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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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Content

= PCle 8GT/s data link.
= DFE adaption requirements.
= An explicit solution for DFE adaptation.

= Compare peak to peak based and LMS based
adaptation methods for 1-tap DFE.

= CTLE, FFE and DFE.
= |nteraction between CTLE and DFE.
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= PCle 8GT/s Data Link

= Tx: 3tap FFE.
= Channel: compliance channel. S parameter.

= Rx: CTLE and DFE.

v CTLE: 2 poles and 1 zero.
v DFE: 1 tap

D—{ Channel —
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= DFE Ogtimization Criteria

= Eye area is defined as horizontal eye opening

times vertical eye opening. It is a peak to peak
value.
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DFE Adaptation Requirements

= Optimize tap within [-30mV, 30mV] to maximize
eye opening area.
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| 1st Order| *k

CTLE

Yk = Xk — dysgn(Yk-1)

Yk = DFE summer differential output voltage.
Y*« = decision function output voltage. |Y*k
X = DFE differential input voltage

d4 = feedback coefficient

k =sample index in Ul
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DFE Adaptation Derivation - 1

= Single tap DFE looks at one previous bit.

Xbit11

1 Xpit01

T

| Xpitoo
A

Ul center

Vi = % — dySsgn(yy-1)
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~" DEE Adaptation Derivation - 2

= Vertical eye height as peak to peak.

Veye = min({ys;;1}) — max({Vpiro})
= min({¥pir 11 b Vpiro1 ) — max({ypic 10} Vpicoo D
= min{(min({¥p 113}), min({yi¢013})) — max(max({ysic103}), max( {Veico0}))

min({ypi:11}) = min({xp;11} — dy) = min({x11}) — dy = x;?f_il —dy
min({yyi;01}) = min({x3;.01} + d1) = min({x;,01}) + d; = x50, +dy
max({Ypir10}) = Max({xp; 10} — di) = max({x,;, 10} —dy = x5, —d;
max({y; g0}) = max({x,; 0} + dy) = max({xy;00}) +dy = x50 + dy
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= DFE Adagtation Derivation - 3

= Min/max of eye bit pattern as a function of DFE
tap value.

min({ybit01})

min({ybit11})
min({ybit1})

0
max({ybit0})

max({ybit00})

max({ybit10})
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DFE Adagtation Derivation - 4

= Vertical eye opening as a function of DFE tap
value.

= For adaptation, and for predicting.

| | >
/ 0 it Oright \ d1
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DFE Adaptation Solution

= Vertical eye opening as a function of DFE tap
value.

Y™ + 2(dy —dpp. ), dy <dp
Veye =min({ypi1}) — max({ypic0}) = {ym» iepy < dy < diigps
ymeE + Z(dﬁght —d,), dy > dyigp
diey = min (05(x%, —xm5,),  0.5( A, — xx))
dyighs = Max (0-5( X1 — Xpor)r  0-5(xggio — xg;ta(:)tﬂ))
Yy = 0.5( xi% + xpao1 — Xbado — Xbego) — (dyight — dieft)

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 11



PCI ¢

ISIG

Examgle

= Vertical histogram at eye center.

Yaoltage (m')
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DFE LMS Criteria

= Optimization based on Least Mean Squared
criteria.

LMS = > (s = V™) + D Oeo = v )’
2 2
= Z(ybit 11— VhE ) + z(ybit 01— Ybit1 ) + Z()’bn 0 — Ve ) + Z(ybit 00 — Ybito )

_ d )? _ d
> O = Y32 = x ((3ifa) + OB — yBm)?) = nx (x5 )” + GRS — dy =y )D)
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DFE LMS Adaptation

= Assume four bit patterns get same amount of
hits from the signal. For example, PRBS.

= Every term for each of the four bit patterns is a
guadratic function, whose graph is parabola.

= What function is the sum of the four quadratic
functions? Explicit solution?

LMS A

>
d1

0
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' L MS vs. Peak to Peak

Based statistics of Min, Max (Slide 10) Mean (Slide 12)
bit patterns

Continuous Yes Yes
Derivative No Yes (Slide 12)

Optimal tap value Range (Other criteria) Single value
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PCle 8GT/s CTLE

= Second order IlIR.
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CILE vs. FFE

= CTLE operates on continuous time.

= FFE operates on discrete time. Observe the
Images In its frequency response.

= 6dB 2-tap FFE and CTLE responses are shown.

Magnitude: Blocks #: Freq (GHz)

Step: Blocks
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CILE, FFE, DFE

Signal that the Analog Analog
coefficients are

applied to

Time Continuous Discrete
Frequency response Infinite Nyquist
control frequency

Impulse response IR FIR
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Discrete

Non Linear
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Interaction Between CTLE, DFE

= Numerical example.

49.66
--_--
26.97 : 96.94
-9 22.88 48.72 86.43 0.56
-10 18.7 40.89 76.86 0.53
-11 12.3 32.73 68.49 0.48
-12 10.39 25.89 60.89 0.43
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Waveforms — Example

= Waveform at end of channel, waveform after

7/dB CTLE and waveform after DFE.
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Eye Diagrams — Example

= Eye diagram at end of channel, eye diagram
after 7dB CTLE and eye diagram after DFE.

Y Voltage TIE1: Eye Diagram Y Voltage TIEZ: Eye Diagram Y Voltage TIE3: Eye Diagram
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Thank you for attending the
PCI-SIG Developers Conference 2011.

For more information please go to
WWW.PCISIg.com

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

22



