Event

Go To Block

Enabled

Target State - Link T

High

-
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Different DUT LTSSM Examples

Link training logging: link equalization settings

Accept

° NeulHelium
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True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True
True

PresetNumber
P7

PreCursor
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DataCursor

24
23
22
21
20
19
18
17
16
23
22
21
20
19
18
17
16
22
21
20
19
18
17
16

PostCursor
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Different DUT LTSSM Examples

Link training logging: link equalization settings

Accept PresetNumber PreCursor DataCursor PostCursor
True - 3 21
True - 3 20
True - 3 16
True - 3 18
True - 3 17
True - 3 le
True - 4 20
True - 4 18
True - 4 18
True - 4 17
True - 4 16
True - 5 16
True - 5 18
True - 5 17
True - 5 le
True - 6 18
True - 6 17
True - 6 16
True - 4 17
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Agenda

PCI-SIG Spec Development: Gen3/Gen4
What is Dynamic Link Equalization
PCl Express PHY Test Requirements (Link EQ)
Rx Jitter Calibration
Live Demo of PCIE Link EQ Test
PCIE Gen4 Test Challenges
What We Didn’ t Talk about

Summary
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Integration at 16Gbps

N >16Gbps BERT

v ol Siip iy iy Ul e %)) 3 @

Vim=xt

Link Equalization

Part Upstream Port

v_out,

Vo, = (V_ N Cgd # VNG Cg) * (V_IN, yoCay)
|edsftal el =1 cz0 cgze

‘ragofiston Excuge Prenels
for B0 GT/s data ran

TSLEC=04. Vaue C! TS1: EC =00, Vakoe C2

TSV BE W Ve ey

Figure 4-4%: Tx Equalization FIR Representation
TSLEC =0, Ve C1

1 ]
TEN:EC = 10, Value C1

1 AR ke 01 751 E0= 01 Vakoe C2

Optimized TxEq I 751 £C =10, Ve ©1

1 TS1:EC= 10, Valoe OF"
T34 EC= 10 Vake CT"

i n

1 —— L A

i LAl G e

i : § TSTECE 17, Vi C2

i TS ECn 11, Ve C2

1

1 To1 6011, Ve 6

1

I TSLEC= 11, Ve C2°

1 E—
TECEC =00 Vake C1-

1 TSRS0I VG Y

Figure 4-721 Layout for Swessed Volu 1 2007 swarme

I [T}

1

1

1

Jitter and De-emphasis
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New Test Challenges:

Breakout + Short Breakout + Long

Breakout Calibration Calibration
Channel Only Channel Channel
10£1d8-0 :—-1—' — - ' ; 1—-25+1dB @4 GHz
-40+1 dB‘_sj:‘_\__‘_h' —. i ] I s i T
-65+15dB— - — L
g 10 T W 1 2:2d8@40Hz
U? e H“\\ 4\
-20 +—-20£2dB @ 4 GHz
B4 o e o 2 B B 2 B e e
1.0 1.5 20 25 3.0 35 4.0

Frequency (GHz)

ALaT

Figure 4-66: Insertion Loss Guidelines for Calibration/Breakout Channels

Error Detector equalization

' (CTLE 16G) to overcome long
B DUT channels

Blade server **
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Agenda

PCI-SIG Spec Development: Gen3/Gen4
What is Dynamic Link Equalization
PCl Express PHY Test Requirements (Link EQ)
Rx Jitter Calibration
Live Demo of PCIE Link EQ Test
PCIE Gen4 Test Challenges
What We Didn’ t Talk about

Summary
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Other Topics

» Base Spec Testing/Embedded Applications

Receiver BER Test (BERT functionalities)

» Sigtestvs Seasim

« Loopback through Config

» Loopback through L0 and Link EQ

Calibration and Test

PLL Testing

NeulHelium
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Agenda

PCI-SIG Spec Development: Gen3/Gen4
What is Dynamic Link Equalization
PCl Express PHY Test Requirements (Link EQ)
Rx Jitter Calibration
Live Demo of PCIE Link EQ Test
PCIE Gen4 Test Challenges
What We Didn” t Talk about

Summary
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Introducing the Protocol Aware M8020A J-BERT

Take the express lane to design verification

16 /32Gb/s BERT, 1-4 channels
Highly integrated functionality
8-tap de-emphasis
CDR with adjustable LBW & peaking
PLL clock multiplication with adjustable LBW

CTLE analyzer equalization u S
EEERARRRI o)
Common- and Differential-Mode Sinusoidal Interference (CMSI/DMSI) ‘ im%

Protocol awareness
On-the-fly encoding and decoding (8b/10b, 128b/130b, 128b/132b)
Scrambler reset, seed, and start sequencing
Symbol Error Ratio (SER) and Frame Error Ratio (FER) measurements
Skip Order Set (SKPOS) addition/subtraction for asynchronous clocks
Dynamic Link Equalization negotiation
Analysis of Link Training Status State Machine (LTSSM) state
transitions

° NeulHelium
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