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i . . EXPRESS
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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““ Outline

A PCle® 3.0 transceiver capability
V TX
V RX
A PCle 2.0 and 3.0 channels
V' Channel insertion and return losses
A PCle 3.0 Link
V' Legacy/beyond specification channels
V' Work-around methods
I Using transceiver with more EQ capability
A More TX EQ capability
A More RX EQ capability
A Power penalty
I Using re-timer
A Extension range
A Power penalty
A Summary
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™ pCle 3.0 Tx EQ Spec

!

A Data. rate vin,=%1 Jﬂnﬁ Egié-"lfl ""_ln- L.glé_;l V_iMg_y
v 8.0 Gbps OIS
7 N N

ABER
V 10-%2 .
ATx: ¢
V 3-tap FIR o,
(1 pre-tap, 1 post-tap) EQ )

M~ . IH' |r1 |T! |

|I I"|: | A A | L~
| I' ‘ J'l.l'a—'ufb—'nc. "uf-:l ‘

T T

il I | | It

L LA | T

[ | |'r | 1 J |
| e A | I 1=

De-emphasis = 20log,; VibVa
Preshoot = 20log,, Vo'V
Boost = 20log,, VdMvi

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



PCI ¢

*_

PCle 3.0 Rx EQ Spec
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““ PCle 2.0 Channel Spec T

A Channel representation
V' S-parameter - —
V IL can be -14 dB at Nyquist of j%%
2.5 GHz for some worse channel vagosn | S Chamel | i
A Tx representation 3?
V FIR EQ has 1 post tap with Jogessor || .
6 dB gain ' 7—$

V Behavior model with jitter and noise
A RX representation
V Reference behavior model is not needed
A Simulator
V. Comprehend Tx jitter and noise
V' Comprehend Tx<->CH interaction
V Simulate EW and EH at the channel ref load
V Compare them with the Rx input thresholds
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™ pCle 3.0 Channel S -
e 3. annel Spec
A Channel representation peatou * Cabranon " i
V S-parameter or SBR 'l'EinEG:i_.—‘.-j——|— ?:__:____%MB@WZ
V' IL can be -28 dB at Nyquist of S e
4 GHz for some worst case channels n —hJ e
A Tx representation = w:2@aic
V 3-tap FIR EQ ST e
V Behavior model with jitter and noise
A RX representation D pinzon: man
V 1storder CTLE and 1-tap DFE ] el
V 1st order CDR a w] TN
V' Behavior model with jitter and noise oy ] \v\
A Simulator (e.g., Seasim) R IR
V Comprehend Tx and Rx jitter and noise o -
\V Comprehend Tx<->CH<->RXx interaction 0 2 4 8 & b o ow B B om@
V Simulate EW and EH Rx data latch e G

VV Compare them with the pass/fail thresholds
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““ PCle 3.0 EQ Capability

AThe best case EQ range

PCI >

EXPRESS

Tx FIR ( 3-tap)

RX CTLE (1st O)

RX DFE (1-tap)

Total

EQ range (dB)

9.5dB

10 dB

5dB

24.5 dB

AThis assumes

V CH xtalk is small (e.g., <-25 dB) and channel is loss

dominated
AWhat if xtalk is significant?

V CH IL has to be smaller in order keep a minimum SNR
for the link to operate at an acceptable BER (i.e., 1e-12)

AExample

V If CH xtalk is -15 dB, the complied CH IL is likely to be
significantly better than -15 dB
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% Simulation Setup '

A Simulation Platform
V Altera JNEye

A PCle TX using generic TX Model (Refer to page 397 in PCle Spec.)
V VOD = 804mV
V 10%-90% Rise/Fall Time = 35ps (Gaussian Edge Filter)
A Simulation with hybrid method
V TX DJ: Time-Domain, deterministic
V TXRJ, RX DJ, RX RJ: Statistical-Domain
V Crosstalk is modeled using bounded noise PDF obtained in time-domain

V EQ Configurations were obtained using various automatic/adaptive
methods

A Jitter Configuration (for both PCle TX/RX and FPGA TX/RX)
V PW-RJ = 1.0ps
V PWi DDJ = 10ps
V LF-DDJ =7 ps
V LF-RJ = 1.55 ps
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__Channel Beyond PCle 3.0 =
““ EQ Capability (Case 1)

Backplane Channel Characteristics

S-parameter Observer: Amplitude

IL=-25dB (BP+PCle PKG)

/FEXT x1=-43dB 7~

e [T e —
BP [FEXT2-1]
BP [FEXT2-2]
| 1 1 l

o -
(2]
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1 2 3 4
Frequency (GHz)

Few Crosstalk/Noise Margins

JNEye Scope: TP4 Eyediagram

200 BP w/
2 FEXT Aggressors
EH =32mV

EW = 0.33UI

200 BP w/
3 FEXT Aggressors
EH =23mV

EW = 0.25Ul

Failed Spec.

200 BP w/
4 FEXT Aggressors

EH=11mV
EW = 0.16UI

Failed Spec.
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e EQ Capability (Case 2)

JNEye Scope: TP4 Eyediagram

AEH = 32mVv

AEW = 0.33UI

A TX-FIR=[-0.04, 0.92, -0.04]
ACTLE = 9dB

A DFE =[-18] mV

. " M 200 BP w/
Extended Backplane Channel Characteristics - B > FexT Aggressors

S-parameter Observer: Amplitudg
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200 BP + 50 FR
2 FEXT Aggressors

AEH = 16mV

AEW = 0.25Ul

Amplitude (dB)
. 5 \
o
T

w
=1
T

8r B ssnstp A TX-FIR=[-0, 0.96, -0.04]
o] oo sty ACTLE = 11dB
BP-+20in.s4p A DFE = [-16] mV
PCle TXPKG [2]
451 PCle RX PKG [2] ]
Failed Spec.
. 1 2 3 4 5 6 7
Frequency (GHz)
200 BP +
2 FEXT Aggressors
MEEREN _ AEH=7mVv
i ; . A d AEW =0.24UI
Few Channel Insertion Loss Margins - | B A TX-FIR=[-0.13, 0.83, -0.04]
_— ACTLE = 12dB
ADFE =[-11] mV
Failed Spec.
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ISIG . . .
Overview for a Generic Link

TX RX

—_ %

________ »D Q I
PISO LEQ —»-@ )— LEQ [»DFE [ SIPO

) Channel T > —

L 0 > J

CLK/PLL |:CR/PLL

A N-tap Tx FIR
A Multiple stage CTLE
A M-tap DFE
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ey Work-Around Method 1 for PQI>
Non-Complied Channel (Case 1A)

JINEye Scope: TP4 Eyediagram

APCle 3.0 TX -> FPGA RX - S

s 10 y 2 FEXT Aggressors
PCle TX O ) FPGA RX 5 B A EH=261mV
' _ . 3 AEW =0.49UI
A TX-FIR=[0, 1.0, 0]
A CTLE =~14dB (AC), -1dB
(DC)
A DFE =10, 0.11, -0.04, 0.02,
-0.04]

Channel

Backplane Channel Characteristics ; A
o - . B W 200 BP w/

4 FEXT Aggressors
A EH = 230mV
A EW = 0.45UI
A TX-FIR=[0, 1.0, 0]

S-parameter Observer: Amplitude

= IL=-21dB (BP+FPGA/PCle PKG) o inleel A CTLE = -14dB (AC), -1dB
- / R — 2000 (DC)
A DFE = [0, 0.11, -0.04, 0.02,
30 -0.04]
g FEXT x1 =-43dB
E -40 /
H

= 200 BP w/

8 FEXT Aggressors

80 A EH = 165mV
T & & i W AEw-=034Ul
-70f [ BP PCIeTXPKG FPGARXPKG.s4p) 7 s e — A TX-FIR=[0, 1.0, O]
e P ' sl A CTLE =~14dB (AC), -1dB
80 1 2 3 4 1:3 6 g e - (DC)

Frequency (GHz) i A DFE = [0, 0.11, -0.04, 002,
-0.04]
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** Non-Complied Channel (Case 1B)

AFPGA TX -> PCle 3.0 RX

Backplane Channel Characteristics
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/ IL=-21dB (BP+FPGA/PCle PKG)

/FEXT x1 =-43dB
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200 BP w/

2 FEXT Aggressors

A EH = 60mV

A EW = 0.41UI

A FPGA TX-VOD = 0.8V

A FPGA TX-FIR=[-0.09, 0.82,
-0.1, 0]

A CTLE=8dB

A DFE =[-13] mV

200 BP w/

4 FEXT Aggressors

A EH = 41mV

A EW = 0.30UI

A FPGA TX-VOD = 1V

A FPGA TX-FIR=[-0.08, 0.83,
-0.09, 0]

A CTLE=8dB

A DFE = [-21] mV

200 BP w/
8 FEXT Aggressors
AEH=0mV

A EW = 0Ul

A FPGA TX-VOD = 1V

A FPGA TX-FIR =[-0.08, 0.83,
-0.09, 0]

A CTLE=8dB

A DFE =[-21] mV

Failed Spec.
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