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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

= High speed signals quickly degrade in quality
when moving down a PCB trace or cable,
sometimes resulting in a poor input to the
receiver

m

Receiver D
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Rationale

= Active signal conditioning ICs are used to
Improve or restore signal quality

= Two methods of active signal conditioning are
considered

v Analog Repeater (no CDR)
v Digital Retimer (CDR, Protocol aware)

Signal Conditioner

Transmitter N Receiver
L s (Al

‘‘‘‘‘‘
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=“ Agenda

= Review of Physical Layer basic requirements
v PCle® 1.x and 2.x
v PCle 3.0

= What happens when we insert a Signal
Conditioner in the channel?

v  Repeater
v PCle 3.0 Retimer
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T Ysie expasss

Review of Physical Layer basic
regquirements

vPCle 1.x & 2.X
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™= pCle 1.x/2.x Requirements

= 2.5/5.0 GT/s
= 8b/10b Encoding

= 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

= Electrical Idle (El) 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)

I I I
RX(P:N) ; I@ IIT> L—3 TX(P:N) RX(P:N) : {% I|> —3 TX(P:N)
I

-7 5 | |

1 - Channel I :
I

TX(P:N) @%@%ﬁ: RX(P:N)
I I

*8GT/s EQ procedure is lane-oriented
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™= Repeater Block Diagram

= RX
v" Continuous Time Linear Equalizer (CTLE)
v" Pin strap/EEPROM programmable boost, DC Gain, etc
v" El detect circuit (analog only, NO Inferred)

Rx

Rx Detect

impedance

control
Rx + I \

+
Rx CTLé Tx DE Tx

Rx - / Tx -

El detect
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= TX
v de-emphasis only

Repeater Block Diagram

PCI >

EXPRESS

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

Rx
impedance
\ control

Rx + I

Rx
Detect

Rx CTLé

Rx- /

El detect

Squelch

|

Tx DE

N
L~
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Repeater De-Emphasis Detall

= Conceptually, a delay line is used to generate fixed-delay

emphasis when detecting a bit transition
v Very simple, not automatically rate dependant

v Adds drive by turning on a second transistor
v' Effective for 2.5GT/s and 5.0 GT/s operation

Rx+ |

—)

Fixed
Delay

Rx CTLE™S

Rx - l——

Tx +
Tx DE

Tx -
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T Ysie e

Review of Physical Layer basic
regquirements

v'PCle 3.0
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““ PCle 3.0 Requirements T

= 8.0 GT/s

= Data scrambling + 2 bits of framing
v'128b/130b Encoding

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

= Rx
v CTLE
v DFE

= EQ procedure
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PCle 3.0: Tx FIR

= The PCle 3.0 standard defines a 3-tap FIR filter for the TX output
= The purpose is to allow pre-compensation, including a boost level

TX
v_in ., v_in v_in, clock
v_in, =+ 1 i L-OU' — 100 | — ™
- elay delay
7N Ve "77'\\\ e 7'\
i\°-1 ) Loc | c )
/ NS N

’Va ——Vb —Vc
s mIEy |
= | i | | i
T Nl i NI
¢ ‘ - J |
| o =)
L
v_out,,
De-emphasis = 20logyp Vb/Va
) . ) Preshoot = 20log4g Ve/Vb
v_out, = (V_in,.q+Cq) + (V_Ing=Co) + (V_iNn, 4+C.q) Boost = 20logy Vd/Vb
ADB13
|Caf+|Co|+[Csi|=1 €420 ¢y=0
Figure 4-42: Definition of Tx Voltage Levels and Equalization Ratios

A-0812

Figure 4-41: Tx Equalization FIR Representation
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™ PCle 3.0: Coefficient Matrix

N
De-emphasis

Figure 4-45: TxEQ Coefficient Space Triangular Matrix Example
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Min Reduced Swing Limit
only A
PS DE? Cut '
BOOST /24 1/24 2/24 3/24 424 | 524 6/24 {[24 8/24
0/24 00 00|00 08|00 -16)100 -25|00 _-35)00 -47{00 60|00 -76|00 -85
. 00 08 1.6 A3 3.5 47 6.0 76 _-95
1124 08 00|08 08|09 -17|10_ 28|12 -39/13 53|16 68|19 88
' 0.8 1.6 2.5 -"3.5 4.7 6.0 76 =95
994 16 0017 0919 49|22 -31[25 -44[29 60|35 -840
] 16 25 _--35 47 6.0 16 |.--95
c. |34 25 00 (28 -~t0[31 22|35 35|41 -51]49_ 70
4 25 --"3h 47 6.0 76  |.--"95
424 35 80|39 12|44 25|51 -41|6.0_-60
T =235 47 6.0 76 ]--795
5/94 47 0053 -13|60 -29|70.-49
' 47 6.0 76  |L--795
60 00|68 -16|80..-35
624 60 76 | 45
!
Full Swing Limit or
Max Reduced Swing Limit
A-0816
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8Gbps TX Preshoot Preset

Vs Tx, Preshoot Preset #7 (PCIE 3 ) Reference: PCI Express Base Specification, Rev 3.0, Section 4.3
Table 4-16

>f the PC| Expre
[Test Limits:[2.5000 dB to 4.5000 dBJF 2. 754808
Result Details

Blb P7513.220mVVb P2711.630mVLane Numberl ane 0C

=7 ion TypeChan 1,3 - Direct Conned]
v Preshoot = 0db
v De-Emph = 0db

v Tx, Full swing Tx voltage with no TXEQ (PCIE 3.0, 8.0 GT/s) Reference: PCI Express Base Specification, Rev 3.0
[rest Summry: P

[Test Limitsz[200.0m
Result Details

full swing Tx vo

WIX-FS-NO-EQ1.1795V|

[One's Maxs25.040mVOne's Mins25.040m\/Zero's Max-557.910m VZero's Min-622.310mVLane NumberLane 0C ion TypeChan 1 3
|:Dlrect Connc—g
Trial1

Trial 1: VTX-FS-NO-EQ

b S e e e e e

Horiz Scale Pozition Verticel Scale Offsetr
2.000ns/diy. E000n=

200 .0=V/diy. 0.000V
188 EnV/div. ~3.341n

= Preset #/

v" Preshoot = -3,5db
v' De-Emph = -6db

2.000n5/div._£.000ns

SCALES —mmmm o e e

Horiz Scale Position Verticsl Scale Offser
Fancrion 3 2.000n8/diy  £.000ns
Memory 3

200.0aV/diy. 0.000V:

2.000ns/div_8.000ns 210.0=V/div. 4.756aV.
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" PCle 3.0: Rx CTLE

RN

dB
|
|
|
i
NN

NN
NSRS

=

|

".,I l".l '.II
WA Y

108 10° 1010
Frequency (Hz)

A-0829

Figure 4-69: Loss Curves for Behavioral CTLE
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" PCle 3.0: Rx DFE

= A DFE is a digital algorithmic .7 s TW
technique for removing Inter-

Symbol Interference - o
m clock
A DFE can I I @ S

v Correct for pre-cursor, as well

7\ Yo(n-2)
as post-cursor g Q;J |
v’ Cancel noise 2 'D
= The decision, multiplication R

and feedback occur within
one symbol time (Ul)

Ck

D is a delay cell (register)

C, are the control coefficients

Yo(n) = digitized input at time n

Yo(n-1) = digitized input at time n-1
PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 18
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EQ Procedure Introduction

= The objective is to insure a high 1012 BER
communication for every channel, lane and link

= Root and End Point exchange RX equalizer and
TX configuration settings to automatically
optimize Sl at power-up
v Device configuration is locked at end of Equalization
Procedure, but can be re-executed at any time to

correct for increasing error rates, hot-plug installation,
temperature changes, etc.

= Solves the biggest issue of SI — manual tuning
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Native EQ Procedure
Phase (1) USC Advertize Tx preset & Rx hint with 8b/10b
0 coding to USP

The objective is to prepare for basic 8Gbps communication.
USC At 2.5GT/s speed the host (USC) sends Ordered Training

=, Sequence packet (TS2) with information for adjusting the
‘ end-points (DSC) receiver and transmitter.

usp ) Once parameters have been communicated, devices can

DSC switch to 8GT/s operation

ime=0 Ul _ RX Hint TX Preset ,
'[lme=2 ul Time=10 Ul 1 1 Time=122 UI

G0 |

v/ 4
|1|O|O|OI1I1I1I1IOI1I1I1I /z IRIRIRITITITITIEI/Z IllOIlIOIOIlIOIOI

l_'l J \ J o\

Sync

—

1 1
Symbol 0 Symbol 6 Symbol 15

»i

< Unscrambled 128-bit Payload
Block

vy

»i
«

TS2 Ordered Training Sequesnce
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Native EQ Procedure

Phase Phase (2) Using presets from phase 0,
o 1 change data rate to 8.0 GT/s.
Achieve better than 10E-4 BER.

USC USC

DSP r) DSP Operation at 8GT/s begins, and link partners
exchange parameters in TS1 packets to
establish basic operation

USP _\ USP

DSC DSC The error rate is checked, and if

communication is sufficient (BER<10e-4)

then 8GT/s optimization tuning can begin.

(1) USC Advertize Tx
preset & Rx hint with

8b10b coding to USP If BER>10e-4, then the link will operate at
2.5GT/s or 5GT/s.
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Native EQ Procedure

Phase

0

USC

DSP

USP

~

DSC

(1) USC Advert

ize Tx

preset & Rx hint with

8b10b coding t

o USP

PCI-SIG Developers Conference

Phase
1

USC

DSP

usp
DSC

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

Copyright © 2013, PCI-SIG, All Rights Reserved

Phase
2

USC

DSP

oJe

USP

DSC

PCI >

EXPRESS

(3) DSC requests
USC’s Tx setting

(4) USC adjusts Tx
setting. DSC adjusts
its Rx (CTLE and DFE)
settings. Repeat for
each Tx request.

8Gbps RX & TX down-
stream optimization begins.
For each USC TX setting
specified by the DSC, the
DSC will cycle through its
RX settings to find the best
received signal.
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Native EQ Procedure

Phase
0

USC

DSP

usP )

DSC

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

PCI-SIG Developers Conference

Phase Phase
2

USC USC

DSP DSP

USP USP

(2) Using presets from
phase 0, change data
rate to 8.0 GT/s.

Achieve better than setting.
10E-4 BER. DSC adjusts its Rx

DSC DSC

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

(CTLE and DFE)
settings. Repeat for
each Tx request.

Copyright © 2013, PCI-SIG, All Rights Reserved

Phase
3

USC

DSP

UsP
DSC

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

USC adjusts its Rx
(CTLE and DFE)
settings. Repeat for
each Tx request.
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" Tx-RX Ogtlmlza Tolg

The algorithm used by a component to adjust the transmitter of its
Link partner and the evaluation of that Transmitter set-up with its
Receiver set-up is implementation-specific.

0.2
0.15
01
< 005 On the receiver side,
& .
3 after equalizer
s
E 0.05 . ,
Table 4-27: Channel Tolerancing Eye Mask Values
01 Symbol Parameter Value Units | Comments
Verenen | Eve height 25 (min) mVPP | Eye height at BER=10" Note 1.
015 Eye width at zero . . o
Toccuew erossing 0.3 (min) Ul Eye width at BER=10
02 Texosorrser | Peak EH offset from | £0.1 ul See Figure 4-87 for details.
Ul center
04 03 02 01 0 01 02 03 04 Vixare coesr | Rangefor DFEd; | £30 mv See Figure 4-70 for details.
Time (UI) coefficient
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What happens when we insert

a Sighal Conditioner in the
channel?

v'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
(2) DSCf:ct_aq.uetsts TX 3) US(ifgd.justts TX - Same |Ssue for phase 3
O pesesen @ mesecnnes @ Smilar issue for phase 0

coefficients
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What happens when we insert

a Sighal Conditioner in the
channel?

v'PCle 3.0 Digital Retimer

PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 28
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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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*“ Retimer Diagram (Typical)
@)IDT Tosi6pP
100MHz | PLL |——»500MHz
EQ procedure
- S
Rx + [ : . N N 5 o — g Tx+
CTLE E:ﬁjg—-§—§—<§z—§—§ Tx
w0 ) (B}
Rx- 3 0! —HM Tx-
Rx Detect
El detect \
PCI-SIG Developers Conference Copyright © 2013, PCI-SIG, All Rights Reserved 30



PCI ¢
“"‘4:~.__.

Upstream
Component
(USC)

LTSSM

o (v \C e )
= /HQ\/ /

OV AVAVAVAS

™ Protocol View

Transaction layer

2\

Data link layer

ANVAN

Link training (LTSSM)

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 To0816P

Rx Detect

Rx Detect

PCI-SIG Developers Conference

INLNLNZNZLN

AVAVAVAVAVA
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Downstream
Component
(DSC)

AVAVAVAVAVA

LTSSM
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B Retimer EQ Procedure

= Retimers capture the training information and they will
automatically configure optimally each segment of the link

= The retimer will properly inform the USC & DSC of correct
settings

The RC €= Retimer link

segment trains independently
usc for DSC
RX equalization and TX drive
(RC) ) (EP)
Retimer
DSP (/\3 > ( 3 USP

The Retimer € - EP link
segment trains independently
for
RX equalization and TX drive

32
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Phase 0/0

™ Retimer

usCc

USP

@IDT TO816P

DSP

DSC

(1) USC Advertize

preset & hint with

8b10b coding to
Retimer USP

(2) Retimer DSP

Advertize preset & hint

with 8b10b coding to
DSC

PCI-SIG Developers Conference

Phase 1/1

uscC

©

UsP

@IDT TO816P
DSP

©

DSC

(3) Using presets at 8G
data rate, get better
than 10-4 BER between
USC and Retimer USP

(4) Using presets at 8G
data rate, get better
than 10-4 BER between
Retimer DSP and DSC

Phase 2/2

usc

USP

@IDT TO816P
DSP

DSC

(5) Retimer USP
adjusts USC Tx, and its
Rx settings for optimal

settings

(6) DSC adjusts
Retimer DSP Tx, and
its Rx settings for
optimal settings

Procedure

Phase 2/3

usc

USP
@IDT TO816P

DSP

DSC

(7) Retimer USP ports
waits in phase 2

(8) Retimer DSP
adjusts DSC Tx, and its
Rx settings for optimal

settings
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Phase 3

usc

\Z

USP

@IDT TO816P
DSP

DSC

(9) USC adjusts
Retimer USP Tx, and
its Rx settings for
optimal settings
Retimer DSP waits in
phase 3
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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
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Lane Deskew

= 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 = Support for phase 0/1/2/3
= Lowest power " 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 (BER contour)
v Error detection
v Loopbacks, PRBS

04 03 -02 01 0 01 02 03 04
Time (UI) l
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Thank you for attending the
PCI-SIG Developers Conference

Israel 2013

For more information please go to
WWW.PCISIg.com
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