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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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Rationale

= As data rates increase the need for good signal
conditioning Increases

= Two methods of active signal conditioning are
considered

v Analog Repeater
v Digital Retimer
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Agenda

= Review of PCle® 1.x & 2.X
= Review of PCle 3.0

= PCle 3.0 Repeater

= PCle 3.0 Retimer
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PCle 1.x & 2.X
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PCle 1.x/2.x Requirements

= 2.5/5.0 GT/s
= 8b10b coding

= Tx (Selectable) de-emphasis

v -3.5db 2.5 GT/s
v -3.5/-6 db 5.0 GT/s

= RX
v Continuous Time Linear Equalizer (CTLE)
v"No adaptive Rx equalization

= E| detect
= Rx detect
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PCle 1.x/2.x Repeater (Typical)

= Analog only data path
v Low latency
v Not protocol aware

= No Clock and data recovery (CDR)
v" Removes some data dependant jitter (DDJ)
v Does not remove random jitter (RJ)
= RX
v Continuous Time Linear Equalizer (CTLE)
v" Pin strap/EEPROM programmable boost, DC Gain, etc
v" El detect circuit
= TXFIR
v de-emphasis only
v" Pin strap/EEPROM Programmable de-emphasis of -3.5 db to -6 db
v" Fixed delay (no recovered clock) at 200ps for de-emphasis
v Rx detect circuit
v Squelch on El detect
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*“ Repeater Block Diagram
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PCle 3.0

PCI-SIG Developers Conference

Copyright © 2012, PCI-SIG, All Rights Reserved

V



po1y PCI>>

““ PCle 3.0 Requirements T

= 8.0 GT/s

= Data scrambling + 2 bits of framing
v 128B130B

= TX
v 10 presets OR coefficient matrix
v Preshoot and de-emphasis

= Rx
v CTLE
v DFE

= EQ procedure
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A-0812
Figure 4-41: Tx Equalization FIR Representation
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PCle 3.0: Tx FIR
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Figure 4-42: Definition of Tx Voltage Levels and Equalization Ratios
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™ PCle 3.0: Coefficient Matrix

Min Reduced Swing Limit De-emphasis
1
: only
PS  DE Csq '
BOOST 0/24 1/24 /24 3/24 4124 | 5/24 - 6/24 724 8/24
0/24 o0 00|00 08|00 16|00 -25]00__.-35|00 47|00 6000 -76|00_ -5
¥ 0.0 0.8 1.6 2.5 L35 4.7 6.0 /.6 L
1/24 08 00|08 08|09 17| 10_~2B|12 -39|13 53|16 -68|( 19 _-848
' 0.8 1.6 2.5 L --"35 4.7 6.0 7.6 _--"95
2/24 16 00|17 09|19 49|22 -31|25 -44|29 60|35 .-80
' 1.6 25 _--"35 4.7 6.0 7.6 _.--95
C 3/24 25 00 2_8,_4]*_0J 31 2235 35|41 -51|49 0
o 25 .-"35 4.7 6.0 7.6 _--"9.5
4/24 35 _B10 |39 1244 25|51 -41 6.0,,—8_’6
' _--"35 47 6.0 76 1--"95
5/24 47 00|53 -13|60 -29|70.-49
' 4.7 6.0 76 .-~ 95
60 00|68 -16|80_.-35
6241 "0 76 9.5
|
Full Swing Limit or
Max Reduced Swing Limit
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Figure 4-45: TxEQ Coefficient Space Triangular Matrix Example
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™ PCle 3.0: Rx CTLE
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Figure 4-69: Loss Curves for Behavioral CTLE
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™ PCle 3.0 Rx DFE
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Figure 4-70: Equation and Flow Diagram for 1-tap DFE
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Native EQ

Phase
0

USC

DSC

(1) USC Advertize Tx
preset & Rx hint with
8b10b coding to
Retimer USP
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Phase
1

USC

0 0
DSC

(2) Using presets from
phase 0, change data
rate to 8.0 GT/s.
Achieve better than
10E-4 BER.
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Procedure

Phase
2

USC

0O
DSC

(3) DSC requests
USC’s Tx setting
(4) USC adjusts Tx
setting.

DSC adjusts its Rx
(CTLE and DFE)
settings for each Tx
request
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Phase
3

USC

(s I o)
DSC

(5) USC requests
DSC’s Tx setting
(6) DSC adjusts Tx
setting.

USC adjusts its Rx
(CTLE and DFE)
settings for each Tx
request
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PCle 3.0 Repeater
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PCle 3.0 Repeater Challenges

= No Inferred EI

v False El detect

v Not protocol aware, EIOS, SKP ordered set, FC
update, etc.

= Rx
v No recovered clock for DFE
v Reference receiver has DFE

= TX
v"No recovered clock for 3 stage FIR
v Coefficients change as function of data rate

= EQ procedure
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= pCle 3.0 Repeater Phase 2

= The DSC’s Tx requests
uscC usc affect the USC Tx, not the

é) @ Repeater Tx

Repeat Repeater = Each segment requires
é) @ adjustment of Tx and Rx
DSC DSC to Optimize BER
(1) DSCfrft_equetsts TX 3 USCﬁgd.justts TX u Same |Ssue for phase 3
Qe pesesen e e @ SiMilar 1Issue for phase 0

coefficients
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PCle 3.0 Digital Retimer
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™= Retimer Features (Typical)

= Physical Layer aware
v" Terminate Phase 2/3 EQ procedure
v Inferred El, etc
= Transparent to DL and TL Layers
v Low Latency
= X
v' 3 stage FIR, full coefficient matrix support
v Generate compliance pattern
= RX
v CDR
v 4 tap DFE
v CTLE
v" On die scope
v DDJ & RJ
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™ Protocol View
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Transaction layer

2\

Data link layer

Link training (LTSSM)

ANVAN

Link width
Link speed
Lane numbers
Up/down configure

N_FTS

ANVAVAVA

N_FTS

LOs exit/entry

LOs exit/entry

Polarity inversion

Polarity inversion

Equalization procedure

Equalization procedure

€)IDT T0816P

Rx Detect

Rx Detect
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" Retimer EQ Procedure

Phase 0/0 Phase 1/1 Phase 2/2 Phase 2/3 Phase 3
uscC uscC uscC uUsC usc
USP USP UsP USP USP
¥)IDT T0816P ¥PIDT T0816P ¥)IDT T0816P ¥)IDT T0816P ¥)IDT T0816P
DSP DSP DSP DSP DSP
N\ 4\
DSC DSC DSC DSC DSC
(1) USC Advertize (3) Using presets at 8G (5) Retimer USP (7) Retimer USP ports (9) USC adjusts
preset & hint with data rate, get better adjusts USC Tx, and its waits in phase 2 Retimer USP Tx, and
8b10b coding to than 10-4 BER between Rx settings for optimal its Rx settings for
Retimer USP USC and Retimer USP settings (8) Retimer DSP optimal settings
adjusts DSC Tx, and its
(2) Retimer DSP (4) Using presets at 8G (6) DSC adjusts Rx settings for optimal (10) Retimer DSP waits
Advertize preset & hint data rate, get better Retimer DSP Tx, and settings in phase 3
with 8b10b coding to than 10-4 BER between its Rx settings for
DSC Retimer DSP and DSC optimal settings
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Clock Compensation

= Retimers receive a 100MHz REFCLK
v Common or non common
v If SSCLK is used, must be common clock

= Non common REFCLKs must be +/- 300ppm
v'SSCLK +0/-5000 ppm

= CLK compensation is achieved by add/delete of
SKP symbols in PCS

= Each lane Is independent, however the
add/delete must be coordinated across all lanes
of the link

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 25



PCI ¢ PCI >

ISIG APRESS
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= The output skew Is specified as 500ps (+ a few
Ul) in 3.0 base spec

= Due to clock uncertainty in SERDES/PCS lane
deskew must be performed by a Retimer

v Repeaters do not perform deskew, and must be
considered in overall skew budget
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*“ Repeater Vs Retimer

Repeater Retimer

= Lowest latency -
= Lowest power -

Support for phase 0/1/2/3
Better Tx

v Full coefficient matrix
Better Rx

v' CTLE + DFE

v' CDR, resets DDJ, and RJ
Analog + digital EI detect

Possible Debug Features
v" On die scope

v" Error detection

v Loopbacks, PRBS
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Thank you for attending the
PCI-SIG Developers Conference 2012

For more information please go to
WWW.PCISIg.com
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