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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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PClt ¢ PCI >

—Veia weias
PCl Express 8GT/s Link

A PCI 3.0 8GT/s Electrical Key Changes

V Improved Transmitter Equalizations
V 3-Tap FIR

V Receiver Equalization
V CTLE + DFE

V Transmitter Equalization Training
V TX/RX interaction

A Same Channel Reach Configuration as PCI 1.x/2.x
Systems

V 1 or 2 connectors

VUp to 200 between Root -Fommp
(EP)

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 3



PCIl ¢ PCI >
EXPRESS

™ PCI 3.0 Link Configurations

A 2.5GT/s, 5GT/s, and 8GT/s Channels

V Client Configuration:

I ~140, 1 connector, f e
I Loss: -14dB to -20dB @ 4GHz

14dB @ 4GHz

E-zor
Typical Client topology E =
A
B c P ¢ o
’_-11 — 3 1

V Server Configuration:

I ~200, 2 connector s, V|
T Loss: -16dB to -25dB @ 4GHz

2 Connector Server topology g

25
-30
5129 pin2pin 642010 [2]
-35 £12p Tupkg 642010 2)
512 2 pad2pad 642010 [2]
$12p Rx pkg 642010 [2]
40 n L L L
1 2 3 4
Frequency (GHz)
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Challenges

A Improved TX/RX equalization schemes address Sl needs
for PCl channels

V Client Channel: TX-FIR + RX CTLE
V Server: TX-FIR + RX CTLE/1-Tap DFE

V Stress test predicts tight margins with TX and RX behavior
models

I~ 2 0 6conn@ctor server configuration
I With budgeted device noises and crosstalk

Vpt=2048

------

A Extended Link Reach Needs Seasim Simulation Results

V Example: Storage systems, long backplane, box-to-box or rack-to-
rack links
i 200 reach iIs not sufficient

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 5



PCI ¢ PCI >

=—_ Solutions for express
Extended Reach Systems

CPU Board Riser RT Board Backplane Storage Board
— o™ L5}
= = =
a 5" AN > |0 22 g a"
L] L L]

PCl-Express TX PCIl-Express RX
Connector 1: PCl-Exprass
Connector 2; Impact

v

A Use Repeater
V Repeater: Amplify and compensate channel loss and ISI

V Pros: V Cons:
I Can be used in existing systems i Extra components
I Extending reach by >2X i May add intrinsic noise and jitter

I Short latency

A Reduce Channel Losses

V Use FR-408, Magatron-6, thicker gauge cables
V Pro V Cons:

I Simplicity I Expensive
I New builds only

: _ I Maximum 2X the reach
PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 6



eaf__ Extending Reach with a
Repeater Requirements

A PCI Express Interoperability A Key functions

V Channel Equalization
I Compensate extra channel loss at 8 GT/s
I Reduce RC/EP Equalization Loads

V Transmitter Equalization Training
I Transparent to RC and EP

V ldle detect
I Relay Idle detect

V RX detect
I Relay RX detect for hot-plug (to power-down TX)

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved
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%- EXPRESS
PCIl Express Channel Equalization
" Channel
i i
3" BJ 5" 8| 2 EJ 23" I§| 3"

PCl-Express TX PCI-Express RX

Connector 1; PC|-Express
Connector 2: Impact

A Repeater Channel Equalization

V Compensates frontte nd channel | oss u
I Works well for both PCB and cable media

V RX ASIC (CTLE/DFE) compensates the second-half
channel

V TX-FIR assists the overall link
V Low power consumption
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5e PCIl Express Repeater

Egualization Performance

TXFIR
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V Low jitter, low noise, and low power consumption
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f2__ PCl Express Extended Reach ==&

N Be st Practi ceo

A Single Repeater Placement

V Best option: symmetrical channel lengths
V May need to use TX-FIR to assist

CPU Board Riser RT Board Backplane Storage Board

PCIl-Express TX PCIl-Express RX

Connector 1: PCl-Express
Conneactor 2; Impact

22"

A RX-side Repeater

V Utilize PCI Express Repeaters to perform the heavy-lifting part of
channel equalization

Root Complex Backplane End-Point

Data, » . EE ) oot
Input L H e ) )H_’g Output
S
Dat: § = —=
Ou?pit‘_< 5 ] Repeater T—= Channel : .
' Input
3

PCI TX/RX PCI TX/RX

A
v
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. 8GT/s Transmitter

PCI >

EXPRESS

Equalization Training

A A PCI Express Repeater needs to interoperate with the

8GT/s TX Equalization Training

V' During 8GT/s initialization, RX can adjust TX FIR coefficients

I Phase O0: RC

| oads

firmware preset

I Phase 1: RX equalization (2ms) and reach BER<10*
I Phase 2: Downstream RX equalization (24ms), adjust upstream TX

FIR coefficients

I Phase 3: Upstream RX equalization (24ms), adjust downstream TX

FIR coefficients

- ®q
o” e

Root Agent

End Agent

PCI-Express ]
.
%
L Y

Link Training between the
Root Agent and End Agent

[ o
......

] PCI-Express
.
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*2L.. 8GT/s Transmitter exercss

Equalization Training (cont.)

A PCI Express repeater needs to be transparent during the
training process

V Phase 0, 1: Passing RC info. to EP and allow RX to start

V Phase 2, 3: Positively feedback TX-FI R6s 1 nf |l ue
t

n
t hat RX0s adaptation al gori h

A A 8GT/s repeater provide transparent channel
compensation between RC and EP

VFrom TX and RX0s perspective:

I Channel becomes shorter with repeater
I Reducing TX-FIR, RX CTLE/DFE workload

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 12
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P2, 8GT/s Repeater expricss
TX-FIR Transparency (cont.)

TXFIR Channel Characteristics
TP1 P2 TP3 TP4
<-—jelRepeater ] = <
20" ustrip 157 atrp — — |
8GTls 2 0 strip PCI-Express 1 5 pstrip
RC TX Repeater T S T
(EQ on) ’
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= 8GT/s PCI Express Repeater

TX FIR Transparency (cont.)

TX FIR
TP1 O en
%/ fam
Front-end Second-half a BGT S RX
Channel Channel
8GT/s » PCI-Express A
RC TX \ Rﬂp'&ﬂtﬂl‘ V4
. (EQ on) /
Setp Measure Calbrate Uiliies Help 05 May 2011 1438] m

TP1: TX Output
TX FIR [0, 0.70, 0.29]
(~8dB Deemphasis)

PCI-SIG Developers Conference

Amplitude (dB)

I
3 4 5
Frequency (GHz)

6 7

Channel
Characteristics
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"+ 8GT/s Transmitter Equalization =#ss

Training with Repeater

A A PCI Express Repeater is transparent to 8GT/s TX/RX
Equalization Training

V' No special setting for 8GT/s RC and EP

V8GT/ s RX see neffectso from 8GT/
VRepeatero6s internal EQ wi | | not
V Act as buffer to regain signal amplitude

A Best Practices

V Set PCI Express 8GT/s repeater first
V Tip: Start by setting repeater to match the front-end channel

TX FIR ﬁ
Jo TP1 TP2 TP3

}P Repeater -I-ﬁ:}—b Scope

Front-end Second-half
| Channel

8GTIs PCI-Express
RC TX Repeater
(EQ on)
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~—¥se 2.5GT/s, 5GT/s, and 8GT/s exprisss
Electrical Idle and Beacon Passing

AA PClI Express repeater n
signal

V RC and EP can detect and react to EIOS, EIEOS, and
Beacon

A Need to work well under various system
configurations

V Able to detect EIOS/EIEOS with long front-end channels

V Relay EIOS, EIEOS, Beacon under PCI Express
specifications
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“ysie Relay 2.5GT/s, 5GT/s, and 8GT/s =®a&ss
ldle and Beacon

2.5GT/s 8GTl/s

EIOS IN

EIOS OUT

No media After 400 FR4

A Meet PCI EXpress Viy cym-pc-AcTIVE-IDLE-DELTA' VTX-IDLE-DIFF-AC-p» YV TX-IDLE-DIFF-DC
TrxDLE-MING T TX-IDLE-SET-TO-IDLE" TTX-IDLE-TO-P[FF-QATA’ Vix-EiEos-Fss VRX-IDLE-DET-
pirrp-pr AN Try oL e-pET-DIFF-ENTERTIVE SPECITiCALIONS
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