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Motivation

A tool is needed for the committee to create and validate a channel

model with various signaling methods and be useful for board vendors to
verify channel compliance.

1. Should have:

. Ability to use S-parameters of IC, package, channel, capacitors, and crosstalk
. Ability to evaluate loss, impedance, and reflections across frequency span
. Ability to emulate modern system features i.e. TX emphasis, RX FFE, RX DFE, etc.

. Ability to provide BER

2. Currently available examples:

. Open Source: StatEye
. Commonly Available: HSPICE, ADS, Matlab, Perl

. Proprietary: IBM’s DFECDR tool, Agilent’s Signal to Interference Model
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Tool Comparisons
Statkye

Open source Matlab scripts for I1SI and jitter modeling of communication link.
Emulates TX and RX systems against channel S-parameters by building and
evaluating a pulse model through PDFs. These PDFs are used to statistically
generate BER contours in the shape of an eye.

Developed by Anthony Sanders, Edoardo Prete, Alex Deas, and Bob Davidov

Code and forum support available at www.stateye.org

Signal to Interference (Sigint) Model

January 24, 2004 Shannon Sawyer IEEE802.3ap

Perl scripts that call HSPICE and C functions to evaluate the reflections in end to
end channels using a generated pulse response against S-parameters. Output are
tap weights, various signal gains, self interference, re-reflected interference,
SDD21 margin, and signal/noise relationships.

Developed by Charles Moore and presented to Ad Hocs.  moore 01 1104

%2 Agilent Technologies Page 4



Simulated Channel Specifics
Cascaded Channel Components

 Tyco’s 7 thru channels from the database each with (qty4) xtalk rev6.s4p for
xtalk. Cases 6&7 have worst stub effect (125mil stubs).

. Intel’s 18 thru channels from the database each with NEXT1&3 and FEXT1&2 for
xtalk. “T” channels have worst stub effect (175mil stubs).

 Intel’s Spec_RL cap_like.s4p package model (one for each end of channel)
 Agilent’s 4 7nf.s4p AC coupling capacitor

»  For each of the cases, these 4 channel component’s .s4p files were cascaded into
a single .s4p as described in sawyer_m2_0105 and run with each simulator.

o  TP4-TP5 AC coupling cap vias were not available at simulation time to complete
the full channel.

o  Simulations were performed with and without xtalk
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StatEye Overview
Steps to Generate a Statkye

(Paraphrased from ghiasi_01 09 04)

1. Input S-parameters of channel
2. Generate pulse response from S-parameters

3. DFT of TX pulse, combine with SDD21, then IDFT, sampled at bit rate, for RX
pulse at x(0) to generate first conditional vertical PDF

4.  Iterate #3 for family of values of x(0+Dbit time)
5.  Generate horizontal PDF from RJ and DJ values.

6. Choose vertical line at sample point, then combine #4 and #5 to generate PDF
of vertical line (provides BER height contour)

7. lterate #6 for family of values of x (provides BER width contour)
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Statkye Overview
Version 3.0E GUI

Pulse Dedfnition
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Statkye Setup

Transmitter

Data

. -—

[:ru'l )

DataGenerator:

January 24, 2004

Rate =
10.3125Ghbps

DJ = 0.15Ul pp
RJ = 0.15Ul pp
BER = 1E-15
PNA =]

DCD = 0.05
Pulse

« Ideal [X]

» Gaussian []

» Spectrum []
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Coding L _' PU15?.DEEFHI1IDH:

Q0101|00110 | |
Q001101100 = ¥
J | — |

To Channel

Coding: PulseDefinition:

« PAM = PAM2

« Coding Spectrum = Raw NRZ .

-5 Agilent Technologies

txpre =[]

txpost = [ -0.1,-0.1]
vstart = [-0.4, -0.3, -0.2]
vend = [0,0,0]

vstep = [0.1, 0.05, 0.025]
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Statkye Setup

Channel

Format of Channel Data: Select ane only

Charned Dals is & sl ol i

2 Patamaters
=
Chanined Dl is & st ol
ABCD Paramiatens {
|

Cherned Data s an Ampiude Freguency = Prasa
aspaTeE (AFR)

P4_S4P:  [X] ~—— e —

4Port SAP Params: cascade.s4p -

Chanfel Dala i o et of Modal Dalays and
¥ Pessar Faziors |WPF)
B

LA
; T e - - HlIJL

[+

cascade.s4p

pkg.s4p Pchannel.sdp—» cap.sdp » pkg.sdp
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Statkye Setup

CrossTalk

Define Cross Coupling
{Type, Mumber of Aggressors and Xitlk Response)

—

@—» Cross Coupling
ool

Summation:

Add non-linear lanch components:

Tx Side

Rx Side

* Linear [x]
 RSS]
Number of Aggressors: 4
Aggressor: s4p [x]

s4dp aggressor data: next.s4p, fext.s4p,....
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Statkye Setup

Receilver

-~} _EI%
From Channel — — - [~]

FFE

FFE: Taps =4
DFE: Taps =4
CDR:
* Single PLL [X]
e Dual PLL[]
» 16x Oversampling Digital CDR
» Eye enlargement:
o Off [X]
o Acuid []
e Samsung []

* Broadcom []

January 24, 2004 Shannon Sawyer IEEE802.3ap Page 11

-5 Agilent Technologies



Statkye Setup

Output Data

Plot: TX Filter [] Scppe_
Plot: PADs [] -
Plot: S11, S12, ... [] il
Plot: ABCD Parameters []

Plot: Transfer Function []

Plot: SDD11, SDD12, ... []

L

tFEET N

Plot: Measured and Interpolated Data [] Plot: PNA []

Plot: Modal Delays and Power Coupling Coefficients [] Plot: Statistical Eye [x]

Plot: Amplitude Frequency Response [] Eye Contour Type: Q []

Plot: TOSA [] Eye Contour Type: BER [X]

Plot ROSA [] Plot: Bathtub Curve []

Plot: RX Filter [] BER of min contour: 1E-15

Plot; Pulse Response [x] Results File : ../Results/Example.mat
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StatkEye Example Output

Pulse Response

Fubes Aesscoegs hiled 5289, maodTo=1 000
Traremii pase
1 Aoceiet jutst

Momalised Smokbeds
[

1] -1 1 13 |
Pormabied Tifo

 TX input pulse (red) and
pulse seen at the RX (green)

» TX normalized amplitude

e Ul normalized time
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Statkye

Srafishcal Eye (EERY Ressolusanmpe mat Eysa] 1B
o . i :

=37 -0 13 =21 -] 3% 1] nng o1 18
Tirrw Ot LA

 BER contours (inner contour is 1E-15)

» Min contour amplitude represents output
eye in Vsepp normalized to TX pulse
amplitude. l.e.. 0.12*1.0V=120mVsepp or 12%
of TX input pulse amplitude.
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StatkEye Simulation Results
EyeHeight, EyeWidth, DJ, RJ vs. Tyco and Intel channels (noXT)

statEye Output on Tyeo and Intel 8d Hoc Channels
Each channel
sim took Stxpost, 4FFE, 4DFE, noT
~5 minutes (noXT) 2t ye,_RJ = StatEye_Hidth
. mm ot athve [
~8m|nutes (XT) 0 T—StatEye_Height

a0 e
Gasl _________ | shorter channels
0.28 {3 - | . have larger
be N e o IO g EyeWidths and
EyeHeights

longer channels
have smaller

EyeWidths and

EyeHeights
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EyeWidths and EyeHeights correlate with each other
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StatkEye Simulation Results continued...

EyeHeight, EyeWidth vs. Tyco and Intel channels (XT and noXT)

Tyco channels

EyeHeight
noXT
12%-25%
XT
10%-24%

EyeWidth
noXT
212muUl-515mUl
XT
212muUl-515mUl

=

Q.

Q.

mm StatEve_Helsht
mm 5t atEyve_[idth
mm T StatEve_Height

69

56

StatEye Output on Tyco and Intel Channels
Width (UI), Height (Veepp normalized to TE pulse)

m T StatEyve_Width
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name

trend |3
VEelEZEoq420

Intel channels

EyeHeight
noXT
9%-27%
XT
7%-19%

EyeWidth
noXT
250mUl-629mUl
XT
250mUl-629mUl

Comparison of Tyco Case5&6 and Intel B1,M1,T1 show stub length affects
Intel has more change in EyeHeight with XT, and EyeWidth has no change
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Signal Interference Model (Sigint) Overview
Perl and C functions

(Paraphrased from moore 01 1104)

1. Read in S-parameters of channel components
2. Average SDD21 around Nyquist rate to get “AC gain”
3. HSPICE generate 1 bit pulse into ideal termination to get “pulse gain”
4. Optimize TX tap coefficients with channel.
5. Integrate the pulse response tail 2 bit times after cursor to get “self interference”
6. Use 156
sin (T fl@)
J |ch811| D|I'tx|El|ch521| 0 df
T f
0
to determine “re-reflect interference” for TX and a similar integral for RX
7.  Linearly sum in worst case interfering patterns for xtalk as in moore_01 0704
8.  Output the results and analyze Signal and Noise data to create a channel gain limit
or an eye height/width limit.
January 24, 2004 Shannon Sawyer IEEE802.3ap Page 16
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Sigint Model Setup

1.  NRZsignaling at 10.3125Gbps

2.  Cascaded S-parameters of Intel package->Tyco/Intel Channels->coupling
capacitor-> Intel package

3. 2 TXpost cursor taps, 2 RX DFE taps

4.  Tj=0.4Ul
5. No Crosstalk (function detailed in moore_01 0704 needs to be coded in)
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Sigint Simulation Results

various gains, self and re-reflected interference, and N/S ratio vs. Tyco
and Intel channels (noXT)

EaCh Channel SIm Signal Interference Model Output on Tyeo and Intel Charmels

took ~3O Seconds 2txpost, SDFE, nolT
w0 gAin mce]f
i i i ol
16 T Long channels
Short channels 128 - show low
show noise more 0.9 - noise due to
clearly and pulse 0,64

attenuation and
: amplitude is
mm:mz:mmm:m:amzmmmmamm | diminished
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amplitude is better 0,52

trend |3
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Self interference (pulse response tail ripples) is consistently larger than re-reflect
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Sigint Simulation Results continued...
self and re-reflected interference vs. Tyco and Intel channels (noXT)

Tyco channels

SigInt Output on Tyco and Intel Channels
gelf and re-reflect interference (normalized to TR pulse)

Self=8%-27%
ReReflect= 2%-7¢
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trend |3
GE0121 $1050

Intel channels
Self=10%-37%
ReReflect= 3%-13%

ReReflect appears to be inverted since it diminishes with stub length

Self appears to correlate with low loss channels with pulse response ripples
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Correlation Between Statkye and Sigint
StatkEye Width against all StatEye and Sigint parameters

= Hwarp Chart
StatEyse_Hidth{x axiz! w=, ALL PARAMS, Y awis)
gains Titn s
lowFreqg_zain_dB Hyquist_Gain_dB SO021 _margin_dB
correlate s delay : ” :
as =
LA o noise
expected ot s .
characteristics
A are inverted
. * -T-K_TEIPU * 'T.}{_Tapl = 's.elf :Eéireﬂect no':‘l.se;'signal
ratios are
inverted T o
S1g-nolse IS-tatEye_RJ StatEyve_DJ éﬁa;d.ﬂye_TJ
Statiye Feight  Statfye Width

self and re-reflect interference correlate with StatEyeWidth, but are inverted
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Correlation continued...

SDD21 margin (dB delta from Goergen SDD21 limit at Nyquist)

against all Statkye and SigInt parameters

— Hwrarp Chart
SOD21_margin_dB(¥ axisz) ws, ALL PARAMS, (F awis)
'.‘:.: -._-- .-. .- . - 'ﬁ-* - H - H .-.'
na.me ns_d'e.layl lDwFreq._Ga:in_dB quuis.t_l.?ain_d SDDél_margin_dB
Al gain Pulse_gain Signal Gain Sust, DhE
- J'. Ll - f. Ll o Ea . - DEET o AP _
Txz_Tapl Tx_Tapl self re—reflect nolse/slgnal
. ) - . . -
'..=,.| - . W A :
signal/noise slg-noise StatEye RI StatEye DJ StatEye TJ
Stathye Height  Stathye_Width

No reasonable correlation to any parameter shows SDD21 is not able to
completely account for all necessary 10G channel characteristics
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Correlation continued...
AC_gain (at Nyquist of SDD21) against StatEye and Sigint parameters

=
AC_gaint¥ axi=) v=s, ALL PARAMS, ¥ axisz?
blnomlal . I;ame ns_c[e-le‘ay lcw:Freq_Gain_dB HH-quist_Gain_dB Slslﬂgl_margin_dB
distribution
groups = M RN R I el
channels with AC_gain Pulse_sain Signal Gain Sust pkf
long stubs
"TX_TELDU "TX_TELPI - gelf dr?:—ref ect nc:ulsefsmal
Si.gnalg;nénise sig-nolse .étatEye_RJ StatEwe DJ éfaﬁEye_TJ
o . . <~L_- - >
statBye Height  Stathye_Width

Intel channels with 175mil backplane stubs stand out with either tool
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reflection are

both signal
loss and
shown here

S1glnt (2tzpost, S0FE, nokT)

sl onolse

Statkve and Siglnt Model Output on Tvco and Intel Chamnels

StatEve (2tzpost, SFFE, 2DFE, nolT)

mm Pilse gain

e ] f

trend |

05012130918
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L dps* Bxcda™ 4d00 b7 107 | S1agad ™Sy do
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b dps* Exdo™ 4d00 b7 | E | SdatadTEydo
b dps* Exdo™ 4donsp~ I T LS4a3ad " Eyda
L dps* Bx9da™ 4d0 s b7 I ZEHSE3ad ™3y do
L dps* Exdo™ 4d00 s b7 10 S e ad ™Sy do
L dps* Bxdo™ 4d00s 07 12T Eaad ™8y do
b dp=* Exdo™ 4dnns b~ | R ElaiadTEyda

N

b dps* Exda™ 40 b7 SR EaadTEydo
Fape* Exdo™ 4doos b~ LTHELe3ad 30

m Ctathve_Hed

.va;waU|quohv|hmmmwpmumnlwxaum
[

L dps* Bxda™ 4d0 s b7 I0FT S agad ™Sy do

Fdpe* Bxdo™ gdoos p~ LIETdsatad Sy

b dp=* Exdo™ dnns o~ 1ggsdeadTEyda

b dps* Exda™ 4din s b £ S atad T8y da

b dps* Exda™ 4din b~ | TISatad T8y da

b dps* Bxdo™ dn0sp™ |4 esea Eyda

b dp=* Sxdo™ 40y p~ |9esea Eyda

b dps* Bxdo™ 400 b~ | Gasea SEyda

b dps* Bxdo™ dn0s b~ [ pasea Eyda

b dps* Bxyda™ 4dn0 s b~ [SaseD” Byda

b dps® Bxdo™ 4d00 s b~ [ Zasea Eyda

re-reflect

dps* Bxdo™ jdons pT | TEsE0 T EYdD

072
. 54 -
0. 18 ~

_
1

{,
-0.18

StatEye and Sigint results vs. Tyco and Intel channels

Compared Results

tracks Statkye
except on
(short, clean)

very low loss
channels

sig-noise
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self and re-reflect are inverted compared to StatEye Width and Height
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Conclusions

» Without crosstalk, all channels with packages and capacitor had
at least 9% open StatkEyes at a BER of 1E-15 with 2 TX post cursor
taps, 4FFE taps, and 4DFE taps.

« With 4 aggressor crosstalk, EyeHeight is reduced 1%-6%.

o StatkEye’s EyeHeight and EyeWidth are able to discern between
reflective stub effects and absorptive loss effects.

 Siglnt’s “Self” finds channels with bad pulse response ripples.
 Sigint’s “AC_gain” separated Intel channels with longest stubs.

 Sigint’s “ReReflect” doesn’t find stubs, and may need coding
changes.

» The Statkye EyeHeight and EyeWidth correlate positively with the
SigInt’s noise metrics... need to look through Sigint code.
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Supporting Slides

StatEye user parameter.m file used for simulations
%

Qptkkkkkk bk ket THIS 1S A GUI GENERATED FILE *titithictictsktokiksetok
% This file of user parameters has been generated by the StatEye GUI. %

% If you wish to enter parameters manually and not through the GUI then copy %

% user_parameters_manual_template.m to user_parameters.m, and then run main.m %
% %

param.bps = 1.03125e+010;

param.txdj = 0.15;

param.txrj = 0.15;

param.BER = 1e-015;

param.PNA = "off";

param.DCD = 0.05;

param.tx_ideal = ‘on’;

param.tx_gaussian = "off;

param.tx_spectrum = "off";

param.PAM = 2;

January 24, 2004 Shannon Sawyer IEEE802.3ap .
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Supporting Slides

user _parameter.m continued...

param.datacoding = 1;
param.txpre = [J;

param.txpost = [-0.1 -0.1];
param.vstart = [-0.4 -0.3 -0.2];
param.vend = [0 0 O;
param.vstep = [0.1 0.05 0.025];
param.txdeemphasis = [];
param.txFilter = "off";
param.txFilter_restore = ‘off’;
param.txFilter_type = 'singlepole’;
param.txFilterParam = [1 1];
param.txBesselFilterOrder = 4;
param.txcpad = 0;

param.txtermination = 50;
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Supporting Slides

user _parameter.m continued...

param.tosa = 'off";
param.nonlinear_tosa_data = ["'];
param.tosa_Sparams_type = "p2";
param.p2_tosa_data =["T];
param.p4_s2p_tosa_data = ["];
param.p4_s4p_tosa_data = ["];
param.channel = 'p4_s4p’;

param.p4_s2p_channel_data = ['../Models/Channels/p4_s2params/thru_TXP_040309/"];

param.p4_s4p_channel_data =["../../../../IEEE802/802.3ap/channels/bills_channels/cascaded/cpkg_petersB1T_4700pf cpkg.s4p'];

param.abcd_channel_data = ['../Models/Channels/abcd/thru_2p_ TXP_040309.abcd'];
param.afr_data = ["../Models/Channels/afr/Cambridge_rel_1_0/CamMMF1p0f34023f.txt'];
param.mpf_data = ['../Models/Channels/mpf/Cambridge_rel_1 0/CamMMF1p0f01017i.txt'];
param.rosa = "off";

param.nonlinear_rosa_data =[""];

param.rosa_Sparams_type = 'p2";

-5 Agilent Technologies

January 24, 2004 Shannon Sawyer IEEE802.3ap

Page 27



Supporting Slides

user_parameter.m continued...

param.p2_rosa_data =["";

param.p4_s2p_rosa_data =["T;

param.p4_s4p_rosa_data =["T;

param.xtlk_summation = ‘linear";

param.noAggressors = 4;

param.stype_aggressor = 'p4_s4p’;

param.p4_s2p_aggressor_data = [];

param.p4_s4p_aggressor_data =["../../../../IEEE802/802.3ap/channels/bills_channels/cascaded/cpkg_petersB1F1_4700pf_cpkg.s4p";
'./../../../IEEEB02/802.3ap/channels/bills_channels/cascaded/cpkg_petersBIN1 4700pf cpkg.sdp’;
'./../../../IEEEB02/802.3ap/ channels/bills_channels/cascaded/cpkg_petersB1F2_4700pf_cpkg.sdp’;
'./../../../IEEEB02/802.3ap/channels/bills_channels/cascaded/cpkg_petersBIN2_4700pf_cpkg.s4p'];
param.rxcpad = 0;

param.rxtermination = 50;

param.rxFilter = "off";

param.rxFilter_type = 'singlepole’;

param.rxFilterParam = [1 1];

param.rxBesselFilterOrder = 4;

param.ffe_tap = 4;

January 24, 2004 Shannon Sawyer IEEE802.3ap .
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Supporting Slides

user _parameter.m continued...

param.dfe_tap = 4;

param.CDRType = 'SinglePLL";
param.eyeenlargement = *off’;
param.plot_txFilter = 'off";
param.plot_PAD = "off";
param.plot_ini_s_params = "off’;
param.plot_abcd_data = 'off’;
param.plot_trans_func = *off";
param.plot_result_dif s_params = "off*;
param.plot_interpolated data = "off";
param.plot_mpf = "off’;
param.plot_afr = "off";
param.plot_tosa = ‘off’;
param.plot_rosa = 'off";

param.plot_rxFilter = "off";
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user _parameter.m continued...

param.plot_pulse_response = 'on’;

param.plot_pna = 'off";

param.plot_stat_eye = ‘on’;

param.plot_stat_eye type="'BER";

param.plot_bathtab = "off";

param.min_eye_contour = 1e-015;

param.resultsfile = [*../Results/example.mat'];

% %

QpFrkbibikkkkk koo END OF GUI GENERATED FILE #bitioktositobotbotoriok
% %

%3}
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