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e . . EXPRESS
Disclaimer

= The material included in this presentation
reflects current thinking of the presenter and
should not be evaluated as direction from the
PCI-SIG®. Information is from a draft
specification and subject to change.
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Outline

= \WWhat Is New In PCle 3.0

= PHY Layer Challenges
v Transmitter
v Receiver

= PCS Layer Challenges and Performance Based
Architecture

= Silicon Results

Snowbuzh I
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" PCI Express 3.0

= Symbol Rate: 8GT/s (Giga Transfer/second)
v Data throughput doubled compared the PCle 2.0 generation.
v" Data encoding changed to 128b/130b (from 8b/10b in PCle 2.0)
v" Simultaneous 5GT/s and 8GT/s support for multi channel application

=  Transmitter:

v 3-tap FIR filter (from 2 tap in PCle 2.0) - TX pre-cursor equalization introduced
v' TX PLL bandwidth reduced
v Tighter and different TX jitter break down catered to 8GT/s operation requirements

= Channel:

v Calibration test channel with 20dB loss @ 4GHz — no channel quality improvement
compared to PCle 2.0

= Receiver
v Adaptive Equalization Scheme and Joint Adaptation

= ESD Relief — high speed pins were relieved to meet only HBM1000V and CDM250V.

_
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= _ Implications on the SO
PMA/PCS Design

= The higher speed and new requirements of the PCle 3.0
brings In a myriad of design challenges.

= New blocks and features have to be added.
= The medium and test channels remain unchanged.

= Backward compatibility, switching between various data
rates, and power and area reduction trend force
sophisticated analog circuit design choices and more
reliance on digital aid.

= Thereis no right or wrong design choice! Though for
a given problem, combination of certain design
choices might yield to a more optimum solution!

Snvowbus“HA\IP

PCI-SIG Developers Conference Copyright © 2010, PCI-SIG, All Rights Reserved 5



PCI ¢

*.

PHY/Channel Block Dia

T%_'Bkl i

TX Package RX Package

PCI >
EXPRESS

gram
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ATT

Linear EQ
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DFE =4 PD LF
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Boost 14
VCO
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ey Typical End-to-End PO

Channel Response

Typical end-to-end channel response (i.e. including Tx/Rx
bandwi dth I i m tation, packages,

= Loss at 2.5GHz ~14dB - 5Gbps
= Loss at 4GHz ~ 22dB - 8Gbps

—

-
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Transmitter Design Challenges

= Key Transmitter Design Requirements:

v Meet min. TX amplitude

v TX differential and common mode return loss
v Low Supply Sensitivity

v TX Equalization

v Power — TX output driver is one of the major power
consumers Iin the transmit path, as well as the entire
PHY

Sn_owbus’:;?\l?’P
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ey Common TX Driver o
Architecture

= Three major output driver architectures:

14

d Be Lk

e

A,
Snowbush IP
A Division of Gennum
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isolation from supply
and ground)

noise rejection)

pseudo differential
nature of the design)
— often requires LDO

Regulator

Current 2X 4X (highest) 1.5X

Consumption

Load Capacitance Average Average Good

& ESD

Performance

Swing Good (may get tight | Good Good Supply

for headroom) dependent — may

require LDO

PCI-SIG Developers Conference
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e Arch | Ch F ok
rchitectura oice For ExPriEss
H-bridge CML Voltage Mode
Speed Good Good Good
Current Relatively Constant Relatively Constant High Transition
Consumption Profile
Profile
Complexity of High Average High
Termination Design
Supply sensitivity Best (double Good (differential Average (due to
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= TX Equalization ’

= Why We Need TX Equalization?

v To equalize and overcome package & channel loss and
potentially self induced ISI.

v" Relying fully on the receiver may not be feasible

I If we leave all the equalization to the receive side, this may impair
the quality of RX equalization by enhancing the Xtalk and degrading
the signal to noise ratio.

v Relaxes the design of the receiver equalizer
v Reduces sensitivity to noise induced by the channel

= Why We need Programmable Equalization (Joint
Adaptation)?

v' 8GT/s operation and variety of the channels require a fine tuned
TX Emphasis to allow achieving low BER operation.

Snvowbus“HA\IP
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~Jsie  8GT/s TX Pre-emphasis Effect i e
Test Channel with 20dB Loss

w Pulse Resy ponse of Channel/ATT/E 0, With Transmit ] Fulse Response of Channel/ATT/EQ With Transmit Eg

——— Fulze Response : : : — Pulse Response
—2 BGsps Pulse Response : : : — &Gsps Pulze Responze

Without TX Pre -emphasis With TX Pre -emphasis

= Note: 1.7dB pre-emphasis is enough to cancel the pre-cursor ISI,
whereas we need at 5dB pre-emphasis to cancel the post cursor
IS

Snvowbus:;l?P
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= RX/TX Joint Adaptation

Before TX Pre-emphasis Adaptation After TX Pre -emphasis Adaptation

__________________ T

minimize 1SI terms

e : : WA =% cEE TR T

= Joint adaptation of Tx and Rx Equalization allows for optimal
BER performance

= A back-channel can be used to send the coefficient information
from the Rx to the Tx

Snowbush IP
PCI-SIG Developers Conference Copyright © 2010, PCI-SIG, All Rights Reserved A Division of Gennur
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TX Equalization Challenges
= PCle 3.0 requires a 3 tap FIR 1# g |5 ] 1o —‘
equalization; pre-cursor, cursor, P N
and post-cursor. o) \>)
= PCle 3.0 spec requires coefficients / .
resolution of 1/63 - 1/24 of the Pre-Cursor Post-Cursor
design strength . }
ursor v_outy

v_out, = (V_inpeq=c_q) + (Vv_inp=cg) + (V_inp_q=C4q)
= While in PCle 2.0 there are only [e+]cof+[eu[=1 xS0 cq50
two legal equalization settings; with
1/63 resolution implementation for
PCle 3.0 design requires more
than 200 different settings.

e~

Snowbush IP
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TX EqQ. Chall eng

= The underlying technique used in different methods of equalization is to
control the current that flows into the load by early, current and late data.

= In th different iImplementation schemes, the early, current and late data may
control:

v’ parallel wei%hted slices of the steered current into the output stage (typically
used in CML architecture)

v' parallel weighted slices of the output stage (used in voltage mode architecture)

= The PCle 3.0 requires the sum of TX FIR taps to be constant. This further
sophisticates the allocation of weighted slices.

= Based on the implementation choice, the loading on the TX pre-driver
stage, design complexity and current consumption can vary.

= The magnitude and profile of the pre-driver current consumption can
gec_omle a dominant factor in self-induced deterministic jitter in transmit path
esign!

Snvowbus“HA\IP
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* RX Signal Conditioning

= Necessary to support different data rates (2.5G,
5.0 and 8GT/s), swing, and channels &
backplanes

= Ensures that the dynamic range of the input
signal is within the linear range of the equalizer
to achieve intended equalization performance.

= |t is desired to have the gain/attenuation vary In
a way to guarantee a constant signal swing for
the RX EQ

Sn,owbusﬁh‘IP
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RX Equalization Challenges

= Adaptive Equalization (new to PCle 3.0) —
capability of optimizing the equalization based
on the given channel and signal condition.

v Over compensation can harm the performance.

= Recelver should have a method of extracting
optimized equalizer setting and communicate to
the transmitter through the back channel.

= Simultaneous multi-lane operation can
potentially introduce major Xtalk noise — greater
than 64 channels!

Sn,owbusﬁh‘IP
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el Common Receiver 2ok

Architecture

Prog. Attenuator Linear EQ
™

-] DFE PD LF
=)
L]
ATT Boost 14
VCO

= Programmable gain/Attenuator, automatically calibrated via envelope
detection

= Linear Equalizer, provides boost to compensate for channel ISI
= DFE (Decision feedback Equalizer) — an optional component of the

receiver
= CDR (Clock and Data Recovery), consists of the phase detector, loop
Filter, VCO (Voltage controlled oscillator) =

Snowbush IP
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Programmable Gain/Attenuation

= Can be implemented in various methods :
v Active Implementation:

can provide gain and attenuation,
contribute its own non-linearity,
dissipates power,

might need to use thick oxide device to avoid ESD failures which might hurt the
speed

v' Passive Implementation:

" only provides attenuation,
low distortion,

no DC power consumption,
better for ESD protection

e~

Snowbush IP
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“ Linear Equalizer

Homalired Receive Eq Magnisie Tansler Resgorss

25

Fioguancy (He|

= Provides high frequency boost to cancel the ISI (Inter-symbol
Interference) generated by the backplane

= |tis necessary to have a programmable boost value to compensate for
various channel loss, as well as a programmable boost frequency to
support various data rates (e.g. 2.5, 5 or 8GT/s)

= |s usually a cascade of more than one stage, each introducing a zero

and two poles i
Snowbush IP
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Li near Equalil zer

= The amount of boost is adjusted via the zero/pole
location of the various stages

= Can be implemented in a variety of different ways

v" Differential pair with spiral inductors: spiral inductors occupy a
large area, and accurately modeling them is challenging

v" Differential pair with active inductors: active inductors allow more
control over the zero location at the expense of additional power
consumption, also the active devices will introduce their own
noise

v" Differential pair with capacitive degeneration: This technique can
be combined with one of the top one for a wider boost range

= The input offset + the offset voltage generated by the
Equalizer has to be cancelled before the signal is sliced
by the data comparators or the DFE.

Snowbush IP
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Equalizer (DFE)

= DFE provides:

v Equalization provided by the DFE is noise free and does not amplify
the channel Xtalk.

v' By providing further equalization / boost it relieves the maximum
boost requirement of the RX linear equalizer

v Certain DFE architectural choices provide inherent (automatic)
adjustment of the boost frequency. This relieves the programmability
requirements and thereby the complexity of the RX linear equalizer

v" While the DFE block is not a normative requirements by
specification, it is becoming more and more utilized in PHY
Implementations. The recent draft of PCle 3.0 draft uses a 1-tap
DFE in the behavioral modeling of the receiver.

Snowbus“i:l?P
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ecty  Decision Feedback PRl
™ Equalizer (DFE)

= |s there an optimum number of DFE taps?

Undesired Channel

Response with no RX EQ] ot Resilc_j_ual IStI) aftetr the
. inear boos

v

J M PN P oY ° e VW\WM/?\V/\ L WP S S .

In this scenario a 5-tap
DFE can be the optimum
choice

—

>
Snowbush IP
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PeL_. Pulse Response Before & After the — &xaees

5-tap DFE

T T

. Without DFE With DFE

iDFE Feedback cancels
the ISI components up to
' BUL

= Red: Continuous time pulse response

= Blue dots: Values samples by the center comparators on each
clock edge

e

-
Snowbush IP
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~¥sie Analysis of A 25Gbps Channel

Yoltage i)

PCI-SIG Developers Conference

Response Without any Equalization

C'I'I'measo. eeeeeeeeeeeeeeeee

te-cursor...||

\

T ................ Undes|redChanne| ____________________ ____________________ ____________________ _

\ _________________ é __________________ ? _____ dé{éﬁff&kj _________ é ____________________ é _____________________ é ____________________ é _____________________ ém_

DeSH'edChanne| ...... ..................... .................... e o
Response | | | |

Response

—— »Post-cuysors »
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Design Challenges

= The DFE comparators should have the capability to cancel
the entire receive path offset via a calibration process

= |n addition, the DFE samplers should have programmable
tap weights that are used to cancel the channel ISI

= The tap weight have to be calibrated according to the
channel response.

= The DFE architecture can take one of the following forms:

v Center-DFE: Taps are optimized to cancel the ISI at the center of the
eye (maximizes the vertical eye opening)

v Edge-DFE : Taps are optimized to cancel the ISI at the edge of the
eye (maximizes the horizontal eye opening)

v Edge & Data DFE: the DFE can have the capability to cancel both
edge and center I1SI independently as long as the edge and center
comparator taps can be adapted independently.

Snowbush IP
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* Rx EQ & DFE Adaptation

= For PHY to support different backplanes, it is important to have an auto-
calibration algorithm that sets the required boost from the Rx EQ and the

required tap weights for the DFE.
= The Rx EQ can be adapted using an analog or a digital approach:

v Analog technique: measures the high frequency content in the incoming
signal and compares it to the low frequency and adjusts the boost

accordingly
v" Digital technique: looks at the slicer output and drive the boost to achieve
the desired level

= DFE adaptation techniques:

v" On chip eye monitor
I Accurate but slow

v' SS-LMS algorithm
I Fast but noisy and have to be careful

v' SS-LMS algorithm with pattern filtering

I Very accurate and moderate speed p—
Snowbush IP
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= On-Chip Eye Monitor

=  Can be used for adaptation of RX Linear Equalizer, DFE Taps
and Joint RX/TX adaptation.

=  Provides means for on-chip diagnostic functions for visibility
within the PHY that cannot be brought off-chip!

T

Left i Outcome of Diagnostic Feature + Post processing,
Right i Simulated Eye -
(Measured eye on silicon is presented in coming slides) Snvowbus’"h P
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Silicon Data

* The following data are lab measurements of
Snowbush’s PCle Gen3.0
technology.

e~

P
Snowbush IP
A Division of Gennum
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% 8Gh/s TX Eye Diagram o

File Control Setup Trigger Measure Analyze Utilities Help 2 Jun 2010 10:53 AM

81 %n

Delete REEERLAR T Eye width(cg) Eye height(cg) V p-p(fl)
all Current 112.50 ps 708.2 mv 1.0475 V

Mean 112.537 ps 708.47 mV ] gV
Min 112.22 ps 707 .4 mV ] 3V
Max 112.78 ps 708.9 mV 1.0617 V

Snowbush IP
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File Control

More
{1 0f 2)

PCI>>

_ EXPRESS
‘ [ X Jitter @ 8GT/s
Setup Trigger Measure Analyze Utilities Help 2 Jun 2010 10:52 AM
e—— N
On
U a a
Composite Histogram RJ, PJ Histogram
I 17 B Ry, p7 N DDJ Transitions: 5.73 M
| [ [ [
0.0s -10.0 ps 0.0s 10.0 ps
DDJ Histogram BER Bathtub
Transitions: 5.73 M _mmmmm Dual-Dirac BER Bathtub === TJ Data
Transitions: 5.73 M
Measured T1: 1E-5
| |J|||- , | |
-10.0 ps 0.0s 10.0 ps 0.0 UI 500 mUI 1.00 UI
Fa) s
T < (@[@)d)
R1IDJ | Status | Scales
Clock Rec First Order PLL TI(1E-12) Dl(a-ad)
Data Rate 8.0001483 Gb/s RJ(rms ,narrow) DDI(p-p)
Patn Length 40 bits PJ{(a-a) DCD
Source function 1 PJ{rms) ISI(p-p)
Edges Both
/‘—»“
Snowbush IP
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** 5Gh/s TX Eye Diagram o

File Control Setup Trigger Measure Analyze Utilities Help 2 Jun 2010 11:12 AM

EEEN =

BE

More
(1 of 2)

Eye width(cg) V p-p(fl)
D(zﬁte Current 184.00 ps . g v

1
Mean 184.296 ps 1
Min 184.00 ps 3.5 1
Max 184.89 ps 1

Snowbush IP
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TX De-emphasis

File Control

(2 of 2)

Delete
All

Setup Trigger Measure Analyze Utilities Help

" = [@]e]0)

Meas ALl Edges

Current

V amptd(f1)
596.9 mV
Mean 597.73 mV
Min 590.2 mV
Max 603.6

Eye width(cg) Eye height(cg) V p-p(fl)
487.78 ps 491.7 mV 889.6 mV
487.778 ps 491.80 mV 893.29 mV
487.78 491.5 mV 883.3 mV
487.78 492.5 mV 905.7 mV

Copyright © 2010, PCI-SIG, All Rights Reserved
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EXPRESS

2 Jun 2010 11:03 AM

Snowbush IP
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s On-chip Measured Eye @ expriess
8GT/s

8Gbps PRESY - Log(BER) Gradient
250

200 E

180

100

Voltage Offset (m')
o

0 0.2 0.4 0.6 0.8 1
Time Offset (mUI)

/—=§
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References

= PCI Express® Base Specification Revision 3.0
Version 0.71 May 24, 2010 — work In progress.

= 5GT/s and 8 GT/s PCle® Compared; Bent

Hessen-Schmidt, PCI-SIG Developers
Conference 2008.

Snowbush IP
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Thank you for attending the
PCI-SIG Developers Conference 2010.

For more information please go to
WWW.PCISIg.com
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