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The need to reduce latency and
power consumption has made the
move to linear interfaces an

attractive alternative for data center
Interconnect.

KEYSIGHT Keysight - Testing LPO Interfaces



Requirements for backend (M2M) networking are changing

TRX (SM)

Backend Networking
More bandwidth (Al workloads 400G SmartNIC card)

Larger cluster size - longer reaches
Reduced latency

Active optical cable (MM)

TOR switch
Server

Storage server

Keysight - Testing LPO Interfaces
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New type of interconnect is required



Types of 100G Modules

Full-Retimed Module
(Tx/Rx DSP/CDR)

Highest power solution ~17p]J/bit
Tx and Rx paths both retimed

Can support higher channel loss on Rx
and Tx side compared with LPO

Noise and crosstalk can be relaxed
compared with an LPO module

Retlmer Driver

Half-Retimed Module
(Tx DSP/CDR)

Lower power than full-retimed but
higher than LPO ~12p)/bit

Tx is retimed, Rx is un-retimed

Can support higher channel loss than
LPO

Keysight - Testing LPO Interfaces

Credits: Semtech

CTLE ¥ Driver E/O

Non-Retimed or
LPO/Linear Module
(Analog Driver + TIA only)

Lowest power solution ~7p)/bit
Requires clean HOST port channels

Correct host switch equalization is
crucial

Noise and crosstalk accumulation
need to be controlled



Standardization (Oct’24)

>LPO-MSA

100G-DR-LPO

Draft Revision 0.6

Specification fo
100 Gb/s per Lane Linear Pluggable Optics
Single-Mode Optical Fiber Transmission

LPO MSA Membes

Accalink
| Adtran
Juniper
Keysight
Lumentum
Luxshare
Macom
Muitilzne
Coherent New Phot
Colar Chip Hubis
| Den NVIDIA
Eoptalink
Exfo ONet
| Fast Photonics Semtech
| Formerica OptoElectranics Source Phatonics
HG Genuine Terasignal
chnalogies

| Hyperphotonics

THIS VERSION OF THE LPO MSA SPECIFICATION IS PROVIDED “AS 15" AND WITHOUT ANY WARRANTY OF ANY
KIND, INCLUDING, WITHOUT LIMITATION, ANY EXPRESS OR IMPLIED WARRANTY OF NON-INFRINGEMENT,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, OR ANY WARRANTY OTHERWISE ARISING OUT OF
ANY PROPOSAL, SPECIFICATION OR SAMPLE. THE AUTHORS DISCLAIM ALL LIABILITY, INCLUDING LIABILITY FOR
EMENT OF ANY PROPRIETARY RIGHTS, RELATING TO THE USE OF INFORMATION IN THIS SPECIFICATION.
ENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS
GRANTED HEREIN.

LPO MSA spec rev 1.0 expected Feb’26

D I F Im| entation Agre . i0 (CEI)

Contribution Number: 0if2021 4 0
Working Group: Physical Link Layer (PLL)
Title: CEI-112G-LINEAR-PAM4

Source: Tom Palkert
Macom
tom_palkert@macom.com

Contributor(s): Rich Mellitz, Brandon Gol
Ryan Latchman, Macom

] Date: September 3,

packaged PAN
dB loss at the N

This document will be added as a in a future revision of CEl IA_ Reference
1 ther clauses are consistent with OIF-CEI'5.3 1A

en Internetworking Forum (

document is offered to the QIF ssion and is not a binding

r;c:.,alon the companie: listed ve. Each company in the source list, 2
QIF, reserves the rights to at any time add, amﬂnd or withdraw statements containec

Notice: This contribution has
T

This Working Text represents work in progress by the OIF, and must not be construs

official OIF Technical Report. Nothing in this document is in any way binding on the

of its members. The document is offered as a basis for di ion and communication, both -
within and without the OIF.

Note: Attention is called to the possibility that use or implementation of this OIF document may

require use of subject matter covered by intellectual property rights (IPR). By providi
to this document, no position is taken with respect to the nce or u3|ldmf of any IPR in

connection herewith. The OIF shall not be responsible for identifying all IPR which is required in

order to utilize this document or the information contained herein, or for conducting inquiries
into the le lidity or scope of such IPR that is brought to its attention.

Optical Intel orking Forum - Clause CE12G-LINEAR-

OIF-CEI 112G linear specs are final

OIF CEI-224G New Project S

= — Emr|

250 Chipto-chip  Chip ta Ca-rbg Optice Engina

Up ta SOmen package substrats
1ar15 or lowsr [FEC is allowad]

CEl-224G-LR

Backzlans or Pamiva Copper Cabla

300mm af hast, Famm af madule

1 conmctor
1ar15 or lowar {FEC is allowad)

2000mm of host and daughter cards:
2 connectors
Le-15 or lower [FEC s allowed)

CEl-212G-Linear! |

“OIF

Chip b= Co-PhgNear-Phy Oiptics Engine

Copyright & 2024 OF

Non-retirnod optics to s powsr and cost
Withouwt DSP/SERDES in Optical Madule
1e-15 or lower [FEC ix allowed)

OIF-CEI 224G linear project (proposal stage)



A multi-source supply chain
strategy requires interoperability

KEYSIGHT Keysight - Testing LPO Interfaces



Interoperability between host
and module (IEEE / OIF)

What is the module’s PHY chip for? .
Optical interface

Interoperability between modules
(IEEE, MSAS)

v

TROSAL

The module PHY regenerates the signals coming from the client and line sides

Accommodate for different host channels (short, medium, )
Ensure interoperability with different hosts (C2M)
Accommodate for different modulator technologies

Ensure interoperability with optics (e.g. 400GBASE-DR4)

Keysight - Testing LPO Interfaces 9



Multiple challenges

LPO MSA
Interoperability with LPO optics

VCSEL

@» ______ : : DSPJwitch

: ASIC

Switck.

no retimer!

Challenge #1: Validate host independently from module Challenge #2: Validate module independently from host
o Tx:accommodate different modulator technologies o Ensures interoperability with other LPO optics (but
& PCB channels potentially also with legacy “retimed” modules)
o Rx: Accommodate for highly distorted (different o Validate module output independently from the host

kinds of impairments accumulated over the link)

- T&M equipment to emulate a reference module - T&M equipment to emulate a reference host

Keysight - Testing LPO Interfaces 10



Overview

Validating switches & NIC host chips
Output and Input test for all ports

Standards distinguishes medium and
channels

switch

j'i:CD O O T = E.——w..-lgl-., A R S——

DsD

Validating LPO modules

Module input for medium and host
channel

Module output applying a worst-case (stressed)
optical signal applied

Module Input Test

I
| e [ —— - 1 I‘III‘L L_

Host Input Host output
Stressed signal

l Stressed input Optical
(electrical) Output
Module Output Test
Module (s = ammm  Stressed
output input (optical)

Keysight - Testing LPO Interfaces 11



Credits: Semtech

Linear/LPO System Overview

112G Linear/LPO 112G Linear/LPO
Module Tx Block Module Rx Block

Host Tx Host Rx

Module Module

Electrical + VGA scales VMA voltage to a _ _ Electrical
| t TPla VMA - o'ag » OQutput Driver CTLE setting based on Output
npu (200mVpp - 450mVpp) suitable level required at TP2g, for tout 0l indicated by Host

driving optical PMD type output port 10ss indicated by Hos

- This VGA function is implemented + Output Driver swing based on setting
entirely within the module with no ;%%ue\s/ted_ bysgheVHotst LU -
intervention from the host VDI SN )

« HOST Tx FIR and HOST Rx do majority of equalization
» Limited equalization in module driver and TIA with Analog CTLE
« Tx TPO-TP1a equalization carried out by host Tx FIR in combination with module input CTLE
* Rxequalization at TP4/TP5 carried out by host Rx CTLE/FFE/DFE equalizer

Keysight - Testing LPO Interfaces 12



Reference : TDECQO map and interpretation P802.3cd , Jonathan King

TDECQ : Established Optical Metrics

TDECQ: TDECQ is a penalty operation that calculates how much noise can be added by an ideal receiver to
the signal compared to an ideal (unequalized, noiseless) transmitter. TDECQ (dB) =10log (OMApeco/(6.Q1-R)

OMA: Optical Modulation Amplitude, The measure of the difference in the optical power between outer levels of a
PAMA4 signal.

CEQ: The Ceq noise measurement evaluates the noise gain introduced by the TDECQ equalizer. Ceq is
expressed as:  Ceq(dB) = 10 log10(Noise-out / Noise-in)

EECQ : Recently Introduced Electrical Metrics

EECQ: Introduced in . Similar to the TDECQ operation but offers insights into
signal quality in the context of your expected reference equalizer and physical channels. EECQ(dB) =20log
(VMAEo/(6.QL.R)

VMA: Voltage Modulation Amplitude, The measure of the difference between the voltages in the outer levels of a
PAM4 signal.

CEEQ: Introduced in . The Ceeq operation calculates the gain of the input noise
excluding the CTLE from the calculation meaning that a set of FFE taps produces a consistent Ceeq regardless
of CTLE settings. Ceeq is expressed as: Ceeq(dB) = 20 log10(Noise-out / Noise-in)

Keysight - Testing LPO Interfaces 14


https://grouper.ieee.org/groups/802/3/cd/public/July18/king_3cd_02a_0718.pdf
file:///C:/Users/jocalvin/Downloads/oif2021.592.03.pdf
https://www.oiforum.com/bin/c5i?mid=4&rid=7&gid=0&k1=54279&k2=3

Host Output Test

_
1
1
1
1
switch -

ASIC - i

i o] | | ﬂ F ‘Lﬂ;—;_;>jl ST, R il | s
HCB ®\_

N

W

[
[ H_Ic_>Xst HCB -] “\\\‘;\i}

Host output test procedure

Set the ref. Rx CTLE according to the channel loss

Find the optimal Tx settings using a TDECQ equalizer to
emulate TX FIR

Ref. Rx (scope)

D1A 40 GHz

— | Bessel

4t order BT filter

BW: 42 GHz

Implement using

Channel SIRC.

I ——— _ D Beo .
HESSSh s
W bl |G A =
gl 5 O e G
m St
g — e LS
:,— o mm= = 0 ~,_ = = = o : @

5]l 000 ® ® e _o °

Sampling scope w/ CDR

Measure EECQ, Ceq and VMA using optimized Tx FIR and

reference receiver (PRBS13Q)

Keysight - Testing LPO Interfaces
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Host Testing
Host Input Test

Test procedure
+ Calibrate stress signal (next slide)

« Apply stressed PRBS31Q pattern
(resp. FEC encoded scrambled idle)

- Measure BER on the host
(resp. FLR or FEC block stats)

M;

" mOHIE

LTI TN

EGILANILS, & ﬁgﬁgﬂ‘mk -

Wi UDUNULEE WEEUODE  UUDRELGE  GUEEEnE '!_,t-

Keysight - Testing LPO Interfaces
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Host Input Test - Calibration

calibration channel

A\

)

|
gl 1

It
i n

o G
=

I
sHCB . _~%¢ .
|

NN L
HAL AN Sga®

b TP4
4t order BT filter 2 gain stage 22-tap FFE 1-tap DFE
BW: 40 GHz CTLE
. . . Impl t usi
Calibration procedure (e.g. OIF-CEI 112G linear*) Channel SIRC.

Optimize reference receiver (RPBS13Q)

Adjust PG amplitude RJ to meet VMA and EECQ targets - - - -

* stress signal calibration For OIF.CEI 112G linear and LPO MSA are slightly
different — refer to the latest specification documents

Keysight - Testing LPO Interfaces 17



Module Input Test

Sampling Scope w/ CDR

TDECQ
OER
OMA
Test p ro CEd ure 4th order BT filter n-tap TDECQ
. . . BW: Nyquist using li
Calibrate stress signal for short, medium and host channel Channel SIRC st

(next slide)

Measure TDECQ, OMA, OER, Ceq, over- & undershoot at TP2

using reference receiver*
g - -

* Reference receiver and limits are different for IEEE and LPO MSA

Keysight - Testing LPO Interfaces 18



Module Input Test - Calibration

" [ —————

Sampllng scope w/ CDR

e ERRC T TR

TP1 calibration channel

Ref. Rx (scope)

S — IS N EECQ
“ -, % -\ Y E{H)E(..‘Q é Ceq
_ Bessel . CILE | TDECQ Equalizer VMA
. 2 gain stage —
> 4t order BT filter _
_ _ TP BW: 42 GHz T{ED"‘EFHQH Tx FIR
Calibration procedure Implement using ——
Channel SIRC. _
FDA used to emulate three different host channels TDECQ equalizer to
(short medium and ) mimic Tx FIR (e.g. 6-tap, 3 pre)

Set the ref. Rx CTLE according to the channel loss

Set PG FIR optimal EECQ & CEEQ at TP1la [ - > TPO - HCB -]

Tune PG amplitude & random jitter to meet EECQ
and VMA limits (PRBS13Q)

Keysight - Testing LPO Interfaces 19



Module output test — TP5 (LPO MSA)

Calibrated dstress
signal at TP3

Reference LPO host

-~

|
|
1 = — T
| -
b 1 L. o m— 9‘;‘ 333 j
I R o -
| .
I Error detector w/ equalizer
|
|

» TP5
f SymeelEvors perFrems gt

e A
o . -
E ::- I WsraAge. el et -
i 1 1: L [— — ' - a ::::- ::
Test procedure U ==
Calibrate* stress signal TDECQ, OER, OMA at TP3 (SSPRQ) SEEEETEERET v |

Measure BER or FEC-stats at TP5 (PRBS31Q or FEC-

scrambled idle)

N T B

Keysight - Testing LPO Interfaces

20



Module output test — TP4 (OIF_CEI & LPO MSA)

Calibrated dstress , Sampling scope w/ CDR
signal at TP3 : == O, @80

444 m A A -
ag = fE (// Ll A |- =

N |

i

it

088 EEE)

4™ order BT filter 2 gain stage 22-tap FFE 1-tap DFE
BW: 40 GHz CTLE
Implement using

Test procedure Channel SIRC.

Calibrate* stress signal TDECQ, OER, OMA at TP3 (SSPRQ)

Set the ref. Rx CTLE according to the channel loss
Co-optimize 22-Tap CTLE and 1-Tap FFE ( see next slide) [ - — - - - ]
Measure EECQ, VMA, Ceq at TP4 (PRBS13Q)

* calibration slightly different between IEEE and LPO-MSA

Keysight - Testing LPO Interfaces 21



Keysight solution for validating and testing
LPO interfaces

Keysight - Testing LPO Interfaceg



LPO module

N1092x [F=ral. &

Optical sampling oscilloscope w/ | =~ "{
N1060A 64Gbd integrated CDR |~
85GHz sampling scope w/ - -
integrated 64Gbd CDR

& N4917DJCA PRI 1100565CA
0 IEEEB02.3 8 DCA Optical
Optical RX 1.6T Test
BEF ancs App

Module
Input Test

N4917BSCB
N4917DJCA

N109212CA*
N1010A

N109212CA*

N1095BSCA

Description Interface

Optical RX Test for IEEE 802.3bs/cd Module
Input Test

El. TX Test for OIF-CEI 112G Linear
FlexDCA

M8050A

Electrical TX Test for OIF-CEIl 112G Bit error rate tester
Linear

e
J

N7718C *5©%

Optical reference transmitter

Optical TX Test for IEEE 802.3bs/cd

Keysight - 23




LPO-capable Host
N1060A

85GHz sampling scope with
integrated 64Gbd CDR

LIRS §

Juu

/..ﬁ /
\‘-0

e switch

HostQutput

Interface

Description
N1010A FlexDCA Host Output Test

N109212CA Electrical TX Test for OIF-CEIl 112G

e ————]

1

—&. \18050A

Bit error rate tester

on roadmap

Keysight - Testing LPO Interfaces 24



FFE & DFE co-optimization

2 gain stage CTLE; 22-Tap FFE+1 Tap DFE
Adjusted for lowest ISI at unity gain (manual optimization)

Legacy equalizer
Manual correction for CTLE gain
Independent optimization of FIR and DFE

Leverage of COM tool is complex (pulse response, noise level)

Keysight - Testing LPO Interfaces

| ? Close

Select Equalizers

Preset

Custom Recalculate

DFE

p—{F4 )—a IQFH s»—-:_;::_}—;—(@:l

Setup...

+'| Use Pulse Response Optimization |+ | Show Intermediate Functions

Reference receiver
Flexible structure
Joint optimization FFE and DFE taps (MMSE)

Pre-defined settings

25



LPO Module Validation Solution

I 1# - e :”; i
Module Output T . .
[y = . -
- Lo Friot Pwaes L
i o Wt et -

"'_‘= - S et e ] -

““““““ b aminks

- ® - -
;__5.... — ;.,'?“T‘ ‘“ |L R R ) Py | | i "
:; '-‘v- - '~;— — = — {5 [ BT S BN SRl A PR IR G G R B BN P « P "
b R TP1/TP5 S, D
-~ §F MF S~ NE® T FIR must be tuned el o
o5 “P > T BER or FEC margin e peo—

M8050A
N1060A

2
o
>
== omEecic 3
, =

) ® H »
e o , 2
— , ® °
7 & v ‘0 MR tune driver gain

TPla/TP4 ) . S and CTLE gain
W EECQ (“electrical TDECQ”) -
Ceq, SNDR, Jitter, Linearity
BB reference equalizer structure ,, TP2/TP3

_ y TDECQ, OMA,

\ ER, RLM, Ceq
7
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LPO module — Fully automated functional testing (MFG)

PATH.

Test Automation

Bullt on OPCNTNL

Optical switch
(Keysight or 3" party)

4-port 800G Interconnect Tester (specs)
-  DAC,ACC, AEC, retimed and LPO modules
-  PRBS & FEC statistics, eye analysis

- AN/LT

- 50G & 100G lanes (50GE to 800GE speeds)
- Layer 2-3 Tx/Rx and capture traffic generation
- RoCEv2, and Al traffic generation (optional)

FlexOTO - solution bundle
Automated testing for multiple port
devices

Keysight - Testing LPO Interfaces 27


https://www.keysight.com/zz/en/assets/3124-1702/data-sheets/Interconnect-and-Network-Performance-800GE-Test-System.pdf

LPO Modules Validation Solution " According to "LPO MSA”

Hardware Overview

Model options Conformance* Functional comments

TP2 TP4
MB8050A -BU2
MB8009A -061/ -0G3
M8042A -0G1/-G64/-0G4
M8043A -0A1/-A64/-0A3 BERT at TP4 is optional.
M8058A - 32/64GBd remote head

Can be replaced by M8040A BERT (tbc)

N1000A -PLK /-STB TP2: DCA-X required for TP1a input signal

N1060A -050/-EVA/-264/PTB/-JSA/- SelllelEio
E33 TP4:

N109xA -IRC/-LOJ/-PLK/-280/-206/- Support both MM and SM

30A or 40A 30A for SM or MM, 40A for SM
N1077B CDR -264 Support both MM and SM
N109212CA OIF-112G-Linear option on roadmap
N4917BSCB

N1095BSCA
SP0602A/ SPO606A Wilder OSFP/QSFP-DD 112G MCB

Keysight - Testing LPO Interfaces




Hardware Overview

Model

M8009A

M8042A

N1000A

N1060A

Tx app

Rx app TBD
SPO603A / SPO607A

option

-061/ -0G3
-0G1/-G64/-0G1/-0G4
-PLK /-STB
-050/-EVA/-264/PTB/-JSA

* According to OIF-CEI 112G linear

Conformance* comment
TPla TP4a

X Can be replaced by M8040A BERT
(tbc)

X
X
X

Not on roadmap (manual calibration)

112G HCB from Wilder

Keysight - Testing LPO Interfaces
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Keysight participation in industry standards

v" OIF CEI-112G-Linear project
o Technical contributions (EECQ, overview, Tx test)
o Partnering with industry (MACOM, Eoptolink, Innolight, etc.)

v LPO MSAmember > LPO-MSA

v' LPO test dry run at InfiniBand Plugfest'24

. . . Public demo
Keysight solutions for the industry e _ ,
v" Prototype of novel “EECQ” metric available on FlexDCA v WOrId s first LPO interop demo @ ECC,)C 23 (OIF-CEl)
v N1077B — 64Gbd SM & MM CDR v interop demo @OIF-CEI booth @ OFC’24
v M8050A BERT unmatched performance as “LPO”- i '|\\|/If(())95 O'?‘ a§rFL)§O-c_omlpat|ble nost Tx & Rx
compatible host (Tx and RX) i N10 6)C() Aofr TPfar\)/t'll'CF? 4 mleasgrelments
« Up to 20dB channel (de)-embedding with M8042A R or electrical measurements

pattern generator v" LPO functional test @ OFCC’24

« Advanced equalization capabilities and sensitivity ) G8OOGfE as LPO-c_orrllpatibIe host Tx & RXx
of M8043A error detector - N109x for TP2 optical measurements

- N1060A for TP1a/TP4 electrical measurements

Keysight - Testing LPO Interfaces 31


https://keysighttech.sharepoint.com/:b:/r/sites/Co-PackagedOptics/Shared%20Documents/linear%20and%20direct%20drive/oif2021.592.03.pdf?csf=1&web=1&e=LIka7m
https://keysighttech.sharepoint.com/:p:/r/sites/Co-PackagedOptics/Shared%20Documents/linear%20and%20direct%20drive/Strategies%20for%20testing%20112G-linear%20interface.pptx?d=wd1b275a5e290486dbf22ae3a467a63c1&csf=1&web=1&e=POV31k
https://keysighttech.sharepoint.com/:p:/r/sites/Co-PackagedOptics/Shared%20Documents/linear%20and%20direct%20drive/OIF-CEI-Linear_Overview_101023.pptx?d=wf2fc1860e1c44818a5c3114645dfaf90&csf=1&web=1&e=4U2N12
https://www.lpo-msa.org/home.html

Linear Drive Oplics LPO validation setup
(IBTA plugfest, April 248

LPO validation station at IBTA plugfest 24

LPO setup in Keysight's lab LPO validation demo at OFC’24

Kuysight at OIF-CEl-Linear interop demo (OFC'24)

Keysight booth at ECOC"24
| CERNA BN S S el Ji=m

N1062x DCA-M Osclloscope
with buit-in COR TP1a
o

IR L
B ———

Keysight Mol for LPO testing

LPO/RTLR validation at OFC’24 OIF-CEl interop demo at OFC’24 (dry run)
32
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Keysight participation in industry standards

v" OIF CEI-112G-Linear project
o Technical contributions (EECQ, overview, Tx test)
o Partnering with industry (MACOM, Eoptolink, Innolight, etc.)

v" LPO MSA member >LPO-MSA

v' LPO test dry run at InfiniBand Plugfest’24 -

v' LPO interoperability at Ethernet Alliance plugfest'24 with 800GE Al

switches
Keysight solutions for the industry %
v" AresONE 800GE Layer 1-3 traffic generation to stress :
test LPO performance Public demo ] ]
v' Prototype of novel “EECQ” metric available on FlexDCA v World’s first LPO interop demo @ ECOC’23 (OIF-CEI)
v M8050A BERT unmatched performance as “LPO’- - M8050A as LPO-compatible host Tx & Rx
compatible host (Tx and Rx) - N109x for TP2 optical measgrements
- Up to 20dB channel (de)-embedding with M8042A - N1060A_\ for TP1a/TP4 electrical measurements
pattern generator v' LPO functional test @ OFC_C’24
« Advanced equalization capabilities and sensitivity - GBOOGE as LPO-compatible host Tx & Rx
of M8043A error detector - N109x for TP2 optical measurements

- N1060A for TP1a/TP4 electrical measurements

Keysight - Testing LPO Interfaces 33


https://keysighttech.sharepoint.com/:b:/r/sites/Co-PackagedOptics/Shared%20Documents/linear%20and%20direct%20drive/oif2021.592.03.pdf?csf=1&web=1&e=LIka7m
https://keysighttech.sharepoint.com/:p:/r/sites/Co-PackagedOptics/Shared%20Documents/linear%20and%20direct%20drive/Strategies%20for%20testing%20112G-linear%20interface.pptx?d=wd1b275a5e290486dbf22ae3a467a63c1&csf=1&web=1&e=POV31k
https://keysighttech.sharepoint.com/:p:/r/sites/Co-PackagedOptics/Shared%20Documents/linear%20and%20direct%20drive/OIF-CEI-Linear_Overview_101023.pptx?d=wf2fc1860e1c44818a5c3114645dfaf90&csf=1&web=1&e=4U2N12
https://www.lpo-msa.org/home.html

ANV KEYSIGHT

OIF-CEI-112G-Linear-PAM4 Overview

(Focus on Transmitter Test)

Based on CEI-112G-LINEAR_PAM4 Draft 9 dated June 5, 2024

Keysight - Testing LPO Interfaces
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https://keysighttech-my.sharepoint.com/personal/yee-chun_kho_keysight_com/Documents/LPO%20folder/OIF-CEI-Linear_Overview_oif2021-405-08_052824.pptx?web=1

Keysight at OIF-CEI-Linear interop demo (ECOC’23)

G800GE Traffic Generator

° ° < °

5 4 4 5 0 0 0 B J |
5 4 45 5 0 0 03 0 4 1

Broadcom TH5 SWItCh N1000A DCA-X mainframe
N1092x DCA-M Oscilloscope with N1060A “MegaModuIe
with built-in CDR e O, 800 C
KEVSIGHT DCAM N10328 pocser vizsrres :” A = -A ‘ s i : =
: =l | . A T STy e W =
B o . e =B e O O
A S—— 3 = s 000 ® ® o_o o” TPla

N1092x DCA-M Oscilloscope
M8040A/M8050A Pattern Generator (PG) with built-in CDR

e O PO
=l a | a |- *

4
{
I

H
: A
i

|| allbll,
=it E : -
T
m
TP4 =
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Keysight at OIF-CEIl-Linear interop demo (OFC’24)

Broadcom TH5 switch

HEEEEEENENENENEN Multimode (VCSEL) LPO
1 7 &4 0 0 0 0 0 0 0

‘8§ 1 N1092x DCA-M Oscilloscope
N1077B CDR

Keysight - Testing LPO Interfaces 36



Keysight LDO demonstration
Keysight at OIF-CEIl-Linear interop demo (OFC’24)

LPO eval
board TP4

Keysight - Testing LPO Interfaces

N1092x DCA-M Oscilloscope

with built-in CDR
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IBTA interop plugfest 24

LPO validation setup -
(IBTA plugfest, April 24 8

M8050A & DCA-X validation setup

Module Output : ’ .
l

TPITPS
EED Tx FIR must to tunod
BER of FEC margn
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Keysight booth at OFC’24

Linear Drive Optics

Linear Drive Optics Test Demonstration

Demontration

— e TR

[click to view demo]
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https://www.youtube.com/watch?v=AyreknKVIzU

Keysight booth at ECOC’24

LPO vs RTLR Demonstration

ECOC 2024 Booth Tour

W\ Keysiont Network & Data Center 1y qubscribed v &1 P Dshwe Koip  []swe -

[click to view demo]
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https://youtu.be/y-QaUyrE4PY?feature=shared&t=161

Power supply for MCB
cooling fan (48V) set as
+24 V and -24 V
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' Monitor —

Linux

Samtec Bulls Eye}...cuwes.

IXIA

G800GE
(OSFP+Coax)
141.121.84.142
(browser)

Eoptolink
800G LPO
(DUT)

SM Fiber
(MPO to LC)

Laptop
Controls Wilder Fixture
WinVNC 141.121.84.193

Cable A01/B01 I-'

A/B
Even

G800GE SW,

N1000A with N1060A

TightVNC: 141.121.85.219 (PW '>)

N1092A

Sk

- - <
L Alll"l 1l|l||
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=
[xc]
L_Iie
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=
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Coax Cable, 2.4mm, M-F, ~1m, x2

A
: A -

. N1078A | oo
- f FlexDCA| ="
il Wl Slot 6 ‘;;3 =

RX2

OSFP 800G
MCB Test Fixture

SM Fiber /8 >

— (MPOto LC)

(MPO to FC)
SM Fiber

Unused
(1 pair)

FC-FC Adapter

/6 (3 pr) Dual LC-LC

Adapter (x3)
Fiber# -> Fiber#

Pair 1: Unused -> 1/12

K&/Q:Hh?:— %g-t%ﬁg{lgéll;lﬁterfaces
Pair 3: 3/10 -> 3/10

Pair 4- 4/9 -S> A/0O

Wilder
OSFP

(x8)
/6 (3 pairs

R Slot 5

FlexDCA} =

SM Fiber
(FC to FC)

Eoptolink (SL“é thi)bFe(f:)
800G LPO (DUT)
Pair 1: 12
LC-LC
Adapter
(x1)
SM Fiber
(MPO to LC)
Pair 1: 1/12
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LPO validation setup
(IBTA plugfest, April 24)
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