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e a: a guestion or problem having only a
.~ conjectural answer
: - b: an intricate and difficult problem
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* Conjectural
e a: Interpretation of omens
 b: a conclusion deduced by surmise or
guesswork
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S0, you probably asking “where is he
going with these definitions?




Practical Channels Close Down Eyes for High Data Rates

S-Parameter Model of

Channel
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The Problem or Conundrum Becomes:

1. How do | open the eye?

2. What do | attack first?

3. How do I confirm my suspicions?

4. How do | optimize for both Loss and Crosstalk
aggression

5. How do | develop a concerted method to make my
Job easier!
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The Method:

1. Start with a Family of S-Parameter Models.

2. Test the S-parameters

- Tested for Passivity/Causality
- Measurement Validated

3. Data-Mine the S-parameter in library

Sources of S-parameter Library

Integrated Channel
Model Platforms
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4. Emulate Silicon SERDES architecture with EDA
tool. We create a perfect TX/RX.

LeCroy SPARQ-4004E
—
Setup

Eyeformed from equ: signal

File SPARQsetup Display Cursors Measure Math Analy: Utilities Help

AT AT A
Jw ‘ H “” H ‘ A AL A ||Ju

Y

After emulating 11inih stripline strucre

After applying CTLEequal n

Fy
Dj(sp) 151 DDj DCD BitRate
value 132.290 mul 2.494 mUl 98.431 mUl  106.15412 mUI 109.25159 mUl  6.6233117 pUl  10.70 Gbitlsec
SDA Eye EyeHeight EyeAmpl EyeWidth EyeZero EyeOne EyeCross EyeBER
value 1787 mv 2540 mvV 793 ps -127.0 mv 127.0mv 50.0 %

_ —
56 mV/di 200 m\ﬂdli 160 m\ﬂdi;:‘ 100 m\ﬂdli 2 [[Idemdﬂj‘ 106 ﬂdj

15.6 ps/dn 2.00ns/di 2.00 nsidi 2.00ns/di 100 mUlidi 5.00 mUl/di
124,925

SDA Jitter (1e- Rj(sp)

187.504 ks

Eye Doctor I
Enabled:

—
Turn Off
Disabled

‘ Emphasis ‘

LeCroy

Emulate
Channel

De-embed

®  [Show

Enabled:
CTLE: 7.0dB
e

‘ Equalizer ‘




5. After EDA tool optimization establishes optimal
eye opening, Implement physical silicon+Channel,
monitor eye internally

6. Correspond to EDA tool optimized result

/. Optionally add crosstalk aggression and re-
optimize.

Semiconductor Chip ie

b_‘ EQ = Logic
( .

(s

Equalized signal inside the chip
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w2 Goo S-parameters start with Good
Calibration! Simple Cal Verification

Calibration Yerification using KF-KF Pasternack Connector
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THRU 3 inch Microstrg
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Cal Verification S11 (blue), and 522 (red)
s6x . G s, Analysis of Calibration
-. f - Causality Using Polar Plot,
180 Causal S-parameters should
only rotate clockwise
180 { ‘5 0 Cal Verification S11 (blue), and S22 (red)
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240 § 300
270

Quick Polar view of Insertion
locates non-causal behavior
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~ Now, lets discuss Data -
- Mining....
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Data Mining the S-parameter Models

S-parameters are too often treated as a “black box”
Step 1 of the method: build an S-parameter library

Data-mine your library learn all you can about your
models

Five parameters are of particular interest:

Differential return loss
Differential insertion loss

Differential time delay
Common time delay

A N N N N

Mode conversion terms

LeCroy VITESSE WHG UBM
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Mining Differential & Common-
signal Insertion Loss

From SDD12 & SCC12 (or other IL S- params)
predict/measure:

2 Channel bandwidth
Ex. -10db @ 5GHz
40—+

2 Time delay through channel 50

2.5 ns nominal, TD vs. frequency .60
shows dispersion

2 Loss estimate

10+
20+ SDD12

SDD21
-30+

Insertion Loss (dB)

0 1e10 2e10 3e10 4e10
Frequency (Hz)

4
Slope: 2dB / GHz / 11in, 275
or 2dB / GHz / 2.5ns g257 T
2 Overall S-param quality 2"l semmer
(via comparison to SDD21 and SCC21) 05 I
Extremely close match et 0
LeCroy VITESSE wild UBM
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Mining Return Loss S-parameters

Frequency domain: 0
Ripple is evidence of mismatches

2 DUT/port impedance mismatch
A Trace/Launch mismatch

Return Loss (dB)

_ -50
Convert to time domain to: 60 , , ;
0 1e10 2e10 3e10 4e10

2 Calculate impulse, step response Frequency (Hz)
A Calculate impedance profile, rho

2 Understand local variations
from nominal impedance

2 Spatially locate unexpected
Impedance mismatches

|l1T
0

UBM
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Mining Mode Conversion S-
parameters

SDCxy and SCDxy Is a result of differences
between + and — nets

Conversion from Differential to common causes
latching issues
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Step 1l of the Method - Equalization

Analysis

Understand the signal integrity impact of the S-params

Tools are available to simulate eye:

7

LeCroy Signal Integrity Studio

2 Agilent ADS

e

MATLAB

Goal: determine what Is required
to open the eye

e

A A

Transmitter emphasis
CTLE

DFE

FFE

LeCroy VITESSE wild UBM
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Dealing with fixtures

Tools are also available to calculate waveforms at any
point In your circuit or to remove effects of fixtures

72 Example: LeCroy EyeDoctor / VirtualProbe

View Cutput Apply

e B Veas | > Meas | " B Veas | " B Veas | - B Veas | .

Transmitter ldeal _ Filé _ Filé . Filé _ Filé _ Ideal Receiver
Termination . VProbe | ' . VProbe | ' . VProbe | ' . VProbe | ' VProbe | Termination

Cable 6002 deembed

10 inch Xilinx bd 201°
2011 1017.52p, Cable .. 101ineh Kilinx bd 2011

1017 .54p

port1_1008.52p, port3_1008.52p,
port2_1008.52p portd_1008.52p

LeCroy VITESSE WHG UBM
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Equalization Techniques

Eve Doctor Il | Emphazsis

CTLE Setup

Enable Tap Values

-497.637e-3

|_ Auto Add ‘ | | i

1 | 1.497631
Auto Remaove

Continous Time Linear Equalizer (CTLE)

. Enable

Standard
LISB3

Auto

Boost
6.96 dB

Custom . Edit  View
tstom CTLE Setup

DFE Setup FFE Setup

Decision Feedback Equalizer (DFE] include In Feed Forward Equalizer (FFE) Include In ‘ Train FFE

Training Train DFE i —.
Enable Enable \ Training Controls

Training Controls

# Taps :
#Taps N Auto Find ‘

Auto Find plpc S So ks 5 Levels
v Lewvels f

3
Edit / View # Precursor Taps
Edit fView Max UI's for Train C n Leve ywer Leve FFE Setup 2

DFE Setup 1000 Ul

Eye Doctor 1l Equalizer DFE Setup | DFE Detailz

Decision Feedback Equalization Taps
on: | 28.612e-3

Clear Taps

# Taps Used
4 01:| 1.402e-3

. Erasure
02:| 9.850e-3 : : : DFE

-2 ps 02| 8.367e-3

Erasure Delta
04| De-6 : X X 0.0 pv




File

SPARQ setup Display Cursors Measure

Math  Analysis  Utilities Help

‘Stopped
| G 100 %

1/28/2012 11:00:38 PM
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LeCroy SPARG-3008E

File SPARCQIsetup Display Cursors Measure Math  Analysis  Utilities  Help

R —

LT M R

Status
56 m Stopped
166 ps/di S 100 %
424 922 k#

1282012 11:05:31 PM
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Example Analysis - 11” structure

Simultaneously view S-parameters, signals

before/after equalization @ receiver, eye
and |jitter analysis

LeCroy SPARQ-3008E

=R

After emulating 11 inn:l'_1 stripline struchre

e ’u\“‘ I

il ““\ T

SDA Jitter Ti(1e-12) TET Dij(=sp) BitRate 1Sl DCD DDy
value 131.930 mUl 2.272 muUl 99 560 mUl 10.70000 Ghit'sec 105.57 mUl 108 pul 108.35 mUl
SDA Eye EyeHeight ne e EyeAmpl EyeWidth ross EyeBER
value 178. 127. -127. 254, .3 ps 00% 22644706138-24

| LA "
Vh'

A
M\U\H i

57 mVidi
15.6 psidi

112812

012 10:56:36 PM

N/

1 1 b
Structut




Equalization in light of Crosstalk

While losses increase with frequency, isolation decreases
with frequency

FFE and CTLE either maintain or increase the SNR

2 Amplify higher frequencies relative to lower frequencies to
compensate for channel losses

2 This in turn amplifies or enhances the high frequency crosstalk

DFE leverages its decisions back to the input of its
equalization filter

2 SNR increases w/ “clean” decisions fed back

2 Depending on channel and noise characteristics, the DFE can
provide at least 2 dB of output SNR improvement over CTLE
and FFE equalization ., -

LeCroy VITESSE wild UBM

Electro
27




System Designers Are Going Blind

\ -
> > Receiver

Signal arriving at input with severe
high-frequency attenuation effects.

LeCroy VITESSE
28

Semiconductor Chip

EQ

{

» Logic

Signal input to logic circuit
after internal equalization.

UBM
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Embedded Waveform Viewing -
Equalizer Modes

Unity Gain Mode - set equalizer to unity gain

?2 DEE contributions = 0, CTLE to Flat frequency response and VGA
gain =1

Link Monitor Mode - processor drives CTLE and DFE positions
2 VScope inner eye height is key metric

T I':_'_'_'_'_'_'_'_"_'_ . Processor |-
»[] RXOUT
RXIN Eﬂ— CTLE
D Qb Count
CRU *{
,—h}

EQUALIZER ikt HE
| RECEIVER J §‘§° §.§
LeCroy VITESSE ____wild o

Electronics
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The VScope to Simulation
Comparison

"Scope” Unity Gain Mode Is remarkably similar to what the
simulation produces

? Key landmarks (inner eye height and width) are visible

2 The voltage/phase resolution and sample time/thresholds determine the ability
to see individual edges

UBM

Electronics




CrossTalk Environment Block
Diagram Py

2
‘ Z) 16 Port test platform, unused ports terminated
o C-1=0mA, CO=(2-6 mAImA, ASYNCHROMNOUS
C#1=-25ma [Flxed) INTERFEREMCE
[NEXT Source)

1 Ui ./ Measure i
1L Tnpi.'“l"

3 Tm.m,.. J D QR o | 9V | 9% | Seiieey | s | S

l-b CRU

Calibrate  Utilities  Help whovaor 1125 | ~ i bhate  Utilities  Help oiecont 1858 |

FPG
PRBES15S .i.
10.70Gbps Jar Togs {301
"ﬁ* Error
JO9B Detactor
/% ﬁ—e\nmp
CTLE DFE Ul
‘J ¥ -

CA10t0-T5mA oo
ch 12.0 mA 5 Ele Control - Setwp  Meas

C+1 -1.25 mA ——r

\/Imn XK
e pe ) ST NgpA wmimn g szl
| Eye fup(. ). JOZ.mY. FO5.mY._ 708 .mY

Precision Timebase... 2 89.7 m¥/div 833 mvWdiv | Time:15.3ps/div | Trg: Free Run Pattem e - — - —
Y Reterence: 1070000 6Hz '24.3mv ! 2 somv Dela¥:24.1148nsl il B ' -1! z! e | 2&%""@" l 4!?133&\‘,”“"" e | L‘EE"E"’"’W{H l G Patem '
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VScope and NEXT Level Resolution

X. .:ﬁﬁ;eefllevels of NEXT show measureable differences in inner eye height

2

"2 Enables receiver equalization filter adjustment

No Crosstalk
Minimum Crosstalk
Medium Crosstalk

Maximum Crosstalk

UBM

Electronics




System Margin vs. NEXT Levels

(=, Strength) (=6, Strength) le-12 BER (mV)
Minimum 70
2 Medium 14 22 16
5 Maximum 8 37 5 .§ §.
LeCroy VITESSE Witd UBM
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CTLE and DFE trading off EQ
strength

w
NG|
N
o1

F ==CTLE ==DFE

30 \ —

Min NEXT Med NEXT M

In the face of different levels of crosstalk, the CTLE and DFE
trade-off equalization strengths

N
o

T
w
(31

N
a1

w
o

T
N
(¢}

N
o
Normalized DFE Strength

Normalized CTLE Strength
N
o

=
(6)]
=
(6]

[y
o

(SN
o
T
ol

More DFE is required to combat SNR in Max NEXT environment
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BER-V Margin Improvement w/ more

Trial | NEXT Level CTLE DFE Voltage Margin
(=9 (o) @ le-12 BER
Strength) Strength) (mV)
Maximum 30 6 0
4 Maximum 14
5 Maximum 8 37 5

» Table compares 3 sets of CTLE & DFE equalization settings in
Max NEXT Level environment

» Trading off CTLE for more DFE equalization shows Voltage
Margin improves from no margin

LeCroy VITESSE wild UBM
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Crosstalk Mitigation Conclusions

The methodology enables crosstalk aggressed test
environments that can lead to better equalization trade-
offs

Embedded waveform views provide a useable metric for
optimizing the equalizer

DFE equalization improves SNR, better than FFE or
CTLE

Equalizer performance in the presence of crosstalk Is
Improved with increasing DFE strength and decreasmg
CTLE strength

LeCroy VITESSE wild UBM
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Future Work

”J{} ’/

,a' Quantify the NEXT environment by analyzing 16 Port S-
g w& -

parameter data for the test platform - Insertion loss to

Crosstalk Ratio (ICR)

2 .
ne |

,'

7 Investigate impact of different NEXT Transmitter
frequency responses (PRBS lengths for example)

7 Optimize Filter tuning algorithm using additional VScope
metrics

LeCroy VITESSE wild UBM
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