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We provide comprehensive Test &
Measurement solutions delivering
equipment-as-a-service.

Plan, acquire, and efficiently utilize instruments
to maximize return on investment.

End-to-end fulfillment from our Dallas, TX headquarters
5,000+ configurable models available, valued at over $500MM

In-House Financing and flexible procurement programs to Rent,
Lease, or Buy

A proud member of the
State-of-the-Art 20,000 sq ft Calibration Lab on site McGrath Family of Businesses

Same-Day-Shipping with Next Day Delivery Available

" mobile
; RenTel mobile
modular' e enfelcor odular' WEenviroplex

Portable Storage

K




Why Do Customers Choose TRS-RenTelco?

e

Customer Service Comprehensive Fulfillment Reliable
Excellence Solutions Accuracy & Speed Expertise
Talk with a Live Person Customized Same-day Shipping Strategic singular focus
h Il In-h Fi i th tal ket
when you ca n-house Financing 80% of Calibrations on the rental marke
24/7/365 Technical Deep and wide Inventory Performed In-house Top-tier rental partnerto
S rt ll-maj fact
tppo Equipment ships 99.72% Customer-Scored FRLAOr MAntEBILers
Late-Order processing Ready To Use Equipment Quality Financially Secure
Ranking publicly traded company

O TRSRenTelco




800G: Design and validation of new generation high-speed devices

Aldo Gutierrez
Business Development Manager

NI'\J
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800G Market review

FEC: Technology Background
BA-4000 for Advanced FEC
Use Cases

Key takeaways




Optical transceivers: forecast and trends

DATACOM TRANSCEIVER GLOBAL MARKET

$M [ ]

$10.000

$8,000

$6,000

$4.000

$2.000

$
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Source: LightCounting, Internal Estimates
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m400G
200G
m 100G
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m40G

1. 800G (8x100G) optics up and running
2. 800G Ethernet (switch & router) now available
3. 800G (4x200G) expected in 2025




What is status for rates beyond 400G?

System Interface @ I E E E IEBEZ

. = 800G MAC [EEE 802.3 Bevond 400 Gb/s Ethernet Study Group
l I.I.l- Possible
l H B B B Potential scope Oulr[:tfon
C I 400G PCS/FEC 400G PCS/FEC
[oa | pmmrsemes
Ethernet — : R et
Technology | os00GbE | " mewom s

Consortium

,,,,,,,,,,,,,,,,,,,, . + 800GbE *  Direct-detect vs coherent? .
400 GbE : (200G lanes) *  200Gb/s AU yrs
! o100GLmbde ¢ - | e ! +  NewFEC

' : *  New PMDs
: 100Gb/s Serdes  : *  Could include 100G Lane variants

i... d00GBASE-2R | = Plus lower speed PHYS due 10 “Port Flexibility”
I 8x106.25G o T —— g

*  New 1.6 ThE MAC/PCS/PMDs

1.6 TbE o Auleast 200 Gb/s based

B Microsoft A4 Mellanox & 3 il okt
©®BROADCOM  Google

800G today’s implementation: 8 x 53GBd PAM4
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Road to 800G transceivers

STRATEGIC MILESTONES

s Tedd
VS
) ol |

-
i

Testing unframed PRBS on electrical lanes

¢ AN WL

:‘ e -
W
T

Service turn-up in DC

O TRSRenlelco



EXFO’s high speed testing ecosystem

Supports full ecosystem, from lab to field

iOptics FlexE BERT

FlexO BERT RFC 2544

End-to-end transceiver testing Transport and data center testing

rIIIII|||




EXFO’s 1G-800G test solution:

End-to-end transceiver tester

optical, electrical
and protocol testing for lab
and manufacturing.

fast single-step
validation on specs and
industry standards.

modular design
supporting today’s and
tomorrow’s optics and
systems

O TRSRenTelco

All-in-one BERT + MCB

Electrical
Bit error rate
(BER)

Protocol

Bit error rate sy 2 -
(BER) i
[———=

400G / 800G testers
C

Sampling

EA-4000 g - S ]

. Eye di
Optical ye diagram

matrix
switch Variable back 3
reflector \éfE
0SICS - BKR

Tx reflectance

Transceiver VOA Power
) mms eter
P2 FTBx-1750

Rx sensitivity

0SA20

A
or — —
FTBx-5245 SMSR Aom)
A verification

RF copper cable
— Optical fiber




EXFO’s 800G test solution: from lab to tomorrow’s manufacturing

.\i
{

—_—
)

)

<4

X

‘. *
”‘\‘
Wi
. e
24N

1 Supports 8 x 53 GBd PAM4

2 MCBs for new form factors

3 FEC & codeword analysis tools at 53G

4 Scrambled idle pattern complying the
800G draft standard

800G BERT

of 800G development

FEC Margin

Advanced tools for

; TRSRenTelco




FEC: Technology Background
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Why is PRBS testing not enough?

800 Gbit/s unframed PRBS testing is a good start to meet healthy BER but...

Limitation of unframed PRBS BERT

» Bit-error-rate test with PRBS will show errors within the
pattern, but uncertain for instantaneous errors

» Burst errors are not well identified

» BER results are per channel only, which is fine for one channel
testing validation but not realistic in context

Pattern

Solution

Test BER with encoded FEC to analyze multiple channel
integrity system for product design and validation

W& TRSRenlelco




Forward error correction (FEC)

What is FEC? _ Without FEC

It is an advanced coding technique that detects
and autocorrects a certain number of errors
through the links.

Principle of Reed-Solomon FEC (RS-FEC)
Extra data is added to the real data to protect
it from getting corrupted.

code word (n symbols)

20 40 60 a0 100 120 140

symbol i
(mbits) | ! ! |
i
1

< L >

original message (k symbols) U

parity
(n-k=2t symbols)




Principle of FEC

Encoder at Transmitter

Real Data
Pol ial n,
o, R Potynomial & FEC Codeword FEC encoder adds extra

data to protect real data on

o = transmission side.

G(x) +> Divider
Decoder at Receiver
+ Corrected Data FEC decoder detects &
corrects errors automatically
Compute c t . .
FEC Codeword Channel Compute the error Compite on receiver side.
Syndromes fe ey polynomial

polynomial

Error Detection Error Correction

WO TRSRenlelco



Why does FEC matter?

Why do we use FEC?
For 100G+ components, a healthy BER is not enough to guarantee transmission quality.
IEEE defined the FEC as mandatory in the specifications for 100G, 200G, 400G & 800G Ethernet.

Types of FEC
RS-FEC KR4: 100GBase-R

RS-FEC KP4: 400GBase-R, 800G Ethernet Technology Consortium
BCH: 800G FR4 pluggable MSA draft 1.0
CFEC: 400G ZR

Penalty
Increased latency, hardware complexity and power consumption.

O TRSRenTelco




RS-FEC KP4 technology

« RS-FEC KP4 is mainly used in 400GE and 800GE applications
« |EEE Beyond 400G study group is discussing to use KP4 in 800GE, 1.6TE

Correctable (15 symbols)

= Parity symbols/2
FEC Codeword (544 symbols)

9 9 9999
© 8 88 818 8
'g 77 77 77
> 6666656
= [E55555
Q€ ha444u
o
~ B33333

2 2020222

110111 1

SO S1 S2 S3 S4 S5

Real Data (514 symbols) Parity (30 symbols)

W& TRSRenlelco



RS-FEC KP4 correction mechanism

Cannot correct symbol errors > 15 -2 Uncorrectable codewords 2 Frame loss

Random Errors Longer Random Errors Ethernet layers
ppuss - il 8 pRe Bt .- I BEepE LLC or gther Mac client
6l 3 - bl e s Mk s66p '
'."if".f.i‘:ﬁ"ﬁ':"f.". -'..
3 . . -' 32 B | - | o ! .' : BB : _' : Reconciliation !
m ] ® N ] . T
| o0ooop b | eepnyg ) oofbooo0D b [ CGMI
15 single bit errors in 15 symbols 16 single bit errors in 16 symbols PCS -
Uncorrected ---LiE5i3s

Long Burst Errors Longer Burst Errors

. y — codeword PMA — |lphy
PMD
AN
'* D |

]
150 bits burst errors in 15 symbols 151 bits burst errors in symbols

o
O TRSRenlelco 19




Symbol error distribution on BA-4000

FEC Results

Codeword vs. symbol error distribution:

1.0e+08 Codeword # shows 2 symbol error

1.0e+06

4
—
=
o}
O
o
—
o
=
<
©
o]
O

1.0e+02

1.0e+00

15 17 19 21
16 18 20

Symbol Error

il




Symbol error distribution on BA-4000

FEC Results

1.0e+08

1.0e+06

Burst & Random errors
" lead to uncorrectable codeword

Codeword Count

1.0e+02

1.0e+00

13 15 17 19 21 23 25 27 29 31
16 18 20 22 24 26 28 30 OF

Symbol Error




Symbol error distribution on BA-4000

FEC Results

|dentify source of errors

o
=
=
o
O
o
S
o
=
(7]
o
o
O

FEC Margin

15 7 19 21 23 25 27 29 31
16 18 20 22 24 26 28 30 OF

Symbol Error




FEC Key Performance Indicator of 400G
margin and 800G devices

O TRSRenTelco
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FEC margin testing is critical to fully qualify
400G transceivers on production line.
It improves the compatibility issue between
TxRx & switch system.

O TRSRenTelco



BA-4000
for advanced FEC
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BEEC Generator
& Checker




FEC Simulator -ccirecs opon BA-4000 GUI in FEC mode

Analyze FEC behavior with only PRBS pattern Pre-FEC B —
Support 25.78125~28.9GBd PAM4/NRZ;

Pre BER 0.000e+00 ()
51.5625~57.8GBd PAM4/NRZ “Fecaracs opton Corrected Bits ¢ o

Corrected 0  PN31
Support combined/single mode, same as real Post BER 0.000e+00) GRS

. . s Margin 100% (max: 0) KR4
switch strip data to each lane Post-FEC BER @ Bits 285,541,208,320
3 Time 5s

Support several RS-FEC protocols: )
KP4/KR4/Low latency FEC Maraigiy

Single mode
Combined mode (Lane striping)

FEC.d| ibution, up to 31 symbol errars
.y

tAIrO TRSRenTlelco z




FEC simulator work structure

PRBS Checker
M gt UL WL Baia Sream B8

PRBS Pattern Generator PRBS Pattern Checker Count bit errors in PRBS pattem

U J.J. H J.J. Wl H H FEC Simulator

FEC Simulator

EDA&B

Arrange into FEC Codeword

Put 10 bits to one symbol
Put 544 symbols to one codeword

Calculate Symbol Error
per Codeword

< 15 Symbol Error > 15 Symbol Error

Correct the errors Keep the errors

2

Post BER Symbol Error Distribution
Corrected Bits FEC Margin

O TRSRenTelco



FEC Generator & Checker BA-4000 GUI in FGC mode
*FGC4/FGCS8 option

Codeword
Error Ratio® Channel 2

» Support RS-FEC Scrambled Idle pattern

» Support standardized data rate: " : 0.000e+00 (D

20,398 Idle
Corrected codeword

25.78125GBd NRZ, 26.5625GBd PAM4, | > -

|FLR-64oct
Uncorrected codeword & Liliril

@nnnnnt £ [Margin 87% (max: 2)
53.125GBd PAM4 FLR -640ct g [HCodeWs 588,159,396

FEC margin e i [T™me 08

Total codewords e

» Analyze product from system overview:

CER (Codeword Error Ratio), FEC margin,

FLR (64-octet frames with minimum interpacket gap)

FEC distribution, up to 15 symbol errors
*

tAIrO TRSRenTlelco =




FGC work structure (Scramble |dle Pattern)

400G PCS -0 400G PCS - 1 400G PCS -0 400G PCS -1

Scramble Idle Test Pattern Generator Scramble Idle Test Pattern Error Checker

Transcode Transcode Transcode Transcode
Scramble Scramble De- scramble De-scramble

. Alignment marker insertion Alignment marker insertion Alignment marker remove Alignment marker remove
System interface

800G MAC FEC encode FEC encode FEC decode FEC decode

400G PCSIFEC || 400G PCSIFEC Za Li ED A ERS

WL WL TR T

800G TRX HOST RX 800G TRX HOST TX

53GBd/106.25 Gbit/s 53GBd/106.25 Gbit/s

8 x 106.25G T
v

‘ BA-4000’s RS-FEC Scrambled Idle Pattern implementation based on ETC* 800G standard for testing 53 (

O TRSRenTelco




BA-4000: 800G FGC setup

— N
EXFO BA-4000

56G PAM4 BERT A
Generate RS-FEC scrambled idle pattern J#

7 B
o_‘ e :
Ex% ::’a .5 -

-

EXFO MCB-OSFP-O

O-SMPM connector

800G transceiver
OSFP 800G DRS8

O TRSRenlelco




BA-4000: 800G FGC User Interface

CER

COR
UnCOR
FLR-640ct
Margin
#CodeWs

Time

CER

COR
UnCOR
FLR-64oct
Margin
#CodeWs

Time

Channel 1
0.000e+00
0 idle
0
0.000e+00

Channel 5
0.000e+00
0 Idle
0 KP4
0.000e+00

tAIrO TRSRenTlelco

Symbol Rate  26.5625 GBd PAMA4

Clock (A-B) Rate/8

Channel 2
CER
COR
UnCOR
FLR-64oct
Margin
#CodeWs 335,674,770
Time 17s

Channel 6
CER 0.000e+00
COR 0 idle
UnCOR 0 KP4
FLR-640c 0.000e+00
Margin
#CodeWs
Time

TX/RX Configuration

Channel 3
CER 0.000e+00
COR 0 Idle
UnCOR 0 KP4
FLR-640ct 0.000e+00
Margin 100% (max: 0)
#CodeWs 335,674,770

Time 17s

Channel 7
0.000e+00
0 Idle
UnCOR 0 KP4
FLR-640ct 0.000e+00
100% (max: 0)
344,045,086

Margin
#CodeWs

Time

CW Analysis

BER Configuration

Run

CER

COR
UnCOR
FLR-640ct
Margin
#CodeWs

Time

CER

COR
UnCOR
FLR-640ct
Margin
#CodeWs

Time

Relock

. Force Reloch

Channel 4
0.000e+00

335,674,766

17s

Channel 8
0.000e+00

CH Simulation




FEC analysis in BA-4000

NEW

FEC Simulator FEC Generator & Checker
FEC4/FEC8 option _ FGC4/FGC8 option

Pre-FEC BER o , ' ' Codeword error .
i Channel 2 ratio i Channel 2 |

0.000e+00 () CER 0.000e+00 a\
Cotreciedbit: e s 0 . Corrected codeword e- 0 20398 | ldle

(V] UnCOR (1] KP4
0.000e+00 1

. .| Post i . FLR-640ct 400
Ana|y3| s | - e i Uncorrected codeword Lidip [ty 0:0008+00

tools Post-FEC BER e i o , s 0 Margin 87% (max: 2)

FLR (equ|va|ent) * #CodeWs 588,159,396
30s
FEC margin e FEC margin

Total codewords o

ibution, up to

AirC TRSRenlelco



Summary: BA-4000 for advanced FEC

NEW

FEC Simulator FEC Generator & Checker
FEC4/FECS8 option FGC4/FGC8 option

Patter

(Generation & Analysi

PRBS Pattern RS-FEC Scrambled Idle Patten (KP4, KR4)

Method of ! Using Layer 1 PRBS Pattern Using Layer 1 PCS Scramble Idle with RS-FEC coding
FEC Analysis Analysis of Post FEC BER with Bit's approach Analysis of Codeword Error with Codeword’s approach

25.78125~28.9GBd PAM4/NRZ

51 5625~57.8GBd PAMA4/NRZ (with FGC option) 25.78125GBd NRZ, 26.5625GBd PAM4, 53.125 PAM4

Data Rate

FEC Type . RS-FEC KP4, KR4, Low Latency RS-FEC KP4, KR4

O TRSRénTeIco




Use Cases

=Ai-C TRSRenlelco



Use Cases

ldeal for R&D debug |deal for data center gualification
FEC Optlon .......................................... . FGC Optlon

Pre/Post FEC Fast

System view
e C (same behavior as
ramed BER FEC performance o ops oo
(up1 switch system)

——

Target 1Sl issues Single KP4/KR4 to get o= -.._,,.E\f,r,_“?,ped KR4 ‘
(burst and random balance performance S n
errors) per channel ; 1 -

O TRSRenTelco
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PRBS
testing is a
good start

Simulator

Analysis of bit behavior
per lane

800G FEC
metrics

Pre/Post FEC,
FEC margin, CER, FLR

FEC in
physical
layer

Easy to find

Generator
& Checker

Analysis of system and
provides traffic
characteristics




Stay tuned!

Al/ML driving bandwidth DCI connectivity
demand

» 400G-ZR, 800G-ZR...1.6T-ZR
* New 200G/lane transceivers
(800G DR4/FR4/LR4, 1.6T DR8)

What's Next?

Low Power/Low Latency 3 Disaggregated Optical Networks

» Low power, low latency transceivers (LPO
and LRO)

* |[PoDWDM leveraging coherent transceivers

TRSRenTlelco



The TRS & EXFO Partnership sales@ueTeniee.com

= EXFO Rental Partner with an expansive inventory and a full range
of acquisition options:

= Short and Long-Term, Full-Service Rentals (overnight exchanges available)
= Minimize user downtime

= Qperating Leases
= Sales of NEW equipment through distribution sales

= 0% Financing for New and Certified Pre-Owned Equipment
Call us today for a free consultation to see how we can help!

800.874.7123

tAIrO TRSRenTlelco
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