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through Wilder OSFP Fixture
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Objective
S —

* Analyze real signals using proposed reference receiver configurations

* Verify basic feasibility: Can we get usable measurement results?
» Begin the process of correlating simulations with physical results
« Confirm link budgets based on physical results

* Rev al updated on 01/20, includes jitter results from Beta DCA Software and Realtime
Observations

« 13dB and 16dB channel configurations
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Measurement Overview

STARTING POINT: VIEW PG SIGNALS THROUGH A
TEST FIXTURE USING SEVERAL EQUALIZER CHOICES
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Wilder OSFP Fixture (Mated) — S-parameter data
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N1000A DCA-X with N1060A
MegaModule

M8057A Remote Head

M8196A AWG (Aggressor Source,
SSPRQ)

TX3—

TX1= Wilder OSFP Fixture
(victim) (HCB+MCB mated)
TX4—~

T2—" TX1 Pair (Victim)

—TX3 Pair (Aggressor)
TX4 Pair (Aggressor)
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M8040A JBERT Setup

M8040A TX EMPHASIZED USED TO OPTIMIZE PAM4 AT INPUT TO OSFP FIXTURE

« M8040A with M8045A PG

« Line Coding
Coding
Symbol Mapping
Pre-Coder
Symhbol 3 Level
Symbol 2 Level
Symbol 1 Level

Symbol 0 Level

M1.DataOutl

PAM-4 ~

Gray Coded ~

Off

Amplifier
Output State
Coupling

Polarity
Amplitude

Offset

High

Low

Clk/2 Jitter State

Clk/2 Jitter
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M1.DataOutl

On

AC ~

Non-Inverted -

450 mV

M8057A Remote Head

Deemphasis
Automatic Main-Cursor
Coefficient 0
Coefficient 1
Coefficient 2 {(Main)
Coefficient 3
Coefficient 4
Output Swing

Unit

Pre-Cursorz2
Pre-Cursorl
Post-Cursorl

Post-Cursor2

53.125 Gbd, PAM4, PRBS13Q
Output Amplitude: 450 mV SE

53 GBd PRBS13Q PAM4
M1.DataOut1 input signal into OSFP Fixture
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| waveform

OMA at
Crossing

More (1/4)

TX Emphasis: 5-tap, 2-pre, 2-post

WP 146 Y,
(37 e my 53.125000 Ged

LBW: 4,000 MHz




N1000A DCA-X plus N1060A Setup

About N1000A Eyo/Mask KEYSIGHT File Setup Measure Tools Apps Help

| wavefom >

s 3
% FlexDCA =% 3|
I.i N1000-Series System Software St | r

Sl - 7| 5tap FFE used to optimize M8040A TX emphasis.
Model: N1000A LOJ,PLK,GPLPTB TOEG i .
Serial #: MY58400160
- System Information
Software Version: P.06.60.82
Software Version Date: 2020.0615
Build Date: 1/9/2020 3:46:04 PM
Software Options: N1010100A, N1010200A, 86100D-200
86100D-201, 861000202, N1014A-1FP
Application: N1000A
Embedded: Yes

Croo Micls Crnoeas B2 3 o0

- Modules AVBrage Pows { Number of Taps: Y 1A

Slot 1 Module: N1060A 085,264,EVA,JSA,PTB Precursors: v oA
Us57380070 More (1/4) ; -
Slot 5 Module: MB196A R

/m %mﬂ 53.125000GBd ™
DEESCGD14D kit LBW: 4.000 MHz

? | Close
Operator Setup |

Taps

Automatic Taps Recalculate
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CTLE Setup

(F1) CTLE Setup

Operator Setup
Definition:

IEEE 802.3ck \ 4

Gdc: Zero Frequency: Low-Frequency ZerofPole:

C:
Gdc2: Pole 1 Frequency: Pole 2 Frequency:

2.0 dB B 2. 20.00 GHz BN, Y A'

Preset
CEN—

Noise Processing
Preserve Noise

Input Moise Bandwidth:

Track Input Bandwidth -
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Butterworth, DFE, and FFE Setup

(F2) Decision Feedback Equalizer Setup | ? ||Close| § (F4) Linear Feed Forward Equalizer Setup ? [Close

L
Operator Setup Operator Setup
E Taps

4 Automatic Taps
Automatic Taps [N G .

b of Taps: v A
| o v oA

133052, 1.074197, 0.037306, 0.050666

{F6) Butterworth Setup

Preset
- od il Advanced
Vanc
Operator Setup

Custom
@ Custom @
) . Tap Spacing
Filter Order: Clock Delay Specify As:
v ocay amour: (RS

€]
Filter Cutoff Freguency:
Tap Limits

39.00 GHz B\

Max Tap Value: 0.500000 B AT Bandwidth

Threshold Bandwidth Notse Processing

N
8 o s et T

o Input Noise Bandwidth:
B Track Input Bandwidth Y A

B Display Thresholds Instead of Signal | Track Input Bandwidth -

Noise Processing
P4 Preserve Noise

Input Noise Bandwidth:
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Diff Signal at input to N1060A scope (after OSFP fixture)

Eye/Mask KEVSIGHT File Setup Measure Tools Apps Help
Diff Amplitude: ~ 550 mV pp —

(input to N1060A, output of OSFP fixture)

¢

N1000A DCA-X with N1060A
MegaModule
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OSFP TX1 Output, No Aggressors [ 1 == ™" fﬂ 58

Eye/Mask KEYSIGHT File Setup Measure Tools Apps Help oy Stop  Snale a ﬂ z
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» Open Eye at output of all equalizers
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OSFP TX1 Output, DFE output, No Aggressors

JITTER MODE RESULTS ON TX1 DFE

CTLE: 2 gain stage, manual optimization
Butterworth: 4™ Order, 39 GHz BW

DFE: 4 tap
e EH5:; 32-38 mV
« EWS5: Not available

Src; F2 Rake; Pat. Length:;

Measurement Eye 0f1

Eye Width {1.0€-5)
Eye Height (1.0E-5) 31.9 mV

D1 A TN 71 et N b.(F6
CiLE Butterworth b
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Jitter/Noise

More [1/2)

KEYSIGHT File Setup Measure Tools Apps Help

Wavelorm

Eye

Src: F2 Rate: Pat. Length: PROB SP

Measurement Eye 0f1 Eye 2/3
Eye Width (1.0E-5)

Eye Height (1.0E-5) 31.9 mV

Eye Skew

TJ (1.0E-5)

D7 (& - &)

RJ (rms)

F1 (% - &)

DDA (p-p)

Details... Limits...

Src: F2 Rate:

Measurement
Level

TI (1.0E-5)

RN (rms)

DI (G- 8)

151 {p-p)

FI (5 - &)

FI (rms)

Signal Amplitude

Details... Limits...

e
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OSFP TX1 Output, FFE output, No Aggr N

| waveform
|
&
RUPJ
EE

« CTLE: 2 gain stage, manual optimization
« Butterworth: 4t Order, 39 GHz BW

« FFE, F3: 5 tap, O-precursors (almost closed) ] Inessrenent T
o EWb5: 1.7-2.1ps L [rewahoes) | 170m 2t
o EH5: 14 -29 mV SEtCE e sl

 FFE, F4: 5 tap, 2-precursors (best eye opening)
o EWb5:2.8-3.2ps —
o EH5:41-45mV

DIA=g N Bl Fl)eeg > blF6 L F2 |
CTLE Butterworth DFE TJ Histagran
m F3 4| Src: Rate: Pat. Length:
Lirear Equalizer
] | ' Measurement Eye 0/1 Eve 1/2
20 ps

o |EYE WWidth (1.0E-5) 290 ps
m F4 Eye Height (1.0E-5) 45.1 mV

Linear Equalizer
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- — L3
Configke Source for AWG Channel 1 ? | Close ? | Close

| AWG memory is up to date. -De'tai]s..._'
@ Data Source i) s uR
Type: Data — Filter AWG Mode: EE \ 4
Amplitude: 500.000 mV . -
Offset: 0V ‘:\:"’r:gfogoe;:e' . e ommon
Skew: 0s i : N '
Level 2: 66.7 % Click to Configure L2 Waveform Type: ERElE v _
Level1: 33.3% y
Click to Configure Format: R \ 4 |
i e ——
Symbaol Rate: 53.12500000 GBd ‘ Erom List

F ] NIz = =T M '.".
Click to Configure iyl SSPRQ (65535 symbols)

(ol 40T 1:2 (Sub-Rate)

Turn on 2 PAM4 Aggressors o

@ Type: [0 v|  sewp..
(AWG, 500 mV, SSPRQ) e
© - f: Setup...
0 v Y
4 Auto Update

| /_1




OSFP TX1 Output, DFE output, With 2 Aggressors (TX3, TX4)

0
Jitter/ Noise

(EYSIGHT File Setup Measure Tools Apps Help

CTLE: 2 gain stage, manual optimization
Butterworth: 4™ Order, 39 GHz BW

Wavelorm

DFE: 4 tap

« EH5: 32-38 mV (no aggressors)

« EH5: 27 — 32 mV (with aggressors)
« EWS5: Not available

i
Eye
Src: F2 Rabe: Pat. Length: PR Measurement Level 0
Level
Measurement Eye 0/1 Eye 1/2 Eye 2/3 Eye Height (1.OE-5) 276mv  26mv  206mv T1 (1.0E-5) 7.0 my
- 1 Eye Skew FE FE E RN {rms)
Eye Width (1.0E-5) _ ' 1 (1.0E-5) _ _ DI (8 - 5)
Eye Height (1.0E-5) 276mv]  326m T =Lpp)
| wlilly RJ (rms) PI (& - &)
P1(5-8) PI {rms}) HOTG
DDI (p-p) F F : Signal Amplitude 320 mv
Details... Limits... Details... Limits...
CTLE Butterv-orth DFE More (1/2)
# . - 3 i 2 Y e
[} ;ﬂ-'- “"'_I 53, | #5000 GEC Leference 53,12500000 =5t ~ -I.'H 1-:..I Matl || Sigrals
oo ribarnal Ref % Len: ¢ 5 e L BT
: Off U
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CTLE: 2 gain stage, manual optimization
Butterworth: 4™ Order, 39 GHz BW

FFE, F3: 5 tap, O-precursors (almost closed)
o EWS5: 1.7 — 2.1 ps (no aggressors), 1.4 — 1.75 ps (with aggressors

o EH5: 14 - 29 mV (no aggressors), 9 — 14 mV (with aggressors)
FFE, F4. 5 tap, 2-precursors (best eye opening)

o EH5: 41 - 45 mV (no aggressors), 37 — 40 mV (with aggressors)

D1A == -f.-\ 1] F1 Cl “ u F& .m FZ
CTLE Butterworth DFE
= e
| Linear Equalizer

m F4

Linear Equalizer
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™ \Measurement

. |Eye Width (1.0E-5) 1.40 ps

Eye Height [1.0E-5)

Pat. Length:
Eye 0f1 Eye 1/2

Rake:

o EWS5: 2.8 — 3.2 ps (no aggressors), 2.65 — 2.9 ps (with aggressors) e

Pat. Length:
Eye 01 Eye 1/2

d Sic: Rate:

" Measurement

.‘? E.'f'-: Width |L.| DE'E] &0 ps

Eye Height (1.0E-5)




Increase differential loss to > 13 dB

easure lools Apps Help

* 0.5 meter coaxial cables

added to increase total

insertion loss to ~13 dB at

26.56 GHz

Marker Position
1 M8] 26.560000 GHz
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Magnitude
-13.61 dB
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Similar measurement setup as shown earlier

DIA T N el 1 e S beF6 ﬂ F2
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NEW BETA FW PROVIDES EYE WIDTH OF DFE OUTPUT

()
Jitter/Noise

Aut Run

KEYSIGHT File Setup Measure Tools Apps Help Q Scale  stop Single  Clear

Level

Level 3
1241 mv
58.8mv
1744 mv
453 mv
51.4mv
B0 v
236 pv

Level 2
1.8mv
46.6 mV
1748 mv
BAMV
BEmMV
oV
214pv

Level 1
-412mv
50.8 mV
1.800 mVv
37.8mV
43.0mv
360 uv
214 pv

Level 0
-123.5mv
61.4mV
1726 mv
486mV
542 mV
oV
214pv
Signal Amplitude 248 mV.

Measurement Eye 0/1 Eye 1/2 Eye 2/3

Eye Width (1.0E-5) 1.95 ps 2.90 ps 1.85 ps
Eye Height (1.0E-5) 18.3 mV 27.2mV 202 mv

| Math || Signats)
604 PM

=3 n*

i = 3 B san
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Realtime CTLE + DFE (same equalization as DCA)

, January = 9: PH

@ s1omv/ |o.ov

* Eye Width
« 2.06, 2.08, 2.4ps

* Nominally 30% wider than
ET, No-Butterworth

324 mV

| Real-Time Eye
47.506 kUI
| 12 Wfms

243 mV
162 mV

81.0 mV

jSQGW |EO1JSA | SBaW Wil L 1

» Eye Height
* 26.6, 25.9, 31mV

* Nominally 25% higher than
ET, No-Butterworth

-243 mV

Equalization
-18.8 ps -15.1 ps SB77ps

sl >4 CEnv T V7R 1 stonm e setings e (T

l Source Copy settings to © Equalizd

on [Scaling...| |Channel1-2 [V | & & @®

Color Grade - —— w - ‘ Display
"© Eye 2/3 Height(1-2) ‘
| © Eye 2/3 Width(1-2)
© Eye 1/2 Height(1-2) ; l
© Eye 1/2 Width(1-2) : | -38/| @ | @ Enable DFE
© Eye 0/1 Width(1-2) ‘
| @ Eye 0/1 Height(1-2)

| cTLE | FFE | DFE

:‘ Taps
‘ # of Taps

f

| |Auto Set...| Tap Setup...|
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FFE no precursors

EYE CLOSURE PREVENTS ANALYSIS

()
Jitter/Noise

KEYSIGHT FHle Setup Measure Tools Apps Help é;jat\:..

Waveform (| b

Run o s
Son " single|" | Clear

Measurement Eye 0/1 Eye 1/2 Eye 2/3

Eye Width (1.0E-5) Eve? Eye? Eye?

Eye Helght (1.0E.5) E E MEEIEUFEH'IEﬂt

Eye? Eye?
Eye? Eye?

= = - |Eye Width (1.0E-5)
Eye Height {1.0E-5)

@ Jitter mode measurement thresholds could not be determined.

N Z41 PM
C DD @ e B
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FFE 2 precursors

| Jitter/Noise KEVSIGHT File Setup Measure Tools Apps Help

Eye > ‘
Pat. Length:

Measurement Eye 0/1 Eye 1/2 Eye 2/3
|Eye Width (1.0E-5) 255ps 230ps 215ps
Eye Height (1.0E-5) 33.0mv 306 mV 30.1mV

Eye Skew -100fs 50fs 501s

TJ (1.0E-5) 16.28 ps 16.52 ps 16.68 ps J ' | P
D (3 - 3) 15.06 ps 1534 ps 15.48 ps
RJ (rms) 166 fs 168 fs 16715
P1 (3 - 3) 201s 201s 301s
DDJ (p-p) 15.46 ps 15.80 ps 15.86 ps

e o]

Measurement Eye 0/1 Eye 1/2 Eye 2/3

Eye Width (1.0E-5) 2.55 ps 2.30 ps 2.15 ps
RSN Eyve Height (1.0E-5) 33.0 mV 30.6 mV 30.1 mv
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Summary

« 53 GBd, PRBS13Q signal from M8040A BERT PG was passed through Wilder OSFP Fixture
* Insertion Loss needs to be verified using VNA (differential measurement)

« Output of OSFP Fixture was connected to oscilloscope, and passed through 3 EQ different paths. CTLE +
Butterworth followed by:

1. DFE 4 tap
2. FFES5tap, O pre . ord B8 |m
3. FFE5tap, 2 pre = i Y .
. . - !?‘c _ m F3
« Eye Opening was measured with no aggressors, and with 2 aggressors Linear Equalizer
(Aggressor signals from AWG: 53 GBd, SSPRQ since PRBS31Q was not possible) \

* Open eyes (small) at output of all 3 EQ models
« FFE 5tap, 2 pre (best) g
e DFE 4_tap (2nd) S (2 Rate: Pat. Length: PRI

Measurement Eye 0/1 Eye 1/2 Eye 2/3

* FFES5tap, O pre (3") |EOEyareomEEETs

Eye Height (1.0E-5)

2 aggressors reduced eye openings by > 10%
(compared to N0 aggressors)
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Need to perform analysis on real signals through real
channels

* Need to verify the measurements can be performed when observing signals with the loss and
reflections that will exist in real systems

« Automate the DFE optimization (pulse response) around Annex 93A.2 for optimal phase and DFE
tap weight.
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Backup
16dB Channel
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