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Channel Model
De-Embedding Options P

1) Direct Probe Measurement

2) Test Coupon Structure with
AFR

BGA Footprint CwnctorFootpvim‘

3) Hybrid Multi-Path Simulation
with Minimal Test Structures

Coaxial Cable Model PCB Multi-Layer T-Line Model
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De embeddlng Partial vs. Full

Partial De-embedding:

Removes insertion loss

— Y p— *  Does NOT remove reflections H_(703)
‘ (assumes an ideal source, receiver)
.0 Q/50.0 @ 50.0 0/50.0 Q ] . Remove s4p
* Easierto |mplement

Transmitter

Legend
Measurement Circuit
Simulation Circuit

4 Measurement Node

: : Simulation Node

Transmitter

FuII De-embedding: \

e L Hl Remove all effects of a fixture or cable W

Removes insertion loss and reflections

50.0 /50,0 € - - - — S — between circuit elements
é\,@n’g' : m_ ' 'M_ ' n . /= | e More accurate (but less forgiving if :
File Thru File

DeEmbeddi
models/delays are not correct) SembEting

Transmitter

Legend
Measurement Circuit
Simulation Circuit { h Transmitter

™ '_ Measurement Mode ’ Source

U simulation Node

K B — Transmiter /
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er Models

Procedure

Validate S-arame

otion o

{
.

Descri

: Two “Reference” TX Sources:
| 1. 28G Pattern Generator Samtec Bullseye™
i 2. Xilinx 28G GTZ Transmitter connector/cable assembly

GigaTest l;
Probe

28G TX source*

| PCB Channel (DUT)
Procedure: \ /

L _— _— _— —_— _— _— _— —_—
1. Measure the “Reference Signal” directly (no probe or channel)

28G TX Source* DCA 86100D-SIM InfiniiSim-DCA SW
(Scope)

2. Embed: Using “Reference Signal”’, embed the channel model, predict the degraded signal.

Embed:
28G TX Source* DCA Meas. PCB
(Scope) Channel

3.  Actual: Insert the actual channel (probe launch), directly measure degraded signal. Compare to “Embed”.

" GigaTest BullsEye
28G TX Source uProbe PCB Channel Connector

4. De-embed: Remove channel effects from actual, compare waveformi/jitter results to “Reference Signal” (3 models).

28G TX Source*

* Note - All four tests were run with both 28G TX Sources.

De-Embedding:
—> DCA
(Scope) None

De-Embedding: | De-Embedding:
DCA Meas. PCB Test Coupon
(Scope) Channel AFR

GigaTest BullsEye
uProbe o Connector

De-Embedding:
Hybrid Channel

DesicnGon
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' But first...have the end in mind!

| Using the channel model, simulate what we should expect at the output of the fixture.

1 ORS00 ) | C
R
11 =~ é - E— J

-H(‘“l b '6‘ Output: Degraded 28 Gb/s signal

Input : “ldeal” 28 Gb/s l
(simulated signal) (simulated signal)

Embed fixture model

We have an open eye diagram!
Edge Speed: ~ 16 ps

Eye Amplitude: ~21% lower

o m v ISI (p-p): 2.8ps (PRBS7); 3.1 ps (PRBS15)

4 _d => All seem reasonable...proceed to making measurements.

‘ Resuits »

ASENENEN

Measurement Current Measurement Current
Amplitude B3 743.95 mv Eye Ampl 3 632 mv
Amplitude [F6] 80128 mv/ Eye Ampl IF6 200 mv

| Rise Time (=1 202 ps | rise Time = 60 P
Rise Time @ “ote Rise Time (F6) 400 fs




Demo# 1 — Have the end in mind...

(8

What will an ”|deal” 5|gnal look like at the output of my channel?
Recall Instrument Setup: FlexDCA_Simulate_Signal After _Channel.setx

“LF File Setup Measwe Tools Apps Help Analyze:
— 1. Waveform — look reasonable?
2. Measure rise time.

sssss - | \ =0 3, Look for an open eye diagram.
J 4. Measure ISI (Jitter Mode).

m Signal Processing Setup

Operators
(separate tabs)

\
-4

Align

3. Drag/Drop probe
(to select color, or click

output to setup function.
E.g. F2)

Outputs
(probes)

L L 44~ ~ €<

Available input
signals/waveforms for
functions/operators s || vt

Pos: 412361 ns || 178.99

(valid/configured signals) USIGNUON' 2



| Step #1-3: Eye/Scope Results at output of channel/fixture (DUT)

k [Ref Signal: Pattern Generator (PG)]
L\

Embed:
28G Generator DCA Meas. PCB Channel
De-Embedding:

28G Generator DCA s T —— . , .
(Scope) one Eya/Ma o ‘ T .

3
F . -

— — = — = — — o oo 3

Measured PCB
Channel
S-Parameter
Model

1

== == — Actual PCB Channel (DUT)

Blue — Reference signal ’ - )
Pink — Simulated fixture % c':.':.','.:i‘.'.';, DG, nei::::dm':

(using s4p file)

Results: excellent correlation between simulated and\
actual waveforms => Model #1 looking good...

Measurement Current Mean
Rise Time 35 ps 34.6 ps
Rise Time 35ps 35.8 ps

| Rise Time 20 ps 20.8 ps

Amplitude 665.642 mV, 689.5909 mV
Amplitude 688.676 mV| 688.6756 mV
Amplitude 716.314 mV 728.1630 mV

/ DesicnGon
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[Ref Signal: 28G Pattern Generator (PG)]
N

S

/ 20.0 % \
Measurement

 Validate S- Pararﬁeter Model #1 (Probe) using 28G PG
| Step#4: De-embed and compare waveform results

Offsetting the waveforms shows the

d much of the structure found in the
original waveform (Dark BLUE).

Current

[ Rise Time

B

35 ps 33.92 ps

= v Amplitude restored

Rise Time

Rise Time
Amplitude
Amplitude
Amplitude

F7 22 ps 20.52 ps

(F1) 21 ps 21.00 ps
G 69098mv 689.7679 mV
F7 744.88 mV | 729.8072 mV

746.26 mV | 734.2026 mV

} v/ Edge speed restored
v Waveshape restored

Summary => Model #1 (Probe) looks good so far.

Blue — Reference Signal

Pink — De-Embedded signal

DesicnGon

% de-embedded signal (PINK) restores

Mean
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Validate S-Parameter Model #1 (Probe) using 28G PG

Step #4. De-embed and compare Jitter Results
Ref Signal: Pattern Generator (PG)]

OIA  Rate SIC OIA  Rate SIC e Rate
*CRE Mtor Optamizatoon . g *CRE Mtor Optimization

7252 D) (8- 8)

re . F’]:A\»

57908 DCD

21% 1S1:) (pp)

ISI: 5.44 ps p-p ISI: 9.01 ps p-p

ISI: 5.40 ps p-p

L Good Correlation => further validates Model #1 —3 /
DesicnGon
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Validate S-Parameter Model #1 (Probe) using 28G Xilinx TX:
Step #1-3: Eye/Scope Results at output of channel/fixture (DUT)

Ref Signal: Xilinx 28G GTZ]

BulisEye .
28G GTZ PCB Channel I » y — Embed:
Transmitter Connecton - DCA Meas. PCB Channel

Measured PCB
Channel
S-Parameter

Actual PCB Channel (DUT)

Blue — Reference signal il
ilinx
BullsEye

Pink — Sim_ulated f_ixture Trz:n‘i:;':ﬂ PCB Channel | &/ o tor
(using s4p file)

GigaTest
uProbe

BullsEye

PCB Channel C e

ﬁesults: good correlation between simulated and \
actual waveforms => validates model

Measurement Current Mean

Rise Time 26 ps 25.44 ps

Rise Time 25 ps 23.91 ps
| Rise Time 16 ps 15.32 ps
Amplitude 407.215 mv 404.6742 mV
Amplitude 379.580 mv 373.2868 mV
Amplitude 429.330 mVv 4301202 mVv

DesicnGon
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Validate S-Parameter Model #1 (Probe) using 28G Xilinx TX
Step#4. De-embed and compare waveform results

I

[Ref Signal: Xilinx 28G GTX]
QNN 'i-‘.E w»—“’“-"?"“ium-u-

Oscilloscope ile etup ~ Measure ools  Help
' — : —— —

Offsetting the waveforms shows the
de-embedded signal (PINK) restores
much of the structure found in the

original waveform (Dark BLUE).

\
e

" Resuls (>

Measurement

Current Mean

. [ Rise Time @ 25ps 25.6 ps ]
\ Rise Time F7 15 ps 17.0ps | _
Rise Time (F1) 15 ps 158ps |
Amplitude @ 408.446 mV  406.02255 mV
v Amplitude restored (slightly high) Amplftude F7 457.582 mV | 458.34520 mV
Amplitude (F1) 442226 mV | 439.2901 mV | ~
v Edge Speed restored X | Details... LimiG...TSetup...

‘/ WaveShape restored 7 h:frq:::.m Blue — Reference S|gna|

9097 ns

Summary => Model #1 looks good so far.

Pink — De-Embedded signal

DesicnGon



Demot# 2 — Validate “Probe” Model

How well does the “Probe” model compare to the 28G Reference?
Recall Instrument Setup: 2_FlexDCA_Validate_Probe Model-Xilinx_TX_Ref

Analyze:

1. Waveform: compare F3 de-embed
waveform to F1 reference.

2. Measure rise time.

Check out Eye/Mask results.

Measure IS| (Jitter Mode).

Auto Layout. | AlOff| | X-Ray ? ||Close

ERERERERRERERER

e T b xea b [ x X _hd weco L wintg |,
D7A, F1 — 28G TX Reference Waveform =1 F3 - De-embed waveform
using “Probe” model
Rise Tima

5
4 ».
g M 4 g
"
i) Ho s 2 h
Align o Remove sln
. : % ) - : v
e |e
. . » . e Align
DBA
@ 162 mvif @ 152 mvf @ 116 mvf A, 120 mV; )
48.70 mv 43.50 mv 3.58 mv ov . E !
7al 7/

DesenGon -

Measurement ~ Curren

Rise Time

Rise Time

=
k=]
o
]
w
h=]
@
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Validate S-Parameter Model #1 (Probe) using 28G Xilinx TX:

| Step #4: De-embed and compare Jitter Results

[Ref Signal: Xilinx 28G GTZ]
‘e S ~> e gy LD

SN

/—| 1. Measure reference |_\ 3. Actual signal through channel 4. De-embed channel, compare to Reference
-:“

De-Embed
/

CEEEER

N ELLE

T2 (1.0€-12) o8 D0 (5 - 8)

"RJ (rms) 01| A (& - 5)

Do (p-p) L83ps DOD

P [rms) 0% 151D (pp)

PJ (rms) <k IS (pp)

ISI: 4.88 ps p-p

ISI: 4.88 ps p-p

ISI: 8.80 ps p-p J

Q Good Correlation => further validates model ;ﬂ'
DesicnGon




N o LS
9, o
Ll“ ([ /2.8 R P

kRef‘SinaI: Xilinx 28G GTX] ~IEa A a ;
Q > bk ) (- 4

—— — LB — oo

Xilinx
28G GTZ PCB Channel
Transmitter

BullsEye
Connector

GigaTest
uProbe

BullsEye

PCB Channel
Connector

apnyiduy

Current Mean

Measurement

19 ps 19.42 ps
27 ps 26.56 ps
17 ps 17.53 ps
16 ps 15.36 ps
472935 mv 4732704 mVv
423 800 mv  416.0750 mVv
471.400 mVv  472.5946 mV

[ Rise Time

Rise Time

Rise Time

Rise Time

Amplitude
Amplitude

Amplitude

BIDEBABE

Amplitude 456.045 mv  430.7192 mv

Summary => Reference signal, Model #1 (Probe) and Model #2 (AFR) correlate well.

Blue — Reference Signal

Validate S-Parameter Model #2 (AFR) using 28G Xilinx TX
Step #4. De-embed and compare waveform results

Xilinx - ‘
Y14 4| PCBChannel | DullsEye GigaTest | pop channel |  BullsEve
. Connector uProbe Connector
Transmitter "

) Scak

| Pink — De-Embed using Direct Probe s4p file
Orange — De-embed using

De-Embedding:
Meas. PCB
Channel

De-Embedding:
Test Coupon
AFR

Test Coupon AFR s4p fi

DesicnGon
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Validate S-Parameter Model #3 (Hybrid) using 28G Xilinx TX

| Step #4: De-embed and compare waveform results

{{Sinal: Xilinx 28G GTX]

$

=) s e “De-Embedding:
Meas. PCB
Channel

De-Embedding:
Test Coupon
AFR

I ea—e._ mm .

De-Embedding:
Hybrid Channel

Xilinx
28G GTZ PCB Channel
Transmitter

BulisEye

GigaTest PCB Channel BulisEye
Connector

uProbe Connector

Xilinx
28G GTZ PCB Channel
Transmitter

BulisEye
Connector

GigaTest PCB Channel BullsEye
uProbe Connector

ope etup  Measure ools Help
Xilinx .
28G GTZ PCB Channel GigaTest PCB Channel BullsEye
. uProbe Connector
Transmitter

BulisEye
Connector

Current Mean
17 ps 17.30 ps
19 ps 19.40 ps
28 ps 26.45 ps
17 ps 17.45 ps
17 ps 15.40 ps
482150 mv  480.0934 mVv
471.400 mV 4732808 mVv
442225 mv 4183716 mvV
472935 MV 471.2692 mVv

433.015mv  431.43286 mv

Measurement

| Rise Time

Rise Time
Rise Time

Rise Time

Rise Time Dark Blue — Reference Signal
Amplitude

Amplitude

Pink — De-Embed using Direct Probe s4p file
Orange — De-embed using AFR s4p file

Amplitude
Amplitude

BEDOABABEAE

Amplitude

Summary => Reference signal and all three models correlate well.

DesicnGon
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114 r4 | PCB Channel n"“""l"
Transmitter
Input
(waveform measured directly at { 5a
the output of the fixture) J H-f
> (@) F1 )
Remove s4p .

5B

286 Device Measurement

Use each S-parameter model to de-embed Channel Fixture

- e

DCA

1. S-parameter model from:

Tt

5B

Direct probe measurement ':Fg;ll
D5A |
H
(@) F2 ).
Remove sdp .
2. S-parameter model from: q J1 ++
Test fixture structure i:\T‘ )
ign
measurement (AFR) DSA
=)
H (o)
F3 »
> Remove s4p —j

3. S-parameter model from:
Hybrid simulation (ADS)

it

Alignl

Note 1 — the “Align” function simply removes filter delay and aligns D5A )
waveforms making it easier to compare waveforms. :

De-Embedding:

Apply Model
Channel

De-embedded Output

(simulated signal at the balls of the IC)

DesicnGon



(0 [

Predict waveform at the baIIs of the device using all 3 models.
Recall Instrument Setup: 4 FlexDCA_Validate Probe Model-Xilinx_TX_Ref

¥ Analyze:
Waveform: Compare de-
embedded waveforms F4, F5, F6.
Measure rise time.

Check out Eye/Mask results.
Measure ISI (Jitter Mode).

< [

m|

, F3 — “Probe” model
Pr={ F1 }»

5A

58 970

5A

58 970

5A

58 0

Measurement Current
Eye Ampl F5 810 mv
Eye Ampl F4 320 mV
Eye Ampl (D5A] 590 mV
Rise Time F6 136 ps
Rise Time F5 13.5ps
Rise Time F4 13.1ps
Rise Time (D5A] 16.4 ps
A PR ST £ [

5A, 5B (D5A) Measured at output of test fixture.

| . 650 mv/ @ 120 mv/ (B
ov

Math | | Signals
-1.58224 V

\ S 5 : ‘
M o Pos: 40.21166 ns ‘ 1 7

DesicnGon




28G Device Measurement

Use each S-parameter model to de-embed Channel Fixture
w@x&,. ) , RS EIRNREE AN/ :

BulilsEye
Connector

PCB Channel

S-parameter model used:
Direct probe measurement .

S-parameter model used
Test Fixture Structure (AFR)

De-embedding a channel fixture
provides:
* increased eye amplitude
+ fasterrise times
* lower jitter
» More accurate representation
of the signal at the balls of the
device.

f Y S Timebase
€ "°°";4’J G ,)(,Sf:-;g;’j;)ns‘ » Increased margins.

P

N

S-parameter model used
Hybrid (ADS)

_ e —

DesicnGon
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28G Device Measurement

L

se each S arameter model to de embed Channel Fixture
& &

Xilinx De-Embedding:
BullsEye
286G GTZ PCB Channel Co tor Channel Model
Transmitter Jae Channel ﬁ

S-Paramater Model Used by De-Embed Function
FlexDCA Signal Identifier D5A F5 Fb
Raw Differential Test Structure Hybrid
Description Waveform (AFR) (ADS)
Rise Time 20-80% (ps) 16.04 13.32 13.44
Eye Amplitue (mV) L87.5 813.5 833.0
e | Deterministic litter (& - 8) (ps) 3.12 2.66 2.68

/After removing the fixture effects through the use of de- \
embedding techniques, the 25.78 Gb/s signal at the balls of the
device had the following (minimum) improvements in signal
quality:

v' Rise Time: 2.6 ps faster
v’ Eye Amplitude: 226 mV higher
k v' Deterministic Jitter (DJ): 440 fs lower. /

DesicnGon



Demo #4 — Why is there ringing in my
deembedded waveform’

Too much noise” on your de-embedded eye diagram?
Recall Instrument Setup: 5 FlexDCA_Ringing_Example.setx

File Setup Measure Tools Apps Help

2:5DD21

Rise Time

H |
50.00 GHz,

Osdlloscope 5 File

Marker Results
X Y
kerSet1 @  765.50652 ps -803.14 mv
Marker Set 2 @ 79246304 ps -761.72 mV
A 26.956521 ps 4142 mV
1/AX 37.096775 GHz

20
DesicnGon



| Next Speaker

> 28 Gb/s SERDES Channel Overwew Romi Mayder and
Jack Carrel (20min)

» Fixture S-parameter model from 2x Fixture Physical Test
Structures — Mike Resso (40 min)

» Fixture S-parameter model from Simulated
Measurement Based Model — Heidi Barnes (40 min)

» Waveform Measurements at the DUT using S-parameter
model de-embedding. Rob Sleigh (1 hour)

» Lessons Learned - Jack Carrel (15 min) DesicnCon



