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Multiple applications driving optical network growth

l""‘*ﬂ' & Uﬂ @‘

Enterprise digital transformation:
DC and cloud services




Interface evolution
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High speed potential

Market Potential by Speed
Data Center Ethernet Switch Revenue ($Bn)

$20 -

$10 - 100+200 Gbps

Revenue In Billions ($)

$0
2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: 650 Group December 2017 Long Term Ethemet Switch forecast

*Shows discrete 25G or 50G ports only. A significant portion of 25/50GE server ports are expected to connect via QSFP-100G break out to 100 GE switch
ports at the large Cloud Service Providers.



Emerging 100G /4006 BIgRRSpect interfaces

1—-4 Lane Interfaces 4-16 Lane Interfaces

0.01-40Gb/s

Twisted Pair ZOF
Cat"x"

1.
2

Twinax -

Duplex
and Parallel
Optical Fiber

*Square inches of top
surface of the module

Up to 100G
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Higher bandwidth

400G ecosystem

Interfaces

Bonding

Flexible rates

g an AR )
s

OTUCnN/FlexO ,ML J

Adaptable
technologies
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Transceiver Validation

Transceiver roadmap is driven by two main elements:

=lectrical

Optical

Il rights reserved. 11



100G to 400G Transeeiers = Roadmap

Router Optics Evolution for 100G and Beyod

>

OSFP QSFP56-DD On Board Optics

4x100G  4x100G
400G 400G

- On @eard Optics (0B}

P ‘ @ I ASIC
QSFP28-DD ] -% _4 //?/ 3.

100G 200G 400G

CFP CFP2 CFP4 QSFP28 m\ o
QSFP -4 )ﬁ E

2011 2012 2013 2014 2015 2016 2017 2018 2019
Source Nokia




e of DAC cables to
5 and are multi-formats
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NR/ versus PAMA4

New modulation schemes allow transporting more data in the same transceiver form factors

NRZ €12 >
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to Zero
PAM-4 signaling «Q? >
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NRZ vs PAM4

The need to scale the network rates has led to implement PAM4 (Pulsed-Amplitude
Modulation). This modulation brings more challenges to the table

Electrical _
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Electrical Validation - Pre-emphasis & Equalizer

o o

I post-cursor
pre:cur’sar | / ‘post’
pre

‘cutsor’

Pre-emphasis Equalizer
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The road to conerent interiaces

o - .,v,,f pse
Early coherent line card AC100 CFP-DCO CFP2-ACO CFP2-DCO e

100G 100G 100G 200G 200G

Compact, high-capacity module solutions enable reduced network costs

17
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200G/400G EcosystemiEEE 802 .30s nignlignts

Characteristics

 Support a MAC data rate of 200 Gb/s

+ Support a MAC data rate of 400 Gb/s

* Mandatory FEC

* Preserve minimum and maximum Frame Size
* Provide appropriate support for OTN

« Energy Efficient Ethernet (EEE)

* FEC Level monitoring

Ethernet
Line rate

425 Gbit/s
212.5 Gbit/s

interface
400G Ethernet

200G Ethernet

Ethernet frame format and rates

Ethernet

Destination Source Type
MAC address MAC address

8 bytes b bytes b bytes 2 hytes 46-1500 hytes 4 hytes

|IEEE 802.3

Destination Source 8022
T bytes 1byle G bytes b hytes 2 hytes 46-1500 bytes 4 hytes
19



400G Ecosystem - Flex Ethernet (FlexE)

100G PHYs

Flex-E Elements , 1 ‘

Bonded Ethernet PHYs

Network ¢TI mam {Flext group) TS Network

- Clients e'ememg 1006~GsFP2s — }cemen
-~ Group mcemh Y T
- FlexE Shim n X 25G N—— —
OSI Model
Application
Presentation ‘ FlexE Shim
Session
Transport
Network '
| Datalink |
Physical Transport

20



FtherneiiNcREERESEE c X -

Router/Switch Transport 250G FlexE

; over 3x100G
Router/Switch Transport

FlexE Channelization.

21
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OTUCN/FlexO

1.

OTUCn Manages the
configuration of the different
clients in the containers.

FlexO associates PHYs, for
the physical transport

The FEC is set on the
associated interfaces
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-XFO Solutions




The new OTS
Innovative
technology

Ultimate flexibility and
upgradability.

Il rights reserved. 25



A new way forward — EXFO F [Bx-88460 200G/400G

o Description Benefits
e - Compact & Portable 4-slot module — Most compact 200G/400G Solution
with TA of the industry
- 200G/400G framed/unframed - Field to lab ready—from the lab
Ethernet testing through L4 with EMIX rackmount platform to the field
- RFC2544 With 10 frame sizes portable platform
OSFP QSFP-DD CFP8 _ Unframed 8/16 lanes test patterns : — Multi-interfaces support using TA4
: 2 - = PRBS13Q, PRBS31Q, SSPRQ — 200G/400G ecosystem testing
- - Pre/Post FEC, RX equalizer, capabilities
B Histogram, Pre-Emphasis, — Same easy of use GUI
[t-,'?’" temperature analysis _ 800G Capacity testing

— Supported in the LTB-8 rackmount
platform and the FTB-4 Pro portable
platform

— FlexE full support with Ethernet
clients from 5GE to 400GE

— OTUCn and FlexO support

— QSFP-DD (TA4) ,0SFP (TA4), CFP8
(TA4), QSFP28

— iOptics 100G/400G transceiver
validation support including DAC
support 26




400G/200G/100G/50G/10G Transceiver validation

Intelligent test application that
quickly validates transceiver key sub-
tests.

3 10ptics
cables, CFP8. QSFP-DD, OSFP and m —

Supporting 4x QSFP28, AOC/DAC

12] - FTBe-BR40CHGE Powes Slaces
more... m
i
1. Power monitoring P =
. QsFess-on &
2. MDIO/I2C Quick check <0 0 B
3. Temperature monitoring oo | mm BN S S
X Serlal Nuroer mInmIsoNt S s
4. Optical TX power per lane, R —— 2
monitoring i Ty ‘
5. Optical RX power per lane, ]
mon|tor|ng D)| Pr-qerese-00 4016 (FLaves) [Fowes] £ -] s e Tesoenture %)
6. Stress test
7. Skew test (high-speed devices) I v il Ao




Transceiver anciEGe GRS
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200G/400G6G Ethernet QoS Measurement

As the market moves forward to 400G.. REC2544

FT8-32450 Power Blazer - O X

Ethernet QoS measurements is becoming a must :

i) Throughput
i) |atency
rgp Frame loss

29



PAM4 Histogram (RX)

Analyzing the electrical eye is a key requirement of the PAM4 analysis

Max - Lane # number

Optimal way to Characterized PAN-4 Lane 0

the received PAM4 signal. Max

1E6 |

User can see the PAM eyes
without an Oscilloscope v |

All lanes are scanned and o
Hits

4E5

Upper Eye
Middle Eye
Lower Eye

2E5

Level

PAM 4 Levels
30



400G testing — FEC Codeword distribution

. . Frequency Error correction threshold
Customers required a way to validate \
the FEC I I .
Errors Seconds Count Rate — 1
(6B Block - = = (81~ F" I (6] - FTBx-88460 Power Blozer
iR nenR-cur = = = m ' " : :
I FEC-COR-CW - ™ ‘.|||||m,uy‘ Alarms/Errors Fﬁcsmﬂu ‘ FAIL 4_4\
h - a = e o AN | Alormg |
._ i i N 'Ty-nfl,n..! Error per Correctable Codeword 0d 00:00:28
Number of Symbols Codeword Count %
[ Runt - - - 1 317130187 6. 4989856986171
| Undersize = - = 2 477171888 I 7493649708602 i Sonmar Gatins Stop
- 3 400650403 IS, 307790150601 Total Correctable Codeward
A 337831975 P 7.5222537493815
5 190593859 P 9.88548807575660 it m -
6 47504168 B 4.543226669595 el
7 33730797 | 1,74997433113994
o 11101879 | 0.575003057686400
/ 9 3169962 0,164415693748044
q 10 796206 0,041296634925382
] 11 176963 0.009178499430824
i 12 35149 0.001823065140702
] 13 6364 0,000440131998651
i 14 1044 0,000054 148909127
15 138 0,000007157614425
RO Other statistics | Codevord Count | % |
Ufzoract Error-fres Codeword 103283340 5.08225660835577 S, cadewordCount !
Uncorrectable Codeword 32 0,000001575384575 Total Codeword 24 Functions 1
BB | r1 400 @ @ @
o M| P1 400GE (0 Lanes) LINK i [Power] 4\ | @t
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End-To-End
100G System

* Open Transceiver system

» Comprehensive
multi-application support

« Advanced Ethernet and
OTN Capabilities

* Dual Port Ethernet testing

A

4005

100G/200G/400G .

Ecosystem

* Open Transceiver
System

» Comprehensive
client side validation

* Multiple technology
support:
100G/200G/400G,
FlexE, OTUCN, FlexC

* QSFP-DD, OSFP,
CFPS8 Interface

* SFP28/SFP56

|Bptics

Optical Transceivers

* Now support 400G transceivers

* From simple validation to
full characterization

* Quick PASS/FAIL verdicts

» High-speed optics including
CFP, CFP2, CFP4,
CFP8,QSFP-DD, OSFP, AOC,
DAC, QSFP+ and QSFP28

» Low-speed optics including
SFP, SFP+, SFP28, XFP

32
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