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§ The Eye Doctor Solution
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§ Minimum Mean-Squared Error
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Directed Learning
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Equalizer Emulation Components
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Setting Up Equalization

= DFE

— Use equalized receiver

— Set number of taps and train
= FFE

— Use linear tapped delay line
filter

— Set number taps and train
= De-emphasis
— Use linear tapped-delay line
filter
— Settapsto 3

— Set bit time interval (tap
delay)

— Enter weights: -N, 1-N for 1-
2N de-emphasis
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‘3? Configuration of the equalizer emulator

FFE (Feed Forward Equalizer) DFE (Decision Feedback Equalizer)

D'FE

B TIE loBE Data
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Virtual Probing Theory of Operation

Network Diagram
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System Description File
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Signal Flow Diagram
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.device T 4 file "t.s4p"
.device L 2 file "l.s2p"
nodevspS1T1
.nodevsmS2T?2
.nodevipT3L1
.nodevimT4L2
StmpS1

Stimm S 2

L .meas vsp

.meas vsm

.output vip

.output vim
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§ Power Wave Relationship

= \Voltage Is voltage at node

= Current is into leftmost port

= AIs incident wave on leftmost port

* B is reflected wave from leftmost port
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Voltage Relationships
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Ve, = (spl+sp2)-+vZ0
Vg, = (sml+sm2)-4/z0
Vi, = (Ip1+1p2)-Z0

Vi, = (Im1+1m2)-4/z0
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Systems of Equations

Spl=p+SS;, -SM2+SS;; -sp2

sp2 =sT,; -spl+sT;3 -sml+sTy, - Ip2+sT;, -Im2
SmM1l=m+sS,; -Sp2+sS,, -sm2

SM2 =ST45 -SM1+STg; -SPl+STy, - Ip2 +ST5, -IM2
Ipl=ST,; -SpPl+STy; -sSM1+ST,, -IM2+ST,, - Ip2
Ip2 =sL,; - Ip1+sL,;, -Im1

Im1=sT,, - Ip2+ST,; - Spl+ST,3 -SM1+ST,, - IM2
Im2 =sL,, -Iml1+sL,, -Ipl

1 0 -sS;; -sS,, O 0 0 0 |[sp] [p]
0 1 —SS,; —SS,, 0 0 0 0 sm, m
—-STy; —STp, 1 0 0 0 —STy3 —=STy4 | | SP, 0
—ST,; —sT,, 0 1 0 0 —STy3 —STy, | | SM, 0
—ST3; —ST3 0 0 1 0 —ST33 —STgy | Ip; “lo
—STy; —STy 0 0 0 1 —STy 3 —STy || IMmy 0
0 0 0 0 -sby;  —sby, 1 0 Ip, 0

0 0 0 0 —sb,; —sL,, 0 1 ||Imy] [O]
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§ The Simulator Solution
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with respect to stimuli.
= Virtual Probing is not a simulator.
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§ The Transfer Function Solution
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§ Virtual Probing Filter Structure

sm

Both filters transmit the common
mode in the same polarity, and the
differential mode in the opposite
polarity.
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Filter Responses Explained
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§ Virtual Probing Agenda

= Setting up Virtual Probing

= System Description Files and Diagrams
» S-parameters and S-parameter files

= Virtual Probing Theory of Operation

= How it Works Internally

= Matching Problems to Diagrams

= TinyCAD

= Summary
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Internal Steps

» Set up a System Description which is an
array of devices, each device having S-
parameters and an array of ports, each port
containing a stimuli, an A node and a B
node.

= Set up the equations corresponding to the
system description and solve them.

= Convert the solutions into transfer functions
and then into filters.
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§ Table Equivalent of System Description
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A Sp2
B spl
0 S p
S A sm2
B sml
S m
A spl
B Sp2
S
A sml
B sm2
1 S
T A Ip2
B Ipl
S
A Im2
B Im1
S
A Ipl
B Ip2
2 S
L A Im1
B Im2
S




§ Compact, but Time Consuming Code

Array < ComplexMatrix > Sinv({sps3d[0].5().Elements{));
S/ build 5§ {and actually Sinwv)
for (int n=0; n < spsd[0].3() .Elements(); ++n)
{ /f for each frequency element
ComplexMatrix S5({ports,ports, COMEPLEX(0.0))
for (int d=0; d < spad.Elements(); ++d)
[ // for each device...
for (int p=0; p <« spad[d] .Elements():r ++p)
{ // for each port in the device...
f/ calculate the row in 5 based on the B node connection
int r=Index({spsd[d] [p] .BNodeName () ,H) »
S[e][r] = 1.0;

S/M[r] = Devices[d] [p] .StimName () ) ;
for (int c=0; c <« spsd[d].Elements(); ++c)
{
S[r] [Index(sp=sd[d] [c] .ANcdeName () ,H)] = —-spsd[4].5() [nn] [p] [c]~:
1
1
1
Sinv([n] = ComplexMatrix::Inverse(S):
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§ How System Equations are Generated

A Sp2
OB spl
0 S p
S A sm2
1B sml
S m
A spl
OB Sp2
S
A sml
1/ B sm2
1 S
T A Ip2
1 0 -sS, -sS, O 0 0 0 I[sp ] [p] 2 g Ip1
0 1 -S8S,; —-SS,, 0 0 0 0 sm, m A Im2
—STy; —STy, 1 0 0 0 —STy3 —STy4 | | SP, 0 3B Im1
-SsT,; —sT,, 0 1 0 0 —STy3 —STy, | |SM, 0 S
~sTy, -ST,, O 0 1 0 —sTgy -STeu||lp,| |O Al 1Ipl
~sT,, -sT,, O 0 0 1 —sT,; -sTu||Im | |0 0|B| Ip2
0 0 0 0 sl -sb, 1 o ||, | |o E i —
0 0 0 0 sl -sl, O 1 | |[m,| |o] L[5 Imz
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Eye Doctor Summary

*Measuring signal at transmitter guarantees
maximum signal fidelity — minimizes
measurement error

*Simulating channel and interconnects provides
accurate and repeatable measurements

=S-parameters of compliance channel can be
defined in specification

=Standard equalizers defined in software allow
measurements on closed eyes independent of
specific implementations
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