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ISIG . SNPRESS
Electrical Features

A Data rates 2.5GT/s, 5GT/s and 8GT/s
A 1012 bit error ratio

A AC coupled

A Link widths 1, 2, 4, 8, 16, 32 lanes

A Hot swap capable

A 2.5 and 5GT/s scrambled + 8b10b

A 8GT/s scrambled + 128/130

A Power management

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 2
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~* Power Management

A There are four power states defined

V LOT operational

V LOs T fast wake-up (~10ns)

I Tx and Rx disabled, clocks running for fast recovery, short
CDR relock

V L1717 medium wake-up (~10us)

I Tx and Rx disabled, clocks off, normal CDR and symbol lock,
FIFO initialization

V L2 1T longest wake-up (~1ms)

I Mostly powered down, power-on recovery, full link training,
speed negotiation, etc.

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 3
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** Doubling from 5GT/s o

A Major goal was to make PCle® 3.0 evolutionary

V Support existing usage models

V Preserve Common Reference Clock and Data
Clocked modes

V Re-use of 5GT/s reference clock generators
V Re-use of silicon PHY architectures

A Evaluated channels at 10GT/s and 8GT/s

V 10GT/s would have allowed 8b10b coding to be
preserved

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 4
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~ 8GT/s Wins

A Shown that a non-linear increase in difficulty to
reach 10GT/s

V Increased channel improvement cost
V Increased power in silicon
V Increased difficulty for eco-system

A Concluded the cost of changing encoding
acceptable

V A new scrambled encoding scheme was developed
V Efficiency 20% better than 8b10b
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" 8GT/s Enablers

A Receiver equalization required
A Use statistical channel analysis
A Introduce channel compliance
V Channel simulation with behavioral Tx/Rx

A Reduce reference clock jitter sensitivity

V Tx/Rx PLL lower bandwidth
V Increase CDR bandwidth

A Mitigate baseline wander and crosstalk
V Polynomial choice
V LFSR offsets between adjacent lanes
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* New Encoding Scheme

A 2 levels of encapsulation

V 128/130 code on individual lanes

I 130 bit Block used for Block lock
I 2 bit header distinguishes payload

V Physical layer packetization identifies packet
boundaries

I Link Level (TLP and DLLP) across lanes
I Lane Level (Ordered Sets or Link Idle)

A Scrambling for 128 bit payload

V Additive EXOR with 23bit LFSR
V Electrical Idle Exit resets scrambler
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Baseline Wander from PRBS

A PRBS provides sufficient transition density but
does not preserve DC balance

V Creates a slow changing differential offset that
reduces eye height

A Different polynomials have different peak offsets

V Needed to find the best polynomial for AC coupling
time constant

A Random data improves bad PRBS sequences
V Worst case Is free-running scrambler
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T Ysie ———

Card Electromechanical (CEM)
Form Factor Specification

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 9
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CEM Goals

A Same channel reach as for PCle 2.0

V Client: 14 inch, one connector
V Server: 20 inch, two connectors

A Full backwards interoperability with PCle 1.x, PCle 2.0

A No required changes to the connectors, card form
factors, or material.

A Minimal or no changes to the measurement
methodologies from those used in the PCle 1.x/2.0
specifications.

V Use eye diagrams (jitter/voltage margin requirements).
Minimize additional new requirements.
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Pl Express 3.0 Channel Analysis .

A Client

V Motherboard and adapter

V 1 PCle connector

V' No vias other than connector
V Routed as mstrip

VChannel | engt h:
A Server
VV Motherboard, riser card, and
adapter

\VV 2 PCle connectors

V Several vias on motherboard

V' Routed primarily as stripline
VChannel | engt h:

A Channel analysis includes

corner cases

PCI >

EXPRESS

Typical Client topology E
réaB C g F
Q:El
g Description

~140

~200

MCH PKG (transmitter)

Break Out

MB Main 70

MB post cap

Add in card main 30

Add in card PKG Break out

o|n|m|lo|o|m|>|9

Add in card PKG (receiver)

2 Connector Server topology

PCle 3.0 targets support for the same channels and lengths as PCle 2.0

PCI-SIG Developers Conference
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. un EXPRESS
'sie CEM Spec i TX Path
System
System Board Hoard 14 \ /'Add-in Card
. ] | S | L
* i AQ !Coupling oce [ | s
: Caps Connei
: : ctor | :
\ " \Add-in
Component Card TX

CEM Spec Defines TX Requirements for Chip + Interconnect
No Separate TX Chip Or Interconnect Only Requirements.
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ISIG

Analysis
Tx Clock Rx Sampling Clock
¥
%) Lossy b
\l 8.0GT/s
’! Channel impulse specification
plane

X response

: | 2 Statistical ISl
/ Analysis

TX Jltter 10 Pre-aperture Post-aperture
distribution BER eye BER eye
Equalization _ e
Cgefficients Xtalk impulse Rx sample timing &
responses voltage uncertainty

distributions
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ISIG sApRESS
CEM Simulation Detalls
A Channels
VWor st case 2 connector 160 serve
VWor st case 1 connecter 100 cli en

V 4 anicrostrip Add-in card.
A TX jitter following base spec limits.

A Base spec package models for TX and RX packages
A Equalization
V' Adaptive 2-tap (pre/post) TX LE
V Reference Equalizer - 15t order Adaptive RX CTLE + 1 Tap DFE

A Pass/Fail Decision for End To End (ETE) Simulations
V Base Spec RX test stressed eye (25 mV and .3 Ul).
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isic PCle 3.0 CEM Simulation Method

Step 1: End to End (E2E) Simulations

A Perform E2E simulations

V Use target 1 connector and 2 connector solutions

V Eye height (EH) and eye width (EW) examined after reference
equalizer at eye pad.

I CTLE + 1 tap DFE and base spec package structure. _
i Pass/fail d ined by b RX test st q Sweep add-in card
I Pass/fail determined by base spec est stressed eye parameters over

\V/ Statistical tools used for all simulations reasonable solution

A For each set of MB parameters determine worst space
case eye across expected add-in card solution space

A Repeat with many motherboards

Create a statistically significant number of MB
descriptions. (Vary channel lengths, Tx
params, etc.)

Various MB descriptions
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‘*:37;- PCle 3.0 CEM Simulation Method EXPRESS
Step 2: Test Fixture Simulations

A Choose a test fixture

I 2.0 CLB Test Fixture Used For Initial Investigation

I CEM spec pathfinding work showed better correlation with worst case E2E
results with fixture with package model vs 2.0 CLB.

A Repeat previous MB simulations with test fixture
I Determine an eye mask at compliance Test Point
I Find correlation between EH and EW at Test Point vs. E2E results
I Use TX presets only to match expected compliance test

A Optimize number of False Passes and False Fails

Text fixture with SMP Connectors to
0scope (CLB 3.0)

Statistically significant number of MB

Descriptions (same as E2E simulations) \

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 16



re1g ool
ISIG

Package Test Fixture Topology

A 4 0 t est f i Xt ur e BaseSpecRXPackage Structure

Source: Intel Corporation

T-line defined by

length, Z,, fixed/unit Iength)loss Package Parameters

o | | o

Cpap = -8 pf

~— —
Cpn = 0.25 pf
1 1 Len = 1. 30
Cono Cor Z, =85 Ohms
8 pf 25 pf

A CEM spec pathfinding work showed better correlation with worst case E2E results
with fixture with package model on test fixture.

A Parameters shown for current CEM 3.0 CLB fixture proposal.

A S parameters for fixtures used in CEM simulations are published.
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ee¢__ Interpreting Simulation
Results

¥ ~ Bivariate Fit of Tfix Voltage Margin By E2E Voltage Margin

Passing
PasseS0U —
[13)
g
=
&
—
..:.. P $; T,
Ill.lllllll.II.IIlllllllll'lllllllllll ~
. -0.005 -0.002 0 0.002 0.005 0.008 0.011 . NFa | s e
Falllng E2E Voltage Margin F a | | ur e
RESUItS .4 Bivariate Normal Ellipse P=0.850
¥ Correlation
Variable Mean Std Dev Correlation Signif. Prob Number
50000

EZ2E Voltage Margin  0.00512  0.00262 0.504641 0.0000*
Tfix Voltage Margin  0.037906 0.003378

Copyright © 2013, PCI-SIG, All Rights Reserved
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f2{.. Client Tx E2E to CLB Eye exprcss
Height Correlation

¥ = Bivariate Fit of Pred Formula clienth_cI'h_11var_EH By min E2E Pred

A EZ2E threshold at 25.0mV

. A CLB threshold range
0:11-5 V 43 mv. No False Passes
" Sty V 27 mv. No False Failures.

T 014
w ]
0093
(1M1 -
< 0.083
2 0073
OI 3
o 0.06 3
= =
£ 0,053
e
S 0.04 3

0.033

Pred Formula

U-OQ-TI—I.Il"l"ll'l'frTrl’]r1‘l’T1111l’l’l’l’T1’l’]
002 003 004 005 006 007 003 009
min EZE Pred

¥ ——Bivariate Normal Ellipse P=0.950
¥ Correlation

Variable Mean StdDev Correlation Signif. Prob Humber
min E2E Pred 0.041397 0.009928 0.972901 0.0000* 25000
Pred Formula cliertTx_clb_11wvar_EH 0.052093 0.012464 Source: Intel Corporation
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P& Server Tx E2E to CLB Eye EXPhaas
Height Correlation

¥ ~ Bivariate Fit of Pred Formula sewerTx_ch_12var;EH By min EZE Pred EH

A EZ2E threshold at 25mV
,,n‘lﬂ A CLB threshold range
0.07 3 V 42 mv. No False Passes
5,06 V 22 mv. No False Failures.
% %o.cm-_
= %0.03—;
5 OWE
0.01 -

min E2E Pred EH

¥ ——Bivariate Normal Ellipse P=0.950

¥ Correlation

Variable Mean StdDev Correlation Signif. Prob Humber
min E2E Pred EH 0.030643 00055 0.896733 0.0000* 25000 _
Pred Formula serverTx_clh_12var_EH 0.036453 0.007096 Source: Intel Corporation
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= CEM TX Limits o

A Test Channels

V MB TX Test Channel

iI40 85 ohm trace + reference RX pac
V AIC TX Test Channel

iI160 and 2 connectors + reference R

A CTLE + 1 Tap DFE reference Equalizer

A BER E-12 Limits (Same for AIC and MB)

V 34 mV
V .33 Ul

A BER E-6 (Same for AIC and MB)

V 46 mV.
V Informative i for simplified lab measurement use.
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Electrical Signaling
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Transceiver and Channel

Rx Detect AC coupled channel Tuneable Rx
EQ 8GT/s
! e At —
% % RX

prmmmmmmmemeeeiieeny . PO/ e/ e/ m e m m m = |
: : |
: | L |
R I R T na—
i I
Re 1] i i e 40 40 - X
. Vem e .o
"""""""""" X term
Optional = =
on-die AC coupling
for 8b10b TX EQ
8GT/s allows floating 2-tap 2.5/5GTl/s,
Rx common-mode 3-tap 8GT/s

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 23



PCIl ¢

T Ysie

0.6

Voltage Definitions

Tx Common-mode Voltage —

0.0

0.2 _\

|
Voltage |_Vo|tage
at D+ at D—

PELN

] - | Differential —
Voltage D+ — D-
-0.6 T nlagel ! ] | |
7.0 7.5 8.0 8.5
Time (ns)

PCI-SIG Developers Conference
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*

*® De-emphasis

0.6

0.4

0.2

0.0

-0.2

-0.4

-0.6

0.6

0.4

0.2

0.0

-0.2

-0.4

-0.6

PCI-SIG Developers Conference

VIXDIFF-PP

VIX DE-EMPH PP

PCI >

EXPRESS

The transmitter uses de-emphasis
to equalize the HF loss of the
channel

Approximates the inverse of the
channels step response

Settings:
-3.5dB for 2.5GT/s and 5GT/s
-6dB for 5GT/s

8GT/s:
Adds a pre-cursor tap
10-presets

Coefficient tuning space
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*® De-emphases Pulse Response

Differential pulse response UI=200pS

0.7 T T

m—— Equalized Pulse
@ Sample Paint
o EQ) Pulse

# Sample Paoint

) I T R
4 - .

0.8
0

a0 100 150 200 250 300 350 400

Effect of de-emphasis on pulse response and a lone pulse

PCI-SIG Developers Conference
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= De-emphasis in Frequenc

Domain

IL at 2.5GHz = -8.4dB

dB

e MEL IR

m— Equalized IL
1 | 2 |L@2.5GHz -5.4dB
mmmm T 0 transferfunction

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

25 : : R S S I
10 10

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved

Red curve is
equalized insertion
loss of the channel

PCI >
EXPRESS

27



e

Transmitter

PCI-SIG Developers Conference
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Transmitter Reference Plane

A Reference plane is DUT pin
V Most convenient manufacturing boundary

A For 2.5 and 5GT/s
V Package losses are part of Tx performance

A For 8GT/s die pad, package route and package
pin interactions are more significant

V Makes fixture de-embedding inaccurate
V Tx EQ and jitter measurements inaccurate
A Use data-dependent jitter separation
V Effectively measure Tx jitter at die pad
V Use LF measurement technique for presets at pin
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Transmitter

A Differential ~100o0hm transmitter
V FS: 800-1200mV, HS: 400-800mV
V 0.75Ul eye opening
A 2.5/5GT/s 2-tap EQ
V FS: -3.5dB and -6dB, HS: 0dB
A 8GT/s 3-tap EQ
V 10 presets, min boost 8dB, coefficient tuning space
A AC coupled channel series capacitor
V 2.5/5GT/s 75-265nF
V 2.5/5/8GT/s (Rev 3.0) 176-265nF
A Return Loss

V SDD11 -10dB 2.5GT/s, -8dB 5GT/s, -4dB 8GT/s (differential)
V SCC11 -6dB, -3dB 8GT/s (common-mode)
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* Transmitter LF Signaling

A Receiver Detect

V Tx pulses common-mode and measures RC charge
time of coupling caps

V Rx enables input termination to indicate presence for
training

A Electrical Idle

V Low power, zero-differential, Tx common-mode
maintained

V Used in LOs, L1 and L2
A Beacon (optional)

V EP breaks Electrical Idle and signals to RC complex it
needs to send traffic
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“* Transmitter Jitter Filtering

Transmitter jitter filter functions

| = 2.5GT/s ||
— 5GT/s
— B8GT/s

| | |
104 10° 10° 10’ 108
Freq Hz

Transmitter jitter records are
filtered by the minimum
receiver CDR tracking
bandwidth

5GT/s uses a jitter frequency
binning technique to bound
CDR performance

As data rate increases CDR
tracking ability is increased to
reduce sensitivity to
transmitter LF jitter
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Averaged Eye Diagram

| fs: full swing
ds: de-emphasis swing
#: complement data

VT}{—D EEMPH-FPF-MEAN

PCI-SIG Developers Conference

| | | | | | |
0.6 0.8 1.0
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™ PCle 3.0 Tx Jitter

A PCle 3.0 Tx jitter is separated into two categories

V Data Dependent: package loss, reflections, ISI
V Uncorrelated Jitter: PLL jitter, power supply, duty cycle error

A Pulse Width Jitter (PWJ)

V  PWJ s a subset of uncorrelated jitter
V  PWJ is amplified by channel loss
V Edges are assumed to be independent

A Relationship between pulse width jitter and edge jitter

V Important for measurement and channel simulation tools
Edge jitter—m! |
1

: PWJ = _PWmax'PWmin

| e P 4__F’W__r Edge Jitter DJ= PWJ_DJ/2

|| My maEx Edge Jitter RJ = PWJ_RJ/a 2
| |

- L —-
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ey Summary of Base vs CEM &
Differences for TX testing

A CEM TX Testing is at the end of the CEM reference
channel

V Eye can already be closed at CEM connector with long
channel motherboards

V Waveform based test with reference equalizer application in
post-processing was chosen as the only option to asses
overall TX interoperability of channel + silicon.

A CEM TX test is an eye test @ BER E-12 after applying
the reference equalizer.

V No jitter decomposition beyond Rj/Dj due to end of channel
reference point.

ACEM TX eye test only requ
preset

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved
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eeg__ Summary of Base vs CEM
Differences for TX testing

A Motherboard TX test is done with real motherboard
clock (not a clean/lab reference clock)

V Do not want to add cost/complexity and require a
motherboard to provide method for external clock source

V Want a method that can test real off the shelf
motherboards

A Motherboard TX test is done by sampling data lane
under test and 100 Mhz reference clock
simultaneously (dual port methodology)
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¢ Dual Port Concept T

ompliance

pattern
Tx latch
> Channel II
/\

TX
PLL
i
- I Worst Case

Motherboard under test Spec Receiver

A How Does System Look With A Worst Case Spec Receiver?
V Assume Common Clock Receiver
V Assume worst case legal receiver PLL and add-in card delay

A Can test with/without SSC

Use dual port to remove any issue testing with real clock or SSC
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Recelver
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Recelver

A 2.5/5GT/s open eye specification, validated at device
pin, package included in device budget

V Eye height 175/120mV 2.5/5GT/s
V Eye width 0.4/0.32U1 2.5/5GT/s
V AC common-mode 300mV pk-pk

A 8GT/s closed eye at pin, specified after applying
behavioral receiver

V Defines minimum Rx EQ performance

V Used for both Rx stressed eye calibration and channel
compliance

V Eye height 25mV 8GT/s
V' Eye width 0.3Ul 8GT/s

V AC common-mode 150mV pk-pk (EH<100mV) 250mV
(EH>=100mV)
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Soio . EXPRESS
Recelver cont.

A Termination

V 100ohm differential-mode

V 50o0hm common-mode

I Ov common-mode for detect

I At 8GT/s Rx allowed to float common-mode
A Requires LTSSM changes to avoid dead-locks

A Differential-mode return loss
V 10dB 2.5GT/s, 8dB 5GT/s, 5dB 8GT/s

A Common-mode return loss
V 6dB 2.5/5GT/s, 5dB 8GT/s
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" 8GT/s Behavioral Rx CTLE

OdB |, : :
; '\, -20dB/decade
rolloff

c

fz = fpl * Adc

f

pl

>

frequency

Reference equalizer minimum RX requirement
f,» 8GHz for spec (implementation dependent)
f,; can be fixed ~2GHz
A, provides tuning, -6 to -12dB <=1dB steps
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J

|
(=}
>

.

1st Order| %k
CTLE

[

Yi

Yk = X, — dysgn(Vk_1)

Yk = DFE summer differential output voltage.

Y*k = decision function output voltage. |Y*k| =1

X, = DFE differential input voltage
dq = feedback coefficient
k = sample index in Ul

PCI>>
Behavioral Rx DFE
0.25
Decison
ol v 0.15
]
] VEYEI o 0.05
]
3.I2 3.I3
w 10°

Block diagram of CTLE and

1-tap DFE

PCI-SIG Developers Conference

Effect of DFE on pulse
response
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Receiver Compliance Testing

For Common Clocked Refclk
Rx Architecture Only

Low itter |_______ "~ o - T 4 ____.
Clock I
0.01-15MHz Rj [ i 100 MHz
Clk |
0.01-15MHz D) — ~ | Y
Mod -\ Calibration :: >
2 — Pattern Z R [>
Input | C
15100 MHz Rj [ " Generator () Channel
= vikZ
] T Receiver BER
Under
DM/CM Test
1.5 100 MHz D) [ Crosstalk

Stressed eye calibrated at pin reference plane
Error rate measured using loopback
Pass BER 10-12
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T Vsia

V
0.05 A ! J'\ LAy ma
-0.10 (\H\ HL Kj ;
[\ AR

o

5GT/s Stressed Eye
Calibration

o e
[ ‘ / \ /
015 —2 [ 1l Pa ff’“‘* .-
AN VAW SR TAAN
N VAV \ﬂ.{ Al LA |

o —

-0.25 I I

PCI-SIG Developers Conference

Stressed Rx eye must simultaneously meet:
Eye height (m1 all eye centers)
Eye width (all crossing times)
Minimum pulse width (m4-m3)
Min-max ratio (m2:m1)

Copyright © 2013, PCI-SIG, All Rights Reserved
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8GT/s Calibration Channels

Breakout + Short Breakout + Long

Breakout Calibration Calibration
Channel Only Channel Channel
1.0+ 1dB-L—F l '
- 7 T+t 1 g -25£1dB@4CHz
40t 1dB—fF | -
65+1.5 ds—x‘“ﬂ::m? e
a" ] ] : T q__—_"““--—q__________h _ T —————_____________
P; 10 T T I T —-12x2dB@4 GHz
3 15 B —
%) \ l \
-20 —-20£2dB @ 4 GHz
] @
'25 LI LI LI | 1 LI L
1.0 1.5 2.0 2.5 3.0 3.5 40
Frequency (GHz)

Frequency domain mask used for ISI stress to match tuning range of Rx EQ
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ee¢_ 8GT/s Receiver Jitter
Tolerance Testing

1.0 Ul —

Rj (ps RMS)
Sj (Ul PP)

0.1 Ul —

~ 3.0 ps RMS —

|
0.01 MHz 0.1 MHz 1.0 MHz 10 MHz

100 MHz
| S) Sweep Range |
| i 20 dB |
! ! Decade !
! i , S
e i R
] | |

100 MHz 1000 MHz

Validates that Rx can track LF jitter from refclk and Tx

PCI-SIG Developers Conference
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fas. Summary of Base vs CEM expricss
Differences for CEM MB RX Test

ASingle Test Channel for N
VAdd-i n card (AI C) portion of
V CEM test channel is a CEM channel with CEM connectors
V Two channels for AIC (short/long)

A No AC Common Mode

V Intentional simplification in CEM spec

V Assumption that base is still being performed for silicon
A Different Stressed Eye Limits

V 34 mV height and .33 Ul (41.25 ps) width

V Pass/fail limits set with fixed channel due to complexity of
CEM simulations/process
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CEM vs Base PG>
Differences - Continued

A No Swept Sj
V Fixed 12.5 ps tone at 100 Mhz

A No Separate Stressed Eye and Stressed Voltage
V Worst case height/width tested simultaneously.

A Eye Calibration with waveform post processing
V Sigtest required by PCI-SIG
V Catches any test equipment problems with TX EQ

V Enables simpler calibration process
inCourseo initial DM/ Rj calibrat.

V Comparison study vs simulation method (SeaSim) showed
reasonable consistency

V CTLE fixed to 6 dB base spec curve in reference equalizer
A Vswing fixed at 800 mV at input to test channel
V Only DM/R] adjusted to hit target end of channel eye

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved
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*, EXPRESS

Jitter Transfer Functions and
Reference Clock
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